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XPOHIKA

J0 FIOBUIEIO Bonogumupa Muxaiinosuua ITAIIIEHKA
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15 BepecHs CBATKYE JIaTy BiJ JAHS HApOJKCHHS
— 70 pokiB — ykpaiHcekuid reorpad. FOBimsap Hapo-
muBcst y BepecHi 1950 poky B ceni Mama JliBuis
[Mpunynpkoro paiiony YepHiriBcbkoi obnacti B po-
nvHi (axiBuiB-arpapiiB. 3akiHuuB KuiBcbkuii aep-
aBHUH yHiBepcuteT iM. Tapaca IlleBuenka 3 Bif-
3Hakor0 (1972 p.) 3a crneniajabHICTIO «reoMopdoIIo-
ris» Ta orpuMmaB  Kpaui(ikamilo — reorpada-
reomopdorora. [lotim — acmipaHTypa y CeKTopi reo-
rpagii AH YPCP (1974-1977 pp.), 3aXUCTHB KaH-
nuaarchKy aucepraitito (1980 p.) — i 1OBruii-noBrui
IUIAX TPUCBATHB reorpadivniil Hayni. Ha mouarky —
SIK JTaHIa( TO3HABIA-CTENOBHUKA, TOOTO CITeIliamic-
Ta 3 BHUBYEHHS JaHIMA(TIB yKpaiHCHKOTO CTEIy;
naini — 6inenre. Le «Oinbme» Brano Bigpediaekcysas
BUAaTHUN pociiicekuii reorpad A.I. IcaueHnxo, 3a-
3HaguBIH B 1990-x pp., mo Bomogumup I[lamenko
— OIIH 3 Hebararhox JaHamadTo3HABIIB B YKpaiHi,
KoTpuil y «OypemHi» 90-Ti, Konu B Hayui Koijocs
003Ha 1110, IJTiIHO MpaloBaB y JaHAIAPTO3HABCTBI
i OTpUMYBaB HeTlepeCiyHi pe3ynbTaTH (ITiCyMOBaHI
y Horo Bimomiii MoHorpadii «Teopernueckue Bon-
pocel nanamadroBeneHus», K.: HaykoBa nymka,
1993). Im’s [TameHka Oyii0 OHNAM 3 HEUHCIICHHHUX, 3
SKUMHU MOXKHa Oyino O TMoB’si3aTH Tepexij B Halnil
KpaiHi BiJ paJsMHCHKOrO JaHAmagdTO3HABCTBA [0
YKPaiHCBKOT0, a00 MOCTPaASIHCHKOTO.

Bononumup [lamieHko NpowInoB MUIIX Big MO-
JIOAIIOTO, CTapIIOro, MPOBIJHOTO O TOJIOBHOTO Ha-

ykoBoro criBpobitauka (1977-2007 pp.) y Cekropi,
sronoM Binninenni reorpadii AH YPCP, korpe tpa-
HcopmyBanocs B InctutyT reorpadii HAH Ykpai-
HU. 37 POKIB BiH MPUCBSATHB aKaJEeMIYHIl HayIii.
3arsaTuil «noNbOBUK» (0€3 «Imons» Hemae reorpa-
¢ii), B.M. TlameHko mpoBOAWB CaMOTYXKH i Opas
y4acTh B YHMCJICHHUX eKcnemuiisax — Big Kamuarku
110 AJpiaTHKH.

B 1990-2000-Ti poxn B.M. IlameHko akTHBHO
criBmpampoe i3 Jlaboparopi€lo MOCTHEKIACUIHUX
Mmetononoriii Llentpy rymanitapHoi ocBitu HAH
VkpaiHu, KOTpa SIKOCh HECIOIIBaHO CTaja ocepes-
KOM HOBITHBOTO (DiJTI0CO(CHKOTO-METOIOIOTIYHOTO
PYXy B YKpaiHChKil TpUpOAHWUYIH reorpadii, sKuii
OTpHMaB Ha3BY MMOCTHEKJIACHYHOTO. Psiyi pobiT, 30K-
pema «MeToJooris TOCTHEKJIACHYHOTO JaHamad-
TO3HABCTBa» — 1 [lallleHKo cTae OIHUM 3 3aCHOBHU-
KiB HOBITHHOTO HAyKOBOTO pyXy B reorpadivniii Ha-
yii. HeBnoB3i #oro mocTHeKIacHYHI HAyKOBi pO3-
POOKHM KPHUCTANI3YIOThCS B TyMaHICTUYHE JaHamad-
TO3HABCTBO 1 HAyKO3HaBYl CTymil. AJji€ JOCIHITHUK
MIPOJOBXKYE MPALIOBATH 1 B «CTAaHAAPTHUX» (Pi3HKO-
reorpad)iyHUX HampsAMKax: JaHgmagTo3HaBYE Kap-
torpadyBaHHs, reorpadiuyHe Kpac3HaBCTBO, 3aralib-
HE 3eMJIC3HABCTBO, 3€MJICYCTPIl 1 KaJacTp, re€0eKo-
JIOTisl — HETOBHUI TMEpeJIiK rairys3ei, e HayKOBelb
J0cATa€ BAKIMBUX 1 HOMITHUX PE3yJbTaTiB.

Bonogumup Ilamienko OyB cIiBaBTOPOM cepe-
HbOMACIITaOHUX KapT JaHAmadTiB YKpaiHu i KapTu
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(hizuKo-reorpaiyHOTO pailoHyBaHHS TEPUTOPIi YK-
painu. Takox OyB aBTOpoM KapT JaHmmadTiB OKpe-
MUX perioHiB Ykpainu.

Ha upomy moxHa Oyno 1 3aBEpIIUTH «THIIO-
BHID) xuTTEnrc HaykoBLs. [Ipore B.M. Ilamenko —
BYCHHUI nanexko HetunoBud. To x Horo «HaykoBa
Oiorpagiss» Oyme abCOMOTHO HEMOBHOIO, SIKIIO KO-
POTKO HE CKa3aTH IO TaKe.

Haykoso-nedacociuna poboma. B.M. Ilamen-
KOM IiJITOTOBJIEHO OJHOTO JOKTOpA i JECATh KaHIH-
JIaTiB HayK 3a CIHEIaJIbHOCTSIMH «(i3udyHa reorpa-
(bis, reodizuka i Teoximis TaHIMIAPTIB» Ta «KOHCT-
pyKTHBHA reorpadis i pamioHaJbHEe BUKOPHCTaHHS
npuponHux pecypciB». Lludpa roBopute cama 3a
cebe. KpiMm odimifHOTO KEpiBHUIITBA MOJIOAUMH
HayKOBIIAIMH, — O€3J1i4 KOHCYINBTAIlii, mopa, pena-
I'yBaHb, peleH3yBaHb, MIATPUMOK, HACTAHOB: 1 MO-
JIOIMM 1 HE 30BCIM MOJIOOMM KojeraMm-reorpadam,
exosoram. | Bce me — nmpyxHO, BiaBepTO, OE3KOpHC-
JIUBO.

Hayxoso-opeanizayiiina  poboma. Tpusanuit
gac B.M. Ilamenko OyB 4iIeHOM €KCIIEPTHOI paad 3
reorpadiuanx Hayk BAK Vkpainu, 3aiimaB aBi ka-
JICHIIT — 3aCTyITHUKA TOJI0BU eKCHepTHOi panu. [lo-
Hag 30 poxiBs B.M. Ilamenko € dneHOM mpe3umii
YkpaiHchKoro reorpadidHoro ToBapucTBa, i3 1999
p. odomoe ioro Kuischkuit Bimmin. Moro 3ycumis-
MU, SIK 32CHOBHHKA Ta TOJIOBHOTO pelakTopa, Oararo
POKIB MIATPUMYETHCS, 3a0e3MedyeThcsi BHUIAHHS
«KuiBcbkoro reorpadiqHOrO MIOPIYHHUKA» (BHXO-
muth 3 2001 p.) Ta «CymytHuka KuiBcekoro reor-
padiyroTrOo mopiyauKa» (BUXomuTh i3 2003 p.).

Hayxoeo-epomadcvka poboma. 3anodarkyBaB i
3OIHCHIOE  cepil0  yKpaiHO3HABUUX  1CTOPHUKO-
OiorpadiuHMX BHIAaHb « YKpAiHCBHKI JOCTOWHUKI» (3
2002 p.) i reorpadivHO-Kpa€e3HaBUy Cepil0 BHIAHb
«PimHi Micus ykpaiHui» (i3 2008 p.). Baxko 3Haii-
TH 1HIIIOTO TaKOTO HAYKOBIIS, SIKUH O HA MPaKTHIII —
Ha KOHKpETHill mpaktuii reorpada (Ta icTopuka)
BTUIIOBaB Yy JKUTTS TAaTPIOTUYHI i TPOMaJSHCHKI Tra-

cila, He OOMEXYIUUCh IIOKa30BUMHM TI'YYHHMH [ie-
KJIapariisMu, 1 pakTuaHo 6€3 CTOPOHHBOI TOTIOMOTH
(4 pu MiHIMYMY TaKoi).

Jo uporo ciig noaaTtH, Mo KOJO HAYKOBHUX iH-
tepeciB B.M. Ilamenka He oOMexyBasiocsi reorpa-
¢iero. HaykozHaBCTBO, (hiyOJOTis 1 JIHTBICTHKA — B
mux cepax BiH TeX 3aJUIIUB BAXIMBI poOOTH, AY-
MKH, IUTaHH, 171€1.

I me — mpo alter ego nayxoBis B.M. [lamenka:
BiH — moeT. [loeT He Ha KIITaJIT «TOro, XTO Yac BiX
Yacy TOMUCYE BipIii»: TakuxX — Oarato. Ham roBinsip
— wireH HarloHabHOI CIIJIKK MICBbMEHHMKIB YKpai-
HU (i3 1999 poky); naypear mitepaTypHOi mpemii
iMeni Muxonu Kymima (2013 p.); moeT cTaTycHHiA,
TaJaHOBHUTHH 1 BU3HAHWI KOJIETraMH MO JIiTeparyp-
HOMY «1exy» (3okpema, Onmecem [oHUapom); moer
IPYHTOBHOTO €MIYHOTO CKJIaay i HIMPOKUX iCTOPHY-
HUX TIOJOTEH, aBTOp 16-TH moeTWyHWX KHHT (30i-
pok). Y nuceMeHHUKa [lammenka € cBiil cTuib, CBOE
0CO0JMBE CIOBO — BUINYKaHE, IIOYACTH HaBITh padi-
HOBaHE, BIyMJIUBO-(iI0CO(ChKE 1 BOTHOYAC TIIU-
OWHHO-HapOJIHE.

Ha neperuHi niTepaTypHHX i HayKOBUX 1HTEH-
i Bonmogumup Muxaitnopuu [laieHko BUCTyIae
K Yd HE €IWHUHA B YKpaiHCBKOMY NPHPOAHUYO-
HAayKOBOMY ITaHONTHKYMi TpOQeCiitHuiA, MOCITiI0B-
HUH 1 «030pO€HUIT» HEOOXiAHUMH (LIOIOTTYHUMH
3HaHHSIMH, OOpelb 32 CMUCIIOBY YHCTOTY 1 JIOT1YHY
aJIeKBaTHICTh HAYKOBOI MOBH.

Takum B CBili IOBUJICH MOCTa€e Mepe] HAaMHU He-
MepeciuHuil BUCHUH, MeNaror, MMCbMEHHMK, TpoMa-
nssauH — nipodecop B.M. Ilamenxko. Bin i ceoromgni
CHOBHEHMH 3aB3iTTS  eHeprii. OuikyeTbcs #HOro
HacTymHa MOHOTrpadis: « ATpuOyTHBHE HAayKO3HABC-
TBO» — MOAAJBIINN BaXXJIMBHUH BHECOK B TEOPiIo,
MeToa, MeToxonorito. To sk mobaxaeMo HOBLIAPOBI
MIIHOTO 37I0POB’S, ONTHMIi3My, HACHArW, JOBIHX
POKIB XKHTTS i Oararo-6arato HOBUX BHECKIB B HayKy
1 KyJapTypy Hamiol BiTunzHu.

FOnian Tiomionnuxk, Cepeiti Kousaxin
ma
peodakyitina xoneeisi « BicCHuxy»
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TEKTOHIYHA IHBEPCISI JHIITPOBCHKO-IOHELLKOI 3AIIA JUHU.
YACTHHA 2. TEOIMHAMIYHI OBCTAHOBKH I KIHEMATHYHUI MEXAHI3M
JE®OPMAIIII PUPTOTEHHOI CTPYKTYPH

Busuanucs eeoounamiuni 06cmanosku i KiHeMamudHull Mexaniam pyiuHy8anHs pughmozeHHoi cmpykmypu 8 ni60eHHO-CXiOHoMy
ceemenmi J[ninposcoko-oneybkol 3anadunu nizHbO2EPYUHCHKUMU MA ATLIIUCOKUMU OPO2EHIYHUMU pyxamu. Buxopucmano oawi
IHCMPYMEHMAbHUX GUSHAYUEHb GEP2EHMHOCTE MEKMOHIMI8, PEeKOHCMPYKYII nonie Hanpye I KIIbKICHO20 MOOENO6aHHs KOMIIUHUX
deghopmayiil niedennoi oxonuyi Cxionoesponeticvroi niamgopmu. Texkmoniuna ineepcis J{ninposcvko-oneywvkoi 3anaounu ma Jow-
bacy poznouanacs 8 3aanbCbky azy eepyuHCcbKO20 OpoceHe3y Yepe3 KOM3iiHI pyxu Komnpeciiinoco opocena na oxonuyi Ilaneome-
mica. Iopuzonmanvui pyxu 1i600iuHOI KiHeMamuKu Ni60eHHO-3aXiOH020 HANPAMKY 3YMOBULU YIMBOPEHHS 6 CUHEKIIZHOMY 40Xl 3axio-
Ho-/[oHeybKo20 2pabena nonoeux MeKMOHIYHUX 3PUBIB, 8300804C AKUX ChopMY8anacs pewlimka Hacysie. Bona konmponiosana npoye-
CU BUMUCKAHHSA 0CAO08UX NOPIO Y NIOKUOO-HACYBHOMY PetcuMi 810 30H HAOCMUCHEHHSL 8 OCbOSII Ma NIGHIUHIN YacmuHax zpabera ma
TEKMOHIYHUL MPAHCHOPM 2e0MAC 8 HANPAMKY 30H «2e00UHAMIYHOT MiHIY 8 11020 nig0enHil yacmuHti. Buacniook xoniziinozo kopoo-
JIEHHsL 20PU30OHMIE 34 MEXAHIZMOM NO3008XCHbO20 GUSUHY WIAPIE 6 NIGHIUHIU 4aCMUHI 2pabeHy cghopmyeanacs NiHIUHA NiOKudo-
CKAAOUACMICMb, a 8 NIBOCHHII — eULeIOHU JIYCKAMUX NOKPUGIE HACYBAHHS.

V niznbomy me3z030i ma xaiitnosoi, 6 pexcumi inmepghepenyii niOKUOO-HACYBHO20 I 20PUZOHMANLHO-3CYEHO20 NONS 360POMHO20
HanpsIMKy ma npasobiuHoi KinemMamuku pyxis, 8i06yeanucs 6MmopuHHi oeopmayii 2epyuHcbKoi HACY8HOI peuimKku ma JHIUHOT CKaa-
duacmocmi 3 YMEOPEeHHAM KVIICHO 34IeHOBAHUX NIOKUOO-CKIAOHYACTNUX 30H MA eUeNOHO8AHUX CKAAOYACUX NOKPUBIE HACYBAHHSL.
Teoounamiuna obcmanoska epynyeanHs oceill CMUCHeHHs 6 3axionill yacmuni /[onbacy, akuil 3a3HA6A8 OpPO2eHIUHO020 30TUMAHHS,
3YMOBUNA ICMOMHE HAPOWYBAHHS PO3PI3Y YOXAA 34 PAXYHOK HACYBAHHS Me30-KAUHO30UCbKO20 ANOXMOHY HA 2EPYUHCLKULL He0asmo-
XMOH Ma CUHEKTIZHULL A8MOXMOH NIBOEHHO-CXIOHO20 Ce2MeHma 3anaduHu. Y epabeni ye SUKIUKANO DOPMYBAHHA MEKMOHIUHO20
cezMenma 6mopeHeHHsl 2e0Mac, 0ia2HOCNOBAH020 OPOKIUHOM NONEPEUHO20 BUCYBANHS NIOCYBHO20 MUNY.

3a pezynemamamu cmpykmypHO-KiHEMAMU4HO20 aHALI3Y 2EPYUHCOKUX A ATbRIUCLKUX 0eopMayiiHux cmpykmyp po3pobieno
NPUHYUNOBY KIHeMAMUuHy Mooelb mekmoHiunol ineepcii [ninpoecvro-Honeywvkol 3anadunu. Bemanosneno, wo konizitini degpopma-
yii’ pupmoeennoi cmpykmypu 6 mexcax 3axiono-oneyvko2o epabena 30iCHIOBANUCS NIO MUCKOM MEKMOHIYH020 wmamna J{oHeyb-
K020 CKIa0yYacmozo nosaca i 3yMoSuY opmy8aHHs tHEepCitiHoi cmpyKmypu pe2ioHanbHo20 macumaby — 3axiono-/loneyvkoi nokpu-
8HO-CKAA0UACMoi oonacmi.

Knrwwuoei cnosa: ceoounamiyni pexcumu, KiHeMamuyHuti MeXaHim, ce2MeHm 6KAUHIOBAHHA 2e0MAC, OPOKIUH NONEPEUHO20 8U-
Cy8aHHs, MmeKmoHiuHull wmamn [JoHeybKo2o CK1adyacmozo noscad.

A. B. Bapmawyx. TEKTOHUYECKAA HHBEPCHA JJHEITPOBCKO-JOHELIKOH BITAJUHBI. YACTh 2. TEOJH-
HAMHECKHE OBCTAHOBKH H KHHEMATHYECKHH MEXAHH3M JIE®OPMAIIHH PH®TOTEHHOH CTPYKTY-
PBI. Hzyuanucv ceodunamuueckue 06CMAHOBKU U KUHEMAMUYECKUN MEXAHUIM DA3PYUIeHUs PUGMOSEHHOU CMPYKmMypbl HA 1020-
socmoxe [[nenposcko-oneyxol 6nadurbl MeKmoHUYECKUMU OBUICCHUIMU NO30HE02EPYUNHCKO20 U ANbNULICKO20 opozene3a. Hcnono-
306aHbl OAHHbIE PEKOHCMPYKYUU NONell MEeKMOHUYECKUX HANPSICEHU U KOAUYECMBEHHO20 MOOenUposanus 0eopmayuil 1094CHOU
okpaunvl Bocmouno-Egponetickoti nnamgopmul. Texkmonuueckasn ungepcus [nenpoecko-/loneyxoii énadunsl u /Jondbacca nauaiacs 6
3aanbeKyio Gasy opocene3a 6ciedcmaue KOMMUSUOHHBIX 08UNCEHULI KOMIPECCUOHHO20 opozeHa Ha okpaure [laneomemuca. /eudice-
HUSL 1e60CMOPOHHEU KUHEMAMUKU 1020-3aNA0H020 HANPABNeHUs 8bl36AU CYO2OPU3OHMATbHbIE MEKMOHUYEeCKUe CPblebl ¢ 00paA306a-
HUeM peulemKu HA08U208 8 NALE030UCKOM CUHEKTUZHOM Yexie 3anadno-Honeykozo epabena. OHa KOHMPOIUPOBANLA NPOYECCHl 6bi-
0aBUBAHUSL OCAOOUHBIX 2€OMACC B0 630POCO-HAOBULOBOM DECUME OM CEEPXCICAMBIX 30H 8 0CE60I U Ce6EPHOU Yacmsx epabena u
MEKMOHUYECKULl MPAHCNOPM 2e0MACC 8 HANPAGIEHUU 30H «2e00UHAMUYECKOU MEHUY 8 €20 10JCHOU yacmu. Bereocmeue Komuuzuon-
HbIX Oehopmayuil 20pU30HMOE N0 MEXAHU3My NPOOOTbHO2O U32uba clnoes 8 ceeepHoll yacmu padena copmuposanacs TUHeuHas.
630pOCO-CKAA0YAMOCMb, A 8 I0ACHOU - IUETOHbL YeUYIHAMbIX NOKPOBO8 HAOBUSAHUS.

B nosonem me3030e u katinosoe, 8 pexcume unmeppepenyuu 630poco-Had8u208020 U 2OPUOHMATLHO-CO8US08020 NOJISL 00pam-
HO2O0 HANpABNeHUs U NPAGOCMOPOHHEl KUHeMAMUKU OBUNCEHUL, NPOUCXOOUTU OepopMayull 2epyuHCKoll HA08U2080U PeuemKy U
JIUHEIHOU CKAA0Yamocmu ¢ 00pa3o8anuem KYIUCHO COYIEHEHHbIX 830P0CO-CKAAOYAMbIX 30H U JULETOHUPOBAHHBIX NOKPOBOE HAOBU-
earnus. ['eoOunHamuyeckas 06Ccmano8Ka epynnuposanus ocell Corcamust 6 3anaoHol yacmu JJonbacca, Komopwitl UCHBIMbIBAL OPOSEHU-
yecKkull no0bEM, 00YCI08UNA HAOBULAHIE ME30-KAUHO30UCKUX AIOXMOHHBIX 00PA308AHULL HA 2EPYUHCKULL HEOABTOXMOH U CUHEKIU3-
HbLIL a8MOXMOH 1020-60CNOYHO20 Ce2MeHma 6naounvl. B epabene smo 6vi36a10 Gopmuposatnie meKmoHUYECKO20 cecMeHma Gmop-
Jicenst 2eoMac, OUA2HOCMUPOBAHHO2O OPOKIUHOM NONEPEUHO20 GblOGUSAHUSI NOOOBU208020 MUNA.

Ilo pesynemamam KUHEMAMUYECKO20 AHANU3A 2EPYUHCKUX U ANbNULCKUX 0eQOPMAYUOHHBIX CIPYKIYD pa3padomana npunyu-
NUATBHASL KUHeMAMUYecKas Mooelb mMeKmoHuyecKoll uneepcuu /[nenposcko-/oneykoti 6nadunvl. Ycmanosneno, 4mo, KOLIUUOHHbIE
Odepopmayuu pughmoceHHoll cmpykmypul 8 npedenax 3anaono-Joneykozo epabena ocyuecmeisnucs noo 0agieHuemM meKmoHU4ecko-
20 wmamna [Joneykoeo cknaouamozo nosca u 00yciosuiu opmuposanie UHBEPCUOHHOL CIMPYKIMYPbL PeSUOHATbHO20 Macumada —
3anaono-/loHeyxoti NOKPOBHO-CKAAOUAMOU 0O1ACHU.

Kniouesvle cnosa: zeoounamuyeckue pejicumvl, KUHEMAMUYECKUL MeXAHU3M O0epopmayull, cecMeHm 6KIUHUBAHUS, OPOKIUH
8b108UAHUSA, MEKMOHUYECKULl wmamn {oHeuko2o cKkaadyamozo nosacd.

© Bapmawyx O. B., 2020 https.//doi.org/10.26565/2410-7360-2020-53-01
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Beryn. CrpykTypHO-KiHEMaTHdHa EBOIOIIIS
3eMHOi Kkopu Ilpim'srceko-/IHinpoBcsKko-/{oHenbko-
ro nporuny (ITJAII), po3ramoBaHoro Ha miBICHHIN
oxonutii BEII ta yrBopeHoro Ilpum'arcekum nporu-
HOM, JlHiTIpoBChKO-/loHenbkoro 3amaanHoo (1J13) i
Honeupkum mporuHoM (Honbac) (puc. 1) [1, 2]

3MIMCHIOBANACS B JACKITBKOX KOHTPACTHHX T'COAMHA-
MiYHUX 0OCTaHOBKax: | — maleonpoTepo30MChKOi
koi3ii mitochepHux TMT CXiIZHOEBPONEHUCHKOT
miargopmu (CEIT) — denockanmii 1 Capmarii, 1o
MIPUBEJIO 0 O0'€THAHHS METa0NOKIB YKPaiHCHKOTO
[Iuta i BopoHE3bKOTO KPUCTATIYHOTO MAaCHBY;

SHoHeK
; Bonenjy

3\ | \

a\’ R
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Puc. 1. Texroniuna no3uuis ta cermeHTauis JHinposceko-Jlonenpkoro naneopugra Ha cxemax Cap-
MaTchKoro reocermenta [ 1] ra CxigHoeBponeiichkoi mardopmu (Bpizka) [2] 3 JonoBHEHHMU [7].

Ymoeni nosnauenns: 1 — MbKCETMEHTHI 30HU; 2 — TPaHUIIl NATEOPUPTY; 3 — pO3IIOMH: a — MIKI'€OOIIOKOBI,
0 — mixxmera6nokoBi: S-Tp — AnniBceko-Tpakremupisebkuii, K-Kp — KpuBopizbko-KpemeHuybpkuii; B — Mi-
x0110K0Bi; 4 — moBHi 30HU: IKK — [nryneupko-Kpusopizeko-Kpynenrska, AB — OnekciiBcbko-Boponesbka,
OII — OpixoBo-IlaBnorpaackka; 5 — X-CM — TeKTOHIYHMIA 1IOB XepcoH-CMOJICHCHK; TIIMOWHHI PO3IIOMHU:

6 — HacyBH; 7 — 3cyBH; 8§ — mubOuHa noBepxHi Moxo (km); 9 — nepikaBHuit kopaoH; 10-11- HanpsMKH 3araib-
HUX M POTaliiHUX TEKTOHIYHUX PyXiB B MIKCETMEHTHHX 30HaX. bykBu Ha cxemax: A-B — reocermentu
Cxignoesponeiicbkoi mnarpopmu: A — denockanis, b — Capmarist, B — Bonro-Ypanis. Cermentu Hinpos-
ceko-JloHerbkoro naneopudry: Un — UepHirieebkuit, JIx — JloxBuiibkuid, 13 — [3romcbkuit; JICC - JloHenbka
cKJiauacTa criopyna. Bynkaniuni miskreocermenTHi nosici: OMBII — Ocaunibko-MikameBnuchkuii; CEBIIT —
CraBpomnonbcko-€pTinbchkuii. Mixk010K0Bi 300U Ykpaincekoro muta: [- Kiposorpanceka; 11- Inrynensko-
Kpugsopizsko-Kpemenuyneka; [11- Juinponzepxxnacbka; [V- Onecbka; V- LleHTpansHONpHa3oBChKO-
Cnog'sHoripenka [Kapra paspeiBHBIX. .., 1988]. MixkcermenTHi 30uu: 1- KipoBorpaachkka; 2- [Hrynenpko-
KpuBopizbka; 3- JIninponzepxunacbka; 4- BepxoiiBcbko-JIbroBerka; S- Konmomaneko-Kobensipka; 6- bana-
kiificeko-CuHeNnbHUKIBCBKA; 7- [leHTpansHonpra3oBcbko-Ciios'ssHoripebka [Uebanenko u ap.., 1991]

-11-
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2 — panHbopu(erchkoro pudToreHe3a 3 po3cyBOM
KOHTHHEHTAJIbHOI JIiToChepH 1 3aKiIagaHHsIM TPOro-
Boro mporuHy B Timi Capmarcekoi mimta; 3 —
CMIKOHTUHEHTANBHOTO pH(]TOreHe3a B Mi3HHOMY
NeBOHI-KapOOHI 3 YTBOPEHHSIM HEIOPO3BUHEHOTO
pudTy (aBmakoreHa); 4 — MI3HPOTEPIUHCHKOI TIIAT-
(hopMHOi akTHBi3allii HA Tl CHHEKJII3HOTO MPOTH-
HaHHSA pHUQTOreHHoro OaceiiHy 3 (QopMyBaHHIM
ckimamggactocti /I3 1 OCHOBHHX JIHIMHMX CKiaada-
ctux 30H B JloHOaci; 5 — KiMMepilChKO-aIbIiHCHKOT
iHBepCil TEKTOHIYHOTO pexuMy 3 (HOpMyBaHHAM
Honenpkoro cknamgacroro mosica (JICII) Ta yckia-
nHeHHsM pudrorennoi crpykrypu A3 xomizidHU-
mu aedopmarismu [3, 4, 5, 6, 7.

Po6oramu B. Ilomosa, JI. AiizenBepra, B. Xai-
Ha, JI. Sonenmaiina, C. Cy60otina, B. Commoryo0a,
B. Yekynosa, B. Ka3emina, H. Tuxonosoi, B. Kop-
yemarina, M. Konmra, B. €mus, B. [{ynauka, 0. Ps-
oomrana, C. CtoBOH, B. Aummudeponra, O. ['inToBa,
B. I'onuapa, C. I'opsiitHOBa Ta iH., SIKi IE€TalbHO JIO-
CJIIJKYBaJIM JITONOro-(hamiagbHi yMOBH OCajOHa-
KOIMMYEeHHs Ta TEKTOHIKY miBaeHHOi oxonmii CEIL,
c(hOopMOBaHO 3arajbHe YSABJICHHS PO TeOAMHAMIYHI
OOCTaHOBKH CEAMMEHTALIHHOI Ta CTPYKTYPHOI €BO-
mrontii JIJ13 1 lonGacy.

BuBueHHST MIPUpPOTHOTO MeXaHi3My KONi3IHHUX
nedopmaniit 1JI3 € akTyanbHUM MUTAaHHSM perio-
HaJNBHOI TE€OTEKTOHIKH, pIllIEeHHS SKOTO Oyrne Maru
BOKJIMBUI BIUIMB Ha TEOPII0 Ta MPAKTHKY I'€0JOr0-
pO3BifyBaTbHUX POGIT Ha HadTy i ras. Ii pimenns
Oyne ChpusiTH Mi3HAHHIO TPUPOJAHUX MEXaHi3MiB
CTPYKTYypHO-KIiHEMAaTHYHOI €BOJIONLI] KOHTHHEHTa-
JIEHOT 3€MHOI KOpH, yMOB (POpMYyBaHHSI 1 3aKOHOMIp-
HOCTEH PO3MIIICHHS B HajJpaxX OCaJ0BUX OaceiiHiB
IHBEPCIMHUX CKIAAYaCTUX CTPYKTYD - HOTEHIIIHHUX
MacTOK BYIIEBOAHIB B  Haapax JIHIMPOBCHKO-
JloHernpkoi HaTOra30HOCHOT MPOBIHIIT, TAKUM YH-
HOM IiJBHIYIOYH €(EeKTHUBHICTh T'€0JIOr0-pO3BiIy-
BaJbHUX POOIT HA HaTYy i Tas3.

B nepiiii wactuni crarTi [8], 3 BUKOPUCTAHHIM
HOBITHIX MaTepialliB reoKapTyBaHHs TepuTopii 3a-
xigHo-/{onenpkoro tpabena (3AI) [9], moxkasaHo,
0 B CTPYKTYPHO-TEKTOHIYHOMY BiTHOIIIEHHI OilTb-
1a 4acTHHA MiBAEHHO-cXigHoro cermenta J1JI3 xa-
PaKTEepU3YETHCS CKIATHOI0 0ararornoBepxoBo Oy-
JIOBOIO Yepe3 HaKJIaJAeHHs] HACYBHUX 1 3CYBHHUX IMOK-
PHUBHO-CKIIaI4acTuX jAedopmariii pi3HHX TeOJOTiy-
HUX eI0X, PO3BUHEHHUX 30HANBHO. Y crparurpadiy-
HOMY po3pi3i ocagoBoro 4oxia 3/I" BctaHOBIEHO
YOTUPU KYyTOBHUX HE3TOIM, SKI PO3AUIAIOTH II'SITh
JMCTIOKAIITHAX CTPYKTYpHHUX TIOBEpXiB, chopMoBa-
HUX B PO3pi3i Majeo3010, ME3030I0 Ta KalHO30I0
BHACIIIZIOK YepPryBaHHS €M0X OCAJOHAKOIIMYEHHS Ta
nedopmariii, 110 1HOAI CYIPOBOIKYBAIUCS Marma-
tr3mMoM [10, 11]. Yepes HemoBHE MpPOCTOPOBE TO-
mupeHHs Aedopmaniii pi3HHX €roX Ha TepUTOpii
ICHYIOTh HE TUIBKW BEPTHKAJbHI, aje W JlaTepaibHi

CITIBBITHOIIEHHS MK CTPYKTYPHUMH IIOBEPXaMH
0CaJOBOTO YOXJa, SIKI B PI3HUX TEKTOHIYHUX paiio-
HaxX MaloTh Pi3HUH CTyINeHb CTparurpadiuHoro Ha-
noBHeHHsI. KoxeH CTpyKTypHHI MOBEpX, 32 BUHSIT-
KOM cJabo 1ehOpMOBAHOTO CHHEKII3HOTO YOXJIa,
pa3oM i3 3aiumKkaMu cTparu(ikoBaHUX YTBOPEHb, B
CBOEMY CKJIaJi MiCTUTh KOMIUIEKCH HOBOYTBOPEHHUX
TEKTOHITIB, SIKi HACKpi3hb IEPETHHAIOTH IaBHIIIHI
CTPYKTYPHI IIOBEPXHU.

Ha mincrasi inenTudikanii komisiiHoi nmpupoan
JOCTIIXKYBaHOI CYKYHNHOCTI BTOpPUHHHX zAedopma-
MIHHUX CTPYKTYp OylI0 BIIOCKOHAJIEHO CXEMY perio-
HaJILHOTO TEKTOHIYHOTO pailoHyBaHHs [8]. Ha Tepu-
topii 31" Ta mepeximgnoi 30au Mixk /I3 Ta JICC 3a
JMAHUMH CTPYKTYPHOTO aHami3y aedopmariiii Bui-
neHo 3axigHo-J{0OHEUbKYy MOKPWBHO-CKIAIYacTy
TEKTOHIYHY 00JIacTh, SIKa PO3MIANAETHCS CTPYKTYp-
HUM DPEe3yJIbTaToM TEKTOHIYHOi iHBepcii pudroreH-
HOI CTPYKTYpPH B TIBICHHO-CX1/THI YaCTHHI 3amaiu-
HU (puc. 6 B yacTtuHi 1). [onMOBHEM CTpYKTYypHHM
€JIeMEHTOM 00JIacTi BU3HAYCHO OJHOWMEHHUH KITH-
HO(QOPMHHI CETMEHT TEKTOHIYHOTO BKIMHIOBAHHSI
0CaJIOBUX TeoMac CyOperioHajJbHOro Macutaoy.
BcraHoBeHO, 1O TiIO CEIMEHTY CKIAJA€ThCs 3
JIBOX PI3HOBIKOBHX CHCTEM TEKTOHIYHOTO HACyBaH-
HS 0CaJOBHX TeoMac — [ epImHChKOI Ta AJBITINCH-
KOI. 3a TEKTOHIYHUM CTUJIEM Ta 1HTEHCUBHICTIO JiE-
(dopMyBaHHS IIATGOPMHOTO OCAJOBOIO YOXJA B
MiBICHHO-3aXiJHI} YaCTHHI CETMEHTY BuaiuieHO Ka-
npmiyc-Topenbkuii paiioH JyCKaTWX TEKTOHIYHUX
MOKPHUBIB HACyBaHHS, IO 3 MIBIHSI OOMEXKYETHCS
IliBnenHo-/{0HOACHKOI0 TEPLUUHCHKOI0 MENAHKEBOIO
30HOK. [IiBHIYHO-CXiIHY TTOJIOBHHY CETMEHTY OXO-
moe Jlyrancpko-KomunryBackkuii paiioH KymicHO-
€IIeJIOHOBAHOI JIIHIMHOT CKJIa{4acTOCTi HACYBaHHS,
KU 3 MBHOYI OOMEXYETHCS CIA00AMCIOKOBAHUM
MEe3030iChKO-KaltHO30MCHKHIM T11aT(OPMHUM HOXJIOM.

B apyriii vacTuHi CTaTTi, 3 BUKOPHCTAaHHIM
CTPYKTYPHO-KiHEMaTHYHOTO aHajii3y aedopmarriii-
HUX CTPYKTYp, Ha Marepiajax reoKapTyBaHHS JHC-
JIOKaIifHUX MOBepXiB naneo3oicbkoro yoxmia /I, 3
ypaxyBaHHSIM IOJbOBUX 1HCTPYMEHTAJbHUX BH3HA-
YeHbh BEPIreHTHOCTI TEKTOHITIB Te€PIMHCKOW 1 allb-
MKACHKOI €T0X OpOTeHe3a, JaHUX PEKOHCTPYKIIII ITo-
JiB TEKTOHIYHHMX HAIPy>KeHb 1 HOBITHIX MaTepiaiiB
KUTbKICHOTO MOJICTIOBAHHS KOJMI3IHHUX JiehopMariiii
miBaeHHii okonuii BEII, BigHOBIIOBamMCS T€Omu-
HaMi4HI OOCTaHOBKHM TEKTOHIYHOI iHBepCil pUdTO-
T€HHOI CTPYKTYPH B MeXKax MiBJEHHO-CXiJHOTO Cer-
menra /1J13. Ha mifcraBi peKOHCTpPYKIIii reognHami-
YHUX PEXHMIB iHBEpCIHHUX aedopmariiid 3po0iieHO
crpoOy JiarHOCTyBaTW KiHEMAaTWYHHH MEXaHi3M
(dopmyBanHs [eprmHCBhKOT Ta ANBIIHACHKOI CUCTEM
TEKTOHIYHOTO HACyBaHHS OCaJOBHMX TE€OMacC, BHIIi-
JICHMX Ha TOIEPEAHBOMY €Tarmi JoCiipKeHs [8]. 3
LI€I0 METOIO PO3POOIEHO OPUTiHAIBHY KiHEMAaTHUHY
Monens (GopMyBaHHS 1HBEPCIHHOI T€OCTPYKTYPH B
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MiBICHHO-CcXiqHOMY cerMeHTi JIJ13, mo Boepie BU-
IinsgeThCsl  sIK - 3axigHo-JloHembKa  IMOKPHUBHO-
CKJIaJ9acTa TeKTOHIYHa 00acTh.

AHaJi3 nmonepenHix gocjaigxkenb. Beranopne-
HO, IO Micjsa MaiKe MOBHOI 0CagoBOi KOMIIEHCAIlT
pudToreHHoro 6aceiHa B cepeanHi kapoony [12], B
CTpYKTYypHOMY pO3BUTKY /I3 mepeBaskann BUCXia-
Hi TEKTOHIYHI PyXH, IO 3yMOBIUIN MPOIIECH KOHTH-
HEHTAJbHOTO OCAJOHAKONHWYEHHS, B XOIl SKOIO ce-
JUMCHTAIlIiHA 1HBEpCisS CIEpIly IOTOBHWIACA, a
MOTIM 3MIHWJIACS 1HBEPCI€I0 TEKTOHIYHOTO PEKUMY
[3]. [IpoTsiroM MOCKOBCHKOTO BiKy BimOymacsi JOKO-
piHHA 3MiHa OCaJOBUX (Qarliii B pudroreHHOMYy 0Oa-
celini. Ha 3aMiHy MOPCBKOI CeIMMEHTAIliT MPUANILTH
YMOBH aJIOBiaJIbHO-/IEIBTOBOI JOJMHH, YaCOM €BC-
TaTHYHO 3MIHIOBAaHOTO B IEHTPAJbHIA 1 MiBAEHHO-
CXiJHIN yacTHHAX OaceiiHy 0CaJ0HAKOIUYCHHS MiJ-
KOBOJIHO-MOPCHKUMH, B TOW Yac K TITHOOKOBOTHUI
OaceifH MPOAOBKYBaB iCHyBaHHS JIUIIE HA CXiT Bix
Houbacy [13]. Ha mpoTsi3i i3HBOTO KapOoHY, 31 30i-
JBIIEHHSIM TUJIOMII KOHTUHEHTAIBHOI aKyMYJSIii
BiIOyNIOCST TIOCWJICHHS CEAMMEHTAIliHOI iHBepCil
Oaceiiny, pu 1boMy Teputopis JlonOacy 3a3Haina
IHTEHCUBHOTO MiJHOMY 4epe3 3MiHy TEKTOHIYHOTO
pEeXHUMY, BHMIIOBIIN 31 CKIAAy €IWHOTO OaceiHy
0CaIOHAKOTTMYEHHS SIK O0JIACTh CTIHKOI CyTITi.

[IporpecyBanns inBepciitHoro migiiomy lonOa-
Cy Ta MOTo MofJalbllla CTPYKTYPHA EBONIOLIS B SIKOC-
Ti okpemMoi iHBepciitHoi reocTpykTypu - ICII po3r-
JSIIA€TCSL PE3YNNBTaTOM TaHTEHIIATBHOTO CTHCHEH-
HsI, BUKJIMKAHOTO KOJI3IHHUM THCKOM 3 IIiBIHS IIi3-
HbOIIAIe030HcKoro oporena Kapkasa, mo posmnodas
cBoe popmyBanHus [14]. Ili3HBOrepIIUHCHKI KOMi3iH-
Hi mofii Ta TeKToHIuHiI pyxu Ha okonuii CEIl po3r-
TAAAr0Thea a00 TposiBoM "Bennkoi koumisii" mMik Ad-
puxoro Ta €Bpornoro [3], abo pe3ynbTaToM TEKTOHIY-
HOTO JIOTOYCHHS KIJIbKOX MIKPOKOHTHHEHTIB JIO iB-
nennoi okoiuili CEIl 6e3 3iTKHEHHS UX IUT [15],
abo pexuMoM TpaBoOiYHOI TpaHCTeHcii [16], mo
HalimMeHIn iMoBipHO ast [lonGacy. Biunbimicts moc-
JIJHUKIB BBAXKAIOTH ME3030MCHbKI Ta KalHO30MCBHKI
pyxu i medopmariii, 10 BUKIMKAINA TTPOTPECYBaHHS
PEKUMY CTHCHEHHS Ta YCKJIAIHEHHS Ie€PLUHCHKOL
CKJIa4acTocTi JedopMaliiHUMU — TlapareHe3amu
npaBoOiYHOT KIHEMAaTHKH, CIIJCTBOM KOJIi3IHHUX
mporecie B Mexax YopHomopcrko-KaBka3pkoro
cerMeHTa Komrpeciinoro oporena [laneorericy [17,
18, 19, 20, 21].

3a IaHMMHU KiJTbKICHOTO MOJENIOBaHHS TEKTO-
Hivynoi iHBepcii /13 i JJonbacy, 3eMHa kopa pudro-
renHoi reoctpykrypu [IJ/II1, po3ramoBanoi Ha Ti-
BreHHi nepudepii CEIl, sBasiia cob0r0 TEKTOHIY-
HO ocyabjeHy, BHYTPIIIHbOIUIMTHY, KOHBEPICHTHY
30HY KOHIIGHTpaIil MDKIUTUTHUX Aedopmariiid [6].
[Ipu upomy, THI nedopMaliiii BU3HAUYABCS XapaKTe-
pOM B3aeMonii aKTUBHHMX JITOCQEPHUX IUIUT Ha
okonuiix CEIl, a ¢a3u oporeHesy Ta 3yMOBJICHA

HAMH IHBEpCifHAa CKJIAT9IacTICTh OYJIH CIiJICTBOM
MPOCTOPOBO JIOCHUTH BIUTAJICHUX IMi3HBOTEPITHHCH-
KHX, KIMMEpiH-CbKMX Ta aJIbIiHCBKUX KOJNi3iHHUX
nporecis. Tomy, crpykrypna iaBepcigs A3 1 Hon-
0acy BBaKaeThCS PE3yABTATOM IX PO3MIIICHHS B
Ty KoMmmpeciitHoro oporeHa [lameotericy, skuit
po3nouaB cBoe (HOpPMyBaHHS HE IMi3HIIIE PaHHBOT
mepmi.

3icTaBneHHs MOJENBHUX 1 PEKOHCTPYHOBaHUX
MOJIiB HANpPYT CBiTYUTH, IO IMOYATOK TEKTOHIYHOI
inBepcii [1/13 mpumasae Ha KiHeUb PaHHBOI MEPMHU
[6]. Haitbimpm tiMoBipHO, mo aedopmarii pudro-
TeHHOI CTPYKTYpH BiOyBanucsi B PEKUMI KOCOT KO-
Ji3ii Mg BIUIMBOM 3yCTPIYHUX PYXiB JIIBOCTOPOH-
HBOI KiHEMAaTHUK{ MiBHIYHOTO (PPOHTY KOIIi3iHHOTO
oporeHa, c(popMOBaHOTO Ha AaKTHBHIH IUINTI B Me-
)kax [laneorericy (puc. 2, a). ¥V tini CapMarcbkoi
TUTATH [ KOJI31HA MMOIis CTBOpHMIIA TI0JIe TEKTOHIY-
HUX HAmpyr MepeBaXHOTO MiBHIYHO-CXiTHOTO Ha-
NpsSAMKY TaHICHIIAILHOTO CTHCHEHHsA. Yepe3 1ie
ocanoBuil OaceifH 3a3HaB HEPIBHOMIpHY B IOIEpey-
HOMY Tiepepisi nedopmariiro: iHBepCiifHa CKIiIagdac-
TICTh OXOIWJIA TEPEBAKHO OCHOBY 1 MiBHIYHY pH-
ooproy 30uu J1J13. B 11eii uac 3aknaganucs OCHOB-
Hi JiHiHI cxiraggacTi 30Hu JJoHOaCy, IIeHTpaIbHOTO
1 HiBIEHHO-CX1THOTO CErMEHTIB 3anaJuHH.

[Moganbiry TEKTOHIYHY EBOJIOLII0 pPUPTOTEH-
HOro OaceifHa, MOYATKOM SIKOT PO3IVISAAETHCS Mi3-
HBOIIEPMCBHKUHM BiK, CHPHYMHHUIN TOPU30HTAIBHO-
3CYBHI 3MIIlIEHHS MPaBOOIYHOI KiHEMaTHKU PyXiB 3
MEPEMIHHOK KOMIIOHEHTOI CTHCHEHHS, IO BimOy-
Bamucs mobmm3y miBneHHOI oxomuii CEIL  Ilpm
BOMY, TPA€EKTOPii CTHCKAIOUMX HANpyr B Mexax
VYkpaincekoro Illuta 3MmiHWIM CBili HampsSMOK Ha
MiBHIYHO-3aX1/THUH, a Ha TEPUTOPIi 3alaJiHA MaJH
MiBHIY-TBHIYHO-3aXiHY opieHTamlio0 (puc. 2, 6). B
pe3yibTari 00J1IacTh MAaKCUMaJIbHUX TOPU30HTAIBLHO-
3cyBHHUX Jedopmaliiii po3rainyBanacs B MiBICHHIH
MIPUKOPJIOHHIA CMy3i aKTHBHOI OKOJHIII OpOTeHa
[Maneoreric. lle BUKIMKaNO HE3HAUHE PO3TATHEHHS
Ha OUTBIIIKA YacTWHI TEpUTOpIi MiBJEHHO-CXiHOTO
cermenTta /I3, yTBOpEeHHsS rOpU30HTAJIBHHUX 3CYBiB
MpaBoOOIYHOT KIHEMATHKU PYXiB, SIKUMH KOHTPOJIO-
Bajacs HakKIaJieHa Me3030HChbKa MPUPO3TIOMHA
CKJIaa4acTicT. BBakaeTbcs, IO MiIKKWOO-HACYBHI
00CTaHOBKM MOTNIM 30epiraTtucs JHIle B IMiBHIYHO-
CXIIHIA YacTWHI OaceliHa uYepe3 BisJIONOMIOHHI
PO3IOIUT TPAEKTOPIA CTUCKAOYHMX HAmpyr (puc 2,
B). [IporpecyBaHHs mpolieciB CTUCHEHHS HiBHIYHO-
CXIIHOTO HampsIMKy 3yMoBWiIO B JloHOaci 3cyBHI
nedopMariii JTiHIHHOT FepPIMHCHKOT CKJIaA4acTOCTI Ta
(hopMyBaHHS CKJIaAYaCTUX OKPUBIB HACYBaHHSL.

Mera i 3aBaaHHs q0CHiTKeHb. METOI perio-
HaJIbHUX TEOTEKTOHIYHUX JIOCIIPKEHb € BU3HAYCHHS
TeOJIMHAMIYHOIO PEXUMY TEKTOHIYHOI iHBepcii pH-
(TOreHHO1 CTPYKTYpH Ta HiarHOCTUKA MPHUPOIHOTO
MexaHisMy (opMmyBaHHs Ha Tepuropii 3" iHBep-
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CIHHOT TeoCTPYKTYpH — 3aximHo-J{oHEeIbKOI TTOKPH-
BHO-CKJIaA4acToi objacti. JJJIs JOCATHEHHS i€l Me-
TU PO3pOOIISIIACS MPUHITUIIOBA KIHEMaTHYHA MOJICITh
(dhopmyBanHs [eprmHChKOT Ta ANBIIHACHKOI CUCTEM
TEKTOHIYHOTO HACyBaHHSA OCAaJOBHX Teomac, Imo il
CKJIaJal0Th.

Marepianu Ta MeToau AocaimkeHb. [Ipu mo-
CIIJUKEHHSIX ~ BUKOPHCTOBYBaBCS  CTPYKTYPHO-

KiHEMaTUYHUHA aHali3 BTOPHUHHUX AedopMamiiHuX
CTpYKTYp [22].

AHaIITHIYHAM KapTorpadidHAM MaTepiajioM €
MTOpPiBHSIRFHA cXeMa TeKTOHITiB TepuTopii 3/ [9].

Puc. 2. CxeMu reoJuHaMiyHUX PEKUMIB TEKTOHIUHOI iHBepCil J{HipoBchKo-/loHEIBKOTO maneopudTty [6]:
a — KOJI3iHHUI peXUM TIOYaTKOBOTO €TaIy iHBepcii; O — JIOKaibHa TPAHCTEHCIS B PEXKHUMI TTPaBOOITHOTO
3CyBaHHS TOJIOBHOTO €Taly iHBepCii; B — cXxeMa iHAYKI[IHHOTO BIUIMBY BiIJAJIEHOTO KOMi3ifHOTO OpPOTEHY.
Ymoeni nosnauenns: 1 — pyxoma 30Ha akTUBHOI OKOJHII; 2 — AedopMaliiifHi 00CTaHOBKH: 3BEPXY — KOJi3iHi,
3HU3Y — PaBO-3CYyBHI Aedopmariii; 3 — MOJETbHI TPAEKTOPIi HANIPYT CTUCKAHHS; 4 — PSKUMH: a — TAHTEHIia-
JBHOTO CTHCKAHHS; O — TOPU3OHTAIBHO-3CYBHOTO Jie(hopMyBaHHS

PesynbraTn pocaimkenb. Ha Tepuropii 30 i
nepexignoi 3001 Mixk /13 1 JICII B ocanoBoMy vo-
XJIi BCTAHOBJIEHO KPYTi KyTH MAaJiHHS TipCHKUX I10-
pia (mo 50-70°), cunbHY OMCIOKOBAHICTH TA HACH-
YEHICTh 0CAaJ0BOI TOBII KOMIUIEKCAMH TEKTOHITIB,
[0 TIEPETHUHAIOTH i HACKPi3b, BUCOKI MalieoTeMIIe-
parypu, 10 BUKIHMKAIHM MiJBUIICHY MIUIBHICTh IO-
pix i mubokwuii Mmeramopdizm Byruuis Jlonbacy, ak-
TUBHUHA BYJIKaHI3M KHCIIOIO CKJaay 1 MOB'sA3aHi 3
HUM THAPOTEPMaJIbHO-METaCOMaTHYHI MposiBH [23].
Ha nanuii yac 11e po3misiiaeTbea pe3yabTaToM Mpo-
SBy 3HAUHUX TEKTOHIYHMX PYXiB, CIPSIMOBAHUX 3
MIBJHS 1 MBIEHHOTO CXOAY BHACIHIJOK €0 MHaAMIY-
HUX MPOIIECIB, 110 BiAOYBaIKCs Ha aKTUBHUX TEKTO-
HiyHuX miuTax [lameoreruca. Ha Tepenax J1/13 Ta
Honbacy mizx iX BIUIMBOM B PEXHMi 3arajibHOTO KO-
J3IHHOTO CTHUCKaHHS Bijf0yBajacs IHBEpCisl TEKTO-
HIYHOTO PEXKHUMY.

Aananiz JaHWX PEKOHCTPYKLIi IMOJIB Hampyr
Houbacy [17, 24], KiUIBKICHOTO MOJIEIIOBAHHS TEK-
toHiunoi iHBepcii /13 1 Jlonbacy Ta 3icTaBJICHHS

MOJIETIbHUX 1 PEKOHCTPYHOBAaHMX IOJIB Hampyr [6]
CBiJTYHTH, 1[0 HA TIOYATKOBOMY €Talli iHBepcii Tek-
TOHIYHOTO PEKUMY, Ha TPOTA3i 3aajdbChKol (a3u
Mi3HBOTEPIIMHCHKOT €MOXH TEeKToreHesa, aedopma-
uiiine crpykrypodopmysanus B JJJ13 BigOysanocs B
reoauHaMiuHIi 00CTaHOBII KOCOi KOJi3ii Ha T iH-
BepciiiHoro migitomy Jonbacy (puc. 2, a).

[Mpu npoMy, momepeyHe KoJi3iiHe CTHCHEHHS
pudTOoreHHoi CTPYKTypu BinOyBajocs B MiJKUAO-
HaCyBHOMY PEXHUMi 3 JIIBOCTOPOHHBOIO CKJIAJ0BOIO
TOPU3OHTANBHUX PyXiB. BOHO Xapakrepusysanocs
MiBHIYHO-CXIJHUM HAaXHJIOM OCi MaKCUMaJbHUX Ha-
npyr crucHeHHs O1 Ta HaxuiIoOM OCi cepedHix Ha-
NpyKeHb CTUCHEHHs ©2, BIAMOBIIHO, B MiBHIYHO-
3axiJHOMY HamnpsMKy. B Takux reomuHaMIiYHUX
YMOBax, BiJIlIOBIJIHO JI0 3aKOHIB reoMexaHiku [25],
TOPU3OHTAIBHI TIEPEMINICHHs] aKTHBI30BaHHUX TI'€O-
Mac 0CaJioBUX IOPLJI 3MIHCHIOBATHCS B3JIOBXK Iap-
HUX OCEH T MaKCHUMaJIbHUX JOTUYHUX Harpy>KeHb,
CIPsSIMOBAaHUX B MiBACHHOMY Ta 3aXiJHOMY HalpsM-
kax. Ha Hamry mymMKy, 1ie MOIJIO BUKJIMKATH TEKTOHI-
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YHUN TPAHCIOPT TeoMac Bia HAACTHUCIOI OCHOBOI
30HM B HalpAMKY HallMEHII CTUCHEHUX IUISHOK —
300 'reommHaMiuHOl TiHI" a00 ''reogMHAMIYHOIO
OpUTYIIKY" B MiBACHHIM MpuOOPTOBil yacThHI 3ama-
nmaau [7].

VY mi3HROMY Me30301-KaifHO301 MporpecyBaHHS
MPOIIECiB CTUCHEHHSI B yMOBAaX MpPOsIBy Ha aKTHBHIN
okomuili oporeHy Ilameorericy TOPH3OHTAIBHUX
pyXiB TIpaBoOidYHOI KiIHEMAaTHKH BUKJIMKAIO YCKIIAJ-
HEHHS TEPUMHCHKOI CKJIaq4acToCTi, Mpo IO CBif-
YaTh KPUBOMiHIHHI Aedopmanii HepBUHHO JiHIHHOT
TepIIMHCHKOT HACYBHOI PEIIITKH 1 BiIOBIIHI BUKpH-
BJICHHSI OCEHl TUHAMIYHO CIOIYYEHOi 3 HEI0 IMpUpo-
3JIOMHOI cKJIagyactocTi. Bropunne nedopmariiine
CTPYKTYPOYTBOpPEHHS BifOyBasoCs B T€OAMHAMITHIN
oOcTaHOBIII iHTep(epeHIlii perioHaTbHOTO TOPHU30H-
TaJbHOTO 3CYBHOTO IOJIsI MPAaBOOIYHOT KiHEMAaTHKH
PyXiB 1 3arampHOTO KOMNI3IHHOTO TaHTEHIIaJbHOTO
CTHCHEHHS 3 HaXWJIOM OCi CTHUCHEHHs B IiBHI4HO-
3axigHUX 1 miBHIYHUX pymOax (puc. 2, 0). Uepes
YTBOpEHHsI B ILEHTpaNbHill ocboBiii wactuni 3/
palioHy KOHIIEHTpamii TOJIOBHUX OCEW CTHCHEHHS
MiBHIYHO-3aX1THOT, «JIOHEIBKO1» a3UMyTaJIbHOI Opi-
€HTaIlii, JMCIOKOBaHI, 3IM’ATI B CKJIaJKH TeOMacu
YOXJIa B 3CYBO-HACYBHOMY PEXKHMI MTEPEMIIIyBaJTUCS
B MiBHIYHO-32XiTHOMY HANpsIMKy - Bijl iHBEpCIHHOT
reoctpykrypu JCII B HanpsMKy MEHII CTHCIOI Te-
puropii miBaeHHo-cxigHoro cermenta /13 (puc. 3).

BcranoBneHo, 1110 OCHOBHUMHM €JIEMEHTaMH Te-
oJioriuHoi OymoBu 3aximHo-/{oHelbkol iHBepCIHHOT
TEKTOHIYHOI 00JIacTi €:

- 0CaJIoBi CBITH KalfHO3010 Ta iX epo3iiiHi ocTa-
HIU;

- JIACIIOKOBAaHI CBITH ME303010, IO ITOXOBaHI
M KaHO30MCHKUM Y0XJIOM;

- nedopMoOBaHI TEKTOHIYHI OJIOKM OCaIOBUX
CBIT IAJIE030I0;

- rtekrToHiTH CTHIECEKOTO, COKOJIBLIIOBCHLKOTO Ta
LIymumiBcbkoro JiIHAMOMETaMOP(PUIHUX
KOMIUIEKCIB Mi3HBOTEPIIIHCHKOT Ta albMiiCh-
KOi eTox;

- penikTa pudTOBOi PEUTITKH TEKTOHITIB, JOKe-
MOPIMCEKHX Ta HECTPaTU(iKOBAaHUX KOMILJIE-
KCiB B OKPEMHUX TEKTOHIUYHHX OJIOKAX;

—~ MarMaruyHi i ByJKaHiYHI KOMIUIEKCH Iajeo-
3010 1 ME303010;

- JIEBOHCBHKI COJISHI JiammipHu.

lopuzoHTabHI TMEpeMillleHHS AaKTUBI30BaHUX
reomMac OCaJI0BHX KOMIUIEKCiB Ha Teputopii 31U
KOHTPOJIIOBAIKMCS [ epIUHCHKOI0 Ta AJBMIHCHKO0
(JIapamiiicbkor0 1 ATTHUYHOIO) MIJAKHJIO- Ta 3CYBO-
HacyBHMMH peuriTkamu (puc. 4). BcranoBneHo, 1o
B3IOBXK HHUX C(HOPMYBINCS KYTICHO 34JICHOBAaHI
MMAKUI0-CKIIaq4acTi 30HU JIHIMHUX aHTHUKJIIHAJIb-
HUX CTPYKTYp Ta €lIEIOHOBaHiI aHcamOIli TeKTOHIY-
HUX JIyCOK Ta IJIACTHH MOKPHUBIB HacyBaHHA (puc. 1-

5 B wactuHi 1). Pazom BoHU yTBOpPIOIOTH [ epriHCH-
Ky Ta AJBIMHCHKY MUHAMIYHO CIPSDKEHI CHCTEMH
TEKTOHIYHOTO HACYyBaHHS T'eOMac, IO PO3MISAA0Th-
Cs TOJIOBHUMH CTPYKTypO(POPMYIOUMMHU, TCOIMHA-
MIYHMMH €JIEMEHTaMH B CKJIaji 3axigHo-J/oHembKoi
MTOKPHUBHO-CKJIaM9acToi TEKTOHIYHOI 00iacTi, BIIEp-
[Ie BHUAIIEHOI HAaMH B MeEXaX IIBAEHHO-CXIIHOIO
cermenta JIJ13 [8].

I'epriincekuMu pyxamu Oyrno 3yMOBIIEHO Jiedo-
pMalii Komi3iHHOTO KOpOOIEeHHsI TOPU30HTIB MaIeo-
305 B MIIKUI0-HACYBHOMY T'€OJMHAMUYHOMY PEIKU-
Mi. [Ipu mpomy, cTpykTypodopMyrodi mpomecu Mor-
JIY BiIOyBaJIACS 32 KIHEMaTUYHUM MEXaHI3MOM I103-
JIOBKHBOTO BUTHHY IIapiB [25] 3 yTBOpEHHSIM BEH-
KUX, JIHIHHUX MAKAI0-aHTUKJIMHAJIEH, IK1 B TEKTO-
HO(I3UYHOMY CEHCI iMeHTH(iIKOBaHI TPUPO3TOMHU-
MU JyIuiekcamu cTucHeHHA. CyKyNHICTh iHBEpCiii-
HUX CTPYKTYpP, CPOPMOBAHUX KONI3IMHUMHU pyXamu
B TEPIUHCHKY €MO0Xy pO3NIIIacThbes sk [ epunHCchka
CHUCTEMa TCKTOHIYHOTO HACYBaHHS OCaJ0OBUX reoMac
Maaeo30MChKOro yoxia (puc. 4).

Hatimonoammm KOMIUTEKCOM TEKTOHITIB Ha Te-
puropii 3[AI" € ATTHYHMH, TIBHIYHY MEXY PO3BUTKY
SIKOTO KOHTPOJIOIOTh IUTOUMHM Map'iBcbkoro Ta
JIucmuancwrKoro 3cyBo-HacyBiB [9] (puc. 4). Ha miB-
JIeHb BiJl HAX BECh MTOATTHYHUI OCaJOBHI YOXOI
po30UTHI HAa TEKTOHIYHI OJIOKH, IO CKIAJAIOTh iH-
BepCiiiHy CTPYKTYpy 3axinHo-/|oHebKoi TOKPUBHO-
ckiamgacTtoi obmacti. Lli Gmokm 3 KyTOBOKO HE3ro-
JIOI0 TEPEKPHUBAIOTHCS NEPEPUBYACTHM HOXJIOM HE-
JIUCJIOKOBAaHUX ILTIOLEH-aHTPOITIOTEHOBHX BiJKJIaIiB.
ToBmKHA 0CaZOBOTO YOXJIa B MEXax rpabdeHa rmoc-
TYIIOBO 3MEHIIIYEThCS Ha MiBHIYHUE cxix Big 1,6 mo
0,5 kM. Ha reonoriuaomy po3pisi (puc. 4 B 4acTHHI
1) BUAHO MOJIOTHI HAXHJI CBIT ME3030I0 B ITBICHHO-
3axiJHOMY HalpsIMKy, IO 3pOCTa€ BiJl BEPXHBOI
Kpeiau 1o migoumBu Tpiacy. Lle cBiI4UTh PO KOH-
CeJMMEHTAIIiHe TPOTrWHAHHS, OIJIbII IHTCHCUBHE
Ha MBIEHHOMY 3axXOJli, HDK Ha MiBHIYHOMY CXOJi
rpabeHa.

OTXe, BCTAHOBJICHO, IO JUCIOKOBAHUM YOXOJI
[EHTPaJIbHOI, 3aHypeHOi dYacTWHH TpabeHa Mae
3MiHHUH cTparurpadivHiil o0cAr, KUl Ha AUTTHKAX
MEPEeTUHY eIleIOHaMU  HAcyBIB CTPHUOKOIOAIOHO
HapouryeTbes (puc. 1-4 B yactuni 1). 3 miBIeHHOTO
CXOJy Ha TMIBHIYHUI 3aXiJ] Ta 3 MiBJHS Ha MiBHIY BiH
3MIHIOETHCS BiJ| ILIIOLEH-YETBEPTUHHOIO JI0 KaiHO-
30MCHKOTO Ta 3rOIOM JO ME30-KallHO-30MCHKOTO.
Pi3ko Hey3rojpkeHe CIiBBiTHOMIEHHS MOHOKJIiHAIb-
HOT CTPYKTYpU CHHEKIII3HOTO 40XJja 31 CKJIaI4acTu-
MU TIOBEpPXaMH 1HBEPCIHHOI CTPYKTypu 3axijHo-
JloHebKOi MOKPUBHO-CKIIAT4acTOl 00IacTi CBiT4aTh
npo ii HOBiTHiH BiK Ta cydacHy JIeHyJawiko.

BceraHoBiieHO 301IbIICHHS IHTEHCUBHOCTI KOJIi-
3iHKUX nedopMalliii Ha MiBIHI, 10 BCTAHOBJICHO Ha
nokeMOpiiicbkux nmossix [Ipua3oBcekoro Kpucraniv-
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VYMOBHI N03HAYEHHS
Meski cerMeHTy BKJIMHIOBaHHS
HacysH i migkumm:

aTTHHI

napamiiceKi

repLMHCBKI

DN N

[TiBaeHHO-/{0HEIBKA 30HA MENAHIKY

Puc. 4. Cxema TekroHiTiB [epruHchkoro, JlapaMiiicbkoro Ta ATTUYHOIO CTPYKTYPHHUX MTOBEPXIB,
3a JaHUMHM reoKapTyBaHHA [9].
Hacyswu i miakunu: 111- IliBHiuHo-/{onenbkuii, M- MapiiBcbkuid, [p- JIpoOumiBcekuii, A- AnMasHuii,
CM- Camapcekuit, J- Jineescbkuii, CK- Cymnino-Kocrsarunisebkuii, O- OcboBuii, H- HoBoceniBcbkuit

HOTO MAacHBY Ta B 30HI TEKTOHIYHOTO 34JICHYBAHHS 3
JCII 1o 3MeHIICHHIO PO3MIpiB TEKTOHIYHUX OJIOKIB,
PO3IIUPEHHIO MIKOJIOKOBUX 30H JIPOOJICHHS 1 IIH-
POKHMX MEJaHXEBHX 30HaX MiBHIYHO-3aXiJIHIN Bep-
reatHocTi [9]. Ha miBmenHo-3aximHomy kpum Jla-
paMifChKOI CUCTEMHU HACyBaHHS, B 30HI 34JICHYBaH-
Hs1 31 3axigH0-/{0HOACEKOI0 MENaHKEBOIO 30HOI0, IO
wionmHi  CaMapchKOro  MaricTpajbHOTO  3CYBO-

HaCyBa JTUCIIOKOBaHI MaIe030MChKi Ta JOKEMOpPIHCh-
Ki MOPOJM HACYHEHI Ha CJIa0OIMCIIOKOBaHUN Me30-
30# (puc. 4). JlapaMilicbKi TEKTOHITH MEPETUHAIOThH
TYT IIAPYyBaTICTh JUCIOKOBAHOTO OCAJOBOTO YOXJIA
i BEIMKUMH KyTaMH, 110 OCOOJIHMBO MpPUTaMaHHO
Me3030HChKil ToBII. OKpeMi IiJIKM HACYBIB yCIa-
KOBYIOTh IIapyBaTiCTh KaM'STHOBYT'UJIbHHUX CBIT, IO €
MOKa3HUKOM TOTO, IO JIapaMiicChKi aedopmartii po-
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3BUBAJIUCS 10 CKJIQYacTii Ha TOW Yac CTPYKTypi
T1aJIe03010 — TOOTO IO MTOBEPXHI TEPIIMHCHKOTO HEO-
ABTOXTOHA.

MixOnokoBa JAECTPYKIlisl TMOpiJ cyodcTpary
MpHUBeNia [0 yTBOPEHHS JIAPaMiMCKUX TEKTOHITIB
CoxonpIoBCHKOTO KOMIUTEKCY [9]. BoHHM ckitamaroTh
TEKTOHIUHY PELIiTKy, OKpPeMi T'iIKH SIKOI € MaricTpa-
JEHUMH 3CyBO-HacyBamH Jlapamiiicbkoi cuctemun
TEKTOHIYHOTO HAaCyBaHHS reomac. /o HEX JOCTOBIp-
HO BigHeceHi IliBHiuHO-J|OHEUBKUI (BEpTHKAIbLHA
ckinagosa ammiityau 800-1500 m), Anmazuuii (ami-
mityna Big 500-800 mo 1400 m), [pobumriBcekuit
(ammiityna 300m), Camapepkuit (ammutityga 70-100m),
Hentpansamii (ammityna 260-300 m), OcroBuii abo
HineeBcrkuii (amrmriTyaa 6mmspko 300 m).

Ha romoBHOMy erami iHBepcii TEKTOHIYHOTO
PEeXUMY, Ha TPOTSA3i JTapaMilchKoi Ta arTuaHOi (a3
aNBITIIICEKOTO OpOTeHe3y, KOi3ilHi nedopmariii Bia-
OyBaJIMCS B TEOAMHAMIYHHX YMOBaX KOHIICHTpAIii
ocell CTHUCHEHHs B IeHTpaibHii yactuHi 3/ B
3CyBO-HACYBHOMY PEXHMi II04alOCs HACyBaHHS
JMCIIOKOBAaHUX, 3IM’SITUX B CKJIQAKH IreoMac 0cajio-
BOTO 4OXJIa BiJl ckiamdyactoro JloHbacy Ha miBHiY-
HUH 3axXij - B HAIPSIMKY MEHII CTUCHEHUX AIJISTHOK
«TEOAMHAMIYHOI TiHI» MiBIEHHO-CXiTHOTO CETMEHTY
3armaguHu. 3aBIsgKd YoMy nedopmarii ocagoBoi To-
BII[I MOIVIM BifOyBaTHCS 32 KIHEMaTHYHUM MeEXaHi3-
MOM (OpPMYBaHHSI TTOKPHUBHO-CKJIAT4aCTOl CHCTEMHU
TEKTOHIYHOTO HAaCYBaHHS 0CaJ0BHX reomac (puc. 5).
dopMyBaHHS THITOBHX TTOKPHUBHO-CKJIATYaCTHX CHUC-
TeM BiIOYyBA€ThCS M| Yac IMOCTAIMHUX JUCIOKAIliH
0CaJIOBOi TOBIII 32 PAXyHOK MEPEKPHUTTS JaBHINTHIX
TEKTOHIYHMX IJIACTUH HAaCyHYTHMH Ha HHX HOBO-
YTBOPEHHUMH MOJIOJIIUMH 32 BIKOM IUTaCTHHAMH
nokpuBiB. Llelf TEKTOHIYHUE Tpolec 3yMOBIIOE TI0-
CTYIIOBE HApOLICHHS OCaJ0BOTO pO3pi3y, MO iCTOT-
HO J1e()OPMYETHCSI TIO BEPTUKAIII MIPH OTHOYACHOMY
3HaYHOMY HOTO CKOPOUYEHHIO IO TUIOIII.

[lepenbavyeno, Mo BENWKI aMILIITYId TOPU30H-
TaJbHUX MEPEMIlIeHb B YMOBaX 0OMEXEHOT0 IeoJo-
riYHOrO TpocTopy TpabeHy 3yMOBWUJIM 3HAuHI BH-
KpUBJICHHA B IUIaHI JHIHHUX TIUIOMUH 3CYBO-
HacyBiB. OcoOnMBO 1€ CTOCYETbCS Tpac maricrpa-
JMBHHUX TeplHChKUX — [liBHIuHO-/[oHENBKOTO, [Ipo-
OuIIiBCHKOTO Ta anbmiiicbkux — Mapp'iBcbkoro i
XpECTUIEHCHKOTO Ha TMiBHIYHO-CXIHOMY KpWUIi i
CamapchKoro Ha TiBJIEHHO-3aX1IHOMY KpHii AJb-
MidchKoi cucTeMu HacyBaHHS (puc. 4). 31 3MiHOO
MPOCTATaHHS MaricTpajbHUX 3CYBO-HACyBiB 3 TiB-
HIYHO-3aX1IHOTO Ha 3aXiJHE OJHOYACHO BiI0yBaJu-
Csl BIAIMOBIZAHI BUTMHU OCEH MPHUPO3IOMHUX AHTHK-
JHATBHAX Ta CHHKJIIHAILHUX CKIIAJOK, COopMOBa-
HUX B IX MiAHATUX KpWiIaX, 3 TEHACHLIEI0 MPHUCTO-
CYBaHHs /10 3MiHM iX mpoctsaraHHs. HeaminHum Jiu-
IIMIOCS TIBHIYHO-3aXiJJHE MPOCTATaHHS Marictpa-
JILHUX 3CYBO-TIAKUIIB B OChOBIiH 30HI rpabena — Cy-
niHo-KoctaaTnaiBehkoro Ta OchoBoro (/lineeBchKoro).

CTpyKTypHO-KIHEMaTHIHUN aHalli3 PHUCYHKIB
TEKTOHITIB Ta aHCAMOJIiB epopMaIliitHux CTpyKTyp,
BUKOHAaHWN Ha MOPIBHIBHIM CXeMi TepIUHCHKUX,
JapaMiiCbKUX Ta aTTHYHUX TEKTOHITIB, O3BOJIKB
BITHOBATH KIHEMATUYHHUI MEXaHI3M TEKTOHIYHOL
iaBepcii JA/13 (puc. 6). TexToHiuHNN KapKac iHBEp-
ciitnux aedopmaniii Ha Tepuropii 3[AI" yTBOpIOIOTH
TpU ITWHAMIYHO TIOB'S3aHi JIHIMHHI 30HA TOPHU30HTA-
TEHO-3CyBHOTO KOHTpOIto — [liBHiuHO-CxinHa, IliB-
nenHo-3axingHa Ta LlentpansHa. [lepuri nBi Buaiis-
IOTBCSI B IKOCTi 30BHILIIHIX MEX, 10 BHOKPEMIIIOIOT
Ha Teputopii /I 3axigHo-JloHEeUbKHH KiIuHO(OP-
MHHI CETMEHT TEKTOHIYHOTO BKJIMHIOBaHHS TeoMac.
3a TEKTOHO(I3WYHUX O3HAK BiH JIarHOCTOBAHHIA
TEKTOHIYHUM OPOKIIIHOM BHCYBaHHS IIiJICyBHOTO
TUTTY, 3TAHO Kiacugikamii gedopMamiifHuX CTPYK-
TYp TOPU30HTAJIBHOTO NepeMillieHHs [26].

LenTpanpHa miHiliHA 30Ha BTOPTHEHS TeoMac
BUJUISETHCS B OCBOBIH 30HI rpabeHa, e i yTBOpIo-
I0Th TUIKK MaricTpaibHUX 3cyBo-miakuaiB — Camap-
cekoro, Cymino-Kocrsaurunisebkoro, OcsoBoro (/[i-
JIEEBCHKOTO) MBHIYHO-3aXiJHOTO MPOCTATAaHHS (pHC.
4, 6). B3nopx HuX copMoBaHa BeJIMKA, MPOTSHKHA
0ChOBa CKJIQJ4yacTa 30HA MPUPO3IOMHHUX, KYIiCHO
3YICHOBAaHUX MIiAKUIO-CKIAIO0K, SKYy CKJIaJaroTb
BemukoxkomunryBackka, HoBoTpoineka, JpyXKiBCh-
ko-KocTsiHTHHIBCbKa Ta [onoBHA JiHIAHI aHTUKII-
HaJII.

Y QopnaHai TEKTOHIYHOTO CerMEHTa BTOPT-
HEHHS, Ha 3aKiHUYEHHSX MAariCTpajibHUX 3CYBO-
HACyBIB albMIMChKOI Ta TEPUMHCHKOI TeHeparlii,
cthopMyBaBCs TEKTOHIYHHN BY30J1 JMHAMIYHO TIOB'S-
3aHUX TEKTOHITIB, IKHW 3 TOYKH 30py TEKTOHO]I3H-
KM JIIarHOCTOBAaHUM IEPEeIOBUM TEKTOHIYHUM Bisi-
moM ctucHeHHS (puc. 6). VY3IOBXK MiBIEHHO-
3axiJHOTO KpWJja TEKTOHIYHOTO cerMeHTa cpopmo-
BaHa MPOTSHKHA CMYTa €IICIIOHOBAHUX TEKTOHIYHUX
MMOKPHBIB, KOHTPOJIbOBAaHA KAPKACOM aJIbITIACHKUX
Ta TEepUMHCHKHAX 3CyBO-HacyBiB. Ha miBHIYHO-
CXiJTHOMY KpHJIi CETMEHTa BTOPTHEHHS, Y3J0BX pe-
IITKA JIapaMidChbKUX Ta arTHYHHX [liBHi4HO-
Honenpkoro, MapiiBcekoro JIpoOwumiiBckkoro Ta
Jlncn4yaHChKOTO 3CYBO-HACyBIiB c(hOPMYBAINCS 30HU
KYJICHO 34JICHOBAHUX, NPUPO3IOMHUX MiJKUJIO-
CKJIa10K (puc. 4, puc. 5 B yacTuHi 1).

HaykxoBa HoBH3HA. 3a TEeKTOHOQI3WYHHX 03-
HaK BHJIJIEHO TPH JIiHINHHI 30HW TOPU3OHTAIBHO-
3CYBHOTO KOHTPOITIO, III0 MODJIM CITyTYBaTH JHHAMI-
YHO TIOB'SI3aHUMH «TEKTOHIYHUMH pEHKaMu BTOPT-
HEHHsD» reoMac, 3a SIKUMH TTOKPHUBHO-CKJIa4acTHI
AJIOXTOH HACyBaBCsI Ha cllabo JTUCIIOKOBaHUI pUQTO-
TeHHHUH aBTOXTOH, a 3r0ZIOM, Ha TEPLUUHCHKHI Heoa-
BTOXTOH MiBAeHHO-cXiaHil yacTuni 1/13. 3a pe3yns-
TaraMu CTPYKTYPHO-KIHEMAaTHYHOTO aHamidy jaedo-
pMalliif Briepiiie BCTaHOBJICHO, 1110 BHACIIIOK 1HBEp-
ciiinux aedopmaniii mIaTGOPMHOTO OCaZOBOIO HO-
XJ1a MiJ] TUCKOM «TE€KTOHIYHOIO IITaMIIa» CKiaxdac-
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Puc. 5. [lpuH1mIIOB] cxemMu:

A — KiHEMaTHYHOTO MEXaHi3My HapOIIyBaHHS 3arajlbHOi TOBLUIMHU aJIOXTOHHUX YTBOPEHB B PO3pi3i 3 CTOT-
HUMI CKOPOUEHHSM TEOJIOTTYHOTO MPOCTOPY 3a PaXyHOK (popMyBaHHsI HOBHX TEKTOHIYHHX TJIACTHH-
MOKPUBIB. b — MOKPUBHO-CKIIaA4acTOl CUCTEMH TEKTOHIYHOTO HACYBaHHS 0CaJJOBUX I'e€OMAaC!
iaH ta po3pizy, 3a A.K. Xynoneem (CnoY, BCET'EH, 2005)
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Puc. 6. CtpykrypHO-KiHeMaTn4dHa Mojieib (GopMyBaHHs 3axinHO-J[OHEIbKOT TOKPUBHO-CKIIAUACTOT 00IACTI.
Ymoeni nosnauennsi: 1— TEKTOHIUHE BIsUIO CTUCKAHHS; 2-5 — pU(TOreHHI CKUIM, 3TiIHI Ta HE3riIHI; 6— Ha-
NPSIMKH PO3TiKaHHS 1 TpaHcnopTy reomac; 7— ITiBaeHHo-Jl0oHEIbKA METaH)KEeBa 30HA; 8—CErMEHT TEKTOHIY-
Horo BimHIOBaHHSA: (1) Jlyranceko-KomuinyBacbkuii palioH KyJlicHOI ckiiaadacTocTi, (2) Kanemiyc-
Toperpkuii palioH MOKPHBIB HacyBaHHS, 9— cuHpopmu; 10— antudopmu; 11 — JliHiiHI 30HU BTOprHeHHs: [1]
— IliBHiyHO-CXiHA 30Ha, [2] — LlenTpanbHa 30Ha, [3] — [liBaeHHO-3aXiqHa 30Ha. Bpi3ku: a- npuHIIMIIOBA
cXeMa OpPOKJIMHY BUCYBaHHS (T1aH) [26], 6- MO/IEb CHCTEMH TEKTOHIYHOTO HACYBAHHS,
3a A.K. Xynoneem (CnioY, BCET'EN, 2005)
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toro Jloubacy Ha Teputopii 3I" OyB chopmoBaHuii
CeTMEHT TEKTOHIYHOTO BKJIHMHIOBAHHS OCAJOBHX
reomac, 10 YCKJIaIHIOE PU(TOTeHHY CTPYKTYpy Ha
nigenHomy cxoi JIJ13. oro Bu3HaueHO ToN0BHEM
CTPYKTYpPHHM eJleMeHTOM 3aximHo-/loHenpkoi mok-
PUBHO-CKJIQI9acTOi TEKTOHIYHOI 00JacTi, sKa BIIe-
pllie BUAUTSIETHCS B SIKOCTI 1HBEPCIHHOI CTPYKTYpH
perioHaNBHOTO MacIITaly.

BucHoBKkHM Ta mpakTH4yHa 3HA9ymicThb. [lin-
CYMKOM JIOCIHiJ’)KeHb € pPO3po0Ka OpHTiHAJILHOT
CTPYKTYPHO-KIHEMaTUYHOI MOJEl TEKTOHIYHOI iH-
Bepcii miBaeHHO-cXimHii gactuni J/13. 3rimHOo MoO-
Jielli, Ha TIOYaTKOBOMY eTarli iHBepcii, B Mi3HBOTEp-
LIUHCBKY €MOXy OpOTeHe3a, uepe3 3arajibHe KOoJi3ii-
HE CTHUCHEHHS Y MiAKUI0-HACYBHOMY PEXHUMI BimOy-
BaJIOCS TAaHTEHIliiTHE CTHCHEHHS pUPTOTCHHOI CTpPY-
ktypu. lleii reoguHaMiuHUIA peXuM 3yMOBHB (oOp-
MyBaHHS JiHIHHAX CKJIamdacTux (opM 3a MexaHi3-
MOM TI03/I0B)KHBOTO BUTHHAHHS Ta ONEPEYHE HACY-
BaHHsI 0CaJOBHX T'€OMAac BijJl OChOBOI 30HU B Hampsi-
MKy miBgenHoro 6oprty 3/I. Ha romoBHOMYy erami
iHBepcii, Ha MPOTA3i KiIMMEPIHCHKOI Ta aNbITiHCHKOI
ernoX, TeoJMHaMiuHy OOCTAaHOBKY BH3Ha4aB THCK
TEKTOHIYHOTO ITammna ckiaadactoro /lonbacy, mo

3a3HaB iHBepciitHoro mimiomy. Ilig #ioro BITUBOM
B3/I0BXK TEKTOHIYHOI PEIIiTKH JIApaMiACHKUX Ta arT-
TUYHUX 3CYBO-HACYBiB Ha cllab0 TUCIOKOBaHUH CH-
HEKJTI3HUH aBTOXTOH 3alaJyHU 3 MiBIESHHOTO CXOAY
Oyna HacyHyTa IHTEHCHBHO 3iM'sITa B CKJIaJIKH OCa-
JIoBa TOBINA. TEKTOHIYHI PEHKH MO3A0BXKHBOTO BTO-
pTHEHHA TeoMac COpPMYBaJKCA B3IOBK TPHOX JTU-
HaMIiYHO TOB'SI3aHUX JIHIHHUX 30H TOPH30HTAIBHO-
3cyBHOTO KOHTpomo - IliBHiuHO-CXigHoi, [liBmen-
Ho-3aximHoi Ta LlenTpanmpHoi. B Mexkax rpabena
BOHHM KOHTPOJIIOIOTh HOBITHIO TEKTOHIYHY TO3HIIIIO
CerMeHTa TEKTOHIYHOTO BKIWHIOBAHHS TeoMac,
c(hopMOBaHOTO 332 KiHEMAaTWYHUM MEXaHi3MOM IIO-
MEPEYHOr0 OPOKIMHA BUCYBAaHHS MiJCYBHOTO THITY.
CTpyKTypHUM pe3yJbTaTOM TEeKTOHIYHOI 1HBEpCii
pudTOreHHoi cTpykTypu Ha Tepuropii 31" po3ris-
JaeTeesl (OPMYBaHHS 1HBEPCIHHOT TEOCTPYKTYpH
perioHanbHOTO MacmTaly — 3axigHo-JloHembKol
MMOKPOBHO-CKIIQIYacTOl TEeKTOHIUHOI obOmacti. Lleit
TEOPETUYHNI BUCHOBOK BBYKAETHCS MIICTABOIO IS
KOpPETr'yBaHHs PEriOHaJIbHUX CXEM TCKTOHIYHOTO Ta
Ha(TOra30reo]OriYHOTO  pailOHyBaHHS TEPUTOPIi
I3 Ta CximHoi HadTorazoBu100yBHOTO 00J1aCTi.
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TECTONIC INVERSION OF THE DNIEPER-DONETSK BASIN. PART 2. GEODYNAMIC SITU-
ATIONS AND KINEMATIC MECHANISM OF RIFTOGENIC STRUCTURE DEFORMATIONS

Formulation of the problem. In the second part of the article, the geodynamic mode and the kinematic
mechanism of destruction of the Dnieper—Donetsk Basin by tectonic movements of the Late Hercynian and
Alpine stages of tectogenesis were studied. New results of tectonophysical studies of the structural—
kinematic evolution of the Earth's crust of Dnieper—Donetsk Basin at the collision stage are presented. The
subject of research is a complex of deformation structures that complicate the sedimentary cover in the tran-
sitional zone of with Donetsk Foldbelt.

Review of previous publications and studies. Using instrumental definitions of tectonite vergence, da-
ta of reconstruction of stress fields and quantitative modeling of deformations, a original kinematic model of
tectonic inversion of the Dnieper—Donetsk Basin was developed.

Methods. Structural-kinematic analysis of the structural drawings of collisional deformation and tec-
tonics structures was used for regional geotectonic studies.

Results. Tectonic inversion of the Dnieper-Donetsk Basin and Donbass began at the Late Hercynian
epoch as a result of collisional movements of the compression orogen on the outskirts of the Paleotethis.
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Tangential compression of the southwestern direction led to the formation of gentle tectonic faults in the sed-
imentary cover of the Western Donets Graben, along which a lattice of thrust faults was formed. For a set of
extrusion of sedimentary rocks in the reverse—thrust mode from the axial super-compressed zone, tectonic
transport of geomas took place in the direction of the zones of "geodynamic shadow" on the southern side.
Collisional deformations of horizons by the mechanism of longitudinal bending of the layers caused the for-
mation of linear uplift-folding in the northern part of the Graben, and echelons of scaly thrust covers in the
southern. At the Mesozoic and Cenozoic epochs, in the mode of interference of the reverse—thrust and hori-
zontal-strike-slip fields, the Hercynian thrust lattice and the near-fault uplift folds underwent collisional de-
formation with the formation of coulisse—jointed folded zones and echeloned thrust covers. Based on the
kinematic model of tectonic inversion of the Western Donets Graben, the geodynamics of the formation of
the transition zone between the Dnieper—Donets Basin and the Donetsk Foldbelt is reconstructed. These data
are the basis for adjusting the regional schemes of tectonic and oil and gas geological zoning.

Scientific novelty and practical significance. The grouping of the compression axes in the western
part of the Donbass caused the formation of a gorst-like geoblock-stamp, under the pressure of which the
dislocated geomasses were thrusting onto the syneclisic cover of the southeastern segment of the depression.
In the Western Donetsk Graben, the allochthonous stratum formed the body of the tectonic wedging geomas
segment. Along the main strike—slip faults, which form the "tectonic rails" of the invasion, geodynamic
zones of displacement of geomas were formed, composed of en-echelon articulated upthrust-folds. In its
foreland, at the ends of the main strike—slip faults, an advanced scaly compression fan was formed, and in the
hinterland, folded sutures were formed on the roots of the thrust covers. The main result of the research is a
fundamentally new kinematic model of tectonic inversion of the Dnieper-Donetsk Basin. The model pro-
vides that the deformations of the riftogenic structure within the Graben were carried out according to the
kinematic mechanism of the formation of a transverse orocline protruding under the pressure of the tectonic
geoblock-stamp of the Donetsk Foldbelt.

Keywords: geodynamic regimes, kinematic mechanism, wedging segment, protruding orocline, tecton-
ic stamp of the Donetsk Foldbelt.
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CMUKIB - HOBU1 OIIOPHUM PO3PI3 BEPXHBOI'O HEOILIEMCTOILIEHY
BOJIMHCBHKOI BUCOUNHUA

Komnnexcno 0ocniosiceno nHosutl pospiz 1eco8o-IpyHmosgux 6i0k1a0ie 8epxHbo2o Heonelicmoyeny Bonuncokoi eucouunu (6ins
¢. Cuuxie Pignencoxoi obracmi na cxuni oonunu p. [edxca). I3 ananimuynux 0ocniodcenb npo8e0eHo GUEHEHHS SPAHYIOMEMPUUHO20
CKAAOY I MIKPOMOPGON02iuHOT 6)y006U YCIX 1€CO8UX | IDYHMOBUX KIIMAMONIMIG, HA OCHOBI 4020 PEKOHCMPYUOBAHO 0COONUS0CMI na-
Jleonedozene3y ma 0cad0ymeopeHHst i 00IPYHMOBAHO KOPOMKONEPIOOUUHY emanticmsy iXHb020 po36umky. B ocnosi pospisy 3anseae
nepueiayianbHull aniositl OHINPOBCHKO20 KIIMAMONIMY 13 CUCIEMOK) CUHCEOUMEHMHUX THBOMOYIIHUX Oeghopmayiil. Bueuenns noxpu-
GHUX KAUOAYbKO2O MA NPUTYYLKO2O KIIMAMOIMIE 00360AUL0 SUOLTUMU O MPU cMAdii IPYHMOYMBEOPEHHS ) 4ac GOPMYSAHHsL 8iON0O-
8IOHUX IPYHMOBUX c8im. Bcmanosneno, wo y ¢hopmyeanni necosux kaimamonimie po3pisy neeny pois idizpasanu npoyecu nedozeHe-
3Y, 30Kpema cymycoHakonuyenus i biocenna azpeeayisa. 3a pe3ynomamamy spanyioMempuiHo20 aHanizy uoileno gasu naudinbuioi
IHMEHCUBHOCTI epO3IHUX NPOYECi8 YNPOOOBI C KAlOAYbKO20 | NPpULyybkoeo emanis. Budineno mpu cmadii akmugizayii conighniok-
YIlIHO-ePO3IIHUX NPOYeci8 YNPOO08HC XONOOHUX emanis: Oy3bK020, YOalicbKo20, d MAKOHC cepeOHbONpuULyybkoeo nioemany. Haiieu-
wutl emicm KapOOHAMIE KAAbYIl0 6CMAHOBNIEHO Y BEPXHIX J1eCOBUX KAIMAMONIMax i 00QiHieCbKoMY IPYHmMI (6 OCMAHHbOMY Y OOPOUI-
Hucmux ¢gpopmax). Tym kapbonamu moenu ymeopumucs y pesyibmami Oii npoyecié kpiocenesy. 3a pe3yibmamamu 00CHIONCEHHS
naneoMep3nomHux ymeoperb UOiieHo 7 DieHie Kpiozenesy, npeoCcmasieHux pisnocenemudHumu gopmamu. Pexoncmpyiiosano naneo-
2€0KPIONO2IUHI YMOBU YMBOPEHHS MEPINOMHUX CIMPYKIYD: 8 YMOBAX 2IUDOKO20 CE30HHO20 NPOMEP3AHHS Y CepeOHbONPUNYYbKULL Ni-
Odeman, OUCKpemHoi Kpionimo30HU 8 YOaucvKuil eman i KOHMUHyaibHoi Kpionimo3ouu y 6y3vKull i RPU4OPHOMOPCLKULL emant.

Knruoei cnosa: necoso-ipynmosa gopmayis, IpyHmosa ceima, epaHyioMempudHull anaiis, mikpomopgonoeiuna 6yoosa, pi-
8€Hb Kpiocenesy, KOpOMKONepioouyHa emanuicme.

A. C. Bonuxosckuii. CMBIKOB — HOBBIH OITOPHBIH PA3PE3 BEPXHEIO HEOILIEHCTOILIEHA BO/IBIHCKOH
BO3BBIIIEHHOCTH. Komniekcho ucciedo8an HO8bll paspes3 1ecco80-NOYGEHHbIX OMILONCEHUL epXHe20 Heonelicmoyena Bo-
JILIHCKOTL 8036bluenHocmu (6osne c. Cmbikoe Pogenckoii obracmu, na cknone oonunel p. [esica). Buinonnennvie ananumuyeckue uc-
CNIe00BANUSA 6KNIIOUANU UYHEHUE SDANYTIOMEMPUYECKO20 COCMABA U MUKPOMOPPONOULECKO20 CINPOEHUSL BCEX 1ECCOBBIX U NOYBEHHbIX
KAUMAMONUMO8, YMO CNOCOOCMBO6AI0 PEKOHCMPYKYUAM 0COOEHHOCMel Naneonedo2eHe3a i 0caoKo00pas0eanus, a makice 060cHo-
8AHUIO KOPOMKONEPUOOUHECKOU dManHocmu ux pazeumus. B ocnoge paspesa 3anezaem ghayus nepueisiyuaibHo20 anniogus OHenpos-
CKO20 KIUMAMOAUMA, ¢ CUCMEMOU CUHCEOUMEHTNHBIX UHBONIOYUOHHBIX Oepopmayuii. M3yueHue Kaudakcko2o u NPUIyKCKo20 KiuMa-
MONUMO8, NePeKPbIBAIOWUX aNI06ULL, NO360IUNO YCMAHOBUMb NO MPU CMAOUU NOYBO0OPA308AHUS 8 PAZGUMUL COOMBEMCMBYIOUUX
NOYGEHHBIX C8UM. Ycmanosneno, Ymo 6 PopmMuposanuu 1ecco8blx KAUMAmoiumos paspesa OnpeoeieHHylo poib Uzpaiu npoyeccsl
neoozenesa, 8 4ACMHOCMU 2YMYCOHAKONaeHue U Ouozennas azpezayus. Pesynemamul epanynomempuieckozo ananusa no3601unu
6b10eTUMb hasvl HAUOOIbUIEN UHIMEHCUBHOCTU IPOSUOHHBIX NPOYECCO8 8 MedeHUe KAUOAKCKO20 U NPUTLYKCKO20 IMAN08, ABNAIOWUecs.
MunuYHbIMY 0N BoavincKoll 8036bluleHHOCIU 6 YenoM. Yemanoeienvt mpu cmaouy aKmususayuu COMUGnIOKYUOHHO-9PO3UOHHBIX
npoyeccos 8 meyenue Xon00HbIX OY2CKO20 U YOAlCKO20 IMAnos, a maxdice cpeoHenpuiykckozo noosmand. Beicokoe codeporcanue
KapboHamos Kanibyusi YCMaHo8IeHO 6 GePXHUX OYeCKOM U NPUHEPHOMOPCKOM JIeCCOBbIX KAUMAMOAUMAX U 8 00QUHOBCKOU noyge (8
Hell Kapbonamul 8 MyuHUCmou gopme). Beposmuo, onu obpasosanucey 6credcmeue 030elcmaus npoyeccos Kpuozeresa. Pesynoma-
Mbl UCCTe008AHUA NATEOMEPINOMHBIX 00PA308aHUTI NO3BONUNU 8bIOENUMb 7 YPOBHEl KpUO2eHe3d, NPeoCagieHHbIX Pa3HO0OPaA3HbIMU
gopmamu. Pexoncmpyuposansl naneoeokpuoio2uieckue yciosus 00pasoeanus Mep3iomubiX CIMpYKmyp: 8 YCI08UAX 2YOOK020 ce-
30HHO20 NPOMeP3aHUsl 8 CPEOHENPUTYKCKOM noodmane, OUCKPEmHOU KPUOIUTNO30HbL 8 YOAiCKOM dmane U KOHMUHYAIbHOU KPUOIU-
MO30HbL 6 Meuenue 6y2CK020 U NPULEPHOMOPCKO20 IMANOS.

Knrouesvle cnoea: neccoso-nousennasn gpopmayus, nO48eHHAs CEUMA, SPAHYIOMEMPULECKUL AHATU3, MUKPOMOPHono2u1ecKoe
cmpoenue, ypogeHs Kpuocene3a, KOpomKoOnepuoOUyecKkdst SMantocno.

IlocranoBka mpobGiaemu. JlecoBo-rpyHToBa  BukonHi rpyHTH Ha BonmHi mepeBaxHO mpeicTas-

dopmarris yrBoproe Ha BomMHCBHKIA BHCOUMHI Maii-
ke CyNUTbHUN MOKPUB NOTYkHicTI0 10-20 M (Biacy-
THS JIMIIE Ha OUISHKaX i3 HaMBUIIMMHU aOCOIIOTHU-
MU BHCOTaMH 1 Ha ¢opMax penbedy, YTBOPEHUX Y
rosoriedi). Ha tepurtopii BosinHChkOi BHCOUMHH
MPEACTABICHO MEPEBAKHO BEPXHBbOHEOIIEHCTOLE-
HOBI KJIIMaroJIiTH, a BiIKJIaIy CEPeIHBOTO 1 paHHbO-
TO HEOIUICHCTOILIEHY Y 3B’SI3Ky 13 aKTHBHUMH HEO-
TEKTOHIYHUMH MiAHATTAMHU TNPAKTUYHO ITOBCIOIHO
po3MuTi. Y HOpPIBHAHHI 3 iHIIUMH perioHamMu YKpa-
HH, necu BoNMHCHKOT BUCOYMHU MalOTh crierdivni
O3HaKH: BOHU 3HAYHO CHJIBbHIIIE Je(hOpMOBaHi COJi-
(GIIOKUIHHUMH TEKCTYpaMH 1 MOTYXHHMHU IICEBIO-
Mop$03aMu 3a MOBTOPHO-KMIBHUM JIOJIOM, MAalOTh
BUPA3Hi O3HAKU OIVICEHHS, MEHII KapOOHATHI TOIIO.

JICHI BIAMIHAMH 13 TEKCTYPHOI Iu(epeHITiaIliero
iXHBOrO TEHETUYHOTO MPOQUI0 Ta i3 MOMITHUMH
o3HakaMu Tigpomop¢izmy. OcoOaMBOCTI JiecOBO-
IpyHTOBOI (hopmaliii BomuHCEKOT BUCOUYMHN YCKIIA-
HIOIOTh KOPEJIALII0 PO3pi3iB 1[bOr0 paloHy i3 po3pi-
3aMHU [EHTPAJBHOI 1 miBIeHHOI Ykpainu. Sk Hacii-
JIOK, MalOTh MICIIe Pi3HI MOTISAN MIOAO0 TOJI0KEHHS
OKpEeMHUX KIIMATOIITIB y cTparurpadivHux cxemax
HeoIuieicToleHy Ykpainu [8, 16, 20, 36, 56, 57].
HesBaxkaroun Ha Te, 1110 J€COBO-TpyHTOBa (Hop-
Marlisi BomMHCEKOI BHUCOYMHH Yy TOJIOBHUX pHCax
JOCTIDKeHA JOCUTh JIo0pe, THUTaHHS JeTaNbHOI
nepioguyHoi  majeoreorpagiuHoi eramHocTi  Joci
OCTaTOYHO He BUpimeHi. OCTaHHIM 4acoM BMKOIIHI
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https://doi.org/10.26565/2410-7360-2020-53-02

-25-


mailto:geobos2013@gmail.com
https://orcid.org/0000-0003-1872-4552

Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

ITPYHTH y KUIBKOX po3pizax BommaOo-Ilomiaschkoi
BHCOYHMHH OyJI0 BHBUCHO 3 TOYKH 30py CTaTiHHOCTI
ixaporo ¢opmyBanns [7, 48, 54, 55], omHak oTpu-
MaHi MaTepianu Bce X € (parMeHTapHUMHU AJs1 00-
TPYHTYBaHHS JETabHOI CXeMH KOPOTKOTIEP1OTUTHOT
najeoreorpadiunoi eramHocTi periony. [lomyx me-
TaJbHO CTPATU(IKOBAHUX PO3Pi3iB 1 IXHE BUBUCHHS
KOMIUIEKCOM TEeOJIOTIYHHUX 1 TajeoreorpadiTHux
METOMIB 3AJIMIIAIOTECS AKTYaJbHUMH 3aBIAHHSIMH.
VY po3spizi CMuKiB, MPEACTaBICHOMY Yy IIili CTarTi,
NPWIYLBbKUH 1 KalAabKUI KIIIMaToITH BKIIIOYAIOTh
cepii OKpeMuX IPYHTIB i MEOCEANMEHTIB, BiJJOKpe-
MJICHHX OJIMH BiJl OIHOTO DPiBHSAMH KpioreHe3sy. Lle
JOBOJUTH CAMOCTIHHICTh ()OPMYBaHHSI IPYHTOBHUX
YTBOpPEHb PI3HHMX CTaidl 1 miacraziil memorenesy i
BH3HAYA€ 3HAYMMICTh po3pizy CMUKIB TSI TIOAIh-
01 PO3POOKU CXEMH KOPOTKOMEPIOAMYHOI Maieo-
reorpagigHoi eTamHOCTI BonmHCEKOT BHCOUNHU.
Pe3yabraTi nonepenHix A0CTiTKeHb.
[ukmiyHa OynoBa cy0OaepaibHUX YETBEPTHH-
HUX BiAKIaniB BONIMHCHKOI BUCOYMHM MPUBEPHYJIA
yBary HaykoBmiB moHaa 100 pokis Tomy (M. bap6or
ne Mapsi, B. Jlackapes, A. Kpaciok Ta iH.), omHaK
KOMITJICKCHI JOCJIIDKCHHS JIECOBO-IPYHTOBOI (hop-
Marlii BOTMHCHKOT BHCOYMHH PO3MOYAIHCS JIUIIE Y
70-x pp. XX cr. Y meil yac Ha OCHOBI BHBUYCHHS
ornmopHux po3piziB Bomuni ta [omimns A. Boryis-
kuii  (pyHIZarop NBBIBCbKOI maneoreorpadivyHoi
IIKOJIM) PO3POOWB pETIOHANBHY CTpaTUrpadiuay
cxemy [5] 1 cxeMy MajeOKpIOTeHHHUX eTariB [6], sKi
3apa3 BUKOPHCTOBYIOTH Ui CTparudikaliii jJecoBo-
I'PYHTOBHX pO3pi3iB 3axinHoi Ykpaimu. Y 70-80-x
pp. pO3MOoYANOCs KOMIUIEKCHE BHBYEHHS JIECOBO-
IPYHTOBHX DPO3pi3iB BOIMHCHKOT BUCOYMHU TaKMMU
MeTofaMH SIK Tasieokpionoriuauii (A. boryupkui,
B. Heuaes, A. Benuuko [4, 6]), mameonemoIoriaHui
(O. Harkin, T. Mopo3zosa [32, 41]), naniHOJIOTIYHMIA
(JI. Besycwko, O. Aptiomenko, P. Apan [1, 2]), iH-
xerepHo-Teonoriyanii (I1. Bomommn [18]) Ta iH.
3aBnsku criBmpaili BueHUX JIbBIBCHKOTO HaIli-
OHAJBHOTO YyHiBepcuTeTy imeHi IBana ®panka i3
nocnigaukamu [lonpmii Ta HAH Vkpaiau B ocranHi
JECATHPIUYS, 3a]TyYeHHS HIMPOKOTO CIEKTPY METo-
JB 710 BUBUEHHS JIECOBO-IpyHTOBOI (hopmarii Bo-
JIMHCHKOI BUCOYMHU JIO3BOJIWIIO JIETaIIi3yBaTH Perio-
HaJbHY cTparurpadiyHy cxemy Ta BUKOHATH MaJieo-
reorpadiuHi peKOHCTPYKIIi JUIs IeBHUX eTarmiB. [le-
TaJbHO KOMIUIEKCOM TEOJIOTIYHHX 1 maneoreorpadi-
YHUX METOJiB OyJ0 BHUBYEHO OMOpHI po3pizu Kop-
miB Ta bosHudi [48, 53]; BUKOHAHO JIOCIIKEHHS
naneoreorpadgiuHux yMoB (popMyBaHHS KOPILIiBCh-
KHX TPYHTIB 3a iX Mikpomopdouorieto [34]; pekoHc-
TpyHoBaHO majeoreorpagiyHi YMOBH IJIEHCTOLIEHO-
BUX €TaliB Ha OCHOBI Manako(ayHICTUYHUX JOCTi-
JUKEHb [24]; BUBUEHO OCOOJMBOCTI MMAaJeOKPioTeH-
HUX CTPYKTYp Ta PEKOHCTPYHOBaHI I'€OKpPioJIOriuHi
yMmoBH [47, 50], mocmimKeHO MarHiTHI BIACTHBOCTI

IeiicToreHoBUX mopin [23, 58] 1 pekoHCTpyHOBaHO
HaIpsMOK JaBHIX BITpiB [59], ueTBepTHHHI BiIKiIa-
I JaTOBaHO JIOMIHECIICHTHHMH MeTomaMu [9, 48,
53], Bu3Ha4eHO cTpaTturpadivyHy MO3ULII0 KYJIBTYp-
HUX IIapiB MaIEONITy 1 PEKOHCTPYHOBAaHO YMOBH
MIPOXKUBAHHS JaBHBOT JIFoauHM [9, 37].

Marepiaau Ta M™etogu. Poszpis Cwmukis
(25°08°E, 50°28'N) 3HaxoguThCS HaA MBHIYHO-
3aximHid okpaini c. CMukiB PiBHeHCHKOI 001acTi (40
KM Ha MiBAeHb Bia M. JIylbK), y MicieBOMY Kap’epi.
Po3pi3 posramoBanuii y mpuOOpTOBili YacTHHI A0-
muHU p. [exa — npasoi npuroku p. CTup, HOBXKU-
HOto 10 kM (puc. 1). AGCONIOTHA BUCOTA HAMBUIIOL
YacTUHH Kap’epy ckiazae 209 m. Y pospisi Biacno-
HIOIOTBCSl KJIIMATOJIITH BEPXHBOTO 1 9aCTKOBO cepe-
JTHBOT'O HEOILJICHCTOLICHY.

Bynosa piukoBoi monmunu Jlexi mpocrta i BKITIO-
yae 3a00JI04eHy 3aIulaBy (3apa3 3aperyiboBaHy CTa-
BKamn), mmpuHOio 200-400 M, i dparmenTn Mmopdo-
JioriyHo 1-0i Haa3armaBHOI TepacH, mupuHoK 100-
300 m, i3 mepeBUIICHHAM HaJ 3ariaBo 2-4 M. Hu-
KY€ 3a TeUi€ro BOHA YiTKO BHpPAXKEHa, a y AOJIHHI P.
CTup NOCTYMOBO MEPEXOJUTh Ha PiBEHb BUTAYiBCh-
k0-Oy3bKoi Haj3amiaBHOI TepacH. bankoBi cucremu
y OaceliHi piuyKky TIOAEKYIM TAaKOXK TepacoBaHi, a y
TUpJiaX YTBOPIOIOTH HIMPOKI KOHYCH BHHOCY.

Kiimar gocnigkyBaHoi TepuUTOpii BITHOCATH 1O
MOMipHOTO, TEPEXiTHOTO BiJ BOJIOTOTO JO KOHTHHE-
HTanpHOTO. Ha MeTteocranmii y m. JIynpk (40 kM Ha
MH. BiJ po3pizy CMUKIB) cepelHbOpiYHA TeMIiepa-
Typa ckianae +7,7°C, ciuns -4,0°C, numnus +18,8°C,
KUTBKICTh onaziB — 560 MM. Y IpyHTOBOMY IOKpPHBI
JIOMIHYIOTh Cipi Ta TEMHO-Cipi OMiA30JeH] IPYHTH,
YOPHO3EMH OITiJI30JICHI Ta TUIOBi. POCIMHHUI MTOK-
PHUB TIPEICTAaBICHUN NEPEBaXHO arpoLeHO3aMH 1
JYYHUM DPI3HOTPaB’sIM Ha MICIli CUTECHKOTOCIIONAp-
cekux yrime. [lpupomna pocnuHHICTE 30eperiacs
JIOKAJILHO 1 MpeJICTaB/IeHa TyO0OBO-rpa00OBUMHU Jiica-
MU Ha JIECOBUX TIIATO i TyYHO-CTETIOBUMH acoIlialli-
sIMH Ha CXWJIax AOdHH 1 6amok [22, 30].

JlecoBO-TPYHTOBI BiJKJIAJX OIOPHOTO PO3Pi3y
CMUKIB JTOCHIIKEHO Y 4 pO3UMCTKAaX, 3aKJIaJCHUX
Ha PI3HUX €JEMEHTaxX €KCIIOHOBAHOIO Ta IOXOBAHO-
ro penbedy. BukoHaHO TpaHyTOMETpPHUUYHUI aHAII3
BIJIKJIQ/IIB YCiX KIIIMATOJITIB BEPXHHOIO HEOILIElC-
ToueHy (puc. 3): mimaHux ¢pakuiid 3a JIOMOMOIO0
CUTOBOTO METOJy, TOHKOJHMCIIEPCHUX (pakmiii — 3a
METONIOM «IineTkn» [27]. BmicT kapboHaTiB BU3HA-
yeHo 3a MetogoM M. Kauuncwkoro [27]. Bukonano
MikpoMopdooriyHuil aHai3 ycix IpyHTOBHUX 1 Jie-
COBHX KJIIMATOJIITIB BEPXHHOTO HEOILICHCTOICHY.
IIpu upomy, 32 OCHOBY NPUIHATO METOIUKHU yKpaiH-
ceKuX [25, 26, 31, 36] Ta 3apyOixKHUX MiKpoMopdo-
noris [19, 21, 35, 60].

@opMyTI0BaHHS MeTH PpodoTH. Pesynsraru
KOMIIJIEKCHUX TeOJIOTIYHUX 1 masieoreorpadiyHux
JIOCITIPKEHb HAa HOBOMY JIETaJbHO CTPaTH(IKOBAHO-
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Puc. 1. KapTocxema po3MillieHHs po3pi3y

My po3pi3i Bonuncbkoi Bucournnn CMHKIB OTpUMaHi
3 METOI PO3POOKH 1 BJOCKOHAJICHHS PErioHaJIbHOT
CXeMH KOpOTKOmepioanuHoi maneoreorpadivyHoi
etanHocTi. Lli ZOCHIPKEHHS € CyTTEBUM JOTIOBHEH-
HSIM JIO0 paHillle OTPUMAaHMUX PE3yJIbTaTiB Ha Po3pizax
Bonuncbkoi Bucounnu [10-14, 46] i ciyryBaTuMyTh
JUIS TiATBEPAKEHHS MPOCTE)KEHUX TaM 3aKOHOMIp-
HOCTEH.

Pe3ynbTaTu A0CHiTKEHD.

Maxpomopgponoziuni  ocoonueocmi
[pyHmoeoi popmauit.

Tonouenoswii (hl) kiiMatositT — yoproszem mu-
nosuti smumui — 0,0-0,6 m. Bxmrowyae reHeTHHi
ropu3ontd H i HPk.

H — 0,0-0,3 m. Temuo-cipuit (N 4/0), kpyIHO-
MUTYBaTO-JIETKOCYIIIMHKOBHH, CITa00yIIiIbHEHUH, 13
3epHUCTO-IPIOHOTPYIKYBATOO CTPYKTYPOFO.

HPk — 0,3-0,6 m. TlaneBo-Oypysaro-cipuit
(10YR 6/2), xpynHONHIyBaTro-cepeIHbOCYTIINH-
KOBHH, CIa0OyIIIIbHEHUH, 13 TPYIKYBaTOI CTPYK-
Typoro, OOPOITHUCTUMHU KapOOHAaTaMH i YHCIICHHHU-
Mu GiotypOarisimu. HrkHs Mexka HewiTKa.

VY IpyHTI BUCOKHM € BMICT (hpaKiiii KpymHOTO
mwty (57,5-59,3%) 1 BiZHOCHO 3HAYHUI — MYy
(18,0-19,9%). Y ropmzonti HPk 3’sBnsierscst apio-
Huit micok (11,5%).

IIpuuopromMopceknii (pe) KkimiMaromt — 0,6-1,2m

J1ecoeo0-

(puc. 2A). Jlec tunoswuii, nanesuit (10YR 8/1), nu-
JyBaTO-CEPEAHbOCYINIMHKOBHH, CEPEAHbOYIIIIbHE-
HUH, Makpomopuctuii, kapOoHaTtHHH (OOpOIIHO,
TrceBaoMinenii, 0i03ipka, HEBETUKI AYTHKU (10 2
cM y aiametpi). [IpucyTHI HOBOYyTBOpPEHHSI MaHTaHY
(Herycra, apiOHa MITPUXOBKA) 1 3aii3a (TOOJUHOKI
MikpoopTTerHu). Jyxe 0arato rojaoneHoBux 0io-
TypOariiit. HuxHs Mexka ciaboXBHIIACTA, MEPEXif] 10
HU3Y SICHUW. Y TOPU3O0HTI JICIIO 3POCTAE BMICT MYITY
(20,7%) 1 ppibuoro micky (26,1%), 3HMKyETbCA
BMICT KpynHoro nuiy (45,5%). Bmict xapboHaris €
MakcuMasibHUM (18,8%) Oinst BepxXHBOI MEXKI mIapy
(mo Hu3y ixHIil BMiCT Aemo 3HIKYyeThes —13,3%).
BHuz 3a cxuiom (po3uuctka Ned) y BepxHiid
YacTHHI TPUYIOPHOMOPCHKOTO KJIIMATOJNITY CHOCTE-
piraerbCsi TOPU3OHT OIVICEHHS MOTYXXHicTIO 0,5 M.
BiporiaHo, BiH € KOpEISIHTOM KpPacHIiBCHKOTO Iif-
ropu3oHTy cxemu A. borympkoro [5, 45].
Hodiniecbknii kniMaromnit (df) — nanego-6ypuii
kapoonamuui tpynm — 1,2-1,5 m (Puc. 2A). Ilane-
BO-Oypuil i3 uepBoHyBaTHM BiATiHKOM (5YR 7/4) y
rop. Hpk(gl) Ta i3 cuzyBarum BinriakoM (10YR 7/1)
y rop. HPGLk, kpynHOIIWITyBaTO- CEPEHBOCYTIINH-
KOBWI, CEpENHBOYIIIIbHEHUN. Y TPYHTI Oarato Kap-
oonaris (10,4-12,9%) y Bunsiii OopomiHa i IceB-
JIOMILICTI0. Y HUXKHIM YacTUHI IPYHTY NPHUCYTHI
KPYITHI TUIIMH OTJICEHHS 13 IUTIBKAMH O3aJli3HEHHS.
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Hwxhs mMexa cnaboxsuisicta. J1o HA3Y TPYHTY 3po-
ctae BMicT myay (Bix 25,2% mo 33,4%) 1 kpynHOTO

C

nwny (Bix 53,7% no 58,4%). dpakuis xpidHOTO TiC-
Ky Mali)e 3HUKaE.

Puc. 2. Po3piz CmuKkiB: A — BifKmaau rieHinsmiany y pozunctii Nel; B — kaliganpko-npuiynbka IpyHTOBa
cBiTa y po3urctii Ne3: / — npiOHi mepBHHHO-TPYHTOBI )KWJIM TICMUHCBKOTO KpioeTany, 2 — BUTHYTI
COJI(IIIOKIIIEI0 IEPBUHHO-TPYHTOBI JKmn Kpioetamny ply; 3 —apiOHI mepBUHHO-TPYHTOBI JKHJIH yIaHCHKOTO
Kpioeray; 4 — rcesoMopdo3a 3a HOBTOPHO-XKaJIbHUM JIbOJOM yraiceKkoro kpioeramny; C — kaiinanpko-
npuiIyLbKa I'pyHTOBa CBiTa y po3uncTii Nel; D — HIDKHS yacTUHA KaliIalbKUX NEeJ0CEANMEHTIB Ta ajioBia-
JbHI Bigkinagy y pozurctii Ne2; E — nutipoBa MOCTKpioreHHA TEKCTypa, HMOBIPHO, YAalCHKOTO KpioeTary

By3bkuii kiiMaronit (bg). Bxirouae aBa cyOk-
JMMAaToNITH: BEPXHiM — JECOBUM, 1 HWKHIH — coi-
dmokuiitauii (Puc. 2A).

Jlecosuii cyoxaimamonim (bgz) — 1,5-2,3 m (abo
2,1-2,5 m). Cipysaro-nanesuii (7.5YR 8/1), xpyn-
HOTMJTYBATO-JIETKOCYNIMHKOBHH, CEPEIHBOYIIITbHE-
nuii. Kap6onaru (8,9%) mpencrasieHi 60pomrHoM,
TICEBAOMIIIENiEM, TyTHKaMU (JIo 5 ¢cM y miameTpi).
Binsg mokpiBni € MOOMUHOKI IISAMH OTJICEHHS, BOX-
PHUCTI IISIMH O3aJli3HEHHS 1 MikpoopTiTeinu. Hu-
MKHSI MEKa XBUIISCTA, TIEpeXif] 10 HU3Y SICHUH.

Topuzonm conigpmoxyii (bgy) — 2,3-2,6 (0o 2,7)
m. TlepemapyBannst cuzyBato-majieBoro (7.5YR 8/2)

secoBoro i cBimio-Oyporo (10YR 7/4) rpynroBoro
marepiaity, KpYIHOIIWIIYyBaTO-CePeIHbOCYIIMHKOBO-
r0, cJ1abOoyIIIbHEHOI0, 13 BUCOKMM BMICTOM Kap0o-
HariB (10,3%) y Bumisai TpyOoodoK, OOpOIIHA, M0o-
JUHOKUX AYTHKIB (70 4 cM y niametpi). I3 cepenunan
Ta KPiBJi TOPU3OHTY BiAKPUBAIOTHCS TPILIMHU YCH-
xaHHs (10 0,7 M y mubuHy) 1 iceBqoMopdo3u Kap-
OoHariB 3a AaBHIMH KOpeHsAMH. HIKHS Mexa XBH-
JsICTA.

KiimaromitT Big3HAa4a€ThCS BUCOKHUM BMiCTOM
¢pakuii kpynHoro nuny (53,5-54,3%) 1 migBuiie-
HUM BMicToM myny (18,2-20,3%). Y miaropusoHTi
COI(IIOKIIT 3’ ABISIETHCS PIOHUI TTICOK.
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BuTadiBchbKHH KIIMATOIIT— nedoceoumenm 0Oy-
poeo enetiogoeo rpyumy — 2,6-3,0 m (Puc. 2A). Ilin-
PO3IUIAEThCS HA TPU YacTUHU. BepxHs mpencrasie-
Ha oreeHuM, cusyBarto-cipum (N 8/0) cepennim cy-
TJTHHKOM, COJIi(DITIOKIIHO 3MIIIIEHUM, 13 XBHIISICTOIO
MIKpOIIIAPYBATICTIO; BHUIIE 3a CXMIOM 3HUKae. Ce-
peoHs uacmuna sBisie coboro cBiTno-Oypuit (7.5YR
7/2) marepian i3 JTiH3aMU TYMYCY; HUJCHA — CU3yBa-
to-cipuii (10YR 5/1), iHTEHCHMBHO TyMyCOBaHHU
CYDIMHOK. Y LiNOMY KIiMaTONIT KPYIHOIHIYBaro-
CEpeHBOCYIIIMHKOBHM, IyXe INiTbHUHN, i3 Aemo
MEHIIOI0 KiJbKICTIO KapOoHariB (4,4%), HIXK y TOK-
PUBHOMY KJIIMAaTONiTi, y BUIISAALI TiceBaoMopdo3 3a
JABHIMU KOPEHSIMH, TOYOK, OOPOIIHA 1 TOOJHMHOKHX
nyTukiB (1o 4 cMm y miamertpi). Hwkns mexa piBHa,
MePEexig 10 HU3Y Pi3KUiA. Y TOPU3OHTI 3pOCTAE BMICT
kpymnHoro nuny (71,5%) 1 myny (21,8%). dpioHwuii
MICOK Mailke 3HUKAE.

VYnaticekuii kaimaromniT (ud). Bxirogae nBa cy-
OKJIIMAaToITH: BEpPXHii — JecOBUH, 1 HIDKHIN — co-
mi¢mokuiiauii (Puc. 2B, 2C).

Jlecosuii cyoxnimamonim (udy) — 3,0-3,5 m.
Ceitino-Ooypuii  (10YR  8/3), xpymnHommiyBaro-
JICTKOCYIJIMHKOBUH, IIUIBHUH, 13 BUCOKMM BMIiCTOM
kapOoHariB (8,3%): mceBzomopdo3u 3a DaBHIMH
KOpeHsIMH, Oin03ipka, TpyOOUYKH 1 3IEeMEeHTOBaHi
ocepelkd. Y TOPU30HTI Oararo HOBOYTBOPEHb MaH-
rany (IpUMasKH, TISIME), MEHIIEe — 3ai3a (MiKpoo-
pTITediHN 1 myHKTamis). HrokHS Meka XBHIIACTA,
comiduItoKITiitHa.

Topuzonm conigpmoxyii (udy)) — 3,5-3,8 m.
MikpomapyBaruii cBiTino-Oypwuii (7.5YR 7/2) neco-
Buii Marepian i Oypwuii (7.5YR 7/1) rpyHTOBUH, siKuit
y HanpsMKy MajiHHS CXWIy TEPEXOIUTh Y SICKPaBO
BUpaxeHi conimokuiiHi a3uku. CKIageHui nuiy-
BaTO-CYMIIIaHUM MaTepianioM, i3 HEMIITHOIO IUTUTYa-
CTOI0 OKpeMicTI0. BwmicT kapOoHATiB 3HMKYETHCS
(4,3%). KapOonartu npencraeieHi ncesnoMmopgo3a-
MU 32 JAaBHIMH KOpEHSMH, Oino3ipkamu, TpyOouka-
MU 1 3[EMEHTOBAaHHUMH ocepeakaMu. [IpakTudHo
3HUKAIOTh HOBOYTBOPEHHSI MaHTaHy, HATOMICTh 3Ha-
YHO 3pOCTa€ KUTBKICTh TiAPOKCHIIB 3aii3a (mporma-
pKH, IiH3H, MiKpoopTiuTeitHu). Bin kpiemi mapy
BIIKpUBAEThCS  mceaoMopdo3a 3a  MOBTOPHO-
*)WIbHUM J1bosioM (Puc. 2B), a i3 migoniBu — HeBe-
JIMYKI IEPBUHHO-TPYHTOBI Xuin. HiokHs mexa pi-
BHa, epo3iiiHa.

Jlo HU3y y KJIIMarojiTi 3MEHIIYEThCS BMICT
¢pakuii xpynaoro muty (Big 57,2% nmo 43,6%) i
myay (Big 18,4% no 2,1%). OkpiM 11b0TO, y MiJAro-
PHU30HTI COMQUIFOKINT 3’ SIBISETHCS MilaHa (paKiis

(30,6%).
punyueknii iiMaromt (pl) — 3,846 m.
[IpencraBnenuii  4OpHO3EMOMOAIOHUM  TPYHTOM,

SIKMH, BHXOJSYM 13 MOP(OTEHETUYHUX O3HAK, Hali-
BIpOTiJHIIIE yTBOPUBCS YHPOIAOBX TPHOX CTaail

2

TeI0TeHe3y, YMOBHO BH3HAUYCHUX K cTamii “pla”,

“plv”, “pl”.

llepnoso-kapoonamnuii tpynm (ply) — 3,8-4,05
m (Puc. 2C). [IpencraBnenuii B OCHOBHOMY Teoce-
JUMEHTOM, OJHAK MOACKYAU TMEPEeXOAUTH Y TPYHT,
mpodinbk sKoro audepeHIiioBaHU Ha TEHETHUJHI
ropuzonTH: Hk(gl) i HPk.

Hk(gl) — 3,8-3,9 m. KopuunroBaro-Oypuii
(10YR 6/1), mimaHoO-NerKOCyTIMHKOBUN, TyXKe
IIUIBHUM, OITIEEHHWH, 13 HEMIIHOI IUIMTYACTOIO
(KpiOTE€HHOI0) OKPEMICTIO 1 IUTIKAaTUBHUMH COJIi-
¢mokuiiauMu  nedopmanisima. Bmict kapOoHatiB
KaJbLil0 3HWKY€EThCS 10 2,6%. Y ropus3oHTi 6arato
HOBOYTBOPEHb MaHTaHy (TOYKH, IITPUXOBKA) i 3ai-
3a (MIKpOOPTIITEHHH, MyHKTamis). 3ycTpivaroThbes
MOOAWHOKI YepBoTounHU. [lepexim mo HU3Y mocTy-
MTOBHIA.

HPk — 3,9-4,05 m. Ceitno-oypuii (7.5YR 7/1),
KPYITHOITMITYBaTO-JISTKOCYIJIMHKOBUH, IIUTBHUM, 13
HEMOBHOCITYACTOK TIOCTKPIOTEHHOIO  TEKCTYPOIO
(2x3 cMm), migKkpecIeHow KapOoHaTaMH Kajblliio. Y
TOPHU30HTI 30UIBIIYEThCS BMICT KapOoHariB (5,2%),
HATOMICTb 3aJ1i30-MaHTaHOBI HOBOYTBOPEHHS Maiike
3HUKaIOTh. HWkHS Meka piBHaA, mepexii 10 HHU3y
SICHUM.

VY 1pyHTI 3pocTae BMIcT (hpakiii cepemHbOTo
iy (21,8-24,6%) 1 mymy (Bin 11% y rop. Hk(gl)
1o 18,1% y rop. HPk). ¥ ropuzonti Hk(gl) Bucoxum
€ BMicT micky (43%), tomi sk y rop. HPk micok
MaliKe 3HUKAE.

Iniyianvnuii oeproeo-oypuil ipynm (ply) — 4,05-
4,2 m (Puc. 2B; 2C). Temno-0ypuit (7.5YR 5/1),
HIIAHO-JIErKOCYIMHKOBHH, CepeIHbOYIIUIbHEHUH,
13 HEMIIHOIO TITUTYACTO-TOPIXyBaTOK CTPYKTYPOIO.
3ycTpiyaloThCsl TMOOAMHOKI BTOPHUHHI KapOOHAaTH 1
najeBi TUISIMA He3 sICOBAHOTO TeHe3ucy (6-7 cMm y
niamerpi). Y TOpH30HTI 3pOCTa€ KiJbKICTH 3alli30-
MaHTaHOBUX HOBOYTBOpeHb. HWHs Mexa ciabo-
XBHJISICTA, TIEpeXiJ 0 HU3Yy MOCTYNMOBHHA. Y TPYHTI
CIOCTEepIraeTbcsi BUCOKUHM BMICT MicKy (46%), y To-
My 4Hchi cepennbo3epaucToro (12,8%). Bmict my-
y 3HIKY€eThCs (14,6%).

Yoprosemonodionui tpynm (pl,) — 4,2-4,6 m
(Puc. 2B; 2C). Ipynr nedopmoBanuii COMiIIOK-
HIHHUMH TEKCTYpaMHy i MEPBUHHO-TPYHTOBUMH JKH-
JIaMH, SIKi BIIKpUBAIOThCS 3 Horo mokpisii. Lle nae
MiZICTaBU BBaXKaTH, IO MICHIs IPyHTOYTBOPEHHS Ma-
Jla MICIIE XOJIOJHA CTajisl, YNPOIOBXK SAKOi BijOyBa-
JIUCS TIPOLIECH Kpiorenesy. IpyHT TeMHO-cipuii i3
Oypysarum Binrinkom (7.5YR 3/1), nmiyBaro-
CYMNIIIaHU#, 13 HEMIIHOW JApiOHOTPYIKYBATOO
CTPYKTYPOIO 1 IIOOJIMHOKMMH BTOPUHHUMHU KapOoHa-
TamH. 3ycTpivaroTbesi OioTypOarlii, 3amoBHEHi CBiT-
mimuM matepianoM. HmwxHS Mexa s3uKyBaTa, COJIi-
¢mokmiiiHa. Y TPyHTI 3pocTae BMICT ppaxiiii KpyTi-
Horo (31,2%) 1 cepennboro (31,6%) mumy. Bwicr
myny (7,7%) i micky (27,1%) 3HIKY€EThCS.

Kaiimanpkuii xiaimMatomit (kd) — 4,6-6,8 m.
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Bxitowae nepHOBO-CITabO0MmiA30IMCTHI TPYHT 1 JIBi
MTa9YKu TIEAOCEIMMEHTIB, SIKI BiIOOpa)KaloTh BiAMIH-
Hi YMOBHU HEJJOT€HE3Y.

lleproso-craboniozonucmuti  tpyum  (kdpy) —
4,6-5,2 m (puc. 2B; 2C). IIpodins rpyHTy nudepen-
mioBaHWKA Ha TeHeTW4HiI Topw3oHTH HEI, Elh,
Ipgl(e).

HEi —4,6-4,75 (4,8) m. Ceitino-cipuii (N 7/0),
CyMIIIaHWH, 13 HEMIIHOIO IUIMTYACTOI OKPEMICTIO,
BEJIMKOI KUTBKICTIO 3alli30-MaHTaHOBUX HOBOYTBO-
peHb. 3yCTpidaloThCsl TTOOAMHOKI BTOPWHHI KapOo-
HaTH y BUDISAL 1ceBaoMopdo3 3a JaBHIMH KOpEHS-
MU 1 TpyOouok. HrokHS Mexa XBHIICTA, IEpeXill 10
HU3Y ACHUH.

- Bmict
) Fop. | Nitoneponoris MpaHynomeTpuyuHuii cknag, % xapGowaris, % | Md; 4m So
i 20 40 5 10 15 so 100l 2 4 &

pc

df

bg

- —

MmubwuHa, m

Wais

Puc. 3. I'panynomeTpuuHuii CKIIa]] BiIKIaaiB po3pizy CMUKiB

Elh — 4,8-5,0 (4,9-5,05) m. TopusoHT npencra-
BIeHWH KpynHuMH Oinmsictumu tuisiMamu (N 8/0),
PO3MIJICHUMH 3LIEMEHTOBAHHMH 3aJ1i30M OCEpe/Ka-
Mu OypyBarto-Boxpuctoro 3abapsienus (10YR 7/4).
Marepian milnaHo-JICTKOCYIJIMHKOBUH 13 JpiOHO0
MaHTaHOBOIO MITPUXOBKOIO. HYKHS Meka 3aTivHa.

Ipgi(e) — 5,0-5,2 m. IlomapanueBo-Oypuii i3 ci-
pyBarum Biarinkom (10YR 6/2), minjano-ierko-
CYDIMHKOBHH, 13 JAPiIOHOTOPiXyBaTOl CTPYKTYPOIO 1
BEJIMKOIO KINBKICTIO BOXPUCTHX IUISIM O3aJli3HEHHS.
3a rpaHsMHU CTPYKTYPHHX OKPEMOCTEW cIiocTepira-
etbest pucunka SiO;. Y TOpH30HTI MIPHUCYTHS CciTYa-
CTa TOCTKpIOTE€HHA TEKCTYypa, MiAKpEecieHa CIOoy-
KaMH Tymycy. Bix KpiBii TOpH30HTY BiIKPUBAIOTHCS
NpiOHI NMEPBUHHO-TPYHTOBI kWK, HrkHs Mexa 3a-
TiYHa, EPEXia J0 HU3Y SICHHUI.

[pYHT BiZI3HAYAETHCS 3POCTAHHIM BMICTY MYJTy
Bix rop. HEi (10%) no Elh (15,8%). Bucokoto € mu-
TOMa yacTka micky (Bix 52,5% y rop. HEQ no 69,3%

y rop. Elh). Brepie y po3pisi 3’SBIs€Tbcs Tpy0o-
3€pHUCTHI TTICOK.

Iledocedumenm nicosoeo tpyumy (kdpy) — 5,2-
6,2 m (puc. 2B; 2D). SBnse co6oro /RPg/ ropu3oHT
BEPXHBHOTO KaWJalbKOTO IPYHTY, TOPU3OHTAJIBHO- i
XBWJISACTO-IIIAPYBATHH, OTJICEHHM, JTyXKe IIIIbHUM, 13
NPU3MAaTUYHOIO  CTPYKTYpOIO,  IAJI€BO-BOXPHUCTO-
ceitno-Oypuit  (10YR  7/4), mimaHo-cepeaHbo-
CYIJIMHKOBHUH, 13 CITYACTOIO MOCTKPIOT€HHOIO TEKC-
TYpOIO, TIKPECIEHOI0 cronyKaMu 3ajiza. o Huzy
3’ SIBJIAIOTHCS MIPOLIAPKH 1 JIIH3U OSICTOrO MillJaHOTO
Marepiany. HmwkHs Mexa c1aboxXBWIIACTa, MEpexif
0 HHU3Y Pi3KUH. Y TOPU3OHTI 3pOCTaE BMICT MYy
(19,5%). Ilutoma yacTka MIiCKy 3aJMILAETHCS OYKE
BHCOKOIO (63%), 30Kpema, CepeaHbO3EPHUCTOTO
(19,9%).

Iledocedumenm deprnosozo tpynmy (kd,) — 6,2-
6,8 m. Topu3oHTaIBHO-IIIAPYBATHI CYITICOK, CBITIO-
oypuit (10YR 7/1) 3Bepxy i1 maneBo-0ypyBaro-cipuii
(10YR 7/3) 3Hu3y, i3 npolapkamMu ceperHbO3epPHHU-
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cToro OimsicToro micky. HmkHS Meka XBUIISICTA, TIe-
pexia 10 HU3y SCHUMH.

JlHinpoBchknii kiiMaronit (dm) — 6,8-11,2 wm.
Mictute 4oTHpH MiArOpu3oHTH (pHc. 2D).

Bepxniii niocopuzonm — 6,8-8,8 m. Ilepemrapo-
BaHmii  cBimmo-cipuii (10YR  8/2)  mimano-
nerxkocyrnuakoBuid 1 Boxpuctuii (10YR 7/8), cymi-
MIaHWH, 03aJi3HCHWH Marepiai. Y BEepXHiM YacTHHI
MiTOPU30HTY MIAPYBATICTh MOPYIIEHa IHBOIOIIN-
HUMH TponecamMd. Y MiArOpH30HTI Oararo IuisM
03aJli3HEHHS Ta OMVICEHHS, 3yCTPIdaloThCcA OOAUHO-
Ki Kinei Jlizeranra. HmwkaS Meka XBUIISICTa, TIepe-
X111 10 HU3Y SCHUM.

Liozopuzonm iH6OMOYIIIHO OedhopMOBaHUX CY-
nickie¢ — 8,8-9,9 m. IlnikatusHo medopmoBanwmid, i3
CHUCTEMOI0 MIKPOCKH/IIB, OINICEHHUH, MHIYyBaTo-
CYIIIaHMH, 13 APIOHUMHU JiH3aMU OUIACTOTO ITICKY.
VY migropusoHTi 6araro HOBOYTBOpPEHB 3alliza 1 MaH-
ra"y, sKi TIJAKPECTIOTh TUTIKaTUBHI medopmariii.
Hwxns Mmexa cinaboxBuisicTa.

Huoeniii nioecopuzonm — 9,9-10,4 m. Topuzon-
TaJIbHO-ILIapYyBaTUH, MajeBO-BOXPUCTO-Cipuid
(7.5YR 7/1), cynimaHuii, ONJICEHUH, 13 TPOIIaPKaMH
O3aJli3HEHHS Ta MaHraHOBOIO IITPUXOBKOW. [opwu-
30HT MICTUTH CIAOKi CIifH IIacTUYHHX nedopma-
mid. Hmwkas Mexa XBWiscTa, mepexiy 0 HH3Y
SICHUU.

Iiocopuzoum oeneenns — 10,4-11,2 m. laten-
CUBHO JedOpMOBaHUN IHBOJIOIISIMH CH3YBaro-
cipuit (N 7/0), orneeHuit, JIeTKuid CYTIIMHOK, 13 KpPy-
MHUMH BOXPHUCTHMH IUISIMAMH 1 TIpOIIapKaM# 03ajli-
3HEHHS, K1 TMAKPECIIOITh IUTIKaTUBHI nedopMmartii.
VY BepxHil YaCTHUHI TOPU30HTY 3YCTPIYaIOTHCS TycTa
MaHraHOBa IITPUXOBKA 1 JIIH3W MAaJEBOTO IMIITYBaTO-
rO Marepiany.

Pezynomamu  mikpomopgonoziunux  oocui-
Oxcenb. BukoHaHo MiKpoMOpQOIOTIYHHN aHAaIi3
ycix crparturpadiyHuX —MiAPO3AUIIB  BEPXHBOTO
HeoruieicToneny (Taodm. 1).

TononeHoBuii kaiMarodit. Yoprosem munoguti
smumuti. Y top. H cknanenHs ryOdacte myxke, i3
i3omerpuuHnMu Mikpoarperaramu [-11I mopsakis.
3ycTpidaeTbcst Oarato (iTONITIB Ta EKCKPEMEHTIB
rpyHTOBOI Mikpodaynu. [11a3ma MIHHACTO-TYMYCO-
Ba, TEMHO-0ypa, 130TpOITHA, 13 TOOANHOKHMHU MIKpPO-
30HaMHU 301THEHUMH Ha TIIMHUCTHI MaTepial.

lopuzont HPk xapakrepusyerbcsi ry04acTUM
MyXKUM CKJIaJICHHSIM 13 130METPHYHHMH MiKpoarpe-
raramu [-1I mopsinkiB, po3niI€HUMH CHUCTEMOIO Ka-
HayononioOHuxX nop. Opra”iyHa pedyoBHHA TpeCTa-
BJIeHA OypuM MYJIeM, SKHH MOJEKYIH KOHIICHTPY-
€TbCS y 3TYCTKax i cTarHeHHsX. [lnasma kopuyHio-
Baro-Oypa, KapOOHAaTHO-I'YMYCOBO-TJIMHHCTA, Iepe-
B2XHO 130TPOITHA, 3 OCEpPEJKAMH BOJIOKHHCTOTO,
JYCKyBaTOTO Ta HABKOJOMOPOBOTO ONTHYHOTO Opie€-
HTYBaHHA. 3ycTpiualoTbcs MIKPO30HM IeMEHTalii

IIa3MH  KPHUIITOKPUCTATIYHUM KaJbLIUTOM, APiOHI
KapOOHATHI HOMYII 1 CTATHEHHS MIKpPUTY.

[IpU4OpHOMOPCHKUI KIIIMAaTOMIT XapaKTepH3y-
€TbCsl OJIOKOBUM CKJIAJICHHSIM — OJIOKH Pi3HOI BeJH-
YUHA PO3IUICHI CHCTEMOIO IMTUPOKHUX KaHAIOMOMIO-
HUX Top (puc. 4A). Y310BX HESIKHX KaHAIOMOMIO-
HUX MOp MPUCYTHI MiKPO30HHU 30iAHEH] Ha TIIMHY Ta
KapOoHarH, 110, IMOBIPHO, 0OYMOBJICHO JiareHETH-
YHUMH TIPOIECaMy BIIIYTOBYBaHHA. Y IUIa3Mi y He-
3HAYHIM KiJIBKOCTI MPHUCYTHIN OpraHiYHUI MIrMEHT,
SAKHH TOEKYAN CETPEryeThCs Y BUIISAI TYMYCOBUX
3rycTKiB Ta mmiactiBmiB. [lma3ma cBitno-Oypa, kap-
OOHATHO-TIMHKCTA, 130TPOITHA, 31 CIaOKUMH Cllija-
MH BOJIOKHHCTOTO Opi€HTyBaHHS. Kpumnro- Ta Mik-
POKpPHCTANIYHUI KaJbIHUT MPOCOUYyE IUIazMmy. 3y-
CTPIYaIOTHCS KPUCTAIH JFOOIHITY.

HodiniBcbknii kiimaronit. laneso-oypuii kap-
bonamuui tpynm. Topuzont Hpk(gl) xapakrepusy-
€THCSI YEPTyBaHHAM MiKPO30H ITyXKOTO PO3IiTBHO-
YaCTKOBOTO, T'y04acTOro MYyXKOTO Ta OJOKOBOTO
CKJIaJICHHS. 3yCTpIiYaeThCsl KIACTEpHI yrpyIlyBaHHS
130METpUYHUX Ta OKpymmx Mikpoarperarie [-11I
nopsiakis (puc. 4B). IpyHToBuii Marepian npocoye-
HUI OypuM MyIJieM, SIKHil yTBOPIOE 3TyCTKOBI (op-
mu. [Ina3zma kopudHIOBaTO-CipyBaro-0Oypa, kapOoHa-
THO-TYMYCOBO-TJIMHHCTA, TOJIOBHO 130TpOIHA, 31
CIiJaMH PO3IITBHO- Ta MEPEeXpPEeCHO-BOIIOKHHUCTOTO,
JYCKYBaTOTO 1 KIUTBIIEBOTO OpPI€HTYBAaHHS. Y3JOBX
JIeKAX KaHAJIOTIOMIOHHX TTOp MPHUCYTHI BY3bKi CMY-
ru 30i7JHeHI Ha KapOOHAaTH 1 TucnepcHe 3ami3o. [Ina-
3Ma HEPIBHOMIPHO MPOCOUYEHA KPHUIITO- 1 MIKPOKPH-
CTaJIYHUM KaJNbIIUTOM, OFHAK OLIBIIICTH KapOoHa-
TiB JIOKQJII3y€ThCS Y BUIIIS/II CTSTHEHB MEPEKPUCTa-
J30BaHOTO KAJNBIUTY HABKOJO IMOp abo Mo CTiHKaxX
KaHaJIOMOIOHUX TIOP.

Hns ropuzonty HPGLk BrnactuBe Onoxose
CKJIaJIeHHsS — TPYHTOBa Maca po30WTa TpillMHAMU
YCHXaHHS Ha CUCTEMY KPYIHHX OJIOKIB y Mekax
SKAX BUSIBJICHO 3TYCTKOBI ()OPMH HAKOITMYESHHS Op-
TaHIYHOT PEYOBHHU (TYMYyCy THITY MYJUIb Ta MOJEP).
[InasMa  KOpWUYHIOBAaTO-CBITIO-Oypa, T'yMYCOBO-
KapOOHATHO-TJIMHNCTA, 130TPOIHA, MiKpO30HAIBHA
3a BMiCTOM amcrepcHoro 3aiiza. Kampuut mpoco-
gye, a TMONEKYIW IIEMEHTY€E Iuia3Mmy. Y TOPH30HTI
nyxe 0arato CTSATHEHb MEePeKpPHCTaNi30BaHOTO Ka-
neuuty (puc. 4C), MeHle ApiOHUX CTATHEHb MaH-
raHy Ta 3aJi3a.

By3bKuii KIIIMATONIT XapaKTepU3y€eThCS MY XKHUM
PO3IUIBHO-YaCTKOBUM CKJIQJAEHHSIM 13 O3HAKaMH
MikpornrapyBarocti. JlecoBuii Marepian MpOHU3aHUH
CUCTEMOIO CyOmapajielbHUX KaHAJIOMOAIOHUX TIOP.
[Ina3ma cipyBaro-cBiTi0-0ypa, KapOOHATHO-TJIMHHUC-
Ta, 130TPONHA, 3 03HAKAMU JIyCKYyBarToi, KiJIbIIeBOI Ta
MepeXpPeCcHO-BOJIOKHUCTOT (hOpM ONTUYHOI Opi€HTa-
ii. [Ima3ma piBHOMIPHO MPOCOYEHA KPHIITO- Ta Mi-
KPOKPHUCTAJIYHUM KaJIbIIUTOM, OfHAK 3yCTPidaloTh-
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CsI TAKOXK CTSATHEHHS KPYIMTHOKPUCTAIIYHOTO KaJIbIIH-
Ty 1 HOAYII 3 TOMIIIIKOIO TYMYCY Ta MaHTaHYy.

BurauiBchkull kiiMatomit. [ledocedumenm 0Oy-
P00 2netiogozo IPYHNY XapaKTEPU3Y€EThCS KOMIIAK-
THUM CKJIaJISHHS MaTepiaiy, ¥ sSIKOMY KpyIHi OJOKH
PO3IUTIEHI CHCTEMOI0 IIMHPOKHX KaHAIOIOMIOHUX
nop. [pyHTOBHMI Marepian BiJHOCHO I'yMyCOBaHHIA.
OpraHiuHa peyoBMHA MPEACTABICHA IUCIIEProBa-
HUM IIUTEHO 3B’SI3aHUM 13 TIIMHOIO aMOp(HHAM Ty-
MYCOM, SIKMH TIOJIEKYIH JIOKATi3YEThCs Y IUIacTiBYa-
CTHX Ta 3ali30-TyMyCOBHX CTSATHEHHsX. [lna3ma
cipyBaro-0ypa, KapOOHaTHO-TYMYyCOBO-TJIMHHCTA, 3i
ClliJaMyd ONTHYHOI aHi30Tpomii y BUINISAL JIyCKyBa-
TOTO, PiAIIe CITYACTOTO Ta KiBLEBOI0 ONTUYHOTO
OpIEHTYBaHHS. Y3/IOBXK KaHAJIOMOMIOHUX IOp TpH-
CYTHI MIKpO30HHU 30iJHEHI Ha IIa3My Ta 30HHU aKy-
MymALii TiasMu (MepeBakHo KapOOHATHO-TIMHUC-
toi). KapOoHaTHI HOBOYTBOpPEHHS MIPECTABIICH] IO~
OIMHOKUMH TIIMHHUCTO-KapOOHATHUMHU CTATHEHHSMH
HAaBKOJIO TIOp Ta HOAYJSAMH Y IUIa3Mi. 3HAYHO YaCTi-
1€ 3yCTPIvaloThCs I'YMYCOBO-3aJ1i30-MaHI'aHOBI CTS-
rHeHHs (puc. 4D) i 3ami3ucTi KOHIEHTPH.

Ynaiicbkuid KJIIMaTOJIT XapaKTEePU3y€eThCs MyX-
KHM PO3AUTEHO-YACTKOBUM CKJIaJCHHSM 3 €JIeMeH-
TaM{ IIapyBaTonomiOHOi TEKCTYpH, OTUHUYHUMHU
KJIACTEPHUMH YTPYIyBaHHSIMH OOiliB Ta OIOTE€HHUX
MikpoarperariB. OpraHiuHoi PEYOBHHH BiJHOCHO
Oarato y BUINISIAI 3TYCTKIB aMOp(HOTO MYIIEBOTO
TYMyCy y KOMIDIEKCI i3 TyMycOM THITy Moaep (pHuc
4E). Ilnasma OypyBaro-cipa, TI'yMyCOBO-TJIMHHUCTO-
kapOoHarHa, i30TpomHa. Kpumnro- Ta Mikpokpucra-
JYHUN KaJIBIHUT MPOCOYYE IIa3My, OISKYIH IIeMe-
HTyIOuH 1i. ¥ Topu3oHTI Gararo npiOHUX KapOoHAT-
HUX HOMYJIB, PiJillié HABKOJOMOPOBUX CTATHEHb Ka-
JBIUTY 13 AOMIIIKOI TYMYCY Ta TIIMHU. MaHTaHOBI
HOBOYTBOPEHHSI TPEICTaBleH] APIOHMMH CTSATHEH-
HSIMH.

[punyupkuit KIiMaronit. /{eproso-kapbonam-
nu tpynm (ply). Y rop. Hk(gl) okpyrii kpymnHi npo-
cTi Mikpoarperaru (pigue Mikpoarperaru 11 mopsia-
Ky) Ta TOCTPOKYTHi OJIOKH, PO3ZAUICHI CHCTEMOIO
BY3bKHMX KaHasonofionux nop (puc. 4F). Opraniuna
pEYOBHHA NPEICTABICHA JUCIEPTOBAHUM MYJUICBHM
TyMyCOM, IIIIBHO 3B’si3aHUM 13 MIMHOM0O. [lnma3ma
cipyBato-Oypa, = KapOOHaTHO-TYMYCOBO-IJIMHUCTA,
130TponHa, i3 MiKpo3oHaMu 30iJHEHUMH Ha TOHKO-
JIMCTIEPCHUM Marepiain. Y Topu3oHTI Oararo apiOHUX
CTATHEHb MaHTaHy, pijlle 3ai30-MaHTaHOBHX HO-
IyniB. Y BENMKIH KiJIBKOCTI 3ycTpidaroTbes ApiOHi
HOBOYTBOPEHHSI IEPEKPHCTATI30BAHOTO KaJIBIIUTY.

Topuzont HPk xapakrepusyerbcsi OIIOKOBHM
CKJIaJICHHSM i3 CHCTEMOIO IIMPOKUX KaHAJIOMOIi0-
HUX TIOP, AKI MEPETHHAIOTHCS MiJ MPSMHM KyTOM.
Takuii pUCYHOK IOPOBOIO IPOCTOPY, WMOBIPHO, €
pe3yIbTaTOM NaJICOKPIOreHHUX MpolieciB [52]. ¥V3-
JIOBX KaHAJIOMOMIOHUX IMOpP 3YCTPIYalOTHCS 3alli30-
MaHTaHOBO-TJIMHUCTI TiMmoKyTaHu. [pyHTOBHiT Mare-

piaj HEpIBHOMIPHO MPOCOYEHUH KPHUIITO- Ta MIKpO-
KPUCTAJIIYHUM  KaJbIIUTOM, piaImie JIOOJIHITOM,
YTBOPIOIOYHM TOAEKYyAM KapOoHaTHi Homymi (puc.
4G), HaBKOJIOMOPOBI CTArHeHHs. [Ina3zma kKopuyHIO-
BaTo-Oypa, KapOOHATHO-TYMYCOBO-TJIMHHCTA, 130T-
porHa. 3ali30-MaHTaHOBI HOBOYTBOPEHHSI TPEACTa-
BJICHI BEJIMKOIO KUIBKICTIO IPIOHUX CTATHEHB, Pialie
KOHIIEHTPiB, MIKPOOPTIIEHHIB, HOMYIIB.

Tniyianvnuii 0deproso-oypuil tpynm (ply) xapak-
TEPU3YETHCSI 3JUTUM CKIAACHHIM 13 CHCTEMOIO
cyOmapanenpHUX TPIIMH YCUXaHHS, SIKi CTBOPIOIOTH
IapyBaTONOMIOHMI PUCYHOK, IO, IMOBIPHO, € pe-
3yJBTaTOM JiareHeTMYHHX KPIOTEHHUX MpOLECiB
[51, 63]. Y rpyHTi 3pocTa€e KiIBKICTh OKaTaHHUX ITi-
maaux 3epeH. [lmasma >xoBTyBaTO-CBITIO-Oypa, 3a-
J3UCTO-TYMYCOBO-TJIMHUCTA, 130TPOTHA, i3 O3HaKa-
MM HaBKOJIOIIOPOBOi, HABKOJIOCKEJIETHOI, JIyCKYBaTOi
Ta cityactoi onTmyHOi opieHTarmii (puc. 4H). 3y-
CTPIYAIOTHCS TOOMWHOKI TIMHHCTI MAamylld, I0XO-
JOKCHHS SIKUX JIO KIHIISI HE € 3p03yMiIuM. Y Iria3mi
MIOMITHIIIIOK0 CTa€ JOMIMIKA TUCIIEPTOBAHOTO TyMY-
cy. OpraniyHa pedoBHHA TOACKYAN CETPETryeThCs y
TUTACTIBYACTI OCEPEIKH.

YopHosemonodionui tpynm (pl,) 4acTKOBO ar-
peroBannii B okpyrii mikpoarperaru [-1I mopsiakis,
SKi 9epryIOThCS 13 e3arperoBaHIMH MiKpO30HAMHU.
MiHepallbHUIA CKENeT MpeACTaBIeHUN CepeAHbOOKA-
TaHUMH MIIIWHKAMH, SIKi YTBOPIOIOTH CKYIUCHHS
y310BX KaHanmomonioHux mop (puc. 4I). [Tna3ma ci-
pyBaro-0Oypa, T'yMYCOBO-IJIMHHCTA, i30TpOIHA, i3
MOOJUHOKUMH MIKPO30HAMHU MPOCOYCHUMH 3alli30M
Ta MaHT'aHOM. Y3JIOBX KaHAJIONOAIOHMUX MOp MAaroTh
Micie By3bKi cMyr# 30iqHeHi Ha miazmy. Opraniuna
PEUOBHHA MPEJCTaBlIicHA OypuM MYyJUIeM, OLIbIIO0
MIpOIO IUCTIEPTOBAHHM.

Katinanpkuit kaimMaronit. /leprogo-crabonioso-
aucmuii ipyum (kdpz). Y topusonti HEi 1pyHTOBUIA
Marepiajl 3UTHH, 13 HE3HAYHOIO KiJIBKICTIO ME30TIop
oKpymiIoi Ta emnTuaHoi ¢popmu. ToHKOTMCTIEpCHUIT
Marepiajl XapaKTepU3yETbCs BUPA3HOI MiKpO30HA-
JIBHICTIO: OCEpeNKH 301HEHI Ha IUIa3My Ta TyMycC
YepryloThesl 3 AUISIHKaAMM 1X akymyssimii. [lrasma
CBiTIIO-Oypa, TYMYCOBO-TJIIMHUCTA, 13 MOOAMHOKUMH
(dparMeHTaMy IMapyBaTHX HATHOKIB KOJIOMOP(HHUX
DJIMH Ta DIMHUCTUX Mamyn. JJoMimka rymycy, npea-
CTaBJICHOI0 OypHUM AMCIEPrOBaHUM MYIJIEM, BHCO-
Ka. Y TOpU30HTI 3’ ABJSIFOTHCS TTOOJTMHOKI KapOOHaT-
HO-TIIMHKCTI HOMyi (puc. 47J).

Topuzont Elh XapakTepu3yeThCsl MyXKUM PO3-
JITBHO-YaCTKOBUM CKIJIAJICHHSIM 13 OCepelKaMH JIO-
KaJIbHOI LIeMEHTaIll MIa3Mi HaThbOKaMU KOJIoMOpQd-
HUX DIMH. Y LJIOMY IPYHTOBHH Marepias CHIIBHO
«BIAMHATHRY Bij TIa3MU. 3yCTPIYarOTHCS TIOOUHOKI
JpiOHI CTSATHEHHSI MaHTaHYy.

TopusonT Ipgl(e) xapakTepusy€eThcs OJIOKOBUM
CKJIaJICHHSAM — KPYIIHI TOCTPOKYTHi OJOKH PO3AiieHi
CHCTEMOIO By3bKHX KaHasonoxionux nop. Hareokn
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Puc. 4. Mikpomopdomoriuna OynoBa. A — Ol0KOBe CKJIaCHHS 1 IIUPOKa KaHAJIONOAIOHA 1opa y IPUYOPHO-
MopcbKoMy Jieci; B — cknanni mikpoarperaru (1I-111 mopsiakis) y rop. Hpk(gl) nodinicekoro rpyHry;

C — cTsTHEHHs JPiOHOKPUCTANIIYHOTO KAJIBIIUTY 3 JOMIIIKOIO TIIMHH Ta rymycy y rop. HPGLk nodiniBcbkoro
IpyHTY; D — 3aI1i30-TyMyCOBI CTATHEHHS Y BUTadiBCbKoMY IpyHTI; E — koHIIeHTpauis rpyoux ¢hopm rymycy
Ta IapyBaToONoAiOHe CKIaJeHHs yaaicbkoro necy; F — kpynHi nmpocTi mikpoarperaru y rop. Hk(gl)
JICPHOBO-KapOOHATHOTO IPYHTY plc; G — KapOOHATHUN HOMYJIb, CKIIAJICHHUI KPUITOKPUCTATIYHUM KaJIbIIUTOM
y rop. HPk nepHoBo-kapGonarHoro rpyHTy ple; H — mimano-mia3MoBa MikpoOy/10Ba Ta KpyIHi MPOCTi
MiKpoarperaru B iHiliansHOMY Oypo3semi ply; I — KoHIIEHTpaLis HillaHuX 3epeH B3AOBX KaHAIOMOAI0HMX
nop, sSIK AMOBIPHUH pe3yJIbTaT KPiOTEHHOTO COPTYBaHHS, Y YOPHO3EMOIOAiIOHOMY TpYyHTI pla; J — mimHUCTO-
kapOoHatHui HOMy/b Y Top. HE nepHoBo-crnadomigzonuctoro rpyHty kdpe; K — 3armoBHeHHS KpioreHHOT
TPILIMHM HiIIAaHUM MaTepiaioM OKyTaHUX IUTIBKaMH KoJoMopdHux muH y rop. Ipgl(e) neproso-
ciaboninzonuctoro 1pyHTy kdye; L — HamiB3pyHHOBaHI HATHOKH KOJIOMOP(HHUX [IMH apMyIOTh MiX CO00I0
minraHi 3epHa ckenety, y rop. Ipgl(e) neproBo-cnabdominzonucroro rpyHTy kdps

KOJIOMOP(HHUX TIIMH Maii’Ke MOBHICTIO 3allOBHIOIOTH
ICHYFOUHMI MPOCTIp, EMEHTYIOUH I'PYHTOBUN Mare-
pian. Kyranu rymycoBO-3a1i3uCTO-TJIMHUCTI, Pijiiie
IIMHUCTI, IapyBarti, 3 03HakaMu pyiiHyBaHHs (Puc.
4K; 4L). KonomophHi DIMHE BMIIYIOTh OOJUHOKI
MUTYBaTi 3epHa, 1110 € IHAMKATOPOM IMPOIIECIiB MapT-
moBartii [15].

KinbkicTh HaThOKIB KOJOMOP(HUX IIHH JEII0
3MEHINY€EThCs Y TOPH30HTI [RPgI, Tipu 11bOMY, BOHH
TyT OijIbIl 3pYyHHOBAHI Ta aCMMIJIbOBAHI y TUI1a3My. Y
oMy marepian 30iAHEHUH Ha IIMHY, 13 MiJBHILE-
HUM YMICTOM OpTaHIYHOTO TIrMEHTY V IUIa3Mi.

3’SABNSAETHCS BEIMKA KUIBKICTh APIOHUX CTATHEHb
MaHraHy y IIOpax, a TaKoX IOOJUHOKI 3alli30-
MaHT'aHOBI MiKPOOPTILITEHHH.

T'panynomempuunuii cknao. 3a pesyapraramMmu
TpaHyJIOMETPUYHOTO aHaNi3y BCTAaHOBJICHO, IO
IPYHTH Ta BIIKJIQJAM IUICHIIVISLIANY XapaKTepu3y-
IOThCSI TIEPEBAKHO MOHOMOJATBHUMH HECHUMETPUY-
HUMH EMIIIPUYHUMH TIOJIIMH PO3IOAiTY (pakuiit
(OKpiM yIaiChKOro COMIQIIIOKIIHHOTO TOPU30HTY),
13 MakcuMyMmMoM Yy (pakiiii KpymHoro mnuiy (Bixg
45,5% y npudopHOMOpchkoMy Jieci 1o 71,5% y Bu-
TauiBChKOMy TIpyHTI). OKpiM I[OTO, Y NPHYOPHO-
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MOPCHKOMY KJIIMATOJIITI Ta COJMi(IIOKIIIIHNX TOPH-
3oHTax (bg), udi;) BHSBICHO NIABUINCHWH BMICT
¢pakuii apidHoro micky (11,5-26,1%). Bmict mymy
y TiApo3dinax MJCHIMISLNIaTy KOJUBAEThCA Bill
18,2% y bg neci no 33,4% y rop. HPGLk nodinis-
CBKOTO IPYHTY.

Bucokwuii BMicT MymHCTHX (hpaKmiidi 3yMOBIIOE
HU3bKI 3HadeHHS MemiaHHoro pazxiycy (Md): Bixg
0,011 MM y Oy3pkomy seci qo 0,021 mm y mpudop-
HOMOpPCBHKOMY Jieci. B ymaiicekoMy comidumiokiiii-
HOMY TOPU30HTI CIIOCTEPITa€eThesl pi3Ke 3MEHILIECHHS
BMicTy myny (2,1%), mosiBa ¢pakiiii cepeaHboro
(3,4%) i1 xpymHOTO (0,6%) MiCKY.

[TpunynpKo-kaiiaanpka IpyHTOBa CBiTa Bil3Ha-
YaeThCsA IK MOHOMOJAJILHUMH, TaK 1 OIMOJaJIbHUMH
EMIIPUYHIMH TIOJSIMA PO3MOALTY (paKIlii, i3 Mak-
CUMyMaMHU y (pakuisix ApiOHOTO IMicKy, KpyIMHOTO
MTAITY, CEPEIHBOTO MY 1 MylTy. Y IUIOMY y TPyHTax
BHCOKHM € BMICT mmaHux ¢pakmiii (Big 5,6% y
rop. HPk rpynty plc 1o 69,3% y rop. Elh rpynry
kdy2), 30kpeMa, CepelmHbO3EPHUCTOIO 1 KPYITHO3EP-
HUCTOTO TICKy. Y KalmanpKoMy TIPYHTI HaBiTh
3’SBJISIETBCS  JIOMINIKA TPYyOO3EPHUCTOrO  ITICKY.
Bwmict mynucroi ¢paxmii xonuBaetbest Bin 7,7% y
1pyHTi plivz 0 19,5% y rop. IRPgl kaiimanpkoro
IpyHTY. BigHOCHO TrpyOomucnepcHUil rpaHylIoMeT-
PUYHMIA CKJIaJ IPYHTIB BiJOOpakeHO Y MeIiaHHOMY
paniyci 4acTouok, 0coOIMBO y KalAalbKoMy IPYyHTI
(mo 0,11 mm y rop. Elh).

3a ToOKa3HWKaMH KOeQII[iEHTYy COpPTYBaHHS
BCTaHOBJICHO HACTyMHE. SIK IPyHTOBI, TaK i JIECOBI
KJIIMaTONITH TEPEBAXKHO XapaKTEPU3YIOTHCS cepel-
HiM cTymneHeM copTyBaHHs. Haiikpaiue BizcoprtoBa-
HUMU € CONUIIOKIIiiHI ropusoHTn (S0=2,72-2,85),
rojioueHoBui IpyHT (S0=2,26-2,37), a TakoX rop.
HPk rpynry ple (So=2,07). Haiiripie BigcoprtoBa-
HUMH € TPYHTH SIKi 3a3HAJIM BILTUBY IIPOIIECIB OTJie-
€HHs Ta UTOBItOBaHHS: nodiniBchkuit (S0=4,79-
4,84) 1 xaitmanpkwmii (S0=3,55-7,67).

Pieni kpiozenesy. HalinaBHiui KpioreHHi yTBO-
PEHHsI BUSIBIICHI Y JHIIIPOBCHKOMY KJIIMATOMITI i
MPEJICTaBIICHI CHHCEIUMEHTHHMHU 1HBOIONMIHHUMHI
nedopMariisiMu i3 CUCTEMOI0 MiKpockuAiB. OcTaHHI,
HMOBIPHO, YTBOPWIJIHCSI Y pE3YyJbTaTi IJIOKaJbHOTO
TaHEHHs1 0araTopivHO MEP3JIMX MOPiA.

Kaiimarnpkuii  megokoMIuieke aeopMOBaHHMA
CHCTEMOIO MEPBHHHO-TPYHTOBHX JKMJI KJIMHOMOMIO-
HO1 opmu, muouuoro 10 0,9 M (puc. 2B). Kpiocr-
PYKTYPH BiIKpHBaIOTbCs i3 MOKpiBii rop. Ipgl(e) i
3allOBHEHI MarepiajioM IbOro ropu3oHTy. OKpiM
[BOTO, TPYHT MPOHHW3aHUN CHUCTEMOIO CITYACTHX Ta
HETMOBHOCITYACTHX MOCTKPIOTEHHUX TEKCTYP, a Top.
HEi — nu1ipoBor0 MOCTKPIOTeHHOIO TEKCTYPOIO (pHLC.
2E). LinkoM HMOBIpHO, IO 3a3Ha4eHI BUINE Kpio-
TeHH1 YTBOPEHHS C(HOPMYBAIUCS YIPOMOBK TACMU-
HCBKOTO KpioeTamy. A TOCTKPiOre€HHI TEKCTYpH MO-

IJTH YTBOPHUTHCS 1 YIIPOMOBXK MI3HIIMINAX CTAIIA Kpio-
TE€HEe3y.

[Mpunyupkuii negoxoMiieke negopmoBaHuit
comidmiokuiitaumu Texkctypamu (puc. 2B; 2C) Tinb-
KH Y BepXHI{ 9acThHi IpyHTY plc Ta y IpyHTI pla, 1m0
JTa€ TIJICTaBU BUAUTATH JABA OKPEMHUX COJI(ITIOKITIH-
Hi TropuzonTH. [lepima akTuBizamist B S3K0-TUIACTHY-
HUX TTOTOKIB BifOyracs, O4eBUIHO, YIIPOIOBK ITOXO-
JIOfAHHS YyCepeluHi MNPUIYLBKOIO €Taly, KOJIH
yTBOpUJIAacs CHCTeMa NEPBHHHO-TPYHTOBHUX KU
mmbuHoo A0 1,5 M. Yei Mopo300iiiHi cTpyKTypH
BATHYTI BHU3 3a CXWJIOM i KyTom 30-4C.

Bepxwiii comidmrokuiiiauii ropu3oHT Aegopmye
AK TPYHT plc, TaK 1 HIHKHIO YaCTHHY YIAHCHKOTO Jie-
Cy, TOMYy BB@Xa€EMO, IO AaKTHBI3aIis B’ A3KO-
TUTACTUYHMX MTOTOKIB Maja MiCIle Ha MOYarKy yaai-
cekoro etamy. [lopsim i3 comidmiokuiitHuMu mporie-
caMu aKTUBHUMH Oyl 1 JIeNfoBianbHI. 3 TOKpIBIi
MPIITYIIBKOTO KIIIMATONITY BiAKPHBAETHCS CHCTEMA
HEBEJMKUX MEPBUHHO-TPYHTOBHX KM KITMHOMOMI0-
HOi ¢opmu, muouuHoo 0,9-1,1 M, sKi yTBOPIOIOTH
noJliroHu mupuHOK 1,5 M (puc. 2B). Poskputo Ta-
KO)XK HEBEIMKy TMceBIoMOpP(o3y 3a MOBTOPHO-
JKUJIBHUM JIbOZOM, DIMOMHOIO 1,8 M, sika BiJKpHBa-
€ThCS 13 TIOKPIBI COMI(IIOKIIHHOTO TOPU3OHTY
(puc. 2B). lllupuna nceBmomopdo3n y THPII CKIia-
nae 1,0 M, BOHa 3alOBHEHA JICCOBUM MaTepiaioM i3
MiJBUIICHOK KUIBKICTIO KapOOHATIB Kayblito. Y
MIPUKOHTAKTHINA 30HI KPIOCTPYKTYPH SICKPaBO BHpa-
’KEHI TEKCTypu BUTHWHAHHS BiJKJIaJiB yBepX SK Ha-
CITIOK OIYHOrO KPIOCTAaTUYHOTO THUCKY JIBOASIHOTO
KIuHy. BepxHs uyacTmHa mnceBpomMopdo3u ciadko
BUTHYTa YHHU3 33 CXWJIOM CONI(PIFOKIIIHHUMH TEKC-
TypamH, IO CBIIYUTH Tpo ii GOpMyBaHHS y Tepion
AKTHBHHUX B’SI3KO-TJTACTUYHUX HOTOKIB.

Coni¢uiroKuiiHIMH TEKCTYpaMu J1e(opMOBaHa
Oinpina yactuHa Oy3bKOTO KIIIMATONITY, XO4a BUTa-
YiBCBKUH TPYHT 3QJIMIIAETHCS HEMOPYIICHUM (pHC.
2A). IlnmikatuBHi nedopMariii Ha TUTaKopi Tepexo-
JISITh Y HACYBHI Ta SI3UKYBAaTI TEKCTYpU Ha CXWJIax i B
COJTi(DITIOKITIFHI TOKPUBH B OCHOBI CXHJIIB.

BusiBieHO BepXHIO YaCTHHY NceBIoMopdo3u 3a
MOBTOPHO-KWJIBHUM JIbOJOM, SIKA BIIIKPHBA€ETHCA 13
MOKPIBITI KPaCHIIIBCHKOTO PiBHs oreeHHs. Po3kputo
BepxHix 1,5 M nceBnoMopdo3u, MUPHHOIO Yy THPIi
1,2 m. IloreHuiiiHo IMOKMHA CTPYKTYPH MOXKE Iepe-
BunryBatd 2 M. Ha 1jpboMy piBHI BUSBIEHO TaKOX
KpYIHOMACIHITa0H1 1HBOJIIOIIAHI TEKCTypH Kparuiu-
HO- Ta KumeHenonioHoi ¢opmu. iameTp oxpeMux
«xparue» pocsrae 50 cM. Taki TeKCTypH yTBOpPIO-
I0TBCSL y pe3yJIbTaTi Aerpajalii 6araropiyHoi Mep3-
notu [44, 61, 62]. I3 nokpiBni KpacuiIiBCHKOTO Mif-
TOPU30HTY TaKOX BIJIKPHBAETHCS TyCcTa CHCTEMA
TPIIUH ycuXaHHs (MOPO300IHHUX TPIKH?) TITHOU-
HOW0 o 1 M, 3alOBHEHHMX KapOOHATHUM JIECOBHM
MarepiajoM.

-35-



Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

Pexoncmpykuia naneozeozpagpiunux ymoe i
emanHocmi (hopmysanHns n1eco6o-rpyHmosux GioK-
aoie po3pizy.

JlHinpoecvkutl eman. [1auky BigKJIaniB qHII-
POBCBHKOTO KIIIMATOIITy, Ha HAIly TYMKY, JOLIIHHO
BH3HAUYATH SK (DaIiio MepUDISIiaIbHOTO ATIOBIIO 13
KOMIUIEKCOM CHHCEAMMEHTHUX 1HBOMIOLIAHUX [e-
dhopmarriii.

Y po3pi3i po3KpUTO BEPXHIO MAYKy AIFOBIIO 3a-
BaJiBCHKO-THIMPOBCHKOT (V-01 32 M. ®@. Beknuuem
[16]) Hag3amaBHOi Tepacu. Y cydacHOMY pelbedi
BOHA CJTabKO BHpakeHa BHACIIJOK 3HAYHOTO pPO3Y-
JICHYBaHHSI penbedy SPYKHO-0aJOUYHOI0 MEpexkero
MoJtoaIIoro Biky. Ilpore Ha miBAeHHIH cXin Bix po3-
pizy (0ins c. HlubuH) po3ramoBaHa MOBEPXHS BUPi-
BHIOBaHHS 13 aOCOIIOTHUMH BHCOTaMH 218-222 M,
sky 1. UepBanboB [42] onucye K BUCOKY Haj3aruia-
BHY Tepacy p. Ctup. Bucoki 3HaueHHS aOCOTIOTHAX
BHCOT TepacH, omucaHoi Oins c. [ubwH, MOXYTH
CBimuuTH Tpo 1i naBHiM Bik. Ha OCHOBI BHBYCHHSI
KUTBKOX po3pi3iB y OaceiiHi p. [exi, Mu npumycka-
€MO, TI0 ANIOBialbHI BIAKIATN, OMUCAHI y po3pisi
CwmukiB, yTBOpeHi piukoro Jlexa, a He p. Crup.
Mopdornoriuno BHpakeHi HaA3aljIaBHI TepacH y
nonmHi [lexi chopmyBanmcs Bxe y TUICHITIIAIIATI.

VY po3pizi CMUKIB BepxHs Mayka alfoBif0 JHIM-
POBCHKOTO KJTIMAaTOJITY y HANPSMKY Cy4YacHOI J0JH-
HU p. Jle’ka 4acTKOBO 3pi3a€Thes MeN0CEJUMEHTaMH
KalIanpbKkoro 4acy, mo OJHO3HAYHO CBITYUTH TPO
HasBHICTh y TOW 4ac moxuiny TepuTopii. Ha ocHoBi
BUBUYEHHSI cepii pO3YMCTOK, 3aKIaIEHNX Y HAPSIMKY
PIYKH, BCTAHOBJICHO, IO KPYTHU3HA CXMIJIY PIYKOBOI
JONMUHYU Oylia 3HAYHOIO BXKE Yy MpwTylbkuid vac. [le
0O0yMOBITIOBaJI0 aKTUBHHI PO3BHTOK JETIOBIAIbHUX
MIPOIIECIB y TEIUTi Mepioan i comdmOKIiHHNX Y XO-
nonHi. TakuM YMHOM, MOXHA TIPUITYCTHTH, 1110 3HA-
YHHUH epo3iliHuid Bpi3 p. [exa BinOyBaBcs i3 movar-
Ky Kaiidayvkoeo wacy. ImuOokuii epo3iiiHuil Bpi3 Ha
[OYaTKy OCTAaHHHOTO MDK3JIEACHIHHS Y MIJIOMYy €
TunoBuM it CxizHOEBponeHchkoi piBanHH [3,16,20].

Jlo KiHIE MDK3JIENEHIHHS epo3iiiHI mporecH
MOCTYMOBO 3aTyXaJld, Y Pe3yJbTarTi 4oro HaKOIH-
YEHHS ME0CEAUMEHTIB MPUMTHHUIOCS, a TIEIOTCHE3
in situ po3no4aBcs. 3a MOPQOJIOTIYHUMHU O3HAKAMH
KaiIalpKoro KiIiMaroiity y po3pizi CMUKIB MOXHA
BUJIUIMTH BC1 TpU cTafil neaorenesy: kd, kdpi, kdp.,
BcranonieHi H. O. Cipenko [40]. Ha mouarkoBiii
cTajii popMyBaiKcs JAEPHOBI IPYHTH, & HA PAaHHBO-
My ONTUMYMi — JicoBi. JlepHOBO-ciabomia3onucTuit
IPYHT TI3HBOTO ONTHUMYMY IPOCTEKEHO Y pO3pisi
BXe in situ. 3 migomBY ropu3oHTy Elh IbOTO IPYHTY
BIIKPMBAETHCS CUCTEMA NEPBUHHO-IPYHTOBHX JKHJI,
IO Ja€ MiJCTaBU BHIUIATH 1B a3y TeJOTeHe3Y,
po3aiieHi moxonoAaHHsAM. KpioCTpyKTypu MoOmiH
YTBOPUTHUCS YIIPOIOBK MACMUHCHKO20 Kpioemany.
ToOTo ManonoTyKHUI Marepian TICMUHCBKOTO KIli-

MAaTOJIITy Mir OyTH IepEeTBOPECHUN MPOIIECAMH TIEIO0-
TeHe3y y IPUIYLbKHI Jac.

[HTEeHCHBHI MpoLecH OMiA30JICHH-1TIOBIIOBaH-
HS1 y TpyHTi kdy» 0OyMOBHIM HAKONMYEHHS y TOD.
Ipgl(e) Benwkoi KiTBKOCTI KOTOMOPGHHUX TJIHH, SKi
MPAKTHYHO MOBHICTIO 3alIOBHIOIOTH ICHYFOUHH TPO-
CTip, IEMEHTYIOYM IPYHTOBHI Marepiai. Lle, y cBoro
4yepry, BUKJIMKAIO MOTIPIIEHHS] YMOB aepariii 1 po3-
BHTOK CJIA0KWX TIPOIECIB ITOBEPXHEBOTO OITICEHHS.
Jlerkuii TpaHyJIOMETPUYHMM CKJIAJl MaTEpUHCBHKOI
MOPOAY 1 IHTEHCHUBHI MPOLECH OMiJ30JI€HHSI 00yMO-
BIIIOBAJIM HE JIMIIE MITpaIlito TIWHUACTOI (paKIii
BHU3 32 mpodiseM, a i OKpeMHUX MIIYBaTHX 3€peH,
0 1AeHTH(DIKYIOTBCS 32 BKIIOYCHHSMH TEPBUHHUX
MiHEpaJiB y KyTaHax.

Hpunyyvxuii eman. CymilaHauii TPaHYJIOMET-
PUYHMI CKJIaJ, BelMKa KUIBKICTh CepelHbOOKAaTa-
HUX TIIIAHAX 3epeH i J00pe COPTyBaHHSA Marepiary
MPIITYIBKOTO KIIIMATOMITy AAf0Th MiJICTaBH TOBOPH-
TH TIPO 3HAYHY iHTCHCUBHICTH €pO3iHHHUX MpOIECiB
y Toli yac. OgHaK CHiBBIJHOIICHHS IHTCHCHBHOCTI
MPOIIECiB TEAOTeHe3y 1 OCaJOHAKOIMYEeHHS OyIlo
TaKuM, 10 3a0e3MevyBajio YTBOPCHHS IPYHTIB, a HE
neaoniTiB.  [lonireHeTHYHUH YOPHO3eMOMOAIOHU
IPYHT TPWIYIBKOTO KJIIMAaTONITy, HaWBipoOTimHiIIe,
cthopMyBaBCs YIPOIOBK TPHOX CTaJlil IeTOTEHE3Y.

VY paHHIO CTa/il0 YTBOPUBCS YOPHO3EMOIIOI0-
HUM TPYHT 31 CIaOKMMHU O3HAKaMH OIIiI30JICHHS.
OcranHi 0OyMOBIJIEHI JIETKUM TPaHYJIOMETPHIHUM
CKJIaJIOM MaTepUHCHKOI Opoau. [ pyHTOBHIA MaTepi-
aJl XapaKTepU3yeThCsl TYMYCOBO-TJIMHUCTHM CKJia-
JIOM IUIa3MH, MPOTE JIMIIE YaCTKOBOIO arperoBaHic-
TI0. 3HAUHUH CTYIiHb JAe3arperauii marepianxy Mir
OyTH pe3ylbTaToM EeMireHeTHYHHUX MPOIECIB MpoMe-
p3aHHSA-TaHEeHHS Ta iHiMialpHOTO ornieeHHs [21, 63].
Kpiorenna tpancdopmarlisi rpyHTOBOTO Marepiairy
Ha MIKpPOPIBHI MiATBEPIKYETHCS COPTYBaHHIM IIi-
[IaHUX 3€peH 3a CTIHKaMH MOPOBOTO MPOCTOPY, 110,
HaWBIpOTi/HIIIE, € PEe3ylIhTaTOM KPIOTEHHOTO IIy-
uinns [21, 29, 38]. IpyuTu yopHO3eMHOTO psisy Bo-
pMyBasInCs Ha TepuTopii Ykpainu 3aranom [20, 49],
1 Ha TepuTopii BonmHCHKO1 BricounHu [46], 30kpeMa,
ynponoBxk miacranii plisz. Tomy it Kopemtoemo ormm-
CaHWI TPYHT 13 YTBOPEHHIMH IIi€i migcTatii.

Hedopmanii 4opHO3eMONOOIOHOTO IPYHTY CO-
TQIMOKUIHHIMH TEKCTYpPaMH 1 CUCTEMOIO NEpPBUH-
HO-TPYHTOBHUX JKHII, SIKi BIZIKPUBAIOTHCS 3 HOTO KPiB-
Jii, € IHAMKATOpaMH 3HAYHOTO MOXOJIOAaHHS KIIIMaTy
ycepenuHi mnpuiyubpKoro ertamy. HaiBiporigHime,
KpiOoreHe3 B YMOBaxX IIIHOOKOTO CE30HHOTO MpoMep-
3aHHS BIIOYBaBCsS YIPOIOBX XOJIOMHOTO IiJeTaIry
‘pl2’, mpocTexeHoro y po3pizax iHIIUX paiioHiB YK-
painu [49].

Bumie 3ansirae  HemopylIeHWH IUIACTHYHUMUA
nedopManismMu iHimianbHuE TpyHT (ply), skuil 3a
CBOIMH MOP(QOIOTiYHUMH pUCAMH Haragye eMmOpio-
HanpHUN Oyposem. IIpoTe TyMyCOBO-TIIMHHCTHA
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CKJIaJ IUIa3MM € 1HIMKaTOpOM BiZIHOCHO aKTUBHHX
mporeciB  TymycoyTBopeHHs. llopsn i3 MyneBuM
TYMYCOM, iCHYIOTb OCEPEIKH HAKOMMYEHHs TrpyOux
¢dopMm rymycy (Momep, MylnenomiOHui Mozep), L0
CBITUATH TPO KHCII YMOBH TYMYCOHAaKOTTHYEHHS.
Taxi ymoBH MOIJIH iCHYBaTH y cBiTIHX jicax [39].
Crniau mpolieciB OMiA30JCHHS Ta JISCUBAXY BIICYT-
Hi. lle# TpyHT MIr yTBOpWBCS YIIPOAOBX PaHHBOI
craxii migetamy ‘pls’ - plspi.

BepxHiii rpyHT npuiIypKoi TPyHTOBOI CBiTH €
JICPHOBO-KapOOHATHUM. Y HIDKHIA WOTO 4YacTUHI
(rop. HPKk,) mmasma mpocodeHna KpHITo- Ta MiKpOK-
pHUCTaJiYHUM KaJIbLIUTOM, SIKHH TOJEKYIH LIEMEHTYE
IpyHTOBHI Matepian. HoBoyTBopeHHs kapOOHariB
3HaYHOI0 MIPOI0 TIEPEKPHUCTAJI30BaHI Ta HECYTh
O3HaKW ixHBKOI ce30HHOi Mirpamii. Y rtop. Hk(gl)
3pOCTaEe JOMIllIKa AWCIEPrOBAaHOTO TYMYCY THUITY
«CTETIOBUI MyIb», SKMH CKOAryJIrOBaHO y KPYIHI Ta
MpocTi Mikpoarperatu. Benmmka KinbKiCTh 3aiti3o-
MaHTaHOBHUX HOBOYTBOPEHB € PE3yJbTaToM JiarcHe-
THYHOTO orteeHHs. OTike, 0COOIMBOCTI TPYHTY CBi-
Z¥aTh Ipo Horo (opMyBaHHS B YMOBAaX IOCYILIUBO-
ro KJIiMaTy, a caM I'pyHT MoXe OyTH BiHECEHHI JI0
Mmi3HBOT cTail migeramny — plsps.

Ha mouarky yoaticekozo kpioemany 1ie B apu-
OHUX yYMOBax c(opMyBanacsi CHCTEMa HEBEIHUKUX
MEPBUHHO-TPYHTOBUX X1 (TmubuHoo 1 M Ta i3
MHUPHUHOIO oironiB 1,5 m). [loganbiie HapocTaHHS
3BOJIOKEHOCTi KIliMary OOyMOBHIIO aKTHBIi3aIlifo
CONIUIFOKIIITHO-JIENOBIAIbHUX MPOIIECIB HA CXHIIaxX
KpYTHU3HOIO HaBiTh 2. Y 1l yac copmyBaacs He-
BeNIMKa TMceBaoMopdo3a 3a MOBTOPHO-KHJIBHUM
meooM (TmbuHO 1,8 M), sika TpWUNUHWIA CBIid
piCT 1e y Tmepioj] aKTUBHUX CONIITIOKIIHHUX MTPO-
neciB. HaiiBiporigHinie, nerpagamis JIbOASHOTO
KIIMHA BifOyJacs Iie Ha modartky craniamy. [laneo-
MEp3JIOTHUH KOMIUIEKC YJaiChKOTO KpioeTary, J10C-
JDKeHUH 1 B THIINX po3pizax Teputopii BonmnHcbkol
Brucounnd [14, 33, 50], nae migcTaBu BBaXKATH, 10 Y
el yac TyT icHyBaja AUCKPETHA KPiOJiTO30HA.

Jo KiHIf yJgaichKoro eTamy MpolecH Kpiore-
He3y Ta JAENIOBIaJbHOTO 3MHBY IMOCTYIIOBO 3MiHIO-
IOTBCS JIeCOHaKonmueHHsM. [IpoTe BHCOKHMI BMicT
OpraHiuHOi PEYOBHHH Y IUIa3Mi Y BUIJISII 3TYCTKIB
aMOp(HOro MyJieBOro ryMmycy Ta ryMycy THUIY MO-
Jiep CBi4aTh NPO y4acTh iHIMiaJIbHUX MPOLECIB Ie-
JoreHe3y (30KpeMa TyMYCOHaKOITUYEHHs) B yTBO-
PEHHI BIIKIIAIIB.

V eumauigecokuit uac Majaa MICLE aKTHBI3aris
€pO3iIMHUX MPOIIECIB, IO BiAOOpa)keHe y IepeBij-
KJIaJIEHHI TPYHTOBOTO Marepiaiy. Y 1ei Jac, iMOBi-
pHO, opmyBanucst Oypi IIEHOBI IPYHTH B yMOBax
KOHTPAaCTHOTO BOAHOTO PEXHUMY, Y Pe3yJIbTaTi 4oro
opraHidyHa peyoBWHA Oyia CKoaryliboBaHa B amopd-
Hi 3TyCTKH, TiJ[POKCHJIM 3aJi3a Ta MaHTaHy CETpero-
BaHi y HOAYJI, yTBOpWJIAcsS CHCTEMa MIKpPOTPIiLIMH
ycuxaHas. [IpHCyTHICTh Y3MOBXK KaHAIOIOMIOHUX

Op KapOOHATHO-TIIMHUCTHX TiMTOKYTaH, BIpOT1IHO, €
PE3y/IBTaTOM CE30HHOI Mirpaiiii KapOOHaTIB pa3oM i3
KaliJIIpHOIO BOJIOTOI0. YTBOpPEHHsI KapOOHAaTHHX
TioKyTaH, HMOBIpHO, OyJ10 liar€eHETUYHUM.

VY 6y3bkuil wac comiuIOKIiAHI TpoIecH Ha
CXHjlaX ICHYBalll JOCUTH JIOBTO, IO OOYMOBIIIO
iacThuyHi nedopmManii Maibke yChOro JI€COBOTO
KiiMaroniTy. Jlokamizaris BenuKoi KiTBKOCTI Kapbo-
HariB y GopomrHuCcTii dopmi (po3Mip KpuCTaIliB Ka-
JBIMUTY MaiKe BiAMOBiae pO3Mipy MUITyBaTUX 3e-
peH), BIpOTiHO, € Pe3yabTaToM 0OYMOBJIEHOI Kpio-
TEHE30M KpHCTami3amii HaCHICHUX KaJIbITUTOM pO3-
yuHiB [52]. OKpiM BOTO, 3yCTPiUarOThCI KapOOHAT-
Hi Honmyn i (mo 4 cM y miamerpi), siki, 3a [28], yTBO-
PIOIOTECS. B YMOBaxX 3MiHU TMEPIOAWYHOTO CTOSHHS
BOJIOTH 13 TIOCYIUIMBHMH ce3oHamu. [lepesBoso-
JKEHHsI BIJKJIJIIB KJIIMATOJIITYy MOIVIO OyTH 3yMOBJIC-
HUM ICHYBaHHSM MICIIEBOTO BOIOTPHBKOTO IIapy
OararopiuHO Mep3nux mopiA. [lpm 1mpoMy, Takox
MaloTh MiCIle TICeBAOMOP(O3U KapOOHATIB 3a JaB-
HIMH KOPEHSIMH, SIKi CKIaJaroTbCsl 13 KPYMHIIINX
KPHUCTAJIB KaJbIUTY PO3MIIIEHHX KOHLIEHTPUYHO Y
mopoBoMy mpoctopi. 3a [43] Taki KpuUCTanu yTBO-
PIOIOTHCS Y PE3yNIbTaTi 3aMillleHHs OpPraHiYHUX KITi-
THH KaJIBIATOBUM PO3YMHOM Ta HOTO MOAAJIBIIOID
KpPHUCTATI3AIl€l0.

Y ooginiscoruii uac chopMyBaBcs NaJIEBO-
Oypuii kKapOOHATHHI TPYHT, OTJICEHUI y HIDKHIN da-
crtuHi. IpyHT Bil3HAYa€ThCA BUCOKUM BMIiCTOM Kap-
oonariB (10,4-12,9%), npoTe BOHH B OCHOBHOMY
MOLIMPEHi y OOpoIHUCTIN dopMi, 1, HMOBIpHO, Ma-
I0Th KpiOT€HHE MOXO/KeHHs. JliareHeTn4He Gopmy-
BaHHS KapOOHATIB MiATBEPKYETHCS IXHBOIO MAakK-
CHUMaJIbHOIO JIOKAJII3aIli€l0 Y BEPXHil YacTHHI TeHe-
TUYHOTO MPO]IITIO TPYHTY.

Bucokuii BMICT OpraHiqHOi pEYOBHHHM Yy TUIa3-
Mi, a MICIIIMH CKJIaJ[Ha MiKpoarperaiisi [pyHTOBOIO
Marepiajly CBim4arh, MO-Tieplie, MPO IHTEHCHBHI
NPOLIECH TYMYCOYTBOPEHHS, a MO-ApYyTe, PO BHCO-
Ky aKTUBHICTH IpyHTOBOI Qaynu. Y rtop. HPGLk
OpraHiuyHa PeYyOBMHA MPEACTABICHA OUIBII IPYyOUMHU
(dhopmamu rymycy (MynenogioOHuM MOAEepoM 1 Mofie-
POM), SIKi YTBOPWIIUCS B YMOBaX CE30HHOTO CTOSTHHS
BOJIOTH. BiporigHo, KWCIi yMOBH T'yMYCOHAKOITH-
YeHHS, SKi ICHyBaJiM Ha paHHid (a3i memorenesy,
3MIHWIIMCSL HelTpasbHUMHM Ha Ti3HiH. Lle Mmoxe
CBIJIYUTH MPO 3MEHIIEHHS CTYIIEHS TPYHTOBOTO 3BO-
JIOKEHHSI JIO KiHIISI eTarty.

Y npuuopnomopcekuii uac BinOynocst yTBO-
pPEHHS THIIOBUX KapOOHAaTHHX JIECIB B yMOBax Je-
SIKOT aKTHBI3alli epo3iiHux mpoiieciB. OCTaHHE BU-
TUTMBAE 13 MiJBUIICHOTO BMICTY (ppakmii apiOHOTO
micky. KapOonatm mnpexacraBieHi B OCHOBHOMY
MIKPUTOM, SKAH PIBHOMIPHO MPOCOYYE IJIa3My i
3pijika CerperoBaHo y HOBOYTBOPEHHS, IO CBIIYUTH
npo iXHii OLNBLIOI MiIpOI0 CHHCEJUMEHTHUH IeHe-
3WC. 32 HASABHICTIO IHIMIAJIBHOTO TIICHOBOTO IPYHTY
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Yy IIbOMY JIECOBOMY KJIIMAaTOJIITI MOXKHA 1ACHTH(IKY-
BaTH MOTEILIIHHS KIIIMaTy ycepenuHi eTamy (pcz).

3HauHe TOXOJONAHHS KITiMary BIPOAOBX HOTO
Mmi3HBOTO TizeTamy (pcs) oOyMOBMIIO aKTHBi3alilo
MpoIIeCiB KpioreHesy — (popMyBaHHS CHCTEMH IICEB-
moMop(h03 3a TOBTOPHO-KWIBHAM JIHOIOM (TJIHOH-
HOW Onu3bko 2 M). B yMoBax stokanbsHOT Aerpagarii
OararopigyHOi MEP3JI0TH Y1 3pOCTAHHS TIIMOWHU [Tis-
JFHOTO APy YTBOPHIIACS CHUCTeMa iHBOJIOIIIHIX
nedopmarrii.

VY eonoyeni chopMyBaBcs YOPHO3EM THIIOBUH,
SIKUH, Y pe3yibTaTi MpOIEeCiB IIIONIMHHOTO 3MUBY,
XapaKTepU3y€eThCSl YKOPOUSHUM MpodineM 1 Jokai-
3ali€ro KapOoOHAaTIB y HUKHINA YaCTHHI TPYHTY.

BucHoBkm.

1) JIecoBo-rpyHTOBa hopmaltis y po3pizi Cmu-
KiB MiApO3IiNgeTbcs Ha JpiOHI cTpaturpadidHi
OJIHHIII, OCOONTUBO y KalJAIlbKOMY 1 TIPHUIYIEKOMY
KIIIMaToJiTax, MO0 POOUTHh Lel po3pi3 MIHHUM s
MOJANBIIOl PO3POOKH 1 BIOCKOHAJCHHS PErioHalb-
HOI CXeMH KOPOTKOTEpioandHOi maneoreorpadivyHoi
€TaIHoCTI.

2) IlepurnsimianbHUil OB JHIMPOBCHKOTO
qacy, sSIKuil 3ajsrae B OCHOBI po3pizy CMUKiB, a Ta-
KOXK aHami3 OyJOBH CYCiJHIX BiJICIOHEHb, CBIAUYUTH
PO PO3TallyBaHHS pO3pi3y Ha NaBHIA Haja3arliaB-
Hill Tepaci p. dexa. Eposiiinmii Bpi3 p. Jexa, skuii
TPHBAE JI0 TETEP, PO3MOYABCS Y KaiIallbKOMy €Talrli.

3) PosramryBaHHSI po3pi3y Ha TOJOTOMY CXFUT
JI03BOJISIE BU3HAUYUTH 33 HOTO YTBOPEHHIMH JICKiJIb-
ka (a3 akTuBizallil epo3iHMX 1 COMIQUIIOKIIIHHUX
npotieciB. Epoziiini nporiecn Oyny HaiOiIbIl akTH-
BHUMU Ha (pazax: kd,, kdpi, pl, udi, vt, pe, hl, comi-
¢dumrokiitHi nmpotiecu — Ha azax: ph, udi, bg.

4) YnpomoBxK KaiIanpKoro eramy Malld Micie
tpu ¢asu nenorenesy. kds, kdni, kdpz Y pospisi
CMuKiB yTBOpEHHS TepIIux IBOX ¢a3 y 3B’S3Ky i3
PO3BHUTKOM €pO3iHHX TPOLIECiB IMpEJCTaBIeH] Iie-

JIOCeIMMEHTaMH, YIIPOIOBXK TPeThol (a3u BifOyIo-
Cs YTBOPEHHS JIEPHOBO-CIIA0OITI I30JITUCTOTO TPYHTY.

5) 3a ocobauBOCTSIMU OyAOBU MPUITYBKOTO
METOKOMIUIEKCY PEKOHCTPYHOBAaHO TakKi KOPOTKOIe-
plogudHI  eTamu PO3BUTKY HPUPOAHM ILOTO Hacy:
plinz — popMyBaHHS YOPHO3EMOIONIOHOTO OIIi/I30-
JICHOTO TPYHTY 3a YMOB apuauzauii kiimary; pla —
TTOXOJIOMAaHHS ¥ aKTHBI3allis KPIOTEeHHHX TIPOIIECIB
(comidmrokmisa, MOpo306iitHe po3TpicKyBaHH); plabi
— QopMyBaHHS iHIIATPHUX JEPHOBO-OypUX IpYH-
TiB; plsnz — ¢opmyBaHHS JepHOBO-KapOOHATHUX
TPYHTIB 32 YMOB apHAn3aIlii KIiMary.

6) Ha nouarky ymaiickkoro eramy (aza Mopo-
3001MHOTO PO3TPiCKYBaHHS 3MiHWIacs (a3orw po3-
BUATKY CONI(pIIOKIIIHHO-EMOBIAIEHUX MPOIECiB. Y
el yac icHyBaJla TUCKpeTHa KpiomiTo3oHa. [lo KiH-
s eTary CXWJIOBI MPOLECH MOCTA0MIUCS, MTOCHIIH-
JI0CS JIECOHAKOITMUEHHS Ta 1HILiaJIbHUH MeI0TeHE3.

7) HactymHi iHTepcTamiany mo3HaueHi TaKUMHU
MofisiMu. Y BUTA4iBCHKUI Yac aKkTUBI3allisg epo3iid-
HUX TIpOLECiB 00yMOBHJIAa TepeBiAKIaACHHS OypuxX
IefoBUX TpyHTIB. Y nodiHiBChKHUI yac ¢opmyBa-
JIUCS TaJieBo-Oypi KapOOHATHI IPYHTH 13 OTJICEHHSIM
HWKHBOT YaCTUHH MTPOQIIIIO.

8) Ympomorx TpuBasioi 4acTHHH Oy3HKOTO Hacy
Maiga wmicre (aza akTUBI3alig COJIITIOKIIHHAX
MPOIIECIB, AKa J0 KiHI eTaly 3MiHWIacs mpoleca-
MU JIECOHAKOTTMYECHHSI.

9) Y npuuopHOMOPCHKHI Yac TOBTOPHO aKTH-
Bi3yBajIMcCsl cjaOKi epo3iiiHi MpoIeCcH, MPOTe Kpio-
reHHI B’ s13KO-TUIacCTU4YHI Teyil He mainu Micug. Jloka-
Jm3amis y TpUYOPHOMOPCHKOMY Jieci HaiOimbIIol
KITbKOCTi KapOOHATIB, TPIIIMH YCUXaHHS 1 IICEBIO-
Mop}03 32 TOBTOPHO-)KHJIBHUM JIbOJIOM CBIIYUTH
PO CYBOpHH Ta MOCYNUIMBHIA KIIIMaT y XOJOHI TIi-
JIETar PCi, PC3, PO3IUICHI MOTEIUTIHHIM KIIiMaTy
pc2. YIPOIOBXK OCTaHHBOTO (POPMYBAITUCS 1HIIIATb-
HI TJICHOBI IPYHTH.
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SMYKIV - THE NEW KEY SECTION OF THE UPPER PLEISTOCENE
OF THE VOLYN UPLAND

Formulation the problem. The new section at Smykiv in the Volyn Upland has an informative strati-
graphic record, showing details of climatic phases in the Late Pleistocene. The site is located in the Rivne
Oblast, 40 km south of Lutsk, on slope of the River Dezha (the tributary of the River Styr).

Review of previous publications and studies. The loess-palacosol sequence of the Volyn’ Upland has
been intensively studied by Ukrainian, Russian and Polish researchers such as A. Bogucki, M. Lanczont, P.
Voloshyn, A. Tsatskin, V. Nechaev, T. Morozova, L. Bezusko, J. Kusiak, S. Fedorowicz, J. Nawrocki, R.
Dmytruk and many others.

Methods. The section has been studied using lithostratigraphic, palacopedological, palacocryological,
grain size, micromorphological and partial chemical methods, which enable the reconstruction of past cli-
mate and environment. The stratigraphy is applied follows the Quaternary Framework of Ukraine (Veklitch
et al., 1993). All the stratigraphical units of the Upper Pleistocene are represented in the section; and, herein,
these divided into smaller parts characterized by distinct environmental histories.

The purpose of the article is to study the detailed stratified sequence at Smykiv by various methods in
order to clarify the regional Quaternary palaeogeographical scheme.

Results. The periglacial alluvium of the Dnipro unit, at the base of the sequence, and the analysis of the
position of the site in the relief indicate the interpretation that it is located on the Dezha river’s terrace. The
alluvium bed is distorted by syngenetic involutions. The overlying Kaydaky unit truncates the alluvium, and
is inclined parallel to the present valley slope.

Three pedogenetic phases during the Kaydaky times are identifiable: pedosediments formed in the first
phase (kd.), pedosediments of forest soil formed in the early optimum (kdy;) and a Retisol formed in the late
optimum (kdyz). During the Tyasmyn cold event, a network of small soil veins formed.

Renewed, but less intense than in the Kaydaky unit, erosion processes started in Pryluky times. It can be
demonstrated that the Pryluky polygenetic soil was formed in three phases, divided by a cold event in mid
Pryluky times (pl2). A Chernozem with signs of slight podzolisation and biogenic aggregation was formed
during the first phase (plin2). The soil is disturbed by cryogenic features formed during pl.. An incipient
Cambisol was enriched with a fine organic matter during the phase plsyi. An incipient Calcic Cambisol
(plsw2), aggregated and slightly gleyed, formed at the end of the Pryluky time.

Erosion processes were not strongly developed during Pleniglacial. At the beginning of the stadials (in
Uday and Bug times), solifluction processes occurred. At the beginning of these stadials, other cryogenic
features, such as soil veins, frost fissures and ice-wedges, were also formed. Upper Pleistocene loess beds
show slight pedogenesis, particularly very weak humus accumulation and biogenic aggregation. Further-
more, all Pleniglacial units are enriched in carbonates in diverse forms: however, the most common is dis-
perse powdery lime. These last are frequently interpreted as being the result of calcite crystallization under
cryogenic processes.

During Vytachiv and Dofinivka interstadial times, boreal soils were formed — Gleyic Cambisol and Cal-
cic Gleyic Cambisol, respectively. The first is mostly represented by pedosediments (indicating intense ero-
sion), whereas the second soil is preserved in sifu and it is enriched in fine organic matter and is well-
microaggregated. The last loess unit of the Upper Pleistocene, the Prychornomorsk loess unit, is subdivided
into two loess subunits (pc; and pcs) which are connected with cryogenic events, and a Gleysol (pc»), indicat-
ing a relatively warm period.
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JIO MUTAHHSA YTBOPEHHSA BTOPUHHOI IOPUCTOCTI Y BIIKJIATAX BEJIMKHAX
INIMBUH HNIBAEHHOI'O CXO4Y JHIITPOBCBKO-AOHELBKOI 3AITAANHA

Ha oanuii yac 6invuicms 00CTIOHUKI8 OCHOBHI NepCheKMmuU Ha@mo2a3oHOCHOCI Nos8'a3yoms 3 eruxkumu enuounamu. Haii-
BANCTUBIUUM KOMNOHEHIMOM NPOOIeMU HAPMO2A30HOCHOCIT 8eIUKUX 2IUOUH € NpobIeMa KOJeKmopie — 3'acyeantsa ocobausocmetl ix
YymeopeHHs, ckiaoy, enacmugocmei. llpobrema ys 0o menepiunbo20 4acy He MAe 0OHOZHAYHO20 PilleHHA. 3 MOUKU 30pY KAACUYHOT
meopii cmadianbHo20 Kamazeneszy 3 eNUOUHOI NEPEUHHA NOPUCTICIb 3AKOHOMIDHO I HE360POMHO 3MEHULYEMBCS, I MOBA MOXCe Umu
MITLKU NPo me, HACKLIbKU WeUoKo ye 8i0oysacmucsi. ToOi 8enuki enuburu nocmaroms 30HOK0 3amyxaiouoi HaghmozazoHocHocmi 6e3
ocobnusux nepcnekmug. Ha donomocy npuxooums meopis HaK1a0eHo2o0 Kamazenesd, sKa NoKA3ye, wo iCHyIomb npoyec, wo 3aKo-
HOMIPHO NPu38005iMb 00 YIMGEOPEHHS 6MOPUHHOL NOPUCMOCTMI, 8MOPUHHO20 KOLEKMOopa i mooi 8eNuKi IUOUHU A6ISII0Mb cOO0I0 6100~
Kpemieny enubunHy 301y 2azoHakonuuenns. Icnye Kinvka piznosudie naxnadenoeo kamazenesa. OOuieto 3 Haubinbw po3podneHux €
meopis. YMEopeHHs. MemacomMamuiHo20 KOLeKmopa 6 pe3yIbmami 2in02eHHO-aLI0OMULEHHO20 pO3YWilbHeHHA. B ocnosi nexcums
8MOPEHEHHA 8 NEPIO0 MEKMOHO-MASMAMUYHOL AKMUBI3ayii 2TUOUHHUX azpecusHUX ioioie 6 NAACH Ne6HO20 CHPUAMIUBO20 CKAAOY
3 BULY208YBAHHAM OOHUX | BIOKAAOEHHAM THUUX Komnonenmis. [lepedbauaemucs, wjo yetl npoyec cynposoor#CyeEmvCsa KpUcmanisayi-
€10 nesHUX Minepanig-inouxamopie. I106ydosani 6 x00i 0anoi pobomu epagiku 8i006paxtcaroms K 3aKOHOMIPHY 3MIHY HOPUCMOCTI
0aH020 muny niCKOGUKI8 3 enUOUHOI0, MAK i NOKA3YIOMb AHOMAII0, NO8'A3aHY 3 AKUMOCH HAKAAOCHUM NPOYECOM, W0 OONYCKAE PI3HI
nosicnenns. IIpupoono 3acmocyeamu Onis UpIuLeHHs NUMAHHA MIHepanu-iHOUKamopu, npome npogedeHull aHai3 NOKA3ye, wo chne-
YugpiuHux MiHepanie — IHOUKAMOPIE 2IN02EHHO-ANOMUSEHHO20 PO3VUIIbHEHHs. NOKU He 3HAUOEHO, 6Ci MIHEpAanu, Wo 3a1y4aiomsyCs,
MOdICYmb 6ymu iHmepnpemosani ik Minepanu 00H020 i3 cmynenie cmaodianbhozo kamazenesy. Crazamne He CnpoCmosye MONCIUGICMb
VMBOPEHHs BMOPUHHO20 MEMACOMATNUYHO20 KOJLEKIMOPA 34 HABEOEHUM MEXAHIZMOM, ane 008ecmi 1020 peanizayiro 3a MiHepaiamu-
iHOUKamopamu, 6iOMiveHuM y BUBYEHUX 3PASKAX He NPeOCMABIAEMbCL MONCTUBUM.

Knwwuoei cnoea: emopunna nopucmicms, 8MOPUHHUL KOTEKMOP, MEMACOMAMUYHUL KOLEKMOp, PO3YWLIbHEHHS, MiHepaiu-
iHOUKAmMopu, HaKIAOeHull KamazeHes, KeapyumonooiOHi NicCKOBUKU, HAPMO2a30HOCHICMb 8ETUKUX 2TUOUH.

C. ®. Hogepennwuii, A. H. Jdypve. K BOITIPOCY CO3JAHHA BTOPHYHOH ITOPHCTOCTH B OT/JIOXEHHAX
BOJIBIIHX ITIYEHH FOI0-BOCTOKA JHEITPOBCKO-JOHEI[KOH BITA/JHHBI. B nacmoswee épems GONbUUHCIEO UC-
cnedogameneil OCHOBHbIE NEPCNEKMUBLL HePMe2a30HOCHOCMU C6A3b18alom ¢ bonbuiumu erybunamu. Badicneiiwum xomnonenmom
npobnemvl Heghme2azoHOCHOCMU OONLUIUX 2TYOUH ABNAEMCs NPodiemMa KOMNEKMopos — GblACHeHUe 0cobennocmell ux o6pazoeamus,
cocmasa, ceoticme. [lpobnema sma 0o Hacmoswezo 8pemeHl He umeenm O0OHO3HaAuHo2o peuteHus. C MOYKU 3peHUs KIacCuyeckoll
meopuu cmaouaibHO20 KamazeHe3a ¢ 2nyOuHol nepeutHas nopucmocmy 3aKOHOMEPHO U HeoOpaAmuMo YMEHbUAeMcs, U pedb MO-
arcem uOmu moabKo 0 MOM, HACKOIbKO Oblcmpo 3mo npoucxooum. Tozoa 6onvuiue nyounsl npedcmarom 30HoU 3amyxarouell Hegpme-
2a30HOCHOCU 0e3 0cobbix nepcnekmug. Ha nomowsp npuxooum meopusi HAOMCEHHO20 KamazeHe3d, KOmopas nokasvleéaen, ymo
Cywecmsyiom npoyeccol, 3aKOHOMEPHO NPUBoOsUUe K 00pa308anHuio GMOPUYHOU NOPUCIIOCTIU, MOPUYHO20 KOLEKMOpa U mo2od
bonvuue 2nybuHbl NPeOCmasisiiom cobou 060cobIeHHYI0 2TyOUnHYI0 30HY 2azonakonaenus. Cywecmeyem HeCKONbKO PA3ZHOBUOHO-
cmeli Hanodcenno2o kamazenesa. OOHol u3 Haubonee paspabomanHIX S6ISEMCcs meopust 06pa306aHUs MEMACOMAMUYECKO20 KO-
JleKmopa 6 pesynbmame 2UNO2EHHO-AVIOMUSEHHO20 pa3yniomHueHus. B ocnoge nedxicum emopdcenue 6 nepuoo mMeKmoHo-
Mazmamuieckot akmusu3ayuu 2IyOUHHbIX a2pecCUsHbIX (ioudo8 8 NIAC ONpederénHo20 Oa2oNPUANCMEYIOUe20 COCMAsa C bl-
wenauueanuem OOHUX U OMILONCEHUEM Opyeux KoMnoHenmos. Ilpeononazaemcs, ymo smom npoyecc ConpoBoHCOAemcs KPUCmaiiu-
3ayuetl OnpeoenéHHbIX MUHePALo8 - uHoukamopos. Ilocmpoenuvlie 8 x00e OanHOU pabomvl SpaghuKy OMpaircaiom Kax 3aKOHOMepHoe
U3MeHeHUe NOPUCMOCIUY OAHHO20 MUNA NeCYAHUKO C 2TYOUHOU, MAK U NOKA3BIBAION AHOMALUIO, CEA3AHHYIO C KAKUM-O HATIOHCEH-
HbIM npoyeccom, O0RycKkarowum paiuiunoe odvsicuenue. Ecmecmeenno npumenums 05l peuieHust 60Npoca MUHepabl-UuHOUKAmopbl,
O0O0HAKO NPOBEOEHHbII AHANU3 NOKA3bIBAEM, YMO CReYUDUUECKUX MUHEPALO8 — UHOUKAMOPO8 SUNO2EHHO-AIIOMUSEHHO20 PA3YNION-
HeHUsl NOKA He HAl0eHOo, 6ce NpugieKaemMvle MUHEPalbl MO2ym Oblmb UHMEPNPEMUPOSaHbl KAK MUHEPAbl OOHOU U3 CmMyneHel cma-
ouanvrozo kamazenesza. CkazanHoe He onpoeepaaent 03MONCHOCHb 00PA308AHUS BMOPUUHO20 MEMACOMAMUYECKO20 KOMLEKMopa no
NPUBEOCHHOMY MEXAHU3MY, HO OOKA3AMb €20 Pealu3ayuro N0 MUHEPALAM - UHOUKATMOPAM, OMMEYEHHbIM 8 U3VUEeHHbIX 00pa3yax He
npeocmasniaemcs 603MONHCHbIM.

Knrouesvie cnosa: emopuunas nopucmocmys, 6mMopuyHblil KOLIEKIMop, MemacomMamuieckull KOIIeKmop, pasyniomHeHue; Mu-
Hepanbl-UHOUKAMOPbL, HALOJCEHHBII KAMdzeHe3; KeapYUmosuouvle NeCUaHuKl, Hepme2a3oHoCHOCHb OOTbUUX 2TYOUH.

Beryn. ¥V Tenepimniii wac OifbIIICT JOCHTIJ-
HUKIB OCHOBHI MNEPCHEKTUBH Ha(TOra30HOCHOCTI
Juinposcbko-Jlonenskoi 3amanuan (J1/13) nos's3y-
I0Th 3 BeIMKUMH TmnOuHamu. Tak, B poboti [1]
O.10. Jlykin 3a3Hayae, MO «y Mipy MOAAIBIIOTO
IMOOKOTO 1 HAATTMOOKOTO OYpiHHS PECypCcH ByTIIe-
BoaHiB (BB) rmuboko3ansrarounx KOMILIEKCIiB Oy-

JIyTh HEYXUJILHO 3pOCTATHY.

HaliBaxmuBiluM KOMITOHEHTOM MPOOJIEMU Ha-
(hTOra30HOCHOCTI BEIIMKHX TIIHOWH € Tpodiema Ko-
JIEKTOPIB — X YTBOpPEHHS, CKJaj, BIaCTUBOCTI. Sk
CKa3aHo B po0OTi [2], Ha BEIMKKUX TINOMHAX 0CaI0BI
MOPOJU, K TPaBUJIO, 3HAXOAATHCA HA CTalii TIU-
ounHoro kararenesy (MKjs i Oinmblie), 1o Beae 110
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[IPAaKTUYHO TIOBHOI'O 3HMKHEHHS IEPBUHHOI MDK3e-
PHOBOI MMOPHUCTOCTI IMICKOBUKIB — OCHOBHHX KOJICK-
topiB /3. [Ipn upoMy Ha TiIi mepeBaskaHHS IiJIb-
HUX, IPAaKTUYHO HENPOHUKHUX IMOPif, 3yCTPi4atoTh-
Csl OKpeMi pe3epByapH, IO BOJOMIIOTH a00 peik-
TaMH IE€PBUHHOI, 200 HOBOYTBOPEHOK BTOPHHHOIO
MOPHUCTICTIO 1 3aIIOBHEHI BYIICBOMHSIMH, 11O 3HAXO-
JSIThCS 3a3BUYAll i aHOMAaJbHO BHCOKUM IUIACTO-
BUM THCKOM (ABIIT).

30epeKeHHIO MTEPBUHHOI MOPHUCTOCTI HAa BEJH-
KUX TIMOMHAX CIpHse 00pe BiJOMHUI KOMILIEKC
(haxtopiB. ['0TOBHUMH KOMITOHEHTAMH ITHOTO KOM-
IUIEKCY € paHHE 3allOBHEHHs MepBHHHUX mop BB,
CepeHbO-KPYITHO3EpHUCTUH, J00pe BimcopToOBa-
HHW, MOHOMIHEPAJIbHUHA KBapIIOBUI ITICKOBUK 3 Mi-
HIMyMOM TJIMHHCTOTO IIEMEHTY (KBapIIOBUU apeHiT),
BEJIHMKa TOBIIMHA IIapy, EKpPaHyBaHHsS KOJEKTOpa
MOTYXHOI0 coyisiHOi ToBuieto. [lomanpmomy 36epe-
KEHHIO TIopHucTOCTi cripusie yrBopeHHs: ABIIT. On-
HaK ICHYBaHHSI TaKUX PETIKTOBHX, 3aJIUIIKOBUX pe-
3epByapiB OOYMOBJICHO PIJKICHHM BIaIMM 30iromMm
00CTaBWH i 30Ha TNMHOMHHOTO KaTareHesy HEMUHYyYe
[IOCTa€ 30HOK 3aracarodoi IIPOMHUCIIOBOI Ia30HOC-
HOCTI, MOB'sI3aHOI a00 31 3rajJjaHUMHU PETIKTOBUMH
pesepByapaMu, abo 3 TPINUHHAMH pe3epByapaMHu,
YTBOPEHUMH TIOONMW3y 30H AaKTHUBHOI TEKTOHIKH
(mMOWHHI  pO3NIOMH, IHTEHCHUBHE CKIIAJKOYTBO-
pEeHHS).

CkazaHe BU3HAUYa€ iHTEpeC 10 MPOIECIB YTBO-
PEHHSI BTOPUHHOI TIOPUCTOCTI, sIKa BiJIKpUBA€ HOBI
MEPCHEeKTHBU il TOUIYKiB HadTH 1, MEpeBakHO,
ra3y Ha BEUKUX TTMOWHAX [2]. 3rifgHO 3 morsgaMu
0ararboX JOCIITHUKIB, BKIFOYAFOYH 1 aBTOPIB JaHOI
pobotu [1,2], Ha BeNMKUX TIMOMHAX 3 TOYKH 30Dy
KOJIEKTOPCHKUX BJIACTUBOCTEH HAMOLIbII Mepcrex-
TUBHI KBapIOBI ITCKOBUKH 3 pereHepariitHo-
KBapIIOBUM I[EMEHTOM — KBAapIHUTOIOIIOHI ITiCKO-
BUKHU.

Mera po6oTH: BCTAaHOBHUTH 3aKOHOMIipHOCTI
VIIUJIbHEHHS KBapIUTOMOMIOHUX MICKOBHUKIB 3 TJIH-
OMHOIO, BUSIBUTH aHOMAJIi B MPOIEC] YIIIIBHEHHS 1
crpoOyBaTH 1HTEPIPETYBAaTH iX 3a JOIOMOTOI0 Mi-
HEpallbHUX 1HAMKATOPIB TillOT€HHO-aJI0TUT€HHOTO
PO3YIIiTbHEHHS.

AHaJniz nonepeanix po6irt. Ilpouec cragians-
HOTO KarareHe3y BUCBITJICHUH Yy KJIaCHYHUX POOO-
tax A.I. KoccoBcpkoi 1 B. JI. Illyrtora [3,4], A.B.
Komemiosuua [5], M.B. Jloreunenko [6], I.H. Iepo-
3io [7], M.€. Homynu, C.B. Jluteun i C.J1. XapueH-
ko [8,9], O.1O. Jlykina [10] Ta inmux aBtopis. [Ipo-
[ECH HAaKJIQJIEHOTO KaTareHesy, B TOMY 4YHCIi 3
YTBOPEHHSIM BTOPHHHOI MOPHUCTOCTI — y poOoTax
B.A. JleGenera [11], O.1O. Jlykina [1,12], A.Jl. Ko-
pobosa [13,14], L. L. 3irmenko Ta O. I1. 3apurpkoro
[15] Ta inmmx aBToOpiB. IcHY€E KiNbKa MojieTiel yTBO-
PEHHSI BTOPMHHOI MOPUCTOCTI, AESKI 3 HUX KOPOTKO
po3msHYyTI B poboTi [2]. Haitbinpm ompariboBaHu-

MH TIpeacTaBisroThes normwsiaun O.10. Jlykina, 1o
PO3IUISIOTECST (HACKUTBKH MOXKHA CyIOUTH 3 JiTepa-
typH) A. JI. KopoboBum 3 crniBaBropamu. Buknane-
MO OCHOBHI TOJIOXKCHHS IIi€i MOJENi, JOTPUMYIO-
9UCh 3rafgaHoi podoTu [2].

3a marepiamamu O.10. Jlykina [1,12] mepsurna
MOPHCTICTh YIAMKOBHX TOPiJl iCTOTHO PEAyKYyETbCS
BXKE€ Ha TOYaTKy Me3oKararenesa, Ha crafmisx MKs i
BHIIe TIEPBUHHA MOPHCTICTh PEAyKOBaHA BXKE MOBHi-
CTIO 1 POMHCIIOBA Ta30HOCHICTh BEJUKUX [IHOMH
MPaKTUYHO MOBHICTIO TIOB'I3aHa 3 BTOPHUHHOKO TO-
puctictio. Tak, Ha mmOuHax Oinmbire 4-5 KM iCHY-
BaHHS IMIIAHUX KOJIEKTOPIB IIJIKOM OOYMOBIICHO
PO3BUTKOM BTOPWHHOI MOPHCTOCTi, YTBOPEHHS SKOi
Bi/IOyBa€ThCSA 32 PaxXyHOK PO3UYMHEHHS KapOOHATHO-
0, NIMHUCTOT0, pereHepaniiHo-KBapLOBOIO 1IEMEH-
TiB 1 YaCTKOBOI'O BHHOCY YJIaMKOBOTO KBapIly Kiac-
TH4HO{ YyacTUHH. PO3YMHEHHS 1 BUHOC OZHUX MiHe-
paiB, CYyIpOBOKYETECS YTBOPEHHSIM 1HIINX. BTO-
puHHI Kosektopu mnookux ropu3onTiB O.10. Jlykin
PO3IIsaE SIK BTOPUHHI METAaCOMAaTUTH IO KaTareHe-
TUYHO HEPETBOPEHUM YJIaMKOBUM moponam. lIpu-
YMHU METacoMaTo3y KPHIOTHCS B MEPiOAHYHOMY
BTOPTHEHHI BUCOKOHAMPHHUX, BHCOKOTEPMAIBHUX
(uroiniB, arpecMBHUX SK 10 KapOoHary, Tak i1 o
CWIIKATiB, 1 MO KBapiy. Y Tepiond TEKTOHO-
MarMaTu4HUX aKTHBi3amlild, 00yMOBIEHHUX KOPOTKO-
YacCHUMH 30ypEHHSIMH MaHTIHUX TUTIOMIB, BiJOyBa-
€TBCSI PO3KPHUTTA (MIFOINOYIOpPiB, PI3KO 3pOCTaE
MPOHHUKHICTh TPINUHYBATUX 30H PI3HOTO IIOXO-
JOKEHHsI, BiJIOyBaeTbcd TNPHUPOAHUN TiIpPOpO3pHB
HaNOUTBIN MIIHUX PI3HUIL MOPiJ, KUCIOTHA XBUIIS
METacoMarTo3y, 110 e Nepior, 00yMOBIIOE 1HTEH-
CHUBHE pO3uMHEHHS KapOoHariB. [lamiHHS THUCKY
IMOWHHUX (ITIOIIIB OOYMOBITFOE 3HWKEHHS Tapitia-
meHOTO THCKY CO> i migBumieHHs ph cepenoBuIna.
KucnoTrHa XBHIISI 3MIHIOETBCS JTYXKHOIO, TIPH I[bOMY
BiZIOYBa€TbCsl PO3UMHEHHS KBapIly 1 CHIIKAaTIB, aie
MOJKJIMBA KpUCTAITI3aIlisi KapOOHaTYy.

Mornsau O.10. Jlykina po3ninsie A./l. Kopo6os
3 cmiBaBTOpamu [13,14], mo po3misgae siBUIIA Po-
3YIIUJIFHEHHS B TEKTOHIYHO aKTHBHUX 30HAaX 3axXif-
Horo Cubipy. HaBogsium sik mpuksiag moponu miep-
KaJITHCHKOI Madku (BEpXHU HIKHBOI fopn) TamiHChKO-
TO POIOBHILA BiH BKa3ye, 10 BOHH CTAlOTh BHCOKO-
AKICHUMH KOJIEKTOpaMH B Ppe3ynbTaTi IHOOKOro
T1IpOTEPMATBHOTO TIEPETBOPEHHS 1 SIBISIOTH COOOIO
JIUKIT-KAOJIiHIT-KBapIoBI MeTacomarutu. Ha pnoma-
tok o moniniB O.1O. JlykiHa Ha TOCTIiIOBHICTh
MO B XO/AI METacoMaro3y, BiH CTBEPIXKYE, IO B
Mepioja TEKTOHO-MarMaTHYHOI aKTHBI3aIlii Ha JiJIsH-
KaX MaKCUMaJIbHUX TigpOTEpMaJIbHUX 3MiH B PO3-
JIOMHHMX 30HaX TOJIOBHY POJIb IPajii BHCOKOTEpMa-
TpHI po3unHM, Oarari He Tutbku CO,, ane i SOs.
OnHaK HaJIXOMKEHHS CIPUYAHOKHCIOTHHUX PO3YHMHIB
BinOyBajocs TUIBKM Ha MakCHUMyMi TiApOTepMalib-
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HO1 misttbHOCTI, a CO, HaIXOIWB Yy MOPOAHM HA BCIiX
eTamax akTuBizamii [2].

ABTOpHU AaHOi pOOOTH KBapLOBUM ITiICKOBHKAM
3 PpErcHepaIliifHO-KBApIOBUM IIEMEHTOM, SK Hai-
OlIBII MEPCIIEKTUBHUM KOJEKTOPaM BEIMKHX IVIM-
OuH, mpucBsTIIN ctarTi [16,17,18,19], me po3ms-
JIaNCsl B OCHOBHOMY MiCKOBUKH ropu3oHTiB C-5 i
B-25-26 KoreneBchko-bepe3iBcbKoi 30HH 3 TOUYKH
30py 4YacTKOBOTO 30€pe’KeHHs HUMHU IIEPBUHHOI I10-
puctocri. [ligBuimenuii intepec no mickoBukiB Ko-
TeNeBChKO-bepe3iBCchKoi 30HH TOSCHIOETHCS CIIELH-
(hixoro paiioHy pOOIT, 0 BKIOYAE MiBISHHUH CXiJ 1
yacTkoBO 1eHTp /13, sika mossirae B TOMy, 1110 Bif-
KJIaId HWYKHBOTO KapOoHy (A€ B OCHOBHOMY PO3BH-
HEHi TIOPOJIH, IO HAC IIKaBIATh) B IMPHUOCKOBIN 30HI
WIyTh Ha BENTUKI TTMOWHY 1 IOCTYITHI TiIJBKH 1O 60-
pTax i B mpubopToBux 30Hax. Ha Goprax BoHM 3a1si-
raroTh Ha MOPIBHSHO HEBENWKHUX DIMOMHAX 1 MO KO-
JIEKTOPCHKUX BIACTHUBOCTSX HE HAATO BIIPI3HSAIOTH-
Csl BiJ| MICKOBUKIB 3 TIIMHUCTHM 1 KapOOHATHUM Iie-
MEHTOM, BIiATOBITHO HE BHUKIIMKAIOUYHM OCOOIHBOTO
inTepecy. Ilpu po3byproBanHi Korenescrkoro i be-
PE3iBCBKOTO POJIOBHIII, JIe¢ HIDKHIA KapOOH JICKUTH
[IHOO0KO, BIAMIHHICTL BJIACTUBOCTEH ITICKOBHKIB
KHJIAETHCSI B 04l 1 3MYIIY€ IIyKaTH MOSCHEHHS.

[IpakTHyHO 3aBXIM, KOJIU MOBa HAe MpO BTO-
pHHHI KonekTopu Benukux mmbun /13, B 1meHTpi
yBard BUSBISIIOTHCS KBAapIOBI MiCKOBUKU 3 pereHe-
pauifiHO-KBapLIOBUM LIEMEHTOM, II0 MOEAHYETHCS 3
0€3I[EMCHTHUM 3UJICHYBaHHSIM 3€PEH, 1 3 MIJICIIINM
3a KUIBKICTIO KAONiHITOBUM 1 KapOOHATHUM II€MEH-
TOM, BiJTHOCHI KUTBKOCTI SIKMX BapilfOIOTh IO BEPTH-
Kalli i ropu3oHTaT. I CTUCIIOCTI MOYKHA HA3UBaTH
ix oprokBapiuramu [20] abo KBapIHUTONOAIOHUMHU
mickoBukamu [21], po3pi3HSIOYM B HHUX MIUIBHY 1
MOpHUCTYy pi3HULI. Y pasi, SKIIO CIPaBEAIUBA OIH-
caHa BHWIIE MOJIENIb TOr€HHO-aJOTeHETHYHOTO PO-
3yIIUTBHEHHS, 1X (ciigom 3a [13,14]) MoxHa BiHEC-
TH 110 (opmarlii BropuHHHX KBapuuTiB. Lli mickoBu-
KM CXWIBHI SIK JI0 MaKCUMaJIbHO TPHBAJIOrO 30epe-
JKEHHS TIEPBUHHOI MOPUCTOCTI, TaK i O YTBOPEHHS
BTOPUHHOI OPUCTOCTI B yMOBAaX, OIMCAHUX y POOO-
tax [1,12,13,14]. Bapro Big3HauuTH, 1110 B 000X BU-
MaJiKkax, He3BaKaloUW Ha BEJIWYE3HY POJIb MOCTCe-
JUMEHTAIIHHUX TPOIECIB, JIOKATi3aIlis IUX IiCKO-
BUKIB, B KIHLIEBOMY PaxyHKy, 0OyMoOBIieHa (aliaiib-
HUMHU (PAKTOpaMH, OCKUJIBKA BTOPHHHHUI KOJEKTOP
PO3BHBAEThCSI HA CyOCTpaTi, YTBOPEHHS SIKOTO ITiJl-
nopsiikoBaHe (harialbHOMY KOHTPOJIO.

Buxaan ocHoBHoro marepianay. CrpoOyemo
y3arajJbHATH HasBHI Marepiajd MO MCKOBHKaX Ta-
KOTO THIy, PO3KPUTUX B MiBAEHHO-CXimHIN 1
ueHTpaybHiil yactuni /13 Ha pi3HUX pomoBHIIAX i
PI3HUX TIIMOUHAX.

Y Mexax IeHTpajbHOI Ta MIiBIEHHO-CX1IHOT
yactuH JI/13 KBapLOBi MICKOBUKH 3 pereHepariiHo-
KBapLIOBUM LIEMEHTOM JOCUTh LIMPOKO IOLIMPEHI Y

BIIKJIa/IaX HIHKHBOTO KapOOoHY. TyT BOHU IepeBaK-
HO BXOZATH [I0 CKJIaAy TEPUTE€HHOI BYIJIEHOCHO-
OOKCHUTOHOCHOT ~ KOHTHHEHTAJIbHOi,  TEPHUI€HHO-
KPEMEHHUCTO-KapOOHATHOI MOPCHKOI Ta BYIJICHOCHOT
nomidarianeaoi dopmarniit O. FO. Jlykina [10]. ¥V
KEpHI 3yCTpIYarOTbCSd B OCHOBHOMY IIO ITiBHITHOMY
0opTy, pialie — B MPUOCHOBIN YaCTUHI 1 MO MiBJCH-
HOMY O0pTy. 3a po3rmsHyTHil mepion 3 2001 mo 2017
pOKHU BOHHM Oynm migHATI B 74 cBepmiioBHHAX Ha 42
pomoBuIIax i ruromax. Ha niBHiuHOMY OOpTY Wi Tic-
KOBHKH PO3KPHUTI JOCUTH ONM3BKO A0 MOBEPXHi (TI0-
ypHarou 3 1156 M), B OChOBIH 30HI WAYTh Ha TIIH-
OuHy, 1e BOHU PO3KPUTI Ha MHOMHAX 70 6292 M.

VY HaiOinem TUMOBIH (QopMi BOHM 3ycTpiva-
I0TBCS B pOMOBHIIAX MiBHIYHOTO O0pTy (CKBOpIIiB-
ceke, lOmiiBceke, OcTpoBepxiBchke, |paxiBChbke,
UkaJliBChbKe) 1 B MPWICTIIMX JIO0 HUX POMOBHINAX ITiB-
HiuHOI pubdoproBoi 30U (KoTeneBcrke, bepesiBch-
ke, CreroBe, KomoManpke, Makcaibchke).

B xomi moapOBHX JTOCHIIKEHb ITICKOBUKH 3 Pe-
TeHepallifHO-KBapIIOBUM IICMECHTOM 3a3BUYall BU/Ii-
JISTFOTHCS Bi3yallbHO 1 32 (PI3MIHUMU BIIaCTUBOCTSMH.
VY pasi yucroro, 100pe PO3BMHEHOIO pereHeparliii-
HO-KBapI[OBOTO IIEMEHTY BiH 1ICHTU(IKYEThCS JI0-
CHUTh BIIEBHEHO, B pa3i 3MiIIaHWX KBapIOBO-
IJIMHACTUX 1 KBapIIOBO-KapOOHATHUX IIEMEHTIB YiT-
KO BIJPI3HUTH 1X HE 3aBXKIH BIAETHCS, TaK SIK PO3III-
Ji(OBYEThCS JTAJICKO HE KOKEH Minfanuid map. Big-
KHHYBIIM CYMHIBHI BHITaJK{ 1 310paBIIN BOEIWHO
BCl JIaHI MPO TOPHUCTICTh BiNIOpaHWX MICKOBUKIB
MOXHA TpadivuHO 300pa3uTH XapakTep 3MiHH TOPHUC-
TOCTI MCKOBUKIB JJAHOTO TUMY 3 TITHOWHOIO.

Ha puc. 1 npuBenena MakcuMaibHa MOPUCTICTH
KO)KHOTO TIIIAHOTO MIapy, BiJHECEHA JI0 MOKPIBIi
poro mapy. Beporo BukopucTani naHi mo 232 kep-
HaX, BiIiOpaHUX B Pi3HHUX POJOBHINAX HAa IITUOMHAX
Bix 1156 no 6292 M, MakcMMalibHA MOPUCTICTH IO
sxux Bapitoe Big 0,2 10 27,3%. MOXKIHMBO, BiTHOCH-
TH Oynmo O Kparie 0 cepenrHu iHTepBajy BilOOpY,
ajie mpH TakoMy MacinTali IIMOMH 1€ He Majlo cep-
HO3HOTrO 3HAYCHHS, a poOOTH J10aBasIo icToTHO. Ha
PUCYHKY BHJHA TIpsMa JIiHisl, IO OOMEXy€e MaKCH-
MaJlbHI 3HAYeHHS TTOPUCTOCTI HA PI3HUX ITHOWHAX.

JloOpe mOMITHO, 1[0 MakCUMaJibHa MMOPUCTICTh
MICKOBHUKIB AaHOTO THIy piBHOMipHO yOyBae 3 miu-
OMHOIO 1 Ha MIHOMHI OJTH3BKO 7,5 KM CXOIMTh HaHI-
Bellb. Ha 11bOMy TiTi cIOCTEpiraeMo BHKHJ 3HAYCHD
MTOPUCTOCTI, OOYMOBJIEHUH MCKOBUKAaMH TOPU30HTY
B-25-26 KoreneBcrkoro ta bepe3iBcbkoro pogoBuii
Ha mMOuHax Mmaibke 6 kM. L{ikaBo, 1110 apyri micKo-
BUKH, 1110 PO3MISAAI0TECS B HAIMX poOOTaX — TOpH-
30HTY C-5 (mmmbuna 4582 M) — nexarb B MeXax,
00MEXEHUX JIHIEI0 MAKCUMaJIbHUX 3HAYCHb.

I'padix MOXKHA IHTEpIIPETYBaTH TaK, MO CTai-
aNbHUU KaTareHes, CTYIiHb SIKOTO HApPOCTAa€E 3 IIH-
OMHOI0, OOYMOBIIIOE 3aKOHOMIpHE 3MEHIIEHHS I10-
PHUCTOCTI TAHOTO THUITY MiCKOBUKIB, TPUIOMY 1HOII
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Puc. 1. 3mMiHa MakCHMabHOI TOPUCTOCT] MICKOBUKIB 3 pereHepallifHO-KBapIOBUM [IEMEHTOM
3 TIUOMHOIO 110 KEPHY

[Ie 3aKOHOMipHE YIIUILHEHHS TepEPUBAETHCS HIE0
SIKOTOCh HaKJIaJeHoro npouecy. Y po6ori [18] namu
OyB 3p0O0JICHUI BUCHOBOK TIPO TE, IO IIi «ITICKOBUKH
BITHOCATBCSI IO OKPEMOTO IMeTporpadigHOTO THITY
MOpPijA, JOCHUThH MIMPOKO PO3MOBCIOMKEHOMY y HHXK-
HbOMY KapOoHi. OCOOJUBICTIO IIBOTO THUITY IOPIJ €
HETHUIIOBA TIOBE/iHKA B KaTareHe3i MOPIBHAHO 3 IIic-
KOBHKaMH 3 TNIMHUCTUM LIEMEHTOM, JUIS IKHX PO3PO-
OJIeHI CXeMH KaTareHeTUYHUX TepeTBopeHb. [lopo-
JIM IIbOTO THITYy 3HAYHO Kpallle YHHSATH OIip 30BHIII-
HIM BIUTMBaM 1 MOXYTh 30epiraté ao0pi eMHICHO-
(binpTpariifHi BIaCTUBOCTI Ha BEIUKUX TITHOWHAX).
Termep MoXHa yTOYHHUTH, IO XO4a YIIIIBHEHHS Ja-
HUX IICKOBHUKIB B TUTIOBOMY BHUIAJIKy BiOyBa€eThCs
HE 30BCIM TaK, SIK MICKOBHKIB 3 NIMHUCTUM II€MEH-
ToM (puc. 2), ajie B pe3yabTari JOCATalOThCS TPHO-
JU3HO Ti K 3HaueHHs nopucrocti. Tak, Ha IHOMHI
6 KM, 3rimHO 3 Tpadikom puc. 1, MCKOBHKHU 3 pere-
HepaliifHO-KBapIIOBUM I1IEMEHTOM MAalOTh ITOPHUC-
Ticte 10 9-10%, aje >k i MICKOBHKH 3 TJIMHHCTHM
LEMEHTOM, 3TiIHO 3 rpadikoM pHc. 2, TaK CaMO MO-
XKYTb MaTy OPUCTICTh 10 §8-9%.

Ha puc. 2 HaBeneHo rpadik 3MiHH MaKCUMallb-
Hoi mopuctocTi Ay 328 mapiB MICKOBHKIB 3 iCTOTHO
[JIMHUCTHUM LIEMEHTOM, BiliOpaHUX Ha THX e POjo-
BUIIax. MakcuMalbHI 3HaueHHS MOPHCTOCTI Bapi-
101016 Big 0,6 10 40%, rubuuu — Bix 220 1o 6200
M. SIk BUAHO 3 rpadika Ha puc. 2, JaHa CyKYIHICTh

MOXe OyTH ampOKCMMOBaHa KPHBOIO EKCIIOHEHIia-
mpHOI (YHKII, ajle, MOXKJIMBO, OLTBIN MPaBHUIIEHUM
Oys10 O TPUAHATH aPOKCUMAIIIIO JIAMAHOIO JIHIE0:
npsMa 10 4 KM 1 Apyra, KpyTo HaxujeHa mpsiMa —
Bil 4 kM 1 mmoOmre. Toni MOXKHa TOBOPHUTH TIPO Te,
10 HMXKYE 4 KM TOPOAM YIIUILHIOIOTHCS 32 1HIIHM
3aKOHOM. B 11il0My, KpHBi yIIITbHEHHS MICKOBUKIB 3
IJIMHUCTUM LIEMEHTOM CXOXi 3 KPUBHUMH YILIIbHEH-
HS [JIMH, a KPHUBI YIIUTFHEHHS MICKOBUKIB 3 pereHe-
paliiiHO-KBapIlOBUM I[EMEHTOM — 3 KPHUBHUMH YIIli-
JILHEHHSI ITICKOBHKIB 3 KAPOOHATHUM I[EMEHTOM.

3asexHi BiJl CKIaly IEMEHTY MaKCHMaJbHi Bi-
JMIHHOCTI TOPUCTOCTI JUIsl TTICKOBHUKIB, IO YIIiJIb-
HIOIOTBCS B XOJi CTaliaJbHOTO KarareHesy, OymyTb
NOB'A3aH1 3 iHTepBaIoM 4-5 KM (iHTepBaJl 3aJIAraHHs
ropuzonty C-4-5 KoreneBcbko-bepesiBcbkoi 30HM),
Jie KBapIIUTOBU/IHI MICKOBHUKH MOXYTh MaTd IOPHUC-
TicTh 10 18-19%, a mmmaucTi — 10 10-12%.

MoxHa JIOMYCTUTH, IO HE3BAKAIOUM Ha IET-
porpadivuHy CXOXICTb, MICKOBUKH TOpH30HTY C-4-5
MOXYTh MaTH 30€pexeHy B XOi CTaliaJbHOTO KaTa-
reHe3y MEePBUHHY HOPHUCTICTh, a MCKOBUKH HUKHbBO-
TO Bi3e — BTOPHHHY MOPHCTICTb.

Sk Oyne 3MIHIOBATHCS MAKCHMAJbHA MPOHM-
KHIiCTh IICKOBHUKIB 3 pereHepaniiiHo — KBapLOBUM
[IEMEHTOM T0Ka3aHo Ha puc. 3. Bukopucrani naHi
no 229 BepcTBaM, KOJIMBaHHs MPOHUKHOCTI CTaHOB-
aa7h Big 0 mo 6149 m/l, konuBaHHS TTHOWH — Bif
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Puc. 3. 3mMiHa MakCUMaJbHOT MPOHUKHOCTI MiCKOBUKIB 3 pereHepaliiifHo-KBapIloBUM [[EMEHTOM 3 IITHOUHOIO
no kepHy. 1 — Hapmwxusaeska 34,C1v1, 6a3. rop, 2-Konomak 53, C-5
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1156 mo 6292 m. Tak camo sk Ha puc. 1, mpoBeneHa
JIiHISL, 0 00MeXye MaKCUMallbHI 3HAYCHHS Ta30Il-
POHHUKHOCTI.

Sxmo Ha puc. | MOXHa criocTepirati OAWH J0-
Ope BUAMMMII IIiK, TO Ha PHC. 3 TaKUX ITKiB BXE IBa
(He paxyroun OmMHUYHHX 3Ha4eHb 1 1 2). Sxmo ms
B-25-26 Bce 3po3ymino — OibIiiid MOPUCTOCTI BiJl-
TIOBifIa€ OLUTBITIA MPOHUKHICT — TO IO BiTHOIICHHIO
no Topu3oHTiB C-4-5 BUHWKA€E MUTAHHA: YOMY HE
BUAUISIOUUCH MO TOPHUCTOCTI, BOHU Pi3KO BUALNIS-
FOThCS TI0 MPOHUKHOCTI? Y poOori [18] Bia3HaueHO,
mo B ropu3oHTi C-5 3HAYHO CHIIBHIINE PO3BHHEHA
MIKpOTpilMHyBaTicTh. He nomaroum maiike Hi4oro
JI0 TIOPUCTOCTi, BOHA MOMITHO MiJBHUILY€E MPOHHK-
HICTB.

OOroBopeHHsl BHKJIaJeHOro marepiaiy. Ot-
Ke, CyIsTYd 3 HaBeleHHUX rpadikiB, MICKOBUKU TOPH-
30HTY B-25-26 (Ha BigMiHYy BiJ MiCKOBHKIB TOPH30-
HTy C-4-5) sBNsAOTH COOOK aHOMAIlbHE SBUINE Ha
3araJlbHOMY TJIi. AHOMAlil0 MOXHa IOSICHIOBATH
JIBOSIKO: a00 paHHIM 3allOBHEHHSIM iCTOTHO TMEpBUH-
Hoi nopuctocTi BB (aech Ha mmbuni 3-3,5 kM), abo
Mi3HIM yTBOPEHHSM Ha BEIMKUX DIHOMHAX Tl
BIUTHBOM OY/Ib-SIKOTO HaKJaJleHOTo (akTopy, 3 Mopi-
BHSHO MIi3HIM 3amnoBHeHHsM BB yTBOpeHOi BTOpHH-
HO1 mopucrocTi. Ha mepmriit Todmi 30py cTosuin as-
TOpH JaHOi poOoTH, Opyra HalKpalle OnucaHa B
pobotax O.}O. Jlykina, momisiau skoro Oyilu KOpPOT-
KO BUKJIaJICHI BUILE.

Sk mxe Oyl0 Cka3aHO BHIIE, NETporpadiuHo
MICKOBUKH TOPU30HTIB B-25-26 1 C-4-5 nyxe cxoxi.
[TocTae nuranHs Ipo MiHEpaIbHI IHIUKATOPH IIHOTO
PI3HOBHY HAaKJIaJEHOTO KaTareHesa — rillOreHHO —
ajutoturenHoro pasymiisHeHHs 3a O.10. Jlykinum.
BTopuHHUIT KOJIEKTOp, IO YTBOPIOETHCS B PE3YJIb-
tari, B poborax [1,12] kBamiikyeThcsl K MeTaco-
MaruT. OIHaK 3 HaBEJICHUX OIMUCIB HESICHO, B YOMY,
BJIaCHE, B IIbOMY TPOIEC] MPOSBIISIETHCS METACOMa-
T03? Po3unmHeHHs arpecuBHUMHE (UIFOINaMU HECTiH-
KHX JI0 HUX KOMIIOHEHTIB 3 YTBOPEHHSIM BTOPHHHOI
MOPHUCTOCTI, 3TOIOM YACTKOBO 3allOBHEHOI OcajpKe-
HUMU Ha JIY)KHIHA cTafii MiHepaJamu, HE € MeTaco-
maro3. Tpeba qymar, 1o MpoIyKTOM MeTacoMaro3a
€ KAOJIIHIT, aJie BIH MOXE 1 MPOCTO KPUCTAIi3yBaTH-
csl 3 MOPOBUX PO3YMHIB B KHUCIOMY CEPEIOBHILI.
[Ipunyckatoun, mo ydacTb TYT METaCOMATHYHOTO
mporiecy He PO3KPUTO TPOCTO uepe3 OOMEKeHHI
00CST CTarTi, CKOPUCTAEMOCS BCE K TEPMIHOM TilO-
TCHHO-AJIOTEHETHYHE PO3YLIiIbHEHHS.

MiHepallbHi 1HAMKATOPU CTa/IialbHOTO KaTare-
He3y, TOOTO MiHepalid, SIKI € MOKa3HHMKaMH IeBHOT
cTaaii mepeTBOpeHHsT ab0 TMOCTiAOBHOI 3MiHU CTa-
I, omMcaHi B YHCICHHHX POOOTaX TIeoJIoriB, sKi
BHUBYAJIM MOCTCEIUMEHTAIIHHI mepeTBopeHHs: A.Tl.
Koccoscebka 1 B.JI. Illytos [3,4], A.B. Komnemosuu
[5], M.B. Jlorsunenko [6], I'H. Ilepo3io [7], M.€.
Homyna, C.B. Jluteun i C.JI. Xapuenxo [8,9], O.1O.

Jlykin [10] Ta immi. HaiOinemn momynspHUM 1HIU-
KaToOpOM CTaJiil KaTareHely € opraHidHa pEeYOBHHA.
[oTim, B SIKOCTI HaWBaKJIMBIIIMX MiHEPATbHUX 1H-
JUKaTOpiB BUCTYNAlOTh IIMHUCTI MiHepanu. JJoOpe
BIIOMHH TIepexXii MOHTMOPWJIOHITY B TiAPOCIIONY
ab0 XJIOpHUT, 3aMiHa OJHOTO TIONITHITY TiIPOCIION
IHIIMM, TIepexiJ KaoNiHITy B OUKIT, HAKPUT 1 Mipo-
¢imiT. Y geskux po3pizax BaXIIMBY POJb BiAIrparOTh
meoumith. 1li Tpym KOMIIOHEHTH: OpraHidHa peYOBHHA,
IJIMHUCTI MiHEpaJId 1 TEONITH MOXYTh JaTh Oe3rie-
pEepBHUI psiA cTamiiHUX mepeTBopeHb. IlopiBHSAHO
oOMexXeHy poib TMpPW BUAUICHHI CTafiil KarareHesy
BifirpatoTe 0iOTUT, ayTUreHHi Moau(iKalii Mmoibo-
BUX MINATiB, KBapIly, KapOOHATIB.

IIlo po3rmsimaeTsess B SIKOCTI MiHEpalbHUX iH-
JIUKATOPiB  TIMOTeHHO-AJUIOTUTEHHOTO  PO3YIIiIb-
nHennsa? 3a O.}O. JlykiHuMm [uist yTBOpPEHHSI BTOPHH-
HOTO KOJIGKTOpa TMOTpiOHAa BHXigHA OJITOMIKTOBA
MopoJa, siKa B XOJIi CTaAiaIbHOTO KaTareHesy neper-
BOpHWJIacsi B MOHOMiHEPaJbHO-KBAPIIOBY, AYKE Mill-
HY, ajie KpUXKYy TOpO.y, sSIKa BUCTYIIa€ B PO CyOCT-
pary i popMyBaHHS BTOPHHHOIO KOJeKTopa. Tek-
TOHIYHI Hallpyrd BUKIHUKAIOTh B IBOMY cyOcCTpari
«IWIIaTaHTHY TPIIIUHYBATICTE» 1 0OYMOBIIOIOTH
HasIBHICTh XapaKTEPHUX KPHUCTAJIOONTHYHHMX BIIaC-
TUBOCTEH — HANPUKIAJ, XBUISICTE, XMapHe abo Mo-
3aiyne 3racanHs. IloTiM kucnoTHa XBuisg (uroimy,
IO BIPOBAKYETHCS, PO3YHHSIE BCE, IO MOXKeE (TIep-
BUHHI KapOOHAaTH, iHII HECTiHKi KOMIIOHEHTH), TIO-
Jajblia JIy)kKHa 3a0e3reuye MOXKIUBICTh KPUCTAJTi-
3allii BTOpUHHOTO KapOOHATY, SIKUIl 4acTKOBO Tepe-
KpPHWBA€E TUTHKH M0 CTBOPEHI BTOPUHHI TIOpH. Xapak-
TEPHUMH MiHEpPAJIbHUMH IHIMKATOpaMHu € KapOoHa-
THa, cynb®igHa, OaputoBa, QocdarHa i TUTaHOBA
MiHepatizalisi. YHiBepcaJbHUMH 1HIWKaTopamMH €
TPUKITIHHANA KaomiHiT i gukit [1]. Ha moisxax rmm-
OMHHHUX BHUCXIJHUX ITOTOKIB BIJKJIAJAaIOTHCS YaCTH-
HKM CaMOPOJHUX METaliB, NMPUPOJAHUX CIUIABIB 1
IHTEpMETAaTIIiB.

Ha nomatox 1o HasBHHX y aBTOpiB HeTporpa-
¢iuHMX 1UTI]IB K MOPUCTOT, TaK i MIILHOI Pi3HUIII
KBapIUTOBUIHHX MICKOBUKIB, IPU BUKOHAHHI JTaHOI
poboTu OyB BUKOPHCTAaHHUI METOJl €IEKTPOHHOI pac-
TPOBOi MIKpOCKOIIii. 3 pi3HOBIKOBOTO (NIEPEBAKHO
HIKHIN KapOOH — Bi3e 1 CepITyX0B) KEPHOBOTO MarTe-
piany, BiniOpanoro Ha KoteneBcbkomy, bepesiBch-
komy, CrenoBoMy, UkalliBCbKOMY Ta IiHIIMX POJIO-
Bumiax JIJ13 Oynmu B3sATI 3pa3ky, siKi OynH mepervis-
HyTi 1 cororpadosani f. Jlykinum B YepHiriBch-
komy BimminenHi YkpHATPI Ha pactpoBomMy Mikpo-
ckori PEM-106 3 mikpoaHnanizaropoM. ABTOpHU Jia-
HOi poOOTH mNpoBeNM IiHTEpHpeTalilo Ta aHawi3
OTPUMAaHOIO EJIEKTPOHHO-MIKPOCKOIIYHOTO MaTepi-
ajy B paMKax IOCTaBJICHOTO 3aBaHHs. Pe3ynmbrarn
L[LOTO aHaIi3y HaBeJEHI HIDKYE.

KpynHokpucraniyauid, 1o0pe PpO3KpUCTai30-
BaHWH KaOMIHIT (IMOBIpHO, KAOJIIHIT-TUKIT) TIPHCYT-
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Hill 1 B micKoBUKax ropu3oHTy C-5, i B MICKOBUKax
ropu3oHTy B-25-26 (puc. 4).

VY knacuusiii po6boti A.B. Koneniosuua [5] Bu-
JlileHa cTajisl perpecUBHOTO KaTareHesy, 110 ycKia-
THIOE HOPMAJIFHUIM TOCTYMabHUM XiJ MOCTCEIH-
MEHTAIlifHuX mepeTBopeHs. Crafisi CKIamaeThCs 3
JIBOX €TalliB: KaojiHi3allii i kapoonarusarii. Oouasa

ALk

eTany MoB's3aHi 3 mepeOy/I0BOI0 CTPYKTYPHOTO ILia-
HY TEpUTOpii, YTBOPEHHSIM HOBUX OONACTEH KUB-
JICHHS 1 PO3BAHTAXKCHHS, 1 TIOB'SI3aHOT 3 IIUM aKTHBI-
3amii rigporeosiorivHux nporuecie. Kaominizaris Bu-
KITUKA€ThCSI KUCIIMMHU BOJIAMHM, IO MOTPAIUISIOTH Y
MOpOaH 3BepXy, y Mipy ix HeWTpamizamii BimOyBa-
€THCS BIAKIIAACHHS KapOOHATy. Y TBOPIOETHCS KPYII-

i bl ks ik Mo

7 []
CRE =0

n 2 12

Puc. 4. Kpynnonyckaruii kaomiHiT i kpucran TiO,, bepesiBcbka 203,
C-5, 4749,7-4757,3 M, Ne45076. 1 - xaomiHit, 2 - TiO», 3 -kBapu. PEM-106, doto 4. Jlykina

HOKPHUCTAIIYHUN KAOJIHIT-IUKIT, [0 HE MOTPAILISE
B CTaHJAPTHY «IIIMHUCTY» (Qpakimiio. Pobora [5]
cTocyBanacsi B ocHoBHOMY zipeBHix (PR) apkozoBux
MICKOBUKIB y CKJaJi He JyXe MOTY)XHOi i ciabo
JIUCIIOKOBAHOI TOBINI. B Xomi kaosiHizalii yTBOpiO-
€TbCs 10Ope mpopoOiIeHuit apKo30BUI MTICKOBHK, 110
30epir kapkac, y SKOMY BC€ HeCTilike (KaJiIimar,
I1ariokias, Ol0THT, MYCKOBIT, yJIaMKH IOPia KpiMm
KBapLMTiB) 3aMiHEHO HAa KAOJIHIT 3 yTBOPEHHAM
BTOpHUHHOI mopuctocTi (10 20%), sfika BUHHKAE 3a
paxyHOK 00’€My BHHECEHOTO IpH KaojiiHi3allii ma-
Tepiairy. BigoMo, 1110 yTBOpEHHS KaoiHITy Bij0yBa-
€TBCSI TIPM BHUHECEHHI Mai)ke IOJOBHHHU BUXITHOL
peUOBHHM. Y Mipy HeHTpasi3allii MOpOBUX PO3UHHIB
MoYMHAE Biakianarucs kapoounar. Ha Buxomi maemo
MOHOMIHEpaIbHUI KBapLOBUI IMICKOBHK 3 percHe-
pauiiiHO-KBapLOBUM 1 KapOOHAaTHO-KaOJiHIT-AiKKi-
TOBHM IIEMEHTOM, YTBOPEHHI 11032 3B'I3KOM 3 «Tifl-
pOTEpMAIILHAMHU TMPOSIBAMU MarmMaroreHHOTro TO0XO-
JOKeHHs». Y Tii ke poOoTi [5] HaBOMUTHCS MOCH-
naHHs Ha pobory B.J. Illyroma, sikuii BCTaHOBUB
PO3BHTOK KaOJNIHIT-IHKITY B TOpaX MK pereHepo-

BaHMMH 3€pPHAMH KBapIly B MOHOMiHEpaJIbHUX KBa-
PLOBUX MCKOBUKaX KaBEpPHHCHKOI cBUTH pudes [la-
YEJIMCHKOTO TIPOTHHY.

I'puropuyk K.I'. B po6ori [22], mosicHIOI0YH TIO-
XOJDKEHHST BTOPHUHHOI TIOPUCTOCTI B TYPHEHCHKHX
KOHTHHEHTaJIbHUX IickoBuKax J[J[3, Takox MOB'sA3y-
BaB 11 3 KaOJiHI3aIli€r0 Mij Yac MpeaBi3eichKol ITe-
pEepBH B CEAMMEHTAIIII.

VY pob6ori [3] A.I. Koccorcrkoi i B. 1. Illyrosa
BuAlsIacs ¢amisg MepBUHHUX KBapL-KaoJiHITOBUX
MIIIAaHKX TIOPi, 10 Ha CTaJil MOYaTKOBOIO EIireHe-
3y Majii yCIIaJKOBaHUH CKJIajd, Ha CTaii IMOMHHO-
ro — KBapl-IUKITOBHH, a Ha CTajil MeTarcHezy —
KBapu-mpodiTiToBHiA ckiaam. Y 1ii poOoTi He po3r-
JSITANNCS TIPOLIECH YTBOPEHHS BTOPMHHOI ITOpPHC-
TOCTI, aje BUAUIeHa daiis NepBUHHUX MOpija, aHa-
JOTIYHUX THM, IIO YTBOPIOKOTH CYOCTpar Juis BTO-
PUHHOTO KOJIGKTOPY 1 IIOKa3aHO, IO KBapIl-
KaOJIIHITOBI MICKOBUKH HA CTafil MIMOMHHOTO cTai-
QIIBHOTO KaTareHe3y IepPeTBOPIOIOTHCS B KBapl —
JIUKITOBL. B yMOBax TI'€OCHHKIIIHAJBLHOTO PO3Pi3y
3axijgHoro BepxosiHHS Taki MCKOBHKH 3yCTPIYaIHCs
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MalyTh HE YacTo 1 HISIKUX JaHHWX MO CTPYKTYpi Kao-
niHITY 2060 TUKITY B poboti Hemae. OHak y poboTi
[8], mO CTOCYEThCS BXKE CTaIaIbHOTO KaTrarcHesy
nopia miBnernoro cxoxy JJI3, BigzHaueHo, mo B
30HI TTMOMHHOTO KaTareHe3y «MeIIKOYelryiuaThIil
KAOJIMHUT 3aMEHSETCSl KPYHMHOYEUTyHYaThIMH, XO-
POLIO OKPHCTAIIIN30BAHHBIMH arperaramMmm.

Takum 4MHOM, NPUCYTHICTD BETUKOKPUCTAIIY-
HOTO KaoJHIT-IUKITy OaraTrbMa AOCIITHUKaMU PO3-
IJISITAETHCS SIK HOPMaJIbHUH €Tal CTaIiaIbHOTO Ka-
TareHe3y i JJis yTBOPEHHs HOro HeMae HeoOXiHOCTI
3alTydaTd MaHTiiHI (roim.

o 3 iHIKUMH IHAUKATOPaMH, 3raJaHiMH B PO-
6otax [1,12]? XapakTepHi KpHUCTalIOONTHYHI Biac-
THUBOCTI — XBIIIAICTE, XMapHe abo Mo3aiuHe 3racaHHs
3yCTpidaloTbcs B HW)KHBOMY KapOOHI NMPAaKTU4HO B
KOYXHOMY ITiCKOBHKY 1 HaBpsI[l YA MOXYTb CITYKUTH
1HAMKaTOpaMH 40ro-HeOyb, KpiM TOTO0, L0 MaTepH-
HCBKa JUIsl JAHOTO ITICKOBHKA MOPOJa KOJIMCh 3a3Ha-
Jla 3HAYHI MEXaHiYHi Hampyru. 3 iHIoro OOKy, B Ti-
CKOBHKax MMUOOKUX ropu3oHTiB bepesiBcbkoro, Ko-
TeneBchkoro, CremoBoro, bimbckkoro pomoBuI 10-
CHUTB 0araro KBapily 3 HOPMaJIbHUM 3TaCaHHsIM.

WD=11.3mm
Fe

KBapmoBuii ckian, SK 1 pereHepariiHo-
KBapIOBUH IEMEHT, € XapaKTepHUM JUIi TaJaHUX
MeTacoMaTuTiB. Jlume 3pigka  3ycTpidaroTbes
MOJIbOBI ImaTu (CabKy pO3KIAJCHICTh JCSIKHUX 3
HUX MOXXKHa TTOSICHUTH BIJICYTHICTIO KOHTAKTy 3 TIO-
POBHM DO3YMHOM), II€ DiglIe MYCKOBIT. Aye He
MEHIII OJTHOPITHUI KBapIOBUH CKJIaJ MArOTh IUIbHI
KBapLUUTOBUAHI MICKOBUKH 3 MOpHUcTicTiO 1-2%, Ge3
BCSKHX CIIIB pO3YIIiITbHEHHS.

MilHICTh TOPOIU — TaK, Ii OPOAM 3a3BUYAN
MalOTh MaKCUMaJIbHY MIIIHICTh B PO3pi3i, ane OJu-
3pKy a00 HaBiTh OUNBIOIYy MIIHICTH MOXYTh MaTH
OKBapIioBaHi kapooHaru [18].

KapOonarna minepamizanist — tak, B C-5 mepe-
Baxxae cuaepurt (puc. 5), B B-25-26 — xanpuur [2],
o0uzBa MPHUCYTHI B LIEMEHTaX 3a3BUYail B HEBEIH-
KHX KUbKOCTAX (2-3%), ayie 3pigka yTBOPHOIOTH
NPOIIAPKH HEBEJIHUKOI IMOTYXHOCTI, e KapOoHaT-
HicTh pocsrae 20,1%. Ane kapOboHaTH3aLis pa3oM 3
KaoJiHizamiero B poboTax [5,22] po3mispaerbes SK
eTamny CTaJiaibHOTO KaTareHesy.

Cynbdigna mMiHepamizalis — IPUCYTHS B JOCi-
JOKYBaHUX MICKOBHUKAaX HIKHBOTO KapOOHY (@ TaKoxk
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Puc. 5. Cuneput B ieMeHTi mmickoBrKa. bepesiBcbke poi., ¢B. Ne 203,
C-5,479,7-4757,3 m, Ne 45065. 1 - cunepur, 2 - kBapi. PEM-106, ¢oto S. Jlykina

B MICKOBMKAaX I1HIIKX THIIB PI3HOTO BiKy) Ha PI3HUX
rOuHaxX. 3yCTpivaroThesl YacTime mipuT (puc.6),
pinme cdanepur (puc. 7), xampkomipuT (puc.8).
Binbin-MeHI 1HIWBIAyaTi30BaHI KPUCTAKd 3yCTpi-
YalOThCsS MO BCHOMY IIPOIYKTUBHOMY pO3pi3y, Ha
BEJIMKHUX DIMOMHAX 4acTo 3yCTpidaroThes GppamOoi-

I TpUTY. AJie I YTBOPEHHS PO3CISHUX CYIbQi-
IiB He OOOB'S3KOBO 3alydard MaHTiIHHI PO3YMHHU.
VYTBOpeHH: cynb(}iiB Ha BEIMKUX INUOMHAX L1IKOM
MOJKEe BIOYTHCS 3a PaxyHOK JIOMIIIOK, 110 BHUBLJIb-
HSIOTbCA TP MacoBOMY pO3YMHEHHI KBapiy 3a
npuHnunoM Pikke [5].
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Te x GapuT - BiH JICHO 3yCTPIYa€ThCS 1 B HU-
KHBOMY, 1 B BEpXHBOMY KapOOHI POJOBHII, IO HAC
LIKABJIATh, IPUUOMY HE TIUIBKH Ha BEJIMKUX TIHOU-
Hax (puc. 9) 1 He TiNBKH B KBAPLHUTOMOAIOHUX TIiC-
koBuKax (bepesiBcrka 124, C31, 3410-3419m). Ane
3HOBY X Takd, 1O [5] BiH Moxe OyTH yTBOpEHHUH 3a
paxyHOK Tenb3ianoBoi Monekymu (Ba[Al»Si>Os])
nonpoBux mmarie. Cam 1mo cobl  menb3iaH
(Ba[ALLS1;05] mo 90%), six i rianopan (Ba[AL:Si>Os]
no 40%), myxke piaKiCHUH, ajie JoMilika 0apito B
MOJBOBUX MINATaX JOCHTH YacTa, X0 i HeBenuka (1-
2%) [23]. Axe i GapuTy B iCKOBHKaxX He Oararo.

docarna MiHepaizaLis-KpUCTaa OTHOTO 3 Pi-
3HOBH/IIB allaTUTy — B paMKax AaHoi poOOTH Bin3Ha-
YeHa TUTbKH Y BiJIKIIaIaX BEPXHBOTO KapOoHy bepe-
3iBchkoro pomoBuma (puc. 10). MoxnuBo, mpwu
OLIBIII MacOBUX aHaJli3ax Oyje BiJA3HAYCHO ii mpucy-
THICTG 1 B BiIKJIaJ]aX HIKHBOTO KapOOHY, alie BXKe 31
CKa3aHOTO BHJHO, II0 BOHA HABPSA Y TIpae poib
cnennpivHOr0 MiHEpaNbHOTO IHAMKATOpa METaco-
MaTUYHOTO KOJIEKTOPA.

TutanoBa MiHepamizalisi — B pO3MISTHYTHX TTiC-
KOBHKaXx 3yCTpidaeThCsl 1 pyTwi, 1 OpyKiT, i aHaras, i
neiikokceH (puc. 4, 11), mpuuomMy He TiJIbKH Ha Be-
mukux TmonHax (UkamiBcbka 8, C-5, 2847-2854
M.). MiHepanu TUTaHy B HE MEHIIH KiJIbKOCTI MPH-
CYTHI 1 B MCKOBHUKaX 3 KapOOHATHO-TJIMHUCTHUM IIe-
MEHTOM BEpPXHBOTO KapOoHy bepesiBchkoro posmo-
Buma (bepesisceka 124, C31, 3410-3419 m). Ane B
JiTeparypi Bci BOHH OINHMCaHi SK ayTHUTeHHI MiHepa-

WD=11.4mm

S )
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i 6e3 Oy/b-sIKOTO 3B'3Ky 3 NTUOWHHUMU T1ApOTEp-
Mamu [24 Ta iH.]. YTBOPIOIOTECSI BOHU a00 32 paxy-
HOK PO3KJIaJaHHs yITaMKOBUX PYJAHUX — iIbMEHITY,
tutaHomaruetuty, cpeny (CaTi[SiO4]O), abo 3a
pPaxyHOK THTaHY, KOHIIEHTPOBAHOTO OPTaHIYHOIO
PEYOBHHOIO, SKa B JAOCTaTHIM Mipi 3yCTPIidaeTbCs B
BYIJICHOCHHX BiJIKJIaJax.

3 MpUBOAY YACTHMHOK CAaMOPOIHUX METAB,
MIPUPOIHIX CIUTABIB 1 IHTEpMETaNiAiB — Ii YACTHHKHU
NPUCYTHI B HEBEIMKIH KiTBKOCTI, AyKe Maji i i/1eH-
TUQIKYIOTECS 3a3BUYall TINBKH 32 JIOTIOMOTOIO €JIeK-
TPOHHOTO MIKPOCKOIIa, 33 JOTIOMOTOI0 00'€THAaHOTO
3 HUM MikpoaHajizaropa. OTpuMaHy KapTHHY He
3aBXKIM BIAETHCS TOCTOBIPHO iHTEPIPETYBATH 1 ue-
pe3 Te, 0 HeOTHAKOBO J00pe pPeecTpyIOThCS Pi3Hi
€JIeMEHTH, 1 Yepe3 Te, IO pe3ylbTaT aHali3aropa
00yMOBJIEHUH THM, SIKi €TaJIOHU 3aKJIaJeHi PH PO3-
poOrii #oro mporpam. BHacmigok 1poro, Ha Harry
IYMKY, pe3yJabTaT CHJIBHO 3aJISKUTH BiJ TOTO, IO
X0ue MO0aYUTH IHTEPIIPETATOP.

3rigno [13,14] B SKOCTI iHAMKATOpPa MOXKHA PO-
3MIAAAaT anbpOiTH3amito miariokiasis. [lpu Bumyro-
BYBaHHI 3BIJIbHSA€TbCS Na, SKHH NP MiABUIICHUX
Temieparypax 3amimae Ca yTaMKOBOTO IUIariokia-
3y. [IpuBHOCY Na Hemae, 11 yTBOpeHHS anb0iTy Na
Oeperbcst 3 BHXimHOro miarioknasy. Ca 4acTKOBO
Hae B pO34MH, YTBOPIOETHCS JIPYacTHii, KOPOAOBaA-
HUI KpHcTal — nceBnoMopdosa anb0iTy Mo BUXiA-
HOMY, OLTBIII OCHOBHOMY IIIariokiasy. ABTOpH BKa-
3YIOTh, 11O MPOIIEC AYXKE XapaKTepHUU JJIs Tiapo-

T
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s e
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Puc. 6. Oxraenpuunuii kpucrtan niputy, bepesiceka cB. Ne203, C-5, 4749,7-4757,3 m, Ne45065.
PEM-106, doto 4. Jlykina
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ZIn

Puc. 7. Canepur, bepesiBcbka cB. Ne203, C-5, 4749,7-4757,3 m, Ne 45076.
1 - cpanepur, 2 - kBap, 3 - kaoninit. PEM-106, doto 5. Jlykina

WD=11.8mm 30.00kV x3.00k

]
2. 15t

Puc. 8. Xanskomiput. Ykamisceka cB. Ne8, C-5,2847-2854 m, Ne50364.
PEM-106, dpoto 4. Jlykina
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WD=11.9mm

Puc. 9. bapurt. Ukanisceka cB. Ne8, C-5, 2892-2900 M, Ne50364.
PEM-106, doto 4. Jlykina

Puc. 10. ®ocdar. Onun 3 pisHoBUIiB anatuty. Bepesisebka cB. Ne124, Cs!, 3410-3419 m, Ne 45296.
PEM-106, dpoto 4. Jlykina
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Puc. 11. JlefikokceH, iMmoBipHO 3a ceHoM. bepesiBchbka cB. Nel150, B-25-26, 5936-5938 M,
PEM - 106, doto {. Jlykina

TEPMaJIbHOTO MiHepanoyTBopeHHs. OnHak Lei mpo-
nec B aeranax onucaunii A.B. KonemiosuueM 1 juist
HOpPMaJIbHOT XOAM TPOTPECHBHOTO CTa/IiajbHOTO
KarareHesza. Y po0ori [5] nmpouec po3misaaeTbes sK
samimenns B pemritoi Ca* i A" ma Na" i Si*' B
pe3ysIbTaTi Y0Oro aHOPTUTOBA MOJICKYJIA 3aMIIA€ThCS
anp0OiToBoto0. [IprunHOIO BiH 0aUNTh BUCOKHMH THCK,
[IPU SIKOMY Taka 3aMiHa €eHepPreTUYHO BHUTiAHA (10HHI
paxiycn Na® i Si*" memme ionnux pamiycie Ca®’ i
APPY). Ca’? " i AI*, 0 BUBIIBHAIOTECS, MOXKYTh BH-
TpavyaTucs Ha yTBOPEHHs LEONITiB a00 WAyTh B IO-
poOBi po3umHHU. 3rifHO 31 cHOCTepekeHHsIMU A.B.
KomenioBuua, nporiec ans0iTH3allii He B JIy>KHOMY
CEPEeIOBHIIl, NP TMOPIBHAHO HEBHUCOKUX THCKaX 1
TeMIlepaTypax, i/l BIUINBOM 3BUYaHHUX IIACTOBUX
BOJI, 30araueHUX HATPIEM 1 KPEMHIEM.

Y poborax A.[l. Kopo6osa i JI. A. Kopo©osoi
[13,14] moBa #ine npo Te, 110 i BILTHBOM arpecuB-
HUX TiJpOTEpPMAILHUX BOJl YTBOPIOIOTBCS METAaco-
MAaTUTH, SKAX MOXXHA BiTHECTH JIO CepeHbOTEMIIE-
parypnoi (600-400°C) rizporepManbHO-METacoMa-
TUYHOI (hopmallii mponiIiTiB @00 BTOPUHHHMX KBap-
mutiB. Came 1o co0i 11e Jyxe IMiKaBo, OCKUIbKU 3a-
KOHOMIPHOCTI  TiJpOTepMalbHO-METaCOMAaTUIHHUX
MIPOILIECIB PIIKO B SIBHOMY BHIVISI/II CITiBBIJTHOCSTHCS
3 TEOPIEI0 KaTareHesy.

[I{ono po3mIssHYTUX MICKOBHKIB MPO MPOMUIITH-
3aIlif0 TOBOPHUTH HE JOBOIUTHCS, HEMA€E Hi aKTHHO-
JITIB, BIACTUBUX BHCOKOTEMIIEpATypHil ¢arii, Hi

€MiIoTy, BIACTHUBOTO CepeaHbOTEMIIEpaTypHill da-
1ii, Hi IEOJNITIB, BIACTHBUX HHU3BKOTEMIIEpATypHil
¢arii, HI BCIOAMCYIIOTO JUIS TMPOMIIITIB XJIOPHUTY.
Mailbxe 3aBKIM BIACTUBHUI NMPOIIITaM MipUT HpH-
CYTHIiH, aje B HEBEJUKiN KIJIBKOCTI 1 HOro mpHUCyT-
HICTh, SIK 1 TPUCYTHICTh JIEHKOKCEHY, MOXe OyTH
MOSICHEHA 1 0e3 3aJlyuyeHHs arpeCMBHUX MaHTIHHHX
rigporepm.

dopmariisi BTOPUHHHX KBapIHMTIB, MiHEpPAJOTis
SIKUX JIIACHO TOAi0Ha MiHEpasorii HAIUX MICKOBHU-
KiB, BUSIBIIEHAa B paiioHi KpacHoneHiHCBKOTO CKiie-
MiHHS, Je po3ramoBaHe TamuHcbke pomosuiie. do-
pMallisi yTBOpEHa 0 TPiacOBUX PioyiTax i IuiacTam
0K 0.1 mepkamiHCKOW Ha4kH, MO MEPEKPUBAIOTH
iX, ZaTylOTbCA BEpXHIM JefiacoM, 1 po3BUHEHI B i30-
JHOBAHUX 3allaJHAX, HE IOB'A3aHUX 3 LEHTPAJb-
HuM s 3axigHoro  Cubipy  Komroropcko-
VYpenroiickiMm pudToM. IlickoBUKH IIEpKaTiHCHKOI
Maykd B T'PAHUYHO NEPEepOoOSICHOMY BHUIVISA[I SIBJIS-
I0Th COOO0 JHKIT-KAONiHIT-KBapIIOBI MeTacoMaru-
TH, 3 BHCOKHMHU KOJIEKTOPCHKUMH BIIACTHBOCTSIMHU.
ABTOpPY BUIUISIOTH 1BiI (hailii BTOPMHHUX KBapIIH-
TiB: KBapIl-(IUKIT-KAOIIHITOBY) 1 (IMKIT-KAOJIHIT)-
KBapLoBy. Y NEpHIOMY BUNAAKY IlepeBa’kae KaoJiHi-
3aIis, y APyroMmy — OKBapIOBaHHSI.

Kesapy-(xaoninim-ouximosa) daiiist 30cepeKeHa
B 30HAX TPIIIMHYBATOCTI, IO OIEPSIE BEJIHMKI PO3JIO-
MU, ciuHi 10 QyHAaMeHTy 1 yoxina. I'pae ponb Bimna-
JICHICTh BiJl PO3JIOMY 1 TIPOHUKHICTh MEPBUHHOI IMO-
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ponu. @opmyeTbes B ABa eranu. Ha nepmomy iie
PO3YMHEHHS 1 METacoOMaTW4yHE 3aMIIeHHS HECTii-
KHX MiHEpaJliB KaOMiHITOM 1 aukiToM. [1o6mu3y pos-
JIOMy B HalOiNbII MPOHMKHUX MOPOAaX 3a3BHYAM
(dbopMyeTscsl OUKIT, Oami — oOwWaBa MiHepamu 3i
3MIHHHAM YCITiXOM, ajie B IIJIOMY Ha CTafil TOMiHy€
IUKIT. [HOMI mpUCyTHIN agynsp — CTPYKTypHHH pi3-
HOBHJ KaiieBoro monpoBoro mmary (K[AISizOs]),
HAWOUIBII BUIBHUI BiJl JOMILIOK 1 TUIIOBUI IS BU-
COKOTEMIIEPAaTYPHUX TiIpOTepMaibHUX KBapIOBUX
K. XapakTepHa BHCOKa TUCIEPCHICTh BCIX HOBO-
YTBOpEHUX MiHepamniB. Ha 3MiHy po34MHEHHIO TpH-
XOIUTh (OPMYBaHHS BEIMKOKPUCTAIIYHOTO IHKIT-
KaoJIiHITOBOTO LIEMEHTY, B MEHIII i Mipi-pereHeparis
YIIAMKOBOTO KBapily. WKiT-KaoNiHITOBOTO LIEMEHTY
B uinomy Hebararo (1-2%), mpudomy o060ox MiHepa-
JIiB TIPUOJTU3HO TTOPIBHY.

([uxim-kaoninim)-xkeéapyosa Pauis mpuypode-
Ha JIO BEJIMKHUX PO3PHBIB 1 IOKAIIi30BaHA B HAWOLITBIIT
MpOHUKHUX Mopoxax. dopmyeTbcs B /Ba eTalw,
CTMOYaTKy MOBHE KHUCJIOTHE PO3YMHEHHSI HECTIHKHX
KOMITOHEHTIB, TOTIM TiIpoTepMajibHE OKBAapIIOBaH-
Hs. Ha panHbOMY erari nepeBakae poO3YMHEHHS Mi-
HEPaAJILHOTO MAaTPUKCY i KapOOHATHOTO IIEMEHTY IO
CHUCTEMax MIKpO - 1 MaKpOTPIIINH, MO SIKUX IHAPKY-
JIOIOTH Tapsiui po3unHu. Po3unHsAETHCS BCe, IO MO-
XKe, MPUYOMY Ma€ Miclle TIOBHHH BHHOC TPOIYKTiB
3a MeXi 30HH. 3'SBISIOTHCS BTOPUHHI TOPOXKHEYI,
PO3MIHUPIOIOTHCS TPIITMHA. XapaKTepHa MPUCYTHICTh
ayTUTEHHOTO TOHKOAWCIEPCHOTO KBapIly, IO CKJa-
nae rmuHACTy ¢Qpakmito (Menme 0,01). AKkTuBHE po-
3YMHEHHS 3MIHIOETbCS PETCHEPAL€l0 yIaMKOBOTO
KBapIly i PO3BUTKOM MIKPOIpPY3 B IyCTOTaX BHIIYTO-
ByBaHHS. Y 3HaYHO MEHIIH Mipi GopMyeTbes Kao-
JHIT-TAKITOBUH ITOPOBUI IEMEHT.

3ayBa)XMMO, 110 1 TYyT MU HE 6aUNMO XapakTep-
HUX JUIst hopMallii BTOPHHHHUX KBApIMTIB BHCOKOT-
JUHO3EMHUCTUX MIHEpaTiB, SKi MOIIH O CIIyXKUTH
1HAMKaTOpaMu: KOPYHJ, allyHiT, iacrop, aHAaly3HT,
cepunut. [IpuCyTHI TiIbKK KaONMiHIT-AMKIT, PYTHI 1
MipUT, TPUCYTHICTh SKWX, SIK TOKAa3aHO BHWIIE, HE
000B'S3KOBO IOB'sI3aHa 3 T APOTEPMATILHUM IIPOLIECOM.

[opomu dopmartiii BTOpUHHUX KBapIUTIB HAOY-
BaIOTh IPOHUKHOCTI BiJl nepumx coteHb M1, o 4,5
I npu nopuctocTti Bix 16 no 23%. Ilpu Takux na-
pamerpax X MO)KHa pO3IIIsIaTH SIK BTOPHHHI cynep-
KOJICKTOPH.

Sxuro npormintitam 6arato aBTOpiB MPHITUCYIOTH
IUTOIIMHHE MOUIMPEHHS, TO BTOPHHHI KBApLUUTH O[-
HO3HAYHO TIOB'S3aHI 3 CHCTEMaMU >KHBUJIBHUX PO3-
noMmiB [25]. V 1ibOMy BHIJIKY IiKaBO OIIHUTH PO3-
MipH OpeoJly METacOMarW4HUX 3MiH, BiACTaHb BiJ
XKHUBHJIBHOTO PO3JIoMY. Y pasi SIKIIO 3MiHU PO3BH-
BalOThCS Y3MIOBXK 130Jb0BaHOT TPIIIMHUA B CJ1a0o-

TPENTiHOBATHX 1 MAaJIOMPOHUKHUX TTOPOAAX, TOTYXK-
HICTh OPEOy KOJIMBAETHCS Bill IECATKIB CAaHTHMET-
piB 10 mepmmx MeTpiB. SKIIO KUBHIBHHN KaHAI
SIBJISIE COOO0 YiTKYy TEKTOHIYHY 30HY, pa3oM 3 OIle-
PAIOYMMU TPIIIUHAMM 1 TUITHKAMU TPIIIUHYBaTOCTI,
3MiHH WAYTh BiJ] TOJIOBHOTO CTPYKTYpHOTO €JIeMEH-
Ta Ha JIECATKH 1 COTHI MeTpiB [25]. V Hamomy Bu-
MajKy 3a JKABWIBHI PO3JIOMH MOXXHA TPUHHSATH
CKHIY, IO YCKJIAIHIOIOTH IMIBHIYHO-CXiJHI Kpwia
ctpykryp Kotenescrko-bepesiBcbkoi 30HU 1 po3Ta-
LIOBaHi y3IOBX JOBIOi OCi CKJIQJIOK Pa3oM 3 CHUCTe-
MOIO OUTBINT JPiOHWX OIEPSIOYMX CKUAIB. Ko
BpaxyBaTH MOMNepPeIHHO PO3BUHEHY TPILIMHYBATICTb,
1o 3abe3neuye BUCOKY MPOHUKHICTh KBAPIIUTOBU/-
HUX TICKOBHUKIB, TO AiHICHO, METacOMaTH4HI IpoIIe-
CH MOXYTbH IOBHICTIO OXOITHTH IIi MICKOBHKH B Me-
JKax TUTOI TPOAYKTUBHHUX TOpU30HTIB KoTeneBchko-
ro i bepesiBchkoro pomoBwl.

BucHoBku. 1. fIk BUgHO 3 HaBeneHOro marepia-
JIy, Ha TJi 3aKOHOMIPHOTO YIIIJIbHCHHS IiCKOBHKIB
JAHOTO THITYy PO3YLIILHEHHS! KBAPIUTOBUIHHX ITiC-
KOBHKIB TOpH3OHTIB B-25-26 HWXHBOTO KapOOHY
MIPEJICTABIIIETHCS AHOMAJIIEI, Ky MPUPOIHO TOsC-
HUTH BIUTUBOM Oy/b-SKOTO HAKJIaJCHOTO MPOIIECY,
HaNPWKII/A, TPOSBOM TIOT€HHO-aJOTUTEHHOTO PO-

3YIIUTEHEHHS.
2. IpoBenennii anami3 mokasye, Mo crenugiv-
HUX  MiHEpaJbHUX  IHOUKATOPIB  TilIOTE€HHO-

AJJIOTUTCHHOTO PO3YIUIJIbHEHHS [TOKH HE 3HaNHAEHO.
3HauUTh, YUCTO METporpadiyHUMU METOIAMH Tiepe-
KOHJIMBO JIOBECTH IO aHOMaJIbHAa MOPHCTICTh yTBO-
peHa BTOPTHEHHSM MaHTiHHHUX arpeCUBHUX (IIOiiB
HE MpeCTaBIseThesl MOXKIMBUM. Lle He o3Havae, 1o
[BOTO TIpOIleCY HE Moo OyTH, IIe O3Hadae, M0
BOMY TIOKM HEMa€ ONHO3HAYHUX JIO0Ka3iB, TaK SK
BiIMiY€HI B HAIIUX 3pa3kax MiHEPaJIOTiYHiI 0COOIH-
BOCTI JIONYCKAIOTh Pi3Hi TIIyMayeHHSI.

3. B pamkax MOXJIHBOTO TiJpOTEPMAIBEHOTO
MPOIIECY TOPHUCTICTh i OCOOTMBOCTI MiHEPAIBHOTO
CKJIaJy, B TOMY YHCIi 1 MiHepalibHI iHIUKaTOpH BTO-
PUHHOTO KOJIEKTOpa, IMOBHHHI 3MiHIOBATHCS B 3alie-
JKHOCTI BiJl BiAICTaHI J0 JKUBWJIBHOTO PO3NIOMY i
MIPOHMKHOCTI KOJIEKTOpa. XapaKTepHOIO PHCOI0 BCiX
METAaCOMATHTIB € METACOMAaTUYHA 30HAIBHICTb.

4. TluTaHHs YTBOPEHHS BTOPWMHHOI IOPUCTOCTI
Ma€ BeJMYe3HE MPaKTHYHE 3HAYCHHS I OLIHKU
MEPCIIEKTUB Ta30HOCHOCTI: a00 BEIMKI IIHOUHM
MPECTABISIOTHCS 30HOK0 3aKOHOMIPHO 3aracaro4oro
ra30HaKOMMYEHHS, a00 — 30HOIO 3 XOPOILUMH IepcC-
MEKTHBaMH HA(TOra30HOCHOCTI Jie¢ 3aKOHOMIPHO
BUHHKAIOTh BTOPHHHI KOJIEKTOPHU, TOOTO BIJIOKpEM-
JICHOI0 TIMOMHHOIO 30HOI0 Ta30HaKommyeHHsS [15],
110 Mae cBoi creun@ivHi [HKepena KUBJICHHS, KOJie-
KTOpa 1 HOKPHIIKH.
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ON THE QUESTION OF CREATION OF SECONDARY POROUSITY IN LARGE-DEPTH
SEDIMENTS OF THE SOUTH-EAST OF THE DNEPROVSK-DONETSK DEPRESSION

Introduction. Currently, most researchers associate the main prospects of oil and gas potential with
great depths. The most important component of the problem of oil and gas potential at great depths is the
problem of reservoir availability. This problem still has no clear solution. From the point of view of the clas-
sical theory of stadial catagenesis, with depth, the primary porosity naturally and irreversibly decreases, and
we can only talk about how quickly this happens. In this case, large depths appear to be a zone of fading oil
and gas potential without any special prospects. The theory of superimposed catagenesis comes to the rescue,
which shows that there are processes that naturally lead to the formation of secondary porosity, a secondary
reservoir, and then large depths represent a special deep zone of gas accumulation.

According to the views of many researchers, including the authors of this work, quartz sandstones with
regenerative quartz cement — quartzite sandstones - are the most promising in terms of reservoir properties at
great depths.

The aim of the work is to establish the regularities of compaction of quartzite sandstones with depth, to
identify anomalies in the compaction process and to try to interpret them using mineral indicators of hypo-
genic-allogeneic porosity formation — one of the varieties of superimposed catagenesis of great depths.

Previous study. The theory of metasomatic reservoir formation as a result of hypogenic-allogeneic po-
rosity formation is one of the most developed. It is based on the penetration of a certain favorable composi-
tion of deep aggressive fluids into the reservoir during the period of tectonic-magmatic activation with leach-
ing of some components and deposition of others. It is assumed that this process is accompanied by the crys-
tallization of certain indicator minerals.

Result of work. The graphs constructed in the course of this work reflect both a natural change in the
porosity of this type of Sandstone with depth, and show an anomaly associated with some superimposed pro-
cess that allows for different explanations. It is natural to use indicator minerals to solve the problem, but the
analysis shows that specific indicator minerals of hypogenic-allogeneic decompression have not yet been
found, and all the minerals involved can be interpreted as minerals of one of the stages of stadial catagenesis.
This does not disprove the possibility of the formation of a secondary metasomatic reservoir by the above
mechanism, but it is not possible to prove its implementation by the indicator minerals noted in the studied
samples.

Relevance. The question of the formation of secondary porosity is of great practical importance for as-
sessing the prospects of gas content: either large depths are represented by the area of naturally decreasing
gas accumulation, or the area of naturally occurring secondary reservoirs with good oil and gas prospects,
which can be distinguished as a separate deep zone with its own specific power sources, reservoirs and cap
rocks.

Keywords: secondary porosity; secondary reservoir; metasomatic reservoir; indicator minerals; super-
imposed catagenesis; quartzite sandstones; oil and gas potential of great depths.
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ACOLIALI HAHOILTAHKTOHY MAJIEOLIEHOBUX BIJIKJIAJIIB YKPATHCBKUX KAPIIAT

Buxnaoeno yzacanvHiowoui pezyiomamu 6USYEHHs NATEOYEHOBO20 BANHAHO20 HAHONJIAHKMOHKY (hriuesux 6i0Kk1adie Ykpainco-
kux Kapnam 3a ocmanni 55 poxis. [Jocniodcenns nposoounucy nepesalcHo Ha cmpamomunogux ma ONOpHUX pospizax naneoyeny 6
Ppi3HUX cmpykmypHo-gayianvhux 30Hax 3oeniwnix ma Buympiwmnix nokpusie Kapnam. B pezynvmami 6ueueHHs HOBUX OAHUX Md
ananizy onyoriko8aHO20 MAmMepiany OXapaKmepu308aHo CUCMEMAMUYHUL CKIA0 KOMNIEKCI8 HAHONIAHKIMORY Ma 3AKOHOMIPHI 3MIHU
acoyiayiil y naneoyeni. Y gioxnaoax Kapnam énepuie 6cmanosieno nogHy nociioo8Hicms HAHONIAHKIMOHHUX 30H cyuacHoi Misxcna-
PpooHOi wkanu. Y 3oeniwnix (@niwesux) Kapnamax eusnaueno Hano30Hu y eepxHvocmpuiicvkii nioceimi Cxubosozo ma bopucnas-
coko-Tloxymcvrozo noxpusie — Markalius inversus / Biantholithus sparsus (NP1), Cruciplacolithus tenuis (NP2), Chiasmolithus
danicus (NP3) ma Ellipsolithus macellus (NP4 — nuocns wacmuna), y asmuencokitl ceimi — Ellipsolithus macellus (NP4 — cama éepxus
vacmuna), Fasciculithus tympaniformis (NP5), Heliolithus kleinpellii (NP6) y spemuancoromy copuzonmi, Discoaster mohleri (NP7)
y 6umkiscokux eepcmeax, Heliolithus riedelii (NPS8), Discoaster multiradiatus (NP9 — nuoichHa uacmuna); y 6epxHoOepe3HsHCbKIl
nioceimi Jlyknsancvrkozo nokpugy — Chiasmolithus danicus (NP3), y enuneyvkiu ceimi Yoprozopcokozeo noxkpusy — Fasciculithus tym-
paniformis (NP5), 6 ypouncukiti ceimi Ceudogeyvkoeo nokpusy — Markalius inversus (NP1). ¥ Buympiwnix Kapnamax nanosonu
BCMAHOBIEHO ) HUNCHLOMEMOBCHKIU niocgimi Beswcancvkozo nokpuey — Biantholithus sparsus (NP1), Fasciculithus tympaniformis
(NPS5), Heliolithus kleinpellii (NP6), Heliolithus riedelii (NPS8), y cywmaneywkiii ceimi Monacmupeyvkoeo nokpugy — Fasciculithus
tympaniformis (NP5), Heliolithus kleinpellii (NP6) ma Tribrachiatus contortus (NP10 — panniii inp). Ymouneno cmpamuepagiune
NONOJNCEHHSI KOMNAEKCI@ HAHONJIAHKMONY MA NOKA3AHe CNi6BIOHOUIeHHS HAHO30H I3 30HamMu 3a Qopaminighepamu ma OUHOYUCAMU.
3onanvui komnnexcu nanonnankmony Yipaincexux Kapnam cxopenvbogami i3 30Hamu HAHOQOCUNiN 0aHCbKO2O, 3e1AHOCLKO20 Md
manemcwvkozo apycie Mixcnapoonoi cmpamuepagiunoi wikanu. Pesyiemamu nposedenux KOMNIeKCHUX pobim 0anu 3mMocy 0emanizy-
6amu ma MoOepHizyeamu cmpamucpa@iuny cxemy naneoceHosux 6iokaiadie Kapnamcvroeo peziony.

Knrwwuoei cnosa: nanonnankmon, biocmpamuzpagis, ceima, Kopenayis, naieoyeH, NigHiYHull ma nie0eHHUll cxuiu YKpaincoKux
Kapnam.

A. C. Auopeesa-I'puzoposuu HU. C. Cynpyn. ACCOLHAIIHH HAHHOIUIAHKTOHA IIAJIEOLIEHOBbIX OT/IOKE-
HHH YKPAHHCKHX KAPIIAT. H3noocenst 0606uenible pe3yismanbl u3ydeHis naieoyeno8o20 u3eecnikoso20 HaAHHONIAHKIMOHA
Gruwesvix omnoxcenuii Yxpaunckux Kapnam 3a nocieonue 55 nem. Hccnedosanusi npogoounucs npeuMyujecmeenio Ha cmpamo-
MURUYECKUX U ONOPHBIX PA3PE3aX NANE02EHA 8 PATUYHBIX CIPYKNYPHO-Payuaibhblx 30nax Buewnux u Buympennux noxposos Kap-
nam. B pezynemame uzyuenus noguix OAHHLIX U AHAAU3A ONYOIUKOBAHHO2O MAMEPUANA OXAPAKMEPUZ0BAHbL CUCEMAMUYECKUL CO-
€Mag KOMNIeKco8 HAHHONJIAHKMONA U 3AKOHOMEPHbIE UMEHEeHUsl accoyuayuli 6 naneoyene. B omnodcenusix Kapnam enepsvie ycma-
HOB/1eHA NONHASA NOCAe008AMENbHOCb HAHHONIAHKIMOHHBIX 30H cospemerHot Meacoynapooroil wikansl. Bo Buewnux (Qiuuiesnix)
Kapnamax onpedenenvt HanHo3oHwl 8 gepxrecmputicokoli nooceume Cxubosozo u Bopuciascko-Iloxymckozo nokposos — Markalius
inversus / Biantholithus sparsus (NP1), Cruciplacolithus tenuis (NP2), Chiasmolithus danicus (NP3) ma Ellipsolithus macellus (NP4
— HUdHCHA yacmuna), 6 amuenckoll ceume — Ellipsolithus macellus (NP4 — camas éepxuas uacms), Fasciculithus tympaniformis (NP5),
Heliolithus kleinpellii (NP6) ¢ spemuarnckom 2opuzoume, Discoaster mohleri (NP7) 6 bumxoeckux cnosix, Heliolithus riedelii (NPS),
Discoaster multiradiatus (NP9 — nuoicnss wacme), 6 eepxuebepesusnckou nooceume J[yknanckoeo nokpoea — Chiasmolithus danicus
(NP3), 6 enuneykoui ceume Yepnocopckoeo nokposa — Fasciculithus tympaniformis (NP5), 6 ypounckoti ceume Céuooeeyxko2o nokpo-
6a — Markalius inversus (NP1). Bo Bnympennux Kapnamax HaHHO30HbL YCIMAHOBGILEHbI 8 HUICHEMEMOBCKOU nooceume Bedcanckozo
nokposa — Biantholithus sparsus (NP1), Fasciculithus tympaniformis (NP5), Heliolithus kleinpellii (NP6), Heliolithus riedelii (NPS),
6 cyumaneykoi ceume Monacmupeykozo noxkpoea — Fasciculithus tympaniformis (NP5), Heliolithus kleinpellii (NP6) u
Tribrachiatus contortus (NP10 — paunuii unp). Ymouneno cmpamuepaguueckoe nonodxiceHue KOMNIeKco8 HAHHONLAHKIMOHA U NOKA-
3AHO COOMHOWEHUE HAHHO30H C 30HAMU NO QopamuHudepam u ounoyucmam. 30HaIbHbLE KOMNIEKCHl HAHHONAAHKMOHA YKPAUHCKUX
Kapnam croppenupogansl ¢ 30Hamu HAHHOGOCUTULL OAMCKO20, 3eNAHOCKO20 U MAHEMCK020 Apyco8 Medxcoynapoonoll cmpamuepa-
uueckoil wikanvl. Pesynoemamol nposedentvix KOMIIEKCHbIX pabom no360aAuLU 0emanu3upo8ams U MOOEPHUIUPOBAMb CIMPAMuzpa-
@uueckyio cxemy naneoeenoswix omuodicenuti Kapnamckoeo pezuona.

Knrouesvie cnosa: nannonnankmon, 6uocmpamuepaghus, ceuma, Koppensiyus, NaieoyeH, Ce6epHbill U I0ICHbIN CKIoH Ykpaun-
ckux Kapnam.

IMocranoBka mpob6aemu. Hosi reosorivni Ta
MTAJIEOHTOJIOTIYHI TaHi, [0 3’ IBHIIMCS IIiJ 9ac Moje-
pHi3alii cTpaTurpadidHuX CXeM MaleOreHOBUX Bij-
KIaaiB YKpaiHH, a TakoX yZOCKOHaleHHs MixHa-
ponHOi (ro0aNbHOT) IWIKATU TEOJIOTIYHOIO Yacy
(2004, 2012, 2016 p.), 103BOIMIN 3 HOBUX IO3HUIIIN
MITIATH 0 BUPILMICHHS TUCKYCIHHUX NMUTaHb CTpPa-
turpadii najeoueHy, a came eTali3yBaTH BiK Ta
KOPEIIALio, OOrpyHTYBaTH NiaXpOHHICTE MEX Oara-

THOX TaJICOLEHOBUX CTpaTurpadiuHux MiApoO3IisiB
3a HaHodocwiIisMu. B pesynawrari JOCTIiIKEHb TaK-
COHOMIYHOTO CKJaay 1 MPOCTOPOBO-4aCOBOTO IIO-
IIMPEHHS! HAaHOIUIAHKTOHY YMCIIEHHHX po3pizax 30-
BHiIIHIX Ta BHyTpimnix nokpusis Kapnar BctaHos-
JIEHO €TaIli HOTOo PO3BUTKY MPOTSTOM IAJIEOIeHY Ta
BU3HAYCHI KOPEJISAIiiHI PiBHI.

AHaJi3 OCTaHHIX qocailkeHb i myOJikanii.
Buuenns Hanodocuimii B YkpaiHcbkux Kapmarax

© Cynpyn 1. C., Anopeeea-I pucoposuu A. C., 2020
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posmouanu y 60-x pp. munynoro cromtts A.C. AH-
npeeBa-I puroposud i A.M. Pomanis. bioctparur-
padis maneoneHy 3a HaHOIIAHKTOHOM IPYHTY€ETHCS
Ha HOBUX Marepiajiax 3 ypaxyBaHHSIM IMOIepenHiX
manux [1, 3-5, 10, 12, 13, 16-19, 22]. HaiGinsmr
MOBHO HaHOdocHil oxapakrepnu3oBaHi y CkubOoBoO-
MYy HOKpUBI.

3acTocyBaHHSI MiKpOTAJIEOHTOJIOTIYHOTO METO-
Iy BUBYEHHS HAHOIUIAHKTOHY B MPaKTUII OiocTpa-
TUTpa(iuHUX AOCITIIKEHb Ta Pe3yJbTaTH MpoBe/e-
HUX KOMIUIEKCHUX poOiT y Kapmarax i Ha miBaHi
VYkpainu ganu 3Mory po3pOOUTH PETiOHANBHY CTpa-
TUTpadiuHy IIKany majieorecHoBUX BiakmaaiB [liB-
nennux perioniB CPCP [2], neranizyBatu Ta Mofe-

pHI3yBaTH CTparurpadiday CcXemy IajJeoreHOBHX
BimKianiB Ykpaincekux Kapriar.

@opmyawoBaHHs MeTH crarTi. [laneoreHoBi
BIJIKJTaJI € OCHOBHOIO 3 MEPCHEKTHBHUX Ha BYIJIE-
BomHI (rimeBoro popmarriero kaitHO30MChKOTO Had-
TorazoHocHOTro Komruiekcy Kapmar. HeoOximHoro
MepeayMOBOIO MiABULICHHS €()EKTUBHOCTI T€0JI0T0-
MIOIITYKOBUX POOIT € peramizarisi crparurpadii peri-
OoHy. Mera crarTi ToJisATae B yAOCKOHaJeHHi Oio-
cTparurpadii IuxX BigKIamIiB.

Bukaan ocHOBHOro Martepiaay J0CaiIzKeHHS.
[TaneonienoBi Bigkianu nommpeHi y 3oHimHIX Ka-
pnarax (puc.l) y bBopucnasceko-IlokyTchkomy,
CxuboBomy, AyknssHcbkoMy, YOpHOTOPCHKOMY Ta
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Puc. 1. Po3ramnyBaHHs T0OCITIKEHUX PO3Pi3iB MalIeONeHy (32 OCHOBY B3STO TEKTOHIUHY CXeMy YKpPaiHCBKUX
Kapmnar [20]): 1 — Buympiwmns 30na Iepeoxapnamcvroeo npoeuny, CaMOipcbkuii mOKpuB; 2—7 — 306HiwHI (ritie-
60-monacogi noxpusu 3oeniwnix Kapnam: 2 — bopucnasceko-Ilokyrebkuii, 3 — CkuboBuii, 4 — CyOcine3pKuid,

5 — Cine3bkwii 3 cyOnokpuBamMu; 6—7 — Buympiwni griwesi nokpueu 3oeuiwnix 3axionux Kapnam: 8 — JIykinsa-
ChKHH 3 cyOmokpuBamMu, 7 — Marypcekuit; 8—13 — guympiwni ¢oniwesi noxkpueu 3osniumnix Cxionux Kapnam:

8 — YopHoropcbkuit 3 cyonokpuBamu, 9 — CBunosenskuii, 10 — Kpacnomopcerskuit, 11 — Bypkyrcpkui, 12 — Pa-
xiBcbkuid, 13 — Kam’ssHonotouskuit; 14—15 — Buympiwmni Cxioni Kapnamu: 14 — MapMapocbkuii MacuB, 15 — Be-
KaHChKUK (MapMapoChKUX CKellb) MOKpHB; 16 — Buympiwnvokapnamcokui ¢hniut, MOHACTUPETIBKHI TTOKPYUB;
17 — Buympiwmni 3axioni Kapnamu, Ileninceka 30Ha; 18 — Buropnar-I'yTuHCEKe ByllkaHOTeHHE TTacMo; 19 — rpa-
HUIII TEKTOHIYHUX eJIeMeHTIB; 20 — JIoKasi3allisi BUBUCHHUX PO3pi3iB; 21 — HaceneHi MyHKTH
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CBHIOBENIFKOMY TIOKPHBAX, J€ MPEICTABICHI THIIO-
BuM ¢utimem. Ctparurpadiddi MepepuBy y IUX po-
3pizax He BusBIeHi. Y BuyrpimHix Kapmarax yTBo-
PEHHS MaJjeolleHy BCTaHOBJEHI Y po3pizax Bexan-
cekoro (MapMapoChKHX CKellb) Ta MOHAaCTHPEITHKO-
ro ("Mixckemnsictoro ¢uinry") mokpusiB. Bonn mpe-
CTaBJieHI THMOBUM @uinieM y MoHacTHpenbKoMy
MOKpwBi 1 "HemimoBUMH" CYyTTEBO MEPreTHCTUMHU
yTBOpeHH:IMH y BejkancbkoMy mokpuBi. Y Bexkan-
CHKOMY TIOKPHBI cTpaTHrpadidHi nepepBru HE BHSB-
neHi. A 'y MoHacTUpelbKOMy — HW)KHSL MeXa 3pi3a-
Ha PO3PUBHUMHU HACYBHUMH [TOBEPXHSIMH.

ABTOpamu nociimKeHi HaHO(OCHUITiT 3 YnCIIeH-
HUX PO3pi3iB NMaJICOICHOBUX BIJIKJIAIIB, IO BiJICIIO-
HIOIOTECA Yy Kapmarcekomy perioni Ykpaiam (quB.
puc. 1) 3a aHasi3oM BIacHHUX i OIyOJIIKOBAaHUX Ma-
TepianiB. OmnparroBanHs 3Ha4HOi iH(popMalii g0-
3BOJIFIO OOTPYHTYBaTH 30HANBHAN TOALT ITMX BiK-
JaziB 32 HAHOTIJIAHKTOHOM.

Buytpimni (LlenTpansni) Kapnaru, Monac-
TUpenbkuii Ta Be:xkancbkuii (Mapmapocbkoi 30-
HH CKeJib) mokpuBH. [laneorneHoBi BigKIaay mpe-
CTaBJICHI CYIIMaHEIBKOIO CBITOIO Ta HIKHHOMETOB-
CBHKOIO ITIJICBITOI0 METOBCHKOI CBiTH (pHC. 2).

Cywimaneuvka ceima (O.C. Bsmos, 1954 p.
[7]). Bimoma Takox mix Ha3BOrO "MIOMypchKa CBiTa'.
[IpencraBieHa TOHKOPUTMIYHUM, MICISIMH Pi3HOPH-
TMIYHAM THIIOBUM (IIilIIEM — TMepelIapyBaHHsIM 3e-
JIEHUX, CIpUX, 1HOII YEPBOHUX apTiTiTiB, aleBPOIi-
TiB 1 MICKOBUKIB 3 BIIOUTKAMH CIIIB TYpOiTUTHHX
Tedii 1 Giomtidamu ("iepormidori BepcTeu"). Hmxas
MeKa CBITH IOBCIOJHO Ma€ TEKTOHIYHHMH Xapakrtep,
BOHA IEPEKPUBAETHLCS 3TiAHO APAriBChKOIO CBITOIO.
[otyxnicts — 10 1000 M. CBiTy 1aTOBaHO JdaHi€EM—
JOTETOM 3a (opamiHipepamu, HAHOILUIAHKTOHOM Ta
HyMYJITiTaMU.

VY cBiTI BU3HaueHO 30HM HaHOIUIaHKTOHY NP5
Fasciculithus tympaniformis (3enanniii), NP6
Heliolithus Kleinpellii (mi3niii 3emanniii — paHHii
taner), NP10 Tribrachiatus contortus (panHiii
inp) (auB. puc. 2).

Kommuieke Hanomnankrony 30Hu NP5 Bu3Haue-
HO Y po3pi3i Ha JiBomy Oepesi p. Bennka Yroneka B
paiioHi rupna notokiB PyHkynbchkoro i Kaminchbko-
ro: Zygrhablithus bijugatus (Deflandre in Deflandre
and Fert) Deflandre, Thorocosphaera sp.,
Cervisiella operculata (Bramlette & Martini)
Streng, Hildebrand-Habel & Williams (6a3ioHim:
Thoracosphaera operculata Bramlette & Martini),
Fasciculithus tympaniformis Hay & Mohler in Hay
et al., Ericsonia subpertusa Hay & Mohler i nepe-
BinknanenHi Watznaueria barnesiae (Black in Black
& Barnes) Perch-Nielsen ta Micula sp. i iH.

Hano3ony NP6 miarHoCTOBaHO y pPoO3pi3i, IO
BiJICIIOHIOETBCS HIDKYE THpPIIA MOTOKY PyHKYIBCHKO-
ro: Heliolithus cf. kleinpellii Sullivan, Heliolithus
sp., Fasciculithus tympaniformis, Toweius sp.,

Braarudosphaera cf. bigelowii (Gran & Braarud)
Deflandre, Zygrablithus sp., Ericsonia subpertusa,
Coccolithus pelagicus (Wallich) Schiller, Prinsius
martinii (Perch-Nielsen) Haq, Chiasmolithus sp.,
Sphenolithus sp., Toweius pertusus (Sullivan)
Romein 1 mepeBigkmageHwii KpeHIOBHH  BHI
Watznaueria barnesiae.

Hanomnankron 3oan NP10 BusiBneHO B pycii
p. Benuka VYromwka: Fasciculithus tympaniformis,
Coccolithus pelagicus, Ericsonia robusta (Bramlette
& Sullivan) Edwards & Perch-Nielsen, Sphenolithus
sp, Prinsius  sp., Zygrhablithus  bijugatus,
Zygrablithus sp., Sphenolithus radians Deflandre in
Grassé, Tribrachiatus orthostylus Shamrai, Tri-
brachiatus sp., Rhomboaster cf. bramlettei (Bron-
nimann & Stradner) Bybell & Self-Trail, Cocco-
lithus sp., Chiasmolitus sp., Reticulofenestra sp.,
Fasciculithus sp. 1 nepeBinknanenunii Watznaueria
barnesiae [19].

Memoescovka ceéima (H.B. Jabarsn, C.C. Kpyr-
soB, C.€. CmipHOB [14]). Huscnbomemoscoka nioc-
6ima  CKIaJeHa TEpPeBAXHO  TOHKO-CEPEIHBO-
PUTMIYHAM TEpeHIapyBaHHsAM CipUX TONIMIKTOBUX
CJIFOMUCTHX TCKOBUKIB, aJIeBPOJIITIB, aprijliTiB, ce-
pen SKUX MOACKYIH TPAIUISIOTHCS JIIH3W YePBOHUX 1
3eneHuX MepreniB. Y Huzax (pospis mo p. Tepebmns)
npucyTHi konriomeparu (0, 6 m). IloryxkHicTh —
nonax 100 M. MeToBcbka CBiTa 3TiIHO 3aisrae Ha
SPMYTCHKIH CBITI BepXHBOI Kpeitnu [5, 23], mepek-
pHUBa€ETHCA AYCHHCHKOIO CBITOIO oJlironeHy. Bik cBi-
TH JAaTOBAaHO PAaHHIM JaHIEM — PaHHIM pPIOIEIEM 3a
(dopaminidepamMmu i HaHOIUTAHKTOHOM. HuxHBOME-
TOBCHKa MiJICBITa OXapaKTepU30BaHA HAHOIUIAHKTO-
HoM 30H NP1 Biantholithus sparsus (pansxiii na-
Hiit), NP5 Fasciculithus tympaniformis (3enan-
niit), NP6 Heliolithus kleipellii (mi3niit 3emanmiit —
panHniii Taner), NP8 Heliolithus riedelii (Taner)
(muB. puc. 2).

Hanomnankron 30au NP1 BH3Ha4Y€HO Yy po3pisi,
IO BIJICIIOHIOETHCS Ha MpaBoMy Oepesi Ta B pycii
p. TepebOns mixk cenamu 3a0piab i Jparose, mo0nusy
KOJIMIIIHBOTO 3aBONy MiHepanbHoi Bomu, B 300 M
BBEpPX 3a TEUi€r0 Bij aBTOMOOLTBHOTO MocCTy. TyT
CIIOCTEPIraeThCs KOHTAKT METOBCHKOI CBITH 3 fp-
MYTCBKOIO CBITOIO BEPXHBOI KpeWau. Y TIIMHHCTHX
MpoIapKax cepes KOHIJIOMepary IiJIOIIBH METOB-
CbKOI CBITM BCTaHOBICHO: Biantholithus sparsus
Bramlette & Martini, Thoracosphaera sp., Markali-
us inversus (Deflandre in Deflandre and Fert) Bram-
lette and Martini, Cruciplacolithus sp. 1 TOOIUHOKI
MepeBiAKIaAeHI KpehaoBi Bumu — Micula murus
(Martini) Bukry, M. staurophora (Gardet) Stradner,
Watznaueria barnesiae [5; 18].

Hanozony NP5 Bu3naveHo B jiBoMy OOpTi mo-
toky [lorapcekuit PyHkyn (miBa mputoka p. Mana
VYronbka), B 150 M Buie rupna notoky I'peGiHCbKO-
ro: Zygrhablithus bijugatus, Fasciculithus tympani-
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formis, Fasciculithus sp., Sphenolithus sp., Eric-
sonia subpertusa Ta xpeinosuii Bun Watznaueria
barnesiae. Hanonnankron 3ouu NP6 BusiBieHo y
po3pi3i Ha mpaBomy Oepesi motoky Ilorapcekwmii Py-
HKyn: Heliolithus cf. kleinpellii, Thoracosphaera
sp., Fasciculithus cf. thomasii? Perch-Nielsen,
F. tympaniformis, F. schaubii Hay & Mohler, Fasci-
culithus sp., Markalius inversus, Micrantholithus
sp.? 1 kpewposuii Arkhangelskiella cymbiformis
Vekshina. Takox 1110 HAHO30HY BU3HAYEHO Yy PO3pisi
mo MmoToKy Bexancpkmii (mpaBa mpuToka p. Mama
Yromeka): Coccolithus pelagicus, Thoracosphaera
sp., Fasciculithus tympaniformis, Fasciculithus sp.,
Micrantholithus cf. disculus (Bramlette & Riedel)
Bown, Micrantholithus sp., Heliolithus
cf. kleinpellii, Zygrhablithus bijugatus, Toweius sp.
Ta Kpeinoa hopma Watznaueria barnesiae. Y npa-
BOMY BHTOKY IOTOKY BeXaHCBhKHIl BCTaHOBJIEHO
KOMITICKC HaHOILIaHKTOHY 30H NP5-NP6: Markali-
us inversus, Fasciculithus tympaniformis, Fascicu-
lithus sp., Thoracosphaera sp., Braarudosphaera
sp., Chiasmolithus danicus (Brotzen) Hay &
Mohler, Discoaster sp., Prinsius sp. 1 kpeinoBuit
Watznaueria barnesiae.

Hanozony NP8 BcTanoBieHo y po3pisi mo Ji-
BoMy Oopty moToky IpeGincekuii (B 300 M Buie
rupiaa npaoi nputoku notoky Ilorapcekuii Pyn-
kyn): Heliolithus cf. kleinpellii, H. riedelii Bramlette
& Sullivan, Heliolithus sp., Fasciculithus tympani-
formis, Fasciculithus sp., Markalius inversus, Eric-
sonia sp., Coccolithus pelagicus, Ellipsolithus sp.,
Zygodiscus plectopons Bramlette & Sullivan, Tho-
racosphaera sp. 1fo 30Hy BU3HaYEHO TaKOX Yy JiBO-
My Oopti moroky Kamincekuit (Kameneni) — mpasiii
nputoui p. Benuka Yroneka: Fasciculithus tympani-
formis, F. thomasii, Fasciculithus sp., Discoaster
sp., Sphenolithus sp., Heliolithus kleinpellii,
H. riedelii, Heliolithus sp., Markalius inversus,
Coccolithus pelagicus.

Ha miBomy cxwii mpaBoro BHUTOKY MOTOKY Be-
YKAHCHKOTO Y TIIJICBITI JiarHOCTOBaHO MAJICOTICHOBU I
HaHOIUTAHKTOH: Prinsius martinii (Perch-Nielsen)
Haq, Coccolithus pelagicus, Fasciculithus sp.,
Zygrhablithus bijugatus, Sphenolithus sp., Thoraco-
Sphaera sp., Ta 4uCIIeHHI KpeWnosi Bunu. Watznau-
eria barnesiae, Micula staurophora, Micula sp.,
Arkhangelskiella cymbiformis.

CeupaoBenbknii moxkpus. [laneomeHoBi Bigk-
JIAJM TIPEICTABICHI BEPXHBOIO YaCTHHOIO YPAMHCH-
Kol cBiTH (1MB. puc. 2).

Ypouncoka ceima (O.C. Bsinos, I1.H. Llapuen-
ko, 1970 [6]) mpenctaBieHa pi3HOPUTMIYHUM QIIi-
nieM — TMepeniapyBaHHsIM CIpUX aprijiTiB, ajueBpodIi-
TiB, MOJIIMIKTOBUX IMiCKOBHKIB. BOHa 3rifiHO Tepek-
puBaeTbcst 000pyHbKOIO CBiTOIO. HmkHs uacTuHa
YPIAMHCHKOI CBITH — BEPXHBOKPEHIOBA, BEPXHS 4ac-
THHA — TajeorneHoBa (moTyxHicTio 1o 500 M) Bin-

HOCHUTBLCS JIO JaHII0 1 HU31B 3€JIaHiI0, Ii BIK JaToBa-
HU 32 HAHOIJIAHKTOHOM 1 popaMiHiepamu.

VY CBIiTI BCTaHOBIICHO HAHOIUIAHKTOHHY 30HH
NP1 Markalius inversus (paHHii gaHiit) B po3pi3i,
10 BiJCIIOHIOETHCS B JIiBiM O€3IMEHHIN TIPHUTOIN Pi-
ku Cepennst Pika: Coccolithus pelagicus (cuHOHIM:
C. cavus Hay & Mohler), Markalius inversus (cus.
M. astroporus (Stradner) Hay and Mohler in Hay et
al.), Prinsius dimorphosus (Perch-Nielsen) Perch-
Nielsen, P. martinii, Cervisiella operculata (6a3io-
HiM: Thoracosphaera operculata) Ta KpeWI0BI BUIN
Lucianorhabdus cayeuxii Deflandre, Microrhabdulus
decoratus Deflandre, Micula staurophora [17].

YopuHoropcokuii mokpus. [lageomneHoBi Bigk-
JIaJ1 TIPENICTaBJICHI THUIICITHKOIO CBITOIO (ITUB. PHC. 2).

T'nuneysvka ceima (51.0. Kynpunnpkuit, 1959
[15]) mpencraBneHa y HIDKHIM YacTHHI CepeaHbBO-
JIO TOBCTOPUTMIYHUM TIIAHUM (IIIIIeM 3 TIacTaMu
MICKOBUKIB (BallHUCTHX 1 HEBAIHUCTUX CYTTEBO
KBapLOBHX "CKJINCTUX"), MPOIIapKaMH 3€JeHUX ap-
TLTITIB, aJIeBPONITIB; BHIIE (PIIilI cTae cepeaHbo- i
TOHKOPUTMIYHUM, 301TBIIYETHCS KIJTBKICTh TUIACTIB
KBapuoBUX "CKIMCTUX" IMICKOBUKIB, Y BEpXax po3-
BrHEHUH ropu3oHT (40-80 M) cTpokarux (4epBOHUX,
3eneHux) 1 cipux aprimiTiB. CBiTa 3rigHO 3am4rac Ha
CKYMIBCBKIl CBITi, MEPEKPUBAETHCS TOMIJIBYAHCH-
koro. Iloryxnicte — nmonaa 400 M. Bik cBitu nato-
BaHO 3€NIaHJIEM — iMPOM 3a HAHOIUTAHKTOHOM Ta
¢dopamiHipepamu.

VYV ceiTi BuzHaueHo HaHo3oHy NP5 Fascicu-
lithus tympaniformis (3emanziit) B po3pisi mo mo-
Toky I'punsaBcekuii (mpuroka p. [Ipo6iiina): Cocco-
lithus eopelagicus (Bramlette & Riedel) Bramlette
& Sullivan, Ericsonia subpertusa, Fasciculithus
tympaniformis, F. schaubii, Heliolithus sp., Dis-
coaster sp., Ellipsolithus macellus (Bramlette &
Sullivan) Sullivan, Chiasmolithus bidens (Bramlette
& Sullivan) Hay & Mohler (3a qaaumvu A.M. Poma-
HiB [10]).

Jdykasacbkmii mokpus. [laneoreHoBi BijgkIia-
N TIPEACTaBIeHI BEPXHHOOEPE3HSIHCHKOK ITiJICBI-
TOrO Oepe3HSHCHKOI CBiTH (MB. pHC. 2).

bepesuancovka ceéima (0O.C. Bsos, 1960 [9]).
Bepxuvobepesusncoka nidcéima TpeACTaBICHA Te-
MHHM CEpEeIHBO- 1 TOBCTOIIAPYBAaTHM MiIIAHUM
dutimieM, y SKOMY MEePEBaXKaOTh MONMIMIKTOBI ITICKO-
BUKH, 1110 Y BEpXax MEPeXosiTh y TPaBENiTH, MPHUCY-
THi IPOIIApKHU TeMHO-Cipux Meprenis. CBiTa nepek-
pHUBa€TbCA JIOTCHKOIO CBiTOI0. IlOTyXHicTH — 10
500 wm. ITixceiTa naroBaHa JaHiEM 3a HAHOILJIAHKTO-
HOM Ta popamiHidepamu.

Y po3pi3i, II0 BiJICTOHIOETHCS 110 P. YK Ha IMiB-
HivHIN OKpaiHi ¢. KocTpuHa BU3HAYEHO HAHOTUIAHK-
ToH 30HU Nephrolithus frequens mizHporo maacr-
puxty, a Bume — HaHo3oHy NP3 Chiasmolithus
danicus (nauiit): Biantholithus sparsus, Micrantho-
lithus disculus (6a3ionim: Braarudosphaera discula
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Bramlette & Riedel), Chiasmolithus danicus, Cruci-
placolithus subrotundus Perch-Nielsen, C. tenuis
(Stradner) Hay and Mohler in Hay et al., Cocco-
lithus pelagicus (cun. C. cavus), Prinsius dimorpho-
sus, P.martinii, Zygodiscus adamas Bramlette &
Sullivan, Zeugrhabdotus sigmoides (Bramlette &
Sullivan) Bown & Young (6azioniM: Zygodiscus
sigmoides Bramlette & Sullivan) [17].

3oBnimni Kapnaru, bopuciaaBcsko-IlokyT-
chknii Ta CkuboBuii mokpuBH. Ilameonenosi Bia-
KJIaW TPEJCTaBICHI BEPXHBOCTPUUCHKOK ITiJICBi-
TOI0 200 BEPXHBOIO YACTHHOIO CTPHICHKOI 1 SIMHECH-
CBKOIO CBiTaMU (JIUB. puC. 2).

Cmpuiiceka ceéima (O.C. Bsnos, 1951 [11]).
Bepxnvocmpuiicoka nidcéima cxinaneHa TOHKOPHT-
MigHUM (QIIIIIEM — TepelrapyBaHHsAM CipOKOIIPHUX
(gacTo 3 OMAKUTHUM BiJITIHKOM) TEPEBaKHO BaITHH-
CTHX IOJIIMIKTOBHX MiCKOBHKIB, aJIeBPOITIB 1 apri-
JTiB, MPUCYTHI MpOMAapKu MepremiB. B neskux po-
3pizax (mepeBayKHO Ha miBAeHHOMY cxuii Kapmar)
CBiTa HE PO3WICHOBAHA, ii BEPXHS YaCTHHA CKJIafe-
Ha PI3HOPUTMIYHUM (IIilIeM 3 IuracTaMu MiCKOBH-
KiB. 3TiJJHO 3ajsira€ Ha KpeimoBiit yacTuHi po3pi3y i
MEPEKPUBAETHCSI SIMHEHCHKOIO CBITOI. I1OTyKHICTB
miacBité — g0 300 M. BepxHbocTpHiichka miacBiTa
JIaTOBaHA JIaHIEM 32 HAHOIJIAHKTOHOM, JTHHOIIMCTA-
MU 1 Qopaminidepamu. BepxHst rpaHuns CBITH Tia-
XpOHHA, BIPOTiTHO, BIJNOBiTa€ HHU3aM 3eJIAHJII0
[16].

YV  miacsiti  Bu3HayeHi HaHo30HM NP1
Biantholithus sparsus, NP2 Cruciplacolithus ten-
uis (panHiii nmaniit), NP3 Chiasmolithus danicus
(maniit), NP4 Ellipsolithus macellus (mizHili nanii
— paHHi# 3enaHiil) (nuB. puc. 2).

Ha mpaBomy Gepesi p. duicrep Mix cemamu
TepwiB ta Cnac y Bigkmagax cepeaHbOCTPHHCHKOT
IiJICBITH JIIarHOCTOBAaHO HAHOIUIAHKTOH 30HU Neph-
rolithus frequens mi3Hboro maactpuxry: Arkhan-
gelskiella cymbiformis, Lithraphidites quadratus
Bramlette & Martini, Cretarhabdus conicus Bram-
lette & Martini, Cribrosphaerella arkhangelskii
(Shumenko) Reinhardt & Gorka, C. ehrenbergii
(Arkhangelsky) Deflandre in Piveteau, FEiffellithus
turriseiffelii (Deflandre in Deflandre & Fert) Rein-
hardt, Kamptnerius magnificus Deflandre, Nephro-
lithus frequens, Biscutum constans (Gorka) Black in
Black and Barnes, Cyclogelosphaera margereli No-
€l, Microrhabdulus decoratus, M. belgicus Hay &
Towe, Micula concava (Stradner) Verbeek,
M. staurophora, Markalius inversus, Predisco-
sphaera cretacea (Arkhangelsky) Gartner, P. stoveri
(Perch-Nielsen) Shafik & Stradner, Staurolithites
bochotnicae  (Gorka) Reinhardt, Watznaueria
barnesiae, Placozygus spiralis (Bramlette &
Martini) Hoffmann, P. fibuliformis (Reinhardt)
Hoffmann Ta in. Bumie 3a po3pizom y BepXHBOCT-
puHCHKi# miAcBiTI (moTykHicTIO 120 M), sSKa 3TiIHO

3ayrae Ha CepeaHbOCTPHIMCHKIN TIACBITI Ta MepeK-
pUBAETLCS SMHEHCHKOIO CBITOIO, y IIJIONIBI BHU3HA-
YyeHa Ayke OifHa acomialisi HAHOIUIAHKTOHY HHXK-
HbO1 HaHO30HU maneoueny NP1: Prinsius tenuiculus
(Okada and Thierstein) Perch-Nielsen, Biscutum sp.,
Coccolithus sp., Biantholithus sparsus Ta mepeBi-
KIaJeHI KpeinoBi Bumu Arkhangelskiella cym-
biformis, Micula murus, Watznaueria barnesiae.
Bume gepe3 10 M BUSBICHO HEPO3WICHOBAHY aco-
miatito 300 NP2-NP3: Cruciplacolithus tenuis,
C. primus Perch-Nielsen, Prinsius martinii, Chi-
asmolithus danicus, Coccolithus pelagicus, Prinsius
dimorphosus, Zeugrhabdotus sigmoides, Neochias-
tozygus sp., Toweius sp., Ericsonia subpertusa,
Braarudosphaera  bigelowii, Cervisiella saxea
(Stradner) Hildebrand-Habel, Willems, & Versteegh.
TakuMm 4MHOM, MeXa MK KPEHIOI0 1 MajJeoreHOM
MPOXOANTh Y HEMEPEepUBHOMY pO3pi3i CTPUICHKOL
CBITH M CEpeTHhOCTPUICHKOIO Ta BEPXHBOCTPHUH-
CBHKOIO IiACBITaMHU.

Ha mpaBomy Oepesi piku [IpyT mix cemamu
Henatun 1 Slpemve po3pi3 MOYMHAETHCS CEpeIHb-
OCTPHICHKOI0 TIACBITOIO (TOTYXHicTIO 10 200 M),
AKa 3TiTHO TEPEeKPUBAETHCA BEPXHBOCTPUHCHKOIO
mifcBiToro (moTyxaicTio 140 M). Y Bepxax ce-
PEAHBOCTPUICHKOT MiICBITH BU3HAYEHO HAHOTUIAHK-
ton 3oum Nephrolithus frequens (misuiii maacT-
puxt): Arkhangelskiella cymbiformis, Lithraphidites
guadratus, Cretarhabdus conicus, Cribrosphaerella
arkhangelskii, C. ehrenbergii, Eiffellithus turriseif-
felii, Kamptnerius magnificus, Microrhabdulus dec-
orathus, Nephrolithus frequens, Markalius inversus
Ta iH. Y HWKHIA YaCTHHI BEPXHBOCTPHUIICHKOI Mif-
CBITH 3HalmeHl nmooauHoKl Buau HaHo3zoHn NPI1:
Prinsius tenuiculus, Biscutum sp., Coccolithus sp.,
Biantholithus cf. sparsus ta mepesinkianeni Kpei-
mosi Bumu Arkhangelskiella cymbiformis, Micula
murus, Watznaueria barnesiae. Bume mo pospisy
(uepe3 15 M) BCTAaHOBIEHO HAHOIUIAHKTOH 30HH
NP2: Cruciplacolithus tenuis pasom 3 Cruciplaco-
lithus sp., Coccolithus pelagicus, Prinsius dimor-
phosus, Cervisiella operculata, Braarudosphaera
bigelowii. B menmiii kinekocti Markalius inversus,
Prinsius martinii, Biantholithus sparsus; memo Bu-
nre — xomruteke 3o NP3: Cruciplacolithus tenuis,
C. primus, Coccolithus pelagicus, Ericsonia subper-
tusa, Prinsius dimorphosus, P. martinii,
Zeugrhabdotus sigmoides, Neochiastozygus sp.,
Toweius sp., Thoracosphaera sp. Ta BiaMi4eHO mO-
sy Chiasmolithus danicus. Y BepxHiii yacTuHi mij-
CBITH BU3HAUEHO HWXKHIO YacTHHY HaHo30HU NP4:
Coccolithus pelagicus, Zeugrhabdotus sigmoides,
Ellipsolithus macellus, Ericsonia subpertusa, Chi-
asmolithus  danicus, Cruciplacolithus tenuis,
Braarudosphaera bigelowii, Cervisiella saxea,
Prinsius dimorphosus, P. martinii, Prinsius sp.,
Fasciculithus sp., Neochiastozygus sp., Ericsonia sp.
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Hanomnaakron 30an NP2 BCTaHOBIICHO Y Bep-
XHI{ 9aCTHHI CTPATOTUIIOBOTO PO3pi3y 10 p. PuOHMK
(mpaBa mpuroka p.Ctpmit) B 1,5 kM BumEe ycTs:
Cruciplacolithus  tenuis, Coccolithus pelagicus
(cun. C. cavus),  Markalius inversus (cum.
M. astroporus), Prinsius dimorphosus, P. martinii,
Zeugrhabdotus sigmoides (6azioHim: Zygodiscus
sigmoides) Ta iu. [17].

Hanozony NP3 BcranoBieHo y po3pisi o apy-
riif miBi mputoni p. MaHsiBKa — y nepexiaHii nadii
BiJIl CTPHMICBHKOI CBITH 10 OMTKiBchbKuX BepcTB: Chi-
asmolithus danicus, Coccolithus pelagicus (cum.
C. cavus), Cruciplacolithus tenuis, Ericsonia sub-
pertusa, Prinsius  dimorphosus, P. martinii,
Zeugrhabdotus sigmoides (6asionim: Zygodiscus
sigmoides) ta in. V BepxHiif wacTHHI i€l mauku
BusHaveHo 3oy NP4: Ellipsolithus macellus, Chi-
asmolithus danicus, Chiasmolithus sp., Coccolithus
pelagicus (cum. C. cavus), Cruciplacolithus tenuis,
Prinsius dimorphosus, Zeugrhabdotus sigmoides
(6asionim: Zygodiscus sigmoides; cun. Zygodiscus
simplex), Ericsonia subpertusa. Bume B 20 M 3a
pO3pi3oM 3HaWACHMH 30iTHUIMKA KOMIUICEKC HaHO-
docuniit NP7 Discoaster gemmeus (paHHiii TaHeT):
Coccolithus pelagicus, Discoaster gemmeus Strad-
ner, Discoaster cf. D. nobilis Martini, Ericsonia
subpertusa, Heliolithus kleinpellii, Fasciculithus

involutus Bramlette & Sullivan, F. tympani-
formis [17].

Amnencoka  ceéima (K. Iayns, €. Tite,
1877 p. [28]). CxiageHa TMiCKOBUKAaMH CBITIIO-

CipuMH, >KOBTYBaTUMH MacHBHUMHM, TOBCTOLIAPYBa-
TUMH, TIOTIMIKTOBUMH, 1HOI BAaITHUCTHMU, IIOJIEKY-
I 3 TIPOIIapKaMK CIpHX Ta 3eJICHKYBaTo-CipuX ap-
TUTTIB 1 aJeBpOIITIB, 3 JIH3aMH TPaBENITIB 1 Jpild-
HOYJIAaMKOBUX KOHIVIOMEpPATiB, IO MICTATH TaJbKy
3eJICHUX 1 4YepBOHMX (iNITiB, KBapIly, BAITHSIKIB, ITicC-
KOBHKIB. 3TiJTHO 3aJisira€ Ha CTPUHCHKIN CBITi, TIepe-
KpHUBA€ThCSI MaHABCHKOIO. IloTyHicTh — Bim mep-
mwmx MmetpiB go 300-350 M. Ha miBHiuHOMY cXxomi
3oBHimHIX Kapnar B NoimIHii 9acTHHI SMHEHCHKOT
CBITH 3alIsiTa€ SAPEeMUYAHCOKUL CMPOKAMUL 20pU-
30Hm, TIPENICTABICHUH TOHKOPUTMIYHUM IIeperapy-
BaHHSIM 3€JICHHUX, YEePBOHUX, CIPHX apriuliTiB, ajeB-
podmitiB, mickoBuKiB. [loTyxHicTs — 10 10-40 M. Bik
CBITH — 3eTaHJlii—TaHeT 3a HaHOIUTAHKTOHOM i (o-
paminipepamu. Y CBITI BH3HaueHO HaHO30HU NP4
Ellipsolithus macellus (cama BepxHs 9acTHHA 30HH,
Mi3HIA naHii — panHiil 3emanniil), NP5 Fascicu-
lithus tympaniformis (3enanniit), NP6 Heliolithus
kleipellii (mizHili 3enanmii — panniii Taner), NP7
Discoaster mohleri — NP8 Heliolithus riedelii (Ta-
Het), NP9 Discoaster multiradiatus (mizniii TaHet
— paHHIl inp) y CTPaTOTUIIOBOMY po3pi3i 1o p. [IpyT
(mmB. puc. 2).

BixcimonenHs 3HaxonuTbes B 250 M Bix 1BOX
MOCTIB B M. SIpemue. Y TOKpIBIII BEPXHbOCTPHICH-

KOT TIJCBITH 1 B HU3aX SPEMUYAHCHKOTO TOPHU3OHTY
BCTAHOBJIEHa JOCHUTH OiffHAa acolliarlis HaHOIUIAHK-
TOHY BepxHboi uvactuHu 30HH NP4: Ellipsolithus
macellus, Ericsonia  subpertusa, Prinsius
dimorphosus, P. martinii, Prinsius sp., Fasciculithus
sp., Neochiastozygus sp., Sphenolithus sp. Ha Bepx-
HBOCTPUHCHKIN MiJICBITI 0€3 03HAK MEPEPBH 3AJISITAE
SIPEMYAHCHKHUM CTPOKATHI TOPU30HT (TOHKOPHUTMIY-
HEe TepemapyBaHHs YEPBOHHX, TEMHO-UYEPBOHHX,
3€JICHYBaTO-CipUX TJIMH 3 OJAKUTHO-CIpUMH ITICKO-
BUKaMH) MOTYKHICTIO 10 70 M, y SIKOMYy BCTaHOBJIE-
HO HaHomiIanktoH 30HU NPS:  Coccolithus
pelagicus, Toweius rotundus Perch-Nielsen in
Perch-Nielsen et al., T. pertusus, T. eminens (Bram-
lette & Sullivan) Perch-Nielsen, Fasciculithus tym-
paniformis, F.involutus, Lithoptychius pileatus?
(Bukry) Aubry in Aubry et al., Zeugrhabdotus sig-
moides, Zygodiscus adamas, Ericsonia aliquanta
Bown, E. subpertusa, E. robusta (Maaux po3mipiB),
Thoracosphaera sp., Cervisiella saxea, Prinsius sp.,
Braarudosphaera bigelowii, Micrantholithus dis-
culus, Sphenolithus primus Perch-Nielsen, Cam-
pylosphaera dela (Bramlette & Sullivan) Hay &
Mohler, Neochiastozygus sp. Bume (~20 m), Bijc-
JIOHIOETBCS TIa4Ka TeperapyBaHHs Pi3HOMOTYKHUX
CIpUX TMICKOBHKIB 1 TEMHO-CIpUX alIeBPONITIB Ta
IJIMH SIMHEHCBKOI CBiTH (MOTYXHICTIO ~45 M) [10]. ¥
camiil BepxHiil yacTHHI SIPEMYaHCHKOTO TOPU3OHTY
Ta y Ii¥ madii BCTaHOBJIEHA acOIliallisl HaHOTUIAHK-
toHy 30uu NP6: Heliolithus kleinpellii, Heliolithus
sp., Fasciculithus tympaniformis, F. involutus, Fas-
ciculithus cf. schaubii, Cruciplacolithus frequens
(Perch-Nielsen) Romein, Coccolithus pelagicus,
Chiasmolithus danicus, C. consuetus (Bramlette &
Sullivan) Hay & Mohler, Zeugrhabdotus sigmoides,
Braarudosphaera  bigelowii, Toweius eminens,
T. pertusus, Cervisiella saxea, Sphenolithus sp., Er-
icsonia subpertusa (mamux po3MmipiB), Markalius
inversus, Prinsius sp, Neochiastozygus sp.,
N. distentus (Bramlette & Sullivan) Perch-Nielsen,
N. concinnus (Martini) Perch-Nielsen. Bume 1o
po3pidy y SMHEHCHKIH CBITI BH3HAYEHO KOMILIEKC
HaHOIUIAHKTOHY, L0 XapakTepHuil nns 30H NP7-—
NP8: Heliolithus kleinpellii, H. riedelii, Spheno-
lithus primus, Prinsius bisulcus, Fasciculithus tym-
paniformis, Fasciculithus sp., F. involutus, Cocco-
lithus eopelagicus, C. pelagicus, Coccolithus sp.,
D. mohleri Bramlette & Percival, Toweius sp., Neo-
chiastozygus concinnus, N. denticulatus (Perch-
Nielsen) Perch-Nielsen, N. digitosus Perch-Nielsen,
Toweius pertusus, Ericsonia robusta, Zygodiscus
plectopons, Chiasmolithus bidens, C. consuetus,
C. solitus (Bramlette and Sullivan) Locker,
Zeugrhabdotus sigmoides, Pontosphaera sp. Y ce-
penHid Ta BEpXHId YacTHMHAX CBITH BCTAHOBJICHA
acouianiss HaHomankrony 3oHu NP9: Discoaster
multiradiatus Bramlette & Riedel, D. mohleri,
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D. nobilis, Coccolithus pelagicus, Cruciplacolithus
primus Perch-Nielsen, Neochiastozygus distentus,
N. concinnus, Fasciculithus tympaniformis,
F. involutus, Zeugrhabdotus sigmoides, Chiasmo-
lithus bidens, C. consuetus, Braarudosphaera bige-
lowii, Campylosphaera eodela Bukry & Percival,
Toweius pertusus, Sphenolithus primus, Heliolithus
riedelii. Bume 1o po3pi3y sSIMHEHCHKa CBiTa 3TiIHO
MIEPEKPUBAETHCSI MAHSABCHKOIO CBITOIO, Y SIKIH HaHO-
IJIAHKTOH HE 3Haii/IeHo. Mexa MmajeoleHy 1 eoleHy
YMOBHO TIPOBOUTHCS MiXK IIUMH CBITaMHU.

3icTaBiaeHHST KOMIUICKCiB HaHOMOCHIIIM BU3HA-
YCHHX 30H JIO3BOJIHMIIO 3ICHUTH KOPEJAI0 Miclie-
BUX CTpaTHrpadidHuX MiAPO3IiNIB ManeoueHy YK-
paincekux KapmaTt Ta po3poOHTH 30HATBHY NIKATY
32 HAHOIUIAHKTOHOM, a TaKOX IOKa3aTh CIiBCTaB-
JICHHsSI HAHO30H i3 30HaMH 3a QopamiHipepamu Ta
JMHOIICTAMHU (IHUB. pHC. 2).

BucHoBku. Bnepiiie naneoiieHoBU HaHOILIA-
HKTOH BHBYEHO B yCiX TEKTOHIYHUX OAWHUILIX YK-
paincekux Kapnar, ne BuaineHo HaHO30HU NP1,
NP2, NP3 (naniit), NP4 (mi3Hiii naniii — paHHii 3e-
nmaupgii), NP5 (3emangiit), NP6 (mi3Hiil 3emanmii —
panHiii Tanetr), NP7, NP8 (tamer), NP9 (mi3Hiii Ta-
HET — paHHi# inp). [loBHY mocigoBHICTH HUX 30H B
KOITHOMY pO3pi3i He BWSBIEHO. BumoBwii cxiaf
HAHOIIAKTOHY B OJHOBIKOBHX 30HaX, BU3HAYCHHX B
PI3HUX TEKTOHIYHHUX CTpPYKTypax, Maibke onHa-
KOBHI.

OTpuMaHi HOBI J1aHi 3 BpaXyBaHHSIM MaTepiairy
MOTIEPEIHIX JAOCHITHUKIB AT MOXIJIUBICTh JIOTIOB-
HUTH Ta YTOYHHUTH CTpaTturpadiuHy cxemy Maneo-
IIEHOBUX BiakmamiB Ykpaincbkux Kaprmar, a BctaHo-
BJICHI KOPEeIAIiiHI piBHI 32 HAHOIUIAHKTOHOM JaJIH
3MOTY BHITH Ha MPSIMY KOpEJLito 3 Mi>KHapOTHOIO
crparurpadivnoro mkamnoro (MCIL 2016 p.) [26].
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CALCAREOUS NANNOFOSSIL ASSEMBLAGES FROM PALEOCENE SEDIMENTS
OF THE UKRAINIAN CARPATHIANS

Problem statement. Detail study of both vertical and spatial distribution of calcareous nannofossils
from the Paleocene sediments of the Ukrainian Carpathians enabled to determine the evolutional develop-
ment of Haptophyta algae during the Paleocene, and became the basis for correlation of boundary markers
and correlative biohorizons. Here we summarize data obtained from previous research, and also our own,
and propose an updad biozonation of Paleocene sediments of the Northern and Southern slopes of the
Ukrainian Carpathians.

Prerious work. Calcareous nannofossil research of the area goes back to the 1960’s. These studies had
a fragmentary character with only few sections examined for their nannofossil content.

Materials and research methods. The paper includes the results of nannofossil research from numer-
ous sections of Paleocene Flysch developed in the Outer and Inner Carpathian nappes.
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Discussion of the research data. The paper discusses the biozonation and correlation of local lithostrat-
igraphic units of the Ukrainian Carpathians based on the detail study of nannofossils. For the first time, the
complete successions of nannozones of the latest Geological Time Scale have been identified in the Ukraini-
an Carpathians. In the Outer (Flysch) Carpathians several nannozones were determined within the Skyba and
Boryslav-Pokuttya nappes. There include — Markalius inversus / Biantholithus sparsus (NP1), Cruciplaco-
lithus tenuis (NP2), Chiasmolithus danicus (NP3) and Ellipsolithus macellus (lower NP4) in the Upper Striy
subsuite; top Ellipsolithus macellus (NP4), Fasciculithus tympaniformis (NP5), Heliolithus kleinpellii (NP6)
in Yaremcha Formation, Discoaster mohleri (NP7) in Bytkiv layers, Heliolithus riedelii (NPS8), Discoaster
multiradiatus (bottom NP9) from the Yamna suite; Chiasmolithus danicus (NP3) from Upper Bereznyan sub-
suite of Dukla nappe; Fasciculithus tympaniformis (NP5) in Gnylets suite of Chornohora nappe and
Markalius inversus (NP1) in Urdyn suite of Svydovets nappe. Within the Inner Carpathians nannozones were
defined in the Lower Metova subsuite of the Vezhany nappe — Biantholithus sparsus (NP1), Fasciculithus
tympaniformis (NP5), Heliolithus kleinpellii (NP6), Heliolithus riedelii (NP8); Sushmanets suite of Monas-
tyrets nappe contained Fasciculithus tympaniformis (NP5), Heliolithus kleinpellii (NP6) and Tribrachiatus
contortus (NP10) of the Early Ypresian. The stratigraphic positioning of nannofossil assemblages was recti-
fied and their correlation with foraminifera and dinocyst zones was demonstrated. These nannozone assem-
blages from the Ukrainian Carpathians are correlated with the Danian, Selandian and Thanetian stages of the
Geological Time Scale (GTS, 2012 and 2016). This integrated research enables to rectify and modify the
stratigraphic scheme of the Paleogene from the Carpathian region.

Conclusions. A modern calcareous nannofossil biozonation of the latest International schemes has been
recognized from the studied Paleocene sections of the Ukrainian Carpathians. Nine (9) nannozones ranging
from NP1 (Early Danian) to NP9 (Late Thanetian — Early Ypresian) and also the lowest NP10 nannozone of
Early Ypresian have been identified in strata from different structural-tectonic units.

The nannofossil biozonation is correlated with those foraminifera and dinocyst biochronology. The age
and correlation for the Paleocene stratigraphic subdivisions has been justified based on the nannofossil bio-
stratigraphy. This resulted in the upgrading of the existing stratigraphic scheme of the Paleogene of the
Ukrainian Carpathians.

Keywords: Calcarecous nannofossils, Biostratigraphy, Suite, Correlation, Paleocene, Northern and
Southern slopes of the Ukrainian Carpathians.
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APPLYING PREDICTION MODELS FOR SHORT-TERM HAIL FORECASTING
IN SOUTHERN UKRAINE

E. B.Azaitap, A.B Cemepzeii-ymauenro, C. 0.3yoroeun. BHKOPHCTAHHSA ITPOTHOCTHYHHX MOJEJIEH
JUIA KOPOTKOCTPOKOBOI'O ITPOTHO3Y I'PAJTY HA ITIBJHI YKPAIHH. Ipao € 00num 3 ocHogHux Odcepen 36umKis -
MI0BUM, KOMEPYILIHUM [ CITbCLKO2OCNOOAPCLKUM aKmueam 8 Yxpaiui. Busuenns ymos GuHukHenHs KDYNHO20 2pady, ocoOnueo He
nepeobayeHux cmanOapmHUMu Memooamu nPocHO3y 6UNAOKIE 3i 3HAYHUM MAMePIianbHUM 30UMKOM, MAE 3a8ICOU BUCOKY AKMYAlb-
Hicmo. Ilioguwennss cnpasodicysanocmi ma 3a84acHoCmi WMoOPMOBUX NONEPeddICeHb NPo BUNAOTHHS 2pAdy € BANCIUBOIO NPOOTEMOIO
OnepamugHo20 Memeoponociynozo 3abesneuenus. Ckaaouicme ii upiuleHHs 06yMo6IeHa HeOOCMAMHbOI0 MOYHICIIO MOOEIbHO20
NPOSHO3VBAHHS MEMEOPONIOIYHUX NAPAMEMPIE ammocgepu, HemOUHICIO BUSHAYEHHS Yacy [ MICYys SUHUKHEHHS KOHEEKMUGHUX
A6UlY, PIOKICHOT Mepedcero Cnocmepedcets i 6i0CYmHICmI0, 6HACTIOOK Yb02o, OA3U OaHUX HeDe3neuHux aeuw. Y cmammi npoanani-
308aHi YMOBU BUHUKHEHHS 080X UNAOKIE 2padoboto Ha mepumopii nieous Ykpainu ¢ 2017-2018 pp. V nepwiomy enizodi cunonmuxu
He NPOSHO3Y8AlU 2paod, 8 IHUOMY CHOCMePIeanocs 8UNA0AHHA HA038U4aliHo2o epady (D = 65 mm). Busnaueni cunonmuuni i mepmo-
OUHAMIYHI YMOBU SUHUKHEHHS 2pady. OyineHi MOXNCIUBOCI 3ACMOCYBARHSL PI3HUX THOEKCI6 HeCmIUKoCcmi ammocghepu, a maxoic 6u-
KOPUCMAHHS NPOSHOCIMUYHUX OAHUX YUCETbHO20 MOOeT08anHs 2iubokoi koneekyii (modenv Global Forecast System - GF'S) 3 kpoxom
cimku 0,25° x (0,25°. Busieneni natbinow inghopmamusni napamempu gopmysanns epaody - Severe Weather ThrEAT inoexc (ckopoue-
Ho SWEAT), Convective Available Potential Energy (ckopoueno CAPE), Li (Lifted Index), BRN (Bulk Richardson Number) ma Bl
(Boyden 1). Hageoeni pexomenoayii w000 nOKpaweHHs SAKOCMi KOPOMKOYACHO20 NPOSHO3Y epaody 3 8PAXYEAHHAM OAHUX YUCETLHO2O
MOOEN08aAHHS.

Knrwwuoei cnosa: epad, cmuxiiini Memeoponociuni asuwja, KOHBEKMUSHI npoyecu, MoOemo8ants 21uboKoi KOHeeKyil, iHOeKcu
Hecmilikocmi ammocgepu.

E. B.Acaiiap, A. B Cemepzeii-Uymauenxo, C. A. 3yoroeuy HCIIOJb30BAHHE ITPOTHOCTHYECKHX MOJEJIEH
JUIA KPATKOCPOYHOI'O ITPOI'HO3A I'PAJIA HA FOTE YKPAHHBI. [pao siensemcs 0OHUM U3 OCHOBHBIX UCHOYHUKOS Yujep-
6a JHCUTBIM, KOMMEPHECKUM U CelbCKOXO3SUCMBEHHbIM aKmueam Ha Yxpaume. HM3yuenue ycnoguii 603HUKHOBEHUS. KPYRHO20 2paoa,
0CODEHHO He NPeOCKA3AHHbIX CLYHAes U CO 3HAYUMETbHLIM MAMEPUATbHbIM Yepoom, 6ce20a umeen blCoOKyI0 akmyanibHocmo. 1lo-
8bllleHUEe ONpasobleaeMocmu U 3a01a208peMeHHOCU WMOPMOBLIX NPEOYNPEeNCOeHUll 0 B03HUKHOBEHUE 2pada AGNAemcs OOHOU U3
OCHOBHBIX U 2NIABHBIX 300AY, KOMOPpble 803HUKAION NPU ONepamueHom memeoponozuieckom odecnevenuu. ClodicHOCMb ee peuleHus
00yCr061eHA HeOOCMAMOYHOU MOYHOCMBIO MOOEIbHO20 NPOSHOZUPOBAHUS MEMEOPONIOSULECKUX NAPAMEMPO8 AMMOCHepbl, Hemou-
HOCMbIO onpedeieHuss GPEMeHI U MeCMa 603HUKHOBEHUSI KOHGEKMUBHBIX A6IeHUL, PeOKOU Cembio HAONOeHUll 1 OMCYymcmeuem, 8
pesyibmame 9mozco, 6a3vl OAHHbIX ONACHBIX sGLeHUl. B cmambe npoananuzuposansl yciogus 603HUKHOGEHUSI 08YX CIyUaes 2pado-
bumusi, 3aguxcuposannvix ha meppumopuu 02a Yepaunwt ¢ 2017-2018 2e. B nepsom snuzo0e CuHOnmuKu He npocHO3Uposatu pao,
6 Opy2om HabnI00anoch 8binadenue Ype3sbiuaiinozo epada (D=65 mm). Paccmompenul cunonmuyeckue u mepmoOuHamuieckue ycio-
6Usl 6O3HUKHOGeHUs 2pada. OyeHusaromcest 603MONCHOCIU NPUMEHEHUS. PAZTUYHBIX UHOEKCO8, PACCHUMbIEAIOWUX NAPAMEmpbl He-
YCMOUMUBOCHU AMMOCHePbl, A MAKHCE UCHOTbIOBAHUS NPOSHOCTNUYECKUX OAHHBIX YUCLEHHO20 MOOETUPOBAHUsL 2TIYOOKOU KOHBEKYUU
(GFS) wazom cemxu0,25°%0,25°. Buiagnenvi naubonee ungopmamusuvie napamempuvl @opmuposanus zpada — Severe Weather
ThrEAT unoexc (coxpawenno SWEAT), Convective Available Potential Energy (CAPE), Li (Lifted Index). BRN (Bulk Richardson
Number) u Bl (Boyden Index). [Ipusedernvl pexomenoayuy no YayuuleHuio Kauecmed Kpamko8peMeHHO20 NPOSHO3a 2padd ¢ Y4emom
OGHHBIX YUCTIEHHO20 MOOETUPOBAHUS.

Kniouegwie cnosa: epao, cmuxuiinvlie Memeoponozuieckue s6ieHus, KOHGEKMUEHble NPOYeCChl, MOOeNUposanue 2nyOoKoll KOH-
6EKYUU, UHOEKCHI HEYCIMOUYUBOCIU AMMOCHepbi.

Formulation of the problem. The geograph-  conditions and the features of the synoptic processes
ical position of Ukraine, the diversity of climatic  on its territory contribute to the complex spatial and
© Agayar E. V., Semerhei-Chumachenko A. B., Zubkovych S. O., 2020 https.//doi.org/10.26565/2410-7360-2020-53-05
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temporal distribution of the occurrence of natural
meteorological phenomena (NMP). In recent years,
the frequency of extreme weather phenomena has
increased due to significant climate fluctuations [8].
Often natural disasters cause significant damage to
the economy and the population, having a devastat-
ing nature, especially when a complex of dangerous
weather conditions is created. These weather condi-
tions mutually reinforce their negative impact: storm
rains accompanied by storm winds, thunderstorms
with hail, etc.

Increasing the validity and timeliness of storm
warnings about hail occurrence is one of the main
urgent tasks of operational meteorological support.
The complexity of its solution is due to insufficient
accuracy of model forecasts of meteorological pa-
rameters of the atmosphere, inaccuracy in determin-
ing the time and place of convective phenomena
occurrence, a rare network of observations.

Analysis of previous research and publica-
tions. The current state of the problem of hail cloud-
iness forecasting is characterized by the accumula-
tion of theoretical and experimental material on the
macro- and microstructural characteristics of clouds
- V. Findaisen [10] G.K. Sulakwelidze [7], S.M.
Schmeter [11], M.V. Bukov [2] etc. [1,5,9]. Foreign
experience also indicates the relevance of the study
of climatology, the dynamics of formation and pre-
diction of strong hail (Bedka 2011; Dworaketal.
2012) [13-23, 25-27]. Methods of convective phe-
nomena forecasting using empirical parameters of
atmospheric instability are now popular [3,4,12]. In
operational prognostic practice in Ukraine, the pos-
sibility of using these parameters is rather limited
due to insufficient software, so research of this issue
is relevant.

The purpose of the research is to study the
synoptic and thermodynamic conditions of large hail
occurrence in the territory of southern Ukraine, as
well as the possibility of using forecasting models
for short-term forecast of hail.

The source material was meteorological obser-
vation data (ARMSin), Wetterzentrale [29], logs of
storm warnings of HMC BAS, interactive databases
of the European Severe Storms Laboratory ESSL
[30] site at the specified dates. To analyze the humid
and dynamic parameters of the troposphere in the
implementation of dangerous meteorological phe-
nomena, we used an atmospheric radiosonde data
set at 00.00 UTC and numerical simulations (GFS)
with a spatial separation of 0.250 x 0.250M at the
stations of Odessa-HMO (Odessa-Observatories)
and Yuzhnoukrainsk of Nicolayiv region (at 12.00
and 15.00 UTC).

Methods and presentation of the study ma-
terial. Heavy hail in the summer is possible for the
whole territory of Ukraine, and quite often this phe-

nomenon is observed in the southern regions of the
country [8]. For the period of 2009-2018, hazardous
weather database of The Black and Azov Seas Hy-
drometeorological Center provides information
about 20 hailstorms. And it is reported about 56
hailstorms according to the European Severe Weath-
er Database (ESWD)[30].

Many of these cases were not predicted, includ-
ing no storm warnings, so the study of hail occur-
rence conditions with significant material damage,
especially not predicted by the forecast, is most re-
levant.

Two cases of hail fall in the Northwest Black
Sea region during the warm period of 2017 and
2018 were selected for the research, which are relat-
ed to the synoptic processes that led to the develop-
ment of powerful convection. The first one was ob-
served in the area of Odessa-AMSC and Odessa-
HMO stations on May 20, 2017 between 14.23 and
15.00 of local time (D = 8 mm), but was not fore-
casted. The second case is an extraordinary hail (D
= 65 mm), which was registered on 28.06.2018 at
15.05 UTC in the territory of the Nikolaev region
near Yuzhnoukrainsk city. In both cases, the possi-
bility of using different indices, which calculate the
parameters of the instability of the atmosphere, as
well as the possibility of modeling deep convection,
are considered.

The first case. On May 20, 2017, the territory
of the Odessa region was influenced by a basin of
low pressure, oriented from the north, which the
system of occlusion front located in the east of the
region was connected with. The intensity of the
high-altitude frontal zone (AFZ) over the region was
20 dam \ 1000 km. The thermobaric field of the up-
per and middle troposphere was represented by a
kernel of cold over the eastern part of Ukraine,
which occupied the territory of the Odessa region
and may contribute to the formation of deep convec-
tion zones [6]. The value of relative geopotential in
the center of the reduced pressure over the east of
Ukraine reached 552 dam. The advection of cold
spread from the northeast to the southwest to areas
of the Balkan Peninsula. Intense vertical upward
flows of 10-20 hPa / h were observed on the surface
of the AT-500. On the AT-850 map, the region of
reduced pressure occupied the entire territory of
eastern Ukraine and the Azov-Black Sea basin, and
the cold center with a temperature of 2° C was lo-
cated over eastern Ukraine.

Thus, in the lower layers above the Odessa re-
gion advection of warm air was observed, which
increased the possibility of hail formation. Accord-
ing to the precipitation distribution map at 12.00
UTC, the precipitation zone with the intensity of 15-
20 mm / 3 h was located above the territory of
Odessa region. (Fig. 1).

-73 -



Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

T o Seapotenficl [gpdam], Bocandruc< [FPa], -elaiwe Tosagiophe H500- 11000 qpdam] 5_|::Uu NEa eopelental LGpaam |, verukaibewegurg Lnrasng
(GFS {Analyse) () wuw watterdicz LGFS] {Analyse)
N - . - (e

SO hPa Temperatour [Grad o]
amstag. 20— oS — 20177 oo T

Fig. 1. Maps VT-500/1000, AT-500 (vertical streams), AT-850 and precipitation fields,
20.05.2017 00 UTC [29]

The low-gradient high-pressure baric field at  in the middle troposphere to 15 m / s. A sharp in-
the earth's surface caused a relatively weak wind (2-  crease of wind speed was observed from the level of
3 m/s), and a surface inversion was also observed. =~ 300 to 200 hPa, where jet current was detected at a
The transition from ground-level anticyclone circu-  speed of above 30 m / s. Thus, the vertical distribu-
lation to cyclonic circulation in the middle and up-  tion of thermodynamic parameters of air mass ac-
per troposphere was determined by a sharp increase  cording to the data of night sounding at Odessa sta-
in wind from an altitude of 700-800 m (Fig. 2a). tion was not typical for the formation of hail clouds,

According to the temperature-wind sounding at ~ so in order to predict the development of powerful
the Odessa-HMO station at 00 UTC, the level of  convection, which can cause hail, information that is
convection was 470 hPa. The vertical temperature  close to the time of the event is needed.
gradient in the 984 to 720 hPa layerwas dry adia- At present 26 indices of instability are widely
batic and in the 700 to 560 hPa layer exceeded the = known in the world, which are used to predict con-
moisture adiabatic one. The magnitude of the insta-  vective instability phenomena [12, 28]. For the hail
bility energy increased above the 700 hPa level, forecast observed at the meteorological stations
where the average deviation of the state curve from  Odessa-Airport and Odessa-HMO on 05/20/2017, in
the stratification curve was 20C (Fig. 2b). the framework of this study 9 parameters of convec-

The condensation level was at an altitude of tive instability of the atmosphere were used. The
810 hPa, which is high enough for convective pre-  calculation of the instability indices was performed
cipitation. The air mass at the surface up to the level  according to the objective analysis of GFS (Global
of 600 hPa was dry (42-35%), but at the level of 580  Forecast System), with a grid step of 0.250 x 0.250
hPa the relative humidity reached 90%, a sharp de- M. The values of the calculated indices are present-
crease of humidity up to 18-23% was observed ed in Table. 1. In addition, according to data of the
above. Such a distribution of humidity increased the  objective analysis using an specialized RAOB soft-
potential instability of the air mass. The wind ve-  ware, an aerological chart was constructed at 09.00
locity in the surface layer was 2-3 m / s, increasing ~ UTC 20.05.2017 (Fig. 3).
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Fig. 3. Aerological chart for 12 UTS 20.05.17, Odessa-HMO station

Moderate thermal instability was observed in
the hail development zone at 09.00 UTC, as con-
firmed by SBCAPE (594 J / kg), that is characteris-
tic for thunderstorms occurrence, moderate Lifted
Index (-3 © C), high TT index (55.5) and Boyden
index. (97,2). In addition, in the middle and upper
troposphere wind speed increase up to 17-20 m / s
was observed. Also, according to the CFS analysis,
a hail size of 20 mm was determined. The SWEAT
index, which takes into account both wind velocity
and displacement as well as thermal instability in
the troposphere, was also close to critical (250).

Analysis of the vertical distribution of tropo-
spheric wind characteristics was performed accord-

ing to the data of the troposphere radiosound, and
the variability of the actual tropospheric wind was
estimated by the hodograph (Fig. 3). The wind hod-
ograph can be set parametrically by two functions:
changing the wind speed module and the wind azi-
muth with altitude, with the beginning of each next
vector being delayed from the end of the previous
one. The hodograph gives a clear idea of the most
likely directions for the transfer of air flows, chang-
es in the direction and speed of wind. The May 20,
2017 data show a steady northern wind direction
and increased wind speed with the altitude.

Thus, the high probability of hail emergence
was indicated by the presence of moderate thermal
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Table 1
Values of atmospheric instability parameters according to indices calculated from objective GFS analysis
Indices Index values
SBCAPE (J / kg) 594
SBCIN (J / kg) 0
Boydenl 97,2
VGP 0,102
Li (°C) -3
KI 29
SWET 224,8
TT 55,5
SRH ¢-3 km (rnz/ Sz) 70

instability with the level of convection development
7281 m, high values of the SWEAT index, TT index
and Boyden index. It should also be noted that local
conditions, such as the presence of a land-sea delim-
itation, played a significant role in the formation of
hail in the coastal zone.

In this case, the difficulty of hail predicting
near Odessa on May 20, 2017 first of all can be ex-
plained by the absence of a radiosounding in the
afternoon, because night sounding cannot provide
information for the prediction of convective phe-
nomena that develop in the afternoon. Also, a rare
network of aerological stations does not allow ob-
taining actual information on the thermodynamic
characteristics of the troposphere in the region. But
a significant impact on the success of forecasting
hazardous meteorological phenomena that are local-
ly and "explosive" in nature can have the use of high
spatial resolution forecasting models and objective
analysis data from GFS or other resources.

The second case was observed on June 28,
2018, when the territory of the Mykolaiv region was
influenced by the warm sector of cyclone with the
center over the Balkans and a minimum pressure of
1005 hPa (Fig. 4a). An occluded polar frontal sys-

tem is associated with this baric formation. In the
daytime the air near the surface warmed to 28-34 °
C, except in the northwestern regions, where due to
the cloudness of the cold front, warming was negli-
gible (up to 19-21 ° C). The advection of heat in the
lower troposphere and the focus of cold at an alti-
tude of 5 km and above determined the thermobaric
structure of the altitude field of pressure over the
territory of southern Ukraine. Such distribution of
heat and cold zones by altitudes is one of the charac-
teristic prognostic features of the possibility of
forming a heavy hail cloudness. According to the
circular map at 15.00 UTC, the polar front with
waves and a linear system of cumulonimbus clouds
(Fig. 4b) was passing in the area of Yuzhnoukrainsk
and the atmospheric pressure decreased to 999.7
hPa. Meteosat satellite data confirm the presence of
a series of mesoscale convective complexes (MCC)
over southern Ukraine (Fig. 5), where heavy rains,
thunderstorms and hail were observed.

To verify the methodology of hail forecast ac-
cording to the data of objective analysis of GFS and
specialized RAOB software, an aerological chart
was constructed for June 28, 2018 for the meteoro-
logical station Yuzhnoukrainsk, Mykolaiv region
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Fig. 4. Surface map 28.06.2018. 06.00 UTC
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(Fig. 6), at which an extraordinary hail was regis-
tered at 15.05 UTC. The size of the hailstones was
65 mm, which is 1.5 times higher than the criteria of
the MFI III (D> 40 mm). According to model data at
15 UTC, a hail of 1.33 inches (34 mm) was fore-
casted.

The parameters of convective instability of the
atmosphere in this case were classified depending
on which layers of the atmosphere were evaluated
by the instability degree as the main predictor of
hail hazard. Most indices estimate the instability
degree in the cloud layer (Table 2) or the cloud and
undercloud layers (Table 3). This is explained by the
fact that the ascending vertical movements start in

Fig. 5. Satellite data 28.06.2018. 15.00 UTC

the warm humid air of the undercloud layer, and in
the cloud layer they intensify, where hydrometeors
(water droplets, ice particles, snow groats) accumu-
late [2, 10, 11]. The indices given in the table de-
scribe the instability degree of the atmosphere quite
well and allow to determine the development of
high-probability hail cloudiness. Almost all parame-
ters reach or exceed limits. The SBCAPE parameter,
which is a measure of the instability of the atmos-
phere, shows "strong instability" (2500-4000 Jkg-1),
the Boiden index - 97.2 (the higher the index, the
higher the probability of thunderstorms), the index
K exceeds the critical value twice (20 and above),
the Index Li also has a critical limit (-80C).
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Fig. 6. Aerological diagram of the Yuzhnoukrainsk station.15.00 UTC. 28.06.18
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Table 2
Atmospheric indices, which estimate the instability degree of a cloud layer
according to the objective analysis of GFS 06.28.2018
Indices Index values

SBCAPE (J / kg) 2550
DCAPE (J / kg) 1199
Boydenl 97,2
VGP 0,195
KI 43,4
SWEAT 348.4
TT 56,8

Table 3

Atmospheric instability indices, which evaluate the instability degree of cloud and
undercloud layers according to the data of objective analysis of GFS 06.28.2018

Indices Index values
SBCIN (J / kg) -93
Boydenl 101,6
VGP 0,195
Li(°C) -8

A characteristic feature of this case is the alter-
nation of wet and dry layers in the troposphere. A
moist layer of 1.5-2.0 km lies above the boundary
layer of the atmosphere, above which threre is a rel-
atively dry layer. A significant shortage of humidity
in the surface layer (16 °C) is also one of the predic-
tors of the spontaneous hailstorm occurrence[11].

The trajectory of hail cloud movement in the
area of Yuzhnoukrainsk is directed by the quasi-
latitude (with azimuth of motion of about 90-130 °)
in the layer of 0-3 km. (Fig. 7), which is more accu-
rately predicted by the Bunkers method [15, 20, 24].
But above the 3-kilometer layer there was a shear of
the wind and the vorticity of the flow was clearly
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observed, which can be estimated by the shape and
length of the hodograph as well as by the values of
the Storm Relative Helicity (s-rH) index In this
case, the value of s-rH was 76 m?/s> and there was a
right turn of the wind with height (the so-called
"right storm") and an increase in the swirling up-
ward flow in the middle troposphere. The vertical
shear of the BRNshear horizontal wind was 14.4 m /
s. The BRN index estimates the instability energy of
a convective cloud and the vertical displacement of
cumulus-rain cloud (Cb) layers relative to each other
as it evolves, and includes floating energy (CAPE)
and vertical horizontal wind shear, which in turn are
the critical factors that determine the development,
evolution and formation of a storm. In this case, the
index value was quite high and reached 177. This

indicator shows the presence of relatively weak ver-
tical wind shear and high CAPE, which implies the
highest probability of a multi-chamber thunder-
storm.

Conclusions.

- High values of the SWEAT, CAPE, Li (buoy-
ancy parameter), BRN and Boyden I indices can be
considered as the most informative predictors for
hail forecasting according to the data of global hy-
drodynamic atmospheric models.

- The use of products of numerical simulation
and taking into account the trend of changes in
thermodynamic parameters with simultaneous anal-
ysis of features of synoptic position and regional
conditions can improve the quality of the convective
phenomena forecast (including hail).
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APPLYING PREDICTION MODELS FOR SHORT-TERM HAIL FORECASTING
IN SOUTHERN UKRAINE

Formulation of the problem. Often natural disasters cause significant damage to the economy and the
population, having a devastating nature, especially when a complex of dangerous weather conditions are cre-
ated, which mutually reinforce their negative impact: storm rains accompanied by storm winds, thunder-
storms with hail, etc. Increasing the validity and timeliness of storm warnings about hail occurrence is one of
the main urgent tasks of operational meteorological support.

The geographical position of Ukraine, the diversity of climatic conditions and the features of the synop-
tic processes on its territory contribute to the complex spatial and temporal distribution of the occurrence of
natural meteorological phenomena (NMP). In recent years, the frequency of extreme weather phenomena has
increased due to significant climate fluctuations. Often natural disasters cause significant damage to the
economy and the population, having a devastating nature, especially when a complex of dangerous weather
conditions is created. These weather conditions mutually reinforce their negative impact: storm rains accom-
panied by storm winds, thunderstorms with hail, etc. Increasing the validity and timeliness of storm warnings
about hail occurrence is one of the main urgent tasks of operational meteorological support.
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The purpose of the article to study the synoptic and thermodynamic conditions of large hail occur-
rence in the territory of southern Ukraine, as well as the possibility of using forecasting models for short-
term forecast of hail.

Methods. Using of high spatial resolution forecasting models and GFS objective data or other re-
sources.

Results. The conditions of occurrence of two cases of hailstorms in the territory of the south of Ukraine
in 2017-2018 are determined. In the first episode hail was not forecasted by the weather forecasters, due to
the lack of daily radio-sounding data and a rare network of aerological observations, in the other one, an ex-
traordinary hail (D = 65 mm) was observed. As predictors in forecasting of hail and other convective phe-
nomena it is rational to use quantitative characteristics of the atmosphere instability. Possibilities of applying
different convective storm indices, as well as the use of the Global Forecast System (GFS) numerical simula-
tion forecast data with a grid step of 0.250 % 0.250 meridians were evaluated. It has been found that the fore-
cast of moving hail clouds is effectively implemented by using the Bunkers method.

Scientific novelty and practical significance. The most informative parameters of the thermodynamic
state of the atmosphere the day before hail formation have been identified - Severe Weather ThrEAT Index
(abbreviated SWEAT), Convective Available Potential Energy (abbreviated CAPE), Li (Lifted Index), BRN
(Bulk Richardson Number), and VI (Boyden I). Recommendations are given to improve the quality of short-
term hail forecast, taking into account numerical simulation data.

Keywords: hail, spontaneous meteorological phenomena, convective processes, deep convection mod-
eling, atmospheric instability indices.
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3ACTOCYBAHHS EHEPT'O BAJTAHCOBOI MOJEJII IPU3EMHOIO IIIAPY
JJI51 PO3PAXYHKY BUITAPOBYBAHHS 3 BOOHUX OB'E€KTIB

Ipu supiwenni 2ioponociynux 3a60aHs, NO8'A3AHUX 3 BOOHUM OANAHCOM BOOOUM | MONMCIUBICIIO 20CNO0APCHKO20 SUKOPUCTAH-
H3 IX 60OHUX pecypcis, 8adCIUBOI0 NPOOIEMOI0 € MOYHE GUIHAUEHHS BUNAPOBYBAHHS 3 60OHOI NOBEPXHI, 5IKe € OCHOBHOIO CKIAO060I0
empam 600u. Ocobnueo 2ocmpo cmoims NUMAHHSL U3HAYEHHSL BUNAPOBYBAHHS 3 6OOHOI NOBEPXHI HEBENUKUX 8000UM, SIKI 3HAXOOAMb-
€5 8 YMOBAX NOCYULAUBO20 KAIMAMY I OJisl SIKUX BUNAPOBYBAHHS MOJICE OYMU 3HAYHUM.

Ipu ybomy Hatibinbw HAOTIHUM cNOCOOOM PO3PAXYHKY GURAPOBYBANHS 3 NOBEPXHI 800U € GUKOPUCAHHS NAPAMEMPUYHUX AM-
Mmoceheprux LS-mooenetl, aKki 003601510Mb 8paxysamu 6Ci 0COOIUBOCMI B01020-MENTO0OMIHY MIdC 3eMHOIO NOBEPXHEI0 | ammoche-
poio. Oouicio 3 makux mooeiel € enepeobanancosa moodenvs SLEB (Surface Layer Energy Balance), sxa pospoonena ¢ Odecvkomy
0epIACABHOMY eKOJLO2IYHOMY VHIGepcumemi, GUXIOHUMU OAHUMU K0T € cmandapmua memeoponoziuna ingopmayis. Ilepesacoro danoi
MoOeni € 8UCOKA MOYHICIb GUIHAYEHHS 6Mpam Menid Ha SUNAPO8Y8aAHHs NPU O0CMOBIPDHUX OYIHKAX MACA-TeNnI000MiHY MixC nioc-
MUIbHOI nogepxueio i ammocgepoio. Memoio 0ano2o dociodHcenHs € po3PAXYHKU KITbKICHUX 3MIH GUNAPOBYBANHS 3 BOOHUX NOGEp-
XOHb 3a 00nomo2oto modeni SLEB ma ix nopieHanHs 3 GUMIDSHUMU | MOOETbHUMY OAHUMU, OMPUMAHUX AHATOSTYHUMU MEMOOaMu
inwux agmopis (leanosa, Ilenmana) na npuxaadi npicnosoonozo ozepa fAmnye. Pezyibmamu nokasanu, wo po3paxyHKo8i GeluduHu
BUNAPOBYBAHHS 3 600HOT noGepxHi 3a memodamu [lenmana i Ieanoea 3asuwyoms KibKicmb 801102uU, WO SURAPYEANACS 8 NOPIGHHHI 3
BUMIPIOBAHUMU MA PO3PaAX08aHuMy 3a Modennto SLEB eenuuunamu.

Taxum yunom, 3acmocyeanns mooeni SLEB 0036015€ nokpawumu moyHicmsy KilbKIiCHOT OYIHKU 6mpam 800U HA 8UNAPOGYEAHHS
3 BOOHOI NOBEPXHI BOOOUM, WO 8 CBOIO YEP2Y, MOJice NIOBUUMY ePEeKMUSHICMb YIPAGLIHHA 600HUMU PeCyPCamMu NPUPOOHUX 8000UM
3 Memor ix payioHanIbHO20 BUKOPUCTIAHHA 011 NUMHO20 86000NOCMAYAHHS MA 3POUEHHS 3eMelb.

Knrwuoei cnosa: napamempuuni mooeni, 601020-meniooOMiH, eHepeobanIancoéa MoOenb, 63aEMO0IsL AMMOCEhepu i NOGepxHi, pi-
6HSIHHIL MENN06020 OANAHCY RIOCMUTLHOI NOGEPXHI, X8UNEYMBOPEHHS, BUNAPOBYBANHS 3 BOOHOT NOBEPXHI, NOMeHYIlIHe BUNAPOBYBANHS

B. I Bonowun, C. H. Cmenanenxo, K. P. lllakup3anosa, B. IO. Kypviuuuna. IPUHMEHEHHE SHEPI OBAJIAHCOBOH
MO/EJIH [IPU3EMHOI'O CJ104 JVIA PACYETA HCIIAPEHHA C BOAHBIX OBBEKTOB. [Ipu pewenuu 2uoponocuueckux
3a0a4, C6A3AHHLIX C B0OHBIM OANAHCOM B000EMO8 U BOIMONCHOCHIBIO XO3AUCMBEEHHO20 UCHONb308AHUS UX BOOHBIX PECYPCO8, 8ANCHOU
npobnemotl A61semcs. moyHoe onpeodeneHue UCHAPEeHUs ¢ 600HOU NOBEPXHOCIU, KOMOpoe AGNAENCs OCHOBHOU cocmasisioujell no-
mepob 600bl. OCOOEHHO OCMPO CMOUM 80NPOC ONPeOeleHUs UCKAPEHUs C 0OHOU NOBEPXHOCMU HEOOILUIUX 8000eMO8, KOMOpble Ha-
X00AMCAL 8 YCLOBUAX 3ACYULTUBO20 KIUMAMA U 01 KOMOPBIX UCHAPEHUe MOdCem Oblimb 3HAYUMETbHbIM.

IIpu smom, Haubonee HAOEHCHBIM CHOCOOOM pacuema UCNapeHusi ¢ NOBEPXHOCMU 800bl ABGNIAEMCA UCNONb308AHIUE NAPAMEMPU-
yeckux ammocgheprvix LS-mooeneil, komopwvie no3eonsiom yuecms 6ce 0COOEHHOCMU 81120~ MENI00OMEHA MENCOY 3eMHOU NOBEPX-
Hocmovio u ammocghepoti. OOHol uz maxkux mooelnell s8asemcs dHepeodanrancosas mooenv SLEB (Surface Layer Energy Balance),
paspabomannas 6 O0ecckom 20cyoapcmeeHHOM IKOAOSULECKOM YHUGEPCUMEme, UCXOOHLIMU OAHHbIMU 0I5l KOMOPOU SAGISeMcs Cma-
HOapmHuas memeoponozudeckas ungopmayus. Ilpeumywecmeom O0aHHOU MOOenu 56IAemcs BbICOKASL MOYHOCMb ONpeoeseHus 3a-
mpam menna Ha ucnapetue npu 00CHMOBEPHBIX OYEHKAX MACCa- MEeNI000MeHA MexHcOy nOOCmunLarujeli N0epXHOCMbIO U AmMoche-
poil. Llenvo 0anHo20 ucciedo8anus A61Aemes paciemvl KOIU4eCmeeHHbIX U3MEHEeHUIl UCNAPEHUs ¢ 600HbIX NOBEPXHOCHEl ¢ NOMO-
wvro moodenu SLEB u cpagrerue ux ¢ usmepeHHbIMU U MOOETbHbIMU OAHHBIMU, NOTYYEHHbIX AHATIOSUYHBIMU MEMOOamu Opyaux asmo-
poe (Heanosa, Ilenmana) Ha npumepe npecHo800H020 03epa Hinye. Pezynbmamer nokaszanu, 4umo pacuemuvie 8eTUUUHbL UCNAPEHUS C
600HOIl nosepxnocmu no memooam llenmana u Meanosa 3a8bluuaiom KOIUHECME0 UCHAPUSUIEUCS 81A2U NO CPABHEHUIO C UBMepEeH-
HbIMU U paccuumannvimu mooenvio SLEB eenuyunamu.

Takum obpaszom, npumenenue mooenu SLEB noszeonsem nosvicumos mouHOCMb KOIUHECMBEHHOU OYEHKU OCHOBHOU COCMAG-
Jsoweli 00H020 bananca - nomepb 600bl HA UCHAPEHUE ¢ 600OHOU NOGEPXHOCMU 6000E€MO8, MO, 6 CE0I0 04epedb, MOICEm VEelu-
yumo d¢hpexmusHocmsb Ynpasienus 600HbIMU PECYPCAMU eCMECMBEHHBIX 8000EMO8 C YEIbI0 UX PAYUOHATLHO20 UCTONb308AHUS OIS
NUMbE8020 8000CHAOIICEHUS U OPOUEHUSL 3eMelb.

Knruesvie cnosa: napamempuueckue mooenu, sHepeoOALAHCO8As MOOENb, 83AUMOOElCEUe ammocghepvl U NOBEPXHOCHIU,
YpasHeHue menyogozo banarca noocmunaroueli NO8ePXHOCMU, BOTHO0OPA308aHUe, UCNAPEHUE ¢ B0OHOU NOBEPXHOCTU, NOMEHYUATb-
Hoe ucnapenue.

© Bonowun B. I'., Cmenanenxo C. M., Illaxipzanoea JK. P., Kypuwuna B. IO., 2020
https://doi.org/10.26565/2410-7360-2020-53-06
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Beryn. BumapoByBaHHS € OJHUM 3 OCHOBHHX
MIPOIIECIB MTEPEHOCY BOJIOTH B TiAPOIIOTIIHOMY ITHKITI
1 HaliBa)KJIMBIILIOIO CKJIaJOBOI0 BUTPATHOI YaCTHHU
BOOHMX OanaHciB BomoWmuIl. [yl HEBENUKUX BO-
JOHM, IO 3HAXOAATHCS B YMOBax IOCYIIIMBOTO
KJIiMaTy, BTpaTu BOOW HAa BUIIAPOBYBAHHS 3 iX BOA-
HO{ MOBEPXHI MOXKYTh BiAirpaBaru CyTTeBY poiib. [lo
TaKUX BOTHUX 00'€KTIB HajekKaTh MPICHOBOAHI 03e-
pa mocynumBoro periony llpuayHa's B Mexax
CTENOBOI 30HU MIOCKOI [IprnyopHOMOpPCHKOI HHU30-
BUHM YKpainu. BoaHi pecypcu o3ep € OnHUM 3 MO-
BEPXHEBUX [DKEPET BOAY HA BONOIOCTAYaHHS Hace-
JICHHS 1 3POIIEHHS CITbCHKOTOCTIONAPCHKUX KYIlb-
Typ. 3HauHi BEJIMYMHU BHUIIAPOBYBAaHHS, OCOOIHMBO B
JTHIN Tepio; poKy, MPU3BOIATE 0 3MEHIIEHHS Pi-
BHIB 1 MiJBWINEHHS MiHepalizamii BoAW 03ep, sKa
MEPEBUIY€E JOMYCTUMI HOPMH JISi MIUTHOI Ta 3po-
nryBasibHOI Bonu. Lle He 103BOJIsIE BUKOPHCTOBYBATH
BOIY O3€p AJsl MUTHOTO BOJOIOCTAYaHHA 1 3pOIIy-
BaHHsI, IO CTBOPIOE COLIaIbHO-CKOHOMIYHY Harpy-
T'Y PErioHy B LiJIOMY.

ToMy omHUM 3 eneMeHTiB e()eKTUBHOTO YIIpaB-
JHHS BOAHUMH PECypcaMy BOIOWM € MaKCHMMAJBHO
TOYHA KiJIbKICHA OLlIHKa BHIIAPOBYBaHHS, SIK HaliBa-
JKJIMBIIIOT CKJIAJIOBOI iX BOAHOTO OanaHcy. AJe X 10
TENepilTHROrO Yacy npobieMa HaaiitHOI OILIHKHA BU-
MapOBYBaHHS 3 MPUPOJHHUX BOAOWM Bce Ie HE BH-
pimeHa.

AHAJI3 ocTaHHIX MOCTiMKeHb i myOsikamiii.
CknazHoII OMUCY MPOIIECiB BUIIAPOBYBAHHS 3 Pi3-
HUX TIOBEpXOHb 1 pI3HOMAHITHICTh iX (i3uKo-
reorpa)iyHUX XapaKTEPUCTHK HPU3BENH 10 PO3PO-
Oxu Oe3Iivi pi3HUX METOJIB OLIHKH CyMapHOTO BH-
napoByBanHsi (ET) 3 moBepxHi cyIii, BUTapOBYBaH-
Hs 3 BUTbHOI oBepxHi Boau (E) i cymapHoi Bumapo-
ByBanocti (PE) 3 moBepxoHs IpyHTYy-BOIU-
POCIIMHHOCTI.

B renepimHiii yac BHUKOPUCTOBYETHCS Oe3iid
HEMpSIMUX 1 eMITipuaHIX MeToaiB po3paxyHky ET, E
i PE. HaiiGinp1r BiTOMUMH € METOAM TEILUIOBOTO 0a-
nancy moBepxHi. Taki Meromu, 3 xopomum (i3uy-
HUM 1 MareMaTHYHUM OOTPYHTYBaHHSM pPO3POOHIH
M.I. byauxo [1], B.C. Me3enues [2], M.M. IBanoB
[3]; Penman-Monteith [4,5]; A.l. Bynaroscekwuii [6];
O.P. Koncrantunor [7]; ILIO. Ilymmucrtos, B.A.
[maxoB [8]; A.H. Iloctaukos [9]; Priestly-Taylor
[10]; W.Brutsaert [11] Ta iH.

Emmipuuni (HarmiBeMIipudHi) METOIM B OCHOB-
HOMY BHKOPHMCTOBYIOTH 3aKOH BHIapoByBaHHA /[la-
JIBTOHA, TOOTO HAsBHICTH B32€MO3B'SI3KY MK IIBH]I-
KICTIO BHIApOBYBaHHS 1 Je(IiIMTOM BOJOTOCTi, a
TaKOXK IIUPOKUH Jiama3oH iHIIMX TiAPOMETEoPOIo-
FYHUX JaHUX, OO0 BU3HAYAIOTh MPOLEC BHUIIAPOBY-
BaHHsA. Ha OCHOBI IMX B3a€MO3B'S3KIB OOYI0BaHO
EMITIpUYHI METOJM PO3PaxyHKy BHUIIAPOBYBAaHHS 3
Pi3HUX MiACTUIBRHUX MOBepXoHb. Hampukian, metox
MIEPEHECCHHSI Macu, PO3pOOJCHUH Ie Ha IMOYaTKy

XX CTOMTTS, 3aCTOCOBYETHCS JI0 ITUX Tip depe3 Ho-
TO MPOCTOTY 1 PO3YMHY TOYHICTH OIIIHKH BUIIAPOBY-
BaHHs 3 MOBepxHiI Bomu [12]. PamianiliHuiéi meton
BU3HAYa€ MOTEHI[IHE BUMAPOBYBAHHS MPU 3aCTOCY-
BaHHI aHaNi3y MPOMEHHCTHUX ITOTOKIB, IO HAIXO-
Iatb g0 moBepxHi [13]. Temmeparypuuii Meron,
KU BUKOPUCTOBYE TNBKH JaHi MPO TPafi€eHTH Te-
MITIEpaTyp MOOMU3y TOCHIMHKYBaHOI MMOBEPXHi, pO3T-
JSINAETHCS YacTo, SIK OCHOBHUI METOX AJISl OLHKH
BUIIApOBYBaHHA [14].

BinpIicTs eMnipuyHUX METOAIB HE MAlOTh YHi-
BEpCaILHOI 3aCTOCOBHOCTI, TaK SIK B OLIBIIOCTI BH-
NajKiB, HE MOXYTh BpaxoByBaTh OCOOJIMBOCTI pi3-
HUX TiJICTUIBHHUX MOBEPXOHb 1 OCOOIMBOCTI Tiapo-
METEOPOJIOTIYHIX YMOB, L0 BIUIMBAIOTh Ha IPOIE-
CH BHITapoByBaHH# [4, 5, 7, 11, 12].

€IuHO OOIPYHTOBaHMMH METOJAMH OIIHKH
(akTHIHOTO a00 TIOTEHIITHOTO BHITAPOBYBAHHS
MOXKYTb CITY)KUTH TUTBKH TTapaMeTpHIHI MOIEIT, 10
3aCHOBaHI Ha YMCEIILHOMY DIlICHHI PIBHSHHS Tel-
J0BOrO OaiaHCy MOBEPXHi, SIKE J03BOJISIE BpaXyBaTh
BC1 OCOOJIMBOCTI CHCTEMHU «IPYHT (BOAA) — POCIHH-
HICTh — NpH3EMHUN Mmap arMocdepm» (cucrema
SVAS: Soil - Vegetation - Atmosphere System) [15].

B temepimHiit wac po3poOieHO psiA OMHOBUMI-
PHHUX TTapaMeTPUIHHUX atMochepHux Momeneit LSM
(Land Surface Models), sxi, Bomoairoun yHiBepca-
JBHICTIO 1 IMOMIMACIITA0HICTIO, AO3BOJSAIOTH BHKO-
HyBaTH KOMIM'IOTEpHE MOJIENIOBaHH cucTeMu SVAS
Ui Oynb-skux Teputopiit [16, 17], Bu3HaYaroum
JUHAMIYHI 1 TEpMiYHI TapaMeTpy MPU3EMHOTO Mapy
armocdepu i npupoaHi abioTHYHI MexaHi3MH cTaoi-
Jri3anii BOJIHOI EKOCUCTEMH.

Onniero 3 Takux Mojeneit € armochepna LS-
Mozenb Ipu3eMHoro mapy armochepu SLEB
(Surface Layer Energy Balance), ctBopenoi B One-
CBKOMY JICp)KaBHOMY €KOJIOTiYHOMY YHIBEPCHUTETI
[18, 19]. Ha Bimminy Bix iHmwmx LS-mozpenedt, mMo-
nenb SLEB moke 3acTocoByBarucs Ui BCiX THIIB
MiICTUILHUX TIOBEPXOHb, SIKi XapaKTepHi Ui TepH-
Topii Ykpainu. ['0J0OBHOIO TepeBarow po3podsieHol
MOJIEJIi € BUCOKA TOYHICTh BU3HAUEHHS BUTPAT Tell-
Jla Ha BUIAPOBYBAaHHS IPH pO3paxyHKax Maco-
TEII000MiHY B MIKpPO- 1 Me30MacIITadax.

MerTo10 1aHOI €TATTI € 3aCTOCYBaHHA Napame-
TPUYHOI MOIENi NpU3EMHOro wiapy armocdepu
SLEB mist po3paxyHKy BHIIapOBYBaHHS (BHIapHOC-
Ti) 3 BOJHUX BEIHMKHX OO'€KTIB B CTEMOBIH 30HI
[TpuyopHOMOp'ST 3 METOIO JOCTOBIPHOI OLIHKHM iX
BOJIHOTO OanaHcy Ta Horo 3MiH 3a JOCIiKYBaHWH
nepiof], Ha MPHKIIAJIi PICHOBOAHOTO 03epa Snmyr.

Marepiaau i MeTOIH TOCTiTKEeHb.

Jnst mpoBeseHHs! AOCIHiIKeHb Oylla BUKOpPHC-
TaHa TapaMeTpuyHa eHeprodaJaHcoBa MOJIEb TPU-
3eMHoOro0 mapy armocdepu SLEB, sika MicTuthb 6J10-
KA mapameTpu3auii BciX ()i3WYHHUX TMPOLECIB, LIO0
OepyTh y9acTb B OOMiHI €HEPTI€I0 B CUCTEMI «aTMO-
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chepa - rigpocdepa - POCIUHHICTE - IpyHT». OCHO-
BHI i1 ITOJIOXKEHHS 1 PE3yJIbTaTH BUKOPUCTAHHS OITY-
omikomani B [18, 19, 21, 22, 23].

B ocnoBi mozeni SLEB nexuTh pimeHHs piB-
HSIHHSI €Hepro0allaHCy MOBEepXHi, 3aMCaHOTO Y BU-
TSIl JTiHIAHOTO anredpaidHoro piBHIHHS, JIiBa Yac-
THHA SKOTO SIBJISIE IPUILUIMB POMEHUCTOTO TETIa JI0
TIOBEpPXHi, a IpaBa — BTpaTy (BiATIK) Tera:

Quu+Eqs—G=H+LE +Ej, (1)

e Qe — CyMapHa KOPOTKOXBUJILOBA COHSYHA Pajli-
arist (KOpOTKOXBWJIBOBHUM Oananc); E, — HOBroxau-
JHOBE BUIIPOMiHIOBaHHS arMochepu; E; — DOBTox-

kU (2)

K(CIZ - qzo)

BHJILOBE BUITPOMIHIOBAaHHS TIOBEpXHi; G — MOJEKY-
JISIPHO-KOHAYKTUBHHUM TOTIK TeIUIa B IPYHTI (BOZI);
H i LE — TypOyneHTHI IOTOKK SBHOTO i IPUXOBaHO-
O Teria, sIKi MapaMeTpU3YIOThCs 3 ypaxyBaHHIM X
3QJIEKHOCTEH BiJ TiIPOCTATUIHOI CTIHKOCTI aTMOC-
¢epu. lloroxku G, H i LE MOXyTb 3MiHIOBaTH 3HAK,
TOOTO 3MiHIOBAaTH HANPSIMOK IIEPEHECEHHS €HEpTii.

TypOyneHTHHI MTOTOKK IMIyIbCy (M/C), Teria
H (Bt/M?) i Booru LE (B1/M?) po3paxoByrOThCS Ha
OCHOBI Teopii moaidbHocTi Monina-O0yxoBa, OCHOB-
Hi QopMynu SKOI, SIK BiZIOMO, 3alTUCYIOTBCSl HACTYII-
HUM YHHOM:

H = —pc, w,T,; LE = — pLu.q.; 2

k(T, — Ty,)

* *

" n(z/200) — PO’

ky = ku,z/@y,({) 4)

Je U,— IWHaMiYHa HMIBHJIKICTH TEpPTs (M/C) € Mipoio
IHTEHCHBHOCTI TypOYJIE€HTHHX ITyJIbCaIliii B IMOTOIII;
k — nocriitna Kapmana; U(z) cepenns MBUAKICTH
BiTpY Ha piBHI z = 10 m; k,,— koedinieHt TypOyIie-
HTHOCTI; T, W q,— MacImTaOu MOTeHIIHHOI TeMIepa-
TypHY 1 MacoBOI YaCTKU BOISIHOI Iapu, SKi po3paxo-
BYIOTBCSI 3 ypaxyBaHHSM IIOPCTKOCTI TOBEPXHi 1
TiAPOCTaTUYHOI CTIMKOCTI MPU3EMHOTO Iapy arMo-
chepu { = z/L. VuiBepcanbHa ¢yHKUis P;(¢) BH-
3HaYa€ CTYMiHb PO301XKHOCTI JIOTapuMIdHOTO MPO-
(hinro Bij JHIHHOTO 1 € iHTErpanbHOIO (popMoro Oe3-
po3MipHHX TpodinbHUX (QYHKIIH BITPY 1 Temriiepa-
Typu ¢y, (), 97(9).

Pimennst piBasaHEA (1) MonsArae B 3HaXO/HKEHHI
JIBOX HEBIJIOMHUX BEJIMUYMH: TeMiepaTypu nositps T
Mo0JIM3y MOBEpXHI HAa HIKHBOMY PiBHI Jlorapudmi-
YHOTO Mapy Zg = Zor 1 KPUTEPitO CTIHKOCTI mpu3e-
MHoro mapy { = z/L. be3nocepenHpo Temmneparypa
noBepxHi IpyHTY (Boan) Tsy BU3HAUAETHCS SIK CyMa
Temneparypu noBitps Ty 1 «cTprOKay TeMIiepaTypu
OT B B'13k0-Oy(hepHOMY TIapi MOBITPS MOOIH3Y TTO-
BepxHi, TOOTO Tg9 = Tg + 6T [11]. Temmepatypa
noBepxHi Tgy € ONHIEI 3 KIOYOBHX (DI3UYHUX Be-
JIMYMH TEIJIOBOTO OallaHCy, sKa 3aJIeKUTh Bill 0e3-
Ji4i 3HAYeHb apryMeHTiB ii QyHKuii.

OO0umcnIoBaIbHI MIPOIEYPH, SIKI BUKOPUCTO-
BYIOTBCS JIJIsi BUPIIICHHS PIBHSHHS TEIJIOBOTO Oa-
JIaHCY TIOBEPXHi, MOOYI0OBaHI Ha IBOX MapaleilbHUX
iTepaniiHUX UKIaX — 30BHIIIHIA UK 32 MBUIKI-
CTIO BITPY 1 BHYTPIIIHIH — 32 TEMIIEpaTypOIO MOBEP-
XHi. BHYTpINIHIA UKJI BHUKOPHUCTOBYE PEKYPCHBHI
MPOLEIYPH, IO JO3BOJISIOTH MOCTIHHO 3BEpTaTHCS
10 (PyHKIIIH, 1110 MICTUTh HEBIIOMI BeMYMHU Tgq 1
¢. Ipouec 301KHOCTI HUKIIB MPUITUHAETHCS, KOJIH
BEJIMYMHU JIiBOT 1 MPaBOi YaCTUHM PiBHSHHS OallaHCy

T n(z/204) — 0u (@)

*

B ln(Z/ZO,T) —Yr(Q) ; 3)

(1) cxomAThCS 3 TOYHICTIO, TOOTO BUKOHYETHCS yMO-
Ba «3aMUKaHH:» PiBHIHHS OallaHCY

ch.w"'Ea_G(Ts)
- <1025 (5
H(T5,{)+LE(Ts,{)+Es(Ts) — ©)

0,975 <
Kanibpysanus 1 Bepudikamiss mogeni SLEB
MPOBOJMIIACS LUIIXOM MOPIBHSHHS OTPUMAaHUX MO-
JIENIbHUX BEJIMYUH 3 Pe3yJibTaTaMi aKTHHOMETPHY-
HUX CIIOCTEPEKEHb, BUMIPIOBAaHb TEMIIEPATYPH IPY-
HTY, BUMIPIOBaHb TIOTOKIB TeIUia B IPYHT i JaHUMH
BHUITAPOBYBAHHS 3 Pi3HUX MOBEpXOHb [18].

VY naniit poboti mogens SLEB Oyna Bukopuc-
TaHa U PO3PaXyHKY KiJIbKICHUX 3MiH BUIApOBY-
BaHHsI 3 BOJHOI MOBEpXHi 03epa Smyr.

OCHOBHUM ITOKa3HMKOM KIJIBKOCTI BOJIH, IO
sunapysanacs E, (kr/cm? a6o MM/c) e TypOyie-
HTHHUH TOTIK NPHUXOBAHOI TEIUIOTH BUIAPOBYBaHHS
LE, (xx/cm? a6o Bt/M?), skuil po3paxoByeTbcs
moneno SLEB 3 noctaTHBOIO TOUHICTIO IPH YHCe-
JIFHOMY PIllIeHH]I PIBHSHHS TEIUIOBOTO OaaHCy.

B sixocTi BUXiIHUX MOJENBHUX aHUX BUKOPH-
CTaHi TUIbKM CTaHAAapPTHI METEOPOJIOTiYHI CHOCTe-
pexxeHHst Meteoctaniii boarpan (Onecbka 00nacTb,
VYkpaina) Ta psa reodi3uuHUX NapaMeTpiB paioHy
po3TalllyBaHHS METEOCTaHIll 3a mnepiox 3 1996 mo
2007 pp.

Merteocranuis bonrpax posramosana B Ilpu-
YOPHOMOPCHKIN HU30BUHI, y cTeNoOBil reorpadidnii
soni Vkpainu (¢ = 45%1' mam.; A = 28%36' c.n.).
Bucora MicIieBOCTI, II[O0 MaWIaHYMKa METEOCTAH-
1ii, 3MIHIOETBCS B pajiyci 5 KM B Mexax Bix 5 1o
100 m. Bucora MeTeomMaiifan4drka Hajl piBHEM MOPA
craHoBuTh 80 M. IloBepxHS MeTeoMalgaHYHMKA J10-
CUTH DiBHA, NMOKPUTA TPABOIO 1 BibHA BiJl Pi3HOrO
poly 3aropojkeHb. Bunapauii Oaceitn miomero 20
M?, TIIMOMHOIO 2 M i BUCOTOK HaJ[ TOBEPXHEK IPYH-
Ty 7 €M, PO3TalllOBaHWI B 3aXiJIHIN YaCTHHI METEO-
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Maiiganuuka. Ha Bimcrani Oiibmre 50 M Bim HEHTPY
MeTeoMalJaHINKa 3HAXOMATHCS JINCTSHI JepeBa i
KUTIOBI OynoBu. Ha 3axin Bijg meTeomaiimaHdmka
Ha BIJICTaHI 3 KM pO3TalllOBaHE BEJIMKE MTPICHOBOIHE
o3epo SAnmyr.

Pe3yabraTtu 1ociitKkeHnsb.

Ha mepmomy ertami gocnifykeHb MPOBOJMIIACS
OIliHKa BHITAPOBYBAaHHS 3 BOJHOI MOBEPXHI BHUMAp-
HOrO OaceifHy MmerteoctaHiii bonrpax. Bemmunau
BUIIAPOBYBAaHHS BU3HAUYAIUCS 3a JOMOMOTOI0 MOJIe-
i SLEB, a takox 3a Mmeromamu [lenmana [4, 5] Ta
IBanoBa [3] 3a KOXKEH TEpPMiH METEOPOJIOTIIHUX
croctepexenb (8 crocrepexeHb 3a no0y) 1 nmami
MiCyMOBYBaTH 3a A00y, Micsllb, piK. 3araabHHUN
00csT po3paxyHKOBUX JAHWX 3a JOCHIKyBaHUH 12-
piuamii niepiox (3 1996 mo 2007 pp.) ckmaB 35040
CTIIOCTEPEKEHb. Y3arajibHEeHI Pe3yJbTaTu po3paxyH-
KiB mpezcTaBieHi B Ta0m. 1.

st IopiBHSHHS PO3PaxyHKOBUX 1 BUMIPSHHAX
BEJIMYMH BUIAPOBYBAaHHS 3 BOJHOI MMOBEPXHi BUIA-

pHOTO OaceliHy BUKOPHCTOBYBaIHCS «Tadmwi cro-
CTepEeKEHb 32 BUIAPOBYBAHHSIM 3 BOJHOI IMOBEPXHI
Oaceliny» MeteocraHIlii bonrpan. YV Tabnwmito
VBTN TIBKK JaHi, KON Ha MOBEPXHi OaceiHy
OyB BiACYTHIH i,

CymapHe BUMipsiHE BUTIAPOBYBaHHS BOIM 3 BH-
napHoro OaceiiHy Oe3 ypaxyBaHHs JIEIOCTaBHUX
nepiofiB 3a 12 pokiB CKIAI0 Fyuy 0aceitn = 9337 Mmm
(Tabm. 1, komoHka 2), TOOTO B CepeIHBOMY 3a piK
778 mMm.

3BepHEMO yBary Ha Te, 1[0 BUIApHUHN OaceitH
3HAXOIUTHCS B CTETOBIN 30HI 3 PI3HUM IPYyHTOBHUM
rapoMm i pocnuHHEM NokpuBoM. LlopcTkicTs Takii
MICI[EBOCTI, 32 HAIIUMH OLIIHKAMHM, 3MIHIOETECS Bij
0,0l M mo 0,03 M B 3anmeXHOCTI Bif CE30HY DPOKY
[18]. Otxe, TepmiuHi i TUHAMIYHI XapaKTEPUCTHKU
MOBITPSIHOTO TIOTOKY, SIKMH (POPMYETHCS B MPHU3EM-
HOMY IIapi Haj TaKoK MiCIIEBiCTIO, 3HAYHO BiJIpi3-
HSIOThCS BiJl MOBITPSHOTO TOTOKY, SIKHH PYXa€ThCs
HaJl BOJHOIO MTOBEPXHEIO BOJONMY.

Tabruys 1
Piuni cymu Bumipsaoro (Egy,,) 1 po3paxyHkoBoro BuniapoByBaHHs 32 Mozaeiutio SLEB
Ta Metofamu Ilenmana i Isanosa (E,,,,) 6e3 ypaxyBaHHs J500CTaBHOTO IIEPiOMy
EMOA, o E E(:MOH’ MI)VI TMOA TBHM E
SLEB Mox> MM SLEB ’ | Onagn, |Eyon, MM
pix | Do %acemz (SLEB) Gaceii| Bogofivu, | P02 | MOBITPA o0 7l | Bvom M
Gaceiin, MM Zo = Zo = 0’0145 M Zo = C C MaH) (IBaHOB)
0,002 m 0,0136 m
1 2 3 4 5 6 7 8 9 10
1996 810 691 802 783 10,4 10,4 608 854 810
1997 744 622 710 764 9,4 9,8 716 1153 717
1998 746 681 744 787 10,3 10,9 481 1003 775
1999 732 674 752 745 11,3 11,6 550 904 780
2000 829 738 818 818 11,5 11,8 432 952 1001
2001 775 734 802 820 10,9 11,3 475 1152 1128
2002 855 708 836 790 11,0 11,7 488 1043 930
2003 811 696 807 766 10,4 10,4 517 929 893
2004 652 585 644 636 10,9 11,1 590 726 672
2005 699 654 718 725 10,7 10,9 610 863 762
2006 783 677 776 756 10,6 10,9 423 874 826
2007 901 764 880 866 11,5 12,6 528 1088 1066
Cyma 9337 8224 9289 9257 - - 6419 | 11541 10360
C‘;I?zﬂ' 778 685 774 771 | 107 | 11,1 | 535 | 961 854

Ockinbku BiTpoBe OOypeHHs MOBEPXHI BOAU
3aJIeKUTh BiJl MIBHJKOCTI BITPY, TO TNPH CIAOKUX
MIBUJIKOCTSIX BITPY MOBEPXHs BOIU B OaceiHi 3aiu-
IIAETHCS MIAKOKO 3 MOPCTKICTIO Zo = 107+107 M. 3i
30UIBIICHHSM MIBHKOCTI BITpY Ha MOBEpXHi Oaceii-
HY YTBOPIOIOTHCSI 30HU OPMXKIB 1 MOPCTKICTh TOBE-
pxui 30inburyerhest 10 2-107+5-107 M. Xsuneytso-
PEHHS Ha MOBEpXHi BUIIapHOTO OaceiiHy He BigOyBa-
€TBCS, TaK K MOTO JIHINHI pO3MipH HEIOCTATHI IS

BITPOBOTO PO3TOHY XBHJIb.

[HCTpyMeHTaIbHO BUMIpSIHE BHUITAPOBYBAHHS
3 OaceliHy HaBpsyI YM MOXKHA IHTEpPIIPETYBaTH SIK
BUIIAPOBYBAHHS 3 BiAKPUTOI BOJHOI MOBEPXHi BEJIH-
KOi BONOWMH. Y KpalioMy BHIIAJKy, BUMIpsHI pe-
3yJABTaTH MOYKHA BIJIHECTH [0 MOTEHI[IHHO MOXIIH-
BOI'0 BUIIAPOBYBAaHHS BOAM (BUIIAPOBYBAHICTh) B Wil
MICIIEBOCTI MPH METEOPOJIOTTYHUX YMOBAX, BIACTH-
BHX pailOHy po3TallyBaHHs OacelHy, THM OIiJIbIIIe,
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10 TIPM B3aEMOZI1 MOBITPSHOTO MTOTOKY 3 HEOMHOPI-
JTHOIO 3a AepOJMHAMIYHUMM BJIACTUBOCTSMHU IIiJIC-
TUJBHOI MOBEpXHEI0 BUHHUKAIOTH BHYTPILIHI TPaHU-
YHI [IapH, 30KpeMa, Haj BogoliMamu (OaceiiHaMu)
OTOYCHHUMH CYIICIO.

Po3paxynkun BHIapoBYBaHHS, BHKOHaHI 3a
YMOBH, IO MOBEPXHs OaceiiHy 30epirae mopcTKiCTh
Z0= 0,002 M, moka3zanau, IO KUIBKICTH BOJIOTH, SIKa
BHIIapyBajacs 3a IOCIIKyBaHUHA Mepiof], 3MEHIIIH-
nmacst 10 8224 mMm (tabn.l, xonoHka 3), a pi3HULS
MiXX BUMIPSIHUM 1 PO3PaxyHKOBHM BHUIIAPOBYBAaHHIM
ckinama 1113 MM, mpu cepenHbOPIYHOMY 3HAYEHHI
BUIIAPOBYBaHHS 685 MM.

3MEeHIICHHS BeJTMYUHM BUIIAPOBYBAHHS, MO0
BHMIPSTHOTO, BHUKIJIMKAHO BIJICYTHICTIO €(EeKTy 30B-
HIOTHBOI Audy3ii BOASHOI Mapyu 3 TIAAKOI MOBEPXHI
Boau. EdexT 30BHIIIHBOT Au(y3ii BUHUKAE TIJILKH 3
PO3BUTKOM TypOYJEHTHOCTI B TPHU3EMHOMY IIapi
atMochepu.

30iMbIICHHS MIOPCTKOCTI BOJIHOI TMOBEPXHI
CIpUsi€e BUHUKHCHHIO B IMOBITPSHOMY IOTOII Jpi0-
HUX TypOYJIEHTHUX BUXOpIB, TUCHUMAIIS SKAX MOO-
JIU3Y MOBEPXHI MPHU3BOIUTH O 301MBIICHHS IIBUJI-
KOCTi (eHeprii) BUXOy MOJIEKYJ BOJAU 3 HACHYCHOTO
Iapy B HaBKOJIMIIHE cepenoBuine. Po3paxyHOK Bu-
MapoByBaHHs TpH NepenadadyBaHOi MIOPCTKOCTI pi-
BHi#t zo= 0,0145 M 1 nipu 30epekeHHI METEOPOIIOTi-
YHHUX YMOB IONEPETHHOTO PO3PAXYHKY IMOKa3aB, 110
KIIBKICTh BOJIOTH, IO BHIIapyBajacs 301TbIIIIACS
no Emop,6aceitn = 9289 mm (Tabn. 1, kojoHka 4),
TOOTO MOJIEbHI PO3PaXyHKH BUIIAPOBYBAHHS MPaK-
TUYHO 30irmucs 3 BUMIpsHUM ((aKTHUYHHM) BHUTIA-
POBYBaHHSM 3 0aCEHHY Epum saceiin = 9337 MM.

OckinbkH MpH Maiii Tuionli 0aceiHy HIopCT-
KicTh piBHa Zo= 0,0145 M 4u Ginpira He MOXKe OyTH
JOCSTHYTa, TO MOXKHA CTBEP/PKYBAaTH, IO MPOIECH
BUTIAPOBYBaHHS 3 OaceiiHy, pO3TalIOBaHOTO B Mic-
LEBOCTI 3 100pe PO3BUHEHOIO MIOPCTKICTIO, 3aJIekKa-
TUMYTb BiJl TEPMIYHUX i TUHAMIYHUX 0COOIHMBOCTEH
MOBITPSIHOTO TMOTOKY, C()OPMOBAHOTO HAJl II€I0 Mic-
LEBICTIO.

PiuHi cymMu BUMIPSHOTO Epuysaceiin 1 PO3PAXyH-
KOBOTO BHIIAPOBYBAHHS El\onaceiin, K1 TTOKa3aHi B
TabJ1.1, TpeACTaBIsIIOTh CYMH KIUJIBKOCTI BOIH, IO
BUMapyBajacs 3a 0e37b0A0CTaBHUMN NEPioa KOXKHOTO
poky. Cyma omaziB P, MM (Tabim. 1, kojloHka 8) po3-
paxoBana 3a 12 micsmie. Y Ta0m. 1 Takox rmoka3aHi
PO3paxyHKOBI CepeTHbOPIUHI TEMIIepaTypH MOBEpX-
Hi BOOTOUMH Thonpona 1 BUMIPSIHI TEMIIEPATyPH IOBIT-
P Tounosirps (KOTIOHKH 6 1 7). PizHuI cepeqHbopiy-
HuX Temreparyp (Twonsona— Tenwnositps) BLT'€MHI,
TOOTO HaJ TOBEPXHEI BOAM ICHYE 1HBEPCIHHUMA
map.

[MoBepuemocs 1o Tab:. 1, ne B komonkax 91 10
HaBeJICHI CyMH BUIIAPOBYBAHOCTI, SIKI pO3paxoBaHi
3a merogamu [lenmana (Penman-Monteith) [4, 5] i
M.M. IBanoBa [3]. OOumBa METOIN 3aBHIMYIOTH Ki-

JBKICTh BOJIOTH, IO BHITApyBaJIacs B TOPIBHSIHHI 3
BUMIPIOBAaHUMH Ta PO3PaXOBaHUMHU 33 MOZEIUIIO
SLEB BemumuuHamu. lli 3aBHIIEHHS, OYEBHIHO,
00yMOBIIEH] BiJICYTHICTIO KOPEKTHOTO YpaxyBaHHS
JIBOX TEIUIOBUX IIOTOKIB, a came: TypOyJIEeHTHOTO
MOTOKY sIBHOTO Teruia H i moToky teruia B Boay G.

Ha npyromy erari gociipkeHb OyJid BUKOHaHI
PO3paxyHKH BUIIAPOBYBaHHS 3 IIOBEPXHI BEJIMKUX
BOJIOMM, 110 3HAXOAATHCS B IPUPOAHUX YMOBax (Ha
npukiani ozepa Snmyr). CKIamHICTh pO3paxyHKY
BUNIAPOBYBaHHS 3 BEIUKUX BOAOHM 0OyMOBJIEHA
BEJIMKOI0 PYXJIMBICTIO TMOBEPXHI BOIHOI CHCTEMH,
KOJIU 31 301JIbIIEHHSIM HIBUKOCTI BITPY Ha MOBEPXHIi
BUHHKAIOTh OpWXKi, XBUJII 3 PI3HUMH BUCOTaMH, JI0-
BKMHAMH 1 TiepiogamMu. BiTpoBe XBHIIIOBaHHS 3Mi-
HIO€ SK T1IPOJMHAMIYHI BIACTHBOCTI TOBEPXHi BOJI-
HOi CHCTeMH, TaK W aepOAMHAMIKY MOBITPSHOTO IO-
TOKY.

BpaxoByroun ckazane, ISl pO3paxyHKy BUIIa-
poByBaHHs 3 BojoiiM B Monens SLEB Oynu Biiro-
YeHI apamMeTpH BITPOBOTO XBUIIFOBAHHS, aJTOPUTM
YTBOPEHHSI BOJSHOI miHU (OpH30K) 3 TpeOeHs XBHITb,
TaKk 3BaHE «MEXaHIYHE BUIIAPOBYBAHHS, MPOLECH
3MiHU IIOPCTKOCTI BOJHOI MOBEPXHI B Mipy 30i1b-
IIeHHS IBHIKOCTI BITPY 1 Mepexis] YaCTUHU KiHeTH-
YHOI eHeprii BITPY B €HEPTil0 BITPOBUX XBUIIb.

Jnst po3paxyHKy HapaMeTpiB XBHUJIb BUKOPHC-
toyBanucs Gopmynu B.I'. AuapesHOBOT [24]:

Ay = 0,104 - T - 19573 . 3/d, (n); (6)
hy = 0,015 - 0 - 19342 . 3/d, (n), ©)

ne A, — IOBXHHA XBWII, M, h,, — BUCOTa XBWJI, M,
U — cepenns mBuakicts Bitpy, M/c, | — rmmubGuHa
BOJIONMU, M, d— TUCTaHIIisl PO3TOHY, M.

VY T1abn. 2 moka3aHi pe3yibTaTH PO3paxyHKiB
HIOPCTKOCTI BETUKOT BOJHOT IOBEPXHI BOAOMMU MPH
pisHUX WBUAKOCTAX U MOBITPSHOIO MOTOKY i BH-
KIIMKaHUX HUM XBHWJIb Pi3HOT BUCOTH. Po3paxyHku
BHKOHaHI 3a ormoMoror Gopmymn (6) i (7).

Cepennst BUCOTa IIOPCTKOCTI MOBEPXHI 03epa
Snmmyr, mo obuuciieHa 3 ypaxyBaHHSM ITOBTOPIOBa-
HOcTi mmBUAKOCTEH BiTpY Py, % (M/ct bonrpan),
BUSIBIIIACS PIBHOIO Zogonoiiva = 0,0136 M. Cepenns
HIBHJIKICTH BITPY 3a OararopidHuii mepion JOpiBHIOE
U=2,54 m/c, a cepenus Bucota XBuib h,= 0,39 M.
[Ipu po3paxyHKax HE BBOAMIIKCS TOIPAaBOYHI KOE-
¢inienTn Ha OeperoBi edekTd i HasBHICTH BOJHOI
POCITHHHOCTI.

[Ipu oTprMaHOMy 3HAYEHHI CepeHbOI MIOPCT-
KOCTi BOJHOI moBepxHi 3a 12-piunmii nepion (Zo =
0,0136 M) po3paxyHKOBa BeJIMYMHA IIHCHOTO BHIa-
POBYBaHHsI, TOOTO KUTBKICTh BOJISIHOT MapH, SKa MO-
ke OyTH BUJLIEHA 3 TIOBEPXHI YHCTOI BOAM TIPU Jia-
HUX METEOPOJIOTTYHUX YMOBaX 3 OJUHHULI IJIOMII [0~
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Tabauys 2
[IopcTKicTh BOAHOT MTOBEPXHI 3 YpaxXyBaHHAM PO3BUTKY BITPOBOTO XBHITIOBAHHS
TIPH PI3HUX MIBUAKOCTSX BITPY, SIKI po3paxoBaHi 3a popmymnamu B.I'. AnapesHoBO1
Ne 3/m U, m/c By M I,m d, M Z.0.sonoiivas M Pu,%
2 1 0,15 2 500 0,005 234
3 2 0,3 2 500 0,011 28,5
4 3 0,5 2 500 0,016 20,5
5 4 0,6 2 500 0,022 9,7
6 5 0,8 2 500 0,027 4,6
7 6 0,9 2 500 0,032 4,2
8 7 1,1 2 500 0,038 1,4
9 8 1,2 2 500 0,043 0,7
10 9 1,4 2 500 0,048 0,3
11 10 1,5 2 500 0,054 0,2
Cepen 2,54 0,387 - - 0,0136 100%

BepxHi o3epa Smmyr, ckmana Ewoysomoiiva = 9257 MM
3a 12 piuHMI mepiox, MpH CEepeTHBOPIYHOMY 3Ha-
4yeHHi 771 mm (Tabmn.1, kononka 5).

TakuM 9UHOM, BUMIPSHE Eguy saceiin = 9337 MM i
po3paxoBaHe Eyonsonciiva = 9257 MM BHUIIApOBYBaHHS
MPEJICTABISIFOTh TIOTEHIIIHHO MOXJIUBY KIJIBKICTh
PiAKOi BOJIOTH, sSIKa MOYKE BHIIAPYBATHUCS 3 BOJIHOI
MTOBEPXHi 1 3 MOBEPXHi CyII 3 HEOOMEXKEHUMH 3aria-
caMH BOJIIY, TIPY INCHTUYHHUX KIIMaTHYHUX a0bo Io-
TOJHUX YMOBaX, BJIACTUBHX PaOHY pO3TallyBaHHS
MeETEOCTaHIi.

®dakTuvHe (BUMipsSHE) BUIIAPOBYBaHHA 3 0a-
CelHY FEuum,caceiin = 9337MM 1 po3paxoBaHi 3a JI0MO-
Moroto Mojeni SLEB BenmuunHM BUTIApOBYBaHHS 3
MiCIIEBOCTI po3TantyBaHHS Oaceliny
Evon6aceiin =9289 MM 1 3 BogHOT moBepxHi o3epa Si-
YT Eyvonsonoiiva = 9257 MM TIPaKTHYHO PiBHI MiX CO-
0010, OCKUTBKH B YCIX TPHOX BHIIAJKaX BHKOPHUCTO-
ByBaJNHCA OaraTopidHi METEOpOJIOTiYHi crocTepe-
JKEHHS MeTeocTaHIii bonrpa.

Mogens SLEB, kpiM po3paxyHKy BUIapOBY-
BaHHS 3 BOAHOI IOBEPXHI, JO3BOJIIE PO3PAXOBYBATU
BUTIAPOBYBaHHS 3 Oy/1b-5IKO1 1HIIOT MOBEPXH.

Ha puc.1 npencraBieHuid piyHudA Xij Micsd-
HUX CYM BUMIPSHOTO (Epuvsacein) 1 PO3PAXyHKOBOTO
BUTIAPOBYBaHHA 3  TOBepxHI o3epa  Snmyr
(Evonsonoiiva), @ TaKOX BHIIAPOBYBAHHS 3 MMOBEPXHi
CYTJIMHHOTO IPYHTY 1 BUIIapOBYBaHHS (TpaHCHipa-
1ii) 3 HOBEPXHi 3 POCIMHHUM MOKPHUBOM, XapakTep-
HI 151 JaHoi MicieBocTi. [TopiBHSHHS MOTEHIIHHO
MO>KJIMBOI BUIIAPOBYBAHOCTI 1 ()aKTHYHOT'O BHIIAPO-
BYBaHHS MOKa3ye, 10 BUIAPOBYBAHICTh MEPEBUILLYE
(hakTHYHE BUTIAPOBYBAHHS 3 MMOBEPXHI IPYHTY B 2,2
pasu i B 1,7 pa3u 3 MOBEPXHi 3 POCIUHHUM TMOKPH-
BOM. Po3paxyHKHM BHKOHaHi 3a YOTHPH POKHU OCHi-
JDKyBaHOTO Tepiony (puc. 1).

Ha puc. 2 nokazano piuHi 3MiHH JTOOOBHX CyM
eneprii (MJ[x/M?106) BCiX KOMIOHEHT TEIIOBOTO
OanaHcy MOBEpXHi BOAW. 3 aHaJi3y OTPUMAaHUX pe-

3yNbTaTiB BUIUIABAE, IO MPOMEHHCTA €Hepris (pa-
miariiHui OanaHC), siKa TOTJIMHEHA IIOBEPXHEIO,
BUTpava€eTbcs Ha (OpMyBaHHS MOTOKIB Terna LE,
H, G nactynaum unHoM: 83% eHeprii paniamiiftHoro
OanaHcy e Ha BUTpATH TeIUIa Ha BHIIAPOBYBAHHS
LE/R=0,833; 29% eneprii paniariiiHoro OagaHcy
BUTpPAYa€ThC Ha 3MiHY 3alaciB TEIUIOBOI €Heprii B
Bogoiimi G, To6to G/R=0,289, a oTik ABHOIO TEILIa
H, npu iHTEeHCUBHHUX BUTpaTax TeIJia Ha BUMIAPOBY-
BaHHs, HaOyBae Bim'emuux 3HaueHp H/R= 0,145,
TOOTO MOBEPTAE YACTUHY SHEPTii 10 TOBEPXHi.

BinHomeHHs CyMH eHeprii MOTOKIB
(LE+H+ G) mo emeprii pamiamifinoro OGamaHcy
cranoButh (LE + G + H) /R = 0,98325, T0o6TO 30i%-
HICTh NIPHUILINBY 1 BUTPAT €Heprii B piBHAHHI OanaH-
cy (1), Bukonano moxemno SLEB 3 TounicTiO 110
1,67%, OCKITBKM KpUTEpi «3aMUKaHHs» OanaHCy
(5) mopisuroe BE = (1 —0,98325) = 0,01675.

Bucoka TOYHICTH OLIHKH CKJIaJOBHX TEIUIOBO-
ro OanaHcy J03BOJISIE HAM OLIHUTH iHJEKC CYXOCTi
R/LE = 1,21 mis miei mictieBocTi 3a Byauko Ta Koe-
¢imieHT 3BONOKEHHS MiceBOCTI P/Eyo:= 0,70 3a
IBanoBuM. Otpumani Koe(illiEHTH BiANOBIAAOTH
CTenoBii 30HI TUIOCKOi [IpUUOpHOMOPCHKOI HHU30-
BUHH.

BucHoBku. BunapoByBaHHs 3 BOJHOI ITOBEPX-
Hi, 3aJIE)KHO BiJI KIIMaTHYHUX YMOB, Mop¢oorii i
MopdomeTpii BOTHUX 00'€KTIB, BiJlirpae ayxe MOMi-
THY poJib B iX BogHOMY Oananci. Hanpilinuii po3pa-
XyHOK BHUITAPOBYBAaHHS 3 IOBEPXHI BOJOWM € Bax-
JIMBUM YMHHHUKOM MiJBUIIEHHS TOYHOCTI BofgoOaa-
HCOBUX PO3PaxyHKiB. Y LIbOMY 1 IOJISITAa€ aKTyallb-
HICTh BUOpAHOI TEMH.

ABTOpPH BBaXarOTh, 110 HA 3MiHY YHCJICHHUM
EMIIpUYHUM METOJaM pPO3paxyHKYy BHUIIAPOBYBAaHHS
3 pI3HUX MiJICTUWIFHUX HOBEPXOHB, JTOCTOBIPHICTH
SAKHX JI0 CUX Mip (akTUYHO HE OI[iHeHa, MOBWHHI
NPUATH apaMeTpUdHi MOJIENI, SKi, BOJIOAIIOYH YHi-
BEPCANBHICTIO 1 MOJIMACIITA0HICTIO, IO3BOJISIOTH
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MM
1996 p.
200 h
180
160
140
120
100
80
B
4
23 T T T T T T T T T T T-l:I Mic. L] L] Fl- T L] T .:
1 2 3 45 6 7 8 9 101112 1 2 3 45 6 7 8 9 1011 12
L P onagu = 608 mm | P onanwn = 432 mm
E sMm.GaceiH = 810 mm E sum.GacedH = 829 mm
E mog.sonoima = 783 mm E mog.sonoMma = 818 mm
----- Emog.rpyHT = 348 pam ===== Emog.rpyHT = 366 mm
— —F mog.poca. = 448 mm — = E mog.pocn. = 475 mm
MM
MM
160 . 220 2007 p.
200
140 180
120 160
100 140
120
30 100
80 30
40 60 /
40 -
20 20 P " p .
D L} L} L} L} L} u L} L] L} L} L} L} L] L} L} L] L} 1 MIC
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 1011 12
— P onagM = 590 mm — P onagm = 527 mm
E eum.Gacedn = 652 mm E sum.BacedH = 901 mm
E mog.sonoima = 636 mm E mog.sogoima = 866 mm
----- Emog.rpyHT = 318 Mmm == === EMoa.rpyHT = 407 mm
— — E mog.pocn. = 397 mm — —E mog.poca. = 528 mm

Puc. 1. Piunnii xix micsiuHEX cyM aTMOC(EepHHUX OnaaiB (CTOBITYMKH), MICSTYHUX CyM BHIIAPOBYBaHHS 3 Oa-
ceitny M/cT Bonrpa (4epBoHa CyliibHA JIiHIs), pIYHUH X1 BUIApOBYBaHHs 3 03epa SAnmyr (cuHs cylijibHa
JIiHis), BUTIAPOBYBAHHS 3 [IOBEPXHI IPYHTY (KOPUYHEBA ITyHKTUPHA JIiHis), TPaHCHipauis 3 POCIMHHOCTI (3€e-
JIeHa TIYHKTHPHA JTiHis), po3paxoBaHi 3a Moaemw o SLEB 3a 4 poku nocnimkysaHoro mepioay (1996-2007 pp.)

2
M/ m: 2007p.
25 -

20
15

10

o e e g

——RMIxn2(a06) —— H(s)MIxn2(ao6) ——LE(s)MIxn>(a06) —— GMIxn(go6)

Puc. 2. Piunnii Xix 1000BHMX CyM CKJIAJOBUX PIBHAHHS TEIUIOBOTO OalaHCy MOBEPXHi BomoiMu, M JIx/M?1006.
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BUKOHYBaTH JIOCUTHh TOYHE KOMIT'FOTEPHE MOJEINIO-
BaHHS TEINIO- MacOOOMIHY MIX ITOBEpXHEIO Ta arT-
Mocdeporo Al Oyab-IKHX TEPUTOPil, OCKITBKH:

BHCOKa TOYHICTb DIlLICHHS PiBHSHHS TEILIO-
Boro Oamancy 3a momomororo momem SLEB
JI03BOJISIE JOCTOBIPHO OIIIHUTH BCI CKJIAJOBI
TEIUIOBOTO OanaHcy i, 30KpeMa, BUTpaTH Tell-
Jla Ha BUITAPOBYBAaHHS;

po3paxoBaHa 3a jgoromoror momenai SLEB
BEJIMYMHA BUIIAPOBYBAHHS 3 OJUHHUII IO
MOBEpXHi o3epa SAnmyr oTpumana Boepiie 3
ypaxyBaHHSM DPO3BHTKY XBHJICYTBOPEHHS Ha
MOBEPXHI1 03epa;

pe3ysbTaTH, OTpUMaHi 3a Metonamu Ilenmana
(Penman-Monteith) i M.M.IBanoBa, moka3sanmu
3HAYHE 3aBUIICHHS KiTBKOCTI BOJOTH, IO BU-
napyBajiacsi B MOPIBHSIHHI 3 BUMIpIOBaHUMH
Ta PO3pPaXxOBAHUMH BEIHMYMHAMU;
3actocyBanHs Moxeni SLEB mo3Bomuth mij-
BUIIUTH TOYHICTh KUIBKICHOT OIIIHKH BTpat
BOJM HA BUIIAPOBYBAHHS 3 NOBEPXHI MPUPOSI-
HMX BOJOHM, III0 JacCTh MOKJIMBICTH 301JIb-
IINTH 1 TOYHICTH BOJ0OOAIaHCOBUX PO3paxyH-
KiB BOJIOWM 1, OT)Ke, €)eKTHBHICTb yNpaBIIiH-
HSl BOJHUMH PECypcaMy 3 METOIO iX parioHa-
JILHOTO BUKOPHUCTAHHSI.
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APPLICATION OF THE SURFACE LAYER ENERGY BALANCE MODEL
FOR CALCULATING OF THE EVAPORATION FROM WATER OBJECTS

Formulation of the problem. When solving hydrological problems associated with the water balance
of water bodies and the possibility of economic use of their water resources, an important problem is the
accurate determination of evaporation from the water surface, which is the main component of water losses.

Review of previous publications and studies.Currently, many indirect and empirical methods for
calculating evaporation from the surface of soil, water and vegetation, developed by domestic and foreign
scientists: M.I1. Budyko, V.S. Mezentsev, A.R. Konstantinov, N.N. Ivanov, Penman-Monteith and others, are
used. Most empirical methods do not have universal applicability, since, in most cases, they cannot take into
account the features of various underlying surfaces and hydrometeorological conditions that affect
evaporation processes.

The only acceptable methods for estimating actual or potential evaporation can only be parametric
models based on a numerical solution of the surface heat balance equation. One of such models is the
atmospheric surface layer model — model SLEB, created at Odessa State Ecological Environmental
University.

Purpose. The purpose of this study is to obtain quantitative estimates of changes with evaporation of
water surfaces with SLEB model and compare them with the measured and model data of analogous
methods obtained by other authors (Ivanova, Penman), for example, a freshwater lake Yalpug.

Methods. For research, a parametric energy balance model of the atmospheric surface layer SLEB,
which is used standard meteorological information, was used. The main advantage of this model is the high
accuracy of determining the heat expenditure for evaporation in the calculation of mass-heat transfer
between the underlying surface and the atmosphere at the micro- and mesoscales. The SLEB model is
applicable for all types of underlying surfaces characteristic of the territory of Ukraine.

Results. The value of evaporation from unit area of the water surface of Lake Yalpug calculating by
model SLEB was obtained for the first time taking into account the development of wave formation on the
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surface of the lake, which changes the hydrodynamic properties of the water surface and the aerodynamics of
the air flow.

Accounting for the effect of wind waves on the vast lake surface allowed us to obtain results almost
equal to the measured evaporation from the pool surface.

The results showed that the calculated values of evaporation from the water surface by the methods of
Penman and Ivanov overestimate the amount of evaporated moisture compared with the values measured and
calculated by the SLEB model.

Conclusions. Application of the SLEB model allows to increase the quantitative estimation accuracy of
the water balance main component — water losses due to evaporation from the water bodies water surface,
which, in turn, can increase the water resources management efficiency of natural water bodies for purpose
of their rational use for drinking water supply and land irrigation.

Keywords: parametric models, energy balance model, the interaction of the atmosphere and surface, the
surface heat balance equation, wave formation, water surface evaporation, potential evaporation.
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MOJEJII CAKPAJIBHOI'O ITPOCTOPY

Ilpays npucesuena mooenim cakpairbHo20 NPoOCmopy ma ix ceocpagiunum acnekmam. AHARI3 cakpaibHO20 NPOCmMopy 00Ci-
00ICeHO Y 3HAUHII KIIbKOCTI npayb YKPAiHCbKUX ma 3apyoixcHux ceocpaghis, meonoeis, ginocogis. binvuicme 3 Hux He 3a8xcou da-
10Mb 1020 BU3HAYEHHSL, HE 3A8AHCOU 3A3HAUAIONY GIOMIHHICMb MIJC RPOCMOPOM MA U020 CKAAO0BUMU. CAKPATLHUM MICYeM, CAKpalb-
HUM JTAHOWAGMOM, PENiSiiHUM BPOCIOPOM, KYIbMOGUMU CROPYOAMU. Y 32a0aHUX OOCTIONCEHHSX MALO Y6acu NPUOLIeHO MUnoio2i-
3ayii ma 6UEHUEeHHIO CMPYKMYPU CAKPAIbHO20 NPOCMOPY, WO 3YMOGIIOE HeOOXIOHICMb aHANi3y ma 6UOLIEHHS 8IONOGIOHUX MOOETell.
Asmopamu 3anponoHo8aHo MoOeli CaKpaibHO20 NPOCMOPY HA OCHOBI NPUPOOHUUO20, (PEHOMEHON02IUHO20 MA YACO8020 NIOXO0O0Y.
Tpupoonuua mooens cmeopena Ha NPOMUCMABLEHHI «CAKPATLHO20» | «NPOPAHHO20» Y CKAAOI «2emepomoniiy ma 6Kuo4ae aHmpo-
NO2eHHI, HAMYPATbHO-AHMPONOLEHHI, HAMYPAIbHI 00 'ckmu ma nanowagdmu, 0e popmyemvca eepmukaibHa OINOAAPHY cucmema,
giccio axoi € «iepoghanisny. Denomenonoziuna mMooenb chopmosana 3a NPUHYUNOM GIOYYIMMA MA KOHMAKMY y JHOOUHU 31 «CEAUEH-
HUMY. Y cmpykmypi Mooeni 3anponoHo8ano npoodosdicerts oci IEpo@anii suwe ma HUdICHe «2emepomoniuHoi»y NAOWUHY 3 GUOLTEH-
HAM JIMIHATbHOL YACMUHU CAKpanbHo2o npocmopy. s ecxamonoziunoi Mooeni 635mo 3a npupoOHUYy 0CHO8Y meopito Kamacmpopi-
3my, AKa nepeobayac, wo pizki ma 2n06anbHi 3MIHU HABKOTUWHBO20 CePedoBUA 3yMOBIeHi CMPUOKONOOIOHUMU NpoYecamu Ha no-
6epxHi 3emi (NOMON, BUBEPIICEHHSL BVIIKAHIB, 3eMILEMPYC, enioemis, IMNAKMHA NoOis, 2eOMASHIMHA [HEEPCIA, CNAlaX HAOHOBOT, 6)3b-
KO CHPAMOBAHULL 0Cem 2aMMAa-CnaecKy). AHanoziynuil nioxio eUKOpUCMoO8YEMbCa y meonoeii, 3 ecxamono2iuHo meopier npo Ki-
Heyb c8imy, 3acmoco8yrouy YUKIIUHY ma JiHIIHY KOHYenyil po3eumKy cakpaibHo2o npocmopy. Pozsumox tioco cmpyxmypu 6i06ysa-
€mbca cmpudOKoOnooibHo, 3 YACMKOB0I0 A60 NOBHOI OeCmpyKYielo 1aHowapmuoi cghepu, 30inbuenHAM aAMIIIMYOU KOTUBAHb NPUPO-
OHUX npoyecie ma eniMiHayicio OIOMUYHOI CKI1a0080i. 3acmocyants 3anponOHOBAHUX MOOelell CaKPATbHO20 NPOCOPY NO2IUOUMb
36 "A3KU Y MIHCOUCYUNTITHAPHUX HANPIAMAX 2eo2paii, meonozii, ginocogii, Kynomyponoaii.

Knrwuoei cnosa: mooenv cakpaivbHo20 npocmopy, iEpoghanis, iEpOmMonis, 2emepomonisi, NMIHATbHUL, CAKPATbHUL TAHOUAGM.

I’ H. /lenucux, B. H. Bonosux, IO. B. Auenmiok, A. I Kuzion. MOJEJIH CAKPAJIBHOI'O ITIPOCTPAHCTBA. Paboma
NOCesAUWEeHa MOOENSM CAKPATbHO20 NPOCMPAHCMEA U UX 2eocpapuueckum acnekmam. AHAIU3 caKpanbHO20 NPOCMPAHCMEA UCCLe00-
8aH 6 3HAUUMETLHOM KOIUUecmee pabom YKPAUHCKUX U 3apPYOerCHbIX 2eocpahos, meonoz2os, Gunocoghos. bPonvuuHcmeo u3 HUx He
6cez0a 0arom e20 onpeoenenus, He 8cec0d OMMeUarom pasiuiue Mexicoy npoOCMpaHCmeoM U €20 COCMABIAIWUMU: CAKPATbHbIM Me-
CIMOM, CAKPATbHBIM TAHOWADIMOM, PENUSUOIHBIM NPOCIPAHCIEOM, KYIbIMOGLIMU COOPYHCEHUAMU. B YNOMaHymuix uccied08anusx
MANO BHUMAHUS YOENeHO MUNOIOSUZAYUY U USYHEHUIO CIPYKIMYPbL CAKPATbHO20 NPOCMPAHCINGA, YO NPUBOOUM K Heobxooumocmu
aHanu3a u evloeleHls COOMmeemcmeyouux mooenetl. Aemopamu npeoiodHceno Mooenu caKpaibHO20 NPOCMPAnNCmea Ha OCHO8e ecie-
CMBEHHO20, (heHOMEHON02UHeCKO20 U BpeMenH020 nooxoda. Ecmecmeennas mooens co30ana na npomueonocmagieHuu « CakpaibHoO-
20 U «NPOPAHHO20» 8 COCMABe «2emepOomonuuy U GKII0UAen aHMPONO2eHHbLe, HAMYPALbHO-AHMPONO2EHHbIE, HAMYPAbHbIE 00b-
exmol u 1aHouagmol, 20e Gopmupyemcs epmuKailbas GUROIAPHYIO cucmemd, 0Cbl0 KOMOpou seasiemcs «uepopanusy. Penomeno-
J02UYeCcKast MoOenb CHoOpMUPOBaHa NO NPUHYUNY OWYUeHUsl U KOHMAKMA ) 4ello8eKd CO «C8AUeHHbIMY. B cmpykmype mooenu npeo-
JIOJCEHO NPOOOIIICEHUE OCU UEPOPDAHUU BbIULE U HUNCE «2EMEPOTNONUYECKOUY» NIOCKOCIU C 8blOeIeHUeM TUMUHATbHOU Yacmu ca-
KPAnbHO20 NPOCmMpancmea. [lis acxamonocuieckoti MoOenu 3a OCHOBY 8350 Meopuro Kamacmpopusma, Komopdas npedycmampusea-
em, umo pesKue u 2100a1bHble UIMEHEHUs. OKpYJcaroueli cpedbl 00yCl061eHbl CKAUKOOOPAZHBIMU NPOYECCAMU HA NOBEPXHOCHIU 3eM-
U (NOMON, U3BEPIHCEHUE BVIIKAHOB, 3eMAeMPACEHUS, INUOEMUsl, UMNAKINHOe coOblmue, 2e0MACHUMHASL UHBEPCUSl, BCNBIUKA CEEPXHO-
601, Y3KO HANPAGIEHHDbIL 0NCEM 2aMMa 8CNIECKA). AHANOLUYHbLIL NOOX00 UCNONL3YEMC sl 8 MEONOSUU, € ICXAMONLO2UUECKOU meopuell 0
KoHye ceema, UChoNb3ys YUKIUYECKYIO U TUHEUHYI0 KOHYenyuro pa3eumus cakpaibHo2o npocmpancmea. Pazeumue e2o cmpykmypol
nPOUCXO0Um CKA4KooOpasHo, ¢ YACMUYHOU WU NOTHOU OecmpyKyuel 1anouapmuol cgepul, yseruieHueM amMnaumyobl Koiebanui
NPUPOOHBIX NPOYECcos u MumMuHayuei buomudeckou cocmasnsoujel. [lpumenenue npeonodiceHHbIX Mooenell CaKpaibHo2o Npo-
CMPAHCMa yenyoum ces13u 8 MeXCOUCYUNIUHAPHBIX HANPAGIEHUSAX 2e0cpaghuu, meonozuu, Guiocopuu, Kyrvnmyporosuu.

Knroueewie cnosa: moodenv cakpaibHo2o npocmpancmed, uepoanus, uepomonus,, 2emepomonusl, TUMUHATbHYIU, CAKPATbHLI
aaunowagm.

Beryn. IIpocTip Ta Micie — MOHATTA IIOJICEMI-  YHI Ta IOJEMi4HI, BOHH MArOTh II€BHI 0COOIMUBOCTI,
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10 BiJIPI3HSAIOTH iX ONWH Bif omHOTO [24, 29]. BoHNM
B3a€MO3AJIEKHI, ajle He B3a€EMO3aMiHHI, 1 BIJIMIHHO-
CTI MDK HUMH TMOSCHIOIOTH, SK MH OJHOYACHO
CIpUIMAEMO, MHUCIMMO Ta MPOCKTYEMO YHCICHHI
MIPOCTOPH, Y TOMY YHCIIi CaKpajbHi. Y mporeci aia-
IITarii eTHOCY 10 JaHAIa(Ty Ta BiAMIOBIAHOTO THITY
MPUPOIOKOPUCTYBAaHHSI (OPMYIOTBCS MICIIEBi pedri-
ril, SKi CYIpPOBOIKYIOTHCSI TIOSBOIO CaKpaJIbHOTO
MIPOCTOPY, A€ «...eTHIYHA TEPUTOPIs NUCKPETHA, ca-
KpanbHa» [17, c. 67]. 3’ IBIseTbCS Tpiafa «pemiris —
€THOC — TPOCTIp», sIKa TIO3HAYAE, MO «...SK PEiris
CTBOPIOE KYNBTYPY, TaK 1 KyJIbTypa — €THOJOTIYHHIHA
THT, & €THOJOTIYHMN THUIN BHOHMpae abo 3HAXOOUTH
«CBOIO» TEPHUTOPIIO 1 IMO-CBOEMY ii MEPETBOPIOE»
[16, c. 128].

PenirifiHi Tedii MOB’A3YIOTh CaKkpalbHUI MPOC-
Tip 3 KHUTTSM Ta JiSUIBHICTIO TXHIX 3aCHOBHUKIB 1
3a3HayaroTh, L0 Wi MPOCTOPH MPEICTABISIOTH CO-
6oro ieatp Bceecsity [36, c. 9]. Ctpykrypa cakpa-
JBHOTO TPOCTOPY 3YMOBJIEHA T'€TEPOTOMIEID caKpa-
JTHHUX (CBAIIEHHHUX) MICIb Ta JaHAMA(TIB y XOpH-
YHIN CTPYKTYpi, CIIiBBiIHOMIEHHSIM i€pOTOMIl Ta ie€-
podanii — y Tomiuniii cTpykTypi. Takuii minxin mo-
3BOJISIE PO3IVISIIATH CAaKpAIBHUHA TPOCTIP SK BiAIO-
BiJIHY MOJIEJb.

AHaJi3 oCcTaHHIX JocCTiTxkeHb i mMyOsikairii.
AHai3 cakpaJbHOTO MPOCTOPY 3AIMCHEHO Y 3HAYHIN
KUTBKOCTI mpamp 3apyOiKHUX Ta YKPaiHCBKUX aBTO-
piB. BidbmIicTh 3 HUX HE 3aBXIHU JAIOTh HOTO nedi-
HIllit0, ¥ He 0a4yaTh Pi3HUII MK IPOCTOPOM Ta HOT0
CKJIaJIOBUMH: CaKpajJbHUM MICIIEeM, CaKpajJbHUM
na"ImadTOM, PEeNirifHUM MPOCTOPOM TOIIO. 30K-
pema, P. JlxexcoH, P. XeHpi mpomoHyHOTH BH3Ha-
YEeHHSl CaKpaJbHOTO MPOCTOPY, «AK Ti€l YacTHHU
3eMHOi MOBEPXHi, fKa BU3HAHA OKPEMUMH 0co0aMu
Yy Tpymamu, IO TiJiHAa BiJAaHOCTI, BIpHOCTI abo
noBaru. IIpocTip pi3KO BHOKPEMIIFOETHCS 3 HECBS-
meHHoro abo mpo(haHHOTO CBiTY HABKOJIO HBOTO.
CakpanbHuil TIPOCTIp HE ICHY€ MPHUPOIHO, ajie BH-
3HAUAETHCS CBATICTIO, OCKUIBKH JIIOJIMHA BH3HAYAE,
00MEXKye Ta XapaKTepu3ye ii yepe3 CBOIO KYIBTYpY,
nocBig ta mety» [27, c. 94]. JIx. Kemnbemn mpo-
aHaJi3yBaB MOHATTA CaKpPaJbHOIO IPOCTOPY, 3a3Ha-
YHBIIH, [0 I Oyab-SIKUH MPOCTIp, SKUH Biapis-
HSIETHCS BiJl 3BUMAHHOTO KOHTEKCTY JKUTTA. Y CBITO-
BOMY KOHTEKCTi BiH CTOCYETHCS Hap HMPOTHIICKHOC-
Tel: MPUYMHU Ta HACIHIJKY, HAOKUBU Ta BTPaTH TO-
0. CakpajbHHIA MPOCTIp He Mae (QYHKIIT 1S 3apo-
O0iTky Ha >XuTTA abo penyrauii» [3a 34, c. 3].
J. H. Kilde Buminuna «pemiridauity mpoctip, e
30epiraeTbcs peNiriiHUi pUTYyal; BiH CIpUsE 3Ha-
YEHHIO PUTYaIbHUX MPAKTHK, POpMi Ta 3MicTy pedi-
rMHUX cHCTeM; Y HbOMY — TPH THIIM eHeprii [28].
b. I1. ['oM00€B 3amporonyBaB KpUTepii CakpaaTbHOTO
npocTopy: reorpadiuHi, apXiTeKTypHi, eTHOrpadiy-
Hi, €30TE€pHUYHI, 10 MPHU3BEJO 0 BIACYTHOCTI LiJIiC-
HocTi knacuikarii [7]. € migxim, KW BU3HAYa€

3B’SI30K 3HAYHUX CTHOKYIBTYPHHX OCOOIHMBOCTEH
MIPOCTOPY Ta reorpadidHuX YMOB SIK 00JIaCTh TOCITI-
JOKEHHsI cakpajibHoi reorpadii. Micue Takoro moen-
HaHHA Y MeXax CakpaJbHOTO MPOCTOPY, HNPENCTaB-
JIEHOTO «JIoTOCaMu» (CBITJIMH, TEMHHM, YOPHHH),
IO JTO3BOJISIE BUIUTUTH «ETHOIICHTPYME» Ta iX M-
MHOXMHHM [10] 1 Maibke cIiBmagaTUMeE i3 HOHSATTAM
TETePOTOITii Ta YACTKOBO — 13 3alPOIIOHOBAHOIO (e-
HOMeHoorigHow Moxaemmo. I. 1. JlerucukoMm Bumi-
JICHO Ta MPOaHaJli30BaHO TPYIHU CaKpaJbHOTO MpOC-
TOpYy: pelniriiibi, mnpuponHi, ictopuuni [9].
B. M. BomoBuKOM 3ampoIiOHOBaHO AeQiHIIlI0 Ta
MOJISJIb CaKPaJBHOTO JaHmadTy, po3podiieHo Kiia-
cudikamio cakpaabHUX JTaHIAQTIB; BUIUICHO i
MPOaHa i30BaHO HOBHU  KJIAC  aHTPOMOTCHHHUX
nmanamadTiB — TadanpHUX [3]. YV ckiani cakpaibHO-
TO IPOCTOPY IpOaHai30BaHO B3aEMOit0 reorpadi-
YHOTO, KYJNBTYPHOTO 1 CaKpajdbHOTO IaHAMmAadTIiB,
SKy TOKa3aHO K CHCTEMHY MOJIEIb, 10 CKIaa€Th-
csl 3 MPUPOAHUX Ta TEOKYNBTYPHUX IiJICHUCTEM, a
CakpalbHHUU JaHAMA(T € 1HTEerpamiiHOI CTPYKTY-
POYO IS TOCHIIKYBaHOTO TIpocTopy [12]. Y mparpsix
ocTaHHBOTO AecATWITTS XX cTopiuds yTOYHEHO
MOHATTA CaKpaJbHOTO MPOCTOPY SK crenudivyHoi
TEPUTOPIATIBHOT CTPYKTYPH, MO XapaKTepU3YEThCS
30CEPEHKCHHSAM TPUPOTHUX 200 CTBOPSHUX ITFOIH-
HOIO 00’€KTIB 3 0COOJIMBUMH TyXOBHHMH BIaCTHUBO-
CTSIMH, SIKi BUKOPHCTOBYIOThCSI HaceJaeHHsM [1]; 3a-
MPOMIOHOBAHO CHUCTEMY Kiacudikarii cakpaibHUX
JaHAma(TIB SIK YaCTHHH CAKPaJIBHOTO IMPOCTOPY,
SIKI MAlOTh JJOCTaTHBO iTKI Mexi [31].

Buainennss HeBUpilIeHUX paHille YacTHH
3arajbHOi MpoodjeMu. Y TONEepeaHiX TOCIiKEH-
HSIX CaKpaJbHOTO MPOCTOPY MaJIO YBAard MPHILICHO
iX TUmonorizamii Ta BUBUCHHIO CTPYKTYpH, IO 3Y-
MOBITIOE€ HEOOX1/THICTh BUIIJICHHS Ta aHaJi3y BiJIO-
BigHux Mojeneil. [1oOymoBa Mozenel cakpaibHOTO
nmpocropy y reorpadii 3yMOBJIeHA MEPEBAYKHO IPH-
pomHUYUM, (PEHOMEHOJIOTIYHUM Ta YaCOBUM ITiJ[XO-
Jamu. Metonuka X OCTIKEHHS BKIJIIOYAE: a) 3BH-
YHY CTPYKTypy reorpadiqHoro mpocropy Ta ¢op-
MYIOYHX HOTO HATypalbHUX, aHTPOTIOIEHHHUX Ta Ha-
TypajbHO-aHTpOINIOTeHHUX JanamadTiB [9]; 6) nep-
HENMiHHO-KOTHITUBHE TPAaKTyBaHHS CaKpaJbHOTO
MIPOCTOPY, IO CYTTEBO PiI3HUTHCA BiJl MMONEPEIHBOTO
BapiaHTy; B) €CXaTOJIOTIYHE CIPUHHSATTS MPOLECIB Y
nanmmapTHINA cdepi.

Takok, JUIs aHamizy Mojeeil cakpalbHOTO
MPOCTOPY MOXKIIMBE 3aCTOCYBAaHHS: a) JaHAIadTo-
3HaBYOro (yHIKajJbHI BJACTHBOCTI CaKpaJIbHUX
nasamadTiB Ta Micib); 0) iICTOPUKO-TaH AP THOTO
(cakpaJIbHMI TIPOCTIp Y PI3HUX YaCOBHX 3pi3ax); B)
€THIYHO-EKOJIOTIYHOTO (MIPOIECH cakpaiizalii — je-
cakpaiizaiii); T) MCUXOJIOTIYHOTO (00pa3u cakpaib-
HOTO 1 podhaHHOro JaHadTiB); 1) €HIOJOrIYHOTO
(enepro-inopmaniiiHi  CTPYKTYpH  CaKpaJbHOTO
npoctopy) miaxomis [18].
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Mera i 3aBapaHHsl JociaimkeHHs. Mera —
CTBOPEHHSI MojeJiell caKpallbHOTO MpOCTOpy. 3a-
BIAaHHS — TPOAHANI3yBaTH CTPYKTYpy Ta TeHE3HC
CaKpaJIbHOTO MPOCTOPY, BIAMOBIAHO 70 3aIPOIIOHO-
BaHHUX MoOJENEH.

PesyabTatu gociaigxenb. Po3ymiHHS «cakpa-
JLHOTO» B Pi3HUX MOBax (ipaHCHKii, JaTHHI, TPelb-
Kiif) Ma€e qBoicTe pO3yMiHHS: TIO3UTHBHE — «OCBSUeE-
HE MPUCYTHICTIO O0XKECTBa», HETATUBHE — «T€, 31TK-
HEHHS 3 YMM IS JIFOJMHU 3a00poHeHo» [2, ¢. 343].
YCBiIOMIIEHHS CaKpalbHOTO € OHIEI0 3 OCHOB JIFOA-
CBKOTO OyTTs, SIKe BH3HAYa€ BIpyBaHHA 1 PEIITiro.
Mopeni cakpajJbHOTO MPOCTOPY 3acCHOBaHI Ha Bif-
MOBIIHIH TepMiHOCHCTEMI [4].

«Cakpanvuuit» (J1aT. «sacrumy» — CBSIICHHA
pid) — IOB’sI3aHUH 3 CUCTEMOIO 3HAaHb PO CBSIICHH]
00’€KTH, pO3TAlllOBaHUX Ha 3eMHil TOBepxHi. bim-
3bKe JI0 JIEKCEMH «CaKpaJbHUI» — JATHHCHKE CIOBO
«sanctus», siKe O03HA4Ya€ «OTOUCHHHA OTOPOIKEIO»
(murus sanctus). Take TpakTyBaHHS JISKCEMH K-
pECIioe IIeHTpaIbHO-TIepUdEepiiiHy CTPYKTYpy «ca-
KpaJILHOTO», Jie BIOPSIKOBaHE 1 MOHOBAJICHTHE Ca-
KpaJIbHE — «CBATE», OTOUYE CTHXiiHE 1 aMOiBaNeHT-
He (HeOe3neuHe cakpallbHE), € 3aXUCTOM Bifl 4y»KOTO
(xaotnuHOTO) cakpanmbHOro. Came B JaTWHCHKIA MO-
Bi BiYyTHa PI3HUI MK CaKkpalbHUM 1 TpodaH-
HUM, OJTHAK 1 B MOBHOMY 0OCS31 TPOSIBIIIETHCS MPO-
TUJICKHE PO3YMIHHS «CBSIIEHHOTO» (Sacer): MOKIIo-
HiHHA OoraM 1 BeNWYHEe, MPOKJIATE, 3a00pOHEHE.
«Sacer» Mae TaeMHUYE 3HAYCHHS, a «sanctusy —
CTaH, KWW 3’ABJSAETHCS i3 3a00pOH, BCTAHOBJIEHUX
monbmu [2, ¢. 349]. Yi Fu Tuan 3a3HauuB, 1o cnpa-
BXKHE 3HAYCHHS «CAKPaJIbHOTO» BUXOMUTH 33 MEXi
CTEPEOTHITHUX 00pa3iB XpaMiB 1 CBATHUHbB, OCKUIBKU
«Ha pIiBHI JIOCBiy CBAIIEHHI SBUIIA € TUMH, 5IKi BU-
JUISIOTHCS 31 3BHYAHOT Ta IepEepUBUACTOT PYTUHUY
[37, c. 84]. ABTOp IiAKPECIIOE AKOCTI: BiJOKpeMIIe-
HICTb, iHIIIE CBITOOAYEHHsI, YIOPSIKOBAHICTh 1 MiJi-
CHICTBh Y O3HAY€HHI TOTO, IO € «CaKpaTbHUMY [32,
c. 250].

«lIpoghannutiyy — TEpMiH, 1110 O3HAYAE TPOCTIp,
akuii OyB «mepen XpamMoBUM Micuem». Crioyarky
«profanare» O3HaYaNO «HAMATHY MPOMO3UINIO «IIE-
pea XpaMom», B SKOMY OyJia 31HCHEHO IMOXKEPTBY.
Sacer Ta profanus nmos’si3aHi 3 KOHKPETHUMH, BU3Ha-
YEHUMH MICISIMU: CaKpaJbHE MICIe 3ragyeTbes SIK
CBSIICHHE MiCIle, a JOBKULISA IOCTyIHE Juis mpoda-
Haigii. Ile mMae ceHc Tam, &e liepKBa po3TalloBaHa
Mopy4 3 paryllielo, CHHarora mooOnu3y pUHKOBOI
o Tomro [33, ¢. 7964].

Tepmin «iepomonis» (rpeu. Tepdg — cBsieH-
HUH, TOMOC — Miclle, IPOCTip) 3anpONOHOBAHUHA A.
M. JlinoBuM, o3Hayae (OPMYBaHHS CaKpaJIbHUX
npocTopiB. Buxossiuu 3 po3ymiHHs i€poTomii, — cak-
payibHi JaHImMAQTH CTBOPEHI SIK PE3yJbTaT YCBilO-
MJIGHOTO BiJITBOPEHHSI TEPBUHHOTO CaKpajbHOTO
MpoCTOpy, BH3HAYeHOro borom B mporieci iepoda-

Hii [13].

«lepogparniroy [22] aHATIZYIOTH K BEPTUKATHHY
CTPYKTYpYy cakpaibHOro mpoctopy. OmHak 1e He
3BUYaliHUI HaOlp BEPTHKAJIbHHUX CTPYKTYp, a HaOip
CaKpaJbHHUX KaTeropii, Ae: «...yCIISIKWN CBSIICH-
HUH MIPOCTIp MPOIOHYE OyAb-AKy iepodaHnifo, eBHe
BTOPTHEHHS CBSILEHHOTO, Y PE3YJIbTaTi 40ro 3 OTO-
YYKYOr0 KOCMIYHOTO MPOCTOPY BHIUISIETHCS Oymb-
sIKa TEPUTOpIsA, SAKIM HAmalOThCA SKICHO BiIMiHHI
pucu» [13, c. 9]. IIpoMapkyeMoO i€pOTOIIIO SK Cak-
paJIbHUI TPOCTip, B SAKOMY BigOyBaeTbcs (Gopmy-
BaHHS CaKpaJbHUX JaHAMA(TIB Ta MICITh ITiJT BIUIH-
BOM ETHOKYJIBTYpU. Y TpeUbKidi MOBi «CBSILEHHO-
My» BiIIIOBifae «iepocy» (rper. — iepodg, hieros), sike
He 30iraeThCsi 3 PO3YMIHHAM JIATWHCHKOTO Sacer.
CeHC JTaTUHCHKOTO «CBSAIIEHHOTO» B MPOTHCTABIICH-
Hi «npohaHHOMY», 1110 3aiiMae BiAMOBITHUI MPOCTIp.

151 03HAYEHHSI TOPU3OHTANIBHOI CKJIAZO0BOI Ca-
KpaJbHOTO MPOCTOPY, IO BMIIIy€E CaKpalibHi JaHI-
madTy 1 Micls 3acTOCYEMO TOHSTTS «2emepomo-
nii». M. @yko AUCKYTy€e Tpo 1eH TepMiH, KU CTaB
[EHTPaJBbHUM B TaKUX Tally3sX K reorpadis, apxi-
TEKTypa Ta KyJabTypoiioris [26]. OTxe, reTepoToris
— Ie MicIle, TIOB’sI3aHe 3 IHINMMH YacTHHAMHM, Mic-
IIMU Ta TIPOCTOPAMH CYCIIbCTBA, ajie TaK 4M iH-
aKIIle BUTICHSIE 111 yacTwHM [25, ¢. 30].

«Kynemosuii, xyremy» (Big nar. cultus — mokiio-
HiHHS, IaHyBaHHs bora, OOTiB, KyJbTOBUX CIIOPYI)
HaBIiTh B KOPEHi CI0Ba Ma€ Oe3rmocepe il 38”130k 3
MOHATTAM «ETHOKYJIBTYpW». B  aHIIIHCBHKIM MOBI
BIiepIIe BKUTO B 1617 pori y 3HaYeHHI «IOKJIOHIH-
HsD», 3 1829 poky — sK «BimmaHICTh JFOMUHI 200 pe-
gi» [23]. AJe TMOHATTA «CaKpaJbHOTO» i1€pPapXidHO
BUIIIE «KYJIETOBOTOY, IO 3yMOBJIEHO HIMPIIUM «Jlia-
nma3oHOM» #oro 3actocyBanHs. llle omne Tpakry-
BaHHS «KYJBTY» HOSCHIOETBCS SIK «MICTHYHE IIaHY-
BaHHS KOToch a00 dorock» [15, c. 310], mo mo3Bo-
JISiE€ TIPOBECTH €THUMOJIOTIUHI «Tapajiemi» MiK «cak-
paNbHUM» 1 «KyJIBTOBUMY JaHamadToM. Kymer BTi-
JIOETBCS. B PUTyalli 1 LEpeMOHii, MpejcTaBieHi y
BIJIMOBIZTHUX €THOKYJIBTYPHUX JaHamadrax: cakpa-
TBHUX, TaQanbHuX [3].

«CakpanvHuti npocmipy PO3TIANAIOTE Y BY3b-
KoMy (pemiridHuid mpocTip) 1 mUpokomy (BiacHe
CakpaJbHOMY) pPO3YMiHHI, IO JO3BOJSE CTBOPUTH
fioro Mozeuti.

Mooeni caxkpansvnozo npocmopy. {ns dhopmy-
BaHHS MOJIEJIEH CaKpaIbHOTO MPOCTOPY BH3HAYUMO-
csl 3 0COOMMBOCTSIMH MPOCTOPY Ta Miclsl. 3a3Hauu-
MO, IO iXHI KOHIENTH MOXYTh OyTH JIOCHTH aHTa-
TOHICTUYHUMH (pHcC. 1), O y CBOIO Yepry Hakjajaa-
TAME BiJIONTOK Ha MOJENi AOCTiKEeHHS. Y cakpa-
JBHINA reorpadii HalvacTille BUKOPHUCTOBYIOTH MO-
nem pucyHky 1r [3, 8], BapiaHTH B3a€M0O3aMiHHOCTI
(puc. 1) Takox € [1], aje Taka MO/Ieb BUKOPUCTO-
BYETbCA HE YACTO. 3a3HaY€HUM MiAXin I03BOJIE
CTBOPHUTHU MOJIETI CaKPaJILHOTO IPOCTOPY 3 eNeMEH-
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Puc. 1. KonnenryanesHi Mozeni «mpocrip-micte» [29, ¢. 13-14]:
a — cemaparlis IpocTopy i MicIs; 6 — MePEKPUTTS MPOCTOPY 1 MICIIS; B — MicIie, IO MiCTUTBCS Y TIPOCTOPI;
T — IIPOCTIp, KUK pO3TAIIOBAHUH Y MICITi; I — PIBHO3HAYHUI ITPOCTIip / MicIie

TaMH HOTO HAINOBHEHHS: MPUPONHUYY Ta (heHoMe-
HOJIOT1YHY; 3 BpaXyBaHHSIM YacOBOTO aCIEKTy — €c-
XaTOoJIOTIYHY.

Ipupoonuua mooders mOOynOBaHA HA MPOTH-
CTaBJICHHI «CaKpaJlbHOTro» 1 «podaHHOro» y posy-
MIHHI «2emepomonii» sk mepumopiaibHol CKiaoo-
60i. OXOIUTIOE SK aHTPONOreHHI, HaTypalbHO-
AHTPOTIOTeHHI, TakK 1 HarypajbHi (TPUPOIHI)
00’extr Ta nmanamadTu [3, 9, 31]. Kareropii «cak-
panbHOTrO» Ta «IPohaHHOro» (HOPMYIOTh GePMUKA-
JIbHY OINOIAPHY cucmemy, BicCIo SKO1 € «iepodaHis.
[loTyXHicTh BEPTUKANBbHOI CTPYKTYPH y MPUPOIHH-
4iii MojieNTi BapirOEThCS BiJl KUIBKOX METpIB (Harypa-
JIbHI, aHTPOIIOTeHHI 00’ €KTH) JI0 KIJIbKOX KLIIOMETpiB
(HarypanbHi 00’€KTH — TOpH, MiA3eMHI ranepei, re-
yepH). CakpanbHUIl HPOCTIp BXOOUTH 10 CKIamy
nanamadTHOI chepn.

[IpuponHnua MoAens Ma€ cakpalbHi acHeKTH
SK 3 MO3MULINA 00’ €KTy, TaK 1 cy0 ekry. Cy0’ eKTHBHE
CHPUUHATTS PO3ALISE MPOCTIP HA «mpodanHe» (01-
HOpIJHE 1 HEHTpaIbHE) 1 «CaKpalbHE», SIKE 3 MO3UIIIT
BIpYIOUOTO — HEOTHOPIJIHE, «...B HBOMY Oararo pos-
PHBIB, PO3JIOMIB; OJHI YaCTHHH MPOCTOPY SKICHO
BIJIPI3HAOTRCS Bij iHIIMX» [21, ¢. 261].

Po3ymiHHS JIOIMHOIO 1HMX M3 FOHKTHBHUX
CTPYKTYp CakpajbHOIro HpocTopy € iepodanis (me-
PEKHMBAHHS), IO JO3BOJSE BHIUIITH OCOOMCTHIH
npocTip 3 AudepeHLianielo Ha caKpajbHe sIpo (Ky-
JIBTOBI / peniriHi naHamadTH, caKpajibHi JaH/ma-
¢rtu ta micus) 1 npodanHy nepudepio. Y rerepo-
TOIIII:

® JI0 aHTPOIOTEHHUX «SJep» BIAHOCSITH pEli-
riiiHi (KyIbTOBi) 00’€KTH Ta JaHAmMAPTH: Ka-
MUILA, TOPOAUIIA, KypraHu, LIEPKBU, KOCTEIH,
CHUHArory, MOHACTHPI, KJIaJOBHIIA, [IBUHTAPI,
KaTakoMOH, JIaOIpUHTH TOIIIO;

® IO IPUPOJHUX: YACTHHY MOJITSICTUYHOIO ITi-
JKJIacy SI3MYHHULIBKOI 1 HEOS3WYHUIIBKOT TPYITH
BapiaHTIB KJacy cakpajibHuX JiaHamadris [3]
1 MpeCTaBICHNX BOAHUMH JKEpEeIaMH, CBs-
LIEHHUMH TasMH, OKPEMHMH JEpeBaMH, SKi
BUKOPHUCTOBYIOTBCS JUISl PUTYaJIbHUX TTOTPEO;

e Micus CWIH, TIOB’sI3aHi 3 T€OAKTUBHUMH «Ca-
TM0O0EpPOTeHHUMU» CTpyKTypamu (ropu bpo-
keH, Omimm, Kaiinac, EBepect, I'oBepma, 1lla-
cra, Ynypy, ®Pynzisma; o3zepa Meprtse, baii-
kaj, [losaxy; momuna Cwmepti, miato Hacka,
kparep [apsaza, mope JlusiBona, OCTpOBH
Ceiion, [Tacxn).

TUmoBMM TNPHUKIAZOM CaKpajJbHOIO siapa €
Xpam abo0 CTOBII, SIKi ITiJKPECIIOIOTH HASBHICTH BEp-
TUKaJIbHOI OCi, MO0 3’€qHy€e MpoQaHHUN MPOCTIP 3
IHIIMMH 1€papXivyHO CHiBBIAHECEHUMH YacTHHAMH
CaKpalbHOTO TMPOCTOpy. B aHTpomoreHHOMY J1aH-
ma)TO3HABCTBI KIIACUYHUM MPHUKIIAJIOM € ETHOKYIIb-
TypHi nanmmadTa mictedok XVI — mouatky XX
CTOMTTA [5], 1€ OKpPECIIOEThCS TeTepPOTONiYHA
CTPYKTypa CakpajbHOTO MPOCTOPY, sIKA CKIIAJTAETHCS
3 «cakpajbHOrO» siapa i «mpodaHHO» mnepudepii
(puc. 2) i € cKIIaJOBOIO KapKacHUX JaHAmadTiB [9].

151 KOXHOTO €THOCY, SIKHH MELIKA€E B €THOKY-
JBTYPHOMY JaHAmadTi, cakpaJlbHUMU SOpaMu Oy-
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IyTh Pi3HI MicIs 94U 00’ €KTH. 30KpeMa, 1yaeHChKHiA
cakpaJibHUi jaHmmadT (CMHarora, MikBe, €BpEHCh-
Ke KiagoBuile) Oyne mpopaHHuM AJ1sl YKPaiHCHKOTO
abo0 MoNBCHKOTO e€THOCY. B TakoMy BumManky, modjie-

THIYHMIA cakpanbHuil JaHamadt Oyme maru Oara-
TOIIAPOBY CTPYKTYPY, € sAapa OymayTh HaKIaAaTHUCS
YaCcTKOBO a00 MOBHICTIO, IO IMiAMNAAac i O3HAUYEH-
Hs «reTepororii». Taka Moaeib BiANOBIAa€ ifel ca-

Puc. 2. T'etepoTomnis cakpaabHOr0O MPOCTOpy MicTedok [lomiis.
[MixTunm: a) KinpleBuid; 0) OiNONApHUN; B) KBapTANbHUI; ') AUCHepCHUl; 1 — eBpelChKi MiChbKi KBapTallH,
2 — XpUCTHUSHCHKI KBAPTAIH; KyJIbTOBI CIIOPYIH Ta JaHAMAPTH: 3 — CHHArora, 4 — eBpelichKe KIIJ0BHUIIIE,
5 — xocten / iepkBa / KipxeH, 6 — XpUCTUSHCHKE KJIaJOBHIIE / IIBUHTAP

KpaJbHOI «IeHTporepudepii», ae y maHamadTi
MPOXXKUBAIOTH OHOBIPIl, TOMY Oy[b-SKWH JIaHIIa-
(THHI KOMIUIEKC MOXKe OyTH CaKpallbHUM SIK
«...€OMHA CBAIICHHA 3eMiIs oxHiei mactBu» [19, c.
64]. Ines «eHTpPY» y CakpaJbHOMY IIPOCTOPi € B
ycix maBHix Kynbrypax: «Llentp City», «Cssra
3emis», «CBiToBe siiiie», «CBiTOBE AepeBoy», «Jan-
ua Coeli»; € BiAIIPaBHOIO TOYKOIO, EPLUIONPUINHOIO
Ta HENOAUIBHOIO, BiTOOPAXKAETHCS y PENIriHHUX CH-
MBonax [6]. YacTuHa mMOIISIIB TPO CaKpalbHHN
«UEHTp» IOB’s3aHAa 3 OCHOBHMHU BEPTHUKAILHUMHU
CTpYKTypamH (KyJIBTOBI CHOPYAM) Ta NEPETUHAIOTH-
cs 3 (EHOMEHOJOTIYHOI MOJEIUII0 CaKpaJIbHOTO
MIPOCTODY.

Konnenuii «cakpaibHOTO» Ta «IpOQaHHOTO»
MAaloTh y3arajbHEHI PUCH 3 CaKpaJbHHM JaHImad-
TOM: cakpalibHe 3aBXKIW MPEICTaBIsSe CBITOINAL,
SIKUH Mae TEeHTp (SApOo) cakpalbHOTO JaHMmAaTY.
Hnst MoHOTEIcTHUHUX peniriii GopMyeTbess MOzenb
CaKpaJbHOTO TMPOCTOPY: Tpiaja (BepIIMHA — CBS-
menHe (bor), cepenns yacTuHa — cakpaibHe (TIpoe-

KIIisl CBAIIIEHHOTO Ha IrpodaHHe), mepudepist — mpo-
¢anne [3]. Ilpm TakoMy MigXofi MmiJ CaKpaIbHUM
JTaHIAPTOM PO3YMIIOTh YaCTHHY €THOKYJIBTYPHOTO
naHqmagTy, Ky CBIJIOMO BHIUISIOTH 1 MapKyrOTb
CaKpaJbHUMU (CBAIICHHUMH) MICLIIMH, BU3HAYAI0UH
TpaJULIHHUI CBITOIIS]] €THOCIB.

VY naBHIX cloB’siH cenuTeOHUI nanmmadt Oy
YaCTHUHOIO CaKpaJIbHOTO MpocTopy. MicTo, 3 mpotie-
COM OCBOEHHSI HOBUX TEPUTOPIii, 103BOJISIE BUALIH-
TH «CBOE» 1 «UyKe» 1 IEPETBOPIOETHCS Y MPOTHCTA-
BJICHHS «CakpajbHe / JIOACHKE / MPaBUIIBHEY 1 «HE-
cakpaibHe / mpodaHHE / HeMpaBUIIbHEY. 3a3BHYAM,
HE Bech cenuTeOHnH maHamadT OyB cakpaibHUM, a
TIIBKH YKpITUIEHA [IEHTpaIbHA YaCTHHA BUKOHYBAaJa
TaKy ponb. CakpaibHUM QpoHTHpPOM Oyl 000POHHI
CTIHHM, SIKI CTBOPIOBAJIH «MaridHe KOJIO», BCEePEHHI
SIKOTO CITOPY/IXKYBAJIM CaKpajbHI 00’ €KTH.

Denomenonoziuna mooens po3podiieHa Ha Oc-
HOB1 (hOpMYBaHHS y JIOAMHHU BiIUYTTA Ta KOHTAKTY
3 «OoxectBeHHUM» [8, c. 115], mns popmyBaHHS
SIKOT TIEPEBKATUMYTH IEPIEIITiHHO-KOTHITHBHI 1H-
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TeprpeTariii mpocropy. Bpaxysasmm, 1o 10 cakpa-
JILHUX MiCIlb, OKPIM CakpajabHHUX JaHaadris, Bia-
HeceHo 1 TadasbHi, MIPONOHYEMO CTPYKTYpYy (eHO-
MEHOJIOTIYHOT MOJIeNTi, SKa BKJIIOUATHME IPOIOB-
JKEHHS OcCi iepodaHii BUIE Ta HIXKYIE «TETePOTOIIY-
HO» TwIomMHN (puc. 3), cy0’eKTUBHUN (TiMiHATH-

HUW) TIPOCTip, BIACYTHIH Y NPUPOTHUTIA MOIEII.
3acTocyBaHHS «JIIMiHAIBHO» YaCTUHHU CaKpaJILHOTO
MPOCTOPY JO3BOJISIE PO3MIMPUTH MEXI CIIPUAHATTS
3a PaxyHOK «MiCII M03a» MPOCTOPOM 1 4acoM, IO
SKOTO y SIKOCTI MPHUKIALy BimHOCATH Ymcrmiwiie,
Bapmo, JIim6 Tormo [20].

—— —

_—
-
A

>»

I— -—-—
B« 15 <>
Puc. 3. ®eHomeHoOIOTiYHA MOJIENB CAaKPAIBHOTO MPOCTOpY: | — CcBsilieHHE; 2 — cakpalibHe; 3 — nmpodaHHe;
4 — miMiHaBbHA CKIIAZI0Ba; 5 — MEXIi CakpaJIbHOTO MPOCTOpY; 6 — HampsM iepodanii

30BHIIIHI MeXi (HEHOMEHONOTTYHOI MOJIENi MOXKYTh
BapilOBaTHCS 3aJIEKHO BiJ pO3yMiHHS «00XKECTBEH-
HOTO» BiJ] 3BUYHOTO (MPUPOJHUYA MOJENb) aX [0
piBHOCTI «Bceecsit (IIpupona) = bor» (y Kabami).

CakpanbHuil MpOCTip A7 OUIBIIOCTI pemnirii
O3Ha4ya€ peanbHi Micld Ha 3€MHIM IOBEPXHi, IO
BKIIQIA€TBCSL Y TOHATTS MpupoAaHndoi monemi. Of-
HakK, K TPHKIAA, €Bpei cakpalbHUI NpOCTip He
000B’S13KOBO BH3HAYAIOTh TEPUTOPialibHO. 30Kpema,
Topy po3misiiaroTh SK pyxoMe MaiHO, IO CTallo
CHMBOIIIYHOIO 3aMiHOIO BTPATH PEaNbHOI TepUTOPIl
[32, c. 250]. Takum unMHOM, 1yAeHCHKUN Hapox ym-
PONOBXK THCAY POKIB BUTHAHHS 3MII iCHYBaTH SIK
BH3HAYCHA 1IEHTHYHICTh, «KOJH [3painb BUHUIIOB Ha
3acnanHs, lllexina (myma boxa) cympoBomkyBana
iX Tak camo, HiOM iX He MOBHICTIO NOKHHYB bor... Y
cympoBoii Hapoxy I3painto Ha 3acimanus, Illexina-
Topa — oOilsgHKa MOXIMBOTO TMOBEPHEHHS, KOJU
3emunst 1 mroau, Topa ta bor 00’eaHyr0TBCS y BilacHe
Micue npoxkusadus» [30, c. 21].

{06 3po3ymiTH XapakTep Takux Miciib, k. 3.
CwmiT 3ampornoHyBaB Metadopy AJsl CaKpaJbHOTO
npocTopy — «hokycyrouy niH3y» [35], sika KOHLIEHT-

pye yBary Ha ¢opmax, o0’ekTax i JHisiX y MpocTopi
Ta BUSBIISE HOCIIB peniriiHoro tonky. Lli cumBomm
OMHUCYIOTh OCHOBHI CKJIQJIOBI PEaNbHOCTI: SIK Pei-
riiffHa CIIbHOTA cpUiiMae X, BU3HAYAE KUTTS BiJl-
MOBI/THO JI0 IHOTO MiXOMY 1 3a0e31euye JOCTYI Mixk
JIFOJICEKAM CBITOM 1 O0’KECTBEHHHMH PEaTisiMu.

Y (QeHOMEHONOTIYHIH Mozen BepTHKabHA
CTpPyKTypa TpejcTaBiicHa BepxHiM cBiToM (Paid,
Enem, Jlxannar, CykxaBari), 3¢MHOIO IOBEPXHEIO
(rerepoTomist i3 cakpalbHUMH MICIISIMHU Ta JIAH/IIA-
¢ramu) Tta mimzemHum cBitom (Ilekmo, Ileon,
Jxarannam, Hapaka) [35, c. 7983]. A. FOGep i M.
Mocc 3anponoHyBajdd KOHLUEHTPHUYHY CXEeMy JUIs
reTepoTolIii, JIe cakpajbHe Miclie (3 IiABHIIECHOO
KOHUEHTPALI€I0 PENriiHOCTI) BiJOKPEMJICHE PHUTY-
aJbHUM KOJIOM Bija mpodanHoro npocropy [11]. As-
TOPH 3a3HAYWIIM, IO CaKpajbHEe SJIPO ICHYE TUMYa-
COBO, TUIBKH JJIsl 3AIHCHEHHS PEINiTiHHUX PUTYATIB.
YckmagHeHHss Oyle BinOyBaTUCS 3 BHIUICHHSM HE
TIJIBKY BIAMOBIAHMX JaHIIIA(QTHAX KOMIUIEKCIB, a i
CaKpallbHUX MicCllb, 5IKi (JOPMYBaTUMYTh CTPYKTYpY
TeTepoToii Yy CakpaJbHOMY IPOCTOPi Ta HAsBHICTIO
JiMiHaJIBHOT YaCTUHHU TPOCTOPY, KUK (popMyeThCs
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Yyepe3 KOTHITHBHE CIIPUIHSATTS.

Ecxamonociuna moodens, 3a pUPOITHUYIY OCHO-
BY SIKOI B3STO Teopiro kKaractpodizmy. OcTtaHHs Tie-
penbauae, mo pi3ki Ta MI00anbHI 3MIHU JTOBKIJIIS
3yMOBJIEHI CTPUOKOMONIOHIMH TPUPOTHUMH IPO-
mecaMu (TIOTOTI, BUBEPIKEHHS BYJIKaHIB, 3eMIIETPYC,
emijieMisi, IMIIaKTHA TIOMis, T€OMarHiTHa iHBEPCid,
criajiaXx HaJHOBOi, BY3bKO CIPSMOBaHHHA JKET Ta-
MMa-CILIECKY TOIIIO).

VY peniridiHux pKepenax aHaJoriuHi mpolecu
mpoaHasi3oBaHi B ecxaroiorii (Big rpeu. eschatos —
BepIIrHA, 0e307Hs) — BUEHHI MPO KiHEUb CBITY Ta

gacy (Amoxkamincuc, Parmapox, Bemmka Kambma).
[TepeBaxkarounMu € MUKIIYHI Ta JIHIAHI KOHIEIIIT
PO3BUTKY cakpaibHOro npoctopy [14]. [ukmiunuit
BapiaHT 3aCTOCOBAaHO y MPOMOHOBaHi Moxeni (puc.
4), ne pO3BUTOK BiZOyBAa€THCS MUISIXOM IPOXOIKEH-
HS MIPUPOTHUX MUKIIB (30poacTpusM, «KHura MepT-
BUX»); y JiHIHOMY BapiaHTi (fofeichKkuii Ta
CJIOB’STHCBKMW BapiaHTH €CXaTojorii) — 3aMKHyTa
[UKJIIYHA CTPYKTypa MPOIECIB CIIPsIMIIEHA Ta PO3ip-
BaHa (B ecxaronorii — Ilapycis Icyca Xpucra) i mae
HE3BOPOTHIH Xapakrep.

Ipodanizauis

CakpaJizauis

IIpodanizamist

Puc. 4. Ecxaronoriuaa Mofens cakpaabHOTO IPOCTOpy: 1 — HAmpsM 1 mporecu eHTPOTIii; 2 — HApsAM Jacy;
3 — Mexi TpoIieciB; 4 — TOYKA CUHTYIISPHOCTI (aIOKAIIIICHUC)

EBouttonist cakpapbHOTO TPOCTOPY MOB’si3aHa 3i
CIIJIBHUMH, aJieé TPOTHJICKHUMH 32 HAIPSIMOM IIpO-
necamu: a) npodanHi JaHmmadTH, SKi cakpanmizy-
10ThCS; 0) cakpanbHi JaHmmadTH, sKi npodaHizy-
I0ThCSA (JIeCaKpali3yloThes). X eBOMIONisS Mae CHHY-
coimHy (opMy, 3aJeXHy Bifl €HTPOIIIi, sika J0csATae
MaKCHUMyMy Y TO4Ili cHUHTYIsipHOCTI. [Ipwm ii Hapoc-
TaHHI (IPUPOJHI KaTtacTpodu, emigemMii ToIo) BiJ-
OyBaeThCs BTpaTa aBTOXTOHHHM €THOCOM CaKpalb-
HUX MiCIlb 200 YChOTO CaKpaJIbHOTO JIAHAMIA(TY, 110
MPU3BOIIUTH JI0 JIecakpali3allii i 3aMiHOI0 Ha Mpo-
¢danni nangmadTy [3]. Ecxaronoriuna mozens mae
HEeBHI 0COOIMBOCTI.

1. Todka CHHTYJISIPHOCTI CIIiBIAJA€ 3 TOYKOIO
«amnokajirncucy». Y pi3sHHX KyJIbTypax O3HAaKH aro-
KajJincucy mofiOHi, ane To4YKa CHHIYJISIPHOCTI
0B’ sI3aHa 3 YaCOBMMH OCIMISIISIMHI, X04a BiIIOBI-
JaTMe MaKCHMAaJIbHIN cakpaizallii mpocropy.

2. PiBenp cakpamizauii Hapocrae, ajie 3 HOro
MiZBUIEHHSM, CKOPOYYETHCS Ta 3MIIIYEThCS dYac
MPUPOIHUX PUTMIB Ta MUKIIB, a aMIUTITYJIHI KOJH-
BaHHs cTaloTh 3HayHimmMu (puc. 4). Lle Bupaxa-
€TbCS Yy TPOSIBI TOJOBHUX €CXATOJIOTIYHHMX O3HAK,
HalpukJjiaja, onkpoBeHHs loana borocioga.

3. Ilicns NpOXOMKEHHS TOYKH CHHTYJSPHOCTI
(Hynb-MOMeHT [8]) aMIUTITYIHI KONMMBAaHHS MPHPOA-

HUX PHUTMIB CIOBUIBHSIOTBCS Ta 3IIAKYIOTHCA.
Moxe ¢opmyBatrcs HoBa naHamadTHa cdepa, iy
MoJaNbIIoOMy, SIK 1l yacTMHAa — cakpajibHa chepa
(mpupomHUYa MOJIENB).

BucHOBKH Ta mepcrneKTHBHM NMOAAJIbIIUX [10-
caigkenb. CakpanbHU OpoCTip — 1e, Hepll 3a Bee,
MPOCTIp, SKUH BiAPI3HSAETHCS Bif iHIMX. K ocMuUcC-
JeHUH NPOCTip, — CAKPAIBHUM, OXOIUIIOE MICI,
CTBOpEHi JUIs: a) pelNirifHux motped (KyJIbToBi CHo-
pPYyIH, XpamH, KIaJoBHIa); 0) TPaKTYIOThCS pedli-
TiifHO, Taki sSIK Topu abo PiYKH, 8 TAKOK YACTHHU
nasamapTHOI cdepu, sKi MOKHA copuiMaTta Qizu-
yHO (reorpadist CesiToi 3emiti), Tak i 00pa3HO, SIK
BHYTpIIIHS reorpadis Tijia B TAHTPUYHIHN 1HO031.

JocHimHUIbKI acreKTH BU3HAYaIOTh TPaKTy-
BaHHS CakKpajbHOTO TPOCTOPY SAK TaKOTo, IO
00’eIHy€e MarepiajibHE 1 JyXOBHE; MEBHI MICIS eT-
HOKYJIBTYPHOTO PErioHy, SIKi MalOTh O3HAKH B3a€EMO-
Ilii €THOCY 1 CBSIIIEHHOTO. Y MOJeIi CaKpaJbHOTro
MPOCTOPY JIOUUJIBHO BUIUIMTH KaTeropii TOMYHOT
(iepodanii) i xopuuHOi (i€poToOIii) CKIAIOBUX; B
iepoTomii BUAIIMTU: cakpalbHe 1 mpodaHHe, cakpa-
JHHUH 1 pENiTiHHUN MPOCTIp, TETEPOTOIIIIO.

[MpupomHanya Mozenb MmpejcTaBieHa YaCTHHO
npocTopy JaHamadTHOI cepH i CKIaNaAETbCs 3 PH-
TyaJbHUX 1 KyJIBTOBUX 00’€KTiB, 5IKi (OPMYIOTH €T-
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HOKYJIBTYPHHH PETiOH 1 B TE€TEPOTOINYHOMY PO3Y-
MiHHI — cakpajbHi jJaHamadTu. BepTukaibHa ckiia-
JI0Ba IOB’s13aHa 3 HEHTpONepU()EepHUYHUM MiAXOIOM:
cakpaJbHUHN NaHamadT — iepoToris — iepodanis.
Buninenas (GeHoOMeHOIOTiYHOI MO MPOIIo-
HyeEMO Ha OCHOBI MeEpUEMNIifHO-KOTHITHBHOTO
CIPUIHATTS «CBSALICHHOTO» JIIOAMHOIO, IO J03BO-
JISI€ PO3MIISIIATH HOTO 3 TIO3UITIH JTIMiHATIBHOTO MPOC-
TOpy—dYacy, a BiOIOBITHO MOXe OyTH «0OXKEeCTBEH-
HUM»: Oe3perioHasbHUM / 0e3MPOCTOPOBHM Ta BH-
XOIIUTH 32 MEXI XPOHOJOTIYHOTO i MPOCTOPOBOTO

JacOBl aCIEKTH CaKpaJbHOTO IMPOCTOPY, CBOJIOIIS
SIKOTO ITATIOPSAAKOBAaHA «II00ambHIA KaTacTpodix.
3MiHa CTPYKTYpPH CaKpaJlbHOTO MPOCTOPY BimOyBa-
€TBbCS CTPUOKOMOMIOHO, 3 YAaCTKOBOIO ab0 TMOBHOIO
JeCTpyKIielo maHamapTHOI cepr Ta eriMiHaIIER
010THYHOT CKIIaJI0BO1.

3anpornoHoBaHi MOJIE CaKpaIbHOTO MPOCTOPY
ICTOTHO PO3IIUPIOIOTH ICHYIOUHHA TPEAMET CaKpallb-
HOI reorpadii, aHTPOMIOTEHHOTO Ta €THOKYIIBTYPHO-
ro nanamadTO3HABCTBA. IX 3aCTOCYBaHHS J03BO-
JUTh TOTIHOUTH 3B’S3KH Y MIKIWCIMIUTIHAPHUX

CIIPUMHSITTS CaKpaJIbHOTO.
Ecxaronoriuna Mofens JT03BOJIUTH PO3KPUTH

HampsMax reorpadii, pemirie3HaBcTBa, ¢inocodii,
KYJIBTYPOJIOTii.
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MODELS OF SACRED SPACE

The purpose is to create models of sacral space and the task is to analyze the structure and genesis of
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sacral space.

Research methods. The creation of sacred space models in geography is predominantly driven by natu-
ralistic, phenomenological and temporal approaches. The methods of their study include: a) habitual struc-
ture of geographical space and its forming natural, anthropogenic and natural anthropogenic landscapes; b)
perceptual-cognitive interpretation of the sacral space, which is significantly different from the previous ver-
sion; c¢) eschatological perception of processes in the landscape.

Results. In forming the models of sacral space, the study paid attention to the peculiarities of space and
place. The authors noted that their concepts could be quite antagonistic, which would have an impact on the
research model. This approach allows creating models of sacral space with elements of its filling: natural and
phenomenological; given the time aspect — eschatological. The natural model is built on the juxtaposition of
"sacred" and "profane" in the sense of "heterotopia" as a territorial component. Covers both anthropogenic,
natural-anthropogenic, and natural objects and landscapes. The categories "sacral" and "profane" form a ver-
tical bipolar system, the axis of which is "hierophany." Heterotopia includes anthropogenic cores — religious
(cult) objects and landscapes, and natural ones — part of the polytheistic subclass of the pagan and neo-pagan
group of variants of the class of sacral landscapes, as well as places of force associated with geoactive struc-
tures. Phenomenological model is developed based on formation in the person of feeling and contact with the
"divine", for the formation of which perceptual-cognitive interpretations of space are applied. It is proposed
to include a liminal space in the structure of the phenomenological model, which will include the extension
of the hierophony axis above and below the "heterotopic" plane. The eschatological model is based on the
theory of catastrophism, which assumes that abrupt and global environmental changes are caused by abrupt
natural processes (flood, volcanic eruption, earthquake, impact event, geomagnetic inversion). In religious
sources, similar processes are analyzed in eschatology, where cyclical and linear concepts of sacral space
development are predominant. The eschatological model has certain features: the singular point coincides
with the point of the "apocalypse"; the level of sacralization increases, but with its increase, the time of natu-
ral rhythms and cycles decreases and shifts, and the amplitude oscillations become larger, which is reflected
in the manifestation of the main eschatological features; after passing the singular point, the amplitude oscil-
lations of the natural rhythms are slowed and smoothed; a new landscape sphere is forming.

Scientific significance. Research aspects define the interpretation of sacred space as one that combines
material and spiritual; certain places in the ethnocultural region that have signs of the interaction between the
ethnos and the sacred. In the model of sacral space it is expedient to distinguish the categories of topical (hi-
erophany) and choral (hierotopia) components; to distinguish in hierotopia: sacral and profane, sacred and
religious space, heterotopia and liminal component. The natural model is part of the space landscape sphere
and consists of ritual and cult objects that form an ethnocultural region and in a heterotopic sense, sacral
landscapes. The selection of the phenomenological model allows us to consider the sacral space from the
standpoint of liminal space, and accordingly — it can be irregular, spatial and go beyond the chronological
and spatial perception of the sacral. The eschatological model will reveal the temporal aspects of sacred
space, the evolution of which is subordinated to a "global catastrophe". The change in the structure of the
sacral space occurs abruptly, with partial or complete destruction of the landscape sphere and elimination of
the biotic component.

Practical significance. The proposed models of sacral space significantly expand the existing subject of
sacral geography, anthropogenic and ethno-cultural landscape studies. Their application will allow to deepen
connections in the interdisciplinary fields of geography, religious studies, philosophy, and cultural studies.

Keywords: model of sacred space, hierophany, hierotopia, heterotopy, liminal, sacred landscape.
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UKRAINE-CHINA STRATEGIC PARTNERSHIP:
CURRENT SITUATION, PROBLEMS AND PROSPECTS

K. O. Kpasuenxo, FOu JIncun, H. B. Jobposonscoka, I. A. Ckpuns. CTPATEI'TYHE ITAPTHEPCTBO YKPAIHH TA KH-
TAKO: CYYACHHH CTAH, ITPOBJIEMH TA ITEPCIIEKTHBH. [{ns Yipainu numanns cmpamezivnozo napmuepcmea 3 Kuma-
€M, SAKULL € CEIMOBUM NLIOePOM MOP2ieNi Mosapamu ma iHeeCmuyiiuHol JisLIbHOCHI, € 8KPAll AKMYATbHUM. 306HIUHbOEKOHOMIYHA NO-
aimuka Kumaio wooo kpaiu, wo po3gusaromvcs, CNpsamMosana HA YKAAOAHHSA 63AEMOBUCIOHUX Y200 ma THEeCmuyitiiy NiOmpumKy
iHHOBaYiliHOT JistbHOCmI 6 yux Kpainax. Iniyiamuea « OOur nosc, 00UH WXy MA€ HA Memi OPMYB8AHHS HOBOI GLbHOI eKOHOMIYHOT
30HU MOP2i6, 00 KO Y AKOCMI MPAHZUMHOI 0epAHCcasu MAe 3M02y NPUEOHAMUCS [ YKpaiua. 3a npoenozamu excnepmis, 6iOHOGIeHHs.
Lloskosozo winaxy 3 Kumaio 0o €sponu 003601ume cpopmysamu HO8y 30HY GinbHOI mopeieni, AKka 3 yacom 6yde usHayamu po3eu-
MOK MOP208ENbHOI 2ay3i 8 YCbOM) CBIM.

Taxozo pody cnignpays 6e3yMOBHO € 00CMAMHBLO BULIOHOI 015 YKpainu, addice 60HA 003601UMb 3A PAXYHOK THO3EMHO20 KaNi-
Many MooepHizyeamuy mpaHCROpmHui WXy, Hanazooumu Oilbw micHy cnienpayio 3 kpainamu €eponu (K KiHyesUM CROdCU8aAYeM
MPaAn3UMHUX MOoBaApie), PO3GUHYMU [HHOBAYIUNY IHGPACMPYKMYPY MA 3aAY4Umu 00 0epICABHO20 O100JCeny KOwmu 3a HAOAHHS
nocnye mpaHcnopmysants ma oociyosyséanns. Ilpome, yuacme 6 iniyiamusi modice Hecmu [ 3HAUHI PUBUKU OIS eKOHOMIKU HAULOl
depoicasu, addice cmanom Ha 2019 p. obcseu imnopmy ma ekcnopmy y 63aemogionocunax Yxpainu ma Kumaio € necniecmasnumu 3
dominyeanmam ocmanibozo. [l[ooo mosapnoi cmpykmypu, mo 30ebinvuioco Yxpaina excnopmye cupoguny, a iMmnopmye 20mosy npo-
oykyito. Opeanizayisi MacumabHO20 MPan3umy KUmaiCbKux moeapie mepumopicio YKpainu moogice cmeopumu Ha 6HYMPIUHbOMY
PUHKY Hauwloi deporcasu 3HAYHULL npogiyum oeuedux moeapie ma NOCMAasUmu NUMAaHH Wooo PeHMaberbHOCMI iMYUIHAHO20 8UPO-
OHUYmMEa neguux epyn moeapis. Inmezpayis Ykpainu y HO860Cmeopery 30Hy 8iIbHOI Mop2igni 30e0ibui020 € NUMAHHAM Yacy, npome
BKPALl BANCIUBUM € TPYHIMOBHULL AHANIZ MONCTUBOCHEL, 3A2P03 MA HACTIOKI8 OAHO20 NPoYecy.

Knrwouosi cnosa: cmpameziyne napmuepcmeo, 306HIUHbOEKOHOMIYHA chisnpays, mopeiens, ineecmuyii, npoekmu, [lloexkosuil
winsx, « OOur nosic, 0OUH WiisIX», NPOOLEMU MA NepPCneKmueuU.

K. A. Kpasuenxo, FIOu /[ncun, H. B. /looposonsvckan, H. A. Ckpvtne. CTPATETHYECKOE ITAPTHEPCTBO YKPAHHBbI
H KHTAA: COBPEMEHHOE COCTOAHHUE, IIPOBJIEMbBI H ITEPCIIEKTHUBBI. J{nsn Ykpaunvl 6onpoc cmpamecuyeckozo
napmuepcmea ¢ Kumaem, komopwiil A6711emcs MUupouiM TUOEPOM MOP20GIU MOBAPAMU U UHEECTIUYUOHHOU OesimenbHO CL, s6ise-
Mcs KpatiHe akmyanvHviM. BrewneskoHomuueckas nonumuka Kumas no omuowenuio x pazeusarnwmumcs Cmpasam HanpasieHa Ha
3AKTI0YEHUe 83AUMOBLIZOOHBIX CO2LAULEHUT U UHBECTUYUOHHYIO NOOOEPAHCKY UHHOBAYUOHHOU OessmelbHOCIU 8 9mux cmpanax. Mnu-
yuamusa «OOur nosic, 00UH Nymv» HayereHa HA GopMUPOBAHUE HOBOU CB0OO0OHOU IKOHOMUYECKOU 30HbL MOP20GIU, K KOMOPOU &
Kawecmee MpaH3umHo20 20Cy0apcmea umeem 603M0NHCHOCIb NPUcoeourumscs u Yxkpauna. Ilo npoenoszam sxcnepmos, 60300H08/1e-
nue llenkosoeo nymu uz Kumas ¢ Eepony nozeonum cpopmuposams HO8YIO 30HYy c80000HOU MOP208IU, KOMOPAsi o 8pemeHem 6y-
dem onpedenams pazeumue ompaciu Mmopeosiu 60 6CEM Mupe.

Taxoeo pooa compyonuuecmeo 6e3ycio6Ho AGIAEMCs OOCMAMOYHO BbI20OHbIM O YKpauHsl, 6e0b OHO NO360UM 34 CYem
UHOCMPAHHO20 KANUMANA MOOEPHUZUPOBAMb MPAHCNOPMHbIE NYMU, HAIA0UmMs 6ollee mecrHoe compyonudecmeo co cmparamu Ee-
ponvl (Kak KOHeYHbIM nompedumenem mpaH3umHvix moapos), pazeums UHHOBAYUOHHYIO UHDPACMPYKIMYPY U NPUSLeyd 8 20Cyoapc-
meeHHblll 0100Jcem cpedcmea 3a npedocmagieHue yciye mpaHcnopmupogku u obcayicusanusn. OOunako, yuacmue 6 uHuyuamuse
MOdICEem UMems U 3HAYUMeENbHIe PUCKU OJis IKOHOMUKU 20CY0apcmad, 8edb no cocmosinuio Ha 2019 obvemvl umnopma u 5KCnopma 60
83aumMoomuowenuax Yxpaunsl u Kumas neconocmagumvl ¢ OOMUHUpOBanuem nocieone2o. OmHocUumenbHo mosapHol CmpyKmypbl,
cmoum ommemums, 4mo 6 OCHOBHOM YKpauHa dKCNOPMUpyem cvipve, a UMRopmupyem 20mogyio npooykyuto. Opeanusayus macui-
mabHoeo Mpan3uma KUMaickux moeapog no meppumopuu Yxpaumsl mModicem co30ams Ha 6HYMPEHHeM PbIHKe HAULe2o 20Cyoapcmed
BHAUUMENbHBLI NPOPUYUM OeUesbIX MOBAPOs U NOCMABUMb 60NPOC O PEHMAOENbHOCIU OMEYeCMEeHH020 NPOU3B00CmEa onpede-
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JIeHHbIX 2pynn moeapos. Unmezpayus Ykpaunst 6 popmupyemyio 301y c80600HOU MOP206IU 8 OCHOBHOM ABNACMCI B0NPOCOM 8peMe-
HU, 0OHAKO KpaliHe 8adCHO Nposecmu 0emanbHbulil AHATU3 803MOICHOCTEN, YePO3 U NOCIeOCMEUL OaHHO20 npoyeccad.

Knroueswie cnosa: cmpamezuueckoe napmnepcmeo, GHEUHEIKOHOMUUECKOE COMPYOHUUECE0, TOP2O6A, UHEECIMUYUL, NPO-
exmul, [llenxoguwiii nymo, « OOun nosc, 00UH nymoy, npooiemsl U NepCHeKmusbl.

Statement of the research problem. Foreign
trade cooperation is one of the main forms of for-
eign economic activity, it is represented by exports
and imports of goods and services. This is an effec-
tive tool which helps countries to develop their own
specialization, increase resource productivity and
thus to increase overall production. Not only eco-
nomic development but also the structure of con-
sumption and the state of the payment balance de-
pend on the country's foreign trade partnership. The
current state of Ukraine's economy requires changes
and significant investment. Therefore, development
of foreign trade cooperation, inplementation of radi-
cal changes in many sectors of the economy based
on the choice of specializations and development
priorities is quite relevant. One of the powerful
partner countries and prospective inverters for
Ukraine is China, which has one of the most pro-
gressive economies in the world. One of the priority
areas of strategic cooperation between Ukraine and
China is to establish cooperation within the "Belt
and Road Initiative".

Implementation of this project aims to affect all
its direct and indirect participants in the form of the
integration effect, as a result it is planned to form a
large free-trade area between project participants,
which should significantly affect the world eco-
nomy.

The geopolitical and transport-geographical po-
sition of Ukraine largely determines the current state
and prospects of its economic development. Cur-
rently more than 40 countries (including Ukraine)
have signed cooperation agreements with China un-
der the "Belt and Road Initiative". Implementation
of this project certainly creates great economic op-
portunities for Ukraine. However, the initiative is
positioned not only as a basis for the modernization
of existing transport corridors, but also as a way to
expand the impact of Chinese transit, and, as a con-
sequence - formation of a new trade and economic
zone. The cooperation also proposes joint political,
economic and cultural exchanges at the global level
between the participating countries. The advantage
of implementing the project in Ukraine is the possi-
bility of using China's economic opportunities and
attracting foreign investment in order to build the
transport system of our country, purchase new and
modernize existing vehicles. Also the positive one is
the desire of Chinese partners to invest in innovative
projects along the planned transport axes. However,
implementation of this project will significantly af-
fect the domestic market of Ukrainian goods, and as
a result — the industry and the level of production of

a wide range of products, which are likely to be re-
placed by cheaper exports due to low cost of many
Chinese goods, but perhaps lower quality.

The purpose of the paper is to study the state
of implementation of the "Belt and Road Initiative"
within the strategic partnership between Ukraine
and China, as well as to identify threats and pro-
spects for this form of cooperation for economic
development of Ukraine.

Analysis of previous research. A large num-
ber of domestic studies are devoted to the study of
Ukrainian-Chinese relations. Such studies are cov-
ered somewhat less in foreign literature, which
demonstrates the level of interest of the Ukrainian
side in a comprehensive study of relations with Chi-
nese partners, search for new prospective areas of
cooperation. The research of the last 5 years has
paid special attention to the "Belt and Road Initia-
tive", because its successful implementation will
lead to fundamental transformations in the world
economic system.

H. Okhasha's paper reveals the peculiarities of
the implementation of the "Belt and Road Initiative"
and its implementation in the context of China's
openness policy [28]. In particular, according to the
author, an important aspect of developing the initia-
tive is the policy of openness which is not only a
mean of obtaining foreign currency and technology,
but also a tool to increase China's role in global
governance. Given that China is the largest benefi-
ciary of the global trade system, its goal is to form a
new, dominant economic world economic zone.
Thus, formation of new laws of international policy
will be under Chinese jurisdiction.

Yu. Lei et al's research presents a study of the
effectiveness of the international program to reduce
the risks of natural disasters on the new economic
Silk Road in accordance with the "Belt and Road
Initiative" in 2016-2020. [30]. The paper considers
the impact of natural factors on the functioning of
the new Silk Road, because some of them pass
through mountainous areas, where there is a high
probability of landslides, floods and it is in critical
condition. Therefore, it is important to assess the
real state of safety of the regions and the quality of
the road surface of those areas where the new Silk
Road is laid.

In the A. Nordin and M. Weissman's paper the
initiative "Belt and Road Initiative" is presented
mainly in terms of cooperation in this aspect of two
superpowers - China and the United States [24]. The
authors highlighted the importance of the new Silk
Road for the countries of Central and Eastern Eu-
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rope. In particular, they note that the initiative is
positioned mostly as a geopolitical strategy, rather
than a means of achieving economic benefits at the
moment, because Chinese goods are currently quite
successfully sold in all regions of the world. How-
ever, given the predominant maritime and air trade
that is prevailing now, the possibility of using high-
speed railway transport is a good prospect for transit
countries.

Wieyer's study examines the transformation of
China's foreign policy from the theory of the "third
world" countries to international investment [33].
The author considers two opposite points of view.
The first argues that China's international invest-
ment is largely focused on access to local resources.
According to the second point of view, China's in-
ternational policy is focused on patronage, which
does not require anything in return. Regarding the
"Belt and Road Initiative", the author sees it as a
strategy to reach the global level, aimed at the inter-
nationalization of private corporations, transfor-
mation of international cooperation into the impact
on the domestic economy of the countries in order
to improve the living standards of transit countries.
The "Belt and Road Initiative" initiative is a combi-
nation of a set of four elements: international sup-
port, trade, investment and technical assistance in
service (allowing Chinese professionals to stay in
partner countries during the international project).

The issues of strategic partnership between
Ukraine and China are considered in following do-
mestic studies.

Human-geographical features of foreign eco-
nomic relations of Ukraine and China in modern
conditions are considered and the prospects of co-
operation are determined in E. Dyakova's paper [6].
Particular attention is paid to the interaction of states
within the international transport corridors, which
also include the new Silk Road. The author also
studied in detail the legal framework of Ukrainian-
Chinese cooperation in the field of education,
threats, prospects, strengths and weaknesses of co-
operation were identified.

A. Klimchuk's research presents the factors of
functioning of special economic zones of China and
prospects of their development [14]. The author ex-
amines special economic zones as a key factor in
China's development, in particular by the method of
regression analysis. The author considers the pro-
spects of reviving the new Silk Road for Ukraine,
namely: possibility of obtaining additional funding
through transit, additional loading of Black Sea
ports, prospects for closer cooperation with other
transit countries (Georgia, Kazakhstan) by increas-
ing trade turnover.

The transport dimension of the "Belt and Road
Initiative" is considered in S. Koshov's paper [23].

In particular, the author positions this project as
China's own plan to build the Eurasian space in ac-
cordance with its own approaches and views. At the
same time, an important task is to build the econo-
mies of transit countries. Strategically important
issues for China are the optimization of international
transport flows and development of cross-border
transport infrastructure, and railway services devel-
opment is part of the implementation of China's stra-
tegic goals for global economic leadership.

S. Hlavatka analyzed strategic significance of
the "Belt and Road Initiative" [27]. In particular, the
author notes the interest of Chinese investors in
technological and research and production capabili-
ties of Ukraine. The author attaches an important
role to cooperation in space and aerospace industry,
which will allow to realize the potential of Ukraine
in this area. Ukraine is also seen as an interesting
springboard for international tourism.

According to O. Oliynyk, China's government
policy on foreign trade is based on the development
of generally accepted in international practice forms
and methods of foreign trade. The dominant direc-
tion in the field of "free trade" was decentralization
of the management of the foreign economic com-
plex, which was carried out in two directions: sec-
toral — creation of commercial and industrial enter-
prises and regional — providing varying degrees of
autonomy in foreign trade [19].

I. Tvashchuk and M. Ornat's paper presents an
overview of China's investment policy as an im-
portant tool for implementing global economic re-
forms. Also an important aspect of the country's ac-
tivity is not only provision of investments, but also
their attraction from other countries (in particular,
developed European countries). In particular, China
has passed more than 500 economic bills that pro-
vide a legal guarantee to foreign investors, "List of
investment industries for foreign entrepreneurs" was
published, which identified the main economic sec-
tors for investment [15].

Analyzing domestic and foreign research on the
subject, it should be noted that foreign research pa-
pers have a more critical view of the formation of a
new economic zone, while domestic literature most-
ly highlights the prospects for such cooperation.
Therefore, this issue needs a thorough study, in par-
ticular in terms of a comprehensive study of this
initiative and the possible consequences of its im-
plementation in Ukraine.

Historical and geographical aspects of the
implementation of the strategic partnership be-
tween Ukraine and China. The first contacts be-
tween China and European countries were estab-
lished in ancient times on the basis of trade, com-
modity exchange took place in the first century BC.
The Great Silk Road played a major role in the de-
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velopment of economic relations between Europe
and China. This is a system of caravan routes which
connected the trade centers of the vast expanse be-
tween China and the Mediterranean for more than a
thousand years as a symbol of East-West interaction,
a common historical and cultural heritage [20].

In the 21st century, in the era of globalization
and heightened political instability in the world,
China has proposed the "Belt and Road Initiative" -
to restore and develop the Great Silk Road and its
core historical value: "peace and cooperation, open-
ness and tolerance, mutual borrowing and experi-
ence exchange, mutual benefit and common gain".
The project is designed to increase the orderliness of
the free flow of economic factors and efficient allo-
cation of resources, as well as for further market
integration and acceleration of regional economic
cooperation, which should benefit to all participants.
The result could be the formation of a large-scale
free-trade area from China to Europe. About three
billion people live in the path of the project, which
gives grounds to talk about the mega-potential of the
market that can be covered by the project. [8].

The "Belt and Road Initiative" is a manifesta-
tion of a new model of international cooperation.
The declared goal of launching the new Silk Road is
to strengthen the partnership between transit coun-
tries in order to create a comprehensive network of
cooperation, comprehensive, independent, balanced
and sustainable development [34]. One of the most
important tasks of the initiative is the integration of
the economies of transit countries and formation of
mutually beneficial cooperation based on regional
economic cooperation. The objectives of this coop-
eration are the development of a single unified
transport infrastructure from the Pacific Ocean to
the Baltic Sea. As a result - intensification and deep-
ening of trade relations, which will be accompanied
by the abandonment of any barriers for trade, accel-
erating the delivery time of goods, increasing for-
eign exchange flows, etc. [16].

Considering the state and dynamics of bilateral
trade cooperation, it should be noted that in accord-
ance with Article 2 of the Agreement on Trade and
Economic Cooperation, signed and entered into
force in 1992, there is the most favored nation in all
areas of trade and economic cooperation between
Ukraine and China [5, 24 ]. The document "Concept
and Action Plan to promote the joint construction of
the "Economic Belt of the Silk Road" and the
"Maritime Silk Road of the 21st Century" adopted
in late March 2015 by the State Committee for De-
velopment and Reform, the Ministry of Foreign Af-
fairs and the Ministry of Commerce of China, states
that the project seeks to connect Asia, Europe and
Africa in five routes [14, 16]. Based on these routes
and using the existing transport infrastructure, it is

planned to form six economic corridors [25, 26, 35]:

1) "New Eurasia" is an international railway
line coming from Lianyungang in China's Jiangsu
Province to Rotterdam in the Netherlands.

2) "China-Mongolia-Russia": reconstruction of
the land bridge "Eurasia-Russia", construction of the
"Mongolian steppe road"

3) "China-Central Asia-West Asia" - it passes
from Xinjiang, covers five Central Asian countries
(Kazakhstan, Kyrgyzstan, Tajikistan, Uzbekistan
and Turkmenistan), as well as Iran and Turkey in
Western Asia.

4) "China-Indochin" — between China and five
countries in Indochin.

5) "China-Pakistan" — creation of the economic
corridor from the city of Kashgar in northwestern
China, to the port of Gwadar in southern Pakistan.

6) "Bangladesh-China-India-Myanmar" — it
will cover 1.65 million square kilometers, about 440
million people due to the combination of road, rail-
ways, water and air links in the region.

In order to implement such a large-scale pro-
ject, the Asian Infrastructure Investment Bank
(AIIB) was established at the initiative of the PRC
in Beijing in 2016. Participants of the new interna-
tional financial organization led by China are 57
countries, including France, Poland, Spain and UK
(USA and Japan refused to participate in the pro-
ject). The authorized capital of the Asian Bank is
100 billion USD. China owns the largest share —
26.06%, which gives it the actual right of veto. The
largest investor outside the Asian region is Germa-
ny, Ukraine, in the long term, can count on a part of
more than 260 million tons, which make up the vol-
ume of trade between China and the EU. During the
implementation of the initiative in more than 20
transit countries of the new Silk Road, Chinese en-
terprises created 56 zones of trade and economic
cooperation, more than 18.5 billion USD have been
invested in them, as well as 180 thousand workplac-
es were created [5].

The current state of strategic partnership
between Ukraine and China in terms of imple-
mentation of the "Belt and Road Initiative'.
Nowadays Ukraine is interested in cooperation with
China in the implementation of the initiative, in par-
ticular in the implementation of joint projects in the
field of investments and development of transport
infrastructure, development of science-intensive and
innovative technologies. In particular, after the rati-
fication of the Association Agreement with the EU,
the transport and geographical position of Ukraine
was significantly improved, because the procedure
for crossing the border by passengers and cargo to-
wards Europe was greatly simplified. Thus, Ukraine
is a sufficiently profitable strategic partner for Chi-
na. Consider the balance of imports and exports of
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goods and services between China and Ukraine
from 2009 to 2019 (Table 1).

Ukrainian-Chinese trade and economic rela-
tions during the studied period were marked by the
stability of increasing bilateral turnover of goods
and services during the whole period. Reduction in
imports against the background of the growth of
export indicators led to a reduction of the negative

balance indicator. At the same time, China remains
one of the world's largest trading partners of
Ukraine. In June 2011, the "Joint Declaration on the
Establishment and Development of Strategic Part-
nership Between Ukraine and the PRC" was signed.
Consider the commodity structure of Ukraine's im-
ports and exports in 2017-2019. (Table 2, Table 3).
As for goods exported to China during the stu-

Table 1
Dynamics of bilateral trade of goods between Ukraine and China
and services (2009-2019 mln. USD) (constructed by authors according to [10])
Ml”l;zlijSD/ 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 2019
Saldo -1242 | -3331 | -4028 | -6067 | -4773 | -2738 | -1459 | -2797 | -2390 | -2420,12 | -2449
Products -1299.9 | -3384 | -4088 | -6122 | -4760 | -2737 | -1371 | -2855 _32; -2498,45 | -2557
Services 57,9 52,8 | 60,6 | 558 | -12,9 | -0,3 | -87,8 | -37,2 | -44,6 | -65,69 | -44,73
Table 2
Commodity structure of exports of Ukraine in 2017-2019, billion USD
(constructed by authors according to [10])
Ne | Name of the good | 2017 2018 2019 Major partners and thel.r share in total export
of goods in 2019
1. Ferrous metals 14319 | 12907 | 8077 Turkey (16.9%), Italy (12.1%), Egypt (11.9%)
2. Grain 6371 | 6544 | 6057 Egypt (12.5%), China (11.2%), Spain (9.8%)
3. Fats and oils 3507 | 3823 | 3299 India (32%), China (16.2%), Spain (4.8%)
China (43.5%), Czech Republic (10.2%), Po-
4. | Ores,slagandash | 3917 | 3472 | 3716 land (9.8%)
o o
5. | Electric machinery | 3134 | 2682 | 1979 | Hungary (23.5%), gj“l‘};r)‘y (15.3%), Poland
. 0
0 0 1
6. Wood and wood 1143 | 1261 1106 Poland (16.1%), Turkey (14.3%), Romania
products (11.6%)
7. Seedf)i‘i“;cllaﬁ‘é‘ts Of | 2048 | 1687 | 1475 | Turkey (26.4%), France (12.1%), Tran (10.6%)
0 0 1
3 chlear reactors, 3840 | 2977 | 1961 France (45.9%), Kazakhstan (6.8%), India
boilers, machines (6.7%)
Residues and o N
9. | wastesofthe food | 923 | 1108 | 995 Belarus (18.2%), Turkey (16.6%), France
. (15.1%)
industry
10, | Productsofinor- 1y 5001y 170 | 967 Belarus (63%), USA (7.4%), Turkey (6.4%)
ganic chemization

dy period, it is worth noting grain crops, fats and
oils of animal or vegetable origin, ore, slag and ash.
It should be noted nuclear reactors, boilers, ma-
chines, electric machines, plastics, polymeric mate-
rials, various chemical products and ferrous metals
in the structure of imports from China. Thus, China
occupies quite high positions in international trade
of Ukraine according to the results of the first 2
months of 2020 in terms of imports of goods [10].
In terms of exports of goods, China is in second

place after the countries of the European Union,
there is also an extremely rapid growth in exports of
goods from Ukraine, so the cooperation of countries
is quite intensive.

It should be noted that there is a significant im-
balance between Ukraine and China in trade opera-
tions: uniform distribution of commodity groups is
characterized for the import of Chinese goods, and
the dominance of one commodity group of raw ma-
terials orientation is inherent for Ukrainian exports.
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Table 3

Commodity structure of imports of Ukraine in 2017-2019, billion USD
(constructed by authors according to [10])

Ne | Name of the good 2017 2018 2019 Major p'artners and thel'r share in total
import of goods in 2019
Mineral fuels; oil . o o
I. | and products ofits | 21236 | 15116 | 10882 | Russia (34.1%), Belarus (16.7%),
A Germany (8.9%)
distillation
Nuclear reactors, Russia (22.4%), China (16.4%),
2 boilers, machines 6910 4913 3578 Germany (14.8%)
. . China (32.1%), Germany (10%),
3. | Electric machinery 5559 3 806 2 695 Poland (8.5%)
Means of ground o .
4. | transport, except 5444 2450 1619 Germany (19.6%), the United States
. (12.1%), Japan (11.1%)
for railway
Plastics, polymeric China (13.8%), Germany (12.8%),
> materials 3533 2922 2092 Russia (11.4%)
Pharmaceutical Germany (18.4%), India (8%),
6. products 3 100 2472 1367 France (7.8%)
Various chemical China (21.9%), Germany (18.3%),
7. products 1305 1029 931067 France (10.9%)
Russia (73.8%), Belarus (16.9%),
8. | Compost 816 593 708 Uzbekistan (2.3%)
Paper and card- Russia (18.3%), Germany (14.8%),
o board 1684 1102 751 Finland (12.7%)
China (29.6%), Russia (19%),
10. | Ferrous metals 2231 1297 685 Poland (8.3%)

One of the ways to solve this issue is to supply
agricultural products to the Chinese market. To date,
Ukraine and China have signed a significant number
of contracts for the supply of Ukrainian products:
grain (primarily corn), meat and meat products. The
Chinese side has conducted a number of measures to
certify Ukrainian agricultural products. China is also
interested in establishing cooperation with Ukraine
in the aircraft production. The Chinese side is ex-
ploring the possibilities of mass production of a new
Ukrainian transport AN-178 airplane with a carrying
capacity of up to 18 tons of the SE "Antonov" de-
velopment at capacities in China [3, 14, 15].

In the financial sphere, in order to improve
technical and economic cooperation, Ukraine and
China agreed on mutual exchange of currencies, and
establishment of a swap line in the amount of 15
billion Chinese yuan. Funds received under the
agreement can be used to finance trade operations
and direct investments between the two countries.

Outlining the results of research. The issue of
attracting foreign investments within the framework
of strategic partnership in order to restore the devel-
opment of all sectors of the economy of Ukraine in
today's conditions is one of the primary tasks of our
state. In turn, China is one of the largest investors in
the world: Chinese investments are invested in more

than 6,128 foreign companies located in 156 coun-
tries and regions of the world. [29].

The issue of Ukraine's cooperation with China,
including in the investment sphere, is strategically
important and prospective in view of the participa-
tion of our state in the initiative "Belt and Road Ini-
tiative". Signing of the respective agreement by
Ukraine has led to an increase in economic and in-
vestment interest in energy, infrastructure, financial
facilities in Ukraine. According to the State Statis-
tics Service of Ukraine, the total volume of direct
Chinese investments in the share capital of Ukraine
amounted to $33.6 million (0.1% of the accumulat-
ed foreign direct investments in Ukraine) at the be-
ginning of 2019. Investments in the share capital
from Ukraine to the Chinese economy amounted to
$0.6 million (0.09% of foreign direct investments in
the share capital) (Fig. 1).

In terms of the sectoral structure of Chinese di-
rect investments in the share capital, the largest
share is the industry - 33.1%, in particular pro-
cessing industry - 30.6%, extractive industry - 1.8%;
professional and scientific-technical activities —
24.3%, as well as agriculture — 19.9% (Fig. 2).

At the beginning of 2018, the largest share of
Chinese investments accounted for agriculture
(37.6%) and industry (27%).
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Fig. 1. Dynamics of Foreign Direct Investment in China
in the Ukrainian economy in 2010-2018, million USD (constructed by authors according to [7, 17])
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Fig. 2. Sectoral structure of Chinese direct investments
in the share capital of Ukraine as of 01.01.2019, mln USD (constructed by authors according to [8])

Due to the growing number of Chinese projects
in Ukraine, the share of investments in professional
and scientific-technical activities has increased.

According to the State Statistics Service of
Ukraine, there were 1162 enterprises with Chinese
investments amounted at the beginning of 2019.
This is more than 1% from the total number of en-
terprises in Ukraine (Fig. 3).

In addition to foreign direct investments, China
carries out its presence in Ukraine through construc-

tion contracts. According to The American Enter-
prise Institute and The Heritage Foundation, from
2008 to 2018, China concluded contracts for con-
struction in the amount of 8.2 billion USD, includ-
ing 5 billion billion USD for energy, to the 2 billion
USD for transportation industry (Table 4).

5 contracts in the total amount of 1.5 billion
were concluded within the project "Belt and Road
Initiative". In the period of 2015-2019 three agree-
ments were concluded on the Ukrainian M&A mar-
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Fig. 3. Dynamics of the number of enterprises with Chinese investments,
2010-2018 (constructed by authors according to [7, 17])
Table 4
Chinese contracts for construction in Ukraine for 2011-2018
(constructed by authors according to [8])
Price
. Within S
Year Chinese company Sector «Belt and Road Initiative” ml}lélgn
2008 Sinoma Real estate No 210
2011 Sinomach Transport No 2370
2011 Sinomach Agriculture No 250
2011 Sinomach Energy No 1160
2011 Sinomach Energy No 1500
2011 Sinohydro Energy No 1440
2013 Minmetals Metallurgist No 250
2017 Xinjiang Commu.mcattons Transport Yes 100
Construction
2018 Sinomach Energy Yes 210
2018 Xinjiang Beiken Energy Energy Yes 120
Engineering
2018 China Energy Engineering Energy Yes 250
2018 Power Construction Corp Energy Yes 340
Total 8 200

ket between Chinese and Ukrainian companies in
the energy, metallurgical and banking sectors, name-
ly [2]:

- purchase of solar stations "East Solar", "Nep-
tune Solar" (both in Mykolaiv region), "Dan-
ube SPP-1", "Danube SPP-2", "Franco Solar",
"Franco Pivi", "Priozerna-1", "Priozerna-2",
"Lymanska Energy 1", "Lymanska Energy 2"
(all in Odessa region);

- purchase of mining company Consolidated
Minerals with assets in Australia and Ghana;

- purchase of 99.99% of shares of the Ukraini-
an Bank for Reconstruction and Develop-
ment.

As for the prospects for further investment co-
operation, it should be noted that the President of
Ukraine met with Chinese investors in July 2019, it
was announced the desire of the Chinese to invest
$10 billion infrastructure projects, finance, green
energy and agriculture. However, not all projects,
about which agreements were concluded are imple-
mented. The main reason is distrust to the Ukrainian
side, which was formed through the misuse of funds
and non-fulfillment of obligations under the relevant
agreements (Table 5).

Some of these projects (for example, construc-
tion of the 8-kilometer passenger railway, which
was to connect Kiev with boryspil international air-
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Table 5
Ukrainian-Chinese projects: implemented, unrealized and planned (constructed by authors by data [2, 8, 32])
Industry | Project | Counterparties | Price | Status
SUCCESSFULLY IMPLEMENTED OR IN PROGRESS
construction of Nikopol solar Chlga Mgchlnery €.23.0
o Engineering Company million
power plant with installed ca- (CMEC) ($250 Completed
Energy pacity of 200 MW DTEK million)
cqnstmctlop of the wind farm Tebian Electric 500 million
with capacity of 0.5 GW in In progress
. . Apparatus USD
Mykolaiv region.
project on dredging in the port Chn.la qubour $14.6
of Chornomorsk Engineering Company million Completed
Infrastruc- (CHEC)
ture reconstruc‘qo n ofthe road China Road and Bridge | 200 million
Odessa - Mikolaiv - Kherson Corporation (CRBC) USD In progress
(200 km) P
fruit processing, cqn.sj[mctlon China Haisum o
. of fruit storage facilities, pro- . . 515 million
Agriculture . o Engineering In progress
duction and logistics complex- USD
o Ukrsadprom
UNREALIZED
"Air Express": construction of
the 8-kilometer passenger China National Com- 372.3 .
. ; S - Not imple-
railway, which was to connect | plete Engineering Cor- million mented
Infra- Kiev with the international poration (CNCEC) usD
structure airport "Borispol”

o . Beijing Interoceanic .
megaport in Crimea: dredging CanJaI ?nvestment Man- | 3bin USD Not imple-
up to25m mented

agement
PLANNED
China Pacific Construc-
tion Group (CPCG)
Infra- fourth metro line in Kiev KCSA 2 bln USD | Scheduled
structure (15% of KCSA, the rest
— loan of China Bank)
bridge across the Dnieper river | China Road and Bridge | 340 million Scheduled
in Kremenchuk Corporation (CRBC) uUsD

port) were implemented at the expense of our state,
some are implemented or are at the stage of devel-
opment and planning. However, the coronavirus
pandemic and its economic consequences have sig-
nificantly slowed the implementation of many in-
vestment projects.

In general, the sphere of strategic cooperation
has expanded considerably over the years of Ukrain-
ian-Chinese diplomatic relations. Today, effective
cooperation in the agro-industrial complex, energy,
transport infrastructure development, financial and
banking spheres is being carried out between the
countries. Ukraine and China work closely in educa-
tion, science, innovation and technology; cultural
sphere, sports and tourism. However, real invest-
ments and commodity exchange are much less than

possible, but participation in the "Belt and Road Ini-
tiative" creates preconditions for more active inter-
action between Ukraine and China. The conditions
of this kind of cooperation are attractive enough, but
it is important to consider all the strengths, weak-
nesses, advantages and risks of this cooperation. We
will use the SWOT-analysis method to comprehen-
sively consider the possibilities of developing stra-
tegic cooperation between Ukraine and China (Table 6).
Analyzing opportunities, advantages, threats
and disadvantages of the strategic cooperation be-
tween Ukraine and China in terms of the "Belt and
Road Initiative" it should be noted that there are
significant prospects for the transition of our coun-
try to a completely new level of economic develop-
ment. However, such a scenario is possible only
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Table 6

SWOT analysis of strategic cooperation between Ukraine and China on "Belt and Road Initiative"
(constructed by authors according to [1-35])

- concluding an agreement and creating a free-trade
area between Ukraine and China;
- use of Ukrainian agro-industrial opportunities in
conjunction with China's technologies and invest-
ments; increase in the supply of agricultural prod-
ucts from Ukraine to China due to the fact that the
country's reserves of own resources are insufficient
to provide the population; applying the practice of
agricultural lands lease (creation of food bases);
transport infrastructure development, deepening of
transport and logistics cooperation;
cooperation in the military-technical sphere: possi-
bility of Ukraine's participation in the creation of
new products as a partner or executor of orders for
the manufacture of aircraft, space rockets, armored
vehicles, shipbuilding;
development of cooperation in the field of tourism;
creation of joint technoparks, "silicon valleys",
compatible manufacture of high-tech products;
creation of advisory bodies on the development of
Ukraine's relations with China to develop a strate-
gy for the relations development

- the pace of exports of Chinese goods is growing,
forming a surplus of goods;
- limited entry of domestic business into the Chi-
nese market.
- There is a tendency to increase imports of ser-
vices in bilateral trade in services between
Ukraine and China, which leads to a negative bal-
ance for Ukraine, which is likely to be deteriorat-
ed;
intensification of military actions in the East of
Ukraine, deterioration of the investment climate;
imperfect legislation in the field of investment
protection, unstable economic and political situa-
tion, minor awareness of Chinese investors about
the economic and investment potential of Ukraine;
currently formed transport corridors within the
framework of the new Silk Road do not pass
through Ukraine, it can act only as an investor.
The existing infrastructure can be a vertical con-
nector between the central and southern corridors,
but stable ply of commodity flows on it is not
guaranteed

ADVANTEGES

DISADVANTAGES

favorable transport and geographical position
makes Ukraine attractive to Chinese partners in
terms of the possibility of creating a powerful
transport and logistics hub, taking into account the
existing significant trade ties with neighboring
countries, an extensive railway network, system of
roads and seaports;

high level of natural resources;

cooperation of Ukraine with the European Union

and ratification of the cooperation agreement,

which is important for China due to the possibility
of expanding both economic and political relations
with EU countries;

- support for cooperation between the governments
of both countries,

- fight against corruption, privatization of property,
reducing the time of customs procedures in
Ukraine;

- increase of the trade turnover between Ukraine and

China, increase of the volume of services provided

to Ukraine

weak level of the investment cooperation devel-

opment between countries due to imperfect legis-

lation in the field of investment protection; diffi-
cult economic and political situation; low aware-
ness of investors about Ukraine's potential;

a narrow range of export goods, mostly raw mate-

rials, which contributes to the formation of imbal-

ances in the structure of trade;

- non-full implementation of certain agreements
between Ukraine and China, which may give rise
to doubts about conclusion of new agreements;

- most of investments within the country remain in
the regions directly affected by the new Silk
Road;

- lack of financial evaluation of China's project
plans in Ukraine;

- Ukraine's transport infrastructure is in critical

condition and needs modernization and recon-

struction

with the legislative and institutional support of the
governments of both countries, development of the
Strategy of Ukrainian-Chinese cooperation on ac-
ceptable terms for our country, thorough transfor-
mation of Ukraine's transport system to international
requirements. Based on it, we offer a set of recom-
mendations for the development of a strategic part-

nership between Ukraine and China:

- entering the Asian Infrastructure Investment
Bank managing the operation of the new Silk
Road;

- creating conditions and opportunities for agri-
cultural products to enter the domestic market of
China, and and the market of other countries in
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Europe and Asia thanks to the benefits of the

new Silk Road;

- preparation of the existing transport system of
the state to international requirements, creation
of safe conditions for transportation of the
goods, providing high-quality service;

- establishing cooperation in the energy sector,
development of alternative energy in Ukraine on
the basis of attracted Chinese investments;

- to deepen relations within transport corridors in
parallel with the expansion of Ukrainian-
Chinese cooperation;

- use of Ukraine's tourism potential to attract Chi-
nese investments.

Conclusions. The issue of foreign economic re-
lations between Ukraine and China is quite relevant
given that China is one of the superpowers with a
highly developed economy and the world's largest
investor. However, cooperation between our country
and China is currently underdeveloped. The inflow
of investments from China to Ukraine is slowed
down by the military conflict in the east of the coun-
try, significant bureaucracy and corruption in the
country, and a weak level of transport infrastructure
development in the country. However, thanks to the
'Belt and Road initiative', Ukraine has the oppor-
tunity to be integrated into the new free economic
zone formed by China and receive investment for
transport development, certain benefits promised by
China to the transit countries of the new Silk Road
from China to Europe. Ukraine's ratification of the
agreement with the European Union also plays a
positive role in this process, which greatly facilitates
the transit of goods from China through our country.

The issue of forming a new Silk Road is widely
covered in the scientific literature. Scientists agree
that formation of such an economic zone will signif-
icantly affect the world market for trade in goods
and services, and will allow China to establish con-
venient "rules of the game" for it. Domestic re-
searchers agree with this opinion, and see significant

prospects directly for Ukraine from participation in
this project.

Our state is interested in China mostly not only
as a transit country, but also as a strategic partner,
but currently imports from China of both goods and
services to Ukraine significantly exceeds exports.
As for the structure, we export mainly raw materi-
als, not finished products to China, which is a sig-
nificant disadvantage. Analysing investments from
China to Ukraine it should be noted that they are
quite small, and even those projects which received
investments are not always implemented (for exam-
ple, the road Kyiv-Boryspil).

SWOT - analysis of opportunities, advantages,
threats and disadvantages of straegic cooperation
between Ukraine and China in terms of the "Belt
and Road Initiative" proves the presence of a large
number of possible directions for cooperation be-
tween the countries, namely: increasing the supply
of agricultural products from Ukraine to China,
deepening transport and logistics cooperation, coop-
eration in the military-technical sphere. Cooperation
in the aspect of innovative development of the terri-
tory, namely creation of joint technoparks, "silicon
valleys", etc. is particularly prospective. However,
implementation of these opportunities depends
largely on the desire for cooperation between the
governments of both states, de-escalation of the con-
flict in the East of Ukraine, existence of precedents
for non-fulfillment of certain agreements between
Ukraine and China, which can serve as a reason for
doubts about the conclusion of new agreements.

Among recommendations for the strategic part-
nership development between Ukraine and China, it
is worth noting the urgent need to modernize the
transport system of Ukraine, promote access of do-
mestic products to the domestic market of China,
development of alternative energy in Ukraine
through investments from China due to the high en-
ergy dependence of our country, expansion of coop-
eration with other transit countries of the new Silk
Road.
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UKRAINE - CHINA STRATEGIC PARTNERSHIP: CURRENT SITUATION,
PROBLEMS AND PROSPECTS

Purpose. The paper examines the peculiarities of the contemporary state and opportunities of further
development of strategic partnership between Ukraine and China. The purpose of the paper is to study the
state of implementation of the "Belt and Road Initiative" within the strategic partnership between Ukraine
and China, as well as to identify threats and prospects for this form of cooperation for economic develop-
ment of Ukraine.

Scientific novelty. The paper analyzes the scientific achievements of domestic and foreign researchers
on the possibilities of Ukraine's inclusion in the "Belt and Road Initiative", it has been analyzed the current
state of strategic partnership between Ukraine and China in the aspect of the project implementation, ana-
lyzed the dynamics of bilateral trade between Ukraine and China over the past 10 years, and disclosed the
commodity structure of foreign trade between the countries. Investment flows between China and Ukraine
have been analyzed, implemented, projected and not implemented projects of Ukraine, which were financed
by Chinese investments have been considered. SWOT analysis of straegic cooperation between Ukraine and
China in terms of the "Belt and Road Initiative" was carried out and a set of recommendations for the strate-
gic partnership development between Ukraine and China was proposed in the paper.

Results. The dynamics of trade in services between Ukraine and China during the studied period had
the following changes: growth was observed from 2011, 2014, 2016 and 2019, a positive balance for Ukraine
was from 2009 to 2013. The structure of Ukrainian exports of services to China was dominated by: transport
services 54.3%, business services 22.8%, repair and maintenance services, which do not belong to other cat-
egories 8.2%. The structure of imports of services from China was dominated by: services related to financial
activities 57.7%, transport services 6.2%. Currently there is a significant imbalance in trade operations be-
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tween Ukraine and the People's Republic of China. The largest share in the sectoral structure of Chinese di-
rect investments in the share capital occupies the industry — 33.1%, in particular processing industry - 30.6%,
extractive industry - 1.8%; professional and scientific-technical activities — 24.3%, as well as agriculture —
19.9% (Fig. 2). The SWOT-analysis conducted of opportunities, advantages, threats and advantages of stra-
tegic cooperation between Ukraine and China in terms of the "Belt and Road Initiative" proves the presence
of a large number of possible directions for cooperation between the countries, but their successful imple-
mentation of these opportunities largely depends on the desire for cooperation between the governments of
both countries.

Practical significance. The results of this study can be used by the authorities at the state level to im-
prove the conditions of strategic partnership between Ukraine and China, to attract foreign investment in the
necessary sectors of the economy.

Keywords: strategic partnership, foreign economic cooperation, trade, investments, projects, Silk Road,
"One Belt, One Road", problems
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HAYKOBA JISIVIBHICTh TIPO®ECOPA AHJIPISI KPACHOBA
TA ii POJIb Y PO3BUTKY CYUYACHOI 'EOI' PA®DIi

YV oauiit cmammi posensoaemucsi nHayko80-nedazoziuna, eKCnepuMenmamopcoka, nyoniyucmuind, aoMiHICmpamusHa, Hoea-
MopcbKa OISNbHICMb, A MAKONC AHALIZYEMbCA HAYKOBA CNAOWUHA NEPUIO20 BIMHUUSHAHO20 00Kmopa ceocpadiunux nayk Anopis Mu-
xonaiiosuua Kpacnoea. Ilesny yeacy npuoineno nouamko6omy emany uoeo JHCumms, KOu 8 CMyOeHmMCbKi POKU 3a605KU YHI8epCU-
MeMCbKUM TeKYisIM, W0 ix uumanu mooiuwHi CEIMuUIA HAyKu, ¥ Hb020 3aPOOACYEMbCS THMEPEC 00 HAYKOBUX OOCTIONCEHD, WO HE NO-
auwag 1oeo ece scumms. Ha ocnosi susuenna cmocynkie A. M. Kpacnosa 3 B. 1. Bepnaocvkum 3po6neno 8ucH080K npo tio2o Heop-
OUHAPHUL XAPAKmep, 6KOPIHeHe NOYYmms cAMOCMItiHOCmi, ane U NPUCMPACHOCHI, HAOMIPHOI eMOYIUHOCMI, NOCHIUHOCMI, CKOPON-
JIUHHUX BUCHOBKIB. A8mopu 0aromp y3a2anibHeHy XapaKkmepucmuxy cmany usyenHs ceozpadii @ ynieepcumemax Pociticoxoi imnepii
Kinya XIX cm., momy wo ona A. M. Kpacnosa HesusHauenicms NOHAMMA Yyb020 NPEOMENTY CMANLA OHCeEPeloM HO8AYIll Y HAYKOBO-
nedazoziunomy npoyeci. Y cmammi iidembvcsi npo Hao3euuauny Haykosgy cminusicmos A. M. Kpacrnoea, sikuil yoice y c60itl 0OKMOPCHKIil
Jucepmayii pegizyas nocsaou 6i0OMUX GYEHUX W00 NPUYUH cmenogoi pienunnocmi. Ha niocmasi ananizy npaye A. M. Kpacrosa
ma HaseHoi Nimepamypu, 6CMAHOGIEHO, WO GiH CMAg MEOpyeM KOHCMPYKMUBHOI 2eocpahii, noeoHas meopemuyHi 3aHamms 3
NPAKMUKOI0 HA NPUPOOi, OP2amizyeas CMyOeHmCbKi eKCKypCil, cmeopus cmyOenmcokuil eeoepagiunui 2ypmok. Kpim mozo, marouu
XYOOJCHIl Mananm, 6iH CmMag OOHUM 3 HAUKPAWUX NONYIAPUZAMOPIE eK30MUUHUX De2ioHi, nodyeasuiu 8 0ecAmKax Kpain ceimy.
Asmopu npocmesrcyoms MAKo}C NPUYUHU, 8 CUTY AKUX 00 U020 HAYKOBUX NpAayb CMABUIUC CKENMUYHO, 3 He008ipor. Daxieysm é
obnacmi akaimamuzayii 6y0e Yikago NO3HAUOMUMUCL 3 MAMEPIAIOM CIAmMMmi, 8 AKOMY AHANIZYEMbCA OIUCHO Kunyua OisNbHICMb
A. M. Kpacrosa no cmeopennio bomaniunozo cady ¢ bamymi.

Knwuoei cnosa: ceocpaghia, bomanika, ¢ropa, cmenu, pociunnicms, Qizuuno-eeoepagiuni pakmopu, cyomponiku, bomaniy-
HUll cao, Cnaowund.

C. H. Kynuw, 10. H. Ilpacyn. HAYYHAA JEATEIBHOCTh ITPO®ECCOPA AH/IPEAI KPACHOBA H EE POJIb B
PA3BHTHH COBPEMEHHOM T'EOTPA®HH. B Oannoii cmamve paccmMampusaemcs HAy4HO-nedazo2uveckas, IKCHepuMeH-
manvbHas, nyoIuYUCMuYecKas, aOMUHUCMPAMUGHAs, HOBAMOPCKAs 0esmelbHOCHb, d MAKICe AHATUUPYEMCs HAYYHOe HAcieoue
nepeoco omeuecmeeHHo20 00Kmopa zeocpaguyeckux Hayk Anopes Huxonaesuua Kpachnosa. Onpedenennoe unumarue yoeneHo
HAUATLHOMY 3MANY €20 HCUZHU, K020d 8 CmyOdeHyecKue 200bl 01a200aps YHUBEPCUMEMCKUM TeKYUSIM, KOMopble YUManu mo2oauiHue
CBEMUNA HAYKU, ) HEe20 3apoXiCcOaemcs uHmepec K HayyHblM UCCIe008aAHUAM, YMO He NOKUOAL e20 6cio JcusHb. Ha ocnose uzyuenus
omuowenuti A. H. Kpacnoea ¢ B. H. Bepnadckum coenan 661600 0 €20 HeOPOUHAPHOM Xapakmepe, YKOPEeHEHHOM Yy8cmee camoCmo-
SAMENbHOCMU, HO U CIPACMU, 4Pe3MEePHOU IMOYUOHATLHOCU, NOCREWHOCTU, CKOPONAIUMENbHbIX 8bl60008. Aemopbl daiom 06006-
WEHHYIO XapaKmepucmuKy uccienoganusm 6 oonacmu ceoepaguu 6 ynusepcumemax Poccuiickoti umnepuu xonya XIX eexa nomomy,
umo ona Kpacnosa neonpedenénnocnmo nousimus 9mo2o npeomema cmana UCmo4HUKOM HO8AYUll 8 HAYYHO-Ne0a202uieckoM npoyec-
ce. B cmamve 206opumcs o upessviuaiinoii nayunou cmenocmu A. H. Kpacrnosa, komopwiil yoce 6 ceoell OOKMOPCKOU OUCCepmayuu
PesU308a 8327151061 U3BECMHBIX YUEHbIX OMHOCUMENbHO NPUYUH cmentoll pasHunHocmu. Ha ocnose ananuza pabom A. H. Kpacrosa
u umeroujerics Iumepamypul, YCMAaHoB8IeHo, YMo OH CMAl MEOPYOM KOHCIMPYKMUBHOU 2eocpaghuu, c6:13a1 meopemudecKue 3ausamus
€ NPAKMuKoll HA Npupooe, OP2AHU308A] CMYOeHYeCKue IKCKYPCUl, co30al cnyoeHuecKkull eeozpaguueckuti kpyscox. Kpome moeo,
uMmes Xy00dHceCmeeHHbLI MANAHM, OH CIAN OOHUM U3 HAUTYYWUX NONYIAPU3ATNOPOS8 IK30MUUECKUX PeSUOHO08, N0ObIBA8 8 0eCcAmKAX
cmpan mupa. A6mopsl NPOCIENCUBAION MAKICEe NPUYUHBL, 8 CULY KOMOPLIX K €20 HAYYHbIM MPYOAM OMHOCULUCL CKENMU4ecKu, ¢
neoogepuem. Cneyuanucmam 8 oonacmu axKaumMamuzayuy 6yoem unmepecHo NO3HAKOMUMbCS ¢ MAMEPUAIoM cmamoi, 8 KOmopom
aunanusupyemcs oelicmeumensvio kunyuas desmenvhocms A. H. Kpacnoea no cozoanuto bomanuueckozo cada 6 bamymu.

Knrouesvie cnosa: ceocpaus, 6omanuka, ¢ropa, cmenu, pacmumenbHocms, Qusuko-zeoepaguueckue akmopwl, cyomponu-
xu, Bomanuueckuit cao, nacneoue.

Beryn. [JlocmikeHHST )KUTTEBOTO Ta HAYKOBO-
MefarorivHoro nuisaxy mpodgecopa reorpadii Xap-
KIBCBKOTO 1MIIEPaToOpChKOro yHiBepcuteTy A. M.
KpacHoBa mpomoBxXye BHKIMKATH LIKaBiCTh cepel
BUCHUX HacaMIlepes Yepe3 YHIKaJbHICTh HOro 0co-
oucrocTi, pi3HOOIYHOCTI iHTEpeciB, MO0 YacTo He
30irammcst Mk coboro. HeoOxinHo 3a3HaunTH, IO
A. M. KpacHoB mouaB cBOIO Kap’epy reorpada B
CHUTYyalii, KOJIY L HayKa He Majla YiTKO BU3HaYE€HUX
napaMeTpiB, BBa)kajuacs IONATKOBOIO IO IHIIMX Ha-

yk. s A. M. KpacHoBa, 1110 32 CKJIaZIOM XapakTepy
CXMJISIBCSL IO KPEaTHBHUX PIlICHb 1 HE TOMIO0ISB
MPOTOpEHI IHIIMMHU HAyKOBI MUISXH, el (akT cTaB
JTIOJJATKOBUM CTHMYJIOM JI0 HayKOBUX TomIykiB. Ca-
Me€ HEBNUHHE OakaHHS IMEPETBOPHUTU Teorpadiro 3
Ha0Opy aOCTpPaKTHHUX IOJOKECHb Ha MPAKTHYHY, He-
00XiIHy IS JIIoACTBa Hayky 3poomin A. M. Kpac-
HOBa «MaHCTPOM Ha BCi PYKH». Woro uikasurp aH-
TPOIIOJIOTIS, 1110 B TOM Yac JHUINE «CTaBajga Ha HOTHY,
reoboranika, maaeoreorpadis, MOXOMIKEHHSI YOPHO-

© Kyaiw C. M., Ilpacyn IO. 1., 2020
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3eMy Ta CTEIiB, 0COOIMBOCTI JIaHamaGpTHUX 0bJac-
Te 3eMHOi Ky, HapemTi, IHTPOAYKIISA KYIBTYp
4al, OUTPYCOBUX, IHIIUX KYJIbTyp — Hacammepen
€K30TUYHUX. 3 1HIIOI CTOPOHH, HEMOXJIMBO HE Bij-
3HAUUTH, 110 JA€SKa CaMOBIEBHEHICTb, HEIOCTATHA
CKPYITYJTBO3HICTh MIONO TOYHOCTI y CBOIX MpaIsix
3alIKOJNIIa OTO aBTOPUTETY, BIH HAKUB 1 HEMAJO
HeTOOPO3NWINBHUX PEIICH3EHTIB Ta KPUTHKIB. Y po-
00Ti, 3 BUKOPHUCTAHHSAM ICTOPUIHHX Ta icTopiorpa-
¢biuHnX mKepen, 3pobneHo crnpoly TOBECTH, IO
nisibHiCTE A. M. KpacHOBa crajna iHHUM BHECKOM
JUTS JIIOAICTBAa HA €Tarli Cy4acHOTO 3JlaMy — 3aKiH-
yeHHsM XIX i mouarkom XX cr. Came 1ie BU3Ha4ae
il 6e3yMOBHY aKTyaJlbHICTb.

AHaJji3 momepeaHix mocaimkeHb. JXKurTeBmit
Ta HayKoBo-Tiemaroriunmii moisix A. M. KpacHosa
(1862-1914) nHamoBHeHMI HECKIHYCHHUMH IIOIIY-
KaM{, MaH/IpiBKaMH JIe[lb HE 10 BCiX KOHTHHEHTAX,
BiJICTOIOBaHHSIM CBOiX HAyKOBHX TMOIJISAIB, HEHO-
Opo3uwIMBUMH perensisivu. BusuenHs #oro cnan-
IIMHU Y PaJHCHKI YacH OyJa0 0OMEKEHUM TOMY, IO
tioro momommwii Opar [letpo KpacaoB OyB renepai-
MaiiopoMm I1apcbkoi apmii, oramanoM Bcesenukoro
Biiickka JloHChKOTO, BU3HAaHUM JlisiaeM binoro pyxy,
a B POKH JIpyroi CBITOBOI BiHHU OYOIIOBAB KO3adi
BiliCbKa y CKJIaJi TiTIEpiBCHKOTO BepMaxTy. BomHo-
gac [1. M. KpacHoB — 1 BifoMHlii MHCHMEHHUK, y TO-
My YHCIIi aBTOp HapuciB «Manopocisau Ha [oHy» i
«Iroropoani Ha J{oHY», MO HamucaHi B pOMaHTHY-
HO-TIiJHECEHOMY cThIIl. CaMe 3 MOMITUYHUX TPUYHH
npami ®.M. MinekoBa [29], L T. betinina i
B. A.Tlapneca [3] nesxkuil 4yac 3HAXOAWIUCH Y
cnercxosutiax 6i6miorex CPCP. 30 xoBtHs 1982 p.
Ha Kpae3HaBUMX UYWTaHHAX y OiOmioremi im. B.T.
Koponenka (M. XapkiB) J0OMOBiIb PO HOTO MisTb-
HicTh 3pobmina B. M. JImutpieBa. Pocilicekuit moc-
nigauk 1. B. CrebaeB Haroiocup Ha HOBaTOPCHKHX
inesx A. M. KpacHoBa B rany3i 00TaHiuHOI reorpa-
¢ii [38].

Y 2006 p. nmpodecop BopoHespkoro yHiBepcu-
ety ©. M. MinbKOB 3BEpHYB yBary Ha HaJ3BHYaii-
HO  KOJIODUTHUH, XYIOXHIH  CTWIb  Ipaub
A. M. Kpacnosa [30]. Kimbka 3micTOBHUX crareit
PO HayKoBY AisuTbHICTH A. M. KpacHOBa, BUBUEHHS
HUM EKOJIOTIYHHX YMOB iCHYBaHHsS (pJIOpPH, MPOLECY
PO3BHUTKY IPYHTIB Ta POCIMH Yy NEBHUX JaHAmad-
Tax, HaJeKUTh nepy npodecopa XapKiBCbKOTO YHi-
Bepcurery l. 1. UepBanwoBa [47, 48]. 3okpema, y
crarti 2014 p. 1. T. YepBansoBum i 3. K. Manse-
N3¢ JeTAIbHO BHUCBITIICHO HAyKOBE 3HAYCHHS
mpaib A. M. KpacHoBa npo HOro moi3akyd B iHIII
KpaiHM, OCOOJMBO TPOIIi4Hi, MpOaHaji3yBaB MHOTO
po0OTYy 3 IHTPOAYKLIi Yalo Ta IHIIMX KyJIBTYp Ha
semisix Konxigu [49]. B. A. Ilepecaasko 1 K. B.
nypik onwcanu nisuibHICTH A. M. KpacHoBa Ha
(OHI IHIMIKMX BUJIATHUX YUYECHUX XapKiBCHKOTO YHiBe-
PCHUTETY, MIAKPECIUINA HOro 3ycuiuist y cdepi moe-

HaHHA reorpadii 3 eKOJIOTIEr0, TEopii 3 MPAKTUKOIO.
BoHu mokazanm, 1mo B HaliOHATFHOMY YHIBEPCHUTETI
imeni B. H. Kapazina (M. XapkiB) wmiHyooTh i
nam’sTaloTh AiSUIBHICTH TAJIAHOBUTOTO BYEHOTO,
sxum OyB A. M. Kpacuos [33].

Merta i 3aBmaHHsl AoCHiT:KeHHsI. MeToro po-
00TH € aHaji3 HAyKOBOI CIAAIIMHU TisUTBHOCTI IPO-
(ecopa Immeparopchkoro XapkiBCHKOTO yHiBEpCH-
tety ipod. A. M. KpacHosa:

1. mepiox HOTO MOYATKOBOTO CTAHOBICHHS SIK
MaiiOyTHBOTO BUEHOTO Mix yac HaByaHHs y CaHKT-
[leTepOyp3pKoMy yHIBEpCHUTETI;

2. ocoOmuBOCTi HOro ApyxOM Ta TBOPYOI
criBmpaiii 3 B. 1. Bepragcbkum;

3. 3icTaBleHHS HAyKOBHX poliT A. M.
KpacHoBa 3 mpansgmMu iHIIMX BYEHHUX, IO JOMNOMOT-
JIO BUSIBUTH OpPWIIHAJBHICTh HOTO KOHIICIIIH Ta
BHCHOBKIB;

4. HayKOBY, CENEeKIiiHY, aKJiMaThu3aliiHy Ta
aZMiHiCTpaTuBHY AisubHICTE A. M. KpacHoBa min
yac cTBOpeHHS HuUM barymcekoro boranignoro
cany.

Marepianu Ta MeTOOM JOCTiAKeHHs. Y cTaT-
Ti BUKOpHUCTaHi ayTeHTH4YHI mpami A. M. KpacHosa
Ta HOTO CydacHHKIB, ormyOmikoBaHi B KiHIi XIX — Ha
moyarky XX CT., a TAaKO)K KPUTHYHI pPeleH3ii Ha Hay-
KOBi W HaykoBo-momyssipHi mpami A. M. KpacHoga.
Lle n03BOMWIIO WIISXOM KOMITAPATHBHOTO aHaji3y
BUSIBUTH Ti HEY3TOIKEHHS B HOTO po0OTax, sIKi BU-
KITMKAJIU TOCTPY KPUTHUKY PELICH3CHTIB.

HaykoBa HOBH3HA il KpUTHYHE 3HAYCHHS. Y
CTaTTi yTOYHEHO JAESKi TMOAPOOUIll 0COONCTUX B3ae-
MoBigHOCHH A. M. KpacHoBa 3 aBTOpOM Teopii HOO-
cthepu B. I. BepHajgcbkum, siki B OCHOBHOMY TIOSIC-
HIOBaJIMCS CKJIagHuUM Xapaktepom A. M. KpacHoga.
3’scoBaHi Ti IPUYMHY, SKiI IPU3BEJIN 10 ITHOPYBaH-
Hsl HaykoBoro 37100yTKy A. M. KpacHoBa cy4acHu-
kamu. Lli marepianu MoxyTh OyTH BHKOPHCTaHi,
30KpeMa, TMpU HalMCaHHI IIOBHOI  HAyKOBO-
neparoriunoi 6iorpadii mpod. A. M. KpacHoga.

Buxknaaa ocnoBHoro marepiaay. llle 3 rimHa-
3nyHuX pokiB (a B Ilepmiii Cankr-IleTepOyp3pkiit
rimHazii  A.KpacHoB  TiCHO  3apyXuBCS 3
B. I. Bepnancekum, sxuii y 1876 p. mepeimon 3
Hpyroi Xapkiscekoi rimuazii o IletepOyp3pkoi),
noTiM min yac HapyaHHS y CankT-IleTepOyp3pkomy
VHIBEpCHUTETI HOTO BiI3HAYAJA «IIIJIECIPSIMOBAHICTb,
Mpane31aTHiCTh, IPUCTPACHICTh, XaPU3MATHYHICTHY.
Sk mizHime 3ragyeaB B. . Bepnaacekuii, came
A. KpacHOB «OyB HaWsICKpaBilllIM HOCIEM TOTO Jy-
Xy TOYHOTO CIIOCTEPEKEHHS i JIF000B1 IO TPUPOIIH,
gKke MmoTiM 3axomwio W B. Bepnaacekoro». Amxe
came A. KpacHOB nepekoHaB Oro BCTyNaTH came
10 (i3UKO-MaTeMaTHYHOTO, a HE 1CTOpPUKO-(dinoo-
riuHoro ¢akynerery. Jlo mporo B. Bepnancbkmii
3axOIUIIOBAaBCs icTopielo YKpaiHM, MpisSB pasoMm 3
Ipy3sIMH HamuMcaTH icTOpifo Micta Bomomumup-
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Bomunacekmii [8, ¢. 37-43]. Hupekxrop barymcrkoi
rimuasii I'. ['eHkens mi3HilIe HeOe3IIiICTaBHO MKCaB,
uo A. M. KpacHoB MaB xapaktep, HEBFaMOBHHM 110
remiajgpHOCTI [9, ¢. 37].

B yniBepcuretri A. KpacHoB ciyxaB mnekiii 3
ximii JI. I. Menneneesa, 3 6oraniku — A. M. bekero-
Ba, 3 IpyHTO3HaBCcTBA — B. B. Jloky4aesa, i3 300m0rii
— M. 1. Barnuepa, i3 ¢iziomorii — I. M. Ceuenogna. Ille
Ha MepIIoMy Kypci MiAroTyBas Opourypy mpo pi3Ho-
Buu koMax [32]. CtymeHToM OpaB y4yacTh y HayKo-
BUX EKCIEIULIAX MO0 ANTaiiCbKOMY TipHHYOMY OK-
pyry, 36mpaB ¢uiopy Ha miBaHI ToMcbKoi TyOepHii,
nonomara B. B. JlokyuaeBy npu AOCHiKEHHI Ipy-
HTiB y Hmwxknporoponcekiit Ta Iloaraseekili ryoep-
HifX, 3 podecopom . B. MymkeToBUM IOCTIIKY-
BaB llpukacmiiicekky HamiBmycremo. Y 1884 p. 3a
npaiio «O MPOUCXOXKIESHUN YEPHO3EMay OICPKaB B
yHiBepcHuTeTi 3070Ty Menans. [lix gac 3aKkopIoHHO-
TO BIIPS/DKEHHS yXe 5K «IpodhecOpChKUi KaHIHU-
nar» moOyeaB B Icmawnii, Itanii, [lIBetinapii, yuras
nexuii y @panuii tTa HimeuuuHi, craB gificHuM diie-
HOM beprmiHCEKOTO TeorpadidyHOTO TOBApHCTBA, Y
Jlonnoni OyB MpUCYTHIM Ha 3acigaHHAX MixHapoa-
HOTO T'€0JIOTIYHOTO KoHTpecy [34, ¢. 14-18].

18 Gepesns 1889 p. A. M. KpacHoB 3axucTuB
MaricTepchbKy aucepTariro Ha Temy «JlocBix icTopii
pO3BUTKY (IOpM TIBACHHOI YACTHHH CXIiJHOTO
Tsaup-1llanto». Byno Garato omoneHTIiB (kpiM odi-
IHHUX), TUCITYT TponoBKyBaBcs 4 roguan. [loTim
HenoOpo3uwiueil (a ix y A. KpacHoBa Oys0 Hema-
JIO) MOCTIMHO TOBOPHIIM JIMIIE TIPO HETOUHI I[UTATH
Ta JpyKapChKi MOMIIKH, & HE TIPO HAyKOBY LIHHICTh
poboru [8, c. 19-22].

A. M. KpacnoB wmpise npamoata y boraniu-
HOMY caJy XapKiBCHKOTO YHIBEPCHUTETY, SIKUil BUpIC
Ha 0a3i ANTeKapchKOTO TOpOy, CTBOpeHoro y 1712
p- 3 1823 p. BiH onepkaB cTaTyc HayKOBO-
JOCIIITHOTO IIGHTPY 1 CTaB iMeHyBarucs boraniu-
HuM. Jlo cepenunan XIX cT. Tam poco 6inbire 1500
EK3eMILISIPIB JIepeB, KBITiB Ta YarapHUKiB. AJie MMOT-
panuTy Tyau Ha poOoTy oMy He Baanocs. Ha iioro
npoxaHHs 1pod. A. M. bekeTtoB HamaraBcs 100UTH-
cs1, mo0 A. KpacHoB 3aiinsB kadenpy OoTaHiku y
KazaHchbKoMy YHIBEPCHTETi, ONHAK Y IIbOMY TEX
Oyno BiaMoBneHo. ToMy 3anuInanocs OfHe: y CcTary-
cl BHKOHYIOUOTO OOOB’SI3KM E€KCTPAOpAMHAPHOTO
npodecopa 3aiiHsATH Kadenpy reorpadii ta aHTpo-
noreorpadii XapkiBcekoro yHiBepcutery [14, c.
126, 131-132].

16 BepecHst 1889 p. A. M. KpacHoB nipoBiB Tie-
pIIy BCTYIHY JIEKIIIIO, y SIKiM MiJKPECIUB, 10 Teor-
padis sSK Hayka IepeXuBalia 3apOAKOBHH MeEpiof.
Po3noBiB mpo HaykoBi TinmoTe3w, SKi MOKa3yBaid
3B’SI30K KMBOi 1 HEXHBOI MPHUPOIH, MPO CIPOOH
IIUPOKUX OOTPYHTYBaHb Ta y3arajJbHeHb. ToMy 110
B HHOMY HIKOJIM HE 3HHKaB OOTaHiK, HarajgaB: OOTa-
HiKa € rany33io reorpadii. He 3a0yBaroun, mo Xap-

KiB — 9acTHHA YKpaiHW, 3ayBakUB: y 0araToTOMHO-
My BumanHi E. Peximio «3arampHa reorpadis» myxe
MaJo Bigomoctel mpo Mamnopociro [16].

Ho 1835 p. xadenpu reorpadii icHyBaiu Ha ic-
TOPUKO-(LTONOTiYHUX (haKyIbTeTaxX YHIBEPCHTETIB,
a Ha (i3uKo-MareMarnyHuX (HaKyJpTeTaX BUBYAIH
¢isnuny reorpadiro. Ha mowatky 60-x pokiB
3’sBunucs imei ctBoputH Kadempy «reorpadii Ta
erHoreorpadii», «CTaTUCTUKU Ta Teorpadii», omHak
He Ha icTopuko-(inonoriunux (akynasrerax. YnHo-
BHUKM MiHiCTEpCTBa HapOTHOI OCBITH BBaXKaJIu:
Tpeba Bix BCTYIHHKIB 0 YHIBEPCUTETIB MEPEBIpATH
3HaHHS Teorpadii i He BKJIIOYATH IIEH MpEaMET 0
HaBYAJbHUX IUIAHIB, 3aMIiHUBIIM «YUM-HEOYIb
OLTBII KOpUCHUM». IHI Misidi OCBITH 3aIleBHSIIM,
mo  momiTH4Ha  reorpadis  Ha  ICTOPHKO-
¢inonoriunux (hakynpTeTax HENoTpiOHA, TOMY LIO ii
BHBYAIM y TiMHAa3iax. Buena pana yniBepcurery Cs.
Bomonumupa He Oaumia HEOOXiTHOCTI CTBOPEHHS
kadeapu reorpadii, ajae BBaXKaa MiIJIKOM MOKIMBHM
JIOPYYUTH BECTH TaKi 3aHATTS OIHOMY 3 JOLICHTIB
(i3uKo-MaTeMaTHaHOTO (haKyiIpTeTy. 3rimHo Crary-
Ty Bixm 23 cepnus 1884 p., Oyio nmoenHaHo kadeapu
¢iznunoi reorpadii Ta kadenpu izukm, a Ha icTo-
puko-dinonorivHuX (akyapreTax MependoadeHi Ka-
¢denpu reorpadii Ta ernorpadii [31, c. 63-66]. Axe
B YHIBEpCUTETaX 1€ MOJMOXKEHHS MPOTpUMaocs He-
JIOBTO, 1 KOKHUH 3 HUX 3a pimeHHsM Buenoi paau
cTBOproBaB Kadeapu reorpadii 3 pisHIMHU Ha3BaMH.

Unen-kopecnonaeHt Pociiickkoro reorpadiy-
Horo ToBapucTBa [. ['epiana BBaxkas, 1o reorpadis
«HayKa» 3 CaMUMH OOMEXEHHMH KopJoHaMHu. Bona
«IOCHIJKY€E B3aEMOJIIIO CHII, ITOB’SI3aHUX 3 MaTepi-
€10 3eMJIi, CTBOPEHHS 1 BUJIO3MIHY, a TaKOXX PO3BH-
TOK Marepii 3eMili, K Pe3yNbTaT IUX CHJ» — «Tira-
HTChKe 3aBmaHHsS». [eorpadis — He crnemiarbHU
BT acTpo(i3uKy, SIK ii HEJAaBHO HA3HMBAJIH; 3EM-
JIe3HaBCTBO i reorpadis — TEpMiHH, OJHAKOBI 3a
smictoM. Jlo kiamsg 80-x pp. XIX cT., Ha AyMKy
I'. Tepnanaa, Hi TPUPOIHUYO-HAYKOBO-CTATUCTUIHO-
icropuuHa reorpadis, Hi aHTpororeorpadist He Ha-
JIaNyl JIIONICTBY HISKUX TIPAKTHYHHUX DPE3YNbTaTiB.
3HauuTh, PE3IOMYBaB BiH, reorpadis — JUILIE AOMO-
MIXKHa Hayka JJIs [e0JIorii, B 0ararboX BHIaJKax — i
JUTsL acTpOHOMIi, icTopii, momiTuuHoi ekoHoMmii [10,
c. 4-8, 20].

IMpopecop  MOCKOBCHKOTO  YHIBEpCHUTETY
J. M. AnyunH (cTaB JOKTOpOM reorpadiuyHux Hayk
y 1889 p., ane 6e3 3axucty nucepranii) Big3Ha4aB:
HaBiTh Ha o4aTKy 90-X pp. HE ICHYBAJIO OpHTIHAIb-
HO1 TpyHTOBHOI mpaii 3 reorpadii Pocii, a kauru E.
Pexmro Oe3HamiiiHO 3acTapisiv, BiACYTHIN >KypHau
reorpadiuroro npodisio [1, c. 8].

VY riMHa3isX BHBYajacs MareMaTrHdHa Teorpa-
¢is1, y 3micTi sikoi Oyino 6arato acTpOHOMIYHHUX MO-
HSTh, Ta Teorpadis ¢izuyHa: XapakTepucTuka ¢Io-
pu Ta (ayHu, TOBEPXHS 3€MHOI KyJIi, 1is Ha HEl co-
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HIOg ¥ Terura. [OJOBHUM IS Y9YHIB BBaXKAJIOCS
BMIHHS OpI€HTYBAaTHUCS IO TeorpadidHuX KapTax
[15,c. 11; 5, c. HI-IV].

Hasgitb y 1915 p. Bimomuii ctatuctuk i reorpad
B. I1. CemenoB — Tsup-1llancekuii OyB BUMYyIIIEHUI
MIKPEeCTUTH: Teorpadis — He TMPUKIaTHA CHIUKIIO-
nenis MPUPOTHUYHUX 1 JeSIKUX TyMaHITapHUX HaykK, a
caMocCTiifHa HayKoBa IUCIUILTIHA. BoHa BuBUYae Biu-
Hi 3aKOHH TIPOCTOPOBHX B3aEMOBITHOCHH >KHTTS
3emiti — BiJi TIpCBKUX TOPiJ O JKUTTS JTOOUHU [36,
c. 476]. AHanoriuHuii BUCHOBOK y LBOMY 3K POLi
naB MaiiOyTHil akanemik JI. C. bepr sk icropuk reo-
rpagiunoi Hayku. BiH Takox 3asBuB, 110 Teorpadis
— Hayka, sSika HacamIepe] BUB4Yae janamadTu [4, c.
469]. llo crocyBanocs HAyKOBOTO BH3HAYCHHSA IIpe-
IMETy W 3aBHaHb reorpadii, IUIKOM JOIMyCKaIuCs
JIOCHUTB 3HaYHI PO3XOJKEHHS [5, c. 16].

AJle Taka HeBH3HAYCHICTh HEe TypOyBasia MOJO-
JIOTO BYCHOTO, HABIAKH, CTUMYIIOBAJIa HOTO KUYy
e”eprito. Y nucromaai 1889 p. mpodecop ximii
. IT. Ocunos y 6ecini 3 A. M. KpacHoBiM yrieBHU-
BCS, III0 OCTaHHI 3HAXOAMUBCSA «B CAMOMY J0OpOMY
HACTpOi: mpals inUia A0 Jaay, Y YBapd Ta KOHTPH
e Hi 3 KUM He BCTyMaB, Oararo Hajiid, HEMajo i
Bipu B cebe» [8, c. 266].

9 kBiTHa 1894 p. y MaremaTwdHiii ayauTopii
MOCKOBCBKOTO YHIBEPCUTETY BiJJOYBCSl 3aXUCT JIOK-
Topchkoi amcepranii A. M. KpacHoBa Ha Temy
«Tpap’ssaucTi cremm miBHIYHOI TiBKYydi» [17]. Bin
JIETAJIbHO omnucae crenoBi JanmmadTu Pocii, Ykpa-
iamn, Kakasy, 3aximnoi €Bpomu, Cepennboi Asii,
CIIA. Ha iioro nymKky, opa cTemniB JOCUTb AaBHS,
JUis Hel XapakTepHa PiBHUHHICTh, BEJIMKE 3HAYECHHS
MaJId BILUTUB BOJIOTOCTI, TeMmeparypu. JucnyT mpo-
noBxyBascs 4 rogunau. Ononent npo¢. . M. Any-
YMH BKa3aB AMCEPTAHTy Ha BIiJICYTHICTh aHAm3y ic-
TOpIi MPOOJIEMH, HETOUYHICTh Y BU3HAYCHHI MOHSITTS
«CTeI», HE TIOTOAUBCS 3 THM, 1[0 PIBHHHHICTH — IO-
noBHmA cTenoBuit daxrop. Ilpod. A. Il [laBnos
3ayBa)kKMB, 1110 OUTBII BaXKIMBHN (aKTOp B iCHYBaHHI
CTEIiB — HE PIBHUHHICTh, a KIIMaTUYHi YMOBH.
[Ipod. I. M. TopoxaHKiH B OCHOBHOMY 3BEpHYB
yBary Ha HETOYHICTh CIIMCKY CTENOBHX POCIHH, Pi3-
HI Ha3BM ONHIET i Ti€l )k mparli Ta iHm apiOHI aede-
ktu. s npod. K. A. TumipsizeBa HenpuiHATHOIO
BHUsABMIIACh Touka 30py A. M. KpacHosa mono npu-
YrH 0E3JIICUCTOCTI CTely — Yepe3 HaJJTUIIOK BOJIO-
ru. [IpoTe KpUTHYHI 3ayBayKeHHs IIiJ[ 4ac JMCKYCii
Jume cnpusuii 3100yBadeBi. Bin oTpumaB yueHUi
CTyHiHb JIOKTOpa reorpadii [12, c. 143, 149, 155-
160].

V kinni XIX ct. cepen yueHux He Oyno €1uHOI
JOYMKH IIOJI0 OCHOBHHX (PakTOpiB, SIKI CIIPUYMHMIN
nosiBy cremiB (B ABcrpainii ta Adpwuii — caBad, y
[MiBnenniit Amepumi — nammnacis (JibsiHoc), y [TiBHi-
yHili AMepuui — npepiid, y Hosiit 3enangii — Tycco-
kiB). OmHI 3aXUIIAIA aHTPOIIOTCHHY TEOPiI0 IOXO-

JDKCHHST CTETiB, OCOOJMBO i/ BIUTHBOM CHHTPOHI-
3arii (3HUIICHHS TpaBHW TBapuWHaMM). [HIII migkpec-
JIIOBAJIH, 110 M0ABA HA MaTePHKaxX apiHuX (CyXHX) i
TyMiZHUX (BOJIOTHX) 30H 3aJiekaia BiJ Micls iXHBO-
TO PO3TAIlyBaHHA — B IIEHTP1 MaTepHKa Y MOOIN3Y
BiJ MopiB. SIk mucaB y 1902 p. mpuBar-goneHT Xap-
KiBcbkoro yHiBepcurery B.I. TamieB (maitOyTHil
aBTOP MEPUIOTO MPOEKTY IIOAO0 3aXUCTy NPHUPOAU B
YkpaiHi), IpAMuUX I0Ka3iB, MO CTEMH 3aBXANA OyIn
Oe3ticHi, He icHyBasO [39, ¢. 45-46].

Hpyxuna A. M. KpacaoBa Anacracis Muxkona-
iBHa (miBode mpizBumie — Pomakoma) mmcama B. L.
Bepnancekomy: came B. L. TanieB OyB mayikum 1ma-
HyBaJIbHUKOM 11 4domnoBika. Cam A. KpacHor OyB 3
HUM MaJI0 3HallOMHMM 1 HaBiTh HE BBa)kaB, 1O B.
TaieB npuxmnsHUH 10 HBOTO [8, . 45]. B. 1. Tamies
HeOe3micTaBHO CTBepkyBaB, 1o A. M. KpacHos
JIOCITITUB ICTOpPII0 CTBOpeHHsS cydacHOi (opu Ha
0a3i 1aBHKOI MANEOAPKTUIHOI POCIUHHOCTI (TIOHST-
TS «ropa» W «POCIUHHICTEY» TOIi BBAYKAIIUCS CH-
HOHIMamu — ABTOp). B #oro mocimimpkeHHsIX mpoc-
TEXYETHCS JTyMKa MPO TiCHUH 3B’S30K MIX JKHTTSIM
IPYHTOTBOPHOI TOpOAH Ta ii pocnuHHicTIO. Ha Bia-
MiHY BiJi NPEICTaBHUKIB MIKOJW TPYHTO3HABIIIB,
A. KpacHoB BipuB, 110 TIEpeTBOPEHHS OOIIT Ha CcTe-
i MmoxkuBe [40, ¢. 54-55, 64]. 3a3HaunMo: Ha IOo-
yaTtky XX CT. B XKypHaim «EcTecTBo3HaHHEe U reor-
padus» B. I Tamie 1 mnpusar-moueHt CaHKT-
[leTepOyp3skoro yriBepcutety . 1. TandinbeB Bemn
rOCTpY TOJEMiKy, He 3iHIIOBIIMCH, HANpPUKIAI, Y
MOSICHEHH] TIPUYMHHM BiJICYTHOCTI JIiciB y cTenax [39,
43, 46], xoua ixHi MoOTIAMM He OyNMU JiaMeTpaabHO
pi3HAMHU.

¥ XapkiBcbkoMy yHiBepcuteTi A. M. KpacHos
CTBOpUB Teorpadiuanii kKabiHeT, CTYJeHTCbKHI reo-
rpadivyHuil TypTOK (HOTO MOBENOCS OpPTaHi30BYBaTH
nBidi —y 1890 p. ra'y 1900 p.) [41], a ipu MicEKOMY
Mmy3ei XapkoBa — reorpadiuHuii Bigmin. Buknamas
reorpadito Pocii, anTpomomnorito, reorpadivxi vac-
THUHH CBITY Ta reorpadiro OKpeMux KpaiH, BiB JIeKIIii
Ha JIOH1 mpUpoaH, Y XapKiBCbKOMY BETEpUHAPHOMY
IHCTUTYTI BiH BUKIIaJaB OOTaHIKy, YATaB JIEKIii i B
JKIHOUMX HaBYadpHHUX 3aknazax. CraB TBopueM
KOHCTPYKTHUBHOI Teorpadii, yBiB Kypc 3arajibHOTO
3eMJIE3HABCTBA, B SIKOMY IIOCTaBUB 3aBAaHHSI: «...
OB’ sI3aTH BUCHOBKH aCTPOHOMIi, acTpodi3uku, Te-
OJIOT'1, SIKi CTOCYFOTBCSI 36MHOI KyJli, BABECTH 3 HUX
SIK HACJIIJIOK CY4acHI KJIiMaTH, PO3MOALI SIBHII JIH-
HaMiuyHOi TeoJiorii, IPyHTIB, TBapHH 1 JIOACHKHX
rieMeny. [ligroryBas nepiuii BITYM3HIHAN ITiIpY-
YHUK 13 3araJlbHOTO 3€MJIE3HABCTBA, [0 BUHIIOB
TpbOMa BHJIAHHSMH, JaB PaliOHyBaHHS CBiTy, BHi-
B 10 30H 1 5 nanamadTHUX obMacTel, cxapakx-
TepU3yBaB BIUIMB NPUPOTHUX (AaKTOPIB HA POCIIHH-
HicTh. MaB parito B. B. Jloky4aes, koiu CTBEpIKY-
BaB, 110 «3a NNIMOWHOIO, MUPOTOIO 1 MUTICHICTIO MOC-
TaHOBKHU T€000TaHIYHUX MUTaHb, 33 EPYIUITIEIO, Ta-
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JIAHOBUTICTIO... ¥ KpacHoBa Hemae CyNepHHKIB y
Pocii. SIkmo gomatw 10 MBOTO YYIOBUH Oparopch-
kuii Tanant KpacHoBa, Take HaA3BUUaiiHe Oa)kaHHS
camMoMy Bce 0auuTH ¥ JOCTIIKYBaTH... KOHCTaTyBa-
TH, 0 Monoanit KpacHOB cTaHe okpacoro OyIb-sKoi
Kadenpu reodboTaniku i reorpadii B Pocii» [13].

Ie mix yac gocnimkeHs y HUKHBOrOpOACHKii
rybepHii B cepenuni 80-x pp. A. M. KpacHos npe-
TEH/yBaB Ha BUKOPHCTAaHHS Te00OTaHIKA IS TpaK-
TryHEX 1iael. [lounnaroun 3 A. I'ym0GonbaTa, cTpy-
KTypa, CKJIaJ POCIMHHOCTI 1 (Jopu BUEHI BBaXKaIu
3alle)KHAMH HacaMIlepe]] BiJl KIIiMaTy — HalBaXIId-
Bimoro i3 @isuko-reorpadiyaux ¢akTopiB. Aje
A. M. KpacnoB y nekuisix 3 ¢itoreorpadii nepemic-
THB yBary BiA KJiMary A0 TPyHTY, BiJl mpoOiem
(mopucTikH — A0 BUBYEHHS pocinuHHOCTI [51, c.
73—75], cTaB, MOBTOPUMO, TBOPLIEM KOHCTPYKTUBHOL
reorpadii.

Crasmm npodecopom, A. M. KpacHoB HapemTi
3MIACHUB CBOKO CTYACHTCHKY Mpil0 1 oOyBaB y 0a-
ratbox KpaiHax cBiTy: Snonis, Kurai, [nzis, octpis
ABa, Lleitmon, Cronmyueni llltatm Awmepuku, €ru-
ner, Hopgeris, Typeuunna, Itanis. Horo posmosini
Mpo Ii MOJOPOXKI HAA3BUYAHHO KOJOPHTHI, XYyIOXK-
HHO Maibke Oe3moraHdi, BiH JIHCHO, SK IIHCaB
B. 1. Bepnajacekwii, y4eHUi, 0 BOJIOIIB AApOM Xy-
JOXHBOTO TaymaHTy. [Ipami mpo eK30THYHI, Jayieki
KpaiHu TyOiiKyBaiM 0Oararo >KypHalliB pOCIHCHKOT
iMmiepii, Tomy A. M. KpacHOB cTaB HaliKpamum Io-
NyJSIPU3aTOPOM  JTAJIEKMX KpaiB, IXHBOI IPUPOAH,
HacenenHs [18, 19, 20, 21, 22].

Ane gomy x A. M. KpacroBa y nucti g0 B. L.
Bepnancekoro Bin 20 xxoBTHS 1926 p. mucana, 1o
OIIIHKA JiSUIBHOCTI 11 40JIOBIKa «00pa3auBa Jisl HOro
nam’ati»? [8, c. 47]. 3 iHmwoi CTOPOHH, 10 MPUMY-
cuwio B. 1. BepHancekoro mig dac 3ycTpivi 3
A. M. KpacHoBuM y BepecHi 1888 p. B JIoH0HI Ha
5 cecii Mi>KHapOJHOTO TEOJIOTIYHOTO KOHTPECYy To-
BOPHTH, IO TOH «JIpaTyBaB HE3B S3HICTIO 1 HEOOY-
MaHICTIO TBep/KeHb»? JIniie ToMy, 110 BiH BUTIEpe-
muB A. M. KpacHoBa sik HayKoBellb, OCOOUCTICTH?
[11, c. 75]. Ame x i B.I Tamies — cydacHuk
A. M. KpacHoBa — mucaB, 10 WOTO TIpalli He Malk
MOBary, a 70 WOro MisJIbHOCTI CTABUJIMCS 1pOHIYHO
[40, c. 64]. B #ioro my6mikauisx Oyno 6araro apyka-
PCBHKUX MOMUIIOK, JISITICYCiB, HETOUHUX a00 HE Oro-
BOpPEHMX IMTAT — 3BiJICK HEZOBipa 1o mpaik. Kpim
toro, A. M. KpacHoB OyB Ha3BH4YailHO HEYBAKHHUM,
HA/ITO CIIIMB, TOMY AOIYCKaB HETOYHOCTI, 3aHA/ITO
JOBIpsiB cBOIiK mam’sati. Kpim Toro, B pemakiisx 3
BEJIMYE3HUMHU TPYJHOIIAMH OYyKBAJILHO PO3IMHUQPO-
BYBaJIM HOTO MMOYepK, 10 HaraaysaB iepormidu [41,
c. 50]. 3a kinpka micsauiB 1o cmepti A. M. Kpacho-
Ba, ioro npuxwisHuK B. 1. Tamier me pa3 migkpec-
JIUB MOTO TaJIaHOBUTICTh, OJIATOPOJCTBO, BOJHOYAC
JIO/IaBIIM, 110 WOTO «IIPEKpPacHi CTOPOHU ... 3alU-
LIMJINCA HEOLIHEHUMHM, YacTKOBO B CHILy [IESIKUX

iHAMBiAyansHUX AedeKTiB mpais AHapis Mukosa-
HoBHYA, a TOJIOBHUM YMHOM, Yepe3 HEPO3yMIiHHS Ta
HEBMIHHS OLIHUTH CBOE 3 OOKY POCIHCBHKOTO CyCHi-
JILCTBA. .., PO3KUIAHICTh 1 HECXUIIBHICTB JI0 PO3pP00-
KW», 3HAYHOIO Mipoto OyIia IMoB’si3aHa 31 CTAaHOM Po-
CcifichKOi HayKH i cycminbscTBa [ 8, ¢. 369].

A. M. KpacHoB mpaiitoBaB TBOp4YO, IIyKaB ca-
MOCTIHHHX NIIAXIB, a HE KOIIIOBaB IMOIECPEIHUKIB,
HE CXWIABCS MEpe]] aBTOPUTETaMH, TOMY HaXXHB He-
Mano BoporiB. bynu ¥ 3a3apicHuKkH, ajxKe BiH 3HaB
YOTHPH €BPOINEHCHKI MOBH. BijbHO YHMTaB JIATHHCH-
Ki Ta TpemnpKi TeKCTH, HaaApyKyBaB Oinbine 300 cra-
Ted. Xoua JBi MOr0 aHTPOMNOJIOTivHI cTarTi [23; 24]
BUSIBUINCSI HEBIAIMMH, ajie X JIMIIC Ha TYMKY pe-
menzeHTiB. Cam A. M. KpacHoB BH3HaBaB, 110 Horo
JTOCITIDKEHHST YPHUBYACTI, BiH 3MIT TpOaHalli3yBaTh
JIMIIIE KOJIip BOJNOCCS, o4ei 1 ¢opmy rosioru [23, c.
2]. Ilpu mociimKeHHI aHTPOIIOIOTIYHIX OCOOIUBO-
CTel peKpyTiB y JABOX IMOBiTaxX XapKiBIIMHHA Ha KO-
JKHOTO 3 HUX NpUIANaio Mo Kijdbka XBWIWH [24, C.
1]. 3ayBaxxumo, mo A. M. KpacHoB OyB zemio camo-
BIIEBHEHUM, Komu B jmcti no B. 1. BepHancekoro
3ayBakuB: «MeToau aHTpONoIorii reorpady He 1mo-
TpiOHi, ik He MOTPiOHI oMy MeToau Qizionorii abo
cuctemaruka pociun» [14, c¢. 122]. HeoOxigHo mo-
nmaru, mo B KiHIi XIX cT. — Ha movyarky XX cT. cTaH
CIIPaB y aHTPOMOJIOriuHINA Hayli Pociiicbkoi iMrepii
XapaKTepHU3yBaBCsl TapsuuMH JebaraMu i HEy3ro-
IDKSHHSM TOTIISAIB [7].

Kputnuni momsau momo npaips A. M. Kpac-
HoBa mpurtamanHi B. [ Jluncekomy (mpotsirom
1894—-1917 pp. OyB HaykoBuUM criBpoOiTHHUKOM [O-
noBHoro OoraniyHoro caxy Cankr-llerepOypra, y
1922 — 1928 pp. — npe3uieHToM YKpaiHChKOi Halli-
OHaNBHOI akaneMii Hayk). Tak, aHaNi3ylO4d CTATTIO
«Hossle Buapl CBanerckoit giops (BriTKy 1890 p.
A. M. KpacHOB opraHizyBaB CTYIEHTCBbKY €KCIIEU-
uito go Ceanerii ans BuBYeHHs ¢uopw), B. 1. Jlun-
CBKUH CTBEPIUKYE, LIO aBTOp JIMILE IOBEPXOBO
o3HaiiomyieHnit 3 Quoporo Kapkasy, ommcu pociua
HayeOTO Oe3rpaMoTHI, y Tpalli BiCYTHIH HayKOBHH
MeToA. PerieH3yroun TOKTOpChKyY nuceprarito A. M.
KpacHoBa, BiH 3HOBY OOBHHYyBadye aBTopa y Ciad-
KOMY 3HaHHI (uiopH, BiJIKMJA€e B3arajii ii HayKOBY
iHHICTh. Taka ynepemKeHICTh 30BCiM HE CITIBIAIA€
3 TUMH OIIHKaMH, SKi Jajii UCEepTaIlii OMOHEHTH.
Bucnaosok B. 1. JIuticekoro mogo npams A. M. Kpa-
CHOBA «II¢ «YOPHOBUKM», SIKUX 0€3 OyIb-sSKoi BTpa-
TH 751 HayKd aBTOpP MIr HE MOKa3yBaTH. Y HbBOTO
HeMae a0COJIFOTHO HISIKOT CTPOTOi HAYKOBOI MiATOTO-
BKM» HE BUTpUMye KpuTHkU. B.I. Jluncekomy Ha-
BiTh He crnomoOaBcst meton A. M. KpacHosa mo 3a-
JYYEHHIO CTYJIEHTIB 0 HayKOBOi poOOTH. YKpaii
HETaTWBHO BiH CTaBUBCA 1 10 XYIOKHBO 3aXOTLTIOIO-
yoro crumo npank A. M. KpacHoBa, iMeHyroun ix
«miserrima opera» (KaJIOTITHUMHU TpalsiMu). AHa-
JIOTIYHO TIPO OIHY 3 PoOiT mpodecopa KOp’iBcrkoTO
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yHiBepcuteTy M. I. Ky3HeroBa BiH BHCIIOBUBCS Ta-
KHUM 9MHOM: HOTO BHCHOBKH HEOOTPYHTOBaHI ¥ Ha-
BiTh TapajokcanbHi [27, c. 46—49]. Ane mi3Hime
B. 1. JIuncekuii OuIbIn 00’€KTUBHO BHUCIIOBUBCS I[O-
no migpydnuka A. M. KpacnoBa «l'eorpadms pac-
TEHUI», IOCTaBUBIIN MOTO 32 HAyKOBOK HOBU3HOKO
BHIIIE aHAJOTiYHOI pobotu mpod. A. M. beketosa
[45, c. 47]. Onnak xomu y 1915 p. ToBapucTBo 11a-
HYBQJIBHUKIB TIPUPOIIM y XapKOBi IIAHYyBaJIO Tepe-
BUAATH ii, monepeanso Oya0 BUPIIIEHO PETENbHO ii
BiJpefaryBary, HaaTH HEOOXiJHI MPUMITKH, TOMY
0 B TEKCTi Oynmo Oararo MOMIUIOK 1 HETOYHOCTEH
[40, c. 68].

dakTuuHi ¥ KOpEKTYpHI NOMHJIKHM, Oararo 3a-
MTO3WYEHBb 3 POOIT IHIMUX aBTOPIB, TIOMIJIKH B iHO-
3eMHHUX CJIOBaX i MPi3BHIAX, HETOYHOCTI iCHYBaJIH i
B «Jlexnusx mo 6oranuke...» 1910 p. Ta «Jlexkuusx
o ¢usudeckoit reorpadum» 1910 p. [53, c. 73-74;
50, c. 78-79].

HarHboro Mpiero A. M. KpacHoBa Oyna izes
aKTiMaTH3alii eK30THYHUX POCIUH a3iliChKUX KpaiH,
ocobmuBo 3 Anonii Ta Kutaro. Buitky 1896 p. BiH
BHCA/IUB B YHIBEPCUTETCHKOMY CaJly HACIHHS KiJib-
KOX POCJIMH 3 IIMX KpaiH — B OCHOBHOMY 00O0OBHX 1
rapOy30BUX, ajie AEM0 3alli3HO — juie | YepBHS.
HesBaxaroun Ha Mopo3u 29 cepnHs, BUpOCHa Ku-
TaliCchbKa KIIIEBUHA (CIMEHCTBO MOJIOYalHUX) — J0
30 cMm y BuUcOTy (3 ii HaciHHS POOJIATH KacTOPOBE
MacJio), BCTHUIIA 3anBicTu cosi. Bu3pinu qyxe coo-
JIKi, X04a HEBEJIHMKOTO PO3MIpY, IUHI, OTIPKH JOCST-
mu goBxkuHU 10 35 cm [36, c. 80—81]. IToTim Ha Te-
putopii XapKiBCHKOTO BETEPUHAPHOTO iHCTHTYTY Y
1899 — 1900 pp. BiH CTBOpHB HEBEIWMKHIA OOTaHIKO-
reorpadiuHuii can, ane s HOTo MOAAJIBIIOTO PO3-
BUTKY He OyJI0 BUIEHO MOTPiOHUX KOIITIB, JapeM-
HO BiH y 1907 p. Bumyctus crnerianbanii «llyTeBo-
JUTENb 10 OOTaHUYECKOMY cajly M opaHkepee Xa-
PBKOBCKOTO BETEPHHAPHOTO MHCTUTYTa». bymyuu 3a
TEMIIEPAMEHTOM, TOBTOPHMO, O0COOO0I0 «ILIMPOKOIO,
HEBraMOBHOIO JI0 TeHiaibHOCT», A. M. KpacHoB
po3dapyBaBcsl y BHKJIAJAlbKili poOOTI B MPOBIHIIII,
AKOK0 BBaXaB Xapkis. Moro mparysana GaiigyxicTs
3HAYHOI YaCTHHU CTYAEHTIB J0 HOro JEKLii 3 reor-
padii Ta 00TaHIKH, peIaKTOPCTBO B TazeTi «OxKHbIH
Kpait», mouaB TypOyBaTH W cTaH 310poB’s. Xoua
AHppiit MukonailoBuY 70 KiHIIS JKHATTS 3aIHIIABCS
KOHCYJITAHTOM [OJIOBHOTO yHpaBIiHHS 3emiiepoOc-
TBa 1 3eMIICBHOPSIKYBaHHS Pocilicbkoi immepii.
Brepme noGysasmm y 1892 p. B barymi, BiH nouas
BUHONIYBAaTH AYMKY PO MEPETBOPEHHS I[LOTO KParo
Ha KypopT, kpammii Mentonn uu Himum [9, c. 37,
41, 44].

VY 1899 p. Ha MixnaponHoMy reorpadigHomMy
koHrpeci B bepmini A. M. KpacHOB BHCTYIHUB 3 JI0-
noBiao «Micie Konxinu y Bojiorux cyOTpOmiYHUX
obnactsax 3eMHOi Kymi». Ha neil wac BiH yxe Ha
npuadaniii auM autsHI 3emi B 11 ra y Xocti Co-

YUHCBKOI OKPYTM BUPOIIYBaB 4Yail, MaHJapUHHU, Xy-
pMmy, OymiBenbHHM OamOyk, Oarar, TYHT, STIOHCHKI
CIIMBH, JIAKOBE, BOCKOBE 1 MamepoBe JepeBa, siMC.
Ane y 3B’S3Ky 3 MOpO3aMH, HeOe3MeKo Manspii,
xBopoOoro moukn Bipu, 3emiio y 1904 p. moBemocs
nponaru [52].

A. M. KpacHOoB  He0Oe3miJICTaBHO  3aIlCBHSB:
KiiMar batymceKkoro y30epexokss B3UMKy Ha 2° Tel-
JmWiA, a BIITKY Ha 2° XOJOAHIMIWHN, HDK Micud 3
TaKOIO X CepeJHbOI0 TeMieparyporo B Amonii. Tyt
Kpallle pO3BHBAIOThCS CYOTPOIMIUHI POCIWHH, allkKe
MaKCUMaJIbHUH MOpo3 B Amxkapii — 6,6°, Tomi K y
SAnonii Mopo3Ha morona — 3BUYaiiHe ABuIIE[25, .
486].

VY cepmi 1909 p. A. M. KpacHoB ymnieBHUBCH,
mo came Ha batymMchkoMy y30epexoki MOJKHa CTBO-
putu boraniunuii cax i3 cyOTpOMiYHUMHU POCIHMHA-
Mu. Tum GinbIne, 10 BUCA/DKEHI HUM paHilie Bi4HO-
3eneHi Ayou 3 KpalHBOTO MiBAHS SIMOHIT, iTATIHCHKI
cocHM, KaM(OpHHUH JIaBp, MarHomii 3 MiBHIYHOT
Awmepuku, azami i oneaHapu Tam OpwXwincs. Bin
BipUTbH, IO 3a KiJIbKa POKiB y barymMcbkoMy Kparo
Oyze Oysitu Jjic i3 6aMOyKy Ta eBKainTiB [35].

VY kBitHi 1911 p. A. M. KpacHoB, BucTymnaroun
Ha 3aciganHi Pagm barymcbkoro ToBapucTBa CillbCh-
KOrO TOCIONApCTBa, BHKJIAB CBil IJIaH CTBOPEHHS
Boraniunoro cagy. Y tpaBui 1912 p. BiH nonwuiae
XapKiBCbKHI YHIBEPCUTET 1 epei3nuTh 10 Amxapii,
MOCEIIAIOYNCh Ha Jladi 3elIeHOT0 MHUCY — MOOIH3y
Barymi. Bin mo6pe maM’siTaB cBOIO XapaKTEPUCTHKY
YopHoMopcbkoro y3oepexokss KaBkazy: «...micre-
BICTh HAIBIMKY, MaJIO KYJIbTYpHY, MaJlO POLYKTH-
BHY, 3aHEN0aHy», MO0 SKOi ICHYBalll «HAHOUIBII
Oe3HanivHi momsiany. Ase 1 B 1896 p. A. M. Kpac-
HOB BipHUB, IO Yepe3 25 pOKiB IUIAHTAIlil Yalo TYT
CTaHyTh TAKUM K€ 3BUYAMHUM SBULIEM, SIK Y SnoHii
uyn Ha ['imanasx [26, c. 903, 916].

VY xoBtHI 1912 p. ansg cTBOpeHHs OOTaHIKO-
reorpagiqHOro, JAaHAMAPTHOTO, aKIIIMATH3AIIITHOTO
cajy Oyno BuieHO Oubie 71 ra 3eMii KOJIUIITHBO-
ro YakBHHCHKOTO YAUTBHOTO MA€ETKY, 110 3HAXOUBCS
NOOIU3Y MOPCBKOTO Yy30epexcks. Y KOJIHIIHBOMY
JKypHam «baTyMCKHI CeNbCKUIM XO3SWH», SKAN
A. M. KpacHos mepeiimenyBaB Ha «Pycckue cyo-
tponuku» (y Ilerporpani B 1915 p. Buxomus xyp-
Han «Pycckas PuBbepa») BiH BUKIaB CBill JeTajb-
HUit Tuiad GopmyBanHs Boraniynoro camy. Tam mo-
BHHHI ICHYBaTH IIICTh 0OTaHiKO-reorpadigyHux Bij-
nimiB: Amepuku, fAnoii 1 Janexoro Cxony, ['imana-
iB Ta Tpomiyaux Tip, Ymmi, ABcrpaiii Ta HoBoi 3e-
nanaii, BiH BBakaB, 1110 HEOOXIJHO HacamIIepen
Opi€eHTyBaTHCSl HE Ha cyOTpoIiyHi PpyKTOBI JAepesa,
a Ha TOPiXOBi, a TAKOX Ti, 1[0 JJAIOTH IIHHE BOJIOKHO,
nucTsi, aepeBuHy. [IpormoHyBaB mepeHecTd Ti poc-
JUHHM, 10 pociau y boraniunux camgax Diaopuim,
Oyknenny, MensOypHy: 60aMOyK, XiHHE AepeBo, Oa-
HaH, IiHHI XBOWHI mopoan, x0 20 copTiB majgbM, a
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TakoX TexHiuHI pociuHU. [ToTpibHO Oyne akimiMaTH-
3yBaTH HOBO3EIAHICHKHK JTHOH (MaB 60 cOpTiB),
0aBOBHY, IIeKaH (3aMiCTh TOPIXOBOTO JE€peBa), aBCT-
patilicbKy AyOmnbHy akamito, kamQopHuil maBp Ta
iH. [2, c. 342-345].

MicrueBicTh, BUALIEHY U CaTy, JOBEJIOCS CyT-
TEBO TOJIMIIYBAaTH: BUPYOyBalu JepeBa, po3uHIIa-
T TIOJISIHM, B1IBOIWIIM BOZY, IIPOKJIAaJalld JOPOTH —
1 Bce 11e mig HeckinueHHi momti. A. M. KpacHoB mpi-
SIB TIPOBECTH JI0 cay 3alli3HUYHY KOJlito, moOyayBa-
TH BEeJUYE3HUI roTelb, MaTH B PO3MNOPSIKEHH] TH-
peKmii eximaxi, 3anpsoKeHi MyJdaMu, KiHBMH, OCia-
MU, CKilaxi SMOHChKUX pukil. Ha Tepuropii camy
PO3paxoByBaB MOCENUTH MiCLIEBHX JXKUTENIB [9, c. 40
—41].

Odinitno boraniuauii cax Oymo Bigkputo 3
muctonana 1912 p. Ilix yac Ilepioi cBiToBOi BiliHK
cag y 1914 p. Oyrno 3HUIIEHO, 3ATAIIIIUCS JIHIIE
BanM 1 poBu; micias moBepHeHHA 3 [lapmky, e
A. M. KpacHoB JiKyBaB XBOpY HOTY, BiH IepeixaB
pa3oM i3 ApPYXKHUHOK Ta Joukoro a0 Tudmicy. Tam
BHKIJIaJ[aB Ha Bummx >kiHOUMX Kypcax, Ae Horo 3a-
naMm’ATany SK «HaA3BUYailHO YyWHOTO, CEpACYHO
Bpa3jMBOIo i JenikatHoro» mpodecopa [9, c. 43].
[Momep Anppiit Muxomaiiosnu 19 rpymas 1914 p.,
MTOXOBaHMWM, 3TiHO 3aIlOBITY, y CTBOPEHOMY HUM
cajy Ha Miclii, sike BuOpaB cam. Y 1982 p. ifiomy Oy-
70 3BelEHO OpOH30BMIi mam’sTHHK. Moro BoBa
Amnacracis MuxkomaiBaa y 20-X pp. Jiep BH)KHBala
Ha neHcio y 30 py0. momicsuHo, ToMy Oyjia BUMY-
IIeHa MpaloBaru B Oi0mioreli XapKiBChKOIO TeX-
HOJIOTIYHOTO iHCTUTYTY. Yepes 1e iif mocTiitHO 3a-
rpoxyBanu  BimiOparm meHcito. E. I. Knesesans
(3naitoma Kpacuosux) 15 mororo 1926 p. 3BepHY-
nacst i3 npoxanaaM 10 B. 1. Beprancekoro momomo-
ITH BIOBI Horo napyra. 3aBAsKH KJIOHNOTaHHIO
B. I. Bepnaacekoro A. M. KpacHoBa cTana ogepxy-
Batu 44 py0. 44 xom., ane He 60 py0., sk Hpoxas
akaneMik [8, c. 28-29, 45-47].

BucnoBku. IcTopist rofcTBa 3HAE HE ITOOTH-
HOKI BUIAIKH, KOJIH CIPaBXKHIH 3100yTOK, IIHHICT
MISIBHOCTI TI€T 4M 1HIIOT 0COOH CTa€ IOMIAHOBAHOIO
mume micns 1 cmepti. [lpuunHM s Takoro cras-
JIEHHSI MOXKYTh OyTH pi3Hi, a B HAyKOBOMY CBITI, i€
3IMITOBXYIOTHCS HAyKOBI TMO3MINI, amOirii, Bmep-
TiCTh, HeOa)kKaHHsSI BU3HATU MPABOTY OIMOHEHTA, 3a-
3IPICTh, BOHMU TiM OinbIm MoxknuBi. Came Tak Tpa-
mocs 3 mpodecopoM XapKiBCHKOTO iMITepaTop-
cekoro yHaiBepcutery A. M. KpacHoBum, sxuii 3a
POKHM HAayKOBOi Ta MENarorivyHoi, ajaMiHICTpaTUuBHOI
mpami onyornikyBaB 6ins 300 HayKOBHX Ta HayKOBO-
NOMyIApHUX Mpank. Jlo TOro X HeMalla yacTUHA 3
HUX HOCHTH HOBAaTOPCHKUH Xapakrep. 3a mepios BH-
KJIaganpkoi podotn y XapKiBCbKOMY YHIBEPCHTETI,
SKOMY BiH mpucBsTHB Oinbire 20 pokis, oMy Bra-
JOCsS KapAWHAIBHO 3MIHWUTH CXOJACTUYHICTh BH-
BUCHHS Teorpadii, opraHi3yBaBIIM TNpaKTHYHI 3a-
HATTS 11032 ayAUTOPIETO, TPOBIBIIN KiJbKa CTYIEHT-
CBKUX CKCIeNuIIii, y ToMy urcii — Ha KaBkas. Ade,
SK BiH 313HaBaBCs, Oy[CHHICTH Tpalli y MpPOBIHIIIH-
HOMY MICTi, KM BiH BBakaB XapkiB (1o0pe Bimo-
MO, 10 BiH HamaraBcs 3Halith wicie y C.-
[leTepOyp3i), HEe 3a70BOJIbHANA HOTO HEBraMOBHY
Harypy. Came TOMY B pe3yibTaTi CBOIX UHMCIEHHHUX
MOI3M0K /10 ek30THYHuX KpaiH A. M. KpacHoB i
JTIUIIOB ITyMKH HIONO peatizamii Tiei Mmpii, Ky He
BAAJIOCS 3IIMCHUTH Ha TepUTOpii XapKiBCHKOTO Be-
TEPUHAPHOTO  IHCTUTYTY: CTBOPHUTH OOTaHIKO-
reorpadiyamii, JgaHmIaQTHUAN, aKTiMaTU3aIliAHUT
ckiaa. besymoBHoO, 0e3 #ioro 3aB3sTOCTI, MOCHII0B-
HOI HaroJerBOCTi, aBTopuTeTy barymcekuii bo-
TaHIYHUA cafx y jucronani 1912 p. He Mir mocrary.
Tomy B cyuacHiii [py3ii mam’siTaloTs i NIMOOKO Ia-
HYIOTh HOro mam’sTh. HaBiTe micms cmepTi
A. M. KpacHoB HaragaB mipo cebe, komu y 1915 p.
Buiinia foro 6pomypa «tOxnas Konxuma» — ioro
«iebenuna micHs» [28]. Y BimHOBNEeHOMY Barymch-
xoMy boraniuHOMY cany 30epemacst 4acTHHA 1Oca-
JOKEHUX HHUM JIEPEB.
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AND ITS ROLE IN THE DEVELOPMENT OF MODERN GEOGRAPHY

Purpose. Life, scientific and pedagogical way of A. M. Krasnov at the time of the formation of geogra-
phy was unique, versatile, often contradictory, but clearly creative and innovative approach to everything that
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was within his interests. Despite some hasty results that harmed his general authority, the figure of
A. M. Krasnov — the professor of Imperial Kharkiv University, the founder of Batumi Botanical Garden — is
still of interest. Attention has veen paid to the period of his initial formation as a scientist, communication
with V. 1. Vernadsky, comparison of A. M. Krasnov’s works with works of other researchers, the implementa-
tion of the idea of plant introduction.

Method. Authentic scientific works of A. M. Krasnov and his contemporaries have been used in the
work. Through the use of historical and historiographical sources and comparative analysis there have been
revealed those inconsistencies in his works which caused sharp criticism of reviewers.

Results. Studies of the work of the first domestic doctor of geographical sciences Andriy Mykolayo-
vych Krasnov have showed his passion for expeditionary research, charisma, thirst for knowledge, love of
nature, rich innovative heritage. Attention has been paid to the initial stage of his life, when the interest in
scientific, in particular, expeditionary research, which did not leave him during his life, emerged. Based on
the study of the relationship between A. M. Krasnov and V. I. Vernadsky, a conclusion about his extraordi-
nary character, ingrained sense of independence, but also passion, excessive emotionality, haste of conclu-
sions has been made. The authors have given the generalized description of the state of the study of geogra-
phy, which was considered an auxiliary science in the universities of the Russian Empire in the late XIX cen-
tury, because for A. M. Krasnov it became a source of innovation. The article reveals the extraordinary scien-
tific courage of A. M. Krasnov, who in his doctoral thesis considered the views of famous scientists on the
causes of steppe plains. The analysis of A. M. Krasnov’s publications and other sources has proved that he
became the creator of constructive geography, combined theoretical classes with practical ones in nature,
initiated student scientific expeditions, founded a student geographical society and a geographical office.
Possessing artistic and literary talent, he became one of the best promoters of exotic regions, visiting dozens
of countries around the world. The authors have also traced the reasons why his scientific works were treated
with skepticism and distrust.

Scientific novelty and practical significance. Some details of the relationship between A. M. Krasnov
and V. L. Vernadsky have been clarified. The reasons that led to the ignoring of the scientific achievement of
A. M. Krasnov by contemporaries have been revealed. It is expedient to use these materials while writing the
full scientific and pedagogical biography of professor A. M. Krasnov.

Keywords: Geography, botany, flora, steppes, vegetation, physical and geographical factors, subtropics,
Botanical Garden, heritage.
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TRANSPORT SUFFICIENCY OF ADMINISTRATIVE DISTRICTS OF VOLYN REGION

B. H. Jlaxcnix, JI. O. Makxoseuwvka, A. C. Cocnuyvka. TPAHCIIOPTHE 3ABE3INEYEHHA A/IMIHICTPATHBHHUX
PAHOHIB BOJIHHCBKOI OBJIACTI. IIpoananizosano mpancnopmiy 3abesneuenicms aoMiHicmpamusnux pationie Bonuncoxoi
obnacmi 3 BUKOPUCMAHHAM PI3HUX KITbKICHUX napamempie ma inoukamopis. Hasedeno oani 6 pospizi aomiHicmpamueHux patioHie
obnacmi no npomAMNCHOCMI A8MOMOOINbHUX | 3ANISHUYHUX WIAXIE AK 207108HUX KOMNOHEHMI8 MPAHCNOPMHOI cucmemu 00IaACMi.
Ilpocriokogyemuvcs neena 3anexdcHicmy NPOMANCHOCII MPAHCNOPIMHUX Mepedc 8i0 niowi ma Kougieypayii mepumopii paiioHis i
KiIbKOCMI HaceneHux nyHkmis. Pospaxoeano eycmomy asmowiisixie i 3anizHuyb 6 aominicmpamusHux patonax Boauni na 1000 ke.
xkm naowi mepumopii i na 1000 scumenie, a maxoc inoexcu mpancnopmuoi 3abesnevenocmi E. Eneens, I'. I'onvya ma IO. Ycenen-
cbK020. Busenerno ocobnusocmi npocmopoeoi oughepenyiayii nOKasHUKi6 mpaHcnopmuoi 3abe3neueHocmi aOMiHICIMpPAmueHUX patio-
Hig obnacmi. Ha ocHosi cymysanus po3paxo8anux yacmko8ux iHOeKci8 mpancnopmuol 3abe3neueHocmi ma 6U3HAUEHHs IXHb02O ce-
PEOHBLO3BANCEHO20 3HAUEHHA 30 ANOMEPAMUBHO-IEPAPXIUHOIO NPOYEOYPOIO HOPMYBAHHS SUXIOHUX NAPAMEMPI8 OMPUMAHO CUHME30-
8aHUll napamemp, AKUL Modce 6ymu OyiHeHull AK iHmezpanbHull IHOeKC pi6Hs Mpancnopmuoi 3abe3neyeHocmi mepumopii patioHie
Bonuni. Bionosiono 0o 3nauens inmezpanbHoeo iHOEKCY, Wo 8i000paxcae KOMNIEKC PO3SIAHYMUX XAPAKMEPUCMUK MPAHCHOPMHOT
Mepeoxci, 8UdineHo n’amev Munie patioHie 3a pieHeM MmpaHcnopmuoi 3abesneyenocmi ixuix mepumopiii. Bcmanoeéneno, wo natiguwyuil
Ppi6eHb MpaHcnopmHoi 3abe3neueHocmi Maioms YeHmpaibHi U Ri6OeHHI PatioHu 00AAcmi 3 GUIOHUM MPAHCHOPMHO-2€02PAPiUHUM
NONOACEHHAM U NPOMSAICHOI MEPeHcerd A8MOouIAxie i 3aniznuysb. Hatinuocuuil pisens mpancnopmuoi 3a6e3neueHocmi Maioms nie-
HIYHI NONICOKI patloHU uepe3 JCUCMICMb, 3a00104eHICMb MA HEeGUCOKULL PIeHb 20CN00apCbKoi 0ceoeHocmi mepumopii. Buseneno
npobremu po3sumky mpancnopmuoi ingpacmpyxmypu 6 paionax Bonuncobkol oonacmi ma 6kazano nepcnekmueHi Wasxu onmumi-
3ayii piens ixHb0i mpancnopmuoi 3a6e3neyeHocmi.

Knruoei cnosa: agmouinaxu, 3anizHuyi, 2ycmoma wisixie CnoLydeHHs, iIHmespatoHull inoeKe, mpaHcnopm, mpancnopmua 3a-
be3neyeHicmob, MPAHCROPIMHA Mepexcd, PAtioH.

B. U. Jlaxcnux, JI. A. Maxoseykasn, A. C. Cochuuykas. TPAHCIIOPTHAA OBECHHEYEHHOCTHh A/IMHHHCTPATHB-
HBIX PAHOHOB BOJIBIHCKOH OBJIACTH. IIpoananuzuposaro mpancnopmuyio 06ecneueHHochib adMUHUCIPAMUEHbIX Patio-
108 Bonvinckoti obnacmu ¢ uchonwb308anuem pasiuiHblX KOIUYeCMEeHHbIX Napamempos u unouxamopos. Ilpusedensvt dannvle 6 pas-
pe3e aOMUHUCIMPAMUGHBIX PATIOHO8 001ACMU NO NPOMSIICEHHOCMU ABMOMOOUNIBHBIX U JICENE3HbIX 00PO2 KAK NABHBIX KOMNOHEHMO8
mpancnopmnoi cucmemvl obnacmu. IIpocnedcusaemes onpedenennas 3a6UcUMOCb NPOMSANCEHHOCU MPAHCNOPMHbIX Hymell cO-
obwenusi om nIowaou U KOH@UIypayuu meppumopull patioHos8 U KOIU4ecmed HAceneHHblX nyHKkmos. Paccuumano niomnocmo as-
Mo00Po2 U HCENE3HBIX 00PO2S 8 AOMUHUCPAMUEHBIX pationax Bonvinu na 1000 ke. km naowaou meppumopuu u Ha 1000 srcumeneil, a
maxoice uHOexcvl mpauncnopmuoi obecnewennocmu E. Dueena, I Tonvya u I0. Ycenenckoeo. Bvissnenvl ocobenHocmu npocmpa-
cmeenHoll oupghepenyuayuu noxazamenel MpaHCHOPMHOU 00eCneueHHOCMU AOMUHUCMPATUBHBIX pationoé obaacmu. Ha ocnoge
CYMMUPOBAHUA PACCUUMAHHBIX YACTIHBIX UHOEKCO8 MPAHCHOPMHOL 00eCneyeHHOCU U ONpedeleHuUsl UX CPEOHEe836CUEeHHO20 3HaAYe-
HUSL RO A2IOMePAmuUHO20-Uepapxuieckoll npoyedype HOPMUPOBAHUs GbIXOOHBIX NAPAMEMPO8 NOIYYEHO CUHME3UPOBAHHbLI napd-
Memp, KOmopulil Modicem 6blmb OYeHeH KaK UHMEeZPAaNbHblLil UHOEKC YPOGH MPAHCNOPMHOU 06ecneueHHOCMU Meppumopul pailonog
Bonvinu. B coomeemcmeuu co 3HaueHUAMU UHMESPATbHO2O UHOEKCd, OMPadcaioue2o KOMNIEKC paccMampusarowux xapaxkmepu-
CMUK MpPAaHCROPMHOL cemu, 8bl0€NIeHO NsiMb MUN08 PAUOHO8 NO YPOBHIO MPAHCNOPMHOU 06eCheyeHHOCmU ux meppumopuil. Yema-
HOBJIEHO, YMO BbICOKULL YPOBEHb MPAHCHOPMHOU 00eCneUeHHOCMU UMEIOM YEeHMPAibHble U T0JCHble PALOHbL 00IACIU C 8bl20OHbIM
MPAHCNOPMHO-2€02PAPUUECKUM NOTIONHCEHUEM U NPOMAICEHHOU CEemblo A8modopoe U dHceresHvlx 0opoe. Camvlll HUSKULL YPOBeHb
MPAHCNOPMHOU 0DECHeYeHHOCTI UMEIOM CeBepHble NONeCCKUe PAllOHbl Yepe3 1eCUCOCb, 3A00I04eHHOCMb U HeBbICOKULL YPOBEeHb
XO3ALUCMBEHHOU 0C80EHHOCIMU Meppumopuu. Bvisenenvt npobremvl pazgumus mpancnopmHoi uH@pacmpykmypul 8 pationax Bonvin-
CKOUl 00nIacmu U yKa3ano nepcnekmueHble nymu OnMuMUu3ayuy yposHs ux mpaHcnopmHot 06ecnedeHHoCmu.

Knrouesvie cnosa: asmooopoeu, sicenesmvie 00pocu, WIOMHOCIb RYMeEU COOOWEeHUs, UHMEeSPALbHbIL UHOEKC, MPAHCROPI,
mpancnopmuas 06ecneyeHHocms, MpaHCROPMHAsL Cenb, PALioH.

Formulation of the scientific problem. The
constant expansion of economic relations, the grow-
ing importance of international integration and eco-
nomic cooperation is one of the major trends of the
world economy. Contemporary development of
Ukraine, oriented towards integration into European

and world structures, determines priority directions
in foreign and national policy, envisages the creation
of conditions for free movement of goods, services,
capital, labor. The development of social and eco-
nomic processes, stipulated by the growth of trans-
national flows and the international transit of goods
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and passengers through the territory of the border
regions of Ukraine, increase the importance of
transport. Volyn region, the geographical location,
and the transport communications system of which
define it as a region with significant transit potential
and objectively intended to play the role of a com-
munication bridge in the transport and foreign eco-
nomic relations that are formed on the main axes of
European trade and traffic flows. Therefore, an im-
portant scientific issue is the social and geographical
study of the features of transport sufficiency of the
territory of Volyn region and its regions, since the
developed transport system forms the “mainframe”
of the region and determines the dynamism and ef-
fectiveness of its social and economic development.
Analysis of current research and publica-
tions. In modern scientific literature, transport is
often analyzed as a factor of productive forces de-
velopment. It creates spatial advantages in the func-
tioning of different territories and economic objects,
expressed in their transport and geographical posi-
tion. According to V. Buhromenko, the specifics of
the economic-geographical approach in its study is
in the peculiarities of the spatial transport function-
ing, since the territorial organization of manufactur-
ing is the result of partially or fully realized oppor-
tunities provided by transport, and the limits of spa-
tial interaction of production are limited by the pos-
sibilities of transport infrastructure [1, p. 7]. In for-
eign scientific literature, there is a discussion on the
strategic goals of transport. The discussion is
launched in 2008 in the scientific journal “Transport
Reviews” [2], where the systemic spatial indicator,
such as transport sufficiency of territories, settle-
ments, and various objects, is most often preferred.
The concept of transport sufficiency and transport
sufficiency of the territories was offered by V.
Buhromenko in his work on the reliability of the
territorial organization of society from the commu-
nication aspect [3]. This concept is based on the idea
of transport-infrastructure reliability of territories
and its measure - «integrated transport accessibil-
ity», which includes two types of reliability: tech-
nical and topological (configuration reliability of the
transport network). Theoretical issues of the territo-
rial organization of society and transport sufficiency
are outlined in the works of such foreign scientists
as V. Buhromenko [4], K. Geurs [5], T. Litman [6],
A. Marcusen [7], D. Metz [2], R. Servero [&], S.
Tarkhov & S. Shlikhter [9] and others. In particular,
the works of T. Litman [6], D. Mets [2], U. Hansen
[10] and other foreign scientists highlight the ques-
tion of the study of the obtaining transport services
potential from the position of transport sufficiency,
which depends on the level of security of the territo-
ries using communication. In developed countries,
transport networks are considered as an important

prerequisite for regional development, which deter-
mines the directions of the economic specialization,
and the complex development of regions, the for-
mation of territorial-industrial complexes. That is
why it was decided to assess the transport sufficien-
cy level, it is essential to analyze the level of
transport sufficiency of the territories by the
transport network, which determines the possibili-
ties of obtaining transport services.

Many Ukrainian scientists consider the issues
of transport infrastructure security as a key and basis
for the economic development of territories in the
context of Ukrainian integration into the European
and world community. Most of the modern publica-
tions are dedicated to studies of the territorial organ-
ization of the transport system in the territories of
different taxonomic levels of Ukraine, transport suf-
ficiency of settlements, features of transport infra-
structure functioning, etc. In particular, these issues
are covered in the writings of M. Hryhorovych, V.
Hrytsevych, E. Kachan, K. Kotsenko, N. Pashynska,
L. Tarangul, O. Topchiiev, O. Shablii and others.

The peculiarities of the transport system func-
tioning in Volyn region from the point of geograph-
ical science are considered in the publications of V.
Lazhnik [11], A. Maister [12; 13], L. Makovetska, S.
Puhach, and Ya. Sosnytska [14], L. Matviychuk
[15], O. Pikulyk [16] and others. The problems of
territorial differentiation of transport development
levels in the territory of Volyn region and its dis-
tricts are considered in the works of A. Maister. The
grouping of administrative districts by the integrated
index of transport development of the territory is
made [12]. L. Matviychuk analyzed the main priori-
ties of the transport system functioning in Volyn
region in the context of ensuring European integra-
tion processes [15]. O. Pikulyk considered the prob-
lems of transport infrastructure provision of social
and economic development of the regions of West-
ern Ukraine, including Volyn region [16]. At the
same time, the problems of complex assessment of
the transport sufficiency level, security, and permea-
bility of the territory of Volyn region are insuffi-
ciently considered in modern scientific works,
which led to the choice of the topic of our research.

Highlighting previously unsettled problem
constituent. Analysis of the scientific research on
transport sufficiency of administrative districts of
Volyn region shows insufficient attention to the
modern problems of territorial organization of its
transport system, which is constantly being im-
proved in different directions - technical, technolog-
ical and organizational and in the context of im-
provement, problems identification, and functioning
prospects.

In the current scientific literature, the transport
sufficiency level of administrative districts in Volyn
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region was carried out mainly based on the density
of transport networks per unit of land. Also, the spa-
tial differences in the levels of transport network
development of districts are not sufficiently covered,
because the modern parameters of their transport
networks have not been determined using various
security indices in the context of changes in the
transport and geographical position of the region
and in the conditions of our country's participation
in the construction and formation of international
transport corridors. That is why a comprehensive
study of the transport sufficiency levels of the ad-
ministrative districts in the border regions, as a re-
sult of the process of transport development of geo-
space, is a topical trend of modern regional econom-
ic and geographical research.

Formulating the purpose of the article. The
main purpose of the study is to carry out a compre-
hensive assessment of the spatial differentiation of
the transport sufficiency levels of the administrative
districts in Volyn region by land routes. There are
the following objectives of the study:

— to determine the transport sufficiency level of
administrative districts in the region using the basic
indicators of transport system development in the
region;

— to conduct grouping of administrative dis-
tricts in the region by the integrated transport suffi-
ciency index;

— to identify problems and prospects of the dis-
trict transport system functioning in the region.

Outline of the main research material. In the
socio-geographical studies of the transport systems
in the districts, it is important to analyze the indica-
tors characterizing the transport and infrastructure
security of the territory, where the main basic ele-
ment is the land routes network, which forms the
linear elements of the transport system in the region.

In social geography, transport networks are
considered as frameworks of territorial organization
of population settlement and economy of a country
or region. The types of territorial structures of eco-
nomic complexes are determined by the mutual lo-
cation of the main economic centers and transport
highways and their configuration [17, p. 522]. The
more sophisticated, diverse, and extensive the
transport network, the more efficient vehicles oper-
ate, the more favorable the transport position of any
site. The favorable transport and geographical posi-
tion contribute to the socio-economic development
and improves the conditions for the internal and ex-
ternal trade connections of the regions covered by
transport corridors.

The transport network is formed in the process
of economic development of a certain territory, an
integral part of which is the creation of a transport
communications network, which is embedded in the

understanding of “transport development of the ter-
ritory”. The latter is often regarded as a necessary
and paramount part of the overall economic devel-
opment of the territory, which involves the creation
of a large number of land structures, the arrange-
ment of natural waterways for navigation and the
subsequent exploitation of putting into operation
routes [12, p. 107; 18, p. 22]. Besides, the “transport
development of the territory” is interpreted as not
just the technical provision of the territory by
transport routes, but as the compliance of the
transport network with the economic needs of a par-
ticular territory, and is a consequence of economic
development, therefore reflects the main aspects of
socio-economic development of the country or re-
gion [13, p. 123].

At present, there is no single system of indica-
tors enabling a comprehensive assessment of the
transport sufficiency of territories of different taxo-
nomic levels. In the domestic literature, to assess the
degree of transport infrastructure development, the
transport development level of the territory and the
characteristics of the basic transport-geographical
relations, most often used block of traditional and
alternative indicators, which are built based on line-
ar and designed to assess the level of development
of transport sufficiency of territories taking into ac-
count the economic activity — E. Engel, Yu. Kato, G.
Goltz, Yu. Uspensky, L. Vasylevsky and others. [19;
20, etc.].

One of the simple quantitative indicators re-
flecting the features of transport development and
security level of a certain area of the transport net-
work is its density, which is expressed by the ratio
of the connection length to a unit area or a certain
number of inhabitants (calculated per 1000 km? or
1000 inhabitants of the territory). Both of these in-
dicators can be combined, and calculated according
to Engel's coefficient (Engel — Kato coefficient) [21,
p. 40]:

Ke = — (1)

where L — length of the transport network, km; S —
square of the studied land, km?;, P — number of in-
habitants, thousand people.

G. Goltz suggested to determine the transport
sufficiency of the territory by comparing the length
of interconnection routes with the square of the ter-
ritory and the number of settlements [22; 23]:

L
K9 =755 (2

where L — length of the transport network, km; N —
number of settlements; S — area of the study area,
km?. G. Goltz’s coefficient is a modification of En-
gel’s coefficient because it gives a more accurate
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picture of the level of transport development of the
territory, given that the same transport routes con-
nect settlements with different populations.

Yu. Uspensky introduced another indicator in
Engel's formula — the number of transported goods
(in tons) [21, p. 40]:

L
Ku = ﬁ’ (3)

where L — length of the transport network, km; S —
area of the study area, km?, P — number of inhabit-
ants, thousand people; 7T — the number of transported
goods, ths. t. This formula often estimates the
transport sufficiency of the countries or regions ter-
ritories.

L. Vasylevsky modified Yu. Uspensky's formu-
la by replacing the volume of goods transported in
tones by the total weight of the output [19]. Such an
indicator also does not characterize the degree of
security of the territory by transport, since it does
not reflect the features of either the network itself,
neither the production and consumption of the prod-
ucts produced nor the transport-geographical rela-
tions. When transporting goods and passengers,
some modes of transport may be replaced by others,
so one of them cannot be judged on the degree of
transport sufficiency of the territory of the region.
For the calculation of the transport network security
indicator, the indicators should be comparable. L.
Vasylevsky offered joint equivalents for different
types of transport, reduced to the capacity of rail-
ways: 1 km of railways — 1.0, paved roads — 0.15,
motorways — 0.45, natural soil roads — 0.01, oil
pipelines and waterways — 1,0, gas pipelines — 0,3
[24, p. 34].

The offered formulas, however, do not allow to
establish a true degree of the transport sufficiency of
the territory due to the non-equivalence of different
routes in the absence of a comparable indicator, not
taking into account the quality of roads and passen-
gers, the peculiarities of the location of productive
forces and their transport and economic connections,
etc. Therefore, the main criterion for assessing the
transport sufficiency of the territory is the corre-
spondence of the directions of transport and eco-
nomic connections and their capacity of the configu-
ration of the transport network taking into transport
permeability, and connectivity of the territory, ac-
cessibility of economic centers to the transport net-
work. Regions, where transport and economic rela-
tions do not meet this criterion, are considered to be
unsecured or insufficiently secured transport routes
[21, p. 42].

The indicator of the total length of routes in the
studied area gives only a general idea of the level of
its transport sufficiency. Table 1 presents data in the
section of administrative districts in Volyn region on
the length and density of roads and railways, as the

main components of the transport system in the re-
gion. The analysis of indicators traces a certain de-
pendence of the length of transport routes on the
area and configuration of districts territories and the
number of settlements in them.

The calculation of the density of the communi-
cation routes, taking into account the areas and pop-
ulation of the territories, does not quite correctly
reflect the level of security of the territories by the
communication routes. Therefore, it is advisable to
make calculations based on other methodological
approaches, in particular, by the coefficients of E.
Engel, G. Goltz, and Yu. Uspensky (see formulas 1—
3), with the reduction of all paths of conjugation to a
comparable value and the methodological approach
proposed by L. Vasylevsky [24, p. 34]. We calculat-
ed the total length of land routes for Volyn region
(Table 2) according to the method of L. Vasylevsky.
The length of the communication paths is used, giv-
en in Table 1.

Calculations of the total length of all land

routes, bringing them to the capacity of the railways
more accurately reflect the degree of provision of
the territory of the districts with transport infrastruc-
ture and make it possible to compare them with each
other. Thus, Kovel district has the largest length of
roads, occupying a central transport and geograph-
ical position in the region. Manevychi, Horokhiv,
Kivertsi, Lutsk and Volodymyr-Volynskyi districts
are relatively well provided with transport routes, as
there are international and national highways and
railways through their territories. Shatsk, Lokachi
and Liubeshiv districts are insufficiently provided
with a transport network since they have a small
length of highways and no railways (Table 2).
The calculations of the roads density and the values
of E. Engel, G. Goltz and Yu. Uspensky coefficients
on the reduced length of transport communications
to the capacity of railways, although they do not
reflect the sufficiency or optimality of the transport
network, are still important comparative indicators
of transport sufficiency of districts in Volyn region.
In essence, the transport sufficiency level of the ter-
ritory is an integrated (synthetic) indicator, the quan-
titative value of which is a procedure for reducing
various sizes and scales of partial indicators to a
single value by the procedure of rationing (standard-
ization) of selected indicators, which ensures their
comparability. The normalization of the initial indi-
cators was carried out according to the agglomera-
tive-hierarchical procedure of standardization,
which is often used in the classification of various
geographical objects [25]. The standardization pro-
cedure for indicators was perfor- med according to
the following formula:

X -Xmin 12123,
Xmax - Xmin’ j:1,2,3,__.,m,

X_ij _ Xij - Xmin (4)
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Table 1
The length and density of communication routes in administrative districts
of Volyn region on 01.01.2018 *
Length Density | Density of | Density | Density of
o o Length of Frail- of high- | highways, of rail- railways,
Administrative districts | highways of all ot ral ways, km on ways, km km on
catego-ries, km WZYS’ kmon | 1000 inha- on 1000 inhab-
" 1000 xm’ bitants 1000 km’ itants
Volodymyr-Volynskyi 397,7 53 376,6 6,27 50,2 0,84
Horokhiv 489,0 52 435,6 9,61 46,3 1,02
Ivanychi 2842 20 4283 3,24 30,2 0,23
Kamin-Kashyrskyi 352,8 26 201,9 5,48 14,9 04
Kivertsi 449,0 40 317,5 7,09 28,3 0,63
Kovel 5174 176 2923 4,75 99,4 1,62
Lokachi 3144 - 441,6 14,30 0 0
Lutsk 441,1 39 249.9 1,58 38,4 0,14
Liubeshiv 330,7 - 228,1 9,23 0 0
Liuboml 384,6 32 259,7 9,90 21,6 0,82
Manevychi 479,8 49 211,8 8,87 21,6 0,91
Ratne 454,9 18 316,6 8,73 12,5 0,35
Rozhyshche 341,2 28 367,7 8,79 30,2 0,72
Stara Vyzhivka 363,8 31 324,5 12,10 27,7 1,03
Turiisk 377,3 29 313,1 14,50 24,1 1,11
Shatsk 2174 - 286,4 13,00 0 0
Volyn region 6195,3 593 307,6 6,00 29,4 0,57
* Calculated by the authors according to the Roads Service in Volyn region and Lviv Railway.
Table 2

The duration and less efficiency of the roads connecting the districts
of Volyn region are given *

The total length of .
transport routes, Engel’s coef- | Goltz’s U’sp en- Integral in-
Administrative district | reduced to the ca- ficient coeffi- sky s coef- dex of
. . ’ ) ficient, transport suf-
pacity olf; nrqallways, Ke cient, Kg Kul ficiency, Its

Volodymyr-Volynskyi 141,5 0,55 0,49 0,31 0,577
Horokhiv 157,6 0,66 0,49 0,51 0,707
Ivanychi 85,1 0,35 0,42 0,28 0,377
Kamin-Kashyrskyi 109,6 0,33 0,33 0,37 0,218
Kivertsi 148,6 0,50 0,46 0,28 0,437
Kovel 296,6 0,68 0,73 0,56 0,877
Lokachi 67,5 0,54 0,34 0,46 0,475
Lutsk 1454 0,27 0,49 0,12 0,340
Liubeshiv 92,5 0,41 0,35 0,68 0,294
Liuboml 118,7 0,49 0,37 0,68 0,486
Manevychi 167,7 0,48 0,42 0,43 0,412
Ratne 120,9 0,44 0,38 0,54 0,400
Rozhyshche 109,3 0,58 0,43 0,68 0,600
Stara Vyzhivka 117,3 0,64 0,51 0,83 0,702
Turiisk 127,5 0,72 0,42 0,54 0,662
Shatsk 34,0 0,30 0,22 0,58 0,278
Volyn region 2061,0 0,45 0,44 0,32 0,405

* Calculated by the authors.
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where Xij — normalized value of the indicator; Xij —
partial indicators of transport sufficiency of the dis-
tricts; Xmin — the worst values for each indicator of
all taken for calculations; Xmax — the largest values
of indicators; n — the number of studied territorial
units; m — the number of indicators taken for calcu-
lations. Obtaining an integral characteristic is per-
formed on the basis of a vector of dimension D (m).
It shows the degree of remoteness (proximity) of all

administrative units from the conditional one, which
has the worst evaluation indicators, in our case —
from the conditional “worst provided” area. For cal-
culations, the values of 7 partial indicators such as
the density of roads and railways per 1000 km? of
territory and 1000 inhabitants, the values of the co-
efficients of E. Engel, G. Goltz and Yu. Uspensky
were taken.

Based on summing up partial indexes of trans-
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[ ]o0218-0,300
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Fig. 1. Integral index of transport sufficiency of districts of Volyn region

port sufficiency and determination of their weighted
average value, a synthesized parameter Its was ob-
tained. It can be estimated as an integral index of the
level of transport sufficiency of the territory of a

separate district in Volyn region (Fig. 1). The value
of the integrated transport sufficiency index of the
Its areas ranges from 0.22 to 0.88 (Table 2) and is
dimensionless, which expresses the cumulative ef-
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fect of taking into account partial indicators of
transport sufficiency.

According to the values of the integral indicator
Its, which reflects the set of considered characteris-
tics of the transport network of Volyn region, we can
distinguish five types of administrative districts ac-
cording to the level of transport sufficiency of their
territories. Thus, Kovel, Horokhiv and Stara
Vyzhivka districts have the highest level of transport
sufficiency, which is characterized by a favorable
transport and geographical position and a long net-
work of roads and railways. Turiisk, Rozhyshche
and Volodymyr-Volynskyi districts have above-
average levels of transport sufficiency. Areas with
average levels of transport sufficiency include
Liuboml, Lokachi, Kivertsi and Manevychi districts.
Ratne, Ivanychi and Lutsk districts have an insuffi-
cient level of transport sufficiency. The poorly pro-
vided with transport network districts are Liubeshiv,
Shatsk and Kamin-Kashyrskyi (Fig. 1).

The territory of Volyn region is heterogeneous
in terms of economic development, formed settle-
ment, transport network, and natural conditions. Ac-
cordingly, the level of transport infrastructure in dif-
ferent parts of the region is diverse. The central and
southern districts have the best transport sufficiency
of the territory, while the northern districts are insuf-
ficiently provided with transport infrastructure due
to forest cover, swamps, and low level of economic
development.

The main problems of the transport system de-
velopment in Volyn region are: 1) poor condition of
the transport infrastructure, compared to the neigh-
boring countries and regions of Ukraine, which re-
duces the volume of transit cargo and passenger traf-
fic; 2) considerable deterioration of the rolling stock
of transport, which leads to a decrease in its speed
and quality of rendering of transport services; 3) low
share of the first category roads in the network of all
public roads (less than 1%); 4) extremely unsatisfac-
tory condition and insufficient roads in the Polissia
districts of the region; 5) a sharp decrease in the
share of the railway network in freight and passen-
ger traffic; 6) unsatisfactory capacity of checkpoints
on the state border with Poland and Belarus and the
need to modernize them in order to speed up the
procedure of customs and border control; 7) under-
funding of the road sector and untimely repair
works, both on public roads and communal roads,
which leads to the destruction of their coverage, etc.

The inconsistency of the operational character-
istics of public roads with modern requirements for
equality and rigidity, the inconsistency of their de-
velopment with the pace of motorization in the re-
gion remains an essential problem. It has a drastic
effect on the reduction of the main highways capaci-
ty, transport connectivity, and accessibility of espe-

cially peripheral territories and settlements. Current-
ly, the worst situation is on the highways M-19
“Domanove—Kovel-Chernivtsi-Terebleche”, R-15
“Kovel-Volodymyr-Volynskyi—Zhovkva”, “Mayun-
ychi-Velyka Osnytsia—Kolky—Rozhysche—Torchyn—
Shklin”, “Lviv—Radekhiv—Lutsk”, M-07 “Kyiv—
Kovel-Yagodyn”. There are areas affected by in-
flows, ruts, unevenness, and sagging of the roadway.
Therefore, there is an urgent need to repair the road
surface, especially on highways of territorial and
local importance. In rural areas, the level of
transport and road infrastructure development is of
insufficient quality, especially in Polissia districts of
the region, where some villages do not have a stable
bus service.

Border infrastructure at international check-
points on the borders with Poland (Yagodyn—
Dorogusk and Ustyluh—Zosin) and with Belarus
(Domanove—Mokrany and Dolsk—Mokhro) also
needs to be developed. There is a need to build new
checkpoints on the border with Poland near Novo-
volynsk and Shatsk. All this would significantly im-
prove the level of transport sufficiency of Ivanychi
and Shatsk districts as border districts and the region
in general.

The transport system of Volyn region due to in-
sufficient development requires a separate compre-
hensive and systematic approach to its improvement
and reform, optimization of its functioning, and in-
crease the level of transport sufficiency of districts
and settlements of the region. A promising direction
in the context of optimizing the functioning of the
transport system of the region is the implementation
of an investment project for the reconstruction of
highways M07 “Yagodyn—-Kovel-Kyiv’ and M19
“Domanove—Kovel-Chernivtsi-Mamalyga”, which
are included in the system of European ITCs, which
will increase the transit potential of the region and
the capacity of roads in the future.

An important priority in the context of optimiz-
ing the functioning of the transport system of the
region is the introduction of high-speed rail and
electrification of heavy railway lines. There is a
need to create a transport and logistics center in
Kovel, which is the largest transport hub in the re-
gion, to increase the logistics efficiency of the
transport system and the transit potential of Volyn
[26, p. 8]. Among other promising priorities for the
transport system development and improving the
transport sufficiency of the region there are the fol-
lowing:

— ensuring a high level of transport sufficiency
of districts and settlements and the quality of
transport services for the population of the region by
increasing and improving the network of roads and
the structure of the fleet;

— improving the operational condition of roads
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and creating modern highways of regional and local
importance through the reconstruction and moderni-
zation of old roads, as well as increasing the number
of paved roads, especially in the northern districts of
the region;

— integration into the European and world
transport system in the context of the development
of international transport corridors based on the
opening of new checkpoints on the Ukrainian-Polish
border Adamchuky—Zberezhe near Shatsk and Kre-
chiv—Kryliv near Novovolynsk;

— development of plans for capital and current
repairs of roads of local significance depending on
the degree of wear of their transport and operational
properties, etc.

To solve these problems, it is necessary to de-
velop a clear list of specific programs at the state
and regional levels, to attract European investment
for their implementation. Therefore, to achieve suc-
cess, it is necessary to make a lot of efforts aimed at
improving all components of the transport potential
of the region to improve the transport sufficiency of
the districts of the region.

Conclusions. The conducted analysis of the
transport sufficiency level of the administrative dis-
tricts in Volyn region shows that the central and

southern districts of the region have the best
transport sufficiency, while Polissia districts are not
sufficiently provided with transport infrastructure
due to forest, swamps and low level of economic
development of the territory. The calculated integral
index of the level of transport sufficiency, taking
into account several partial indicators, made it pos-
sible to group districts of the region by the level of
transport sufficiency and to distinguish five types of
them: high level (3 districts), above-average level (3
districts), medium level (4 districts), with insuffi-
cient level (3 districts) and the lowest level (3 dis-
tricts). The presence of certain problems and dis-
parities in the transport system functioning in the
region, especially Polissia districts, hinders the
growth of the transit value of the region and increase
the level of its socio-economic development. Volyn
region, having a fairly extensive transport network,
can in the future optimize the level of transport suf-
ficiency of districts based on efficient use of transit
potential with the integration of the transport com-
plex into the European transport and communication
system. Prospects for further research are to assess
the degree of transport permeability and connectivi-
ty of Volyn region.
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TRANSPORT SUFFICIENCY OF ADMINISTRATIVE DISTRICTS OF VOLYN REGION

The purpose of the study. The purpose of the study is to analyze the level of transport sufficiency of
administrative districts in Volyn region mainly landlocked routes using different quantitative parameters and
indicators.

Research methods. The following methods were applied in our research: statistical, comparative, car-
tographic, method of classification, and system analysis.

Academic novelty. The academic novelty of the study is a comprehensive approach to assessing the
transport sufficiency level of administrative districts in Volyn region using the integrated transport sufficien-
cy index, which takes into account simultaneously the density of transport networks per unit of territory and
population and security indices calculated by E. Engel, G. Goltz, Yu. Uspensky.

Practical significance. The practical significance of the research results is determined by their further
use for optimization and modernization of transport infrastructure in Volyn region.

Research results. The analysis of the transport sufficiency of administrative districts in Volyn region
using different quantitative parameters and indicators showed that there is a clear dependence of the land
routes length on the area and the configuration of the district's territory and the number of settlements. We
calculated the density of roads and railways in the administrative districts of the region per 1000 square kil-
ometers and 1000 inhabitants, as well as indexes of transport sufficiency of E. Engel, G. Goltz, and Yu.
Uspensky. The above-mentioned data showed ambiguity in determining the levels of transport sufficiency of
districts in the region. For more informative expression of this indicator of transport system functioning in
districts, the weighted average value was determined using the agglomerative-hierarchical procedure of nor-
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malization of these 7 output parameters. We obtained the synthesized parameter, which can be estimated as
an integral index of the transport sufficiency level in Volyn districts. The integral index reflects the cumula-
tive effect of taking into account partial indicators of transport sufficiency and shows the presence of signifi-
cant spatial differentiation in the transport sufficiency level of the region. According to the values of the inte-
gral index of the transport sufficiency level, five types of districts are distinguished by the level of transport
sufficiency of their territories. It is established that the highest level of transport sufficiency has the central
and southern districts of the region with favorable transport and geographical position and a long network of
roads and railways. The northern districts of the region have the lowest level of transport sufficiency due to
the forest, swamps, and low level of economic development. The problems of development of transport in-
frastructure in Volyn region are revealed and the perspective ways of optimizing the level of their transport
sufficiency are indicated.

Keywords: motorways, railways, traffic density, integral index of transport sufficiency, transport suffi-
ciency, transport networks, district.
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RECOGNITION OF INDICATIVE LANDSCAPE OBJECTS WITHIN PROTECTED AREAS

A. I0. Osuapenxo. BUABJIEHHA IHTHKATHBHHUX JIAHJJIIIA®THHUX OB’EKTIB B MEJKAX IIPHPO/]OOXOPOH-
HHX TEPHTOPIH. Po6oma npucesuena idenmugixayii nanowagmuux o6 ’ekmig (PoCiunHi yepynosanns ma 600Hi 06 ’ekmu), AKi
BMIHIOIOMbC BNPOO0BIC HACY | BNAUBAIOMb HA CIMPYKIMYPY NAHOWApmHUX Komniekcis. Tepumopis 00CHiodceHHs 3HAXOOUMbCs 8
MeAHCAX NPUPOOOOXOPOHHOT 30HU, MOMY BANCTUSUM ACNEKMOM BUSBTICHHS THOUKAMOpPIe 3MiHu 1anowagmis pieus ¢ayii € oucman-
yilini Mmemoou oocniodxcentsn. CmeopenHsa obpazy 1aHOmagdpmuoi Mo3aixu 3a 00nomo2or KocmiyHux 3nivmkie Sentinel-2, Planet Scope,
Landsat 8 0o36onae yxknacmu xapmy-cinomesy, cghopmysamu 6a3y 0aHux ma npoananizysamu oopas, aKuii CmeopeHull OUCMaHyiiHo.
Aemopom 6y10 ymouHeHo MemoouKy YKAAOAHHA JaHOWADMHOL Kapmu ma 8Us61eHHs IHOUKAMUBHUX 00 €KMi8 i Npo8edeHo eKcnepu-
MeHMAaNbHI pobomu w000 8u6OPY OaHUX KOCMIYHUX 3HIMKI6 ma iHcmpymeHmapito 0opodxu. O6pobka OaHux KOCMIYHUX 3HIMKI6 0ac
MOJACTUBICIb AHANIZY8ATNU 8ANCKOOOCTYNHI MEPUMOPIi, HANPUKIAO Mi, WO 3HAX00AMbCSL 6 30HI NIOBUYEHOT OXOPOHU YU PAUOHU 8
Mmicmax 6onim, eycmux nicie, 2ip i m. 0. Y npoyeci yknaoanHs MemoouuHux acnekmie 6yno SUKOPUCMAHO | anpobO08aHO OeKilbKa
Memoois KAacupikayii KOCMIYHUX 3HIMKIB: GUKOPUCMOBYBAIU A6MOMAMUYHY I pYUHY 00poOKy. 3okpema, Kpawi pesyivmamu ompu-
MAHI MemoooM KOHMPOAbO8aHOI Kaacu@ixayii. Bubip KocMiuHUX 3HIMKIG | 11020 NPOCMOPOBO20 POWUPEHHS 3ANeNCUmb 810 3a0ad,
nocmasnenux neped 00CIIOHUKOM, NAOWI Mepumopii, xapaxmepy pisHOMAHIMHOCMI 00 '€KMi6 ma HAABHICMb MOXCIUBOCTEl NOKYNKU
Yy BIOKPUMO20 SUKOPUCMAHHA Oanux. Bubip inouxamopié 3HauHo 3anexcumsv 6i0 mexHiyHoi 06poOKU OAHUX, i3VAIbHO20 MA Npo-
2PAMHO20 AHANIZY OKpeMoi mepumopii. {1 npupo0ooXopoHHUX MePUmopii 8axcaueo 8paxosyeamu cneyugixy micyesocmi ma xapa-
Kmep 3MIHHOCI 00pa3y Aanowagmis nio 6NIUBOM NPUPOOHUX MA AHMPONOSEHHUX (aKmMopie (max AK NpupoOoOXOPOHHI mepumopii
3A3HAIOMb 6NIUE 610 20CNO0APCHKOL OILNLHOCMI TIOOUHU I CIBOPEHHI SIK NPUPOOHI Pe3epeamu eKoCucmem ma ix OKpemux KOMNOHeH-
mig). Busignenns iHOUKamopie 00380JI€ NPOAHANIZY8AMU, CHPOSHO3Y8AMU CUMYAYTIO0 68 MENCAX NPUPOO0OXOPOHHOI Micyesocmi ma
sorcUmu 3ax00i8 071 30epedcenHs 1anouagdmis.

Knwuosi crosa: oami KoCMiuHUX 3HIMKIG, POCIUHHI YePYNOBAHHS, TAHOWADM, IHOUKAMUSHT 1aHOWAadmui 06 €kmu, HayioHa-
JIbHUTL NPUPOOHULL NAPK.

A. 10. Osuapenxo. BBIIBJIEHUE HH/IUKATUBHOI' O JIAHAIIA®THBIX OFBbEKTOB B IIPE/IEJIAX IIPHPO/]O-
OXPAHHBIX TEPPHTOPHH. Paboma nocesuyena udenmupurayui 1anomapmuolx o6bekmos (pacmumenshie coobujecmed u
800HbIEe 0OBEKMYL), KOMOPbIE USMEHAIOMCA 8 MeYeHue 8peMeHU U GIUAIOM HA CIMPYKMYpPY JaHOWAdmMHbIX KoMRIeKkcos. Teppumopus
UCCIe008ANUST HAXOOUMCSL 8 NPEOeNax NPUPOOOOXPAHHOU 30Hbl, NOIMOMY BANCHLIM ACNEKMOM BbIAGIEHUS UHOUKAMOPOS8 USMEHEHUs.
AAHOWAGmMOs yposHs payuii s61s1emcst OUCHAHYUOHHbIe Memoobl ucciedosanus. Coz0anue o6pasza NaHOWAdmMHOU MO3AUKY C NO-
Mouvio Kocmuueckux cHumxoe Sentinel-2, Planet Scope, Landsat-8 noszeonsiem cocmasums kapmy-eunomesy, cgopmuposams 6a3y
OGHHBIX U NPOAHATUZUPOBAMb 06PA3, CO30AHHBIL OUCMAHYUOHHO. ABMOpOM bblia CHOPMUPOBAHA MEMOOUKA COCMABNEHUs. TIAHOUA-
@muotl kapmul, 8biA6IEHUA UHOUKAMUBHBIX 0OBLEKMOB U NPOBEOeHbl IKCHEPUMEHMATbHbIE PAOOMbL C NOMOWBIO 86100PA KOHKPENHBIX
OAHHBIX KOCMUYECKUX CHUMKO8 U UHCmpymeHmapus oopabomku. OOpabomka OAHHbIX KOCMUYECKUX CHUMKO8 Oaen 803MONCHOCTb
AHATUZUPOBAMb PYOHOOOCHIYNHbIE MEPPUMOPUL, HANPUMED Me, YMO HAXO0AMCs 8 30He NOBbIUEHHOU OXPAHBL UTU PALIOHbL 8 20PO-
dax bonom, gycmwix necos, 20p u m. 0. B npoyecce cocmagnenuss Memoouyeckux acnekmos Ovliu UCHONb308aHbL U anpoOUPOBaHvL
HECKONbKO Memo008 KAACCUPUKAYUU KOCMUHECKUX CHUMKOG: UCNONb306AIU AGMOMAMUYECKYIO U pyunyio obpabomky. B uacmnocmu,
Jyduiie pe3yibmanmsl NOLyYeHbl MenoOOM KOHMPOIUPYemou Kaaccugurayuu. Beibop kocmuneckux cHUMKO8 u €20 npocmpancmeen-
HO20 pacwiupenus 3asucum om 3a0ay, NOCMAGIeHHbIX neped UCCIe008ameneM, Niowaou meppumopul, Xapakmepa pasHoobpasus
00beKmMos U HaAudUe 803MONCHOCMEN NOKYNKU U OMKPbINO20 UCHONb306aAHUS OAHHLIX. BblOOp UHOUKAMOPO8 3HAYUMENbHO 336U-
cum om mexnu4eckoi 0opabomxu OaHHbIX, BU3YATLHO2O U NPOSPAMMHO20 AHANU3A OMOENbHOU meppumopuu. /s npupo0ooXpaHHbIx
MEPPUMOPUU 8AXHCHO YUUMBLEANb CHeYUDUKY MECTHOCIU U XAPAKMep USMEHYUBOCTU 00paA3a NaHOWAdmMOos Noo 6IUAHUEM NPUPOO-
HBIX U AHMPONO2EHHBIX (haKMopos (Max Kax Ha NPUpPOO0OXPaHHble MEPPUMOPUL BIUAET XO3AUCMBEHHAS 0eAMeNbHOCIb Yel08eKd U
OHU CO30aHbl KAK NPUPOOHBIE Pe3epeamvl IKOCUCHIEM U UX OMOETbHbIX KOMNOHEHMO8). Bviasnienue uHOUKAmMopos no3eoisem npo-
AHATUZUPOBAMYb, CHPOSHOZUPOBAMb CUMYAYUIO 8 NPE0eNax NPUPOOOOXPAHHOU MEPPUMOPUN U NPUHAD Mepbl OlIsL COXPAHEHUs. TAHO-
wagpmos.

Knrouesvie cnosa: oannvie KoCMU4eckux CHUMKO8, pacmumeibhvle coobujecmsa, 1aHouagm, uHouKkamugHvle 1anouagpmusie
00beKmbl, HAYUOHATILHBLIL NPUPOOHBIIL NAPK.

Formulation of the problem. The article pre-
sents the results of a study of indicative landscape
objects of nature protection territories using the ex-
ample of Slobozhanskiy National Nature Park in the
Kharkiv region, the Ukraine. The authors propose
the creation of an image of an object and its visuali-
zation using the means of geographic information
systems. The choice of various types of satellite im-
ages to obtain relevant information at the time of the
study, depending on the specific tasks, is justified.
The selection of indicative objects and their charac-
teristics is analyzed. It was experimentally deter-

mined that indicative objects, information about
which can be regularly obtained from satellite imag-
es, include plant communities and the contours of
water bodies that form landscapes (facies level).

The best way to obtain reliable information
from satellite images was determined by the meth-
ods of controlled classification (creating a layer of
reference sections), namely “Minimum Distance”.
For reliability and a more accurate definition of the
contours, it is necessary to first divide the studied
territory into parts with relatively uniform terrain
characteristics. Experimentally, the authors selected
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the optimal number of classes for each study area,
taking into account the task (generalization or a
more detailed description of the surface).

Literature Review. M. D. Grodzynsky created
a new vision of the landscape as a separate natural
unit (2018) [8]. Researchers from Estonia (Villosla-
da M., Bunce R., Sepp K., Burdun J. et al.) had
modelled construction and validation of the Envi-
ronmental Stratification of Estonia using framework
for habitat monitoring and climate change (2017)
[19]. Monitoring ecological consequences of efforts
to restore landscape-scale connectivity was held by
Watson D., Doeer V., Banks S. et al (2017) [2, 20].
H. Alfan was analyzing landscape changes as an
indicator for environmental monitoring (2017) [1].
Monitoring and modelling landscape dynamics were
showed in works of Houet T., Verburg P., Loveland
T. (2010) [11]. Development of the method for mon-
itoring the condition of forests based on the use of
multispectral space survey data had researched by
Bogdanov A. P., Aleshko P. A. (2016) [9, 5, 13, 14].
Determination of forestness and quantitative charac-
teristics of forests on space images of Sentinel-2 (on
the example of Shebekinsky municipal district of
Belgorod region) was learned by Perepechena Yu. 1.,
Glushenkov O. 1., Korsikov R. S. (2017) [16]. Veri-
fication using long-term data in an arid grassland
ecosystem, Indicators and reference values for Swiss
llandscapes were obtained by the researchers while
using remote sensing data (Sentinel-2, PlanetScope,
MODIS, MOCUPP) [3]. Some reports informed of
biodiversity monitoring while using the description
of all nature and social landscape components. For

( Belarus

example, Terrestrial Monitoring Program. Each of
these works consists of some information about in-
dicative object as specific tasks of specific objects
were showed in landscape [6, 10].

Selection of previously unsolved parts of the
overall problem. Protected areas need timely iden-
tification of changes and their assessment. Using
open satellite imagery data allows obtaining infor-
mation on the state of natural objects of the study
area relatively quickly. In addition, the processing of
this kind of data helps to form the basis for analysis
and forecasting changes to improve the state of ob-
jects of interest. The possibility of processing Earth
remote sensing data helps to obtain information
about the status of identical objects in hard-to-reach
places and where access to human activity is prohib-
ited (swamp areas, inland desert areas, mountainous
areas, etc. reserves and national parks). Depending
on the spectral features of space images and resolu-
tion, it can investigatively analyze objects of differ-
ent shapes, sizes, and surface roughness [17]. Exper-
imental studies have shown the possibility of obtain-
ing characteristics of indicator objects of environ-
mental change using different types of satellite im-
ages and processing methods in different infor-
mation programs.

Formulation of the purpose of the article.
The main goal is to select landscape objects to iden-
tify and predict changes, definitions of methods and
tools for monitoring studies.

Materials & Methods.

Study area. This study focused on an area of the
National Nature Park (NNP) “Slobozhanskiy” (Fig. 1),

=
| & o
Black Sea i &B iy
Sevastopol r> NS

Fig. 1. Location of the study area (Sentinel-2)
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Krasnokutsk district, Kharkiv region in Ukraine.

This park is situated within forest-steppe zone,
but it has some objects as objects of mixed forest
zone. NNP “Slobozhanskiy” is a new park. It was
created in 2009. The national nature park is re-
searched little. The greatest value of the park is the
presence of ancient lakes and swamps. The area is
situated within the valley of Merla river. It has some
parts that have different geophysical characteristics
4, 7].

Most of the territory is located on the surface of
the first over-flooded terrace. Relief is mixing of
raising and lowering land.

Description of the Data

Using differently remote sensing data gives dif-
ferent contours. That is why the authors experimen-
tally select types of data for tasks. It depends on
square of research area and details of tasks [15].

Landsat 8 has 9 multispectral bands with reso-
lution 30 m and 15 m - Panchromatic.

Sentinel 2 as Landsat 8 are open data. That is
why they are used by researchers. Remote sensing
data of this type consists band set with resolution —
10 m, 20 m, 30 m, 60 m.

Selection of indicative objects

For different type of remote sensing data char-
acteristically some indicative object for draws (au-
tomatically) contours. But we took changing plant
communities as indicator changing of landscape.
And changing contour of waterbodies are indicators
of changing plant communities [14].

Selection of methods and instruments of
programs

Based on spectral characteristics bands of dif-
ferent remote sensing data can be used methods of
creating index NDVI (The Normalized Difference
Vegetation Index and NDWI (The Normalized Dif-
ference Water Index) for selection plant communi-
ties and waterbodies. But we used information about
some characteristics from reconnaissance of territo-
ry, information from park chronicle (Fig. 2).

Maps, statistics information from chronicle of
reserved objects, reconnaissance gives primary data
for creating landscape on some moment time. GIS-
systems (Geoinformational geography system) like
ArcGis and QGis with moduls of SAGA are used
for vectorization data, creating database of “land-
scape imagery”.

For data of landscape’s components we vector-
ized from topography map (relief), soil map (soil),

Legend

route 23.06.19
route 20.06.19

route 19.06.19

Reconnaissance territory of the national nature park
"Slobozhanskiy"

Scale 1: 10 000

Fig. 2. Thematic imagery of reconnaissance (created with students)
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geomorphology (geology) (Fig. 3). communities, open areas with sand, waterbodies.
Classification as method of identify indica- We used different methods of classification. Image

tive objects classification refers to the task of extracting infor-
In the process of our research we were identify-  mation classes from a multiband raster image.

ing «differently surface». There are counters of plant The resulting raster from image classification

Relief within the trritory of
nnp Slobozhanskiy

Scale 1: 10 000
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e
( Quaternary deposits within the
territory of nnp "Slobozhanskiy"

Scale 1:10 000
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settlement {
Gydrology

N~ river

Type of soils
dark gray podzolized and
clay soils
podzolic reclaimed loamy and clay
soils on forest species
sod-gleyed cohesive-sandy soils on

sand
sod-podzolized cohesive-caved and

sand-loamy soils on the sand

Soils within the territory of
nnp "Slobozhanskiy"

Scale 1:10 000

sod-podzolized cohesive-caved and sand-loamy soils on the sand

il BN Bt

swamp and ray-swamp gleyed loamy soils on aluvial deposits

c
Fig. 3. Thematic maps: a — forms of relief, b — geomorphology, ¢ — soil

can be used to create thematic maps.

Based on experiments we chosen supervised
classification (Fig. 4). Because researcher identifies
contours according to their ideas and specific
knowledge after reconnaissance of the territory. Nil
Armstrong said that machines are getting better, but,
fortunately, there is still room for us, homo sapiens,
and some reason to continue to exist. These words
can be about semi-automatically classification. We
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selected methods experimentally. An important fea-
ture of the classification is the representation of the
landscape after reconnaissance and the ability to
classify objects visually for more accurate machin-
ing.

Working with SAGA

Saga was used for Landsat 8 data. Thematic
imagery had resolution - 30 m, after process with
panchromatic band was 15 m [18].
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We can use spectral interval for identification,
but whole picture of landscape we don't have (table 1).
“Landscape’s name” consists geology and geo-

morphology, soils, plant communities. But our re-
searching of Landsat 8 was directed to the allocation
of vegetation contours (Fig. 5).

‘ Classification

e \

Supervised
(semi- Unsupervised
automatically)
v .

- Minimum Distance Determining the

- Spectral Angle number of classes

- Maximum Likelihood

Fig. 4. Standard types of classification

Table 1
o . . . . . N, . .
. Ne Spectral intervals (mkm) Objects, that are indicated Objects, that aren't indicated
diapasons
1 0,45-0,515 Ever greens Swamps and waterbodies
2 0,525-0,605 Active vegetation plants Cutting forest and water surface
3 0,63-0,69 Different types of plants, felling | Water surface
4 0,75-0,9 Open waterbodies or swamps Hardwood
{"‘r\ -0 x
“Fle Geoprocesng Map Window ! -
SQEAG0I% T i HH R TNk Dk [=/
ﬁ‘”-‘m‘ ‘o l“«"n‘[Eﬁ il. " 1 FE Componts cl@
pamoc: w’s MR e 1 MmN LA LA g Max o Lo
8 g8 2
; 1k ;
b Ll R 3
§ §l5 §
1 HE !
§ i S
; i} s
. 7| # e
1|3 3
i i3 i
3 i3 3
i i1t i
| i |
b » > :
i il i
Bosior M0 MUM0  Mee) | MGMUS0  M0000 MMM MMAN  MOON  MOX Mex P M0N0 GONMC N0 MeA  ASROD|  MMOBI0 MK M0 MW MIOX Mex el
ready 71, Campente MSNTIEINED  VISTIAMIAL 7061 GMTEL..

Fig. 5. Composition imagery of Landsat 8 (combination band set 5,4,3 — nature colours)
with resolution 15 m (after panhrome processing)

Every identify areas was selected by researches
according to landscape considerations. There are

different methods of classification. We compared
“Parallelepiped” and “Spectral Angle Mapping”.
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Working with program QGis

OGis is open program and has plugin semi-
automatic classification for working with open re-
mote sensing data (resolution 10, 20, 30, 60 m) —
Sentinel-2. Algorithm of creating thematic imagery
using Sentinel-2 data presented in the figure 6.

Working with program ArcGis

For classification imagery we need to create
vision.

In ArcGis we used two types of remote sensing
data. There are Sentinel-2 and Planet Scope that
have high resolution — 3 m (Planet Scope) and 10 m
(Sentinel-2) (Fig. 7).

For working with Planet Scope we used unsu-

N
E—_ i j o :‘;.!”4 use CIMCD HCcD 2
= : - [ Agorithm
:;’ﬁ r o : =) Minimum Dance ;
'"= 's » ‘J $ ::v—- Theeshold : o..crm': - L_

N\ | . _/
Create Create Chosen
Band Set training algorithm
Set
g / \_ J ,/mE

Fig. 6. Creating thematic imagery in QGis

pervised and supervised methods of classification.

Working with Sentinel-2 data in ArcGis need
preprocessing in QGis (creating band-set).

For comparison, based on experiments, differ-
ent remote sensing data gives more or less detail
information about surface of interest. When we need
more detail information's we can use Planet Scope
and as result we get mosaic structure of plant com-
munities and other objects contours. That is why we
create thematic image for small area.

Results

For recognition of indicative landscape objects

b
Fig. 7. Image composite: a — Planet Scope, b — Sentinel-2

within protected areas we experimentally selected
processing methods and data (Fig. 8). Our results
gave information on the possibilities of identifying
the characteristics of index objects for different
tasks.

We used different programs to get a more accu-
rate image. Landsat 8 data have resolution 15, 30 m.
That is why we got a generalized image.

Experimental researches show that Merla river
shares two parts of park. In the north part is oak
grove, in south is pine forest (Fig. 9).
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We got the best results using Sentinel-2 data and
Planet Scope data.

Authors used methods in programs: QGis —
Minimum Distance, Maximum Likelihood, Spectral
Angle Mapper of supervised classification for Sen-
tinel-2, ArcGis — unsupervised classification and
Maximum Likelihood for Planet Scope.

Comparing methods the best results obtained us-
ing method “Minimum distance” of Sentinel-2 in
QGis (Fig. 10).

The purpose of all attempts at classification
was to find the optimal number of classes for the
interpretation of plant communities (Fig. 11).

Many classes made the thematic image unread-

040000 esr

00

028000 280000

800

224000 2406000 423000 228000 254000 260000

o4 ») 88200
pectral Angle Mapping] [Majority Filter] [M..  X558970.533079  YSS48475.587748  Z 11.000000

022000 03000 004200

Training Areas
Name

] wetland territory

wetland

redkiy brich wood

old pine

middle pine

listva 1

listv 2

cuiting down

1 couting down with bric

L] brichpine

[ Hrich wood
albertree

003000

Fig. 8. Thematic imagery Landsat 8 in SAGA

Result of decoding of satellite images
Landsat 8 by supervised classification in

04.06.2015
(north part) fegend
ash
acutifolia maple
field maple
european spr ace
regular oak
cutting down
ordinary pine
white acacia
aspen
black alder
white poplar

EONREROCHEN
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Result of decoding of satellite images Landsat 8
by supervised classification in 04.06.2015
(south part)

young pirl\'ée ﬂﬁ{‘é’m undergrowth
birch
ripe pine with dense undergrowth

alder

overgrown clearings
subory

mature pine

pine with birch impurities

modrina

hardwoaod felling

young pine with dense undergrowth
cutting down

CECONEEECOENED

R
\} SR
R
o o

v i § 15

a
Fig. 10. Using methods of supervised classification: a — minimum distance, b — spectral angle mapper

Plant communities of the nature national park "Slobozhanskiy"
(south part)

Plant communities of the territory nature i park " kiy" Scale 1: 10 000

(north part)
Scale 1: 10 000

ok grove
l pine forest
pine forest
‘4 ’ ] EEl holly maple [ orest vith hazelin the
e— thickets of maple undergrowth
- L P! [ forest vith hazel and B sphagnum bogs
o thickets of poplar lingonberry undergrowth
B rettle bushes thicket of acacia lime-maple subory thickets of young pine at the site of clearings
z 5 B thickess of B birch-sedge subory | thickets of oak and hazel in the place of
cutting down ickets of aspen - felling
B thickets of spruce european Bl birch undeveloped felling

a b
Fig. 11. Thematic imagery of plant communities in north part of NNP “Slobozhanskiy” (a) and south part (b)
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able. The small number of classes does not allow
more or less full coverage of the diversity of plant
communities. Therefore, the best results were ob-
tained with the allocation of 11 classes for the
southern part of the park and 8 classes — for the
north.

In ArcGis we processed Planet Scope. For ex-
ample, was researched area on the east of south part
of the national nature park “Slobozhanskiy” (Fig. 7).

Post-classification process

Post-classification processing consists of sever-
al stages. Our objects are landscape. That is why we
need methods of generalization for creating contours

(Fig. 12). The best results got by “Nearest Neigh-
bor”” methods.

Using methods: “Intersect” (intersect contours
of plant communities, forms of relief, geology and
soil structure — it is contour of landscape), “Dis-
solve” (combining repeating contour names into one
type) allowed to create unique landscape contours
for visual showing in map and database (Fig. 13).
This information was can used for landscape and
other type of monitoring within protected areas.

Conclusion and perspectives

Selection of indicative landscape objects de-
pends on the tasks assigned to the researchers. In

Fig. 12. Using two methods of generalization: Nearest Neighbor (a) and Majority (b)

Table Ox
d- % B8
intersect_ 06 08_15 X
| 1121 litology i | lit | litology | Landscape "
0| aH Anosians| Mickw, cyni Mnocsi pisHrir 3aNRABLANKERMLHI BigknagidephoBi ofnetxi Nani | FRIHICT 0 NikaHi 1A CyyACHAX ANOBIANLHIN BENAAXNIANICOK
- 0 vH Ecnosi i | Mickw 2868 | 3moxenns va nosepxsi nepwol vagsannasuol Tepacufonosi siymagw/lepsosi orneesi 38'RaMo-NALAK] TEYHTH 1A faBssoanoaianswx Biimagsminicos
O|vH Eomomi gi | Mickw 288 | IHIOKEHHR HA NOB&EXHI NEpwoi H!E!ﬂl‘.ﬂ!!ﬂﬂi Ye_EaCIIEﬂlNSI ,EEQHOSI CrASEH IB'AIH0-NALAHI FPYHTH HA JABHEOANK BRENaaxnAnicos
- 0 vH Eonomi i | Mickw 2mis | Imoxenns wa nosepxsi nepwol vagsannasnol Tepacefonosi siymagn/lepsosi orneesi 38'3amo-nkuANi rEyHTH KA SaBNsoanoaiansmx BimAaTAnicos
0| vH Eonosi el | Mickw 38 | JHIcKeHHR HA noBapxHi nepwoi gHoi TepacuEonosi WJEpHOBI OrASEH] 38/A2H0-NALAHI TPYHTH HA JABHEOANKEIANGHIX B AXNANICOs
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0| vH Ecnosi si | Micxw 3808 | Imonerns na NoBEpxn Nepwo nagsannasnoi TepacuEononi o JJepmosi orneeni 38'A3na-niugdni FpynTH na SABNLOAnKaRNmIIN B AXInIcos
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Fig. 13. Database of landscape structure

most cases, their definition depends on changes that
change the characteristics of the entire landscape
system and need regular monitoring, analysis and
forecasting of the situation. To isolate objects, we
formed a picture of images from those objects that
we can double out from satellite imagery data ac-

cording to the level of resolution and described the
results of "imagination".

The use of Sentinel-2 and Planet Scope space
images (13 optical channels, scanning intervals of 2-
3 days, up to 3 m resolution on terrain), which are
best suited for high-precision monitoring, and Planet

-151-



Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

Scope for small study areas have been experimental-  and fill the landscape features, but also to trace the

ly determined. changes of wetlands that should be indicators of
The necessity and possibility of using modern  monitoring are investigated.

space information not only to clarify the contours
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RECOGNITION OF INDICATIVE LANDSCAPE OBJECTS WITHIN PROTECTED AREAS

Formulation of the problem. In this article the author describes monitoring of landscape objects within
protected area. We created 'image of landscape' from remote sensing data. The developed methodology al-
lows to obtain remotely information about visual changes, to analyze and predict the further development of
landscapes of the facies level. It is difficult to investigate nature conservation areas at the facies level in areas
with plant diversity. Field methods are time-consuming and labor-intensive, but changes can occur frequent-
ly. We offer a methodology for identifying indicative landscape objects by creating an image and its visuali-
zation using high-resolution satellite imagery decoding Sentinel-2 (resolution 10 m) and Planet Scope (reso-
lution 3 m). This method with using satellite imagery of study makes it possible to gain access to the terrain
that is accessible in hard-to-reach places, namely in swampy areas, in dense forest impassable territories and
others.

The purpose of the article. The main goal is creating methodic for recognition indicative objects of
landscape within protected territories through the appearance of visual changes by the cameral method.

Materials and methods. We have improved the method of processing satellite images to identify indic-
ative objects of changes in landscapes at the facies level. We used the method of controlled classification to
obtain "a picture" of the landscape in office conditions, carried out an analysis of comparison on the ground
and identified objects of interest. Based on experiments we chosen supervised classification and methods for
different resolution of remote sensing data.

Results and scientific novelty. We have changed the traditional landscape study process and approach
in our work. We created a landscape rendering model and then carried out work directly on the ground, com-
paring the characteristics. this allows you to explore the territory at a distance, in hard-to-reach places and in
protected areas, which allows a person to analyze information at a distance, predict and take further measures
to preserve landscapes and individual objects.

Practical significance. Identification of indicative objects within protected areas allows monitoring
changes in landscapes, analyzing and taking measures to preserve them. Systematization of the entire analy-
sis during processing allows you to identify changes in time even in hard-to-reach regions and quickly re-

ceive information remotely. The analyzed data allow designing a successful combination of

the normal functioning of nature and human activity.
Keywords: remote sensing data, plant communities, landscape, indicative landscape objects, national
nature park.
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CLIMATE INDICATORS OF CHANGES IN HYDROLOGICAL CHARACTERISTICS
(A CASE OF THE PSYOL RIVER BASIN)

C. I. Pewiemuenxo, C. C. /Imimpies, H. I. Yepxkawuna, JI. /I. I'onuapoea. KJIIMATHYHI IIOKA3HHUKH AK ITH/[U®IKA-
TOPH 3MIH TI'ITPOJIOTTYHUX XAPAKTEPUCTHK HA ITPHKIAJI BACEHHY PIYKH IICEJL YV cmammi nodacmucs
aHai3 BNAUBY KAIMAMUYHUX NOKA3HUKIE HA OCHOBHI 2I0pON0SIUHI XapaKmepucmuxy na npuxkiaodi oacetiny piuku Ilcen 6 mexcax Yxpa-
inu. Pospobka HayionanvHol Kaimamuunoi npoepamu ma 8ionogionicmes Y200i npo acoyiayiro mioc Ykpainoro ma €C cnpsamosani Ha
00820MepMIHO8I 3ax00u 3 adanmayii 00 3MIH Kaimamy, oe nepeddaueno po3pooieHHs 3aKOH00A8Hol 6a3u y cghepi 0XOpOoHU 08K,
eanyzesux cmpameziti w000 NOKpawjeHHs. skocmi nogimpsi, 6oou. Lli 3axoou nompebyioms ioenmughikayii eniugy KiimamuyHux ¢a-
KMOPI8 HA 2I0PONIO2IUHI Xapakmepucmuky 800HUX 00 ’exkmie 6y0b-sKkoi mepumopii 3 Memoio ix OXOpOHU, NOKPAUJeHHST MA KOMNIEKC-
H020 Nni0X00y 00 PAYIOHATLHO20 YNPAGIIHHS BOOHUMU PECYPCAMUL.

CyyacHi 3MiHU KIIMAMUYHUX YMO8 HA mepumopii Yxkpainu xapaxmepu3yomvcs 10KATbHICIIO Mda CIMPIMKICMIO: 3pOCMAHHA Ki-
JIbKOCII AHOMANLHUX AMMOCPHEPHUX AU, YACMOMU NOABU NOCYX, CYX0BII8, Wo MOJice CHPUNUHUMU 3a NONEPeOHIMU OYIHKAMU 3Me-
HUEHHS B00HUX Pecypcie, 3MIHU 6HYMPIUHBLO20 PIUHO20 NEPEPO3N0OLLy memMnepamypu 600U ma CMoKy Ha (OHI 3pOCMAanHA mepmiy-
Hux pecypcie mepumopii. OCHOBHUMU 3A60AHHAMU OOCTIONCEHHS € GUIHAUECHHS 83AEMO36 A3KI8 MIdNC KIIMAMUYHUMU MaA 2I0pON0Tiy-
HuMU nokaznukamu bacetiny piuku Ilcen ma moocnusux ix npoexyiti. Ananiz kuimamuynux 3vin y oaceini piuku Ilcen éxazye na 3me-
HUEHHST 6UmMpam 600U 51K Y 20106HIl piuyi Oaceiiny, max i y it ochoenux npumoxax. OKpim 3MiH MeMNepanypHO-60102ICHO20 PEXCU-
MY, RPUHUHAMU YbO2O NPOYECy CIMA 3Milyer s, Wo 8I00YIUCA Y XapaKkmepi 6HYMPIUHbOPIUHO20 po3n0o0diny cmoky. IIpomseom Kinys.
XX — nouamky XXI cmonimms uacmka 6ecHsAHO20 6000NINISL 3HUBULACS 3 PAXYHOK 3MEHUEHHs MPUSALOCH nepiody Tb000BUX AGUWY
ma 8i0n08iOHO20 3MEHUIeHHs NOMYIHCHOCIE CHI208020 NOKPUBY HA piuKax. K HACAIOOK, HAUBANMCIUBIUA CKIAO08A PIYHO20 CHOKY
PIHOK cmana cmpiMKo 3MeHWy8amucs, i Ha oHi Nepesax’cHO20 3MEHUEHHS KITbKOCMI ammMocgeprux onaodie, poib nio3emMHux 600 y
gopmysanni 600nozo cmoky mae spocmamu. Ocobnugo ye akmyanvho Oia cepeOHix ma MAanux pidox, AKi 3a3HAI0Mb 3HAYHO20 aH-
MPON02EHHO20 HABAHMAICEHHSA: 3APe2YTbO8AHICIb PYCel, CMBOPEHHA WIMYYHUX 03ep, iX 0OMINiHHA.

Jlocniooicenns 6niugy smin KIEMAMuYHUX NOKA3ZHUKIE HA 2I0POJI02IUHT XAPAKMEPUCMUKY OAE MOICTUBICIb SUSHAYUMU peghepe-
HYIHI YMOGU Ma KIACU eKONI02IUHO20 CMAHY PIYOK 30 YMOE AHMPONO2EHHO20 HABAHMAIICEH S HA MLl NOOANLUIUX 3MIH KIIMATUYHUX
NOKA3HUKIB, WO MAMUMYMb PI3HOCNPIMOGAHI MeHOeHYIl.

Knrouoei cnosa: nogepxnesi 600u, 6Hympiuthi 600U, piukosull OAcCein, MOHIMOPUHS, AHANI3 PIYKOBUX OACEUNI8, KAIMam, 3MIHU
KAIMamy, aumponoz2enne Ha6aHmadiCenHs.

C. H. Pewuemuenxo, C. C. Imumpues, H. H. Yepkawuna, JI. JI. I'onuapoea. KTHMATHYECKHE TIOKA3ATE/IH KAK
HHH®HKATOPbI H3MEHEHHUH T'HIPOJOIHYECKHUX XAPAKTEPHCTHK HA IIPUMEPE BACCEHHA PEKH
ITICEJI. B cmamve npedcmagien anaiu3 GAUAHUA KIUMAMUYECKUX nokasamenel Ha OCHOBHble 2UOPOL02UHecKUe XapaKmepucmuKu
na npumepe bacceiina pexu Ilcen 6 npedenax Yxpaunwl. Paboma nad nayuoHanbHou KAuMamuyeckoti npoespammoil u coomaemcmaue
Cozcnawenuio 06 accoyuayuu mexcoy Yxpaunoti u EC nanpagnenvt na 00120CcpouHble MEPORPUAMU NO 80NPOCAM A0AnMayuu K
UBMEHEHUAM KAUMAMaA, e0e npedycMompensl NpoeKmyl 3aKOHOOAMeNbHOU 6a3sbl 6 chepe OXpanvl OKpyscaloweli cpeobl, OMpaciessbix
cmpamezuil ¢ Yenvlo YIyuueHus Kauecmea 600bl, 6030yxXa. Dmu Meponpusmus. mpeoyiom uoeHmudukayuy 61UsHUL KIUMAMUYECKUX
Gakmopos na cudponozuieckue XapaKmepucmuk 600HbIX 06bEKMO8 PA3HOU MEPPUMOPUU C YETbIO UX OXPAHDBI, VIIVYUICHUS U KOM-
NIIEKCHO20 N00X00Aa PAYUOHATLHO20 YNPAGIEHUSL 60OHBIMU PECYPCAMU.

Cospemennvie usMeHeHUs KIUMAMUYECKUX YCI06ULl HA meppumopuu YKpaunvl Xapakmepusylomcsi 10KATbHOCHbI0 U Pe3Ko-
CMbIO: YBeTUYUBAEMC sl KOMULECTNBO AHOMANbHBIX AMMOCHEPHLIX A6NeHUl, YaCmoma 3acyx, cyxoeeu, Komopuvle Mo2ym cnocoocmeo-
6amv 3a NPeobLOYWUMU OYCHKAMU YMEHbUIEHUIO B0OHBIX PECypCo8, USMEHEeHUAM 8HYMPUS0008020 nepepacnpeoeneHie memnepanty-
Pbl 6006l U CMOKA HA (POHE Y8enuuenus, memMnepamypHuix pecypcog meppumopuy. OCHOBHbIMU 3A0aUaMU UCCTIEO0BAHUA ABTAIOMCS
63AUMOCEA3U MENHCOY KIUMAMUYECKUMU U SUOPOTO2UtecKUMU nokasamensmu 6acceina pexu Ilcen, a maxace ux 03mModiCHbLE NPOEK-
yuu. Ananuz kaumamuyeckux usmenenuil 6 6accetine pexu Ilcen noxkasvieaem ymeHbueHue pacxooa 600bl KaK 6 OCHOBHOM pycie bac-
cetina, mak u 6 e2o npumoxax. Kpome uzmenenuti memnepamypHo-61ajicHOCmHO20 pedicumMa meppumoputt, NPULUHAMU 3mMo20 npo-
yecca AGIAIOMCs cO8USU, KOMOPble HAONI0OAIOMCS 8 200060M GHYMPEHHeM pacnpedeneHul Cmoxd.

B meuenue xonya XX — nawana XXI éexa uacmo 6ecenne2o HaGOOHEHUSI YMEHbUULACS 3a CHEM YMeHbUEHUS. NPOOONICUMENb-
HOCIU IeOHUKOBBIX AGNEHULl U COOMBENCMEEHHO UHMEHCUBHOCMU CHEJICHO20 Nokpoea Ha pekax. Kax cneocmeue, 2nagnas cocmas-
JAOWAsL 20006020 CIMOKA PeK CMAa CMpeMumensHO YMeHbuamucs, U Ha hoHe npeobaadaloweco ymeHblue s Ko1udecmea ammo-
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cghepHbix 0caokos, 3HaueHue NOO3eMHbIX 800 68 POPMUPOBAHUU B00HO20 NOMOKA 00NICHO Yeenuuueamucs. Ocobento 2mo 8adicHo O
CPEOHUX U MATBIX PeK, KOMopble CMpaoarm om aHmpono2eHHO20 0A8IEHUA: 3aPecyIUPOBAHHOCIIU PYCel, CO30AHUSL UCKYCCNBEHHBIX

osep, ux obmenenus.

Hccnedosanus nusinus usMeHeHUll KIUMAMUYECKUx noxazameneil Ha 2uOposiocudecKue Xapakmepucmuku O0aom G03MOdiC-
HOCMb onpedensimo peghepeHmubie YCI08UsL U KAACCbL IKONOSUYECKO20 COCMOSIHUSL PeK NPU YCI06UU AHMPONOLEHHO20 0aGIeHUsl Ha
@one Oanvrelriuux usMeHeHull KIUMamuyeckux nokasamenetl, KOmopule UMeion pasHoHanpasieHHvle MeHOeHYUU.

Knrouesvle cnosa: nosepxnocmuvle 600bl, BHymMpeHHUE 800bl, PEYHOU OACceliH, MOHUMOPUHS, AHAU3 PEYHbIX 6ACCEH08, K-

mam, USMeHeHUs Kaumama, anmponocennas Hacpys3Kd.

Formulation of the problem. Changes in the
global climate system [18] have become apparent
not only to scientists but also to government offi-
cials (Paris Agreement, 2015, UN Climate Negotia-
tions, 2018, Katowice, Poland), having focused their
attention on global climate policy, implemented at
the national and regional levels. The concept of im-
plementing state policy in the field of climate
change for the period up to 2030 [15] aims to devel-
op a national climate program, to prevent climate
change and reduce the risks associated with it.
Changes in climatic conditions in Ukraine are char-
acterized by locality and rapidity: growth of abnor-
mal atmospheric phenomena, frequency of droughts,
floods, changes in the internal annual redistribution
of air and water temperatures, runoff and precipita-
tion [3, 5, 14].

The Association Agreement between Ukraine
and the EU is aimed at long-term adaptation
measures to climate change, providing for the de-
velopment of legislation in the field of environmen-
tal protection, sectoral strategies to improve air and
water quality. The EU Water Framework Directive
[1, 19-20] aims to protect all waters, promote the
sustainable use of water in the long-term protection
of water resources, improving the aquatic environ-
ment and an integrated approach to sound water
management. Directive 2007/60 / EC of the Europe-
an Parliament and of the Council [21] on the as-
sessment and management of floods is aimed at
identifying river basins and coastal zones that may
be in the floodplain.

According to the EU Water Framework Di-
rective and the Association Agreement between
Ukraine and the EU on the territory of Ukraine
(2016) there is a basin principle of water resources
management, which establishes nine river basin dis-
tricts: the Dnieper, Don, Vistula, Dniester, Danube,
Southern Bug, rivers of the Black Sea coast, Azov
region and Crimea. By 2024, the country has
pledged to present nine management plans for cer-
tain areas.

The country's water policy is aimed at address-
ing the threats posed by anthropogenic pollution,
climate and hydro-morphological changes in water
bodies. Research on quantitative and qualitative in-
dicators of anthropogenic impact on water bodies
can be used to fulfill the main commitments made
by Ukraine within the signed documents and pro-
grams, in particular, to develop a strategy for envi-

ronmental management of water resources and its
implementation in practice.

Analysis of recent research and publications.
Studies of possible changes in river runoff caused
by global anthropogenic warming began in the 80s
of the last century and remain today one of the main
tasks of hydrology [2, 4, 6, 10]. Using mathematical
models of atmospheric circulation allows us to ob-
tain generalized calculations of the average global
and regional air temperature, characterized by sig-
nificant errors in case of different models [6]. Ac-
cording to the established projections, runoff redis-
tribution is fixed within the year: there are winter
and summer hydrological seasons. In winter high
runoff of rainwater is expected from November to
April with maximum in March; summer (May-
October) is characterized by lows in July-August.

Changes in water resources of Ukraine in the
context of global warming are presented in [4, 6,
10], where there is a tendency of water resources
and runoff reduction by 25% under conditions of
thermal resources increase in the climate of the terri-
tory. Variability of weather conditions in the coun-
try occurs in accordance with changes in atmospher-
ic processes in the Atlantic-European sector [3,5,13].

Hydrological regime, hydroecological condi-
tion of the rivers Psyol and Vorskla are studied in
[7-9, 11], assessing water quality by the method of
ecological assessment of water quality (water pollu-
tion index) and hazard criteria (method of the “F.F.
Erisman Research Institute of Hygiene”). Land-
scape-hydrological analysis of water regime of the
country's rivers is presented in [6].

It is noted that climate is one of the main fac-
tors determining formation of the hydrological re-
gime of water bodies.

Zoning of the catchment area of the Dnieper
river by hydrological and hydrochemical character-
istics during a minimal runoff period is presented in
[2], where the Psyol river basin is referred to 7 dis-
tricts with minimal runoff in August-September
with hydrocarbonate and calcium-sodium chemical
type of water.

Based on the main provisions of the national
environmental policy of Ukraine on the use of water
resources [12] and the implementation of European
principles of the Water Framework Directive
2000/60 / EC (ERVD) [1, 19], the study of changes
in hydrological regime of rivers is of practical im-
portance for sustainable management.
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Selection of previously unsolved parts of the
general problem. There are different approaches to
assessing the impact of climate change on hydrolog-
ical characteristics of objects and introduction of
water resources zoning. The applied value here is to
identify general patterns in the course of hydrologi-
cal phenomena. They are aimed at preventing deg-
radation of water resources, protecting them, devel-
oping environmental approaches in calculations and
forecasts of reducing water pollution.

Climatic factors are decisive in the internal an-
nual distribution of runoff. They affect the hydroe-
cological status of water resources and require fur-
ther research, as well as expansion of monitoring
measures.

Formulation of the purpose of the article.
The purpose of the study is to determine relationship
between climatic and hydrological parameters of the
river Psyol basin.

Research methods are presented by statistical
and cartographic analysis (correlation analysis
method). The initial information is the results of
observations contained in the State Climate Cadastre
and the State Water Cadastre for the Dnieper Valley
for the period (1914) 1936-2019 and 1961-2019,
respectively, as well as data on water levels obtained
from the collection of papers "Information on the
level water in the Dnieper basin for 1914-1930 "and
water cadastres for the period 1931-1936.

Climatic indicators are represented by average
monthly, monthly and annual, maximum, minimum
values of air temperature, as well as monthly, annual
precipitation at meteorological stations in Sumy,
Gadiach, Poltava, Kobeliaky for the period 1968-
2019.

The hydrological characteristics of the Psyol
river basin are the average monthly water level in
the river, monthly, annual maximum and minimum
water levels for the period 1914-2017, water flow
for twelve months and a year, average monthly and
maximum water temperatures in the river for the
period 1936 (1937) —2017.

Presentation of the main research material. Dy-
namics of climatic and hydrological values is ana-
lysed by means of indicators’ averaging for a month
or for a year. Since meteorological and hydrological
indicators are a series of random variables, we con-
sider them part of the general totality.

A correlation coefficient (the Fisher's correla-
tion coefficient) is used to mathematically substanti-
ate the degree of relationship between air and water
temperature, as well as between rainfall and river
water level, calculated for the areas where the hy-
dropost and a meteorological station are as close as
possible - Sumy, Gadiach, a meteorological station
of Kobeliaky — Zapsillya hydropost. The value of
the coefficient ranges from -1 to 1. If the value of

the coefficient is below zero, the relationship is in-
verse, if between 0 and 0.2 — almost absent, 0.2 —
0.5 —weak, 0.5 -0, 7— medium, 0.7 — 1.0 — strong.
To verify the significance of the Fisher's corre-
lation coefficients in mathematical statistics, the
Student's test is used, calculated by formula (1):

t*=r/or, (D

where t * is the Student's t test, r is the correla-
tion coefficient, or is the standard error.

As WMO recommends to consider the standard
climatic norm for the period 1961-1990, the clima-
tological and hydrological statistical series are di-
vided into two samples: 1961-1990 and 1991-2019,
establishing "basic" and modern conditions, identi-
fying the trends in their changes.

The main visual indicators in climatology are
long-term series of average monthly temperatures in
January and July. The trend of temperature "shift"
has become noticeable over the last decades, when
the coldest month gradually becomes February, and
the warmest - August. The air temperature is charac-
terized by a fairly high degree of dispersion com-
pared to many other indicators, as it distinguishes
the state of atmospheric air, which is extremely var-
iable (Fig. 1). The tendency to its increase by 0.8 °
C has been established for decades at meteorological
stations of the studied area (Table 1).

Analysis of the average air temperature for the
two periods of 1961-1990, 1991-2019 indicates an
increase in air temperature in January and July at all
weather stations (Fig. 2). In winter, intense warming
was detected at the Sumy meteorological station (by
3.0 °C), and in summer - at the Gadiach meteorolog-
ical station (by 2.0 °C).

Spatial distribution of temperature indicators is
presented in Fig. 3. There was an increase in air
temperature throughout the basin in January in the
south-western direction, reaching maximum levels
in the lower parts of the river. There is a latitudinal
pattern of air temperature growth in July where
maximum values are concentrated in the central part
of the river basin.

The analysis of seasonal temperature indicators
also established a tendency to its growth with differ-
ent intensity at all meteorological stations of the
studied territory (Fig. 4).

A generalized assessment of climate change
can be obtained by analyzing the average annual air
temperatures which smooth out all intra-annual fluc-
tuations (Fig. 5). On the example of air temperature
dynamics at the meteorological station Gadiach we
can speak about the significant amplitudes of air
temperature where it increased by 1.3 °C during
1991-2019. At the meteorological stations Poltava
and Kobeliaky this indicator was 1.1-1.2 °C, while
at the meteorological station Sumy — 0.9 °C.
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Fig. 1. Average annual air temperature in January (a) at the meteorological station Gadiach
in July (b) for the period 1961-2019

Table 1
Average annual air temperatures in January (July) for 1961-2019

Meteorological Average air temperature in January, °C Average air temperature in July, °C

station Tendency Value Tendency Value
Sumy Increase 0.8°C in 10 years Increase 0.8°C in 10 years
Gadiach Increase 0.8°C in 10 years Increase 0.8°C in 10 years
Poltava Increase 0.7°C in 10 years Increase 0.7°C in 10 years
Kobeliaky Increase 0.8°C in 10 years Increase 0.8°C in 10 years

Considering the fact that under international
agreements the countries have committed to keep
the temperature rise in the range of 1.5-2.0 °C, most
weather stations are already approaching a critical
level at the local level in the valley of the river Psyol.

Precipitation affects water content of rivers. In-
vestigating the changes in the annual amount of pre-
cipitation at the meteorological stations of Sumy
and Gadiach, a tendency to their decrease was re-
vealed (Fig. 6).
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At the meteorological stations Poltava and Ko-
beliaky they remained almost unchanged for the
period 1991-2019. One of the precipitation features
of the dynamics is their fluctuating nature every 2-3
years.

Water levels and water consumption are im-
portant among the hydrological indicators of rivers.
Given that the Psyol river is one of the longest left
tributaries of the Dnieper, it is inferior to the catch-
ment area of the majority of Ukrainian watercours-
es, flowing between two significant rivers — the
Vorskla and Sula. Their basins limit it from south-
east and northwest, respectively. In addition to the
Psyol river itself, this study analyzes hydrological
characteristics of its tributaries: the Khorol (hydro-
post Myrhorod) and Govtva (hydropost Mykh-
nivka).

According to the classification of Zaikov, the
Psyol river is a typical representative of the Eastern
European type, characterized by a pronounced
spring flood which brings from 60 to 70% of the
annual river runoff. Spring floods in March-April

are clearly noticed at all hydroposts in the Psyol riv-
er basin. During May and August water consump-
tion in rivers decreases and reaches a minimum
(limited) in mid-August where the main sources of
food are groundwater and precipitation. It is the
presence of a significant amount of precipitation in
June and July that explains the low tide only in Au-
gust (Fig. 7).

Water level is generally the same as water flow
as it is directly related to it: the highest level is in
March-April during the spring flood.

The dynamics of the water level in the rivers
Psyol 1, Khorol and Govtva for 1914 (1936) - 2017
is characterized by three periods — two relatively
high-water (1914-1933, 1983-2017) and one rela-
tively low-water — 1934-1982. (Fig. 8).

Having analyzed the annual water flow and wa-
ter level fluctuations in the Psyol river and its main
tributaries, we have found a tendency to decrease
from May to August. Due to autumn precipitation
water level rises while in winter it is almost stable.
In winter the rivers flow into the glacier. Annual wa-
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ter consumption in the Psyol (Fig. 9) and its tributar-
ies tends to decrease. This is probably due to the
widening of the riverbed and creation of reservoirs
on the river and its tributaries.

The relationship between climate change and
hydrological parameters of the main watercourses in
the Psyol basin was determined between air and wa-
ter temperature indicators and between precipitation
and water levels.

The intra-annual distribution of water tempera-
ture and its long-term dynamics has been analyzed
when water bodies are mostly covered with ice in
winter. In the spring rapid warming of the water sur-
face from 0.5 °C in March to 15.0 °C in May is ty-
pical.

The summer period is characterized by maxi-
mum water temperature, while in autumn it begins
to decline rapidly, in late November glaciation may
begin on the rivers, lasting until late February-early
March.

Indicators of average annual water temperatu-

res increased mainly at all hydro posts in the study
area (Fig. 10).

The calculated correlation coefficient which
characterizes the relationship between air and water
temperature, between precipitation and water level
in the river Psyol is presented graphically (Fig. 11).

A strong relationship (Fig. 11) has been found
between air and water temperature, having a differ-
ent character throughout the year: a close relation-
ship is characteristic of air and water temperatures
in the summer months, as well as in March and No-
vember, i.e. in the periods when temperature is more
or less stable. At the same time, during periods of
active heating and cooling, the degree of correlation
decreases due to its thermophysical properties, water
reacts more slowly to external changes in thermal
regime. In winter, the correlation coefficient is close
to zero.

The correlation coefficient between precipita-
tion and the water level in the Psyol river made it
possible to detect some relationship between them:
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the maximum value was recorded in autumn when
the river runoff and, accordingly, the water level
depended on precipitation. A common feature of the
change in these two indicators is that the water level
reaches its maximum value in early spring, while
precipitation - in mid-summer. Accordingly, precipi-
tation, which should affect the formation of the run-
off, is "late" in its course and in late spring and win-
ter the correlation coefficient takes negative values,
indicating an inverse relationship. In addition, it
should be remembered that the main source of the
runoff in the Psyol river is water from melted snow
and ice which actively fills the river during March-
April, causing spring flooding. At the same time,

maximum precipitation in summer is not accompa-
nied by an increase in water level as evaporation
from the water surface increases along with the in-
crease in air temperature.

Rainfall increases again in winter but the water
level in the river decreases at this time, especially
actively during November-January. The ice phase
begins and water becomes solid, while precipitation,
often in the form of snow, accumulates. But in early
spring its amount decreases, while after the clearing
in the river the water level begins to rise.

Student's criterion was used to confirm the non-
randomness of statistical samples and the obtained
correlation coefficients (Table 2).
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Table 2

Student's criterion, Sumy

Month r c a
January 0,232 0,272 0,1336 57
February 0,372 0,856 0,1335 57
March 0,656 0,170 0,1336 57
April 0,495 0,002 0,1332 57
May 0,261 0,273 0,1297 57
June July 0,678 0,839 0,1336 57
July 0,782 0,239 0,1279 57
August 0,748 0,258 0,1206 57
September 0,423 0,0000745 0,1285 57
October 0,577 0,28676 0,1264 57
November 0,683 0,21834 0,1317 57
December 0,493 0,00013 0,1304 57
Year 0,943 0,000 0,1484 57

According to the results of correlation coeffi-
cients calculations, it has been proved that all devia-
tions in this statistical sample are non-random and,
therefore, the value of correlation coefficients is
significant.

In this study, the prognostic assessment of the
future course of some climatic indicators in the Psy-
ol river basin is applied. The main purpose of such
assessment is to draw attention to the state of water
bodies in the study area, to demonstrate possible
results of negligent use of water resources. In addi-
tion, such an assessment is relevant in view of the
global climate change that has taken place over the
past 30 years and has some impact on the global
ecosystem and its local manifestations. Construction
of possible scenarios of air temperature and water
flow in the river Psyol is relevant and important.

Considering certain trends for periods of 1961-
1990 and 1991-2019, projections of future changes
are determined, where the initial period is taken be-
tween 1991 and 2019 and the forecast period will be
2020-2048. The indicators are calculated as arithme-
tic averages because climatic and hydrological indi-
cators are variable and, therefore, have a high de-
gree of dispersion. So, it is correct to make predic-
tions only for averages.

Based on previously analyzed data on changes
in average air temperatures for the period 1991-
2019, compared to 1961-1990, simulated indicators
of air temperature growth in the Psyol river basin
over the next 30 years (2020-2048) were obtained.

Given that the trends in thermal regime will
remain similar to the period 1991-2019, the largest
increase in air temperature is expected at the weath-
er station Gadiach by 1.5 °C, at other weather sta-
tions this figure will range from 1.1 to 1.3 °C (Fig. 12).

While maintaining the current trend against the
background of rising air and water temperatures and
declining rainfall, we find that in the coming dec-

ades (2018-2044) significant water consumption is
expected at the Zapsillia hydropost (in the lower
reaches of the Psyol). The small rivers Khorol and
Govtva are the most dehydrated, the most vulnera-
ble to any changes in their water regime due to low
gross water flow.

Taking into account the established changes in
the temperature regime in the Psyol river basin, we
can expect a decrease in water consumption both in
the main river of the basin and in its main tributaries
(Fig. 13).

In addition to changes in temperature and hu-
midity, the reasons for this process were the shifts
that occurred in the nature of intra-annual distribu-
tion of runoff. Thus, late in the XXth — early the
XXI century the share of spring floods decreased as
the duration of the ice phenomena period shortened
and, correspondingly, the snow cover capacity on
rivers decreased. Relative indicators will be a signif-
icant addition to the long-term dynamics of absolute
values: in percentage terms, the most noticeable
changes occurred in the tributaries of the Psyol
(consumption in Govtva decreased by 39%, in
Khorol - by 25%, while in Psyol -from 6 to 12%).
That is, it can be seen that small rivers, most vulner-
able to any external changes, have suffered the most
with the fastest evaporation, most dependent on the
arrival of meltwater in the spring. A significant re-
duction in the duration of ice phenomena has signif-
icantly changed the water content of these rivers.

Conclusions. Changes in climatic indicators of
hydrological characteristics make it possible to de-
termine the reference conditions and classes of eco-
logical status of rivers under anthropogenic load.
Further changes with different tendencies are obvi-
ous: an increase in air temperature will cause similar
changes in water temperature during the year, which
may worsen water quality due to increasing concen-
trations of pollutants, reduced oxygen in the water;
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reduction of the duration of the ice cover, on the
contrary, is aimed at improving the condition of riv-
ers due to early melting of ice, reduction of the ice
layer.

The reasons for the future shallowing of rivers
in the Psyol river basin within Ukraine are present-
day changes in temperature and humidity, rapid re-
duction in the duration of ice regime and snow cov-

er in the river valley which caused the negative dy-
namics in water flow.

The identified patterns of changes in climatic
and hydrological indicators in the Psyol river basin
should be further investigated to be taken into ac-
count while planning and managing water resources,
designing hydrotechnic and water intake structures.
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CLIMATE INDICATORS OF CHANGES IN HYDROLOGICAL CHARACTERISTICS
(A CASE OF THE PSYOL RIVER BASIN)

Formulation of the problem. A national climate program, complying with the Association Agreement
between Ukraine and the EU, is aimed at long-term adaptation measures to climate change, providing for the
development of legislation in the field of environmental protection, sectoral strategies, improving air and
water quality. These measures require identification of climatic factors’ impact on hydrological characteris-
tics of water bodies in any area in order to protect and improve them, as well as a comprehensive approach to
the rational management of water resources.

Analysis of previous research. Using mathematical models of atmospheric circulation allows us to
obtain generalized calculations of the average global and regional air temperature, characterized by
significant errors in case of different models.

Problems of further research. Modern changes in climatic conditions in Ukraine are characterized by
locality and rapidity: increasing number of anomalous atmospheric phenomena, frequency of droughts, dry
winds which, according to preliminary estimates, may lead to reduction of water resources, changes in inter-
nal annual redistribution of water temperature and runoff against the background of increasing thermal re-
sources of the territory.

The purpose. The article analyses climatic indicators’ influence on the main hydrological characteris-
tics on the example of the Psyol river basin within Ukraine.

Research methods. Research methods are presented by statistical and cartographic analysis (correlation
analysis method). The initial information is the results of observations contained in the State Climate
Cadastre and the State Water Cadastre for the Dnieper Valley.

Presentation of the main research material. Analysis of climate change in the Psyol river basin indi-
cates a decrease in water consumption, both in the main river of the basin and in its main tributaries. In addi-
tion to changes in temperature and humidity, the reasons for this process were the shifts that occurred in the
nature of the intra-annual distribution of the runoff. During the late XX — early XXI century the share of
spring floods decreased due to the reduced period of ice phenomena and corresponding decrease in the thick-
ness of the snow cover on the rivers. As a result, the most important component of the annual runoff of rivers
began to decrease rapidly. The role of groundwater in the formation of water runoff increased against the
background of a predominant decrease in precipitation. This is especially true for medium-size and small
rivers, subject to significant anthropogenic pressure: over-regulation of channels, creation of artificial lakes,
their shallowing.

Practical value. Based on the main provisions of the national environmental policy of Ukraine on the
use of water resources and the implementation of European principles of the Water Framework Directive
2000/60 / EC (ERVD) the study of changes in hydrological regime of rivers is of practical importance for
sustainable management.

Research results. The study of the impact of changes in climatic indicators on hydrological characteris-
tics makes it possible to determine the reference conditions and classes of ecological status of rivers under
conditions of anthropogenic pressure against the background of further changes in climatic indicators that
will have different trends.

-167 -


mailto:s.reshetchenko@karazin.ua
https://orcid.org/0000-0003-0744-4272
mailto:xa13278062@student.karazin.ua
https://orcid.org/0000-0001-9256-6455
mailto:n.cherka@gmail.com
https://orcid.org/0000-0002-4066-2530
mailto:goncharova.luda.50@gmail.com
https://orcid.org/0000-0002-6340-2424

Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

Keywords: surface waters, inland waters, river basin, monitoring, analysis of river basins, climate, cli-
mate change, anthropogenic load.

References

1. EU Water Framework Directive 2000/60 / EC. Basic terms and their definitions: Ed. official. (2006). Kiev: Tvij
format, 240. [in Ukrainian]

2. V.K. Khiltchevskiy, I.M. Romas’, M.I. Romas’ Hydrological and hydrochemical characteristics of the minimum
runoff of rivers of the Dnieper basin. (2007). Kiev: Nika-centr,184. [in Ukrainian]

3. Goncharova, L.D., Reshetchenko, S.I. (2010). Influence of the North Atlantic on air temperature, precipitation,
atmospheric pressure on the left bank of Ukraine. Ukrayins'ky'j gidrometeorologichny’j zhurnal, 7, 54-61. [in
Ukrainian].

4. Gopchenko, E.D., Loboda, N.S. (2000). Estimation of possible changes of water resources of Ukraine in the
conditions of global warming. Gy droby ology chesky'j zhurnal. Kiev: Institute of Hydrobiology of the National
Academy of Sciences of Ukraine, 36, 3, 67-78. [in Ukrainian].

5. Grebenyuk, N.P. (2002). New about changes in the global and regional climate in Ukraine at the beginning of the
XXI century. Water Management of Ukraine, 5-6, 34-45. [in Ukrainian].

6. Grebin,” V. V. (2010). Modern water regime of rivers of Ukraine (landscape-hydrological analysis). Kiev: Nika-
Center, 316. [in Ukrainian]

7. Loboda, N.S., Py'ly'p'yuk, V.V. (2017). Climate change and its important consequences in the formation of water
quality (a case of the rivers Psyol and Vorskla). Bulletin of Odessa State Ecological University, 22, 69-79. [in
Ukrainian]. Access mode: http://nbuv.gov.ua/UJRN/Vodeu_2017_22 10

8. Loboda, N. S., Py'ly'p'yuk, V. V. (2015). Determination of water resources of the rivers Psyol and Vorskla, consid-
ering influence of the underlying surface on the basis of the model "climate - runoff". Hydrology, hydrochemistry
and hydroecology, 2 (37), 48-55. [in Ukrainian]. Access mode: http://nbuv.gov.ua/UJRN/glghge 2015 2 7

9. Loboda, N. S. (2005). Calculations and generalizations of characteristics of the annual runoff of rivers of Ukraine
in the conditions of anthropogenic influence: monograph. Odessa: Ecology, 208. [in Russian].

10. Loboda, N.S., Py'ly’p'yuk, V. V. (2012). Trends in water content and water quality of the rivers Psyol and Vorskla at
the beginning of the XXI century. Ukraine: geography of goals and opportunities, 1, 192-195. [in Ukrainian].

11. Rudenko, V.P. (2010). Critical ecological condition of nature components in the regions of Ukraine. Ukrainian Ge-
ographical Journal, 2, 60-68. [in Ukrainian].

12. Loboda, N. S., Pylypiuk, V. V. (2015). Evaluation of ability for natural purification of the Psyol and Vorskla rivers.
International Journal of Research in Earth & Environmental Sciences, 1, 28-32.

13. On basic principles (strategy) of the state ecological policy of Ukraine for the period up to 2020: Approved by the
Law of Ukraine of 21.12.2010 Ne 2818-VI. http://zakon.rada.gov.ua/laws/show/2818-17 [in Ukrainian].

14. Reshetchenko, S.1., Kibalchich, I.A. (2014). Influence of processes in the North Atlantic on climatic indicators in
Ukraine and Eastern Europe // Almanac of modern science and education, 4, 139-145. Access mode:
https://www.gramota.net/articles/issn_1993-5552 2014 4 38.pdf [in Russian]. ISSN: 1993-5552.

15. Reshetchenko, S.1., Tkachenko, T.G., Ly senko, O.G. (2015). Changing the temperature regime in the Kharkiv re-
gion. Visny'k Xarkivs'kogo nacional'nogo universy'tetu im. V.N. Karazina. Seriya: geologiya, geografiya,
ekologiya, 43, 153-158. DOI : https://doi.org/10.26565/2410-7360-2015-43-24. [in Ukrainian].

16. Order of the Cabinet of Ministers of Ukraine "On approval of the Concept of implementation of state policy in the
field of climate change until 2030" dated December 7, 2016, 932. Access mode:
http://www.kmu.gov.ua/control/uk/cardnpd?docid=249573705. [in Ukrainian]

17.Sixth National Communication of Ukraine on Climate Change (2013). Access mode: http://unfccc.int/
national_reports/national_communications_and_biennial_reports/submissions/items/7742.php [in Ukrainian].

18.Common Implementation Strategy for the Water Framework Directive (2000/60/EC). Access mode:
https://ec.europa.eu/environment/water/waterframework/facts figures/quidance_docs en.htm

19. Directive 2007/60/EC of the European Parliament and of the Council of 23 October 2007 on the assessment and
management  of  flood  risks.  Access  mode: https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=
CELEX%3A32007L0060

20.1PCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, Il and 11 to the Fifth As-
sessment Report of the Intergovernmental Panel on Climate Change. IPCC, Geneva, Switzerland, 151. Access
mode: https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_ARS5_FINAL _full _wcover.pdf

- 168 -


http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=Vodeu_2017_22_10
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=glghge_2015_2_7
http://zakon.rada.gov.ua/laws/show/2818-17
https://www.gramota.net/articles/issn_1993-5552_2014_4_38.pdf
https://doi.org/10.26565/2410-7360-2015-43-24
http://www.kmu.gov.ua/control/uk/cardnpd?docid=249573705
http://unfccc.int/national_reports/national_communications_and_biennial_reports/submissions/items/7742.php
http://unfccc.int/national_reports/national_communications_and_biennial_reports/submissions/items/7742.php
https://ec.europa.eu/environment/water/waterframework/facts_figures/guidance_docs_en.htm
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32007L0060
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32007L0060
https://www.ipcc.ch/site/assets/uploads/2018/05/SYR_AR5_FINAL_full_wcover.pdf

BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

VIK 551.577.38+551.581.1
Cemenosa Inna I'eopciisna,
II. Teorp. H., mpodecop kadeapu BiliCbKOBOI MiATOTOBKHY,
Opnecwkuil Jep>kaBHUM €KONOTIUHUE yHiIBepcHTeET, By JIbBiBCbKa, 15, M. Oneca, 65016, Ykpaina,
e-mail: in_home@ukr.net, https://orcid.org/0000-0003-3383-4848;
Ionvoeuit Anamonin Mukonaiioeuu,
. Teorp. H., mpodecop, 3aBiayBad Kageapu arpoMeTeopoIIOTii Ta arpoeKoJIOTil,
Onecbkuii Iep)KaBHUH €KOJIOTYHNN YHIBEPCHUTET,
e-mail: apolevoy@te.net.ua, https://orcid.org/0000-0001-8395-0068

MPOrHOCTUYHUN PO3MNOALI MOCYX TEILJIOIO CE30HY
IO TEPUTOPII YKPAIHMU B 2021-2050 PP.

B oaniti cmammi npedcmasneni pesyromamu ananisy npocmopogo-4aco8020 po3nooiny nocyx 6 menii ce3ouu nepiooy 2021-
2050 pp. no mepumopii Ykpainu, ompumani 3 SUKOPUCMAHHAM OGHUX KIIMAMUYHO20 MOOENI08AHHA 6 PAMKAX KIIMAMUYHUX
cyenapiie RCP4.5 ma RCP6.0. Oyinka noditi nocyx ma ix inmeHcueHocmi 8UKOHAHA HA OA3i cCMaHOApmMuU308aHO20 THOEKCY NOCYX
SPEI na macwumabi 7 micsyie, skuil 0Xonmoe menauti nepiod poxKy 3 KGImHs nO HCO8MeEHb. AHANI3 NPOSHOCIUYHO20 YACO8020 X0OY
IHOEKCY NOCYX nO pecioHax Kpainu nokasas, wo 3a 060Ma CyeHapismu Cnocmepieamumemscs meHOeHyis 00 nepexooy 6i0 NOMIPHO
sonocux ymog y 2021-2035 pp. 0o nocyuinusux ymos y 2037-2050 pp. Ilpu yvomy 6 pamxax cyenapito RCP6.0 npoenozyemuvcs Oinviu
mpusanui nepexio npomsicom 2030-x pokie 3 6UCOKOIO NPOCMOPOBON) MIHAUGICMIO THOEKCY Nocyx 6 yeil nepiod. Hatibinbw
nocywueumu 3a oboma cyenapismu ouikyiomocs 2044-2048 pp., koau 6 psoi obnacmell Ce30HHA NOCYXA MOJCE OOCASHYMU
excmpemanvHoi inmencugHocmi. Bcmanosneno, wo 6 pamkax 006ox cyenapiis oyikyemvcs 30L1bUeHHA KIIbKOCMI Ce30HI8 3 NOCYX0H0
npomseoM OO0CHIONCYBAHO20 Nepiody, npu YvoMy, Ha GiOmMiHy 6i0 cyeHapito RCP4.5, 3a cyenapiem RCP6.0 maxcumym
NOBMOPIOGAHOCMI NOCYX 8 OpYeill NOA0BUHI Nepiody He 30CepeddceHull auule Ha NIBOHI, A NPOSHO3VEMbCA MAKONC 6 CXIOHUX i
NIGHIYHUX 00AACMAX, WO CIOYUMb NPO CYMMEGI NPOCMOPOBI 3MIHU NPOSHO308AHO20 XAPAKMeEPY Pe2iOHANbHOI YUpKYAayii
ammocghepu 6 pamkax 6inbwt dHcopcmrozo cyenapiro. KinbKicmos ce30Hi6 3 NOCyXoi KOIUSAMUMEMbCsl 8 PI3HUX obnacmsx 6i0 2-3
eunaoxie/10 poxie nHa nouamky 00CriOHCYy8arno2o nepiody do 6-10 eunadxie/10 poxie nanpuxinyi nepiody. 3a oboma cyenapismu,
MAKCUMYM NOBMOPIOBAHOCMI ce30Hi6 3 nocyxor ¢ 2021-2030 pp. npunadamume Ha 3axioni obracmi YKpainu, npu ybomy 6 pamKkax
cyenapiio RCP4.5 6 nigdennux obnacmsx 6 yeil nepiod nocyx maidce He npocHozyemuvcsi. B nepioo 2031-2040 pp. 3pocmanns
KIIbKOCMI Ce30HI8 3 NOCYX0l0 8 cepedHbomy 00 4-6 eunaodkie/l0 poxieé i0Oysamumemvbcss nO 6CIX pe2iOHAX, OKPIM 3aXiOHUX
obnacmeii 6 pamxax cyenapito RCP6.0. B ocmanne oecamunimms 2041-2050 pp. mpusamume 3p0CmanHsa NOCYUAUBOCI, NPU YbOMY
3a cyenapiem RCP6.0 KinbKicmb nOCyWIusUx ce301ia 3a2aiom no Ykpaiuni ouixyemoca oinvuioro, nixe 6 cyenapii RCP4.5.

Kntuosi cnosa: nocyxa, cmandapmusosanuili iHOeKC 0Nnadig-e8anompancnipayii, KiiMamuyHuil cyeHapitl, meniuil Ce30H,
pedNcuM onaoie, pedlcum memnepamypu.

H.T. Ceménosa, A. H. Ionesoii. TIPOTHOCTHYECKOE PACIIPEJEJEHHE 3ACYX TEIUIOrO CE30HA IO
TEPPHTOPHHU YKPAHHBI B 2021-2050 I'l. B Oannoti cmamve npedcmasieHvl pe3yibmamvl AHAIU3A NPOCMPAHCMEEHHO-
8PEeMEHH020 pacnpedelienusi 3acyx 6 menivle ce3ouvl nepuooa 2021-2050 ece. no meppumopuu YKpauwvl, ROIYUEHHbIE C
UCNONL30BAHUEM OQHHBIX KIUMAMUYECKO20 MOOeIUpo8anHus 6 pamkax wkiumamudeckux cyenapues RCP4.5 u RCP6.0. Oyenxa
CcOOBIMULL 3aCYX U UX UHMEHCUBHOCTIU 8bINOIHEHA HA Oa3e CIaHOapmu3uposantoeo unoexkca sacyxu SPEI na macumabe 7 mecayes,
KOmMOpblil 0Xeamuleaen Menvlii nepuood 200d ¢ anpesis no OKMmaopsb. AHAIU3 NPOSHOCMUYECKO20 6DEMEHHO20 X00a UHOeKCa 3aCyX No
pecuoHam Cmpansl NOKA3A, Ymo no 0boum cyenapusm 6yoem HabI00amovcsi MeHOeH YUl Nepexo0d On YMEPEeHHO GIANCHBIX YCI08ULL
6 2021-2035 ce. 0o sacywnuevix ycinosuii ¢ 2037-2050 ece. Ilpu smom 6 pamkax cyenapus RCP6.0 npoenozupyemcs 6onee
onumenvHull nepexod 8 meuenue 2030-x 20006 ¢ BbICOKOU NPOCMPAHCMBEEHHOU UMEHUUBOCHbIO UHOEKCA 3ACYX 6 IMOm Nepuoo.
Haubonee 3acywnusvimu no oboum cyenapusim ogcuoaromes 2044-2048 ee., koeda 6 pside obracmeil ce30HHASL 3ACyXa MOJiCem
00Cmuib IKCMPEMATbHOU UHMEHCUBHOCIU. YCmanogieno, umo 6 pamrkax 060ux cyenapues 0icuoaemcs yeeauieHue Koauvecmed
CE30H08 C 3ACYX0ll 8 meueHue UcciedyemMo2o nepuooa, npu smom, ¢ omaudue om cyenapus RCP4.5, no cyenapuio RCP6.0 maxcumym
NOBMOPAEMOCMU 3ACYX 80 8MOPOU NOLOBUHE NEPUOOA He COCPEOOMOYeH MONbKO HA 102e, d NPOSHO3UPYEMCs MAKHCe 8 60CMOUHBIX U
CeBEPHBIX 001ACMAX, UMO CEUOEMENbCMBYem 0 CYUeCMEEeHHbIX NPOCMPAHCNEEHHBIX USMEHEHUAX NPOSHOUPYEMO20 Xapaxmepad
PeGUOHANBLHOU YUPKYIAYUL amMMOC@epbl 8 pamKax boaee drcécmrozo cyenapus. Konuvecmeo ce30H06 ¢ 3acyxotl 6ydem Korebamvcs @
pazauunbix obnacmsax om 2-3 cayyaes / 10 nem 6 navane uccredyemozo nepuooa 0o 6-10 cuyuaes / 10 nem 6 xonye nepuooa. Ilo
000UM CYeHapusm, MAKCUMyMm HOBMopsieMocmu ce3onos ¢ 3acyxoi ¢ 2021-2030 ze. npuoémcs na 3anaonvie obracmu Yxpaunul, npu
amom & pamkax cyenapusi RCP4.5 6 1woochvix obracmsax 6 smom nepuoo 3acyx noumu He npoenosupyemcs. B nepuoo 2031-2040 ee.
POCm KOIUYecmea ce30H08 ¢ 3acyXoll 8 cpednem 00 4-6 ciyuaes / 10 nem 6yoem npoucxooums no 6cem pecUuoHaM, Kpome 3andoHbIX
obnacmeiti 6 pamxax cyenapus RCP6.0. B nocieonee oecamunemue 2041-2050 ee. npodonsicumes pocm 3acywiugocmu, npu 3mom 8
cyenapuu RCP6.0 koauuecmao 3acyuiiugslx ce30H08 8 yenom no Yxpaune odcuoaemcs 6oavute, yem 6 cyenapuu RCP4.5.

Knrouesnvie cnosa: sacyxa, cman0apmu3o8aHublil UHOEKC 0CAOK08-36ANOMPAHCRUPAYUL, KIUMAMUYECKUL CYeHaputl, ménvlil
CEe30H, PEeACUM 0CAOKO8, PEHCUM MEMNEPANYDbL.

Beryn. Ilocyxa € ImpuponHHMM SIBUILEM, SIKE
MOX€ BUHHMKATH B Oy[Ib-SIKHX KJIIMaTHYHUX YMOBaX,
TOMY II€ SIBHINE ITOCTAE OJHIEI0 3 HAMBIAMOBIIAIIb-
HINIUX TIPUPOJHUX HeOe3MeK, sKa IOIMUPIOEThCS
MPOTATOM TIOBHOTO TiJPOJIOTIYHOTO IUKIY Ta 3adyi-
Ma€ BEJIMKI TEPUTOPii, 4aCTO 3 TPUBATUMH SKOHOMi-
YHUMH Ta €KOJOIiuHMMH Haciiakamu. He icHye

€IMHOTO BU3HAYEHHS TIOCYXH, aje 3a KOMIUIEKCOM
MPUYUH Ta HACIHIJKIB BUIUISIOTH METEOPOJIOTiUHI,
CLIbCHKOTOCTIONAPCHKI, TiApOJIOTiuHi, IPYHTOBI Ta
comianbHO-eKoHOMIYHI ocyxu [1]. TpuBanuii nedi-
IIUT OMAJiB Yy BU3HAYEHOMY PETIOHI CIIPUYUHSIE Me-
TEOPOJIOTIYHY MOCYXY, MOTIM HPOSABISETHCS B 3HU-
’KEHHI BOJIOTOCTI IPYHTY, Belle 10 JucOallaHCy y BU-
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[IapOBYBaHHI Ta CTOKY, u€pe3 ILI0 MOCTYIIOBO IIOpY-
LIYETHCSL BECh CTAH EKOJIOTIYHOI CHUCTEMHU, BILIUBA-
FOYM Ha EKOHOMIYHI CKJIaJOBI.

IlocTanoBka mpoOaemu. CrocTepexeHHS 3a
YaCTOTOI0 Ta IHTEHCHBHICTIO MOCYLIJIMBHUX SBUII B
YMOBax IIO0ANIBHAX KIIMAaTUYHHUX 3MiH MOKAa3yIOTh
CTIMiKy TEHJCHIIIIO N0 TMOCWICHHS IUX IMpPOIECIB B
Oarateox paiioHax €Bponm. [locCmimKeHHS TEHACH-
[ii PO3MOBCIOKEHHS Ta IHTEHCHUBHOCTI TOCYX 3a
OCTaHHI MIBCTOJITTS BUSBWJIHM, 10 B €BpOI BH/Ii-
JITFOTHCS JIBl BEJIMKI 00JNACTi 3 PI3HUMHU TEHCHIiS-
MU 4acTOTH IOSIBH Ta TPUBAIOCTI mocyx. Tak, mpo-
TsiroM 1950-2015 pp. B miBACHHUX 1 3aXiAHUX peri-
OHax, a Takox y Kapnarcekomy perioHi, Ha y30e-
pexoki YopHoro mopst, B Ykpaini 1 yacturi LleHTpa-
mpHOI €BpOMM CITOCTEpITamucs TEHICHIN Hapoc-
TaHHs TOBTOPIOBAHOCTI Ta 1HTEHCHBHOCTI TOCYX,
Tofi sK B Oimpmiocti paroniB IliBaignoi 1 CximHOI
€Bporu Big3HAUANIOCSd 3HWKEHHS IMX TapaMeTpiB
[2]. OcobnuBo mporiecu 301IbIICHHS IHTECHCUBHOCTI
MOCYyX MOCWJIMJIMCS y BECHSHHM Ta JIITHIH mepiony,
IO IUJIKOM BIpPOTiTHO Yepe3 CIIOCTepeKyBaHe 3poc-
TaHHs TeMIeparypu noBiTps B perioHi [3]. Ockinb-
K YKpaiHa € OJHUM 3 MPOBITHUX BUPOOHHKIB 3€p-
HOBHUX KYJIBTYp B €BpoIi, a CiTbCHKOTOCIOAAPChKa
raiy3b 3aBKIu Oyia MPIOPUTETHOIO B €KOHOMIYHO-
My PO3BUTKY KpaiHU, TEOPETHYHI 3HAHHS MPO MOXK-
TUBi moAii MOCYX SK B HAWOMMKYOMY dYaci, Tak i
BiJlJaleHOMY MaiOyTHHOMY, 37[aTHi TIONIIIIATA SIK-
ICTh TUIAHYBaHHSI Ta PO3POOKH KOMIUIEKCHHX 3aX0-
JiB, CIIPSIMOBAHMX HAa PO3BUTOK arpornpOMHCIIOBOTO
KOMIUIEKCY Ta 3a0e3Me4eHHs IPOAOBOIBIO] Oe3meKn
KpaiHu.

AHani3 ocTaHHiX AoCHiTKeHb 1 myOsaikamiii.
B XXI cromitri, 3a nanumu Caloiero ta iH. [4], ¥
O1IBIIOCTI PEriOHIB KOHTMHEHTaNbHOI €BpomM Ta
CepenzeMHOMOpPCHKOTO  OaceliHy Oyji0 BHUSBICHO
Tpu OCHOBHI momii mocyxu: y 2003, 2011 ta 2014
pp. Ilepii gecATHIIITTA NOTOYHOTO CTOJITTS B YKpa-
iHi Oynu Bif3HA4YeHI 3pPOCTAaHHIM MOCYNUINBOCTI
TEIJIOr0 Ce30HYy poKy [5]. B ycix arpokimiMaruaHux
30HaX HAHOINBII MOIMMPEHNMH € BECHSHO-JIITHI T10-
cyxu: B mepiog 1995-2012 pp. iX KUIBKICTh B KOX-
HOMY Ce€30HI KojuBayacs Bijg 3-4 BumaakiB B Ilo-
micci go 7-8 BunaakiB y Cremy. [locyxu Bererariii-
HOTO Tepiony (KBITEHb-)KOBTEHb) TAKOXK Malld TEH-
JIEHII0 0 30UIBbIIEHHS YacTOTM NOSBU Ta IOCHU-
JIEHHsI IHTEHCUBHOCTI Ha TOYaTKy MOTOYHOTO CTO-
JTTA 110 Beii Ykpaini. Taki TeHAeHNil, sIK MOKa3aHO
B [6], 3yMOBIIEHI 3MiHOIO pETiOHAIBHOI IUPKYIIAILIT
armocdepH, ska mposBuiacs y mociabieHi IUKIo-
HIYHOI AiSTIBHOCTI Ha TepuUTOpii KpaiHu B 3MMOBHMA
nepion. CyTTeBe 3MEHINEHHS KiIBKOCTI MiBICHHUX
LUKJIOHIB, SIKI € OJIHAM 3 KJIIMaroyTBOPIOIOUUX (hak-
TOpIB Yepe3 3HauHi 3alacu BOJIOTH, SKi BOHH IPH-
HOCATH Ha TEPUTOPiI0 YKpaiHH, IPU3BEIIO A0 OB
9acToi Ta paHHBOI MOSBU TIOCYX Y BECHSHUHN TIEPiOa

1 TTOCHJICHHS iX CYBOPOCTI BIITKY 4epe3 HecTady
3aImaciB BOJIOTH y TPYHTI.

[IpocTopoBo-4acoBuil poO3MOALT TMOCYX IIIKOM
3aJIeKUTh BiJl TEMIIEPAaTYPHO-BOJIOTICHOTO PEKUMY
meBHOI TepuTopii. Ha TemepimmHiii wac OiBIIICTH
OIIIHOK MaiOyTHIX MOTOJHUX YMOB IPYHTYETHCS Ha
BUKOPHUCTaHHI MPOEKLil 3MiH y BCiX KOMIIOHEHTax
KJIIMaTHYHOI CHCTEMH, SKi OTpUMaHi 3a pe3ylbprara-
MH MOJETBHUX iMiTamiil 3 BUKOPUCTaHHAM Habopy
cuenapiie RCP (pempeseHTaruBHI TpaekTopii KOH-
LEHTpamiii), 3aCHOBaHMX Ha KOHLEHTPALIsAX BYTJe-
mo B arMocdepi [7]. RCP Bu3HauaroThes mpuOIm3-
HOIO CyMapHOIO BeJIM4MHOW pamianiiHoi aii (PH) y
2100 p. B mopiBHsHHI 3 1750 p., sika TOpiBHIOE BiA-
noBigHo: 2,6 Br'M? mna RCP2.6; 4,5 Br-m? mus
RCP4.5; 6,0 Br'm? mis RCP6.0; 8,5 Br-m? s
RCP8.5. Cuenapiii RCP2.6 nepenbauae cKopoueHHS
BUKHJIIB 3 JIOBOJI HU3BKUM piBHEM Jii, CIeHapii
RCP4.5 i RCP6.0 nepenbauaroTs cTabimizallito BU-
KHJIB, a HaWO1bII KopcTKuid cienapiii RCP8.5 Bi-
JITIOBi/Ia€ BEJIbMU BUCOKHM PIBHSM BUKHIIB TapHU-
KOBHIX Ta3iB.

JocimkeHHs POEeKIiid 3MiH TeMIeparypH 1o-
BITpS Ta OmajiB Mo TepuTopii YKpaiHM B pamkax
cruenapiiB RCP nokasanu [5], 110 y KOPOTKOCTPOKO-
Bilf TIEPCIEKTHBI OYIKy€THCS 3arajbHE ITiIBHICHHS
MPU3EMHOI TEMIIepaTypH MOBITPS, SIKE TOPKHETHCS
BCcix oOiacrell YkpaiHu Ta 0COOJMBO iIHTEHCHUBHHM
Oyze B MBHIYHO-CXiTHOMY perioHi. Tak, 3a crieHapi-
em RCP8.5 mo 2030 p. aHomMaJii Temreparypu Bij-
HOCHO 6azoBoro nepiomy 1981-2010 pp. xonmuBaru-
MyThcs B Mexkax +0,8...+1,2°C, i numme Ha cxomi B
okpemi poku nocsrarumyTh +1,8°C. Ilicmsa 2033 p.
Ha miBaHI Ta y 2036-2037 pp. B OinbII MIBHIYHUX
paiioHax Temreparypa MOYHe MIBUJKO 3pOCTaTH, 1 B
sttt 3 2045 no 2050 pp. aHomaiii Temmepa-
Typu MOXYTh jgocsraru +2,8...+3,1°C, oco0nuBo B
CX1JIHIM YacTHHI 1 Ha MiBHOYI. B miBACHHUX paiioHax
aHoMaJlii TeMIeparypu pO3MOAUIATECS JOCUTH OA-
HOPIJTHO Y BUJIICHUX JJOBIOTHUX MEXaX.

BonmHowac Ha Tepurtopii YkpaiHm crmoctepira-
TAMYTHCS PI3HOMaHITHI TEHJEHIIi y 3MiHI iHTEHCH-
BHOCTI 1 KUIBKOCTI OMaJiB 32 Pi3HUMH CIICHAPisIMU.
Tak, 3a xiiMatnaauM ciieHapieM RCP8.5, ouikyeTh-
Csl TIEPEBAYKHO 3POCTAHHS KiJILKOCTI OMAaJiB B cepe-
JUHI niepiofy 11X 3MeHIIeHHs y OinbIocTi obnacTe
1o 2050 p. Ilpu 11pOMy HIPOTHO3YETHCS TOCTYTIOBE
3pOCTaHHs 1HTEHCHBHOCTI OMNaJiB MPH CKOPOYCHHI
ix TpuBanocti [8], WO copuUATHME MOXOBXKEHHIO
Oe3nepepBHUX OE3/0IIOBUX IMEPIOMIB 1 HACTAHHS i
MOCHJICHHS TIOCYX B Malil0yTHHOMY.

[opiBHsIBHMI aHAI3 MPOCTOPOBOIO PO3IOAI-
Jy 1 TOBTOPIOBAaHOCTI MPOTHO30BaHMX CE30HHUX
MOCYX, sIKi BU3HAYaIMCsA 3a iHaekcoM mocyx SPI (the
Standardized Precipitation index [9, 10]) Ha macm-
Tabi 7 MicsIiB 3 KBIiTHS IO >KOBTEHBH BIIPOJOBXK
2020-2050 pp., mokazaB [11], mo 3arajbHa Kijlh-
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KICTh TIOCYX OUIKYETHCS BHUINE 3a CICHApieM
RCP2.6, ik 3a crienapiem RCP8.5. A came, 3a crie-
Hapiem RCP2.6 no teputopii Ykpainu ce3oHHi mo-
CYXH TPOTHO3YIOTECS B cepeHboMy y 48-56% Bcix
POKIiB, ITpH IIbOMY HaiOLIbIIIA TPOTHO30BaHA TIOBTO-
PIOBaHICTh MOCYX MPHUIMAIAE€ HA MiBHIYHO-CX1IHI 00-
nacti Ta Kapnarcekiit perion. 3a cuenapiem RCPS8.5
3arajibHa TIOBTOPIOBAHICTh IIOCYX IIPOrHO3YETHCS
nepeBaxHo y Mexax 44-52%, 3 HallO1bp11010 YacTo-
toro B [Ipuazor’i, 3akapmarti Ta Ha KpalHii MiBHOYI
(KuiBchka Ta UepHiriBchka o6macti). [Ipu mipomy 3a
oboma CrieHapisIMU Maibke KOKHHH TPETiH TEeTUTHiA
CE30H MPOTHO3YETHCS 3 M’SIKOI MOCYXOI0 Kpi3b Ha
TepUTOpii KpaiHu. 3arajioM, B OUIBII >KOPCTKOMY
cuenapii RCP8.5, mporaosyerscst OibIe moMipHUX
Ta CWJIBHUX CE30HHMX IIOCYX, a B PaMKax CLIEHapilo
RCP2.6 nmepeBaxkatumyTh M’siki ocyxu. B pamkax
cuenapito RCP8.5 maiixe B ycix perioHax, OKpiM
MIBHIYHOTO CXOMY, OUiKYEThCS 301IIBIIICHAS IHTEHCH-
BHOCTI Ta TPHUBAJOCTI MOCYNUIMBUX TMEPIOIB MiCIs
2035 p., HaWOIMBII TpHUBaja Ta IHTCHCHBHA MOCYXa
nporHosyetbes y 2042-2045 pp., a Ha miBIHI TpHUBa-
tume i 1o 2050 p. Ha Oinpin TpuBanmx 4acoBHX
MacmTabax (12-24 wmicsii), sKi BiAMOBIIAIOTH YMO-
BaM TiJpOJIOTIYHHUX MOCYX, Hanmpukiaz, B Kapnarce-
KoMy perioHi 3a cmeHapismu RCP2.6, RCP4.5 i
RCP8.5 Takok O4IKyeThCS 3MiHA DPEKUMY 3BOJIO-
JKeHHS BiJ BiIHOCHO Bosiororo y 2020-2032 pp. no
HACTaHHS 1 MOCWJICHHS IMOCYIUIMBHX YMOB ITiCIIS
2037-2038 pp. [12]. Cxoxi TeHIeHIIi 10 301IbIICH-
HSl KUIBKOCTI Ta IHTEHCHBHOCTI MOCYX B HaHOIHXK-
yoMy MailOyTHhOMY mepiofi Ha miBaHi CxigHoi €B-
poru oTpuUMaHi ¥ B iHmUX AociimkeHHsIX [2, 13].
Ockinvku 6 OibUOCMI ICHYIOUUX 00CTIONCEHb 3 6U-
Kopucmanuam kiimamuunux cyeuapiie RCP npuoi-
JAEMbCA Y8aza YMOBHO ‘‘cepedHvbomy’’ cyeHapiio
RCP4.5 Ta “xopcTroMy” (HAMOULIBII KPUTHIHOMY )
cuenapito RCP8.5, HeBUpIllICHMM MUTAHHIM B MO-
XKJIMBOMY PO3MNOALI HOCYX IO TepuTopii YKpaiHu
3aNIaeThes KiimMarnuHuii cueHapiii RCP6.0, skuii
€ TPOMDKHHMM 3a CTYyICHEeM pajialfiiiHol mii Mix
JIBOMa 3a3HAYEHUMH CIICHApisMU, ajie, OCKUIbKI ic-
Hy€ MOXJIMBICTH 1 #oro peamizarnii B MallOyTHBOMY,
3HaHHSI PO PO3MOJLT MOCYX IO TepuTopii Ykpainu
B paMKax IbOr0 CIEHapil0 € HEeOOXiTHUMH ISt
BCTaHOBJICHHs MOBHOI 3arajbHOi TEOPETHYHOI Kap-
THHH TIONIA MOCYX B YCIX MOTEHIIHHO MOMJIMBUX
KIIIMaTHYHUX YMOBaX.

MeTor0 xaHOi po0OTH € BCTaHOBJIEHHS IPOC-
TOPOBO-YaCOBOTO PO3IONUTY TOCYX IO TEPUTOPIl
VYkpainu B Teruuii nepioq) poky (KBiTeHb-KOBTEHbB) B
KOPOTKOCTPOKOBi mepcrnektuBi mpotsrom 2021-
2050 pp. B paMkax kiaimatuyHuxX cueHapiiB RCP4.5
ta RCP6.0, sIKi OMUCYIOTH MTOMIPHO KOPCTKI Maii0y-
THI KJTIMaTHYHI YMOBH, IO XapaKTEPHU3YIOThCSA Pi3-
HUMH TEMIIAMH 3pOCTaHHAM DI00AIbHOI MPU3EMHOI

TeMIieparypu 0e3 1i crabimizamii y mepiof, mo po3r-
JSLIAETHCA.

PoGoTa BuKOHaHa B paMKax MPHUKIAAHOTO AOC-
mimxenHs: ,,OmiHKa eQEeKTUBHOCTI BUKOPHUCTAHHS
MOHOBJIIOBAJIbHUX Ta HEBHUYEPIHUX HPUPOIHHUX Pe-
cypciB YkpaiHu B ymoBax 3MiHM kmimary” (2017-
2019 pp., HoMep  JOepkaBHOI  peecTpauii
01170002423, ¢inancyBanHa 3a 3arajdbHUM (OH-
JIOM JIepKaBHOTO OIOIKETY).

MeToanka aOCTiIKeHHSI Ta BHXIiOHI JaHi.
OniHka MocyX BUKOHAaHA 3 BUKOPHCTAHHSM CTaH[a-
PTH30BAaHOTO METEOPOJIOTIYHOTO 1HAEKCY IOCYyX
SPEI (the Standardized Precipitation Evapotranspi-
ration index). Immexc SPEI yBemenuii y poborax
Bicente-Ceppano Ta iH. [14, 15], 1, sk 1 iHgekc SPI,
0a3yeThCsl HA YaCOBUX psilaX OMAiB, ajie 3 Bpaxy-
BaHHSM BHUIIAPOBYBAaHOCTI 4Yepe3 eBaloTpaHCIHipa-
Iit0, PO3PaXyHOK SKOi Iependadae BHKOPHUCTAHHS
TaKOX PAIIB TEMIIEPATyPH TOBITPSL.

Ingexc SPEI po3paxoByeThes 3a MpOIEAYypPOIO,
aHaJoriuHow po3paxynky SPI [16], ame 3amicTh
OTaJliB BUKOPHUCTOBYIOTHhCS pi3HHII (D) MiCSIHHX
cyM omaniB (R) 1 MOTEeHIIWHOI eBamoTpaHCHiparlii
(PET)

Di:Ri—PETi (1)

Ie i — HOPSAKOBUIl HOMEDP PO3PaxyHKOBOTO Mi-
CSILIL.

Let#i Bupa3 BioOpaKye B CIIPOIICHOMY BHIVISI
CXeMy BOJHOIO 0ajaHCy BEPTUKAJIHLHOTO CTOBIIA
IPYHTY BiJl HOTO TIOBEPXHI O TIMOWHMU, 1€ TPHUITH-
HsieThCst BostorooOmiH [17]. Xoua B (1) He BpaxoBy-
€ThCSI BOJIOTOOOMIH MOBEPXHI IPYHTY 3 HUKYE PO3-
TAIIOBAaHMMH IIapaMH, Taka iHTepHpeTalis BUSBH-
nacs 3aJ0BUIBHOIO JJIsl BpaXyBaHHs BIUIMBY TEMIIe-
paTypHOTO PEKUMY Ha CyMapHY 3BOJIOKEHICTb.

[ns BuzHaueHHss PET BHUKOPHUCTOBYETbCA Me-
ton Toputeelita [18], mo pobutk iHmekc SPEI
Maibke TakuM K€ YYTJIMBHM JIO BMICTy BOJIOTH Y
TIPYHTI, sIK 1 BitoMuii ingekc nocyx [Tanmepa [19, 20].

3navyennsa iHnexkcy SPEIL sk i SPI, crammapru-
3YIOTBCS JIISI MOXIIMBOCTI TIOPiBHSHHS 3 I1HITUMH
BEJIMYMHAMH B PI3HHX TeorpadidHuX MyHKTax i Ha
PI3HUX MPOMIXKKAX yacy Ta MaroTh Ti X cami KpHTe-
pii 11 BH3HaueHHA MOCYLUIMBUX a00 BOJIOTHX
yMmoB. O6uucieni nonarHi 3HauenHs SPEI Bka3yioTs
Ha OUIbNIY, HIK B CEPEIHBOMY, KUIBKICTH OMNAJIiB,
BiJI'€éMHI 3HAYEHHS — HABIIAKH.

Habip BUXigHMX JaHMX IO Oajax Ta TeMIepa-
Typl TTOBHHEH Oa3yBaTHCs Ha Oe3mepepBHOMY Tepi-
oni yacy tpuBajictio He MeHme 30 pokis. [lepionn
JUIS yCepEeTHIOBaHHS OOMPAIOTHCS AJIS IESKUX Mac-
mrabiB vacy, sIKi, B 3aJIKHOCTI BiJI PO3B’s13yBaHOl
3a]a4i, 3BUYaiHO KOIMBAIOTHCS Bi 1 10 48 MicsIB.
Emnizox mocyxu [uis meBHOTO MacuTaly 4acy BHU3HA-
yaeThest gk nepion, B sikomy SPEI € Ge3nepepBHO
HETaTUBHUM. |HTEHCUBHICTb NOCYXHM BH3HAYA€THCS
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3a HacTymHuMH Kpurepismu: —0,99...0,00 — Mm'sxa
mocyxa; —1,49...—1,00 — momipua mocyxa; —1,99..—
1,50 — cunbHa nocyxa; < —2,00 — ekcTpemMasibHa T0-
cyxa.

Sl ToKa3yroTh MOPIBHSUIBHI AochimkeHHs [3],
YBEACHHS B PO3pPaxXyHOK TeMIleparypyd MOBITPS 1
BpaxyBaHHs TAaKUM YWHOM BUIAPOBYBAaHOCTI € Be-
JIEMU KOPUCHUM B YMOBaxX BHUCOKHX 3Ha49eHb TeMIIE-
parypu, ajpke 1e T03BOJISiE OUTBIN TOYHO OIIHUTH
CTYICHb BUCYILIyBaHHS B IPU3EMHOMY LIapi MOBITPs
1 TIOBEpXHi IPYHTY, II0 B YyMOBax MPOTHO30BaHOTO
3pOCTaHHA TI00ATBHOTO TEMIIEpPaTypH pPOOUTH iH-
nexc SPEI Oinbin HagiiftHUM AJ1s OLIHKH MaHOyTHIX
€Mi30/1iB MOCYX.

B manomy mocrmimkeHi B AKOCTI BHXITHHX Jia-
HUX B3ATI CEPEIHBOMICSYHI TMOJS MPHU3EMHOI TEM-
neparypd Ta IHTCHCUBHOCTI OMAaJiB pe3y/bTarTiB
KIIIMaTHYHOTO MOJEIIOBaHHA 3a 39 mIo0aIbHUMHU
monemsivu TITICMS (CMIPS) [7] sk mynbTHMOze-
JIbHI CEpPEJIHI.

Hoctyn no maHux Ta ix momepeaHs oOpoOka
3mificHeHa 3a poroMororo cepicy Climate Explorer
[21]. Ockinbku KpOK PEryiasipHOi CITKM BHXIAHUX
JAHWUX JOBOJI BETUKUI y 2,5 Tpatycu, MpoBOIUIOCS
OCEepeIHEHHs IS TeorpadiqHoOTo HEHTPY KOKHOI 3
25 obnacrerr Ykpainu. ToOto, oTpuMaHi psinu TeM-
nepaTypy Ta OnajiB € CepeJHIMH 0 KBaapaTy CiTKH
3 KpokoM 2,5 Tpamycu, 1m0 B OiJBIIOCTI BHITaJIKiB
OXOILTIOE 3HAYHY TUTOMIY OyIb-sIKOi aIMiHICTPaTUB-
HOT oOmacTti i BIAMOBIZAE OCEPEIHEHUM YyMOBaM
B Hil.

Pospaxynok ingekcy mocyx SPEI Ha 6a3si cdo-
PMOBaHUX PSJIiB OMAJIiB Ta TEMIEPATYPH 3IIIHCHEHO
3a monomororo nporpamuoro koxy SPEI Calculator,
SIKUM HAJA€ThCA aBTOPAMHU IHJEKCY Yy BiIKPUTOMY
nocrymi [22]. nst ananizy oopanuii ingexc SPEI Ha
MacIiTadl 7 MiCsIIiB, KUK OXOILIIOE TEIUINH Mepio
POKY 3 KBIiTHS 110 KOBT€Hb. TOOTO, OI[IHKA PO3IO/Ii-
JIy Ha I[bOMY MacIITabi ja€ ysSBICHHS MPO TOBTO-
PIOBaHICTh T4 IHTEHCUBHICTh CE30HHHX, 200 CilIbCh-
KOTOCTIO/IAPCHKUX TOCYX, SIKi MOXYTh OUiKyBaTHCS
Ha MaiiOyTHIW mepion 4acy 3a BiJIOBiIHUMU JaHU-
MU KIIMaTHYHOTO MOJICTFOBAHHS.

Jns y3aranbHeHHS iH(OpMaIii MO0 OKpPEeMHUX
obnactsx B rpagiuHoMy BUINISAAL X Oyno 00’ enHaHO
o 1’siTu perioHam: 3axiz (o6macti — 3akaprarchbka,
PiBuenceka, Bomnmuceka, JIbBiBCbKa,  IBaHO-
®dpaHkiBcbka, XMeJNbHUIIbKA, TepHOMibChKa, Yep-
HiBenbka), Cxin (obmacti — XapkiBcbka, JloHelbKa,
Jlyranceka), Llentp (oOnacti — Binaunpka, Yepka-
ceka, llonraBceka, JlHimpomerposchka, KipoBo-
rpazaceka), IliBHiu (o6macti — Kuromuperka, Kuis-
cbka, YepniriBceka, Cymcbka), IliBnens (obmacti —
Opnecpka, MukomaiBcbka, XepCOHChKa, 3amopi3bKa,
AP Kpum).

Pe3yabratu gociiiKeHb.

IIpocTopoBo-uyacoBuii po3moia mocyx B pa-

Mkax cueHapiro RCP4.5. Po3nstHeMO oTpuMaHMiA
B PE3yJbTaTi PO3paxyHKIB YAaCOBUH PpO3IONIT 3HAa-
4yeHb iHaekcy mocyx SPEI B paMkax KiiMaTH4HOTO
cuenapiro RCP4.5 1o pi3HuX perioHax YkpaiHu.

Ha puc. 1 nmpencrasneni rpadiku 9acoBOro Xo-
Iy TIPOTHOCTUYHOTO iHAekcy mocyx SPEI Ha macmi-
Tabi 7 MicsAuiB (KBITEHb-)KOBTEHb) Ha MaHOyTHIH
mrepion 3 2021 p. mo 2050 p. SIk MokHa Ga4nTH, TIO
BCIX perioHax YKpaiHW OYiKY€ThCS TOCTYIIOBE 3HU-
skeHHsI 3HaueHb iHaekcy SPEI Bin mepeBakHo mo1a-
tHUX (SPEI > 0) y mepiry nmoioBUHY JOCTIKyBa-
HOTO TIepiony mo mepeBakHO Binm eMHUX (SPEI < 0)
y Ipyry MOJOBUHY.

B 3aximHomy perioni B mepiox 2021-2032 pp.
MepPeBaXaTUMYTh MTOMIPHO BOJIOTI YMOBH 10 HEHUT-
panmpaux 'y 2024-2027 pp. Y mepeximHuii mepion
2032-2036 pp. CHOOCTEpIraTUMETHCS KOJUBAHHSI
YMOB BiJ] TOMipHO TOCYIIIMBHX /IO TTIOMIPHO 3BOIIO-
skeHux. [licist 2037 p. MpOrHO3Y€ETHCS MEepeBayKaHHS
Big’emHoro inaekcy SPEI, skuii B okpemi poku mMo-
JKe JIOCATaTd 3HaueHb CHIBHOI mocyxu. HanOimbin
MOCYIUIMBAM HPOTHO3YETHCS AECATUPIYHUI mepion
32037 p. o 2046 p., koau Maii’Ke KO)KHOTO POKY IO
BCIX 3aXigHUX cTaHIigX ce3oHHuil iHgekc SPEI
MpuiiMaTHMe BiJl' €MHI 3HAYCHHSI.

B miBHivHOMY perioHi YkpaiHU criocTepiratu-
METhCSl aHAJIOTIYHUIM YaCOBHMH Xij 3HAYCHb 1HACKCY
SPEI. TlomipHO BOJIOTi YMOBH CIIOCTEPIraTUMYThCSI
B niepioz 3 2021 p. mo 2036 p., OKpiM JEKiTBKOX ITO-
cynuuBux cezoHiB (2027, 2033-2034 pp.). [Toun-
Hatouu 3 2037 p. IPOTHO3YETHCS HAPOCTAHHS MOCY-
IUTMBUX YMOB B TEIUIMX CE30HAX, aje HalpHUKiHII
Mepiofy OYIKYIOTBECS POKA 3 TIOMIPHO BOJIOTHMH
ymoBamu (2047, 2049 pp.). HaiiGinb mocyummBumM
porao3yeTbest 2042 p., KOIHU 1O BCiX 00JIACTIX 3Ha-
YEeHHS 1HAEKCY MOCYLUIMBOCTI MOXE JOCATHYTH
EKCTPEMAaIbHOTO 3HAYCHHSI.

Ha cxoni VYkpainu, sk 1 B iHIIMX 00JacTsX,
CIOCTEPIraTUMEThCSl  HApOCTaHHSA MOCYIUINBOCTI
TEIUIMX CE30HIB MPOTATOM JIOCIIIPKYBAHOTO TIEPIOTY.
3rigHo wacoBoro xomy iHumekcy SPEI, 3 2021 mo
2037 pp. mepeBaXKaTUMyTh BHCOKI JIOJIATHI Ocepe/l-
HeHi 3HaueHHs iHzpexcy SPEL Ilpu upomy numie B
JIBOX-TPBOX POKax MO pizHUX obmacTsx (2026-2027
Pp-, 2033-2034 pp.) OviKyIOTbCA C1a0Ki CE30HHI IM0-
cyxu. [lounnatoun 3 2037 p. i m0 KiHUA Tepiogy
Maike BCl CE30HW MPOTHO3YIOTHCS MOCYIUINBUMH,
3a pukitodeHHsM 2041 p. Ta 2047 p., Konu iHJEKC
SPEI Gnu3pkuii 10 HEUTPAILHOTO CTaHy YMOB 3BO-
nokeHHs. HaliOinbin cuIlbHI TIOCyXa OYIKYEThCS Y
2042 p., xonu mokasHuku iHAekcy SPEI moxyTth
JOCATHYTH €KCTpEMaJIbHUX 3HAYCHb.

B uenrtpansHOMYy perioni Ykpainu crnoctepira-
TUMYTbCS 4acoBi KojuBaHHs iHaekcy SPEI Bin 3Bo-
JIO)KEHUX JIO MOCYIUINBUX YMOB, TIPU 3arayibHii Te-
HJICHINI 70 3MEHIICHHS 1HIEKCY Bifl JOAAaTHHUX [0
B’ €EMHHUX 3HAYCHB IPOTATOM OCIiHKYBAHOTO TIE-
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Puc. 1. HacoBuii Xiz1 ocepenneHoro nporuoctuanoro inaekcy SPEI 7 3a criienapiem RCP4.5
o perioHax Ykpainu 3a niepiox 2021-2050 pp.

piomy. 3 2021 p. mo 2037 p. mo OeAKUX OOIACTSIX
LenTpy Oyne cnocrtepiratucs Big 2 A0 5 PokiB 3
clabKMMHU Tocyxamu TepeBakHo y 2024-2027 pp.
ta 2033-2034 pp. llounnaroun 3 2038 pp. crocrepi-
raTUMEThCSl TepeBAKAHHA TMOCYILUIMBUX CE30HIB,
MpHU [BOMY Maibke B YCiX IEHTpalIbHUX 00JacTIX
(oxpiMm [IHinponeTpoBchKoi) mocyxa Oyae BinCyT-
HbOI0 B 2041 p., 2047 p. Ta 2049 p. Haiibinbur inre-
HCHBHA TIOCyXa NMPOTHO3yeThbesi B 2042 p., y Oub-
mocti obmacreit y 2045 p. ta 2048 p.

Ha miBani Ykpainu crocrepiraTuMeTscsi aHa-
JIOT1YHUH 70 1HIIMX PETiOHIB KpaiHW TPeH]| y 4aco-
Bomy xofi inaekcy SPEI, ane, Ha BigMiHy BiJl iHIIMX
obmacrelt, 1o 2038 p. 30epiraTUMyThCS MEPEBAKHO
BoJiori ab0 HEeHWTpaJbHI YMOBHU 3BOJIOKeHHs. J[pyra
MOJIOBUHA TIEPIOly XapaKTePH3YEThCS CTIMKHM Tie-
peBakaHHSM Bijx’eMHUX 3Ha4eHb iHAekcy SPEIL, mo
CBIIYUTH TPO Maiike Oe3nepepBHUN MOCYIIIMBUN
nepiog 10 2050 p. 3 KOJMBaHHSAM IHTCHCHBHOCTI
CE30HHUX IOCYX MailKe B yCiX MiBAEHHHX oOac-
TSX, IPU IBOMY 3HA4YCHHS 1HAEKCY, Ha BiAMIiHY Bix
THIIINX PETiOHIB, AOCATATUMYThH TO3HAYOK JIIIE CH-
neHOT mocyxu (2042, 2045 pp.).

IIpocTopoBo-4acoBuii po3noaiji Mocyx B pa-
Mkax cuenapito RCP6.0. Ha puc. 2 npencrasieni
rpadikd YacoBOTO XOAY MPOTHOCTHYHOTO 1HIEKCY
nocyx SPEI na macmrabi 7 MicsauiB (KBiTE€Hb-
KOBTEHB) O perioHax YKpaiHH, OTPUMaHUX B pam-
Kax kiiMaruuHoro cueHapito RCP6.0 3a mepion 3
2021- 2050 pp.

[opiBasiHO 3 wacoBuM xoxoM iHaekcy SPEI 3a
cuenapieM RCP4.5 (muB. puc. 1), ciig Big3HaunTH,
mo B pamkax cueHapito RCP6.0, He3Baxkarouu Ha
3arajbHy TEHJIIEHIIIO 0 3MEHIIICHHS 3HaYEeHb 1HJIEK-
Cy BiJl JOMaTHUX B MEPIIii MOJOBUHI MEPioAy [0
BiJl’€MHHX B JIPYTii MOJOBUHI, CIIOCTEPIraTUMETHCS
JIOCUTh TIOMITHUH PO3KHWJ Y TOBEMIHIN IHAEKCY I10
okpemux perioHax. Kpim Toro, moBOii TpuBamuii
nepiox — 3 2030 p. mo mouarky 2040-x, 1Mo BCix pe-
TiOHaX MPOTHO3YETHCSI YEPTryBaHHS BIAHOCHO BOJIO-
rux (SPEI > 0) Ta BimHOCHO mocynummBux (SPEI <
0) ce3oniB, ToOTo Hemae, sk B cueHapii RCP4.5,
YITKOTO MEPioy MEepexoay BijJ BOJIOTOTO JO MOCYII-
nuBoTO TIepiony B cepenuni 2030-x pokis.

B 3axigHomy perioni Ykpainu B nepion 2021-
2032 pp. nepeBakaTUMYTh CE30HH 3 MOMIPHUM Ta
mo0puM 3BoJNIOXKEeHHAM (0cobmuBo 2025-2027 pp.), a
nouynHatoud 3 2038 p. i mo 2050 p. vacTime crocte-
piraTUMyThCsl CE30HU 3 MocyXoro. Haiibinbm mocy-
[UIMBAMHU TIO BCIX 3aXiJTHUX 0OJaCTAX OUiKYIOTHCS
temti ce3ouu 2024 p., 2045-2047 pp., KOJIU IPOTHO-
3o0Banuil iHgexkc SPEI Moxe 10CArTH 3HAYEHD CUJIb-
HOI MMOCYXH.

B niBHiuHOMY perioHi Ykpainu crocrepiratu-
METhCSl aHAJIOTIYHUIM YaCOBHMM XiJ| 3HAYCHb 1HACKCY
nocyxu SPEI, ane BifHOCHO BOJIOTI CE30HH TepeBa-
KatumyTh 110 2040 p., micas 4oro crocrepiratu-
METbhCS TOCTYIIOBE 3HIKEHHSI 1HAEKCY 10 BiJl'€EMHHUX
3Ha4YeHb JI0 KiHII Iepioty, Mo po3nisaaeTbes. Haii-
OLIBII TPUBAIMM OE3IEPEPBHUM IIEPIOIOM 3 TEILIH-
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Puc. 2. HacoBuii Xij ocepenneHoro nporuoctuunoro inaekcy SPEI 7 3a cuenapiem RCP6.0
o perioHax Ykpaiam 3a niepiox 2021-2050 pp.

MH CE30HAMH 3 BUCOKHM 3BOJIO)KEHHSIM IMPOTHO3Y-
erbest 2025-2030 pp. [Hounnaroun 3 2041 p. mo Bcix
MiBHIYHUX 00macTsax, okpiM JKutoMupchkoi, Bei Te-
IUTi CE30HW TPOTHO3YIOTHCS TOCYNUIMBUMH. Haii-
OLTBII IHTEHCHUBHI MOCYXHU OUiKyIOThCS y 2024 p. Ta
2045 p., xomu iHgexc SPEI mMoxe nocarTé 3HaueHb
CHJIBHOT TIOCYXH MaiiKe Mo BCiX 00JIacTsIX.

B cxigHOMY perioHi YkpaiHu crocrepirati-
METhCS TIOMIOHWIA 10 PO3TISHYTHX BHIIE PETiOHIB
YaCOBHH PO3IOJLI MOCYLIUIMBUX Ta BOJOTHX MEpio-
niB. HaifOiibI 3BOJIOKEHI TEIUTl CE30HH CIOCTEpi-
rarumyTthesa y 2022 p., 2028-2029 pp. Ilocyxa 2024
p. OUIKYETBCA CIIA0KOI0, HA BiAMIHY Bif TMiBHIYHHX
Ta 3axigHux obsacteit. [lounnaroun 3 2038 p. mepe-
BRXAaTUMYTh TEIUIl CE30HU 3 MOCYXOI0, MPH I[LOMY
HaHOUIBINOI IHTEHCUBHOCTI BOHHU JOCATaTUMYTH y
2046 p. ta 2049 p., KOIMKM MPOTHO30BaHHUU iHJEKC
SPEI Moxxe TOCATHYTH MOKa3HUKIB CHIIBHOT IIOCYXH.

B nenrpansHOMy perioHi YKpaiHH HpOTHO3Y-
€TbCSl MOMIOHWI 10 PO3MIAHYTUX PEriOHIB TPEH.
inaekcy SPEIL. To6to, 3 2021 p. mo 2036-2037 pp.
MepeBaKAaTUMYTh YMOBHU JOOPOi 3BOJIOKEHOCTI, pH
IBOMY BUAIISIOTHCSA NMOCyIUInBi ce3oHu 2024 p. Ta
2031-2033 pp., Kou 3a pO3pPaXOBAHUMH 3HAYCHHSI-
mu SPEI ouikyeTbes cnadbka mocyxa mo Beix obnac-
sx. lloumnaroun 3 2038 p. crmocrepiraTuMeTbCs
OlnbIle MOCYIIIMBUX CE30HIB, ajie He B yCiX obJac-
TSX OJHAKOBO. BimMiHHHMI BiX IHIIUX OOJacTEed Xif
inpexkcy SPEI cmocrepirarumerbess y BinHMIBKIN
oOmacti, 7e IHTEHCUBHICTh TOCYILIUBUX CE30HIB
MIPOTHO3YETHCSI ACIIO BUIIOI0, HIXK B 1HIINX IIEHTpa-

JHHUX 00JacTsaX. 3arajoM, HaHOLIBII MOCYIUTUBUM
ouikyetbes miepion 2043-2047 pp., KOIu MOCYXH 3a
3HadeHHsM iHAeKkcy SPEI MoxyTh mocsraTw momip-
HOI Ta CHUJIbHOT IHTEHCHUBHOCTI.

Ha miBgni Ykpainu, Ha BiIMiHY BiJ] IHIIMX pe-
TiOHIB, B TEPIIy IMOJIOBUHY AOCTI/HKYBAHOTO TEpio-
Iy CE30HHUX TOCyX He mporHo3yeThes. Jlo 2036 p.
MEepeBaXaTUMYTh TOMIPHO BOJIOTiI CEe30HHM abo 3i
3BOJIOKCHHSM Onu3bko HOpMH. [loumHaroum 3 Ten-
mux ce3oHiB 2035-2037 pp. OYiKyeThCS 3araibHe
301IbIIEHHST TOCYILIUBOCTI, Npu 1boMmy 3 2043 p.
no 2050 p. maibke BCi CE30HU MO MiBAHIO YKpaiHu
MIPOTHO3YIOTBCS 3 O€3MepepBHOI0 MOCYXOI0 PI3HOT
IHTEeHCUBHOCTI, sika B 2047 p. B Onechkiit obnacTi i
Kpumy Moxke IOCSTHYTH €KCTpeMalbHOI 1HTEHCHB-
HOCTI.

[IporxHo3oBana MOBTOPIOBAHICTH TEMJIUX ce-
30HiB 3 MOCYXO0I0 MO odaacTax Ykpainu. [ami pos-
IJISIHEMO, SIK PO3MOAUIATUMETHCS KUTBKICTh TETUTHX
ce30HiB 3 ocyxoto (SPEI 7 < 0) mo okpemux necs-
TWITTAX JOCTIKYBaHOTO Tepioay 3a oboma clie-
HapisMu. SIk MokHa O6aunTH 3 rpadikiB Ha puc. 3, B
paMkax kiimaruuHoro cueHapito RCP4.5 3arampHa
KUTBKICTh CE30HIB 3 TIOCYXOI0 32 TPHUILSTHPIYHHN
nepiof mo obnactax YKpaiHW KOTHBATHMEThCS B
Mmexax Bix 13 go 16 pokiB (puc. 3, a), a B pamkax
cuenapiro RCP6.0 — B mexax Bin 14 g0 17 pokis
(puc. 3, 6). ToOto, Maii’ke KOKHUI APYTHI TETIIHI
CE30H MOKe OyTH MOCYIUIMBHM, KOJH 1HTEHCHB-
HICTh Mocyxu Oyae KonluBarucs Bia ciaOkoi 1o cu-
JIbHOT 200 HaBITh EKCTPEMAJIBHOT, SIK IIOKA3aHO BHIIIEC.
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3a oOoma cIreHapissMU B yCiX 00NacTsaX Haii-
MEHIINA KITBKICTh MOCYIUIMBUX CE30HIB OUiKYETHCS
B niepioz 3 2021 no 2030 pp. [Ipu nipomy HalGinbIIa
KUIBKICTh MOCYIIUTMBHX CE30HIB B IICH mepiof mpo-
THO3YETHCA B 3aXiTHUX 007acTAX, /1€ KUTBKICTh IO-
CYIIUIMBUX CE€30HIB cTaHoBUTHME 2-3 Bumaaxu/10
pokiB B pamkax cuenapiro RCP4.5 ta no 4-5 Bunan-
kiB/10 pokiB B pamkax creHapito RCP6.0. Haii-
MEHIIIA KUTBKICTh TOCYX OYIKY€ThCS B MIBICHHUX
obmactsix 3a crueHnapiem RCP4.5, ne nume B Muko-

JIAIBCBKIM 00JIACTI MIPOrHO3YETHCS OIUH CE30H 3 I10-
CYXOI0, a B IHIIMX BOHU OyayTh BiACYTHI. 3a ClicHa-
piem RCP6.0 naliMeHIIa KiNbKICTh MOCYILIMBUX
CE30HIB B IIeH MepioJ] MpUIagaTuMe Ha CXifaHi o0Jia-
cti (1 Bumamok Ha 10 pokiB).

B nepion 3 2031 p. mo 2040 p. KiIBKICTH TTOCY-
IIUTMBUX CE30HIB CYTTEBO 3pOCTATUME IO BCIiX peri-
OHaXx 1 10 BCIX 00/1acTAX, aji€ 3 AEIKUMH BiAMIHHOC-
TAMH MDK KITIMaTHIHUMU CIICHApisIMH. 3a cIieHapi-
eM RCP4.5 y Ginbmiocti obnacreli KidbKiCTh CE30HIB

=

RCP4.5

KinbkicTb ce3oHiB 3 nocyxoto / 10 pokie
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Puc. 3. [Iporao3zoBana KinbKicThk ce30HIB 3 mocyxoto (SPEI 7 < 0) 3a kiIiMaTH4HAMHY CIIEHAPisIMU
RCP4.5 (a) ta RCP6.0 (6) B o0nactsix Ykpainu mo gecatimitrax nepiogy 2021-2050 pp.
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3 MMOCYXO0I0 CTaHOBUTHME 5-6 Bumajkie /10 pokis, a
y BinHumpkiii 001acti — 7 Ce30HIB 3 MOCYX010. 3a
cienapiem RCP6.0 B 3aximHuX 0O0JacTSIX KUIBKICTB
CE30HIB 3 MOCYXOK MalXe HEe 3MIHUTHCS 1 KOJIMBa-
THMEThCS Bim 2 10 4 ce30HiB/10 pokiB, a B AEIKUX
obmacTsax  (3akapmarcbka, IBaHo-DpaHKIBCHKa,
JIbBiBCBbKA) HABITH 3MEHIIUTHCS MOPIBHSHO 3 TOTe-
peIHBO0 MeKanor. Haibinbpre 3pocTanHs KiTbKOC-
Ti TOCYNIUIMBHX CE30HIB NPOTHO3YETHCA B IIIBACH-
HUX 001acTAX, a TakoXK y BiHHUIBKIA 00sacTi, ae
BOHH CTaHOBHUTUMYThH 6-7 Bunaakis/10 pokiB.

B ocrannsomy nepioni 3 2041 p. mo 2050 p. mo
BCili Teputopii VYKpaiHHM TpHBaTHME HApOCTaHHS
MOBTOPIOBAHOCTI TOCYIUIMBUX CE30HIB B paMKax
000X cIieHapiis.

B pamkax crnenapito RCP4.5 Haii6inem gacto
MOCYIUIMBI TEIUTi CE30HH CIIOCTEPIraTUMYThCS B
miBaeHHnx obnacTsax, Tak B AP Kpum Bci 10 pokis
OYIKYIOTBCS 3 CE30HHOIO TIOCYXOI0, B 1HINNX TiBIIEH-
HUX 00JIACTX, a TaKOXK B XapKiBChKil 001acTi — 1mo
9 pokiB 3a gecaTwiiTHIN mepioa. B pamkax crena-
pito RCP6.0 Haiibinpine 3pocTaHHs KUTBKOCTI ce30-
HiB 3 TIOCYXOI0 MIPOTHO3YETHCS Ha MIBHOUI KpaiHH, B
nesikux cxigaux ([lonenwka, Jlyrancbka) Ta miBneH-
Hux (Onecrka, MuxonaiBcska, AP Kpum) obmacTsx,
a Tako)XK B IIOJIOBHHI 3aXigHUX oOmacTed, Ae Kijb-
KICTh CE30HIB 3 MOCYXOI0 MOXe€ OCSITHYTH 8-10 BU-
nazakis/10 pokis.

BucnoBku. B maHomy mocrmimpkeHi mpoaHai-
30BaHO 4YacoBi paau iHgekcy mocyx SPEIL siki Oymun
po3paxoBaHi Iyt BCix oOnacted YkpaiHu sl Ter-
nux ce3oHiB nepiomy 2021-2050 pp. 3 BUKOpHUCTaH-
HIM JaHux KiaiMarnaHoro mozenroBadHas [ITICMS
s cuenapiie RCP4.5 ta RCP6.0. B pamkax 060x
CIICHapiiB OTPUMAaHO, 110 B ycix obnacTsax YKpainu
CIOCTepIraTUMEThCsl TSH/ISHITIS TTepeXoay BiJ TOMi-
pHO Bosorux ymoB y 2021-2036 pp. 1m0 mocyuuiu-
BuX yMOB y 2037-2050 pp. OcoOnuBO MOCYIIUIUBOIO
ouikyerbcs cepenuHa 2040-x pokiB, KOJIX B OLIBIIO-
cTi obnacteld YKpaiHH CIOCTEpIraTUMYThCS Maike
HIOPIYHO Ce30HHI MoMipHi Ta cwibHI nocyxu. 1o
CTOCYETBCSA TIOCYX EKCTPEMallbHOI 1HTE€HCHBHOCTI,
TO BOHHM TPOTHO3YIOThCS TIEPEBAXHO B OUIBII
M’sikomy crieHapii RCP4.5.

Chig 3a3HaYUTH TAaKOXK 1HINI BIOMIHHOCTI, SIK1
NPOSIBISIIOTECA B 4yacoBoMmy xoxi inzmekcy SPEI B
paMKax pi3HUX KIIMaTHYHUX clieHapiiB. B crienapii
RCP6.0, na Bigminy Bix RCP4.5, nepexinuuii nepi-
07l BiJl BOJIOTHX YMOB JI0 TIOCYLUIMBUX BUSBISETHCS
noci TpuBamM — 3 2030 p. mo mowarky 2040-x.
[IpoTaroM 1BOTO Yacy MNPOTHO3YIOTHCS MIXKPIUHI

KOJIMBAHHs 1HJEKCY HEBEIMKOI aMIUIITYIM B MeXax
[-1; +1] o BcixX perioHax, i JmIe B OCTAaHHE IECs-
TWIITTS TEpiofy, WO PO3IISNAETHCS, OYIKYETHCS
NepeBaKaHHs. MOCYIUIMBUX ce30HiB. KpiMm TOTO,
exctpemymu iHaekcy SPEI mo pi3HMX perioHax B
cuenapii RCP6.0 6impmn po3kumgaHi y 9aci, HDK B
cuenapii RCP4.5, 3a sikum yacoBWil XiJl iHIOEKCY €
JIOCUTHh OJHOMAaHITHHM B yCiX perioHax kpainw. Ta-
KW XapakTep 3MiH iHAEKCY MOCYNUTHBOCTI HEMPSIMO
CBITYMTH TIPO T€, 1110 32 YMOB peaizallii KiiMaTud-
Horo creHapito RCP6.0 MoxxHa OYiKyBaTH ITiJ{BU-
IIeHy TPOCTOPOBO-YacOBY MIHJIHMBICTH aTrmocdep-
HUX TIPOIECIB, sKi 3a0e3NedyroTh TeMIepaTypHO-
BOJIOTiICHUH pexkuM Teputopii. Lleli BUCHOBOK Takox
MOJKE 3HAWTH MiATBEPIKEHHS B TOMY, 110 Ha (oHi
04iKyBaHOTO 30iJbIIEHHS KIIBKOCTI CE30HIB 3 MOCY-
X0 B paMKax 000X CIeHapiiB B JAPYTid MOJIOBHHI
JTOCITIKYBAHOTO Tiepiony, 3a ciieHapiem RCP6.0, Ha
BimMiHy Bif creHapito RCP4.5, mpoctopoBuii mak-
CHUMYM IOBTOPIOBAHOCTI MOCYX HE 30CEpEeIKEHUI B
OJTHOMY PETiOHi, a IPOTHO3YETHCS SIK B MiBJCHHUX,
TakK CXIAHMX 1 HIBHIYHHMX 00JacTIX, IO CBIIYHUTH
MPO CYTTEBI MPOCTOPOBI 3MIHM XapakTepy perioHa-
JBHOT IUPKYISALIT aTMOocdepH, sSKi TPOTHO3YIOTHCS B
pamKax OLIBII JKOPCTKOTO CIIEHAPII0.

SIKI0 MOpiBHIOBATH OTPUMaHUH B JaHOMY J0-
CJIi/KEHHI TIPOCTOPOBO-YaCOBHI PO3IMOLT MOCYX 32
cuenapissmu RCP4.5 ta RCP6.0 3 pesynsratamu
mono iHmmx creHapiiB (RCP2.6, RCP8.5) [11],
MOJKHA BIIMITUTH 3arajibHy CXOXICTh TPEHIIB 1HJe-
KCY TIOCYXH, SKi BKa3ylOTh Ha IMOCTYNOBUH mepexin
BiJl TOMipHO Bosiorux ymoB y 2020-x pokax (3 omHi-
€10 3HaYHOIO TTOCYXOI0 B CEpequHi Mepioay) 1o Iie-
peBaXHO MocynuimBux ymoB y 2040-x poxax, mpu
bOMY YacTOTa BUHUKHEHHS CE30HHHX IMOCYX Maii-
JK€ OJTHAKOBA B YCIX CIIEHApifX, XOYa eIi30AHu TpH-
BAJIMX TIOCYX JIOBOJAATHCS HA Pi3HI 4aCOBi MPOMIKKH
B pisHuX creHapisx. [1logo reorpadiysoro posmnoi-
JIy MakCUMYMIB ITOBTOPIOBAHOCTI MOCYX I10 TEPUTO-
pii kpaiHu, ciij 3a3HauUTH, 1O B YCiX cleHapisx
MPOTHO3YEThCS HAPOCTAHHS MOCYIIJIUBOCTI B 3aXiJI-
HUX Ta MBHIYHWUX PETiOHaX KpaiHW, Jie KiIBKICTh
MOCYIIIMBUX CE30HIB HANPHUKIHII JOCIIHKYyBAaHOTO
Mepioay 3piBHIOETHCS 3 MIBACHHUMH PErioHaMu, PH
BOMY €Mi301U EKCTPEMAJIbHOI MOCYXH HPOTHO3Y-
IOTBCSI Maiike B yCiX perioHax.

OtpuMaHi pe3ynbTaTd MOXYTh BHUCTYIaTH B
SKOCTI HAyKOBO-KOHCYJIBTAaTUBHOTO Marepiany IpH
JIOBTOCTPOKOBOMY IIJIaHYBaHHI 1 OLIHLI PU3HUKiB TO-
CIIOJaPChKO-CKOHOMIYHOI JISUTBHOCTI PI3HHUX Taiy-
3eH, Imepl 3a BCe B CIIIbCHKOMY TOCIIOJIAPCTBI.
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PROJECTED DISTRIBUTION OF THE WARM SEASON DROUGHTS
OVER THE TERRITORY OF UKRAINE IN 2021-2050

Introduction. Drought is a natural phenomenon that occurs in all climates, and is one of the most
relevant natural hazards, which propagates through the full hydrological cycle and affects large areas, often
with long-term economic and environmental impacts. A prolonged deficit in precipitation over a defined
region cause a meteorological drought, while the other types of drought describe secondary effects on
specific ecological and economic compartments.

Recent trends in the drought distribution and intensity shows that Europe splits into two big areas, in
which the southern and western regions have positive trends of drought frequency, duration, and severity, and
the northern and eastern regions show a decrease in this parameters. Regarding the long events, territory of
Ukraine belongs to the areas in which a prominent decrease in drought frequency, duration and severity are
fixed. But positive trends in the drought characteristics are observed on the Black Sea coast, also in the Car-
pathian region, many droughts occurred in the past three decades. The purpose of this study to examine the
results of analysis of the spatiotemporal distribution of warm season droughts (April-October) across the
administrative areas of Ukraine in 2021-2050 under the climate scenarios RCP4.5 and RCP6.0 with them
comparing.

Data and methods. Drought estimation was performed using the SPEI index (the Standardized
Precipitation Evapotranspiration index). The inclusion of temperature through the potential
evapotranspiration (PET) along with precipitation data allows SPEI to account for the impact of temperature
regime on a drought situation.

A drought episode for given time scale is defined as a period, in which SPEI is continuously negative
and reaches a value of —1.0 or less. In this study, the gridded fields of monthly air temperature and
precipitation intensity from multimodel sets of global CMP5 models are taken for calculations of SPEI. Data
access was made through the Climate Explorer. All data were averaged over the area of each of 25
administrative regions of Ukraine.

Research results. Analysis of the time series of the calculated SPEI index for both scenarios showed
that in all regions of Ukraine there will be a tendency to transition from moderately wet conditions in 2021-
2035 to droughty conditions in 2037-2050. In the first half of the study period drought is expected near 2024,
as well as in 2030-2033 almost in all provinces except southern areas. In the second half of the period
prolonged seasonal drought is projected in 2044-2047 over all Ukraine and in some areas drought may reach
an extreme intensity.

Decade analysis of the SPEI7 time series showed that in both scenarios in all regions of Ukraine, the
least number of dry seasons is expected from 2021 to 2030. The highest number of dry seasons in this period
may reach up to 4-5 cases per 10 years in the western regions under RCP6.0 scenario. In other regions the
number of dry warm seasons will be 2-3 cases per 10 years. In the period from 2031 to 2040, the number of
dry seasons will increase substantially in all regions of Ukraine under RCP4.5 scenario, in which their
number will be 5-6 cases per 10 years. Under RCP6.0 scenario, an increase in the number of droughts will be
observed in all areas except the western regions, where will be from 2 to 4 dry seasons per 10 years. In the
last decade from 2041 to 2050, in both scenarios, the number of dry seasons will increase throughout
Ukraine compared to the previous decade. Under RCP6.0 scenario, the greatest increase is projected in the
north of the country and in some other regions throughout Ukraine, where the maximum number of seasons
with droughts will reached up 8-10 cases per 10 years.

Conclusions. Comparison of the SPEI7 time series for both scenarios showed that under RCP6.0
scenario the transition from wet conditions to dry conditions is projected during long period from 2030 to the
early 2040s. In this time, small interannual variations of the SPEI index across all regions are expected, and
only in the last decade the dry seasons will prevail. In addition, in the RCP6.0 scenario, maxima of drought
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frequency are expected in few different regions of the country, compared with the RCP4.5 scenario, which
indicates significant scenarios' differences in the predicted state of the regional atmospheric circulation
determined the temperature and precipitation regimes in the future.

Keywords: drought, standardized precipitation evapotranspiration index, climate scenario, warm
season, precipitation regime, temperature regime.
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THE REGIONALIZATION OF PODILLYA TERRITORY (TERNOPIL,
KHMYLNYTSKYI AND VINNYTSIA REGIONS) BY MINERAL RESOURCES

M. A. Cusuii, C. B. Inux, IT. M. Jlem’anuyx. PAHOHYBAHHA TEPHTOPII NOAULIA (TEPHOITL/IbChKA, XMEJTb-
HHUIIBKA I BIHHUIIbKA OBJIACTI) 34 MIHEPAJIbHHUMH PECYPCAMMH. B cmammi ynepuie oxapakxmepu3oeano mepumo-
pianbhy cmpykmypy minepanbHo-cuposunnux pecypcie Ilodinbcorkoco makpopaiiony. Ilooano enache mpakmyeanHsi MIHEPANIbHO-
CUPOBUHHO2O PALIOHY, GUKOPUCTAHE Y OAHOMY OOCTIONMCEHHs, Ma O3HAYEHO 1020 8HYmMpiwHI cmpykmypy. B medcax maxpopaiiony
BUOKPEMIIEHO WICTb MIHEPATbHO-CUPOBUHHUX patioHis: Binnuyskuil, Xmenvnuyvkutl, Tosmposuil, Yopmxiecvruil, 3axionuti ma Ilo-
OHicmposcvkuil. Yci pationu (oxpim Yopmrisecvkoeo ma I1oOHicmposcvbkoeo) 8ioHOCAMbCA 00 CKAAOHO20 MUNY, Mobmo 3anacu Mite-
DPATLHOI CUPOBUHU 30CEPeONCYIOMBCS 8 IX Medcax y 6uiidi MakpoKywie, Kyuie ma okpemux pooosuly. YcmaHoseieHo 30Kpema, uo
OCHOBHUMU CKJIAOHUKAMU KOMHOHEHMHOI CIMPYKNYPU MIHEPATbHO-CUPOSUHHUX pecypcie [100inns € pizni uou 0y0igenbHOl CUpoOsUHU.
ITionopsokosane 3naventss Malomo azpoxiMiyHa i mexHono2iuna cuposuna. Minepanbro-cupogunna 6asa 20cno0apcbKo20 KOMNIEKCy
NOOLILCLKUX 0bnacmeti CKAa0AEmMvbCsl (hPaKkmuiHo i3 OeKiIbKox 8uoie OydieenvHoi cuposunu. Ilepedoscim, ye eanusku 0ist 6UPOOHUYM-
64 6ANHA, YeMEHMHA, YYKPOSA CUPOBUHA, KAMIHb OYOi6enbHULl ma cupo8uHa 071 6y0ieenvHol kepamixu. [ 6UOKpeMIeHUX MIHepab-
HO-CUPOBUHHUX PALIOHI8 XAPAKMEPHA YIMKO BUSHAYEHA CYKYNHICIMb OCHOBHUX Ma cheyugiunux (6racmugux auuie 0 0aH020 patioHy
) 8U0i6 MIHEPATLHOI CUPOBUHU | BUPASHULL 2eHeMUYHUL 36 30K OCIAHHIX 5K I3 OKpeMUMU CmpamuepagiyHumuy, max i 3 CmpyKmypHo-
2eoMop@onoziuHuMU maxkcoHamu mepumopii. Yci euoineni pationu (3a eunsamxom HYopmrkiscokoeo ma IlooHicmpoecvrozo) — 3mima-
Hoeo muny. binvwicme mepumopianvhux cmpykmyp MiHepanbHO-CUPOBUHHUX PECYPCI8 Pe2iOHY € KOMNAEeKCHUMU I e OeKilbKa 3
HUX KIACUDIKVIOMbCA AK 2pYNosi. Y medcax peciony nepesajxcaronsv noaiKOMHOHEHMHI 30Cepeddcents pooosuly i noknaoie minepa-
JILHOT CUPOBUHU, V SKUX HAUuacmiuie OOMIHYIOUY polb 8idiepac cuposuna 0as 0y0ieeibHoi npomuciosocmi. Y matioymuvomy 3poc-
mamume 3Ha¥eHHs: CReYUQIYHUX KOPUCHUX KONANUH, K 3apa3 8idiepaioms y pationax nionopsaoxkosany ponw. Lle cmocyromvcs maxoi
CUPOBUHU 5IK KAOTIH, 2paghim, epanam, nerikanim, gnozonim ons Binnuyvkoeo, kpeiioa i 3epuucmi gocopumu — onsi XmenvHuybko-
20, pmocosa ma ckasHa cuposura — 0nsa 3axioHoeo, cincu, aueiopumu ma gocghopumu — 0ns [1oOHICMPOBCbKO2O MIHEPANIbHO-
CUPOBUHHUX PALIOHIS.

Knwwuoei cnosa: minepanvHo-cuposuHti pecypcu, MiHepaibHO CUPOBUHA, MIHEPATbHO-CUPOBUHHI PALIOHU, KVIYI, MAKPOKVWI,
podosunya, SIPHUYONPOMUCTOB] V3TU, MEPUMOPIATbHO-8UPOOHUYT KOMITIEKCU.

M. A. Cuiguii, C. B. I'ynuk, I1. M. Jempanuyx. PAHOHHPOBAHHE TEPPHTOPHH I10/]0TbA (TEPHOITOJIFCKAA,
XMEJIBHUIIKAA H BUHHHIIKAA OBJIACTH) 110 MUHEPA/IbHBIM PECYPCAM. B cmambe 8nepgvle oxapakmepuso8and
MeppumopuanbHas Cmpykmypa MuHepanbHo-Cbipbesbix pecypcos Tlodonsckoeo maxpopaiina. Ilpueedeno cobcmeennoe nonumanue
MUHEPATLHO-CHIPbEBO2O PATIOHA U O3HAYEHA e20 HYMpPeHHss cmpykmypa. B npedenax maxpopaiiona bioeneno wecms MUHepanbHO -
coipbesbix pationos: Bunnuykuti, Xmenvrnuyxuil, Tonmposweii, Yepmrosckuii, 3anaonvii u Iloonecmposckuil. Bee paiionvt (kpome
Yepmrosckozo u [loonecmpo6cko2o) OmMHOCAMCA K CIOMCHOMY MUNY, MO eCMb 3anacbl MUHEPATbHOZ0 CbIPbsl KOHYEHMPUPYIOMCS 8 UX
npeoenax 8 sude MaKkpoKycmos, Kycmog u OmoelbHblX MECMOpOXCOeHUll. YCmMano081eHo, 6 YACMHOCMU, YO OCHOGHBIMU COCTABIIA-
FOWUMU KOMROHEHMHOU CIMPYKNYPbl MUHEPATbHO-CbIPbebiX pecypcos T1o0onvsa aensiomces pasHvle U0bl CIPOUMETbHOZO CbIPbL.
Tloouunennoe 3HaueHue umerOm azpoxuMuyeckoe u mexHonrocudeckoe coipve. MunepaibHo-coipbesas 6a3a X0351UCMEEHHO20 KOMNIEK-
ca noOONbLCKUX obnacmeti coOCmMoum Qakmuiecku U3 HeCKONbKUX GUOO8 CIPOUMENbHO20 CbiPbsl. DMo npedicoe 8ce20 U3BecmHusKu Ois
npouseo0Ccmea u3secmil, YeMeHmHoe coipve, Cobipbe Olisl CAXAPHLIX 3460008, KAMEHb CIMPOUMENbHBIN U Cbipbe 0TI CIMPOUMENbHO
Kepamuku. [l 6b10e1eHHbIX MUHEPATIbHO-CbIPbELIX PALIOHO8 XAPAKMEPHO YenKO ONpeoelenHoe couemanue OCHOBHbIX U cneyuguie-
CKUX (CBOUICMEEHHBIX MONLKO OOHOMY PAliOHY) U008 MUHEPATbHO20 Cbipbs U OMUEMNIUBAS. 2eHEMUYECKAsl C643b NOCIEOHUX KAK C
OMOENbHLIMU CIMPATMUSPADUUECKUMU, TMAK U CIPYKIMYPHO-2€0MOP@ONI02UYEeCKUMU MAKCOHaMu meppumopuu. Bce gvidenenuvle pati-
onbl (3a uckaouenuem Yepmroscrkozo u I[looHecmposckozo) — cmewannoeo muna. bonvuwuncmeo meppumopuanvuvix cmpykmyp
MUHEPATLHO-CHIPbEBBIX PECYPCO8 PESUOHA KOMIIEKCHbIE U MOTbKO HECKOIbKO U3 HUX KAACCUGUYUPYIOMCs KaK epynnosvle. B npedenax
pecuona npeobnadarom nOTUKOMROHEHMHbIE COCPEOOMOYEHUsL MECTNOPOICOEHUL, 8 KOMOPBIX Hauje 6ce20 OOMUHUPYIOWVIO POTb Uepa-
em cvipbe 0Jis CMmpoumebHoOl npomvluiieHHocmu. B 6yoyuem 6yoem 6o3pacmamo 3nauenue cneyu@uyeckux noaiesHvix UCKONaembix,
Komopbie celuac Haxo0amcs 8 NOOYUHEHHOM NONOACEHUU. DMO KACAeMCcsl MAKO20 CbiPbs KAK KAOIUH, cpagum, espanam, neiukanum,
@noconum ons Bunnuykozo, men u sepuucmote gocgopumol — 0nsi XmenbHuyko2o, procogoe u CMeKkIsiHHoe Cbipbe — 3anaoHozo,
euncwl, aneuopumsl u gocgopumoi — s [Io0Hecmpo6cKko2o MUHEPAIbHO-CbIPbEBLIX PATIOHOS.

Knrouesvie cnosa: munepanvho-coipbegvie pecypcvl, MUHEPATbHOE CbIPbe, MUHEPATbHO-CbIPbEGble PALIOHbL, KYCMbl, MAKPOK)-
Cmbl, MECHOPOHCOEHUS, 2OPHONPOMBIUULEHHbIE V3bl, MEePPUMOPUATLHO-NPOU3E00CTIEEHHbLE KOMNLEKCHI.
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Problem formulation. At present, in Ukraine
the list of questions, related to the systematic study
of the problems of the mineral resource base of the
country and the mineral resource complex, formed
on its basis, and which are within the competence of
the sciences of structural and geographical direction,
are scarce and limited by geo-ecological problems
[1, 6, 15, 16, 17, 18]. At the same time an integrated
approach to the study of mineral raw material re-
sources of the separate regions, areas and districts
became important long time ago and is important
now [13, 14, 19, 27, 28, 29]. Topical issues are
those, related to a thorough analysis of the state of
mineral raw material resources of the separate re-
gions, to optimize the functioning of mining and
processing industries, creating reliable and effective
models of balanced and important territory, rational
use of mineral resources and environmental protec-
tion problems of mining industry regions. This is a
range of issues, addressed by structural geography as
a science, one of the key tasks of which is the scien-
tific substantiation of rational nature management in
the regions to optimize, which includes comprehen-
sive study and consideration of zonal-provincial and
local natural resources and the conditions of the use
of nature [19, 20, 21].

The aim of the economic and geographical re-
gionalization of the Podillya region performed in
article was to identify the spatial and time-dynamic
patterns of concentration of mineral deposits, distin-
guishing their place and role in the economic com-
plex of the region; substantiation of proposals for
optimization of its structure and functioning effi-
ciency, refinement of the nature use in the whole
region.

Analysis of the latest research and publica-
tions. A systematic study of the Podillya region’s
mineral raw material resources from a structural and
geographical point of view was not practically con-
ducted until the early 2000’s. The works that are
characterized by mineral resource base of a particu-
lar state [2, 3,4, 5,7,9, 10, 11, 12, 13, 14] pay too
little attention to this region, apparently, because of
the lack of significant deposits of raw materials of

national or international importance. Podillya really
stands out mainly for construction raw materials.
However, taking into account the notable growth
rates of production in recent years, it is in the con-
struction industry that will require the development
of new raw materials in the near term, and also con-
sidering the fact that the mineral specialization of
the region is transforming because of the materials
of new large reserves agrochemical and technologi-
cal raw materials, there is a need to reconsider the
perspectives of the mineral resource base of the re-
gion. In recent decades, several publications [19, 22,
23, etc.], some of them of a system character, have
been devoted to the region’s mineral raw material
because of specialization materials of related prob-
lems to this sphere [19]. This paper proposes the
regionalization of the Podillya territory by mineral
resources, which should help optimize several struc-
tures of mining materials because of specializa-
tion of Podillya region, ensure the rational use of
their mineral base, determine the prospects and di-
rections of development of mineral resources deposit
of the region.

The methodology of research. The regionali-
zation of the territory of the Podilsk region by min-
eral resources within three administrative regions
was carried out by us based on the methodology
proposed in [11, 12] and used by us in a somewhat
modernized way [19], taking into account local
specificity. The territory of Podillya in our work [21]
was singled out as a macrodistrict. Hence, elements
of the territorial structure of its mineral raw material
resources are the bunches, macrobunches, deposits
and individual deposits. The structure of the district
in our understanding can be shown on the scheme
(Fig. 1).

It should be noted that the term district in this
work refers to territorial structures that cover an area
of approximately 2000-3000 km? or slightly larger
than in traditional bunches, with a significant num-
ber of deposits that are related to the confluence
with certain stratigraphic horizons (often up to 1-2,
rarely-several) and are located within separate struc-
tural-geomorphological units, which are separated

Mineral raw material district

Elementary

Complex

Separate deposits

Macrobunch

Bunchess
l 1

Separate deposits

The accumulation of [| Bunch-

several deposits

Separate deposits

The accumulation of
several deposits

Fig. 1. The structure of mineral raw materials of Podillya districts
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by [26]. For example, the Khmelnytskyi district is
almost identical to the Khmelnytskyi structural-
denudation height, and the dominant types of miner-
al resources here are clay, sand and peat quaternary
and neogene ages. Thus, the main allocation of min-
eral resources in the work is based on two basic
principles: historical-geological and territorial (terri-
torial integrity). Somewhat larger than in the tradi-
tional territories of the Podillya districts are ex-
plained by the fact that the isolation of such struc-
tures within Ukraine [12, 21, 24] was based on the
concentration of a certain number of compactly lo-
cated, as a rule, large and significant industrially
significant deposits. Selection of the Podillya dis-
tricts was carried out mainly with the consideration
of many predominantly small stocks of construction
material deposits, which are, however, genetically
linked and localized in large territories. The district
can combine macrobunches, bunches and separate
deposits. The definition of the latter is given in the
work [19].

All elements of the territorial structure of the
mineral raw material resources are divided into
groups (not a very successful term in our opinion)
and complex [12]. The development of group ele-
ments does not lead to the development of intercon-
nected industries. The exploitation of complex ones
— causes the formation of industrial territorial com-
plexes. In other words, the forms of concentration of
complexes of mineral resources are called the com-
plex forms. Therefore, the analysis of the resource
composition, the concentration of reserves, mining
conditions of development, the scale of industrial
development and participation in the territorial divi-
sion of labor of such mineral raw material resources
makes it possible to determine the feasibility of for-
mation on their basis of mining units of mineral re-
sources.

Presenting main material. We have identified
six mineral resources districts within the Podilsk
macrodistrict:  Vinnytsia, Khmelnytskyi, Tovtry,
Chortkiv, Western and Podnistrovskyi. Each of them
is characterized by a certain complex of mineral re-
sources, basic and subordinate their specificity in
their location, genetic connection with certain strati-
graphic horizons and structural-geomorphological
units, which can be used both in the planning of pro-
specting for certain types of raw materials, and to
address the optimization of the region’s mining in-
frastructure. All districts (except Chortkiv and Pod-
nistrovskyi) are of a complex type, that is, mineral
resources are concentrated within their limits in the
form of macrobunches, bunches and separate depos-
its. Their short characteristics is given below.

Vinnytsia (Northeast) mineral raw material dis-
trict (I) covers the northeastern regions of Khmelny-
tskyi and the central, northern and eastern regions of

the Vinnytsia region (Fig. 2). The district is located
on the southwestern outskirts of the Ukrainian
Shield (West Dnieper reservoir-denudation altitude
on Precambrian rocks and Gaysyn accumulative-
denudation plain), which determines the species
composition of the mineral resources of the territory.
The main raw materials here are mainly granitoids
of the Archean-Proterozoic complex (granites, gran-
odiorites, migmatites, blackheads), which are used
as rubble and roll. The share of construction stone
dominates the mineral balance of almost all admin-
istrative districts of the territory. In addition to the
building stone, clay rocks are distributed in the
northeast mineral resources bunch as raw materials
for building ceramics, construction sand, facing
stone, peat, and brown coal. Specific types of raw
materials, typical only for the bunch, are primary
kaolins formed on granites, and graphite, garnet,
pelicanite, phlogopite, mineral radon water. They
are all also related to the foundations of the plat-
form.

Within the area there are two bunches:
Kozyatyn-Illintsi and Zhmerynka-Kalynivka and
Shepetivka bunch.

The Kozyatyn-Illintsi macrobunch covers the
northeastern regions of Vinnytsia region: Kozyatyn,
Pogrebyshche, Lipovets, Illintsi and northern
Kalynivka. The extreme northern part of the bunch
(north of Kozyatyn district) is occupied by Kozyatyn
bunch. The decisive role here is played by compact-
ly located deposits of primary kaolins. It focuses on
the largest kaolin deposits of Podillya: Velyki
Gadomyntsi, Glukhivets and others of interstate im-
portance. High quality of kaolin raw materials, large
reserves, compact location of deposits, favorable
conditions of the domestic and foreign markets make
it necessary to specialize the region for its extrac-
tion, enrichment and processing. Kaolin deposits are
classified as class B (raw materials with average
complex forming ability). Within the scale, a large
deposit of interstate cladding granites (Zhezheliv) is
being exploited, and a large deposit of silicon miner-
al water (Kozyatyn), classified as class A.

On the territory of bunches there are also per-
spective deposits of pelicanites (in the north of the
Kalynivka district) and opal awaiting development,
many granitoid deposits (especially in the Kalynivka
district), which are being developed for rubble and
roll. In the Lypivtsi district, the Turbiv kaolin depos-
it has been developing for a long time. Thus, due to
its mineral-specialization, the Kozyatin-Illintsi
complex macroscale can be considered as one of the
most promising in the region. Mineral raw material
resources serve as the basis for the functioning of a
small Glukhiv-Turbiv mining hub with a distinct
mineral-mineral orientation. The deposits of the
Glukhiv-Turbiv kaolin bunch are basic (by geologi-
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cal regionalization), which have been the object of
intensive exploitation for a long time. The mining
hub specification is the extraction and processing of
kaolin raw materials. There are such powerful enter-
prises as Turbiv Kaolin Plant, which supplies kaolin
concentrate for filling rubber, artificial leather and
for pesticide production and one of the most power-
ful in Ukraine - Glukhiv kaolin mill (extraction of
kaolin for porcelain, chemical, light and ceramic)
production of cable, rubber, ultramarine, refractories,
perfumes); in addition, a shortage-sparse concentrate
is produced at the plant from the main production
screenings. Within the boundaries of the mining hub,
the only quarry of facing granite is being exploited
in Vinnytsia, which is being developing by Zhezhe-
liv deposit, as well as a number of quarries that pro-
duce crushed stone and rubble stone from granitoid
rocks in the Kalynivka district.

In the near future, the share of enterprises, focu-
sed on mineral raw materials in the structure of min-
ing hub may increase, and its bunch will significant-
ly expand because of the commissioning of certain
deposits of pelicanites (decorative stones, raw mate-
rials for the production of low-temperature high-
speed glass-fiber cement, crushed stone, cement) in
Pohrebyshche, Kozyatyn, Khmilnyk districts as well
as a positive solution to the issue of extraction asso-
ciated with the pelicanites of highly decorative opal
of the Talalaiv deposit.

The capacity of the kaolin-mining industry can
be significantly increased in the near future after the
commissioning of the large Velyki Hadomyntsi de-
posit, which is fully prepared for development and is
characterized by high quality of raw materials, suit-
able mainly for the production of expensive chalk
paper. There is also a powerful reserve of explored
kaolin deposits. In general, the future expanded min-
ing hub has virtually unlimited capacity to replenish
the kaolin concentrate of the domestic market and its
export. It may also include operating companies lo-
cated in the neighborhood in the Kalynivka district
of the only explored in Ukraine deposits of garnet
stone (valuable abrasive raw materials) - Slobidka
and Ivanivka.

Zhmerynka-Kalynivka macrobunch occupies the
territory of Zhmerynka, Vinnytsia, northern part of
the Tyvriv and sothern part of Kalynivka districts.
Within its limits it’s possible to distinguish three
small bunches: Zhmerynka, Vinnytsia and Kalynivka.

Granite rocks of Demydiv, Volodymyrivka,
Brailiv and other deposits, suitable for production of
rubble, are compactly located in Zhmerynka bunch.
Only the large Demydiv field is being developed.
The Riv limestone is also being exploited field for
lime nearby. Also known are the few deposits of
limestone-ameliorants and deposits of raw materials
for building ceramics.

A similar specialization of raw materials is typ-
ical of the Kalynivka bunch: it is dominated by com-
pactly concentrated granitoid deposits with signifi-
cant reserves, suitable for the production of rubble
(Ivaniv, Pysarivka, Cherepashyntsi, etc.). Most of
them are being operated. Numerous deposits of for-
est loam are among the building materials. In addi-
tion, there is the only known in Ukraine exploited
deposit is Slobidka, which is rich in garnet (class B
according to the complex forming ability [23]); gar-
net is also found in the neighbouring Ivaniv garnet
deposit, which is being exploited for rubble.

Vinnytsia bunch is characterized by numerous
deposits of migmatites, gneisses and charnokites,
suitable for the production of rubble, clay raw mate-
rials for building ceramics and sandy raw materials,
located near the regional center. Much of the field is
being developed.

The Lukashivka deposit and the Tyazhyliv de-
posit of silicon mineral waters near Vinnitsia (both
fields are of national importance) can be considered
as promising. Kalynivka and Vinnytsia bunches are
complex territorial mineral resources structures. The
high level of territorial concentration of the same
types of fields in the bunches opens favorable pro-
spects for their joint exploitation, use of common
access roads, sources of energy and water supply,
use of waste, etc.The Vitava deposit is somewhat
separated within this macrobunch of of granitoids
(Tyvriv district), which is being developed by Gni-
van Quarry.

Shepetivka (or Shepetivka-Polonne) complex
bunch covers the eponymous districts and is charac-
terized by significant concentration of deposits of
granitoids (granites, granodiorites, gneisses) here,
the share of which sharply prevails over other types
of raw materials (Klymentovyshi, Sudylkiv, Polonne
etc.). The deposits are characterized by a high de-
gree of development and they are mainly developed
for rubble. Deposits of highly decorative defects for
facing needs have not yet been identified (except,
perhaps, the Sudylkiv deposit, whose granodiorites
are recognized as suitable for the production of fac-
ing blocks).

A group of very densely concentrated deposits
of primary kaolins (Maidan-Villa deposits, Polonne,
etc.) is a specific mineral raw material of the bunch.
Deposits are not characterized by high levels of de-
velopment and are of local importance. Burtyn
graphite deposit and refractory clay deposit of the
same name have been discovered within the bunch.
The first of these has an interstate value and good
prospects for exploitation in the near future. There
are also known deposits of raw materials for build-
ing ceramics, peat, as well as two deposits of radon
water (Polonne and Shepetivka), which are not be-
ing developed and can have complex-forming sig-
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nificance. Other types of raw materials of the bunch
are of local importance.

On the basis of the complex Shepetivka-
Polonne bunch, the mining hub of the same name
was formed and operates now. Its specialization is
defined by the kaolin raw materials extraction and
processing enterprises. There is a whole network of
diversified businesses enterprises, focused on the
production and consumption of primary kaolins.
Operations of the Maidan-Willa group of deposits
are undertaken by such enterprises as Maidan-Willa
Combine of Refractories Ltd and state enterprise
Burtyn Refractory Plant, state enterprise Polonne
Mayak Plant, whose products are refractory bricks
and fireclay powder, as well as commercial struc-
tures, Polonne Porcelain Factory Ltd, etc. The kao-
lin concentrate is used by the Poninkiv Cardboard
and Paper Factory and until recently by the Polonne
Factory of Artistic Ceramics. In addition, it should
be said that a number of primary kaolin deposits are
included in the neighborhood of Zhytomyr region,
which are included in the kaolin district described in
the Dubrivka-Khmelivka district. Baranivka Porce-
lain Factory has been functioning on its basis, until
recently several porcelain and earthenware enter-
prises in Baranivka district of Zhytomyr region were
operating, which should be considered (together
with Khmelnytskyi) as a part of a single mining hub
of mineral - raw material orientation.

In the future, after the completion of the Glu-
khiv-Turbiv mining hub, a large multi-sectoral com-
plex may be formed that will unite the two charac-
terized structures (Glukhiv-Turbiv and Shepetivka-
Polonne mining hubs), as well as the neighboring
Slavuta mining hub. Thus, in the northern regions of
the Khmelnytskyi and Vinnytsia regions, a large
territorial-industrial association with a distinct min-
eral-raw orientation is being formed.

The Khmelnytskyi mineral resources district
(Il) covers the northern regions of Ternopil and the
central and northwestern of Khmelnytskyi Region
and corresponds to the Khmelnytskyi structural and
denudation heights, the Kremenets gorgory and
Slavuta alluvial-glacial glacier. The main mineral
resources here are raw materials for construction
and coarse ceramics and expanded clay, represented
by quaternary loam and neogene clays, as well as
construction sands and peatlands of quaternary age.
The specific raw materials of the area are construc-
tion chalk, saponites, glaukonite and granular phos-
phorites, which have been intensively explored in
recent years. Small deposits of limestone-
ameliorants and mineral waters of sodium chloride
type are also known. We distinguish Shumsk-
Kremenets macrobunch and Slavuta bunch within
the district.

The Shumsk-Kremenets macrobunch covers the
Kremenets, Shumsk, northern Lanivtsi districts of
Ternopil and Bilogiria districts of Khmelnytskyi
regions. The decisive specificity of macrobunch is
the increased concentration of peat fields, which
occupy large bunches and are often interconnected.
Deposits of brown coal and construction chalk are
typical for this bunch. Construction sands are wide-
spread (especially in the Bilogiria district). Mainly
peat deposits, periodically - small sand deposits and
the only cretaceous deposit (Pidlissti) are used.
Mineral resources of the macrobunch are locally
relevant and not complex forming. The prospects for
the newly discovered granular phosphorite deposits
in the northern regions of Ternopil and Khmelnit-
skyi regions are being evaluated.

The peculiarity of the Slavuta bunch (Slavuta
and northern Izyaslav districts) is that there are al-
most no deposits of crystalline shield rocks used as a
building stone and are crucial for the neighboring
Shepetivka bunch. The only Mukhariv deposit of
pink granites suitable for cladding is known. The
characteristic mineral resources of the Slavuta
bunch are, above all, numerous deposits of construc-
tion sands, which are very compactly concentrated
in the southwestern part of the Slavuta and adjacent
bunches of Izyaslav districts. Sand fields are charac-
terized by considerable reserves and various purpos-
es (for building mixtures, silicate bricks, concrete,
road pavements, etc.) and are being intensively ex-
ploited. Specific raw material for the bunch is the
recently discovered deposits of saponites - valuable
agrochemical raw materials (code B-IIb according
to [23]). In addition, within the bunch a few deposits
of raw materials for construction ceramics and a
large deposit of clay (Kryvyn) are being explored,
suitable for cement production. Agrochemical and
cement raw materials of the Slavuta bunch have av-
erage complex-forming properties, so the bunch can
be considered complex.

On the basis of the fields of Slavuta bunch, a
small mining hub was formed, mainly of a construc-
tion direction. Large reserves of sandy raw materials
of various purposes, and very tightly concentrated,
which contributes to their efficient operation, have
become the basis for the functioning of a number of
enterprises focused on the production of construc-
tion profile products: Slavuta plant "Budfarfor",
Slavuta plant of reinforced concrete products, facto-
ry glassware (the last two are not currently work-
ing). In addition, there are several brick factories
operating within the Slavuta mining hub, the Slavuta
saponite raw materials workshop. In the future, it is
expected to expand the extraction of mineral raw
materials primarily agrochemical purposes (sapo-
nites, granular phosphorites) with average complex-
forming activity and nationwide value, so it is pos-
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sible to predict the increase of industrial potential of
mining hub by investing funds in the construction of
new products and development and phosphoric
flour, production of mineral fertilizers, compound
feeds, etc.). Certain perspectives of the district are
associated with the development of the Kryvyi Rih
clay deposit for the cement industry and the Mukha-
riv deposit of facing granites, which, after further
exploration, may be of national or even interstate
importance.

The Zbarazh-Pischanka (Tovtry) mineral re-
source district (III) extends as a stripe from the
northwest to the southeast through all Podillya dis-
trict (Fig. 2). The bunch completely covers Tovtry
ridge within the Ternopil and Khmelnitsky regions
(Podilski Tovtry) and from Kamianets-Podilskyi
continues in the east, then in southeastern directions
all the way to Pischanka and Chechelnyk districts of
Vinnytsia region (Murafski Tovtry). The main raw
materials within the bunch are niocene limestone,
mainly sarmatian tier: oolitic, detrital, reef, often
recrystallized. Limestone is primarily used as saw
stone, raw materials for calcining lime, sugar mills,
cement, construction (rubble and rubble) industry.
Types of raw materials that are of subordinate im-
portance in the bunch are construction sands, clay
rocks for building ceramics, limestone ameliorants.
Within the bunch there are such specific resources
as mineral waters Zbruchansk Naftusia, sodium
chloride and others, which have complex-forming
significance. On the territory of the district we dis-
tinguish three macrobunches: Zbarazh-Pidvolo-
chysk, Kamianets-Podilsky-Chemerivtsi and Shar-
gorod-Pischanka.

Zbarazh-Pidvolochysk polycomponent macro-
bunch is located on the territory of the eponymous
districts, also covers the northern part of the Ter-
nopil district. Within it, two bunches are clearly dis-
tinguished: 1) Ternopil, mainly monocomponent,
group, represented by numerous miocene deposits of
construction sands, very compactly located, some of
which are operated; 2) Galushchyntsi-Maksymivka,
also mainly monocomponent and group, located in
Zbarazh and Pidvolochysk districts. Several large
deposits of miocene age limestone are concentrated
here, which are used as building stone, raw materi-
als for lime, flux raw materials (Galushchyntsi and
Maksymivka), raw materials for sugar mills (Polup-
anivka, Novosilka), liming of acid soils.

Kamyanets-Podilsky-Chemerivtsi  polycompo-
nent macrobunch is also quite clearly differentiated
into two bunches: 1) Kamianets-Podilskyi, which
occupies mainly the northern part of the eponymous
and adjacent section of Chemerivtsi districts. The
main mineral raw material here is miocene age
limestone, suitable for use in cement production
(Humentsi deposit) - class B in complex-forming

capacity, for calcining lime (Nigyn-Verbka, etc.),
sugar mills (Verbka, Nigyn-Verbka etc.) as amelio-
rants, raw materials for the production of rubble
(Kyzhelivka, etc.). Limestone deposits are mainly
large and medium-sized, well-developed; 2)
Chemerivtsi, located in the northern part of the dis-
trict and represented by compactly concentrated de-
posits of limestone for sugar mills (Lysogirka, Ka-
rachkivtsi, etc.), lime production (Zakupne, Ko-
valivka, etc.), limestone-ameliorants, sawdust and
limestone. Nearby - in Husyatyn and Gorodok dis-
tricts there are unique Novozbruchansk and
Zbruchansk mineral water deposits of the type
Zbruchansk Naftusya, which have complex-forming
significance.

On the basis of macrobunch, the same-named
mining hub is formed, the basis of which is a series
of mining enterprises producing products for the
construction industry and several enterprises con-
suming mineral resources (Ukrtsukoramkin Associa-
tion, Podilsky Tovtry, Zakupnyansky quarry, Nigyn-
skyi quarry, Zubrivsk quarry, which produces
crushed stone for the Kamenets-Podilsky plant of
building materials, etc.).

Several mining enterprises in the Borshchiv
district of the Ternopil region, which develop siluri-
an limestones for road-building needs, should be
included in the structure of the mining hub de-
scribed. The Ternopil quarry here exploits the
Brodok Right Bank deposit, the Burdyakiv special
career - the Brodok Left Bank, and Skala-Podilsk -
the deposit of the same name. Quarry products are
crushed stone and rubble stone. Gipsovik produces
sawstone at Teremtsiv field of limestone, and also
develops gypsum deposits of Kudryntsi deposit for
the needs of cement production. Within the mining
hub There is a powerful cement plant (Closed
Joined-Stock Company Podilsky Cement), which
uses the raw materials of a large complex of the
Gumentsi deposit (limestones, clays). In addition,
there are several sugar mills within the borders of
the mining hub, about a dozen small brick mills,
Commercial Firm Zakupnyansky inter-farm feed
mill (the latter is a potential consumer of limestone
for feed additives that are not being developed),
Kamianets-Podilskyi bitumen plant operates within
the described territorial association.

Expansion of the mining enterprises' network in
this territory by putting into operation the explored
reserves of carbonate raw materials is kept by the
need to preserve the unique landscapes of Podilya
Tovtry, where almost all quarries or deposits of raw
materials for the sugar, cement and other industries
are located. In addition, the opening of new mining
enterprises will worsen the ecological status of the
Sataniv-Makiv territorial recreation complex, whose
territory overlaps with the area described by the
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mining hub. Therefore, to consider the prospects of
expanding the mineral base of mining hub, in our
view, is inappropriate, and the planning of prospect-
ing for the identification of new sources of raw ma-
terials for the sugar and cement industries should be
carried out in other areas [19].

A small bunch, represented by several large de-
posits of saw limestones, limestones for lime pro-
duction and limestones of the sarmatian age, stands
to the east of Dunaivtsi town. Deposits are not being
developed. Minor travertine deposits are also known
here.

Shargorod-Pischanka macrobunch covers the
territory of Shargorod, Tomashpil, Kryzhopil and
Pischanka districts of Vinnytsia region. Within it,
two deposits are clearly distinguished: Shargorod
and Pischanka.

A feature of the Shargorod bunch is the sharp
predominance of sarmatian limestone (sawdust)
limestone deposits on its territory (Derebchyn, Sa-
pezhanka, etc.). Most of the fields are developed
underground, but there are opportunities for the in-
troduction of separate fields and open mode of oper-
ation. All fields are concentrated very compactly,
which creates favorable conditions for their joint
development. Along with the deposits of the tess
limestones, there are insignificant reserves of lime-
stone deposits for lime, limestone-ameliorants, for
sugar mills, limestones and granites for the produc-
tion of rubble. The bunch is classified as a group
bunch.

Within the Pishchanka bunch, the sarmatian ti-
er limestone deposits, which are intensively exploit-
ed (Dmytrashkivka, Dmytrashkivka-Trudove, etc.)
also prevail. However, unlike the Shargorod bunch,
there are large reserves of limestone for sugarmak-
ing (Studenivka deposit). Small deposits of lime-
stone for lime and land reclamation, as well as small
deposits of building sand and clay raw materials for
building ceramics have also been explored. All de-
posits of the bunch are classified as class B [23].

In the future, it is likely that a small polycom-
ponent bunch will be formed in the Tomashpil dis-
trict, where two large Tesso deposits (Stina-Rusava
and Stina) are now explored in detail; next to the
previously explored Vyla field of limestone for sug-
ar mills, there are also known insufficiently studied
deposits of sandy raw materials, small deposits of
limestone for reclamation and rubble. All deposits
are compactly located in the western part of the dis-
trict, and refer to class C [23].

Chortkiv mineral resources district (IV) is
similar to Khmelnytskyi and is located west of
Tovtry strand. The area covers the watershed sec-
tions of the river basins of the Zolota Lypa,
Koropets, Strypa, Seret and generally coincides with
the Ternopil structural-denudation height. Typical

rocks for this area are loam and clay quaternary and
neogene age, which are used as raw materials for
construction and rough ceramics, expanded clay and
agglomerate raw materials. Quaternary peat depos-
its, which are widespread mainly in Zboriv, Ter-
nopil, Terebovlya and Kozova districts, are also
characteristic. In the district there are also common
building sands, facing stone, marls of cretaceous
age. Sulfide and other types of mineral waters,
which are complex-shaped and explored in the
Terebovlya district, Konopkivka sulfur manifesta-
tion in the same area, phosphorites in the Buchach
district may be considered as specific raw materials
for the area. The deposits of loam and other raw ma-
terials are distributed over the territory of the district
more or less evenly and do not form significant clus-
ters, that is, the area according to the internal struc-
ture can be considered as elementary, in the pres-
ence of complex-shaped mineral resources deposits-
complex.

Berezhany-Monastyrysk (V) (Western mineral
raw-material district) is only partially located in the
Ternopil region and covers its extreme western part
and generally corresponds to the western part of the
Opillia structural-denudation height. In the area, the
dominant minerals are limestones and marls, mainly
badenian, rarely turonian. They serve as raw materi-
als for the cement, sugar and lime industries. Loams
(raw materials for building ceramics), small lime-
stone deposits for the production of rubble are also
widespread within the district. Jurassic dolomites -
raw materials for the glass and metallurgical indus-
try of national importance (code C-Ila) and sand for
glass production (C-II¢) can be considered as specif-
ic raw material of the area [23]. The area can only
be considered relatively complex - fossils with me-
dium complex-forming properties are small reserve
deposits of cement raw materials, the industrial pro-
spects of which are not defined. Two large mineral-
bearing bunches stand out: Berezhany and Monas-
tyrysk.

Berezhany bunch is located on the territory of
the eponymous district. It is characterized by a
dense concentration of deposits of carbonate raw
materials - limestones and marls for burning lime
(Pidvysoke, Berezhany, Volytsia, etc.), cement (Ver-
biv, Lapshyn, Posukhiv) and sugar (Potutory). With
the exception of Pidvysoke, not all fields are cur-
rently being developed. Within the bumch, signifi-
cant deposits of construction sands (Berezhany, Vol-
ytsia, etc.) and a small Rogachyn deposit of glass
sands of national importance are also discovered,
and other mineral resources of Berezhany bunch are
of local importance.

The main mineral raw materials of the Monas-
tyrysk bunch are also rocks suitable for the needs of
the cement industry - the only one, taken into ac-
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count by the State Balance, the Bertnyky limestone
deposit and the previously explored complex
Grygoriv deposit. Nearby are limestone deposits
suitable for lime production, reclamation, large
Goncharivka and other deposits of raw materials for
building ceramics, small, poorly studied deposits of
construction sand. In addition, a large dolomite de-
posit of Korzhiv suitable for the glass and metallur-
gical industries is being developed here. Dolomites
are exported outside the area and identified by the
code (C-1Ia) [23].

Borshchiv-Yampil (Podnistrovskyi) mineral-
raw material district (VI) stretches as a stripe along
the left bank of Dnister river from Monastyrysk dis-
trict in Ternopil region till Yampil in Vinnytsia and
in general coinciudes with Prydnistrovska structure
— denudation and Mohyliv-Podilskyi denudation
hights. Northern boundary lies approximately on the
line Buchach — Borshchiv. The characteristic miner-
al resources of the region are ancient proterozoic
and paleozoic rocks (sandstones, limestones, gran-
ites, blacks, etc.), which are deposited in deep-cut
valleys of the Dniester and its left tributaries and
used as building stones (mainly rubble and roll).
These include deposits of red-colored devonian
sandstones in Buchach district, vendian sandstones
in  Mohyliv-Podilskyi, Murovani-Kurylivtsi and
Yampil districts, silurian limestones in Borshchiv
and Kamyanets-Podilskyi, crystalline rocks in Mo-
hyliv-Podilskyi, Chernivtsi and Yampil districts.
There are also known sarmant limestones for lime,
building sands, raw materials for building ceramics.
Specific to the area are primarily rich deposits of
baden gypsum and anhydrite in Borshchiv and Ka-
myanets-Podilskyi areas, deposits of sand-gravel
mixtures from alluvial deposits of the Dniester in
Zalishchyky, Kamyanets-Podilskyi and Yampil dis-
tricts, abrasite and abrasite deposits raw materials
(formation flakes) - Grynchuk deposit in Ka-
myanets-Podilskyi district. Complexes forming de-
posits should be considered to be the deposits of
sodium chloride-mineral waters of the Mirgorod
type, explored in the Mohyliv-Podilskyi district and
bromine chloride-sodium waters, the deposit of
which is known near Kamyanets-Podilskyi, and its
manifestations — in Buchach district.

No clear deposits and macro-deposits were
found within the area. Deposits of mainly construc-
tion materials are spread over the area more or less
evenly. Some of their accumulations can be noted in
the northern part of Borshchiv district, where sever-
al deposits of silurian limestones, suitable for rubble
and roll, are compactly located; numerous manifes-
tations of trembling in the Mohyliv-Podilskyi dis-
trict are tightly concentrated; there are several small
granitoid deposits in Chernivtsi district of Vinnytsia
region and a number of other small deposits of con-

struction materials. Mineral waters of Mirgorod type
and bromine chloride-sodium are identified by the
code (B-IIb) [23]. Crystalline rock deposits for con-
struction purposes can be of national (with signifi-
cant reserves) value. Other types of minerals in the
area (except for the small Grynchuk field of flint
deposits that are being exported) are of local im-
portance.

In the neighboring districts of the Khmelny-
tskyi and Vinnytsia regions, the polycomponent
macrobunch (Nova Ushytsia), which occupies the
territory of Nova Ushytsia, Murovani-Kurylivtsi,
part of Kamyanets-Podilskyi, Vinkivtsi, and Mo-
hyliv-Podilskyi districts, and partially occupies the
territory of Podnistrovsk, Tovtry and Khmelnytskyi
area. The peculiarity of macro-bunch is the presence
of numerous deposits and manifestations of phos-
phorites - specific and granular. Within the macro-
bunch, glauconite and apatite deposits are also
known, that is, the specificity of the territory lies in
the accumulation of mainly agrochemical raw mate-
rials here, which is not currently being developed,
but which we have referred to as strategic (apatites,
phosphorites) [23, 25] and in the future, after a de-
tailed assessment can get a nationwide importance.

On the basis of the resources of the agrochemi-
cal raw materials of the Nova Ushytsia macrobunch,
it is possible to predict the formation of a mineral-
raw material orientation in the future mining hub
especially since the Bakhtyn deposit of the fluvial
spar — strategic raw material is explored in the areas
of the macrobunch in the Murovano-Kurilivets re-
gion. Formation of a small mining hub here may
begin in the near term with the introduction of this
scarce raw material deposit (code C-Ilc) into opera-
tion in Ukraine. A comprehensive approach to the
extraction and processing of fluorite raw materials
involves the construction of a mining and processing
plant that will produce fluorite, feldspar and quartz
concentrates. For recycling quartz concentrate can
also be built factories of glass and silicate brick.

The basis for the formation of the three resort
and recreation hub allocated by us within the Podil-
lya region were first of all the rich mineral and min-
eral waters discovered here, as well as other favora-
ble factors — climatic, ecological-geomorpho-
logical, landscape, cultural-historic, etc.

For example, a small Konopkivka mining hub
was formed on the basis of the Konopkivka sulfide
water deposit in the Terebovlya district of Ternopil
region. Here there is a sanatorium "Medobory" in
the village Konopkivka, a health complex for agri-
cultural workers in the village. Nastasiv and
Mykulyntsi water treatment hospital (on the basis of
therapeutic mud deposits near Mykulyntsi village).
All health resorts specialize in the treatment of dis-
eases of the muscle skeletal system, peripheral
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nervous system, skin. There are also several water
displays located near Mykulyntsi (Sorotske,
Kozivka, etc.). Significant predicted sulfide water
resources and favorable environmental conditions
make it possible to positively evaluate the prospects
for the development of resort and recreation hub.

The great resort and recreation hub (Sataniv-
Makiv) Formation is based on the development of
the unique mineral healing waters of the Zbruchansk
Naftusia type of healing mineral water. The deposits
are located in the Zbruch River basin in the Ternopil
and Khmelnytsky regions and in the valley of the
Muksha Dunaivtsi and Kamianets-Podilskyi districts
of the Khmelnytskyi region. The deposits are mainly
complex and also contain waters with specific com-
ponents: bromine chloride-calcium-sodium and mir-
gorod type. The latter are either currently unused or
underused. Therefore, resort and recreation hub
health resorts are generally focused on the use of
Naftusia waters. On their basis, the preventive office
of the Volochysk Machine building Plant (Volo-
chysk field), sanatoriums in the village of Sataniv -
"Tovtry", "Zbruch", "Berizka" (Zbruchan-ske field),
sanatorium "Zbruch" in Husiatyn (Novozbruchans-
ke), “Ukraine” in the village Makiv (Makivske
field), sanatorium "Forest song" in the village Privo-
rittia (Mukshyn field). On the basis of bromine wa-
ters of high mineralization of Kamianets-Podilskyi
field there is a sanatorium "Podillya" and a health
center in Kamianets-Podilskyi.

There are also plants working here for industri-
al bottling of medicinal and table mineral waters
"Novozbruchanska", "Zbruchanska", "Tovtry",
"Pearl of Podillya", table waters "Vilhivchanka",
"Podolianochka", "Kamianets-Podilskyi", "Dariya"
and others.

There are real opportunities in the area for ex-
panding the wellness network primarily by making
full use of the explored reserves of exploited fields
and putting into operation reserve explored fields
(Kamianka, Zaychykiv, etc.).

There is also an opportunity for expanding the
range and enlarging the production capacity of in-
dustrial bottling plants for medical and natural wa-
ter. Unique combination of landscape and climatic
conditions of Podilski Tovtry, therapeutic properties
of several types of mineral waters, ecologically
clean territory and other favorable factors (creation
of Tovtry resort with special investment regime)
allows to predict further expansion and branching of
functional structure, functional transformation of the
leading resort areas in Ukraine and gaining interna-
tional status in perspective.

The third small resort and recreation hub
(Khmilnyk) was formed on the basis of two radon
water deposits in Khmilnyk district of Vinnytsia
region - Khmilnyk and Novokhmilnyk. The waters

of the fields are used by the Khmilnyk sanatorium,
the Central Khmilnyk Military Clinical Sanatorium,
the Podillya inter-economic sanatorium, the Road
Clinical Hospital No. 2, the Medical Rehabilitation
Center of the Ministry of Internal Affairs of
Ukraine, the Regional Physiological Hospital of the
Regional State Administration. There are also op-
portunities to increase the production of radon water
for balneological purposes.

Formation of small is possible in the future on
the basis of the Nemyriv radon water field in Vinny-
tsia region, the operation of which has recently
started by the "Avangard" sanatorium (the field is
characterized by high reserves - more than 400
m?/day [8]), as well as in Shepetivka and Polonne
districts of Khmelnytskyi region after commission-
ing of the same name deposits. At present, the radon
waters of the Shepetivka field are being used in a
small amount by the Shepetivka City Hospital.

Conclusions.

1. The main constituents of the component
structure of the Podillya mineral raw material re-
sources are the various types of construction materi-
als. Agrochemical and technological raw materials
are of subordinate importance.

2. Mineral raw material base of Chortkiv,
Tovtry and Western mineral resource districts are
made up of virtually several types of construction
materials (except for valuable mineral deposits).
First of all, it is limestone for the production of lime,
cement, sugar, construction stone and raw materials
for building ceramics. In the Khmelnytskyi district,
several types of mineral resources are also sharply
dominated: raw materials for building ceramics and
expanded clay, building sands and peat. In the five
administrative districts, 1-2 types of mineral raw
materials were explored. The Vinnytsia district is
characterized by the predominance of granitoids
used as rubble stone and roll. The share of construc-
tion stone dominates the mineral balance of almost
all administrative districts of the territory. Loam as
raw material for building ceramics, building sand,
facing stone, peat, brown coal are also common.
Thus, the area's resources are characterized by a
very narrow spectrum of explored mineral raw ma-
terials, especially with significant reserves. Only
four administrative districts differ in the availability
of several (4 - 8) types of mineral raw materials.

3. In general, in the structure of the mineral raw
material resourcfes of the region, the most signifi-
cant is the proportion of construction stone, which is
three times larger than the share of such raw materi-
als as cement, limestone for lime, brick-tile.

4. Distinctive mineral resources regions are
characterized by a well-defined set of basic and spe-
cific (characteristic only for this area) types of min-
eral resources and a distinct genetic connection of
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the latter with individual stratigraphic units (groups,
systems, divisions, tiers) and structurally - geomor-
phological taxaones of the territory. All selected are-
as (except Chortkiv and Podnistrovskyi) are of
mixed type.

5. Most of the territorial structures of the min-
eral raw material resources in the region are com-
plex and only a few are classified as grouped.

6. Within the region, multicomponent concen-
trations of mineral deposits and deposits dominate,
in which raw materials for the construction industry
most often play a dominant role.

7. In the future, the importance of specific min-
eral resources, which now play a subordinate role in
the districts, will increase. These include raw mate-
rials such as kaolin, graphite, garnet, pelicanite,
phlogopite and fluorite (strategic raw material) for
Vinnytsia, chalk, glaukonite (as a unique natural
sorbent), apatite, saponite and granular phosphorites
- for Khmelnytskyi, flux and glass raw materials -
for the West, gypsum, anhydrite and phosphorites -
for the Podnistrovskyi region.

8. According to the degree of industrial devel-
opment of the existing explored reserves of the min-
eral resources, mineral raw material resources of
Podillya belong, according to the classification [3],
to the first (20-30%) and second (30-40%) groups.

9. On the basis of the explored deposits of solid
muneral resources of the region, several mineral-
oriented mining hubs were formed and are function-
ing now: Shepetivka-Polonne, Glukhiv-Turbiv,
Slavuta and Kamianets-Podilskyi - Chemerivtsi. In
the long term, it is possible to form a Nova Ushytsia
mining hub focused on the extraction and processing
of agrochemical raw materials (phosphorites, apa-

tite, glauconite), as well as the merger of three min-
ing hubs in the northern part of the Podillia region.
In the near future, the formation of a small mining
hub may begin, subject to the commissioning of the
integrated Bakhtyn deposits of luorspar.

10. The fields of medicinal and medical-table
waters of Podillya are basic for formation in the re-
gion of resort and recreation hub: Konopkiv, Sa-
taniv-Makiv and Khmilnyk. The health-specificity
of the latter is determined, first of all, by the proper-
ties of the mineral waters on the basis of which they
function. The further expansion of the Sataniv-
Makiv resort and recreation hub is projected with
the prospect of creating a large resort of internation-
al importance. Formation of small blood vessels can
be predicted after the beginning of development of
radon mineral water deposits in the North-East
region.

11. There is an urgent need to create cadastres
of mineral resources at the regional level (regions,
administrative districts, integrated territorial com-
munities) in order to accurately assess their poten-
tial, determine priorities in the development of local
mineral raw materials complexes, provide scarce
mineral resources for the territories .

12. We consider that results presented in the ar-
ticle are only the first stage of the research. The next
stages will include detailing the mineral potential of
the region, in particular the balance, off-balance and
forecast resources of minerals, the degree of depos-
its exploration, current and potential opportunities of
their use within selected mineral areas which may
serve as a basis for clarifying their boundaries or
even the allocation of new structural units of the
territory.
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THE REGIONALIZATION OF PODILLYA TERRITORY (TERNOPIL,
KHMYLNYTSKYI AND VINNYTSIA REGIONS) BY MINERAL RESOURCES

The aim of the study. Using the latest data of Geoinform of Ukraine, to carry out economic and
geographical zoning of the territory of Podillya by mineral resources in order to identify spatial and temporal
and dynamic patterns of concentration of mineral deposits, their place and role in the economic complex of
the region, substantiation of proposals for optimization of its structure and optimization.

Research results. Within the Podilskyi macrodistrict, six mineral-raw areas were distinguished:
Vinnytsia, Khmelnytskyi, Tovtry, Chortkiv, Western and Podnistrovskyi. All districts (except Chortkiv and
Podnistrovskyi) are of a complex type, that is, mineral resources are concentrated within their limits in the
form of macrobunches, deposits, separate deposits. In particular, it is established that the main components of
the component structure of mineral resources of Podillya are different types of construction materials.
Agrochemical and technological raw materials are of subordinate importance. The isolated mineral resources
are characterized by a well-defined set of major and specific (area-specific) mineral resources and a distinct
genetic link between the latter and the individual stratigraphic and structural-geomorphological taxones of
the territory. Most territorial structures of the region's mineral resources are complex and only a few are
classified as grouped. Within the region, multicomponent concentrations of mineral deposits and deposits
dominate, in which raw materials for the construction industry most often play a dominant role.On the basis
of the explored deposits of solid mineral resources of the region, several mineral-oriented mining hubs were
formed and are functioning: Shepetivka-Polonne, Glukhiv-Turbiv, Slavuta and Kamianets-Podilskyi -
Chemerivtsi. The fields of medicinal and medical-table waters of Podillya are basic for the formation in the
region of territorial and recreational complexes: Konopkiv, Sataniv-Makiv and Khmilnyk.

Scientific novelty. Own interpretation of such territorial structural unit of mineral resources as an area is
given, regionalization of Podillya territory by combinations of mineral resources is carried out for the first
time, the set of basic and specific (peculiar to this area only) types of mineral raw materials and a distinct
genetic link of the latter with separate stratigraphs are established - geomorphological taxons of the territory,
which are separately formed on the basis of combinations of mineral resources, mining sites and their
specificasy was outlined.

Practical importance. Economic and geographical zoning of the Podillya area by mineral resources is
conducted which will help to form a reliable, holistic view of the actual resource potential of the region and
to plan and conduct on this basis by local administrative bodies aimed at optimizing the structure of the
present mineral resources and raw materials.

Keywords: mineral resources, economic and geographical regionalization, raw mineral resources,
construction materials, mining units.

References

1. Adamenko, O. M., Rudko, H. 1. (1998): Ecological geology. Manuskrypt, Kyiv,349.

2. Burka, V. Y. (2015): Geographical features of the mineral resource base of the construction-industrial complex of
the North-West economic region. Scientific Herald of Chernivtsy University, Geography, 762, 763, 117-126.

3. Wyzhva S.A., Kurylo M.M., Baleha A.R. (2018): Regional aspects of development and renewal of the country’s min-
eral-raw material base and the ways of their financial provision. Mineral resources of Ukraine, 4, 12-17.

4. Horlenko, 1. O. (1969): Mineral resources and the formation of the industrial complex of an economic region: Loca-
tion of the productive forces of the Ukrainian SSR. Naukova dumka, Kyiv, 36-44.

-192 -


mailto:syvyjm@ukr.net
https://orcid.org/0000-0002-3150-4848
mailto:ser_gul@ukr.net
https://orcid.org/0000-0001-8415-8304
mailto:dempetrom@gmail.com
https://orcid.org/0000-0003-4860-7808

BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

5. Horlenko, I. O. (1990): Economic-geographical analysis of mineral resources: Constructive-geographical founda-
tions of environmental management in the Ukrainian SSR. Naukova dumka, Kyiv, 89-92.

6. lvanov, Ye. (2009): Geocadastre researches of mining territories. Publishing Center of Lviv University, Lviv, 371.

7. Kilinska, K. I., Kostashchuk, V. I. (2010): Modern trends in the use of mineral resources of the Chernivtsi region.
The history of Ukrainian geography is an all-Ukrainian scientific theoretical journal, 22, 128-134.

8. Korpan, N.W. et. all. (2018): Mineral resources of Ukraine. Yearbook. Geoinform of Ukraine, Kyiv, 268.

9. Mishchenko, V. S. (2007): Economic priorities for the development of the mineral resource base of Ukraine. Nauko-
va dumka, Kyiv, 360.

10. Mishchenko, V. S. (2011): Program planning of the development of the mineral and raw material base of Ukraine:
methodology and practice. NAN Ukraine, Kyiv, 156.

11. Palamarchuk, M. M., Horlenko, Y. A., Yasniuk, T. E. (1978): Mineral resources and the formation of industrial ter-
ritorial complexes. Naukova dumka, Kyiv, 220.

12. Palamarchuk, M. M., Palamarchuk, O. M. (1998): Economic and social geography of Ukraine with the basics of the
theory. Znannia, Kyiv, 416.

13.Rudenko, L. H., Paliienko, V. P., Shevchenko, L. M. (2003): Constructive-geographical areas of regional environ-
mental management in connection with the development of the mineral resource base of Ukraine (conceptual aspect).
Ukrainian Geographical Journal, 4, 11-18.

14. Rudenko, L. H. et. all. (2004): Approaches, principles and methods of constructive-geographical studies of regional
nature management in connection with the development of the mineral and raw materials base of Ukraine. Ukrainian
Geographical Journal, 3, 13-19.

15. Rudko, H. I., Shkitsa, L. Ye. (2001): Ecological safety and rational nature management within the mining-industrial
and oil and gas complexes. ZAT Nichlava, Ivano-Frankivsk, 525.

16. Rudko, H. I., Bondar O. I. (2005): Ecological risks in the process of mineral reources deposits development. The
ecology of the environment and the safety of the living. lvano-Frankivsk, 5, 75-83.

17.Rudko, H. I. (2006): Resources of geological environment and the ecological safety of the technonatural systems.
ZAT Nichlava,Kyiv, 479.

18.Rudko, H.1., Ivanov, Ye.A., Kovalchuk, 1.P. (2019): Mining geosystems of the Western region of Ukraine. T. 1.2.
Bukrek, Kyiv — Chernivtsi, 838.

19. Sywyj, M. Ya. (2004): Mineral resources of Podillya: constructive-geographical analysis and synthesis. Pidruchnyky
i posibnyky, Ternopil, 654.

20.Syvyj, M. Ya. (2005): Constructive-geographical basis for the study of the region’s mineral resources. UKrainian
Geographical Journal, 1, 38—46.

21.Sywyj, M. Ya., Paranko, I.S., Ivanov, Ye. V. (2013): Geography of mineral resources of Ukraine: monograph.
Prostir, Lviv, 683.

22.Syvyj M., Havryshok B. (2018): Construction sands of Podillya: expansion distribution, resources, using. Journal of
Geology, Geography and Geoecology. 27(3), 510-520. DOI: https://doi.org/10.15421/111875

23.Sywyi M. Ya., Hulyk S.V. (2019). About the functional typification of the Podilsk economic-geographical district
mineral resources (Ternopil, Khmelnytskyi and Vinnytsia regions). Journal of Geology, Geography and Geoecology»,
28 (4), 757-769. DOI: https://doi.org/10.15421/111971

24.Syvyj M. Ya., Lisova N.O., Havryshok B.B. (2019). The regionalization ofterritorial combinations of mineral depos-
its and mining territories of Ukraine. UKRAINE. Visnyk of V. N. Karazin Kharkiv National University, Series "Geolo-
gy. Geography. Ecology", 51, 171-186. DOI: https://doi.org/10.26565/2410-7360-2019-51-12.

25. Sywyi M., Demyanchuk P., Havryshok B., Zablotsky B. (2019). Phosphates of Ukraine as raw materials for the pro-
duction of mineral fertilizers and ameliorants. Gospodarka Surowcami Mineralnymi — Mineral Resources Manage-
ment, 35(4), 5-26. DOI: https://doi.org/10.24425/gsm.2019.128543

26. Modern dynamics of the relief of Ukraine (edited by V.P. Palienko) (2005). Naukova Dumka, Kyiv, 268.

27.Larondelle, N., Haase, D. (2012): Valuing post-mining landscapes using an ecosystem services approach — An ex-
ample from Germany. Ecological Indicators, 18, 567-571.

28. Mineral Commaodity Summaries (2019). https://pubs.er.usgs.gov/publication/70202434 (28.02.2019).

29.U.S. Geological Survey Mineral Resources Program—Mineral resource science supporting informed decisionmaking
(2016), https://pubs.er.usgs.gov/publication/fs20163034 (1.09.2016).

-193 -


https://doi.org/10.15421/111875
https://doi.org/10.15421/111971
https://doi.org/10.26565/2410-7360-2019-51-12
https://doi.org/10.24425/gsm.2019.128543
https://pubs.er.usgs.gov/publication/70202434
https://pubs.er.usgs.gov/publication/fs20163034

Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

UDC911.375:711.4
Olga Sergiivna Suptelo,
PhD student, Department of Human Geography and Regional Studies,
Faculty of Geology, Geography, Recreation and Tourism, V. N. Karazin Kharkiv National University,
4 Svobody Sq., Kharkiv, 61022, Ukraine,
e-mail: syptelo@gmail.com, https://orcid.org/0000-0003-2901-8565;
Kateryna Yuriivna Sehida,
Doctor of Science (Geography), Associate Professor, Department of Human Geography and Regional Studies,
Faculty of Geology, Geography, Recreation and Tourism, V. N. Karazin Kharkiv University,
e-mail: kateryna.sehida@karazin.ua, https://orcid.org/0000-0002-1122-8460

FACTORS OF POST-INDUSTRIAL TRANSFORMATIONS OF URBAN SOCIOGEOSYSTEMS
(case Kharkiv)

0. C. Cynmeno, K. IO. Cezida. DPAKTOPH IIOCTIHIYCTPIAJIBHHX TPAHC®OPMAILIIH MICbKHX COLIIOTEO-
CUCTEM (na npuknadi micma Xapkoea). Y cmammi po3ensioaiomsbcs 0CoOIU80CMI NOCMIHOYCMPIATbHUX MPAHCchopmayiti MicbKkoi
coyiozeocumemu, Ha npuxknadi micma Xapkosa. 36invuienus pieHs ypoanizayii, wo npoaeiaEmsvcs 8 30LNbUeHHT YUCeNbHOCT Micm,
MICbKO20 HACeNeHHA ma 6NUY MICM HA 3A2aNbHUll PO3BUMOK Pe2iOHi8 ma KpaiH, crmumynioe inmepec gaxisyie pisHux 2anyseil 00
Odocnidxcenna micm. Ilpu yvomy, 8 Konmexcmi KOHyenyii NOCMIHOYCMPIAIbHO20 PO3BUMKY, SHAYHUL iHmMepec OOCTIOHUKU NPOABTA-
iome 00 axmopis, wo 6nIUBaAIOMb HA 6eKMOp MA IHMEHCUBHICMb mpaHchopmayiti Micm 8 cyu4acHux ymoeax. Y oamomy oocii-
OJICEHHI MICIO PO32T0AEMbCA SIK CKIIAOHA MICbKA COYI02e0CUCIEeMA, HA PO3BUMOK SIKOT GNIUBAIONb GEUKA KIILKICTb SIK 306HIUHIX,
max i eHympiwnix uunHuxie. Obpane K OOCHOHUYbKUL Kelic Micmo Xapkie mae CKAaoHy icmopir, 8 AKil HAudoewiuil nepioo
nos 'a3aHutl 3 IHOYCMPIEI0 Ma NPOMUCIOBUM PO36UMKOM, a 3 nouamky 1990-x pokie po3nouano uLisnx mpanchopmayiiHux nepemeo-
PeHb 00 NOCMIHOYCmPIanbHO20 nepiody. Mema 00CnioxceHHs Nonseae y UBHAYEeHHI akmopis, uwjo nIUsarOmMs Ha HANPAM ma iHme-
HCUBHICIb NOCMIHOYCmpianbHux mpaucgopmayiti micma Xapkie 3a nepioo 1991-2019 poxu. Mynemuoucyuniinapuuii 00CIioHUYb-
Kuil nioxio 00 8UBYeHHA Micm ma ocobausocmell ix po3gUmKY, (YHKYIOHYBAHHA MA MPAHCHOPMYBAHHS, CHPUSE POPMYBAHHIO 3HAY-
HO20 HADOPY MINCOUCYUNTIHAPHUX MA KOHKPEMHO HAYKOBUX Memooie 00caiodxicenus. Pozenadarouu micmo Ak CKAAOHY coyioceocuc-
memy, Wo XapaKxmepusyemucs 3HAYHUM HAOOPOM NOKAZHUKIE PO3BUMKY, HAUOITbW eeKmMUBHUMU MemOoOamu 015 8USHAYEeHH (ak-
mopie 11020 MpPaHcHOPMYBAHHS € MAMEMAMUKO-CMAMUCIMUYHI MEmOoou, 30Kkpema Kracmepuuil ma gaxmopuuil ananiz. Knacmepnuii
auanis, Ik IHCMPYMEHmM SpPYNY8aHHs, 00380IUE YHOPAOKYS8AMU NOKAZHUKU COYIANbHO-eKOHOMIYHO20 MA NPOCMOPOBO2O PO3GUMKY
micma 3a 00CHiOHCY8anull nepioo, 6CMAHOBUMU MPU OCHOBHUX emany NOCMIHOycmpianbHo2o nepexody. Ha ochosi ¢hakmoprozo
aHanizy Oyno 6CMaHOBIEeHO CYKYNHICIb YUHHUKIE Md 6U3HAYEHO IX CUTY 6NAUGY 3d 6KA3aHULl nepiod. AHani3 NOKA3ZHUKIE PO3GUMKY
Micma 6 OuHaMiyi 0036074€ CIBEPOACYBAMU, WO CamMe GU3HAYUEHT haKkmopu € MaKumu, wo enIUEAOMs He Juule Ha PO3BUMOK MiCb-
Koi coyioceocucmemu, a ti Ha ocoonusocmi ii mparcgopmayii.

Knrouogi cnoea: mpancghopmayii micma, ghakmopu pozeumxy, paxmopnuii ananiz, NOCMindycCmpiansHull po38umox, Kiacmep-
HUL aHaniz, micbka coyioceocumema, XapKie.

0. C. Cynmeno, K. I0. Cezuoa. PAKTOPBI ITIOCTHHJYCTPHAIbLHOH TPAHC®OPMALIHH IOPOJCKHX COIIH-
OI'EOCHCTEM (na npumepe 20poda Xapvkosa). B cmambe paccmampusaromesi 0CO6EeHHOCMU NOCMUHOYCIMPUATbHIX MPAHCHO-
pmayuti 20p0OCKOTE COYUO2e0CUmeMyl, Ha npumepe 2opooa Xapbkosa. Yeenuuenue ypoeHs ypoanusayuu, NPOAEIAemcs 6 ysenuieHuu
YUCTEHHOCTU 20P0008, 20POOCKO20 HACENeHUs U BIUAHUA 20PO006 HA 0OUjee pazeumue pecuoHo8 U CIMpaH, CIUMYIupyem uHmepec
CReyuanucmog pasnuiHelX ompaciei K ucciedoganuio 20pooos. Ilpu smom, 6 konmexcme KOHYenyuu NOCMUHOYCMPUATLHO2O pPa3-
BUMUS, 3HAYUMENbHBII UHMEPeC UCCTe008ament NPOAGIAION K akmopam, Komopule 61UsAIOn Ha 6eKMOP U UHMEHCUBHOCMb MPAHC-
gopmayuii 20po00s 6 coepemeHHbIX Ycrosuax. B dannom uccredosanuu 20poo paccmampugaemcs Kaxk ClodiCHAs 20pO0CKas coyuo2e-
ocucmema, Ha pazeumue KOMOpou GIuA0m 00Ibuloe KOIULeCm80 KaK GHEWHUX, MaK u GHYMpeHHUXx @akmopos. Bwvibpanwiii xax
uccnedosamenveKull Ketic 20po0 XapvKog umeen CILONACHYIO0 UCHOPUIO, 8 KOMOPOU camblil OTUHHBIL NepUod CéA3aH ¢ UHOycmpuell u
npombluIeHHbiM pazsumuem, a ¢ Havana 1990-x 20006 nauan nyme mpanc@opmayuoHHslX npeodpaz’osanuii K nOCMuHOYCmMpUaIbHo-
My nepuoody. Llenv uccnedosanus 3axniouaemcs 6 onpeoenenuu Gakmopos, eIUAOWUX HA HANPAsIeHue U UHMEHCUBHOCIb NOCTUH-
dycmpuanvuwix mpancgopmayuii copooa Xapvros nepuoo 1991-2019 200v1. MynbmuoucyuniunapHolil uccied08amenbCkuil n00Xo0 K
U3YYeHUIo 20p0008 U 0cobenHocmell Ux pazeumus, GYHKYUOHUPOSaHus U mpancopmayuu, cnocoocmeyem Gopmuposanuio 3Hau-
MeIbHO20 HAOOPA MENCOUCYUNTUHAPHBIX U KOHKPEMHO HAYYHBIX Memo00s ucciedosanus. Paccmampusas 20poo kak ciodicHyio coyu-
oceocucmemy, xapakmepusylouwjeecs 3Ha4UmenbHblM HabOpom noxasamenell pazeumus, Haubonee s¢)pexmusHvimu memooamu Ousl
onpeoenenus axmopos e2o mpanchopmayuu A6IAmcs MamemMamuko-cmamucmuyecKue mMemoodl, 8 YACMHOCMU KIACMEPHbII U
Gaxmopnwiii anaruz. Knacmepuwiii ananus, kax uncmpymeHnm epynnuposKu, NO3601UNL YROPAOOYUMb NOKA3AMENU COYUANbHO=
IKOHOMUYECKO20 U NPOCMPAHCMEEHHO20 PA3GUMUsL 20p00d 3d UCCAEOYeMblll Nepuoo, YCMAaHOSUMs Mpu OCHOBHBIX IMANA NOCHUN-
dycmpuanviozo nepexooa. Ha ocnose gpaxmoprozo ananuza 6ul10 yCmManogieHo COBOKYRHOCMb (Pakmopos u onpedeieHsl ux Cuy
6030eticmeust 3a YKa3annulil nepuod. Ananus paseumus 20poda 6 OUHAMUKe NO360Aem YMEepHCOamb, YUMo UMEHHO OnpedeleHHble
@axmopbl ABIAOMCA EIUAIOUUMU He TOTBKO HA PA3GUIUE 20POOCKOU COYUO2EOCUCTNEMbL, HO U OCOOEHHOCMU ee MPAHCHOPMayuu.

Kniouesvie cnoea: mpancopmayuu 2opooa, ¢akmopsl pazeumus, QakmopHulli anaiu3s, HOCMUHOYCMPUATbHBIL pa3eumue,
KAACMepHblil aHAnU3, 20po0CKas coyuozeocucmema, Xapbros.

Formulation of the problem. The rapid pocentrism stimulate scientific interest in the study
growth of urban population in the world, the grow-  of cities, their populations and development. At the
ing role and influence of cities, informatization and  same time, complex interdisciplinary and systemic
the formation of new forms of economic develop-  approaches are of great importance. The city, as a
ment in combination with globalization and anthro-  complex socio-geosystem [15, 16], which is influ-
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enced by a number of external and internal factors,
is a dynamic formation, which is characterized by
the concepts of development and transformation. In
the context of the concept of socio-geosystems, cit-
ies have the following fundamental properties:
openness, dynamism, integrity, hierarchy, emer-
gence, homeostasis, self-development and insta-
bility.

Modern society of highly developed countries,
according to some scientists, is at the stage of post-
industrial development, the rest are striving to reach
this level and are in the process of transformation.
For Ukraine, as a part of the European region, the
processes of post-industrial transformations are also
characteristic. First of all, they are manifested in
large cities, including Kharkiv.

Over the more than 360-year history of for-
mation and development, Kharkiv, under the influ-
ence of a significant number of factors, has repeat-
edly changed the vector of its development. The
existing potential of the city and the current state of
development suggest that Kharkiv has entered a
phase of active post-industrial transformation, the
manifestations of which are present in all spheres of
life and functioning of the city, from economy and
production to urban space and everyday practices.

Analyzing the experience of cities in the world,
it should be noted that there is no single scenario for
the development or transformation of urban socio-
geosystems [19, 13]. As M. Weber noted [4], it is
not possible to define the concept of a city, because
each city is unique. Consequently, the conditions of
development, the peculiarities of transformations,
and most importantly the factors that influence these
processes are completely unique for each city.
Therefore, when planning and formulating a strategy
for the development of the city, it is necessary to
study the factors influencing these processes. In the
period of post-industrial transformation, this is ex-
tremely important, given the dynamism and instabil-
ity of post-industrial development in today's global-
ized world.

Analysis of recent research and publications.
The city and its development are the subject of re-
search in many sciences, including economic and
social geography, social geography, sociology, eco-
nomics, urban planning, philosophy, futurism, ecol-
ogy, political science and others. The formation of
cities as centers of civilizational [8] growth and de-
velopment of the territory in the period of total
globalization has influenced the output of this object
of study and the boundaries of the interests of one
particular science or field of knowledge. At the same
time, the most effective can be considered an inter-
disciplinary approach to the study of such a complex
and dynamic socio-geosystem as the city.

Peculiarities of post-industrial transformations

of cities and the factors influencing them are a rather
new field of research for domestic specialists. In-
stead, this topic has been widely studied by Western
scholars since the early twentieth century, which is
undoubtedly explained by the level of economic and
scientific development of the respective countries.

Analyzing the results of previous research on
the topic, it should be noted their main vectors: 1)
theorizing of post-industrial urban development; 2)
study of economic features and factors of develop-
ment; 3) the study of spatial and social transfor-
mation.

The founder of the concept of post-industrial
society D. Bell [2], notes that the manifestations of
the post-industrial stage of development are mainly
reflected in the economy and production, society
and space, science and culture.

Andy Pike [1], in a comprehensive study of
Glasgow's transformations, emphasizes that post-
industrial development is a complex process and
often leads to polarization and uneven development
of the city, which in turn can affect the development
of the region of influence of the city. The author
notes that for Western highly developed countries,
the period of post-industrial transformations begins
after World War II and is gaining momentum in the
early 1970s. The author assigns a significant role in
the further development of Glasgow to the tertiary
sectors, and notes that it is the processes of tertiali-
zation that can contribute to the establishment of
sustainable development of the city.

On the example of the study of transformations
of the city of Montreal, Sarah Moser, Gabriel
Fauveaud, Adam Cutts [5], describe the impact of
urban policy as one of the factors of city develop-
ment. In times of economic and social upheaval, the
main regulatory role is given to municipal authori-
ties. The transition to the post-industrial stage of
development of the city of Montreal was accompa-
nied by the support of the city authorities of creative
and science-intensive sectors of the economy, which
overcame the decline of the manufacturing sector.
Despite the success of the measures described by the
authors, the transformation of the city, due to a
number of factors, was uneven.

Lars Nilsson [7] explores the tendencies of
post-industrial transformation of urban space as an
important component of the city's functioning on the
example of Western European cities in his work
"Urban space in the post-industrial era". The author
considers the processes of deindustrialization and
development of creative branches of the city econ-
omy to be the main factors influencing the changes
in urban space.

Post-industrial development and transformation
of cities and urban spaces are quite new for domes-
tic scientists. Undoubtedly, this is due to the fact that
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the manifestations of post-industrial transformations
in the Ukrainian socio-economic space, in particular
at the city level, have appeared relatively recently.
However, the study of foreign experience in the
study of these processes, contributes to the for-
mation of a comprehensive interdisciplinary study
of cities and their development processes.

M. Bykova's research is devoted to the study of
economic aspects of post-industrial transformations
of Kyiv [10]. The author identifies the main aspects
and their characteristics of economic transfor-
mations of the city in space-time aspects, including
their qualitative and quantitative indicators (spatial
organization of the economy, the level of post-
industrial transformations, the sphere of dominance
of post-industrial transformations). An important
aspect of this study can be called a sufficient statis-
tical base, unfortunately, its absence at the level of
other cities in the country makes it impossible to
conduct an equally effective study of economic
transformation.

Another area of the urban socio-geosystem in
his study describes O.V. Senyur [17]. The author
refers to the transformation of the social space of the
city to the main transformations of the post-
industrial transition period. According to the con-
cept and scientific views of A. Lefebvre [3] and oth-
er classics of sociological research of urban trans-
formations, the author identifies two main areas of
post-industrial changes in the social space of the
city: first - the transformation of the essence and
forms of social relations in urban areas; secondly -
the transformation of the urban environment.

Investigating the spatial transformations of ur-
ban areas of Ukraine of peripheral-industrial type,
O. Hnatyuk [11] identifies the main factors of trans-
formation transition from planned to market econo-
my, increasing importance of services compared to
industrial production, low efficiency and innovation
of the existing technological structure and conserva-
tism. local population (including local elites), who
are not ready to abandon the vision of their city,
primarily as an industrial center.

The study of A. Sochuvka and A. Mazurova
[18] is devoted to the issue of socio-geographical
features of the transformation of industrial regions.
Using the examples of the Katowice Conurbation,
the authors describe the main characteristics and
problems of the development of typical industrial
areas in the period of industrial decline. Comparing
the features of development of different industrial
cities (Katowice and Kharkiv), A. Mazurova [13]
identifies a number of factors influencing the func-
tioning of these urban socio-geosystems, including
demographic-educational, infrastructural, innova-
tive, economic-industrial.

Positioning the city as an urban geosystem, O.

Chuyev [22], on the example of Kharkiv, reveals the
features of the infrastructural component of its func-
tioning with the help of spatial GIS analysis. Ac-
cording to the author, the establishment of a network
of existing infrastructure facilities and a survey of
public opinion on the features and efficiency of their
operation is the basis for urban planning in the con-
text of infrastructure development.

According to the analysis of the main publica-
tions on the topic of the study, we see that the state-
ment of M. Weber [4] about the uniqueness of each
individual city is confirmed. However, global trends
in world development contribute to the spread of
certain characteristics and vectors of development to
different territorial patterns, which in turn increases
the relevance of research on the factors influencing
the post-industrial transformations of cities.

Selection of previously unsolved parts of the
overall problem. The study of factors of post-
industrial development is an important and relevant
step in developing a strategy and planning for urban
development, given the uniqueness of each individ-
ual city, and taking into account the main theses of a
comparative approach to urban research in the inter-
pretation of J. Robinson [9] and others. Kharkiv is a
typical post-socialist city in the Eastern European
region, which seeks post-industrial transformations.
The study of factors of development of this kind of
city, gives the chance of implementation of the re-
ceived results for implementation at planning of de-
velopment of other cities.

The purpose of this study is to determine the
main factors of post-industrial transformation of
urban socio-geosystems on the example of Kharkiv.
To achieve this purpose, the following research
questions were asked:

- What periods of post-industrial transfor-
mation did the city of Kharkiv undergo?

- What factors and with what force influenced
the transformation of the city?

Research methods. Researching cities as com-
plex sociogeosystems should not limit the set of re-
search methods. The complexity of the object of
study contributes to the application of a comprehen-
sive cross-sectoral approach. In this paper, the main
research methods are cluster and factor analysis.
Based on the data of the Main Department of Statis-
tics in Kharkiv region [12], a database of 41 indica-
tors was compiled, describing the basis of the char-
acteristics of the functioning of the city for the peri-
od from 1991 to 2019.

Cluster analysis, as a method that allows to
group the objects of research into homogeneous
groups - clusters, in this study was used to organize
a dynamic series of indicators of Kharkiv over the
years and highlight the main stages of development
and transformation of the city. In turn, the use of
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factor analysis, the purpose of which is to identify
hidden variables responsible for the presence of lin-
ear statistical correlations between the observed var-
iables for a dynamic series of data for such a signifi-
cant period, allows to identify factors influencing
the transformation of the object. At the same time,
methods of systematization, generalization, induc-
tion and deduction, morphological analysis were
applied in symbiosis with retrospective and systemic
approaches, which allowed to establish some pre-
conditions for transformation of urban sociogeosys-
tem and their manifestations, and to systematize and
interpret cluster and factor analysis.

Presentation of the main research material.
The transition to the post-industrial stage of devel-
opment for most cities, countries and territories is an
evolutionary solution to the problems that have ac-
cumulated during industrial growth. Accordingly,
there are two possible ways to move to the post-
industrial stage of development:

I. Extensive: the decline of industry due to non-
compliance with market conditions, or due to
sharp economic or political shocks.

Il. Intensive: rapid development of technologies,
science and technology, leading to a decrease
in employment in industry, reducing the share
of GDP of industries and industries of the
primary sector, increasing the efficiency of
tertiary sectors.

Kharkiv, like most cities in Ukraine and the
Eastern Europe subregion, is characterized by the
first scenario of transition to post-industrial devel-
opment. The rupture of industrial ties after
Ukraine’s withdrawal from the USSR, outdated
equipment and production technologies, and the low
competitiveness of most types of industrial products
led to the bankruptcy of a significant number of in-
dustrial enterprises in the city. However, the post-
industrial stage of the city's development is the logi-
cal conclusion of the industrial stage and all these
unfavorable preconditions for industrial develop-
ment have become the engine for post-industrial
transformations of the city, finding ways of rapid
transformation. The classic transition to post-
industrial development is accompanied by a combi-
nation of two processes: the tertization of the urban
environment (the predominance of the service sector
in the structure of the economy) and the moderniza-
tion of industry. This has the following manifesta-
tions in Kharkiv [6]:

- among the industrial enterprises of the city,
the enterprises of machine-building branch
which have no analogues in the country pos-
sess considerable capacities, these are former
giants of an industrial stage of development
(HTZ, Turboatom, Hartron);

- industrial enterprises of food and light indus-
try are gaining significant development,
providing high-quality products not only in
Kharkiv, but also in the whole region, form-
ing powerful economic opportunities;

- the sphere of services in the city is developing
mainly due to trade, transport, tourism (one of
the largest shopping malls in the country "Ba-
rabashovo"; opening of 9 new metro stations
during the period of independence, etc.);

- one of the largest IT clusters in the country
was formed in the city;

- the city is the leading scientific and educa-
tional center of the country.

In the context of the concept of sustainable de-
velopment, the transition to the post-industrial stage
is logical and most effective. At the same time, giv-
en the experience of a number of cities around the
world (Detroit, Manchester, Katowice and others),
the rapid transition from industrial to post-industrial
development is not always the most optimal. In gen-
eral, regardless of the pace, such a transition may be
accompanied by crises in industry and other indus-
tries and spheres of activity, which generally slows
down the pace of city development. The lack of sig-
nificant resources, a clear strategy for the develop-
ment of the city and a number of alternative indus-
tries in the period of post-industrial transformations
become a threat to the development of the city and
can contribute to the rapid transformation of the city
into a solid brownfield.

During the period of Ukraine's independence in
Kharkiv, as in most powerful industrial cities of the
country, transformations of all spheres of their func-
tioning took place. Grouping the years of the study
period according to the main indicators of urban
development (cluster analysis), you can clearly see
the phases of transformation processes in the city
(Fig. 1).

Figure 1 shows that during the period from
1991 to 2019, Kharkiv went through three main
phases of its development in the context of post-
industrial transformations:

1. 1991-1997 — a period of development at the
expense of residual resources. During this pe-
riod, most industrial enterprises of the city
continue to operate, but entering a state of cri-
sis;

2. 1998-2010 — a period of crisis that was char-
acteristic of the whole country. During this
period, a significant proportion of the city's
industrial enterprises go bankrupt and cease to
operate. This period can be called the begin-
ning of post-industrial transformations, the
most striking manifestation of which is the
process of deindustrialization.
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3. 2011-2019 - a period of gradual recovery
from the economic crisis. Currently, the eco-
nomic situation in the city is stabilizing, some
industries are being modernized (HTZ, Tur-
boatom, Malyshev Plant). Among the post-
industrial processes, the most manifestations
are:  gentrification, revitalization, neo-
industrialization, tertialization.

Compared to cities in higher development
countries, such as Detroit or Manchester, for
Kharkiv, as for most post-socialist cities, the period
of transformation will be protracted and somewhat
wavy. This is due to a significant number of influ-
encing factors, and in turn makes it difficult to pre-
dict the further development of the city.

The factor analysis of Kharkiv development for
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Fig. 1. Grouping of years of development of Kharkiv according to the main indicators of functioning
of the city sociogeosystem (built by the authors according to [12])

the period from 1991 to 2019 revealed three com-
plex factors of influence among the 41 development
indicators studied. As the city is a complex multi-
vector object of study, the determination of impact
factors was carried out according to three criteria:
Kaiser's criterion, cumulative percentage criterion,
Kettle's "stone talus” criterion (Table 1).

According to Kaiser's criterion, we choose as
probable factors of influence, only power values
greater than 1,000. After all, if the factor does not
allocate a variance equivalent to at least the value of
one indicator, this factor has no effect. According to
this criterion, we have five factors of influence,
which respectively have their own values: 19,19815;
7.53513; 5.88793; 2.80172; 1,52066 (table 1).

Another way to determine the number of fac-
tors is the criterion of cumulative percentage, as de-

termining factors are chosen those that together cov-
er about three quarters of the original information
(75% — cumulative percentage). A value of more
than 75% is achieved between the first and second
positions (46.8247% and 65.2031%, respectively).
According to the criterion of cumulative percentage,
there are one or two optimal factors of influence.

The last way to determine the number of fac-
tors — Ketell's test — the criterion of "stone rash"
(Fig. 2).

This graph shows that there are three optimal
factors for the development of Kharkiv for the peri-
od from 1991 to 2019, and the rest is a "factorial
rash” — insignificant or short-term factors. Factors
Ne4 and Ne5 are not defined, so you should refer to
the results of the study according to the previous
criteria. At this stage of the study, we identify five
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optimal factors for the development of Kharkiv. Based on the data in Table 2, we have the fol-
Calculate the factor loads for each of the five  lowing composition of factors influencing the de-
factors and determine their structure (Table 2). velopment of Kharkiv for the period from 1991 to

As can be seen from Table 2, there are only  2019:
three influencing factors. In the previously selected e Factor Nel (strength of influence — 33.3%) —
factor Ne5, none of the numerical values of the vari- variables Ne 1, 11, 13, 14, 16, 17, 21, 25, 29,
ables exceeds 0.700, and therefore is not a compo- 35, 40, 41 — population; population aged 15 to
nent of the impact factor. And the factor «Ne4 con- 60 (men); population aged 0 to 15 (women);
tains only one change, the force of influence of population aged 15 to 60 (women); number of
which is only 0, 052974, which is not significant. first registered cases of diseases, thousand,
Table 1

Dispersion of influencing factors for the study period 1991-2019
(compiled by the authors according to [12])

Value Eigenvalues | % Total variance | Cumulative Eigenvalues | Cumulative %
1 19,19815 46,82475 19,19815 46,8247
2 7,53513 18,37835 26,73327 65,2031
3 5,88793 14,36080 32,62120 79,5639
4 2,80172 6,83347 35,42293 86,3974
5 1,52066 3,70892 36,94358 90,1063
6 0,78095 1,90477 37,72454 92,0111
7 0,76862 1,87469 38,49316 93,8858
8 0,63975 1,56037 39,13291 95,4461
9 0,41423 1,01033 39,54715 96,4565
10 0,35280 0,86049 39,89995 97,3169
11 0,29827 0,72749 40,19822 98,0444
12 0,20527 0,50065 40,40349 98,5451
13 0,15180 0,37025 40,55529 98,9153
14 0,10859 0,26485 40,66388 99,1802
15 0,08342 0,20347 40,74730 99,3837
16 0,08036 0,19599 40,82766 99,5797
17 0,06034 0,14716 40,88800 99,7268
18 0,03118 0,07604 40,91917 99,8029
19 0,02165 0,05280 40,94082 99,8557

20 0,01850 0,04513 40,95932 99,9008
21 0,01376 0,03356 40,97308 99,9343
22 0,00818 0,01996 40,98126 99,9543
23 0,00508 0,01239 40,98635 99,9667
24 0,00477 0,01164 40,99112 99,9783
25 0,00455 0,01111 40,99567 99,9894
26 0,00214 0,00522 40,99781 99,9947
27 0,00139 0,00339 40,99921 99,9981
28 0,00079 0,00194 41,00000 100,0000
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number of school institutions; number of hos-
pitals; number of junior medical staff, thou-
sand people; total area of housing stock, mil-
lion m? number of tourists; serviced by tour
operators and travel agents; number of scien-
tists; persons, the volume of performed scien-
tific and scientific-technical works in actual
prices, thousand UAH — the structure of labor
resources, their social protection and the
most important sectors of the tertiary, quater-
nary and fifth sectors of the economy.

e  Factor Ne2 (strength of influence — 17.1%) —
variables Ne2, 4-7 — number of births, per-
sons; natural increase (reduction); birth rate,

mortality rate; natural growth rate — demo-
graphic development of the city.

o Factor Ne3 (strength of influence — 24.4%) —
variables Ne 10, 15, 18, 20, 22, 30, 32-34 —
population aged 0 to 15 (men); population
over 60 (women); number of secondary edu-
cation institutions; the number of universities
of HI-IV level; average salary; volumes of
sold industrial products; retail turnover, thou-
sand UAH,; retail turnover of retail trade en-
terprises, thousand UAH; capital investments,
thousand UAH — age structure of the popula-
tion and main indicators of economic devel-
opment.
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Fig. 2. Graph of variance ("'stone or factorial talus") (created by the authors according to [12])

Of course, each of these factors changed the
strength of its influence during the study period. To
study this process, factor weights were calculated
for each of the identified factors of influence during
the study period (Table 3). Factor weights are indi-
cators that assess the contributions of the studied
years to each of the factors. The matrix of factor
weights is calculated by multiplying the matrix of
the original data by the matrix of factor loads. They
are interpreted as relative estimates of the manifesta-
tion of a certain factor in each of the studied years
and serve as a basis for their grouping.

If the value of the factor weights is about 0,
then the influence of this factor corresponds to the

influence as a whole for the whole period, if more
(and especially more than 1) — the influence of this
factor is significantly greater, and if with a minus
(more than 1) — significantly less. period as a whole
(Table 3).

Thus, the factor Nel — the structure of labor re-
sources, their social protection and the most im-
portant sectors of the tertiary, quaternary and fifth
sectors of the economy, the greatest impact and de-
velopment of the city had in the period from 1991 to
1995, and the least in the period from 2007 to 2010
years. Factor Ne2 — demographic development of
the city had the maximum impact on the functioning
of the city of the arch in 1991, 1992, 2012 and 2013,
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Table 2
Factor loads of the studied factors of Kharkiv development for the period 1991-2019
(compiled by the authors according to [12])

Value Factor 1 Factor 2 Factor 3 Factor 4 Factor 5
1 0,95009 0,055552 0,25038 0,051131 0,128252

2 0,13048 0,920341 0,04421 0,144338 0,053572

3 0,45185 -0,689888 -0,01212 0,102945 0,214693

4 -0,09213 0,985250 0,03847 0,065471 -0,050130

5 -0,12288 0,922086 -0,00804 0,142800 0,003553

6 -0,21707 -0,783209 -0,22151 0,064570 0,158282

7 -0,00707 0,985785 0,07970 0,080795 -0,058574

8 -0,58238 0,554968 -0,33780 -0,278640 0,278665

9 -0,58238 0,554968 -0,33780 -0,278640 0,278665

10 -0,55724 0,010426 -0,71771 -0,216319 | -0,025047

11 0,98064 -0,100800 0,14120 -0,032243 0,028462

12 0,07919 0,522117 0,53343 0,452309 0,210842

13 0,96978 0,070394 0,13972 0,058994 0,097740

14 0,98138 -0,089393 0,14287 -0,036270 0,040671

15 0,23676 0,268372 0,82464 0,313603 0,224828

16 -0,89319 0,024200 -0,04162 0,278556 0,176121

17 0,95364 0,173224 0,09470 0,121929 0,017369

18 0,60336 0,087691 0,76574 -0,055835 0,091104

19 0,69577 -0,221752 0,56016 -0,179003 0,174573

20 -0,22398 0,142071 0,89952 -0,008594 0,235920

21 0,80133 -0,342239 0,35671 -0,119717 0,041648

22 -0,37069 0,051926 -0,89019 0,085847 -0,108745

23 0,06812 -0,108358 -0,54968 0,273318 -0,662375

24 -0,12927 0,198831 0,01861 0,876865 -0,137099

25 0,78825 -0,128475 0,56462 -0,035553 0,145937

26 -0,28329 -0,459586 0,15227 -0,418069 0,031339

27 0,42541 -0,286782 0,02417 -0,389046 0,106601

28 0,08780 0,113408 0,56546 0,383440 0,658651

29 -0,84135 0,006418 -0,44777 0,038139 -0,255245
30 -0,27209 -0,057205 -0,91228 -0,095362 | -0,149072
31 -0,42704 -0,058100 -0,01581 -0,096204 0,215278
32 -0,17912 0,343919 -0,80392 0,054891 -0,109425
33 -0,63726 -0,172549 -0,68768 0,059684 -0,192493
34 -0,53805 -0,098736 -0,78280 0,143001 0,071695
35 -0,87293 0,073165 0,21445 -0,024208 0,292414
36 -0,28344 0,408550 -0,54079 0,095882 -0,576581
37 -0,05894 0,327028 -0,40526 0,236148 -0,657582
38 0,60407 0,463575 0,56654 -0,027259 0,216007
39 0,30380 -0,106148 0,53234 -0,043375 0,639939
40 0,79249 -0,079650 0,57285 0,068100 0,107369
41 0,79249 -0,079650 0,57285 0,068100 0,107369
Explanatory variable 13,65879 7,000164 10,02231 2,171954 2,941180

Prp. Totl
(The strgngth of the 0,33314 0,170736 0,24445 0,052974 0,071736
influence of the factor)
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Table 3

Factor weights of certain factors influencing the development of the city of Kharkiv
for the period from 1991 to 2019 (compiled by the authors according to [12])

Years Factor 1 Factor 2 Factor 3
1991 2,15861 2,41962 0,04477
1992 2,16358 1,77068 -0,32109
1993 1,75180 0,27175 0,15289
1994 1,54375 -0,75767 0,43184
1995 1,41674 -1,33972 0,47547
1996 0,99082 -1,03224 0,63962
1997 0,75338 -0,88660 0,58537
1998 0,63038 -0,55014 0,68114
1999 0,38110 -1,08435 0,51850
2000 -0,02105 -1,37216 0,59324
2001 -0,17525 -1,04788 0,40685
2002 -0,40801 -0,77703 0,50606
2003 -0,57003 -0,49978 0,31748
2004 -0,79676 -0,32724 0,46756
2005 -0,84369 -0,30063 0,59408
2006 -0,87189 0,03062 0,64188
2007 -1,02139 0,06777 0,76918
2008 -1,02466 0,52662 0,64150
2009 -1,03823 0,85654 0,89652
2010 -1,00181 0,75479 0,86734
2011 -0,62875 0,94606 0,08115
2012 -0,80947 1,53841 -0,13612
2013 -0,66056 1,37954 0,04467
2014 -0,65200 0,97158 -0,22587
2015 -0,43940 0,15374 -0,63355
2016 -0,07900 -0,23813 -1,58241
2017 -0,23700 0,19136 -2,35969
2018 -0,20085 -0,88991 -2,61557
2019 -0,31038 -0,77561 -2,48282

and the least — in 1995, 1996, 1999-2001. Regarding
the factor Ne3 — the age structure of the population
and the main indicators of economic development, it
acted with almost the same force throughout the
study period, and only from 2016 to 2019 its stren-
gth was slightly less than the previous two factors.
Thus, the most influential are the three main
factors of development: the city population, social
sphere and economic activity. In the period of post-
industrial transformations, the combination and in-
terconnection of the triad of these factors is con-
stantly changing, changing the internal structure of
the urban socio-geosystem and its appearance. At
the same time, the composition and structure of the-
city's population, the structure of the economy and
methods of production are transformed, the sphere
of social security of the population and the non-
productive sphere comes to the fore, the interaction
of the population with the city is transformed.
Conclusions. The complexity of the urban so-
cio-geosystem and its dynamics affect the formation
of complex factors of post-industrial transformation.

Kharkiv, as the second most developed city in terms
of development and population, is characterized by
a long and difficult post-industrial transition. During
the period of independence, the city's economy
managed to transform from industrial to post-
industrial. Forced, due to a number of economic,
political and social factors, post-industrial transition
can be considered successful for Kharkiv. This is
evidenced by the recognition of the city's develop-
ment by international experts [14, 20, 21].
Analyzing the main indicators of socio-
economic development of the city, we can distin-
guish three different periods of city development.
The dynamics of the studied indicators indicates the
formation and passage of transformation processes
in the city. The results of factor analysis suggest that
the greatest impact on the development of the city
have economic, social and demographic aspects.
But, based on a systematic approach to the study of
the functioning of the urban socio-geosystem, these
factors should be considered as a cumulative inter-
action. Thus, three main factors that significantly
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influenced the transformation of Kharkiv in the pe-
riod from 1991 to 2019 from industrial to post-
industrial stages of development were identified: the
structure of labor resources, their social protection
and the most important sectors of the tertiary, qua-
ternary and fifth sectors of the economy; demo-
graphic development of the city; age structure of the
population and the main indicators of economic de-
velopment. Undoubtedly, in different years these
factors had different levels of influence. Determin-
ing the factor weights for the established factors for

sults of cluster analysis suggests that Kharkiv is un-
dergoing a number of transformations for the period
1991-2019. At each stage there is a set of factors
that act with a certain force.

Determining the periods of Kharkiv develop-
ment and the main factors of influence is an im-
portant step for creating and substantiating a com-
prehensive description of the city in the period of
post-industrial transformations, identifying prob-
lems and prospects for further development of the
city.

the study period and comparing them with the re-
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FACTORS OF POST-INDUSTRIAL TRANSFORMATIONS OF URBAN SOCIOGEOSYSTEMS
(case Kharkiv)

Research problem introduction. Modern society of highly developed countries, according to some
scientists, is at the stage of post-industrial development, the rest are striving to reach this level and are in the
process of transformation. The city, as a complex socio-geosystem, which is influenced by a number of
external and internal factors, is a dynamic formation, which is characterized by the concepts of development
and transformation. For Ukraine, as a part of the European region, the processes of post-industrial
transformations are also characteristic. Kharkiv is a typical post-socialist city in the Eastern European region,
which seeks post-industrial transformations. The study of post-industrial development factors is an important
and relevant step in developing a strategy and planning for urban development, given the uniqueness of each
individual city. The study of factors of development of this kind of city, gives the chance of implementation
of the received results for implementation at planning of development of other cities.

The purpose of this study is to determine the main factors of post-industrial transformation of urban
socio-geosystems on the example of Kharkiv. To achieve this purpose, the following research questions were
asked: What periods of post-industrial transformation did the city of Kharkiv undergo? What factors and
with what force influenced the transformation of the city?

Research methods. Multidisciplinary research approach to the study of cities and the peculiarities of
their development, functioning and transformation, contributes to the formation of a significant set of
interdisciplinary and specifically scientific research methods. Considering the city as a complex socio-
geosystem, characterized by a significant set of development indicators, the most effective methods for
determining specific factors of its transformation are mathematical and statistical methods, including cluster
and factor analysis.

Results, Scientific novelty, Practical significance. Cluster analysis, as a grouping tool, allowed to
streamline the indicators of socio-economic and spatial development of the city for the study period, and to
establish three main stages of post-industrial transition: a period of development at the expense of residual
resources (1991-1997); a period of crisis, the beginning of post-industrial transformations, the most striking
manifestation of which is the process of deindustrialization (1998-2010); a period of gradual recovery from
the economic crisis, the economic situation in the city is stabilizing, some industries are being modernized,
activization post-industrial processes like gentrification, revitalization, neo-industrialization, tertialization
(2011-2019). Factor analysis allowed to identife three main factors groups transformation of Kharkiv from
industrial to post-industrial stages (1991-2019): 1) the structure of labor resources, their social protection and
the most important sectors of the tertiary, quaternary and fifth sectors of the economy; 2) demographic de-
velopment of the city; 3) age structure of the population and the main indicators of economic development.
During the period of Ukraine's independence in Kharkiv, as in most powerful industrial cities of the country,
transformations of all spheres of their functioning took place. In the period of post-industrial transformations,
the combination and interconnection of the triad of these factors is constantly changing, changing the internal
structure of the urban socio-geosystem and its appearance. At the same time, the composition and structure
of the city's population, the structure of the economy and methods of production are transformed, the sphere
of social security of the population and the non-productive sphere comes to the fore, the interaction of the
population with the city is transformed. Determining the periods of Kharkiv development and the main fac-
tors of influence is an important step for creating and substantiating a comprehensive description of the city
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in the period of post-industrial transformations, identifying problems and prospects for further development
of the city.

Keywords: city transformations, development factors, factor analysis, post-industrial development,
cluster analysis, urban sociogeosystem, Kharkiv.
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PERSPECTIVES OF THE TOURISM DEVELOPMENT IN TERMS OF WATER CRISIS
(CASE STUDY OF IRAN)

E. Illapighzadex Az0am, A. Xeiiponnaxi, /1. M. Hemeus. IEPCIIEKTHBH PO3BHTKY TYPH3MY B YMOBAX BOJHOI
KPU3H (HA ITIPHKJIA/I IPAHY). Ipan — ye kpaiua, axa cmpasxcoae He milbKu 6i0 Hecmaui 600u, ane i 6mpayae éce Oinvbuty Kilb-
Kicmb 00CMYnHUX 800HUX pecypcis. 3 inuto2o 60Ky, mi, Xmo npuiimae piuienisi, 3ameepounu noodsiunui nian y 2004 ma 2015 poxax.
Tax 36anuii 20-piunuii nepcnekmuenuil naan mypuszmy 6 Ipani (20YPIT) ma wocmuil naan possumxy (SDP) marome namip peecmpy-
samu 0o 2025 poxy 20 minviionie mypucmie. J[ocniodcenns cmasumos 3a Memy OYiHUmMu ma o0uucIumu KiloKicms 600U, siKy nompe-
6yroms mypucmu, sxuo i nianu 20YPIT, i SDP docsienymu ycnixy w000 mpbox cyenapiis, 0is moeo, wjod 8ionogicmu Ha 08a HACMY-
nui numanna: 1 — Axy kinoxicme 600u nompebysamume mypucmuynuii cekmop? 2 — HAxuil odcsaz 800u cekmop no6ymoeux KomMyHalb-
HUX NOCTY2 NOOLIUMbCA 3 mypucmuyHum cekmopom 0o 2025 poky? [na 6ionogioi na yi numarnus Oy 6UKOPUCIIAHT CIMATNUCTUYHT
Memoou, 8USUeHHs OOKYMeHmie ma inmeps'to 3 ekcnepmamu 6 pamxax Delphi wooo cucmemamuunozo memooy eubipxu. Ilpoanani-
308aH0 006CA2U CHOJNCUBAHHS 800U 8 PI3HUX CEKMOPAax eKOHOMIKU 6 c8imi, @ Ipani, ocobaugocmi naugy mypusmy Ha HAGKOIUWHE Ce-
pedosuuye, po3Kpuma nPoodLeMa Hecmavi 600U 8 MypUCmudHil 2ay3i. 3po6reHo nPoeHo3 KIMbKOCME THO3EMHUX | GHYMPIWHIX mypuc-
mis 6 Ipani 3a nepiood 2016-2025 pp., cnpocHo308ani 00Csi2U CRONCUBAHHS 600U 6 MYPUCTUYHIL Chepi 3a MPbOMA CYEeHapIAMU: 8000~
KOPUCMYBAHHS. CMAOIILHO | 0OHAKOBO 3 MICYEGUMU HCUMENAMU; B000KOPUCIYBAHHS 806iUi OLblLe, HIJIC Y MICYEBUX HCUMENS, BUKO-
PUCMAHHSA 600U NAPALENLHO 3 MEMNAMU 3POCMAHHSA CBIM0B8020 nonumy, sAKi ckaadaioms 4-8% 6 pik. Pesynsmamu noxasyioms nome-
HYILHY 3a2po3y, AKWO NPOSHO3U GIPHI, 3HAYHA YACMUHA OOCHYNHOK YUCMOL 600U HA NOOYMOGIl OLAHYI Oy0e CNpAMO8AHA HA Niy-
pusm (8i0 19,5 0o 69%,). Ilepwiuii cyenapiii usnauenuii AK ONMUMATLHUL, Opyeull gapianm K Kpu308uil, a mpemiti — mo, wo po3es-
Odaemuvcs. Busnaueno cepeonio Kinvkicmb 600U, HeOOXIOHY Ol MYPUCTHUYHO20 CEKIMOopa 3 YPAaxy8aHHAM He8paxo8anoi 600u, po3poo-
JIeHO KOHYEeNmyaivbHy MoOelb HACTIOKI8 He3aN1aHO8AHO20 YNPAGIIHHA 800HUMU pecypcamu 8 mypusmi Ipany y 2016-2025 pp.

Knrwuoei cnosa: soona kpusa, mypusm, Ipan, éooa, 6ooni pecypcu, 20YPTT, SDP, énympiwniti cekmop.

3. Hlapugzadex Azoam, A. Xeiiponnaxu, JI. H. Hemey. IIEPCIIEKTHBbI PASBUTHA TYPU3MA B YC/IOBUHAX
BO/IHOI'O KPU3HUCA (HA IIPUMEPE HPAHA). Hpan — smo cmpana, kKomopas cmpaoaem He moJbKo Om HedOCmamKa 600bl,
HO U mepsiem 6ce 60nbUIEe KOTUYECTEO OOCHIYNHBIX 800HbIX pecypcos. C Opyeoli CmopoHbl, me, KMo npUHUMAenm peutenus, ymeepou-
au osounou naan 8 2004 u 2015 2o0ax. Tax nazvieaemviti 20-nemuuil nepcnexmugnvlil nian mypusma 6 Upane (20YPIT) u wecmou
nnawn pazsumus (SDP) namepensl pecucmpupogams 0o 2025 200a 20 man. mypucmos. Hccieoosanue cmasum yeivio OYeHumsy u
BLIYUCTUMD KOTUHECBO 800bl, 8 KOMOPOU Hyxcoaromes mypucmut, ecau u naauvl 20YPIT, u SDP oocmueHym ycnexa no mpem cye-
Hapusam 018 mo2o, 4mobvl omeemums Ha 08a credylowux gonpoca: 1 — Kaxoe konuvecmeo 600vl nompebyem mypucmuyeckuti cex-
mop? 2 — Kakoui 06vem 80061 cekmop 6bimosblx KOMMYHATbHBIX YCIye NOOSTUMCs ¢ mypucmuyeckum cekmopom 0o 2025 2ooa? J{ns
omeema Ha dmu 60NPOCHL ObLIU UCNOTL306ANbL CIMAMUCIIUYECKUE MEMOObl, U3yueHue OOKYMEHMO8 U UHMEPEbIO ¢ IKCHEPMamu 6
pamrax Delphi no cucmemamuyeckomy memoody evibopku. IIpoananuzuposanvl 06vemvl nompebienus 600bl 8 PA3HbIX CEKMOpax
2KOHOMUKU 6 mupe, 6 Hpane, ocobennocmu GuusiHus mypusma Ha OKpyHCaouyio cpeoy, packpvlma npobiema Hedocmamia 800bl 8
mypucmuueckou ompacau. Coenan npoeHo3 YUCIeHHOCMU UHOCMPAHHBIX U GHYMPEHHUX mypucmog 3a nepuoo 2016-2025 ze., cnpo-
2HO3UPOBANbL 00beMbl NOMpeONeHUs B00bL 8 MYPUCTHULECKOU cdhepe NO mpeM CYeHapuam: 8000N0Ab308AHUE CIAOUTLHO U OOUHAKOBO
€ MECIHbIMU JICUMENIMU; B00ONONb308AHUE B080€ OONbLUe, YeM Y MECIHBIX Jicumenell; UCHONb308aHUe 800bl NAPALIEILHO C MeMNa-
MU pocma Mupogozo cnpoca, komopwle cocmagisiom 4-8% 6 200. Pe3ynsmanvl nokazvleaiom nOMeHYUanbHylo yepo3y, eciu npocHo-
3bl BEPHbL, 3HAUUMETbHAS YACMb OOCIYNHOU YUCMOU 800bl HA ObIMOBOM yyacmke 6yoem nanpaeiena na mypusm (om 19,5 0o 69%).
Ilepsulii cyenapuil onpedenen KaKk ONMUMALbHBLU, 6MOPOL 6APUAHM KAK KPUSUCHbIL, a mpemutll — paccmampueaemsiil. Onpedeneno
cpednee Konuuecmeo 800bl, HeOOX00UMOe Ollsl MYPUCTIUYECKO20 CEKMOPA C YUemOoM HeyUMeHHOU 800bl, paspabomana KOHYenmyadio-
Has MOOelb NOCIe0CmEuUll He3anIaHUPOSAHHO20 YNPasienus 00HbIMuU pecypcamu 6 mypusme Upana 2016-2025 ee.

Knrouegwie cnosa: éoonwiii kpusuc, mypusm, Upan, 6ooa, soonvie pecypcul, 20YPTT, SDP, énympennuii cekmop.

Introduction regards to restricted available resources and critical
Tourism is an interactive phenomenon between  conditions of main water resources, there should be
tourist, nature and host community. [16] This sector  a proper and stable framework. Therefore, tourism
is beyond industry that helps local markets to pros-  expansion is sustainable when it not only keeps nat-
per and is spread out all over the globe. [12] With  ural resources for next generation but is also envi-

© Sharifzadeh Aghdam E., Kheirollahi A., Niemets L. M., 2020 https://doi.org/10.26565/2410-7360-2020-53-16
- 206 -



mailto:eb.sharifzadehaghdam@mail.um.ac.ir
http://orcid.org/0000-0002-3679-8013
mailto:arastoukh1989@gmail.com
https://orcid.org/0000-0003-0831-017X
mailto:ludmila.nemets@karazin.ua
https://orcid.org/0000-0001-9943-384X

BicHuk Xapkiecbk020 HauioHanbHOo20 yHieepcumemy imeHi B.H. KapasiHa

ronmentally friendly. Tourism should lead to local
benefits with respect to ecological concerns and be
aligned with social outcomes (Vujic¢i¢ et al.,2018) [50].

Thus, identifying exact factors, analyzing the
amount and the way of natural resources use, in-
cluding water resources, their condition, pollution
and unsustainable use, considering upcoming years
with respect to strategic planning, can be very useful
and is necessary. As a consequence, to identify fac-
tors that play important roles and their effects on
"tourism planning", and moreover through prede-
termined purposeful short and long term steps in
addition to adopting tourism development strategies
may lead to interests in result [25].

Caring for natural resources in the coming dec-
ades requires planning for this activity and requires
a detailed comprehensive study of this issue. Plan-
ning for future with strategic consistency due to its
inherent features like rational decision making style
(Jimenez,2012: 583) and known pathway to desired
future (Gates,2010:), has made it necessary to con-
sider this approach. [25] Therefore, in these studies
the main objective is to optimize efficient and quali-
ty of planning the use of natural resources in uncer-
tain conditions for the coming years [22, 48].

Even though many researchers have tried to
identify and discover the different aspects of tour-
ism, and proposed different patterns to evaluate sus-
tainable tourism situation, [29] the significant issue
is lack of a clear prospective view with respect to
ecological matters, particularly water resources in
underdeveloped countries that usually leads to de-
structive outcomes (Luki¢, 2019) [11].

Iran is located on the dry region of the earth
and has experienced droughts and water crisis for
thousands of years. Geographical location, precipita-
tion regime and temperature status have led to dry
weather dominating the weather picture across the
land. Iran’s territory comprises 1% of global lands
but has only 0.36 % of the average global precipita-
tion [34] so water scarcity and crisis are common in
most regions of Iran [31, 35].

Water related problems are of the most chal-
lenging barriers on the path of economic prosperity
and development for Iran's tourism in decades to
come. [34] We don’t consider purposeful strategy
for ecological and environmental matters and water
resources conservation is regarded. Since water cri-
sis becomes worse and available water for domestic
sector as a sector which provides water required by
tourism is limited, we have tried to estimate the
number of tourists (both domestic and international)
followed by the amount of water needed by tourism
sector in Iran by 2025 in this research.

Aims of the study

- To clarify how valuable natural resources
associated with tourism industry are:

- To assess efficiency of the relation between
water resources and sustainable development of
tourism industry

- To promote ecofriendly skills of visitors in
order to have an interactive relationship with tour-
ism assets

- To maximize economic, social and envi-
ronmental benefits for both local communities and
tourists

- To find out the value of Iran’s experience
with tourism development with conservation of nat-
ural resources for other countries, in particular for
Ukraine.

With respect to the discussed subjects, the main
questions are asked accordingly:

1- If 20YPPT and SDP meet their goals, how
much water will be needed for tourism sector in Iran
by 2025?

2- What will be the main challenges in the path
of Iran's tourism in the next 10 years, regarding wa-
ter resources?

3- Comparison of experience and problems of
tourism development in Iran with a similar one in
Ukraine.

Tourism water resources and environmental
changes prospective are a precisely defined process
that outline the long-term strategic research domains
that dim the financial outcomes. Moreover, they of-
fer the least damage to environmental matters, as
well as providing suitable and sustainable scenarios
to conserve/safeguard the environment. As a conse-
quence, we provide our study that in terms of sub-
ject and covered area, it is kind of planning. Thus,
according to the scale and the subject, this study is
the first ever been carried out in Islamic Republic
of Iran.

Analysis of previous research

Earlier studies on water and tourism focused
solely on direct (onsite) water use in tourist
facilities such as hotels, golf courses and swimming
pools [18].

Lundie et al. (2007) estimate water use along
with energy use, greenhouse gas emissions and eco-
logical footprint for different tourism niche markets
in Australia; their results show that tourism markets
with high daily expenditure also appear to have the
highest environmental impact [32].

World Bank & IMF (2007) claim that the
amount of direct water use by tourists is not a matter
of concern but the majority of water consumption
goes for indirect activities including laundry, hy-
giene, cleaning and irrigation, they also report that
due to many different industrial cleaners in the wa-
ter wastes of hotels and resorts, nearby ground wa-
ters and rivers would be polluted easily. [30] Black
& King (2009) studied water situation in Afica,
they concluded that by 2050 some of the countries
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in this continent including Tunisia, Morocco, South
Africa, Moldavia, Dominica, Barbados and Malt
with active tourism sector will face intense water
crisis [4]. Reitano (2011) studied water use in Malta,
their results show that due to high number of tour-
ists the amount of the amount of water use of aqui-
fers in this country is 58 billion m* while the renew-
able capacity of the ground water is just 30 billion
m? [41]. Gossling et al. (2012) Review direct fresh-
water consumption in tourism from both quantita-
tive and qualitative viewpoints to assess the current
water demand of the tourism sector and to identify
current and future management challenges. They
conclude that even though tourism increases global
water consumption, direct tourism-related water use
is considerably less than 1% of global consumption,
and will not become significant even if the sector
continues to grow at anticipated rates of around 4%
per year (international tourist arrivals). [19] Bar-
beran et al. (2013) found that the average use per
room per night in a four star hotel in Zaragoza,
Spain, was 124.3 L of which 41.2 L were for hot
water alone [1]. Tortella and Tirado (2011) reported
a variation in water use between 156 L and 2425 L
per guest night for hotels in Mallorca, Spain, and a
range of variables were tested to examine what
drives the differences between individual hotels
[47]. Torres-Bagur M., Ribas A., Vila-Subirés J.
(2019) note that lower water availability and grow-
ing needs due to climate change and an increase in
the number of tourists in the Mediterranean basin
are likely to exacerbate conflicts between socio-
economic sectors that depend on the survival of wa-
ter. Researchers conducted 19 detailed interviews
with owners and managers of hotels in the Muga
River Basin (Girona, northeastern Spain), analyzed
measures to save water use, and studied proposed
incentives and barriers. They found that the size of
the hotel, category and year of construction / recon-
struction were directly related to the implementation
or lack of certain measures. They noted that efforts
are needed to improve incentives and raise aware-
ness and knowledge about water saving measures
among hoteliers in this part of the Mediterranean
basin, where water is a necessary resource for the
tourism industry and many other sectors [58]. Also,
the authors of Torres-Bagur M., Ribas A., Vila-
Subirds J. (2019) investigated the identification of
the main problems associated with climate change
in order to develop effective mitigation and adapta-
tion strategies to ensure the sustainability of tourism
and natural resources on the example of the Medi-
terranean basin, which is a leading international
tourism destination, especially vulnerable to the ef-
fects of climate change [59].

Behrouz (2013) has used SWOT method to an-
alyze Iran's tourism, his results show that water

shortage in this country will be one of the most
powerful barriers in the way of tourism develop-
ment [3]. Becken (2014) Based on data from the
AQUASTAT and EarthCheck tourist accommoda-
tion databases, analyzed tourism-related water use in
21 countries and compared it with other municipal
use. Results show that the disparity between tourist
water use and that of locals is also greatest in low or
mid-income countries. On the other hand industrial-
ized countries, in contrast, are characterized by high
tourism water efficiencies, with no apparent dis-
crepancy in water use between tourism and non-
tourism users [2]. Cazcarro et al. (2014) have used a
highly disaggregated input-output model to estimate
tourist water footprints in Spain, offering a detailed
breakdown of direct and indirect (from both local
and imported products) water use. They conclude
that in order to maximize potential water savings,
the tourism industry should aim to reduce the quan-
tity and water intensity of inputs used directly or
indirectly in the production of tourist goods and ser-
vices [7]. Another study is Sun & Pratt (2014), who
estimate Eco-efficiency in terms of carbon and wa-
ter use intensity for Chinese tourists in Taiwan, and
compared this to four other major country markets.
Their results show that Chinese tourists have a high-
er water use intensity compared to other tourists,
mainly due to high expenditure on food products
[43]. Hadjikakou (2015), showed that cheaper forms
of tourism tend to have a significantly lower total
water use and, depending on the economic impact
indicator of interest, may have above-average eco-
nomic contribution per unit of expenditure [21].
Page et al. (2015) studied water use approach
(WUA) among tourists in Zambia, Gambia and
Dominican, their results show that water shortage
and its increasing intensity due to over use and cli-
mate change will result in formal and informal quar-
rels between tourists, local residents and the envi-
ronment. In their eyes unawareness about water val-
ue is the reason for water scarcity in these country-
es [38].

Padli et al. (2015) investigates the impact of
economic indicators and climate change on water
demand for 13 states in Malaysia; results of their
study indicate that total consumption per capita, ag-
riculture and population density have a positive im-
pact on water demand [37]. Tian et al. (2015) stud-
ied Yuan Yung in china and defined 4 components in
tourism water use, 1- water use in accommodations
2- water use in transportation, 3- water use in food
production and 4- water use in hygiene. Their results
show that food production and hygiene covers 38%
of the total water use in this region and are the dom-
inant water users among other components. Also
they claim that every destination have a water
threshold, and this threshold for the case study area
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is 14500 visitors per day, any number more than that
would endanger the sustainability of the tourism in
the region. [46] Tapper et al. (2015) believe that fac-
ing water crisis in touristic destinations like Medi-
terranean region, north of Africa and Caribbean's
will intensely lower the popularity of these region.
[45] Some other researchers suggest that in the mat-
ter of tourism, attentions must be paid first to the
tourism economic benefits then to its environmental
impacts, for example Zhang (2016) studied tourism
in Zhiang Valley in china and suggested that tourists
must be encouraged to consume as they wish to, in
order to encourage more tourists to visit this destina-
tion via oral advertising in his opinion increasing
GDP is more important than environmental impacts.
Wells et al. (2016) suggests that educating tourism
employees in hotels and other water consuming fa-
cilities related to tourism can have a great role in
reducing water footprint of the employees and the
sector in general [51]. Di Clemente et al. (2019)
have tried to generate new sensitivity about the val-
ue of water and its importance in socioeconomic
development and environmental conservation. The
empirical results show the beginning of a change in
water-based tourism from both a supply- and de-
mand-side perspectives [10]. In our previous stud-
ies, we, in particularly, considered groundwater as a
factor in sustainable regional development (Niemets
L, 2016) [56], the importance of natural resource
potential, including water resources, in the for-
mation of Development Strategies for the regions of
Ukraine (Niemets K., .... 2018) [54] and for the de-
velopment of rural tourism in Ukraine (Niemets L,
.... 2018) [55], the use brownfields and greyfields
(Morar et al., 2016; L. Niemets..., 2018) [60], in-
dustrial heritage (Morar et al., 2019; L. Niemets...,
2019) [61], features of post-industrial development
of Ukrainian cities based especially on the tourism
development (L. Niemets..., 2019) [62], smart
transformation (Niemets et al., 2018) and technolo-
gy advancements (Kostrikov et al., 2018; Stankov et
al, 2019).

Methodology

A comprehensive study of tourism development
prospects in a water crisis lies in the objective field
of the study of human geography, it should be based
on methodological tools of human geography, it en-
visages the use of systematic, synergistic and infor-
mation approaches, GIS approach and spatial analy-
sis (Kostrikov, ... 2018) [57], as well as the key re-
search methods, first of all — analysis of the state,
dynamics, monitoring the development of the stud-
ied object (Niemets K, .... 2016) [53].

Water related strategic research is a kind of
planning aimed at the realization of long-term goals
in tourism and water resources prospective in Iran,
which is based on the goals of the two above men-

tioned plans, (20YPPT & SDP). Such research helps
us to assess the water use that this sector needs, in
this path, and its impact, thus views of experts and
bright minds in the field are necessary.

In current study, researchers aim to clarify
the type and intensity of the impact of tourism sec-
tor on water resources till 2025. Undoubtedly by
clarifying these impacts, there will be a possibility
to identify the exact amount of water tourists might
need in these mentioned years and to make effective
decisions through identifying weaknesses and op-
portunities. So, in this study we assume that accord-
ing to 20YPPT and SDP plans, the number of inter-
national arrivals will experience 15% annual growth
and this flow will continue till 2025. On the other
hand, domestic tourists would have the same growth
rate as the population. With this method, we can
calculate the number of tourists for each year till
2025. Also, according to statistics, the amount of
available water per capita will be calculated and its
decreasing rate will be clarified. After that, share of
fresh water of each sector of the country will be cal-
culated as well. In the next step, the amount of water
needed for tourists will be calculated for each year
till 2025 and finally, that amount will be compared
to the total share of domestic sector.

It is necessary to mention that after the Iranian
Islamic revolution in 1979, due to factors like lack
of hard work and management skills and intentional
ignorance, very few of the development plans have
reached their goals. For example, in 2016, the num-
ber of international arrivals was at least 50 % behind
the scheduled growth approved in the 20YPPT and
in the most optimistic view, this was 26 % behind
the goals of SDP. (ICTHO) The research method in
this study is a descriptive-analysis, in the first step,
based on the title of the study, theoretical approach-
es and empirical considerations, collecting data
method was documentary and based on 20YPPT and
SDP documents.

In continue, using forecasting approach, in a
framework consisting of factors and parameters ef-
fective on water required by tourists in Iran, we
have analyzed the environmental impacts of water
usage by tourists in micro and macro scales. Also,
document study and open questionnaire in Delphi
framework along with scenario analysis has been
used; further, estimations of the numbers are based
on statistics given by governmental organizations in
if they were reliable.

Our research involves, in particular, strategic
planning of tourism development in terms of the
water crisis, and speaking of planning, we should
mention the need to build an executive system, an
important element of it is the monitoring subsystem
(Niemets K,... 2016) [53]. It provides primary in-
formation on the state and behavior of the natural
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system and functioning of the executive system, its
primary analysis, processing, synthesis, storage and
communication. Monitoring information is used to

justify, make and implement management decisions.
In order to evaluate the outcome of a management
impact, there is a feedback channel (from object to

Table 1

Required Data

Data

Source

Total amount of renewable water in Iran (million m?)

Ministry of power of IRI

The amount of annual decrease in water per capita

Study estimation

Domestic sectors share of renewable water (%)

Organization of water and sanitation

Total amount of consumed water in domestic sector

Ministry of power, ministry of agriculture

Number of international arrivals in 2015

Document of Iran's tourism prospective (2015)

Average of foreign tourists stay in destination in 2015

Document of Iran's tourism prospective (2015)

Expected growth rate for tourists till 2025

Sixth Development Plan (SDP)

0 (NN |N | |WIN|—

Number of domestic tourists who end up staying at
least for one night in accommodations like hotels

Center of statistics in Iran

Ne)

the accommodation situation

Direct and indirect water usage by tourists considering

[19]

Source: Study Findings

Table 2

Field of Expertise and Education Level of Delphi Method Participants

Field of Expertise Number Education level Number
Future analysis planning 4 Diploma 3
Hospitality Planning 8 Bachelor's Degree 10
Urban Management 4 Master's Degree 13
Political management 3 Ph.D 9
Spatial Management 4
Tourism Management 5
Water Resources 5
Environment 2

Source: Study Findings

the subject of management) through which the pri-
mary monitoring information — the flow of signals
about reaction and the state of the object - is circu-
lated. It is also worth noting that recently the inef-
fectiveness of the management activity of the socie-
ty has become increasingly clear. Society, taking on
the function of system - and mode-shaping factor in
nature, did not ensure the proper level of environ-
mental management, it is necessary to move to the
study of natural systems and processes from the
standpoint of information interaction. The amount of
monitoring information in the general case may be
different, but should provide a reliable assessment
of the state of the environment (Niemets K, ...
2016) [53].

Theoretical literature

Tourism and Water Resources

Water is one of the vital resources for economic
development and vital activity. This matter has had a
vital role in locating settlements, development and
structure of communities throughout human history.
[8] Renewable and adequate water resources and

also conserving these resources via effective skilled
management is now and has always been vital to
guarantee all aspects of human and other animal's
lives [52]. Therefore, carelessness toward this vital
source can result in a bitter crises for mankind and
also all living creatures. That is why the global
economy forum has claimed water shortage to be
the 8" biggest problem in the new world and esti-
mates that any country may face drought once every
10 years. Globally, approximately 70 % of renewa-
ble water is being consumed in agriculture sector
while this share in Iran is 92 %. Industry takes 20 %
and domestic sector takes 10 % of the total available
water. This share in Iran is 4 % for industry and 4 %
for domestic sector. The amount of water per capita
in years 1998, 2025 and 2050 is anticipated to be
6918, 5103 and 4380 cubic meters. That is a notice-
able decrease [6]. Not to mention that these water
resources are distributed unequally around the
world. Tourism is effecting the environment that it is
interacting with. This industry even has a 4-5 %
share in greenhouse gas emission [18]. Develop-
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ment in tourism industry encourages investors to
invest in this sector while they might not be aware
about the impacts of their investment on environ-
ment and local communities [42].

One of the most important challenges that tour-
ism is facing is the presence of environmentally
clear water that tourists consume during their period
of stay. Salt increase in water resources, land degra-
dation and quality decrease in surface underground
water resources are the impacts that tourists with
high water consumption rate can impose on natural
resources in destinations.

Water crisis and tourism

Tourism is divided into many sorts of activities.
Cultural tourism, natural tourism, eco-tourism, win-
ter tourism, 4S tourism, adventure tourism, etc. All
these activities have one thing in common, they all
rely on water, so they cannot be done without hav-
ing access to a certain amount of water.

Tourists need water for personal use in accom-
modations and also many tourist activities depend
on water. Meanwhile, in most cases the average wa-
ter use among tourists is more is more than that of
the locals’ consumption. This dependence on water
has made this matter a vital source in the sector.
Therefore, several tourist destinations are facing
water related problems, many of these destinations
are located in regions that the water shortage has
always been a problem and it is becoming worse,
has always been a problem and has become worse
with the introduction of tourism Highest water con-
sumption in destinations usually happens in hot sea-
sons. In this season water consumption rate goes up
in both international and domestic tourists. Tour-
ism’s increasing need for and dependence on fresh
water has led countries to use not only the sustaina-
ble resources but also other available resources, and
this flow has led to many countries having to face
water-related problems. Tourists usually consume
water 2-5 times more than local residents. Generally,
the amount of water being used by tourists is twice
as much as host community members. In this sector,
by both accommodations and tourists, water is being
used more than the average use of host commu-
nities.

This overuse can lead to water shortage in one
hand and additional waste production on the other.
[44] In this sector, hotels mostly have negative im-
pacts on the environment, the scale of these kinds of
impacts is considerably more than what communi-
ties assume [5].

A decent suite in a 5 star hotel consumes an av-
erage 1400 liters of water per night, this amount of
water is equal to the provision of water needs of 14
local residents of that very destination. [28]

Water use is divided into two categories: 1- Di-
rect Use 2- Indirect Use. Direct water use refers to

the water tourists use directly for drinking, shower-
ing or brushing their teeth, etc., Average amount of
this usage is 150-400 liters per night [18]. Indirect
water use refers to the amount of water needed for
providing food, accommodation, construction and
maintenance® (Page et al. 2014), which is considera-
bly more than direct usage [30].

Water crisis in Iran and its relation with
Tourism

According to three international water meas-
urement indexes (Falken Mark Index, International
Water Management Institute Index, and United Na-
tions Index) Iran is currently in an unsuitable situa-
tion [35]. On the other hand, total annual precipita-
tion in Iran is a number near 400 billion m?. Of this
amount, 270 billion returns back to atmosphere due
to vaporization, of the remaining 130 billion, 92
billion joins surface waters and 38 billion gets added
to underground aquifers.

Total annual precipitation for Iran is 250 mm
which is one third of the global average. Unfortu-
nately, based on Mohammadi (2010), precipitation
in this country is reducing 0.64 mm annually [33].
Furthermore, according to World Bank statistics,
water usage index for drinking for 1 person is 1 m?
per year and for sanitation related activities is 100
m® per year. Meanwhile, in Iran these indexes are
intense due to not having second pipelines for uses
other than drinking, people use clean water to wash
cars, water gardens, etc. For this reason, Iranians use
70-80 % more water than the global average. In an-
other statistic, average water use per person is 580
m? annually while this amount in Iran is near 1300
m?. Iranians not only overuse water, but also they
overuse other resources like electricity. For exam-
ple, domestic electricity usage per capita in Iran is
2900 K/H, while global average is less than 1000
K/H. In other words, Iranians use electricity triple
the global average. Generally, water resources in
Iran are under tremendous pressure due to overuse,
this water cannot be replaced or recycled with fresh
water every year, so it seems that water crisis in full
scale is inevitable in Iran till 2025 [39].

According to acquired data, water per capita in
11 provinces out of 31, is less than 1700 m* which
shows that these regions are on the edge of a water
crisis [36]. Meanwhile, some organizations like
Ministry of Power or Ministry of Agriculture claim
that the water crisis threshold is 1300-1400 at the
best assumption. The amount of renewable water
per capita in Iran has consistently reduced from
7000 to 1990 m® in just 40 years [14]. Even the ag-

! For example, in order to provide just food for only one
person, 3000 liters of water is required. Meanwhile all a
tourist needs for drinking as a direct use, is 2-5 liters per
day.
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uifers Iran shares with other countries are in a bad
situation. [14] Iran acquires 30 billion m* of renew-
able water in 2016, meanwhile 58 billion m? is
pulled out of underground aquifers, almost twice as
much as the usable capacity. In year 2015, Iran had
700000 water wells, 300000 of which were illegally
dug [27]. The average land drop in Iran is 20 centi-
meters annually while this phenomenon in some
areas reaches over 8 meters. The share of domestic,
industry and agriculture sectors in Iran of renewable
water is 4, 4 and 92 % respectively. Even though the
water efficiency in agriculture despite all this usage,
due to the sector being traditional, is very low and
around 30 %; this means 62% of that valuable water
is being wasted every year [35]. It is estimated that
renewable water per capita in Iran will decrease to
under 800 m? till 2021, while in that same years,
average global water per capita will be 1000m? [17].

The goals of SDP and 20YPIT

In 2016, Iran's tourism growth rate was twice
as much as the global average, nevertheless, Iran's
total arrivals do not include more than 0.05% of to-
tal international tourists. Iran had 5200000 arrivals
in 2015, therefore Iranian policy makers approved 2
plans to compensate for the lack of arrivals:
20YPPT which was approved in 2005 and SDP
which was approved in 2016.

20YPIT, approved on January 3, 2005; accord-
ing to this plan Iran has to attract at least 1.5 % of
the global arrivals till 2025 and have the tourism
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revenue rise up from 0.07% to 2% till the end of the
program. This means that it would have 25 billion
US dollars income from tourism till 2025.

SDP: approved in 2015, in this plan also, policy
makers intended to have 15 % annual growth in in-
ternational arrivals between 2015 and 2020. From
which, Iran would have 13 million arrivals and 10
US dollars revenue for the sector. In this plan they
are attempting to attract 1 % of Chinese tourists, 1
% of Russians, 1 % of Europeans, 3 % of Shia Mus-
lims and 1 % of total Muslims of the world which, if
they succeed, the number will reach over 32 million
arrivals annually. This amount could compensate for
all the plans approved previously.

In the following step, the average annual
amount of water degradation per capita has been
calculated. After studying the related documents, it
has been revealed that the average amount of re-
newable water per capita was around 7000 m® in
1952, meanwhile this amount in 2016 was just 1300,
so it can be concluded that water degradation
amount in Iran is a number between 75-103 cubic
meters per year and this flow continues to go on.
Therefore, the shares of domestic and tourism sec-
tors of renewable water till 2025 is estimated, it is
needless to say these amounts will be calculated
based on the share of domestic section which is 4-5 %.

It is necessary to mention that this average has
been calculated in the most optimistic view, simply
because we have been witnessing more diversity in
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Fig. 1. Share of each sector of renewable water based on the annual estimated decrease of 69 m? per year
"2016-2025" (69= average of 75 & 103 m?) (Source: Study Findings)

water related activities and higher lifestyle stand-
ards, more cultivated lands and more industrial ac-
tivities compared to previous decades. On the other
hand, it has been estimated that water per capita in

Iran will continue to drop at a relatively fast pace,
even though, the share of each sector will remain the
same as it was before. According to the results, the
share of domestic sector which is the sector provid-
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ing water for tourism, will drop from 3.95 in 2016 to
2.15 in 2025. Nevertheless, this sector has to pro-
vide water, not only for itself and the tourism sector,
but also for the sectors of commerce and service.
Iran has been using one type of plumbing for
domestic section which delivers just drinkable clear
water to residential homes, of course, most of the
developed countries have two kinds of plumbing
which deliver drinkable and undrinkable water sepa-
rately. This factor alone has a great deal of effect on
how much water the domestic section is using now.
Now, in the next step, the rise in tourist num-
bers including international and domestic is calcu-
lated. To do so, we based our numbers on the 15%
growth rate designated in the SDP per year for in-
ternational tourists and a growth rate parallel to
population growth, for domestic tourists, although
other factors like economic power and economic
situation might be involved. For that, all of our sce-
narios are based on an economic stability, because it
is clear that the potential for travel is directly related
to the economic situation of tourists. Since the main

objective of the study is to estimate the amount of
required water by tourists, then number of tourists in
both categories will be multiplied by how many
nights they stay on average at their destinations. The
result is Person-Night-Stay or PNS. As it has been
calculated in government statistics, Iran had 5.2 mil-
lion international tourists in 2015. The average stay
for each tourist is 7 nights, so international tourists
stayed 36 million nights in Iran in this year on ave-
rage.

Based on the 15% growth rate and if those
plans succeed, the number of PNS for international
tourists will go from 54.6 million in 2016 to 195.7
million in 2025. In the following table also, the
number of domestic tourists is estimated based on
population growth rate, (1.3% per year based on
2011 census). Also, in this calculation those catego-
ries of tourists whose travel has not included night
stay are excluded. The average PNS for domestic
tourists is 4 nights.

According to Center of Statistics of IR.Iran, in
2013, 60% of travels by domestic tourists resulted in

Table 3
Estimated Number of International Arrivals in 2016 to 2025 based on 15% Growth Rate
approved in SDP (Million)
Year | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Number 7.8 8.97 10.31 | 11.86 | 13.64 | 15.69 184 | 21.1 |24.33 27.97
PNS 54.6 62.8 72.1 83 95.4 109.8 | 128.8 | 147.7 | 170.3 195.7
Source: Study Findings
Table 4
Estimation of Domestic Tourists Number till 2025 (Million)
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Population 51 51.5 52 52.5 53 53.5 54 54.5 55 55.5
PNS 122.4 | 1236 | 1248 | 126 | 127.2 | 128.4 | 129.6 | 130.8 | 132 | 133.2

Source: Study Findings

night stay and 40 % did not. Now that numbers of
the average of renewable water decrease per capita,
domestic tourists and international tourists have
been estimated, the amount of water they need for
each year is required to be calculated. For this, it is
necessary to consider a scientific based water per
capita for direct and indirect water use for tourists.
Unfortunately, any official exact or accurate number
of water per capita for tourists in Iran was found by
this study’s researchers simply because tourism is
not welcomed as a money making or important sec-
tor in this country -due to Islamic laws and political
reasons- So the only alternative was to use a scien-
tific international number [19]. Therefore, based on
this number, for regions like Iran which has a semi
dry climate, with numerous average class hotels and
less luxury resorts and accommodation centers, the

amount of 150-200 liters per night is considered to
be suitable for direct use of tourists.

The following Per Capita numbers have been
used:

1- Direct water use for each tourist is consid-
ered to be 150-200 liters per night or 175 liters aver-
agely [19]

2- Indirect water use for each tourist is consid-
ered to be between 400-2000 liters per night or 1200
liters averagely [19].

According to the insights of many scholars, the
average water use by tourists is always more than
the water consumption by local people of host desti-
nations, 2 to 3 times more in other words. So calcu-
lations must be done in 3 different scenarios as:

1- In a situation in which water use is stable
and the same with local residents.
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2- Water use if twice as much as locals, 3- Wa-
ter use is parallel to global demand growth rate
which is 4-8% annually [14].

3- Direct water use per capita for each local
resident is 157 liters per night [36].

The Table below shows the per capita alteration
in different scenarios. First, the amount of water use
for each of the 3 categories has been estimated, then
it has been compared to the share of available water
for domestic section.

Table 5
Per Capita and the amount of increase in triple scenarios

Per capita | Growth | 4161 5097 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
(liters) Rate %

175 fixed 175 | 175 | 175 | 175 | 175 | 175 | 175 | 175 | 175 | 175

175 6 185 | 190 | 201.4 | 213 | 226 | 239 | 253 | 268 | 280 | 296

1200 fixed | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200 | 1200

1200 6 1272 | 1368 | 1428 | 1513 | 1603 | 1699 | 1800 | 1908 | 2022 | 2163

1200 double | 2544 | 2696 | 2856 | 3026 | 3206 | 3398 | 3600 | 3816 | 4044 | 4286

157 6 166 | 178.5 | 187 | 192 | 203 | 216 | 228 | 246 | 258 | 272

157 100 332 | 357 | 374 | 384 | 406 | 432 | 456 | 486 | 516 | 546

Source: Study Findings

In scenario 1, the amount of water usage among
tourists is considered to be stable and between 150-
200 liters which would be 175 liters averagely.
Based on this, the amount of water usage among
tourists is estimated to be 243 million m* in 2016
and will rise up to 451 million in 2025.

In scenario 2, water usage by tourists is consid-
ered to be twice as much as local residents. Accord-
ing to other scholar's findings, results of this scenar-
io are nearer to reality compared to the other 2 sce-
narios. The table below shows the numbers calculat-
ed based on this scenario. In this case the amount of
water usage for local residents is considered to be
157 liters per night with an annual growth rate of 6
%, and usage of water by tourists will be considered
twice as much as this; given the 6 % growth rate,
water consumption for tourists will face an annual
increase each year parallel to local residents usage.

As it is visible in the table, the amount of water
required by tourists starts from 515 million m*® and
goes up to 1743 million in 2025. This amount is ap-
proximately 4 times more than the amount which
has been calculated based on scenario 1 while the
chances of this scenario happening is more than the
other 2. In last scenario a 6 % water consumption
growth rate is considered for direct and indirect us-
age, matched up with global growth rate (4-8 %).
The Table below shows the amount of required wa-
ter by tourists based on scenario 3.

Given the data, it has been shown clearly that
in this scenario also, total amount of water needed
by tourists was 283 million cubic meters in 2016
and goes up to 798 million in 2025. Water usage
wise, scenario number 2 ranks first and number 3
and number 1 will follow respectively.

As it 1s clear, share of tourism sector of availa-
ble water is not the same in all 3 scenarios. As the

share of tourism in the first scenario is less than
what it will be in the other 2. In this scenario, share
of tourism of available water in domestic sector
goes from 6.15 % in 2016 up to 19.5 % in 2025.

So the most optimistic scenario would be num-
ber 1, and most probably water consumption of
tourists in reality will be more than what is estimat-
ed based on this scenario. Meanwhile, scenario
number 2 shows that the share of tourism of availa-
ble water in domestic section rose from 19.1 % in
2016 and will rise to 69 % in 2025.

Since tourists usually consume more water
compared to local residents, therefore it is reasona-
ble to consider this scenario more likely to happen
compared to other 2. Finally, in scenario 3, this
share goes from 7.1% in 2016 and is expected to
increase to 37.1% in 2025.

Results showed that in scenario 1, domestic
tourist's water use is more than usage by interna-
tional tourists, but in next 2 scenarios and due to
longer PNS of international tourists and their rising
numbers, the flow will become vice versa. Based on
this and considering given theories in this field,

above mentioned scenarios aim to explain
desirability degree, compatibility coefficient and the
degree of feasibility.

While offering scenarios with high compatibili-
ty coeficient and ideal desirabiltiy, and futurology of
the amount of required water in touristm sector in
Iran, in case that SDP reaches its goals, the
following claims can be offered: Given the
unstability of the tourism system in Iran due to
mainly political reasons, and also multy-dimentional
identity of some of the research variables, in this
part, with help of sample community insights and
software analysis and after assessing the possibility
of each scenarios probability, sutable to situation of
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Table 6
The Amount of Water needed by Tourists for Direct and Indirect Usage,
assuming that Per Capita is fixed, Scenario 1, (Million m3)
Per capita Internationals Domestics
Sum of both
Year | direct | indirect | Direct use | Indirect use | total | Direct use | Indirect use | total
2016 | 175 1200 9.55 65.5 75 21.4 146.6 168 243
2017 | 175 1200 11 75.3 86 21.6 148.3 170 256
2018 | 175 1200 12.6 86.5 99 21.4 149.7 171 270
2019 | 175 1200 14.5 99.6 114 22.5 151.2 173 287
2020 | 175 1200 16.6 114.4 131 22.26 152.6 174 305
2021 | 175 1200 19.2 131.7 151 22.47 154.1 176 327
2022 | 175 1200 22.5 154.5 177 22.68 155.5 178 355
2023 | 175 1200 25.8 177.2 203 22.89 156.9 180 383
2024 | 175 1200 29.8 204.3 234 23.10 158.4 181 415
2025 | 175 1200 34.2 234.8 269 23.13 158.6 182 451
Source: Study Findings
Table 7
The Amount of Water needed for International Tourists for both Direct and Indirect use,
(Scenario 2)
Per Capita Internationals Domestics
Sum of both
Year | direct | indirect | Direct use | Indirect use | total | Direct use | Indirect use | total
2016 | 370 2544 20 139 159 45 311 356 515
2017 | 380 2696 23 169 192 46 333 379 571
2018 | 402 3174 28 226 254 50 392 442 969
2019 | 426 3335 35 276 311 53 420 473 784
2020 | 452 3535 43 337 380 57 449 506 886
2021 | 478 3747 52 411 463 61 481 542 1005
2022 | 506 3971 65 511 576 65 514 579 1155
2023 | 536 4209 79 621 700 70 550 620 1320
2024 | 560 4461 95 759 854 73 558 661 1515
2025 | 592 4728 115 925 1040 78 625 703 1743
Source: Study Findings
Table 8
The Amount of water needed for tourists for direct and indirect water use,
with a growth rate of 6 % (Scenario 3)
Per Capita Internationals Domestics
i i i i Sum of
Year | Direct | Indirect Direct | Indirect Total Direct Indirect Total Both
use use use use
2016 185 1272 22 155 177 10 84 94 283
2017 190 1348 23 166 189 11 96 107 284
2018 201 1428 25 178 203 14 102 116 319
2019 213 1513 26 190 216 17 125 142 358
2020 | 226 1603 28 203 231 21 152 173 404
2021 239 1699 30 216 248 26 186 212 460
2022 253 1800 32 231 265 32 231 263 528
2023 268 1908 35 248 284 39 281 320 604
2024 | 280 2022 36 265 302 47 344 391 693
2025 296 2143 39 284 322 57 419 476 798

Source: Study Findings
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Fig. 2. Share of tourism sector of available water in 3 different scenarios compared to the total share
of available water in domestic sector in (2016 to 2025) (Source: Study Findings)

elements related to different scriptors of the rese-  assessed sates in scenario framework of ideal credi-
arch, the objective is to identify 3 states. These  bility is shown in green, semi ideal state is in oran-
sattes are shown as fallowing: The most ideal ge, and finally the worst scenario is shown in red.

Table 9
Assessing the quality of scenarios in estimating the amount of water required by tourists
if SDP would succeed

Scenario Details (2016-2025) Condition | Quality | Possibility
If water consumption amongst tourists would be stable
with no rise in rate till 2025, the share of water needed
1 in tourism compared to domestic section will go from Optimal Green Low
6.15 to 19.1 which is acceptable and not harmful to
water resources

If tourists consume water with a growth rate parallel
to the international annual growth rate (6 %), tourism

3 share of available water in domestic section will go Sl el el
from 7.1 to 37.1 %
Source: Study Findings
Discussion and conclusions number of tourist's rise, if these goals are achieved,

All types of tourism depend on water in many  international and domestic tourist's numbers will
cases. Iran, on the other hand, due to water shortage  rise to twice and three times what they are now,
and unsuitable administration and management, es-  therefore their need of fresh and clean water will
pecially after the Islamic Revolution in 1979, is  follow the same pattern. In this study, the amount of
faced with many water resources related problems.  water required by possible future tourists, separately
Now, the water crisis has been triggered in 11 out of  for both international and domestic, has been esti-
31 provinces in Iran. mated with the help of statistical tools and methods.

Plans like SDP and 20YPPT have targeted Considering the annual decrease of water per capita
some goals in tourism and have attended to have the  in one hand, and the possible increase in tourist
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numbers on the other, water resources must be the
focus point of any plan designed to develop tourism
in this country. Domestic sector in Iran has a 4 %
share of total renewable fresh water which, based on
the results, this amount which was 3.95 billion m® in
2016, will decrease to 2.15 billion in 2025. Since
this 4 % share will most probably remain un-
changed, with the numbers of tourists rising, and
given the amount of water they use compared to
locals, this sector will face inevitable yet increasing
pressure to provide the water needs of itself and
subsectors like tourism. Nevertheless, the amount of
wasted water in Iran's traditional pipelines (un-
counted water) is considerable and is estimated to be
18-38% (24% average), this is twice as much as
global average. Therefore, whatever water tourists
might need now and in the future, providers must
add the percentage of waste of pipelines to it, in or-
der to deliver the actual needed amount to the sector.

Plans like SDP and 20YPPT have targeted
some goals in tourism and have attended to have the
number of tourist's rise, if these goals are achieved,
international and domestic tourist's numbers will
rise to twice and three times what they are now,
therefore their need of fresh and clean water will

follow the same pattern. In this study, the amount of
water required by possible future tourists, separately
for both international and domestic, has been esti-
mated with the help of statistical tools and methods.
Considering the annual decrease of water per capita
in one hand, and the possible increase in tourist
numbers on the other, water resources must be the
focus point of any plan designed to develop tourism
in this country. Domestic sector in Iran has a 4 %
share of total renewable fresh water which, based on
the results, this amount which was 3.95 billion m? in
2016, will decrease to 2.15 billion in 2025. Since
this 4 % share will most probably remain un-
changed, with the numbers of tourists rising, and
given the amount of water they use compared to
locals, this sector will face inevitable yet increasing
pressure to provide the water needs of itself and
subsectors like tourism. Nevertheless, the amount of
wasted water in Iran's traditional pipelines (un-
counted water) is considerable and is estimated to be
18-38% (24% average), this is twice as much as
global average. Therefore, whatever water tourists
might need now and in the future, providers must
add the percentage of waste of pipelines to it, in or-
der to deliver the actual needed amount to the sector.

Table 10
The Average amount of Water needed for Tourism Sector in 2016-2025
with adding Uncounted Water (Billion m?)
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025
Net Demand 043 | 045 | 0.51 | 0.55 | 059 | 064 | 0.7 | 0.77 | 0.83 1
Uncounted Water 0.102 | 0.107 | 0.121 | 0.131 | 0.142 | 0.154 | 0.168 | 0.183 | 0.200 | 0.240
Total 0.530 | 0.555 ] 0.629 | 0.679 | 0.734 | 0.798 | 0.870 | 0.949 | 1.03 | 1.24

Source: Study Findings

As can be clearly seen, if tourists for example
need 1 billion m*® of water in 2025, providers must
provide at least 1.24 billion m* in order to deliver
net demand of 1 billion to the sector.

In conclusion, assuming the share of domestic
sector remains fixed, water usage in tourism sector
in this 10 year period will create serious barriers on
the domestic sectors path to provide water for its
other divisions. It must be remembered that Iran is
located on the dry belt of the planet earth, also lack
of precipitation does not let this country’s aquifers
renew their resources in a convenient time, and
therefore, if the methods of water use in Iran do not
go toward sustainable use, this country will face
irreparable damages. On the other hand, with the
plans to provide water for tourism sector facing fail-
ure, all the main plans for tourism development will
subsequently fail as well. Results of current study
are in contrast with Gossling et al. 2012, by which
they have claimed that water consumption in tourist
destinations does not surpass 5.5 % of total water
use, also it rejects the suggestions offered by

Sorensson & Friedrichs, (2013) through which they
conclude that domestic tourists have the most sus-
tainable approach in water usage compared to inter-
national tourists.

Results show that after comparing the estimat-
ed water needs of future tourists in Iran till 2025,
this country-like other tourist destinations including
Spain, France, Malaysia, Greece, Netherlands, Uru-
guay, Poland, Ukraine, etc. - will have to share the
total water share of domestic sector between tourists
and locals with an even share of 50-50. Whereas
most of these countries are categorized among lands
with adequate water resources, Iran is a country
even currently in crisis based on some water mea-
surement indicators.

Local communities in destinations are the first
group who directly feel the pressure of water short-
age driven by tourists over use. [9] If tourism devel-
opment plans in Iran reach their goals, this will
force destinations with less water resources to dis-
tribute water unequally among locals and tourists in
favor of tourists, so local residents will face pressure
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and that might begin objections and even chaos. Re-
sults show that despite the small number of tourist
arrivals in current years, in case of dual plans suc-
ceeding, the share of tourism of the total renewable
water in domestic sector will be several times more.
Nevertheless, in a probable scenario, this share will
increase from 19.1 % in 2016 up to 69.1 % in 2025.
This certainly will increase the possibility of water

crisis.

As a result, as Tapper et al. (2011) have men-
tioned, facing water crisis or even water shortage in
any destination could damage the popularity of that
location [45] and it would result in a dramatic de-
crease in tourist's arrivals. Integrated water re-
sources management at a national level, forcing all
accommodation centers to use less fresh water if pos-

Fragile tourism with low
numbers

Crisis situation in Iran's water resources and
yearly decrease in amount of renewable water
per capital

U

,
Yearly increase on 1 million to
20YPTT SDP Iran's population
\ 4
Tourism with annual 15 % growth Population increase ]
rate; tourists increase \
[ More diversity in domestic and touristic activities ]

|}

Decrease in
renewable water
per capita

Overpressure on
water resources

Water use
increase

I\

g

Faster decrease in water per

capita
Unrepairable Tourist's Overpressure on
consequences on tourism dissatisfaction domestic sector
sector

Failure for Iranian tourism

sector.
Failure for plans

Fig. 3. Conceptual Model of the consequences of unplanned water management
in Iran's Tourism 2016-2025 (Source: Study findings)

share of agriculture of total renewable water to the
global average (from 92% to 70%), regular educa-
tional programs for tourists and local residents in

sible and reuse water for secondary purposes, meas-
uring water use amount, installing another type of
pipeline for non-drinking purposes, decreasing the
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order to reform the water use approach, making
tourists aware of the water situation in Iran and
guiding them toward more carefully use, especially
in destinations with water shortage, making encour-
aging and rewarding policies for using less water
and taking water purification and reuse tools, can

certainly help both domestic and tourism sectors to
use less water and face less problems.

Using the experience of researching this issue
on the example of Iran, where they are clearly ex-
pressed, the authors plan to consider these issues on
the example of not only Ukraine, but also other

countries of the former Soviet Union in the future.
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PERSPECTIVES OF THE TOURISM DEVELOPMENT IN TERMS OF WATER CRISIS
(CASE STUDY OF IRAN)

The objectives of this paper are to clarify how valuable natural resources associated with tourism in-
dustry are; to assess efficiency of the relation between water resources and sustainable development of tour-
ism industry; to promote ecofriendly skills of visitors in order to have an interactive relationship with tour-
ism assets; to maximize economic, social and environmental benefits for both local communities and tour-
ists; to find out the value of Iran’s experience with tourism development with conservation of natural re-
sources for other countries, in particular for Ukraine.

Methodology. The research used statistical methods (based on the goals declared in the 20YPPT & SDP
plans, Iranian population forecasts, the number of international and domestic tourists in the country is deter-
mined before 2025, the amount of water needed for the tourism sector is calculated according to statistics,
the amount of available water per capita is calculated and its rate of decline is specified, the volume of water
for the domestic sector and necessary for tourists is determined), the study of documents and interviews with
experts within Delphi regarding the method of systematic sampling.

Results. The authors calculated the predicted values of the influx of foreign and domestic tourists for
the period of 2016-2025 based on goals declared in 20YPPT & SDP plans, Iranian population forecasts.
Therefore, 7.8 million foreign and 51 million domestic tourists were expected in 2016, and 27.95 million and
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53.5 million, respectively in 2025. The volumes of water consumption in the tourism sector are predicted in
three scenarios: water use is stable and the same with local residents; water use is twice as much as that of
local residents; water use is in parallel with global demand growth rates of 4-8% per year. According to the
first scenario, the share of the tourism sector in water use will increase from 6.15% to 19.5%, according to
the second one — from 19.1 to 69% and according to the third one — from 7.1% to 37.1%. The first scenario is
defined as optimal, the second one is identified as crisis, and the third is considered. The average amount of
water required for the tourism sector, taking into account unaccounted water (from 0.53 billion cubic meters
in 2016 to 1.24 billion cubic meters in 2025) was also determined.

Scientific novelty. In the study, based on 20YPIT and SDP plans, the volume of tourist flows in Iran
was predicted, the volume of water consumption in the tourism sector in Iran was predicted in three scenari-
os, and a conceptual model of the consequences of unplanned water management in Iran’s tourism for 2016-
2025 was developed.

Practical significance. This study explains the nature of the impact of the tourism sector on water re-
sources until 2025, determines the exact amount of water that tourists may need in these years, which makes
it possible to make effective decisions by identifying weaknesses and opportunities.

Keywords: water crisis, tourism, Iran, water, water resources, 20YPTT, SDP, domestic sector.
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CTAH JOBKLLJISA TEPUTOPIL
JHICTPOBCBKOI'O PET'TOHAJIBHOI'O JJAHAITA®THOT'O ITAPKY

Jnicmposcokuil pecionanvhui ranowagmuuil napx (PJII1) 6 pady kamezopiii npupooHo-3anogionozo ¢ondy Yrpainu saiimae
(3Hu3y) mpeme micye. Haiinuocue: - nepute-ye nam amxu npupoou, euwye, - 3akasuwuku, oani — P/III, Hao Humu HayioHanbHi npupooHi
napru, NPupooHi 3ano8iOHUKU | Halleuwa Kameopis 3anogionocmi — ye Giochepui 3anoeionuku ma pezepéamu. /[HicmposcoKuil
PJIIT pozmawosanuil 8y3vK010 cmy2oto Ha npagobepedxcoci p. [nicmep ma cxunax [Ipym — /[nicmposcokoeo mexcupivus, y Trymayo-
xomy ma lopoodenxiecvromy paiionax leano-@panxiecvroi oonacmi. Ilnowa 19 656 ca. Cman 0osxinisi mepumopii /[Hicmposcvkoco
PJIIT posensioaemvcs Ha npukaiadi eKono2iuHOl OYIHKU KOMNOHEHMIE TaHOWAdmie, Ha OCHOBI Mux 3MiH, 5IKI 8i00Y8armucsa K nio
BNIUBOM NPUPOOHUX (epo3ia NAOWUHHA, JIHIUHA MAa ApKo8ad, ocunuwd, 006anu, ceni, 3Cy8u, Kapcm), maxK i mexHo2eHHux (kap epu,
06yposi c6epOnouHU, O0PONCHS THppacmpykmypa ma iH.) YUHHUKIG. [JuHamMiKa yux npoyecie posziaHyma HA OCHO8I MOHIMOPUHEY
Ccmawy IpyHmoeo2o nokpugy (nedocgepu), ciopocghepu, ammocgeprno2o nogimps ma pociunnocmi (Qimocghepu). Mepesca monimo-
puney exuouae 78 nyHKmie cnocmepedcenus, oe 8iobupanuct npobu epyHmis, NoeepxHeguUX ma IPYHMOBUX 800, NOGIMps ma
mpag sHUCMO-IyYHOT pOCIUHHOCMI. AMOMHO-a6copOyitinull, peH2eHOPIOPeCYeHMHULL MA eNeKMPOXIMIYHUL AHANI3U NPO6 00380~
au nobyodysamu 6a3y 0aHux ekoio2iuHol inghopmayii ma xapmu po3noCrOONCEHHs MUX YU THMUX 3a0PYOHIO8AYT8 — aAPCEHY, CEUHYIO,
MiOI, YUHKY, KAOMiI0, CRONYK CIpKu, Hapmonpooykmie. CyMiCHULl ananiz kapm 003601ue no6yoysamu Kapmy CY4acHoi eKoN02iuHOT
cumyayii, Ha AKil NOKA3aHI MAKOMC OKpeMi eleMeHmu 2e0N02IUH020 cepedosuya ma ceomopocdepu, Wo enausae Ha Gopmysans
cmany 006xinan. Oxkpemi 2eoekono2iyni cmpykmypu nigobepedcoics /[Hicmpa, de po3mauiosanuil HAYIOHATbHULL NPUPOOHUYUL NAPK
(HIII) «/nicmposcokuil KaHblOHY, nepexodams Ha npasuti bepee, 8 medxci /[nicmposcvkoeo PIIII, wo dozeonuno pospobumu npono-
3uyii woodo nidguwerHa npupooo-oxoporuHoi kameeopii [Jnicmposecvroco PJIIT oo HIIII ma npuednanus 1io2o 0o «/JHicmposcvkoco
KAHBUOHYY.

Knwuosi cnosa: pezionanvhutl ianowiapmuuil napx, [pyHmosuil nokpus, iopocgepa, pimocgepa, ekonoiuni 3minu.

0. M. Adamenro, M. I. Mocwok, JI. O. 3opin. COCTOTHHE OKPYKAFIOILEH CPEJIbI TEPPHTOPHH JTHECTPOB-
CKOI'O PETHOHAJIBHOI O JIAHJIIA®THOI' O ITAPKA. /[necmposckuil pecuonanvuwiii nanowagmusiii napk (P/II1) ¢ psdy
npUpoOHO-3ano6edHo2o Qonoa Yxkpaunwl sanumaem crusy mpemove mecmo. Camoe HU3Koe — nepoe Mo — NAMAMHUKYU NPUPOOB,
suuie — sakaznuxu, oanee — P/IIT, nao numu — HIIII, npupoonsie 3ano08e0HUKY U camas 6biCOKASL KAMe2opusi 3ano8eo006anus — 3mo
buocgepnvie 3anosednuxu u pesepgamul. [necmposcokuii PJIII pacnonooicen y3xoti nonocotl no npagomy depeey p. /[necmp, na ckio-
nax Ilpym - [{necmpoeckozo mexcoypeuvs, 6 Tnymauckom u lopodenkosckom pationax HMeano-Dpanxosckoii oonacmu. Ilnowaos
19 656 2a. Cocmosinue oxpyscaroweii cpedvl meppumopuu Jnecmposckoeo PJII1 paccmampueaemca Ha npumepe 3KOL02UYECKOU
OYeHKU KOMNOHEHMO8 1aHOuAhmos, Ha OCHOBAHUY MeX UBMEeHeHUll, KOMOopble NPOUCX00Am KaK NOO GUAHUEM eCecmBeHHbIX (Ipo-
3Us NIOWAOHASA, TUHETIHAS U O8PAIICHAR, OCbINU, 0064, CeNU, ONON3HU, KAPCM), MAK U MEeXHO2EHHbIX (Kapbepbl, Oypoeble CKBANCU-
Hbl, 00PONCHASA UHGPACMPYKMYPA U m.0 Qakmopos. Junamuxa npoyeccos paccmompena Ha OCHOBAHUU MOHUMOPUHRA COCMOAHUSA
noueennoco nokposa (nedocghepul), cuopocgepnvl, ammocgepnozo eo30yxa u pacmumensnocmu (umocgepeot). Cemv MoHumopurea
cocmoum u3 78 nynkmos nabnooenuil, 20e omoupanucy npobvl nous, NOEEPXHOCHHbIX U NOYBEHHBIX 600, 8030YXA U MPABAHUCHIO-
J1y208601l pacmumenbHocmu. AmomHno-aocopoyuoHHbll, peHeemHopuoopecyenmtuil U S1eKmpoXUMUIeCKUll AHAAU3bL NPOO NO380UNU
cocmasums 6a3y OAHHBIX IKONOSUYECKOU UHGOpMayuu U Kapmvl pACHPOCMPAHEHUs meX WU UHBIX 3azpa3Humenei — MblbAKA,
c8UHYA, MeOU, YUHKA, KAOMUs, coeOuHenus cepvl, Hedpmenpooykmos. Cosmecmubilli aHanu3 Kapm 0ail 603MOICHOCHb NOCMPOUND
Kapmy co8pemMeHHOU IKON02UHeCcKOU cumyayuu, Ha Komopou u300pasicenbl makice 0moenbHole dNeMennsl 2e0102U4ecKoll cpedbl u
2eomopghocghepul, Komopule GIUAIOM HA GOPMUPOBAHUE COCMOsIHUSL OKpYdcaioweli cpedbl. Omoenvhble 2eoio2udeckue cmpyKmypol
negozo bepeza /[necmpa, ede pacnonoxcen HIIII «/{necmpo6ckuii KanboHy, nepexoosam Ha npaegwlii bepee, 6 npedenvl [JHecmposcko2o
PJITT, ymo nossonuno paspabomams npednodiceHue 0 nOGbluleHUU NPUPOOHO-0XpanHol kamezopuu [necmpoeckoeo PJIII 0o HIIIT u
npucoeounenul e2o K «{Hecmposckomy KaHbOHY».

Knrouesvle cnosa: pecuonanvhuiii 1aHOwagmuslll napk, NoYGeHHuI NOKPO8, cuopocepa, umocgepa, sxonozudeckue uzme-
HeHus.

IlocranoBka mpoGJjemu. PerioHanbHi JaHA- — pealliiiHi TepuTopii MICLIEBOr0 ab0 pPerioHaIbHOIO
madTHi mapku (PJIII) — e npupogOOXOpOHHI PEK-  3HAYEHHS, SIKI CTBOPIOIOTHCSA MICIIEBUMH OpraHaMu
© Aoamenxo O. M., Mociox M. L, 3opin /1. O., 2020 https://doi.org/10.26565/2410-7360-2020-53-17
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BlIaaM Ta (piHAHCYIOTHCS 13 MICIICBHX OIOKETIB. 3a
manumu crarti T.JI. Amapienko, P.A. Apan, H.IL
lampuenko, H.P. Mamumeroi i O.I. Ilpsako y
«Ekonoriunivi enmukionenii» [9], PJIIT matots Mme-
TOl0 30epexeHHs Yy MaKCHMalbHO MEPBICHOMY,
MPUPOTHOMY CTaHI YHIKaIbHUX NPUPOJHUX KOM-
TUIEKCIB — TEPUTOPii Ta 00’ €KTIB, sAKi 3a0e3MeuyroTh
TaKOX OpPTaHi30BaHWH BIANOYHHOK TYPHCTIB Ta MicC-
neBux xuteniB. PJIII crBoproroTh 6e3 BHiTydeHHS
3eMeNbHUX JUISTHOK, BOAHUX Ta 1HIIMX MPUPOJHUX
00’eKTiB y iX BIAacHUKIB 4y KopucTyBayiB. PJIII
OXOPOHSIIOTBCS MIATIPUEMCTBAMH, YCTaHOBAMH, Op-
raHi3alisMHi 3a JOPYUYCHHSIMH OpPraHiB BUKOHaBYOI
BJay y Tajly3i OXOPOHH HABKOJMIIHBOTO CEepesio-
BUIIA 3 O(OPMIEHHIM NOKyMEHTa — OXOPOHHOI'O
3000B’s13aHHA. Y NESKHX BHITAJKaX HA TEPHUTOPIIX
PJIIT nmpoBoasaTe 30HyBaHHs moaidono mno HIIII. B
VYkpaini Ha 1.01.2015p. icayBamo 54 PJIII, i3 HUX y
3axigHOMY perioHi Ykpainu 9.

Tonuapie
Benwa Kawhiua

Pimennsim IBano-®paHkiBCbK01 00aCHOT pau
Bix 15 muamas 1993p. ta 9 rpyxaas 2016 p., Ha migc-
TaBi pimeHHs Tiaymanekoi Ta ["oponeHKIBCHKOT
palioHHUX paj, OyJ0 CTBOPEHO KOMYHAJbHE IIijI-
pUEMCTBO «JIHICTPOBCHKHIN peTiOHANBHUN JIAHIIIA-
¢rami mapk iMeHi Ceprist immgay ma miomi 19650 ra.

HuictpoBebkuii PJIIT 3naxomutses y Tnymans-
KoMy Ta lopomeHkiBcbkoMy paifoHax IBaHO-
®pankiBcbkoi obOmacti (puc. 1). 3rigHo (di3uKO-
reorpadiuHoro paiionyBanHs Ykpainu Ta Kapmart-
CBKOTO PETiOHYy, TEPUTOPIs MapKy po3TalloBaHa y
Tnymau-I'oponenkiBcrrkoMy (pizuko-reorpadigHoMy
paiioni Ilpyr-J/lHicTpoBchKOi o00macti. Tepuropis
PJIIT mpocTsraeTscst CMyroro IMHPUHOIO 1-2 KM IO
CTPIMKHX cXWjax piku JlHicTep Ta Ha MPHIETINX
ninsHkax. [1ig oxopoHOIo — ManbOBHHYI JTaHIAD-
TH B paiioHi JIHICTPOBCHKOTO KaHBHOHY 3 IIKAaBUMH
00’exTamu TIpupoau (CKexi, BOMOCIAIM, JIiCH, Ta-
ropOM 3 PiAKICHOI CTETIOBOIO POCIUHHICTIO), a Ta-

Puc. 1. Kontyp JIHICTPOBCHKOTO PETiOHATBHOTO JIAHAMA(PTHOTO TAPKY

KOXX IaM’ITKH 1cTOpii Ta apXiTEeKTypH.

IcTopuunmii orasa gociaizkens Ta myo6Jika-
mii. OCKIIBKM MiBHIYHO-CXIAHOKW Mexkero JIHic-
tpoBcbkoro PJIIT € p. Hmicrep, To #oro monwuHa,
0COOJIMBO KaHBWOH. 3 JIABHIX-JIABEH TMPHUTATYBAIN
nocmigaukiB. [lepmum kaprorpadiqHuM JTOKYMEH-
tom Oymu ['enepanbna kapra Ilogimis macmraly
1:800 000, sixy mpencraBuB y 1650 p. ¢ppaHmy3pkuit
BilickkoBHii KapTorpad B. Borutan 3a monbchkoro
kopois Brnagucnasa IV [17]. 3 1772 p. micns nepe-
xoay [anmmumum 1o ABcTpo-YropuivHu, ManOyTHS

teputopist JuicrpoBcekoro PJIII kinbka pasiB «1o-
KpHBaJlach» TOIOrpadiYHUMK 3HIMAHHSIMHU MacI-
tabiB 1:28 800, 1:75000 Ta 1:25000. Kaptu nmo
BOro vacy 30epiratoTbesi y BineHcbKoMy BilichKO-
BoMy apxiBi. ¥ 1794-1805 pp. cioBaubKuii KapTo-
rpa¢ Su Jlincekuii ckiaB Many YTOpIIMHHU, B TOMY
gucii 1 lammuunn [12].

[epmi omy0nikoBaHi poOOTH HalleXaTh MOJIb-
cokuM reojoram Ct. Crammio (St. Staszic, 1815),
iM’st AKoro HuHI HocuTh KpakiBchka TripHHYO-
mertanypriitna akazgemis, 1. [Tymry (I. Push, 1830),
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9. Dixeanpay (E. Eichwald, 1846), H.I1. Bapoot-
ne-Mapni (1867) [3, 20, 23]. Cepen reosnorigHoi
iHpopmalii uux aBTOpiB OaraTo AaHUX NPO CTaH
IPYHTIB, BOJ T4 POCITMHHOCTI.

CucremaTrdHe BUBYEHHS MpUpoau OyBIoi ['a-
Tl po3MoYaNoch 3aBASKH 3HIMAaHHIO MacmTady
1:75 000, pe3yapTaToM 4oro craB BumgaHui y 1887-
1907 pp. «I'eomoriunmii armac I'ammamam» [2, 18].
[Ticns meproi CBITOBOT BIHHM MOJBCHKI JOCIITHUKH
B.3ux (W.Zych, 1930) ta P.Kosznoscekuii (R.
Kozlowski, 1929) po3unenyBanu Bigknaan y JOJIHHI
JHicTpa Ha sIpyCcH Ta TOPU30HTHU 3aBISIKM BUBYEHHIO
BUKOMHOI QayHu Ta ¢uopu. Jocmimkenns [Ipumni-
CTpPOB’sI IPOBOJMIN PyMyHCBbKHUI reosor I'. Backa-
yrany (1931) ta pociticeki daxisii P.P. Bupxxukos-
cekuit (1929, 1932) i I'.®. Jlynrepcraysen (1941)
[13]. 3HauHMif BHECOK y BUBYCHHS TE€pac, BUKOITHUX
TPYHTIB, JIECIB Ta apXEOJIOTIYHUX ITaM’SITOK 3pOOHB
O Tlonsucekuit. Moro «IlominbCeKi eTomm» He
BTPaTUIIM CBOTO HAyKOBOT'O 3HaYeHHs goternep [15].

[Micns npuennanas y 1939 p. Fanuuuan 1o
CPCP posnovanucs poboTH 3 y3arajabHeHHS 310pa-
HOTO paHille Marepiany, 110 3HAWIUIO CBOE BijO-
OpaxeHHs y kHH3I «['€onorus W TOJE3HUE HCKO-
naemue 3anagabix obmacteir YCCP» (1941) 3a pe-
nmakmiero H.A. buxosepa. Ilicms apyroi cBitoBoi
BiliHM, ounHatoun 3 1947 p., y 3axigHoMy periosi
YkpaiHu po3novaiuch pizHOMAcIITaOHI TeoJIOTiYHI
3HIMaHHS, TEOJIOTOTOIIYKOBI Ta Te0JOrOpPO3BiTyBa-
JIbHI POOOTH 3 BEIIMKMMU 00CSTaMH CEHCMIYHUX,
MarHITOMETPUYHUX, EJNEKTPOPO3BIAyBAILHUX  Ta
iHIMX Teo(i3uYHUX pOOIT y CYMPOBOMAI 3HAYHUX
o0csTiB OypiHHA 3 TITUOWHAMU BiJ] COTEHB JO Killb-
Kox THCcs4 M. lle mamo 3Mory jgeranbHO BHBYUTH
YeTBEPTHHHI BiJKJIa1i Ta reomopdoutorito [5-8].

VYV 1959-1960 pp. I'.I1. lllpamenxo, I M. Ilana-
nko i IL.T. JlazapeHKO BHKOHQJIM KOMILIEKCHY T€O-
noriuny 3iomMky mamtady 1:200 000 apkyma M-35-
XXVI Bomuno-Ilopinecekoi cepii, sixka 6e3nocepe/-
HBO CTOCYETHCSl JOCHIPKYBaJbHOI HAMH TepeTopii
[5-8, 10].

Benukunii o0csAT MpUpOAHUYIOTO MaTepiany 3i0-
pana excnenuuis Tosapuctsa JleBa, sika npaioBaia
o Juictpy y 90-x pokxax XX cr. Ii 3aBmannsm G6yio
PO3pOOHUTH cHCTEMY 3eMJle-, BOJIO- Ta JIiICOKOPUCTY-
BaHHs Ha JaHJWAQTHIH OCHOBI NpH Hepexoni 10
PUHKOBOI €KOHOMIKH. Y JOCH/DKCHHSX Opanu yd-
acTh Himerbki kojeru (I, [Tnaxtep Ta iH.) i3 YHiBe-
pcuretiB MapOypra, Joprmynaa, @pankdypra, a 3
yKpaiHcekoro 0oky — [BaHO-DpaHKIiBCHKHN HaIlio-
HaJIBHUK yHiBepcuTeT HadTH i1 razy, [HCTHTYT eko-
norii Kapmnat, JIbBiBCbKHMI HalliOHANBHUI YHiBEpCH-
teT iM. [.dpanka, [HCTUTYT €KOJOriYHOrO MOHITO-
punry ta iH. (O.M. Apamenko, LII. Koampuyk,
B.M. Cremok, B.I'. Omenpuenko, O.M. XKypaseis,
H.0.3opin ta in.) [1, 10, 11. 14, 16].

B ocranni poku y JIHICTpOBCHKIM TOJIMHI TIpa-
IIoBaJIM  excreauuii JIbBIBCHKOIO HalliOHAJIBHOIO
yHiBepcutety iM. [.dpanka (A.b. boryupkuii, A.M.
Aummmun), YaiBepcutery Mapii  Kropi-Ckionos-
cekoi 13 Jtoomina, [lomema (M. JlangonT), [HCTHTY-
Ty ykpainozHaBctBa iM. [. Kpem’skesmua HAHY
(O.C. Cutnuk), I'eonoriunoro inctutyty [lonbcbkoi
AH (T. Mapeiiceka) [4, 19, 21, 22. 24].

Exkomoriyauit cTaH reojIOTigHOTO CEePEIOBHINA,
reoMopdocdepr, BOJHUX PECypCiB, aTMOCHEPHOTO
MOBITPsI, [PYHTOBOTO Ta POCIUHHOTO MOKPHUBIB [Hi-
CTPOBCHKOTO KaHBHOHY JOCHIIUB Y KaHAUJATCHKIiil
muceprtauii J[.0. 3opiH, MaTepiaiu SKOTO0 4acTKOBO
omy0JIiIKOBaHi y HOro HaB4ajIbHOMY MOCIOHUKY [11]
Ta eKOJIOTO-TyPUCTHYHOMY Hapuci «/{HICTpOBCHKUI
kanpiion». llpami J[.O. 3opiHa MW BHUKOPHCTaEM B
MOJANIBIIOMY, TMPH IMOKOMIIOHEHTHIH XapakTepuc-
TUI[l TIPUPOAHOTO cepemoBuia J[(HICTPOBCHKOTO
PETiOHAIEHOTO TaHAMIA(QTHOTO MMapKYy.

AKTYyaJIbHICTh JOCTiIKeHb Ta BHILIEHHA
HEBUPIlIEHUX paHille YAaCTHH 3arajbHOi MNpo-
Oosemu. Panime nocmimpKyBalnuch CTaH JiciB, (ropu
1 ¢ayHu, a iHIII KOMIIOHEHTH JOBKIJUIS, TaKi SIK Te-
nocdepa, rigpochepa, arMochepHe MOBITPs, 3aJIU-
IIMINCH 11032 yBarolo, 10 HETaTHBHO BIUIMBAJIO HA
CTpaTeTiyHy  €KOJOTiYHYy  OIIHKY  IPHPOAHO-
3aMOBiTHUX TEPUTOPiH, IrHOPYBaHHS MIPOLEAYP €KO-
JIOT1YHOTO ayAUTy Ta MOHITOPUHTY, 3HHXECHHS PiBHS
€KOJIOT1YHOT 0e3MeKr MUX BaKIUBUX TepuTopiit [1,
7, 11].

OTxe, METOI0 JaHOI CTATTi € OIJbLII ITOBHE BU-
CBITJIGHHS YCiX KOMIIOHEHTIB HaBKOJUIITHBOTO cepe-
JTIOBHINA Ta PO3POOKA METOMOJIOTIi €KOJIOTIYHO1 OIli-
HKU TPYHTOBOTO Ta POCIMHHOTO TOKPHBIB, BOIHHUX
pecypciB, aTMoc(epHOTo MOBITpsI, Ta BIUIMB HA HUX
TexHochepH.

JociikeHHsT BUKOHAHO KadeIporo eKoJIoTii
IBaHO-®paHKIBCHKOTO HAIIOHAJIBHOTO TEXHIYHOIO
yHiBepcuTeTy HadTH i rasy mij kepiBHUITBOM O.M.
Anamenka, 3a yuactio M. 1. Moctoka, J/[.0.30piHa,
K.O. Pamnoscekoi, H.O 3opiHoi Ta cTyneHTiB-
MaricTpiB — MaifOyTHiX ekojoriB. [lonpoBi ekomori-
YHi TOCIIPKEHHS 32 MOHITOPHHTOBOIO MEPEXKEI0 Ha
78 myHKTax crnocrepexkenb [l] BHUKOHYBamuCh 3
2012 no 2019pp.,a ix aHaJNITHYHA Ta KOMII IOTE€PHA
00poobka -y 2015-2019pp. [1, 11, 16].

Buknan ocHoBHOro MarepiaJy.

Ienocdepa — rpyHTOBHIA IOKPUB HA TEPUTOPIT
HuictpoBcskoro PJIIT mpencraBnenuit rimboko i
MaJIOTYMyCHAMH YOPHO3EMaMH, YacTO OIi/I30JICHU-
MU, CIPHMH 1 CBITJIO-CIPUMH JIICOBUMH T'PYHTaMH.

[lepexoarMo 110 €KOJOTIYHOI OLHKH CTaHy
IPYHTOBOTO TIOKPHBY Ha OCHOBI iX 3a0pynHEeHHs
B2XKHUMH METallaMH, HAQTOMPOYKTAMH Ta 1HITHMHA
HeOe3MeYHUMH peqoBUHAMU. J[JIsI IIbOTO HAa TEPHUTO-
pii duictpoBcrkoro PJIII Oyna obrpyHTOBaHa Mepe-
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’a 13 78 MYHKTIB CIIOCTEPEIKECHHSA — TOYOK BiIOOpY
po0 i3 IPYHTIB Ta IHIIUX CEPEIOBHII HA aTOMHO-
abcopOuiliHMiA, peHTTeHO(IIOOPECLEHTHUI Ta eJe-
KTPOXIMIYHMH aHaNli3M JUIS BU3HAYCHHS BMICTY 3a-
OpynHIOBaNFHUX peUoBMH. Ha OCHOBI mMX maHWX
Oyio mobynoBaHo 6a3y JaHUX, po3paxoBaHi (pOHOBI
Ta aHOMaJbHI BMICTH PO3paxyHKOBUMH Ta rpadiy-
HAMH MeTonamu [16], a Ha X OCHOBI CKJIaACHI IToe-
JIEMEHTHI Ta TOKOMIIOHEHTHI €KOJIOrO-TeXHOI€0Xi-
MIiYHI KapTH PO3MOBCIOJKCHHS 3a0pyIHIOIOUUX pe-
YOBUH y IPYHTOBOMY MOKPHBI (pHC. 2).
IIpocropoBuii po3mozin 3a0pyAHIOBaYiB y TPy-
HTOBOMY MOKpHUBI Ha Teputopii J[HicTpoBCHKOTO
PJIIT moxkaszas, mo 3a0pyAHEHHS B LIJIOMy HE3HAYHE

PoratuHcbkui
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1 TIpUB’ sI3aHE JIUIIIE IO OKPEMHUX aHOMAIBHHUX TOYOK.
Tak, pO3MOBCIOKEHHS apceHy AS BHSBHIO [IBi
aHOMaJIbHI 30HH, L0 3HAXOAATHCS y BEPXiB’fAX P.
Tiymau (Touku 434, 436, 439) 1 Ha NiBHIYHUN 3aXix
Bi M. ['oponenku (441, 442). ®own (0,0047 mr/kT) Y
[IUX aHOMAIISX TMEPEBHINEHO y AECATKH pasiB (10
4,6 Mr/kr), ane 1e 3Ha4YHO HWKYe Kiapka (1,7) Tay
cotHi paziB Hmwk4de I'JIK (20). To6To Hivoro Hebe3-
MEYHOTO HEMae: BUSBICHUN PO3IOALT 3a0pyTHEHHS
JMIIe Tonepemkae Npo MOTeHUiiiHy HeOe3neky. Te
K caMe MOKHa cKaszaTH 1 mpo po3noain kaamiro Cd,
saxuit Mmae Bmictu Oinpme I'JIK mwme y ogHii mpooi,
niBaenHime M. Tioymau. @on Cd 0,014, xnapk 0,13,
I'/IK 1, a anomaist — 0,042 mr/kr.
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Puc. 2. Apcen As y rpyarax JIHICTpOBCBKOTO PETiOHaIBHOTO JIAHAMIA(PTHOTO MapKy

Posmoain cBuHIo Pb Olnbin ckitagHuii: B310BXK
CTiHOK JIHICTpOBCHKOTO KaHbHOHY BiJ c. ['opurisan
70 M. 3amimuky — yucto, anomanii Pb npuypoueni
1o Ipyt-/IHiCTPOBCEKOTO MEXHPIUUsl, a came 10 CC.
Hussucobko, JlokiTku Ta MM. Tiymad, [oponenka ta
aBTOMOOUTLHUX Jiopir [BaHO-DpaHKiBehbK-I'0posieH-
ka, YepHiBui-TepHominb Ta iH.

Taki ) OCOOJIMBOCTI XapaKTepHi 1 Jisl 1HIIHX
3abpynnioBauie Cu, Zn, V, Hadronpoaykru, AJT.
Jlume nuak Zn nepesuintye I'JIK (23) ta don (13,4),
aJsie 1e 3Ha4HO HIDKYE Bix aHoManbHuX (40,2) i kia-

pKoBuX (83) 3HaYeHb, TOMY IIOKH 1[0 HEMAE 3aTPO3U
Hi ipupoi, Hi HaceneHHI0. Banaxili V mokasye taki
K TeHzaeHuii. HadTonmpomyktn 3 mnepeBUIIECHHIM
I'IK ycraHoBieHi jauiie B3IOBX Joporu Tirymad-
T'opoaenka. JIJIT mokasye kijibka aHOMajbHHX TO-
4ok Oinst pafionnux neHTpiB (Tiymau, ['oponenka),
JIe KOJHCh OyJHM CKJIaau MiHZOOPHB Ta OTPYTOXiMi-
KarTiB.

OTxe, cynsuu 3 PE3yJbTYIOUMX KapT HakKla-
JaHHS 130KOHLEHTPAT Ta CyMapHHUX MOKa3HHKIB 3a-
OpyIHEeHHs, 3arajibHa KapTHHA €KOJOTTYHOTrO CTaHy
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IPYHTIB BHMaJbOBYEThCS MMO3UTHBHOIO, HE 3arpo3-
JIUBOTO JIJIS JTFOJICH 1 TIPUPOJIH.

linpocdepa — 1me moBepxHEBi, IPYHTOBI Ta
ma3eMHl BOOM, 3a 3a0€3MeYeHICTIO SKUX IBaHO-
®paHKiBIIMHA 3aiiMae YETBEPTE MICIIe cepel 1HITHX
obmnacteit Hamroi kpainu [9].

Tosepxuesi 600u GOPMYIOTbCS TPAH3UTHUM Ta
BHYTPIIIHIM PIYKOBUM CTOKOM, aTMOC(EpHUMH
oImajaM¥ Ta MiATOKOM Tia3eMHHX BOJ. I3 3arampHOi
KiIbKOCTI omnaniB (724 mm/pik) moHan 83% Bumapo-
ByeThes (603 Mm), a 17% (121 mm) moctadaeTses y
piukm (68 MM) Ta ma3eMHUH CTIK (53 MM).

3a JaHuX MOHITOPUHTOBUX JOCIHIKCHb 1a00-
paropii IBano-®paHKiBCHKOTO yMpaBiliHHS BOJAHOTO
roCIIoapcTBa, AKiCTh Boa JlHicTpa Ta Horo mpaBuX
mputokiB He nepeBuntye ['JIK. Hamri mocmimkeHHs
(mpobu BoaM BigOMpanKch MPUOIU3HO y THX JKE
TOYKaX, 10 1 IPYHTY) MTOKAa3aJIH, [0 BOAX BiTHOCATH

PoratuHcbkuin
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B ocHOBHOMY 0 II Ta Il kiacy, 3-4 kareropii skoc-
Ti, 3TIHO 3 METOJHMKOIO OINIHKH, 3aTBEPHKCHOIO
Minekobe3neku. XapakTepHoO, 10 HWK4Ye rupi 0o-
KOBUX MPUTOKIB, SKICTh BOJ J{HiCTpa moripmryerhces,
ajie JJOCHTh IBUIKO BIJTHOBIIOETHCS.

I'pynmosi 6oo0u — 1ie TiepIwii Bij] MOBEPXHi T0-
PU30HT MiJ3eMHUX BOJA. BMinryrounmu mopogamu €
ANIOBIM 3aIllaB Ta HAJ3aIUIaBHUX TEpac, a TaKOXK
€0JIOBO-/IEIIIOBIaIbHI JIECH, JIECOMOMIOH] CYITICKH Ta
CYIJIMHKHM 3 JIIH3aMH TiCKiB Ta ImebeHro. [nmubOuHa
3anaraHss Big 2-3 o 10-15 m. Jle6itu o 1-2 am¥/c.

BoHM BHKOPHCTOBYIOTHCS B OCHOBHOMY MiCIIe-
BUAM HACEJICHHSIM JUISl IUTHUX 1 TOCHOJAPChKHUX I10-
TpeO. Jocmimkenusmu apropis [11, 16] ycraHoBIe-
HO, IO TPYHTOBI BOAM MAlOTh NOOPY 1 3a/IOBLIBHY
AKicTh 1 mume Oinsg mM. ['oponenku i Tirymada BoHa
noripimyetbes (puc. 3).
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s - TEOCKOJIOTIYHI MOJIITOHN
Ta iX HOMepHU

8 0 8 16 24 32m
I I — —

macirad

Puc. 3. Ceunenp Pb y rpyHTOBHX BOntax JIHICTPOBCHKOTO PEriOHAIBHOTO JIAHAIIA(QTHOTO MapKy

Atmocdepne noBiTpsi. OLiHIOBaHHS €KOJIOTi-
YHOTO CTaHy aTMOC(EpPHOro MOBITPsl BUKOHYBAJIOChH
MEPECYBHOI €KOJIOTIYHOI0 JlabopaTopieto Hadrora-
30BOr0 KOMIUIEKCY. BuMiproBanuch Taki MOKa3HU-
ku: Oz, SOy, CO, nui, a TakoX BiAOUpaTUCh TPOOH
OTaJIiB CHIT'y 3 BH3Ha4YeHHSM Horo 3a0pyaHeHs Pb i
Cu (puc. 4). llikaBuM BUSBHBCS PO3MOIiT KUCHIO O3

y atMocdepHOMy MOBiTpi: y JHICTpPOBCEKOMY KaHb-
foni Horo BMicT (22,06-22,20% 00’eMHHX) Tiepe-
Butrye Gonosi 3HaveHHs (21,83%) 1 cepenniit BmMicT
KHCHIO y atMochepHoMy moBiTpi (21,88%). 1le cBi-
JIUUTH PO Te, o JIHICTPOBCHKUI KaHBHOH Mae He
TIIBKY OLJIBIN TETUT KJIIMATH9HI YMOBH, HiXK Yy CyCi-
IHIX paiioHaX, a i BOJIOAIE€ YHIKATEHUMHA YMOBaMH —
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Puc. 4. Cnonyku cipku SOy y armochepHoMy MOBITpi JIHICTPOBCHKOTO PEriOHAIBHOTO JIAHAMA(THOTO apKy

HQ/IJIMIIKOM KHCHIO, 1[0 € BaXJIUBUM JIIKYyBaJIbHUM
YUHHUKOM JUIs1 0310pPOBUYMX LiIeH, PO3BUTKY peKpe-
arfii Ta CaHATOPHO-KYPOPTHOI raiy3i [16].

Posmoain iHIMX KOMITOHEHTIB — 3a0py/IHIOBa-
giB atmocdepu (SOx, CO, nuiy) nokasye ix migBu-
IICHUH BMICT Yy JEIKHX TOYKaxX [ OpOoJEeHKIBCHKOTO
Ta TilyManbKoro paioHiB. AJie Il BMICTH NEPEBHU-
ryroTh auire ¢oH i gocsrarots ['JIK mume 61t Mm.
Tnymaua Ta 3aminuKiB.

Jemo 1o iHIIOMY TOBOAMTHCS CBHHENb B
omajiax CHiry. besmocepenHbo y KaHbIOHI HOTO HE
3HalijieHo, JMIe Ha BiATHHKY Bix c. [opurmsan
MPOTSITOM KiJIBKOX KM BiH 3yCTPIiYa€ThCsl Y KUIBKOX
Toukax. Ha mpaBoOepexxki J[HicTpa po3moBCIOKe-
HUNW JIAHIIOKOK a”HoMawmii Pb Bim ™. IBaHO-
®dpaHkiBchbka Ha MIBACHHHMU cxig 10 ['opomeHkH i
3amimukiB. MOXIHBO 1€ BIUTMB aBTOTPAHCIIOPTY,
abo cuix Bix bypmruaeskoi TEC.

B ninomy x armocgepHe HOBITpsl HAa TEPUTOPIi
Huictposcbkoro PJIIT nepebyBae y 1o0poMy craHi.

®itocepa. PocanHHUI NOKPUB TOCHTIHKYBa-
Hoi TepuTopii nocuth pizHOMaHiTHUH. Cxumm Hic-
TPOBCHKOTO KAHBHOHY 1 JIONWUHHM TPABHX JOIUIHB
JIHicTpa TOKPHTI IUPOKOIUCTUMH JIicaMU, TiepeBa-
XKHO JyO0BO-OyKOBO-TpaOOBUMH, a IIUPOKI MEKH-
piuds — 1€ Pi3HOTPABHO-31aKOBI CTEITH.

st BU3HAUCHHS €KOJIOTIYHOI'O CTaHy POCIIMH-
HOCTi Ta 3’sicyBaHHS, 4M Hakomuuye ¢uopa JHic-
TpoBcbkoro PJIIT Ti uu iHIIN €JIeMEeHTH — 3a0pyIHIO-
Bayi, OylM TIPOBEJEeHI TeOXiMiYHI JOCIHIPKEHHS 3
aHaNI30M 30]I PI3HOTPABHO-TYYHOI POCIMHHOCTI.
3a gaHWX TakWX aHali3iB Bopo MiHepambHHX pecy-
pciB OfiecbKOTO HAIIOHATBHOTO YHIBEPCHUTETY iM.
L.I. MeunukoBa, 3oma Bmimrye Cd, Pb, Cu, Zn, i V.
Ha ocHOBI 1jporo mo0y/10BaHi MOENEMEHTHI €KOJIO-
ro-TeXHOreoXIMiuHI KapTH (puc. 5).

AHai3z KapT 10Ka3as, 1110 TPOCTOPOBHH PO3IIO-
Iin 3a0pyAHIOBaIbHUX PEUYOBHH y POCIMHHOCTI
Maibke aHaJOTiYHUH TaKOMY Y TPYHTOBOMY HOKPH-
Bi. Y IIbOMY Hi4OT0 JMBHOIO HEMA€: aJKe POCIUH-
HICTh 3aCBOIOE Ti )X caMi PEYOBHHH, IO MOTPArLIs-
I0Th Y TPYHT.

3o0ocdepa. 3ooreorpadiuai 0COOIUBOCTI TEPH-
topii [duictpoBchkoro PJIII Bu3HawaroThes HOTro
NPUHAIEKHICTIO 10 €BPONEHCHKOI JIICOCTENOBOT
3ooreorpadiuHoi 30HH, J[HICTPOBCHKOTO OKpYTY
[lepeakapnaTchbKOro JTiCOBOTO paiioHy.

VY ninomy ¢ayna nepeOyBae MiJ aHTPOIOreH-
HUM THCKOM 1 BUMara€ OiIbII aKTHBHOTO 3aXHUCTY.
Ha »anb, exooriuyHa oIiHKa cTany 300c(epH MOKH
110 HE BUKOHYBAJIach.

Texnocdepa. OcobnuBocTi TeXHOCHEPH 00Y-
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Puc. 5. Kagmiii Cd y 30111 pi3HOTpaBHO-TY4YHOI POCIMHHOCTI
JIHICTPOBCBHKOTO peTiOHAILHOTO JaHAMAa(THOTO TTAPKY

MOBJIEHI PO3BHTKOM TOCIIOJapCTBa. Y Taiy3i mpo-
mucnoBocTi Tinymanpkoro Tta ['opomeHKiBCBKOTo
paiioHiB gie 26 mignpueMcTs. CepeIHLOpIUHE BAJIO-
BE BUPOOHHUITBO MPOAYKIIi ckianae 120 MiH rpH, 3
saKoro 82% — MpOoAyKLish XapuoBOi MPOMHCIOBOCTI.
Haii6inemi mignpuemctBa — e BAT «['oponenkis-
CHKHI IIyKPOBHIA 3aBO/I», MOTYXKHICTH SIKOTO 22 THC.
T MyKpy 3a ce30oH Ta BAT «["opoaeHkiBchkuil cup-
3aBO/I» MOTYKHICTIO 44 THC. T IEPEepOOKH MOJIOKA 32
pik. BaxkivBe 3HaUCHHS JIJIs1 EKOHOMIKH paiioHy Mae
3aIlyCK 3aBOJy 3 NMPHUTOTYBaHHS iHQY3IHHUX PO3UH-
HiB, 0 OyayeTbcsi cniibHO 3 (paHIy3bKOIO (ip-
Moro «UPSA».

CinbecbKe TOCTOAAPCTBO € TPAAUIIAHO PO3BU-
HYTUM. ATpapHuii CEKTOp NpuBaOIMBHUI ISl 1HBEC-
topiB. [Inoma cinerocnyrigs 161,4 tuc. ra, y Tomy
gucii piut 150,7 Tuc. ra. POCIMHHUITBO CTaHO-
BUTH 61%, TBapuHHUITBO 31% Ta mifcoOHI MPOMU-
ciu 8%. PO3BHHYTO BHUPOIILYBaHHS 3€PHOBHUX KYJIb-
Typ, IIYKPOBUX OYpSIKiB,KapTOILIi, OBOUIB, (PYKTIB,
BUPOOHHUIITBO MOJIOKA Ta M’sica. [l mporo cTBope-
HO MalIMHHI TPAaKTOPHI cTaHii, 42 MyHKTH 3aroTiB-
Ji Cibrocnnpoaykiii, 84 MyHKTH 3aKyIKA MOJIOKa,
13 BeTepHHApHUX MYHKTIB.

Ha sxanp, BaxiuBa ckiagoBa comiochepu —

CTaH 37I0pPOB’sl HACEJIEHHS JI0 IIbOTO Yacy 3ajMila-
€TbCS HE JOCIIIIKEHOIO.

Kapra cyuyacHoi exosioriunoi curyamii /{Hic-
TpoBchbkoro PJII1 BuUKOHaHAa HUIIXOM CYMIIICHHS
(HakmanmaHHs) CyMapHHX KOHTYpiB 3a0pyaHEHHS
YCiX JOCIHIDKEHUX CepeqoBHIL (TPYHTIB, TPYHTOBHUX
BOJI, aTMOC(EpHOTO MOBITPS, OMAJ(iB CHITY Ta Pi3HO-
TPaBHO-JIy4YHOT POCIUHHOCTI) (puc. 6) 3 nmanamadr-
HOIO KapToro. B pesynbrari oTpuMyeMo Kapty cy-
YacHOI €KOJIOTIYHOI CUTYAIli] Ta eKOJIOT1YHUX CTaHIB
Juts JiBo- 1 mpaBoOepexoks Jlnictpa (puc. 7) [11,
16]. Exonoriuauii ctaH reoekocucteMu JIHiCTpOB-
CBKOI TOJIMHM BU3HAYAEMO PAH)KyBaHHSAM CyMapHHUX
noka3uukiB 3a0pyanenust (CI13). KoxxkHomy crany
BiJIMIOBi/Ia€ TOM YW iHIIWI KOJIp Ha KapTi Ta BiAIO-
BiJTHO Ta YM iHIIIA TEOEKOJIOTIYHA CTPYKTypa — reoe-
KOJIOTiYHA 30HA, Te0eKoJoriyHa cmyra Tta iH. [lpu
IBOMY, TaM JI¢ TEXHOT€HHE HABAaHTA)XCHHS HE3HAY-
He, TEOEKOJIOTIYHI 30HU 1 CMYTH BiJIIOBiJJalOTh KOH-
Typam JaHAmadTiB Ta JaHAMAQTHUX MiclEBOCTEH
(monuuu JIHicTpa Ta HOTO JIiBi IOIUIABH, a Jie 3a0py-
JTHEHHsI TepeBUINye (OH 1 CTBOPIOE aHOMAJiI, TaM
TE0EeKOJIOTiUHI 30HM 1 CMYIM HE CHiBINAAaloTh 3
nanamadTHOO cTpykryporo (IIpyr-JIHicTpoBCEKE
MEXHPIuYs).
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Puc. 6. Cymapha kapTta 3a0pyJHEHHS YCiX CepelOBHI — IPYHTIB, IPYHTOBUX BOJ,
arMoc(epHOro MOBITPs, OMAIB CHITY Ta Pi3HOTPABHO-TYYHOT POCIHHHOCTI

3rigHo 3 (izuxo-reorpadiuHUMH paiioHyBaH-
HaM O.M. Mapunnyua ta [LI. [umenka [9], Tepu-
TOpisl KAPTU BiTHOCUTHCS A0 €BpOMNEHChKOT piBHUH-
HOT1 nmaHmmadTHOT KpaiHU, 30HU HIMPOKOJIUCTSIHUX
JIiciB, 3axigHO-YKpaiHChKOro JaHIIa(THOrO Kparo
3 napamadTaHuME obmactamu: OmibCbkolo (A),
3axingno-Iloainecekoro (b) Ta [lpyT-HicTpoBCHKOIO
(B). B Mexax o0yracTi A BHIIJICHO Ha T€OCKOJIOT1UHI
cmyru [-VII, B mMexxax b — reoekosoriuni cmyru
VII-XIX, a [pyr-/HicTpoBchka manmmadTaa 00-
nacte Bkirouae [Ipyr-/IHicTopBchKuil nmanmmadrT,
[0 MOALISAETbCA Ha JaHmmadTHI MicieBocti 6-11.
Im Bimmosimae IMpyT-JHiCTPOBCHKA TIe€0EKOJIOTiUHA
30Ha (B) 3 reoekonoriuanmu cmyramu: Tiymanbka
(XX), HesBucbka (XXI), I'oponenkiserka (XXII),
Koctpmxkisepka (XXIII) 1 3acraBHiBebka (XXIV).
Cepen nux cmyr Tnymaneka Ta ['oponeHKiBCbKa €
HEY3TO/UKEHUMH 3 JaHAMAPTHUMH CTPYKTYpaMu, a
3acTaBHIBCbKA Y3TO/KEHA JIMIIE YaCTKOBO 1 BIIIO-
BiJa€ YOTHPHOM JIaHAIA(QTHUM MiCHEBOCTSIM, SIKi
00’e€JJHaHI OJHUM KOHTYpOM 3a0pyJHEHHS Hampy-
JKEHOT'0 €KOJIOTIYHOIO CTaHy.

BucnoBku. Ananiz Crany goBkijuist J{HicTpoB-
cekoro PJIIT Ha OCHOBI €KOJOro-TeXHOTr€OXMidHOT

OIIHKU CTaHy IPYHTOBOTO IOKPHUBYS, Tiapocdepw,
aTMOC(EpHOTO TOBITPSI Ta POCIMHHOCTI TMOKAa3aB,
IO JIOCIKYBalbHa TEPUTOPisS MPAaKTHYHO IOKH,
1o He 3a0pyaHeHa. OKpeMi aHOMaJIbHI BMICTH BaXK-
KHX METAaJIiB, CIIOIYK CipKH, HAQTOMPOIYKTIB JINIIE
MOTIEPE/PKAIOTh TIPO TIOCTYIOBE 3POCTaHHS TEXHO-
TE€HHOTO BIUIMBY BiJl TOCIIOAAPCHKOI MisITBHOCTI.
Tomy, Ha Hamry IyMKy, OTpiOHA po3poOKa TOBroO-
CTPOKOBOI €KOJIOTIYHOT MMPOrPaMH 3aXHUCTY JOBKIUILIS
Huictposcskoi PJIIL.

Kapra cy4acHoi exonoriuHoi curyauii CBiZuuTh
PO Te, 110 MPOCTOPOBHH PO3MOILT INeOCKOIOTTUHUX
30H 1 CMYT 3 pi3HUM E€KOJIOT1YHHM CTaHOM JIiBOOe-
pexokst [[HicTpa, Ae po3TalroBaHU HaliOHATBHUN
NPUPOAHUYMN TapK «JIHICTPOBCHKUN KaHBHOHY,
Mepexo/IaTh Ha mpaBuil Oeper, B Mexi JIHiCTpOBCH-
koro PJIII, mo no3Bossie aBTopaM 3allpONOHYBaTH
MiABUILICHHS TPUPOJOOXOPOHHOI KaTeropii perio-
HAJIBHOTI'O JIAHAMAGTHOIO HapKy J0 HalliOHAJILHOTO
NPUPOAHOro mapky. Moro Bapro Hasusatu HIIII
«JIHicTpOBCHKMIT KaHBHOHY, SIK L€ YK€ 3OIHCHWIN
Hami cycigm TepHominbebkoi obnacti Ha JiBoOe-
pexoki [IHicTpa KijibKa poKiB TOMY Ha OCHOBI BiAIIIO-
BigHoro Ykasy IIpesunenra Ykpainu.
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Puc. 7. Kapra cy4acHoi ekonoriunoi curtyanii JlHictpoBcbkoro PJIIT ta HIIIT «lHicTpoBChKH
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Ymosni nosnauenns oo puc. 7:

Exos0oriyauii cTaH 0OCHOBHHMX N€OKOMITOHEHTIB JOBKIJIJISA
l'eosioriune cepenoBuie

;év ¥x CyuacHi akTHBHi reoTMHaMiuHI 30HM CTHCHEHHS (a) i po3TarHenHs (6) 3eMHOT KOpH,
O JOKanbHi 31BUTH TA iHII IPOSIBU HEOTEKTOHIKH

['nmubunHi po3noMu 10keMOPiHCHKOro (pyHAAMEHTY — 30HU CYy4acHOI TEeKTOHIYHOT
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ENVIRONMENTAL SITUATION OF DNISTER REGIONAL LANDSCAPE PARC

Formulation of the problem. The Dniester Regional Landscape Park (DRLP) is a natural protected ar-
ea of Ukraine that extends along the right bank. Dniester, within the Tlumatsky and Gorodenkovsky districts
of Ivano-Frankivsk region, covers an area of 19 656 ha. It was founded by the decisions of the Ivano-
Frankivsk Regional Council on July 15, 1993 and December 3, 2016, when the park was named after Sergiy
Didych. The objectives of the park are: conservation of valuable natural and floristic-cultural complexes;
creation of conditions for efficient tourism and recreation; adherence to the regime of protection of protected
objects; promotion of ecological and educational work; maintaining an overall environmental balance in the
region.

The research methodology performed by the specialists of the Department of Ecology of the Ivano-
Frankivsk National Technical University of Oil and Gas was based on a component assessment of the eco-
logical state of the geological environment, relief, water resources, atmospheric air, soil and vegetation, soci-
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osphere and technosphere by selection construction of databases and ecological and technological-
geochemical maps of the state of the environment.

As a result of studies of the geological environment, geomorphosphere and soil cover, their changes
under the influence of natural (planar, linear and bright erosion, villages, landslides, landslides, landslides,
etc.) and technogenic (quarries, drilling wells, etc.) factors are still negligible - from 0.0015 to 0.04% of the
area and volume in the model areas. Surface water pollution in the Dniester River and its tributaries is aver-
age, and groundwater — from normal to satisfactory. Only in places where the polluted water is discharged is
it difficult and unsatisfactory. Ecological condition of atmospheric air, precipitation of rain and snow, vegeta-
tion cover — normal and only about mm. Interpreter and Gorodenko — satisfactory and complex. On the
whole, according to the assessment of all environmental components, the environment of the DRLP is still in
good condition, but requires the implementation of the measures recommended by the authors.

The scientific novelty of the environmental research of the DLRP is that the authors of the article first
performed their own field environmental studies on the monitoring system of each component of the land-
scape, and the results using GIS technologies to build a summary ecological map.

The practical significance of the work is to provide the DPRL with a scientific basis for the creation of
a permanent ecological monitoring network and the dissemination of the methods of ecological assessment
developed by the authors to other nature reserves and sites - nature monuments, reserves, national nature
parks, nature reserves, biosphere reserves and reserves.

Keywords: regional landscape park, geological environment, geomorphosphere, soil cover, hydro-
sphere, ecological changes.
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THE BASIN-LANDSCAPE APPROACH TO THE PROTECTION AND
CONDITION OPTIMIZATION OF THE LAKES OF THE NATIONAL PARKS

L I1. Kosanvuyx, B. O. Mapmuniox, B. Illeiipene. BACEHHOBO-TAHAIIA®THHH ITIIXIT 10 OXOPOHH TA OIl-
THUMIBAIIII CTAHY O3EP HAI[IOHAJIbHHX ITAPKIB. O6rpynmosyemucs cymuicm 6aceiinogo-1anouapmuozo nioxody 0o
OXOPOHU 03ep HAYIOHANLHUX NAPKI8 AK AKMYAIbHO20 HANPAMY O0CAIONHCEHb, WO (POPMYEMbCA HA CIMUKY NPUPOOOOXOPOHHO20 NAHO-
wagmosnascmaa, 2ioponoeii ma eeoexkonocii. Po3sxpumo aneopumm 00CHiONCeHHs, 0COONUBOCT AHANIZY Md OYIHKU CMAHY 03ePHO-
bacetinogoi cucmemu (OBC), 6uaeneHo YuHHUKY, AKI NO2IPULIOMb 2e0€KONI0IUHULL CTNAH 6 03epHill | bacelinosill cybcucmemax, 00-
IPYHIMOBAHO ONMUMI3AYIUHT 3aX00U 8 00 €EKMAX NPUPOOHO-3AN0BIOHO20 POHOY, WO PO3MAULOBAHT Y MENCAX NPUPOOHO20 pe3epeamy.

Mamepianamu 0ocniodxcenns cryeysanu 6aeamopiyHi noavbosi 1aHOUADMHO-TIMHONOSTUHI MA 2e0€KON02IYHI OOCTIONCEHHA a6-
mopig y medxcax Ilonicokoeo peciony Yxpainu ma, 3oxkpema, ObC Hobenbcbko2o HayionaibHo2o npupooro2o napky. Memoouxa doc-
JIOMHCEHHsL IPYHMYBANACSA HA KOMIJIEKCHUX Qi3UuKo-2e02pahiunux memooax, 2ioponociunozo npo@inosants ma cmeopeHHs bamume-
MPUYHUX MOOeNell 8000UM, 2IOPOXIMIUHOI OIAZHOCMUKIU BOOHUX MAC 03€ep, 2COXIMIUHUX AHANI3I8 OOHHUX 8I0KA0I8, IAHOWUADMHO20
xkapmoepagysanns iz sacmocysannim I'IC-mexnonoeiti. Ha npuxnaoi 6aceiiny ozepa 3aceimcvre (Hobenvcvruil HayionanbHuil napx,
Tonicekuil pezion Yxpainu) euxnadero pe3yiomamu tlo2o 2e0eKoN02iUHUX (TAHOUAPMHO-eKON02TUHUX) 00CTI0NHCEHb, 30KpeMa, npeo-
cmasneHi OpuciHaibHi npoini i bamumempuyHa mMooenb 8000UMU, TAHOWAGMHI Kapmu aKeaIbHO20 KOMIIEKCY i 6000300py 03epa,
aimHo- i nanowagdmomempuuni xapakmepucmuxu OBbC. 3 ypaxyeaunam pieua anmponozennux mpaucgopmayitic OFC i naasnocmi
BUCOKOT YACMKU €KON020-CAbINI3VIouux y2iob (1ici, 8000UMU NPUPOOHO20 NOX00XHCeHHs), pieenb cmitikocmi OBC oyinembes ax
sucoxuil. Oyinka 2i0pono2iyHUX NOKA3HUKIE 8000UMU MA SIOPOXIMIUHUX XAPAKMEPUCTNUK 00360JI€ 8IOHeCmU 0aHe 03epo 00 01i20m-
pogrozo muny. Pesyniomamu KOMNIEKCHO20 AHANIZY 2e0eKON02IUHUX Napamempie cmamny osepa 3aceimcvke i ti02o nanowagmmo-
JMHONOSIUHO20 (DYHKYIOHYSAHHS C8I0Uamb Npo OOYLIbHICMb pekpeayitinoi cneyianizayii npupoooxkopucmysanus ¢ Hoberbcokomy
HAYIOHALHOMY RAPKY, 00 CKAAdy SIK020 6x00umbv ye 03epo. O0rpynmosano nponosuyii uooo kadacmposoi oyinku ObC mpanckop-
OOHHUX NPUPOOOOXOPOHHUX mepumopiil Pamcapcokoeo muny, cxapakxmepusosami nioxoou 00 A1aHOWAPmMHo-2e02padiunozo 301y6aH-
12 OBC i 00 oxopoHu akéanvHux 06 ekmig.

Knwwuosei cnosa: nanowaghm, 6aceiinogo-ranowapmuuii nioxio, ozepuo-baceiiHoga cucmemda, NPUPOOHULl AKGATbHUL KOM-
niexc, npupoOHULl MepumopianbHuti KOMNIeKC, HayioHANbHULL NAPK.

. IT. Kosanvuyk, B. A. Mapmuiniox, B. Hleiipene. BACCEHHOBO-IAHJIIA®THBIH ITOJX0A K OXPAHE H OII-
THMHU3ALIHH COCTOAHHUA O3EP HAITHOHAJIbHBIX ITAPKOB. Ob6ochosvisaemcsi cywHOCHb OACCEHO80-TAHOUAGMHOZO
nooxo0a K oxpame 03ep HAYUOHANLHLIX NAPKOE KAK aKMyalbHO20 HANpasneHus UcCcie008aHutl, popmupylowezocs Ha cmvike npupoooox-
PAHHO20 MaHOWADMOeedeHUs, SUOPOTOSUU U 2e0IKON02UU. Packpbimbl aneopumm uccnedosanus, 0coOeHHOCIU aHanU3A U OYeHKU COCMOo-
aHus 03epro-baccetinosoul cucmemvl (OBC), visignenusi pakmopos, yxyouaowux 2e09K0I02ULeCKylo 06CMAHOBKY 6 ee 03epHOU U
baccetinosoll cybcucmemax, 060CHOBAHUS ONMUMUSAYUOHHBIX MEPONPUAMULL 8 00BEeKMAX NPUPOOHO-3aN08e0H020 (OoHOA, PAcnoo-
JICEHHBIX 8 npedenax npupooHo20 pe3epeamad.

Mamepuanamu uccnredo8anus ROCIYAHCUIU MHO20TemHUe Noesble TAHOUADMHO-TUMHONIOSUYECKUe U 2e0dK0N02UYecKle UCCTe-
doganus asmopog 6 npedenax Ilonecckozo pecuona Ykpaunwvt u, 6 yacmrnocmu, OBC Hobenbcko2o HayuoHansHo2o npupooHo2o nap-
Ka. Memoouka uccie0osanus 0CHOBbIBANAC HA KOMIIEKCHBIX (DUUKO-2€02PAQUUECKUX MEMOOAX, 2UOPON0ULECKO20 NPOPUIUPOSa-
HUA U cO30aHue Oamumempuieckux mooenei 8000emos, CUOPOXUMULECKOT OUACHOCMUKU 600HbIX MACC 03€p, 2EOXUMUUECKUX AHATU-
306 OOHHBIX OMILOJCEHUL, Tanowapmuozo kapmozpapuposanus ¢ npumenenuem I UC-mexnonocui. Ha npumepe 6acceiina ozepa
3aceumckoe (Hobenvckuii nayuonanshviii napk, Ilonecckuii pecuon Ykpaumvl) usiodrcenvl pe3yibmamvl €20 2€0IKONOSUYECKUX
(nanowagpmuo-sKonocutecKux) ucciedoganull. B uacmuocmu, npedocmagnenvt opueuHaibHbie npoguiu u bamumempuieckas Kapma
6000ema, TAHOWApMHbIe KapmMbl AKEAIbHO20 KOMIIEKCA U 8000cO0pA 03epa, TUMHO- U JAHOWApmoMempuyecKiue XapaKmepucmuxu
o3epno-baccetinosoii cucmemvl. C yuemom ypoemus ammponoeenmnvix mpancopmayuti OBC u nanuuus 8blcokou 0oau 3K01020-
cmadunuzupyiowux yeoouii (1ecos, 8000éma NPUPOOHO20 npoucxodcoenus), yposens ycmouuusocmu OBC oyenmusaemcsa xax
svicokull. Oyenka 2udponoUeckUx nokasameneti 8000ema U 2UOPOXUMUYECKUX XAPAKMEPUCTNUK NO380Sem OMHECIU MO 03ePO K
onuzompoghromy muny. Pe3ynomamuvl KOMRAEKCHO20 AHAU3A 2€0IKONOSUHECKUX NAPAMEMPO8 COCMOAHUA 03epa 3AC8UMCKoe U e20
NAHOUADPMHO-TUMHONOSUYECKO20 (PYHKYUOHUPOBAHUS CEUOEmeNbCmEYIOn O YenecooOpasHOCmu peKpeayuoHHol cneyuanusayuu
npupodononvzosanus 6 Hobenbckom HayuonanbHom napke, 6 cocmag Komopozo 6xooum 3mo 03epo. ODOCHO8ANbL NPeONONHCEHUSA NO
Kaoacmposoli oyeHKe 03epHO-0acceliHo8blX CUCHeM MPAHCSPAHUYHBIX NPUPOOOOXPAHHLIX meppumoputi Pamcapckozo muna, oxapa-
Kmepu308amsl No0Xo0bl K 1anouwagmuo-eceocpapuueckomy sonuposanuto ObC u k oxpane axeéanvhbix 06beKmos.

Knrueeswvie cnosa: nanowagm, baccelinoso-nanowagdmuulii no0xoo0, 03epHo-baccelinosas cucmemd, npupoOHblill aKEATbHbILL
KOMNJIeKc, NpupOOHbill MeppUmMOPUATbHBLI KOMALEKC, HAYUOHATbHYLIL NADK.
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Formulation of the problem. One of the via-
ble mechanisms for preserving landscape diversity
is creation of the national natural parks (NNP) or the
other specially protected natural areas. The higher
the “conservation index” of the areas is (namely the
ratio between the actual area of the sites of the na-
ture reserve fund (NRF) and the total area of some
region), the more resistant the natural landscapes are
to anthropogenic impact and the more optimal the
geoecological situation is therein.

The physical-geographical region of Volyn
Polissia (Ukraine), which is the region of our re-
search, is characterized by a large number of nature
reserve areas of different ranks (453 sites of NRF).
In the structure of the NRF of this natural region,
the national parks hold a dominant position
(39.27%), the state reserves (36.06%) are in second
place, and the nature reserves are in third place
(16.12%). About 7.0% of NRF area account for re-
gional landscape parks. Other NRF categories (re-
served tracttracts, natural monuments and the simi-
lar.) are of secondary importance. Total conservation
index in the territory of Volyn Polissia, which in-
cludes the area of all NRF site categories, equals to
9.74% [38]. According to scientists of the NAS of
Ukraine [36], the conservation index for Polissia
Territory (province) of Ukraine should have reached
20.0% by 2020. Today, this index in the Polissia
region equals only 8.39%. At the same time, the
lakes represent the great potential for expanding
specially protected areas, including NNP.

The trans-border Upper-Prypiat physiographic
region (PGR) is the most attractive from the land-
scape-attraction point of view and noted by the plen-
ty of NRF sites. NNP Prypiat-Stokhid and the newly
formed Nobel National Park are located here. Some
territories in this PGR are included into the global
ecological network of wetlands (Ramsar), in particu-
lar, Prypiat River Floodplain, Stokhid River Flood-
plain, as well as the trans-border Ukrainian-
Belarusian wetland Prypiat-Stokhid-Prostyr.

A distinguishing feature of the landscape struc-
ture of the Upper Prypiat PGR is a high proportion
of land covered by lakes (1.25%). In the total struc-
ture of surface waters, the lakes in the natural region
account for 48.25% [26]. The lakes have significant
biostation (habitation of waterfowl) and ecological-
hydrological importance (ensuring functioning of
river, lake and bog landscapes); they are attractive in
esthetical and recreational terms. The lakes form the
parts of almost all NRF sites mentioned above. In
landscape planning or zoning of a national natural
park, the lakes in some cases serve as peculiar eco-
logical cores of exclusive conservation value, as
well as recreational, tourist or economic sites. Years-
long landscape-limnologic research that we have
been performing in Ukraine provides the grounds

for suggesting a basin-landscape approach (B-LA)
to studying lake-basin systems (LBS) as the most
current and efficient one from the point of view of
lake research and evaluation of geoecological condi-
tions thereof, justification of measures for their uti-
lization optimization, solution of the issues of biodi-
versity protection and operation management. After
adoption of the EU Water Framework Directive [6]
in 2000, the basin approach began to be actively
used by EU countries in the integrated management
of river systems and their basins. Unfortunately, the
mechanisms for protection and management of
aquatic ecosystems used for river basins are not al-
ways efficient for LBS.

The target of our research is to define parame-
ters of the lake-basin landscapes structure (on the
example of the lake Zasvitske, located in Nobel Na-
tional Park, Ukraine), as well as limnic and land-
scape-metric indices of LBS geoecological condi-
tion, and the factors having impact thereon, as an
important informational and analytical base for en-
suring protection and operation management of LBS
located in a specially protected natural area.

The lake Zasvitske is located in the eastern part
of Upper-Prypiat physiographic region (fig. 1). The
geographical coordinates of the central part of the
lake are as follows: N 51°52'30.5" and E
25°44'04.2". Since 1995 the basin system of the lake
Zasvitske is forming a part of the ecological net-
work structure of the Regional Landscape Park
(RLP) Prypiat-Stokhid.

In accordance with the Order of the President
dated 11.04.2019 (No 131/2019) “On Creation of
Nobel National Natural Park” with the total area of
25318.81 ha, LBS of the lake Zasvitske was includ-
ed into the newly established environmental struc-
ture. The overall view of the lake is shown in fig. 2.

Materials and methods. The research is based
on field semi-mobile landscape limnologic and geo-
ecological researches which have been conducted by
the authors in the different landscapes of the physi-
cal-geographical region of Volyn Polissia, in partic-
ular, in the Regional Landscape Park Prypiat-
Stokhid and in Nobel National Park [13; 16; 24; 26;
28]. Laboratory-analytical diagnostics of the taken
samples and field data was performed in Rivne
Branch of the State Institution “Soil Protection Insti-
tute of Ukraine” (soil samples, bottom deposits of
the lake) and in the State Ecological Inspection of
Ukraine in Rivne region (lake water). Fund materi-
als of Kyiv Geological Survey Expedition (Kyiv
GSE) were partially used in the work. Mapping
models of LBS were made using the software
Maplnfo Professional v8.5.

The methodological base of the study is a basin
concept of nature management [12; 14; 19], carto-
graphical modelling of national parks [33] and basin

-240 -



BicHuk XapkiecbKko20 HauioHanbH020 yHisepcumemy imeHi B.H. KapasiHa

Volyn: Uplandg

Republic of Belarus

Fig. 1. Location of the basin system of Lake Zasvitske on the schematic map of physical-geographical
regionalization of Volyn Polissia [25].
Legend:
Physiographic regions: 1 — Shatsk, 2 — Upper-Prypiat, 3 — Liuboml-Kovel, 4 — Lower-Styr,
5 — Manevychi-Volodymyrets, 6 — Lva-Horyn, 7 — Kolky-Sarny, 8 — Turiisk-Rozhyshche,
9 — Kivertsi-Tsuman, 10 — Kostopil-Berezne.

\ v (™
J‘ | &lil Wit

CNES / Airbus, DigitalGlobe

Based on the materials: Map data 2018 Google 2018

Photo by V. Martyniuk (07.08.2018)

Fig. 2. A space image of the catchment of the lake Zasvitske (on the left)
and the photo of its water area (on the right)

geosystems [37], perceptions of lake-basin systems
[15; 18], works on landscape monitoring [29], lim-
nology [3; 7; 9-10; 22], as well as the experience in
landscape-limnologic analysis [17; 23], and con-
structive-geographical and cartographical modelling
of LBS [15; 24; 27] and basin-river systems in
Ukraine, as well as those located in the trans-border

territories [11; 40].

In the first decade of February 2012 we had
been performing (from ice) a hydrological profiling
of the park lakes, including the lake Zasvitske. Eight
cross-sections were made with intervals of sounding
sites at every 5.0 m at the lake investigated. There
were in total 319 wells bored by the fishing ice bore.
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At the moment of the research, ice thickness was
0.24-0.25 m. Uncertainty in measurement of the wa-
ter body depth equalled to 0.05-0.1 m in separate

- lake coastline

30— - isobaths in meters
035 5 "
““ 'L:““h - emergent aquatic vegetation

A

B - cross section line

sounding sites Using the results of the hydrological
profiling of the lake, we compiled the bathymetric
map of the water body (fig. 3).

0 500 1000 1500 m

DEPTH UNITS IN METERS

0 1.0 2,0 3.0 40 50 6,0 7.0 8.0

100 110 120 130 140 150 160 170

Fig. 3. Bathymetric model of the lake Zasvitske (main bathymetric profiling gates: A-B, C-D, E-F)

Hydrometric profiling and the digital bathymet-
ric model of the lake that we made served as a basis
for the landscape map creation. While composing
the map, we took into consideration the peculiarities
of the micro relief of the lake kettle depression, lith-
ological composition of bottom sediments, peculi-
arities of geochemical processes and plant commu-
nities of the lake, as well as the features of seasonal
thermic regime of the water body.

The nature of basin-landscape approach to
studying LBS

The nature of B-LA lies in the fact that we con-
sider a lake and its catchment as an integral natural
(natural and economic) lake-basin system. The lake
is represented as a subsystem of the lower order (as
a natural-aquatic complex (NAC), and the natural
territorial complexes (NTC) of various ranks of this
lake catchment [18] serve as subsystems of the
higher order. In terms of this methodological ap-
proach, the integral lake-basin system (LBS) serves

as an operational unit of the regional ecological
network, a site of predominantly recreational-
economic use and forestry-based use, sometimes as
a site of natural resource management, and as a tar-
get of management impact, namely conservational,
restricting, regenerating impact and nature resource
management impact.

Broadly defined, the basin approach has been
known and applied in the practice of natural re-
source management since the first half of XX centu-
ry. It is represented by the works by V. Hlushkov,
R. Horton, A. Strahler, N. Makkaveev and the other
scientists. The landscape hydrological approach, as
a separate aspect of the basin approach, was applied
in the second half of XX century to specific river
basins by many scientists (A. Antipov, E. Zmieva,
S. Zotov |. Kovalchuk, L. Korytnyi, Ya. Markus, F.
Milkov, A. Obodovskyi, N. Solntsev, A. Subotin, H.
Shvebs and others).
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In limnology, the lake studies from the land-
scape-basin perspective were beingactivated in the
latter part of 1960s of XX century by the scientists
of the Institute of Limnology of RAS (I. Ve-
likoretskaia, V. Drabkova, R. Kupetskaia, N.
Miroshnichenko and others) under the supervision
of the academician S. Kalesnik. The works were
mainly limited to compilation of landscape maps of
the lake catchments and evaluation of dimensional-
typological structure of water body basins. In 1980s
of the last century the limnologist O. Yakushko for
the first time approached the study of the lake land-
scape structure as a natural aquatic complex (NAC).
From the constructive-geographical positions, the
lakes of Polissia region of Ukraine were studied by
L. Iliin [9-10]. Similar studies are being carried out
in Kazakhstan [31], Poland [39] and the USA [35],
with much attention being paid to the issues of pol-
lution of lakes with biogenic substances entering the
water bodies from the surface runoff from agricul-
tural land, evaluation of the condition of lakes in
nature reserve areas, creation of inventory of lakes
and the similar.

At present, B-LA has been widely applied in
limnology in terms of methodology; however, there
are very few publications with presented landscape
maps of catchment together with NAC of lakes [2].
At the same time, an understanding of the essence of
the landscape structure of a lake and its catchment
does not always find an unambiguous perception
among researchers, due to the fact that their search
is based on different scientific concepts and algo-
rithms. This situation is not conducive to solving the
problems of protection and rational use of unique
lakes located within the limits of the national parks
or in the other NRF sites.

Algorithm for investigation of lake-basin
systems

The algorithm we offered for investigation of
the lakes in national parks, which is based on B-LA,
includes three stages: 1) preparatory stage (selec-
tion and analysis of different-time cartographic
sources, space and aerial photographs; selection of
representative catchments, in other words, those typ-
ical for a certain type of landscapes, preparation of a
topographic basis for compilation of landscape
maps; preliminary decoding of space and aerial pho-
tographs, compilation of maps of landscape outlines
of lake basins); 2) field stage (instrumental meas-
urements, referencing to real coordinates using a
GPS navigator, measurements of depths, water tem-
peratures, hydrological profiling and compilation of
bathymetric maps of lake kettle depression; sam-
pling water, bottom sediments and soils within the
limits of the catchment; analysing the species diver-
sity of hygrophytes; compilation of preliminary
maps of NAC and its morphological units); 3) cam-

eral stage (laboratory analysis of water, samples of
bottom sediments and soils of water catchments, and
vegetation; correction of field landscape maps, crea-
tion of basic landscape maps of NAC of lakes and
NTC of their water catchments).

Our experience in LBS investigation [17; 23;
24] shows that the use of the results obtained on the
basis of B-LA for the national natural parks with a
high ratio of lake surface to drainage area of the ter-
ritory will provide the possibility to enhance effi-
ciency of reserved-recreational nature management,
improve their geoecological condition, preserve val-
uable nature reserve sites, solve the problems of ge-
oecological monitoring, protection and operation
management thereof. The nature of B-LA in relation
to protection of the lakes of the national parks is
represented by the block scheme showing the main
directions of LBS condition evaluation, sequence of
research steps and targeting of optimizing measures
(table 1).

RESULTS AND DISCUSSION

The lake Zasvitske is a water body of rounded
form with a small extension in the northern part.
The slopes of the lake kettle depression are steep.
The bottom is sandy; in the north-eastern part in the
littoral area it is sandy-muddy. The shores are raised
and dry. Aquatic vegetation is developed as a narrow
strip (up to 15-25 m) along the eastern and southern
shores and is mainly represented by cattail and bul-
rush. Submerged vegetation is represented by water
weed and is mainly developed along the shores. The
processes of overgrowing of the lake shallow water
cover about 10%. The foreshore is covered by
meadow forbs and tree vegetation (pine, alder,
birch). There is a beach located in the western part
of the lake terrace in open sandy areas.

Water surface area of the lake Zasvitske is 0.22
km?. The lake length is 0.62 km; average width is
about 0.35 km. We found the maximum depth of the
water body which is 16 m. Average depth is 12.7 m.
The length of the lake shoreline is 1.74 km. The lake
water capacity is 5045.6 thousand m*. We have per-
formed calculations of some limnologic coefficients,
as well as those of indices in the “lake-catchment”
system (table 2). They show both the current LBS
condition and the potential for changes and devel-
opment thereof.

LBS limnometric characteristics provided are,
in fact, reference ones, they will be included into the
hydrological block of the water body ecological
passport and are important for comparison with the
other lakes of the national park. Atmospheric precip-
itation and ground water of marly-chalky horizon
are the main feed source of the lake. The latter as-
pect has been proved by divers who, when dived at
the depth of 14.5-15.5 m, saw a peculiar diffusion
phenomenon in the sink hole, which is infiltration of
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Table 1

Block scheme of condition analysis of the lake-basin system and optimizing measures justification

Main directions of LBS
condition evaluation and
operation optimization

Essence of research, evaluation and optimizing measures

Inventory of the lakes lo-
cated in the national parks
and condition evaluation
thereof

justification (choice) of criteria of lake condition evaluation;

¢ collection of information about the lake condition (archive information and

present one — data on the lake morphology, their origin, geological-
geomorphologic structure, about the aquatic complexes of the lake, its hy-
drochemistry and hydro-ecological condition);

analysis of the collected information about the lake condition, systematiza-
tion and generalization thereof;

lake condition evaluation (components and aquatic complexes as a whole).

Condition evaluation of
water catchment basins of
the lakes located in the na-
tional parks

collection of information about the catchment, analysis, systematization and
generalization thereof;

evaluation of the catchment condition (based on the analysis of the land re-
serve structure, kinds of economic impact on the landscape catchment sys-
tems, ratio of the lands stabilizing and those destabilizing the environmen-
tal situation, and the similar).

Identification of the degree
of water catchment surface
being affected by negative

processes

erosive;

deflationary;

waterlogging;

reduction of the productivity of agricultural lands;

pollution of soil and vegetation cover, surface water and ground water.

Identification of risks of
nature management in LBS

in the aquatic complex:
identification of risks of pollution and eutrophication of the lake;
identification of risks of reduction of the lake biological productivity;
identification of risks of change of the lake biodiversity.
identification of risks of ecological condition deterioration

at the catchment:
identification of risks of deterioration of the catchment ecological condition;
identification of risks of reduction of biotic and landscape diversity;
identification of risks of development of negative processes on the catch-
ment surface (erosive; deflationary, melioration, and the similar).

Justification of the
measures aimed at im-
provement of LBS envi-
ronment condition

measures for optimization of hydro-ecological situation;

measures for optimization of agro-ecological situation;

measures for optimization of bio-ecological situation;

measures for optimization of landscape-ecological situation in LBS;
measures for optimization nature management.

Table 2
Morphometric and hydrological characteristics of the lake Zasvitske
*F; Habs hmid., hmax., Ly Wmax., Wmid., I C C
km?2 m m m km km km km ¢ fen.
0,22 138,6 12,70 16,0 0,62 0,48 0,35 1,74 0,59 1,77
Vlake. ok
, AS, Winflux " Aawat., Alayer
Ceap Cop. Caep thOlrJnsf nd A km?2 |thousand m3| vt mm mm
0,79 0,02 21,17 5045,60 0,31 3,23 89562,24 17,75 0,06 (7106,48

*Area (F); absolute height of the water level (Haps.); maximum (%,4.) and average depth (%i0.); length (L); maxi-
mum width (W ); length of the shoreline (/); coefficients: of shoreline unevenness (C.); of the lake lengthening
(Clen.); of capacity (Ceqp.); of openness (Cyp.); of depth (Cuep.); lake volume (Viue); area index (4); specific catchment
(48); volume of inflow water from the catchment (Wjuu.); conditional water exchange (aw.r.); specific water exchange
(4 awa); water storage level on the catchment surface (Auyer). **The average annual runoff module, dm?3/s km? — 4.0.
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underground horizon water and its mixing with the
lake water. The lake is closed.

Sampling of water from the lake Zasvitske for
hydrochemical analysis showed that in terms of the
block of indicators of salt composition of water (A),
the results conform to MAC for fishery water bod-
ies, in terms of trophicity and saprobity biological

parameters (B) they also conform to standard indica-
tors, except for BODs, exceeding MAC by 0.85 mg
O,/dm? (level of MAC exceedance in terms of hy-
gienic classification of water bodies is allowable)
(table 3). In terms of the block of toxic impact indi-
cators (C) we observe MAC exceedance in the lake
water only of copper and zinc (table 3).

Table 3
Hydrochemical indices of the lake Zasvitske (as of 04/04/2016)
Serial Index MAC* Results of
No measurements
A. Indicator of salt composition
1 Mineralization (dry residue), mg/dm? <300 112
2 Chloride ions, mg/dm? 300 26.6
3 Sulphates, mg/dm’ 100 27.2
B. Tropho-saprobiological indicators
1 Suspended substance, mg/dm? 25 10.58
2 Transparency, m >1.5 3.2
3 pH 6.5-8.1 7.14
4 NH/", mg N/dm’ 0.5 0.00
5 NO5, mg N/dm’ 40 0.375
6 NO>, mg N/dn’® 0.08 0.06
7 PO/, mg P/dm’ 2.14 0.17
8 Dissolved oxygen, ue O/ dm® >6 10.4
9 % of saturation >85 Not determined
10 BODs, mg O,/ dm’® 3 3.85
C. Specific indicators of toxic impact
1 Copper, mg/dm* 0.001-0.01 0.0035
2 Zinc, mg/dm? 0.01 0.031
3 Cadmium, mg/dm? 0.005 0.0013
4 Cobalt, mg/dm* 0.01 0.0033
5 Mangan, mg/dm’ 0.01 0.0025
6 Lead, mg/dm’ 0.01 0.0018
7 Iron, mg/dm? 0.1 0.1

*Maximum Allowable Concentrations (MAC) of harmful substances for fishery water bodies [34].

Bottom sediments are represented by or-
ganomineral matter in the form of the lake sapro-
pels. Maximum sapropel thickness (according to the
data provided by Kyiv Geological Survey Expedi-
tion) of the lake Zasvitske is 6.5 m, and the average
one is 2.22 m. The stock of sapropels is 116.3 m? at
natural moisture level of 90.6% (according to C»
category), and, recalculated at conditional 60.0%
humidity amounts to 28.7 thousand tons.
Pelogenous thickness is 0.2-0.3 m; it is mainly con-
centrated in the littoral zone of the lake. Geochemi-
cal analysis of bottom sediment samples at one of
the sounding sites located at the western part of the
lake showed that concentration of iron compounds
(Fe203) in the samples (in % on a dry-matter basis)
is in the range from 0.62 (10.5-11.0 m) to 1.16
(15.5-16.0 m), and the concentration of calcium
compounds (CaO) varies from 0.37 (11.5-12.0 m) to
1.66 (15.5-16.0 m). Acidity index (pH saline) of

sapropels ranges from weakly acidic reaction (5.43
— one sample) to neutral reaction (6.08-6.35) (fig.4).

Field, laboratory and remote investigation of
the components of the lake landscape system served
as a basis for compilation of the digital landscape
map of the lake. Based on the methodology [23],
NAC of the lake Zasvitske is considered as a com-
plex aquatic tract in the morphological landscape
structure. We have distinguished three subtracts
within the limits of this aquatic tract, in particular:
littoral, sublittoral profundal and profundal ones. As
a result of more detailed landscape differentiation,
we have distinguished several kinds of aquafacies in
each subtract (fig. 5).

I. Littoral subtract on alluvial sand and
clayey-sandy deposits with lenses of organic-
sandy sapropels and a variety of floating and
subaqueous macrophytes.

Aquafacies: 1.1. Littoral, abrasion-accumulati-

- 245 -



Cepisi «[eonoezisi. [eozpagbisi. Ekonogzisi», sunyck 53

Fe,0; Ca0 pH
0 0,5 1 1,5 0 1 2 5 6 7
10,5 10,5 10,5
11 11 11
11,5 11,5 11,5
12 12 12
12,5 12,5 12,5
£ £ £
£ 13 £ 13 £ 13
Qo Qo Q
[ [ [
8 135 —m—Fe203 8 135 —&— Ca0 8 135 —e—pH
14 14 14
14,5 14,5 14,5
15 15 15
15,5 15,5 15,5
16 16 16
16,5 16,5 16,5
17 17 17
Distribution of Fe,O3 (% on a dry- Distribution of CaO Ph distribution (salt extraction)
matter basis) in bottom sediments (% on a dry-matter basis) in bottom sediments

in bottom sediments

Fig. 4. Geochemical features of bottom sediments of the lake Zasvitske
(the graphical charts are based on the materials of Kyiv Geological Survey Expedition)
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Fig. 5. Landscape map of the natural aquatic complex of the lake Zasvitske
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ve sandy, sedge-cattail, with no temperature stratifi-
cation. 1.2. Littoral, abrasion-accumula-tive sandy-
clayey, sedge-reed, with no temperature stratifica-
tion. 1.3. Littoral, accumulative clayey-sandy, cat-
tail-reed and water lily-waterweed with no tempera-
ture stratification. 1.4. Littoral, abrasion-accumulati-
ve terrigenous-sandy-clayey-pelitic with lens of or-
ganic-sandy sapropels, reed-cattail-sedge, with no
temperature stratification. 1.5. Littoral, of sub-
merged-insular-elevation, transitional-accumula-tive
sandy-clayey, sedge-cattail, with no temperature
stratification.
I1. Sublittoral-profundal subtract on organ-
ic-silicate sapropels formed on alluvial sand.
Aquafacies:  2.1. Sublittoral, transitional-
accumulative, organic-sandy, sapropel, moderately
thick (3.5-5.0 m), pondweed-charophytic, with sea-
sonal temperature non-uniformity 2.2. Sublittoral,
accumulative-transitional, diatomic-sandy, sapropel,
thick (5.0-6.5 m), with fully submerged water vege-
tation, with seasonal temperature non-uniformity.
III. Profundal subtract on carbonate-
ferruginous sapropels formed on the upper cre-
taceous deposits of the Turonian Stage.
Aquafacies: 3.1. Profundal, transitional-accumu-
mulative, clayey-limestone, sapropels, shallow (up
to 2.5 m), with single floating algae and seasonal
temperature stratification. 3.2. Profundal, accumula-
tive, organic-ferruginous, sapropel, moderately sick

(2.5-5.0 m) of basin bed deepenings, with scarcity
of specific vegetation and vividly expressed season-
al temperature stratification.

The largest area in NAC of the lake Zasvitske
is covered by the profundal subtract (above 42%).
Two types of aquafacies are distinguished in this
subtract according to heterogeneity of species com-
position and thickness of sapropels, bathymetrical
peculiarities of the lake basin, as well as according
to pronounced seasonal temperature stratification.
The littoral subtract (30.80%) is distinguished by
species diversity of aquafacies and the largest num-
ber of landscape units (6 pcs.).

This subtract serves as a peculiar ecological
buffer for penetration of chemical substances from
the catchment. The southern part of the lake aquatic
area with the biggest variety of macrophytes and
submerged vegetation communities is affected by
the greatest impact of biogenic substances. The sub-
littoral-profundal subtract takes the intermediate
position and covers the smallest area (about 26.5%);
there are two kinds of aquafacies distinguished
there.

The aquafacie of submerged-insular elevation
is situated in the northern part of NAC; it is located
in sublittoral-profundal subtract, but belongs (ac-
cording to geomorphological-lithological criteria) to
the littoral subtract. The complexity of NAC territo-
rial differentiation is shown in more details in table 4.

Table 4
The complexity of NAC territorial structure of the lake Zasvitske
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%ofthetype | 8Q| 8 g _|€53| S 8%
NAC type Area (5) of NAC area from the hs ;<Zt § S E|52E 82 % E
type, ha 2 & so|x=8 §5| 28
total area 2 g = So|lasSg =2 W £
£E5 £ Sg|282 v B2
5= 5] ElE2 & © E S S
[ B +~ g 0 @ 5 &) S ERS) =
© = S B S L2 U S O O
] I SPlEEE B = &
Aqua- Aqua- Aqua- | 2 X = |5 = =S
Subtract . Subtract . Subtract ) * * @
facies facies facies S L= .= [ =
" % 0= [rc. I If
S/n n/S n/Sy | 1-So/S
| 6.817 30.80 6 60.00 | 1.136 | 0.880 | 5.282 | 0.833
1.1 2.085 9.42
1.2 1.127 5.09
1.3 0.281 1.27
1.4 2.762 12.48
1.5 0.562 2.54
II 5.862 26.49 2 20.00 | 2.931 | 0.341 | 0.682 | 0.500
2.1 3.616 16.34
2.2 2.246 10.15
111 9.452 42.71 2 20.00 | 4.726 | 0.212 | 0.423 | 0.500
3.1 5.207 23.53
32 4.245 19.18
Total 22.131 | 22.131 | 100.00 | 100.00 | 10 | 100.00 | 2.213 | 0.452 | 4.519 | 0.900

*Indices and coefficients were calculated according to the formulas proposed by A. Viktorov [4].
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The catchment subsystem takes an important
place in the integral LBS. The hydroecological situ-
ation in the water body itself will also depend on the
geoecological processes happening on the catch-
ment. The catchment area of the lake Zasvitske is
0.71 km?2 Cartometric evaluation of spatial-
typological structure of the lake catchment showed
that 56.34% of its area is covered by forests, the
lands with open sand cover 1.41%, slightly more
than 11% are under road surface and about 31% are

represented by the lake aquatic area. There are no
swamped or plowed lands within the limits of the
catchment. Economic development index of the
catchment is 0.13%. It is a very good indicator for a
nature national park. The land structure in more de-
tails is outlined in table 5.

The landscape map of the lake catchment that
we compiled as the result of the field instrumental
investigations is shown in fig. 6.

Table 5
Parameters of the catchment of the lake Zasvitske and the structure of its land
s p Land area Sail
kn’12 krr’12 m Flake fforest fsands farable lands froad coverage Snot cl
km2 | % | km? | % km?2 | % | km?2 | % km?2 | % %
0.71 | 3.58 | 0.68 | 0.22 [3098| 040 [56.34| 0.01 | 1.41 | 0.00 | 0.00 | 0.08 |11.27| 0.13

*Area of the catchment (S), perimeter of the catchment (P), coefficient of foreshore unevenness (m), lake area
(Fiake), forest index (frorest), open sand (fsangs), arable lands (farapie 1andgs), road coverage (froad coverage.); Sal /Snot c1 (arable
land/not cultivated land), % — indicator of economic development of the catchment.

e —— e

\ |
Local NTC: @ @ \
1 3 I\s\‘ 0) Bounds: '\ //
| ——— - of'the catchment; N__ _ —em————— S 0 100 200 m
I & n n - of the local NTC (rank urotshistshe, stov). —————

Fig. 6. Landscape structure of geocomplexes of the catchment of the lake Zasvitske

1. Sandy hills and dunes with gentle (10-12°)
slopes, covered by lichenous- fruticulose and grass-
true moss pine forests on sod-cryptopodzol-rubble-
sandy and sandy loam soils. 2. Levelled and undu-
lated sites, covered by bilberry-grass and lichenous-
bracken pine forests on sod-cryptopodzol and low-
podzol low-rubble eroded sandy and sandy loam
soils. 3. Local hills with gentle slopes with weak (5-
7°) sloping, covered by lichenous-true moss and
lichenous- gramineous oak-birch-pine forests on

lopodzolic rubble-sandy and sandy loam soils. 4. A
highway with stone covering and low artificial em-
bankments with grassy slopes covered by grass-
gramineous vegetation. 5. The lakeside sand bar,
covered by pine-birch-alder small forest. 6.
Lakeside narrow depressions, covered by mesophyt-
ic-gramineous-grass and cattail-sedge-true-moss,
and pine-birch-willow small forest. 7. The lake ket-
tle depression with an oval form, covered in the lit-
toral zone by sedge-juncaceous-reed communities,
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and in the sublittoral and profundal ones by sparse
floating and bottom algae on sapropels.

We have distinguished seven NTC of the tract
rank within the limits of the catchment, including
the aquatic tract of the lake Zasvitske. Nature com-
plexes of the catchment are located at the highest
orographical level and are confined to pine-forest
terrace locality on alluvial aqueoglacial sandy clay,
underlaid by chalky rocks.

The western part of the catchment is banded by
the tracts of sandy hills and dunes (k£ 7). They have
local nature of spreading in the rest part. NTC of
levelled and undulated sites (k 2) of the basin sys-
tem are dominant in area (more than 53%). Open
sands are locally spread on non-grassy sites in the
western part of the catchment. The tracts of local
hills (k£ 3) comprise five landscape units and cover
about 2% of the catchment area. There is a road with
solid covering in the north-eastern part of the
catchment (k 4). Traffic intensity is very low, thus,

anthropogenic influence from transport on the lake
is miserable. The lake is bordered by lakeside de-
pressions (k 6) and a small sand bar (k 5) in the
south-western part of the catchment.

The provided indices of divisibility of the land-
scape outlines, the landscape complexity and the
landscape fragmentation are important for compari-
son with other water bodies of the park being de-
signed. The latter index is very informative and
mainly depends on the number of outlines of NTC
type (n). If the number of landscape units rises, the
average weighted area (Sy) will be smaller, and the
landscape fragmentation index (Ir.) will be ap-
proaching 1, in other words, to its maximum. At the
same time, if n = 1, the coefficient I, will turn to
zero. Complexity of territorial differentiation of
NTC of the lake Zasvitske is provided in table 6.
The characteristics and indices calculated will be
included into the ecological passport of this lake.

Discussion of the results. In accordance with

Table 6
Complexity of territorial dissection of the catchment of the lake Zasvitske
L — LA . 1 '
5 |2 £ | B | | %% |B5E8 | T -
5055, 228 | S8 | 2. 2% |gfz,| 2% | 3%E
EC|sE8E S5 | o£ | g8 i |BSgE| S5 | EEE
= C | = g 22X o O — 0 = == an >, O 0 .= ) S g
o= |=8 oES | £38 | 9 s | 2£8 3 2 222
E |25 s S g g S8 | EFgS g & =2 F
= ok Z 7! < sy * 3 =
k S % n % So If.c. =n/S L. =n/Sy ]1f = ]-Sy/S
1 0.0733 10.36 10 47.62 0.0073 136.4256 1369.8630 0.9004
2 0.3767 53.22 2 9.52 0.1884 5.3093 10.6157 0.4999
3 0.0137 1.94 5 23.81 0.0027 364.9635 | 1851.85189 0.8029
4 0.0064 0.90 1 4.76 0.0064 156.2500 156.25 0.0000
5 0.0015 0.21 1 4.76 0.0015 666.6667 666.6667 0.0000
6 0.0149 2.11 1 4.76 0.0149 67.1141 67.1141 0.0000
7 0.2213 31.27 1 4.76 0.2213 4.5188 4.5188 0.0000
Total | 0.7078 100.00 21 100.00 | 0.0337 29.6694 623.1454 0.9524

*Indices and coefficients were calculated according to the formulas of A. Viktorov [4].

the Law of Ukraine “On the Nature Reserve Fund”,
four functional zones are distinguished in the territo-
ries of NNP, in particular, a reserved zone, a zone of
regulated recreation, a stationary recreation zone
and an economic zone [8]. The basis for their selec-
tion are landscape maps created as a result of field
and laboratory research, analysis of thematic maps
(geological, soil, botanical, geochemical, hydro-
chemical) and the Earth remote sensing data. The
use of our landscape-basin approach and the algo-
rithm for investigating LBS, the landscape maps of
LBS as a whole, and the maps of their natural-
aquatic subsystems created for the first time, pro-
vide further possibilities for functional zoning of

national parks with a high lake percentage, as well
as for solving nature conservation problems and op-
timizing nature resource management. The electron-
ic landscape maps that we compiled can be used as
reference documents for further monitoring investi-
gation of lakes and their basins. This task is ex-
tremely important under conditions of very intense
climate changes both globally and regionally. This is
evidenced by the results of researches carried out by
scientists regarding the reaction of lakes to climate
changes [1; 20; 30; 41]. Research prospects are seen
in the more active use of Earth remote sensing data
and LBS investigation using unmanned aerial vehi-
cles, geoinformation-cartographic modelling of
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changes in their condition and justification of a
complex of nature protection measures. Similar in
the content research is being also conducted in the
foreign countries [5; 21; 32], which confirms the
relevance, scientific and practical significance of
LBS research.

CONCLUSION

1. The research resulted in justification of the
essence of basin-landscape approach to LBS inves-
tigation and informational and analytical provision
for protection of the lakes of the national natural
parks, as the direction, being formed at the interface
of environmental landscape science, hydrology, con-
structive geography and geoecology. We revealed the
peculiarities and proposed the block scheme (algo-
rithm) of analysis and evaluation of the ecological
condition of the lake-basin system (LBS) located in the
territory of the nature reserve, and specified the steps
to justify the measures aimed at optimizing its con-
dition.

2. Based on field landscape and hydrological,
limnologic and geographical research of Zasvitske
lake-basin system, cross-section and longitudinal pro-
files of the lake have been composed for the first time,

as well as its bathymetrical map (in scale 1:5000),
the landscape map of the lake and the whole LBS.
We have obtained data on hydroecological condition
of the water body, and on negative geomorphologic
processes unfolding on the surface of the lake
catchment. These data serve as informational-
analytical base for further monitoring of ecological
condition of LBS, planning of measures, aimed at
conservation of the nature reserved site and im-
provement of its operation.

3. The characterised approach to studying na-
ture-protected lake-basin systems, which combines
cartometric, field landscape-geographical, hydrolog-
ical-hydrochemical, geoecological researches and
mapping, analysis of space images, fund materials
of geological-searching works, and other infor-
mation, can be applied while investigating lake-
basin systems not only in the nature reserve areas,
but also in the regions utilized long ago. The results
obtained are of interest while solving the tasks of
water and soil cadastre, introducing a passport sys-
tem for water bodies with low water exchange, solv-
ing geoecological, nature-protecting and land use
planning tasks.
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THE BASIN-LANDSCAPE APPROACH TO THE PROTECTION AND
CONDITION OPTIMIZATION OF THE LAKES OF THE NATIONAL PARKS

The essence of the basin-landscape approach to the protection of the lakes of the national parks as an ac-
tual direction of research, which is formed at the junction of nature protection landscaping, hydrology and
geoecology has been substantiated. The research algorithm, peculiarities of analysis and assessment of the
status of the lake-basin system (LBS) have been found out, the factors that worsen the geo-ecological state in
the lake and basin subsystems have been revealed, optimization measures in the objects of the nature reserve
fund located within the natural reserve have been substantiated.

The purpose of the study is to determine the parameters of the structure of lake-basin landscapes (on
the example of Zasvitske lake, Nobel National Natural Park, Ukraine), liminary and landscape-metric
indicators of the geo-ecological status of the LBS and the factors influencing it as an information and
analytical basis for ensuring the protection and management of the LBS located in nature conservation area.

The materials of the study were the long-term field landscape-limnological and geo-ecological studies
of the authors within the Polesia region of Ukraine and, in particular, the LBS of the Nobel National Nature
Park.

The research methodology was based on complex physical-geographical methods, hydrological profil-
ing and creation of bathymetric models of reservoirs, hydrochemical diagnostics of water masses of the
lakes, geochemical analyses of bottom sediments, landscape mapping using GIS-technologies.

The results of geo-ecological (landscape-ecological) researches of the lake-basin system of Zasvitske
lake have been presented, in particular, original profiles and bathymetric model of the reservoir, landscape
maps of the aqual complex and the lake catchment, limno- and landscape characteristics of the LBS have
been shown. Considering the level of anthropogenic transformations of the LBS and the presence of a high
proportion of ecologically-stabilizing lands (forests, reservoirs of natural origin), the level of sustainability of
the LBS is estimated as high. An assessment of the hydrological characteristics of the reservoir and hydro-
chemical characteristics allows to attribute this lake to an oligotrophic type. The results of a comprehensive
analysis of the geo-ecological parameters of the state of Zasvitske lake and its landscape-limnological func-
tioning indicate the expediency of recreational specialization of nature management in the Nobel National
Park, that includes this lake.
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Scientific novelty. The application of proposed landscape-basin approach and the algorithm of the LBS
study increase the possibilities of functional zoning of national parks with high index of lakes, as well as
solving the problems of nature protection and optimization of nature management.

Practical importance. The created electronic landscape maps and the base of limnometric parameters
can be used as reference documents for the certification and cadastral evaluation of the transboundary pro-
tected areas of Ramsar type, geo-ecological monitoring and an integrated management of lakes by the basin
approach in conditions of intense climate change.

Keywords: landscape, basin-landscape approach, lake-basin system, natural aqual complex, natural ter-
ritorial complex, national park.
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IHOXXEXI B EKOCUCTEMAX TA BIIVIMB HA ATMOC®EPY

YV po6omi 0ocrioxcyiomocs npocmopoguil po3nooin RONCENC 8 EKOCUCMEMAX MA IX HACTIOKU Oist ammochepu, noe si3ami i3 emi-
Ci€I0 NPOOYKMIE 2OPIHHA | NOOANLUUM 6NAUBOM HA hepebie ammochepHux npoyecie. AHaniz 320pinoi wacmku, 6HecKy Aico8ux no-
JHCEHC MA NOHCENHC HA 3EMIAX A2PAPHO20 NPUSHAUEHHS, NOMOKIG 8y2ieylo i CYXoi uacmku 6 ammocgepy npoeeoeHo Ha OaHUX ma iHee-
umapuszayisx GFED4 3a nepioo 1997-2016 pp. /[na 0o0amkogozo ananizy éniugy npoOyKmie 2OpiHHs HA ammocgepy 3aay4eHo cy-
NYMHUKOBI OaHi CEIMIONOIUHAION020 aepo301bHo20 inoekcy OMI (Aura) ma oani memeoponociunux cnocmepedicenv. Bemanosneno
KIIbKICMb 320piNol uacmku 1icié ma 3emelb azpapHo20 NPUSHAYEHHS, NPOAHATI308AHO CE30HHI 0COOIUB0CMI ma meHOeHyii 3MIHU
niowi nosicedxc 6 exocucmemax. J[ocnioxiceno nomoKu gyaieyro ma Cyxoi wacmku 6HACIIOOK 2OPIiHHA GiomMacu ma noKa3aHo Heobxio-
HICMb 0008 '13K06020 6PAXYSAHHS eMICIl NPOOYKMIE 2OPIHHS 3 NONCENC HA NONAX OIS OYIHKU AKOCMI AMMOCpepHo2o nogimps 6 Yxpa-
ini. MakcumanvHi 3HAUEHHA NOMOKY Pe408UHU CHOCEPiealombes nio uac aicogux noscedxc Ha Ilonicci, npome Haubinbuio2o npocmo-
po6e nowupenHsa npooyKmie 20piHHA CNOCMEPI2AEMbCS BHACTIOOK NOXHCEHC HA NOIAX 8 Nepiod 3 bepesHsa No KimeHb ma 3 IUNHA No
8epeceHb. AHANI3 3aN1eHCHOCII CEIMAONO2TUHAIOY020 AEPO30TbHO20 THOEKCY 810 320piNoi YacmKy ma nomoxie peuosutu 8 ammocge-
DY NOKA3a8 MOXMCIUBICb 11020 BUKOPUCTIAHHA K THOUKATOPA HAAGHOCTI NPOOYKMIE 20piHHA 8 amMocgepi, NOYUHAIOYY i3 3HAYEeHD
0.2-0.4. Cepeo moocnusux HAcIioKi6 3HAUHOT eMICii nPOOYKMIG 20PIHHA OISl AMMOCHEPHUX NPOYecié MOXNCYmMb OYmu J1OKANbHE 3HU-
JICEHHST MeMnepamypu nogimpsi nio 4ac nepiooy NONCeNCi ma IMeHUeHHs KilbKocni OHi6 i3 onaoamu y HACMynHUil Micsiyb nicis iH-
mencusHux nooicedxc. Ilonepedus oyinka noxaszana smenuients nosumusHoi anomanii memnepamypu 3 0.7 oo 0.1°C ma amenwenHs
KiIbKOCMI OHIB 13 onaoamu 808iui, 3a YMO8U, W0 CePeOHbOMICAUHE 3HAUCHHS C8IMIIONO2IUHAIOU020 AePO30IbHO20 THOEKCY nepesuLyi-
1o 1.2.

Knrouoei cnosa: nosicesxci, emicia, 3eopina wacmka, npooykmu 20piHHs, 8yeneydb, Cyxa Yacmra, aepo3onbHUll iHOeKcC.

JI. A. Hucapenro, M. B. Caseney. I10’KAPbI B DKOCUHCTEMAX H B/INAHUE HA ATMOC®EPY. B pabome uccnedy-
emcs npOCMPAaHCmEeHHoe pacnpeoesienue NoXcapos 8 dKOCUCIMEMAX U UX NOCLe0CMmBUs Ol ammocgepsl, CeA3aHHble C IMUCCUel]
NPOOYKMO8 20peHust U OANbHeUMUM 6IUsIHUEM HA ammocgephble npoyeccol. Ananus czopesuieli 00U, 8KAAOA TECHbIX NOICAPOE U
NOJCAPO8 HA 3eMIAX A2PAPHOL0 HAZHAYEHUS], NOMOKOS Y2iepo0d U CYXuX 4acmuy 8 ammocgepy npogeden ¢ UCHONb308AHUEM OAHHbIX
u uneenmapuzayuti GFED4 3a nepuoo 1997 — 2016 ee. J{ns 0ononHumenvsHo2o ananusa e1usiHusi npo0yKmoe 20peHus Ha ammocgepy
UCNONB306AHbI CYMHUKOBbIE OAHHbLE C8EMONON20uaIoue2o aspo3onvhoco undexca OMI (Aura) u dannvle mMemeoponocuuecKux Ha-
onrooenuil. Mccnedosano konuuecmeo ceopesuieli 00U 1eco8 U 3eMellb AepapHO20 HA3HAYEeHUs, NPOAHATUZUPOBAHbL Ce30HHble 0Cobe-
HHOCIU U MEeHOeHYUU UIMEHEHUs. NI0OWaoU NOHCAPos 8 dKocucmemax. HMcciedosanvl nomoxu yenepooa u cyxux 4acmuy 8ciedcmsue
20penusi OUOMACCHl U NOKA3AHA HEOOX0OUMOCHb 00A3AMeNbHO20 YYema IMUCCUU NPOOYKIMO8 2OPEHUsL 80 8PEMs NOXHCAPO8 HA NOAX
Ol OYeHKU Kayecmea ammocgheprozo 6030yxa 8 Yxpaune. MaxcumanibHble 3HaYeHUs NOMOKA 8eujecmed HAOIOAiomces 60 6pems
secHblx nodcapog Ha Ilonecve, 0Onako Haubonbuiee NPOCMPAHCMBEEHHOE PACHPOCMPAHeHue NPOOyKmMos 20peHust Habmooaemcs
6credcmaue noJiCapos Ha NOJAX 6 Nepuood ¢ Mapma no anpeib U ¢ uioisi N0 ceHmsops. Ananu3 3a6UcCUMOCIU CEEMONO2IOUAIOW €20
a’po301bHO2O UHOEKCA Om c2opesguieli 0onu U NOMOKO8 GeweCmed 8 ammocgepy noKasai 803MONCHOCHb €20 UCHONb308ANUS KAK
UHOUKAMOPA HATUYUS NPOOYKMOE 20peHus 6 ammocepe, nayunas co suauenuti 0.2—0.4. Cpedu 603MONCHBIX NOCTEOCMEUL 3HAYUME-
JIBHOU AMUCCUU NPOOYKIMOS 20PEHUsL Ol AMMOCHEPHBIX NPOYecco8 Mo2ynm Oblmb J1OKAIbHOE NOHUNCEHUE MeMNEPamypbl 8030yXa 60
8peMs HOHCAPOS U YMEHbULeHUe KOTUYeCmed OHell ¢ 0Ca0KaMu 8 CledVIowull Mecsy nocie UHMeHCUBHbIX noxcapos. Ilpedsapumens-
Hasl OYeHKa NOKA3aLa YMeHbleHIe no3umusHol anomanuu memnepamypsl ¢ 0.7 0o 0.1°C, a makace ymenvuieHue Kotuuecmaa oHell ¢
ocaokamu 8080e, Npu YCL08Ull, YUMo CPeOHeMeCAUHble SHAYEHUS C8eMON02NI0WAIOWe20 A3PO30IbHO20 UHOeKkca npesvicunu 1.2.

Knioueswie cnoea: noscapbvi, smuccus, czopeguias 0075, NPOOYKmMbl 20peHsl, yenepoo, cyxue yacmuybl, a3po301bHblll UHOEKC.

Beryn. Iopoky VYkpaiHa CTHUKaeTbCs 3 MpO-
OJIEMOIO TTOXKEXK B €KOCHUCTEMAX, IMEePeBaKHA YaCTH-
Ha 3 SKHX € Pe3yJbTaroM Hen0asoro MOBOMKEHHS
JIOIEH 3 BOTHEM Ha BiJIKPHTIH MiCIIEBOCTI, YMUCHUX
MiANaTiB Ta «TPATUIIHHOTO» BHITAJIOBAHHS CYXOI0
TpaBocTOIO Ha noyisix [1]. BpaxoByroun kmiMaruuHi
3MiHH, IO CIIOCTEPIraroThesl Ha TEPUTOPii YKpaiHH,
30UIBIIYETECS. WMOBIPHICTh BHHUKHEHHS TOXEXK Y
3B’3Ky 3 OIJBIIOI0 IOBTOPIOBAHICTIO TOXKEKOHE-
O0esneunux ymoB [2,3]. Ilokexi B ekocucTeMax
MPU3BOJISATH JIO Py HETaTUBHHUX HACIIJIKIB, BKITIO-
Yaro4M 3aru0enb POCIMHHOTO Ta TBAPHHHOTO CBITY
[4-6], nerpamamii rpyHTy [7,8], eMicil 3HaYHOI KUJIb-

KOCTI IIKIJUIMBUX JIOMIIIOK B aTMocdepy, 1110 mpus-
BOJIUTH JI0 TOTIPIICHHS SKOCTI aTMOC(EPHOro IMOBi-
Tpsl Ta BIUIMBY Ha 310poB’sl HaceneHHs [9,10]. He
CTaB BUKJIIOUEHHSM 1 Oepe3eHpb — kBiTeHb 2020 poky,
IiJ] 4ac SIKOTrO BMITAJIOBAHHS CyXOro TPaBOCTOHO Ha
MOJIAX Ta YMHCHI MiJMATH MPU3BEIH JI0 JKaXJIUBUX
HACJIIJIKiB Ta 3aiiMaHHS JIICiB, B TOMY YHCJI 1 B 30HI
BiJJUy’KeHHsI Ta 0e3yMOBHOTO (0OOB’S3KOBOTO) Bij-
ceneHHs HaBkoi1o YopHoOwmnbcbkoi AEC [1,11].
IToxex1 B ekocucTeMax 3A1HMCHIOIOTH BILJIMB Ha
arMocdepy 4vepe3 3MiHU XIMIYHOTO CKJIaay arMoc-
¢depu (emicis mpomykrtiB ropinHs) [9,10], i depe3
MOJAJIbII MPOLIECH B3a€MOIIl HPOAYKTIB TOPIHHA 3
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pamiariiHIMA TTOTOKAMH Ta ITiJl Yac MPOIECiB XMa-
poyTBopenns [12]. B Ykpaini mociimkeHb BIUIUBY
MOXeX Ha XIMIUYHMHA CKan arMocqepH, 3a3BHYAid,
3BOJUTLCSA 10 BUBYCHHS JIICOBHX MMOXex [13-15],
BBKAIOUHN IO KUTBKICTH 3ropiyioi 6ioMacu € BU3Ha-
YaJIbHOIO y TIOTIPIIEHH] SKOCTI aTMOC(EpHOTO TOBi-
Tps. [Ipu oMy, MPaKTUUHO HETOCTIIKEHUM 3alu-
LIAI0THCSI IIOTOKU PEYOBHHM BHACHIJOK IOXXKEX HA
MOJISAX Ta CYMyTHI 3MiHHM 3a0pymHEHHS arMocdepu.
Tak sk micu 3aiimaroth Jawuie 15.9% Teputopii Vk-
painu [16], emicis mpOAYKTIB TOPiHHS BHACIHIJOK
MOXEX Ha 3eMJISIX arpapHOro NMPU3HAYCHHS € BKpai
HEIOOL[iHEHUMH.

Memow nanux AOCTIIKEHb € BCTaHOBJICHHS
BHECKY IOXKEXK B EKOCHCTEMaxX TepHTopii YKpaiHu
Ha TIOTOKH XIMIYHHUX CKIIQJIOBUX B armocdepy Ta
MOJKJIMBI 3MIHH METEOPOJIOTIYHHUX TPOIICCIB.

Buxigni gaHi Ta MeTtoauka aociaiakKeHb. J[s
JOCIIKEHHST YaCTKA 3TOPLI0l TEpUTOpPii Ta BHECKY
JCOBUX TIOXKEX 1 HA 3eMJISIX arpapHOro MpHU3HAuYCH-
HSl BUKOPHCTAHO To0alibHy 0a3zy AaHUX eMicii Bil
noxkex (Global Fire Emission Database — GFED),
30KpeMa ii 4eTBepTy Bepcito (4s), 10 BKIOYAE B
cebe iHdopmariro mpo «mami» noxexi (small fires)
[17-20]. Hani GFED4 npexncraBneHi sk KBagpaTH 3
MIPOCTOPOBOIO  PO3AiINTEHO 3marHicTio 0.25%0.25°.
Hani noxex y GFED orpumani i3 BUKOpHCTaHHAM
npoaykTy cynytHuka MODIS ans BusiBIeHHS mo-
KEX Ta 3ropinoi dacTku mij HazBorw MCD64Al,
MPOCTOPOBA PO3ALIbHA 3aTHICTH sikoro 500 M. 3ro-
pina yactka y kBagpari po3mipom 0.25x0.25° € Bin-
HOCHUM IOKa3HUKOM IUIOLI TEpUTOPii, 10 ONMHUHU-
Jlacs il BOTHEM MPOTATOM OJHOTO MiCSIIIs.

Amnaiiz eMicii ped4oBUHH B atMocdepy BHacIi-
JIOK TOpiHHS OioMacH 3iCHEHO 3a iHBeHTapHu3alli-
ero emicii 3 6aszu manux GFED pmns Byremro Tta cy-
xo1 yactku. EMmicii npezcTaBieHi K cepeaHboMics-
YHHUH MOKa3HUK. [[pHAHATHMU OJMHUISIMH BHMIpPIO-
BAHHS [OTOKIB BYIVIEIFO B arMOc(hepy € I*M* MicsIp’
!, Toxi sk cyxoi wacTku — Kkr-m>-micsup . Jlani ger-
Beproi Bepcii GFED4, oxommotote mnepion 1997 —
2016 pp., moO i cTajgo0 OCHOBHWUM TMEpiOIOM OCITi-
JDKEeHb B MaHiil po6oti. Ha xanb, mani 3 2017 p. me
MPOXOIAATH Tporiec 00poOku Ta Bepudikallii, mpore
onosnenHs Bepcii 10 GFEDS ouikyeTbest HalOmmxK-
yuM yacom [21].

Y poGOTI BUKOPHUCTAHO CYITYyTHHKOBI JIaHi CBIT-
JIOTIOTTIHAIOYOTO aepOo30JIbHOTO iHJeKey (absorbing
aerosol index (AAI)), o € XOpOIIMM iHUKATOPOM
HasBHOCTI MPOIYKTIB TOpiHHS B atMocdepi. bimbim
TOro, 3a jornoMoror AAI MOXJIMBO BUBYATH BILJIWB
Ha arMocdepy, Tak K aepo30Jb BU3HAYAE MPOLECH
XMapOyTBOPEHHSI Ta paAiallifHOro IEepeHECEHHs.
Bukopucrano mani cynytHukoBoro npuiany Ozone
Monitoring Instrument (OMI) Ha cynyTHuKy Aura 3
MPOCTOPOBOIO PO3IUIBHOIO 31aTHICTIO 1x1° [22] 3a
riepion 3 xoBTHA 2004 mo xinms 2016 poxy. Bubip

MTOYaTKy Iepiomy 0OYMOBIICHHUN 3aITyCKOM CYITyTHH-
koBoro npuiaxy OMI Ta pimeHHsIM HE BUKOPHUCTO-
ByBaTH JaHi momepenanboro npuiany Total Ozone
Mapping Spectrometer (TOMS) yepe3 Hey3romxke-
HICTB CITKH iX cmocTtepexenb. Kinenp mepiomy o0-
paHo 3 ypaxyBaHHsAM KiHmg mepioxmy 6a3u GFED.
AAI € nuie 4acTHMHOI 3arajJibHOTO aepo30JHHOTO
IHAEKCY, 110 XapaKTepPU3YEThCS JIUILIE TO3UTUBHUMHU
3HAUCHHSIMH, B TOM Yac SIK 3arajJbHUM aepOo30JIbHUM
1HAEKC MOXKE MaTy HeraTUBHI 3HaueHHA. [1o3uTHBHI
3HaueHHs AAI cBiguarh Mpo HasBHICTH BYIVICLIEBMi-
CHHUX aepo30JIiB y CBOEMY CKJIaJi, IO 3AaTHI ITOTIH-
HaTW COHSYHE BUIIPOMiHEeHH:. HeraTuBHi 3HaYeHHS,
110 HE BUKOPUCTOBYIOTHCS JISl 3arajibHOTO aepo30-
JFHOTO 1HJEKCY, BimOOpaXkatoTh XMapHICTh, CylIb(a-
THI aep0o301JTi, TOIIO.

3 METOr0 aHaji3y MOMJIMBOTO BIUIMBY Ha arMoO-
cthepHi TporiecH, BUKOPUCTAHO JaHI Ha3eMHHUX Me-
TEOPOJIOTIYHUX CIIOCTEPEKESHh Ha CTaHINsAX olmac-
HUX LEeHTpiB YKpaiHu 3a mepioj, MO CIiBMIanae 3
nepiogom ganux AAI — 2004-2016 pp. Jani HasBHI
B apxiBax llenTpanpHOi reodizmunoi oOcepBaTopii
imeni Bopuca CpesneBchkoro. BpaxoByrounm Mox-
JMBI BIUIMBH aepO30JI0, AJS JTOCITiIKEHb 00paHO
napameTpH, 110 MOIVIM 3a3HaTH NOTEHLIHHOTO BILJIH-
BY: TeMIIEpaTypa MoBiTps, 0a’1 XMapHOCTI, KUTBKICTh
IHIB 3 omajgaMu Oinbine 0 MM, Ta Oimbiie 5 MM. Y
3B’SI3Ky 13 MpPUB’SI3KOI0 YCiX PO3paxyHKIB a0 0aszu
nmaaux GFED, maHi Temneparypu Ta XMapHOCTI oce-
PEIHEHO 3a MICsAIb, KIJIBKICTh MAHIB 13 OmHajaMu
B3ATO JUIsI KOXKHOTO Micsis. BpaxoByroun ce3oH-
HICTh METEOPOJIOTIYHHUX XapaKTEPHUCTHK, AOLIBHO
JTOCITIJKYBAaTH HE TUTbKH O€3MocepelHh0 BUMIpsHI
METEOPOJIOTIUHI BEJIMUUHH, ajie i X aHoMalii, ToO-
TO PI3HUIIO BiX cepemHix 3Ha4eHb. Lle mo3Bonse B
OKpEMHUX BHIAJKaX YHHUKHYTH XMOHOI 3aJIe)KHOCTI,
00yMOBIJICHOIO BILTMBOM CE30HHOCTI Ha JIOCIHIKY-
BaHi mokasHuku. CepenHi 3HAYCHHS I KOXKHOIO
Micsls 00YHCIeHO i 00paHOro Mepiofy JOCITi-
JOKEHb, aHOMATii — Pi3HUIL (HaKTHYHUX 3HAYEHD BiJl
po3paxoBaHHX cepeaHix Oararopiunux. [Iponenypa
oOuHuCIIeHHS aHOMaJIili pOBEJEeHA /ISl TeMIIEpaTypu
MOBITPS T4 XMAPHOCTI.

JlocTOBIpHICTh pE3yNbTaTiB CTaTHCTUYHHUX O00-
YHCJICHb, NPEACTaBIEHUX Yy poOOTi, IepeBipeHo
kpurepisimu CrprofeHTa Ta Pimepa i3 95%-m pis-
HEM 3a0€31eYCHOCTI Pe3yIbTary.

PesynbTatn pociaimkenb. Xapaxmepucmuku
RPOCMOPOGO-1ACOB8020 PO3NOOITY NOMCEIHC 8 EKOCU-
cmemax. Buxopucroryioun gani GFED npoanari-
30BaHO 3TOPIY YacTKy TEPUTOPIi y KOXKHOMY 3 KBa-
npatiB po3mipoMm 0.25x0.25°. 3aranom, y BUOagKy
MOXEeX1 B €eKOCHCTEMI B CEpeTHbOMY CHOCTEPIraeTh-
cst sropsaAs 20-30% rmiomi Teputopii (puc. 1A). B
Vkpaincekux Kaprarax ta B3IOBK OeperoBoi JiHii,
3a3Bu4ai, 3ropae menme 10%, Ha Ilomicci — 10—
30%. IcHyroTh Ocepenku, nmepeBaxkHo Ha JliBoOGepex-
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Nosrota, °cx.4.

A

[osroTa, %cx.4.

Puc. 1. Cepenns yacTka 3ropisioi TepuTopii y BUMAIKY TOXKEXi (A) Ta 4acTKa MOKEK
Ha 3eMJIIX arpapHOro BUKOPHUCTAHHS BIIHOCHO 3aTaJIbHOI TIIOMI TTOXKeXK Ha TepuTopii (b)

Hill yacTuHi YKpaiHu, Je B CEpeHbOMY TMOXKEXKI B
EKOCHCTEMax MPHU3BOIATH A0 3ropsHHs Oinbine 50%
TUTOLL.

YacTka NoXkexX, SKi MPHUIAIAr0Th HA 3eMJIi ar-
papHOro BUKOPUCTAHHS, CTaHOBIATH Oinbmie 90%
(puc. 1b). BcranoBneHo, 1o HaBiTh y paifloHax 3i
3HAYHUM BIJCOTKOM JICOBHX HAacaKE€Hb, OJIM3BKO
50% 3ropiyol IIoNI MpUNaae Ha «HEIICOBI» 3eMIIi.
B uinomy, Ha Tepuropii YkpaiHu iCHYIOTH HACTYIIHI
paiioHu, Iie MOXKEeXi Ha 3eMJISIX arpapHOro BUKOPHC-
TaHHs HE € TepeBaXKarounMu: YKpaincbki Kapmaruy,
kpaitniii miBHi4 [lomices, YopHoOuibchKka 30Ha Bif-
qyXeHHs, OeperoBa iHiE YopHOTO W A30BCHKOTO
MOpIB, & TAKOX MPOMHKCIIOBO HABaHTAKEHI PaiOHH.

[MoniOHMit PO3MOALT YACTKM 3rOpuIol IUIOIII
CBITYUTH TIPO O0OOB’S3KOBY HEOOXiIHICTH BpaxyBaH-
HS TIOKEXK Ha TOJSIX 3 METOIO OI[iIHKM TOTOKIB XiMi-
YHUX CKJIaJ0BUX B arMocdepHe mosiTps. He3paxa-
FOYH Ha CYTTEBY OUTBIIY KUTBKICTBh 3ropiiioi Giomacu
Y BUMNAJKY JICOBHUX IOXEX, IPOCTOPOBE OXOIUICHHS
MOXEeX Ha 3eMJISIX arpapHOTO BHUKOPUCTAHHS MOXKe
MaTy BU3HAYAJILHUH BIUTMB Ha HASIBHICTBH MPOIYKTIiB
TOPiHHA B aTMOC(EepHOMY ITOBITPI.

VY piuHOMY XOJli TIOBTOPIOBAHOCTI, MOIIUPEHHS
Ta MOTYXKHOCTI MOXEX B €KOCHUCTEMax cIIocTepira-
€THCS. HE TIIBKU 3aJIEKHICTh BiJl CE30HHOCTI Ta Me-
TEOPOJIOTIYHUX YMOB, alie i Bix ocoOnmBocTeil roc-
MOJAPChKOT isIbHOCTI HaceaeHHs. OYeBUIHO, 110 Y
nepiof] 3 JUCTOMAAA JIO JIFOTOTO MPAKTUYHO HE CIO-
CTepiraeThcs MOXKeX B ekocucremax. [Ipore, y Oe-
pe3H1 — KBITHI Pi3KO 3pOCTa€ KiJIbKICTh TIOXKENK, JUIS
SKHX XapaKTepPHO caMe 3HadyHe MPOCTOPOBE OXOII-
JIEHHS 110 BCiil Tepuropii YKpaiHu, a 3ropija yacTka
4acTO XapaKTepU3Y€eThCS HAMOIMBIIMMU 3HAYCHHS-
MU y porri. [Ipu4rHO0 TOSBY MEPIIOT0 MAKCUMYMY
KUTBKOCTI MOXEX € MpakTHKa CHATIOBAHHS CYXOTO
TPaBOCTOIO Ha MOiAX. [licis 3MEHIIeHHS KiNbKOCTI
MOXEX y TPaBHI — YEPBHI, CIIOCTEPITAIOTHCS MAKCH-
MYMH JIAITHS—CEPITHS, TOB’A3aHi 13 CIPHATIUBUMHU
METEOPOJIOTIYHUMH YMOBaMHU: BUCOKHMH TeMIIEpa-
TypaMH, HH3BKHM BOJIOTOBMICTOM armocgepu Ta

IPYyHTY. Y BEpECHI — JKOBTHI KiJIbKICTh TOXKEXK 3Me-
HIIYETHCSI, TIPOTE 3HOBY MOXKE cCriocTepiratucs 30i-
JBbIIEHHS MPOCTOPOBOIO OXOIUICHHS, HPUYHUHOIO
SIKOTO € TOCIOJapChKa [isUTbHICTh HACEJICHHS Ta
CHAITIOBAaHHS Ha MOJISX.

Haii0inpmi miomi oXoIuleHl MoXKeXaMH CIIOoC-
tepiramucst y 2001 ta 2008 pp. Ilpore, moBa iine
caMme Ipo MaclTaOHICTh MPOCTOPOBOTO OXOTICHHSI:
MOTY>KHIII, aje OiNbII JOKai30BaHi MOXeXi croc-
tepiramucs y 1999, 2005, 2007 ta 2012 pp. y pizHHX
perionax tepurtopii Ykpainu. ¥ 2003 p. cnocrepira-
€TbCsl aOCONIOTHHI MIiHIMYM YCiX XapaKTepHUCTHK
MTOXKEXK B EKOCHCTEMAX 3a JIOCIHIIKYBaHUH TIepio].

TeHaeHwii 3MiHM YaCTKH 3ropiJiol IOl Biapi-
3HSIIOTBCSI 3aJIKHO BiJl PETiOHY, TIPU LILOMY 32 JIOC-
JMPKYBaHUHA TIEPIiONl CHOCTEPIraloThCs TUISTHKH 31
CTaTUCTUYHO 3HAYYIIUMH MMO3UTUBHUMHU Ta HEraTH-
BHUMH TpeHAaMHU (puc. 2).

Haii0inpmoro 3aHeNOKOEHHS BUKJIMKAIOTH Te-
purtopii 3axinHOi YkpaiHu, e He CHOCTepiraeTbcs
TEHIEHIIHA 10 3MEHIIEHHS IIIOMNIl IMOXKEXK B €KOCHUC-
TeMax. Ha okpeMux AiITHKAX BHSIBICHO 30UIBIICH-
HS IUI0mi mix moxkeskamu Ha 60—80% y mepepaxyH-
Ky Ha 10 pokiB. B minomy, 3Hady1i MO3UTHBHI Tpe-
HJIM TUTOII MTOXKEX B €KOCHCTEMAaX CIIOCTEPIraloThes
y JIpBiBCBKiN, TepHOMIBCHKiN, XMENbHUIIbKIH, Pi-
BHEHCHKIH, JXutomupcekiid, YepHiriBchkiid, BinHu-
upkiit, Onecobkiit, Jlonenpkiii Ta Jlyrancekiii obac-
Tsx. Jst obmacteit nieHTpanbHOl YKpaiHu Xapakre-
pHE 3MEHLICHHS IUIOIII MOXEX, AOCSATAIOuM Ha OK-
pemux aiasiHkax 60% 3a 10 pokis. [TomiOHI TeHIEH-
il HaitOnbme xapakrepHi ans Kuiscbkoi, Yepkach-
koi, KipoBorpazacekoi, JJHinponerpoBcbkoi Ta Mu-
KOJIaiBChKOi oOMacTeii.

Emicia pewosunu ¢ ammocgepy. Bukopurcro-
BYIOUM iHBEHTapH3alilo eMmicii peuoBuHH 3 0aszu
GFED4, BusBieHO OCOOJHBOCTI 3MIH XiIMIYHOIO
cKJiaay arMocdepu uepe3 eMiCiio BYIJICHIO Ta CyXoi
YacTKW BHACIIJIOK TOpiHHA Oiomacu. 3arajom, cIio-
CTepiraerbcs MOAIOHMI TPOCTOPOBHUH  PO3MOLN
000X IOTOKIB pe4oBHUH (puc. 3).
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Puc. 2. Tenpennii 3MiHU IJIOIMII NOXKEX B eKocHcTeMax (y nepepaxyHKy Ha % 3a 10 pokiB)
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Puc. 3. Cepenns 6araropiuna emicis Bymento (A) ta cyxoi yactku (b) B armocdepy
BHACITiZIOK TOPiHHA OiomMacu

Emicis Ha Teputopii VYkpaiHu BinOyBaeTbcs
BKpall HEOIHOPIIHO, XapaKTepU3YIOYHCh YiTKHMHU
JIOKaJJbHUMHU MaKCUMyMaMH. Taki MakKCUMyMH Haii-
YacTille Y3Tro/KYOThCS 13 YaCTKOI 3ropiiol IO
(puc. 1A), npoTe HEBIAMOBITHOCTI iICHYIOTH B palio-
Hax MOMIUPEHHs JiiciB. [IpuunHa HEBIAMOBIAHOCTI B
3aJIiCHEHUX paioHaxX odeBHIHA — Oljbie OioMacu
Ha OAMHUYHY IUIAHKY. TakuM 4MHOM HE3Ha4Hi 3a
IUIOMICI0 TIOXKEXKI MPU3BOAATH 10 OUIBII MOTY>KHOT
eMicii XIMIYHHX CKJIaJOBUX.

Cepenni OararopiuHi 3Ha4eHHs eMicii ByIJemto
Ui TepuTopii YKpaiHu NepeBa>KHO BapilOIOTh B Me-
xax 0.2-1.0 r-m* micsaup . s moTokiB cyxoi gact-
KM Cepe/IHI 3HaUYeHHsI CKIIaIatoTh rnepeBaxkno 0.001—
0.003 kr-m*-micsup!. HaiimeHmma emicis pedoBuHu
CTIOCTepITaeThes B3IOBK OeperoBoi JiHii Ta Ha 3a-
xofi Ykpainu. [Ipore, cutyartist y 3axigHux paiioHax
MOX€ 3HAYHO MOTIPIIMTHUCA Y 3B’A3KY 13 CTPIMKOIO
TEHJICHIII€0 10 30UTBIICHHS TUTOIII TOPiHHS. Y IIeH-

TpaJbHUX paiioHaX YKpalHW eMICisl BYIVIEIIO Ta Cy-
X0l YaCTKM BHACIIJIOK TOpiHHA Oiomacu 3Ha4HO Oi-
apma; 1.4-1.8 M Micsms!  Ta  0.003-0.004
Kr-M* Micsp ! Bignosiano. Came nenrpanbHa Ykpa-
iHa XapakTepH3yeThCSl OHIEI0 13 HaWOUIBIIMX Yac-
TOK 3rOpiJioi TUIOMIi, MPH IIbOMY €MicCisi BiJIOyBa€Th-
csl caMe i3 3eMellb arpapHoro BUKOpUCTaHHs. Bpa-
XOBYIOYH TEHJISHIII1 10 3MEHIIIEHHS 3TOPioi ILIOIT,
OYIKYEMO 3MEHIICHHS eMicil PeYOBHHHM BHACIIIOK
TOpiHHS OioMacH y NEHTpallbHUX paioHax Ta, IIij-
KOM WMOBipHE, BUDIBHIOBAaHHS BHECKY Yy HOTOKH
PEUYOBHHM 13 3aXiTHUMH paiOHAMM.

Hunst Teputopii YkpaiHu XapakTepHi TPH JIOKa-
Ji3arii noTyXHoi eMicii IPOJyKTiB TOPiHHS B aTMO-
cthepy, e cepeaHi MOTOKU BYIJIEIIO MEePEBUILYIOTH
1.8 rm*Micanp!, a motoku cyxoi wactku — 0.005
kr-m>Micanp!. Cepen HaHOLIBIIMX —JIOKai3amiii
emicii peyoBHHHM 10Ope BUBUCHMMH € MPOLECH Ha
KpaifHpOMy miBHOYI Teputopii Ykpainu. Lle micosi
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MIOKEXi, MO crocTepiratotbest Ha llomicci, mpwm
IIbOMY TIOXKEXKI CITOCTEpirajaucs TaM i B OCTaHHI 2
poku. Y 2020 p. B mepio 3 ceperHU OEpe3Hs JI0
CEepPeIUHM KBITHA BOHM 3YMOBHIIM HEOIHOPA30BE
TIOTIPIIIEHHS SKOCTI aTMOC(EPHOTO TOBITPS B YKpa-
fmi [11], a y 2019 p. cTanm mpUYUHOIO OMHOTO i3
HaHOUTBIINX MOTOKIB MOHOKCHY BYIJIEIIO B aTMO-
ctepy [23]. e aBi nokamizamii modmm3y M. Koze-
nens Ta Ha miBmHI OfechKkoi 00MacTi BUKIMKAIOTh
3alUTaHHs, aJDKE CTIANIOBAHHS TaM BiJOyBaeThCS y
Habararo OLIBIIMX MacIuTabax, HiK HABKOJHUIIHIX
paiionax. | xoua, moTpiOHO MaTH Ha yBas3i, MO0 MOJIE-
JIbHI PO3paxyHKH MOXYTh Mard HETOYHOCTI, MPOTE
CUCTEMAaTHYHICTh ITOSIBH BEJIHMKOI YaCTKH 3ropuioi
IJIOMII Y IMX IBOX JIOKATI3aIlisiX Ta TOBTOPEHHS TaM
moxkexx y 2020 p. [1] cBiguarTs mpo peanbHy BEIUKY
eMiCit0 MTPOAYKTiB TOpiHHS B arMocdepy.

r-m2micaup™

2 o i
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= ; e W R 0.12
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3 R ) i
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2 kel 2% @ £ 2 4 3‘5 £ 4

HosroTa, °cx.a.
Puc. 4. Tennenuii 3minu emicii Byrerto (A) Ta cyxoi yactku (b) B arMocdepy BHaACHiZIOK TOpiHHS OiomMacu

Ewmicis mponyKTiB TOpiHHS B aTMOC(epy Xapak-
TEPU3YETbCS  YITKUMH  CE30HHUMH  3MiHaMH,
MOB’sI3aHUMH 13 CUIBCHKOTOCIIOAPCHKUM BHIIAJIIO-
BaHHSIM Ta CE30HHICTIO noxex. Cepenni Oararopid-
Hi 3Ha4YeHHS Ul KO)KHOTO Micsls BECHSHOTO, JIT-
HBOTO Ta OCIHHBOTO CE30HIB HaBeJeHi y Jlomarkax 1
Ta 2. YiTKO BUOKPEMJIIOIOTHCS JIBa IIEPiOaU 1HTCH-
CUBHUX IOXEX Ta eMicii IPOMyKTiB TOpiHHS: Oepe-
3eHb — KBITEHb Ta JIMIICHb — BepeceHb. HaBecHi
HaHOUIBIIMIA TIOTIK XIMIYHUX JOMIIIOK Y arMocdep-
HE TIOBITPSI CIIOCTEPIraeThCsl HA MIBHIYHUX TEPUTO-
pisx Vkpainu, pocsrarouun 0.01 kr-m* micsaup” s
cyxoi wactku (Jlomarok 1) Ta 3.6 r-m* micsus™! s
Byrieito ([onarok 2). [licnst my>xe He3HaUHOT emicii
y TpaBHI — YEpPBHI, CIIOCTEPIraroThCsl MaKCUMaJbHi
3HAUEHHS JIUITHS — CEePIIHS, JOCITalouu HaHOiIbIIOl
emicii Ha miBIHI TepuTopii YKpaiHu: s cyxol yac-
tku 0.014 kr-m*micsup! Ta mis Bymemo 4.8
r-M>-Micsp .

HaiiGinplia emicis peuoBHH 3a JOCIIKYBaHUH
nepion cnoctepiranacs y 2008p., konu i 9yacTka 3ro-
pinoi mmomi HaOyiaa HaWOUIBIIOrO MOMIMPEHHS.
BHacnijiok 3Ha4HOTO OXOIUICHHS TEPHUTOPIl MOXKe-
KaMH Ha 3eMJISIX arpapHOrO BHKOPHCTAHHSI, eMicCis
BYIVICLI0 Ta cyXoi 4acTku Oyna 3HawHoro y 2001,

OTpumaHi pe3yJIbTaTH 3a EMICisIMU BYIJICIIO Ta
CyX0i YacTKH MiATBEPIKYIOTh, 0 BUKUIN BiJ CTa-
JIOBaHHS Ha TMONSAX B YKpaiHi CHiBcTaBHI 3a
o0’emMamu 13 BUKHMIAMH Bin JicoBux moxkex. [lpu
L[bOMY, IUIOINA, OXOIIJICHA TAKUMH BUKUAAMH y pa3u
MIEPEBHUIIY€ TIIONTY, 3 SKAX CIOCTEPITaEThCS eMiCis
BiJI JTICOBHX IMOXKEXK, a OT)Ke 1 KUIBKICTh HACEJICHHS,
1110 3a3HAa€ HEraTUBHOI'O BILUIMBY, 3HAYHO OinblIa.

Po3paxyHok Ta aHani3 6araTopiYHUX TEHICHITIH
3MiHU MOTOKY BYIJICLIO Ta CYXOi YaCTKH MOKa3yIOTh
HaOIIbII HEraTHBHI HACTIOKWA Ha KPaWHBOMY ITiB-
HOYI TepuTopii YKpaiHu, Ie TPEeHIU emicii mocsra-
I0Th HaBUIIMX 3HaueHb (puc. 4). [Ipu npoMy TpeHa
NOTOKIB Bymiemo jgocsrae 0.2 r-m?-micsip ™!, a mo-
TOKIB Cyx0i yacTkm 410 kr-m* Micsaup !, mo y me-
pepaxyHky Ha 10 pokiB gocsrae 24 r-m?-micaups ! Ta
0.05 xr-m>-micsaup ™ BimmoBigHO.

Kr-MZMicaLb!

2 - _— £ 4E-004
- L 5§

T 1 3e-004

: ! - 2E-004

2 e = T o 26004

8E-005

) YL 0E+000

WwupoTa, °nH.Lu.

-8E-005
. 26004

. ¢ o - B -2E-004
; I -3E-004

-4E-004

2 kg *® é! kg 2 El 3 £ 9
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2005, 2006, 2007, 2009, 2011 Ta 2014 pp. Ha mis-
Houl Tepurtopii Ykpainu y 3o0Hi [lomiccs 3HauHa emi-
cis cnocrepiraiacs y 2002 ta 2015 pp.

3 METOI0 MOLIYKY 3B’S13Ky MOACIBHHMX IaHUX
eMicii pedoBHHH 31 3MiHaMH (AKTUIHUX 3HAYCHD
XIMIYHOTO CKJIay arMoc(epy Ta MOJaIbITUMH J10C-
JDKCHHSIMH BIUIMBY Ha aTMoc(epHi mporecH, mpo-
aHaJII30BaHO JaHi CYyIyTHHKOBUX CIIOCTEPEKEHb 3a
AAI. Cyxa vacTka Ta ByIJiellb, OTPUMaHIi 3 MOJCIIb-
aux gaaux GFED He MaroTh 1J€HTUYHOTO ITOKA3HHU-
Ka 3a JaHUMHU (pakTUUHUX crocTepexeHb. Tomy s
TOPIBHSIHHSA Ta AOCHIHKEHHS 3B 53Ky 13 pealbHUMHU
JIAHUMH BHKOPUCTAHO IOTIK CyXOi 4acTKW Ta JaHi
AAI cynytHuka OMI, sk HaiOinbm momiOHUX i3
MOKA3HUKIB, 10 MOXJIMBO IOPIBHATH MiX COOOI0.
VYckiIamHIOe TMOPIBHAHHSA 1 TOH (DakKT, 10 MOAEIb
BPaxoOBY€ BHKJIFOYHO E€MICII0 BHAC/IIOK TOpiHHS Oi-
OMAacH MiJ] 9ac TMOXKEX B EKOCUCTEMAX, TOM1 SIK aepo-
30116 B arMocdepi, 0 BUMIPIOETHCS CYITyTHUKOBH-
MU JIaHUMH, XapaKTepU3YEThCS PI3HOMAHITHICTIO
JOKeped HaAXOPKEHHsS, B TOMY 4YHCIi M aHTporo-
TeHHUX.

[Ipocroporuii ananiz manux AAl i3 maHuMH
sropinoi yactku 3 GFED moka3zanu mpocTtopoBse y3-
TO[DKEHHSI B pailoHax HaWOiIbII 1HTEHCHBHUX IIO-
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xkex. [Ipy 1mboMy, JaHi CYMYTHHKOBHX CIIOCTEpe-
JKEHb BJIOBIIOIOTH YCi 3HA4YHI eMicii MPOIYKTIB TO-
pinHa. He3Baxaroun Ha HasBHICTH 3B’SI3Ky 3a Bi3ya-
JBHUM aHaJi30M MPOCTOPOBOIO PO3MOIiNTY IMOKa3-
HUKIB, 32 MOTEPEIHIM MMOITyKOM YHCEIHHOI 3aIex-
HOCTI OJHO3HAYHHUX PE3yNbTaTiB OTPUMATH HE BJa-
nocs. IIpoBeneHHsT AETaNBHOTO aHANI3y 32 PiI3HUMH
perioHamMul HalOIBIIT IHTEHCUBHUX TTOXKEXK B €KOCH-
cTeMax JI03BOJIMB BUIUTUTH YiTKUH Ta CTATUCTHYHO
HaJIMHUIA 3B’SI30K MiXK EMICIEI0 CyXOl YacTKH Ta
AAI Tak sk emicis MPOMYKTiB TOPIHHS Bif MOXKEXK
Ha 3eMJIIX arpapHoOTO TMPHU3HAYCHHS BiIPi3HIETHCS
BiJl eMicii JICOBHX IOXeX, OylnOo BIIIICHO Taki
paiioHu ouH Bif ogHOro. st OCTiIyKEeHHS 3B SI3KY
Y BUMAJKY JICOBHX IMOXEX, BUIIJICHO TPU TOYKH Ha
KpallHbOMY TIiBHOYI TepuTOpii YKpaiHw, 1o moTpa-
IUIAIOTH Ha 30HY JiciB y BonuHchkild, PiBHEHCHKIMH

a 17 Koed. kopenauii
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Cyxa yacTka, Kr*m2/micaup

Ta XXutoMupcrkiit obnactsx. [ aHamizy BUTIAAKIB
HOXKEK Ha 3eMJISIX arpapHOro MpU3HAYEHHS, O0OpaHO
TPU TOYKU Ha 30HY LIEHTpaJIbHOI YKpaiHHU, Ac cepe-
JIHSI 3ropija 4acTKa CUTbCHKOTOCTOAAPCHKUX 3eMeb
nmocsirae 90% — y Uepkacebkiit, JJHimponeTpoBChbKii
ta KipoBorpaacekiii obmactax. s 000X Teputo-
piii, 3B’5130K MK MOZICTIBHUMH JaHUMH eMicii cyxoi
YacTKM Ta (aKTUUYHUMH JAQHUMH CYITyTHHKOBHX
criocrepekeHb 3a AAl HasBHUI y BHIagKy ewicii
Ginbie Hix 0.005 kr-m?-micsaup! (puc. 5). Binbm
TOro, B 000X BHMaAKax Koe(illieHT Kopessimii Mix
MOKa3HUKAMH € CTaTHCTHYHO HAJIHHUM Ta CKIIAIa€e
omu3pko 0.65. KokHa Touka Ha puC.5 BigoOpaxkae
OJTUH MICSIb, KOJHM CIIOCTEpiranacs 3Ha4Ha EMicCis
CyXOi 4aCTKH Ta BIATOBIIHI 3HAYCHHS OCEPETHEHOTO
3a micsup AAL
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Puc. 5. 3’5130k eMicii cyXoi 4acTKH MOAETBHUX JaHUX Ta AAl cynmyTHUKOBUX CIIOCTEPEKEHb AJIS MTIBHIYHUX
(a) Ta nentpanpHuX (0) palioHiB YkpaiHu

B uinomy, Hag ycieto Teputopieto Ykpainu AAI
31 3Ha4YeHHsAMHU Oinbine 0.2 ToYMHAE BimoOpakaTh
HasBHICTh MPOAYKTIB TOpiHHA B armocdepi, 1o
HaW4JacTille BiAIOBiAae eMicisiM CyXoi 4acTKu OIu-
36K0 0.005 — 0.01 kr-m?-micsaup™!. B cepennbomy, 3a
ymoBu emicii Ginmbme 0.015 kr-m*micsaus!, AAI
nepesuinye 0.4; TpU TOTOKax PEUYOBHHU OuIbIIE
0.02 xr-m*-micsup!' AAI nepesuirye 0.6.

3aranoMm, AAI € xopolmuM iHAWKATOPOM eMicii
MPOIYKTIB TOPiHHS B aTMoc(epy CIpHYMHEHUX TO-
KEXaMH B €KOCHCTeMax, Ta IPH 3HAUCHHAX Oliblie
0.4 MoOXe BUKOPHUCTOBYBATHCS Ul BUBYCHHS B3ae-
MO3B’SI3KIB eMicii BHACHIJIOK TMOXEXK Ta mepediry
arMocepHHX  IPOLECiB, 30KpeMa IMOIIWHAH-
HS1/pO3CitoBaHHs COHSYHOI pajiamii, mpoueciB omna-
JIOYTBOPCHHSI T4 YHUCICHHUX MPSIMUX 1 HENPSIMUX
eeKTiB.

Mootcnuei nacnioku ona ammocgepuux npo-
uecie. Jlns nociipkeHHs peakiii arMocdepu Ha
HQ/IXOJDKEHHST 3HA4YHOI eMicii MPOMYyKTiB TOPIHHS
BHACITIZIOK IOKEX B EKOCUCTEMaX BUKOPUCTAHO JaHi
CIIOCTEPEKEHb HA METEOPOJIOTIUHUX CTaHILISAX YCiX
oOnacHUX IEeHTpiB Ykpainu, HasBHI B apxiBax Llen-
TpanbHOI TeodiznuHoi oOcepBartopii iM. bopuca

Cpesnescrkoro. Jlani AAI orpumaHO AJIs TOUOK, IO
KOOPJIMHATHO CITIBIIal0Th 13 00JIACHUMHU IICHTPaMHU
VYkpainu. He3Bakarouu Ha Te, 110 MOXKEKi B €KOCUC-
TeMaxX BiJOyBalOThCS Ha JNIESKid Bialli BiJl MICIh
MIPOBEJICHHS METEOPOJIOTIYHUX CIIOCTEPEKEHbB, T0C-
JDKCHHST pealbHUX IHTETpajbHUX MICSYHHX Me-
TEOPOJIOTIYHHX MapaMeTpiB Ta BMIiCTY aepo30Ji0 Ha
NEeIKIf BIICTaHl BIJ MMOXKEX BBAKAEMO OUIBII TOIIi-
JIbHUM, aHDK BUKOPUCTAHHS MOJCIBHHMX JIAaHUX pe-
aHaJli3y y ToYKax, 1o OJIM3bKIi /10 MiCIlb TOPIHHS.

3 oAy Ha pEe3yNbTaTy BHIE OMMMCAHUX 00YH-
CJIEHB, YCi CepeTHhOMICIYHI METEOPOJIOTIUHI MMOKa3-
HUKHU JIOCHI/DKYBaJHCS 32 yMOBHM 3HA4HOI eMicii
BHACITIJIOK TIOXEK B €KOCHCTEMaX Ta MEPEBHINCHHS
cepenaboMicssyHnx 3HadeHb AAI 0.4 Ham TOUYKOIO
cniocrepeskenb. [lofiOHa (uIbTpallisi CyTTEBO 3MEH-
IIye JIOBXHHY PSIIB CIIOCTEPEKEHb y TOYII, IO
MOXKE MaTW HACHIJKU JUIS OTPUMAaHHS CTaTUCTHYHO
HaIWHUX pe3ynbrariB. Tomy, anst yciei Teputopii
VYkpainu 3i0paHo yci BUITJKH, KOJIH CHIOCTepiraiacs
eMicis cyxoi gactku Oiibie 0.005 kr-m?-micsaup™, a
CEepPEeTHOMICSYHHI BMICT CBITJIONOIIMHAIOYHMX ae-
pO30JiB Hax OOJaCHUM IIEHTPOM IEPEBUIIYBaB
AAI>0.4. Taki Bunagxu o0’ €JHAHO y €MHUNA MaCHB
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JAaHUX, STKAA MICTUTH 317 BHIMAIKIB, Ta CyTTEBO 30i-
JIBITYE JTOCTOBIPHICTH OTPUMAHHUX PE3YJIBTaTiB.
BpaxoByioun BHKOPHCTAaHHS CEPEAHBOMICSYHUX
3HaueHb Ta BITHOCHY PiBHOMIPHICTh PO3TallyBaHHS
00JacHUX IIEHTPIB Ha TepuUTOpii YKpaiHu, oTpuMa-
HUH MacWB MICTHTBb y co0l TOBHY BapiaTHBHICTh
MOTOHUX YMOB, MPOCTOPOBE MOKPHUTTS Ta CE30HHI
ocobmuBocTi. Lle mo3Bomsie oTpuMaru y3araibHeHi
3aKOHOMIPHOCTI TSl TEPUTOPii YKpaiHu.

B pesynbrari qociipkeHb 3MiHE METEOPOJIOTi-
YHHUX MapaMeTpiB MPOTIATOM MICSIIB 31 3HAUHUMHU
eMICISIMU TIPOAYKTIB TOPIHHS Ta y HACTYIHHH Mi-
Csllb, BHSIBJICHO BIAT'YK TEMIIEpaTypHHX YMOB Ta
KUTBKOCTI JHIB 13 OMagaMy Ha HASBHICTb MPOAYKTIB
TOpiHHA B arMocdepi Ta MiABHIICHUX 3HaYeHb AAI
(puc. 6). 3aranom, y MicsiIb, KON CIIOCTEPITa€ThCS
MOTYXXHA E€MICisl pEeYOBHHM BHACIIIOK MOXKEXK, TEM-

W [Hi 3 onagamun >0 mm

I.I.I.I.I.

0.9-1.0 1.0-1.1 1112
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W [IHi 3 onagamn >5mm
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KinbKictb AHIB 3 onagamu
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neparypa MOBITPSI XapaKTepU3YEThCs MO3UTUBHIMU
aHomautisiMu (puc. 60). Lle € JoriYHuM MposIBOM 3a-
JISKHOCTI TIOKEIKOHEOE3NECYHNX YMOB BiJI TeMIiepa-
TypH. Ilpote, 36inbIIeHHS emicii cyxoi 4acTku moo-
T3y TOYKH METEOPOJOTIYHUX CHOCTEPEKEeHb O1ITb-
me 0.015 kr-m? -Micsaus™! Ta BMICTY CBITJIONOTJIMHA-
I04UX aepo30iB B arMocdepi Oinbine AAI>0.9 npu-
3BOINTH JI0 3MEHIIEHHS MMO3UTHBHOI aHOMAlii TeM-
neparypu nosiTps. 3a AAI B mexax 0.9-1.2 mo3u-
TUBHA TeMIlepaTypHa aHoMaJisl 3HIKYyeThes 3 0.7°C
mo 0.3-0.4°C, a y Bumagky AAI 6inpmie 1.2 — 1o
0.1°C. To0T0, 3a OXKEK B €KOCHCTEMaX, IO IPH3-
BOJISATH JI0 JIy’KE€ MOTY>KHOI €MiCii peYOBHHHU B aTMO-
chepy, crocTepiraeTbcsi JIOKaIbHE 3HWKEHHS TEM-
MepaTypyu TOBITPS, BHACTIAOK OLIBIIOI KITBKOCTI
aepo3oIto B arMocdepi, 0 3MEHIITy€e HaIXOMKeHHS
psAMOi COHSYHOT pajialii Ha 3eMHY ITOBEPXHIO.
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Puc. 6. Ocepennene 3HaueHHSI KIIBKOCTI JHIB i3 OMajjaMu Ha HACTYITHUN MICSIb MiCTS eMicii MPOAYKTiB TO-
piHHS (2) Ta CepeIHBOMICIYHA aHOMAJIISl TEMIIEPATYPH Y MICSIIb 31 3HAYHOIO eMiciero (0)
3a pi3HuX 3Ha4eHb AAI

Y HacTynHHH Micsllb TicHs eMicii pedoBUHH
BHACITIJIOK TOPiHHS 0iOMacH CIIOCTEPIracThes JIoKa-
JIbHE 3MEHIIeHHS KUTBKOCTI JIHIB i3 omagamu (puc.
6a). 3a AAI Oimprme 1.2 KiNBKIiCTh JHIB 3 ONMagaMu
Oiunbie 0 MM 3MEHIITY€EThCs BABIYI — 3 13-14 aHIB 110
7 nHiB, a KITLKICTE JHIB 3 OITaJaMM OUIbIIE 5 MM — 3
2-3 mHiB 1o 1 gHsM. XMapHICTh, IPU IBOMY, TAKOXK
XapaKTEePU3YEThCS HE3HAYHUM BiJIT'YKOM, 3MEHIIYIO-
gnch B cepenabomy Ha 10-20%. Ilpnumnaa 3meH-
IIeHHS KiJBKOCTI OMaJiB, WMOBIpHO, TOB’s3aHa 3
(hiI3UKO-XIMIYHUMH OCOOJIMBOCTSAMH aepo30JIiB Pi3-
HOTO TOXO/DKEHHs. B minomy, aepo3oni € sipamu
KOHJIGHCAIIil, 0 CHPUAIOTH XMapOyTBOPEHHIO Ta
301IBLICHHIO KinbkocTi omnaniB. Ilporte, xiMiuHMiA
CKJIaJ] aepo30JIiB, 1[0 YTBOPIOIOTHCS B PE3YNbTaTI
ropiHHs 0iOMacu Ta MICTITh BYIVICIb, HE € sIIpaMH
konzaeHcanii. CydyacHUMH JOCIHIDKEHHAMHU Y Pi3HUX
yacTuHax IuiaHeTd [12,24,25] miaTBepIKy€eThCS
MOJKJIMBICTh 3MEHIIEHHS KIJIBKOCTI OIIaJiB BHACIII-
JIOK MOTPAIUISIHHS BEJIMKOI KiBKOCTI MPOAYKTIB TO-
pinHs Oiomacu B atmMocdepy.

Oo6z060pennsa. OtTpuMaHi pe3ylbTaTH JOCIHI-
JOKEHb CBITYaTh MPO HEMOOLIHKY BILTUBY ITOXKEXK Ha

3eMJISIX arpapHoro MpU3HAYeHHS Ha eMiCil0 MPOIyK-
TiB TOPIHHS B arMoc(epy y TOPiBHAHHI 3 JTICOBUMH
NoXeXaMu. Y TOH Yac sIK CHaJIFOBAaHHs CYXOTro Tpa-
BOCTOIO BHKJIMKA€ OOTOBOPEHHS MEPEBAXKHO 3 TOUKU
30py HETaTMBHOTO BIUIMBY HA IPYHTH, BIUIMB Ha
MOLIMPEHHST TIPOJYKTIB TOPiHHS B arMocdepy 3aiu-
LIA€TbCA HENOCTaTHBO NMPEACTaBICHUM. BpaxoByto-
Y aKTHBHY IMO3WIIII0 ypsyIy IOA0 BUPIMIEHHS MPO-
OnemMu BHIIAJIIOBaHHS HA moJsx [26,27], po3mmpeH-
HS MONIOHUX JTOCITI/KEHb 1HITUMH HAyKOBIISIMH II10-
JI0 eMicil pe4OBMHHU BHACIIIOK TOPiHHS Ta MOAAIb-
IIOTO BIUTMBY Ha SIKICTH aTMOC(EPHOTO MOBITPS Mae
MOXIIMBICTh OyTH BHKOPHUCTAHHMH i 4ac Gopmy-
BaHHS TUIAHIB il Ta BiAMOBIJHUX PillICHb.
Pesynbrati  IOCHIPKEHh MO0  MOXKIIHBOTO
BIUTMBY eMIcCii POJYKTiB TOpiHHS Ha 3MiHU arMocC-
¢epHuX npoueciB NOTPeOyIOTh NOAAJBIIONO aHATI3Y
Ta 3aJydyeHHS METOIB XIMIKO-METEOPOJIOTIYHOIO
MozentoBanHss. OTpuMaHi y poOOTi 3aJIeKHOCTI Te-
MIepaTypH IMOBITpsl Ta OMNAajiB MalOTh TEOPETUYHE
HIATPYHTA Ta HE cynepeyarb OCTaHHIM JOCIHiIKEH-
Ham [12,24,25]. Ilpote, aBTOpM BBaXaroTh, IO
NPaKTUYHE BUKOPUCTAHHS OTPHUMAHHX YHCIOBHX

-261-



Cepisi «[eonoezisi. [eozpadbisi. Ekonoeisi», sunyck 53

3aKOHOMIPHOCTCH MOXIIHMBE ITCIS TiATBEPIKCHD
IHTETPOBAaHUM MOJCITIOBAHHSAM 13 3aJTy9ICHHSIM CXEM,
IO BPaXOBYIOTHCS MPsMi Ta HempsiMi e(heKTH aepo-
30I110 PI3HOTO XiIMIYHOTO CKJIaay. Y HaHiid poOoTi K
OTPUMAaHO HEOOXITHWUN EMIIpUYIHHNA MaTepiall IS
MTOPIBHAHHSA 13 pe3yJbTaTaMH iHTETPOBAHOTO XiMIKO-
METEOPOJIOTIYHOTO MOAETIOBAHHS, Ta MOKPAIeHHS
OOUMCITIOBAIEHUX CXEM, [0 BPaXOBYIOTh TOBEIIHKY
aepo3oIIio B arMocdepi.

Ilpuxinyesa npumimka. Y xBitHi 2020 p., He-
3BaKAIOYM HA YMCJICHHI JIICOBI MOXEXKi Ta KibKapa-
30BE€ TIOTIPIICHHS SKOCTI aTMOC(EPHOTO IOBITPS
HaJ pi3HUMH paiioHaMu TepuTopii YkpaiHu, cepen-
HbOMiCsSiuHE 3HaueHHs AAI y skomHifl Touri He Te-
pesummio 0.9. llpomy crpusiii pisHOHAIpaBiIe-
HICTh BITPY IMPOTATOM MICAIS Ta 3MiHAa OCEPEIIKiB
HaWOIIbII AKTHBHUX MOXKEK. TaKHMM YHMHOM, TOMKEKI
kBiTHS 2020 p. HE MiAMANAIOTH i KaTeropil0 THX,
3a SIKUMH MOXKITUBO JIOCHIJIKYBaTH 3aKOHOMIpHOCTI
BIUIMBY Ha aTMocdepy, 3HalJCHUX y JaHili poOoTi.

BucHoBkn. Iloxexi B eKoCHCTeMax IpPU3BO-
I5Th 10 BUropsHHs Onuseko 10-30% teputopii, y
BUMAJIKy TOIIUPEHHs BOTHIO. B cepenqnbomy Ha Te-
puropii  Ykpainu, Omm3pko 90% 3ropinoi uyacTku
MPUIIAAa€ HA 3eMJIL arpapHOro Mpu3HaueHHA. TeH-
JeHIii 10 30iTbIIeHHs 3ropiiol YacTKH XapaKTepHi
JUI 3aXiJHUX Ta IMiBHIYHUX TEPUTOpPIH YKpaiHw.
OCHOBHUMH TIEpiOaMU TOXKEXK € Oepe3eHb — KBi-

TEHb Ta JIMTICHb — BEPECEeHb, 110 i BU3HAYAIOThH EMi-
Cil0 MPOAYKTIB TOpiHHA B arMocdepy. Haiibimbii
eMicii BymIemro Ta Cyxoi 4YacTKH XapakTepHi Uis
nicis Iomices1, mocararoun 2 r-m>-micans ' ta 0.005
Kr-M>-Micanp! BiANOBiAHO, MpoTe HaibinbIIE mMO-
MIFPEHHS] TPOAYKTH TOPIHHA BiIOYBa€ThCcs BHACIII-
JOK TOXEX Ha 3eMJISIX arpapHOro NpU3HAYCHHS.
CBITJIONIOTIIMHAIOYNH  aCpO30JIbHUN 1HIAEKC MOXKe
OyTH BHKOPHCTAaHWH SK IHIUKATOp IMPOAYKTIB TO-
piHHA B arMocdepi 3a YMOBH BHKOPUCTAaHHS 3Ha-
yenb Big 0.2—0.4. Cepen MOXKJIMBHUX HACIiIKIB 3Ha-
YHOI eMicii MPOAYKTiB TOPiHHA B aTMOc]epy € Kopo-
TKOCTPOKOBE JIOKaJbHE 3MCHIICHHS TO3UTHBHUX
aHOMaJlii TemmepaTypyd IMOBITPS Ta 3MEHIICHHS
BIBIYi KUIBKOCTI OMaiB y HACTYITHUN MICSIb ITiCIs
MOXEX B EKOCHCTEMax. Y MOJANBINUX JOCHTIHKEH-
HSX aBTopaMH Oylde BHUKOPHCTAaHO  OHJIAlH-
IHTETpOBaHE XiMiKO-METEOPOJIOTiYHE MOACTIOBAHHSI
BUTIAJIKIB 3 MOXEXKAMH B €KOCHCTEMI Ui BUBUCHHS
NpSIMUX Ta HEMPSAMUX €(EKTiB aepo30i0 B arMoc-
depi.

Hooaku. Jlocniodcennss nposedeHi 6 pamkax
npoexmy Enviro-PEEX on ECMWF': «Pan-Eurasian
EXperiment (PEEX) Modelling Platform research
and development for online coupled integrated me-
teorology-chemistry-aerosols feedbacks and interac-
tions in weather, climate and atmospheric composi-
tion multi-scale modelling» (2018-2020)
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FIRES IN ECOSYSTEMS AND INFLUENCE ON THE ATMOSPHERE

Introduction. Fires in ecosystems, mostly after open burning, affect Ukrainian territory each year caus-
ing flora and fauna damage, soil degradation, pollutants emission, which impact air quality and human
health. Fires influence the atmosphere by adding burned products and its further direct and indirect effects.
Despite majority of fires are open burning, research of forest fire emissions prevail among Ukrainian scien-
tists. Therefore, the study aimed to analyze the influence of all-type fires in Ukrainian ecosystems on sub-
stances fluxes to the atmosphere and possible changes of meteorological processes.

Data and methodology. The study uses GFED4 data and inventories for analyses of forest and agricul-
tural burned fraction, carbon and dry matter emissions for the period of 1997-2016. Additional data includes
absorbed aerosol index derived from OMI (Aura) instrument and ground-based meteorological measure-
ments.

Results. Burning fraction indicates the 10 to 30% of area influencing in case of active fires. More than
90% of fires in Ukrainian ecosystems happened on the agricultural lands. The highest trends of active fires
appear on the western and northern part of Ukraine, whereas burned fraction on the central territories reached
up to 60% decreasing per decade. Most fires happened during two periods: March — April and July — Sep-
tember. The most severe fires occurred in 1999, 2001, 2005, 2007, 2008 and 2012.

Average emissions in Ukraine vary from 0.2 to 1.0 g'm* month™ for carbon and from 0.001 to 0.003
kg'm?-month™ for dry matter. There are three localizations of huge burning products emissions, where max-
imal average values reach 1.8 g-m?*-month™ for carbon and 0.005 kg-m?-month™ for dry matter. The biggest
one occurred in the Polissia forest region. Despite the maximal emission from forest fires, open burning re-
sults the biggest coverage and air quality deteriorating.

Absorbing aerosol index (AAI) could be good indicator of fires in Ukrainian ecosystems and burning
products emissions. Overall, AAI with values more than 0.2 correspond to dry matter emissions of 0.005—
0.01 kg'm?-month™. If AAI exceed 0.4 usual dry matter emissions exceed 0.02 kg'm?-month™'.

The study finds local scale changes of air temperature and days with precipitation due to huge burning
products emissions. In case of monthly average AAI exceed 1.2 during fires events, positive air temperature
anomaly at the ground decrease from 0.7 to 0.1°C. The main reason is absorption of solar radiation in the
atmosphere. During the next month after intensive fires in ecosystems, days with precipitation have twofold
decrease: from 13-14 to 7 days with precipitation more than 0 mm, and from 2-3 to 1 day with precipitation
more than 5 mm. The reason might be changes of cloudiness formation due to elevated concentrations of
carbonaceous aerosols. The results obtained for atmospheric changes is planned to be verified and compared
using online integrated atmospheric modelling.

Keywords: fires, emission, burned fraction, burning products, carbon, dry matter, aerosol index
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SHAPE OF CUMULATIVE LAND USE SYSTEMS' AREA DISTRIBUTION
AS APARAMETER OF ANTHROPOGENIC IMPACT ON LANDSCAPES

B. M. Camoiinenko, B. 1. Ocaouuii, JI. I1. Biwnikina, 1. O. [ioposa. ®OPMA KYMY/IATHBHOI' O PO3IIOALTY ILIOLL
CUCTEM 3EMJ/IEKOPHCTYBAHHA AK IAPAMETP AHTPOIIOI'EHHOI O BITVIUBY HA JIAH/JIITA®TH. Yoockonanennus
IHCmMpyMeHmapito 3Micmoo2o, iHghopmayilino2o ma po3paxyHKo8020 OYIHIOBAHHS BNAUEY HOOCHKOL OiIbHOCMI HA OOBKILIA € HAPA3T
BeIbMU AKMYALHOI NPOOIEMOI0, 36AAHCAIOYU HA HEOOXIOHICMb 30epedceHHs | 6I0H0GIeHHs BIOMUYH020 MA JIAHOWAGMHO20 PI3HO-
mauimms. 3 o2nsidy Ha maxe 6 cmammi OOTPYHIMOBAHO MA CKOHCMPYUO8AHO KIACUDIKAYIUHY CXeMY KYMYIAMUBHO20 POINOOLTY NAOW
cucmem 3eMAeKOPUCIYB8aHHs Ma/abo 1020 HACHIOKIE y aanowiapmax i/abo @izuxo-eeocpa@iuHux makcoHax K AHATMUYHUL iH-
CMPYMEHmapiti MOOeno8an s AHMPONOEHH020 8Nnauy Ha Hux. Cxema 6a3yemvbcs Ha i0ei adeKkeamHocmi munie 3a3Ha4eHo020 po3no-
0iny 3a 11020 opmoro nesuiil kamezopii ma iHMeHCUBHOCMI aHMPONO2EHHO20 BNIUEY HA JaHOwagmu yu makconu. Bracune posnooin
naow cucmem 3emMaeKOpUCMy8anHs MUnizo8aHo 3a 0ianasoHamu napamempa noaiHOMIANLHUX MPEHOI8 KyMYAAM 3A3HAYEHUX NI0W Y
aaunowagmax abo ixwix azpezayisx. 3a makux ymog cxema KyMYJIAMugHo20 po3nooiny niouy onepye 0ecimovma munamu po3snooiry —
8I0 HAO38UYALIHO ONYKI020 00 HAO38UYALIHO YeHYMo20. Li munu il 8i003epKant0ioms pisHull AHMPONO2eHHUL 6NIUE HA MAKCOHU —6i0
€nabKo20 00 HAO36UYALIHO CUTbHO20. Bepudikayiio cxemu Kymynamueno2o po3nooiny niow 3eMieKOpUCHysaIbHux cucmem 30ilicHe-
HO 07151 mecmogo2o mezapeiony — 30 ¢izuxo-zeocpaghiunux obnacmeii i 130 ¢izuro-eeocpaghiunux paiionis n'smu Kpaieé 30H MillaHux
(XBOUHO-WUUPOKONUCTAHUX,) [ WUPOKOTUCIAHUX JTicig i 1icocmeny Yipainu. Byno 3mo0envo6arno il npoananizosano 8ionogioui yugpo-
81 Kapmozpamu AaHMPONO2eHHO20 6NAUBY Ha 3a3HayeHi makcoHu. Bepugbikayis 3aceiouuna anionicms 3anponoHOBAHUX HOBUX MemO-
OUYHUX Ni0X00i6 i iXHi nepesazu HAO MOOETIOBAHHAM AHMPONOLEHHO20 BNAUBY HA AAHOUAGMU 3a OONOMO20I0 CePeOHbOBUBANCEHUX |
IHWUX PO3PAXYHKOBUX IHOEKCI8 anmponizayii ma cxem. Po3pobnenuti MoOoenvHull incmpymenmapiti ma pe3yivmamu tioeo eepugikayii
3aCcMOoco8HI 01 YOOCKOHATIEHHA MeMOOUK, cXeM i NpoeKmia npupoOoOXOPOHHO20 MEHEOHCMEHMY PIGHUHHUX CYXOOLTbHUX TAHOWAG-
mie i iXHix acpezayiil y NOMIPHUX WUPOMAX.

Knrwuosi cnosa: anmponocennuii niug, aanowiapmu, @isuxo-eeoepa@iyHi MaxkcoHu, CUCmeMu 3eMIeKOPUCYB8anHs ma/abo
1020 HACTIOKIB, MOOENIOBANHS.

B. H. Camoiinenko, B. H. Ocaduuit, JI. Il. Bumunuxuna, H. A. /luoposa. ®OPMA KYMYJIATHBHOI O PACIIPE/[EJIE-
HHUA IVTIOLJAJIEH CHCTEM 3EMJIEITO/TIb30BAHHA KAK TAPAMETP AHTPOITOTEHHOTO BJIUAHHA HA JIAH]I-
HIA®DTBI. Ycosepuwencmeosanue UHCMPYMEHMAPUSL COOEPHCAMENbHO20, UHPOPMAYUOHHO20 U PACYEMHO20 OYCHUBAHUSL GIUSHUSL
uenoeeueckoll 0essmeIbHOCIU HA OKPYICAIOuYI0 cpedy AGIAEMCs celivac 6ecbMd aKmyanbHOU npodnemoll, yuumeledas HeooXoou-
MOCHb COXpAHEHUs U B0CCMANOBNEHUs OUOMUYecK020 U aanouagmmuozo pasioobpasus. C yuemom amozo 6 cmamve 000CHOBAHA U
CKOHCIMPYUPOBAHA KIACCUPUKAYUOHHAS CXeMA KYMYIAMUBHO20 pacnpedeieHuss niowaoell cucmem 3emMIenonb308aHUs /U e2o
nocireocmsuil 6 1aHOWAGmMax u/unu PusUKo-2eocpaPuyeckux MmakcoOHax Kax AHAIUMUYecKull UHCMpYMenm MoO0eIupo6anius aHmpo-
nozenno2o eusanus Ha nux. Cxema 6asupyemcs Ha uoee adek6amMHOCMU MUNOE YKA3AHHO20 pacnpedenenus no e2o gopme onpede-
JIEHHOU Kame2opuu U UHMEHCUBHOCIU AHMPONO2EHHO20 GIUAHUA HA AaHOwadmel unu maxconsvl. Cobcmeenno pacnpedenenue nio-
wiaoei cucmem 3eM1€N0Nb306AHUS MUNUSUPOBAHO 3a OUANAZ0HAMU NAPAMEMPa NOTUHOMUATLHLIX MPEHO08 KYMYAAM YKA3AHHbIX
naowaoei 6 1anowiadmax un ux azpezayusax. IIpu maxux ycnosusx cxema KymyiamueHo20 pacnpedenenus naiowaoel onepupyem
0ecsamplo MUNAMU PAcnpeoeienuss — Om 4pe3BbINaliHO BbINYKI020 00 YPe3blualiHO B02HYNO020. DMy MUunvl U OMpadjicaiom pasHoe
aumponocennoe lusHUe Ha MAKCOHbL — OM c1A6020 00 Ype38blHaliHO CUIbHO20. Bepughuxayus cxemuvr Kymynamuenoeo pacnpederne-
HUsL naowaoeti cucmem 3eMaenoab308aHUs. OCyujecmenena 0 mecmogozo mezapeauona — 30 gusuxo-zeozpagpuueckux obracmeii u
130 @usuxo-zeocpaghuueckux parionos namu Kpaes 30Hbl MEUWAHBIX (XBOUHO-UUPOKOTUCIIBEHHBIX) U WUPOKOIUCMEEHHBIX 1eC08 U
necocmenu Ykpaunvl. Bvlau cmooenuposanvl u npoananusuposansl coomsememsyioujue yu@dposvie Kapmozpammol aHMpONno2eHHO20
6NUAHUA HA YKA3AHHble MAKCOHbL. Bepugukayus 3aceudemenscmeosana anuoOHOCHb NPEOLONCEHHbIX HOBbIX MEMOOUUECKUX NOOXO-
008 U UX npeuMyujecmea Had MOOeIUpoBAHUEeM AHMPONOLEHHO20 6IUAHUA HA TAHOWADMbL NPU NOMOWU CPEOHEB3BEUEHHBIX U OpPY-
2UX PACYEMHbIX UHOEKCO8 anmponuzayuu u cxem. Paspabomannsiii MoOenb bl UHCIMPYMEHMApUil U pe3yibmamsl e2o epudurayuul
NpUMEHUMbL 0I5l YCOBEPULEHCIMBOBANUS MEMOOUK, CXeM U NPOEKMO8 NPUPOOOOXPAHHO20 MEHEONCMEHMA PAGHUHHBIX CYXOOONbHbIX
nanowadmos u ux azpe2auuli 8 VMeDeHHbIX WUPOmax.
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Knroueevie cnosa: AHMPONOCEeHHoe 6lIUsHUE, ]laH()mad)mbl, d)usuko-eeozpaqbu%cxue MAKCOHbl, cucmemvl 3emi1enoib3068aHU

u/unu e2o nocieoCcmeutl, MoOeIuposaHue.

Statement of the problem. Current challenges
address global and regional threats to biotic and
landscape diversity and the urgent need for its con-
servation, restoration and reproduction. They make
it necessary to improve the tools for conceptual, in-
formation and calculating assessment of human ac-
tivities impact on the environment. This concerns,
first of all, the analysis of anthropogenic impact on
landscapes and/or their aggregations in the form of
regional landscape structures, such as the actual
physic-geographic taxons. The analysis should be
aimed at managing anthropogenic impact, reducing
mentioned threats and ensuring geoecological-
economic balanced environmental development.
That is why the study of the landscape anthropi-
zation, i.e. the process of landscape transformation
through human activity, and the identification of the
effects of this anthropization on the environment
remains the most pressing problem of geography
and geoecology.

Analysis of recent research and publications.
A classified retrospective analytical review of se-
lected European and national concepts of landscape
anthropization extent identification was carried out
in our recent works [1, 2]. In terms of content and
thematic spatial data, available for implementation,
the most relevant and open to further improving
modification and integration were concepts such as:

1) the European concept of hemeroby, most ful-
ly disclosed in such modern developments as:

— the resumptive publication of Walz U. and
Stein C. [3], implemented in the German land cover
web-service IOER Monitor [4] and the compilation
by Winter S. in [5];

— the resumptive work of Paracchini M.L. and
Capitani C. [6], implemented in the system of Euro-
stat Statistics [7] as all-European approach;

— the regional study of Hungary by Csorba P.
and Szabo S. [8] and Poland by Kiedrzynski M. et
al. [9];

— case studies by Frank S. [10], Wrbka T. et al.
[11], Ridisser J. et al. [12], Mercuri AM. &
Florenzano A. [13] and the generalization by Ellis
E.C. et al. [14] and in the guidelines [15];

2) the national concept of geological-nature-
management analysis, the variant approaches of
which have been considered in a number of recent
publications, in particular:

— the publication of Shyshchenko P.G. and
Gavrylenko O.P. [16, 17], concerning constructive-
geographic approach and the study by Grodzynskyi
M.D. in the scope of landscape ecology [18];

— the monograph of Samoilenko V. and Ivanok
D. [19], developing hydro-environmental approach;

— developments on a somewhat outdated agro-
ecological approach, considered and used, for ex-
ample, in the work of Kovalchuk I. et al. [20].

With such prerequisites, in our works [2, 21-
23], taking into account the developments [3, 4, 6,
71, the conceptual foundations were based and the
procedure was developed for landscape anthropi-
zation extent analysis, interoperable for all-
European and Ukrainian approaches to such analy-
sis. The principal tool of the procedure is the general
interoperable classified scheme of the landscape
and/or physic-geographic taxons' anthropization
extent, depending on the extent of anthropogenic
impact on them, caused by land use and/or land
cover (LULC) systems (the last as systems of land
use effects) (Table 1). Such a measure of impact is
categorically specified through the appropriate hem-
eroby degrees, geoecological positivity / negativity,
and naturalness degrees of these systems. The com-
position of principal LULC systems by categories
and subcategories is also given in Table 1 according
to [2] and taking into account [3, 24].

Commonly accepted parameters for the practi-
cal implementation of Table 1 scheme, as well as
any modifications of the scheme, are, first of all, the
anthropization index (I4y7 **) of landscapes and/or
taxons and the index of geoecological situation (I;s)
in land use in them.

Anthropization index I,y ** is generally cal-
culated in percents as average-weighted by the defi-
nite areas according to the model

IgnT **= Z?=1 Iant,ci * Si s (D

where Iyyrc; — the calculating partial an-
thropization index. It is specific for the definite cal-
culating (i) LULC system of a landscape and/or
model physic-geographic taxon (see systems in the
last column of Table 1). The index Iyyrc; is setin
percents according to operating scale of anthropi-
zation extent. Such scale has to be developed for
LULC systems of a specified test or model
megaregion etc., for example the scale proposed in
[2]; s; — the total part of the calculating LULC sys-
tem's area with I,y ¢ ; . This parameter is applied in
fractions of a unity, provided that the total area of a
landscape or taxon is equal to 1; n — the number of
calculating LULC systems in the selected operating
scale within boundaries of a landscape and/or phys-
ic-geographic taxon.

The so-called index of geosituation or the ge-
osituation index I is also in use. It is calculated by
the proportion

lgs = f (S1-3 /Sa=7) @)
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Table 1

Interoperable classified scheme of the landscape and/or physic-geographic taxons' anthropization extent,

caused by the different level land use and/or land cover (LULC) systems

Extent of anthropogenic impact Categorical
ngfaigzcgar:e for LULC systems: ranges for val-
anthro izat?on Geoecological ues of an- Code and name of principal
P Hemeroby colog Degree of thropization LULC systems ¥
extent category ) positivity / 3 | index I #x
or subcategory degree negativit naturalness ANT
g y (IANT,L(H) *x),%
1.1 — Nature-protection sys-
1 - Very slight . Very geo- tem (natural & biosphere
anthrop)i/zati%n Ahemerobic pozit?ve Natural ©...15.8] reser\Ees etc.); XII.1 E Bare
rock system
1.2 — Nature-protection sys-
tem (national natural & re-
. gional landscape parks etc.);
2th_r fplyliggttigg- Oligohemerobic | Geo-positive Closert; natu- (15.8...28.3] | II-III — Wetland and Forestry
systems; XI1.2-3 — Sand and
Sparsely vegetated systems
etc.
IV — Shrubby-herbaceous
8- Moderate | e oohemerobic | MOUrAY | qominatural | (28.3...39.2] | . atural system: V.1-2 -
anthropization geo-positive Grassland-pasture and hay-
making system
4a — L/c moder- Lic p- L/c moderate- | L/c relatively XII1.2 — Agro-forestry sys-
ate-great an- . ly geo- far from natu- | (39.2...44.8] tem; XI.1 — Dirt (country)
A euhemerobic . .
thropization negative ral roads; 0 — Water bodies
4b — H/c mod- H/c - H/c moderate- | H/c relatively V7.1.1 — Non-forest tilled
erate-great an- euhemerobic ly geo- far from natu- | (44.8...50.4] sliohtly sloping system
thropization negative ral ghtly sloping sy
V.5-6 — Fruit trees and vine-
yard system; V.7.1.2-3 —
5a— L/c great L/c a- L/c geo- L/c far from (50.4...57.1] Non-forest tilled moderately
anthropization euhemerobic negative natural T & middling sloping systems;
VI.1 — Drainage-irrigation
system etc.
5b — H/c great H/c o- H/c geo- Hi/c far from V'7'1'4.t'51_ Non'forelst tllued
anthropization euhemerobic negative natural (57.1...63.7] essentlal. y and greatly slop-
Ing systems
V.7.2 — Forest tilled system; VI
— Hydrotechnical-
6 — Very great . Very geo- Strange to hydromelioration system (ex-
anthropization Polyhemerobic negative natural (63.7...79.3] cept VL.1); VII — Recreational
system; VIIL.1 — Village system
etc.
VIII.2 — City-town system;
IX-X — Industrial-
7 — Excessive . Excessively e construction and Mining
L Metahemerobic . Artificial (79.5...100] systems; XI — Transport-
anthropization geo-negative D
communication system (ex-
cept XI.1)

Y According to [2, 21-23]; Abbreviation: L/c — low-categorical, H/c — high-categorical; ? According to [3, 4] with

our modification; ¥ According to [6, 7] with our modification; 4 According to the operating scale in [2]

where S;_; — the total area of geo-positive
LULC systems in a landscape and/or a physic-
geographic taxon. These include set of proper sys-
tems from very to moderately geo-positive accord-
ing to Table 1; S,_, — the total area of geo-negative

LULC systems in a landscape etc., i.e. set of sys-
tems from low-categorical moderately geo-negative
to excessively geo-negative in Table 1.

Geosituation index values mark this situation in
land use in landscapes or physic-geographic taxons
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according to a special scale developed in [2, 22].
The seven categories of this scale cover geosituation
from excessively favorable (I;s > 4.77) to cata-
strophic (I;5 < 0.13).

In addition, an attempt was made in [8] to con-
struct cumulative curves of areas in Hungary's mi-
croregions by categories of hemeroby. However, the
parameterization of such curves was not implement-
ed and therefore their analysis remained at [8] at a
simple descriptive level (see [2]). Also in [2] it was
proposed to use the classified scheme of taxon area
distribution among dominant LULC systems. The
scheme substantially reflects the composition of the
decreasing row for LULC dominant categories in
the model taxon.

Identification of previously unsolved parts of
the general problem. The analysis of the above
developments on the problem, concerning the pa-
rameterization of anthropogenic impact on land-
scapes, confirms the following. Firstly, the average-
weighted anthropization indexes according to model
(1) are marked by the disadvantages of their applica-
tion, which are characteristic of any mean value
([25, 26]). On the one hand, this is a low informa-
tional content of the mean value for estimating the
variability of random variables distribution under
study. On the other hand, structural heterogeneity of
the LULC system areas' samples through the an-
thropization extent categories in Table 1 has an es-
sential action on the anthropization index value.
That is, if the landscape has a dominant by area par-
ticular LULC system with the anthropization extent
subcategory occupying an average position in the
scheme of the last one in Table 1, i.e. 4a or 4b, the
total estimate of the landscape anthropization by
Ly ** is overvalued. This shift of estimates was
demonstrated by us in [2, 21], when, for example,
anthropization extent, simulated for certain forest-
steppe physic-geographic taxons, was lesser than for
some taxons of mixed forest zone. And this does not
quite correspond to the regional factor conditionality
of the anthropization process. Secondly, the geositu-
ation index by (2), on the one hand, is less "structur-
ally shifted" than the anthropization index by (1).
However, on the other hand, this index I;g is also
imperfect. In particular, in the absence of geo-
positive systems in Table 1 in a certain landscape or
taxon, the geosituation index will be 0, regardless of
the geo-negative systems' composition, which may
differ essentially. Thirdly, the above-mentioned
scheme of taxon area distribution among dominant
LULC systems ([2]) is more content-descriptive
than strictly typological-parametric. This is due to
the fact that the scheme describes the hierarchy of
only the nodes of the corresponding area graphs
among categories in Table 1, and not the specifics of
the exact numerical ratios of such areas.

Thus, the model tools for estimating anthropo-
genic impact on landscapes or physic-geographic
taxons need substantial improvement. Such tools
should, as far as possible, informatively and effec-
tively reflect the contributions to the integral land-
scape / taxon anthropization extent of all, not just
area-dominant LULC systems, as well as the ratio of
all these contributions.

Statement of the paper objective. The paper
objective was to substantiate, develop and verify
new and sufficiently informative analytical tools for
modeling anthropogenic impact on landscapes
and/or physic-geographic taxons. Hence the first
task was to implement in the calculating scheme a
hypothesis about the possibility of using the shape
of cumulative LULC systems' area distribution as a
parameter of anthropogenic impact on landscapes or
taxons. The second task was to verify the created
new calculating scheme for the physic-geographic
taxons of the test megaregion. It was selected as a
megaregion of zones of mixed (coniferous / broad-
leaved) and broad-leaved forests and forest-steppe
of Ukraine according to zoning in [27]. A consider-
able spatial data bases for land use in this
megaregion were organized in [2, 21, 22]. These
data bases are informative enough, because they use
modern open sources of digital spatial data. Such
sources, in addition to [27], include, first of all, digi-
tal land cover maps obtained by the European Space
Agency (ESA, [28]) and the National Geomatics
Center of China (NGCC, [29]) from remote sensing
data of satellite programs. According to [22, 27] the
test megaregion consists of 5 physic-geographic re-
gions called "krai" in Ukrainian, and 25 physic-
geographic areas called "oblast" in Ukrainian,
which are divided into 130 physic-geographic dis-
tricts or "raion" in Ukrainian (see next Fig. 6).

Presentation of methods and principal re-
search material. The experience of our studies ([25,
26, 2]) shows that, given the suggestions in [8], the
resumptive graphic solutions for the analysis of an-
thropogenic impact on landscapes and physic-
geographic taxons can be correctly represented in
the form of certain modified graphs of statistics.
They are, firstly, graphs of categorical cumulation
(or cumulative graphs) of LULC systems' area per-
cents according to calculating for such categories
anthropization indexes in physic-geographic taxons,
namely areas and districts. Hereinafter, these graphs
will be abbreviated as the cumulative graphs of
LULC systems' areas in taxons or corresponding
taxon graphs. They are constructed as points by the
model

V(Si)CAT,j = f (anrc,car, j) . (3)

where v(s;)car,j — the percents of LULC sys-
tems' areas, that are sequentially cumulated through
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anthropization extent categories (see Table 1), and
which are present within a specific physic-
geographic area or district, and are the part of these
categories ranged in the order of the anthropization
extent increasing; Iyyr,c,car,j — the highest "system™
Iant,c,i In the relevant (j) category (see (1)), which
in this case is the calculating upper limit of this cat-
egory.

The latter parameter should be noted as fol-
lows. On the one hand, it is defined only for catego-
ries, that is, without taking into account the subcate-
gories of Table 1. On the other hand, according to
the operating scale of landscape anthropization ex-
tent ([2, 21]) mentioned in the fourth column of Ta-
ble 1, the value Iyyrccar,; are determined by
LULC systems with the highest anthropization ex-
tent within each category. Namely: for category 1,
such system is Bare rock system, the value of
Iynrci for which causes the corresponding value of
Iunt.ccar1 = 12.6%; for category 2 — Mixed forest
system With Iynr c.car2 = 27.7%; for category 3 —
Grassland-pasture and haymaking system with
Lyntccarz = 36.0%; for category 4 — Non-forest
tilled slightly sloping system with Iyyrccara =
46.7%; for category 5 — Non-forest tilled essentially
and greatly sloping system with Iyyrccars =
58.0%; for category 6 — System of geo-negative hy-
dromelioration consequences With Iynrccare =
79.5%; for category 7 — City-town system, including
cities with residents' number more than 1,000 thou-
sands of people, with Iyt c car,7 = 98.7%.

Secondly, it is advisable to approximate the
points of cumulative graphs under the model (3) by
second-order polynomial trends according to the
formula

2
v(S))car,j = Gs,ar(pIsT) (IANT,C,CAT,j) +
bs ar(pistyUant,ccar,j) » 4)

where ag ar(pist) 1 bs ar(pisT) — the parameters
of polynomial trends that are singular for each phys-
ic-geographic area or district.

The set of trends calculated according to the
formulas (4) for the 25 physic-geographic areas and
130 districts of the test megaregion showed the fair-
ly high reliability of all such 155 trends (see the
most typical examples for the districts in Fig. 1-4).
Thus, given the squared indexes of approximation
reliability R? for these trends and according to [25],
the following quality of approximation for the in-
vestigated non-linear relationships was obtained:

1) a good by reliability approximation with R?
> 0.9 — for trends of 14 physic-geographic areas and
60 districts;

2) a satisfactory approximation with 0.7 < R? <

0.9 — for trends of 11 physic-geographic areas and
70 districts.

The aforementioned set of 130 regional trends
in content is sufficiently informative to summarize.
Therefore, as the third step of model solutions, de-
pendences were built for this set (Fig. 5), such as

aspist = f (anT,pisT **) » (5)

where ag p;st — the parameters of the polyno-
mial trends for the physic-geographic districts of the
test megaregion from formula (4); Iyt pist ** — the
average-weighted anthropization indexes of these
districts by model (1), calculated in our works [2,
21].

Dependences (5) were quite satisfactorily ap-
proximated by the logarithmic trend with R? = 0.89
according to the formula (see Fig. 5)

Qs pisT = Cag In(Lant,pist **) — das , (6)

where c, i dgg —the parameters of polynomial
trend, at that ¢, = 10 ag p;er * = 0.05, and d, =
4 ag prst * = 0.21, where ag p;s7 * — the mean val-
ue ags p;st from their set by (5).

It should be noted that the sample of 130 de-
pendencies by (5) in Fig. 5, as well as the trend by
(6), which approximates it, can be considered not
only megaregional, but also valid in general for
plain terrestrial landscapes and physic-geographic
taxons of midlatitudes. This is caused by the consid-
erable extent the mention sample, the variability and
representativeness of its members according to [25,
2] and the normalized nature of the original graphs
(3), taking into account the properties of the quasi-
ergodicity concerning the random functions of natu-
ral geosystems' parameters ([23]).

Under these conditions, the logarithmic trend
(6) was transformed into a model form in order to
calculate with further classification the given ranges
of the parameter ag as a whole. This form looks like

s = Cqgq ln(IANT,L(H) k) — das ) (7)

where Iyyr, 1wy ** — the lower and upper limits
of the ranges for values of landscape anthropization
index according to Table 1.

Further, the just mentioned values Iy, cqy **
were strictly inserted to trend (7). This made it pos-
sible to obtain, firstly, the calculating ranges of the
parameter ag in the trends of the cumulative graphs
of LULC systems' areas in taxons according to (4),
combined with the corresponding anthropization
extent of taxons (by Table 1). Secondly, the regular-
ities, concerning properly the shape of the logarith-
mic trend (7), were additionally used for parameter-
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Fig. 1. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-
geographic districts of the Volynsko-Poliska (at the top) and the Zhytomyrsko-Poliska (at the bottom) physic-
geographic areas at the Poliskyi region (see next Fig.7).

Legend: @ 1 — VERHNIOPRYPYATSKYI (3) ... = 19 — CHERNIAKHIVSKO-KOROSTYSHIVSKYT (6) —
point symbols, ordinal numbers and names ([2]) of districts and categories of anthropogenic impact on them
according to Table 1 (numbers in brackets); cumulative graphs — points by model (3); trends — continuous
lines by formula (4); column to the right — trend formulas for districts, R — squared indexes of approxima-
tion reliability
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Fig. 2. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-
geographic districts of the Kyivsko-Poliska (at the top) and the Chernihivsko-Poliska (at the bottom) physic-
geographic areas at the Poliskyi region (see next Fig.7).

Legend: @ 20 — RUDNIANSKO-VILCHANSKYI (1) ...

¢ 34 - KOZELETSKO-KULYKIVSKYTI (6) -

point symbols, ordinal numbers and names ([2]) of districts and categories of anthropogenic impact on them
according to Table 1 (numbers in brackets); cumulative graphs — points by model (3); trends — continuous
lines by formula (4); column to the right — trend formulas for districts, R’ — squared indexes of approxima-

tion reliability
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Fig. 3. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-

geographic districts of the Novhorod-Siversko-Poliska (at the top) and the Roztotsko-Opilska horbohirna (at

the bottom) physic-geographic areas at the Poliskyi and the Zakhidnoukrainskyi regions (see next Fig.7-8).

Legend: @ 35 — SEREDNIOSOSNIVSKO-REVNENSKYT (2) ... ® 54 - KHODORIVSKO-BUCHATSKY1
(6) — point symbols, ordinal numbers and names ([2]) of districts and categories of anthropogenic impact on
them according to Table 1 (numbers in brackets); cumulative graphs — points by model (3); trends — continu-

ous lines by formula (4); column to the right — trend formulas for districts, R’ — squared indexes of approxi-

mation reliability
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Fig. 4. Cumulative graphs of LULC systems' areas and their approximation by polynomial trends in physic-
geographic districts of the Tsentralnoprydniprovska vysochynna (at the top) and the Pivnichnoprydniprovska tera-
sova nyzovynna (at the bottom) physic-geographic areas at the Podilsko-Prydniprovskyi and the Livoberezhnod-
niprovskyi regions (see next Fig. 9-10)
Legend: @ 91 — ORATIVSKO-MONASTYRYSHCHENSKYT (7) ... ® 109 — ZOLOTONISKO-

CHORNOBAIVSKYTI (6) — point symbols, ordinal numbers and names ([2]) of districts and categories of anthro-

pogenic impact on them according to Table 1 (numbers in brackets); cumulative graphs — points by model (3);

trends — continuous lines by formula (4); column to the right — trend formulas for districts, R? — squared indexes of
approximation reliability
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Fig. 5. Dependences (5) and their approximation by the logarithmic trend (6) in order to calculate
the ranges for the parameter ag in Table 2 (147 ) ** according to Table 1;
R’ — squared index of approximation reliability)

ization, namely, the parameters of the trend shape
transition from the convex through the rectilinear to
the concave. This also made it possible to distin-
guish three levels of the corresponding ranges in the
anthropization extent subcategory 4b, that is, as to
the high-categorical moderate-great anthropization
(see Table 1 and following Table 2). Thirdly, real
domain of the initial districts' polynomial trends was
taken into account. In particular, such consideration
has made it expedient to assign the first and second
categories of physic-geographic taxons' anthropi-
zation extent to the single range during parametric
systematization of the trend shape. These categories'
merging is explained by their essentially small terri-
torial distribution, at that at the level of landscape
aggregation lower than the physic-geographical dis-
tricts (see Fig. 4.2 in [2]). Fourthly, the proposed in
[3, 4] adequacy of taxons' anthropization extent cat-
egories to a certain intensity of anthropogenic im-
pact on them also has been taken into account.

On such background, the final desired analytic
tool was developed, directly considering the possi-
ble by shape types of trend distributions according
to (4). Such a tool became a classified scheme of the
LULC system areas' percent distribution in physic-
geographic taxons. The scheme typifies this distri-
bution over the ranges of the parameter ag in the
polynomial trends of the cumulative graphs accord-

ing to the formula (4). In what follows, in short, the
scheme will be referred to as the classified scheme
or, simply, the scheme of the LULC system areas'
cumulative distribution (Table 2). It simultaneously
determines the category and intensity of anthropo-
genic impact on taxons, corresponding to a definite
distribution, as well as, of course, the extent of tax-
ons' anthropization. The scheme of Table 2 operates
with ten distribution types / impact categories: from
zero type / category, namely excessively convex
distribution with adequate weak anthropogenic im-
pact, to the ninth type / category, i.e. excessively
concave distribution with corresponding excessively
strong impact.

The verification of the classified scheme of Ta-
ble 2 was realized for the test megaregion. Verifica-
tion caused the following model results (initial
physic-geographic spatial data in all next figures
with the digital choropleths are based on [27]).

The spatial data of choropleth in Fig. 6 indicate
that only four types of the LULC system areas' cu-
mulative distribution have been identified in the ver-
ificatory physic-geographic areas. In 60% of these
areas, the type is dominated by a concave distribu-
tion with code 6. This is adequate to the low-
categorical strong anthropogenic impact on the areas
(see Table 2). This type of distribution is peculiar to
most of physic-geographic areas in almost all regions,
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Table 2

Classified scheme of the LULC system areas' cumulative distribution in physic-geographic taxons
and adequate to the distribution categories and intensity of anthropogenic impact on taxons

Code and type of distribu-
tion according to the trend
line shape of LULC sys-
tem areas' cumulative

Ranges for as as pa-
rameter of formula

Category and intensity of anthropo-
genic impact on taxons 2 and the ex-
tent of their anthropization (code in

Color of anthro-
pogenic impact
category at the-

graphs in taxons V (see (4) trends brackets according to Table 1) matic choropleths
(3). (4)
0 — Excessively convex .
distribution <-0,029 0 — Weak impact (1-2)

1 — Very convex distribu- (-0,029...-0,011]

1 — Moderate impact (3)

L

distribution

tion

2 — Convex distribution (-0,011...-0,004] 2-Lc moder(ai;strong Impact
3 — Weakly convex dis- i i 3 — H/c moderate-strong impact of
tribution (-0,004...-0,001) the 1% level (4b-1)

4 — Close to rectilinear 4 — H/c moderate-strong impact of
distribution [-0,001...0,001] the 2 level (4b-2)

5 — Weakly concave dis- 5 — H/c moderate-strong impact of
tribution (0,001...0,003] the 3¢ level (4b-3)

6 — Concave distribution (0,003...0,009] 6 — L/c strong impact (5a)

7 — Essentially concave (0,009...0,015] 7 — Hic strong impact (5b)

8 — Very concave distri-

bution (0,015...0,027]

8 — Very strong impact (6)

9 — Excessively concave

distribution > 0,027

9 — Excessively strong impact (7)

L

Y Based on [2] with our modification; Abbreviation: L/c — low-categorical, H/c — high-categorical; ?

Based on [3, 4] with our modification

with the exception of the Poliskyi region. In the lat-
ter taxon a weakly convex and close to rectilinear
cumulative distributions are simulated parity in two
areas. The distributions correspond to the high-
categorical moderate-strong anthropogenic impact
of the 1%-2" level. In six other physic-geographic
areas, mostly of the Podilsko-Prydniprovskyi re-
gion, as well as the Zakhidnoukrainskyi region, the
cumulative distribution by type is essentially con-
cave. This reflects the already high-categorical
strong anthropogenic impact on these taxons.

The physic-geographic districts of the test
megaregion are not characterized by excessively
convex and excessively concave types of distribu-
tion according to Table 2 (codes 0 and 9). Also in
only one district is simulated a very concave distri-
bution with code 8. All this affirms the absence of
districts with both weak and excessively strong an-
thropogenic impact on them and the limitedness of
very strong such impact. Such a result is logical tak-
ing into consideration the geoecological situation in

land use in the megaregion (see [2, 22]).

In general, among the eight types of cumulative
LULC system areas' distribution (see next Fig. 7-10)
physic-geographic districts of the megaregion are
characterized by such dominant types as:

— concave and essentially concave distribu-
tions. They concern, respectively, 48 or 37% and 40
or 31% of the districts and reflect the low- and high-
categorical strong anthropogenic impact on the tax-
ons;

— convex and weakly convex distributions.
They each are inherent, respectively, to 11 or 8% of
the districts and reflect the low- and high-categorical
moderate-strong anthropogenic impact of the 1%
level on these taxons.

A more detailed analysis of districts' cumula-
tive distribution types within the boundaries of
physic-geographic regions in the test megaregion
and their physic-geographic areas can be summa-
rized as follows.

In the zone of mixed (coniferous / broad-leaved)
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Fig. 6. Digital choropleth of the test megaregion: anthropogenic impact on the physic-geographic areas.
Legend: boundaries of the physic-geographic taxons: == — zones and regions, == — regions, = — areas and
= — districts; I...XXV — codes of the physic-geographic areas (see Fig.7-10); 3...]] - areas' anthropogenic
impact category in Table 2

forests, 39 physic-geographic districts of the
Poliskyi region as a whole (Fig. 7 and Fig. 1-3) are
most characterized by convex and concave cumula-
tive distributions. Each of them is inherent to 21%
of the megaregional districts and, accordingly, af-
firms the low-categorical moderate-strong and
strong anthropogenic impact on these districts. Only
in this region, in the absence of a very concaved
district distribution, a very convex cumulative dis-
tribution (code 1 by Table 2) is logically simulated.
It reflects a moderate anthropogenic impact on four
geoecological-positive districts of the Zhytomyrsko-
Poliska and Kyiv-Poliska physic-geographic areas.
Among these districts, respectively, are the
Klesivsko-Rokytnyansky, the Olevsko-Bilokorovyt-
skyi, the Rudniansko-Vilchansky and the Nyzhni-
oprypyatskyi districts, located in the north of these
areas (see Fig. 1-2 and Fig. 7). Districts of the
Poliskyi region with weakly convex (code 3, 15%)
and weakly concave (code 5, 13%) cumulative dis-
tributions of LULC system areas has quite consider-
able quantity. That is, the former fall under the high-
categorical moderate-strong anthropogenic impact
of the 1% level, and the latter — under the same im-
pact, however of the 3¢ level.

The Zakhidnoukrainskyi region of the broad-
leaved forest zone is characterized by the fact that
33 of its physic-geographic districts are inherent,
firstly, to only 6 of 8 types of megaregional cumula-
tive distributions in the absence of types 1 and 3
(Fig. 8). That is, in this region there are no districts
with moderate and high-categorical moderate-strong
anthropogenic impact of the 1% level. Secondly, only

three districts with convex distribution are distin-
guished by a relatively small anthropization extent
(code 2 in Table 3.5). These are the Smihivsko-
Slavutskyi, the Nemyrivsko-Briukhovytskyi and the
Medzhybizko-Derazhnianskyi districts with low-
categorical moderate-strong anthropogenic impact
on them. Thirdly, the Zakhidnoukrainskyi region is
dominated by districts (45%), which fell under the
high-categorical impact, i.e. with an essentially con-
cave distribution of LULC system areas (code 7 ac-
cording to Table 2). The low-categorical strong im-
pact (code 6, 24% of districts of the region) and the
high-categorical moderate-strong impact of the 3¢
level (code 5, 15%) on the districts are also quite
widespread. These districts are thus characterized by
a concave and weakly concave cumulative distribu-
tion. It is infrequent for districts of the region to
have close to rectilinear (code 4) and very concave
(code 8) the LULC system areas' cumulative distri-
butions relating to one district each.

Turning to the characteristics of the forest-
steppe zone, the following should be noted. The first
region of this zone — the Podilsko-Prydniprovskyi —
is characterized by very low variability of the cumu-
lative distributions of LULC system areas in the 31
physic-geographic districts of the region (Fig. 9).
Three types of cumulative distributions are simulat-
ed here. Among them an essentially concave distri-
bution is dominated (code 7 according to Table 2). It
covers 65% of the regional districts and indicates
the high-categorical strong anthropogenic impact on
them. And only one physic-geographic district of
the region is characterized by relatively more mode-
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POLISKYI REGION

LUTSK o
RIVNE

I Volynsko-Poliska area

II Zhytomyrsko-Poliska area

V Novhorod-Siversko-
Poliska area

IV Chernihivsko-Poliska
area

Fig. 7. Digital choropleth of the anthropogenic impact on the physic-geographic districts of the Poliskyi region.
Legend: boundaries of the physic-geographic taxons: == — region and areas, == — districts; I...V — codes of
the physic-geographic areas; II— districts' anthropogenic impact category in Table 2

VI Volynska vysochynna
area

VIII Roztotsko-Opilska
horbohirna
area

s ZAKHIDNOUKRAINSKYI
REGION

X Seredniopodilska
vysochynna
area

IX Zakhidnopodilska
vysochynna
area

Fig. 8. Digital choropleth of the anthropogenic impact on the physic-geographic districts
of the Zakhidnoukrainskyi region.
Legend: boundaries of the physic-geographic taxons: == — region and areas, == — districts; VI...XI — codes of
the physic-geographic areas; 2. — districts' anthropogenic impact category in Table 2

rate anthropization. This is the Cherkasko-
Chyhyrynskyi district with close to rectilinear dis-
tribution (see Fig. 4), which is adequate to the high-
categorical moderate-strong anthropogenic impact
of the 2" level.

The Livoberezhnodniprovskyi region (Fig. 10)
is characterized by a slightly greater variability of
the cumulative distribution types than in the previ-
ous region. Four such types are simulated here for

17 districts of the region. Among them, a concave
distribution is prevalent, concerning 76% of the dis-
tricts and marking the low-categorical strong an-
thropogenic impact on them (code 6 in Table 2).
The less unfavorable geoecological situation was
simulated in only four other districts of the region.
Among them, the Konotopsko-Putyvlskyi district is
'the leader' with weakly convex type of distribution
and therefore with high-categorical moderate-strong
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Prydniprovska vysochynna
area

XVI Serednobuzka
vysochynna area

XV Prydnistrovsko- ) 4
Skhidnopodilska
vysochynna area

XVIII Pivdennopodilska
vysochynna area
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X1V
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XII Pivnichno-Zakhidna XIII Pivnichno-Skhidna Prydniprovska vysochynna area

XIV Kyivska vysochynna area

b XVII Tsentralnoprydniprovska
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XIX Pivdennoprydniprovska
vysochynna area

PODILSKO-PRYDNIPROVSKYI
REGION

Fig. 9. Digital choropleth of the anthropogenic impact on the physic-geographic districts
of the Podilsko-Prydniprovskyi region.
Legend: boundaries of the physic-geographic taxons: == — region and areas, == — districts; XII...XIX — codes
of the physic-geographic areas; 4...[f — districts' anthropogenic impact category in Table 2

XXI Pivnichnopoltavska
vysochynna area

XX Pivnichnoprydniprovska
terasova nyzovynna area

KY1V,

LIVOBEREZHNO->
DNIPROVSKYI /v &
REGION

CHERKASY @

XXIII Pivdennoprydniprovska ",’35;”5,2’35%’-‘

terasova nyzovynna area

XXIV Sumska skhylovo-
vysochynna area
XIV

SKHIDNOUKRAINSKYI
REGION

XXV Kharkivska skhylovo-
vysochynna area

XXII Skhidnopoltavska
vysochynna area

Fig. 10. Digital choropleth of the anthropogenic impact on the physic-geographic districts of the Livoberezh-
nodniprovskyi and the Skhidnoukrainskyi regions.

Legend: boundaries of the physic-geographic taxons: === — regions, == — areas, == — districts; XX...XV —
codes of the physic-geographic areas; 4 I— districts' anthropogenic impact category in Table 2

impact of the 1% level. The Protsivko-Lipliavskyi
and the Nosivsko-Lynovytskyi physic-geographic
districts are also in this list (see Fig. 4). Anthropo-
genic impact on them is determined as high-
categorical moderate-strong of the 2" level, which
is caused by the close to rectilinear cumulative dis-
tribution (code 4 according to Table 2).

The Skhidnoukrainskyi region of the forest-step-

pe zone (see Fig. 10) is essentially anthropized in
the test megaregion. In ten physic-geographic dis-
tricts of the region there is practically no variability
of the LULC system areas' cumulative distributions.
In 90% of these districts, a concave distribution is
simulated, which is corresponding to the low-
categorical strong anthropogenic impact on the dis-
tricts (code 6 in Table 2). And the Bilokolodiazko-
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Velykoburlutskyi district fell already under a high-
categorical strong impact, which is determined by an
essentially concave cumulative distribution (code 7).

In general, the above results, concerning verifi-
cation of the classified scheme in Table 2 as a model
analysis tool, firstly, confirm the validity of the pro-
posed methodical approaches. Secondly, these re-
sults in content do not contradict the results of the
anthropization extent simulation for the physic-
geographic taxons of the same megaregion, realized
in our works [2, 21, 22] with application of the av-
erage-weighted anthropization indexes according to
the model (1). However, the model results obtained
and presented in Fig. 6-10 are more parametrically
diverse. This is caused by the fact that the tools of
Scheme 2 are more informative and statistically ef-
fective for identification of anthropogenic impact on
landscapes and physic-geographic taxons than the
average-weighted and other calculating anthropi-
zation indexes or schemes for consideration the im-
pact of only dominant LULC systems.

Conclusions. The classified scheme of the land
use and/or land cover (LULC) system areas' cumu-
lative distribution in landscapes and/or physic-
geographic taxons was substantiated and construct-
ed as analytical tool for modeling anthropogenic
impact on landscapes / taxons. The scheme is based
on the concept that the types of the mentioned dis-
tribution in its shape are adequate a certain category
and the intensity of anthropogenic impact on land-
scapes or taxons.

Properly the distribution of LULC system areas
was typified by the ranges for the parameter of pol-

ynomial trends in the cumulative graphs of these
areas in landscapes or their aggregations. Under
these conditions, the scheme of areas' cumulative
distribution operates with ten types of distribution —
from excessively convex to excessively concave.
These types also reflect different anthropogenic im-
pacts on taxons — from weak to excessively strong.

Verification of the scheme calculating LULC
system areas' cumulative distribution was realized
for the test megaregion, including 30 physic-
geographic areas and 130 physic-geographic dis-
tricts of the five regions in the zones of mixed (co-
niferous / broad-leaved) and broad-leaved forests
and forest-steppe of Ukraine. Relevant digital chor-
opleths concerning anthropogenic impact on these
taxons were simulated and analyzed. The verifica-
tion affirmed the validity of the proposed new me-
thodical approaches and their advantages over mod-
eling of anthropogenic impact on landscapes using
average-weighted and other calculating anthropi-
zation indexes and schemes.

The developed model tools and the results of its
verification are applicable for the improvement of
procedures, schemes and projects of environmental
management for plain terrestrial landscapes and
their aggregations in midlatitudes.

Prospects for further research are to realize re-
gionalized model assessments of the conditionality
and peculiarities of anthropogenic impact on physic-
geographic taxons by analyzing the quasi-spectra of
partial anthropization indexes and areas of LULC
systems in the taxons.
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SHAPE OF CUMULATIVE LAND USE SYSTEMS' AREA DISTRIBUTION AS A PARAMETER
OF ANTHROPOGENIC IMPACT ON LANDSCAPES

Statement of the problem and paper objective. Current challenges address global and regional threats
to biotic and landscape diversity and the urgent need for its conservation, restoration and reproduction. They
make it necessary to improve the tools for conceptual, information and calculating assessment of human ac-
tivities impact on the environment. That is why the study of the landscapes anthropization, i.e. the process of
their transformation through human activity, and the identification of the effects of this anthropization on the
environment remains the most pressing problem of geography and geoecology. Given this, the paper objec-
tive was to substantiate, develop and verify new and sufficiently informative analytical tools for modeling
anthropogenic impact of the land use and/or land cover (LULC) system on landscapes and/or physic-
geographic taxons.

Methods and results. The experience shows that the resumptive graphic solutions for the analysis of
anthropogenic impact on landscapes can be correctly represented in the form of certain modified graphs of
statistics. So, the classified scheme of the LULC system areas' cumulative distribution in landscapes and/or
physic-geographic taxons was substantiated and constructed as analytical tool for modeling anthropogenic
impact on landscapes / taxons. The scheme is based on the concept that the types of the mentioned distribu-
tion in its shape are adequate a certain category and the intensity of anthropogenic impact on landscapes or
taxons. Properly the distribution of LULC system areas was typified by the ranges for the parameter of poly-
nomial trends in the cumulative graphs of these areas in landscapes or their aggregations. Under these condi-
tions, the scheme of areas' cumulative distribution operates with ten types of distribution — from excessively
convex to excessively concave. These types also reflect different anthropogenic impacts on taxons — from
weak to excessively strong.

Verification of the scheme calculating LULC system areas' cumulative distribution was realized for the
test megaregion, including 30 physic-geographic areas and 130 physic-geographic districts of the five re-
gions in the zones of mixed (coniferous / broad-leaved) and broad-leaved forests and forest-steppe of
Ukraine. Relevant digital choropleths concerning anthropogenic impact on these taxons were simulated and
analyzed.

Scientific novelty and practical significance. Scientific novelty is determined by the reason that the
developed scheme and obtained model results are more parametrically diverse than in the existing proce-
dures. This is caused by the fact that the proposed tools are more informative and statistically effective for
identification of anthropogenic impact on landscapes and physic-geographic taxons than the average-
weighted and other calculating anthropization indexes or schemes for consideration the impact of only domi-
nant LULC systems. The verification of the developed tools for the test megaregion affirmed the general va-
lidity of the proposed new methodical approaches. The paper results are applicable for the improvement of
procedures, schemes and projects of environmental management for plain terrestrial landscapes and their
aggregations in midlatitudes.
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ITPABUJIA OD®OPMJIEHHSA MATEPIAJIIB,
O INOJAKOTBHCA 1O «BICHUKA XAPKIBCBKOI'O YHIBEPCUTETY»

Ho ,,Bicanka XapkiBcpkoro HamioHanpHOTO yHiBepcureTy iMeHi B.H. Kapazina”, cepis ,,I'eonoris. I'eo-
rpadis. Exonoriss”, mpuiiMatoThCsl HayKoBi cTarTi 0bcarom Oinst 40 Trc. 3HAKIB, MPUCBSIYEHI JOCTIHKEHHIM Y
ramy3sx reoiorii, reoximii, rizporeosorii, reorpadgii, eKOHOMIYHOI Ta comianbHOI reorpadii, exosnorii, a Ta-
KOXX CYMDKHHX IUCIUILTIH. Matepiaidn MOXyTh OyTH IpeNCTaBlIeHI YKPaiHCHKOIO, POCIHCHKOI0 a00 aHTIii-
ChKOI0 MoBaMU. [lepeBara HagaeThCsA aHITIOMOBHHM CTATTSIM. PirieHHA Tpo myOumiKaliito mpuiiMaeTbes peaa-
KLIHHOIO KoJeTi€lo ,,BicHUKa”, MpH 1IbOMY KOXKHA CTaTTs PELEH3YEThCs TBOMA BUCHUMHU — (paxiBUsAMHU y Aa-
HIA TEMAaTHuIl.

Marepianu NOAAOTECS y IPYKOBAHOMY a00 B €IEKTPOHHOMY BUIVISZI Ta HAJCHJIAIOTHCSA HA €JIEKTPOHHY
nomry geoeco-series@karazin.ua. EnexrponHa Bepcis opopmiroerscst y hopmari Microsoft Word, mpudt
Times New Roman, po3mip 14, mixpsaakoBuit inTepsan 1,5, Bci mons mmo 2 oM, Biactyn st ad3airy — 0,75 cm.
Kupuum mpudToM BUAUISIOTHCS MiA3aroNI0BKY y cTarTi. lmocTparii, BKiIouaroun rpadike i cXeMu, MaroTh
OyTH pO3MillleHi 0e3MoCcepeIHhO B TEKCTI, a TAKOXK MoNaHi okpemumu Qaitiamu. CKpisb, JIe MOKIHMBO, JOITi-
TBHIIIE BUKOPHUCTOBYBaTH Tpadiku, a He Tabmuili. OpieHTallisl CTOPIHOK — KHIKKOBA. BUpIBHIOBaHHA CIIij
POOHTH TIO IIUPHHI CTOPIHKH.

3rigao Bumor JJAK Ykpainu opuriHanbsHa cTarTst y paxoBoMy BHIAHHI Ma€ CKJIAAATHCS 3 TAKKX PO3JIiTiB:

1. IlocTanoBKa NMpoGjieMH y 3aralbHOMY BUIIISIII Ta ii 3B 30K i3 BXKJIIMBUMH HAYKOBHUMH UM TIPAKTHY-
HUMH 3aBJaHHIMH.

2. AHaJi3 ocTaHHIX JOCaiIxkeHb i myOJikamii, B SKUX 3alI0YaTKOBAHO PO3B’SI3aHHS MOPYIICHOI MpO-
Onemu, Ha SIKi CIUPAETHCS aBTOP; BHUIIIJICHHS HEBHUPIIICHUX PaHIIlle YaCTHH 3arajbHOI MPOOIEeMH, SIKUM TIPH-
CBSIYY€TBCSI CTATTSI.

3. BuaijieHHsl HeBUPIlIeHUX paHillle YACTHH 3arajJbHOI MPo06JeMH, IKUM IPUCBIIYETHCS CTATTS;

4. ®opMyTIOBaHHS METH CTATTi (TOCTAHOBKA 3aBIAHH).

5. BUKJIa OCHOBHOTO MaTepiajy AOCJTiI:KeHHsI 3 TOBHUM OOTPYHTYBaHHSM OTPUMaHUX HAyKOBHX pe-
3yJIBTATIB.

6. BUCHOBKM 3 TOCII/[)KeHHS 1 IEPCIEKTUBH MOJATBIITNX PO3BIIOK Y IEOMY HAITPSIMI.

st crareit HeoOxinHo Bkazatn YJIK, mogarn Haspy (10 10 cniB), anorariro (He MeHmre Hixk 1800 3HaKiB)
Ta KIII04O0BI cyioBa (8-10) ykpaTlHCHKOIO i pOCIHCHKOI0 MOBaMHU.

Ha oxpemomy apkymri HamaeTbes iHGopMallist Ipo aBTopiB (TIpi3BHILE, iM’ S Ta MMO-0AaTHKOBI, TOBHA Ha3Ba
oprasizaiii, mocajaa, BUYCHUH CTyIiHb 1 3BaHHs, MOIITOBA ajpeca, Tenaedon, e-mail, ORCID) ykpaiHchkoro,
POCIHiCBKOIO ¥ aHITIHChKOI0 MOBaMU. KiJIbKiCTh aBTOPiB HE IOBUHHA MEPEBUIIYBATH 3 (SIK BUKIIOYEHHS — 70
5). Ilepenik nocunaub opopmitoerses 3rigno 3 ACTY I'OCT 7.1:2006. Ho nepeniky 000B’s13K0BO OBUHHA
OyTH BKIIIOUEHA JIiTepaTypa 3a OCTaHHI IT’SITh POKIB, Y TOMY YHCIIi 3aKOP/IOHHA, & caM IepeTiK TIOBUHEH Mic-
TUTH HE MEHIIe HixK 20 MOCHIIaHb.

Takox € HEOOXiTHUM pO3rOpHYTHH pedepar aHDIIHCHKOI MOBOIO, OGOPMIIEHUH 3TiTHO MIXHApPOIHHX
BHMOT JI0 HAyKOBHX BHJaHb. Pedpepar moBuHeH MaTH:

— o0csr ue menire Hix 2500 3HaKIB,

— iHpOpMATUBHICTH (HE MICTUTH 3arajbHUX CIIiB),

— OpUTiHAJIBHICTh (He OyTH KaJIbKOIO POCiiichkoi a00 yKpaiHChKOT aHOTAaIliT),

— 3MICTOBHICTb (BioOpaskaTu TOJIOBHHUHI 3MICT CTATTi Ta pE3yJIbTaTH JOCTIHKEHb ),

— CTPYKTYPOBaHICTh (HasIBHICTH OOOB’SI3KOBUX €JIEMEHTIB: Memd, MemoouKd, pe3yibmamu, HayKoea HOGU-
3HA, NPAKMUYHA 3HAYUMICb, KIIOHUO8I CNI06Q).

[licna pedepary HeoOxigHo HaBecTH References — nepexiaieHU aHITIHCHKOIO CITUCOK BHKOPHCTAHUX
JpKepen, sKuid Mae OyTH odopmuieHui 3rinmHo MikHapogHoro cranaapty APA (American Psychological
Association). [Io CIIUCKIB BUKOPUCTAHOT JIITEpaTypH y CTarTsax HeoOxigHo momasaru DOI mxepen (3a HasB-
HOCTI).

Pyxonucu, He odopMIieHi HASKHUM YMHOM, HE IPUIMAIOThCS A0 MyOmiKarii.

Penakiiis 3anuinae 3a co00r0 MpaBo MPOBOIUTH PEAAKIIIHHY MPABKY PYKOIIUCY.

V pasi nepepoOKH CTATTi aBTOpaMH JaTOI0 HAAXOMKEHHS PYKOIHCY CTaTTi B pelakLilo NpuilMaeThes Aata
il MOBTOPHOTO Ha/ICHIAHHA. 3a BiIMOBH y MyOikauii poOOTH pyKOIIMCH CTaTeil aBTOpaM HE TOBEPTAIOTHCS.

[Ipu migTBepKEHH] MO3UTHBHOTO PIllICHHS HA MYOJIKAIil0 CTaTTi, aBTOp Mac O(OPMHUTH Ta HaJicIaTh
3rojly Ha MyOJiKaLio Ta ONPHIIOIHEHHS IEPCOHATIBHUX JaHUX.
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3pa3ok opopmJIEHHS CTATTI @

VK 551.24.548:242.7:248(477)
Onexciit Baynasosuu bapmawyk,
K. T€OJI. H., JIOICHT, 3aB. BIJUIUTY TA30BHX PECypCiB YKPaiHCHKOTO HAyKOBO-IOCIIITHOTO
IHCTUTYTY IPUPOAHUX Tra3iB, [ iMHa3iiiHa Hao., 20, M. Xapkis, 61010, Ykpaina,
e-mail: alekseybart@gmail.com, http://orcid.org/0000-0001-7831-6134

CUCTEMHA OPTAHI3AIIA JU3'FOHKTUBHOI TEKTOHIKHA KOHCOJIIJIOBAHOI'O
OYHIAMEHTY JHIINTPOBCBKO-JOHELBKOI'O ITAJIEOPUDTY.

Cmamms € 3aKII0YHOI YACTMUHOIW MPUNO2ii, WO BUCEIMIIOE CUCMEMHY OP2AHI3ayil0 PO3NOMHOI MEKMOHIKU KPUCMATIUHO20
gynoamenmy JIninposcoko-l{oneyvroco naneopugpmy ([AAI1). Ilpu pecionanrvHux 2e0mMeKmMOHIMHUX OOCHIONCEHHAX CIMPYKMYDHUX
PUCYHKIB PO3NOMHUX cUCmeM OOKeMOPIlicbKo20 QyHOamMenmy enepuie 8UsA8IeHO aHcamoni cmpykmyp ob emHoi mekmoniynoi meuii,
AKI 3yMOBIeH] 308U208UMU 0eOPMAYIAMU KPUCIATTYHUX 2IPCLKUX NOPIO | 20PUSOHMATIbHUMU NePeMileHHAMU 2e0MACUBIE 8 MeXHCax
yiei pugpmorennoi sHympiwnvonaummuoi ceocmpykmypu Capmamcokoi naumu. ...

Kniouogi cnoga: oepopmayii 2opuzonmansvrio2o 306u2y, CmMpyKmypHuti pucyHoK, Mexamizmu meKmoniuHoi meyii, cmpykmypHo-
KiHeMamu4Huli naparexes.

A.B. Bapmauwiyx. CHCTEMHAA OPTAHH3AIIHA JTH3BIOHKTHBHONW TEKTOHHKH KOHCOJIHTHPOBAHHOI'O
OYH/IAMEHTA /THEITPOBCKO-/IOHEIIKOI'O IIAJIEOPUH®TA. Cmambs s611emcs 3aKI0YUMENbHOU YACMbl0 MPUNLOSUU,
ocgewarowel CUCMEMHYIO OP2AHU3AYUIO DAZIOMHOU MeKMOHUKYU KPUCMAaiiuyeckozo @ynoamenma [uenposcko-lloneykozo na-
neopugpma (AI1). IIpu pecuonanbHbix 2e0MEeKMOHUYECKUX UCCIE008AHUAX CIPYKINYPHBIX PUCYHKOE PAZIOMHBIX CUCeM 00KeMOpull-
CK020 hyHOameHm enepevie 8biAGIEHbl AHCAMONU CIMPYKNTYP MEKMOHUYECKO20 meyeHus, KOmopble 8bl36aHbl COBUL08bIMU Oeopma-
YUAMU KPUCMALTULECKUX 20PHBIX NOPOO U 2OPUSOHIMATLHBIMU NepeMeujeHUsMU 2eOMACCUB08, 8 npedelax Mol pughmo2eHHOU GHym-
punaumot ceocmpykmypuvt Capmamckoi niumal. ...

Kniouesnvle cnosa: degpopmayuu 20pu30HmanibHo20 cosued, CHpYyKNypHbll PUCYHOK, MEXAHUIMbl MEKMOHUYECKO20 meyeHus,
CMPYKMYPHO-KUHEMAMUYECKUL NapazeHes.

Beryn. BeranoBieHo, 1o BHYTpIlIHS KiHEMaTHKa JIITOCHEpH MPOSBISIETHCS Y BEPTUKAIBHUX 1 TOPU30-
HTAJTBHHUX TEPEMIIICHHAX reoMac. BigOuTkamu mepmmux € giamipyd Ta MarMarddfi OCEepelKH PiZHOTO pedo-
BUHHOTO CKJIaay 1 TTMOWHHU NMpOHUKHEHHS. CTPYKTYPHUMH MPOSBAMH TOPU30HTAIBHUX MEPEMillleHb TipCh-
Kux mopif € aedopmaniiini crpykrypu TektoniuHoi Teuii (CTT). Tomy, npu BUBUEHHI TEKTOHIUHOI OyZOBU
TEOCTPYKTYP CIIiJ] BpaXOBYBaTd HMOBIPHICTh KOMOIHOBAaHOTO €(eKTy ABOX TOJIOBHUX CTPYKTYPOYTBOPIOOUIX
(hakTOpiB — MarMaTUYHOTO Ta TEKTOHIYHOTO, SIKUI pealli3yeThbcs 3a MeXaHi3MaMu 00'€éMHOi Tedil TipChKHUX
MopiI. ...

Jlimepamypa
1. Ieuse, A. Texmonuxa u maemamusm [Texem] / A. Ietige. — M. : U30. AH CCCP. Cep. ceon., 1961. — Ne 3. — C.
36-54.
2. Topuzonmanvhvie nepemewjeHus no pasiomam u Hekomopoie memooul ux usyuenus [Texcm] / B. Bypmman, A. Jlyko-

snos, A. Ileuse, C. Pyxcenyes // Paziomel u copuzonmanvhvle 0udicenus semnou kopol. — M. : H30. AH CCCP,
1963. - C. 5-33.
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Oleksii Bartashchuk,
PhD (Geology), Associate Professor, Head of Department of natural gas resources,
Ukrainian Scientific Research Institute of Natural Gases, 20 Gimnaziyna Naberejna, Kharkiv, 61010, Ukraine,
e-mail: alekseybart@gmail.com, http://orcid.org/0000-0001-7831-6134

SYSTEM ORGANIZATION OF DISJUNCTIVE TECTONICS OF
CONSOLIDATED BASEMENT IN DNIPRO-DONETS PALEORIFT

Formulation of the problem. Getting knowledge of the processes and mechanisms of the rocks tecton-
ic flow is important both for geotectonics and for oil and gas geology as horizontal displacements and rota-
tion of geological blocks in creep dislocations form secondary deformation structures. ...

Keywords: horizontal strike-slip deformation, structural pattern, tectonic flow structure, structural kin-
ematic paragenesis.
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