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XPOHIKA

JO IOBUIEIO Liii Muxaiiiopuua ®UKA

26 nucromana BUMNOBHIOEThCs 70 pokiB Ll
Muxaitnosuuy ®@uky — 3HaHOMY (axiBIIO B ramysi
PO3pOOKHK Ta T'e€oJIOTii POJOBHII BYIJICBOJHIB, JOK-
TOpY TEXHIYHHX HayK, akaJieMiky Hadrorazooi aka-
nemii Ykpainu, npodecopy, naypeary [eprkaBHoi
npeMii B rajy3i HayKH i1 TEXHIKH Ta 3aBigyBady Kade-
Jpy MiHepaJorii, merporpadii Ta KOpCUHUX KOMATUH
HAIIIOTO YHIBEPCHUTETY.

Inns Muxaiinosuu ®@ux Hapomuscs y M. Kise-
pui, o Ha BonwHi, y cimM’1 poGiTHukiB. Ille HaByaro-
4rch y Ko s MuxainoBud MpisiB CTaTH reojo-
r'OM, 3aXOIUIIOBABCS TYPU3MOM, OpaB y4yacTb y TypH-
CTHYHMX 3MaraHHsx Ta 37100yB | cnopTuBHUH po3psia
3 Typu3My. ToMy Micjsi 3aKiH4eHHs mKoyid y 1966
POLi BCTYITUB Ha T'€0JIOrOPO3BiAyBaNIbHUH (aKyIbTeT
IBano-®pankiBcbkoi ¢inii JIEBIBCHKOTO MOJITEXHIY-
HOTO 1HCTUTYTY. Y 1971 p. 3aKiHYMB 3 BiJI3HAKOIO Ha
To# yac Bxke IBaHO-DpaHKiBChKHIA IHCTUTYT HATH Ta
rasy 3a CIeliaJbHICTIO «re0(i3u4HI METOAN MTOLTYKiB
Ta PO3BIIKH POJIOBUIL KOPUCHUX KOTIAIMHY.

IIpodeciiine 3pocranus Dai  MuxaiinoBuya
NoB’si3aHe 3 YKpPaiHCHKUM HAyKOBO-AOCIHIJHUM iH-
CTUTYTOM NPUPOTHUX ra3iB. [IpuiimoBmm B uei tpy-
JIOBHIA KOJIGKTUB MOJIOJIUM CIICI[IaliCTOM, BiH IPO¥i-
LIOB IIUISIX BijA iH)KEHepa 10 JUPEKTOpa iHCTUTYTY
YxkpH/lIra3. ¥ 1981 pori 3axuCTHB KaHIUAATCHKY
JCepTaIliio Ta OTPUMAaB HAYKOBUH CTYIIHb KaHJH-

JaTa reojioro-minepanoriuaux Hayk. 3 2000 p. — no-
KTOp TEXHIYHMX HayK 3a CHELialbHICTIO «pO3poOKa
HaTOBUX Ta Ta30BUX POJOBHUII», 3aXHUCTUB JOKTOP-
ChKY JIUCEPTAIIiI0 32 aKTyaJIbHOI HayKOBOO MPo0Iie-
MO10 «I'€0JI0ro-TEXHOJIOTNYHI OCHOBU IIIIABHUIIEHHS
BYIJIEBOIHEBIIIYYCHHS 3 T'a30KOHICHCATHHUX POIO-
BHIIIY.

VY 2007 poui @uk 1. M. OyB npu3HaueHuii Aupe-
KTOPOM HOBOCTBOPEHOT'O IHCTUTYTY TPAHCHOPTY razy
K «YxpTpancrasy, sskuM kepysas 10 2009 p.

3HaxXO0/IUB Yac JAUTUTHUCS JOCBIJOM Ta OpaTH yu-
acTp y miaroroBui MaiOyTHiX reosoriB. 3 1995 p.
paLoBas npogdecopoM Kadeapu reoorii Xapkich-
KOI'0 HallloHaIBHOT0 yHiBepcuTeTy imeHi B.H. Kapa-
3iHa, a 3 2006 p. —3aBigyBauem Kadenpu MiHepaorii,
netporpadii Ta KOPUCHUX KOMAJIMH LOTO X YHiBep-
CUTETY, CYMIII[yIOUH BHKJIaJIal[bKy POOOTY 3 pO3B’si-
3aHHSIM BUPOOHUYHX 3aBJIaHb.

[Ticns Buxomy Ha meHcito y 2009 p. nepeiiior
Ha mocany mnpodecopa 10 HamioHanibHOTrO TeXHIY-
Horo yHiBepcutety «XI1I», ne y 2010 p. cTBopuB Ta
o4yonuB HOBY Kadenpy «BumoOysanHs HadTH, rasy
Ta KOHJICHCATY TI0 ITiITOTOBIII CHEIiaIICTIB 3 PO3pO-
OKku HaTOra30BUX POJIOBHILL.

Inns MuxaitnoBud Mae 3BaHHS CTapLIOTO HAYKO-
BOTO CHIBpOOiITHHKA 3a cremianbHicTIO «CBepaio-
BHUHHA p03po0Ka Ha)TOTa30BUX POJIOBHUII» Ta 3BAHHS
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npodecopa kadenpu «BumoOyBaHHs HapTH, ra3y Ta
KOHJZIEHCATY».

HaykoBi ta BupoOHunui gocsrHenns 1. M. @uka
CTOCYIOTBCSI IMiJIPaxXyHKY 3aIlaciB ra3y; po3poOKH re-
Tpodi3uIHOT MOMETI 3aTUIIKOBOI Ta30HACHYCHOCTI
mIacTy; BUOOPY CHUCTEM PO3POOKH Ta30KOHIEHCAT-
HUX POAOBHII YKpaiHH; PO3POOKH HOBHX CHCTEM
MiABUIIEHHS BUIyY€HHs BYIJICBOIHIB 3 IUIACTa, CTY-
MmiHYaToro caiikmar-npouecy tomo. [. M. ®duk — ke-
PIBHUK Ta CHiBaBTOp 0aratboX MPOEKTIB PO3pOOKH
ra3oBUX 1 Ta30KOHJICHCATHUX POAOBUIL YKpaiHH, Yy
tomy umcii HoBorpoinbkoro, Korenescrkoro, Trumo-
¢iiBcproro, KymnunxiHCBKOro, 3ampoeKTOBaHHX B
PEXUMI CalKITIHT-TIPOLIECY; KEPIBHUK Ta aBTOp Mpoe-
KTiB pO3pOOKH POIOBHII 3 BKKO BHIOOYBHIMH 3a-
racamu, 30KpeMa IIPOeKTiB 1o 30UTBIICHHIO BHI00Y-
TKy ra3y i konneHcarty i3 llleGennncrkoi Ta Xpectu-
meHCebKoi rpynu ponoBunl. Y 2011-2018 p.p. dux
It MuxaitioBud 3a CyMiCHUIITBOM OYOJIOBaB Hay-
koBi poootu B TOB «Kapnaturasy, npaiordn Ha
301IBLICHHSM BJIACHOTO BUAOOYTKY ra3y Ta KOHJ/CH-
caTy 3 pONOBHIN YKpaiHH. Y HAyYKOBOMY IOPOOKY
BYeHOro Oinbiie 400 HayKOBUX Mpallb, 30KpeMa TpH
MoHorpadii, Oinbie 350 crarei, Ot 50 aBTOPCHKUX
CBiZOLTB.

s MuxaitnoBud Bene akTHBHY I€IaroTidHy
Ta opraHizamiiny misueHICTh. 3 2014 p. 3a Horo iHi-
LIaTUBU PO3MOYATO MiArOTOBKY HA()TOTa30BUX I'E0-
JIOTiB-MaricTpiB y XapKiBCbKOMY HaIllOHATBHOMY
yHiBepcuteTi imeHi B. H. Kapasina, Bigkpuro acmipa-
HTYpY Ta pO3M0YaTo MiIrOTOBKY JOKTOPiB (imocodii
3 reoJiorii HadTH i ra3y. I. M. ®uk € criiBaBTOpOM Ta
peAaKTOpOM MiApyYHUKIB Ta aBTopoMm Oinst 30 Ha-
BYAITbHO-METOJJMYHKX Ta JIOBIJIKOBUX BUJIaHb 3 I'e0-
yorii HaTH 1 Ta3y Ta HadTOTra30MPOMHUCIIOBOI CIIpa-
BU. € wieHOM peakoderii 4 gaxoBux Ta ramy3eBHX
BUJIaHb B YKpaiHi, y TOMY YHCIi (axOoBOTO BUIAHHS
«Bicauk XHY imeni B. H. Kapasina, cepist «I'eoso-
risi-I'eorpadis-Exomoris»», SKuit BXOAUTH Y MiXKHa-

pOIHI HayKOMeTpwu4Hi 6a3u, y Tomy uuciai Web of
Sciences.

[. M. ®uKk akTMBHO 3aliMa€TbCS TPOMAACHKOIO
JisutbHICTIO AK wieH Enepretnunoi xomicii Xapkis-
ChKOI 00sracHOi paau, a TakoX WwieH cekilii HaykoBoi
panu MiHicTepcTBa OCBITH 1 HAYKH Y KpaiHu 3a axo-
BUM HampsMoM «TexHomnorii BUAOOYTKYy Ta mepepo-
OKHM KOPHUCHHUX KOIAJIUHY.

3acmyxeHui mpaniBHUK YKpra3mpomy (1998p.).
Haropomkenuit rpamororo MiHnanuBeHepro, mpe-
Mi€ro Ykpaincekoi HadrorazoBoi akamemii (1999,
2002 p.p.), HdepxaBHOIO Tpemieto YKpaiHnu B rairysi
Hayku 1 TexHiku (2006 p.). 3a BaroMmuii BHECOK Y ITiJI-
TOTOBKY BHCOKOKBaJlipikoBaHMX (haxiBLiB A Had-
TorazoBoi ramysi Ykpainu [. M. ®uk HaropomkeHni
I'pamororo JlemapramMeHTy HAyKH 1 OCBITH XapKiBCh-
K01 00JIacHOT AepKaBHOI aaMiHicTpamnii Ta Menammto
imeni B. H. Kapagina.

I. M. ®uxk pa3zom 3 npyxkunoro Jlapucoro bopu-
CIBHOIO, TIEIarOroM 3a (paxom, BUXOBAJIM JIBOX CHHIB:
crapunii — OJeKcaHIp, KaHAUIaT TEXHIYHUX HAYK,
MOJKOBHHUK; MOJOMINNHN — Muxaino, KaHauaaT TeX-
HIYHMX HayK, MpaIfo€ B Tally3i po3poOKH POOBHIILL
HaTH i rasy.

[upo Bitaemo Lo Muxaiinosuda 3 1oBieem!
Bu Bigomi cepen ¢axiBmiB HaQTOra3oBoi rairysi He
TiNBKH YKpaiHW, a W 1HIINUX KpaiH, SK TalaHOBUTHM
opraHizaTop, BHCOKOKBali)iKOBaHMI HayKOBEUb 3
BEIMYE3HUM JOCBIIOM TMPAaKTHYHOI TisUTPHOCTI. 3a-
BJSIKM BUCOKOMY TpodecioHarnizMy, Oe3MexHil Bif-
JTAHOCTI CTpaBi, ONTUMI3MY Ta HAIMOJIETIMBOCTI y J0-
CSTHEHHI TIOCTaBJICHUX IIiJIeH, JOOpO3ULITUBOMY CTa-
BJIEHHIO, Bu 3100ynu nmoBary Ta miaHy cepej KoJier
ta cryaeHrtiB. CrojaiBaeMoch, 1o Bami mocsiz,
3HaHHS Ta BUBAXXEHICTh OyAyTb NMPHUKIIAJOM ISl MO-
JIOJTOTO TIOKOJIHHS 1Iie 06araTto pokis.

[MpuiimiTe Hami HaWmMpimi moOakKaHHS Mill-
HOT'O 3/I0pOB’sl, HEBUYEPITHOI €HEpril Ta HACHAru y
Bcix Bammx moOpux cnpaBax!

Konexmue ¢axynomemy eeonoezii, ceocpaii, pexpeayii i mypusmy
Xapxiscvrozo nayionaneHoeo yHigepcumemy imeni B.H. Kapa3zina

ma
pedaxyiiina Koae2is « Bichuky»
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TOPU30OHTAJILHI HEPEMIIIEHHSI TEOMACHBIB Y KOHTUHEHTAJIbHUX PUGTOTEHHUX
TEOCTPYKTYPAX (HA IIPUKJIA L THITPOBCHKO-JOHEIIBKOIO IIAJIEOPH®TA).
YACTHHA 1. CTPYKTYPHI ITIPOSIBU TEKTOHIYHOI TEUIi Y ®YHJIAMEHTI

Ha insepcitinux emanax esonoyii KOHMUHEHMATbHUX 2e0CMPYKMYP KOHCONIO08AHT NOPOOU YOKOTIIO HAGYSAIoMb 3HAYHOL GHYN-
Pinbol 00'€eMHOT MEKMOHIUHOL PYXOMOCI 34 PAXYHOK CMPYKMYPHO-DEHOBUHHUX NepemaeopeHs | Oeghopmayiti meKkmoHiuHoi meuyii.
Mexanizmu ma macuimabu cmpykmypHux nepedy0o08 3aiexcams 8i0 0codausocmetl ix nepeuHHol meKmoHiuHoi 6y006u [ 2e00UHAMIKU,
Xapaxmepy iH8epcill noni6 MeKMOHIYHUX Hanpye, peoao2ii ma iHmeHcugHocmi cmpec-uemamopghiunux depopmayiil 2ipcoKux nopio.
Bmopunni oucnokayii 8axciuso 6paxogysamu npu 2e0meKmoHIUHUX O0CTIOHCEHHAX OPeBHIX 6HYMPIUHbO-NIUMHUX epabeH-pughmis,
00 AKux Haxexcums /[Hinposcoko-Loneyvkull nareopugpm. Paniwe, npu usuenHi cucmemnoi opeanizayii 1020 Ou3 toHKMUEHoi mex-
TOHIKU, HA NIOCMABI 2e0MEeMPULHO20, KIHEMAMUYHO20 | 2eHEMUYHO20 AHANIZY CIMPYKMYPHUX PUCYHKIB PO3I0OMIS, 6)10 NOKA3AHO, U0
pugmosy poznomHo-610ko8y 6y008y 00KeMOPIlicbKo20 yHOAMEeHmMY YCKIAOHIOIOMb PI3HOGIK08I OUCIOKAayii iH8epCIliHUX emanie ego-
Jaroyil. BoHu po3ensioaromocst pe3yibmamom nposiey Mexanizmy Kpuxko-6'sasxoi oepopmayii 06’ emnoi mexmoniunoi meuii (peionoi oe-
Gopmayii) maemamuynux i memamop@iunux 2ipcokux nopio. QopmyeanHs CmpyKmyp meKmoHiuHoi meuii 6i00y8acmvcsi y nepemin-
HOMY 2e00UHAMIYHOMY NOJIL HANpye 3 NePeaNCaAHHAM MAHZEHYIANbHOT CKIA0080I 3a CXEMOK NPOSPeCUHOL cmpec-mMemamop@piuHoi
deghopmayii.

Cmamms € nepuioro i3 mpunoeii, wo npooosx’Cye OOCTIONCEHHA 3 OUHAMIYHOT 2e0MeKMOHIKU NAeopudmy, 8UCEIMIIOYU KiHe-
MAMUYHI MeXauizmu i 2e0102TUHI HACTIOKU 20PU30HMATLHUX NEPEMIUeHb 2e0MAC KOHCOIO08AHUX 2iPCbKUX NOPIO pyHOamenmy i oca-
006020 yoxaa. Busueno mopgonozo-eenemuuni munu, mexKmoHiuHy NO3UYIIO i KIHEMAMUYUHT MEXAHI3MU POPMYBAHHA BMOPUHHUX Oe-
Gopmayitinux cmpykmyp mekmoniyHoi meuii cyOpecioHanbHO20 i 30HANLHO20 MACUMAa0ie, po3MIPOM 8i0 decAmKie 00 COmeHb Kilo-
Mempie, AKi YCKIAOHI0I0Mb 1020 PUGMOeHHUTi PO3NOMHO-0I0K08UI peabed. AHanizoeano ix 8i000padcents 8 10KANbHUX AHOMANIAX
MAZHIMHO20 [ 2pasimayiiiHo20 2e0pi3uuHUX NOI6, a MAKOIC Y GEPMUKANLHUX AMIIIMYOaX HOGIMHIX (2010YeHO8UX) MEKMOHIYHUX
pyxie. [lokazano ix cucmemmy, cmpyKkmypoymeopiowoyy / mpanc@opmyiouy poib Ha KOLIZIUHOMY emani egoioyii KOHMUHEHMAanbHol
3eMHOI KOpU.

Knrwuoei cnosa: peiona oegpopmayis, cmpykmypu meKmoHiuHoi meuii, 20pu30HmManvHi nepemiujeHts 2e0Macusie, Kinemamuxa,
CMPYKMYypHi napazexesu.

A. B. Bapmawyk, B. I. Cyapko. TOPU30OHTA/IbHBIE IEPEMEIIEHUA TEOMACHBOB B KOHTHHEHTA/TbHBIX
PUDTOIEHHBIX T'EOCTPYKTYPAX (HA IIPUMEPE /IHEIIPOBCKO-AOHEIIKOIO IIAJIEOPU®TA). YACTH 1.
CTPYKTYPHBIE IIPOABJIEHUA TEKTOHHYECKOI'O TEYEHHA B ® YH/IAMEHTE. Ha uneepcuonubix 5manax 26010yuu
KOHMUHEHMANbHBIX 2e0CMPYKMYP NOPOObl YOKOIS NPUOOPEMAIOn 3HAYUMENLHYIO 6HYMPEHHION 0ObEMHYI0 MEKMOHUYECKYIO No-
OBUICHOCMb 34 CUem CIMPYKIYPHO-6eleCMEeHHbIX Npeodpa3osanuil u depopmayuii meKmoHu4eckoo meyenus. Mexanusmol u mac-
wimabsl CMpyKmMypHbIX Repecmpoex 3asUcsim om 0Co6eHHOCmel UX NePEULHO20 MEKMOHUYECKO20 CIPOeHUsl U 2e00UHAMUKY, XAPAK-
mepa uneepcuil nonell MmeKMoHUYeCKUX Hanpadcenull, peoo2u t UHMeHCUBHOCMU CIpecc-Memamop@uyeckux oegpopmayuti 20pHbIX
nopoo. Bmopuunvie oucnoxayuu 8adlcHo yuumul8ams npu 2e0MeKMOHUYECKUX UCCIe008AHUAX OPEGHUX GHYMPUNIUMHBIX 2pabeH-pudg-
mos, K Komopwim omuocumcs Jnenposcko-oneyxuti naneopugpm. Panee, npu uzyvyenuu cucmemHoll opeanuzayuu e2o OU3bIOHKmus-
HOU MEeKMOHUKY, HA OCHOBAHUU 2e0MEMPULECKO20, KUHEMATNUYECKO20 U 2EHEMUYECK020 aHAIU3A CMPYKMYPHBIX PUCYHKOS PA3IOMOS,
ObLI0 NOKA3AHO, YMO PUPMOE0e PAZIOMHO-OI0K080€E CHIPOEHUEe OOKEMOPUIICKO20 QYHOAMEHMA OCTONCHAION PASHOBO3PACHbLE OUC-
JOKAYUuU UHBEPCUOHHBIX DMAN08 d6omoyuu. OHU pacCMAmMpUBaIomcs Kaxk pe3yibmam npoasienus MexaHusma Xpynko-6s3koti oegop-
Mayuu 06beMHO20 MEKMOHUYECK020 MmeyeHust (DeudHol dehopmayuu) Mazmamuyeckux u Memamop@huueckux 2opHuix nopoo. Pop-
MUPOBAHUE CIMPYKMYP MEKMOHUUECKO20 MedeHUs NPOUCXO0UNM 6 NepeMeHHOM 2e00UHAMUYECKOM Nojle HanpsdiceHull ¢ npeobrada-
HUeM MmaHeeHyuaibHol cocmasnaujeli o cxeme NPOSPECCUBHOU cmpecc-memamop@uyeckoll Oegopmayuil.

Cmamos a613emcs nepeoil U3 mpuio2uu, KOmopas npoooadicaem uUccie0o8aHus OUHAMUYECKOU 2e0MeKmoHuKY naieopugma,
oceewjas KUHeMamuiecKue MexaHu3mol U 2e0102U4ecKie nocae0Cmaus 20pU30HMANbLHLIX NepemMeuyeHUll 2e0Macc KOHCOTUOUPOBAHHBIX
20PHBIX NOPOO hyHOAMeHmMA U 0Cad04HO0 Hexaa. M3yuenvl Mmopgnozo-cenemuuieckue munsl, MeKmMOHUYeCKas NO3UYUs U KuHemMamu-
yeckue MexaHu3mMvl POPMUPOBAHUL BMOPUYHBIX 0ePOPMAYUOHHBIX CIMPYKMYP MEKMOHUYECKO20 MeyeHUs CYOpecUOHATbHO20 U 30-
HANbHO20 MACWUMAb08, pasmepom om OecAmKo8 00 COmeH KUI0MemMpos, KOMopble OCIONCHAION €20 PUPMOLEHHBIIUPA3TIOMHO-0N0KO0-
b1l penvedh. IIpoananuzuposano ux ompaxjcenue 6 10KaIbHbIX AHOMATUAX MASHUIMHO20 U 2DASUMAYUOHHO20 2e0PUUYECKUX NOTel, a
Makoice 8 6EPMUKAILHBIX AMIIUMYOAX HOBEUUUX (2010YEHOBbIX) MEeKMOHUYeCKUX 0gudicenuti. ITIokazano ux cucmemmyio, cmpykmy-
poobpasyiouyio / mpanc@hopmupyowyio poib Ha KOJIUSUOHHOM IMAane 3801104 ul KOHMUHEHMATbHOU 3eMHOU KODb.

Knrouesvie cnosa: peuonas oepopmayus, cmpykmypvl meKmoHU4ecKo20 medeHus, 20pu30HmanbHble nepemewenus 2eomacu-
606, KUHEMAMUKd, CMPYKMYPHbLE NAPASEHe3bL.

© bapmawyx O. B., Cyapko B. I'., 2018 https://doi.org/10.26565/2410-7360-2018-49-01
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BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

Beryn. [ninpoBcbko-/loHEbKHM mameopudT
(II1) € xpymHOIO PETiIOHATBLHOIO T€OCTPYKTYPOIO
CapMaTChbKOi IUIMTH, PO3TAlIOBAHOIO Yy MiBJIEHHO-
cxignii yactuni CxigHo- €BpomneichbKoi miatdopmu,
sIKa TPHUBAJHUI TEONOTiYHMA dYac (opmyBamach Ha
(hoH1 KOHTPACTHUX T€OTMHAMIYHAX OOCTAaHOBOK Yy KO-
HTUHCHTAJIBHIN 3eMHil KOpi, IO 3MIHIOBAJIKUCH, 0XO-
IUTIOIOYM HACTYMHI TOCTIIOBHI €Tamu CTPYKTYPHOI
eBoItoNii Kopu: 1- mManmeornpoTepo30iCchKy KOIi3iro
nitochepuux mwut ®enHockannii i Capmarii i3 3ara-
JLHUM CTHCKAaHHSM Ta 00'€ THAaHHAM B €AMHUI reoMa-
CHB TICPBICHMX MeETa0ioKiB YKpaiHCHKOTO IITUTa
(VIL) i Boponesbkoi antexiizu (BA); 2- enikoHTH-
HEHTaJIbHUH pUTOreHe3 Ha MPOTsI31 HEOMPOTEPO30I0
(panHiii pudei)- manzeo3or (Mi3HIN HTeBOH-PaHHIN
KapOOH), IO BiI0OYBaBCs B PEXXHMMi pO3CyBaHHS 13 Ha-
CTYIHHUM po3irpiBoM "xonogHoi" mitochepu Capmat-
CHKOI TTNTH MaHTIHHUMH TDTFOMaMU 1 popMyBaHHSIM
rpabeH- puQTOBOI CTPYKTYpH HaJl HOBOCTBOPEHUM
"MaHTIHHUM BIKHOM" y KOHTHHEHTaJbHIH 3eMHIl
KODi; 3- BHYTPIIIHBO-TUIATHOPMHHHN Mi3HBO-TEPIMH-
CbKUI TeKTOreHe3 3 HOpMyBaHHIM y KOHTHHEHTAJIb-
HOMY 0CaJIOBOMY OaceiiHi JIHIHHMX CKJIaA4acTHX 30H
Ha TJIi KOMIIEHCOBAaHOTO CHHEKJII3HOT'O MPOTHHAHHS;
4- Me30-KalfHO30MChKY aKTHUBi3amil0 Ha (oHi 3ara-
JIBHO-TUIUTHOTO KOJII3iHHOIO CTHUCKAaHHS BHACTIIOK
MEpUAIOHATIBHOTO TepeMilieHHsT AQpPUKAaHCHKOI 1
ApaBilicbKol ILIUT, 110 CYIPOBOJKYBaJIOCh Aedop-
MAaLifHUM CTPYKTYPOYTBOPEHHSM Y MEPEBAXKHO 3CY-
BHOMY I0JIi reoguHamiunux Hanpyr [1,2,3]. Takum
YHHOM, Y TeKTOHIUHiH eBomolii reoctpykTypu JAI1
NOCHIO06HO MANU NPOSIE MPU KOHMPACMHI 2e00UHA-
MIUHI pedCUMU HANPYICEHO-0ePOPMOBAHO20 CIAHY
Koumunenmanwbhol zemnoi kopu [4].

OueBUIHO, IO 31 3MiHAMH I'€OJUHAMIYHHUX 00-
CTaHOBOK KOKEH 13 iHBEPCIHUX €TaIliB eBOJIOIIii Te-
octpykrypu JJIIT cynpoBokyBaBcs TpaHCHOpMY-
BaHHIM TEPBUHHOI pU(TOBOI OYZ0BH 3 YTBOPEHHIM
HOBHX IUIaHIB TEKTOHIYHUX Aedopmaliid, TOMy Cy-
YacHa reoCTPyKTypa HaieopuTy BMIIIYE CyMY YCiX
PI3HOBIKOBHX CTPYKTYPHHUX YCKJIaJHEHb PerioHallb-
HOTO CTPYKTYPHOIO IUIaHy. TakuM YHHOM, AOCIIi-
JOKEHHSI CTPYKTYPHUX TIPOSIBIB €TalliB BHYTPIIIHBO-
TUTMTHOT aKTWBI3aIlil 1 3arajibHO-TUIMTHOT KOMi3il y
JJIIT akTyanpHOIO TEOPETUYHOIO MPOOIEMOO PEeTio-
HaJIBHOI T€OTEKTOHIKU 1 TEOJMHAMIKU 1 TPEIMETOM
BUBYCHHS Y TPHUJIOTT 1 JJaHil CTATTI.

Orasa nonepeanix myosikaiii i JocaimkeHb.

MexaHi3MH1 BHYTPIIIHBOI CTPYKTYPHO-PEUOBHH-
HOI TIepepoOKH Topia QyHIaMEHTy APEBHIX ILIAT-
dbopM Ta MeTaMOP(IYHUX KOMILICKCIB CKJIaI4acTHX
MosCiB BUBYAINCH Y poOortax [5-9]. o HuMX Hane-
XKaTb: B'A3Ka a00 MiacTUYHa aedopmarlis, a TaKox
KpHUxKa, a00 po3JIOMHO-0JIOKOBA, MIKPOCKOIIOBa, 200
KIliBakHa jgedopmaltis, MeJIaHKyBaHHS, TEKTOHIYHA
Je3iHTerpanis i Karakias, TMHaMidHa peKpHucTaliza-
s, OC3CTPYKTypHa  Te€Yisl  TpaHyIhOBaHUX

cepenoBui. Y mpoiieci TpanchopMaiiii pudToBoi po-
3JI0OMHO-0JI0KOBOT apXiTeKTypu (pyHIaMEHTy Ha ILTi-
KaTUBHO-TUCIOKOBaHy, IiJ BIUTMBOM BKa3aHHUX Je-
¢dbopmaniiHMX MeXaHi3MiB, 3a paxyHOK BHYTpilI-
HBOTO NIEPEPO3MOALTY HOTo 00'eMy BiZOyBarOTHCS Tie-
pEMIMIEHHS TEKTOHIYHO aKTHBI30BAaHHUX TIeoMac II0
B'SI3KHX TEKTOHIYHUX po3puBax. O0'eMHa TEKTOHIUYHA
TeYis MOPiJ 3A1MCHIOETHCS HABITh Y IPUITOBEPXHEBUX
TOPU30HTAX 3€MHOi KOPH, JIe PyXOMICTh i BTOPHHHI
JMCTIOKaLlil reoMac peaizyloThesi B yMOBaxX mporpe-
CHBHOTO cTpec-MeTamMop(dizMy B peskumi "XonoHoi"
nedopmariii kopu.llepeBakatodoro popmoro BHyTpi-
LIHBO-TUIUTHOTO TEKTOTEHE3y 3a TaKUX OOCTaBHH €
TOPHU30HTAJIBHO- MJIOMIMHHI NepeMillleHHs 1apiB Te-
KTOHIYHO HEOIHOPITHOI, PO3MAapOBaHOi Ta PO3YIIi-
JBHEHOI BEPXHBOI YAaCTUHU KOpHU.TOMY BaKIMBOIO
PHCOIO CTPYKTYPHOI €BOJIIOLIIT 3eMHOT KOPH KOHTHHE-
HTaJbHUX PUPTOTCHHUX T'€OCTPYKTYP € CTPYKTYpO-
(hopMyroda posb TaHTEHIIIATEHUX HATIPYT, SIKUMU 3Y-
MOBJICHI JIMCJIOKAIlll TOPU30HTAJILHOIO 3CYBaHHS
[10-12].

Texroniuni medopmanii GyHmameHTy i ocamo-
BOTO YOXJIa 13 TOPU30HTAIBHOIO CKJIaJI0BOIO PYXiB B
MeKax IaTGopM 1 pyXJIHMBHX MOACIB 100pe BioMmi.
AHai3yroun eBooIliio penbedy MaTepukis, JI. Kinr
[IEPLINM 3BEpHYB yBary Ha 3Ha4Hy BHYTPILIHIO PyXO-
MicTh (hyHJaMEHTY KOHTHHEHTIB i 3a1I0YaTKyBaB I0-
HATTS "peigHa nedopmais”, BAHAYUBILY i1 K 31aT-
HICTh KPUCTAIIYHHUX TiPCHKUX TOPiA 10 00'eMHOT Te-
4ii y TBepsiomy ctasi [13].

Peinna nmedopmartis y moBepxHi (GpyHIaAMEHTY
BUSIBIISIETHCS 13 BUKOPHCTaHHSAM TEKTOHOQI3WYHUX
METOAIB aHaNIi3y ANU3'IOHKTUBHUX CTPYKTYD, B3a€MHE
po3TainyBaHHs 1 MOP(OJIOTIYHI OCOOIMBOCTI SIKUX
BKa3ylOTh Ha 00'€MHY TEKTOHIYHY TEYiF0 KOHCOJIJIO-
BaHUX TIOPiJI, TKOI 00YMOBIIOIOTHCS TOPU30HTAIBHI
nepeMillieHHs TeoMac QyHAaMeHTy i 0cafjoBOrO Y0-
XJIa, 10 T0Ka3aHo y poborax [14-17]. Hapa3i 3'aBu-
JUCs HOBI TeopeTwdHi HampaioBanHs [18-20], ski
CBIUaTh, 1110 peinHa Aedopmallis OXOIUTIOE yCi IpH-
poaHi GopMH TEKTOHIYHOT Tewil Ta IX CKJIaaHi To€e-
HaHHS, TOMY BUBYEHHSNPUPOIHUX MEXaHi3MiB Qop-
MYBaHHS BTOPMHHUX 13’ FOHKTHBHUX 1 IUTIKATUBHUX
neGopMaliitHuX CTPYKTYp J03BOJISIE iIeHTH]IKyBa-
TUIPUPOLY edopMaLifHUX MPOLECIB, 110 3yMOBIIIO-
I0Th 00'€eMHY TEKTOHIYHY TEUil0 reomac.

OcTaHHIM 9acoM OTPUMaHO HOBI T'€0JIOTI4HI Ma-
Tepiajiy, M0 CBiAYaTh MPO 3HAYHI TEKTOHIYHI Ha-
MIpYTu B 3eMHi# Kopi 1 gedopmanii miBaeHHO-CXiaHOT
yacTruHU CapMaTChKOT INTMTH BHACIIOK 11 KOTi31HHOT
B3a€EMO/II 13 CYMDKHUMHU CKJIa4aCTUMH IOsICAaMH 1
mwutamMy, Hanpukian [21]. OpHak, IOCITiIKEHHS
CTPYKTYpHHUX MPOsIBIB HOCTPUPTOBOI BHYTPILIHBO-
ILUIMTHOT TeKTOHIYHOI akTuBi3alii y JIJII1 He € cucre-
MHHUMH, OXOILTIOIOYN (PParMEeHTapHO JIUIIE TEPUTO-
pito #oro miBHiuHOro Oopra Ha cxuinax BA [22],
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miBaeHHOTO0 60pTa B Mekax Y11 [23], anme OibIry ga-
cruny JICC, 3aBasku poboram [24-26].

B moiii nonepenniit po6oTi [27] Oyno nokasaHo,
10 HEOJHOPAa30Bi yCKIagHeHHS reocTpykTypu /I
Oynu 06yMOBIIEH] 3MiHAMH T€OJUHAMIYHUX PEKUMIB
Y KOHTHHEHTaJbHIH 3eMHIH KOpi, $Ki, Y CBOIO
4epry,0yiM BUKJIMKaHI IHBEPCIIMH MapaMeTpiB OIS
TekToHIYHHUX Hanpyr. ChopMoBaHi y Mexax BHIiJIe-
HHX 30H Pi3HOBIKOBOI aKTHBIi3allii BTOPUHHI Aedop-
MaliiHi cTpykTypu TekroHiynoi Tedii (CTT) MaroTsb
BiJOOpa’keHHsI Y TUTIOBUX 3CYBHUX CTPYKTYpHHX PH-
cyHkax cructeM posnomis (CP) nokemOpiiicekoro ¢y-
HIAMEHTY 1 0cazoBoro yoxia. Lli gaHi 103BONSIOTH-
CYTTEBO KOpETyBaTH YCTaJleHi YSIBICHHS ILOJO CTa-
THYHOT PO3JIOMHO-0JIOKOBOI TEKTOHIKM BEPXHIX IIa-
PiB KOHTHHEHTAJIBHOI 36MHOT KOPH, JOTIOBHIOIOYH 1X
HEOOXIHOI0 T'€OJUHAMIYHOK CKJIAJ0BOIO—IUHAMIY-
HOIO TEKTOHIKOI0 00'eMHOT Te4il KOHCOJIiTOBaHUX TIO-
piz, siKa € MpeIMEeTOM HAINX PErioHAbHUX Te0TeK-
TOHIYHUX JIOCIIIIKEHb.

Merta i 3aaau4i gocainzkenb. Memoio pecionans-
HUX 2e0MEeKMOHIYHUX OOCTIONHCeHb € BUBYCHHS CTPY-
KTypHHX TpOsIBiB peigHoi aedopmarii B apXiTeKTypi
JOKeMOpPIiHCHKOTO KpUCTANIYHOTO (QyHIAMEHTY, MPH
[IbOMY BUPIITYBaJIUCh HACTYITHI 3A80GHHS.

1- BuBdeHHs MOpGOIOTii, TEKTOHIYHOI TO3HIIIT i
kinematuku CTT, BUAIIEHUX Yy TOBEPXHI KpUCTAiy-
HOro (yHIAMEHTY 3a CTPYKTYPHO-KiHEMaTHYHHX
O3HaK;

2- inenrudikanis CTT 3a naHMU aHANIZY CTPY-
KTypHUX HEOJHOPITHOCTEH aHOMAaJILHOTO MAarHiT-
HOTO 1 TpaBiTallifHOTO TMOTEHIIHHUX Teo(i3nIHIX
TIOJIiB, @ TAKOX ITOJISI BEPTHKAILHUX aMILTITy T HOBIT-
HiX (TOJIOIIEHOBUX ) TEKTOHIYHUX PYXIiB.

Marepiaiu i MmeToan pociigxkenb. CTpyKTypu
TEKTOHIYHOI Teuil Ta IX CTPYKTYypHO- KiIHEMaTH4Hi Na-
pareHesu JI0CTaTHLO KOPEKTHO BUSBIISIFOTHCS 13 BUKO-
PHUCTaHHSIM CTPYKTYPHO-KIHEMaTHYHOTO aHAIli3y -
3'FOHKTHBHHEX 1 IUTIKaTUBHHUX CTPYKTYP, B3aEMHE PO3-
TaIyBaHHS 1 MOPQOJIOTIs SIKMX BKa3yIOTh HA TOPH30-
HTaJIbHI TIepeMillieHHs reomac. OpuciHanbHa KomMnie-
KCHA MEMOOUKA PeiOHATbHUX 2e0MeKMOHIYHUX 00C-
N0JCeHb TIONSTAE Y KOMIUIGKCYBaHHI CTPYKTYPHO-
MapareHeTHYHOTO 1 CTPYKTYPHO-KIHEMaTHYHOTO Me-
TOMIB TeKTOHOG3nYHUX HocimkeHs CP. B i ocHOBY
MOKJIQJACHO BiIOMI METOAM I€OMETPUYHOr0, KiHeMa-
TUYHOTO 1 TAPareHeTHYHOTO aHAJI3IB CHCTEM TEKTO-
HIYHOT TPINIMHYBATOCTI Pi3HOTO BiKYy, MopdoIorii,
macmraly i renesucy [11,14-16], cipsmoBaHHX Ha
BusiBjieHHS 1 giarHoctuky CTT i3 mogaineIioro iX ige-
HTU(}IKALIEO B JIOKAIBHAX aHOMAJISX MOTEHIIHHUX
reo¢i3UYHUX MOJIiB 1 BEPTUKAIBHUX aMILTITyJaX HEO-
TEKTOHIYHHX PyXiB. 3aCTOCYBaHHS 1aHOI METOAUKH Y
MOT#i onepeanii podoTi [27], 703BOJIMIIO BiTHOBUTH
y TEOXPOHOJIOTIi apaMeTpy TEKTOHIYHOTO TI0JIsl Ha-
Opyr Uil PeKOHCTPYKLIl TeoJuHaMidYHUX 0OCTaHo-
BOK CTPYKTYPHOI €BOJIIOIIi KOHTHHEHTAJILHOI 3¢MHOT

KOpH najeopudry, a TAKOXK BU3HAYUTH OCHOBHI TIPH-
poaui mexanizmu GopmyBanusa CTT y miHifAHHX 30-
HaX TOPU30HTAILHO- 3CYBHHUX JWCIIOKAIIHN.

Kapmoepagiunow ocrosor docniodcensv cuy-
arcams «KapTta po3pHBHUX IOPYLICHb 1 OCHOBHUX 30H
niHeameHTiB miBaeHHOro 3axony CPCP (3 Buxopwuc-
TaHHSAM MaTepialiB KOCMIYHOI 3HOMKH)» MaciiTady
1:000 000 ( pemakTop M. Kpumos, 1988) i ceficmiuna
CTpyKTypHa Kapta Macirady 1:500000 moBepxHi ¢y-
Haamenty ( M. Mawntota, 1987). JonatkoBumu aHa-
JITUYHUMH MaTepialaMd € KapTH CIIOCTEPEKECHUX
JOKaJIBHUX aHOMaJi# rpaitamiitHoro (AG,) 1 Marti-
THOTO (ATa) momiB macmta®y 1:200000 ( B. Hlemer,
B. Omenbuenko, 2006- 2009), a Takoxx KapTa BepTH-
KaJIbHUX aMIUTITY]] HEOTEeKTOHIYHUX (TOJOIEHOBUX )
pyxiB (A. [lomiBues, 2007).

Ha kaprorpadiunomy marepiaii, 3 BUKOpPUCTaH-
HSAM BHM3HAYaJIbHUX CTPYKTYPHO-KIHEMaTHYHUX iH-
mukatopiB CTT, 3rigHo [14-16] i mpuHIKIIOBOI MO-
JIeNi CrojiyueHuX aedopMaliiHuX mapareHesiB TeK-
TOHIUHOI Teuii, 3rigHo [11] (puc. 1), mpoBoamIOCH
BusiBnieHHs CTT y moBepxHi ¢pyHIamMeHTy 3 X HacTy-
MTHOKO 1ICHTU(IKAIIEI0 B JIOKATBHUX aHOMAJIISIX T0-
TEHIIHHUX Teo(]i3MYHMX TOJIIB 1 aMIIITy1aX HOBIT-
HiX (TOJIOIIEHOBUX) BEPTHKAIFHUX TEKTOHIYHUX PY-
xiB. Ha nux migcraBax BUAUTSITHCE MOP(OIOTO-TeHE-
i T CTT i3 BU3HAUYEHHSIM HAIPSIMKIB 1 KiHe-
MaTHKH TOPH30HTAJIBHUX TEPEeMillleHb TEKTOHIYHO
AKTHBI30BaHUX I'€OMAaCHUBIB.

Bukaan ocHoBHOro martepiaiay. CTpyKkTypHuUit
aHaJIi3 PO3JIOMHOI PELIiTKH Y IOBEPXHI (yHIaMeHTa
JIO3BOJIMB BHSIBUTH PETIOHAJIBHUN MacumTad MOMIU-
PEHHS BU3HAYAIbHUXCTPYKTYPHO-KIHEMaTUYHUX iH-
JIUKATOPIB 00'€MHOI TEKTOHIYHOT PyXOMOCTI KpHUCTa-
JYHUX TIOPiJ] B MeXkax ycix Tekroriunux 308 /11, a
TaKO>X BCTAHOBHTH, III0 BTOPUHHI Jeopmartii TEKTo-
HIYHOT Teyil y CTpyKTYpHOMY IUIaHi maneopudTa, 3a
IHTEHCUBHICTIO CTPYKTYPHOTO TpOSIBY, BijoOpaska-
IOTBCS Y TPHOX OCHOBHHMX MOP(OJIOTiYHMX TUMAX Te-
pUTOpIaNbHO 1 JWHAMIYHO B3aEMOIIOB'SI3aHUX 30H
KOHIICHTPOBaHHX PEiHUX JAUCIOKAIIii (pHcC. 2).

[lepmuit THO qUCITOKAIiM CKIAAAIOTh JiaroHa-
TIBHI 1 TIOTIEpeYHi 10 MPOCTATaHHA naneopudra JiHe-
aAMEHTHI 30HH KOHIICHTPOBAHUX JIN3’ FOHKTHBHUX Jie-
¢dopmaniii kpuctrariyaux nopia. CopmosaHi B 30-
Hax JMHAMIYHOTO BIUIMBY aKTWBI30BaHUX Ha iHBEp-
CiliHMX eTarax reoJMHaMiuyHOl €BOJIOLI] KOHTHHEH-
TaJILHOI 3€MHOI KOPH JIDEBHIX TpPaHCPETiOHATbHUX
NIMOMHHUX PO3JIOMiB, BOHM YTBOPIOIOTH CUCTEMHUI
CTPYKTYPHO- TEKTOHIYHUHN KapKac, CKIaICHH JTiHiH-
HUMH 30HAMH TOPU30HTAIHLHO-3CYBHOTO KOHTPOIIIO.
VY penbedi GpyHAaMEHTY BOHH CIYXaTh PyXOMHUMH
MIXX-CETMEHTHUMH 30HAMH, SIKUMH KOHTPOIIOIOTHCS
HaNPSMKHU 1 KIHEMaTHKa TOPU30HTATEHUX BHYTPIII-
HiX MepeMillieHb TeOMACHUBIB 1 IONIEpeYHa CerMeHTa-
Lisl reOCTPYKTYpH. [0 HUX HanekaTh IIiCTh JIIHIHHUX
30H FOPHU30HTAIBHO-3CYBHOTO KOHTPOJIIO, 13 MiBHIY-
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HOTO 3aXO0Xy Ha MiBACHHM U cxim: YepHiriBcbko-Hi-
’kuHCBbKa, ['mobuno-Konoronceka, Kobemsisko-Jle-
O6enuuceka, Kapmiceko-UyryiBcbka, JIo3iBCbKO-
Crapobinbcbka i Jloopominbcbko-CBaTiBChKa 30HU.

Jpyruii T HaJeKUTh 10 KOHIEHTPOBAHMX ILTi-
KaTUBHHX JAWCIOKAIii, TEPUTOPIANbHO 1 TUHAMIYHO
MiANOPSAKOBAHUX JTIHIHHAM 30HaM CTPYKTYpPHO —
3CYBHOTO KOHTpON0.BOoHM mpencTaBisiroTh co0oro
KYJIICHI PSITU CTPYKTYPHHUX AYT CTUCKaHHS (IyTIeK-
CiB CTUCKaHHS — Y TEKTOHO(I3UIHOMY CEHCI),sIKi yT-
BOPIOIOTH IEPEBAYKHO IT03I0BKHI 0 IPOCTATaHHS Te-
OCTPYKTYpPHY MO3UTUBHI HopMH penbedy, Taki sK BH-
CTYIH MiBAEHHOTO 0OpTa i MPOTSKHI TPSIIA BUCOKOA-
MIUTITYAHUX CTPYKTYPHHUX IIaOJiB- YCTYIIB Y TIiB-
JICHHI¥ TprOopTOBiii 30H1 J{HiTpOBCEKOTO TpabeHa.

Tperiii TUN CKJIAJAOTh KUIBIEBI, JIH30BUJHI 1
OBaJTbHI 30HH KOHIICHTPOBAaHUX TUTIKATHBHHX J1eop-
Mallif, Mo CKJIaJeHl CTPYKTYpHUMH ITapareHe3aMu
IYT PO3TSATaHHSI-aHCAMOJISIMHU TYTUIEKCIB PO3CyBY (Y
TeKTOHO(13MIHOMY ceHCi). BOHM 0XOIITIOI0TH MiKITi-
HEaMEHTHI IUISHKY JUCHUIIATUBHUX FOPU30HTAIBHUX
MepeMillieHb reoMac i3 HaWMEHIIIOK THTCHCUBHICTIO
CTPYKTYpHHX TPOSBIICHB, SIKi YTBOPIOIOTH BTOPUHHI
CTPYKTYPHI YCKIIATTHEHHS Y BUTJISIII KUTBIIEBUX, JIiH-
30BUJIHUX 1 OBAJIbHUX JIOKATBHUX CTPYKTYPHHX YJIO-
TOBUH Ha 3aHYpPEHHX CXWIaX 1 JHHIIAX KPYIMHHX
OCBOBHX CTPYKTYPHHUX ACTIPECiH.

Oco0nMMBOCTI  CTPYKTYpHO-KiHEMaTH4HOI Oy-
JIOBH TPHOX BKa3aHMX THITIB IUCIOKAIIMHUX 30H I0-
Ka3aHO Ha MPHKIAJax iX MPOsIBY B I'eOJOTIUHINA Oy-
noBi JloxBuIpkoro i I3foMcbKkOro cermeHTtiB JIHim-
poBchKoro rpabeHa. BuBUeHHsS KiHEMaTHKH TOPH30-
HTaJIBHUX TIEPEMIlleHb TeoMac MOoKasaio, 1o B Me-
xax JIoXBUIIBKOTO cerMeHTa OiNbINiCTh CTPYKTYpO-
TpaHC(HOPMYIOUHX PO3IIOMiB-3CYBIB NMPUYPOUYCHO IO
niaroHaibHUX CP miBHIYHO-3aX1HOTO MPOCTSATAHHS
y cepeaHbOMY a3uMyTi 327°1 Ma€ paBOCTOPOHHIO Ki-
HEeMaTuKy pyxiB. Ha BigMmiHy Bill HHX, OUIBIIICTH
CTPYKTYpO-TpaHC(HOPMYIOUHX JIiHEaMeHTIB B [3t0M-
ChKOMY CETrMeHTi yTBOpeHo y maiaronanbHux CP, siki
MPOSIBJICH] MiBJIEHHO-CX1THIX pyMOax B CEpeIHbLOMY
a3uMyTi 57° 1 BOJIOJIIOTH JTIBOCTOPOHHBOIO KiHEMa-
THKOIO.

JlokopiHHI BiAMIHHOCTI Y KIHEMaTHLi TOPU30H-
TaJbHUX IMEPEeMIlleHb TeoMac MK MiBHIYHO-3axXij-
HOIO 1 miBAeHHO-CX1aHOr0 yacTuHamu JIJIIT MoxyTh
OyTu noB's3aHi 3 (GOPMYBaHHSIM T'OJIOBHOTO CHCTEM-
HOTOCTPYKTYPHO-KiHEMaTUYHOTO €JIeMEHTaloro iH-
BepCiliHOI cTpyKTYpH — MuxainiBcbko-OXTHPCHKOT
MoTEepeyHoi oci KIHeMaTHYHOI CUMETPii, fKa po3.i-
JIS€ MIBHIYHO-3aX1IHUM 1 MIBAEHHO-CXIAHUN Mera-
65oxu maneopudTyi3 pi3HUMHU KiHEMATHYHUMH TH-
namu CTT i ix maparenesis. Bona € Takox Biccro Te-
KTOHIYHOTO PO3TiKaHHS reoMac (B KOHIICTIi JuHA-
MIYHOI F€OTEKTOHIKH), 10 PO3TAIIOBYETHCS Y IIOB-
Hili 30HI Bepx0BI1iBCbKO-JIBrOBCHKOT0 MEpUIIOHAb-
HOTO TITHOUHHOTO PO3JIOMY.

J10 OCHOBHHUX CTPYKTYPOYTBOPIOIOUMX U3 IOH-
KTUBHHUX €JIEMEHTIB HOBITHBOI apXiTeKTypu QyHza-
MeHTy BimHeceHo KupoBorpaacekuii, 3aximHo- [Hry-
nenpkuii, Kpuopizpko- Kpemenuyrpkuit, ainmpo-
n3epxuHChkui, Onmecvkuid, OpixoBo-IlaBrorpancs-
kuii Ta LlentpanbHo-IIpua3zoBcbko- CrnoB'sHOTIPCH-
KU TpaHCpeTioHabHI MAHTIHHI TTTMOMHHI PO3JIOMU,
TpacyBaHHS AKX MpuitHsiTe 3rigHo «Kaptu po3pus-
HUX MOPYIICHb i OCHOBHUX 30H JIIHEAMEHTIB MiBACH-
Horo 3axony CPCP (3 BUKOpHUCTaHHAM MarepiajiB
KOCMIYHOI 3WOMKH)». BoHu mpoctexyroTses 3 Y1,
niepetuHatoTh Teputopito J/II1 i miBnenni cxvmu BA.
[ToHOBNIEHHS TEKTOHIYHUX PYXiB B €MOXH IIaT(hopM-
HO{ aKTHBi3awii 1 3aranbHO-IUIMTHOI KOJII3ii B3ZOBX
BKa3aHUX TJIMOMHHUX JIIHEAMEHTIB BUKJIUKAIO (Pop-
MYBaHHsI TEPUTOPIAILHO 1 JTUHAMIYHO MPUYPOUEHOT
JI0O HUX PO3IIOMHOI PEUTiTKH JHIHHUX 30H TOPU30H-
TaJIbHO-3CYBHOTO KOHTPOJIO, SIKi CKIalaloTh CTPYK-
TYpPHO-TEKTOHIYHAN KapKac CHUCTEMHOI opraHizamii
HOBITHBOI apxiTextypu JIII (puc. 2).

Ha pucynkax 3, 4, 5 (J1iBa moioBUHA PUCYHKIB)
HaBeJICHO pe3yJbTaTH KOMIUIEKCHOTO aHallizy Mop-
(hostorii, TEKTOHIYHOI MO3MIIIT 1 KIHEMATUKK BH/IIIC-
HUX B MeXax CXigHOi1 yacTHHU JIOXBUIILKOTO cerme-
HTa BTOPUHHHX AUCIOKAIiHUX 30H. Y moBepxHi dy-
HAaMEHTY TYT iJIeHTU(IKOBaHO NIepeBaKaHHS KOHIIE-
HTPOBAHUX THIIIB CTPYKTYPHUX IUCIIOKALild TOPHU30-
HTaJBHOTO 3CYBY 3 IPAaBOCTOPOHHBOIO KiHEMAaTHUKOIO
PYXiB €JIEMEHTIB iX BHYTPIIIHBOI CTPYKTypH. BoHH
BUSIBIIEH] B IIIBHIYHO-3aX1HiN miarodansHiil CP B ce-
pPeAHBOMY a3MMYyTaAJFHOMY HampsMKy 327°, B3IOBX
SIKOTO B M€30301, 3Ti/IHO Pe3yNbTaTiB PEKOHCTPYKLIl
HAC [27], Oyna opieHTOBaHa roj0BHA BiCh MaKCHMa-
JTHHUX TaHTEHI[IANILHUX Hampyr Ti. Ha BinmMiHy Bix
HUX, CTPYKTYpPHI TIapareHe3u 3 JiBOCTOPOHHBOKO Ki-
HEMATHKOIO TMEPEeMIllIEHh FeOMac MarTh IiIIOPSI-
KOBaHE 3HaueHHs 1 00MeXeHH TepUTOpiaIbHUHA Po-
3BUTOK, PO3TAlIOBYIOYHCH Yy TApHINA iaroHalbHIN
niBHIYHO-CcXiHIH CP B cepeiHbOMY a3MMyTalIbHOMY
HampAMKY 57°, B3AOBXK SKOTO 3 PaHHHOT'O ME303010
Oyyia opieHTOBaHa B3a€EMHO-OPTOTOHAJIbHA A0 T Ia-
pHa Bich T2.

B mexax JIOXBHIBKOIO CErMEHTA, 32 CTPYKTY-
PHO-KIHEMaTHYHUX O3HAK, B apXiTeKTypi (pyHIame-
HTY NaICOpU(Ty BUAIJICHO TPU JIHEAMEHTHI 30HH
CTPYKTYpPHO-3CYBHOTO KOHTPOJIO. 3 miBHIYHOTO 3a-
X0y Ha miBAeHHMH cXin, e — [moouno-Konororn-
cbka i Kobensmpko-Jlebeauncrka giHidHI 30HH TOpH-
30HTaJIBHO-3CYBHOTO KOHTPOJIIO, @ TAKOXX CUCTEMHA
MuxaiiniBcbko-OXTHPChKa 30HA, sIKa BIIEPIIE BHIi-
JSIETBCS SIK BICh TEKTOHIYHOTO PO3TIKAHHS reomac-
BiCh KiIHEMaTHYHOI CUMETPii T€0CTPYKTYpH MajJeopu-
¢ty. Ll 30HA € perioHaIbHUM JIHEAMEHTOM, KU
po3aiisie JIOXBULIbKUI 1 [310MChKHIT CErMEHTH Tajie-
opudry. Y noBepxHi pyHAaMEeHTy BOHA 3aiiMae TeK-
TOHIYHY MO3MLII0 BOPCKISHCHKOIO CTPYKTYPHOTO
m1alJIIs, M0 CIYKUTH CXiTHOIO rpanureo [Icembehko-

-15-



Cepisi «[eonozisi. [eoepagpisi. EKonoeisi», sunyck 49

¢ yoHAoud "guY KHHORBHEOL [HEOW {  BMIOEIEO]( - @ ‘exgoHuUImadoT T - @ ‘engoareRgy-ongorodoIduly - Q
D

‘KHHBXOULO MIAY THAAIAdLD - AQ = Q “BA9OXBIATIHNOY - @ ‘exgoardigode

- @ ‘exgoredionoedy] - @ sexgoanrde) - @aﬁ%ﬁqoi-omixo - @

‘ex90aIXOI0)) - () EAIOHALOA]( - ©) examaxorr - (©) 180900 - @ - © ( exaommae)-onsoyuniered - () exaoapineq - () ‘extoapimg - @ eraoamu) - () mmios 10801dogudis

ToHRIHENI- (}) - (1 ‘unugotorA HAAIALY) ([886] “dormdy] JA| MXNOY £ IOHRTINOON EIrBIdole OHILIE) BIIOEDIIe - ‘eagoarxAroroq - @ BAIIBYE T - @ ‘MIFBINOHE THIMLOIAT
191191 - = ‘gxgoredIorar [-ogoxido) - [ ‘exa0ero - E ‘exgoHmkdesrodutnyy - m ‘exdiAnHanady-ongerdoaudy - H ‘aINOIE0d XMHHUQUILI MHOE - AT - H”:n@:ﬁ

A1HOWRYHAD 010M90UIdONONOY ThoL JOHRIHOLIAL drcoHaTedenr XuHAAIMALO T HOE XMHHUIHI €| Y IOl OJOHLIHIEW XKIrEWOHE XMHILrexolr 4 KHHowedgolg "¢ 'ou

BLUOU OJOHLIHIBW UILIBWOHE XUHALENOLS | LOOHEUOHSL1H| BLeX!

Ihesdan

T 7

-16 -



BicHuk XapkiecbKko20 HauioHaibHOo20 yHisepcumemy imeHi B.H. KapasiHa

¢ MoHAoUd @M BHHORBHEOL THAOW £ * "BIIOEIEO][ - ‘eMqoHUIImada] T - ‘engodIeeg-ergorodorduyA - Q ‘BHHBOMLY UIAY THAALiAdLo

--.mmmoxwmbuﬁqovw- ,.mxn_om._&momﬁo- @ mﬁmo&omoang- @ mmxmomﬁmg- @ memummEoE-omdQO-@,,wvﬁomﬂmo:oo- @Hﬁomﬁoﬁ- @
‘exartuaxol( - (C) 180900 - @ - (©) (g "exaonmae)-oxaoymniereq - (7) ‘exaoanireq - @ ‘BNIOEDHIE - @ ‘exgoarm) - () mHot Jodordogudit jornman - (§) - @ (
-urngoronk HAAIAdL) ([8861 “doimdy] TA] HXWOH,E IOHRINOOM dIIBIdolEN OHI/LIE) BXIOEDIIEY - @ BMI0EIXAT0I0] - % ‘BAIETE T - @ JUBAOHE THIULOIAY 16aI9I-

@ -@ ‘exgorediorarj-ogoxidQ - N 190070 - [ ‘exgoHmrdocrodiHYY - H ‘exdnAnHomady-oxderdoaudy] - {T} :amworeod XUHHUQUIN HHOE - E - HE&&S..D

A1HOWETHA(D 010M90UTIdOWONOY HhOL JOHRIHOLYAL aleoHoIedent xuHdAINAdLY T HOE XMHUIHI eSOV KIrOI OIOHUTTeLIgedl XEIENOHE XHHILeNOL 4 KHHOXedQoXId t "ouJ

7 NOOoOTTRRANALCOtTON oS \ QN © N O <t © N o<t
T o Ao ON R Sl e O S e MR N B < O N © < o N© < O N b - Spo SRS AL o e %
L L ANRTSONRT 2O 00.4..4..4.7..9.33344.\_4 \ * oo YRXRN© ;00 o O o

54 . S

e W ‘IOl OJOHHUIMELIgedI UIFBWOHE XHHCGIIBMOIr [LOOHHHOHIL
. g

ST o0~ BOFIOBNN——SPPRTAUANRDR T

-17 -



Cepisi «[eonozisi. [eoepagpisi. EKonoeisi», sunyck 49

anIorgoal KHHBIARQO 1 BHHENOMLUE MNWECLBH — § ‘OBNOAI
EHHaIMINAd AL IDNEAIEH — / BHHBMOKLO HIAY HAAMAdLS — 9 ‘A1s1eod mIAY HAADIALY — ¢ NdLOWIO JOHRUIBNOHIY 9014 — {7 ‘OIFOdIHON OJOHEADE MHOE THYTHIIL
— € (8861 ‘GOLIOLIOB " ['JA[] HXNOKE IOHRINOON EIIrRIdOIBIN OHILIE TIIFBWOH THIHLOIAY 4TI — 7 ‘@iNolreod XMHHUQUILI HHOE THEOM— | KHHORBHEOL IHEOW £
“BIOEIEO][ - @ﬁ.mxmomsnoﬁo%m - ‘ex90aIEEgY -exgorodorduy - \/ EHHeX0UL0 HIAY HAAAdLD - @- ﬂ.mxmoxmm?ﬁzovw - @ sexgoardigodery) -

@ ‘exgoredionoedy - @ ‘exgoarrdey - w BNTOFRINOT[-OHTTXY) - (8 ) ‘BMIOEIXOIO]) - @ SBMIOHQIOI][ - SBMIIUEXO][ - @ 140990 - @ - @ (z ‘o190
-HUEGB)-0MIOUINRIR] - exgoaniired - () ‘exI0aDIHIE - @ SeIOETHNY) - @ :uHOot Jogo1dogudil JOHRIHETII - @ - @ (1 :mmmgotord HAAIAALID ([8861
‘gorudy] ‘TN FXINOY, € IOHRTNOON aTIreIdolBN OHI/LIE) BXIOEDINE - @v ‘BNI08aIXAT0I0] - @ BYTITETE T - w ITIBWOHE THIHIOIAT TEoIIIITI- Amv @ "BM9O
-red1orar -ogox1dQ - [ ‘exsoer( - [ cexsommxdosrodummyy - H ‘exdqrAnHanadyy-oxderdoaudy] - {1} :amworreod XUHHUQUILT HHOE - E - H udduiy
ArnowerHA( orodgouIdgnod oY
a1XAd (XMEOHONIO0Ir0T) XMHRIHOLNALOSH XHHILeNHLdod 1101l € [Thol JOHhIHOLMOL dreoHoTedenr xMHAALNAdLO 1 Hoe XMHHIHIL BHHOXedQOXTq "¢ "OUJ

=> | 9~ NN\

-

“

i /Y \w\-/
EEEREREEOC 0 T e O E\ / | O ——_Wf
, S

W IHOTIOLIO 8 81XAd XUHRIHOLIOL XUHALEIMLdes UIALILILIAY \

Y 7 i
h Ca_,.m‘wfo:m.m: / \E\ \\\ 2 ‘—I /Iv
evauda : Nl Vi ) m \ ‘

‘r\w:sm\w\v«‘_wawx&v‘% [ Q

T S

L %

ssv_n.osm,w,_m,, nw:‘ > ,,,/\,,.\ /Y =
k m o> 7 o,

-18 -



BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

BopckisHCBKOI  CIIOBHHH. Y  TaJIC030HCHKOMY
CTPYKTYPHOMY IUJIaHi [l JIHEaMEHT OOPMITIOEThCS
SIK By3bKa, TIONIepeyHa J0 MPOCTATaHHs Bici ajeopu-
¢dbry, MuxainiBcerKko-BopckisiHCBKa — CTPYKTypHA
ynoroBuHa. JletanmbHe OOTpYHTYBaHHS ii CTPYKTY-
PpHO-KiHEMaTHYHOI poJii B 0caJJ0BOMY 4OXJIi Oy/ie Ha-
JaHe y HaCTYITHIN CTaTTi.

B nmokanpHUX aHOMAaTisIX MarHiTHOTO i TpaBiTa-
uiiHoro moniB MuxainiBcbko- OXTHpCBKa JiHIHHA
30Ha 3CYBHOI'O KOHTPOJIIO MpOsIBICHA SIK MEXa, IO
pO3ALIsE IB1 TEPUTOPIi 13 PI3HUM CTPYKTYPHHM DPH-
cyHkoM (puc. 3, 4). Ha 3axoxi — e repuropis [Icens-
CbKO-BOPCKIISAHCBKOI CiAJIOBUHM, SIKA XapaKTepU3y-
€THCSl CIIOKIMHMM TpaBITAlliIiHUM TIOJIEM 3 TIepeBa-
YKAHHSM JIOKAJIbHUX [TO3UTUBHUX aHOMAJIH cepenHix
3Ha4YeHb, a3UMyTallbHAa Opi€HTALlis SKHUX, 31e01Ib-
IIOTO BifOOpakae MpaBO-3CYBHI MEPEMILICHHSI I'eo-
Mac. Ha cxoni — 1ie paifloH TepUTOpiaThbHOTO TOIIH-
PEHHSI HAHKPYIHILIINX OCHOBHX YJIOTOBUH (yHAaMe-
Hty — [lonTaBcbkoi i KpacHorpaacekoi. B ix mexax
pO3TamIoBaHi JBa B3a€MHO-TIAPANETBHUX BiATAITy-
JKEHHSI OCBOBUX COJISTHO-KYTIOJBHHX BaJliB, AKi YiTKO
BiJIOMBAIOTHCS Y MOJI CHIIM TSKIHHS JBOMA IpajlieH-
THUMH JIAHITIOKKAMHU KOHIIGHTpAIii aHoMalii i3 3a-
KOHOMIpHUM YepryBaHHSIM MO3UTHBHHX 1 BiI €MHHX
JIOKaJbHUX TpaBiTalliiHUX aHOMaliil. BcTanosneHo,
110 3MIIIICHHS Y IIaHi WX JBOX MEPBICHO €MHUX Ji-
HEaMEHTIB i3 )parMeHTaIi€ero X Ha OKpeMi Biframy-
JKEHHSI B1IOYBAETHCSA3a CUCTEMaMH JIOKAIbHUX 3CY-
BiB-TpaHC(OPMIB, SIKi JIOCHTh BIIEBHEHO i1eHTH(]IKY-
IOTBCS TAKOXKy MarHiTHOMY i1 TpaBiTallitHOMY TIOJISIX.
HyxXe 4iTKO LeH JiHeaMeHT MPOSBIAETHCA TAKOXK y
MOJIi BEPTUKAIBHUX HEOTEKTOHIYHUX PYXiB Y BHIIISII
SICKPaBO1 IMMO3WTUBHOI JIHIHHOT aHOMaJTii BEpTHUKAIb-
HUX aMIUTITYZ PyXiB MEPHIIOHAIILHOTO IPOCTATaHHS
(puc. 5).

I'moouno- KoHoTtorchka JTiHilHA 30Ha 3CYBHOT'O
KOHTPOJIIO ¥ TIOBEPXHi (DyHIaMEHTY BiChOBOi 30HU
Juinporcekoro rpabena posuaiisie CpeOHEHCBKY 1
JIFOTEHChKY CTPYKTYpHI YJIOTOBHHHM, a Ha IiBJCH-
HOMY cxoi Bifainse JIroteHcbky i Caraiganpko- Jla-
HAAPUHCHKY YJIOTOBUHH BiJ pallOHY MiBICHHUX NPU-
6oproBux KimronHukiBcbk0- MUPropoAChKHUX CTPYK-
TypHHUX YCTYHiB- Ia0uiB. B ocajoBoMy 4oxii BoHa
JOCUTH BIIEBHEHO TNPOCTEXYETHCS SIK JIIHIHHA 30HA
MIMOMHHKMX PO3JIOMIB JiaroHaJIbHOTO 70 Bici JIHinm-
POBCBKOT0 rpabeHa MpOCTIraHHs, 1110 00MEXKYE 3 MiB-
HOYl MpHUOOPTOBUII MOHOKIIIHANBHUI CXMJ BiJl HOTO
BiChOBOi 30HM. B MarHiTHOMY i rpaBiTauniiHOMy mO-
nsix [mo6nHo- KOHOTONCHKMIA JTiHEaMEHT TPOSIBIIS-
€TBCS SIK TPaJi€HTHA 30HA, IO OOMEXYye MiBACHHY
npUOOPTOBY AITSIHKY MO3ai4HOTO PO3TAITyBaHHS JO-
KaJbHUX MO3UTUBHUX aHOMANiH BEJMKOI aMILTITYH
BiJl BIChOBOI MAIISHKKA TI'paOeHa i3 BIOPAAKOBAHUM
PO3MOJIIIOM TIO3UTHBHUX aHOMANii CepelHiX 3Ha-
4yeHb aMIutity] (puc.3, 4). B HeoTekTOHIYHOMY TIOIi
BEPTUKAIILHUX PYXiB, 3a PO3MOIIJIOM ITO3UTUBHUX

aHOMAUTIH, 11 CTPYKTYPHA 30HA Ma€ aHAIOTIYHY «I10-
TPaHUYHY» XapaKTePUCTHKY (puc. 5).

Kobemnsiupko-JleGennHcbKa JiHiHA 30HA 3CYB-
HOTO KOHTPOJIO Y TOBEpXHI (PYHAAMEHTY BiIiise
JIFOTEeHCHhKY yIIOTOBUHY BiJ] paliOHY MiBHIYHUX IIPH-
6oproBux HoBoTpoinpko- ['pyHCBKHX CTPYKTYpHHX
ycrymiB. B ocagoBoMy 4oxii BOHA JTOBOJI BIIEBHEHO
MIPOCTEXYETHCA K JIiHIHA 30HA TITMOMHHUX PO3JIO-
MiB JIiarOHAJIBHOTO NPOCTSITaHHS JI0 Bici JIHIIPOBCH-
KOro rpa0eHa, sika 0OMeXye 3 MiBHOYI OChOBI 3aria-
JIUHH BiJ TPHOOPTOBOTO MOHOKJIIHAIFHOTO CXHITy. B
MAarHiTHOMY i TpaBiTallilHOMY MOJISIX LIeH JliHeaMeHT
BIJUTUISIE MIBICHHY MIJISTHKY 3 BIIOPSIKOBAHUM PO3IIO-
JIJIOM TIO3UTHUBHUX JIOKAJIEHUX aHOMAii cepemHix
3HAaYeHb aMILTITY/I BiJl JUISTHKE MO3ai9HOTO pO3TAaIly-
BaHHS JIOKAIGHUX TMO3UTHBHUX aHOMAJI BEIMKHX
3HAa4YeHb aMIUINTYJ Yy MiBHIUHINA NpHOOPTOBiH 30HI
rpabena (puc. 3, 4). B nomi BepTHKaIbHUX HEOTEKTO-
HIYHUX PYXIB ISl CTPYKTypHa 30HA Ma€ Mali)Ke aHaJo-
TiYHy XapaKTepHUCTHKY 3a BiAMOBIIHUM PO3IOJIIIOM
MO3UTHBHHUX aHOMaJIii (puc. 5).

Ha pucynkax 3, 4, 5 (mpaBa 1moioBHHa PHCYHKIB)
MoKa3aHo MOP(]OJIOTir0, TEKTOHIYHY TTO3UIIIO 1 KiHE-
MaTUKy BHIUICHHX B MeXaX [3FOMCBKOTO cermMeHTa-
30H BTOPUHHUX TUCIIOKAIliil TeKTOHIYHOI Teyii. Ha Bi-
IMiHy BiJ JIOXBHIIBKOTO CETMEHTY, TYT CIIOCTepira-
€TBCS MPOTHJIC)KHA KiHEMaTHYHAa KapTHHA: y B3ae-
MHO-OPTOTOHANBHUX niaroHanpHuX CP mepeBaxa-
I0Th JIBO-3CYBHI CTPYKTYpHI IapareHe3u TEeKTOHiY-
HOT Tedil MpH MiJANIOPSIIKOBAHOMY PO3BUTKY Iapare-
He3iB MpaBoi KiHeMaTuku pyxiB. Hait0inbimoro tepu-
TOpiaJbHOTO PO3BUTKY TYT HAOYBAIOTh JUCHITATUBHI
MK CErMEHTHI (POPMHU TOPU3OHTAIBHO- TUIOIIUHHUX
JUCIIOKAIIi y BUTJISAAI KUTBIIEBHX, JIIH30BUIHHX 1
OBAJIFHUX CTPYKTYpPHHX YJIOTOBHH y MEXax BiCbOBOT
i miBHIYHOI MpHOOPTOBOi 30H J[HIMPOBCHKOrO Tpa-
OcHy, 3a MiAMOPSIKOBAHOTO TEPUTOPIATBLHOIO ITOIIH-
pEeHHS 30H KOHIEHTPOBAaHWX nedopMariii y ckiani
JTHIMHUX 30H KOHTPOIIO 1 JYIUIEKCiB CTHCKaHHS.
OcTaHHi JIOKaJIi30BaHi JIMIIE Y MBACHHIA TPUOOPTO-
Biif 1 MpHUBiChOBIN YacTuHaX J[HIMPOBCHKOTO TpabeHa
1 MalOTh JIEIIO0 MEHIIIEe TePUTOpiaIbHE TOMINPEHHS.

3a BU3HAYAJIBHUX CTPYKTYPHO-KiHEMATHYHUX
O3HaK y TIOBepxHi (pyHIamMeHTy I[3roMchKoro cerme-
HTa BHUIUIEHO TPH JHIMHUX 30HH TOPU30HTAJILHO-
3CYBHOTO KOHTPOJIO, 13 IMIBHIYHOI'O 3aXO/Ay Ha IiB-
nenHuii cxin, me KapiiBcbko- UyryiBebka, Jlo3ie-
cbko- Crapobinecbka i JloOpomineceko- CBatiBchbka
30HM (puc. 2, 3-5).

Kapniscpko-UyryiBcbKy JiHIHHY 30HY KOHT-
POJII0 BUAIJICHO Y BiChOBIH 1 MiBHIYHIM MpHOOPTOBii
30H1 J{HIMpOBCHKOro rpadeHa SIK YiTKy CTPYKTYpHY
rpanuio, mo Bigmginge IlontaBcbky 1 BaskiBebky
CTPYKTYpHIi yJIOTOBUHH Ha 3axo0ji Bix KpacHorpasch-
KOi yJIOTOBHHH Ha cX0[li. B ocajoBoMy 4oxJi meii Ji-
HEaMEHT CTPYKTYPHO IPeICTaBICHUH JliarOHATBHOO
CHUCTEMOIO  JIIBOCTOPOHHIX  3CYBIB-TpaHC(HOPMIB,
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B3JIOBXK AKHX BiOyBaeThbcs cyTTeBe, Ha 15-20°, 3Mmi-
LICHHS Ha MIBHIYHUN 3aXiJ a3MMYTaJIbHOTO HPOCTS-
TaHHSA OCeW MIBICHHOI 1 MIBHIYHOI T'JIOK COJISIHUX
CTPYKTYpPHHX BaJliB BICHOBOi 30HH MaJeopudry.
B310BX HBOTO CIIOCTEPIraeThCcsl TAKOXK pi3Ka 3MiHa
CyOIIMPOTHOTO HAMIPSIMKY MPOCTATaHHA CIIN3aBETiB-
ceko- TapaciBcekoro i HoBo- CamkapchKoro cods-
HUX IIITOKIB Ha MiBJCHHO CXiHHUIA, B3JI0BXK TPAC JIBO-
CTOPOHHIX 3CYBiB-TpaHC(HOPMIB.

JloziBcrko-CTapoOinpchka 30Ha 3CyBHOTO KOHT-
POJIIO 32 KIHEMATHKOIO € JIiBO-3CYBHUM JIIHEAMEHTOM.
VY noBepxHi pyHIaMeHTy 1l JiHIHHA 30Ha OOMEXKYE
31 cxony KpacHorpaiaceky CTpyKTYpHY YJIOTOBUHY
Bix 3aximaux cxwiiB JCC. B ocamoBoM y 4oxiii BoHa
BiJIOOpaKa€eThCsl  J[IarOHAILHOK — CyOIapayieIbHO0
CHUCTEMOIO JIOKAJIbHUX 3CYBIB- TPaHC(HOPMIB, 32 TKOIO
BinOyBaeThest 3HauHe (Ha 10-15°) 3MineHHs a3UMyTy
MPOCTSATAaHHSA Bici maneopu(Ty Ha MIBACHHUN 3aXis.
l'opu3oHTaNBHI TIEpeMilIeHHsI TeoMac aMILTITyAaMA
70 5-7 KM B3JIOBXK 11i€i 30HH 3a()iKCOBaHi 3a 3MillleH-
HsM ocelt mpocTiaranHs Kamemiyc- Toperpkoi 1 Ko-
MHUIIYBaChKO-JINMaHCBKOI CTPYKTYPHUX YJIOTOBHH, a
takox CriiBakiBcbKo-UepBoHO-OCKITBCEKOTO CTPYK-
TYypHOTO Bay.

B anHomansHOMY MarHiTHOMY T0JTi OOMABI Xapa-
KTEpPHU30BaHi BHIIE 30HU TOPU3OHTAIBHO-3CYBHOTO
KOHTPOJIFO  BiJIOMBalOTBCS  BHCOKO-TPAJ[IEHTHUMHU
CMyTramH MO3UTHBHUX JIOKAIEHUX aHOMAaJii fJiaroHa-
JIFHOTO MiBHIYHO- CXiTHOTO mpocTsaranns (puc. 3). B
AHOMaJIbHOMY TIOJIi CHJIM TSDKIHHS BOHH BioOpaka-
FOTBCSL TAKOXK 3a YITKOTO 3MIIIEHHS JOKAILHUX aHO-
MaJliid, IPUYPOUYEHHUX A0 OCeil MPOCTATaHHS TEKTOHI-
YHHUX CTPYKTYPHUX €JIEMEHTIB 30HAIBHOTO MACIII-
Taby. BoHu nposiBiieHi Sk XapakTepHi Ipajli€HTHI Jia-
HIIO)KKM 13 3aKOHOMIpHMM YepryBaHHSM IO3UTHUB-
HUX 1 BiJi’ eMHUX JIOKAJILHUX TPaBiTalliiHUX aHOMAITi i
(puc.4). B nosni BepTUKAIBHUX HEOTEKTOHIUHUX PY-
X1B IIi JIHEAMEHTH HE MAIOTh YITKOI'O BIIOWUTTS, aje
BiJJ3HAYAIOTHCA JOBOJIi LIMPOKUMHU CMYTaMH, 110 Po-
3MEXOBYIOTh TEPUTOPIi 3 MOCTYNOBUM HapOIyBaH-
HSM 13 3axony Ha cxia,B HampsMmky JCC, ammiiTya
HOBITHIX BEPTHKAJIBHUX PYXiB (pHC. 5).

BucHoBku. PerioHabHUMH TE€OTEKTOHIYHUMHU
TOCHIPKEHHIMY BCTAaHOBJIEHO, 10 JWHAMIYHA T€0Te-
KTOHIKa 1HBEPCIMHUX €TaliB CTPYKTYPHOI €BOJIOLIl
KOHTHHEHTanbHOi 3eMHoi kopu y /11, 3a inTeHcus-
HICTIO CTPYKTYpHOTO TMpOsIBY, 3yMOBHJA (HopMy-
BaHHs Yy J0KeMOpiiicbkoMy (yHAaMEHTiI HACTYITHUX
TPHOX THIIIB TEPUTOPIAJIBHO 1 JUHAMIYHO CIOIy4e-
HUX JeopMaiiiHuX 30H 00'€eMHOT TEKTOHIYHOT Tedil
KPUCTATIYHHX TOPiJL.

1. JliHeaMeHTHHX 30H KOHIICHTPOBaHUX Aedop-
MalIliii, sIKi yTBOPIOIOTh B IOBEPXHIi (hyHIaMEHTa Moc-
TpU(TOBY CTPYKTYPHY PEUIITKY 30H TOPH30HTAIILHO-
3CYBHOTIO KOHTpOIIIO. 1i CKJIalaloTh CHCTEMHU aKTHBi-

30BaHMX Ha IHBEPCIMHMX eTamax €BOJIIOII 3eMHOI
KOpH JIPEBHIX MiarOHAIBHHUX 1 MEPUIIOHAILHUX TIIH-
OMHHUX MaHTIMHUX PO3JIOMIB, B3/IOBX SIKHX BiIOyBa-
JIMCh TOPU30HTAJIbHI MTEPEeMillIeHHS TeOMACHBIB i3 aM-
IDTITYAaMH y TIEPIIi AeCATKA KM, IepEBaXHO 13 poTa-
LIHHOIO CKJIAI0OBOIO PYXiB, MO OOYMOBIUIN CKJIQJIHI
TpaHcopMallii MepBUHHO JiHIHHOI rpabeH-pudTo-
BOI r'€0CTPYKTYPH.

2. JlyromoniOHUX 30H KOHIICHTPOBAHHX ILTiKa-
TUBHHX JUCIOKAIIIH, 10 CKIIaJCHI CTPYKTYPHUMH Ta-
pareHe3amu IyT CTHCKaHHs- aHCAMOJISIMH TyTIJICKCIB
CTHCKaHHA (Y TeKTOHO]I3nIHOMY ceHci). Bonu npu-
YpOUEHi JI0 MiXkKJIIHEAMCHTHUX J1ISHOK HaWBUIIO1 1H-
TEHCUBHOCTI TIPOSBY cTpec- MeTamopdidaux aedop-
Malliif TipChbKUX TOpiA, sKi y penbedi (pyHIaMEHTY
MIPEICTaBJICHI IYTOMOAIOHNMH CTPYKTypHUMH BH-
cTynamMud OOpTy 1 HIMPOKWMH, KyJiCHO MOOYIoBa-
HAMHU CMYTaMH BHCOKOAMILTITYJHUX YCTYIiB- ma0-
JiB y mpuOOPTOBHUX YaCTHHAX JIHIMTPOBCHKOTO Tpa-
OcHy.

3. KinblieBuX i OBAJIBHUX 30H KOHIICHTPOBAHUX
IDTIKaTUBHUX JAedopmanii, mo CKIaaeHi CTPYKTYp-
HUMHU TIapareHe3aMu IyT PO3TSATaHHSI- aHCaMOISIMU
IOYTUIEKCIB pO3CYBY (y TEKTOHO(I3UYHOMY CEHCI).
Bonu 0X0m0i0Th Mi>KITiHEaMEHTHI AUISIHKY TUCHIIA-
TUBHUX TOPH30HTAIBHUX TMEPEMillleHb reoMac i3 ce-
PEIHBOIO IHTCHCUBHICTIO CTPYKTYPHHUX TUCIOKALiH,
Jie Ha 3aHyPEeHHX CXMJIaxX 1 AHUIIAX KPYMHUX OChOBUX
CTPYKTYPHHUX JI€TIPECiii JIOKaNi3ylThCS BiJ €éMHI
CTpyKTypHi hopmu penbeda GpyHIamenTa y BUTISAL
JIOKAJIGHUX KIJBLEBUX, JIH30BHIHMX 1 OBaIbHHUX
CTPYKTYpPHHX YJIOTOBHH.

4. '010BHMM CHCTEMHHM TEKTOHIYHUM EJIEMEH-
TOM cywacHoi reoctpykrypu JJIII BuznaueHo Mu-
xaimiBcbko- OXTHPCHKY JiHIHHY 30HY CTPYKTYPHO-
KiHEMaTUYHOTO KOHTpoIto. Brepre ii BumineHo sk
perioHaNbHy BiCh KiHEMaTHYHOI CUMETpii (B TEKTO-
HO(DI3MYHOMY CEHCi) Ta BiCh TEKTOHIYHOTO PO3Ti-
KaHHS TeoMac (B KOHIICMIN JHHAMIYHOI T€OTEKTO-
HIKH), SIKa PO3JUIA€ MiBHIYHO-3aXiIHUH 1 MiBJICHHO-
CXiJHHI MeraOJIoKH naneopudry i3 pi3HUMHU KiHEMa-
tuaHuMH TanamMu CTT 1 cTpykTypHHX mapareHesis
peinHoi nedopmartii. OCHOBHUMH CHCTEMHHUM TEKTO-
HIYHUMH enemeHTamMu reoctpykrypu JJI1 BH3Ha-
YEHO IICTh JIIHITHUX 30H TOPU30HTAIBHO- 3CYBHOTO
KOHTPOJIIO, SIKi CKJIaJal0Th CTPYKTYPHUH KapKac 1o-
CTpUGPTOBOT apXITEKTypH.

BcraHOoBIIEHHS HOBUX, PaHIIE HE BIIOMHUX OCO-
OnMBOCTEH NOCTPUPTOBUX YCKIaTHEHb Oy 10BU (yH-
JAMEHTY Tajeopu(Ty J03BOJISIE HAM 3aIIPONIOHYBATH
OLITBIII KOPEKTHY CXeMy HOro TEeKTOHIYHOI CerMeHTa-
1ii i MOJIeNTh HOBITHROI CUCTEMHOI OpraHizarii apxi-
TEKTypH (yHAAMEHTY 1 0caJOBOro 4oXJja, IO JeTa-
JHHO PO3TIISAATUMETHCS Y HACTYITHUX YaCTUHAX TPU-
JIoTii.

BHecok aemopie: eci aemopu 3poburu pigHUli BHECOK y Uto pobomy.
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HORIZONTALLY DISPLACED OF GEOMASSES IN THE CONTINENTAL RIFT STRUCTURES
(ON THE EXAMPLE OF THE DNIPRO-DONETSK PALEORIFT).
PART 1. STRUCTURAL MANIFESTATIONS OF TECTONIC FLOWS IN BASEMENT

Introduction. At the inversion stages of continental geostructures evolution, the rocks of the basement
acquire significant internal volumetric tectonic mobility due to structural and material transformations and
deformations of the tectonic flow. The mechanism and scope of structural changes depend on the characteris-
tics of their primary tectonic structure and geodynamics, the intensity of stress-metamorphic deformations of
rocks, the nature and number of inversions of tectonic stress fields.

Review of previous publications and studies. Secondary dislocations are important for consideration in
geotectonic studies of ancient intra-plate rifts, which include the Dnieper-Donets paleorift (DDP). Studying
the systemic organization of its disjunctive tectonics, on the basis of a geometric, kinematic and genetic anal-
ysis of structural patterns of faults, it was shown that the rift fault-block structure of the Precambrian basement
complicates different-age dislocations of the inversion evolutionary stages.

Purpose and objectives of research. The article is the first of a trilogy that continues research into the
dynamic geotectonics of paleorift, highlighting the kinematic mechanisms and the geological consequences of
the horizontal movements of geomass. It is devoted to the geotectonic study of structural complications of the
collisional stages of tectogeneses in the architecture of the Precambrian foundation.

Materials and methods of research. The original comprehensive method of regional geotectonic studies
is to integrate structural-paragenetic and structure-ne-kinematic methods of tectonophysical research of fault
systems. On the cartographic material, with the use of the determinants of kinematic indicators and the princi-
ple model of coupled deformation parageneses of the tectonic flow, they were detected at the base of the
surface with identification in the local anomalies of geophysical fields and amplitudes of the newest (Holo-
cene) vertical tectonic movements.

Presentation of the main material. Territorial distribution and tectonic position of the secondary defor-
mation structures of the tectonic flow of the sub-regional and zonal scales, ranging in the size from first to tens
of kilometers complicated by its rift fault-block relief, is studied. They were the result of the deformation
mechanism of volumetric tectonic flow of magmatic and metamorphic rocks.

Findings. The morphogenetic types, tectonic position and kinematic mechanisms of secondary deforma-
tional structures formation of the tectonic flow which complicates its rift’s fault-block pattern, have been stud-
ied. Their reflections in the local anomalies of the magnetic and gravitational potential geophysical fields and
in the vertical amplitudes of the newest (Holocene) tectonic movements have been analyzed. Their structure-
forming role at the collision stage of the continental crust of DDP evolution is shown.

Keywords: reid deformation, tectonic flow structures, horizontal displacements of geomasives, kinemat-
ics, structural parageneses.
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BUKHJOHEBE3NEYHICTh IIICKOBUKIB MIBAEHHO-3AXIJTHOI'O PAMOHY
JBbBIBCHKO-BOJIMHCHKOI'O KAM’SSHOBYT'UIBHOT'O BACEWHY

Ha ocnogi ananizy cmpyxkmypHo-mekcmypHux ocobaugocmeti NiCKOBUKIB, 8UGYEHHS KONEKMOPCLKUX IACMUBOCMEl | 2a30HOCHO-
Cmi NPOSHO3YEMbCSL UMOBIPHICIb 8UKUOi6 nopio Ha anubunax oineuwe 700 m ona Iliedenno-3axionoeo eyenenocnozo paiiony JIBB. Ha Ts-
enigcvromy i Jobenbcokomy pooosuyax 00CaiOHCYy8aIucs nopoou OYHCAHCbKOT CEIMU HUNCHbO2O KApOOHY | MOPO308UHI6CbKOI c8imu
OAUKUPCLKO20 APYCY CePeOHb020 KapOOHY. 3acmocysants KOMIAEKCHO20 Ni0X00y 00 6UGUEHHs NOPOOHUX WAPI8 3 AHATIZ0M CIPYK-
MYPHO-MEKCMYPHUX 0COONUBOCMET, BUSHAYEHHAM CMAOill KAmazeHeMmUyHUX nepemeopens € 6adCAUBUM Ol 6CIMAHOGIEHHS NPUYUH,
Gaxmopis a6uwa UKUOOHEDEINEUHOCHI 8Y2NeHOCHUX NOPIO. 3a KOMNAEKCHUM NOKA3HUKOM BUKUOOHebesneunocmi « By y eyenenocuiil
moewi Tseniecvroeo i Jllobenbcbko2o pooosuly Ha 2TUOOKUX 20PU3OHMAX BUOLTAIOMbCS WaAPU [ IIH3U NICKOGUKIE NOMEHYIUHO 30AMHUX
0o panmosux euxudig. [na nopio Taeniecvko2o pooosuwya, sK OLIbUW 2A30HOCHO20 8 OaceliHi, NOMeHYiliHA 3a2po3a 8UKUOie Nopio
oinvua. Ocobauso ye cmocyemuvcsa J0KANIbHUX AHMUKITHATbHUX RIOHAMb, WO YCKIAOHIOIOMb Kpuaa Tazniecokoi cunkainani. Jlinsu no-
MeHYIIIHO 8UKUOOHEOe3NeUHUX NICKOBUKIE 8UOLIEHT Y HepIBHOMIPHO Oe2a3osanili mosuyi Jllobenbcvkozo podosuwa. 3a ceoimu cmpyk-
TYPHO-TMEKCIMYPHUMU 0COOTUBOCMAMY BOHU WITbHI 3 BEIUKOIO KITLKICINIO HCOPCMKUX MOPUHHUX THKOPROPAYTIIHUX | CYMYPHUX KOH-
maxmie miowe 3epHamu. TlocOnanHs NiOGUWEHO20 HANPYICEHHSA MEKMOHIYHO20 XapaKmepy 3i 3HAYHOI KPUXKICMIO NICKOBUKY € 00-
CMAMHBOI0 YMOBOI0 0I5l GUHUKHEHHS | pANMO6020 BUSIIbHEHHS BUCOKO20 HANPYICEHO20 CINAHY 8 NOPOOAX.

Jocnioocenns nickosuxie Ilie0enno-3axionoeo eyenenocnozo paiiony JIBB, eudinenns wapis i 1iH3, NOMEHYIHO 30amMHUX 00
Panmosux UKUOi8, € aKmyanbHUM 3 MOYKU 30pY HAPOWYBAHHS MIHEPANbHO-CUPOBUHHOT Oa3u Oaceliny 3a paxyHOK OCE0EHHS HO-
8UX NIOW.

Knrwowuosi cnosa: Jlvsiscoko-Bonuncokuil baceiit, GuKu0oHebe3neyHicms nopio, NicKoSUKU, Kamazexes, CIMpyKmypHO-MeKCmypHi
ocobusocmi.

U. B. Byuunckas, E. M. lllesuyk, A. B. lloopeacckuit. BBIBPOCOOIIACHOCTHD IIECYAHHKOB IOI'0O-3AITA/THOI'O
PAHOHA JIbBOBCKO-BOJIBIHCKOIO KAMEHHO-YT'OJIbHOTO FACCEHHA. Ha ocnosanuu ananuza cmpyKinypHo-mexc-
MYPHBIX 0CODEHHOCMEN NECYAHUKOS, ONpedeneHUs UX KOINEKMOPCKUX CBOUCME U 2A30HOCHOCMU YCIMAHOBNEHA 6EPOSMHOCMYb CYUeCmBo8a-
HUsL 8b10POCO8 NOpod Ha 2nybunax 6oavute 700 m ons FO20-3anadnoeo yenenocnozo pationa JIBb. Ha Tsenoeckom u Jlrobensckom mecmopo-
HCOCHUSAX UCCTIE008ANUCH NOPOOLL DYHCAHCKOU CEUMbL HUNICHE20 KAPOOHA U MOPO30EULEECKOT CEUMbL DAUKUPCKO20 APYCA CPeOHe20 KapOoHa.
TIpumenenue KOMNIEKCHO20 NOOX00A K U3YHEHUIO NOPOOHBIX CI0€E C AHANUZOM CIPYKMYPHO-MEKCMYPHbIX 0COOEHHOCMel, U3YYeHueM
cmaoutl KamazeHemuyeckux npeodpazo8aHull 6ax3CHoO 014 onpedeienus NPULUH U pakxmopos aleHus 8blopocoonacHocmu nopoo. 3a
KOMNIEKCHbIM nokaszamenem guvlopocoonacrnocmu « By 6 yenenocnoii monwe Taznoeckozo u Jliobenvckoeo mecmopodicoenuil na 2ny6o-
KUX 20pU3OHMAX GUOENAIOM CIIOU U JUH3bI NeCYAHUKO8 NOMEHYUATLHO CROCOOHbL K 8He3anHbimM 8blopocam. [na nopod Taznoeckozo
MecmopodtcOenus, Kak Ooiee 2a30HOCHO20 8 bacceline, NOMEHYUATbHAA Y2po3a 8b10poco6 bonvute. OcobeHHO Mo Kacaemcs 10Kalb-
HbIX AHMUKIUHATBHBIX NOOHAMULL, KOMOopble YCL0JICHAIOm Kpblibs Taenoeckoti cunknunany. Jlunsvl nomenyuanibHo 616poCoOONnacHbIX
necuanuKos evloenenvl 8 HepasHoOMepHO Oe2azuposannol moawe Jlioberbckozo mecmopodcoenus. I1o ceoum cmpykmypHo-meKc-
MYPHLIM 0COOEHHOCMAM OHU NJIOMHBIE C DONBUIUM KOTUUECMBOM HCECKUX BMOPUUHBIX UHKOPROPAYUOHHBIX U CYMYPHBIX KOHMAKMOG
medncoy sepramu. Couemanue noGulueHHO20 HANPAICEHUS MEKMOHUYECK020 XapaKkmepa U 3HAYUmMenbHOU XpYRKOCHY necyaHuxka —
docmamouHoe ycuogue 0isi BO3HUKHOBEHUS U BHE3ANHO20 BbIC80DOIUCOCHUS BbICOKO20 HANPSAICEHHO20 COCMOANUSL 8 NOPOOAX.

Hccnedosanue necuanuxos FOeo-3anaonoeo yenenocnozo pationa JIBb, gvioenenue cnoeg u iun3 nOmeHyuaibHo Onachvlx K 6He3a-
NHBIM 8bIOPOCAM AKMYATLHO ¢ MOYKU 3PeHUs HAPAUUBAHUA MUHEPATLHO-CLIPLEBOU DA3bl 3a CYem 0CB0eHUs! HOBLIX NoWAlell.

Knrouesvie cnosa: Jlvsoscko-Bonvinckuii bacceiin, 8616pocoonacHocms nopoo, Necuanuxy, KamazeHes, CHpPYKMypPHO-meKc-
mypHble 0cobeHHOCI.

IlocTaHoBKka mMpodJeMH y 3arajbHOMY BH-
rJsii Ta ii 3B’ 5130K i3 BaXKJIUBUMHU HAYKOBUMH YU
NMPAKTUYHUMH 3aBAAHHAMH. BUBYCHHS THUTaHHS
BHUKHIOHEOE3MEYHOCTI BYIJIEHOCHOT TOBII JIbBIBCH-
KOT0 TTAJIC030MCHKOTO MPOTUHY € BAXKITHBUM JUTSI BU-
3HAYEHHS MEPCIIEKTHB PO3BUTKY BYTIIEBUI00YBHOTO
kommiekcy  JIpBiBcbko-BonmHchkoro — Oaceiiny
(JIBB). JocmimkeHHs: BUKHIOHEOC3MEYHOCTI BYIIIE-

BMICHHUX MICKOBHKIB 3yMOBJICHO KOMIUIEKCHUM ITiJI-
XOJIOM JIO MUTaHb HAPOIYBAaHHS BYTJIEBHIO0YTKY 32
pPaxyHOK OCBO€HHS HOBUX POJIOBHII OaceiHy Ta mpo-
BEJICHHSI ByTJIEBU00YBHHIX POOIT HA TTHOOKHUX TOpH-
30HTax. JlociipKkeHHs € yacThHO Temu «Haporry-
BaHHs CHPOBMHHOI 0a3u Ta aHali3 SIKOCTI BYIULIA
JIbBiBcbKO-BoMHCEKOrO  Kam’sHOBYTiiIbHOrO 0Oa-
CeliHYy» B paMKax IJIb0BOI INpOorpaMy HayKOBHX
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BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

mocimimkeass HAH Vikpainm "MiHepanbHO-CHPO-
BHHHA 0a3a YKpaiHW SK OCHOBa Oe3MeKu AepkaBh"
(2016-2021 pp.).

AHaNi3 oCcTaHHIX HOC/TiIKeHb i mMyOsikaiii.
[IpoGiema BUKHIB BYT1ILIS, IOPOAM i Ta3y nependa-
4ae po3poOKy Teopii MeToIiB TPOTHO3Y 1 3ac00iB 00-
pPOTHOU 3 ra30MHAMIYHMMU SBUIIIAMHU, sIKi BiOyBa-
FOTBCS B 32005X TIPCBKUX BUPOOOK 1 MPEACTABISIOTH
c000¥0 MIBUAKOIUITMHHE PyHHYBaHHA MPHU3a0iiHOI Ja-
CTHHHU T'a30HACHYEHOT0 BYTiIBHOTO ab0 MOPOAHOTO
MmacuBy [23].

PanroBuii BUKHA — ra3oguHaMidHe SBUILE, 110
BUHHKAE y BYTiJUTi UM B TA30HOCHUX MTOpPOJAx i xapa-
KTEPHU3YETHCS IIBUAKUM PYHHYBaHHSM MAacHBY 3 BH-
KHJIOM TIOpOJH 1 BUAiINeHHAM Ta3y [6]. [lepmuit Bu-
kuj mopia B IleHTparbHOMY T€0JI0r0-IPOMHUCIIOBO-
uMy paiioni Jlonernpkoro Oaceiiny craBcs B 1955 p.
Ha maxTi Ne 1-5 “Kogerapka” va rim6ousi 750 m [27].
A. A. CxounHCHKHH [24] 3amporoHyBaB ra30{uHaMi-
YHY KOHIICMIIIF0 BUKW/IB BYTULIA 1 Ta3y 1 pO3IIIsHYB
OB OKpeMHX (aKTOPiB — TUCKY TIPCHKHUX MOPi, 3a-
MKHEHOTO y BYT1JIII ra3y, ¢pi3uKo-MeXaHIYHHX BIac-
THUBOCTEH, MIKpPO- 1 MakpOCTPYKTYpH BYTiJLIs, a Ta-
Ko OynoBy ByrinbHoro miacrta. Lls rimoresa Oyna
MPUHATA OUTBIIICTIO JOCHITHUKIB 1 PO3BHUHYTa B
mpamsix B. B. Xomora [26], B. 1. Hikomina [21], B. 1O.
3abiraiina [16, 17]. Ha nymMKy nux aBTOpiB, BUKHJIO-
HEOE3IEYHICTh 3YMOBJICHA B3a€MO3B’SI3KOM OCHOB-
HUX IPUPOIHIX (haKTOPiB (HATIPYKEHOTO CTAHY, BMi-
CTy Ta3y 1 Qi3UKO-MEXaHIYHUX BJIACTHUBOCTEH TipCh-
KHX TIOpin) 3 TexHosoriyHumH Qakropamu. [loen-
HaHHS MiIBUIIIEHOTO HANPYXKCHHS TEKTOHIYHOTO Xa-
paxTepy 31 3HAYHOIO KPUXKICTIO MTICKOBUKY € OCTAT-
HbOIO YMOBOIO JIJIsl BAHUKHEHHS 1 paliTOBOrO BUBIJIb-
HEHHS BHCOKOTO HAIpPYXEHOTO CTaHy B TIOpPO-
nax [27].

JucKyciiHIM € THUTaHHS pOJi Ta3y y BHHHUK-
HeHHi BUKUIIB opia. Ha nymky JI. H. bukosa [11],
MEPIIONPUYUHOI0 BUKUJIIB € BIJIBHUH ra3, 110 3HaXO0-
JUTHCS B MIKpOIIOpax TiJl BUCOKUM TuckoM. B. 1. Hi-
KOJIIH Ta iH. [16, 17, 21] npUYMHOI0 BUHUKHEHHS aHO-
MaJBHUX HANpyr y BHUKHIOHEOE3MEYHHX MOPOJIaxX
BBKAIOTh T€OCTATUYHUN THUCK 1 HAsBHICTh B IXHIX
nopax rasy i BUCOKkuM TuckoMm (1o 10,0 MIla). 3a
nocmipkeHHs My [13], ra3, oo yTpuMy€eThesi B TOBIII
MICKOBHKY, HE € IPUYNHOIO BUHUKHEHHS BUKHUIIB, a
BHCOKE Ta30BHIIJICHHS MTOSICHIOETHCSI MUTTEBUM PYH-
HYBaHH;M MOPOJIM 3 BUBUIBHEHHSM Ta3y.

Hwu3ka nociTHuKIB BCTAHOBHIIA TPUHATIEKHICTh
BUKHJIOHEOE3MEUHUX MICKOBUKIB JI0 IMEBHUX YMOB
yrBopeHHs. B. C. Bepezaa 1o Bukuaone0e3neuHmX Mmi-
CKOBUKIB Ha rmOnHax Oinbiie 700 M BiTHOCHB JIHIIIE
MiCKOBHUKH pycnoBux ¢auiii [12]. [nmmmu gocmigau-
kamu [10, 15,16] Oynu 3po0ieHi BUCHOBKH, IO BH-
KHJIY TIOPiJT 1 Ta3y BiJIOYBArOTHCS HE JIUIIE B TICKOBU-
Kax pycJIoBHX (alliid, ane il y micKOBUKax MiABOIHUX
BHHOCIB PiK Ta y30epexokst MOPs 3 BIAMOBITHUMHE (i-

3MKO-MEXaHIYHUMH BIACTUBOCTSIMH.

Busuenns merporpadidHux ocoOIUBOCTEH He-
Oe3mevynux i 6e3MeYHnx M0 BUKUAAX MICKOBUKIB MPH-
BeIW JOCHiAHUKIB [15, 16] 10 BUCHOBKY MpO iCHY-
BaHHS TPHUHIMIIOBUX BiAMIHHOCTEW B iXHIN CTpyK-
Typl Ta CKJIaji, 30KpeMa 3a PO3MipOM YIIaMKOBHUX 3e-
PEH, TUIIOM LIEMEHTY, BMICTOM YJIaMKOBOTO 1 pereHe-
pariitHoro kBapiy. BukukmoHeOe3neuHi MmiCKOBUKA
MalOTh KBAPLMTOBUIHWH BHIVISZ, 3€pHA BIABJICHI
OJTHE B OJIHE, IEpeBaKAIOUNI THH [IEMEHTY — KOHTa-
KTOBH. SIK IPOTHO3HI 03HAKHM 3 BUCOKHM CTYyIIEHEM
HafiitHOCTI OyNM 3ampoIOHOBaHI: 37aTHICTH KEPHY
CBEPJIOBHH JIUTUTHCS HA TUCKH, CTPYKTYpa ITiCKOBH-
KiB, THII 1 CKJIQJl IIEMEHTY, THII KOHTAKTiB MiX 3ep-
HaMH, PO3Mip MMOPOIOTBIPHUX MIHEPAITIB.

MeToau TIporHO3Y, IO ICHYIOTh Ha CHOTOJIHI,
JIO3BOJISIIOTh BU3HAYUTH BHUKHUIOHEOC3MEUHICTh Tip-
CBKHX TIOPiA HA CTafil T€oJIOTivHOi PO3BIIKU POJO-
BHIl| (peTiOHaTBHUA TPOTHO3) i B IMPOIECi MpOBe-
JIeHHS1 BUPOOOK (TMOTOYHUI 1 TOKaJbHUN TMPOTHO3M)
[3,5, 23].

BrnactuBocTi BUKHIOHEOE3NEYHUX MICKOBHKIB
BIZTHOCHO HaJiiHO MOXYTh OyTH BH3HAYeHi Mija 4ac
re0JI0rOpPO3BIAyBANBHUX POOIT. 1)1 YUCETBLHOTO BH-
3HAYEHHS! BUKHIMHEOE3EYHOCTI MICKOBUKIB 3aCTO-
COBYIOTh KOMIUIEKCHUI MOKa3HUK «By», akuil po3pa-
XOBYETBCSI IK CEPEHE ABOX TPYI MOKa3HUKiB: 1) Xa-
PaKTepUCTUKHU BIACTUBOCTEU MOPiA — CTYIiHb MeTa-
Mop(}i3My, TEHETUYHHH THN MICKOBHUKY, KIIBKICTh
yIAMKOBOTO 1 pereHepaIiifHoro KBapiry Ta TIIHHACTO-
CIIIOJIUCTUX MiHEpalliB, CepeHbO3BAKEHUH PO3MIp
3epeH, MPOTHKHICTh KOHTAKTIB, BiJKpHUTa MOPHUC-
TICTh; 2) XapaKTEPUCTUKU HANpPYXEHOTo CTaHy IO-
pOIM — MeXa MIIHOCTI Ha po3pHB, MOAynb FOHra,
THCK Ta3y, TInOuHa 3ansranss [3, 5].

Buknnone0Oe3neuHicTh A1 OAHAKOBUX T'€HETH-
YHHX THUIIB MOPiJ 3 PIBHUMH KaTareHETUYHUMHU Iie-
PETBOPEHHIMHM 301JIBIIYETHCS 31 301BIIEHHAM Kijlb-
KOCTi YJIaMKOBOTO 1 pereHepamiifHoro KBapiy, 3i 30i-
JBIICHHSM PO3MIPY KBapIIOBHX 3€PEH Ta MPOTIKHO-
CT1 KOHTAKTiB MiX IIOPOJIOTBOPHIUMH MiHepallaMH, 3i
3MEHIIEHHSIM TTOPUCTOCTI, 30UTBIIEHHSM COPOIiitHOT
METaHOEMHOCTI Ta CTYIEHs HAIIOBHEHHS IOpP ra3oM,
TIIMOWHY 3aJIsITaHHsI 1 THCKY HACHUEHHX Ta3iB.

ITporHo3 BUKHIOHEOE3IEUHOCT] TIPCHKHUX MOPiJ
3a reoJioro-reo()i3MYHNMH JAHUMHU Ha 1Iel yac € Hal-
MEHII 3aTPATHUM 1 OTHOYACHO e()EKTHBHUM METOJIOM
BU3HAYEHHS BUKUJIOHEOE3NEYHOCTI MiCKOBHKIB MPH
MIPOBEAEHHI POOIT y BYrUIBHUX IIAXTaX.

Buninennsi HeBUpilIeHUX paHille YaCTHH 3a-
rajibHoi MPodJieMH, IKUM MPUCBAYIYETHCS CTATTH.
HocnimpxenHs: BUKHI0HeOe3meuHocTi nopin y JIbBiB-
cbKo-BonuHcbKOMy OaceiiHi TOBruil yac He MPOBO-
JIMITUCh, OCKIUIBKM BUJIOOYBaHHS BYrULIS BinOyBa-
jock Ha mimobuHax Bume 700 M. Xoya OUIBIIICTH
maxT JIBb € xareropiiHuMu Ta HagKaTeropiHHUMH
Ha Tra3, BUBYCHHSIM BHUKHIOHEOE3IEYHOCTI MOPia 10
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90-ux pOKIB MHUHYJIOI'O CTONITTS Maibke He 3aiiMa-
JIUCAL.

[lepcnexkTnBr po3BUTKY JIbBiBCHKO-BOIMHCH-
KOTO KaM STHOBYTiIBHOTO OaceiiHy Ta HapOIlyBaHHS
BYITIEBUAOOYTKY 32 PaXyHOK OCBOEHHS HOBHX POZO-
BHII] TTOB’ 13y10ThCs 3 [liBmeHHO-3axifHIM ByTJI€HOC-
HUM pailoHOM, Y MEKaX SIKOTO BUALISIOTH TATTIBChKE
1 JIroGenbecrKke pomoBuIa. BoHN 3HAX0IATECS B Hail-
OinpIn 3aHypeHiit vactuHi JIBBIBCHKOTO MaI€0301Ch-
KOTO MPOTHHY 1 BiAPI3HAIOTHCS Bi THX, IO BXKE PO3-
POOJISIOTHCSI, BETMKOIO TIMOMHOIO 3aNATaHHs Iepc-
MEKTUBHUX BYTiTbHUX TuiacTiB [14].

ByniBauntBo maxtu «TsrmiBceka — 1» Ha Tepu-
topii TsarmiBcekoro pomoruma IliBaeHHO-3axiqHOTO
BYINIEHOCHOTO paiiony JIBB minanyBanock npoekTom
Ha niepioz 3 1996 mo 2002 p, 3 BBOIOM B eKCILTyaTa-
uito B 2004 p. Po3kpuTTs BYrinbHUX IJIACTIB TO-
BUHHO OyJI0O HPOBOAMTHUCS BEPTUKATBHUMH 3[BOE-
HUMH CTBOJIAMH 1 TOPU3OHTAJIBHUMHU KBEpILJIaraMu
rmbuHoo 10 870 M. Byso npoBeneHo Ben4e3Hy J10-
CJIITHUIIBKY POOOTY, MpoOypeHi COTHI CBEPHAJIOBHH,
aye y 3B 3Ky 3 MOJITHYHUMHU T4 €KOHOMIYHUMH TI0-
JisSIMU, TIOB’si3aHUMU 3 po3magoM PaasHcbkoro Co-
103y, OYJIBHUIITBO IIAXTH TaK 1 He po3mouanocs. Ha
CBOTONIHI MIKABICTh MO IIi€l AUIAHKA BUHHUKIA Y
3B’S3KY 3 MOXJIMBUM BHA00OYTKOM METaHy 3 BYI'lJIb-
HUX TUIACTIB.

Benuka Hanmis MOKNTAMAETbCcs HA OYHAIBHUIITBO
HOBOI CydJacHOI maxT Ha J[100eIpChbKOMY POJTOBHIII
[liBneHHO-3axiIHOTO paiioHy, ajKe 1€ EAUHE POJIO-
Buiie JIBB i3 3amacamu KOKCiBHOrO Byriuis. Po3k-
PUTTS IIAXTHOTO HOJNS IUIAHYEThCS 3IiHCHIOBATH
JIBOMa BEPTHUKAJIBHUMH CTBOJIAMH TIJIMOMHOIO 10
979 m.

[lepexix Ha TOPWU30HTH HAa TIIMOWHAX OLTBIIAX
Hix 700 M moTpebye HaIIHHOTO MPOTHO3Y TipHHYO-
I'COJIOTIYHUX YMOB PO3POOKH, aJI’Ke caMe Ha TaKuX Y
JoHenbkoMy OaceifHi y psiii WaxXT NpH MPOBEACHHI
poOIT BiAMIYAIOTHCS BUKUIM BYTULISI Ta TIOPOTH.

@opMyJIIOBAaHHS METH CTATTI (TTOCTaHOBKA 3a-
BlIaHHA). 3aCTOCOBYIOYHM METOIHU IPOTHO3Y BUKHJIO-
He0e3MeYHOCTI TIOPi Ha OCHOBI T'e0JI0r0-pO3BiTyBa-
JBHUX JaHUX, BCTAHOBUTH HASBHICTb MOTEHLIIHO
BUKHJIOHEOE3MEYHUX MICKOBUKIB y BYIJICHOCHIH TO-
Buli [liBneHHO-3axifHOTO BYTJIIEHOCHOTO pPaloOHY
JIBb.

Buknanenus ocHoBHoro wmarepiamy. [lis-
JNEHHO-3axXiIHUH BYIJICHOCHUH palOH — 4YacTHHA
ckinagHoi cTpykTrypu JIpBicbko-BomuHcbhkoro 0Oa-
ceiiny. Jlo fioro ckiamy Bxojsath TsrmiBcbka i Kapis-
coka (JIroOenbcbka) acMMETPUYHI CHHKJIIHAJI, BIiCI
SIKUX 3MIIICHI B IMiBJACHHO-3aXiJHOMY HamnpsMKy. B
HUX 3QJIraioTh OUIBII 3aHypeHi KaM’ sHOBYTUIbHI
BiJkJaau OaceiiHy, 1110 30eperinch BiJl pO3MUBY, SIKi
CKJIafaroTh BiamnoBigHo TsarmiBceke 1 JIroOembecbke
ponoBumia [28]. CxemaTnuHa KapTa poIOBHIIL TPHUBE-
JICHa Ha PUCYHKY 1.

B crparurpadiyaomy po3pizi pogOBUIN BUIIIS-
FOTh BEpXHBLOJICBOHCHKI IMEPEBaXHO KapOOHATHI BiJl-
KJIa/Id, BYTJICHOCHI KaM STHOBYT1JIBHI 1 EpeKpHuBaroyi
iX TepUreHHi IOPChKi, KapOOHATHI BEPXHBbOKPEHIOBI
BiJKJIaIH, @ TAKOXK Y€TBEPTHHHI Binkaamu [2].

Po3pi3 npoxyKTHBHOI TOBII CTIHKHIA IO BCBOMY
[liBnenHo-3axigHOMY ByTJeHOCHOMY paiiony. lle
BiJIKJIQ/IM KaM STHOBYT1IHHO1 CHCTEMH, IO BiTHOCSTH-
Csl 10 TYpPHEHCBKOTO, Bi3eHCHKOTO, CEpPITyXiBCHKOTO
Ta OAIIKUPCHKOTO SAPYCiB.

Biaknanu TypHeiicekoro sipycy (Cit) npencras-
JeHi mopogamu xopicekoi ceitu (Cithr) i He MaroTh
CYLIBHOTO PO3MOBCIOIKEHHSI O IO pogoBuil. B
OCHOBHOMY, 1I¢ MICKOBHKH, aJ€BpOJITH, apriliTd 3
MOOTMHOKMMH ITPOIIIapKaMH BaIHAKIB.

Biakmamu Biseiicskoro sipycy (Civ) po3BuHyTi
1O BCill IUIOIII 1 BKIIOYAIOTH B ce0€ OJIECHKIBCHKY
(Cyvol), sxrtopiBeeky (Civjh), BoIOAMMHPIBCHKY
(Cywl) i yerumyseky (Civus) cBitu. Bimkmaau mpe-
CTaBJICHi, B OCHOBHOMY, MIilTHUMH BaITHSIKaMH 3 Iif-
MOPSIIKOBAHUM PO3BUTKOM MOPCBKHX apriniTiB. Xa-
paKTepHe MIMPOKE PO3IOBCIOKEHHS 3aXOPOHEHb 3a-
numkiB Gayau Gopamenidep, dpaxionon, KpiHoigeH,
octpakoz i iHmmx. CyMapHO BiJKJIa 1 MaloTh B 001
1o 10 manomotyxuux ( 0,10-0,30M) ByTrinpHEX II1aC-
TiB. B ckiani cepmyxiBebkoro sipycy (CiS) BUIIISAIOTH
noputibky (CiSpr), iBanmuiBceky (CiSiv), miriHsH-
ceky (Casls) 1 0yxkancbky (C18bz) criTn.

Tpu HIKHIX CBITH (TOpHUIIBKA, iIBAHINYIBCHKA, JTi-
HIHSHCHKA) BKIIOYAIOTh 70 46 BYTUIBHUX TUTACTIB 3
nepeBakaro4oro noryxHictio 0,10-0,35m. Bunstkom
€ m1acTH Ve (iBaHMYiBChKA CBiTA) 1 No® (JTiMIHAHCHKA
CBiTa), AKi € TOCUTh BUTPUMAHUMH TI0 TUIOIII 1 TOCS-
rarTh po00YOi MOTYKHOCTI. Bimkinanu cBit, B OCHO-
BHOMY, TIPEJCTaBIIEHI ITICKOBUKAMH, AJEBPOIITAMH,
apriTiTaMu 3 IpOIIapKaMH BaITHAKIB.

Byxancpka cBita (C1bz) € HaitbibII1 BUBYEHOTO,
BMIII[Y€ OCHOBHI ITPOMUCIIOBI TLUTacTH: N7, N7, Ng®, Nq.
CBiTa MpakTHYHO TOBHICTIO CKJIaJICHAa TEPUTCHHIMHU
nopoAaMu (IiCKOBHKAaMH, ajeBpOJiTaMH, apriiirta-
MH). B po3pi3i CBITH NMpHCYTHI MaJIONOTYXHi, He-
CTIi#iki 1o rwrom, BarmHsAKH N3 1 N4 HwkHs yactrHa
po3pidy, 10 BamHIKY Na, OLTBII TIWHUCTA, Maike
0e3ByruibHa, CKJaJieHa MPaKTHYHO MOBHICTIO Tepe-
LIapyBaHHSIMU aprijIiTiB 1 alEBPOJIITIB.

B po3pisi cBiTu Takox BusiBieHO 10 30 Majomno-
TYXHHX IDIACTIB, Cepel SKUX HAMOUIBII CTIHKI — Ng,
Ns, Nst, N, Ne'. B Bamusikax N3, N3!, N4 BusiBicHi 3a-
mumky daynu: ¢opamenidep, kpiHoineH, meieuu-
T0J1, TaCTPOTOJ, Opaxiorno/.

Bigkmagu Gamkupebkoro spycy (Czb) posmo-
BCIOJKEHI B MiBHIYHIN, HAHO1IbII 3aHYPEHiH YacTHHI
LIaXTHOTO TOJIS, MO BCiH IUIONII MIAXTHOTO MOJS i
BKIIIOYAIOTh B ceOe TPH CBITH: MOPO30BHUIBCHKY
(Czbmr), mapomiscbky (Cobpm), kpeuiesky (Cobkr).

Mopo30BHUiBCEKA CBiTa CKIIZIcHA ITiCKOBHU-
KaMu, aJIeBpOJIiTaMH, apriJiTaMH, BalHIKaMHA 1
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ByriusM. CBita BKJIIOYa€e 8 BYTIbHUX IJIACTIB, MPO-

MHUCJIOBHI iHTEpeC MatoTh e aBa — D1 i b3

Ha Tsarniscekomy i JIF00embChKOMY POJOBHIIIAX
IUTaHy€eThCs BUPOOKA BYTiuTs miactiB Ds, b1, Ng, Ng®,
Ng, N7, N7.

3a neTporpadivHUM CKaJIOM MMiCKOBUKH BYTJIe-

J b

HOCHOI TOBII BIZHOCSTBHCA IO ME30MIKTO-KBapI[O-
9

BUX, TIOJBOBOIINATO-KBAPIOBUX 1 KPEMHEKJIACTO-
KBap-110BUX BijMiH 32 kinacudikariero B. JI. lllyrosa
(1975) [20].

Bukuau nopin BiiOyBarOThCs B MICKOBUKAX TIe-
BHUX JIITOTEHETUYHUX THITIB — ¢auii pycen (P), miza-
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Puc. 1. I'eonoriuna kapTta [liBeHHO-3axiIHOTO BYIJIEHOCHOTO paiioHy JIbBIBCbKO-BoJIMHCBKOIO OaceiiHy
s 4,0,0—

(3a matepianamu [14]). Ymoeni nosnauenns: 1 — ninist po3pi3y; 2 — HOMEp CBEPIOBHHHE; 3 — MEXKI [IAXTHUX
;

moiis; 4, 5, 6 — ByTUIbHUMN TIIACT; 7 — BaITHAK;8 — JepKaBHUM KOPJIOH; 9— TEKTOHIYHI MOPYIIEHHS
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BoxHUX BHHOCIB pik (IIBP), mpubepexHo-MOPCHKHX
(ITM), o mictsth raszose (I7), razoBo-xkupue (17K),
xupHe (OK) ta xokciBue (K) Byriumsa. [mubuna 3amns-
TaHHS MOPiJ] BIUIMBAE HA ()i3MKO-MEXaHiYHI BIACTH-
BOCTI TIOPOAM 1 3HAaXOAUTHCA B KOPENSIMIHHOMY
3B’SI3Ky 3 THCKOM T'a3iB, Ta30HACHUYEHICTIO Ta BOJIOTi-
CTIO TipchKux mopin [17].

CTpyKTYpHO-TEKCTYpHI OCOOJIMBOCTI TOPix BH-
3HAYaJMCAd CTYNEHEM IOCTAIar€HETHYHHUX 3MiH.
Hamu Oynu BuB4YeHI 1 criiBcTaBiIeHi BTOPUHHI 3MiHH
yJIaMKOBOTO Matepiaiy, sIKiCHa 1 KiIbKicHa XapakKTe-
pUCTHKA TIEPETBOPEHD MEBHUX MiHEpaTiB-1HINKATO-
piB Ta AesAKi CTPYKTYpHO-TEKCTYpHi MOKa3HHUKH, IO
XapaKTepU3yIOTh CTYMiHb HEPETBOPEHB IiCKOBHKIB
P, [IBP i IIM IliBgeHHO-3axiAHOTO BYTJIEHOCHOTO
paiioHy, BITHOCHO CTaiil KaTareHETHIHOTO TIEPETBO-
penns nopia (tabm. 1). OxpiM TOro, CXeMaTH4HO 30-
OpaXeHO AMHAMIKY 3MiH KUTBKOCTI BTOPHHHOTO KBa-
pILy, MTOPUCTOCTI, KoedilieHTa MeTaMOppidHOCTI Ta
KUTBKOCTi KOHTAKTiB Ha 3€pHO, SIK OCHOBHHX ITOKa3-
HUKIB CTPYKTYPHHX MEPETBOPEHB 31 3MIHOIO CTYIICHSI
KaTareHesy IS MICKOBUKIB Pi3HUX JIITOTEHETHYHHUX
TUmiB (puc. 2).

AHani3 pe3yibTaTiB AOCTiKEHb BKa3ye Ha Te,
IO 31 3POCTaHHSAM CTYINEHS KaTareHeTHYHHX Iepe-
TBOPEHb 3MIHIOETBCA CTPYKTypa TMOpid, a TaKOK

30UTBITY€ETHCS KiTBKICTh PETCHEpaIliiHOTO KBapIly,
110 MPU3BOIUTE A0 YIIIIEHEHHS TOPII.

31 301IBIICHHSIM TOCTCEANMEHTALIITHUX 3MiH pi-
3KO TOTIPIIYIOTHCS KOJICKTOPChKI BIACTHBOCTI TICKO-
BHKIB. Uepe3 3HWKEHHS Ta30IPOHUKHOCTI IICKOBHU-
KiB ra3u MOXyTh 30epiraTics y BIIKPHTIH cHCTEMI
“ra3—IicKOBUK”, IO 1 CIIOCTEPIra€ThCs Ha BEJIMKHUX
rnubunax y Jlonenpkomy Oaceiini [9].

3a kimacuikaIti€ero mopia-KoJeKTOPiB MiCKOBUKH
Tsrnisecekoro ponosuina JIBB moxna BimHecTH 10
JBOX TpyH KoJsiekTopiB: ao Il rpynu — HepiBHOMIpHO
MIPOHMKHI (32 TIOpaMH) KOJEKTOpH, Ta 10 IV — 3Mi-
[IaHi KOJIEKTOpH (TIOPOBi 1 TPIlHHI1). 32 BETHYHHOO
IIPOHUKHOCTI I1i MICKOBUKU HAJISKATh JI0 KJacy cia-
oompornkaux (0,001 — 0,01 /) i BaXXKOTIPOHUKHUX
(<0,001 1) xosrexTopis [10].

3a KOJEKTOPCHKUMH BIIACTUBOCTSIMH BYTJICHO-
cHi Binkmaan JIFoO6eIhChKOT0 POAOBHUIIA XapaKTepH-
3YIOTHCSl HASBHICTIO MMOPUCTHX 1 TAa30TPOHUKHHX TT0-
pin, AKi MOYKHA BITHECTH J0 KOJICKTOPIB MOPOBOTO 1
NOPOBO-TpilMHHOTO Tumy. llopucticts mopix 3wmi-
HIO€TbCA Bif 1 mo 4 — 5% mpu MakcHMallbHUX 3Ha-
yeHuax 9,2 — 15,8% na o momis maxt JIrooems-
cbki NeNe 112, razonponukHicts — 0,01 — 0,7 Ml mpu
MaKCUMaJIbHHUX IOKa3Hukax Big 0,2-0,62 1o
2,92 - 6,36 m/1 [25].

Tabnuys 1
OcHOBHI MiHepanoro-fierporpadidti XapakKTepUCTHKH IMTCKOBHUKIB BITHOCHO CTail
MOCT/IiareHETHYHOTO TIEPETBOPEHHS TIOPIJT
Paii Crajiisg kaTareHesy IIOYATKOBUIM KATAT'EHE3 | TJIMBMHHWI KATATEHE3
H Mapka Byrims r K XK K
Ksapu Bropunnmi, % 02—_89 %
ITicko- IMopwucricTs, % 2'9g$0’0 4, 76_5102
B PY MKoedimient metamop- 0.06-039 | 022-054
cel pik ) )
¢diyHOCTI 0,17 0,36
. 0,14 -0,28 0,14 — 0,55
Posmip 3epen, Mmm 021 031
o 0-4 0-5 0-10 1-10
KBapu Bropunnuii, % 23 Y 39 40
ticko- . 16-93 14-132 19-98 19-93
Buku mina- | [Topucricts, % 6.8 6.1 64 58
if{fl‘;fg Koediwient metamop- | 0,09 — 0,29 0.1-043 0.1-043 013-04
. 19HOCTI 0,2 0,24 0,25 0,25
iK
p . 0,1-0,56 0,14-0,33 0,12-0,3 0,11 -0,53
Po3mip 3epen, Mmm 019 022 02 022
Kgapu Bropunnuit, % 0-25 6 S 2 —01724 —01755
[Ticko- Mobucricrs. % 35-5,0 3.0-40 22-6
BUKH y3- p i 4.2 3,6 3,8
Oepexcxs | Koedimient meramop- 0,09-0,21 0,14-0,18 0,13-0,29
MOps ¢iuHOCTI 0,13 0,16 0,18
. 0,09-0,17 0,09-0,14 0,1-0,14
Posmip 3epen, Mmm 013 012 012
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Puc. 2. OCHOBHI IOKa3HUKU CTPYKTYpPHUX IEPETBOPEHbB MICKOBUKIB 31 3MIHOIO CTYIICHS KaTareHe3y JUis
MiCKOBHKIB PI3HUX '€HETUYHUX THITIB: &) KiJIbKICTh BTOPHHHOT'O KBapIly, 0) KUIbKICTh KOHTAKTiB Ha 3epHO,
B) TIOPHUCTICTh; T) KoedimieHT MeTaMopdiuHOCTI. YMmo6Hi nosHauenus: P — pyciioBi MiCKOBUKH;
[IBP- mickoBUKH MiIBOAHUX BHHOCIB PiK; [IM — mickoBUKH y30epexiKss Mops

31 3MEHHICHHSM IOPHUCTOCTI CIIOCTEPIraeThCs
perioHalbHe 3MEHIIIEHHS] BUKAJOHE0Ee3MeYHOCT, 10
3YMOBIIEHO JI€I0 PETiOHATBHUX (PaKTOPIB TEKTOHIKU
i katareHesy. [Iporiecu ocajoHarpoMaXKeHHS BU3Ha-
YaTh MiHEpAIBHUI CKIaJ, CTPYKTYpHO-TEKCTYpHI
0CO0JIMBOCTI, MIKPOCTPYKTYPY IICKOBHKIB, iXHIO
MPUPOAHY T'a30HOCHICTB Ta MMOTEHIIMHY 3AaTHICTD 10
BUKU/IIB.

[Hapu mickoBukiB [liBgeHHO-3axiqHOTO BYyTIIE-
HOCHOTO pailoHy 3arajioM MarOTh XOPOIi KOJEKTOp-
CBhKi BIIACTHBOCTI. BOHM 3HaYHOIO MIpOIO HaCHYEHI
BOJIOIO 1 30Ha aKTUBHOTO BOJOOOMIHY 3HaXOJUTHCS
3HAYHO THOIIe, HK Y BYTiIbHUX IJIACTaX 3 MOHMKe-
HOIO Ta30MPOHUKHICTIO 1 THX, IO 3AJIATaI0Th Cepesl
ra30HENPOHUKHUX apTiJITIB 1 AIEBPOJIITIB.

Tarnisebke 1 Jltobenschke ponosuia JIBB Bin-
PI3HSIIOTBCSA 32 Ta30HOCHICTIO BYTJIEOPOAHOTO Ma-
cuBy. TArIiBchbKe € HAWOUIBII TA30HOCHUM B OaceiiHi.
[Ipupoana ra3oHOCHICTh BYriIbHUX miacTiB TArmis-
CHKOT'O POJIOBHIIA 3MIHIOETHCS B LTUPOKHUX MEKAX —

Big 2,1 10 31 M% 1 c.6.M. (M®/ToHHY cyxoi 6€3301b-
HO#M MacH) [29]. Bucoka ra3oHOCHICTb BYTJICHOCHOI
TOBIII TATTIBCHKOTO POJIOBHINA 3yMOBIIEHa OJU3bKi-
CTIO 10 BenmnKkoMOoCTiBCEKOTO Ta30BOT0 POJJOBHUIIIA Ta
MOKJIMBICTIO MIrpailii ra3iB 3 ra30HaCHYCHUX TMOPIJT
JeBOHY Y KaM STHOBYTUIbHI Bigkinaau [18]. Ha kaprax
ra30HOCHOCTI BYTJIBHHX IUIACTIB TSrmiBCBKOTO po-
JIOBMIIIA YITKO IPOCIIIIKOBYETHCS, 1110 301IbIICHHS
ra30HOCHOCTI NPUYpPOYEHE A0 TEKTOHIYHUX PO3JIO-
MiB [29].

OcobnuBicTio JIt00eIbChKOTO POJIOBHIIA € HU-
3bKa Ta30HOCHICTh BYIJIEHOCHOI TOBIII, IO TIOB’s13a-
HO 3 JIETa3aIli€r0 BYTUTbHUX IUIACTIB Ta BYTJIEBMICHUX
MICKOBUKIB YHACIIIOK PErioHALHOTO eIMireHeTHY-
HOTO PO3MUBY Ta MPHCYTHICTIO B MOKPIBIi MPOIYK-
THUBHOI TOBILI TPILIMHYBATUX IPyOOYIaMKOBHX TEPH-
TeHHHX FOPChKUX Biakmamis [1]. s 6imbmiocTi ByTi-
JHHUX TJIACTIB ra3 BiJICYTHIN a00 HOTo BMICT CKIIaiae
Bix 0,2 10 0,48 Mm%/ T ¢.6.m. [IpoTe B OKpeMHX CBEPA-
JOBMHAX IS IUIACTIB Ng, Ng, N7* BiaMidaroThCs
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aHoMaJbHi 3Ha4eHHs (8,3 — 19,3 M3/ ¢.6.M.). [lnact
No® HAJIE)KUTH O METAHOBOI 30HU HA BCili TepuTOpii
JIrobenberkoro pogosuiia [8, 25].

MOoIJIUBICTh HATPOMAKEHHS Ta3iB y TIPCHKUX
MOpo/ax BU3HAYAETHCS TEOJOTTYHUMH, TEKTOHIU-
HUMH YMOBaMH Ta CTYNEHEM MMOCTCENMEHTAIIHIAX
3MiH Y MacHBax TipchbKux mopia. Ha paHHix cTamisx
MeTtamopdi3My ByTiIsA (KaTareHesy mopia) Harpoma-
JDKEHHS Ta3iB MOXKe BiAOyBaTHCA JHINE 32 yMOBH
YTBOPCHHS CTPYKTYPHO-TEKTOHIYHMUX Ta IHIIMX
MacTOK.

®dopMyBaHHS JTOKATBHUX aHTHKIITHATBHHUX CTPY-
KTyp (medopmartiss pO3TATHEHHs) € AOCTATHIM sl
nopyIIeHHs cyuinbHocTi mopia. Kpuxki gedopmarii
PO3pUBY 3YMOBIIOIOTH YTBOPEHHS TPIilIMHYBAaTOI
30HU y CKJICTHHIA YaCTHHI CKJIaJIKH, IO IIPU3BOIUTH
710 3pOCTaHHs 3araJibHOI MOPUCTOCTI mopia. Ha maxri
iM. 3acanpka B JloHembKOMy OaceiiHi, sika € HeOe3-
MEYHOI0 32 PaNTOBUMHU BHKHIAMH{ BYTLLISA 1 TIOPif,
BCTaHOBJICHO, 1[0 MAKCHUMAJIbHi Ta30BHUSBU PO3TAIIO-
BYIOTBCSI HEPIBHOMIPHO 3a IUIOIICHO 1 OB’ s13aHi 3 Ii-
THECEHHMMH YacTHHAMH AaHTUKIIHANBHUX  (IIeK-
cyp [5].

[Tpu mocmipkeHH] MCKOBUKIB MOJIS maxTu Tsr-
niBcbka Ne 1 BCTaHOBIIEHO HAsIBHICTH HE3HAYHHX aH-
TUKIIHAIBHUX CTPYKTYP, IO YCKIATHIOIOTH IMOJIOT1
KpHJIa CHHKJIIHATI, 10 SIKUX MIPHypOUYeHEe 3HaYHE 30i-
abienHs razonocHocti [10]. Otxe, 32 yMOB BUHHK-
HEHHS JIOaTKOBOI TPIIIMHYBATOCTI B 30HI JIOKAJh-
HUX aHTHKJIIHAJIbHUX MiHATH, CJIA0OIPOHUKHI ITiC-
KOBUKH, SIKHMH 323BHYail € BYTJICBMICHI MiCKOBHKH
JIBB, craioTh Kpamumu KOJEKTOpaMU Jis HAKOIIH-
YEeHHS BYTIJIbHHUX Ta3iB. BojHOYac BOHM MOXYTb
OyTH MMOTEHIIIHHO HEOC3NCUHUMH 32 PANITOBUMH BHU-
Oyxam# TopoJIH i razy.

Hamu moOynoBaHi MOB310BXKHI Ta IMOTIEPEYHi JTi-
ToJyoro-crparurpadiuni po3pizu mo TATIIBCHKOMY i
JIro0enbChKOMY POJIOBHINAX 13 3a3HAUYCHHSIM BUKH/IO0-
HeOe3neuHoi cutyaitii. JlociipkeHHs IPOBOIMIIHCEH 3
BH3HAYEHHIM KOMIUTEKCHOTO ToKasHuka «By [9, 14,
22]. Ha TariiBcbKOMY POJIOBHILI BYTJIGHOCHA TOBIIA
JOCTIKyBalach B iHTEpBai VsSNg (T1rOMHY Bix 650
1o 1300 m). Ha Jlto0GenschkoMy pOIOBUIII — B iHTEP-
BaJIi VsSNg (rimubunu Bix 650 mo 1500 m).

BinbaricTs AOCHTIIKEHUX MICKOBUKIB TIEPEBaXKHO
BukHo0e3mneyHi. lle TOsACHIOEThCS PEUYOBUHHHUM
ckianoM mickoBukiB JIBB, siki MiCTATh MOPIBHSIHO 3
BUKHIOHEOE3MeYHUMMHU TTickoBUKamu Jlonbacy, me-
HIIY KUTBKICTh YJIAMKOBOTO i pereHepamiiHoro KBa-
pILy, MarOTh IPiOHIIII 3epHA 3 HEBEJIMKOK MPOTSHKHI-
CTEO KOHTaKTiB Mik HUMH. OKpiM I[bOTO, MICKOBHKH
Ha TATIIBCHKOMY POJIOBHIII BiJPi3HSIOTHCS IiIBH-
IICHHAM BMICTOM CIIOJMCTO-TJIMHUCTUX MiHEPAiB,
110 301IBIIYE X IIACTUYHICTD 1 THM CAMUM 3MEHIITY€E
BUKHUOHEOE3IIEUYHICTD.

VY cTarTi HaBeAEHO NOB3I0BXKHI po3pi3u Ans Ts-
rimiBcbkoro 1 JloGenbebkoro pomoBuil (puc. 3).

30

IlepeBaxuo Bukuau st JIBb nporno3ytotbes uiie
JUISL OKpEMHX TIpOIIapKiB abo JIiH3 MiCKOBUKIB. Ha
TsarniBcbkomy 1 JI00enbCbKOMY pONOBHIIAX BUII-
JICHO TPOIIAPKH 1 JIIH3M ICKOBHKIB HHU3BKOTO
(“B”=0,4-0,6) i Bucokoro (“B”>0,6) crynens Buku-
JIOHEOE3MEeYHOCTI.

s TsrmiBcbkoro pojpoBuiia (puc. 3-a) oco0-
JIMBOI yBATH 3aCITYTOBYIOTh MicKOBUKH N3Sns, NetSny,
Ng®SN, sIKi Maiike 10 BCbOMY 1X MPOCTATAHHIO MAlOTh
Hu3bkuit (“B”=0,4 —0,57), a B OKpeMuX NHpOILIacT-
Kax 1 JIiH3aX — BUCOKHI CTYIiHb BUKAJOHEOE3ICUHO-
cti (“B”=0,6 — 0,7). Ha miBHOYi poA0OBHIIIa BOHH CTa-
I0Th OUTBII BUKHAOHEOE3NEYHUMH B 1HTEpBali TIIU-
ouH Bix 650 10 900 M. TexHiKO-eKOHOMIUHE OOTPYH-
TyBaHHA OymiBHHIITBA maxTu “TsrmiBceka No 17 me-
peabagano MPOXOAKY CTBOINIB i iHITMX BHPOOOK Ha
raubunax 855 1 870 M. OTxke, MIacTH camMe LUX IIic-
KOBHKIB 3aCITyTOBYIOTB JJOJJATKOBOI yBaru.

s JIrobenscproro pomosumia (puc. 3-0, B) BH-
KUJOHEOE3MEYHUM € IIap MCKOBUKA Ng SNy, 110 Imi-
TBEP/KYETHCS TOB3J0BXKHIM 1 MOMEPEYHUMH PO3pi-
3amu. [[pomy miapy Brmactusi sik Hu3bki (0,4 —0,6),
Tak 1 Bucoki (>0,6) 3HaueHHs koediuieHty “B”.
Orxe, mickoBUK Ng'SN7 JIr0GenbCHKOro poaoBHINa
MIOTEHIIHHO BUKUAOHEOE3NeyHui. Y MiBACHHIN Yac-
trHi JIF06emhChKO1 TUTOII CITijl 3BEPHYTH yBary Ha ITi-
CKOBHMKHM Ng'SN7, N7'Sng, siki mommpeni Ha riambuni
750 — 1100 m. B ipomy iHTEpBai 3HaX0ASTHCS OCHO-
BHI po0OuYi BYTiNBHI IacTH Oy>KaHCHKOI CBITH 1 Y
3B’SI3KY 3 UM Tepe0avaeThCs MPOX0IKa CTBOJIB 1
THIIUX BUPOOOK MaliOyTHBOI mIaxTu “JIrobenbcpka Ne
1-2”. Tlo OKpeMHUX CBEPJIOBUHAX IICKOBHMK Ng SNy
Mae IIe W MiIBHUIIeHY ra30HOCHICTh. 3a MOTMepeTHIM
IPOTHO30M Y Iapax IMicKOBHKIiB N SNz, N7'Sng mo-
JKHA OYiKyBaTH BUKUM 3HAYHOI IHTEHCHBHOCTI.

Crti TakOXK 3ayBaXKUTH, IO JJIs IOTY>KHUX TTiC-
koBHKIB (20 — 30 M) cnocTepiraerbcsi 3MiHa MOTEH-
IHHOT 31aTHOCTI 10 BUOYXIB IO MPOCTATAHHIO 1 TOB-
eI Tuacta. Takumu € utst TSrmiBChbKOTo poIoBHUINA
nickoBukH N3Sns, Ne*Sn7, Ng®Sno, 11t JI06€1bCHKOr0o
— N*SNy. Lle ABMIIE NOSCHIOETHCS 3MIHOKO (pallialib-
HUX YMOB OCaJIOHATPOMA/DKEHHSI MIIAaHUX BiAKIAIiB
Yy MeXaxX OJHOTO CTpaTHrpadigHOro rOPU30HTY, IO
MIPU3BOIUTH JIO YACTHX 3MiH KOJIEKTOPChKHUX BJIACTH-
BOCTEH, pi3HOT IHTEHCUBHOCTI CTPYKTYpHHUX NEPETBO-
PEHb SIK MPOSIBIB KaTareHETUYHHX SIBUII B TPOIIECi
MeTaMop(hi3My BYTIIEHOCHOT TOBIII.

BucHoBKH. BuibicTs IOCTIDKEHUX ITICKOBU-
kiB TsarmiBcekoro i Jlrobenschkoro pomowmiy IliB-
JIEHHO-3aX1THOTO BYTJIEHOCHOTO paiiony JIBb mepe-
BXHO BUKHI00e3meyHi. Ha e BKa3yroTh 3HAUCHHS
KOMIUIEKCHOTO TIOKa3HWKa BHUKHIAOHEOE3MEeYHOCTI
«By», nepeBaxkno mermi 0,4. 3a CTPYKTypHO-TEKCTY-
PHUMH TIOKa3HUKAMH, CTYIICHEM IePETBOPCHHS TICB-
HUX MiHEpaNiB-IHINKATOPIB, HASBHICTIO BTOPUHHUX
KOHTAaKTiB MK 3€pHAMH Ta 3Ha4CHHSIM KoedilieHTa
MetamMophigHOCTI «C» BCTaHOBIICHO, 1110 ITICKOBUKH
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P, TIBP i IIM IliBgeHHO-3aXiIHOTO BYTJICHOCHOTO
pationy JIBb BigHOCSTBHCS MO CTaiiii TOYATKOBOTO 1
IMTMOUHHOTO KaTareHesy. J{s mickoBUKiB cTafil ru-
OMHHOTO KaTareHe3y IPH MEeBHUX BU3HAYCHUX YMO-
BaX MOJJIMBUM € BUHUKHEHHS PalTOBUX BUKHUJIIB
opim.

3a KOMIUICKCHUM TIOKa3HHKOM BHKHJIOHEOE3-
meyHocTi «B» y ByriieHocHiH ToBIli TATITBCHKOTO 1
Jt00embChKOT0 POIOBHIN Ha TIHOOKHX TOPH3OHTAX
BUJIUISIFOTHCSI IIAPH 1 JTIH3U MiCKOBUKIB, TOTEHIIHHO
30aTHUX J0 panToBUX BUKUIIB. s nopin Tarmiscs-
KOTO POIOBHINA, SIK OLTBIN Ta30HOCHOTO B OaceiiHi,
MOTEHIIIHA 3arpo3a BUKUIIB MTOPiJ| OibIia.

Oco0aMBO 116 CTOCYETHCS JOKAILHUX aHTHKIIi-
HAJIBHUX TITHATH, 0 YCKIAIHIOTH Kpuna TsrmiB-
ChKO1 cuHKIIHAM. JIiH3W MOTEHIIHHO BUKHUIOHE0E3-

nera3oBaHiii ToBml JlroGenpchkoro pomoBuiia. 3a
CBOIMH CTPYKTYPHO-TEKCTYPHUMH OCOOIHMBOCTIMHU
BOHHU IIiJIbHI, 3 BEJIMKOI KUIBKICTIO dOPCTKUX BTO-
PUHHUX IHKOPIIOPALIHHUX 1 CyTYpPHUX KOHTAKTIB MiXK
3epHami. [loeqHaHHS HANIPy)KEHHS TEKTOHIYHOTO Xa-
pakTepy 31 3HAYHOIO KPUXKICTIO TTICKOBHUKY € JOCTAT-
HBOIO YMOBOIO JJIs BAHUKHEHHS 1 palITOBOI'O BUB1JIb-
HEHHS BUCOKOTO Halpy>KEHOT'0 CTaHy B mopozax [4].

Hocmimkenns IliBnenHo-3axigHoro paioHy €
HEBiJ’€MHOI0 YaCTHHOI KOMILIEKCHOTO BHBUYCHHSI
ByrieHocHoi ToBmn JIBB sk ra3zoByrineHOTO pojio-
BHINA. BumineHHs 1mapiB i JIiH3 IMICKOBHKIB, TTOTEH-
LIAHO 3AaTHUX JI0 PAlTOBUX BUKUJIIB, € aKTYaJIbHUM
3 TOUKH 30pY HapOIyBaHHs MiHEPaJIbHO-CUPOBHUHHOL
0a3m OaceliHy 3a paXyHOK OCBOEHHS HOBHX ILIOI Ta
TTHOOKVX TOPHU30HTIB.

MEYHUX MiCKOBHUKIB BHJIUIEHI TaKOX Y HEPIBHOMIPHO
BHecok aemopis: eci asmopu 3poburiu pigHUli BHECOK y Uto pobomy.
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SANDSTONES BLOWOUT RISK IN
THE SOUTH-WESTERN REGION OF LVIV-VOLYN COAL BASIN

The aim of the research. Investigation of coal-containing sandstones of the Tyagliv and Lyubelya fields
of the Lviv-Volyn Coal Basin (LVB) has shown their potential ability for rapid blowout of rocks and gas.

Methodology. Studies of structural-textural peculiarities of sandstones, determination of complex indi-
cation of blowout risk “B”, construction of lithological-stratigraphic sections, focus on the situation of blow-
out risk.

Results. In the Tyagliv and Lyubelya fields the rocks of Buzhanka Suite of the Lower Carboniferous and
the rocks of the Morozovychi Suite of the Bashkirian stage of the Middle Carboniferous have been studied.
On the basis of the structural-textural peculiarities of sandstones, studies of their reservoir properties and gas
presence it has been possible to prove the probability of the existing rock blowouts at depths more than 700 m
for the South-Western coal-bearing region of the LVB. By structural-textural indexes, transformation stages
of certain minerals indicators, presence of secondary contacts between grains and values of the metamorphism
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coefficient “C”, it has been established that sandstones R, PVR and PM of South-Western coal-bearing region
belong to the stages of initial and deep catagenesis. Occurrence of sudden blowouts of rocks is possible for the
sandstones of deep catagenesis stage under certain determined conditions.

Layers and lenses of sandstones, potentially capable for sudden blowouts, are distinguished by the com-
plex index of blowout danger “B” in the coal-bearing sequence of Tyahliv and Lyubela fields in deep horizons.

For the rocks of Tyahliv field, which is more gas-bearing within the basin, the potential danger of blow-
outs is greater. Especially this refers to the local anticline highs, which complicate sections of the Tyahliv
syncline.

Lenses of potentially blowout dangerous sandstones have been distinguished also in unevenly degassed
sequence of the Lyubela field. By their structural-textural features they are dense with great amount of rigid
secondary incorporation and suture contacts between grains. Combination of increased stress of tectonic nature
with significant brittleness of the sandstone is a sufficient condition for sudden release of highly stressful
conditions in rocks.

Scientific novelty. Application of the complex approach to the study of rock layers together with struc-
tural-textural peculiarities, determination of stages of catagenetic transformation is an important factor for
establishment of reasons, factors of blowout risk phenomenon in coal-bearing rocks on the whole.

Practical significance. Investigation of occurrence and spread of the gas-dynamic phenomena (blowouts
of coal, rocks and gas, mountain shocks) are an integral part of gas-coal fields study.

Investigation of the sandstones in South-Western coal-bearing region of LVB, allocation of the layers and
lenses of sandstones, potentially capable for sudden blowouts, are relevant from the point of view of increasing
the mineral-resource base of the basin by developing new deep horizons.
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THE HYDRODYNAMIC CONDITIONS OF THE VOLYN-PODILLYA
OIL AND GAS-BEARING REGION

B. IO. T'apacumuyx, I'. B. Medgiov, O. B. Tenezys, M. B. Kocmy. TITPOJHHAMIYHI YMOBH BOJTHHO-ITOALTbCbKOI
HA®TOTA30HOCHOI OBJIACTI. Mema po6omu nonseana y 0ocuiovcenni napamempie ma 2enesiu npupooHoi 2idpoouHamiunoi
cucmemu Bonuno-Ilodinvcwvroi Hagpmoeazonocnoi obracmi ma ii 6nau8y Ha Mexamizmu popmysanus i npoCmopo8o2o po3MiueHHs
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Introduction. Formation pressure is an im-
portant feature that characterizes the energy of the ag-
uifers, oil-bearing and gas-bearing horizons. Clarifi-
cation of formation pressure genesis and its parame-
ters gives an understanding of the structure and nature
of the hydrodynamic systems, patterns of formation,
spatial location and conservation of hydrocarbon ac-
cumulations. The main factors that determine dynam-
ics of fluids within the oil and gas-bearing structures
are the actual hydrostatic pressure due to the influ-
ence of boundary conditions; geostatic pressure; geo-
tectonic pressure; hydraulic connections among the
aquifers with different pressures; chemical interac-
tion of waters and rocks and the secondary cementa-
tion of pore space [1].

Aliyev, in addition to the above stated main fac-
tors which control the dynamics of fluids, also adds
gas penetration through tectonic faults from the lower
horizons, the possibility of preserving the primary
pressure in the submerged structures, and the influ-
ence of the temperature of the circulating water [2].
Formation water pressure (hydrostatic) and condi-
tional hydrostatic pressure (estimated) are distin-
guished in oil and gas hydrogeology. In order to eval-
uate the characteristics of the aquifers, the hydrostatic
coefficient (P f/P e) is used — the ratio of the formation
pressure to the estimated pressure.

Excess of formation pressure over the estimated
pressure is called overpressure (abnormal). The
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number of wells, the study of hydrodynamic condi-
tions of the Volyn-Podillia OGR is currently rather
weak. The vast majority of studies relates to the

necessary conditions for the emergence and conser-
vation of overpressures are the isolation of the fluid-
saturated horizons and the addition of external fluids
[3]. Taken separately, syngenetic and epigenetic fac-
tors of the formation of overpressures are singled out.
The first ones include compaction of clay rocks dur-
ing sedimentogenesis and pressing of pore solutions
into collectors, while others are processes that occur
after consolidation of clayey strata [4]. Recent studies
on the origin and characteristics of superhydrostatic
systems are outlined in the works [5, 6, 7].

However, there are many cases where the for-
mation pressure is less than the conditional hydro-
static pressure. Inadequate formation pressure [8] is
defined as "fossil", and its nature explains the immer-
sion of isolated aquifers with primary hydrostatic
pressures to a greater depth.

New ideas about the nature of hydrodynamic
zoning and water exchange in the regional hydrogeo-
logical structures are considered in the article [9].

Research area. The Volyn-Podillia oil and gas-
bearing region (OGR) is located in the western
Ukraine and covers the structures of the Eastern Eu-
ropean and the Western European platforms (Fig. 1).
At present, Lokachi and Velyki Mosty gas fields are
discovered here in the deposits of the Middle and Up-
per Devonian. Also, non-commercial volumes of gas
and oil were obtained in some exploration wells.

Review of previous researches. Due to small

0 30 60
1 1

90
! km b

Fig. 1. Geographic (a) [10] and tectonic (b) [11] maps of the western oil and gas region of Ukraine

individual structures where dense grid of the wells is
drilled for the purpose of exploration and assessment
of gas reserves (Lokachi, Velyki Mosty fields).
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According to studies of Venglinsky, the water
flows in the Precambrian and Cambrian aquifers of
the Volyn-Podillia Plate are oriented, mainly in the
eastern and western directions from the Ustyluh-
Rogatyn zone of deep faults. This area is considered
a zone of hydraulic overflows of exfiltration waters
of the Archean and Proterozoic aquifers into the up-
per aquifer complexes. He considers the western
slopes of the Ukrainian Crystalline Shield and the
Nesteriv anticline the areas of surface water dis-
charges [12].

Investigating the filtration parameters of the ag-
uifers complexes, Venglinsky calculated the velocity
of water filtration. For the intensive water exchange
zone (aquifers Cy, Dy, Do) it is 2.5-9.0 cm / year, for
the zone of difficult water exchange (S, D1, D2 Ip) —
0.5-1.8 cm / year, for the zone of very difficult water
exchange (Em, O) — 0.01-0.04 cm / year, for the zone
of stagnation mode (PR, AR) —<0.005 cm/ year. The
velocity of water filtration was calculated in accord-
ance with Darcy's formula.

According to the data of Kolodiy, etc., the abso-
lute static levels of the Cambrian aquifer complex
from the Lokachi to Buchach areas decrease in the
south-east direction from 275 m to 100 m and lower.
The water flow in this complex is in the same direc-
tion. Absolute static levels and hydrodynamic of the
PRav: aquifer complex have also the south-east direc-
tion. Static levels of the PRsrs aquifer complex also
decrease in the south-east direction from 350 mto 125
m [13].

Hydrostatic pressures of the Cambrian aquifer
system to depths of 2 km in most cases do not exceed
the conditional hydrostatic pressures, according to re-
cent studies. A gradual excess of reservoir pressures
over hydrostatic (wells Velyki Mosty -30, Noviy
Vitkiv-3, etc.) are observed deeper of this mark. Most
of the Cambrian aquifer complex of BPP is described
by the researchers as a zone of stagnant water ex-
change according to hydrogeochemical parameters
[14]. There are zones of difficult and free water ex-
change in the extreme eastern parts of the trough.

Based on the values of the hydrostatic pressures
of individual wells, measured at different depth inter-
vals, the researchers [13] assume that «...the basic
discharge of deep water occurs in the north-eastern
and eastern parts of Volyn-Podillia by successive
multistage flowing from the zones of the edge dislo-
cations into the zone of intensive water exchange,
perhaps, into the Styr, Tkva, Goryn’, Seret, Strypa riv-
ers». Within the Volyn-Podillia Plate, these research-
ers distinguish two genetic hydrodynamic systems.
Infiltration system (Paleozoic complexes) is formed
by zones of intensive, difficult and very difficult wa-
ter exchange. Postex filtration system (Proterozoic
and Archean) is characterized by ascending flow of
fluids. The conditions of the postex filtration system

are favourable for the accumulation of hydrocarbons
in the raised traps.

Data and research methods. The analysis of
hydrodynamic conditions and the distribution of val-
ues of the hydrostatic coefficient were carried out in
order to detect the connection with the zones of the
existence of gas deposits.

Our calculations and research were based on the
study of initial formation pressures obtained from the
cases of wells from the State Enterprise
"Lvivgazvydobuvannia” and State Enterprise
"Zakhidukrgeologia", which were clarified during
testing of exploration wells from 1966 to 2002. A to-
tal of 110 measurements of reservoir pressure and
static levels from 48 wells from 15 Volyn-Podillia ar-
eas have been obtained.

If the measurements of hydrostatic pressures are
absent, but there are static level data in the well, the
formation pressure is calculated as the product of the
water column height in the well for the average value
of its specific gravity, taking into account the temper-
ature correction.

If the values of hydrostatic pressure for one well
within the same aquifer range are different, then their
greatest significance is taken into account, based on
possible technical deficiencies during their measure-
ments.

Transformation of hydrostatic pressures to one
plane of comparison was carried out according to the
Silin-Bekchurin method [ 15]:

P=hiy1 +(y1+7v2) / 22, )

Where:

P — the transformed hydrostatic pressure (MPa),

h; — the height of the water column in the well (m),

v1 — the water density in the well (kg L),

v2 — the water density in the selected plane of com-
parison (kg L),

z — the height of the metering point over the com-
parison plane (m).

Transformation of the hydrostatic pressures
within one aquifer complex has been carried out to
the altitude that corresponds to the most common val-
ues of depths of this complex.

Results. The Upper Proterozoic aquifer com-
plex unified the aquifers of the common Upper Prote-
rozoic (PR3), the Polissia series of the Upper Riphean
(PRspl) and the Volyn series of the Lower Vendian
(PRavl). 1t is discovered by the wells within the
Horokhiv, Lutsk, Berestechko, Ovadno, Lytovezh,
Chernivtsi areas of the Volyn-Podillya OGR at depths
of 510 to more than 3400 m. The hydrostatic levels of
the complex were set at depths of 11 to 279 m.

We have constructed maps of hydrostatic pres-
sure, transformed to the plane of -3000 meters using
computer programs Surfer and Corell Draw. The map
of the Upper Proterozoic aquifer complex (Fig. 2a)
depicts a decrease in values of hydrostatic pressure
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from the central to the peripheral parts, which is gen-
erally spatially correlated with its morphology. Max-
imum values were measured in the wells of the
Horokhiv area (34.1 MPa), the minimum — in the
wells of the Litovezh area (31.1 MPa).

In our opinion, the hydrodynamic field that was
formed and is existing within the aquifer complex, or
individual aquifer of regional water-pressure systems,
generally reflects only the potential energy of water
that can be changed into kinetic energy (action) only
under the following conditions: available supply and
discharge areas of the aquifer complex; the total spa-
tial spreading of the complex; absence of stratigraphic
and lithologic-facial substitutions, tectonic screens;
sufficient capacitive and filtration characteristics of
the aquifers.

It is clear that the fulfilment of all the above con-
ditions in natural artesian basins is quite problematic.
Only the upper horizons (zone of active water ex-
change) have more or less favourable conditions for
the regional lateral movement (filtration) of water. Its
thickness varies in different artesian basins and de-
pends on the impact of the geological, tectonic, paleo-
hydrogeological, geomorphological factors.

Tkhostov is critical to the «establishment of the
water motion direction » in the natural geohydrody-
namic systems: «The conclusions about the directions
of regional flows are made mainly on the basis of a
small grid of measurements of the pressures or static
levels of groundwater» [1].

Investigating the characteristics of many geohy-
drodynamic systems, he came to the conclusion that
«the active circulation of water between the areas of
supply and discharge in the sense, as it is accepted by
a number of researchers, in general, does not exist in
nature». «In the Paleozoic aquifers of the Eastern Eu-
ropean Platform, infiltration extends over the short
distances, unloading mainly by the natural well-
springs» [1].

The Cambrian aquifer complex, which unifies
the aquifers of the Lower, Middle and Upper Cam-
brian deposits, is discovered by the wells in the areas
of Horokhiv, Noviy Vitkiv, Peremyshliany, Velyki
Mosty, Buchach at an interval of 1300 to 4200 m.

The hydrostatic levels of this complex within the
region of research have been stabilized at the depths
from 64 to 395 m. The complete dependence of water
levels on the depth of the water-bearing rocks of the
complex is not observed. Even within one area and
close depths, the hydrostatic levels are characterized
by quite significant fluctuations. This may testify to
weak hydrodynamic relationship between the indi-
vidual aquifers of the complex, their different water
filling and various capacitive-filtration character-
ristics.

Morphology of the hydrodynamic background of
the Cambrian aquifer complex is similar to the

morphology of the Upper Proterozoic complex —a de-
crease in values of hydrostatic pressures transformed
to one plane of comparison, from the center of the
Lviv Paleozoic deep to its peripheral parts (Fig. 2b).
The piezo-maximum is displaced to south-west —
from Horokhiv to Novy Vytkiv area.

The Lower Devonian aquifer complex is dis-
covered by the wells of Kamianka-Buzka, Nesteriv,
Velyki Mosty, Lokachi areas.

Deposits of the complex are distributed at depths
of 980 to 2560 m. The wells sometimes overflow;
maximum depths of the hydrostatic levels reach 385
m. As in previous complexes, in the Lower Devonian
aquifer complex there is no complete relationship be-
tween the hydrostatic levels and the depths of water-
bearing rocks. Different values of the static levels of
the aquifer complex within one area and one well also
are quite characteristic. The relevant signs may indi-
cate a certain hydrogeological isolation of individual
aquifer within the complex.

The morphology of the hydrodynamic field of
the Lower Devonian aquifer complex is similar to the
morphologies of the lower complexes. The hydrody-
namic power is directed from the central part of the
basin to its periphery. The piezo-maximum is dis-
placed to Velyki Mosty area (Fig. 2c).

The Middle-Upper Devonian aquifer complex.
Due to community of the hydrodynamic conditions
(hydrodynamic connection) of the Middle and Upper
Devonian aquifers, they are united into a single com-
plex. The complex is discovered by the wells in the
Kamyanka-Buzka, Velyki Mosty, Dubliany and Lo-
kachi areas at depth range of 750 to 2380 m. The wells
often overflow (north-eastern section of the Lviv
Paleozoic deep, Lokachi area), then the static levels
fall in the south-western direction to depth of the first
tens, sometimes hundreds of meters. In some wells,
due to low watering, hydrostatic levels stopped at the
depths below 1000 m.

In comparison with the lower complexes the hy-
drodynamic power of the Middle-Upper Devonian
aquifer complex is directed from the periphery to its
central (most submerged) part (Fig. 2d).

This hydrodynamic situation can be explained
by various genetic types of water-pressure systems
existing in the formation of the artesian basin of the
Volyn-Podillia OGR. The Upper Proterozoic, Cam-
brian and Lower-Devonian aquifers are formed
mainly by terrigenous formations (argillites, silt-
stones, sandstones), which are high-porosity, often
cracked rocks. Such composition of the rocks, the
conditions of paleohydrogeological development and
tectonic peculiarities have caused the formation of an
exfiltration water-pressure system, the hydrodynamic
tension in which extends from the more abyssal
places of the sedimentary basin to its peripheral parts.
The formation pressures are caused by an increase in
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the volume of fluid due to its squeezing out of high
capable for compression clay formations into weakly
capable for compression sandy rocks.

The Middle-Upper Devonian aquifer complex is
formed mainly by the carbonate rocks, water-contain-
ing among which are the horizons of cavernous,
rarely cracked formations. The cracking and the cav-
ity are not massive, but mainly they are spread along
the tectonic deformations. Both lateral and vertical
hydrodynamic connections between the individual
horizons are weakly expressed, or even completely
absent. The peripheral parts of the basin, in places of
shallow locality of this complex, can be attributed to
the infiltration water-pressure system. The hydrody-
namic energy, and in the classical case, water filtra-
tion occurs here from the power supply areas to the
areas of discharge. Water dynamics in the deep aqui-
fers of the Middle-Upper Devonian complex is con-
siderably limited, or even completely absent.

The hydrodynamic characteristics were studied
in this work on the basis of the hydrostatic coefficient
(P f/P e) in order to evaluate the impact of the factors
that determine the nature and form the state of the hy-
drodynamic field. This approach allows us to level
out different values of specific gravity of groundwa-
ter and different depths of measurements of the hy-
drostatic pressures within the aquifers. It also allows
us to estimate the capacity of hydrodynamic energy
caused by the impacts of geostatic, geodynamic, post-
sedimentary geochemical, deep-fluid-migration and
other factors.

In the Upper Proterozoic, Cambrian and Lower-
Devonian aquifer complexes of the Volyn-Podillya
OGR, which are predominantly formed by the terri-
genous formations, the values of the hydrostatic coef-
ficients in general are much higher and have much
less dispersions (0.91-0.98, 0.80-0.98, 0.82-1.03, ac-
cordingly) in comparison with the Middle-Upper De-
vonian complex. In the Middle-Upper Devonian com-
plex, whose water-containing collectors are mainly
represented by carbonate formations, the vast major-
ity has low values for large dispersions (0.25-1.10).

The hydrodynamic energy of the adjacent Bil-
che-Volytsya ORG) (the Outer zone of the Precarpa-
thian deep) have a much higher values (Fig. 3). The
hydrostatic coefficients of the Neogene aquifer com-
plexes, formed by powerful terrigenous strata (the
clay with the layers of sandstones), from depths of
1500 m exceed 1.00, reaching the values of 1.56.
Also, with increasing depths, the hydrodynamic en-
ergy increases in the Upper Cretaceous and the Upper
Jurassic aquifers. In spite of the absence of powerful
clay formations, at a depth of more than 4000 m hy-
drostatic coefficient exceeds 1.5.

The factor of exfiltration plays a decisive role in
the creation of this tension in the Outer zone. It is
caused both by primary squeezing out of pore water

and dehydration of clayey strata. The powerful litho-
logical and widely developed tectonic screens con-
tribute to conservation this of tension and existing hy-
drocarbon deposits.

By the complex of palechydrogeological, hydro-
dynamic and hydrogeochemical researches it has
been established that clay-salinity molasses of the co-
vers of the Inner zone and the Carpathian are the
source of exfiltration waters for the lower aquifer
complexes of the autochthon deposits of the Outer
zone of the Precarpathian deep [17, 18].

The alteration of the lateral hydrodynamic field
on the basis of the hydrostatic coefficient of the
Volyn-Podillya OGR (Fig. 4) was studied by combin-
ing the Upper Proterozoic, Cambrian, and Lower De-
vonian aquifers into a single hydrogeological floor
because of proximity of their hydrodynamic charac-
teristics. Absence of sufficient data did not allow car-
rying out relevant researches for the upper floor (the
Upper Devonian aquifer complex).

Hydrodynamic indicators of the lower hydroge-
ological floor of the Volyn-Podillia OGR shows the
increase in hydrodynamic tension from the south to
the north part, which reflects the more intense effect
of exfiltration processes and better hydrogeological
isolation of aquifers.

Also, a certain spatial relationship of the isolines
of hydrostatic coefficient with diagonal disjunctive
breaks is observed. This can determine them as a way
of migrating of the water-hydrocarbon mixtures,
which in its turn leads to an increase in fluid volumes
in the porous space and, as a consequence, the in-
crease in hydrostatic pressures.

In general, lateral distribution of the Lokachi and
Velyki Mosty gas deposits among the general hydro-
dynamic background of the Volyn-Podillya OGR is
marked by higher values of the hydrostatic coef-
ficient.

Actually, the northern part of the Lviv Paleozoic
deep in the structure of the Volyn-Podillya OGR is
considered «the most promising area» in the oil and
gas-bearing sense, based on total capacity of the po-
rous sand collectors and favourable hydrogeological
conditions for hydrocarbon accumulation. There are
the Lokachi gas field, promising Semyryn and Ludyn
structures within this part. Volodymyr-Volynsk,
Tuminsk, Buzhkovitsk, Voynitsk, Vichyn and Knya-
zhe structures are predictable. «Medium-term pro-
spect areasy are to the south and south-west. Velyki
Mosty gas field, Tsebrovsk and Korchiv prospective
areas, Krasnosilky, Raty and Boriv forecasts struc-
tures are located here [20].

Distribution of hydrostatic coefficients in the
structure of the Lokachi gas field clearly indicates the
connectivity of its overhydrostatic values with exist-
ing gas deposits (Fig. 5). In the wells with undiscov-
ered gas deposits, the formation pressure in most
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Fig. 2. The map-scheme of the transformed hydrostatic pressures: a — the Upper Proterozoic aquifer complex
(-3000 m), b — the Cambrian aquifer complex (-2500 m), ¢ — the Lower Devonian aquifer complex (-2000m),
d — the Middle-Upper Devonian aquifer complex (-2000 m), (structural basis [16]); 1 - the boundary of the
Lviv Paleozoic deep; 2 — the gas storage; 3 — the hydroisopiezes and their values (MPa)
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Fig. 4. Map-scheme of the distribution of the values of the hydrostatic coefficient of the Upper Proterozoic-
Cambrian-Lower Devonian aquifers of the Volyn-Podillya OGR (structural basis [16]):1 — the boundary of
the Lviv Paleozoic deep; 2 — the gas field; 3 —isolines of the values of the hydrostatic coefficient
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Fig. 5. Distribution of values of the hydrostatic coefficient in the section of the Lokachi gas field
(geological basis [20]): 1 — depth of measurement and the value of P f/ P e ; 2 — gas storage; 3 — sandstones,
siltstones; 4 — limestone; 5 — dolomites; 6 — argillites

cases does not exceed the estimated pressure. Also
overhydrostatic values of this coefficient most often
occur in the horizons formed by sandy sediments.

Conclusions: 1. Features of the hydrodynamic
fields of the Upper Proterozoic, Cambrian, and
Lower-Devonian aquifers complexes of the Volyn-
Podillya ORG is displayed in decrease in the values
of hydrostatic pressures transformed to one plane of
comparison, from its central to peripheral parts.

2. The terrigenous composition of rocks, the con-
ditions of paleohydrogeological development and
tectonic peculiarities caused the formation of the ex-
filtration water-pressure system in the strata of these
complexes. The hydrodynamic tension here extends
from the most abyssal parts of the sedimentary basin

to its peripheral parts. Formation pressures are caused
by an increase in the volume of waters due to their
squeezing out of clay sediments that have the ability
to significant compression into weakly compression
sandy rocks.

3. The hydrodynamic energy of the Middle-Up-
per Devonian aquifer complex is directed from the
periphery to its central (the most submerged) part.

4. Peripheral parts of the Volyn-Podillya ORG in
places of shallow placing of the Middle-Upper Devo-
nian complex correspond to the characteristics of the
infiltration water-pressure system, the hydrodynamic
tension directed from the power supply areas to the
areas of discharge. The dynamics of water in deep ag-
uifers of this complex is significantly limited, or ev-
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en completely absent.

5. The comparative analysis of hydrodynamic
conditions on the basis of the hydrostatic coefficient
makes it possible to state that the hydrodynamic field
of the Volyn-Podillia ORG compared with the Bil-
che-Volytsya ORG is marked by a much lower
power. The reason of this is the weak effect of exfil-
tration in the aquifers and the absence of sustained
lithological and tectonic screens.

6. The values of the lateral hydrodynamic field
of the Upper Proterozoic-Cambrian-Lower Devonian
aquifer floor of the Volyn-Podillya ORG, investi-

gated on the basis of the hydrostatic coefficient, in-
crease from the south to the north.

7. Gas deposits of Lokachy and Velyki Mosty
fields are located in areas with higher values of the
hydrostatic coefficient. Distribution of the hydrostatic
coefficient in the section of Lokachi gas field indi-
cates the connection of its overhydrostatic values with
the existing gas deposits.

8. Presence of a reliable lithologic or tectonic
screen in the Volyn-Podillia ORG provides a hydro-
dynamic isolation of the structure, as well as the con-
servation of deposits of hydrocarbons from mechani-

cal and biochemical destruction.
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HYDRODYNAMIC CONDITIONS OF THE VOLYN-PODILLYA
OIL AND GAS-BEARING REGION

The purpose of the paper was to study hydrodynamic peculiarities of the aquifers of Volyn-Podillya oil
and gas-bearing region and their impact on the formation and conservation of gas deposits.

The research area is located in the western Ukraine and covers the structures of the Eastern European and
the Western European platforms. At present, Lokachi and Velyki Mosty gas fields are discovered here in the
deposits of the Middle and Upper Devonian. Non-commercial volumes of gas and oil were received in some
exploration wells.

Research methodology was based on the evaluation of water initial formation pressures and static levels
that were obtained from the funds of the State Enterprise "Lvivgazvydobuvannia” and State Enterprise
""Zakhidukrgeologia”. The formation pressures were transformed to one plane of comparison. Also the hydro-
dynamic characteristics were studied in this work on the basis of the hydrostatic coefficient (P f/P e) in order
to evaluate the impact of the factors that determine the nature and form the state of the hydrodynamic field.
The maps of the formation pressures and hydrostatic coefficients were constructed and interpreted.

Results of researches. It was found out that the parameters of hydrodynamic fields of the Upper Prote-
rozoic, Cambrian, and Lower-Devonian aquifers complexes of the Volyn-Podillya ORG have the features of
an exfiltration system. The hydrodynamic tension extends from the most abyssal parts of the sedimentary basin
to its peripheral parts. Formation pressures are caused by an increase in the volume of waters due to their
squeezing out of clay sediments that have the ability to significant compression into weakly compression sandy
rocks.

The hydrodynamic energy of the Middle-Upper Devonian aquifer complex is directed from the periphery
to its central (the most submerged) part. The peripheral parts have the characteristics of the infiltration water-
pressure system.

It was established that the hydrodynamic field of the Volyn-Podillya ORG compared with the Bilche-
Volytsya ORG is marked by a much lower power due to weak effect of exfiltration in the aquifers and the
absence of sustained lithological and tectonic screens.

The lateral hydrodynamic field, investigated on the basis of the hydrostatic coefficient, increases from the
south to the north. A certain spatial relationship of the isolines of hydrostatic coefficient with diagonal dis-
junctive breaks is observed. This can determine them as a way of the water-hydrocarbon mixtures migration.

Gas deposits of Lokachy and Velyki Mosty fields are located in areas with higher values of the hydrostatic
coefficient. Distribution of the hydrostatic coefficient in the section of Lokachi gas field indicates the connec-
tion of its overhydrostatic values with the existing gas deposits.

Hydrodynamic isolation of the structures promoted conservation of hydrocarbon deposits from mechani-
cal and biochemical destruction.

Keywords: hydrodynamic conditions, oil and gas-bearing region, formation pressure, hydrostatic coeffi-
cient, gas deposit.
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BIOCTPATUI'PA®IYHE PO3YWJIEHYBAHHS BEPXHBOIOPCBKHX
TA HHZKHBOKPEHJOBUX (OKCDOP/I - HUKHIU BEPIAC) BIIKJIA/IIB
I'TPCBKOI'O KPUMY 3A ®OPAMIHIPEPAMU

3a pesyrvmamamu gopaminipeposozo ananizy npogederHo demanvhe biocmpamuepaghiyne po3uieHy8aHHA 8ePXHbOI 0pU ma
HUSICHBOI Kpetiou (okcgopo-nudicniti 6epiac) I'ipcokoco Kpumy. B pospizax éuodireno n’amo opaminipeposux Komniexcis, sSxi xapa-
Kmepu3syioms 6epXHbOI0PCoKULL (HUNCHLO- BEPXHLOOKCHOPOCLKUL, HUNCHLOKIMEPUONICCOKUTL, BEPXHLOMUMOHCHKULL) MA HUNCHLOKPEl-
0oguil (HudCcHbo6epiacekull) ik nopio. Ananiz popaminigheposux KOMNIEKci6 00360118 8 KOICHOMY pO3pI3i guseumu biocmpamuzpa-
@iuni nioposoinu - 30nu: 6 HudcHboMy oxcgopoi - Lenticulina quenstedti-Globuligerina oxfordiana, y eepxuvomy okc-
@opoi - Lenticulina russiensis-Epistomina uhligi; y eepxnvomy mumoni - Anchispirocyclina lusitanica-Melathrokerion spirialis, y
HUudICHbOMY Oepiaci (HuoicHio 30HY) Protopeneroplis ultragranulatus-Siphoninella antiqua ma éepcmeu y HUNCHLOMY KIMEPUOIICT — 3
Epistomina praetatariensis-Globuligerina parva. Busieneni gpopaminigpeposi 30nu npociioko8ylomvCsi HAMU 6 PIZHUX CIPYKIMYPHO-
gayianonux somax (3ona Lenticulina quenstedti-Globuligerina oxfordiana — & Cyodaywsko-®eooociicvkii,; 3oma - Lenticulina
russiensis-Epistomina uhligi — ¢ Au-Ilempi-Ba6yzancekiu ma Cyoayvko-Deodociticwkii,; eepcmeu 3 Epistomina praetatariensis-
Globuligerina parva - ¢ Cyoaywvko-@eodociiicvkiil, 3ona Anchispirocyclina lusitanica-Melathrokerion spirialis — ¢ Cyxopiuencoko-
Bauoapcwrkit, Hemepooci-Kapabiicokii ma Cydaywbko-@eodociiicokitl; 30na Protopeneroplis ultragranulatus-Siphoninella antiqua —
6 [demepooci-Kapabiticokiti ma Cyodayvko-Deodociiicwkiil). [na koxcHoi popaminiheposoi 30uu Hageoena xapaxmepucmukda, sKa
BKNIOYAE KOMNIIEKC XAPAKMEPHUX BUOIB, 6UOU, AKI 3HUKAIOMb, 3 SAGIAIOMbCS MA GUOU, SKI NPOO0BAUCYIONb CBOE ICHY8ANHS, A MAKOIC
OKpemi 0codIueoCcmi. 3a NIMON0IYHUMU 0COOIUBOCHAMU MA NATEOHMOTIOIYHONO XAPAKMEPUCTIUKOIO ) 8IOKAA0AX OOCTLONCYBAHUX
po3pizie eusgneHi ceimu ma nioceimu. B pezynbmami 0ocniodcenns ymouneni 6iocmpamuepaghiuni xapaxmepucmuku pospizie ma
00NOBHEHO NANCOHMONIOSTUHY XAPAKMEPUCTNUKY 6EPXHbOIOPCLKUX MA HUNCHLOKPEli0osux 8ioknadis I ipcvkoco Kpumy.

Knrwuoei cnoea: oxcgopo, kimepuoc, mumown, bepiac, popaminicheposuii komniexc, popaminipeposa 30Ha, cmpykmypHo-ga-
yianvua 30ma, ipcokuii Kpum.

IO. b. Jlopomax. BHOCTPATHT PA®HYECKOE PACYJIEHEHHE BEPXHEFOPCKHX H HUKHEMEJIOBBIX (OKC-
®OP]] - HUKHHH BEPPHAC) OTJIOKEHHH I'OPHOI'O KPBIMA 34 ®OPAMHUHH®EPAMH. 1o pesynsmamam gopamu-
HUGep06020 ananuza nposedeHo demainvHoe buocmpamuepaguueckoe pacuieHenue 6epxHell Ipbl U HUICHe20 Mena (0Kcghopo-Hudic-
nuii 6eppuac) I'oprnoeo Kpeima. B paspesax ycmanogieno nsame popamunupepossix KOMRIEKCO8, KOMOpble XapaKmepe3yion gepxHe-
1OPCKULL (HUMICHE- 86EPXHEOKCHOPOCKUL, HUNCHEKUMEPUONCCKULL, 6EPXHEMUMOHCKULL) U HUICHEMEN080U (HUdICHebeppuacckul) 603pacm
nopoo. Ananus opamunupeposuix KOMIIEKCO8 NO360MUL 6 KANCOOM paspese evisasums buocmpamuepaguueckue noopaszoese-
HUsL - 30HbL: 8 HUdICHeM okcghopoe - Lenticulina quenstedti-Globuligerina oxfordiana; ¢ éepxnem okcghopoe - Lenticulina russiensis-
Epistomina uhligi; ¢ sepxnem mumone - Anchispirocyclina lusitanica-Melathrokerion spirialis, ¢ nHuscnem 6eppuace (HUNCHIOIO 30HY)
Protopeneroplis ultragranulatus-Siphoninella antiqua u ciou 6 nuscnem kumepudce — ¢ Epistomina praetatariensis-Globuligerina
parva. Busenennvie popamunudeposuie 30Hbl BPOCIEHCUBAIOMCA HAMU 8 PASHBIX CIMPYKMYPHO-(PayuanbHblx 30Hax (30Ha Lenticulina
quenstedti-Globuligerina oxfordiana — ¢ Cyodaxcko-®eodocuiickoii; 3ona - Lenticulina russiensis-Epistomina uhligi — 6 Ai-ITempu-
FBabyzanckoti u Cydaxcko-Deodocutickoii; crou ¢ Epistomina praetatariensis-Globuligerina parva - ¢ Cyodakcko-@eodocuiickoil, 30na
Anchispirocyclina lusitanica-Melathrokerion spirialis — ¢ Cyxopeuencro-Baiioapckoi, Jemepoocu-Kapabuiickoii u Cydaxcko-Deo-
docuiickoll,; 3ona Protopeneroplis ultragranulatus-Siphoninella antiqua — ¢ Jemepooicu-Kapabuiickoii u Cyoaxcko-Deodocutickoil).
s kaxcooi popamunudeposoil 30Hbl npUsedeHa Xapakmepucmuka, KOmopas 6KuoYdem KOMIIEKC XapaKmepHulx 81008, Ucue3aio-
wue 8UOblL, NOAGIAIOWUECH, U BUObL, NPOOOINHCAIOWUE CB0E CYWECMBOBAHUE, A MAKXHCe omoelbHble 0cobenHocmu. 110 mumonocuyHbim
0COOEHHOCMAM U NATICOHMONOSUUECKOU XAPAKMEPUCIUKY 8 OMIONHCEHUAX UYUAEMBIX PA3PE308 BUABTIEHbL CBUMbL U NOOC8UMbL. B pe-
3yIbmame UCCIe008aHUs YMOUHeHa OUOCMPAMuepapuieckas XapaKkmepucnmuxka paspe3os u OONOIHEHA NANEOHMON0SUYECKAS XAPAK-
MepuCmuKa 6epXHEIOPCKUX U HUICHeMeNn08wlx omaodcenuil I opnoco Kpvima.

Knruesvle cnosa: oxcghopo, kumepuodic, mumoHn, beppuac, opamunupeposulii KOMIIEKC, Gopamunugpeposas 301Ha, cmpyK-
mypHo-gayuanvras 30na, I opuviti Kpvim.

Beryn. Binkinaau Bepxuboi topu i kpeiiau B ['ip-
cbkoMy KpuMy mommpeHi JOCHTh NIHPOKO 1 pejicTa-
BJICHI — OKCQOPJICHKUM, KIMEPHIKCHKUM, TUTOHCh-
KHM 1 OepiachkuM sipycamu. CTymiHb BUBYEHOCTI LINX
BIAKJIaAIB HEOMHAKOBa. HaliOLIbII JeTaabHO BUBUEHI]
BiJIKJIaJ I OKCQOPICHKOTO, THTOHCHKOTO Ta Oepiack-
KOro sipyciB. 3a oCHOBy OiocTparurpadiyHoro mo-
IiTy BEpXHBOIOPCHKHX Ta HIKHBOKPEHIOBHX BiAKIIA-
niB I'ipcbkoro Kpumy Hamu B3sita «Crpaturpadivna
cXeMa BepXHBbOIOPCHKHX Ta HKHBOKPEHIOBUX BiJIK-
naniB ['ipcekoro Kpumy» 2013 p. [20].

AHami3 ocTaHHIX AOCHiMKeHb i myOaikamiid.
IcTopis BUBUEHHS BEpXHBOIOPCHKHUX Ta HIDKHbOKPEH-

noBux Bigkmaais [ipcekoro Kpumy BHCBITIIOETECS B
YHCIIEHHUX poOoTax, Ta 0COOIMBO AETAIBHO B y3ara-
JBHIOIYHMX Tpaiix, a came «Crparurpadis YPCP.
Tom 7. FOpa» [27], «['eonorist CPCP. T. 8. Kpum»
[6], «Ctpaturpadis Ta hopaminipepu BepxHbOT FOpU
Ta HIWKHBOI Kpeilnu Kpumy» [15], «Hwxas xpeiina
3axony i miBaHSA YKpainuw» [16], «FOpceki Bigkimamm
niBaHs Ykpaiam» [17], «bepiac I'ipcbkoro Kpumy»
[5], «Ctpaturpadist BEpXHBOTO MPOTEPO30I0 Ta Pa-
Hepo3oto Ykpaium» [20] Ta B ctarTax i Tezax [1,3,14].

B 1969 p €.A. Ycnenceskoro po3pobiieHa cTpa-
turpadiuHa cxemMa BEPXHBOIOPCHKUX  BIIKIANIIB
Kpumy 3a amonitamu [27]. B 1970 p. €.A. Ycnen-

© Jlopomsx IO. b.
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cpko10 1 B.B. IlepMsIKOBUM yIOCKOHATIOETHCS CTPa-
turpadigHa cxema (HaBemeHO paioHyBaHHS ['ipchb-
koro Kpumy 30HanbHMi TOAL, JTiTONOTIYHA 1 (hayHi-
CTHYHA XapaKTEePUCTHKA, BUALICHI CBITH - €CKi-OpIu-
HCBKa, OiTarpKa, yTOYHEHO ITOJI0KEeHHS repepBs) [28].
B 1984 p. B.B. Ilepmsakosum i M.B. Baninoro my0ti-
KYEThCsI cTpaturpadiyHa cxema FpPChKHUX BiJKJIaJliB
INipcekoro Kpumy (3atBepmxena YPMCK B 1982 p.),
sIKa CKJIQIA€ThCS 3 3arajlbHOI, PerioHaIbHOI IIKaT i
Kopessinii MicleBUX cTpaTUrpadiyHux MiApO3aiTiB
[17]. B 1991 p. B.B. Ilepmsakos, M.M. Ilepmsikona,
B.I1. YajikoBchbkuii TyONIKYIOTh YTOYHEHY CXEeMY
ctparurpadii opcbkux BigkianiB [ipceroro Kpumy
3 MOSICHIOBAJILHOIO 3alTUCKOIO (HABEIEHUH SIPyCHUH,
3oHamBHUN oA, 31 cBita i 8 ropusonTiB) [25]. B
1993 p. cknanmena B.B. Ilepmskosum, M.M. Tlepms-
koBoto, b.I1. YaiikoBcbkUM yTOuHEHa cTpaTurpadi-
YHa cxeMa Iopchbkux BigkmaniB [ipcekoro Kpumy
(cTpykTypHO-damiansHe palOHYBaHHS, IOTIOBHHU-
Jlach 30HaJIbHA IIKajla, BCTAHOBJICHI 1 BUIJICHI TOpH-
30HTH, SIKi € OCHOBHUMH OJTMHHIISIMH PETiOHATBHUX
cTpaturpadiqHuX miapo3aiTB) [26].

Bupuenns Oepiachkux BiakmanaiB [ipcekoro
Kpumy moB's3yi0Th 3 BUBYCHHSM (PayHH 3 «IAYKH
(heomoCIICBKIX MeprefiBy XapakTepHOTO MapKyIo-
YOro TOPU3OHTY po3pizy Oepiaca Cxignoro Kpumy. B
1974 p. L.T'. Cazonosoro i H.T. CazoHOBHM MpONOHY-
€TBCS TEpIIa CXeMa 30HAJBHOTO PO3WICHYBaHHS
MIPUMEKOBUX BiKIAliB TUTOHY 1 Oepiacy 3a aMOHi-
tamu [5; 29]. YV 1984 p. B.B. Ilepmsaxosum [17] 3a
KOMILIEKCOM QopamiHidep, KopainiB, Opaxiomnof,
JBOCTYJIKOBUX, OPIOXOHOTMX Ta TOJIOBOHOT'MX MOJIIO-
CKiB BUJIIJIEHO ABOSKIPHY CBITY 13 cTparoTHIty B J{BO-
SIKIPHIM JTOJIMHI, aJie caM CTpaTOTUIl He OyB omuca-
Huil. [lounnraroun 3 1984 p. i 1o croromHi TIPOBO-
JSITHCS IETATBHI TOCIIPKEHHS TPUMEXOBHX BiJKiIa-
IiB FOpH Ta Kpeiau B po3pizax [ipceroro Kpumy, a
came JITOJIOTiuHi, MarHiTocTpaTurpadivHi [2], Mak-
podayHicTHUHI (aMOHITH, ABOCTYJIKOBI MOIFOCKH,
Opaxionoiu, OeeMHITH, KOPaJIH, KPUHOIIe], Al THXH)
[2-5], wmikpodaynicTuuni (popaminipepu, octpa-
koxu) [4; 7,9, 10, 12; 13, 14], naninonoriyxi (criopu
Ta MIIOK, THHOIMCTH) [10] Ta mocmiKeHHS HaHOII-
nanktony [18-23].

Ha croronsi crparurpadiudi cxeMu BEpXHbOIOP-
CBKMX Ta HIKHBOKpPEHIOBUX BigkmaniB [ipcekoro
Kpumy ymockonaneni, 3kopensoBani 3 MCIII
2016 p., BiAMOBIAHO 3MIHEHO HA3BY JESIKHUX aMOHITO-
BUX 30H, YTOUHEHO BiK Ta 00CAT OKPEMHX CBIT, PO3-
[IMpPEeHa TaJCOHTOJIOTIYHA XapaKTePUCTHKA, MPOBe-
JIeHa KOpeJALlisi 3 CYMIKHAMH perioHaMu. Y cXemy
BBeJICHA IKasa 3a ¢popamiHipepamu, ska po3podiieHa
mo BepxHiii ropi K.I. Ky3HernoBoro, a mo HIkHIN
kpeitni T.M. T'opbaunk. Makpodayna (aMmoHiTH, IBO-
CTYJIKOBI MOJIFOCKH, TACTPOIIO/IH 1 KOPaJIH) 33 JaHUMHU
B.B. IlepmsikoBa, P.I. Jlemyxa, B.B. Apkanbesa,
€.10. bapa6omxkina [30].

V¥ 3B’s3Ky 13 CKIIATHOIO T€OJIOTIYHOI0 OYIOBOIO
JIOCITIKYBAHOI TEPUTOPIl Ta TEKTOHIYHUM paiioHy-
BaHHSM JI0 LIOTO Yacy 3aHIIA€ThCcs 0araTo HeBHpi-
LICHUX UTaHb, B TOMY YUCIIi 1 OCTATOYHO HE BCTAHO-
BIIEHAa MEXa MPUMEKOBUX BIKIa/IiB THTOHY Ta Oepi-
acy. ba301o 1 0CTaTOYHNX BHCHOBKIB MOXKE CIIYTY-
BaTH JeTaNbHUI OlocTpaTurpadpiuHuX aHami3 BigKia-
IIiB Mexi topu Ta Kpeitnu ['ipceroro Kpumy.

@®opMyBaHHS MeTH cTaTTi. MeToro craTTi €
cTpaturpadiuHe po3wICHYBAHHS 1 KOPEJSLisl BEpX-
HBOIOPCHKHX Ta HIPKHBOOEpiachbKUX BiaknaaiB [ipce-
koro Kpumy Ha mifcraBi BuBueHHs dopamiHidep, Ta
BUKOPHUCTAHHS OTPUMaHUX pe3yJbTaTiB AJs OiocTpa-
TUrpadiyHUX pO3UIeHYBaHb.

Buxiax ocHoBHOro marepiany. Bigxmann oxc-
thopacekoro sipycy momupeHi Ha Tepuropii ['ipchk-
koro KpumMy nocuTh mupoko i TICHO TIOB’sA3aHi 3 MijI-
CTUJIAIOYMMU BEPXHbOKEIOBEUCHKUMHU MTOpOAaMU. 3a
aMOHITaMHU JJIsl HIKHBOTO okcdopay Kpumy Bumi-
neno 3ony Cardioceras cordatum, skiit Buamosizae
dopaminidepoBa 3oma Lenticulina quenstedti -
Globuligerina oxfordiana [30].

Binknaau BepxHbOro okc(Opy MOB’si3aHi MOC-
TYIOBHUM TIEPEXOJIOM, SIK 3 MiACTUISIOYMMU HHYKHBO-
OKCHOPACHKUMH, TaK 1 IEPEKPUBAIOYNMH HIKHBOKI-
MEpHUIDKCHKAMHU Bimkianamu. B mexax [ipcpkoro
Kpumy BepxHiii okcdhopa miApo3dinseTbes Ha ABi
amoHiTOBI 30HHW: (regoryceras transversarium i
Epipeltoceras bimammatum. 3a dopaminidhepamu
BuIiieHo 30HY Lenticulina russiensis-Epistomina
uhligi, sika TPOCTEKY€ETHCS BIPOJOBK BCHOTO Mi3[I-
HBOTO OKCcopmy [30].

Kimepumkchki Bilkiaan NOMIMPEHi Ha TEPUTOPIT
INpceroro Kpumy 1 yTBOpIOIOTH €AMHUI KOMILIEKC
mopig 3 OKcOpICHKUMHU BinkiagaMu. Buminenuit
TIUIIE HIDKHIHT M IpycC, B IKOMY 32 aMOHITaAMH BUTi-
neHa jioHa Streblites tenuilobatus, a 3a gpopaminide-
pamu BcTaHOBieHI BepcTBH 3 Epistomina praetata-
riensis - Globuligerina parva [30]. Binknaau Bepx-
HBOTO KIMEPHUIKY BIIEBHEHO HE BCTAHOBJICHI, 1€ TO-
SICHIOETBCSI PO3MUBOM 200 NIEPEPUBOM B OCaIKOHAKO-
MMMYeHHI. AJle, B OCTaHHI POKH OTPHMaHi JesKi J10-
Ka3u MPHCYTHOCTI BEPXHBOTO KIMEPUIKY B po3pizax
SAntuackkoro amirearpy [1; 14], Ta y miBJeHHO-CXi-
nHomy Kpumy [3], mpote ctparturpadist BEpXHbOTO
KIMEPHDKY Ha TEeTepilllHiii yac HeIOCTaTHBO OOTPYH-
ToBaHa 1 B crparurpadiuniii cxemi 2013 poky He BU-
JISETHCS.

THUTOHCHKI BiIKJIa11 IIUPOKO MOIIMPEHI Ha TepU-
topii I'ipcbkoro Kpumy Ta 3ansrarors 0e3 4iTKO BH-
PaXKEHOTO KYTOBOT'O HEY3TOJPKEHHSI Ha KIMEPH/KCh-
KHX BiJIKJIaJax i, MOXIMBO, pAHHbOTO THUTOHY, NPHU-
najiae nepepea B ocaakoHakonuueHHi. Ctpaturpadi-
YHO BIJIKJIQJM HUKHBOTO THUTOHY PO3JiJICHI Ha JIBi
amomnitosi onn: Kossmatia richteri, sixa criBmagac 3
BepcTBamMu 3 Epistomina ventriosa - Texstularia
densa, 1 mnoma Semiformiceras semiforme —
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BigmoBimae 30Hi Astacolus laudatus - Epistomina
omninoreticulata [30]. YV BepXHbOMY THTOHCBKOMY
mig’spyci 3a  QopamiHipepamMu BHIUIEHO 30HY
Anchispirocyclina lusitanica - Melathrokerion
spirialis, ska cmiBmagae 3 aMOHITOBOIO JIOHOIO
Paraulacosphinctes transitorius [30].

B mmxHbOMY Oepiaci 3a aMOHITaMH BHIUISIOTH
3ony Berriasella jacobi B mexax, sK0i BCTaHOBIIEHO
3a IUIAHKTOHHUMH  dopamiHidpepamMun mapu 3
Globuligerina gulekhensis, B HMXHIH 4acTUHI SKHX
BUJiJIEHI 30HM 3a OeHTOCHUMH (opaminipepamu: HU-
KHS 30Ha Protopeneroplis ultragranula-
tus - Siphoninella antiqua i Bepxus 30Ha Quadratina
tunassica - Siphoninella antiqua. CykynHicTb 1iux 30H
BiZMOBimae 06'eMy aMOHITOBI# 30H1 Berriasella jacobi
[5; 30].

OKC®OPJICHKHI SIPYC. Huxuiii oxc-
(dopacekuii mix’spyc. 3ona Lenticulina quenstedti-
Globuligerina oxfordiana. HikHb0OKCHOPACHKI Bif-
knaau pociimpkyBanucs B Cynanbko-deonociichkin
CTPYKTYpHO-(aliiaJibHiii 30HI (Hami CKOpOYCHHS
C®3) B po3pizax BimcioHeHb NOOMM3Yy c. boraTiBka
Ha MmiBOCTpoBi MeraHoM, SlHumIapcekiii OyXTi Ta B
cB. Ne 2 na r. Kapagar (puc. 1, 2) [11]. Bigkmamu
MPENICTaBICHI 3€IeHyBaTO-CipUMUA TEMHO-CIpUMHU
aJICBPUTUCTUMH, IIICKyBaTHMH TJIMHAMH. YTpyIIO-
BaHHs QopaMiHipep BUAINICHI 3 MIMHUCTUX (ariii.
Hani yrpynoBaHHs npecTapieni OeHrocHumu (93%)
1 mraHkToHHUMH (7%) popmamu. 3a KiJIbKICTIO BUIIB
(dhopmu 3 cekperiiiiHoro uepenaiikorw (60%) nepesa-
XKaroTh Haj artrotuHytounMu (33%), ane 3a KiibKi-
CTIO EK3eMILISIPIB 1X CITiBBiIHOIIICHHS 3BOPOTHE, B JIE-
SKHX po3pizax, a came cB. 2 Ha T. Kapanar, Bigcio-
HeHHsl 1mo0au3y c. boratiBka. OIHUM 3 BaKJIMBHX
KOMITOHEHTIB JJaHOTO (DayHICTUYHOTO YIpYyIyBaHHS €
MIPUCYTHICTP Y BiJIKJIaIaX HMKHBOTO OKC(OpAY TuIa-
ukToHHux ¢opm. Globuligerina oxfordiana (Grig.) —
1€ BUJ] By3bKOTO CTPATUTPa(ivyHOTrO i IIUPOKOTo reo-
rpadivHoro IomupeHHs. Bin 3ycTpidaeTses y po3pi-
3aX HIKHBOTO OKC(POpAYy B OOMEXKEHiH KiTbKOCTI
(10-30 ek3, Ha 200 r cyxoi nmopomau). YrpymyBaHHs
MaJo4HCeNbHi, piame OaratodmcenbHi. Xapakrep-
HUMHA BHUIAMW 19 n#aHHOi 30HH € Lenticulina
attenuata (Kub. et Zw.), Epistomina nemunensis

Grig., Spirillina kiibleri Mjatl Globuligerina
oxfordiana (Grig.). BusBiaeHi CcKymYeHHS
Ammodiscus cf. uglicus ehremeevae Dain,

Psammatodendron cf. dichotomicum Neagu,
Epistomina nemunensis Grig., Ophthalmidium
dilatatum Paalz ., O. tenuisimum , O. cf. stuifense
(Paalz.), Sigmoilina milioliniformis (Paal z .). Bix-
kiaagun 3oHu Lenticulina quenstedti-Globuligerina
oxfordiana npocTexeHi y BepxHiii 4aCTHHI CyAaIbKOT
CBITH.

Bepxniii okcopacskmii  min’sapyc. 3oHa
Lenticulina russiensis-Epistomina uhligi. Bepxupoo-
KChOPCHKI BIIKIIaMU MOCHiKyBanucs B Ai-Ilerpi-

babyrancekiit CP3 - Bimcinonenns 49 km poporu
Snra-CeBactomons Ta B Cymamnbko-Deomgociichbkiit
C®3, a came y po3pizax BiJICIIOHEHb MO0IU3Y ¢. bo-
raTiBka Ha miBocTpoBi Meranom, cB. Ne 3 Ha r. Kapa-
mar (puc. 1, 2) [8; 11].

B Aii-llerpi-babyrancekiit CP3 Bigkimanu Bep-
XHBOTO OK(opAy mpeacTaBieHi MeprejeM CipuM IIIu-
HUCTUM INITFHUM HemapyBaTuMm. Dopamiidheposi
yTpyITyBaHHS OaraTo4rcemnbHi, IpeAcTaBIeHi OEHTO-
cauMu popmamu. 3a KiJbKICTIO BHIIB POpMHU 3 CEK-
penitiHoro yepenanikoro (68% ) mepeBaxkaroTh Hal ar-
moTuHytounMu (32%). XapakTepHUMH BUAAMU IS
nanHoi 3oHM € Texstularia jurassica Gimbel.,
Epistomina stelligeraformis Mjatl. Bussneni cky-
muenns Marsonella doneziana Dain, Lagena
apiculata (Reuss), Epistomina limbata Kapt.,
E. stelligeraformis M jatl. B yrpymyBauHsx npucy-
THI OGopeanbHi Gopmu - Lenticulina polovinkaensis
Put., L. sibirensis (Kosyr.), L. nordformis
Put. et Rom. Ta mpomOBKYIOTH CBOE iCHYBaHHS T00-
JMHOKI  HIDKHbOOKC(opackki Buau  Epistomina
nemunensis Grig., Saracenaria cornucopiae
(Schwager). Bigkmagu 3ouum  Lenticulina
russiensis-Epistomina uhligi mpocrexeni y HmKHIi
YaCTHHI MaHDKIIBCHKOI CBITH.

B Cynanpro-®eonociiicekiit CD3 BepxHBOO-
KcopIchKi BIIKJIAJAM MPEJCTABJICHI CIIAHIIEBUMU
[NIMHAMU, TTIMHACTHMH AJIEBPOJIITAMH Ta MEPres MU
3eNIeHyBaTO-CIpUMH MIIIAHUCTHMH, 3 SKUX BHUIICHI
¢dopamiHidhepoBi yrpynyBaHHs. YTPYIyBaHHS MaJo-
YHUCEJIbHI, MPEJCTaBJieHI OeHTOCHUMU (opMamu. 3a
KUTBKICTIO BB (POPMH 3 CEKpEIiHHOI Ueperiar-
koo (98%) mepeBakalOThb HaJ arJIlOTHHYIOUUMH
(2%). Xapakrepuumu Bugamu € Epistomina volgensis
Mjatl., E.uhligi Mjatl. Bussieni ckymyeHHs
Epistomina limbata Kapt. B Bepxabookcdopach-
KX YIPYIMyBaHHAX MPOJOBXKYIOTh ICHYBAaTH TMOOJH-

HOKi  BepxHbOKenoBeicbki  Lenticulina  tumida
(Mjatl.), L.parmula Gof., Epistomina
mosquensis Uhlig. Ta HmKHBOOKCHOPACHKI
Epistomina nemunensis Grig., Saracenaria
cornucopiae  (Schwager). Bigkiaga 30HH

Lenticulina russiensis - Epistomina uhligi mpocre-
JKEeHI y HIDKHIIM YacTHHI MaH[KHIIbCHKOT CBITH.
KIMEPUJI)KCbKUM SAPYC. Huxniii Kive-
purkebkmii  mign’spyc. BepctBu  Epistomina
praetatariensis-Globuligerina parva. Binkiaan Hux-
HBOTO KIMEpH/DKY JociipkyBanucs B Cyaamnpko-de-
onociiicekiii CD3 B po3pis3i BiACIOHEHHS MOOIU3Y
c. borariBka Ha miBocTpoBi Meranowm (Puc. 1,2) [11].
Bigkiaau mpeacraBieHI TOBIICH TJMH 3 CHICPH-
TaMH, 3 SIKUX BHUIAUIEHI QopamiHipepoBi yrpymy-
BaHHs. J[aHi yrpyIyBaHHS MaJlOUYMCEINbHI, TIPECTaB-
neHi 6eHToCHUMU (popMamu, cepell AKUX arTIoTHHY-
o4l (opMU MPECTABIICH! OUIBIIICTIO €K3EMILISIPIB
(74%) B nopiBHsHHI 3 cekperiitaumu (26%). Xapak-
tepuumu Bugamu € Lenticulina simplex (Kubl. et
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Puc. 1. Kapra-cxema gakTu4HOr0 MaTepiany.
Ymoeni nosnauenna:
CrpykrypHo-¢aniansHi 30a1: | — Cyxopiuencbko-baiinapceka, II — Aii-Ilerpi-babyranceka,
I — demepmxi-Kapabiticeka, IV — Cynanpro-®eogociichka.
Pospizu: 1. c. Tunose, 2 c. Opnune, 3. 49 kM goporu Snra-CeBactonons, 4. borara Ymenuna,

5. Aii-Ilerpunceka fitna, 6. M. lorpad, 7. 1. Aii-Ilerpi, 8. Ypounme [lanarii, 9. r. Kapa6i-fiina,
10. c. KpacnocemniBka (p. Tonacy), 11. c¢. KpacnoceniBka (c. Kyayk-Y3ens), 12. xp. Cyyk-Cy (cB. 47),
13. cmt boraroe (cB. 54), 14. . Kapanar (cB. 2), 15. r. Kapanar (cB. 3), 16. Slanmapceka OyxTa,
17. m. Cg. i, 18. [ABosikipaa O6yxTa, 19. c. borariBka (-8 Meranom).

— BIJICIIOHEHHS 3 (hayHOIO;

ZW.), Spirillina kiibleri Mjatl. Pa3zom 3 TuM BUsIB-
nmeni ckymuenns Rhizammina indivisa Brady,
Psammatodendron cf. dichotomicum Neagu. Bimxk-
nagi BepctB 3 Epistomina  praetatariensis-
Globuligerina parva mpocTexeHi y BepXHii 9acTHHI
MaHDKWIBCHKOI CBITH.

TUTOHCHKHM SPYC. Bepxniii THTOHCH-
kmii mix’sipyc. 3oHa Anchispirocyclina lusitanica-
Melathrokerion spirialis. Y BuB4eHux aBTOpOM PO3-
pizax MIKpPOMAJICOHTONOTIYHO —OXapaKTepH30BaHi
TUTPKA BEPXHBOTUTOHCHKI Binknmaaw. JlaHi Bigkimaau
nocmimpkysanucs B CyxopiueHchko-balmapcbkiii
C®3 (Bincnonenns c. Opnune, ¢. Tunose), B Jemep-
mxi-Kapabiticekiit CD3 (BigcIOHEHHS Ha OKOJIHLSAX
c. bokcan niBHiuHMi cxun r. Kapa6i-fiina) i B Cyna-
npko-deomociiicekiit CD3 (Biacaonenns ¢. Kpacho-
cenmiBka, J[Bosikipa OyxTa Ta cBepaioBuHa Ne 54
paiion cmt borare) (Puc. 1, 2) [7; 9; 10; 12].

B CyxopiueHncsko-baiinapcekiit CD3 Bigknaan
Mpe/CcTaBieHi MmepenapyBaHHsIM aJeBPUTHCTUX Ball-
HSIKIB, cuaepuTiB 1 riuH. Popaminideposi yrpymy-
BaHHI BUJIJICHI 3 TJIMH. YTPYIyBaHHS MaJOYHCEIbHI,
npencTaBieHi OEHTOCHUMHU GopMaMu. 3a KUTBKICTIO
BUAIB (opMH 3 CeKpeliiiHoo Yepenamkoo (98%)

— BIZICTIOHEHHS ITYCTi;

— CBCPAJIOBUHU

MepeBaXXaloTh HaJl anIIOTUHYIOUNMHE (2%). XapakTe-
puumu Bugamu € Texstularia densa Gofman,
Ophthalmidium sigmoiliniformis (Ant.),
Lenticulina nodosa (Reuss), L.uspenskajae
K. Kuz., L. immensa K. Kuz., Astacolus laudatus
Gofman, Epistomina ventriosa Esp. et Sigal,
Pseudonodosaria tutkovskii (Mjatl.),
Globospirillina caucasica Gof., Trocholina alpina
(Leupold), T.solecensis Biel. et Poz., Ramulina

spinata Ant., Discorbis agalarovae Ant.
D.crimicus Schkhina. BusBieni ckym4eHHs
Epistomina ventriosa Esp. et Sigal,

Globospirillina caucasica Gof., Spirillina kiibleri
Mjatl. B yrpynmyBaHHSX e MPOJOBKYIOTH iCHY-
BaHHS JieAKi Kimepuwkchki Buau Lenticulina cf.
essica Putrja, L. cf. acutata Putrja, L. cf. pertiosa
Put rj a, a TAaKOXX 3'IBJISIIOTHCS OOJUHOKI HIKHBO-
Oepiacbki, a came Ammobaculites cf. incostans
gracielis (Brat. et Brand), Stomatostoecha cf.
enisalensis Gorb., Dentalinacf. nana Reuss,
Siphoninella antiqgue Gorb., Trocholina cf. burlini
Gorb. Biakiagu 30HU Anchispirocyclina
lusitanica-Melathrokerion spirialis mpocTexeni y
BEPXHIl YaCTHHI IeWMEH-IEPUHCHKOI CBITH.
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B Hdemepmxi-Kapab6iiicekit CDP3 Bimkiamy npen-
CTaBJICHI TIepenrapyBaHHsIM TIMHUCTHX 1 IMICKYBaTHX
BamHsIKiB, KapOoHaTHHX TiuH. PopamiHipeposi
yIrpyIyBaHHS BHJIICHI 3 TJIMH. YTPYIyBaHHS MaJlo-
YUCENbHI, TIpencTaBiieHi 0eHTocHUMHU (popmamu. 3a
KUTBKICTIO BHAIB (DOPMH 3 CEKPEIIHHOIO Yepermani-
kot (92%) mnepeBakarOTh HAJ AarTIOTHHYOYHMU
(8%). XapaktepHumu BHaamMu € Stomatostoecha
compressa Gorb., Texstularia densa Gof.,
Melathrokerion spirialis Gorb., Belorussiella
taurica Gorb., Lenticulina.vistulae Biel. Et
Poz., L.immensa K. Kuz., Epistomina
ventriosa Esp. et Sigal, Globospirillina caucasica
Gof., Trocholina alpina (Leup.). B yrpymyBanHsx
3'SIBIIAIOTBCS  TTOOJMHOKI HIKHBOOEpIachKi BHIH:
Lenticulina cf. neocomiana (Rom.), Trocholina
molesta Gorb. Pa3om 3 TUM BHSBJICHI CKyITYCHHS
Epistomina ventriosa Esp. et Sigal, Trocholina

molesta Gorb. Biaxmaau 3oun Anchispirocyclina
lusitanica-Melathrokerion spirialis mpocTexeHi y Hu-
JKHIN 4acTHHI OeICHEKUPCHKOT CBITH.

B Cynaupko-®eopociticekitit CD3  Bigkinaau
MpeCTaBJICHI BaITHAKAMU TNTHHUCTUMH, CipHMU, IIe-
JiTOMOp(PHUMH, K1 TTOCTYITOBO 3aMIIIyFOTHCS BaITHSI-
KaMH OOJIITOBUMH, TIMHAMH aJICBPUTHCTHMH BaITHH-
CTHUMH, CTPOKATUMH, JTy>K€ MIITHUMH, TEMHO-CipHMH,
3€JICHYBAaTO-CIPUMHU TJMHAMH 3 YacTHMH IpoIinap-
KaMH CBITJIO-CIpUX 1 POXKEBHX BalHAKIB, TIIMHAMH
AJIEBPOJTITOBUMH TEMHO-3€JICHyBaTO-CipUMH ITUTYA-
CTHMH 3 MIPOIIapKaMHy BaITHAKIB OpPyHATHO-CIPHX Mi-
uHUX JeTputoBux. PopamiHidepoBi yrpymyBaHHs
BUiNIEH] 3 MHUCTUX (auiil. YrpymyBanHs OaraTo-
YUCENBHI, PIIIe MaJIOYNCENbHI, IPEACTABICHI OCH-
tocHUMU (99%) 1 mnankTonHUMH (1%) hopmamu. 3a
KUTBKICTIO BHIIB (OPMH 3 CEKpELiifHOIO uepemnari-
koo (84%) mnepeBaxkalOTh HAl AarJIOTHHYIOUUMHA

= MIKHAPO/IHI BIO3OHAJIBHI CTAHZAAPTHI [ - : T z < E
a MCI A c i PEI'TOHAJIBHI CTPATHUT PA®IYHI TIAPO3ALIN
E £ = 3AXIJIHMH PAMOH
AELE § d £ BEHTOCHI TA TJTAHKTOHHI BIO30HAJIbHI HIKAJIN AXIL A
T | = > & OOPAMIHIDEPH AMOHITH ®OPAMIHIDEPH ATh
o Py = o 2) Al y e
- &g .x[__l = L>‘J == 5 % (Ogg et al., 2008) (nioun) 3a B.B. Iepmaxosum, (3omm, Bepersu) 3a K.1. Kysne- CYXOPMEHCHKO-BAMJIAPCHKA
=l 2 [ <[CEEIS 2 ¢ = BB Aprazscoiy, uosoto, TH. FopGaik, [ Dopaviniheposa] Konmexc xapaxtepminx siais
Sl 3 ZrlRH = . - €.C. bapaGowkinmy Ta in. JL. [romhikoBoio sona
= @) = JpiGui Kpynni Quadratina
tunassica-
[ — <[ _[_[ 0230 | Siphoninella antiqua
M17| @P=PE]
(e 4 4= 1oering : . .
P i Conoglobigerina Berriasella jacobi § Protopeneroplis He jocnizukyBamics
=l|s rulekhensis o ultragranulatus- -
MI8|:= = al= & @ = | Siphoninella antiqua
w|=~| o= >
145 alz|a
MI¢ = 7
' i[l455240 Anchispirocyclina | [ dn Shriamidun -
5 Paraulacosphinctes lusitanica- ;\mll:xl:x'::‘x:::t-‘:ntl”h uspenskaja J\Im[’t)//m h;m/mm/. Episto
al N . Lot i & mina ventriosa, Discorbis agalarovae,
5 - transitorius Melathrokerion  f welabwokerion b C0iC el o0 i casica
M2( @ Anchispirocyci- spirialis SpiriATs Trocholina alpina, T. solecensis
= na lusitanica+
2 Protopeneropis Astacolus
2] trochangulata PR -
M2 2l Semiformiceras }a}ldam? He pocnimkyBanuch
=] semiforme Epistomina
| % omninoreticulata
T Trochammina
150 M22) rosacea, ) Bc_pcmn 3
. Haplophragmoides Alveosents Kossmatia richteri Epistomina ventriosa- He nocnikysamice
canuiformis \ "O“Pt‘l Textularia densa
RRE 150.844.0 powersi+
|| i Kilianina
M23 <._ z rahonensis
P ] % He Bcranosneno
| 5| &
—1 | S
e [ Bepersu 3
M24| || 2 o8 2
- ¥a) _{4 || Eplstomma He socniukyBanuch
i =< é_ praetatariensis-
~8lE ) Globuligerina
1ol wlS| Streblites parva
s tenuilobatus
: o af = Lenticulina
. oxfordiana
f— 155.6 S
- mg S.
6= = Idoceras planula
A Nodosaria :
8 plicatilis Alveosepta Eplpcltoccras Lenticulina
- jaccardi bimammatum e
M29 = z russiensis- R ——
M2 gl (n‘cgoryccras Epislominz\ He nocnipkyBanuce
il M30] I transversarium o
= uhligi
M31 5B =
o
15 & -na erisphinctes plicatilis
.—E ‘:j: (un-named) Perisphinctes plicatil
M33 Ol
i = Lenticulina
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M34 | & i Gcl]ll;nis'tcdl.l He nocniukysanuce
= obuligerina
KT 1612440 [ Frondicutaria moller Quenstedtoceras mariae oxfordiana
IITJCTEJIFOIOYI BIJIKJIAJIN

Puc. 2.1. BioctparurpadiuHa cxema BepXHbOIOPCHKUX-HUKHBOKPEHIOBHX BIJIKIIA/IIB
(oxchopa-amkHii Oepiac) I'ipcekoro Kpumy
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MICLIEBI CTPATUI'PAGIYHI IIAPO3ALIN

SAXIIHHW PAMOH |

CXIITHMM PAMOH

CTPYKTYPHO-®DALIAJIBHI 30HU

AM-TIETPI-BABYTAHCBKA JIEMEPJDKI-KAPABIMICBKA

CYJIALIbKO-DEOAOCIHCHKA

Dopaminipeposa Kommuieke xapaxrepunx| Popaminideposa
30HA BHJIIB 30Ha

Komrutexe XapaKTepHHX Bll,"liB

Dopaminideposa

Kommniexe XapaKkTepHUX BHIIIB
30Ha

He nocnikysanucs

He nocniukyBanucs

Protopeneroplis
ultragranulatus-
Siphoninella antiquaj

Triplasia emslandensis acuta, Lenticuli
na macra, Discorbis crimicus, Trocholi

na alpina, T. molesta, T. burlini

Protopeneroplis
ultragranulatus-
Siphoninella antiqua

tomatostoecha entsalensts, Melathrokerion spirialis, Belorussiella tauri-
ca, Verneuilina angularis, V. subminuta, Lenticulina ambanjabensis,

Discorbis crimicus, D. praelongus, D. infracretoceous, Pseudolamarcki-

a reussi,Globospirillina neocomiana, Siphoninella antiqua, Protopeneroy

lis ultragranulatus, Trocholina alpina, T. molesta, T. burlini, T. elongata

na.

Texstularia densa, Stomatostoecha con
pressa, Melathrokerion spirialis, Belo-

Anchispirocyclina d Anchispirocyclina = i ?
lusi‘:anicfl- russiella taurica, Lenticulina vistulae, lusitanica- Glomospira multivoluta, Lenticulina immensa, Astacolus laudatus,
Melathrokerion L. immensa, Epistomina ventriosa, Gla Melathrokerion Saracenaria tsaramandrosoensis, Pseudonodosaria tutkovskii, Ophtha
spirialis bospirillina caucasica, Trocholina alpi: spirialis Si liniformis, R lina spinata, Globospirillina caucasica,

Anchispirocyclina lusitanica, Stomatostoecha compressa, Melathroke-
rion spirialis, M. eospirialis, Belorussiella taurica, Texstularia densa,

rocholina alpina.Discorbis crimicus,D. agalarovae, D. infracretaceous

He nocnikyBanuchb

He nocnimkysanuch

He nocniukysanuck

Bepcrteu 3
Epistomina
praetatariensis-
Globuligerina
parva

Lenticulina simplex,
Spirillina kubleri

Lenticulina

russiensis-

Epistomina
uhligi

Texstularia
jurassica,
Epistomina
A‘I('//igw‘zl/(v‘/ni.\‘.

He BuBueHo

Lenticulina

russiensis-

Epistomina
uhligi

Epistomina volgensis,
E. uhligi

He BuByeHo

Lenticulina
quenstedti-
Globuligerina
oxfordiana

Lenticulina attenuata, Epistomina nemunensis,
Globuligerina oxfordiana, Spirillina kubleri

Puc. 2.2. bioctpaturpadivna cxema BepXHbOIOPCHKUX-HIKHBOKPEHIOBUX BiIKIIa/IiB
(oxcdopn-umxHiii 6epiac) ['ipceroro Kpumy

(15%). B nanHoMy yrpymnoBaHHI BHSABJICHI IUIaHK-
touHi popmu (Globuligerina gulekhensis Gorb.), siki
MPEICTaBJICHI TMOOJUHOKMMH BHJAaMHU. Xapakrep-
uumu Bugamu € Glomospira multivoluta Rom.,
Anchispirocyclina lusitanica (Egger),
Stomatostoecha compressa Gorb., Melathrokerion
spirialis Gorb., M. eospirialis Gorb., Texstularia
densa Gof., Belorussiella taurica Gorb., Lenticulina
immensa K. Kuz., Astacolus laudatus (Reuss),
Saracenaria  tsaramandrosoensis  Epit. et Sig.,
Pseudonodosaria tutkovskii (Mjatl.), Ophthalmidium
sigmoiliniformis (Ant.), Ramulina spinata Ant.,
Globospirillina caucasica (Goff.), Trocholina alpina

(Leup.), Discorbis crimicus Schok., D. agalarovae
Ant., D. infracretaceous Schok. B yrpymyBanHsIX
3'BJISIIOTBCS  TIOOJMHOKI HIDKHBOOEPIachKi BHJIM:
Gaudryina cf. alternans Gorb., Paleotexstularia
crimica Gorb., Dorothia cf. praeoxycona Moul.,
Verneuilina  angularis  Gorb., Lenticulina cf.
neocomiana (Rom.), L.macra Gorb., Trocholina
molesta Gorb., T. burlini Gorb., T.elongata
(Leup.), Siphoninella antique Gorb. Pasom 3 Tum BH-
seieHi  ckymuennsi  Anchispirocyclina lusitanica
(Egger), Lenticulina macra Gorb., Marginulina cf.
mollis K. Kuz., Epistomina ventriosa Epit. et Sig.,
Globospirillina caucasica (Hoff.), Spirillina kiibleri
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(Mjatl.), Trocholina elongata (Leup.). Bimxmaan
soaM Anchispirocyclina lusitanica-Melathrokerion
spirialis mpocTexeHi y HIKHINA 4acTHHI JBOSKIPHOT
CBITH.

BEPIACBKHUM SIPYC. Hukniii Gepiachkmii
nig’apyc. 3oHa Protopeneroplis
ultragranulatus - Siphoninella antiqua. Huxabo0epi-
achKi BiAKIaTM nociimKysanuck B Jlemepmxi-Kapa-
Oiticekit CD3 (BimCIOHEHHS Ha OKOJHUILIX ¢. bokcan
niBHivHUE cxun r.Kapabi-Siina) i B Cynanpsko-Deo-
nociiicekiii CO3 (BigcmonenHs c. KpacHocerniBka,
HBosikipaa Oyxta, muc CB. i Ta cBepiioBHHaX
Ne 54 paiion cmt barate, Ne 47 xp. Cyyk-Cy) (Puc. 1,
2) [7;9; 10; 12].

B Hdemepmxi-Kapa6iiicekit CP3 Bigxramy npen-
CTaBJICHI TJIMHAMU KapOOHATHUMH, 3 SKUX BUALUICHI
¢dopamiHihepoBi yrpymyBaHHs. YTpyIyBaHHS MaJlo-
YHCeNbHI, TPeACTaBlieHI OeHTOCHUME (opMamu. 3a
KITBKICTIO BHUIIB (OpPMH 3 CEKpELiiHOI UYeperar-
koo (72%) mepeBakaroTh HaJA AarJlOTHHYIOYHUMH
(28%). Xapakrepuumu Bugamu € Triplasia cf.
emslandensis acuta Bart. et Brand,
Lenticulina macra Gorb., Discorbis crimicus
Schoh., Trocholina molesta Gorb., T.durlini
Gorb., T.alpina (Leup.). B yrpynyBanusax ime
MIPOJIOBXKYIOTh ICHYBAaTH IOOAMHOKI THTOHCHKI BUJIU:
Stomatostoecha compressa Gorb., Ammobaculites
hagni Bhalla et Abbas, A. infravolgensis
Mijatl., A subaequalis Mjatl., Melathrokerion
spirialis Gorb., Texstularia densa Gof.,
Quinqueloculina podlubiensis Teres., Lenticulina
uspenskajae K. Kuz., Epistomina cf. ventriosa
Esp. et Sig. Bimkmamu soum Protopeneroplis
ultragranulatus-Siphoninella antiqua mpocrexeni y
BEpXHil 4acTHHI OeeHEeKIPChKOT CBITH.

B Cypaupko-®eopociticekin CDP3  Bigkianu
MpeAcTaBieHi TJIMHAMU AJEBPUTUCTUMH, CTPOKa-
THMHM, IIITbHAMH, BAIHHUCTUMH, IICKOBHKAMHU Ci-
puUMH IpiIOHO3EPHUCTUMH TIMHUCTUMH, BAITHIKAMH
TIIMHACTUMH, CIPUMHU, aJIEBPOJIiTAMHU MICKYBATUMHU Ta
MICKOBUKAMH TJIMHUCTUMH JAPiIOHO3EpPHUCTUMH Ta
[JIMHAMHU TEMHO-CIpHMH, TIepeIIapyBaHHsIM 3elIeHY-
BaTO-CipUX TOHKOIUTUTYACTHX TJIHMH, aJIEBPOJITIB, KO-
pUYHEBATO-CIPUX MACHUBHHX BAITHSKIB 1 MEpreiB Te-
MHO-3€JIEHYBaTO-CIpUX MIIHUX MJIMTYACTHX, BAITHS-
KOM TEMHO-OpyHaTHUM JPiOHO3EPHUCTUM 3 TOHKHMU
nmiH3amu 4opHoi 1 cipoi rmHu. DopamiHideposi
YIpYIyBaHHsS BHJUICHI 3 alieBpOJITIB, MeEprelliB,
[JIMH, BalHAKIB. YTpylyBaHHs OaraToyucesbHi, pi-
JIIe MaJIOYUCENIbHI, TMPEeJCTaBlIeHI OCHTOCHUMHU
(99%) 1 mnankronaumu (1%) popmamu. 3a KinbKi-
CTIO BHIIB (POpPMH 3 CEKpEUifHOI YepernamnKoo
(82%) mepeBaxkatoTh Haj armoTUHyrouUnMHU (17%).
[T1aHKTOHI (hOPMHU MPEACTABICHI TOOAMHOKI BUAAMU
Globuligerina gulekhensis (Gorb. et Por.)., G. cf.
caucasica Gorb. et Por.. XapakTepHuMH BHIaMHU €
Stomatostoecha enisalensis Gorb., Melathrokerion

spirialis  Gorb., Belorussiella taurica Gorb.,
Verneuilina angularis Gorb., V. subminuta Gorb.,
Lenticulina cf. ambanjabensis Espit. et Sig.,
Discorbis praelongus Gorb., D. crimicus Schok.,
D. infracretaceous Schok., Pseudolamarckina reussi
(Ant.), Globospirillina neocomiana (Moul.),
Siphoninella  antique  Gorb.,  Protopeneroplis
ultragranulatus Gorb., Trocholina alpina (Leup.),
T. molesta Gorb. T.burlini Gorb., T.elongata
(Leup.). B yrpynyBaHHSAX 3'SBISIOTHCS TOOJUHOKI
kpermoBi Buam: Triplasia emslandensis acuta
Bart. et Br., Gaudryina neocomica Chal., G. gradata
Bert., Gaudryiadhella onachensis (Sig.),
Quinqueloculina infravalanginiana Bart.,
Lenticulina neocomiana Gorb., L. macra Gorb., L. cf.
onachensis onachensis, L.cf. guttata guttata (ten
Dam), L.cf. circumcidanea (Bert.), Saracenaria
cretacea Gorb., Scf. navicula (Orb.), Vaginulina
recta Reuss, V.truncata Reuss, V.cf. hagenovi
(Reuss), Vaginulinopsis cf. grata (Reuss), Nodosaria
grassulariformis Bass., N.cf. concinna Reuss,
N. paupercula Reuss Ta iH. Takox Mpog0OBKYIOTb ic-
HYBaTH MMOOJAMHOKI THTOHCHKI BHaK - Ammobaculites
hagni Bhal. et Ab., Ammodiscus cf. veteranus Kosyr.,
Gaudryina vadaszi Cush. et Glaz., Ophthalmidium
sigmoiliniformis  (Ant.), Astacolus praesibirensis
Kos., A.aquilonicus (Mjatl.), A.laudatus (Reuss),
Lenticulina uspenskajae K. Kuz., L. gregaria Putrja,
L. cf. tumidiuscula Pjat., L.cf. tanatcheva Putrja,
Epistomina ventriosa  Espit. et Sig., Discorbis
agalarovae Ant., Trocholina solecensis Biel. et Poz.
Pazom 3 TuM BusBieHi ckymyenHs Glomospira
gordialis  (Jon. et Par.), Epistomina  caracalla
anterion Bart. et Br., Discorbis crimicus Schok.,
Globospirillina caucasica (Hoff.), Lenticulina
neocomiana Gorb., L.macra Gorb., Trocholina
molesta Gorb. T. elongata (Leup.). Bigknaau 30HH1
Protopeneroplis ultragranulatus-Siphoninella antiqua
MIPOCTEXKEHI y BEPXHill YaCTUHI IBOSKIPHOI CBIiTH.
BucHoBkH. 3a pe3yibTaTaMu JOCHIKEHb aBTO-
poM B pospizax [ipcekoro Kpumy 3a ¢opaminide-
pamMu BCTaHOBJIEHI OiocTpaturpadiydi Imiapo3Iinn
30HM: B HIWKHbOMY oOkchopmi - Lenticulina
quenstedti-Globuligerina oxfordiana; y BepxHbOMY
okcgopai - Lenticulina russiensis-Epistomina uhligi;
y BepxHboMy TUTOHI - Anchispirocyclina lusitanica-
Melathrokerion spirialis Ta y HHkHbOMY Oepiaci, HU-
xKHIO 30Hy - Protopeneroplis ultragranulatus-
Siphoninella antiqua; i BepcTBH B HIKHBOMY KiMepH-
mwki 3 Epistomina praetatariensis-Globuligerina
parva. 3oHa HwkHBOro oOkchopay Lenticulina
quenstedti-Globuligerina oxfordiana € B BepxHiii ya-
ctuHi cynanekoi cBit Cypanbko-®eonociichkin
C®3; 3o0ma Bepxuboro okchopay Lenticulina
russiensis-Epistomina uhligi npocTeyeThCsi B HUX-
Hill yacTHHi sSinMuHCBKOI cBiTh B Aii-llerpi-baOyran-
CBHKill Ta B HIKHIA YaCTHHI MaHIDKWIBECHKOI CBITH B
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Cynarmpko-Deomociiichkit CD3; 30Ha BEpXHHOTO TH-
Tony Anchispirocyclina lusitanica-Melathrokerion
spirialis MPOCTEXKY€EThCS y BEPXHil YacTHHI JeiMeH-
nepuHcbKoi cBith B CyxopiueHcbko-baiinaperkilt, y
HIDKHIA 9acTHHI OeIeHEKUPCHKOI CBITH B [leMepmKi-
Kapabiiicekiii Ta y HUKHINM 9aCTHHI JBOSIKIPHOT CBITH
Cynanpsko-®eonociticekitt CD3; 30Ha HUIXKHBOTO Oe-
piacy Protopeneroplis ultragranulatus-Siphoninella
antiqua — mpocTeKYETHCS y BEpXHii yacTHHI OeieHe-
Kipcbkoi cBitu lemepmki-Kapabilicekiii Ta y Bepx-
Hill uyacTuHi aABosikipHOi cBith Cynaupko-deogo-

citicekiti C®D3; BepCTBH HHKHBOTO KIMEPUIKY 3
Epistomina praetatariensis-Globuligerina parva mpo-
CTeXKYIOTBCS y BEPXHIM YacTHHI MaHIKHIBCHKOT
cBitu B Cynaneko-®eonociiicekiii CD3. B pesyib-
TaTi MpoBeneHNX MIKpohayHICTUIHHUX TOCIIIKEHb
BEpXHBOIOPCHKUX Ta HIDKHBOKpEHHoBHUX (OKchopI-
HWXKHIN Oepiac) BIIKIaAiB y JOCHIIKEHHX aBTOPOM
po3pizax BCTaHOBJIEHI OiocTparturpadidri Imiapo3s-
Iy 3a popamiHipepaMu Ta JOTIOBHEHO MTaJICOHTOJI0-
riYHy XapaKTepUCTHKY NaHHX BinkiaaiB [ipchkoro
Kpumy.
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BIOSTRATIGRAPHIC PARTITION OF THE UPPER JURASSIC
AND LOWER CRETACEOUS (OXFORDIAN - LOWER BERRIASIAN)
DEPOSITS OF THE CRIMEAN MOUNTAINS FOR FORAMINIPHERS

Introduction. Upper Jurassic and Lower Cretaceous deposits in the Crimean Mountains are widespread
and are represented by all stages - Oxfordian, Kimmeridgian, Tithonian, and Berriasian. These deposits have
been unevenly studied. The most studied deposits are the Oxfordian, Tithonianian and Berriasian stages. The
biostratigraphic division of the Upper Jurassic and Lower Cretaceous deposits of the Mountain Crimea is based
on "Stratigraphic scheme of the Upper Jurassic and Lower Cretaceous deposits of the Mountain Crimea" 2013.

Purpose. Detailed biostratigraphic devision of the Upper Jurassic and Lower Cretaceous (Oxfor-
dian - Lower Berriasian) of the Mountain Crimea as results of foraminiferal analysis.

Results of the study. There are five foraminiferal complexes in sections that characterize Upper Jurassic
(Lower Upper Oxfordian, Lower Kimmeridgian, Upper Tithonian) and Lower Cretaceous (Lower Berriasian)
age. Analysis of foraminiferal complexes allowed us to establish biostratigraphical zones in each section: ox-
fordiana in the Lower Oxfordian Lenticulina quenstedti-Globuligerina; in the Upper Oxfordian Lenticulina
russiensis-Epistomina uhligi; in the Upper Tithonian Anchispirocyclina lusitanica-Melathrokerion spirialis; in
the Lower Berriasian (lower zone) Protopeneroplis ultragranulatus-Siphoninella antiqua and layers in the
Lower Kimmeridgian with Epistomina praetatariensis-Globuligerina parva. Specified foraminiferal zones
were traced by us in different structural-facial zones (zone Lenticulina quenstedti-Globuligerina oxfordiana - in
Sudak-Feodosia; zone Lenticulina russiensis-Epistomina uhligi - in Ai-Petri-Babugansk and Sudak-Feodosia;
strata layers with Epistomina praetatariensis-Globuligerina parva - in Sudak-Feodosia; zone Anchispirocyclina
lusitanica-Melathrokerion spirialis - in Sukhorychensk-Baidar, Demerdzhi-Karabijskaya and Sudak-Feodo-
siya; the zone of Protopeneroplis ultragranulatus-Siphoninella antiqua in Demerdzhi-Karabijskaya and Sudak-
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Feodosiya). Characteristic features of each foraminifera zone include a complex of species, disappearing spe-
cies, and species that continue to exist, as well as particular features of the complexes. According to lithological
peculiarities and paleontological characteristics, suite and sub suite are defined.

Conclusions. As a result of the study, the biostratigraphic characteristics of the sections have been spec-
ified and the paleontological characteristics of the Upper Jurassic and Lower Cretaceous deposits of the Moun-
tain Crimea have been supplemented.

Keywords: Oxfordian, Kimmeridgian, Tithonian, Berriasian, foraminiferal complexes, foraminiferal
zone, structural-facial zone, Crimean Mountains
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T'ZIPOTEOQJIOTTYHA XAPAKTEPUCTUKA HUKHBbOKPEHIOBOI'O
TEPUTI'EHHOI'O KOMIIVIEKCY KAPKIHITCBKO-ITIBHIYHOKPUMCBKOI'O NIPOT'NHY
B ACIIEKTI HA®TOI'A3OHOCHOCTI

B cmammi npoananizosano 2iopozeono2iuni 0co6aU80CMi HUNCHLOKPENOOBUX 8iOKLADI8 HA NIBHIYHO-3aXIOHOMY weabpi opHo2o
mops. [liosuwenuii Hagpmozasoeeono2iunuil inmepec 00 HUNCHLOKPENO08020 SIUHUCO-NEPUSEHHO20 KOMNIEKCY 3YMOGIEHUL MUM,
Wo matidice 8¢t IOKANbHI NIOHAMMS 8 0CAO0BUX GIOKIANAX NANCOYEH-MIOYEHY HA HEGENUKUX eIUOUHAX 8ice GUSAGIEHI I po30ypeHi. Boo-
HOUAC NEPCNEeKMUBHICIb HUNCHbOKDEO0BUX BIOKIA0I68 NIOMEEPONCYEMbCS BIOKPUMMSAM HAPMOBUX | 2a308Ux podosuwy Ha Pymynce-
KOMY wienbpi.

Bcemanosneno pezionanvhi 0cobaueocmi nowupertst nacnmogux 600 HUNCHbOKPEUO08UX 8IOKIA0I6 | MeXaHizMu GopmyeanHs ix
Ximiunoeo cxnady. I1io3emHi 600U HUNCHLOKPEUO08020 8000HOCHO20 KOMNIIEKCY AKBAMOPII 207106HO XJIOPUOHO-KAIbYIEBO20 MUNY |
OnudHCYi 34 CKIA0OM 00 MOPCHKOI 800U NOPIBHAHO 3 NIO3EMHUMU 600aMU, WO PO3Kpumi ceéeponosunamu Ha cyuii. Lle nos’azamno 3
8A20MOI0 YACTKOIO CEOUMEHTNOEHHUX 800, 3HAYHOIO MPUBANICIIO eNiZIIHUX emanie 6 icmopii po38UmKy pe2iony i moogkce ceiouumu
npo CNpUAmMIUBE YMo8uU 0151 (POpMY6anHsa ma 30epedcents gyeneso00Hesux nokiadis. Cynvghamuo-Hampiesi 00u 6a3a1bHO20 20PU30-
HMY [ HUDICHbOKPEUO008020 6000HOCHO20 KOMNIIEKCY HAUIMOGIpHIWe € 0asHboinpinempocennumu. IIpo ye ceiouume 3MeHulen s  nio-
3EMHUX 800aX YUX KOMNIEKCi6 3Haueb nokasHuxie memamopizayii rCa/rMg, r(CIl-Na)/rMg i 36invwenns Cl/Br 0o nonao 1000, no-
Hudcenumu emicmamu J, Br. Ocnoenumu npoyecamu popmysants Ximiuno2o ckaady 600 00Kpetid08020 i HUMCHbOKPENO08020 KOMNIe-
KCi6 Moy Oymu: 6Uny208Y8aHHA NOPIO, 3MIULY8AHHA IHPINLIMPOLEHHUX NPICHUX YU COOHYBAMUX 800 3 MANACOZEHHUMU, 3MIUULYBAHHSA
YUx 800 3 0OAMU BUCOKOMeEMNEPAMYPHOT Oe2iopamayii 2IuHUCMux nopio 3 yMeopenHAM HeiHpinbmpoceHHUX CYIbhamHo-Hampiesux
i eiopoxapborammuo-Hampiesux 800. I'eobapuuni ymosu i inempayitini napamempu 00360.1810Mb NPUNYCINUMU WO NOMOKU 800 elli-
3ilIHOI 6000HANIPHOI cUCeMU MOACYMb PYXAMUCD i3 Hau3aHypeHiuux yacmur Kapxinimcoko-Ili6HIuHOKpUMCHbKO20 NPOSUHY 8 HaNps-
MKY 00 tio2o 6opmis. OOIPYHMOBAHO NEPCHEKMUBU HAPMO2a30HOCHOCMI HUNCHbOKPeli008ux 6iokiadie Kapxinimcoko-Iliseiunoxkpum-
CbK020 NPO2UHY 30 2I0OPO2COXIMIMHUMU MA 2A30-2I0PO2COXIMIYHUMY NOKASHUKAMU | GUHAYEHI NePCNeKmMuUeHi OLIAHKU OIS 2e0J1020-
NOULYKOBUX poOIim.

Knrwwuoei cnosa: Kaprinimcoko-ITigHIYHOKPUMCOKUL RPOSUH, 2I0PO2COXIMINHI YMOBU, 2A30HACUYEHICMb, KOeqhiyieHm 2iopocma-
MUYHOCMI, 2e00aPUYHi YMOBU.

H. B. Konoouii, I. b. Meoseuos. TH/IPOI'EO/IOTHYECKASA XAPAKTEPHCTUKA HUKHEMEJIOBOI'O TEPUT'EH-
HOI'O KOMIIVIEKCA KAPKUHHTCKO-CEBEPOKPBIMCKOI'O IIPOIT'HbA B ACIIEKTE HE®TEI'A30HOCHOCTH. B
cmambye npoananu3uposano 2uUopo2eosocuieckiie 0CoOeHHOCMU HUICHEMENIOBbIX OMIOICEHUI HA cesepo-3anadHom wenvge Yepnozo
mops. Tlogviuennvlii neghmezazoceonocuyeckuli unmepec K HUNCHEMEN080MY 2AUHUCTO-MEPPUSEHHOMY KOMNIEKCY 00YCl081eH meM,
umo noumu 6ce J0KaIbHble NOOHAMUS 8 OCAOOYHBIX OMIOACEHUAX NANCOYEH-MUOYEHA HA HeDONbUUX 2YOUHAX Yice 0OHAapYICceHbl U
pasbypenvi. B mo dice 6pems nepcnekmueHOCHb HUNCHEMENOEbIX OMAOMHCEH UL NOOMBEPIHCOUEMCS OMKPLIMUEM HeDMANBIX U 2A306bIX
Mecmopodcoenuil ha Pymuvinckom wenbge.

Yemanoenenvt pecuonanvhuie 0cobennocmu pacnpocmpanenus Niacmosblx 600 HUMHCHEMEN06bIX OMIONHCEHUL U MEXAHUSMbL (PO-
DPMUPOBAHUA UX XUMUUECK020 cocmaga. T1o0semiuble 800bl HUMHCHEMEN08020 BOOOHOCHO20 KOMNAEKCA AK8AMOPUU 8 OCHOBHOM XIOPU-
OHO-KANbYUEeB020 MUNA U Oaudice N0 cOCMagy K MOPCKOU 800€ NO CPABHEHUIO ¢ NOO3EMHbIMU 800AMU, BCKPLIMbIMU CKBANCUHAMU HA
cyute. DImo c6:A3aHO ¢ 6eCOMOI 001ell CeOUMEHINOLEHHBIX 800, 3HAUUMENLHOU NPOOOAIHCUMENLHOCTNGIO eNUSUOHHBIX IMAN08 8 UCHOPUU
PA36UMUA pe2UoHA U MOdICEN CBUOCMENbCMBO8AMb O OIALONPUAMHBIX YCIOGUAX OISl YOPMUPOBAHUS U COXPAHEHUS Y2TIeB000POOHbIX
sanedxceti. Cynogpamno-nampuesvle 800bl 6A3ANLHOL0 20PU3OHMA U HUICHEMET08020 BOOOHOCHO20 KOMNIEKCA 8eposimiee 6ce20 ABA-
tomcs Opesneut@uibmpozennvimu. O6 5mom ceudemenrbCmeyen ymMeHvleHue 6 NOO3EMHbIX 800aX IMUX KOMNIEKCO8 3HAYeHUll NOKa-
samenei memamopguzayuu rCa/rMg, r (Cl-Na)/rMg u ysenuuenue Cl/Br 0o 6oaee 1000, nonusicennoe cooepaicanue J, Br. Ocnosnvimu
npoyeccamu GopmMupo8ans XUMULECKO20 COCMABA 800 OOMEN08020 U HUNCHEMEN08020 KOMNIEKCO8 MO OblMb. BbIUYENAUUBAHUSA
nopoo, cMewueane UHGUILMPOLEHHBIX NPECHBIX ULU COTOHOBAMBIX 800 C MANACOLEHHLIMU, CMEWUBANUE IMUX 800 C 600AMU 6bICO-
KomeMnepamypHot 0ecudpamayuy 2IUHUCIBIX HOPOO € 00PA308aHUEM HEUHPDUTLIMPOLEHHBIX CYIbHAMHO-HAMPUESUX U 2UOPOKAPOO-
Hamno-nampuesux 600. I'eobapuueckue yciosus u Guibmpayuontsle napamempsl NO36045A10M NPEONON0NHCUMD, YO NOMOKU 800
eNUUOHHOU BOOOHANOPHOU CUCTHEMbL MO2YI 08UAMBCS C CaAMbIX nozpydicennblx yacmeii Kapxunumcko-Cegepoxkpuimckoeo npouba
no nanpagnenuio k e2o bopmam. ObocHo8anbl nepcneKmugsbl He@me2a3oHOCHOCU HUMICHeMeN08blx omaodicenull Kapxunumcko-Ce-
6EPOKPBLIMCKO20 NPO2UOA NO 2UOPOEOXUMUHECKUM U 2A30-2UOPO2COXUMULECKUM NOKA3AMENAM U OnpeodeneHnbl nepCneKmueHble y4ac-
MK OJ151 2€071020-NOUCKOBbIX PAOONM.

Knwouesvie cnosa: Kapxunumcko-CegepokpbiMcKuil npo2ub, 2uopozeoxumuieckue yCiosus, 2a30HACbIUEHHOCMb, KOIPPu-
yuenm 2uOpoOCmamu4HoOCmu, 2eobapuieckue yciosusl.

IocranoBka mpodaemu. Binkmaam HwkHB0T  [lepcriekTnBu HahTOra30HOCHOCTI HAP OOTPYHTOBY-
Kpeiau ocoOIMBO aKBaTOpidHOI yacTUHM KapkiHIT-  FOThCS IIEBHUM KOMILIEKCOM 03Hak (kputepiiB). Ce-
cbKO-ITiBHIYHOKPUMCHKOI'O IIPOTHHY BITHOCATHCSA I0  PEJl KPUTEPIiB OLIIHKKM BaXKJIMBE MICIIE 3aiiMatOTh T'iji-
HEJI0CTaTHHO BUBYCHHUX SIK 3 TOUKH 30PY T€OJIOTIYHOI ~ POTeOJIOTiYHI: 3arajJbHUM XapaKTep T'iIpOoreooriqHol
OyZI0BH, TaK i MEPCHEKTHB iX HA(TOTra30HOCHOCTi. 0OCTaHOBKH, T€OXIMiUHI XapaKTEPUCTHUKH ITi3eMHUX
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BOJ, rifporeodapuyHi yMoBH, TOmo. OCKUIBKH Tij-
POreoJIOTiYHI 0COOIUBOCTI HIDKHBOKPEHIOBHX BiJIK-
Ja/iiB Ha MiBHIYHO-3aXiTHOMY menb(i YopHOro MOpst
BUBYEHI HEAOCTaTHHO B TMOPIBHSHHI 3 CYXOJOJIOM,
[IOCTaJIO0 MMUTAHHS JeTaji3allii Ta aHami3y ychoro Ha-
SIBHOT'O TiIPOT€OXIMITHOTO Ta T€O0APHUIHOTO MaTepi-
Ty 715 OLiHKY NePCIeKTUB HadTOra30HOCHOCTI. Po-
00Ta IPOBOANTHCS B paMKax TeMu: "OcoOIUBOCTI Te-
OJIOTIYHOI OyTOBY 3€MHOI KOPH 3aXOAy 1 MiBIHA YK-
paiHm Ta iX BIUIMB Ha OpMyBaHHS MOKJIaliB KOpHC-
HUX KoNaiauH".

Metoauka. B pocnimkeHHAX Mig3eMHHUX BOJ i
BOJIOPO3UYMHEHUX Ta3iB BUKOPUCTOBYBAINCH METOIH
XIMIYHOT0, KiJIbKICHOTO CIIEKTPaJIbHOTO 1 aTOMHO-a0-
COpOITIHHOTO aHai3iB, Ta30Ba XpoMaTorpadis BUKO-
HaHux B nmaboparopisax JAT "YopromopHadToras",
AIT "Kpumreomnoris" ta I'TTK HAHY. [Ina mopis-
HSIHHS TUTACTOBHUX THCKIB 3aCTOCOBAaHWH KOe]iIieHT
rigpocraruunocti (K), 3a sKuil npuitHATE BigHO-
LICHHS] BUMiPSIHOTO TUIACTOBOTO TUCKY /10 YMOBHO Ti-
JIPOCTATHYHOTO HAa TJIMOWHI BHUMIPIOBaHHS TIpH
v=1,000 (P./Pyr). Lle no3Bojsie BHKIIFOUWTH BILIAB
HEOJJMHAKOBHX [NIMOWH 3aMipy THCKIB NP Pi3HUX T'y-
CTHHAX BOJIU, TOOTO OTPUMATH IPUBEICHY BEIUIHHY.
Jdus  oOpoOku MarepialiiB  BHKOPHUCTOBYBAINCH
koMmm ' toTepHi mporpamu Excell, Corell Draw Ta
Surfer.

AHaJi3 nonepeaHix 10c/iaxensb i myosikanii.
INigporeoximiuHi AOCTIKEHHS, IO MPOBOUINCS
OpoTsiroM ocTaHHix 70-TH POKIB, CTOCYBaJHCh BH-
KITIOYHO 00’ €KTIB, pO3TallloBaHUX B Mexkax [Ipudop-
HoMmop’s i Kpumcekoro miBoctpoBa. Pi3Hi acrektn
(hopMyBaHHS 10HHO-COJILOBOTO 1 MIKpPOKOMITOHEHT-
HOTO CKJIaJIiB MiJ3¢MHHUX BOJI PO3TIISTHYTI B mparsix .
M. Jlonenko (Jlixomanosa), B. B. Komonis, T. I1. Cu-
BaH, A. C. Tepnosuzosa, O. /1. llltorpus Ta iH. [3-5,
9,11, 13, 16].

dyHnaMeHTa bHa Tpo0JeMa TTOXOKSHHS ITijI-
3eMHHUX BOJ HaTOBHUX 1 razoBux poxosuul lIpudop-
HOMOP'Sl TIOHAJ| CTOJITTS PO3TJIIAETHCS B TpAIlsX,
TOJIOBHHM YWHOM TiIPOT€OJIOTIB 1 T1IPOTEOXiMiKiB-
HadroBukiB [1-5, 9, 11, 13, 15-18]. IIpami x, mpuc-
BSUEHI TiA3EMHUM BOJIaM aKBaToOpii, OmMyO.iKOBaHi
YIPOJIOBXK ocTaHHIX 20-1 POKIB, ITOB’s3aHi FOJIOBHO 3
MEepCHeKTHBaMU JO0O0pe BHIIPOOYBaHUX MHaleOLEHO-
BOT'0, €OLIEHOBOT'O, OJIIrOIIEHOBOTO Ta HEOT'€HOBOTO
komrutekcis. [10, 20-23].

3 ycix HasBHUX TIIIOTE3 MOXOKSHHS MII36MHUX
BOJI TJIMOOKUX TOPU3OHTIB HAPTOTa30HOCHUX BOZO-
HamipHUX OaceiiHiB HallKpalie B TipOreoXiMivHOMY
paxypci onpaipoBaHa rinore3a CeTMMEHTOINCHHUX, a
TOYHIIIIE, JJITOreHHUX Box [1, 6 Ta iH.].

VsBIeHHS TpO TajacoreHHy (MOpPCBbKY) NpH-
POy TIepeBaKHOI YACTHHHU TIMOOKHX BOJ HadTOTa-
30HOCHHX BOJIOHAIIPHUX OaceiiHiB 0a3yrThCs Ha
B3a€MO3B’13KaX OCHOBHHUX I'€OXIMIYHUX MMOKa3HHKIB
(CiBBiTHOIIICHH aHIOHIB 1 KaTiOHIB Ta MIKPOEIEMEH-

TiB) B IMI3¢MHUX BOAAaX Ha Pi3HUX eTarax KOHIICHT-
pyBaHHS (30UIBIICHHS MiHEpasi3amii) OCTaHHIX, Ha
moAi0HOCTI XIMIYHUX CKIJIAJiB TpaBiTaIlifHO-PYXO-
MUX TIJI36MHUX BOJl B MOPOJAax-KoJeKTopax i (i3u-
9HO 3B’s3aHUX BOJ (IIOPOBUX PO3YHHIB) BOJTOTPHB-
KHX, TOJIOBHUM YMHOM, II€JIITOBHUX TOBIL (BJIACTUBUX
i paliloHy HalMX Iochimkens) [9,13], Ha 3anexHoCTI
MiHepasizamii Ta XiMI9HOTO CKJIaay BOJ BiJl JITO-
soro-dariaTbHIX 0COOIMBOCTEH 0CaTOBOTO HYOXJIA.
3MiHM K IHIIMX MapaMeTpiB MOSCHIOIOTHCS (Hi3HKO-
XIMIYHUMU MPOIIECaMH BCEPEINHI BOIOHOCHOT TOBII
(oKmCIIOBaIBHO-BIAHOBHI, I0HHOOOMIHHI, Ay TUT€HHE
MiHEpaTOyTBOPECHHS Ta iH).

Ha nymky [1, 5, 16, 21] y HaiizanypeHimmiii yac-
tuHi KapkiaiTcbko-1liBHIYHOKPHMCBKOTO TPOTHHY
IIPOTHO3YBaIaca HAsSBHICTh OOJACTI eMi31ifHOTO )KHB-
JIeHHsI OaceliHy CeIMMEHTOreHHUMH BojaaMu. Ok-
peMy yBary 3aciIyTOBYIOTh T1IpOXiMidHI O3HAKH TPO-
OYKTUBHHMX IIACTOK CYXOIyTHOI YacTUHH TNPOTHHY
BHUCBITJICHI B mpaisx [3, 5, 16]. o npsiMux o3Hak Ha-
(hTOra30HOCHOCTI BiJTHECEHO MPHUCYTHICTH BOJOPO3-
YUHEHO! OpraHiyHOi PEeYOBMHU HAPTOBOTO IOXO-
JUKEHHS — BIIEpIIE JUIsl CYXOIyTHOI YaCTUHU PailoHy
nocmimkenoi Heunnoro C. B. Cronun  BiIHOCHTBCS
HasBHICTh BOJIOPO3YMHEHUX Ta3iB BYTJIEBOJHEBOTO
CKJIagy 3 TUCKOM HAaCHYEHHs, 110 3pOCTAa€ 10 IIACTO-
BOTO B Mipy HaOJMXEHHs A0 TOKJay, BUB4eHi Tep-
nosugoBuM A. C. B CtenoBomy Kpumy.

Buninennsi HeBUpilIeHUX paHille YacTHH 3a-
rajbHoi npodaemu. [ToxomkenHs 1 MmexaHizm (op-
MYBaHHsI XIMiYHOTO CKII/ly MiJI3eMHUX BOJ| aKBaTO-
pitinoi vactuan KapkiniTcbko-l1iBHIYHOKPUMCHKOTO
MIPOTHHY CHELiAIbHO HE PO3MIILAATUCS, 32 BUHATKOM
Hamoi myomikamii [22], 1e o0rpyHTOBY€EThCSI KOHJICH-
camiifHa reHe3a YacTHMHU BOJ IMAJIE€OLEHOBOTO KOM-
iekca [ oMiuMHCBKOrO Tra30KOHIEHCATHOTO POAO-
Buia. ToMy OKpeMi CTOPOHH MpOOJIEMH, 30Kpema
JIOCIIIJDKEHHS TAPOre0IOrYHUX 1 TipOTreoXiMIYHIX
0CcOo0IMBOCTEN CyOaKBaIbHUX Ha()TOTa30HOCHUX 0Oa-
CeHHIB, BCE € 3aJMIIAIOThCS JUCKyCiliHuMu. Ha-
MIPUKIIAJ, JACSKI TOCIITHUKH MiaI0Th CYMHIBY (haKT
HasBHOCTI BOA cynb(aTHO-HaTpieBoro tumy 3a B. O.
CyniHNM Ha BENMKUX TNTHOMHAX, a)K€ BOAM LIBOTO
TUITy HEXapaKTepHi JJIsl BIHOBIIIOBAIBHOI Te0XiMid-
HOT 00OCTaHOBKH.

DakTHYHUN MaTepiall 3acBiquy€e 3pOCTaHHSI CTY-
MeHs CyIb(PaTHOCTI 3 ITHOMHOIO MOYNHAIOYH 3 €0I1e-
HOBOTO BOJIOHOCHOTO KOMIUIEKCY, a BOJIU CYyJib(a-
THO-HATPi€BOrO THITYy 3YCTPi4alOThCS HABITh B ra3o-
BHX IMOKIaaX. EkcriepMeHTaNbHI J0CITIHKSHHS CBi-
JYaTh MPO MiJBHUIIEHY CYib(aTHICTh MIITHO 3B’s13a-
HHUX BOJ, SIKl BIATHCKAIOTHCSA Ha MI3HIX CTaIisX JEri-
Jpataliii IMHACTUX mopin. Taki sBUIIa BiZOMi 1 B iH-
mux BojoHamipaux Oacerinax. lllogo Hamoro mpu-
MYIISHHS PO NaIe0iHQUIBTPAIIII0 Y HIBKHBOKPEHI0-
BOMY BOJIOHOCHOMY KOMIUIEKCi, TO 1€ CTOCYETBCS
TUTBKM TIIBICHHOI YacTHHU pETiOHy, € BOIU
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xapaktepu3ytoTbes BucokuM Cl/Br koedirienTom, a
najeoreorpagiyia CUTyallis He CylepeYnTh MOXKIIH-
BOCTI majyieoiHniabTpariii.

[linBumieHn#i HagTOra3oreoJIOriYHAN THTEPEC
710 HIXKHBOKPENHA0BOTO IIIMHUCTO-TEPUT€HHOT'O KOM-
IJIEKCY 3yMOBIICHUH THM, 1110 Maike BCl JIOKAIbHI ITi-
THSTTS B 0CaJOBUX KOMILJIEKCAX MaleOLeH-MiOIeHy
Ha HEBETMKUX TTTHOWHAX BXKe BUABJICHI 1 po30ypeHi.
B HIWKHBOKpEHAOBHX BigKIamgax IPOMHCIIOBI ITOK-
Jany BYTJICBOAHIB B aKBaTOpil IO IBOTO Yacy He
BCTaHOBJICHI. BogHOUaC nepcrneKTHBHICTh HUKHBOK-
peiIoBUX BIIKIAAIB MiATBEPIKYETHCS BITKPHTTIM
HapTOBHUX i Ta30BUX POAOBHI Ha PyMyHChKOMY I1Ie-
i,

[IpoayKTHBHIMH MOXXYTH OYTH ITICKOBHKH HEO-
KOMY-aliTy Ta BYJIKAHOTEHHO-KJIACTUYHI MOPOIH
anp0y, 1110 3aIATal0Th HA CKOHOMIYHO BUIIPABIAHUX 1
TEXHIYHO JTOCTYNMHHX rnbnHax. OCHOBHUMU CyOpe-
rlOHAJIBHUMHU TIOKPUIIKAMH € T[JIMHUCTI YTBOPEHHS
CepeTHb0ATBOCHKOTO 1 BEPXHBOT YACTHHU BEPXHbOA-
JBOCHKOTO MiIPYCIB.

Merta. Ha miacraBi anamizy reoxiMi4HHX Ta reo-
Oapu4YHUX OCOOJMBOCTEH MiJA3€MHHMX BOJ OLIIHUTH
MEPCHEeKTHBH Ha(TOra30HOCHOCTI HHKHBOKPEUI0-
Bux BimknaaiB KapkiaiTceko-lIiBHIYHOKPHIMCHKOTO
MIPOTUHY.

Tiopozceoximiuni ymosu 6000HOCHO20 KOMNILEKCY
HUICHbOI Kpeuiou. TepureHHi yTBOPEHHS HWKHBOI
kpeiian B Kapkiritcbko-IliBHIYHOKPIMCBKOMY TIPO-
THHI PO3BUHYTI JIOCTATHRO MMpOKo. Haituacrtime
BOHH HEY3TO/KEHO 3aJISITaloTh HA PI3HOBIKOBUX II0-
polax — Big apxelChKUX J0 IOPCHKUX 1 HEY3TOIKEHO
MEPEeKPHUBAIOTHCS CEHOMaHChKUMHU. B iX ckmazi 3y-
CTPIYaOTHCS MICKOBUKH, alle MePeBaKAIOTh apTriliTH
i aneBpouity. Ha Ginpmriii yacTrHi akBaTopii B Mexax
Ckidcbkol MIMTH TAMOMHHM 3aIsITaHHs OKPIBIII HIXK-
HBOKpeH0BUX BiakaaniB mouas 3500—4000 m, a mi-
nomey — nonaz 8000 M, TOMy BUBYCHI BOHU MaJIo.

VY miBHiuHi# yacTuHi KapkiniTchko-I1liBHIYHOK-
PUMCBKOTO MTPOTHHY 1 MPUJIETIIii akBaTOPii BEpXHBO-
OapeMChKi BIIKJIAJM BIJICYTHI 1 Ha CKJIa4acTii Mpo-
TEPO30HCHKO-IOPCHKIA OCHOBI O€3MOCepeTHBO 3aIsi-
raroTh AJEBPOIIITO-TIIIAHI YTBOPEHHHS HEOKOM-aIT-
ChKOT'0 200 anbOCHKOTO BIKiB, IO OTPUMATH Ha3BY
0a3aIbHOr0 BOAOHOCHOTO KoMITiekca [S5]. [Ipeacras-
JIeH1 BOHHU MICKOBUKaMH 3 MPOIIapKaMu rpyboynam-
KOBUX TIOPi/I, AJIEBPOJITIB 1 TNIUH, 3araJIbHOO MOTYXK-
HicTio 10 350 M. KosekTopu mopoBi, 3 BIAKPUTOIO 110-
pucrictio 1,8-29,1 %, nponuknictio (100-500)-103
MiMZ. Ha minsHKax ramOnoro 3ausradss po3noBCro-
JDKEHI 1 TpiliHHI KosiekTopr. Bojo36araueHich KOM-
IUIEKCY 3MIHIOETBCS Bil KUIbKOX M%/100y (Haii3aHy-
penimn yactuau KapkiHiTcbko-I1iBHIYHOKPUMCBKTO
MPOTHHY) N0 JECATKIB 1 coTeHb, iHOAI g0 1000
M3/n06y B PiBauaHOMY Kprmy i miBHIUHO-CXigHOMY
[Ipugopromop’i (I'eniuecrka, HoBoceniBcpka miio-
m1i). B akBaropii MpUIUIMBH BOIU 3 JOKPEHIOBUX

BIIKJIaIiB OTpHMaHi B cBepmyioBrHax [liBgeHHOOOD-
toBa-1, ImniviBceka-2, [lecantHa-1, Kapkinitcpka-1.
Jle6itu npurutuBiB konuaimcs Bin 0,24 1o 90, a Haii-
OinbIIMii CATHYB Ha caMOBMIHBI 664,3 M%/100y (cB.
IecanTHa-1).

3 HEOKOM-aNTChKUMM BIJIKJIaJaMH II0B’s3aHE
OxTs6pceke HadroBe Ta TeTsHIBCbKE Ta30KOHACHCA-
THE POJIOBUINA, IPUTUINBY ra3y Ha I mibiBchKil, be-
pe3iBChKiM, bakallbCchKill Ta IHIIUX IUTOIIAX, PO3Ta-
moBaHux B PiBamaHOMYy Kpumy. IlpomykTuBHICTBH
MOpiA HIKHBOATBLOCHKOT0 1 HHU3IB BEPXHbOATHOCH-
KOTO i’ SIpyCiB BCTAaHOBJIEHA Ha 3aXiTHOOKTIOPCH-
KoMy, TeTsHIBCbKOMY T'a30KOHJCHCATHHX POJOBU-
max. Kpim onucanux Buie poAoBUIL OypiHHS TIIU-
OOKHMX CBEPIIOBUH TPOBOAMIIOCS Ha BOpHCIBCHKIH,
CepeOpsHCHKiH, 3aI0pHEHCHKIH 1 1HIIKX IJIOMIAX, /1€
B IIPOIIECi PO3KPUTTS i BUIIPOOYBaHHSI HU)KHBOKpEH-
JIOBHIX BIAKIJIAJIB CIIOCTEPIraucs YUCEeNbHI HadTOTa-
30mposiBU. JlOCUTH IeTanbHO OyIIH OXapaKTepU30BaHi
SIK BOAM OCHOBHOTO TiIporeoximiuHoro ¢oHy, Tak i
BOJIY, IO YTBOPIOIOTH TiApoxiMiyHi aHomamii [11,
13]. byna BcTaHOBJICHA HAsBHICTH HA POJIOBHUINAX CY-
XOJI0Jy CHEIU(pIYHUX CIIa0KO MiHEpaTi30BaHUX BOJI
KOHJICHCAIIIMHOI TE€HE3M, T'EHETHYHO IIOB’SI3aHUX 3
OxTsa0pcbknM HAPTOBUM i 3aXiTHOOKTIOPCHKUM Ta-
30KOHAEHCATHM poxpoBuiamu [11]. JlocmimkeHHs
MiI3eMHUX BOJI MaJICOL[CHOBOT'O MPOJYKTUBHOTO TO-
puzonTta (I1-X1) no3BoMIN HaM BIiepIlle BCTAHOBUTH
HasIBHICTH KOHJICHCAIIHUX BOJ B akBaTopii Ha ['omi-
[UHCHKOMY Ta30KOHICHCATHOMY pozoBuii [20, 22].

B mexax menbsdhy YopHOTo MOPS mMi3eMHI BOJIU
HW)KHBOKPEHIOBOTO KOMIUJIEKCY BHIIPOOyBaHI Ha
mwromax Iomirnuua-2 (3675-3683 M), JlecanrtHa-1
(2498-2552 ™), InmiviBchka-2 (2148-2244 wm), Kap-
kinitcbka-1  (3721-3880 wm), Ilpamminposchka-1
(1aT.2117-2150 ™) (puc. 1).

Haiikpamymu Ta Haii0iIbI BATPUMaHUMH KOJIe-
KTOpaMH € TICKOBUKH 1 aJeBPOJITH, SIKi POCTEKY-
FOTHCA B TiOIIBI HIDKHEOKPEHI0BOTO po3pidy (6a3a-
JbHI MIApH) Ta B HIDKHIM YacTHHI BEPXHBOTO alib0y.
[Moponu-konexktopu (aTbOCHKUX) BiIKIIA/IiB XapaKTe-
PH3YIOThCS BifIKpUTOIO MopHcTicTio 3-47%. Ix mpo-
HuKHicTh cTaHoBUTH (0,1-302)-10° Mkm? Ha GopTax
nporuny Ta (0,1-154)-10° mxm? y IliBriunomy Ipu-
YOPHOMOD’1, IO CBIAYUTH MPO 3HAYHY MIiHJIUBICTb
KOJIGKTOPCHKMX BJIACTUBOCTEH TEPUTEHHHUX BiIKJIa-
JIiB aJIbOCHKOTO SIpyca HaBiTh Ha CYMIXKHHX TUIONIAX.
ByllkaHOT€HHOKJIACTHYHI KOJIEKTOPU MAaJOTIOPHCTI
(mo 4%) i ayxe crnadkonponukni (0,01-18)-1073
MKM?, OCHOBHUMH CyOpEriOHAIbHUMHU MOKPHUIIKAMU
y HWKHBOKPEHIOBIN TOBIII € TJIMHUCTI yTBOPEHHS
cepeHbOro anb0y Ta BEPXHHOI YaCTHHU BEPXHbOA-
JBOCHKOTO T BIPYCY.

Bomu xapakTepu3yroThCsl 3arajibHOI0 MiHEpaTi-
3articro Bixg 16 10 42 1/71, MaKCUMAaIBLHOO Ha [mmiais-
CBKIi TUIOMII, Jie HAaJIeKaTh J0 XJIOPUIHO-MarHi€BOro
Ty i € cmadbko meramopdizosanumu (FNa/rCl =0,9).
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Ha T'ominuHCEKOMY POJIOBUII BOAH CYJIb(haTHO-HA-
TpieBoro THIy 3 MiHepamizarieto 23 r/m, rNa/rCl =
1,06. KoedimienTs cyiabpaTHOCTI BOA IHMX JIBOX
IJION] TaKOX pi3Hi: Ha LtigiBebkiit — 11, Ha [ominu-
HCbKi — 17,5. Boma, oTprMaHa Ha OCTaHHIN IIIOMTI,
Mae cynb(aTHO-XJIIOpUIHWI MAarHi€BO-HATPiEBUU
CKJaJ i JOCUTh BHICOKI 3HA4YCHHS SK BiJHOIIEHb
rNa/rCl i rSO, -100/rCl, tak i Cl/Br (1658).

IIpu BunpoOyBaHHI HIKHBOKPEHTOBHUX BiIKIIa-
niB Ha [IpagHinpoBChKill IO OTpUMAaTH NPHUILIIUB
1acToBoi Boau aebitom 216 M3/n06y (rycruna Boau
1052 xr/m®, pospaxyHnkosa minepanizauis ~71 /1 [6].

[TnacToBi BOAM 3 BYTJICBOAHEBUMH BOIOPO3UH-
HEHMMH Ta3aMd OTPUMaHi MpHu BUNPOOYBAaHHI HIK-
HBOKPEWI0BOTO KOMIUIEKCY B aKBAaTOPIHHIN 4acTHHI
na Dutigiseskiit (1,1-8,0 M%/m06y), IliBaerno6opTo-
Bill (BUIIPOOYBaHMIi pa3oM 3 MOPOAaMHU MPOTEPO30F0
— 3,4 M*/n006y), Kapkinircekiii (4,45 m*/106y), IIpa-
JHIIPOBCHKil (10 264 M3/1006y). Y Kpumy Ha Merto-
Bil Ta 3axiIHOOKTAOPCHKiM IUIOMAX Ta30HacH4e-
HicTh Boj cTaHoBuaa 3211 ta 2050 em¥/n [5].

HuwxHpOKpel0BUil BOTOHOCHUM KOMIUIEKC Ta-
KOX IIUPOKO BUMNpOOyBaHWH y Mexax CTenoBoro
Kpumy Ta miBneHHoi okomuii CxiITHOEBpOMEUCHKOL
mwiaropmu. BpaxoByroun pe3ynpTaTr, OTpUMaHi Ha
YopHOMOpcrKkOMy TIenb(i, JAOXOANMO BHUCHOBKY:
el BOJOHOCHHI KOMILIEKC MICTUTh BOJU YCiX YOTH-
prox TuiiB (3a B. O. Cyninum) 3 MiHepasi3alii€ro Bija
0,7 no 78 r/m.

3rigHo [5, 11, 20, 22] B MexaX AOCHIKYBaHOT
TepuTopii B crieliuPivHUX yMOBaX, XapaKTEPHUX JIJIs
HapTOBUX Ta T'a30KOHJICHCATHUX POJOBHII, MOIIH-
peHi KOH/ICHCAIiiHI BOJIH, a TAKOX iX CyMIIIi 3 Iia-
CTOBUMH. J[JIsl TAKMX BO/J| BIACTHBI 3HAUEHHS 3arajib-
HOT MiHepai3allii BiJ ecATHX YacTOK Ipama Ha JITp
10 (OHOBHUX 3HAUEHb 1 PO3MAITHH XIMIYHUH CKIa.
J1o Takoro TeHETUYHOTO THITY BIIHOCSTD IiI3¢€MHI Ti-
JPOKapOOHATHO-HATPIEBI BOAM 3 MiHEpalli3alliero
0,7-11 r/n na OxTs10pcbKOMY HadTOBOMY, 3aXiIHOO-
KTA0pchKoMy 1 TeTsHiBCbKOMY Ta30KOHACHCATHUX
POJOBHUIIIAX.

VY HomMpeHHi MIaCTOBUX BOJ| HMXKHBOKPEHT0-
BOT'O BOJJOHOCHOT'O KOMILIEKCY MPOCTEXKYIOTHCS TaKi
perioHaxbHi 0COOIUBOCTI:

1. Menm miHepani3oBaHi miactosi Boau (1-8
I/J1) IOWMpeHi B pailOHaX HETIMOOKOTO 3asraHHs
HWKHBOKPEHIOBOTO BOJIOHOCHOTO KOMILIEKCY (ILJ10-
mi MukonaiBcbka, Cakcbka, MelbHUYHA Ta 1H.).
Jlami Ha miBHIYHMI 3aXi 1 HA MIBHIY BEIMYKHA 3ara-
JBHOT MiHepami3alii BOJ| 3pOCTae: B Mexax IUION]
KpacHoBcbka, HoBoceniBcbka, €113aBeTHHCBKA, SIKI
3Hax0JAThCs Ha HoBoceniBchkoMy mimHATTI — 0 11—
38 r/n, HwxHboripchka — 10 27 /1.

2. MakcumaiibHi 3Ha4€HHS MiHepaslizalii 1iac-
TOBHX BOJI CIIOCTEPIral0ThCs Ha CXHIl YKpaTHCHKOTO
muta (B oOcCHOBHOMY 5175 r/m) 1 B Mexxax CuBacbKoi
samaguHu  (cB. bamammieceska-4 — 70 r/m, cB.

CrpinkoBa-9 — 43 /i), npruyoMy JJIs UX paliOHIB Xa-
pakTepHa IeBHA OJJHOMAHITHICTh 3HAYCHB 3arajibHO1
MiHepanizalii i Ty BoJ (TUTbKU XJIOPHIHO-KAIbIIi-
€Bi), ocoOmBo y nopiBHsHHI 31 CTenoBuM Kpumom.

3. B3pomx uninil ['oninunceka — bakanbscbka —
3agopHeHchka — PuneeBchka-IliBHITHOCEpEOPSHCHKA
— bepesiBcbka — OpoBcbKa IO CIIOCTEPIraeThest
JesKe 3HIDKEHHS MiHepaiizamii Box mo 9-27 1/m.
Ilim3emui Bomm 3a3HavyeHOi YacTHHH KapkiHITCHKO-
[1iBHIYHOKPUMCBHKOTO TPOTHHY HaJIeKaTh TOJOBHO
J0 XJIOPUAHO-KANBLIE€BOIO TUMY (32 BUHITKOM CB.
lNominuaa-2, 3agopHeHcrka-4 — cynbgaTHO-HATpiE-
BUH, 1 bepesiBcrka-1 — rigpokapOoHAaTHO-HATPIEBUI
TUIIH).

4. Haiipi3HOMaHITHIIIlI BEJIMYUHU 3arajibHOI Mi-
Hepalizallii criocTepiraroThest Ha miBaHI TapXaHKyT-
CBKOTO MBOCTPOBA 1 Ha MPHIIETIIN YacTHHI MenbQy
Uopnoro mops. TyT Takox BUSBJICHI MiA3eMHI BOAH
ycix gotuprox THmiB 32 B. O. CymiauMm: cB. [ecan-
THa-2 — 16 /1 (BOOW XJIOPUIHO-MAarHi€BOro THUILY);
cB. LumiuiBcbka-2 — 25 1/n (CynbdaTHO-HATPIEBOTO
Tumy); cB. PomaukiBcbka-2 — 16 1/71, cB. OKTI0pCchKa-
2 — 27 t/n (TigpokapOOHATHO-HATPIEBOTO THITY), CB.
Menosa-4 — 50 1/11 (XJIOPUAHO-KAIBIIEBOTO THITY).
Cyasuu 3 TABUIIEHOTO BMICTY KajbIlifo, MiHEpai-
3awis Box MenoBoi miomi Jemo 3aBHIeHa BHACI-
JIOK COJITHOKHCJIOTHUX 00poOOK mpu3abiifHoi 30HU
CBEPJIOBHHHU.

5. Ilim3eMHMM BOJaM pPaHHBOKPEWUIOBHX, SK 1
JOKPEHIOBUX YTBOPEHb, OTPUMAHMX Ha mienbQi, Xa-
paxkTepHi MiJBUINEHI BMICTH Cyb(]aTiB 1 MarHito.

CynbgaTHO-HaTpieBl BOAM 0a3aJbHOIO 1 HMX-
HBOKPEHI0BOTO BOJOHOCHOT'O KOMIUIEKCY HalHiMOBi-
pHillle € TaBHBOIHQIIETPOrEHHUMHU. TIPO 1€ CBiTYUTh
3MEHIIEHHS B ITiZI3eMHHUX BOAAX IINX KOMIUIEKCIB 3Ha-
YeHb MOKa3HHMKiB Meramopdizamii rCa/rMg, r(Cl-
Na)/rMg i 36inemenns Cl/Br mo monan 1000, moHu-
skeHuMH BmicTamu J, Br. Takoro ckmamy Boau i€l
30HM MOTJIM CPOPMYBATHCS Ha TEPEAITiZHBOKPEH10-
BOMY iH(MIIBTpaLliiHOMY €Talli pO3BUTKY BOJOHAIIp-
HOro OaceiiHy, TOMY IO BOHHU IPOCTOPOBO HAOIH-
JKeH1 10 UMOBIpHOT 00J1acTi maneoiHndinpTpartii.

CyuacHa iH}inbTpanis 3 00Ky CyXx0a0ily METeo-
reHHuX Boj Ha rimbwam moHax 2000-3000 m gepes
rizpoanHamiuHi 6ap’epu eniziiHoi MPUPOAHOI BOJO-
HanipHoi cucremu (IIBHC) nemoxnuBa, ajge BoHa
MOTJIa Peaji30ByBaTUCh HA KOHTHHEHTAJIbHUX 1H(]I-
JBTpAMiHUX eTanax PO3BHTKY BOOHAIMIPHOTO Oa-
CeiiHy B lepeIpaHHbO- 1 IEPEANi3HbOKPENHI0BHI Uac,
PO 110 CBIiJYaTh TPUBAII KOHTHHEHTAJbHI YMOBH,
BiJI3HAa4YCHI MTMOOKOI0 JCHYAAIIEI0 MTOPIJ.

OcHoBHMMHK mpolecaMu (popMyBaHHS XiMiu-
HOTO CKJIagy BOJ JOKPEHZOBOIO i HHKHBOKPEHZO-
BOTO KOMILJICKCIB MOTJIM OYTH: BHJIYTOBYBaHHS I10-
pig; 3minryBaHHs iHQIIBTPOreHHUX NMPICHUX YH COJIO-
HYBaTHX BOJ 3 TAJJACOTEHHUMHU; 3MIilITyBaHHS LIUX BOJ
3 BOJaMH BHCOKOTEMIIEpaTypHOi Jerimpararii
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[JIMHUCTHX OPIA 3 YTBOPCHHIM HEiHGIITPOTEHHUX
cynb(paTHO-HATPiEBHX 1 TiApokapOOHATHO-HATpIE-
BHUX BO/I.

[Ipu 3aHypenHi mopig B 001acTh TeMmIepaTyp
moHaz 200°C merimpaTallis TepureHHUX Hopin (ropa,
HWKHS Kpeiiia) BUKJIMKAa IepexiJ y BUIbHUN cTaH
JOTH MIIHO (DI3MYHO 1 XIMIYHO 3B’SI3aHUX 3 IMOPO-
namu (MiHepanamu) JitoreHHux Box [9]. Ilpu mpomy
3MEHIITYBaBCs CTYIIHb MiHEpalizallii BojJ, BOHH 30a-
rauyBanucs SOs%, ax 10 yTBOPEHHS CyJIb()aTHO-XJIO-
PHUIHUX HATpieBUX (CyIb(aTHO-HATPiIEBUX) BoA. Bin-
noieHHs SO4% i yreopenns HCO3™ cynpoBomxKyBa-
JIocst 3MEHIIeHHAM BifHOcHUX BMicTiB Ca?* i Mg?* Ta
MepexoI0M BOJH Y T'iApOoKapOOHATHO-HATPIEBHIA THI,
YOMYy CHpPHSJIO BiHOBHE T'€OXIMIYHE CepelnoBHIIe
anT-anpOChKOro KomIuiekca. Ha iHGinpTpariitHmx
eTarnax, roJIOBHO B 0a3albHOMY TOPHU30HTI i HUKHBO-
KpeH0BOMY BOJIOHOCHOMY KOMIUIEKCi, MOTIH (op-
MyBaTHCS Nale0iH(IIBTPOreHHI BOIH, SKi 3MilTyBa-
JCS 3 IEPBUHHUMH CEAUMEHTOTEHHUMH, IO CYTPO-
BOJIKYBAJIOCS 3MCHIIICHHSIM MiHepai3allil OCTaHHIX 1
BMICTy B HHUX TaJacOT€HHHX MIiKPOKOMIIOHEHTIB
(J, Br, NHg, Li ta in.).

Teobapuuni ymosu. JIluHaMilli MiI3EMHUX BOJ
HIKHBOKPENIOBOTO0 KOMIUTIEKCa piBHUHHOTO Kprmy
mpucssiaeHi npari [12, 13, 16, 21] Ta in. binpma gac-
tiHa Kpumy, Ha JymKy 0aratbox JOCIHIiJHHKIB
3aifHATa eNi31i{HOI0 TPUPOTHOI0 BOJOHAIIIPHOKO CHC-
Temoro. O0nacTi CTBOPEHHSI HAIIOPIiB TAKUX CHCTEM
TSDKIFOTB JIO TIUOOKHX JIenpeciii, SKUM MpUTaMaHHi
BHCOKI TIJIACTOBI THCKH, HU3bK1 (QLUIbTpalliiiHi BIaCTH-
BocTi opif. Lle moBHicTIO BigHOCHTBCS 10 KapkiHiT-
cbKO-1liBHIYHOKPUMCBKOTO IIPOTHHY.

I'eobaprvHi yMOBH BUBYAIKCS HAMH 32 PO3IO-
oM koedimieHTIB TigpocTaTHIHOCTI Ki=Puy/Pyr..
[loGynoBana cxema ix po3nominy it HUKHbOKPEH-
JIOBOTO BOJIOHOCHOTO Komruiekcy (puc. 2). B Hmxk-
HBOKPEHIOBOMY BOJIOHOCHOMY KOMIUIEKCI BHJIiJIsI-
€ThCS MBHIYHUHN T’ €30MakcUMyM — ["ominmHCHKE 1Mi-
THATTS-BopHciBChbKa TUIOIIA, JIe 3HAYCHHS Koedilie-
HTy rigpoctaruyHocti 1,74 1 1,41-1,50 BiamosigHO
(puc. 2). Ha pemrri mot miacToBi THCKH IEPEBHUIITY-
I0Th YMOBHI rigpoctaruyudi B 1,04—1,06 pasu. Cno-
CTEpITa€eThes JIOKATbHE 3HIDKEHHS KOoedillieHTa Tij-
pocrarnynocti Ha J[xankoiicekii mrom (K.=1,00).
Ha momrax I'eniuecwkiii, banarriscekiii, HoBoonek-
CIIBCBKiil 3HaYeHHs Koe(illieHTa TriAPOCTATUIHOCTI Y
BiJIKJIaax 06a3aIbHOTO TOPU3OHTY 1 HUKHBOT KpeH I
€ mpakTH4YHO nocTiitanmu, 0,9—1,08, B iHTEpBaITi K-
6un 2170-2750 m.

[Tnactu 3 HaKOiNbIIUMK 3HaYeHHIMH K 30cepe-
oxeHi o nepudepii Muxaiinisebkoi genpecii 1 Kap-
KiHiTCHKOTO 010Ky [1iBHIYHOKPUMCBKOTO MIPOTHHY, B
30HaX JW3 IOHKTHBHUX JUCIOKalid  (TmiBHIYHHAN
m’e3oMakcuMyM). LleHTpanbHa BiCh MakCHMalbHHX
THCKIB — Bij ['ominuHchkoro miaaarts (K-— 1,74) oo
bopuciscbkoi mromi (K- 1,50). Ha INominuachkoMy

mIHATTI Ha TIuouHI 4380 M y BiAKIamax HIKHBOT
Kpeinn 3adikcoBaHO MaKCUMaJbHE IS paiioHy Iie-
PEBUILEHHS TUIACTOBOTO THCKY HaJ YMOBHO Tiapoc-
taTHyHUM. [1’e€30MeTpUYHMI MiHIMYM 30epiraeThcs
B paitoni OKTsa6pchkoro HagToBoro pogosuma — K —
0,98-1,02. [TiBgeHHMIA IT’€30MaKCUMYM 3 [ICHTPOM Ha
HoBoceniscrkiit i Kpacnosebkiit mmomax (Kr— 1,10—
1,17). Bucoki 3HaueHHs KOe(DIiLi€HTIB TiApOCTaTHY-
HOCTI, HAlBIpOTIiTHIIIE, CBIAYATh PO HASBHICTH BiJI-
HOCHO 130JIbOBaHMX pPE3epBYyapiB 3 TiApaBIidYHUMH
3B’S3KaMu 13 AUISHKaAMH PO3pi3y, L0 3ajsraroTh
BuIIe (IUB. pHC. 2).

Takum 4nHOM, Teobapu4Hi YMOBHU 1 ¢inbTpa-
UifHI mapaMeTpu MOpiA JO3BOJSIOTH NMPUIYCTHTH,
110 TTIOTOKY BOJ €Ti31HHOT BOJOHAITPHOT CHCTEMH MO-
XKYTh PyXaTUCh 13 Hai3aHypeHimmux yactuH Kapki-
HITCbKO-[liBHIYHOKPUMCBHKOTO MPOTHHY B HATIPSIMKY
no #oro OoprtiB. Po3BaHTaxeHHS MiA3EMHHUX BOJ
3MIACHIOETHCS IIJISIXOM TIEPETOKIB 110 30HaX AW3 FOH-
KTUBHHX JMCIOKAIi y BUIIEPO3TAIIOBaHI KOMILIE-
KcH (ITOKa3aHo CTPIIKaMH Ha pHC. 2).

Tiopoceoximiuni, eazociopozceoximiuni O3HaKU
Hagmozazonochocmi. OTHUMYU 3 HAWOIBII HAMIH-
HUX MMOKa3HUKIB HAQTOra30HOCHOCTI € Ta3oriiporeo-
XIMI4HI — 3a CKJIaJIOM PO3YMHEHUX Y MiJ3eMHUX BO-
Jax Ta3iB, Ta 32 THCKOM BOJOPO3YMHEHOTO Ta3y
Pras=Pr,, 200 32 BITHOCHOIO — MPUBEICHOIO JI0 TIIH-
OWHU 3aJsraHHs Ta30HACHYEHICTIO IUIACTOBUX BOJ
(T 10%/H=1500-2000). 11i 03HaKH CBim4aTh IpoO Has-
BHICTb ra30BOT0 MOKJIay, TOMY MOXYTh OYTH BiHE-
CeHI JI0 MPSIMUX O3HAaK Ta30HOCHOCTI. 3 HAOJMKCH-
HSIM JI0 TIOKJIaNy Yy CKJali PO3UYMHEHHX Ta3iB 3011b-
HIYETHCS KOHIIEHTpAIlisl BYTJICBOJHIB, 31 3MEHIIICH-
HSM BMICTY a30Ty IiJIBUIIYETHCS T'a30HACHYCHICTD
BOoI. Kyp= Pras/Pu>0,75 3ycTpivaroThCs TiIbKH Ha
NPOIYKTHBHUX CTPYKTypax. Haituacrime Ha npomyk-
TUBHHX CTpyKTypax € K,,— 0,5-0,7, a Ha Hempoayk-
tuBHMX —Bix 0,3 10 0,5.

3Beprae Ha ceOe yBary qy»e BHCOKA I'a30HACH-
YEeHICTh CKJIQJYacToro joxa Oaceitny Ha [ominuH-
CBKili Itomi (3arajibHa ra3oHacu4eHicts csrae 4090
cm®/n, BigHocHa — 1062). Bomopozuuneni razu me-
TaHOBI, HaJNEKaTh 10 KUpHUX 3 K <50.

Ha ImmiviBchKill CTPYKTYpl ra30HACHYEHHICTh
BOJI HU3bKa — CTaHOBUTH 154—700 cm®/n1, BiqHOCHA —
70-281.

[TixBuIeHI 3HAYEHHSI TPY>KHOCTI BOJIOPO3UYHHE-
HUX ra3iB BiaMideHi Ha miorax Menosiit (Kqp=0,52),
BepesiBepkiit (Kyp=1,05), Tta iH. 'a3oHacuyeHicTh
IUTACTOBUX BOJI 3POCTAE B MPUKOHTYPHUX BOJAX TIOK-
namiB. Chig BBaXKaTW NEPCICKTUBHUMH paliOHH, B
sakux P./Pu, He menme 0,4.

OcHOBHMMH 30HaMHU Ha(TOra30HATPOMAIKEHS
€ JUISHKH, 00 OO0JsSMOBYIOTH KapKiHIiTChKY 3ama-
IUHY, 0 BinOuBaeTbes Ha ckiaai BPI™ (C1— 80-90,
Co+—9-16, azory — 3-5 inoni 10-12 % 00., Tak i Ha
cryneHi rasoHacuyenocti Bog (Pr/Py, >0,5).
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KpiMm mpy>XKHOCTI BOJOpPO3YMHEHHX Ta3iB, SIK
IpsiMi O3HAaKM MOXKYTh OYTH BHKOPHCTaHI IPOSBU
CTabKOMIHEepaTi30BaHUX KOHJCHCAIIMHUX BOJ Ta iX
CyMilleH 3 MIacTOBUMH. 30KpeMa Ha TepHuTopii Pis-
HUHHOTO KpHMy mpencTaBisioTh iHTEpeC HIKHBOK-
perinoBi (HeokoM) BimkiIaaw bepe3iBchKoi mIomii, 1e
¢ikcyeThCs TiIpOXiMiuHA aHOMANiS PO3BUTKY BOJ Ti-
IpoKapOOHATHO-HATPIEBOTO THUILY 3 MiHEPaJi3ali€io
17,6-18,8 /11, razoHacHYEHICTH BOJ cKiamana 2133—
4278 cm®/n. 3a nanumu [11] e Moxe OyTH 03HAKOIO
HasBHOCTI MOKJIATY.

Buxonsun 3 KOMIDIEKCY ra30TigporeoXiMiTHIX
MOKa3HMKIB CNiJl 3BEpPHYTH yBary Ha HIKHbOKpeEH-
JIOBi BigKmagu B 30HI TapxaHKyTCchbKO-/[kaHKOWCH-
KOT'O TTTHOMHHOTO PO3JIOMY, MIBHIYHUH CXwT Muxaii-
JBCHKOI 3aMafiiiHA B3/I0BXK | ONIIMHCHKOTO PO3IOMY
(ctpykrypu IliBnenno-3axigHorominmHa, [opmnie-
Br4a, CXiTHOMIMITIBChKA Ta iH.), Ta TpyHa MiTHATH
Ha cxuini CximHoeBpormelickkoi mrardgopmu — Tena-
piBcbke, CkannoBchke, [IpaHinpoBChKe.

BucnoBku. [TigzeMHUM BoJaM HIKHBOKPEHIO-
BHX BIJKJIaiB menb(y XapakTepHi IMiABUIICHI BMi-
ctu cynbdariB 1 MarHito. CynbhaTHO-HATPIEB] BOAH
0a3aJIbHOTO 1 HUKHBOKPEHIOBOI0 BOJJTOHOCHOT'O KOM-
IJIEKCY HAHIMOBIpHIIIE € JaBHbOIH(ITHTPOTEHHIMH.
ITpo 1e cBiUNTH 3MEHIICHHS B IMi36MHUX BOAAX IUX
KOMIUICKCIB 3HAa4eHb IOKAa3HHUKIB MeTraMopdizamii
rCa/rMg, r(Cl-Na)/rMg i 36inbmenns Cl/Br no mo-
Hag 1000, mommxenmmu BMictamu J, Br. Takoro
CKJIaJy BOJM Ii€l 30HM MOTJIH c(hopMyBaTHCS Ha Tie-
penmnizHBOKpeiI0BOMY iHDIIBTpaLiiHOMY eTari po-
3BUTKY BOJIOHAIIPHOTO OaceifHy, TOMY 110 BOHH IIPO-
CTOPOBO HaOIIMXKEHi 10 UMOBiIpHOT 00J1acTi Maneoin-
¢inpTparii.

Ha indinprpaniitaux eranax, roJIOBHUM YHHOM
B 0a3zajJbHOMY TOPU3OHTI 1 HUKHBOKPEHIOBOMY BO-
JIOHOCHOMY KOMILJIEKCI, MOTJIH (POPMYBaTHUCS HaJIe0-
1HQUIBTPOTEeHHI BOJIM, SIKI 3MIITyBAIUCS 3 TEPBHUH-
HUMHU CEJMMEHTOTCHHHMH, IO CYIPOBOJKYBAIOCS
3MEHIIIEHHSIM MiHepalli3allii OCTaHHiX 1 BMICTy B HUX
TaslacoreHHux MikpokommnoHenTiB (J, Br, NHa, Li

Ta iH.).

CyugacHa iHGMUTBTpaIlis 3 00Ky CYyX0I0IIy METEO-
reHHUX BOJ Ha Tiubunau noHax 2000—-3000 m yepes
rizpoanHamiuHi 6ap’epu eni3iiHOI BOJOHAMIPHOT CH-
CTEMHU HEMOXKJIMBA, aJle BOHA MOIJIa Peali30ByBaTHCh
Ha KOHTHHEHTAIBHUX IH(QUIBTpAIlifHUX eTarax po3-
BUTKY BOJOHaMipHOTr0o OaceliHy y nmepeapaHHbo- i me-
PEeAMi3HbOKPEHIOBHH Yac, Mo IO CBiAYaTh TPUBAIi
KOHTHHEHTaJIbHI YMOBH, BiZJ3HA4EHI TTHOOKOIO ICHY-
JIAITIEr0 TTOPI/T.

OcHoBHMMHK TmpolecaMu (popMyBaHHS XiMid-
HOTO CKJIaay BOJ ITOKPEWIOBOTO 1 HIKHBOKPEHIIO-
BOTO KOMILJICKCIB MOTJIM OYTH: BHIIYTOBYBaHHS IIO-
piz; 3minryBaHHs iHQIIBTPOreHHUX MPICHUX X COJIO-
HyBaTHX BOJ 3 TaJJACOT€HHUMHU; 3MILITyBaHHS LIUX BOJ
3 BOJAMH BHCOKOTEMIIEpATypHOI JAerifpaTariii riu-
HUCTUX TOPil 3 YTBOPEHHSIM HEIH(IIBTPOTCHHUX
cynb(haTHO-HATPIEBUX 1 T1IpOKapOOHATHO-HATPIEBUX
BO/I.

I'eobapuyni ymoBH 1 QinbTpaniiiHi mapameTpu
JIO3BOJISIIOTH TIPHUITYCTUTH IO TIOTOKU BOJI €Mi31HHOT
BOJIOHATIIPHOT CHCTEMH MOXYTh PYXaTHCh i3 Haif3a-
HypeHimmx yactuH KapkiHiTcbko-IliBHIYHOKPUMCH-
KOTO TIPOTHHY B HampsMKy 0 Horo 6opriB. Po3Ban-
Ta)XEHHS Mi36MHUX BOJ 3M1HCHIOETHCS IIISIXOM I1e-
PETOKIB 1O 30HaX A3’ FOHKTHBHUX JUCIOKAIINA y po-
3TalllOBaHI BUIIE KOMILIEKCH.

KpiM npyXHOCTI BOJOPO3UMHEHHX Ta3iB, K
psiMi O3HAaKH MOXYTHb OYTH BHKOPHCTaHI TMPOSBU
CTabKOMIHEepai30BaHUX KOHJCHCAIIMHUX BOJ, IO
BUSBJICHI HAa CHOTOIHI TIJIbKH B MEXKaxX TEPUTOPIT Cy-
xonony KapkiniTchko-IliBHIYHOKPHUMCBEKOTO  TIPO-
THHY.

Bu3HaueHi nmepcreKTUBHI IUISIHKH 3a TiAporeo-
XIMIYHUMH, TiIporeo0apruyHUMH Ta Ta30TiIPOreoxi-
MIYHUMH NOKa3HUKAaMH B HUOKHBOKPEHIOBHX BiAKIIa-
Jax y Mexax akBaTtopii, a came: 3oHa TapxaHKyT-
ChKO-/[»KaHKONCHKOTO TIIMOMHHOTO PO3JIOMY, ITiBHIY-
HUN cxri1 MuxaliiiiBCbKOI 3allaIiHA B3I0BXK [ Oiu-
HCBHKOT'O PO3JIOMY Ta rpyna mifHATh Ha cxuii CXif-
HOEBPOTIEHCHKOT TUIATPOPMH.

BHecok aemopis: eci asmopu 3pobursnu pigHuli BHECOK y Ut pobomy.
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Purpose. To substantiate the prospects for oil and gas presence in the Lower Cretaceous sediments of the
Karkinit-Northern Crimean deep based on hydrogeological (hydrogeochemical, gas-hydrogeochemical and
geobaric) features.

Methodology. Investigations of formation waters and water-dissolved gases were based on the methods
of chemical, elementary spectral and gas chromatographic analyses executed at the laboratories of subsidiary
joint-stock company "Chornomornaftogaz", subsidiary "Crimean Geology" and the Institute of Geology and
Geochemistry of Combustible Minerals of NASU. For the comparison of formation pressure we applied the
hydrostatic coefficient (Cy). Ch is the ratio of measured formation pressure to conditionally hydrostatic at the
depth of the measuring with y=1.000 (P+/Pcn), which eliminates the influence of uneven depths of measurement
and different water densities, that is, to get the reduced value. For processing materials Excell, Corell Draw
and Surfer are used.

Results. Regional features of formation waters in the Lower Cretaceous complex as well as their chemical
composition formation conditions are established. According to retrospective data analysis on the Crimean
Plains, using the information received on the Black Sea shelf, we come to a conclusion that formation waters
of the Lower Cretaceous complex are mainly sedimentogenic.

The sulfate-natrium (S.Na) waters of the basal horizon and the Lower Cretaceous aquiferous complex
most likely are infiltrative. This is evidenced by the decrease in the indicators of metamorphism of rCa/rMg,
r(CI-Na)/rMg and the increase in CI/Br to over 1000, the lowered content of iodine (J) and bromine (Br).
Infiltrative (paleoinfiltrative) waters mixed with primary sedimentogenic waters. This was accompanied by
the decrease in their mineralization and thalassogenic trace elements contents in them. Modern infiltration
from the land of meteoric waters at depths of more than 2000-3000 meters through the hydrodynamic barriers
of the elision water drive system is impossible, but it could be realized at the continental infiltration stages of
the foreground development and before the late Cretaceous time. This is evidenced by the continuous conti-
nental conditions marked by denudation of rocks.

The main processes in the chemical composition formation of formation waters of Cretaceous and Lower
Cretaceous complexes could have been: leaching rocks, mixing of infiltrative fresh or saline waters with thal-
assogenic waters; mixing of these waters with waters of the high temperature (>200°C) dehydration of clay
rocks with formation of non-infiltrative (S.Na) and (Hyd.Car.Na) waters.

Based on the analysis of the hydrostatic coeficient distribution (Cy) in the basal and Lower Cretaceous
aquiferous complexes the existence of the elision water pressure system within the Karkinit-Northern Crimean
deep is confirmed. The cause of overhydrostatic pressures is most likely to be the dehydration of clay rocks
and the intrusion of deep gases.

Geobaric conditions and filtration parameters suggest that the water flows of the elision water pressure
system can move from the deepest parts of the Karkinit-Northern Crimean deep towards its sides.

Originality and practical significance. The nature and forming conditions of formation waters have
been substantiated. According to gas-hydrogeochemical and geobaric features it was possible to distinguish
localities promising for hydrocarbon prospecting in the Lower Cretaceous deposits.

Keywords: Karkinit-Northern Crimean deep, Lower Cretaceous complex, formation waters, hydrogeo-
chemical conditions, geobaric conditions, overhydrostatic pressures.
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YETBEPTUHHMI BYJKAHIUHUM MMOMLI XAPKIBIIIUHA

B cmammi posensnymo noknadu 6yikauiuH020 NONeny i po3CisiHe VIKAHIYHE CKIO 8 OY3bKOMY KIIMAMOAIMI mosuji Heonaelic-
MOYEHOBUX 1eCONOOIOHUX cyenunKie XapKiswunu. B medcax obracmi nokiadu maisce yucmozo yIKAHIYHO20 NONELY 8i0oMi nooau3sy
cemm Kpacnokymcewk, cin Pycoxi Tuwku, Hosocenieka Hoeoeooonazvkoeo pationy, Jleskiska I3romcokoeo paiiony, y m. Xapkis, a nposieu
BYNIKAHIYHO20 CKIA K OOMIWKU Y CY2IUHKAX NOWUPEeHi mam, 0e 8I0cioHeHull 6y3vKuil Kiimamonim. OXapakxmepuzo8ano ix 2e0n02iumy
6y008y, Mopghonoeito ma epanyiomMempiio 4acmox 8yIKaniuHo2o ckia. Ilokazana 6i0nogioHicms 11020 XiMIiUHO20 CKAADY Mpaximam.
Posenanymo pesynromamu onmuyHo20, e1eKmpoHHOMIKPOCKONIYHO20, peHmeeHiécbkozeo, 19-cnekmpockoniunozo euguents. 3pobneHo
BUCHOBOK NpO 11020 NOOIOHICL 00 YemBePMUHHO20 NONELY, 8I00MO20 8 THULUX MICYEIHAXOOHCEHHAX 8 MeHCax NONiIbHO20 ulieidy
sueepacenns cynepgyakany Daeepeiicoki nons nooauzy Heanona, sxe cmanocs 6ausvko 39,3 mucau poxie momy, mobmo 3 ’aco8ano
NOX0OJICEHHS YIKAHIYHO20 NONELY Pe2ioHy. Biomiuaemobcss MONCIUBICMb BUKOPUCAHHSL 1€CONOOIOHUX CY2IUHKIE 3 OOMIUKOIO 8YIKA-
HIYHO20 CKIA SIK MAPKYIOU020 2OPU3OHMY NPU BUGHEHHI HEONICIICIOYeHy PeciOHY | SIK 4aco8ull penep npu apxeono2iuHux 00CaioNHCeH-
HAX naneonimy. Tlonin po3ensHymo 6 AKOCmi 6aiciu6020 Komnonenma zeocaumie Xapkiswunu. Iliokpecioemovcss HeoOXiOHicmy ix
OXOPOHU MA OOYINTLHICIMb GUKOPUCMAHHS Y HAYKOBOMY Mypusmi i kpaesnascmsi. [Ipu ybomy Haukpawum - HaOiibw iHhopmMamueHum
8 HAYK0BO-0CEIMHbOMY NAAHI € BIOCTIOHEHHS NOKAA0Y 8YIKAHIYHO20 noneny nooausy c. Pycoki Tuwiku, akomy mpeda HegiOKIAOHO Ha-
damu oghiyitinuti cmamyc 2eocaiima.

Knruoegi cnosa: gyixkaniune cxkio, NOKIA0U 8yIKAHIYHO20 NONENY, Nempozpais 8YIKAHIYHO20 CKAA, 2e0Catimi.

B. I. Kocmaues, M. B. Kocnauesea. YETBEPTHYHBIH BYJIKAHUYECKHH IEIIEJ XAPBKOBIHHBI. B cmamve
PACCMOMPEHbl 3ANedHCU 8YIKAHUYECKO20 NeNAd U PACCESHHOE BVIKAHUYECKOe CIEKN0 8 OY2CKOM KIUMAMOoaume moauju Heonieucmo-
YEHOBBIX IeCCOBUOHBIX CY2IUHKO8 XapbKosujunbl. B npedenax obaacmu 3anedicu noumu 4ucmo2o 8yIKAHUYeCKo20 Nenid U38ecnHbl
60u3u nem Kpacnoxymck, cen Pycckue Tuwxu, Hosocenoexa Hososodonadcckoeo paiiona, Jleskoska Hzromckoeo pationa, 2. Xapb-
K08, 4 NPOsGIEHUsL BYIKAHUYECKO20 CMEKLA KAK NPUMECU 6 CY2IUHKAX NPUYPOYeHbl K 0OHadceHuam 6yeckozo knumamoauma. Oxapax-
MepU308aHO UX 2e0f02utecKoe CmpoeHue, MOp@oLo2us Yacmuy 8yIKAHUYECKO20 CIeKIa U epanyiomempus nenios. Ilokazano coo-
Mmeemcmeue Xumuieckoeo COCmasa 8YIKaHu4ecko2o cmekia mpaxumam. Ilpusedensvi pe3yivmamovl onmuyecko2o, 1eKmpOoHHOMUK-
pockonuueckoeo, penmeenosckozo, UK-cnekmpockonuueckoeo uzyuenus. Coenan 8vl800 0 €20 cXoocmee ¢ 4emeepmuyHbiM neniom,
U36ECMHBIM 8 OPY2UX MECTHOHAXOHCOCHUAX 8 Npedelax nenio8o2o wietipa ussepoicenus cynepsyikana Pneepetickue noas o6auz Hea-
nosi, Komopoe npouzouLo oxkono 39,3 meicsau iem momy Ha3ao, Mo-ecimo BbISAICHEHO NPOUCXOACOCHUE BYIKAHUYECKO20 NEeNId PecUOHd.
Ommeuaemes 603MOICHOCMb UCNONIb308AHUSL IECCOBUOHBIX CY2IUHKOE C NPUMECHIO 8YIKAHUYECKO2O0 CIMEKIA 8 Ka4ecmaee MapKupylo-
wje2o 20pU30HMa NPU U3Y4eHUU HeONIeliCMOYeHa PecUuona U KaKk 6DeMenHOl penep npu apxeoio2uteckux Uccie008aHUsX naneoiumd.
Ienen ssnsemcs 6adxiCHbIM KOMROHEHMOM 2eocaiimog Xapvkosupunvl. Tloouepkueaemcs HeobX00UMOCmb UX OXpamvl U yeiecooopas-
HOCMb UCNOB308AHUS 8 HAYYHOM mypusme u kpaegeoeruu. [lpu smom Haubonee uHpoOpMamusHbiM 8 HAYUHO-00PA30EAMETLHOM NIAHE
A67Aemcst 0OHAdCeHUe 3aexCc 8yIKanuieckoeo nenia 6aus c. Pycckue Tuwiku, kompomy HeoOXo0umo Oe30miaeamenvHo npuoams
ouyuanvubll cmamyc eeocaima.

Knrwouesvle cnosa: syikanuueckoe cmexno, 8YIKAHUYECKULl Nene, 3a1exic 8YIKAHUYeCK0o20 nenid, nempozpagpus 6yIKaHude-
CKO20 cmeKa, 2eocaiimal.

Beryn. Ha XapkiBuiuHi € mokyiaam Maixe duc-
TOrO BYJIKaHIYHOTO TOIMENy, a TaKOXK TOIIMpPEHi Jie-
COMOMIOHI CYIIMHKHA 3 AOMIIIKOI BYJIKaHIYHOTO
ckia. BoHW Hamexarh BEpXHIW JIAaHI HEOIUIEHCTO-
LIeHy, a caMme 0y3bKOMY KiiMaToiity [5, 6, 14] (B pis-
HUX CcTpaTUrpadiyHUX cXemax - Ilie TOPU30HTY, CTa-
niany). By3bki stleconoiOHi CyrmuHKH (OpMyBaiCs
B X0/l OCTAaHHBOTO - BIOPMChKOro (Ha CxigHo-€Bpo-
neicpkii miathopmi - BalAalChKOro) 3jeJeHIHHS,
sIKE€ B HAIIill MiCIIEBOCTI CYIPOBOKYBAJIOCS PO3BHT-
KoM OararoniTHboi MepaioTtu [15]. TlominbHi mok-
JIaJM 3HAXOMATHCS MPUOJIM3HO B CEPEAHIM 4YacTHHI
KIIIMaToJIiTy, a pO3CisiHe ByJKaHIYHE CKIIO - IIe 1y
BEpXHil Horo yacTuHi. Jlomilllka ByJIKaHIYHOTO CKJia
y CYTIIMHKaX BCTaHOBIIOETHCS Y KUTBKOCTI MEPIIHX
npoueHTiB. Lli cyrmHKM qyXe MOIuMpeHi B perioxi.

[MotyxkHicTh Oy3bKOTO KIIMaTONITY Ha XapKiBIIUHI
CTaHOBUTH 2,5-3,5 M, cepenus — 2,85 m [15].

[TpuBomOM Ui PO3MIISIAAHHS HPOSIBIB YeTBEP-
THHHOT'O BYJIKQHIYHOTO IIOMENY PEriOHy 3’ ABUIIOCS
ory0ITiKOBaHe MOMUJIKOBE TBEPJIKESHHSI IIPO Te, 110 B
HBOMY € JiiIe ofHe - JIeBKiBChKe - HOro Mmicues3Ha-
XOPKeHHS [2, ¢. 259], xoua MaTepiaau Ipo BYJIKaHi-
YHHH TIOMI HAIIOi MiCIIEBOCTI HEOJJTHOPA30BO My0JTi-
KyBaJIucs, mournHarouu 3 1959 p., a 00’ekr Oing c. Py-
cbKi THIIKM HaBiTh pO3MIIAAaBCs y IOBIAHUKY MPO Ie-
oJIoTiuHi maM’siTku Ykpainu [12].

3BepTaHHs JI0 I[OTO MMUTAHHS € JIOUIJIBHAM Ta-
KO B CHJIY TOTO, III0 TaKi IPOSIBU MaIOTh BEJIUKE Ha-
YKOBO-ITI3HABAILHE 3HAYCHHS, 3aBJSIKH YOMY SIBIISI-
FOThCS IIIHHUMH KOMITIOHEHTaMu reocaiTiB [8]. [HTe-
pec no HuX Ha XapKiBIIUHI M€ TOSCHIOETHCS ii

© Kocmauos B. I'., Kocmauosa M. B.

https://doi.org/10.26565/2410-7360-2018-49-06

-70-


mailto:kosmachov@karazin.ua
https://orcid.org/0000-0002-3693-4767
https://orcid.org/0000-0002-3693-4767
mailto:kosmachovamv@gmail.com
https://orcid.org/0000-0001-5642-8709

BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

BEJIMKOIO BiIJAJICHICTIO BiJl IICHTPIB BUBEP)KCHB 1, TA-
KUM YAHOM, €K30THIHUM XapaKTEepPOM IUX 00’ EKTIB.

AKTyaJIbHICTh. 32 OCTaHHI POKH 3/100yTa HOBa
iH(pOpMaLlis PO BYJIKaHIYHUHN MO B HAILIOMY Peri-
OHI, SIKa JI03BOJIA€ TTO-HOBOMY PO3TIISIIATH 1 BUPIIIY-
BaTH [TUTAHHS HOTO MOXOKEHHS.

AHaJni3 nonepeaHix pooit. IcTopist BusBIeHHS
YETBEPTUHHOI'O BYJIKAHIYHOTO MIOIIETY B PO3TALIOBa-
HHX HETTOAATiK XapKiBIIMHA perioHax 1o 1957 p. po-
3rIsiHyTa B myOuikarii [4]. B miif 1 B iHIIMX CTATTIX
[9-11, 17, 18] Benuka yBara npuaiisiiacs omucy ¢o-
PMU 1 pO3MIpiB YaCTHHOK BYJIKAHIYHOTO CKJa, HOTO
ONITUYHUM XapaKTepPHCTHKaM, OyJOBi MOKJIaIiB IO-
ey, YMOBaM iX 3aJIATaHHS 1 po3TalllyBaHHS B TOBIII
YeTBePTUHHHX BiIKIAIIB, a TAKOX 3’ SICYBaHHIO BIKY 1
JDKepen moreny. B aesikux 3 HuX MicTUThes iHpop-
Mallisi Mpo XiMiYHUH CKJIa]] BYJIKAHIYHOTO CKJIa.

[lepmoro myOumikaIli€ro, TPUCBIYCHOIO TIOTIEITY
Hammoi o6macti (KpacHOKyTChKE MicCIe3HAXOIKEH-
Hs1), Oyna crarts [16]. [loTiM 3’sSBUIKCS BiZOMOCTI
PO TIOMJI, 3HalAeHu y XapkoBi mobnmmuzy Manoro
KypasrniBcekoro y3o3y [14]. B mogamemomy mpo-
BOJMIKCS OLIbII CHCTEMATHYHI AOCTIIKEeHHS [5, 6].
Oco6auBo BimsHaunMo gocsraenns 1. M. Pemizosa,
SIKUH, 30KpeMa, BUSBUB HAMKPAIIHA B PET10HI TTOKIIA/T
mobmu3y c. Pyceki Tumku. Y BkazaHUX cTaTTsax Oymn
CTHCJIO PO3TIISTHYTI TakoX MposBy nomeny B CyMch-
kiif, KipoBorpaacekiii, JHinponerpoBcbkiii, Jlyran-
ceKkiif 1 Jlonenpkiit obmactax. Y 1998 p. 6ymu omy0-
JIiKOBaHi a1 npo JloHeIbKe MiCIIe3HaX0/KCHHS BY-
nkaHigyHoro ckia [7], y 2011 p. 3’sBunacs inpopma-
1Iis IPO MOKJIa]l ByJIKaHIYHOTO Tonery Oiis ¢. JIeBki-
BKa Ha [3rommuHi [2].

B nux myOsikarisx MiCTUTbCS TOKJIaHa iH(Op-
Mallisi PO TEOJOTIYHy OYZOBY TOKIAJIB IOIMENy,
MpOTe Maiike BiJICYTHS HOTo MiHEpaJloTiyHa Xapak-
TEPUCTHKA 1 HE OYJIO 0CTATOYHO 3’SICOBAHO 3BIJIKU BiH
HaJIUIIOB 10 XapKiBIIUHHU.

Buxnag ocHOBHOro marepiaJy.

B Hamromy perioHi BiZjomi Taki MOKJIau ByJIKa-
HIYHOT'O TIOTICITY.

Iloxnao nobnu3sy c. Pycoki Tuwku
(XapkiBchKuit paiioH)

Koopaunaru - 50° 09’ 00" miBH. 1., 36° 23" 33"
CX. JI. 3HAXOAMUTHCA y 22 KM Ha MiBHIY Bi M. XapKiB
Ha MiBHIYHO-3ax11Hii oxoiuLi cena B sipi Kpytuii Jlor.

[eontoriuamii po3pi3, skuil Oyn0 YyIOBO BiJK-
pHTO B IIbOMY sipi y 1960-70 pp. MUHYJIOTO CTOJITTS,
B TENEpilHiil yac 3HAUHO NEPEKPUTHI IEIOBiEM, ajie
JIIH3Y ToTeNy TOBIINHOO 10 0,4 M MOXkHA 100pe cI1o-
cTepiraTul Ha mpoTs3i Maibke 6 M. Bona 3ansrae B ne-
COMOIOHOMY CYIJIMHKY Ha TTIMOMHI OM3bKO 3 M Bix
noBepxHi. Lle# moknax Ha 99,9% cknagaeTscs Byika-
HIYHUM CKJIOM 1 Ma€ HaWOUIbIIY MOTYXHICTh Cepell
IHIIMX TaKUX 00’ €KTIB B PETiOHI.

Iloxknao noonu3zy c. Hosoceniska
(HoBoBomoma3pKkuii paitoH)

YV 60-Ti poKM MHHYJIOTO CTOJITTS Y Kap’epi po-
JIOBUIIIA OJIITOIICHOBUX CKJITHUX MICKIB B CyTJIMHKAX
X mokpiBii Ha TAMOUHI 3-5 M BiJ MOBEpXHI crocTepi-
raBcs JIIH30MOAIOHNH TPOIIapoK MOTeTy TOBLUIHHOO
10 0,08 M 1 IPOTSHKHICTIO JEKITTbKA M.

Iloknao 6 cenuwyi Kpacnokymcok

Bynkaniunuii momin OyB BUSIBICHUH B X0 reo-
noriyaoi 3iomkn y 1957 p. B mpaBomy Gopti Kut-
YUHOTO SIPy TOCEPE]l )KOBTO-OypUX CYTIIMHKIB, KON
Ha rmbuHi 3,2-3,9 M 3yCTpind JiH3Y SICHO-CIpOTro 3
OypyBaTUM BiITIHKOM TOIMENTy TOBIIMHOK 110 0,25 M
i mpoTsokHicTIO 0151 30 M. B 1ipoMy moxutazi BMicT
BYJIKaHIYHOTO cKJia csirae 99,3%.

Iloxnao ¢ m. Xapkie

noonuzy Manozo Kypaeniecvkozo y3603y

Koopaunaru - 50° 00" 15" miBH. 1., 36° 15" 33"
cX. 1. Y 1951 p. B nmiBomy Oopri sipa, mo y 40 M Ha
MiBJIEHb BiJl CXOMIB y3BO3Yy, Ha TTTHOWHI 5,4 M y CyT-
TUHKaX OyJia BUSBJICHA JIiH3a SICHO-CIpOTO ByJKaHI4-
HOTO TIOTENTY JJOBXKUHOK 12 M 3 HAaHOUIBIIIOK TOBIIIH-
noro 0,13 M. IToknaz 6inemt Hix Ha 90% cKiIagaeThes
BYJIKaHIYHUM CKJIOM. Ha xaip, B TenepimHii 9ac me
BIJICJIOHCHHS, 1110 SIBJISLIO BEJIMKHI HAYKOBUH iHTEpeC
1 OyJI0 BaXKJIMBUM 00’ €KTOM HH3KHU T'€OJIOTIUHUX 1 T'e-
orpadidHUX E€KCKYpCiii, TIOBHICTIO 3aBaJeHO OyliBe-
JIBHUMH BiIXOIaMH.

Iloknao noonusy c. Jlegxieka
(I3romchKuit paitoH)

Koopaunaru - 49° 16’ 36" miBH. 1., 37° 09’ 26"
CX. JI. 3HaXOUThCS Y BEpXiB’i sIpy, LIO € JIIBUM MPH-
mBoM Oasku CosioHenpkuid Sp B 11 cepeanii yac-
tuHi. TyT Ha HOMHI 6115 2 M 3aJIsTa€ MPOIIAPOK I10-
nesty 0,1 M 3aBTOBIIKH, B IKOMY, SIK 1 B IHIIIMX [TOKJIA-
Jlax, TepeBaKHa KUIBKICTh YJIaMKiB BYJIKaHIYHOTO
ckia mae posMip 0,005-0,10 mm.

Iloxnao nobnusy c. /loneyvke
(I3romchKuit paitoH)

Koopaunaru - 49° 08’ 36" nieH. 1., 37° 14’ 10"
cx. 1. [loknan po3ramoBaHuil y 5 KM Ha 3aXiJl BiJ M.
I3rom yBepx 3a Teuieto p. CiBepchkuii JloHenp, Ois
3axijHoi OKoJHIl cena. BincnoHeHHs 3HAXOAUThCS Y
CX1JIHIH Tinmi Benmukoro spy, y 0,5 kM Bif #ioro ycrs
B KpyTOMY IIpaBoMy OopTi Ha rimOuHi 2-3 M. [lokian
HENPaBUILHO-JIIH30MO1I0HO0T (OopMU Mae TOBIIMHY
mo 0,4 M i mporsoxHicTh Maibke 10 M. Bin ckiana-
€THCS CYTIIMHKOM, 110 MICTUTH YJIaMKH{ BYJIKaHI4HOTO
CKJIa B KUTbKOCTI 0113bK0 25%. Po3mipu Oinbmioi ya-
CTHHHM LUX YJIaMKiB jiexkaTh B Mexkax 0,005-0,10 mm,
BUTATHYTI 3epHa csratoTb 0,20-0,30 MM y JOBXHHY
npu tmpuHi 0,08-0,15 MM. Oco6nHBiCTh IIBOTO MPO-
SIBY TIOJIATA€E B TOMY, IO TYT JIIH30MOAI0HMHA MTOKJIA/T
norneny OyIio MopyuieHo AaBHIM 3CyBOM ab0 Mep3io-
THUMHU AedopMalisiMi, NpPUTaMaHHUMH OYy3bKOMY
kiiMatoJity [15]. Lle 3ymMOBMIIO HOr0 HENpPaBUILHY
(dopmy i 3MilTyBaHHS BYJIKAHIYHOTO IOTIENY 3 MaTe-
piayioM BMiLIyl04MX CyriuHKiB. [Ipu npoMy yacTuH-
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KH BYJIKQHIYHOT'O CKJIA TIEPEBaYKHO 30€perii ToCTpo-
KyTOBY (dopmy (puc. 1).

VYci 3a3HaueH] MOKIaaM BYJIKaHIYHOTO TOIETY
MaloTh CITIJIBHI pHCH, a came: 1 - po3TamoBani y Oy-
3bKOMY KJIIMATONiTIi BEpPXHBOI YACTHHH TOBIII
HEOIUIEHCTOIICHOBUX JIECOMOAIOHNX CYTIMHKIB Ha
rmuOuHI Tepmux M; 2 - 32 GOPMOIO0 BOHHU JTiH30TIO-
ni6H1 3 ToBmmHOO 10 0,4 M (dactime 61u3sko0 0,1 M);

‘T,
-

3 - MalOTh YITKY HW)KHIO MEXKY 1 IIOCTYIIOBHI TIepexij
B ITOKPUBAIOY1 CYTIIMHKY; 4 - TIOKJIa1aM BIIaCTHBA Iie-
PEBaXKHO TEKCTYpHA OJHOPIAHICTB; 5 - KOJIip momeny
SICHO-Cipuii, 1HOMI 3 JKOBTYBaTUM a00 KOPUYHEBUM
BIATIHKOM; 6 - y mokinagax Oinbim 90% 4yacTHHOK Ma-
1016 po3mip 0,005-0,10 Mm; 7 - TOKITaIN € CXOKUMHA
3a TUNIAaMH YJIaMKiB ckiia (puc. 1).

Puc. 1. Burisag yaCTHHOK BYJIKaHIYHOTO CKJIa 3 ITOKJIA (IB MOMENY i MIKPOCKOIIOM.
Bropi — nonin 3 Pycekux Tumikis, nocepeanti — 3 JIeBkiBku, BHU3Y — 3 JJOHELIBKOTO
(po3mip HaWKpYIHIMUX YacTHHOK 0sin3bKo 0,10 MM)
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Mopdornoriyaa pi3HOMaHITHICTh YaCTHHOK TIO-
TIeTy BU3HAYAETHCS THIIOM ITOBEPXHI (TJIaka, CKyJIb-
OTypHa - rodpupoBaHa, 3 MOB3AOBXKHIMU PIBHUMH
BajlaMH a0o0 IITpUXaMH, KaBEPHAMH), iX pi3HOIO (op-
MO0 (YaCTUHKH i30METPHYHUX, BUTATHYTUX 1 XUMe-
pHHUX OOpHCIB, 3BHYAWHO TUIACTHHYACTI, a TaKOXK
MEHIII ToUMpeHi 00’ eMHi OpyCKOMOAiOH] 1 HelpaBu-
JIBHI) 1 XapakTepoM Kparo 3epeH (MpsSIMUil, yrHYTHH,
BUTHYTUH piBHMI un BHIIepOneHuii). O3Haku oOKa-
TyBaHHS BiICYTHi, IIO CBITYMTH PO iX TOBITpsHE

WY TN

4
B B iscv x1,000

Puc. 2. Enextponni ¢ortorpadii Bynkanigysoro nomneny. Bropi i nocepeanni — nomin 3 nokiany Pycekux
Tumkis, BHU3Y — JIeBKiBKH (ckanytounii Mikpockor JSM 6390 LV ¢ipmu JEOL, SAnoHis)

MepEHECEeHHS BiJl IICHTPY epPYIIIii i IMBUIKOTO MOXO0-
BaHHSI micysg Bunaains. CyTTeBO MepeBaXKar0Th Yac-
TUHKHU TPO30POro CKJa Yy BUIIISAAI TOHKHX (OJM3BKO
0,004 MM 3aBTOBIIKH) KyTacTUX IUIACTHHOK 3 TIaj-
KOIO MOBEPXHEI0 1 PIBHUMHU MPSIMUMH 1 3aKpyTiie-
HUMH KpasiMu.

BcraHoBeHi mig ONTHYHUM MiKPOCKOTIOM MOP-
(ornoriuHi 03HAKW BYJIKAHIYHOTO TOMENy MOKIAJiB
XapKiBIIUHH MiATBEPIKYIOTHCS EIEKTPOHHO-MIKPO-
CKOMIYHHUM JocHiKeHHsM (puc. 2). BoHo cBimunuTh

10pum §
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TaKOX PO HOTO NIEBHY BIAMIHHICTE BiJ] TIOTIETY MPO-
SIBIB, pPO3TAIIOBAaHUX OJIMKYE JO IICHTPY epYyIIIii, B
SIKMX YaCTHHKHU TOIENTy 31e01bIIOro MaloTh OibLI
00’eMHY opMy, YTBOPEHY 3pOCTaHHSIMH NEPEBAKHO
IacTuHYacTUX exeMenTiB [25]. Taki ymamku Bynka-
HIYHOTO CKJIa MEHII JOCTYITHI JaJIeKoMy IepeHe-
CCHHIO Ha BiJIMiHY BiJl TOHKHUX JIPIOHUX IIACTHHOK,
SIKi1 1 CTIOCTEPITal0ThCA y HAIIIOMY PETioHi.

3pasKkul 1econodioHUX CY2IUHKIE8 3 0OMIWKOI
GYIKAHIYHO20 CKa HaMH OYJH BiliOpaHi B TAKHX ITy-
HKTaxX XapKiBIIMHU: M. XapKiB - Byn. CyMcbka mo0-
U3y BXONMy Yy Michkuii mapk, Ha Jampriid XKypasmi-
Bli, y CapkxuHOoMYy sipi, Ha TepuTOpii 300MapKy; Ha
miBHIY Big XapkoBa y BepxiB’i p. PorossHka; B

IMiCKiB; mo0au3y M. I3toMm - B kap’epi Kam’sHCBbKOTO
LETJITHOTO 3aBOMY 1 Ha CXiHiM okoywmii ¢. Kam’siHKa.

YacTHHKH BYJIKAaHIYHOTO CKJIa, PO3CisiHI y CyT-
JUHKAX, TSK TUIACTHHYACTI, aJie Ha BiIMiHY BiJl TOCT-
POKYTHHX YJIaMKiB 3 TIOKJIAJiB, X (hopma 3BHUYAITHO
JIEII0 3aKPYTIIeHa, YACTUHKY TMOTENy 3 TOCTPUMHU KY-
TaMH 3yCTpiualoThcs He Iyxe 4acto. Lle cBiguuTh
PO Te, IIO IiCIIsl BUMAIIHHS, IPH YTBOPEHHI IIapiB
CYTTIUHKIB BOHH 3a3HAaBajMl TPAHCIOPTYBAHHS, SKE
MpHU3BEJIO 10 iX MOMITHOro OOKaryBaHHA. Po3mip-
HICTH yJIaMKIiB Ta 5K cama, 10 1 B MOKJIaaX MOTey.

I'paHynmoMeTpUYHa XapakTepPUCTUKA TMOMEIy
npuBeneHa y Taou. 1.

i1 HaodHOCTI pe3ynbTaTiB TpaHyIOMETpUY-

kap’epi HoBocemBCHKOTO pOMOBHINA CKJISHUX  HOTO aHATI3y 3a JaHUMH Tadu. 1 moOyaoBaHi ricTor-
paMu, KpHBi pO3MOIiUICHHS 1 KyMmyJisiTu (puc. 3-5).
Tabruys 1
['panynomMeTpist ByJIKaHIYHOTO IOMENy NOKIaaiB Ha XapKiBiuHi (3a [5])
@Dpaxuii, MM. Bmict dpakmiit, %
[IposiBu 1:05 0,5- 0,25- 0,10- 0,05- 0,01- | 0,005- <
' 0,25 0,10 0,05 0,01 0,005 0,001 0,001
1. XapkiB - 0,64 18,82 32,84 41,94 4,89 0,87
2. Pyceki Tumkn - 0,01 0,72 24,97 50,98 20,44 1,56 1,32
3. KpacHOKYTCBK 0,01 0,03 1,25 31,42 44,47 18,32 2,73 1,79
4. HoBoceniBka 0,02 0,30 3,65 46,97 29,47 16,62 1,10 1,88
% Yo
45 : 60, :
40
3 501
30 40
15} t
20 301
15 20
1:' _ 10|
(|- | l . MM e MM
0,50 0,25 0,10 0, 05 l]ﬂl 0,005 0,001 <0,001 {l.S{i 0,25 0, II] 0, 05 {l.{lll 0,005 0,001 <0,001
% 3 % 4
50, 50,
45 451
40 40
35 . 15
30 30y
251 25
20 20
15 15
10+ I m-—
ST 51
B = MM,

0 . : [
0,50 [I.IS l'l'll] 'EI'J}S l][ll 0,005 0,001 <0,001 0,50 0',15 IHEI [I{IS ﬂ,l}l 0,005 0,001 <0,001

Puc. 3. I'icrorpamu po3noisieHHs! MOMeNy 3a PO3MipOM yJIaMKiB BYJIKaHIYHOTO CKJIa.

IMoxmamu: 1 - Xapkis, 2 - Pyceki Tumku, 3 - KpacHOKYTCEK, 4 - HoBOCemiBKa
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Ya
55

50 1 4

40

30

20

|1

0,25 0,10 0,05

0,01 0,005 0,001 MM

Puc. 4. Kpusi posnofiny noreny 3a po3MipoM yJlaMKiB BYJIKAHIYHOTO CKJIa.
1-4 — moxau moteINy, TUB. puc 3

Yo

100

0 =

0,25 0,05

0,01

0,005 0,001 MM

Puc. 5. KymynsTHBHI KpHBI pO3MOJLTY IMOTETY 32 PO3MIPOM YIIaMKiB BYJKAaHIYHOTO CKJIA.
1-4 — moxtamy ToTeIy, TUB. PUC 3

3a UMM JaHWUMUA BU3HAUYEHI Takl CTATUCTHUYHI
XapaKTePUCTUKU PO3IIOAUICHHS TIOTeNy 338 PO3MIpOM
YaCTHHOK BYJIKAHIYHOTO CKIa: Meaiana M., moga Mo
1 KoeilieHT COpPTYBaHHS Sy, 3HAMACHUIN 32 KyMYJIs-
TOKO SIK BiJTHOIICHHSI TEPIIOi i TPEThOi KBapTHIIEH
(Tabin. 2). Bonu 103BONAIOTE po3rIIsLAaTH Homin Xap-
KIBILMHH 5K [IEPEBAYKHO MIOT'aHO COPTOBAHUI aJleBpUT
(po3MipH yJIaMKiB BYJIKAHIYHOTO CKJIa, TOJIOBHUM YH-
HOM, 3HaxoaThcs B inTepBaii 0,005-0,10 mm, 1110 Bi-
JIOBiAa€ pO3MIPHOCTI aleBPHTY 1 APIOHOTO MHITY).

MojanbHi 3Ha4YeHHS BiIOMBAIOTh OUIBIIY POJIb
KpymHUX (pakiiid B morneni 3 HoBoceniBKkY 1 TOHKHX
yacTok — 3 Xapkosa. Lle, ckopie 3a Bce, 3yMOBICHO
pOOOTOIO BITPY MpH NMEPEMILIEHHI YaCTHHOK IOTIEITY
y MiCIIsl [IOXOBAaHHS y BITPOBOMY 3aTiHKY, ITPHU YOMY
HaO1IpI TOHKI (pakwii 3a3HAIOTH BUILyBaHHs. Ta-
KM YHMHOM BigOyBaeThcsl OudepeHuiamis Momiib-
HOTO MaTepiany 0e3rocepeIHbO MPU (GOpMYBaHHI I10-
KJIaJy: TOIiJ, IPUHECCHHWI B MiCIle IIOXOBaHHS 37a-
JIeKy, cTa€e Oinpl rpyorM. MoKnBo, came UM 3y-
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Tabnuys 2
CTaTHCTHYHI XapaKTEPUCTUKU PO3MOAUICHHS TOMENy 3 OKJa/iB XapKiBIIMHA

TTpossn Horexy XapakTepuCTUKHU

Me Mo So

1. XapkiB 0,013 0,008 59

2. Pycoki Tumku 0,030 0,030 53

3. KpacHOKyTCBhK 0,033 0,034 50

4. HoBocemniBka 0,050 0,070 42

MOBJICHUH Maii)ke BABiYUl OLNBIIMK BMICT YaCTHHOK
kpymHimmx 3a 0,08 MM y BepxHiil YaCTHHI TIOKJIAAY Y
c. Pyceki Tumkn (6aussko 17%) HiX nmo0ausy Horo
nigomsu (9%).

JocnipkeHHs: B ONTUYHOMY MiKPOCKOII CBijI-
YHUTh, IO BYJIKAHIYHE CKIIO € 0e30apBHUM Ta 130Tpo-
MHUM. 3a TaHUMHU IMepCitiHo20 anaizy BOHO Ma€ T0-
Ka3HUK CBITJIO3aioMiIeHHs 1,517, 110 BiAMOBiIae By-
JKaHIYHOMY CKITy TpaxiToBOro ckiamy. B xomi po-
0O0TH TIOKAa3HUKHU IMEpCIHHOI piIAVMHM CTaHAAPTHOTO
Habopy mnepeBipsutucst Ha pedpakromerpi [PD-22,
BUKOPUCTOBYBaBCSl METOJl XpOMAaTHUYHOI Bapiamii 3
BHKOPHUCTAHHSAM CBITIO(IIBTPIB 3 By3bKUMHU iHTEP-
BaJlaMH MPOIYCKaHHS 1 BBOJUIIMCS TIONIPAaBKH Ha Te-
MIepaTypy. 3a3Hau4uMo, 110 MO 3 OIM3bKUX 110 Xa-
PKIBIIIMHY MIPOSIBIB MA€ TaKe X 3HAYCHHS CBITIIO3aJI0-
MIeHHS [5, 6, 17, 18].

Penmeenomempuune 0ocniodcents TOPOIIKO-
BHX TIpo6 mpoBomitocs Ha nudpakromerpi JJPOH-3

3 BUBEJICHHAM AaHux Ha EBM 3aBasiku mporpaMHoro
KOMIUIEKCY 7Sl 300paXkeHHs qudpaKTorpam i omep-
KaHHS PEHTTeHIBCHKHUX XapaKTepUCTHK. Bukopucro-
BYBaJIOCSl BUIIPOMiHIOBaHHS Fekq 3 Mn B-¢insTpom B
inTepBaii kyTiB 20 7-80° mpu cuni Toky 20 mA 3 Ha-
mpyroto 30 kV. [lIBuakicTs pyXy JTiuniIbHAKA - 2°/XB,
KyTOBI BiJICiUKH yepe3 2°.

Ha puc. 6 nokazani ¢parmentu nudpakrorpam
B oOmacti kyTiB 20 7-60° BymKaHIYHOTO TOTENy 3
c. Pyceki Tummku i a7st MOpiBHAHHS - 10Ope BiIOMOTO
YOpHOTO o0cHaiany pogoBuia ApreHi, Bipmenis. Lli
PEHTTEHOTPAMU JIy)KE CXOXKI 1 IBJISIFOTH COOOO IOJIOT
KpHBI, [0 € THIOBUMH [T CKJIa, TOOTO aMopdHOT pe-
YOBHMHHU. 3BepTae Ha ceOe yBary ayxe cialOke mij-
HATTA oHy npu KyTax 20 23-35°, sike, MOXKIHNBO, ¢i-
KCY€ HasBHICTB Y CKIIi HEBIIOPIIKOBAHUX CTPYKTYP-
HuX Tpyn SiO4.

Inghpauepeoni cnexmpu noenunanns (puc. 7)
oziepkaHi B inTepsani yactot 4000-400 cm ™ Ha criek-

she s s s iad

50920
Fe Ko

Puc. 6. Audpaxrorpamu noneny 3 nokiany Pycekux Tumkis (Bropi) Ta oOcuniany poaoBuina ApTeHi

tpomerpi "ALPHA" ¢ mpucraBkoto "ALPHA-T" i
BUKOPHCTaHHAM MporpamHoro komiuiekcy OPUS.
[IpenapaTy rotyBamcs MpecyBaHHIM MOPOIIKIB J0-
CJIIJKYBaHUX 3pa3KiB Mij TUCckoM 8-8,5 Mma 3 nojia-
BaHHsAM KBr.

Cwmyru nornuHaras B oonacti 3500-1350 cm?,
MeBHE, 3YMOBJICHI HAsBHICTIO B 3pa3Kax MOJIEKYI
BOJIU, TiIJPOKCHIILHUX TPYI, a00 i0HIB TiJPOKCOHIIO
[13]. Cmyru 3 wactoramm menm 1100 cM™? MoxyTH
OyTH 3yMOBICHUMH SIK JeOpMaLiiHUMHU KOJIWBaAH-
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HSAMH T1IPOKCHUIBHUX TPYII, TaK 1 CHIIIKATHAMH KOM-
rmoHeHTaMu ckiia (ioHHuMH Tpynamu SiOa, X KiJlb-
MM 1 T. iH.). Lle y3ropKyeThest 3 ySABICHHSIMH PO
CKJIO SIK HEONHOPIAHY TPBOXMIPHY CTPYKTYpPY,

a%
y , § E
4
g
L
4008 3500 3000 2500

CKJIaJIEHy MEPEBAKHO KPEMHEKUCHEBUMHUM TETPae-
paMH 3 HEYIIOPSAAKOBAHUMH 1 YIOPSIKOBAHUMH TPY-
IaMu aToMmiB [3 Ta iH.].

A 23 | |

3| |

g "2 |}
J -
¥

. |
y ¥ £8 |
: G\ g @
1

g

2
2000 15040 1000 500 cm-1

Puc. 7. [U-cnektpu 3pa3kiB nomneiny 3 noknaaaiB Pycekux Tumkis (Bropi) i JleBkiBku

Ximiune 0ocniodcerts BYJKAHIYHOTO TOTCINTY €
Ny’K€ BaXJIMUBUM JJisi BCTAHOBJICHHS HOTO BHTOKIB.
Jani mpo xiMmiuHWE ckiax momeny XapKiBIIMHA
(Tabn. 3) momano 3a myoOuikamieto [5]. 3a 7 anamizamu
OJIHOTHITHOTO TIOTIEITY 3 MOKIaiB XapkoBa, KpacHo-
KyTcbka 1 Pycekux Tumikis (Barosuit meton, %) oro
cepeHiii ckiraz € Takum: SiO; - 58,88, Al,Os - 18,79,
Fe,Os - 2,55, FeO - 1,33, MnO - 0,21, MgO - 0,55,
Ca0 - 2,53, Na,O - 5,03, K20 - 6,30, BrpaTa npu npo-
JKaproBaHHi - 4,15. Buxoasuu 3 11p0ro, cyma nyriB -
Na,O+K:0 - cknmamae 11,33%, Bignomenns Na,O mo
K20 - 0,80, a Na;O+K;0 go Al;Os - 0,60. 3a umu
MMOKa3HWKAMH MOYKHA BBaXKATH, IO BYJIKAHIYHHUI T10-
min XapKiBIIMHU BiAIOBIA€ CKIIAAY CEPEIHIX MOPiT
cyOy>xHOro psify - Tpaxitam K-Na cepii [1] i 61u3b-
KHH JI0 CepeIHIX JIy>KHUX MOP1JI, 30KpeMa iTaliTiB He-
aToJIITAaHCHKOI MPOBIHINT i BiIOMUX TaM KaMITaHCh-
KHX iIrHIMOpuUTIB [28]).

B ycix myO:ikarisix mpo 3HaXiJIKi BYJIKaHIYHOTO
norneny Ha XapKiBIIMHI 0OrOBOPIOBAIMCS BipOTiaHI
001acTi ByJIKaHi3MYy, 3 SIKUX IOMiJ OYyJI0 3aHECEHO Y
Hail perioH. [Ipy koMY JOCTIIHUKH BUXOJWIIH, TO-
JIOBHMM YHWHOM, 3 ySIBJICHB IPO HAWOIMIKYE pO3TAIITy-
BaHHs NHX oOnacteil. Haifuactime Ha3wBaiu BYJI-
kanu ['omoBHOro KaBkaspkoro xpe0ta, 3akaBkasss,
Maioi A3ii, B 1eskux myOsikaIisfax - Takoxx Erefich-
Koro Mopsi, Iranii i @panuii [4-6, 16 Ta in.].

3p0o3yMiJio, 1110 TPY BUPIIICHHI [OTO MUTAHHS
CJI1JT BUXOJIUTH OJTHOYACHO 3 XIMIUHO20 CKAAOY BYIKA-
HImMiB, CMYNeHs eKCNI03UBHOCMI BUBEPAHCEHb MA iX

gixy. ToOTO 1ie MOBUHHEH OYTH BYJIKaH 3 TPAXiTOBHM
CKJIaJIOM BYJKAHITIB 1 Jy’K€ TIOTY)KHUM BHOYXOBHM
XapaKTepoM BUBEP)KEHHS, IO Bil0yBajocs y Ti3-
HBOMY HEOIUIeiicToleHI. 3a UMMM O3HAKaMH JOCIIi-
JOKYBaHUH HaMH TIOMIJ BIAMOBITAE CYNEPBYJIKAHY
Onerpeticeki nons [20, 21, 23]. Le y3romkyeTrscs 3
YSBICHHAMH IIPO TOXOJDKEHHS PO3TAIIOBAaHHUX Ha
CXiJ] Bi/I HAIIOTO PETiOHY MPOSBIB BYJIKAHIYHOTO TI0-
nesty Boponesbkoi obmacti [11].

Sk Bimomo, Dierperichbki MO 3HAXOASITHCS B
perioni Kamnanis, npoeiniii Heanob, Ha MiBHIYHMIA
3axig Big M. Heamons, 1 BKIIOYAOTE HOTO OKOJIMII
[20, 21 Ta in.]. B meHTpi CTPYKTYypH pO3TAIIOBAHO
M. [omyomi. s micuieBicTs mie y 70-80-x pokax mu-
HYJIOTO CTOJITTSl pO3riisifaiacs B SIKOCTI BEJHKOI
ram’ITKW TIPUPOJTH JIUIIIE TOMY, IO TYT Ha BIJIHOCHO
HEBEJIMKIN IO MICTAThCS 24 ByJIKaHIuHI KpaTepu
Ta cropyau (B TOMY YHCJIi HAHMOJIOAIINK BYJIKaH B
€Bpori - MonTe HyoBo, o Bunauk y 1538 p.) i po-
sIBJIHa aKTUBHA coiib(aTapHa AisibHicTh [19]. 3 ya-
COM BHSBHJIOCS HaWBakJIMBilIe - came Te, mo Pie-
IPEUChKI MOJIS SIBJISIOTh COO0I0 KallbJepy CYIEPBYII-
KaHy, HaiO1bl KatacTpoiyHe BUBEPKEHHS SKOTO
(3 YTBOpEHHSM KaMIaHCBKMX IrHIMOPHUTIB) BinOy-
J0cs y Mi3HLOMY HeoruiekicToneHi - 39,28+ 0,11 Tuc.
p- Tomy [20-28 Ta iH.].

Bik moneny XapKiBCHKMX MiCLIE3HAXO/KEHb HeE
CYIEpEYHTh BKa3aHii JaTi OCKUTBKH IO 3aNIArac y
BEpXHii yacTuHi Heoruiehcroneny. /s yTouHeHHS
WOTO BiKy OYJIO BHUKOPHUCTAHO JOCIIPKEHHS KoJja-
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FEHOBHM METOJOM KICTKOBUX 3aJIMIIKIB, IO MicC-
TATHCS B BIJICJIOHEHHSX CYTIIMHKIB ITOOJTN3Y ITOKJIAIB
noneny (3anuiku 3yopa y XapkoBi Ta koHs y Kpac-
HOKYTChKY). Bonm BuBuamucs I. I'. Ilimorumdkom,
SIKAH pO3POOUB el METO ] BU3HAYCHHS I'e0JIOT1YHOTO
BiKy BHKOITHUX KiCTOK Y€TBEPTUHHOI CHCTEMH, B Ja-
Ooparopii maneoszoomnorii AH YPCP. [ xoua onepxani
pe3ynbTaTi Oyl HEOJHO3HAYHUMH, iX OyIIo iHTEpH-
pETOBaHO SK Mi3HIN MIeHcTOIeH [6].

Bigomo, o nmonineHUH NUICH( 3a3HaAYSHOTO BH-
BEpKEHHSA Ma€ MPOTsHKHICT O 2200 KM 1 BUTSIT-
HYTHAW y TBHIYHO-CXiTHOMY HampsMi - PO IIe CBij-
yath 3Haxiaku noneny B ['penii, Anbanii, YopHoro-
pii, Bonrapii, Pymynii, Mongosi, Pocii [11, 22-25,

27]. BaxkaroTh, 110 TOBIIMHA HUICH(Y HA BIIHOCHO
HeBenuKil Bimcrani Bix duerpeticbkux moniB (ban-
KaHu, AJpiaTHYHE MOpE) B CEpeJHbOMY CKiIajana 5-
10 cM, 3MEHIITYIOYHUCH 10 2-5 CM 1 MEHIIIe Ha OLIbIIiN
BiJl HUX BijacTaHi (mocnigoBHO Big Pymysii 1o Bopo-
He3pkoi obmacti Pocii) [22, 23]. IIporte, maOyTs,
mapy 3 MOCTIHHOIO TOBIIMHOIO HE BUHHKAJIO, TOMY
10 ByJIKaHIYHE CKJIO MICIIs BUITA{IHHS 1€ TIEPEHOCH-
JI0CS BITPOM Y JIOKAJBHI MOHIDKEH] TIISTHKU MiCIIEBO-
cTi, e 1 GpopmyBanucs Horo mokianu. [lopiBHAHHS
MOTIeNTy JeSIKMX BKa3aHUX MicClIe3HaXOKEeHb 3 BiIO-
BiTHIMH 00’€KTaMH XapKiBIIUHUA CBIMYUTH TPO iX
noiOHicTh (Tabm. 3, 4).

Tabnuys 3
XiMIYHHUH CKJIaJ] BYJIKaHIYHOTO MOTENy (hierpeiicbKoro nuieidy
(B anamnizi momeny Boporespkoi obmacti BMicT NaO, MaOyTh, € €0 3aHMKEHIM )
Micue3naxo- XiMiuHUH cKJa] BYJIKaHIYHOTO Iomeny, Bar. % Tun
JDKSHHS . Na,O+ Na:O: | (Na:O+K;0): -
Horesy Si0; | Al,Os | Na:O | K0 K,0 K0 ALO: BYJIKAHITIB
Bopouesska | 59 15 | 1899 | 385 | 6,35 | 10,20 0,61 0,56 Tpaxir [9]
obnacth
XapkiBmunaa | 58,88 | 18,79 5,03 6,30 11,33 0,80 0,60 Tpaxir [5]
PymyHis, Tpaxirt,
Urldia Quarry 59,35 | 18,54 5,66 7,31 12,97 0,77 0,70 doronit [23]
Paerpeceki | 1 40| 1820 | 614 | 7,30 | 13,53 0,85 0,71 Tpaxir,
IOJISI ¢onomiT [28]
Tabruys 4
XapakTepucTHKa ICSIKHUX IMOKJIaJIiB BYJIKAHIYHOTO MOTIeTy (ierpeiicbkoro muieidy
Micue3Haxo- Bik norneny Mop(hoiorisi HacTHHOK TomesTy XapaKTepucTuKa MoKJIaaiB
JOKSHHS (ByJKaHITIB) TMoTIeTy
IlepeBaXKHO MIACTUHYACTI YACTKU . o
MIPO30POro CKJIa i30METPUYHOT JlinzononiGui  mokmaxu B
Boponesbpka 39,3 tuc. p. [17, dopMH, a TAKOXK BULOBKEHI HEOIUICHCTOLEHOBUX  JIECO-
obnacTb 18] 3epHa, IPU3MATHYH] YIAMKH 3 MOMiOHUX CYTJIMHKAX TOBIIH-
MapajesIbHOI MTOB3/I0BXHBOIO HOIO BiJ HEPIIHX CM J10 Hep-
TTismin : IMITPUXOBKOIO, YIIAMKH 3 TO(ppH- X ICCATKIB CM (B mesxux
XapkiBIIuHa JSHII HEO POBaHOIO TIOBEPXHEIO Ta iH. BHIAJIKaX - OLIBIIC M).
IJICUCTOLICH [5’ 6] ITizomBa 3aBKaM 4iTKa, Ie-
PymyHis 6:113bK0 210 BiKYy pexiZi 0 MOKPUBAIOYHX CY-
i . KaMITaHCbKHX [JIMHKIB MIOCTYIIOBUMA
Urluia Quarry irHiMOpuTiB [23]
drnerpeicrbki 39,28 tuc. p. . .
Host 120, 21 Ta in] IrHiMOpuTH [Inacrosi Tina

Bce ne 1o3Bosisie CTBEPKYBATH, 1110 POSIBH BY-
JIKaHIYHOTO TIoneny XapKiBIIMHU 3yMOBJICHI TpaHIi-
O3HHUM BHBEP)KEHHSM BYJIKaHy DIierpeiicbkux MoiiB,
X04Ya BiJICTaHb MK HAM 1 HAIllOI0 TEPUTOPIEIO TIepe-
Butrye 2000 kM. [ToBiTpsiHe mepeHeceHHS YaCTOK BY-
JIKAHIYHOTO CKJIa HE BUKIIMKAE CYMHIBIB 3aBJISKH iX
NpiOHO3EPHUCTOCTI, MIACTHHYACTIH QOpMi 1 BIICYT-
HOCTi O3HaK OOKaTyBaHHS caMe y MOKJaax Homeny.

BucnoBku. Jlocnmi/pkeHHS BYJIKaHIYHOTO TIO-
ey XapKiBIMHU TTOYAJI0CsS B CEPEIMHI MUHYJIOTO

cromitTs. HuMu B perioni Oyno BCTaHOBIEHO AEKi-
JbKa TOKIAAIB TIOMENy 1 YHUCIIEHHI MicIe3Haxo-
JOKCHHSI BYJIKAHIYHOTO CKJIa, PO3CISIHOI'O Y JIECOTO/Ii-
OHUX CyIJIMHKaX Oy3bKOro KIiMAaTOJIiTY.

PesynbpTaTi BUBUEHHSI CBiT4aTh PO MOAIOHICTh
00’€KTIB, 10 MICTATHCS B MEKaxX IIPOKIACTUYHOIO
uuteridy cynepByikany dierpericeki noss. [Ipossu
BYJIKAHIYHOT'O MOIIENTy HAILIOTO PErioHy 3alOBHIOIOTH
y 1bOMY HUICH(DI TEPUTOPIFO MiXK OUIBII BIJOMUMHU
cXigHuME TToKIagaMu BopoHes3pkoi oOmacti Pocii i
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THMH, 110 PO3TAIIOBaHI Ha 3ax01i - Ommkue 1o Die-
TPEUCHKUX TIOJIB, 30KpeMa, y PymyHiil. 3aBmsiku Be-
JIUKIA BijgganeHocTi XapKiBIIUHK Bij] 3a3HAYCHOTO
LUEHTPY epyILii, Hamoi TepuTopii MOBITPSIHAM LIS~
XOM JIOCSTIIH TePEeBaKHO Ay’Ke MpiOHI IMIacTUHYACTI
YACTUHKH BYJIKaHIYHOTO CKJIA.

Ilogo momanmpIINX OOCIIIKEHB, MOLIBHHM €
BUSIBJICHHS HOBHX ITOKJIA/IiB ByJIKAHIYHOTO TIOTIEINY, a
TaKOX BUBYCHHS PO3MOBCIO/KEHHS OY3bKUX JIECOTIO-
INiOHMX CYTTIMHKIB 3 PO3CISIHUM B HUX BYJKaHIYHUM
CKJIOM SIK MapKYIO4OTO TOPH30HTY 3 METOIO iX Te(po-
ctparurpadii 1 KOpensii BiIKIaaiB, THM OUIBII, M0
METOJIMKA TAKUX JOCIiKeHb po3pobieHa [17, 25], a
OaXaHICTh X MPOBEJCHHS B HAIIIOMY PETiOHI BKa3y-
Bajacs B ACSKUX MyOumikamisx [5, 6]. B 3B°s13ky 3 num
3a3HAYMMO, IO JaHi PO BiK PO3TIISTHYTOTO BYJIKaHi-
4yHOTO Tomeny (61u3bKko 39,3 TUC. P.) € BaXKIMBUMH
JUTS JaTyBaHHS Oy3bKOTO KIIIMATONITY. 3aciIyTOBY€
Ha yBary TakoX JIOIUIbHICTh BUKOPUCTAHHS IHX JIa-
HUX B SIKOCTI XpPOHOJIOT1YHOTO MapKepa B apXeoJIori-
YHUX JOCIDKCHHSX MMaJICONITY.

Bynkaniuanii momin XapKiBIIMHA € BU3SHAYHUM
Kpae3HaBYMM KOMIIOHEHTOM T'€OJIOTIUHHX TMam’sSTOK

MIPUPOIN BEJIMKOTO HAYKOBOTO 1 OCBITHBOTO 3HA-
YeHHS, IKWH BiAOWBA€E TPaHIi03HICTh BUBEPKCHB CY-
nepBynkaHiB. Halikpamum Ans mpakTUYHOTO BHKO-
pHUCTaHHsI B HAYKOBO-OCBITHIX LIJISIX MOXKHA BBAYKAaTH
ITOKJIa]T BYJIKaHI9HOTO Totey mobmu3y c. Pyceki Tu-
mku. Llel reocaifT He BUITaAKOBO OYIIO BiTHECEHO 710
YyHUClia TeOJOTIYHUX Tam’saTok Ykpainu [12]. Ha
JKaJb, BIH 3aJIMIITUBCS 11032 yBarorw aBTOPiB QyHOa-
MeHTanpHOro Biaanus [2]. Moro sHaueHms 36imbum-
J0cs1 y 3B’SI3KY 3 THM, IO paHilll IIMPOKO BiTOME BiJl-
CIIOHeHHs noneny Ha Manomy XypaBniBcbKkoMy y3-
BO3i B M. XapkiB OyJI0 3HUIIEHO TIi/T 9ac MICHKOI 3a-
OynoBu. OTxke, aKTyaJIbHOIO € 33aJlaya He TIJIbKU BH-
SIBICHHSI HOBUX BapTUX YBard reoJIoTiYHUX 00’ €KTIB,
a i 30epekeHHS BXKE BIJOMHX T'€OCAMTIB SIK HETIOIpa-
BHHUX ITaM’SITOK MpUpou [8].

HanpukiHili BUCIIOBIIOEMO BEIHKY BISYHICTH
nmouenty O.C. bop3sk 3a omeprkaHi aHATITHYHI JaHi,
a takox ['.0. 3mankoBy i A.M. PacrionioBy 3a y4actb
i IOTIOMOTY Y TPOBEACHHI MOJBOBUX JOCIIIKEHDb Ta
non. O.0. KneBnoBy, skuii BKa3aB Miclle pO3Tally-
BaHHS TPOSIBY BYJIKaHIYHOTO CKJa moomm3y c. JloHe-
bKE.
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QUATERNARY VOLCANIC ASH OF KHARKIV REGION

Formulation of the problem. The article is devoted to detail geological and mineralogical description of
quaternary volcanic ash in Kharkiv region.

The purpose of the article is to ground its origin.

Presentation of the main material. Quaternary volcanic ash was discovered in Kharkiv region in the mid-
dle of last century. There are a few Late Neo-Pleistocene deposits of volcanic ash in Kharkiv region now. They are
located in Kharkiv and near such villages as Russki Tishki, Novoselivka, Levkivka, Donetzke and Krasnokutsk.
Such deposits of volcanic ash were found in the neighboring regions of the Eastern Ukraine - Lugansk, Do-
netsk, Dnieperpetrovsk and some other regions.
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Volcanic ash forms the elongated lenticular deposits in the loess loam strata. The contact of ash beds is clear
with underlying loess and gradual with overlying loess. The ash lies 3-5 m below the surface of loess. These ashes
are light-grey with feeble yellow or brown shades. Its thickness is up to 0.4 m.

The particles of the ash are volcanic colourless isotropic glass with refraction index 1,517. Its forms are vari-
ous. Plate isometric and elongated ash particles with even straight or cambered sides are the most widespread.
Predominance of 0.005-0.1 mm particles in this ash rocks is confirmed by the results of mechanical analyses. This
tephra is badly sorted. Their sort factor is 4.2-5.9. The ash deposits were formed by wind transportation of ash
particles to wind shadow zones.

The results of X-ray investigation are typical for glass. IR-spectra investigation revealed molecular water and
hydroxyl groups in the volcanic ash. Chemical composition of the volcanic ash of Kharkiv region is characterized
by the average percentage of SiO, — 58.88, Al,Os; —18.79, Na;O — 5.03, K;0 — 6.30, Na,O+K,0 — 11.33. Relation
of Na;O to K;0 is 0.80 and Na,O+K0 to Al,Os is 0.60. It corresponds to trachyte and phonolite and is confirmed
by the refraction index of glass particles.

The volcanic glass particles are angular and non-rounded. This fact signifies the eolian origin of ash deposits.

Moreover, numerous manifestations of volcanic ash scattered in loess loams are found in Kharkiv region.
These loams contain only a few per cents of poorly rounded volcanic ash particles. The loess loams with
scattered volcanic ash and volcanic ash deposits belong to the same stratigraphic datum - to the Bugskij hori-
zon, which correspond to Wurmian stage.

Conclusions. All tephra deposits of Kharkiv region are in the ash plume of the super-eruption, which
occurred in Southern Italy about 39280 years ago (Campanian Ignimbrite eruption). Kharkiv objects fill terri-
tory in this plume between the ash depositions of Romania and Russian VVoronezh region. They are similar to
all other tephra localities of this plume. The volcanic ash was taken by air from the Phlegraean Fields though
the distance between Kharkiv and this volcano is over 2000 km.

Scientific novelty and practical significance. We can affirm that Kharkiv ash deposits are the result of distant
ashfall of Phlegraean Fields super-eruption. The volcanic ash is a horizon marker in the Neo-Pleistocene strata and
a datum mark for archaeological study of the Paleolithic cultures.

Volcanic ash is a remarkable component of Kharkiv region geological monuments. Russki Tishki locality
of volcanic ash is the best object in Kharkiv region. It is situated in 22 km north from Kharkiv. These geological
sights have been used as objects of scientific tourism and native land study. Their protection is of highly necessity.

Keywords: volcanic glass, ash deposits, geological monuments.
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CHIBBIJHOIEHA CTPYKTYPHUX EJIEMEHTIB BYFJIEBOI[HEBQi CKJAJIOBOI
APT'UIITIB CXIIHUX KAPIIAT 3A ®OPMAJII3MOM JIKEMHCA

Yacmuna ocadosux nopio, wo ckradaroms Cxioni Kapnamu, xapakmepusylomscs 3HAYHOI HACUYEHICMIO 8Y21e800HAMU. B 1i-
mepamypi 601U 8I00MI Ni0 NOMUTKOB0IO HA38010 "MeHinimosi cranyi", ocKiibKu A674A10Mb OO0 YOPHI Ma MeMHO-CIpI apeinimu, wo
cKaa0arms MeHinimosy ceimy oniroyeny BHympiwnvoi 30nu Ilepeokapnamcokoeo npoeuny i Ckraduacmux Kapnam.

Leti 06’exm 3pyuHuUill 015 6UUeHHs, A0XHCe HA NOBEPXHI HAABHI YUCIEHHI BUX0O0U MEHINIMOBoT c8imu, KA, OKPIM apeinimie, mi-
Wy€e NICKOBUKU, ANE8PONIMU, Mepeei, KDeMeHI I3 XapakmepHow O0OMIWKoW cuniyunie. Meninimosa céima — NOmMysiCHe YMEOPEHHS,
moswuna sxozo caeac 1500 m. 3 gyene6o0nesor macorw, HaKkonuueHow 6 Hitl, nos 'sa3yioms oauzvko 70% podosuw nagpmu [lpuxap-
nammsi. Bumicm opeaniunoeo gyeneyio no ceumi cknaoae y cepeonvomy 4-6%. Hamu nocmasneno 3aeoants docaioumu 6y008y oimymie
apeinimie MeHinimoeoi ceimu ma nepepo3noil CMPYKNMYPHUX eleMEeHMAax y 8y2ie800HsX, KUl 6I00y8acmvcs npu 3aHypeHHi, i3 30i1b-
weHHAM memnepamypu. /[na 6UKOHAHHS 3A80AHHA 3ACMOCOBAHT MEMOOU PIBHOBANCHOT MEPMOOUHAMIKU Y CNOTYYEHHSA i3 hopmanizmom
JDrcetinca, akull € YacmMuHOWw MePMOOUHAMIKU MaKcumanvroi enmponii. [lonepedni pobomu, wo npucesayeni yiti memamuyi, cnupa-
FOMbCs HA MOOENbHI CIMPYKMYpU, AKI Maroms 8i0006pasxcamu ycepeOHeHy MoneKyry oimymy. I3 3acmocysanuam yiei cmpykmypu 0oc-
JIOHUKU NPOBOOAMb PO3PAXYHKU. 3 0271A0Y HA HEOOHOPIOHICMb CKIA0Y BUKONHUX 8Y2/1e800HI6 ma Hepe2yaapHicmb 6Y008U po3CiaHol
OpP2aHiuHOI peuosuHU, MAaKUll NIOXIO MOJCe GHOCUMU CYIMMESL NOXUOKU Y pe3yibmamu.

Cnupaiouuce na gpopmanizm Joicetinca, Hamu po3pobiena MemoouKka 6U3HAYeH s BMICMY QYHKYIOHATbHUX 2PYN Y GUKONHUX 8)-
2N1eBOOHSX, SIK (YYHKYII memnepamypu, CRUupaioyucy Juuie Ha eleMeHmHull CKIao 3pasky. 3azanom, nposooumscs po3paxyHoK 6iOHOC-
Hol kinbkocmi 44 ynkyionanvrux epyn, 6ionogiono 0o pobim ean Kpesenena. Obuucients 30ilCHIOBATUCH 8 MeNCAX MeMnepamyp
300 - 600 K (27 — 327 °C), 6e3 gedenHsi 000amKoGUX NPURYIYEHD.

Bcemanosneno, wjo xapaxmep nepepo3nodiny 0nis OKpemux yHKYIOHATbHUX SPYN Y 3d2aNbHOMY 30ieacmbes 3 8i00MUMU eKche-
PUMEHMATbHUMU OAHUMU MA 8I0N0BI0AE CYYACHUM VAGLEHHAM NPO 3MIHU CIMPYKMYPU BUKONHUX 8Y2/1e800HI8 i3 3aHypeHHAM. HasaeHi
He8iOno8iOHOCHI IMOBIPHO OYOYymb GUpiULeHT NPU 66€0eHHI 8 POPAXYHKOBY CUCEMY 2a3i6, SIKi YIMBOPIOIMbCA 8 NPpoyeci KamazeHesy.

Knruoei cnosa: meninimosi cnanyi, popmanizm /icetinca, 6imymu, ynuxyionanwvui epynu, enepeisa I'io6ca, ankanu, yuxnizayis
8Y2l1e800HI6, 2eMEPOAMOMHL 2PYNUL.

A. B. /Tioéuax, FO. B. Xoxa, M. b. Axosenko. COOTHOIHEHHE CTPYKTYPHBIX 3JIEMEHTOB YIJTIEBOJOPOJIHOH
COCTABJIAIOLIEH APTH/UTHTOB BOCTOYHBIX KAPIIAT I10 ®OPMATH3MY JDKEHHCA. Omoenvhvie ocadoutvie no-
pooul, crazarouue Bocmounvie Kapnamol, xapaxmepu3zyiomesi 3Ha4umenbHoll HACbleHHOCMbIO yenegooopodamu. B aumepamype onu
u3gecmuvl NOO OWUDOYHBIM HA36aAHUEM "MeHunumosvle cianyvl”, NOCKOAbKY Npeocmaegnaom codoll YepHvie U memMHo-cepble ap-
SULIUMBL, COCABTAIOUUE MEHUTUMOBYIO CUMY OauroyeHa Buympenneil 3ouul [lpeokapnamckoeo npoeuba u Ckraduameix Kapnam.

DOmom 0bvexm y0obeH 05 u3yueHus, NOCKOAbKY HA NOGEPXHOCMU HAOTIOOAIOMCA MHOLOUUCIEHHbIEe 8bIX00bl MEHUTUMOBOU
CBUMbL, KOMOPAs, KpOMe apSULIUMO8, COOePAHCUM NeCUAHUKU, Ale8POIUMbL U Mepeeu ¢ XapaKmepHOU NPUMecbro cunuyumos. Menu-
JUMOBAsL CEUMA — MOWHOe 00pa3zoeanue, moayura komopozo oocmueaem 1,5 km. C yene6000pooHol Maccoll, HAKONIEeHHOU 6 Hell,
ceazvieaiom oxono 70% mecmopooicoenuii negpmu Ipuxapnamos. Cooeparcanue opeanuyeckozo yeanepood no nPOmsa’CeHHOCmU CEUMbL
cocmassiem 6 cpeonem 4-6%. Hamu nocmaesnena 3adaua uccie0oganms cmpoenue OUmymos ap2uiiumos MeHUIUMOogoU ceumbyl u ne-
pepacnpeoenenue CmMpyKmypHoiX 21eMeHMO8 8 Y2ie6000po0ax, KOMopoe Npoucxooum npu nopyjiCeHuu ¢ yeeauieHuemM memnepa-
mypul. s blnoHerus 3a0anus RPUMEHEHbl Memoobl PAGHOBECHOU MEPMOOUHAMUKY U (opmanuzm [ocelinca, KOmopblil S61Aemcs
4ACbI0 MEPMOOUHAMUKU MAKCUMATbHOU SHmponuu. [Ipedvioywue pabomul, nocesujeHnble Mot memMamuxe, ORUPAIOMCcst Ha Mooe-
JIbHble CIPYKIMYPbl, O0INCHbL OMPAANCAMb YCPEOHEHHYI0 MOAEKYIY bumyma (kepoeena u 0p.). Ucnonv3ys smy cmpykmypy, ucciedosa-
menu npoeoosam pacyemvl. Yuumuleas HeOOHOPOOHOCHb COCMABA UCKONAEMBIX Y21e8000P0008 U HEPE2YIAPHOCIb CINPOEHUs pacce-
SIHHO20 OP2AHUYECKO20 BeUeCmBd, MAaKoi N0OX00 MOJCEN 6HOCUMb CYUeCIMBEHNbLE NOSPEUHOCTU 8 MEPMOOUHAMULECKYIO MOOeb.

Onupasce na gpopmanusm Joicetinca, Hamu paspabomana memoouxa onpeoeieHus: cOOepICAnus QYHKYUOHATbHBIX 2PYIN 6 Ou-
MyMax, KaxK (QYHKYuu memnepamypbi, ONUpasce Iullb Ha NIeMeHmHublll cocmag obpasya. B yenom, onpedensinoce omnocumensioe
Konuwecmso 44 gynkyuonanvhoix epynn, 8 coomeemcmeuu ¢ pabomamu éan Kpesenena. Boiuucienus ocyujecmsisaiucy 6 memnepa-
mypHom ouanasoune 300—600 K (27-327 °C), 6e3 88edeHus 0onoaHumenbHuix npeonoioiceHul.

Yemanosneno, umo xapaxkmep nepepacnpedenenust 015 0moenbHbiX YHKYUOHATLHBIX 2PYAN, 8 YeIOM COBNAdAent C U38ECHbIMU
IKCNEPUMEHMATILHLIMU OAHHBIMU U COOMBEMCMEYENt COBPEMEHHBIM NPEOCMABLEHUAM 00 USMEHEHUAX CIPYKMYPbl UCKONAEMbIX Yelle-
68000p0008 ¢ nozpysicenuem. Umerowuecs Hecoomeemcmasus 8 oanvhetiuiem 6y0ym yCmpaHeHvl npu 66e0eHUU 8 PACYENHYI0 CUCTHEM)
2a308, 00pa3VIOWUXCA 8 Npoyecce KamazeHesd.

Knrouesvie cnosa: menunumosvie cranywi, popmanusm [oicetinca, bumymol, pynkyuonaivuvle epynnul, suepeusi I'uboca, an-
Kambl, YUKIU3AYUS YeNe6000p0008, 2emepoamomMHble 2DYANbL.

IlocTtanoBka mpodsaemu. OcoOnuByY yBary mpud  KOHTEKCTI 1X MOTEHUiHHOI HAadTOra30HOCHOCTI, MpH-
BHBYCHHI cnaHieBux mnopin Cxigamx Kapmat, B BepTamTh YOpHI CIAHII IPOTEPO30H-Taeo3010. Ix

© Jloouax O. B., Xoxa IO. B., fIxosenxo M. b. https://doi.org/10.26565/2410-7360-2018-49-07
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MTOAUISIFOTh Ha CIIAHIIl JYUIOBCHKOTO SIPYCY CHIIYPY,
THBEPCHKOI CBITH JCBOHY Ta MAaYKU OPraHOBMIIIYIO-
YUX apriliTiB paHHBOKaM'STHOBYTLNBHOTO Yacy, IO
nokanizoBaHi y Bonuno-Ilonini, a Takoxx apriiiti 3
BHCOKHM BMICTOM OiTyMiB (TOMHJIKOBA Ha3Ba — "'Me-
HiTiTOBI YopHi crnanmi") BryTpimmsoi 3081 [lepen-
KaprnaTcbkoro nporuny ta Cxnaggactux Kapnar Ka-
prarcekoi HahTOra30HOCHOI mpoBiniii [1].
MeminiToBa cBita Kaprar € onHi€l0 3 OCHOBHHX
YOpHOCIIAHLIEBUX TOBII YKpaiHckkux Kapnar [2]. 3
OISy Ha OCOONMBOCTI i 3ajsiraHHS BOHA SBIISIE CO-
0010 3py4yHHI 00’ €KT IS AOCIHI/KeHb, aPKe HAaCH-
YeHi BYIJIEBOAHSMH, MEPEBAXHO y Gopmi OiTyMmiB,
aprimiTh, 1o ii CKIaJalTh, JETKOAOCTYITHI JJIs BU-
BueHHs. He3Bakatoum Ha HasIBHICTH Y Ha3Bi TEPMiHY

"crmantii", MEHUTITOBI cnaHmi Ykpaincekux Kapmar —
IIe HACHYCHI BYIVICBOIHSMHU apTiliTH (JOpHI Ta Te-
MHO-Cipi), IO CKJIaJalOTh MEHIUIITOBY  CBITY
omironieny BuyTpimnboi 30uu [lepeakapnarcekoro
nporuny i Cknamuactux Kapmar [3]. 1ls cBita, okpim
apriTiTiB, BMIIy€e MPOMAPKH MiCKOBUKIB, aleBpPOIi-
TiB, MEpreliB, KpeMeHiB. XapaKTepHOO AJ1s Hel € Ha-
SIBHICTh CHITIITUTIB ((PTaHITIB, BAITHUCTUX CHJIIIINTIB,
nIiaToMiTiB, croHromiTiB). KapOoHaTHi yTBOpeHHS
MOUIMPEH] PiJilie 1 yTBOPIOIOTH MAJIOMIOTYKHI IIACTH.
3arajibHa TOBIMHA MEHUIITOBOI CBITH Csrae
1500 M. BoHa miapo3aiiaseTbcs Ha TPH MiACBITH: HU-
KHBOMEHIJIITOBY, CEpPEeIHLOMEHIUTITOBY  (JIOMsIHE-
LBKY) Ta BEpXHbOMEHUTITOBY. [loponu B cBiTi 3iM'sTi
B KPYTi CKIIQ/IKH, YCKJIaTHEH]I HACYBAMH 1 CKUIAMH.
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Puc. 1. Kapra-cxema nommpenHs ouironeHoBux BinkianiB Cxiganx Kapnar (3a matepianamu [1]).
[losnauyenns: A-D — niTon0ro-reoxiMiyHi TUIM BiAKIAAIB: A — YOpHI BYTJIEIEBMICHI CKPEMIH1II TEPUTEHO-
TIIMHHAKCTI, B — cipi, rmaucTo-TepurenHi kapoonatHi, C — 3eeHyBaTo-cipi 1 CTpOKaTi TITUHHCTO-TEPUTeHHI;
1-4 — nitonoro-damianbHi TUITH Po3pi3iB: | — MEHUTITOBUIL; 2 — KPOCHEHCHKHIA, 3 — TyHHCHKUHA,
4 — typunpkuii; 5-10 — miTodaii: 5 — aprimiTosi i micKyBaTo-apriliToBa; 6 — puTMiyHa apriliToBi-MicCKyBaTa,
7 — MacHBHHX 1 TOBCTO IIAPYBaTHX ITICKOBUKIB 3 TTOOJJUHOKUMH NPOIIApKaMU apriliTiB; 8 — Tyhu;
9 — cuninury; 10 — Mepremi

3 OJIrOLEHOBOI0 MEHLTITOBOIO CBITOIO MOB'A3Y-
1oTh 6mu3bko 70% pomosumy HadTh [Iprkapnarts.
LlpoMy CHOpUSAIOTH KOJIEKTOPHI BJIACTUBOCTI i€l
cBiTH. X04a KOJIEKTOPH, CKJIaJleHi 3 MCKOBUKY, JITO-
JIOT1YHO HEBUTPUMAHI, IXHSI aOCOIIOTHA MMOPUCTICTh
Moxe csaratu 22%. XopommuM TPHUKIAZAOM KOJEK-
TOPHOI 3AAaTHOCTI TOpiA Ii€i CBITH € TOPH30HT

(motyxHicts 30-40 M) GOpHUCIABCHKOTO MiCKOBUKY,
10 CIYT'y€e FOJIOBHUM pe3epByapoM Hadtu y bopuc-
JAaBCHKOMY palioHi Ta XapaKTepU3YEThCS TIOPUCTICTIO
5,8 — 26,4%.

3HAaYHUI TOCBIA MPU BU3HAYEHHI HA()TOra30HO-
CHOCTI OCaJIOBMX IOpIjl, HACHYECHUX BYIJICBOJIHSIMH,
nakonuyenuit ¢axisusmu CIIHA [1,4,5,6]. Cruparo-
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YUCh Ha TXHI JOCIIHKCHHS, MOYKHA BHIUTATH OKPEeMi
BKJIMBI KpUTepii HaTOra30HOCHOCTI, a caMe:

— JIOCTaTHBO BHCOKWH BMICT OPTaHIYHOTO BYT-
nemto Copr. B TIOpOJAX, SKUH Ma€ MEPEBUILY-
Batu 0,5%;

— 3HAYHA MOTY)KHICTh CIaHLEBUX MOPiJ (U1 3a-
Oe3nedeHHsT KOM(POPTHOTO PEKUMY TiIpOpo3-
pUBY Ta BUIYYEHHS PEHTA0EIBbHUX KITbKOCTEH
BYIJIEBO/IHIB) — Oinbiie 3a 70 M;

— JOCTyNHa TOMHA 3aIaraHHs;

— HasBHICTB NPOSIBIB BYTJIEBOIHIB;

— CIOPUATIUBA ICTOPiS T€OJUHAMIYHOTO PO3BH-
TKy TepuTOpii Ta BiJMOBiIHA IHTEHCHBHICTH
TEKTOHIYHUX PYXiB i nedopmartiii.

OkpiM BHIIE3a3HAYCHUX, OCHOBHHX KPHUTEPIiiB,
HasIBHI 1 IOaTKOBI: 11€ HU3bKa MIIJIFHICTH, BUCOKA I10-
PHUCTICTh MOPiA-KOJIEKTOPIB, CIPUATIMBUHN JITOJOTI-
YHHMH CKJIaJ, MiJBHUILIECHA KiIBKICTh KBapIly 1 MipUTY,
a TaKOXK OKPEMHX MIKPOEIIEMEHTIB 1 T.1I.

Cepen BuIe3a3HaYEHUX KPUTEPIiB BMICT ByTJIe-
BOJIHIB IOCia€ YiibHE Miclle. XapaKTepPHOIO 0COOIIH-
BICTIO MEHIJIITOBOI CBITH, OCOOJIMBO il HHYKHBOI MijIC-
BiTH, € 3HAYHUH BMICT ByriieBogHeBHuX crionyk (BC),
sikuil ocsirae 35% 13 cepeqHiMU 3HAUCHHS B Jliamna-
30H1 12 — 17%. 3Beprae yBary il BACOKUH BMICT Op-
ranigyHoro Byrero Copr — B cepenabomy 4 — 6%. Ce-
PEeAHS YacTUHA HIKHLOMEHIIITOBOI MiICBITH Xapak-
TEPU3YIOTHCS TAKOX 3HAYHOIO KOHIEHTPAIi€r Copr ,
SIKUM cTaHOBUTH 4 — 5%.

Puc. 2. Konnenrpaist Copr. y HIKHBOMEHUTITOBHX Bifknagax bopucnaBo-IlokyTcbkoi 3001 (3a nanumi [1])

3 ornAny Ha BULIE3a3HAa4YeHI KpuTepil HadTOra-
30HOCHOCTI, MOKHA TPUIYCKaTH WMOBIPHICTh YTBO-
PEHHS POJIOBUII] BUKOITHUX BYTJICBOJIHIB IIIJISIXOM Jie-
ctpykuii BC, mo MicTAThCS y BigkiIagax HIKHbOME-
HLTITOBOI mijcBiTH. JlocimkeHHs OyI0BU BYTJICBO/I-
HIiB, IO CKJIAJal0Th OITYMH aprijiTiB MEHUIITOBOI
CBITH, Ta 3MiH, SKi 3 HUMH BiJJOYBaIOTLCS B MPOLEC]
KaTareHesy, MOXXyTh HaJJaTH BiJJOMOCTi CTOCOBHO Ha-
(TOra30HOCHOTO MOTEHIATY IIMX BiJIKIIAJIIB.

IcTopisi BUBYeHHs npoOeMu. 3aranom, reHe-
3WC BHKOITHUX BYTJIEBOJ/IHIB OITUCYETHCS JIBOMA TillOo-
Te3aMH, Ki 3100y HTUPOKE BU3HAHHS Y HAYKOBOMY
cepenoBui. lle rimoTe3u opraHiyHOro Ta HEOPraHi-
YHOT'O MIOXO/KEHHS, a TAKOXK JyaTiCTHYHI KOHIICTIIii.
3 oy TepMOIUHAMIKY, 3a3HAYEHI TiIOTEe3H 3BO-
JITHCS 10 IBOX MEXaHI3MIB: OpraHiuHa MOJIsArae y ae-
CTpyKuii (B mpoleci KaTareHe3y Ta MeTareHe3y) BH-
COKOMOJICKYJISIPHUX OpPTaHiYHUX CIHOJYK, sSIKi HaKO-
MUYYIOTBCSA B OCaJ0BUX Mopojax. Pesynbratom €

YTBOPEHHSM 0a30BUX KJIACiB aJIKaHIB, IUKIIOATKAHIB
Ta apOMAaTUYHUX CIIONYK, IO CKJIJal0Th HAaTY, Ta-
30KOHJICHCAT Ta MPHUPOHIiK ra3. Heopraniuna 6a3y-
€THCSI HA TIPUITYTIEH] TPO UMOBIPHICTh CUHTE3Y BUCO-
KOMOJICKYJISIPHUX KOMIIOHEHTIB BUKOTIHUX BYTJIEBO/I-
HIB B YMOBax 3HA4YHUX THUCKIB Ta TEMIIEpaTyp i3 Hpo-
CTHX HEOPraHiYHUX PEYOBHUH, TAKUX SIK OKCUIH BYT-
JIe1to, BOJIa, BOJCHb, CIPKOBOJCHD Ta iHIIUX, IO JIe-
ra3yroThCs 3 MaHTiliHOTO ocepeniky. CHHTe3 BiiOyBa-
€THCS B TEPMOJIMHAMIYHHAX YMOBAX, 5IKi, 32 Pi3HUMH
JTAaHUMH, BiJIIIOBIJIAIOTh MEKaM acTeHOC(epr 3eMIi.
SIKIO0 TepMOAMHAMIYHHMN PO3PaxyHOK CKIIATy
CHCTEMH BYTJICBOJIHIB (pa3oM i3 EpBUHHUM Heopra-
HIYHAM Martepiajom), sika CHHTE3Y€ThCSl B acTEHOC-
(depi 3emMiti, YCHIIIHO MPOBOAUTHCS PI3HOMAHITHUMU
MeTomamu [7, 8, 9], To TepMoaMHAMIiKa AECTPYKIIil
OpraHiuHOi PEeYOBMHM B yMOBaX OCa/I0BOi TOBILI PO3-
[IIHYTa HEAOCTAaTHBO JeTalabHO. [IpuunHoO0 1BOTOo €
HecTaya iHpOpMalii Mpo MEepPBHHHUHA OpraHIvYHUMA
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Marepian, 3 SKOTr0 B TPOIeci Jerpamamii MOXYTh
YTBOPIOBATUCH 1HAMBIAyalbHI KOMIIOHCHTH BHKOII-
HUX BYTJICBOJHIB.

Crin 3a3Ha4MTH, IO CKIIAJ TA CTPYKTypa BUKO-
ITHOT OpPraHiYHOT PEYOBHHU JOCITIKYETHCS BXKE TPH-
Banmii gac. B miteparypi HassBHUIA BEUKHH TUTACT iH-
¢dopmaii moAo0 CTPYKTYPHHX €NIEMEHTIB Ta (yHKIIi-
OHAJIFHUX TPYI KePOTreHy i 0iTymy (TepeBaXKHO MicIs
eKCTpakIlii xsmopodopmom), siki oxeprkani Dyp'e-cre-
KTpoMeTpieto B iHdpadepBoHomy niamasoni [10, 11].
Kpim IY-cnextpocokomii, 1j1si OTpUMaHHS TaKuX Bi-
JOMOCTEHl aKTHBHO 3aCTOCOBYIOTh PEHTTCHIBCHKY
(doroenekTpoHHy criekTpockormito (X-ray photoelect-
ron spectroscopy) [12, 13], spepHo-MarHiTHUI pe3o-
manc [14] ta mac-criekrpomertpii [13, 14, 15] i3 pis-
HOMaHITHUMHU TEXHIKAMH: EJEKTPOCIPEI0, paMaH-
cnektpometpii. Ille Ginblie MIHHKUX BiIOMOCTEH oj1e-
pKaHO Tpy KOMOIHyBaHHI 3a3HAYEHUX METOTUK.

[pore, a5t 3araabHOBXKUBAHUX METOJIIB TEPMO-
JMHAMIYHUX PO3paxyHKiB HEIOCTATHBO JUIIe iH(Op-
Mallii Ipo KUIBbKICHE Ta SKICHE CITiBBIJIHOIICHHS OK-
pPeMHUX CTPYKTYpHHX €JEeMEHTiB. MeTox KOHCTaHT
HE3aJICOKHUX Peakilii, MiHiMi3alii i300apHo-i30Tep-
MIYHOTO TIOTeHIiary abo MakcuMizalii eHTporIii BU-
MararoTh HasBHOCTI iH(hopMaIlii mpo BCi CIOIYKH, IO
BXOJAITh Y PO3PaXyHKOBY CHCTEMY. SIKIIO i3 KOMITO-
HeHTaMH Ha(TH a00 Ta30KOHIEHCATY OCOOIHBUX
mpo0JieM He BUHUKAE, IO MOB’S3aHO 13 HASABHICTIO
JNEeTaNbHUX JOCHTIDKeHb CaMe IO 1HAWBITyaThbHHUX
KOMIIOHEHTaX [UX MPUPOJHUX CHCTEM, TO KEPOTEH 1
0iTyM, 3BaXKal041 Ha IXHIO CKJIaHICTh Ta HEPETYJIsP-
HICTh OY/I0BH, 3aJIMIIAFOTHCS HETOCITIHKCHUMU.

JloCTi THUKH IIbOTO MUTAHHS 3MYIIEHI BUKOPHC-
TOBYBATH T.3. MOJICTIBHI CTPYKTYPH, fKi, 32 32lyMOM
aBTOPIB, YCEPEIHIOIOTh MOJIEKYJIN KeporeHy abo Oi-
tymy. Tak, y ynaamenrtanbHil podoti Xenrecona I,
Ta iH1. [16], mprcBsYeHii MUTaHHIO TEPMOTMHAMIKH
yrBopeHHs Hadth 3 BP B ocanogiii ToeIi, 3 i€t Me-
TOFO B3STi TITOTETUYHI CTPYKTYPH KepoTreHiB Bif [ To
IV tuny (Ta mepeximHux), pa3oM i3 OKUCICHHUMH Ta
HEOKHCIIeHUMH (hopMamH, AJIs SIKUX BU3HAYWIIN Tep-
MOJMHaMi4HI (QYHKIIi aJUTHBHO-TPYNIOBHMH METO-
naMu. HenockoHamicTh Takoro Migxo1y OYeBHIHA, 3
OISy Ha HEOTHOPITHICTH CKIIQy Ta CTPYKTypHu BP.

Merta. Po3pobutu cmocid TepMOAMHAMIYHOTO
PO3paxyHKy CKJIagy PO3CisiHOT OpraHiuHOi PeYOBUHH
0e3 BBEACHHA MPHUITYIIEHb MPO ii MOYATKOBY CTPYK-
Typy. OCHOBOIO TSI TIPOBEACHHS OOYHCIICHb BHO-
paHo MeTof, o 0a3yeTbes Ha opmanizmi JxeiiHca
(Jaynes E.T.), sk 9aCTHHI TEPMOIUHAMIKA MaKCHMa-
npHOT eHTpomnii (MaxEnt thermodynamics).

BuxinHi maHi Ui po3paxyHKy — €JI€MEHTHUH
CKiaa OITYyMIB MEHINITOBHX CIIAHIIB YKpaiHCHKHUX
Kapmar i remnieparypa 3a sikoi Big0yBasioch #oro re-
petrBopeHHs. 3pa3ku oxepkani B 2014 pori mij gac
BUKOHAHHSI IPOEKTY HAYKOBO-IOCIIAHUX POOIT MO-
nmoaux yuennx HAH Vkpainu.

Buxkaan ocHoBHOro marepiaay. Kowmrmeke
ocajioBa opojaa — BP, He3anmexHo BiJl BUX1THOTO Ma-
Tepiany, XapakTepU3yeThCs y MPOCTOPi 3HAYHOIO He-
ogHOpinHicTIO. LSt HEOAHOPIAHICTH MPOSBIAETHCA K
B MakpomaciiTadi, Tak i Ha MIKpOPiBHi, J¢ TPOSBIIS-
€TBCSI BIJICYTHICTIO BIOPSAKOBAHOCTI aTOMapHHUX
rpym. [IpuanHOIO Takoro sSBUIIA € HECTAL[IOHAPHICTh
IIPOLIECY OCAAKOHArPOMAKEHHS, sIKa IOJISITae y MiH-
JUBOCTI BUX1JHOTO CKJIy MaTepiaiy Ta BiIMIHHOCTI
B HMIBUJKOCTSIX OKPEMHX PEAKIIii.

TpanuiiiiHmii miIxix noyiirae y CKiIajaaHHi CHC-
TEMHU XIMIYHHX peakIiii, sKi ONMHCYIOTh MEepPEeTBO-
penns BP y KoHTakTi 3 0TOUyIOUMMHU MiHEpajaMu, Ta
i BUpiIIEHHSI I TEBHUX TEPMOOapUIHUX YMOB 1 IO~
YaTKOBOTO CKJIany (KOHIIEHTpAIiid KOMIIOHEHTIB).
3po3ymino, mo st BP Takuit MmeTon HenpuitHITHAN
3 OISy Ha BHINE3a3HAYCHI (PAKTOPH MIiHIMBOCTI
CKiIany Ta iHmMX yMoB. OKpeMo 3a3HaYMMO, 110 Me-
TOIW aHANITUYHOI XiMil, sIKi aKTHBHO 3aCTOCOBYIOTH
JUIs BUBYCHHS BUKOITHOT OPraHiuHOi peYOBHHU HE J1a-
I0Th OAHOI HalilHOT iH(popMarii npo ii BracTHBOCTI
y uinomy. Hanpuknan, npoBenernus [Y-cnexTpocko-
mii 3 po3kiaganHaM y psin @yp'e 6e3 gecTpyKiii BU-
XiZIHOT PEYOBMHM, HAIACTh BIJIOMOCTI JIMIIE PO
BMICT aHANITUKO-QYHKIIOHAIBHUX TPYI y HEBEJH-
KOMY 3pa3Ky, SKUi BigiOpaHo i3 MOPOAHOTO MacHBY.
[Ipote, BapTO O4iKyBaTH, 10 TPpoOa, BiAiOpaHa Ha He-
3HAYHINA BIACTAHI BiJ JOCHIIKEHOI, MATUME SKIIO HE
[IJTKOBUTE 1HAKIIHMHA, TO CYTTEBO BIIMIHHHWMA CKIIaJ.
HaBiThb eleMeHTHHI CKJIaJ] 3pa3KiB, BiIIOpaHUX B Me-
JKaxX OHIET NUJITHKH MTOKJIa Ly € 3MIHHOKO BEJTMYUHOIO.

TepmoanHamMika MakCUMalbHOI €HTPOMIl Moex-
Hy€ TexHiku 3 Teopii indopmariii lllennona, baecopoi
HMOBIpPHOCTI Ta MPHHIUIY MaKCUMalbHOI €HTpOIIii
[17]. Jxeitrcom OyB 3amporoHoBaHuil (hopmaitizm
BiJIHOBJICHHSI HEBIJJOMUX 3aKOHIB PO3MOJIITY BHIAI-
KOBHX BEJIMYHH IIPH HASIBHOCTI 0OMEKEHb 3 yMOB Ma-
keumymy entpomnii Lllennona. [y 3acrocyBaHHs 11o-
JI0’KEHb, BUCYHYTUX J[>keHCOM IpUiiMaeMO:

1. BP 3HaxomuThCsl B CTaHI TEPMOIUHAMIUHOL

piBHOBaru;

2. oynosa BP HeperymnsipHa.

VY TakoMy pasi METOAMKA A€ MOXKIIMBICTH BCTa-
HOBHTH MPOTMOPIIIHHUI BMICT QYHKI[IOHATBHUX TPYII
B BP crniuparouncs nuiie Ha e1eMeHTHUH CKIaj 3pa-
3ky. [lepenik ¢yHKUIIOHAIBHUX TPYI, SIKi 1OCTATHHO
MOBHO ONUCY0Th BP, 3amo3unyennii 3 pobit Ban Kpe-
BeJICHA, Ta cKiIagae 44 oJUHHMIII.

[Ipu 3acTtocyBaHHI KJIACMYHOTO METOAY, AJIS
3HAXO/DKEHHSI PO3MOJUTY 3a3HA4YE€HUX TPYH y CTaHi
TEPMOJIMHAMIYHOT DPIBHOBArM, HEOOXIJHO CKJIACTH
cuctemy 3 44 piBHSHB i3 44 HEBiJOMUMHU, 110 HEMOXK-
JUBO 32 YMOB OOMEXEHMX BXigHUX naHuX. Oxpe-
MHUMH JIOCITIIHUKAMHK TIPOTIOHYBAIUCh CUCTeMH 110 20
piBasHb [18]. Tak camo mpoOieMaTH4HO 3aCTOCY-
BaTH LIMPOKO BXKMBaHMH criocid MiHimizawii eHeprii
I'i66ca, OCKUIBKM BiH BHMAarae Hamepenx 3aKJIacTH
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WMOBIpHI KOMITOHEHTH CUCTEMH 13 IXHIMH BJIACTHBO-
cTsiMdA. HaMu 5k CTaBUTHCS 3BOPOTHE 3aBJIAaHHS — BU-
3HAYUTH PO3MOLT LUX CKIATOBHUX.

[locraBnene 3aBAaHHS 3BOIUTHCA [0 BH3HA-
yeHHs posnoxairy 5 enmementiB (Kapbon, ['imporen,
Kucens, Hitporen, Cipka) mo 44 rpynam atomiB 3a
JNOJAaTKOBUMU yMOBaMH. AHAJIITHYHO (QopMatizm
Jhxeiinca, y 3actocyBanHi 10 moeni BP [19], omucy-
€TbCS B HACTYITHIN TOCHIIOBHOCTI PiBHSHB: BHU3HA-
YCHHS PO3MOJIUTY €JIEMEHTIB OyIeMO MPOBOJUTH Ha
OJIMH MOJIb TPYII aTOMiB:

44
2vi=1 ©)
i=1

BuxigauMm JaHUMH € MAcCOBHI BMICT II’ITBOX
€JIEMEHTIB, SKi CKIamarTh BP, 3ammcyemo cucremy
piBHSHB (2) Qi3uyHMI 3MICT K0T BUpaXkae 3aK0H 30e-
PEXKEHHS Macu:

44 .
anivi = nj, J =1..5.
=) @)

Bupas (3) Bu3Havae cymapHuii i300apH0-i30Tep-
MIYHHUH MTOTEHIIiaN PO3TISTHYTOI CHCTEMH:

%AG AG
ivi = AG.
i 3)

EHTpormisi cUCTEMH, BHPAXKAETHCS HACTYITHOO
3aJIEKHICTIO!

S=—RY v, In(v;)
=— vi -In(v; ),
i @

Ta 3a yMOB (1 — 3) st oOpaHoi TeMmepaTypu MaKkCH-
Mi3y€ThCsl, TOOTO BHpa3 (4) MOBHICTIO BU3HAYAE PO3-
MOJIUJT TPy aTOMiB. MeTO/IOM HEBU3HAUCHUX MHOX-
HuKiB Jlarpanxa Bupas (4) MaKCUMI3y€eThCS 13 JOTPH-
MaHHSM J01aTKOBUX yMOB (1 — 3).

Hnst piBasHb (1 — 4) npuitHATO: Vi — MOJIBHA Ya-
CTKa i-01 TPYIH aTOMiB, Nji — BMICT j-TO €JIEMEHTY B i-
iif rpym# aToMiB, Nj — KUIBKICTh MOJIIB J-T'O €JIEMEHTY,
mo npunajgae Ha 1 Monb rpyn atomiB, AG; — eHepris
I'i66c¢a i-oi rpynum aromis (J]x/moink), AG — 3araisHa
enepris  [100ca omHOoro Monsi Tpym aToMiB
(Hx/monw), R = 8,31441 Jlx/(MmonpxK) — yHiBepca-
JIbHA ra30Ba MoCTiitHa. [HIEKC | MOCIiJOBHO MpuitMae
3HadyeHHs Bif 1 10 5, BigmosigHo 10 enemenTtis C, H,
O,N,S.

MojipHa YacTKa v Ui i-1 CKIa0Bo1 BXOAMIA y
PO3paxyHKOBY CHCTEMY TaK:

7\,0 +7\,C ‘Nci +7\.H Ny +7\.O ‘Neoj +

Vi =€Xp| — AG: :
+AN -NNj+Ag -Ngj + %T
=
RT
ae:

A — Oe3po3mipuuii moreHmian [Inanka, HIKHIT
ingexc Binmoimae enementy (C, H, O, N, S), a Ao 11e:

a4( hc -Nci + Ay N + Ao -Noj +
7\.0 =In| - Z AG: )
i=1| +KN-nNi+k5-nSi+ %T
ae:

W — XiMigHAH oTeHttian (>x/Moib), SKHiA SBIIsE
coboro eneprito ['i06ca 1 Most aTomiB.

My BUKOpPUCTAIM AJWTUBHO-TPYNOBHA METO[
po3paxyHky eHeprii ['i60ca 3a Ban Kpepenenom [20]
i 44 aHamiTHKO-(QYHKIIOHATBHUX TPy, o (op-
MYIOTh TOMOJIOTIYHI PSY aJIKaHiB, AJIKCHIB, aJIKiHIB,
apoOMaTHYHUX CTPYKTYyp, Trereporukiaiganx (Okcu-
reHo-, Hirporeno- ta CipkoBMicHUX), KapOOHIIBHUX
Ta KapOOKCHWJIBHUX TPYII, aUMKIIYHUX TPYI, IO Mic-
TATHh CIPKY, a30T Ta KHCECHb, Y MEXKaX TEMIIEPaTyp
300 - 600 K (27 — 327 “C). Bubip yMOB 3yMOBJIE€HHI
BIZIOMOCTSIMH IIOJI0 TEMIIEPATyp B OCaIOBUX KOM-
IUIEKCAX, 32 SIKUX BiIOYBA€THCS IHTEHCUBHE TIEPETBO-
pennst BP. 3a nanumu [21] BoHu 3Haxo{sThCS B fia-
mazoni 200 — 350°C, mo Bigmosigae 473 — 623 K.

OOuYMCIICHHS 3BOIUIHCH JI0 BUPIIIICHHS CHCTEMHU
HeNiHIMHUX piBHSAHB MeTomoM Heiorona. [logaTkoBi
3HaueHHs noTeHmianiB atomiB C, H, O, N, S nepedu-
paJIUCh B MIMPOKOMY Jiara3oHi, i3 HAKOIMYEHHSIM pe-
3yJNbTATIB, IKi MAlOTh HaWOLIbIIT 3Haq;§[H${ eHTpomil
IIpy HaMEHIINX TOKa3HHWKaX i300apHO-i130TepMid-
HOT'O MOTEHIiany. Pe3ynbpraToM cTaB po3moAil aTo-
MiB, 1110 CKJIaaa0Th BP 1o rpymnax, 3aiexHo BiJl TeM-
MepaTypHu:

C,H,O.N, S, —[CH,], [CHZ]VZ...[COBH I, [oH], ...

Taxum unHOM, 6€3 BeJIeHHS 10JaTKOBUX IPHITY-
HIEHb MU NIEPEXOIMMO BiJl OpyTTO-POPMYIIH 10 CTPY-
KTypu. BunieHaBeaeHuil 3anuc He3py4yHuid, 3 OISy
Ha 3HAYHY KiJBKICTh CTPYKTYPHUX EIIEMEHTIB, IO
ckianaTh BP, ToMy pe3ynbTaTH mojaroThCcs B Tab-
nvuHil hopmi (Tabm. 1 Ta 2).

Hamu po3paxoBani 3HaueHHs eHeprii [ i00ca Ta
EHTPOIIi1 JUTs BCIX TeMIIepaTyp B MepepaxyHKy Ha |
MoJib rpym atoMmiB BP. BeranosneHo, mo i3 3pocran-
HSM TeMIlepaTypH 3HaueHHs eHepris 1'i60ca 361ib-
LIYETHCS 3a JIIHIHHOIO 3aJISKHICTIO (PUCYHOK 2), pa-
30M 13 30UIBIICHHSM eHTpOMil 3a (YHKIII€I0, BIJIMIiH-
HOIO Bif] psiMOi (pUCYHOK 3).

3 pUCYHKY 3 BMIUIMBA€, IO CaMOBLIBHUHU MPO-
nec Tpancgopmaiiii BP 0e3 mpuxnaganas pobotu
CTHCHEHHS € HEMOKIIMBUM, OCKITbKU AG Ha pUCYHKY
3 € nomatHiM. ToMy, po3paxyHOK JIUIIIE 3 BpaxyBaH-
HSIM TeMIepaTypy € HEOBHUM, X04a Ul TBEPAOi Ta
piakoi ¢as3u BiH MOxe OyTH BUKOPUCTAHHN /0 IEB-
HUX MEX, IO JIMITYIOThCS NIMOMHOIO 3aHYPEHHSI T10-
pia B mpolieci aia- Ta karareHe3y. | HaBmaKu, MOXHA
nepeadaunTH CaMOBUIBHUI HpoLEC PO3IMOoJiTy aTo-
MapHHX TPYII, 3TiIHO BU3HAYCHUX B TaONIHUIAX 1 Ta 2
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TPEHIB, B TIEPIOAN MITHATTS MOPid, IO BMIIIYIOTh
BYTJICBOAHEBY PCUOBHHY PEUOBHHY.

Crinx po3ymiTH, 110 OJiepKaHi pe3yIbTaTh MoKa-
3yI0Th HaiO1nbI HMoBipHUE ckian BP B crani Tep-
MOJMHAMIYHOI PIBHOBAru 3a 3aJaHOi TeMIIepaTypH.
Tomy He BapTO CHpHIiMaTH PO3MOALT aTOMapHHX
Ipym sSK BUYepIHi Bigomocti npo 0yzoBy BP. Cko-
pillle MU TOKa3yeEMO NWHAMIKY TPYHOBOTO CKIIaTy

3aJIC)KHO BiJl YMOB, B SIKHX TiepeOyBae peaoBrHa. O0'-
€KTOM JUTsI TIOPIBHSHHS 00paHO BHU3HAYEHHS T'PYIIO-
BOTO cKkJany Byriuis "uepemxitoBe" JIbBiBchkO-Bo-
JIMHCBKOTO KaM'STHOBYTLIEHOTO OaceiiHy (aToMapHUiA
CKJIQJT BYIJICBOJAHEBOI YAaCTWHH Y BIJIICOTKAax:
C-78,85 H-6,6,0-11,82, N-1,42,S—-1,31 Ha
roprouy Macy), sike mpoBezieHo panirre [19].

Tabruys 1
BigHOCHI MONBHI YaCTKH TPYTI aTOMIB, CKJIQJICHUX 3 BYTJIEITIO Ta BOIHIO
N I'pyna LK
° jut
124 300 350 400 450 500 550 600
1 2 3 4 6 7 8 9
AnxaHn
1 -CH; 0,6441 0,6438 0,6436 0,6436 0,6449 0,6469 0,6474
2 -CH»- 3,88x1007  2,05x10%  7,19x10% 2,62x10°° 9,51x10% 2,14x1004 3,00x10°%
3 ‘QH' 5,15x101  1,06x101  1,04x10°  1,16x10°°  1,32x10%  5,96x10%8 1,06x10°%7
|
4 —(lj— 2,58x10718  1,34x10%0  2,64x10%°  6,92x1014  2,04x107%2  1,55x10  3,06x101L
Ankenn
5 oHC=CH- 1,46x10°  9,05x10° 3,54x10% 827x10% 1,37x10% 2,43x10% 4,91x10%
6 sHC=C_ 1,12x10%0  1,78x10%° 1,42x10%  7,89x10% 3,38x10°7 1,02x10° 2,30x10°
7 H\C:C/H 1,17x101  2,48x10° 2,44x10% 1,61x10% 7,89x10% 2,66x10°7 6,55x10°%
8 H:C=0:H 3,36x101 6,32x100  5,72x10°  3,53x10%  1,64x10°7 5,29x10°7 1,26x10°%
9 H:(;:C: 8,51x1016  4,42x10  8,59x103 1,32x10  1,64x1010 9,24x10%0  2,49x]0°
10 e=c 1,52x1020 3.41x107°  2,00x10Y7  9,92x106  4,08x104 4,79x103 1,70x1072
Hienu
11 2HC=CH=C:H 4,70x1020  2.48x107  2,72x1015  6,87x104  6,40x102  547x1072  5,15x101
12 HC=CH=C_ 8,16x10% 8,64x10% 1,60x10"® 836x107 1,80x10"° 238x10% 231x10%
13 H\C=CH=C/H 7,75x10%  1,14x10% 2,71x107%°  1,71x10%7  4,30x10%°  6,47x10%°  6,95x10%
7~ ~
CrpspxeHi rpymna
14 oHC 47910 324x10%°  7,66x10% 1,23x10% 1,47x10% 8,76x10% 2,76x10%
15 H:c--- 7951015 1,15x1072  4,82x10 1,66x10°0  4,72x10%8  4,47x10°7 1,48x10
16 er 1,11x1018  323x10%  232x10%  1,66x1072 1,09x10%° 1,61x10%° 5,48x10
Ankian
17 HC= 3,36x10%  536x1021  7,69x1078  4,13x10%5  1,05x102  6,02x10!  8,89x1010
18 -C= 3,34x10277 6,92x108  1,21x107%°  1,04x106  502x1074 3,76x1072 4,98x10
Apenu
19 HC 9,87x10  501x10%° 9,62x10 1,80x10% 3,14x10° 2,00x10% 4,73x10
20 -C. 1,21x10%  1,21x107%2  3.86x101  1,48x10°° 5,90x10% 577x10°7 1,40x100
21 ~C. 1,58x1072  1,20x10%  3,11x10%° 1,01x1077 3,55x10% 3,12x10% 6,93x10
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Tabnuys 2
BigHOCHI MOJIBHI YacTKU TPYH aTOMIB, IO MIiCTSTh T€TEpOATOMHU
Ne I'pyna LK
° by 300 350 400 450 500 550 600
1 2 3 4 5 6 7 8 9
OKCHI'€HOBMICHI IpYIH
22 -OH 1,03x102°  1,91x10%Y7  543x10%  7,45x10%%  591x101  1,41x10%°  1,13x1078
23 -0- 2,18x10°%  2,58x1030  938x10%6  7,69x1022  2,07x10®  6,96x1016  3,58x104
24 O 4,09x10%®  2,61x10%  597x108  3,41x10%*  6,89x102t  1,83x1018  7,72x10°Y
H
25 _é_o 1,99x10Y7  1,16x10  1,39x10%2  7,88x10t  2,58x10%°  3,51x10%®  2,20x107
26 :C=O 3,64x1020  3,78x10Y7  6,98x10  7,61x10%%  543x101  1,09x10%°  6,78x107°
O
27 1l 0,1482 0,1483 0,1484 0,1486 0,1492 0,1501 0,1506
-C-OH
@)
28 C“) 0 0,0028 0,0036 0,0042 0,0047 0,0053 0,0057 0,0061
29 -HC=C=0 135x10Y 6,74x10*® 7,12x10 297x101  6,37x10°  7,20x10%°  4,85x108
30 :C=C=O 4,40x102  6,37x10°  1,50x1076  1,60x10%*  9,42x10%  1,90x101  1,48x1010
HitporeHoBmicHi rpynu
31 -C=N 2,96x1007  7,07x10%  7,67x10%  7,23x10%  4,90x10%  1,16x1092  1,50x10702
32 -N=C 3,16x1018  3,15x10%5  561x10%8  4,67x10  1,81x10%°  1,77x10%®  7,52x1078
33 -NH, 0,0210 0,0210 0,0209 0,0203 0,0159 0,0090 0,0055
34 :NH 2,60x1012  391x101  299x107%0  1,94x10%°  8,97x10%°  1,69x10%®  2,03x10
35 :N— 4,55x10%°  436x108  134x10%6  3,53x10%°  6,46x10%  2,94x101  524x1073
36 N 3,24x10%  4,41x1077  3,15x10%  2,65x10%  1,95x10%  422x10%  4,04x10
37 'N02 6,92x10%°  514x1051  4,10x10%  1,55x10%°  5,72x10%7  327x103*  6,44x10°%
CynbdypoBMicHi rpynu
38 -SH 0,0507 0,0508 0,0508 0,0508 0,0507 0,0506 0,0505
39 -8- 1,05x10%°  8,16x10%°  3,.82x10%  1,74x10°7  7,54x1077  1,96x10%  3,09x107
40 S’ 1,98x10°°  271x10%  1,93x1007  122x10%  6,90x10%  2,22x10%  4,20x10°%
41 SO 2,42x10%  8,01x1022  622x102°  1,84x108  2,75x10°7  2,52x10°6  1,59x10%8
42 ~S0, 718x102  224x101°  2,94x1078  1,59x107  4,73x10°7  1,48x1016  5,36x10716
LukTigHI OKCHTEHOBMICHI paKaii
43 \C/_O\C/ 1,65x10%  522x10%0  6,99x10%  1,73x102%  1,26x10°  1,98x10Y7  8,56x10716
7 ~
44 : | | : 0,1360 0,1361 0,1361 0,1358 0,1337 0,1301 0,1282
L—C

Hns mpukiaxy BUOMpaeMo CTPYKTYpHi ejeme-
HTH, sIKi CKJIQJaf0Th HACUYEHI BYTJICBOAHI (B TaOIHIII
1 psaku 1-4). I3 3pocTaHHAM TeMIIEpaTypH BiTHOCHA
KuTbKicTh MeTwiioBoi rpynu (-CHsz) 3meHuryerscs,
Pa3oM i3 3pOCTaHHSM IHIIMX CTPYKTYp, IHKOJIHU Ha 6
nopsiakis (-CH). lns yepemMxiToBOro BT JUHA-
MiKa 1IEHTHYHA, IPOTE 3arajibHa BiJIHOCHA KIJIbKICTh
CTPYKTYpHHX OJMHHMIIb iHAKIIIA: BMICT BCiX aJika-HO-
BUX CTPYKTYp Ul BYTUUIA BIBiYi MEHIIWH,

MOPiBHAHO 13 6ITYyMOM MEHUTITOBUX CJIAHIIIB, 11O TO-
B'S3aHO 13 3HAYHOIO PI3HHUIICI0 y BMICTI €JIEMEHTIB.
3MeHIIIeH-Hs KITbKOCTI METHIIBHHUX TPYII JIOT19HO T10-
SICHIOETBCS 3 IXHIM BIIICTUICHHSIM Yy METaH B IIPOIIECi
MeTaHi3alil i3 3aHypeHHSIM B 0Ca/I0BY TOBILLY.
[TokazoBuM € aHami3 3MiH, 110 BiI0YBalOTHCSA 13
eJIEMEHTaMHU, CKJIaJHUKaMU apOMAaTHYHUX CTPYKTYP.
st OiTyMmiB, Tak caMo, SIK i BYT1JUIS 4ePEMXITOBOTO,
AKTyaJILHOIO € 3aJIKHICTh, BiJoOpakeHa Ha puc. 5.
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Puc. 5. BmicT ctpyktypHOTO enementy 19, sk QyHKIIis TeMeparypu

To0To, 13 3aHYpEeHHIM TOPOJIH, 110 BMillye BP,
BiJIOYBAa€ThCS TPOIEC IMKIII3Allii BYIJIEBOJHEBOIO
KoMItoHeHTa. L{eit po3paxyHoK 100pe y3roKyeThest
3 JIOCHI/DKEHHSIMUA CKJIQJy OpPTaHiYHOI 4acTWHH Oy-
poro BYTiJuIs B IpoIieci Horo TeMrepaTypHOi TpaHc-
dbopmariii 6e3 moctymy kucHio [14], npoBemxeHHMHU
merogamu SAMP 3 BukopuctanHaMm meToguku MAS
(magic-angle spinning), 1110 3aCTOCOBYETHCS TPH JI0-
CJIIJUKeHHI TBEPAWUX 00’ €KTiB. [MeHTHYHI naHi oTpH-
mani Metogamu Dyp'e-I4-ciexkrpomerpii [10]. V my-
Omikarii [14] mpu 3acTocyBaHHI 70 3pa3KiB MarHiT-
HOro pe3oHancy *C pa3oM i3 IPOTOHHUM MarHiTHUM
pe30HaHCOM, i3 30UNIBLICHHSIM TEMIIEpaTypu TpaHC-
(dhopmMariii crioctepiraiach 4iTka TEHICHIIIS 10 3MEH-
IICHHS Ta 3HUKHEHHS MIKiB CTPYKTYPHHX €JIEMEHTIB,
SIK1 CKJIamaroTh ajkaHu. B taOmumi 1 HaBmaku, 3ara-
JIbHA KUIBKICTh allkaHiB 30imblnyeTbes. g Bigmin-
HICTh TIOSICHIOETLCSI THUM, 1[0 B HAIIMX PO3pPaxXyHKaX
Ha LbOMY €Talli He BpaXxOBYyBaJIach PiBHOBAra i3 razo-
BOIO CKJIa/IOBOIO.

Cepenl TeTepoaTOMHUX CTPYKTYp, IO MICTSITh
Cynbdyp, po3paxyHOK MPOBEIEHO IS IT'SITH CIPKOB-
MicHUX Tpyn (Tabmuus 2, paaku 38 — 42): nukiaiuHoi
cipku (cupsbkeHoi), cyabdigHoi, Ti0a0Boi, CyIb(hOK-
cUIHOI Ta Cynb(oHOBOI. BcTanorneHo, 1110 cyiibdok-
CHIIHA Ta CyIb(POHOBA TpyIa MPaKTUIHO HE MpeacTa-

BJIeHa B cTpyKTypi BP. 3i 3pocTanHsm Temneparypu
HaWIBHUIIIE 301TBITYETHCS BMICT IIMKIIIYHOT CIpKU —
Ha 4 opsAIKY (PUCYHOK 0).

OtpuMaHi pe3yNnbTaTd UIIOCTPYIOTh BIIOMUH
(axT, Mo oKcUaaliiiHe 3HeCipUyBaHHS BYTULIA Bifl-
OyBa€eTbCS BaXKKO, i3 BEJIMKUMH BTpaTaMH BYTJICLIO.
AJDKe 3aMiCTh TOTO, II00 YTBOPIOBATH TiOJIOBI TPYIIH,
sIK1 JIerko "BipUBarOThCA" Mij YaC BHCOKOTEMIIepa-
TypHOTO OOpOOJIEHHS, CipKka BOYAOBYETHCS B ITHKIi-
YHI CHIOJTYKH, 3aMIII[yI04H BYTJIEIIb, @ TAKOK YTBOPIOE
Cyb]iIHI MICTKH.

OnepxaHi BiZIOMOCTI MOPIBHIOBAJIUCH 13 JTOCITi-
oxkeHHsIMU popM Cynbdhypy y BUKOITHHX BYTJIEBOAAX
[12, 13], Bukonanumu Metogamu Dyp'e-IY-ciexTpo-
MeTpii. CriocTepiranach meBHa BiIMiHHICTh MK pO3-
PaxoBaHUMHU Ta EKCIIEPUMEHTAILHO OJIEPKAHUMHU J1a-
HumH. Tak, BciMa J0ciizaMu OKa3aHo, 110 MepeBa-
)arouoro popmoro Cynbedypy € apomatudana (84% 3
HuX — Tioen). AnidaTnyuni GopMu 3aiMarOTh IpYyTry
no3uuito. HatoMicTs, po3paxyHOK Hajgae oOepHEHY
3aJIeKHICTD, B SIKIH CYTTEBO IepeBaxkae ojHa amida-
THUYHA IPyIa aTOMIB — TioJIOBa (PUCYHOK 7).

Pi3HHIS MK pO3paxyHKOM Ta €KCIIEPUMEHTOM,
oJ1iOHO 70 BIIMIHHOCTEH B CTPYKTYypax, L0 CKJIa1a-
I0Th aJIKaHH, TTOSICHIOETHCS BIJICYTHICTIO Y PO3paxyH-
KOBI# CXeMi OJTHOTO 3 BAXKJIMBHUX Ia3iB — CIPKOBOJIHIO.
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Puc. 6. Bumict nukniunoro Cynsgdypy B POP,
SIK (PYHKIIiSI TEMIIEpaTypu

Oxpemo po3risiHyTi cTpykTypu BP, 1m0 MicTsTh
Hirporen (tabmuus 2, psaku 31 — 37). BecranosneHo,
IO 13 3pOCTaHHSM TEMIIEPATYPH, BiIOYBa€ThCS Nepe-
posnonin Hitporeny Mixk aromMmapHuMu rpymnamu. Ba-
TOMO 3pOCTa€ yacTka apomatnyaoro Hitporeny (pu-
CYHOK 7), IO TLIIKOM KOPEIFOETHCS 13 eKCIepUMEHTa-
TpHUMU faHuMu [12, 15] (pucyHok 8).

I3 3pocTaHHAM TeMmepaTypH CIOCTEpIiraeTbes

Puc. 7. Bmict tionosoi rpymnu B POP,
SIK (PYHKIIiSI TEMIIEpaTypu

CYTT€BE 301NBIICHHS BiTHOCHOI YaCTKH HITPUIILHOI
rpynu. OMHOYACHO BiNOYBAETHCSI CUMETPUIHUAN TIPO-
nec pyhHamii amiaTuyHUX CTPYKTYp, IO MICTSTh
Hitporen, Hanpukiag nepBHHHOI aMiHOTpYITH. 3ara-
7oM, ii HaJUTATITKOBHUH BMICT, ITOAI0HO IO TIOTIEPETHBO
PO3TISHYTUX CYITh(YPOBMICHUX CTPYKTYD, JIOTi9HO
MOSICHIOETHCS TOTPEOOI0 y BKIIFOYEHI IO PO3PaxyHKO-
BOI CXEeMH Tras3iB.
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Puc. 8. Bmict uukmiynoro Hitporeny B POP, six ¢pyHK1is Temneparypu

BucnoBku. ®opmaizm JxeitHca MOXHA yCITi-
IIHO 3aCTOCYBATH ISl BCTAHOBIICHHS PO3MO/ILTY aTo-
MapHHX TPy BUKOITHUX BYTJIEBOIHIB, TPH 3MiHI reo-
JIOT1YHUX YMOB — 3aHYPEHHI Ta MiJHSTTI, SIKi CyNpo-
BOJIXKYIOTBCSI KOPEKIII€I0 TepMOOapUIHUX yMOB. [ Hy-
YKICTh METOAY JO3BOJIIE PO3LIMPIOBATH IEpeIliK
yMOB (piBHSHHSA 2-3), Y TOMY YHCIi AOAaBaTH 1HII
CTPYKTYpHI OJUHHMIII 200 OKpeMi KOMIIOHEHTH CHC-
TEMH: Ta3H, PiIKi BYTJIEBOIHI TOMIO.

OCKIiTbKM METOJI 1HAETEPMiHICTUYHHMN, i BUKO-
PHUCTOBYE MaTeMaTHYHHI anapaT CTAaTUCTHKH, TO pe-
3yJIbTaTaMU PO3PaxyHKIB MOXYTb OyTH HE TIJIbKH

cepeJiHi 3Ha4YeHHsI BMICTY KOMIIOHEHTIB 1 aTOMapHHUX
Ipym, ajie i iXHi qucrnepcii Ta kopensii. s ocobmu-
BICTH J]a€ 3MOTY PO3TIISAAATH T€OJIOTIYHUI 00 €KT, Y
ToMYy umrcii OiTymu aprinitiB Ykpaincekux Kapnar, y
CYKYITHOCTI BCiX HOTO BIIACTUBOCTEH (THCK, CKIIJ,
(ha3oBHii CTaH KOMIIOHEHTIB, TEMIIEPATYPa, BOJIFOLIIS
CKJIQJIOBUX).

TeopeTHUHO o/iepKaHUN XapakTep Iepepo3Ino-
niny rpyn atromiB BP 3aranom 36iraerscst 3 BinoMuMu
eKCIepUMEHTAILHIMU IaHUMU Ta BiATIOBiga€e cydac-
HUM YSBIICHHSIM IIPO XIMiYHI 3MiHU BUKOIIHUX BYTJIe-
BOJIHIB B MPOIIECi KaTareHesy.
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CORRELATION OF THE HYDROCARBON COMPONENTS STRUCTURAL ELEMENTS OF
THE EASTERN CARPATHIANS ARGILLITES BY THE JAYNES' FORMALISM

Purpose. On the territory of the Ukrainian Eastern Carpathians there are sedimentary rocks characterized
by a great content of hydrocarbons. Among them, the so-called "menilite shale™ deserves special attention. In
reality, "menilite shale" is black and dark gray argillites. They form the bulk of the Menilite suite of oligocene
of the Precarpathian Foredeep Inner zone and the Plicate Carpathians.

These argillites represent a convenient and easily accessible object for study, as there are numerous exits
of these rocks on the surface in the Eastern Carpathians. The menilite suite is a massive formation, the thickness
of which sometimes reaches 1500 m.

Our aim is to study the structure of the bitumen of the menilite suite argillites and to calculate redistribution
of structural elements in hydrocarbons, which occurs with increasing temperature.

Method. In order to perform the work, we have applied methods of equilibrium thermodynamics and
Jaynes' formalism. The basis for algorithms creating was thermodynamics of maximum entropy, which com-
bines techniques from Claude Shannon's information theory, Bayesian probability, and the principle of maxi-
mum entropy.

Based on Jaines's formalism, we have developed a method for determining the quantity of structural ele-
ments in black argillites bitumen. Output data for calculation was layers temperature and elemental composi-
tion of the sample. The calculations were carried out within the temperature range 300-600 K (27-327 °C).

Results. The result of calculation is the distribution of atoms, which composes bitumen in functional
groups, depending on the temperature. It is established that with increasing temperature the value of Gibbs free
energy increases with linear dependence, along with nonlinear growth of entropy.

As the temperature rises, relative amount of the methyl group (-CH3) decreases, together with the increase
in the number of other components of alkanes.

It has also been established that the process of cyclization of hydrocarbon compounds takes place with the
submergence of the rock. It is shown that among the sulfur-containing groups the content of cyclic sulfur is
increasing most rapidly with increasing temperature.

As the temperature increases, a significant rise in the relative proportion of the nitrile group is observed.
Simultaneously, the process of aliphatic structures destruction containing Nitrogen (for example a primary
amino group) is occurring.

Scientific novelty and practical significance. We show that the Jaynes' formalism can be successfully
applied to establishing redistribution of atomic groups of fossil hydrocarbons, which occurs in changing geo-
logical conditions — submergence and emergence. Flexibility of the method allows us to expand the list of
conditions, including adding other structural units or individual components: gases, liquid hydrocarbons, etc.

Keywords: menilite shale, Jaynes' formalism, bitumen, functional groups, Gibbs free energy, alkanes,
hydrocarbons cyclization, heteroatom's group.

References
1. Carrie, J., Sanei, H., & Stern, G. (2012). Standardisation of Rock—Eval pyrolysis for the analysis of recent sediments
and soils. Organic Geochemistry, 46, 38-53. doi:10.1016/j.orggeochem.2012.01.011
2. Chekalyuk E. B. (1971). Termodinamicheskiye osnovy teorii mineralnogo proiskhozhdeniya nefti [ Thermodynamic
principles of the theory of oils mineral origin]. — Kiyev, Ukraine: Naukova dumka, 256.

-93-


mailto:lubchak1973@ukr.net
https://orcid.org/0000-0002-8154-4485
mailto:khoha_yury@ukr.net
https://orcid.org/0000-0002-8154-4485
mailto:myroslavakoshil@ukr.net
https://orcid.org/0000-0002-8154-4485

Cepisi «[eonozisi. [eoepagpisi. EKonoeisi», sunyck 49

3. Chen, Y., Mastalerz, M., & Schimmelmann, A. (2012). Characterization of chemical functional groups in macerals
across different coal ranks via micro-FTIR spectroscopy. International Journal of Coal Geology, 104, 22-33.
doi:10.1016/j.coal.2012.09.001

4. Delvaux, D., Martin, H., Leplat, P., & Paulet, J. (1990). Comparative Rock-Eval pyrolysis as an improved tool for
sedimentary organic matter analysis. Organic Geochemistry, 16(4-6), 1221-1229. doi:10.1016/0146-6380(90)90157-u

5. Gyulmaliyev A. M., Golovin G. S., Gladun T.G. (2003) Teoreticheskiye osnovy khimii uglya [ Theoretical foundations
of coal chemistry] Moskva, Russian Federation, 556.

6. Helgeson, H. C., Richard, L., Mckenzie, W. F., Norton, D. L., & Schmitt, A. (2009). A chemical and thermodynamic
model of oil generation in hydrocarbon source rocks. Geochimica Et Cosmochimica Acta, 73(3), 594-695.
d0i:10.1016/j.gca.2008.03.004

7. Karpov I. K. (1981) Fiziko-khimicheskoye modelirovaniye na EVM v geokhimii [Physical-chemical computer model-
ing in geochemistry]. — Novosibirsk, Russian Federation: Nauka, 247.

8. Khokha Yu. V. (2014) Termodynamika hlybynnykh vuhlevodniv u prohnozuvanni rehiona-Inoi naftohazonosnosti
[Thermodynamics of abyssal hydrocarbons in the forecast of oil and gas deposits]. Kyiv, Ukraine: Naukova dumka, 57.

9. Khokha Yu., Liubchak O., Khramov V. (2013) Termodynamichna model budovy orhanichnoi rechovyny vuhillia za
yoho elementnym skladom [Thermodynamic model of the coals organic matter structure according to its element
composition]. Geology and Geochemistry of Combustible Minerals, 1-2 (162-163), 71-78.

10. Koltun Yu., Espitalie J., Kot M. (1998). Petroleum Generation In The Ukrainian External Carpathians And The Ad-
jacent Foreland. Journal of Petroleum Geology, 21, 265-288. doi:10.1306/bf9ab7a7-0eb6-11d7-8643000102¢1865d

11.R. Sykesa, R. Snowdon (2002). Guidelines for assessing the petroleum potential of coal source rocks using Rock-Eval
pyrolysis. Organic Geochemistry, 33, 1441-1455. doi: 10.1016/5S0146-6380(02)00183-3

12.Kong, J., Wei, X., Yan, H., Li, Z., Zhao, M., Li, Y., & Zong, Z. (2015). Analysis of extractable basic nitrogen compounds
in Buliangou subbituminous coal by positive-ion ESI FT-ICR MS. Fuel, 159, 385-391. doi:10.1016/j.fuel.2015.06.091

13.Van Krevelen D. W., Chermin H. A. G. (1951). Estimation of the free enthalpy (Gibbs free energy) in formation of
organic compounds from group contributions. Chemical Engineering Science, 1(2), 66-80. doi: 10.1016/0009-
2509(51)85002-4

14. Krupskyi Yu. Z., Kurovets I. M., Senkovskyi Yu. M. (2014) Netradytsiini dzherela vuhlevodniv [Unconventional
sources of hydrocarbons of Ukraine]. Kyiv, Ukraine: Nika-Tsentr, 400.

15. Porfiriev V. B., Hrinberh Y. V., Ladyzhenskyi M. R. (1963) Menilitovi slantsi Karpat [Carpathians menilite shale’s].
Kyiv, Ukraine: AN URSR, 136.

16.Li, W., Tang, Y., Zhao, Q., & Wei, Q. (2015). Sulfur and nitrogen in the high-sulfur coals of the Late Paleozoic from
China. Fuel, 155, 115-121. doi:10.1016/j.fuel.2015.04.002

17.Lin, X., Wang, C., ldeta, K., Miyawaki, J., Nishiyama, Y., Wang, Y., Mochida, I. (2014). Insights into the functional
group transformation of Chinese brown coal during slow pyrolysis by combining various experiments. Fuel, 118, 257-
264. doi:10.1016/j.fuel.2013.10.081

18. Seewald, J. S. (1994). Evidence for metastable equilibrium between hydrocarbons under hydrothermal conditions.
Nature, 370(6487), 285-287. doi:10.1038/370285a0

19. Traybus M. (1970) Termostatika i termodinamika [Thermostatics and Thermodynamics]. Moskva, Russian Federa-
tion: Energiya, 504.

20.Qin, Z., Zhang, H., Dai, D., Zhao, C., & Zhang, L. (2014). Study on sulfur occurrence in different group components
of Xinyu clean coking coal. Journal of Fuel Chemistry and Technology, 42(11), 1286-1294. doi:10.1016/s1872-
5813(14)60050-5

21.Xin, H., Wang, D., Qi, X., Qi, G., &Dou, G. (2014). Structural characteristics of coal functional groups using quantum
chemistry for quantification of infrared spectra. Fuel Processing Technology, 118, 287-295.
d0i:10.1016/j.fuproc.2013.09.011

-94 -



BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

FEONPA®IA

UDC 551.582.2(477.8)
Vasyl lvanovych Zatula,
PhD (Geography), Associate Professor,
Department of Meteorology and Climatology of Faculty of Geography,
Taras Shevchenko National University of Kyiv, 64/13 Volodymyrska St., Kyiv, 01601, Ukraine,
e-mail: vaszatula@meta.ua, https://orcid.org/0000-0001-5598-0200

DECOMPOSITION AND MODELLING OF THE ANNUAL CYCLE OF METEOROLOGICAL
VARIABLES IN THE UKRAINIAN CARPATHIANS

B oaniii pobomi ananizyromecs cmpykmypHi 0coOau80Ccmi ce30HH020 X00) pAJY MemeopoI0iYHUX 8eTUtUH 8 pauloHi YKpaitco-
kux Kapnam. B axocmi makux eiuyun po3ensioaniucs memMnepamypa nogimpsi, Kiibkicms ammocgeprux onaois, oe@iyum Hacuienus,
8IOHOCHA 80102ICMb NOGIMPA, NAPYIATLHUL MUCK 8005HOT nAPU, AMMOCHEPHUL MUCK HA PI8HT CMAaHyii ma Ha pieHi MOpS, WEUOKICb
simpy. IIpu ypomy cam piunuii Xio iHmepnpenye8ascs AK Cynepno3uyia wecmu 2apMoHix 3 nepiooom 6io 2 micayie 00 1 poky.

Hartisaoicnueiui pezyniomamu ompumano Ha 0OCHOBI AHANI3y Mamepianie cnocmepedicerv 33 memeopono2iunux cmanyii Yrpainu,
22 3 akux posmawosano desnocepednvo ¢ Kapnamax. [Jocniodcenns rpyHmyemocs Ha 6i00OMOCMAX NPO cepeOni MICAUHI 3HAYEHHS]
cemMu MemeopoNoSiuHUX 6eIUYUH 3a KIiMamono2iynut cmanoapmuuti nepioo 1961-1990 pp. Ipuxosani nepioduunocmi 6 ce30HHUX
KONUBAHHAX YUX GENUUUH GUABTATUCS MA OYIHIOBANUCA 3 OONOMO20I0 MEMOOY 2APMOHIYHO20 AHATI3Y.

OcnosHy ysazy npudineno napamempam nepuioi (piunoi) ma opyeoi (niepiunoi) eapMOHIK, AKUMU 6 CePeOHbOMY NOACHIOEMbCS
6nuzvko 94 % sazanvroi oucnepcii memeoponociunux éenuuun. Ilpu po3enaodi ce3onHux KOIUSAHL memnepamypu nosimps, oegiyumy
HacuyeHHs ma napyiaibHo20 MUCKy 600AHOI napu 00CMamHubo OOHIEL piunoi eapmonixy. Ananiz KOIUBAHL IHWUX BETUYUH BUMARAE
8paxogysamu i nigpiuHy eapmoHixky. I apmoHiku euwux nopaokie (3 mpemvoeo no n’samuti) HeoOXioHo 6pamu 00 yeasu npu aHanisi
8IOHOCHOI 801020CMi NOGIMPAL, KITbKOCMI aMMOChepHUx onadis, ammocgepHo2o mucky Ha pieri cmanyii ma weuoxocmi 6impy.

K 8UABUNOCS, CIPYKIMYPA CE30HHO20 X00Y MEMeOoPOL02IUHUX GeUYUH HA 2IPCLKUX CMAHYIAX | 6 neped2ip | nOMImHO 6I0pIi3Hs-
emocs. Jna 0eakux i3 Hux 6CMan061eHo CIamucmuyHo 3Ha4ywi opoepa@iuni eghekmu, wjo UPAHCAIOMbCA 6 3aNi3HI08anHT abo sune-
pedacenni (azu piunol eapmoniku 3 sucomoro. bauzokumu € gazu yiei 2apmMouiKu 0Jisi MEMeoPONOSIUHUX BETUHUH, NO8 S3AHUX MINC
€00010 NPAMUMU 3ANEXHCHOCAMU, A OM BENUHUHU, WO NOB A3AHI 0OepHEHUMU 36 AZKAMU, 3A36UYAll KOIUBAIOMbCA Y NPOMUDA3I.

Knrwowuoei cnosa: piunuii xio; eapmonixu,; amnaimyoa; gasa; mooeni; Ykpaincoxi Kapnamu, opoepaghiuni ecpexmu.

B. H. 3amyna. JEKOMIIO3ULHA H MOJAEJTHPOBAHHE I'O/OBOIO X04A METEOPOJIOTHYECKHX BEJIH-
YUH B YKPAHHCKHX KAPIIATAX. B oannoii pabome auanuzupyomcs: CmpyKnmypHvle 0COOEHHOCMU Ce30HH020 X00a psAod Mme-
meopono2uieckux eenudun 8 pavione Ykpaunckux Kapnam. B kavecmee maxux genudun paccmampuearomes memnepamypa 6030yxa,
KOAUYECMB0 amMOCHepHbIX 0CA0K08, Oeuyum HACbLWjeHUs, OMHOCUMENbHAS GIAMHCHOCTb 8030YXA, NAPYUATbHOE 0a6ILeHIUEe BOOAHO20
napa, ammocgeproe oasnienue Ha yposHe CIMAKYUL U HA YPOSHEe MOPs, CKOpocmb eempa. TIpu smom cam 2000601 X00 unmepnpemu-
POBANCA KAK CYREPNO3UYUSA WeCmu 2apMOHUK ¢ nepuodom om 2 mecayes 0o 1 2ooa.

Haubonee sadicuvle peynomamovl NOay4eHbl HA OCHO8E AHAIU3A MAMEPUanos nadnodenuti 33 Memeoponroeuieckux Cmanyuti
Vrpaunei, 22 uz komopwix pacnonoscensvt Henocpedcmeenuo 6 Kapnamax. Hccnedosanue 6asupyemcs Ha 8e00MOCMAX O CPEOHUX
MECAUHBIX SHAYEHUSAX CeMU MEeMeopoNosUYecKUX 8eIUYUH 3a Kaumamonosuieckuti cmanoapmuviii nepuod 1961-1990 ce. Cxkpevimobie
nepuooUUHOCIU 8 Ce30HHBIX KONeOAHUAX IMUX 8EIUUH bIAGIANUCH U OYEHUBANUCH C NOMOUWbIO MEMOOd 2APMOHUYECKO20 AHATU3A.

OchosHoe 8HUMAHUe YOeldemcs napamempam nepeou (200080ii) u 6mopoil (No1y2000601) 2aPMOHUK, KOMOPbIMU 68 CPeOHeM
obwscHaemcs okono 94 % obwetl ducnepcuu memeopono2uieckux eenudun. [Ipu paccmompenuu ce30HHbIX KOIeOaHULl memnepanypbl
6030yXa, Oehuyuma HACLIUEHUs U NAPYUATLHO20 0AGNIeHUs 600SIHO20 Napa 00CMAmMOYHO 00HOU 2000801 2apMOHUKU. Ananuz Koreba-
HUTL Opy2ux 6eudun mpebyem yuema u noiy200060U 2apMOHUKY. I apmMoHuKy evicuiux nopsaokos (¢ mpemve2o no namuiil) HeooXooUmo
NPUHUMAMb 60 HUMAHUE NPU AHAU3E OMHOCUMENLHOU GLANHCHOCMU 6030YXA, KOIUYECMEA amMOCPHEPHbIX 0CAOKO8, AMMOCHEPHO0
0asneHus Ha ypoeHe CIAHYUU U CKOPOCMU 8empa.

Kax oxasanocw, cmpykmypa ce3011020 X00a Memeopono2uteckux 6eIUUUH Ha 20PHbIX CMAHYUSX U 8 NPE020Pbe 3aMemHO OMlU-
uaemcs. [[na Hekomopwix U3 HUX OOHAPYIICEHbl CIMAMUCTIUYECKU 3HAYUMble opozpaguieckue IQghexmol, Komopbsie BbIPANCAIOMC 8
3anazobl8aHUU Ul OnepedceHul hazvl 200080U 2apMOHUKU ¢ 8bicomoll. Bauskumu ecms aszvl 2moui eapmoHuku 01 Memeopoaou-
YeCKUX 8eNUUUH, C8A3AHHBIX MeXHCOY CODOU NPAMBIMU 3ABUCUMOCTIAMU, A 60N BENUUUHDI, C6A3AHHbIE OOPAMHBIMU CEA3AMU, 0OLIUHO
Konebniomes 8 npomusoghase.

Knwouesvie cnosa: 200060ti x00; capmonuxu, amnaumyoa, gasa; modenu, Yxpaunckue Kapnamul; opoepaguueckue s¢ghghexmui.

Introduction. Effective use of climatic re- interesting. Daily and annual cycles play especially

sources requires integrated consideration of climatic
conditions fluctuations stipulated by the processes of
heat, water, and atmospheric circulation. Most of
them may be repeated in time with certain regularity.
Oscillations are quasiperiodic in case of continuous
changes of its amplitudes and periods. However, fluc-
tuations with a clear periodic nature are more

important role in nature. Data on fluctuations of both
types is an integral part of an area’s climatological
characteristic.

Formulation of the problem. At all stages of
atmospheric sciences development, considerable at-
tention has been paid to the annual cycle of meteoro-
logical variables (MVs) which is inherent in the time
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series of these sciences. Similarly to a daily cycle, it
is generated by the Earth’s climatic system influenced
by periodic fluctuations in solar radiation supply to
the upper atmosphere. Annual fluctuations of some
MVs (atmospheric pressure, in the first place) may be
triggered by gravitational interaction between the
Earth and the Sun, however, they are of secondary im-
portance.

Annual cycle analysis is usually based on con-
trasting long-term average seasonal (or monthly) val-
ues of variables or their anomalies. Obtaining the
whole complex of data has traditionally completed
the annual cycle analysis, which does not always meet
practical needs. That is why in search of more accu-
rate and informative annual cycle indicators some
special research methods have been commonly ap-
plied lately, with the method of harmonic analysis as
one of them. It is interesting that works on its use in
meteorology date back as far as the end of the 19™"
century [1].

Analysis of recent research and publications.
In some works, only the annual harmonic conditioned
by the Earth’s rotation around the Sun was considered
a basic component of the annual cycle of MVs. In par-
ticular, sinusoidal approximation of the annual cycle
was used to estimate long-term changes in average
daily air temperature in the territory of Russia and the
countries it borders on [31]. In other works, the sem-
iannual harmonic was considered in addition to the
annual harmonic, with the focus on the former one [5,
9, 16, 22, 30]. In general, seasonal fluctuations of
MVs are more correctly described by the first har-
monics which complement each other, not by one har-
monic [3, 4, 12, 14].

The importance and universality of the annual
cycle as a natural periodical process cannot be ques-
tioned. Thus, in extratropical latitudes of the Northern
hemisphere it normally determines over 90% of the
total variance of the air temperature series [10], which
makes it a major climatic signal. Spatial distribution
of the contribution the annual cycle makes to the total
variance of this variable and some other variables for
a considerable part of the World Ocean is shown in
[12]. In [13] not only spatial distribution of the annual
harmonic characteristics for air temperature over the
whole of Europe but also their relation to North At-
lantic Oscillation was shown.

A comparative characteristic of seasonal fluctu-
ations of various MVs for a limited number of stations
in Ukraine is given in [18]. Then, the annual cycle of
these variables was found to be noticeably different,
conditioned by the heterogeneity of the underlying
surface construction which varies from region to re-
gion. Along with that, the issue of similarity or differ-
ence of the climatic conditions of these variables in
the territory of some particular mountainous country
remains unresolved. The author did not consider this

question in subsequent papers [17, 19-20], devoted to
the identification of hidden periodicities of MVs sea-
sonal oscillations in certain regions of the East Euro-
pean Plain.

Further on, we consider the climatic conditions
of the Ukrainian Carpathians — a separate link of a
huge (about 1,500 km long) arc of the Carpathian
Mountains located in Ukraine. Mountain ridges, di-
vided by longitudinal depressions and demarcated by
deep transverse valleys, stretch for 280 km from
northwest to southeast, and 100-110 km from north-
east to southwest. The area of the mountain system is
about 24,000 sqg km, and together with the Ciscarpa-
thian Upland and Transcarpathian Lowland — 37,000
sq km. The Ukrainian Carpathians are mainly the
mountains of medium elevation, with the highest
points of 1,000-1,200 m. The height of six peaks in a
mountain range of Chornohora exceeds 2,000 m, with
Mount Hoverla (2,061 m) being the highest peak of
Ukraine. However, since they do not reach the snow
line, there are no evident traces of young glaciation.
The nature of the region is very similar to that of
Western Europe’s. The climate in the Ukrainian Car-
pathians is humid and comparatively warm with the
pronounced vertical zonation [29].

Despite their territorial compactness, the Ukrain-
ian Carpathians as a separate taxonomic unit of phys-
ical and geographical zoning of the Carpathian moun-
tainous country are determined by a considerable va-
riety of radiation and circulation conditions stipulat-
ing climate formation. On the whole, the climate of
the Carpathians can be considered well-studied,
which is proven by many monographs dedicated to it
[15, 24, 27]. At the same time, amplitude-phase char-
acteristics of even basic MVs of this area have hardly
ever been explored.

Purpose of the article. The main aim of this
work is to establish a consistent pattern of the annual
cycle of several MVs on the territory of Ukrainian
Carpathians by means of harmonic analysis. Special
attention was paid to spatial arrangement of annual
cycle peculiarities.

Data and methods. This research is based on the
average monthly values (climatological normals) of
seven MVs in the Ukrainian Carpathians within a
standard climatological period of 1961-1990. This
observation-based data have been provided by 22
weather stations located in the considered region
(Fig. 1, red marks). Moreover, the data of another 11
neighboring stations were used in the construction of
maps (Fig. 1, white marks). The basic results have
been obtained with the harmonic analysis method ap-
plied to the average monthly values of such MVs as
air temperature, some characteristics of air humidity,
monthly sums of precipitations, wind speed, and sta-
tion level pressure. The last variable has been opted
for due to the completeness of data (data on sea level
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Fig. 1. A network of weather stations in the Ukrainian Carpathians
and the adjacent areas of the East European Plain

pressure for stations with the highest hypsometric po-
sition is not published in reference literature on cli-
matology).

Mathematically, the annual cycle can be inter-
preted as a complex (polyharmonic) fluctuation of an
MV during a year, with its general features described
by the first (fundamental) harmonic that will be com-
pleted by fluctuations caused by the second and
higher order harmonics. The last harmonics can be
viewed as the overtones of the annual cycle since their
frequencies are a multiple of the fundamental fre-
quency.

Implicit frequency in seasonal fluctuations of
MV monthly values were revealed and estimated with
the use of harmonic analysis method, whose classical
scheme implies that any value can be presented as an
arithmetical mean and a finite amount of harmonics
[7,11, 23]:

LY 2n or .
X, =X+ Z_;‘{A' sm(?lt)+8 cos( ; |tﬂ O

where X, is mean value for month t (t=12,...,12);

X — mean annual value of MV; i — the ordinal num-
ber of a harmonic; n=12 — the original series length.

The unknown coefficients A and B, were cal-
culated by the formulas:

23 _(2m.
A :Hz‘[x‘ sm(Tltﬂ, (2)

2 < 21 .
B, _Hg[xt 003(7 |tﬂ. (3)

For the last (i=n/2) harmonic A =0, while B,

was halved.
The amplitude of a harmonic is its important
characteristic

C=yA +B . ()

Periodic fluctuations of MV, conditioned by a
particular harmonic, were presented as the product

C, cos{z—r:T (t—t, )} , (5)
where
t = L_arctg(Ai /B;) - (6)
2mi

the phase, that is time when the i -th harmonic reaches
its maximum (month). The necessary guidelines for
choosing the correct phase value outside the main
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domain of the t; for different values of the Fourier

coefficients can be found in [23].
The theory of harmonic analysis shows that the

variance due to a single harmonic is C?/2, except
for the last harmonic for which its value is twice as
big. Thus, the contribution a single harmonic makes

to the total variance of MV can be found by the for-
mula

C-2
f=—
' 262

-100 , (7)

where ° is the total variance. For the last harmonic
value f, is doubled.

Spatial localization of some features of climatic
conditions was evaluated with the use of regression
analysis.

Presentation of the main research material.
The use of standard climate indicators has methodo-
logically limited this work to covering a small
subrange of climatic conditions fluctuations, with the
period varying from 2 to 12 months. Fluctuations with
the period longer than 12 months as well as fluctua-
tions of a synoptic scale were not covered by the

study. At the same time, this made it possible to ob-
tain amplitude-phase characteristics of the annual
harmonic along with five more reference harmonics
with multiple frequencies.

In a study with the use of harmonic analysis, a
special attention is paid to the amplitude of the most
significant harmonics. However, amplitude charac-
teristics of particular harmonics for different MVs
will vary not only in the order of their values but also
in their dimensions. Thus, when cross analyzing and
comparing the revealed frequencies of these values

indicator f, should be used (Table 1).

According to Table 1, the first, or fundamental,
harmonics play the leading role in seasonal fluctua-
tions of all variables (the average value f, >50 %).

A physical nature of these fluctuations has already
been considered. It is evident and doesn’t need any
additional explaining. Generally, in 79 cases out of
142 it is the annual harmonics that determine more
than 90% of the total variance. Their contribution to
fluctuations of air temperature (99.4%), saturation
deficit (98.8%), and water vapour pressure (98.6%)
can hardly be overestimated.

Table 1
Main parameters average estimation of particular harmonics in some MVs in the Ukrainian Carpathians
Harmonic
Meteorological variable st | 2-nd . | 3-rd . | A-th | 5th | 6th
Period of oscillations, months
12 | 6 | 4 | 3 | 24 | 2
amplitude of harmonic:
Air temperature, °C 10.62 0.70 0.24 0.23 0.11 0.05
Sum of precipitations, mm 31.34 17.59 4.03 4.31 2.57 0.80
Saturation deficit, hPa 2.48 0.13 0.15 0.12 0.05 0.02
Relative humidity, % 4.81 1.50 0.59 0.93 0.29 0.13
Water vapour pressure, hPa 5.30 0.59 0.06 0.19 0.04 0.02
Station level pressure, hPa 2.59 0.47 0.85 0.20 0.59 0.18
Wind speed, m/s 0.52 0.12 0.10 0.05 0.06 0.03
contribution a single harmonic makes to the total variance of MV, %:
Air temperature 99.43 0.44 0.06 0.05 0.02 0.00
Sum of precipitations 67.61 27.50 1.77 2.19 0.77 0.15
Saturation deficit 98.79 0.31 0.39 0.33 0.15 0.03
Relative humidity 81.26 8.95 2.92 5.33 1.21 0.33
Water vapour pressure 98.60 1.24 0.02 0.13 0.01 0.00
Station level pressure 79.45 3.55 10.51 0.62 4.92 0.94
Wind speed 82.24 8.63 5.24 1.19 2.05 0.65
mean 86.77 7.23 2.99 1.41 1.31 0.30
phase of harmonic, months:
Air temperature 7.07 4.16 245 2.06 1.90 0.00
Sum of precipitations 6.82 0.29 2.92 2.07 1.36 0.00
Saturation deficit 6.72 1.66 0.78 1.36 0.55 0.00
Relative humidity 10.36 0.85 2.34 2.60 1.52 0.00
Water vapour pressure 7.22 1.19 2.14 2.26 0.77 0.00
Station level pressure 10.07 2.88 1.70 0.97 0.44 0.00
Wind speed 2.20 4.49 3.10 0.98 1.55 0.00
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The total contribution of higher harmonics at all
weather stations located in the Ukrainian Carpathians
is below 1% for air temperature, with only 1-2% for
water vapour pressure and 0.4-4.5% for saturation
deficit. In these cases, higher harmonics can be con-
sidered insignificant (with f, >5 9% taken as a crite-

rion of significance). Thus, all of them can be disre-
garded.

The annual harmonic contributes considerably to
seasonal fluctuations of wind speed (53-96%) and sta-
tion level pressure (69-93%). It is only at one alpine
weather station (Pozhezhevska, 1,451m above the sea
level) that this harmonic does not contribute signifi-
cantly to relative humidity seasonal fluctuations
(9.6%), following the four higher order harmonics. In
case of sum of precipitations, the number of such ex-
ceptions has grown to five, with three low weather
stations (Khust — 7.7%, Uzhhorod — 38.4%, Berehove
— 48.1%) having joined two mountain stations (Plai,
1,330m — 42.7%, Rakhiv, 430m — 41.2%). It is inter-
esting that here the role of the annual harmonic weak-
ened on the background of a considerable strengthen-
ing of the semiannual harmonic (Plai — 54.2%,
Rakhiv — 51.5%, Khust — 75.2%, Uzhhorod — 56.7%,
Berehove — 46.0%). Geographically, the fact that
these weather stations are located within the Trans-
carpathian Lowland and on the slopes exposed to the
winds unites them.

As we know, the semiannual harmonic is most
appropriate to describe the annual cycle of MVs with
two maximum and two minimum values. A similar
cycle is typical of the seasonal distribution of the
above-mentioned MVs — sum of precipitations (

f, =27.5%), relative humidity (8.9%), and wind

speed (8.6%), with indicator f, showing considera-

ble spatial volatility for sum of precipitations (from
9.9% in Yaremche to 75.2% in Khust), moderate vol-
atility for wind speed (from 0.4% in Chernivtsi to
37.3% in Uzhhorod) and a more even distribution for
relative humidity (from 2.1% in Drohobych to 19.3%
at Pozhezhevska station). In some cases, station level
pressure can show noticeable values of indicator f,.

At four out of ten weather stations it can reach the
mark of 5-6%. It can be assumed that such differences
in this indicator distribution are influenced by factors
of varying scale. Fluctuations of a planetary scale are
triggered by the mode of solar radiation supply as
well as meridional circulation between summer and
winter hemispheres of the Earth [22]. The fluctua-
tions of MVs modulated by them should also be con-
siderable, which is conditioned by thermobaric inter-
actions in the system atmosphere — ocean — dry land
in the Atlantic European sector. Finally, being influ-
enced by local peculiarities of underlying surface (or-
ographic factor) fluctuations with less spatial distinc-
tion can be generated.

The third harmonic (with a period of 4 months)
in a series of geophysical variables may be caused by
changes in atmospheric circulation in intra-tropic lat-
itudes resulting from the yearly motion of the Sun
[28]. This signal spreads to other parts of a climatic
system via numerous mechanisms of direct and in-
verse links.

A global nature of 4-month cycles is to be deter-
mined, in the first place, in atmospheric pressure fluc-
tuations, which can be seen from data provided, since
a relevant harmonic makes a significant contribution
to station level pressure annual cycle (10.5%). How-
ever, a more in-depth analysis reveals the importance
of the absolute altitude. It was found that the third har-
monic can be disregarded when evaluating atmos-
pheric pressure fluctuations at alpine weather stations
(Plai and Pozhezhevska), though at other stations this
variable causes rather noticeable disturbance in the
annual cycle of this variable. In Kolomyia, the contri-
bution the third harmonic makes reaches 16.2% of the
total variance. Moreover, the third harmonic deter-
mines considerable fluctuations of some other MVs:
wind speed (this variable makes major contribution at
six weather stations), sum of precipitations and rela-
tive humidity (three stations each).

Harmonics of still higher orders are usually very
weak. The reasoning behind physical cause of these
fluctuations lies far beyond this work and can arouse
more discussion. The grounded analysis of some of
them can be found in [21].

The fourth harmonic (with a period of 3 months)
can be noticed only in seasonal fluctuations of rela-
tive humidity (8 weather stations) and sum of precip-
itations (2 stations). The fifth harmonic (with a period
of 2.4 months) gains importance in the fluctuations of
atmospheric pressure (6 weather stations), relative
humidity (only for mountain weather stations:
Pozhezhevska —11.2%, Plai — 6.8%), and wind speed
(Slavske — 5.2%). The sixth harmonic (with a period
of 2 months) can be disregarded in all cases.

Data given in Table 1 support the idea that with
the higher order of harmonic the variance caused by
this harmonic diminishes [18]. A considerable contri-
bution (5% and more) to the total variance of the an-
nual cycle of MVs of several higher order harmonics
becomes possible with dramatic decrease in value of
the annual harmonic.

Distribution of f, values is similar at individual

weather stations in the Ukrainian Carpathians. The ra-
tio of arithmetical mean and standard deviation by
station sampling proves it right for more than one first
harmonics to be considered in statistical models of the
annual cycle of MVs.

Data on the distribution of such indicator as am-
plitude ratio between semiannual and annual harmon-
ics for different MVs is given in Table 2.

Table 2 shows that in case of MVs for which an-
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Table 2
Ratio of amplitudes between semiannual and annual harmonics of some MVSs, percentage
Meteorological variable

g ég Eg Eé 5 © -

. E 5 g g 2e | 3¢ 3

Weather station Q = c < 5 S 2 - &

£ = 2 g = = 8 S 8 =

2 S~ g E g8 B a £

= £ E < = & =

< A 3 4

Yavoriv 5.6 59.3 5.8 27.3 11.4 — 10.1
Mostyska 6.6 43.6 8.2 29.2 10.9 - 175
Drohobych 6.2 36.9 8.2 155 10.3 26.8 175
Stryi 7.1 40.3 4.3 40.6 11.2 - 16.4
Turka 6.9 49.2 5.8 47 .4 11.3 — 31.2
Slavske 6.3 44.4 6.6 19.7 11.3 21.1 36.7
Dolyna 6.3 35.9 2.0 43.6 11.2 — 11.0
Ivano-Frankivsk 6.9 41.1 7.2 23.7 11.3 28.9 19.3
Kolomyia 7.6 35.8 5.3 26.5 10.7 30.5 26.2
Yaremche 6.2 33.3 6.5 51.4 11.3 — 40.7
Pozhezhevska 2.7 60.9 6.0 141.7 13.8 145 15.7
Velykyi Bereznyi 7.5 84.8 4.4 29.7 11.1 — 38.0
Nyzhni Vorota 6.7 57.3 2.7 31.2 10.4 — 28.3
Nyzhnii Studenyi 6.6 61.5 6.3 22.7 10.5 — 27.0
Uzhhorod 8.3 121.5 4.9 34.3 10.8 9.8 83.7
Plai 2.0 112.7 4.8 35.9 12.3 9.2 36.6
Mizhhirya 7.3 76.7 4.7 27.2 10.6 — 28.7
Berehove 8.1 97.8 7.1 28.3 9.3 — 57.7
Khust 8.5 311.9 5.8 30.0 10.0 9.4 56.7
Rakhiv 7.0 111.8 3.3 38.2 12.2 — 34.8
Chernivtsi 7.1 46.2 5.0 26.7 11.7 28.5 6.6
Seliatyn 6.1 39.0 2.7 27.3 12.1 23.7 23.5
mean 6.5 72.8 5.3 36.3 11.2 20.2 30.2
maximum 8.5 311.9 8.2 141.7 13.8 30.5 83.7
minimum 2.0 33.3 2.0 15.5 9.3 9.2 6.6
standard deviation 15 60.1 1.7 25.1 0.9 8.7 18.1

nual harmonic is of prior importance, this ratio is low,
characterized by slight variations according to the
data provided by stations. Thus, for saturation deficit
and air temperature the amplitude of the semiannual
harmonic does not exceed 8-9% in relation to the an-
nual harmonic amplitude, while for water vapour
pressure it constitutes 14%. At the same time, for rel-
ative humidity and especially for sum of precipita-
tions the amplitude of the semiannual harmonic can
sometimes exceed the amplitude of the fundamental
harmonic.

Since in most cases it is the first harmonic that
determines most of the total variance of MVs, the
maximum and the minimum values of its cycle during
a year can be found by the phase value of this har-
monic. In this sense, the graphs of water vapour pres-
sure (Fig. 2) and relative humidity annual cycles
(Fig. 3) are most demonstrative.

Thus, at Plai weather station the maximum value
of water vapour pressure can be observed in late July
(t, = 7.26 month), while the maximum value of rela-

tive humidity — in the first half of December (11.68
month). For other weather stations in the Ukrainian
Carpathians, the maximum value of water vapour
pressure almost coincides in time with that at Plai sta-
tion (7.17+7.26 month). Time discrepancy in reach-
ing the maximum value of relative humidity is far
more considerable (9.71+12.19 month).

In addition to the actual seasonal cycle of humid-
ity elements, relevant graphs also show their model
estimates obtained with the first harmonic, the first
two harmonics and the first three harmonics taken
into account. It is the first harmonic amplitude that
best agrees with the annual cycle amplitude of a cor-
responding variable. With higher order harmonics
taken into account, model estimates become more ac-
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Fig. 2. Water vapour pressure annual cycle at Plai weather station
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Fig. 3. Relative humidity annual cycle at Plai weather station

curate. This is more evident for relative humidity,
since it is only with these variables taken into account
that the model can display the minimum value in early
May as well as some other peculiarities. Figure 3
shows that for a more accurate representation of pe-
culiarities of the relative humidity annual cycle, the
number of approximating harmonics should be in-
creased (the fourth and the fifth harmonics at Plai
weather station describe 5.9 and 6.8% of the total var-
iance respectively). At the same time, in case of water
vapour pressure, though, consideration of the first two
harmonics — annual and semiannual — will suffice.
Normally, the maximum of the first order har-
monic for meteorological variables that are directly
interdependent occurs at the same time, while for

those that are inversely interdependent there is a six
month gap. Thus, at Plai weather station we can ob-

serve air temperature change (t, =7.15 month) in an

almost synchronized manner along with water vapour
pressure (7.26 month), saturation deficit (6.84 month)
and sum of precipitations (7.23 month) associated
with it. With a slight delay, the temperature itself fol-
lows seasonal changes in solar radiation (or, in the
first approach, midday altitude of the Sun, with the
phase angle being 6.23 months) as a determining fac-
tor of climate formation.

It is almost in antiphase that air temperature
(t, =7.15 month), relative humidity (11.68 month),

station level pressure (8.15 month), and wind speed
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(0.69 month) change. However, the cycle of atmos-
pheric pressure (8.15 months) as well as sum of pre-
cipitations (7.23 months respectively) does not reveal
the expected dependence. The disagreement in fluc-
tuations of these variables can be explained by some
peculiarities of a seasonal restructuring of thermo-
baric field in the whole of Atlantic European sector of
the Northern hemisphere. It should be noted that data
on the sea level pressure for Plai station is not availa-
ble, while at other weather stations with a lower hyp-
sometric position the phase of this MV was observed
to be late related to station level pressure with the de-
lay difference typically being not longer than 1
month.

It is general knowledge that the phase delay of
the air temperature annual harmonic with relation to
solar radiation indicates a weakened effect of large
land masses [6, 8], and that the mountain climate has

a lot in common with maritime climate [2, 26]. Given
this fact, let us try to estimate the effect of Ukrainian
Carpathians on the phase structure of seasonal fluctu-
ations of individual MVs.

It was found that with an increase in altitude, the
maximum of the first harmonic for a number of inter-
related variables occurs with some delay (Fig. 4).
Phase delay (angle of slope for trend lines in Fig. 4)
is bigger for saturation deficit (0.030 month/100m),
moderate for air temperature (0.014 month/100m)
and weaker for water vapour pressure (0.004
month/100m). The above-mentioned delay values
turned out to be statistically significant being at the

5% significance level. Determination coefficients R*
of linear equations (0.560, 0.639 and 0.234 respec-
tively) indicate medium (water vapour pressure) and
high (the other two variables) degree of dependence.

7.4
7.3

e

7,2
7,1
7,0
6.9
6.8
6,7
6,6

phase of the 1st harmonic, month
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0 200 400 600 800 1000 1200 1400 1600
elevation above sea level, m
air temperature saturation deficit > water vapour pressure —trendline

Fig. 4. Phase delay of the first harmonic with change in altitude

The opposite tendency, namely advancing of
coming of time the first harmonic maximum t; for

station level pressure with change in altitude (h), as
dependency being almost linear (determination coef-

ficient of equation t, =—0.0026h+11.511 is equal

t0 0.96), is also worth considering.

Time distribution for the maximum of the first
harmonic to be reached in the Carpathian highlands
differs significantly from that for the Transcarpathian
Lowland and the adjacent areas of the East European
Plain (Fig. 5).

The feature that is common for MVs, shown in
the picture, is the total length of contour lines of the
same phase values of this harmonic, going from

northwest to southeast as well as a considerable con-
centration of contour lines in mountains, but the mar-
gins of this variable differing a lot. For sum of precip-
itations, maximum delay in the first harmonic phase
is observed from the leeward side of the southwest
slopes of the Ukrainian Carpathians as well as on the
approach to the highest ridges of this mountain sys-
tem (Fig. 5, (b)). Moving deep into the territory of
Ukraine, the value of this harmonic phase goes down
again. For other MVs, the area of maximum delay in
the first harmonic phase is strictly localized over the
highest areas of the Ukrainian Carpathians.

Thus, it is not only general climatic conditions
that get milder in the Ukrainian Carpathians [15, 24,
25, 27], but also some specific orographically deter-
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Fig. 5. Phase of first harmonic for some MVs:
(a) air temperature; (b) sum of precipitations; (c) saturation deficit; (d) water vapour pressure

mined (by the whole complex of relief conditions, or
mainly due to varying altitude) effects are created,
which are difficult to detect with the use of traditional
methods of climatological treatment of meteorologi-
cal data.

Conclusions. From the provided materials, we
can see that in order to characterize polyharmonic
structure of different MVs annual cycle, the value of
a relative contribution that harmonic makes to the to-

tal variance of seasonal fluctuations (indicator f,)

proved to be most convenient. It was found that in the
Ukrainian Carpathians a major contribution to fluctu-
ations of different MVs is made by the annual and
semiannual harmonics. Their aggregate contribution
to the total variance of the whole complex of the cli-
mate regime parameters exceeds 94%.

Most seasonal fluctuations are determined by the
fundamental harmonic. In case of air temperature, sat-
uration deficit and water vapour pressure, its contri-
bution exceeds 98%. For some more variables, its
contribution makes as much as 80% and more. It was
also found that the contribution the annual harmonic
makes to the total variance of the seasonal cycle of

some water circulation indicators (relative humidity
and especially sum of precipitations) weakens in the
territory of the Transcarpathian Lowland and the
windward southwest macroslope of the Ukrainian
Carpathians.

Semiannual harmonic gains prior importance
only for sum of precipitations seasonal cycle (27.5%).
It also makes a noticeable contribution to the annual
cycle of relative humidity, wind speed, and to a some-
what lesser extent to station level pressure, with indi-

cators f, for these MVs showing different degrees of

differentiation in space.

The third harmonic is of prior significance in at-
mospheric pressure fluctuations. However, its im-
portance varies for weather stations of different hyp-
sometrical position likely reflects the overall weaken-
ing of the effect the underlying surface produces on
the atmosphere with change in altitude.

In the fluctuations of some MVs higher order
harmonics have also been found, though only in some
cases they determine over 5% of the total variance. It
was shown that the last harmonic (with a period of 2
months) does not play any significant role at all.
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The Ukrainian Carpathians possess some spe-
cific features of a mountain climate, with one of them
being a regular change of maximum occurring for a
number of MVs with change in altitude. The revealed
climatic effects of delayed or early annual harmonic
phase with relation to change in altitude are to be

supported by research into the climate of other moun-
tainous countries.

These materials indicate that it is essential for a
number of harmonics to be taken into consideration
when representing climatological features of MVs
with a weakened annual cycle.
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DECOMPOSITION AND MODELLING OF THE ANNUAL CYCLE OF METEOROLOGICAL
VARIABLES IN THE UKRAINIAN CARPATHIANS

Formulation of the problem. In this paper we consider some structural peculiarities of the seasonal cycle
of a number of meteorological variables (air temperature, sum of precipitations, saturation deficit, relative
humidity, water vapour pressure, station level and sea level pressure, wind speed) in the Ukrainian Carpathians,
with the annual cycle being interpreted as a superposition of six harmonics with the period ranging from 2
months to 1 year.

Data and methods. This research is based on the average monthly values of seven meteorological varia-
bles in the Ukrainian Carpathians within a standard climatological period of 1961-1990. Implicit frequencies
in seasonal fluctuations were revealed and evaluated with the help of harmonic analysis method.

Presentation of the main research material. A particular emphasis has been laid on the parameters of
the first (annual) and second (semiannual) harmonics. It was found out that, on average, the annual harmonic
explains some 87% of the total variance of the variables, while the semiannual harmonic accounts for more
than 7%. It is shown that when considering seasonal fluctuations of air temperature, saturation deficit and
water vapour pressure annual harmonic will suffice. Analyzing fluctuations of other meteorological variables
requires a semiannual harmonic to be taken into account. Higher order harmonics (from third to fifth) are to
be taken into consideration when analyzing relative humidity, sum of precipitations, station level pressure, and
wind speed. The last harmonic (with a period of 2 months) does not play any significant role at all.

It was found out that the seasonal cycle structure of these meteorological variables at mountain weather
stations and at foothill ones differ noticeably. For some meteorological variables, namely saturation deficit, air
temperature, water vapour pressure and atmospheric pressure, orographic effects that manifest in either de-
layed or early phase of the annual cycle with relation to altitude, have proved to be statistically significant.
Phases of this harmonic are typical of meteorological variables that are directly interdependent, while variables
that are inversely interdependent normally fluctuate in antiphase.

Keywords: annual cycle, harmonics, amplitude, phase, models, Ukrainian Carpathians, orographic effects.
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GEOINFORMATION APPROACH TO THE URBAN GEOGRAPHIC SYSTEM RESEARCH
(CASE STUDIES OF KHARKIV REGION)

C. B. Kocmpixos, JI. M. Hemeys, K. 1O. Cezioa, K. A. Hemeus, 4. Mopap. TEOIH®OPMALIHHWH ITIXIT 10 JOCII-
JUKEHHA YPBAHICTHYHHUX 'EOT'PA®IYHHUX CHCTEM (na npuknadi m. Xapkie ma oonacmi). Cmamms npuceésuena 00-
CKOHANEHHIO § NOOATLULOMY PO3BUMKY KOHYENMYATbHO20 NiOX00Y w000 docuioxcents ypoanicmuunux eeocucmem (YI'C) uepes I'IC-
3acobu. Ypboeeocucmema uznauacmsvcs AK OHMON02IYHA CYMHICMb, WO PYHKYIOHYE | PO3BUBAEMbCS 8 OKPEMOMY 2e02paditHOMY
excmenmi ypbanizoeanoi mepumopii. [looaromucs dea piens ypbozeocucmem: excmepuanvia YI'C, AK cyKynHicms 63a€M038 A3AHUX
OKpeMmux micm, ma inmepHanbHa ypbozeocucmema — MHOJICUHA PALIOHIE okpemo2o Micma. Ompumana nooanrbuiii po3gumox ioes npo
me, wjo ypOaHiCMuuHy 2eocucmemy MOX*CHA 8I0MBOPIOBAMU Yepe3 MPU MOOENbHI CYMHOCMI: HADID OUCKpemHUX (MOUKO8UX) 2eo2pa-
@iunux 06’ckmis, W0 NOOAIOMb CYCHINLHO-2€02PAPIUHI MA eKOHOMIUHI amPUOYMU OKPeMUux HaceneHux NyHKmie abo 6UOKpeMieHUxX
yacmun 00HO20 Micma, CYKYRHICMb JIHIUHUX 00 €Kkmis, wjo eusHauaromos 63acmooii mioc yumu ckradosumu YI'C; ma muoxcuna
00 exmie naowi, ki, enacue, i onucyromo enemenmu YI'C. [loscnioemocs, yomy nodiona gopmanizayis smicmy YI'C nadae wupoxi
Mmodrcnueocmi came 015 3acmocyganns I'IC-3aco6ie 015 modenrosanns, ananizy i gizyanizayii ypboeeocucmem. [Jemanizyiomvcs YuH-
HUKU, WO 00YMOBTIOIMb HEOOXIOHICIb 8NPOBAONHCEHHS 2e0ihopMayilino2o nioxo0y 00 00CTIONHCeHHA yux cucmem. Y euenidi 610k-
cxemu gpopmanizyemuca aneopumm oocuiodxcenns YI'C uepes 3acobu I'IC i3 nooanvuium po3ensioom KOHCHO20 3 11020 KAHY08UX O0KIE.
3oxpema, ocobnuso niokpecroemovcsa 3acmocysanus Jlioap-mexnonoeii sk 0as eenepayii moodeneti YI'C, max i 0na ananizy ixuvoi ou-
Hamiru. Posensioaiomecsa I'IC-inmepgetic ma ¢ynkyionanshicms 6i0nogioHo20 npocpamnozo 3abesneuents. Hasooumscs npuxiad
docniodceHs ekcmepHanbHoi ypooceocucmemu — ¢ inmepgpetici I'lC Mapinfo 6yna enposadoicena moodenb masmuukoeoi miepayii,
nobyoosana uepes ananiz enacmusocmei YI'C. [looaromubcsi memamuuni npukiaou siomeopenist inmepranvhoi YI'C. Pozensdaemovcs
nocnidosnicms it mooeniosanns uepes Jlioap-oani. Ob206oproemvcs nodbyoosana na naam@popmi ArcGIS modens noxanizayii dinsaHox
Micma i3 6USHAYEeHHAM DYHKYIOHATLHO20 6NAUGY YpOO2eocucmemu Ha 0coOru8ocmi po3noodiny 3axnadie coyianrvhoi cipepu. Ha 3asep-
WEeHHsL Y3A2aTbHIOIOMbCA Pe3yibmamu 00CTi0NCeHH: | nepedasu 0aH020 Ni0X00y wjooo yinel MyHIYUNATbHO20 MEHEOHCMEHTNY.

Knrouogi cnosa: ypoozeocucmema, I'IC, zeoingpopmayitinuii nioxio, ypbanicmuyni 00CioNceHHs, aN0pummivHa nociioos-
Hicmb, eKkcmepHalbHa ma iHmepHAIbHA ypooceocucmemu, memMamuyti 00CaiONHCeHHs.

C. B. Kocmpukos, JI. H. Hemeuy, K. FO. Cezuoa, K. A. Hemeu, 4. Mopap. I EOI/IH(DOPMALII/IOHHI;II/? rHojaxoa K
HCCIIE/]OBAHHIO YPBAHUCTHYECKHX TEOI' PA®HYECKHX CHCTEM (na npumepe 2. Xapvkosea u oonacmu). Cmamos
nocsaujena oanvHeliuiell paspabomke KOHYenmyaibHo2o no0xood, Kacaiowezocs ucciedosanus ypoanucmudeckux eeocucmem (YI'C)
€ NOMOWIO 2e0UHPOPMAYUOHHBIX CUCIEM U meXHoNo2ull. Ypbozeocucmema onpeoensemcs KaK HeKas OHMOIOSUYECKas CYUHOCb,
KOMopas yHKYUOHUpyem u pazeusaemcs 8 OmoenbHOM 2eoepaguieckom dkcmenme ypbanusuposannoti meppumopuu. Ilpeocmas-
Jenvl 08a yposHs ypboeeocucmenm: excmepuanvuasn YI'C, kak co8OKYRHOCMb 83AUMOCEAZAHHBIX OMOETbHLIX 20p0008, U UHMEPHATbHAS
— MHO2ICECmB0 patioHos 001020 20pooa. Tlonyuuna danvuetivee pazgumue uoes 0 MOM, Mo YPOAHUCMUYECKYIO 2e0CUCTHEMY MOICHO
60cC030a8amb uepes mpu MOOeIbHble CYWHOCMU: HAOOP OUCKDEMHBIX (MOYeUHblx) 00beKmos, Komopbie npedCmasisiion COYUAIbHO-
2eoepaghuyeckue u IKOHOMUUECKUe ampubymol HACENEHHbIX NYHKIMOE UNU BbIOETEHHbIX PATIOHO8 00HO20 20p00A, COBOKYRHOCHIb NU-
HeLHbIX 00beKNo8, KOMopble ONPedesiiom 83aumooeicmsus mexncdy ykazanuvimu cocmasisiowumu YI'C; u mHodcecmgo 06bexmog
naowaou, Komopwle, COOCMBEHHO, U ONUCHIBAIOM dneMenmbl ypbozeocucmemsl. ObvacHsemcs, nouyemy no00oHas PopMaIU3ayus co-
Oeposcanus YI'C npedocmasnaem wupoxue 603MOHCHOCU UMeHHO O npumenenus I UC-mexnono2uti MoOeruposanus, ananuza u
suzyanusayuu ypoozeocucmem. Hemanuzupyromes ¢paxmopwl, Komopbvie 00ycio8IuU8aom Heodxo0uMocmy 6HeOpeHUs: 2eo0urHpopma-
YUOHHO20 NOOX00A O/ UCCAEO08aHUs Imux cucmem. B sude bnok-cxemvl popmanuzyemes ancopumm uccnedosaruss Y1'C uepesz TUC-
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UHCIMPYMEHNbL ¢ OANbHEUUUM PACCMOMPEHUEM KAXNCO020 U3 €20 KI0Uesblx O10K08. B uacmHocmu, omoenbHo nodyepkusaemcs npu-
Mmenenue Jluoap-mexnonocuu kax onsa eenepayuu mooeneu YI'C, max u ons ananusa ux ounamuxu. Paccmampusaiomcea I ' UC-unmep-
delic u GYHKYUOHATLHOCb COOMBEMCMBYIOWE20 NPOSPAMMHO20 0becneyenus. [Ipueooumca npumep uccie008aHus IKCMePHATLHON
VI'C — 6 unmepgpetice 'UC Mapinfo 6vina nocmpoena mooenb MAAMHUKOBOU MUSPAYUL, C2EHEPUPOBAHHASA NOCPEOCTNEOM AHAIU3A
ceoticme YI'C. IIpedcmasnenvt memamuyeckue npumepsl mooenuposanus unmepranvroi YI'C. Paccmampusaemcs nociedosameins-
HOCMb ee MOOenuposanus Ha ocHose Jluoap-oannvix. 3amem obcyscoaemces nocmpoennas Ha I UC-nramgpopme ArcGIS modensw no-
KAIU3ayuu yuacmkoe 20pood ¢ onpedeneHuem PYHKYUOHATbHO20 6IUsHUS YPOo2eocucmemsl Ha pacnpedeietue 00beKmos CoyuaibHo
cghepul. B 3asepuienue 0606waomes pe3yibmamol UCCIe008aHUA U NPEUMYWECEa OaHH020 NOOX00d NPUMEHUMENbHO K YelsiM My-

HUYUNATLHO20 MEHEOHCMEHMA.

Knrwoueswvie cnosa: ypoozeocucmema, I'YUC, 2eoungopmayuonnsiii nooxoo, ypbanucmuueckue uccie008anus, aieopummuye-
CKasl nOCNed08amenbHOCMb, IKCMEPHANbHASL U UHMEPHANbHAS YPO02e0CUCmeMbl, meMamuiecKue uccile008aHus.

Research problem introduction. It is a com-
mon fact that the global world has been transforming
to the information society for several recent decades.
We may also accept a Geographic Information Sys-
tem — GIS as one of the core tools of this transfor-
mation. Just this period of time has also been featured
by the continuing urbanization process that still takes
place in many first of all — in developing countries.
According to the estimation of the United Nations ex-
perts (http://esa.un.org/), if the whole world popula-
tion grows up to 32% till 2050, then the urban popu-
lation in the world — up to 70%, and thus, up to 68%
of world population will reside in the cities. It means
that we may face the largest urban growth wave
throughout the whole mankind history, which also
concurs with the drastically rapid development of the
information technologies, computer sciences, geoin-
formatics, and GIS.

For several recent decades it has been recognized
by many researches that with the world population
and urban growth more and more cities are operating
and developing as more and more complicated urban
systems [7, 14, 15, 19, 45]. This complexity is also a
key feature of the contemporary urbanization process
that circumstance requires to be evaluated by taking
into account not only spatial, but purely geographic
issues as well. Both the mentioned rapid urbanization
growth, and its attendant alterations in both old, and
new cities do not allow us to accept any other alterna-
tive to consideration a city as an urban geographic
system entity — an urbogeosystem (UGS), which op-
erates within a certain extent of the geographic space
[49-51]. Thus, a geographer-urbanist needs both a re-
liable research approach, and advanced innovative
technological tools developed to identify the nature
and spatial peculiarities of the urbanization process in
a given area. This methodology and its applied deriv-
ative solutions meet the necessity for more efficient
urban mapping, city understanding, and municipal
management. All three mentioned domains may be
combined in one innovative development — 3D City
Cadaster, intended to resolve those complex property
and infrastructural situations, in which a traditional
2D digital cadaster is rather limited [5]. The relevant
illustration from a paper, we have just referred to, has
been used by the authors as the background for

outlining the reasons of the urbogeosystem concept
introduction (Fig. 1).

For the time being, a GIS is used every day by
everyone in the developed world for various, both
routine, and complicated operations with different
spatial data formats: digital elevation models;
scanned images and their processing applications;
vector map data — roads, rivers, contours; raster map
data — aerial photos, satellite images; 3D objects —
buildings, geobodies; engineering data — surface and
subsurface, etc.; LiDAR and orthophoto point clouds
[24, 33]. The new virtual GIS-worlds and spatial im-
ages elaboration with all these data extend our own
real world and allow us to think about our only world
in many remarkable ways. In this context, GIS is
simply one part of a larger tradition of digital data
handling and spatial representation at all levels —
global, national, and local one [16, 34]. There has
been rapid growth of GIS software using for urban
management in recent decades accompanied by im-
provements and expansions of the city simulation ca-
pabilities together with the methods / rules / interfaces
developed for various modeling-visualizing packages
[11, 18, 22, 31, 43].

Apart from some other reasons, the mentioned
fact was based mainly on the following circumstance.
It was the ability of the advanced GIS applications to
solve the partial differential equations of the unsteady
urban area expansion and relevant population move-
ment by numerical techniques and describe properly
different spatial regularities of urbanization types
based on the models developed. The relevant meth-
odological approach had been created even earlier,
than either the introduction of GIS technique took
place, or a GIS was involved in urban studies [7,8,12,
19,41,42,46]. Only somewhat later, on the one hand,
a GIS became a routine tool for municipal planning
and urban studies for about 25 years before [15], and
it is a sustainable part of both ambitious developing
programs [6], as well as it is a subject of the university
agenda for the time being [10]. On the other hand,
there still may be lack of fundamental research with
only few exceptions, which would combine the strong
spatial aspect of the urban system analysis with the
GIS application advantages, while, for example, a
general trend of the system approach, in the research
of both urban, and environmental systems was con-
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clusively outlined in the subject literature [3,33,
36,41].

The main research goal of this paper is to pro-
vide the urban geosystem research concept based on)
of GIS and remote sensing data processing software
involvement and to give some details about this con-
cept applied implementation. Few regional examples
(case studies) of its practical application are also pro-
vided. We accept this concept as the core part of the
broader Human Geography methodology of using
GIS, once represented by two authors [27]. Our paper
recognizes the conceptual research approach relevant
to the GIS-tools of urban data geoprocessing, model-
ing and visualizing on the basis of either open, or mu-
nicipal attributive urban data, as well as based on the
data extracted by LiDAR-technology remote sensing.
It is obvious that an emphasized spatial aspect of the
urban research implies the GIS procedures, tools, and
operations involvement, what we attempt to examine
briefly in the text below.

The geoinformation concept of the urban ge-
ographic system research. The external and inter-
nal urbogeosystems. Mostly the urban studies com-
pleted in the fifties—early seventies of the past century
defined an urban system as a straightforward set of
separate units (different cities or, in rare case studies
- different areas in a single city). Some scant atten-
tion, if any, was directed to connections among cities.
There were two seminal publications in the second
half of the seventies, which introduced the nodal
structure of the system of cities, which gave us the
chance to determine interconnections and relation-
ships among its structural nodes, thus revealing the
pure systematic features [7, 19]. Urban system mod-
eling techniques and initial elements of urban system
analysis were represented a few years later. The au-
thors announced, that they simply summarized these
issues for practical applications and methods, which
had existed since the fifties [3, 23]. Nonetheless, all
four referred to publications demonstrated only a few
research examples, which could be defined as phe-
nomena of pure emergent properties of an urban sys-
tem, while this system does not only refer to the set
of cities in a certain area, but also demonstrates some
unique relationships among them.

This certain drawback can be explained by the
circumstances that in the wide-spread acceptance of
the “urban system” definition many key spatial as-
pects have been simply lost. As an attempt to remedi-
ate the disadvantage mentioned by one of the authors,
the category of an urban geographic system was once
suggested [49]. This catergory has been already men-
tioned in our text above. The UGS is an urban system,
located within a definite extent of the geographic
space; it is an unsustainable social-environmental
system which is also a united entity of various archi-
tectural features and dramatically changed natural

ecosystems. The direct reference to the certain spatial
extent of the geographical space is the key issue in the
UGS definition. This not only allows providing all
necessary prerequisites for GIS involvement in urban
studies, but also securing detailed consideration of
most linkages and relationships within a given area,
and finally — reveals pure emergent properties of an
urbogeosystem.

The nodal structure of the system of cities [7, 14]
implies understanding of each single system compo-
nent as a point object, while relationships among all
city pairs within a given system entity — as a linear
object. It is easy to accept that, a certain set of cities
located within a definite region, simply is within a
chosen areal object. In this way, taking into account
the relevant thoughts reported earlier [7, 8, 14, 15,19,
20], it is possible not only to introduce the GIS tech-
niques in urban studies, but also to outline some ini-
tial UGS hierarchy, making the assumption that point,
lines and areas are fundamental spatial constituents of
an urban geographic system. What is more, the given
methodological assumption looks like a unigque
method, that allows us to introduce the so- called ge-
ographical scalability, while we consider a certain in-
stance, a city, as a point feature upon some small
scale, and that very city upon another, larger, scale —
as a feature related to some area. If we apply the
scalability to the linear features, representing various
interconnections among the constituents of some cit-
ies set, we may obtain these linear features of differ-
ent ranks, which would mirror the power of each par-
ticular connection between each pair of the chosen
cities.

Thus, in the case of GIS-modeling one can easily
see the correspondence just mentioned above of these
UGS spatial constituents to the so- called basic
graphic primitives as GIS features, which are also
points, lines, and areas. This already explained key
research component of any system study, the method
of scalability, can easily be implemented exactly with
the GIS-tools. For instance, in some regional case, by
zooming in upon a set of cities study, we pass sooner
or later that already mentioned threshold, after which
“a city as a point” becomes ““a city as an area”. Thus,
firstly, a set of N cities presents the matrix of N*N,
while the latter defines a number of linear features,
which mirror spatial linkages in an external urboge-
osystem in terms of human, industrial, commercial,
and information traffic. Secondly, not the same, but
similar matrix represents N city districts with all pairs
of connections among them within an internal urbo-
geosystem, which upon straightforward consideration
is simply a set of city districts.

Algorithmic sequence of the urbogeosystem
study with a GIS. Based on the foregoing and taking
into account once presented ‘“components and process
of GIS for urban system analysis” [15, p. 214], we
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algorithmic sequence of this research provision with

GIS (Fig. 2).

introduce one of the core issues of the geoinformation
approach to the urban geographic system studies — the
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This algorithmic flowchart starts with the first
data algorithmic block — a block of gathering urban
LiDAR (Light Direction and Ranging) data. This
flowchart block has been already introduced in details
as a set of terrain / vegetation / buildings acquisition
techniques in one of our previous papers [50]. What
is more, since then one of the authors leads the R&D
program at the EOS Company (https://ecs.com),
which elaborates the LiDAR data processing web-
based software intended for urban studies — the ELIT
—EOS LiDAR Tool server-client application [28, 29].

The remote sensing information obtained from
LiDAR-tools has gradually become to be preferred to
traditional photogrammetric tools for the last few dec-
ades in many subject areas of interest related to the
feature extraction, because of its better operability,
productivity, accuracy, and higher resolution [40].

Moreover, these tools have been already applied for
urban studies since the beginning of this century [44].

Almost all LIDAR devices are either Airborne
types (ALS, aircraft based), or Terrestrial (vehicle
based) ones. The latter are also called Mobile Laser
Scanning (MLS) devices. The LIDAR unit uses the
GPS-high precision and an Inertial Measurement Unit
(IMU) to define the placement and measure the atti-
tude of the aircraft in order to determine the ground
location of the return pulse. The LIDAR sensor gen-
erates a series of point measurements (LiDAR Point
Cloud sets) that consists of plain coordinates (X & Y)
and the elevation (Z) of both natural and man-made
features in the environment. Since we emphasize that
AL LiDAR data may be sooner the dominant ones for
urban studies, we depict some summarizing content
of the LIDAR ALS survey as the following scheme

(Fig. 3).

Hardware components

- GPS to measure the
position of the vehicle

- INS to measure, heading,
pitch, roll

- Collecting vehicle .Z y
- Laser scanning system GPS £ __ X
LN g
L 1 1 1 ===
e _71,,-_.)(—
e ;
= S
Laser ! Y
Scanner Z NS

roll

heading pitch

Fig. 3. Airborne LiDAR techniques and operations
(this illustration content originally combined by the authors of this paper)

In our papers previously issued in this subject do-
main we emphasized that LiDAR remote sensing can
broadly be defined as the technique set used to obtain
the information about the topographic surface, vegeta-
tion, and various features of the human infrastructure
at certain distance from them (buildings, bridges,

roads, power lines, etc.) for further processing [28, 29,
50]. This information is usually the result of the low
range airborne LIiDAR data processing, which has the
second return attribute defined. It measures reflected
light from distant features to determine the range, and
consequently from this information, to determine a
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feature position. Ordinary data resolution of our pro-
cessing technique is between 5 and 90 LiDAR points
per square meter. One of the principal LiDAR data and
its further processing contribution is to increase our
knowledge of the land surface, vegetation, about those
mentioned human infrastructural features and, hence,
to improve their use.

While normally photogrammetric technigues
rely on remote sensing images, mainly — on the aerial
ones, LiDAR sensors provide the fundamentals for
further generation of 3D building models from point
clouds all over various urban areas.

Certainly, any operations within the flowchart
first data block are omitted, there is plenty of availa-
ble attribute data, or the possibility of LIDAR data in-
volvement is absent.

Automated feature extraction (AFE) has been
the main topics of discussion in papers and in forums
during the last one and a half decade. It means, first
of all, extraction of city buildings and other infra-
structural urban features [2, 9, 30, 32, 37, 38 39, 47].
Now, AFE is still a vitally crucial part of what is done
and what people are trying to do better. How have we
further progressed with AFE recently? We hope that
our paper text will contribute, to a certain extent, to a
possible answer to this question.

Derivative data of building extraction together
with complicated classified information for the area
of interest, gained from these point clouds too, may
strongly enhance the second data algorithmic block —
a block of attributed data for a given city (see Fig.2).
Attribute data, representing different characteristics
of this city, may be either commercial ones, or those
that are in the open access. Attribute properties are
prescribed to various types of GIS features according
to standardized procedures [25]. Main attribute char-
acteristics for each city (a case of the external UGS),
or for each district (a case of the internal UGS) depict
its basic properties, e.g., an urban area size, social ge-
ographic properties, including industries, services,
transportation, and other features of municipal econ-
omies. While we are enhancing city attributes by de-
rivative information obtained on the basis of the Li-
DAR data processing, we enter the first summarizing
node into this flowchart, which indicates the initial
key point of geoprocessing. With the ELiT web-based
software functionality we can prescribe, edit, and vis-
ualize a set of various attributes with the ELIT Viewer
for any urban object modeled from a LiDAR point
cloud and provide processing of attributes for a whole
layer of these objects [29] (Fig. 4):

Fig. 4. Visualization of the modeled urban feature attributes
by the ELIT Viewer of the ELIT web-based software

An algorithmic block of the branching Applying
the geographic scalability directs the flowchart route
either to study of the external urbogeosystem, or the
internal one. The key issue of this choice is the

availability of two alternatives — we may examine a
region with point-cities, or look through a continuing
urban area of city districts. Thus, we mainly operate
with point GIS-features in the first case, and with
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areal features in the second one. This flowchart sec-
ond summarizing node is the intermediate key point
of geoprocessing, that redirects processing flow either
towards modeling an external UGS, or to modeling an
internal one.

The core block of flowchart is a subject area
model block — A Human Geography model chosen for
urban studies. A right choice of a proper subject area
model prevents us from any probable failure upon the
finalizing an ultimate GIS-model of an urbogeosys-
tem. Choosing one among the series of Human Geog-
raphy models, we need to address the model which
provides the most effective and accurate estimate of
the existing spatial patterns and regularities according
to the content of data entering blocks in our flowchart.
In general, a provider of this flowchart can select a
required model from both a number of classic urban
models (Burgess — 1924, Hoyt — 1939, Ullman and
Harris — 1945, etc.), and from some updated ones,
such as “land value / bid rent model”, “model of mul-
tiple-nuclei urban structure”, “urban realms model”
[1, 4, 13]. Applying the scalability together with a se-
lected subject area model allows us to obtain an initial
set of linear linkages among these urban system units.
Before the final completion of an UGS GIS-model
these linear GIS-features have to be exposed to final
geoprocessing at the third summarizing node of a
flowchart. The final flowchart block of visualization
— Emergent properties... - in the optimal case has to
expose the core structural properties of an urban geo-
graphic system by visualizing it either in a map win-
dow, or in a graphic window, as well as in a browser
window of a graphic user interface.

A case study of the external urbogeosystem. In
two following paper sections we take a few examples
of both external and internal urban geographic sys-
tems of Kharkiv region, Eastern Ukraine, to demon-
strate in what way the geoinformation approach to
UGS research can be provided in a practical perspec-
tive. Two from these authors have already published
some unique results due to the regional commuting
modeling by GIS Maplnfo Professional [26].

By developing further Renkow-Hoover’s model
of commuting [35] and representing corresponding
mathematical techniques, we introduced the spatial
econometric analysis for commuting study directed to
a regional workforce market. It has been proved that
both labor migration and commuting are two domi-
nant issues for studying any workforce market, either
at the national level, or at its regional one. What is
more, in our attempts to understand a regional migra-
tion level, we should select just commuting as its
dominant trend. The elaborated model has assisted to
estimate a rough number of regular daily-weekly
commuters to the central one and other cities in the
region in 2012-2014.

Built within the research referred to framework
a detailed geodatabase (GDB) of the social geo-
graphic properties of the region significantly assisted
in determination by the flowchart above (refer to Fig.
2) of the external UGS spatial distribution / interac-
tion pattern completed by main individual cities of
this area. With three summarizing nodes of the
flowchart, which finally built the interactive structure
of GIS-linear features, key cities of the regional nodal
network, accepted as an external UGS core, have
been defined by analyzing all initial linkages and de-
rivative interdependencies among all city pairs in the
region.

Strong spatial correlation has been defined be-
tween a city nodal rank, which it possesses in the ex-
ternal UGS and the value of commuting density (a
number of commuters per sg. km) introduced by us in
the previous publication referred to [26]. Afterwards
a number of interactions for each county center with
all its neighboring settlements was calculated, valued,
and ranked.

The MapBasic programming language module
has been developed for this purpose, and results of its
application are visualized in the next illustration (Fig.
5). Five classes of nodal cities have been defined in
the GDB on the basis of commuting density value
spatially modeled for their neighboring areas. Ran-
domly selected, spatially referenced point values of
commuting density bounded to a settlement (a city or
a village), which was completed at A GIS-model of an
urbogeosystem block of the flowchart (refer to Fig.
2), have been finalized with the following results of a
spatial GIS-classification (refer to Fig. 5):

e Taking into account the contemporary eco-
nomic situation in Ukraine (the drastically forced la-
bor migration from rural to urban areas), the highest
values of commuting density (the first class) were
prescribed by default to all urban areas of county cen-
ters in the region (red square symbols both in the map,
and in the classifying legend — refer to Fig. 5);

e The first class (300 — 492 commuters per sq.
km) — there are 4 spatially referenced point values of
commuting density in city neighboring areas belong-
ing to this class;

e The second class (18-300 commuters) — 23
point values;

e The third class (2-18 commuters) — 8 point
values;

e The fourth class (1-2 commuters) — 22 point
values;

e The fifth class (0-1 commuters) — 62 point
values.

The key assumption is that commuting density
around a certain urban area should reflect a nodal
weight of a corresponding city. Such an assumption
may be made proceeding from common references
about some connection existing between the degree
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of commuting activity in a certain area and a number
of interactions of a given city, which is the aim of
commuters [20, 21]. For proving the reliability of city
nodal weighting definition through commuting val-
ues we attempted to define spatial correlation ratios
between point values belonging to each class, on the
one hand, and a number of significant interactions for
each city from this class. The interaction significance
was determined at Linear GIS features block of the
flowchart according to modeling technique of the ur-
ban geosystem of two levels GIS-model published ear-
lier (Koctpikos, 2016). The first class possesses the
aggregated correlation ratio value of 0.645; the sec-
ond class — 0.747, the third class — 0.710, the fourth
class —0.797, and the fifth — 0.891. All classes of spa-
tial ratios have been defined as statistically signifi-
cant, if we apply to the variety of their separate point
values bounded to a certain cities Student’s t-criterion
of the correlation ratio significance.

Those administrative counties that demonstrated
the lack of aggregated data according to these two cri-
teria — commuting values and a number of significant
interactions —are depicted as blank spaces on the map
(See Fig. 5). Some cities were included in modeling
based on the territory directly adjacent to a city, not a
whole country area (a case of Kupiansk, lzium,
Lozova, Pervomaisk, and Liubotyn). Chuguiv has
been excluded from calculations, because the adja-
cent territory, where commuting density can be relia-
bly estimated, is extremely small. One county (Blyz-
niuky as a county center) showed an unreliable corre-
lation ratio between the two basic parameters, and it
was excluded from modeling (bordered by a red line
in the map — Fig. 5).

Proceeding from two interactive factors outlined
above, we have provided the following spatial classi-
fication of nodal cities and their neighboring territo-
ries, which nodal rank is diminished from the first
class to the fifth one. The “nodal cities + adjacent ar-
eas” classes of the external UGS possess the follow-
ing cities of Kharkiv region:

o Thefirst class: Kharkiv-City; Izium, and Ku-
piansk;

e The second class: Liubotyn, Lozova;

e The third class: Derhachi, Zmiiv;

o The fourth class: Valky, Krasnograd, Pervo-
maisk, Balakliya;

e The fifth class: Krasnokutsk, Vovchansk,
Nova Vodolaga, Borova, and Dvurichna.

Both nodal cities ranging and their spatial distri-
bution over Kharkiv region generally correspond to
known social economic regularities in the area, but
nonetheless it also demonstrates some deviations,
which should be a subject of further research.

Case studies of the internal urbogeosystem of
Kharkiv-City. Two other applied examples

introduced in this paper are related to the internal
UGS of Kharkiv-City.

In the first example of the internal UGS study the
LiDAR data obtained from both an aircraft (airborne
LiDAR — ALS data), and from a mobile surface vehi-
cle (MLS data) have been processed by our original
software, developed by one of the leading authors and
presented in our earlier paper [50]. Processed results
were employed for estimation of architectural dynam-
ics of Kharkiv-City and for enhancement of the avail-
able attribute data for the city according to the first
two blocks of the flowchart of the urbogeosystem
study (refer to Fig. 2).

Not the ELIT web-based software, but our desktop
LiDAR data processing application, developed few
years earlier, has been employed. The Surface Detec-
tor tool of this software is designed to deal with the low
range airborne LiDAR data that has the second return
attribute defined. Normal data resolution of the devel-
oped technology is between 5 and 80 LiDAR points per
square meter, which means some advantage in com-
parison with most of the similar techniques existed [37,
39, 40]. The Building Extractor tool is designed to op-
erate with both the low range ALS and the MLS data.
The approach aims to produce the output building
models with resolution of 35 cm approximately. This
supposes that the input MLS data should have the res-
olution of 400 points per square meter or more. The
approach also intends to build the colorized planes (im-
ages) based on RGB attribute of MLS data to be draped
on a building model. This assumes that the input MLS
data should have the RGB attribute assigned to each
data point. Testing MLS-survey provided within an
area-of-interest (AQI) - a selected key parcel of Khar-
kiv-City proves the reliability of its results (Fig. 6).

Procedures of the LiDAR point cloud AFE and
classification have been provided further on the base
of testing surveys described above. In the following
example for a test site, which belongs to Kharkiv ur-
ban area, the LiDAR data processing desktop soft-
ware assigns point objects to one certain class from
four nominated (i.e. ground, vegetation, buildings,
other human infrastructure) (Fig. 7).

Successful spatial classification secures further
applying of thematic GIS-mapping and allows us to
provide prompt visual data analysis “on fly”. Then
any particular class of defined points can be put into
a separate mapping layer for further processing. As a
final output, a number of pseudo-vector files (of .3D
Obj format) are produced, where each file represents
one separate building extracted while processing
from LiDAR. These files reference to separate image
files. The latter contains textures to be draped on the
3D models. All this completes a combined 3D picture
of a certain urban area, which can be almost of any
size according to city borders upon applying the geo-
graphic scalability procedure (refer to Fig. 2).
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Fig. 7. Results of LIDAR data automated classification for a test site

With respect to the case study examined, the
high-resolution LiDAR data generated from the point
clouds have been proved to be the most efficient in-
formation for automated extraction of buildings in
densely built-up parts of Kharkiv urban territory in
comparison with any other remote sensing data.

Any significant changes in the spatial structure
of the internal UGS mean changes in social economic
attributes of a city. The latter understandably can be

traced by monitoring city architectural modifications.
All aforementioned in this paper section explains,
why architectural alterations in the optimal way
should be monitored by application of LiDAR tools
thus enhancing the quality of whole city attribu-
te data.

The second example concerning the internal
UGS study, introduces this urbogeosystem function
research with GIS-tools through a megalopolis
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urbanized area. In this case, the arrangements of ca-
tering services over the urban area of Kharkiv have
been examined as a urbogeosystem function [48]. The
municipal social sphere, which includes these ser-
vices, has been described as a key city attribute

according to the second data block of the flowchart.
Geoprocessing, analysis, and visualization of the ca-
tering services spatial distribution has been com-
pleted within an advanced GIS-interface of the
ArcGIS 10.2 platform (Fig. 8).

Population density
people per sq. km

l10000

5000
. 200
KuiecbKull - a city district title (in Ukrainian)
~———  urban area borders
——  bordersof city districts ® cafeteria @ snackbars
pedestrian accessibility of
O public trasport stops @® cafe ® restaurants

Fig. 8. Mapping overlay of spatial distributions of population density (raster layer), catering services
(vector features), and buffer zones of pedestrian availability along main routes of public transport network:
a case study of Kharkiv-City [48, p. 97]

Spatial distribution of the urban population den-
sity and population income, as well as spatial charac-
teristic features of the city public transport network
have proved to be three key factors of the catering
services allocation (only statistically estimated the

most visited ones have been selected for visuali-
zation).

At the first sight, it is reasonable for municipal
authorities to place catering services in the place
where townsmen change public transport for walking
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(and opposite) upon their daily routes. Such alloca-
tion upon the factor of mandatory pedestrian availa-
bility (5-7 minutes of walking and 400-500 m of dis-
tance) provides complete covering of all customers
independently of city district borders. To check this
rule of catering services allocation we have built 400
m buffer zones by the Zone burring methods around
each public transport stop and merge all zones into
one mapping layer all over the city with assistance of
ArcGIS tools [17].

We overlaid both factor layers, and a resulted
layer of spatial correlation to reveal the internal UGS
emergent properties caused by its functionality. The
final overlaid picture of spatially correlated three fac-
tor layers (population density, pedestrian accessibility
of public transport stops, and intracity borders of dis-
tricts) and one resulted layer (catering services allo-
cation) is shown above (refer to Fig. 8). Topological
and geometric regularities of defined spatial zones of
catering services distribution indicate definite impact
of the urban geosystem functionality on this distribu-
tion. This impact consists in such topological entity
generation though a whole urban area as a “six petal
flower” of these services spatial distribution. Had ca-
tering services been allocated only on the base of mu-
nicipal socio-economic rules mentioned above, any
topological definite entity would have hardly been de-
fined over a whole urban area. It means that spatial
structure of city districts as components of an internal
urbogeosystem does impact social infrastructure allo-
cation throughout an urban area.

Results and conclusion. The authors of this pa-
per have further developed the concept of the geoin-
formation approach to the study of two-level urban
geographic systems. The authors have attempted to
prove that an urban geographic system itself is not
merely a straightforward aggregate of either cities
upon the external case study, or city districts in the
internal one. The whole methodological approach can
be considered as some general outlining in what way
to use a geoinformation software for the analysis of
an urban geographical system. Analytical capabilities
of the geoinformation software, both desktop and

web-based one, for an UGS, have been listed and
briefly discussed with the emphasis on the LiDAR
data processing operational procedures. The proposed
urbogeosystem concept may appear highly essential
for both visual research, and a set of different analysis
applied for urban areas, including, for instance, city
planning, urban viewshed analysis, municipal proper-
ties inventory, allocation of transportation network
and other infrastructure, facility management, etc.

Within this research provided we have com-
pleted the following issues:

e Brief summary of the GIS and LiDAR data
processing software contemporary performance in ur-
ban studies focused on some specific issues of this
technique application;

¢ Introduced GIS-approach to urban studies
has been further developed and additionally proved to
be a significant constituent of the Human Geography
methodology;

o The definition of an urban geographic system
has been specified and theoretically grounded more in
details in comparison with its earlier introduction;

e Basics of GIS-primitive features use in urban
studies have been extended further;

e Template algorithmic sequence for the UGS
research with GIS has been proposed, accurately ex-
plained and proved;

e Two levels of an urbogeosystem (external
and internal ones) outlined earlier have been featured
with applied examples;

e Arregional case study of the external UGS of
Kharkiv region has been provided with GIS MaplInfo
tools;

e Two urban case studies of the internal urbo-
geosystem of Kharkiv-City have been introduced —
one with the original software of LiDAR data pro-
cessing for enhancement of the city attribute data, and
the other — with ArcGIS spatial analysis tools for es-
timation of the urbogeosystem functionality impact
on spatial distribution of some socio-infrastructural
objects and services.
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GEOINFORMATION APPROACH TO THE URBAN GEOGRAPHIC SYSTEM RESEARCH
(CASE STUDIES OF KHARKIV REGION)

Research problem introduction. The main research goal of this paper is to provide the urban geosystem
research concept with both the theoretical basics presentation of GIS involvement in urban studies, and with
examples of its practical applications.

An urbogeosystem (UGS) has been presented not as a simple aggregate of cities, but as the emergent
entity that produced complicated interconnections and interdependencies among its constituents. By the urbo-
geosystem concept the authors attempt to introduce a reliable research approach that has been deliberately
developed to identify the nature and spatial peculiarities of the urbanization process in a given area. The exi-
gency of this concept elaboration is listed by the number of needs and illustrated with ordinary 2D digital city
cadaster limitations. The methodological background has been proposed, and its derivative applied solutions
meet the number of necessities for more efficient urban mapping, city understanding, and municipal mana-
gement.

The geoinformation concept of the urban geographic system research. External and internal ur-
bogeosystems. The authors explain why an UGS can be formalized as three major components: an aggregate
of point features, a set of lines, an aggregate of areal features. The external UGS represents a set of cities, the
internal one — a set of delineated areas within one urban territory.

Algorithmic sequence of the urbogeosystem study with a GIS. The authors introduce algorithmic
sequence of research provision with GIS, in which the LiDAR data processing block has been examined in the
details with the procedure of the automated feature extraction explanation. Relevant software user interface
sample of the visualization of the urban modeled feature attributes is provided.

A case study of the external urbogeosystem. The regional case study of the external urbogeosystem
modeling is introduced with GIS Maplnfo Professional. The authors present the spatial econometric analysis
for commuting study directed to a regional workforce market. The results of the external UGS research mainly
correspond to some published social economic regularities in the area, but nonetheless it also demonstrates
significant deviations that may be explained by this system’s emergent properties.

Case studies of the internal urbogeosystem of Kharkiv-City. Two case studies of the internal urbo-
geosystem of Kharkiv City have been demonstrated, too. In the first one, automated feature extraction provided
by the authors’ original software from LiDAR data has been applied for modeling this UGS content throughout
a densely built-up urban parcel. In another case the GIS-analysis of the urbogeosystem functional impact on
the catering services spatial distribution has been provided with the ArcGIS software.
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Results and conclusion. Summarizing all primary and derivative data processed with this technique as
well as generalizing key ideas discussed in the text, the authors underline this whole methodological approach
as such that can be considered as a general outlining showing how to use geoinformation software for the
analysis of urban areas. Concluding their research, the authors emphasize that the urbogeosystem concept may
be quite useful for visualization and different analysis applied for urban areas, including city planning, facility
and other municipal management methods. The short list of the obtained results has been provided at the end
of the text.

Keywords: urbogeosystem, GIS, geoinformation approach, urban studies, algorithmic sequence, Li-
DAR, external and internal urban geosystems, case studies.
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ACHUMETPIA I CUMETPIA
JAOJUHHO-PIYKOBUX JJAHAINA®THO-TEXHIYHUX CUCTEM

Ha ocrogi y3azanvHeno2o npocmopogo-4aco8o2o aHanizy po3eisaHymo nposie IaHoOwagpmuoi acumempii ma cumempii' y mexcax
00MUHHO-PiUKOBUX NanOuwagmuo-mexuiunux cucmem Ipasobepesicnoi Ypainu. Ipynmylouuce na npunyunax I1. Kiopi ma idesx
@. M. Minvkosa, npoananizo8ano 3HAYeHHs acumempii ma cumempii npu 6UGYeHHi OOIUHHO-PIYKOBUX TAHOWAPMIS, SKi OYau mpaHc-
hopmosari 6HACIIOOK 00820MPUBATO20 20CROOAPCHKO20 OCBOEHHSA. 3AZHAUEHO, WO NPU OOCTIONCEHHI TAHOUAPMHO -MEXHIUHUX CUC-
mem y HUX 6apmo SUOKPEeMI08AMU elleMeHmU CuMempii ma acumempii — O0ONOMINCHI 2eomempudni 0opasu (mouku, JiHii, NIOWUHU),
BIOHOCHO AKUX NEBHUM YUHOM NOBMOPIOIOMbCA PIGHI YACTMUHU 2e02padiunHux 00 '€kmis. Y CKI1aOHUX 1aHOuAGmMHO-MeXHIUHUX cucme-
MAX OCHOBHI [HICEHEPHO-MEXHIUHI CHOPYOU 4acmo 8idiepaioms poib MAKUX 2eOMempudHux oopasis. 3a3HayeHo, wo nposioHy poib y
Gopmysanni acumempii 00NUHHO-pIYKOBUX NaHOWadmie sidicpac anmponozenHull yurHuk. 11i0 oo 6nausom Hamypanvha 1aHOwa-
¢mua acumempis 30amua 00KOPIHHO 3MiHI08amucs. Bionogiono 0o cmadiil po3eumky I1aHOUAGMHO-MEXHIYHUX CUCTEM NPOAHANIZ0-
BAHO MOJCTUBE 8apiaHmu mpanchopmayii 1anowagmuoi acumempii ma cumempii 3 HamypanvbHoi ¢ anmponozenty. Ha npuxiadi 0o-
JIUHHO-PIYKOUX TaHOwapmuo-mexuivnux cucmem Ipasobepescnoi Yrpainu (6000cxo8uwy, cmaekis, KaHAIie i MOCMI8) pO32NIsAHYNO
nposieu AaHmMpono2eHHol 1anouapmuoi acumempii ma cumempii. 3pobaeHo 8UCHOBOK NPO Me, WO NOPYUIEHHS. 2eOMEMPUIHUX 00pa3ie
OONUHHO-PIUKOBUX TAHOUAPMHO-MEXHIYHUX cucmeM 8i00)Y8AEMbCs BHACTIOOK HeeeKmueHoi disnbHocmi 00Ky Ynpasninua. Bpaxy-
BAHHSA THOUBIOYATLHUX 8IACTIUBOCMEN AcCUMempii ma cumempii OOTUHHO-PIUKOBUX TAHOWADMHO-MEXHIUHUX cucmeM HeoOXiOHe 0/is
BUpienHs Oa2amvox 3a60akb, 08 A3AHUX 3 PAYIOHATLHUM NPUPOOOKOPUCTIYBAHHAM MA ONMUMI3AYIEI0 MAKUX CUCTEM.

Knrwwuoei cnosa: nanowagmua acumempis, ranowagmua cumempis, OOIUHHO-PIUKOGI 1aHOwagdmu, 1aHOuAGMHO-MexHIuHi
cucmemu, piykosi OOTUHU.

A. /. Jlaspuk, A. A. Maxciomos, B. B. Hlumbanioxk. ACUHMMETPHA H CUMMETPHA /IOJIHHHO-PEYHbIX JIAH/T-
HIA®THO-TEXHHYECKHX CHCTEM. Ha ochose 0606uennozo npocmpancmeeHHo-6PEMEHH020 aHAU3A PACCMOMPEHO NPOsis-
JIeHUe TAHOWAGMHOU ACUMMEMPUY U CUMMEMPUU 6 NPE0eNax O0IUHHO-PEUHbIX TaHOwagpmuo-mexnuyeckux cucmem Ilpasobepedic-
nou Ykpaunwl. Ocnoswisasce na npunyunax I1. Kiopu u uoesx @. M. Munvkosa, npoananusupo8ano 3HayeHue acumMmempuu u cumme-
MpuY npu U3y4eHuUu OOTUHHO-PEUHbIX AAHOWAPMO8, Komopvle ObLIU MPAHCHOPMUPOBAHDBL 8 pe3yabmame OIUMENTbHO20 XO3AUCMGeH-
Ho20 0ceoerus. Ommeuero, 4mo npu Uccied08aHuU TaHOULADMHO-MEXHUYECKUX CUCHEM 8 HUX CIOUM 8bl0eISMb IeMeHMbl cCUMMe-
MpUYU U ACUMMempUU — BCHOMO2AMENbHbIE 2e0MemputecKue 00passl (MouKu, TUHUL, NIOCKOCMU), 8 OMHOWEHUY KOMOPbIX onpede-
JIEHHbIM 00PA30M NOBMOPAIOMCSL PABHbIE YACMU 2e02PAPUUECKUX 00beKMO08. B cnoscHbix 1anowadmuo-mexHuyeckux cucmemax oc-
HOBHbIE UHICCHEPHO-MEXHUYECKUE COOPYICEHUS] YACMO USPAION POlb MAKUX 2eomempuieckux oopazos. Ommeyeno, 4umo 6e0yuyio
POb 8 YOPMUPOBAHUU ACUMMEMPUY OOTUHHO-PEYHBIX TAHOWAPMos uzpaem anmponozennviil pakmop. Iloo e2o enusnuem namypa-
JIbHas AaHowagmuas acummempusi cnocoona Kopennvim obpazom mensmocs. CoomeemcmeeHHo K cmaousim pazeumust 1aHouagh-
MHO-MEXHUYECKUX CUCTEeM NPOAHATUIUPOBAHBL B03MOJICHbIE BAPUAHb MPAHCHOPMAYUY TAHOUAGMHOU ACUMMEMPUU U CUMMEMPUN
U3 HAMYPATLHOU 68 anmponozenHyrw. Ha npumepe 0oaunHO-peuHbix aanouapmuo-mexuuveckux cucmem Ilpagobepesicnoii Yxpaurul
(6000xpanuULy, NPYO08, KAHALO8 U MOCTO8) PACCMOMPEHO NPOSABTICHUSL AHMPONO2EHHOU TAHOWAGMHOU ACUMMEMPUU U CUMMEMPUL.
Coenan 861600 0 MOM, YMO HapYUeHUe 2eOMemPULecKUX 06paz08 OOIUHHO-PEUHbIX IAHOWAGMHO-MEXHUYECKUX CUCTNEM NPOUCXOOUM
scnedcmsue Hedghpexmugnoll dessmenbHocmu O10Ka YNpasienus. Yuem unousuoyanibHbix c60UCmMe acuMmMempuy u cumMmempuu 00-
JIUHHO-PEUHBIX JAHOUAGMHO-MEXHUYECKUX CUCTEM HeoOX00UM OJis peulenuss MHO2UX 3a0ad, CEs3AHHbIX C PAYUOHAIbHIM NPUPOOO-
NONb306AHUEM U ONMUMUZAYUEL MAKUX CUCTEM.

Knrouesvie cnosa: ranowapmuas acummempusi, 1anowiaghmuas cummempusi, OOIUHHO-PEYHbIe IAHOWADMbL, TAHOWADmMHO-
mexHuuecKue cucmembyl, peunvie OONUHbI.

IlocTanoBka nmpo6Jjemu. Hezpaxkaroun Ha 3HaA-
YHHUI HAKOTIMYCHHA TIOCBIJ 3 TOCIPKEHHS acCUMETpil
i cumetpii y mpupogi [3; 8; 14; 19; 28; 34; 36], nns
reorpadis 115 Mpo0JIeMa 3aIMIIAEThCS aKTyaIbHOO 1
Ha nouyatky XXI cronitTs. Po3BuBaroun BueHHs npo
Oiocthepy i Hoochepy, B.1. BepHancekuii 3a3Hauas,
MO: «...CUMEMPIsL € GUPAICEHHIM 2e0MempPUyHUX

NPOCMOPOBUX NPABUTLHOCIENU, SKI eMRIPUYHO CHOC-
mepicalomvcs Yy NpupoOHuUx minax (i Aeuwax).
Omorce, 60HA NPOABIAEMBCS, OUEBUOHO, He Juue
npocmopi, a i Ha naowuni i na ainii. Li npasuibro-
cmi 6inbut 21ubOKI, Hide (izuuni ma XimiyHi Aeuwa, y
AKUX BOHU HAM NPOAGIAIOMbCA | SAKI B0OHU OXONIO-
10Mb. 3aKOHU CUMempii — ye 2eomMempuyHi 3aKOHU

© Jlaspux O. J[., Makciomog A. O., [Jumbaniox B. B.
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NPUPOOHUX ML, MOOMO PIZUKO-XIMIYHUX HPOCMOPIE
Hawoi nianemu...» [3, ¢.163]. He MeHm BaxiuBe
3HA4YEHHS 3aKOHU CHUMETpii BiAIrparoTh y Janamadr-
Hill cdepi [17], sika Oyna cyTTeBO TpaHCHOPMOBaHA
YHACJIIOK IPOrPECYIOYOr0 TEXHOI'€HE3Y.

Oco05IMBO SICKpaBO BILTHB aCHUMETPii TPOSBIIS-
€TBCS Y CTPYKTYPI, TUHAMIII Ta PO3BUTKY JTOJIMHHO-
piUKOBHX JaHAMADTIB. YTIIPOIOBK TUCSIOIITH BOHU
3a3HAaBaIM 3HAYHOTO AaHTPOIOICHHOI'O HAaBaHTa-
*eHHs. HasgBHICTh CIIpUATINBUX NPUPOTHUX YMOB i
pecypciB 3yMOBIIOBajia IOCHJICHHS KOHICHTpALil y
X MeXax pi3HOMaHITHUX iHKEHEPHO-TEXHITHUX CITO-
pyn (BOIOCXOBHII, CTaBKiB, KaHAJIIB, MOCTIB), sIKi 3
gacoM mepeOopMOBYBaUCS Y  JTOJMHHO-PIYKOBI
nanamadTHo-TexHiuHI cuctemu ([AJITuC). Ymacmi-
JIOK 3MiHH CTallii PYHKIIOHYBaHHS TaKUX CHCTEM Y
PIYKOBUX JIOJIMHAX TPOSBUIIACS HETHUIIOBA Ul HHUX
CUMETPUYHICTh, TTOPS 3 KO0 aCHMETPHUYHICTD 3/1a-
THA IIOCUJIFOBATHCS 200 TocnabroBaTucs. 3BaXaoun
Ha 1Ie, Tiepel Cy9acHUMH JTaHAMAa)TO3HABISAMH TOC-
Tana HHU3Ka 3alUTaHb: y Pe3yJbTaTi 4oro BimOyBa-
€Tbcs TpaHcopMariss TaHAmaPTHOI acuMeTpii Ta
cumetpii? Jlo SkuMX HaACHiIKiB Il Mpu3BOIUTH? SIKi
JUJIT4C 3pmaTHi OUTBIN CTIMKO 30epiraTé CUMETpito?
Jo 1iporo yacy 1i muTaHHS MOTPEOYIOTh BiIOBIIEH.

AHaJi3 ocTaHHiX HocaiTkeHb i myOJikamiii.
[oHATTS PO cUMETPItO (TapMOHII0 B IPUPOIi) Oyim
3aKJaJieH] e B enoxXy aHTUYHOCTi. [Ipami gaBHBOT-
peupkux HatypdinocodiB Amnakcimangpa (VII-
VIcrt. no u.e.), [Inatona (V-IV ct. o u.e.), Apucro-
tens (IV cT. 10 H.e.) cTanu NepPIIOOCHOBOIO IS TI0-
JabIoro (popMyiroBaHHs TMPUHIIMITB 1 3aKOHIB Y
MPUPOAHNYO-MaTeMaTHUHUX HayKax. Ha Toii yac cu-
MeTpisi posrisifanacs sK SKiCHa XapaKTepUCTHKa
00’€KTIB, SIKa BHUSIBIISE TIEBHY CITIBMIPHICTH 1 BIIOPSII-
KOBAHICTh IX YacTHWH, PUTMIKY, A3€pKalbHE MOBTO-
peHHst a00 moaiOHicTh X YacTuH. [lopymieHHs cu-
MeTpii (a00 acuMeTpis) He MOB’SI3yBaJIOCS 3 3arajib-
HUMU 3aKOHOMIPHOCTSIMH iX iCHyBaHHS, ()yHKITIOHY-
BaHHs Ta PO3BUTKY, a TPAaKTyBaJOCS SIK BHITaJKOBa
BJIACTUBICTH 00’ €KTiB [7].

VY 1894 p. dpanwy3bkuii Gizux I1. Kiopi omy6uri-
KyBaB cTaTTiO «[Ipo cumerpito y Qi3nyHHUX SBUIIAX>
[34], monoXeHHS SIKOi TOKOPIHHO 3MIHHIIM TOTIepe-
IHI yABJICHHS MPO CHMETPII0 Ta acUMeTpil. Y cy-
YacHy HayKy BOHH YBIMIIUIM I1iJ] HA3BOIO «IIPUHLMIIIB
Kropi», siki KOPOTKO TPaKTYIOTHCS TaK:

1) mpuHIMn yHiBepcaabHOCTI cumerpii. Cumer-
pist — He BiIOKpeMJIEHa BIACTHBICTh OKPEMUX Tij a00
¢iryp, a iHTerpayibHe BIIOOPaXKEHHS OTOYYHOUOTO
MIPOCTOPY, KU 3aiiMar0Th 3a3HaueHi Tina. To0To cu-
METpisl € BIACTUBOIO YCiM 0e3 BUKIIOYEHHs (Pi3uu-
HUM TilaM 1 sIBHIIaM, BHUPAXKAETbCSA Y HHUX IO Pi3-
HOMY, OfHaK 3aBxau € HasBHOIO [31]. Lle o3Hauae,
[0 HE3BAXKAIOYM Ha CTAAiI0 PO3BUTKY, OyIb-siKa
na"amadTHO-TEXHIYHA cUcTeMa Oyae CUMETPUYHOIO
OLTBIIIOI0 a00 MEHIIIOIO MipOIo;

2) MPUHITATI BUMYIIICHOCTI CUMETpii. Yci mopy-
LIEHHS NIEBHOT'0 00’ €KTA € HAC/IIIKOM B3aEMOII Horo
BJIACHOI CHUMETPIi 3 CUMETPIEI0 OTOUYIOYOIO CePeIo-
BHIIA, KOTPA MOPOIKYE y 3a3HAUCHOMY 00’ €KTi BH-
MyIIeHy cuMeTpiro. CaMe BOHa 1 € TOPYIIEHHSIM CH-
MeTpii, To0TO acumeTtpiero [31]. BuBgaroun acumer-
pito nmaHamadTHO-TEXHIYHUX CHUCTEM, MOXKHA BU-
SIBUTH NIPUYMHU 1X (HOPMYBaHHS;

3) mpuHmun auHamivHOCTI cumetpii. I[lopy-
IICHHST CUMETPii B 00’€KTi € crloco00M HOro BUKH-
BaHHS Y CEPEIOBUIII], SIKE TTOCTIHHO 3MiHIOEThCS [31].
ToOT0 aHamizy04Yn JUHAMIKY 3MiH OKpEMOi JTaHIIa-
(hTHO-TEXHIYHOT CHCTEMH YIPOJOBXK IIEBHOTO MPOMi-
KKy 4acy, JOCHIJHHK 3pO3yMi€ 3aKOHOMipHOCTI ii
CTPYKTYpH, (PYHKITIOHYBaHHS Ta PO3BHUTKY.

VY ¢iznuHiil Teorpadii OgHUM 3 TEpIINX HA T0-
HATTA cuMeTpii 3BepHyB yBary B.B. loxyuaes
(1899 p.), sikuit aHATI3yI0YN BEPTUKAIBHI i TOPHU30H-
TabHI IpyHTOBI 30HU KaBKkazy, onucye 30HAIBHY CH-
METPio, IO € XapaKTEPHOIO IS NOBEPXHi IUIAHETH
[14]. Y 40-Bux pokax XX CT. mMiICYMOBYIOUH PE3YIIb-
TaTH cBoel Oaratopiunoi podotu, B.1. Beprancekuii
y3araibHUB CUMETPUYHICTh MPUPOIHN 3arajioM i CH-
METPHYHICTB )KMBOI Ta KOCHOT pEUOBHHH 30Kpema [3,
c.163]. 3 xiang XIX ct. g0 1BOro wacy mpodiema
ACUMETPUYHOCTI penbedy PiuKOBUX TOIUH aKTHBHO
PO3pOOIIAETHCS y MPALIX Ie0JIOoriB i TeoMOpQOJIOTiB
[4; 8-10; 25; 30; 32; 33; 35; 36; 38; 40; 41].

VY apyriii momosuHi XX cT. podotn @.M. Minb-
koBa [19; 20] manu moyaToK AOCIIIKEHHIM aCUMET-
pii Ta cumerpii nmanmmadTtiB. 3okpema y [20] Oymo
BCTaHOBJICHO, 1110 MEPUAIOHAIBHO 30pieHTOBaHa Ce-
pEIHBOPYCbKAa BHUCOYHMHA 3YMOBIIOE MPOLEC 3Mi-
HICHHS JIAaHAMA(THUX 30H, SKi IPOCYBAIOTHCS Y MiB-
JIEHHOMY HampsMi Ha OLITBII 3BOJIOKEHOMY HaBITpsI-
HOMY CXHJIi 1 BIICTYIAIOTh B MIBHIYHOMY — Ha TIi/IBi-
TpsiHOMY cxigHoMy. Lle mpu3BoauTh g0 NaHamadT-
3HAUYEHE SBUIIIE € TTPABHIIOM IS O1IHIIIOCTI BUCOYMH.
BaxinBOIO OCHOBOKO IS TMOAANBINNX JOCIHIPKEHb
cTayia Kiacudikailis, po3podJieHa BOPOHE3bKUM I'e0-
rpadoM. 30kpema, BiH BUIUISE [1Ba KJIacu: IIOBHOI Ta
HEMOBHOI acuMeTpii JaHgma@THUX KOMILIEKCIB.
Kiac moBHO1, MOp(h0JIOTIYHOT, acCUMETpIi XapakTep-
HUI KOMITIEKCaM 3 aCHMETPUYHUM PeIbedOM, a Kilac
HETNOBHOI — KOMILJIEKCaM, 10 MAalOTh CUMETPUYHUI
a0o0 «HewTpanbHul» penbed [19]. Y 3amexHOCTI Bif
YUHHUKIB, SKI BU3HAYAIOTh KOHKPETHHH THIT JIAH]I-
madrtHoi acumerpii, @.M. MinbkoB BHOKpeMuB ix 10
reHeTnyHux tumiB. Cepen HUX: reoctpodiyHa, TEK-
TOHOTEHHA, CTPYKTypHO-TeorpadiyHa, TOIOTeHHA,
IHCOMAIIfiHA, TUPKYJISIiHA, TiIpOAMHAMIYHA, €0JI0-
BOTEHHA, TILIOTeHHA Ta 3CyBHA JaHImadTHa acu-
MeTpii [19].

Cepen ¢izuko-reorpadiqHuX JOCITIIHKEHDb KIHIST
XX — mouarky XXI cromniTe mpobiiemu acumerpii Ta
cuMmeTpii jaHamadTiB Oyau PO3IJIAHYTI y Mparsx
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B.O. bokoga [1; 10], E.M. I'aneepoi [5-7], P.B. I'op-
oynosa [11], M.B. lyruaka [15], M.B. €miceeBoi
[16], B. b. Mixno [21], . B. Myapak [22], B.M. Co-
nuuesa [26], B.b. Couasu [27], B.I. ®enorosa [29],
L.T". YepBanrona [ 10] Tomo. B ocHOBHOMY iX poboTn
MIPHUCBSIYEHI TPOsSIBaM HATypaidbHOI JaHAMAPTHOI
acHMeTpii Ta CUMETpii B OKpEeMHUX perioHax IIaHeTH.

BunisienHsi HeBUpillleHUX paHile YacTHH 3a-
rajgpHoi mpodsemu. Ha mpaktumi 3actocyBaHHS
MPUHIMITIB CUMETPIii Ta ACUMETPii OTPUMAJIO IHPOKE
BIIPOB/IXKEHHS Y JaHAIa(gTHOMY An3aiHi i apxite-
KTypi IIpH MPOEKTYyBaHHI 1 OyAiBHUIITBI CaJloBO-TIap-
koBux nanamadris [23; 37; 39]. Y cyuacHOMYy yKkpa-
fHChKOMY JNaHAMIa(TO3HABCTBI L MpoOieMaTHKa
JIMILIE TTOYMHAE PO3IVIAATUCS K HAa TEOPETHYHOMY,
Tak 1 nmpakTuaHoMy piBHsAX. M. JI. ['pom3uHChKHl Ta
O. B.CaBuiipka [ 12] TopkaroTbcst po0i1eMu cCUMETpii
IIPY BUBYEHHI ecTeTHKU JanmmadTy. I'oBopsun npo
cunepretuky ganmmadris, B. M. Ietnin [24] 3acBi-
nuye icHyBaHHsI acuMeTpii Ha piBHI ¢amiin. Okpemi
nyomikaii I'.I. Jenucuka [13] i '.B. Mynapak [13;
22] npucBsYeHI BUBUEHHIO JIAHAMAPTHOI acUMeTpii
nojuHu JlHiCTpa, OJHAK JETaIbHUX JOCIHIHKCHD, JIe
Oyio 06 mpoaHai30BaHO ACUMETPUYHICTh Ta CHUMET-
PUYHICTH JTONMHHO-PIYKOBUX JIaHAMA(THO-TEXHIU-
HUX CHCTEM, I1I¢ HEMAE.

®opmy.nioBaHHs MeTH cTarTi. Ha ocHOBI y3a-
raJbHEHOTO MPOCTOPOBO-YACOBOTO aHaJi3y PO3IIisi-
HYTH TIPOSAB NaHAMAPTHOI acHMETpii Ta cuMeTpii y
MeXaX JOJMHHO-PIYKOBHX JIaHIIA()THO-TEXHIYHUX
cHcTeM, SIKi TPy poUeHi 10 piBHUHHOT YacTunH [Ipa-
BoOepexHo1 YKpaiHu.

Buxknag ocHOBHOro Martepiajy J0CTiIKeHHS.
[Ipu mocnmipkeHHI JaHAIAPTHO-TEXHIYHUX CHCTEM
BapTO BHOKPEMJIIOBATH y HUX €JIEMEHTH CUMETPil Ta
acuMeTpii — TOMOMDXKHI TeoMeTpUYHI 00pa3u (TOUKH,
JIHIT, TUTOIIMHY), BIJIHOCHO SIKUX TICBHUM YHUHOM I10-
BTOPIOIOTHCS PiBHI YaCTHHU TeorpadiyHuX 00’ €KTIB.
B.A. bokoB BBaxasB, 1110 €JIEMEHTH CUMETPIl y JIaH/-
madti 3aiiMaroTh crienugivyHe MOJI0KEHHS 10 BiTHO-
HICHHIO JIO MTOTOKIB PEYOBUHU Ta €HEPTil, IPH [[LOMY
LIEHTpaM CHMETpil BiIMTOBITal0Th TOYKH CXOJKSHHS 1
PO3XOKEHHS [UX TOTOKIB, & OCAM CHUMETPii — JiHii
CXOJDKEHHS 1 PO3XOJPKEHHS IOTOKIB (HANPHUKIIA/I,
TaNbBErH Y JHUIIAX SIPiB, OAJIOK Ta PIYKOBHUX JOJIMH
abo rpeOHi xpeOTiB 1 BomonimiB [1]. ¥V cBoro uepry
IUIOIIMHAM CHMETpPil 4acTO BIAMOBIAAIOTH JIiHIKHI
YTBOPEHHSI TUIY PO3JIOMIB, TPIIIUH, OOPUBIB, YCTY-
miB Tomo [26]. Y ckiagHuX JaH mad THO-TEXHIYHIX
cUCTeMaxX OCHOBHI 1H)KEHEPHO-TEXHIUHI CIOPYIH
(rpebuti, MocTH, POHTAHU) YACTO BiAIrpatOTh POJIb re-
OMETPUYHHUX 00pa3ziB y JanAmadTHIA cUMeTpii.

Haii0inpm yHiBepcaJlbHUMH BUAAMH JIaH]IIIA-

! Ha nymky aBropis, npupoani nanamadgty 06’ €AHYIOTh Y
co0i HarypanbHi JaHAmadTH (K MEPBHUHHI) 1 AHTPOIIO-
reHdi JsanamadTy (IK  BTOpUHHI). 3a aHAJIOTIYHUM

¢rHOT cuMeTpii € KOHycomoAiOHa Ta OljgarepalibHa
[30]. Iepma xapaktepna mist JIT4C, ski chopmysa-
JIMCSl BHACIIAOK CyOBEpTHKATBHUX (padianbHUX) MO-
TOKIiB PEYOBHHH — XMapPOYOCH, TEPUKOHH, MaXTH. bi-
JaTepaibHa (IBOCTOPOHHS) CHMETpis NpHUTaMaHHa
JIOJIMHHO-PIYKOBUM JIaHAMA()THO-TEXHIYHAX CHCTE-
MaM (BOJOCXOBHIAM, CTaBKaM, KaHajaM), sIKi yTBO-
PHIIIKCS 32 PaXyHOK CyOTOpHU30HTAIFHUX MTOTOKIB pe-
JOBUHH, eHeprii Ta indopmartii. binpmricts JITUC, saxi
MAalOTh TPHUBAIY iCTOPiIO PO3BHUTKY, HOPMYIOTHCS 3a
PaxyHOK B3aeMOJIii KOHYCOMOIIOHOT Ta OiaTepanb-
HOT cumerTpii [7]. SIk mpaBmito, Take sIBUIIE BiIOyBa-
€TBCS Ha cTaii «pyHHYBaHH», KOJIH B CUCTEMi 3HU-
Kae OJIOK yIpaBJIiHHS.

Jns GacetiniB 1 gonmuH pidok IIpaBobepexHol
Ykpainu xapakTepHa acuMeTpudHa Oyznosa. Lle Bupa-
KEHO y AONMHHO-piukoBuX JaHamadrax JHinpa,
Huictpa, IliBgennoro byry ta ix mpuTOK, SIKi MalOTh
pUOJIM3HO MEPHUAiOHANEHE CIPSIMYBaHHS. YHACHTi-
JOK PpIi3HOT BUpPaXEHOCTI acuMeTpii naHamadTHA
CTPYKTypa KPYTOrO Ta BHCOKOTO MpPaBOOEPEKHOTO
THIYy MICIIEBOCTEH CYTTEBO BiIPi3HIETHCS Bl HU3b-
KOT0 JIIBOOEPEKHOTO Ha3aIlNIaBHO-TEPACOBOTO TUITY
MicrieBocTeld. TpuBaiuii yac HayKOBIII BBaXKaJIH, 1110
MEePIIONPUIYNHOI0 aCUMETPHUYHOCTI PIYKOBUX JIOJIHH
€ cua Kopiodica, y pe3yabpTari 9oro Tedii pidok Bij-
XWISIOTbCA Y MiBHIYHIA MiBKYJi BOpaBo (IPaBUIIO
Bepa-babine) [8]. OaHak € 0arato BUKIIOYCHH 3
[bOTO TPaBHJIA, TOMY MOSCHEHHS AaCUMETPHYHOCTI
Ma€ BpaxoBYBaTH IIINH KOMITJIEKC KOHKPETHUX MicC-
[EeBUX YMOB (TeoJioriuHuil pyHIaMeHT, 1aBHi 1 HOBI-
THI TEKTOHIYHI pyXH, pi3Ha IHCOIIAIIS CXUIIIB JOJHHA
TOIIIO).

HaiiGinbur cKpaBo MpOSIB HATYPAILHOI® JIAH -
madTHOI acHMeTpii IPOsIBIAETHCS Y A0uHI JHiCTpa.
Lle siBuUIIE 3yMOBIICHE 3arajbHUM HaXHJIOM ITOBEPXHI
IlominbChKOro IIATO Ha MiBAEHB, HOCTIHHUM 3Mi-
HICHHSAM Y IIbOMY HampsiMi pivuina, MmiJMHBaHHIM i
pyWiHyBaHHsIM naHamadTiB mpaBoro Oepera [15].
Crnenudika nanamadTHOI aCHMETPHUYHOCTI JHICTEp-
CBHKOI JIOJTMHH TaKOX OB’ s13aHa 3 OyZ0BOIO0 MEaHIPO-
BHX «BY3JiB». Ha 30BHIiIIHI CTOPOHI MEaHAPH B KpY-
TUH CXWJI TOJIMHU Bpi3aHi BY3bKi, TOXWUIEHI Ta BHJIO-
3MiHEHI BTOPHMHHHMH IPOIeCaMH BHYTPIIIHbOKaHb-
HOHHI Tepacu MeaHp, J1e MPOCTEXKYETHCS HE BECh Ha-
0ip Tepac, a BUpa)keHI BOHU (pparMeHTapHO, y BH-
ISl BY3bKHX cMYT. Ha BHYTpilIHIN CTOpOHI — Po3-
BHUHYTI HIMPOKi, 3 MOCTYNOBUM MiIHOMOM, cIaOKO
PO3UWIEHOBaHI TepacoBi MOBEPXHI — KOMIUIEKCH Te-
pac, MUpUHa SIKUX 3pOCTAE, & YCTYIH 3T KYIOThCS.
HasBHICTD CTPYKTYpHHX MeEaHJp Ta MEaHJPOBUX
«BY3]iB» € NPUYMUHOIO acCUMETPil HpAMHUX AUISTHOK
JOJMHHW, BUIYKIMX 1 BBITHYTHX Ayr MeaHnzp, fKi

MIPUHITUIIOM TU(EPEHINIOETHCS TPUPOIHA JTaHAmapTHA
aCHMeTpisd Ta CUMETPisl.
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dhopmye nepexigaa (3minHa) acumeTpis [9; 13; 22].
Ha cyuyacHoMy etami po3BUTKY JaHAIIa(pTHOI
cdepu MpoBiAHY poib y (GOPMYBaHHI aCHMETpIi J0-
JMHHO-PIYKOBHX JaHAmAaTIB BiAirpae aHTPONOTreH-
HuH 9uHHUK. 1lix #ioro BIIMBOM HaTypasibHA JIaH-
mad)THa aCHMETpis 3aTHA JOKOPIHHO 3MiHFOBATHC.
BapianTiB Takux Tpanchopmariii Moxke OyTu 6arato
(tabm. 1). Ha pisamx cragisx po3sutky JIT4C cty-
MiHb 3MIHEHOCTI 3aJIe)KaTHMe BiJl TIEPBUHHOI (HATY-
paNIbHOI) CTPYKTYpH JaHqmadTy, aKTHBHOCTI OJI0KY
YIPaBIiHHS Ta JOBrOBIYHOCTI TEXHOT'CHHOTO IIOK-
puBy. Y 3B’A3Ky 3 TIPOSIBOM TE€pEepaxoBaHUX YHHHU-
KiB reoMeTpudHi 00paszu B JITuC MoxyTh mopyirysa-

THCS, 10 ¥ MPU3BOAUTH M0 MEPEXOy JaHAmadTHOT
acUMeTpil B CUMETPIIO Ta HaBIaKH.

3Ba)karOuu Ha Te, IO JUIS PIYKOBUX JIOJIMH JIaH]I-
magTHa aCUMETPisl BUCTYIAE 3aKOHOMIPHHM SIBH-
eM, TO TS JOTUHHO-PIIKOBUX JaHAMIa()THO-TEXHI-
YHUX CHCTEM € XapaKTepHUMH [-V BapiaHTH TpaHC-
¢dopmaunii. [Tposi iHIIMX Bapialliii MOXKITUBHIA, alie 3y-
CTPIYAEThCA ¥ MEXKaxX PIYKOBHX JOJHH IIy>K€ PiAKO.
Hatypanbna nanmmadTaa cHMeTpis — 1€ YaCTKOBUN
BHIIAJI0K BiIXHJICHHS BiJl HOpMU. TOMY JTOCITIDKSHHS
VI-X BapiaHTIB AOpEYHO 3/iiICHIOBATH Ha MPHUKIAAL
JITuC, maneonanamadTHOIO OCHOBOIO SKHUX € OCTpi-
BHI TOpH, 03epa, aTOIH TOLIO.

Tabnuys 1
MosxnuBi Bapiantu Tpancdopmaiii tanamadTHoi acumeTpii Ta cuMeTpii *
Ne BapiaHnTa po- Cragii po3Butky JITuC
3BUTKY JIaH- OyHKIIIOHyBaHHS OyHKIIOHYBaHHS
madTHOI acu- | HaATypaJbHOI reo- OyHnkiio- . AHTPOIIOT€HHOI
N «3apoaKEeHH «PyliHyBaHHA» .
MeTpii Ta CUMe- | KOMITOHEHTHOT CH- HYBaHHS TE€OKOMITIOHEHTHOT
Tpii CTEMH CHCTEMH
I HJIA AJIA AJIA AJIA AJIA
1 HIJIA AJIC AJIC AJIC AJIC
Il HIJIA AJIC AJIC AJIC AJIA
v HIJIA AJIC AJIC AJIA AJIA
\Y HIJIA AJIC AJIA AJIA AJIA
VI HJIC AJIA AJIA AJIA AJIA
Vil HJIC AJIC AJIC AJIC AJIC
VIlI HJIC AJIC AJIC AJIC AJIA
IX HJIC AJIC AJIC AJIA AJIA
X HJIC AJIC AJIA AJIA AJIA

*HJIA — natypanbha nanamadraa acumerpis, HJIC — Hatypanphaa nanamadrHa cumerpis, AJIA — an-
TponoreHHa jJanamadrHa acumerpist, AJIC — anTpornorenHa nanamadTHa CUMETPis

Ha ocHOBI BiacHHMX ITOJILOBHUX HOCHIIIKEHb Ta
MPOCTOPOBO-YACOBOTO  aHaJi3y  TOCIOAAPCHKOTO
OCBO€HHS piukoBuX AonuH [IpaBobepexxHoi YKpaiHu
[18] Oysno po3poOICHO MOEIb PO3BUTKY THIIOBOI
craBkoBoi JJITuC y Oaceiini IliBnennoro byry
(puc. 1.A—1.B), Ha sKiif MOXKHA CITOCTEPITATH MPOIIEC
YCKJIaTHEeHHS JTaHqmadTHOI acuMeTpii y pi3HUX Bij-
HOIIECHHsAX. HalOiNbIl THIIOBHM BapiaHTOM TakKoi
TpaHcdopmarii € neprwmii (Tabdn. 1), npu KoMy Ha-
TypaJibHa JaHAma(THa acCUMETpisi MEePETBOPIOETHCS
Ha aHTPOIIOTEHHY 1 TPOSBISETHCS YIPOJOBK YCiX
cranii po3sutky JIT4C. 3ampomoHOBaHE MOZEIIO-
BaHHS BiJloOpakae aHAJIOTIYHI MPOIECH Y BOJOCXO-
BUIIAX, SIKI HapaMeTPUYHO OiNbIII BiJl CTABKIB.

[lepekpuTTs JHUINA TOJUHH TiJIOM rpediti 3yMo-
BJIIO€ BUHUKHEHHS HOBOI TTOLIMHN CUMETPIi, sIKa Mij
MEBHUM KYTOM PO3TAIIOBYETHCS IO IOB3A0BXHBOL
oci cuMeTpii — TanbBery. Y MOB3JIOBKHBOMY BiJHO-
HIeHHi (3a HanpsMoM Tedil) popMyeThcst HOBa KOHT-
pacTHa CTpyKTypa PiuKOBOi JOJIMHU — BEPXHii 0’ €,
3allOBHEHU BOJIOIO, Ta HIKHIN 0’€d 3 TpaHchopmo-
BaHHM PIYHIIEM 1 OCYITICHOIO 3aruiaBoio. Ilpu mpomy

BiZIOyBa€ThCS CYTTEBE TOPYIIECHHS MTOB3/IOBXKHIX TMa-
pareHeTHYHUX 3B’SI3KIB Yy PIYKOBUX JIOJIHMHAX, SKE
MIPOSIBJIIETHCA Y TaJbMYBaHHI IPUPOJHOTO PyXy IO-
TOKIB MacH, eHeprii Ta iHpopmallii BiJ BEpXHBOI JI0
HIDKHBOI Tedii 1 HaBnaku. Bijcranp Mixk rpebiusmu
CYMDKHHUX BOJIOWM Ha MaJIUX Ta CEPETHIX piuKax 3Mi-
HIOETBCA BiJ 2 10 5 KM, Ha BEIUKUX — mmoHam 20 KM.
VY Takux «ImpoMixkkax» (Ha MeXi KOHTPacTHUX cepe-
JOBHIII «BOJIA — CyIIa») 3aBASAKH aKyMYJIsLii 3pyiHO-
BaHOIO MaTepially BUHHKAIOTh HOBI ypouuIa 3a0o-
Jo4YeHuX BepxiB’iB cTaBkiB (puc. 1.b). 3apa3 taki ka-
CKaJy CTaBKIB 1 BOJOCXOBHUII, sIKi repeOyBarOTh Ha
pisHux cragisx po3Butky JIT4uC, posramoByroThcs
BiJl BUTOKY J0 THpJia KOXKHOI piukH 1 GOPMYIOTH Cy-
YyacHy JaHmmadTHY CTPYKTYpy gosuH [IpaBodepek-
HOI YKpaiHu.

VY momnepeyHoMy BiJHOIIEHHI ()OPMYBaHHS aH-
TPONOTeHHOI JaHIadTHOT acUMeTpii piuKoBoOl J0-
JIMHU BiIOYBAETHCS MapajelbHO 0 HOBOYTBOPEHOI
IomuHY (rpedii) — Big OPOBKU MpaBOro 10 OPOBKH
niBoro cxwmy. JlanmmadTHi npodini (puc. 1.A—1.B)
BimoOpaxkaroth 3minu cTpykrypu JJITuC Ha ycix ri-
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Crapia ¢pyHKULiOHYBaHHA
HaTypanbHOI reOKOMMNOHEHTHOI
cucTtemm (HatypanbHuUi nasgwadrT)

<

Crapin hyHKUiOHYBaHHSA
(naHawadTHO-iHXeHepHa cucTema)
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Cragia «pynHYBaHHA»
(nanpgwadTHO-TeXHOreHHa cucTema)
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Puc. 1. 3mina nangmadTHOT acHMeTpii Ha PI3HUX CTATIIX PO3BHTKY
tunoBoi craBkoBoi JJJITuC y 6aceiini [liBzennoro byry
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Ymoesni noznauenns oo puc. 1:
A) Hatypaabna nanamadgTHa acuMeTpisi y 10JIMHHO-PiYKOBOMY JIaHAIIAPTI

Harypaabhi sannmadru. Pyciaosi. Ypounma: 1 — piunme rmubunoro 0,5-1 M Ta mBHAKICTIO Tewil
Boau 0,5—1 m/c, 3apocTarode o4epeTsIHO-OCOKOBHMH acorliamisiMu. 3anaaBHi. Ypouunria: 2 — MiKporopOKyBarti
MTOBEPXHi 3 04EPETIHO-OCOKOBUMH ACOIIalliIMA HA JIYIHO-OOJIOTHUX IPYHTAX; 3 — MIKpOTOpOKyBaTi TOBEPXHi
3 BUTbXOBHMHU 3apOCTSIMH Ha JTydHO-00I0THUX IpyHTaX. CxmiaoBi. Ypouumia: 4 — cnabkorokari (3—5°) necosi
CXHJIN 3 PI3HOTPAaBHO-3JTAKOBOIO POCIIMHHICTIO Ha CIpHIX JIICOBHX IpyHTax; 5 — kpyTi (20-30°) necosi cxwm,
3aJicHeHi 1yOoM, KJIEHOM, TJIOZ0M, TEPEHOM 1 IIUMIITUHOO Ha cipuX jJicoBuX rpyHTax. Ilimakopui. Ypounmia:
6 — c1a0KOXBUJIISICTI JIECOBI MOBEPXHi 3 1yOOBO-KJICHOBUMH JIiCAaMH Ha SICHO-CIPHUX JICOBUX IPYHTaXx.

Jlanamadrauii npodinb: 7 — mokeMOpilChKi mopoau (TpaHiTH Ta THEHcH); 8§ — aloBialbHi MCKH 3a-
mwiaBy; 9 — Bimkimaau Hamymy; 10 — Boga; 11 — mecu; 12 — myqno-60m0THI IpyHTH; 13 — cipi micoBi rpyHTH; 14
— SICHO-CIpIi JTICOBi IPYHTH.

Mexi. TuniB micueBocreii. Harypaasnaux (I — pycnosuit, Il — 3arumasuuit, I1I — cxunoswit, IV — miaxo-
pHuii): 15 — pycioBoro; 16 — 3aruiaBHOTO 1 CXWIIOBOTO; 17 — CXWIIOBOTO 1 TNIaKopHOTO. Ypouum: 18 — Hary-
paNbHHX.

Inwmi mo3nauenns: 19 — Hanpsim tedii; 20 — iHIEKC THITY MiCIIEBOCTEH.

b) AxTponoreHHa JaHamAa@THA acCMMeTPisl Y J10JMHHO-PIiYKOBIH JaHIIA(THO-iH:KeHepHil cucTeMi

AnTponorensi sanamadgru. Bogorocnogapebki. CtaBkoBo-3amiaBHi. Ypounia: 1 — cTaBok rimou-
Hoto 1-1,5 M Ta mBuAKicTIO Teuii Boau 0,5 M/c, 3apoCTaroumii 04epeTsIHO-0COKOBUMHU acoIliallisIMK Ha BiKia-
Jax HaMylly; 2 — rpaHiTHO-TPYHTOBA TpeOisi BUCOTOI 3 M 1 MIMPHUHOIO 5 M, 3apocTaroya Jy4HO-3JIaKOBOIO
POCIUHHICTIO; 3 — 3MiHeHe piuuniie rmouHor 0,5-1 M Ta mBUAKICTIO Teuii Boau 0,5 M/c, 3apocTaroue odepe-
TSIHO-OCOKOBHUMH acolliaiisiMu; 4 — MiKporopOKyBaTi IOBEPXHi 3 OUEPETIHO-OCOKOBIMH acoLliallisIMA Ha 3a-
6onouyernx rpyHTax. Ciibebkorocnonapcebki. IoaboBi. CxuitoBi. Ypounma: 5 — cmabkomnokari (3—5°) se-
COBIi CXWJIM TIiJI IOJIbOBUMH CiBO3MIHAMH Ha €POJIOBAHUX CipHX JicoBuX rpyHTaX. IlmakopHi. Ypounma: 6 —
BUPIBHSHI JICCOBI OBEPXHI i1 TIOJHOBUMH CiBO3MIHAMHU Ha €POJIOBAaHUX SICHO-CIpUX JIICOBUX IpyHTax. Jly-
yHo-nmacoBuIHi. CTaBKOBO-3aIuIaBHi. Ypouuia: 7 — MiKporopOKyBaTi MOBEPXHi 3 JTYYHO-3IaKOBOIO POC-
JUHHICTIO OCYIICHHUX JTYYHO-OOJIOTHHX IPYHTaX Mija BUMAc i ciHokocu. CxmioBi. Ypounma: 8 — kpyTi (20—
30°) necoBi CXWIIK, pO3WICHOBaHI sIpaMH, 3 JIy9HO-31aKOBOKO POCIIMHHICTIO Ta KyIIlaMH Ha €pOJJOBaHUX CIpUX
JCOBUX IPyHTaxX IIiJl BUIAC.

JlangmadrHuii npodine: 9 — nokemOpiliceki mopoau (rpaHiTu Ta rHeiicn); 10 — amroBiaNbHI MiCKA 3a-
iaBy; 11 — Binkmaam Hamyy; 12 —Bopa; 13 — necu; 14 — epomoBaHi cipi JicoBi IpyHTH; 15 — epogoBaHi ScHO-
cipi J1icoBi IpyHTH; 16 — CLTBCHKOTOCTIONAPCHKI KYIBTYPH.

Mexi. TuniB micueBocrteii. Harypanbuux (III — cxunosuii, IV — murakopawmii): 17 — cxunoBoro i mia-
KopHOro. AHTponorenHux (V — craBkoBo-3ariaBHui): 18 — cTaBkoBo-3ariaBHoro. Ypouuur: 19 — antporno-
TCHHUX.

Inmi no3navenns: 20 — Hanpsim Tedii; 21 — iHAEKC THITY MiCIIEBOCTEH.

B) AnTponorenna Janama@THa acHMeTPisl Y J0JMHHO-PiYKOBIi JaHIIIA(THO-TEXHOTeHHIH cucTeMi

AHTponorenHi 1anamadgTu. Bogorocnonapebki. OcTaHneBo-cTaBKOBO-3aMuIaBHi. Ypouua: 1 —3a-
MyIeHe piuniie rimouHoro 0,2-0,5 M, 3apocTarode ouepeTsIHO-OCOKOBIUMH acoIiallisiMu; 2 — 3pyHHOBaHa Trpa-
HITHO-TpYHTOBA I'pe0JIsi BUCOTOIO 3 M 1 MIMPUHOIO 5 M, 3apOCTaioya KyLIOBOIO 1 JIy4HO-3JIJaKOBOIO POCIIMHHI-
CTIO; 3 — piBHI MOBEPXHI 3 0YEPETSHO-OCOKOBUMH aCOIiaIlisIMU Ha MYJIUCTHX BIJIKJIa[aX KOJHUITHHOTO CTaBKA.
Ciabscbkorocnonapcebki. [loabosi. Cxuinosi. Ypounma: 4 — cnabkonokari (3—5°) necoBi CXWi Mif| MOJIbO-
BUMH CiBO3MiHAMM Ha €pOJIOBaHUX CipHX JlicoBUX IpyHTax. [lnakopHi. Ypouuma: 5 — BUpiBHSHI JIECOBi HO-
BEPXHI ITiJ] TTOJOBIMH CIBO3MIHAMH Ha €pOJIOBaHUX CIpUX JICOBHX IpyHTax. Jlyuno-macoBuini. Qcran-
LEBO-CTABKOBO-3aIlJIaBHi. Ypouuiia: 6 — BUPIBHSAHI MOBEPXHI 3 ME30KCEPOITHOI JTYYHO-37IaKOBOIO POC-
JIMHHICTIO Ha OCYHIEHUX JY4YHO-O0NOTHUX IpyHTax mix Bumnac. Cagosi. CxmiioBi. Ypounma: 7 — TrepacoBaHi
JIECOBI CXHITM 3 HACUITHUMHU IPYHTAMH ITiJ1 TUTOJIOBUMH HACAPKEHHSIMH.

JlanamadgTauii npodinb: 8 — mokeMOpilichKi mopoau (TpaHiTH Ta THe¥cH); 9 — aoBiaibHI MCKH 3a-
miaBy; 10 — Bigkmagu Hamyny; 11 —Boaa; 12 — necu; 13 — epomoBadi cipi J1icoBi IpyHTH; 14 — epooBaHi siCHO-
cipi icoBi IpyHTH; 15 — CIIBCHKOTOCTIONAPCHKI KYJIBTYPH.

Me:xi. TuniB micueBocreii. Harypansunx (111 — cxunosuii, [V — mmakopuwuit): 16 — cxuinosoro i mia-
KopHOro. AHTponorenHux (VI — ocraHIeBo-cTaBKOBO-3aIIaBHMi): 17 — 0cTaHIIEBO-CTaBKOBO-3aINIABHOTO.
Ypounur: 18 — aHTpONOreHHUX.

Inwmi no3Havenns: 19 — Hanpsim Tedii; 20 — iHASKC THITY MiCIIEBOCTEH.
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TICOMETPUYHUX PiBHAX. Ilicis 3aTorureHHsS THUIIA
JOJIMHA BOJIaMU CTaBKa (BOJOCXOBWINA) 3HHIIY-
IOTHCSl TUTIOBI YPOUHMIIA BOJIOTHX JIYK, BIJIBIIHSKIB 1
BepOHsKiB. [Ipu IboMY 3HIBENBOBYETHCS NIEpenal BU-
COT BHCOKOT'O TIPABOTO Ta HU3HKOT'O OEpETiB 3aIlIaBH.
VY mepuri pokn QyHKIIOHYBaHHS BOJOWMH 31HCHIO-
€THCS TTIIMUBAHHS IPAaBOTO KPyTOro Oepera Ta akTH-
Bi3arlil rpaBiTamiiHUX TPOIECIB (3CYyBiB, OCHITIIB Ta
o6BaitiB). OcoOIUBO SICKPABO I1¢ TIPOSBIISIIOCS HA BO-
nocxosumax /uinpa, duictpa ta [liBaenHoro byry,
Je mig aiero abpasii JecoBi Ta mimani 60pTH TOJIHH
aKTUBHO BiACTynamu y OiK IUTaKopiB (3 MIBHUAKICTIO
1-4 M Ha pik), y TOH 4ac K pyHHYBaHHs TOXHUIHX
cXuiiB BigOyBasocsi Habarato moBinbHime. [locty-
MIOBO, y IPUOEPEKHNX YaCTHHAX BOJOIM Ha 3pyHHO-
BaHOMY MaTepialli MPaBoro Ta JiBOTO CXMJIiB TOYHHA-
10Th (DOpPMYyBaTHCS OCOKOBO-POT030BI acolialii.

YHaCHiIOK TOCHIIEHOI TOCTIOAAPCHKOI MisITbHO-
CTi 3MIHIOETHCSI POCITHHHUHN MIOKPUB Ha 000X CXMJIax.
Ha npaBomy KpyTOMY CXWJIi, SKHH MEHII PUCTOCO-
BaHUH JIJIs1 CTBOPSHHSI OJIiB, 3[IHCHIOETHCS BUPYOKa
miciB. SIk mpaBmIto, IOTO BHKOPUCTOBYIOTH UIS BH-
nacy xyno6u. Ha #ioro nmoBepxHi GopMyrOTECSI HOBI
AHTPOIIOTeHH] ypouHIa Cyxux JyK. KimiMaTiuHi oco-
OMMBOCTI TepHUTOpii, PO3pOOKa CYMDXHUX IUTAKOPiB
ITiJT TTOJIS 1 3HAYHA KPYTHU3HA CXUJIIB ITOCHITIOIOTH €pO-
3iifHI mpouecu. YacTo me mpu3BOAUTH 10 (opMy-
BaHHS SIPiB HAa CXUJIaX | BAHECEHHS 3HAYHOI KiJIbKOCTI
JENTIOBIIO IO JTHUINA JOJUHHU. 3 METOI0 TEPMiHOBOTO
rajJbMyBaHHS €po3ii IIMPOKO BUKOPHCTOBYBAIIOCS Te-
pacyBaHHs CXWIIIB 3 KpyTU3HOIO Bijx 10 10 40° abo Ha
OlBII MOXWIMX 3 CHJIBHO 3MUTHMH IpyHTamu. Ha
CXiT4acTOMOMIOHNX Tepacax 3IIACHIOBAJIM Haca-
JOKCHHS TUIOJIOBHX KyJbTyp (s0iyHi, rpymri, aOpu-
KocH) a0o JepeB 3 MOTY>KHOI0 KOPEHEBOIO CUCTEMOIO
(po0iHii mceBmoakartii, ;1yda 3BUUaifHOTO, JTIIMHHU Be-
nmesxol). JliBuit mosoruit cxuit (a0 KOMIUIEKC Hajl-
3alUTaBHUX TEpac) 3 HATypallbHUMHU YPOUHIIAMH JTYK
PpO3pobIsEThCS i cenuTeOHy 3a0yI0BY, MOJIS Ta TO-
poau. Moro moBepxHs XapaKTepH3yeThCsl MEHII BH-
paKEHNM TMepEeHECEHHSIM 3pYHHOBAHOTO MaTepiay y
MOpPiBHAHHI 3 KpyTUM cxuioM. OJHaK depe3 3pyd-
HICTB JUIS TIPOBEACHHS OYAiBeNIbHUX POOIT Ha IMOJIO-
I'UX cxuiiaXx (GOpMyeThes OLIbIe TUIONT 3 TEXHOTEH-
HUM ITOKPUBOM.

BaxnuBy ponb y napamadTHiil acumerpii piu-
KOBHUX JIOJIUH BiJirpa€e iHCOJNALIS. Y 3aJeKHOCTI BiJ
EKCTIO3HUIIIT CXHMITH OTPUMYIOTH Pi3HY KiJIBKICTh COHSI-
yHo1 panianii. Tak, cCXuiu 3 MiBACHHOIO EKCHO3UIIIEIO
OTPHMYIOTh B 2—3 pa3u OiJibllie TeIuIa, HiX MPOTHJIe-
xHi. [Tpu 36inbmenHi kpytusau J0 30° Taka pizHULS
nocsirae maiixe 200%. Xapakrep 1 CTpokH CHirora-
HeHHA, ¢$opMa Ta IHTCHCHUBHICTh IIOBEPXHEBOTO
CTOKY Ha MPOTHJICKHHUX CXUJIaX OyIyTh PI3HUMH, IO
MOJKE MTPHU3BECTH J0 3MiHHU iX popmu [2]. Tparchop-
Mallisi penbedy Ta pOCIMHHOTO OKPHUBY PiYKOBOT J0-
JIMHU BIIMBAIOTh HAa XapakTep IiACTHILHOI IIOBEpX-

Hi, a OTXKE € MPUINHOIO 3MIiHHU 3AaTHOCTI BiIOMBATH
COHSYHY pajialifo. 3aMiHa BUpyOaHUX JIiCIB Ha JIYKH
(xpyTHii cxui), a 3aMilIeHHS JIyK Ha MOJIS 3 CiBO3Mi-
HaMU (TIOJIOTHI CXWMJT) IMiIBUIIYIOTH ainb0e10 Ha ~5%.
VY wmexax craBkoBoi JJITaC dopmyerbes cBoepin-
HUHA MIKpOKJIIMAT 3 BIiOIOBIIHMM BITPOBHUM PEKH-
MOM, BOJIOTOOOMIHOM i TEMIIEpaTypoIo.

Taka cxema CBITYHTH IIPO TE, IO MEHIIIHIA 3a Ma-
CIITabOM aCHMETPUYHHIA 00’ €KT (CTaBOK) 371aTeH (y-
HKLIOHYBaTH Yy MeXax OiNbLIIOro acHMETPUYHOTO
00’€eKTy (PIYKOBOI JOJIMHM) 1 MiJ] €0 aHTPOIIOTCH-
HOTO YHHHHKA (OJIOKY yTpaBIiHHS) BU3HAYATH TOJa-
JIbIIE ICHYBaHHS CKIIQJHOI MapaAMHAMIYHOI CHCTEMH
«JTiBUW CXWJI — THUIIIE JOJUHH — MPaBUH cxXw». Bin-
CYTHICTB AOTIIALY 3 OOKY JIFOAWHU 32 CTAHOM TE€XHO-
TeHHOT'0 IIOKPHUBY NMPU3BOAMTE 10 PyHHYBaHHS OCHO-
BHOT iH)KCHEPHO-TEeXHIUHOT criopyau (puc. 1.B) i Ho-
Boro mnepedopMaTyBaHHS TE€OMETPUIHHX O00pasiB y
cucTeMi.

Ha nymky B.I1. ®enorora: «/nst reorpadiuaux
(dizuxo-reorpadivanx) cucreM i nangmapTiB cuMe-
Tpis sBUINE pinkicHe. BHACHIOK pi3HUX NpPUYHH,
IUIaHETapHUX a00 BY3bKOJOKaJbHUX, reorpadiuni
npuposaHi 00’€KTH BimoOpakaloThb Ha €00l BiAXu-
JICHHSI BiJl CHMETpii, 10 JO3BOJISIE CTBEPAKYBATH ic-
HYBaHHS MTPOTHJICIKHOI 3aKOHOMIPHOCTI — acUMeETpii
... Cumertpisa BnacTuBa 00’€KTaM 1 mpeaMeTaM, SKi
JIOCSTIIM CTaOLIBHOCTI, KOHCepBalii. TakuM 4uHOM,
ACUMETpisl IEPBUHHA Y PO3BUTKY IPUPOIH, CUMETPIist
BropuHHa» [29, c. 7]. lle He 3anepeuye Toro dakry,
IO CUMETPUYHUH (BTOPUHHME 200 CTBOPEHHH JIFO U~
HOI0) Teorpadiuanii 00’ €T 31aTeH HYHKIIIOHYBATH Y
MeXax aCUMETPUYHOro (NEpBUHHOTO — HATypalib-
HOT0). Sk mpaBwII0, 3a 33[yMOM MIPOEKTHOI Ipymu Oi-
JBIIICTh 1H)KEHEPHO-TEXHIYHUX CHCTEM MAaIOTh Ipa-
BHJIbHI T€OMETPUYHI QirypH, SKi I IAIITOBYIOTB ITi]T
KOHKpETHI MPHUPOAHI YMOBH. Taka cCHUMETpisi MOXe
3aJMIIATUCS CTabiIbHOIO JIMIIE 32 YMOBH HOCTIHHOL
MIPUCYTHOCTI OnoKy ympaBiiHHsA. JlocBif mi3HaHHS
JITuC noBoAWTH, 1110 Yepe3 HOro HeeEeKTUBHY is-
JILHICTh aHTPOIIOTEHHA JIaH Imad)THA CUMETPIs MOC-
TynoBo 3HuinyBatumerscsi (III-V Bapiantn) Bix
BIUITMBOM 30HAJIbHUX YMHHUKIB.

VY 3ammaBax pidok I[IpaBoOepexHoi Ykpainu
yacto Oyayrore npumituBHi JJITuC s Bupormry-
BaHHs PMOM — «KOMAHKM» ab0 «Ca)aBKW». IM Haja-
I0Th IPABUIHHOT YOTHPUKYTHOT (HOPMHU, YKPITLITFOIOTh
Oeperu Ta 00caKYIOTh JiepeBamu 1 Kyniamu. «Komna-
HKI» € 00’ eMHUMH, 1X Girypu — e KyO, MpsIMOKYT-
HUN mapanesemninen ado MpaBWJIbHA 3pi3aHa Iipa-
MiZla. AHTpOIIOTeHHA JaHAMAPTHA CUMETPiS TYT
MIPUCYTHS JIMILIE HA CTaMisfAX «3apOKEHHS» Ta QyHK-
uionysanHs. I1in gac ¢azu 6e3kOHTpONIBHOCTI Oeperu
0OCHITAIOThCSI 1 «KOTIAHKH» CTAIOTh ACHMETPUIHUMH.
BoHu necsTkamu pOKIB 37aTHI 111 ICHYBaTH, MalOun
CIOTBOPEHY (opMy, IOKH HE 3aMyJIsiThbcs abo mepe-
COXHYTb.
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VY cragkoBux IJITuC manmmadTHa cuMeTpis
MPOSIBIISIETbCS  NPH  OYIIBHUITBI «OCTPOBIB KO-
xaHHs. Lle HacumHI cropyau 3 BiAKIaAiB ajroBiio,
SIK1 3rOPTalOTHCS 10 LIEHTPY CTaBKa i yac HOro po-
3YHIIEHHS 1 HormOaeHHs. Taki oCTpOBH MalOTh OBa-
nepHy abo kpyriny ¢opmy. B 06’emHOMY BimHO-
IICHHI — 1Ie MBKYJIsA a0o HamiBemincoin. OcTpiB pos-
TaIIoOBYIOTh TPUOJM3HO PIBHOBIANAIEHO 10 JIBOX
CTOpIH: TIPaBOTO Ta JIiBoro OeperiB. JIuiie 1Mo BimHO-
LICHHIO JI0 TIOB3JJOBXKHBOT OCi, sIKa 3’ €THY€ BEPXiB’s
CTaBKa Ta rpe0Jii, HOJI0KEHHs OCTPOBa aCUMETPHYHE.
[locriifHe HaKkOMMYEHHS aTOBIAIFHOTO MaTepiamy,
SIKe HaAXOIUTh 3 BEPXiB’d CTaBKa, MIPHU3BOAUTH JIO
TpaHcdopmaiii popMu ocTpoBa. 3a BiJICYyTHOCTI Ha-
JISKHOTO OJIOKY YIIPaBIiHHA aHTPOIMOTEHHA JIaH/IIa-
(THa cuUMeTpis 3HHWKAaE BKe Ha CcTalii (QpyHKIIOHY-
BauHs JIT4C (V BapiaHr).

binpm crifiko aHTpOmOreHHa JaHgma(THA CH-
Metpist mposiBisieTbess y MoctoBux JJITaC (111 Bapi-
aHT). TakuMHu THIIOBUMH CHCTEMaMM € MOCTU apKo-

BOTO THITy, [I¢ HECYUYHUMHM CIIOPYJaMH BHCTYIAIOTh
apku abo ckieninusa. Tak, y piuumii JHinpa apkosi
MOCTH 3HaxXOJTbcs B Mexax Kuesa, [lninpa i 3amno-
pixokst; y piuniii [liBgennoro byry (Xwminsauk, Bin-
HUI Ta Muris), y piunmi [arymy (KponuBHUIIBKHT),
y piuumi Cwmotprua (Kam’sreus-llominscpkuin)
tomo. TyT Hecydi ciopyau GOPMYIOTh KpUCTaorpa-
(biuHy cuMeTpiro, B SKIA €IeMEeHTH KOMITO3MIIII T10-
BTOPIOIOTHCS depe3 TeBHI mpoMikku. [lo BimHO-
LICHHIO I0 YMOBHO1 BepTuKalbHOi oci B1B2 apku po-
3TAMIOBYIOTH JI3€PKATFHO 3 METOIO PIBHOMIPHOTO PO-
30Ty HaBaHTaXKEHHS Ha ormopu Mocty (puc. 2). B
YMOBaX 3aperyJb0BaHOCTI CTOKY Ta BiICYTHOCTI JIbO-
noxoxis Ha piukax [IpaBoGepeskHoi YKpainu Taki Mo-
CTH 37aTHI PyHKIIOHYBaTH TprBaiwii yac (moxax 100
POKiB). 3HUIIIEHHS aHTPOIIOT€HHOT TAaHAIIAPTHOI CH-
metpii y MmoctoBux JJJIT4C BinOyBaeThes nmpu HeBpa-
XyBaHHI MPOEKTHOIO TPYTIOK0 MPUPOJTHAX YMOB 1 BH-
HUKHEHHI HaJ3BUYAHUX CHUTYyaIlill TEeXHOTEHHOTO
XapaxTepy.

2l d

10m

20m

Puc. 2. Cyuacna (2018 p.) antponorensa nanamadtHa cumerpis y MmoctoBiid JJITuC
(piunme IliBgennoro byry B M. Binaums):
1 — mocroBa JIJITuC; 2 — mo3HaYeHHs BEPTUKAJILHOT OCi CUMETPii; 3 — JOKeMOPIiChKi KPUCTAIIYHI TOPOIU
(rpaniTu Ta rHeiicu); 4 — pyCIOBHIA ATIOBIH; 5 — HACUIHI TPYHTH Ta IPYHTOCYMiIli; 6 — BOJHI MacH; 7 — poc-
TuHHANA okpuB. HatypaneHi Tumm mictieBocteit: [ — pycnosuit; 11 — 3amnaBamii

BuKIoueHHSIM 3 ONMMCAaHUX 3aKOHOMIPHOCTEH
€ TIPOSIB aHTPOTOTEHHOT TaH AP THOT CUMETPIT y J10-
JMHHO-PIYKOBHX JIAHAA(QTHO-TEXHIYHUX CHCTEMax
MeNiopaTHBHUX KaHamiB. [IpoBelneHHs OCyIIyBalib-
HUX pOOIT Y 30HI MillIaHUX JIiCiB (B 3aIIaBaxX MPUTOK
Huinpa Tta IliBnennoro byry) mpusseno mpo ¢opmy-
BaHHs HeTHoBoi cumetpii (11 BapiaHT), sika 30epira-
€THCSl HAaBITh MICHIA 3aKiIHUEHHSI CTail «pyHHYBaHHS»
JITyC. Ti BuHMKHEHHs BinOyBasoCsd 3a TaKOK CXe-
MO10. BifmoBiHO 10 3arajbHOr0 HANpsAMY Tedii 3BH-
BHUCTI piUHIIa BUITPSIMITSUTA. [IpUTOKY TOJIOBHOT pivKH
CHPSIMOBYBaJI MapajieilbHO O AaHTPOIOIeHi30Ba-
HOro piuuiia. Yepes 3a0osioueHi 3arjiaBd MpOKJa-
A KaHaJIyd HA OJHAKOBIM BIJCTAaHI OIWH BiJ OJ-
Horo. Tak ocynryBaHa TepuTOpisi «po30uBaiacs» Ha
OJTHAKOBI JUISHKA TPaBUIBHOI pOMOOMOIiOHOI abo
MPSIMOKYTHOT QOPMH JUISI pPIBHOMIPHOTO BiJ[BE/ICHHS
IPYHTOBHX BO. [leplIonodaTkoBo y MomepeyHOMY
nepepisi IJIOIMIMHA KaHaly YTBOpIOBaJla Tparmelie-

nofiony dirypy. 3a BiICYyTHOCTI KOHTPOJIIO BOHU 3a-
MYJIIOBAINCST Ta 3apOCTaJH BOJHO-OOJOTHOIO pPOC-
JUHHICTIO. BifmnosigHo Tpaneis TpanchopMyBaiacs
B amopduy ¢dirypy. [Ipu oMy Ha perioHaILHOMY
PiBHI aHTpOIIOreHHa JIaHJIa(THA CUMETPIs KaHAIliB
30epiraeThbCsl, a Ha JIOKAIbHOMY — IEPEXOIUTh Y aH-
TPOIOreHHY JIaHAmadTHY aCUMEeTpir0. 3apa3 cy4acHi
JOJMHHO-Ppi4uK0oBi JangmadTu niBHoui [IpaBobepex-
HOi YKpaiHU HaraayroTb YMOBHY «IIaXOBY JOLIKY»,
JIe OCHOBHMH JIHISIMHA Mi>K YOTHPUKYTHHUKAMH CITYTY-
F0Th MEJTIOPATUBHI KaHAIH.

BucHoBku. TakuMm 4WHOM, B Cy4acHUX YMOBax
MMOCUJICHOTO TEXHOTE€HE3Y Yy MoJmHaxX pidok [IpaBobe-
pexHoi YKpainu QyHKIIOHYIOTh OUIBIIICTE JIAH TIIIA-
(THO-TEXHIYHUX CHUCTEM, CTaH SIKUX 3HAXOAATHCS Ha
MeXi mepexony A0 craiii «pyiHyBaHHS». Ilopy-
IICHHS X TeOMETPUYHUX 00pa3iB BiIOYBaEThCS BHA-
CIIOK Hee(heKTUBHOT JISUTLHOCTI OJIOKY yIIpaBIIiHHSL.
BpaxyBanHs iHAMBITyalbHUX BIACTHBOCTEH acCUMET-
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pii Ta cumerpii AJITuC HeoOXimHe mis BUpIlIEHHS reorpadiB 1 jgaHamadTo3HABIIB Ha JOCHIIKCHHI
0araThOX 3aBJ/iaHb, OB’ I3aHUX 3 PAIliOHAJLHUM IIPH-  [POOJIEM BIUIMBY acCUMETPIi Ta CUMETpIi Ha CTPYK-
POJOKOPUCTYBaHHSAM Ta ONTUMI3alli€l0 TaKUX CHC- Typy, AMHAMIKy Ta CTIHKICTh JaHJIAPTHO-TEXHI4-
TeM. 3 Li€I0 METOI0 BapTO MOCHIINTH yBary Cy4acHHX  HHX CHCTEM.

BHecok aemopis: eci asmopu 3poburu pigHUli BHECOK y Uto pobomy.
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ASYMMETRY AND SYMMETRY OF VALLEY-RIVER
OF LANDSCAPE AND TECHNICAL SYSTEMS

The aim of the article is to consider the manifestation of landscape asymmetry and symmetry within the
valley-river landscape and technical systems, which are confined to the flat part of Right-Bank Ukraine, on the
basis of a generalized spatial and temporal analysis.

Methods. The study is based on the ideas of F. M. Milkov on anthropogenic landscapes and «Pierre
Curie principles»: the universality of symmetry, the forced symmetry and dynamism of symmetry, which were
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adapted in physical geography.

Scientific novelty. In practice, application of the principles of symmetry and asymmetry has been widely
implemented in landscape design and architecture in the design and construction of gardening landscape. In
modern Ukrainian landscape science, this issue is only beginning to be considered at both theoretical, and
practical levels. Individual publications are devoted to this problem, but there is no detailed research where
asymmetry and symmetry of valley-river landscape and technical systems would be analyzed.

Practical value is determined by the introduction into the practice of working with landscape and
technical systems of universal principles of symmetry and asymmetry, which will make it possible to find
effective ways of rational use of natural resources.

Research results. It was noted that in the study of landscape and technical systems in them it is worth to
distinguish elements of symmetry and asymmetry — auxiliary geometric images (points, lines, planes) in
respect of which equal parts of geographical objects are repeated in a certain way. In complex landscape and
technical systems basic engineering structures often play the role of such geometric images.

It is noted that the leading role in the formation of the asymmetry of valley-river landscapes is played by
the anthropogenic factor. Under its influence, natural landscape asymmetry can radically change. Depending
on the development stages of landscape and technical systems, possible variants of landscape asymmetry and
symmetry transformation from natural to anthropogenic are analyzed. On the example of valley-river
landscape and technical systems of Right-Bank Ukraine (reservoirs, ponds, canals and bridges), manifestations
of anthropogenic landscape asymmetry and symmetry are considered.

Based on our own field research and spatial and temporal analysis of the economic development of river
valleys of Right-Bank Ukraine, a model for the development of a typical pond valley-river landscape and
technical system in the Southern Bug basin was developed, where one can observe the process of landscape
asymmetry complication in various respects. The most typical variant of transformation is the one in which
the natural landscape asymmetry changes into anthropogenic and manifests itself at all stages of development.

It is concluded that the violation of geometric images of valley-river landscape and technical systems
occurs as a result of the ineffective activity of the control unit. Consideration of individual properties of
asymmetry and symmetry of valley-river landscape and technical systems is necessary for solving many
problems associated with environmental management and the optimization of such systems. To this end, it is
necessary to increase the attention of modern geographers and landscape scholars to study the problems of the
influence of asymmetry and symmetry on the structure, dynamics and stability of landscape and technical
systems.

Keywords: landscape asymmetry, landscape symmetry, valley-river landscapes, landscape and technical
systems, river valleys.
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INNOVATION AND INVESTMENT POTENTIAL OF REGION AS AFACTOR OF ITS
"SMART TRANSFORMATION" — A CASE STUDY OF KHARKIV REGION (UKRAINE)

JI. M. Hemeuysw, K. B. Mezenyes, K. IO. Cezioa, U. Mopap, H. B. I'ycesa, B. A. Ilepecaovko, €. 0. Tenreoencea. IHHOBA-
LIHHO-IHBECTHI[IHHHH ITOTEHIIAJI PETIOHY K ®AKTOP HOI'O «SMART-TPAHC®OPMAI[li» — KEHC XAP-
KIBChKOI OBJIACTI YKPAIHH. Y po6omi pozensdacmucs nosuyionysanns Xapxiscokoi obnacmi i micma Xaproea sax «po3ymMHO20
(smart) peciony». Hagedeno cmpameeiuni ma onepayivini yini ix po3eumxy 6 acnexmi ¢popmyeanHs «po3yMHoI (Smart) eKOHOMIKUY.
Ilpoananizoeano innosayitino-ineecmuyitinuil nomenyian Xapxkiecokoi oonacmi ax ¢paxmop ii smart mpancgopmayii; eusgnreHo ocoo6-
AUBOCI U020 YOPMYSaHHA MA BUKOPUCMANHA 8 ACNeKMI po36UumKy XapKiecokoi obnacmi AK «po3ymnozo (smart) peciony». 3a dono-
MO2010 MAMEMAMUKO-CINAMUCIUYHO20 AHATIZY 8U3HAYEHO Micye XapKiecbkol 06acmi 6 HayiOHATbHOMY 8UMIDI 34 OKpeMUuMU NOKA3-
HUKamu iHHOBayitinoi ma iHeecmuyitinoi disibHOCMI ma 6 Yiiomy 3a IHHOBAYIUHO-IHEeCMUYIHUM NOMeHYianom. 30Kpema 3a3HaA4YeHo,
wo Xapxkiscoka obracme saiimae 2 micye 6 Vkpaini 3a inmezpanrbHum nOKA3HUKOM (POPMYSAHHS | GUKOPUCMAHHS IHHOBAYILIHO-IHEeC-
muyitinozo nomenyiany, nocmynaiouucs minoku Kuegy. 3a pesynemamamu gpaxmopnozo ananizy o6epynmosano gpaxmopu gopmy-
BAHHS MA GUKOPUCMAHHA THHOBAYINIHO-IHBECTMUYILIHO20 nomenyiany XapKiecvkoi obnacmi (coyianbHO-eKOHOMIUHULL, PO3CeNeHbKUll,
JHCUMTI0BO-MOP2IBETbHULL A COYIATbHO-0eMoepapiunull), ix 3micm (pakxmopHi HA8AHMANCEHHS) MA GHYMPIUHbOPESIOHATbHI 0COOU-
socmi enugy (ghaxmopHi eazu). Buxopucmosyouu kiacmepHuil ananiz (memoo Bapoa, esxnidosa giocmans), Oyio npogedeno epyny-
eanms micm i pationie Xapkiecvkoi obracmi 3a noOdioHicmio ix inHosayitino-iHgecmuyitinoi OisnibHocmi (Oyno eudineno 4 epynu micm
ma 5 epyn paiionig). Pesynomamu knacmeprno2o ananizy 003601uu 3p00umu 6UCHOGOK, ujo XapKiecbKka 001acms XapaKxmepu3yemocs
3HAYHOI MEPUMOPIANbHOI0 Jughepenyiayicio ocobrugocmei PopmMySanHs 1 GUKOPUCMAHHS IHHOBAYITIHO-IHBECMUYIIHO20 NOMEHYIALy
it aominicmpamusHo-mepumopianbHux 0OUHUYb, WO 8 NEPULY Yepey N08 SI3aHO 3i CReYUPIKOIO IX COYIaNbHO-eKOHOMIYHO20 PO3GUMKY.
Besnepeunumu nidepamu ¢ micmo Xapkie ma Xapriecokuil i [JepeauigcoKkuil pationu, siKi Xapakmepuzyiomocsi HAUGUWOI0 IHEeCmuyiii-
HOI NPUSAOGIUGICIIO MA IHHOBAYILHOK AKMUGHICTIIO, | 8 YIIOMY — HAUOITbUWUM IHHOBAYIIHO-IH6ecmuYitiHUM nomeHyianom. Busgneni
0co0IUB0CME MEPUMOPIATLHO20 PO3NOOLTY IHHOBAYINIHO-IHEECTNUYIIIHO20 NOMEHYIANY Pe2iOHY 00360IUIU GUAGUMU NPOOLEMU MA OKPe-
UMY nepCcneKmuel NoOAIbLUIO20 BUKOPUCTAHHI HAABHUX 11020 PecypCis.

Knrwuoei cnosa: posymna (smart) ekonomixa, posymua (smart) mpancghopmayis, inHoeayiino-ineecmuyitinuti nomenyian, Xap-
Kig, Ykpaina.
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JI. H. Hemeu, K. B. Me3enyes, E. IO. Cezuoa, 4. Mopap, H. B. I'ycesa, B. A. llepecadvko, E. I0. Tenetenesa. HHHO-
BAITHOHHO-HHBECTHIIHOHHBIH ITOTEHI[HAJI PETHOHA KAK ®AKTOP EI'O «SMART-TPAHC®OPMALIHH» —
KEHC XAPbKOBCKOH OBJIACTH YKPAHHBI. B pabome paccmampusaemcs nosuyuonuposanue Xapbkoeckoii o6aacmu u 20-
pooa XapbKosa Kak «yMHo20 (smart) pecuonay. [Ipusedenvt cmpamezuieckue u Onepayuonnble yeu ux pazeumus 8 acnekme popmu-
POBaHUsL «YMHOU (smart) sxoHomuruy. IIposeden ananus uHHOBAYUOHHO-UHBECMUYUOHHBIL nOmeHyuaia XapbkoecKkou obracmu Kak
@axmopa ee smart mpancgopmayuu, 8visigIeHbLL 0OCOOEHHOCMU €20 POPMUPOBAHUS U UCONL308AHUS 8 ACNeKme pa3sumus XapbKosc-
KoU obnacmu Kaxk «yMHoz2o (smart) pecuonay. C nomMoubro MamemMamuko-Cmamucmuiecko2o aHaiusa onpeoeneno mecmo Xapvrosc-
KOl obaacmu 8 HAYUOHATLHOM UIMEPEHUU NO OMOENbHbIM NOKA3AMENAM UHHOBAYUOHHOU U UHBECMUYUOHHOU 0esimenbHOCIU U 6 Ye-
JIOM NO UHHOBAYUOHHO-UHBECTNUYUOHHOMY nomenyuany. B uacmnocmu ommeueno, umo Xapvrosckas obonacme 3anumaem 2 mecmo 8
Ykpaune no unmezpanvrnomy nokazamento opmuposanus u UCnOIb306aHUSL UHHOBAYUOHHO-UHEECTIUYUOHHO20 NOMEHYUANA, YCTYNAsl
monvko Kuesy. Ilo pe3ynemamam paxmopnozo ananuza 060CHO8aHbl Paxmopvl opMupo8anust U UCNOIb306aHUsL UHHOBAYUOHHO -
UHBECMUYUOHHO20 NOMeHYUana XapbKogcKkoll 001acmu (CoyuanbHO-IKOHOMUUECKUL, PACCeNeHYeCKUll, HCUTUUHO-MOP2OBbLIL U COYU-
anvHo-O0emozpaguyeckuil), ux cooepicanue ((pakmopuvie Haspy3Ku) U BHYMPUPeSUOHANbHbIE 0CODeHHOCmU 8030eticmaus. Mcnonv3ys
KIacmepHulil ananuz (memoo Bapoa, 36x1u0060 paccmosinue), 6bl10 NPo8edeHo epynnuposanue 20pooos u patoHo8 XapvKoeckoi
obnacmu no noOoOUIO UX UHHOBAYUOHHO-UHBECUYUOHHOU OessmelbHOCHU (0blI10 8blOENIeHO 4 epynnvl 20p0008 U 5 epYRn PatioHOs).
Pesyromamer knacmeprnoeo ananuza no36oaunu coeiams 8bl800, Ymo XapvKo8cKas 001acmb Xapakmepusyemcs 3Ha4umenbHol mep-
pumopuanvrou ougpepenyuayueti ocoberHocmer GoOpPMUPOSArUS U UCHOAb308AHUS UHHOBAYUOHHO-UHBECTNUYUOHHO20 NOMEHYUANLA
ee aOMUHUCIPAMUBHO-MEPPUMOPUATLHBIX €OUHUY, YO 6 NEPEVIO 0YePedb CEA3AHO CO CREYUDUKOU UX COYUANLHO-IKOHOMUUECKO20
pazeumusi. beccnopuvimu mudepamu sensiomes 20poo Xapokos u Xapvrosckuil u Jlepeayesckuil patioHsl, Xapakmepusylouuecst camo
6bICOKOU UHBECMUYUOHHOU NPUBTEKAMELbHOCbIO U UHHOBAYUOHHOU AKMUBHOCMbIO, U 6 YelOM — CAMbIM OONbUUM UHHOBAYUOHHO-
UHBECMUYUOHHBIM NOMEHYUALOM. Boisignennvie ocobennocmu meppumopuaibHo2o pacnpeoeienus UHHOBAYUOHHO -UHBECMUYUOHHO2O0
NOMeHYuana pecuoHa no360aUNU GbIAGUMb NPOOIEMbL U ONPedenUmb NEPCReKMUBbl OaIbHelue20 UCNOIb308AHUSL UMEIOWUXCS €20 pe-

cypcos.

Kntouesvie cnosa: ymnas (smart) S9konomuxa, ymHas (smart) mpancgopmayus, UHHOBAYUOHHO-UHBECTIUYUOHHDII NOMEHYUA,

Xapvkos, YVkpauna.

Formulation of the problem. Recently,
Kharkiv region was increasingly positioned as a
"smart region™ and Kharkiv as a ""smart city", defined
as a modern, social city, a city of arts, research, tourist
city (SMART = Social, Modern, Art, Research, Tour-
ism) (Zhavzharova, 2016). Moreover, the emergence
of "smart economy" and the availability of people
with jobs is one of the six strategic objectives for the
city development by 2020, which includes three op-
erational objectives: 1) innovative active entrepre-
neurial city (Kharkiv is Ukraine's leading innovation
center, Kharkiv — active entrepreneurial city); 2) in-
formation — creative city (Kharkiv is a leading infor-
mation technology center in Ukraine, Kharkiv — a
tourist center of Eastern Europe, Kharkiv is a creative
center of the European level); 3) Scientific and edu-
cational city of knowledge-based economy (Develop-
ment strategies..., 2016).

Thus, the formation of Kharkiv region as an "in-
telligent region” with "smart economy" implies,
among other objectives, a comprehensive develop-
ment of innovation and investment activities in the re-
gion, its transformation into Ukraine's leading inno-
vation and investment center. A mandatory condition
of the region’s progressive socio-economic develop-
ment is the economy of innovation type, which is im-
possible without investment. In economics intellec-
tual products (innovation developments) as scientific
results of human activities are of primary importance.
Innovation is a significant precondition for economic
development of both economic systems of individual
regions, and the country as a whole (Fedotova, 2015).

Among the factors of "smart (intelligent) eco-
nomic" development are innovations, science and ed-
ucation, IT-technologies, intellectual potential, etc.
Not least in the importance is investment in human

capital, growth of highly technological section in the
social production sphere, the added value increase in
the composition of output created by intellectual com-
ponent. The changing nature of human labor in favor
of creative and intellectual activities is also a factor of
such an economy where innovation and investment
activities are the priority areas (Development strategy
.., 2016).

The regions characterized by the existence of in-
novative economic structures and activities benefit
from the existence of the appropriate regional devel-
opment policies, that support and stimulate the eco-
nomic growth based on innovation, rather than assist
the regions in decline (e.g. the old industrial regions)
(Benedek, 2004; Cocean, 2005). A new perspective
explains that the innovative regions through the dif-
ferent propulsive industries support a complex re-
gional system, considering also the delay of the re-
gional innovation comparing with the historic expan-
sion of industry from a specific area (Quatraro,
2009). Creativity is the main driving force in regional
economic growth, concentrated especially in situa-
tions where the society generates and applies new
ideas, information and technology (Strom, Nelson,
2010). The new regionalism rhetoric supports the idea
that the regions have to be coupled strategically with
the global economy through critical links (Yeung,
2009). The measures aimed at growing and diversify-
ing economic activities, stimulating the investment in
the private and public sector, contributing to reducing
unemployment and leading to an improvement of
overall living standards, support sustainable actions
that converge with the areas of competence of re-
gions, generate a dynamic and sustainable growth
based also on the decentralization of the decision-
making process (from the central or governmental
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level to the regional communities) and on the partner-
ship between all actors involved in the overall re-
gional development process (Benedek, 2004).

Analysis of previous research. R. G. Hollands
in the article «Will the real smart city please stand up?
Intelligent, progressive or entrepreneurial?» (Hol-
lands, 2008) focuses on the difficulties of smart cities
definition. The author emphasizes that smart cities
should be non-formal entities, namely, those that im-
prove the lives of their inhabitants. Despite a detailed
analysis of some key concepts and concrete cases of
smart cities, the author underestimates cities in the de-
velopment at the regional and national levels.

Also, a number of authors, such as R. Krueger,
D. Gibbs (««Third wave» sustainability? smart
growth and regional development in the USAy),
A. Kylili, P. A. Fokaides («European smart cities:
The role of zero energy buildings») examine specific
examples of some regions of smart cities, including
the western coast of the United States and Europe
(Krueger, Gibbs, 2008; Kylili, Fokaides, 2015). The
main message of these studies is their focus on high-
lighting positive changes in regions where smart cit-
ies are formed. However, there are no criticisms or
suggestions for the development of other cities in the
context of the concept of smart cities.

We can say that the city itself is the main center
for the birth and spread of investments. It is in this
context that P. Benneworth and G.J. Hospers in the
article «The new economic geography of old indus-
trial regions: universities as global/local pipelines»
(Benneworth, Hospers, 2007) argue that the univer-
sity of major cities should be one of the main sources
of innovation in the regions. This actually confirms
the educational component in the concept of smart
cities.

A. Rodriguez-Pose and R. Crescenzi in the arti-
cle «<R&D, spillovers, innovation systems, and the
genesis of regional growth in Europe», generate the
idea of distributing innovations in the region, pre-
cisely because of the spread of knowledge. Following
the three approaches: "linear model" of innovation;
regional innovation systems; and the dissemination of
knowledge, the authors confirm their own theory.
They just do not take into account the fact that only
one or two cities in the region have an innovative po-
tential, therefore, the development of measures for the
harmonious development of the region is important.
(Rodriguez-Pose, Andrés and Crescenzi, Riccardo,
2008).

In our opinion, J. Kaivo-Oja, S. Vihdsantanen,
A. Karppinen, T. Haukioja’s research on the develop-
ment of regions and the current conditions for the es-
tablishment of greenwich cities and the spread of in-
novation has been conducted as deep as possible, the
results of which are described in the article «Smart
specialization strategy and its operationalization in

the regional policy: case Finland». Smart cities are
only part of the intelligent development of the re-
gions. Sustainable development of the region is,
above all, smart development. In this paper, a set of
methods is given to determine the level of the territory
development in this context. Unfortunately, there are
not enough comparative studies, but this provides an
opportunity for further research (Kaivo-Oja,
Vihdsantanen, Karppinen, Haukioja, 2017).

Materials and methods. This paper is based on
guantitative research approach aimed at statistical as-
sessment of the key factors and features of the inno-
vation and investment potential of the region. For this
purpose we used multivariate methods of factor and
cluster analysis. Using the first one, we identified and
interpreted determinants of innovation and invest-
ment potential of the region as a whole and their man-
ifestation in different territorial units. Cluster analysis
(Ward’s method) allowed to group territorial units by
similarity of nine determined indicators which ex-
press different aspects of the capital investments and
innovation-active enterprises.

Kharkiv region is taken as a case study in order
to explain the main drivers and spatial patterns of the
innovation and investment potential of the monocen-
tric industrial region in post-Soviet space. Kharkiv is
the second most populous city in the country, which
for some time (from 1919 to 1934) served as the cap-
ital of Soviet Ukraine. Kharkiv is the center of metro-
politan region that in whole or partly covers Kharkiv,
Sumy, Poltava and Luhansk administrative regions.
In informational space Kharkiv is positioned as a re-
gional capital of the North-East Ukraine. The regional
capital is usually far ahead in the region by the most
of key socio-economic indicators, the center of grav-
ity of population and capital. However, during the pe-
riod from 1989 to 2014 Kharkiv‘s population de-
creased by nearly 10 %. In terms of capital invest-
ment and services sold per capita Kharkiv is the lead-
ing center.

The empirical part of the paper is based on offi-
cial statistics from the Main Department of Statistics
in the Kharkiv region, in particular Statistical Year-
book "Cities and districts of Kharkiv region in 2015"
and "Kharkiv region in 2015".

In order to display the innovation and investment
potential of Kharkiv region as a factor of its "smart
transformation”, to identify the features of its for-
mation and use in terms of Kharkiv region’s "smart
transformation™ priorities, the paper is organized in
the following way. In the first part we determine the
role of innovation and investment potential of
Kharkiv region at the national scale. The next section
is devoted to identification of the factors of innova-
tion and investment potential formation. In the fol-
lowing section we attempt to explain the spatial pat-
tern of the investment and inovation activity in the
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Kharkiv region. The paper ends with some conclu-
sions that emerge from the analysis.

Results and discussion. Innovation and invest-
ment potential of Kharkiv region at the national
scale. From the standpoint of social geography inno-
vation and investment potential of the region can be
defined as the opportunities of regional socio-eco-
nomic system to conduct innovative activity based on
the resource component formed by scientific, intellec-
tual, human, financial, technical and technological re-
sources. The formation of the region’s investment po-
tential is ensured by innovation development and
achievement of competitive advantages in the region.
Kharkiv region is characterized by all these compo-
nents.

Kharkiv region occupies one of the leading
places in Ukraine in terms of innovation and invest-
ment activity. Thus, regional differences in 19 indica-
tors of investment and 19 indicators of innovation in
2015 have been analyzed. The analysis showed that:

- in 2015 Kharkiv region was the leader in the
country by three indicators (the number of companies
that have sold innovative products abroad, in units;
the number of industrial enterprises that implemented
innovations, in units; the number of implemented new
technological processes at the industrial enterprises,
in units);

- by five indicators (utilized capital invest-
ments from the state budget, UAH and share of the
total volume; utilized capital investments at the ex-
pense of local budgets, share of the total volume; the
number of patents for inventions (national applicants,
without non-classified), in units; sales of innovative
products from Ukraine, UAH) — obtaine the 2nd place
in the country;

- by six indicators (utilized capital investments
at the expense of local budgets, UAH; number of in-
dustrial enterprises engaged in innovative activities,
in units; number of industrial companies that have
sold innovative products, in units; the volume of in-
novation products sold, UAH; number of acquired
new technologies (technical achievements) in
Ukraine and abroad, in units; the number of trans-
ferred new technologies (technical achievements) in
Ukraine and abroad, in units) — 3rd place in the
country;

- by one indicator (total expenditure on inno-
vation activity, UAH) — 4th place in the country;

- by seven indicators (direct foreign invest-
ments, USD and share of the total volume; utilized
capital investments, UAH and share of the total vol-
ume; number of implemented technological pro-
cesses items per industrial company that implemented
innovations, units per company; number of intro-
duced innovative products at industrial enterprises, in
units; the volume of utilized innovation products per
industrial company that implemented innovative

products, USD per company) — 5th place in the
country;

- by six indicators— 6th place in the country;

- by two indicators — 8th place in the country;

- by two indicators — 10th place in the country;

- by one indicator — 12th place in the country;

- by one indicator — 13th- place in the country;

- by two indicators — 14th place in the country;

- by one indicator — 15th place in the country;

- by one indicator — 16th place in the country.

To determine the role of Kharkiv region by all
indicators of innovation and investment activities we
have ranked all regions of Ukraine by selected statis-
tical indicators (19 indicators of investment and
19 indicators of innovation activity). This process in-
volved the following steps:

1. Rationing of simple indicators, bringing them
to a common denominator.

2. Linear scaling of normalized parameters, i.e.
parameters transformation so that their numerical val-
ues — indexes were in the range of 0-1. To do this,
extreme (lowest and highest) values were determined
by each indicator by the formula (Niemets et al.,
2009):

Ij — i,j min,j (1)
Xmax,j_Xmin,j

where |j — normalized variable, j =1, 2,3 ... N
(N — number of variables in the sample; in this case N
= 38); Xi j— the current value of the j-normalized var-
iable,i=1, 2, 3... M (M — number of objects charac-
terized by j-indicator; in this case M = 25); Xuin, j,
Xmax, j — the smallest and largest value of j- indicator
in the number of observations.

According to (1), the object with the largest
value of a certain indicator has index equal to 1, and
the lowest — 0, the indices of all other objects have
numeric values in the range of 0-1. Average indices
of innovation and investment activity in the regions
of Ukraine were calculated by formula (2) (Niemets
et al., 2009):

N
_ Zj=1lj

Iaver - N (2)

All designations are as above.

3. Ranking of regions in Ukraine in terms of
their innovation and investment activity in descend-
ing order of average index. As a result, we received
the order in which the place (rating) of a region as to
the development of innovation and investment activ-
ity clearly defines its position among other regions.
This procedure is done graphically on the Pareto
charts (Niemets et al., 2009):

Thus, it is clear from Figure 1 that Kharkiv re-
gion occupies the second place in Ukraine as to the
integral index of formation and use of innovation and
investment potential, conceding only the city of Kyiv.
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Fig. 1. Pareto chart showing distribution of the regions of Ukraine as to the average index of innovation and
investment activity in 2015. (Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017;
without temporarily occupied AR Crimea and the city of Sevastopol)

Factors of innovation and investment poten-
tial formation and use in Kharkiv region. The au-
thors have analyzed the factors affecting the for-
mation and use of innovation and investment poten-
tial of Kharkiv region based on the principal compo-
nents method of varymax factor rotation (Niemets,
Sehida, 2017). This allowed us to calculate the factor
load on each of the indicators. Considering available
accessible statistical information for the study, we
selected 87 indicators, reflecting the demographic,
economic, social and environmental characteristics
of the administrative units in Kharkiv region in
2015. They were linearly scaled, too. Equation (1) is
used to calculate the indicators of positive qualities
Or Objects’ characteristics. For indicators of negative
trends and the objects’ characteristics (such as mor-
tality, the number of immigrants, pollutants emis-
sions into the atmosphere from stationary sources,
the number of victims of production accidents, etc.),
the indexes are determined by the following formula
(Niemets et al., 2009):

Xij~ Xmin,j

I 3)

11_

Xmax,j_ Xmin,j

Using inverse index values for "negative” indi-
cators by formula (3), it is possible to correctly rank
administrative units in the region according to all
sample indicators of their innovation and investment
potential. In other words, the administrative unit with
higher "positive” and lower "negative” indicators of
innovation and investment potential has higher prior-
ity ranking (Niemets et al., 2009).

The first step of the factor analysis assumes that
the number of factors is equal to the number of indi-
cators. We calculated the variance of each factor to
determine the optimum number of factors (Table 1).

The optimal number of factors can be
determined using three criteria:

- the Kaiser’s rule (Kaiser, 1960; Horn, 1965):
only factors with eigenvalue greater than 1 (in our
case 10 factors) are selected;

- by a cumulative percentage of variance: the
factors that cumulatively cover approximately three-
quarters of the initial information are selected as the
determining ones, i.e. the cumulative percentage
exceeds 75 % (in our case 3 factors);

- the Cattell’s scree test (Cattell, 1966): on the
variances graph (scree plot) there is a place where the
variance reduction slows at most from left to right. It
is assumed that there is only a "factorial scree™ to the
right from this point.

- the scree plot (Figure 2) shows 3-4 factors.

Thus, we assume that 4 factors have the biggest
impact on the formation and use of innovation and
investment potential in Kharkiv region.

As a result of varimax raw rotation we obtained
a matrix of factor loadings (Table 2).

Based on the factor loadings values we have
found the content of factors affecting the formation
and use of innovation and investment potential in
Kharkiv region (it includes the indicator with the
largest load, that is closest to the module unit). If the
indicator’s factor loading is less than 0.7 for each of
the 4 factors ("threshold" value), this figure is not

-141 -



Cepisi «[eonozisi. [eoepagpisi. EKonoeisi», sunyck 49

Table 1

Absolute, relative and cumulative values of factors variance in formation and use of innovation and

investment potential of Kharkiv region, 2015

(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

Factor | Variance Percenfage of total Cum.ulative Cumulative
variance % variance percentage %
1 51,38861 59,06737 51,38861 59,0674
2 9,12912 10,49324 60,51773 69,5606
3 5,34415 6,14270 65,86188 75,7033
4 3,58838 4,12457 69,45026 79,8279
5 2,71034 3,11533 72,16060 82,9432
6 2,33007 2,67824 74,49067 85,6215
7 1,97916 2,27490 76,46983 87,8964
8 1,65993 1,90797 78,12976 89,8043
9 1,28006 1,47134 79,40982 91,2757
10 1,08531 1,24749 80,49513 92,5231
11 0,98116 1,12777 81,47629 93,6509
12 0,95369 1,09619 82,42998 94,7471
13 0,80606 0,92651 83,23604 95,6736
14 0,63228 0,72676 83,86833 96,4004
15 0,54853 0,63049 84,41685 97,0309
16 0,52826 0,60719 84,94511 97,6381
17 0,41100 0,47241 85,35611 98,1105
18 0,32970 0,37897 85,68581 98,4894
19 0,24490 0,28149 85,93071 98,7709
20 0,22109 0,25412 86,15180 99,0251
21 0,17934 0,20614 86,33113 99,2312
22 0,13684 0,15729 86,46798 99,3885
23 0,11492 0,13209 86,58289 99,5206
24 0,11114 0,12775 86,69404 99,6483
25 0,08198 0,09423 86,77602 99,7426
26 0,06208 0,07135 86,83810 99,8139
27 0,04036 0,04639 86,87846 99,8603
28 0,03791 0,04357 86,91637 99,9039
29 0,02850 0,03276 86,94487 99,9366
30 0,02319 0,02665 86,96806 99,9633
31 0,01432 0,01646 86,98238 99,9797
32 0,01160 0,01333 86,99397 99,9931
33 0,00603 0,00693 87,00000 100,0000
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Fig. 2. Scree plot for determing the number of factors of formation and use of innovation
and investment potential in Kharkiv region, 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

Table 2
Factor loadings (Varimax raw, principal components, marked loadings are >0,7)
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

Indicators Factor loadings

factor 1 factor 2 factor 3 | factor 4
number of EDRPOU subjects, units 0,99551 0,060204 | -0,003599 | 0,052213
number of EDRPOU subjects, units per 1,000 people 0,67855 0,156036 0,207699 | -0,251586
number of residents, persons 0,99264 0,052546 0,036952 | 0,082873
population density, persons per sq km 0,57896 0,544008 | -0,083907 | 0,385574
urban population, persons 0,99157 0,086698 0,008436 | 0,079167
rural population, persons -0,13334 -0,693031 | 0,565982 | 0,061374
fertility, persons 0,99215 0,049648 0,040742 | 0,087964
fertility, per 1,000 people -0,21384 -0,060433 | -0,078177 | -0,028107
mortality, persons -0,99079 -0,041197 | -0,061307 | -0,083125
mortality, per 1,000 people 0,34296 0,168995 0,079378 | 0,811672
natural increase (decrease) of population, persons -0,98445 -0,024820 | -0,100576 | -0,073526
natural increase (decrease) of population, per 1,000 people 0,27774 0,151452 0,054970 | 0,812517
number of arrivals, persons 0,99115 0,051746 0,041883 | 0,080218
number of arrivals, per 1,000 people 0,04083 0,001577 0,079996 | 0,076452
number of departures, persons -0,99240 | -0,058354 | 0,000164 | -0,081945
number of departures, per 1,000 people 0,07150 0,114605 0,300115 | -0,022231
net migration, persons 0,93153 0,016054 0,248997 | 0,067299
net migration, per 1,000 people 0,10150 0,094976 0,329134 | 0,062964
neeq _of employers for workers to fill vacant jobs (vacant 0,99500 0,050386 | -0,035804 | 0,040674
positions), persons
number of registered unemployed, persons -0,91113 0,239141 0,092283 | 0,031918
load per one vacancy (vacant position), persons 0,11310 0,426649 0,063702 | 0,124947
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Fund, persons

employment of registered unemployed, persons 0,87149 -0,341453 | -0,075073 | -0,040626
average number of staff, people 0,99376 0,061191 | -0,010997 | 0,073592
average monthly nominal salary of staff, UAH 0,21312 0,051573 0,042555 | -0,002110
passenger road transport, min. pass. km 0,96110 0,022111 0,194298 | 0,084335
road passenger transport thousand, passengers 0,97265 0,050487 0,149504 | 0,091892
kindergartens, units 0,99054 -0,037103 | 0,037206 | 0,079801
children in kindergartens, persons 0,99229 0,074587 0,002335 | 0,082532
general education establishments, units 0,98209 -0,112538 | 0,068380 | 0,096345
children in secondary schools, persons 0,99216 0,058079 0,032550 | 0,088067
number of pensioners who receive pension in the Pension -0,99156 10,064151 | -0,029405 | -0,078834
Fund, persons

gggwski)grr] ?:fudnlg,,agtlis%ennsmoners who receive pension in the -0,99000 10,058806 | -0,056203 | -0,003825
8:32;5 llijo’g\lzelmbursement for housing and communal ser- 0,95494 0169490 | -0,046566 | 0,141213
housing, sq m 0,99042 0,047897 0,054105 | 0,091910
urban housing, sqg m 0,98935 0,090650 0,025480 | 0,090268
provision of housing, the average per capita sq m -0,28100 -0,105624 | -0,062037 | -0,429889
housing commissioning, sq m 0,98258 0,029255 0,142865 | 0,074149
[Je'tzl:_l| trade turnover, including restaurant management, min. 0,09417 0,075627 10,026029 | 0,054739
gg;irscs;cs)?tsoﬁz pollutants into the atmosphere from stationary -0,88084 0,014664 -0,055901 | -0,103251
gg;'f;‘s’ﬁ%‘;m't'lgtr?gt:r'gg‘;ftge li‘;mos"here fromstationary | 605821 | 0,071307 | -0,040661 | -0,046045
existence of waste, tons 0,00090 0,068708 -0,051258 | 0,049997
waste, tons -0,95824 | -0,013562 | 0,042025 | -0,079767
land area, sq km -0,11036 | -0,944815 | 0,062182 | -0,103888
share of urban population, % 0,25634 0,647884 0,177431 | 0,422301
share of rural population, % -0,25634 -0,647884 | -0,177431 | -0,422301
number of towns, units 0,17348 0,145166 0,362719 | 0,340077
number of settlements, units -0,04848 -0,249782 | 0,892795 | 0,213570
number of villages, units -0,20860 -0,868149 | 0,109527 | -0,136794
number of female population, persons 0,99268 0,050035 0,038042 | 0,083416
number of male population, persons 0,99239 0,054157 0,038038 | 0,083781
men for 1000 women, persons -0,00894 -0,704546 | -0,122110 | 0,015408
proportion of the population aged 0-14, % -0,45530 -0,098945 | -0,111255 | 0,100163
proportion of the population aged 15-64, % 0,39612 0,173551 0,192048 | 0,783713
proportion of the population aged over 65, % 0,19159 0,136283 0,149894 | 0,900222
population aged 0-14 years, persons 0,99093 0,048159 0,052373 | 0,093146
population aged 15-64 years, persons 0,99262 0,053910 0,036288 | 0,083347
population aged over 65 years, persons -0,99304 -0,047677 | -0,034682 | -0,077108
number of universities of I-11 levels of accreditation, units 0,97925 0,107298 -0,073174 | 0,075612
number of universities of I11-1V levels of accreditation, units 0,99469 0,066989 | -0,033248 | 0,038956
number of victims of industrial accidents, persons -0,99158 -0,062932 | -0,016565 | -0,084566
Blejggr?; of deaths from injuries related to production entities, -0,93360 10,050049 | 0,038770 | -0,049405
Eﬂ?db,egec;flpl)gggi%r;rslgvho receive pension in the Pension 0,07392 0157529 | 0083628 | 0222864
number of disabled people who are registered in the Pension 10.99128 -0.065568 | -0,039179 | -0.086071
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number of disabled people who are registered in the Pension 0,10296 0152699 | 0022761 | 0070104
Fund, per 1,000 people
number of detected crimes, units -0,99156 -0,078963 | -0,009785 | -0,082884
transportation of goods by road, tons 0,96571 -0,027013 | 0,089890 | 0,053127
freight road transport, min. tons 0,96343 0,023749 0,212582 | 0,100529
tperropfrlitggslIégtglf)?g/;lcultural production in the agricultural en- -0,05243 0387412 | -0,034978 | -0,159349
tp);g:itsaé);I(l;t:);oopf)?g/(r)lcultural production in the agricultural en- -0,04257 0371942 | 0008823 | -0,086593
agricultural land, ha -0,18976 | -0,942850 | -0,001100 | -0,107629
commissioning of housing per 1,000 people, sg m 0,32685 -0,019260 | 0,738031 | 0,144963
number of museums, units 0,77634 0,055049 | -0,198485 | 0,077603
number of clubs, units 0,20093 -0,914768 | 0,214941 | -0,002309
number of library, units 0,73878 -0,597124 | 0,196386 | 0,043099
number of movies demonstrators, units 0,35869 -0,153278 | -0,136877 | -0,005620
;::;Ird[jenr:tss health and recreation facilities working in sum- 0,96136 .0,060776 | 0114648 | 0,144544
use of fresh water, min. m3 -0,05385 0,240685 -0,044331 | 0,122450
wastewater discharge, min. m3 -0,94912 -0,086303 | -0,099600 | -0,015144
hotels and similar accommodation, units 0,98257 0,099171 -0,060186 | 0,087316
specialized accommodation facilities, units 0,21249 -0,179565 | 0,064124 | -0,041035
retail trade turnover per capita, USD 0,70237 0,384451 0,106057 | 0,357142
wholesale trade turnover, min. UAH 0,98680 0,054531 0,096383 | 0,069779
number of enterprises, units 0,99547 0,062153 | -0,014030 | 0,046786
volume of products (goods and services), per capita, USD 0,42070 -0,133125 | 0,783406 | 0,129330
volume of products (goods and services), USD 0,98751 0,036375 0,113500 | 0,070089
income before tax, UAH -0,98303 | -0,106150 | 0,013372 | -0,017585
profitability of operating companies (the ratio of financial
result from operating activities to the expenses for operating -0,16523 -0,269938 | -0,221272 | -0,079203
activities), %

Expl. Var 49,87322 7,354603 3,395069 | 4,335184

Prp. Totl 0,57326 0,084536 0,039024 | 0,049830

included in the analysis because it is statistically
negligible. In the analysis of simulation results, it has
been found out that 21 of the 87 variables have a load
factor lower than the threshold, so they are not taken
into account. Given the proportion of variance, we
consider the first two factors the most important (1 st
factor accounts for 51.4 % of the total variance of the
output data, the 2nd — 9.1 %). Interpretation of factor
analysis made it possible to identify the following
hypothetical factors:

1) social-economic (51 varibales) (Table 2);

2) settlement (land area, sq km; number of
villages, units; men for 1000 women, persons;
agricultural land, ha; number of clubs, units);

3) residential and commercial (number of
settlements, units; commissioning of housing per
1,000 people, sqg m; volume of products (goods and
services), per capita, USD);

4) social-demographic (mortality, per 1,000
people; natural increase (decrease) of population, per

1,000 people; proportion of the population aged 15-
64, %; proportion of the population aged over 65, %).

The last line in the table 2 shows the intensity of
the factors’ influence. Thus, the numerical values of
~ 0.5733 ~ 0.0845 ~ 0.039 ~ 0.0498 correspond to
57.3 %, 8.5 %, 3.9 % and 5.0 % of the total variance.

According to the results of the factor analysis we
calculated factor values in the context of towns and
districts of Kharkiv region, i.e. the factor scores (Ta-
ble 3). A factor scores help clarify the nature of the
factors (Grice, 2001), it’s a measure of administrative
territorial units’ contribution in the region to each fac-
tor. The matrix of factor scores is calculated by mul-
tiplying the output data matrix by a matrix of factor
loadings. They are treated as relative evaluation of
certain factors expression in each administrative-ter-
ritorial unit and serve as the basis for their grouping.
If the factor score is around O, the impact of this factor
corresponds to the impact for the whole region, if it is
higher (especially more than 1) - the impact of this
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factor is significantly larger, and if it is lower (less Figures 3-6 show the Pareto charts for each of
than 1), it is significantly smaller than in the region the identified key factors. The value of operating fac-
on the whole. tors is significantly differentiated in the region as the

Table 3

Factor scores: factors expression in formation and use of innovation
and investment potential in territorial units of Kharkiv region
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

Factors
Territorial units Social- Settlement Residential Social-
economic and demographic
commercial
Administrative districts
Balakliyskyi -0,012943 -0,41622 1,25837 -0,05634
Barvinkivskyi -0,103658 0,01885 -0,64006 -2,21852
Blyzniukivskyi -0,161482 -1,04391 -1,01354 0,13044
Bohodukhivsk -0,140554 -0,40688 0,07828 0,33706
Borivskyi -0,168648 -0,50965 -0,76996 -0,32321
Valkivskyi -0,186627 -0,46103 0,22094 0,45619
Velykoburlutskyi -0,201767 -0,62000 -0,22711 0,36343
Vovchanskyi -0,049111 -0,72581 1,26092 -0,75825
Dvorichanskyi -0,194937 -0,25947 -0,61853 -0,20790
Derhachivskyi -0,090785 0,20331 1,78549 0,58993
Zachepylivskyi -0,290887 -0,27644 -0,81797 0,83563
Zmiivskyi -0,069915 -0,68523 1,99984 -0,57279
Zolochivskyi -0,110314 -0,59394 -0,60813 -0,44871
Izyumskyi -0,070529 -0,79825 -0,09116 -1,70791
Kehychivskyi -0,325372 -0,21456 -0,63277 1,97141
Kolomatskyi -0,236911 0,04291 -0,90643 -0,91489
Krasnohradskyi -0,156885 -0,04310 0,24018 0,79151
Krasnokutskyi -0,171773 -0,76624 -0,67197 0,41429
Kupianskyi -0,118932 -0,92323 -0,24131 -0,35192
Lozivskyi -0,067930 -1,00313 -0,34547 -0,12779
Novovodolazkyi -0,170216 -0,69465 -0,37033 0,23854
Pervomaiskyi -0,132441 -0,50754 -0,19078 -0,92345
Pechenizkyi -0,205303 0,40757 -0,44958 -1,11659
Sakhnovschynskyi -0,184541 -0,91047 -1,47318 1,07339
Kharkivskyi 0,224979 -0,44772 3,56553 0,81125
Chuhuivskyi -0,174030 -0,08061 1,06898 0,09612
Shevchenkivskui -0,199909 -0,48414 -0,50272 0,71749
Towns of regional subordination
Kharkiv 5,618901 0,36219 -0,42219 0,23541
Izyum -0,139325 2,32396 0,14796 -2,81221
Pervomaiskyi -0,444215 2,03714 -0,39122 1,31002
Kupiansk -0,284051 2,02455 -0,02548 0,39090
Lozova -0,223400 2,13779 0,02784 0,24184
Lyubotyn -0,377041 1,53646 0,12833 0,00431
Chuhuiv -0,379449 1,77749 -0,37276 1,53134
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Fig. 4. Ranking of towns and districts of Kharkiv region as to the values of a settlement factor, 2015
(Source: Department of Statistics in the Kharkiv region
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Borders and frontiers

The value of socioeconomic factor

border of administrative units in the context of cities and
of Ukraine districts of Kharkiv region, 2015

border of administrative units | | | -

of Kharkiv region
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less OVEer
e 0.4 0,2 0 0,2 0,4
Localities
Kharkiy  regional centre
Hydrography
— river

i city, centre of administrative units .
£+ Chuhuiv ty lakes and reservois

o Zmiie town, centre of administrative units

Fig. 7. The value of a social-economic factor in the context of towns and districts of Kharkiv region, 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)
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Borders and frontiers

state border
border of administrative units

of Ukraine The value of the settlement factor in terms of

border of administrative units cities and districts of Kharkiv region, 2015

of Kharkiv region | | | _
Localities -2 A1 0 1 2 3

Kharkiy  regicnal centre
Hydrography
% Chuhuiv city, centre of administrative units river

- ) . lakes and resernvois
o Zmity town, centre of administrative units

Fig. 8. The value of a settlement factor in terms of towns and districts of Kharkiv region, 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)
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Borders and frontiers

state border

border of administrative units
of Ukraine Value of residential and commercial
border of administrative units factors in the context of cities and
of Kharkiv region districts of the Kharkiv region, 2015
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Hydrography
{3 Chuhuiy  City, centre of administrative units E river
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4

Fig. 9. Value of residential and commercial factors in the context
of towns and districts of Kharkiv region, 2015
(Source: Department of Statistics in the Kharkiv region, Niemets, Sehida, 2017)
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Borders and frontiers

state border

border of administrative units
of Ukraine

border of administrative units
of Kharkiv region

Localities
Kharkiy  regional centre
% Chuhuiv city, centre of administrative units
o Zmine town, centre of administrative units

REGHIN

LLMGANSK

Importance of socio-demographic
factor in the context of cities and
districts of the Kharkiv region, 2015

-3 -2 -1 0 1 2

Hydrography

L

river
lakes and reservois

Fig. 10. The value of a social-demographic factor in the context
of towns and districts of Kharkiv region, 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

map show (Figures 7-10). Here, we do not see
streamlined spatial structures.

The strongest effect of an inverse nature social-
economic factor is observed in the city of Kharkiv and
Kharkivskyi district (Figures 3, 7), due to the largest
concentration of social and economic activity objects
in the regional center.

Big values of this factor are also characteristic of

districts located around Kharkiv (Volchansk, Zmiiv,
Derhachi) and the areas where towns of regional sub-
ordination are located (Lozova, lzyum). Peripheral
areas and towns with poor socio-economic indicators
are not investment attractive and innovation active.
A settlement factor is also inverse by its function
and most strongly manifested in the towns of regional
subordination and highly urbanized areas (Figures 4,
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8), as the highest innovation and investment potential
is found in the towns and areas with predominant ur-
ban population (Izyum, Lozova, Pervomaisk, Kupi-
ansk, Chuhuiv, Liubotyn, Kharkiv, Pechenihy, Der-
hachi districts, etc.) (Niemets, Sehida & Husieva,
2015).

The impact of residential and commercial factor
(inverse) is most strongly felt in the areas located
around Kharkiv (Kharkiv, Zmiiv, Derhachi,
Vovchansk districts), i.e in its suburbs which, due to
suburbian processes, are attractive for population re-
location for permanent residence, building or buying
a house, starting a business, renting premises, etc.
(Figures 5, 9).

A social-demographic factor (inverse) is most
evident in towns and districts with a relatively favor-
able demographic situation, high proportion of a core
age group population (15-64 years), and at the same
time, a small proportion of people aged 65+ which,
on the one hand, provides a high labour resource po-
tential of the territory, and, on the other hand, pro-
vides little demographic burden on working age peo-
ple (Figures 6, 10).

Spatial pattern of innovation and investment
potential distribution in Kharkiv region. To analyze
the territorial characteristics of innovation and invest-
ment potential of Kharkiv region we used a cluster
analysis, which allowed to split the districts and
towns into clusters, i.e. groups, which included ad-
ministrative territorial units with similar territorial
characteristics of innovation and investment po-
tential.

Cluster analysis is one of hierarchical classifica-
tion methods that implies division of the original col-
lection of objects or parameters into clusters (groups,
classes) in multidimensional space. The coordinates
of this space are all statistical indicators included in
the sample. The clustering criterion is the minimum
distance in the parameters space as the distance factor
is a key concept in the cluster analysis.

In this study, as the dissimilarity measure we
used Euclidean distance, which is the geometric dis-
tance in the multidimensional space between objects
g and h (in this case, between every districts and
towns of the region) and is calculated as follows (Pas-
tor, 2010):

D= |)aCrgs = x0))? @)

where Dy, — the distance between the objects (or
clusters centers); Xgj, Xnj — variables in objects g and
h; J — the number of varibles.

There are many methods of cluster analysis. To
group the administrative- territorial units in Kharkiv
region according to a similar innovation and invest-
ment potential we have chosen the Ward method.
First, when each object (town or district) is a separate

cluster, the average values of all indexes are calcu-
lated. Then, squares of Euclidean distances are calcu-
lated from individual indicators of each cluster to the
cluster estimated average. These distances are
summed up, and a new cluster combines the clusters
with the smallest increase in the total sum of distances
(Blizorukov, 2008). Gradually, more and more admin-
istrative territorial units combine, aggregating clus-
ters. With each step a greater number of different
towns and areas are included into clusters. The last
step combines all administrative territorial units into
one cluster (Mezentsev, 2004). Thus, the obtained
clusters are groups of administrative — territorial units
that have similar development features. Implementa-
tion of clustering can trace the formation of regional
groups and towns and their reorganization in time, al-
lowing identification of the most stable trends and their
established groups. This is very important for the de-
velopment of perspective programs of optimal areas
development. The results of cluster analysis are visu-
ally represented as a dendrogram — a tree-diagram con-
taining n levels, each of which corresponds to one step
in the sequential process of clusters consolidation (Bu-
reeva, 2007).

To group the towns and districts of Kharkiv re-
gion by similar innovation and investment potential
we selected nine indicators characterizing innova-
tion and investment: capital investments (total, min.
UAH; per person, UAH per 1 person; the share of
administrative-territorial unit in total volume, %),
capital investments in housing construction (total,
min. UAH; per capita, UAH per capita; the share of
the administrative-territorial unit in their total vol-
ume, %), innovation active enterprises (total num-
ber, units; the share of innovation active enterprises
in total number of enterprises, %; the proportion of
a given administrative-territorial unit in the total
number of innovation active enterprises, %).

The resulting calculation data are visualized as
a tree diagram (Pastor, 2020) (Figures 11-12) and
presented at the map (Figure 13). Based on the Fig-
ure 13, it may be noted that Kharkiv region has a con-
siderable territorial differentiation in formation and
use of innovation and investment potential of its ad-
ministrative units, which is primarily due to the spe-
cific socio-economic development.

The undisputed leader is the city of Kharkiv, as
well as Kharkiv and Derhachi districts which are most
attractive for investment and innovative activity, and
in general, they have the most innovation and invest-
ment potential. Due to their favorable economic and
geographical position (around Kharkiv), these areas
are in many respects ahead of all other parts of the
region as to the economic and social sphere develop-
ment.

Implementation of clustering allowed us to
group the towns and districts of Kharkiv region by
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Tree Diagram for 27 Cases
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Fig. 11. Tree diagram of Kharkiv region districts clustering in terms
of innovation and investment activity in 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

Tree Diagram for 7 Cases
Ward's method
Euclidean distances
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Kupiansk

Lyubotyn

Chuhuiv

Lozova

0,0 0,5 1,0 15 2,0 25 3,0 3,5 4,0 4,5
Linkage Distance

Fig. 12. Tree diagram of the towns clustering in Kharkiv region in terms
of innovation and investment activity in 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)
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Grouping of cities of Kharkiv
region by cluster analysis, 2015
B sroup 1 B =rouwp 3
B grouwp 2 [ group 4

Borders and frontiers

state border ) o .
border of administrative units Grouping of districts of Kharkiv
of Ukraine region by cluster analysis, 2015
border of administrative units
of Kharkiv region B group 1 [ ] group 4
- 0 growp 2 [ erowp 5
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Kharkiy  regional centre
Hydrography
O Chuhuiv city, centre of administrative units - river
o Zmiiy town, centre of administrative units == lakes and resemnvois

REGION

LLMEANSK

Fig. 13. Grouping of towns and districts of Kharkiv region
by similar innovation and investment activities in 2015
(Source: Department of Statistics in the Kharkiv region; Niemets, Sehida, 2017)

similar innovation and investment activity, to define
the territorial distribution of innovation and invest-
ment potential of the region, which helps to identify
problems and outline prospects for further use of its
available resources. Analysis of settlement and socio-

economic factors has shown that there is no obstacle
for the development of innovation and investment ac-
tivities in the region.

Conclusions.  Present-day positioning  of
Kharkiv region and the city of Kharkiv as a "smart
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region" defined as a modern, social city, a city of arts,
research, tourist city, stipulates achievement of stra-
tegic development objectives, the key ones among
them being creation of innovation active business, in-
formation and creative, scientific-educational city of
the knowledge economy, development of innovation
and investment activities in the region,transformation
of Kharkiv into a Ukraine's leading innovation and in-
vestment center. The main factors of becoming a
"smart economy" are innovation and research activi-
ties, development of science and education, expand-
ing the scope of IT-technologies and intensive use of
intellectual potential, investment in human capital, in-
crease in the share of high-tech sector in the structure
of social production, growth of value added share in
the output created by the intellectual component,
changes in the nature of human labor for creative and
intellectual activity, etc.

Innovation and investment potential of Kharkiv
region can be considered as a factor of "smart region
transformation™. The authors have determined the
features of its formation and use in terms of a "smart-
region™ as well as the place of innovation and invest-
ment potential of Kharkiv region in national scale,
factors identifying its formation in the region and ter-
ritorial characteristics. The results of all the regions
of Ukraine’s ranking on selected statistical indicators
of innovation and investment have shown that
Kharkiv region occupies 2nd place in Ukraine by a
combined indicator of formation and use of innova-
tion and investment potential, second only to the city
of Kyiv. Based on the factor analysis the formation
and use of innovation and investment potential of
Kharkiv region have been explained, factors affecting
it have been analysed, administrative units in the

region have been ranked for all sample indexes. It has
been found out that the formation and use of innova-
tion and investment potential of Kharkiv region are
mostly influenced by four factors: social-economic,
resettlement, residential and commercial, social-de-
mographic. Factors values have also been calculated
in terms of towns and districts of Kharkiv region.

Based on the cluster analysis, towns and districts
of Kharkiv region have been grouped according to
similarity in the key indicators of innovation and in-
vestment potential. It has been found out that Kharkiv
region is characterized by a considerable territorial
differentiation in the formation and use of innovation
and investment potential of its administrative units,
which is primarily due to the specific socio-economic
development. The undisputed leader is the city of
Kharkiv and Kharkivskyi and Derhachivskyi districts
that have the highest investment attractiveness and in-
novative activity, and, in general, the most innovation
and investment potential. Due to their favorable eco-
nomic and geographical situation (proximity to
Kharkiv), these areas by many indicators of economic
and social development are ahead of all other areas of
the region. Clustering allowed grouping the towns
and districts of Kharkiv region by the similarity of
their innovation and investment activity, to define the
peculiarities of the territorial distribution of innova-
tion and investment potential in the region, which
helps identify problems and outline prospects for fur-
ther use of its available resources.

The economic potential of the region, which in-
cludes natural and labour resources, innovation and
investment potential is the basis for the territorial de-
velopment, including its competitiveness, investment
attractiveness, innovative activity, etc.

Authors Contribution: All authors have contributed equally to this work.
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INNOVATION AND INVESTMENT POTENTIAL OF REGION AS AFACTOR OF ITS
"SMART TRANSFORMATION" A CASE STUDY OF KHARKIV REGION (UKRAINE)

Formulation of the problem. Kharkiv region has recently been increasingly positioned as a "smart re-
gion" and Kharkiv as a "smart city”. Moreover, the emergence of "smart economy" and the availability of
people with jobs is one of the strategic objectives for the city development by 2020. The formation of Kharkiv
region as an "intelligent region™ with "smart economy" implies, among other objectives, a comprehensive
development of innovation and investment activities in the region, its transformation into a Ukraine's leading
innovation and investment center. A mandatory condition of the region’s progressive socio-economic devel-
opment is the economy of innovation type, which is impossible without investment.

The purpose of the article is to analyze the innovation and investment potential of Kharkiv region as a
factor of its smart transformation, to identify the features of its formation and use in the aspect of the formation
of Kharkiv region as a "smart-region".

Results. In this paper positioning of Kharkiv region and the city of Kharkiv as a smart region has been
defined. The key goals and objectives of development towards a "smart economy", as well as basic factors of
becoming "intelligent (smart) economy" are given. The authors analyze innovation and investment potential
of Kharkiv region as a factor of its smart transformation; reveal the features of its formation and use in terms
of Kharkiv region’s formation as a "smart-region".

The place of Kharkiv region in the national dimension was determined according to individual indicators
of innovation and investment activity and, in general, according to the innovation and investment potential
with the help of the mathematical and statistical analysis. In particular, it is noted that Kharkiv region occupies
the 2nd place in Ukraine in terms of the integral indicator of the formation and use of innovation and investment
potential yielding only to Kyiv. According to the results of factor analysis, the factors of formation and use of
innovation and investment potential of the Kharkiv region (socio-economic, resettlement, housing and trade
and socio-demographic), their content (factor loadings) and intraregional peculiarities of influence (factor
scales) were substantiated. Using a cluster analysis (Ward’s method, Euclidean distance), grouping of cities
and districts of Kharkiv region was conducted based on the similarity of their innovation and investment ac-
tivities (4 groups of cities and 5 groups of districts were identified). The results of cluster analysis made it
possible to conclude that Kharkiv region is characterized by considerable territorial differentiation of the pe-
culiarities of the formation and use of the innovation and investment potential of its administrative and terri-
torial units, which is primarily due to the specifics of their socio-economic development. The undisputed lead-
ers are the city of Kharkiv and Kharkivsky and Dergachivsky counties, which are characterized by the highest
investment attractiveness and innovative activity, and in general, the largest innovation and investment po-
tential.
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Thus, clustering allowed defining the features of innovation and investment potential in territorial distri-
bution of the region, identifing problems and outline prospects for further use of the region’s available re-
sources.

Keywords: smart economy, smart transformation, innovation and investment potential, Kharkiv, Ukraine.
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IDENTIFICATION OF SOLAR RADIATION EFFECT
ON CLIMATIC INDICATORS OF THE TERRITORY OF UKRAINE

C. L. Pewsemuenxo, B. I'. Knumenxo, H. 1. Yepxkawuna, b. C. Bysuuyskuii. JIEHTH®IKALIIA BIVTUBY COHAYHOI PA-
JUAIITT HA KTIMATHYHI ITOKA3HHKH TEPHTOPII YKPAIHH. Hasodsmbcs pesynomamis Cmamucmuyno2o ananizy 6niugy
COHAYHOT padiayii Ha NOKAZHUKU MEMNePamypu noGimps ma ammoc@heprHo2o mucky Ha mepumopii Yxkpainu énpooosdic poky ma ce-
30HI6 3a nepiod 1965-2015 pp. Bpaxoeyrouu, wo KiiMamuyni 3MIHU Ma iX HACTIOKU OXONTIOOMb 6Ci KOMIOHEHMU KIIMAMU4YHoL cuc-
memu, Cb0200HI ROCMAE NPobIeMa y NOOATLUOMY IX GUGHEHHI 3 MEMOI0 NO2TUONIEHHS PO3YMIHHS AMMOCHEPHUX NPoYyecis, sKi Mooe-
JII0I0Mb NO20OHT YMOBU HA PI3HUX 3a éracmusocmamuy mepumopiax. Ceped npupoOHux 0xcepei Naudy Ha NPocmopo8o-4acosi 3MiHu
memnepamypu nogimps Ha 3emi yeazy npusepmac COHAYHA AKMUBHICMb, A0XCe BOHA XAPAKMEPUIYE KITbKICb mend, Wo Ha0Xo0ums
Ha NOBEPXHIO 3eMli, Mma 8USHAYAE MONCTUBOCHE NPOYECI8 MENI00OMIHY MIdC CKIAO0BUMU KAIMAMUYHOL cucmemu.

3a 0onomozor memody cmamucmuuHo20 KOPeIAYIHO20 AHANIZY OMPUMAHT KoeiyicHmu Kopenayii, wo Xapaxmepusyioms Mi-
HIUGICMb NOKA3HUKIE COHAYHOT padiayii, memnepamypu nogimpsi ma ammoc@epHo20 mucky Ha 00Cioxcysanii mepumopii. Jlana me-
MOOUKA 0036015€ OYIHUMU CIYNIHb MA XapaxKmep Nausy COHAYHOI padiayii Ha pecioHATbHULL MeMRepPamypPHULL PEXCUM ma po3nooin
ammocgheprozco mucky. Tennogizuuni enacmueocmi niocmunbHoOl noéepxHi 0aHoi mepumopii 6U3HAUAIOMb NPOYECU Menio0OMIHY.
Temnepamypa nogimpsi GUCMynac sik 0n0CepeoKo8anull NOKA3HUK, OCKIIbKU COHAYHA eHepeisi, 8 neputy uepey, NepemeoprocmvCs 6
Menio8y niOCMuIbHOI N08epXHi. Bcmanosneno, wo npsamutl KOperayiiuHull 36" 930K Midic NOKA3HUKAMU COHAYHOT padiayii € xapakmep-
HUM 0151 NOJIG MeMNePamypu Rogimps. ma ammoc@eprozo mucky. CmamucmuiHo 3HAUUMA 3ANEHCHICIND MIdHC HAOXOOHCEHHAM COHS-
uHoi padiayii Ha mepumopiro Yxpainu ma ammocgeprHum muckom npociioko8yEMbCsL Y 8eCHAHO-OCIHHIT NEPIio0 NEPeBad CHO HA Oilb-
wocmi cmanyii. Misc consunoro padiayicio ma memnepamyporo nogimps 00epHeHull KoperayitiHuil 36 930K CHOCMePieacmvCs 83UMKY,
NepemeoprUUCy Ha NPAMULL Y 8eCHAHO-TIMHII Nepioo.

Knrouogi cnosa: consuna paoiayis, cCOHSIYHA GKMUSHICIb, MEMNEPAMYPHULL PENCUM, MeMnepamypa nogimps, ammocgepHuii
Muck, Koepiyicum Kopenayii, SMIiHA KIMamy, pecioHalIbHa meMnepamypa.

C. UH. Pewemuenxo, B. I'. Knumenxo, H. H. Yepxawuna, b. C. By3nuyxuit. H/IEHTHO®HKAI[HA BJIHAHHUA COJIHEY-
HOH PAJTHAIIHH HA KTHMATHYECKHE ITIOKA3ATEJIH TEPPHTOPHH YKPAHHBI. [Tpusoosmcs pe3ynsmamui cmami-
CIMUYecKo20 aHanUu3a GIUAHUA COTHEYHOU paouayuy Ha noKasamenu memMnepamypuvl 8030yxXa U Ammoc@hepHo2o 0asiieHus Ha meppu-
mopuu Yxpaunvl ¢ meuerue 200a u ce30H08 3a nepuod 1965-2015 ze. Yuumvigas, umo kiumamuyeckue usmMeHenus u ux nocieocmeus
0X68aMbI8AIOM 8Ce KOMNOHEHMbl KIUMAMUYECKOU CUCTNEMDbL, Ce200Hs GO3HUKAem NpoOaeMa OATbHelule20 Ux UsyyeHus ¢ Yeawvlo pac-
wupeHus NOHUMAHUSL AMMOCHEPHBIX NPOYECCO8, KOMOPbLe MOOETUPYION NO20OHbBLE YCI08US HA PA3HBIX MEPPUTNOPUSX 8 3A8UCUMOCTU
om ceoticms. Cpedu npupoOHbIX UCMOYHUKOS GIUSHUSL HA NPOCMPAHCIMEEHHO-BPEMEHHbIe USMEHEHUsT meMnepamypul 6030yxa 3emuau
Heo6X00UMO yoensams HUMAHUE CONHEYHOU AKMUBHOCMU, KOMOPAsl onpedensen KOIUuYecmeo menia u npoyeccsl menjioooMena me-
24COY COCMABAAIOUWUMU KIUMAMUYECKOU CUCTIEMDbI.

C nomowbio Memooa cmamucmuyecko2o KOppesiyuOHHO20 AHAIU3A NOLYHeHbl KOG duyuenmol Koppensyuu, KOmopbie XapaK-
Mepu3yIom UMeH4U80CMsb NOKa3amelell COIHEUHOU paouayuu, memMnepamypuvl 6030yxa U ammochepro2o 0asieHus Ha Ucciedyemou
meppumopuu. JJanuas mMemoouxa no3eoasien OYyeHUums Cmenetsb U Xapaxkmep 6IUsSHUSL COIHEYHOU PAOUAyUY HA PecUOHATbHBIN mMeM-
nepamypHulil pescuUM u pacnpeoenerue ammocpeprnoo oasierus. Tennoghuszuyeckue ceoticmea noocmunaroueti H08epXHOCMU OaAHHOU
meppumopuu onpeoensiom npoyeccvl menioobmena. Temnepamypa 6030yxa evicmynaem Kax 0noCpeocmseo8antblii NHOKA3amenw, no-
CKObKY CONHEUHAsi IHEP2Usl, 8 Nepayio ouepedb, npeobpasyemcs 6 meniogyio noocmuaaroueil nogepxnocmu. Onpeoeneno, 4ymo cyuje-
cmeyem npsmas KOppeusiyuoHHAs, C6513b MeNCOy NOKA3AMENAMU COTHEYHOU paouayu u ammocpepnvim oagrenuem. Cmamucmuue-
CKAsl 3HAYUMASL 3A8UCUMOCHTb MEANCOY NOCIMYNICHUEM COHEYHOU paouayuy Ha meppumoputo Ykpaunvl u ammoc@epuvim 0agieHuem
npoCMampueaemcsi 8 8eceHHe-0CeHHUl Nepuood npeumyujecmeenino na 6onvuwiel yvacmu cmanyuti. Meoicdy conneunoi paouayuero u
memnepamypoti 8030yxa Hab00aemcs 00pamuas KopperayuoHHas céa3b HAOIO0Aemcs 3UMOl, 8 8eCeHHe-1emHblL Nepuod OHA npe-
obpazyemcs 8 npAMYio.

Knrwoueswie cnosa: conneunas paduayus, COIHeUHAs AKMUBHOCHb, MEMNEPANYPHYII PENCUM, MEMNEPamypa 6030yxa, ammoc-
¢hepHoe Oasnenue, ko3 puyuenm Kopperayuu, UsMeHeHUs KIUMAMA, PecUOHATbHASL MeMnepamypd.

Formulation of the problem. Considering the for most biochemical and physical processes on
fact that solar radiation is the main source of energy  Earth, further studies of its spatial and temporal
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changes make it possible to see the peculiarities of the
climate-forming properties of the underlying surface,
which is the main link that absorbs and converts solar
energy, acting as an indirect factor of variable cli-
matic conditions. Consequently, solar radiation deter-
mines the radiation and temperature regimes of the
territory, generating fluctuations in atmospheric cir-
culation, which in turn, involves various abnormal
weather events: typhoons, showers, hurricanes, etc.

Spatial changes, occurring in the constituent
parts of the radiation regime of the territory, are used
to solve applied problems: for calculations in the ur-
ban economy, solar energy, construction, agriculture.
In addition, the problem of energy supply, especially
its alternative types, is becoming increasingly im-
portant today.

Climatic conditions of any territory is a natural
factor that determines socio-economic conditions of
the society. According to studies [7], it has been
found that over the period 1860-1990 the average sur-
face air temperature on the planet increased by
0.55°C. According to the results of the International
Commission on Climate Change report, each of the
last three decades had a higher surface temperature
than any previous decade since 1850.

Lately, both natural, and anthropogenic factors
have been among the reasons that contribute to an in-
crease in the surface air temperature. Solar radiation,
as a natural factor, has a particular influence on spa-
tial and temporal changes in the air temperature on
Earth, since it characterizes the amount of heat enter-
ing the Earth's surface and determines the possibili-
ties of different heat transferring processes between
the components of the climatic system.

Analysis of recent research and publications.
Modern climatological studies [1-16] indicate a link
between cycles of solar activity and climate. The cy-
clicity of solar activity is generated by the combina-
tion of physical changes occurring on the surface of
the Sun.

The results of the study [21] denote influence of
solar activity on the temperature regime length in the
Arctic, namely Spitsbergen Archipelago. Using the
cross-correlation method, a relationship between the
time series of the solar cycle duration and the maxi-
mum number of spots has been found. The estab-
lished connections may have different meanings in
different regions of the planet. Thus, it has been de-
termined that stations located in the North Atlantic
have a greater correlation between the duration of the
solar cycle and the air temperature during the next cy-
cle than those located on the coast and in the middle
of the land with a correlation coefficient r ranging
from 0, 79 to 0.86.

A high degree of correlation between the Wolf’s
numbers and the air temperature in the northern Phe-
nocandia is given in [17], which proves the regional

effect of the solar activity influence on age-related
variations of the average annual temperature, and
confirms the study [28] on the existence of the Gleis-
berg cycle.

Acrctic ice is also an important source of infor-
mation on outbreaks of sunlight, supernova explo-
sions and climatic effects. Frequency and amplitude
of solar-explosive protons are determined by the con-
centration of nitrates in the dated layers of polar ice.
The amplitude-time characteristics of supernovae ex-
plosions are determined by measuring the time course
of cosmic isotopes 14C, 10Be and 36CI concentra-
tions in dated independent samples of polar ice. These
isotopes are formed in nuclear reactions in the Earth's
atmosphere under the action of galactic cosmic rays,
the source of which are supernova explosions. These
isotopes are also generated under the action of gamma
guanta of cosmic nature [21].

The main quantitative characteristics of solar ac-
tivity is the index of the Wolf’s number. Time varia-
tions in the number of sunspots are characterized by
periods of maxima, minima, described by a complex
quasiperiodic function. The cycle manifests in peri-
odic reduplication of the sunspots number. A direct
relationship was found by satellite monitoring of so-
lar activity between the Schwabe cycle (eleven-year
cycle) and luminosity with the amplitude from peak
to peak of about 0.1% [9].

The reasons for the occurrence of cyclic laws can
be modeled by a variety of factors, ranging from in-
tra-solar to the entire solar system. Variations in the
number of the observed sunspots may be determined
by relative arrangement of Earth and Sun in the solar
system relative to its barycentre and location in space
[10, 30].

Research, calculations, and numerical simula-
tions of the two kinematic indicators (the kinematic
index of the heliocentric longitude of the planetary
system and the planet connection index with a period
of 11.5 years and 19.8 years, respectively) indicate
that the solar system has two variations of the orbital
motion trajectory : an orderly and a chaotic with a pe-
riod of 49.9 and 129.6 years, respectively [30]. Two
ordered orbits or two chaotic ones change with a pe-
riod of 179.5 years. Periods of active solar radiation
correspond to the ordered orbit, while periods of low
solar radiation— to the chaotic one, therefore relative
movement within the solar system affects the solar
activity. In the study, large minima in the history of
solar activity are associated with the phase of the solar
system’s chaotic orbit. The sun provides a number of
different energy components that directly affect the
Earth's magnetosphere. In particular, variability of the
magnetic field is a source for processes that affect ge-
omagnetism and the upper part of the Earth's atmos-
phere. Thus, the next stage of the study is to detect
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solar radiation influence on the formation of climatic
conditions on the territory of Ukraine.

Emphasis on previously unsolved parts of the
general problem. Physical mechanisms of solar ra-
diation influence on the planet's atmosphere are com-
plex. Existing mathematical models can hardly con-
sider multivector physical processes occurring in the
atmosphere. The conducted research consists in ex-
panding theoretical and practical knowledge about in-
terconnections between indicators of solar radiation
and climatic values on the territory of Ukraine. The
obtained results can be used in further study and fore-
casting of temperature variations dynamics of any ter-
ritory.

Formulation of the purpose. The purpose of
the work is to establish the relationship between solar
radiation indicators and climate on the territory of
Ukraine for the period 1965-2015 and spatial features
of their distribution. As the initial information, the
time series of the average monthly air temperature
were used at 39 meteorological stations in Ukraine for
the period 1965-2015, atmospheric pressure at the
station level (period 1976-2015), the incoming
amount of solar radiation (total, scattered and direct
to the horizontal surface ) at 12 meteorological

stations (period 1965-2015) from the sources of the
Central Geophysical Observatory, time series of the
Wolf’s numbers for the period 1700-2015 (according
to the site http://sidc.be/silso/datafiles). The statistical
analysis of the actual material, maps drawing was car-
ried out using the software components of “Microsoft
Excel”, “Statistica”, “ArcGIS”.

Presentation of the main research material.
The main method of statistical analysis of the study is
the correlation method, which allows us to obtain co-
efficients of correlation variability of solar radiation
parameters, air temperature and atmospheric pressure
on the investigated area. This technique allows to es-
timate the degree and nature of solar radiation influ-
ence on the temperature regime of the territory and
distribution of atmospheric pressure. At first, the cli-
matological series were tested for statistical homoge-
neity and their correspondence to the normal distribu-
tion law, which determined the average value, disper-
sion (62) and the mean square deviation (o).

Statistical analysis of the solar radiation indices,
using annual values of the number of sunspots (the
Wolf’s numbers) for the period 1700-2015 and the
carried out averaging indicates the existence of solar
cyclesin 11, 22 and 90 years (Fig. 1).
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Fig. 1. Changes in the average annual number of sunspots in the period 1700-2015

Using Statistica software environment, seasonal
correlation coefficients between solar radiation indi-
ces, air temperature and atmospheric pressure at me-
teorological stations of Ukraine have been calculated
(Table 1).

The correlation degree between the random var-
iables of solar radiation ( x ) and atmospheric pres-
sure (v) is the correlation coefficient. At the value of

T,.4+=0, there is no linear correlation relationship, that

is:the values of x and vy are uncorrelated. If, at the
meaning of 0 < r,.., < 1 the relationship between the

values is direct, with values from - —1 < r,_ < 0 Is

inverse. Using the Student's criterion, statistical
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significance of the correlation coefficient has been
determined at the level of significance o = 5%
Statistically significant dependence between the
inflow of solar radiation on the territory of Ukraine
and atmospheric pressure is observed in the spring-
autumn period (0,3 <r < 0,7) mainly at most stations.
Inverse correlation between indicators of solar radia-
tion and air temperature is observed in winter
(0.7 <r £0.4), turning into direct one in the spring-
summer period. Given the fact that the relationship
between random variables is greater, provided that

the correlation coefficient is greater than the absolute
value, let us note the maximum effect of solar radia-
tion on the temperature regime of the territory in sum-
mer. The lowest indicators of the correlation coeffi-
cient are observed in autumn, which may be caused
by different characteristics of the underlying surface,
prevailing influence of circulation factors on the ter-
ritory of Ukraine.

Correlation dependence between random values
in summer was analysed on the example of the
Odessa station (Fig. 2).

Table 1
Correlation between solar radiation (Q), atmospheric pressure (P) and air temperature (T)
for seasons (W - winter, Sp -spring, S -summer, A - autumn)
Meteorological station | QPW | QPSp QPS QPA QTW | QTSp QTS QTA
Askania Nova 0,151 0,653 0,205 0,215 -0,250 0,075 0,052 0,154
Beregove -0,142 | 0,107 0,237 0,407 -0,499 0,230 0,103 0,064
Bolgrade 0,190 0,327 0,359 0,313 -0,122 0,606 0,257 -0,106
Boryspil -0,064 | 0,355 0,252 0,554 -0,673 0,096 0,272 -0,096
Karadag 0,248 | -0,317 | -0,272 | 0,017 -0,498 0,315 0,354 0,244
Kovel -0,046 | 0,352 0,527 0,422 -0,657 0,395 0,764 0,286
Konotop 0,226 | -0,089 | 0,349 0,456 -0,434 0,337 0,641 0,112
Mizhhirria 0,296 0,489 0,463 0,610 -0,464 0,220 0,249 -0,082
Nikitsky Botanical 0659 | 0348 | 0,260 | 0,097 | -0205 | 0558 | 0550 | 0,319
Garden
Nova Ushytsia 0,087 0,437 0,321 0,602 -0,604 0,364 0,461 0,198
Odesa 0,342 0,338 0,406 0,161 0,106 0,667 0,576 0,210
Poltava 0,276 0,281 0,405 0,519 -0,710 0,318 0,642 0,134
Scatterplot of P summer against Q summer
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Fig. 2. Correlation field for atmospheric pressure and solar radiation (Ssummer)
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By the arrangement of points in Fig. 2 it is pos-
sible to draw conclusions about the form and density
of the correlation connection. First, with increasing x
random y increases, thus we have a direct connection
between them. Secondly, the points on the correlation
graph are located near a certain line, so we believe
that the correlation connection is linear and the re-
gression function has the form of a straight line equa-
tion. By the points spread on the correlation graph one
can draw a preliminary conclusion about the density
of the correlation connection: it is denser when the
points are grouped around the regression line.

Analysis of the spatial distribution of the corre-
lation coefficients between solar radiation and atmos-
pheric pressure during the year indicates peculiar or-
ographic conditions of the study area: negative corre-
lation coefficients are observed in winter in the flat
forms of relief and in the areas of high altitude, at el-
evations, they are positive (Fig. 3). In general, the in-
dicators distribution is sub-latitudinal.

Isocorrelates with positive values shift to the
north in spring but indicators with negative values in-
crease in the northeast (to -0.4). In the west the values
of the correlation coefficients increase and they cover
a larger area relative to the winter period. Due to a
gradual warming of the underlying surface in summer
(Fig. 4), stabilization of atmospheric processes, dis-
tribution of correlation coefficients across the terri-
tory is almost homogeneous (from 0.2 to 0.5).

Distribution of indicators is more or less uniform in
autumn, only a significant increase in the correlation
coefficient is recorded within the mountain system of
the Carpathians (up to 0.6), there is a gradual transi-
tion to winter.

In winter, spatial distribution of the correlation
coefficients between solar radiation and air tempera-
ture is characterized by a reverse connection (-0.7) in
the east and north of Ukraine, associated with an in-
crease in albedo, cooling of the underlying surface.

Positive values of the correlation coefficients in
the Black Sea water area indicate that the main source
of warmth in this region is the warm sea. Distribution
features of correlation indices in the mountainous re-
gions of the Carpathians are due to the difference be-
tween the orographic structure and the structure of the
underlying surface.

In spring, the inflow of solar energy is increas-
ing, which is reflected in shifting of the connection
values to the north of the Black Sea and prevalence of
positive values. In summer, the highest values of the
correlation coefficients between solar radiation and
air temperature are observed almost throughout the
territory of Ukraine due to the geographical latitude
and the nature of the underlying surface. In autumn,
connections between the studied indicators weaken,
which is associated with a decrease in the amount of
solar radiation and orographic features of the terri-
tory.
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Fig. 3. Interconnection between total solar radiation and atmospheric pressure. Winter

- 164 -



BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa
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Fig. 4. Interconnection between total solar radiation and atmospheric pressure. Summer

Conclusions. Basic laws of solar activity fluctu-
ations have been established during the study: the
most significant are the Schwabe’s 11-year cycles and
the 22-year-olds. It has been determined that the main
factors which influence on the amount of solar radia-
tion, entering the underlying surface and forming the
radiation, as well as temperature regimes of the terri-
tory can be: geographical latitude of the locality, alti-
tude and nature of the underlying surface. Distribu-
tion of the main climatic indicators on the territory of

Ukraine corresponds to latitudinal laws where the re-
gions of high altitude are distinguished.

Analysis of the density degree of the correlation
between the random values of solar radiation, atmos-
pheric pressure and air temperature indicates mainly
linear direct relations, characterized by maximum
values in summer. In spring and autumn periods in-
terconnections between the investigated indicators
break due to changes in the properties of the underly-
ing surface and circulation factors.
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IDENTIFICATION OF SOLAR RADIATION EFFECT
ON CLIMATIC INDICATORS OF THE TERRITORY OF UKRAINE

Formulation of the problem. Understanding that solar energy is the main source of the majority of
biological, chemical and physical processes on Earth, investigation of its influence on different climatic fields
allows us to define the features of its space and hour fluctuations. To define radiation and temperature regime
of the territory it is necessary to determine climatic features of the spreading surface, which absorbs and will
transform solar energy. Considering the fact that modern climatic changes and their consequences cover all
components of the system, today there is a problem of their further study for comprehension of atmospheric
processes, modeling weather conditions on different territories depending on the properties.

The purpose of the article is to determine interrelations between indexes of solar radiation (the Wolf's
number) and air temperature, atmospheric pressure on the territory of Ukraine during 1965-2015, their change
in space and time.

Methods. Correlative method is one of the main methods of a statistical analysis which allows us to
receive correlation coefficients of solar radiation variability indexes, air temperature, atmospheric pressure on
the territory of the research. This technique estimates the extent of solar radiation influence on temperature
regime of the territory and distribution of atmospheric pressure.

Results. Coefficients of correlation, which characterize variability of solar radiation indexes, air
temperature and atmospheric pressure on the explored territory have been received by means of statistical
correlation analysis method. This technique allows us to estimate the degree and nature of solar radiation
influence on a temperature regime of the territory and distribution of atmospheric pressure. It has been defined
that direct correlative connection between indexes of solar radiation is characteristic of air temperature and
atmospheric pressure fields. Significant statistical dependence between incoming solar radiation on the
territory of Ukraine and atmospheric pressure has been noted during the spring and autumn periods mainly at
the majority of stations. Between indexes of solar radiation and air temperature the inverse correlative
connection in winter will be transformed to a direct connection during the spring and summer periods.

Scientific novelty and practical significance. Physical processes, which happen in the atmosphere, are
characterized by complex interrelations. For further research it is important to define solar radiation value and
the extent of influence on climatic conditions.

Keywords: solar radiation, solar activity, temperature regime, air temperature, atmospheric pressure,
coefficient of correlation, climate changes, regional temperature.
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3UMOBI CUHOIITUYHI MTPOIECH, IO ®OPMYIOTH 3HAYHI 3A IVIOIIEIO OCEPEJIKH
3 AHOMAJIbBHO-HU3bKOIO TEMITIEPATYPOIO IIOBITPSI Y CXIJIHIN €BPOIII

B pobomi nasooumocs onuc munosux npoyecis, wjo npuzgo0sams 00 AHOMAILHO-HU3LKUX memnepamyp 3a ocmanui 20 pokie
(1997-2017 pp.) y Cxioniit €eponi. Y sikocmi Kpumepiig 01st GU3HAUEHHS AHOMALbHO-HU3bKOI memnepamypu (AHT) nputinsmo 3ua-
YeHHs1 5-20 nepyeHmuis QYHKYii po3nooiny npuzeMHoi memnepamypu no8imps y KOJHCHIl mouyi peyisapHol Cimkuy y NOMIDHUX WUpo-
max Cxionoi €sponu. [locniosicerno noemopiosanicms 3HauHux ocepeokis i3 AHT ma ix munogi noxanizayii npu pisHux CUHONMUYHUX
npoyecax. 3 eubipxu 1997-2017 pp. 3a epydenv-nromuii eudineno 75 enizo0ie 3 AHT, ceped axux 13 enizodie 3aiimanu o6invw nise 30%
mepumopii Cxionoi €eponu i mpusanu 6io 2 0o 11 onis, a maxoorc 12 eunaodxie iz mpusanicmio oOuH 0env. Bunaoxu, npu AaKux aHomanii
3aumaroms 6io 20 0o 30% mepumopii, pioko mpueaioms binvute 2-3 ouie (11 enizo0is), npu yvomy 6ioznayeno 33 eunaoxu mpusani-
cmio o0un Oenv. [losmopiosanicme AHT nioweio menwe 20% cekmopa € 6invui XxapaxmepHoio 015 Ni6OeHHUX i NiGOEHHO-3aXIOHUX
yacmun Cxionoi €8ponu, a ix mpusanicms nepesadcHo CMaHo8umy 0OUH 0eHv. Budineno n’amv ocHo8HUX 2pyn npoyecis, wo npu3eo-
0simb 00 3Haunux ocepedkis 3 AHT, axi onucyioms 75% ycix eunaoxis. Ilepwia epyna npoyecia y noji npuzeMHo20 mucKy Xapakmepu-
3YEMbCS BUXOOOM HOPHOMOPCHKO20 YUKIOHY Ha mepumopiio T106ondicst ma 3miujeHHAM 3aKI04H020 anmuyukioHy 3 Iligniunozo Jlvo-
006UMo20 oxeany uepes nisHiunuil 3axio Pocii na Ipubanmuxy ma Crandunasiio. [Ipoyecu opyzoco muny noe sizami iz Cubipcokum
MAKCUMYMOM, Wo po3uuproemucs i3 3axionoco Cubipy na Cxiony €spony. Tpems epyna npoyecie xapakmepuzyemscsi 61MopeHeHHAM
XONOOHUX NOGIMPAHUX MAC 8 MUTY NIPHAIOYUX YUKIOHI8. [Ipoyecu uemeepmoi epynu onucyroms ni6HIYHO-3aXI0OHI 8MOPSHEHHS X000~
HO20 NOGIMps npu 3MiujeHHi aHmuyurkiony iz 3axionoi €eponu i nodanvuum cmayionysautuam Had Crkanounasicro. Ilpoyecu n’amoi
2PV € PI3HOBUOOM NPOYeECi8 Nepuioi epynu i XapaxKmepuzyiomscsa 8UX000M NiBOEHHO20 YUKIOHY i3 MPAEKMOPIEIO, 3MIWEeHOI0 3aXi0-
Hiwe — Ha cXiOHY ab0 YyeHmpanvbHy Yacmunu YKpainu npu nocunieHti CKAHOUHABCLKO20 AHMUYUKIOH)Y.

Knrouogi cnosa: cunonmuuni npoyecu, anomanbHo Huzoki memnepamypu, Cxiona €spona.

A. A. llleznos. SHUMHHE CHHOIITHYECKHE IIPOLIECCbHI, ®OPMHPYIOIIIUE KPYIIHBIE OYAI'H AHOMA-
JIbHO-HH3KHUX TEMITEPATYP BO3/IYXA B BOCTOYHOH EBPOIIE. B pabome npugoOoumcs onucanie munoswix npoyeccos,
NPUBOOSWUX K AHOMATIbHO-HUZKUM memnepamypam 3a nocieonue 20 nem (1997-2017 ee.) ¢ Bocmounoii Espone. B kauecmee kpume-
pues anomanvHo-Huskux memnepamyp (AHT) npunamo 3nauenue 5-20 nepyenmuiia QyHKyuu pacnpeoeienus npusemMHol memnepa-
Mypbl 8030YXA 8 KAHCOOU MOYKe Pe2yIAPHOU cemKU 8 ymepeHHbIX wupomax Bocmounou Eeponsi. Hccredosana nosmopsaemocms Kpy-
nuwix 04aeo8 ¢ AHT u ux munuynsle 10KAIU3AYUYU NPU PASTULHBIX CUHONMUYeCKUX npoyeccax. M3 evioopxu 1997-2017 22. 3a dexabpo-
@espans svideneno 75 snuzooos ¢ AHT, cpedu komopwix 13 snuz00086 sanumanu 6onee 30% meppumopuu Bocmounoii Eeponet u ¢
npodoaxcumenvrocmuio om 2 0o 11 onetl, a maxace 12 cnyuaeé ¢ npodondicumensHocmoio 00uk dekv. Cryuau, npu KOmopwlx aHoma-
auu 3anumarom om 20 0o 30% meppumopuu, pedko onsmes 6oaee 2-3 oneil (11 anuz0008), npu smom ommeuero 33 cuyuas npooon-
JHcUmMenbHOCmolo 00Ut denv. Ilosmopsiemocmv AHT niowadwio menee 20% cexmopa boniee XapaxmepHa Oisi I0XHCHBIX U 1020-3ANAOHBIX
yacmeii Bocmounoii Egponbi, a ux npooonscumensHocms npeumMywecmeenio cocmasisiem ooun 0eHv. Bvioeneno nsmo ocnosHwix
2PYIN BPOYeCccos, NPUBOOAWUX K 3Hauumenvhvim ovazam ¢ AHT, komopuvie onucvigaiom 75% ecex ciyuaes. Ilepeas epynna npoyeccos
8 Nnojie NPU3EMHO20 0ABNIeHUsl XAPAKMEPUIYEMCs bIXOOOM YEPHOMOPCKO20 YUKIOHA Ha meppumopuio [106010icbs u cmewjeHuem 3a-
KaroyumenvrHoz2o anmuyuxiona ¢ Ceseprozo Jledosumozo oxeana uepes cegepo-sanao Poccuu na Ipubarmuxy u Cxanounasuio. Ilpo-
yeccwvl 6mopoeo muna ceéazanvl ¢ CUOUPCKUM MAKCUMYMOM, pacuupaowumcs uz 3anaouot Cubupu na Bocmounyio Espony. Tpemws
2PYNNA NPOYecco8 Xapakmepusyemcs 6MopHCEHUEM XOA00HBIX B030YUHBIX MACC 8 MbLLY HLIPSIOWUX YUKIOH08. [Ipoyeccol uemeepmot
2PYNNbI ONUCHIBAIOM CEBEPO-3ANAOHbIE BMOPIICEHUSL XON0OH020 8030YXa NPU CMeujeHuy aHmuyukiona us 3anaounoii Esponut ¢ oanw-
Helwum e2o cmayuonuposanuem Hao Cxanounasuel. Ilpoyeccol namoui pynnol A615A10MCs PA3HOBUOHOCMbIO NEPBOTL 2PYNNbL U Xapa-
KMepu3yIomesi 8bIX000M 10CHO20 YUKAOHA ¢ mpaekmopuetl, CMeujeHHOU 6oabuie Ha 3anao — Ha GOCMOYHYIO WU YEHMPALbHYIO Yacmu
Yxpaunuvt npu ycunenuu ckanounascko2o anmuyukiona.

Knrwoueswle cnosa: cunonmuyeckue npoyeccsyl, IKCMpemManbHo-HusKue memnepamypul, Bocmounas Egpona.

IlocranoBka mpodiaemu. ExcrpemanbHi pi3ki
MoX0J0AaHHs B3UMKY y [liBHIUHIH MiBKYI 0cO0NHBO
XapakTepHi B MOMIpHUX HIMPOTaX, Jie BiOyBa€ThCs
OOMIH TEIJIOM MiX TPOMIYHUMH Ta MOJSIPHAMH IITH-
poramu, B ToMy uncii i y Cxigniid €spomni. lyxe Hu-
3bKi TEMITEpaTypH € HECUPHUSITIUBUM SIBHIIEM JUIsI
E€KOHOMIKH Ta XKATTCIISIILHOCTI JIFOJAMHH, SKE BaK-
JUBO CIIPOrHO3YBaTH 3aB4yacHO. JljIsl TutaHyBaHHS
€KOHOMIYHOI JIiSUTBHOCTI BaXKJIMBO MaTH TaKOX JIOB-
FOCTPOKOBI ITPOrHO3M TEPMIHOM Ha MiCsIlb, CE30H Ta
OinpIe.

AHaJIi3 OCTaHHIX JOCTiZKeHb i MyOJiKamii.
Xoua cepeJ TOBroCTPOKOBHUX MPOTHO3IB TIOTO/IN Tie-
PEBaXKAIOTh CE30HHI Ta MiCSYHI IIPOTHO3H 0e3 JeTai-
3amii mo fausiM [9,14], came okpeMi JiHi 3 EKCTpeMaib-

HUMH aHOMAJiSIMH TeMIepaTrypu poOJsTh 3HAUYHHUH
BKJIaJI Y BIIXWUJICHHSI CEPEAHBOI TeMIepaTypu (Mics-
YHOI, CE30HHOI TOINO) BIIHOCHO HOpMH. ToMy BH-
BUYCHHSI TAKUX TPOIIECIB 3 METOIO MOIITYKY MOKITHBUX
METOAIB Nepen0ayeHHs] eKCTPEMabHIX TEMIIEPaTyp
MOBITPS € aKTYaJIbHOIO 331a4eH0 K KJIIMaTOJIOrI1, TaK
i mereopoJorii [10,11,15,19,20,21,23]. O0’eananHs
3a1adi  JTOCTIUKEHHS EeKCTPEeMalbHUX MOTOAHUX
SIBULI 1 TUMi3aWii mpouecis, NPH SIKUX BOHH BHHUKA-
I0Th, € JIOBOJII TIONIMPEHOI TpakTHKow [2,6,12,16,
18,22]. B VYkpaiHCbKOMY TiApOMETEOPOIOTTUHOMY
iHcTUTYTI Tix KepiBHMLTBOM B.®. MapTtasinoBoi Ta-
KO BUKOHYBaJIMCS NOJi0HI poOOTH J1st BUOIpKH TI0-
yarky 21 cromitrs [5,8]. dust mporo Oyno 3acToco-
BaHO KjacHU(IKaIil0 TMOJIB THCKY 33 METOJ0M
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€TaJIOHIB CHHONTHYHHX TiporieciB [17]. s momio-
HUX 3aJa4 TaKOX MOXHa 3aJIy4aTH 3arajibHOBiIOMI
knacudikanii makpomporecis [1,3,4,7]. Onnak, B 1a-
Hill cTaTrTi MU (OKycyeMocs Oifblie Ha perioHalb-
HOMY MacmTabi Mporecis.

®opMyJIIOBaHHA MeTH cTaTTi. Mera crarTi —
BU3HAYUTH 1 0XapaKTepU3yBaTy TUIIOBI 3MIMOBi CHHO-
NTHYHI IPOLECH, IO IPU3BOIATH 10 3HAUHUX 32 I1JI0-
LICI0 OCEPEeAKIB 3 aHOMAIbHO-HU3BKOIO TEMIIEpaTy-
POIO TIOBITPs Y MeXax MoMipHUX mUpoT CxinHoi €B-
poru. O0'€eKTOM POOOTH € BUTIAJIKH 13 aHOMAJTLHO-HHU-
3bKUMH TeMnepaTypamu (aami mo tekcty — AHT) mo-
BITpS, IO OJHOYACHO OXOIUTIOIOTH 3HAYHY YaCTHUHY
(monan 20 BincoTkiB) Teputopii CxinHoi €Bpomnwu, iX
JIOKaji3amisi, i, BIaCHE, CHHONTHYHI IPOIECH, IO
MIPU3BOAATH JI0 TAKUX SIBULI 32 JaHUMH BHOipkH 3a 20
pokiB (1997-2017 pp.).

Bukaan ocHoBHoro marepiany. [lns anamizy
TeMIepaTypu TOBITps Oylo BHAIIEHO cekTop 3 15
rpaa. cx.a. mo 50 rpan. cX.n. 1o JOBIOTI; a TAKOX — 3
40 rpaa. na.m. 1o 60 rpaj. MH.II. IO MWHPOTI. B po-
60Ti BUKOPHCTOBYBAJIHICS JaHi  peaHami3y
NCEP/NCAR Reanalysis 1 mo npuzemHiit Temiepa-
Typi, IpU3eMHOMY THCKY 1 reonortenmiamy AT-500
rlla [13]. Yacoswii mepio BUOIpKH — TPYACHb-TIOTHN
1997-2017 pp. OcraHHI OBaAUATH POKIB — I Hal-
OLTBII TETUIM TIepio/] 3a ICTOPit0 IHCTPYMEHTAIbHUX
CIOCTEPEKEHb, TOMY HOTO 0YyJ10 00paHo SIK YMOBHO
OJTHOPIAHY BHOIPKY. 3ayBa)KUMO, IO KPOK PEryIIsip-
HOT CiTKM 0a3u JaHUX IO TeMIIEpaTypi MOBITPS J0-
CHUTB BeluKkuii — 1,875 TpaayciB mo JOBrOTI i IUPOTI.
[Ipore, B mepmoMy HaOMKEHHI Taki JaHi MOXYTh
JaBaTH YSBICHHS IIPO BiIMIHHOCTI PO3MOILTY TEMIIe-
patypu NOBITps MPH Pi3HUX Mporiecax. B skocTi mo-
pory mis BuzHaueHHs AHT Oyno BukopucraHo 5-i
MEePIEeHTWTh (QYHKII PO3MOALTY B KOXKHIM TOUII pe-
T'YJISpHOT ciTku. Xo4a, BApTO 3a3HAYUTH, IO IS BU-
3HA4YEHHS EKCTPEMaIbHO-HU3bKUX TeMIIepaTyp B Jie-
SIKUX po00Tax BHUKOPHCTOBYBaBcs 10-BiICOTKOBHIA
nopir [ 10-11]. BaxxsiuBo po3yMmiTH, 1110 OCKIJIbKH IMiB-
HIYHI 1 MBHIYHO-CX1/IHI PETIOHH XapaKTEPHU3YIOThCS
OLITBII HU3BKUMH TEMITEpaTypaMH TOBITpPs, a JaHUN
ITiIXi]T BPaXOBYE JOKAJIBHI KIIMaTHYHI 0COOIUBOCTI,
e MPHU3BOAMTH JIO BIKUJIAHHS YaCTHHU XOJOIHUX
JIHIB B paiiOHax 3 BUCOKOIO KOHTUHEHTAIBHICTIO KJIi-
MaTy, siKi BBakanucs 0 musmu 3 AHT mis miBneHHUX
perioniB. Po3moin 3HaueHb 5-ro MepIeHTUI IpHU3e-
MHo1 Temrieparypu 3a 06 UTC no tepuropii CxigHOi
€Bponu Mae HacTymHi ocobnusocTi. JJo AHT na mis-
HIYHOMY CXOJIi CEKTOpa BiTHOCSATHCS TEMIIEPATypH
Hx4e -23°C. [IpakTHIHO BCS TEPUTOPIST EBPONEICH-
Kol yactuHM Pocii XxapakTepu3yeTbcsi TpaHUYHUMHU
3naueHHsMu AHT aikue -20° C. dns teputopii bi-
JIOpYCi, OUIBIIOT YaCTHHHU YKpPaiHH, CXIAHUX YaCTHH
kpain [Ipubantuku, a TakoX IMEHTPATBHOI YaCTHHHU
Pymymnii, nopir AHT 3miHroeTscst B Mexxax Big -15°C
1o -19°C. 3aximgnai gactuau [Ipubantrku, [lonpma,

CroBayunHa, YTOopIuHA, KpaiHsA 3axilHa YacTHHA
Ykpaiam 1 miBAeHs YKpaiHU MaioTh IOPOTOBI 3HA-
yenHst Big -10°C go -15°C. Hag Yopuum Ta A30BCh-
KHM MOPSIMH MOKa3HUK 3MIHIOETHCSI B MEXKax Bif -
4°C no 0°C.

B xomi pobGotm, mons temmneparypu TpaHchop-
MyBaJHcs B OlHapHUN BUTIIAA (HyJi 1 OTUHMLI B 3a-
JISKHOCTI Bifl TOTO, 9 criocTepiraetbess AHT B naniit
TouIll). 3rajiaHa mpoueaypa A03BOJSIE B TOAATBIIOMY
o0OpaxyBaTH 1HICKC, SIKUH OIHIOE TUIOIIY, 1[0 3aiMa-
I0Th aHOMaNii TeMIIepaTypH TOBITPS KOXEH JCHB.
CymyBaHHSI TaKWX IIOJIB JIO3BOJIAE€ OI[IHUTH Haii-
OiybII MMOBIpHI JloKaizaiii ocepeakis i3 AHT 3ara-
J0M a0 ISl OKpEMHUX TPy npolieci (puc. 2-6).

I3 MeTor0 BUIIJICHHS BETUKOMACIITAOHHUX IPO-
meciB 1 ¢inprparnii apiOHOMacmTaOHUX, OYyJIO BBe-
JICHO KPUTEPIl I BU3HAYCHHS TOTO, IO MOTPIOHO
BB&)KATH 3HAYHUM 32 IUIOMICI0 (B MaciiTabax obpa-
HOTO cekropa) ocepeaxom AHT. lns ¢popmyBaHHS
BUOIpKM OyJH 3amydeHi BUMAIKH 3 MOKPUTTSAM aHO-
manissmu moHag 20% TepuTopii CeKTOpy, OCKITBKH
Taka IUIola Jo0pe CIiBBITHOCHA i3 XapaKTEpPHUMHU
PO3MipaMH TETINX 1 XOJNOJHUX CEKTOPIB IUKIIOHIB Y
NOMIpHUX IIUPOTaX B ATIAHTUKO-CBpOIEHCEKOMY
cekropi. JlomomixkHUM 3aco00M TpU TPyITyBaHHI
MIPOLIECiB CIyTyBalld KpuTepil aHajorigHocti [17],
110 OOYHMCITIOBAIIMCS CTOCOBHO HAOOPY IOJIIB IpU3e-
MHOTO THCKY Ta reomoteHmiany AT-500 3a 5-meHHi
riepiogu. BoHn 004YuCIIIOBANCS MOYHHAIOYH 3 TBOX
JIHIB JI0, Ta JIO JIBOX JIHIB IICJIsl CIIOCTEPEKCHHS 3Ha-
yHOro 3a riomiero ocepenky AHT. Cepen kputepiis
AHAJIOTIYHOCTI TIepeBary OyJi0 HaJaHO EBKJIiIOBiH
metpuiti a6o RMSE (root-mean-square error):

n . 7:)2
RMSE = /—Z@; Yo ),

JIe X, Y — MOPIBHIOBaHI 3HAUCHHS TUCKY a00 reornoTe-
HITiay B i-Till TOYI PETYJISAPHOI CITKH, N — KUTBKICTh
BY3JIiB CITKH B CEKTOpi; a TaKOXK KOe]ilieHTy Kope-

nsinii [lipcona:

cov(X)Y)

r=22200 _1<r <1 (2),
Ox0y

Jie B YHCEJILHUKY — KoBapiais moiiB X ta Y mpu3se-
MHOI'O THUCKY a00 TeOnoTeHLially, B 3HAMEHHUKY —
JMO0OYTOK CTaHAAPTHUX BIAXWJICHb JBOX IIOJIB, IO
MOPIBHIOIOThCSA. BUCOKI 3HAa4YeHHS cepelHiX I sITh-
JICHHUX KPUTepiiB aHanoriyHocTi (Bue 0,5 ais r ta
menme 2,5 rlla qna RMSE, pospaxoBanoro 1is npu-
36MHOTO THCKYy) IO3BOJISIIOTH TPYIMyBaTH OKpEMi
natu. OctaTouHe pilleHHs LI00 BiAHECEHHs IpolLe-
CiB 0 IEBHOT'O TUIY IPUHAMAJIOCS MicCIs aHali3y CH-
HONTUYHUX KapT. OCHOBHHUH NMPHHIUIT TPYITYBaHHS
MIPOIIECIB — CXOXKICTh TTOJIOKEHD Ta TPAEKTOPIil Oapu-
YHHUX YTBOpPEHb. B CTAaTTI BUKOPHUCTaHO CHHONTHYHI
KapTH 3 iHTepHeT-pecypey [24].

Byno BusiBIEHO cuTyallil, IpU SIKUX OCEPEIKU
AHT 3aitmanu nonag 30% CxinmHO-E€BpoNeicbKoro
cexTopy. 3a 20 pokiB BHSBJIEHO 75 BUNAJIKIB, a Y
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BUIAAKY aHoMami# rromero 20-30% — BusiBneno 64
Bumanku. CymapHHMI 1HAEKC IUIONII aHOMAaTii 3a
BCiMa TIOJISIMH JIO3BOJIMB OIIIHUTH, B SKUX palioHax
Haii0OlIplIa TMOBTOPIOBAHICTh 3HAYHHUX OCEPEHKiB
AHT. Ha puc.1 300pakeHa KapTa IpOCTOPOBOTO PO-
3MOALTY TTIOBTOPIOBAHOCTI (1100 3araibHOI KITBKOCTI
unankie AHT) 3naunux ocepenkis AHT mositps 3
moKpuTTsM Teputopii moran 30% (Puc.1a) Ta Bunaz-
kiB i3 mokputTsaM 20-30% momti CximHO-E€Bpomeii-
cpKoro cekropa (Puc. 10).

Cepen 75 emizofiB BUIIICHO BChOTO 13 emizoiB
3 AHT, saki 3aiimanu 6inbm Hixk 30% Tepuropii 6a3o-
BOT'O PETiOHY TPHUBAIICTIO Bij 2 10 11 qHIB, a Takok
12 BUMAJKIB TPUBATICTIO OJMH JIeHb. Y TOMH ke 4ac,
BHIIQAKK 3 Twiometo ocepenkie Bim 20 mo 30%

TEPUTOPIi, PIIKO TPUBaIOTh OIbIne 2-3 nHiB (11 emi-
3o1iB). Ilpu mpoMmy Bim3HaueHO 33 BHITAIKH, TIPHU
SIKUX 3HA4YHI aHOMaJIii BiJMIYaICh JIHUIIE MPOTIATOM
onuoro qus. [ToroproBanicts AHT 1utomero meHie
20% cexTopa (HE MpHUBeAEHA HA PHCYHKY) € OLIbII
XapaKTEPHOIO IS MiBIECHHUX 1 MiBAESHHO-3aX1IHUX
yactuH CxinHoi €Bpomny, a X TpUBaNiCcTh MEPEBAKHO
CTaHOBUTH OAWH AeHb. [Ipy mboMy diTKa JoKamizaIis
ocepenkiB He BUAUIIETbe. Ha puc. la cmocrepira-
€THCS IBA MAKCUMYMH MOBTOPIOBAHOCTI aHOMAJIBHO
HU3BKUX TeMneparyp (moHan 65% sumankis). Ilep-
IIM MaKCUMYM — 1€ MIBHIYHUH CXif 1 cxif YKpaiHu
Ta cycifgHi 3 Hero obmacTi B Pocii. Apyruit makcumym
— LIEHTpaJIbHI 1 MBHIYHO-3aXi/IH] perioHn YKpainu ta
miBIeHHUH 3axig bimopyci.

35

Puc. 1. IToeroproBanicte AHT: a) mis Bunaakis i3 nokputtsaM (6ubine 30% Tepuropii); 6) AJis IOXOJ0/aHb,
110 3aiiMaroTh 20-30% mionii cekropa, rpyacHb-aoTuil 1997-2017 pp.

[Ipu npomy Oinbuie 50% BUMaakiB criocrepira-
€THCSl HA JIOCUTH BEJIMKIM TEpUTOPIi, sika BKIFOUAE B
ceOe Bcro TepuTopito Ykpainu, binopyci, JIutsu, Jla-
1Bii, C1oBayunHy, cXigHy YacTury [lombmi 1 3axigHy
YacTUHY €Bporeichkoi Teputopii Pocii. s anoma-
nii mwiomero 20-30% cekTopa TakoX BHALISETHCS
JIBA MAKCHUMYMH, alie 3 AesIKIM 3MimieHHsM (Puc. 10).
PaiioHr i3 BHCOKOIO TTOBTOPIOBAHICTIO OCEpEIKiB
AHT nepeOyBatoTh mij 1i€ro ojjpa3dy 6araTboX THUITIB
CHHONTUYHUX MPOLECIB.

[lomanpmia XapakTEpUCTHKa OCHOBHUX TpyI
ITPOLIECIB € OUIBII FeHEPaTi30BaHO0, HIXK KIIACHYHUN
CUHOIITHYHUIN aHaji3, OCKUIbKH Ha METI € y3aralib-
HEHHA 1H(OpMaLii Mpo MPOLECH 3 TOYKH 30py BH-
BUYCHHSI MOJIMBOCTI iX JIOBTOCTPOKOBOTO MPOTHO3Y-
BaHHs. /1)1 BCIX BUIAAKIB XapaKTEPHOI 03HAKOK €
SICKpaBO BHPaK€Ha MEPUAIOHAIBHICTH MOTOKIB Y ce-
penHiii Tponocgepi. Benuki anomanii nmos's3ani me-
PEBAXHO 13 TWIOBUMH YaCTHHAMH BUCOTHHX YJIOTO-
BUH a00 1uKIIoHiB. Ha puc.2-6 npexacraBneHi cuHoI-
TUYHI KapTH MPU3EMHOr0 aHalizy. Kaptu natots ys-
BJICHHSI MIPO TUIIOBY CUTYAIIIO JIJISl KOXKHOT 3 5 rpym
MPOIIECiB, MPH SKUAX CHOCTEPIrayncs 3Ha4YHi 32 IJI0-
mero ocepenxku AHT, 1m0 ogHOYacHO BigMidaIuCh y

BuzineHomy CxinHo-€Bpomneiicekomy cekropi. [ani
II’SITh TPYI TPOIIECIB MOSCHIOITE 75% YyCiX JHIB i3
3a3HaYCHUMH SBUILAMH.

I'pyna npoyecie 1. Jlng nepioi rpymu NpoIiecis
00’ €JJHYI0UO0I0 O3HAKOKO € MiBHIYHI BTOPTHEHHS XO-
JIOMHUX MOBITPSHUX MaC BHACIIIJIOK 3HAYHOT MEPHU/Ii-
OHAJILHOCTI IMOTOKIB 0115t 3eMHO1 TOBEPXHi Ta y cepe-
IHil Tporocdepi, a TAKOXK HASBHICTh KUTBKOX BHCOT-
HUX [UKJIOHIB Y MeXaxX ATIaHTUKO-CBPONEHCHKOro
CeKTOpa. Y MOoJIi IPU3EMHOI0 THCKY CIIOCTEPIraeThCs
BHX1Jl YOPHOMOPCHKOT'O IIMKJIOHY Ha TepuTopiro Ilo-
BOJIKSI, TIPH [IbOMY QHTHUIIMKIIOH, IO TPUBAIUI yac
cnocrepirascss Han [liBHiuHuUM JIHOJOBUTUM OKea-
HOM, 3MIMIYEThCS 4Yepe3 MiBHIYHMEA 3axim Pocii Ha
[MpubanTtuky Ta Crannunasito (Puc.2a). Tunosa vac-
TUHA IIUKJIOHY Yepe3 1-2 mHi micist onmucanoi cuTyartii
TEPUTOPiaJIbHO 3HAXOOUTHCS B paiioHi CXimHOEBpPO-
neiicekoi piBHMHM a00 CepeaHbOpociiichkoi BHCO-
YUHH, J€ B € MOMEHT 1 BIAMIYAIOTHCSA OCEPEIKH
AHT.

Xonmomuuii (HPOHT MpH Takid cUTyawii MpOXo-
JIUTh Yepe3 TepUTOpiro YKpaiHu, 3MIlyI0Urch Ha ITi-
BJIeHb. HasBHICTh MOTY»XKHOTO aHTUIMKJIOHY Ha TiB-
HIYHOMY CXOJi CIIPHUSIE 3aTOKY B CEKTOP XOJIOIHOTO
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Puc. 2. Kaptu mnst npoueciB 1 rpymnu: a) THIOBa CHHOIITHYHA KapTa MPU3EMHOTO aHaIli3y B JICHb HasIBHOCTI
3HagHoro ocepenky AHT, 6) moBToproBanicTs JoKamizauii ocepeaxis AHT

KOHTHHEHTAIBHOTO MOBITPst 13 miBHO4I Pocii. Ha 3-4
JICHb LICHTpP aHTUIIUKIIOHY MOKE 3MICTUTHCS B paiioH
HentpansHoi €Bponu. 3Hauyni ocepenku AHT naii-
JIOBIIE CIIOCTEPIraroThesi Haja TepuTopiero CximHoi
VYxpainu, KybaHi, B ieHTpallbHUX Ta MiBICHHUX paid-
oHax Ykpainu. [lemo i3 MEHIIOK WMOBIPHICTIO XO-
JI0J] IOIIKPIOETHCSI Ha TepuTopito [pubantuxu, bino-
pyci Ta [Tonbmii. Ha puc.20 BuaHO, 110 JoKasizaris
paiioHiB, /1€ MPOSBIAIOTHCS aHOMaJIii IPOCTATAETHCS
i3 TIIBHOYI HAa TiBJEHb. 3a Yac MPOTIKaHHS MPOIECY,

NOBTOpPIOBaHICTb aHoManin, %

ApKTUYHI TOBITPSHI Macu MEPEeMIllyIOTbCsl TOCTY-
MOBO 13 MIBHIYHOI YaCTHHU €BPONEUCHKOI TEpUTOPIi
Pocii Ha miBaeHHi i cxinHi perionn Ykpainu. ¥ nux
perionax ocepenku AHT crioctepiratoTbcst mpoTaromMm
70-80% uacy icHyBaHHS MIPOIIECY.

I'pyna npoyecie 2. Bemuki ocepenxu AHT
OB ’s13aH1 y LbOMY BUHIAIKY i3 MOTYyXHUM CHOipch-
KHM MaKCHMYMOM, 1[0 PO3IIUPIOETHCA 13 3aXiJHOTO
Cubipy Ha Cxinny €spony (Puc. 3a). Ha mouarky po-
3BUTKY IIPOLIECY, KOJIM BiIPOTY aHTULMKIIOHY L€ HE

Puc. 3. Kaptu s nporecis 2 rpynu: a) THIIOBa CHHONITUYHA KapTa MPU3EMHOT0 aHAIIi3y B JICHb HassBHOCTI
3HaqHOTO ocepenky AHT, 6) moBToproBaHicTh Jokamizamii ocepeaxis AHT
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JOCATAIOTh 3a3HAYCHOTO CEKTOPY, V MIBICHHIN dac-
THHI AHTUIMKIIOHY HAJXOJUTh XOJOJHA TOBITPSHA
Maca. Yepes 1-2 1Hi BUCOKHI THCK 3aiiMa€ BCIO TEpU-
TOPII0 CEKTOPA, CTBOPIOIOYH «HU3BKUI QOH» Temrie-
patyp Ha OunbmIiit yacTuHi naHoi TepuTopii. Haitau-
K9l 3HAYEHHS TeMIIepaTypH HaWOimpIml HMOBIpHI B
paifoHi miBaeHHOI nepudepii aHTHLUKIOHY, ¢ CIO-
CTepiraeTbecs CXiAHUNA HampsIMOK BiTpy. Llei mporec
MPU3BOJIUTH JIO HU3BKOT TeMIlepaTypy MOBITPS mepe-

NOBTOPIOBaHICTb aHomanin, %

B&KHO y CEpeIHIX MHUpoTax BUALICHOro CXiTHO-EB-
pomneiicrkoro cektopa — Bix IloBomxs 1 1o kpain Bu-
merpanacbkoi uetBipku (Puc. 30).

I'pyna npoyecie 3. Jlani nporiecu 00’ €AHY€E BTO-
PTHEHHSI XOJIOJHUX MOBITPSIHUX MAac B THITY MipHAIO-
9UX IAKIOHIB. XapaKTepHOIO OCOOJUBICTIO ITi€l
TPy NPOIECIB € 3MIIIEHHS [IUKJIOHY B 30Hi MOMIp-
HHX IIAPOT Ha MmiBAeHHUH cxif (Puc. 4a).

Snpo xonoxy B THITy UIMKIIOHY Yepe3 1-2 mHs mi-

Puc. 4. Kaptu a5 nipo1ieciB 3 rpymu: a) TUIIOBAa CHHONITHYHA KapTa IPU3EMHOTO aHaJi3y B JIHb HassBHOCTI
3HagHOTO Oocepenky AHT, 0) moBToproBaHicTh Jokamizaiii ocepenkis AHT

JKPIILTFOETHCS MBHIYHUMHE TOTOKAMH TIOBITPS B Tie-
penHill 4acTHHI aHTULMKIIOHY, SKHH ITOCHIIOETHCS
abo 3mimyerscs i3 3axinHoi €Bponu Ha cxin. [pu
BOMY aHTHIMKIOH 3a3BUYail XapaKTepU3yeThCS
HEHTPOM 13 BHCOKMM THCKOM Onm3pko 1040-
1050 rlla.

Tpyna npoyecis 4. JlaHi nporiecu OnucyroTh MiB-
HIYHO-3aX1JIHI BTOPTHEHHS XOJIOJHOTO MOBITps. [Ipn
TaKuX Tpolecax aHTHLUMKIOH i3 3axigHoi €Bponu
3MIIY€ETHCS, MICHS YOro JIESKUW 4Yac CTaIlioOHye i3
nenTpoM Hax CkanguHagiero (Puc.5a). Taka curya-
wis 3a0e3neyye KOPOTKOYACHI CHITbHI TIOXOJIO/IAaHHS B
3axifHif 1 HEeHTpaIbHIN YacTHHI ceKkropa i TpuBaii
BiJI’€MHI aHOMAaTii TEMITEPaTypH MOBITPSI TEPEBAKHO
Ha miBJIeHHOMY cxoJ1i cektopa (Puc. 50). B cepenniit
Tporocdepi TPU3EeMHOMY aHTHIUKIOHY BiAMOBiga€e
BUCOTHHH aHTULMKJIOH.

I'pyna npoyecis 5. Ilponiecu rpynu xapakTepu-
3YIOTbCS BUXOJIOM HIiBAEHHOTO LIMKJIOHY Ha TEPUTO-
pito cxigHo1 YKpainu abo miBJAEHHO-3aX1HOT TEPHUTO-
pii Pocii i3 mapayielbHUM NMOCUIICHHSIM CKaHTUHABCh-
KOT'0 aHTHIUKIIOHY (Puc.6a).

[ponecu 5-1 rpynu MOXyTh OyTH 00’ €HaHI i3
MIEPIIOI0 TPYIIO0 TPOIIECiB, OCKIIBKU MO CYyTi BOHHU
BIZTHOCATBCS 10 OJHOTO Makpompouecy. Ilepmmii
NPOIIEC YaCTO € TPOJOBKECHHSIM MPOLECIB 5-1 rpynu,
1 BiIMIYAETHCS BiH MICIIsE BUXO/AY Cepii HUKIOHIB. AJie
B JIAaHOMY BUIIAJIKy HaroJIONIyeThCsl Ha BIIMIHHOCTI y
MOJIOKEHHSX OCHOBHUX IICHTPIB, 1 SIK HACIiJOK —
JICIIO0 PI3HOMY TEPUTOPIaAIbHOMY IPOSIBI OCEPEKiB
xonoxy. AHomanii Temmeparypd MOXYTh 3aiiMaTH
MPAaKTUYHO BCIO CXiJHYy YacTHHY BUAUICHOTO CEK-
Topa. Ha BizMiHy Bij] IIpolieciB mepinoi rpymu, oce-
penku AHT n’sitoi rpynu npouecis yacTime (80-90%
yacy) BigMiuaroTbes Haja [IpubanTukoro i 3Ha4HO pi-
Qe — HaJ LEHTPAIbHOIO 1 MIBIACHHOK YKpaiHO
(Puc. 60).

BucHoBku. 3i0paHo Katanor CHHONTHYHHX
Mpo1eciB, Mo GOPMYIOTH 3HAUYHI 32 IJIOLIEI0 Ocepe-
nxu AHT nositps y Cxinniit €Bporri. bimseko 75 Bi-
JICOTKIB emi3o/iB Benmkux ocepenakis AHT, mo yBiii-
LITK JI0 KaTajiory, 100pe ONMUCYIOTbCS HABECHUMH Y
CTaTTi I’SAIThMa THUIIOBUMHU TPYNaMH CHHONTHYHUX
cUTyaIii. I3 3araibHOT KIJTLKOCTI JTHIB 13 OCepeIKaMH
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Puc. 5. Kaptu mnst npouecis 4 Tpynu: a) THIIOBAa CHHOIITHYHA KapTa MPU3EMHOTO aHAIi3y B IEHb HAsIBHOCTI
3HagHoro ocepenky AHT, 6) moBToproBanicTs JoKamizauii ocepeaxis AHT

~ {, —

NOBTOPKOBaHICTb aHomanin, % 6)

X

Puc. 6. Kaptu myist mpoiieciB 5 rpymu: a) THIIOBA CHHONITHYHA KapTa MPU3EMHOT0 aHAITi3y B JICHb HASIBHOCTI
3HayHoro ocepeaxky AHT, 6) moBToproBaHicTh Jokaiizaiii ocepenkizs AHT

AHT mnnometro nonan 20% teputopii, nepia rpyna
IIPOLIECIB OMUCYE 6 eIi30/1iB (3arajabHOI0 TPUBATICTIO
20 nuiB), apyra — 7 emizoxis (17 mHiB), Tpets — 11
emizoniB (17 nuiB), yeTBepra — 8 emizonis (35 nHiB),
am'sta — 5 emizoxiB (14 nuiB). Pemra 25% Bunaakis
13 HU3BKUMH TeMIIepaTypaMH — MEPEBAKHO KOPOTKO-
YacHi 1 BIAMIYaOThCs npoTsroM 1-2 nHiB. HaToMicTh

emi301 iCHyBaHHS 3HAUHUX aHOMAITIH, 10 yBIHAILIH
JI0 OTMCAHMX Y CTATTi TPYI MPOIIECiB, K MPaBUIIO,
TpuBaiu Oinbiie 3-4 naHiB. CTBOPEHUI KaTaJIOT TPO-
[IECiB JIO3BOJIUTH PO3Mi3HABATH MOTEHIIIHHI eKCcTpe-
MaJlbHi CHTYyallil B paMKaX CXEMH JOBIOCTPOKOBOTO
JICTAII30BAHOTO IIPOTHO3Y aHOMAJIii TeMIlEpaTypu
MOBITPsL 3a aHcamOleM MpOLEciB-aHaJoriB, IO
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CTBOPIOETHCS B paMKaxX poOOTH HaIl KAHAMIATCHKOIO IS PI3HHX TPYI IPOIECIB MOXKYTh OYTH BHKOPHC-
nuceprarnicro. KapTu-cxemMu HaiOIBII WMOBIPHOTO — TaHI B SIKOCTI IIPOTHOCTUYHOT'O MaTepiairy.
PO3MIIICHHS EKCTPEMAIIbHIUX aHOMAJIIF TeMIIepaTypu
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WINTER SYNOPTIC PROCESSES THAT CAUSE LARGE ANOMALIES
OF EXTREME-LOW AIR TEMPERATURES IN EASTERN EUROPE

Formulation of the problem. Extreme-low temperatures are an adverse phenomenon for the country’s
economy and human living conditions. It is important to have a climatological estimation of typical locations
and probability of extreme-low temperatures caused by different synoptic processes, which ideally should be
predicted in advance.

The purpose of the article. The paper describes the typical synoptic processes that lead to extreme-low
temperatures over the past 20 years (1997-2017) in middle latitudes in Eastern Europe. The probability of
significant areas with extreme-low temperature and their typical localization during various synoptic processes
was investigated.

Methods. Definition of “extreme-low temperatures” refers to the temperatures below the 5th percentile
of the surface actual temperature distribution in each grid point. To create the sample, anomalies of extreme-
low air temperatures over significant areas (more than 20 percent of the sector) were chosen. To divide the
synoptic processes into groups, a synoptic analysis was applied.

Results. From the sample of 1997-2017, 75 episodes with large areas of extreme-low temperature were
identified. The sample contains 13 episodes that cover more than 30% of the Eastern Europe and last from 2
to 11 days, and 12 episodes that have one day duration. Cases with anomalies occupy from 20 to 30% of the
territory rarely lasts more than 2-3 days (11 episodes). There are five main groups of processes that lead to
significant air temperature anomalies that cover a large area of the chosen domain. These five groups of situ-
ations include 75% of all days with large areas of extreme-low air temperature. The first group of processes:
there is the movement of the cyclone from the Black Sea towards the Volga river basin region, with the anti-
cyclone located in the northwest of Russia displacing towards the Baltic region or Scandinavia. In this case,
temperature anomalies cover almost the entire eastern part of the selected sector. The second group of pro-
cesses: a vast anticyclone, expanding from Western Siberia in the direction of Belarus (extreme-low tempera-
tures most of time observed in the central part of the sector). The third group of processes: the movement of
the “southern” cyclone from the Black Sea to the territory of Ukraine with subsequent displacement to the east
(extreme-low temperatures most of time observed in the north-eastern part of the sector). The fourth group of
processes: motionless anticyclone over the northeast of the Eastern European sector (high probability of ex-
treme-low temperatures in the south-eastern part of the sector). The fifth group of processes: the northward
trajectory of the “southern” cyclone to the territory of Ukraine while strengthening of the anticyclone over the
Scandinavia. This one is similar to the first group of processes but differ by more western trajectories of cy-
clones, and hence different locations of extreme temperature anomalies (north-western part of the sector and
eastern part of Ukraine). The remaining 25% of the days with large anomalies are mostly short-lived and
observed during 1-2 days.

Scientific novelty and practical significance. The created catalogue of processes will allow recognizing
the potential extreme situations that might be useful for middle and long-range forecasting.

Keywords: synoptic processes, extreme-low temperatures, Eastern Europe.
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OCOBJIMBOCTI JIAHJAINA®THOI JUPEPEHIIALIL JTICONATOJIOTTYHUX ITPOIIECIB
B IEHIOPCBKOMY ITPUPOJOOXOPOHOMY HAYKOBO-JOCIIJHOMY BIAAIJIEHHI
HAIIOHAJIBHOI'O TPUPOJHOI'O ITAPKY «I'YHYJBILIAHA»

B pesyremami Haykosux 00cCniOdceHb 0emanibHO NPOBEOeHO NiCONAMONO2IUHI OOCHIONCEHHA KIOHU080I OLIAHKU 8 Medcax
lewiopcbkoeo npupooxopoHHo20 HAYK080-00CaiOH020 6i00inennss Hayionanbnoeo npupoonoeo napky «Iyyynewuna». Bnepue na
mepumopii HayiOHAIbHO20 NAPKY, A 30KPEMA HA OOCTLONCYBAHY MEPUMOPIIO YKIAOEHO TAHOUAGMHY Kapmy HA PIGHI NPOCMUX YPOUULY
6 macwmabi 1:25 000. [1onbosi 00CHiONCEeHHs NPOBOOUNUC 32I0HO MemOOUKU NONbOBO2O JAHOWAPMHO20 3HIMAHHS 2IPCHbKUX
mepumopiu I'.Il. Minnepa, 1974 p. B pesynomami onpayrosanns mamepianié ¢ npoepamuomy cepedosuwi ArcGIS 10 eusnaueno
NnPOCMopose NOUUPEHHA YPAXCEHUX MEPUMOpIl, sike npedcmasiene y 6ueinoi kapmocxemu. Obpaxosaro ix niowi ma i0comxu 8i0
Mopghonoziunux 00uHUYb TanOwapmy ma 3’co8ano wo kopoioom-munozpagom, ypasxceno 37,5 % oepeocmanis, oneHbKOM OCIHHIM
— 23,6 %, nexposom — 22,6 %, 6axmepiamu — 15,2 % i xopenesoio eyoxoio — 1,02%. 3azanvna niowa ypasicenux 0epesocmanie
cmanosums 207,8 2a (18,8 % 6i0 3azanvhoi nnowi expumoi nicom). Jliconamonoeiuni npoyecu na 0ocnioxcysamiii mepumopii maromo
Micye 6 cMepeKosuUx ma aauyesux HacaddxicenHsx. Hatibinbwa wacmka ypasicenux depeeocmanie npunadae Ha cmueni aicu (six §0-100
poxie) — 33,4 % ma cepeonvosikosi (40—60 poxie) — 32,2%. Hatimenwii niowi ypaxcenHs nos si3ami 3 nepecmueiumu Jicamu, GiK sSKux
nonao 100 pokis — 1 % (maxa HU3bKa 4acmKa ypasceHHs yici 6iko6oi epynu noe sa3ama, 04e6uoHo, 3 MuM, Wo NIowi maxkux Jicié Ha
mepumopii 00cniodicenb He 3HAuHI). BCMAaHo61eHo 3anedCHICMb NOWUPEHHs JICONAMONIOIYHUX Npoyecie 6i0 nanouagdmuol
cmpykmypu mepumopii. Haubinoui02o 6Cuxanus 3a3Haiu 0epeoCcmany 6 ypouuwax Kpymux cXuiie nieHiuHo-3axiOHOT i NIGHIYHO-
CXIOHOI eKkcno3uyiil, 600030IpHUX AIUOK NIGHIUHO-3AXIOHOT | NIGHIYHO-CXIOHOI eKcho3uyill ma 360pax. Apeanu 8CUXaHHs NepesadcHo
npuypoueHi 00 KOHMAKMHUX OLIAHOK cmpitl ma ypouuw. B pesynomami nanowaghmuo-niconamanoziynoeo ananizy Kno4o8oi OLAHKU
BUSHAYEHO, WO HAUDITLLUA PISHOMAHIMHICIL 30YOHUKIE TICONAMANOIYHUX NPOYECi6 XapakmepHa 015 Ypouuw KpYmux cXuie pisHux
eKCno3UYill, OCKINbKY 8 YUX YPOUULYAX 3YCMPIuaiomvbcs 0epegoCmani, SKi ypasceri maiidce 6cima eudamu 30YOHUKIE, W0 015 THUWUX
ypouuw ye He XapaKxmepHo.

Knrwwuosi cnosa: niconamonoiuni npoyecu, WKIOHUKU JiCy, X8opoou aicy, npupoonuii mepumopianvruti komnaexc (IITK), mic-
yegicmb, cmpis, ypouuuye, 0epesoCmaHu.

3. B. I'ocmwk, A. B. Meavnux. OCOSEHHOCTH JIAHJIIA® THOH JTH®®EPEHIIHAIIHH JTECOIATOJIOTHYE-
CKHX IIPOLHECCOB B LIEILIIOPCKOM IIPHPO/JOOXPAHHOM HAYYHO-UHCCIEJOBATE/IbCKOM OTJAEJIEHHUHH
HAITHOHAJIBHOI O IIPHPO/JTHOI O IIAPKA «I'YLIYJ/IBLIITHHA». B pe3ynomame Hay4yHbIX UCCLE008AHUL OeMAaTbHO NPOBEOEHO
J1econamoiocuiecKoe ucciedo8anue Kuouego2o yyacmka ¢ npedenax Llleuiopckoeo npupoo0ooxpanuo2o HayyHO-Uccie008amenbeKo2o
omoenenuss Hayuonanvrozo npupoonoeo napxa «I yyyrewunay. Bnepevle na meppumopuu HayuoHaibHO20 NAPKA, a 8 YACMHOCIU U
Ha uccne0yemyio meppumopuio HaloNCeHa IaHOUApmHas kapma Ha yposHe npocmulx ypouuwy 6 macumabe 1 : 25 000. Ilonesvie
UCCIEO08AHUSL NPOBOOUNUCH NO MEMOOUKe NONeBOU TaHOuWaPdmHuou cvémru copuvix meppumopuil I.11. Munnepa, 1974 2. B pe3yno-
mame o6pabomku mamepuanos ¢ npoepammuoi cpede ArcGIS 10 onpedeneno npocmpancmeennoe pacnp oCmpaneHue nopa’céHHuIx
meppumopuii, Komopoe npeocmasieHo 6 guoe kapmocxemul. Iloocuumanst ux nAOWAOU U RPOYEHMbL OM MOPPONOCULECKUX eOUHUY
aanowagma u 8vIACHEHO, YUMo Kopoedom-munozpagom nopadceno 37,5% opesocmoes, onénxom ocennum — 23,6%, nexpozom —
22,6%, baxmepusamu — 15,2% u xopuesoti eyoroil — 1,02%. Obwas niowads nopasxcennvix opesocmoes cocmagngem 207,8 2a (18,8%
om obuetl niowaou, NOKpeimot necom). Jleconamonozuueckue npoyeccvl Ha UCCIEOYEMOU MePPUMOPUU UMEION MeCOo 8 e08bIX U
nUXmMoswvlx Hacasicoenusix. Haubonvuas 00ons nopasicentvix Opegocmoes npuxooumcsi Ha cneavie aeca (6ospacm 80-100 nem) — 33,4%
u cpeonesexosuvie (40-60 nem) — 32,2%. Haumenvuine niowadu nopaxcenus C8sA3anvl ¢ nepe3penviMi 1ecamil, 03pacim KOmMopbix
6onee 100 nem — 1% (maxas Huzkas 00Jis NOPAdICEHUs. IMOU BO3PACMHOU SPYNNbL CEA3AHA, OYEBUOHO, C MeM, YMo NIOWAOU MAKUX
J1eco8 Ha Mmeppumopuu UCCr1e008anull He 3HAUUmMenbHbl). Yemanosnena 3a6ucumMocms pacnpocmpanerus 1econamonrocuteckux npo-
yeccog om nanowadmuoti cmpykmypul meppumopuu. Haubonvuiemy ycolxanuio noogepeaucs Opeeochmou 8 ypouuuax Kpymuix cKio-
HOB Ce8epo-3anaoHoll U ce8epo-60CNOYHOU IKCRO3UYUL, 8000COOPHBIX BOPOHOK CE8ePO-3anaOHOLL U Ce8epPO-80CHOYHON IKCHOZUYULL U
00p. Apeanvl ycvixanus npeumMyyyecmeeHHo npuypoueHsvl K KOHMAKMHbIM Y4ACmKaM cmpull u ypouuwy. B pezynomame nanowagmmo-
JIeCONAMAIOZUYeCcKo20 AHATU3A KI0Ue8020 YYacmKa OnpeoeieHo, umo Hauborvulee pasHoodpasue 6030youmenell 1econamanozuye-
CKUX NPOYecco8 CE0LUCMBEHHO 0I5l yPOUuULY KPYMbIX CKIOHO8 PA3HBIX IKCROUYULL, NOCKOIbKY 8 SMUX YPOUUWAX 6CMPeYaromcs opeso-
Cmou, KOmopbule nOPaAdiCeHbl NOYMU 6CeM BUOAMU 8030YOUmenel, 4mo Oiis OpYyeux ypouuly He XapaKmepHo.

Knroueswie cnosa: neconamonozuueckue npoyeccul, gpedumen jiecad, 60jie3Hu 1ecd, npupooHblll meppumopuaibHulli KOMIIEKC
(IITK), mecmnocmyo, cmpusi, ypouuue, Opegocmoi.

© I'ocmwok 3. B., Menvruk A. B. https://doi.org/10.26565/2410-7360-2018-49-14
-178 -



mailto:zorjanagos@yahoo.com.ua
https://orcid.org/0000-0001-5809-4482
mailto:anatolij.melnyk@gmail.com
https://orcid.org/0000-0003-3029-468X

BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

IMocTranoBka mpodaemu. Opmicro 3 HAHOLIB-
X EKOJIOTIYHMX MpobieM B YkpaiHchkux Kapra-
Tax € BCHXaHHS JCPEBOCTAHIB, B OCHOBHOMY SUIMHH
eBponelicbkoi abo cmepeku (Picea abies (L.) Karst),
10 IPU3BOJUTH JIO TIOTiPIIEHHS €KOJIOT1YHOTO CTaHy
JIICOBUX TPHUPOTHUX TEPHUTOPIATBHUX KOMIUICKCIB
(IITK). Opnieto 3 mpyUYMH BCUXaHHS JIICOBUX Haca-
JDKEHD € TOMIMUPEHHS MIKiAHUKIB Ta XBOPOO JIiCy, M0
3YMOBIIIO€ aKTyaJbHICTh JaHAIAGTHOTO BUBUEHHS
MOIIMPEHHS JTiCOMATOIOTIYHUX MPOLIECIB.

Anani3 ocrannix myouaikaniii. B octanni poku
MacoB€ BCHXAHHS HACaJKCHb SUIMHHU €BPONEHCHKOI
BUKJIMKAO CTypOOBaHICTh HAYKOBOi CHUIBHOTH
[5,6,10,12,13,14,15,17,18,19]. KpiMm macoBoro Bcu-
xaHHs cMmepekH, B micax HIII «'ymympimuHay cro-
CTepiraeTbCs e i MacoBe BCHXAaHHS SUIUII 01101
(Abies alba), sike BusiBieHo B 75 % smueBux aepe-
BocTaHiB. Ha 0CHOBI MOTLOBHX Ta 1a00paTOPHUX J10-
CJIIPKEHb BCTAHOBJIEHO, IO B OJIBIIOCTI MOJAEIBHUX
nepesax BusiieHo JJHK rpuGiB poxy Fusarium, i B
yCiX MOJICTIbHUX JiepeBax BUBICHO MPUCYTHICTH Oa-
KTepiii, siki MOKyTh OyTH 3 poaiB Bacillus, Erwinia,
Pseudomonas, Ha 0CHOBI 4Oro 3po0JeHO BUCHOBOK,
10 TMOBIPHO IPUYMHOIO BCUXAHHS sUTUIII 011101 € Ha-
SIBHICTB BHIIIE 3rajlaHux Oakrepiii [8].

[Ipu BMBYEHHI CydacHUX EKOJOTi9HHUX YMOB i
CY4acHOTO CTaHy JliCOBOT POCIMHHOCTI BaXKJIMBE 3HAa-
YCHHSI Ma€ 3aCTOCYBaHHS JIAHAMIA(QTHOrO MiAXOMTY,
a/pKe POCIHHHICTh € Pe3ylbTaTOM B3a€MOJii BCix
MPUPOAHUX KOMIOHeHTiB. Jlanamadro3Hasui gocii-
JOKCHHS JIICOTIATOJION YHUX SBUII B YKpaiHnchkux Ka-
pnarax 3anovarkoBadi O.M.®exnipkom B YopHoropi
[14,15], otpumanu nofanbiuuii po3BUTOK B CKOJIIB-
cekux becknnax [9,10] 1 € akryansanmu 1 uist [TokyT-
cpkux Kapmar.

Bupinenns: He BUpilIeHNX paHillle YaCTUH 3a-
rajbHoi npo6aemu. Teputopis [Tokyrcekux Kapnar
€ onHi€ i3 cnabo BUBYCHUX B JaHAMAQTHOMY i
naHAmapTHO-IIICOMATONIOTIYHOMY BiHOIIEHHI peri-
oHiB Ykpaincekux Kapmnat. Ha Hilt He npoBoaumics
JeTalIbHI BeJTMKOMAacIITa0Hi JaHmadTHO-1icomaro-
moriyHi  nocmimpkeHHs. Ha ocobmuBy yBary mnpu
oMy 3aciyrosye Teputopis HIIIT «ymynpmaiuHay,
MPUPOJOOXOPOHHA JTiSITBHICTH SKOTO MOTpedye neta-
JBHOTO JaHAmAGTHOTO OOIPYHTYBaHHS, B TOMY YH-
cIli M U1 BUpiIIEHHS NPOOJieM MOB’S3aHMUX 3 MOIIH-
PEHHS JTICOMAaTONOT1YHUX MPOIIECIB TA BCHXaHHSM JIe-
PEBOCTaHIB.

Buknaa ocHoBHOro martepiany. Meroro fgocii-
JOKCHHs OyJ10 TIPOBECTH aHaNIX JaHamadTHOl qude-
peHitianii gicomaroyoriyaux npouecis B Illemopcs-
KOMY HPUPOJOOXOPOHHOMY HayKOBO-IOCIiIHOMY
Bimitenni (ITH/IB) HartioHansHOTO IPUPOIHOTO Ta-
pxy (HIII) «'ymyasmunay. s TepuTopis (turoma
1889 ra) € pernpe3eHTaTUBHOIO HE TLIBKH IS TEPU-
TOpii HAaLliOHANBHOTO MAapKy, ajie ¥ Uil HU3BKOTIp s
[Toxyrcrkmx Kapmat 3araigom. JlocmimkeHHs epen-

0avasio BUKOHAHHS TaKWX 3aBIaHb: 1) CKIagaHHs Be-
JTUKOMacITabHo1 TaHamaTHOT KapTH Ha PiBHI Mic-
LEBOCTEMH, cTpiii Ta ypouui B Macmrtadi 1 : 25 000;
2) aHami3 QOHAOBUX MeTepianiB Mmapky, sIKi CTOCY-
IOTBCS CTPYKTYPH 1 BIKy JIiCOHACa)KEHb Ta JIICOTIaTO-
norigaux ooctexens Lllemopcerkoro ITH/IB; 3) mpo-
BEJICHHS MOJBOBUX JIAHAIA(THO-JIiCOMATONIOTIYHUX
JOCITIKEHB; 4) aHaii3 MOIMAPEHHS JIiCOMaTOIOTid-
HUX SIBUT TG EePEHITIHOBAHO IO MPUPOTHUX TEPUTO-
pianbHuX KoMIiekcax. O0’€KTOM JOCHTiPKEHHS OyITH
MPUPOAHI TEPUTOPialbHI KOMIUIEKCH paHTy BHCOT-
HUX MICIIEBOCTEH, CTpiil 1 ypouuI, a mpeaMeToM —
JCOMATOJIOTIYHI IPOIIECH Ta TXHE TEPUTOPIATIBLHE I10-
LIMPEHHS.

3rifHO TEOPETUIHUX OCHOB TIiPCHKOTO JIAH.I-
madTo3HaBcTBa po3pobnmeHux [II.  Mimnepom
(1974), Bucorna wicnesicts ue IITK, mo seuse
c000F0 TIOEAHAHHS TEHETHYHO CIIOPITHEHUX YPOUHII
y MeXax OJHOTO BHCOTHOTO KOMIUIEKCY Me30(hopM
penbedy, SKi BUHUKIM IMiJl JOMIHYFOYHM BILTUBOM
ogHOoro 13 (akropiB MopdoreHesy 3 MNEBHUM
BapiaHTOM MiCIIEBOTO TiAPOKIIMATHYHOTO PEXUMY 1
IPYHTOBO-POCIIMHHOTO TIOKPHBY, CTPisl — MIPUPOAHUI
TEPUTOPiaJIbHUH KOMIUIEKC, SKUH CKIAJAa€Thes 3
HU3KH JITOJIOTIYHO OAHOPITHUX YPOUHI y MexkKax
onHiel BUCoTHOI MictieBocTi, a ypouuntie — [I1TK, mo
chopmyBaBcs Ha Me3odopmi penbedy [S].

Haii0inpm mnommMpeHnMH  J1icONaTONIOTIYHUMHU
mportecamu Ha Teputopii HIIIT «'ymympmuHay €
YpaKeHHS JIEPeBOCTaHIB MIKiIHUKAMH — KOpPOil-TH-
norpad (Ips typographus L.) Ta xBopobamu — orre-
HpoKk ociuuiii (Armillaria mellea), kopenesa ryoka
(Heterobasidion annosum (Fr.)) i mekpo3 (Ncrosis),
SIK1 TIOIIKO/KYIOTh HacaPKeHHSI CMEpeKH, 1 6akTepii
(Bacillus, Erwinia, Pseudomonas), siki ypaxkaroTs je-
peBOCTaHU sUTHII 01101,

Kopoin-tunorpad (Ips typographus L.) — xyk 3
POIVHH KOPOiJHHX, YOPHO-KOPHUYHEBOTO KOIBOPY
ToBXHHOIO 4-5,5 MM [17,19]. Lle HeOe3neunuii cTo-
BOYpHUII IIKiTHUK XBOWHUX JICIiB, SIKWH 3acelsie ce-
PEHIO Ta HIXKHIO YaCTHHY CTOBOYpa. PO3BHTOK Si€llb,
JUYMHOK Ta JIUICYOK TPHBAE 10 65 mHIB, MOJOI
JKYKH 3 SIBIISIFOTBCS Y YEPBHI-TIUIHI, Y IpYTiid HeKai
JIVIITHST BOHU BHTPU3aI0Th OTBOPH 3 SIKUX BUJIITAIOTH 1
B TEIUIE Ta CyXe JIITO 3/[aTHi, 3aCEUBIIU aTaKOBaHI
JepeBa SIIMHU €BPOIEHCHKO1, JaBaTu Apyry reHepa-
wito [19]. Onenvok ociuuiii (Armillaria mellea) nasne-
KHUTh JI0 TPYNMU TOKCHUTCHHUX MAaPa3HTIB, OCKIIBKH
BH/IJISIE CWITbHI TOKCHHU SIKi, IPOHUKAIOYH Y JIEPEBO,
3YMOBJIOIOTH Horo BcuxanHs [17]. HaiixapakrepHi-
IIOK0 O3HAKOK0 YPaKCHHS JIEpEB OIEHHKOM € HasiB-
HICTb pU30MOp(¢ TEMHO-0YPOTO KOJIBOPY, SIKi MOXKYTh
MiAHIMATHCS i1 KOPOIO cTOBOypa MEpTBUX JIEPEB Ha
Bucoty g0 10 M i Bume [17]. KopeneBa ryOka
(Heterobasidion annosum (Fr.)) momkomkye KopeHi
i croBOyp sumHU (10 BucoTH 20 M) [17]. [louaTkoBa
cramis 30ymHWKA THWII B SUIMHA €BPOIICHCHKOT
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XapaKTepU3YEThCSI BUHUKHEHHAM (Di0JIeTOBO-4epPBO-
HOTO BiJTIHKY B JICPEBHHI KOPEHIB i CTOBOYPIB, B IMO-
JaNBIIOMY JIEPEBHHA TEMHIE 1 CTae YepBOHO-0YpOIO,
B Hill 3" SIBIAIOTHCS BUAOBXKEH] 0111 Hi3ApIOBaTi cMy-
KKH 3 YOPHOIO IIITKOIO TTOCEPEINHI, YTBOPIOETHCS
CTpOKaTa THWIIb, 1 B KIHIIEBIN CTamii IepeBHUHA ITepET-
BOPIOETHCS B OE3CTPYKTYPHY Macy, a 3 4acoM Bcepe-
IuHI cToBOypa yTBOproeThest mymio [17]. Hekpos
(Ncrosis) — xBopo0Oa, siKa MOB’sA3aHa 3 IePeIIacHOI0
3aru0eIuIo i pyHHyBaHHSIM KJIITHH B )KUBOMY OpTaHi-
3mi [20]. Bakrepii (Bacillus, Erwinia, Pseudomonas)
MIPU3BOIATH O CYTTEBOTO 3HWKEHHS IMYHITETY Je-
peB, 3 YUM IOB’sI3aHUM nepuInii etan BcuxanHa. Ha
JpyroMy eTarli micisl KOJIOHi3awii OakTepisMu ocnad-
JICHE JIepeBO 3apakaeThest rpubamu poxy Fusarium,
SIKi TI1€ OLTbIIe HOTO MPUTHIYYIOTH 1 B OLIIBIIOCTI BH-
MaJKiB I1¢ TIOEHAHHS MMaTOTeHIB MPU3BOIUTH JI0 HE-
MHHYYOTO BCUXaHHA [7].

[TonpoBe nanamapTHE KapTyBaHHS MPOBOIHIO-
cs Hamu 3rigHo meromuku [ I1. Mimmepa [5,6], a
maHamapTHe  JOCHIDKCHHS  JIICONATOJOTTUHUX
mporieciB — 3rigHo meroauku O.M. @emnipka [14]. Ha
BCIX eTamax JOCJiPKEHHS BHKOPHCTOBYBAJIOCS
nporpamue 3a0esnedenns ArcGIS 10. Buxigaumu
KapTorpadgivHIMU MaTepianamMu Oy Tomorpadidsi
1 : 25 000, reonoriuni, reoMmophosIO-Ti4HI KapTH Ta
KapTH YeTBEPTUHHHX BifknaziB MacmTaly 1 : 50 000
[1,3] ta mangmadrHa kaprta Ilokyrcekux Kapmat
macmtady 1 : 50 000 [2]. Takoxx Oynmu BUKOpHICTaHI
KOCMO3HIMKHM Ta IU(poBa MoJens peibedy (apxis
Landsat I'eonoriunoi ciyx6u CIIIA USGS — (United
States Geological Survey)).

KpiM Toro BUKOpHCTOBYBAHCS JaHi BiATLTY JTi-
coBoi oxopornn HIIIT «'ynysnbmiaay mpo ¢gitonaro-
JIOTiYHi, €HTOMOTEHHi, BITPOBaJIbHO-OyperIOMHI Ta
iHII MOpYIIIeHHs JlicoHacapkenb [16]. s aHamizy
3B 13Ky JIICOMATOJIOTIYHUX MPOIIECIB 3 BUIOBOIO 1

BIKOBOIO CTPYKTYPOIO HAcaKeHb BHKOPHCTOBYBa-
JIUCH IUIaH JIICOHACA/PKEHb Ta JIICOTaKCALIHHUN OIUC
[emopcrkoro ITHIAB [8,11].

Jliconaromnoriuni mpouecu Ha AOCIHiIKyBaHil
TEPUTOPIi MAIOTh MiCIIe B CMEPEKOBUX Ta SUTHIIEBUX
Haca/pKeHHsAX. HaiiOimpmma dacTka — ypaXeHHX
JICPEBOCTAHIB TMpHIajgae Ha cturdi jicu (Bik 80—100
pokiB) — 33,4 % Tta cepenapoBikoBi (40—60 pokiB) —
32,2%. HaiimeHmi muomi ypaskeHHs IOB’SI3aHi 3
MEPECTUTIIMMH JIicaMH, BiK sikux noHas 100 pokis — 1
% (Taka HU3bKA YacTKa ypaKeHH: 1i€l BIKOBOI rpymnu
OB’ s13aHa, OYEBUIHO, 3 TUM, 110 IUIOII TaKHX JICIB
Ha TEPUTOPIT JOCIIKeHb He 3HauHi) (puc. 1).

Pesynpraramu nangmadTHOTO aHamily MOIIU-
PEHHS JIiCOMaTOIOTIYHUX TPOIIECIB CTaIX JaHAmad-
THO-JTicOmaToJoriyHa KapTa (puc. 2) i Tabmmii (Tadr.
1,2), sIKi iTFOCTPYIOTH POCTOPOBE MOLIHPEHHS J1iCO-
natonoriyaux mporeci mo [1TK.

BucoTHa MICIEBICTh KPYTOCXMIIOTO €pO3iiiHO-
JICHYJIAIIITHOTO JIICUCTOTO 1 BTOPUHHOJIYYHOTO HU3b-
korip’s (A) (TyT i 1ani HaBeIeHI CKOPOUYCHI HA3BU Mi-
cueBocTtell) 3aiimae 45,5 % Bix Bciel mocmimxyBaHOT
teputopii. Jlicoi 3emni TyT craHoBmate 80,7 %.
HIkxigaukaMu Ta XBopodamu ypaskeHo 21,2 % Ttepu-
TOpil BKpUTHX JlicoM (puc.2, Tab.1 i Tadm. 2). Haii6i-
JbIIE JICPEBOCTAHH YPasKeHi HEKPO30M, SIKWH TOIIH-
peHwuit Ha 46 ra, Mo CTaHOBUTH 6,6 % Bij IO YCiX
JiciB B JaHiil MicueBocTi. XBopoOa mommpeHa y mis-
NEHHO-CXiqHIN "acTuHi MicreBocti. Po3momin ypa-
JKeHb TI0 KJ1acax BiKy JEpEBOCTaHIB Ma€ HACTYIHUH
xapakrtep: 3,5 % ue crurii aepeBocranu, 2,6 % —
npucturatodi i 0,5 % — cepenuboBikosi. Kopoigom-
tunorpadom ypaxeno 5,6 % nepeBocraniB. OCHOBHI
IO ypaXXeHb 30CepeKEHI B MIBHIYHO-3aX1/IHIN Ta
B IIIBACHHO-CX1IHII yacTUHaxX MicueBocTi. Halouis-
IIOT0 TIOIIKO/PKEHHS 3a3HAlIM CepeTHbOBIKOBI Jepe-
BocTaHu — 3,5 % Bij yCi€el MI0I1 3aiHSTOT JIiICOM.

B MmosioaHsAKM (ao 40 p)

B cepegHboBikosi (40-60 p)
npucturatodi (60-80 p)

M cturni (80-100 p)

B nepecturai (> 100 p)

Puc. 1. Po3nomin o Beuxawuux aepeBoctaniB B Mexax Illermopcebkoro ITHJIB HIIIT «I yirybliuHa 1mo
KJ1acax BiKy (pO3pax0BaHO Ha OCHOBI JaHUX JIiCOMATOJIOTTYHUX 00CTEKEHD Ta IIaHy JIicOHACaKEeHb [8,16])
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Puc. 2. JliconaTosoriuHi mporecu y NIpupoAHUX TepuTopiansaux kKoMiuiekcax Llemopcerskoro [TH/IB

cranoMm Ha 1.01. 2018 pik (yknageHna Ha ocHOBi GpongoBux Matepiani HIII «I'yuynbmmaay [8,16]).
Ymoesni nosnavennsa:
A. BucoTHa MicueBicTh KPYTOCXHJIOTO €pO3idHO-ACHYIAIIIHOTO JIICHCTOTO 1 BTOPHHHOJYYHOTO HH3BKOTIp’s 3 OyKOBO-
SUTMIIEBO-CMEPUKOBUMH, CMEPEKOBO-sUIMICBO-OYKOBUMHU JicaMu* Ha MaJONOTY)KHHX, CHJIBHOCKENETHHX OypUX TipCchKo-
micoBux rpyHTax. Ctpis I. I'pebeni xpeOTiB MO3M0BKHBOTO MPOCTATAHHS Ta KPYTi NPUrpeOCHEB] CXMIH CKIIaeHI BAITHUCTHM
TiCKOBUKOBO-apTiliTOBO-MEPIeIbHUM JpiOHOPUTMIUHUM (IIilIeM 3 BOJIOTHMH SIMIEBUMH CYCMEPEUMHAMH Ha CBITIO-OypHX
TipCBHKO-JIICOBMX MAaJIONOTYKHHUX CHJIBHOCKENIETHUX TPYHTaX (YacTKOBO 3aifHATI BTOPMHHHMH JIYKaMH 3 HaceJlCHUMH
nyHKTaMu). Ypouuwa. 1. KynonononiOHi BepIIMHH 3 BTOPHHHUMH MITIHIIEBO-TPSCYHKOBO-KOCTPHIICBHMH JIyKaMH Ha
JIEpHOBO-OYPO3EMHUX MAJIONIOTY)KHUX CHJIBHOCKENIETHUX TpyHTaX. 2. CiIVIOBUHM 3 BTOPUHHAMH 4eOpereBO-KOCTPUIIEBUMU
JyKaMHd Ha JEpPHOBO-OypO3EMHUX MAJIONOTY)KHUX CHJIBHOCKENETHUX rpyHTax. 3. CmagucTi OUIHKHM rpeGeHiB XpeOTiB 3
BTOPMHHUMH 4eOpeleBO-KOCTPHIIEBUMH JIyKaMH Ha JEPHOBO-OYpO3EMHHX MaJONOTY)KHUX CHIBHOCKEIETHUX TpyHTax. 4.
I'pebeni kpyTomnasaro4rx BigporiB XpeOTiB NiBHIYHO-CX1JHOTO IPOCTATaHHs 3 BTOPUHHUMH TPSACYHKOBO-KOCTPULIEBUMHU JTyKaMHU
Ha JIEPHOBO-0YPO3EMHHUX MAJIOTIOTY)KHHX CHIIbHOCKEIETHHX rpyHTaX. 5. KpyTi cXuiiu MiBHIYHO-CX1THOT €KCITO3HIIIT 3 BOJIOTHMHU
YOPHHUIIEBO-O)KUKOBUMH  OYKOBO-SUIMIICBUMH ~ CyCMEpEYMHAMHM Ha  CBITIO-OypHMX  TiPCBKO-TICOBHX  MAJOMOTY)KHHX
CEpeHbOCKENETHUX TpyHTaX. 6. KpyTi CXWJIM MiBICHHO-CXiHOI EKCIO3HIIi 3 BOJIOTUMH YOPHUICBO-0KUKOBUMH OYKOBO-
SUTMLEBIME CYCMEpPEYHHAMH Ha CBITIIO-OypHX TipChKO-JIICOBUX MAJIOMOTYXXHHX CHJIBHOCKEJICTHHX rpyHTtax. 7. KpyTi cxuim
MiBHIYHO-3aX1/THOI EKCIMO3MIiT 3 YOPHHUIICBO-OKUKOBUMH OYKOBO-SJIMLIEBUMH CYCMEPEYMHAMHM Ha CBITJIO-OYpHUX TipChKO-
JICOBUX MAJIOMOTYKHHIX CHIIBHOCKETIETHUX TpyHTaxX. 8. Bomo30ipHi IHKY MiBHIYHO-CX1AHOT 1 MIBHIYHOT €KCIO3HILIH 3 BOJIOTHMH
YOPHUIEBO-O)KUKOBUMH  OYKOBO-SJIMIIEBUMH ~ CYCMEPEYMHAMH Ha  CBITJIO-OypHX  TipCHKO-TICOBMX  MAaJIOTIOTYKHHX
CHIIEHOCKENICTHHX IpyHTax. 9. Bomo30ipHi JiHKH MiBHIYHO-3aXiJHOI €KCHO3UIIT 3 BOJIOTHMH YOPHUIIEBO-0KUKOBUMHU OYKOBO-
SUTMIEBUMH CYCMEPEUYHMHAMH Ha OypHX TipChKO-TICOBHX MAJIONIOTY)KHHX CHJIBHOCKEJIETHHX IpyHTax. 10. 3BopH 3 BOIOTHMMH
OCOKOBHMH SUTHIIEBUMHU CycMepedMHaMH Ha Oypux ripceko-nicopux rpyHTrax. Crpis II. Kpyri i xyxe kpyTi cxmima Ta
KpPYTOCXWJII BiIpOTH XpeOTiB, CKJIaJeHI HEBAITHUCTHMHU TPyOOIIApyBaTUMHU ITICKOBUKAMHU Ta MICKOBUKOBHUM I'PyOOPHTMIYHHUM
¢minrem 3 BOJIOTUMH CMEPEKOBO-sUTHIEBUMH CyOyIHHAMH Ha OYpHX TipChKO-JTICOBHX CEPENHBONOTYXKHIX CEPEIHBOCKEICTHIX
rpyHTax. ¥Ypouuwa. 11. Bunykii BepUIMHU 3 0’)KMKOBO-YOPHHUIIEBUMH CMEPEKOBO-sUTMLIEBUMH CyOydnHaMU Ha OypHX TipChbKO-
JCOBUX CEPeIHBONOTYXKHHX, CEPETHBOCKENICTHUX IpyHTaxX. 12. Ci/UTOBUHH 3 0XKHKOBO-YOPHHIIEBUMH CMEPEKOBO-STHIIEBIMHI
cyOyunHaMu Ha OypHX TipCHKO-JTICOBUX CEPEIHBONOTY)KHHX, CepelIHbOCKENETHHX, rpyHTax. 13. I'pebeni kpyromagaroumnx
BiZIpOTiB XpeOTiB MiBHIYHO-CXiTHOTO MPOCTATAHHS 3 BOJOTUMH YOPHUIIEBO-OXKHKOBUMH CMEPEKOBO-SITHIIEBIMH CyOydHHAMH
Ha OypHUX TipChKO-JIICOBUX CEPEIHBOINOTYKHUX, CEPEIHbOCKENCTHUX TpyHTaxX. 14. [pebeHi kpyTonanawuux BiIporiB XpeOTiB
HiBHIYHO-3aX1THOTO MPOCTATAHHS 3 BOJIOTHMH YOPHHIIEBO-0KHKOBIMH CMEPEKOBO-sUTHIIEBIMH CyOydHHAMH Ha OyPUX TipChKO-
JIICOBUX CEPEIHBONOTY)KHHX, CEpeIHbOCKENCTHUX TpyHTax. 15. KpyTi cxuiam miBHIYHO-CXiZHOT 1 MiBHIYHOI €KCIIO3MLIN 3
BOJIOTHMH YOPHHIIEBO-OXHKOBHMH CMEPEKOBO-SUIHIICBUMH CyOyYMHAMH Ha OypHX TipChKO-TICOBHX CEPETHBOMNOTY)XHHX,
CepeHbOCKENETHUX rpyHTaX. 16. KpyTi cCXWiin MiBHIYHO-3aX1THOT Ta 3aXiJHOT €KCIIO3HUIIIH 3 BOJIOTUMH YOPHHIIEBO-0KHUKOBHUMU
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CMEPEKOBO-SUTULEBUMU CyOydMHaMM Ha OypHX TipChKO-IICOBUX CEPEIHBONOTY)KHHUX, CEPEIHbOCKEIETHUX IpyHTax. 17
Bono36ipHi Niifiku MiBHIYHO-CXiJHOI €KCHO3UIIi 3 BOJOIMMH OXXHUKOBHMHU CMEPEKOBO-SUIMLIEBUMU CyOydMHAMU Ha Oypux
TiPCHKO-TIICOBUX CEPEIHBONOTYKHUX, CEPEIHbOCKENCTHUX TpyHTax. 18. Bono3OipHi Jiiiky MiBHIYHO-3aXiTHOI €KCIO3HIIIT 3
BOJIOTUMU YOPHMIEBO-0KUKOBUMU CMEPEKOBO-SIIMIEBUBUMU CYOydMHaMH Ha OypUX TipChKO-JICOBHX CEPEIHBbOIOTYXHUX,
CepeIHbOCKENIETHUX TPyHTaX. 19. 3BOpH 3 BOJIOTHMH OCOKOBO-3yOHHIIEBIMH CMEPEKOBO-SIITMIIEBUMH CyOydHHAMH Ha Oypux
ripcbKO-1icOBUX IpyHTax. b. BucoTHa MicueBicTb CIIaIUCTOCXUIIOTO €pO3iiHO-AEHYJallifHOTO JIICUCTOTO 1 BTOPUHHOIYYHOIO
HU3BKOTIP’Sl 3 CMEPEKOBO-SUTHIICBUMH CYyOyYMHAMH Ha CEPEIHBOIOTY)KHUX CEPEIHBOCKEIETHUX OYypUX TipChKO-TiCOBHX
rpynrax. Ctpis III. Cuctemu KynononoAiOHUX BEPIIUH 1 CIATOBHH, KPYTi 1 CUIBHOCHIAAUCTI CXUIN CKIAJEeHI HEBAITHUCTUM
apriliTOBO-ITICKOBUKOBUKOBUM TOHKOPHUTMIYHUM (IIIIEM 3 BOJIOTHMH CMEPEKOBO-sUTHIIEBUMH CYOy4HHAMH Ha OypHX TipChKO-
JICOBUX CEPETHBONOTY)XHHX TIPYHTaX (3aifHATI 9aCTKOBO BTOPHHHHUMH JIyKaMH 3 HACEICHHMM IyHKTaMH). Ypouuwa. 20.
Burykoti BepIIiHE 3 BTOPHHHEUMH KOCTPHUIIEBO-0yKBUIIEBO-MITIHIIEBIMH TyKaMH Ha I€PHOBO-0ypO3eMHUX CEPEAHBONOTYKHUX
cepenHbOCKeNneTHUX rpyHTax. 21. CiIOBUHM 3 BTOPMHHUMH KOCTPHIEBO-OYKBHLEBO-MITIMLEBUMH JyKaMU Ha JIEPHOBO-
OypO3eMHHX CEpEeIHBONOTY)KHUX CEpeIHbOCKENEeTHUX TpyHTax. 22. CrmaaumcTi IUISHKKA TpeOeHiB XpeOTiB 3 BTOPHMHHHUMH
KOCTpUIIEBO-OYKBUIIEBO-MITJIMIIEBUMU JTYKaMU Ha IEPHOBO-OYPO3EMHUX CEPEIHBOIOTYNKHUX CEPEAHbOCKETIETHUX IPYHTaX. 23.
CHIIBHOCTIAIUCTI CXHJTH MIBHIYHO-CX1HOT 1 IBHIYHOT €KCIO3HIIIH 3 BOJIOTUMH OKHKOBO-3YOHEIICBUMH CMEPEKOBO-SUTUIICBUMHU
cyOyunHaMH Ha OypHUX TipCbKO-JIICOBHX CEPEIHBONOTYKHUX, CEPEAHbOCKENETHUX IpyHTax. 24. CHIbHOCHAIUCTI CXUIU
MiBICHHO-CXITHOT €KCIO3HMIIIT 3 BOJOTMMH OYKHKOBO-YOPHHUIICBUMH CMEPEKOBO-SUTUIICBUMHU CyOyYMHAMH Ha OypHX TipChKO-
JICOBUX CEPETHBONOTYXKHUX CEPEAHBOCKENETHUX IpyHTax. 25. CHIbHOCHAIUCTI CXWIM MiBIEHHO-3aXiHOI eKcHo3uii 3
BOJIOTHMH OKHKOBO-YOPHHUIICBIMH CMEPEKOBO-SUIMIIEBIMH CyOydHMHaMH Ha OypuX TipChKO-ICOBHX CEpeIHBONMOTYKHHX
CepeHbOCKENEeTHUX rpyHTax. 26. CHIILHOCIAJANUCT] CXWIIM IMIBHIYHO-3aX1THOT Ta 3aXiJHOI €KCIO3HLIH 3 BOJOTMMHU 0)KUKOBO-
JOPHUIIEBIMH CMEPEKOBO-SUIMIEBUMH CyOyYHHAMH Ha OypHX TipCHKO-TICOBHX CEpPEIHBONOTYXKHHX, CEPeTHbOCKEIETHUX
rpyHTax. 27. Bono30ipHi Jiliky MiBHIYHO-CXiJHOI €KCIIO3ULII 3 BOJIOTUMH 0KHKOBUMHU CMEPEKOBO-SIUIIEBUMH CyOyunHAMU Ha
OypHX TipChKO-JIICOBHX CEPEAHBONOTYKHHUX CEPEAHbOCKEIETHUX TpyHTaX. 28. Bono306ipHi JiiiKy MiBAEHHO-CX1AHOT EKCIIO3HUIIIT
3 BOJOTUMU OXUKOBHUMH CMEPEKOBO-SUIMIIEBUMH CyOydnHamMu Ha OypUX TipChKO-TiCOBUX  CEpPEIHBONOTYKHHX
CepeHbOCKENeTHUX TpyHTaX. 29. Bomo30ipHi NiiiKK MiBACHHO-3aX1HO €KCIO3HIIii 3 BOJOTMMH OXXHKOBHMH CMEpPEKOBO-
STTMLEBUMH CyOydHMHaMM Ha OypUX IipChKO-JIICOBUX CEpPEIHbONOTYKHUX CEpPEeAHbOCKeNeTHUX IpyHTax. 30. Bono30ipHi miliku
MIBHIYHO-3aX1THOI EKCIO3HUIliI 3 BOJIOTUMH OXXMKOBUMH CMEPECKOBO-SUIUIICBUMH CyOydHHAMH Ha OypHX TipChKO-TICOBHX
CepeHbONOTY)KHUX CePeIHbOCKETIETHUX TpyHTaxX. 31. 3BOPH 3 BOJIOTUMH 0XKUKOBUMH CMEPEKOBO-SUINLIEBUMU CyOydHHAMU Ha
OypuXx TipChKO-TICOBUX TpyHTaX. 32. JIHWIIA TOTOKIB 3 CHPUMH STJIHICBO-OIIOKPEMEHEBHUMHU CMEPEKOBO-SUTUIICBUMHU
cyOy4rHaM¥u Ha OypHX TipCBKO-JIICOBUX IMOTYXKHHUX cinabockeneTHux rpyHrax. Ctpisi IV. Po3uneHoBaHi 1o1MHAMH TTOTOKIB
CHHKJIHAJIbHI 3HIDKEHHS 3 CWIBHOCIAIUCTUMH CXMJIaMH CKJIAJICHI BaIlHUCTUM apriliTOBUM (JIillleM 3 BOJIOTUMHU SIIMLEBUMHU
CcyOydrHAMHU HA TEMHO-OypHX TipCHKO-JIICOBHX MOTYXHHUX TPYHTaX (3aiHATI MepeBaXHO BTOPHHHUMU JIyKaMH 3 HACEICHUMH
nyHKTamu). Ypouuwa. 33. CuiapHOCHAIUCTI AUISHKU IpeOCHIB XpeOTiB MiBHIYHO-CXiZJHOTO IPOCTSATAaHHS 3 BTOPHUHHHUMHU
OyKBHIIEBO-KOCTPHIICBO-MITIMIICBUMH JIyKAMH Ha JCPHOBO-OYpO3EMHHX TMOTYXHHX CJIa0OCKENICTHUX TpyHTax. 34.
CuIbHOCTIAZMCT] CXWIM MiBHIYHO-CXiJHOI €KCHO3UMLii 3 BOJIOTUMU O>KUKOBUMM SUTHMLIEBUMHU CyOy4MHaMHU Ha TEMHO-OypHX
ripChKO-JTICOBHUX MOTYKHHUX CJIa00CKeNeTHUX rpyHTaX. 35. CHIIbHOCHAIUCTI CXMIIH MIBHIYHO-3aX1THOT €KCIIO3HIIiT 3 BOJIOTHMHU
O’KHKOBHMHU SITMLEBUMH CyOyYHHAMH Ha TEMHO-OYPHX TipChbKO-JIICOBUX MOTY)KHHUX CI1a00CKEIeTHUX IpyHTaX. 36. Bono30ipHi
JWKA MIBHIYHO-CXiMHOI eKCHO3WIil 3 BOJOTMMH OyKBHIIEBO-KOCTPHIIEBO-MITIMIIEBIMH JyKaMH Ha JEepHO-Oypo3eMHHX
MOTYKHUX CJIA0OCKEeNIeTHUX TpyHTax. 37. Bomo30ipHi niikM MiBHIYHO-3aXiAHOT €KCMO3MUII 3 BOJOIMMHU OYKBHIIEBO-
KOCTPHIIEBO-MITIINIIEBIMH JIyKaMH Ha IEPHO-OypO3eMHHX IIOTY)KHMX CIa0OCKEeNeTHHX TrpyHTax. 38. 3BOpH 3 BOIOTUMH
ATTHULEBO-KATIOAKHULIEBUMH CIPOBUIBIIHAKAMU Ha OypHUX TipChKO-JIiCOBUX IpyHTaX. 39. JIHUIIA OTOKIB 3 CUPUMHU SITIIHLIEBO-
O1TOKpEeMEeHEeBUMH CiPOBLIBITHAKAMH Ha IEPHOBO—OYPO3EeMHHX MOTYXHHUX clabockeTeTHHX IpyHTaX. B. BucoTHa micueBicTh
BUCOKHX TE€PACOBaHUX CXWJIIB PIYKOBUX JOJIMH 3 BTOPUHHUMM JIyKaMu Ha JepHOBO-Oypo3eMHux IpyHTax. Ctpis V. Cnagucrti
KPYIMHOCTYIIHYACTI TEPACOBaHI CXWIH CKJIAJCHI HEBAITHHCTUM apriliTOBO-ITICKOBUKOBHMKOBUM TOHKOPHUTMIUHUM (urimieM 3
BTOPUHHHUMU 3JIaKOBO-Pi3HOTPABHUMH JTyKaMU Ha JEPHOBO-OYpO3EMHUX HOTYXHUX MaJOCKEIETHUX IpyHTaX. Ypouuwa. 40.
Burykri moBepxHi BUCOKHX Tepac 3 OYKBHIIEBO-MITJIHIICBHMH JyKaMH Ha JIEPHOBO-OYypPO3EMHHX IOTYKHHX MAaJOCKEICTHUX
rpynrax. 41. CnagucTi CXWIM BHCOKUX Tepac MiBHIYHOI €KCIO3MLIl 3 KOCTPHUIEBO-MITAMLEBUMH JyKaMHU Ha JIEPHOBO-
OypO3eMHHX TOTY)XKHHX MalockeleTHHX TpyHTax. 42. CHaamcTi CXWIIM BHCOKHMX Tepac IiBHIYHO-CXiTHOI eKCHO3MIIi 3
KOCTPUIIEBO-MITJIMLIEBUMU JIyKaMH Ha AEPHOBO-0YPO3EMHUX MOTYKHUX MaJIOCKEIETHUX IPyHTax. 43. CHagucTi CXWIN BUCOKUX
Tepac MiBHIYHO-3aX1THOT eKCHO3UIIIT 3 KOCTPHUIICBO-MITIHIIEBUMHA TyKaMH Ha IEPHOBO-0ypO3eMHIX MOTYXHIX MaJIOCKEICTHHX
rpyHrax. 44. Bomo30ipHi JiKN MiBHIYHO-CXiAHOI €KCHO3HLIi 3 BOJIOTUMHU OYKBHLIEBHUMH JIyKaMH Ha JI€pPHOBO-OypO3eMHHX
HOTYXKHHX MaJIOCKEIETHHUX TpyHTax. 45. Bomo306ipHi mifiky MBHIYHO-3aXiTHOT €KCIO3HINT 3 BOJIOTUMU OyKBULIEBHMH JTyKaMH
Ha JIePHOBO-OYpO3EMHHX MOTY)KHHX MAaJIOCKEJIETHUX TIpyHTax. 46. 3BopH 3 CHPUMH OyKBHIIEBO-KAIIOKHHLEBUMHU
CIpOBUIBITHAKAMH Ha JEPHOBO-Oypo3eMHHX TpyHTaX. 47. JIHUIA TIOTOKIB 3 CHPUMH ATIHIEBO-0YKBHIIEBO-01TOKPEMEHHCTHMH
CIpOBIJIBIIHAKAMH Ha JIepHOBO-Oypo3eMHHX IpyHTax. I. BucoTHa MmicueBicTh TepacoBaHOTO AHMINA PIYKOBUX IOIMH 3
(dopMamisMu cipoi BUIBXHM Ta BTOPHHHHAMH JIyKaMU Ha JepHOBO-Oypo3zeMHHX TpyHTaX. CTpis VI. TloBepxHi HU3BKUX Tepac i
3aIIaB CKJIAJeHi Mil[aHO-TaJeYHUKOBO-BAJYHHUM aJIOBi€EM HA KOPIHHOMY apriJliTOBO-IIICKOBUKOBOMY IIOKOJi 3 CHPHMH
CIpOBUIBIITHAKAMH Ta BTOPHHHUMH 3]IaKOBO-PI3HOTPAaBHUMHM JTyKaMH Ha JEPHOBO-OypPO3EMHHUX TpYHTaX. Ypouuwa. 48.
CriazcTi OBEpXHI CepefHiX i HU3BKHUX Tepac 3 CHPUMH KaJIOXKHHUIIEBO-O1TOKPEMEHEBUMH CIPOBUIBIIHAKAMH Ha JEPHOBO-
Oypo3eMHHX IpyHTaxX. 49. J[HMIIA MOTOKIB CKJIAJEHI IpaBieM i rajbKolo e iHIe MOPOLIII CipOBUIBIIHAKAMH Ha JEPHOBO-
OyposeMHUX IpyHTax. 50. 3a1IaBH pik CKIIaJIeHi rpaBieM i FaIbKOIO 3 IyKaMHU Ta CHPUMH CipOBUIBITHAKAMHE Ha JTy9IHHX IPYHTaX.

*B Ha3Bax MICLEBOCTEH, CTPiH 1 ypOUHIL ITIOJJAaHO CyYaCHUH POCIMHHHUI IIOKPUB
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3HaYHO MCHIIIE YpaXeHb 3a3HAIOTH MOJOHIKH
(1,7 %), 1 naiimenme — npucturaroui gicu (0,7 %).
JlepeBocTaHU ypakeHi ONICHBKOM OCIHHIM ITOIIUPEHI
o BCiff TepHUTOpii MICIEBOCTI 1 3aliMarOTh IUIONLY
35,9 ra (5,1 %). HaifOinpmoro momkomKeHHs 3a-
3HAJU CTUTI AepeBoctanu — 4,1 %, He3HauHOTO — Ce-
penuboBikoBi (1 %). baktepii ypasunu 24,4 ra abo
3,5 % umiciB, 3 akux 1,6 % e momogusku, 1,6 % -
npucrturaroui, 0,1 % — crurii ta 0,2 % — cepeTHbOBI-
koBi. KopeHeBoto ry0Kkoro ypaskeHa He3HaYHa TII0MIa
nepecturnux JiciB — 2,1 ra (0,3 %).

MicHeBiCTh KpPYTOCXHJIOTO epo3iiHO-/IeHy1a-
LiAHOTO JICHCTOTO i BTOPUHHOIYYHOT'O HU3BKOTIp s
(A) cxknmamaerncs 3 IBOX cTpiit Ta 19 BuaAiB ypouwny
(puc.1). Ctpis npencrasieHa rpedbeHeM xpedTa mo3-
JIOBXXHBOTO IPOCTATAHHS Ta KPYTHMH TpHUrpedcHe-
BUMH CXWJIaMH CKJIaJIcHa BalTHUCTUM IICKOBHKOBO-
apriTITOBO-MEPrebHIM JAPIOHOPUTMIYHIM (JTiIIeM
3 BOJIOTHIMH STMIIEBUMH CyCMepeuYrHAaMH Ha CBITJIO-
OypHuX TipCHKO-TiCOBHX MAaJIOMOTY>KHUX CHIIBHOCKE-
netHux rpyntax (I) zaiimae 22,8 % Bin Bciei mocii-
oKyBaHoi Tepuropii 1 50 % Bix miomi MiCLEBOCTI.
Teputopii BKpHUTI JiCOM TYT CTaHOBUTH 65,5 % Bix
IO BCi€i CTpii.

B mexax ctpii cranom Ha 1.01.2018 poky BusiB-
JICHO, IO HEKPO30M Ypa)keHi HAHOUIBbINI IUIOINI —
38,3 ra (13,5 %). BoHu 3HaxX0IAThCS B MiBJICHHO-CXi-
THiM gacTuHi cTpii 1 mpuypodeHi no maHAmAaPTHIX
YPOUHII] KPYTUX CXUITIB MiBHIYHO-CX1HOT €KCIIO3HUIIIT
(5) (Tyr 1 mami HaBOAATBCS CKOpOUYEHI Ha3BH ypO-
YHII), BOJO30IpHUX JTIHOK MiBHIYHO-CX1AHOI 1 IiBHIY-
HOIT eKcrio3uIlii (8), piamie 70 KpyTUX CXWJIIB IiBHI-
YHO-3axi1HO1 ekcrio3utii (7), sKi 3alHSTI CTHTIIMMH
Ta TMPHUCTUTAIOYMMH TMOpoAaMu cMmepeku. [lomiko-
JUKEHI OITeHbKOM JIicH 3aitmaroth 18,2 ra (6,4 % Bin
TUTOIL JIiCiB B JIaHii cTpui). BoHM 3HaX0AsTHCS MIepe-
BR)KHO Y MIBJCHHO-CXIHIM 11 YaCTHHI 1 4YaCTKOBO Y
MiBHIYHO-3aX1/THIN. BUTBIIICTh ypaxeHNX HacaHKeHb
3HAXOJUTHCS B YPOUHUIIAX KPYTHX CXWIIIB MiBHIYHO-
cXigHOo1 ekcno3utiii (5), sKi 3aiHATI CTUTIIMMU JIicaMH
1 HE3HAYHA YAaCTHHA TPUYPOUCHA /IO YPOUHMII] KPYTHX
CXWJIIB MIBHIYHO-3aX1/1HOT ekcro3wilii (7) Ta BEpXHBOT
YaCTHHHU YPOYHMIIA BOJA030IPHOT JIIHKK MiBHIYHO-CXi-
nHOT ekcrio3uttii (8). JlepeBocTanu ypaxeni Oakrepi-
siMe 3akiMaroTh wiomy 8,9 ra (3,1 %). Bonu npuypo-
4eHi ;1o ypouu 3BopiB (10) i HIXKHIX YaCTHH KPYTHX
CXWIIIB TiBHIYHO-cXigHOT (5) Ta MiBHIYHO-3aXiTHOT
(7) excIo3HmIIii.

[omxkomkeHi kopoigom-Tunorpadom gepeBoc-
TaH| 3arajapHOI0 romiero 8,0 ra (2,8 % Bix Teputpiit
BKPUTHUX JIICOM) 3HAaXOJSAThCSH B MiBHIYHO-3aXiJHIN
YacTUHI CTpii 1 MOB’si3aHi 3 ypOUMIIAMH T'peOCHiB
KpYTOIIaIal0uMX BiJpOTiB XpeOTiB MiBHIYHO-CXiJI-
HOTO MpOCTSTaHHs (4), KpyTUX CXHJIIB MiBHIYHO-CXi-
JTHOI excrio3wuilii (5) Ta mBHIYHO-3aX1THOT €KCIIO3HUIIi i
(7), a TaKOX HIKHIX YaCTUH BOJIO30IpHUX JIIOK ITiB-
HIYHO-CX17HO] 1 MBHIYHOI eKkcro3utiii (8).

Crpis mpeacTaBieHa CHCTEMOIO KYITOJIOIOMi0-
HUX BEPUIMH 1 Ci[UIOBHH, KPYTUX 1 CHIIBHOCTIATUCTUX
CXWIIIB CKJIaJE€HUX HEBAaITHUCTUM apriliTOBO-MICKO-
BHKOBUM TOHKOPUTMIYHHUM (ITIIIIEM 3 BOJJOTHUMH CMeE-
pexoBo-sumneBnMu cyOyunnamu (I1) 3aitmae 22,7 %
IUIONI JTOCIiKyBaHOi TepuTopii Ta O6ausbko 50 %
ionti miceBocti A (puc. 1, Tab. 2). Maibke Bcs Te-
puTopis ctTpii BkpuTa micom (95,7 %) 3 sixoi 74 ra abo
17,9 % ypaxkeHa miconmaToOMOTiYHUMH IPOLECAMHU.
[lepeBaxkHO cepenHBOBIKOBI HacaKEHHs MOIIKO-
JUKeH1 KopoimoMm-tumorpadgoM. BoHn mormmpeHi mo
BCiif CTpii, B OCHOBHOMY B yPOUHIIaX KPYTHX CXHIIIB
MIBHIYHO-CXiHOI 1 TiBHIYHOI ekcmo3umiii (15) Tta
KpYTHX CXWJIiB MIBHIYHO-3aX1THOI Ta 3aXiTHOT EKCITO-
suriit (16). HeBenuki 1UTOIMI, 3 MPUCTUTAIOYNMH Ta
CepeTHbOBIKOBUMH JIEPEBOCTaHAMH, YPaKEeH1 KOpPOi-
JIOM TaKOX B YPOYMINAX BOJO30IpHUX JIIMOK IMiBHi-
YHO-CcXigHO1 ekcro3utii (17) Ta 3Bopis (19).

JlicoBi MacuBH ypaxkeHi ONICHHKOM OCIHHIM Kyp-
TUHHO TIOIIUPEH] O BCiil cTpii i 3alimaroTh 17,7 Ta
(4,3 % Big mowi BkpuToi ticom). Haiibinbina Tepu-
TOpis ypaKeHHS 3HAXOAWTHCS B YPOUHINI KPYTOTO
CXWITy TiBHIYHO-3aXiHOT ekcno3uii (16) B cTUrimx
JIEPEeBOCTaHAX Y MIBIACHHO-CXIAHIM YacTHHI CTpii.
KpiM Toro ypaskeHi AepeBOCTaHU IOMIHIICHI B ypo-
YHIaX KPyTUX CXUIIIB MiBHIYHO-CXiIHOI 1 MiBHIYHOT
excnosuiit (15), 9xi BKpUTI cepeTHbOBIKOBUMH Ji-
caM¥, BOJIO30IpHUX JTIMOK MiBHIYHO-3aX1THOI €KCIIO-
3unii (18), Mo BKpUTI cepeIHBOBIKOBUMH Ta CTHT-
JTMMHU Jticamu, 3BopiB (19) 3 cTUriMMu nepeBocTa-
HaMH.

JlepeBocTaHU MOIIKOKEHI OakTepisMu 3aiima-
10Th oty 15,5 ra (3,7 %, 1 po3miliieHi 1o Beii cTpii
— B OCHOBHOMY B MOJIOJIUX JICPEBOCTAHAX 1 B MEHIIIIi
KIIBKOCTI B IPUCTUTAIOYUX Ta CTUIIIHX Jicax (Tab.1).
Bonu 3HaxosThCs B YpOUHIIAX KPYTHX CXHIIIB TiB-
HIYHO-CXiIHOT 1 MiBHIYHOI ekcrio3uii (15) Ta kpyTHx
CXWJIIB IMBHIYHO-3aXiTHOI Ta 3aXiTHOI E€KCIO3UIII
(16). HeBenuka rutoria ypaxeHUX MPUCTUTAFOYNX JIe-
pPEBOCTaHIB poO3MillleHa B YpOuHIl BoJ030ipHOT
JTHKY MBHIYHO-31XiqHO01 ekcro3uitii (18).

Hekpozom momkomkeno 7,7 ra (1,8 % mmomri
CTpii 3alHATOT JlicoM). YpaxeHi JUISTHKY Haca»KeHb
e MPUCTUTAIOY1 JIEPEBOCTAHY, SIKI HAsBHI B YpOUH-
max rpebeHiB KpyTonaaaroyux BiIporiB XpeOTiB MmiB-
HIYHO-3aX1THOTO TpocTsraHHs (14), KpyTHX CXWITiB
MiBHIYHO-CXIJTHOT 1 MBHIYHOI ekcro3utiii (15), kpy-
THUX CXWIIB MiBHIYHO-3aXiAHOI Ta 3axifAHOi eKcro3u-
uit (16). Crurni jicu ypaxkeHi HEKpO30M TMOIIUPEHi
B ypouniiax 3BopiB (19) ta Boj0306ipHUX JilKaX MiB-
HiyHO-3axinHOi excrio3uuii (18). JepeBoctanu ypa-
JKEH1 KOPEHEBOIO TYOKO0 3aliMaloTh HE3HAYHI TUTOII
—2,1ra (0,5 %). Lle mepecTurii aepeBOCTaHU B ypo-
YUI KPYTOrO CXWIy MiBHIYHO-3aXiJJHOT €KCIO3u-
uii (16).

MicueBicTh CIAAUCTOCXUIOTO €pO3iHHO-IeHY-
JAIIHHOTO JIICHCTOTO 1 BTOPHMHHOJIYYHOTO HHU3BKO-

-185 -



Cepisi «[eonozisi. [eoepagpisi. EKonoeisi», sunyck 49

rip’s (b) 3aitmae 32,5 % mutomi Bei€i JocimKyBaHol
TeputTopii. TyT BKpPHUTI Jicamu 3€MJi CTaHOBIATH
409,4 ra (66,6 % Bix BCi€i miomi MicleBOCTi). Ypa-
JKEHI JIICOMATOJIOTIYHUMH TPOIIeCaMu JICPEBOCTaHU
3aiiMaroth 60 ra (14,6 % Bix Mo 3alHATOL T1iICOM)
(ta6.1). Hait6inpmni 1utomii JIiciB y MiCIIEBOCTI ypa-
*eHi kopoigoM-tunorpadom — 39 ra (9,5 %.). Le ne-
PEBaXXHO CEPEIHBOBIKOBI JACPEBOCTaHU, sKi 3aiiMa-
10Th m0mmy 6,2 %. 3HauHO MEHIIY IUIOILY ypa>KeHHS
MaloTh CTUIII IepeBocTanu - 1,5 %, mpucTUTar4i —
0,9 % 1 narimentry — monousku (0,4 %). OneHskoM
nomkomkeno 13,3 ra (3,2 %) mepeBocTaHiB, 3 IKHX
MPUCTUTAIOYi CTaHOBIATH — 4,9 %, cturni — 1,6 %,
cepennboBikoBi — 0,7 % 1 monomgusiku — 0,4 %. bak-
TEepISIMH TIOIIKOACHI CEpEeaHBOBIKOBI JIEPEBOCTAHH,
sIKi 3aiimaroTh momty 7,2 ra (1,7 %), a HeKkpo3om —
HE3Ha4Hl IUIOIII MOJIONUX JepeBocTaHiB (1 ra abo
0,2 %).

MicHeBICTh CIATUCTOCXHUIIOTO €PO3iHHO-IEHY-
JAIIHOrO JIICUCTOTO 1 BTOPUHHOJIYYHOTO HH3BKO-
rip’s (b) ckiagaeTbes 3 1BOX BUAIB cTpiil Ta 20 BUIB
nmaaamapTHEX ypounil. Bun cTpii, skuii yTBOPIOIOTH
crcTeMa KyTMoJIONOMIOHUX BEPIIHH 1 CIIJIOBHH, KpY-
TUX 1 CWJIBHOCIIAIUCTHX CXUJIIB CKJIQJICHUX HEBAITHU-
CTUM apriJiTOBO-TIICKOBUKOBUKOBUM TOHKOPHUTMIU-
HUM (QIIIeM 3 BOJIOTHMH CMEPEKOBO-SUTHIICBHMU
cyOyunHaMmu Ha OypUX TIPCHKO-TICOBUX CEPEAHBOIIO-
TY)XHUX TPYHTaX, MPEACTABICHHI JBOMA KOHTYPaMHU
(II1.1 1 I1.2). Cpiis I11.1 3aiimae oty 376,5 ra (61,3
% wmicueBocti). TepuTopii BKPUTI JIiCOM TYT CTaHOB-
ns1th 74,5 %. UlkigHUKaMu Ta XBOPOOAMHU Ypa)KeHO
19,7 % mnomi ctpii nokpuroi sicom (puc.2, tad.l).
JlepeBoCTaHH, sKi 3a3HAIN yPaKECHHSI, TIOIIUPEH] MO
Teputopii Beiel cTpii. JepeBa ypaxkeHi KOpoijoM-TH-
nmorpadoM 3aiimMaroTh HaWOimbmTy TUTOIMY — 37,3 Ta
(13,2 %.) CepenHboBiKOBI 1epeBOCTaHH, YpaxKeHi KO-
pOioM, B OCHOBHOMY 30CEPE/PKEHI B YPOUMILAX CH-
JIBHO CHAJAUCTHX CXWIIB IMIBHIYHO-3aX1IHOI Ta 3axij-
HOI excrno3uii (26), BOJ030ipHUX JIHOK MiBHIYHO-
cxigHoi ekcrmo3utii (27), BOJA030ipHUX JIHOK MiB-
JEHHO-CX1HOT ekcro3ullii (28), Bomo30ipHUX JIIHOK
MiBHIYHO-3axigHOi ekcrmo3umii (30). MeHm Turorni
YPaXKEHHS 30Cepe/PKEH] y CTUTIINX JePEBOCTAHAX B
YpOUHMIIaX CHIIbHOCTIATUCTUX CXHJIIB ITIBHIYHO-3a-
XiJHOT Ta 3aX1JHOI eKCIo3uIlii (26) Ta CHILHOCTIAIH-
CTUX CXWIIB INIBHIYHO-CXIZHOI 1 MIBHIYHOI €KCIIO3H-
it (23). YpakeHi KOpoiJJoM MPUCTHTAIOYi JIepeBOC-
TaHUW 3aiimMatoTh He3HauHy 1wiomry (0,9 %) B ypoun-
max CHIBHOCMAJAUCTUX CXWIIB TMiBICHHO-CX1THOI
eKCIo3uIIil (24), CHIIbHOCTIAAMCTUX CXUJIIB MIBHIYHO-
3axiHOI Ta 3axifHOI ekcrmo3ulli (26), MHHII MOTO-
KiB (32).

[Inomi nepeBocTaniB ypaxeHi ONIEHbKOM 3aiimMa-
101 11,6 ra (4,1 % Bij ruromi cTpii 3alHATOT JIicOM).
BoHu MaioTh MicClie B ypOUHIIax CHIBHOCHAIUCTHX
CXWIIB IIBHIYHO-CXIAHOI 1 MIBHIYHOI €KCIIO3HUIIHN
(23), CHUIBHOCIIATUCTUX CXWJIIB MiBIACHHO-3aXiTHOT

ekcro3uilii (25), CHILHOCIIATUCTHX CXHITIB TiBHIYHO-
3aXiTHOI Ta 3aXiJHOI eKCIo3uIlik (26), BOg030ipHIX
JHOK MiBHIYHO-CXiTHOT eKCITo3uIlii (27).

B miBneHHO-CXiHIN YacTUHI cTpii HA IO 7,2
ra (1,7 %) B cepeqHhOBIKOBHAX JE€PEBOCTAHAX BHSB-
JIeH] JTicH ypakeHi OakTepisMu, SKi MpUypoUeHi 10
JaHIIAPTHAX YPOUHWII CHUJIBHOCIAAUCTHX CXUIIB
MBHIYHO-CXITHOI 1 MiBHIYHOI ekcmo3uiiit (23), cu-
JHHO CHAMCTUX CXWIIB MIBHIYHO-3aX1AHOI Ta 3axin-
HOT eKcIo3ulliii (26) Ta BOA030ipHUX JTIHOK MiBHIYHO-
3axigHoi excrio3uiii (30).

Crpis 111.2 3aiimae uromry 116,5 ra (18,9 % Big
wromi MicueBocTi). [Tokpuri JicoMm 3emii B Mexax
cTpii craHOBIATE 84,5 ra (72,5 % Big Beiel i ruromi).
[TomkopkeHi MKiTHUKAMU Ta XBOpoOaMu JICH TYT
3aiimMaroTh Bcboro auie 4,6 ra (5,4 % Bix TepuTtopiii
BKpUTUX JicoMm). Kopoigom-tunorpadom momko-
mkeHo 1,7 ra (2 %) nepeBocTaHiB, Ki HasBHI B ypo-
YHIIi BOJ0301pHOI KM MIBHIYHO-3aX1THOT €KCITO3H-
mii (30). OmeHbKOM OCIHHIM ypaXKeHa Taka cama
IUIOIIA, TMOIIKO/PKEHI JIePEeBOCTAHH 3HAXOMAATHCS B
ypoUHIax CHAANCTUX MAUITHOK TpebeHiB XpeOTiB
(22), cunpHOCHAOUCTUX CXWIIIB MiBHIYHO-CXiTHOI 1
miBHIYHOI ekcro3ullii (23), BoJo30ipHUX JIIHOK TiB-
HiYHO-CcXigHOi ekcrmo3mmii (27). Haitmenmma miormma
JepeBOCTaHiB ypaxkeHa Hekpo3oM — 1 ra (1,2 %). Lle
Ma€ MiCIIe B YPOUHIIAX CHAIUCTUX AUITHOK rpeOeHIB
xpeOTiB (22) Ta CHILHOCTIATUCTUX CXHJIIB MiBHIYHO-
3axiHOI Ta 3aXigHOoi ekcro3umii (26), SKi MOKPHTI
MOJIOZHSKAMH.

Crpis npeacTaBieHa CHHKIIIHATBHUMY 3HW)KEH-
HSIMHU PO3WICHOBAHUMH JIOJIMHAMU TIOTOKIB 3 CHITBHO-
CIQ/INCTUMH CXUIIAMU, AKi CKIIQJIeHI BATHUCTHM ap-
riTiToBUM (TilieM 3 BOJIOTHMH SUTHLIEBUMH CyOy4H-
HaMU Ha TEMHO-OypHX TipCHKO-JICOBUX ITOTYXHHX
rpyHrax (IV) 3aiimae 121 ra (19,8 % Bix miomi mic-
1eBocti). Jlicamu Tyt 3aitasro numie 36,6 % ot
CTpii, B AKMX TIiJ1 Yac JIOCIIPKEHb HE BUSBIICHO JIICO-
MATOJIOTIYHHX MPOIIECIB.

BucHoBku. B pe3ynbraTi IpoBeICHHS JaH/IIa-
(THOTO aHaNi3y MOMIMPEHHS JiCOMATOIIOTIYHUX MPO-
neciB Ha reputopii Lllemopcerkoro [TH/IB 3’sicoBano,
10 BOHU TOB’s13aHi 3 KOPOinoM-tunorpadom, sKuM
ypaxeHno 37,5 % nepeBocTaHiB, ONIEHbOKOM OCIHHIM
— 23,6 %, Hekpo3om — 22,6 %, Gakrepismu — 15,2 %
i KopeHeBo ryokoro — 1,02%. 3aransHa rroma ypa-
JKEHHUX JiepeBocTaHiB ctaHoBUThH 207,8 ra (18,8 % Bix
3aranpHOI ol JicoBkputux I1TK).

Haii0inpmoro BcuxaHHs 3a3Halli I€PEBOCTaHH B
ypOUHIaX KPYTHX CXHJIIB MiBHIYHO-3aX1JTHOI 1 MiBHi-
YHO-CXIJIHOT €KCIIO3HIli{, BO/I030IpHUX JIIHOK IMiBHI-
YHO-3aX1HOI 1 MBHIYHO-CX1HOI EKCIIO3HIIIH Ta 3BO-
pax. ApeaiH BCHXaHHS MEPEBAXKHO MPHYpPOUYEHI IO
KOHTaKTHHUX AUISHOK CTPIil Ta YPOYHMIIL.

Takoxk crocTepiraeTbest NPUypOUEHICTh TIEBHUX
JiCONaToNOTiYHUX SABUII 10 TeBHUX ypouni. Hanpu-
KJIaJ], IEPEBOCTaHN ypaKeHI HEKPO30OM B OCHOBHOMY
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3HaXOAATHCS B ypOUHIaX TpeOeHIB XpeOTiB, KPYTHUX
MIpUTPEOCHEBUX CXIIIIB 1 BOA030IpHUX JTIHOK B MEKax
LIUX K€ CXUJIIB.

[IpoBenenmii ananiz igaHAMAPTHO-TICONATONIO-
TiYHOT cHTyamii Ha JOCHTiKYyBaHId TepuTopii CBiA-
YUTh, IO HAWOLIBIIA PI3HOMAHITHICTH 30YIHUKIB

JCOMATAIOTIYHNX TIPOIIECIiB XapakTepHa s ypo-
YUI KPYTUX CXIIIB PI3HUX €KCITO3UIIIH, OCKITIBKU B
WX YPOYMINAX 3yCTPIYarOThCS JCPEBOCTAHM, SKi
ypaxeHi KopoigoM-TurorpagoM, HEKpo3oM Ta Oak-
TEPisIMH, TOJI SIK IS IHITUX BUAIB YPOUHII] I1e HE Xa-
paKTepHoO.

BHecok aemopis: seci asmopu 3poburnu pigHUl 8HECOK y Uto pobomy.
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FEATURES OF LANDSCAPE AND FOREST PATHOLOGY PROCESSES DIFFERENTIATION
IN THE SHESHORY NATURAL SCIENTIFIC RESEARCH DEPARTMENT
(“HUTSULSHCNYNA” NATIONAL PARK)

Goal. During fieldwork, the detailed landscape and forest pathology research was carried out at the key
site of the Sheshory Natural Scientific Research Department (NSRD) of the Hutsulshchyna National Park. The
purpose of these studies was to determine the landscape differentiation of forest pathology processes in the
studied area.

Method. The method of landscape field mapping by G. P. Miller and the methodology of research on
forest-pathological processes by O. M. Fedirko were used. Arc Map 10 software was used at all stages of the
research. The basis of the research was the usage of different cartographic materials, cosmic pictures, plans of
plantations, forest-tactical descriptions and forest pathology surveys of the Sheshory NSRD.

Results. As a result of the conducted landscapes and forest pathology researches it has been determined
that the largest pathogen of forest pathology processes is the bark beetograph, because it has damaged (37.5%)
of the stands, a significant proportion of the stands have been damaged by necrosis (22.6%), armillaria (23.6%),
bacteria (15.2%), Heterobasidion annosum (1.02%). Total area of natural territorial complexes (NTCs) with
affected forest stands is 207.8 hectares (18.8%) of the total area of forest-covered NTCs. The largest proportion
of affected trees belongs to ripe strains, the age of which is 80-100 years (33.4%) and medieval — 40-60 years
(32.2%). The overgrown forests, whose age is over 100 years old are affected the least (1%).

Trees, which are concentrated in the tracts of steep slopes of the northwest and north-eastern exposition,
the drainage basins of the northwest and north-eastern exposition and edgings, suffered the greatest loss. There
is a pattern that dry areas are confined to the junction of the NTCs, in this case, the strike and the simple tract.

After analyzing the landscape and forest pathology situation in the studied territory, it has been found that
the greatest variety of pathogens in forest pathology processes has steep slopes of different exposures, since
within the same tract there are tree species affected by bark beetle, necrosis and bacteria, which is not
characteristic for other types of tracts.

Scientific novelty. On the territory of the Pokutsk Carpathians landscape-logging research was carried
out for the first time. A landscape map was made on a key plot at the level of terrain, a line and tracts on a
scale of 1:25 000, detailed forest pathology studies were carried out within the key area, the spatial arrangement
of the areas of dry stands and their area was determined. The percentage of affected areas to the morphological
units of the landscape is determined using the Arc Map 10 software. Dependence of forest pathology phenom-
ena distribution on the landscape structure of the territory has been determined.

Practical significance. Materials of research can be used by employees of the scientific departments,
employees of the forest protection department of the Hutsulshchyna National Park, the Ministry of Ecology
and Natural Resources of Ukraine in developing recommendations for environmental protection measures in
the territory of the Hutsulshchyna National Park and other forest users, the Emergency Department of the
Kosiv District Administration, and other structures, concerning nature conservation, recreation and tourism.

Keywords: forest pathology processes, forest wreckers, forest diseases, natural territorial complex
(NTC), terrain, tract, woodlands.
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THINKATUBHUMN JJAHIIIA ®THAN MOHITOPUHI' HAIIOHAJIBHUX
INPUPOJHUX ITAPKIB (HA ITPUKJIAAI TEPUTOPII HIIII «CJIOBOKAHCBKHNN»)

Y cmammi npedcmasneno susuenns nanowagpmuux 3min mepumopii HIIII « Cnoboscancokuily 6 patioHi 3a60104enux OilaHOK
uepe3 NpoeedeHHsl IAHOUWADMHO20 MOHIMOPUH2Y. A6mopamu NPoananiz08aHo MONCIUBOCE 0OPOOKU OAHUX 3a OONOMO20I0 Oewud)-
PY8aHHA KocmiyHux 3Himkie ma cyyacnux I'IC-mexnonoziu. Inouxamusnumu o6 exmamu 1aHOwagpmuo2o MoHimopuney 6yno ooparo
6800HO-0010MAHI Y2i005, a be3nocepeOHiMU THOUKAMopamu — 3MiHU KOHMYPi8 B0OHO-0010MAHUX Y2iOb | POCTUHHO20 NOKpuU8y. Aemopu
OIUULIU BUCHOBKY, WO MPAOUYITIHI MEMOOU TAHOWUAGMHUX OOCTIONCEHb € HAOMO 2POMIZOKUMU | ROMPEOYIOMb 6eIUKE 3ampamu Yacy,
a 3acobu e sacmapinumu. Ananiz podim 3 nposedenHs 1aHOWAGMHO20 MOHIMOPUH2Y NOKA3AB, WO HA CbOLOOHIUHIL OeHb AKMYATbHUM
i nepcneKmuHUM € UKOPUCIAHHS KOCMIYHUX 3HIMKI6 3 8lokpumux 6a3 danux (Landsat 8, Sentinel-2), siki maroms npocmopogy po3-
oinvry 30amuicmo 10-60 m. ¥V cmammi nooano yoockoHaneHy mMemoouxy npoeedenHs: IaHOUApmHOT 3UOMKU HA KAMEPATbHOMY ma
NOLOBOMY emanax 00Cniodcenta. [Jna yKnaoanus kapmu-einomesu 6yio oOIpyHmoeano eudip KOCMIUHUX 3HIMKI6 Ma eKChepuMeHma-
JILHO 8U3HAYEHO Memoou ix 06pobku. [{na docnidxcenna obparnoi mepumopii 6yno oewugposano kocmiuni suivku PlanetScope 3 eu-
COKOI0 NPOCMOPO80I0 po30inbHOI 30amuicmio — 3 M. Takod asmopamu 3anponoHO8ano IHCMpymMeHmu 015 00pOOKU 2e00aHUX 8 NPO-
epamuomy cepedosuwi SAGA, ArcGis, QGis. byno ecmanosnero, wo Haiikpawi pe3yivmamu 018 3HAYHOI mepumopii 00CHi0HCeHHs
MOJCHA OMPUMamu 3a 00NOMo2010 3HimMKié Landsat 8, wo sk pesynomam nooae Oinviu ceHepanizosane memamuyne 300paxicents, d
02151 HeBeNUKOI 3a NAowWelo OLIAHKU A8MOPU PeKOMEHOYIOMb BUKOPUCTOBYBAMU KOCMIYHI 3HIMKU 3 OLIbW MOYHOIO NPOCMOPOBOIO PO3-
OLNbHOI 30amuicmio. Y cmammi onucano emanu 1aHOWAGMHO20 Kapmozpayeants ma cmeoperus basu danux. Excnepumenmanoho
006€0€HO, WO HAUKPAWI pe3yibmamu 0euu@pyeantsi KOCMINHUX 3HIMKIE OMPUMAHO 3A805KU NPOSEOEHHIO HANI8AGMOMAMUYHOT KIa-
cughirayii' 3 6ubOpom emanroHHUx (KOHMPOILHUX) OiNsAHOK. beznocepednvo 6 noai npoyec nanowadmuol 3oMKU npedcmasieHuil as-
mopamu sK HanigagmomamuyHull 3 eukopucmanuam cydyacnux I'IC-oodamxie NextGis, ArcGIS. Ilpedcmagnena memoouxa ma o6rpy-
HMYBAHHS NPOBEOEHHS IAHOWADMHOT 3UIOMKU Y CHOCIO, onucanull 8 pobomi, Ha OYMKY A8Mopie, € 8ellbMu NEPCHEKMUBHOIO 0 NPO-
8€0€HHsL TAHOULAPMHO20 MOHIMOPUH2Y BAHCKOOOCMYNHOI OLIAHKY 600HO-00I0MHUX Y2i0b 8 MEHCAX NPUPOOOOXOPOHHOL mepumopii.

Knwwuoei cnosa: inouxamugHuil 1aHOuaGmHull MOHIMOPUHE, POCIUHHI YePYNO8aHHs, 800HO-0010mHI yeioos, PlanetScope,
Sentinel-2, nanisasmomamuuna knacugixayis, osepaetinuii ananis, NextGis.

A. IO. Oguapenxo, O. B. 3anoéoscrkas. HHIIHKATHBHBIH JTAHJIIIA® THBIH MOHHTOPHHT HAITHOHAJTbHBIX
IIPHPOJHBIX ITAPKOB (HA ITPUMEPE TEPHTOPHH HITII «CIOBOKAHCKHHY). B cmamve npedcmasneno usyuenue
aanouwagpmuwix usmenenuti Ha meppumopuu HIII « Croboscanckuily  patione 3a00J104€HHbIX YHACIKOS NymeM NPo6eoeHuUst IaHOuA-
@dmHo20 MOHUmMOPUHEA. ABMOPAMU NPOAHATUZUPOBAHBI BO3MONHCHOCHIU 0OPABOMKU OAHHBIX C NOMOUBIO OeUUDPUPOBAHUS KOCMUYE-
cKux cHumros u cogpemennvix I UC-mexnonoeuii. MHOuUKamueHviMu 06veKmamu 1aHOUa@mHo20 MOHUMOpUHea OblaU 8b10PAHbL 60~
OHO-0010MHbIE Y200bsl, A HENOCPEOCMEEHHVIMU UHOUKAMOPAMU — USMEHEHUS KOHMYPO8 8600HO-00IOMHbBIX Y20OuUll U paACMUmMenIbHO20
noKposa. Aemopul npuwiiu K 861600y, YmMo MpaouyuoHHble Memoobl TAHOULADMHBIX UCCIeO08AHUL AGTAIOMCA SPOMOIOKUMU U pe-
Oy1om 6ONbWUX 3ampam 6peMeHU, a cpeocmaa AGIAIMCs yemapesuumu. Ananus pabom no nposeoerulo 1aHoumapmno2o MOHUmMo-
PuH2a NOKA3A, YMO HA Ce20OHAUHUL OeHb AKMYANbHBIM U NePCNEKMUSHIM ABNACCA UCNOb308AHUE KOCMUYECKUX CHUMKO8 U3 OM-
Kkpuimblx 6a3 dannvix (Landsat 8, Sentinel-2), komopule umerom npocmpancmeentnoe paspeutenue 10-60 m. B cmamwve npedcmaenena
YCO8EPULEHCIMBOBAHKAS MEMOOUKA NPOGEOeHUs TAHOWADMHOU CHeMKU HA KAMEPATbHOM U NOJEBOM IMANAx ucciedosanus. s coc-
mMagieHus Kapmol-2unomesvl 6bli 0O0CHOBAH 8bIOOP KOCMUYECKUX CHUMKOS U IKCHEPUMEHMANLHO OnpedeieHbl Memoobl ux 0opabo-
mku. J{na uccredosanus eublopanHoll meppumopuu 6viau oewugposansv Kocmuueckue cHumku PlanetScope c évicoxkum npocmpancm-
sennbviM paspeuwtenuem - 3 m. Takoice agmopamu npeonodicenvl uHcmpymenmol 015 06pabomku 2eodannvlx 6 npocpammax SAGA,
ArcGis, QGis. bbLio ycmaHosneno, 4mo Hauryduiue pe3yabmamyl 015t 3HAYUMENbHOU MEPPUMOPUU UCCE008AHUSL MONCHO NOTYHUMb
¢ nomowbio chumkog Landsat 8, umo kax pesyrvmam daem Ooiee ceHeparuzo8antoe memamuieckoe usoopaxjcenue, a s Hebolb-
w020 NO NAOWAOU YUACHKA ABMOPbL PEKOMEHOVIOM UCNONIb308AMb KOCMUYECKUE CHUMKU C O0llee MOYHLIM NPOCMPAHCMEEHHbIM Pa-
speuwtenuem. B cmamve onucanvl smansi 1aHOWAGMHOL0 Kapmoepaduposanus u co30anus 6a3vl OaHHbIX. DKCNEPUMEHMATbHO OOKA-
3aHO, YMO HAUTyHUwiue pe3yIbmamsl 0euudpuUposanUs KOCMUYECKUX CHUMKOS NOLYHeHbl NOCIe NPO8edeHUs NONYABMOMAMULECKOU
Kaaccughurayuu ¢ 6b160pomM SMAIOHHBIX (KOHMPOAbHBIX) yuacmkos. Henocpedcmeento 6 none npoyecc 1anouagQmuotl CoeMKu npeo-
CMmasien asmopamu Kaxk noiyagmomMamuieckuil ¢ uchoivb3osanuem cospemennvix I' UC-npunosicenue NextGis, ArcGis. Tlpedcmagnen-
HAsL MEMOOUKA U 0OOCHOBAHUE NPOBEOCHUs TAHOUADMHOU CoeMKU, ONUCAHHbIE 8 pabome, N0 MHEHUIO A8MOPO8, AEIAENCs 8eCbMd
NePCneKMuUBHbIM 0JisL RPOBeOeHUs TIAHOUWADIMHO20 MOHUMOPUH2A MPYOHOOOCHIYNHBIX YUACIKO8 600HO-00J0MHBIX Y200ull 6 npeodenax
nPUPOOOOXPAHHOT MEPPUMOPUU.

Knrouesvie cnosa: unouxamusenwiii 1anowa@musiii MOHUMOPUHS, PACMUMENbHbIE CO0OWeCm8d, 800HO-00I0MHbIE Y200bs,
PlanetScope, Sentinel-2, noryasmomamuueckasn knaccugurayus, osepaetinuii anaus, NextGis.

ITocTaHoBka npodJjiemMu. Y Haml yac HEOOXil- NPUPOTHOTO CEPENOBHILA € BUBYEHHS IPUPOIHO-TE-
HOI0 HAYKOBOIO OCHOBOIO TEPHUTOpIaIbHOI opraHiza-  putopiaibHux komuiekciB (ITTK) sik 06'ektiB mpupo-
1ii pamioHaJbHOIO BHMKODHUCTAHHS 1 OXOPOHHM  JTOKOPHCTYBAHHSL.

© Osuapenxo A. IO., 3amoboscvka O. B. https://doi.org/10.26565/2410-7360-2018-49-15
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BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

B ymoBax cywacHOi rocmomgapcbkoi HisTbHOCTI
30UTBITY€ETHCS BIUIMB HAa (DYHKITIOHYBAaHHS TIPUPOI-
HOTO CepellOBHINA, 30KpeMa Ha JaHAmadTu. 3amis
30epekeHHs] TPUPOJHMX KOMIIOHEHTIB Ta B3ae-
MO3B’SI3KiB M’K HIMH CTBOPIOIOTH IPHUPOIO0XOPOHHI1
TEPUTOPIi PI3HOTO CTyHeHs 30epeKeHHS MPUPOTHUX
nmagamadTie. lle nutaHHS 0COONHMBO aKTyanbHE
II0I0 HAIliOHATBEHUX Tpupoauaux mapkis (HIIIT), 6o
TYT Ha OJIHIN TePUTOPil TOEAHYIOTHCS IPUPOTHO-aH-
TPONOTeHHi Ta NpupoaHi nangmadTu. o Toro x oc-
HOBHI (DYHKLUIT TAKUX 00’ €KTIB € CYTTEBO KOHKYPEHT-
HUMH, MO0 TOTpeOye MOHITOPHUHTY 3MiH HasBHUX
na"amagTIB.

3a BuzHaueHHsM [3paens FO. A. (1978) mowniTo-
PHHI TPEACTaBIsIE COOOI0 CHUCTEMY CIIOCTEPEKEHb,
sIKa JTI03BOJISIE BU3HAYMTH 3MIHH CTaHy OiocdepH i
BILTMBOM aHTPOINOTEHHOI MisUTbHOCTI [8]. ¥ 3B'I3KY 3
IHTEHCUBHAM PO3BUTKOM TEXHIKH 1 TEXHOJIOTIH, CLITb-
CHKOT'OCIIOAAPCHKOTO 1 TPOMHCIIOBOTO BUPOOHHIITRA,
CTBOPEHHSM TPAHCIIOPTHUX CUCTEM 3POCTAE IHTCHCH-
BHICTbh 3MIiHHU CTaHIB YCiX KOMIIOHEHTIB JIaHIa(TiB.
Lle icToTHO BIUIMBA€ Ha 3MiHY CHiBBIIHOIIICHHS CKJIa-
JIOBHX PaliallifHOTo i TEIJIOBOTO OallaHCYy, IO BiIOH-
Ba€ThCsl Ha (POPMYBaHHI TEPMIYHOTO PEKHUMY Ta pe-
YKUMY BOIIOTOCTI MTOBITPS Ta TPYHTY, & TAKOX HA 0CO-
OIMBOCTSX MICIIEBOI IIUPKYIIALIi aTMOchepH.

MoHiTopuHT 3MiHM JaHAWAPTIB HEMOXKIHBO
3MIACHUTH TPAIUIIHHUMH METOJIAMHU 3a KOPOTKHUU
4ac i TOTATBHO Yepe3 Pi3Hy iX UyTIUBICTH i TITACTHY-
HicThb. TOMY CITi/i BU3HAYHTH Ti JIOKAJIbHI 00’ €KTH, SIKi
OyJy4ys HAHOUIBII YYTIMBHUMH, OJHOYACHO MAlOTh
MaJly IJIaCTUYHICTh, TOMY 3[aTHI IIBUIKO 1 aJeKBa-
THO pearyBaty Ha Oyab-siki 3MiHu. CaMe X MU Ha3u-
BAEMO 1HIUKATUBHUMU.

HacrymHa cyvacHa npoOiema — pealizailiss Mo-
HITOPUHTOBUX CIOCTEPEKEHb. 3a CYYaCHHUX YMOB,
TpaJUIIiHHI TOJBOBI 3aMipH 3MiH BUAAIOTHCS 1TI030-
PHHMH Yepe3 OOMEXKEeHICTh MaTepialbHUX 1 JIOJACH-
Kux pecypciB. OTKe, 3aIMIIA€TbCA €IMHA MOXKIIU-
BiCTh — BHKOPHUCTAHHS JMCTaHIIHHOI iH(opMallii 3
BIJTKPUTHUX JIKEPEJT, IO JIO3BOJISIE CYTTEBO 3MEHIIIUTH
BUTPATH 1 MOMITHO NPHUIIBUALIMTH OTPUMAaHHS pe-
3yJIbTaTiB. AJie B TaKOMY pa3i 3aroCTPIOIOTHCS IHU-
TaHHS TEOTEXHOJIOIH 1 KBali()iIKOBaHUX KaJpiB.
Came 1 npobiema neBHUN 9ac po3podsiiacs aBTo-
paMu Ha PUKJIIali po3poOKH JIaHAIA()THOTO MOHITO-
punry Tepuropii Cnodoxxancekoro HITIT.

OTxe, aKTyallbHICTh pOOOTH TIOJISTAE B HEOOX1/I-
HOCTI aHaJi3y iCHYIOYOro CTaHy JaHAmaTHOI cTpy-
KTypH, Ha OCHOBI 00po6ku manux /{33 ans mporHo-
3yBaHHS MMOAAJIBIINX 3MiH JaHamadTiB. AHAJI3 Kili-
MaTHYHUX YMOB Ta TMOPIBHAHHS IUIOIII BOAONM (3a
JaHUMHU [TOJILOBUX BUMIPIOBaHb Ta JAHUX KOCMIYHUX
3HIMKiB Sentinel-2 3 2016 poky) nokasas, 1110 IUIOIII
BOJIHOTO JI3epKaJIa TIOMITHO 3MEHINYIOThCSI.

Memoro nociimpxeHHs € BUOip KOCMIYHHX 3HIM-
KiB, BPaxOBYIOUHM TEPUTOPIIO TOCIIHKCHHS, BHOIp

ONTHUMAJIBHAX METOJIB iX OOpOOKHW M YKJIaTaHHSI
0asu gaHux JaHAma@THOI CTPYKTYpH (amid s
JaHqapTHOrO MOHITOPUMHTY Ha OCHOBI crocTepe-
JKEHb 3a JCKUIbKa POKIiB HA MiCLIEBOCTI, 3 MOPIBHSIH-
HSM iX pe3ynbpTaTiB i3 reogannmu. Hamm oOpano, y
SIKOCTI JTaHAMA(Q THUX 1HANKATOPIB, 3200JI0YCHI JiIsI-
HKH TepUTopii. Ix 3MiHM, 3a GaraTopiyHMMH CHOCTe-
PEXKEHHSIMH, BiIOYBalOTHCA y 3B A3KYy 3 MOCTIHHUM
3MEHIIEHHSIM BOJHOTO J[3€pKajia YHIKaJIbHHUX 03ep 1
0omiT Ta iX mepecuxanHsM, 110 IPOSBISETHCS B CTPY-
KTypi Ta cTaHax (acnekTax) JaHamadry, sKki MoxHa
JIOCITIKYBaTH 3a manumu [[33.

3aqnsa nepenOadeHHs: XapakTepy 3MiH HE0OXi-
HUM € MPOBEIEHHS MOHITOPUHTY CTaHy JaHAmadr-
HUX YTPYIIOBaHb Ha PiBHI Qarriif.

AHaJTI3 ocTaHHIX JOCTiTKeHDb i myOmikamiii. Y
po3BuHeHHX KpaiHax €Bpomnu (Himeuuwnni, ®panii,
Benukiii bputanii) IpakTUKyeTbCS IPOBEACHHS MO-
HITOPUHTY OKPEMHX KOMIIOHEHTIB JIaHmmadpTy (Mo-
HITOPUHT POCIWHHOTO TOKPHBY, IPYHTOBOTO ITOK-
PHUBY, MOHITOpWHT cTaHy atMmocdepu) [24]. Hocii-
JOKEHHST 3 BUKOpUCTaHHAM cydacHux I'1C-TexHoio-
rii, y Tomy umcni i nanux /133 xapaxrepue mis CILIA
(B mycteni Conopa mraty Apizona) [31], ABcTpainii
Ta 1HIMKUX KpaiH, SKi MAlOTh 3HAYHI 32 TEPHUTOPialTh-
HHX OXOIUICHHSM OXOPOHIOBaHi TepHuTOpii [22].

3a J0MOMOTr0r0 KOCMIYHHMX 3HIMKIB BU3HAYAIOTh
Pi3HI XapaKTepUCTUKN POCIMHHOTO IOKPUBY TEPUTO-
pii. B mocmimkeHHSIX aMepUKaHCHKUX Ta €BPOIICHChH-
KHX BYCHUX OYyJI0 BU3HAYEHO 1HIUKATOPU Oi0pi3HO-
MaHITTsI B 3aJIGKHOCTI BiJ| piBHS JaHAIIaTHOT opra-
Hizamii Tepuropii [25] Ta manmmadTHI iHAUKAaTOpH
JUTS OIiHKH OiopizHOMaHITTA [21, 26].

Hamre mocmiikeHHS] TPOBOJUTHCS HA TEPHTOPIT
3abos04eHoi micueBocti. B Ykpaini indopmanis npo
cTa" OOJIIT HECUCTEeMAaTHU30BaHA, HOCUTH €Ii3014-
HUI XapakTep JOCIiKEeHb. 30KpeMa, BiJOMOIO € po-
6oty Lieinoi O. B. momo 60T B MeXkax MPUpPOI00-
XOpOHHUX TepuTtopiit Bomuwi [9, 10].

VY 10CKOHAJIGHHS METO/IiB TEMaTHYHOI IHTEepIIpe-
Talii TeoJIOTIYHUX, T1IPOTeoJIOTIYHUX, TIPYHTOBHX,
OioreorpadiyHNX Ta IHIIUX SBUII, BCTAHOBJICHHI 1X-
HiX iHGOpMaIifHNX O3HAaK Ha 300paKEHHIX Ta
OIIIHIII TXHIX JIEKOIYBAJIbHUX MOXJIMBOCTEH Ta 00Me-
XKeHb, crocobax Omucy 300pa’keHb J03BOJISIE CTBO-
proBatu Mojeni taamadTHUX sBumd [6, 7, 11].

JemmdpyBaHHs KOCMiYHHX 3HIMKIB SIK aBTOMa-
TU30BaHUI croci® po3Mi3HaHHS OmNKcaHe B POOOTI
Myxwu b. I1., batipak I'. P. [1].

JlocimipkeHHS] OKpEMHUX KOMITOHEHTIB JiaHmiad-
TiB 13 BUKOPUCTAaHHSIM KOCMIYHMX 3HIMKIB Sentinel-2
ta PlanetScope (sixi Oynu oOpasi i HAIIOro AOCHi-
JokeHHs) poBowkck: 1. @. Pomanuykowm, O. 1. Ca-
xanbkuM Ta O. A. AIOCTOJIOBUM - OL[IHEHO BOJIOTICTh
I'pyHTY Ha npukiazai bapumriscekoro nonirony Kuis-
CbKOT o0acTi 3a jormoMororo gaHux Sentinel-2 [16];
METOJIOM aBTOMAaTH4YHOro aemudpyBaHHs Sentinel-
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2, 10. L. lepeneunna, O. 1. 'nymenkor i P. C. Kop-
CIKOB BU3HAYaJIM TTOKa3HHUKH JIICiB 33 JOIOMOT 00 00-
pobOku mammx Sentinel-2 [15]; A. Il. bormanos,
P. A. Anemiko y cBoiil po0OOTi MpeacTaBUIM METO-
UKy 00pOOKH KOCMIYHHX 3HIMKIB Sentinel-2 miis Bu-
SIBJICHHS O3HAK TOTIpIIeHHS (i310JIOTIYHOTO CTaHy
OKpeMHUX JepeB uH AepeBocTany [2]; kommanis «Co-
B30H/» MPEACTaBUIIA PE3YIbTATH BUKOPUCTAHHS KO-
cMiuHUX 3HIMKIB PlanetScope mis anamizy xoxny i Ha-
CJIIJIKIB 3aTOTUICHHS HACEJICHUX MYHKTIB NPU MOBE-
HsX [2]. JlicoBHiA MOHITOPUHT 3 BUKOPUCTAHHSIM J1a-
Hux J133 ta I'IC-Texnomnoriit mposoaus M. I1. Cito60-
nsHuK [17].

3a nmporpaMoro MpOBEACHHS HA36MHOTO MOHITO-
punry («Terrestrial Monitoring Program») ommcano
METOIM JOCTiPKSHHS, B TOMY YHCITI iHAM(IKAIIIO PO-
CIIMHHUX YTPYIOBaHb B MEXKaX BAKKOJIOCTYITHHUX 3a-
00JIOYeHHNX TEPUTOPIN Ta 3arajioM TEPUTOPii JOCITi-
JUKEHHS 32 JTOTIOMOT'O0 JemudpyBaHHs JTaHamadT-
HUX OJMHHUIIb 33 JAaHUMHU KOCMIYHHX 3HIMKIB Ta Cy-
gacHux ['IC-niporpam [28].

ExocrcreMHnT MOHITOPHHT, TIPOBEICHUI 3 BH-
KOPHCTAHHSAM BJIACTUBOCTEH MYJIBTUCHIEKTPATBLHUX
XapaKTepPUCTUK CYMyTHUKOBHX KaHANiB, METOJU 00-
poOku iHpopmMarii 3a gomomororo I'IC i pesynpratn
nu(poBUX 3MiH Ha PI3HOYACOBHX 3HIMKAX, OITMCaHI B
pob6orax mocmignukiB benerii, Himeuunnwu [18, 30].

[MpaktuuHi ocHOBYM Bukopuctanus 33 mist pea-
mizarii Japamad@THAX €KOJOTIYHUX MPOEKTIB JIaH.I-
madTHOI ekoyorii Yepe3 MoeIHaHHS KUTBKICHUX Ta
SIKICHUX TTOJIbOBUX BUMIPIB Ta T'€OIPOCTOPOBOrO aHa-
i3y, MOJIENIOBaHHS JUHAMIKH JAHAMAPTIB BHACITI-
JIOK B3a€EMOIi1 iX MPUPOTHOI Ta aHTPOTIOTEHHOT CKJIa-
JoBOi onucaHi B poborax Tomaca Xoe, [Titepa X. Be-
pOypra, Tomaca P. Jlanenga [20], J. Jlonesa, L.
®poHna [27].

JI71s1 Hatoro AoCimKeHHS HEOOXIIHIM € JOCBI
I0JI0 METOAY Kiacuikalliii 3a JaHUMH KOCMIYHHMX
3HIMKIB. AHaJII3 OCHOBHUX KOMIIOHEHTIB JUIS 1I€HTH-
¢ikarii HamiBaBTOMAaTUYHO JIAHAIA(THOT CTPYKTYpHU
1 KJIACTEPHOTO aHAJIi3y JUIs TPYIyBaHHS KOMIIOHEHTIB
mpencTaBieHo B podori gocminuaukis CIIA [19, 23].

YV XapkiBchbKill yHIBEpPCUTETChKiN reorpadivniit
KoJii OyJio po3po0sieHo 1 anpoOOBaHO IO BiJIHO-
IICHHIO 10 00’€KTIB MPUPOIHO-3aMOBITHOTO (POHIY
(IT3®) periony JliBoOepexHOi YKpaiHu 3aco0u KOM-
IJICKCHOT JTaHamadTHOT 3HOMKHY 3 HOCIIIOBHUM BH-
kopuctanasMm J[33 (baymucbka M.O., TpeTbskoB
0.C., Cinna O. L., bogns O. B., ctyneHTchKi podoTH
Bypayn 1O., Omniitaukosa 1., OByapenko A. Ta iHIIi)
[3,4,5,14,15].

Mertopoaoris i meroau. JlanmmadTHi moci-
JOKCHHS, SIKIIIO BOHU BHUKOHYIOTHCS TPaTUIIHHUMU
METO/IaMH, € TPOIECOM HAATO IPOMI3JIKAM, a 3aCO0H
— nemo 3acrapinuMu. OCHOBHUMH TIepeBaraMu BHKO-
puctanus [33 mis yknaganss JaHAmaQTHIX KapT €
aKTyaJbHICTh JaHUX HAa MOMEHT JIOCIIIKEHHS,

BHCOKA TOYHICTh BU3HAYEHHS MEXK 00'€KTIB, OLIBII
BHCOKHI CTYIIHb 00'€KTUBHOCTI BUAUICHHS 00'€KTIB
i BiHECEHHs 00'€KTa A0 TEBHOro TakcoHy. Kpim
boro BuUkopuctanus J[33 m103Boisie CKOPOTUTH 00-
CSII' HA3EMHUX CIIOCTEPEXKEHDb 1 TAKMM YMHOM CKOPO-
TATA TEPMIHHM AOCTiIKeHHs. 3a ocTaHHI 45 pPOKiB
MIPOCTOPOBE Ta CIEKTPalbHE PO3LIMPEHHS KOCMid-
HHX 3HIMKIB 3HAYHO 301IBIINIIOCS, TIPOCTOPOBA PO3-
JiTbHA 3MaTHICTh OKPEMHUX iX BHIIIB CTAHOBHUTH 1 M i
XapaKTepU3YEThCs TiMepCleKTpaIbHuM (YyHKIIOHA-
JIOM, LIO CIPHSIIO YAOCKOHAICHHIO CUCTEMH 3HOMOK.
Y CcIiBTOBapHCTBI HAyK PO 3eMITIO TUCTAHITIHHE 30-
HAYBaHHS CTAJIO BRKJIUBUM 1HCTPYMEHTOM JUIs Kap-
TorpadyBaHHs i MPOBEACHHS MOHITOPUHTY JIAH 1A~
(hTiB 3eMHOI ITOBEPXHI Bif T7T00aTLHOTO JO MiCIIEBOTO
piBHiB [32]. Pi3HOOIuHNK# anamiz manux JI33, 3mitic-
HEHU aBTOpami [2, 4, 5, 13, 14] 103BOJIUB MEepecBii-
YUTHCA B TOMY, IO KpiM Xi0a 110 KOHTYpPiB BOJHO-
OOJOTHUX YTifb, SIKI YITKO 1MeHTH(]IKYIOTBCA 1 JIETKO
MOPIBHIOIOTHCS HA PI3HOYACOBUX 3HIMKAX, HAHO1IbII
IHIMKATUBHUMU € POCIMHHUN MOKpHB. BiH mocrat-
HBO HAAIMHO BU3HAYAETHCA 33 XapakTCPHUMHU O3Ha-
KaM{ y TIO€JHAHHI BiJIMIOBIHUX CIEKTPAJIBHUX Jia-
Na30HIB Ta CTPYKTYporo 300paxkenHs [4, 5]. Jo Toro
K, 3MiHa POCIMHHOCTI J03BOJISIE Bi3yaqbHO BH3HA-
YaTH 3MiHU JAaHAMAGTHIX YTPYIIOBaHb i MIBHIKICTH
nepediry 1ux 3MiH.

Takuii migxia, 3aCTOCOBYBaHUM CydaCHUMH JO-
crmigaukamu [2, 3, 5] 1 HEOJHOPA30BO MEpeBipeHui
aBTOPaMH Ha TECTOBUX JIIISIHKAX, € BEJIbMU MEPCIIEK-
TUBHHM 32 OTPUMYBAaHHMH TOYHICTIO, OIIEpaTHBHi-
CTIO W pIBHEM TEXHOJIOTIYHOCTI, TOMY BBa)XKa€ThHCS
HAaMU 1HHOBAIIITHUM.

SIBHOIO TIepeBarol0 3acTOCYBaHHS TEXHOJIOTIH
aBromatnyHoro nemmdpysanas /33 € moBigHiCTH
(TIpo30picTh) OIePIKYBAaHUX PE3YIbTATIB KAPTYBAHHS
Ha OCHOBI KOMIUICKCHOTO BUKOPUCTAHHS JIUCTAHIIIH-
HOi iHdopMmamii y moegHaHHI 3 3aCTOCYBaHHIM
M0JIbOBOI 3OMKH.

OT1xe, OOTpYHTOBAHO W TeEpEeBipEeHO HACTYIHY
MOCJIIIOBHICTD JIiH JJIsi TOCSATHEHHS METH JIaHmad-
THOTO MOHITOPHHTY 3 BHKOpUcTaHHAM /33 y moen-
HaHHi 3 TIOJILOBUMH JIOCII/DKEHHSIMU (parliii Ha KITFo-
YOBUX JIISTHKAX:

1. BuOip neBHUX ONTUYHHUX KaHAIIB Ta iX JOIIi-
JTHHUX KOMOIHAIIH Ha OCHOBI ITOJIbOBOI ifieHTH(DiKA-
uii BUALTIB (piBHSA darliii) i TOPIBHIHHS 3 CHHTE30Ba-
HUMH ONITUYHUMH 00pa3aMu JIUISTHOK.

2. IlpocTopoBe pO3MIMPEHHS KOCMIYHUX 3HIM-
KiB, sKE€ TOJsra€ y 3acTOCYBaHHI IPOILECY
Pansharpening s kocmiuaux 3HiMKiB Landsat 8.

3. BunpoOyBaHHS BiJOMHX METOJIB Kiacui-
Kauii JaHgqmadTHAX YrpyNoBaHb 33Ul iX 3aCTOCY-
BaHHS IMIOJI0 TEOJaHUX KOCMIYHUX CKaHyBaHb
Sentinel-2 ta PlanetScope, 3 BAKOpUCTAaHHSAM pe3yJib-
TaTiB 1. 1.
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4. OBepieHUN aHaANI3 ICHYIOYHX TEOIaHHX,
Kyacu(iKalliio Ta ONTUMI3allil0 KIJIbKOCTI KJIACIB A1
YKJIQZAaHHSl KapTU-TIMOTEe3HW MAOCHiIKyBaHOI Tepu-
TOpii.

5. Tlomanpury mepeBipKy BHIUIEHHX KOHTYPIB
Ha MICLIEBOCTI, 3 YTOYHEHHSIM BHOOPY ONTHMAaIbHIX
MeTOAIB AemnpyBaHHs JaHIIAPTHOT CTPYKTYPH Ta
(hikcamii 3MiH KOHTYPIB imeHTH(IKAIHHIX 00’ EKTIB.

6. Po3mi3HaBaHHS POCIMHHUX YTIPYIOBAaHb Ta
CHEKTpaIbHUX CIOCO0IB, BiACTEXKYBaHHS 3MIHM iX
CTaHy (3 ypaxyBaHHSIM CE30HHHX acleKTiB POCIUH-
HOCTI).

Buo6ip nanux /I33. Kocmiuni 3HiMku Sentinel-2
ta Planet Scope— ne gani /[33, 1110 103BOISIFOTH 3 0i-
JBIIOI0 TOYHICTIO (Ha BimMiHy Bif Landsat 8) iaTep-
MIPETYBaTH BiAOOpaKeHi XapaKTePUCTUKH. ABTOpaMHU
EKCIIEPUMEHTAIIFHO TEPEBIPEHO MOUUIBHICTE BHUKO-
pUCTaHHA pi3HUX BHUIIB maHuxX J[33 mis BUKOHAHHS
KOHKPETHHX 3aBIaHb JOCIIIPKECHHS.

AKTUBHO Yy JOCHTIDKEHHSIX BHUKOPUCTOBYIOTh
Sentinel-2, taxk sik 3 2015 poky 1i faHi BiAKPHTI i Ma-
I0Th PO3iNbHY 3naTHICTh — 10-60 M. Pimmme y mitepa-
Typi 3yCTpi4atoThCsl pPOOOTH 13 BUKOPUCTAHHSM 3HIM-
kiB PlanetScope, siki mepenarTh NETAIBHICTH 3 M.
Bonu He noctymHi 6e3 HaaHHS 3aIUTiB 32 BUMOTOIO
JOCHiDKEeHHS. ToMy JUIs TPOBEACHHS IHINKATUBHOTO
maHImadTHOTO MOHITOPHHTY aBTOpPaMHU MpPOIOHY-
€ThCSl BAKOPUCTOBYBATH KOCMiuHi 3HiMKH Landsat §,
Sentinel-2, sxi BkIro4aroTh 13 crieKTpalbHUX KaHa-
7B B BUAMMIHN, OnmxkHil iHpauepBoniii (VNIR) Ta
KOPOTKOXBHJILOBiH 30Hax criekTpy (SWIR). Koxnwuit
KaHal Mae pizHe po3mupeHHs. Jns tepuropii HIIIT
«Cno60oxaHChKUI aBTOPaMH NOJJaHi pe3yIbTaTH Jie-
mmdpyBanus 3HIMKIB PlanetScope, siki Oynu Hanmani
3a 3aIUTOM.

Oco0nuBocTi 00poOKM KOCMIYHUX 3HIMKIB
Landsat 8. Landsat 8 — kocMiuHi 3HIMKH 3 PO3/IiJib-
HOMO 31aTHICTIO 15 Ta 30 M. OOpoOKa JaHUX J103BOJISIE
OTPUMATH IiNIiICHY JaHMmMAa(THY CTPYKTYPH HPUPO-
nooxopoHHoi teputopii. s tepuropii HIIIT «Cio-
00KaHCHKUIT» 0YJI0 BUKOPHCTAHO HAINIaBTOMATHYHY
knacudikalito uist po3Mi3HABaHHS POCIHMHHUX YIPY-
MOBaHb, SIKi € IHAWKATOpaMu JaHMMA(THOI CTPYK-
TypH piBHS arriid.

Lleii merom B mporpaMHOoMy 3a0e3ledeHHi
SAGA nonsrae B CTBOPEHHS €TAJIOHHUX 3pa3KiB ISt
nemudpyBanHs pisHUX TUIB Qaniid. HeobximHO 006-
paTH JieKinbKa 3pa3KiB 0JJHOTO THUITY (alliif, sKi HOTiM
OyayTh pO3Mi3HaHI caMOI0 MPOrpaMoIo 1o BCill goc-
JDKYBaHIM TepUTOpii.

Byno B3sTO 32 OCHOBY IMQpPOBI JaHi 3HIMKA 3
IIPOCTOPOBOIO PO3LIEHOO 3IaTHICTIO 15 M K OibII
iHpopMaTUBHOTO. {151 BUIIIEHHS OKPEMHUX €TaJIOH-
HUX JUISTHOK OYyJI0 CTBOpeHO HOBHE shape-imap —
training areas: Geoprocessing-Shapes-Construction —
«Create New Shape Layer».

Ha 3nimMKy Oy710 BHIJIEHO 11O ACKIIbKA 3pa3KiB

IUIS iDeHTH(IKAITIi:

1) O6panus mapy AjIs pefaryBaHHs Ta Bigoopa-
xeHHS Ha KapTi (Select layer to beedited and showit
in a map); 2) npuBeIeHHS B PEKUM POOOTH 3 KapTOIO
(Switch to «Action» mode for the map); 3) B koHTEeKC-
THOMY BiKHI Ha KapTi obpano «Jomaru map» (Call
the context menu for the map and choose «Add
Shape»); 3) momaTu e 3pa3oK IOJIITOHY B TOMY XK
mapi (Add part); 4) BigpegaryBatu oOpaHHWil miap
(Edit Selected Shape).

s xoxHOT BHAINEHOI Tpynu OyJlo HaAaHo, 3
nanamadTHO-TeorpadiuHUX MipKyBaHb, THIT POC-
JIMHHOCTI, i KOXHOMY 3 HUX OyJIO IPHCBOEHO MEBHUI
Komip. Y pe3ynbraTi Oyno oTpuMaHO aTpuOyTHBHI
JIaHi, sIKi MOYKHA BHOCUTH B JIET€Hy MaHOyTHBOI Ka-
pTH-TIIOTE3N.

[Ticns uporo, mpoBeneHo kiacuikalio 3a
OTpUMaHUMHU eTaoHaMu. KibKicTh BUALIEHUX eTa-
JIOHHUX NIJITHOK MPUPIBHIOBANIACH 10 KITBKOCTI Kia-
cis B kiacudikamii:  Geoprocessing-lmagery-
Classification-Supervised Classification (mopiBHsiIb-
Ha 1abm. 1).

[ mopiBHsAHHS OyJ10 OOpaHO /Ba THITU METO-
niB: «Parallelepiped» 1 «Spectral Angle Mapping.

CmiBcTaBieHHS 3 BIJOMUMH €TaIOHAMH TIEepec-
BIMUMIIO, IO KpaluM Ui Bizyalizamii € MeTon
«Spectral Angle Mappingy», sikuii Hagani Oyno o6-
paHo ISt CTBOPEHHS KapTu-rinoresu. [licns 3actocy-
BaHHS [IbOTO METOXy OyJIO TPOBENEHO P Aiil i3 3a-
crocyBaHHsM (GinbTpy Majority Filter nexinbka
pasiB.

Pe3ynbryroue 300paskeHHs OyJI0 KOHBEPTOBAHO
B TIFF-dopmart ams fioro moaanbIioi BEKTOpU3allii Ta
06podku B QGis abo ArcGIS (puc. 1).

OTprMaHO TO3UTUBHHUH pE3yJbTaT CIIIBCTaB-
JICHHSI, 110 MiATBEPNIIO BipOTiIHICTE iMeHTUdiKaIii
¢amiii. Ha ocHOBI CTBOpEHHX PacTpOBHX 300paKeHb
B RGB-composite aBTopom (yrepiiie B Takuii criocio)
OyIo BuaineHo Taki kinacu (Tadm. 1).

B 2014-2015 pp. oTpuMaHi 1aHi yTOUHIOBAIUCS,
1 mapajiiesibHO 00pobJIsIacs iH(popMallist IPpo MiBHI-
YHY YaCTHHY I1apKy, BUKOPHCTOBYIOUN BKE BiJIpa-
[IbOBaHY METOJUKY JIOCIIPKCHHSI.

Bukopucrants Metory Kiacudikariii ais aem-
(GpyBaHHS KOCMIYHHX 3HIMKIB JaJl0 MOXIIUBICTb
oTpUMaTH iH(OpPMaIiIo MPO CyyacHUH CTaH POCIIWH-
HOTO IOKPUBY TepUTOPii mapky. Came Ha OCHOBI HOTO
pe3ybTaTiB OyJo yKIaJeHO KapTH POCIHHHOTO TIOK-
PHUBY OKpEeMO 15 MIBHIYHOI Ta MiBASHHOI YaCTHH I1a-
PKy (puc. 2).

MeTo0M OBepiieHOro aHaiizy Oyio 00’en-
HAHO Me30- Ta MikpohopMmu peibedy, THIIN IPYHTIB
Ta YeTBEPTUHHI Biakiaau. Taka KOMIJIEKCHA Xapak-
TEPUCTHKA TIPUPOTHUX KOMIIOHEHTIB HEOOXITHA JIIsI
CTBOPEHHS JTaHIIa()THOT KapTH.

Byno excrnepuMeHTaJIbHO JAOBENEHO, IO s
KpaIoro BUAUICHHS (alliif B yMOBax CKJIaJIHOI JIaHI-
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0 800 § 2

Training Areas
Name

1 wetland territory
wetland

redkiy brich wood
= old pine
1 middle pine
listva 1
listv 2
cutting down
couting down with bric
brichpine
brich wood
albertree

Puc. 1. Pegynbratu nemmdpyBanHs, OTpUMaHi IUIIXOM aBTOMaTHYHOI ineHTH]ikanii B mporpami SAGA

Tabruys 1

BunineHHs TUIIB POCIIMHHOCTI Ha 3HIMKaX B KOMOiHaIlii kaHamiB 5, 4, 3

Konpopu BumisieHHs (alliid Ha 3HIMKaX

Has3Ba pociaMHHUX yrpynoBaHb

3 MPOCTOPOBOIO PO3IITIHHOIO
3JaTHICTIO 15 M

3 POCTOPOBOIO PO3AITHHOIO
3patHicTio 30 M

Binbmanux

SckpaBo-4epBOHUH B 3aXiHIN
YaCTHHI 3HIMKa

PosxeBuil B 3axiHiN YaCTHHI 3HIMKA

Bigkpurti Ta Maiixe BiIKpUTI

CBiT110-01pr030BiBKpaIICHHS

Temno-3eneni BKPAIJICHHA

6ojoTa
[Topocna 6onoTrcta . .
. . CanaroBuii CanaroBuii
MiCIIEBICTh
Bupy0Oxu, mopociti MoIoz00 . . .
YOI, TIop A TeMHo-3eneHui BiprozoBuit
COCHOIO

MoJoauii COCHOBHIA JIiC

biprozoBuit

CBITIIO-3€JIEHUHA

CepeaHbOpiYHUN COCHOBHH

nic BiprozoBo-ronyoyBaruii 3enenuit
Crapuii COCHOBUH Jiic CunroBatuit CunroBatuii
bepesnsk UYepBonuii PoxxeBuii

madTHOi cTpyKTypH, mputamanHoi teputopii HIIIT
«CnoboxkaHChKUI», BApTO 3aCTOCOBYBATH KJIACH]i-
Kalilo 3 HABYaHHSM, IPEICTABICHY METOIOM CIICKT-
pansHOrO KyTa («Spectral Angle Mapping»).

Taky METOAMKY JOCIHIPKEHHST MOYKHA 3aCTOCY-
BaTH JAJIs1 BUAUICHHS OKpEMHX JIaHAAa(QTHUX yTpy-
nyBaHb OyIb-SIKMX 00’ €KTiB MPHUPOJHO-3aII0BIAHOTO
donmy (I13D).

IlpoBeaennss kiaacugikanii 3 BUKOPHUCTAH-
HSM €TAJIOHHUX NIISIHOK 32 JAHMMH KOCMIYHHX
3HiMKkiB Sentinel-2. Byjo ekcniepuMeHTaIBHO JTOBE-
JIEHO, IO JIJIS KPaIioro BUAUICHHS (ariii B yMOBax

CKJIaJTHOT JTaHAMAQTHOT CTPYKTYPH, IPUTAMAHHOI Te-
putopii HIIIT CnoGoxxaHChKuii», BapTO 3aCTOCOBY-
BaTH HaliBaBTOMAaTU4HY Kiacu(ikarito.

s npoBeneHHs kiacugikanii 3 BUKOPHCTaH-
HSIM €TaJIOHHUX JIIISTHOK OyJI0 00paHO TEPUTOPIIO 10-
CJIIJKEHHSI B pallOHi 3a00JI04E€HHOI MICIIEBOCTI B ITiB-
JEeHHIN yacThHi mapky (puc. 3).

st poOOTH 3 KOCMIYHMM 3HIMKOM IEpIIOYep-
FOBHMM 3aBJaHHIM € IMIJroTOBKa TeMaTHYHUX 300pa-
KEeHb KOXKHOTO CIIEKTPAJIbHOTO KaHay. 30KpeMa, BU-
KOPHUCTOBYIOTBCSI MOMIJIMBOCTI 1HCTPYMEHTY Semi
Automatic Classification Plugin mporpamuoro
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3abe3neuenns QGis. [lepen moyaTkoM poOOTH 3 Ka-
HaJIaMH TIPOBOJMTHECS aTMoc(epHa KOPPEKIIis, sSKa
JIO3BOJISIE  BHUKIIOYUTH  YAacTHHY  IOXHOOK,

CTIIPUYMHCHUX XMapaMH, sKi MOXYTb CHJIbHO BILIH-
BaTH Ha SIKICTh PE3yJbTATYFOUOr0 TEMATHYHOTO 30-
OpaKCHHS.

POCIIMHHWUI MOKPUB HIMM "CNOBOXAHCbKUA"
(MIBAEHHA YACTUHA)
MACLUTAB 1: 10 000

YMOBHI no3HaueHHs
L Bip
- Bip 3 NiwwmHOI0 y nignicky

Bip 3 NiwmHO Ta GpycnuHo
. T

I nunoeo-xnewosuit cyGip
I Bepesoso-ocukoawii cybip
B sepeannx

- Binbwannmk

B Cdaniosi Gonora

3apocni MONOAOI COCHM Ha MIci BuPyBoK
3pocni ayGa | niuwmHK Ha Micyi BupyBox
Heaapocni supyGru

POCIUHHWUIN NOKPUB HNM "CNOBOXAHCbHKUMA"
(MIBHIYHA YACTUHA)
7 MACLUTAB 1: 10 000

"~ YMOBHI NO3HAYEHHR

[ nicposa
Bip

{“ ‘ - 3apocni knena rocTponueToro)
‘e P 4 L_J 3apocni kneHa nonboeoro
& 33 :
pocni Tononi
BN 3 wponmen | 3apocni axayll
BupyGen I 3apocni ocuu

- 3apocni ANuKK €8PONEACHKOI

Puc. 2. Pocnuanuil mokpuB (MacmTad 3MEHIIIEHO)

Puc. 3. O6pana Tepuropis nociipkeHHs (KocMidHn# 3HIMOK Sentinel-2 3a 06.08.15)

Y Xxomi IOCHIIPKEHHS aBTOpaMHU IPOBEJCHO
imMHTUGIKALII0 JaHTmAaTHUX YrpyHoBaHb 3a Ja-
HMMH KOCMIYHHUX 3HIMKIB Sentinel-2, moynHar4u 3
2015 poky. [IpencrasiieHi pe3ynbTaTi JIOCIIKEHB 32
nepmri 2 poku: 06.08.15, 31.07.16. ¥ xoxi npakTtud-
HOTO BUJIIJICHHS KJIACiB OyJI0O BCTAHOBJICHO, IO ONTH-
MaJjibHI pe3yJIbTaTH MOXHA OTPUMATH BHUIIJICHHIM 7
KJIaCiB.

[lpu nemm¢pyBaHHI KOCMIYHUX 3HIMKIB BaK-
TUBO 00paTH MeTo] Kiacu(ikaiii B 3aJI€)KHOCTI BiJl
KOHKPETHHX 3aj1a4 JIOCIIi/PKEHHS. 3aCTOCYBaHHS Me-
TONIB MOAANbBLIOI 0OpOOKH ((iNbTpU) AO3BOJISIOTH
BUKJIIOUUTH IIYMH 1 T€HEpaJi3yBaTH BUALTN B MEXKaX

3Ha4HO1 Teputopii (¢ineTp Majoriti). Jnst Oinbiroi
TOYHOCTI BUKOPHCTOBYEThCS MeToa Spectral Angles
npu kiacudikamii. Ilpore mast Tepuropii mocii-
JDKEHHSI BiH CTBOPIOE MO3ai4Hy CTPYKTypy. ABTO-
pamu OyB BUKOPHCTAHH METOJ MiHIMaJbHHX BiJC-
taHelt —Nearest Neighbor (puc. 4).

Sk pe3yabTaT OyJI0 OTPUMAHO TEMATUIHUHN map
pOCIMHHUX YrpymoBaHb crtaHoMm Ha 06.08.15 (a),
31.07.16 (0) (puc. 5).

i 3HIMKIB 3a Pi3HI pOKH OyIO0 BHKOPHCTaHO
OJIMH MeToJ1 Aeiu(pyBaHHs 1 3aJaHUN OMH TPEHY-
BaJbHUH wein-daiin. [IpoTe, kKocMiuyHHMI 3HIMOK 3a
31.07.16 motpebye mocTkiIacudikaiiHOi 0OpOOKH,
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3acTocyBaHHA Pi3HUX METOAIB
noctknacudikayinHoi 06pobku

a - Nearest Neighbor
6 - Majoriti
B - Spectral Angles

Puc. 4. 3acrocyBanHs MeToiB nocTkIacugikaiitnoi oOpoOKH (TyT i Aaji KyT BiIXUJIEHHS OCi 300pakeHHS
BiJl BEPTHKAJI BiINOBiZa€ KYTy BIIXWICHHS MIPH Pi3HUX METOAAaX 0OPOOKH)

TaK SIK B KJac «BIJKPHUTE BOJAHE I3EpKajio» MOTpa-
MWK TiHi Big xmap (puc. 5 (0)).

BizyanpHO TemaTtWuHi 300pakeHHS 3a JIOCIi-
JOKYBaHi TIEPiOAN Pi3Hi, M0 MOXKe OyTH CIPUYNHEHO
HasBHICTIO TiHI Bif XMap, pPi3HUMHU KIIMaTUYHUMH
YMOBaMH, IO MOTJO BIUIMHYTH Ha (ha3u (OTOCHH-
TEe3y Ta CTail0 BereTaii pi3HUX BUIIB POCIHH Ta Pi-
3HHUIICIO B MEPi0JIaX POKiB.

PactpoBi ¢aiinu B mogansomMy KOHBEPTYIOTh B
menn-(ainm s MPOBEJCHHS B MTOAAIBIIIOMY OBEp-
neitHoro ananizy (Conversion Tools — From Raster —
Raster To Polygon). Lleii nporuiec He nepeadavae 30e-
peKeHHS aTpuOyTMBHHMX JaHUX (€MHA CHUCTEMa
KJIaciB).

Omxke, kinacudikaiisi KOCMIYHHUX 3HIMKIB
Sentinel-2 no3Bonse aenmdpyBatu TepuTOpito 3 Oi-
JIBIIIOKO TOYHICTIO, HIXK KOcMi4HI 3HIMKH Landsat 8,
MPOTE JETANBHICTh TEMATUYHOTO 300paKEHHS MOXKE
HaJlaBaTH TEPUTOPIi MO3aTuHy CTPYKTYpY 1 HoTpedye
reHepaizarii.

IIpoBenennsi kiaacugikanii 3 BUKOPHCTAH-
HAM eTAJTOHHHMX ALISHOK 32 JaHUMH KOCMi4HOTO
3HiMmka  PlanetScope. KocmiuHuii  3HIMOK
PlanetScope — 1ie KocMivHiI 3HIMKH BUCOKOI PO3/1iJib-
Hoi 31aTHOCTI (3 M), SIKi JJO3BOJISIIOTH KJIACH(IKyBaTH
reorpaiuHi 00’€KTH 3 BUCOKOIO TOYHICTIO B MeXax
HEBEJIMKOI TEepUTOpii JOoCHiKeHHs. Pesymbrar Ha
3HA4YHy TEPUTOPiIF0 Mae OyTH reHepaiizoBaHo. J[is
MOPIBHSHHS TEMaTUYHE 300paKCHHS KOCMIYHOTO
3HIMKY PlanetScope Bi3yanbHO mojae Oinbll TOYHO
CUTyalilo, TIOPiBHO 3 KOCMIYHHUMH 3HIMKaMH
Sentinel-2 (puc. 6).

Huns nocmimxysanoi Tepuropii HITI «Cno6oxa-
HCBKUiD» OyJi0 00paHo KOCMiYHMH 3HIMOK 32 22.05.17
(puc. 6 (0)), ne TepuTOPIs 3a LIEH MEPioj HE € 3aXMa-
peHoI0.

s npoBenenHs kinacudikalii BAKOPUCTOBYBa-
BCS METOJ] HAIiBaBTOMATUYHOI Kiacudikaiii, B oc-
HOBY SIKOT OYJI10 MOKJICTAJIOHH TIISTHOK, Ti K, 10 1 JJIs

MPOBEACHHS Ki1acu(iKallii 32 KOCMIYHUMH 3HIMKaMU
Sentinel-2 3a pi3ni yacoBi nepioau.

V pesynbTaTi 0yi0 OTpUMaHO TeMaTHYHE 300pa-
xkeHHS. J[ns reHepamizamii AOCTIKEHHS 3aCTOCO-
BaHo Meron Boundary Clean cepen iHCTpyMEHTIB
Arctoolbox (puc. 7).

V pesynbTari Oyna oTpuMaHa KapTa pOCITUHHIX
yrpynoBasb (puc. 8).

OTpuMaHuil TeMaTHYHUHN 1Iap KOHBEPTYIOTH Y
BekTopHHI (Qopmar. [lopiBHIOIOUHM pe3ynbTaTH me-
mudpyBaHHS TOCHTIHKYBAHOI TEPUTOPIii BHSBIICHO,
110 JUISE KOHKPETHOT JUISHKH JTOCII/PKEHHS, SIKa MOT-
pebye neramizarii, Halkparii pe3yabTaTtd (OB TO-
YHi) OTpHMaHi 3a JaHUMH KOCMIYHOTO 3HIMKa
PlanetScope (neTanbHi KOHTYPH POCIIMHHUX YTPYIIO-
BaHb). SKINO AUISHKA OCITIKEHHS TOTpeOye O1ib-
moi reHepamizarii, Kpamy pe3yiabTaTh JO3BOJSIOTH
orpuMaTu Jani Sentinel-2. Peaynbratn knacudikarii
B TIOIaJIBIIIOMY KOHBEPTYIOTh B IIeWM-haiin sik Habip
JaHUX OBEPJICHHOTO aHali3y Uil YKJIaJaHHA KapTu-
rinoresu.

Jis puKIiiagy aBTOpaMu BUKJIAJICHO METOAUKY
yKJIaZaHHs JaHamagTHOI KapTU-TiNOTEe3H, BUKOPHC-
TOBYIOUH JJaHi TEMAaTHYHOTO 300paKEHHS POCIIMHHHUX
yrpynoBasb 3a ganumu PlanetScope.

IIponecn nmocTkaacugikanii 1A resepaniza-
nii BugiteHux KoHTypiB. Kiacudikamnis 3 HaBYaH-
HSIM, TIPOBEJEHA Ha OCHOBI KOCMIYHOTO 3HIMKa
PlanetScope nmomae Mo3aiuHy CTPYKTYPY POCIHHHHX
yrpynoBanb Ta Tigporpadiuyaux o0’ekTiB (00iT).
s yHUKHEHHS] He3HaYHUX 1 JOCUTH AETAIbHUX Jli-
JSTHOK Aemr(pyBaHHs MPOBOJSATHCS MPOIECH T'eHe-
pastizanii 3MicTy TeMaTHYHOTO 300paXKeHHSI.

VY tabmuni atpudyTiB 3a momomoroio Calculate
Geometry aBTOMaTHYHO TiJIPaxOBY€EThCS TUIOMIA KO-
JKHOTO KOHTYpY. Jls1 Toro, 1100 reHepasizyBaTu Te-
MaTHYHHUN 3MICT, HEOOXiZJHO KOHTypaMm, SiKi 3aiiMa-
I0Th HEBEJIMKY IUIOILY IPUCBOITH aTpUOYT TEPHUTOPIi,
SKa MPOCTOPOBO 3HAXOUTHCS ONMIKYE 1 € TIepeBaxa-
I04010.
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POCIIUHHI YIPYNOBAHHSA 3ABONIOYEHOI TEPUTOPIIT HNM "CNOBOXAHCBHKUIA" (06.08.15)
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Puc. 5. Kapra pociauHHUX yrpynoBans 1o natax: a — 06.08.15, 6 — 31.07.16 (ykiajeHi aBTOpom)

Puc. 6. BisynbHe npencTaBiaeHHs TEPUTOPITl TOCTIIKEHHS HA KOCMIYHUX 3HIMKaX:
a— Sentinel-2 (21.06.2018), 6 —Planet Scope (22.05.17)
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Puc. 7. 3actocyBanns metony Boundary Clean
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POCIWHHI YIPYNOBAHHSA 3ABONIOYEHOI TEPUTOPIIT HMM "CNOBOXAHCbKUNA" (22.05.17)
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Puc. 8. Kapra pocinaHux yrpymnoBans craHoM Ha 22.05.17 (ykinazeHa aBTOpOM)

KoHTypu 3 oIHaKoBUM aTrpHOyTOM KOHTYpiB
00’ennytoTh Editor—Merge. Y pe3yibraTi OTprMaHO
reHepali30BaHe TeMaTU4YHE 300pakeHHs nenudpo-
BaHUX KOHTYPIB POCIMHHOCTI Ta Tigporpadii
(puc. 9).

OsgepJeiinnii F'IC-ananis. Ha ocHoBi monepen-
HBO OTPUMAaHHMX JAHWX, MPOBOJUBCS OBEPICHHUI
aHati3. JIis1 mpoBeIcHHS OBEPIICHHOT0 aHalli3y He00-
X1JIHUMU eTarnamH € 30ip, CCTeMaTH3allis Ta IPOCTO-
poBa mpuB’s3Ka JaHUX, CTBOPEHHs reoindopmamiii-
HOi 0a3u JIaHWX Ta MPOBEJICHHS MPOCTOPOBOTO aHa-
JIi3y Ha OCHOBI PE3yJIbTATIB MONEPEAHIX eTamiB. YK-
nanaHHs JaHgmadTHOT KapTH HEOJMIHHO CYTIPOBOI-

KYETbCS CTBOPEHHSIM 0asu JlaHuX, sika O BKIFOYasa
BCi HEOOXiJHI aCHeKTH JOCIHIPKEHHS TEpPUTOPIi
HIIIL.

Ha BinMiHy Bii TpajMIiiHOT METOIMKH «HAKJIA-
JIAaHHS» OJTMH Ha OJHOI0 JABOX a0 Oliblie KapTopra-
¢$iuanx 300paXkeHb, 3aCTOCOBYBAHOI y JaHamagT-
HOMY aHaui3i, Ha ocHoBi I IC-TexHOOT1i BiH MoJsirae
y HaliBaBTOMATH30BaHOMY IOIIKCEIbHOMY HaKJIa-
JIaHHI Te0JJAaHNX EKCIIEPHUMEHTAIbHO BU3HAYCHUX OII-
TUYHUX LIapiB. Y Taku# ke crocid MoJaeTbes aTpu-
OyrtuBHa iH(GoOpMarrist. [1jis Il OTpUMaHHS BUKOPUCTO-
ByBaJIi TonorpadiuHy Kapry, reoJIoriuyHy KapTy, Ka-
PTY IPYHTOBOTO MOKPHBY, YSTBEPTHHHHX BiJIKJIAIiB
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Puc. 9. Pezynbratu knacudikauii 1o (a) ta micsis (0) mpoBeaeHHs reHepaiizamii

Ha OCHOBI SIKUX OYJI0 OTPUMAaHO BEKTOPHI MIapH 1 K-
JMAJCHO TEMaTHUYHI KapTH MO KOXHOMY i3 KOMIIO-
HEHTIB.

VY mojaneioMy pe3yibTaTH KOHBEPTOBAHO B
ArcGis. Ha ocHOBI BciX 310paHux gaHux OyIiio mpoBe-
JICHO OBEpJICHHMI aHaJIi3, METOJIOM aBTOMAaTHYHOIO
HaKJIaJaHHs BCIX IIapiB B MPOCTOPOBOMY BiJHO-
IeHHi. 3acTOCYBaHHS IHCTPYMEHTIB OBEpPIEHHOTO
anamizy B ArcGIS 10.2 mo3Bomise CyTTEBO IPHUCKO-
pUTH Tpoliec JaHaAmapTHOrO KapTorpadyBaHHs B Ka-
MepallbHUX YMOBax. 3aiisi HOro MpoBeIeHHS HEoO-
XigHUM OyII0 TIPOCTOPOBE 3i0paHHS JaHUX BEKTOPH-
3allii Ta aTpUOYTUKHU B €JMHY 0a3y TeolaHuX.

00’eqHanHsg aTpUOYTUBHOI iH(OpMaIIi mpoBe-
JIEHO, 3 BpaXyBaHHSIM IIPOCTOPOBOT OCOOIMBOCTI PO3-
TalIyBaHHS IIAPiB POCIUHHOCTI (BEKTOpHU3AIlis pacT-
poBoro daiiny) Ta mein-daiiau penbedy, reosorii Ta
YEeTBEPTUHHHUX BIJKJIAIB i TPYHTOBOTO MOKPHUBY 3a
JIOTIOMOTO10 iHCTpyMeHTY Intersect.

Bukopucrans iHcTpyMeHTy Intersect j03Bosisie
BU3HAYUTH T'€OMETPUYHHUN NEPETHUH BXiTHUX 00'€K-
TiB. O0'ekTH 200 YaCTHHU OO0'€KTIB, SIKI EepEeKpHUBa-
IOThCS Y BCiX IIapax i/abo Kiracu mpocTopoBuX 00'e-
KTiB PUETHYIOTHCS Y BUX1IHUH Kilac 00'eKTiB [5].

Hanwit Meton OyB BHKOPHUCTaHWH TOMY, IO
caMme BiH 103BoJisiE cHOpMYBaTH I KOXKHOTO KOH-
Typy aTpuOyTHBHY iH(OpMaIlil0 Ha OCHOBI BCixX 3i0-
PaHMX JaHHUX Ta 3 ypaxyBaHHSAM MOPSIKY ILIapiB, 10
HaKJaJalThcsa. Ha BinqMiHy BiJi HHOTO, HANIPUKIIA],
iHcTpyMeHT O6'ernanns (Union), CTBOPIOE HOBE T10-
KPUTTS NUISIXOM HaKJIaJaHHs JIMIIE JIBOX MOJIroHa-
JBHUX MOKPUTTIB. BuxigHe NOKpUTTS MicTUTH 00'€T-
HaHi TOJIrOHH Ta aTpUOYTH 000X MOKPUTTIB [4].

Pesysbrar 3actocyBanHs iHCTpyMeHTY Intersect
- €aMHUH wein-gaiin, mo MICTUTh KOHTYPH (SIKi
CHIBMAJalOTh 3 KOHTYpaMy POCIMHHHUX YIPYyIOBaHb
3a pi3Hi AaTH), 8 TAKOXK aTpHOYTUBHY iH(HOPMAIIIIO 110
Me30- Ta Mikpodopmam penbedy, THIIaM IPYHTIB, de-
TBEPTUHHMUM Biakiaaam. Tak, sK JOCITIHKEHHs Iie-
penbdayae MPOBEICHHS MOHITOPMHIOBHUX  JOCIHI-
JDKEHbB, TO IIeHT-haiin MicTUTh OKpeMHuid Hadip aTpu-
OyTHBHMX JaHUX POCIUHHUX yIPyNOBaHb CTAHOM Ha

22.05.17.

Bcro HeoOxigHy iH(popMarllito (pOCIHHHICTD, pPe-
Jbed, TE0JIOTiI0 Ta YSTBEPTUHHI BIKIAIH 1 IPYHTO-
BUIl TOKpHB) OyJ0 00’ €IHAHO B OJTHOMY CTOBIILI aT-
pubytuBHOI Tabmmmi Landscape 3a momomororo iH-
ctpymenty Field Calculator. Bukopucranns iHcTpy-
Mmenty Field Calculator monsirano B MaTeMaTHUHOMY
JI0JIaBaHHI aTpUOYTHBHOI iH(OpMaITii.

®opmyra, mo Oyna mponucana Ui MO€eTHAHHS
cropimiB «forms_of relief», «lithology», «soil»,
«plants» BUTJISAAIA TaK: landscape =
[forms_of relief]+[lithology]+[plants]+[soil]  [29].
CrBoproeThes cToBrels landscape.

VY pesynbraTi oTpuMaHo Iedn-gaiin, mo mic-
TUTh KOHTYpH Ta aTpuOyTHUBHY iH(pOPMAIIifO 10 KOXK-
HOTO KOHTYpY, IO MICTUTh poOoUy Ha3By JaH/IIa-
¢ty (puc. 10). Hampuknaa: «apiOHOTOpOHCTI piB-
HUHU NIEPIIO] Ha/[3aIUIaBHOI TepacH €0JI0B1 BiIKIaAN
cyOip JIepHOBI OTJIeEHI TiIaHi 1 CymiliaHi IpyHTH J1a-
BHBOATIOBIATIbHI BIJIKIIAM.

Jns yHUKHEHHS TOBTOPIB BHKOPHCTOBYIOTH
Dissolve (3muTTst 32 aTpuOyTOM), IO JO3BOJISIE TIOE-
HATH HE TiJIBKH 00’ €KTH, 10 MAIOTh CIUIBHAN aTpH-
OyT, a il 00’€KTH, 1[0 MAIOTh CIUILHUI aTpUOYT, ajie
€ TOMOJIOTIYHO po3pis3HeHi. [licng 3acTocyBaHHs iH-
ctpymenty Dissolve Oymno orpumano 11 kKoHTYpiB.

OTxe, OBepleHHUIN aHami3 J03BOJISIE CTBOPUTH
KOMIO3ULito TaHAmadTy Ha OyIb-IKUH YaCOBHM BiJl-
Pi30K, HEOOXITHUH [T JTOCHIPKEHHS.

Sk pe3ynbTaT, YTBOPIOETHCS MPOCTOPOBA YHC-
JIOBa MOJIEJIb, JIO SIKOT 3aCTOCOBYIOTBCSI METOJIH aBTO-
MaTH4yHOi Knacudikamii [3]. s BisyalbHOrO KOHT-
poJIt0 pe3ysibTaTiB Kiacudikaiii, ii CKI1agoBl 3HOBY
MOPIBHIOIOTHCS 3 Pe3yIbTaTaMHU IMOJIbOBHX 3HOMOK Ha
KITIOYOBHUX JAIJISTHKAX.

PesynbpTaToM oBepIiieiiHOTO aHaIi3y cTalia JaH -
magTHa KapTa-rinore3a pieus dariii (puc. 11).

BuKkopuCTaHHS KOCMIYHHMX 3HIMKIB J03BOJISIE
CTBOPIOBATH 0a3y JaHMX Ta YKJIAAaTH KapTH JOCHi-
JUKYBaHOT TEPUTOPIT IS BUPILIICHHS] KOHKPETHUX 3a-
Jla4 Ha MOMEHT 4acy, SIKHH KOPHUCHMH JJIsi TOCIij-
HUKA HA OCHOBI NMPOBEACHHS JaHAMAPTHOTO MOHI-
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bir Cnafonoxuni nigeMWEeHi pIEHKHN Nepwol HagsannaeHol TepacHEoNDBo-AeNBianksHi Bigknagn BEPXHEOT NAHKN HEONNENCTOLEHYCYTNHHEM ©
z08na s domishkami berezi Cnafonoxuni nigBMWEeHi pIEHKHK NepLwol HagsannaeHol TepacHEoNoBo-AeNBianksHi Bigknagn BEPXHEOT NAHKN HEONNENCTOLEHYCYTNHHEM ©
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vidkritiy grunt
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Puc. 10. Ilone arpuOyTHBHOT TabMMII €IWHOTO MIEHIT-Paiiiy, Mo MICTUTH 13 KOHTYpiB
Ta aTpuOyTUBHY 1H(OpPMAIIit0 10 KOKHOTO KOHTYPY
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Puc. 11. JlanmmagTHa kapra-rinotesa (piBHs ¢auiii) (ykiaaeHa aBTopaMu)

TopuHTY (pHC. 12).

IlepeBipka KOHTYpIB JaHAIIA(PTHUX YIPYINO-
BaHb Ha MicueBocTi. [lepeBipuTH NpaBUIbHICTD aB-
TOMATHYHO BUIIICHUX KOHTYPIB 0€3M0CEPEIHBO B
TIOJIBOBHX YMOBAX € OJTHUM 13 BOJKJIMBHX €TaIliB JIAH/-
madTHUX TOCTIIKEHb.

TpamuIiiHo MONBOBI  JIOCHIHKEHHS IMPOBO-
JSThCS 3 BUKOPUCTAHHSIM OJIaHKIB (auiil y mamepo-
BOMY BUIJIAII. Y Cy4acHUX yMOBax JIaHAWA(THI 0~
CJIIJDKEHHSI BKITIOYAIOTh HAIliBABTOMATH30BaHH 301p

(akTUYHOrO MaTepialy B IIOJIbOBUX yMOBax. 3a-
BISIKM BHKOPUCTAHHIO DPI3HOMaHITHUX MOOIJIBHUX
I'C-nonaTKiB pO3MOBCIOIKEHUM € 301p (HaKTHYHOTO
Matepiany abo yTOUYHEHHS KOHTYPIB, BUAUICHHX aB-
TOMaTUYHO, 0€3MOCePEIHBO B IOJII HAIMIBABTOMATH-
yHo. HeoOxigHy iH(poOpMaLilo aBTOp 3aHOCHUTH 0
€JIEKTPOHHOT Bepcii MOOIJIBHOIO I0AATKY 3a3BHUail y
BUIJISJII TaOJIUIII, TIOJISl SIKOi TOTYIOTHCS 3aBiomMa B
KaMepaJIbHUX YMOBaX MepeJ1 MOYaTKOM POOOTH.
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Opmuum i3 Takux gogatkiB € NextGIS. Is I'IC-
nporpama npariroe 3 QGIS 1 1o3Bomsie cTBOpIOBATH,
yIpaBIsTH, aHAII3yBaTH Hadip AaHWX 3 Bizyajiza-
Li€I0 MaTepialliB y BUTJISIII KapTorpadiuHuX TBOPIB.

Buxopucranns inctpymenTiB NextGIS mo3Bo-
JIsi€ CTBOPIOBATH MPOEKTH 13 TIOJISIMH, SIKi TIOTIM 3a110-
BHIOIOTH O€3M0CEPEHbO B TOJILOBUX YMOBax (pHC.

13) [4].

BUKOPUCTaHHSA
IHCTPYMEHTIB
nporpamMmHoro

3a6e3ne4YeHHs

ArcGis Ta QGis

AeLndpyBaHHS
KOCMIYHMX 3HIMKIB
Sentinel-2 Ta
PlanetScope

BUOIp pi3HUX METOAiB
Knacudikauii

PesynbTtatu gocnig)keHHs

| |

BuU3HaYeHHA TeHAEHLIN
3MiH naHawadTHOI
CTPYKTYpM TepuTopii
napky B panioHi
YHiKanbHuUX 6onit

AHani3 gaHux,
OTPUMAHMUX i3
AewundpysBaHHa
KOCMIYHUX 3HIMKIB

[MporHo3 noganbLumx
3MiH nNaHgLwadTHOI
CTPYKTYpU

Puc. 12. Cxema MOXKIIMBOCTEH 3aCTOCYBaHHS KOCMIYHHMX 3HIMKIB JUIs TaHAIAQTHOTO MOHITOPUHTY

&  YcraHoBuTbaT.. Vv i}

Penbed

@ ,ﬂpiﬁHOrOpGM(iTi PiBHWHM NepLIol
Haj3annasHoi Tepacu

O SHUXEHHA Ha“noaepxui apyror
HajsannasHoi Tepacu

O SHUXEHHA Ha“noaepxni nepwor
Haj3annasHoi Tepacu

O MiAHATTSA Ha NoBepXHi Apyrol
Haf3annaeHol Tepacu

O MiaHATTS Ha NOBEPXHI NepLol
Hafi3annasHoi Tepacu

O MNnocki Tanbeery 6anok

O Mnocki cxunm 6anok

O Cnabonoxuna noBepxHA Apyroi
HaA3annaBHoi Tepacu

O Mnocki piBHUHM 3annaBu

O CyuacHi aipy i 6anku

PiBeHb 3BOJIOXKEHHSA
(®) Dyxe cyxi (0)
Puc. 13. AtpubyTtuBHa iHpopmanis B mporpami NextGIS
(BuOip 3HAaUYEHHS U1 Ay’Xe CyX0i IpiOHOropOHCTOl PiIBHUHH NEPIIOT HaA3aIIaBHOT TEpPacH)

ITig yac MapIIpyTHOTO 3HIMAHHS BUKOPHUCTORY-
BaMuCh Takox mnpuctpoi Trimble, siki ocHamieHHi
GPS-naBiraropamu. 3a nonoMororo (GyHKIiOHATY
nporpamu ArcPad Mo)xHa BIAMITHTH TOYKH Iepe-
xopy (hariii Ta BiAMOBITHO 3aHECTH 10 aTPUOYTHUBHOI
TabnuIl iHhOpMAIIiI0 TIPO XapaKTePUCTUKY (arlii.

IIporpama ArcPad sBnse coGoro wMiHi-I'IC,
aJiKe, J03BOJISIE€ CTBOPIOBATH LIeln-(aiian Oe3noce-
PEenHBO B 1O, peAaryBaTy icHyroui [5].

[TonboBiI AOCHIIKEHHS, 3 BUKOPUCTAHHSIM IPO-
rpam ArcPad ta NextGIS npoBoauincst aBTopoM st

€KOHOMIT Yacy Ta o€ HAHHS HaIliBABTOMAaTHYHOT PO-
00TH Ha BCiX eTariax.

BucHoBku. OTxe, aBTOpaMH JTOCIIIKEHO HE00-
XIZHICTb 1 MOKJIMBICTh BUKOPHCTAHHS CYy4acHOT KOC-
Mi4yHOT iH(opMmawii il yTOYHEHHsS] KOHTYpIB Ta Ha-
[MOBHEHHSI JIAHAMAGTHUX BUILTIB Ta IS IPOCIIiIKO-
BYBaHHS 3MiH BOJIHO-0OJIOTHUX 00’ €KTIB, SIKi MYCSITh
OyTH iHAWKAaTOpaMU MOHITOPUHTY.

[nnukaTuBHUMU 00’ €KTaMu JTaHAIAQTHOTO MO-
HITOPUHTY € BOJHO-0OJIOTHI yrijiis, a Oesmocepe-
HIMH 1HIWKATOpaMHM BHCTYMAIOTh JBa. KOHTYPH
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BOJHO-OOJIOTHUX YTiAb 1 3MiHA aCMEKTy POCIUHHOTO
MTOKPHBY.

CriocoboM MOHITOPHHTY € MYJIbTUCIEKTpallb-
HUI aHaji3 300pakeHb, OTPUMAHUX ILIIXOM 00OpO-
Ok KOMOIHAIIKA CITEKTpaIhbHUX KaHaiB, IO ITOKa-
3aJI0 MOKJIMBICTh BU3HAYHUTH 3MiHH BHILIIB, Bpaxo-
BYIOUM BiIOMBHY 3[aTHICTh oBepxHi. [lokazano, mo
HE0OX1THOI0 YMOBOIO OTPUMAaHHA a/IeKBaTHOI iH(OP-
Maii € kBami(ikoBaHE BHU3HAYCHHS CICKTPAIBHHUX
KaHAJIIB 33 JaHUMH KOCMIYHUX 3HIMKIB 1 aHaJi3y Te-
MaTHYHHX 300paskeHb B Pi3HUX KOMOiHAI[ISIX KaHATiB
Ta OOTpyHTOBaHE Ha OCHOBI €TAJIOHHHUX ITOJIEOBUX
3WOMOK TECTOBUX MAUISHOK 3aCTOCYBaHHS iHIWKA-
TOpIB.

OOMexxeHHSIMH 3aCTOCYBaHHS METOAy € Ha-
CTYIHI:

- Ilokwu 1110 HE BCTAHOBJICHUH CIIOCIO MPHUCKITI-
JUBOTO aHANI3y 3MiHH CTPYKTYPH POCIUHHOTO TOK-
PUBY, SIKH{ CIIOCTEPIra€eThbCs Bi3yallbHO, aje He Bif-
OMBa€THCS THCTPYMEHTAIIBHO.

- HeMoxnuBicTh BpaxyBaHHS BHIIQJKOBUX
0COOIMBOCTEN CTaHy TepuTopii (BiTEep, 3BOIIOKEHHS
MICJIS JONLY TOIIO, SIKi BILIMBAIOTh HA ONTUYHMIA 00-
pas3, BIATBOpEHHMH 3a TaHUMH 4acy) i KOCMIYHOTO CKa-
HyBaHHS Yy MTEBHUH MOMEHT, KA € I[IKaBUH JUIA J10-
CITIDKEHHS.

ExcrniepiMeHTanbHO BU3HAUCHO 3aCTOCYBAHHS
KOCMiYHMX 3HIMKIB Sentinel-2 Ta PlanetScope (13 omn-
TUYHUAX KaHAJIB, IEPIOANYHICTh CKAaHYBaHHSA 2-3 JIHI,
pO3/AiJIbHA 3/IAaTHICTH 0 3 M Ha MICLEBOCTI), SIKi €
HaUNPUIATHIIIUMHE JJIT BUCOKOTOYHOI'O MOHITOPH-
Hry, Ta PlanetScope ans HeBenmkoi TepuTopii goci-
JOKSHHS.

3HayHi 00CITH EKCIIEPUMEHTAILHUX JOCITI K-

€Hb, 3 BUKOPHUCTAaHHSAM IEPBUHHOI CYIIyTHUKOBOI 1H-
dopmariii i 11 agekBaTHOI 0OpPOOKH 3a JTOIOMOTOIO
I'[C-TexHOOTii, JO3BOJISIFOTH MPOCITIIKYBATH 1 KOH-
TPOJIFOBATH YBECH MPOIIeC 00POOKH BUCOKOTOYHOI 1H-
(hopmartii. Ha ocHOBI ckiagaux mpouenyp hiabTpartii
Te0JJaHuX, iX Jemm(pyBaHHS, OBEPICHHOTO aHAII3Y
3 BUKOPUCTAaHHAM 3HaYHO1 aTpUOyTUBHOI iH(opMaii
MOJK/IMBO Y HalliBABTOMATUYHOMY PEXHMI yKIaJaTH
1 YTOYHIOBATH Ha MiCIIEBOCTI JIaHAMAPTHI KapTH i 11e-
PEBIPATH y HamiBaBTOMaTHYHOMY PEXHMMi Ha TECTO-
BUX IiSIHKAxX. Y Takuil cnoci, yTOYHEHO alTrOpuTM
nauamadTHOI 3ioMkm I'. Mimiepa [12] i 3anpormoHo-
BaHO 1 anpoOOBaHO CYTTEBO MOJU(DIKOBaHY MPOIIe-
nypy nanamadTHoro kaprorpadyBaHHS AJsl IPOBe-
JeHHs iMeHTH(])IKaTHBHOTO MOHITOPUHTY JaHaImad-
TiB. JlanmmadTHa KapTa, YKIaJeHa y Takui crocio,
JI03BOJISAE iEeHTU(IKYBaTH CydacHi MPOLECcH Ta Mpo-
THO3YBAaTH MOJIMBUH iX PO3BUTOK, 1110, Y3ITE Pa3oM,
He sumie 3a0e3rnedye HaliBaBTOMAaTHYHE KapTorpa-
(dyBaHHS, aJne i Opi€HTYE MOAANBIINI Mi3HABAILHUH
MPOIEC 3 METOK MOTJIMOJICHUX IMOAAIBIINUX JTOCII-
JOKEHb Ta BHUPIMICHHAS TPo0IeM, HaBKOJIHUIITHEOTO Ce-
penoBHIla Ta HOTO 3aXHCTY, SIKi MOBCAKICHHO BHHU-
KalOTh B yMOBaX HaNpYy>XEHOI eKCIUTyaTalii mpupo-
HUX PECypCiB.

OcTaTroyHO BH3HAYEHO TUIM 00’ €KTIB MOHITO-
PHUHTY, IHIUKATHBHI O3HAKHU 3MiH Ta clocoOH X mpo-
CJIIIKOBYBaHHS 3a JaHUMH BHCOKOTOYHOI 1 3arajibHO
JIOCTYITHOT CYIMYTHUKOBOi iH(opMarii, mo Hamae
JTaHIapTHOMY MOHITOPHHIOBI peallbHOCTI, HeJJ0Cs -
JKHOT TpaJULIHHUMKM METOJaMH, 1 MiJBUIIYE 3HAUY-
IIiCTh KOHCTPYKTUBHO-TeOrpadivHUX JOCITIHKEHb Y
3abe3neuenHi 30epexxenss [13® Ykpainu (Ha npuk-
nani HIIIT «CnoGoskaHChKU»).

BHecok aemopis: eci asmopu 3poburu pigHUli BHECOK y Uto pobomy.
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INDICATIVE LANDSCAPE MONITORING OF THE NATIONAL NATURE PARK
(CASE STUDY THE TERRITORY OF SLOBOZHANSKY NATIONAL NATURE PARK)

Formulation of the problem. National Natural Parks (NNP) — protected areas where anthropogenic and
natural landscapes are combined in the same territory. In addition, the main functions of such objects are
significantly competitive, which requires monitoring of changes in existing landscapes. It is necessary to define
the local objects which, being the most sensitive, at the same time have small plasticity, therefore, are capable
to react quickly and adequately to any changes. That is what we call indicative.

Analysis of recent research and publications. Many researchers of the USA, Great Britain, Germany,
Australia conduct landscape monitoring using remote sensing data and GIS technologies. For example, D.
Keith, S. Rodoreda, L. Holman, R. Noss, U. Walz, and others. The National Inventory of Landscapes in Swe-
den studies development of modern landscape monitoring in countries of Europe. Landscape Monitoring of
Terrestrial Ecosystems, studied by researches R. Kennedy, J. Jons, K. Jones and others allow using data of
satellite for selection of plant contours using Gis-technology. Landscape monitoring of the territory of NNP
«Slobozhanskiy» has never been carried out.

The aim of the study is to choose satellite images, taking into account the area of the study, the choice of
optimal methods of their processing for the compilation of a database of landscape structure facies for land-
scape monitoring based on long-term observations on the ground, comparing their results with geodata. We
have determined wetlands, as landscape indicators.

Presentation of the main material of the study. Comprehensive analysis of remote sensing data carried
out by the authors, allowed us to make sure that vegetation cover is the most indicative, except for the contours
of wetlands, which are clearly identified and easily compared in multi-spectral images. It is reliably determined
by the characteristic features combine with the corresponding spectral ranges and the image structure. In ad-
dition, changes in vegetation allows you to visually determine changes in landscape groupings and the speed
of these changes.

Summary. The indicative features of landscape monitoring are wetlands, and there are two direct indica-
tors: the contours of wetlands and the change in the aspect of vegetation. The monitoring method is a multi-
spectral analysis of images obtained by processing combinations of spectral channels, which showed the ability
to determine the changes in the selection, taking into account reflectivity of the surface. Limitations of the
method are the following: there is no established method of meticulous analysis of changes in the structure of
vegetation, which is observed visually, but is not reflected instrumentally; inability to take into account random
features of the territory conditions and space scanning at a certain point, which is interesting for the study.
Finally, the types of monitoring objects, indicative signs of changes and ways to track them according to high-
precision and generally available satellite information are determined.

Keywords: indicative landscape monitoring, plant communities, wetlands, PlaneScope, Sentinel-2, Semi-
automatic classification, overlay analysis, NextGis
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ITPABHJIA O®OPMJIEHHSA MATEPIAJIIB,
O NOJAIOTBCA 10O «BICHUKA XAPKIBCBKOI'O YHIBEPCUTETY»

Ho ,,Bicanka XapkiBcbkoro HaiioHanbHOro yHiBepcutety imeni B.H. Kapasina”, cepis ,,I'eonoris. I'eo-
rpagis. Exomnoriss”, npuiiMaroThCst HAYKOBi cTaTTi 00csiroM 61t 40 THC. 3HAKIB, IPUCBSYEH] TOCTIKEHHIM Y
rairy3sX TeoJIoTii, reoXimii, rigporeonorii, reorpadii, eEKOHOMIYHOI Ta comianbHOI reorpadii, eKoIIorii, a TAK0X
CYMDKHUX TUCHHUIUTIH. MaTepianu MoXyTh OyTH IpeAcTaBlieHi YKpaiHCBKOI0, POCIHICHKOI0 200 aHTIIIHCHKOIO
MoBaMmu. [lepeBara HaJaeThCsl aHTTIOMOBHUM CTaTTAM. PilmeHHs mpo myOiiKamito npuiMaeThes pelakLiiHo0
KoJIeri€lo ,,BicHuKa”, mpu 1IbOMY KOXKHA CTaTTS PEIEH3YEThCS ABOMA BUCHUMH — (DaxiBIFIMHU y JaHIi Tema-
THUII.

Marepianu noJarThCsl y JPYKOBaHOMY a00 B €IIEKTPOHHOMY BHIJISAI Ta HAJACWIIAIOTHCS HA EIEKTPOHHY
nomity geoeco-series@karazin.ua. Enextponna Bepcis odhopmitioetsest y dopmari Microsoft Word, mpudt
Times New Roman, po3mip 14, MixpsaakoBuii intepsai 1,5, Bci mosst mo 2 ¢, BiacTym aist adzamy — 0,75 cm.
Kupnum mpudToM BUAISIOTECA MiA3aroJ0BKU y cTarTi. mrocTparii, BKItoyarouu rpadiku i cXxeMu, MaloTh
OyTH po3MilleHi 0e3nocepeIHbO B TEKCTI, & TAKOXK MoJaHi okpeMuMu Qaiinamu. CKpi3b, 1€ MOXKIUBO, AOLi-
TBHIIIE BUKOPUCTOBYBATH Tpadiku, a He Tabnwmi. OpieHTaIlis CTOPIHOK — KHIDKKOBA. BUpiBHIOBaHHS CIif
POOHTH TIO IIUPHHI CTOPIHKH.

3rigao sumor JJAK Ykpaiau opurinanbHa cTaTTs y (axoBOMY BHAAHHI Ma€ CKIaJaTHCS 3 TAKUX PO3ALIIB:

1. ITocTaHoBKA NPOGJIEMH y 3aralbHOMY BUIJISAL Ta 11 3B’S30K 13 BaXKJIMBUMU HAYKOBUMHM YU NPAKTHY-
HUMH 3aBJaHHSAMH.

2. AHaJi3 ocTtaHHIX JOCHiIKeHb i myOmikamiid, B SKMX 3al09aTKOBAHO PO3B’sA3aHHS MOPYIICHOI Mpo-
OmeMu, Ha SIKi CIIPAETHCS aBTOP; BUAUICHHS HEBUPIIIEHUX PaHillle YaCTHH 3arallbHOI MTPOOIIEMH, IKIM TIpHC-
BAYYETHCS CTATTAL.

3. BujinieHHs HeBHpillIeHNX paHille YaCTHH 3arajbHOI NPOOIEMHU, IKUM IIPUCBAIYETHCS CTATTS;

4. ®opmyJIIOBaHHS METH CTATTI (IIOCTAHOBKA 3aBIAAHHS).

5. BukJial 0CHOBHOT0 MaTepiajy AOC/iKeHHs 3 TIOBHUM OOIPYHTYBAaHHSIM OTPHMMAaHHX HayKOBUX pe-
3yJBTATIB.

6. BUCHOBKH 3 JTOCHIKCHHS 1 IEPCIEKTHBY MOAAIBIINX PO3BIIOK Y IbOMY HAIPSMI.

g crateii HeoOxinHo BkasaTu Y JIK, mogatu Ha3By (o 10 cmiB), aHoTarito (#e MeHmre Hix 1800 3HaKiB)
Ta KIF04Y0Bi citoBa (8-10) ykpaiHChKOO i POCIHCHKOI0 MOBaMHU.

Ha oxpemomy apkymni HagaeTbes iH(popMariist mpo aBTopiB (Mpi3Buile, iM’st Ta 0-0aTHKOBI, TOBHA HA3Ba
oprasizailiii, mocajia, BYeHUH CTYIiHb 1 3BaHHs, HOIITOBa ajapeca, Tenedon, e-mail, ORCID) ykpaincbkotro,
POCIHCBKOIO 1 aHTIIIChKOI0 MOBaMH. KilIbKiCTh aBTOpiB HE TIOBUHHA TIEPEBUIIYBATH 3 (SIK BUKIFOUYEHHS — JI0
5). lepenik nocuiiansb opopmintoerses 3rigHo 3 JICTY I'OCT 7.1:2006. Jlo nepesniky 000B’SI3KOBO TIOBUHHA
OyTH BKIIIOUCHA JIITEpaTypa 3a OCTAHHI IT’SITh POKIB, Y TOMY YHCIIi 3aKOPJIOHHA, & caM TMepesliKk TOBUHEH Mic-
TUTH He MeHIIe Hix 20 TIOCHIIaHb.

Takox € HeOOXiTHUM PO3TOPHYTHH pedepaT aHTIIIHCHKOI0 MOBOIO, O(OPMIIEHUH 3TiTHO MI>KHAPOAHHUX BH-
MOT JI0 HAYKOBHX BHJIaHb. Pedepar moBUHEH MaTu:

— o0car He MeHIe HiK 2500 3HaKiB,

— iHpOopMaTHBHICTD (HE MICTUTH 3araJIbHUX CIIiB),

— OpUTIHANBHICTH (He OYTH KaJbKOIO pOCilichKoi a00 yKpaiHChKOi aHOTalIii),

— 3MICTOBHICTb (BiZJOOpakaTH TOJIOBHHUI 3MICT CTAaTTi Ta pe3yIbTaTH TOCIIIKEHB),

— CTPYKTYpPOBAHICTh (HasBHICTh 000B’SI3KOBUX EIEMEHTIB: Mema, MemoouKd, pe3yibmamu, HaAyKo8a HOGU-
3HA, NPAKMUYHA 3HAYUMICIb, KTIOYOSI ClI06Q).

[Ticnst pedpepaty HeoOXiqHO HaBecTH References — mepexianeHnit aHTTIHCHKO CIIUCOK BUKOPUCTAHMX
JpKepen, siKuid Mae Oyth odopmileHHH 3rigHo MikHapogHoro cranaapry APA (American Psychological
Association). Jlo CTUCKIB BUKOPUCTAHOI TiTEpaTypH Y cTaTTAx HeoOxigHo goxasatu DOI mxepen (3a HasiBHO-
CTi).

Pyxomnucu, He opopMIteH] HaleXHUM YHHOM, HE IPUMMAIOTHCS 0 IMyOiKalii.

Penakuis 3anumrae 3a co0010 MpaBo MPOBOJUTH peAaKLiHHY PaBKy PYKOIIUCY.

V pasi nmepepoOKH CTaTTi aBTOPaMH JIATO0 HaIXOJKCHHS PYKOIIHCY CTATTI B PEJAKIII0 MPUAMAETHCS JaTa
il MOBTOPHOTO HAJICHIIaHHS. 3a BiIMOBH Y myOikaiii poOOTH pyKOITUCH CTaTeil aBTOpaM He MOBEPTAIOTHCS.

[Ipu miaTBepHKEHHI MO3UTHBHOTO PillIEeHHA HA MyOJIKalil0 CTaTTi, aBTOp Ma€ OpOPMHUTH Ta HAAICIATH
3roJly Ha MmyOJIiKaLio Ta ONPHUIIOIHEHHS NEPCOHATBHUX JaHHX.
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BicHuk Xapkiecbko20 HauioHanbH020 yHieepcumemy imeHi B.H. KapasiHa

3pa3ok odopmJIEeHHS CTATTI :

YK 551.24.548:242.7:248(477)
Onekcin Bauynasoeuu bapmaugyk,
K. T€OJL. H., IOLIEHT, 3aB. BiJILIy Ta30BUX PECypCiB YKPaiHCHKOT0 HAYKOBO-IOCIiTHOTO
IHCTUTYTY IpUpOIHIX Ta3iB, ['iMHa3iitHa HaO., 20, M. Xapkis, 61010, Ykpaina,
e-mail: alekseybart@gmail.com, http://orcid.org/0000-0001-7831-6134

CUCTEMHA OPTAHIBAIIA U3 FOHKTUBHOI TEKTOHIKH KOHCOJIIJOBAHOT'O
OYHIAMEHTY JHIIMPOBCBKO-JOHEINBKOI'O ITAJIEOPUDTY.

Cmammsi € 3aKI04HOI0 YACMUHOI MPUILO2IL, WO BUCBIMIIOE CUCIEMHY OP2AHI3AYTI0 PO3TOMHOI MEKMOHIKU KPUCIMALIYHO20 -
Hoamenmy J[ninposcoko-IJoneyvrozo naneopudpmy (/AI1). [Ipu pecionanohux 2e0meKmoHiuHUX OOCTIONCEHHAX CMPYKMYPHUX DUCYH-
KI6 PO3IOMHUX cucmeMm 00OKeMOPIlICbKO20 hyHOAMEHmY nepuie GUAGIEHO AHCAMONL CMPYKmMyp 00 €MHOI meKmoniyHoi meuii, AKi 3y-
MOBAEHI 308u208uMU Oeghopmayiamu KPUCATIYHUX 2IPCLKUX NOPIO I 20PUBOHMATbHUMU NEPEMIUEHHAMU 2eOMACUBIE 8 MeXCcax Yiel
pugmorennoi snympiwnvonumuoi ceocmpyxmypu Capmamcokoi naumu. ...

Knrouogi cnosa: degpopmayii 20puzonmanvioco 306u2y, CmMpyKmypHuLl PUCYHOK, MEXAHI3MU MeKMOHIYHOI meyii, CmpyKmypHo-
KiHeMamuyHull naparexes.

A.B. Bapmawyx. CHACTEMHAS OPTAHH3ALIHA JH3BbIOHKTHBHOH TEKTOHHKH KOHCOJTHIHPOBAHHOIO
DYH/IAMEHTA JHEIIPOBCKO-JAOHELIKOI'O ITAJIEOPUH®DTA. Cmamvs Aensemcs 3aKIOYUMENbHOU YACTNbI0 MPULO2UU,
ocsewjaroweti CUCIeMHYIO OP2AHU3AYUIO PA3TIOMHOU MEKMOHUKU KPUCMAIu4ecko2o ynoamenma /nenposcko-JJoneykoeo nareopu-
@dma ([IAI). Ilpu pecuonanvHbix 2e0MeKMOHUYECKUX UCCIEO0BAHUAX CIPYKIMYPHBIX PUCYHKOS8 PA3IOMHBIX CUCHEM OOKeMOPULICKO2O
@ynoamenm enepsvle viasNIeHbl AHCAMONU CIPYKIYP MEKMOHUYECKO20 MeYeHUsl, KOMopble 8bl36aHbl COBUSOBLIMU 0ePOPMAayUIMU
KPUCTALIUYECKUX 20PHBIX NOPOO U 2OPU3OHMATLHBIMU NEPEMEUJCHUSMU 2eOMACCUBO8, 8 NPEOeNax MO PUPMOoeHHO BHY MPUNIUN-
Hotl ceocmpykmypsl CapmMamcKou niumel. ...

Kniouesnle cnosa: oepopmayuu 20pu3onmaibHo20 cosued, CMpyKmypHbill PUCYHOK, MEeXAHU3Mbl MEeKMOHUYECKO20 meyeHus,
CMPYKMYPHO-KUHEMAMUYECKUL NAPA2eHe3.

Beryn. BeranoBiieHo, 10 BHYTPIITHS KiHEMATHKA JITOC(HEPH MPOSBISETHCA Y BEPTHKAIBHUX 1 TOPH30H-
TaJbHUX MEPEMILICHHSAX reoMac. BigOuTkamMu nepimx € Jianmipy Ta MarMaTu4Hi OCEPeAKH Pi3HOTO pEYOBHH-
HOTO CKIIa/ly 1 INIMOWHYU pOHUKHEHHS. CTPYKTYpHUMH MPOSIBAMH TOPH30HTAIILHUX TIEPEMIIIEHb TPCHKUX TO-
pin e nedopmartiiiai crpykrypu TekToHiuHOi Tedii (CTT). ToMy, mpu BUBYEHHI TEKTOHIYHOI OYJJOBH T€OCTPY-
KTYp CJIiJl BpaXOBYBaTH HMOBIpHICTh KOMOIHOBAHOTO €(pEKTY ABOX F'OJIOBHUX CTPYKTYPOYTBOPIOIOYHX (haKTO-
piB — MarMaTHYHOT'O Ta TEKTOHIYHOTO, SIKUH peai3yeThes 3a MeXxaHizMaMu 00'eMHOI Tedil MipChKUX MOPi. ...

Jdimepamypa
1. Ileuse, A. Texmonuxa u maemamusm [Texcm] / A. [leise. — M. : U30. AH CCCP. Cep. 2eon., 1961. — Ne 3. — C.
36-54.
2. TopuszonmanvHole nepemewyerisi no pasiomMam u Hekomopwlie memoowt ux usyuenus [Texcm] / B. Bypmman, A. Jlyko-

sno8, A. Ileiige, C. Pyscenyes // Paznomel u 2opuszonmanvhvie 08udicenusi 3emrot kopwl. — M. : U30. AH CCCP, 1963.
- C. 5-33.

UDC 551.243.8:550.8(477)
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 tectonic
flow is important both for geotectonics and for oil and gas geology as horizontal displacements and rotation of
geological blocks in creep dislocations form secondary deformation structures. ...

Keywords: horizontal strike-slip deformation, structural pattern, tectonic flow structure, structural
kinematic paragenesis.
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