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XPOHIKA

MNAM’SATI Aprypa IaBroBuua I'OJIIKOBA (1937-2018)

5 rpynns 2018 p. KapasiHcbkuii yHiBEepCHTET 1
CBiTOBa reorpaiyHa HayKa MOHECIH TSDKKY BTpary
MIIOB 3 OKUTTS BHIOATHUA BYEHHWH, Typy
PETioHAFHOTO aHaNi3y, YYUTENb KUTbKOX ITOKOJIiHB
YKpaiHCBKHX €KOHOMICTiB-MI>KHApOJIHHKIB, OJUH i3
aBTOPIB CydacHoi CXeMU €KOHOMITHOTO
paiioHyBaHHS YKpaiHH, JOKTOp reorpadiyHuX HayK,
3aCHOBHHUK 1 mpodecop Kadeapu MIKHAPOIHUX
CeKOHOMIYHHMX  BIJHOCHH, 3aBigyBau  Kadeapu
¢iznunoi reorpadii Ta kaprorpadii, oIMH i3
3aCHOBHHKIB (dakymnpreTy MDKHapOIHUX
CKOHOMIYHHX BITHOCHH Ta TYpPUCTHYHOro Oi3Hecy,
3aciyKeHHH npocdecop XapKiBCHKOTO
HalmioHaJIpHOTO YHiBepcuteTy iMeHi B. H. Kapasina,
3acayKeHHH [isd4 HAyKH 1 TEXHIKH YKpaiHw,
akazgeMik Axajemii Hayk BHINOI IIKOAM YKpaiHU
Apmyp Ilasnosuy I'onixog. OqHa Mo0auHA, alle Taka
OararorpaHsa...

Aptyp IlaBnoBuu Hapoauscs 8 rpymas 1937 p.
y M. bpsncek. Ilonag 50 poxiB »xurrts A. IL
lomikoBa  Oymo  TpHCBSYEHO ~ XapKiBCHKOMY
YHIBEPCUTETY, TIEPEBAKHO Te€0JIOTO-TeorpadigHoMy
dakynpTeTy (3apa3 ¢akyiapTeT reoliorii, reorpadii,
pekpeaii i Typusmy). TyT BiH HaB4aBcs, a 3 1966 p.
MOB’S3aB 3 HUM HAYKOBY 1 TPYIOBY isIIBHICTB,
MPONIIOBIIH NUISAX BiJ iHXKeHepa 1o mpodecopa.

PesynpraToM IMBOBMXKHOI Mparie3aTHOCTI i
HaTOJIETIINBOCTI, 1HIIIATUBHOCTI 1 0Ge33arepevHoro
JiepcTBa, BIIKPUTOCTI 1 YyHHOCTI, TOJIEPAaHTHOCTI 1
LIMPOCTi, IIHPOKOTO CBITOTJIALY, HEMEePeciuHoro
IHTeJIEKTy Ta 4YeCcTi craja [iila  IUiesja
MIATOTOBJICHUX KaHAWIATIB reorpadiuHuX Hayk
(cemianbHOCTI 11.00.02 «ExoHOMIUHA Ta
comianpHa reorpadis», 11.00.11 «KoncrpykTrBHA
reorpadis i paioHaIbHE BUKOPUCTAHHS IPUPOIHUX
pecypciBy) Ta E€KOHOMIYHHX HayK 31
cHeriajabHOCTENR 08.00.05 «Po03BUTOK
MIPOJYKTUBHUX CHJI 1 pPErioHajbHa EKOHOMIiKa» 1
08.05.01 «CsiToBe TroOCTOAAPCTBO 1 MiKHAPOIHI
ekoHOMIuHiI BigHOcMHW». Ile Buknamau, sxwui
3ycTpidaB CTyleHTiB-reorpadiB, a mi3Hime i
MDKHApOJHUKIB, Ha | Kypci, po3KpuBaro4Yd OCHOBHi
PHCH CHCTEMH CBITOBOTO T'OCIIOIAPCTBA, 1 BUITyCKaB
chopmoBanux (axiBLiB, NepenaBmId M Oarax
MIMOOKMX 3HaHb 3  MAarTeMaTHYHUX  METOJIB
MIPOCTOPOBOIO aHaIli3y, MOJICIIIOBAaHHSI IIPOCTOPOBOT
oprasizarii CBITOTOCTIOAPCHKUX TIPOIIECiB,
IUIAHYBaHHs CTpaTerii perioHanbHOrO PO3BUTKY,
TPAHCKOPIOHHOTO CIiBpOOITHHIITBA JIepIKaB,
palioHaIbHOTO BHUKOPHUCTaHHS BOJHHX PECYpCIB,
MOIIYKY INUIAXIB MOJOJIAHHS TJ00anbHUX TpobiIeM
CYy4acHOCTI — OOJIacTeil, sIKi CTAaHOBHIIM KOJIO HOTO
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HayKkoBHX iHTepeciB. lLleit mepemik  MoXxHa
MPOJIOBXKYBaTH 1 TMPOJOBXKYBaTH, OO0 HIKOIH
HayKoOBO-TBOpua IyMka Aptypa I[laBmoBuuya He
3YIUHSTIACSA, yBECh dYac BiH OyB y IIOIIyKax
HEOPIMHAPHOTO LUISXY BHUPILICHHS CKIAJAHUX 1
IIKaBUX BOJHOYAC ITUTAHb.

lonixoB Aptyp IlaBnoBuu OyB Ham3BHUYAHOO
JItoauHOIO 1 BUATHUM YUEHUM, HayKOBa CITa IIIINHA
AKOro Oyae HUTH IIe NPOTAroM 0araThbOX POKIB Y
MOHOTpadisX, MIPyIYHHKAX, HAYKOBUX MyOIiKaIlisx
3arabHUM o0csirom Maibke 300 myOmikariid, Imo
BUCTYMAIOTh BAaroOMHMM IHA0JEM Yy IIATOTOBIN SIK
reorpadis, TaK i EKOHOMICTiB-MI>KHAPOTHUKIB.

Haneko 3a MexxamMu  YKpaiHM  Bimoma
XapKiBCbka HAayKoOBa INMKOJAa  PETiOHATICTHKU,
3aCHOBHUKOM 1 HAaTXHEHHHKOM skoi OyB [ omikoB

Aptyp llaBnoBuu. Ile miaTBepIKYIOTH CTYICHTH-
iHO3eMIl, SKi TOBepTaNWCS B  acHipaHTypy
XapKiBCbKOTO ~ YHIBEPCHUTETY, 100 MPOJOBKHUTU
HaBuaHHA y Aptypa [laBnoBnua. J[o ocTaHHIX IHIB
Aptyp [llaBnoBuu ©OyB CIOBHEHHH TBOPYHX
MIPOEKTIB Ta i€l — 30KpeMa 3aKiH4MB pelaryBaTH
migpydHuKk 3 Kypcy «['mobampHi  mpobnemmu
Cy4acHOCTI» .

Mu BTpaTHIM 4yZOBOTO APYra, TOJEPAHTHOTO
Yuutens, BUAATHOTO YHYEHOTO, JOOPO3HWINBOTO
KOJIETY, HEOpPAMHAPHOTO OAHOAYMLS, POIUHHOIO
HaTXHEHHMKa, 4ylHy JltoguHy, KOTpa 3aBXKIu
MPUXOAMIa HA JONOMOTY CBOIMH MisIMH, 1IESIMH,
nomrykamu. [onikoB Aptyp IlaBnoBuu 3aBxau
3QIAIITUTRCS Y CEpIIX WOTro ONWU3BKUX, APY3iB,
koser. CBiTinoi mam’si!

Konexmus gpaxynomemy eeonocii, eeoepaii, pexpeayii i mypuzmy
Xapxiscvkoeo HayionanvHozo yrieepcumemy imeni B.H. Kapa3zina

ma
peoakyiiina konezisi « BicHuxkyy
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1. 0. Ilamuk, mazicmp,
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JIO ICTOPII MEPIOJIJMYHUX BUJIAHD
I'EOJIOT'TYHOT O BIAALTY XAPKIBCBKOI'O YHIBEPCUTETY

VY Hu3wi crareil, K NpaBWiIoO y Pi3HHUX IOBiIEH-
HUX BHITYCKaX, BHUCBITICHO iCTOPit0 XapKiBCHKOTO
yHiBepcuTery, okpemux (akymbreTiB, Kadenp Ta
HaNpsIMKIB ajie HeMa€e 4acolucy caMHX BHIaHb. be-
3YMOBHO TEpIOUYHI BHIAHHS BiIOOPaXKaroTh SKO-
I0Ch MIpOIO ICTOPiI0 HAYKOBUX MiJIPO3MILIIB yHiBEp-
CHUTETY aJie MaroTh 1 BiacHi i1 pucu. Ilig gac podotn
31 CTBOpPEHHS €JIEKTPOHHHX BEpCiii BUIaHb T€0JIOTi-
YHOTO BIIMIICHHS XapKiBCHKOTO YHIBEPCHTETY BH-
HUKJIa HEOOXIIHICTh BUCBITIUTH JesAKi (aktu 3 iX
icTopii.

[Ipu 3acHyBanHi 3rigHO 3i crarytoM Immepa-
TOPCHKOTO XapKIiBCHLKOTO YHIBEPCHUTETY [0 HOTO
CTPYKTYpPH BXOIWJIO YOTHPH (aKyJIbTETH: «HpaB-
CTBCHHBIX» 1  MONITHYHMX  HayK, (i3uko-
MaTeMaTU4Hui, MeguuHuid Ta Qinonoriyauid. Ilpe-
JIIMETH TEOJIOTIYHOTO ITMKIY BHBYAIHCS Ha (Di3HKO-
MareMatudyHoMy (akynereTi. Uepes IBa poKH Micis
3acHyBaHHs yHiBepcHUTEeTy Oylu 3aKyIUIeHi ABi Ko-
JIeKIii MiHepaiB, sKi JISTIIH B OCHOBY CTBOPEHOTO
KabineTy MiHepayorii, IKHif IOTIM MEPETBOPHUBCS B
MiHepanoriuanii My3eit. Kadenpy reoxorii Ta reor-
HO3i1, IpH TOMY X (i3UKO-MaTeMaTUIHOMY (aKyb-
TeTi, Oyno Bigkputo y 1837 pomi. IlizHimre 3 Hel Bu-
nimmnn 'y 1863 poui kadenpy reosorii i maneoHTo-
Jiorii, a mi3Hime, y 1884 porii, 3H0B 00'eHaNM B Ka-
¢enpy reomnorii. ¥ 1906 poui reonoriuni kadenpu
3HOBY PO3IUTIIIMCS Ha Kadenpy reojorii Ta xaden-
py MiHepanorii. B neil uac okpemMoro BUmaHHs Treo-
JIoTi9He BimmiaeHHs He Mano. OKpeMi HayKoOBi Tiparri
JIpyKyBaJluCh B "3amMcKax XapbKOBCKOI'O YHHUBEP-
curera".

VY 1922 poui Oyno mpuiAHATO PiLLIEHHS MPO PO-
3MIUPEHHS Ta peoprasxizartiro HayKOBO-
TOCIiAHANBKOT Kadenpu reonorii B XapKiBChbKy Ha-
YKOBO-ZIOCHITHULIBKY Kadenpy reosorii. B meit me-
pioJl TakoK HE ICHYBaJIO OKPEMOTO T€OJIOTIYHOTO
BUJIaHHS, ane TPU BHITyCKH TpyaiB XapKiBCHKOTO
TOBapUCTBAa NOCHITHUKIB mpupomu (1927, 1928,
1930 pokiB) Buxomaumy mija Ha3Bor "HaykoBi 3amnwc-
Ki XapKiBChKOi HAyKOBO-IOCHITHHUIBKOT Kadempu
reoJorii".

VY 1930 pomi HaykoBo-mocmigHa kKademapa reo-
qorii Oyna mepeliMeHOBaHA B XapKiBCBKY (bisiro
YKpaiHCHKOTO HAyKOBO-IIOCIIAHOTO iHCTHUTYTY Teo-
norii AH YPCP i okpemMoro BuaHHs HE Maa.

Y 1933 pomui ¢imito 'eomoriyHorO iHCTUTYTY
Oys10 meperBopeHo Ha HaykoBO-mOCHiTHUIIBKUI 1H-
CTUTYT Te0J0Tii XapKiBCHKOTO JIepP>KaBHOTO YHiBEp-
curetry. Bxe 3 1934 poxy mHOUMHAIOTH BUXOIUTH
"3armuckn HUUW reomornm XI'Y" npu mpoMy iX Hy-
Mepalisi movyanach 3 BUIycKy Ned, oueBUAHO Oynau
BpaxoBaHi BHITycKd 1927-1930 pokis.

[Ticist moBepHEHHS yHIBEPCUTETY 0 XapKoBa,
y 1943 pori, reomoro-reorpadidamii dpakyasTeT Oy-
JO pO3IiIEHO HA [Ba CAaMOCTIMHUX (aKkyabTeTH —
reooriyHui 1 reorpadiunmii. [lepmmii moBoeHHMIA
Bunyck Ne9 "3ammcok..." BuiimoB y 1948 poui, a
ke y 1950 (Bumyck 10) i 1o 1962 (Bumyck 15) Bu-
XO/IMB TiJl Ha3BOK "3JalMCKH TEOJOTHYEeCKOro ¢a-
KyabTeTa'.

VY 1960 pomui reonoriuauii i reorpadiuaunii da-
KylnbTeTH Oyno 0O0’€JHaHO 1 CTBOPEHO TIeOyoro-
reorpadiunmii pakynsreT XapKiBCHKOTO Jep KaBHO-
ro yHiBepcuteTy. B 1eli yac po3MOYHMHAETHCS BU-
myck "BicHuka XapkiBChKOTO yHiBepcuTeTy'" B Me-
Kax SIKOr0 BUXOMSATh OKPEMI cepii, Hymepallisi BUITY-
CKIB pi3HHX cepiii HacKpi3Ha.

Boke 3a No2 (1964) uiimoB Bunyck "I'eorpadi-
9HOI cepii" BTIM y mepeaMoBi 10 BUIAHHS 3HAYUTH-
cs "Hacrosimuii BEITYCK SIBISIETCS IEPBBIM U3 CEPHU
HayYHBIX TPYIOB paboOTHHUKOB L€0JI0T0-
reorpaduyeckoro dakynerera ... . M3ganue nannon
CepuM SBIISICTCS TPOAOIIKEHUEM pa3/eNbHBIX ITy0-
JTUKaIMK "3anicoK reoJOoruuecKoro OTAeNeHus " ...
u " TpymoB reorpaduyeckoro otaenacHus" ..., BXO-
JUBIIMX B COCTaB "YUEHBIX 3aIMCOK XapbKOBCKOTO
yHHMBepcuTeTa", n3naBaBuiuxcs g0 1964 r." (miakpe-
cieHo Hamu). OCKUTBKY MOJANBITNX peopraHizaiin
(dakynpTeTy HE BimOyBanoch, Tpeba came Iel BH-
IMyCK BBa)KaTH TeEpIIMM BHITyCKoM "BicHuka reosno-
ro-reorpadiuHoro ¢axynsrery", a pokoM Horo 3a-
cHyBaHHs 1964.

-10 -
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MINERALOGY AND GEOCHEMISTRY OF OIL SHALE IN AZERBAIJAN:
CLASSIFICATION, PALAEOWEATHERING AND MATURITY FEATURES*

Ao. A. Anues, O. P. A66acos, A. M. Azace. MUHEPAJIOTHA H TEOXHMHSA IT'OPIOYHX CIAHIIEB B A3EPEAH-
JIZKAHE: KIIACCU®HKALIHA, OCOBEHHOCTH ITAJIEOBBIBETPUHBAHHUA H 3PE/IOCTH. B nayuno-ucciedogamenbckotl
pabome wiUpoKo paccmompeHnsvl HazeMubvle 8bIX00bl 2opiouux caanyes Lllamaxvi-I'06ycmanckoeo u Anweponckoeo paiionos, a max-
Jice cpedu 8bI6POCO8 2psi3edbix 8YIKaH08 Azepbaiiocana. B coomeemcmeuu ¢ pacnpocmpanenuem 6 nopooax Kax 21aeHuIX, MAax u
MUKPOINIEMEHMO8, HA OCHOBAHUU ONYONUKOBAHHLIX MAMEPUAnos Obll NPOGedeH CPASHUMENbHLII AHAIU3 CO CPEOHUMU, CPeOHe-
uepnbiMu cranyamu, cocmagom cranyes Ceeepnoti Amepuxu, nocm-apxetickumu cianyamu Aecmpanuu, a makice 2opoYuUMU ClaH-
yamu Icmonuu, Hopoanuu, CIIIA u op. Ha ocrose uszgecmuvix kiaccugpurayuii paccmampugaiomes Xapakmepucmurku cmaduibHo-
CMU OKCUOO08 2NABHBIX INEMEHNO8 U OYeHUBaromcs npusiaxu 3perocmu. Ce0olicmea abl8empusaHuusl WUPOKO NPOKOMMEHMUPOBAHbL HA
OCHOBANUU PA3IUYHBIX UHOEKCO8, 8 moM uucie « Mndexca usmenenusi ¢ coomeememeuu ¢ komnonenmom (MUCK)», « Hnoexca xumu-
yeckux usmenenutl (MXH)», a maxowce ananuzamu pe3yivmamos OUaepamm, CEs3aHHbIX C JNeMEHMHbIM COCTABOM.

B cocmase o6pazyoe onpedeneno 11 munepanos 5 knaccos, 8 komopwix npeobnadaiom cunuxamol. Mcnonvzyemas knaccugura-
yuonnasn ouacpamma log (SiO2/Al203) u log (Fe203/K20) noxazeisaem, umo 6ce ucciedosanmvie 0Opasyvl COOMEEMCMEYIOM
ClaHyam.

Coomnowenue K20/Al203 noomeepacoaem npeeocxodcmeo 2nuHUCMbIX MUHEPATLO8 & COCMABE 20PIOYUX CIAHYE8 NO CPAGHe-
Huto ¢ K-munepanamu, exnouas K-nonesoti wnam. Oyenku Ha ocrnose Al203/(Ca0O + MgO + NazO + K20) u Fe203/K20, SiO2/Al203
noomeepicoaom HeCmaduilbHOCMb OKCUO08 U MuHepanos ¢ oopasyax. Kpowe mozo, coomnowenus SiO2/Al203 u Al,03 > Fe O3 >
TiO2 noomeepaicoarom nespenocms u céa3b ¢ 2MUHUCTIBIMU MUHEPALAMIU.

3navenuss UXU u ouazpammel 3asucumocmu UXH om HUCK, UXU om Al/Na u A-CN-K, a maxorce uccneoosanusi, cesizaniule
€ cooeparcanuem 2nagHO20 OKCUOd, NOOMBEPICOAIOm CPEOHIOI0 U 8bICOKYVIO cmieneHb evigempusatus. Ilpomonum cranyes ceszam ¢
Magpuueckumu u npomMed CymoyHbIMU U3GEPIHCEHHIMU UCTIOYHUKAMU.

Kntouesvie cnosa: copiouue cianybl, 2e0XuMUsl, MUHEPAT, KIACCUPUKAYUS, 3DeOCb, GbIEEMPUBAHIE.

Ao. A. Anies, O. P. A6bacos, A. M. Azace. MIHEPAJIOT'IA I TEOXIMIA I'OPIOYHX CIAHLIB B ASEPBAH/I)KAHI:
KITACUH®IKALIA, OCOBIHBOCTI ITAJIEOBHBITPIOBAHHA I 3PUIOCTI. YV Hayko80-00CioHiti pobomi wupoKo po3enaHy-
mi HazemHui euxoou eopioyux cranyie Lllamax-I'o6ycmarncokuil i AnuepoHcpKko2o pailonis, a Makodic ceped SUKUOIE 2PI3bOBUX 8YIIKA-
Hig Azepbaiioscany. Bionosiono 0o nowiupenta 6 nopooax Ak 20108HUX, MaK i MiKpoeieMenmie, Ha niocmagi onyoIiKo8aHuUx mame-
pianie 6ye npogedenull NOPIGHANbHUL AHANI3 I3 CePeOHiMU, CEPEOHbO-YOPHUMU CAAHYAMU, CKAaoom cianyie [lieniunoi Amepuxu,
nocm-apxeticokumu cranyamu Aecmpanii, a maxooc 2opiowumu cranysmu Ecmouii, Hopoanii, CLIIA ma in. Ha ocnosi eidomux xna-
cugixayitl, po3ensi0aromsvCs XapaxmepucmuKku cmadinibHoCmi OKCUoie 20106HUX eleMeHmi6 i OYiHIombCa 03HaKu 3pinocmi. Bracmu-
60Cmi UBINPIOBAHHSL WUPOKO NPOKOMEHMOBAHI HA NIOCM AL PI3HUX THOEKCi8, 6 momy uucii «Indexca aminu 8i0N0BIOHO 00 KOMNOHe-
uma (I3BK)», «Inoexca ximiunux smin (IX3)», a maxosrc ananizamu pe3ynvmamis oiazpam, nos s3aHux 3 enemMeHmuumM CKiaoom.

V cknaoi spaskie susnaueno 11 minepanie 5 knacis, 8 axux nepesasicaioms cunikamu. Bukopucmosysana xnacughixayiina oiae-
pama log SiOz2 / Al203 i log (Fe203 | K20) noxasye, wo 6ci 0ocnioceni 3pazku 6i0no6ioaroms Cianysim.

Cnisgionowenns K20 | Al203 niomeepdoicye nepesazy enunucmux minepanie y cknadi copiouux cianyieé 6 nopiemsanni 3 K-
Mminepanamu, exiodaiouu K-nomvosuti winam. Oyinku na ocnosi Al203 / (CaO + MgO + Na20 + K20) i Fe203 / K20, SiO2 / Al203
niomeepoxcyroms HecmabinbHicms okcuodig [ minepanie 8 spaskax. Kpiv mozo, cnisgionowenns SiO2 [ Al203 i A1203> Fe203> TiO:
niOMBEPONHCYIOMb HE3PILICING § 36 30K 3 IUHUCTIUMU MIHEPATAMU.

3nauenns 1X3 i oiacpamu 3anexcrnocmi IX3 6io I13BK, 1X3 6i0 Al / Na i A-CN-K, a maxooic 0ocniodcenns, nos 'si3ami 3 ympuman-
HAM 207108HO20 OKCUOY, NIOMBEPOACYIOMb CEPEOHIO | BUCOKY CMYNiHb eugimprosanta. Ilpomonim cranyie nos azanuti 3 magivnumu i
NPOMINCHUMU BUBEPIHCEHUMU OHCEPETAMU.

Kniouogi cnosa: copioui cnanui. 2eoximis, minepan. kiacudikauis, 3pinicms, 6USIMPI0BAHHSL.

© Aliyev A. A., Abbasov O. R., Agayev A. M. https://doi.org/10.26565/2410-7360-2019-50-01
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Introduction. The South Caspian Basin (SCB)
is located in the collision zone between the Arabian
and Eurasian plates which is subjected to intensive
sedimentation. Such tectonic and paledepositional
features have created a favorable condition for the
formation of hydrocarbons, mud volcanoes, espe-
cially oil shale in the Paleogene-Miocene sediments
in Shamakhi-Gobustan and Absheron regions.

About 60 oil shale manifestations and deposits
were recorded in these regions [41]. Along with out-
crops, oil shale is also found in ejecta of mud volca-
noes, which are widely spread both in Shamakhi-
Gobustan and Absheron regions [1; 3; 4; 10; 22].

The study is aimed to investigate the chemical
classifications, provenience, palaeoweathering and
maturity characteristics of oil shale in the research
regions based on the geochemical and mineralogical
features.

Analysis of recent research and publications.

Information about oil shale in Azerbaijan is
known as early as the beginning of the 20th century.
This information was brief, because researchers,
especially Russian scientists described only the out-
crops of oil shale recorded during the study of the
geological structure, tectonic properties and hydro-
carbon potential of the territory of Azerbaijan [1].

In the middle of the century, the investigations
on the study of oil shale have been relatively ex-
panded, and several scientific papers and reports
related to some fields and manifestations have been
published [1; 3; 5; 6; 10; 22].

In later periods, the question of the study of
non-traditional oil shale in Azerbaijan has not been
enough actual. Of course, the main reason for this
was the existence of large reserves of oil and gas in
the territory of the Republic [1].

Since the beginning of 2000, the issue of study-
ing oil shale has been resumed in the Department of
“Mud Volcanism” of the Institute of Geology and
Geophysics, Azerbaijan National Academy of Sci-
ences. The geological and organic-geochemical fea-
tures, as well as the probable resources and using
the potential of oil shale of the Shamakhi-Gobustan,
Absheron, Guba, Ismayilli regions of Azerbaijan,
have been widely commented in the papers of a
number of scientists of the Department [1-6; 9; 10;
12-14; 22; 41].

There are no any available studies conducted
by Azerbaijani and foreign researchers that have
been devoted to issues such as mineralogy, classifi-
cation, provenance, etc. based on the inorganic
chemical properties of oil shale found in Paleogene-
Miocene sediments in the country. Though there are
many published literature devoted to these studies in
countries where oil shale has long been investigated
[8; 15; 17; 28; 30; 38; 44; 45]. In this regard, this

study is the first attempt to investigate the classifica-
tions, provenience, palaecoweathering and maturity
characteristics of oil shale in Azerbaijan.

Geological settings. Shamakhi-Gobustan re-
gion — occupies a significant part of the south- east-
ern plunge of the Greater Caucasus. The Meso- Ce-
nozoic and Quaternary formations take part in the
geological structure of the region [1; 11]. About 40
outcrops of oil shale associated with Upper Creta-
ceous-Miocene sediments were registered here [5; 6;
22; 41]. The layers of oil shale of the Upper Creta-
ceous are thin, and the content of organic matter is
relatively low [1; 2]. The region is characterized by
a change in the thickness of sediments of the Middle
Eocene. The thickness of oil shale layers vary in
intervals of up to 10 meters in arches of the anti-
cline, synclinal and mould structures (Boyuk Siyaki,
Kichik Siyaki, Jangichay, Jangidagh, etc.) [1; 9].
The layers, containing oil shale in sediments of the
Upper Maikopian are associated with shale lithofa-
cies of the “Riki horizon”. The sediments of the
Middle Miocene (Konkian) are characterized by
light gray, brown-gray shale and carbonate rocks. In
the northwest and southwest of Gobustan, these
lithofacies alternate with layers of oil shale of vari-
ous thicknesses. The layers of oil shale were also
registered in the sections of the Upper Sarmatian
sediments [6; 10].

The geological and tectonic positions of the re-
gion are very complex, and two microblocks (Baya-
nata and Toragay) were established here that bound
to the Goradil-Masazir underthrust zone and Gujur-
Gyzyldash thrust [11].

Absheron region — 18 outcrops of oil shale
were registered in the region [41]. In the geological
structure of the region, the terrigenous and car-
bonate rocks of the Upper Cretaceous and Cenozoic
deposits are noted [11]. Oil shale in the sections of
the Eocene was registered only in the areas of
Goytepe and Govundag [6]. The sediments contain-
ing oil shale in the region are associated mainly with
the Upper Maikopian series and Upper Miocene [2;
5; 9]. The alternation of layers of black bituminous
oil shale is registered on the northern slope of the
mountains Uchtepe-Shorchala, as well as in the out-
crops of the mountains Goytepe, Orjandagh and
Fatmai. In the terrigenous and carbonate sediments
of the Middle Miocene, the shale-bearing layers
with a thickness of 30 m were observed within the
Western Absheron in the Shorbulag and Garaheybat
areas. The outcrops of laminated oil shale were rec-
orded in Uchtepe-llkhidagh area, within the south-
ern pericline of the Kecaldagh-Zigilpiri fold and
further east of the village of Binagadi. The out-
crops of oil shale were recorded in the Meotian sec-
tions that are characterized by a different thickness
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in the region. Due to tectonic and orographic set-
tings, the region is a bottom of the south-eastern part
of the Greater Caucasus. Most of the tectonic zones
are gradually deepening in the direction of the ex-
pansion of the Greater Caucasus — from the north-
west to the south-east, and complicated with mud

volcanoes (Keyreki, Lokbatan, Bozdagh-Qobu, etc.)
[11]. The samples of oil shale were taken from the
outcrops of Jangichay and Boyuk Siyaki of the cen-
tral part of Shamakhi-Gobustan region, as well as
from ejecta of mud volcanoes in the studied regions

(Fig. 1).
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5. Bozaakhtarma, 6. Qotur;

| - Shamakhi-Gobustan region: 1. Boyuk Siyaki, 2. Jangichay, 3. Shikhzarli, 4. Demirchi,

_ — boundary between regions
# outcrop
# mud volcano

Il - Absheron region: 7. Otmanbozdagh, 8. Lokbatan, 9. Bozdagh-Qobu, 10. Keyreki.

Fig. 1. Location map of the studied oil shale from outcrops and mud volcanoes

The accuracy of the age of oil shale from the
outcrops is beyond doubt. Thus, the geological
structure of the studied areas has been studied accu-
rately. The geological age of oil shale found in the
ejecta of mud volcanoes was determined according
to the genus and species of fauna contained in the
rocks assemblages. The Globigerina bulloides
(Orbigny), Cibicides sp., Globigerina triloculi-
noides (Plummer), etc. planktonic and benthic
foraminifera belonged to Eocene were determined in
the studied rocks.

Materials and methods. Samples — two sam-
ples from the outcrops (1 — Boyuk Siyaki, 2 — Jan-
gichay) and eight samples from ejecta of mud vol-
canoes (3 — Shikhzarli, 4 — Demirchi, 5 — Bozaakh-
tarma, 6 — Qotur, 7 — Otmanbozdagh, 8 — Lokbatan,
9 — Bozdagh-Qobu, 10 — Keyreki) were taken. The
samples are black, gray and brown in color with a
laminated structure.

Chemical composition of rocks — analysis of
major element oxides were performed on the “S8
TIGER Series 2 WDXRF” spectrometer and trace
elements on the “Agilent 7700 Series ICP-MS”
mass spectrometer at the Institute of Geology and
Geophysics, Azerbaijan National Academy of Sci-
ences.

Mineralogical composition of rocks — studied
using the XRD “MiniFlex 600 at the same Ins-
titute.

Age of rocks — the microscopes “Loupe Zoom
Paralux XTL 7457 and “MBC-10” and a digital
camera “OptixCam” were used. The study was car-
ried out at the Integrated Engineering Exploration
Production, Department of Geophysics and Geolo-
gy, SOCAR.

Methodology. The published literature was
used to obtain information about average shale [47],
average black shale [49], North American shale
composite [25], post-Archean Australian Shale [46]
as well as oil shale from the Green River Formation
of USA [45], Gurun basin and Hatildag deposit of
Turkey [38; 44], Sultani deposit of Jordan [8], Baltic
deposit of Russia [28] and Estonia deposit of Esto-
nia [15] for comparative studies based on the distri-
bution of major oxides and trace elements. A dia-
gram and index proposed by [27] and [24] were
used for the classification and determination of ma-
turity of samples. The palaeoweathering characteris-
tics were studied based on two indexes — Index of
Compositional Variability [18] and Chemical Index
of Alteration [35], and also plots proposed by [18;
31; 35; 43].
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Results and discussions. Mineralogy — 11
minerals belonging to 5 classes: mainly carbonates,
sulphates and silicates were found in the samples.

Only one sample contains 1% of halite (halogen
class), and hematite was found in three samples
(Table 1).

Mineralogical composition of samples (%)

Reqi Area % § %
egion (sample) 3 E S
Boyuk Siyaki (1) 26.7 10.0 2.0
- Jengichay (2) 28.0 6.0 8.0
<z Shikhzarli (3) 23.0 7.0 -
= Demirchi (4) 28.0 13.0 4.0
© ©  Bozaakhtarma (5) 27.0 50 -
Qotur (6) 23.0 5.0 120
< Otmanbozdagh (7) 20.0 15.0 9.0
I3 Lokbatan (8) 23.0 5.0 14.0
3 Bozdagh-Qobu (9) 35.0 8.0 3.0
< Keyreki (10) 24.0 80 18.0
Mean 258 8.2 7.0

The analyze of mineral assemblages in the
shale samples showed the presence of clay minerals
— illite, chlorite and montmorillonite. The value of
montmorillonite (mean = 15.1 %) and chlorite
(mean = 16.2 %) higher than illite (mean = 10.9 %)
(Table 1).

llite is widely distributed in clay and shale as-
sociated with the marine origin as a result of weath-
ering of feldspar and muscovite. In the process of
converting muscovite to illite, some part of K*! is
replaced by Ca*2, Mg*? and H3O* [7]. On the other
hand, in a process of metamorphism of clay, its
crys- tallization provides an indicator between dia-
genesis and low-temperature metamorphism [23].

Chlorites are formed in a result of physical and
chemical change in the minerals of a mafic type
such as pyroxene, amphibole, biotite, talc, and py-
rophyllite. In coastal areas, where the degree of
metamorphism is low, iron-enriched chlorite is
formed. This type of chlorite is more unstable. At
low temperatures, chlorite converts to montmorillo-
nite, while and at high temperatures to talc, cordier-
ite and garnet [7].

Montmorillonite belonging to the group of
smectite forms as a result of hydrothermal changes
or weathering of aluminum-rich minerals, in par-
ticular, bentonites — volcanic ash and tuff. For-
mation of this mineral often occurs together with
other clay minerals, including illite. In the process
of formation, the role of weathering and transfor-
mation of aluminosilicate rocks, especially, feldspar
as well as rivers and streams are not excluded [29].
This mineral is an authigenic, and its origin related

Table 1
]
S <v = © o] =
= _— fut [~]
- 8 % T & 2 3
o
=
9.0 100 150 15 - 25.8 - -
100 13.0 20.0 150 - - - -
150 150 20.0 20.0 - - - -
150 150 18.0 4.0 - - 30 -
7.0 26.0 10.0 22.0 - 3.0 - -
100 120 16.0 160 1.0 - - 5.0
120 170 170 7.0 - - - -
100 16.0 15.0 17.0 - - - -
11.0 120 16.0 12.0 - - 3.0 -
100 150 150 4.0 - - 6.0 -
109 151 162 118 01 29 12 05

to an accumulation of shale and a change in detrital
materials in a relatively calm condition.

The mean value of quartz in samples is
25.77%, feldspar — 8.2 % (Table 1). Quartz is a
wide- spread accessory mineral associated with sili-
ceous eruptions, such as volcanic rhyolite and plu-
tonic granite [33]. Taking part in all degrees of met-
amorphism, and having a high resistance to chemi-
cal weathering, this mineral is widely distributed in
sedimentary rocks including metamorphosed oil
shale.

Anorthite (Fig. 2a and 2c¢) and albite (Fig. 2b
and 2d) are present in the studied samples. Anorthite
is the calcium-rich endmember of the plagioclase
solid solution series, the other endmember being
albite (the sodium endmember). Albite twinning is
characteristic for plagioclase associated with igne-
ous rocks, such as basalt, andesite, dacite, rhyolite,
etc. Along with the metamorphic rocks, they are
found in the composition of detrital sedimentary
rocks. At shallow depths, close to the Earth's sur-
face, they are relatively less stable in comparison
with alkaline feldspar (orthoclase, anorthoclase,
etc.) and quartz, and decompose to clay mineral dur-
ing weathering [33]. Quartz and feldspar are associ-
ated with coastal zones [29]. During diagenesis, var-
ious processes occur in sediments, such as activation
of silicate source for quartz cementation, as well as
a replacement of quartz and feldspar with calcite or
clay transformation [26; 42].

The mineral calcite (carbonate class) was found
in eight rock samples (mean = 7.0 %) and siderite in
only two samples (mean = 2.9 %) (Table 1). The ma-
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Fig. 2. XRD images of oil shale samples: a — Kichik Siyaki (1), b — Shikhzarli (3),
¢ — Lokbatan (8), d — Bozdag-Qobu (9)

in components of carbonate minerals are limestone
and dolomite. The main element structure center of
the carbonate minerals consists of an equilateral tri-
angle in which a C** ion is located, and oxygen ions
in its hills. Each Ca*? ion is surrounded by six oxy-
gen ions. The carbonate minerals, found as a result
of analytical studies, belong to the calcite group.
Calcite is the most common carbonate mineral,
mainly consist of limestones that their fine-grained
powder as a cementing agent plays a key role in the
formation of sedimentary rocks, oil shale and skele-
tal structures of living organisms. This group of
mineral is associated with rare products of magmat-
ic eruptions called carbonatites. They form as a
veinlet associated with sulphide ores after precipita-
tion from hydrothermal fluids. Unlike calcite, arag-
onite forms as a result of high pressure and tempera-
ture related to depths close to the surface. According
to this feature, the presence of the aragonite mineral
in metamorphic oil shale can be considered as an
indicator of metamorphism, reflecting a condition of
low temperature and high pressure. In terms of tem-
perature, a relatively hot paleosource is character-
ized by aragonite, and cold by calcite [33]. The
common genesis of calcite mineral identified in the
samples is bound to cold sources. Another calcium-
containing mineral is diagenetic siderite, often pre-
sents in the composition of oil shale and sandstone.
Forming in shallow water and taking part in the
formation of concretion, this mineral gives a reason
to take this factor into account during the study of
the genesis of oil shale.

A widespread mineral of sulphate class in the
content of samples is jarosite, with an average value
of 11.85%. In addition, 5% of gypsum was found in

sample No. 6. Jarosite is an alunite group mineral,
which is the main potassium and iron hydrosulfite.
The mineral is considered as a secondary mineral
associated with the oxidized part of sulphide-
containing rocks. The genetic feature of this mineral
related to a weathering occurring in an arid climate.
This mineral often forms due to weathering of iron
sulphide. Gypsum is an aqueous sulfate of calcium.
As a less dense mineral, genetically forms in a lake,
sea and geothermal water as well as also in a veinlet
that is rich in sulphate precipitation.

Unlike magnetite, hematite is more prone to
oxidation and can be considered a changing product
of magnetite. In many igneous rocks, hematite is a
solid solution in the composition of ilmenite. Larger
sediments of hematite are found in strip-like iron
formations. The mineral origin is associated with
geothermal waters, as well as with stagnant water
environments at the bottom of the lakes, sometimes
anhydrous conditions and volcanic activity [33].

Major oxides. The SiO; value in the samples
ranges from 45.72 to 55.55 % (mean = 49.81 %).
The values of this major oxide in the samples taken
from the Boyuk Siyaki and Jangichay outcrops dif-
fer from oil shale sampled from ejecta of mud vol-
canoes in Shamakhi-Gobustan region. A tendency
on decreasing of the value for this oxide was record-
ed towards the south-east from North Gobustan. In
addition to Si, the second major oxide in the chemi-
cal composition of samples is Al. It is nearly impos-
sible to give statistical distributions for this element
on the studied areas and regions. The Al,O3 values
in the samples range from 12.69 to 16.81 % (mean =
14.64 %). Compared to the Eocene samples, the
Fe 05 value is significantly higher (13.54 %) in
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sample No. 1 of the Upper Miocene. The Fe,O3 val-
ues are significantly lower (4.92-8.54 %) in the oth-
er nine samples.

The mean value of Fe;O3 is 6.84 %. Other ma-
jor oxides, such as Na,O (0.97-1.76 %, mean = 1.34
%), MgO (2.25-3.20 %, mean = 2.65 %), P20s

(0.03-0.39 %, mean = 0,17%), SOs (0.35-7.37 %,
mean = 2.93 %), K,O (2.06 to 3.89 %, mean = 3.36
% ), CaO (0.29-9.67 %, mean = 3.97 %), TiO;
(0.61-0.90 %, mean = 0.76 %), MnO (0.02-0.18 %,
mean = 0.09 %) were determined for all samples
(Table 2).

Table 2
Major and trace element concentrations of the samples
Region Shamakhi-Gobustan Absheron
Area g’:; );uklf Jongichay  Shikhzarli  Demirchi k?l(t);fni_a Qotur t% tzmdggh Lokbatan B(ggggh- Keyraki §
Sample 1 2 3 4 5 6 7 8 9 10
Major oxide (%)
SiO2 46.04 49.55 53.39 55.55 51.23 46.43 49.71 46.07 54.39 4572 4981
Al203 13.36 15.36 16.06 16.81 14.93 12.69 15.10 12.96 15.27 13.82 14.64
Fe203 13.54 4.92 7.29 5.53 8.54 4.97 5.63 5.42 5.46 7.12 6.84
FeO 12.18 443 6.56 4.98 7.68 4.47 5.07 4.88 491 6.41 6.16
Cao 1.37 5.22 0.37 2.09 0.29 2.97 7.32 8.47 197 9.67 3.97
Na20 1.15 1.38 1.34 1.00 0.97 1.76 1.50 1.63 1.42 1.23 1.34
K20 2.06 3.84 3.65 3.61 3.61 2.93 3.47 3.38 3.89 3.15 3.36
MgO 2.67 3.20 2.49 2.25 2.58 2.76 2.56 281 2.89 2.34 2.65
TiO2 0.74 0.75 0.76 0.87 0.71 0.61 0.83 0.66 0.80 0.90 0.76
P20s 0.39 0.04 0.03 0.26 0.03 0.25 0.21 0.25 0.17 0.08 0.17
SOs 0.45 3.06 3.90 1.26 7.37 4.69 1.69 3.30 3.20 0.35 2.93
MnO 0.18 0.07 0.09 0.02 0.02 0.05 0.13 0.07 0.07 0.17 0.09
Trace element (ppm)
Ba 235 405 426 555 384 412 241 516 142 434 375
Zr 116 196 215 142 184 214 117 419 317 154 2074
Br 8 12 5 1 5 72 5 5 8 3 12.4
Mo 80 77 64 48 126 5 19 16 34 12 48.1
Sr 116 325 214 317 134 294 295 426 1000 426 354.7
Cu 49 11 11 83 94 88 19 89 12 15 47.1
Cr 87 112 141 84 96 214 216 212 134 142 143.8
Rb 53 218 191 94 175 184 710 114 41 81 186.1
Zn 83 71 86 112 85 84 77 100 541 114 135.3
Ni 74 16 102 31 75 34 41 176 60 74 68.3
Se 0.4 0.1 0.6 0.3 11.6 0.7 0.3 0.5 0.1 0.4 15
As 5 3 5 8 2 7 23 3 9 7 7.2
Ga 17 8 15 11 7 12 14 5 8 12 10.9
\Y 31 104 246 241 964 41 24 61 61 71 184.4
U 3 1 2 1 1 1 1 1 3 1 15
Pb 7 34 12 19 19 18 9 18 11 21 16.8

The major oxides in the composition of sam-
ples were compared with average shale [47], NASC
[25] and average black shale [49]. The SiO; and
Al,O3 values corresponds to the average shale, while
the Fe,Os value proper to NASC and the CaO,
Na,0, K,O, MgO, TiO,. The P,0s values coincide
with both shales. Only for the Al,O3 value and alka-
line compounds were established a correspondence
compared with the average black shale (Table 3).

The major oxides in the samples were com-
pared with the cognominal rocks of some countries
that have extensive experience in the oil shale indus-
try. The studied oil shale demonstrates similarity
with the oil shale of the Estonian kukersite deposit
[15] and Green River Formation of USA [45]. A
associative similarity was recoded in the concentra-
tion of SiO,, Al;O3 and CaO. The studied samples
prevail on the oil shale of the Gurun basin of Turkey

[38], Baltic basin of Russia [28] and Sultani deposit
of Jordan [8] on the mean SiO, value. Referred to
the CaO content, these three countries have a signif-
icant advantage (Table 4). High concentrations of
CaO characterize a relationship with biochemical
source, including cementing in the center of the ba-
sin [52]. The CaO value is significantly higher in the
samples taken from the mud volcanic areas in Ab-
sheron region (excluding Bozdagh-Qobu) than in
Shamakhi- Gobustan region (excluding Jangichay)
(Table 2). This factor may be related to a deposi-
tional environment, in which the samples formed;
instabilities at the level of lake, lagoon, etc., as well
as intensity of transport of dissolved chemical com-
ponents.

Trace elements. The mean Zr value in oil shale
is 207 ppm, and there is a coincidence for this trace
element compared to NASC [25] and PAAS [46]
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Table 3

Comparison of chemical composition of the studied shales with published averages

Present NASC [25] Average Average black Post-Archean Aus-
study shales [47] shales [49] tralian Shale [46]
Major element oxide (%)
SiO, 45.81 64.82 58.50 - 62.80
Al203 14.64 17.05 15.00 13.00 18.90
Fe,03 6.84 5.70 4.72 3.00 7.08
CaO 3.97 3.51 3.10 2.10 1.30
Na,O 1.34 1.13 1.30 0.90 1.20
K20 3.36 3.97 3.10 2.40 3.70
MgO 2.65 2.83 2.50 1.20 2.20
TiO; 0.76 0.80 0.77 0.33 1.00
P20Os 0.17 0.15 0.16 - 0.16
MnO 0.09 - - 0.02 0.11
Trace element (ppm)
Sr 354.7 142 300 200 200
Ba 375 636 580 300 650
\ 184.4 130 130 150 150
Ni 68.3 58 68 50 55
Cr 143.8 125 90 100 110
Zn 135.3 - 95 300 85
Cu 47.1 - 45 70 50
Zr 207.4 200 160 - 210
Table 4
Comparison of the major oxides of the studied samples and oil shale
of some countries with published averages (%)
Present Gurun Baltic basin  Sultani deposit Estonia depos- Green
study Basin (Tur- (Russia) (Jordan) it (Estonia) River formation
key) [38] [28] [8] [15] (USA) [49]
SiO, 49.80 16.13 33.22 26.26 59.80 53.71
Al;Os 14.64 4.67 7.69 2.87 16.10 13.53
Fe.0s 6.84 3.18 4.26 1.12 2.80 5.40
TiO; 0.76 0.24 1.32 0.13 0.70 0.58
MgO 2.65 7.27 0.98 0.95 0.40 6.08
CaO 3.97 29.42 39.95 26.3 0.70 5.47
Na.O 1.33 1.58 - 0.27 0.80 2.37
K20 3.36 2.10 7.18 1.37 6.30 1.26
P20Os 0.17 0.16 0.47 3.48 - 0.20
MnO 0.09 0.01 0.11 - - 0.05

(Table 3). This indication differs sharply from some
of the world's oil shale deposits and basins, includ-
ing the Hatildag deposit of Turkey (14 ppm) [44]
and Sultan deposit in Jordan (46 ppm) [8]. The
mean Sr and Ni values for the oil shale are 355 and
68 ppm (Table 3). Relatively, the Sr content in aver-
age shale is 300 ppm [47], which roughly corre-
sponds to oil shale in the present study (Table 3).
However, the values of the same trace element in
the NASC [25], average black shale [49] and PAAS
[46] considerably less (142, 200 and 200 ppm) (Ta-
ble 3). The mean Sr value is 430 ppm in the Hatil-
dag oil shale deposit [44], Sultani — 707 ppm [8].

High Sr value in sedimentary rocks is associated
with nano-calcareous planktons [32] and also arago-
nite sources. The mean Ni value is distributed in
approximate concentrations in the noted shales (Ta-
ble 3). However, the content of this trace element in
the oil shale of the Hatildag deposit is 103 ppm [44],
Sultani — 139 ppm [8], Baltic basin —10 ppm [30],
Kukersit of Estonia — 17 ppm [48] and Green River
— 1-10 ppm [17]. The origin of Ni in the studied oil
shale is most likely associated with organic sources.
The Zn and Cu values in oil shale are 135 and 47
ppm (Table 3). The Zn value is relatively high in the
average shale and in PAAS (95 and 85 ppm) (Table
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3). The mean Zn value for average black shale is
300 ppm. The average Zn value in the oil shale de-
posit in Turkey is 15 ppm [44], Sultani — 649 ppm
[8], Baltic basin — 75 ppm [30], Kukersit deposit —
49 ppm [48] and Green River formation — 10 ppm
[17]. The mean value of Cu does not differ much
from the average shale and PAAS (45 and 50 ppm).
In black average shale, the value of this trace ele-
ment is slightly greater, 70 ppm (Table 3). The av-
erage Cu value of the Hatildag deposit is 38 ppm
[44], Sultani — 115 ppm [8] and Baltic basin — 10

ppm [30].

Geochemical classifications and maturity.
Based on the chemical classification diagram of log
(Fe.03/K20) versus log (SiO2/AlO3) [27], it was
determined that most of samples correspond to
shale, and only one sample with a rich Fe,O3 content
correlate with Fe-shale (Table 2, Fig. 3). Shale is
clastic sedimentary rock consisted of clay miner-
als, as well as quartz and calcite. The biological,
chemical and coastal-mechanical erosions, as well
as the shelf, lagoon, deep but relatively stagnant wa-
ter environments, are characteristic for its genesis.

A ratio K>O/Al,Os differs sharply in clay min-

Fe-shale Fe-sand

—
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Fig. 3. Log (Fe203/K;0) versus log (SiO2/Al>O3) classification diagram
[27] for the selected oil shale samples

erals and feldspar. The ratio value forms an idea of
the original composition of sedimentary rocks.
K>0/Al,O3 ratio was established for clay minerals 0-
0.3 %, but for feldspar 0.3-0.9 %. K>O/AlO; > 0.5
indicates the content of alkaline feldspar associated
with other minerals. The ratio varies from 0.15 to
0.26 for the studied oil shale (mean = 0.23). This
result indicates the absolute superiority of clay min-
erals over K-containing minerals, including K-
feldspar and micas.

Higher Na,O/Ka,O values indicate a bond with
plagioclase. Relatively low values characterize
change in extracellular cations of clay minerals.
This feature provides an association between sodi-
um and illite. The determined ratio for samples var-
ries from 0.27 to 0.60 (mean = 0.41), corresponds to
a low degree of maturity. A result of the correlation
between Na,O and Al,O; is negative (r = —-0.37),
which can be explained by the fact that sodium does
not bind to plagioclase in the samples, and the main
bond is associated with illite. The K2O/Na,O ratio is
1.66-3.72 (mean = 2.56), which is characteristic for
K-bearing minerals.

Al,O3/(Ca0 + MgO + Na0O + K;0) ratio in-
dicates the mobility of major oxides that form rocks
[24]. The oxides present in the content of samples
are unstable since the determined values of this ratio
are lower (0.80-2.05).

The ratios of SiO»/Al,O3 and Fe,03/K,0 are
very informative as an indicator of mineralogical
stability in sedimentary rocks. Lower SiO2/Al;O;
and higher Fe;Os/K-O values are considered miner-
alogically less stable and more prone to reactivity
under supercritical CO2 exposure [20; 39]. The ratio
of SiO./Al,Os is lower than that of Fe,O3/K>0O, and
this result leads to the fact that the studied samples
are classified as mineralogically unstable.

A ratio of SiO./Al,O3 is used to determine the
maturity properties of sedimentary rocks, as well as
to assess the presence of quartz associated with clay
minerals or feldspar [16; 19]. In this regard, high
ratios characterize mineralogical mature (quartzose,
rounded) and while low ratios represent chemically
immature rocks [40]. Since the sizes of fine-grained
rocks have a positive effect on maturity, but rocks,
mainly consist of clay minerals, have a negative im-
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pact on this feature. Thus, maturity can be recorded
in rocks, which rich with quartz, fine-grained sands,
and feldspar. If the SiO,/Al,O3 ratio is characterized
by high values, up to 5, it indicates progressive ma-
turity for quartz and feldspar. The value of this ratio
for present study range from 3.22 to 3.66, the mean
value is 3.4. Such values point to the superiority of
clay minerals in the studied rocks. The Al;O3, Fe;O3
and TiO, values for the composition of samples
shows a tendency like Al,O3 > Fe,03; > TiO; (Table
2). The obtained result corresponds to clay minerals
[37]. A positive result of the correlation between
TiO2 and Al,O3 (r = 0.57) also confirms this con-
clusion.

Unstable and recrystallization features of clay
minerals lead to acute mineralogical changes during
diagenesis and low-temperature metamorphism
[50]. Isochemical features for such processes is
characteristic. Index of Compositional Variability
(ICV), which indicates a richness of alumina rela-
tive to the cations of some major oxides in rocks, is
determined by the formula [ICV = (Fe.03; + K;0 +
Na;O + CaO + MgO + MnO + TiOy)/Al,03 (%)]
[18]. The index also allows detecting detrital miner-
alogical properties of rocks. The calculated ICV
value for samples is 0.91-1.78 (mean = 1.32). Since
rocks characterized by low ICV values are associat-
ed with the cratonic envoriments and clay minerals.
Most of the samples have a higher value than 1, in-
dicating the presence of fewer clay minerals and
more rock-forming minerals, such as plagioclase,
alkali-feldspar, etc.

Palaeoweathering. Intensity of chemical
weathering is directly related to a number of factors,
such as the composition of the parent rock, climatic
condition, the duration of weathering, the degree of
uplift tectonic movement, etc. The chemical weath-
ering has a certain effect on the composition of sili-
cate rocks. This is characterized by more stable
properties of large cations (Ba, Rb, etc.) compared
to small ones (Na, Ca, etc.) in weathered residues
[34]. During weathering, an element with a smaller
ionic radius is separated from feldspar and the
abundance of such an element compared to a stable
element in the content of rocks indicates the degree
of chemical weathering. A comparison of arid and
humid conditions indicates that arid is characterized
by relatively poor chemical weathering. A climatic
condition accompanied by heavy rainfall leads to the
loss of unstable minerals. In addition, CO; in the
atmosphere and temperature condition has a positive
effect on the intensity of weathering. Thus, the high
temperature increases the decomposition of plagio-
clase and potassium feldspars, as well as hydrolysis.
The lack of plants, the intensification of temperature
and rainfall can lead to strong weathering.

Some methods are used for the determination
of weathering based on the abundance of mobile or
immobile major oxides in the rock. Chemical Index
of Alteration ((CIA), [35]) is an index indicates of
the conversion of plagioclase and potassium feld-
spar into clay minerals. The computational formula
of the coefficient is: CIA = 100 x [Al,Os/(Al05 +
Ca0" + Na;O + K;0)]. A value of CaO" indicates
only CaO in silicates. Since this value is different
from CaO, the following formula [CaO" = CaO —
calcite — dolomite — apatite] was used for the index
calculation. The calculation of the index was per-
formed within the molar proportions of the oxides.
For the studied rocks, the CIA values are between
72 and 80 (the mean value is 75), which indicate
moderate to high degree of weathering. CIA versus
Al/Na plot for the samples is almost identical to the
PAAS (Fig. 4). Such a trend characterizes N* diage-
netic loss.

According to the ICV-CIA plot, the samples
were subjected to intensive weathering in the source
area and only after the post-sedimentation process-
es; there were changes in their composition (Fig. 5).
Up to 50 CIA values indicate unchanged plagio-
clase, as well as K-feldspar. The minimum values of
CIA for all samples > 70. Since CIA values ap-
proach 100 indicate the conversion of feldspar to
clay minerals, such as gibbsite, kaolinite [21]. The
CIA values and silicate clay minerals in the shale
samples (Table 1) also confirm moderate to high
degree of weathering. The obtained values may be
related either of the original sources or during
transport before deposition and may reflect low-
relief and arid climatic state in the source area [51].

The results of the ternary diagram of Al,QOs,
Ca0O” + Na,0 and K0 (A-CN-K) [36] was used to
determine the chemical weathering properties, show
that all the samples plot parallel to the A-CN join.
The normal weathering tendency is focused toward
illite, but in general, the effect of K-metasomatism
is not excluded. The obtained result supports a con-
clusion that the protolith of oil shales coincides with
mafic and intermediate types of igneous rocks
(Fig. 6).

The plot based on the amount of Al,O3 and
K20 of samples indicates a relationship with illite
(Fig. 7). Such a conclusion is most likely based on
the conversion of K-feldspar and muscovite into
clay minerals as a result of weathering in ar-
id/semiarid climatic conditions. In addition, the rela-
tionship between potassium and illite is confirmed
by the result of correlation Ka,O versus Al,Os3 (r =
0.65).

Conclusions. 11 minerals belonging to 5 clas-
ses were determined in the samples which silicates
predominate.

-19 -



Cepisi «[eonoeisi. [eoepagbisi. Ekonoeisi», sunyck 50

25
Low silicate weathering | Moderate silicate weathering | Intensive silicate weathering
20 CIA=350-60 CIA=50-80 CIA =80-100
O
15 PAAS
Z .
=~ 10 N
< ot P
5 ®e
0
40 50 60 70 80 90 100
CIA
Fig. 4. Scatter plot of CIA versus Al / Na ratio [43] for the studied samples. PAAS range from [46]
2
o ®
®
15 ;
Weak @ Intensive
E weathering oo weathering
Immatrure °®
1 ®
PAASICV =0.85 ®
Mature
0,5
30 40 50 60 70 80 90
CIA
Fig. 5. CIA-ICV plot [31] for the samples. PAAS range from [46]
(A)
ALO,
1007 0.0 \ 1‘%?10lini|e, Gibbsite,
““\ Chloride
901 ‘
< 80 Smectite Tllite
©
704
601
50
Clinopyroxene
011,00 f
0,00 025 0,50 0,75 1,00
CaO'+Na,0 K,0
(CN) X)

Fig. 6. A-CN-K ternary diagram [36] of molecular proportions of Al,0; — (CaO" + Na,O) — K,0 for
the oil shale samples. PAAS range from [46] and NASC [25]
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The coincidence between samples and shale
was established using the classification plot based
on log (SiO; /Al,O3) versus log (Fe;03/K20).

The K20O/AI203 ratio confirms a superiority of
clay minerals in the composition of oil shale com-
pared to K-minerals, including K-feldspar. The es-
timates based on the Al,03/(CaO + MgO + NaxO +
K20) and Fe;03/K;0, SiO2/Al,Os ratios confirm the
instability of oxides and minerals in the compo-
sition of samples. In addition, the ratios of
SiO2/AlL,0; and Al,O3 > Fe;O3 > TiO2 support an
idea that the samples are immature and associated

15 20
ALO, (%)

Fig. 7. Al,O3 versus K;O plot [18] of oil shale samples

25

The values of the CIA, and the plots for CIA
versus ICV, CIA versus Al/Na ratio and the ternary
diagram A-CN-K, as well as the study related to
major oxide confirm moderate to high degree of
weathering. The result of A-CN—K ternary diagram
support that the weathering tendency of the samples
plots close to the illite. The effect of K-
metasomatism in this process is also not excluded.
The role of post-sedimentation processes were most
likely involved in the conversion. The protolith of
oil shale samples is associated with mafic and in-
termediate igneous sources.

with clay minerals.

8.
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MINERALOGY AND GEOCHEMISTRY OF OIL SHALES IN AZERBAIJAN:
CLASSIFICATIONS, PALAEOWEATHERING AND MATURITY FEATURES

Shamakhi-Gobustan and Absheron regions (Azerbaijan) are a part of the South Caspian Basin, which is
a subsiding basin located between the colliding of Arabian and Eurasian plates. The intensive rate of sedi-
mentation process creates a favorable condition for the formation of oil shale, hydrocarbon and as well as
mud volcanoes in these regions.

The purpose of the article. The study of oil shale in Azerbaijan has been mainly devoted to their geo-
logical and organic-geochemical characteristics, etc. However, the chemical classifications, provenience,
palaeoweathering and maturity characteristics have not been studied. This study is the first attempt to inves-
tigate noted issues.

The research methodology. 10 samples from the outcrops and eject of mud volcanoes were analyzed.
The concentrations of major and trace elements and minerals were measured by “S8 TIGER Series 2
WDXREF”, “Agilent 7700 Series ICP-MS” mass spectrometers and XRD “MiniFlex 600”. The microscopes
“Loupe Zoom Paralux XTL 745” and “MC-10" and a digital camera “OptixCam” were used to determine the
age of the samples.

The major and trace elements in the composition of samples were compared with average shale, NASC,
PAAS and average black shale as well as oil shale from the Green River Formation of USA, Kukersit of Es-
tonia, etc. studied in the published literature. A diagram and index were used for the classifications and de-
termination of maturity of rocks. The palaeoweathering characteristic was determined based on CIA versus
ICV and some other plots and ratios.

Research results. The minerals found in oil shale were classified according to their classes. According
to the used classification diagram, it was established that all studied samples correspond to shale. A superior-
ity of clay minerals in the composition of oil shale compared to K-minerals, including K-feldspar was found.

The estimates based on geochemistry and some ratios of elements confirm the instability of oxides and
minerals, and immaturity of the samples.

The values of the CIA, CIA versus ICV plot, etc. confirm moderate to high degree of weathering. The
results confirm a conclusion that the original sediments were derived from mafic and intermediate source
terrain.

The scientific novelty. The scientific analysis presented in the paper is based on several substantial the-
oretical conclusions, which related to the factual material of research conducted by the co-authors.

The mineralogy, classification features, stability characteristics of the major oxides and minerals as well
as chemical maturity and palaeoweathering were studied based on the chemical composition of the samples.

The practical significance. The results of the current study can be used for the further utilization of oil
shale in Azerbaijan and the selection of promising areas in terms of mineral raw materials.

Keywords: oil shale, geochemistry, mineral, classification, maturity, weathering.
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I'OPU3O0OHTAJIBHI HEPEMIINEHHA TEOMAC Y KOHTUHEHTAJIBHUX PUOGTOI'EHHUX
TFEOCTPYKTYPAX (HA ITPUKJIAAI THIHTPOBCBKOT'O-JOHELBKOTI'O ITAJTIEOPUDTA).
YACTHUHA 2. CTPYKTYPHI HAPAI'EHE3U PEITHOI AE@OPMALII OCAJOBOI'O YOXJIA

Insepcitinum emanam cmpykmypHo-pe4o8UHHOT eBoNIOYli KOHMUHEHMANLHOT 3eMHOI KOpU NPUMAMAHHUL Pe2iOHAIbHUNL MACU-
ma6 nposgy degpopmayii 06’ eMHOT meKmoHiuHOT meuii 2ipCbKUX nOPIo NAAMPOPMHUX 0CAOOBUX KOMNILEKCIB, SIKOIO 3YMOGILEeHI 3HAYHI
20pU3OHMATILHO-3CYBHI NepeMijeHHs MeKMOHIYHO AKMUBIZ08AHUX 2eOMAC Y BHYMPIUHbO-NAUMHUX 2PAOeH-pUPMOBUX 2e0CmpyKmYy-
pax. 3cyena ounamiuna oegopmayis 2eoMac 3a36unail NPOSGIAECMbCS HA 3AKTIOYHUX emanax iCmopii 2eo102I4H020 PO3GUMKY MAKUX
2e0CmMpyKmyp, momy U3HAYAE 207108HI pUCU CUCMEMHOT opeanizayii cyuacHoi apximexmypu aK yHOameHmy, max i 0cadosux Kom-
niexcig uoxna. /lpyea yacmuna mpunozii npo0osiicye pecioHAIbHI 2e0MeKMOHIUHI O0CTIONCEHHS NOCMPUGMOBUX YCKIAOHEHb CMPY-
Kmypu ocadosoeo uoxaa /ninposcvko-Joneyvkoeo nareopugma (J/AI1), wo oxonnowomes mpu e0N06HUX emany NAamgpopmHoi mek-
mouiunoi akmusizayii. ITi3Hb0-2epYUHCOKA enoxa Xapaxkmepusyeanacs QopMySBarHHsAM KPYRHUX JIHIUHUX AHMUKIIHATLHUX 30H [ COs-
HOKYNONbHUX 8418 HA (POHI 3A2ANbHO20 CUHEKIZHO20 NPOSUHAHHSL PO3MAUIOBAHO20 8 MEJCAX NANEOPUPMY 0OHOUMEHHO20 0CA008020
obacetiny-/[ninposcvro-oneywvroi 3anaounu. Hacmynna, xivmmepiiicoka enoxa mexkmozenesy npu3zeena 00 3HAYHUX NiOKUOO-HACYEHUX
Ooeghopmayiti nepeUHHUX CIPYKMYPHUX POPM HOXNaA Y 2e00UHAMINHIL 0OCMAHOBYT KONI3IUHO20 CIMUCKAHHS, WO CYNPOBOOICYBAIOCH
IHMEHCUBHUM KOPOOIIEHHAM 20PU30OHMIE 0ca008020 woxaa. CmpyKmypHUM NPOIEOM 20PU30HM ANbHO-3CYEHOT MEKMOHIKU ANbNiliCbKOL
enoxu 8 0cadoBUX KOMNIEKCAX € NePeBadcHo COPUOHMANbHI NepeMiujeHHs 2e0MAc aKMUui308anux 2eob10Ki8, 1ineamMeHmie, 10Kalb-
HUX TMEeKMOHIYHUX eIeMeHMI8 | CIMPYKMYpP 6300894 OUHAMIYHO CHOTYYEHUX KVIICHUX OOMEHIE 3CY8I8.

Ilo pesynemamax cmpykmypHo-KineMamuuno2o ananisy pucyukie cucmem posnomie (CP) eepxuvo-giseticbko2o 0cado6o20 Kom-
nieKca 6CMAaHoBIeHo, Wo nio i€ NPUPOOHUX MeXaHizmie 00'EMHOT meKmoHIuHOT meyii 2ipcbKux nopio, 8 0cadosomy 4oxii 6i0dyea-
JIUCH 2OPUBOHMATIbHI NEPEMIWYEHHSL 2€0MAC, SKUMU 3YMOGIEHO POPMYBAHHS NO300BICHIX X6ULb GMOPUHHUX CIPYKMYPHUX Oepopma-
yiu. Bnepwe y cmpykmypi nnamgpopmmnozo yoxaa /[Hinpoécekozo epabena ioeHmugikosano xapakmepHi cmpykmypHi ¢popmu 3¢ygHoi
Odehopmayii - 10KATbHI CIMPYKMYPU, CIMPYKMYDHO-KIHEMAMUYHI napazenes3u, JIHIUHT | NI0W06i 30HU KOHYEeHmMpayii 3CYGHUX OUCIOKA-
yitl ma ymeopemi HuMu cyope2ionaivbHi cmpykmypHi Xeui pizHoi mopgonoeii, macuumaby i KineMamuxy, siKi € RPUPOOHUMU 2e0N02iY-
HUMuU 06 'ekmamu, chopmosaHuMu Ha iHEePCIiHUX emanax icmopii 2eono2iuHo2o po3eumky naieopugma.

Knrouosi cnosa: cucmemu po3nomis, 0cadosuii 4oxoin, CmMpyKmypa meKmoHiyHoi meuii, CmpyKmypHo- KiHeMamuyHuil napare-
He3, 30Ha KOHYEeHmpayii 3cYGHUX OUCTOKAYilL.

O. B. bapmawyk, B.I. Cyapxo. TOPU30OHTA/IBHBIE NEPEMEIIEHUA 'EOMACCHBOB B KOHTHHEHTA/Ib-
HBIX PUDOTOI'EHHBIX 'EOCTPYKTYPAX (HA IPUMEPE /IHEITPOBCKO-/IOHEILIKOI'O ITAJIEOPH®TA). YACTb 2.
CTPYKTYPHBIE ITAPATEHE3bBI CIBUHTOBOH JJE®OPMAIIHH OCAJJOYHOTI O YEXJIA. Husepcuounvin smanam cmpyk-
MYPHO-6EWeCMEEHHOT IB0NI0YUL KOHMUHEHMANbHOU 3eMHOU KOPbl XAPAaKmepeH pecuoHaibHblil Macumab nposgienus oegpopmayuu
00bEeMHO20 MEKMOHUYECKO20 MeYeHUs 20PHBIX NOPOO NAAMPOPMEHHBIX OCAOYHBIX KOMNIEKCO8, KOMOPOU 00YCl081eHbl 3HAUUMElb-
Hble 2OPU30OHMANLHO-308U208ble NepemMeuersi MeKMOHUYeCKU AKMUBU3UPOBAHHBIX 2e0MAC 80 BHYMPUNIUMHBIX 2PADeH-PUGMOGbIX
ceocmpykmypax. 306ucogas ouHamudeckas 0epopmayus 2eomac 06bIYHO NPOAGIAEMCS HA 3AKIIOUUMETbHbIX JMANAX UCIOPUU 2e0-
J102UYECKO20 pa38UMUs MAKUX 2e0CIMPYKIMYp, HOIMOMY onpeoensiem 2laghble Yepmbl CUCTNEMHON OP2aHU3ayul COBPEMEeHHO apXu-
meKmypul Kax yynoamenma, max u 0Ca0OYHbIX KOMUAEKCO8 Yexna. Bmopas wacme mpunozuu npooondicaem pecuonanbhvle 2eomex-
MOHUYECKUe UC-HUS NOCMPUDMOBUX OCIONCHEHUTI CIMPYKMYPbl 0cad04Ho20 yYexna [uenposcko-oneyxoco naneopugpma (4J11),
0XBAMBIBAIOWUX MPU 2TIAGHBIX IMANA NIAMPOPMEHHOU mekmoHuyeckoll akmuguzayuu. I1o30ne-eepyunckas smoxa xapaxmepu3soea-
1ach Gopmuposaruem KpYNHbIX IUHEUHbIX AHMUKAUHATLHBIX 30H U CONTHOKYNO-HbIX 847108 HA (hone 0bujeco CUHeKIU3H020 npo2uba-
HUSL PACNONIONHCEHHO20 8 Npedenax naneopughma 00HOUMEHHO20 0cadouHo20 baccelina-/JHenposcko-/loneyxoil énaounsl. Cneoyowas,
KUMMEPULCKAS IN0XA MeKMOo2eHe3d NPUGend K 3HAUUmenbHblM 830p0Co-HAOBUCOBbLIM 0ePOPMAYUAM NEPEUYHBIX CIMPYKMYPHLIX (opm
uexna 6 2e00UHAMUYECKOU O0OCMAHOBKE KONMUSUOHHOLO CHCAMUS C UHMEHCUAHBIMKOPOODIEHUEeM 20PUSOHMOE OCAOOYHO20 YeXId.
Cmpykmypuvim nposenenuem 20pu30HmaIbHO-cOBUS060L MEKMOHUKU AbNUNICKOLU DNOXU 8 OCAOOYHBIX KOMNIEKCAX AGIAIOMCS npe-
UMYWECMBEHHO 20PUSOHMATIbHbIE NepeMeujeHUs 2e0MAac aKmuU3UPOBAHHLIX 2e00NI0K08, TUHEAMEHMOS, IOKANbHBIX MEKMOHUYECKUX
2/1eMeHMO08 U CMPYKMYP 60016 OUHAMUYUHO 00 'eOUHEHHBIX KYIUCHBIX OOMEHO8 COBU208.

Ilo pe3ynomamam cmpykmypHo KuHeMamuieckoeo anaiusa pucynkog cucmem paziomog (CP) eepxne-gusetickoeo 0cadouHo2o
KOMNJIeKca YCMaHoBNeHo, Ymo noo Oeucmeuem npupoOHbIX MeXaHUu3Mo8 00beMHO20 MEeKMOHUYECKO20 MeYyeHusi 20pHbIX Nopoo, 8
0CA0OUHBIX KOMAIIEKCAX NPOUCXOOUNU 20PU3OHMATbHbIE NepeMewjeHlis 2e0Mac, KOmopuimu o0ycilosneHo hopmuposanie npoOOTbHbIX
607IH 6MOPUYHBIX CIMPYKMYPHLIX Oepopmayuil . Bnepevie 6 cmpykmype 0cadoynbix KOMNIEKCO8 NAamgopmento2o uexaa Jnenpog-
CK020 2pabena udeHmu@uUyuposansl MunuyHble CmpyKmypHoie Qopmvl cO8u2060t deopmayuu - 10KAIbHbIE CIPYKMYPbl, CHPYK-
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Beryn. [locnmipkeHHsT CTPYKTYpHHX TPOSIBIB
Mi3HBOTEPIIMHCHKOI Ta ME30KaifHO30MChKOT BHYTPI-
IIHBO-TUIMTHOT TEKTOHIYHOI aKTHBi3alii B apXiTek-
Typi ocagoBoro doxia JJIIT — 1te akTyaibHe TUTaH-
HS perioHaJbHOT TEOTEKTOHIKH 1 T€OANHAMIKH, SIKE €
MPEMETOM BHBYECHHS y CTATTi 1 BUPIMIEHHS SIKOTO
MaTHMe BeJIMKEe TEOPEeTHYHE 3HA4YEeHHS IS CTBO-
PEHHSI HOBOT KOHIIEMIIiT CTPYKTYpHO- KiHEMaTH4IHOT
EBOJIIOLIT 3eMHOI KOpH NaneopudTy, a TaKOX MpaK-
TUYHY I[IHHICTH JJIs1 OOTPYHTYBaHHI HOBHX HaTpsM-
KiB T€0JIOTO- PO3BiqyBaJbHHUX POOIT HA HaTy i Ta3
y 3.

PisHOMaHITHIMH MOPQOIOTIYHUMH TPOSBAMHU
PI3HOPAHTOBUX TEKTOHIYHUX CTPYKTYp 3 IHTECHCUBHO
neopMOBaHOIO BHYTPINTHROIO OYIOBOIO i CTPYKTY-
PHO-PEUOBHHHOIO TIEPEPOOKOI0 TIpCHKUX TIOpiJ €
"3omm ckoroBaHHs" [1], "kBiTKOBI cTpykTypHu" [2],
cTpykTypu Tuiy "mymiekc" [3], "cTpykTypu 3cyBHOT
teuii" [4], "crpykTypu TekToHiuHOI Teuii" [5], "6e3-
KOpiHHEBI HEOTEKTOHIuHI cTpykTypHu" [6], "30HH
KOHIIeHTpoBaHoi medopmarii” [7], "3oHm crpec-
meramopdizmy" [8], "nedopmarniiino-meTamopdiuni
30HU JiiHeameHTHOro Tuiy" [9], "30HU ropusoHTa-
apHOTO 3CyBYy" [10], "CTPYKTypH TOpH3OHTaIBHOTO
scyBy" [11].

VYci HaBe#eHI TEPMiIHM OKPEMO MiKPECTIOIOThH
OJIHY 13 XapaKTepHUX PUC BTOPUHHUX JePopMalliii-
HHUX CTPYKTYp, a came: MOp(OJIoTito HOBOCTBOPEHOT
OynoBw, CTyIEeHb THTEHCHBHOCTI cTpec-
MeTaMOp(IYHUX TEePEeTBOPEHb, THIT TEKTOHIYHUX
JUCIIOKAIlA TOpij, abo TepeBaKalouMii MEXaHi3M
nedopmariiif. Aje, CHiIBHO BOHH Bim0oOpa)karoTh,
BOUCBU/Ib, €JMHUIN MPUPOIHUI 00'EKT, 10 OXOILIIOE
yci Mopdomoro-reHeTHdHi THIH JedopMaIliiftHux
CTPYKTYp, BKJIFOUAIOUYM OCOOJIMBOCTI IXHBOI BHYTpi-
ITHBOI CTPYKTYPH, TCOAMHAMIUHY CKJIAJIOBY MEXaHi-
3My aedopManiii, THII CTPYKTYpHO-PEUOBHUHHOI Tie-
pepoOKH, CTPYKTypO-(hOPMYIOYYy pOJb TOPHU30HTA-
JILHO- 3CYBHHUX JIUCIIOKAIlii, a00 00'eMHOT TEeKTOHIY-
HOT Teuii TIPChKUX MOPi.

3 ooy Ha Ue, y JaHid poOOTi Boepiue mpo-
MOHYEThCS BXXHMBATH IS TaKUX CHEUU(PIYHUX Teo-
JOTIYHUX O0O'€KTIB HAWOUTBII BIyYHUH TEpMiH
"cmpykmypa mexmoniunoi meuii’' (CTT), 3anporo-
HoBanuii €. 1. Ilaramaxoro (1979) ans BTOpHHHUX
nepopMaliifHuX CTPYKTYp TipChKO-CKJIQJI4acTUX
obmacreit. KpiM TOro, IpOMOHYETHCSI BHIIISTH Te-
pUTOpiaNbHO 1 AMHAMIYHO crionydeni aHcam6mi CTT

Mg TepMiHOM "‘cmpykmypHuil napazeHe3 peioHoi

Ooepopmayii” (I1P/]),a TepuTopianbHi NUISHKHA KOH-
nenTparii [1P/] Buginary mix TepMiHoM "zoua peio-
Hux oucnokayiu' (3P1).

T'onoBHoro aiarHoctuyHo0 o3Hakoro CTT, mio
BIIEpIIIe BHIUISIOTHCA MPH PETiOHATIBHUX TEOTEKTO-
HIYHUX JOCIHIHKCHHIX CTPYKTYPHUX MTOCTPUGTOBUX
YCKJIaJHeHb 0caioBoro miargopmuoro voxina JJIIT,
BH3HAYEHO 3HAYHO MiJBUIIEHY, Y MOPiBHAHHI 3 (o-
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HOBOIO, IHTEHCUBHICTh CTPYKTYPHO-PEUOBHHHOI Ie-
PEpOOKH KOHCONIIOBAHWX TiPCBKUX TOPiA, SKi y
30Hax cTpec-MeramMopdismy, Hix Ti€l0 MPUPOIHUX
MEXaHi3MiB 00'€MHOI TEKTOHIYHOI Tedii HaOyBaroTh
BJIACTHBOCTEH 1O TOPHU3OHTAIBHUX MEpPEMIlleHb 3
YTBOPEHHSAM BTOPWHHHX Je(POpPMAIHUX CTPYKTY-
pHUX dopMm. ToMy MiarHOCTHYHUM KPUTEPIEM TOPH-
30HTAJILHUX MEPEMIllleHb reoMac y poOoTi oOpaHo
nasBHicTe CTT pizHoro macmrady, mopdonorii Ta
TEHE3UCY, SKi BiJOOpaXKalThCcsd Y XapaKTEpHUX
CcTpykTypHHX pucyHkax CP Ta imeHTH(iKyIOThCS B
AQHOMAJiSX MOTEHHIHHMX Treo(i3UYHUX MOJIB, MO
BEPTHKAIFHIX HEOTEKTOHIYHUX PYXiB, a TaKoX Yy
30HaX JIHEAMEHTIB 1 KIILIEBUX aHOMATIAX, BUSIBIIE-
HUX 3a JaHUMU e pyBaHHsS MaTepiaiB KOCMO3-
HOMKH.

Y po0oTi, 3 BUKOPUCTAHHAM TEKTOHO(IZHIHUX
METO/IB aHami3y, 3po0JCHO CIpo0y IOBECTH, IO
BHJIUJICHI Y CTPYKTYPHOMY TUTaHI BEPXHBbOBI3EHCHKO-
ro ocagoBoro komiuiekcy CTT, € cTpyKkTypHUMH
MIPOSIBAMHE TTI3HBOTEPIIMHCHKOI Ta ME30KaHO30MCh-
KOi BHYTPILIHBO-TUIUTHOI TEKTOHIYHOI aKTHBi3alii B
apxitektypi ocagoBoro goxia JI1.

AHaJ3 mnomepenHix gocjigxkens. BropuxHa
nedopmMariiiina miHilHa cKkimaggacticTs, 3rigno (Ila-
tanaxa E., 1979; Anekcees B., 1990), posrisgaers-
Cs K CYKYIHICTh JIOK&JbHUX 30H 3CYBHOI Teuii,
c(hopMOBaHMX Ha KYJIICHO PO3TAIIOBAaHUX B'S3KUX
po3j70Max, M0 YTBOPIOKOTH CHUIbHI TEKTOHIUHI
ctpymeHi. CTPyKTypHUH KICTAK TEKTOHIYHHX CTpPY-
MEHIB, SIK OCHOBY TCKTOHIYHOTO JUCIIOKAIIIHOTO
MIPOLIECY, CKJIANAIOTh 3CYBH 3 TOPH30HTANBHOIO 1
pOTAaIiifHOIO0 CKJIaIOBUMH TepeMillieHb. [ opu3oHTa-
JBHI 3CYyBH JOMIHYIOTh y CTPYKTYpPi BEPXHIX YaCTHH
3eMHOi KOpPH 1 € THIOBUMH [U3'IOHKTUBHHUMH €Jie-
MEHTaMH OyIOBH KOHTHHEHTAJIBHHUX TEOCTPYKTYP,
YTBOPEHHMH B T€OJMHAMIYHUX 00CTaHOBKaX TpPaHC-
TeHcii (rpabenu, pudTH), TpaHcmupecii (TipchbKOCK-
Jaa4acTi pyXJIMBi MOSCH, 30HU BHYTPUIIHBOIUTUTHOT
aKTHUBI3allii), a TakOX OCHOBHHUMH CTPYKTYPHHUMH
€IEMEHTAMH 3CYyBHOI TEKTOHIKM O0CaJoBUX 0a-
CEHHIB.

Hapasi 3'sBunmcs HOBI akTiyHi naHi i Teope-
TUYHI HampalfoBaHHSI 3 JUHAMIYHOI I€OTEKTOHIKH
[12-15], mi0 103BONSAIOTH MIarHOCTYBATH MEXaHi3MH
BHYTPIIIHBOT 00'€MHOT TEKTOHIYHOT PYXOMOCTi T€0-
Mac, SKMMH 3YMOBIIOIOTHCS BTOPHHHI CTPYKTYpHI
JUcIoKarlii. 3TifHO HUX, AMHAMIYHA Jedopmariis
OXOIUTIOE yci (OpMH TEKTOHIYHOI Tedii TipChKUX
mopij Ta iX CKJIaaHI MOEJHAHHS, TOMY JMHAMiYHA
Te0TEeKTOHIKa BKIIOYAa€ B ceOe CyKYyINHICTh BTOPHH-
HUX JeopMaliiiHuX CcTpyKTyp 1 AedopmamiiHux
MIPOTIECiB, IO BUKJIMKAIOTH TOPU3OHTAIBHI IIEpeMi-
LIEHHS reoMac i TEHETUYHO 3 HElO MOB'sI3aHi.

O0'exTOM HaHWX AOCTIIKEHb € CIMpPYKMYPHUL
naparenes — "CYKYNHiCMb CMPYKMYPHUX (DOpPM,
VMBOPEHUX 8 CRIIbHIU 2e00UHAMIYHIL obcmanosyi"
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(TonuapoB M., Tamuupkuii B., ®ponosa H., 2005).
Y mpupomHux ymoBax nedopMariiiHi CTPYKTYpHI
napareHe3u (QpOopMyIOThCs, 3a3BUYAil, B T€OIUHAMIY-
HUX O0O0CTaHOBKax iHTep(depeHIlii ereMeHTapHuX
TEKTOHIYHUX Hampyr (CTHCKaHHs, PO3CyBaHHS, 3CY-
BaHHSI), MPUIOMY TIEPEBAKAIOTH JBA KOMOIHOBAHUX
pexuMH: 1- TpaHCTEHCIi, 0 yTBOPIOETHCS MPHU TO-
PHU3OHTAILHOMY 3CYBI B3JIOBX BEPTHKAIBHOI ILIO-
IIMHU B YMOBaX T'OPU30HTAIILHOTO PO3TATY; 2- Tpa-
HCTpecii, SK pe3ysbTaT KOMOiHAaIii TOPU30HTAIBHO-
IO 3CYBaHHS B3JIOBXX BEPTHUKAIbHOI IUIOLIMHHU 1 TO-
PU3OHTAJIBHOTO CTHUCKAHHS [0 HOpMalli 10 i€l
TUIOLLHH.

CTpyKTypHI NapareHe3n IUX IBOX TOJOBHHUX
MIPUPOTHUX TEOTUHAMIYHUX OOCTaHOBOK, y TEKTO-
HO(I3MYHOMY CeHCi, NpEeACTaBlIeHI CTPYKTypamH
tumy "duplex" (Sylvester A. G., 1988). [lis pexxumy
TpaHcTeHcil xapaktepHuii "extensional duplex”, a6o
IYTUIEKC PO3TATY, Y TEKTOHO(I3HIHOMY CEHCI TIpe/I-
CTaBJICHUH OUHAMIYHO CIIOJYYEHUMH aHcamOIsIMu
CTPYKTYpPHUX AyT pO3TAraHHA. BiH ckiazaeTses
JOMEHaMHU KyJiCHO BUIIMKYBaHUX CKHIIB, IO YT-
BOPIOIOTH CTPYKTYPHI YJIOTOBUHH y penbedi ocano-
BUX KOMIUIEKCiB, y ToMmy wuumciai tumy “pull-
apartbasin®. Jlist 06cTaHOBKH TpaHCIpecii THIIOBUM
€ JyIUIeKC CTUCKaHHsA-"contractional duplex”. Horo
MPEJCTABJIAE CHUIbHUA JMHAMIYHMA —aHCcamOJIb
CTPYKTYPHHUX AYT CTUCKAaHHS, CKJIQJACHUH JOMEHaMU
KYJIICHUX PSIIB MIAKUIB, 3pijIKa 3BOPOTHUX CKHUJIIB,
SIKi YTBOPIOIOTh CTPYKTYPHI MiTHATTS penbedy pis-
Horo macmTtaly i Mopgoorii, sSIK HaBeIeHO Ha PHLC.
1 y mamiit nonepensniit crarti (O. bapramyk, B. Cy-
spko, 2018).

B nammx nonepenuix po6orax [16-18] mokasa-
HO, IO 0COOJMBOCTI BTOPMHHOTO Je(OpMaIiifHOTO
CTPYKTYpO-(hOpPMYyBaHHS Ha IHBEPCIHHUX eTamax
TEKTOHIYHOTO PO3BUTKY PU(TOTEHHUX T'€OCTPYKTYD
BU3HAYAIOTHCS, TOJIOBHUM YHHOM, OCOOJIMBOCTSIMU
reoJMHAMIYHOI eBOJIOLIi HAMpy:KEeHO- AedopMalliii-
Horo crany (H/IC) xoHTHHEHTabHOI 3€MHOI KOpH.
[Tpu upomy, HAC eraniB mnar¢popMHOT TEKTOHIYHOT
aKTHUBI3aIll 1 3arajbHO- MI1aTGhOPMHOT KOMi3il Xapak-
TEPU3Y€EThCS MEPEBAXKAHHAM T'€OJMHAMIYHOTO pe-
UMY TPaHCHpPECii, O BCTAHOBIIOETHCS BHACIIIOK
3araJbHOTO TaHT€HIIaJbHOTO CTUCKAHHS Y TOPU30H-
TaTbHO-3CYBHOMY PETiOHAIILHOMY TIOJTi TEKTOHITHUX
Hanpyr. ['eoquHaMiYHOI0 0OCTaHOBKOIO TPEHCIpecii
OyB 3YMOBJICHHMII pPETIOHAJIbHUI MAacITad IPOsBY
nedopmartiit 06'eMHOT TEKTOHIYHOT Tedil KpHCTaid-
HUX TOpiA (YHIAMEHTY, 10 BUKJIMKAIO 3HA4YHI TO-
PU3OHTATRHI TEpEeMIlIeHHs aKTHBI30BaHUX T'e00JI0-
KiB 1O JHIHHUX 30HaX 3CyBHOTO KoHTpomo. lLle
Mpu3BeNo 10 (OpMyBaHHS y TIOBEPXHI JOKEMOpii-
CBKOTO (PyHIAMEHTY CTPYKTYPHHUX IaparcHe3iB i 30H
KOHIICHTPOBaHUX AehopMaIiiii 3cyBaHHS, CTUCKAHHS
Ta po3TAraHHs. TEeKTOHIYHY MO3MUILII0 i KIHEMaTHKy
Buninenux y ¢ynaamenti CTT pisHoro macmraly
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BpaxoBaHO B JaHili poOoTi s mopgoioro-
TeHEeTUYHOI [IarHOCTHKH 1 KapTyBaHHA nedopma-
LWifHUX CTPYKTYPHHUX IMapareHe3iB i CKIaJeHUX HH-
MH 30H KOHIICHTPOBAHUX JW3 TOHKTHBHUX 1 TIJIIKATH-
BHUX peigHux aedopmarii, o Blepiie BUAISIOTh-
csl K TPUPOIHI T'eOoNOTidHI 00'€KTH B apXIiTEKTypi
BEPXHBOBI3EHCHKOTO  KOMIUIEKCY — IJIaT(OPMHOTO
0CaJI0BOTO YOXJIa TTAJIeOPUPTY.

Mera i 3aBmaHHA HOCJHiTKeHb. MeToo pobo-
TH € JOCTIDKEHHS CTPYKTYpHHX MpOsBIB 00'€MHOT
TEKTOHIYHOI PyXOMOCTi aKTHBI30BaHUX TreoMac Iia-
JIC030MCHKOT0 OCAIOBOTO YOXJia Ha I1HBEPCIHHUX
etamax eBoitonii reoctpykrypu JIIL. 3 miero me-
TOI0 Yy CTPYKTYPHOMY IUIaHI BEPXHBOBI3EHCHKOTO
MiI'ApyCy HIWKHBOKAM 'STHOBYTLIBHOTO  JITOJIOTO-
cTparurpagiuHOro KOMIJIEKCY BUBYAIUCH:

1. TepuTopiayibHE MOMIMPEHHS, TEKTOHIYHA IT0-
3ULisl 1 MOP(OJIOTO-TeHETHYHI THIA BTOPUHHUX Jie-
dhopmamiitanx CTT 30HaNBHOTO 1 CyOpeTioHaTHHOTO
macirady (I[P, 3P/);

2. 3iCTaBicHHS BHSBJICHUX jae(opMariiiHux
CTPYKTYpP 3 KUJIbLIEBUMH ''AYTOTUIIHUMM»'" aHOMAi-
SIMH Ta "OCHOBHHMMH 30HAMH JIIHEAMEHTIB', BUIlIe-
Hux 3rigHo [19];

3. TOJIOBHI HANpPSMKH 1 KIHEMaTHKa TOPU30HTa-
JHHHUX TIEpEMIIIeHb TEKTOHIYHO aKTHBI30BaHHX Te-
OMAacCHBIB 0CaJ0BOI0 YOXJIa;

4. anani3 BimoOpaxenHs aedopmamniiaux CTT
y CTPYKTYpHHX HEOIHOPIIHOCTSAX aHOMAaJbHOTO Ma-
THITHOTO 1 TPaBITAIliIfHOTO TOJIB Ta TMOJS BEpTHKA-
JBHUX aMIUIITYA HOBITHIX (TOJOLEHOBHX) TEKTOHIY-
HUX PYXiB.

Marepianu Ta MeTOAU A0CHiIKeHb. MeToau-
YHUN MIXiT TPOBEIEHHS PEriOHalbHUX TE€OTEKTO-
HIYHHUX JIOCHIJ)KCHb BTOPHUHHOTO Je(hOpMaIliifHOTO
cTpykrypodopmyBanHs B reocTpykTypi JJIIT moss-
raB y KOMIUIEKCYBaHHI CTPYKTypHO-TIapareHeTHy-
HOTO METONY 1 METOIy CTPYKTYPHO-KiHEMAaTHIHOTO
aHamizy cTpykrypHux pucyHkiB CP. 3actocyBanHs
i€l OpUTIHATEHOT METOAMKH TIPH MOTIEPEIHIX TOC-
JDKEHHSX CTPYKTYPHUX YCKJIAQAHEHb (DyHIAMEHTY
JIO3BOJIMIIO BUBYATH AedopMalliifiHe CTPYKTYpOyTBO-
PEHHS B yMOBaxX HNOCTPU(TOBHX T'€OTUHAMIYHUX
pexumiB 1 Buaisitd nputamandi iM CTT B apxiTek-
Typi mokeMOpiiicbkoro ¢pyHmamenty [17,18]. Metoro
JAHUX JOCHIDKEHb € BHSBJICHHS PI3HOPAHTOBUX
CTT B apxitekTypi mnar¢pOpMHOTO OCaI0BOTO HYOX-
Ja, a caMe y CTPYKTYPHOMY IIJIaHI BEpPXHBOBI3EHCh-
KHX BiZKJTaJiB HIDKHEOTO KapOOHy.

AmnaniTuyHi kapTorpadiuHi Marepianu cKiana-
1o1h "KapTa po3puBHHX MOpYIIEHb | OCHOBHUX 30H
nineameHTiB miBneHHoro 3axony CPCP (3 Buxopuc-
TaHHSIM MarepiaiiB KOCMIYHOI 3HoMkH)" MaciTady
1:1 000 000 (pemakrop M. Kpwmos, 1988), cxema
PO3JIOMHO1 TEKTOHIKH BEPXHBOBI3EHCHKOTO KOMITJIC-
Kcy (3a MarepiaamMu celicMiuHOi KapTu 1O BinOH-
BalOYOMY TOpPHM30HTY VB, aBrop . ['y3zmk, 2009),
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KapTH JIOKAIbHUX aHoMautiil rpasitaniiHoro (AGa) i
MmaruitHoro (ATs) momis (aBropu B. Illemer,
B. Omenpuenko, 2006- 2008, 2009- 2017), a takox
KapTa BEPTHKAILHUX aMIUNTYJ HEOTEKTOHIYHUX
(romouenoBux) pyxiB (aBrop A. IlomiBues, 2007),
yci marepianu macirady 1:500 000.

PesyasTaTn nocaimkens. Ha mincrasi Teope-
TUYHOI KOHIIEMIIii CTPYKTYPHUX YCKIAJHEHb pUPTO-
reHHoi OymoBU maneopuTy BHACHIIIOK perioHajb-
HOT'O MPOSIBY MPHUPOJHUX MEXaHI3MIB peinHoi aedo-
pMarii ocazoBUX TOpiA Ha eramax Imar(opMHOI
aKTHBI3alii 1 3araibHO- IUIMTHOI KOJIi3ii MPOBOIU-
JIOCh BHSBJICHHS Y BEPXHbOBI3EHCHKOMY KOMILIEKCI
CTPYKTYPHO-KIHEMAaTHYHUX IaparcHe3iB TEKTOHIY-
HOT Tedii Ta iX TUHAMIYHO CHOJIYyYEHUX aHCaMOIIiB,
SIKi CKJIQJIA0Th CYOperioHabHI 30HH PEiMHUX IucC-
JIOKaLiH.

Ha mepmiomy erari nocimifkeHs, i3 BHKOpPHUC-
TaHHAM CTPYKTYpHO-KIHEMaTHYHHUX IHIHUKATOPIB
(puc. 1 B [18]) i THIIOBMX PHCYHKIB TOPH30HTAIBHUX
pyxie (puc. 1), srigno (Byprman B., JIykesHOB A.,
IeiiBe A., Pyxenries C., 1963), Ha cxemi po3I0MHOT
TEKTOHIKH TpoBoauBcs aHaniz CP y moBepxHi Bepx-
HBOBI3EHCHKOTO KOMIUIEKCy. BuBuanuce mopdoio-
risi, KiHEeMaTHKa 1 MPOCTOPOBI B3aEMOBIIHOIICHHS
PO3PUBIB, IKUMH MOXXYTb OyTH 3yMOBJICHI TOPH30H-
TalbHI MepeMillieHHs] aKTHBI30BaHMX reoMac 0cajo-
yHUX 1opif. Ha mux migcraBax y perioHaIsHOMY
CTPYKTYPHOMY IUIaHI iIeHTU(IKyBAIMCh TUHAMIYHO
cnonydeni ancamOmi CTT, ski y moganemioMy BHITI-
nsumuch sik okpemi TTPJ], mpoBoamiack ix reHernvna
JIIarHOCTHKA i3 HACTYITHUM BU3HAYEHHSIM iX TEKTO-
HiuHO1 mo3uuii y cknaai cyoperionansaux 3P, s
octarouHoi inmeHTudikamii CTT Oymo 3amyueno "Ka-
pTy..., 1988", nmineamenTH i Kinbuesi "gyroTwmHi"
aHOMaJii 3 SKOi 31CTaBJIAIMCH i3 BHUIUIEHUMH HaMHU
Mopoitoro- renernuHrmu tunamu [1PJ] Ta 3P/1.

T'osoBHHMM pe3ynbTaToM MEPLIOTo eTamy A0CIHi-
JOKEHb € BCTAHOBJICHHS PErioHaJbHOTO MaciTaly
MOIIUPEHHS CTPYKTYpHO-KIHEMaTUIHUX 1HIUKATO-
piB 1 XapakTepHHX PHCYHKIB TOPHU30OHTAIBHUX IIe-
pemimeHs reoMac. 3 TOYKH 30py TEKTOHIYHOI MO3H-
Iii, HaWOUTBIIy iX KOHIIEHTPAIII0 MPOCTEKEHO B
Mexax JIHIimpoBcrkoTO TpabeHa, 0coOIMBO Ha HOTO
MiBACHHOMY 1 IBHIYHOMY IPUOOPTOBUX CXHJIaX HAJ
TOPCTOBUMH 1 CTYIIHYACTUMH YCTyHaMu (yHIaMeH-
Ty i B IOBHHUX 30HAaX MiBJAEHHOTO i MBHIYHOTO Kpa-
HOBHX pO3JIOMIB, MEHIIY KOHIECHTpAIil0 BCTAHOB-
JIPHO Ha CXWIaX CTPYKTYpHHX [ENpeciii ocboBOi
30HU rpabena (puc. 1).

BpaxyBanHs NmpUpOAHMX KiHEMAaTHYHHX MeXa-
Hi3MIB TeKTOHi4HOi nedopmarii CHilbHUX aHcamO-
JIB JOMEHIB 3CYBIiB Ta acoUiHOBaHHWX 3 HUMHU Te€00-
JIOKiB, IIO MEPECyBAIOTbCS Yy TOPU3OHTAIBHIN ILIO-
IUHI, 700pe BHBUEHUX paHiIlle y PYXJIMBHUX TipCh-
KO- ckiamyacTux moscax [20], mo3Bommio BcraHo-
BUTH HacTynHe. Jledopmariiss mepBUHHO-TIHIHHUX
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TEKTOHIYHHUX €JIEMEHTIB 1 CTPYKTYp MIaT()OpMHOTO
yoxyia BigOyBanach y TeOAMHaMIiUHiIN 0OCTaHOBII
TpaHcHpecii, sika Ipu3Besa 0 KOJMi3iHHOTO KOpoO-
JIEHHSI TOPU30HTAIBHO- IIapyBaTOi 0CagOBOi TOBIIII.
Bona cynpoBomxyBaiach iX BUIOBKEHHSM IO TPO-
CTSATAaHHIO T€OCTPYKTYpH nayneopudta B perioHaib-
HOMY 3CYBHOMY IIOJIi TEKTOHIYHUX HAmNpyT i3 YTBO-
PEHHSIM XapaKTepHUX IUHAMIYHO CIIONYYCHHX aH-
camOniB CTT TprOoX OCHOBHUX MOpP(QOJIOITIUHUX
THITIIB- [OBOX IUTIKATUBHUX 1 OXHOTO M3 TOHKTHB-
HOTO.

1. Hepumii Tun CTT HaleXUTh OO IUTIKATHUB-
HUX JWCIIOKAaIlii 0CajJOBHX TOPU30HTIB, chopMOBa-
HUX 32 KiHEMaTHYHHM MEXaHi3MOM TMO03JJ0BXXHBOTO
BUIOBKECHHA. Y TEKTOHO(IZMIHOMY CEHCI BOHH
MPEACTABISIOTE COO0I0 CTPYKTYPHI "OpOKIMHH BH-
ruHaHHA (CTPYKTYpHHH THTI nedopmarlii 3rizao M.
Konma, 1991), abo " mymiekcu CTHCKaHHA', SKi
CKJIaJal0ThCSl KYJICHUMHM IOMEHAaMH CTPYKTYPHHX
IOYT CTHCKaHHs. Y CTPYKTYpPHOMY IUIaHi BEpXHBOBI-
3€MCHKOTO KOMIUIEKCY BOHU TIPOSIBICHI Y BHIISII
OYTOTONIOHMUX CTPYKTYPHHX YCTYyMiB-IIAOMiB 1 Te-
pac, 3a SKMMH IiBJeHHA MpUOOpTOBa YacTuHa JlHim-
POBCBKOTO rpabeHa 3aHyPIOETHCS 10 OCHOBOT 30HH.

2. Ipyruii TUN IUTIKATUBHUX CTPYKTYpHHX Ta-
pareHe3iB MpeCTAaBICHUH CIIOIYYEHUMH aHcamO-
JSIMU CTPYKTYPHHUX IIyT PO3TSATAHHS, SIKi B 0CaJ0BO-
My 4YOXJIi BiChOBO{ i MIBHIYHOT MPUOOPTOBOI YaCTHH
naneopudty GopMyroTh OKpeMi "IyromnoaioHi cTpy-
KTypu po3Tsary” (CTpYKTYpHHUH THII JedopMariiii
srigno M. Konma, 2017) y BUmIsiai i30MeTpUYHUX 1
OBAJIbHUX, 3piAKa IYTromomiOHUX CTPYKTYPHUX YIIO-
roBuH Tuiy Pull-apart.

3. Tperiit, MU3'TOHKTUBHUHA THIT IAedopMariiii-
HUX TaparcHe3iB MpeACTaBICHUH JiHIMHUMHU 30Ha-
MH 3CYBHOTO KOHTPOJIO, SIKi € CTPYKTYPHUM BiIOUT-
TSIM B 0CaJ0BOMY YOXJIi MEPHIIOHATBHUX 1 AlaroHa-
JILHUX JI0 TIPOCTSTAaHHS MaJeopu(Ty JTiHEaMEHTHUX
30H KOHLEHTPOBAaHMX AW3'IOHKTUBHHX Aedopmarii
KpucTaniyHoro (pyHnamenty, c(opMOBaHHX y IIOB-
HUX 30HaX DIMOMHHHUX TPAaHCPErioHaJbHUX PO3JIO0-
MiB. B TekTOHO(I3NIHOMY CEHCi BOHU CKJIaJeHl JTu-
HaMiYyHO CHOJyYCHHMH aHCaMOISIMH 30H CKOJIIO-
BaHHs (CTpYKTypHHH Tun nedopmaniii srigao C.
CrostHoBa, 1977), saki y penbedi ocamoBoro goxinia
CKJIaJIaloTh BY3bKi "TpancdopmHi" po3ioMHI 30HH,
IO XapaKTEePU3YIOTHCSI BUCOKOIO MTUTOMOIO ILIBHIC-
TIO TOPU30HTAILHHUX 3CYBIB.

3a KOMIUIEKCOM T€O0JIOTO-TeOo(i3MIHUX O3HAaK,
TOJIOBHUM CTPYKTYPO-YTBOPIOIOYMM TEKTOHIYHUM
€IeMeHTOM cydacHoi reoctpykrypu JJ(I1 BuzHaue-
HO MuxaiiniBcbko-OXTHPCBHKY 30HY JIIHIHHOTO TO-
PH30HTAILHO-3CYBHOTO KOHTpoJio (puc. 2). BoHna
TPaH3UTOM HOJOBXYEThCS 3 YKpaiHcbkoro Ilura y
Mexi JIHImpoBchkOoro TpabeHa, J¢ BUAUIIETHCS
B3JIOBX MIOBHOI 30HU JHIMPOI3EPKUHCHKOIO PO3-
JIOMY, Tpacy sKoro npuitaaro 3rigHo "Kaptu pospu-
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BHUX TOpYyLIeHb..., 1988". ¥V moni BepTHKanbHUX
HEOTEeKTOHIYHHX pyXiB MuxaiiniBcbko-OXTHpPChKA
JiHeaMEHTHA 30Ha BIEBHEHO BiOMBA€THCS B3IOBXK
YiTKO BUPAKEHOI MEPHIIOHAILHOI CMYTH iX aHOMa-
JHHO MiJIBUILEHUX aMIUIiTya. Brepiie B apxitekTypi
IIOKeMOpiiichbkoro (yHIaMEHTy 1 0CaJoBOTO ILIAT-
(hopMHOTO YOXJIa MaNeopudTy Iel JTiHeaMEeHT i/1eH-
TU(IKOBAHO SK CTPYKTYPHO-KIHEMaTW4HYy BiCh CH-
MeTpii, 3 HO3ULIH TeKTOHO]I3UKH, a00 perioHaIbHY
BiCh TEKTOHIYHOTO PO3TIKaHHS aKTHBI30BaHUX TI'€O-

Mac, y TEOIUHAMIYHOMY CeHCi. MuxanmiBChbKO-
OXTHpChKa 30HA € TaKOK ONHHUM i3 TEKTOHIYHHX
CJIEMEHTIB, 10 BHU3HAYAIOTh HOBITHIO IMONEPEUHY
CErMCHTAIII0 MaleoOpuPTy, PO3AUIAIOIN HOTO TEpH-
TOPiI0 MPAaKTUYHO HABIILJ, HA JBa MEraOJIOKH — MiB-
HIYHO-3aXITHUW 1 MBICHHO-CXITHUH, SKI XapakTe-
PHU3YIOTBCS PI3HUMH KiHEMATUYHUMHU THUTIAMH CTPY-
KTYpHUX TlapareHe3iB Ta pi3HUMHU HaNpsSMKaMH TO-
PHU3OHTAIBHUX TEPEMillleHb Te0Mac 0CafoBOTO YOX-
J1a B X MeXKax — MIBHIYHO-3aX1aHOT 1 MBAEHHO-CX1/-

w1 A A\ s

Puc. 1. CTpykTypHi pUCYHKH, 1[0 BHHUKAOTH TPH TOPU3OHTATBHAX TIEPEMIIIICHHSIX,
srigHo B. bypt™ana ta iH. [5]; 1-3 — cTpyKTypHi apareHe3u: 3CyBY, CTUCKaHHS, PO3TSTY
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HOi BEPTeHTHOCTi, BIAMOBIAHO. Y CTPYKTypHOMY
IUIaHI BEPXHBOBI3EHCHKOTO KOMIUICKCY Muxaitmis-
ceko-Oxtupcbka 3PJ] ckitafgaeThes i3 CTPYKTYPHOTO
aHCaMOJTI0 TEPUTOPIATBHO 1 JUHAMIYHO CITOTYICHUX
JH30BUAHUX YJIOTOBUH 3arajbHO- MEPHUIiIOHAIBHO-
IO NPOCTATaHHS.

Ha nmpyromy erami gociikeHb NPOBOIUIOCH
kaptyBaHHA pizHopanroBux CTT. Buuammch 0co0-
JUBOCTI iX TPOCTOPOBUX CIIiBBIJIHOIIECHb /JIS BU-
3HAa4YeHHS BIKYy 1 TEKTOHIYHOI MO3WIIi y CHCTEMHIH
opraHizamii iHBEpCiHOT apXiTEKTypH 0CaJ0BOTO
yoxja. s 1bOr0 BHUKOPUCTOBYBAIHMCH JOMOMIXKHI
KapTH JIOKAJTBHUX aHOMalliii rpaBiTamiiHOrO i Mar-
HITHOTO TIOJIiB, & TAKOXK KapTa BEPTUKAITBHUX aMILIi-
Ty HOBITHIX TEKTOHIYHHX PyXiB, Ha SKUX OymyBa-
JMCh KiHEMaTH4HI CXeMH TOPH30HTAJIBHHUX MepeMi-
meHp reomac. JJig geTaqbHOTO KapTyBaHHS 1 Jiar-
HOCTHUKH CTPYKTYPHHX TapareHe3iB Ta JiHIHHHUX 30H
peinaoi nedopmartii Oymo oOpaHo HaHOITBII KOHT-
pacTHy 3a iIHTEHCHBHICTIO MPOSIBY 1 Pi3HOCTIPSIMOBA-
HOIO KiHEMAaTHKOI0 TEKTOHIYHHX PYyXiB IEHTPAIbHY
yactuHy J{HinpoBcekoro rpadena (puc. 3-5).

ITo pesymerarax kapryBamas CTT, 3a TekToHi-
YHOIO TMO3UII€I0, KiHEMaTWYHUM MEXaHI3MOM Ta
0COOJIMBOCTSAMU TEONUHAMIYHOTO PEXUMY (POpMY-
BaHHA BIIEpILE BUIUIAIOTHCS TPU HACTYIIHI CTPYKTY-
pHo- kinemarnuHi Tunu 3P/1.

1. Ilpupo3nmOMHUE THIT OXOIUTIOE TUTIKATHUBHI
3P/1, mio chopmoBaHi y 30HaX AMHAMIYHOTO BILUTUBY
aKTHBI30BaHUX Ha iHBEpCIMHMX eramax puQToreH-
HUX CHUCTEM CYyOIIMPOTHUX TIHOMHHUX PO3JIOMIB.
Ha eramni mnardgopMHOI Mi3HBOTEPIIMHCHKOI aKTHBI-
3alii BOHM PO3BHUBAINCh, HMOBIPHO, SIK JIiHIHHI
CTPYKTYpPHI 30HM 3 II€PEBOXHO BEPTUKAIBLHOIO
CKJIQJIOBOKO TCKTOHIYHUX PYXIB, SKI B X0/ MOAAIIb-
moi eBOJIIONii, Ha KOMi3iIHHOMY eTari Oyiau TpaHC-
(opMoOBaHi y IHMPOKi KyJdicHO MOOYAOBaHi CTPYKTY-
pHI CMYTH TUTIKATUBHHUX TUCIIOKAIIH TOPH30HTATh-
HO-TUIOLIIMHHOI TeKTOHiYHOi Teuwii. [lpuposmomHi
30HU CKJIQIAIOThCS 13 CHUIBHUAX aHCaMOIiB CTPYKTY-
PHHX IYT CTHUCKaHHS, SIKI y CTPYKTYpi 0CagoOBOrO
YOoXJia TPEACTABIEHI KYyJTICHUMH pSIaMH BHCOKO-
aMIUTITyIHUX (QIEKCypHHX YCTymiB- IabmiB, a Ta-
KOX CTPYKTYPHHX BaJliB, CKJIJCHUMH JIOKAIbHIUMU
AHTUKITIHAJbHUMH CKJIQJAKaMH 1 pPO3MEKOBAaHHMU
CTPYKTYpHHMH YJOTOBHHAMH. Jl0 TMPUPO3TIOMHOTO
tuny CTT mHanexars lunsHceka, JlyOeHcbko-
PemreruniBebka, 1{apuuanceka, Jlo3iBcbko-Cenumis-
ceka 1 Jlmcnuanceko-Jlyranceka 3P/, mo Bmepime
BUAUISIOTBECS B CTPYKTYpi 0CaJOBOTO YOXJia IMajeo-
pudra (puc. 2).

[Mpunnmmnosa OynoBa i KiHemaruka (opMyBaH-
HS JIOKQUTbHUX Je(OpMAIlifHUX CTPYKTYp MEPIIOTO
TUNY (IYIUIEKCIB CTHCKAHHS) 1JFOCTPOBaHa Ha MPH-
kimani KpemeHiBChkoi OpaxiaHTHKIIIHATBHOI CKIIaI-
Ku. BoHa € JOKaJIbHOIO CTPYKTYpOoro MuxaiiniBcbKo-
[omyGiBCHKOTO CTPYKTYPHOTO Baiy, pO3TAIIOBAaHOTO
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y IIOBHIM 30HI MIBJCHHOTO KPaiOBOTO pO3JIOMY.
KpemeHiBchbKa cKiIagka- e BTOPHHHA (ITOCTCEIM-
MeHTaliiina) aedopmariiiHa CTpyKTypa TOpU30HTa-
JIHO- 3CYBHOTO MEXaHi3My (OopMyBaHHS. Y CKJe-
MiHHI CKJIQJKH YTBOPCHHH THIIOBHH Mi3HBOIHBEp-
CiiHMH TpabeH MpocCimaHHSI HaX TOPCTONOMIOHUM
01oKOM JTOKeMOpiiickkoro dyHaaMeHTy (puc. 3, 4).

2. Hanmposznomunit tun 3PJ] oxoruiroe jiHeame-
HTHI 30HH 3CyBHOTO KOHTPOJIIO, 110 ¢(hOPMOBaHi Hax
IIOBHUMHU 30HAaMHU TPAHC PETiOHAIBHUX- MEPHUio-
HQJIBHUX 1 JlarOHaTbHUX TIUOMHHUX PO3JIOMIB QY-
HaaMeHTy. Jlo HUX Hajexarb, 3rigHo "Kaptu po3pu-
BHUX mopyleHs..., 1988", KupoBorpaaceka, Kpu-
Bopi3bko- Kpemenuynpka, JIHINpoa3ep:KUHCHKA,
Opnecbka, OpixoBo-llaBnorpanceka i LleHTpanbHO-
[IpuazoBcbka 30Hu posnomiB. Ha pudroBomy erami
BOHM, HMOBIPHO, PO3BUBAJIUCH SIK PO3JIOMHU-
TpaHC(HOPMH i3 TOPUZOHTANBHOIO CKJIaJ0BOIO TIepe-
MIllIeHb, 10 SKHX pO3CyBalWCh Iiedi pudty. Ha
eTanax BHYTPIIIHbO-TIMTHOI aKTUBi3alil BOHU Oynn
peMoO0iTi3oBaHi K MiKCETMEHTHI IIOBHI 30HU CKO-
JIOBaHHS, SKMMHU 3yMOBJICHa MocTpu(TOBa momepe-
gHa cerMeHTaris reoctpykrypu JJII. Hampozmom-
HUH TUN CKJIaal0Th CiM JIiHIHHUX 30H 3CYBHOTO KO-
HTPOJIO, IO BIEPIIEC BUAUIAIOTHECS B apXITEKTypi
ocanmoBoro 4oxmia: YepHiriBcbko-Hixkuncrka, [Imo-
6uno-Konororiceka, KoOensipko-JlebequHchKa,
MuxaiiniBcbko-OXTHpPChKa (BiCh KiHEMAaTHYHOI CH-
metpii), IlonraBchko-/epraviBcbka, KapiiBcbko-
Uyryisceka, JloziBchko-CTapobinbebka, JoOpomins-
cbko-CariBebka 3PJ1 (puc. 2).

3. MiXKpO3JIOMHHUI THIT OXOIUTIOE TaKi TUIKaTH-
BHi 3P/], mo yTBOpeHi 3a paxyHOK MPUPOIHOTO Me-
XaHI3My TIOMIPHOTO BHYTPIIIHBO-TUIUTHOTO TpaBi-
TalifHO- TekToHiyHOro po3TsarHenHs (Komm M.,
2017). BoHH po3TamIOBYIOTECS B MEXaxX IIISHOK i3
NepeBaKaHHAM Hampyr PO3TATraHHsA, y TaK 3BaHUX
"30Hax reoAMHaMiuHoi TiHi". IX TexTOHiUHA MO3MILis
Malike CIBIaJIae 3 MO3UINEI0 KUTBIICBUX 1 "MyroTu-
mHUX" CTPYKTYp, 3rimHo "KapTu po3puBHHX TOpY-
IIeHb...", SKi PO3MIIIYIOTECS B MEXKaxX OChOBOI 1
MiBHIYHOI TpUOOpPTOBOT 30HM JIHIMPOBCHKOTO Tpa-
OeHa, 4aCTKOBO OXOIUTIOIOYM TaKOX MiBIEHHY IpPHU-
0OpTOBY 30HY. XapaKTEPHOK OCOOJIMBICTIO OyIOBH
rtikatuBHUX 3PJ1, okpiM ckmamgyactoi BHYTPILIHBOT
CTPYKTYPH, € KYJIiCHE pO3TalllyBaHHS JWHAMIYHO
CIIOJyYCHHUX 1 MapajelibHO BHIIMKYBAHUX JOMEHIB
IIYT PO3TATY, SKUMH PO3MEKOBYIOTHCS T€0OIOKH, M0
nepecyBaroTbes. Lle cBiqUHUTH PO TOPU30HTAIBHO-
PO3CYBHY HPUPOAY LIIMX 30H, TOMY IXHI TEKTOHIY-
HUM CTWIb NPEACTABIEHO THUIIOBUMH aHCAaMOJISIMU
CTPYKTYPHHX TMapareHe3iB TOPU30HTaIbHO-TUTOIH-
HOTO PO3TiKaHHS reoMac.

[punnumnosa OynoBa i KiHemaruka (GOpMyBaH-
Hi  TNPUPO3JIOMHOTO  [JYIUIEKCY  CTHCKAaHHS
(contractional duplex) y mnomepeuHomy nepeTuHi
(Yacoswuii po3pi3 44-3888, CYI'PE) 3 6opty B rpa-
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Puc. 4. KpemeHniBchka mprupo3IOMHA TOPU30OHTAITFHO-3CyBHA CTPYKTYypa

OeH Jepe3 IIOBHY 30HY IMiBJEHHOTO KPaiilOBOTO PO3-
nomy. [opcroBuaHOMYy ycTyny ¢GyHIaMEHTY BiAIo-
Bimae KpemeHiBchbka OpaxiaHTHKIIIHAIB B OCai0BO-
MY YOXJIi 3 TUIOBUM iHBEPCIHHUM TpabeHOM Mpoci-
JAHHSL y CKJIeMiHHI. MarictpaibHui posiom (3a-
IITPUXOBAHWH) € PEBEPCHUM MOPYLICHHSIM: B Oca-
JIOBOMY 4YOXJIi — II¢ CKHII0-3cyB 3 10-TH KparHOIO
MEPeBarol0 TOPU30HTAILHOI aMIUTITYAH 3MIlCHHS
(500 m) nanx BeprukanbpHoIO (50 M), a B TOKeMOpiii-
ChKOMY (PyHIAMEHTi I 3CYBO-CKHI, IO YTBOPIOE
0opTOBHUH yCTYI, BUCOTOIO oHaR 2500 M.

VY penbedi ocagoBoro yoxJia naneopudTy -
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katuBHiI 3P/ MiXKpO3JIOMHOTO THIy CKJIAJAOTh 3[e-
OUITBIIOTO 130METPUYHI a00 OBAJIBHI, 3piJKa JYromo-
niOH1 ynmoroBuHH, 10 SKUX Hanexarb CpiOHEHCHKO-
Pomenceka, CuHiBChKO-3iHKIBChKa, MuxaiiiiBcbKa,
MaimiBcbko-KpacHorpaaceka Ta  Bamakiiiceko-
CaBHMHCBKA CTPYKTYPHI YJIIOTOBUHH (pUC. 2).
[MpuHIMIIOBY TEKTOHIYHY OY/IOBY 1 KIHEMaTHKY
(opMyBaHHSI JAW3'IOHKTUBHHUX JIIHIMHUX 3CYBHHX
30H, a TAKOX JMHAMIYHO IOB'A3aHMX 13 HUMH IUTiKa-
TuBHUX 3PJ] MikpO371OMHOTO THITy PO3IISHYTO Ha
npukiagi  ¢parmMenty OymoBu  MuxalmiBChKO-
Oxtupcekoi 3P/] y BicboBili yacTuHi JIHITPOBCEKOTO
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rpabena (puc. 2, 5, 6). ConoxiBchka i MarBiiBCbKa
AHTUKITIHAJbHI CKIAJKH € TUIOBUMH T'OPU30HTAJIb-
HO-3CYBHUMH jAedopMamiiHuMu (IIOCTCeANMEHTa-
MIHHAMA) COJITHOKYTIONFHUMHU CTPYKTYpamu, IO
Hanexarb 10 npuposnomuHoro tumy CTT. V Tekro-
HO(I3UIHOMY CEHCi1 BOHH € CTPYKTYPHUMH JTyTIIIEK-
CaMM CTHCKaHHS, C)OPMOBAHUMH Yy TEKTOHIYHOMY
peKHUMI TpaHcHpecii HaJl JEBOHCHBKUMU COJITHUMHU
Kkpunropianupamu. Ha mouatky cBoro (opmyBaHHs,
Ha erari IaTOpMHOi aKTHBi3amii, BOHH BXOAWIH
JI0 CKJIaJly CHUIBHOTO TEKTOHIYHOro enemeHty — Co-
JIOX1BCHKO-/{MKaHCHKOTO CTPYKTYPHOTO Baly. 3ro-
JIOM, Ha KOIli3iifHOMY erari BifgOyBaniach (parmeH-
Talisi €IMHOT 30HAIBLHOI CTPYKTYPH BHACTIOK (op-
MyBaHHSI MuXaimiBchbko-OXTHPCHKOT JTHIHHOI 30HH
3CyBHOTO KOHTpomto. Tomy, Hapa3i ConoxiBcbke i
MarBiiBcbke TIAHATTS PO3IMijacHI BoOpCKISTHCHKAM
MPOTHUHOM JIIH30BUIHOT Mopdoorii, mo GopmMyeTs-
Cs Ha HEOTEKTOHIYHOMY €Talli €BOJIFOIIIT B T€OIMHA-
MIiYHIii 00CTAaHOBIII TPAHCTEHCIi HaJ IIOBHOIO 30-
HOto  JlHimpom3epkmHCBbKOTO  (BepxoBIieBChKO-
JIbroBCHKOTO) MHMOUHHOTO PO3JI0MY (DYHIAMEHTY.

BokoBuMH TEKTOHIYHUMHU OOMEXKEHHSIMU 000X
TuniB miikatuBHUX 3P/l coyryrore posnomHiI 30HH
3CYBHOTO KOHTPOJIO, IO CKJIAJAIOTHCS 13 TEPUTOPI-
IBHO 1 IMHAMIYHO CIONYYEHUX JIiHIHHUX 30H CKO-
JIIOBAHHS, JUIS SIKUX XapaKTepHa MaKCHMalbHa KOH-
LEHTpaIlisl pPO3PUBHUX JAedopMarliid, TepeBaKHO
3CyBiB Ta iX KoMmOiHamild. AMIDIITYId TOPU3OHTAIIb-
HO-3CYBHHX IE€peMIIeHb 110 HUX BapiroloTh Bif Iie-
KUIbKOX COTEHb METPIB 0 MEpIIUX ACCATKIB KiJlo-
METpiB.

CrienudiuHor0 pucor0 OyI0BH ILTIKATUBHHUX
CTT e ¢pakranpHicTh 1 "TeneckomiyHa" BHYTPIITHA
CTPYKTypa, IO BHHHUKA€ 32 PaXyHOK BKJIAJIEHOCTI
AQHAJIOTIYHUX 3a TEHE3MCOM 1 MOp(]OIOTiEI0 CTPYK-
TypHHX (hopM pizHOro Macmrady. Haiibinbm sickpa-
BO BOHA MPOSIBIICHA Y KYJIICHUX CTPYKTypax "moMi-
HO" (cTpykTypHuil Tun nedopmaniii 3rizno M. Ko-
mma, 1991), siki € OCHOBHHM €JIEMEHTOM TEKTOHITHOL
OymOBH yCiX BHSBICHHX CTPYKTypHHX AYyIUICKCIB
CTHCKaHHA. BOHM CKJIamarloThCs 13 KYJTICHUX CTPYK-
TypHUX aHCaMOJiB OJHOWMEHHHUX 3a KiHEMaTHKOIO
PYXIB i3 pOTaIiifHOIO CKJIaJ0BOIO JJOMEHIB cyOmapa-
JIENMFHUX PO3JIOMIB, TIEPEBAXKHO MiJKUIIB, B OPTOTO-
HAJILHOMY HampsIMKy JI0 SIKHX BiJOyBalOThbCS TOPH-
30HTANIBHI TEepeMileHHs AeOpPMOBaHUX Te00IOKIB
(puc. 2).

OTxe, MO pe3ylnpraTax PeriOHAJbHUX I'€OTEK-
TOHIYHUX JOCHIJKCHb BIIEPIIE B OKPEMHUMN THIT 30-
HaTBHHUX 1 CyOperioHalbHUX TEKTOHIYHHUX eIeMeH-
TiB IIaTOPMHOTO OCAIOBOTO YOXJAa BHUILICHO
CTPYKTYpHI TIapareHe3u i 30H1 peigHoi pedopmariii,
IO YCKJIaJHIOIOTh MEPBUHHY PUPTOBY CTPYKTYPY
JII1. Bonu € mposiBOM iHBEpCIHHUX €TariB CTPYK-
TYPHOT eBOJIOLii 3¢MHOT KOPH 1 IpeACTaBIeH] nepe-
B)XHO CIIOJYYCHUMH KYJTICHUMH aHCaMOJISIMU JIyTI-
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JICKCIB CTHCKaHHs ab0 PO3TATaHHS 31 CKJIATHO Jie-
(hopMOBaHOIO BHYTPIIIHBOIO OYJOBOIO, TPOCTOPO-
BOIO  HEOJHODIOHICTIO  IHTGHCHBHOCTI  CTpec-
MeTaMopivyHUX aedopMaliiii i, BiAMOBITHO, TEpH-
TOPiaJIbHOTO PO3TalllyBaHHS Pi3HUX Mopgooro-
redernaHux TUmiB CTT.

3a JaHUMHM KapTyBaHHS BUAUIEHUX MOP(OoJIoro-
regetnunux Tumis CTT BcTaHOBIEHO, IO HOBITHE
perioHanbHe MoJie TEKTOHIYHUX HAIpPYT XapaKTepH-
3YETHCS TO3J0BKHBOIO JI0 MPOCTITAaHHS T'€OCTPYK-
TYpH NPOCTOPOBOIO HEOTHOPIIHICTIO MPOSIBY IBOX
KOHTPAaCTHUX TeOIWHAMIYHUX OOCTaHOBOK — CTHC-
KaHHA a0o po3TaranHs. Lle 3ymoBuino ¢opmyBaHHs
y CTPYKTYpi nayneopudry ABOX MO3TOBKHIX CTPYK-
TYPHUX XBWJIb MOCTPU(TOBUX YCKJIQAHEHb, SIKI yT-
BOPIOIOTH JIBi CTPYKTYpHI cMyTH AedopMariiii - miB-
JIEHHY 1 TIBHIYHY, 10 BiIPi3HAIOTHCS 3a IepeBaka-
I04Oro B iX MeXax TEKTOHIYHOTO PEKUMY — TPaHC-
npecii abo TpaHcTeHcii (puc. 2).

[liBneHHa cMyra IUTIKaTHBHHUX JTUCIIOKAINH TEeK-
TOHIYHOI T€Uil 0CaTOBUX IOPiM, 3 TOYKH 30Py TEK-
TOHIYHOI TO3MUIii, OXOIUIIOE TMPAKTUYHO BCIO TiB-
JeHHy TpuOopTOBY 30HY JIHIMpOBCHKOTO TpabeHa.
[iBgenny cmyry CTT cknanaiorh mapareHesu cTpy-
KTYpPHHX Jyr CTHUCKaHHs (IYIUICKCIB CTHCKaHH:)
MPUPO3JIOMHOTO THUILY, YTBOPEHUX B TEKTOHIYHOMY
pexxuMi Tpancmpecii. [liBHiYHa cMyra AHMCIIOKAIliH,
32 CBOEIO TEKTOHIYHOIO TO3MIN€I0, 3aiiMae OiIbIry
pewty Tepurtopii JHinpoBcbkoro rpabeHy, oXorl-
JFOIOYM HOTO OCHOBY 1 MiBHIYHY HMPUOOPTOBY 30HU.
[liBHiUHY CMyTy CKJIaAalOTh IUTIKATHBHI MapareHe3n
CTPYKTYPHHX JOyT PO3CYBaHHA (IYIUJIEKCIB pO3TS-
TaHHS) MIDKPO3JOMHOTO THIY, SIKi (DOPMYBAINCh Y
TEKTOHIYHOMY peXuMi TpaHcTeHcii. OOuaBi cMyrH,
KpiM TOT0, pO3IUIAIOTECA HAa OKPEMI MOTIEPEUHi cer-
MEHTH JIHIHHUMA PO3JIOMHHMH 30HAMH 3CYBHOTO
KOHTPOJIIO, L0 HaJjlekaTh 0 AW3'FOHKTUBHOTO Haj-
posnomuoro Turmy CTT.

TakuM YHUHOM, y CTPYKTYpi OCaZOYHUX KOM-
IUIEKCIB TUIATOPMHOTO YOXJia, B yCix 0€3 BHHATKY
TekToHIuyHMX paiionax I, enepwe sussneno ma
i0enmuixosano emopunHi Oehopmayiini cmpyk-
MypHi opmu- cmpykmypu meKkmoHiyHoi meyii’ pis-
Hoi Mopgonocii, macumaby i eene3ucy, SKi € TpH-
POMHUMH TEOJOTIYHUMHU 00'eKTaMu, C(HOPMOBaHUMHU
Ha 1HBEPCIMHUX eTarax icTopii reoyoTiYHOTO PO3BH-
TKy majgeopudry.

BucHoBku. [HBepCiliHUM eTamaM CTPYKTYpHO-
PEYOBHHHOI €BOJIOIT 3eMHOI KOPH TNpPHTaMaHHHA
pecionanvHuil macumab degopmayii 06'emuoi me-
KMOHIYHOI meuii 2ipcoKux nopio, SIKOK0 3yMOBIIEHI
3HAaUHI TOPHU3OHTAIBHO-IUIOIIMHHI  NEepEeMillleHHS
reomMac y BHyTPIIIHbO-TUTMTHUX pU(TOTEHHUX T€0C-
TpyKTypax. Peingna nunamiuna nedopmaris reomac
€ 3BUYaiHUM TNPUPOAHUM TEKTOHIYHHMM IIPOLIECOM
noctpu(ToBHUX eTamiB icTopii PO3BUTKY TaKUX I'eOC-
TpykTyp. Llel mporiec BU3HaYa€e TOIOBHI PHUCH CHC-
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TeMHO1 opraHizamii HOBiTHBOI apxitekrypu [IJII,
0 € IPEAMETOM JOCITIKEeHb Y 3aKJIF0YHIN YaCTHHI
JTAaHO1 TPYJIOTII.

T'osioBHUM pe3ynbTaToOM CTPYKTYPHOTO IIPOSIBY
peinHOi TEKTOHIKM y TeoJoriuHii OyIoBi 0cazoBUX
KoMITIeKciB Tuiatrgopmuoro doxia /{11 BusHaueno
TOPU30HTANbHI MEepPEMIIIeHHs] HOro MepBUHHUX TEK-
TOHIYHUX €JIEMEHTIB-MEra0JIoKiB, CErMEHTIB, T€00-

HaMI4YHO CIIOJyYCHHMX JIOMEHIB 3CyBiB. [opusonma-
JIbHUMU NepeMIlyeHHAMU 2e0MAC 3YMOBIEeHO popmy-
BaHMSL 6MOPUHHUX OePOPMAYTIHUX CIMPYKIYD MeK-
MOHIUHOT meyii pisHoeo macwmady, mopgonocii i
2EHE3UCY, AKUMU CKAAOEHO NO3008JICHI CMPYKMYDHI
Xeuni- cmyeu nocmpugpmosux oegopmayiii y cmpy-
Kmypi naamgopmMHo20 0ca00620 HoOXIA NALeo-
pugpmy.
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HORIZONTALLY DEPLACEMENT GEOMASSES IN THE CONTINENTAL RIFT
GEOSTRUCTURES (ON THE EXAMPLE OF THE DNIPRO-DONETS PALEORIFT). PART 2.
STRUCTURAL PARAGENESES OF THE REID DEFORMATION OF THE SEDIMENTARY COVER

Formulation of the problem. The inversion stages of the structural-material evolution of the continen-
tal crust are characterized by regional scale of the deformation of volume tectonic flow of platform sedimen-
tary rocks, which caused significant horizontally-healthy movements of tectonically activated geo-mass in
the intra-plate graben-rift. The dynamic deformation of geomases manifests itself at the final stages of the
geological development of such structures; therefore, it determines the main features of the systemic organi-
zation of the modern architecture of the basement and sedimentary cover complexes.

Review of previous publications and studies. Secondary deformation linear slope, according to Pata-
lakha E. (1979); Alekseev V. (1990) is considered as a set of local strike-slip zones, formed on spherically-
located viscous faults, forming joint tectonic flows. The structural skeleton of tectonic flows, as the basis of
the tectonic dislocation process, make offsets with the horizontally and rotational component movements.
Horizontal landslides are typical disjunctive elements of the continental structures formed in the geodynamic
conditions of the transtension (grabens, rifts), transpression (folded mobile belts, intra-plate activation
zones), as well as the basic structural elements of the strike-slip tectonics of the sedimentary basin.

The purpose of the article. The second part of the trilogy continues regional geotectonic studies of
post-rift complications of the sedimentary cover structure of Dnipro-Donets Paleorift (DDP), covering the
three main stages of the platform tectonic activation. Late Hercynian epoch was characterized by the for-
mation of large linear anticlinal zones and salt-shafts against the background of the general syneclizal deflec-
tion of sedimentary basin, located within the paleorift. Cimmerian epoch of tectonic activity led to significant
thrust deformations of the primary structural forms of the cover in the geodynamic setting of collision com-
pression with intensification of the horizons of the sedimentary cover. The structural manifestation of strike-
slip tectonics at Alpine epoch in sedimentary complexes are mainly horizontal displacements of geomases of
blocks, lineaments, local tectonic elements and structures along dynamically interconnected coulisse of
strike-slip domains.

Methods. Structural kinematic analysis of transformations of the fracture systems of the Upper-Visean
sedimentary complex under the influence of natural mechanism of reid tectonic flow of rocks.

Results. The secondary structures of strike-slip deformation, structural kinematic parageneses, disloca-
tions zones and subregional structural waves were identified in the structure of the platform cover, which are
natural geological objects formed at the inversion stages of geological development of DDP.

Scientific novelty and practical significance. The result of structural manifestation of volume tectonic
flow in the platform complex was horizontal displacements of the original tectonic elements, blocks, seg-
ments, structures along dynamically-linked strike-slip domains. This is caused by the formation of secondary
deformation structures of various scales, morphology and genesis, which comprise longitudinal structural
waves of strips of post-rift deformations in the structure of the sedimentary cover of DDP.

Keywords: fault systems, sedimentary cover, tectonic flow structure, structural-kinematic paragenesis,
strike-slip dislocation zone.
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MATEMATHYECKOE MOJIEJIMPOBAHUE AKYCTHUYECKOM U YHPYFO!/‘:I AHM30TPOIINHU
CJIAHHLEBBIX ITIOPOI-KOJUIEKTOPOB JHEITPOBCKO-JTOHELIKOU BITIAJIMHBI

Lenb pabomvl — ananus napamempos ynpy2ou u akycmuyeckol aHu30mponuu npu UCCIe008a UL MHO2OKOMNOHEHMHOU MOOenu
NOpOOLI-KOIEKMOpa, KOmMopas npeocmagiena cianyem. [iis peueHuss nNOCmagneHHol 3a0a4u UCHONb3068AIUCy MemOoO0bl YCII0GHbIX
MOMEHMHBIX YHKYUL ¢ ucnonvzosanuem pacuémuou cxemvl Mopu-Tanaxa, a makoice Memoo HaumeHvuux keaopamos. Pazpaboma-
HA MemoouKa Mamemamuyecko20 MOOeTUpOBaHus PHOeKmusHbiX ynpysux nOCMOSAHHbIX HEMpAOUYUOHHbIX CIAHYESbIX NOPOO-
KOJLIeKMOopOo8.

Obocnosano u paspabomano 8 pasHOBUOHOCMEN MAMEMAMUYECKUX Mooenell, XapaKmepusyiouux MUHepaIbHblil coCmas,
CIMPYKMYypPy HYCHOMHO20 NPOCMPAHCMEA U Ynpyaue C0UCmed, Komopbie XapakmepHvl 05l CAAHYEEbIX NOPOO-KOILEeKMopos [He-
npoecko-oneykoii enaounvl Yxpaunvl. B ocnogy modeneii 63amul npedvioywue nyonuKayuy aemopos u pe3ynsmamsl nempozpagu-
ueckux uccneooganuti 6 YHU «MUncmumym zeonoeuuy. Asmopamu eénepsvie nposeoeH ananus ynpyeux noCmosHHbLX Mooeinell nopoo,
KOMNOHEHMO8 aKyCMu4eckoeo men3opa, napamempos JUHEHOCmU U CIaHYe8amocmu, Cmepeonpoekyull u3oIuHull yKa3amenbHolx
nogepxHocmeil 0essmu napamempos ynpy2ou anusomponuu, a maxace napam Tomcena. YemanogneHo, ymo no akycmuieckum OaH-
HBIM 603MOIACHO NPOCIEOUNb UIMEHEHUEe CIPYKIYPbL NYCMOMHO20 NPOCMPAHCMEA NOPOObI-KOLIEKMOPA, KOHYEHMPayuio nopooooo-
pasyrowux munepanog 6 nopode. Tpewunosamocms umeem donvuiee 6rusAHUE HA CIMPYKIYPY NOPOObI, YeM SPaHyIApHble NYCIMOmbl U
cmpykmypa munepanos. Haubonvwue 3nauenus (6onvwe 20 %) umerom kosgguyuenmsl anuzomponuu 6 nopooax, 20e nycmombl
OpUEeHMUPOBAHDBL 8 NIOCKOCMU NEPNEHOUKYNAPHOL OCU CKEAJICUHBI.

Ilpu pacuémax napamempos Tomcena noryuenvi napamempel Ynpy2ou aHu30mponuu, Komopbsle Xapakmepuszyom He moibko
MUHEPANbHIT COCMAB NOPOO, HO U KAYECMEEHHO CIMPYKMYpY NYCHOMHO20 NPOCMPANCMEA, OPUEHMAYUI0 MUHEPANO8 U NYCIOM 6
nopooax. Paccuumannvie napamempur Tomcena koppenupyiom ¢ aKycCmuiecKumu napamempamy aHu30mponuu.

TlooobHvie paspabomarnuvim Modenu Mo2ym 6bimb UCHOTb306AHbL NPU UHMEPNPEMAYUL 2e0PUUYECKUX OaHHBIX OISl GHeCeHUs
NONPABOK 3a YNpYyeylo AHU30MPONUI0 NPU NOUCKAX U PA38eOKe CILONCHONOCMPOEHHBIX CAHYEBbIX NOPOO-KONIEKMOPOs, a MaKice —
071 cocmagnenus 6anKa OAHHbIX MaAMeMamuyeckux mooenetl nOpoo-KOILEeKMopo8 NPUsedeHHo20 pecUuoHd.

Knrouesvie cnoea: nempaouyuonnas cianyesas nopooa-KoineKmop, MamemMamuieckoe MoOenuposaue, ynpyeas u aKycmuye-
ckas anuzomponus, napamempul Tomcena.

1. M. Bespoona, /. A. Bespoonuii, O. O. Kosionosa. MATEMATHYHE MOJIETIOBAHHA AKYCTHYHOI I ITPYKHOT
AHI3OTPOIIII CIAHIEBHX ITOPLT-KOJIEKTOPIB JJHIITPOBChKO-JOHEIIbKOI 3AITAJTHHH. Mema pobomu — ananiz
napamempie npysxcHoi i aKkycmuuHoi amizomponii npu 00CaiodceHHi 6a2amoKoMnoHeHmHoi Mooeni nopoou-KoieKkmopa, axka npeo-
cmaenena cianyem. s eupiuieHHs NOCMasieHo020 3a60aHHSA GUKOPUCIOBYBANUC MEMOOU YMOBHUX MOMEHMHUX (YHKYIL 3 6UKOPU-
cmanHam pospaxynkoeoi cxemu Mopi-Tanaka, a maxoxc memoo Havimenwux keaopamis. Pospobieno memoouxy mamemamuynozo
MOOenio8anHts eqeKmusHUX NPYICHUX NOCMILIHUX HeMPAOUYITIHUX CIAHYeBUX NOPIO-KOIEeKMOpIe.

Ob6rpynmosano i pospobneno 8 pizHoudie MamemMamuyHux Mooenel, wo XapaKmepusyioms MiHepaibHull cKiao, CmpyKmypy
NYCMOMHO20 NPOCMOPY | NPYHCHI 81ACMUBOCTI, AKI XapakmepHi 015 ClaHyesux nopio-koiekmopie [ninposcvro-/{oneyvkoi 3anaou-
Hu Ykpainu. B ocnogy mooeneii 63ami nonepeoui nyoaikayii aemopis i pezynemamu nempozpaghiunux oocaioxcenv 6 HHI «Incmumym
2eonoziiy. Aemopamu énepuie npoGedeHo aHaNi3 NPYICHUX NOCMILINUX MoOenell NopiO0, KOMNOHEHMI8 aKyCmuiHo20 meH3opa, napa-
Mempig MHIUHOCMI | CIAHYe8aAmOoCmi, cmepeonpoekyii i301iHill BKA3IBHUX NOBEPXOHb Oes'amu napamempie npyx*CHoOi anizomponii, a
maxkodic napamempu Tomcena. Bcmanosneno, wo 3a akycmuyHuMy OaHUMU MOJICTUBO NPOCMENCUMU 3MIHY CIPYKIMYPU NYCIHMOMHO20
npoCmMopy Nopoou-Koi1eKmopa, KOHYeHmpayito nopooomeaipHux minepanie 6 nopoodi. Ipiwunyeamicms mae OLIbWUL BNAUE HA CIPY-
KMypy nopoou, Hidic epanyispHi nycmomu i cmpykmypa minepanis. Haubinowi snauenns (6invuwe 20%) maroms xoeghiyiecumu amizo-
mponii 8 nopodax, 0e nycmomu OPIEHMOBAHI 8 NIOWUHI NePNEHOUKVIAPHIL OCI C8EPOTLOBUHU.

Ilpu pospaxynxax napamempie Tomcena ompumani napamempu npyslCcHOi aHiz3omponii, AKI Xapaxmepuszylomo He milbKu MiHe-
PanbHUil CKIAo0 nopio, ane i SKiCHO CmpyKmypy RYCHOMHO20 NPOCMOpY, opicHmayilo Minepanié i nycmom 6 nopodax. Pozpaxosani
napamempu Tomcena Kopenoioms 3 aKyCMuuHUMU NApamempami anizomponii.

1100i6Hi pospobrenum modeni moxcyms 6ymu UKOpUCMAHi npu inmepnpemayii 2eoi3uyHux OaHux 05 HeCeHHs NONPABOK 3d
NPYJUCHY AHI30MPONII0 NPU ROUWLYKAX [ PO3GIOYI CKAAOHON06YO08AHUX CIAHYEBUX NOPIO-KOIEKMOPI6, d MAKONC NPU CKIAOAHHI OAHKY
OaHUXx MamemamuiHux mooenetl nopio-KoieKmopie HaedeHo20 peioHy.

Knrouosi cnoea: nempaouyitina cranyesa nopooa-Koiekmop, MamemMamuyne MoOen08aHHs, NPYICHA | AKyCMUYHA aHi30mpo-
nis, napamempu Tomcena.

© Bespoonas HU. H., Bespoonuiii /. A., Kosuonosa O. A. https://doi.org/10.26565/2410-7360-2019-50-03
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Beenenue. [IpombIlUIeHHBIE CKOIJICHUS! HEPTH
M Ta3a B HETPATUIMOHHBIX TOPOAAX-KOJJIEKTOPax
BCTPEUAIOTCS B MHUPE 3HAUUTEIBHO PEXe, MO CpaB-
HEHHUIO C MECTOPOXICHUSIMH B MECYaHBIX U KapOo-
HaTHBIX mopogax. Ilowcku W pa3Benka CKOILICHUN
YIJIEBOJIOPOJIOB B TaKUX KOJIEKTOpax TpeOyroT He-
TPAJUIIUOHHBIX TTOIXOI0OB, B YaCTHOCTH, U TIPU Pa3-
paboTKe UHTEPIIPETALMOHHBIX MOJIeNeil TopoI.

NmenHo MaTemaTHueckoe MOJAEIUPOBAHUE MO-
JKET BBICTYNAaTh HAJEKHOM OCHOBOM ISl OLIEHKHU
BIIMSTHAS. MUHEPAaJOTHUeCKOro COCTaBa, a TaKkkKe TH-
a MMyCTOTHOTO MPOCTPaHCTBa Ha (pU3HUYECKUE CBO-
CTBa MOpoA-KoJuteKTopoB. Ilpu paccmorpeHnn mep-
CHEKTHUBHOCTH CJIAHIIEBBIX MOPOA-KOJUIEKTOPOB, KO-
TOpBIE B CHJIy CBOETO CTPOCHHS 00JaJaroT aHHW30-
TpoOMHeH, MaTeMaTHYeCKOe MOJICITHPOBAHUE X 3(]-
(DEeKTUBHBIX YIPYTUX W aKyCTUYECKUX CBOWCTB BO3-
MOYKHO TOJIKO MpPU MPUMEHEHHH 0ojiee COBEpILCH-
HBIX MOJIENIEeH, KOTOpBIE OBl aIEKBAaTHO OTPAXKaH HUX
CBOIICTBa M CTPYKTYpY, a Takxke ne(opManuoHHbIC
MIPOIIECCHI, KOTOPHIE B HAX MPOUCXOIST.

OneHka aKyCTHYECKOM M YIPYrol aHH30TPO-
AU CTIAHIIEBBIX TIOPO/I-KOJUIEKTOPOB OYCHH BaXKHA B
CBSI3M C HEOOXOMUMOCTHIO BBEICHUS IOIPABOK 3a
AHU30TPOITHOCTH TIOPOA TPH CEHCMOaKyCTHYECKIX
WCCIICIOBAHUSIX.

AHaJIU3 NMOCTeTHUX HCCIeT0BAHUI U My0Jm-
kanumii. MccrnenoBaHue aHWU3OTPONUHM — YIPYTUX
CBOMCTB OCaJOYHBIX MOPOJ U MUHEPATIOB HEMHOTO-
YUCIEHHBI W JIOCTaTOYHO NMPOTHBOpeumBHI. Mccire-
JIOBaTENM, 3aHUMABIINECS STUM BOIPOCOM, B 4YaCT-
HOCTU uccienoBarenu u3 Ykpaunbl: M.H. be3poa-
Has, J.A. bespomusiii, C.A. Berxsa, b.I1. Macnos,
IT. [IponaiiBona u 3apybexusie ydaensie: Atkinson,
L. Chen, D. Grgic, AA-C. Guéry, F. Cormery, L.
Daridon, P. Haupt, Th. Kersten, D. Hoxha, A. Gi-
raud, James J. Sheng, Y. Kozlovsky, V.E. Mirenkov,
Y. Monerie, A.A. Krasnovsky, P. Plechac,
J. Sgaoula, J.F. Shao, LS. Tsai, Xiukun Wang, MC.
Weng, K. Wojtacki, K. Wilmanski, K.C. Anekcan-
npoB, A.A. Apytionos, U.0O. Barok, JI.E. beno6opo-
noB, [W. Ixamanos, M.A. lynsamansie, C.O.
JleBun, T.B. OnpHeBa, O.B. CaBenok, M. XpamueH-
koB [A. lextman u apyrue [1-19] ynensnu BHU-
MaHHE MaTeMaTH4YeCKOMY MOJCITUPOBAHUIO aHU30-
TPOITHBIX aKyCTUYECKUX CBOWMCTB, HO B OCHOBHOM
paccMaTpuBaill CHUHTETUYECKHE MOJCIN MaTepua-
JIOB, XOTSl B IIIMPOKOM JIMANa30HE MOPUCTOCTU OBLIU
MOJTyYeHBI ¥ IPOTHO3BI YIIPYTHX CBOWCTB.

B uwactHOCTH, mpencTaBneH HOBBIM Metoxn 3-D
MaTeMaTUYecKoro momenuposanus [1] mms cosma-
HUSl PEaJUCTUYHBIX TOMOTCHHBIX U TeTEPOTCHHBIX
MOJIeJIel IOPOBOTO MeCYaHNKa, CYITHOCTh KOTOPOTO
CBOJIUTCS K MOCTPOCHHUIO MOJEIHU MeCYaHUKa, KOTO-
past sBIsSeTCS HanOojiee TPHOIMKEHHON K peaib-
HBIM TIOPOBBIM TMEcUaHWKaM. AHanmu3 mokasan [1],
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YTO YIUIOTHEHHE TIOPOX YMEHBIIAECT MPOCTPaH-
CTBEHHYIO HEMPEPHIBHOCTh 3HAYCHUH (HU3NUESCKUX
napamMeTpoB B TOPU30OHTAIILHOM HamlpaBieHHH Oojee
OBICTPO, YEM B BEPTUKAITLHOM.

HUccnenosarensimu [1-5] npoBoaminocs Marema-
TUYECKOE MOJICIIUPOBAHUE CBOMCTB TPaJUIMOHHBIX
MOPOA-KOJJIEKTOPOB MPOCTOM CTPYKTYPhI MYCTOTHO-
r'0 MMPOCTPAHCTBA.

B paborax [6-9] oueHuBancsd MOTEHIHAI
CIIQHIIEBBIX TMOPOJA-KOJJICKTOPOB H  MPOBOAMIOCH
(U3UKO-XUMHYIECKOE MOJICTHUPOBAHUE MOJAOOHBIX
nopo [10].

B pa6ore [11] npu mcciae0BaHUH H3BECTHIKOB
U TICCYAaHUKOB IMPEAINO0JIArajJoch, 4YTO IyCTOTHOE
MPOCTPAHCTBO TPENCTABICHO MYCTOTAMHU YKE JBYX
BUOB — MIOPaMU U TPEUIMHAMH, 3[€Ch AJISl BBIpayKe-
HUS CBSI3U MEXKTY 3G (OEKTHBHBIM TCH30POM YIIPYTO-
CTH W NapamMeTpaMy BHYTPEHHETO CTPOSHHS CPeIbl
HCITOJIB30BAJICS METOJ] 0000IIEHHOTO CHHTYJISIPHOTO
MPUOIIMKEHUS.

B VYxpamne mogoOHOe MaTemMaTHmdeckoe MoJie-
JAMpOBaHKWE MPOBOAMIOCH B KHEBCKOM HalMOHAamb-
HOM yHHBepcuteTe uMeHHu Tapaca IlleBuenko ¢ yua-
crueM aBropoB [14-18]. IIpu mMoxenupoBaHHH aKy-
CTHYECKHX M YNPYI'HX CBOMCTB IOPOJ-KOJUIEKTOPOB
B IMPEIbIIYIINX UCCIEAOBAHUIX aBTOPHI UCIIONB30-
BAIM  UHTETPUPOBAHHBIE  MOJENU  TPEUIMHHO-
MOPOBO-KABEPHO3HBIX TOPOJ, YTO Ooiee xapakTep-
HO JIJISI CIIO’KHOIIOCTPOEHHBIX TOPOJI-KOJIIIEKTOPOB.

JIis cHaHneBBIX MOPOI-KOJUIEKTOPOB MOJIEITH-
pOBaHHE aKyCTUYEeCKHX U YNPYTUX CBOWCTB C yuye-
TOM MX aHU30TPOIHOCTH paHee He MPOBOAMIOCH.

Teopusi uccjieq0BaHUM.

[peamonaraercs, 4YTO TEH30PHBIC MO YIIPY-
TUX TOCTOSHHBIX, HANpPSOKEHUH u aedopmanuii —
CTAaTUCTHYECKH OMHOPOAHBI [12]. DT0 B JanbHEH-
[IeM TO3BOJISIET 3aMEHUTh YCPEOHEHHS CITydaiHbIX
TEH30PHBIX TOJEeH C MaKpOCKONUYECKAM O00BEMOM
yCpEeOHEHUEM 0 aHCaMOJIIO peanu3alyy.

Moyzienb HETPaJUIMOHHOTO CJIAHIIEBOTO KOJI-
JEKTOpa paccMaTpuBaeTCcs aBTOPaMH Kak MHOTO-
KOMIIOHEHTHAsl ~ TIOPOBO-TPEIIMHHAS  KYCOYHO-
HeMpepbIBHAS Cpelia, YIPYrHe CBOWCTBA CTPYKTYP-
HBIX DJIEMEHTOB KOTOPOH M WX HalpsKEeHHO-
JIe(OPMUPOBAHHOE COCTOSHHE SIBISIOTCS CITydaid-
HBIMH QYHKIUSMH TPOCTPAHCTBEHHBIX KOOP/IMHAT.

s onpenenenus 3GGEKTUBHBIX YIMPYTUX MO-

CTOSAHHBIX Cmn MPUMEHAJICA METOM YCJIIOBHBIX MO-

MeHTHbIX ¢yHknui [12, 19]. B atom merone ans ux
ompeneieHus HeoOXOAMMO HANTH 3aBUCHMOCTD
MEXJy CpeAHMMHU JIe(OopMaIUsIMU BO BKIIIOUCHUH,
OPUEHTHPOBAHHOM B N-HOM HaIlpaBlICHUH &'y
MaKpOCKOIMYECKUM  JlehOpMAIMsIMA ~ MaTPHIIbI
g™
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e"=<e>+C d.ze™, f
rae Cm — 00beMHast KOHIIGHTPALHsi MaTPHILIBL;

C® — ynpyrue nocTosHHBIE i-r0 BKIIIOYEHUS;

C(m) — ynpyrue mOCTOSIHHbIE MATPHIIBL;

(% — ynpyrue moCTOSHHBIE TENA CPABHEHHS.

B ciyuae, Korja BKJIKOYEHUS OPUEHTUPOBAHBI
BJIOJb OCH X3 M DPABHOMEPHO B ILIOCKOCTH XiX2,
(GyHKIMS pactpesiesieHdss OPUEHTAIIME UMEET CJle-
JYIOIIAMN BUJI:

(9.0) = —[6.000-712) + £0(0))

rae A 6) — bynkuums qupaka;

&12 — oObeMHasi KOHIIEHTpALUs TPEUIMH B IUIOC-
KOCTH X1X2,

S =C—¢p,
IIMH, OPUCHTHPOBAHHBIX B HAIPABJICHUH OCH X3.

B 3aBucuMocTH OT (YHKIMH pacrpenesieHus
TPEIIMH M WX OOBEMHOW KOHIIEHTPALMM YIIpyras
CUMMeTpusi TeH30pa 3P(PEKTUBHBIX YIPYTUX MTOCTO-
SIHHBIX MOJKET M3MEHSATHCS OT HM30TPOIHON K POM-
OudecKoil.

JInst  9ucieHHBIX  pacyeTtoB  3(deKTHBHBIX
YIPYTHX HOCTOSHHBIX MHOTOKOMIOHEHTHBIX CIIaH-
IEBBIX KOJUIEKTOPOB B pabOTe HCIIOIBb30BAJICS
0000I1IeHHBI METOJ] YCIOBHBIX MOMEHTHBIX (DyHK-

0o0beMHasi KOHIIEHTpaIus Tpe-

A

| 3[Cky = 1)+ Cpt — 1,)° + (ptg — 14,)°]

=Cc®-C° d =C(i)-C(m),

LU ¢ HPUMEHEHUEM pPacueTHOW cxembl Mopu-
Tanaxka [12 - 20].

Ha ocHoBe mocTpoeHHBIX Mojenel moxdoupa-
IOTCSL YK€ TIPOCYHUTAaHHBIE MapaMeTphl YIPYTHxX Io-
CTOSIHHBIX €€ COCTaBISIIOIIUX (MHUHEpPAJIOB U IIy-
CTOTHBIX HAITOJHUTEJEH) U UX IUIOTHOCTH B COOT-
BETCTBUU C MUHEPAJIBHBIM CKEJIETOM.

PesynsratoM pacyeToB SBISETCS TOIyYCHHAS
MOJIeJIb C I3MEHEHHEM 3HaYCHUH YNPYTHUX IO CTOSH-
HBIX B 3aBUCUMOCTH OT KOHIIEHTpAIUK Win (hopmara
TPELIMHHO-TIOPOBOI0 MPOCTPAHCTBA, KOHLEHTPALUU
WIM TUIIa MUHEpaa.

[Tomy4uB monHbIM HAOOP YHPYTHX HMOCTOSHHBIX
AQHU30TPOITHOM yIPYTroOd Cpenbl, PacCUUTHIBAKOTCS
KOMITOHEHTBI aKyCTHYECKOro TeH30pa 4 (iz7; MakcH-
MAJIBHOE, Uzz - NIPOMEXKYTOUHOE, ({33 - MUHUMAJb-
HO€ 3HAYECHH ), COTIIACHO COOTHOMIeHHUTO [12]:

pi11=Cyzs+Css+ Css,
plzz=Cz2+ Cuy + Cps,
puzz=Csz3+ Cuy + Css.

[lomy4ynB coOCTBEHHBIE 3HAYEHUS AaKyCTHUYE-
CKOTO TEH30pa, Janee omnpeaessiercs ko3dduuuent
aKyctuueckoit anuzorporuu (A,) o popmyre:

72
-100%.

7]

[lo ompeneneHHBIM COOCTBEHHBIM 3HAYCHHSAM
aKyCTHYECKOTO TEH30pa PacCUUTHIBAIOTCS IapaMeT-
PBI aHM30TPONHMHU aKyCTHYECKOTO Auuiconna [12]:

- aKyCTHYECKas CIIaHIEBATOCTb, S, = m / Lp;

- aKyCTHUYeCKas JIMHEHHOCTh, Ly = g / [im.

Pesynbrarsl MOIEMMPOBaHNS aHAIH3UPYIOT ITy-
TEM TOCTpOeHHs TrpauKoB HU3MEHEHHS YIPYTHX
MOCTOSIHHBIX, & TaKXke TIpaduKoB 3aBUCHUMOCTEH
IUIOTHOCTH M aKyCTHYECKOH aHHM30TPOINUHM OT KOH-
HEHTPAIUN PA3INYHBIX (OPMATOB MYCTOT TPEIIHH-
HO-TIOPOBOTO TPOCTPAHCTBA M OT KOHIEHTpAIUH
BKJIIOYEHU N MUHEPAJIOB.

Ilo ynpyruM mNOCTOSHHBIM UM IUIOTHOCTH B
TpexMepHO# mporpamme Surfer ¢ TOMOIIBIO OPUTH-
HaJBHBIX MPOTPaMM CO3/AI0T CTEPEONPOEKIINN HU30-
JIMHUA 3Ha4€eHUH MapaMeTpoB YIPYrod aHu3o-
TPOIIHH.

Ha cnenyromem sramne uccleOBaHHUN aBTOpa-
MU BIIEPBBIE PACCUUTaHBl MU3BECTHBIE TIPU HHTEp-

e + 1

+ 417
NpeTaluu CelcMOopasBeAKu Mapamerpsl ToMceHa
[21] mo pesynbraram MOIEIMPOBAHHS YNPYTUX MO-
CTOSIHHBIX ISl HCCJICIOBAHHBIX MOJICIICH CIIaHIIEBBIX
MOPO/I-KOJIEKTOPOB, @ UMEHHO:

* & - OTHOCHTEIIbHBINH KO3((HUIMEHT aHH30TPO-
[TMH TIPOIOTLHON BOJTHBI,

* 0 - OTKIOHEHUE OT DUTMITHYHOCTH H3MEHE-
HUA CKOPOCTHU HpOI[OJILHOﬁ BOJIHBI;

* ¥ - 3JUIMITUYHOCTb U3MEHEHHs CKOPOCTH IIO-
MEPeYyHON BOJHBI B 3aBUCHMOCTH OT OTKJIOHCHHS
HanpasJIeHUs OT BEPTUKAIH.

OTH mapamMeTpsl MOXHO paccuuTarh B TIOIe-
PEYHO-U30TPONHOM TpUOIIKeHnH (€, 6, Y), HO TO
pe3yabTataM MOJAENUPOBAHUS TOPOA MOXKHO HOITY-
YHUTHh apameTpsl ToMceHa | Ul OPTOTPOITHOM cpe-
JIBL:

_ Cyp—Cyg Coe—Cas o _ \Crz*Cag)®—(Czz—Caa)® .

E13 = —, ! ¥Fiz = —, , U3 = - m ’

2Cgg 2Can —':aa'\':"aa Caa) .

_ Cop—Caa _ Cee—Css o _ (Cos+Cag)™—(Casg—Caal”

E23 = — f Vaz = Oag = p— ;

2Cgy —':aak'zga_':u:' )

Cypp—Caon Ceg—Cas o _ (Cpa#Ceg)®—(Can—Cae)”

£12 = — ) Viz=—— Yz~ _— :
2Cnn 2Caa 2Con (Can—Cee)
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ITonyuyennsle napaMmerpsl TomceHa HUCHONB3Y-
IOTCSl B CEHiCMOpa3Be/IKe MPH y4eTe Pa3InYHbIX TH-
0B CEICMUYECKON aHU30TPOIHHU:

® TpaHCBEPCaJbHON HM30TPOIUHU C HAKIIOHHOMH
OCBIO CHMMETPHH,

e TPaHCBEPCATBLHON H30TPONUH C TOPHU3OH-
TaJIbHOW OChIO CUMMETPUH,

® TpaHCBEPCATHLHON HM30TPONHH C BEPTUKAIb-
HOW OCBhIO CHMMETpHH,

e opropoMOuYeckoii anusotporuu [11].

OOocHOBaHMe MaTeMaTH4ecKOil  Mojesn
CIIO)KHOTIOCTPOGHHOTO ~ CIIAHIIEBOTO  KOJUIEKTOPA,
pa3paboTaHHOI B paboTe, OCHOBBIBACTCS HA PE3YJib-
Tarax WCCICIOBAaHUA TOAOOHBIX Tmopoxn B YHMU
«HcTuTyT Teomoruu» [13, 22], a IMEHHO MHTEpBa-
JIOB MOCKOBCKOTO SIpyCa Pa3BHUTHS CIIAHIIEBBIX II0-
POI-KOJUIEKTOPOB CKBaXXUH APTEMOBCKOH ILIOLIAAN
A/e.

[Ipu dopmupoBaHuM MOJIENIEH TOPOJ] ABTOPAMH
MIPUHATO BO BHUMAaHWE, YTO HUCCIICIOBAHHBIA MHTEP-
Baja (3710 — 3735 M) ckBaxkunsl Ne 1 ApTeMOBCKO#
TUTOIIAM TPEACTABIICH CIIAaHIIAMH CEPHIMH /10 TeM-
HO-CEpBIX,  CIIEMEHTHPOBAHHBIMH  HM3BECTKOBO-
[JIMHUCTBIM [IeMEHTOM. TeKcTypa ciioucTasi, ”HOTAA
KOCOCJIOUCTasl, MOJYEPKUBACTCS JTUCTBEHHBIMH TOH-
kuMH (10 1 — 2 cM) CIIOSIMU YEPHOTO YIIIUCTOTO ap-
riumra. B mpummudoBkax BuaHA Kocas CIOH-
CTOCTB C DJIEMEHTAMU MEPEKPECTHO-BOIHUCTOM.

I[To nmaHHBIM 7a0OPATOPHBIX HCCICIOBAHMI
3HAYCHUSI MMOPUCTOCTU B HUCCICAOBAHHBIX IMOPOAAX
MOCKOBCKOTO sIpyca KojieOmoTess B mpenenax 1,1 —
3,4 %. KapbonatHocTts u3MeHnsiercst ot 0 1o 15,3 %.
Omnpenenenne ko3¢ ¢uIMeHTa MPOHUIIAEMOCTH 00-
pastoB B Ja0OpaTOPHBIX YCIOBHSIX YacTO COIPO-
BOXKJTAJIOCh PAacTPEeCKWBaHWEM, UYTO JEJajio HEBO3-
MOXXHBIM TIOJY4YEHHE JOCTOBEPHBIX pPE3YyJIbTATOB.

TPELUIMHOBATOCTH WJIH CHOCOOHOCTH OOpa30OBBIBATh
TPEImMHBl B TOPOJAaX BCEX HCCIEAOBAaHHBIX JIHTO-
THIIOB.

ITo naHHBIM TeOPU3NIECKUX HCCIICAOBAHMIA
ckBaxuH (I'MIC) B u3y4aeMoOM HHTEpBaJie CKBAKUHBI
3HAUEHHs TIOPHCTOCTH JOCTAaTOYHO HU3KHE M Mallo
OTIIMYAIOTCS IS PA3JIUYHBIX JUTOJIOTHIECKUX pas-
HoBUAHOCTEH mopoa. CopepikaHHe OpraHUYEeCKOTro
BEIIECTBA B IVIMHUCTHIX CJAHLUAX — MpEeuMyIle-
cTBeHHO cymecTBenHoe (6osee 1 %).

3a  OCHOBY MOJemud  B3SITHI  00OpasIlsl
(NeNe 103AT, 105AT, 107AT) aneBpOIUTHCTHIX
CIaHIIeB C aneBpuToBOd cTpykTypoir (0,05 —
0,25 MM), HESICHO CIIOMCTON TEKCTypoil. MuHepalib-
HBI coctaB: kBapu (40 %), ruapocmiona (WIUIAT)
(15 %), xpunrokpucramMyeckuii kapoonar (15 %)
1 OTHOCUTENbHO KpymHbe (10 0,5 — 1,0 Mmm) kap6o-
HatHble 0010MKH (10 40 % oT o0miero copepkaHus
KapOOHATHOM COCTAaBIISIONIEH), paCTUTEIBHBIN JCT-
purt (5 — 7%), 1O KOTOPOMY pa3BUBAETCSI MUKPOKPH-
CTAITMYECKAN MUPUT; OTMEUYCHBI SIUHUYHBIE MOPHI
Y MUKPOTPELIMHBI 3aKpbIToro tuma [13, 22].

Takum 00pa3zoM, aBTOpaMU CO37aH PSJ MOJe-
Jel claHIa CIIOKHOMOCTPOCHHOTO He(TEHACHIIICH-
HOTO KaJIBI[UTU3UPOBAHHOTO MHPUTHU3UPOBAHHOI'O
yraeguuupoBaHHOTrO. MuHepaibHbII cOcTaB MoJie-
Jeld TpeNCcTaBlIeH MHHEpajlaMHu: KBapll, IHPHT,
yroib (B cymme — 66,3 %), xamsuur — 15,3 %, ui-
aut — 15 %; mopuctocth mopoas! - 3,4 %.

[lycToThl B IBYX THITaX MojelNeii TOpoj OpHUEH-
TUPOBAHBI II0-pa3HOMY: 10 ocaM X, Y, Z U B IIOC-
kocti XOY, KoTopas TMEepHeHIUKYIIpHA CTBOIY
CKBaXHMHBI (Tabin. 1). OHM NMpeacTaBiIeHBl MEX3ep-
HOBBIMU Tiopamu (popmar 0,9) ayis Bcex THIIOB MO-
JieNieid KpoMe TPELIMHHOTO KOJUIEKTOpa, TPeInHAMU
(dpopmar 0,001) 1 BTOPHYHBIMH ITyCTOTAMH YILIOT-

[Mocnennee CBUAETENLCTBYET O cyliecTBeHHoi — HEHHA (bopmarsi 0,05 1 0,01).
Tabnuya 1
ITapameTpsl MaTeMaTHYECKUX MOJENEH
O6o3HaueHne OpueHTanms mycToT B ®dopmMmar mycToT
Tun xomnexropa 0
MOJICTIH MOJICITH (KOHIIEHTpamus mycToT, %)
Aosnl . mo ocsim X, Y, Z
eraeHyﬁigfﬁ 0,001(1), 0,05 (1), 0,9 (1,4)
Aonl pett B iockoctu XOY
Aosn2 o ocsim X, Y, Z
0,001(1), 0,05 (1), 0,01 (0,5), 0,9 (0,9)
Aon2 TpEIIHHHO- B mIockoctu XOY
Aosn3 TPAHYIAPHBIA | 116 geam X, Y, Z
0,001(1), 0,05 (1), 0,01 (1), 0,9 (0,4)
Aon3 B miockoctu XOY
Aosn4 mo ocsim X, Y, Z
TPEIIUHHBIT 0,001(1),0,05(1), 0,01 (1,4)
Aon4 B mockoct XOY
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Pe3yabTaThl. AHanu3 pe3ylbTaToB MOJCIUPO-
BaHHS CJIQHIICBBIX ITOPOA-KOJICKTOPOB ITO3BOJISIET
CIeNaTh CIEIYIOIINE BHIBOIBI.

ABTOpaMH pacCUHMTaHBl YIPYTHE IOCTOSHHEIC
IS BCEX BOCBMM MOJEIICH. YCTAHOBIJICHO, YTO IO-
crossaHass Csz3 HE3aBUCHUMO OT THIIA ITyCTOTHOTO
MPOCTPAHCTBA NIl BCEX MOJENEH nMeeT MpUOIH3u-
TEJIHbHO OJMHAKoBoe¢ 3HaueHue. OcTajabHbIE 3HaYe-
HUSl YIPYTHX TOCTOSHHBIX YETKO OTJIMYAIOT THII
OPHEHTAIMHA ITyCTOT M MUHEPAJIOB: ISl MOJIENCH,
IJIe BKJIIOUEHHUS OPUEHTUPOBaHbI B IIOCKOCTH XOY
s3HadyeHus Cii1, Cp, Cag, Css, Ces, Coz ABIISIOTCSA 00JIB-
IIFMH TI0 CPABHEHHIO C APYTUMU MOJICISMH TOTO XKe
THIIA TOPOABI-KoJUIekTopa, a 3HadeHus Cio Cis,

HAo0OPOT, SBISIOTCS MEHBIIUMH B 3TUX MOJIEISX,
4YeM B TEX IN€ BKIIOUEHHS PACIOJIOKEHBI IO OCSIM
X, Y, Z. llo pe3ynsraTaM aHajgu3a KOMIOHEHT MaT-
PHULBI YIPYTUX MOCTOSHHBIX MOJEIEH yCTaHOBIIEH
HCKIIIOUUTENBHO TONEPEYHO-U30TPONIHBIA THUIT CUM-
METPHH TEKCTYPHI.

Jna Mozpenel, B KOTOPBIX ITyCTOTHI M MHUHEpa-
JBI pacnonoxeHsl mo ocsim X, Y, Z (puc. 1), xapak-
TEpEH IUIaHAIBHBIM TUI CUMMETPHM TEKCTYpBI IO-
POIBL; JUISI MOAETEH C BKIIOYEHUSMH, OPHUEHTHPO-
BaHHbIMH B Iiockoctd XOY, mpucyly NOBBIILIECH-
HbIE 3HAYEHUS] aKyCTUYECKOW JINHEHHOCTH, TO €CTh
XapaKTEpeH aKCHAJIBHBINA TUII CHMMETPHHN TEKCTYPBHI.

B 3aBHcHMOCTH OT OpUEHTALMK BKIIFOUEHUN

2 &
‘Su

1,5

1

2.0 00 I-|-J
1,5 2

Puc. 1. Onpenenenue Tuia CAMMETPHH 110 B3aMHOMY PAcIOIOKEHUIO aKyCTHUYECKUX JTMHEHHOCTH U ClIaH-
LIEBATOCTH MOJIEJIEN CIIAaHIEBBIX OPOA-KOJUIEKTOPOB

k03 (ppuIMeHT UHTErpaTbHON aKyCTHYECKOW aHW30-
Tporuu (A,) Mozenelt usmensiercst (tabi. 2), HO Mo-
CTOSIHHO BO3pacTaeT TpH YBEIHYCHHH KOJIHYECTBA
TPELIMH B MOAEIISIX mopod. Hanmenslee 3HaueHue
A, XapakTepHO Ui MOJEJEH, rie BKIIOYeHHS pac-
nosioxeHsl o ocsiM X, Y, Z (menbie 19,33 %) s
MOJIENIM TPaHYISIPHO-TPEIIMHOBATOTO CJAHIA, TIe
BKJIIOUEHHUSI pacrmoyiokeHl mo ocsim X, Y, Z.
Haubosnbiiee 3nadenue — 26,99 % mnpucyme st
MOJIETIM TPEIIMHHOTO CNIAHLA C BKIIOYEHUSMH, OPH-
EHTUPOBAaHHBIMH B TIOCKOCTH XOY.

Ha puc. 2-3 npeacrasieH nmpumep CTepeompo-
EKIUH yKa3aTeNbHBIX IIOBEPXHOCTEN PACCUYUTAHHBIX
JIEBATU YIPYTHX IapaMmeTrpoB. B 3aBucuMocTu oT
THUIA MOJEIU Ha CTEPEONPOEKIMIX MPOCIEKUBACT-
Cs1 U3MCHEHHE INPUBEACHHBIX NapaMeTpoB, NpHUUYEM
MOJIEJIM C OPUEHTHPOBAHHBIMHU B IUIOCKOCTH XOY
BKJIIOYCHUSIMA HMEIOT OYEBUAHYIO OpPHEHTAIMOH-
HYI0 HaIpPaBIE€HHOCTb U3MEHEHUS [1apaMeTPOB.

AHanu3 NOCTPOEHHBIX CTEPEONPOCKUUN ynpy-
TUX MapaMeTpOB aHU3OTPOIINU MOJIENIEN CIaHIIEBBIX
IOPOA, KOJUIEKTOPOB MO3BOJIMII CEIATh CICAYIOIINE
BBIBOJIBI.

Tabnuya 2
[TapameTpsl akyCTHUECKON aHU3O0TPOIIUU MOJEIEH

Ne No wozeim [TapameTps! aKkycTHUECKOH aHU30TPOINH P—
I A,% | L, Su Hit H22 L33

1 Aosnl 19,33 | 1,46 | 1,03 | 24,06 | 23,36 | 35,21 | mnnananbHas
2 Aonl 2032 | 1 1,62 | 23,58 | 23,62 | 38,32 | akcuanbpHas
3 Aosn2 21,82 | 1,54 | 1,03 | 22,65 | 22,08 | 34,9 IUTaHaJIbHAs
4 Aon2 2261 |1 1,73 | 21,61 | 37,41 | 37,49 | akcuanbHas
) Aosn3 2416 | 1,62 | 1,03 | 21,43 | 20,84 | 34,67 | mnaHanbHAs
6 Aon3 2534 | 1 1,88 | 20,16 | 37,88 | 38,04 | akcmanbHas
7 Aosn4 25,85 | 1,68 | 1,03 | 20,58 | 20,02 | 34,53 | mnmaHanbHAas
8 Aond 2699 | 101198191 |37,81|38,01| akcuanbHas
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XapakTep yIpyroil aHu3OTPONMH AJI BCEX €€
[apaMeTPOB CYIIECTBEHHO OTINYAETCS U1 MOAEen
C OpueHTalueld mycToT mo ocsaMm X, Y, Z (Moxmenu
Aosnl, Aosn2, Aosn3, Aosnd) u Mogenei, rie my-
CTOTBI OpHUEHTUPOBaHHI B Tiockoctu XOY (Mopenu
Aonl, Aon2, Aon3, Aond). OxHaxko, Bce 6e3 UCKITIO-
YEHUS! PACCUUTAHHBIE MOJAEIM CJIAHLEBBIX IMOPOA-
KOJUIEKTOPOB SIBIISTIOTCS] BBICOKOAHH30TPOITHBIMH.

MareMaTnueckue MOJENN KOJUIEKTOPOB C OpH-
eHTaluel mycToT 1o ocsm X, Y, Z xapaKkTepu3yroT-
Cs HAIMYMEM OIHOTO SIPKO BBIPAXKEHHOTO IKCTpe-
MyMa Ui CKOPOCTH KBa3HWIIPOAOJIBHOH BOJIHBI Vp
(Makcumy™m), auddepeHnnanbHOro Kod3ddumeHta
YIPYroil aHu30Tponuu A4 U yIjia OTKIOHECHHS BEK-
TOpa YHOPYIMX CMELICHUIH OT HampaBIE€HUs BOJHO-
BOI HOpManu (MHHUMYMBI). A Takke ABOHHBIM MU-
HUMYMOM pPa3HHLBI MEXIY «OBICTPOI» M «MeAseH-
HOW» KBa3WIONEpPEYHBIMU BOJHAMH, 3HAUEHHH
yopyrux Momyned (MuHEMYM s moxyns HOwra,
MakcuMyM aj1st kod¢gunmenrta Ilyaccona, MUHUMYM
JUTSE MOJTYJISI CKATHs).

Jna mepBbIX Tpex MapaMeTpoB 3TO Hampabe-
HHUE COBIAJAeT C HalpaBJICHUEM PacIpPOCTPaHEHUS

BOJIHBI TIPOAOJIBHON MOJSIPU3AIMY, MaKCHMalbHbIE
3HAUCHHs KOTOpOW Haxoasarcss B mperenax 5200 —
5300 m/c s yka3aHHBIX MOJICIICH.

CooTBeTCTBYIOIIE MUHUMYMBI OPYTHX Hapa-
METpOB, ONM3KM K HYJIO, YTO MOJYEPKHBAET, TOT
¢dakT, 4TO CBOHCTBA PACHPOCTPAHEHUS YHPYTHX
BOJIH B OTOM HANpaBlICHUU OMU3KU K H30TPOMHON
cpene. MakcumanbHble 3HaUCHHST TU(HepeHIInaTb-
HOTO KO3(}UUMEHTa YINPYro aHU30TPOIHUH H3Me-
HSIOTCS I 3THX Mozener ot 31 mo 36 %, uto ox-
HO3HAYHO OTHOCHUT BCE MOZAEIM K BBICOKOAHH30-
TPOIIHBIM.

B uentpanpHON mpuoceBoil obmacTtd AN MO-
neneit Aosnl, Aosn2, Aosn3, Aosnd 4eTKO BEIIEIIS-
eTcsl IBOWHOW MHHUMYM mapamerpa AVs, 3HaueHne
KOTOPOTo OJM3KO K HyNO. DTO TMOKa3bIBacT, 4TO B
JIAHHBIX HANPaBJICHHUAX SBJICHUE PACIICTUICHHS BOJI-
HBI TIONIEPEYHON MOMApU3alnuu (PaKTUIECKH OTCYT-
CTByeT. BmecTe ¢ TeM, 3HaYeHHe 3TOro mapamerpa
Jocruraet BenuuuH npumepHo 1000 m/c, uto ogHO-
3HaYHO TOJYEPKUBAET (HaKT, YTO PACCMOTPEHHBIC
MOJENH C OpHUEHTaIued mycrtoT mo ocsMm X, Y, Z
MOKHO YBEPEHHO Ha3BaTh BHICOKOAHU30TPOITHBIMU.

/, Vs2, kmls

N
1,96
1,95
1,94
1,93
1,92
1,91
1,9
1,89
1,88
1,87
1,86
1,85
1,84

Puc. 2. Crepeonpoekyy yka3aTeabHbIX IIOBEPXHOCTEN MapaMeTpoOB aHM30Tponuy Mozenu Aosné
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N

Vp, km/s

W Vs1, km/s

"/,A, Vs2, km/s

Vs1-Vs2,
km/s

I

WY

0,36
0,34
0,32
03

0,28
0,26
0,24
0,22
02

0,18
0,16
0,14
0,12
01

0,08

Puc. 3. Crepeonpoekimu yka3areinbHbIX MOBEPXHOCTEH MapaMeTpoOB aHU30TPOIHH Uit Mojesu Aonl

3nauenus ynpyrux moayaei (FOwura, Ilyacco-
Ha, CKatus) mia Mmomenedr Aosnl, Aosn2, Aosn3,
Aosn4 B 1I€JIOM HE SIBIISTFOTCS TIOKA3aTEIBHBIME IS
OTIpeJieNieHNsT THIa KOoJUIeKTopa. B OCHOBHOM, OHH
M3MEHSIIOTCS TUIAaBHO OT MOJICITH K MOJICTH U UX 3Ha-
uyeHns coctaBisior: E =22 + 70 I'Tla, Kyyac= 0,14 +
0,34, G = 8-30 I'Tla. Ha crepeornpoeknusax 3THX Ia-
paMeTpoB JUIsl BCEX YEThIPEX MOJIENeH XapaKTepHBI
TOJIIBKO 3 3KCTpeEMyMa

VYopyras cummeTrpus moxeneit Aosnl, Aosn2,
Aosn3, Aosn4 — monepeuHo-n30TPOITHAS.

CKOpOCTh KBa3UTIPOAOIHHOU BOJHBEI B MOJIEISIX
Aonl, Aon2, Aon3, Aon4 HECKOIBKO OOJIBIIE
(puc. 3), 4yeM B MOIENSIX C OPHUEHTALMEH IMyCTOT
BOONMb oced X, Y, Z W JOCTUTacT BEIWIHHEI
5350 m/c. B oTnuumu OoT paccMOTPEHHBIX paHee MO-
JieNeil KOJMIEeCTBO IKCTPEMYMOB YBEIHYHBACTCS U
KoJieOnercst sl pa3IMYHbIX TUIIOB MOJEIH OT CEMH
10 JIeBATU. Bronb 3TUX HampaBieHWM pacmpocTpa-
HSIETCS MPOJIOJIbHASI BOJIHA.

Pazuuiia Mexay «OBICTPON» M «MEIJICHHOM
MonepeyHsIMU BONHaMH MeHsercss oT 1800 mo
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1950 m/c u Ha yka3aTenbHON MOBEPXHOCTH BBIJEIS-
ercs 12-10 3KCTpeMyMaMu pa3U9IHON HWHTEHCHB-
HOCTH.

i Moneneil, rae MycTOTHl OPUEHTUPOBAHBI B
mwiockoctn XOY (Momemu Aonl, Aon2, Aon3,
Aon4d) mapameTpsl YIPYrol aHW3OTPOIHH HMEIOT
Oosiee cioxkHOe pacmpezneneHue. s Bcex 0e3 wuc-
KIIFOYEHHUSI MapaMeTpPOB XapaKTepHO HaJIMYHe MHU-
HUMYM IISITH DKCTPEMYMOB, YTO CBUAETEIHCTBYET O
crneru@UIecKuXx OCOOCHHOCTSIX PaclpOCTPaHCHHS
YIPYTHUX BOJIH B TPEICTABICHHBIX MOJIEIISX.

Ha crepeonpoekmmsix ymnpyrux moxynei (FOu-
ra, [lyaccona, cxarmsa) ams mozeneit Aonl, Aon2,
Aon3, Aon4, B oTiIMYUE OT PACCMOTPEHHBIX paHee
MOJENE ¢ OCEBOM OpUEHTALME IMMyCTOT, KOJuYe-
CTBO JKCTPEMYMOB YBEIUUWIOCH A0 9, 4TO yKa3bl-
BaeT Ha TO, YTO HAINPaBJICHHAs BAOJb CIIaHIEBATO-
CTH TpPCIIMHOBATOCTh OYCHb CWJIBHO HW3MEHSET
CTPYKTYypy mopons! B 1iesioM. [Ipu ananmse pe3yinb-
TAaTOB MOJICIIMPOBAHUS ISl PA3HBIX THUIIOB KOJUIEK-
TOPOB YCTAHOBJIEHO, YTO THUIBI IOPUCTOCTH HE
CHJILHO BJIMSIFOT Ha aHU3O0TPOIHIO MOIYJICH YIpyTo-
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ctu. B oOmiem, mMomymu umeroT Oojiee HIMPOKUH
JMana3oH, YeM B MpenplAylIel rpymnmne mMoaene u
mMensatoTcs B quamnaszone: E = 18 + 70 I'Tla, Kiyac =
0,04 + 0,36, G = 6-32 I'Tla. Haubomnpliee pasnudue
Ha CTEPEOIPOCKIMAX UMEIOT MPOoeKIuu ko3dduiu-
enra [lyaccona msa monenu Aon4.

MaxkcumarnbHble 3HaYeHHs TUQdepeHaIbHO-
ro Ko3(pQuIMeHTa YIPYro aHU30TPONHU H3MEHS-
torcst oT 34 1o 43 %, 9To MOATBEPIKIALT, YTO IMPEI-
CTaBJICHHBIC MOJEIN - BBICOKOAHHM3OTpOmHBIE. C
MUHUMYMaM# dToro mnapamerpa (2%, T.e. OTCyT-
CTBYIOT M30TPOIHBIC HANPABIICHHUS) COBIAAAIOT MU-
HUMYMBI yIJla OTKJIOHEHHS BEKTOpa YIPYTHX CMe-
IIEHUA OT HaIpaBJIE€HUS BOJHOBON HOpMalH, KOTO-
pBIE MAJIO OTIIMYAIOTCS OT HYJIS.

Takum 00pa3om, Jaxke Mpu MpeoOsIalaHuy BhI-
COKOQHHM30TPOITHOW CpeAbl Ui TPEACTaBIECHHBIX
MoJIeNiel B UX 00BbEME CYIIECTBYIOT TaKue OCOObIC
HaTpaBJICHUs, TJe YNPYyrHe CBOMCTBA Cpeasl Mallo
OTJIMYAIOTCST OT Ommkaiimeld K HUM HW30TPOIHOM
CpEIbl.

Jis ucrionk3oBaHus pa3pabOTaHHOW METOIUKH
MaTEeMaTHIeCKOTO MOJICTMPOBAHUS B IMPAKTUKE II0-
HCKOBBIX Te0(U3NIeCKUX paboT aBTOpaMHU BIEPBHIC

paccuuTaHbl IS MOJENICH CIIaHIIEBOTO KOJUISKTOpa
napaMmeTpbl ToMceHa 111 OpTOTPOIHOM Cpebl (£12,
£13,823, Y12, Y13, V23, G1a 813,823) n MIPOBE/ICH
aHaJIN3 TOJMYYCHHBIX pe3yabTaroB (puc. 4-5).

ITo pe3ympraTraM MaTeMaTHYECKOTO MOJEIUPO-
BaHUs YCTAHOBJICHO, YTO JJISl CIIAHIIEB, TJI€ MYCTOTHI
OpHUEHTHPOBAaHbI B IUIOCKOCTH  HAILJIaCTOBAHUS
(XOY), 6onbmmHCcTBO TMapamerpoB TomceHa (&,
£a3, ¥12, ¥i13, O12) UMCIOT MPOTHUBOIIOIOKHBINA 3HAK
[0 OTHOIICHHIO K IMapaMeTpamM, KOTOpPhIC XapaKTe-
PHU3YIOT CIIaHEI[ ¢ MyCTOTaMU, KOTOPbIE OPHUEHTUPO-
BaHBI 110 ocsIM X, Y, Z HE3aBUCUMO OT THIIOB M KOH-
LEHTpaIuH mycTtoT (puc. 4).

ABTOpaM# TPOBENEH aHAIHM3 B3aHMOCBS3U Ia-
pamerpoB ToMceHa UM TapaMeTPOB aKyCTHUYECKOU
AQHU30TPONUHU. B 1eNOM, KOPPENSIUOHHBIX 3aBHCHU-
MOCTEH MEXKIy dTUMH MapaMeTpaMH HE IOIY4CHO,
HO Ha OOJNBIIMHCTBE TOYEYHBIX KPOCC-TLIOTOB
o0ocobunuch 2 kmacca mMozeneit (¢ pa3Hoi OpHueH-
Tarmed MyCcToT) Ha JIBe TPYIIbI ToueK (TIpUMep - Ha
puc. 5), 4TO TOBOPHT O BIMSHHUU CTPYKTYpHI IIy-
CTOTHOTO TIPOCTPAHCTBA Ha mapameTpsl ToMceHa.

B nenom, mapamerpst ToMceHa aroT TOTIOHU-

€13 €23 £12 vi3  v23 yl12 513 823 612

OJOS 0,10 0,10
0,00

0,00 0,00
-0,05
-0,10 -0,10 010
-0,15 -0,20 -0,20
-0,20 -0,30

-0,30
-0,25 ’ 040 @
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TeNbHYI0 MHAQOpMAIMIO 00 yNpyroi aHU30TPOIHH
WCCIIEIOBAaHHBIX MOJENEH TOPOJ, WU UX Pacd€T Mo-
XKeT OBbITh WCIOJL30BAaH TPU HATUYUKA MAaTPHIIBI
YOPYTUX MOCTOSHHBIX MOPOJ MPU MPOBEICHUM Ceii-
CMOAKYyCTHYECKUX HCCIICIOBAHUN.

BeiBoabl. ABTOpamMm pa3paboTaHa METOIHUKA
MaTeMaTHYECKOTO MOJCIUPOBaHUS 3 (HEKTUBHBIX
YIPYTUX MMOCTOSHHBIX HETPAIUIIMOHHBIX CIAHICBBIX
MOPOJI-KOJIJIEKTOPOB.

O6ocHOoBaHO ¥ pa3paboTaHo 8 pa3HOBHIHO-
CTell MareMaTHYeCKUX MoJIelel, XapaKTepU3yOIInX
MUHEPaJIbHBIN COCTaB, CTPYKTYPY IIyCTOTHOTO TpO-
CTPaHCTBA W YHPYTHUE CBOWCTBA, KOTOPHIE XapaKTep-
HBI JUIS CIIAHIIEBBIX MOPOA-KOJIEKTOpOB JlHEmpoB-
cko-/{oHenKol BaguHbl YKpauHsbI.

[lpu ananm3e ynpyrux MOCTOSHHBIX, KOMIIO-
HEHTOB AaKyCTHYECKOTO TEeH30pa, MapaMeTpoB JH-
HEITHOCTH M CIIaHIEBATOCTH, CTEPEONPOEKLUi H30-
TUHANA yKa3aTeIbHBIX TMOBEPXHOCTEH NEBATH Tapa-
METPOB YIPYrol aHU3OTPOIIMHU, a TAKKEe NapameT-
poB ToMceHa yCcTaHOBIIEHO:

® [0 aKyCTHYECKUM JaHHBIM BO3MOKHO TPO-
CIIeIUTh M3MEHEHHE CTPYKTYPBI ITyCTOTHOTO IMpO-
CTPaHCTBA MOPOJBI-KOJJIEKTOPa, KOHIEHTPAIHIO
MOPOI000Pa3yIOIINX MIHEPAIIOB B TIOPOJIE;

® TPEIIMHOBATOCTh UMEET OOIbIIee BIIHSHUE
Ha CTPYKTYPY IOPOJIbI, YEM TPAHYJISIPHBIC MYCTOTHI
U CTPYKTYypa MUHEPAJIOB;

e Ha KO((UIMEHT aKyCTHUECKOW aHU30TPO-
MUU camoe OOJNBIIOe BIHSHUE MMEET OPHEHTAIHS
BKITIOUCHHIT; HANOOJbIINE 3HAYCHUSI UMEIOT KO3(]-
(PMIMEHTHl aHU30TPOINUK B TOPOJAX, INle MYCTOTHI
opueHTHpOoBaHbI B mockoctu XOY;

® CIIAHIEBBIC TIOPO/IBI-KOJUICKTOPBI — BBICOKO-
AQHU3OTPOITHBL: KOAPGHUIINEHT aKyCTHIESCKOW aHU30-
TPOTIMU ISl BCEX THIOB Mojerneli npesbimaet 10 %
(19,3 — 26,99 %), B Takux moponax Ha KOIPPHILH-
€HT BIMSET KaK CJIaHIEBAaTOCTh (OPUEHTAIUS) MH-
HEpaJoB, TaK M OPHEHTAIHs ITyCTOT, a OCOOEHHO
TpEIyH;

® AHM3OTPONMS MOJAYJEH YNPYroCTH Kapiu-
HaJbHO OTIMYAETCS ISl TPYII MOJIEICH CIIaHLIEB C
pa3HOU OpHEHTAITMel IMyCTOT W TOI00HA TSl MOJIe-
7€l ¢ 0AMHAKOBOM OpUEHTALUEN TyCTOT;

e 1pHu pacuyérax napamerpoB TomceHa MoJy-
YEeHBI MapaMeTphbl YIPYyrol aHU30TPOIMHU, KOTOPHIE
XapaKTEpHU3yIOT HE TOJIbKO MHHEPAIbHBIA COCTaB
MOPOJl, HO U KAYECTBEHHO CTPYKTYpPY IIyCTOTHOIO
MPOCTPAHCTBA, OPUEHTAIIUI0O MUHEPAJIOB U MyCTOT B
opoJax;

e mapamerpbl ToMceHa Uit MOJeNnel criaHue-
BBIX TOPOJ-KOJJIEKTOPOB KOPPETUPYIOT C aKyCTH-
YECKUMH MapaMeTpaMy aHU30TPOIHH;

e [MapaMeTpbl aKyCTHUECKOW U yNpyroil aHu-
30TPONHHU SIBJSIFOTCS. MHIWKATOPaMU IPHU UCCIEI0-
BaHUSAX OJHOTHUITHBIX TOPOJ] C PA3JIMYHBIMU THIIAMHU
MUHEPAIbHBIX BKIIOYEHUN U CTPYKTYpPHI IIyCTOTHO-
ro IPOCTPAHCTBA.

IIpoBenenHoe aBTOpamMu MaTeMaTHYECKOE MO-
JIETUPOBaHUE YIIPYTUX U aKyCTUYECKUX IMapamMmeT-
POB, XapaKkTEPU3YIOIIEe UX AHU30TPOIHUIO, SIBISIETCS
BaKHBIM 3TalloM IPpH OOOCHOBAHMM MaTeMaTHye-
CKHX MOJZEJEH CIIaHUEBBIX MOPOA-KOIIEKTOPOB. Ilo-
JIOOHBIE MOJETH MOTYT OBITH HMCHOJIB30BAHBI TIPH
WHTEpIpEeTaluu reou3nIecKux NaHHBIX (cericMo-
pa3BeIKd M TEO(PU3NYCCKUX HCCICAOBAHHIA CKBa-
JKWUH) 71 BHECEHHS TOIMPABOK 32 YNPYTYI0 aHHU30-
TPOIHUIO MIPHU MOMCKAaX M Pa3Belke HedTe-, razo- u
BOJIOHACHKIIICHHBIX CIIOKHOMOCTPOCHHBIX HETPaIu-
LIMOHHBIX CIAHIIEBBIX MOPOI-KOJIEKTOPOB, a TaKXKe
— JUIS1 COCTaBJIEHMs OaHKa JaHHBIX MaTEMaTHYECKUX
MOJIETICH MOPOA-KOJJICKTOPOB TMPUBEACHHOTO PETH-
OHa.

B nepcnexTuBe aBTOpamMu IIaHUPYETCs MPOBe-
CTH TIPaKTUYECKOE H3YUYCHHE IOMOO0HBIX IOPOI C
HCIIOJIb30BAHUEM HWHBAPHAHTHO-TIOJSPU3AIMOHHOTO
METOJIa WCCIICIOBAHUS TIOPOJ, KOTOPBIA MaeT BO3-
MOXXHOCTh TOJYYHTh TIOJHBIA Ha0Op MaTpHIIbI
VOPYTHX TTOCTOSTHHBIX.
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MATHEMATICAL MODELING OF THE ACOUSTIC AND ELASTIC ANISOTROPY OF THE
SHALE RESERVOIR ROCKS OF THE DNIPRO-DONETSK DEPRESSION

The purpose of the work is to analyze the parameters of elastic and acoustic anisotropy in the study of a
multicomponent reservoir rock model, which is represented by shale.

Research theory To solve this problem, the methods of conditional moment functions using the Mori-
Tanaka calculation scheme, as well as the ordinary least squares were used. The technique of effective elastic
invariables mathematical modelling of unconventional shale reservoir rocks has been developed.

Justification of the mathematical model Eight varieties of mathematical models that characterize the
mineral composition, the structure of the void space and elastic properties that are characteristic for shale
reservoir rocks of the Dnipro-Donetsk depression in Ukraine were substantiated and developed. The models
are based on previous publications by the authors and the results of petrographic studies at the Institute of
Geology.

Results The authors for the first time carried out an analysis of elastic constant rock models, acoustic
tensor components, linearity and shale parameters, isolines stereo projections of index surfaces of nine elas-
tic anisotropy parameters, as well as Thomsen parameters.

Acoustic data can be used to trace the change in the structure of the reservoir rock void space, the con-
centration of rock-forming minerals in the rock. Fracturing has a greater effect on rock structure than granu-
lar voids and mineral structure. The orientation of inclusions has the greatest influence on the coefficient of
acoustic anisotropy, anisotropy coefficients in rocks, where the voids are oriented in the plane perpendicular
to the borehole axis have the largest values (more than 20%).

When calculating the Thomsen parameters, the parameters of elastic anisotropy were obtained. They
characterize not only the mineral composition of the rocks but also the qualitative structure of the void space,
the orientation of minerals and voids in the rocks. Thomsen parameters correlate with acoustic anisotropy
parameters for shale reservoir models.

The parameters of acoustic and elastic anisotropy are indicators in the studies of similar-type rocks with
different types of mineral inclusions and the structure of the void space.

The mathematical modelling of elastic and acoustic parameters which characterizes their anisotropy and
was carried out by the authors is an important step in substantiating mathematical models of shale reservoir
rocks. Such models can be used in the interpretation of geophysical data (seismic surveys and well logging)
to make corrections for elastic anisotropy in prospecting and exploration of oil, gas and water saturated un-
conventional shale reservoir rocks of complex structure, and also to compile a database of mathematical
models of reservoir rocks in the given region.

Keywords: unconventional shale reservoir rock, mathematical modeling, elastic and acoustic anisotro-
py, Thomsen parameters.
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JOCIIIKEHHSA MIHEPAJIOI'I_‘IHOi BAPIATUBHOCTI 3AJIIBUCTUX KBAPLIUTIB ITPOAY-
KTUBHOI TOBUI ITIETPIBCBKOI'O POJOBHUIIIA
(3 BUKOPUCTAHHSAM AIATPAMHU My-Mo)

Poszensnymi minepanoziuni ma nempoximiuni ocobaueocmi pyo Ilempiscvko2o podosuuja, sike UKOPUCMOBYEMBbCS Ot 6U000Y-
mKy 6i0HuxX maznemumosux pyo. Pooosuwe 6xooums 0o paiiony Ilpagobepescnux maznimuux anomanii. B tioco eeonociuniii 6y0o6i
bepyms yuacms 06i epynu nopio. KpUcmauiyHi nopoou QyHoamenmy 0oKeMOpilicbko2o 6iKy i puxii KatHO30UCyKI 8i0K1a0uU, 5KI iX
nepexpusaiomo. Ilopooni komniekcu OOKeMOPItICbKO20 8IKY NPeOCmasneti CUIbHO Memamop@izoeanumu OUCIOKOBAHUMU NOPOOAMU
KpUCMAaniyHoz2o ynoamenmy apxeticbko2o i HUMCHbONPOMEpo30Licbko2o 6iKy. Huoicnvonpomeposoticoki ymeopenns npeocmaeneni
[HEYNO-IH2YLeYbKOIO CepI€io, 8 PO3PI3L AKOT BUOLIAIOMY 3€eHOPIYEHCHKY, apmeMiBChKy [ pOOIOHIGCHKY céimu. Apmemiecvka ceima €
NPOOYKMUBHOIO 8 Medcax 00Caiodxcysarnoi mepumopii. B cmpykmypHnomy naawni pooosuuje npeocmagiie CMUCHymy CUHKIIHANb, 3aXi-
OHe Kpuno AKoi GUKIUHIOEMbCSA, d CXIOHe NPOCMALAEMbCA 8 NIGHIYHOMY HANPAMKY. B 36’A3Ky 3 yum 06 ekmom Odocniodcensb cmano
CXiOHe Kpuno.

AymueeHno-memamop@ozenta 30HATbHICMb PYy0 00CAIOHCYBANACH 3 OONOMO2010 XIMIUHUX AHANI3I8, MOOYIi8 MasHimHocmi My
ma okucienocmi Mo ma diaepamu 6 xoopounamax My-Mo. B pesynomami, ¢ medcax cxionoeo kpuna Ilempiscvkoi cunkainani, 6yno
6UOLIEHO 8 MIHEPANo2iuHUX PI3HOBUOIE PYO: KEAPYUMU CULIKAMHI 3 MACHEMUMOM, K6APYUMU MASHemum-CUuaikammi, Keapyumu Cui-
Kam-maznemumosi, Keapyumu Ma2Hemumosi, Keapyumu MacHemumosi 3 2emMamumom, Keapyumu 2emMamum-mazHemumosi, Keapyu-
mu MAZHemum-2eMamumosi, Keapyumu 2emMamumosi 3 MacHemumom. Takodc 6CmMan081eHa 3aKOHOMIPHA 3MIHA PI3HOBUOI8 pyO 6i0
2eMamumosux Keapyumie 3 MAeHemumom 6 YeHmMpAaIbHuX 4acmuHax 00 CUNIKAMHUX 3 MASHemumom Keapyumis na nepughepii. B
MOMY HC HANPAMKY CHOCMEPI2AEMbCSL 3AKOHOMIPHI 3MIHU XIMIUHUX NOKA3HUKIG Fe€sa., Feuwn. ma cipxu (S) 6i0 yenmpy moewi 0o
nepucepii. Oonax usgiena 6 X00i O0CIONCEHHSL AYMULEHHO-MIHEPANO2IYHA 30HATIbHICMb NPOOYKIMUBHOI MOBWI POO0SUA NOPYULY-
€MbCSA 8 HACTIOOK HAKAAOEHHS MEMACOMAMUYHUX NPOYeCis, 0OYMOBIEHUX POPMYBAHHAM NO 3ANIZUCIUM KEAPYUMAM Ml e2ipUHOBUX
ma pubekimosux Memacomamumie.

Knrwuoei cnosa: Ilempiscvoke podosuwje, 6ioni MacHemumosi pyou, 3ani3UCmi Keapyumu, MiHepaio2iuna eapiamuenicms, dia-
epama My-Mo, nempoximiuni nokasHuKu.

B. B. 3aiiuenxo, B. B. Cmeuenxo. HCCJIEJOBAHHSA MIHEPAJIOTTYECKOH BAPHATHBHOCTH KEJIE3HCTBIX
KBAPIIHTOB IIPOJYKTHBHOH TOJIIIH IIETPOBCKOI'O MECTOPOKJIEHHA (C HCITOJIb30BAHHEM JTHAI PAM-
MBI My-Mo). Paccmompenvi munepaio2uyeckue u nempoxumudeckue ocobennocmu pyo Ilempogckozo mecmoposicoenust, Komopoe
ucnonvsyemcsi 0si 000biuY GEOHbIX MacHemumoguix pyo. Mecmopooicoenue 6xooum 6 cocmag paiiona IIpagobepedicnbix MacHummbIx
anomanuil. B e2o eeonozuyeckom cmpoenuu nPUHUMAlOm yuacmue 0ge epynnsl NOpoo: KpUCmaiiuieckue nopoovt gynoamenma 0o-
KeMOPULICKO20 603pACMa U PbIX/ible KAUHO30UCKUEe OMIL0NCeHUs, Komopble ux nepekpwigaiom. I1opoonvie Komniexcol 00KeMOpuiickoeo
603pacma AenAOm coboll CUTbHO MEMAaMoOPPU308antvle OUCTOYUPOBAHHbBIE NOPOObI KDUCIIAIIUYECKO20 (YYHOAMEHMA U NPeocmas-
JleHbl apXelicKuMu U HudicHenpomepo3olckumu obpaszosanusmu. Huoicnenpomepo3sotickue obpasosanus npeocmasienvl uUH2yno-
UH2YIeYKOU cepuell, 8 paspese KOmopoul 8blOeSIOM 3eIeHOPEYEHCKYIO0, apMeMOBCKYIO U POOUOHOBCKYIO C8UmMbl. Apmemogckas ceuma
A6712emcsi NPOOYKMUGHOU HA MeCmOpodicoeHul. B cmpykmyprnom naane mecmoposicoenue agnaem coboil cocamylo CUHKIUHATb, 3a-
naoHoe Kpulio KOMOopou BbIKIUHUBAEMCA, d B0CMOYHOE NPOCMUPAENC 8 Ce6ePHOM Hanpasienuu. B ceazu c smum obvekmom uccie-
008aHuUll cMano 60CMOYHOE Kpblilo.

Aymucenno-memamoppozennvix 30HaILHOCMb PO U3VHANACL C NOMOWBIO XUMUYECKUX AHANU308, MoOynell macnumuocmu My
u oxucnennocmu Mo u ouazpammul 6 koopounamax My-Mo. B pezynbmame, 6 npedenax eéocmounoco kpwina Ilempoeckoii cunkauna-
U, 6b110 eblOeNeHo 8§ MUHepano2uiecKux pasHoeuOHocmell pyo: Keapyumvl CUTUKAMHbIE C MASHEMUMOM, K8APYUMbvl MASHEMum-
CUUKAMHbIE, KEAPYUMbL CUTUKAM-MASHEMUMO8ble, KEAPYumol MAHEMUMOsble, Keapyumvl MAZHEMUmogvle ¢ 2eMamumom, Keap-
Yumaul 2eMamum-mazHemumogsle, Keapyumaul MazHemum-2eMamumosgule, Keapyumaul 2emMamumossie ¢ mazHemumonm. Taxoice gviasne-
HA 3aKOHOMEPHAs CMeHa pyO0 Om 2eMamumosbix K8apyumos ¢ MasHemumom 8 YeHmpaibHbIX Yacmax npoOyKmMUugHoU moauu 0o cu-
JIUKAMHBIX ¢ MAZHEMUMOM K8apyumog na nepugepuu. B mom sice nanpasnenuu nabnioodaemcs 3aKonoMepHoe U3MeHeHue Xumuye-
ckux nokazameneil Feooy., Feuaon. u cepol (S) om yenmpa monwu x nepugpepuu. Oonaxo obnapysicennas 6 xooe ucciedo8anus aymu-
2eHHO-MUHEPANIO2UYECKAsl 30HANLHOCHb NPOOYKMUBHOU MONWU MECIOPOICOCHUS HAPYUAEMCs 8 CLeOCEUU HATIONHCEHUS MEMOCo-
MAMUYECKUX NPoyeccos, 00yCl061eHHbIX 00PA308AHUEM NO JICENE3UCbIM KEAPYUMAM Mel YCUPUHOBLIX U PUOEKUMOBLIX MEemaco-
Mamumoa.

Kniwouesvie cnosa: Ilemposckoe mecmopodicoenue, bednvle MazHemumossie pyobl, Jdceie3ucnvle Keapyumol, MuHepaiocuie-
ckas eapuamugHocms, ouazpamma Muy-Mo, nempoxumuueckue noxkazamenu.

[MocranoBka mnpodJieMu. AKTyaqbHOIO TPO-  IIEHHS SIKOCTI KOHIICHTPATy MOXJIMBE 32 YMOB TIOK-
6nemoto uig Beix pomoBuil KprBopispkoro O6aceifHy — pallieHHS TEXHOJOTIYHHX ITOKa3HHKIB BUXITHOI py-
€ TIIBUIIEHHS BUMOT JI0 SKOCTi KOHIIEHTpATy, IKHH M, 110 MOXKJIMBO MPHU TOCIHIIHKEHHI MiHEPaIOTi9HO1
OTPUMVYETLCA 3 MAarHeTuToBUX KBapumriB. IligBu-  BapiaTMBHOCTI DVA.
© Cmeyenxo B. B., Batiuenxo B. B. https://doi.org/10.26565/2410-7360-2019-50-04
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Pyau IlerpiBchbKoro pomoBHINa JOCITIIKyBa-
JIUCh paHilre, MpoTe MpoTIroM ocTtaHHix 30 pokiB
CUCTEMHI JOCIIDKEHHSI MiHePAJIOTIYHHUX 1 TEXHOJIO-
TYHMX BIACTHBOCTEH pyA POIOBHINA HE MPOBOIH-
yuck. IcHyto4i ysIBICHHS PO CKJIaj pya Ta ix 30ara-
YyBaHICTh 3aCTapilli, OCKITbKA KOHTYPH PO3POOKH
PYIHUX TIOKJIAiB BUHMILIA 32 MEXi MOMEPEeTHHOTO
JOCTiKeHHs. B 3B’SI3Ky 3 UM CYTTEBO yCKIIaTHH-
JICh MOXKJIMBOCTI ONEPaTUBHOTO i MEPCIIEKTUBHOTO
TUTaHyBaHHA TIPHUY0-BUA0OYBHHX pOOIT Ta ycepen-
HEHHS PY/I.

AHani3 momepenHix aociigxeHb. [lerampHe
JTOCITI/PKEHHST MiHEpaJoTi4HOT BapiaTUBHOCTI 3alli-
3UCTUX KBApIMTIB MPOJIYKTUBHOI TOBIII POAOBHIIA
npoBoamiock v 80 pokax muuyioro cromitrs (B..
€BrexoB) [2]. docnmimkyBaauch pyau LEHTPATbHOI
YaCTWHU POJIOBHINA, SKa HA MMOTOYHUI Jac € Bifmpa-
npoBaHoto Ha 80%. IlepcnekTHMBHMM HampsSMKOM
MTOJTAJIBIIIOT0 BUIOOYTKY PYIOU € CXiTHE KPWIO, sIKE
MPOCTATAETHCSL Y TIBHIYHOMY HampsMKy. Tomy
00’€KTOM JOCIIKSHDb aBTOPU 00pay CXiTHE KPHIIO
CUHKJTIHAJI, SIKE paHillle BUBYAIOCH Ha €Tarli JI0po3-
Binku y 1983pori, mMiHepajoriyHa BapiaTHBHICTH B
XOJli BUBYEHHSI HE NOCHIKyBanack. Ha cyuacHOMy
erami mociimkeHHs poxosuma (2016-2017 pp.)
MPOBEICHO J0PO3BiAKY POJOBHUILA 3 AOCIIIKECHHIM
MiHEepaJIOTiYHOT BapiaTUBHOCTI MOPiJ CX1THOTO KPH-
na [leTpiBChKOT CHHKITIHAI.

Mera i 3agaui gociigxens. OCHOBHOIO METOIO
JIOCITI/PKEHHSI € BUBUEHHS MiHEPaJOTiYHOI BapiaTu-
BHOCTI pyx IleTpiBCbKOrO pogOBHINA Ta PO3AITICHHS
iX Ha THIHU 33 XIMIYHAM Ta MiHCPAIbHHUM CKJIaJIOM.
BcraHoBiieHHS 3aKOHOMIPHOCTEH 3aisiraHHs pi3HUX
MIHEPAJIOTIYHAX PI3HOBHIIB pPyI Ta BHSABICHHA
YUHHHKIB, SIKI MOXKYTb TOPYIIYBaTH 10 3aKOHOMIp-
HICTb.

Marepiaiu i meroau. [lpu BuBUEeHHI MiHepa-
JIOTIYHOTO CKJIamy TIOPiA 3alli3MCTO-KPEMEHUCTOL
¢dopmartii i OynoBu ii ToBII OaraTo mMUTaHb e(PEeKTUB-
HO BHPINIYIOTHCS 3 BUKOPUCTAHHSAM PE3yNbTarTiB Xi-
MIYHHX aHaJi3iB 3aJi3UCTUX KBapIIMTIB 1 BMIIyIO-
quX Mopif. B OUIBIIOCTI BUIMAIKIB BOTO JIOCTATHBO
JUTSL BUPIMIEHHS IPo0JIeM MiHEepaJbHOTO 1 XiMIYHOTO
CKJaJy 3aJi3MCTHX TMOpiJ, HOro BapiaTHBHOCTI B
po3pi3ax, BIUTUBY Ha CKJaJ TOPiJ eMireHeTUIHUX
nopia (IuHaMoTepMalbHUK MeTamopdi3Mm, Harpie-
BHH METacoMaTo3, KOHTaKTOBWUU MeTamopQi3M, Ti-
MEPreHe3) Ta IHIIUX TeOOTTUHUX SBHIIL.

Jnsa Bigyamizariii xapakTepy 3aJ€KXHOCTI MiX
CKJIaZIOM 3aJi3UCTHX TOPiA 1 pyd Ta iX CTPyKTypHH-
MU, TEKCTYPHUMH, TEXHIYHUMH, TEXHOIOTIYHUMH Ta
IHIIMMH XapaKTePUCTUKaMU MOXe OyTH BHKOPUCTA-
Ha Jmiarpama B koopauHaTaXx Mm-Mo (e Mm = Féy,.
. | F€sar, Mo = Fe,03 / (FeO+Fe203)), BIIEPILIE OIIy-
omikoBana B.JI.€erexosum [13,14]. Ilizmime mana
JiarpaMa BHKOPHCTOBYBANAach JUIs BUPIIIEHHS Oara-
THOX MIHEPAIOTIYHHX, TIETPOJIOTITHIX, T€OXIMITHUX
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Ta TeXHOJOTiuHMX 3a1a4 [7,15,16,17].

Jiarpama 1n03BoJIsie BUKOHATH PO3BEPHYTY Kap-
TUHY MacHBY JaHUX NP0 XIMIUYHMHA CKJIAJA 3ami3uc-
TAX TIOpiZ 3 BUAUICHHAM IIOJIB PO3MOBCIOIKCHHS
(irypaTHBHUX TOYOK 3aJII3UCTHX KBAPLMTIB Pi3HOTO
CKJIaAy, a TaKOXX TPENCTaBUTH TEHICHINI 3MiH Ha
TOTIOMiHEpasorivyHoMy (OHI 0ararboX IMOKa3HUKIB
CKJIaJly 1 BIIACTUBOCTEH 3ai3uCcTUX Topif i pyn. Ta-
KOX TPOBOJMIIMCH Makpo- i MiKpOCKOIIIYHI MiHEpa-
JIOTIYHI JOCTDKEHHS BCIX BHSIBJICHHUX Pi3HOBU-
IB pya.

Bukiax ocHoBHoro marepiaay. [leTpiBcbke
POIOBUILE 3aJi3UCTUX KBapLUTIB PO3TAILIOBAHE B
KpaiiHiii MiBACHHO-3axiHIM 4acTuHi paiiony [lpa-
BOOEPEKHUX MarHITHUX aHoMaiii. [IpaBobepexHmin
pyIHHI palioH 3aliMae MPOMIKHE TMOJOXKEHHS MiX
KpuBopizpkuM i KpeMeHUyIIbKHM PYTHHME paiio-
Hamu. TepUTOpiallbHO MPUYPOUEHHH 1O MiBHIYHOT
JaCTHUHHU 30BHINIHBOT 30HH KpwuBopizpko-
Kpemenuyupkoro kpaiioBoro nporusy [1, 3, 20].

B reonoriuniit 6ymosi IleTpiBchkoro pomoBuia
OepyTb yyacTh JABiI I'pyNH MOPiJ, IO Pi3KO BiApi3-
HSIOTBCS 32 BIKOM, YMOBaMH 3aJISITaHHA 1 CTyIIEHEM
MeTaMop(izMy: 0oKemMOpilicoKi - KPUCTAIIYHI TIOPO-
i QyHIaMEHTY, CHIIBHO JHCIIOKOBaHI mMeramopdi-
30BaHi Ta MEPEKPHUBAIOYi X PUXJI BiOKIAON KAUHO-
3010. PonoBuine mpezacrasisie co00K0 MOPOAM THEH-
COBOi cepii cepem BENUKOTO MOJS MIrMaTHTIB, 3a
CKJIaIoM  IUIarioknas-oiorutoBux 1 amdibdon-
miarioknas-oiorutoBux. Cepen MIrMaTuTiB, Y BH-
VIO HEBEJIMKUX TiJl, 3yCTPI4aloThCst aMQiOoIiTH.
JlokeMOpiiicbKi TIOpOmM CKIAACHI apXeHChKUMH i
HU)KHBOIIPOTEPO30WCHKUMHU  YTBOPEHHAMU. Apxeit
MIpENCTaBICHUN TPaHITOINAMH THIIIPOIIETPOBCHKOTO
KOMIUIEKCY, $IKi YTBOPIOIOTH [Hrymemesky riuly, a
IIPOTEPO30M  —  METaBYJIKaHOTCHHO-0CAI0BHUMU
YTBOPEHHSAMH IHTYNO-iHTYyJelbkoi cepii, B po3pisi
SIKOT BHIIUISIOTEH (3HU3Y IOTOPH): 3€IECHOPIYCHCHKY,
apTeMiBCBhKY 1 poioHIBChKY cBiTH (puc.1) [1, 3].

3eneHOpiueHCHKA CBiTa CKIIajgeHa THeHcaMu
am}i00n-KkBapu-010TUTOBUMH, KBapL-0iOTUTOBUMH,
rpagiT-6ioTuTOBUMH, rpadiT-amdpidon-010THTOBUMHU
i KBapI-kapOOHAaTHUMHU ab0 KapOOHATHUMH TIOPO-
JIaMU.

Jlo apTeMiBCBKOI CBITH BiTHOCSTBCS 3aJi3HCTi
MIOPOJIH, TIPEJNICTABJICHI MOPOAAMH, TaK 3BAHOT, TIepe-
XiTHOT Ma4KH 1 3aii3ucTiMu KBapimramu. llepexin-
Ha Tayka MPENCTABICHA MAarHETUT-CHIIKATHUMH 1
CUJIIKaTHUMM KBapLUUTH, IJIS SIKUX XapaKTEPHO MiA-
BUILIEHAN BMICT CHJIIKATIB 1 Maja MacoBa JOJIA Mar-
Hetuty. KopucHoro komammHoro Ha llerpiBchkomy
ponoBuILi € 3ami3ucTi KBapuuTH. HeokucneHi pis-
HOBHMIM TPEICTABICHI MAarHETUTOBHMH, CHIIIKAaT-
MarHeTUTOBUMH, F€MaTUT-MarHETUTOBUMH 1 MarHe-
TUT-TEMaTUTOBUMH  KBAapUMTaMM 1  MarHeTuT-
CHIEPUTOBOIO MIOPOAOIO.

PopioHiBCcBKaA cBiTa CKIlajmeHa O10OTUTOBUMHA
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Puc. 1. l'eonoriunmii po3pi3 cXigHOTO Kpuiia CHHKIIHANBHOI CTPYKTYpH [leTpiBchKOTO pomoBHIIIa.
1 — mirmatuta (Y1iMPR1Kg); 2 — amdbibonitu ARskn; 3 — raeiicu kBapi-6iotur-pmdioconosi (PR1zr);
4 — xBapuut MaraetutoBi (PR1ar); 5 — kBapuuru remarur-maraetutoBi (PRiar); 6 — kapuutu am¢pidon-
MarHeTHT-ipokceHoBi 3 rpantoM (PRiar); 7 — rHecu kBapir-ruiariokna3s-6ioturtosi 3 rpanatoM (PR1rd);
8 — kaitHo30#ichKi Bigkmaau; 9 - mermarutu (ipyPR1kg)

rHeiicamu. [lopoau BCiX CBIT MepeTHHAIOTH IUIATio-
KJa3-0i0TuTOBl 1 am¢iboi-1Iiariokia3-0i0TUTOBI
MEerMaTUTH KipOBOTPAJICHKOro Komiuiekcy. Kpucra-
JYHI YTBOPEHHSI MEPEKPHUBAIOTHCA MOPOJAMHU Kai-
HO30MCBKOr0 0cagoBoro voxia [4-8].

[leTpiBcbke ponOBHUILE NpENCTaBICHE CTUCHY-
TOI0 CHHKJIIHAJBHOIO CKJIJIKOIO, HAMPABJICHOIO 3aM-
KOBOK) YaCTHUHOIO Ha MIBJICHB 1 BIJKPUTOIO HA IiB-
Hiu. [Taginas kpun 3axigae. CxigHe KpWio Tamae
mig Kytom 45-75°, 3axigne mig kyrom 60-85°. Byno-
Ba CKJIAIKH yCKJIAJHEHA TIOB3IOBXHIMH 1 TIOTIEpEY-
HUMHU AW3 IOHKTUBHUMU MOPYIICHHSMH, 110 PO30H-
BalOTh CTPYKTYPY Ha OKpEeMi TEKTOHIUHI OJIOKH
[11,12] . 3aximHe KpWJIO BUKIMHIOETHCSA HA MIiBHIY.
CximHe KpHJIo MPOTATAETHCS Y MIBHIYHOMY HapsM-
Ky, Ma€ TOTY>KHICTh PyIHOTrO Mmokiamy a0 50 M i €
MEPCIIEKTUBHUM JIJIsl TIOAAJIBINOT po3poOku. Pawirie
cXigHe Kpuio OyJio JOCTIKEeHe TOOTUHOKIMH CBe-
panoBuHaMu. IluraHHS MiHepanoridyHoi BapiaTHB-
HOCTI BHBYAJIOCS TOJOBHUM YHMHOM y 3aMKOBIil dac-
TuHi [leTpiBChKOT CHHKITIHATI, CXiJIHE KPWIO HE JI0-
CIIKYBAIOCh.

Minepanoriuna BapiaTuBHicTh pyn [leTpiBcbKo-

-56 -

r'O POJOBHIIA MPOSIBICHA B HANPSIMKY Bifl BMIill[yIO-
YUX MOPiJ J0 LEHTPaJIbHOI YacTUHHU TOBII. Jliis
[EHTPAILHOT YaCTHHU POJIOBHUINA BCTAHOBJICHA Ha-
CTyIHa 3MiHa MiHEpaILHUX PI3HOBHUIIB MOPiA: cia-
HI[i — CIIaHIl 1 KBapUUTO-CJIAHI{ 3 MarHETUTOM —
KBapIUTH MarHETUT-CUIIKATHI — KBapIUTU CHJIi-
KaT-MarHeTUTOBI — KBapIIUTH MAarHETUTOBI — KBa-
PUUTH MarHeTUTOBI 3 T'€MAaTUTOM —> KBapIUTU Te-
MaTHT-MarHeTUTOBI —  KBAapUUTH  MarHETHUT-
reMaTUTOBI — KBapIMTH T€MaTHTOBI 3 MarHETUTOM
[1,10].

HocnimkeHHs MiHEpaJoriyHoi BapiaTMBHOCTI
pya cximHoi wactuHu IleTpichbKoTO pomOBHINA TPO-
BOJTUIIOCH 32 METPOXIMIYHUMH PO3paxXyHKaMHU, Mak-
PO- 1 MIKPOCKOITIYHUMH JTOCIIKEHHSIMH, PO3paxyH-
KaM{ MOJYJiB OKHCIIEHOCTI 1 MarHiTHOCTI. byrno mo-
cmipkeHo 1526 mpo0, BH3HAYEHUH TX XIMIYHHH
ckman (Fewarn., F€sar, FE203, FeO), BubipkoBO 3p06-
JISH1 TIPO30pi 1 moMipoBaHi nuTiu s 10 CIiIKEHHS
MIHEpAILHOTO CKIaay Ta CTPYKTYPHHX 1 TEKCTYp-
HUX 0COOJIMBOCTEH, 3p00JIeHI KUTBKICHI MiApaXyHKH
MarHeTUTY B KOX)KHOMY BH3HAYCHOMY Pi3HOBUJI Py
(0o6emHi %) Ta iHII gOCTIHKEHHs. 32 MAaKpo- i MiK-
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POCKOTIIYHUMH JOCIiIKEHHAMH Oyny BHIUIEHI pi3-
HOBHUIH 3aTI3UCTUX KBapIMTIB, IO CKIIAJAIOTH IIPO-
IYKTHBHY TOBIIY CXiJTHOTO KPWJIa CHHKJIHAJILHOT
CTPYKTYPH POJOBHINA: KBapIIUTH CHJIIKATHI 3 Mar-
HETHTOM, KBapIUTH MarHeTUT-CUJIIKAaTHI, KBAPIUTH
CHJIIKAT-MarHeTUTOBI, KBAapIIUTH MarHETUTOBI, KBa-
PIUTH MarHETUTOBI 3 T€MAaTHUTOM, KBapIUTH TeMa-
THUT-MarHeTUTOBI, KBapIUTH MarHETHUT-T€MaTHTORI,
KBapIUTH TEMATUTOBI 3 MArHETUTOM. 32 CTaTUCTHY-
HUMH TiJpaxyHKaM{d BCTaHOBJIEHO, IO HAHOUTIBII
PO3MOBCIOKEHNM MiHEPAIbHUM PI3ZHOBHIIOM B Me-
’ax JaHol 00JacTi € MarHeTUTOBI KBapIMTH — OJIK-
3pK0 44 %, MeHII PO3MOBCIOMKEH] KBAapIUTH CHITi-
KaT MarHetutoBi — 19 %, KBapUUTH TeMaTUTOBI 3
MargeTuroM — 16 %, KBapuuTH TeMaTHuT-
MarHeTuToBi — 7-8%, KBapLMTH CHIIIKaTHI 3 MarHe-
THUTOM, MarHeTUT-CUJIIKaTHI, MAarHETUTOBI 3 reMaru-
TOM Ta MarHeTUT IeMaTHUTOBI — CKJIaZaloTh Bix 2,5
1o 4,5 %.

Jnst KoXHOT TPynH MiHEpaJbHUX Pi3HOBHIIB
mopix B Ta0i. 1 HaBeAeHI MiHIMAIbHI Ta MAKCUMAaITb-

Hi MMOKa3HWKH BMICTY XiMiYHHUX KOMIIOHEHTiB. 3Ha-
YeHHS BMICTy Fes.. Ta Féyan. BiamoBimarore okpyr-
JICHUM CEpPEIHIM 3HAYCHHSM I[HMX IOKa3HUKIB JUIs
3QI3UCTUX  TIOPi  BIMITOBITHOTO MiHEPaIHHOTO
ckinany. 3uauenns Bmicty Fe?*, Fed*, FeO, FeOs
PO3paxoBYBAINCh, BUXOSMYH 13 3HAYECHD BMICTY F€sar.
i FeM‘drH.

Tabmui moOymoBaHa 3a JaHUMH XiIMIYHUX
aHaji3iB, OTPUMAaHUX NPH IOCTIPKEHHI CBEPAJIO-
BuH: 2, 5, 7,9, 12, 12a, 13, 14, 15, 17, 19, 20, 21
cxigHoro kpuia [leTpiBchkoi CHHKITIHATI.

3a JaHMMU KUIBKICHHUX CIIBBIJIHOIIEHB IOPO-
JI0- 1 pyIOYTBOPIOYMX MiHEPAJiB i 32 JAHUMHU TIPO iX
XiMiuyHHMA cKiaz Oyfiv BHU3HAUYEHHI 3HAYEHHs METPO-
XIMIYHAX TTOKa3HUKIB My 1 Mo B Tabm.1 moxazaHi
KOPJIOHU X KOJIUBaHb. Y BIAMOBIAHOCTI 3 OTpUMa-
HAMH pe3yiapTaramu Oyna moOymoBaHa Jmiarpama
MM-MO (pI/ICZ)

Ha miBiit rimmi giarpaMud po3MiCTHINCH Bizpi3-
KH, 10 BiAMOBIAAOTH 3II3UCTUM MOPOJIaM MTPOMiK-
HOTO MIHEPaTLHOTO CKJIamy: I — ciranili i KBapuuTo-

Tabnuys 1

CepenHi 3HaUYeHHS METPOXIMIYHUX MOKA3HUKIB 3aTI3UCTHX MTOPIJ PI3HOTO MIHEPATHHOTO CKIAIY

3f{aqemm X1 L Ierpoximiuni
MiYHHX Hapa- Ximiuni mokasuuku, Mac. % Moyt
Ne | MinepaJbHi pi3- MeTpiB: Bix
/il | HOBHAM 3aJIi3mc- 1) — 0 (2),
THX TOpiT Ta cepenne ix | F&ar | Feuar. Fe?* | Fe* | FeO | Fe;0z | Mwm Mo
3HaveHHs (3)
Ksapuurtu cuika- 1 8,0 2,4 4,2 2,1 7,6 3,0 0,23 0,11
1 THI 3 MAaTHETUTOM 2 335 12,0 25,3 8,2 32,6 | 11,69 0,4 0,36
3 17,8 59 13,2 4,6 17,0 6,6 0,31 0,3
Ksapruut marse- 1 8,2 4.8 6,8 2,9 8,8 4,13 0,41 0,32
2 TUT-CUIIKaTHUHI 2 34,0 13,8 20,7 | 13,3 | 26,7 | 18,96 | 0,57 0,49
3 17,7 9,0 10,9 6,8 14,1 | 9,67 0,51 0,40
Ksaprur cumikar- 1 11,7 8,8 6,5 6,17 8,4 8,83 0,46 0,43
3 MAarHeTUTOBHH 2 55,6 411 211 | 20,3 | 27,2 | 29,03 | 0,81 0,76
3 26,1 18,0 12,1 | 14,0 | 15,6 | 20,03 | 0,68 0,55
Kgsaprut marsae- 1 17,4 15,7 583 | 10,07 7,5 | 1441 | 0,81 0,56
4 TUTOBHI 2 40,7 396 |14,14 27,34 | 18,2 | 39,12 | 0,97 0,73
3 30,8 27,6 | 10,88 | 19,98 | 14,0 | 28,58 0,9 0,67
Kgeapiut marse- 1 25,4 15,5 6,1 13,5 79 | 19,26 | 0,69 0,7
5 THTOBHUH 3 reMa- 2 38,3 29,0 10,8 | 28,5 | 13,9 | 40,72 | 0,79 0,77
TUTOM 3 31,7 23,8 8,9 228 | 114 | 3265 | 0,75 0,74
Kgeapiut remarur- 1 20,9 15,2 53 | 1495 | 6,8 21,4 0,45 0,59
6 MAarHETUTOBUN 2 39,8 260 | 12,12 | 315 | 156 | 45,04 | 0,73 0,85
3 30,89 | 1885 | 7,16 | 23,73 | 9,21 | 3395 | 0,61 0,79
Kgsapriut marse- 1 19,0 5,7 25 16,4 3,2 234 0,23 0,82
7 | TUT-TEMAaTUTOBUIA 2 37,3 18,9 6,9 315 | 89 | 4503 | 0,54 0,9
3 31,1 12,1 4,7 26,3 | 6,1 | 37,61 | 0,39 0,86
Ksapmur remaru- 1 22,4 1,8 1,09 | 1522 | 1,4 | 21,78 | 0,03 0,88
8 | ToBUMil 3 MarHeTH- 2 37,7 115 474 | 3576 | 6,1 | 51,16 | 0,33 0,98
TOM 3 30,8 4,6 2,02 |2883| 26 | 4125 | 0,15 0,9
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Puc. 2. Ilons po3noBciomkeHHs (irypaTHBHUX TOUOK YKPYITHEHUX MiHEpalIbHUX PI3SHOBUIB PYyA 1 BMILLYIO-
yux mopij [TeTpoBcbkoro poJoBuIna (CXiJHOTO KpHiia CHHKIIIHAIBHOT CTPYKTYPH) B KOOPIMHATAX MarHIT-
HIiCTB-OKHCIEHICTH 3aii3a (Mm-Mo) (32 JaHHMU TEXHOJIOTTYHUX BUIIPOOYBaHb KEPHOBHUX IPOO):

1 — marueruroBi kBapiuth (V); 2 — kBapuuT MaruetuToBi 3 remarutom (V1); 3 — KkBapImMTH reMarur-
mardetutoBi (VI1); 4 — kBapiTé MarHeTUT-reMaTuToBi i remaruToBi 3 MmardetutoM (VIII); 5 — kBapiuru
curikar-maraetutosi (1V); 6 — kBapuntu maruetut-cuinikatsi (111); 7 — kBapIuTH CUITIKaTHI 3 MArHETHTOM
(1); 8 — kBapuuTOCTaHIli, CiIaHi, raeiicu, ckapuoiau (1)

criaHIi (3eneHo crnaHnesa (amis Meramopdizmy); 11
— KBapUUTH CWIiKaTHI 3 MarHetutoMm; III — kBapuu-
TH MarHeTuT-cuiikatHi; |V- kBapmutm cmtikar-
MarHeTuToBi (emimor-amdiOomitoBa darist MeTa-
Mopdizmy). TakuM YMHOM B HaPSMKY Bif o0macTi |
o obnacti V B ckiani 3ai3UCTHUX MOpPif 301MIbIIy-
€THCS BMICT MAarHETUTY 1 3MEHIITYETHCS BMICT CHUTI-
katiB. CWIikaTy B 3aJIi3UCTUX KBapIUTaxX MPEICTaB-
JIeH1 KyMiHTTOHITOM, CHHBO-3€JIEHOI0 POTOBOIO 00-
MaHKo0, 6ioTuToM. Takok B bOMY HalpsIMKYy He-
3HAYHO 30UIBIIYETHCS BMICT TOJOBHOI'O IMOPOAOYT-
BOPIOIOYOTO MiHEpally 3ali3UCTHX KBapIUTIB —
KBapILy.

Ha mpasiit rinmi giarpamu Mum-Mo BHIIEHI
Bigpizku VI, VII, VIII, xotpi BiamnosigaroTh Marxe-
TUTOBUM 3 T€MAaTUTOM, [€MaTUT-MarHETUTOBUM, Ma-
THETUT-TEMAaTUTOBUM 1 TEMaTHTOBUM 3 MarHETHTOM
KBapuuTaM. TakuM 4uHOM Bif obmacti V 1o obmacti
VIl B cknagi mopia 3011bLIYETHCS BMICT 3aii3HOT
cronku (TeMaTuTy) 1, BIOIOBIAHO, 3MEHIIYETHCS
BMicT MarHeTuTy. KinbkicTh ke KBapiy B LbOMY
PAIi 3HATHO 3MEHIITYETHCS.

Takox TIpy HaHECEHHI Ha Jiarpamy Qiryparus-
HUX TOYOK yCIX PI3HOBHUIB 3aJI3UCTHX TOPIJl BUIB-
JSIETHCSI TIOCTIMHE 3MILICHHS iX B HANpsIMKY Bif Ji-
Hill fAiarpaMu A0 UEHTY TPUKYTHHUKA, YTBOPEHOTO
JIBOMA T1JIKaMH Jiarpamu i Biccro adcumc. [IpakTmy-
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HO Hi ofHa 3 (IrypaTMBHUX TOUOK HE JISKUTh Ha
rinkax pmiarpamu. JIiHii TpeHAiB BapiaTUBHOCTI
CKJaxy MeTaMop(idHMX 1 METacOMaTHYHUX 3alli3H-
CTHX TMOPiJ TakoX PO3MillleH]I BCepennHi TPUKYTHHU-
Ka. BUCHOBKH TIoTIepeIHiX TOCTiTHUKIB JATH 3MOTY
3pO3yMiTH, IO OCHOBHOIO NPWUYMHOIO 3MIILICHHS
(hirypaTUBHAX TOYOK SIBISETHCS HECTEX1OMETPHY-
HICTh XIMIYHOTO CKJaJy HOPOIOYTBOPIOIOUUX MiHe-
paniB [13]. Toukw, sKi JiexarTh HaJI TUIKaMH jJiarpa-
MU SIBJISIFOTBCS HACIHIIJIKOM MOXMOKHM XiMIYHUX aHa-
Ti3iB.

MiHIMBICTE MiHEPATBHOTO CKJIAIY 3aJi3UCTHX
MOpiI POAOBUIIA TiCHO IOB’s13aHa 3 3aKOHOMIpHOC-
TSIMH Bapialliif ix ximiuHoro cknany [1]. Ha pucynky
2 TIOKa3aHWil XapakTep 3MiHEHHS BMICTY B 3aJli3HC-
TUX TIOpPOAaX NPOMYKTHBHOI TOBII MiHEpaioro-
reOXIMIYHHUX KOMIIOHEHTIB, TAKUX SIK F€ar, F€yam, a
takox cipku (S) (mawi 3 Tabm.1).

Bwmict 3amiza 3araqbHOTO 3aKOHOMIPHO 3HUKY-
€THCS Bl KBapLUTIB I'€MaTUTOBUX 3 MAarHETUTOM 1
MarHeTUT-TEMAaTUTOBUX, KOTPi 3aJSIratoTh B IICHTpa-
JBHUX YaCTHHAX 3JII3UCTOTO TOPU3O0HTY, 0 MarHe-
TUT-CHIIIKATHUX CHJIKAaTHHX 3 MAarHeTHTOM, SKi
CKJIaJIal0Th Horo nepudepiifHi YaCTHHH.

Ha xpuBiii 3MiHK BMiCTY 3aii3a, 10 BXOAUTH J10
CKJIaly MarHeTHTy . CIIOCTEepIraeTbCsl YITKUH Mak-
CHUMYM, SIKMH BiANOBiJa€ MarHETUTOBUM KBapLH-



BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

TaM. B HanpsmMKy cuitikaTHOi Ta TeMaTHUTOBOI TiJI0K
BMICT F€yar. pi3KO 3HIXKY€EThCS 3 26-28 mac.% no 5-6
Mmac.%. Lle moB’s3aHo 3 (ha30BUM MEPEXOIOM B Te-
MaTHUTOBY 1 CHJIiKaTHY (hopmu.

BwmicT cipku ayxe He3HayHO 30iMbLIYETHCS B
HaNpsSMKY BiJl TEMaTUTOBHUX PI3HOBUAIB O CHIIIKAT-
HUX, TIPOTE MK IPUXOTUTHCI Ha TIEPEXiIHYy 30HY Bij
MarHeTUTOBUX KBAPIIHTIB J0 CHIIIKAT-MarHETUTOBUX
1 MarHeTuT-cumikaTHUX. Lle Bka3ye Ha moxaizamito
HAWOUIBII MOTY)KHUX CYIb(Q1THAX TMPOSIBIB.

UiTke depryBaHHS MiHEpalbHUX PI3HOBHIIB
MOPi/ y BIAMOBIAHOCTI 3 HABEJCHOIO BHIIEC CXEMOIO
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(puc. 3) yacto mopyuIyeThesl B 3B 53Ky 3 HaKJIaJCH-
HSM Ha ayTHT€HHO-MiHEPaJIOTiYHy 30HAIBHICTh Me-
TAacOMaTHUYHOi, 00YMOBIICHOT ()OPMYBAHHSIM I10 3ai-
3UCTHM KBapIUTaM TiJl PUOCKITOBHUX 1 €TipHHOBHUX
meracomatutiB [14]. [IposB HaTpieBoro Meracoma-
TO3Y, CTyMiHb HEOAHOPIAHOCTI MiHEpaNbHOI peyo-
BUHM B MEXaX 30HAJbHHUX METaCOMAaTHTOBHX Til,
XapakTep HaKJIaJCHHS OJHA Ha OJHY 30HaJbHOCTEU
000X BUAIB OOYMOBIIOIOTH HEOTHOPIAHICTH CKIIAAY
MIPOAYKTHUBHOI TOBIII cXimHoro kpmia IlerpiBchkoi
CHHKJIHAJI.
®opMyBaHHs MiHEpAJIOTO-TEOXIMIYHIX METa-

\ __[Femarn.cp

Puc. 3. 3miHa BMiCTY Fesar, Feyarn. Ta cipku (S) BiJ EHTpaNbHUX YaCTHH 10 Nepudepii NpOoAyKTUBHOT TOBIII
ITerpiBchkoro poosuiia. MiHepasbHi pi3HOBUIH pya: | — KBapIUT FEeMAaTUTOBHUI 3 MAarHETHTOM,
2 — KBapIMT MarHeTUT-TeMaTUTOBHH; 3 — KBAPLUT I'eMaTUT-MarHeTUTOBUIT; 4 — KBApLUT MarHETUTOBHH 3
IeMaTUTOM; 5 — MarHeTUTOBHI KBapIUT; 6 — KBAPLHT CUIIIKAT-MarHETUTOBUIA; 7 — KBapILUT MarHeTUT-
CIJTIKaTHUI1; 8 — KBapIMT CUITIKATHUN 3 MATHETUTOM

COMAaTWYHUX CHCTeM BiAOyBaJOCh 3a NPUHLIUIIOM
dinsrpariitnoro epexry J1.C. Kopxkuncskoro [1,18].

HarpieBi Meracomatuté Hai0inbmI  TiCHO
OB’ s[3aHi 3 MAarHETUTOBUMH Ta TeMaTUT-MarHeTHTO-
BUMHM KBapuuTamu. B mporeci HarpieBoro meraco-
Maro3y MarHeTHUTOBI KBAPIUTH IS AT TpoIiecam
eripuHizaiii, puOekiTh3allii Ta OKBapIlOBaHHA. B
Mekax cxifHoro kpwia IleTpiBcbkoi CHHKITIHATBHOT
CTPYKTYpH JJIsl Ti HATPiEBHMX METACOMAaTHTIB B Oi-
JBIIOCTI BHIAJKIB XapaKTepHa MeTacoMaTH4YHa 30-
HaJNBHICTh. A came, BiI HeHTpy A0 mnepudepii Tim,
BiIMIYa€ThCS HACTYNHA 3MiHA METAaCOMAaTHYHHX
30H: 30Ha eripuHizaiii — 30Ha puoOekiTmzamii —
30Ha OKBapLIOBaHHsA. MarHeTuT, SiK moas3aiu MiKpo-
CKOTIIYHI JOCIIDKCHHS, B 3B’s3Ky 3 HaTPIEBUM Me-
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TacOMaTO30M IIiJIaBaBCsl PI3HOMAHITHUM BILIMBaM.
Tak, B 30HaX eripuHi3allii Ta OKBapLIOBaHHS BiI0Yy-
Ba€ThCsl 3MEHIIICHHS 3MEHIIICHHS 1HJIUBIJIB Ta arpe-
raTiB MarHEeTUTY Ta YTBOPEHHS TICHUX 3POCTKIB 1
MPOPOCTaHb KPHUCTAIIB MarHETUTY 3 CHJTIKaTaMH Ta
KBapieM. B mporieci pubekituzaiiii, HanpoTH, Bij-
OyBa€eThbCs TEPEKPUCTAII3AIlSI MATHETHTY 3 YKPYII-
HEHHSM HOro IHIWBIAIB Ta arperaTiB, Ta 3 MOJIM-
IIEHHAM Horo KpucTamorpadigHux abpucis.

B remMaTuT-MarHeTUTOBUX KBapIiUTaxX MPOIECH
HATPi€BOTO METACOMATO3Y MPOXOIVIIH O1TBII aKTHB-
HO, Hi’K MarHETUTOBHX, NMPOTE XapakTep 3MiH CKJia-
NIy Ta CTPYKTYpU FeMaTHT-MAarHETUTOBHX KBAPIUTIB
[PU HATPIEBOMY METACOMAaTo3i aHAJIOTIYHHH TOMY,
IO CIIOCTEPIraeThCsl B MArHETUTOBUX KBapIUTAaX.
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BucHoBku. 3a pe3ynbraraMd BUKOHAHHX MET-
POXIMIYHUX JIOCHIIKEHb 3ali3UCTHUX KBapIIHTIB
NPOAYKTUBHOI TOBIII cXigHOro Kpwia IlerpiBchkoi
CHUHKJIIHAJI, B TOMY YHCII 3a JOTIOMOTOIO JiarpaMu
Mwm-Mo, MOKHa 3pOOHUTH HACTYIIHI BUCHOBKH.

3 BUKOpHCTaHHAM miarpamu My-Mo MOXxHA 3
BHCOKOIO TOYHICTIO OXapaKTepU3yBaTu 0COONUBOCTI
30HaJBHOI OYNOBH 3aJTI30pyJHUX TOBII, PO3MOBCIO-
JKEHICTh MiHEpPaJIbHUX PI3HOBHIIIB 3aJlI3UCTUX KBa-
PIIMTIB 1 CITaHIIIB Y iX po3pi3ax, a 3 HAHECEHHAM J0-
JaTKOBOI iH(opMaIlii — XapakTep BapiaTHBHOCTI ¢i-
3UYHMX, TEXHIYHHX MapaMeTpiB B3ali3HHX pyao 1
BMIIIYIOUMX 3aT3UCTHX TOpia, ix 30aradyBaHOCTI
Ta HIIUX XapaKTePUCTHK.

B xomi meTpoxiMidHUX AOCIiIKEHb MPOMTYKTH-
BHO{ TOBIII cXigHOTO Kpuia [leTpiBcbkoi cHHKITIHAT]
3a JIOMTIOMOTOF0 MOJYJTiB MarHiTHOCTI i OKHCIIEHOCTI
OyJ10 BUIJICHO 8 PI3HOBUJIIB 3aJIi3UCTUX KBApIIUTIB:
KBapLUUTH CUJIIKATHI 3 MarHETUTOM, KBapLIUT MarHe-
TUT-CWIIIKaTHUH, KBAapLUT CHIIIKAaT-MarHeTUTOBUH,
KBapUUT MarHETUTOBHUM, KBAPLUT MarHETUTOBUI 3

FeMaTUTOM, KBapIUT reMaTUT-MarHETUTOBHIA, KBap-
IUT MarHeTHT-TEMaTUTOBHUH, KBAPIIUT T€MaTHTOBHHA
3 MarHeTUTOM.

BceranopneHna wiTka 30HaJIbHA OymoBa MPOIYK-
TUBHOI TOBIII POJIOBUINA B HAMPSIMKY BiJl IIEHTPaJIb-
HUX YacTUH 110 nepudepii MpoayKTUBHOI TOBIII J10-
CIIPKYBAHOTO PAaiiOHY, IMOYMHAIOYW BiJl TeMAaTHUTO-
BUX KBapIUTIB 3 MAarHETUTOM B IICHTPI JIO CHJIIKAT-
HUX 3 MarHeTUTOM KBapuuTiB Ha mepudepii. [Ipote
LI 30HAJIBHICTH MOPYIIYETHCS 33 PaxXyHOK HakKJaje-
HUX IIPOLIECIB HATPIEBOTO METACOMATO3Y.

Crig TakoX 3a3HAYMTH, 10 JJIS PSAY BUIAIKIB
Bi[HECEHHS 3aI3UCTUX KBApIUUTIB /O TEMaTuT-
MAarHeTUTOBUX 1 MarHETUT-TEMAaTUTOBUX Ha OCHOBI
pe3ynbTaTiB ()a30BOTO aHATi3y MOXKE TIPU3BOAUTH JI0
HeTO4YHOCTeH. OCKUTbKM OibIlla 4YacTHHA OKHCHOTO
3aJTiza, M0 BXOTUTH J0 CKJIamy eTipHuHY, pUOSKIiTYy Ta
THIINX (eppOCUITIKaTIB, MOXKE BKJIIOYATHCS B 3aIi30,
IIOB’sI3aHE 3 TEMATHTOM, B 3B’S3Ky 3 UMM ITOMITHO
i JIBUIYETHCS OCTaHHIN TOKAa3HUK.
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STUDY OF MINERALOGICAL VARIABILITY OF FERRUGINOUS QUARTZITES
OF PRODUCTIVE STRATA OF THE EASTERN WING OF THE PETROVSKY SYNCLINAL
FOLD WITH USING DIAGRAM Mu-Mo

Relevance of the problem. Petrovsky deposit is promising area for the extraction of magnetite ores. De-
tailed research on this deposit was carried out in the 80 years of the last century, but with the deepening and
expansion of the pit data from previous studies have lost their relevance. In 2016-2018 years, in the north-
eastern part of the deposit, an in-mine exploration in the direction of the eastern wing of the Petrovsky syn-
clinal fold was carried out.

Analysis of previous research. Petrovsky deposit of ferruginous quartzites is located in the remote
southwestern part of the area of the Right Bank magnetic anomalies. Two groups of rocks were defined in
the geological structure of the deposit: the crystalline rocks of the Precambrian base and the loose Cenozoic
deposits that were on the top of them. Rocks of the Precambrian Age are highly metamorphosed and dislo-
cated ones of the crystalline base and are represented by Archean and Lower Proterozoic formations. Lower
Proterozoic formations are represented by the Ingul-Ingulets series which is divided by the (bottom up): ze-
lenorichenska, artemivska, radionivska suites. The Artemivska suite is productive in the territory under in-
vestigation.

In the structural plan, the Petrovskiy deposit is a compressed synclinal fold, the western wing of which
is taper out, and the eastern wing extends in the northern direction. In connection with this, the object of re-
search was the eastern wing.

Purpose and tasks of research. The main purpose of the study was identification of the mineralogical
variability of ferruginous quartzites, the allocation of mineralogical varieties of ores according to their chem-
ical composition and to determine the regularities of expanding of these varieties within the productive strata
of the eastern wing. These tasks were resolved using chemical analysis of rocks data, calculation of magnetic
module Mm and oxidation module Mo, and the construction of a diagram in the coordinates of magnetiza-
tion-oxidation of iron (Mm-Mo).

Presentation of the main material of the article. Within the eastern wing of the Petrovsky synclinal
fold, the eight mineralogical varieties of the ore were identified: silicate quartzites with magnetite, silicate-
magnetite quartzites, magnetite-silicate quartzites, magnetite quartzites with hematite, hematite-magnetite
quartzites, magnetite-hematite quartzites, hematite quartzites with magnetite. In the boundaries of the work
area of a regular change of varieties of ores from hematite quartzites with magnetite in the central parts to
silicate quartzites with magnetite on the periphery was established. In the same direction the regularities of
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changing the content of Fewt, Femagn. and sulfur (S) were elaborated. However, the authigenic-mineralogical
zonality of the productive strata of the eastern wing of the syncline structure of the deposit was disturbed as a
result of the overprint of metasomatic processes caused by the formation of bodies of aegirine and rebekitic
metasomatites on the basis of ferruginous quartzites was established.

Keywords: Petrovsky deposit, lean magnetite ores, ferruginous quartzites, mineralogical variability,
Mwm-Mo diagram, petrochemical indices.
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NEPCIIEKTUBH JJOBIOCTPOKOBOI PO3POBKH HIEBEJIMHCHKOI'O
T'ABOKOHAEHCATHOI'O POJOBHUIIIA B YMOBAX BI/IHOBJIEHHSA 3AITACIB

Poboma cnpsamosana na 0ocniodcenns nepcnekmug 30inbuenns ma cmabinizayii 6udobymky eazy 6 Yxpaiui na sucnadicenux
PO00BUWAX 3G PAXYHOK BIOHOBNIOBAHUX NPOYECI8 WOOO 3aNAcie 2a3y. Y cmammi po3ensioalomscs ma aHanizylomscs OCHO8HI pe3yilb-
mamu po3pooxu [leberuncokozo I'KP 3 mouku 30py 11020 06800HEHHS MA MONMCIUBO2O GIOHOBNEHHs 3ANACI8 2A3y 8 NOKAAJAX, o
PO3POONAIOMbCA, 30 PAXYHOK NEPemoKie 2azy 3 2MUOOKUX 20pu30Hmie. [JemanbHo po3ensanymi 6Ci YUHHUKY, SKI BNIUBAIOMb HA NAAC-
mMosull Muck 6 npoyeci po3pobku noxnaodie. B pobomi npedcmagneno ananiz 6000Haniproi cucmemu pooosuwya, npoeedeHo po3paxy-
HOK 3anacy 3aKOHMYpHoi 600U (3aMKHYMOi 6000HANIPHOI cucmemit), 00CTIOHCEHO OUHAMIKY 00800HEHH S (8MOPSHEHHS 800U 6 2A3061
HOKNA0U) poO0BUWA MA PO KANIIAPHUX CUL Y CHOBIIbHEHHI NPOCY8AHHA 800H020 (poumy. ITokazano, wo 06600HeHH s NPAKMUUHO
He 8NIUBAE HA 2A308ULL PEXCUM POSPOOKU, A MEMNU SHUMHCEHHS NIACMOB8020 MUCKY YROBIIbHIOEMbCA AK N0 6NIUEOM BIOOMUX YUHHU-
Ki6, maK i 3a paxyHoK Nepemoxie 2azy no Ou3 rOHKMUGHUX MEKMOHIYHUX NOPYUWEHHSX, 0COONUBO 8 YEeHMPATIbHIL YACMUHI POO0SUYA.
Obrpynmosaro, wo npu 3uudicenni piunozo 6udobymxy 2azy 0o 1800—1900 man. m® in 6y0e nosnicmio KOMNEHCOEAHULE NePEMOKAMU.
Hasedenuil epagiunuti npoeros eudodymxy eazy 0o 2040 p. 3a eapianmamu be3 komnpecopHoi i komnpecopHoi excnayamayii 3 2019
P. 3 ypaxysannam 6ionosenenns sanacie. Pospaxosano, wo 3a ymosu esedenns na [llebenuncoxomy I'KP 3annanosanoi noeoi komnpe-
copnoi cmanyii, piunuii 6udobymox 2azy 6 nepiod 2020-2040 pp. 6yoe 3b6epicamucs na pieni 2,4—2,1 mapo. m%, a dodamroeuti 61do-
6ymox 2azy 3a nepioo 2019-2036 pp. cknade 6,5 mapo. m°.

06’ ckmom docnioxcenns € [lleberuncore eazokondencamue pooosuuje. Buoobymox 2azy ma npoyecu niompumanHs niacmo-
6020 MUCKY, 8 MOMY YUCTI 30 PAXYHOK NEPEMOKI6 2a3y 3 NUOUHHUX 20PUBOHINIE NO MEKMOHIUHUX NOPYULEHHSX.

TIpeomemom 0ocnioxcenHs € ananiz ma npocHo3 6UO0OYMKY 2a3y HA NEPCHEKMUSY 3d PIZHUMU 8aPIAHMAMU PO3POOKU, SIK KOM-
npecopnoi max i 6e3 KoMnpecopHoi eKcniyamayii pooosuwya 3 ypaxyeanHam niOMpUManHs NAACIMOB020 MUCKY 30 PAXYHOK 8iOHO6-
JIeHHA 3anacis.

Knrwuosi cnosa: 2az, pooosuwe, 6u0obymox, 3anacu, 06600HeHHSL.

H. M. ®vik, M. H. @vix, H. M. @vix. IEPCIIEKTHBbI JJOJITOCPOYHOH PA3PABOTKH IEFE/IHHCKOIO I'430-
BOI'O MECTOPOK/IEHHA B YCJIOBUHAX BOCCTAHOBJIEHHA 3AIIACOB. Paboma nanpasiena na uzyuenue, nepcnekmue
yeenuuenus u cmabunuzayuu 0oowvluu 2aza 8 Ykpaurne Ha ucmoueHHbiX MeCIMOPOHCOCHUSAX 30 CHem B0CCHAHOBUMENLHBIX NPOYECCO8
no 3anacam 2asa. B cmamve paccmampusaromes u aHaiusupyiomcs. 0CHosHwle pesynvmamoli pazpabomku Llebenunckoeo I'KM ¢
MOYKU 3peHUsi €20 00800HEHUs U B03MONUCHO20 60CCMAHOBIEHUS 3ANACO8 2a3a 6 3aNeNCax, Komopvle paspabamuvléaromcs, 3a cuem
nepemoxos 2asa us 2nyboKux eopuzonmos. I100pobHo paccmompersl 6ce paxkmopwvl, KOmMopbvie AUAIOM HA NIACNOB0E OdBNleHUe 6
npoyecce paspabomxu sanedxicei. B pabome npeocmasnen ananuz 6000HANOPHOU CUCIEMbI MECHOPOJICOEHUs, NPOBEOEH pacyen
3anaca 3aKOHMYPHO20 800bl (3AMKHYMOU 000HANOPHOU CUCMEMDBL), UCCLE008AHA OUHAMUKA 0DB0OHEHUS (6MOopJiceHUue 800bl 6 2a30-
8ble 3A1EMHCU) MECTNOPOAHCOEHUS U POTIb KANULIAPHBIX CUL 8 3aMeOAeHUU NP 008UdIceHUss 8005H020 (hponma. [lokazarno, umo 06600He-
Hlle NPAKMU4ecKy He 6ausem Ha 2a308blil PeXCUM pa3padOmKy, a MemMnbl CHUMCEHUS NAACIO6020 0aGlleHUs 3aMedNIAemcs KaK Noo
BNUAHUEM U3BECIHBIX (QAKMOPOS, MAK U 30 CYEN NePemoKo8 2a3d NO OU3LIOHKIMUGHBIX MEKMOHUYECKUX HAPYUIEHUAX, OCODEHHO 6
yenmpanvrotl yacmu mecmopocoenus. O60CHO8aH0, Ymo npu crudicerul 200060t dobvruu 2aza 6 1800-1900 ymar.m® on 6ydem non-
HOCMbIO KoMReHcuposan nepemokamu. Ilpusedennulil epaguueckuil npoenosz dobwviuu 2asa k 2040 200y no sapuanmam 6e3 komnpec-
copHoU u Komnpeccoproil sxcnayamayuu ¢ 2019 2oda ¢ yuemom 6occmanosienus 3anacos. Paccuumarno, ymo npu ycnosuu 66eoenus
Ha llebenunckom I'KM 3annianupo8annoil HOBOU KOMNPECCOPHOU cCmaHyuu, 20008as 000biua eaza ¢ nepuod 2020-2040 20006 6yoem
coxpanamoca na yposue 2,4 - 2,1 mapo. Mm%, a dononnumensras 0obwiua 2aza 3a nepuod 2019-2036 cocmasum 6,5 mapo. m°

Obvexmom uccaedosanus aensiemcs Lllebenuncroe cazoxondencammuoe mecmopodcoenue. JJobviua 2aza u npoyeccol noooep-
JHCAHUSA NAACMOB020 0ABAEHUSL, 6 THOM YUCILE 34 CYen NePEMOKO8 2a3a U3 eYOUHHBIX 20PU30OHINOE NO MEKMOHUYECKUM HAPYWEHUAM.

TIpeomemonm uccnedosanus AIAEMCA AHAIU3 U NPOSHO3 000bINY 2434 HA NEPCREKMUBY NO PASTUYHBIM 8APUAHMAM PA3PAOOm -
KU, KaK KOMIPECCOPHOU, MAK U 6e3 KOMNPECCOPHOU IKCHILYAMAYUL MECMOPONCOEHUS C YUEMOM NOOOEPHCAHUS NILACMOB020 OA6TIeHUs
3a cuem 80CCMAHO6IIEHUS 3aNACO8.

Knroueswie cnosa: 2az, mecmoposicoenue, 000viua, 3anacel, 00600HeHuUe.

AHaji3 momepenHix mociimxennb. Cra0imiza-  THUX POAOBHUINAX YKpAiHU € HAJI3BUUYANHO aKTyaslb-
mist BUIOOYTKY ra3y Ha BUCHAXXEHHX Ta30KOHAEHCA-  HOIO, MO3asK Ha OO0JIalITOBaHUX (3 TOTOBOIO iH(MPa-

© Qux . M., Qux M. I., Dux I. M. https://doi.org/10.26565/2410-7360-2019-50-05
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CTPYKTYPOIO) PONOBHIIAX MPOAOBKEHHS iX EKCILTY-
aramii 3HaYHO 3HWKYE COOIBapTICTh BUAOOYTKY ITO-
PIBHSHO 3 BBEJCHHSM B PO3POOKY HOBUX POIOBHIIL

Crabinizamis BHIOOYTKY ra3y Ha BHCHAKCHHX
POMOBHUILAX MOXKE AOCATATHCS HACTYIHUMH LUIS-
XaMHU:

e OypiHHSM HOBHIX CBEp/UIOBUH B ciaOKoape-
HOBaHUX 30HAX;

e 3api3ka OOKOBUX CTBOJIIB;

e BBEJICHHA B PO3POOKY MPOIYIICHUX Ta30K0-
H/ICHCATHUX TOKJIAiB;

e TOHIXCHHS POOOYHX THCKIB CBEpAJIOBUH 32
paxyHOK BBEJICHHS JOJATKOBUX KOMIIPECOPHHUX
CTaHIIIH;

e iHTeHCH(IKAII€I0 BUIOOYTKY Ta iHIII.

Hageneni cnocoOu 30UTbIIEHHST BUAOOYTKY Ta-
3y I'PYHTYIOThCSI Ha HAsBHUX B MOKJIJIaX 3amacax i,
SK TPaBWJIO, HE IMOB'SI3aHI 3 MOMJIUBICTIO iX 301UTb-
eHHs a0 BiJHOBJICHHS.

OnHaK, OCTaHHIM YacoM B OITyOiKOBaHHX JIOC-
JHKSHHSIX BCE YaCTIIE HAaBOMATHCS OOTPYyHTYBaHHS
MOXJIMBOCTI BIJTHOBJICHHS 3allaciB Ha CTapuX BHU-
CHa)KCHUX T'a30KOHJICHCATHHX POJIOBHINAX 32 Paxy-
HOK TIEPeTOKiB Tra3y 3 DIMOOKHX TOpPU30HTIB
[1,2,3,4,5,6]

B pob6ori [7] moka3zaHo, 1m0 pKepenaMu MoXo-
JDKCHHS 1 IUIAXaMy Mirparii ByrjieBoaHiB Ha Poma-
MIKiBCHKOMY POJIOBHII OYyJT TEKTOHIYHI MTOPYIIECHHS
1 80% BYIICBOAHIB B MOKJIa/laX MAalOTh HEOPraHiuHe
(TMOMHHE) TTOXOKCHHS.

B po6ori Pynrpka O. L., bornaps B. 1. JloBunro-
koB B.I Ta inmux [8] HaBeneHi Marepiaan cydacHHUX
KOHLEMNLiH (opMyBaHHSI BYIJICBOIHEBHX MOKJIAJIB,
B OCHOBI AKX TOKJIAIEHO TaKUi OCHOBHUH YHMHHUK
SIK Jerasarfis 3eMiIl.

B po6ori [9] akamemik JIykia O. 0. BUCIOBUB
IIYMKY, IO TIHOOKO3a1erIi Ta30KOHACHCATHI poJIo-
BHIIIA ITepeOyBaOTh B MPOIIECi MOCTIHHOTO GopMy-
BaHHS, IPUYOMY B TAKOMY TEMIII, SIKAH 3iCTABISAETh-
s 3 TEMIIAMHU 1HTEHCUBHOTO BUIO0YTKY Ta3y.

Buxonsuu i3 BuIlLleHaBEAEHOTO, MOXKHA MPHITY-
CTHUTH, II0 WMOBIPHUMH TEPUTOPIsIMH Jerasamii 3e-
MJII MOXYTh OyTH Ha(TOTa30KOHJEHCATHI POIOBHU-
ma, a iX BUCHAXXCHHS 3yMOBIIIO€ 301IBIICHHS TPpaJIi-
€HTIB TUCKIB MiX MOKJIa/IaMH, 3 TIOHIKEHUMH TLIAC-
TOBHMH TUCKaMH Ta IITMOOKUMH FOPH30HTAMHU.

BpaxoByroun akTyanbHICTh TpOOJIEMH BiTHOB-
JICHHS 3amaciB BUCHAXCHUX T'a30KOHIICHCATHHUX PO-
IOBUI YKpaiHH, B X0Ii poOOTH aBTOpaMH MPOBeIe-
HO JIOCJTI/DKEHHSI BiTHOBJICHHs 3amnaciB razy Ha Ille-
OeTMHCHKOMY Ta30KOHIEHCATHOMY POIOBHIII Ta Ha
iX OCHOBI OOIPYHTOBaHO MOKJIMBICTH JJOBIOCTPOKO-
BO1 eKCILTyarallii poJIOBHIII.

3arajabHi BitoMocTi po poxoBuie.

[llebenuHCbKEe Ta30KOHJCHCATHE POJOBHUIIIEC
(LLII'KP) Binkpuro y 1950 poui Ta BBeAEHO y mpo-
MHCJIOBY po3poOKy B 1959 porti.
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Ha puc. 1 naBemeHo ctpykTypHy KapTy 60-x
pokiB (3a BopornMm E. E.) Ta cydacHy cTpykTypHY
kapty I'TIV Lllebennnkara3zBuaoOyBaHHS.

PomoBuie npuypodene mo kpymHOi OpaxiaH-
THKJIIHAJIBLHOI CKIagKu BHCOTOIO 1160 M, € Macus-
HO-TIIACTOBMM IMOKJIAZOM 3 YHUCIIEHHUMH TEKTOHIY-
HUMH TIOPYIICHHSMH, €IUHAM I[TOYaTKOBUM Ta3o-
BOJISTHUM KOHTAaKTOM Ha aOCOJIFOTHIN no3Haul -2270
M, IUIOLICI0 Ta30HOCHOCTI 246 KM2, MOYATKOBUM 1
IIOTOYHMM IuTacToBMMH Thckamu 23,8 MIla i 2,08
MITa, Bigmosizuo [2,3].

XapaKkTepHO Te0JI0ro-IPOMHUCIOBOI0 0COOJIH-
Bictio ['KP € mmmpoxwuii miana3zoH 3MiH KOJEKTOPCh-
KHUX BJIACTHBOCTEH Ta30HACHMYCHMX IMOpIJ 3a IUIO-
ero 1 po3pi3oM (NMMPOHUKHICTH KoMmBaeThes Bix 0,1
no 100 m/l), mo 3yMOBITIO€ HEPIBHOMIPHICTh BiJlI-
paIfoBaHHS MMOKJIATy 3a TUIACTOBUM THCKOM 1 3a Jie-
OiToM cBepasioBUH B mpocTopi i B vaci. CepenHiit
koe(imieHT mopucTOCTI KoMekTtopiB ckmamae 0,13,
cepenHiil koedinienT razonacuyenocti — 0,5 [2].

3nauyny yBary npu pospoomi HITI'KP npuminsim
CTaHy OOBOJHCHHS, BOJIHOYAC B XOfl EKCILTyararlii
[e6enuucbkoro 'KP akTuBHOrO 0OBOIHEHHS CBEp-
JUIOBMH He crioctepiranu i mporHo3u YkpH/lIrazy
II0JI0 Ta30BOTO PEKUMY HOTO PO3POOKH, B IIJIOMY,
miareepauaucs [3].

3 METOI0 BBEJCHHS IMOMPaBKU Ha OOBOJHEHHS
mpu miapaxyHky 3amaciB [lleGenurcekoro ['KP 3a
METOJIOM  TAaJiHHSA IJJACTOBOTO  THCKY  OyJo
00’€MHHM METOZIOM ITiJJpax0BaHO 00’€M TLIACTOBUX
BOJI, III0 BTOPIITMCS B ra3oHacuueHi mokmaau [10].

Ha puc. 2 mokazano posramryBaHHS 0OBOJIHE-

Hux 30H [lleOennHCHKOTO POIOBHINA IO TOPU3OHTAX
M2 — A4, a B Tabnumi 1 HaBeAeHO MapaMeTpH ITUX
30H, B TOMY YHCJi IUIONI Ta 00’€éMU OOBOIHCHHS B
riepiomu 1989 1 2016 pokiB, 3 AKX BHILIHBAE, IO
O0OBOJIHEHHS, B OCHOBHOMY, CKOHIICHTPOBaHO B
IIEHTPaNBbHIN YacTHHI poAOBHINA 1O Top. A-4, Ta B
MiBAEHHO-CXiHiM YacTuHi mo rop. M-3 [10].
I3 Tabmumi 1 BHAHO, 110 MaKCUMaJIbHE OOBOJHEHHS
TOpU30HTIB crioctepiraeTses B 1989 poui no rop. Ms
— 11,5 mua.m® 1a o rop. As— 10,3 mun.M3 Bonu, a B
2016 pomi 06’em 00BOMHEHHS 3pic MO TOp. M3 10
12,5 mur.m® Boaw, a mo rop. Az mo 11,65 mum.m®
[2,11]. MinimanbsHe OOBOJHEHHSI CIIOCTEPIraeThCsl B
ropu3zoHTax Ms, A1, Az, As : 0,32-0,96 mun.M3 Boau.
Axmo cymapHuit 00’eM OOBOJHEHHSI TOPH30OHTIB B
1989 poui cknanas 40,6 mia.M3 BoaM, TO CTAHOM Ha
2009 pik ouiHO€eTHCA B 06’ emi 80 MIH.MS, IIPU 11K0-
My CepeiHill miuacToBUH THUCK 3HW3UBCH 3 12,0 mo
2,5 MIla. Cranom Ha 2016 pik pu 3HMKCHHI TI1ac-
ToBoro Tucky nmo 2,08 Mlla 06’em 0oOBOJHECHHS B
niomy Bupic 10 90 mum.m® Bomu, T06TO Ha 10
mua.m3 [11].

Pesynsratn 00BOMHEHHA NMPOAYKTUBHUX TOPH-
30HTIB llebenmuucokoro I'KP y3araneHeno B Tab-
i 2.
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YCNOBHLIE 0B03HAYEHUA :
CreamuHa npolypennan u ee HoMep

Mpoexyus cmeona cnea uns u I~ ee 3abod,
2-moyKa nepeceveruR crea<urier ¢ nposned CMI7

Cr8amuna, SanoHweHHAR diyperver 80 2 2 nonosune 19712.:
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Puc. 1. CrpykrypHi kaptu ropuzonty CMIT Hle6enuuacekoro I'KP: Bepxust — aBTop Boponwii E.E.,
YxpH/lIra3z 60 poxu, HIKHSA — cydacHa cTpykTypHa kapta ['TIY lllebennHkara3BunoOyBaHHS
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Puc. 2. Kapra-cxema o0BogHeHHS NpoayKTUBHHUX ropu3oHTiB LLT'KP

0320

HO.\IQP CBEPAJIOBHHH

NG |

M,; T'opH30oHT excmayaTanui

"= 30BHIMHi# KOHTYp ra30HOCHOCTi rOPH30HTY M1

"~ JOBHINHI N0YATKOBI KOHTYPH ra30HOCHOCTI
TOPH30HTIB, AIKi 00BOIHIOIOThLCSH

Y IToTo4HI KOHTYPH ra30HOCHOCTI FTOPH30HTIB
AIKi 00BOJHIOIOTHCSH

xxxxxXXXYMOBHi MOTOYHI KOHTYPH Ira30HOCHOCTI

TOPH30HTIB, AKi 00BOJHIOIOThCSH

VA,

{{fff{f| 3oun odBoHenHS

Tabauys 1
XapakTepucTUKu 00BOTHEHHS MPOTYKTHBHUX
ropusonTiB lllebenmnacrkoro ['KP B ymMoBax 00BOAHEHHS
Koedariea T
Foedurien T | sanuimoe oi Maoma Ob'em
€ hexmena | KoedilienT | mogareoeoi| razonacyyge | OPBOIHEHHA, | 0OBOJHEHHA,
[oprzoHT . . & &
TOBLHHA, M|IOpHCTOCT |TR0HACHHEE HOCTIE 108 p? 108 0
HOCT SOH 8%
obeogaennal [F59 B 2016p* (1989 pl201ap*
., 2.0-14.0 0,10-0,14 | 0,30-0,62 | 0,11-0,30 12,15 13,15 | 4,48 5,48
I B 1,6-16,3 0,09-0,24 | 0,50-0,70 | 0,19-0,%2 | 13,06 [ 14,06 | 11,5 12,5
I, f,4-8 8 0.1 0,4 0,36 7.94 8,94 0,96 1,35
v 5 4 0-f,% 0,13 0,55 0,35-0,37 1,37 1,97 0,17 0,35
Ay 10,4-19,2 | 0,18-0,22 | 0,70-0,83 | 0,60-0,63 5,94 f,94 2,5 3,2
By 1,0-50 0,12-0,16 | 0,55-0,62 | 0,21-0,4% 4,72 5,72 0,6 1,18
A 3,8-6.8 00%-0,12 | 0,38-0,57 | 0,18-0,25 4.14 4.61 0,56 0,96
Big 8.0-16,0 0,12-0,23 | 0,54-0,88 | 0,30-0,3% 4. 81 5,71 273 3,53
by 3,2-23,0 0,12-0,22 | 0,55-0,78 | 0,23-0,54 4,76 557 | 10,25 11,85
Ais 3,2-10.0 0,10-0,16 | 0,42-0,62 | 0,17-0,35 1.62 2,473 0,31 0,72
A 30 0,26 0,59 0,63 2,75 3,87 5,58 f,7d
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Hwxue HaBeAeHO CTATUCTUYHI 3aJIEKHOCTI  3aJIEKHICTH 00’€MiB OOBOJHEHHS BIiJl IUIACTOBOIO
06’emiB o6BomHeHHs Bim yacy (QoOB(t)), a takok  THCKy Qo6B(Pmi) [12].
OTtpumani piBHSHHS MarOTh BUIJISIA:

Qo6B(1)=1.758 - t - 3454 Koed. xopermsii 0,998 @
Qo6B(Pmun)= - 33.8 - In(Pmun) + 114,4 Koed. xopemsuii 0,967 (@)
Ha puc. 3 ta puc. 4 nokasano rpadiute Bigo- OpaxxeHHs piBHSHB 1 1 2.
Tabnuys 2

CriBcTaBieHHs 00cAriB 0OBOIHEHHS Ta CEPEAHI IIACTOBI TUCKHU
B lle6enmuncrkomy ['KP mo pokax

Pixk (t) Qo068 miH.M® P cepenne MIla
1964* 0 23,8

1989 40,6 12,0

2009 80,0 2,5

2016 90,0 2,08

* = 1964 pik IpUIAHATO SIK TTOYATOK 3PYIICHHS BOAOHAIIPHOI CHCTEMH B Ta30B1 IMTOKJIAIH.
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Puc. 4. O6’emu o6BonneHHs [llebenuuchroro 'KP 3amexHo Bif M1acTOBOTO THCKY
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I3 orpumanux piBHsiHb 1 1 2 Ta rpadikiB puc. 3
1 4 BUIIIMBAE, IO 3aJ€KHOCTI 00’ €MiB OOBOIHEHHS
BiJ Yacy i THCKy BenyTh ceOe HeaaeKBaTHO i BCTY-
MAl0Th Y MPOTHPIYYs, OCKUTLKH Ha Mi3HIHM cTafii po-
3poOku 1llebenMHCHKOTO POMOBUINA 3aJCKHICT
Qo0B Big Pmnm mokasye mpakTuuHy cTabimizarito
TUTACTOBOTO THCKY 3 BiIIHOCHO HE3HAYHUM, alle Pi3-
KHM pocToM 00’€MiB 0OBOTHEHHS TpH TMaJiHHI IU1a-
croBoro Tucky 3 2,5 MIla go 2,08 Mlla 3a uac 3
2009 no 2016 poxky.

I3 poGotH [2] TakoX BHUILIMBAE, IO Ta30HACH-
yenuit 00’em mop llebenuncekoro I'KP cknanae
0,576-10° M3, nBoIHOYAC K 00’ €M OOBOJHEHHS CTa-
HoM Ha 2016 pik ckmagae 90-10% Mm% To6To 06’eM
0OBOJIHEHHS Ha 3 MOPSIKM MEHIINH HiK 00’€M ra-
30HACHYCHHX ITOP 1 HE MOYKE CEPHO3HO BIIMBATH Ha
PEeXKUM pPO3POOKH POTOBHILA.

BpaxoBytoun, mo HaBeneHUi 00’eM 3aKOHTYp-
HUX TUIACTOBHMX BOJI, SIKI BTOPIJIMCS B T'a30Bi MOKJIa-
1, cknagae 90 MiH. M3, IpH 1IOMY ILIACTOBI THCKU
samsmucs 13 23,8 Mlla no 2,08 Mlla, a BogoHartip-
HI CHCTEMH, B IIJIOMY, 3aMKHEHI, 10 BOCBMH TOPH-
30HTaX MOYKHa PO3paxyBaTd MPHOJIM3HUHI 3amac BO-
I y BomoHamipHid cucreMi [llebemuHChKOTO pomO-
BUIIIA.

[ImacToBi BogM B 3aKOHTYpPHIM YacTHHI POJIO-
BUIIA 3HAXOAATHCS TiJ TUCKOM (CTUCHYTI). B xomi
PO3pOOKH THCK Y IIIACTI MOCTYIOBO CIajaa€e, BOIA
MOYMHAE TIOCTYMOBO PO3IIMPIOBATHCS, IO 3abe3re-
4yy€e BTOPTHEHHS Yy Ta30HACHYCHI MTOKJIa IH.

OTxe, 1€ JO3BOJSIE TIPOBECTH IMIAPaXyHOK 3a-
MaciB 3aMKHYTOI BOJOHAIIPHOT CHCTEMU Ta30BUX Ta
Tra30KOHJICHCATHUX POMOBHIN. 3HAIOYHM BIIACTHBOCTI
piauH, ¢i3uKo-XiMiuHI MapamMeTpH IJIAaCTOBOI BOIH,
00’eM BOAM, IO YBIHIIOB y Ta30HACHYCHUH TLIACT

90x10°

3a paxyHOK po3umpenss (90 muH. M?), a TaKOXK T10-
YaTKOBHMI Ta MOTOYHWH IUIACTOBI THUCKH, MOXKHA PO-
3paxyBaTtu 00’e€M BOAM 3 SKOTO PO3MIMPUIACS BOJA,
10 BTOPTIIACS y Ta30Bi IUIACTH, TOOTO 3alac BOAH
3aMKHYTOi BOJOHAIIPHOT CUCTEMHU.

3a pi3HUMHU JaHUMHU KOeQIIliEHT 00’ €MHOTO po-
3IIUPEHHS TUIACTOBOT BOAM BiJl THICKY KOJWBAETHCS
3,7+5 x 10* MIIa?! [13,14]. 3uaueHHs AaHOTO Ma-
pameTpa 3MIHIOETBCS 3aJ€XKHO Bil THCKY, TeMIlepa-
TYpH Ta TyCTHHU pinuHU. Takox Ciif 3a3Ha4UTH 110
KOeQIIieHT 30UTBIIYEThCSI MPH HASBHOCTI B BOMII
PO3YMHEHOTO ra3y.

Ockinpku lebennuceke 'KP Mae 3HauHui 1i-
armazoH KOJIMBaHb 0 BHILE HABEIEHUX Mapamerpax,
TO IS TIONAIBIIUX PO3PAXYHKIB OyJI0 MPHUHHATO
ycepenHeHe 3HaueHHs Koe(ilieHTy 00’€MHOTO po3-
ITUPEHHS TUTACTOBOI BOIU BiJ THCKY Y po3Mipi 4,5 X
10" MITa.

Jna po3paxyHKy 3amaciB BOAM 3aMKHYTOI BO-
JIOHAMIpHOT cucTemu Bukopucraemo gopmyny B. H.
[lenka4goBa, o HaOyBae BUrIsimy [15]:

VBC — Vose (3)

Bx (PaR"—PgR"

ne Vi — 00’eM BoioHaripHoi cucremu, m°

Vo5 —00 €M BOJIH, 1110 BTOPIVIACS ¥ Ta30HACH-
YeHHH MOKJIAJ, 38 PAXYHOK PO3MIUPEHHS Ve, M

B — 00’ eMHMii KoeilliEHT pO3IMUPEHHS T1aC-
ToBO1 Bozy, 4,5 X104 MIla!

P.,"°" — mouarkoBuii macroBuii Tuck, MIla

" — HOTOYHHUH mracToBuM THCK, MIla

[IpoBenemo po3paxyHOK 3amaciB BOOW 3aMKHY-
TOi BomoHamipHOi cucremu llleGenmHChKOTO pOMIO-
BHIIa, BUKOPUCTOBYIOUH (hopMyiny 3 Ta maHi Talm. 2.

V.=
BC 45%1074x(23,8-2,08)

Otxe, 00’em BomoHamipHoi cuctemu llleGenm-
HCBKOTO POMOBHIIA, sika 3a0e3neyusia BTOPTHEHHS
TUTACTOBOI BOAM (32 PaxyHOK i1 PO3IIUPEHHS) Y po-
JOBHLIE CKIIagae npubausuo 9,2 muapa me.

OCKUIBKHA TIOJAIBLIOTO MAmiHHS I[IJIACTOBOTO
TUCKY B POAOBHILI NPAKTHYHO HE CIIOCTEPIraeThes,
TO BKa3aHWil 00’€M BOJW Yy BOJOHAIPHIA CHCTEMI
le6enuncekoro I'KP (9,2 mupa. M%) He Gyze B Te-
PCIIEKTHBI BIUTMBATH Ha TMOJANbIIe OOBOJHEHHS
NPOAYKTUBHUX TOPU3OHTIB Ta MIATPUMAHHA IUIac-
TOBOTO THCKY.

Ha nymky aBTOpiB mpm nocmimkeHHI 00BOA-
HEHHsl POJOBHUII CIil OpaTH A0 yBarw BIUIMB Kalli-
JSIPHUX CHJI, SIK Ha 3aJUIIKOBY I'a30HACHYEHICTh TaK
1 Ha TEMIIM MEPEMIIICHHS Ta30-BOJSHUX KOHTAKTiB
(I'BK).

[Ipo siBUILE KamMiISpHUX CWII Ta iX BIUIMB LIH-
POKO BiIOMO TIpH pO3po0Ili HAPTOBUX POAOBHII, IC
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=0,921 x 101% m? (4)

KalJIIpHi SIBUIIA TIPOSIBIIIOTHCS MM 9ac BHUIOOY-
BaHHg HadTu. Cunm B3a€MOMil BOIU 3 TIPCHKUMHU
nopoAaMu OinbIli, HDK HadTH, TOMY BOJa 37aTHA
BUTICHATH HadTy 3 ApiOHUX TpimumH y Oinbui. B
JTAHOMY BHIIQJIKy POJIOBHUIIE Ta30KOHIEHCATHE (KO-
JEKTOp TiApoQinpHUi), TOMY HEOOXiZHO MPOBECTH
JOCIIDKEHHS BIUIMBY KalllJSIPHUX CHJI Ha 3aBOJ-
HEHHS Ta30HOCHOT YaCTHHU POAOBUILA.

[ligifimaHHg piIUHYM 1O Kamijisgpax TMia i€
MOJIEKYJISIPHOTO TIPUTSTAHHS MK CTIHKaMH KarliJisi-
piB Ta piguHOO BiAOyBa€ThCS A0 THUX Mip, JOKHU IO-
BEPXHEBUH HATAT CIIPOMOXXHUHA YTPUMYBATU CTOBII-
yuk piguHu. Ha nanumii mpoumec Oe3nocepenHno
BIUIMBAE CKJIAX piAWHU, TeMIieparypa, (i3uxo-
XiMIYHI BIACTUBOCTI IJIACTY, a TaKOX IUIACTOBHI
THCK, IO BPiIBHOBAXKYE KAITIJITPHUH.

Y NpoayKTHBHOMY IUIACTI HA 3HAYHIM Bigmaii
Bil Ta30BOASHOTO KOHTAKTy Oarato KamiIIpHHX i
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CyOKanmuIIpHUX TOp 3allOBHEHI BYIVIEBOOHSAMH. B
XOJli po3p0o0KHM piBHOBAra KariIspHUAX CHII TOPYIITy-
€TbCs 1 BOAHA (pa3a MOYMHAE BXOOUTH B TOHKI Ta30-
HacWYCHI TIOpH, a BUTICHEHI 3 HUX BYIJICBOIHI Mir-
PYIOTh Y KpynHi nopu. [Iponec kaniisipHOro BCMOK-
TyBaHHS MOJKE TPOAOBXKYBATHCS, TOCTIHHO 3a0e3-
NEYYIOYH PIBHOBArY KaliJSIPHUX Ta TUIACTOBHX THC-
KiB. HalliHTeHCHBHIIIE KamiispHE BCMOKTYBaHHS
NPOTIKa€ B Ta30HACHMYCHHUX MOpax TiApodinbHUX
KosiekTopiB [16].

Bigomo, 110 m1acToBHil THCK B ra30HACHYCHUX
TUIACTax BPIBHOBKYEThCS KAMUIAPHUMHU CHIIAMH,
SIKi BU3HAYAIOTHCS PAilyCOM TOPOBUX KaHAIIB, TO-
BEPXHEBHM HATATOM Ha MEXI pO3Iily ra3onomioHoi
i pimkoi (a3, a Takok KpaliOBUM KyTOM 3MOUyBaHHS
[17].

dopmya KamIIpPHOTO THCKY Ma€ BHUIIS:

2XoXcosO®
Pk = —— (5)

T

Jie — G — IOBEPXHEBUH HATSIT, JIiH/CM;

0° — kpaiioBuil KyT 3MOYYBaHHS B Tpaycax;

I — pafiyc KamimspiB, CM.

B ymoBax (opMyBaHHS ra30BOro MOKJIaay Mpu
BHUTICHCHHI BOIW Ta30M CIIOCTEPITa€ThCsS piBHOBara
MIX TUIACTOBUM THCKOM Ta THCKOM KaIllJISPHUX Me-
HICKIB B TIOPOBOMY IPOCTOpi KoJiekTopy. B xomni po-
3pOOKH TUTACTOBHI THUCK MOCTYIIOBO IMaja€, THM Ca-
MUM TPOTHIIS KamiIApHOMY THCKY 3MEHIIYEThCS,
IIPY 1[bOMY KaIJISPHUIA TUCK HE TITHKU 3aJIUIIA€Th-
cs Ha TOMY X pPiBHI, a HaBiTh CTae OUTBIIUM 3a pa-
XYHOK 3pOCTaHHs TIOBEPXHEBOTO HATATY, SKHH €
CHaIHOKO (PYHKIIIEI THCKY 3TIAHO 3 A0CTIIKCHHIMU
M. Mackery (puc. 5) [14].
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Puc. 5. 3anexHicTh MOBEPXHEBOTO HATATY BOIM HA MEXi 3 Ta30M BiJl THCKY P

Bukopucraemo dopmyny 5 mis po3paxyHKY
pajiyciB MOPOBUX KaHAJIB, IO CBOEI KaIISIPHOIO
MPOTHII€I0 CIPOMOXKHI BUPIBHIOBATH TIIJIACTOBHIMA
THCK. 3a JaHuMHU ekcriepuMeHTiB [19] s 3paskis,
y3ITHX 3 XPECTHIIEHCHLKOTO pomoBmia 6 = 89,6°,
npu ticky B 30 MIla (o = 34 nin/cm no M. Mackety
[18]), 3anumranucst BOOOHACHYEHUMHE KaIliIIpH JIia-
MeTpoM 10 2,5 MikpoHiB, a npu Tucky 10 Mlla (o =
46 miH/cM) BOJOHACHYCHUMHY 3THINATIUCS KaIlJISIPH
niamerpoM 3,6 MIKpOHiB, TOOTO IPU HMXKYOMY THC-
Ky KaIliJIsIpy 37aTHI BOUpaTH y ce0¢ JacTHHY InIac-
TOBOi BOAM, IO BTOPIVIaCh B ra3oBi MOKJIAIW 3a pa-
XYHOK 301IBIIICHHS pajaiyca MEHICKiB.

Ha pucynky 6 mnokasaHa cxema HOTIMHAHHS
TUIACTOBOI BOJIH, IO BTOPTAETHCS B MIKPOCTPYKTYPY
MOPOBOTO TPOCTOPY 32 PaXyHOK BiJHOBICHHS Oana-
HCY IIJIACTOBOTO THCKY Ta KaIliJISPHUX CHIL.

I3 puc. 6 BUIUIMBaAE, O A0 MMOYATKY PO3POOKH
TUIACTOBUMA TUCK 1 KamiJISIpHI CHIJIM 3HAXOIWIUCS Y
cTaHi piBHOBaru. B xomi po3poOKM TIaCTOBUI THCK
MOCTYIOBO 3HW)KYBABCS 1 CHCTEMa «KaIUISPHUIMA
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TUCK-TUTACTOBUI THUCK» MOTpeOyBasia BiTHOBICHHS
piBHOBaru. [lpyM MOYaTKOBOMY IIACTOBOMY THCKY
P.."* MeHick MaB paaiyc l, mocTymoBo miacToBHiA
THCK 3HU3MBCA 10 Py,"°™ i paxiyc Bupic mo r2, Bin-
MOBiTHO Npy 3HIKEHH] 10 Pyy,"°"? paxiyc cras r3.

Take BiHOBIICHHS MOXJIMBE JIUIIE MPHU 3MiHi
paziyciB MEHICKIB B MIKpOCTPYKTYPi TIOPOBOTO TIPO-
cropy. Jlanuii mpouec CympoOBOIKYETHCI BCMOKTY-
BaHHAM KaIlJIIpaMH JOAATKOBOI IUTACTOBOI BOIH,
10 MTPU3BOJUTH JI0 3HIDKCHHS TEMITiB 0OBOJIHEHHS, 1
miATBepIKyeThCs B poboTax [20,21], B sKkuX HaBe-
JIeHl pe3yJbTaTH JOCTIKeHb OOBOAHEHHS 3 Ypaxy-
BaHHSM KaITiJISIPHUX CHIL.

3rigHO 3 JaHUMU Ta0.2 TPaaieHT 0OBOJHEHHS
3a poku 3 1964 no 2009 pp. cknanas 1,77 mun. M3/
pik, a 3 2009 no 2016 pik Bin cknas 1,43 mum. M3 /
pik, ToOTO Temmu oOBomHeHHs llleGenmHCHKOTO
I'KP 3 9acom ymoBiTbHIOIOTHCS.

OTxe, BUOipKOBE OOBOJTHEHHS HE € MPUYHUHOIO
MiATPUMAaHHS TIACTOBOrO TUCKY Ha [llebenuHchKko-
My 'KP i 3a0e3neuyeTbest pyKHICTIO JIOKATbHUAX
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[a3 + Boga

Puc. 6. nepemimeHHsT MEeXi KOHTAKTy «BOJa-Ta3y y Kaliisipax:
1 — 3anumkoBi Boau npu Py, 2 — nomarkosi Bogu npu Pp, ™™ ;
3 — nomarkosi Boau npu Pp,"™ : rl, r2 Ta r3 — pagiycu MeHICKiB 3a pisHUX Prut; Pp," > Pyt > Py ot

BOJOHAIMIPHUX CHCTEM OKPEMHX TOPH30HTIB, a PoO-
JIOBHUIIE, B OCHOBHOMY, IIPAIllOE Yy Ta30BOMY pe-
KUMI.

B xoni mocmipkeHHsT Oyju BpaxoBaHi BCi YWH-
HUKH, 1[0 MOXKYTb BIUIMBAaTH HA MiATPUMAaHHS I1ac-
TOBOI'O THCKY — I1¢: OOBOJIHEHHS, MPOCITaHHs MOBE-
PXHi, IPY>KHICTh T1PCHKUX MOPiJ, MIaCTOBOI BOIH Ta
ra3y. AHami3 TOKa3aB, IO HaBeleHi (akTopu He
MOXYTh B 3HAuHii Mipi MIATPUMYBATH ILIACTOBHUIN
THCK. [2]. Buxomsuu i3 BHIEHABEIEHOTO, MOYKHA
npunyctuty, mo Ha llleGenuacekomy I'KP ichye
IHIIUH (aKTop BIUIMBY Ha MiATPUMYBaHHS ITLIACTO-
BOTO THCKY; i TaKUM (DaKTOpOM MOXYTH OyTH Tiepe-
TOKH Ta3zy 3 TIMOOKHX TOPH30HTIB, TOOTO BiJHOB-
JICHHS 3aI1aciB Ta3zy.

B poborax Kpusyni C.B., Tepemenko B.O.,
3apinkoro A.Il., Bomocauka E.O. BimMiuamacs Mo-
JKJIMBICTh HAsSBHOCTI 3HAYHMX 3aIlaciB Ha BEJIMKUX
mmounax /13 [3,4].

Ilomo Ille6enmuuchkoro I'KP, To HaWOiLIBII
BJIAJIO TIOSICHIOE, SIK (DOPMYBaHHS, TaK 1 MOXKIIUBICTh
MEPETOKIB Tra3y 3 IMIMOOKHX TOPH30HTIB B HOKJIAJIH,
10 PO3POOJISIOTECS, TeoJoriYHuN podine Bepmnos-
cekoro M.M. ta I'maguenxo 1O.O. puc.5. ABTopn
MOKa3aJIk, MO0 MIrpallisi BYIJICBOJHIB MOXKJIHUBA IO
TEKTOHIYHHMX NOPYIICHHSX SIK Ha cranii GopmMyBaH-
HsI TIOKJIANy, TakK i Ha cTaii po3pooku [4]. Anaori-
gHi gocmimkeHas Oynu npoBeneHi Yeminem [L.H. B
pobori [22].

Bypinasa 11 rmmbokux cBepanoBHH (Z0 5 TuC.
metpiB) Ha lllebenunchkomy ['KP mokaszano Hase-
HICTh Ta30HOCHMX YIIUIBHEHHX KOJEKTOpiB, Oynn
HaBITh OKPEMi BHKHJIU ra3y, 110 CBi[YHTh MPO 3ara-
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30BaHiCTh BiAKIAAiB KapOOHy Mo BCii rimmbuHi. On-
HakK, MPOMHUCIIOBUX TOKJIAMIB, K 1 HAMIHHUX TOKPi-
BeJb, BUSIBICHO HE Oyio. B Tabnuui 3 HaBeaeHo HO-
MEpH CBEPAJIOBHH MPOOYPEHUX Ha IITHOOKI TOPH30-
HTHU Ta pe3yNbTaTu iX BUNpoOyBaHHs [16].

I3 Tabmn. 3 BuAHO, 10 CTaNMX IeOITIB i3 BKa3a-
HUX CBEPIUIOBHH 1 IMHOOKWUX TOPH30HTIB KapOOHY
OTpPHUMaHO He OyIo.

BpaxoBytoun mMHMpOKy CIiTKy U3 FOKTHBHUX
muciokaiiii Ha IlleGenTMHCBKOMY pOIOBHINI (IHUB.
puc. 1), iX migTBEepIKEHHS IIMMOOKMM OypiHHAM
(puc. 7), MOXKHA BBaXKaTH, 110 TEKTOHIYHI MOPYILICH-
HS MOXYTh OyTH NIIISAXaMH CydacHOi Mirparii ByT-
JIEBOAHIB O ITOKJIAAIB CBITH MIAMCTUX MICYAHUKIB
Ta apayKapuTOBOI CBITH; TUM Oijiblle, IO IUIACTO-
BHUH TUCK B HUX 3HH3uBCA 0 2,08 MIla, a THck Ha
BenwKuX rubuHax gocsrae 30-50 MlIla, e # 3ymo-
BUJIO MOXKJIMBICTH MEPETOKIB Ta3zy.

banmanc posmoniny THCKy ra3zy 3 TIHOWHOIO 3a
paxyHOK po3poOKu Oyno MOpPYLIEHO, CTBOpHJIACS
TiTaHTChKa MDKITIACTOBA JETIpecis, o i 3abe3neyn-
JI0, 32 MOCEPEIHUITBA TEKTOHIYHUX MOPYILIEHb, Te-
PETOKH Ta3y B MOKJIAAW, IO PO3POOIISTIOTHECS, TOOTO
CIIOCTepiraeTbesl BiAHOBIECHHS 3amaciB raszy Lllebe-
JIMHCHKOTO POJOBHIIA.

Pe3ynbratin A0C/IiI:KeHHSI NEPCHEKTUB PO3-
pooku llle6esmucbkoro I'KP 3 ypaxyBannsam
BilHOBJIEHHSI 3anaciB.

B xomi mocinimkeHHs OyJa0 MPOBENCHO aHai3
PO3pOOKM POAOBHINA, B PE3YJAbTATi SIKOTO MOXKHA
MPUIYCTHUTH, IO PiYHHUN 00'€M TIEPETOKY rasy B IO-
KJal, 10 po3poOnseTbes i3 MIMOOKHX MOKJIaiB
cKiazae B cepeaubomy 1,9 mupa. M2,
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Tabnuys 3
3BeneHi pe3ynbTaTi BUIPOOYBaHb 1 ra30MpOosBIiB B cTpaTHrpadigHUX TOPU30HTAX
mmbokux cBepayioBuHax lebenunceko ['KP

TopuzonTn Homepu cBepUIOBHH B SIKMX CIIOCTEPITraJIMCh Ta301POSIBU
C1S — C§’ — CzM 200.300,500,600,700,701,7016ic,702,703,704,800
b-5-6 600
b-7 200,800
K-6 701
M-2 He cniocrepiraimch
M-3 703
M-4 200 (smadTonposBn)

M-6 300,600.701,7016ic,704
M-7-6-1 300, 701,702,703
C-3-4 500,600
C-5-6 800(chaken 0,8 m)
C-9 800(dpaxen 0,8 m)
el
L o :ZJ_
) s ~\1:
= ke 4 |
P / ‘ ~‘
—> o/
b /
WKL
v6 / \ .
e

Ve

~Va _/
YMOBHI NO3HAYEHHSA:

Crparurpadivmi rpannui KoMTyp cOnsHoro Tina 3a aasmmm c.n. 8888
— - SN N\
A - HOOH / \ - BEBHEHE NONOXEHHR
G4 - NPOAYKTMBHI FOPMAOHTH /i
o op \ = HEBNEeBHEeHe NONOXEHHA
- CXeMaTHe NONOXEHHA NOKDMLL KM
Ve
rasosoro noknagy P-C & & & - ecranosnena rasonocHicTs
- TEKTOHIMHI NOPYLUEHHS A - NpoGypeni caepanosmHyk

AR\

- cefcmivmi BIAGNBAINE TOPHIOHTH

- nepeabavysani wnsum mirpauii
ByInesoaHis

Puc. 7. MoxnuBi NUIIXH epeToKiB ra3y Ha llle0ennHChbKOMY ra30KOHICHCATHOMY POJIOBHIILI 3T1IHO
MartepiainiB [Ipugainposcekoi [ PE (BepmoBcbkuit M.M., I'maguenko FO.0., 1990 p.)
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Ha puc. 8 nokazano nepiogu po3pooku Illede-
macekoro T'KP 3 1980 mo 2016 pik [2,3,4]. Cuin
3ayBakuTH, O B nepiog 1999 mo 2003 pik, piuHi
o0csrn BUIOOYTKY Trazy Oynmu 3HWkeHi g0 1800—
1900 mutH. M3, IpH BOMY IUTACTOBHMM THUCK CTaOLIi-
3yBaBcs Ha piBHi 3,3 MIla.

Ane mizHimre, B epiox 3 2004 no 2016 pik, mo
CIIOCTEPIraeThesl Ha KPUBUX PHC. 8, piuHMIA BHIO0Y-
TOK Ta3zy 3HOBY 30imbluMBCs 10 2,4 mupa. M3, mpu
ILOMY TIPOJIOBXKMJIOCH MaIiHHS ILIACTOBOTO THCKY.

Lle mae mixcraBu 3poOUTH NPUITYIICHHS, IO HA
e6emmuacekomy ['KP cnocrepiraerbest miaTpuMan-
HS TUIACTOBOTO IUIACTOBOTO THCKY 3@ PaxyHOK Bij-
HOBJIEHHS 3amacis razy B 06’emi 1,8—1,9 mupa. M3,

BpaxoByroun BuIlleHaBeeHE, aBTOpaMH OyIo
PO3IISIHYTO YOTHUPHU BapiaHTH MONANBIIOI PO3POOKH
IIe6emmracekoro I'KP: po3poOka Oe3 BBEICHHS B
SKCIUTyaTallif0 JIOTHCKHOI KOMIIPECOPHOI CTaHIIii
(IKC) Ta 3 BBenennsm JIKC 6e3 BpaxyBaHHS Iepe-
TOKIB (Ait04i MPOEKTHI BapiaHTH), a TAKOX 3 Bpaxy-
BaHHSAM TIEPETOKIB Ta3y (BIIHOBICHHS 3aIaciB) s
0e3KOMIIPECOPHOT Ta KOMIIPECOPHOT Po3poOKu (Tpo-
THO3HI @BTOPCHKi BapiaHTH).

Po3paxynku BUAOOYyTKY Ta3y, a TAKOX IJIaCTOBI
THCKMA TI0O POKaM TOKa3aHO rpadidyHo 3a pi3HUMH
BapiaHTaMu po3poOkH Ha puc. 9 [24].

OTxe, IPOTHO3 TOKa3HHUKIB PO3POOKH, OOTpyH-
TOBaHWU B JIaHi! CTATTi, € YTOUHEHHSM JI0 OCTaHHIX
NPUAHATHX JTOKYMEHTIB PO3POOKH PEKOMEHIYETHCS
JUISL BpaxyBaHHS B HACTYIHUX PO3paxyHKax IIOAO
MPOTHO3Y JOBTOCTPOKOBOTO BUAOOYTKY razy i3 Llle-

50

oenmuncokoro I'KP. 3a pesynpratam miapaxyHKiB npu
0e3KOMIIpecopHil po3poOdili 3 ypaxyBaHHSIM IEPETO-
KiB ra3sy, posnounnarouu 3 2020 poky, Oyae crocre-
piratucs mepexi/i B peKUM IOCTIHHOTO PiYHOTO BU-
100yTKy B 00’emax 1,9 mupa. M3; nipu BBEICHHI HO-
Boi JIKC i monmxkeHHl poO0UnX THUCKIB CBEPIIOBUH
piuanii BumoOyTok B mepiox 2020-2040 pp. Oyme
30epirarucs Ha pisni 2,4-2,1 mapa. M3

3aranbHUN JOJATKOBYA BUIOOYTOK rasy 3a mei
niepion mipu BBefeHH] JIKC 3 ypaxyBaHHSIM mepeTo-
KiB, TOpIBHSHO 3 OE3KOMIIPECOPHOIO eKCILTyaTalli-
€10, CKJIaJIe OHax 6,5 Map. M.

BucHoBkn.

1) TlepcrieKTHBH JOBrOCTPOKOBOI pO3pOOKH
[lTe6emmuacekoro 'KP B 3Ha4HOIO MipoIo 3ajekarh
BiJ] BiIHOBJICHHS 3aI1aciB Ta3y 3a paXyHOK MEPETOKiB
raszy 3 INIMOWHHUX TOPU30HTIB KapOOHY O TEKTOHi-
YHUX MOPYIIEHHSX, IO CHOPHsE IATPUMYBaHHIO
IJJACTOBOTO THCKY B IMOKJIAZII Ta 3a0e3mnedye 30ib-
LIEHHS O0CSTIB PIYHOTO BUAOOYTKY MPH OYyIb-IKOMY
BapiaHTi po3poOkwu. [Ipu 1poMy piuHUN BHIOOYTOK
raszy e Moxe Oytu MeHmmM 1.9 mipa. M3 nporsirom
0ararbox JECATUIITE.

2) Y xoni po3poOKH poIOBHUILA ACHPECis Mix
OCHOBHHM pE€3EpPBYapOM, IO PO3POOISETHCS, Ta
[IMOMHHUMH TOPHU30HTaMHU KapOoHy Oyae TilbKu
3pOCTaTH, 10 MOXKE 30UIBIINTH 00’€M ra30BHUX Iie-
PETOKIB 1 IPUCKOPUTH CYOBEpPTHUKANBHI Aera3alliiHi
MPOIIeCH, BPaxOBYIOUM HASBHICTH SIK Makpo-, Tak i
MIKPOTEKTOHIYHHUX TU3’ FOHKTUBHUX MOPYLICHb.

3) Crij 3ayBaXKuTH, 1110 TOAATBIIOTO 00BOIHE-

12000
476 |
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Kre/cm?
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Puc. 8. Temnu Bunyuenns 3anunikoux 3amacis [lledemunacskoro I'KP mo pokax [1,2]
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Puc. 9. Ilporuo3 nokaszuukie po3pooku lllebenuucrroro 'KP 3a pisHuMu BapianHTamMu po3poOKu

HHS TIPOAYKTUBHUX TOPH30HTIB B TEPCIICKTHUBI HE
Oyze, BpaxoBYIOUM OOMEKEHY Ta BHCHA)KCHY BOJIO-
HamipHy cucTeMy. Takok, 3a paXyHOK BiJHOBIICHHS
OayaHCy TUIACTOBOTO Ta KaliISIPHUX THCKIB Ha Mi3-
Hill cTajil eKkcITyaraiii, 9acTUHa BOIH, IO BTOpPra-
€TbCS B TPOJNYKTHBHI MOKJIAJH, Ta BOAW BHYTpIll-
HBOT'O BOJIOHAITIPHOTO PEXUMY OyAYyTh «PO3CMOKTY-
BaTHCsD» M0 MIKpOKAIsipax, J0JAaTKOBO CIOBLIb-
HIOIOUH MPoIec 0OBOHEHHS POJAOBUIIIA.

4) TlepepaxyHOK MPOEKTHHWX MOKa3HHKIB PO3-
pOOKHM 3 ypaxyBaHHSM IEPETOKY Ta3zy 3 TIHOOKUX
TOPHU30HTIB JIO3BOJMTh BHU3HAYUTHUCS 31 301IbIIICH-
HAM eHeproedekTuBHOCTI [llebenmmHCEKOTO poIIo-
BHUII[A Ta 3a0€3MCYUTh 3MEHIIICHHS PU3UKIB IHBECTH-
MIHHAX HAJAXODKCHh B PO3BHTOK 1H(PPACTPYKTYypH
npomuciy. JlogarkoBuii BUIOOYTOK ra3y 3a paxyHOK
BBEIICHHS HOBOT JIOTUCKYBAJILHOIT CTAHIIIT 32 TTePiofT

2020-2040 pp. cknane nonan 6,5 mupa. M2,

5) BpaxoByroodnm MOKIUBICTH ITOBIOCTPOKOBOI
po3poOku 1lebenuucekoro I'KP cmig 3BepHyTH
oco0imBy yBary Ha (OHJI CBEpUIOBHH, HOTO OHOB-
JISHHSI, pEMOHT a00 BUKOPUCTAHHA SK MPOBiIHUKIB
JUISl TEOTEpMalIbHUX pecypciB 3eMiti mpu yMOBi 00-
JAIITYBaHHSA BiANOBIAHOT 1HQPACTPYKTypH MpoO-
MHUCITY.

6) BcTaHoBieHe BUKOHAaHUMU JTOCIIHKEHHSIMHA
SIBUILIC BITHOBJCHHS 3amaciB rasy Ha llleGenuHCch-
komy ['KP € mepcniekTBHUM 1 ISl iHIIMX POJOBHII]
VYkpainy, 0Cco0JIUBO TUTS [IlebenuHCHKO-
XpecTUIEHCHKOI TPYIA POMOBHII, 1 TOTpedye To-
JANBIINX CHEIaIbHUX JTOCHIPKEeHb, Ui BU3HAYCH-
HS JTOBTOCTPOKOBOCTI PO3POOKH POIOBHII HA Ti3HIM
cTaii eKcruryararfi.
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PROSPECTS OF LONG-TERM DEVELOPMENT OF SHEBELYNKA GAS-CONDENSATE
DEPOSIT IN CONDITIONS OF STOCKS RECOVERY

The work is aimed to study the gas recovery stabilization prospects in Ukraine on the existing deposits
due to renewable processes concerning gas reserves. The article reviews and analyzes the main results in the
Shebelynka gas condensate field (GCF) development from the point of view of its water flooding.It is possi-
ble to restore the gas reserves in the assumption that they are being developed due to the gas flow from deep
horizons. In detail, all factors are taken into consideration, which influences the formation pressure in the
process of deposits development. The work presents analysis of the water pressure system in the Shebelinka
GCEF, the results of the calculation of reserves of edge water (water pressure system of the field is limited),
investigates the dynamics of water flooding (intrusion of water in gas deposits) and the role of capillary forc-
es in slowing down the advance of the water front. It was shown that water flooding practically does not af-
fect the development of gas depletion, and the reservoir pressure-decline rate is slowing down both under the
influence of known factors and due to the flow of gas through tectonic disruptions, especially in the core de-
posit. It is proved that when the annual gas consumption is reduced to 1800-1900 million 3, it will be fully
compensated by the crossflow of gas. The graphic forecast of gas recovery till 2040 is presented in variants
without compressor and compressor opening since 2019, taking into consideration the reserves stock.

It has been calculated that with introduction of the planned new compressor station at Shebelinka GCF
annual gas production in the period of 2020-2040 will be maintained at 2.4-2.1 billion cubic meters and addi-
tional gas extraction for the period 2019-2036 is - 6.5 billion m3.

During the development of the field, depression between the main reservoir and the deep horizons of
carbon will increase, that might increase the volume of gas crossflow and accelerate the degassing of the
Earth, taking into account presence of macro- and micro-tectonic faults.

Considering the possibility of a long-term development in the Shebelinka GCF, it is necessary to pay
special attention to the fund of wells, its updating, repair or use as a means for receiving the heat from the
Earth.

The phenomenon of restoration of gas reserves at the Shebelinka GCF, which was established by re-
searches, is promising for other deposits of Ukraine and needs further special researches, on separate objects.

Object of research: Shebelinka gas condensate field. Gas extraction and processes for maintaining res-
ervoir pressure, including through the gas crossflow of gas from the deep horizons of tectonic disturbances.

Subject of the study: Analysis and forecast of gas production in the future for various options for de-
velopment, both compressor and non-compressor exploitation of the deposit, taking into consideration
maintenance of reservoir pressure and stock reserves.

Keywords: gas, field, development, stocks, flooding.
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THE USE OF DIGITAL ELEVATION MODELS FOR DETAILED MAPPING OF SLOPE SOILS

A. B. Auacos, A. O. Auacosa, A. O. Cedos. BHKOPHCTAHHA [ITH®POBHX MOJEJIEH PEJIbEDY JUIA JETAIb-
HOTI'O KAPTOTPA®YBAHHA CXHJIOBHX IPYHTIB. Ocmannim uacom y ceimi mpusaiomv aKmueui nouwtyKu HOGUx nioxooie
00 kapmozpadhyeanns rpyumis. Tpaouyiiini MemoOuKu IpyHmoeo2o Kapmozpagyeanhs, aKi CRUpatuct nepesax’CcHo Ha pe3ynomamu
NONbOBUX 0OCmedCceHb, He 8i0n06ioarms UMO2AM Cb0200eHHs. Cmammsa npucesyeHda NUMAaHHIO Yyu@poso2o KapmozpagysanHs
IPYHMI8 HA OCHOGI UKOpUCmaHHs yugposux moodenei penvegy (LIMP). Ha docnionomy noniconi niowero 5 2a 6y10 npogedero Oe-
manvHe nolbose IPYHMOoGe 0OCmedicen s 8 X00i K020 OYN0 3akaadeHo 7 pospizie ma 6idibparno 56 3pasxieé rpynmy 3 nosepxui. 3a
pesynomamamu BILIA-3tiomxku 6yna nobyoosana LIMP 3 npocmoposoro po3dinsroro 30amuicmio 20*20 cm. B docridscennax Oye
BUKOPUCAHULL MEMOOUYHULL RIOXIO 00 OYIHKU 2IOPOMEPMIYHUX YMOS IPYHIMOYMBOPEHHS WIAXOM 2€0IHGOPMAYIIHO20 AHANI3Y Dellb-
eQy. [nsa ybo2o 3anponoHosano 6UKOpUCMOBY8amu KoeQiyicHm KcepomMoporocmi, aKull Xapakmepusye sminy eiopomepmisHux ymos
0711 KOHKPEeMHOI OLIAHKYU penbeqhy NOPI6HAHO 3 20pU30HMAIbHOI0 nosepxtero. Ha ocnosi [IMP Oyno nobyoosano modeni Kpymocmi
cxunie ma ix excnozuyii. Hadani ompumani mooeni 6ynu nepemeopeni y Mooeib KCepOMOPOHOCME mepumopii, aKa Xapakmepusye
NnomeHyian IPYHMoymeopeHHs 00Cnioxncysanoi micyeeocmi. Ananiz danoi mooeni 00360aue no6yoyeamu Kapmozpamy nomeHyiiiHo2o
eMicmy OpeaHiyHO20 8y2leylo 8 8EPXHLOMY WAPi IPYHMOB020 NOKpU8Y. B pezynbmami nopienanns danoi kapmozpamu 3 kapmozpa-
MOIO (PAKMUYHO20 8MICMY OpeaHiuHO20 8y2neylo Oyla OMPUMAHA KiNbKICHA OYIHKA CMYNneHs O0ezpadayii IpYHIMo8020 NOKpusy ma
nooyoosana oemanvha Ipynmosa xapma nonizony. Ompumana kapma nece iHpopmayiio Ak npo cy4acHull cman epoOoBaHUX TPYVH-
mie, max i npo IxnpupoOonuii nomenyian. Bemarnosneno, wo cepedns empama pyHmamu RONIZOHY OP2AHIYHO20 8YeNeyio 6HACIIO0K
anmponozennoi deepadayii oyinioemoca y 5,1 ke na 1 m rpynmy.3acmocysanus 0emanvHoi Kapmu, wjo no6yo0oeana Ha 6KA3AHUX
MeMOOUYHUX NIOX00AX 00380JIA€ PAYIOHATIZY8AMU 20CHOOAPCHKE BUKOPUCTANHSA IPYHMIE Ma ONMUMI3Y8amu 3axo0u uwjooo ix peadi-
aimayii.

Knrwuoei cnosa: rpynm, xapma, ceoinghopmayitini cucmemu, yugposa mooenv peaveqhy, opeaniunuil gyaieysb, YOPHO3eM, Kce-
pomopghHoicms, eposis.

A. B. Auacos, A. A. Auacoea, A. A. Ceoos. HCIIOTb30BAHHE I[H®POBBIX MOJEJIEH PEJIBE®A JUUIA JJETATb-
HOI'O KAPTOT'PA®HPOBAHHA CK/IOHOBBIX ITOYB. B nociednee 8pems 8 mupe 8e0ymcst akmugsHble HOUCKU HOBbIX NOOXO-
006 K kapmozpaduposanuio noys. Tpaduyuonnvie MemoouKu NOYEEHHO20 Kapmozpapuposanus, Komopvle ONUPAIUC, Npeumylye-
CMEEHHO Ha pe3YIbmambl Noaegbix 06ciedosanuii, He coomseemcmeyiom mpebosanuam. Cmambvs noceéauwjena onpocy Yyuppoeozo
Kapmozpaguposanusi nous Ha 0CHOGe UCNONb306aHUs Yudposvix modeneil pervegpa (LIMP). Ha onvimnom nonucone niowjadvio 5 2a
6bL10 NPoGedeHo demanbHoe Noiegoe NoYeHHoe 06CIe008anUe, 8 X00e KOMOopo2o GbLIo 3al0dceHo 7 paspesos u omobparnsl 56 06-
pasyos nousvl ¢ nogepxrocmu. Ilo pesynomamam BIIJIA-cvemxu Oviia nocmpoena LIMP ¢ npocmpancmeeHHbIM paspeuieHuem
20*20 cm. B uccnedosanusx 6wl UCNONL30BAH MEMOOUYECKUl NOOX00 K OYEHKe 2UOPOMEPMUYECKUX YCI08Ull NOY8000PA306aHUS
nymem 2eOuH@OpMayuoHHo20 ananuza peivega. Jna smozo npeonodiceHo UCnoIb306ams KoIPPuyuenm Kcepomopprocmu, Komo-
Ppblil Xapakmepu3zyem usmeHeHue 2uOPOMepPMUIecKUX YCioauil sl KOHKPemHO20 y4acmka periveda no cpagHeHuio ¢ 20pUu30HmMantbHoul
nogepxnocmoio. Ha ocnoge L{MP Ovinu nocmpoensl Mooenu Kpymu3sHvl CKI0HO8 U UX 9KCho3uyuu. B oanvretiuiem nonyyennsie Mooe-
U OblIU NPeobpasosansl 8 Mooelb KCepomMop@HocCmu meppumopuu, Komopas xapaxkmepusyem nomeHyual no¥eo0opaso6anus uc-
cnedyemoil mecmuocmu. AHanu3 OanHOU MOOenU NO360IUNL HOCHMPOUMb KAPMOSPAMMY NOMEHYUANLHO20 COOEPAHCAHUS OPeAHULECKO20
yenepood 6 eepxHem ciioe NOY8EeHHO20 NOKPO6a. B pesynbmame cpagnenus OanHOU Kapmozspammol ¢ Kapmospammou Gakmuieckoeo
€O0epIICanus Op2aHuUiecko2o yenepooa Obiia NOayueHa KOIUYeCNBenHds OyeHKa cmenenu 0e2padayuy No48eHHO20 NOKpPOBd U No-
cmpoena noopobnas nousennas kapma noaueoua. Ionyuennas kapma necem uH@OPMAyuUI0 KAk 0 COBPEMEHHOM COCMOAHUU IPOOU-
POBAHHBIX NOYE, MAK U 00 UX NPUPOOHOM nOmeHyuane. YCmanogieHo, 4mo CpeoHss nomeps HOYBAMU NOAULOHA OP2AHUYECKO20 Ye-
J1epoda 6 pe3yivmane aHMpono2eHHoU dezpadayuu oyenusaemces 8 5,1 ke na 1 m nouswl. IIpumenenue demanbHoU Kapmul, OCHOBAH-

© Achasov A. B., Achasova A. O., Siedov A. O. https://doi.org/10.26565/2410-7360-2019-50-06
-77 -


mailto:achasov.ab@gmail.com
https://orcid.org/0000-0003-2446-3707
mailto:alsisa971@gmail.com
https://orcid.org/0000-0002-6294-2445
mailto:shakhmet1985@gmail.com
https://orcid.org/0000-0003-0604-4015

Cepisi «[eonoeisi. [eoepagbisi. Ekonoeisi», sunyck 50

HOU Ha YVKA3aHHbIX MemoOudecKux nooxo0ax no3eosiem payuoraiuzuposans XO35UCMBEHHOE UCNOIb308AHUE NOYE U onmumusupo-

8aNb Meponpusimus no ux pea6uﬂumaz4uu.

Kniouegvie cnoga: nousa, xapma, 2eOuHGOPMAYUOHHbBIE CUCHEMDbL, YUPPOSAA MOOelb penvedd, OpeaHudecKull yenepoo,

uepHo3eM, KCepoMoppHOCmb, IPO3UsL.

Formulation of the problem. Rapid develop-
ment of agrotechnologies requires their respective
information support. First of all, it concerns availa-
ble detailed and up-to-date soil cover information,
which is the basis of agricultural production. This is
especially true for Ukraine because, on the one
hand, the agrarian sector is one of the main budget-
forming branches of the country, and on the other
hand, the mapping database of soils of Ukraine is
very outdated. A solid large-scale survey of soils in
Ukraine was carried out in the 1950's and 1960's,
and the latest occasional soil map corrections date
back to the 90's. Consequently, even the latest gen-
eration of ground maps in Ukraine has become out-
dated for at least 20 years.

In addition, it should be noted that even the
second round of large-scale soil survey, using the
old methods, does not fundamentally change the
situation. A significant (albeit objective, at that
time) drawback of the classic method of soil map-
ping, which was used in the USSR [1] and was at
one time inherited by Ukraine [2], was a weak sub-
stantiation of the boundaries of the earth's habitats.
The contours of the ground plots were applied to
maps based on expert decisions of soil explorer-
cartographers who used the materials of point field
studies of the soil profiles, topographic maps and,
sometimes, aerial photographs. Quantitative meth-
ods for deciphering aerial photographs and relief
analysis, as a rule, were not used.

Modern agrarian production requires digital
soil and agrochemical maps, representig the corre-
sponding geospatial data bases. At the same time,
the main importance of these maps should be the
possibility to represent continuum of surface charac-
teristics required by the user with the necessary de-
tail and accuracy. Continuity of soil characteristics
on such digital surface models (DSM) must be
guantified. There are not so many ways to provide
such a justification. Two spatial translators that can
reliably transmit certain characteristics of the
ground cover have already been named -remote
sensing data in all of their modern manifolds, and
landforms. Geostatistical capabilities for the con-
struction of geopoles and vegetation as surface in-
dicato are added.

Among all these sources of additional infor-
mation on the soil cover, landforms are distin-
guished, which, unlike other factors, do not passive-
ly reflect the spatial diversity of soils, but is a factor
in the formation of the surface structure by regulat-
ing the arrival of solar radiation and precipitation on
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the soil surface. It has been shown previously [3]
that the topography factor can be considered as a
determining one for the description of the variegated
soil cover for the automorphic zonal soils in Ukraine
in the scale of the administrative region.

Consequently, having a digital surface model
(DEM) of the territory and established mathematical
relationships between the parameters of the relief
and soil characteristics, it is possible to create pre-
dictive TGKs. Subsequently, these maps are adapted
to local conditions by adding auxiliary information
(remote sensing data, archival and field data), and
field verification.

Analysis of recent research and publications.
Influence of the relief factor on the surface for-
mation process has been known for a long time.
P.A. Kostychev in his time, studying virgin steppe
soils of Ukraine, showed that soils of the northern
slopes are more humus-like, compared to the soils
of southern exposures [4]. Specificity of soil for-
mation on sloping lands was noted in the classical
works of G.N. Vysotsky [5], D. Demek [6], A. Ger-
rard [7], P. Furley [8] and many others.

Development of computer and geoinformation
technology has given this topic a powerful new im-
petus. According to Bishop and Minasny [9], almost
80% of digital soil mapping projects are performed
using DEM as the most powerful source of data for
forecasting local soil specificities.

DEM and its derivative geomorphological pa-
rameters can be used as the basic material for sur-
face mapping in the following four ways:

1) To update the existing topographic maps.

The analysis of the literature provides numer-
ous examples of the DEM use and derivative models
for medium-sized and small-scale soil mapping [10,
11, 12, 13, 14]. A typical example is the work of
Biggs and Slater [15] who carried out a medium-
scale soil survey, using DEM and compared the re-
sults with an existing ground maps created by the
traditional method. Using such topographic parame-
ters as slope, surface curvature, topographic humidi-
ty index, relative height and slope position, a scale
map of 1: 100000 was constructed, which allowed
updating the existing map and increasing its reliabil-
ity. Hammer et al. [16] have showed that the use of
DEM with a spatial resolution of 10 m makes it pos-
sible to construct maps of slopes that have a large
potential application for soil survey and land use
planning.

2) For the allocation of soil-landscape units.

Two potential approaches to obtain ground land-
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scapes can be used. First, it is an automatic ap-
proach based on clustering [17, 18], when there are
no definite criteria for the landscape classification.
In these studies, an automated clustering procedure
is used to determine meaningful clusters of the area,
using a set of DEM derivatives. The second ap-
proach is based on compliance with the existing
classification of landscapes, using expert assessment
to determine the naming of selected landscapes ac-
cording to the classification used [19]. Dobos et al.
[20] identified the soil units according to the SO-
TER (World Soil Database) classification based on
the analysis of the terrain by parameters such as
height, relief and tilt. Hengl and Rossiter [21] ap-
plied photointerpretation in the reference regions for
extrapolation of geomorphological units to the entire
study area, using nine parameters of the relief.

3) For direct evaluation of soil parameters [22,
23, 14, 24, 25].

The geomorphological parameters of the terri-
tory, as shown by the research [26, 27], can success-
fully be used to forecast the soil cover characteris-
tics, as there is a dependable relationship between
soil parameters and landforms characteristics. Geo-
morphological characteristics derived from DEM
are increasingly used as auxiliary covariates for spa-
tial prediction of soil properties [28, 29].

10 derivatives from DTM (STRM) were used
in work [30] to assess organic carbon stocks in the
soils of the Tibetan Highlands. It has been estab-
lished that parameters such as altitude and slope
length are closely related to the depth of the soil
profile. M. Menezes and colleagues successfully
used the DIM, derived from a topographic map of
scale 1: 50000, and obtained a model for digital
ground mapping of soils in Brazil from it [31]. A
detailed review of the possible methods for forecast-
ing soil parameters for DEM is presented by T.
Bishop and V. Minasny in [9].

4) To optimize the soil sampling strategy.
Analysis of DEM with the allocation of homogene-
ous sections and key structural elements of the to-
pography optimizes sampling schemes [35, 32] and
minimizes the forecast error of individual soil pa-
rameters [36].

It should be noted that the use of DEM in soil
research becomes much more effective if additional
information is included in the analysis. Thus, in
[37], it is indicated that using DEM together with
information on the geological structure, makes it
possible to forecast the types of soils in the studied
territory. The expediency of the integral use of DEM
with the data of remote sensing and other additional
materials to improve the efficiency of soil mapping
is confirmed in publications [12, 20, 33, 38].

Selection of previously unsettled parts of the
general problem that the article focuses on. The
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literary review has showed that, despite a large
number of publications, a lot of issues connected
with surface digital mapping remain relevant.

In particular, individual geomorphological pa-
rameters are used in assessing the influence of to-
pography on soil formation processes: altitude, ex-
position, steepness, slope length, topographic hu-
midity index, curvature, topographic position index
[39, 40, 41, 10, 42] or their combination as a set of
regression equations.

In our opinion, this is a logical but not optimal
way of formalizing the effect of relief on soil for-
mation. Such an approach does not allow the transi-
tion from empirical observations to a truly effective
analysis of landscape-soil dependencies. The sys-
tematic approach is an alternative, taking into ac-
count the impact of relief not as a set of individual
indicators, but as an integral function, which largely
determines soil development [3].

It has also been noted that most of the well-
known publications refer to medium- and small-
scale soil mapping. The use of geomorphological
characteristics in large-scale and detailed mapping is
given much less attention to. Although for today's
agrarian production the most important are maps of
scale 1: 5000 and larger.

Formulating the purpose of the article
(statement of the task). The purpose of the article
is to study the use of topographic indicative models
in creation of detailed digital surface mapping mate-
rials.

Presentation of the main research material.
Object and research methods. The research was
carried out in 2016-2017 on the territory of the test-
ing ground located on the lands of V.V. Dokuchaiv
Kharkiv National Agrarian University. The experi-
mental site is located on the slope of the south-
eastern exposition. The ravine divides the territory
of the landfill into two sections - "fields". Field Nel
is northeastern with the area of 5 hectares, field
number 2 is southwestern with the area of 4.3 hec-
tares (Fig. 1). Major studies were focused on field
number 1.

Soil cover of the landfill was studied according
to generally accepted methods [10] by laying out
and describing 7 soil sections, as well as by addi-
tional selection of 64 soil samples from the surface.

Soil samples were selected according to two
schemes: a regular network with a distance of ap-
proximately 50 m, and an irregular one - for visually
detected drainage basins. The sampling points were
fixed (tied to the geographical coordinate system)
using the GPS device.

In all samples, the content of organic matter (C)
was determined for [43]. It is an important invariant
characteristic of the soil and can serve as a reliable
indicator of its condition. The soil samples were ana-
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Fig. 1. Territory of the studied landfill

lysed in a certified laboratory of mass analyzes at
the NSC "O.N. Sokolovsky 1SS.”

To analyze the influence of landforms on soil
formation at the local level and the use of its charac-
teristics in the digital surface mapping, a detailed
digital model of the landfill site topography was
used. The DEM spatial resolution is 20 x 20 cm per
pixel.

The digital surface model was built on the pho-
tography from an unmanned aerial vehicle DJI
"Phantom 3Advanced". The shooting took place on
June 22, 2016, at a height of 25 m. With the help of
the specialized mobile application "Pix4D Capture”,
an autopilot with overlapping of 80% of photos and
average speed was created. The resolution of the
pictures was 5 * 5cm. The received photos and con-
struction of DEM were processed in the program
"AgisoftPhotoScan" [44]. Subsequent analysis of
the DEM was performed, using the ArcGIS software
package.

Research results. The best description of any
phenomenon or a process is a mathematical model
based on well-defined physical laws. The first step
towards formalization of the soil formation process
in automorphic zonal non-aerated soils of Ukraine
can be considered parametrization of two main sub-
stance-energy agents in soil formation: solar energy
and moisture, incoming to the ground. According to
[3], should the granulometric composition of the soil
layer varies slightly, hydrothermal conditions of soil
formation are completely controlled by the topogra-
phy of the investigated area.

According to the results of the morphological
description of soil sections and analysis of soil sam-
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ples, it has been established that the soil cover of the
landfill is represented by chernozem typical with
different degrees of erosion. The depth of the humus
horizon (H) of the soil gradually decreases down the
slope from 51 to 30 cm, which may be due to both
the soil erosion and their xeromorphism, caused by
specific sloping conditions of soil formation. The
soil-forming rock for the territory of the landfill is
heavy-sandy carbonate loess-like loam (the average
content of particles is <0.01 mm is 47.7%). Thus,
the process of soil formation before the beginning of
active human activity was mainly controlled by to-
pography.

To quantify this effect, it is suggested to use
xeromorphism coefficient (Kc) [40], which charac-
terizes the change of hydrothermal conditions for a
specific landforms site in comparison with the hori-
zontal surface:

Kk = Ki/Kz (1),

where Ki is insolation coefficient, determining
direct solar radiation on the real slope compared
with the horizontal surface;

Kz is the relative humidity coefficient, charac-
terizing the flow of moisture to the soil on this slope
compared with the horizontal surface.

The calculating method of the reduced coeffi-
cients is presented in works [45, 46, 34]. The coeffi-
cients can be used to calculate the absolute values of
solar radiation and precipitation for specific slopes,
as well as the relative parameters that characterize
the spatial soil-forming “potential” of the terrain.

It should be noted that KK is by its very nature
close to the radiation index of dryness, widely used
in geography to assess the climatic conditions of the
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terrain formation. The xeromorphity coefficient ob-
tains its physical meaning if it is modified as a ratio
with numerator equal to the product of the annual
radiation balance on Ki, and denominator is the
product of the Kz per year of the amount of precipi-
tation and the latent energy of steam generation. As
a result, the analogue of the Grigoriev-Budiko dry-
ness index for local landscapes is obtained.

It is clear that Kk can not fully reflect the influ-
ence of topography on soil formation, but in the first
approximation it allows to quantify hydrothermal
conditions at each point of the relief. The effective-
ness of Kc use in the study of soil cover has been
confirmed for the conditions of the Steppe and For-

- 162,943

- 122 569

est-steppe of Ukraine. It has been established that
Qk in non-eroded soils is closely related to the con-
tent of humus in black earths and the depth of their
profile [45], and, accordingly, can act as a predictor
in ground mapping [43].

Based on the results of the UAV-shooting of
the DEM landfill (Fig. 2), derivative models were
built by ArcGIS program of the following relief pa-
rameters: slope steepness, exposure, insolation coef-
ficient (KI), hydromorphic coefficient (Kg), xero-
morphic coefficient (Kc). Table 1 shows statistical
characteristics of these parameters for sites where
samples of soil were selected.

The model of soil xeromorphism became the

Fig. 2. DEM of experimental testing ground

Table 1
Characteristics of sampling sites

Variable Arithmetic mean | Minimum value | Maximum value Standgrd Varlqtl_on

deviation coefficient
Steepness 3,1 0,7 5,8 1 32
Exposition 125 55 161 25 20
Hight 155 144 161 3 2
Ki 1,028 0,958 1,073 0,021 2
Kr 0,891 0,802 0,975 0,033 3
Kx 1,156 1,026 1,337 0,058 5
Ci 2,1 1,3 2,9 0,3 13
C, 2,7 2,2 3,1 0,2 6

Note: C; - the content of organic carbon in a layer of soil 0-10 cm, obtained analytically; C2 - the content of organ-
ic carbon in a layer of soil 0-10 cm, calculated on the model of xeromorphism.
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spatial base for the creation of cartograms of organic
carbon content in the upper layer of the landfill (Fig.
3). The calculation was based on logic-statistical
models established earlier for a large sample (164
sections) of non-aerated soils [45, 46].

Since most of the samples on the territory of
the landfill (56 pcs.) was selected on field number 1,

all the illustrations will characterize it in future.
Correlation analysis has showed that for the
landfill territory there is no significant link between
values of C1 content and relief parameters (Table 2).
There is no link between C1 and the calculated car-
bon content (C2): r = -0.04, either.
Comparing C1 and C2 values by 56 points, it

[
-
. -
. -

Fig. 3. The cartogram of organic carbon potential content in the upper layer of soil (C2) is constructed by
method of geoinformation analysis of the landforms.
Symbols: 1) C2 <1.7%; 2) C2 = 1.7-2.4%; 3) C2 = 2.4-4.7%; 4) C2> 2.7

Table 2
Results of correlation analysis
Cy C, Kk Ki Exposition Steepness Hight
Ci 1 -0,04 | -0,04 0,23 0,08 0,27 -0,08 0,11
C, -0,04 1 -0,99 | -0,71 0,91 -0,52 -0,91 0,69

has been proved that the cartogram obtained during
the geoinformation modeling, demonstrates the val-
ue of organic carbon content on average by 0.51%
higher than the values established analytically in the
soil survey. Moreover, the difference between the
maximum values in the samples of the predicted and
actually existing content C was only 0.2%, while the
minimum values of C for the two samples differed
by 0.9%.

This is absolutely logical because the carto-
graphic materials obtained by the proposed algo-
rithm for calculating the content of organic carbon
reflect the situation of natural soil formation, with-
out taking into account modern anthropogenic deg-
radation of the soil. That is, they reflect natural po-
tential of the soil. Loss of the upper layer of soil as a
result of erosion processes leads to a decrease in C
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in the layer of soils in proportion to the degree of
their erosion.

Having studied changes in the depth profile of
the soil under the transect located along the slope
(Figure 4), it has been established that the depth of
the humused part of the profile (horizons H + Hr) of
the arable soil gradually reduces due to decrease in
the absolute height of the surface, indicating the in-
fluence of water erosion processes.

At the same time, section Ne2, located 10 m be-
low the margin of the field in the area under virgin
steppe vegetation, on the contrary, is characterized
by super-high value of the humus part in the profile.
Studies have shown that a solid layer of dark-
colored humus soil is revealed at a depth of 200 cm.
The reason for this is a sharp decrease in the rate of
water flow in the area covered with herbaceous ve-
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Fig.4. Change in depth of a landfill soil on height

getation, which contributes to the deposition of soil
particles taken from the above cultivated slope.

Another confirmation of the erosion transfor-
mation of the landfill sites is the fact that the varia-
tion coefficient for the sample of calculated values
C is half the coefficient of variation for the analyti-
cal values (Table 1). Indeed, the studied fields have
practically the same constant exposure, which de-
termines the weak spatial variability of solar radia-
tion arrival on the surface. Accordingly, the process
of organic matter formation in soils should be more
homogeneous for the entire study area.

Consequently, the difference between the esti-
mated and actual values of the C content in the up-
per layer of the landfill and absence of significant
correlations of the actual carbon content with the
relief parameters are associated with water erosion
processes. This leads to a dynamic complex of
washed away slope soils whose genesis is caused by
the simultaneous influence of water erosion and
sloping xeromorphism.

Furthermore, an actual cartogram of content C
was constructed according to the laboratory meas-
urements with the help of the ArcGIS program
(Fig. 5).

The basis for cartograms was the value of C for
56 points located on field number 1. Interpolation
was carried out using the method of weighted dis-
tances. Spatial structure of the content C in the up-
per layer of soils of the landfill also confirms a sig-
nificant degree of their transformation under the
influence of erosion processes.
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Comparison of the obtained cartograms (Fig-
ures 3 and 5) allows to construct a detailed map of
the landfill grounds. The algorithm for constructing
such a map is as follows:

1) To establish the correspondence between C
contents in a layer 0-10 cm and the degree of soil
wash off. For this purpose, a standard characteristic
of the C content distribution on the depth in the im-
mutable soil is used. In our studies it was section
number 20, which was laid outside the testing
ground in the watershed and represented a typical
modal chernozem. The diagnostic feature of weakly
washed off soils is the erosion occupying half thick-
ness of the humus accumulative horizon N. Accord-
ingly, we assume that for our landfill value C in the
upper layer of immutable soils should be more than
2.7%, for weakly washed off soils it should fluctuate
in the range of 2.4-2, 7%.

Average -washed soils are characterized by
washing off from half to the entire horizon N. Con-
tent C in the upper layer of such soils varies within
1.7-2.4%. Heavily washed soils, in which there is no
horizon H and part of the upper transition horizon,
are characterized by value of C <1.7%. We used
these ranges in the construction of cartograms C
(Figures 3 and 5).

2) Overlaying of cartograms 3 and 5 in order to
select all soil habitats formed on the crossing of the
initial data.

3) Ground identification of the received map-
diagram (Fig. 6). It is based on the following logical
considerations:
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Fig. 5. Cartogram of the actual content of organic carbon in the upper layer of soil (C1), constructed by
method of weighted distances.
Symbols: C1 <1.7%; 2) C 1 = 1.7-2.4%; 3) C1 = 2.4-2.7%.

The cartogram of the actual content of organic
carbon (Fig. 5) can be interpreted as a map of soil
erosion, where area Ne 1 corresponds to the heavily
washed off soils, area Ne 2 — medium washed off
soils and area Ne 3- weakly washed off chernozem.

The cartogram of the estimated potential con-
tent C (Fig. 3) reflects the quasi-solid state of soils,
in which the erosion processes are a priori absent.
Thus, the four distinct areas characterize not erosion
but specific sloping hydrothermal conditions, in
which it is impossible to form soil similar to the
ground of the plain. Such conditions are typical for,
for example, southern slopes of great steepness.
Such underdeveloped soils have recently been
named xenomorphic [47]. Accordingly, area Ne 1
corresponds to heavily xenomorphic, area Ne 2 —
average xenomorphic, area Ne 3 — weakly xenomor-
phic and area Ne 4 — modal chernozem.

The resultant forecasting map of soils is given
in Fig. 6. It describes the soil cover of the field in
more details, taking into account both its present
condition and the soil formation potential. The map
looks rather unusual. This is due to the detailed re-
ceived information and the variability of the ground
cover of the landfill.

Let us summarize the obtained results. The car-
togram of potential content C (Fig. 5), constructed
on the basis of the DEM analysis, reflects the initial
state of the soil, or in other words, shows the "poten-
tial of the soil". It is, in fact, the standard to compare
the parameters of modern soils to assess the degree
of their degradation . Thus, the average loss of the
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organic carbon by the landfill soil due to anthropo-
genic degradation can be estimated at 0.51% by
weight, that is, 5.1 kg per 1 ton of soil.

Combination of such a "quasi-virgin" ground
map with the results of modern field soil surveys
can significantly increase the informative resulting
map.

In particular, analysis of Fig. 3 allows us to
conclude that the initial conditions of soil formation
for the studied field varied slightly. Weak- and me-
dium-xeromorphic chernozems were formed only in
the lower part of the slope due to significant slopes.
Anthropogenic erosion degradation of soils greatly
complicated the structure of the soil, making it sto-
chastic. Thus, the southern part of the field adjacent
to the bottom of the slope,being rather steep, is
characterized by a high content of organic carbon,
which contradicts the logic of soil formation and
indicates the redeposition of soil with high hums
content that has been taken out of the upper part of
the field.

The obtained map, based on the research, (Fig.
6) not only reflects the current condition of the soil,
but also allows to approach the process of managing
soil resources in a new way. As a result of such
mapping we obtain spatial information. Based on it,
we can distinguish between degraded but potentially
fertile soils from soils whose low fertility is due to
natural factors - unfavorable hydrothermal condi-
tions. Accordingly, different approaches should be
applied to the use of these soils and taking soil pro-
tection measures.
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Fig. 6. Map of the landfill soils.
Symbols: 1 - chernozem typical weakly washed off, 2 - chernozem typical weakly xenomorphic, 3 - cherno-
zem typical weakly xenomorphic and slightly washed off, 4 - chernozem typical weakly xenomorphic, medi-
um washed off, 5 - chernozem typical medium xenomorphic, 6 - chernozem typical medium — xenomorphic,
alluvial; 7 - chernozem typical medium washed off, 8 - chernozem typical heavily xenomorphic alluvial

Conclusion.

1. Soils on slopes are formed in essentially dif-
ferent conditions in comparison with soils on the
plain territories. Sloping soil formation is the result
of a complex spatial combination of natural pro-
cesses of xeromorphism, separation, transit and
resedimentation of soil particles due to soil erosion.
Therefore, it is necessary to use a fundamentally
different approach in comparison with the soils of
plain areas for correct mapping of slope soils. The
combined effect of these processes should be taken
into account.

2. Such an approach is used in geoinformation
analysis of the terrain, making it possible to quanti-
tatively formalize hydrothermal conditions of soil
formation on the slopes and to spatially assess its xe-

romorphism.

3. Mapping materials constructed on this me-
thodical approach characterize the potential of the
landscape in terms of soil formation and reflect the
quasicyclical condition of the soil or "soil potential.

4. Detailed surface maps created by combina-
tion of the field and laboratory soil surveys results
with the results of soil potential assessment for the
analysis of DEM in the article make it possible to
adequately estimate and objectively reflect distribu-
tion of eroded and xeromorphic soils and their com-
plexes on sloping lands.
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THE USE OF DIGITAL ELEVATION MODELS FOR DETAILED MAPPING OF SLOPE SOILS

Formulation of the problem. The current stage of agricultural development in Ukraine requires highly
informative soil maps.

One of the directions for creating such maps is the use of digital elevation models (DEM) as a spatial
translator of soil characteristics.

The literary review has showed that despite the large volume of publications on this topic, a number of
issues of soils digital mapping remain relevant.

The purpose of the article is to study the possibilities of using relief-ground indicative models in crea-
tion of detailed digital ground maps.

Methods. The research was conducted on the territory of the testing ground. During the field study of
the landfill, it has been established that the soils are represented by chernozem typical of varying erosion de-
grees.

It is proposed to use a xeromorphism coefficient for the quantitative account of the landforms influence
on soil formation, characterizing changes in hydrothermal conditions for a particular section of the topogra-
phy, compared with the horizontal surface.

A detailed DTM was obtained, using the "Phantom 3" UAV.The derivative models of a number of
topographic parameters were built on its basis later. A digital model of xeromorphism of the territory was
built, transformed into a model of organic carbon (C) content.

The specified map shows initial conditions of the soil cover. It can be used as a standard to compare pa-
rameters of modern soils for assessment of extent of their degradation.

Comparison of this map with the map of actual C content has shown that average loss of C by soils of
the studied area owing to anthropogenic degradation can be estimated at 5.1 kg on 1 t of the soil.

Results. Investigations have proved that the geoinformation analysis of landforms allows to quantita-
tively shape hydrothermal conditions of soil formation for a certain territory. The cartographic materials con-
structed on such a methodical approach characterize landscape potential on soil formations and reflect quasi-
virgin land condition of the soil.

Scientific novelty and practical significance. The detailed soil maps, based on the results of field and
laboratory soil studies, leading to potential soil assessment for DEM analysis in the article, allow to ade-
guately estimate and objectively represent distribution of eroded and xeromorphic soils and their complexes
on sloping lands.

Keywords: soil, map, geographic information systems, digital surface model, organic carbon, cherno-
zem soil, erosion.
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MOTOR TRANSPORT NETWORK IN THE WESTERN REGION OF UKRAINE
AS AFACTOR OF TOURISM INDUSTRY DEVELOPMENT

B. C. I'puyesuu, X. €. Iloogipna, M. 1. Cenvkie. ABTOTPAHCIIOPTHA MEPEXA 3AXI/THOI'O PET'IOHY YKPAIHH
AK YHHHHK PO3BHTKY TYPUCTHYHOI TATY3I. V npedcmaeneniii cmammi eusuero cycninbno-zeozpagbiuni ocobnusocmi
63AEMHO20 BNIUBY AGMOMPAHCROPMHOL MEPENCE 8ENIUKO20 MINCOONACHO20 PEeciony ma MypucCmuyHoi 2anysi yvbo2o e peziony. Oxapa-
KmMepu308aHo 8 po3pizi eocoMu odnacmeti 3axioHo2o pe2iony Ykpainu mepexncy asmomoOinbHUX WiiAxXie 3a 3SHAYeHHAM (MIHCHAPOOHI,
HAYIOHANbHI, peioHANbHI ma THWE) T n’ambsma Kamezopiamu, cepeots 0O1acHa WinbHICHb a8MOMODITbHUX 00pie 3a2anbHO20 KOPUC-
MYy6aHHs, 20106Hi NYHKMU Ma 831U AGMOMpAaHCHOPMHOI Mepedic, npeocmagiena aHanimuyna xapmocxema yici mepeoici. Busueno
OUHAMIKY NOMOKI8 THO3eMHUX MYPUCTIB, a AKX MYPUCMIG-2POMAOAH, AKI euixncoxdcanu 3a KOpooH y 3axioHomy pecioni Yxpaiwi
npomseom 2000-2017 pp. Oxapaxmepu3z06ano pexpeayiiiHo-mypucmuyHuil nomenyian 3axionoeo peciony Yrpainwu, wo ceiouumeo
npo 1i02o Xopouty NOMmeHyilHy npueadauicms 04 3aAy4eHHs 6HYMPIWHIX MA 306HIWHIX THEECUYI W00 NOOAIbULO20 800CKOHA-
JIeHHs. MPAHCROPMHOT ma mypucmuunol ingpacmpykmypu. Budineno cneyugiuni ons peciony euou mypusmy, ki 6dice ompumany
PO3BUMOK, A MAKOJIC MAIOMb 6ENUKI WUAHCU 0TI PO3GUMKY 6 ONU3bKoMYy Matibymubomy. IIpoananizoeano agmompancnopmmy 0ocmy-
nHicmb 8Ui8 MYyPU3My 3d CHOCOOOM NEPecy8aHHs (A8MOMODIIbHUL, 8e10CUNeOHUl, NIWOXIOHUL, PIUKOBUL)) ma 3a Memoio Nnoi3oKu
(npogpeciiino-0inoguil, nizHABANbHUL, 0300POGUUL, NATOMHUYLKUL, HOCMANbIIUHUL, PUOATLCOKUL, MUCTUSCLKUL) O YCIX n’smu
Kamez0piii a8momo0iibHUX 0opie, a MaKodxc o1 micyegocmi nosa dopozamu. Ompumani 8i0NoGIOHOCMI MAIOMb 3a2aNbHUL MPEHOO-
8ull xapaxmep i 003601A10Mb ICHYBAHHA BUHAMKIE 05l OKpeMUX YHiKanbHux cumyayiil. 3’sco8aHo, wo uou mypusmy, uoileni 3a
CROCOOOM Nepecy8antsl, MOJNCHA JIHIUHO 6NOPAOKYEAmU 6I0N0GIOHO 00 NEPesaX caioyoi Kkame2opii asmomobiibHux oopie. Bcmarnog-
JI€HO, WO 8UOU TMYPUSMY, BUOLIEHT 34 MEMOI0 NOI30KU, MAKONHC MONCHA JIIHIUHO 6NOPAOKY8amu 8i0N0BIOHO 00 nepesaxcaioyoi kame-
20pii amomodibHUX dopie.

Knrwouoei cnosa: asmompancnopm, dopozu, mepesica, mypusm, Homixk, 00CmynHicmy, 001acmbv, pe2ion.

B. C. I'puyesuu, K. E. IToosupnua, M. H. Cenvkueé. ABTOTPAHCIIOPTHAA CETb 3AIIA/ITHOT'O PETHOHA YKPAU-
HbI KAK ®AKTOP PA3BHTHSA TYPHCTHYECKOH OTPACJIHM. B npedcmasiennoii cmamve usyuenvl 0GUjecmeenHo-
2eocpaguueckue 0CobeHHOCMU 83AUMHO20 GUAHUSL ABMOMPAHCHOPMHOU CemU GONbLUO20 MeNCOONACMHO20 Pe2UoHa U mypucmuye-
cKoll ompacau amozo dce pecuona. Oxapakmepuszoeana @ paspeze 6ocbmu obracmetl 3anaono2o pecuona Ykpaunvl cemv asmomo-
OUNLHBIX OOPO2 NO SHAYEHUIO (MENHCOYHAPOOHbIE, HAYUOHATILHBIE, PESUOHATIbHBIE U OpY2ue) U NAMU KAme2opuam, CpeoHsis 001acmuas
NIOMHOCMb A8MOMOOUNILHBIX 00PO2 00Ue20 NONB308AHUS, 2NAGHbIE NYHKMbL U Y31bl ABMOMPAHCNOPMHOU cemu, NpedCmasiend ana-
AUmMUYecKas Kapmocxema smot cemu. H3zyuena OuHamuxa nomoKo8 UHOCMPAHHLIX MYPUCMOS, A MAKIHCe MYPUCTNOB-2PANCOAH, Bbl-
esoicasuux 3a epanuyy 6 3anaonom pecuone Vipaunvt 6 meuenue 2000-2017 ce. Ilpouseedén ananuz pekpeayuoHHo-
Mypucmu4ecko2o nomenyuana 3anadno2o pecuona Yxpaunul, céudemenbcmeyouuti 0 e2o xopouiel NOmeHYuaIbHOl npusiekament-
HOCMU 05l NPUBLEYeHUsI 6HYMPEHHUX U BHEUWHUX UHEECIUYULL NO OdNbHellueMy CO8epUEHCME08aHIe MPAHCROPMHON U MypUcmue-
ckoll ungpacmpyxmypul. Buidenenvi cneyuguueckue 0nisa pecuona 6udbl mypusmd, Komopbsie yce ROAYUULU pa3sumue, a makoice
umeiom OonbuiUe WAHCHL 01 pazeumus ¢ Oaudcatiwem 6yoywem. Ilpoananuzuposana asmomparHcnOpPmHAs OOCHYRHOCHb 8UO08
Mypusma no cnocoody nepeosudlcerust (A6moModUIbHbI, GelOCUNEOHDbIL, NEUEXO0OH I, PEUHOl) U o yeau noe3oKu (npogeccuonans-
HO-0€10601l, NO3HABAMENbHYLI, 0300POSUMENbHYIL, NATOMHUYECKUL, HOCMATbeUdecKull, pblOOI0GHbIL, OXOMHUYULL) Ol 8CeX NAMu
Kamezopuii aemoMoOUTbHBIX 00PO2, a maKdice 05t MeCmHocmu 6He 0opoe. Ilonyuennvie coomeemcmeus umeom oowull mpenooebsiil
Xapakmep u OONyCKarom Cyujecmeosanue UCKaoueHull OJis OmOelbHbIX YHUKAIbHIX CUMyayuil. Ycmanoeneno, umo 6uobl mypusma,
8blOelieHHble N0 CROCOOY NepedBUIICEHUs], MOJICHO TUHEUHO YNOPAOOYUMb 8 COOMEEMCMeul ¢ npeobnaoaioweli Kamezopuel agmomo-
bunbHBIX 00pOo2. YemarnoeneHo, 4mo 6uobl mypusma, gbloeneHHble no yeiu noe3oKu, MOJICHO TUHENHO YNOPAOOUUMb 6 COOMBEMCMBU
¢ npeobnadaioweil Kamezopueu asMOMOOUTLHBIX O0POe.

Knrouesvie cnosa: asmompancnopm, 0opozai, cemy, mypusm, NOMoK, 00CMYNHOCHb, 00ACHb, PE2UOH.

Formulation of the problem. In human geog-  activity) in the service sector. Conversely, the devel-
raphy, the problem of studying the mutual influence  opment of the service sector may stimulate infra-
of infrastructure and services is important. Infra-  structure development to increase profits from joint
structure development can be a factor in the devel-  activity.
opment of certain industries (or types of economic
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Analysis of recent research and publications.
The study of this issue is focused on relatively few
publications. In the paper [16] the category of hu-
man and geographical knowledge of the world is
proposed, the forms of volatility and organization of
the world are described, the connection of the popu-
lation movement with its potential is shown, and the
population groups are listed in relation to its social
movement. Based on the study of the transport net-
works in the Carpathian region of Ukraine, defini-
tions of the concepts of a multimodal transport line,
a multimodal route, a multimodal transport node and
related concepts have been given by the authors
[15]. Classification of the transport nodes has been
carried out, the international transport corridors of
the region in connection with the multimodal routes
as well as the graph of the multimodal routes of the
Carpathian region of Ukraine have been studied, and
the problems of their territorial organization have
been discovered. The motor transport microposition
in urban settlements in the Western region of
Ukraine has been studied and its impact on transport
and logistics activities in the region has been ana-
lyzed by the authors [13]. The topology of the motor
transport network of the Western region of Ukraine
has been characterized by oblasts. The relations be-
tween transport and logistics activities and charac-
teristics of graph of the motor transport network
have been established. In the paper [10] a system of
mathematical and geographic models of the hotel
industry of the region, a method for calculating the
integral indicator of hotel establishments of the dis-
trict for absolute indicators has been developed.
Relative indicators of the first and second levels, the
integral index of absolute features for hotel estab-
lishments of the region is analyzed, the state of in-
ternational tourism in hotel establishments of Lviv
oblast is studied. The paper [11] highlights contem-
porary regional and dynamic aspects of international
tourism in the Carpathian region of Ukraine. The
authors analyzed the guantitative dynamics of inter-
national tourism in this region during 2000-2010
within the administrative oblasts of the region. Ad-
ministrative oblasts with a high and average share of
tourists traveling abroad are indicated. A compara-
tive description of these indicators with those of
2004 has been carried out. In the paper [19] logistic
mechanisms of international tourism activity of
Ukraine is analyzed, factors of development of in-
ternational tourism in Ukraine, characteristics of
international tourist flows and financial flows in
international tourism of Ukraine are presented. The
influence of international transport corridors on the
development of logistics of international tourism in
Ukraine is studied. In the paper [17] the authors
have studied distribution of logistic companies in
the oblasts of the Western Ukrainian borderland,
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identified the main logistical centers within them.
Transport and distribution logistics subjects in ob-
lasts of the Western Ukrainian borderland were stud-
ied. Railway and automobile networks in western
oblasts, features of railway and automobile cargo
flows there have been described. The method of
numerical estimation of transport and logistics po-
tential index for the border oblasts is proposed.
Transport and logistics index of the oblasts of the
Western Ukrainian borderland has been calculated.

Direct relationship of global tourism growth
with a significant increase in transport networks has
been noted by the authors [18]. Transport is consid-
ered through various levels, including the level of
interstate regulation, national government and how
this affects forms of tourism, as well as marketing
and management of transport operations. In addi-
tion, article [20] provides conclusions on the future
of transport and tourism, including the management
of environmental impacts and new forms of tourism
related transport. The article analyzes vehicles used
by the largest tour operators in Poland. The study is
based on in-depth analysis and use of tourism and
transport resources. The results show a large con-
centration of services for organized tourist traffic on
a small number of wholesale transport intermediar-
ies. In general, the analysis shows the leisure travel
market in Poland, as being in the early stages of de-
velopment.

Selection of previously unsettled parts of the
general problem. In this research the motor
transport infrastructure of the region as part of gen-
eral infrastructure is considered, and tourism indus-
try of the region as part of service sector. This al-
lows to specify and to study in-depth the peculiari-
ties and specifics of the mutual influence of the mo-
tor transport network and specific types of tourism
in the Western region of Ukraine.

Formulating the purpose of the paper. The
purpose of the paper is to analyze the motor
transport network in the Western region of Ukraine
from the point of view of geography and population
and to identify the most developed types of tourism
in the region as well as their geospatial interdepend-
ence.

Presentation of the main research material.

Motor transport network in the Western region
of Ukraine.

The network of public automaobile roads in the
Western region of Ukraine (Fig. 1) is 42,308.2 km,
98.2% of which have a hard covering.

Lviv and Khmelnytskyi oblasts have the largest
length of public automobile roads in the region,
Chernivtsi and Zakarpattia oblasts have the smallest
length. Ivano-Frankivsk and Chernivtsi oblasts have
00% hard cover automobile roads. This indicator is
lower in Zakarpattia (99.7%), Ternopil (99.5%),
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Fig. 1 Average density of public automobile roads in the Western region of Ukraine

Khmelnytskyi (99.3%), Rivne (98.6%), and Lviv
(97.9%) oblasts. The lowest share of hard covered
automobile roads is in Volyn oblast (92.9%).

The average density of public automobile roads
in the Western region of Ukraine is 322 km/
1000 km?. The maximum values of public automo-
bile roads density are typical for Lviv, Ternopil,
Chernivtsi, and the minimum values — for Rivne and
Zakarpattia oblasts. The average density of public
automobile roads with hard covering for the Western
region of Ukraine is 317 km/1000 km?2. As in the
case of public automobile roads, maximum values
of the density of automobile roads with hard cover-
ing are typical for Lviv (376 km / 1000 km?), Ter-
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nopil (359 km / 1000 km?), Chernivtsi (358 km /
1000 km?), the minimum - for Rivne (253 km /
1000 km?) and Zakarpattia (261 km / 1000 km?) ob-
lasts.

There is a direct interdependence between the
indicators of the average density of public automo-
bile roads and the number of hotel business enter-
prises in the Western region of Ukraine. The number
of hotel enterprises located in these oblasts (Lviv,
Chernivtsi oblasts) increases with the increase in the
density of public automobile roads. The exception is
Ivano-Frankivsk and Zakarpattia oblasts with rather
moderate average density of public automobile
roads compared to other administrative oblasts and a
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large number of hotel enterprises.

The maximum length of international automo-
bile roads is in Lviv oblast, national — in lvano-
Frankivsk and Lviv oblasts, regional — in Khmelny-
tskyi and Ivano-Frankivsk oblasts, and territorial —
in Khmelnytskyi, Volyn and Lviv oblasts. The au-
tomobile roads of | and Il categories, technical pa-
rameters of which correspond most closely to mod-
ern European and world requirements, are
3987.7 km in the Western region of Ukraine, that is,
9.6% of the total length of the roads. Lviv oblast has
the highest rate of such roads in the region — 26% of
the total length of such automobile roads in the re-
gion. The lowest rate of automobile roads of I and 1l
categories is in the Chernivtsi oblast (6% of the
length of these roads in the region). Almost in all
oblasts of the Western region of Ukraine automobile
roads of IV category predominate, while in
Zakarpattia and Chernivtsi oblasts V category roads
predominate.

Development of tourism in the Western region
of Ukraine.

Tourism industry traditionally is one of the spe-
cialization areas in the economy of the oblasts in the
Western region of Ukraine. In the tourism market,
the region is distinguished by a significant propor-
tion of sanatorium and spa establishments (about
8% of the total). There therapeutic rehabilitation is
provided by about 11% of all healthcare establish-
ments in Ukraine. The average indicator of use of
places in these establishments reaches the level of
31-55%. A significant proportion of hotel-type facil-
ities (about 10% of the total) take about 8% of all
tourists served in the country. However, the indica-
tor of the hotel base is rather low (19-22%). Tour
operators and travel agencies occupy 8% of the na-
tionwide number, while locals now serve more than
8% of foreign tourists (Fig. 2), of which 6% are in
Lviv oblast.

Western region of Ukraine is attractive by the
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Fig.2. Dynamics of foreign tourists flows in the Western region of Ukraine, 2000-2017

following types of tourism: pedestrian, cycling, au-
tomobile, river, fishing, hunting, health, cognitive,
professional and business, pilgrimage, nostalgic.
The health segment is one of the leading tour-
ism industries in the Western region of Ukraine.
Balneological and climatotherapeutic establishments
provide a relatively high level of medical and pre-
ventive services. In Lviv and Ivano-Frankivsk ob-
lasts there is a network of tourism areas with a sig-
nificant concentration of such objects. These are, in
particular, Truskavets (35 institutions), Morshyn
(18), Opir and Stryi Valley (Slavske), Roztochya
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(Nemyriv). In lvano-Frankivsk oblast there are areas
on the territory of the so-called Velykyi Yaremche
(YYaremche, Mykulychyn and Vorokhta), as well as
Kosiv, Sheshory and Dolyna. In Zakarpattia oblast,
the tourism and receptive base is concentrated
throughout the territory. Significant clusters of sana-
torium and resort facilities are only in some resorts,
such as Polyana, Synyak and Chynadiyevo, and rec-
reational facilities — in the valley of the Uzh river in
Mizhhirya.

The total length of the pedestrian paths is sev-
eral hundred kilometers. However, there is no more
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detailed information on this issue, except for data on
the length of roads in the territory of national parks
and the Carpathian Biosphere Reserve. The most
pedestrian trails have no indication, or it is outdated.
In addition, there are a small number of well-
equipped places for recreation. This is especially
important on the hiking trails leading to the peaks of
Chornogora and on the popular tourist trails on the
Polonynskyi ridge, in the Gorgany and Beskydy.

Cycling tourism has become successful only in
recent years, with the gradual spread of mountain
bikes. There are too few adapted and marked bicycle
tracks, located mostly in the vicinity of the towns of
Skole and Yaremche.

Particular attention deserves river tourism,
which is experiencing a kind of regeneration in the
region. The appearance of modern equipment (kay-
aks, canoes, etc.) has created new opportunities for
this kind of tourism on the Cheremosh, Prut, Stryi,
Tysa and Dnister. Now the most popular are rafting
and water slides on the Prut and Cheremosh. It is
advisable to borrow Polish experience in using the
rivers for this type of tourism in terms of identifying
and streamlining tracks (parking and dock, hire
points).

The Western region has significant opportuni-
ties for the development of hunting tourism due to a
high degree of afforestation and rich fauna. Hunting
is mainly engaged in special state and military for-
estry (Roztochya, Skolivski Beskydy, Gorgany),
equipped with places for hunting and hunting
lounges.

Another feature of the development of tourism
industry in the region is cognitive tourism, which
covers the main cities with many historical and cul-
tural attractions, as well as architectural monuments.
At the same time, there are certain obstacles and
difficulties for more intensive development of cer-
tain types of cognitive tourism, such as the lack of
auxiliary infrastructure of the appropriate level of
service. At present, the drawbacks are the absence
(except Lviv) of tourism information points near
objects, special identification of routes of city tours
and information tables near objects that damages the
tourist image of cities and settlements of the West-
ern region of Ukraine. In cities (raion centers) there
is a community base no higher than the average
standard (2-3 stars), as well as moderate prices per
night. There are also problems associated with the
organization of city walking routes, ensuring the
proper functioning of museum institutions. There is
a rich spiritual culture in Western Ukraine — ethnic
customs and rituals, folk crafts (bedding, wicker-
work, wood carving, weaving, straw weaving, tradi-
tional sheep breeding, authentic cuisine, etc.). The
monuments of architecture 1X-XX centuries — con-
structions of Lviv, Zhovkva, Pidhirtsi, Galych,
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Uzhgorod, Mukachevo, Khotyn, Chernivtsi, archae-
ological monuments of international importance —
Trypillya settlements on the Dnister, Old Slavonic
settlements in  Stilske, Plisnesk, Zvenygorod,
Vasyliv, Neporotove, Ruhotyn; the remnants of the
ancient Galych in Krylos, the ruins of the rocky for-
tresses in Spas, Urych, Rozgirche, Bubnyshche,
have particular importance for the development of
cultural tourism. With regard to excursions to castles
in Lviv and Zakarpattia oblasts, their readiness to
accepting foreign tourists is considerably inferior to
European models. The only exceptions are the cas-
tles in Olesk and Mukachevo, Uzhhorod, Zbharazh.
In others restoration and upgrading works are in
progress, there are no exhibits available for inspec-
tion, and the adjacent territories are not well-
organized. In addition, there is a lack of proper at-
tendant support and accommodation and gastro-
nomic base of the appropriate level.

Special development in the region has become
cognitive tourism by natural tourism objects, due to
a network of national parks and six landscapes
(Sianskyi, Polyanytskyi, Halytskyi, Dnister Canyon,
Verhniodnistrovski Beskydy, “Znesinnya” in Lviv).
There are dozens of nature reserves, among which:
Reserve of the Dovbush Rocks (Bubnyshche),
Urytski Rocks, Maniavskyi Falls, Narcysy Valley,
Europe Center (Dilove near Rakhiv). In recent
years, tourism infrastructure has been prepared and
modernized in national parks: natural museums,
thematic trails (national parks Yavorivskyi, Carpa-
thian, Uzhanskyi) have been created. However, it
would be advisable to create a network of trails and
didactic-ecological centers, through which it is pos-
sible to conduct classes on the promotion of protect-
ed areas. There are six national parks in the region —
Shatskyi, Yavorivskyi, Beskydy Skolivski, Synevyr,
Uzhanskyi, Carpathian Biosphere Reserve, which
allow developing specialized tourism (observation
of nature, hunting with a camera, pedestrian, cy-
cling, river tourism, etc.).

Nostalgic travel is an important component of
the region’s tourism development. Numerous mon-
uments of nostalgic tourism continue to require sup-
port from the international community, funds for
reconstruction and adaptation for the purpose of
nostalgic tourism. These are the castles in Zhovkva,
Pidgirtsi, Nevytske and Korolevo, as well as Jewish
cemeteries and German village settlements in Lviv
and lvano-Frankivsk oblasts.

At the same time, as the direction of profes-
sional and business tourism, the Western region of
Ukraine is popular among business people of the
Ukrainian capital. This is probably due to the fact
that traveling from other regions of Ukraine can take
from 16 to 24 hours. However, the Western region is
often used for motivational trips (ski tours as rew-
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ards for best employees or partners).

The largest centers of pilgrimage tourism in the
Western region of Ukraine are St. George’s Cathe-
dral, the Assumption Church, the Polish Cathedral
in Lviv, the Krekhiv Monastery (near Lviv), the
Goshiv Monastery (lvano-Frankivsk oblast). Zar-
vanytsya, located in Ternopil oblast, Zimnenskyi
Svyatogorskyi Monastery (Zimne village of the Vol-
yn oblast), Holy Trinity Mezhyritskyi Monastery
XV-XVII centuries (Mezhyrich village, Rivne ob-
last), Holy Trinity Koretskyi Monastery XV-XVII
centuries (Rivne oblast), Holy Trinity Dermanskyi
Monastery, Fort XV-XVII centuries (Derman vil-
lage, Rivne oblast), Svyatouspenska Univska Lavra
(Peremyshlyany raion, Lviv oblast), Maniava Mon-
astery (lvano-Frankivsk oblast), Pidkaminets Mon-
astery (Brody raion, Lviv oblast) are also worth vis-
iting.

The development of automobile tourism is fa-
cilitated by the border oblast of the region, a net-
work of automobile roads of national and interna-
tional importance, as well as the intensive increase
in the number of car owners in Ukraine over the last
decade. In this connection, the development of road
infrastructure is required. In recent years, the num-
ber of gas stations, service stations, motels, hotels,
bars and cafes has considerably increased. However,
the quantity and quality of the offered services is
extremely insufficient. Given the regional situation
at the intersection of international automobile roads,
roadside infrastructure should increase at least sev-
eral times to reach the level of neighboring coun-
tries. In order to revive international tourism, it is
necessary to increase the number of border crossing
points. According to the standards of the European
Union, one border crossing point should be approx-
imately 30 km border, whereas in the border oblasts
of Ukraine, the distance between them is three or
even four times higher.

Western oblasts in the Ukrainian tourism mar-
ket have their specialization, formed on the basis of
the range and level of services provided to tourists,
as well as price policy. The tourism product of the
region as a package, including visits, overnight stay,
meals and transport, on the one hand, has retained
its traditional specificity. On the other hand, it has
gained new features related to innovations reflecting
resource potential, as well as world trends. Tradi-
tional products, such as staying on holiday resorts,
skiing, sightseeing, are now complemented by new
ones, such as ethnically sentimental (visitors from
neighboring countries and the Ukrainians living
abroad), conference and ethnographic tourism.

Mutual influence of the motor transport net-
work and tourism industry of the Western region of
Ukraine

The analysis of transport and tourism spheres
shows correspondences between them. There are
many ways and criteria for classification of tourism
types and here the focus is on two: the way of travel
and the purpose of travel. The results of the analysis
of correspondences are presented in two tables.
They have a general trend character, allowing ex-
ceptions to certain unique situations. In parallel, it
turns out that the types of tourism, highlighted by
the way of travel, can be linearly arranged in ac-
cordance with the prevailing category of automobile
roads.

Table 1 shows the trend correspondences be-
tween the types of tourism that are allocated by way
of travel and are presented in the Western region of
Ukraine and their accessibility in the main catego-
ries of automobile roads in the region. The last col-
umn “No automobile roads” in this table (and the
following) concerns the territories of the region
where there are no automobile roads. Categories of
automobile roads are formulated by the last classifi-
cation of 2006.

Table 1
Motor transport accessibility of types of tourism by the way of travel
Way of g @ @ @
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travel 5 5 3 o 2 2
5 £ = S ) &
S S S = £ e
T 3 =% > wn T » S w )
c o © O © T ° =] o =
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Cycling + + + +
Pedestrian + + + +
River +
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The automobile type of tourism uses travelling
on all available automobile roads. However, on local
automobile roads their quality can be rather low, but
this is offset by the opportunity to see the deep-
seated highly attractive tourism objects. Traveling
by car requires not only automobile roads, but also
refueling and service stations.

Cycling type of tourism is localized on all types
of automobile roads, except international. In some
situations, fragments of cycling travels out the au-
tomobile roads are possible along the routes of ex-
isting trails in the area.

Pedestrian tourism logically avoids large auto-
mobile roads and tends to be difficult for transport

areas, as well as to places where there are no roads
of any kind at all.

River tourism in general is not tied to the net-
work of automobile roads. Exceptions may be inter-
section points of rivers with motorways.

Table 2 shows the trend correspondences be-
tween the types of tourism that are allocated by the
purpose of travel and are typical for the Western
region of Ukraine and their accessibility in the main
categories of automobile roads in the region. In par-
allel, it turns out that the types of tourism, allocated
for the purpose of travel, can be linearly arranged in
accordance with the prevailing category of automo-
bile roads.

Table 2
Motor transport accessibility of tourism by the purpose of travel
Way of o @ ) .
y £ = = o) © =
travel S 2 2 c = S
— o
> £ £ e S 2
T o o = %) = IS
—_ O +— +— c O o
T T S » =) - S w = n
c o T T T T < O 50 =T
Types of S = - ® - & gL 28 2
: 22 s 2 e 2 S =2 2 2
tourism S = S S 273 S =
= Q ] = = 2 Y
8 E (=Y (5] 2 o
[ c !q_) ha c —
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Professmnal and + + +
business
Cognitive + + + +
Health + + + +
Pilgrimage + + +
Nostalgic + + +
Fishing + +
Hunting + +

Professional and business tourism logically
tends to the administrative and business centers,
which lie on the automobile roads of high and aver-
age level. Cognitive and health tourism are formally
below the level. There is a difference between them
because cognitive tourism tends to natural and his-
torical and cultural objects, and health tourism tends
to specialized health centers, mainly resorts, located
in environmentally clean, distant from major mo-
torways, areas.

Pilgrimage and nostalgic tourism occupy pre-
dominantly lower levels of road hierarchy, with
some nostalgic travels to larger cities.

Fishing and especially hunting tourism logical-
ly tends to areas that are out of the automobile
roads.

Conclusions

Density of public automobile roads in the
Western region of Ukraine is quite high. In oblasts,
in general, it corresponds to the level of tourism in-
dustry development (except Zakarpattia). The terri-
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torial gravity of the hotel business and tourist flows
to the places of the developed network of automo-
bile roads with amendment to the mountain areas of
the Ukrainian Carpathians is observed.

According to the categories of automobile
roads in the Western region of Ukraine, Lviv oblast
has the best position, while Chernivtsi oblast has the
worst position. The automobile roads of | and Il cat-
egories, technical parameters of which correspond
most closely to modern European and world re-
quirements, are only 9.6% of total length of the
roads in the Western region of Ukraine.

In the background of Ukraine, the Western re-
gion is allocated a large share of sanatorium and spa
establishments (8%), a significant proportion of ho-
tel-type objects (10%), a large share of all tourists
(8%), and the same rate of foreign tourists.

The Western region of Ukraine is attractive for
pedestrian, cycling, automobile, river, fishing, hunt-
ing, health, cognitive, professional and business,
pilgrimage, nostalgic tourism.
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An important factor in the development of tour-
ism in the Western region of Ukraine is its border
position on important trans-border motorways.

Western oblasts in the Ukrainian tourism mar-
ket have their specialization, which is formed on the
basis of the range and level of services provided to
tourists, as well as price policy.

There is a trend correspondence between the

types of tourism, allocated by way of travel and the
prevailing category of automobile roads. Similarly,
the dependence between the types of tourism, allo-
cated for the purpose of travel and the prevailing
category of automobile roads, is revealed. In both
cases, the totality of tourism types can be linearly
arranged according to the categories of roads, in-
cluding a zero category “no automobile roads”.

References
1. Tonosne ynpasninns cmamucmuxu 6 lsano-®Ppankiscekiti oonacmi [Enexmponnuii pecypc]. — Pescum docmyny:
http://www.ifstat.gov.ua/. — 11.05.2018 p. — 3aen. 3 expany.

2. Tonosne ynpaeninnsa cmamucmuxku Yy Bonuncekiii obracmi [Enexmpounuii pecypc]. — Pescum Odocmyny:
http://www.rv.ukrstat.gov.ua. — 11.05.2018 p. — 3aen. 3 expany.

3. Tonosue ynpaeninmwsa cmamucmuxy y 3axapnamcokii obracmi [Enexmponnuii pecypc]. — Pesicum docmyny:
http://www.uz.ukrstat.gov.ua/statinfo/turism/ tur_potoki.pdf. — 11.05.2018 p. — 3aen. 3 expany.

4. Tonosne ynpaeninns cmamucmuxu y Jlvgiecokiti obnacmi [Enexmponnuti pecypc]. — Peaxcum Oocmyny:
www. Iv.ukrstat.gov.ua/ukr/si/year/2016/ t249916_1.pdf. — 11.05.2018 p. — 3aen. 3 expany.

5. Tonosue ynpaseninns cmamucmuxu y Pienencokiti oonacmi [Enexmponnuii pecypc]. — Peaxcum odocmyny:
http://www.rv.ukrstat.gov.ua. — 11.05.2018 p. — 3aen. 3 expany.

6. [Tonosne ynpagninns cmamucmuxu y Teproninvcokiti obnacmi [Enexmponnuti pecypc]. — Peoicum odocmyny:
http://www.te.ukrstat.gov.ua/files/T/ T1.htm. — 11.05.2018 p. — 3aan. 3 expany.

7. Tonosne ynpasninna cmamucmuxu y Xmenvnuywbkiti obracmi [Enexmponnuii pecypc]. — Pexcum oocmyny:
http://www.km.ukrstat.gov.ua/ukr/index.htm. — 11.05.2018 p. — 3azn. 3 expany.

8. Tonoene ynpaeninns cmamucmuxu y UYepuiseyvkiii obnacmi [Enexmpounuti pecypc]. — Peswcum odocmyny:

http://www.cv.ukrstat.gov.ua/. — 11.05.2018 p. — 3aen. 3 expany.

9. I'puyesuu, B.C. T'eoepaghin nioounu ¢ ingopmayiinomy cycninoemsi [Texem] | B.C. Ipuyesuu [l Pecion—2011:
Cmpamezisi onmumanbHo20 pO3GUMKY: Mamepianu mixcHap. nayk.-npakm. koug. — Xapkie: PBB Xapxiecvroeo na-
yionanvrozo yu-my im. B.H. Kapaszina, 2011. — C. 21-23.

10. I'puyesuu, B.C., Iloosipua, X.€. [omenvni 3axraou Jlvsiguunu ma ixwsa OianbHiCmb HA NPUKAAOL MIHCHAPOOHO20
mypusmy [Texcm] / B.C. Ipuyesuu, X.€. Iloosipna // Yaconuc coyianvro-exonomiunoi eeoepagii. — 2012. —
Bun. 12(1). — C. 97-101.

11. I'puyesuu, B.C., [loosipna, X.€. Mixcnapoonuti mypusm y Kapnamcokomy pezioni Ykpainu: pezionanvui acnekmu
ma pozsumox [Texem] | B.C. Ipuyesuu, X.€. Iloosipua // Hayxosuil gicnux Boauncokozo mayionanvnozo yH-my
im. Jleci YVrpainxu. eoepagpiuni nayku. —2012. — Nel8. — C. 170-175.

12. Tpuyesuy, B.C. Ilpoexm 3zaniznuunoi Kpyiznoi Oisibnocmi Ha npukaadi 3axionozo pezciony Ykpainu [Texem] |
B.C. I'puyesuu // Ilepcnexkmusu po3zgumxy indycmpii mypusmy 8 Vkpaini: mamepianu mixcey3iscvkoi suxiadayvbkoi
Haykogo-npakmuuHoi konghepenyii, 5 epyous 2013 poky. — Jlvsis: JIIET, 2014. — C. 23-26.

13. I'puyesuuy, B.C., Cenvkis, M.1. Tononozis i Mempuxa agmompaHcnOPmHO20 RPOCMOPY, SIK YUHHUK MPAHCNOPMHO-
noeicmuunoi oisnonocmi [Texem] / B.C. Ipuyesuu, M.1. Cenvkis // 'eononumuxa u 3Kk02e00UHAMUKA PESUOHOE. —
2014. — Tom 10, Bwin. 2. — C. 483-488.

14. I'puyesuu, B.C., Cenvuyk, X.B. Icmopuxo-zeoepaiuni ocobnueocmi po3eumxy 3ani3HU4HOI mepedici 6 3axionomy
pecioni Vkpainu [Texcm] / B.C. Ipuyesuu, X.B. Cenvuyx // Hayxosi szanucku Tepnonintbcbkoeo HaAyioHANIbHO20
nedaeoziunoeo yHigepcumemy. Ieoepagpis. — 2008. — Ne2. — C. 6-12.

15. Ipuyesuu, B.C., Cenvuyx, X.B. [lonimacicmpani Kapnamcvxoeo peciony Vkpainu [Texcm] / B.C. Ipuyesuu,
X.B. Cenvuyx // Haykosi 3anucku TepHoniibcvkoco HaAyionanbHozo nedazociynozo yHigepcumemy. Ieoepagia. —
2011. — Ne2. — C. 78-83.

16. I'puyesuu, B.C. Cycninvro-eeocpaghiune nisHanHs céimy 5K HAYKOBA KAMe20pisl i 8axciusa cghepa moocvkoi Oisiiib-
nocmi [Texem] / B.C. Ipuyeeuy // Pecionanvhi npobnemu Yxpainu: 2eoepagiunuii anaiiz ma noulyK uLisxié eupi-
wenns. 30. nayk. npays. — Xepcon, 2009. — C. 133-136.

17. Grytsevych, V., Senkiv, M. Transport and logistic potential of the Western Ukrainian borderland [Text] / V.
Grytsevych, M. Senkiv // Journal of Geography, Politics and Society. — 2017. — Vol. 7 (2). — P. 81-86.

18. Feng, Z. Tourism and Transport: Modes, Networks and Flows /Text] / Z. Feng // Tourism geographies. - 2010. -
\ol. 12 (4). — P. 579-582.

19. Podvirna, Kh. Logistical aspects of international tourism activity of Ukraine [Text] / Kh. Podvirna // World Science.
Scientific and Practical Results in 2015. Prospects for Their Development: Proceedings of the International
Scientific and Practical Conference. — Abu-Dhabi (UAE), 2016. — P. 52-55.

20. Taylor, Z., Ciechanski, A. Transport means and organised tourism: empirical evidence from Poland [Text] /
Z. Taylor, A. Ciechanski // Geographia Polonica. — 2016. — \ol. 89 (4). — P. 485-504.

Authors Contribution: All authors have contributed equally to this work.

-08 -


http://www.ifstat.gov.ua/
http://www.rv.ukrstat.gov.ua/
http://www.rv.ukrstat.gov.ua/
http://www.km.ukrstat.gov.ua/ukr/index.htm
http://www.cv.ukrstat.gov.ua/
javascript:;
javascript:;
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=GeneralSearch&qid=8&SID=T1fuSMLXQRePAeqsERi&page=4&doc=31

BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

UDC 911.3:338.4
Volodymyr Stefanovych Grytsevych,
PhD (Geography), Associate Professor, Department of Economic and Social Geography,
Ivan Franko National University of Lviv,
PO Box 2137, Lviv-7, 79007, Ukraine,
e-mail: gvsmg@ukr.net, https://orcid.org/0000-0002-0278-7332;
Khrystyna Yevgenivna Podvirna,
PhD (Geography), Associate Professor of the Department of International Economics and Investment,

Lviv Institute of Economics and Tourism,
8 Mentsynskyi str., Lviv, 79007, Ukraine,

e-mail: kKhrystyna.pod@gmail.com, https://orcid.org/0000-0002-0828-9078;

Mariana lgorivna Senkiv,
PhD (Geography), Assistant of the Department of Tourism, Lviv Polytechnic National University,
130 General Chuprynka str., Lviv, 79057, Ukraine,
e-mail: mariana.i.senkiv@Ipnu.ua, https://orcid.org/0000-0002-2146-3456

MOTOR TRANSPORT NETWORK IN THE WESTERN REGION OF UKRAINE AS AFACTOR
OF TOURISM INDUSTRY DEVELOPMENT

Formulation of the problem. Infrastructure can be a factor of certain industries’ development in the
service sector. Conversely, the development of the service sector may stimulate infrastructure development.

Analysis of recent research and publications. Most of the research is devoted to issues of infrastruc-
ture and services separately, but not to the mutual influence of infrastructure and services.

Selection of previously unsettled parts of the general problem. For studying the peculiarities of the
mutual influence of the motor transport network and specific types of tourism in the Western region of
Ukraine the motor transport infrastructure was considered as part of general infrastructure and tourism indus-
try as part of service sector.

Formulating the purpose of the paper. The purpose of the paper is the human and geographical analy-
sis of the motor transport network of the Western region of Ukraine and spreading of the most developed
types of tourism in the region in order to identify the features of their geospatial interdependence.

Presentation of the main research material. The network of public automobile roads in the Western
region of Ukraine is rather dense, which corresponds to the level of development of the tourism industry in
the oblasts. There is a territorial gravity of the subjects of the hotel business and tourist flows to the places of
a developed network of automobile roads.

In order to analyze the motor transport and tourism spheres for correspondences between them, two
classification criteria of types of tourism are selected: according to the way of travel and the purpose of trav-
el. The types of tourism identified for each criterion can be linearly ordered in accordance with the predomi-
nant category of automobile roads.

Conclusions. Automobile type of tourism uses the ways of travel on all available automobile roads. Cy-
cling type is localized on all types of automobile roads, except international motorways. Pedestrian tourism
tends to places where there are no roads of any class at all.

Business tourism tends to the administrative and business centers that are on the priority automobile
roads. Cognitive tourism tends to the natural, historical and cultural objects, while health tourism tends to the
specialized health centers, mainly resorts. Pilgrim and nostalgic tourism occupy mostly lower levels of the
hierarchy of automobile roads, although some nostalgic travels can be found in large cities. Fishing and, es-
pecially, hunting tourism tends to areas with no automobile roads.

Keywords: motor transport, roads, network, gravity, tourism, flow, oblast, region.
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URBAN REMOTE SENSING WITH LIDAR FOR THE SMART CITY
CONCEPT IMPLEMENTATION

C. B. Kocmpixos. TUHCTAHIIIHHE JIA3EPHE 30HJYBAHHA YPBEAHI3OBAHOI'O CEPEJIOBHIIA JVIA IMILIE-
MEHTAIITI KOHIIEIIIT «PO3YMHOI'O MICTA». Y cmammi posensidacmucs Memodono2iuna nocnioo8Hichlb 6npo6aosceHis
Konyenyii' «Posymnozo Micmay (KPM) - 6i0 yO0ocKoHAeHHs | NOOATbULO20 POIGUMKY iT OKpeMUX TeopemuyHUxX nolodceHb 00 8u-
3HAYeHHs 3ax00i6 wo0o ii npakmuunoi imniemenmayii uepes I'IC-modentogants i n(pocmoposutl ananiz Micbkozo (ypoarizoearnozo)
cepedosunya Ha nIOCmMasi OaHUX OUCMAHYITIHO20 TA3EPHO20 30HOY8ANHS.

Ha niocmagi 3nauno2o nimepamypHozo 02140y po3ensioaiomsves K 3anumu i UKIUKY 000 00CAION#CeHb YPOAHI308AHUX mepU-
mopi, e3aeani, max i wjooo KPM, 30xpema. Pobismbcs ymouHenHs: i y3a2aibHeH ST OKPEMUX NOA0NCeHb yiel Konyenyii. Ypboeeocu-
cmeMuull nioxXio no0acmuvca CManoo Memoooo2i€r0, KA Modxce Cymmego 0ooamu 00 ycniwnoi peanizayii KPM. 3 mouku 30py yvozo
nioxo0y Hasooumuvcsi agmopcovka oedpiniyis kamezopii «Pozymne Micmoy.

Pospobiena i nooaemvcsi memoouuna nocrioosHnicme pobouozo npoyecy «oucmanyivne 3ondysanns — nioap — I'ICy» ons ¢op-
MANI308AHO20 8IOMBOPEHHA «POZYMHO20 MicbKkoeo cepedoguwyay. Pozensdaromeca [IC-inmepgeiic ma @yHKyioHanbHicms opuzina-
JILHO20 NPOSPAMHO20 6€0-3ACMOCY8AHH S I3 00POOKU Ni0ap-0aHux. 30Kpema, nooacmuvcsi OOMAWHA 6e6-CIMOPIHKA 3 MPbOMA 20JI06HU-
MU yHKYyioHanbHUMYU THCmMpyMenmamu: Buokpemnenns apximexmypu 3a6y0oe ma inwoi ingpacmpykmypu micma, Busnauenus
OuHaAMIYHUX 3MiH Y MicbKux 3a0y0oeax; I enepayis monocpa@iunoi nosepxui micma. Y axocmi minvku KiibKox i3 MHOMCUHU MOHCTIU-
BUX NPUKAAOIE PO32nA0aAIOMbCs N simb cyeHapiie (USe CASeS — anel.) 3acmocy8anHs NPOSPamMHo20 3a0e3neyentst Osi GNPOBAOICEHHS!
KPM. Ha 3asepuienns y3a2anvhiolomscs pe3yibmamu 0oCuiodtcets, pooumocs Ha2o10c Ha HeoOXiOHOCMI po3pOOKU KII0U08020 KOM-
nOHeHmy cucmemy NIOMPUMKY NPULHAMMS piuienb - 0a3u 2e00aHux Ol «YPOAHI308aHO20 2e0THPOPMAYILHO20 NPOCMOPY».

Knrwwuogi cnoea: nioap, oucmanyitine nazepue 30H0y8anHs, ypbauizosane cepedosuiye, 2eonpocmoposa NiOWUHA KOHYenyii
«Pozymne Micmoy, inmepgpetic i @pynxyionanvricme eed-3acmocysanns I'IC, cyenapii 3acmocysanus npoepamuo2o 3a6e3neyenns,
cucmema nEOMPUMKU RPULHAMMS PIUEHD.

C. B. Kocmpuxos. JUCTAHITHOHHOE JIA3EPHOE 30HIUPOBAHHUE YPHEAHH3HPOBAHHHOH CPEJbI JUIA
PEAJIN3ALIHH KOHIEIIIIHU «YMHOI'O I'OPO/A». B cmamve paccmampusaemcs mMemoooiocuyeckas nociedosamensb-
Hocmo peanuzayuu Konyenyuu « Ymnozo I'opooay (KVT) - om ycosepuiencmeosanis u OaibHeiue2o pazeumus ee omoeibHblX meo-
pemuuecKux NoNONCeHUll 00 ONpedeleHur0 no onpeoelenus Mmep Nno ee Npakmuyeckou umniemenmayuu nocpedcmeom I HC-
MOOEIUPOBAHUs U NPOCMPAHCMEEHHO20 AHANU3A 20POOCKOU (VPOAHUBUPOBAHHOU) CPedbl HA OCHOBAHUU OAHHBLIX OUCHAHYUOHHO2O
J1a3epHO20 30HOUPOBAHUSL.

Ha ocnosanuu snauumensrozo aumepamypHoeo 0030pa paccmampusaromces, Kax npobiemMHsle MOMEHMbL U 8bI308bl, KACAIOUWU-
ecst UcCnedosanutl ypOaHusUpoOSaHHbIX meppumoputl, 6006we, maxk u omuocawuecs k KYT, 6 uvacmnocmu. Jlenaromes ymounenus u
0600UjeHIUe OMOeNbHBIX NONIONHCEHUU IOt KoHYenyuu. YpbozeocucmemHuiti no0xXo0 npeonazaemcs 8 Kkavecmeae yCmouuueo memo-
odonoeuu, KOmopas Modjcem CywecmeenHo nocnocoocmeosams yenewnou peanuzayuu KYI C mouxu 3penus smoeo nooxooda daemcs
asmopckas oepunuyus kamezopuu « Ymnuiii 1opooy.

Paspabomana u npedcmasnena memoouyeckas nocied08ameIbHOCmMy paboue2o npoyecca «OUCAHYUOHHOe 30HOUPOBaHUe —
auoap — FUCy 0ns popmanuzo8annozo Mooenuposanust YMHoU 20poockoll cpedvly. Paccmampusaromes T'HC-unmepeiic u ¢yHk-
YUOHATBHOCMb OPUSUHATLHOZ0 NPOSPAMMHO20 8e0-NpUnodiceHuss 018 00pabomxu audap-0auHvix. B wacmuocmu, npedcmagnena 0o-
MAWHAs 8e6-Cmpanuya ¢ mpems OCHOBHLIMU PYHKYUOHATLHLIMU UHCMPYMeHmamu: Bvlidenenue apxumexmypul 3acmpoex u opy2ou
ungpacmpyxmypul 2opooa; Onpedenenue OUHAMUYECKUX USMEHEHUU 8 2opoOcKux 3acmpotixax; I'enepayus monocpaguueckoii no-
gepxHocmu 20poodda. B kauecmee monvKko HeCKONbKUX U3 MHONCECHIBA 803MOICHBIX NPUMEPOS PACCMAMPUBAIOMCS NAMb CYeHapues
(use cases — awnen.) npumenenus npoepammmozo obecnevenus ona peanusayuu KYI. B 3asepuienue 0606warnmcs pe3yibmamyl uc-
cnedosanus, noOYepKUBAemcs HeobXo0UMOCMy paspaboOmKU Kao4e6020 KOMHOHEHMA CUCMeEMbl NOOOEPHCKU NPUHAMUS PeuleHull -
6a3v1 2e00aHHbIX 018 YPOAHUIUPOBAHHO2O 2e0UHPOPMAYUOHHO20 NPOCHPAHCIBA ».

Knrouesvie cnoga: nuoap, oucmanyuontoe iazeproe 30HOUposanue, ypoaHusuposanHas cpeod, 2eonpocmpancmeeHHblil dc-
nexkm Konyenyuu « Ymuouii Iopooy, unmepgpeiic u gpynxyuonansnocms ée6-npunodicenus I UC, cyenapuu npumenenus npoespammHozo
obecneuenuss, cucmema noOOEPIHCKU NPUHAMUSL PEULEHUL.

Introduction of the problem. Global urbaniza-
tion remains one of the most challenging present
and future problem in the world. Moreover, the hu-
mankind probably still has not realized the multiple
dimensions of this phenomenon. The world urban
population has increased dramatically from 751 mil-
lion in nineteen fifty to 4.2 billion in two thousand
eighteen, according to the document issued by UN
DESA [1]. This report also emphasizes that, despite
its relatively lower level of urbanization in Asia,

there are located up to 55% of the urban population
of the world. There are numerous intriguing facts
about the cities over the globe in different publica-
tions that merit attention. Thus, the tenth part of the
population lived in thirty metropolises several year
ago yet, while six hundred of cities possessed the
world population quarter then [2]

Thus, the continuing significant growth of ur-
ban population all over the world, but, first of all, in
Africa, Asia, and Latin America, forces us to seek

© Kostrikov S. V.

https://doi.org/10.26565/2410-7360-2019-50-08

-101-


mailto:sergiy.kostrikov@eosda.com
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X
https://orcid.org/0000-0001-9943-384X

Cepisi «[eonoeisi. [eoepagbisi. Ekonoeisi», sunyck 50

for new advances in the Urban Studies domain, what
primarily means to involve new approaches and
techniques in the Information Technology and Ur-
ban Remote Sensing. Since the majority of develop-
ing countries are situated in the Tropical and Sub-
tropical geographical belts, the drastic effects of that
local urbanization on the tropical environment and
the global climate deserve the closest attention [3].
Thus, remote sensing data processing and modeling
tools, that may assist in urban studies, can hardly be
overvalued. The First Earth Observation Summit
issued in 2003 a declaration to organize the ad hoc
international Group on Earth Observation (ad hoc
GEO). The GEO plan has established a framework
paper announcing the Global Earth Observation
System of Systems (GEOSS) and outlined nine are-
as of its social benefits [4]. Quite a few publications
have appeared since then, which contribute to the
GEO Strategic Plan, while one of the most signifi-
cant texts among all of them, in our opinion, is a
book on remote sensing on sustainability [5].

GEO started a working plan a “Global Urban
Observation and Information™ Initiative since 2016.
The top-managers of this initiative arranged six
main aims for the period up to 2025 [6]. The key
features of the contemporary urban development
have caused a number of challengers that require the
innovative technological introductions in urban
studies. These challengers and the innovations have
been already summarized in one of our previous
papers [7]:

»  With prompt development and changes of ur-
banization process, the studies of urban systems
are also becoming more and more complicated;

* The number of cities increased and the urban
territories have been enlarged with a rapid
speed, especially in developing countries;

» Fast growing regions with extensive urban con-
structions become more and more numerous;

* A necessity for accurate terrain models for ur-
ban planning or related sophisticated spatial da-
ta processing becomes quite understandable;

* A need for effective automated buildings sur-
vey to determine quantity and quality charac-
teristics of architectural changes that took place
over time is accepted as a mandatory compo-
nent of urban monitoring;

» Precise environmental surveys over the key cit-
ies in the regions with extensive remote sensing
data analysis should be regularly provided.
Despite the urban areas cover only 2% of the

globe surface in the latest years, they possess more
than half of the world population, and consume up
to three quarters of the total produced energy, which,
in its turn, generates more than 80% of greenhouse
effect [8]. Thus, it is evident that a problem of opti-
mal development for urban settlements has been a

major problem for their residents, builders, and mu-
nicipalities since past centuries. The definition of
“urbanism” itself was introduced as long ago as at
the end of the nineteenth century [9]. This definition
was already considered then as a delineated category
of transforming urban slums into the livable envi-
ronment with the goals of delivering it into sustain-
able one. The source, we have just referred to, made
an origin of quite a few publications, but the book
“City: its growth, its decay, its future stands alone in
this row [10]. Practically, just this book introduced
the understanding of smart cities as distinct entities,
also it employed somewhat another lexicon for de-
scription those geographical spaces intended to im-
prove city livability and workability. That in con-
temporary terms means — to make a city to be more
sustainable. Actually “Sustainable Cities” and “Dig-
ital Cities” were those intermediate benchmarks,
through which “the Cities of the Future” category
has been transformed into the Smart Cities funda-
mental idea [11]. The IBM Corporation was really
the first institution, which began to develop the
Smart City concept (the SCC) within the frame-
works of its “Smarter Planet initiative” by the end of
the first decade of this century, when the drastic
economic crisis burst out [12]. The first Smart City
advances have been summarized as an integration of
the modern technologies, features of urban sustaina-
bility, and social implication [13].

The ultimate research goal of our paper is to
represent an effective multifunctional approach,
which would combine the author’s urbogeosystem
theory [7] with the Urban Remote Sensing (URS)
technigue for LIiDAR (Light Detection and Ranging)
data processing provided by the original web-based
GIS-software [14]. Such combined attempt contrib-
utes both to the theoretical clarification of a city role
as a driver for all environmental and urban systems,
and to the applied implementation of the Smart City
Concept.

The key elements of the Smart City concept
within a geospatial perspective. Since exactly the
geographic information of urban development such
as maps of regional topography and vegetation, in-
frastructural network maps and census maps is high-
ly necessary for the SCC implementation exactly
because of this concept’s definite geospatial per-
spective. Precisely this affiliation (a geospatial per-
spective < the Smart City concept) implies at least
three basic assumptions and up to five key elements.

Firstly, the innovative methods, in particular,
the urban remote sensing for the relevant geodata-
base content are mandatory to be involved.

Secondly, the original theoretical approach,
e.g., the concept of urban geographical systems has
to be chosen for an effective processing pipeline
construction in a case of a robust and consistent im-
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plementation of the SCC. These both first, and sec-
ond assumptions have been already highlighted in
the introductory section of our paper.

Thirdly, those key elements of the SCC, that di-
rectly connected with its geospatial perspective,
should be delineated, explained, and listed. This is
being done in this section of the paper.

The huge number of publications in the SCC
domain have appeared only for few recent years. It
looks like to be some problem to choose the neces-
sary core elements of this concept from a tremen-
dous number of relevant definitions made. Due to
existing thoughts, such key element as an innova-
tion can be selected as a leading one in the general
outline of this approach [15]. The key constituents
of this extended review of the Smart Cities’s work-
ing definitions include: “A city well-performing in a
forward-looking way...” [16, P. 8]; “A city that
monitors and integrates conditions of all of its criti-
cal infrastructures” [17]; “....connecting the physi-
cal infrastructure, the IT infrastructure, the social
infrastructure, and the business infrastructure to lev-
erage the collective intelligence of the city” [18];
“...combining ICT and Web 2.0 technology with
other organizational, design and planning efforts
to.... help to identify new, innovative solutions to
city management complexity, in order to improve
sustainability and livability” [19]; “The use of Smart
Computing technologies to make the critical infra-
structure components and services of a city... ....
more intelligent, interconnected, and efficient” [20].

Thus, the innovation as the Smart City con-
cept s first key element is implied in one way or in
another in all these five quotations mentioned
above. We do accept exactly this idea, because an
urban innovation can be implemented only in a geo-
spatial perspective of the urban space, while this
perspective is being considered in the next section
of our paper. In this aspect we define a Smart City
as a comprehensive procedure of innovations within
the urban trinity: 1) urban residents, 2) local infra-
structural network, both municipal, and commercial,
3) urban processes and phenomenon.

The Smart City concept’s second key element
may be selected as its scalability. The normal way
of the SCC evolution is its moving from some par-
ticular projects to some international strategies,
through which the city challenges are addressed up-
on different scales - national, regional, international
[21]. These authors, we have just referred to, em-
phasize: “Thus, it has been observed that it is neces-
sary develop a strategy within city framework to
articulate projects in different dimensions in order to
achieve a holistic and comprehensive vision”. Ac-
cording to this, the global scale is the mandatory
premise of City balance in various dimensions,
which only can contribute to the SCC good perfor-
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mance. Without the global goals, the SCC sooner of
all performs quite vague projects, which results are
not able to be expanded to other scales. Many re-
searches do agree with such conclusion [13, 22-24].
The global or national scales may provide negative
impact on urban sustainability and, understandably,
on the SCC implementation perspectives, because of
the peculiarities of the pollical system in a certain
country, as in contemporary Russia [25].

Thus, the cities corresponding to the SCC can
be displayed as the instrumental combination across
many urban scales [26]. These technological and
information instruments are connected through mul-
tiple networks in a city, and some of these networks
can provide continuous data concerning the move-
ments of human and physical capitals. From these
flows of initial data, the flow of derivative data is
generated, which substantially contributes to the
formation of the whole city content. Nonetheless,
the cities become smart, only if they provide some
intelligence functions. These functions mix, inte-
grate, and combine initial data purposely, finding the
ways of enhancing the efficiency, social equity, envi-
ronmental security, and long-term sustainability of
residents’ life in smart cities. After all, it is quite
understandable, that the Smart City’s scalability is
also related to its geospatial perspective.

Gathering, measuring, and mining of the spa-
tial urban data can be accepted as the Smart City
concept'’s third key element. Flows of people, mate-
rials, and energy within urban areas can be automat-
ically sensed for the time being due to the modern
information technologies, and the data relevant are
generated. This has taken place mainly for three lat-
est decades. These data enhanced by the remote
sensing information were normally gathered and
displayed with geoinformation tools, firstly with
desktop ones, and later on with the processing and
visual systems on the web, where various urban
maps used for navigation, spatial distribution values,
and predicting spatial estimation were the ultimate
results [27-32].

While satellite remote sensing pixel images
with urban information have been significantly em-
ployed for several recent decades, the LIDAR sur-
veying technique gradually becomes the dominant
one as both local, and regional scale sensing, what
can be available with the variety of scanning hard-
ware and point cloud data processing software ap-
peared mainly in two recent decades [33]. An Air-
borne LIDAR system usually returns a 3D cloud of
point measurements from mirrored features scanned
by the laser beneath the air-flight route. This three-
dimensional cloud with irregular spacing reflects
various discrete feature within some AOI (an area of
interest). The laser-scanned features normally in-
clude buildings, other human infrastructure objects,
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different vegetation belts (canopy and understory),
and “bare earth.” To generate a Digital Elevation
Model (a DEM), measurements from ground and
nonground objects have to be calculated and classi-
fied. We can utilize the linear least squares interpo-
lation technique iteratively to remove tree measure-
ments and generate a DEM in urbanized areas.

The key premise of the involvement of the ur-
ban remote sensing in general, and the LIiDAR sur-
veying technique, in particular, as well as the em-
ployment of the geoinformation technology for the
contemporary urban studies is conditioned by the
fact that the digital sensors have become the main
source of the initial information for the Smart City’s
concept implementation. Modern digital sensors and
GIS-technologies for the urban traffic information
processing can suggest robust topological model of
optimized traffic trajectories, which contribute to the
sustainable urban traffic evolution [34-37]. These
systematic studies are normally implemented
through those gathering, measuring, and mining of
the spatial urban data. Moreover, these procedures
lie within already mentioned the SCC geospatial
perspective too, and put together that third key ele-
ment of this concept.

The addressing environmental challengers is
considered as the Smart City concept’s fourth key
element within its geospatial perspective, and the
last but one in the list introduced in this paper sec-
tion. Understandably typical challenges are urban
pollution and a necessity to pacify the greenhouse
effect. It is a well-known fact, large urban areas con-
sume more, than 75% of energy generated in the
world [38]. It is understandable that many studies
focused on the urban environmental policy as long
ago as few decades before the Smart City concept
took its contemporary form. For example, the semi-
nal book “Nature and the City” takes a look back at
early nineties discussing the new policy discourse
for looking at urban environmental problems within
the frameworks of the ecological modernization
concept [39]. This monograph highlights the case
studies of environmental policy making in two big
cities — Toronto and Los Angeles. The important
performance of the actual environmental entities,
river watersheds, in urban landscapes of both cities
are emphasized, and this is only one from many ex-
amples of the geospatial perspective involvement.
Addressing environmental challengers upon the
SCC implementation should be provided in the most
possible complex way by combining these (envi-
ronmental) issues with other ones related to eco-
nomic and social projects, governance, human is-
sues and living standards [21]. Only this complex
and combined outgoing derivative result can be ac-
cepted as the fundamental for the elaboration of the
Smart City strategy for meeting present and future

city problems in various urban dimensions. Alterna-
tively, some authors introduce the category of
“Larger Environmental Context”, in which they in-
clude different dimensions, almost those ones,
which compound various constituents of the deriva-
tive result mentioned above — economic, social, cul-
tural, and even geopolitical issues [15, 40, 41].

The interlink between the smart meter infor-
mation and the geo-sensor information, which is
used to achieve knowledge and awareness with re-
spect to human — urban environment interactions, is
the fifth key element of the SCC in the geospatial
perspective. It is the last one in our list, and the
whole content of this SCC key element is reasoned
by a complicated interlacement of physical and digi-
tal technologies with environmental and social phe-
nomena in a city, while derivative information about
this interlacement must be sensed, recorded and
quantified [42-44]. With drastic increase of smart
meter and digital sensors and completion of such
entities, like the advanced metering infrastructure
and the Internet of Things, a Smart City has to be
equipped and covered with different networks of
electronic devices. These networks must be sustain-
able enough with respect to the city social dynam-
ics, and moreover — concerning probable unfavora-
ble environmental events [45, 46].

Various sets and varieties of physical/digital
sensors and digital/physical meters within a given
urban area are able to contribute to functional con-
figurations of wurban decision support systems
(UDSS) only in case, when these sensors and meters
can delineate as effective picture of an urban life as
it possible exactly in its spatiotemporal context [42,
47-49]. The spatiotemporal context of urban infor-
mation is that only entity, which actually opens the
geospatial perspective of the SCC. Just because of
urban population high densities and concentrations
in a typical city area, the latter consists of numerous
interactions (human — urban environment; human —
urban infrastructure; urban infrastructure — urban
environment) between urban citizens and their sur-
roundings and produces extremely complicated
view of the human geographical phenomenon of a
given city. An UDSS mentioned above if planned to
be involved in the SCC implementation should have
an option to register the dynamics of those interac-
tion within different city districts, on different dates,
and at different times. Only upon these conditions a
complete geospatial perspective can be seen on the
base of the empirical urban information gathered
from sensor networks.

Thus, we have outlined in this paper section
following five key elements of the Smart City con-
cept in the geospatial perspective: Innovations;
Scalability; Data gathering, measuring, and mining;
Addressing environmental challengers; Interlink
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between the smart meter information and the geo-
sensor information.

In two following sections we, first of all, exam-
ine more in details one from three basic assumptions
of the “geospatial perspective < Smart City con-
cept” affiliation - the urbogeosystem approach.
Then we consider involvement of five key elements
delineated in building the city geospatial infor-
mation space.

The urbogeosystemic approach as a tool for
simulating the “smart urban environment” — a
core node of the Smart City hierarchy. The author
of this paper has already published several texts in
the concept of urban geographic systems for few
recent years [7, 50-53]. As the key premise of the
urbogeosystemic approach the theory of cities as
systems of systems has been taken, which was intro-
duced as long before as in late seventies of the for-
mer century [54]. Once we did outline the category
of an urban geographic system as follows. An urbo-
geosystem (UGS) is “.... an urban system, which...
....not only allows providing all necessary prerequi-
sites for GIS (a geographical information system)
involvement in urban studies, but also secures de-
tailed consideration of the most of linkages and rela-
tionships within a given area and reveals pure emer-
gent properties....” [7, P. 110].

Although the urbogeosystematic approach has
been listed above only as the second key assumption
of the Smart City concept’s implementation within a
geospatial perspective, it can be understandably ac-
cepted as the central combining one, which builds a
bridge between the urban remote sensing and out-
lined above five key elements of the SCC — two oth-
er key assumptions. In this way all three ones be-
come linked together, while a real urbogeosystem,
that functionates within a certain extent of the geo-
graphical space, can be presented by the urboge-
osystemic ontological model (UOM). We understand
the latter as some kind of a trinity-tripod, that
strongly relies on support for and on interconnec-
tions among all three of its constituents (urban citi-
zens, municipal infrastructure, urbanistic processes
and phenomena), what taken all together provide
that sustainable operating of a given city, which can
be evaluated as ‘“smart operating” according to
several existing criteria. Moreover, the UOM facili-
tates to delineate the core issue of the Smart City
concept within its geospatial perspective - a place of
the “smart urban environment” in the whole hierar-
chy of the series of environments related to a Smart
City (Fig. 1).

The author of this paper has outlined the UOM
hierarchy based on what was introduced before as
“smart city models” in several literature sources [11,
15-17, 26, 55-58]. Really all these models corre-
spond to the “cities as systems of systems” theory,
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according to which a smart city is a system, that
consists of a number of sub-systems. The practical
implementation of the SCC can be exactly started
from a creation of a simulating model for a certain
selected city. This simulating model is based on the
urban remote sensing data, in general [59], or on the
LiDAR surveying results, in particular [7, 14, 33,
50]. After a city computer model is generated, desir-
ably, according to 3D City GML standards, the
structure of the conceptual UOM of an urban geo-
graphical system outlined on the figure below is rea-
sonable to be accepted as the ultimate architectural
design for this model, that simulates a Smart City. If
the “smart urban environment” is a core node of this
targeted construction of an urbogeosystem as illus-
trated, then numerous technological, environmental,
and socioeconomic solutions made on the way to the
SCC implementation, should be oriented to outlined
hierarchy of this UOM (see Fig. 1) [51].

All dimensions in one way or in another in-
volved in the initial presentation of the urbogeosys-
temic approach [50-53] can be delineated in the ur-
bogeosystemic ontological model outlined above: 1)
urban remote sensing data; 2) an applicable Human
Geography model; 3) digital information processed
into the GIS-primitives; 4) the definite geospatial
aspects of all interrelated states of urban environ-
ment delineated by this ontological model of an ur-
bogeosystem.

In their turn, all five key elements of the SCC
within its geospatial perspective can be easily found
within the UOM hierarchy too: innovations made in
the municipal infrastructure will definitely impact
urban processes and local residents; scalability be-
comes an almost mandatory issue due to the necessi-
ty to provide policy and management through vari-
ous spatial scales and socioeconomic scopes; data
mining makes it possible to view the information
proceeding from all three pillars (people, processes,
city infrastructure) in a whole picture; environmen-
tal challengers are dominant in few blocks of the
UOM hierarchy; and interlink among various
sources of urban digital information is the only one,
which makes this hierarchy to be sustainable one.
Summarizing two first sections of our paper, that
directly examine the Smart City entity, related urban
phenomena, and relevant solutions, it is necessary to
complete one more only issue — to attempt to outline
the Smart City category from the urbogeosystemic
approach’s point of view. As basic fundamentals for
such outline can be selected those generalizing defi-
nitions, which from our point of view are the closest
ones to our comprehensive frameworks [15,56,
60,61].

Thus, the Smart City from the point of view of
the urgogeosystemic approach is a city, which oper-
ates as a system of sub-systems in robust, sustaina-
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ble, and intelligent way. It is a city that possesses a
comprehensive commitment to digital technologies,
information managerial practice, and public policy.
Three supporting pillars for such city are people —

Municipal
infrastructure

its residents, managed urban processes, and infra-
structural networks, while the core entity for a
whole construction is the
ment” (see Fig. 1).

““ .
smart urban environ-

Urbanistic
processes and
phenomena

Livable urban
environment according
to both environmental
and social factors

Urban citizens

«Smart Urban
Environment»

Environmental
issues of urban
environment

Sustainable
urban
environment

geographical
issues of urban

Socially equitable urban
environment

Fig. 1. An ontological model of the UGS with a place of the smart urban environment” in the whole hierar-
chy of the series of environments related to the Smart City [51, P. 110]

Processing results of LiDAR surveying tech-
nique. Both Airborne and Terrestrial LIDAR survey
have been very demanded in urban environment
because of its uniqueness in comparison with other
URS results. We have already explained and proved,
why 3D city models obtained from a LiDAR survey
through extraction, segmentation, reconstruction,
and analysis can hardly be overvalued [7, 62].

Key publications that introduced and discussed
similar ideas have been issued for ten-fourteen re-
cent years only [33, 63-67]. The automated building
and other man-made feature extraction from LIiDAR
point clouds together with the relevant topography
generation is one of the most challenging research
and development goals for city monitoring proce-
dures as well as for support the urban environment

by means of informatic software and digital net-
works. Airborne Laser Surveying (ALS) technique
or LIDAR has become quite popular since late nine-
ties, because it provides a fast data collection for a
3D Scene over a massive territory [68].
Contemporary research technique normally
combines other data on extracting buildings or uses
pre-defined building models, so that the latter would
correspond to the roof structures. Surely there are
quite a few alternative solutions in the literature to
reconstruct the 3D buildings without any supple-
mentary data and predefined roof styles [69]. Also,
some attempts were published as long as 15 years
ago, that related to use the captured data and convert
them into CAD-type models, which would contain
walls, roof planes and other building segment planes
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as well as bare ground which can be promptly visu-
alized from any 3D viewpoint [70].

We have already mentioned above a key sub-
ject of LIiDAR applications for urban studies — 3D
City Models. Besides this the LiDAR surveying
technique has been broadly used in many other ur-
ban studies, thus becoming a fundamental for the
Smart City concept implementation. In the key exist-
ing reviewers on LIDAR survey and its results pro-
cessing for urban land cover classification, five
basic domains have been toughly discussed: (1) ur-
ban architectural morphology and vegetation analy-
sis, (2) urban flood risk assessment, (3) extracting
power transmission lines and other infrastructure,
e.g., bridges and roads, (4) modeling GPS/airport
signal obstacles, and (5) estimation of solar radia-
tion potential [33, 71].

All LiDAR platforms are either Airborne Li-
DAR (ALS) — Unmanned Aerial Vehicle (UAV Li-
DAR), or Terrestrial (Mobile) (MLS) ones. With
drastically expanding demand for 3D city models
and relevant DEMs, also taking into account in-
creasing availability of ALS / MLS data, 3D build-
ing models of robust topology and correct geometry
have become the most prominent features of urban
environment modeled by LIDAR data processed
[14, 33, 50, 62, 65-70, 72, 73]. Evidently, 3D city
models as representations of a 3D geometry of ur-
ban environment can be obtained from quite various
sources [74], but just LIDAR data accepted as the
most preferable ones according to the series of un-
derstandable reasons. In general, all applied do-
mains of LiDAR surveying techniques may be de-
fined by three following advantages of its approach:
1) High accuracy of the geospatial data collected by
LiDAR. Its Point Clouds may illustrate the location
of real natural landscape / urban features in a minute
details, while an infinitesimal peculiarity may make
difference, and it can obscure the whole view of a
3D Scene; 2) Data through an AOI can be collected
promptly, and in a costly effective way. Thus, it is
possible to hold a quite accurate geospatial monitor-
ing of large areas. This allows to identify urban
change detection from multitemporal LiDAR data
sets; 3) LIDAR surveying technigque provides collec-
tion of raw data concerning all the features on the
earth surface that belongs to three sets: inanimate
nature, vegetation cover, and man-made construc-
tions, buildings, first of all.

Summarizing 1)-3) items that directly relate to
the Smart Cities solutions, we should emphasize that
the key advantage of the LiDAR technique may lie
in that perspective, which allows to build 3D city
models within huge territories in an extremely short
period of time. Just due to this fact the technology
can hardly be overvalued for the urban planning
industrial area. What is more, correct 3D city mod-
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els as well as highly accurate DEMs are required for
many applications implemented within urban areas
including Telecom-issues and wireless communica-
tion (the line of sight calculation, optimal allocation
of transmitters), emergency response planning, air /
noise pollution modelling, municipal infrastructure
planning. It is remarkable that all this listed general-
ly coincides with the Smart City necessities reported
not only for Western Europe [42, 46], but also for
Ukraine [75], as well as for Russia [76].

Our understanding of the LiDAR processing
software position in the original illustration with the
comprehensive operational URS / LiDAR / GIS
workflow for the Smart City implementation is de-
fined on Fig. 2. This flowchart directly proceeds
from all introduced in our text above.

Urban Remote Sensing for data mining / city
analytics and the EOS LiDAR Tool. ELIT (EOS
LiDAR Tool) software is both a separate web-based
(network) generator (an engine) — ELIT Server, and
an integrated component of EOS Platform-as-a-
Service software — ELIT Cloud, both developed with
leading participation of this paper’s author [7, 14,
62, 77]. The allied one to these two products is our
desktop ElitCore software, that possesses even
broader functionality. All three mentioned products
are the sophisticated solutions based on the compli-
cated algorithms for urban environment modeling
and analysis. Two products of this software family
normally perform from the Web browser installed
on the user’s workstation. A series of ELiT end user’s
cases can be applicable with all five ELIT key func-
tionalities: BE — Building Extraction, BEF — Building
Extraction with Footprint; BERA — Building Extrac-
tion Rural Area, CD — Change Detection, DEM-G -
Digital Elevation Model Generation [Fig. 3]. Some
of these use cases are presented in the next section of
this paper.

First of all, we have to examine briefly straight-
forward advantages of using this LiDAR data pro-
cessing software and to outline what peculiarities
would demonstrate any applied Smart City project of
real data, that we attempt to complete?

In previous attempts the delivery “urban set-
tlements into smart cities” have been considered,
realized, and planned through several levels [26, 28,
78], and the scalability procedure mentioned in this
text above could be applied then for interchange of
the information obtained from various levels. By
processing LIDAR data, the ELIT software provides
huge volumes of information for different applica-
tions and reveals several attractive advantages due
to applying to these urban levels, over traditional
methods for mapping with other remote sensing da-
ta. ELIT functionalities result from that fact, accord-
ing to which LiDAR data alter the whole concept of
urban mapping and gaining popularity in domains
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such as heavy urban networking and massive data
integration, pollution monitoring and urban land
classification. All these domains can take an ad-
vantage of combining LiDAR data and ELIT geoin-
formation functionality to provide analysis and
manage, visualize, and disseminate results of so-
phisticated processing of LiDAR Point Clouds as it
outlined on Fig. 2. After a block of 3D Reconstruc-
tion a flowchart leads to the unit of Geomodeling &
Building a Geodatabase.

The ELIT multifunctional approach is that key
premise, which connects up all these diverse com-
ponents in the robust geoinformation workflow (refer
to Fig. 2). The key output of this workflow, Final
display of the Smart Urban Environment, is the ap-
plied results of a theoretical entity presentation out-
lined and explained earlier (refer to Fig. 1). In this
way, processing results of LIiDAR surveys ELIT soft-
ware can relate the infrastructures of smart cities to
their optimal planning and further functioning
through the urban decision support systems men-
tioned in this text above in a case, when ELIT Server
becomes a functional component of such UDSS. Five
menus of relevant sub-pages suggest then all neces-
sary calibrated instruments for municipal solutions
within three basic classes of the functionalities neces-
sary: Automated Feature Extraction, Urban Change
Detection, Topographic Modeling & Analysis (refer
to Fig. 3).

Despite single known lame summarizing, where
one could hardly see any connection between LIiDAR
and Smart City issues, although it attempts to provide
some “direct bridge” from one to another [79], the
majority of other “heavyweight” examples, if they are
not directly related to the provision of LIiDAR results
for Smart Cities, but they suggest the definitely rele-
vant solutions in subject areas of: 1) solid, impervious
surface extraction in urban areas [80, 81], what, as a
rule, strongly indicates marginally urbanized land-
scapes; 2) quality assessment of urban environment
[33, 82]; 3) monitoring of city alterations through
change detection [83-86]; 4) urban feature extraction
and 3D reconstruction for city planning; there is a
real “universe” of literature in this area, thus we do
not make any relevant number of references in this
#4, but refer only to few key ones [33, 62-64, 70, 73,
87-89]; 5) geoscience applications for urban studies;
processing results of LiIDAR scanning equipment can
provide uniquely accurate topographic X, Y, and Z
coordinates of the bare ground surface, including
large topographic forms [90] what is highly demand-
ed for urban housing development as well as damag-
es from natural hazards (landslides, debris flow,
earthquake damages), which can occur in city areas
[91-93].

Feasible ELIT software use cases for the SCC
implementation lie within each of 1)-5) issues and
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can be provided by all five options of this web-
application menu TOOLS: Building Extraction,
Building Extraction with Footprint, Building Extrac-
tion Rural Area, Change Detection, DEM Generation
(refer to Fig. 3). According to the mandatory limited
volume of this paper we are able to examine only a
couple of combined use cases related to BE / BEF /
BERA functionalities.

The range of Smart City applications dealing
with these ELIT functionalities is quite long: urban
and municipal planning, environmental planning
and monitoring, insurance policy and procedures,
optimization of sensor placement for technological
networks, locational based services, housing devel-
opment simulations, shadow estimation. In all these
use cases a building model can be a primary object
of interest. Although the ELIT approach does not
prescribe any semantics to these models, it is possi-
ble such simplified models to interpret city dynam-
ics and networks by examining spatiotemporal
changes, and even estimating land use and services
distribution in an urban area [94]. Besides these in-
dustrial areas we can outline the necessity of build-
ing model extraction from Point Cloud .LAS due to
following reasons:

¢ to generate complex city mapping products;

e to provide various building renderings;

o to perform advanced three-dimensional
modeling as the first step to creating complete and
multifunctional digital city models.

Low cost per a surveyed city parcel, functional-
ity of monitoring through a large urban /rural territo-
ry promptly and with high level of details are only
first few primary advantages of the robust LiDAR
pipeline, that necessarily includes the ELIiT func-
tionalities. Joining of the global mapping coverage
(e.g., ESRI imagery, Open Street Maps) with the
ELiT BE / BEF/ BERA / CD / DEM-G models expe-
dites in easier understanding of the existing urban
situation and needs much less resources for interpre-
tation of derivative results, than traditional manual
city maps, or even 2D digital cadaster units. Opera-
tional decision-making can be completed in a very
prompt and cost-effective way within a given urban
area with a number of multifunctional ELIT 3D city
models.

For a few recent years most of the urban data,
that can be used for understanding a smart city, have
come from the GIS data collecting technigues that
include 1) the satellite-enable GPS georeferencing
provided for the URS procedures, 2) results of data
collecting from technological networks with digital
sensors, 3) results of data collecting from dense
built-up areas that demonstrate a definite small-scale
heterogeneity, 4) data from scanning surveying
techniques that differ within a range of a whole city/
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a city district / a block scopes, and even can focus
on minute city parcels, 5) data acquisition from mul-
tiple sources of different nature including on-line
sensors, 6) completion of 1)-5 issues integration in
the newly geodatabases for Smart Cities, what
would correspond to Building a Geodatabase block
of an operational URS / LiDAR / GIS-workflow (re-
fer to Fig. 2).

URS data mining / city analytics for the Smart
Cities, which consists of six relevant to urban data
issues delineated above, strongly corresponds to the
geospatial perspective of the Smart City concept, in
general, and to five key elements of the SCC in the
geospatial perspective, in particular. On the base of
the following references all six issues delineated for
urban data mining can be easily put in compliance
with three key subject areas examined in our paper:
Data collection, integration, and further processing
for the SCC implementation, including spatiotem-
poral data management and adding data value by
integration of the massive data by ICT (Information
and Telecommunication Technologies) [26, 60, 95];
Urban remote sensing, which generates, first of all,
building information, which is used for several ap-
plications directly related to the paradigm of the
Smart Cities, enhancing routing URS technique by
computer vision and socioeconomic approaches [93,
95, 96]; LiDAR surveying technique for the “smart
urban environment” simulation (refer to Fig. 1) [63-
68, 73, 80-93, 98, 99]. The whole framework of the
URS data mining also implies the following three
steps of each use case development that should take
place for any ELIT functionality selected for the
SCC implementation:

1. Selection of an appropriate functionality for
a given project data requirement, taking into account
the working environment, in which the given Li-
DAR dataset are being collected. 2. Definition of a
complete and transparent approach to define uncer-
tainty in urban modeling with respect to modeling
error measurements such that the urban planning
procedure bankability requirements are met. 3. Un-
dertaking reliable and transparent comparison of the
ELIiT modeled results with the other information (a
municipal cadaster, global maps, etc.) due to city
buildings, infrastructures, other assets, and topo-
graphic surface.

The Urban Planning domain mainly is the dis-
ciplinary area of the strategic and long-term land
use planning, which considers several aspects of
both natural and human environments for munici-
palities and communities [100]. The key issue in
here is that upon the SCC this subject area becomes
much broader and, what is more, it triggers through
URS data mining, ICT involvement and digital net-
works. The municipalities have to obtain an efficient
geoinformation spaces is a mandatory pre-requisite
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for planned urban growth and functioning the sys-
tem-wide effect in operations and functions of this
urban area. The only possible solution that takes this
effect into account is the join-up urban planning,
which means reliable tracking of this effect even
upon the massive data integration [26, P. 491].

The effective method for meeting the coming
demands in Smart Cities urban planning and man-
agement sectors is to develop the georeferenced da-
ta of LiDAR survey web-based processing applica-
tion and a Web GIS-platform for the generation of
3D city models. The latter, in their turn, would sig-
nificantly contribute to simulation of the completely
new urban intelligence operations and functions by
the modern ICT, that are provided for sustainable
functioning of urban territories. Such combination
(LiDAR survey + Web-application, e.g., ELIT +
GIS-platform) can be considered as the only tool for
modeling and displaying an entity, which we outline
as the “Smart Urban Environment”.

The ELIT software use cases for the Smart
Cities. As it has been emphasized above, only use
cases related to BE / BEF / BERA functionalities can
be briefly examined in this text. Georeferencing an
urban territory and populating it with exactly allo-
cated 3D city models make it much easier for mu-
nicipal managers to understand a problem arisen
under a way to a Smart City, and enables all city
services for its prompt solution by geometric / topo-
logic visualization and analysis of the ELIT 3D
models. All use cases introduced below are strongly
within an operational URS / LiDAR / GIS-workflow
illustrated above (refer to Fig. 2).

ELIiT use case (UC) sample 1 for common ur-
ban planning may be displayed like follows (Fig. 4).
For a given housing area (Washington, D.C., open
source data from https://aws.amazon.com/ru/blogs/
publicsector/lidar-data-for-washington-dc-is-
available-as-an-aws-public-dataset/) our software
would assign point objects to one definite class from
four nominated (i.e. ground, vegetation, buildings,
other infrastructure). Efficient spatial classification
as an input secures further applying of thematic fea-
ture layers delineation and allows to provide the
prompt visual feature analysis “on a fly”. Some al-
ternative classes for four mentioned above may be
Buildings, Vegetation, Artificial ground, Natural
ground. Moreover, apart from buildings, there may
be in derivative classifications the sets like follows:
Trees, Grassland, Bare soil, Infrastructures. Thus, it
is allowed to state that the ELIT representation of an
urban area can meet “the overall challenge of inte-
grating contextual information into geospatial anal-
ysis for smart cities...” [42, P. 17021], what means
combining both technical, and research components
in urban planning. As a final output within the
frameworks of UC sample 1, a number of geometry
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definition format files (either .GLTF, or .KML for-
mats) are produced, where each file represents one
separate building extracted.

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 a scalability
procedure.

Since commonly high-resolution LiDAR data

Fig. 4. Displayed results of modeling urban environment within ELiT UC sample 1

generated from point clouds have been proved to be
the most efficient data for automated extraction of
buildings in densely built-up parts of an urban terri-
tory, then a municipal manager should apply to this
data in a broad application variety. Within this
common municipal planning use-case for smart cit-
ies various combinations of these four thematic lay-
ers extracted and classified (ground, vegetation,
buildings, other man-made objects) become the sub-
jects of other use cases.

One of this use cases corresponds to ELIiT UC
sample 2 in the same area of common urban plan-
ning. This UC provides the modeled comparison of
various urban environments, what is impossible to
complete otherwise than with geoinformation tools
(Fig. 5). Using open source LIDAR data from the
USGS (the United States Geological Society) web-
site (https://usgs.entwine.io) we have compared with
ELIT urban areas of four U.S. cities, attempting to
make a preliminary estimate how far is each of them
from the “smart urban environments”. There is in
each of compared units a clear geoinformation con-
text for a new housing or infrastructure development
in the area. In this way, it can be visualized for ur-
ban planners not just the merits of a new feature al-
location, but how it interacts with all other features
that already exist.

Obviously, this comparison cannot answer
more or less exactly on the question: which from
four cities has gone farther on its way to the “smart
urban environment”, because this would need a
huge processed volume of massive attributive data.
Nonetheless, by developing the relevant pattern
recognition technique some approximation of such
answer “on-fly” can be done even with the existing
ELIT functionalities. Evidently, this pattern recogni-
tion can be substantially enhanced, if it takes into
account human-environment-technological interac-
tions, which have been collected using human and
technical sensors.

ELIT UC sample 3 seems to be similar to the
first one of common urban planning, but focuses on
the urban asset inspection domain (Fig. 6). For ex-
ample, this urban asset inventory task should ac-
complish a team of municipal engineers in Montre-
al, Canada. These professionals have to find a quite
fast and cost-effective approach to estimate the ex-
isting state of urban environment and its deviation
from a “smart template”, because up to now they
have access to an out-of-dated city cadaster only.

This visualization expedites to obtain a view of
a combination of the high quality geometric / topo-
logical building models with their semantic attrib-
utes (refer to Fig. 3). Reaching this goal means the
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San-Francisco

Fig. 6. A complicated building model with its attributive information within ELiT UC sample 3
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accomplishment of an urban asset inventory task.
This model coupling for the particular AOI helps in
better understanding the city situation over a 3D
Scene, its already mentioned deviation from “smart
template” and does this easier, than with routine 2D
paper, or even in comparison with standardized digi-
tal maps. Municipal users-practitioners can estimate
building locational design, its envelope, and local
urban environment for better positioning the per-
spective housing constructions. What is more, any
coming alterations in design and constructions can
be estimated, while direct impact on its surround-
ings of any existing or future building can be evalu-
ated by selecting of any particular model and getting
its geometric and semantic attributes (refer to
Fig. 6).

A web-visualization is a standard procedure for
tourists and investors attraction to a certain city
(Fig. 7). In general, the visualization and display of
urban environment can be effective for displaying
the particular locations of cognate clients, spatial
distribution of the market demands for locational-
business services, as well as the availability of free
space for further housing development as in this
ELIiT UC sample 4 (refer to Fig. 7) (Washington,
D.C., open source data referred to above). This
modeling of urban surroundings can hardly be over-
valued taking into account a task of simulating “the
Smart Urban Environment”, because the latter defi-
nitely characterized by complicated social and infra-

structural operational configurations and by high
population density. This web-modeling and display
already presented on illustrations in this paper sec-
tion actually merge both spatial, and temporal scales
of urban environment in this way producing not on-
ly maps and scenes for municipal planning purpos-
es, but also — the spatiotemporal context [42] for the
Smart City concept.

ELIT UC sample 5 directly relates to the 3D
City Automated Cadaster. Many municipalities have
been focusing in recent years on developing the real
estate registration just in a 3D Cadaster to provide
visions of complex property structure, including
vertical belongings in buildings to different owners
and underground infrastructure (e.g., tunnels, cables,
and pipelines, parking lots — Fig. 8).

There are more than one seminal reference in
the literature, that understanding the smart city es-
sence is understanding the structure of topology and
geometry of its coupled networks [26, 42, 44]. If we
effectively model technological networks, as it illus-
trated above, we can bind to these modeled results
probable associations of numerous human-
environmental-technological interactions that take
place in a Smart City area and outline a general geo-
spatial basis, which should be taken as a fundamen-
tal for an urban decision support system.

Conclusion, future research and develop-
ments. The importance of discussing, how new ap-
proaches and techniques in urban remote sensing

Fig. 7. Modeling and display of urban environment: the detection of free space for the further housing
development within ELIiT UC sample 4
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Fig. 8. Modeling and display of underground urban environment with existing infrastructural networks
within ELIiT UC sample 5 (the interface of ElitCore desktop software)

can contribute to the development of smart cities, is
more than evident. In our paper we have attempted
to integrate the definitely new ideas within the geo-
spatial perspective of the Smart City concept with
LiDAR monitoring and measuring of urban envi-
ronment and with a number of other relevant proce-
dures within an operational URS / LIiDAR / GIS-
workflow. The concern remains as to whether or not
such integration expedites the Smart City implemen-
tation into a real practice. To transform this concern
into sustainable awareness we have to summarize
those issues outlined in this text above, which con-
tribute to the merits of using Urban Remote Sensing
with LiDAR for the development of Smart Cities:

» Three basic assumptions and five critically
examined key elements of the Smart City concept
within its geospatial perspective have been deli-
neated;

» This geospatial perspective is opened by the
spatiotemporal context of urban information, and
this circumstance may cause different functional
configurations of an UDSS;

* A category of the “Smart Urban Environ-
ment” has been introduced within the whole hierar-
chy of the series of environments in the Smart
City’s UGS ontological model, while the urboge-
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osystemic approach has been proved to be an only
tool for delineation of such hierarchy;

» A definition of a Smart City has been done
from the point of view of the urbogeosystemic ap-
proach;

* Five basic domains of using LiDAR in Ur-
ban Remote Sensing have been outlined as well as
three key advantages of this approach have been
emphasized;

* An operational URS / LIDAR / GIS-
workflow has been described within the approach of
URS for massive data mining / city analytics;

+ Six those relevant to urban data for smart
cities issues have been underlined, which strongly
correspond to the geospatial perspective of the SCC;
these issues have been put into compliance with
three key subject areas considered in this paper;

* The whole framework of the URS data min-
ing has been divided for three steps mandatory for
any relevant use case development by software
tools;

* The functionality and user’s interface of the
original family of products for LiDAR data pro-
cessing and 3D city model generation have been
introduced by few descriptions of relevant use cases
for Smart Cities.
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The further key research and developments
may be within the trend of the urban geoinformation
space creation, what has been already mentioned in
this text earlier. The ELIiT 3D Geo-Database (GDB)
Unit will be a mandatory key component of the ur-
ban decision support system, while both are includ-
ed into the geoinformation space for smart cities.
This GDB may be a derivation of the rational data-
base schema. A geodatabase for storing and manag-
ing ELIT 3D city models stands on the CityGML
approach and takes a certain place in a general oper-

ational workflow (refer to Fig. 2). A GDB would
support geometric, semantic, and thematic proper-
ties and attributes, taxonomies and aggregations. Its
key feature, the city features, represents spatial, geo-
referenced, geometric entities. Specialized classes of
urban features would include buildings, green areas,
infrastructure  spaces, transportation networks,
streets of different ranks, water bodies, vegetation of
different belts. This GDB will be implemented as an
independent unit of the UDSS, while another unit of
this system will support an option of visualization.
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URBAN REMOTE SENSING WITH LIDAR FOR THE SMART CITY
CONCEPT IMPLEMENTATION

Introduction of the problem. The paper emphasizes that the key features of the contemporary urban
development have caused a number of challengers, which require the innovative technological introductions
in urban studies. The research goal of this paper means representing a multifunctional approach, which
combines author’s urbogeosystem (UGS) theory with the URS (Urban Remote Sensing) technique for Li-
DAR (Light Detection And Ranging) data processing.

The key elements of the Smart City concept within a geospatial perspective. Three basic assump-
tions are implied due to the affiliation “a geospatial perspective < the Smart City concept” (SCC). The five
key elements of the SCC have been outlined: Innovations; Scalability; Data gathering, measuring, and min-
ing; Addressing environmental challengers; Interlink between the smart meter information and the geo-
sensor information.

The urbogeosystemic approach as a tool for simulating the “smart urban environment” — a core
node of the Smart City hierarchy. The urbogeosystemic ontological model has been introduced as a trinity-
tripod (urban citizens, municipal infrastructure, urbanistic processes and phenomena). The “smart urban en-
vironment” is a core node of an urbogeosystem.

Processing results of LIiDAR surveying technique. With increasing availability of LiDAR data, 3D
city models of robust topology and correct geometry have become the most prominent features of the urban
environment. Three key advantages of the LiDAR surveying technique have been introduced. The flowchart
of the operational URS / LiDAR / GIS workflow for the Smart City implementation has been depicted.

Urban Remote Sensing for data mining / city analytics and the EOS LIDAR Tool. ELIT (EOS LiDAR
Tool) software is both a separate web-based (network) generator (an engine) — ELIT Server, and an integrat-
ed component of EOS Platform-as-a-Service software — ELIT Cloud. The allied one to these two products is
our desktop ElitCore software, that possesses even broader functionality. The paper outlines the whole
framework of urban data mining / city analytics relevant to the mentioned applications.

The ELIT software use cases for the Smart Cities. A number of use cases that can be completed with
the ELIT software in the common urban planning domain have been described and illustrated. Each from five
scenarios presented suggests some unique solution within the frameworks of the SCC implementation.

Conclusion, future research and developments. The completed research results have been summa-
rized. An entity of the urban geoinformation space has been introduced. A geodatabase of ELIiT 3D city
models has been assigned a mandatory key component of the urban decision support system.

Keywords: LIiDAR remote sensing, urban environment, the Smart City concept, interface and function-
ality of GIS web-application, software use cases, urban decision support system.
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ASSESSMENT OF CLIMATIC TREND OF AIR TEMPERATURE AT THE EARTH SURFACE IN
THE CONTEXT OF STABLE DEVELOPMENT (CASE OF GYUMRI CITY)

B.I. Mapzapan. OJEHKA KIUMATHYECKOI'O TPEH/IA TEMIIEPATYPbI BO3/1YXA Y IIOBEPXHOCTH 3EM-
JIH B KOHTEKCTE CTABHJ/IBHOI'O PA3BUTHA (HA IIPUMEPE I'OPO/JA T'IOMPH). H3yuenue u oyenxa xonebanuil
memnepamypel 6030yXd, 8 0COOEHHOCHU 6 YCIOBUAX OXHCUOAEMbIX USMEHeHUll Kaumama, npuobpemaem ocoOylo akmyanbHOCHb U
cnewiky. B mo orce epema oyenka 6pemMeHHbIX usMeHeHUuti memMnepamypubl 6030YXa 8AXCHA KAK 2apanmus CmabuibHo20 paseumus u
3a/102 NepcneKmuBHO20 pa3eumus IKOHOMUKU.

Lenvto dannoii pabomul a6naeMCcs GoIACHUMb, NPOAHATUZUPOBAMb U OYEHUMNb 3AKOHOMEPHOCMU OUHAMUKU USMEHEeHUs meMne-
pamypwi 8030yxa 6 2opode lompu.

Jna pewenus smotii 3a0auu cobpamsl, ymouHensl U NPOAHAIUIUPOBAHDL PE3VIbMamyl hakmuieckux Habao0enuli 3a memnepa-
mypotui 6030yxa memeocmanyuu Itompu, komopwvle xpanamcs 6 ponoe oannvix « Crysucovl no 2udpomMemeoporocuu U akmueHOMY 603-
Oeticmeuio Ha ammocepnvie asnenusy MYC Pecnybauxu Apmenus. B npoyecce uccnedosanus npoananusuposansl u ymouHeHsl
coomeemcmeyoujue aAUmepantypHbie UCMOoYHUKY, UCNONb306AHbl MAMEMAMUKO-CIMAMUCMUYECKUL, IKCMPANONAYUOHHDII, UHMePNo-
JAYUOHHDLIL U KOPPENAYUOHHBI MEMOObL.

Tonyuena mHo2ohaxmopHas KopperayuoHHas céa3b Mexcoy cpeoHell 2000801 memMnepamypoti 8030yxa U aOCoOTOMHbIM MAK-
CUMANBHBIM U MUHUMATILHLIM 3Hauenusmu 20poda Lompu. Technas KoppersyuoHHas cesa3b NOLYyYeHa MAaKHce Melcoy CpeOHUMU 2000~
BLIMU U IKCHPEMATLHBIMU 3HAYEHUAMU MeMNepamyp NPu3eMHo20 Cl0s 8030yXa U AOCONIOMHBIX MAKCUMATLHBIX U MUHUMATLHBIX
3HAUeHUll nogepXHOCmU nouebl copoda lompu. Dmo daem B03MOICHOCHb PACCHUMAMb 3HAYeHUe KAKOU-TubO Xapaxkmepucmuxu
memnepamypol, umes opyeoe. Ommemum, 4¥mo 3umMoll cpeoHue 3HaYeHUs MmeMnepamypvl 6030YXa MAal0 OMAUYAIOMCA OM CPEOHUX
3HAYeHUll meMnepamypsvl HO8EPXHOCMU NOYGbl. Dma paznuya pacmem u 0ocmuzden MakCUMyma 1emom (Uionb-aezycm).

B pesynomame uccnedoanus 6bIACHUIOCH, YMO CONACHO (AKMUYECKUM OAHHLIM memnepamypbl 6030yxa, 6 2opooe Iiompu
HAb00aemcs: meHOeHYUs. POCMA 3HAYEHUL CPEOHUX 20006bIX U AOCOTIOMMHBIX MAKCUMATLHBIX MeMnepamyp 6030yxa, a aOCOMOMHbIX
MUHUMATGHBIX 3HAYEHUL — MeHOeHYuUst NoHudIcenus (6 abconiomuom cmoicie). To ecms, Ha uzynaemol meppumopul 6 menioe epems
2004 02ICUOAemcs poc 3aCYWNUBOCIU U OCYULeHUs KIUMAMA, a 8 XONLOOHOe 8peMsl 2004 — CMsA2YeHUe.

Taxas 3akoHOMepHOCMb NPUCYWA makKdice Opyeum pecuonam pecnyonuxu. Iloomomy neobxooumo ocywecmenenue KOMNIeKc-
HBIX MepOnpuAmuil N0 a0anmayuy K nocie0CmeusiM UsMeHeHUs meMnepamypbl 6030yXa, a maxdice yuecmsb 3mo npu pazpabomke
npospamm CoyUanbHO20, IKON02ULECKO20 U IKOHOMUHECKO20 PAZGUINU.

Kntouegvie cnosa: memnepamypa 6030yxa, KiuMamuieckuii mpeno, OUHAMUKA USMEHeHUs, U3MeHeHUe KiumMamad, cmaduibHoe
paszsumue, Iompu.

B. I. Mapzapan. OLJIHKA KJIIMATHYHOI'O TPEH/]Y TEMIIEPATYPH IIOBITPA Y IIOBEPXHI 3EMJII B KOH-
TEKCTI CTAJIOT O PO3BUTKY (HA ITPHKIIAJI MICTA 'FOMPI). BusuenHs i OyiHKa KOAUBAHb MeMNEPanypu nogimpsi, 0co-
61160 8 YMOBAX OYIKYBAHUX 3MIH KIIMamy, HaOYeac ocobIu8ol akmyanbHocmi i nocnixy. Y moii gice uac oyinka mumuacosux 3min
memnepamypu NOSIimpsl 8aiCIUBA AK 2APAHMIsL CMAN020 PO3GUMKY Ul 3ANOPYKU NEPCREKMUBHO20 PO3BUMKY eKOHOMIKUL.

Memoro oanoi pobomu € 3’scysamu, npoaHaizysamu i OYIHUMU 3aKOHOMIPHOCII OUHAMIKU 3MIHU meMnepamypu noeimps 6
micmi 'ompi.

s supiwenns ybo2o 3a60aHHs 3i6paHi, YMOUHeHi | NPOAHANI306aHI Pe3yIbIMAmu PAKMUYHUX CNOCIMEPENCEHb 34 MeMNnepa-
mypoio nosimps memeocmanyii I'tompi, axi 36epicaromocs y ¢ponoi danux « Cyacobu no 2iopomemeoposio2ii ma akmueHOMY GNIUGY
Ha ammocgepHi asuway MHC Pecnybnixu Bipmenia. ¥ npoyeci 0ocniodcents npoananizosano ma ymouHeHo 8i0nosioni imepamy-
PHI Odicepena, 8UKOPUCMAHO MAMEMAMUKO-CINAMUCIUYHUL, eKCIPAanoaAyitinull, iHmepnoiayitinuil i KopeasyiiuHui Memoou.

Ompumano 6azamopaxmopruii KoperayiliHull 38 30K MidiC cepeOHboI0 PIUHOI0 MeMNepamypoio nogimps i abcoIOMHUM MAK-
cumanvHum i MinimanoHum 3nadenuamu micma I'rompi. Tichutl KopenayitiHull 36 30K OMPUMAHO MAKONIC MIdHC cepeOHiMU PIYHUMU |
EeKCMPEeMANbHUMU SHAYEHHAMU MeMNePAMmyp NPU3EMHO20 Wapy NoGimps i a6CONOMHUMU MAKCUMATLHUMU | MIHIMATLHUMU 3HAYEH-
HAMU nosepxui tpynmy micma Itompi. Lle 0ae mooicnusicms pospaxysamu 3nayuenns 6y0b-aKoi Xapakxmepucmuku memnepamypu,
Marouu inwe. Biosnauumo, wo 63uMKy cepeOHi 3HaueHHs meMnepamypu nogimpsi Maio iOPi3HAIOMbCsL 610 CepeoHiX 3HaAUeHb memne-
pamypu nogepxui ipynmy. L{a pisnuys 3pocmae i 0ocacae Makcumymy 6nimxy (1uneHv-cepnens).

B pezynomami docnioscents 3’acys8anocs, wo 32i0H0 3 paxmuyHuMy Oanumu memnepamypu nogimps, 6 micmi I lompi cnocme-
pieacmuvcs menoeHyis 3pOCMAnHs 3HAYEHb CePeOHIX PINHUX | aOCOMOMHUX MAKCUMATLHUX MeMNnepamyp noeimps, a abconomHuux
MIHIMATLHUX 3HAYEeHb — MeHOenyisn 3uudicents (6 abcontomuomy 3uavenni). Tobmo, na mepumopii, wjo 6ue4AEMbCA, 8 MENTY NOPY
POKY OYIKYEMbCA 3DOCMAHHA NOCYWAUBOCI | OCYUWEHHS KIIMAMY, A 8 XON00HY NOPY POKY — HOM SAKUIEHHS.

Taka 3aKOHOMIPHICMb BIACMUBA MAKONC THUWUM pecionam pecnyoniku. Tomy nHeobXione 30iUCHeH ST KOMIJIEKCHUX 3aX00i6 Wo-
0o adanmayii 00 HACNIOKI68 3MIHU MeMnepamypu nogimps, a MaKoX*C 8paAxyeamu ye npu po3pooyi npozpam coyianbHo20, eKoa0iy-
HO20 Ma eKOHOMIYHO20 PO3GUNIKY.

Knrwuoei cnosa: memnepamypa nogimps, KiimamuyHuii mpeHo, OUHAMIKA 3MIHU, 3MIHU KIIMAmy, cmanui po3eumox, 1 ompi.

Introduction cesses of interaction between the connections of the
Air temperature characterizes the state of one  climatic system. The role of air temperature is very
of the climate system’s components - the atmos-  important in the formation of runoff, evaporation, in
phere. This is determined by the peculiarities of so-  the formation and disappearance of ice phenomena,
lar energy distribution on the earth’s surface, pro- in heat and moisture circulation, as well as during

© Margaryan V. G. https://doi.org/10.26565/2410-7360-2019-50-09
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frosts, droughts and desertification. The role of the
thermal regime is vital in water consumption and
crop production.

Therefore, the identification and assessment
patterns of temporal air temperature distribution is
of particular importance, especially in water bal-
ance, the effective use of thermal resources.

Therefore, taking into account the above, the
purpose of the work was to identify, analyze and
evaluate patterns of dynamics change of the air tem-
perature of Gyumri city.

To solve the suggested problems appropriate
researches [2, 6-7, 13, 17-18, 20-21] have been used
as a theoretical base. As the source material — the
actual data of long-term observations of the air tem-
perature of the Gyumri weather station, stored in the
funds of the Ministry of Emergency Situations of
the Republic of Armenia «Service for hydrometeor-
ology and active influence on atmospheric phenom-
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ena». As a methodological basis the following
methods were applied in the work: complex, math-
ematical-statistical, geographical, correlation, ex-
trapolation, analysis.

Study area

Gyumri weather station is located in the re-
gional center of Shirak marz of the Republic of Ar-
menia, in Gyumri city, at an altitude of 1523 m (Fig.
1). By population (119.9 thousand inhabitants, as of
January 1, 2014) and by its significance it continues
to be considered the second city of Armenia, after
the capital Yerevan. The western part of the city is
high, consisting of two heights, table shaped. The
relief is flat, slightly dissected, covered with lake-
river and volcanic sediments 300-350 m thick locat-
ed in the 8-9 points seismic zone. The Gyumri, Jajur
and Cherkez small rivers flow through the territory
of Gyumri.

Gyumri is located in the northern part of the
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Fig. 1. Location of Gyumri city in the Shirak region

Shirak plain, on the left bank of the Akhurian River,
originating from Lake Arpi. It is located at a dis-
tance of 118 km from Yerevan,the height above sea
level is about 1550 m. The Shirak plain is surround-
ed by the Pambak mountain range from northeast,
east and southeast, its mountain spurs are 52-100 m
from the meteorological area, exceeding its height
by 200-500 m. Mountain Aragats (4090 m) lies in

the northeast area, at a distance of about 40 km. All
surrounding mountains are covered with grassy veg-
etation.

Gyumri meteorological station was founded in
1843, where continuous meteorological observa-
tions have been carried out since 1893. However, in
1961, the place of the meteorological area was
changed, as a result of which the uniformity of
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number of observations was disturbed. Thus, in the
paper, the actual data of air temperature observa-
tions from 1961-2018 are discussed and analyzed.

Results

The paper collected and processed the results of
actual observations of the air temperature of Gyumri
weather station, which are summarized in Table 1.

In general, the climate of Gyumri is continental
with relatively warm summers and cold winters. The
average amplitude of the annual fluctuations in air
temperature is 23.2-35.8 °C, the absolute amplitude
is 50.8-68.9 °C. In winter there are sometimes se-
vere frosts, the minimum temperature can drop to -
36.0. The winter is snowy and cold and lasts from
December to March inclusive. Spring is short and
cool. It lasts only 1.5 months. Summer is relatively
warm, from the beginning of June to the end of Sep-
tember. Autumn stands out for its warmth. Autumn
months are warmer than spring months. This is an
important feature of the thermal regime not only of
the study area, but also of the republic. The reason is
that in spring there is still snow cover. Snow melts,
it is cloudy and precipitation is heavy. The number
of sunny days per year in Gyumri is the biggest in
the republic. The average annual rainfall is 340-736
mm (average 500 mm).

In the study area, the warmest months are July-
August, with an average monthly air temperature of
19.9, and coldest one is January, with an average
monthly air temperature of — 8.56 (Table 1). Accord-
ing to the average annual air temperature in Gyumri,
the coldest year was 1973, and the warmest year
was 2018. It is necessary to note that 2010, 2018

were also the warmest years in Armenia for the en-
tire period of observation.

The absolute minimum air temperature for the
entire observation period was recorded on January
21 1972 and was -36.0 °C, the absolute maximum
value was recorded on July 9 1986 and was 38.0 °C.

Thus, during the year there is a well pro-
nounced course of average absolute maximum and
minimum air temperature values (fig. 2). During the
year, according to the actual daily average data, the
monthly average maximum values are observed in
July, and the minimum values — in January. In some
years, the lowest average monthly air temperature
can also be observed in December or February.
Sometimes there may be years when equal values of
mean monthly air temperature are observed in July
and August during the year. The average minimum
and average maximum values of air temperature
also have a well-defined inter-annual distribution:
minimum values are observed in January, maximum
values — in July-August.

A multi-factorial correlation relationship (cor-
relation R=0,68) between the average annual air

temperature (T ) and absolute maximum (Tmax )
and absolute minimum (T,,i,) values of Gyumri city

was obtained. This relationship can be expressed as
the following equation:

T =017Tmax +015T iy +4,71.

This will make it possible to pre-calculate the
average annual air temperature, having absolute
maximum and minimum values.

Table 1
Monthly and annual average and extreme values of air temperature
At the meteorological station of Gyumri
Months
Year
Ll fwm ] wv | v [ vifve|vin] x| x | x1 | xu
Average

-8.56 | -6.97 [ -0.12 | 7.01 | 11.7 | 159 |19.9] 198 ] 156 | 889 | 1.79 | -4.97 | 6,66
Average maximum

-1.92 | 031 | 574 | 104 | 137 | 198 [ 236|233 ] 192 | 113 | 534 | 1.20 | 9,62
Average minimum

-15.7 | -145 | 620 | 340 | 9.14 | 131 | 169 168 | 127 | 404 | -331 | -11.7 | 4,66
Absolute maximum

9.20 | 140 | 215 | 26.8 | 293 | 331 [38.0|370 | 351 | 274 | 196 | 176 | 380

Average absolute maximum

3.78 | 6.02 | 140 | 21.0 | 247 | 29.0 [ 326327 [ 297 | 237 | 154 | 7.80 | 335
Absolute minimum

-36,0 | -350 | -27,7 | -16,0 | -7,60 | -3,60 | 0,30 | 1,90 | -3,70 | -12,5 | -23,0 | -30,0 | -36,0

Average absolute minimum
241 ] -229]-162] 652 ] 085 | 3.06 | 6.98 | 7.04 | 151 | -474 | -12.0 | -20.1 | -26.4
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Fig. 2. Annual course of air temperature observed at the meteorological station of Gyumri
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Fig. 3. Correlation link between average annual values of air and soil surface temperature

A close correlation relationship (correla-
tionR =0,90) was also obtained between the air
temperature of the surface layer of the atmosphere
and the average annual values of the soil surface
temperature of Gyumri city (Fig. 3). This will make
it possible to calculate the value of any temperature
characteristic, having a value of the other. Close cor-
relations are also obtained between the extreme val-
ues of air and soil temperatures. This type of de-
pendency is obtained both for individual regions of
the republic and for its entire territory. Note that in
winter, the average air temperature values differ lit-
tle from the average temperature of the soil surface.
This difference grows and reaches its maximum in
summer (July-August).

It is very important to know periods of the av-
erage daily temperature transition through certain
limits (0, 5, 10, 15 °C) for different sectors of the
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economy, in particular, agriculture in spring and au-
tumn, the number of days with these values and
their sum. This determines possibility to cultivate a
particular crop in a given place. For most agricultur-
al crops, the active growing season begins during
the period of average daily temperatures above 10.0
°C. The annual total of active temperatures above
10.0 °C is taken as an indicator of the heat supply of
the growing season (Table 2). In the study area this
period is on average observed from the beginning of
May to the first decade of October and lasts 157
days.

As a result of the research, it has turned out that
there is a tendency of growth of average annual and
extreme (absolute maximum) values in the air tem-
perature of Gyumri city (Fig. 4, 5). We note that this
pattern is also characteristic of other regions of the
republic and the world. [1, 3-5, 8-12, 14-16, 21].
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The dynamics of changes in the air temperature of
Gyumri city in a monthly section was also studied.
It shows dynamics of changes in the values of aver-
age annual and absolute maximum monthly air tem-
perature, characterized by a tendency of growth ex-
cept the values of December. As for the values of
absolute minimum monthly air temperatures, it
should be noted that with the exception of April,
there is a tendency of monthly values growth for all
other months. This means that in Gyumri, in the
warm period of the year an increase in aridity and
climate drainage is expected in the region, in the
cold period of the year — mitigation, and in Decem-
ber — an increase in severe weather. We note that in
the study area there is also a tendency of growth in
the annual values of heat indices.

These changes will have an inevitable conse-
quence on the change in the components of the hy-
drothermal balance of the study area, imbalance of
ecosystems, as well as on the social, ecological and
economic development of the city. Therefore, an
ecosystem approach should be adaped to this change
in air temperature and to implement integrated adap-
tation measures to mitigate the effects of change.

The paper attempts to determine the average
annual air temperature values of the city of Gyumri
in 2030, 2070 ad 2100 using the extrapolation
method. As a result, it has turned out that if the
move above the indicated change continues, the ave-

rage annual value of air temperature will increase
compared to the current norm: in 2030 - 0,09 °C
(1,37 %), in 2050 - 0,27 °C (4,12 %), in 2070 - 0,48
°C (7,32 %), in 2100 - 0,85 °C (13 %).

In Gyumri city we have a stocking factory, sug-
ar and beer factories. «Gyumri», «Alexandrapol»
beer factories, «Lusastgt Shugre» Armenian-
American building units and etc.are also known
here. It means that the increase in air temperature in
Gyumri is mainly due to the microclimatic and local
features of city. So, in order to reduce or prevent
further increase in air temperature, it is very im-
portant to plant a green area and create small pools.
On the other hand, it is necessary to monitor the im-
plementation and preservation of these works.

Changes in air temperature and precipitation in
Armenia are estimated for different periods, and
results of which are used in the first, second and
third national communications of the Climate
Change of Armenia [15-16]. The results show that
over the past decades there has been a significant
increase in air temperature in Armenia. Moreover, in
1935-96 in relation to the base period (1961-1990)
the average annual temperature increased by 0.4 °C,
in 1935-2007 period - by 0.85 °C, in 1935-2012 - by
1.03 °C. These results show that temperature in-
creases significantly. Since 1994, deviations of av-
erage annual temperatures compared with the aver-
age for 1961-1990 were only positive.

Table 2
Total average daily temperatures through 0; 5,0; 10,0; 15,0 °C in spring
and autumn, the increasing order
Air temperature, Months
c | I m | v | v VI VI VI IX X Xl Xl
0,0 12 | 206 | 566 | 1022 | 1618 | 2213 | 2661 | 2919 | 2982
5,0 156 | 516 | 972 | 1568 | 2164 | 2612 | 2869
10,0 314 | 770 | 1366 | 1962 | 2409 | 2642
15,0 568 | 863 | 1459 | 1661
10,00 T
y =0,0326x- 58,251
9,00 + R?=0,2591
O 800
o
5 700 ¢
p=] L
oy
2 6,00 -
5
= 5,00
4,00
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Fig. 4. Dynamic change of average annual values of air temperature in Gyumri
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Fig. 6. Deviation of summer (a) and winter (b) temperatures in the territory of Armenia in 1935-2012
from the average values for 1961-1990 [15].

Over various seasons of the year ambient air
temperature changes exhibit different trends. In
1935-2011 the summer average temperature in-
creased by about 1.1 °C, and extremely hot summers
have been observed over the last 17 years (1998,
2000, 2006, 2010) (Fig. 6a). Winter temperature
changes look different: seasonal mean temperature
increases are insignificant at 0.40C (Fig. 6b) [15].

The regional climate model allows to obtain
more detailed information on climate in the regional
scale. It is the Hadley Centre model HadRM3P,
identical with the regional climate model (RCM)
used within PRECIS with horizontal resolution
0.22° x 0.22° (25 x 25 km). It uses data from the
HadAM3P atmosphere-only global model to provide
its lateral boundary conditions. The HadRM3P
model simulation output data for the baseline period
of 1961-1990 and the future projections of the cli-
mate (2071-2100) for A2 emission scenario have
been studied in detail. Averaged results of the fore-
casts for Shirak, made with MAGICC/SCENGEN
computer software, are presented in Tab. 3. Signifi-
cant and continuous increase in temperature is fore-
casted by both various GCMs, as well as by the ag-
gregate mean. All GCMs indicate exceptional
warming throughout the year: the increase in tem-
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perature is somewhat higher in hot months of the
year, as compared to the cold ones, thus underlining
the trend of continuous increase, if not intensifica-
tion, from the one observed in Armenia during the
20th century [19].

Temperature changes in different regions of the
territory of the Republic of Armenia and in different
seasons have different tendency. Table 3 shows
changes in seasonal and annual temperatures com-
pared to the average for 1961-1990, according to
PRECIS model under A2 scenario of IPCC in Shirak
[19].

However, according to our research, the indi-
cated values of the air temperature change are rather
higher than the values of the expected air tempera-
ture change in Gyumri. Therefore, the assessment
and management of dynamic changes in air tem-
perature as well as the processing of mitigation
parts, need to be done locally, especially in moun-
tainous countries.

Conclusions

Thus, the research results have led to the fol-
lowing conclusions and suggestions:

- The features and patterns of the spatial- tem-
poral distribution of air temperature are caused by
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Table 3
Changes in seasonal and annual temperatures (°C) compared to the average
for 1961-1990, according to PRECIS model under A2 scenario of IPCC [19]

Winter Spring Summer Autumn Annual
2030
1 | 1 | 1 | 1 | 1
2070
3 | 3 | 3 | 3 | 3
2100
3-5 | 3-5 | 3-6 | 4-6 | 4-6

the complex effect of physical-geographic and an-
thropogenic factors;

- In a number of long-term data, there is a ten-
dency of average annual and extreme values of air
temperature growth;

- Despite many studies that have been done, so
far there are no systematic studies to identify the
causes of changes in air temperature and the availa-
ble ones concern only its individual aspects. So, it is
advisable to continue systematic and comprehensive
research and develop further forecasts using new
models;

- assessing the tasks of changing air tempera-
ture will get the right decision in the event that it
reveals the connections with other components of
the complex natural space under conditions of direct
human exposure.

It is necessary to:

- re-equip Gyumri weather station with modern
equipment (especially automatic);

- raise public awareness of climate change and
its effects;

ges in air temperature;

- implement organizational, legal, institutional,
technical measures to mitigate the effects of climate
change and adapt the economy to new environmen-
tal condition;

- strengthen scientific studies of climatic prob-
lems and introduce new technologies;

- develop real climate scenarios;

- develop programs of measures aimed at miti-
gating the negative effects of changes in air temper-
ature;

- finance sufficient implementations by the
state and foreign donor organizations The imple-
mentations made should be transparent to society,
aimed at some specific programs and monitored by
disinterested bodies;

- develop and implement advanced training
programs, periodic organization of educational pro-
cesses, professionally develop specialists;

- implement and provide international scientific
and educational cooperation, strengthening interde-
partmental cooperation.

- assess ecosystem’s vulnerability due to chan-

References

. Fei Ji Chassignet Evolution of land surface air temperature trend [Text] / Fei Ji, Zhaohua Wu, Jianping Huang and
Eric P. // Article in Nature Climate Change. Published online: 4 May 2014. https://doi.org/10.1038/nclimate2223.

. Mapeapsan B.I. 3axonomeprHocmu npocmpancmeeHHO-6PeMEeHHbIX U3MeHeHUll memnepamypul 6030yxa 6 Pecnybonuxe
Apmenus [Texem] / B.I. Mapeapsin. // Aeponayka nayunwiii sicypuan. — Ep.: Hz0-60: 340 PLJCCX., 2005. — Ne 7-8. —
C. 361-367. [Ha apmsanckom szvike)

. Margaryan, V.G. The features of air thermal behavior (1935-2006) in Armenia [Text] / V.G. Margaryan // Abstracts
of the International Geographical Union Regional Conference “Bridging Diversity in a Globalizing World” CD —
ROM, Tel Aviv, Israel, 2010.

. Margaryan, V.G. The dynamics change of average annual values of air temperature in instrumental period (on the
pattern of mountainous territory of the Republic of Armenia) [Text] / V.G. Margaryan // The Conference Global Cli-
mate Observation: the Road to the Future, 2-4 March, Amsterdam, pp. 37-38. — 2016. Available at: Ab-
stracts_GCOS_Science_Conference_2-4March2016.pdf (accessed: 20.06.2016).

. Margaryan, V.G. The problems of change climate conditions for the period of over the last century over mountainous
territory of Armenian Republic [Text] / V.G. Margaryan // Abstract book: Zaragoza 5th Open Science Meeting.
Global challenges for our Common Future a Paleoscience Perspective, 9-13 May, Zaragoza, Spain. —2017. — P. 310.
. Margaryan, V.G. Estimation of dynamics change of atmospheric air temperature of ground layer of Gyumri city
[Text] / V.G. Margaryan // Book of abstracts. 3rd international scientific conference Geobalcanica 2017. 20-21 May,
2017. Skopje, Republic of Macedonia. — 2017. — P. 27.

. Margaryan, V.G. Analysis and assessment of regularities of temporary changes of ground layer air temperature (on
the example of Gyumri city) [Text] / V.G. Margaryan // 3rd International Conference Environment and Sustainable

-132-



BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

Development of Territories: Ecological Challenges of the 21st Century. Kazan, Russia 27-29 September 2017.
2017. — Pp. 204-208.

8. Margaryan, V.G. Assessment of the Dynamics of Changes in Extremely High Temperatures of Atmospheric Air in the
Surface Layer of Large Cities of Armenia in the Context of Stable Development [Text] / V.G. Margaryan // 10th In-
ternational Conference on Urban Climate/14th Symposium on the Urban Environment. August 6-10, 2018, New York
City, USA.

9. Margaryan, V.G. (2018). Evaluation the dynamics change of annual air temperature in instrumental period over
mountainous regions of Armenian Republic. [Text] / V.G. Margaryan // Book of Abstracts: GEWEX Convection-
Permitting Climate Modeling, Il Sept. 4-6, 2018, Boulder, CO, USA. — P. 28.

10. Margaryan, V.G. The vulnerability and risk assessment of agricultural crops in the conditions of expected climate
change in the Republic of Armenia [Text] / V.G. Margaryan, G.V. Guloyan // Book of Abstracts: MACSUR Science
Conference, 22-24 May, Berlin, 2017. — P. 103.

11. Margaryan, V.G. Assessment of viticulture and winemaking vulnerability in the expected conditions of climate
change in Ararat valley and foothills [Text] / V.G. Margaryan, M.S. Mkhitaryan //Book of Abstracts: MACSUR Sci-
ence Conference, 22-24 May, Berlin. -2017. - p. 102.

12. Margaryan, V.G. Assessment and analysis of heat provision vulnerability in the main wine-producing region of Ar-
menia (Ararat valley and foothill area) within the context of expected climate change [Text] / V.G. Margaryan, M.S.
Mkhitaryan // Ukrainian hydrometeorological journal. — 2018. — Issue 21. — Pp. 28-34.

13. Margaryan, V.G. Estimation of dynamics change of average and extreme annual values of atmospheric air tempera-
ture of ground layer of Gyumri [Text] / V.G. Margaryan, L.M. Simonyan // ICUC9 - 9" International Conference on
Urban Climate jointly with 121" Symposium on the Urban Environment. Toulouse. July 20-24. — 2015.

14. Mei Zhao Pitman The impact of land cover change and increasing carbon dioxide on the extreme and frequency of
maximum temperature and convective precipitation [Text] / Mei Zhao and Andrew J. Pitman // Geophysical research
letters. — 2002. — Vol. 29. — No. 6. https://doi.org/10.1029/2001g1013476.

15. Ministry of Nature Protection of the Republic of Armenia. Armenia’s Third National Communication on Climate
Change [Text]. — Yerevan: Lusabats. — 2015. — 165 p.

16. Heinewnee cocmosiHue KiumMamuieckux ciysich u nepcnexkmugsl passumus 6 Apmenuu [Texem] // Munucmepcmeo
upesgviuatinbix cumyayui Pecnyonuku Apmenus. Tocyoapcmeennas ciyxcba euopomemeoponrocuu u MOHUMOPUH2A.
—Ep., 2013. — 62 c. [Ha apmsinckom sizvixe]

17. Richard Wartenburger. Seneviratne Changes in regional climate extremes as a function of global mean temperature:
an interactive plotting framework [Text] / Geosci. Richard Wartenburger, Martin Hirschi, Markus G. Donat, Peter
Greve, Andy J. Pitman, and Sonia | // Model Dev., 10. —2017. — Pp. 3609-3634.

18. Santer, B.D. et al. Statistical significance of trends and trend differences in layer-average atmospheric temperature
time series. [Text] / B.D. Santer, T.M.L. Wigley, J.S. Boyle, D.J. Gaffen, J.J. Hnilo, D. Nychka, D.E. Parker and K.E.
Taylor // Journal of geophysical research. — Vol. 105. — 2000. — No. D6. — Pp. 7337-7356, 7337—7356.

19. Second National Communication of the Republic of Armenia under the UNFCCC. Ministry of Nature Protection of
the Republic of Armenia, UNDP/GEF Armenia 2010 [Text] / — Yerevan, «Lusabats» Publishing House. — 2010. —
132 p.

20. Bapoansin T.I" Memeoponocus u knumamonozust. Yued. nocobue ons gyzoe [Texem] / T.I. Bapoansin, B.I” Mapeapsn.
— Epesan: H30-60 «Acmxux Ipamyny, 2014. — 532 c. [Ha apmsnckom s3.]

21.Wu, Z. On the time varying trend in global-mean surface temperature [Text] / Zhaohua Wu, Norden E. Huang, John
M. Wallace, Brian V. Smoliak, Xianyao Chen // Clim. Dynam. — No. 37. — Pp. 759-773. Springer-Verlag 2011.
https://doi.org/10.1007/s00382-011-1128-8

UDC 911.2:551.58
Varduhi Margaryan,
PhD (Geography), Associate Professor of the Department of Physical Geography and Hydrometeorology,
Yerevan State University, 1 Alek Manoukian Str., Yerevan, 0025, Armenia,
e-mail: vmargaryan@ysu.am, https://orcid.org/0000-0003-3498-0564

ASSESSMENT OF CLIMATIC TREND OF AIR TEMPERATURE AT THE EARTH SURFACE
IN THE CONTEXT OF STABLE DEVELOPMENT (CASE OF GYUMRI CITY)

Formulation of the problem. The study and assessment of air temperature fluctuations, especially in
conditions of expected climate change, is of particular relevance and haste. At the same time, the assessment
of temporary changes in air temperature is important as a guarantee of stable development and a long-term
economic development.

The purpose of the article. The purpose of this work is to find out, analyze and evaluate the patterns of
the dynamic changes in air temperature in Gyumri city.
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To solve this problem, the results of actual observations of the air temperature of the Gyumri weather
station, stored at the Ministry of Emergency Situations of the Republic of Armenia «Service for Hydromete-
orology and active influence on atmospheric phenomena» have been collected, refined and analyzed.

Methods. In the course of research we analyzed and clarified appropriate literary sources, using mathe-
matical-statistical, extrapolation, complex, analyze and correlation methods.

Results. A multifactorial correlation relationship was obtained between the average annual air tempera-
ture and its absolute maximum and minimum values of Gyumri city. A close correlation was also obtained
between the average annual air temperature and its absolute maximum and minimum values of Gyumri city,
between the average annual and extreme values of the surface air temperature and the absolute maximum
and minimum values of the soil surface of Gyumri city. This makes it possible to calculate the value of any
temperature characteristic, while having the other one. Note that in winter the average air temperature values
do not differ much from the average soil surface temperature values. This difference grows and reaches its
maximum in summer (July — August).

As a result of the research, it turned out that according to the actual data on the air temperature in
Gyumri city, there was a tendency for the average annual values and absolute maximum of the air tempera-
ture to rise, while the absolute minimum values showed a downward trend (in the absolute sense). That is, in
the study area in the warm season, an increase in aridity is expected on climate drainage, and in the cold sea-
son — a softening.

In the work we tried to define the monthly average values of air temperature in Gyumri in 2030, 2070,
2100, using the extrapolation method. The result shows that if the changing process continues, the annual
average values of air temperature will increase with comparison to current normal: in 2030 — 0.09 °C
(1.37 %), in 2050 — 0.27 °C (4.12 %), in 2070 — 0.48 °C (7.32 %), in 2100 — 0.85 °C (13 %).

This pattern is also characteristic of other regions of the republic. Therefore, it is necessary to imple-
ment integrated measures to adapt to the effects of air temperature changes and take this into account when
working out programs for social, environmental and economic development.

Keywords: air temperature, change in dynamics, climatic trend, stable development, Gyumri.
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THE STUDY OF THE PERIODICITY OF CATASTROPHIC SPRING FLOODS
ON THE TERRITORY OF UKRAINE

B. A. Osuapyk, O. M. IlIpokogp’cs, O. 1. Toooposa, H. C. Kiuyx. JOCAI/IZKEHHA IIOBTOPIOBAHOCTI KATACTPO®I-
YHHX BECHAHHX BOJOIILTb HA TEPUTOPII YKPAIHH. B cmammi npedcmasgieni pesynomamu ananizy icmopusHux od-
HUX NPO BUSHAYHI NABOOKU | 600ONINLIA KAMACMPOPIUHO20 Xapaxmepy, OYiHeHO iX NOBMOPIOBAHICIYb 8 ICIOPUYHOMY KOHINEKCMI | Ha
cyuacHux danux. Iloxkasano, wo sk 30 OQHUMU GIMYUBHAHUX GYEHUX, MAK U 34 PE3VIbMAMAMU OYIHOK MIJNCHAPOOHUX OpeaHi3ayill
(Centre for Research on the Epidemiology of Disasters, World Meteorological Organization), ons mepumopii Yxpainu naibinowa
nogmopioganicms nebesneunux npupoouux asuwy (51,9%) npunadae na nagooku piznoeo noxoodicenus. I[Ipoananizoeano nHaubinbus
mpusani 4acosi psiou MakCUMAIbHO20 CIMOKY 8ECHAH020 000N HA PIBHUHHUX DIYKAX YKpaiHu, 6UKOHAHO ONUC KAMAcmpopiunux,
6a2amo8oOHUX i MAL0BOOHUX 8000Ninb. [Iposedenuil ananiz niomeepous moxciugicms gionecenns goooniins 1932 ma 1970 poxkis 0o
Kame2opii kKamacmpo@iunux 3a macumabom mepumopii, sAKi 60HU OXONI0GAAU — mak godoninis 1932 poky eiomiuene 6 bacelinax
Muinpa, nieobepexcoca /[nicmpa, Ilieoennozo byzy ma Cieepcwvroco Hinysa, a 1970 poky — npakmuuno 3a 6cieio mepumopieio baceti-
ny [Auinpa, a maxoawc na piukax Ilpuasos’s. B yinomy s Hauibinbu 6a2amosoonumu 3a mpueaiuti nepiod cnocmepedsicets, K 3d 3d-
2ANBHUM 00 'EMOM 8ECHAHO20 CMOKY, MAK I 34 MAKCUMATbHUMU GUMPAMAMU 800U 8000niuis 8 Ykpaiui opmyeanucs y 1932, 1942,
1947, 1956, 1960, 1963, 1970, 1971, 1978, 1979, 1980, 1986, 1988, 1994 pp., a manosooui gecnu npunaoanu na 1944, 1950, 1954
1962, 1965, 1969, 1975, 1976, 2007, 2008, 2009, 2014, 2015 pp. Ananiz menOenyili y psaoax piuHuUxX MAKCUMYMi6 8 YMOBAX 3MIH K-
Mamy nokazas ix HeoOHoOPIOHicMb 3a mepumopicto Yxpainu, a came Ha nisobepedicoci [ninpa ma 6 6aceiini Cieepcokozo J{inys cno-
cmepizaemuves, meHoeHyist 00 OibuL PAHHIX 0aM CHIZOMAHEHHA d NPOXOONCEHHS 6000NINIA, 8 MO YAC, KOIU HA pewmi mepumopii
HABNAKU — HASIBHA MEHOeHYIsl 00 30INbUEeHHS BUNAOKIE 3UMOBUX NABOOKIE 3AMICIb 8ECHAHUX BOOONINb.

Knrwuogi cnosa: noseni, nagooxu, 6000NIiNIA, MAKCUMATLHUL CIMIK, 3MIHU KIIMAMY.

B. A. Oguapyx, O. M. Ilpoxoghwes, E. H. Toooposa, H. C. Kuuyx. HCCJIIE/JOBAHHUE IIOBTOPAEMOCTH KATACTPO-
OHYECKHX BECEHHHUX ITOJIOBOJHH HA TEPPHTOPHH YKPAHHBI. B cmambve npugedeni pe3yivmambl GHATU3A UC-
MOPUHECKUX OAHHBIX O 8bLOAIOWUXCA NABOOKAX U NONOBOOLAX KAMACMPOPUUECKO20 XAPAKMepd, OYeHeHAa UX NO8MopaeMoCcs 6 Uc-
MOpUYecKomM KOHMeKcme U Ha CospemenHbix 0annvlx. I1okazano, umo Kax no OaHHbIM OMeYeCmMEeHHbIX YUeHbIX, MAK U NO pe3)Ibma-
mam oyenok mexucdynapoonsix opeanuzayuti (Centre for Research on the Epidemiology of Disasters, World Meteorological Organi-
zation), ons meppumopuu Ykpauivl HAUGOLLUASL NOSMOPAEMOCHTb ONACHBIX NPUPOOHLIX Aetenuil (51,9%) npuxooumcs na nasooku
pasnuunoeo npoucxoxcoenus. Ilpoananusuposansl Haubonee OnumenvHvle peMeHHbie psiobl MAKCUMALbHO20 CHIOKA BECEHHe20 NoJo-
600bs HA PABHUHHBIX PEKAX YKpaumbl, bINOIHEHO ONUCAHUE Kamacmpo@duuecKux, MHO20800HbIX U MATO0B0OHBIX NON0800ULL. Bvinon-
HEHHbIL AHATU3 NOOMBEPOUL BO3MOICHOCHI OMHeCeHUs non06odbs 1932 u 1970 20006 6 kamezoputo Kamacmpoguueckux no mac-
wmaby meppumopuu, Komopbvie oHu oxeamwiganu. B uacmnocmu, nonoeoows 1932 200a ommeueno 6 baccetinax [nenpa, nesobepe-
arcve [{necmpa, FOoxcnozo Byea u Cegepcroeo [Jonya, a 6 1970 200y - npaxmuuecku no éceil meppumopuu [nenpa, a makice Ha pe-
kax Ilpuazoewvs. B yenom ogice nHaubonee MHO20BOOHbIMU 3A ONUMENbHBIL NEPUOO HAOTIOOEHUI, KAK N0 00ujemy o0veMmy 6eceHHe20
cmoKa, mak u no MAKCUMATIbHbIM PAcxo0am 600l Noi0800bs 6 Ykpaune gopmuposanucy ¢ 1932, 1942, 1947, 1956, 1960, 1963,
1970, 1971, 1978, 1979, 1980, 1986, 1988, 1994, a manosoonvie eecuvl npuxoounucv Ha 1944, 1950, 1954, 1962, 1965, 1969, 1975
1976, 2007, 2008, 2009, 2014, 2015 pp. Ananuz menoenyuti 6 psoax 20008blX MAKCUMYMOS 8 YCILOBUSX USMEHEHUL KIUMAmMa NOKA3aL
UX HeOOHOPOOHOCMb NO Meppumopuu YKpauHvl, a UMeHHo Ha aesobepedcwve [nenpa u é 6accetine Cegepcrozo [Jonya nabmodaemcs
meHOeHyuss K 6oee paHHUM 0amam CHe2OMAsHUA U NPOXOXHCOeHUs. NON0BOObs, 8 MO 8peMs, Ko20d HA OCMANbHOU Meppumopuu
Haobopom — HabIOOAemcst MeHOEeHYUs K Y8EIUUEeHUIO CLyUaes 3UMHUX NAB0OK08 BMECIO 8ECEHHUX NOJOBOOUIL.

Knrouesvie cnosa: nasoonenus, nasooxu, noi0800bs, MAKCUMATbHBIL CIMOK, UIMEHEHUS KIUMAamd.

Introduction. In the period of global and re-  natural phenomena, which definitely include floods
gional climate changes in almost all the regions of  of different origin. In the last decades, according to
our planet there is an increase in cases of extreme  the data of the Centre for Research on the Epidemi-
© Ovcharuk V. A., Prokofiev O. M., Todorova O. I., Kichuk N. S. https://doi.org/10.26565/2410-7360-2019-50-10
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ology of Disasters (CRED) [1-4], in many countries
of the world there is a record high number of natural
disasters which affected about 2.7 billion people,
that is more than a third of the world's population.
Regarding floods, in most parts of the globe, they
are caused by prolonged cloudburst and storms as a
result of passing cyclones. On the rivers of the
Northern Hemisphere, floods are caused by the rap-
id snowmelt, snow dam and ice jam. In areas with
snow cover, which is about 1/3 of the land surface,
spring and rain floods are the most common. They
are especially widespread in Eurasia and North
America.

Flood is formed due to the main source of feed-
ing (on plain rivers due to snowmelt, in high moun-
tains due to melting of snow and glaciers, in mon-
soon and tropical zones as a result of spring and
summer precipitation, etc.). For rivers in one climat-
ic zone, it annually repeats in the same season with
different intensity and duration. Snow melting at
plain rivers catchments causes the emergence of
spring floods, the melting of high mountain snow
and glaciers, and also rain falls cause spring-
summer and summer floods [5-6]. Sharp and con-
tinuous increase in temperature in spring with sig-
nificant stocks of water in the snow influences
greatly the nature of formation and flow of the
flood. Floods become catastrophic if the infiltration
properties of soils have decreased significantly due
to their moisture saturation as a result of abundant
autumn rains and deep freezing in severe winters.
Spring rains can cause a significant increase of
floods, when the snowmelt flood peak coincides
with the peak of the rain flood.

According to the size and scale of damage R.A.
Nezhikhovsky [7] proposed the classification of
floods and divided them into: low (small), high, sig-
nificant and catastrophic. The catastrophic floods
cause enormous material loss and lead to the peo-
ple’s deaths, covering enormous areas within one or
more river systems; more than 70% of agricultural
land, a large number of settlements, industrial plants
and utilities are flooded; economic and production
activities are completely paralyzes, the way of life
of the population is temporally changed. Periodicity
of this phenomenon is once in 100-200 years.

The aim of the study is to analyze historical
data and study the current state and trends in the
frequency of catastrophic spring floods in Ukraine.

Analysis of previous studies and publica-
tions. First of all historical data on patterns of for-
mation of most famous catastrophic floods has been
analyzed. Floods have been accompanying human
society since ancient times, so far we have infor-
mation about catastrophic floods in ancient China
(on the Yellow River in 2297 BC) and Egypt (on the
Nile River about 3 thousand years ago). At one time
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E.P. Borisenkov and V.M. Pasechnik in the mono-
graph «Extreme natural phenomena in the Russian
chronicles of the XI-XVII centuries» [8], on the ba-
sis of the study of chronicles provided the assess-
ment of climate of Holocene on both the European
continent and the entire Northern Hemisphere. The
study analyzed in detail extreme meteorological
phenomena observed from 979 to 1700 years in the
territory from the Vistula to the Ob and from the
Black Sea to the shores of the Arctic Ocean. But the
most interesting is the final part of the monograph,
which summarizes data on extreme natural phenom-
ena. Based on the data [8] on the high spring flood,
and taking into consideration the current data the
diagram of periodicity of this natural phenomenon
in the period from 900 to 2010 on the territory of
Kievan Rus' and modern Ukraine has been made up
(Figure 1).

While making up the diagram, mostly data on
major floods on the Dnieper has been taken into ac-
count — the largest floods took place in 1128, 1655,
1684, 1789, 1931, 1932 and 1970. The flood of
1931 was unsurpassed according to the height of
water level and flood zone area which spread from
Mogilev in the north to Zaporozhye in the south.

The resulting distribution is purely illustrative,
but it still makes it possible to assess the overall pat-
tern of catastrophic spring floods repetition. Analyz-
ing their frequency, one can notice that most of them
were observed during the periods from 1501 to 1600
(11 cases), from 1601 to 1700 (13 cases) and in the
modern period — from 1901 to 2000 (10 cases); 900-
1000 and 1701-1800 years — are the periods with the
fewest number of cases.

Since the beginning of the new millennium,
catastrophic and high floods have been observed in
Europe almost every year. "Great Water" in 2002
was the reason for the media to talk about the new
World Flood and once again reminded that, despite
all the achievements of modern civilization, a hu-
man being is sometimes powerless in the face of the
power of nature. In August 2002 during a few days
large areas of the Czech Republic, Slovakia, Ger-
many, Austria, France, Switzerland, Poland, Italy,
Spain, Romania, Moldova, Hungary and Serbia
were under water. Floods in 2002 took lives of
3,000 people, the dwellings of 17 million people
from over 80 countries were ruined. According to
the World Meteorological Organization, the territory
with a total area of more than 8 million square kilo-
meters was flooded [9]. The total damage inflicted
by the disaster is estimated at $ 30 billion. Accord-
ing to European experts, it was the largest flood of
the century in Europe.

On the territory of Ukraine during the 20th and
early 21st centuries, floods of various origin were
repeatedly observed, of which the following can be
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Fig. 1. Time distribution of outstanding spring floods on the territory of Kievan Rus and modern Ukraine:
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classified as catastrophic ones [10,11]:

1911 (July, 8M-9™) — in the basins of the Dnie-
ster, Prut and Siret rivers floods were formed from
storm rains, which were the largest ones over the
entire period of available observations on the area of
the river Prut below the influx of the Cheremosh
River and in the foothills of the Siret River.

1927 (August, 301-31%") — flooding in the ba-
sins of the Dniester and Prut rivers led to flooding of
10 cities and numorous villages, destroyed roads,
bridges and more.

1931 — an unusually high spring flood in the
basin of the Dnieper River. Its level exceeded all
previously known floods from the XVIII century;
great damage to the population was caused.

1941 (September, 1-2"%) — an extreme flood in
the Dniester River basin caused significant damage.

1947 (the end of December) — strong warming
and intense rains led to the formation of a cata-
strophic flood in Transcarpathia. Floods have seri-
ously damaged the population of villages and towns.
More than 35 railway bridges were destroyed, pro-
tective dams in the cities Vilok, Hust, the railroad
were eroded, fertile soils were washed away, winter
crops were ruined. Mud-stream, landfalls and land-
slides were observed.

1957 (June, 12-13") — in the Carpathian re-
gion a catastrophic rainstorm caused the formation
of a flood, which resulted in a huge material loss:
the railroad was washed out, villages were flooded,
farm buildings were demolished, agricultural crops
were damaged and ruined on large areas.

1970 — a spring flood. A great rise in the water
level and flooding of the territories were observed in

the Dnipro river basin, including inflowing streams
— the Desna and the Pripyat; population and econo-
my of Kiev, Chernigov, Zhytomyr, Rivne and Sumy
regions experienced substantial losses.

1980 (July) — a catastrophic flood was formed
by significant precipitation in the basin of the Trans-
carpathian rivers, as well as the Dniester, Prut, and
Siret; the national economy and the population in
these areas were inflicted huge losses.

1998 (November, 3'9-5" ) — a catastrophic flood
in Transcarpathia, which resulted in flooding more
than 40 thousand buildings, about 2 thousand of
which were completely destroyed. Waterproof dams,
roads, bridges, railways were destroyed and da-
maged.

2001 (March, 41-91) — a catastrophic flood in
Transcarpathian region. For three days, there were
two norms of monthly precipitation; water levels on
some rivers exceeded the 1.5-2 m flood level of
1998. The flood caused tremendous destruction, 9
people died.

2008 (July, 22m-27") — a catastrophic flood in
six western regions of Ukraine, with 20 thousand
dwellings, 2020 km of roads, 7 thousand hectares of
agricultural lands flooded, hundreds of bridges were
damaged, and about 30 people died.

Thus, according to the data of national scien-
tists [5-7,10], and according to the results of interna-
tional assessments CRED [1-4], for the territory of
Ukraine, the greatest repetition of dangerous natural
phenomena (51,9%) falls on floods of different
origin. In particular, according to the results of the
2008 flood, according to the CRED rankings,
Ukraine took the ninth place in the world.
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R.A. Nezhikhovsky in the monograph [7] ana-
lyzed the distribution of water resources and floods
with rare probability of relative height (from 1 to
5%) in the territory of the former USSR. If we con-
sider the plain territory of Ukraine, then there were
highlighted the above-mentioned catastrophic floods
of 1931 and 1932; in particular, the flood in 1931 is
classified as maximum water discharge with proba-
bility of P=1% and the flood in 1932 is classified as
a year with probability of maximum water discharge
P=1- 5%.

Materials and methods. For the analysis of
major floods, that have been observed in lowland
rivers, the observational data of the State Hydrome-
teorological Service of Ukraine was used. Figures 2-
9 show the chronological graphs of the maximum
runoff of spring floods according to hydrological
stations, which have the largest and in most cases
continuous observation periods from their beginning
until 2015 inclusive. To estimate the trends in the
chronological series of the maximum runoff of riv-
ers the methods of statistical analysis and spatial
generalization have been used.

Results. While analyzing the presented dia-
grams, it should be noted that the floods of 1932 and
1970 can be classified as catastrophic according to
the size of the territory it covered — so the flood of
1932 was observed in the basins of the Dnieper, the
left bank of the Dniester, the Southern Bug and the
Siverskyi Donets (Fig. 2-6), and in 1970 the flood
was spotted basically throughout all the territory of
the Dnieper (Fig. 2, 5), as well as on the rivers of
the Azov Sea (Fig. 7).

In general, the most water-abundant over a long
period of observation, both on total volume of the
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spring runoff and on maximum water discharges,
spring floods were formed in Ukraine in 1932, 1942,
1947, 1956, 1960, 1963, 1970, 1971, 1978, 1979,
1980, 1986, 1988, 1994 years, and the dry spring
floods were in 1944, 1950, 1954, 1962, 1965, 1969,
1975, 1976 years [13-15]. On the other hand, in the
Western Bug basin, the flood in 1970 was lower
than normal and high floods occurred in 1952 and
1966 (Figure 8).

If we consider the upper Dniester, where the
most water-abundant phase is the floods of warm
period, but high spring floods are also possible, the
most outstanding floods occurred here in the last 20
years — in 1998, 2000 and 2006 (Fig. 9).

In recent years (2007, 2008, 2009, 2014, 2015)
snow stocks basically didn’t accumulate in a large
part of the extreme south of Ukraine, that led to the
lack of spring floods on the rivers or even their ab-
sence (Fig.3-4, 6-7). However, on the background of
dry years of the past decades the most water-
abundant floods were marked in 1998, 2003, 2006,
and 2010. In some gauges in 2010 and 2013, ac-
cording to the data of UHMC [15], the relative
height of the maximum water levels was marked
during the flood on the Danube and the Upper
Dnieper.

According to research of European scientists,
including a group of researchers from the Technical
University of Vienna under Prof. Guenter Bloeschl
[16], trends in changes in the number and size of
floods of different origin in Europe are not straight-
forward. As an example, chronological series of ob-
servations of annual runoff maxima on the Danube
River in Vienna have been presented (Fig. 10).

1980
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Fig. 2. Time series of spring flood water discharges at the river Desna in Chernigiv
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Fig. 3. Time series of spring flood water discharges at the river Southern Bug
in urban settlement Oleksandrivka
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Fig. 4. Time series of spring flood water discharges at the river Smotrych in the village Tsybulivka

-140-



BicHuk XapkKiecbko20 HauioHanbHo20 yHisepcumemy imeHi B.H. KapasiHa

2500
Qum, m*/s
20000
1500
1004y
a00 |
o ‘ | | |
1923 1933
2500
Q. m*/s
2000
1500
1y
S00 |
o ‘ I | |
1923 1933

Fig. 6. Time series water discharges of spring flood at the river Siversky Donets - st. Zmiyiv
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Fig. 5. Time series of spring flood water discharges at the river Psel in the village Zapsillia
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Fig. 7. Time series of spring flood water discharges at the river Krynka in the village Novoselivka
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Fig. 8. Time series of spring flood water discharges at the river Western Bug in Kamianka-Buzka
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Fig. 9. Time series of spring flood water discharges at the river Dnister in Sambir
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Fig. 10. The maximum annual runoff (the maximum discharge in each year)
for the Danube in Vienna between 1828 and 2013 [16]

Considering the chronology of floods in Vien-
na, Bloeschl notes that there are years with a rela-
tively small peak runoff (which does not actually
lead to "flood"), and there are years with a very
large runoff, which is definitely qualified as a flood.
Four of the largest floods were marked by circles —
these are floods that occurred in June 2013, August
2002, July 1954, and September 1899. All these
floods were formed by heavy precipitation, and the
maximum amount of precipitation in a few days ex-
ceeded 300 mm. Exceptions were precipitation in
September 1899, when their number was much
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higher (more than 500 mm), however, the maximum
runoff was not very different from other cases. This
is explained by the fact that in September the under-
lying surface was rather dry due to low summer pre-
cipitation. Much of the precipitation, therefore, went
into infiltration, and thus actual runoff slightly de-
creased.

Similar chronological series of observations
have been analyzed by numerous researchers for the
rivers of Europe to understand whether there are any
changes in the magnitude and frequency of floods
during the last decades [17-21].
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To verify the existence of the trend, linear re-
gression has been used, and it has also been assessed
whether the trend is statistically significant. In gen-
eral, these studies for the past decade have demon-
strated great attention to the chronology of floods on
the rivers in the world, but the data suggests their
large spatial heterogeneity. Naturally, this heteroge-
neity is due primarily to local processes that affect
the scale of the flood. But there are also interesting
large-scale trends that have been identified as a re-
sult of analysis [19]. In particular, on the lberian
Peninsula and in North-Eastern Europe there is a
tendency of reduction of flood (due to earlier snow
melt period) and in Western Europe there is a ten-
dency of increase (due to increased precipitation).
However, the authors of the study [19] note that the
analysis results are invariably dependent on the pe-
riod of observation of a series of floods, and it is not
the same for all studied regions, hence the resulting
trends require further correction. It should be con-
sidered that the territory of Ukraine, as well as Eu-
ropean Russia, have not been included in the study,
so the trends during the maximum runoff in these
areas have not been analyzed.
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In 2015-2016, Prof. G. Bloeschl and Dr. J.Hall
initiated a new large-scale study in which 35 scien-
tists from most European countries participated, in-
cluding Ukraine, which was represented by
L.Gorbachova, a representative of UkrHMI and one
of the authors of this article — V.Ovcharuk. The task
of the study was to collect and analyze data of max-
imal runoff at European Rivers in the period from
1960 to 2010. Information was collected on almost
5000 hydrological stations, including 261 stations in
Ukraine. As a result of the analysis of the time series
of annual maxima and the dates of their observation
on the presence of particular rends, the areas of ho-
mogeneous trends have been identified (Fig. 11)
[22].

The authors [22] have identified 4 regions with
the same tendency of trends and peculiarities of the
formation of maximum discharge: 1 — North-Eastern
Europe: early snow melt; 2 — the North Sea region:
late winter storms; 3 — Western Europe along the
Atlantic coast: earlier periods of the onset of maxi-
mum soil humidity; 4 - parts of the Mediterranean
coast: a stronger influence of the Atlantic in the
winter.

2

Fig. 11. The observed time trends of maximum river runoff in Europe (1960-2010) [22]

Conclusions. The analysis of historical data,
literature sources and available time series of obser-
vations for the maximum runoff of rivers show that
the greatest risk among natural hazards in Ukraine is
floods of different origin.

In the period of regional and global climate
change, the territory of Ukraine is not homogeneous
with the trends of annual runoff maxima: on the left

bank of the Dnieper and in the Siverskyi Donets
basin, there is a tendency towards earlier periods of
snow melting and occurrence of spring floods, while
in the rest of the territory, on the other hand, there is
a tendency to increase the incidence of winter floods
instead of spring floods.

Nevertheless, in the plain area of Ukraine an-
nual maxima are still observed in the spring, and for
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the territory of the Ukrainian Carpathians the maxi-  with rare probability of relative height is a reason
ma are indicative as a result of floods of the warm  for the continuous study of these natural phenomena

period of the year. and it necessitates the improvement of methods for
Potential danger that occurs during the floods their calculation in conditions of unstable climate.
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THE STUDY OF THE PERIODICITY OF CATASTROPHIC SPRING FLOODS
ON THE TERRITORY OF UKRAINE

Introduction. In the period of global and regional climate change in almost all the regions of our planet
there is an increase in cases of extreme natural phenomena, which definitely include floods of various origin.
Over the past decades, according to the Centre for Research on the Epidemiology of Disasters (CRED), in
many countries of the world there has been a record high number of natural disasters which affected about
2.7 billion people, that is more than one third of the world's population.

The purpose of article is to analyze historical data and study the current state and trends in the fre-
quency of catastrophic floods.

Methods. To estimate the trends in the chronological series of the maximum runoff of rivers the meth-
ods of statistical analysis and spatial generalization have been used.

Results. On the basis of literature sources and taking into account current data, frequency of flooding in
the period from 900 to 2010 in the territory of Kyivan Rus and modern Ukraine has been estimated. Analyz-
ing the results obtained, it can be noted that the largest number of floods was observed in the period from
1501 to 1600 years (11 cases), from 1601 to 1700 years (13 cases), and in the modern period from 1901 to
2000 (10 cases); 900-1000 and 1701-1800 years can be considered as the periods with the smallest number
of cases. Since the beginning of the new millennium catastrophic and high floods have been observed in Eu-
rope almost every year. In order to estimate the repeatability of catastrophic floods at the rivers in Ukraine,
the chronological series of the maximum runoff of spring water have been made up in accordance with the
data of hydrological stations, which have the largest and preferably continuous periods of observations from
their beginning until 2015 inclusive. The analysis has shown that in Ukraine the spring floods in 1932 and
1970 are classified as catastrophic. The analysis of trends in the chronological series of annual maxima in
conditions of climate change showed their heterogeneity across the territory of Ukraine: on the left bank of
the Dnieper and in the Siverskyi Donets basin there is a tendency towards earlier periods of snowmelt and
the occurrence of the spring floods, and on the other territory, on the contrary, there is a tendency of increase
in cases of winter floods instead of the spring high water.

The scientific novelty of the study is determined by the use of observational data up to 2015 inclusive,
and its practical significance is determined by the opportunity to use the results when justifying hydrotech-
nical projects in order to minimize the consequences of catastrophic floods on rivers.

Keywords: flooding, rain and spring floods, maximum runoff, climate change
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URBAN POPULATION OF VOLN REGION: RESETTLEMENT AND DYNAMICS

T. C. Ilagnoecwvka, T. I. Ilozpeocokun, I'. C. I'onyo, B. I. Hopyuyuncekuii. MICBKE HACEJIEHHA BOJIHHCHKOI OBJIA-
CTI: PO3CEJIEHHA TA JTHHAMIKA. Y cmammi i006padiceno pe3yivmamu auanisy po3ceileHHs HAsIBHO20 MICbKO20 HACENEeHHS )
Bonuncwxkiii oonacmi cmanom wa 01.01.2017 ma ounamixu tioeo uucenvhocmi ynpoooexc 01.01.2013—01.01.2017 pp. /Ina yvozo byrno
0XAPAKMEPU308aHO Ui 3aKapmMocpaposano npocmopose NOWUPEHHsE MICbKUX HACENEHUX NYHKMIG Yy Medicax obnacmi, 3 ’saco8ano peii-
mune Boruncvkoi obracmi ceped inwux pezionie Yxpainu 3a 4acmxor KiTbKOCMI MICbKUX HACENEHUX NYHKMI6 i YaCMKO MICbKUX
JHCUMENIB, NPOAHANIZ08AHO KITbKICb HASGHO20 HACENCHHS MA 1020 OUHAMIKY 3 6KA3AHUT N IMUPIMHULL Nepio0 6 MICMax 061acHO20
NiONOPAOKYSAHHS A 8 THUUX MICOKUX HACENEeHUX NYHKIAX Kpar, NPOaHani308aHO KilbKiCmb HAABHO20 MICbKO20 HACELEHHA ma U020
OUHAMIKY 30 6KA3AHULL YAC 8 AOMIHICMPAMUBHUX PALIOHAX 001ACMi; 3aKaApPMOoepagho8aHo i oxapaKmepus06aHo nPoCmopo8uil po3no-
Ol wacmku MicbKux scumenie Bonuncokol obnacmi 6 po3pizi aOMIHICMPamueHUX patioHie, NPOCMeNCeHo OUHAMIKY YPOaHI3ayitiHuX
npoyecie y Bonuncokil obracmi ynpooogaic 3a3Haueno2o yacy. JJocniodxicens 301UCHEHO i3 BUKOPUCIAHHAM CIAMUCTIUYHUX OAHUX
Tonosnoeo ynpasninus cmamucmuxu y Bonuncekiu oonacmi ma [epacaenoi cayocou cmamucmuku Yxpainu. 3acmocoeano maxi
Memoou Q0CHLOMNHCeHb, K NOPIGHATbHO-2€02PApIiUHUL, MAMEMAMUKO-CIMAMUCTIUYHUL, 20IHPOPMAYITIHO20 MOOENI08AHHSL (3 GUKOPU-
cmannsm Maplnfo Professional 8.0 SCP). ¥ npoyeci oocnidoicenns 6yno siomiveno cmabinizayito ypoanizayiinux npoyecie y Bonun-
CbKIll 0Onacmi ¢ OCMAanHi poKU aHANi308aH020 nepiody Ha pieni 52,3 %. [lpu ypomy 6 pizHux Micmax ti AOMIHICMPAMUSHUX PALIOHAX
DpecioHy npocmexicyemuvcs pisHO8eKMOPHA OUHAMIKA KITbKOCMI MICOKUX MEeWKAHYi6. 3 AC08AHO, WO HA YUCETbHICb MICbKO20 HAce-
JleHHs ma pisens ypbarizayii Bonuncvkoi obnacmi, Kpim npupooHo2o i0MEOpeHHs HACENeH s | GHYMPIWHbOPe2iOHATbHOIL Miepayii,
6G2OMUTL 6NIIUE MAIOMb MINCPELIOHANILHE Ma Midcoepaicasni miepayiini nomoku. Cmabinenicmes nokasnuxa ypbanizayii Bonuncweroi
obnacmi Ha (hOHI CKOPOUEHHS UUCETbHOCTT MICHKO20 HACENEHHSL OesKUX AOMIHICMPAMUGHUX PAIOHI8 MA KITbKOCMI MeWKaAHYie Oilb-
WOCmi MICI 3YMOGICHA 3HUNCEHHAM YUCAA CLIbCObKUX JHCUMENIE PE2IOHY V 36 SI3KY 13 NPUPOOHUMU U MIZPAYIUHUMU NPOY ecamul.

Knrwwuogi cnosa: Boruncvka obnacme, miepayitinuii npupicm, mMicmo, Micbke HaceleHHs, NPUPOOHUL npupicm, ceruuye MiCbKoz2o
muny, ypbawnizayis.

T. C. Hasnosckas, T.I. Hozpebckuii, I. C. Tonyé, B. H. Mopyuuncrkuii. TOPOJCKOE HACEJEHHE BOJIBIHCKOH
OBbJIACTH: PACCEJIEHHA H THHAMHUKA. B cmambe ompasiceHsl pe3yibmamsl AHAAU3A PACCENEHUS. UMEIOWe20Cs 20pO00CKO20
nacenenus 6 Bonvinckoii obnacmu cocmoanuem na 01.01.2017 u ounamuxu eco uuciennocmu ¢ meuenue 01.01.2013-01.01.2017 2.
s amozo ObLI0 0XapakmepusoeaHo u 3aKapmospagduposaHo NPoCcmMpancmeeHHoe pacnpocmpanerue 20pOO0CKUX HACEIEeHHbIX NYHK-
mos 6 npedenax oonacmu; 8vlsACHeHO peumune Bonvinckoii obnacmu cpedu opyaux pecuonog Yxkpaunvl no ooie KoIuuecmsa 20poo-
CKUX HACENEHHbIX NYHKMOS U 001e 20pOOCKUX Jcumenell; NpoaHatu3upo6atsl YUCIeHHOCHb HACeNeHUs U e20 OUHAMUKA 30 YKA3AHHbIL
nAMULEMHUL Nepuoo 8 20po0ax 0ONACMHO20 NOOYUHEHUA U 8 OPYeUX 20POOCKUX HACENeHHbIX NYHKMAX Kpas; NPOaHATU3UPOSAHb
KONUYECMB0 UMEIOWe20Cs 20pO0CKO20 HACeNeHUsl U e20 OUHAMUKA 3 YKA3AHHOe 8peMsl 8 AOMUHUCIMPAMUSHBIX pationax obracmu;
3aKapmMopaQuUPOBAno U OXapaKmepu308arHo NPOCMPAHCMEEHHOe pacnpedeierue 00U 20po0cKux ycumeretl Bonvinckoil obnacmu 6
paspese aOMUHUCPAMUBHBIX PALIOHO8, NPOCIEHCeHA OUHAMUKA YPOAHUIAYUOHHBIX NPOYeccos8 8 Boavinckoil obnacmu na npomsoice-
HUU yKazamnozo epemenu. Mcciedosanue ocyujecmeneHo ¢ UChoab308anuem cmamucmudeckux oannwix Inagnoco ynpagnenus cma-
mucmuxu 6 Bonvinckou obnacmu u Tocyoapcmeennoui ciyxcovl cmamucmuxu Ykpaunul. [pumenenvt maxue memoosl Ucciedo8anus,
KaK CPABHUMENbHO-2e0epaduuecKull, Mamemamuko-Cmamucmuyeckutl, 2e0UH@OOPMaAyUOHHO20 MOOETUPOBAHUsL (C UCNONb308AHUEM
MaplInfo Professional 8.0 SCP). B npoyecce ucciedoganus 0biio ommedeHo cmaduiuzayuio ypoanu3ayuoHHblx npoyeccos 6 Bonvin-
cKoll obracmu 8 nocneonue 200bl AHATUZUPYEMO20 nepuoda Ha ypoene 52,3%. Ilpu smom 6 pasznvix 20poo0ax u aOMUHUCMPAMUBHBIX
PAtioHax pecuoHa Npociedlicusaemcsi paHo8eKmMopHas OUHAMUKA KOIUHeCm8d 20poOCKux dcumeneil. Beisicneno, umo na uucnen-
HOCMb 20POOCKO20 HACENeHUsA U YposeHb ypoanuzayuu Bonvinckoil obnacmu, Kpome ecmecmeenHo20 80CHPOU3B00CMEA HACELEHUS U
GHYMPUPESUOHATLHOU MUSPAYUY, CYUECBEHHOe GIUAHUE UMEION MENCPESUOHANbHbIE U MeXHC20CYOapCMBEHHble MUSPAYUOHHbIE
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nomoxu. Cmabunsnocms noxazamens ypbanuzayuu Bonvinckotl obracmu na ¢pone coxpawjenus 4ucieHHoCmu 20po0CK020 HACENeHUs
HEKOMOPbIX AOMUHUCHPAMUBHLIX PATIOHO8 U KOIUYeCmea Jcumeneil OONbUUHCIBA 20p0008 00YCNIO6IeHA CHUMCEHUEM HUCLA Celb-
CKUX Jicumeneii pecuoHd 6 C6A3u ¢ NPUPOOHbIMU U MUSDAYUOHHBIMU NPOYECCaM.

Kniouesvie cnosa: Bonvinckas obnacme, MuepayuoHHbli npupocn, 20poo, 20poockoe HaceleHue, eCmecmseentblil npupocm,

NOCeNoK 20pO0CKO20 mund, ypoanusayusl.

Introduction. Currently, the main form of peo-
ple's resettlement is urban settlements. These social
and spatial entities are the opportunity for the im-
plementation of various types of activities and inter-
ests of the population, the expansion and intensifica-
tion of interpersonal and group contacts [5; 14].
Along with the increase in the number of urban
population, standard of living and the level of com-
fort are increasing; the modernization of the urbos-
phere (global urban system) becomes more dynam-
ic, awareness of equal rights in society, the equal
importance of respect for human rights, cooperation,
and the common use of the environment become
more dynamic. In addition to positive changes, ur-
banization is accompanied by tension in terms of
basic natural resources use, problems in moral and
ethical values, inconsistency in the life comfort de-
mands with the rates of development of housing and
communal services and the planning structure of
cities, etc. Therefore, the study of the spatial and
temporal evolution of the urban settlement systems
is an important task on the regional, national and
global levels.

Analysis of recent researches and publica-
tions. Urban settlements are the complex forms of
resettlement and housekeeping management, conse-
guently, the study of urbanization processes deals
with the integration of different sciences.

The main features and current trends in urban
processes are highlighted in works by North Ameri-
can and Western European urban geographers (ur-
banists). Paul Knox, Stephen Pinch, Linda McCar-
thy [26] explored the role of cities and urbanization
in the post-industrial society thoroughly. Their
works offer a consistent, comprehensive introduc-
tion to the urban geography, and highlight the histor-
ical and process-oriented approach in terms of North
American focus. The above-mentioned approach
provides a global context and comparative interna-
tional perspective and illustrates all changes in em-
ployment in the European and North American cit-
ies, where the level of urbanization is one of the
highest in the world. Benjamin Ofori-Amoah [20],
in his works, examines a wide range of issues on the
most common urban trends that geographers have
drawn attention to while studying large cities. Mi-
chael J. Shapiro [25] explores the scientific theme
that focuses on the relationship between city styles,
especially when they express the micro-politics of
urban life in various urban settlements, shifting the
territorial focus of political research from the na-
tional to the global network of cities. Urban sociol-
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ogists Tim May and Beth Perry [24] have made a
valuable contribution to an increasingly interdisci-
plinary study of complex urban problems. Mean-
while, they support concern regarding social disor-
ders and fragmentation, conflicts, tension and cul-
tural diversity of cities. They considered that urban
sociology has once lost its leading role in urban re-
search, and therefore it is important to raise the
question of the future of geography and urban soci-
ology.

Geographical, urban, economic, social, demo-
graphic, historical aspects of the development of
urban socio-territorial formations, peculiarities of
urbanization processes in Ukraine were studied by
the following Ukrainian scientists: A. Buryachenko,
O. Gladkyi, P. Gnativ, O. Gonchar, M. Grygoro-
vych, I. Gukalova, O. Denysenko, A. Dotsenko, O.
Dronova, T. Zastavetsky, F. Zastavnyi, V. Zinych ,
N.lllyashenko, Y. Kachan, G. Kovalenko, G. Ko-
marnytska, V. Konstantynova, L. Koretsky, D. Ko-
tenok, A. Koshil, B. Kubiyovych, D. Kuzmenko, V.
Kucheravy, M.Melnyk, M. Mizhega, E. Mykhailo-
va, S. Mokhnachuk, K. Nemets, L. Nemets, Ya. Oli-
ynyk, N.Omelchenko, G. Onyshchuk, M. Pala-
marchuk, V.Peresiekin, Yu. Pitiurenko, B.Posatsky;,
I.Salii, K. Segida, A. Stepanenko, M. Tymchuk, O.
G. Topchiev, A. Shabliy, L. Shevchuk, J. Shypulin,
S. Shchegliuk, M. Fashchevsky, R. Yaremchuk and
others [1; 2; 4-6; 8; 10; 14; 17; 22; 23].

The analysis of the main demographic trends in
the Ukrainian urban environment was reflected in
the works of A. Buryachenko, I. Gudzelyak, A.
Denysenko, N. Dnistryanska, M. Duran, K. Me-
zentsev, |. Mostova, Yu. Polohovska, 1. Prybytkova,
V. Sklyar, R. Chorny, V. Shchabelska, L. Fedo-
ryshyna and others [1; 4; 6; 14; 17]. Also, the review
of the urbanization processes in Ukraine during
1989-2013 regarding demographic indicators and
regional economic trends is reflected in World Bank
reports [18].

The issues of the urbanization processes devel-
opment and urban population resettlement are rele-
vant for Volyn region, so many scholars keep this
question under review. Thus, V. Poruchynsky and
M. Vlah revealed the historical and geographical
analysis of the settlement system in Volyn region,
the role of cities and their functions in the overall
social and economic development of the region [3;
13]. Historical analysis of the urban population for-
mation and the evaluation of modern urbanization
processes in Volyn region are highlighted in the
works of G. Holub and Ya. Oliynyk [12]. Y. Mol-
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chak, I. Androschuk, I. Myskovets [11] analyzed the
level of urbanization in Volyn region. It was made
from the perspective of administrative districts, tak-
ing into account the evolution in time. The location
of the center of gravity of the urban population, the
identification of trends in shifting the above-
mentioned center regarding urban population during
1979-2001, and the substantiation of the importance
of Lutsk in the regional settlement system are dis-
closed by V. Lazhnik and S. Pugach [9]. O.
Pryshchepa [15] devoted his monograph to the study
of the social and national structure of the urban
population in the Volyn province, the pace of urban-
ization processes in the above-mentioned territory in
the second half of the 19" and early 20" centuries.
V. Kychtyuk [7] analyzed the data on the cities and
urban-type settlement of Volyn region, the number
of their residents at the beginning of the 20
century.

Despite the considerable number of works and
researches on the above-mentioned topic, the prob-
lems of the geospatial organization of the urban
population, the consequences of the trends of urban-
ization processes, the pace of transformation of the
way and conditions of life in the urban environment
require further research. It is caused by the fact that
the indicators of urbanization are rather dynamic
and characterized by high dependence on socio-
political phenomena of the local, regional and global
range. Despite the fact that there is no strong indus-
trial development, Volyn region is interesting for the
study of urbanization processes, because it has a
border position and currently is the edge of migra-
tion activity strengthening. Regarding the above-
mentioned scientific papers on urban settlements
and the urban population of Volyn region, only some
of them reveal the indicators that are at the center of
our research. In addition, the most recent data, ana-
lyzed in these publications, relate to the time periods
of the last three censuses of the population (1979,
1989, 2001), beginning of 2010 and early 2014.
Therefore, our research, which is based on the data
of 01.01.2013-01.01.2017, is considered a logical
step in the study of modern urbanization processes
in Volyn region in order to find out the causes of
trends in the dynamics of the urban population and
justify the prospects for the development of demo-
graphic, social and economic situation of the region.

The aim and objectives of the article. The
aim of the article is to analyze the distribution of the
existing urban population in Volyn region as of
01.01.2017 and the dynamics of its number during
the period of 01.01.2013-01.01.2017. In order to
achieve it, the following objectives were set out: 1)
to study the history of urbanization processes re-
search in Ukraine and in Volyn region; 2) to charac-
terize and map the spatial distribution of urban set-
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tlements in Volyn region; 3) to find out the rating of
\Volyn region among other regions of Ukraine by the
share of urban settlements number and the propor-
tion of urban residents; 4) to analyze the amount of
the population and its dynamics in the cities of re-
gional submission and in other urban settlements of
the region; 5) to assess the size of the existing urban
population and its dynamics at a specified time in
the administrative districts of the region; 6) to map
and review the spatial distribution of the urban resi-
dents share of Volyn region in the context of admin-
istrative districts; 7) to trace the dynamics of urbani-
zation processes in Volyn region during the speci-
fied time and substantiate the trends revealed.

Materials and methods of research. The re-
search is based on the data of the Main Department
of Statistics in Volyn region and the State Statistics
Service of Ukraine. The following research methods
are used: comparative-geographical, mathematical-
statistical, method of geoinformation modeling (us-
ing MaplInfo Professional 8.0 SCP).

Presentation of the main material and the
substantiation of the obtained research results.
As 0of 01.01.2017 in Volyn region there are 33 urban
settlements: 11 cities (4 cities of regional subordina-
tion: Lutsk, Kovel, Novovolynsk, Volodymyr-
\Volynskyi) and 22 urban-type settlements. Cherkasy,
Transcarpathian, Mykolayiv, Rivne and Chernivtsi
regions have fewer urban settlements than \Volyn
region.

In Volyn region, the largest number of urban
settlements in the Horokhiv district (2 cities -
Horokhiv and Berestechko and 2 urban-type settle-
ments - Senkevychivka and Marianivka). In addition
to Horokhiv, two cities are also located in Vo-
lodymyr-Volynskyi district (Volodymyr-Volynskyi
and Ustylug). Liubeshiv, Stara VWzhivka, Shatsk and
Lokachi districts have less number of urban settle-
ments - only one urban-type settlement is represent-
ed here.

At the beginning of 2017, there were 544.6
thousand city residents in Volyn region. Almost 70%
of urban residents of the region are concentrated in
the cities of regional subordination (217 thousand in
Lutsk, 69.3 thousand in Kovel, 52.8 thousand in
Novovolynsk, 39.1 thousand in Volodymyr-
Volynskyi). Among other cities in the region, the
largest number of inhabitants is in Kivertsi (14.2
thousand), Rozhyshche (13.0 thousand), Kamin-
Kashyrskyi (12.5 thousand), and the smallest one is
in Berestechko (1,7 thousand). The largest number
of residents of urban-type settlements are situated in
Manevychi (10,8 thousand) and Ratne (10,0 thou-
sand), but the smaller - Senkevychivka (1,2 thou-
sand). Among the administrative districts, the largest
number of urban residents has Kivertsi (23.8 thou-
sand), Rozhyshche and Horokhiv (almost 15.0 thou-
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sand) districts, and the smallest - Lokachi (3.9 thou-
sand) and Volodymyr-Volynskyi (2, 2 thousand) dis-
tricts (Fig. 1).

The share of urban population in the total popu-
lation is considered to be the dominant official indi-
cator of the level of urbanization. As of 01.01.2017,
the share of urban population in Volyn region is
52.3%, in Ukraine - 69.2%. According to this indi-
cator, Volyn region occupies the 18" place among
other Ukrainian regions. In Volyn region, the least
urbanization level is typical for Volodymyr-
Volynskyi (8.7%) and Lutsk (9.6%) districts (Fig.
2), because within their boundaries there are cities
of regional subordination, which are the centers of
human resources attraction. The highest urbaniza-
tion rate is typical for Rozhyshche (38.2%), Kivertsi
(37.3%), Lyuboml (34.3%), Turiisk (33.7%), and
Shatsk (31.6%) districts. The attractiveness of urban
settlements in these districts is primarily due to the
increase in the supply of jobs in industrial, agro-
industrial, agricultural, transport, and trade enter-
prises, compared to other Polissya districts. At the
same time, rural residents who decide to move to
urban settlements in order to find better jobs and a
higher level of living choose the cities and villages
of the above-mentioned districts, because they have
advantages in cost of housing or its rent in compari-

son with the largest industrial centers of the region.
The significant concentration of population in
Shatsk, not in the villages of Shatsk district, is asso-
ciated with a small number of jobs for agricultural
activities due to the high percentage of reserves,
lakes, and forests of the region.

Regarding the dynamics of the urbanization
level in the region, from the beginning of 2015 and
before January 1, 2017, this figure remained un-
changed at 52.3%, while at the beginning of 2014 it
was 52.2%, and in 2013 - 52.1%.

As for the dynamics of the existing urban popu-
lation of Volyn region, then at the beginning of the
five-year period wunder study (01.01.2013-
01.01.2017), its gradual growth was observed. Re-
cently, it has stopped (the urban population at the
beginning of 2017 is 1 thousand people less than on
January 1, 2016).

Fluctuations in the number of urban residents in
the administrative districts of the region during the
specified time are barely visible. The most noticea-
ble increase in the number of urban residents can be
traced in Kamin-Kashyrskyi, Lutsk, Liuboml, Ma-
nevychi, Ratne districts. As of the beginning of
2017, in all of these areas, except Liuboml, urban
population is characterized by a positive natural in-
crease. The increase in the number of residents of
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Fig. 1. Dynamics of the urban population number in administrative districts of Volyn region

(according to [19])
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urban settlements in these areas is also marked by
migration processes, especially in Liuboml district,
where the indicators of migration increase offset the
natural reduction of urban population. The gradual
decrease of urban population occurs in Ivanychi,
Kivertsi, Rozhyshche districts (see Fig. 2). In Ki-
vertsi region, the positive values of the natural in-
crease of urban population are inferior to the magni-
tude of migration outflow, and in Ivanychi and
Rozhysche districts, in addition to migration pro-
cesses, the negative values of natural growth are
significantly affected by the reduction of the number
of urban residents.

As for the cities of regional subordination, dur-
ing the first four years of the studied period, the
population of Lutsk and Volodymyr-Volynskyi slow-
ly, but grew, and from 2016 began to decrease (Fig.
3). In Novovolynsk, the decline in the number of
inhabitants has been traced since 2014. The dynam-
ics of the number of residents in Kovel during Janu-
ary 1, 2015 - January 1, 2017 has an oscillatory na-
ture of changes. The population decline in these set-
tlements is caused by the migration outflow (at the

beginning of 2017, the migration balance in all these
cities is negative, the largest migration outflow of
the population can be traced in Lutsk and Novovol-
ynsk). Regarding the natural movement of a popula-
tion in recent years, only Lutsk and Kovel have a
positive natural increase.

As for other cities in Volyn region, the gradual
increase in the population during the specified time
is traced in Kamin-Kashyrskyi (4%) and Liuboml
(by 2.2%), and the decrease - in Kivertsi (by 2.6 %)
and Rozhyshche (by 2.2%). In other cities of district
subordination, population changes are volatile with-
out clearly expressed trends. The increase in the
number of residents in Kamin-Kashyrskyi is ex-
plained by positive indicators of natural and me-
chanical movements of the population, and in
Liuboml - the prevalence of positive values of mi-
gration increase over negative indicators of natural
population growth (as of the beginning of 2017).
Reducing population in Kivertsi and Rozhyshche is
due to a significant migration outflow, as well as
negative values of natural growth, in particular in
2016.
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Fig. 3. Dynamics of the percentage of population in Volyn cities of regional subordination (according to [19])

Conclusions. In Volyn region, there are 33 ur-
ban settlements, that is 2.5% of all urban settlements
in Ukraine. In the region there are 544.6 thousand
urban residents, which make up 1.8% of all urban
residents of the state. The main part of the urban
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population of the region (70%) is concentrated in
the cities of regional subordination (Lutsk, Kovel,
Novovolynsk, Volodymyr-Volynskyi). More than 10
thousand people live in Kivertsi, Rozhyshche, Ka-
min-Kashyrskyi, Liuboml, and in the urban-type
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settlements Manevychi and Ratne. The level of ur-
banization in the region is much lower (52.3%) than
its republican value (69.2%). The highest urbaniza-
tion rate is typical for Rozhyshche (38.2%), Kivertsi
(37.3%), Liuboml (34.3%), Turiisk (33.7%), and
Shatsk (31.6%) districts. Higher proportion of urban
residents, compared to other Polissya districts, asso-
ciated with the presence here of the three cities and
seven towns, which attract a large number of visit-
ing places of employment in industrial enterprises,
transport and services, more developed infrastruc-
ture and, consequently, higher comfortable living.
There are seven urban-type settlements that attract
less people to stay there because of low level of
economic and social development. These are Ratne,
Liubeshiv, Stara VWzhva, and Manevychi. The ten-
dency of population to move to cities and towns is
caused by reluctance of young people to work in
rural areas, where they see few job prospects and
personal development in connection with the crisis
of social and economic nature that are inherent in
most rural settlements not only in the region, but in
whole Ukraine .

The low level of urbanization of Volodymyr-
\Volynskyi, Lutsk and Kovel districts is due to the
presence of cities of regional subordination, which
are centers of attraction of human resources. In addi-
tion, the relatively low urbanization of forest-steppe
districts of Volyn region is conditioned by a signifi-
cant number of villages and residents in them due to
the availability of opportunities for the effective ap-
plication of agricultural labor through the prolifera-
tion of fertile soils.

During 01.01.2013-01.01.2017 there was a
gradual increase in the number of urban residents
during the first four years in Volyn region. At the
beginning of 2017, this trend was reversed: the
number of local people in the region became 1 thou-
sand less compared to the beginning of 2016. Taking
into consideration administrative regions, the most
pronounced increase in urban population was seen
in Kamin-Kashyrskyi, Lutsk, Liuboml, Manevychi,
Ratne districts. At the beginning of 2017, in all of
these areas, except Liuboml, the urban population is
characterized by a positive natural increase. The
increase in the number of residents of urban settle-
ments in the above-mentioned areas is also marked
by migration processes, especially in Liuboml dis-
trict, where the indicators of migration growth in
2016 offset the natural reduction of urban popula-
tion. Gradual decrease of urban population occurs in
Ivanychi, Kivertsi and Rozhyshche districts. In Ki-

vertsi district there are positive natural growth of
urban population (as of early 2017), which inferior
values of migration outflow, but in Ivanychi and
Rozhyshche districts, one more reason of the reduc-
tion of urban residents number is negative value of
natural growth.

In cities of regional subordination (except for
Kovel) since 2016 there was a tendency to decrease
the number of residents. The main reason for this is
the migration outflow, and in Volodymyr-Volynskyi
and Novovolynsk, there is also a natural decrease in
the population (at the beginning of 2017, the natural
growth rates in these cities were, -2.3 %o and -3 %o,
respectively). As for the other cities of Volyn region,
the gradual increase in population during the studied
time interval traced in Kamin-Kashyrskyi (by natu-
ral and migration processes), and in Liuboml (due to
the predominance of positive values of negative mi-
gration growth indicators of natural population
growth, marked by the beginning of 2017). The de-
crease in the urban population is observed in Kivert-
si and Rozhyshche, which is primarily connected
with the significant migration outflows, as well as
negative values of natural growth, in particular in
2016.

Regarding the level of urbanization in the re-
gion, from the beginning of 2015 and before Janu-
ary 1, 2017, this figure remained unchanged, that is
52,3%, while at the beginning of 2014 it was 52,2%,
and in 2013 - 52,1%. Thus, the percentage of urban-
ization in Volyn region has stabilized. Currently, the
number of urban population and the urbanization of
\olyn region, in addition to natural reproduction of
the population and intra-regional migration, have a
significant impact on interregional and interstate
migration flows. The stability of the urbanization
index of Volyn region against the backdrop of reduc-
ing the urban population of some administrative dis-
tricts and the number of inhabitants of most cities is
due to a decrease in the number of rural residents of
the region due to natural and migration processes.

Since urbanization reflects contemporary social
and economic trends in the development of society,
the issue of urban population settlements, its dynam-
ics, and the spread of urban lifestyles remains
among the most relevant research. Moreover, the
same assessment and forecasting of the course of
urbanization processes in Volyn region and other
regions of Ukraine can become an important task on
the way to increase the effectiveness of spatial plan-
ning, especially in the context of territorial and ad-
ministrative reform.
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URBAN POPULATION OF VOLYN REGION: RESETTLEMENT AND DYNAMICS

Introduction. Currently, the spatial and temporal evolution of urban settlement systems has become an
important object of the research at the regional, national and global levels. After all, urbanization is a rather
complicated process. On the one hand, it is characterized by an increase in the size of the urban population,
level of comfort and standard of living, modernization of all spheres of society's life. On the other hand, ur-
banization is accompanied by tensions regarding the use of basic natural resources, inconsistency in the de-
mands of life comfort from the pace of development of housing and communal services and the planning
structure of cities, etc. The study of the spatial and temporal evolution of the urban settlement systems is an
important task on the regional, national and global levels. Therefore, the identification of resettlement pat-
terns, the dynamics of urban processes and qualitative characteristics of the urban population, in particular,
Volyn region are very relevant and deserve attention of modern geodemographers.

The aim of the article is to analyze the settlement of the existing urban population and its dynamics in
Volyn region.

Research methodology. The following research methods are used: comparative-geographical, mathe-
matical-statistical, method of geoinformation modeling (using MapInfo Professional 8.0 SCP).

The results of the research reflect the current urban tendencies in Volyn region, in particular, the une-
venness of the settlement of the urban population through natural and economic factors. During the research
period, the dynamics of the number of urban residents increased as a result of migration growth, and the per-
centage of urbanization in Volyn region stabilized. Currently, the number of urban population and the urban-
ization of Volyn region, in addition to natural reproduction of the population and intra-regional migration,
have a significant impact on interregional and interstate migration flows. Since urbanization reflects contem-
porary socio-economic trends in the development of society, the issue of urban lifestyles remains among per-
spective research.

Scientific novelty and practical significance. The course, trends and dynamics of urbanization pro-
cesses in Volyn and other Ukrainian regions have become an important task on the way to improving the
effectiveness of spatial planning, especially in terms of territorial and administrative reform in Ukraine.

Keywords: Volyn region, migration growth, city, urban population, natural growth, urban-type settle-
ment, urbanization.
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CONSTRUCTIVE-GEOGRAPHIC FOUNDATIONS OF NATURE MANAGEMENT
ON THE NORTH-WESTERN COAST OF THE BLACK SEA

A. O. Ilauxkpamenxosa. KOHCTPYKTHBHO-I'EOI'PA®IYHI OCHOBH YIIPABJIIHHA IIPHPO/IOKOPUCTYBAH-
HAM HA Y3BEPEJXCKI HIBHIGYHO-3AXITHOI YACTHHH YOPHOI'O MOPA. Cmammio npucesyueno npobremi ynpaeninus
NPUPOOOKOPUCTYBAHHAM HA Y30ePexcoci NigHiuHO-3axionill yacmumi YopHozo Mops, wjo BUHUKIA HA OCHOBI HEPAYIOHATLHOZO 8UKO-
pucmanna npupoonux pecypcig. Pozenanymo euou anmponozennoeo 6naugy i 20Cno0apcbkoi OisnbHOCmi (3pOCMAanHs HACeNeHHs 8
npubepedxchux paiionax, ypoanizayis, 3a0pyoHents 600 akeamopii, pekpeayis, pubanscmeo, Oy0ieHUYmMeo bepeco3axucHux, nopmo-
8UX, 2IOPOMEXHIUHUX MA THWUX 8UI8 CNOPYO, NPOMUCTOBICMb, CIIbCbKe 20CN00apCcmeo i m.0.), o npu3eooams 00 p038UMKy Oe-
CMPYKMUGHUX npoyecie ma dezpadayii Mopcokux bepezis.

Ha ocnosi ananisy icuyrtouoi 3akonodasuoi cucmemu ynpasiinia 6 Yxkpaiui, po3Kpumo 0CHO8HI npUtUHU XA0MUYHO20 OCE0EHHS
Mopcwkoeo y3bepedxcoes Yoprozo mops. Ilpoananizosano disivHicmy nputinamoi éceceimuvoro epomadcvkicmio ma OOH xonyenyii
«Komnnexcroeo ynpaeninus 6epeco6oio 30not0» (KYB3) 6 pisnux kpainax ceimy. ['onoenorw memor konyenyii € po3pobka npoexmis
npUPOOOKOPUCITYBANHSA HA Y30EPedcICAX, wo 3a0e3neuyioms ONMuMatbHutl OANanc Mixe nPUpOOHUMU CUCIMeMAMU A COYiaNbHO-
EKOHOMIYHUM po3gumkoM. Buceimaeno yini, 3acaou ma npunyunu énposadsicennsi KYE3 ¢ Vipaini, sike nepeobauae micny 3aemo-
0i10 HAYKOBOI, COYIaNbHO-eKOHOMIUHOI ma 3akoHo0asuol cghep. Bcmanosieno, wo 015 po3pobku 0y0b-aKux npoekmis 6 bepe2osiii
30HI MOpS, HeOOXIOHO Mamu HAYKO8e NPUPoOHe OOIPYHNTYGAHHSL.

Pospobneni ma s0ockonaneni KOHCMPYKMUBHO-2e02paiuni 0CHOBU YNPAGLIHHA NPUPOOOKOPUCHYEAHHAM € YHIBEPCATbHUMU U
Maioms 8adciuge 3HaveHHs 015 2apMOHi3ayii 63acMO8IOHOCUN MIdiC TI0OCMBOM i NPUPOOOIO, WTIAXOM 3HUIICEHHS AHMPONO2EHHUX
HABaHmMadicenb He MiNbKU 6 Medicax bepe2o6oi 30Hu nisniuno-3axionoi ywacmunu Yopnozo mops, are i Ilpunopromopcokux kpain i
6cb020 C6imosoeo okeany 6 yinomy. Buknaoeni nonojcenns Moxdcyms cmamu 0CHOB0I0 3aKOHO0A8UUX NPUPOOOOXOPOHHUX NPOEKMIS.

Kniwouosi cnosa: npupoooxopucmyganhs, aHmponocennuil 6njue, NPUHYuUnu, KOMNIEKCHe YNPAGuiHHA 0epe208010 30HOI0
(KYB3), bepecosa 30na, nisniuno-3axiona wacmuna, Yopue mope, Yrpaina.

A. 0. Ilankpamenkosa. KOHCTPYKTUBHO-ITEOTPA®HYECKHE OCHOBBI YIIPABJIEHUA IIPHPO/[OIIO/IB30-
BAHHEM HA ITOFEPEJXBE CEBEPO-3AITAJHOH YACTH YEPHOI'O MOPA. Cmamus noceauwena npobieme ynpasnenus
nPUPOOONONL306AHUEM HA NoDepedicbe ceeepo-3anadHoll yacmu YepHozo Mops, 803HUKWEN HA NOY8e HEPAYUOHANLHO2O UCNONb3064-
HUsL NPUpoOHbIX pecypcos. Paccmompenul ocHogHble 8U0blI AHMPONO2EHHO20 BUAHUA U XO3AUCMBEHHOU 0esmelbHOCmU (POCm Hace-
JIeHUs 8 NPUBPEIICHBIX PALIOHAX, YPOaHU3ayus, 3aepa3Henue 600 aKkeamopuu, peKkpeayus, pblooio6Cmeo, CMpoumeibCmeo bepe2o3a-
WUMHBIX, NOPMOBBIX, 2UOPOMEXHUUECKUX U OPY2UX U008 COOPYIHCEHUI, NPOMBIULIEHHOCIb, CENbCKOe XO3AUCME0 U M.0.), Ymo npu-
8005 K PA38UMUIO 0eCmpyKIMUSHbIX NPOYECCos U 0ecpadayuil MOpCKux bepezos.

Ha ocnose ananusa cywecmeyioweii 3akoH00AMeNbHOU CUCMeMbl YIPAGLeHUs 68 YKpaune, packpblmsl OCHO8HbIE NPUYUHbL XA~
OMUYECK020 0CB0EHU MOpPCKo20 nobepedicba Hepnozo mops. Ilpoananuzuposano OesamenbHOCMb NPUHAMOU 6CeMUPHOU 00uye-
cmeennocmoio u OOH xonyenyuu «Komnaexcrozo ynpagnenus depecogoii sonoti» (KYBE3) 6 pasnvix cmpanax mupa. Inasnoii yenvio
KOHYenyuu A6151emcs paspabomra npoekmos npupoO0onoIb308anUs Ha NODEPeNChbX, 00eCneuusaIowux ONMUMAtbLHbIL OANanc Medic-
0y NPUPOOHBIMU CUCIEMAMU U COYUATLHO-IKOHOMUYECKUM pazeumueM. Beiceemneno yeau, ocnosul u npunyunst eneopenus KVYb3 6
Ykpaune, komopoe npedycmampueaem mecHoe 83auUMOOeLCmale HaAyUHOU, COYUATLHO-IKOHOMUYECKOU U 3aKOHOOamenbHol cghep.
Yemanoeneno, umo ona paspabomxu n106wix npoexmos 8 6epezo6oii 30ne Mops, HeoOX00UMO UMeMb HAYYHOe NPUPOOHOe 0OOCHO-
sanue.

Paspabomannvie u ycosepuiencmeosanule KOHCMPYKMUEHO-2eoepauiecKue 0CHO8bl YNPasieHus nPpUpoOOnoib308aHUeM A6-
JISIOMCA YHUBEPCANLHBIMU U UMEIOM 8AJICHOE 3HAYEHUS O 2APMOHU3AYUU B3AUMOOMHOUEHUI MEANCOY 4ell08e4eceom U NPUPOOOI,
nymem CHUICEHUs AHMPONO2EHHBIX HAZPY30K He MONbKO 8 npedenax bepe2osoll 301bl cegepo-3anadnoi wacmu Yepnozo mops, Ho u
IIpuyepnomopckux cmpan u 6ceco Mupoeozo oxeana 6 yenom. Hznodcennvie ON0ACEHUS MOZYN CIAMb OCHOBOU 3AKOHOOAMENbHbIX
nPUPOOOOXPAHHBIX NPOEKIMOB.

Kniouesvie cnosea: npupooononvsosamie, anmponoeHHoe 6iusHue, NPUHYUNBL, KOMNIEKCHOe ynpaeieHue 6epe2ooll 30HOl
(KYbE3), bepezosas 30ua, cesepo-3anaonas yacmo, Yepnoe mope, Yxpauna.

Formulation of the problem. The problem of
rational nature management and the protection of
the coastal zone of the north-western part of the
Black Sea, and the entire World Ocean attracted sci-
entific interest in the middle of the twentieth centu-
ry. Sea coasts have become the center of gravity for
the population of the Earth, and as a result, the basis
for the development of high socio-economic infra-
structure. The intensive development of the coastal
zone of the sea (CZS) and consumer economic ac-
tivity have led to the development of destructive
processes and degradation of natural systems [25,

34]. Solving this problem requires new scientifically
based knowledge, new political approaches, public
awareness, and most importantly, the development
of integrated coastal zone management (ICZM). The
concept of integrated coastal management appeared
back in the 1980s of the last century, but was recog-
nized in 1992 in Rio de Janeiro at the UN Confer-
ence (Agenda 21). The main goal of the concept is
to preserve the natural resources of the coastal zone
for the future generations, without upsetting the nat-
ural balance, but at the same time receiving econom-
ic benefits [28, 29].
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Solution to the problem of rational nature man-
agement at the seashore of the study area is possible
only with qualified development and implementa-
tion of ICZM. In order to achieve harmony in the
natural-anthropogenic system, «coastal zone of the
sea many, close interaction of the scientific and leg-
islative spheres is necessary (Fig. 4). Scientific in-
formation should comprehensively take into account
physiographic and socio-economic processes, as
well as the laws of their development that determine
the current state and dynamics of changes in natural
systems during their operation. In the study of sea
coasts, the natural state of all its constituent ele-
ments, changes in the hydrometeorological regime,
the many-year rise in the level of the oceans, the
state of the coastal waters of the sea, just to men-
tioned a few. The information obtained can be used
to address topical issues and develop a constructive-
geographical framework for environmental man-
agement in the conditions of transcendental anthro-
pogenic impact.

Analysis of recent research and publications.
Nowadays, the issue of anthropogenic influence on
the environment as a whole, and on the coastal zone
in particular, is so relevant that many scientists are
studying this problem. The first studies on the
shores of the north-western part of the Black Sea
were focused on the study of morphodynamic pro-
cesses with the aim of building shore, port, hydro-
technical, recreational and other types of structures.
Most publications on this topic belong to such fa-
mous Soviet geomorphologists and coastal scientists
as: V. P. Zenkovich [15, 16], O. K. Leontyev [19], V.
I. Lymarev [20], Yu. V. Artyukhin [3], N. A. Aybula-
tov [1], G. N. Aksent’ev [2], Yu. D. Shuisky [22-27],
G. V. Wkhovanets [5, 25], and others.

Modern studies [5-6, 10-14, 17-18, 26-27 etc.]
of the coastal zone in the Black Sea region are
aimed at studying various risks on the sea coasts of
natural and anthropogenic origin; on the develop-
ment of scientific recommendations and principles;
the introduction of ICZM in Ukraine; the improve-
ment of the current legislative base of the state for
the protection and renewal of natural resources. But
unfortunately, such research in most cases is carried
out at the initiative of altruistic scientists from dif-
ferent institutions, rather than the current legislative
environmental authority of management.

Among the latest foreign publications worth
highlighting are the findings of [28-38]. They are
aimed at studying different types of socio-economic
influence on the coastal zone of the World Ocean
and its various parts; to search for ways of rational
nature management and conservation of natural re-
sources; to solve problems between the scientific
and legislative spheres and to develop strategies for
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Identification of previously unsolved parts of
a common problem. Despite the significant number
of publications related to the research topic, the in-
formation requires a detailed synthesis for the de-
velopment and improvement of the structural and
geographical foundations of environmental man-
agement in the coastal zone of the north-western
part of the Black Sea. The materials of the work are
of significant structural and geographical im-
portance in the implementation of 1CZM, for the
development of legislative projects and regulatory
documents for the optimal use of the natural re-
sources of the Black Sea coast, as well as in the
planning and spatial organization of the coastal
zone.

The purpose of the study is to analyze the cur-
rent state of the coastal zone of the north-western
part of the Black Sea, under conditions of uncon-
trolled anthropogenic influence, as well as the cur-
rent management system of the coastal zone of the
sea, to develop and to improve the structural and
geographical foundations of rational environmental
management.

Providing basic research materials. Ukraine
is a maritime state washed by the Black and Azov
Seas. The coastal zone of the north-western part of
the Black Sea, according to hydrographic zoning
[8], is the area of the first survey, the site, stretching
from the Danube Delta to the Bakal Spit in
Karkinitsky Bay. According to the developed re-
gionalization of V. P. Zenkovich [16] and improved
by his student Yu. D. Shuisky [23], three coastal
regions are distinguished in the passages of this ter-
ritory: Danube, North-Western and Dnieper-
Karkinitskaya (Fig. 1).

The seacoast of this region is actively used in
the socio-economic, transport, industrial, agricultur-
al, recreational and other spheres of economic activ-
ity. CZS is under increasing pressure mainly due to
population growth, urbanization, progressive devel-
opment of infrastructure in combination with unco-
ordinated industrial, transport, recreational, coastal,
fishing, agricultural and other activities [26]. Since
this is important for the national economy, competi-
tion for its resources is growing, threatening to de-
stroy the functional integrity of the natural system.

Unqualified intervention in CZS leads to de-
structive processes and degradation of natural sys-
tems. As a result, soil erosion, abrasion-landslide
and landslide processes (Fig. 2), coastal waters, re-
duction of renewable resources, erosion of beaches
and coasts (Fig. 3), destruction of the natural unique
relief, loss of wetlands and loss of biodiversity, etc.
[25, 26].

integrated coastal zone management
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Fig. 1. The north-western part of the Black Sea within which the coastal areas are distinguished:
1 — Danube; 2 — North-Western; 3 — Dnieper-Karkinitskaya [16, 23]

Fig. 2. Landslide in southwest Odessa,
village Sanzheika

One of the reasons for the chaotic development
of the coastal zone of the north-western part of the
Black Sea is the fact that the interests of all legiti-
mate users have not yet been recognized. Various
administrations and enterprises pursue their «nar-
rowy interests without a «big» connection with each
other and do not discuss their plans for the future.
However, to protect and preserve the coast, we need
to do long-term integrated planning and recognize
the legitimate interests of all users.

To solve this problem, most coastal countries in
the world use integrated coastal zone management
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Fig. 3. The coast washout on the outskirts
of Chernomorsk

(KUBZ). This concept implies a compromise and
compliance with strict physiographic standards
when making any interventions in the coastal zone.
For example, the construction of an industrial com-
plex or a port on the coast will be incompatible with
the development of tourism, and may also destroy
some particularly valuable natural systems. Effec-
tive implementation of the rules and environmental
impact assessment are the tools for implementing
KUBZ, which is a method for considering all the
possible consequences associated with a given pro-
ject or policy [28-38].
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During the years of her independence, Ukraine
also has attempts to introduce the ICZM of the
Black and Azov Seas, but judging from the current
state of the sea coasts, these were just attempts. The
biggest catastrophes and financial losses occurred
through the lack of awareness of citizens about the
risks that CZS hides (Fig. 2, 3), as well as through
the gap between scientific and legislative (political)
areas of activity. Thus, there is an urgent need to
apply integrated management of the Black Sea
coast.

The objectives of the Black Sea coastal oil and
sea sector are the main types of actions in all socio-
economic areas on which effective management de-
pends:

v' To promote through rational planning of
coastal sustainable development, by ensuring that
the environment is taken into account in harmony
with economic, social and cultural development;

v To preserve the nature of the coastal zone
for present and future generations;

v' To ensure sustainable use of natural re-
sources, especially water;

v" To ensure the preservation of the integrity of
the coast, ecosystems, coastal landforms;

v' To prevent and / or reduce the effects of
natural disasters and, in particular, climate change,
which may be caused by natural or human activities;

v To harmonize and strengthen the environ-
mental legislation of Ukraine and improve its im-
plementation, as well as to ensure compliance with
all prescribed norms;

v To achieve coherence between public and
private initiatives, as well as between all decisions
of state bodies at the national, regional and local
levels that affect the environmental management of
the coastal zone;

v' To create effective management and deci-
sion-making mechanisms for the sustainable devel-
opment of the Black Sea coastal zone [33].

BZM management should cover the full cycle
of collecting scientific geographic information,
planning, decision-making, management and moni-
toring of implementation. The ICZM should use the
informed participation and cooperation of all inter-
ested parties to assess the socio-economic goals in
the coastal zone and take certain measures. ICZM
should strive for a long-term perspective to balance
the interaction of scientific, economic, social, cul-
tural, recreational and other spheres of activity of
the population within the legislative norms [32, 37].

The long-term success of ICZM depends on in-
fluence of those groups’ support and individuals
whose interests will be most affected by the imple-
mentation of the program. The participation of all
major ICZM stakeholders, including the general
public is necessary for the participation of all stake-

holders in the processes of program development
and implementation [36].

In order to avoid the threat of the depletion of
natural resources and disruption of the physical-
geographical balance, it is necessary to develop sci-
entific principles of rational nature management, a
system of measures aimed at protecting, rational use
and restoring natural resources, as well as maintain-
ing natural balance. It is very important to organize
the protection not only of individual components of
the BZM, but also the preservation and possible re-
covery of the entire coast as a whole, the protective
functions of which have significantly decreased due
to intensive economic activity [23].

When implementing the ICZM in the north-
western part of the Black Sea, the legislature can be
guided by the following principles [9, 13, 27, 29,
31, 33]:

Principle 1. The coastal zone is a unigue sys-
tem of natural resources, it requires special ap-
proaches to management and planning.

Principle 2. The use of an integrated approach
to management and planning of the coastal zone in
the interaction of land and sea.

Principle 3. Adaptive management during the
ICZM process, which will facilitate adjustments as
problems and knowledge evolve. This implies the
need for a reliable scientific basis for the evolution
of the coastal zone.

Principle 4. The main task in the management
of natural resources of the coastal zone is to pre-
serve the total public and private material resources.

Principle 5. Development of land use strate-
gies, plans and programs covering urbanization and
various types of socio-economic activities of man-
kind, as well as other policy actions necessary for a
successful ICZM.

Principle 6. Support and participation of rele-
vant administrative bodies at the national, regional
and local levels, between which relevant links
should be established or maintained in order to im-
prove the coordination of the various existing po-
licies.

Principle 7. The preservation of the sustainable
use of natural resources is one of the main objec-
tives of coastal zone management.

Principle 8. Preliminary assessments should be
conducted taking into account the risks of natural
and anthropogenic origin in order to prevent and
reduce their negative impact on the coastal zone.

Principle 9. An approach to environmental im-
pact assessment is important for the effective man-
agement of coastal areas.

Principle 10. The organization of environmen-
tal systems in the coastal zone, which play the role
of a kind of frame and allow you to preserve the
most valuable natural complexes in their natural
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state.

Despite the wide range of scientific information
in the coastal areas, unfortunately, there is no con-
nection between science and politics. Thus, there are
problems that prevent bridging the gap between the
scientific and legislative spheres: 1) unsatisfactory
participation of scientists in the management of
coastal zone; 2) lack of reliable information and data
for management planning initiatives; 3) difficulties
associated with the communication of scientific
findings and their applicability for decision-making.

Despite some interest in the legislative bodies to
scientific and technical approach of solving prob-
lems of coastal areas, the integration of results into
coastal zone management plans is not guaranteed
since decisions are often made with a downward
approach and without the participation of scientists
from different organizations. For effective use of the
Black Sea ICZM in Ukraine, taking into account
anthropogenic influence, there must be a coordinat-
ed relationship between the scientific and legislative
sphere (Fig. 4).

Legislative

sphere

Population

Coast Protection

/

Urbanization

Water pollution

Recreation

> Coastal zone of
the Black Sea

Hydrotechnical
structures

&

Agriculture

Industry

~ Fishing

Fig. 4. Optimized scheme of integrated coastal zone management
in the north-western part of the Black Sea [29]

It should be noted that the preservation of the
natural resources and biodiversity of the coastline is
more often constrained by political uncertainty and
bureaucratic inertia than by lack of scientific infor-
mation. This situation can only improve when the
government begins to realize the importance of the
resources in the coastal zone of the Black Sea.

Conclusions. The current state of the coastal
zone of the Black Sea within Ukraine is under
strong anthropogenic pressure. Vigorous economic
activity (urbanization, recreation, agriculture, indus-
try, fishing, construction of infrastructure, shore pro-
tection, hydrotechnical and other types of facilities)
and, as a result, chaotic bank management have led
to the development of destructive processes and
degradation of the coastal zone of the Black Sea.

The seaboard of the north-western part of the
Black Sea is one of the most important unique natu-
ral resources requiring the use of integrated coastal
zone management (ICZM). This approach should
provide a basis for the implementation of measures
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that are necessary to preserve the most important
coastal natural systems for the present and the future
generations.

It is necessary to establish a system of relations
between the scientific and legislative sphere at
ICZM. Any distribution rights to use coastal re-
sources should be based on a scientific nature study
with the assistance of all levels of government.

When developing projects for planning and car-
rying out of any kind of actions in the coastal zone
of the Black Sea, one should take into account the
historically established structure of the relationship
between physiographic elements (coast, submerged
slope, aeolian ridges, hydrometeorological condi-
tions, vegetation, condition of coastal waters), in-
cluding the processes and mechanisms of develop-
ment of this natural system.

Developed and improved structural and geo-
graphical foundations of environmental manage-
ment are universal and are important for harmoniz-
ing the relationship between humanity and nature,
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by reducing anthropogenic pressures not only within ~ the World Ocean as a whole. These provisions can
the coastal zone of the north-western part of the  be the basis of legislative environmental projects.
Black Sea, but also in the Black Sea countries and
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CONSTRUCTIVE-GEOGRAPHIC FOUNDATIONS OF NATURE MANAGEMENT
ON THE NORTH-WESTERN COAST OF THE BLACK SEA

The aim of the research is to analyze the problem of anthropogenic influence on the sea coasts, to de-
velop and improve the constructive-geographical foundations of rational nature management for the conser-
vation and possible renewal of natural resources on the north-west coast of the Black Sea.

Methods. The main methods used in the preparation process and writing of the article are systematiza-
tion methods, retrospective, analytical, comparative geographical and historical.

Scientific novelty of the article. The fact that the coastal zone of the Black Sea coast is experiencing
uncontrolled anthropogenic impacts; this research has improved and developed constructive-geographical
foundations for their rational management.

Practical value. Developed scientific recommendations are universal. They are very important for the
implementation of integrated management of the coastal zone in the country, the optimization of nature man-
agement and the preservation of the natural systems on the north-west coast of the Black Sea, in particular,
and the entire World Ocean, as a whole.

Research results. Intensive development of the coast and consumer economic activity over the past
decades has led to the degradation of natural systems. Rational use of natural resources of the coastal zone of
the sea assumed the development of foundations that comprehensively take into account the physical-
geographical and socio-economic processes, as well as the laws of their development that determine the cur-
rent state and dynamics of changes in natural systems during their operation. On the basis of a detailed study
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of domestic and foreign publications related to this topic, the activities of integrated coastal zone manage-
ment (ICZM) in different countries of the world were analyzed. The foundations and principles for introduc-
ing ICZM in Ukraine are highlighted. It has been established that for the development of any projects in the
coastal zone of the sea, it is necessary to have a scientific natural rationale from scientists obtained in the
process of detailed research. These provisions can be the scientific basis of the relevant legislative frame-
work for the optimization of nature management and spatial planning on the north-west coast of the Black
Sea.

Well-developed and improved scientific provisions are suitable for correcting the current situation in the
direction of higher efficiency on coastal control. These constructive-geographic foundations can become the
basis and the main algorithm for practical implementation of environmental legislation in Ukraine.

Keywords: nature management, principles, anthropogenic influence, integrated coastal zone manage-
ment (ICZM), coastal zone, north-west, Black Sea, Ukraine.
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IDENTIFICATION OF CLIMATE CHANGES BASED ON ANTROPOGENIC
TRANSFORMATION OF LANDSCAPES

JL. Bb. Iloniwyxk, C. 1. Pewmemuenxo, H. Il. Yepxkawuna. IIEHTH®IKAL[IA 3MIH K/JIIMATY HA OCHOBI JOCIII-
JIVKEHB AHTPOITOTEHHOI TPAHC®OPMAIII JIAHJIIADTIB. V cmammi axyenmosano yéazy Ha momy, wo po3pobKa
cmpamezii ONMUMANIbHO20 COYIANIbLHO-EKOHOMIYHO20 PO36UMKY pe2ioHie nompebye idenmupirayii cneyudiunux 36 ‘s83Ki6 npupooHux,
COYianbHO-eKOHOMIYHUX YIMBOPEHb Ma MACUWMAOHO20 30 HACTIOKAMU NOPYUIEeHHs YHKYI ekocucmemu niaHemapHozo pieHs — bio-
cpepu. Ocobnueo ye cmocyemvcst HAUOIIbW CMITIKO20 00 He2AMUBHO20 GNIUBY THOCHKOI OISLIbHOCMI KOMNOHeHmYy biocpepu — am-
Mocgepu ma il knimamuunoi cknadosoi. Ingpopmayis w00 3minu ix cmany Mae eupiuiaibHe 3HAYEeHHsl, OCKIIbKU 20Cn00apcbKa Ois-
JIBHICMb 8NIUBAE HA NPUPOOHI TAHOWADMU MA BUSHAYAE MAMEPIANbHO-eHepeemUuyHi iOHOCUHU 8 008K Lle nposgiscmuvca 6
CMBOPEHHT PISHOMAHIMMA MPAHCHOPMOBAHUX TAHOWADMIG, AKI NOB A3AHI 3 NEBHUM BUOOM 20CNOOAPIOBAHHSL.

Hacniokom anmponozennux mpancgopmayiii € 3mina napamempie ma xapaxmepucmux KOMROHEHMI8 NPUPOOHO20 cepedoslU-
wa. OcHOGHUMU 3A80AHHAMYU OOCTIONCEHHS € CNOCNEPEHCEHHS NPUHUHHO-HACTIOKOBUX 38 A3KI@ MIdHC KIIMAMUYHUMU 3MIHAMU, 6NIU-
60M AHMPONO2eHHOI OIILHOCMI MA PeaKyicio Ha HUX JAHOWApMIe; OMPUMAHHL NOKAZHUKIE MPAHCHOPMAYIL NOGIMPAHUX MAC 6
OCMaHHi 0ecAMUNImms, 8U3HAYEHHs NPULUH A APeanie NoYamKo8o20 HOpMysaHHs ma noOAIbUI020 PO3GUMKY 3MiH Kiimamy. Ana-
i3 cmany ma mpancgopmayii 1anowaghmis, ioeHmugpikayis paxmopie ma nOMeHYIUHUX AHMPONOSEHHUX HeDe3NeK 0a€ MONCIU-
8iCmb GUSHAYUMU OCOOIUBOCE 3MIH KIIMAMUYHUX YMO8 8 Mexcax XapKiecbkozo peioHy. Buxopucmanmna inouxamopie cnpowgye
iHmepnpemayito OaHUX, O0ONOMA2A€ GUABUMU HEPAYIOHANbHI RIOXO0U Y NPUPOOOKOPUCTIYBAHHI ma (HOPMYBAHHI NPUPOOHO-
2ocnooapcvkux cucmem. Haseoeni pesynomamu 6UeYeHHs: HUKU NAPAMEMPIE CIMAHY KIIMAMUYHUX YM08 pe2iony ma ocobaugocmell
aHmponoz2enHoi mparc@opmayii 1aHOwWAGmMie 6Ka3yIMsb Ha HAOIIbW BIPOCIOHT Odcepena pecioHANbHUX 3MiH Kiimamy. [lodarvua
NPOSHOCMUYHA OYIHKA YuX 3MIH 3a0e3neuumsv eupoOiIeHHs HeoOXIOHUX 3aX00I8 ma YMO6uU NOCII006HOT iX peanizayii ¢ 20cnodapcobKiil
oisAnbHOCMI.

Knrwuosi cnosa: ammocghepa, biopiznomanimms, 6iocghepa, ciopomemeoponociuni npoyecu, eKocucmemu, iHOUKamopu 3min,
KILMam, npupooHi 1aHOWagmu, mpanchopmayis 1IaHouapmis.

JL. b. Ilonuwyk, C. H. Pewemuenko, H. H. Yepxawuna. H/ITEHTHOUKAILIUA U3SMEHEHHUA K/IHMATA HA OCHO-
BE HCCJIEJOBAHHA AHTPOITOTEHHOH TPAHC®OPMAIIHH JTAHJIIAD®TOB. B cmamve akyeHmuposaHo SHUMAHUE
Ha paspabomke cmpameuu ONMUMATLHO20 COYUATILHO-IKOHOMUYECKO20 PA3GUMUsL Pe2UOH08, KOmopas mpebdyem uodeHmugurayuy
cheyughuueckux cesazeil NPUPOOHLIX, COYUATLHO-IKOHOMUUECKUX 00pA308aHUll U MACWMAOHO20, 21YDOKO20 3a NOCIeOCMBUAMU HAPY-
wienus PYHKYUtl IKOCUCeEMbl NAAHEMapHo2o yposhs — buocgepvi. Ocobenno smo xkacaemcs 6onee yYCmouuus020 K He2camueHoOMY
GNUAHUIO UEN0BEYECKOU OeAMETbHOCIU KOMNOHEHMa 6uoc@epvl — ammocdepul U ee KAUMamuieckux cocmasiaowux. B coomeem-
CMeUU ¢ pAYUOHATLHLIMU YCIOBUAMU UCHONL308AHUS NPUPOOHIX PeCypcos unopmayus 0 USMeHeHUuu ux cOCOSAHUS UMeem peud-
jowee 3Hayenue 8 NPAKMUYECKUX UCCLe008ANUSX, NOCKOIbKY XO3SUCMBEHNAs 0esimelbHOCMb GIusien Ha NPupooHble TaHOuagdmel u
onpeodensiem MamepuaibHo-dHepemuyecKue OmHouleHus 8 oKpyscaiowel cpede. Dmo npoasiaemcs 8 co30aHuU pasHooOPaAZHbIX
MPaAncHoOpMUPOBAHHbIX 1AHOUADIO8, KOMOPbIe CEA3AHbL C ONPEOeeHHbIM BUOOM XO3AUCHIBOBAHUSL.

Anmponoeennas mpancgopmayus 1aHOWAPMO8 npueooUm K UMEHEHUAM NApamempos U Xapakmepucmux KOMNOHEHMO8
npupooHotl cpedvl. OCHOBHBIMU 3A0AHUAMU UCCTE00BAHUS ABTAIOMCA. YCMAHOBNEHUEe NPUYUHHO-CTIEOCHIBEHHBIX C85A3€ll MeHCOY Ku-
MAMO2EHHLIMU USMEHEHUAMY, GIUAHUEM AHMPONOLEHHOU OesIMEeNbHOCNU U Peakyuell Ha HUX 1aHOWAa@dmos; noayuenue nokazamenell
mpancgopmayuy 8030YUWHbIX MeyeHull 3a nociedHue decamuiemus,; onpeoeierue npudul U apeanos nepeoHaUaIbHblX GopmMuposa-
Hutl, U abHelule2o pazeumus usMeHeHuti kiumama. Moenmuguxayus Gaxkmopos u ananus cmenenu mpancoopmayuu 1aHowag-
mog 6 npedenax XapbKo8cKou obaacmu oaem G03MONCHOCHb Onpedenums MmeHOeHYUIo UsSMEeHeHUll KiumMamuieckux ycioguu. Hc-
noIb306aHUe UHOUKAMOPOS YNpowaem uHmepnpemayuio OAHHuIX, noMo2aem npu QopmMuposanuu nPUpoOHO-X03aUCHEEHHbIX CU-
cmenm. Jlanvhetiuias npocHOCMUYecKas OYeHKa SMux usmeHeHuti obecnequum paspabomxy HeoOXoO0UMbIX MepOonpusmutl OnmuMu3d-
YUy npUPOOONOIL308AHUS U NOCTEO08AMENLHOU UX PeaTU3AYUL 8 XO3AUCHBEHHOU 0esAMeNbHOCTIU.

Kntouesvie cnoea: ammocepa, buopasnoobpasue, buocghepa, cudpomemeoporocuyecKue npoyeccoyl, IKOCUCIeMbl, UHOUKA-
MOpbl USMEHEHUT, KIUMANM, NPUPOOHbLe IAHOUAGMbL, MPAHCHOPMayUs 1aHOUAdmMOs.

Formulation of the problem. In recent dec- balance. Functions of natural geosystems are aimed
ades observation of climatic processes and phenom-  at preserving organization of its structure but eco-
ena has shown changes in the functioning of the sys-  nomic activity leads to imbalances, reduction of or-
tem at the biospheric level and its global energy im-  der, loss of internal organization and inability to

© Polishchuk L. B., Reshetchenko S. I., Cherkashyna N. I. https://doi.org/10.26565/2410-7360-2019-50-13
- 168 -



mailto:l.polischuk@physgeo.com
https://orcid.org/0000-0001-9887-9524
mailto:swet_res@meta.ua
https://orcid.org/0000-0002-3620-1213
mailto:n.cherka@gmail.com
https://orcid.org/0000-0002-3620-1213

BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

maintain the required stabilization [11, 16]. Move-
ments of energy flows in horizontal and vertical di-
rections of the atmosphere cause heavy rainfall,
flooding, dry weather, storms, heat waves, changes
in rainfall patterns and other extreme atmospheric
phenomena. It is extremely important, therefore, to
find solution to the problems of preserving the abil-
ity of the biosphere to self-regulation, self-
restoration based on optimization of anthropogenic
loads on natural systems. Identification of global
climate change factors requires in-depth research to
find out the most active sources of environmental
impact [1-5, 8-9, 14, 21].

Estimates of the effects of the global air tem-
perature growth during 2000-2100 show that fre-
quency of repetition increases, extreme temperature
values intensify, global air temperature increases by
2-5 ° C, the sea level — by 0.6-1.2 m, affecting the
economic development and human life safety [22].

Studies related to climate change are identified
as priorities in the Concept for the implementation
of the state policy in the field of climate change for
the period up to 2030 and the Strategy of Low Car-
bon Development of Ukraine until 2050 (SNRD)
[15, 17]. They are aimed at studying the impact of
these changes on environment to develop a strategy
for environmentally sound management of the
economy and implementation of this strategy in
practice.

Analysis of recent research and publications.
According to the concept of natural-adapted re-
source use, the information on changes in the state
and characteristics of natural components is very
important. These changes are caused by the activity
of various enterprises which are the basis for the
creation of the national wealth of Ukraine. [6,10].
Climatic parameters of a separate territory may dif-
fer from zonal parameters, and in combination with
anthropogenic transformation they can affect gen-
eral conditions of landscapes, lead to the intensifica-
tion of unfavorable hydrometeorological and exoge-
nous geodynamic processes and phenomena (ero-
sion, deluvial processes, landslides, suffusion, defla-
tion, flooding). It is possible to separate the compo-
nent of each of them and determine their indicators
due to special monitoring research. Indicators of
change are the basis for the formation of infor-
mation blocks to make decisions on socio-economic
development and allow consciously to focus on so-
cio-economic, socio-political and environmental
issues for different ranks regions.

Identification of previously unsettled parts
of the general problem. Global warming has pro-
nounced regional peculiarities. It is necessary to de-
velop measures on climate change responses at ha-
tional, sectoral and regional levels, as outlined in the
draft Strategy for Sustainable Development of
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Ukraine by 2020 [17, 18]. Existence of the world
economic growth trajectory conditioned by green-
house gas emission reductions is highlighted in the
Sustainable Development Goal for the period up to
2030 approved at the UN Summit in 2015.

Practical significance of the research is con-
nected with the management forms not exceeding
natural possibilities of self-sufficiency of a favora-
ble climate. The forecast of climate change will en-
sure development of the necessary environmental
measures and conditions for their consistent imple-
mentation. The study of the conservation issues of
natural component in natural and economic systems
as well as biodiversity conservation is effective in
overcoming the crisis. This often goes beyond the
attention of the relevant institutions [11].

Natural landscapes are a sensitive indicator of
the environment condition, so the use of data on the
landscape components characteristics is necessary to
assess the relevant changes. Global warming will
lead to degradation of ecosystems as these problems
are interrelated. ldentification of changes in the state
of the environment requires high efficiency of re-
search on the development of natural territorial
complexes of different levels, improvement of the
control system for anthropogenic influence [13,16].
Under the influence of changes in the atmospheric-
ocean-drift (AOS) system, connected with the
greenhouse effect increase, depletion of freshwater
resources, agro-climatic resources, desertification is
highly possible on the studied territory and the
country as a whole [1, 4, 7]. This will determine
further direction of the socio-economic development
of the country.

Formulation of the purpose of the article.
The purpose of the study is to determine the causes,
areas of initial formation, further development of
negative meteorological processes and phenomena
on the territory of Kharkiv region during the last
decades, as well as to study the parameters and
causes of air masses transformation, changes in their
properties and resistance to anthropogenic impact.

Methods of research are observations with the
help of various devices and technical means, as well
as the use of cartographic, statistical materials. For
integrated observations comprehensive research was
carried out within natural and anthropogenic land-
scapes to obtain information on the transformation
of natural processes and phenomena [12]. An inte-
grated approach, using experimental field-based ob-
servations and the technology of climatic series
analysis with the help of statistical methods for cli-
mate information processing, characterized by high
accuracy, allow us to determine their spatial-
temporal features and future projections to the natu-
ral environment.
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Presentation of the main research material.
The main factors of landscapes’ transformation on
the territory of Kharkiv region are the high level of
land, water, mineral and forest resources develop-
ment, a significant production density, intensive ur-
banization processes, the structure of the land fund.
Most land has agricultural purpose and has been
intensively used in the agrarian sector for a long
time. [6, 13]. Acidification of chernozems, pollution
due to anthropogenic activity reduces the value of
cultivating crops and the quality of soil, which loses
its productive functions [12, 16].

Circulating atmospheric processes representing
a mechanism for the exchange of different tempera-
ture characteristics by air masses, play a significant
role in the formation of climatic conditions of
Kharkiv region. A climatic regime of the territory is
formed at the surface of the earth due to the transfer
of heat and moisture, where the synoptic processes
of the eastern type predominate [9]. Within the lim-
its of this research the parameters of air temperature,
monthly rainfall and wind speed were obtained, al-
lowing us to calculate their deviation from the cli-
matic norm and to reveal the tendencies of their fur-
ther changes. Air transformation continues as a re-
sult of interaction with the underlying surface
through the processes of heat exchange (accompa-
nied by evaporation and drying of the underlying
surface), and as a result of vertical inflow (outflow)
of energy through mixing, which leads to the dry air
income from the upper levels to the earth's surface.

The climatic ranges of air temperature, rainfall

t, C°
10,0

and wind speed are derived from the observation
data at ten meteorological stations of the Kharkiv
Regional Center for Hydrometeorology of the Min-
istry for Emergencies of Ukraine during 2001-2016
and belong to various (agro-climatic) zones of
Ukraine.

At the surface of the earth, growth of the tem-
perature in the lower atmosphere is caused by the
heat transfer between the underlying surface and the
adjacent layer of air. In the case of heating, this re-
sults in the maximum values of air temperature.

Anthropogenic climate transformations are su-
perimposed on natural characteristics and lead to an
increase in average annual air temperatures in the
range from 1.1 to 1.4 °C (Fig. 1).

The greatest warming is observed in winter at
stations Velykyi Burluk (1.8 °C), Kolomak (1.7 °C)
and Kharkiv (1.4 °C) in accordance with the climate
standard (1961-1990). In the spring-summer period,
the growth of air temperature was recorded at the
stations of Kharkiv (1.2 °C and 1.7 °C respectively),
Krasnograd (1.1 © C and 1.5 °C) and Kolomak (1.1 °
C and 1.4 °C). In the autumn there were slight fluc-
tuations in air temperature (1.2 °C).

The analysis of climatic air temperature series
for three periods (1891-1935, 1961-1990, 2001-
2016) indicates significant changes in air tempera-
ture in the region during 2001-2016, mainly in the
winter and summer periods (Figure 2-3).

According to the established criteria the re-
search results show that the temperature of the adja-
cent atmosphere rises by more than 1.0 °C in the

8,9 8,9 9,0

8,9
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(%]
I
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0.0 Kharkiv Zolochiv
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B Average air temperature, °C

Izium Lozova

Velykvi Burlyk  Krasnohrad Kolomak

M Climatic norm, °C

Fig. 1. Dynamics of air temperature on the territory of Kharkiv region
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Kolomak  Kupyansk  Lozova

Fig. 2. Dynamics of air temperature on the territory of Kharkiv region (winter)

winter and summer in the territory of Kharkiv re-
gion. Significant trends in air temperature are ob-
served in the southwest, south and south-east of the
territory within the steppe natural zone. Such condi-
tions are formed when air masses arrive from the
southwest and southeast. On the territory of the city
of Kharkiv, the air temperature is characterized by
maximum deviations from the climatic norm due to
the transformation of temperature, precipitation and
wind fields.

The peculiarity of the average monthly air tem-
perature dynamics for the period of 2001-2016 at
Kharkiv meteorologic station is its growth by 1.6 °C
on average in the winter period (December, January,
February), in spring - by 1.0 °C, in summer - by 1, 5
°C and in autumn — by 1.2 °C, as compared to the
standard climatic norm. In the spring months, the
greatest warming occurred in March (by 2.1 °C).
July (by 2.1 °C) and August (by 2.0 °) were the hot-
test months compared with the climatic norms. In
autumn, the greatest increase in the air temperature
was recorded in November (by 1.6 °C).

Modern changes in the temperature regime of
the investigated area indicate a steady tendency of
temperature indices growth throughout the year.

The resulting air temperature trends lead to
changes in natural ecosystems, reduced biodiversity,
disappearance of natural vegetation and animals.
Under the provisions of the CISG (Strategy for Low
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Carbon Development by 2050), it is necessary to try
to keep the air temperature under the scenario of
changing global average temperature below 2 ° C
from the preindustrial level.

Results of statistical materials on the direction
and wind speed for the period 2001-2016 near the
earth's surface at an altitude of 10 m for the territory
of the region is characterized by an increase in the
average monthly wind speed in the autumn-winter
period (up to 5 m/s). It is established that the pre-
vailing winds are eastern, north-easterly and south-
ern. Fluctuations of the average wind speed for the
period under study are characterized by low values
(2 m/s). It was recorded that the number of strong
winds with a speed of more than 10 m / s has in-
creased (tabl. 1), causing considerable material
damage to the economy: destruction of roofs, blow-
ing crops, destroying trees, wires, structures and
causing dangerous waves at large reservoirs [11].
Under such conditions snowstorms forms, damaging
the work of transport. Every year up to 15 days dur-
ing the year with increasing winds are observed.

Within the limits of this research it has been es-
tablished that the amount of precipitation on the ter-
ritory is characterized by variability. For the last
decades it has undergone significant changes. In the
period of 1961-1970, there was an increase in all
stations in the region in the winter and decrease in
the autumn (Table 2).
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Fig. 3. Dynamics of air temperature on the territory of Kharkiv region (summer)

Table 1

Maximum wind speed at the stations

Month 1 2 3 4 5

6 7 8 9 10 | 11 | 12

Bohodukhiv | 10 12 15 10 10

13 10 16 | 11 9 15 | 12

Velykyi 11 | 14 | 14 | 12 | 112 | 14 | 12 |14 | 11| 12 | 16 | 14
Burlyk

Zolochiv 8 9 10 | 10 9 8 8 8 | 9 | 7 | 10 | 10
Izium 9 12 | 10 | 10 8 8 10 | 8 | 8 |10 10| 11

Kolomak 10 12 11 12 11

9 9 10 | 10 | 10 | 12 | 17

Krasnohrad 8 10 9 8 9

8 6 9 8 7 11 | 10

Kupyansk 9 15 14 10 8

10 10 13 | 10 | 10 | 10 | 11

Lozova 13 16 15 13 11

10 10 13 | 10 | 11 | 19 | 16

Kharkiv 15 13 13 15 13

13 11 11 | 11 | 10 | 15 | 12

For the winter period there is a tendency to-
wards decreasing atmospheric precipitation by 1-12
mm. Only at stations Kupiansk and Slobozhanske in
the periods 1981-1990, 2001-2010, the amount of
precipitation increased by 1-3 mm in accordance
with the climatic norm (1961-1990). Spring is char-
acterized by an increase in dryness in April and May
at the meteorological station of Kharkiv in compari-
son with the period of 1961-1990. During the sum-
mer months (June, July) precipitation was 6 mm and
1 mm more than norm, and in August - by contrast
(by 7 mm) . The arid regime was fixed in October.
This month, there was 15 mm less precipitation than
the climatic norm. Precipitation exceeded the cli-

-172 -

matic norm in September (by 11 mm) and Novem-
ber (by 4 mm).

Dry conditions were noticed on the territory of
the forest-steppe and the steppes of Kharkiv region
mainly in the autumn-winter and summer periods,
especially in the south and south-east. In the spring
(Table 3) there is a tendency to increased precipita-
tion by 3-15 mm. Since 1991, the amount of precipi-
tation has increased by 2-15 mm on the territory of
the region. According to the results of the average
indicators analysis and probability of rainfall, it has
been found that their changes in the region are char-
acterized by a large time variability and are of a cy-
clic nature (after 2-3 years).
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Table 2
Winter monthly rainfall (1961-2016)
> % _94) i)
= _ 4 X ©
2 = 5 2 < 2 e < c S
G > m < IS & < S 5 8
3 S = 8 2 = N & N S
[%2] o < > @ —
8| N 2 = | ¥ ¥ < 5 ¢ -
— [¢D) (7p]
[¢5)
o
= S = = = = = S = >
5 = = = S S S = = =
] p .} s >} s >} s .} s .} p .} p >} s >} s .} s
ig% 48 | +5 |53 | +11 | 59 | +0 | 45 | +5 | 59 | 410 | 54 | +7 | 48 | +5 | 60 | +13 | 55 | +7 | 61 | +12
18;(1) 38| 5|37 5 | 45| 5 |37| 3 44| -5 | 42| 536|740 -7 |a4|-4a|43| 6
iggé 421136 6 | 47| -3|39| 1 |a5| -4 |24 |+3|4a|+1 |20 -7 |26| -4 44| 5
;ggé 36 |-7 /34| 8 |37|13|34| 6|39|-10[39|-8|38|-5|36|-11 |44 | -4|37]| -12
38% s 2|37 5 |a2|-8|38| 2 25| -4 |as8|+1|46|+3|44| 3 |48| 0 |21 8
ggié' 430 40| 2 | 42| 8|39 | -1 45| -4 |47 | 0 | 43| 0 |4a| -3 |45|-3|39] -10
Norm | 43 42 50 40 49 47 43 47 48 49

It can be noted that rainfall distribution is une-  the variability of precipitation remaines significant,
ven on the territory by the seasons and in separate  confirming the probability of rainfalls.
months. There are significant fluctuations in precipi- The tendency of changes to increase the aver-
tation amplitude from year to year, most noticeable  age temperature of air, which affects the state of
in summer and winter. In the course of the month  plants, provokes early flowering and early leaf loss.

Table 3
Spring monthly rainfall (1961-2016)
> &L L go]
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18% 39 | +1 |37 | +1 |45 |+2 |37 | +1 |41 | +1 |40| 0 | 34| -3|38| 3 |43|+1|42]| 0
iggé 38| 0 |44 | +6 | 45 |+2 | 41 | +3 |46 | +4 |44 | +4 | 38 | +1 | 45| +4 |46 | +4 | 49| +7
1883 38| 0 (33| -5 |30|-a|37|+1]39|+3|35|-5|39|+2|39| -2 |36|-6|35| -7
;ggé 45| +7 | 48 | +10 | 45 | +2 | 42 | +4 | 48| +6 | 48 | +8 | 51 | +14 | 50 | +9 |51 | +9 | 48| +6
gg% 43| +5 41| +3 | 37| 6 |37 |+1 | 45| +3 | 30| -1 |39 |+2 |43 | +2 |43|+1 40| -2
ggié 43| +5 |44 | +6 | 46 | +3 | 43 | +5 |53 |11 | 48 | +8 | 45 | +8 | 53 | +12 | 45 | +3 | 57 | +15
Norm | 38 38 43 38 42 40 37 41 42 42
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Due to the spring frosts and absence of pollinating
insects, early flowering has a negative effect. There
may also be a re-development to which plants are
not adapted. The response of plants to climate
change is their migration, adaptation and disappear-
ance. Migration changes habitats of plant species,
prompting the resettlement of invasive species that
displace aboriginal ones. Among them weeds, aller-
genic plants are especially dangerous. Characteristic
are anthropogenic obstacles to migration, especially
significant cultivation. Adaptation means gradual
adjustment to new environmental conditions. In-
stead of perennials, annual weeds like plants with a
short development cycle, develop [10].

Such changes reduce the energy potential of the
biosphere, affect the resources, upsets the supply
chains of individual consuments and lead to their
extinction. Processes are intensified by the specifics
of natural territorial complexes transformation as a
result of farming. Disappearance of natural ecosys-
tems is accompanied by death of plant and animal
species and biodiversity degradation. Harmful me-
teorological phenomena have a negative impact on
the socio-economic development of the region, re-
ducing crop yields, promoting degradation of soils
and depressingly affecting vegetation.

Conclusions. On the basis of the conducted re-
search we have determined the processes influenc-
ing climate transformation of Kharkiv region. This

makes it possible to construct models for forecasting
air temperature and humidity, cloudiness and other
meteorological parameters. The air temperature re-
duces with height, but the reason for its increase can
be energy income from external airflows during
transformation of air masses. Average air tempera-
ture of the surface layer of the atmosphere varies
with a speed that goes beyond natural cyclical fluc-
tuations. There is a general tendency towards di-
rected climate change, the so-called "global warm-
ing" which threatens natural landscapes, violating
and degrading them.

Research on climate change, analysis of the
state and transformation of landscapes, identifica-
tion of factors and potential anthropogenic hazards
makes it possible to recognize peculiarities of cli-
matic changes on the territory of Kharkiv region.
Optimal management of nature can be successfully
implemented in the event of compliance with the
levels of the landscape structure: forest-steppe,
steppe within Kharkiv region. Study of climate
change indicators simplifies data interpretation,
helps to identify irrational approaches to environ-
mental management and formation of natural and
economic systems. Modern specialization of doing
business in the region is not optimal as to the natural
conditions, but in many cases is devastating for nat-
ural landscapes.
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IDENTIFICATION OF CLIMATE CHANGES BASED ON ANTROPOGENIC TRANSFOR-
MATION OF LANDSCAPES

Formulation of the problem. Functioning of natural geosystems is aimed at preserving their structure,
but economic activity leads to imbalances, decreases in order, loss of internal organization and the inability
to maintain the necessary stabilization.

Analysis of previous research. Studies of the last decades have shown that the climatic conditions of
Ukraine can be unfavorable for the life and economic activity of the society.

Problems of further research. To find the solution to the problem of preserving the ability of the bio-
sphere to self-regulation, self-restoration by optimizing anthropogenic load on natural systems is very im-
portant. Identification of climate change factors is aimed at finding the most active sources of environmental
impact in order to determine the real threat of global climate change.
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The purpose of the research is to determine the causes, areas of initial formation, further development
of negative meteorological processes and phenomena on the territory of Kharkiv region during the last dec-
ades and to study parameters and causes of air masses transformation, changes in their properties and various
resistance to anthropogenic impact.

Research methods are observation with the help of various devices and technical means. An integrated
approach using field-based observations and technology of climatic series analysis with the help of statistical
methods for climate information processing, characterized by high accuracy, allow us to determine their spa-
tial-temporal features and future projections to the natural environment.

Presentation of the main research material. Optimal strategic socio-economic development of the re-
gions requires identification of specific links between natural and socio-economic entities, as well as study-
ing large-scale and profound by the consequences violations of the ecosystem at the planetary level - the bio-
sphere and its components. There is a general tendency towards directed climate change, the so-called "glob-
al warming", which threatens natural landscapes, upsetting and destroying them.

Practical value. There are causal relationships between climatogenic changes, influence of human ac-
tivity and the reaction of landscapes to them. This is manifested in creation of a variety of transformed land-
scapes (agrarian, residential, industrial). The consequence of anthropogenic transformations is the change in
the parameters and characteristics of the components of nature.

Research results. Indicators are the basis for information blocks concerning decision-making in the ar-
eas of socio-economic development. Climate parameters of a certain territory may differ from zonal ones and
in combination with anthropogenic transformation affect the general condition of the landscapes, lead to the
intensification of adverse hydrometeorological and exogenous geodynamic processes and phenomena (ero-
sion, deluvial processes, landslides, suffusion, deflation, flooding.

Keywords: atmosphere, biodiversity, biosphere, hydrometeorological processes, indicators of change,
climate, natural landscapes, landscape transformation, ecosystems.
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SOLVING CURRENT ENVIRONMENTAL PROBLEMS BY HARMONIZATION OF DOCTORAL
PROGRAMS WITH EUROPEAN STANDARDS

H. B. Makcumenko, I. B. Timenxo, K. b. Ymrkina, A. H. Hexoc, A. /I. Hlkapyéo. BUPIIIIEHHA CYYACHHX ITPOBJIEM
EKOJIOTII IIITAXOM TAPMOHI3ZAIIII TOKTOPChKHX ITPOT'PAM 3 €BPOITEHCbKHMH CTAHAAPTAMH. Ha mene-
plwnitl yac 6 Yxpaini akmyanvHicme eKon02IYHUX npobaeM NOCMITIHO 3pOCMAE. 3anopyKoio KOMIIEKCHO20 Ma eQheKmusHo20 ix eupi-
UWieHHs € GUKOPUCIANHS CYYACHUX NIOX00i8, W0 MOodice 6ymu eupaicene uepes 2apMoHi3ayiio i3 HAUKpAWUMU CEIMoSUMU NPAKMUKA-
mu. Ilpu komniexcromy nioxooi niocomoska gaxieyi euwoi keanighixayii € saxcausor ckiadoeoi. Hapasi ¢ Ykpaini 6ona 30iticHro-
emvcs 3a 4 cneyianonocmamu exonoziunozo cnpsimyeanns: 03.00.16- Exonoecis, 08.00.06 - Exonomixa npupodoxopucmysanus ma
0XOpOHA HA8KOMUWHBO20 cepedosuwya, 11.00.11 - Koncmpykmuena eeoepaghisi i payionanvHe 8UKOPUCIAHHA NPUPOOHUX PeCYPCi8 ma
21.06.01- Exonociuna 6esnexa. Oxpim moeo we y 15 cneyianvnocmsx Iepenixy 2011 poky po3ensoaromucs nesHi RUmMaHHs eKoaoeii.
IIpobnema «po3nopowientsy ekono2iYHuUx NUMans NO PIZHUX CHEYianbHOCMAX PI3HUX 2any3ell 3HAHb He NPOCMO 3aNUUUNACH, d i 3PO-
€A, OCKINbKU KLIbKICMb OCMAKKIX 30inbuunacs. s cumyayis 6uKIuKae y Haykogoi CNitbHOMU 3aHENOKOEHHSL.

Cmamms micmums pe3yiomamu 00CAONCeHHs OyMKU Paxieyie, wjo 30CHIOIOMb NI020MOBKY Kaopié euwoi Keanigixayii 6
Vkpaini 3a cneyianonocmamu exonoziunozo cnpamyeanna. Mema oocnioscenHs - 3 ’Acy8antsa npobiem, Wo € y HayioHANbHill cucmemi
ni020MOGKU ACHIPAHMIE 3a CReYianbHOCMAMU eKONOSTUHO20 CAPAMYSAHHS | 3AXUCMY HUMU OUCepmayill 32i0HO0 CYYACHUX 8UMO2, Ma
NOWYK WILAXI6 NOKPAWeHHA Yiei cumyayii, cnupaiouucs Ha cgimoguti 00c6io. MemoouuHoo 0 CHOBOI0 pobomu € ONUMYBAHHS ULTAXOM
aHKemy8amHsa ma 1o2o CmamucmuyHull ananis, npogedene y pamkax peanizayii Ilpoexmy Erasmus+ «Komniexcna dokmopcoka npo-
2pama 3 eKon02iuHOl NOIMuKU, MeHedNCMeHmy npupodoxkopucmysannss ma mexroexonoeii — INTENSEy, 586471-EPP-1-2017-1-EE-
EPPKA2-CBHE-JP. Ompumani pesynomamu noxazanu iCHy8amHs npooiem op2aizayitiHoeo i Haykoeozo xapaxmepy. Baociusoro
npobremMor HA36aHA BIOCYMHICMb ) OHOGIEHOMY NepeliKy 2any3ell 3HaHb | cneyianvHocmell, 3a AKUMU 30TUCHIOEMbC NIO2ONO0BKA
3000y6auie euwoi océimu, y m .4. dokmopis ginocoii («Ilepenix 2015») okpemo keanipixayii 3 exonoziunux nayk - PhD (Exonocis).
IIpobnemamu naykosozo xapakmepy HA36aHO CHPOWjeHHs 2MUOUHU HAYKOBUX OOCNIOdNCEHb, HUZbKULL Pi6eHb 3ACMOCYBAHHA HOBIMHIX
MEeXHON02IN, HEY3200JiCeHICMb MeMAmuKy i3 nompebamu CyCnilbCcmed, 6i0CYMHICMb CHIBCMABIEHb 3i C8IMOGUM 00C8I00M 00Ci-
0orcentss mux dce npoonem mowo. /Jo opeanizayilino2o 010Ky 6i0HeceHO: HU3bKe MamepianbHo-mexHiyHe 3abe3neuenHs, 8i0Cymuicme
MOIUCIUBOCHT 3AKOPOOHHO20 CINAICYBANHS ACNIPAHMIG, HU3bKULL Pi6eHb MOBHOI NiO20MOBKU, NpoOIeMU 3 ONYONIKYBANHAM Y pelimuH-
208UX JCYPHANAX MA OYHOIO NPE3EHMAYICIO OOCTIONCEHHS HA MIJICHAPOOHUX KOHpEPEeHYIAX MOowo.

Knrwuoei cnoea: nayionanvna pamka xeaniixayii, acnipanm, cneyianvbHiCmv, eKONO2IUHI HAYKU, NPOOIeMU, MEHeOHNCMEHM
nPUPOOOKOPUCITYBANHSL, eKONO02IUHA NOTIMUKA, MEXHOEKONO2IA.
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BJIEM SKOJOTHH ITYTEM I'APMOHH3AIIHH JOKTOPCKHX ITIPOT'PAMM C EBPOIIEHCKHMH CTAHAAPTAMH. B
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Hacmosiyee epemsi 8 Ykpaune akmyaibHOCHb IKOL02UHECKUX npobieM ROCMOsIHHO pacmem. 3a1020M KOMIIEKCHO20 U 3¢hpexmueno-
20 UX peuteHus AGISCM sl UCHONb308AHUE COBPEMEHHBIX ROOX0008, MONCEM OblMb GbIPANCEHO Yepe3 2APMOHUZAYUIO C JYHUUMU MUPO-
ebimu npakmuxamu. Ilpu komniekcHom nooxooe no020MosKa CHeYUaIUcmos Gblcuiell Keatupurkayuu seisaemcs 8adCHOU cOCMAagis-
fowei. Ceiiuac 6 Yxpaune ona ocywecmeénsemcsa no 4 cneyuanvrocmam sxonozuyeckou Hanpagnennocmu: 03.00.16- Dxonoeus,
08.00.06 - Oxonomuxra npupodononvzosanus u oxpana okpyxcarowel cpeovt, 11.00.11 - KoncmpykmusHnas 2eoepadusi u payuoHaib-
HOe Ucnoawv3oeanue npupoonvix pecypcog u 21.06.01- Jxonozuueckasn 6esonacnocms. Kpome mozo ewe 6 15 cneyuanvnocmsax Ile-
peuns 2011 paccmampusaromest Hekomopole 60npocel dKono2uu. Ilpobrema «pacnviienusy 3KON02UHECKUX 60NPOCO8 NO PAZIUYHBIM
CNeyuanbHOCMAM PA3IUYHBIX OMPAciell 3HAHUL He NPOCHO OCMANACh, d U 6bIPOCILA, MAK KAK KOIUYECHB0 NOCAEOHUX YEEeTUUULOCh.
Oma cumyayus evizvigaem y Hay4HO20 cO0bWecmea OecnoKolucmeo.

Cmamusi cooepoicum pe3yiibmamul UCCLE008AHUSL MHEHUS. CNeYUANUCTIOS, OCYUWECMEISIOWUX NOO2OMOBK) KAOPO8 GblCUell K8d-
augurayuu ¢ Ykpaune no cneyuanrbHoCmsM IKoI02u4eckoll nanpagiennocmu. Llens uccnedosanus - @vlscHenue npobiem 6 Hayuo-
HANbHOU cucmeme nod20mosKU ACRUPAHMO8 NO CHEeYUAIbHOCTISIM IKOLOSUYECKOU HANPAGIEHHOCMU U 3AUUmbl UMU OUCCEPMAYUIL 6
COOMBEMCMEUU C COBPEMEHHBIMU MPEOOBANUAMU U NOUCK NYMell YIVHIeHUs IOl CUmyayuu, Onupascs Ha Mupoeou onvim. Memo-
OuuecKoil 0CHOBOU pabombl SIGISIEMCSL ONPOC NYMeM AHKEMUPOBAHUSL U €20 CIMAMUCIMUYECKULl AHAIU3, NPOBEOCHHDII 8 PAMKAX Peaiu-
sayuu npoexma Erasmus + "Komnnexcnas 0okmopckas npocpamma no K0A02UYeCKoll NOAUMUKe, MEeHEOHCMEHNY NPUpooononb30-
eanus u mexrooxonocuu - INTENSEy, 586471-EPP-1-2017-1-EE-EPPKA2-CBHE- JP. [Tonyuennvie pesyismamel nokasam cyuje-
cmeosanue npobiem Opeanu3ayUoOHHO20 U HAYYHO20 Xapakmepa. Bajichotl npobnemotl Hazgano omcymemeue 8 0OHO8IEHHOM NepeyHe
ompacneil 3HaHUIl U CneyuarbHoCmell, o KOMOpbiM OCYWeCMeIsemcs NOO20MOBKA couckamenell 8bicuieco 00paso8anus, @ m.u.
00Kkmopog punocoguu («Iepeuenv 2015») omdenvnoii kearugurayuu no skonouveckum naykam - PhD (Okonoeus). Ipobnemamu
HAYYHO20 Xapakmepa HA38AHO YNpoujeHue 21yOunbl HAYYHbIX UCCLeO08AHUL, HUKULL YPOBEHb NPUMEHEHUs. HOGEUUUX MeXHOL02Ull,
Heco2naco8aHHOCMb MEeMAmuKy ¢ NOmpebHOCmAMU 06ujecmsa, Omcymcmeue conOCMAasieHuil ¢ MUPOGLIM ONbIMOM UCCIe008aAHUSL
mex gice npobnem u m. n. B opeanuzayuonnsiii 610K OmHeceHbl: HU3KOe MAMEPUAIbHO-MEeXHUYECcKoe obecneyerue, Omcymcmeue 603-
MOJICHOCIU CMAICUPOBOK ACRUPAHMOB, HUSKUL YPOBEHb SA3bIKOGOU NOO20MOGKU, NpOoONeMbl ¢ ONYOIUKOBAHUEM 8 DeUMUHZ0BbIX

JICYPHANAX, OYHOU Npe3eHmMayueti UCCAe008aAHUsL HA MEANCOYHAPOOHBIX KOHpePeHYUsIX U M. 1.
Knroueevie cnosa:. nayuoHanvbHas pamra Kearuurayull, AaCRUpanm, CReyudibHOCMb, SKON0SUYeCKUe HAYKuU, npobiemvl, me-
HeOIHCMEHM NPUPOOONONb306AHUS, IKONOUHECKAS NOTUMUKA, MEXHOIKONOSUSL.

Introduction. Today, environmental problems
in Ukraine can be considered as dangerous and their
solution needs much attention and implementation
of complex actions and measures. Introduction of
advanced approaches and techniques can be identi-
fied as the basis for such an approach for effective
solution to the existing problems. It can be translat-
ed and implemented into best world practices. Train-
ing of specialists is a key part of the integrated ap-
proach. At present one of the tools and examples of
the training system harmonisation is ERASMUS+
project «Integrated Doctoral Program for Environ-
mental Policy, Management and Technology -
INTENSE» (2017-2020, Erasmus + Capacity Build-
ing in the field of higher education project (K2)). It
addresses such root causes of environmental prob-
lems in Mongolia (MN), Ukraine (UA) and Vietnam
(VN) as poorly formulated policies, inadequate se-
lection of management actions and lack of suitable
technology. The capacity for academic excellence in
doctoral training in environmental studies in PCs
(and beyond) is buing built. Its aims are the foll-
owing:

1) to improve the practice of doctoral training
and professionalise its governance by integrating
PhD programs. These programs deal with environ-
mental policy, management and technology in 7
PCls to 3 nationwide integrated doctoral schools
(INTENSE NIDS). They are based on common
Code of Operational Practices & research frame-
work (COP & RF), consolidating these schools into
the INTENSE International Network;

2) to enhance doctoral training by integrating
and upgrading existing learning contents. These can
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be used for doctoral provision (total 80 ECTS by
M36), infrastructure for accessing the courses, set-
ting & monitoring flexible research training trajecto-
ries and their progression. This is INTENSE open
education platform, including sustainable mecha-
nisms for its development and maintenance and
shared access to research facilities;

3) INTENSE will offer PhD students custom-
ized training trajectories and options to enrol on the
courses, which will contribute to the progression of
PhD theses. The IT infrastructure will provide ac-
cess to the e-courses (including MOOCSs) collected
from all the PCls belonging to INTENSE. These
will include the full range of disciplinary fields re-
lated to environmental policy, management and
technology, as well as eScience modules creating
individual learning portfolio;

4) to build the capacity of PhD students to im-
prove their published output through a strengthened
multidisciplinary approach to doctoral training. This
will be aided by facilitating access to global and EU
research networks (including facilitation of academ-
ic mobility), development of transferable skills,
promotion of joint research / supervision arrange-
ments & interdisciplinary & practice-oriented thesis
topics.

Analysis of previous studies and publica-
tions. In accordance with the Order of the Ministry
of Education and Science of Ukraine dated Septem-
ber 14, 2011, No. 1057 “On Approval of the List of
Scientific Specialties” [1] (“List 2011”), training of
research and academic personnel during doctoral
and postgraduate studies is performed in 27 branch-
es of science and within them in 541 specialties.
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Among them, the environment-oriented ones are the
following: 03.00.16 — Environmental Sciences (Life
Sciences, Agrarian Sciences and Medicine),
08.00.06 — Economics of Environmental Resources
Management (Economics), 11.00.11 — Constructive
Geography and Wise Use of Natural Resources
(Geographic Sciences) and 21.06.01 — Environmen-
tal Safety (Engineering and Industrial Technology
Sciences, Chemistry and Geology).

In addition, a number of aspects of modern
ecology, environmental protection, conservation and
sustainable nature management are within the scope
of such specialties on the “List 2011 as follows:

03.00.17 — Aquatic Biology (Life Sciences);
03.00.20 — Biotechnology (Life, Engineering and
Agricultural ~ Sciences); 04.00.07 -  (Geo-
engineering); 05.11.13 — Devices and Methods for
Monitoring and Determining Composition of Sub-
stances (Engineering and Industrial Technology Sci-
ences); 05.22.01- Transportation Systems (Engi-
neering and Industrial Technology Sciences);
05.23.20 — Urban Development and Land Planning
(Engineering and Industrial Technology Sciences);
05.26.01 — Occupational Safety (Engineering and
Industrial Technology Sciences); 06.01.04 — Agro-
chemistry (Agriculture); 11.00.01 — Physical Geog-
raphy, Geophysics and Landscape Geochemistry
(Geographic Sciences); 11.00.02 — Economic and
Human Geography (Geographic Sciences); 11.00.05
— Biogeography and Soil Geography (Geographic
Sciences); 11.00.07 — Hydrology of Land, Water
Resources, Water Chemistry (Geographic Sciences);
11.00.08 — Oceanology (Geographic Sciences);
11.00.09 — Meteorology, Climatology, Agricultural
Meteorology (Geographic Sciences); 21.02.03 -
Civil Defence (Chemistry, Biology, Engineering and
Industrial Technology Sciences, Medicine, Warfare
Studies, Veterinary), etc.

Resolution of the Cabinet of Ministers of
Ukraine No. 266, dated April 29, 2015, “On approv-
al of the list of branches of knowledge and special-
ties for which candidates for higher education are
trained” [2] (“List 2015”) replaced “List 2011”. Or-
der of the Ministry of Education and Science of
Ukraine No. 1151, dated November 6, 2015, “On
the peculiarities of introducing the list of branches
of knowledge and specialties for which candidates
for higher education are trained” [3], the table of
compliance of the List of scientific specialties (“List
20117 and List of areas of knowledge and special-
ties for which candidates for higher education are
trained, including PhDs (“List 2015”) [2] was ap-
proved.

At the same time, up to the present day, theses
have been defended according to the “List 2011”.
The problem of “dissemination” of environmental
issues among various specialties in various branches
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of knowledge not only remained, but also grew up,
as the number of the latter increased. This situation
is of concern to the scientific community.

The purpose of the article is to clarify the
problems in the national system of postgraduate stu-
dents’ training in environment-oriented specialties
and defending their theses in accordance with mod-
ern requirements, finding ways to improve this situ-
ation, based on international experience.

Methods. As part of the implementation of
project Erasmus + “ Integrated Doctoral Program
for Environmental Policy, Management and Tech-
nology - INTENSE”, 586471-EPP-1-2017-1-EE-
EPPKA2-CBHE-JP, an anonymous survey of lead-
ing scientists engaged in post-graduate training and
performing research work in the field of the envi-
ronment was used. The questionnaire was developed
by Odessa State Environmental University and the
survey covered institutions of higher education in
almost all regional centres of Ukraine, as well as the
cities of Uman and Kremenchuk. It should be noted
that such cities as Kharkiv, Lviv, Kyiv, Dnipro, Vin-
nytsia, Poltava and Uman were represented by sev-
eral universities. The rest of the regions were repre-
sented by the respondents of one institution of high-
er education.

Due to certain “dispersion” of the content-
relative aspects of environmental sciences among
various postgraduate programmes, the questionnaire
was answered by scientists from various fields,
among which representatives of geography domi-
nated (44%). A quarter of respondents were Doctors
or Candidates of Techical sciences, 19% were repre-
sentatives of agricultural sciences and 6% were from
pedagogical and physical and mathematical scienc-
es, respectively.

Since postgraduate students are trained both by
higher education institutions and research institu-
tions, 81% of respondents are academic employees
from universities and 19% are academic employees
from research institutes.

The questionnaire contains the following ques-
tions:

1. What are the most important, in your opin-
ion, gaps in doctoral studies in general?

2. What are the specific issues of research train-
ing in the field of environmental management, poli-
cy and technology?

3. What are the most important measures that
can be taken, under the existing framework condi-
tions, in order to improve the organisation and con-
tents of doctoral studies?

4. In your opinion, is quality of PhD the-
sis/dissertation in environmental studies improving
or declining? If it is declining, then please, briefly
explain your point.
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5. Do you recognise any major issues with the
quality assurance in the process of doctoral training?
Could you list the criteria / indicators that can be
used in order to evaluate doctoral training?

6. Do you recognise any problems in organisa-
tion, quality and/or contents of training currently
offered to PhD students?

7. Is there anything that can be done under the
existing framework conditions, in order to improve
the organisation, quality and/or contents of training
currently offered to PhD students?

8. Any subject-related or general skills the PhD
students and graduates are missing in order to make
successful research careers and/or to complete their
theses?

9. What forms of cooperation between PhD
awarding (or providing doctoral training) institu-
tions would improve the quality of doctoral studies
at your institution and nationwide? In particular, in
terms of:

- quality, contents and relevance of PhD courses

- joint research, supervision, publications and/or
use of equipment and/or experimental facilities

- virtual and physical mobility of PhD students

- quality assurance and peer review

- networking, knowledge and data exchange

10. If doctoral training (including education
and quality assurance) was provided and/or coordi-
nated by a nationwide organisation (e.g. the doctoral
school in environmental studies), what services
would this organisation be expected to deliver?

11. How would you define the subject scope of
a doctoral school in environmental management,
policy and technology? (determine key subjects /
key words).

Results. Answers to Question 1, “What are the
most important, in your opinion, gaps in the doctoral
studies in general?” identified a wide range of
problems that can be combined into 7 groups

(Fig. 1).

Excessive state regulation of all aspects of training and
defence

Weak correlation with similar studies in other countries
of the world

General scientific education of postgraduate students
does not correspond to the status of PhD

Insufficient provision with funds, modern equipment
and technologies

Lack of financial motivation

The problem of publishing the results of thesis research
in recognized professional Ukrainian and foreign...

The isolation of science from practice

0

5 10 15 20 25 30 %

Fig. 1. Variation of answers to Question 1
«In your opinion, what are the most important, gaps in the doctoral studies in general? »

Most often, the responses include various inter-
pretations of the thesis “general scientific education
of postgraduates does not correspond to the PhD
status”. It is noted that the new training form of
Doctors of Philosophy and Doctors of Science has
just begun to act in accordance with the Resolution
of the Cabinet of Ministers of Ukraine Ne 261 dated
March 03, 2016. [4]. Therefore, it takes time to im-
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plement it. In the meantime, in the absence of a uni-
fied concept of the national system for training Doc-
tors of Philosophy in general, it includes very often
only the theoretical part, there is no relation to a
specific manufacture in the system. In general, re-
spondents note that the scientific level of the degree
of Doctor of Philosophy in comparison with the de-
gree of Candidatus Scientarum requires a deeper
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theoretical and methodological preparation of the
degree candidate. In particular, the “output” upon
completion of the studies should be at a higher con-
ceptual level.

A significant number of respondents pointed
out separation of science from practice, lack of
interest in research both from graduates [22] and in
institutions at various levels, where the main
positions are held by people, far from environmental
studies and not interested in research and
development. In the development of the thesis, it
was noted that research results of the theses very
rarely reached practitioners, managers or legislators,
and mostly remained in libraries or scientific
journals.  Therefore, postgraduates have no
understanding of the practical application of the
results. Thus, many of them are demotivated.

Quite often, lack of financial motivation, name-
ly, low postgraduate scholarships and, later, salaries
of researchers or lecturers was indicated as an im-
portant problem. If you do not work in R&D insti-
tutes or universities, you do not get differential for
the academic title at all.

Another aspect of the financial component in-
dicated by a number of respondents is lack of re-
sources and funds for research, modern equipment
and technologies.

The problem of weak correlation with similar
studies performed in other countries of the world,
identified by the respondents, in our opinion, is
closely related to the problem of publishing the re-
sults of dissertation research in recognized profes-
sional Ukrainian and foreign journals.

In the eyes of respondents, in general, the State
of Ukraine does not clearly define the role and place
of Doctors of Philosophy in the National Qualifica-
tions Framework and the Classifier of Professions,
which causes discrepancy in the preparation of Doc-
tors of Philosophy in specific sciences in accordance
with the needs of Ukraine [5, 6]. At the same time,
the respondents point out excessive state regulation
of all aspects in the preparation and defence of the
dissertation and inconsistency with international
practice of dissertation defence procedure in perma-
nent specialized scientific councils.

Also, the following is recognized as problems:

— mainly the single model of postgraduate stud-
ies (insufficient opportunities for universities and
R&D institutions to independently choose the edu-
cational model of training Doctors of Philosophy.lt
could be done, for example, by developing joint
postgraduate training programmes among universi-
ties and R&D institutions, both domestic and for-
eign ones);

— inadequate international academic mobility as
a mandatory element in training Doctors of Philo-
sophy.

Besides, it has been noted in the questionnaires
that the study of this issue in the framework of an
international project is really important, since it will
allow us to develop a unified concept of the organi-
sation of this process within the countries, partici-
pating in the project.

Answers to Question 2 are expedient to be di-
vided into 6 groups (Fig. 2), fully reflecting the
range of opinions.

Most often, the answers in the questionnaires
indicate the lack of an adequate modern facilities
and equipment for doing research (lack of modern
instruments, limited opportunities to carry out la-
boratory studies of environmental components of
selected subjects at the universities, especially field
studies, with the aid of portable mobile devices, a
disastrous gap in teaching future Doctors of Philos-
ophy the basics of the latest technology, imperfec-
tion and obsolescence of measuring equipment and
laboratory base).

To resolve these problems without government
support is very difficult. Although the respondents
consider that the joint implementation of interna-
tional scientific projects is one of the ways in re-
solving it.

A significant problem in the training of PhD
candidates in the environmental field indicated by
the respondents consists in the fact that the subject
of modern environmental science is “dispersed”
among agrarian, biological, geographical, economic,
engineering and technological and medical sciences.

The respondents separately point out a weak
connection with the practical activities of scientists,
when innovative results obtained during the prepara-
tion of dissertations often remain unclaimed, that is,
specific applications are absent. In addition, almost
in every field of science and technology there are a
few Ukrainian professional journals [7] included in
international scientometric databases, the publica-
tion of research results in which could give a chance
for their implementation.

An important problem is to obtain statistical in-
formation in the field of environmental studies. Eve-
ryone is familiar with the unwillingness of govern-
mental bodies and authorities, controling and moni-
toring measurements of the environment, to cooper-
ate with postgraduates, both in terms of information
and research. This results in insufficient use of mod-
ern information technologies for collecting and pro-
cessing data necessary for assessing the state of the
environment, the consequences of human impact on
ecosystems, etc.

A number of respondents note that the listed
spheres are not priorities considering the directions
of science and technology development in Ukraine
for the period up to 2020. The state has not clearly
defined the scientific components of environmental
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The subjects of modern Environmental Sciences are
“dispersed” amaong Agrarian, Biological, Geographical,
Economic, Technical and Medical Sciences

Lack of specific implementations

Difficulties in obtaining statistical information

A few professional Ukrainian journals are included in the
international scientometric databases

The listed knowledge areas are not priorities taking into
account the prospects of science and technology in
Ukraine for the period up to 2020

Lack of the required modern scientific and technological
infrastructure for research and development

Fig. 2. Variation of answers to Question 2 «What are the specific issues of research training
in the field of environmental management, policy and technology?»

management. Accordingly, these spheres are not
included in the list of the most important scientific
and technological (experimental) developments in
the priority areas of the R&D, considering the ful-
fillment of the state order for the most important
R&D (experimental) developments and R&D deliv-
erables.

Question 3 «What are the most important
measures taken under the existing framework condi-
tions in order to improve the organisation and con-
tents of doctoral studies? » also provoked a lively
discussion.

The respondents expressed their opinion both
on how to improve the training of postgraduates in
general and, separately, on environmental issues.
Traditionally, the answers are divided into 8 blocks
(Fig. 3).

The greatest number of respondents considers
the urgent completion of the preparation and ap-
proval of national standards for training Doctors of
Philosophy according to the main list of specialties
of higher education in Ukraine as a key issue in im-
proving postgraduate studies [2, 3]. This includes
"Environmental Sciences" and ensures the appropri-
ate quality of educational and scientific programmes
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and syllabi for training PhD candidates (improving
the list, content and scope of professional courses
and interdisciplinary methodological courses).

Preeminently at the level of government man-
agement of scientific activities it is proposed to offi-
cially document an environmental research area,
calling it “Environmental Sciences”, in which
PhD/Cand. Sci. dissertations and doctoral disserta-
tions are to be prepared.

A special emphasis in the questionnaires is
made on the expansion of the content of the educa-
tional component of the Doctors of Philosophy
training, including mastering of modern internation-
al requirements by postgraduates concerning publi-
cations and presentation of research results at the
international level. Since the postgraduate training
involves assimilation of a large base of theoretical
knowledge, it would be good to integrate this theo-
retical knowledge into international theoretical ba-
ses. This will make it possible to produce innova-
tions, avoid repeating mistakes and resolve current
problems in Ukraine, taking into account wide in-
ternational experience. Obligatory mastering of a
certain amount of credits in other domestic and for-
eign universities is the keynote.
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Collaboration of postgraduates with national bodies
performing environmental control and monitoring

To approach research topics to current problems
existing in the country

To reduce the number of documents before and
after dissertation defence, to eliminate special...

To approve a compulsory practical component with
improved funding for these studies.

To approve a compulsory practical component with
improved funding for these studies.

To attach doctoral candidates directly to the
university departments, postgraduate study...

To approve national standards for the PhD training
with an increase in the educational component

International mobility of postgraduates

2 4 6 8 10 12 14 16 18 20 %

Fig. 3. Variation in answers to Question 3 «What are the most important measures that can be taken under
the existing framework conditions in order to improve the organisation and contents of doctoral studies?»

The proposal to involve graduate students into
various international programmes is closely related
to the previous one. This will contribute to the mo-
bility of undergraduates and postgraduates, helping
them to take part in international scientific confer-
ences and take internships in foreign research insti-
tutions, etc.

It is also proposed to take into account a
practical component in the scientific work through
increasing the funding of laboratory and field
research of postgraduates. As it has been indicated
in the questionnaires, participation of postgraduate
students should be expanded in the implementation
of governmental and other research programmes so
that their investigations were applied in their
character [8]. The tasks set by the Ministry of the
Environment, departments of environment, state
administrations, problem enterprises, etc. should be
resolved, i.e, research topics should be closer to the
pressing problems existing in the country.

Separately, it is recommended to support the
cooperation of postgraduate students  with
governmental agencies controlling and monitoring
the environment, to ensure access to environmental
databases/information at all levels (except classified
ones, as it is provided by data storage systems), to
exchange information on postgraduate research.
This is useful not only for postgraduate students, but
would help fill the gaps in the governmental

environmental monitoring system and produce a
fresh and topical analytical result for stakeholders,
increasing the prestige and value of universities as
R&D institutions.

The proposals of an organisational nature were
allocated in a separate group. First of all, the
respondents point to the need to legally state the
“basic conditions”. At present, the procedure and
mechanism of training and, most importantly, the
defence of dissertations of Doctors of Philosophy
have not been officially approved. It is necessary to
drastically reduce the number of documents
prepared before and after the defence. Even the
proposal to liquidate the special councils and to
execute defences only before 2-3 experts, as
practiced in the majority of European countries was
expressed.

Quite often the respondents expressed thoughts
that doctoral studies should be organised at the
departments, and not in such true administrative
bodies as postgraduate study divisions. In the form
that exists now, postgraduate study divisions are not
needed. A postgraduate (full Doctor degree
candidate) should be subordinated only to his/her
supervisor, and not to the postgraduate study
division.

Answers to Question 4 «In your opinion, is
quality of PhD thesis/dissertation in environmental
studies improving or declining? If it is declining,
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then please, briefly explain your point», received
only three options: it improves, it worsens, it re-
mains at the sufficiently high level.

Most respondents agree that, rather, thanks to
the heroic efforts of old-school scientists, the quality
of candidate dissertations remains at a fairly high
level. It all depends on the responsibility of the su-
pervisor of the postgraduate, the PhD candidate
himself/herself, the authority of the specialised
council. The level of dissertations fluctuates in time,
slightly up, a little down, but the average level of
works within the period of 10 years remains more or
less constant. The level of application of modern
scientific equipment and GIS technologies gets be-
hind, but the quality of dissertations meets the re-
quirements of the time and situation in the country.
The positive role of the need in international publi-
cations of work results is noted.

Supporters of the thesis that the quality of dis-
sertations deteriorates (Fig. 4) are fairly numerous,

too [23]. Explaining their opinions, the authors note
that any research is reduced to the environmental
one. There are no clear criteria in environmental
investigations, the quality criteria of dissertations
are not entirely clear judging from the results of en-
vironmental studies. Taking into consideration the
fact that the overwhelming majority of research in
the field of environmental protection is applied in-
vestigations, first of all, it is necessary to evaluate
the degree (level) of the implementation of envi-
ronmental research results.

According to this indicator, not all defended
dissertations, for example, in the specialty 21.06.01,
contain information about the practical implementa-
tion of the research results. Lack of environmental-
ists” practical developments is primarily associated
with the catastrophic decline in the number of jobs
for environmentalists during recent years.

According to the respondents, some works are
not of sufficient quality through simplification of the

of investigation

[ Simplification ofthe depth ]

Low level of application of
modern scientific equipment
and GIS technologies

There is no information about
the practical implementation
of the results of dissertations

There are no clear criteria
for the quality of
dissertations in
environmental studies.

Lack of own field and
laboratory investigations

Inaccessibility, absence, fragmentation or
unreliability of the results of state monitoring

studies

Fig. 4. The reasons for the deterioration in the quality of dissertations in respondents’ opinions

depth of scientific research, lack of own laboratory
research, including in connection with the outdated
laboratory facilities and the lack of modern tools
and instruments for the environment study. And the
absence of experimental infrastructure is a conse-
guence of the meagre level of funding.

Deterioration in the quality of dissertation work
is also associated with inaccessibility, absence,
fragmentation or unreliable results obtained by the
governmental monitoring agencies.

Answering Question 5, «Do you recognise any
major quality issues in the process of doctoral train-
ing? Could you list the criteria / indicators that can
be used in order to evaluate doctoral training? », the
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majority of the respondents agreed with the exist-
ence of problems and proposed their own list of cri-
teria and indicators.

The groups of existing problems defined
through the survey by a questionnaire are shown in
Fig. 5 [23].

A number of the respondents believe that it is
necessary to apply more often to the standards of
higher education, compiled by the best experts in
the relevant branches of knowledge. The relevant
criteria have already been established and one only
needs to get acquainted with the relevant standard of
higher education and apply it in practice. According
to the standard, knowledge and competences suffici-
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Ignorance of the relevant higher education standard, specifying the
competencies and criteria sufficient to produce new ideas, resolve
problems in the field of professional and research innovation
activity and doing research

( Problems with \

Formality of
approbation, quality assurance The detachment of
including reporting in the process of theses from
at international postgraduate practical needs of
conferences and training, esp. its the country
symposia scholar

component
/\ / N

Lack of modern laboratories

Scholar and academic level
of the supervisor of
postgraduate studies

Fig. 5. Problems impairing the quality of postgraduate students’ training

ent for producing new ideas are developed from
practical activities in the process of resolving com-
plex problems. Our postgraduates mainly gain
knowledge and competences in writing scientific
papers to acquire theoretical basis, or rather empiri-
cal data that do not allow resolving integrated prob-
lems in the field of professional activity, including
teaching environmental disciplines.

The formality in approbation of the research re-
sults is also assigned to the problems, as follows:

- participation in conferences, especially
international ones, mostly by correspondence due to
the lack of funds for business trips;

- transfer of research results to
institutions/enterprises also does not
feedback;

- publication in high-ranked scientific journals
is almost impossible due to outdated laboratory
equipment and research techniques unrecognized in
Europe, as well as due to extremely high value
policies of many publishers.

The problem is often in the fact that the super-
visors of the degree candidates do not always pos-
sess modern professional knowledge, environmental
situation and computer skills when training young
scientists.

A long list of criteria that can be used to evalu-
ate the PhD candidates’ training has been proposed;
they partially repeat the existing ones, but there are
many additions.

As noted by the respondents, the only criterion
for the quality assessment of scholar training should
be a well-worked qualification work (thesis) pre-

target
require

pared for the defense in time. Meanwhile, taking
into account general scientific competencies that
postgraduates should receive during their training
according to the educational and scientific pro-
gramme (ESP), control over the ability to present
and discuss their own scientific results should be
tightened.

It would be an issue of interest to organise a
separate type of scientific conferences, conferences
of Doctor of Philosophy degree candidates, sepa-
rately within the limits of each specialty according
to the main list - List 2015. Holding of such events
can be entrusted to institutions of higher education
in which permanent specialised scientific councils
for theses defense will operate.

Also, the respondents note the need to take into
account the following:

- number of publications in peer-reviewed
journals;

- participation in international scientific
conferences;

- participation in international scientific
projects;

- at least one published article on the

methodology of science.

A number of the respondents consider it
necessary to acquire competences in teaching
environmental disciplines. Therefore, they propose
to introduce the following indicator: implementation
of the educational load of 75 - 100 hours per year
and make mandatory the candidate exam on the
methodology of science.

It was also proposed to simplify the require-
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ments and facilitate the procedure for the defence
for PhD degree candidates who work on
dissertations (and will defend them) in English.
Question 6 «Do you recognise any issues with
the organisation, quality and/or contents of training
currently offered to PhD students? » (Fig. 6) was

answered by a fourth of the respondents “No, I do
not”. In addition, a number of the respondents do
not find their positions because they believe that the
implementation of the new form takes time. “We are
accustomed to other forms of postgraduate educa-
tion. What is the best time to tell?”

Low financial support and assurance

Excessive overregulation of the defence procedure

Low motivation with possible employment
Formality of the organisational role of the postgraduate
study divisions

Attachment of postgraduates not to the university
departments, but to the postgraduate study division

Lack of proper unification of the educational component
in postgraduate training

The situation is still unclear; time will tell

No

0

T T T T T

5 10 15 20 25 30 %

Fig. 6. Variation in answering Question 6 «Do you recognise any issues in the organisation,
quality and/or contents of training, currently offered to PhD students?»

The remaining respondents focused almost
equally on the following:

- absence of the organising role of the postgraduate
study division, which reduces to taking into
account the implementation of the programme,
organising exams and collecting various reports.
In fact, the whole burden of postgraduate training
is entrusted only to the postgraduate and his/her
supervisor. And the final result depends only on
their persistence and perseverance. That is why,
in order to improve the quality of training, it is
advisable to select the best research supervisors,
only Doctors of Science, attach postgraduates to
their departments, not to the postgraduate study
divisions.
excessive governmental regulation of all aspects
in the preparation and defence of the thesis
research, execution of great number of
accompanying documents, inconsistencies in the
proportion of attention to the scientific value of
the research in relation to the documentary
support for the thesis defence [8-21] This is
especially true for the formal requirements to the
number of articles, “5 papers for natural science
specialties is too many”. As noted by the
respondents, the specific results of scientific
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work appear in the third or fourth year of study.
This period is characterised by a significant load
for the postgraduate: writing the necessary
publications, participating in conferences for
approbating the research results, preparing,
completing and executing the dissertation itself.
And under regular planning of writing papers,
the conclusions of the first one may differ from
the results of the last one, or after 4 years the first
paper becomes less relevant;

- some of the answers indicate the problem of lack
of motivation among future Doctors of
Philosophy  concerning  employment and
financial allowance, which makes it impossible
or significantly reduces the field or laboratory
stages of research.

At the same time, the authors note that “The
procedure of training PhD and DSc candidates in
higher education institutions (R&D institutions)”,
approved by the Resolution of the Cabinet of Minis-
ters of Ukraine No. 261, dated March 23, 2016 [4],
provided for resolution of a number of problematic
issues addressing the organisation, quality and con-
tent of PhD candidates training in Ukraine.

A graphical analysis of the answers to Ques-
tion 7 «Is there anything that can be done under the
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existing framework conditions, in order to improve
the organisation, quality and/or contents of training

currently offered to PhD students?», is shown in
Fig. 7.

Removal from the postgraduate study curriculum
various narrative, informative and pedagogical
disciplines, as well as endless and...

I am not ready to answer this question, one
needs more time to assess the new form of
training
Improving the procedure for approving the topic
of thesis and substantiation of the project
experiments

Government financial support of research,
publications and participations in conferences
and symposia abroad

Establishing “environmental sciences” in the list
of sciences and specialties for which
dissertations are defended

Internship of postgraduates abroad and in
Ukraine at the places of potential employment

Fig. 7. Variation in answering Question 7
«Is there anything that can be done under the existing framework conditions, in order to improve
the organisation, quality and/or contents of training currently offered to PhD students?»

Also, the questionnaires indicate that postgrad-
uates need governmental financial support in the
form of grants, which could be used for field or ex-
perimental research, the opportunity to participate in
conferences, including foreign ones or to publish
papers in the high-ranking journals.

Several respondents, with the aim to improve
the organisation of postgraduate training, offer to
remove a variety of narrative, informative and peda-
gogical disciplines with the endlessly and fruitlessly
learning foreign languages. Practice is of utmost
significance.

To improve the effectiveness of the research,
there were suggestions to improve the procedure for
approving the topic of the thesis. In particular, to
approve not the actual title of the topic, as it is prac-
ticed today, but a research project with a thorough
justification of the topic presented by a student (af-
ter the first year of study), a review of existing liter-
ature sources, problematic issues that need to be
investigated, as well as a deeply understood formu-
lation of the purpose and objectives of the study.

Question 8 «Are there any subject-related or
general skills the PhD students and graduates are

missing in order to make successful research careers
and/or to complete their theses?» Every second re-
spondent thinks that it is sufficient. On average, the
respondents note that the training during postgradu-
ate studies provides all the necessary competencies
to postgraduates.

In the future, everything will depend on the
personality of the postgraduate and traditions of the
scientific school he was involved. The main thing is
to have a desire. But talent is of utmost importance,
too. The remaining respondents gave various re-
sponse options, which are presented in Fig. 8 [23],
but they all share one opinion that the very pro-
spects are not very bright for a successful scientific
career, because many R&D institutions are closing
now, their funding, as well as the staff are being re-
duced, etc.

In Question 9 «What forms of cooperation be-
tween PhD awarding (or providing doctoral train-
ing) institutions would improve the quality of doc-
toral studies at your institution and nationwide? In
particular, in terms of:

- quality of provision, contents and relevance of
PhD courses

-188 -



BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

Skills and knowledge in modern IT technologies
according to the professional sphere

Skills and abilities for field
work

methodology of natural sciences

[ Educational background in the J

Skils in management and
logistics

Postgraduates
lack

"

Level of foreign language
proficiency

Communicative skills in their
professional spheres

~\

Interpersonal skills and abilities to work
in academic environment

>

Fig. 8. Variation in answering Question 8 «What do postgraduates lack for a successful career?»

- joint research, supervision, publications
and/or use of equipment and/or experimental fa-
cilities

- virtual and physical mobility of PhD students

- quality assurance and peer review

- networking, knowledge and data exchange

Regarding cooperation on quality of provision,
contents and relevance of PhD courses, the respond-
ents were unanimous: it is necessary to organise
events that promote active scientific communication
(scientific conferences, methodological workshops,
postgraduate internships at other universities (in-
cluding foreign ones), as well as mastering a certain
number of credits in other universities.

Regarding joint research, supervision, publica-
tions and/or use of equipment and/or experimental
facilities, joint research with the same methods in
different regions is offered, or joint research by var-
ious scientists at the intersection of sciences, such
as: geography and biology, ecology and geography;,
economics and geography, geography and environ-
mental and ecological technologies, etc. Usually the
results of such studies are the most integrated, sys-
tems and effective ones in their implementation.
Carrying out the joint grant projects is also consid-
ered promising. The possibility of cooperation of a
postgraduate not only with one supervisor, but with
several ones, both in Ukraine and abroad (sandwich
projects, etc.) is proposed.

Regarding virtual and physical mobility of PhD
students, two components were considered: virtual
and physical. The need for both, the first and second
options, is not questioned by any of the respondents.

For virtual mobility there is a need to create the
Internet libraries, common information platforms,

distant participation in Internet conferences, etc.
Physical mobility is proposed to be implemented in
the options shown in Fig. 9.

According to the respondents, to assure quality
and peer review, it is necessary to involve reputable
scientists from domestic and foreign universities and
R&D institutions to teach disciplines to postgradu-
ates. That is, teaching the disciplines stipulated by
the educational and scientific programme, as well as
in the permanent and one-time specialised scientific
councils for the thesis defence.

It is also advisable to attract more intensively
experts from other regions to evaluate the reports of
postgraduates and review their publications, and
perhaps even to compile a register of opponents
(experts) on the main areas of the specialty. In the
opinion of respondents, the quality of work would
be enhanced by blind peer reviewing at least doctor-
al work and a reasonable assessment of work by
experts.

The respondents also point out the need for in-
troducing policies and procedures for quality and
scientific ethics: preventing plagiarism in the work
of postgraduate students; disregarding publications
in substandard scientific journals with questionable
editorial practices; encouraging publications in
Ukrainian and foreign scientific journals, conduct-
ing high-quality peer-review, introducing adequate
ethical work standards, disapproving of fictitious
participation in scientific conferences; promotion of
high-quality approbation of research results.

In addition, the responsibility of the supervisor
and the primary institution which approve the thesis
for submission increases (a department of the uni-
versity or a division/section of the R&D institute).
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Mandatory mastering of a certain number of
credits in other universities

Taking part in
international
conferences

and symposia

Physical
mobility

Organisation of joint
expeditions and field
investigations (explorations)

Performing
joint projects

AN

Possibilities of scientific
mternships for
postgraduates, including
abroad

Fig. 9. Proposed options for physical mobility of postgraduates

All the respondents actively supported the ne-
cessity of networking, knowledge and data ex-
change. In the development of this thought, it was
recommended to attract PhD candidates to social
networks like ResearchGate, Academia.edu, etc. It
has also been noted that at present there are no prob-
lems in this respect but there is a language barrier.

Question 10 of the questionnaire, «If doctoral

training (including the educational provision and
quality assurance) would be provided and/or coordi-
nated by a nationwide organisation (e.g. the doctoral
school in environmental studies), what services
would you expect this organisation to deliver? » has
caused controversy from the absolute needlessness
of such a structure to placing very high hopes on it
(Fig. 10).

Ensuring the possibility of publication in the
high-ranked journals

Assistance in employment

Maintenance of the scientific novelty and
practical significance of each work

Establishing links among researchers from
different countries

Recommendations on selecting priority
(research topics) on the national and world..

Such a school is unnecessary. This is another
body of corrupt practice for postgraduates

0

5 10 15 20 25 30 35 40 %

Fig. 10. Variation in answering Question 10 «If doctoral training (including the educational provision and
quality assurance) would be provided and/or coordinated by a nationwide organisation (e.g. the doctoral
school in environmental studies), what services would expect this organisation to deliver?»

Most respondents believe that new organisa-
tions do not need to set up. This would be one an-
other body of postgraduates’ dependency with a

high risk of corruption. Postgraduate training is car-
ried out at scientific schools. Universities already
have postgraduate study divisions. It is just required
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to increase their effectiveness with taking into ac-
count the remarks that will be found in the course of
this study.

Among the respondents there is also an opinion
that such a structure could contribute to the selection
of national and world-priority research, the profiling
of doctoral schools and the resolution of regional
problems.

They rely on such an organisation and hope for
establishing ties among researchers from different
countries for individual research work using equip-
ment, providing joint scientific guidance, etc.

In addition, among the expectations there is the
actualisation of the scientific novelty and practical
significance of each work, recommendations for
writing dissertations and its expert assessment after
completion (a review from this organisation).

Individually, there is a hope for learning the
current international requirements for preparation of
scientific articles, methods of writing high-quality
articles, the choice of scientific journals of adequate
quality, in which it is advisable to publish the results
of the research and assistance in the employment of
environmental specialists.

When asked «How would you define the sub-
ject scope of a doctoral school in environmental
management, policy and technology? (please, define
key subjects / key words)», in Question 11 the fol-
lowing list was delivered:

o Natural resources, secondary resources, alter-
nate resources, resource saving, sustainable
natural resource use.

e Environmentally tolerant natural resource use
in various branches.

e Environmentally tolerant technologies, renew-
able energy, recycling in energy saving.
Recultivation of degraded lands.

e Environmental technologies, including protec-
tive technologies of soils; water; and at-
moshere. Environmental safety.

o Investigation of contemporary man-induced na-
ture of Ukraine, its environmental geochemical
and environmental geophysical features and
impact on human health Enviromnental risk.

e Revitalisation and reconstruction of socio-
environmental systems, environmental friendly
housing. Environmental infrastructure.

e Environmental monitoring; observations, as-
sessment and prediction of environmental shifts
under the man-made effects.

e Environmental design.

Environmental legal acts, environmental fines.

e National environmental policy. Sustainable
development. Sustainable development of terri-
torial communities, cities and regions.
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e Environmental menegement; functions of envi-
ronmental menegement.

e Optimisation of natural resource use, preven-
tive approach in natural resource use.

e Conservation of biodiversity. Organisation and
development of the environmental network.

e Environmental culture, environmental con-
sciousness; Philosophic basis of management in
natural resource use.

e Environmental education.

Conclusions. The research has shown that at
present in Ukraine specialists of high qualification
are trained on 4 environmenal specialties: 03.00.16 -
Environmental Sciences, 08.00.06 — Economics of
Environmental Resources Management (Econom-
ics), 11.00.11 - Constructive Geography and Wise
Use of Natural Resources (Geographic Sciences)
and 21.06.01- Environmental Safety (Engineering
and Industrial Technology Sciences, Chemistry and
Geology). In addition, separate issues of environ-
mental protection are considered in 15 specialties
from the List 2011. All these from the one hand,
give the opportunity for various types of specialists
to work on solution to environmental problems. On
the other hand, such approach eliminates the efforts
on prioritizing environmental problems in society.
One of the ways to solve this problem is to intro-
duce a separate category for environmental sciences.

Scientific problems are scientific research of
low quality, low level of application of modern
technologies, non-correlation between the topics of
the society demands, ignoring foreign experience in
the solution to similar problems, etc.

Organisational problems are poor technical
provisions, non-availability of training abroad for
PhD students, low level of English, split between
the PhD department and PhD students, problems
with publications in peer-review journals and visual
presentation of reserarches on international confer-
ences, etc.

The list of recommendations to improve the
training process for future environemtnal specialists
in Ukraine includes:

e To establish “environmental sciences” in the
list of sciences and specialties for which theses
are defended,;

e To achieve government financial support of re-
search, publications and participations in con-
ferences and symposia abroad;

e To perform joint projects, joint expeditions and
field investigations (explorations);

e Possibilities of scientific internships for post-
graduates, including abroad.
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SOLVING CURRENT ENVIRONMENTAL PROBLEMS BY HARMONIZATION OF DOCTORAL
PROGRAMS WITH EUROPEAN STANDARDS

Formulation of the problem. At present in Ukraine environmental problems are very topical. A com-
prehensive and effective solution to theses problems can be grounded on the the use of modern approaches,
expressed through harmonization with the best world practices. Training of highly qualified specialists is an
important component of the integrated approach. Currently, in Ukraine it is performed on 4 environmenal
specialties: 03.00.16 - Environmental Sciences, 08.00.06 — Economics of Environmental Resources Man-
agement (Economics), 11.00.11 - Constructive Geography and Wise Use of Natural Resources (Geographic
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Sciences) and 21.06.01- Environmental Safety (Engineering and Industrial Technology Sciences, Chemistry
and Geology). In addition, separate issues of environmental protection are considered in 15 specialties from
the List 2011. Resolution of the Cabinet of Ministers of Ukraine No. 266, dated April 29, 2015, “On approv-
al of the list of branches of knowledge and specialties for which candidates for higher education are
trained”(“List 2015”) canceled “List 2011” [2]. Order of the Ministry of Education and Science of Ukraine
No. 1151, dated November 6, 2015, “On the peculiarities of introducing the list of branches of knowledge
and specialties for which candidates for higher education are trained” [3], the table of compliance of the List
of scientific specialties (“List 2011 and List of areas of knowledge and specialties for which candidates for
higher education are trained, including PhDs (“List 2015”) [2] was approved.

At the same time, up to the present day, theses have been defended according to “List 2011”. The prob-
lem of “dispersion” of environmental issues among various specialties in various branches of knowledge not
only remained, but also grew up, as the number of the latter increased. This situation is of concern to the sci-
entific community.

The purpose of the article. To clarify the problems existing in the national system of postgraduate stu-
dents’ training in environment-oriented specialties and defending theses by them in accordance with modern
requirements, as well as finding ways to improve this situation, based on international experience.

Methods. As part of the implementation of project Erasmus + “ Integrated Doctoral Program for Envi-
ronmental Policy, Management and Technology - INTENSE”, 586471-EPP-1-2017-1-EE-EPPKA2-CBHE-
JP, an anonymous survey of leading scientists engaged in post-graduate training and doing research work in
the field of the environment. The questionnaire was developed by Odessa State Environmental University
and the survey covered institutions of higher education in almost all regional centres of Ukraine, as well as
the cities of Uman and Kremenchuk. It should be noted that such cities as Kharkiv, Lviv, Kyiv, Dnipro, Vin-
nytsia, Poltava and Uman were represented by several universities. The rest of the regions were represented
by the respondents of one institution of higher education.

Results. The obtained results have shown the existing organisational and scientific problems. The key
problem is the lack of a separate category for PhD (Environmental Sciences) in the updated List 2015. Scien-
tific problems are scientific research of low quality, low level of application of modern technologies, non-
correlation between topics with society demands, absence of foreign experience consideration in the solution
to similar problems, etc. Organisational problems are poor technical supply, non-availability of training
abroad for PhD students, low level of English, problems with publications in peer-review journals and visual
presentation of the research at international conferences, etc.

Keywords: National Qualification Frameworks, PhD student, speciality, Environmental Sciences, prob-
lems, nature management, environmental policy, environmental technology.
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LANDSCAPE-ECOLOGICAL INVESTIGATIONS MAPPING OF
V. V. DOKUCHAY IV KHNAU ARBORETUM’S TERRITORY

B. M. Onapa, I. M. Bysina, /. 1. Xaiinyc. KAPTOI'PA®YBAHHA JIAHJIIADPTHO-EKOJIOT'TYHHUX JJOCIT/I’KEHHbD
TEPUTOPII IEH/IPOJIOTTIHOT O IIAPKY XHAY IM. B.B. IOKYYAEBA. V npedcmasgneniii cmammi cmucio eUceimieHo
OCHOBHI npobiemu, sIKi GUHUKAIOMb NI YAC NPOEOeHHs. IAHOUAGMHO-EKONO2IYHUX 00CAIOHCeHb mepumopiu. Ha npuknadi oenopo-
noeiunozo napky XHAY im. B.B. [lokyuaesa po3ensaHymo nopieHaIbHO-eKON0IYHUL MEMOO OYIHKU IPYHMOBUX YMOS 34 IICOPOCTUHHUM
eghekmom, mo6mo 3a 6UAOBUM CKAAOOM i NPOOYKMUBHICIIO KOPIHHUX JICOBUX POCIUHHUX Yepynosas. Jlic eucmynae sk cucmema
POCIUHHOCI | cepedosUa NPOHCUBAHHS, A 3 eKOTO2IYHOI MOUKU 30pY — AK BI000padtCeHHs cepedosuwya, AK it 1icopociunnuil epexm.
A maxookc 0151 OOTPYHMYBAHHSA 3aX00i8, CHPAMOBAHUX HA BUPIUEHHS AKMYATbHUX TAHOWAPMHO-eKoN02IUHUX NpobIeM, a came, MPaH-
cpopmayii’ i 3a6pyOHEHHs NPUPOOHO20 cepedosuyd, PO3GUMKY MOPPOOUHAMIUHUX npoyecis. [[0CTi0dNCceHo 6MICm 8ANCKUX Memaie
Ha mepumopii 0eHOPONAPKY, NPO8EOeHO PAHNCUPYBAHHA (DAKMOPIS, AKI BNIUBAIOMb HA PO3NOOIN KOHYEHMPayii nomomanmie ma
BU3HAYUEHO MUN eKONO2IYHOI cumyayii 3a 00NOMO200 Kapmocpagiunux memooie. 3anponoHOBaHO CYYaCHI Ma eKON02IUHI Memoou
GIOHOBILCHHS NOPYWEHUX Mepumopitl 3a OONOM02010 HimopemediayiiHux MmexHoN02il, SKi € 3HAYHO OewesUUMY A Oe3NeUHIUUM.
1Tio uac 3anposadoicenna memodia ghimopemediayii 8id0ysacmuvcsa menuie 6MOPUHHUX 3a0PYOHEHb, QI3UYHULL | 2DAHYIOMEeMPUYHUL
CKAa0 IPYHMI6 He NO2IpuyEmbCsl, OIoN02IUHA AKMUGHICb HE 3MEHUYEMBCSA, d NPOOYKIMUBHICIb YMPUMYEMbC CMAno. Jlana mex-
HONO2iA HAUBINbUWL 3PYUHA OIS OUUWEHHS NOMIPHO 3a0pyOHenux tpynmie. Ipynmu, ax enemenm aanowagmy € 6azomum OLOKOM eKo-
cucmem, pyUuHy8aHHs SKUX MAe OA2amoguMIpHe 3HAUeHHs Ol cmabinbHOCMi NPUPOOHO20 cepedosuwd. AepoceHHe nepemeopenHs
IDYHMI@ Mpaouyiiino oyinioeanocs ax npoepecuste. OOHAK, HAYKOBUL AHATI3 C8IOYUMb, WO eKCIMEHCUBHE 3eMAEPOOCMB0, HepayioHa-
JIbHe XiMiuHe YOoopenus U gpemuwusayia necmuyuoie 3yMosUIU 3HAYHe 3HUNCEHHS POOIOYOCMI, a NO0eKyOu U empamy, 6HACAIO0K
PO36UMKY epo3ii, NPUPOOHO20 IPYHMOBO20 NOKPUBY HA enukux niowax. I1odibni npoyecu cmumynowoms IPYHMosgy Mikpogaopy 0o
DO3KNAOAHHS OP2AHINHUX 3A0PYOHEHb | CIPpUSIONMb NOIUHAHHIO POCIUHON WKIOIUBUX perosut. Jlanowadmmno-exonoeiunuti nioxio
HApasi 3acMoCco8yionts y 6UPIleHHi 0a2amvbox HAYKOBUX 3A60aAHb. K MEOPEeMUYHUX, MAK | NPAKMUYHUX.

Knrouosi crosa: nanowadmmo-exonoeiuni 00CHiONCeHHs, Kapmozpagyeants, edamonu, mpogomonu, edagiuna cimka, 0eHo-
PONOSIYHULL NAPK.

B. H. Onapa, H. H. By3una, /. . Xaiinyc. KAPTOI'PAODUPOBAHHUE JIAH/ILIIA®THO-3KO/IOTHYECKHX HCCJIE-
JIOBAHHH TEPPHTOPHH JJEHIPOJIOTHYECKOI'O ITAPKA XHAY HM. B.B. JOKYYAEBA. B npedcmasnennoii cmamove
KPAmMKO 0c8eujeHbl OCHOBHbIE NPODIeMbl, BOZHUKAIOWUE NPU NPOBEOCHUU JAHOUAPMHO-IKOI02UHECKUX UCCIE008AHUL MEPPUMOPUIL.
Ha npumepe odenoponoeuueckozco napka XHAY um. B.B. Jlokyuaesa paccmompen cpasHUmMenbHO-3KOL0SUYECKULl Memoo OYeHKU
NOYSEHHbIX YCIO8UIL NO NleCOPACMUMeNnsHOMY dP@eknty, mo ecmb no 8UO0BOMY COCMABY U NPOOYKMUSHOCHU KOPEHHbIX JIeCHbIX
pacmumenvHbix coobujecms. Jlec svicmynaem Kaxk cucmema pacmumenbHOCmu i cpedbl 0OUMaHUs, a ¢ IKOL0SUYECKOU MOYKU 3pe-
HUsL — KaK ompaicenue cpeovl, KaK ee 1ecopacmumenvhbix d¢hgexm. A maxoice 0 060CHOBAHUS MEPONPUAMULL, HANPABIEHHbIX HA
peliene aKmyaibHblX J1aHOUAGMHO-IKOI0SUYECKUX NPOOIeM, 8 YaCMHOCIU, MpaHchopmayuu U 3aepa3HeHus npUpooHoll cpeosl,
passumus mop@oounamuieckux npoyeccos. HMccnedosano cooepoicanue magicenvix Memanios Ha meppumopuu 0eHoponapka, npo-
6€0€HO PaHdCUposanue Gakmopos, 6IUAIOWUX HA pacnpedeierie KOHYeHmpayuil noJIOManmos u onpeoenen mun 3K0102u4eckou
cumyayuy ¢ nOMowbio Kapmoepaguueckux memooos. IIpednoceno cospementble U IKON0SUYECKUe MEMoObl B0CCHIAHOGIEHUsS
HAPYUEHHbIX MePPUMOPULL C NOMOWBIO PUMOPEMeOUAYUOHHBIX MEXHONIOUL, KOMOopble 3HAYUMenbHo Oeutesne u besonacuee. IIpu
86e0eHUU MemOo008 Qumopemeouayuy nPOUCXo0OUn MeHblle 8MOPUYHBIX 3a2PASHEHUL, PUIUYECKULl U 2DAHYIOMEMPULECKULl COCA8
noue He yxyouaemcs, GUOIOSUYECKAs AKIMUGHOCHIb HE YMEHbULAEMCS, d NPOU3B00UMENbHOCHIb COOEPAHCUMCS NOCMOAHHOU. [lanHas
mexHono2us Hauboaee YOOOHa 0N OUUCTKU YMEPEHHO 3az2pA3HEHHbIX nous. TIouebl, KaK s1emenm Janowagdhma aeasemcs 6eCombim
O10KOM IKOCUCTEM, PA3PYULeHUEe KOMOPBIX UMeen MHO2OMePHOe 3HayeHue OJid CIAOUIbHOCIU RPUPOOHOLL cpedbl. AepozerHoe npe-
0bpazosanue nous mpaouyUOHHO OYEHUBANOCH KAk npoepeccugnoe. OOHAKO, HAYYHBIIL AHANU3 CBUOCMETLCIMEYem, YMO IKCIMEHCUB-
Hoe 3emiiedenue, HepayUOHAIbHOE XUMUYecKoe yY0ooperue u pemumuzayus necmuyuoos 00yCio8Uly 3HAYUMeENbHOe CHUNCEHUE N0~
00pooust, a uHO20a U NOMeEPIO, 8 Pe3yIbIame pa3gUmMus dPo3ul, NPUPOOHO20 NOUYEEHHO20 NOKPO8a Ha boabuux niowaosx. 110006-
Hble NPOYeccvl CMUMYAUPYION NOYEEHHYIO MUKDOPDIOPY K PAZIOHCEHUIO OP2AHUNECKUX 3A2PASHEHUT U CHOCOOCMEYION NO2TOWEHUIO
pacmenuem 8pedHvix ewecms. Jlanowagpmuo-sKonocuteckuti n00X00 ceudac NPUMEHsIOm 6 peuleHUuU MHO2UX HAYYHbIX 3a0a4. KAK
meopemuiecKux, max u nPAKMu4ecKux.

Kniouesvie cnosa: nanowiadmmuo-3xonocudeckue uccied08anus, Kapmozpaguposanue, e0amonst, mpogpomonsl, 30aguieckast
cemxka, 0eHOPOA02UYEeCKUT NAPK.
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Formulation of the problem. In the field of
ecology the investigation of spatial analysis of ob-
jects is almost not considered, while landscape sci-
ence, on the contrary, has rich and well-studied tra-
ditions. To solve various issues of geosystems’ dy-
namics in landscape investigations, it is necessary to
involve the concept of ecology. In general, in the
field of ecology and landscape science, we can find
many combining and complementary situations,
theoretical positions, methods, whose synthesis in-
volves formation of landscape ecology theoretical
basis [1].

Agricultural production is inextricably linked
with landscapes. The soil cover and its quantitative
and qualitative status is one of the most important
components of land.

Modern integrated field studies envisage not
only obtaining the necessary information about the
landscape and landscape-forming processes, but also
using it during environmental research. Various
forms of obtaining landscape information are used:
substantiation, recommendations, special maps,
schemes, models, etc. [1-2].

A comprehensive system approach to the ra-
tional use of natural resources and public health pro-
tection in conditions of intensive anthropogenic
loading on the environment raises the problem of
assessing the ecological state of landscapes and the
possibility of fulfilling their respective ecological
functions in the foreground [3].

Actual scientific researches and issues ana-
lysis.

Measures to stabilize and restore the ecological
state of landscapes and soils as their integral part
require the ecological assessment of the environ-
ment conditions and the efficiency of land resources
use. This assessment has a number of territorial fea-
tures, which are easier and more explicitly explored
by mapping methods. This suggests the need to cre-
ate a general or universal landscape-ecological data-
base that would provide substantiation of specific
decisions on the ecological safety of the territories
[4-5].

The content of such a database should be as
comprehensive as possible, versatile, reliable and
objective landscape-ecological characteristics of the
environment. It is possible to provide the above-
mentioned needs using GIS with modern mapping
methods. The complexity of the task is determined
by the peculiar study objects —a great variety of pa-
rameters characterizing the qualitative state of the
environment.

Geographic information systems enable us to
automate and accelerate the process of obtaining the
necessary information at the right moment, integrat-
ing data from different sources, and ensuring in-
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teroperability with other systems and technologies
used in the process of regional development man-
agement (V.M. Bagrov, T.V. Kotova, L.F. Yanvar-
iova) [6].

Such systems are intended to provide the exec-
utive authorities and local government with reliable
information on the current state of natural resource
potential, human resources, environment, economic
and social situation in the region with subsequent
transition to scientifically grounded forecasting ac-
cording to certain models. Regional GIS, both com-
plex and thematic, should be developed according to
the approaches adopted for the development of the
national GIS proposed by L.G. Rudenko, V,S.
Chabaniuk and others [4-6].

According to domestic studies (M.V. Bahroy,
V.O. Bokov et al.) and foreign scientists [7-9], the
conceptual data model for the needs of ecological
and environmental mapping should include the in-
formation on:

- natural and socio-economic systems as deter-
minants of nature use;

- ecological conditions of the region and its
evaluation;

- measures to optimize nature use;

- the expected effectiveness of their implemen-
tation.

The ecological aspect of the geosystems’ study
has a number of approaches. Geography, as a sci-
ence that uses environmental assessment criteria,
can address a multitude of issues related to protec-
tion and optimization of disturbed territories. They
are reduced to the geosystems’ management, which
is possible only on an ecological basis. Ecology, as a
science, is the filter through which it is necessary to
skip geographic information before it is used in
solving economic issues.

Natural environment is characterized by spatial
variability. It is this property that is of great ecologi-
cal significance. Therefore, the geographical study
of it is a prerequisite for landscape and environmen-
tal research. An important feature of geographic re-
search is the great potential of a systematic approach
to the study of natural and social phenomena that
can be used in environmental studies [4, 6, 9].

Correct assessment of the natural fertility in
forestry is a prerequisite for a successful solution to
the practical issues of forest cultivation. Any forest
massifs are formed and function with the close in-
teraction of various natural factors: climate, relief,
vegetation, soil cover and underlying rocks and con-
stitute a set of interconnected complicated physical
and geographical processes. The landscape-
ecological approach gives an opportunity to study
the structure of forest masses - the product of zonal
and azonal factors, as well as the diversity of land-
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scape types on a particular territory, to consider the
interconnection between the biological diversity of
forests and the basis of the landscape - the lithologi-
cal framework [10].

The average value of optimal forests index in
the forest-steppe zone varies within 20%. Approxi-
mately the same area is occupied by meadow-steppe
and wetland groups of vegetation.

According to the estimations of scientists, land-
scape-ecological optimization of the territory is
achieved with the harmonious combination of natu-
ral and anthropogenic landscapes in the ratio of 3: 2
of landscape structure [11].

Thus, at least 40% of the territory of any forest
steppe region should be occupied by natural land-
scapes, and according to J. Odum — up to 60% [12].

Consequently, the efforts of geography, cartog-
raphy and ecology are aimed at preservation of the
natural environment, or rather spatio-temporal pecu-
liarities of the organisms’ interaction with the envi-
ronment. This interaction takes place in different
socio-natural conditions, at the level of specific eco-
systems and geosystems, that is, on a certain territo-
ry. This forms a new research object — a geosecosys-
tem that enables us to use different geographic ap-
proaches to their investigation [6, 12].

The most important feature of geosystems is
their territorial integrity, ties, and stable structure.
The number of elements in such systems and the
existing interrelationships between them give a gen-
eral idea of the scale of this system. The description
of the elements is the starting point for studying its
integrity, that is, the internal unity of the object.

In the studies by B.F. Ostapenko and D.V. Vo-
robyov the criterion for the forest type allocation is
the indigenous forest association, which is the result
of the development (evolution) of the vegetation
cover. It has a certain composition of forest-forming
wood species, a certain natural biological productiv-
ity, the magnitude of which is a source for compar-
ing and assessing natural and actual productivity of
a particular area of forest area related to this type of
forest [13, 14].

In a geographical aspect, each type of forest
occupies different by size but unique geographical
and climatic range, determined by the combination
of characteristic wood ranges, and sometimes shrub
species belonging to the fundamental plant associa-
tion. At the same time, in each sector or district of
forestry-typological zoning (according to Morozov
— type of forest massif) only one type of forest lo-
cated along the plains is zonal. In the mountains it is
of altitudinal zonation, all other types of forest are
intrazonal.

In the eco-taxonomic aspect, the forest type is
one of the main taxons of the typology. As a climatic
and isometric form it enters a larger taxon — the type
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of forest area, homogeneous in soil fertility. Under
specific conditions, it may be presented in various
ways. Smaller units are the types of woodland and
their analogues, i.e. the types of shrubs, grass,
formed in the forest type as a result of human activi-
ty or the action of natural phenomena [14].

The main purpose and significance of such
studies is the purposeful study of the components in
the landscapes structure, the dynamics of natural
and socio-economic elements for solving a specific
scientific or practical task. In the case of an in-depth
mapping study of geosystems, a number of condi-
tions must be met:

- to develop spatial and content classification of
geosystems and scientific analysis of the latter;

- to establish the specifics of their mapping for
all sections in the classification of geosystems
which involves the reproduction of the main com-
ponents and interconnections, as well as the features
of generalization for each hierarchical level;

- to use regularly the method of division for the
study of complex geosystems.

In each particular case, the purpose and strate-
gy of landscape-ecological mapping study is differ-
ent. It depends on whether the analysis of the select-
ed geosystem is carried out, or the system from the
investigated elements is synthesized. Since the start-
ing positions are different, the planning and organi-
zation of the study will also be different. It is neces-
sary observe the territory, time, level of study, de-
gree of generalization, scale, language [15-16].

During the development of the edaphic grid we
used a comparative and ecological method for as-
sessing soil conditions for the forest-based effect,
that is, by species composition of vegetation and
productivity of indigenous forest vegetation groups.
To evaluate (indicate) soil fertility, plants were di-
vided into ecological groups according to the re-
quirements for moisture and soil richness, based on
the forestry "scales of demands” and ecological
grouping of plants adopted in geobotanics. Accord-
ing to the ordinate of soil richness (or trophy) "scale
of demands " of wood species to the soil were used
to establish forest groups (trophotops), developed by
G.F. Morozov and M.K. Turskyi, as well as distribu-
tion of plants on oligotrophs, mesotrophs and mega-
trophy accepted in the geobotanics [14, 15].

In the practice of forest management and long-
term planning of forestry the knowledge of tropho-
tops is necessary when selecting the main types of
the forestry, in determining natural productivity of
land and its reserves. It is also essential in the period
of clearing and reconstruction of plantations, when
selecting forest trees and designing the types of
crops for logging, etc.

Therefore, in a detailed approach to assessment
of forest vegetation conditions, edaphic and climatic
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variants of trophies, such as acidiphilic, calcium,
nitrophilic, thermal, etc., are allocated as additional
ordinates. Their allocation is necessary in the course
of scientific research and in the implementation of
some forestry measures.

Types of cover are of interest for us in terms of
indications related to soil and moisture. The type of
forest area can be established only if there are spe-
cies of different ecological characteristics, different
environmental properties in the composition of
plants.

Thus, edatop is determined by the composition
of plants (main feature) belonging to different eco-
logical groups. It is very easy to make a mistake
taking into account the species of only one ecologi-
cal group, while the presence of species with differ-
ent ecological characteristics gives us the opportuni-
ty to very confidently determine the type of forest
area.

In the development of edaphic grid we applied
a comparative-ecological method for assessing soil
conditions for the forest-based effect, i.e. species
composition and productivity of indigenous forest
vegetation groups, considered as a system of vegeta-
tion and habitat. From an environmental point of
view it is a reflection of the environment, as its for-
estry effect. Plants were divided into ecological
groups for the assessment (indication) of soil fertili-
ty for demanding moisture and soil richness.

The basis for this was given by the forestry
"scales of demands" and the ecological groupings of
plants taken in geobotanics. According to the ordi-
nate of soil richness or trophy for the establishment
of forest groups (trophotops), scale of demanding of
woody rocks to the soil was used, as well as the sep-
aration of plants in oligotrophs, mesotrophs and
megatrophs adopted in geobotanics. Similarly, the
soil moisture ordinates have been constructed. To
establish moisture groups (hygrotops), there were
accepted geobotanical groupings of plants including
xerophytes, mesophytes, hygrophytes and surface-
covering groups, established by A.A. Krudener
These groups are used to determine the (indication)
of edotopes in nature [13-16].

Identification of previously unsettled parts
of the general issue. The methodological bases of
the landscape-ecological analysis of the territory, the
issue of rational nature management and the resolu-
tion of environmental problems of a specific region
are not clearly outlined in the literature today. To
resolve these issues, it is necessary first of all:

- to clearly formulate the main theoretical and
methodological aspects of ecological analysis and
assessment of landscapes;

- to identify patterns of spatial diversity of nat-
ural and human-made complexes of the studied ter-
ritory, background geochemical and geophysical

functions of natural components;

- to conduct a structural and functional analysis
of anthropogenic landscapes;

- to develop (supplement) the methodology of
landscape and ecological evaluation of the proper-
ties of natural complexes in different taxonomic
ranks, the role of components in the formation of the
ecological situation;

- to assess the ecological condition of a particu-
lar territory, namely, the arboretum on the territory
of the educational campus of the V.V. Dokuchayiv
KhNAU in Kharkiv district, Kharkiv region.

Purpose statement: The purpose of this work
was to study the landscape and ecological structure
of the forest massif, to identify the relationship be-
tween the components of landscapes on the example
of V.V. Dokuchayiv KhNAU arboretum by mapping
the territory.

Presentation of the main material. The main
task of landscape-ecological investigations is the
development of landscape bases for solving various
ecological problems of the environment and the sci-
entific substantiation of ways to optimize its state
through mapping modeling.

Before conducting special investigations, it is
necessary to have materials of landscape field map-
ping and laboratory analysis of samples of land-
scape components, both background and anthropo-
genically loaded and contaminated. Today, different
methods of investigation are used, namely: land-
scape profiling, continuous shooting on key sites,
conjugated testing in autonomous and subordinate
elementary landscapes, etc. Around the sources of
pollution, a more detailed landscape-geochemical
mapping is performed on the morphological units
and chains. Radial (around the source of pollution)
and cascading (swimming pools of the small year)
routes are applied.

The main source of information about soils,
their ecological status, evaluation, use is the data of
landscape-ground surveys and surveys, recorded on
plans, maps, photographs and models of the area.

Prospective development of scientific research
and advanced manufacturing mapping experience
shows that remote measurement methods that allow
large areas to be covered efficiently detect most soil
and landscape parameters, provide the opportunity
to automate the collection, processing, analysis and
mapping of spatial information about an object. Also
the direction of forecast mapping modeling becomes
more and more popular, which allows to predict the
development of certain processes in the environ-
ment.

To conduct the investigation, the arboretum’s
territory of V.V. Dokuchayiv KhNAU’s educational
campus was selected.

Geographical position of the arboretum. The
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arboretum is the part of the green zone of the educa-
tional campus of V.V. Dokuchayiv KhNAU. It is
located in the north-east of the educational campus.
In the north, the park borders on the experimental
field, in the north-east — on the country and in the
east — on garage cooperatives, in the south — on a
residential area, along the western border there is a
road leading to the township Rohan, and across the
road there is Veterans Park (Fig. 1).

Currently the arboretum covers the area of
23.20 hectares. It includes collection (exposition)

areas — 23 blocks with a total area of 14.10 hectares;
flowerbed — 0,70 hectares; introductory nursery of
about 1.0 ha; a collection of perennial flowers —
0,30 hectares; archival-clone and seed plantations of
pine and oak — 6,50 hectares; the molded bed for the
pond is 0.60 hectares (in the designing the pond the
close occurrence of a strong sand layer was not tak-
en into account, therefore, water disappears quickly
and the pond only operates for a short period),
mother plantation of hazelnuts — 0.24 hectares, the
household yard [17-19].

Locnigwe none

Nicocmyra 66

Mapx
Betepanin

Nicocmyra 66a
JAKAIHUK MICLEDOND INANEHHS

Aaove

Raul

KNnomono-uackuena
nNasTauin
COCHMN IDHUDAHOI

Fapasmua
KoOnepaTHD
"Haywosni™

Fig.1. Spatial-functional structure of the arboretum [17]
Equivalence table for Fig. 1

JlocmigHe moie

The experimental field

Jlicocmyra 66 Forest band 66
ITapk Berepanin Veterans Park
Porann Rohan

Vyrocn Instructional farm
Bxin Entrance

Haui Cottages

Jlicocmyra 65a

Forest band 65a

3aKa3HuK MiCLICBOFO 3HAYCHHA

Local Value Reserve

KitoHOBO-HaciHHEBA ITAHTALIS COCHU 3BUYANHOT

Clone-seed plantation of Scotch pine

ApXiBHO-KJIOHOBA TUTaHTAIlisl 1y0a 4epenkoBOro

Archival-clone plantation of petiole oak

ApXiBHO-KJIOHOBA TUTAHTAILiS] COCHU 3BUYANHO1

Archival clone plantation of Scotch pine

Maro4yHo-BiIBOAKOBA IJIAHTALlsl PyHIYKa

Mother plantation of hazelnuts

lapaxxuuii koonepatu «HaykoBuii»

Garage cooperative "Naukovyi"

The arboretum is the object of the natural re-
serve fund of Kharkiv region of national im-
portance. The purpose of establishing was:

- in artificial conditions preservation of collec-
tions of living plants and other botanical objects

having scientific, educational, economic and cultural
significance;

- conducting research works;

- conducting educational, pedagogical and eco-
logical-educational work in the field of botanics and
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nature protection, plant growing and selection, or-
namental horticulture and landscape architecture.
Soil-climatic conditions of the arboretum. To
investigate landscape-ecological conditions, typical
combinations of certain subtypes and varieties of
soil with the typical forest-germination types, de-
fined as forest-based conditions, were considered in
the paper. This concept is an important forestry indi-
cator that characterizes homogeneous forest-based
conditions on forest plots covered and uncovered
with forest vegetation. The edaphic grid of Ale-
kseyev-Pohrebniak, specified by B.F. Ostapenko is
used for their classification [14], based on combina-
tions of moisture and soil richness. Such combina-
tions are called edatopes. In our case, this is fresh
ground (D2). Forest ecologists estimate it as the
most fertile habitat, where soils rich in nutrients
(loamy and clay-rich) are covered with vegetation
with a prevailing number of megatrophs. Meso-
trophs are found only in the upper woody tiers.

So, the soils here are typical black soils average
-washed, which are bedrocked with loess loams on a
thick layer of Neogene sands (the Poltava tier, ac-
cording to the classical scheme of its stratigraphic
division, recognized by soil scientists following
Kharkiv geologists D. Sobolev, I. Remizov, et.al.).

The soil of the test site territory is classified by
the authors as the following agro-groups, according
to the generally accepted "Nomenclature list of
agro-industrial groups of soils in Ukraine":

65e — ordinary chernozem soils weakly eroded
heavy- argillaceous and light-loamy

66r — ordinary chernozem soils medium-
eroded light-argillaceous
66x — ordinary  chernozem soils medium-

eroded medium-argillaceous

631 — ordinary chernozem soils salt-washed
medium-argillaceous

209r — washed chernozem soils and meadow-
chernozem light-argillaceous soils (Fig. 2).

Fig. 2. Cartogram of agro-industrial groups of soils on the territory of the arboretum

Continental climate with unstable moisture.
Average annual air temperature is +6.5 ° C with a
variation from +38 to -35 ° C. The frost-free period
is 113 - 200 days. The average annual rainfall is 520
mm with a variation of 330 to 740 mm. The rainless
period can last from 10 to 52 days. A term with a
relative humidity below 30% may be 24 or more
nights. On these days there are dry winds and
droughts. The study of changes in the annual

amount of precipitation observed and studied by
many scientists in recent years, according to the
township Rohan (experimental field of KhNAU near
the arboretum) makes it possible to claim that there
is a continental type of annual flow of precipitation
in general in this territory. According to it, their
maximum amount is during a warm period. The ter-
ritory belongs to an area with unstable moistening
[20].
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The authors created the information base for an
automated system of landscape ecological maps,
which consists of a database of cartographic infor-
mation and a database of thematic data about the
investigated area.

The cartographic database includes the follow-
ing materials:

1. A spatial-functional structure of the arbore-
tum, which provides information on the contours
and qualitative state of the territories (Fig. 1), and
the cartogram of agro-industrial groups of territories

(Fig. 2).

3. Digital model of relief (Fig. 4). A multidi-
mensional analysis of an object, process or phenom-
enon is increasingly used when conducting research
in ecology. Comprehensive characteristics of the
studied environment are used as mathematical data —
spatial, temporal, quantitative and qualitative. Given
the available data, the type and nature of infor-
mation used during modeling, different methods of
constructing models are chosen.

Digital model of relief is intended for interac-
tive visualization and has the effect of presence on
the ground. In our case, it reflects the location and
numbering of soil samples selected for laboratory
studies.

Such models are used to substantiate measures
to optimize land use in order to restore and stabilize
the ecological situation, assess the nature-
recreational potential of the territory, monitor the
components of the environment, predict the devel-
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2. A digital image of the investigated area (Fig.
3). Aerospace images provide fast information about
the landscape, coverage of large areas, simultaneous
transfer of many of their properties in different
ways, using the entire range of electromagnetic
spectrum. This makes aerospace information one of
the main sources in the information system of auto-
mated cartographic systems. It has radically changed
the traditional ways of composing landscape maps.
All these materials are a traditional topographic ba-
sis for mapping landscapes.

Rl

opment of transformation and degradation processes
and environmental phenomena.

Cartographic modeling is of interest to re-
searchers, since this is the most laconic way to
streamline a large amount of geographic infor-
mation. This direction is particularly relevant for
those areas where the map is a means of creating
sound concepts of spatial and temporal patterns that
take place in the landscape-environmental field of
research. It is absolutely impossible to explore them
locally. That is why 3D landscape modeling has
great prospects.

Along with the purely cartographic infor-
mation, the database must also be filled with statis-
tical information.

Applied landscape geochemical surveys. Sam-
ples from the upper fertile soil layer were selected
for research on the arboretum territory and the con-
tent of the moving forms of heavy metals (iron, ma-
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nganese, zinc, copper, nickel, lead, chromium and
cadmium) was determined by atomic absorption

-place and number of soil sample selection

Fig. 4. Digital model of V.V. Dokuchayiv KhNAU’s arboretum territory relief.

spectrometry (Fig. 4).

The obtained results show the following. The
accumulation of elements occurs in areas of the ter-

rain lowering due to runoff of surface and ground-
water. The most dangerous of these are lead, cadmi-

um, chromium, nickel, whose concentration exceeds

the acceptable concentration (AC) up to 3-4 times,
or are on the verge of excess (Table 1).

Table 1
Concentrations of heavy metals in the investigated soils

Elements Concentration (average), mg / kg

No. 1 2 3 4 5 6 7 8 AC
Iron 3,37 3,54 78,23 85,43 29,45 50,92 | 289,08 | 227,17 -
Manganese 40,62 | 16,43 | 228,97 | 147,85 | 103,94 |5257 | 18515 |21545 | 50,00
Zinc 1,81 2,48 12,12 21,81 17,75 12,14 | 15,98 9,65 23,00
Copper 1,16 0,86 1,15 1,16 1,28 1,17 1,67 2,23 3,00
Nickel 2,45 3,49 2,85 2,73 4,24 3,96 3,78 4,74 4,00
Lead 2,47 3,75 4,53 4,89 3,59 3,18 6,52 7,12 2,00
Chromium 1,83 3,72 2,41 5,16 5,67 5,24 6,92 6,23 6,00
Cadmium 0,17 0,19 0,52 0,63 0,63 0,42 0,57 0,73 0,70

The highest concentrations of heavy metal con-
tent were found in the lower reliefs, near the motor-
way adjoining the park, as well as on high slopes

(Fig. 5).

The influence of the site position on various el-
ements of relief and exposure on the soils properties
to date has not been studied in detail yet.

The statistical processing of the results was ai-
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med at revealing the relationship between the con-
tent of heavy metals and a number of indicators that
could affect their accumulation: distance to the

highway, depth of the sample, the slope steepness
and the average elevation of the selection point
above the sea level.

1
25
8 29 2
1> =—7inc
Copper
Nickel
=] ead
Chromium
Cadmium
5

Fig. 5. Interpolation of heavy metals concentrations in depth (relative to the deepest point)

As a result of the conducted research, the rank-
ing of factors (characteristics of soil samples) for the
soil, iron, manganese, zinc, copper, nickel, lead,
chromium and cadmium contents was performed. In
the first place there is the height of the sampling
point of the soil, in the second place there is the dis-
tance to the road, in the third — the slope steepness,
and the fourth — the depth of sampling (Table 2).

Thus, we can conclude that distribution of
heavy metals in the studied area mainly depends on
the height of the terrain. That is, with the relief low-
ering substrate with metal-containing substances
washes out and is removed with groundwater.

Based on our research, we can draw conclusi-

ons about the nature of heavy metals behaviour in
the soils of the investigated area: they can be divid-
ed into two different groups. The first group in-
cludes copper, nickel, chromium, cadmium. Their
content in the soil slightly changes with depth and
practically does not depend on the landscape posi-
tion of the point. Accumulation in the humus hori-
zon is poorly expressed.

The second group includes iron, manganese,
zinc and lead. These elements accumulate mainly in
the humus horizon, which may be due to low humus
content in the soils. Assessment of the territory con-
dition is given in Table 3.

Table 2
Ranking of factors (characteristics of soil samples)
Factors
Performance indica- height, m distance to cutslope ratio depth, sm

tors ' the road, m '
X5 3 X4 "1
Iron content 1 3 4 5
Manganese content 1 3 5 4
Zinc content 5 3 1 2
Copper content 2 4 5 3
Nickel content 1 2 5 4
Lead content 2 3 4 5
Chromium content 1 4 2 3
Cadmium content 5 2 3 4

Mean value 2,25 3,00 3,63 3,75
Factor rank 1 11 I1I v
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Table 3
Estimation of environment pollution by heavy metals

Elements Class of dan- AC, Maxi_mum concen- | excess, times Type of gnvir_on-
ger mg/kg tration, mg / kg mental situation

Manganese 111 50 228,97 45 Crisis
Zinc | 23 21,81 0,9 Satisfactory
Copper II 4 474 1,2 Pre-crisis
Nickel I 2 7,12 3,56 Crisis
Lead 11 6 6,92 1,15 Pre-crisis
Chromium 1 0,7 0,73 1,04 Pre-crisis

Today, there are a lot of research results on the
harmful effects of heavy metals on the environment,
methods for their identification and mapping in the
literature. But the problem of preventing the accu-
mulation of heavy metals in soils is not clearly rep-
resented; for the most part they are expensive and
long-term measures.

In our opinion, phytoremediation is a promising
direction in solving such problems [21-22]. Its sig-
nificant advantage is that these measures are abso-
lutely harmless to the environment. They are much
cheaper than other methods and have substantial
public support. With implementing of phytoreme-
diation methods, there is less secondary pollution,
physical and granulometric composition of soils
does not deteriorate, biological activity does not de-
crease, and productivity is kept constant. This tech-
nology is most convenient for cleaning of moderate-
ly polluted soils, which is well suited to our case.
Such technology is absolutely safe from the ecolog-
ical point of view, as it does not destroy the natural
fertility of the soil, reduces the soil erosion and in-
creases its aeration. Such processes stimulate soil

microflora to decompose organic contaminants and
promote the absorption of harmful substances by the
plant.

Conclusions. The landscape-ecological ap-
proach is currently used in solving many scientific
problems, both theoretical and practical. For exam-
ple, in the area of sustainable development of terri-
tories, which is an integral part of nature use optimi-
zation, the agro-landscapes management is used, as
well as in the district method of forest management.

The landscape-ecological method as a compo-
nent of the district method is used in national parks
and nature reserves to ensure the conservation and,
if necessary, in the restoration or reconstruction of
indigenous forest ecosystems, increase of ecologi-
cal, scientific, recreational value of forest land-
scapes, their socio-economic use.

The main goal of developing such methods is
collection, systematization, analysis and processing
of high-quality and reliable information as a result
of complex landscape-ecological analysis of territo-
ries, as well as forecasting of environmental prob-
lems and ways of their solution or prevention.
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LANDSCAPE-ECOLOGICAL INVESTIGATIONS MAPPING OF
V. V. DOKUCHAYIV KHNAU ARBORETUM’S TERRITORY

Formulation of the problem. This article briefly describes the main problems that arise during land-
scape and ecological investigation of territories. On the example of V.V.Dokuchayiv KHNAU’s arboretum
the comparative and ecological method of estimating the soil conditions for the forest-based effect, i.e. spe-
cies composition and productivity of indigenous forest vegetation groups is considered. The forest represents
a system of vegetation and habitat. From the ecological point of view it is a reflection of the environment, as
its forestry effect. The objective is also to justify measures aimed at solving urgent landscape and environ-
mental problems, namely, transformation and pollution of the natural environment, the development of mor-
phodynamic processes.

Soils, as the element of the landscape, are an important block of ecosystems whose destruction has a
multidimensional value for the stability of the natural environment. Aggregate soil transformation has tradi-
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tionally been evaluated as progressive. However, scientific analysis suggests that extensive farming, inap-
propriate chemical fertilization and fetishization of pesticides have led to a significant decline in fertility, and
in some cases, its loss due to the development of erosion of natural soil cover on large areas. Such processes
stimulate soil microflora to decompose organic contaminants and promote the absorption of harmful sub-
stances by the plant.

The landscape-ecological approach is currently used in solving many scientific problems: both theoreti-
cal and practical.

The purpose of the article. The purpose of this work was to study the landscape and ecological struc-
ture of the forest massif, to identify the relationship between the components of landscapes on the example
of the V.V. Dokuchayiv KHNAU’s arboretum by mapping the territory.

Methods. The authors’ own achievements as well as the research results of domestic and foreign inves-
tigators made the methodical basis for the article.

Results. The content of heavy metals on the territory of the arboretum is investigated, a ranking of fac-
tors influencing the distribution of concentrations of pollutants has been carried out and the type of ecologi-
cal situation is determined by means of mapping methods.

Modern and ecological methods of disturbed territories’ restoration with the help of phytotherapeutic
technologies, which are much cheaper and safer, are offered. When implementing phytoremediation meth-
ods, there is less secondary pollution, physical and granulometric composition of soils does not deteriorate,
biological activity does not decrease, and productivity is kept constant. This technology is most convenient
for cleaning of moderately polluted soils.

Scientific novelty and practical significance. One of the main mechanisms for regulating the ecologi-
zation of land resources is the identification, evaluation and implementation of the maximum possible re-
serves for increasing the efficiency of this process. This is reduction of unproductive losses in the mode of
use and conservation of resources and the possibility of using the basic solution as a scientific and technolog-
ical progress. Digital terrain models are designed for interactive visualization and have an effect of presence
on the ground. Such models are used to substantiate measures to optimize land use in order to restore and
stabilize the ecological situation, assess the natural recreational potential of the territory, monitor the compo-
nents of the environment, predict transformation and degradation processes and environmental phenomena
development.

Keywords: landscape-ecological investigations, cartography, edotopes, trophotops, edaphic grid, arbo-
retum.
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POSSIBILITIES FOR IMPROVEMENT OF ENVIRONMENTAL MONITORING
OF PRECIPITATION IN THE CITY (A CASE OF LUTSK)

M. A. @edoniok, B. B. ®eooniok, B. B. Ieanyise. MOK/IUBOCTI B/JOCKOHA/IEHHA EKOJIOI'T9HOI'O MOHITOPHU-
HI'Y OIIAJIB Y MICTI (HA IIPHKJIA/II JIYIIBKA). Posenanymo moxcnusocmi yOOCKOHANEHHS CUCEMU eKON02TYHO20 MOHIMO-
puHzy ammocgheprux onadis y micmi 6 npoyeci CmeopeHHs HedepIHCAGHOT Mepedci NYHKIMIE CROCIEPEXNCeHH s 3a KINbKICHUMU Qi3uKo-
XIMIYHUMU ROKA3HUKAMU, WO XAPAKMEPUIYIOMb OUHAMIKY IX 6UNAOAHHS, CYMU, KUCTOMHICmb, MiHepanizayito. [Ipoananizosano cy-
YacHy opeanizayito cucmemu MOHIMopuHey ammocghepHux onadie ma ix ximiunozo cxkaady. Ilooano amanis mayxkosux nyonikayii,
NPUCBAYEHUX NUMAHHIO CNOCIMEPENCEHD 3d (DI3UKO-XIMIYHUMU Napamempamu onaoie 8 KOHMeKCcmi ix 6nausy Ha eKoI02IYHULl CMaH
HABKOIUUWIHBL020 Cepedosund.

Onucano pesynomamu 61ACHUX CNOCMEPedCcelb 3a MAKUMU NOKAZHUKAMU, K KUCTOMHICMb, Minepanisayis ma cymu onaoig y
micmi JIyyvky. Busisneno oxpemi npocmopogi ma ce30nmi 6i0MiHHOCHI pO3N00iny yux nokasnuxie. Brazani okpemi nedoniku icnyiouoi
cucmemu 0epiuCcagHo20 MOHIMOPUNZY, Wo 30IICHIOEMbCA 2i0pomMemeoponociunumy nioposoinamu, i GuUOiNeHo Kpumepii cmeopeHHs
VOOCKOHANEHOT cXxeMU I0KATbHO20 MOHITOPUHEY 00UJ0BUX BOO.

OOIpyHmMOo8YIOMbCst NPUHYUNU POSMIUJEHHSI ROCMIE CNOCMEPEINICEHb N0 GIOHOUWEHHIO 00 PALIOHIE HCUMLOB0IL I NPOMUCTIOB0T 3a-
6yoosu. Onucano ocooaugocmi npoepamu Mouimopuney noxkaznuxa pH onadig: 30xkpema, 6Kka3ano Ha HeOOXIOHICMb 8PAXY8AHHA PAOY
cynymHix ¢paxmopis (memnepamypu 0oujo60i ma manoi cHie080i 600u, 3aeanbHOI MiHepanizayii, mpusaiocmi 6unadants onaois).
Posenanymo nepcnexmusu i ModNCIUB0CMI 6npo8addICeHs NPONOHOBAHOI cucmemu Mowimopuney ma ii asmomamu3sayii. Ilpeocmas-
JleHi po3pobneHi agmopamu Kapmu po3nooiry KUCIOmHOCmI onaodig y micmi JIyyvbKy, Kapmocxemy J10KaIbHOI MOHIMOPUHE0801 Mepe-
oici. OYiHeHo MOACIUGICMb a8MOMAmMu3ayii NyHKMIe KOHMpPOo AmMMOCHEPHUX 0naois, OKPecieHo nepcnekmusu 6UKOPUCIAHHS 310~
panoi maxkum yuHom iHghopmayii 01 HAYKOBYI8, A MAKOHC Y NPAKMUYHIN chepi (MICbKI KOMYHATLHI CIyHcOU, MPAHCROPMHI CTIYHCOU,
PeMOHMHI niOpo30LIU N0 0OCIY208YBAHKIO €NIEKIMPOMEPEIHC).

3anpononosana cxema posmiwjenHs NOCMi6 eKol02iYH020 MOHIMOPUHEY KUCTOMHOCIT MA IHWUX CYNYMHIX NOKA3HUKIG, WO Xd-
paxmepuzyioms XiMiuHULL CK1A0 amMOC@hepHUX onaoie, Oyia po3pobiena i3 ypaxy8anHaM Nepesadcanyo20 HanpsamKy HaA0X0O0IHCeHH s
NOBIMPSHUX Mac, po3u GImpie, a Maxoxc cneyugpiku Micokoi 3a6y006u ma po3mMiujeHHs: NPOMUCIOBUX 30H Y 0OIACHOMY YeHmpPI.
Bcemanosnenns 6 mescax micma 8i0n06ioHO 0O1AOHAHUX NYHKMIE MePeXCi eKoNo2iuH020 MOHIMOPUHSY 0acmb 3M02Y ONEpamueHO
giocmesicygamu ma anaiizyeamu 6axiCIUSI NOKAZHUKU AKOCI 0mouyouo2o cepedoguwya. Lle cnpusmume, 6 momy uucai, i nokpaujeH-
HIO AKOCMI Jcummsi 1i00el, Wo npodNCUBAIoms 8 Micmi.

Knrwuoesi cnosa: onaou, ypboexocucmemu, npocmoposuil po3nooii, ekoio2iunull MOHIMopuHe, KUCIOMHICMb 0nadis, Minepai-
3ayis onadis, nynKm Koumpouio, JIlyyk.

H. A. ®eoonrwk, B. B. @eooniok, B. B. Heanyue. BOSMOKHOCTH YCOBEPIIEHCTBOBAHHUA 3KOJIOT H9ECKO-
I'O MOHUTOPHUHTA ATMOC®EPHBIX OCA/IKOB B I'OPOJAE (HA IIPUMEPE JIYIIKA). Paccmompensbl 603MO#CHOCHU
VCOBEPUIEHCTNBOBANUS IKONOSUUECKO2O MOHUMOPUHEA AMMOCPHEPHBIX 0CAOKO8 8 2opode 6 npoyecce CO30aHUsl He20CyoapCmeeHHO
cemu NYHKmMo8 HAONI00eHUs 30 KOTUYECMEEHHBIMU (DUSUKO-XUMUYECKUMU NOKAZAMENAMU, KOMOPble XAPAKMEPUIVIOM OUHAMUKY UX
8bINAOEHUS, CYMMbL, KUCTOMHOCMb, MUHeparuzayuto. IIpoananuzuposana co8peMeHHas Op2aHu3ayus cucmemsbl MOHUMOPUH2A am-
MOCPepHbIX 0CadKo8 U UX Xumuieckoeo cocmasa. Ilpedcmagien 0emanbHolll AHAU3 HAYYHBIX NYOIUKAYUL, NOCEAUWEHHBIX BONPOCY
Habn100enull 3a PUIUKO-XUMUYECKUMU NAPAMEMPAMU O0CAOKO8 8 KOHMEKCMe UX 6IUAHUSA HA IKOL02UHeCKOe COCMOsHIE OKPYIcaiouyell
cpeovl.

Onucansl pe3ynvmamul cOOCMEEHHbIX HAONIOOEHUL 3a MAKUMU NOKA3AMENAMU, KAK KUCTOMHOCMb, MUHEPATU3AYUA U CYMMbl
ocaoros 6 2opode Jlyyke. Bviasnenvi omoenvHvle npoCmpaHcmeentvle U Ce30HHble pa3iuius pacnpeoeieHus IMux noxkazamenei.
Vkazanvl omoenvhvie nedocmamxu cyuwecmsyloweli cucmemvl 20cy0apCmeeHno20 MOHUMOPUHEA, OCYUWECMEISLeM020 2UOPOMemeo-
ponozudeckumu noopasoeneHusMuU, U GbloeneHbl Kpumepuu Co30anus yCO8EPUIEHCINB08ANHOU CXeMbl JOKANbHO20 MOHUMOpUHEa
0001c0e8bIX 600.

0060CcHOBbIBAIOMCST NPUHYUNDBL PAZMEWEHUsI NOCMO8 HAOIIO0CHUN N0 OMHOUWEHUIO K PAUOHAM JICUNOU U NPOMBIULIEHHOU 3a-
cmpotixu. Onucansl 0cObEHHOCMU NPOSPAMMbL MOHUMOpUHea nokasamens pH ocaokos; ykazamna neobxooumocms yyema paoa co-
nYmMcmeylowux Gaxkmopos (memnepamypuvl 004cOesol U Maioll CHe2080l 800bl, 00Ul MUHEPATU3AYUL, NPOOOIICUMETLHOCIU Gbl-
naoenus ocaokos). Paccmompeno nepcnekmugul u 603MOICHOCMU 6HeOPEHUs NPeoaazaemMoll CUcmemMbl MOHUMOPUH2A U ee d8MmoMd-
muzayuu. IIlpedcmagnenvl paspabomannvle agmopami Kapmel pacnpeoeienus KUCIOMHOCMU 0caokog 6 copode Jlyyke, kapmocxema
JIOKANbHOU MOHUMOpUH206oll cemu. Ocyujecmenena OyeHKa 603MOICHOCMU AGMOMAMU3AYUY NYHKMOG KOHMPOJ amMOCHepHbIX
0CaoKos, onucanbl NepCcneKmusbl UCNONb308aAHUA COOPAHHOU MaKum obpasom ungopmayuu Oas HAYYHbIX pabOMHUKOS, A MaKdice 8

© Fedoniuk M. A., Fedoniuk V. V., Ivantsiv V. V. https://doi.org/10.26565/2410-7360-2019-50-16
-210-



mailto:m.fedoniuk@lntu.edu.ua
https://orcid.org/0000-0002-4034-3695
mailto:ecolutsk@gmail.com
https://orcid.org/0000-0002-1880-6710
mailto:ivv@email.ua
https://orcid.org/0000-0003-4710-3245

BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

NPAKMUYECKoU 0eamenbHOCU (20p0OCKUe KOMMYHANbHbIE CIYHCObl, MPAHCHOPMHbBIE CTIYHCObI, peMOHMHbIe NOOpa3deneHus, 00Cy-

aHcusaroujue 3/lekmpocemu) .

IIpeonodcena cxema pasmeujeHus NOCMO8 IKONO2UYECKO20 MOHUMOPUH2A KUCIOMHOCIU U OpYeUX CONYMCMBYIOWUX noKasame-
Jiell, Komopble XapaKmepu3yionm XUMUYeCcKUutl cocmas ammocghepHuix ocadkos. dma cxema Oviia paspabomana c yyemom npeobia-
oaiowe20 HanpagieHus YUpKYIAYuU 6030YUHbIX MACC, PO3bl 6eMPOS, 4 MAKJCe CheyupuKu 20pOOCKOll 3ACMPOKY U pa3MeujeHus
NPOMBIUUTIEHHBIX 30H 8 0ONACMHOM YeHnmpe. Ycmanoska 6 npedenax 20po0a cOOMEEmMcmeeHHo 060pyO08AHHbIX NYHKIMOE CEemu KO0~
2UYECKO20 MOHUMOPUHEA NO36ONUM ONEPAMUBHO OMCAEHCUBAMDb U AHATUIUPOBAMb BAJICHBIE NOKA3AMENU KAYeCmEd OKpPydcaouell
cpedul. Dmo bydem cnocobcmeosamy, 6 MOM YUCAe, U YIIVHUEHUIO KA4ecmBa AHCUSHU I00ell, NPOICUBAIOWUX 8 20POOE.

Kntoueswie cnosa: ocaoxu, yp6odsKocucmemvl, npocmpaHCmeeHHOe PAcnpeoeieHue, dKON02UHECKUl MOHUMOPUHE, KUCIOM-

HOCmMb OCCZaKOS, MUuHepanuzayusl ocadkos, NYHKM KOHKMPOIJIA, ﬂylﬂ(

Formulation of the problem. Atmospheric
precipitation, their, dynamics, physical and chemical
composition, the seasonal distribution is a signifi-
cant factor affecting a number of geochemical and
ecological processes in the lithosphere and hydro-
sphere. Global climatic changes observed over the
past decades have also affected the dynamics of
rainfall, their spatial-geographical and temporal dis-
tribution. Investigating of the nature and main trends
of such changes, their influence on transformations
occurring in landscape complexes is an important
task.

The dynamics of precipitation in urban ecosys-
tems, as a rule, has its own specifics. The city is an
"island of heat" and a dynamic obstacle to the air
masses, so urban areas are characterized by the fall-
out of higher rainfall than adjacent territories. The
variability of other meteorological phenomena in the
city, which are interrelated with precipitation (ter-
restrial hydrometeors, thunderstorms, etc.), is also
significantly increasing.

Rain water largely determines the ecological
state of the urban landscapes, architectural complex-
es, reservoirs, green areas, parks and squares,
household farms. Indirect rainfall can also affect the
quality of life and health of the urban population.

The peculiarities of the chemical composition
of atmospheric precipitation also depend to a large
extent on the features of the arrangement of cleaning
systems on the collectors of city sewage drainage.

Therefore, the monitoring of qualitative and
guantitative characteristics of atmospheric precipita-
tion and thawed waters is an important element in
the system of environmental monitoring. At the
same time, in cities such monitoring has its own pe-
culiarities - due to the occurrence of specific mete-
orological conditions, the presence of powerful
sources of atmospheric pollution, vulnerability of
components of the urban environment, etc.

Analysis of previous research (dealing with
this problem). One of the most important (though
the simplest measured) indicators of the chemical
composition of precipitation is the pH level, which
characterizes their acid-base properties. The in-
creased attention to the precipitation acidity was
formed in the 1960-1970s, when the link between
anthropogenic emissions of sulfur and nitrogen acid
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residues and acid rainfall was evident. Since then,
specialized networks of atmospheric air monitoring
were formed, which had to track the formation and
spread of such phenomena.

Lennart Granat in 1972 [1] analyzed over 2,000
rain samples from the countries of Northern and
Western Europe. As a result, the empirical depend-
ence of pH on the chemical composition of rainwa-
ter (based on the content of acids and bases) is es-
tablished. A model has been constructed that found
a reliable link between the sums of bases (alkalinity)
and the pH value in the range from 3.8 to 6.4 (from -
90-100 at pH 3.8-4.0 to +50 + 70 at pH 6.3-6.4). At
the same time, it was found that relatively small de-
viations from the natural values of the content of
sulfate or nitrate acid residues cause an imbalance of
the acid-base equilibrium. Important in this case
also has the content of bicarbonate (hydrocarbon-
calcium equilibrium).

J. Morgan (1982) described in detail the basic
chemical reactions that contribute to the formation
of precipitation acidity [2]. Among the main com-
ponents that influence the pH of rainwater, sulfate
and nitric acids with precursor oxides, as well as
NHs; and CaCOs are isolated, among the minor ones
are weak organic acids and weak bases based on the
oxides of the most common metals. The contribu-
tion of anthropogenic sulfur and nitrogen oxides to
acidification of rainwater is estimated at 0.5-1.5 in
relation to background values. In the paper [3] a de-
crease in pH was observed in co with the increase in
the CO; content in the atmosphere. It has been ar-
gued that over the past 200 years, the pH of rainwa-
ter has averaged from 5.68 to 5.62, and in 2100, at
700 ppmv COg, it may be 5.49. This, at first glance,
slight acidification will increase the solubility of
carbonates by 25-30%.

However, the analysis of rainwater monitoring
data in Europe over the past decade has shown a
tendency to increase the pH. The maximum acid
rain was observed in the 1970s and 1980s, and since
the mid-1990s their incidence rates, as well as aver-
age acidity, are constantly decreasing. This trend is
also fixed for Belarus [4, 5], and for Ukraine [6, 7],
and for individual stations in Poland [8]. The obvi-
ous reason for such tendencies is the structural
changes in the economy of the countries of both
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Western and Central and Eastern Europe, which led
to the closure or transfer of many large industrial
enterprises, reducing the share of heavy industry and
thermal energy, etc.

The spatial analysis of the chemical composi-
tion of atmospheric precipitation in the territory of
Ukraine is given in the works of the scientists of the
Kyiv National University. T. Shevchenko (V.
Peleshenko, M. Romas, V. Khilchevsky, O. Koso-
vets-Skavrovska) and others. In particular, it was
established that from 1963-2011's changes in miner-
alization were accompanied by a decrease in the
composition of atmospheric prec ipitation of ions of
anthropogenic origin and an increase in ions of
mainly natural origin [9, 10].

But the pH of urban rainfall and the resulting
storm water can often differ significantly from glob-
al and regional indicators. This is facilitated by, in
particular, the presence of various coatings of build-
ings and road pavement [11, 12] significant pollu-
tion of urban air [2], a combination of large-scale
and local meteorological factors [13]. Therefore, the
monitoring of atmospheric precipitation in the city
requires more detail in obtaining observational data
and their scientifically substantiated analysis.

Existing monitoring system. Monitoring of the
chemical composition of atmospheric precipitation
is carried out at special stations of the Hydromete-
orological Center of Ukraine and / or the Ministry of
Ecology and Natural Resources of Ukraine.

To obtain adequate results, individual monitor-
ing points should be merged into a single network
which would ensure the comparability of the data
received.

In Ukraine, according to the Central Geophysi-
cal Observatory, the measurement of precipitation
acidity is carried out at 40 stations [7], in recent
years their number varied within 37-46. In the Vol-
yn region, there are weather stations Svityaz, Vo-
lodymyr-Volynsky, Lyubeshiv, Manevichi, and
Lutsk, in the neighboring Rivne - weather station
Sarny and Rivne. In the Republic of Belarus there
are 22 monitoring points for the chemical composi-
tion of precipitation [5], in Poland, such a network
brings together 23 monitoring points. In addition,
observations on the acidity of precipitation are also
carried out at specialized stations of integrated envi-
ronmental monitoring and in some natural preserva-
tion sites.

The analysis of the location of the monitoring
points for the chemical composition of rainwater in
the border regions of Poland, Belarus and Ukraine
(according to [14] [5] [7]) shows a greater density of
the monitoring network in the Ukrainian territory.
But in reality, regular monitoring of the pH of pre-
cipitation is carried out only on a part of these sta-
tions. The most complete monitoring program at the

Svityaz meteorological station, which (with the
Rava-Ruska station in the Lviv region) is a trans-
boundary air mass transfer research station.

The state network of environmental monitoring
is characterized by a number of problems associated
with outdated methods of collecting and processing
information, inactivity in communicating this in-
formation to the end user, inadequate funding,
which complicates or prevents in to modernization.
Therefore, the need to create non-state monitoring
networks is brewing. In this study, an attempt was
made to substantiate the feasibility of developing
and implementing such a local network for monitor-
ing the environmental parameters of atmospheric
precipitation and thawed waters on an example of a
separate city - Lutsk.

The technology of carrying out such activities
on the example of specific settlements of Ukraine is
presented in the works of V.Yu. Mokin, S.M. Dzyu-
ba, N.V. Belyanin, M.N. Prokopenko, S.O. Sero-
vikov, M.A. Fedonyuk [15, 16, 4, 17] and other re-
searchers.

But there are almost no special studies on a
specialized network of local environmental monitor-
ing of atmospheric precipitation and thawed waters
in the city. This is an urgent task that requires de-
tailed scientific analysis.

The purpose of the research - based on the
analysis of literary sources and own monitoring re-
searches to identify the features of the organization
and implementation of environmental monitoring of
atmospheric precipitation in urban areas, with the
justification of the main parameters of observation
and spatial placement of points created network.

The results and the discussion. In the course
of the analysis of data from the observation posts of
the Hydrometeorological Center of Ukraine, it was
found that official statistical information is not
enough for a comprehensive assessment of atmos-
pheric pollution in cities. In Lutsk, for example,
there are 3 stationary monitoring points for chemical
pollution and one meteorological station, the loca-
tion of which does not provide a complete picture of
meteorological conditions and ecological status. The
Lutsk Meteorological Station is located outside the
town, on its southeastern edge, and the ecological
control posts are located on the northern and eastern
outskirts of the city and in the green park area of the
city center. The entire left bank part (along the Styr
River), the Southern industrial zone, and a number
of locations of intense pollution in the center, west-
ern and north-western outskirts of Lutsk are not
covered by monitoring.

For more complete and detailed information,
from 2014 we conduct our own monitoring surveys
of the environmental condition of the city. One of
the first such works was the implementation of li-
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chen indicatory research in all major quarters of
Lutsk. It is known that lichens are quite sensitive to
atmospheric pollution, in particular to a number of
acid oxides. Thus, the study of the species composi-
tion and the degree of coverage of the lichen trees
enables to indirectly evaluate the content of certain
pollutants and the precipitation acidity. The result of
our work was, in particular, the environmental map-
ping of the atmospheric air in Lutsk based on lichen
indicative studies [18].

To obtain more reliable quantitative indicators,
we conducted a sampling of rain and thawed waters
to determine their pH. Most measurements were
made initially at 2 points in the left bank of the city
(a distance of about 3.5 km), but on some days we
managed to organize simultaneous sampling at 5-7
points in different neighborhoods. Part of the meas-
urements was carried out directly at the monitoring
points by portable pH meter 009 (). Also, all sam-
ples were later analyzed by a professional pH meter
Al-123 in the laboratory of the ecology department
in the Lutsk NTU. It should be noted that, despite
the declared function of ATC, measurements of the
pH of cold rain water by a portable tester were
sometimes found to be overestimated by 0.1-0.3
units.

The analysis of the obtained results suggests
that precipitation in the studied period (end of 2015-
beginning 2018) in Lutsk was predominantly (56%
of samples) neutral or close to neutral (pH = 6-7), or

slightly acid (28%). In some cases (9.3%) a weakly
alkaline reaction (8.0-8.25) was observed, in indi-
vidual cases the pH was less than 5.0.

By comparing precipitation acidity among the
seasons of the year and in separate months, it can be
noted that periods with high pH are winter months,
and the warm period is characterized by a slightly
higher acidity of precipitation. During almost three
years of observations, the lowest levels of pH were
recorded during the summer-autumn of 2017 (an
average of 5.912, a minimum of 4.804).

The highest acidity (and hence the lowest pH)
in rainwater was noted mainly when the rain
dropped out after a long rainless period. Such rains
wash out of the air accumulated there contaminants,
including acid oxides of sulfur, carbon and nitrogen.

To assess the content of dissolved substances in
rainwater, the mineralization of the selected samples
was also measured (using calibrated tds-3 tester).
During the time of observations, the average value
of mineralization of rainwater was 14.5 ppm, the
minimum - 4 ppm, maximum - 108 ppm. A regulari-
ty was also confirmed in relation to increase of min-
eralization of precipitation with increasing duration
of the previous rainless period.

The expected reverse dependence between the
amount of precipitation and its mineralization (Fig-
ure 1) was revealed. The correlation coefficient be-
tween these indicators ranged from -0.52 to -0.83
(for different periods).

25

20

R?=0,7161

Ppm

Fig. 1. Dependence of mineralization of rainwater on the amount of precipitation
(average values or the period August-September 2018, Lutsk)

Our results of measurements (in terms of pH)
were compared with the official data of the Hydro-
meteorological Center and were comparable to
them. At the same time, the difference in the ob-
tained values at separate points in the city was every
time quite significant. For example, on 10.10.2015,
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the measured pH values ranged from 5.99 in the
western part of the city to 6.81 in the south (ampli-
tude 0.82), on November 23, 2015 - from 6.44 in the
park area in the flood plain of Styr River to 7.35 on
the southern outskirts near the sugar factory (ampli-
tude 0.91). The character of the distribution of indi-
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cators also significantly differed (Fig. 2). Note that
for the fresh snow, the amplitude of the pH indica-
tors at different points was significantly lower -

within the range of 0.15-0.25. Obviously that the
snow can not quickly dissolve and bring with it the
same impurities as rainwater.
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Fig. 2. Differences in the distribution of the pH of rainwater in Lutsk city under different conditions of pre-
cipitation (isolines built in GS Surfer according to data from 6 sampling points, October-November, 2015)

In these cases, a gradual increase in the pH of
precipitation from the northwest to the southeast
was observed more frequently (which coincides
with the direction of movement of prevailing rain air
masses). However, many times the distribution
within the city was uneven, with separate local max-
ima and minima.

The conducted studies allowed to reveal a
number of spatial patterns and to more clearly and
reasonably design a network for monitoring the pre-
cipitation acidity in the city.

Factors that are taken into account when plan-
ning a monitoring network. The practical experience
gained in determining the individual parameters of
precipitation in the city, combined with the analysis
of the relevant literary sources, allows us to distin-
guish a number of features necessary to be taken
into account when organizing such monitoring.

Time of sampling and averaging. Previously, at
state offices, the pH indicator was measured, aver-
aged from all samples taken for a week or a month.
Such practice is not suitable for detailed monitoring
in the city; measurement of the parameters of each
individual rain or snow is required. At the same time
for heavy precipitation it is expedient to select two
samples - initial and total. In most cases, the initial
test has considerably other, more aggressive indica-
tors [19], since it forms the so-called "firstflush"
from a contaminated, yet not sufficiently washed

atmosphere. In some cases, it is advisable to carry
out both direct measurements of pH at the place of
selection and later measurements in laboratory con-
ditions. Sometimes, for example, at high tempera-
tures, after a long storage of the sample, partial
evaporation and pH change within 2-10% may be
possible.

Related monitoring parameters. Significantly
facilitates further analysis and identification of
causal, fixing of additional parameters - rainwater
temperature (°C), its mineralization (TDS, mg / dm?3
or ppm), rainfall (in mm). Of course, a complete
chemical analysis allows for more detailed infor-
mation, but it is too costly for daily monitoring. And
the above parameters are easily measured by availa-
ble portable devices.

Note that the determination of the temperature
of rainwater is important for the correct setting of
the pH. Since pH reflects the chemical potential of
Hydrogen ions (in relation to the ions of the hy-
droxyl group OH), it can change significantly when
the temperature of the solution changes. Typically,
with decreasing temperature, the pH increases. As
rainwater temperature is almost always low, its pH
at the point of selection is higher than the index,
which is fixed at standard conditions (+18-20°C).
But it is important to evaluate both indicators. For
example, storm sewage receives rain water "as is,"
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and to filter or, if necessary, neutralize it in real
conditions, the ratio of temperature and acidity.

Meteorological conditions are one of the main
risk factors for the environmental safety of atmos-
pheric precipitation [20].

For a reasonable estimation and forecast of the
ecological characteristics of precipitation, it is im-
portant to simultaneously record a number of such
meteorological characteristics: the duration of the
previous rainless period, the air temperature, the
presence of temperature inversion, the direction and
velocity of air masses, and others like that.

One of the most important is the definition of
the type / class of weather and the direction of

movement of rain air masses. For example, in the
study P.Tanner (1999) found that the acidity of pre-
cipitation for 7 different types of weather may differ
even by an order of magnitude (by the content of
H +) [13].

For the studied territory, we have constructed
diagrams of repeatability of precipitation depending
on the direction of arrival of rain fronts and cloud
systems (Fig. 3). For this purpose, a number of me-
teorological online services (SAT-24, windy.com,
blitzortung.org) have been used, which allowed to
be quite confident in tracking the direction and ve-
locity of large air flows.
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Fig. 3 Chart of repeatability of rainfall (a) and their pH (b), depending on the direction passage
of atmospheric fronts and cloudy rain systems (for 2017)

The second figure shows the average pH for
rainfall in different directions of clouds.

Analysis of these data contributes to the possi-
bility of a partial forecast of the properties of the
rain and its changes during the period of rainfalls
crossing the city. Considering these diagrams is also
important when choosing a place to post control
over acidity and chemical composition of precipi-
tation.

Selection of locations for monitoring points.
The proposed scheme for posting of ecological
monitoring of acidity and other related indicators
characterizing the chemical composition of atmos-
pheric precipitation in Lutsk is developed taking
into account the prevailing direction of air masses
into our territory, "wind roses," as well as the specif-
ics of urban development and the location of indus-
trial zones in the regional center (Fig. 4).

Among the nine posts on which the regular
sampling of rainwater for analysis is scheduled to
take place, posts 1, 2, 3 can be attributed to the
background: they are located, respectively, in the
western, northwest and southwestern suburb of
Lutsk, in these directions there are over 60% of the
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trajectories of air masses and cloud systems with
precipitation.

Observation post Ne 6 will play the role of con-
trol, since it will be located on the opposite outskirts
of Lutsk.

Positions No. 5 and 9 are located practically in
the center of the city, one of them - in the residential
area of development, the other - in the park area
near the main Styr River. Which, in particular, will
allow control measurements of acidity and chemical
composition of rainfall that flow from the roofs of
buildings, for comparative analysis of their compo-
sition and properties with those rain and melt water
entering the soil and surface water without prior
contact with artificial surfaces and coatings.

Positions 3, 4, 7, 8 are located near the largest
industrial zones, major enterprises, transport inter-
changes, in areas that are regularly suffering from
traffic congestion due to excessive traffic load and
an outdated system of road communications.

At four points (No. 1, 3, 8, as well as in one
point outside the city, 4 km on the coast), we are
already monitoring the pH, mineralization and rain-
fall. In case of successful development of the net-
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Fig. 4. Project placing of monitoring points in Lutsk.

work, organization of such monitoring is expected
on the other mentioned posts.

Analysis of samples of rain and melt snow wa-
ters, selected at such points, will determine the pres-
ence or absence of anthropogenic impact on the
chemical composition of precipitation, parameters
of such impact, as well as develop a system of
measures to optimize the environmental situation.

Conclusions.

1. The existing state air monitoring system of-
ten does not reflect the spatial differentiation of en-
vironmental parameters of atmospheric precipitation
and needs to be improved. In addition, the creation
of additional non- state specialized networks of
monitoring of precipitation for the prompt informing
of the population and interested organizations is also
relevant.

2. Conducting own observations and measure-
ments of individual parameters of atmospheric pre-
cipitation in the city allowed to reveal the depend-
ence of the indexes of acidity and mineralization on
the amount of precipitation, air pollution, directions
of inflow of air masses, temperature, etc. The spatial
differentiation of these indicators in the city is sig-
nificant (the difference can reach up to 0.9 units of
pH and 15-17 ppm of mineralization) and is related,
first of all, to the distribution of anthropogenic emis-
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sions and microclimatic differences.

3. When forming the system of environmental
monitoring of precipitation in the city it is necessary
to focus on the definition of such basic parameters:
pH, total mineralization, amount of precipitation,
and also concomitant - water and air temperature,
direction of movement of air masses, carbon dioxide
concentration, duration of the previous rainless pe-
riod, etc. In the future, it is advisable to automate
the measurement of these indicators by compiling a
system for reading and rendering data from the cor-
responding sensors in real time.

4. When choosing sites for sampling or posi-
tioning of automatic control posts, it is necessary to
consider such parameters as the direction of prevail-
ing winds, the proximity of large stationary sources
of emissions, landscape and geomorphological fea-
tures, the nature of development, and the presence
of green zones. In this case, it is expedient to con-
sider the placement of such points on the near and
far vicinity of the city (in relation to the arrival of
prevailing air masses), on the leeward sides of large
industrial zones or transport interchanges, in the
largest green zone, near the main water reservoir, as
well as in 2-3 neighborhoods of residential devel-
opment.
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POSSIBILITIES FOR IMPROVEMENT OF ENVIRONMENTAL MONITORING OF PRECIPI-
TATION IN THE CITY (A CASE OF LUTSK)

Formulation of the problem. The environmental parameters of precipitation in the city often differ
from the background values and require the special observations program. The existing state monitoring sys-
tem does not reflect the spatial differentiation of such parameters in urban areas, so it needs to be improved.

The purpose of the article: to find out the features of organization and implementation of rainfall envi-
ronmental monitoring in urban areas, with the justification of the main parameters of observation and spatial
placement of network points.

Methods. The main results are based on the authors' experience in own observations on the amount,
acidity and mineralization of precipitation in several quarters of Lutsk during 2015-2018.

Results. Own observations and mapping of individual parameters of atmospheric precipitation in the
city allowed to reveal the dependence of the indexes of acidity and mineralization on the amount of precipi-
tation, air pollution, directions of air inflow, temperature, etc. The spatial differentiation of these indicators in
the city is significant (the amplitude can reach up to 0.9 units of pH and 15-17 ppm of tds) and is related to
the distribution of anthropogenic emissions and some microclimatic differences.

Therefore, by organization the system of ecological monitoring of precipitation in the city it is necessary
to focus on the definition of such basic parameters: pH, total mineralization, amount of precipitation, and
also concomitant: water and air temperature, direction of airflows, carbon dioxide concentration, duration of
the previous rainless period, etc.

To select the representative locations for the control of precipitation in the city, it is necessary to analyze
the following indicators: direction of prevailing winds, landscape and geomorphological features, the prox-
imity of the most sources of anthropogenic contamination, building types etc. In this case, the minimum
monitoring scheme should include such control points: the near and far outskirts (in relation to the arrival of
prevailing air masses), the leeward sides of large industrial zones or transport interchanges, the largest green
zone, area near the city water body, and several points (1-3) in residential areas.

Scientific novelty and practical significance. The main parameters and principles of the spatial organ-
ization of environmental monitoring of rainwater in the city are identified. The algorithm for creation such
network has been tested in Lutsk and can be used for realization in other cities. Automation of similar meas-
urements based on microcontrollers will to create quality non-state monitoring networks with the display of
data in real time.

Keywords: precipitation, urban ecosystems, spatial distribution, environmental monitoring, precipita-
tion acidity, precipitation mineralization, monitoring station, Lutsk.
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INPABUJIA O®OPMJUIEHHSA MATEPIAJIIB,
IO NOJAIOTBHCA JO «BICHUKA XAPKIBCBKOI'O YHIBEPCUTETY»

o ,.Bicanka XapkiBchkoro HamioHaiapHOTO YHiBepcuTeTy iMeHi B.H. Kapasina”, cepis ,,I'eomnoris. ['eo-
rpadis. Exonoris”, npuiiMaroThcsi HayKoBi cTarTi oOcsirom 611t 40 THC. 3HAKiB, IPUCBAYCHI JOCTIHKEHHIM Y
ray3sx TeoJioTii, TeoxiMii, Tigporeosorii, reorpadii, ekoHoMigHOi Ta comianbHOi reorpadii, exonorii, a Ta-
KO CYMDKHUX TUCHHILTIH. Marepianmn MoXyTh OyTH TIpeACTaBlieHi YKpaiHCHKOK, POCIHCHKO a00 aHTIii-
ChKOIO MOBaMHU. [lepeBara HaJaeThCsl aHITIOMOBHUM CTaTTAM. PilleHHs ipo myOiKamito mpuiMaeThes pena-
KLIAHOIO KOJIeTi€ro ,,BicHUKA”, IpU LIbOMY KOXKHA CTATTsI PELeH3Y€EThCS ABOMA BUCHUMH — (haxXiBLSIMH Y J1a-
HIN TeMaTHIIl.

Marepiany No#alTbes y JPYKOBAaHOMY a00 B €JICKTPOHHOMY BHUIVIAII Ta HAJCHJIAIOTHCS HA EJIEKTPOHHY
nomity geoeco-series@karazin.ua. EnexrponHna Bepcist odopmitoetbest y dopmari Microsoft Word, mpudt
Times New Roman, po3mip 14, mixkpsiakoBuii intepsai 1,5, Bci moins no 2 cM, Biactym s ad3ary — 0,75 cm.
Kupuum mpudToM BUAUISIOTECS MiA3aroioBKU y cTarTi. [mroctparii, BKitouarouu rpadiku i cxeMu, MaroTh
OyTH po3MilleHi Oe3mocepeTHbO0 B TEKCTI, a TaKOX IMomaHi okpeMumu ¢aiinamu. CKpi3b, 1€ MOXKIIUBO, JOIIi-
JIbHIIIE BUKOPUCTOBYBATH rpadiku, a He Tabmumi. OpieHTalis CTOPIHOK — KHUKKOBA. BUpiBHIOBaHHS CIif
pPOOHTH 10 MMHUPHHI CTOPIHKH.

3rigao Bumor JJAK Ykpainu opuriHaigbHa cTarTs y axoBOMY BHIAHHI Ma€ CKIIaAaTHCS 3 TAKUX PO3MILTIB:

1. locTaHoBKAa MPOOJIeMH Y 3arajlbHOMY BHIIAII Ta 11 3B’S30K i3 BaXXIMBIMH HAYKOBHMH YW TPAKTHU-
HUMH 3aBAAHHSIMU.

2. AHAJIi3 OCTaHHIX MOCTiIKeHb i MyOJikauiii, B SAKUX 3aI0YaTKOBAHO PO3B’SA3aHHS IMOPYIICHOI IPO-
071eMu, Ha SIKi CIIMPAETHCS aBTOP; BUIUICHHSI HEBUPIIIEHUX paHille YaCTUH 3araibHoi mpoOieMH, SIKUM TpH-
CBSIYY€ETBCS CTATTSI.

3. BugineHHs HeBUPpilIeHUX paHillle YaCTHH 3arajbHoOI NPo0JIeMH, IKUM [IPUCBSIUY€ETHCS CTaTTS;

4. ®opMyTIOBAaHHA METH CTATTI (IOCTAaHOBKA 3aBIaHH!).

5. Buksaj1 0CHOBHOTO MaTepiajy AOCTiI:KeHHS 3 TOBHUM OOIPYHTYBaHHSIM OTPHUMaHHX HAayKOBHX pe-
3yJIBTATIB.

6. BUCHOBKM 3 JIOCII/[)KEHHS 1 IIEPCIIEKTHBH MOJATBIITNX PO3BIIOK Y IIEOMY HaITPsIMi.

st crareii HeoOxinHo Bkazatu YK, monaru HasBy (10 10 cii), aHoraniro (He meHmie Hik 1800 3HaKiB)
Ta KIItoUOoBi cioBa (8-10) ykpaiHCBKOIO i pOCIICEKOI0 MOBaMHU.

Ha oxpemomy apkymni HagaeTbes iH(popMalis mpo aBTropiB (mpi3BuiLe, iM’sl Ta M0-0aThKOBi, TOBHA Ha3Ba
oprasizariii, mocaaa, BYEHHH CTYHiHb 1 3BaHHS, MOIITOBA anapeca, TeiedoH, e-mail, ORCID) ykpaiHchKotO,
POCiliChKOIO I aHMiHChbKOI0 MoBaMH. KiJIbKiCTb aBTOPiB HE IOBUHHA MEPEBHUIYBATH 3 (SIK BUKIIOYEHHS — JI0
5). lepenik nocumans ohopmitoeTses 3rigao 3 JCTY I'OCT 7.1:2006. [lo mepenixy 000B’I3K0BO TOBHHHA
OyTH BKJIIOUCHA JIITEpaTypa 3a OCTaHHI II'ATh POKIB, Y TOMY YHCIIi 3aKOpPJIOHHA, a CaM MepetiK MOBUHEH Mic-
TUTH He MeHIIe Hix 20 IOoCuIaHsb.

Takok € HEOOXiTHMM PO3TOPHYTHH pedepar aHIIiIHCHKOI0 MOBOIO, OQOPMIIEHHH 3TiTHO MIKHApOIHUX
BUMOT JI0 HAyKOBUX BUIaHb. Pedhepar moBuHeH Matu:

— 00csr He MeHIe Hix 2500 3HaKIB,

— iHopMaTUBHICTh (HE MICTHTH 3arajibHUX CIIiB),

— OpUTiHaNbHICTH (HEe OyTH KaJIbKOIO pOCiiichKoi a00 yKpaiHChKoi aHOTaii),

— 3MICTOBHICTb (Bi0Opa’kaTH TOJOBHUM 3MICT CTAaTTI Ta PE3yabTaTH TOCIIIKEHb),

— CTPYKTYpOBaHICTh (HasIBHICTb 000B’SI3KOBUX €IEMEHTIB: Mema, MemoOuKd, pe3yibmamu, HAyKosd HO8U-
3HA, NPAKMUYHA 3HAYUMICb, KIIOY08I C108a).

[Micna pedepary HeoOxiaHo HaBecTH References — mepekmnaneHuil aHTTIHCHKOIO CIHCOK BUKOPHCTAHUX
JoKepen, sKuid Mae Oytu odopmienuid 3rimHo MikHapomHoro cranmapty APA (American Psychological
Association). Jlo CIMCKiB BUKOPUCTAHOI JiTEepaTypu y cTartsax HeoOxigHo momasatu DOI mxepen (3a HasB-
HOCTI).

Pykomucu, He opopMIIeHi HAeKHUM YUHOM, HE TPUUMAIOTHCS IO IMTyOTiKaIlii.

Penakiiist 3anuniae 3a co0Or0 MpaBo MPOBOIUTH PEIAKIIHHY MPABKY PYKOIIUCY.

VY pazi nepepoOKu cTaTTi aBTOpaM¥ AATOI0 HAAXOMKEHHS PYKOIHCY CTATTi B PENaKIlito MPUIMaeThCS 1aTa
il moBTOpHOTO HaJCcHIaHHS. 3a BIIMOBH Yy IyOuikalii poOOTH PYKOIIUCH CTaTel aBTOpaM HE MOBEPTAIOTHCSL.

[Ipu migTBEepIKEHHI IMO3UTUBHOTO PIllleHHSA HA IMyOIKaIlil0 CTAaTTi, aBTOp Mae OpOPMHUTH Ta HaIiCIaTH
3rofy Ha MyOIIiKaliio Ta ONPIIOAHEHHS EPCOHANBHUX JaHUX.
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BicHuk Xapkiecbk020 HauioHasibHO20 yHisepcumemy imeHi B.H. KapasiHa

3pa3ok oopmiIeHHS CTATTI :

VK 551.24.548:242.7:248(477)
Onexciu Baunasosuu bBapmauyx,
K. T€OJL. H., OICHT, 3aB. BiJJIITy Ta30BHX pecypciB YKpPaiHCHKOTO HAyKOBO-IOCIHITHOTO
THCTUTYTY NPUPOAHUX Ta3iB, ['iMHa3iliHa Hal., 20, M. Xapkis, 61010, Ykpaina,
e-mail: alekseybart@gmail.com, http://orcid.org/0000-0001-7831-6134

CUCTEMHA OPTAHIBAIIA JIU3'FOHKTUBHOI TEKTOHIKM KOHCOJIIJIOBAHOI'O
OYHIAMEHTY JHIITPOBCBKO-JOHEIBKOI'O ITAJIEOPU®TY.

Cmamms € 3aKa104HOI0 YACMUHOIO MPUNLO2ii, W0 GUCBIMIIOE CUCMEMHY OP2aHi3ayilo pO3IOMHOI MEKMOHIKU KPUCMANIYHO20
gynoamenmy [Jninpoecwvro-oneyvroco nareopugmy (AHAII). Ilpu pecionanbHux 2eomexkmMOHIUHUX OOCAIONCEHHAX CMPYKMYPHUX
DUCYHKIE POIOMHUX CUCmeM 00KeMOPIliCbKo2o QyHOamenmy enepuie SUABIEHO AHCAMONI cmpyKmyp 00 eMHOl meKmoHiuyHol meyii,
AKI 3yMO6IeHI 308U208UMU Oeopmayisimu KPUCATTYHUX 2IPCOKUX NOPIO T 20PUBOHMATbHUMYU NEPEeMILeHHAMU 2eOMACUBI8 8 MeHCax
yiei pugpmorennoi snympiwnvonaumnoi ceocmpykmypu Capmamcukoi naumu. ...

Knrwuosi cnosa: oeppopmayii 20pu30Hmansio2o 306ucy, CpyKmypHutl pUCYHOK, MEXAHIZMU MEKMOHIUHOI meuil, cmpyKmypHo-
KiHemamuunull naparexes.

A.B. Bapmawiyx. CHCTEMHAA OPTAHHU3AIIHA TH3BIOHKTHBHOH TEKTOHHKH KOHCOJTHJHPOBAHHOTI O
DYH/IAMEHTA /IHEIIPOBCKO-JJOHELIKOI'O ITAJIEOPH®TA. Cmamvsa s613emca 3aKAOUUMETLHOU 4ACMbl0 MpUiocul,
ocsewjaioujeli CUCIMEMHYIO OP2AHU3AYUIO PA3TOMHOU MEKMOHUKU KpUcmaiiuyeckozo @ynoamenma [nenposcko-/Joneykoco na-
neopugma (AAI1). Ipu pecuoHanvbHbix 2e0MeKMOHUECKUX UCCIe006AHUAX CIMPYKIMYPHBIX PUCYHKO8 DA3IOMHBIX cucmem 00KeMOpuli-
CK020 hyHOameHm 8nepevle 8blsAGIeHbl AHCAMONU CIMPYKIMYD MEKMOHUYECKO20 medeHus, Komopule 8bl36aHbl CO8UL08bIMU Oepopma-
YUAMU KPUCATIUYECKUX 20PHBIX NOPOO U 20PU3OHMATILHLIMU NepeMeujeHUsMU 2e0MACCUB08, 8 NPeOeNax Mol pu@dmozento eHym-
punaummoti 2eocmpykmypvl Capmamckoil niumul. ...

Kniouesvie cnosa: deghopmayuu 20pu3oHmanibHo20 cosued, CmMpyKmypHulti pucynoK, MexaHu3mbl MeKMOHUYeCKo20 meqeHus,
CMPYKMYPHO-KUHEMAMUYECKUl napazeHes.

Beryn. BeranosneHo, Mo BHYTPINIHSA KiHEMAaTHKA JITOC()EpH MPOSBISETHCS Y BEPTUKAIBHHUX 1 TOPU30-
HTAJIFHHUX MEPEeMilIeHHsIX reoMac. BinOuTkamu mepmux € Aiamipd Ta MarMaTH4YHI OCEpeAKH Pi3HOTO pedo-
BUHHOTO CKJIQAy 1 TIHOWHHN MpOHUKHEHHA. CTPYKTypHUMH TMPOSIBAMUA TOPU3OHTAIBHHUX MEPEMIIIeHb TipCh-
KuX mopif € aedopmaniiini ctpykTypu TektoHiuHoi Teuii (CTT). Tomy, mpy BUBYCHHI TEKTOHIYHOI OyIOBH
TEOCTPYKTYp CIIi/I BpaXxoByBaTy HMOBIPHICTh KOMOIHOBAHOTO €()eKTy ABOX TOJOBHUX CTPYKTYPOYTBOPIOIOUHX
(aKTOpiB — MarMaTU4YHOTO Ta TEKTOHIYHOTO, SKHH peasi3yeThcs 3a MEXaHi3MaMH 00'eMHOI Tedii TripchbKHX
Mopiz. ...

Jimepamypa
1. Ieuse, A. Texmonuxa u maemamusm [Texcm] / A. Ileiise. — M. : U30. AH CCCP. Cep. eeon., 1961. — Ne 3. — C.
36-54.
2. Topuzonmanvhvie nepemeujeHus NO pailomam u Hekomopule memoowl ux uzyuenus [Texcm] / B. Bypmman, A. Jlyxo-

snos, A. Ievse, C. Pyxcenyes // Paznomvl u 2opuzonmanvisie 0gudicenuss semuou kopol. — M. : H30. 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 tecton-
ic flow is important both for geotectonics and for oil and gas geology as horizontal displacements and rota-
tion of geological blocks in creep dislocations form secondary deformation structures. ...

Keywords: horizontal strike-slip deformation, structural pattern, tectonic flow structure, structural kin-
ematic paragenesis.
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