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Y nisubomy nnioyeri nieHiYHo-cxiOHuli Mmakpocxun Kapnam 6ye po3yneHoeaHuli 6azambma napasieslsHUMU pivkoeumu GosTuHamu
rnonepe4yHo2o Ao 20/108HO20 KapnaimcbKo20 HanpsIMKy cmpyKkmyp i mo3006xHix dosnuH. Piku 3Hocusnu 3 2ip eesiukoyraMmkKosuli Mame-
pian, wjo ¢hopmysae 8UCOKi mepacu ma KOHycU 8UHEeCEeHHS (6HympiwHo denibmy) dasHboi donuHu [Hicmpa. OcmaHHsA ymeopunach
6ins niduixoks Kapnam, y patioHi cyyacHoeo c. Jloesa, a [JHicmep nomim nocmynoego eidcmynas Ha nieHivyHull cxid i 3a 30—-40 km 3aliHsie
c80€ cyyacHe rosioXeHHs1 Ha dog2omi M. Manu4va. Benukoanu6boegul lio2o amoeili cpopmyeae dei daeHi mepacoei pisHuHU — KpacHy i
Jloesy. Knimam 6ye cy6bmponiyHuli, muny HUHiWHbO20 ceped3eMHOMOPChLKO20, MPOo W0 ceidyums 4ep8oHOo-6ypull Konip 211UuHUCMOo20
yemMeHmy 2py6oys1aMKoe020 asltoeito ma NnoKpueHi 2J7IUHU 3 aKmU8HOI0 Mi2pauieto 3ani3za i Map2aHyto.

Y paHHbOMY nnelicmouyeHi @ wupokili 3abosto4eHili donuHi p. Jlykaeeuyb Besnukull cnokiliHo MeaHOpyeasu 3eueucmi pycrsia ocmas-
HbOI "dpsixsoi” cmadii pozeumky piykoeux donuH. Hakonu4yyeanucb oGHoMaHimHi meMHo-cipi 0o YopHuUx 6os10mHi Hamynu, a2neesi
2J1uHU, 6i02eHHIi HaMyJu 3 YUC/TeHHUMU pewmKamMu pocsiuH. JlaHdwaghmu — myHOpoei 3 kapsiukoeoro 6epi3Koro, 8inbxoro, 8ep60s1030M
ma iH. Knimam — cyeoputi, eionosidoae eropMcbkomy (8andalicbkomy) 3nedeHiHHo (59—13 muc. pokie momy). Moxnueo came modi U na-
cnucsk y donuHax mepumopii CmapyHi cmada MaMoHmie i Hocopogie i Xunu mucnueyi Ha HUX — Hawi NPeoKU KPOMaHbUOHU.

Haod3euyaliHo eenuke npakmuy4He 3Ha4yeHHs1 CmapyHi nossizae 8 momy, wio nodasbuie Po3WUPEeHHsS1 00CTiOXeHb i CMBOPEHHST MiX-
HapoOHO20 eKO0JI020-MmypPUCMU4YHO20 YyeHmpy — 2eonapk JIbodoeukoeozo nepiody — crnpusimume 3Ha4HOMY MOJIIMWEHHIO coyiaibHO-
€KOHOMi4YHO020 cmaHy cenia CmapyHi, 3abe3ne4yums HacesleHHIO Hogi po6oyi Micyss ma nioHiMe mypucmuy4Hul pigeHb lsaHo-PpaHkie-

wuHu. Aemopu maroms Hadito, Wo yHikanbHull gpeHomeH CmapyHi 6yde 36epexeHull Onsi MalilbymHix MNOKONiHb.
Knro4yoei cnoea: nneticmoyeH, ¢hayHa, 3annaea, Had3arnnaeHi mepacu, 2e0Mopghosio2iyHi pieHi, HEOMeKMoHika, po3siomu.

MNocTaHoBKa Npo6nemu Ta akTyanbHiCTb TeMU. Yce-
CBITHbO BiJOME NaneoHTONoriYHe MicLle3HaxoQKeHHs1 3aba-
Nb3aMOBaHNX TPYyMiB YOTMPbOX BOMOXATUX HOCOPOTB i
MaMOHTa, 3HaNngeHnx cepen NNencToLEeHOBMX BidKMagis y
1907 Tta 1929 pp. B 030KepuUTOBUX KoNnarnbHAX 6ina cena
CrapyHs BoropogvaHcbkoro parioHy |BaHO-PpaHKIBCbKOI
obnacri, NpMBEpPHYIO yBary BYEHWX Pi3HWX ranysen, y ToMy
yuncni reomopdororiB, HEOTEKTOHICTIB i naneoreorpadis.
Ha ocHoBi gocnigxeHb aBTopiB 3a AaHMK AelndpyBaHHS
Pi3HOBMCOTHOIO aepodOTO3HIMaHHS 3 BUKOPUCTaHHSAM 6e3-
NiNOTHOro NiTanbHOro anapaTty Tuny APOH yneplie nobyao-
BaHO reoMopdOnoriyHy KapTy 3 enemMeHTamMn HEOTEKTOHIKM,
sIka [O3BOMMIIa YTOYHUTM reosnoriyHy 6yaoBy nam'atkv npu-
poau "CtapyHsa", ynepLue 3akapTyBaTu OBi Haa3annaeHi Te-
pacu Ta nepesarnubneHy gonuHy piku Jlykaeeub Benvkui,
YTOYHWUTU MONOXEHHS AiNSAHKU, A& MOXIINBI HOBi NarneoHTo-
NOriYHi 3Haxigku NnencToueHoBUX TBapuH. BusHavyeHHs re-
OnOriYHOro BiKy Ta naneoreoMopdonoriYyHOro MoroXeHHs
3Haxigok y CtapyHi — e He TinbKu NaneoHTOonorivyHnn de-
HOMEH, Le — maneokniMaTu4yHuin penep rnobanbHUX 3MiH
Knimary, nokasHuK TyHAPOBUX yMOB Ha lMpukapnartTi.

Uinb ctaTTi — BU3HA4UMTU reoMopdonoriyHi, HEOTEKTO-
HiYHi Ta NaneoreorpadiyHi yMOBU 3aXOPOHEHHS Nnencroue-
HOBMX HOCOPOriB i MaMOHTa 3 METOK HOBUX MOLIYKIB
BUKOMHOI ¢hayHMW.

3 icTopii nonepegHix gocnigxeHb i ny6nikadin. MNo-
YaToKk reoMopdOnoOriYHNX | HEOTEKTOHIYHUX [OCTiaXKeHb
CrapyHi HanexwuTtb 4o gpyroi nonosuHn XIX cT., konu npo-
BOAWINCH perioHanbHi poboTu 3i cTBOpeHHs "MeonoriyHoro
atnacy Manunuunn" (Lomnicki A., 1905; Lomnicki M., 1908;
Teisseyre, 1894, Romer, 1906) Ta iH. Y mixBoeHHi 20—30-Ti pp.
XX c€T. posnoyanucb nowykn HadT Ha [MpukapnatTi, aki
npoaoBXxyBanuck nicnsa [dpyroi ceiToBoi BitHU. Togdi X reo-
MOP@POMOriyYHi Ta HEOTEKTOHIYHI JocnigxeHHs 6ynu cepen

npioputeTHMX: 3'aBunucs pobotun (Lucek, 1962; NogwmeliH,
1962; MapuHuy, 1950; Beknuuy, 1982) Ta iH.

BeanocepenHbo Ha CtapyHi reoMopdonorito Ta HEOTEKTO-
Hiky BuBYanu Sokolowski, 2009 (puc. 1, 3) Ta Kotarba, 2005;
Cmenbmax, 2005 (puc. 2). I3 6aratbox cxeM reoMopdonoriy-
HOro panoHyBaHHs1, po3pobnennx M.M. Lucem, K.l. FepeHuy-
kom, B.I. BoHpgapyykom, B.M. ManieHko Ta iH., HanbinbL
[eTanbHoo € panoHyBaHHs Mepeakapnatta (Kpasyyk, 1999).

3a gaHumu A.C. Kpasuyka, Ha gocnigxysaHivi Teputopii
no6nm3y CtapyHi BUAINAETLCA Kinbka MOpdOCTPYKTYp | no-
pSAKy, 3okpema [MpukapnaTcbka BMCOYMHA, dka nonepey-
HUMW AMCroKauisMn MOAINAETbCA Ha mMopdocTpykTypu |l
nopsaky. Jdocnigpxytoum Lo Teputopito Ljuck (1952) Ha3BaB
X "aKyMynaTUBHUMK TepacamMu i AonmHamu LleHTpanbHoro
Mpukapnatta". 3a gaHumn Kpasyyka (1999) ue — "Mpwurop-
raHcbke MNpukapnatTta”. o mopdocTtpykTyp Il nopsaky Big-
HeCeHi LUMPOKI NIOCKi AeHyAauinHO-aKyMynATUBHI NOBEPXHi
BUpiBHIOBaHHS (piBHi Jloesoi Ta KpacHoi) (aus. puc. 3), pos-
JineHi monogmMmmn JonuHaMmuy Ta 3anagnHamu — buctpuubka
abo CraHicnascbka, lMpunykeBuHcbka Ta Mixripcbka BMCO-
yuHu. OcTaHHA — HanbinbLL NigHATa | noB'A3aHa 3 MangaH-
IBaHO-PpaHKiBCbKMM MiQHATTAM Naneo30ncbKoro pyHaame-
HTy. He cnig 3abyBaTw, wwo piBHi KpacHoi (589 m Hap piBHEM
mops Ta 160—-170 m BigHOCHOI BrcoTw) i JloeBoi (BigHOCHa
BucoTa 140-150 m) 6ynu BuaineHi we Teisseyre (1894). Mi-
BHiYHiwWe CrapyHi (Lanczont and Bogutskyj, 2003)
(tabn. 1) Buainunu gea pieHi 150-170 m ta 120-130 ™M i mix
JloeBoto Ta MNanuukbkoto (V Hag3annaBHOK) Tepacor 3Hau-
LUK Wwe oauvH piBeHb 60—70 M Hag [onuHo pikn buctpuus
ConoTBMHCBKA.

Omxe, nonepegHiMu gocnigHMkamu 0ynm BM3HAYeEHi oc-
HOBHI akyMynsaTUBHI piBHi Tepac, ane HeBM3HAYEeHUM 3anu-
lmMnock TepuTopianbHe iXHE NOWMpPEeHHs Ta He 6yrno
ckrageHo kapTorpadidHoi moaeni reomopdgonorii CtapyHi.
Came po3B'si3aaHHIo Liiei npobnemu npucBsideHa cTaTTs.

© KanuHin T., Omenb4eHko B., 2019
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Puc. 1. FeOMopd)bnoriQHa' cxeMa AOHMHM-biIQKM Benukui IllykaBeub no6nusy CtapyHi
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Puc. 2. FTeomopdonoriyHa cxemaTuyHa kapTa CTapyHCbKOro reoAuHami4HOro nosiroHy
(3 BUkopucTtaHHaM Kotarba, 2005; Cmenbmax, 2005)
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Puc. 3. TonorpadiuHi npodini yepe3 gonunHy piuku Benukuni JlykaBeub no6nu3y CtapyHi
(3 BUKOpucTaHHAM Sokolowski, 2009)

Ta6bnuys 1
BucoTu Ta Bik antoBianbHMX Tepac (3 BUKopuctaHHaM Lanczont and Bogutskyj, 2003)
BepxHin Buctpuusa BucTtpuus .
! R Benukuin JlykaBeub
Bi T Axictep | ConotBuHCbka | HaaBipHAHCBKa
1K epaca Tepaca Bucota, m Bik
Bucota, m Bucota, m Bucota, m
3annasa <15 Tenep

[onoueH | 1-2,4-5 2.5-3.5 2.5-3 | <4,0 HeoronoueH
Heonnencrouex Il 10-12 7-10 6-8 Il 7-8 [Mi3Hiv BenyceniaH
HeonnencroueH 11l 12-25 20-25 13-15 Il 25-30 MesonnencroueH
MesonnencroLeH [\ 3040 40-45 28-35 v 35-50 MesonnencroueH
EonnencroueH V 70-90 60-70 50-60 \' 60-80 EonnencroueH
EonnencroueH \i 100-130 VI (NP) 90-110 EonnencroueH
MMisHiv nnioueH VII (KP) | 120-160 VIl (KP) 160-170 [MizHiv nnioueH

JIP — pieeHb Jlotiosa, KP — pieeHb KpacHa

Buknap ocHoBHOro martepiany. [leomopdonoriyHa ka-
pTa 3 enemMeHTamMn HEOTEKTOHIKM 4N TEPUTOPIl reonorivyHoi
nam'atkn npupoam "CtapyHs" cknageHa T.B. Kanuuin ta
B.I". OmenbyeHkom y 2018 poui (puc. 4) Ha OCHOBI BUKOHa-
HOro HWMK fdelwundppyBaHHs pesynbTaTiB aepodOTO3Hi-
MaHHA [OpPOHOM Ta aHanisy pesynbTaTtiB MONbOBUX
reoMopdonoriyHMX AoCrimxeHb i onybnikoBaHOro reonoro-
reomopdonoriyHoro matepiany. Ha kapti BugineHo nnowyi
PO3MOBCIOAXXEHHS TONIOLEHOBMX MITOCKMX, YacTo 3abonoye-
HWX, NOBEPXOHb HM3bKOI (0,2—0,7 M BiZHOCHOI BUCOTK), ce-
peaHboi (1—1,7 M) Ta BUCOKOI (2—5 M) 3annaBHUX Tepac.

MoBepxHs | Hag3annaBHOI Tepacy BUCOTO 6—8 M Mi3HbO-
NNencToLeHOBOro (BIOPMCLKOro) Biky po3TalloBaHa Ha 3axig
Bin p. Jlykaseub Benvkuin. fi TUNOBMIA LWOB YaCTKOBO NOXOBA-
HWIM Mig TEXHOreHHWMK BiABanamy 030KEPUTOBUX KOManeHb
(waxT). Mig | Tepacoto po3TalloBaHa nepe3arnvbneHa AaBHS
JONVHa [OBIOPMCBKOTO  (EEMCbKOTO) BiKy, 3a [aHUMK
Stachowicz-Rybka et al., 2009; Sokolowski, 2009 (puc. 5).

Il Hapg3annaeHa Tepaca p.JlykaBeub Benukuin BucoTo
10-12 M ni3HBONMNENCTOLEHOBOIO (AOBIOPMCBHKOTrO — MiCNsSeeM-
CbKOrO) BiKy po3TaluoBaHa Aani Ha 3axig Big | Tepacu i yact-
KOBO MepekpuTa TEXHOreHHUMM Bigknagamu, LWo YyTBOPUIUCH
npu po3pobLii 030KePUTOBOrO poaoBMLLA (AMB. puc. 4).

3-nig TEXHOrEHHUX YNamMKOBO-TTIMHUCTUX BiOKNagiB, TOB-
wimHa sikux Big 0,5 0o 10—12 M 3 xapakTepHo SIMKOBO-6yrpu-
CTOH MOBEpPXHEHD, "npobuecs” eanHnii y Kapnatax rpsisboBuin
BYFIKaH, LLIO BMHWK Micrns 3emneTpycy y 6epesHi 1977 p. y ropax
BpaHua (PymyHist). Big BynkaHa B 6ik noTivka PiHHe po3noBcto-
DXKYIOTbCH CydacHi rpsiseHamyrnoBi 3aconeHi Bigknaay 3 HOBO-
YTBOPEHHAMU MipUTY, MIPpOTUHY, cdpaneputy Ta KpucTanis
conei. Mo Bcin gocnigkyBaHin Teputopii pO3nNoBCIOMKEHI [HKe-
pena BMxoAy Ha NoBepxHi HadTu i rasy ("HadToBI ByrkaH-
4Ynkn'") Ta COreHoi BOAM 3 HaMynamu.

3axigHiwe Tnnoeoro wea |l Tepacu NpocTexXyeTbCsi epo-
3iMHWMK ycTyn BiA gonuHu p. Jlykaseub Benukun go cxuny
Mexmpid. OCcTaHHi — ue eposinHo-geHyaauinHi noxuni noee-
pxHi Tepac Big Il oo VI, nepekpuTti 3Bepxy eonoBo-AerntoBsi-
anbHUMW NOKPUBHUMM CYINUHKaMWK, cynickamu, necamu Ta
rIHaMM XXOBTO-0ypuX KOMbOPIB 3 NiH3aMK Ta BKIOYEHHSIMU
nickKiB i WebeHI cepeaHbo-Ni3HLOMNNENCTOLEHOBOTO BIKY.

LlikaBnMn yTBOPEHHAMM € Cy4acHi AentoBianbHO-NPOSo-
BianbHi rpssewebeHnCTi NOTOKK, iHOAI 3 HadhTO, Lo PO3-
MMBAIKOTb TEXHOrEeHHi BigBanu LWaxT i POPMYTb LUMPOKI

nnocki pycna. Mo Bcin TepuTopii reonoriyHoi nam'aTkn nno-
weto 60 ra 3ycTpivalTbCA 3CyBU, KapcT, Cydo3is, KOHyCH
BMHECEHHS, epo3inHi ycTynn 6eperiB pivku i noTiyka. Okpe-
MUMW 3HaKaMu Ha reoMopdOroriyHiA KapTi 3 enemMeHTamm
HEOTEKTOHIKM MO3HayeHi pi3Hi po3nomMu — pPoHTanbHi Ha-
CYBW Ha Mexax CKnb-nycoK, rmMMBUHHI po3nomu, L0 BCTaHO-
BMEHi 3a pi3KMMKU rpajieHTamu rpasiTauinHOro nons B
peaykuii byre Ta HEOTEKTOHIYHI pO3NoMM, LLO BUKOPUCTOBY-
HOTbCS TiAPOMEPEXKEID.

MokasaHi TakoX TEeXHOreHHi mxepena BNAWBY Ha OO-
BKinns — npogykronposig XKynuH — HaasipHa, HadpToraso-
MOLUYKOBI CBEPANOBUHM Ta 3anuKky iXHiX OeTOHHUX
byHAaMEHTIB.

Ocobnuea yBara npugineHa reomMopdornoriyHoMy Moso-
YKEeHHI0 konarnbHi (waxTu) Ne 4 ("MamoHToBOI"), Ae 6ynu 3Hau-
OeHi 3abanb3amMoBaHi (MyMicikoBaHi) OGiTymamu i cinmo
nnencToueHoBi (42—11 Tuc. pokiB Tomy 3a Ci4) TyLLi YHOTUPBOX
BOJI0XaTUX HOCOPOriB | OAHOr0 MamMOHTa. YTOYHEHO TaKOX Mic-
LIEMNONOXEHHS AiNsHKM, e MOXIUBO MiCnsi NPOBEAEHHS JOCTi-
[PKeHb, 3HanTK 3abanb3aMoBaHi TyLUi AaBHIX CCaBLiB.

OTmxe, 3a pesynbTatamy reoMopgosioriYHoro aHanidy Te-
puTopii CTapyHi Ta ii okonmub MoXKHa KOHCTaTyBaTu Take. [o-
nvHa p. NlykaBeub Benukuii Hanexutb 4o MibkGUCTpULLKOT
BMCOYMHK, LLO MnoginseTbes (3rigHo i3 Sokolowski, 2009) Ha
MopapocTpykTypu IV Ta V nopsakis. Ha cxig Big MNpunykBuHCh-
KOi BMCOYMHM po3TalloBaHa CTtaHicrnaBcbka abo buctpuubka
3anagviHa, 3arnoBHeHa arntoBieM TPbOX Tepac 060x bucTpuup —
ConoteuHcbkoi Ta HageipHaHcbkoi. CyyacHa gonuHa p. Jlyka-
Beub Benukuii npoctexxyeTbea 3 BepXiB'iB cnoyaTky Ha cxia,
po3noynHatoumcb Ha ropi boeau (579 m Hag p. M.). lMoTiMm Ha
MepudiaHi c. MonoabkKiB pika noBepTae, BUKOPUCTOBYHOUM 30HY
MDKCKMBOBOro HacyBy, Ha MiBHiY. [JonunHy oTouyoTb XpebTu aj-
naHok (512 m Hag p. m.), Jaweseub-LUTtim i MNoropineubkui
(483 m Hag p. m.), Macosancekuin (512 M Hag p. M.) | naropow.
Y panoHi CtapyHi JOonMHa acMMETpUYHa 3 BUCOKMM MpaBuM i
HM3bKMM, nonorum nisum 6optamn. Moxuna noeepxHs r. bo-
Bau (gue. puc. 1, 3) BigHeceHa (Teisseyre, 1932—1933) go pi-
BHSA KpacHoi, a NpoTUNeXHUn cxun — o PO3MUTUX epOo3iliHO-
OeHypauiiHux piHiB JloeBoi. BoHn He € Tepacamu p. Jlyka-
Beub Benuvkuin, a yTBOpUnMCh SIK epo3iiHO-CTPYKTYpPHI "cxoau-
Hkn" Big JToesoi fo cyyacHux Il Ta | Tepac.
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Puc. 4. FTeomopdornoriyHa kapTa 3 eneMeHTaMn HeOTeKTOHiku CTapyHCbKOro
naneoHTonoriyHoro MicuesHaxomxeHHs. Astopu: T.B. Kanuhin, B.I'. OmenbyeHko, 2018

YmoBHi noaHayexHn ao MeomopthonoriyHol kapTi
3 @NEMEHTAMW HEOTEKTOHIKM

Mnocki, uacTo 3abonoqeHi NnoeepxHi HU3LKOT (3), cepeaHsol (2) Ta Benukol (1) ronoueHOBKX 3anNaBHUX
Tepac p. Nlykaseus Benvkwia Ta notivka Pinxe 3 eigHocHuMn Bucotamm signosigto 0,2-0,7 m;

MNoBepxHA NiZHEONNEACTOUSHOEROI (BOPMCEKOI) | HaazannaeHo! Tepack BigHOCHO! BUCOTH 6-8 M.
MNosepxHa nisHsonnencToueHosoi (aosopmeekoi) || HagaannaeHoi Tepacw sigHocHoi Bwcoti 10-12 m.
MoxoBauuil Nig TEXHOTEHHUMIK BidBanamy TUNOBKMIA WOB | Hag3annasHoi Tepack

SAMKOBO-BYTpUCTa NOBEPXHS TEXHOTEHHWX BIABAIIE i3 030KEPUTOBMX KONANEHL (LUAXT)

CyuacHi AenosiansHo-NPoNBiansHi conexi rpaze-webHUCTi noTokK, iHoal 2 HadiTo, WO POIMUBAINTE
TEXHOTEHHI Bigsanu

MPA3EBMA BYNKAHWA
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MpaAzesi noTokk CTapyHCLKOMD BYNKAHY 3 NIPUTOM, NiPOTMHOM, ChHanepuTomM, CONAMM
Epoaiitnia yetyn mexupiv 4o aonwen p. Nlykaseus Benvkii 3 eniosiansHUMKM CXMNOBUMKA CYTNUHKAMM

MoxosaHa nepesarnuBneHa AasHA AONWHA AOBIOPMCBKOMO (EEMCBKOMD) Biky

Moxuna eposinHo-geHyaauiiia NOBEPXHA MEXMUPIY 3 NOKPOBOM CEPEaHLO-NIIHLONNERCTOUEHOBNX
neconoibHWX Bigknanis 3 niHaamu webeHio Ta nicky

HeoTekToHivHi poanomun 3a reomophonori4HUMK AaHrmMmn
FNWBKMHHI po2NoMK - pizki rpagieHTH rpasitayinHoro Nons B pegykuil Byre

DPOHTANBHI POZNOMK HA MEXAX HACYBHWX CKMB-NYCOK

A

3cyeu

Kapecr

Cydposia

Bokora epoais Beperie pik
KoHycw BuHeceHHa

[xepena Buxoay Ha NOBEPXHID HATK | rasy

HacbTorasonowyxosi CEepanoBrHIn

] BT el

MNponykTonposig KynuHi-HangipHa

3anuwki BETOHHMX (DYHAAMEHTIB CTAPUX NOLLYKOBO-PO3BIAYBANHUX CBEPANOBUH

CrapyHcbKe naneoHTonorivHe MicLeaHaxookeHHn sabansaamosannx (Mymidikosatmx)
BiTyMamu i cinnio nnencroueHosnx (42-11 tuc. p. 1. 3a C,,) BONOXATUX HOCOPOTB

| MaMOHTa - 030KepuTORa WaxTa Ne 4 («MamoHToBax®)

MepcnekTuBHa, 38 AAHUMK MIKPOrpPaBITALIAHKX, i30TONHO-reOXiMIYHUX, MIKpOBIONOTiYHKX,

ManakodhayHICTU4HUX, NanNeoKapnonoriYHux, CNOPoORO-NUAKOBKX AOCNIMKEHE Ta ENEKTPOIOHAYBAHHSR,
AinaHka (25x35 M.) AN HOBKUX 3HAXIN0K (hayHW KpYNHWX CCaBLIR,

A [ [
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Puc. 5. NMoxoBaHui penbed nigowBn YeTBEPTUHHMUX BiAKnaAiB nepesarnMbneHoi 4ONVHU
(3 BUKOopucTaHHaAM Stachowicz-Rybka et al., 2009; Sokolowski, 2009)

OonuHa mae wupuHy go 600 m y parioHi c. Monoabkis,
noTiMm 3BYyxyeTbcst Ao 200 i go 100 m. CnocTtepiraetbcs
ABa piBHA HajsannaeBHUX | Tpu piBHA 3annasu (OuB.
puc. 4). Ha kaptax XIX cT. pika meaHgpyBana 6inbL ak-
TMBHO, a Ni3Hilwe novana Bpi3atuck y cBoi meaHapu. Cinb-
CbKOrocnofapcbke OCBOEHHS TepuTOopii po3no4yanocb Yy
XIV=XVI cT1. 3HauHi nnowli nicis 6ynu Bupy6aHi, o npus-
Berno A0 3MiH Y PeXumi piykoBoi AiANbHOCTI.

AKTMBHO pO3BUBaOTLCA MOPPOCTPYKTYPHI PopmMu, LLO
CBiguYUTb NPO NiACUIEHHS €K30reoAMHaMiYHUX NpoLEciB:
3CyBM, 9pu1, ocunuLia, NroLmMHHa epoasis rpyHTiB, 6okoBa
Ta rMubuHHa epogsist piukoBOT Mepexi, po3MuB i NepeBia-
KnageHHs ripHu4Mx BigBanis, 3abonovyBaHHsa. [lig yac
ocTaHHboro naBogka 2008 p. Biabynucb akTMBHI nepemi-
LeHHA pycrna oo 8 M, a Hux4e BnagiHHA noTiyka PiHHe —
Ao 20 m. Ha npoTtunexHomy 6epesi BUHUK 3CyB. 3pocio
nornnbneHHs pycna, Npo WO CBigYnTb bakT 3ansraHHs
ctoBbypa Binbxu 6inoi, Wo nexae, 3a JaHUMK NaneoaeH-
APOXPOHONOriYHNX aocnigxeHb (Alexandrowicz, 2004) y
1998 p. y pycni, a HYHI nexutb Ha 50—60 cm Hag HuM. Hu-
Xye ypouuiia Ponvie Ha HU3bKIM 3annasi yTBOPWUIUCH TPi-
LUMHW BiApPUBY Ta KOHYCW BUHECEHHSA 3i CTOBOYpamu AepeB.
Omxe, reomopdponoriyHi ocnigKeHHs cBigYaTb NPO akTu-
BHY reoek3oguHamiky, Lo cnig ypaxoByBaTu NPWY YTOYHEHHI
MicLsi 3HaXO4XXEHHS1 HOBUX BUKOMHMX CCaBLiB.

HeoTekToHi4Hi ocobnuBocTi TepuTopii CTapyHi 06y-
MOBIEHI CKMOOBOK (HACYBHOK) CTPYKTYPOK MiOLEHOBOro
cybctpaty CtapyHCbKOi cknagku, obmexeHoi ABoMa Hacy-
Bamu (amB. pwuc. 4). [ocnigxyBaHa TepuTopis anikanbHoi
30HM CKNagku BigHeceHa aBTopamu Ao IBisgeubko-[3BUHS-
LbKOT NPsIMOI HEOTEKTOHIYHOI CTPYKTYpH, WO ycrnagkysana

CrapyHcbKy cknagky. BoHa ycknagHeHa nokanbHUMKU po3-
fioMamu pi3HOi OpieHTaUil. WO BUKOPUCTOBYOTLCA PYCIIOM
p. Nykaseub Benukuin. BoHn MatoTb MiOLIEHOBWUIA BiK, ane ak-
TMBI30BaHi y kBapTepi, HabyBLKM Ginbl BepTUKanbHOI opie-
HTaujii, Ta 06yMOBUNN BUHWKHEHHS YCTyny B penbedi Ha
3axig Big cBepanoBuHun Hagis-1 (ame. puc. 4). IHwa akTuBHa
HEOTEKTOHIYHa 30Ha PO3MOMIB € OPTOrOHAmNbHOMW, MepreH-
ANKYNspHoto Ao nepLuoi. [lo ogHoro 3 Taknx po3nomis npu-
ypoyeHa pfonuHa noTiyka PiHHe, iHWi BnnuBawTb Ha
MaHOpyBaHHA pycna p. Jlykaseub Benvkuii.

ManeoreorpadiyHi peKoHCTPYKLIl cBigYaTb, WO Cy-
YacHu penbed reonoriyHoi nam'atku npupoan "CrapyHs"
noyaBs popmyBaTUCh, K i penbed ycboro MNepenkapnaTTs,
y MioLeHi, konu ocTpiBHa gyra Kapnat nigHsanacb 3 okeaHy
TeTic. Y nisHboMy nnioueHi NiBHIYHO-CXigHWMA Makpocxun Ka-
pnat 6yB posuneHoBaHui 6araTemMa napanenbHUMK Pidko-
BMMUW OOMMHaMKW MONEPEeYHOi A0 FOfIOBHOMO KapnaTcbKoro
HaNpsIMKY CTPYKTYP i NO3A0BXHIX A40NWH. Pikn 3Hocunu 3 rip
BENMKOynamMKoBU MaTepian, Wo oopmyBaB BUCOKI Tepacu
Ta KOHYCW BMHECEHHS (BHYTPILLHIO AeNbTy) AaBHbLOI AOMWHN
Onictpa. OcTtaHHsa yTBOpWnachk 6ina nigHixoka Kapnart, y
pawoHi cyyacHoro c. Jloesa, a [lHicTep noTiM NOCTYNOBO BiA-
cTynaB Ha niBHiYHMIN cxig i 3a 30—40 kM 3aiiHAB CBOE Cy-
YyacHe NonoxeHHs Ha goBroTi M. Manuya. Benukornnbosuii
noro antoBin cchbopmyBaB ABi AaBHi Tepacosi piBHUHY — Kpa-
cHy i JloeBy. KnimaT 6yB cy6TpOMiYHWIA, TUMY HUHILLHLOTO Ce-
pea3eMHOMOPCBKOro, Mpo WO CBiAYUTb YepBOHO-Oypun
KOrmip rMUHUCTOro LeMeHTy rpyboynamMKoBOro antoBito Ta no-
KPVIBHI FMHW 3 aKTUBHOK Mirpadieto 3anisa i MapraHuto.

Y paHHbOMY nnenctoueHi (eonnewncroueHi) (V — ranu-
ubka Tepaca) [HicTep Ta Moro NpUToKM MOCTYNOBO BiACTY-
nanu Big 3pocTtaumx rip. Y nigHATTS O6ynun BTArHYTI Takox



ISSN 1728-2713

FEONOrIS. 3(86)/2019

~11 ~

piBHi KpacHoi Ta JloeBoi. Y cepegHbomy nnencroueHi (IV —
MapisMninbCbka Tepaca) Ta B NepLUii NOMOBWHI Mi3HLOro
nnenctoueHry (Il — eayninscbka Tepaca) nigHATTA MNepeaka-
pnartTs, y ToMy umucri h Teputopii CTtapyHi, npoaoBxyBa-
nueb. Il — konogiiBcbka Tepaca € i B gonuHi p. JlykaBeub
Benukuin. Ha noyaTtky ni3HbOro nnemcroueHy, B eEMCbke
MiXIbOLOBMKIB'A, BioOynocb nepesarnubreHHs noro no-
nuHu (Ha 10-15 m rmubLwe cyyacHoro piBHS pycna). Noxo-
BaHa HWHI nepe3arnubneHa [onuHa 3anoBHIOBanach
ranbkoBMKamu, nickamm Ta Hamynamu. Tak npoaoBXyBa-
nocb i B paHHbOMY BemnyceniaHi (bpbopyn, ogaepoae) Ta B
cepeHbOMY-Ni3HBOMY MreHirnsuiani (LWwankronby, oepen,
riHre), SKW BignoBigae novaTky BangancbKoro MoXosio-
AaHHsA. Antosin Il Tepacu p. Jlykaseub Benuvkuin MictuTb, 3a
AaHumn Stachowicz-Rybka, 2009, cnopo-nunkoBi koMmnrie-
KCW CTEMOoBUX acouiauin Mexupiy i XBOWHO-NUCTAHUX NiciB
y AonvHax. 3 Apyroi NONoBMHU cepefHbOoro MneHirnsui-
any (MoepwodT, XeHreno, AeHekamn) noyanocb Bangan-
CbKe MOXONOA4aHHSA, a MNOTiM i 3nefeHiHHs. Y LWnpoKin
3abonoveHin gonuHi p. JlykaBeub Benunknii cnokinHo mea-
HAPYBanu 3BMBUCTI pycrnia oCTaHHbOI "apsaxnoi” ctagii po-
3BUTKY pIiYKOBMX AOMNWH. HakonunuyBanucb OAHOMAHITHI
TEMHO-Cipi 40 YOpHMX BOMNOTHI HAamMynw, rneesi rMuHK, Gio-
reHHi HaMynu 3 YUCNEeHHUMM peLuTKkaMu pocnuH. Jlangwa-
dTM — TyHAPOBI 3 KapnukoBok 6epi3koto, BiNbXxoto,
Bepbonosom Ta iH. KnimaT — cyBopwiA, Bignosigae BiopM-
CbKkOMY (Bangancbkomy) 3nepeHiHHo (59—-13 Tuc. pokis
Tomy). Makcumym npunapae Ha 18-16 Tuc. pokiB ToMmy.
MoxxnnBo came Todi 1 nacnuck y gonvHax teputopii Cta-
PYHi CTaga MaMOHTIB i HOCOPOTIB i XU MUCIAMBLI Ha HUX
— Hawi npeaku KpomaHbhoHUi (Alexandrowicz, 2004;
Kotarba, 2005; Stachowicz-Rybka et al., 2009).

| Hap3annaeHa Tepaca p. JlykaBseub Benukun dopmy-
Banach i3 nisHboro nneHirnsuiany (bbonnixr, annepsoa),
KONMM JonvHa omMorogunachk, 3'sBUNUCb 3HOBY YiTKi pyc-
nosi cpauii, TyHAPOBI yMOBW 3MiHUNNCL MNOMIPHUMK MiCO-
cTenoBMMH, i Tak npogoexyeanock Big 13 go 10,2 Tuc.
pokiB Tomy. [esiki pgocnigHukn (Sokolowski, 2009 Ta
Stachowicz-Rybka et al., 2009) nuwyTb, WO B OOMNWHI 3a-
MicTb BoniT 3'ABNANMCL 03epa, YacTo 3aCOSIOHEHI, NOB'sA-
3aHi 3 TepMOKapCToBMMU sfBULLAMU. Y [AONUHI MNOTiyka
PiHHe Takox Bigknaganucb GioreHHi Hamynu, Topd'sHi
rpsasi. Yacto BigbyBanucb 3cyBu Ha conidhniokuinHmnx 6e-
peroBmux cxunax.

Ha mexi nisHboro BenyceniaHy (kKiHeLb BIOPMCbKOT — Bas-
OaNCbKOI NbOAOBUKOBOI €MOXK) Ta FONoLEHy Biabynock pos-
uneHyBaHHs penbedy, ane p.JlykaBeup Benukun mana
HWKYY eHeprito, HiXX 3a cydacHol enoxu. HeoTeKToHIYHI pyxu
Ta 3MiHW kniMaTy B ronoueHi npussenu 00 opMyBaHHs
TPbOX PiBHIB 3aMnaBu: BUCOKOI — €0ronioLeH, cepeaHboi — Mme-
30rONOLEH i HU3bKOI — MaTeronoueH. HusbkoeHepreTuyHuin
pexuMm pycrna pidku MNpoAOBXYBaBCA A0 CepedHbOBIYYS,
10670 A0 V-VII cT. Hawoi epun. Y VII-IX cT. Binbynochb pi3ke
(8o 2 m) nornnbneHHst [ONMHKM pikK 3 akTuBI3aLieo Hebeane-
YHUX ek3oreoamMHaMivyHNX npouecis. Pycnosuii antosin 3amiHu-
BCA Bifg Api6HO- 0o KpynHo3epHucTtoro (Alexandrowicz, 2004;
Kotarba, 2005; Lanczont et al., 2003).

HacTynHuin NOBOPOTHUIA MOMEHT B icTOpii AONWHYM Biaby-
Bcs B XIV cT.i TpuBaB o cepeamHu 1960-x pp., konu ypo-
ynwe Ponwwe ctano ueHTpom BMAaobyTKy cnoyatky coni, a
NOTiM O30KepUTY i HAaPTU. Y AONWHI HAKONMYYBaNUCb BEMUKi
Macw FipHU4MX BigBanis, AKi MOBHICTIO 3MIHUIIM NPUPOOHUN
penbed. Tepacosi piBHi, KpiM 3annaBHuX, OynyM NoxoBaHi
nig, TeXHoreHHUMU Bigknagamu. Kam'aHui matepian y noea-
HaHHI 3 hparmMeHTamun Uernu, ckna, meTanis i AepeBuHU
cTanu KOMMOHEHTaMu cyyacHoro antosito. [licns npunu-
HeHHS ripHn4ogo00yBHUX pobiT y 50—-60-Ti pokn XX cT. noc-
TayaHHs 0CafoBoro mMaTepiany @HTPOMOreHHOro

NOXOMXXEHHS B antoBii NpUnuMHUNOCL. ToAi X 3annasa nia-
HANack NpMbnM3Ho Ha 1 M Hag pycrnom.

BucHoBku

1. Ynepwe ans teputopii CTapyHCbKOro nasneoHTosoriy-
HOro MiICLIE3HaXOXXEHHS1 aBTOpaMu CcknageHa reomopdorori-
YHa KapTa 3 efleMeHTaMu HEOTEKTOHIKW, sika po3LUncpoBye
reomopdpornoriyHy 6ynoBy nonuHu p. Jlykaseub Benvkuii 3 Bu-
[nineHHsiM nepe3arnnbneHoi NoxoBaHoT A4aBHLOT JONMUHN, ABOX
Hai3annaBHUX Tepac i TPbOX PIBHIB 3arnasu.

2. YTO4YHEHO nonoxeHHs B po3pisi Il Tepacu — micuesHa-
XO[pKEHHSA BONOTHUX HamyniB 3 BiTyMOM i cinnto, Aki cnpm-
Anv Mmymidikauii 3HangeHNxX TYT TPbOX BUKOMHMUX BONIOXaTUX
HOCOPOTiB i MAMOHTA.

3. lNMigTBEpMKEHO NEPCMNEKTUBHICTL AINAHKA ANs MOLUYKiB
HOBUWX ManeoHTOMNOrYHMX 3HaXiAoK, sika Oyna BuainexHa crine-
HUMW NOSbCLKO-YKpaiHCLKMK ekcreamuiamm 2004—2009 pp.
Ha OCHOBI rpaBiMETPUYHNX, €NIEKTPO30HAYBarNbHMX, i30TOMHO-
reoxXiMi4H1X, MiKpobionoriyHMX, NaneokapnonoriYHnx, naniHo-
nOriYHNX, MIKporpaBiMeTpuyYHUX JocnimkeHb. Lie aemoHcTpye
BENIMKE HayKoBe 3HaYeHHs! reonoriyHoi Nam'aTky Mmpvpoav
"CTapyHs", ka 3acnyroBye Ha niaBULLEHHS 1T NpUpoaHO-3ano-
BiAHOI KaTeropii 4O MiXXHapOAHOro reonapky.

4. lMpakTnyHe 3HayeHHs BUBYEHHs CTapyHi nonsrae B
TOMY, LU0 Mofarblie PO3LUMPEHHST OOCHIOXKEHb i CTBOPEHHS
MiXHApPOZHOrO EKONMOro-TYPUCTUYHOIO LIEHTPY — reonapk J1bo-
[OBMKOBOrO MEPIOAY 3MOXE 3HaYHO MOMNWMTK couiarnbHo-
€KOHOMiYHMI cTaH cena CrapyHi, 3abe3neunTb HaceneHH:o
HOBi poboui Micus Ta nigHiMe TypUCTUYHWI piBeHb IBaHO-Ppa-
HKIBLLMHW. ABTOpPU MatoTb Hagito, WO YHiKanbHU eHoMeH
CrapyHi byne 36epexeHuin aAns MandyTHiX NOKOIiHb.
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GEOMORPHOLOGY, NEOTECHONICS AND PALEOGEOGRAPHY OF THE
NATURAL GEOLOGICAL MONUMENTSON "STARUNIA" TERRITORY

A survey of geomorphological and neotectonic features around "The Starunia paleontological site" allows to produce a complete description of
paleogeographic conditions and geological age of the Pleistocene mammals. The floodplain terraces | and Il and a redevelopment valley have been
distinguished on the geomorphological map and a sketch of cross-section of the Velyky Lukavets River valley. The location of fossil fauna (mammoth
and rhinoceroses) has been indicated. The prospect of finding new extinct Pleistocene mammals preserved in bitumen and salt has been
substantiated.

In the late Pliocene, the northeast macro-slope of the Carpathians was dissected by many parallel river valleys transverse to the main Carpathian
direction of structures and longitudinal valleys. The rivers took down coarse-grained material from the mountains that formed the high terraces and
debris cones (inland delta) of the ancient Dniester valley. The latter was formed at the foot of the Carpathians, in the area of the modern village of
Loyeva and the Dniester, then gradually retreated 30-40 km to the northeast and took its present location on the longitude of the town of Halych. Its
block mass alluvium formed two ancient terrace plains — Krasna and Loyeva. The climate was subtropical, the type of the present Mediterranean, as
evidenced by the red-brown color of the clayey cement of coarse-grained alluvium and cover clays with active migration of iron and manganese.

In the early Pleistocene, in the wide swampy valley of the river Lukavets Velykyi, the winding beds of the last stage of river valleys development
were quietly meandered. Monotonous dark gray to black marsh accumulations, silt clays, biogenic silts with numerous plant remains accumulated.
Landscapes — tundra with dwarf birch, alder, willow etc. The climate was severe, consistent with Wurm (Valdai) glaciation (59—13 thousand years ago).
Perhaps just then herds of mammoths and rhinos grazed in the valleys of the Starunia territory and our ancestors Cro-Magnons lived here.

The extremely important practical value of Starunia is that further expansion of research and creation of an international ecological-tourist center
— the Geopark of the Ice Age will significantly improve the socio-economic status of the village of Starunia, provide the population with new jobs and
raise the level of tourism in the Ivano-Frankivsk region. The authors hope that the unique phenomenon of Starunia will be preserved for future
generations.

Keywords: Pleistocene, fauna, flood plain, floodplain terraces, geomorphological levels, neotectonics, faults.
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FEOMOP®OJI0INMA, HEOTEKTOHUKA U NMANEOITEOrPA®UA TEPPUTOPUN
FEOJTIOTMYECKOI O NAMATHUKA "CTAPYHA"

UccnedosaHue 2eomopghosiocudeckux u HeOMeKMoHU4YecKux ocobeHHocmell 2eoslo2u4ecKo2o namMsimHuka "CmapyHs" no3eosisiem peKoHC-
mpyupoeams najsieozeozpaghuyeckue ycrioeusi u 2eosio2udeckuli eo3pacm Haxo0oK nnelicmoyeHoeol ghayHbl MOXHaMbIX WepCmMuUcMmbIX HOCOPO-
208 U MaMOHMa 80 8CEMUPHOU38ECMHOM UX MasleOHIMOJsI02U4eCKOM MecmoHaxoxodeHuu ebnusu cena CmapyHs Ha lpukapnambe. Ha nepeoii
nocmpoeHHol 2eoMopghosio2udeckoli kapme u nornepeyHom npodgpuse donuHbl peku Jlykaeey Bonbwol ebideneHo | u Il HaOnoliMmeHHbIe meppach!
u nepeyany6néHHyro nozpebeHHyto AonuHy. YKa3aHo MosioxeHue uckornaemol ¢hayHbl MaMoHmMa u Hocopozos. O60cHo8aHa nepcrneKmueHocms
Haxo)0eHus1 HoebIx 3abasib3aMupo8aHHbIX 6UMYMaMu U COJIbIO KPYMHbIX )XUBOMHbIX MyielicmoyeHa.

B no3dHem nnuoyeHe cesepo-80CMOYHbIU MaKpOCKIoH Kapnam 6bin pacyneHeH MHO2UMU napansefibHbIMU PeYHbIMU A0/IUHaMU rnonepeYyHbIX
K 21agHOMY KapramcKoMy HanpaesieHuro cmpykmyp u npodosibHbix A0nuH. Peku cHocumnu ¢ 2op KpynHoo6s10Mo4HbIlU Mamepuas, Komopbii ¢op-
Mupoeas ebICoKue meppachki U KOHYCbl 8bIHOCa (6HympeHHoIo desnibmy) dpeeHeli donuHbl [JHecmpa. [ocnedHsiss o6pa3oeanack y NodHoxusi Kap-
nam, e palioHe cospemeHHoz20 c. Jloesasi, a [JHecmp 3amemM nocmerneHHO omcmynasn Ha ceeepo-80CMOK U 3a 30-40 KM 3aHsis1 ceoe co8peMeHHoe
nonoxeHue Ha donzome 2. Manuy. KpynHoanwbi6oesbili e2o annrosuli cghopmupoean dee dpesHue meppacHbie pagHuUHbl — KpacHyto u Jloesyro. Knu-
Mam 611 cy6bmponuyeckuti, muna HbiIHewHe20 cpedu3eMHOMOPCKO20, 0 YeM caudemenibcmayem KpacHO-6ypbili yeem 2/IUHUCMO20 UeMeHma apy-
6006/10MOYHO20 aslIt08UST U MOKPOBHbIe 2JIUHbI C akmueHoU Muzpayuell xese3a u Map2aHya.

B paHHeMm nnelicmoyeHe 8 wupokol 3a6osnoyeHHol donuHe p. Jlykasey Bonbwoli cnokoliHo MeaHOpoegasnu u3sunucmbie pycra nocnedHel
"dpsixnol” cmaduu pazeumusi pe4Hbix AonuH. Hakannueanucbe oOuHakoeble meMHo-cepble 0 YepHbIX 60/10MHbIe Ullbl, 271eeeble 2/1UHbl, 6UO2€eH-
Hbl€e uslbl ¢ MHO204YUCJ/IEHHbIMU ocmamkamMu pacmeHul. JlaHdwagmbl — myHOposebie ¢ Kapsukogol 6epe3koll, osibxoll, ueHssikom u dp. Knumam —
cypoebili, coomeemcmeyem sropMckomy (Bandalickomy) ob6nedeHeHuro (59—13 mbic. nem Ha3ad). Bo3MOXHO Kak pa3 moa2da u nacaucbk e 0oJIuUHax
meppumopuu CmapyHu cmada MaMOHIMO8 U HOCOPO208 U )KUJTU OXOMHUKU Ha HUX — HaWu npedKu KPOMaHbOHUbI.

Bonbwoe npakmuveckoe 3Ha4eHue CmapyHu 3akyiroyaemcsi 8 mom, Ymo OasbHeliuiee pacwupeHue uccredoeaHull u co3d0aHusi MexAyHapoo-
HO20 3KO0J1020-Mypucmu4ecKo2o yeHmpa — ceonapk JledHukoeozo nepuoda — 6ydem crnocob6cmeosames 3Ha4YUMeENIbHOMY Yiy4WeHUro coyuasnbHo-
3KOHOMUYECKO20 NosioxeHusi cena CmapyHsi, o6ecreyum HaceJsleHUt0 Hoeble paboyue Mmecma u nodHUMem mypucmuyeckuli ypoeeHb UeaHo-Ppa-
HKoeckKol o6nacmu. Aemopbkl Haderomcsi, Ymo yHUKanbHbIlU ¢heHomeH CmapyHu 6ydem coxpaHeH 0nsi 6yOyuyux nokosieHu.

Knroyesnie crosa: nnelicmouyeH, ¢hayHa, nolima, HaonolMeHHbIe meppachkl, 2e0Mopghosio2u4ecKue yposHuU, HEOMEKMOHUKa, pa3/ioMbl.



ISSN 1728-2713 FEONOris. 3(86)/2019 ~13 ~

FTEO®PI3NKA

UDC 550.834
H. Guliyev', Dr. Sci. (Phys.-Math.), Prof., Academician of ANAS
Head of department "Tectonophysics and Geomechanics™
E-mail: hatamguliyev@gmail.com, tel.: +994 12 5105617;
Kh. Aghayev', PhD (Geol.-Min.)
Leading Researcherof department "Tectonophysics and Geomechanics"
E-mail: khagayev@yahoo.com, tel.: +994 12 5105617;
F. Mehraliyev?, Director GeoGlobe Ltd
E-mail: fuadmehrali@yahoo.com, tel.: +994 12 4977421;
E. Ahmadova', Junior Researcher,
department "Tectonophysics and Geomechanics”,
E-mail: ella_ezizova@mail.ru, tel.: +994 12 5105617
"Institute of Geology and Geophysics of ANAS
119 H. Javid Ave., Baku, AZ1143, Azerbaijan
2GeoGlobe Ltd, 9 M. Muhktarov Str., ap. 5, Baku, AZ1001, Azerbaijan

DETERMINATION OF THE PHYSICAL PROPERTIES OF COMPLEXLY CONSTRUCTED MEDIA
USING NEAR-SURFACE CROSSWELL METHOD

(PexomeHdoeaHo YrieHoOM pedakuyiliHol Kkosezii 0-pom ¢hiz.-mam. Hayk, npogp. b.1. Macnosum)

In case when the upper part of the medium has complex geological structure and geodynamic processes occur in it, the necessity of
these data increases in projecting of the object under construction.

Purpose. Studying of acoustic, elastic and anisotropic properties of the upper part of section of complicatedly constructed
geological media.

Methodology. Seismic observations are conducted in shallow wells in the areas of construction objects located in various
seismogeological conditions by NSCW (Near-Surface Cross Well testing) method. Field seismic records are processed. Kinematic and
dynamic parameters of pressure and differently polarized shear waves are determined. Thin-layered one-dimensional models of physical
properties of the medium are created and interpreted on the basis of nonlinear theory of elastodynamics.

Results. It is determined that the medium with high porous, water saturated rocks and anomalous high reservoir pressure has
anomalous low value of velocities and gradient of their increase with depth. When this medium was re-examined after deep piles were
built there, the overestimated seismic velocities are obtained, which is explained by a decrease in the section of anomalously high
reservoir pressure and, accordingly, the porosity of the rocks after piles were built. When the hollowness is increased in unsaturated
pebble rocks, the negative value of Poisson'’s ratio is obtained on the standard method. Seismic anisotropy related with the direction of
the grains packing of the rocks is revealed on velocities of shear waves. The change of property of rocks on depth is manifested clearer
on frequencies of waves than on their amplitudes.

Scientific novelty. The elasticity moduli of the 3 order are determined which are more sensible to variability of nonlinear elastic
properties of rocks of the medium than the moduli of the 2™ order. The values of Poisson’s ratio are recalculated for one and the same
rocks located in different conditions of rock pressure on the basis of nonclassical theory of deformation.

Practical importance. The obtained results can be applied to study the media characterized by complex seismogeological
hydrodynamic conditions with clay-sandy rocks of high porosity and water saturation.

Keywords: near-surface cross well, pressure, shear wave, seismic velocity, elastic modulus, anisotropy, saturation, absorption.

Introduction.The earthquakes, landslides, mud Choon et al., 2007; Tokeshi et al., 2013;Yasnickij et al.,

volcanoes eruptions are the natural phenomena frequently
occurring in Azerbaijan. Here the upper part of the
geological section consists of the Quaternary sediments.
Here the rocks are mainly clayey, but besides them there
are separate beds of sands and shells. The rocks are highly-
porous and water-saturated. In some places the sand beds
have the abnormal pressure. The groundwater level at the
sea cost starts from 2-5 m. The slopes of strata are nearly
horizontal. When designing the site of the constructing
object with such complex properties, it is necessary to
provide its safety from the expected technogenic and natural
phenomena. That is why the geological, geotechnical and
engineering-geophysical investigations are carried out
before the object design in-situ with purpose to get the
information regarding the physical-mechanical properties of
the upper part of the geological section. Depending upon the
solved task the following methods are mainly used in
engineering-seismic investigations:

o the thick-layer model of the environment is defined by
velocity of pressure (V) or shear (V) seismic waves using

therefractionmethod (RM) on the Earth surface by refraction
wave travel time curve (Burger,1992; Burger et al., 2006);

e the thin-layer models of the upper part of the
environment are defined by ¥, using the spectral analysis

of surface waves (SASW) method (Antipov and Ofrikhter,
2016; Tokeshi et al., 2013) and the multichannel analysis of
the surface waves (MASW) (Antipov and Ofrikhter, 2016;

2012) method;
e the method of micro seismic logging (MSL) of the
shallow well allows defining the one-dimensional models by

Vp and V. (Crice, 2011);

e the NSCW method, applied in the present
investigation, is intended to study cross-borehole space
(Aghayev et al., 2012; Moret et al., 2006; Park et al., 2008;
Pratt et al., 2008; Taeseo and Paul, 2013; Wadhwa et al.,
2005; Yasnickij et al., 2012). In this method the observations
are carried out in two shallow wells located nearby. In the
first well the waves are excited at one depth, but in the
second well the waves are recorded consistently at all
depths. Then the waves are excited in the first well at the
next depth, and they are all recorded at all depths in the
second well (tomographic system of observation). The
waves recording is performed by the multicomponent
seismic receivers.

The MASW, SASWand NSCW methods are mainly
applied to study the geological environment of the
construction project areas. MSL and RM methods are also
widely applied mainly in the seismic survey to define the
static corrections. Among these methods the NSCW allows
acquiring more detail, precise and comprehensive
information regarding the physical properties of the
geological environment via P and S waves.

Often the simplified version of the field observations is
applied when performing the NSCW actions: only one

© Guliyev H., Aghayev Kh., Mehraliyev F., Ahmadova E., 2019
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excitement and one record of the waves is carried out at
every depth (Aghayev et al., 2012). As a result of the field
seismic record processing, the thin-layer one-dimensional

models of the environment are defined by Vp , V., as well

as the Poisson's coefficient (v ) and Young's modulus ( £ ).
But the necessity arises to define other moduli of elasticity,
anisotropy and absorption by the complex environments
(Bezrodna et al., 2016; Suroso et al., 2017; Thomsen, 2002;
Aleksandrov and Prodajvoda, 2000).

The results of studies of the non-linear physical-
mechanical properties of some sedimentary rocks shows
that the elasticity moduli of the third order are manifold
sensitive to the variability of the environment's elastic
properties than the moduli of the second order (Bezrodna et
al., 2016; Guliyev et al., 2016; Aleksandrov et al., 2001;
Viyzhva et al., 2005; Kuliev, 2000).The above mentioned
modulus had been used in the present research.

Numerous studies have been carried out to study the
anisotropy of the propagation velocity of seismic waves in
sedimentary rocks(Suroso et al., 2017, Thomsen, 2002;
Aleksandrov and Prodajvoda, 2000; Dugarov et al., 2011).
The anisotropyis more brightly manifested in the difference
of velocities of differently polarized SH and SV shear waves
(Puzyrev et al., 1985).The seismic wave's absorption is the
important property of the environment; it is defined by the
amplitudes change of harmonic components of the seismic
signal (Boganik and Gurvich, 2006).

Objects of research. The article examines the study of
geological environments of three sections of building objects
using the NSCW method.

The first object (Object_1) locates onshore, 250 m from
the Caspian Sea coast, on the flat terrain, 2,3 m over the sea
level. Here the groundwater level approximately starts from
2-3 m. The Lower Quaternary sediments lay in the studied
interval ((1-28 m) of the geological section. The lithological
section consists of the alternation of thin layers of clays and
sands. From top and to 30 m deep the clays are
characterized as very soft, soft, firm, hard and very hard.
The clays are with inclusions of organic matter. Starting from
0.5 m to the groundwater level the water saturation of clays'
pores is 16,3-17,4 %. The rocks density starts from
1.86 g/sm? and increases to 2,07 g/sm?.

The second object (object_2) locates onshore, 200 m
from the Caspian Sea coastline, at 2,0 m above the sea
level. According to samples from wells, here the geological
section mainly consists of flat-dipping thin layers of clays,
sands and sandstones rocks of the Lower Quaternary
sediments. With increasing depth, the clayey rocks and the
number of clean clay layers increase. In comparison with
object_1, the younger, porous, soft and water-saturated
rocks occur here. The present rocks are water-saturated
because the site locates at the sea shore. The beds of
water-saturated sands, consisting of two layers with
abnormal pressure, occur at the depths of approximately
25-50 m. Here the average value of rocks' density is
1,99 g/sm?. At the site of the object, NSCW was observed
at depths of 1-83 m. Two years after the numerous large
holes were drilled in the direct close from that area and the
deep concrete piles were constructed in that holes. After
these actions the repeated observations by NSCW were
carried out with purpose to control the environment change
in this area.

The third object (object_3) locates far from the seashore.
The rocks of the studied environment mainly consist of
pebble soils with sandy loam and sandy fillers. The pebbles
are large in size. The space between the rocks particles is
empty enough. In object the groundwater level starts
approximately from 16 m. Up to this depth the particles of

young and non-cemented rocks have the good contact. After
the depth of 16 m the rocks' water saturation is
approximately 15 %. Here the average value of the rocks
density is 2,20 g/sm? Here observations by NSCW were
carried out at a depth interval of 1-20 m.

Method of study. Acquisition method. The seismic
observations were carried out by NSCW method (Aghayev et
al., 2012; Park et al., 2008; Dejneko et al., 2017; Oshkin et al.,
2016) with application of "Geotomographie" devices
(www.crosswellinstruments.de). At the same time two wells
with equal depths in some tens meters were used. A plastic
pipe was put down into every well, and the annular space was
filled with cement grout. The pipe position along every well bore
was determined by inclinometer. The distance between the
wells was 8-10 m. In accordance with observation system the
source shot-point was lowered down into the first well, but the
seismic waves' receiver — into the second well.

In the first well, the P wave, SH and SV types of S
waves were simultaneously excited.In the second well they
were received by three-component XYZ seismic receivers.
In the course of study, not tomographic (Wadhwa et al.,
2005) but simple system of observations was used located
at the same depth with excitation source and receiver
(Aghayev et al., 2012). The devices in well were directed
according to compass reading. In the receiving well the Y
component was directed towards the well of waves' exciting.
Observation at each depth was repeated 10 times and the
records were summarized.In each depth, the waves were
excited separately by strikes in the right and left
directions.The mentioned process was repeated after
raising of the excitation source equipment for 1 m. At the
strokes to the left and right directions the first P wave is got
with similar polarity, but S wave — with direct and reverse
polarity (Crice, 2011; Parket al., 2008). Such observation
allows choosing between P and S waves because the
polarity of S wave differs from the noise.

The duration of seismic record is 64 msec, but the
discretization — 0,021 msec.

Processing of seismic data. Field seismic records were
processedby "GEOPRESS" (Guliyev et al., 2010) software
package. As a result of test the graph and optimal values of
processing parameters were selected. The main procedures of
processing graph (Aghayev, 2012, Gheslagni and
Santamarina, 1998; Dejneko et al., 2017) are the following:

1. bringing of seismic records to processing format;

2. calculation coordinate of each observation points in well;

3. visualizing and editing of seismic records;

4. summarizing of seismic records on right and left
directions to select P and S waves and subtracting from
each other;

5. calculation of complete vector records from XY
component records;

6. definition of frequency spectrum and the leading
frequencies of P and S waves;

7. application in necessary of zero phase frequency
bandpass filters to seismic records;

8. definition of polarization parameters of P and §
waves;

9. determination of the 1st and 2nd phase time,
amplitudes of P and S wave signals in different seismic
attribute records;

10. calculation of layer velocities of propagation P and
S waves in the medium;

11. correction of wave time and velocities on depths at
which signal/noise ratio is low;

12. calculation of Poisson, Young and other ratio of
elasticity modulus;
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13. calculation of values of the seismic anisotropy by the
time difference of fast and slow shear waves;

14. calculation of values of the seismic waves'
absorption by their amplitudes.
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The seismograms of P and S waves, obtained after the
processing of the field seismic records, are given in fig. 1 as
an example for object_1.
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Fig. 1. NSCW seismograms after processing of Object_1:
a — pressure wave; b — shear wave

Here the first P and S waves are steadily traced on
which their kinematic and dynamic parameters were
defined. The precision of S wave times is approximately
two times higher than by P wave. The changes of waves
parameters depending upon the observation depth are
recorded in the seismograms. Various unwanted energies
are observed in the seismogram by P wave (fig. 1, a). The
regular unwanted signal defined as P, has double arrival
time and low apparent velocity than P wave. Probably, the
P, is multiple P wave.

Definition of the physical properties of the
environment. The thin-layer one-dimensional models of the
environment were defined by Vp, V,v,E,n,n,a,b
and c¢ as a result of the seismic records processing. Here
n,, n, —are combined, buta, band c are the elasticity moduli
of the third order (Guliyev et al., 2016; Aleksandrov et al.,
2001). The values of moduli of the third order were
calculated by the non-classic theory of deformation (Vyzhva
etal., 2005; Kuliev, 2000) considering the geostatic pressure
in the environment. Values of moduli n,, n,, a, b and ¢
are corresponded to the conditions of atmosphere pressure.
The data on velocities of the pressure and shear waves
SH , SV , rocks density and geostatic pressure for every
depths were used for moduli calculations.

The time rate of the seismic waves was studied by their

rate spectrum and band filters of thedifferent ranges. The
amplitudes of time phases, "visible time rate", calculated by

Layer velocity, m/sec Poisson's coefficient

Young's modulus, GPa

time phases of the wave signal, were used to get the precise
data regarding the waves. The time rate of waves and
amplitude values, related with depth change, were defined.
The processing results were interpreted according to the
accepted technique (Aghayev et al., 2012; Suroso et al.,
2017; Wadhwa et al., 2005; Oshkin et al., 2016).

Results and discussions.The results of studies are given
for three objects mentioned above. For the first object
(object_1) the results are complete, for the rest two ones they
are partial. The results are discussed individually for each
object and by the physical parameters of the environment.

The properties of the rocks seismic velocities for
Object_1. According to P and S waves, with increase of
depth, the layers velocities increase gradually by small
variations (fig. 2, a). The most velocity gradient is observed
at the depth of 1-6 m and by ¥, . It is related with gradual
increase of saturation of the rocks with groundwater. In the

following depths the velocity change is related with porosity,
density, lithology of the rocks and, according to P , with water-

saturation changes. Unlike the Vp which characterizes the

solid and liquid part of the skeleton, V. doesn't practically

depend upon the rock saturation (Garotta, 2000) and
describes only the solid part of the rock skeleton. The
quantity and hardness of contacts between the rocks grains

strongly influences the V. Therefore, V. more accurately
characterizes the strength of the rock.
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Fig. 2. The graphs of dependences of the seismic velocities and elasticity moduli values upon the depth for Object_1:
a — layer velocity for pressure and shear waves; b—-by v;c—-by E;d-by 1 ;e—-by n,



~16 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

According to depth interval 1-28 m the correlation 0,974
of intermediate dependence between V, and V was

approximated by the linear function (fig. 3) coefficient.
V., =-0,1328 40,4195V,

This equation is correct within the velocity values given
in fig. 2, a.

Elastic properties of the rocks for Object_1. The
value of v differentiates strongly with depth increase and
changes with great gradient (fig.2, b). As the water-
saturation influences upon Vp and V. in different ways

K

(Burger, 1992; Burger et al., 2006; Puzyrev et al., 1985;
Garoftta, 2000), this coefficient cannot completely describe
the elasticity properties of the rock matrix particles.
Accordng to Young's modulus, the graph is multiply
differentiated and the changes of the rocks elasticity
properties reflect there more substantively (fig. 2, c). It is
related with differences of formulae of the elasticity moduli

calculation and with more stable change of V, with depth
than ¥ has. In the present research the moduli », and n,

were used to study the elasticity of the environment's rocks
and the jointing simulation (&) by disk-shaped fractures

(Maslov et al., 2000). It is assumed that the change of §
characterizes the rock porosity change. Testing n, and n,
was carried out for various values of & (0,02+0,20) and
depth of observation. An increase in & corresponds to an
increase in the porosity of the rock. The values of n, and n,

are calculated taking into account the geostatic pressure at
each depth of observation. The graphs from fig. 2, d,e show
that at equal value of & the values of anddecrease with the
depth grow. This is due to the increase in the values of the
velocities and density of rocks in depth. The results of the
calculations show (fig. 2, d, e) that as the porosity increases,
the absolute value of n,, n, and accordingly the elasticity

of the rocks decreases. The value of changes within wider
range than by n, (fig. 2, d, e). With an increase in &, the
gradient of the variation of and decreases with depth. With
the same value of &, with increasing depth the values of n,
and n, decrease. This is due to the increase in the
difference in the rock pressure. These changes show the

possibility of predicting the variability of rock porosity with
the use of the above modules.
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Fig. 3. Dependency between pressure and shear wave velocities

The difference between the maximum and minimum
values of each elasticity modulus is determined. It was

obtained that the differential by moduli v, £, »n, and n, (at
£ =0,20) is 9 %, 127 %, 122 % and 184 % accordingly. It
points to the great range of »n, and n, change and their high

sensitivity to variability of the rocks' elastic properties than
moduli of the second order. The moduli and can be applied
when forecasting the rocks' porosity.

The values of moduli @, b, ¢ and v by the classic and
non-classic theory of deformations for object_1 and object_3
are given in table 1.

Table 1
The values of elastic properties of rocks of the environment
object_1 object_3

depth | a x10x | h x10x | ¢ x10x v of vofno |[depth |a x10x | ) x10x |Cx 10x v of v of no
m GPa GPa GPa |classic |classic m GPa GPa GPa [classic | classic
5 —213 253 -801 0,431 0,432 5 1863 —2782 8358 0,160 0,177
6 -98 74 —248 0,438 0,432 6 —2782 4193 -12583 |-0,081 0,177
7 -136 150 —472 0,436 0,432 7 -3747 5621 -16893 | 0,069 0,177
8 -98 106 -340 0,433 0,432 8 —953 1435 —4322 0,052 0,177
9 -149 180 -560 0,435 0,432 9 -360 545 -1643 0,086 0,177
10 —61 54 -184 0,433 0,432 10 -1190 1786 -5368 0,113 0,177
11 —61 58 -194 0,432 0,432 11 -546 820 —2470 0,120 0,177
12 -90 105 -331 0,431 0,432 12 —210 318 —957 0,078 0,177
13 111 138 —432 0,430 0,432 13 503 —755 2252 0,185 0,177
14 -174 235 -721 0,428 0,432 14 -824 1233 -3710 0,155 0,177
15 -173 230 —703 0,432 0,432 15 73 -109 322 0,142 0,177
16 -166 221 —676 0,433 0,432 16 —2023 3033 -9107 0,009 0,177
17 -147 193 -589 0,435 0,432 17 525 -792 2365 0,265 0,177
18 -133 174 -535 0,433 0,432 18 5 —40 112 0,417 0,177
19 -125 161 -495 0,435 0,432 19 -168 222 —669 0,422 0,177
20 -156 210 —641 0,430 0,432 20 —488 694 —2088 0,428 0,177

middle | —131 159 —495 0,433 0,432 |middle | —645 964 —2900 0,164 0,177

As a result of comparing the following had been
discovered:

¢ the dispersion of values a, b, ¢ and v for object 1
is significantly lower than for object_3;
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o the difference of v values average by depth by the
classic and non-classic theory for object_1 and object_3 is
+0,14 % and —7,49 % accordingly;

o the difference of v values by classic and non-classic
theory for separate depths is greater for object 3 than for
object_1;

o the negative values of v were obtained by the non-
classic theory of deformation for object_3 for the depths
1-3mand 6 m.

For every object the application of non-classic theory
allowed to get the equal values of by v all depths of
observations. It is necessary to mention that when
calculating v values by the non-classic theory it is proposed
that in the studied depths the rocks have a similar lithological
composition but different values of the rock pressure.

Anisotropy properties of the rocks for Object_1. In all
studied objects the shear waves of SH and SV type are
traced in the seismic records (fig. 4, a). These waves have
the equal frequency spectrum but different arrival time to
seismic receiver. In the seismic records the high-velocity
SH wave are traced in the horizontal components, but in
the vertical components — the low-velocity SV wave
(Taeseo and Paul, 2013; Karpov et al., 2014; Puzyrev et al.,
1985). The time differences of these waves change by depth
accordingly, 1,0 ms in an average. These differences make
it possible to determine the rock anisotropy from the seismic
velocity (Suroso et al., 2017; Thomsen, 2002) (fig. 4, b). In
the horizontal direction the wave width covers the rocks
particles, but in the vertical direction it travels with great
velocity (Dugarov et al., 2011; Karpov et al., 2014; Puzyrev
et al.,1985).Due to direction of the covered particles of the
rocks of the observed seismic anisotropy the sites to study
had been accepted considering the following properties:

1. according to well data from the sites, the rocks layers
occur approximately in the horizontal direction;

2. the rocks of the site have no microfractures due to the
softness, great porosity and low pressure at the occurrence
places;

3. the anisotropy is observed by sand, clayey sands,
and clay beds containing the organic matter.

The anisotropy values change within 5-25 % and are
observed at the depth interval 14—28 m maximum (fig. 4, b).
Similar results with various values of the anisotropy were
obtained in all studied objects. All these prove once more
that in spite of the presence of isotrope in the pure clay, it
(clay) has the properties of the seismic anisotropy, related
with direction of packing of the rocks particles with pure and
mixed sands (Puzyrev et al.,1985).

Absorption proerties of the rocks for Object_1. It is
known that the variability of the frequency of the detected
signal depends on the factors (Puzyrev et al., 1985; Garotta,
2000; Boganik and Gurvich, 2006): the greater the hardness
of the rock in the medium, the greater the frequency of the
excited signal and the less the signal absorption in the
medium between the source and the receiver; the higher the
frequency of the hormone signal, the greater its absorption
(Boganik and Gurvich, 2006).The influence of these factors
cannot be separated when determining the absorption from
data with a simple NSCW observation system. Therefore,
the absorbing property of the medium, determined from the
data used, is a priori information.

An increase of visible frequency of seismic signal with a
depth is mainly observed on seismograms (fig. 1, a, b) and on
charts (fig. 4, c). From the depth of 2m to 12 m visible
frequency is increased by 65 % P wave and 35 % S wave.
For a 2-28 m interval, a relationship between the frequency

(f, Hz) and the velocity (¥, km/sec) is determined jointly by

both waves. The dependence is approximated by a linear
function, with a correlation coefficient of 0,925.
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Fig. 4. Anisotropic and absorption properties of the environment for object_1:
a— (==) and (==) type shear wave seismic records; b — anisotropy coefficient; c — visible

The amplitude of the phase of the wave signal is
substantially higher than y (fig. 4, d). At depths of 2-28 m,
the amplitude gradient is +0,6/m in P wave and —6.2/m in
SH wave. Despite the increase in the frequency P of the
wave with depth, its amplitude also increases, which
indicates a weak absorption of it in the rocks of the medium.
The large and negative gradient of the amplitude of the SH
wave is probably due not to an increase in its absorption with
depth, but to a decrease in its intensity upon its excitation. It
is assumed that the impact force to the well wall was a
source of wave excitation and was stable at all depths.
Therefore, the change in the SH wave amplitude
characterizes the variability of the medium rocks in depth.
Thus, the absorbing property of the medium rocks is not a
determining factor of influence on the values of the wave

amplitudes. The determining factor is the conditions for the
excitation of waves in the rocks of the medium.

The properties of the rocks' seismic velocities for
Object_2. During 2 years the studies by NSCW method was
performed twice within the present object. According to the
results of both studies, as the depth increases, V, gradually
increase with varieties (fig. 5, a). This is explained by the
fact that as the geostatic pressure increases, the porosity of
the rock decreases, which leads to an increase and
improvement of the contacts between its grains. Variation of
velocity V. at different depths is related to lithological
variability. According to the first NSCW study, after a depth
of 8m (full water saturation), the ¥, does not increase

substantially. For this object, the velocities are low, which is
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explained by high clayiness, porosity and water saturation of
the rocks of its environment. For this reason, there is no

correlation between the values of the 7, and V. (fig. 3). In

this depth interval, the maximum anisotropy value is about
2 %. Such a low value of anisotropy is explained with high
clay content of rocks.

After the first NSCW study the abnormal pressure of
layers was reduced significantly at the object site. It was
related with construction of great number of the deep
concrete piles. Therefore, in rocks the porosity and water
saturation are reduced, the density is increased. Then the
NSCW work was conducted for the second time with a view
to monitoring. A comparison of the results of the two studies

Layer velocity, m/sec

Poisson's coefficient
046 047 048 049 050

V. aregenerally

is given in (fig. 5). After monitoring ¥, and V|
increased.In the depth interval 1-7m ¥ did not change,

but after 7 m it gradually increased (fig. 5, a). The difference
in the values of V_ is gradually increasing after 25 m. After

monitoring, the gradient of the ¥/, increase with a depth
greater than V.. This is due to the decrease in layer
pressure and, accordingly, porosity, water saturation of
rocks. At a depth of 40 m, the increase in the values of Vp

and V. is 35 % and 24 %, respectively.
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Fig. 5. Properties of the environment rocks at object_2 after the first (1) and second (2) NSCW studies:
a — layer velocity of the pressure and shear waves; b — by ; c — by

Elastic properties of the rocks for Object 2. The
value of modulus of the rocks elasticity of the present object
shows the presence of less elasticity in comparison with
other objects. After a second NSCW study, the values of the
v and the E were increased by 2% and 41 % (fig. 5, b, c).
A small and reverse change in the value of the Poisson's

ratio is associated with a higher increase in the value of Vp

than V. (fig. 5, a). This shows that the use of v to determine

the elastic properties of highly porous water-saturated rocks
is not sufficiently effective.

Velocity and elastic properties of the rocks for
Object_3. With increase of depth the velocity of P and §
waves gradually increase with variations. For § wave the
strongest gradient of the velocities' increase is observed in
the depth interval 1-4 m that is caused the clayey rocks
compaction. At the depth interval of 5-17 m there is a small
gradient of velocities increase on the pebble rocks. The
significant increase of velocities and intensity of P waves is
observed at the depths of 17-20 m that is caused by the
beginning of gravels' saturation with groundwater. This is not
observed by the S wave. It is known that under the equal
conditions the better contact between the rocks particles the
quicker propagation of wave (Puzyrev et al., 1985; Garotta,
2000; Boganik and Gurvich, 2006). The values of Vp and

V. in pebbles are noticeably higher than in clays, sands and
even in the limestones. Due to this, the values of V. are

K

increased, but Vp are decreased as compared to other

objects with clayey sediments. Thus, the real object was
obtained consisting of local coarse gravel, v value of the
rocks calculated by the classic theory, not water-saturated
at the depth of 1-3 m and negative at the depth of 6 m, not
real at the other depths and well water-saturated at the

depths of 18-20 m (table 1).Thus, because of higher precise
of definition of wave S velocity and its independence from
the water saturation, it characterizes the velocity and elastic
properties of the rocks more precisely.

Conclusions. As a result of the research by the method
of NSCV of the upper part of geological media, the
properties of rocks by seismic velocity and elasticity were
determined. In addition to these, the following was identified:

e the amplitude of the shear wave better than its
frequency reflects the variability of the properties of the
rocks of the medium;

¢ the anisotropy of the seismic velocity of the differently
polarized shear waves is due to the direction of packing of
the rock particles;

e moduli of elasticity of 3nd are more sensitive to the
variability of the elastic properties of rocks than 2nd
modules, and it is possible to test porosity of rocks on them;

e the application of the nonclassical theory of
deformation made it possible to more reliably determine the
elastic properties of the rocks in the medium.

The detailed results of studies by NSCW method can be
used in the studies in the construction sites with complex
surface of the seismic properties as well as in the studies of
low-velocity zones of the multiwave seismic surveys.

Acknowledgment. The present work was performed
within the grant project Ne 6284 of the Science and
Technology Center in Ukraine.

Cnuncok BUKOpUCTaHUX axepen

AnekcaHgpos, K.C., MNpopareoga, I'.T., Macnos, B.M. (2001). Metog
onpeaeneHns HenmMHEeNHbIX yNpyrux CBOWCTB FopHbIX nopof. [okn. PAH,
380(1), 109-112.

Anekcangpos, K.C., MpopaiiBoga, T.I. (2000). AHU3OTpONKS yNpyrnx CBOVCTB
MVHEeparnoB 1 ropHbIx nopogd. Hosocnbupck: Maaatenscrso CO PAH.

AHTunos, B.B., Odpuxtep, B.I". (2016). CoBpemeHHble Hepa3spyLuatoLe
MeTOAbl 3Y4EHNS MHXXEHEepPHO-reonornyeckoro paspesa ©BecmHuk MMHUITY.
Cmpoumenscmeo u apxumekmypa, 7, 2. DOIl: 10.15593/2224-
9826/2016.2.04



ISSN 1728-2713

FEONOrIS. 3(86)/2019

~19 ~

BespopHa, |., BeapogHui, [., Monsika, P. (2016). MatemaTtyHe MogentoBaHHs
BNMYBY MiHEPANbHOrO CKIafy Ta NOPUCTOCTI Ha MapameTpu NPYXHOI aHi3oTponii
cknagHo nobyaoBaHWX TepureHHUX nopig BonvHo-Moainns. BicHuk Kuiscbkoz2o
HauioHanbHo20 yHigepcumemy. [eonoeisi, 73, 27-32.

Boranuk, .H., Typeu4, N.WN. (Pen.) (2006). Ceiicmopa3Beaka. YuebHUK
ons By3oB. TBepb: MagatensctBo AUC.

BbikBa, C.A., Macnos, B.11., Mpoaaineoaa, '.T. (2005). 3ddekTnBHbIE Y-
pyrvue cBOWCTBa HEMUHENHbIX MHOTOKOMMOHEHTHBIX reonornyeckux cpeg. [e-
ogbusudeckull xypHarn, 27(6), 1012-1022.

[apotta, P. (2000). [MonepeyHble BOMHbLI: OT perncTpauuM [o
uHTepnpeTauuun. Kpatkuii Kypc nekumin Ansi BbicUMX y4ebHbIX 3aBedeHui.

OeniHeko, C., Buxsa, C., HectepeHko, I., BepHeBek, A., IBawieHko, C.
(2017). CelcMOaKyCTUYHUIA MOHITOPUHT CTaHy I'pyHTIB [JHICTPOBCLKOro cxuny
(y 30Hi po3MmilLeHHs1 HanipHO-CTaLioHapHOro By3na). BicHuk Kuiscbkoeo Haui-
OHarnbHoe2o yHieepcumemy. [eonoeisi, 78, 30-35.

[yrapos, ".A., O6oneHuesa, W.P., YnunHmHa, T.A. (2011). AHanu3 aHusoTpo-
N1K CKOPOCTEN W MOTTMOLLEHNS CENCMUYECKNX BOSTH B Cpeae C OOHON CUCTEMOW
napannenbHbIX rpaHunL. TexHomoeuu celicmMopasseoku, 3, 29-41.

Kapnos, W.A., lopwkanés, C.b., BuwHesckun, .M. (2014). [1Ba mexa-
HM3ma 06pa3oBaHVsi B3aMMHO OPTOTOHAaMbHO MOMSPU30BAHHbIX MONEePeYHbIX
BONH no gaHHbim BCI. Mamepuarnbl Becepoccutickol KoHgbepeHyuu, noces-
weHHol 100-nemuto co OHs poxdeHusi akademuka H.H. llysbipéea, 8—13
Oekabpsi, Hosocubupck, 49-54.

Kynues, I.I". (2000). Onpenenenve koadduumeHTta MyaccoHa B Hanpsi-
XeHHbIX cpepax. [oknadsi PAH, 370(4), 534-537.

Macnos, B.11., Mpoagaineoaa, I'.T., Benkea, C.A. (2000). MatumatuyHe mo-
AenMpoBaHNs BNMBY TUCKY i Y TPILLMHYBaTUX ripckmx nopopax. Meogusuye-
ckul xypHan, 22, 113-118.

OwkwuH, A.H., Epmakos, P.1O., ParosuH, H.A., UrhaTtees, B.W. (2016). Me-
YKCKBaXMHHOE CeiicMMyeckoe NnpocBeYvBaHm1e - OnbIT, METOAONOrs, annapa-
Typa. lpubops! u cucmembl pa3gedoyHol eeoghusuku, 3, 37-47.

Mysbipes, H.H., Tpury6os, A.B., Bpogos, J1.IO. n gp. (1985). Celicmnyeckas
pa3se[Kka MeTooM nornepeyHblx 1 06MeHHbIX BorH. M.: Hepgpa.

AchHuukuin, A.A., Konogun, A.A., Wa6apwvH, B.H. (2012). CpaBHeHune ag-
(heKTUBHOCTM npumeHeHus metoda MASW c TpaOWUMOHHBIMKM MeToaamu
cevicmopasBefku O Lenei MHXEHEePHbIX U3bICKaHWI. 8- Mex0yHapoOHas
KOHGbepeHuus U 8bicmaska — VIHxeHepHas eeogusuka, 23-27 anpens, [ene-
HOXuK, Poccus, 1-5.

Aghayev, KH.B., Amrahov, A.T., Mehralyev, F.E. (2012). Engineering-
geophysical reserches by translucence of cross-hole phase method.
Geophysics news in Azerbaijan, 1-2,17-21.

Burger, H. R., Sheehan, A. F., Jones, C. H. (2006). Introduction to Applied
Geophysics: Exploring the shallow subsurface W.W. Norton & Co., New York.

Burger, H.R. (1992). Exploration geophysics of the shallow subsurface.
United States. Prentice Hall.

Crice, D. (2011). Near-surface, downhole shear-wave surveys: A primer.
The Leading Edge, 30(2), 164-171.

Gheslagni, F., Santamarina, J.C. (1998). Data pre-processing in cross-
hole geotomography: Journal of Environmental and Engineering Geophysics,
3, 41-47.

Guliyev, H.H., Aghayev, Kh.B., Hasanova, G.H. (2016). Determining the
Elastic Moduli of the Third Order for Sedimentary Rocks Based on Well-Log-
ging Data. /zvestiya, Physics of the Solid Earth, 52(6), 836-843.

Guliyev, H.H., Aghayev, Kh.B., Shirinov, N.M. (2010). The research of the
influence of the pressure to the values of elastic parameters of geological
medium on the basis of seismic and well data. Visnyk of Taras Shevchenko
National University of Kyiv. Geology, 50, 10-16.

Li G., Stewart, R. R. (1996). Data processing methods for crosswell seis-
mic imaging. Seismic Exploration, 5, 213-228.

Manufacturer of seismic borehole equipment for tomography, crosshole and
downhole applications (n. d.). Retrieved from www.crosswellinstruments.de

Moret, G.J.M., Knoll, M.D., Barrash, W. Clement W. P. (2006).
Investigating the Stratigraphy of an Alluvial Aquifer Using Crosswell Seismic
Traveltime Tomography. Geophysics, 71, 3. B63-B73. 14 FIGS.
10.1190/1.2195487

Park, C. B., Miller, R.D. Xia, J., Ivanov, J. (2007). Multichannel analysis of
surface waves (MASW) — active and passive methods. Kansas Geological
Survey, Lawrence, USA, THE LEADING EDGE JANUARY, 60-64.

Park, C.S., Lim, J.Y., Choi, C.L., Kong, B.C., Mok, Y.J. (2008). Recent
development of borehole seismic tests. World Conference on Earthquake
Engineering, October 12-17, Beijing, China.

Pratt, R.G., Sirgue L., Hornby B., Wolfe J. (2008). Crosswell waveform
tomography in fine-layered sediments. Meeting the challenges of anisotropy
70th EAGE Conference & Exhibition, 9 - 12 June, Rome, ltaly, 1-5.

Suroso, T., Laksono, H., Triyoso, W., Priyono, A. (2017). Estimating an
isotropy parameter by shear wave splitting of crosswell seismic data: a case
study on inter-bedded sand-shale layers. IOP Conf. Series: Earth and Envi-
ronmental Science. Sci. 62/ 012019, 1-7. DOIl: 10.1088/1755-
1315/62/1/012019.

Taeseo, K., Paul, W. (2013). Evaluating the In Situ Lateral_Stress
Coefficient (Ko) of Soils via Paired Shear Wave Velocity Modes. Journal of
geotechnical and geoenvironmental engineering, 775-787. DOI:
10.1061/(ASCE)GT. 1943-5606.0000756.

Thomsen, L. (2002). Understanding Seismic Anisotropy in Exploration and
Exploitation. Distingwished Instructor Short Course. Distingwished Instructor
Series, 5, 238.

Tokeshi, K., Harutoonian, P., Leo, C. J., Liyanapathirana S. (2013). Use of
surface waves for geotechnical engineering applications in Western Sydney
Adv. Geosci., 35, 37-44. DOI: 10.5194/adgeo-35-37-2013

Wadhwa, R.S., Ghosh, N., Chaudhari, M.S., Ch.Subba Rao and Raja
Mukhopadhyay (2005). Pre and post-excavation cross-hole seismic and
geotomographic studies for a Nuclear Power Project. J. Ind. Geophys. Union,
9(2), 137-146.

Reference

Aghayev, KH.B., Amrahov, A.T., Mehralyev, F.E. (2012). Engineering-
geophysical reserches by translucence of cross-hole phase
method.Geophysics news in Azerbaijan, 1-2,17-21.

Aleksandrov, K.S., Prodajvoda, G.T., Maslov, B.P. (2001). Metod
opredeleniya nelinejnyh uprugih svojstv gornyh porod. Dokl. RAN, 380(1),
109-112.[in Russian]

Aleksandrov, K.S., Prodajvoda, T.G. (2000). Anizotropiya uprugih svojstv
mineralov i gornyh porod. Novosibirsk: Izdatelstvo SO RAN. [in Russian]

Antipov, V.V., Ofrikhter, V.G. (2016). Modern nondestructive method of
researching of geological-engineering section.PNRPU Bulletin Construction
and architecture, 7, 2, 37-49. DOI: 10.15593/2224-9826/2016.2.04. [in
Russian]

Bezrodna, ., Bezrodnyi, D., Holiaka, R. (2016). Mathematical modelling of
influence of the mineral composition and porosity on elastic anisotropic
parameters of complex sedimentary rocks of Volyn-Podolia area.Visnyk of
Taras Shevchenko National University of Kyiv. Geology, 73, 27-32.[in
Ukrainian]

Boganik, G.N., Gurvich, L.I. (Eds.) (2006). Sejsmorazvedka. Uchebnik dlya
vuzov. Tver: Izdatelstvo AlS. [in Russian]

Burger, H. R., Sheehan, A. F., Jones, C. H. (2006). Introduction to Applied
Geophysics: Exploring the shallow subsurface W.W. Norton & Co., New York.

Burger, H.R. (1992). Exploration geophysics of the shallow subsurface.
United States. Prentice Hall.

Crice, D. (2011). Near-surface, downhole shear-wave surveys: A primer.
The Leading Edge, 30(2), 164-171.

Dejneko, S., Vizhva, S., Nesterenko, G., Bernevek, A., lvashenko, S.
(2017). Sejsmoakustichnij monitoring stanu gruntiv Dnistrovskogo shilu (u
zoni rozmishennya napirno-stacionarnogo vuzla). Visnyk of Taras
Shevchenko National University of Kyiv. Geology, 78, 30-35. [in Ukrainian]

Dugarov, G.A., Obolenceva, |.R., Chichinina, T.1. (2011). Analiz anizotropii
skorostej i poglosheniya sejsmicheskih voln v srede s odnoj sistemoj
parallelnyh granic. Tehnologii sejsmorazvedki, 3, 29-41. [in Russian]

Garotta, R. (2000). Poperechnye volny: ot registracii do interpretacii.
Kratkij kurs lekcij dlya vysshih uchebnyh zavedenij. [in Russian]

Gheslagni, F., Santamarina, J.C. (1998). Data pre-processing in cross-hole
geotomography: Journal of Environmental and Engineering Geophysics, 3,
41-47.

Guliyev, H.H., Aghayev, Kh.B., Hasanova, G.H. (2016). Determining the
Elastic Moduli of the Third Order for Sedimentary Rocks Based on Well-
Logging Data. Izvestiya, Physics of the Solid Earth, 52(6), 836—843.

Guliyev, H.H., Aghayev, Kh.B., Shirinov, N.M. (2010). The research of the
influence of the pressure to the values of elastic parameters of geological
medium on the basis of seismic and well data. Visnyk of Taras Shevchenko
National University of Kyiv. Geology, 50, 10—16.

Karpov, I.A., S.B. Gorshkalyov, S.B., Vishnevskij, D.M. (2014). Dva
mehanizma  obrazovaniya vzaimno ortogonalno  polyarizovannyh
poperechnyh voln po dannym VSP. Materialy Vserossijskoj konferencii,
posvyashennoj 100-letiyu so dnya rozhdeniya akademika N.N. Puzyryova, 8—
13 dekabrya, Novosibirsk, 49-54. [in Russian]

Kuliev, G.G. (2000). Opredelenie koefficienta Puassona v napryazhennyh
sredah. Dokl. RAN, 370(4), 534-537. [in Russian]

Li G., Stewart, R. R. (1996). Data processing methods for crosswell
seismic imaging. Seismic Exploration, 5, 213-228.

Manufacturer of seismic borehole equipmentfor tomography, crosshole and
downhole applications (n. d.). Retrieved from www.crosswellinstruments.de

Maslov, B.P., Prodajvoda, G.T., Vyzhva, S.A. (2000). Matimatichne
modelirovaniya vplivu tisku i u trishinuvatih girskih porodah. Geophys. journal,
22, 113-118. [in Ukrainian]

Moret, G.J.M., Knoll, M.D., Barrash, W. Clement W. P. (2006).
Investigating the Stratigraphy of an Alluvial Aquifer Using Crosswell Seismic
Traveltime = Tomography. Geophysics, 71, 3, B63-B73. 14
FIGS.10.1190/1.2195487

Oshkin, A.N. Ermakov, R.Yu. Ragozin, N.A. Ignatev, V... (2016).
Mezhskvazhinnoe sejsmicheskoe prosvechivanie — opyt, metodologiya,
apparatura. Pribory i sistemy razvedochnoj geofiziki, 3, 37-47. [in Russian]

Park, C. B., Miller, R.D. Xia, J., Ivanov, J. (2007). Multichannel analysis of
surface waves (MASW) — active and passive methods. Kansas Geological
Survey, Lawrence, USA, THELEADINGEDGEJANUARY, 60-64.

Park, C.S., Lim, J.Y., Choi, C.L., Kong, B.C., Mok, Y.J. (2008). Recent
development of borehole seismic tests.World Conference on Earthquake
Engineering, October 12—17, Beijing, China.

Pratt, R.G., Sirgue L., Hornby B., Wolfe J. (2008). Crosswell waveform
tomography in fine-layered sediments.Meeting the challenges of anisotropy
70th EAGE Conference & Exhibition, 9—12 June, Rome, Italy,1-5.

Puzyrev, N.N., Trigubov, A.V., Brodov L.Yu. et al. (1985). Sejsmicheskaya
razvedka metodom poperechnyh i obmennyh voln. M.: Nedra. [in Russian]

Suroso, T., Laksono, H., Triyoso, W., Priyono, A. (2017). Estimating
anisotropy parameter by shear wave splitting of crosswell seismic data: a
case study on inter-bedded sand-shale layers. IOP Conf. Series: Earth and
Environmental Science. Sci. 62/ 012019, 1-7.DOIl: 10.1088/1755-
1315/62/1/012019.

Taeseo, K., Paul, W. (2013). Evaluating the In Situ Lateral_Stress
Coefficient (Ko) of Soils via Paired Shear Wave Velocity Modes. Journal of



~ 20 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

geotechnical and  geoenvironmental 775-787.DOI:
10.1061/(ASCE)GT. 1943-5606.0000756.

Thomsen, L. (2002). Understanding Seismic Anisotropy in Exploration and
Exploitation. Distingwished Instructor Short Course. Distingwished Instructor
Series, 5,238.

Tokeshi, K., Harutoonian, P., Leo, C.J., Liyanapathirana S. (2013). Use of
surface waves for geotechnical engineering applications in Western Sydney
Adv. Geosci., 35, 37-44. DOI: 10.5194/adgeo-35-37-2013

Vyzhva, S.A., Maslov, B.P., Prodajvoda, G.T. (2005). Effektivnye uprugie
svojstva nelinejnyh mnogokomponentnyh geologicheskih sred. Geophys.

engineering,

Wadhwa, R.S., Ghosh, N., Chaudhari, M.S., Ch.Subba Rao and Raja
Mukhopadhyay (2005). Pre and post-excavation cross-hole seismic and
geotomographic studies for a Nuclear Power Project. J. Ind. Geophys. Union,

9(2), 137-146.
Yasnickij, A.A., Kolodij, A.A., Shabarin, V.N. (2012). Sravnenie
effektivnosti primeneniya metoda MASW c tradicionnymi metodami

sejsmorazvedki dlya celej inzhenernyh izyskanij. 8-ya mezhdunarodnaya
konferenciya i vystavka — Inzhenernaya geofizika, 23-27 aprelya,
Gelendzhik, Rossiya, 1-5. [in Russian]

Hapinwna no peakonerii 17.12.18

Journal, 27(6), 1012—1022. [in Russian]

I. Kynies', a-p ¢is.-mar. Hayk, npod., akag. HAHA

KepiBHuk Bigniny "TekroHodi3unka i reomexaHika™

E-mail: hatamguliyev@gmail.com, ten.: +994 12 5105617;

X. AraeB’, KaHg. reon.-miHepanor. Hayk

MpoB. Hayk. cniBpo6. BiaAiny "TekToHodi3unka i reomexaHika"
E-mail: khagayev@yahoo.com, Ten.: +994 12 5105617;

®. Mexpanies?, aupektop GeoGlobe Ltd

E-mail: fuadmehrali@yahoo.com, Ten.: +994 12 4977421;

E. AxmegoBa', mon. Hayk. cniBpo6. Biaainy "TekToHodisika i reomexaHika"
E-mail: ella_ezizova@mail.ru, Ten.: +994 12 5105617

IHcTUTYT reonorii i reocpiaukn HAHA,

np. I". OxaBipa, 119, Baky, AZ1143, Azep6anaxaH

2GeoGlobe Ltd, Byn. M. MyxTapoga, 9, Baky, AZ1001, Azep6aingxaH

A0 NPOBNEMU BUSHAYEHHSA ®I3UYHUX BTACTUBOCTEWN CKNAQHO NOBYAOBAHUX CEPE[OBULL,
3 BUKOPUCTAHHAM METOY NEAER-SURFASE CROSWELL

Mema. BusyeHHs1 akycmu4HuUX, NPY>XHUX i aHi30mponHux enacmusocmell 8epXHbOI YacmMuUHU po3pi3y cknadHonobydogaHux 2eos102iYHUX cepe-
doesuwy.

Memoduka. Ha dinsiHkax 6ydisenbHuUx 06°'ckmis, po3mawosaHuX y pi3HUX celicMO2e0J102iYHUX YMOo8aX, MPo8edeHOo celiCMi4Hi CriocmepexeHHs1
8 Heanubokux ceepdnosuHax memodom NSCW — near-surface cross well testing. OnpayboeaHo nosboei celicMiyHi 3anucu. BuzHa4yeHo KiHeMamuy4Hi
ma AuHamiyHi napamempu no3006XXHbOT U pi3Hononsipu3ogaHux nornepeyHux xeusb. [lo6ydoeaHo ma npoiHMepnpemosaHo MoHKowapyeami oOHO-
MipHi Modeni ¢isuyHux enacmueocmeli cepedosuwja Ha OCHO8I HeniHiliHoT meopil enacmoduHamiku.

Pe3ynbmamu. BusHa4eHo, uj0 Ha@KoJIUWHE cepedosuuye 3 UCOKOMopucmumu, 000Hacu4yeHUMU nopodamu i aHOMaslbHO 8UCOKUM MJ1acmoeum
MUCKOM Mae aHOMaJlbHO HU3bKe 3Ha4eHHs1 weudkocmell i 2padicHma 36inbweHHs ix 3 2nu6uHoro. lpu NoeMopHoMy sueyeHHIi yb020 cepedosuuya,
nicns no6ydoeu mam 211ub60KUX Nasb OMPUMaHO 3asuueHi 3Ha4yeHHs1 celicMiYHuUX weudkocmel, w0 NMOSICHIOEMbCSI 3MEHWEeHHSIM y Po3pi3i aHoma-
JIbHO 8UCOKO20 1/1acimoe0o20 MUCKY i, 8idnoeidHo, mopucmocmi nopiod nicas MoHmMaxy nanb. lpu 36inbweHHi MycmomHocmi 8 HeHacu4YeHux 2asb-
Koeux nopodax, nMpu po3paxyHKkax 3a cmaHAapmHO MemoOUKOI OompumaHo eid'eMHe 3Ha4yeHHsI KoedpiyieHma [lyaccoHa. [Mpu eue4veHHi
weudkocmell nornepeyHUX xeusb eusiesieHa celicMi4YHa aHi3omponisi, o noe’a3aHa 3 HarnpPsIMKOM YnakoeKu 3epeH nopid. 3miHa enacmusocmel
nopid 3 2nubuHoro mae 6inbw micHul 38'A30K i3 Yacmomamu xeursb, HiX 3 IXHiMu amnnimydamu.

Haykoea Hosu3Ha. BusHayeHo Modyrni npyxHocmi 3-20 nopsoKy, siki 6inbw yymmnuei o MiHnueocmi HeNiHilIHUX NPYXHUX enacmusocmel nopio
cepedoesuwa, Hix Modyni 2-20 nopsioKy. 3HayeHHs1 koeghiyieHma [MyaccoHa Ons1t 0OHUX | mux camux nopid, wjo nepebyearoms y pi3HUX yMoeax 2ip-
CbKO20 MUCKY, nepepaxoeaHi 01151 yMoe 3a0aH020 MUCKy Ha OCHO8i Heknacu4Hoi meopii deghopmauii.

lMpakmuy4Ha 3Ha4umicmb. OmpuMaHi pe3ynibmamu MOXymb 3acmocoeyeamucsi Ans1 docnidxeHHs1 cepedosuly, WO XapaKmepu3yrombscsi CKIIaGHUMU
celicMo2e0s102iYHUMU 2i0pOodUHaMiYHUMU ymoeamu i npedcmaersieHi 2nuHUcCmo-niwaHumu nopodamu eucoKoi mopucmocmi ma 6000HaCUYEHHSI.

Knrouoei cnoea: npunoeepxHeea ceepdnoguHa, muck, nornepevyHa xeussi, celicMiyHa weuokicms, MoAyJsb NPYXHOCMI, aHi3omponisi, HaCU4eHHs,
MoauHaHHs.
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K NPOBNEME ONPEAENEHUA ®U3UNYECKUX CBOMCTB CITOXXHOMNMOCTPOEHHbIX CPE[]
C NPUMEHEHMEM METOJA NEAER-SURFASE CROSWELL

Lenb. N3yyeHue akycmuyecKux, ynpyaux U aHuU30mporHbix ceolicme eepxHel Yacmu pa3pe3a C/I0HOMOCMPOEHHbIX 2e0J102UYecKux cped.

Memoduka. Ha y4acmkax cmpoumesibHbiX 06beKIMoe, pacrosioXeHHbIX 8 Pa3/ludHbIX celicM0o2e0/102UYeCKUX YC108UsIX, Mpo8edeHbl celicMu-
4eckue HabnodeHus1 8 Heanybokux ckeaxuHax memodom NSCW — near-surface cross well testing. O6pabomanbI nonesbie celicMu4ecKue 3anucu.
OnpedeneHbl KUHeMamu4eckue u QuHamMuyveckue napamempsi MPodosIbHOU U Pa3HOMOJISIPU308aHHbIX MonepeYHbIXx 80JsIH. [locmpoeHbl u npouHme-
prnpemupoeaHbi MOHKOC/IouCcMbie 00HOMePHbIe MOOesu husuyecKkux ceolicme cpedbl Ha OCHoge HeJluUHelHOU meopuu 3/1acmoouUHaMUuKuU.

Pe3ynbmamsi. OnpedeneHo, Ymo cpeda ¢ 8bICOKOMOPUCMbIMU, 8000HaChIWeEeHHbIMU MOPodaMu U aHOMaslbHO 8bICOKUM riacmoebiM daesie-
HueM uMeem aHOMaslbHO HU3KOe 3HayeHue ckopocmel u epadueHma yeesnu4yeHusi ux c anay6uHol. lfpu noemopHom usyyeHuu amoli cpedsbl, nocrne
nocmpoeHusi mam ay6okux ceali MoslyYeHbl 3a8bluieHHbIe 3Ha4YeHus1 celicMUuYecKux ckopocmeli, 4Ymo o6 bsICHsIemMCcsl yMeHbWeHUeM 8 pa3pese aHo-
MaJslbHO 8bICOKO20 1/1acmoego20 JasJsieHuUsi U, CoOomeemcmeeHHo, nopucmocmu nopod rnocsie MoHmMaxa cead. llpu yeenuvyeHuu nycmomHocmu e
HeHacbIWeHHbIX 2aJle4YHbIX Nopodax, Npu pac4émax no cmaHoapmHol MemoOduKe NnoJly4eHo ompuyamesibHoe 3Ha4YeHue ko3gguyuenma lyaccoHa.
IMpu u3y4eHuu ckopocmel nonepeYHbIX 80JIH 8bisieJIeHa celicMu4YecKasi aHU30mponusl, cesi3aHHasl ¢ HarpaeJsieHUeM ynakoeku 3épeH nopod. M3meHe-
Hue ceolicme nopod c anybuHol umeem 60s1ee MecHyH c8513b C Yacmomamu 80JIH, YeM C UX amriumyoamu.

Hay4Hasi Hosu3Ha. OnpedeneHbl Modynu ynpyzaocmu 3-20 nopsidka, komopble 6os1ee yygacmeumesbHbl K U3MEHYUBOCMU HeSTUHeUHbIX yrpyaux
ceolicme nopod cpedbl, YeM MOOysu 2-20 nopsioka. 3HayeHusi kKoaghgpuyueHma lyaccoHa Onss 0OHUX U mMex )Xe Nopod, HaxoOsUWUXCS1 8 Pa3HbIX
ycnoeusix 20pHO20 GaesieHusi, nepec4umaHbl 01151 ycroeuli 3a0aHHO20 OaeJsieHusI Ha OCHOge HekJlaccu4eckoli meopuu deghopmayuu.

lMpakmuyeckas 3Ha4umocme. [lony4eHHbIe pe3yibmamel MO2ym MPUMEHSIMCs On1s1 uccriedogaHusi cped, xapaKmepu3yruyUuXcsi C/I0KHbIMU cel-
CMo2eos102u4ecKuUMU 2uGpPOoOUHaMUYeCcKUMU yC/I08UsIMU U NpedcmaesieHHbIMU 2/TUHUCMO-ec4YaHbIMU nopodamu ebICOKoU mopucmocmu u 8odo-
HacblueHusl.

Knrouyeenie croea: npunosepxHocmHasi CKeaxKuHa, 0aeJieHue, rnonepe4Hasl 80JIHa, celicMu4eckasi ckopocmb, MOOysb yrpy2o0cmu, aHU30Mmpo-
nusi, HacblWeHue, MoaaoujeHue.
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AHANI3 AKYCTUYHUX BNIACTUBOCTEM NOPIA-KONMEKTOPIB PYHOBLYMHCBLKOI NIOLLI
HA OCHOBI NETPO®I3NYHUX QOCNIAXEHDb ¥ PI3HUX BAPUYHUX YMOBAX

(PexomeHdoeaHO 4YrieHOM pedaKuyiliHol Kosiezii 0-pom 2eos. Hayk, npogb. M.I. Opnrokom)

lpedcmaeneHo pe3ynsmamu nempoakycmuYyHux 0ocslidxeHb 68 3pa3skie kepHa nopid ceepdnoeuHu Ne 110 PyHoswuHcbKOI iowi
AHinpoeckko-foHeuybkoi 3anaduru (443) Ykpaitu. [JocnidxeHHsi wweudkocmeli No3008)KHIX X8UJIb 3pa3Kie BUKOHAHO 8 Pi3HUX 6apUYHUX
yMoeax 3a dornomo2oro ycmaHogok: "KepH-4" i sucokoz2o mucky BCL|-1000. [[poeedeHo aHani3 ompumaHux 0aHUX i po3paxoeaHo rac-
moei 3Ha4eHHs1 weudKkocmeli M03008XKHIiX XeuJlb.

Po3sansinymo xapakmep 3MiHuU wieudkocmeti Mo3008XXHiX i nonepe4yHux xeusnb Ons1i ammocghepHUX yMo8 suMiprosaHHs. [Toka3saHo,
wo nepesaxHa KinbKicmb Hacu4eHuUXx MiHepasizoeaHor 8000l0 3pa3kie Maromb weudkicmb Mo300exHboi xeusi 3200-3500 m/c (Ons
cyxux 3pa3kie — 2100-2550 m/c), a weudkicmb nonepeYyHoi xeusi Ons1 Hacu4eHux 3pa3skie — 2100-2550 m/c (Ans cyxux — 1400-1500 m/c).

Ans konekuii 3pa3kie, Wo eumipsiHa 8 ammMocghepHUX YMOBaXx, yCMaHOB/IEHO KOpessiyiliHy 3anexHicmb weudkocmel no3006xKHix
Xeusb 8id iXHbOI 2ycmuHU 3 MICHOIO Kopestsyicto.

HocnidxeHo kopensyiliHi 38 '13ku weudkocmell NPYXHUX XeUsIb 8i0 8i0KpUMOI Nopucmocmi HacuU4yeHuUXx 3pa3kKie. YcmaHoeseHo 3a-
nexxHocmi V, = f(K,) 3 sucokum koepiyicHmom kopensyii 051 mpbox okpemux 8ubipok 0OHOMUIMHUX 3a CKI1adoM MiCKosUKie.

Mpu aHani3i pesynsmamie akycmu4Hux AocidxeHb 8 yMosax 3MiHHUX muckie 0nsi Ginbwiocmi 3pa3kie 3 docnidxeHux iHmepeanie
asmopamMu ompumaHO maki 3akoHoMipHocmi. 3Ha4eHHs1 weudkocmi No30068XXHLOI Xeurti, W0 eUMIPSIHIi 8 amMocghepHUX yMogax, 3aexou
MeHwi 3a maki 3Ha4YeHHsl, OmpuMaHi nicss 3HAMms Harnpyeu; rnpome iHOGi criocmepizarombcsi docume 8i04ymHi KofueaHHs1 8 iXHil
Pi3HUYi, WO MOXHa MOSICHUMU Pi3KUM (Moxueo, cmpubkonodibHUM) 3aKkpummsM MiKpompiwuH y nopodi npu 36insweHHi mucky ma
IXHiM yroeinbHeHUM Po3KPUMMSM YU HEPO3KPUMMSIM NpuU lio20 3MeHWeHHI. Hali6inbw koHmpacmui 3MiHu e noeediHyi weudkocmel
no3006XHbOI xeusi xapakmepHi 0ns1 okpemux 3pa3kie (Ne 27, 48, 50, 53/1), wio, weudwe 3a ece, MOSICHIOEMbLCS XapaKmepoM cmpyKkmypu

MycmomHo20 npocmopy & rnopodax, MoXJ1ueo 36i/bUIeHO KirlbKicmto MiKpompiuyuH MopieHsAHO 3 iHWUMU 3pa3KaMmu.

Ha ocHoei anpiopHux 0aHux i 3a pe3ynbmamamu 0oclidxeHb 3pa3Kie 3a 3MiHHUX MUCKie asmopamu po3paxoeaHo 3Ha4YeHHs weuo-
Kocmeli N03008XHiX XeuJslb Y MyIacmoeux yMmoeax, npoeedeHo ixHili mopieHsIbHUL aHani3 i3 weudkocmsiMu, xapakmepHuUMuU Ossi nopio
8 ammMocghepHux ymoeax, nobydoeaHo micHy (R? = 0,85) kopensiyiliHy 3anexHicme 0ocidxeHux napamempis.

Knroyoei cnnoea: nempoakycmuyHi AocioeHHs, yMoeu 3MiHHUX muckie, PyHosuuHcbKa niouja.

Y 3B'A3Ky 3i 30iNbLUEHHAM MMOUH AOCHiMKEHb, TEMNepa-
Typ i TUCKIB B iHTEpBanax NoLUyKy Ta po3Bigku cknagHo noody-
[0BaHUX Nopig-KoNeKTopiB, HAsBHUIA KOMMNIIEKC reodi3anyHmX
JOcCrifXXeHb He 3aBXaW ae HafilHi pesynbTatu npu iHTepn-
peTtauil gaHux. MigBULLEHHS edPEKTUBHOCTI Taknx reoqiany-
HUX JocrnigKeHb MoXe ByTn JOCATHYTO 3a paxyHOK LLUIMPOKOTO
3aryyeHHs1 KOMMIEKCHMX NabopaTopHUX NeTpodi3nyYHUX Jo-
cnigpkeHb. MNpu nowykax i po3Biaui nepcnekTuBHUX y HagTo-
ra3oBOMy BIiOHOLWIEHHI O6'eKTiB 3aBXOM akTyanbHUM €
nposeaeHHs pobiT y neTpodianyHnx nabopaTopisx, ae disu-
YHi BMacTMBOCTI 3pas3KiB Mopig BUBYAOTLCA B aTtMOChepHUX
yMOBaXx i B yMOBaXx, LLO MOAESIOTb NacToBi.

CtaH npo6nemu. lMeTpocpisnyHi gocnigXeHHa ocapo-
BMX MOpia y MMacToBUX ymMoBax € NiArPyHTAM Ons ckna-
OaHHA NeTpomi3nyHMX Mogernen reonoriyHnx pospisie, AKi
HabaraTo NoLUMPIOTL MOXITMBOCTI MOLLYKIB KOPUCHUX Kona-
NWH, 3okpema HadTu i rasy. lNeBHe micue cepen i3nyHNX
XapakTepucTUK reornoriYyHnX nopig CTaHOBNATb NPYXHi na-
pameTpu ripCbKnx nopia i AaHi iXHbOro AOCNIAKEHHA 3a BU-
COKMX TUCKIB i TemnepaTyp. MoaibHa iHdopmauis cboroaHi
BenbMM obmexeHa i He cuctemaTmnsoBaHa (KopumH, 2010).

JocnigXeHHsaM BNNvMBY TUCKY Ha LUBWUAKICTb MPYXKHUX
XxBunb y nopogi 3anmanucst M. Adelinet, F. Birch, Chi-Yuen
Wang, D.W. Durney, Y. Gueguen, D.H. Johnston, K. Klima,
T. Lokajicek, Z. Pros, G. Simmons, T. Todd, M.N. Toksoz,
L. Vernik, K. Vozoff, G.Yu, M. ABusH, |.M. BespogHa,
€.b. Npuropees, H.B. JoptmaH, €.9.Xyk, B.C.Xykos,
0O.B. Iceniagse, J1.B. KoHbkoBa, B.A. KopuuH, O.A. MaTBee-
Hko, J1.I. Opnos, I'.T. Mpoganeoaa, A.E. Pwxos, 3.B. Cte-
daHkesuy, B.I". TonopkoB Ta iH. PesynbTtatn gocnigxeHb
cBig4aTh Npo Te, Lo BMMB 6apnyHMX YMOB Ha §i3unyHi, 30-
Kpema aKkyCTU4Hi BNacTMBOCTI nopig Moxe 6yTun 4oCUTb 3Ha-
YHUM i HeogHopigHUM (Kern, 2001).

3HauHi 3MiHW LWIBWAKOCTEN NPYXHUX XBUIb HU3bKOMOPK-
CTMX nopig BiabyBalOTbCs Ha nepLunx eTanax CTUCHEHHS
(100-200 MMa) i noB'A3aHi BOHM i3 3aKPUTTAM MIKPOTPILLMH,
TOHKMX MYCTOT Ha KOHTAKTax 3epeH i HambinbLl HeCTIMKnx
nycToT, WO Bede [0 3aranbHoro 3poCTaHHA MiLHOCTI

nopoau. Mpuyomy Ons HU3bKMX TUCKIB LUBUAKICTb NO3O0BX-
HbOT XBUIi B HACUYEHMX 3pa3kax BinbLua, HiX Y Cyxmx Ha 20—
30 % (Pros, 1991). Ong Ginblmx 3Ha4eHb TUCKY 3MiHU LUBK-
[OKOCTi NO3A0BXHBOI XBUIi MEHLL CYTTEBI 11 MOB'sI3aHi 3 yLLi-
NbHEHHAM NOPOAMN Ta KOHTAKTIB MiX 3epHamMu MiHepanis, a
TaKOX MNPOAOBXEHHSAM 3aKpUTTst MikpoTpiwmH. Mpu 3poc-
TaHHi TUCKYy Big aTtmocdepHoro go 400 MlMa weuAakicTb
P-xBuni y WinbHUX nopogax, Hanpuknag y rpaxiti (Pros,
1998), moxe 3pocTn Ha 24 %. 3aTyxaHHs NPYXHUX XBUMb
nig BAAIMBOM TUCKY 3HAYHOKO MIpOI0 3anexuTb Big TNy no-
poaw, ii MOPUCTOCTI Ta TPILLMHYBATOCTI, a ANs CyXuxX nopig
(mickoBMKKM | BanHsIKM) — BULLE, HiK AN BOOAOHACUMYEHMX
(Johnston, 1980).

3HayeHHs, OTpMMaHi Ansi 3pocTalyoro TUCKy, 3a3Buyan
BiOpI3HAOTBCA Bi OTPUMaAHUX ANS CNafakyoro TUCKY ye-
pe3 MPUCYTHICTb HE3BOPOTHUX AedopMalin y 3paskax no-
pia. Kpim Toro, gaHi ans Tuckis Buwe 3a 500-600 Mlla
MOXHa anpokcumyBaTW nNiHINHOW 3anexHicTio (Buxsea,
2017; barok,1982).

BnnuB TUCKy Ha iHTepBanbHUI 4ac npobiry npyxHoi
XBWUNi Mae Takun xapakrep. HanmeHwe 3MiHIOETbCS 115 HK-
3bKOMOpPUCTUX Nopig, Hanbinbwe (6nnssko 40-50 %) — ans
BMCOKOMOPUCTMX i CnabKo3ueMeHTOBaHWX nopid, niaBu-
LLIEeHHs1 BCEBIYHOrO CTUCKaHHSI MPU3BOAUTL A0 MOMiNLWEHHS
aKyCTMYHOrO KOHTAaKTy MK OKpeMuMMu 3epHamu, i, Bigno-
BiHO, 0O Pi3KOr0 3MEHLLEHHA Yacy NPOXOMXKEHHS aKyCTWu-
Hux xsBunb (Opros, 1981).

B YkpaiHi nutaHHsa BnnvBy TepMobapu4HNX yMmoB Ha ne-
TPOWi3nNYHI BNacTMBOCTI FipCbKMX Nopig i 4OCAIOKEHHSA no-
pid-KonekTopiB B yMoBaX, LWO MOAEnTb MNnacTosi,
BMBYEHO HEOCTaTHbO, OCHOBHI AOCHIMKEHHS Y LIbOMY Ha-
npsimi npeactaeneHi po6otamu |.M. bespoaHoi Ta C.A. Bu-
XBW (BNMB TUCKY Ha aKyCTWU4YHI Ta €NeKTpu4YHi napameTpu
ripcbkmx nopia) (be3podHa, 2014; Buxsa, 2017), C.00. de-
JopvwnHa (BNAMBY TUCKY | TeMnepaTypu Ha EneKkTponpo-
BiOHICTb  CKNaaHoO nobygoBaHux nopia-konekTopis)
(®edopuwiuH, 2014), B.B. Pabyxu (BB TUCKY, LLO Moae-
MNE NnacToBWA, Ha eneKkTpUYHi BNacTUBOCTI  Mopia)

© bespopgHa l., Buxsa C., 2019
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(Psabyxa, 2007), B.IN. Kobonesa ta O.FO. KopumHa (Bnnus
TepmobapryHMX YMOB Ha KpucTaniyHi ripceki nopoam) (Kop-
4uH, 2010). OgHak BUBYEHHA NETPOi3NYHMX BMACTUBOCTEN
nopia-KoNekTopiB B yMOBax, WO MOAEMTb NNacToBi, Y
uux poboTax 3a3Buyan 0bMeXyeTbCs AOCHIAKEHHAM NUTO-
MOrO €MeKTPUYHOro OMopy Ta LBWUAKOCTEN NPobiry Npy>XHUX
XBWIb, a 3B'A30K (Pi3NYHUX NapamMeTpiB 3 dinbTpauiiHO-eM-
HiICHMMMW BUBYEHUIN HEOOCTaTHBO.

MeTa gaHoi poboTu — y3aranbHEHHST aKyCTUYHUX Brac-
TMBOCTEN nopia-konekropis PyHoBLmHCbKOI nnowwi (Cs) B pi-
3HMX 6apuyHMX ymoBax: Big aTMOCHEpPHOro 4O TUCKY, AKUIA
BiAMNOBiAae yMoBaM 3andaraHHs nopig y cBepasioBUHI.

PyHOBLUMHCbKa NnoLLa HanexuTb 40 NepcrnekTuBHoI by-
ANLWNHCBKO-YYTIBCbKOI AiNsHKW, O po3TalloBaHa B Mpuo-
CbOBIN 30Hi [JHINpoBCbKO-[JOHELIbKOI 3anagmHn 3 TOBLLMHOK
ocagosoro komnnekcy 9-11 km. [insiHka siBnsie co6oto aianip
i HaNeXxuTb OO0 TEPUTOPIN 3 aKTUBHWM CONSIHUM TEKTOreHe-
30M. 3a Bigknagamm HUXHBOTO i cepeaHbLOro kapboHy PyHo-
BLUMHCBKE NIOHATTS ABNS€ coOOol By3bKy GpaxiaHTuKMiHanNb
CybLIMPOTHOrO NpocTsraHHs. Ha PyHOBLUMHCBKIV NOLLi Bigk-
pvTO TpM poAdoBKLLa (OBa ra3oBi Ta ogHe HadToBe).

ABTOpamMu NpoBeAEeHO OOCNIOXKEHHS LUBMAKOCTEWN MO3-
OOBXHiX XBWUIb Konekuii i3 68 3paskiB PyHOBLUMHCLKOT NIIOLL
(iHTepsanu 3145-3158 m, 3217,2-3228,15m, 3261,5—
3283 M, 3313-3315 m cBepanosuHm Ne 110). Po6oTtn BrKo-
HaHO B MeXax rocrnaoroBipHOi TeMaTUKM B NeTpodi3nyHin
nabopatopii HHI "IHcTuTyT reonorii" Kniscbkoro HauioHanb-
HOro yHiBepcuTeTy imeHi Tapaca LLleBueHka Ha 3amMOBEHHsI
AN "HaykaHadToras Ykpainu".

3pasku, Lo JochimKyBanucs, NpeacTaBreHi NickoBrkamm
BigAiny BepxHboro kap6oHy (Cs) ceiTno-cipumu 3i cnabkum
3eMneHyBaTUM BIATIHKOM, CepefHbO- i KPYMHO3EPHUCTUMM,
ONiroMiKTOBUMMU, i3 rMUHUCTUM Be3kapboHaTHUM LIEMEHTOM i
BKpanneHoto Byrnedikauieto, 04HOPIAHOI HellapyBaToi TeKc-
Typu. Cknag MiCKOBMKIB 38 OCHOBHUMW KOMMOHEHTamu Ba-
pitoe Big OMIrOMIKTOBOro [0 apKO30-TpayBakoBOro 3a
HasBHOCTI Ginblwe 10 % TepureHHux ynamkis nopig. Cyasum
i3 dhopMM Ta xapakTepy Ccknagy ynamkis, NepeHeceHHs Tepu-
reHHOro marepiany BigbyBanocs Ha He3HayHy BiACTaHb.
Mopoawn yTBOPMNUCS 3a paxyHoOK pyiHyBaHHA Ta nepesigkna-
OeHHs1 maTepiany paHiw copMOBaHOi TepUreHHo-0cagoBoil
TOBLLj, A0 cKnaay sIKoi BXOAMIWN ONiroMiKTOBI MiICKOBUKM Ha Ka-
ONIHITOBOMY LIEeMEHTi, O YTBOPUNNCA B NpoLeCi nepemu-
BaHHA Kip BMBITPIOBAHHA KpUCTaniyHWX nopigd, apriniTis,
aneBponiTiB, KPEMEHUCTUX Ta edpy3mBHMX nopig. Cknag ue-
MEHTY NepPeBaXHO IMWUHWUCTWIA, NOAEKYAN CrHOAUCTO-TIUHUC-
TN,  DIKCYETbCA  TaKoX  enemMeHT  BUNYroByBaHHS
KaoniHiTOBOro LieMeHTy Ta MonboBUX LIMaTiB i3 hopmyBaH-
HSIM NMOPOXXHWH BUITYrOBYBaHHS, sIKi Ni3HiLLe NOBHICTIO abo Ya-
CTKOBO 3aroBHIOTLCS KanbLUTOM, AOSIOMITOM, aHrigpuToM
Ta rincom (Buxea C.A. ma iH., 2014).

MeTtoauka pocnigxeHb LLIBUAOKOCTI NOLWMPEHHST NpyX-
HWX XBWUMb BU3HAYanucs i3 3aCToCyBaHHAM iMMyrbCHO-(ba-
30BOrO yNbTPa3BYKOBOro MeToAy 3a AOMOMOrol undpoBoi
yctaHoBku "KepH-4", aky cTBopeHo B KniBCbKOMY HauioHa-
NbHOMY YyHiBepcuTeTi iMeHi Tapaca LeB4yeHka. Y npoueci
NpoBeAEeHHS! yNbTPa3ByKOBUX BUMiploBaHb (ha3oBuUX LLUBUA-
KocTew Gpanucsa o yearu audpakuinHi edbektu, siki obymo-

npunMmadis ynbTPasByKOBUX XBUIMb Ta aHi3OTPONIED ripchb-
Kvx nopia. Ansa ekcnepMMeHTanbHux neTpodisanyHux gocni-
KEeHb Yy Ppi3HUX GapuyHMX yMOBax BMKOPUCTOBYBanacb
ycTaHoBKa Bucokoro Trcky BCLI-1000, sky 6yno cKoHCTpy-
nosaHo Takox y HHI "lHctutyT reonorii" (Buxea, 2014).
YcTaHoBKa Jae MOXMMBICTb 3a 3MiHWM Tucky Big 1 MlMNa go
1000 MIa BumiptoBaTU LWBUAKOCTI NPYXHUX XBUITb Ta enek-
TPUYHMI Oonip HacuyeHnx 3paskis. [JocnigkeHHs BUKOHYBa-
nuce npu 36inbleHHi Tueky Big 0,1 go 120-400 MMa
(3anexHo Big BMGIpKM 3pa3kiB, sika BUAINEHa Ha OCHOBI rMu-
O6uHM 3angaraHHa nopig) i3 kpokom 10-50 MIMa Ta 3a 3Bopo-
THOTO 3MEHLLEHHS TUCKY 10 aTMOCHEPHMX YMOB.

Pe3ynbTaTtu J1abopaTopHi OCMgKEHHS aKyCTUYHMX Ma-
pameTpiB y pi3HUX BGapuyHMX yMOBax A03BONUMN BU3HAYUTU
HM3KY 3aKOHOMIPHOCTEWN, SiKi XapaKTepuaytoTb BUBYEHI Nopoau.

PesynbTatv akyCTU4HMX BUMIpOBaHb MoKasanu, Lo
3HaYeHHs LWBMAKOCTEN NO3O0BXHbOI Nonsapu3adii Anst ekcT-
paroBaHuX 3paskiB-nickoBuKiB 3MiHloBanuce Big 1889 m/c o
3224 m/c (ona HaiMeHL NOpUCTUX 3pa3KiB) 3a cepeaHboro
3Ha4veHHa 2339 m/c (Tabn. 1). 3HaYeHHs WBMAKOCTEN none-
peYHnx xBusb 3MiHtoBanocb Big 1194 m/c (ons HanbinbL
nopuctux 3paskis) o 2066 m/c 3a cepefHbOro 3Ha4eHHs
napameTpa 1492 m/c. MNpwu ubomy BiaHowWeHHs Vp/Vs 3a3BU-
Yyau 3MiHIOBanocCh y HelMpokmx mexax: 1,5-1,8.

[nsi gocnigxeHb B yMOBax CTUCHEHHS! 3pa3ki HacuyyBa-
nunca mogennto nnacrosoi Boam (po3ynH NaCl 3 miHepanisa-
uieto 170 r/n). Mpyn HaCWMYEHHi 3Ha4YeHHHA LUBUAOKOCTEN
NO3AO0BXHIX i MONepeYHMX XBUrb, @ TAKOX iXHE BiJHOLLEHHS,
30inbWMNNCSA NepeBaXXHO MPOMOPUINHO BiAKPUTIN nopuc-
TOCTI 3paskiB, y AeAKUX 3pa3kax — MEHLLOK MipOH0, 3aBOAKH,
iMOBIpHO, rMMHUCTOMY LieMeHTy. CepefiHE 3HAYEHHS LIBUA-
KOCTeN MO3A0BXHIX XBUMb 30inblunoca Oinbll HiX Ha
1000 m/c, a WBKMAOKOCTEN MONEPEYHUX XBUMb — Maxe Ha
300 m/c. HacuyeHHs 3paskis NpyMBeEno A0 3MiHU aKyCTUYHUX
BNACTMBOCTEW 3pas3KiB 3anexHo Big MiHepanbHOro cknagy
Ta CTPYKTYpKW MYCTOTHOrO MPOCTOPY (30Kpema Tunie nycTtoT
Ta iXHbOi opieHTauii). Lli BigMIHHOCTi TakoX xapaKkTepusyoTb
[OBOSi LUMPOKI MeXi 3MiH BigHoWweHHS Vp/Vs, Ske Bapitoe Bif
1,55 0o 2,31 (tabn. 1).

3a pesynbTaTamm NeTpodi3nyHMX JOCNIIKEHD 3pa3KiB, L0
Hacu4eHi Mogennio NNacToBoi BoAW, B aTMOCHEPHMX YMOBaXx
aBTOpamu NPOBEAEHO aHani3 BUMIPSIHUX 3HAYEHb LUBUAKOCTEN
no3aoexHboi (Vp) Ta nonepeyHoi (Vs) nonspusadii. Ans aHa-
nizy AaHWX NeTpoakyCTUYHWNX AOCHIgXKeHb NoByaoBaHoO ricTor-
pamMy posnofifieHHs napamMeTpiB i rpadiku  3anexHocCTi
napameTpiB Big rmMmbuHu Bigbopy 3paskis (puc. 1).

3a rictorpamamMy 3MmiHW LUBUOKOCTEN MPYXHUX XBUIb
(puc. 1) ycTaHOBMEHO, L0 NEpeBaXHa KinbKiCTb HACUYEHUX
3paskiB Mae LWBUAKICTb MO3AOBXHBLOI XBWMI B iHTepBani
3200-3500 m/c (cyxi — 2100-2550 m/c), a WwBMAKICTL none-
peuHoi xBuni — 2100-2550 m/c (cyxi — 1400-1500 m/c). Tic-
Torpamn Vp Ta Vs mawTb HabnmxeHO HoOpManbHUN
po3nogin, LWo roBopuTb NPO BiAHOCHO OOHOTUMHUIA MiHepa-
NbHWI CKNag po3rnaHyTUX Nopig.

ABTOpaMu Ans HacuM4eHuX 3paskiB po3paxoBaHa Kope-
NAUiNHa 3aneXHiCTb MiXK LUBUAKICTIO MO3O0BXHIX XBUIb i
06'emMHOI0 rycTUHO nopig (puc. 2).

BMEHi po3mipaMn M'€30€MNeKTPUYHNX BUNPOMIHIOBaYIB i
Ta6bnuys 1
Mexi 3MiH i cepegHi 3Ha4eHHA aKyCTUYHMX NapaMeTpiB NiCKOBUKIB BEPXHbOro Kap6oHy
3HaueHHs napameTpa EkcTparoBaHi 3pa3ku 3pas3ku, HacCuYeHi Mogennio NacToBoi Bogu
V,, Mlc Vs, Mlc V,/Vs V,, mlc Vs, Mlc V,/Vs
CepegHe 2339 1492 1,57 3366 1786 1,8
MiHimanbHe 1889 1194 1,47 2918 1353 1,55
MakcumanbHe 3224 2066 1,81 4596 2153 2,31
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Puc. 1. FicTorpamu po3noAiny WBUAKOCTEN NPYXKHUX XBUNb (aTMocdepHi ymoBHM)
y Hacu4yeHux 3paskax cBepanosuHu Ne 110 PyHoBIWMHCBKOI nnoLyi:
a — WBMAKICTb NO300BXHLOI XBUMi; 6 — LWBMAKICTE NONepeYvHoi xBuni

2300 2350 2400 2450

2500 2550 2600 2650

- )
I yCTiiHa, Kriivi®

Puc. 2. 3miHa WBUAKOCTI NO3A0BXHbLOI XBUIi Hacu4YeHuXx 3paskiB cBepanoBuHu Ne 110
PYHOBLUMHCBLKOI NIOLLi 3afeXHO Big ryCTUHU

Mpw aHanisi 3anexxHocTen WBMAKOCTEN NO3A0BXHIX i No-
nepeyHnx XBunb 3paskiB Big koediuieHTa BigkpuToi nopuc-
TOCTi aBTOpaMu He BCTAHOBMEHO HaAiMHOI 3aneXHOCTi Ans
Bciel BUOipkM 3paskiB. Lle NosICHIOETLCS, MOXIMBO, Pi3HUM
TUNOM MYCTOTHOrO NPOCTOPY 3paskiB. Binblu CTiNKi 3anex-
HocTi Vp = f(Kn) oTpumaHi ans Tpbox okpemmx BnOipok oa-
HOTUMHUX 3a ckrnagoMm nickoBukiB  (puc. 3). Crinka
3anexHiCTb ANs LWBUOKOCTEN NONepeyHnx Xsunnb aBTopamm
6yna oTpumana Tinbku ans sBubipkn Ne 3. Lle noscHoeTbea
aBTOPaMMn TUM, LLIO LUIBUAKOCTI NONepeYHUX XBuib OinbLu Yyy-
TNUBI 4O HEKOHTPOSTbOBAHMX 3MiH CTPYKTYPUM Nopoau, ki Bi-
O0yBaloTbCsl 3@ HACUYEHHS.

OTpumaHi B3aEMO3B'A3KM  ANPOKCUMYOTbCS  34e0inb-
LIOro MNiHIMHUMWN (PYHKUISMK 3 OOBOSI TICHOK Kopensuieto
(puc. 3). Y nopganblioMy aBTOpamuy NNaHyeTbCS BUBYEHHS
CTPYKTYpU MYCTOTHOTO MPOCTOPY 3pas3kiB CBepAiOBUHU
came 3a UMK Tpboma Bubipkamu.

Ha ycTaHOoBLi BMCOKOro TUCKY NMPOBOAUIIOCH BUBYEHHS
TiNbKW LUBUAKOCTEN MNO3O0BXHIX XBUIb HACUYEHMX 3pa3KiB.

Maike onsa BCix 3paskiB 3 nMpeAcTaBneHnx iHTepsanis
ceepanosuHn Ne 110 cnocTepiranocsa nocTynoBe 3poc-
TaHHSA LWBMOKOCTI MO3[0BXHbOI XBUNi 3i 30iNbLUEHHAM TUCKY
10 MOro MakCMMarbHOro 3Ha4YEeHHS, a NOTIM 3MEHLLEHHS Be-
N4YnHK Vp 3a BinbLU NaBHOK TPAEKTOPIED.

mWc Vi Mic
PR 4850
¥ =-86,128x +4439.8
4000 y=160.,99x +6286.3 4000 R*=0.68
R2= 0,96
3500 3500
3000 3000
y =7519,1x 032
2500 2600 R*=0.72
6.0 11.0 4,0 9.0 14,0 19,0 24.0
a 6
5000
Vp, mlc Vs, mic
4000
3000 y=-142.71)(+5105.2
= R#=073
> 2000
1000
y =-42,402x +1993,3
0 R2= 041
50 7.0 9.0 1.0 o5 13.0 15,0 17.0 19,0

B
Puc. 3. 3anexHicTb WBUAKOCTEN NOWMNPEHHS NPYXHUX XBUMb Bif NOPUCTOCTI
ana Bubipok Ne 1 (a), 2 (6), 3 (B) Hacu4eHux NickoBUKIB
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LLiBnakocCTi No3a0BXHBOI XBWAI, WO BUMIPSIHI 3@ aTMoC-
depHoro Tucky (Vparm), ANs iHTepBany rnnbuH 3145-
3158 m ceepanoBuHn Ne 110 3MiHIOIOTLCS Y AOCUTb LUNPO-
KoMy AianasoHi Big make 3000 m/c go 4600 m/c (npuknag
Ha puc. 4, a), WO € AOCUTb iICTOTHOK BENMYMHOK AN iHTep-
Bany He3Ha4yHoI MNOTY>XHOCTI.

MakcumanbHi 3HaveHHs (Vp wax), LLO BiANOBigalTb yMOBaM
HaMBWLLIOTO TUCKY, 3MIHIOIOTECSI MEHLL CYTTEBO i KONMBaOTHLCS
y mexax 4000—4950 m/c. liana3oH 3MiHN Vp max Maibke BABIYi
MEHLLWI, HPK ANS yMOB aTMOCHEpPHOro TUCKY. ICTOTHO 3MiHIo-
HOTbCSI MOPIBHAHO 3i LUBUAKOCTAMM Vpamm i iXHI 3Ha4YEHHS nicns
LUMKIy "HaBaHTaXXEHHsI-po3BaHTaxkeHHs" — Big 3400 m/c go
4650 m/c. HanbinbLu KOHTpPACTHI 3MiHM B NoBefiHLj LWBWOKOC-
Ten No340BXHbLOI XBUNI criocTepiranvcsa ans 3paskis Ne 25, 27,
28 (iHTepBan 3274,2-3274,7 m), ae amnnityaa 36inbLieHHs Vp
konmeaeTbea Big 700 go mamke 1100 m/c, Wwo, wewmalle 3a Bce,
NOSICHIOETLCS XapaKTEPOM 3aKpUTTS MIKPOTPILLMH Y nopogi Mo-
XMUBO BiNbLLUOK KIMbKICTIO TPILLMH MOPIBHAHO 3 iHLWMMK 3pas-
Kamu LbOro iHTepBany.

B iHTepBani rmubuH 3217-3228 m noBefiHka NO340BX-
HiX LUBUOKOCTEN NMPY>XHUX XBUIb (puc. 4, ©) Oinbw BUTPU-
MaHa (kpim 3paskie Ne 48, 50 Ta 53/1), Hix y nonepegHboMy
iHTepBani, Xo4 3HayeHHA Vparm KOMMBAKTLCHA Y Mexax
27004050 m/c. lMepenag 3HavyeHb Vpamm CTaHOBUTL
1350 M/c, WO 3Ha4yHO MeHLWe 3a nonepegHii iHTepsan.
BinblW NNaBHO 3MIHIOTLCA MaKCMMarbHi 3Ha4YeHHsT XBUII
NO3A0BXHBOI Nonapm3adii 3a HanesmLoro TMcky: Big 3750 go
4550 m/c. Ak i gnNa nonepegHLOro iHTepBany cnocrepira-
€TbCS KONMMBaHHA 3Ha4YeHb Vp max MOPIBHAHO 3 Vpar: Aiana-
30H iXHbOT 3MiHM — Big 3100 go 4350 m/c. Cnig 3a3HavnTy,
WO noAibHi KONMBaHHA Y LUBMOKOCTAX MO3[A0BXHIX XBUIb
3paskiB [O3BOMAKTbL OXapakTepuayBaTu AaHui iHTepBan sk
GinbLLU BUTPMMAHMIA 32 CBOIMU TEKCTYPHO-CTPYKTYPHUM OCO-
6nmBOCTSAM. YCi Lii 03HaKM He CTOCYHTbLCS TPbOX 3paskiB Aa-
Horo iHTepBany (3pasku Ne 48, 50 ta 53/1). Weuakicte
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NO340BXHBOT XBWUMi B HUX 3a HEBENWKOro CTUCHeHHSA (0,1—
100 Mlla) 3Ha4YHO 3MEHLLYETBLCS, CKOPILL 3a BCE 3a paxyHOK
MOPYLUEHHS KPUXKMX MiHepaniB i 36inbLUeHHst NOpUCTOCTI, a
3a NoAanbLIOro CTUCKaHHSA — WBMAKO 36inbLyeTbes 4o no-
YaTKOBUX 3Ha4eHb Vparm 3@ paxyHOK 3aKpUTTA MIKpOTpi-
wimH.lWewnakocTi Vp arm 4NA iHTepBany rmnbuH 3261-3314 m
ceepanosuHn Ne 110 3miHoloTbes Big 3250 m/c oo maixke
4400 m/c, amnniTyga ixHboi 3MiHu ctaHoBuTb 1150 m/c. Lle
€ 3HAYHO MEHLUUM, HiX y nonepeaHix 4BOX PO3rNsHYTUX iH-
Tepsanax (puc. 4, B). Okpemo BuainseTsca 3pasok Ne 110,
3Ha4yeHHs1 Vp B KoMy € Habarato MeHLMM (3MIHIETLCA Bif
2617 m/c go 3052 m/c), Wo NposiBMIIOCH, BiporigHo, 3a paxy-
HOK TITONOTYHMX i CTPYKTYPHO-TEKCTYPHUX OCOGNMBOCTEN
(36inbLUeHHs y cknagi MiCKOBWKY KiMbKOCTi FMMHUCTOrO Ta
cnogucTtoro MaTtepiany, 36arayeHHst ofgHOHanpaBneHNMu
nyckatuMmu 3epHamMmu nogosxeHoi dopmu).

B3aranom, 3a CBOIMM MPYXHMMUK NapameTpamu nopoau
iHTepBany 6inbL BUTPUMaHI N XapakTepu3ylTbCs O0BOMi
NNaBHOK 3MiHOW Vp Mpu 306iMblIEHHI TUCKY Ta B yMOBaX
3HATTA Hanpyry. [liana3oH KonmBaHHSA Vp max 3@ BUCOKUX TU-
ckiB ctaHoBuTb 3750—-4750 m/c, a npu 3HATTI Hanpyrn —
3450-4350 m/c. 3paskiB nopig 3 piskMmMu 3MiHaMu LLIBUOKO-
CTeln NO3O0BXHIiX XBUIMb Ha BIAMIHY Big nonepefHix iHTepsa-
niB He BUSIBMNEHO.

Ha ocHoBI anpiopHVXx JaHKX aBTopaMn po3paxoBaHO TeM-
nepatypa i TUCK, LLO NPUCYTHI Ha rMmbuHax BinGopy 3paskis
ceepanosvHm Ne 110. 3a uummn gaHnMmn Ta 3a pesynbTatamm
JocnigxeHb 3paskiB y pisHux 6apuyHMX ymMmoBax po3paxoBaHo
3HayYeHHs LBmAkocTen y nnactoBux ymosax (Vpnn). MNpoBe-
[EHO MOPIBHANBHUA aHani3 LWBMAKOCTEN MO3A0BXHIX XBWIb,
XapakTepHux ans nopig B atmocepHux (Vp am) | MNactoBux
ymoBax (Vp nn), NoByaosaHo TicHy (R? = 0,85) kopensiuiiHy 3a-
NEeXHICTb po3paxoBaHWX napameTpis (puc. 5).
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Puc. 4. Mpuknaau 3amiHm WBNAKOCTEN NO3QOBXHIX XBUNb BUGiIpKM 3pa3kiB-nickoBuUKiB cBepanoBuHu Ne 110
B YMOBaX KamMepu BUCOKOro TUCKy AnA 3pa3kKiB iHTepBaniB:
a — 3pasku Ne 27 ta 38 (iHTepBan 3145-3158 m);
6 — 3pasku Ne 58 ta 70 (iHTepsan 3217-3228 m); B — 3pa3ku Ne 93 ta 110 (iHTepsan 3261-3314 m)

OTpumaHi pesynbTatn MOXyTb OyTW BuMKOpWUCTaHi ANs
MaTeMaTUYHOTO MOAENOBAHHA LUBUAKOCTEN MO3[0BXHIX
XBUIb Ta iXHiX 3anexHOCTen BiA NOPUCTOCTI Ta ryCTUHU NO-

pig, xapakTepHux Anst nopia B ymoBax NpUpOAHOro 3ans-
raHHs, iHTepnpeTauii 4aHuMx reodisanyHMX OOCriaXeHb CBe-
POJTOBVH TOLLLO.
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BucHoBkM Takum 4YMHOM, aBTOpamMu 3a JOMOMOroK Y-
TaHoBokK "KepH-4" Ta Bucokoro Tucky BCLI-1000 BuMKkOHaHO
OOCHNIMXXEHHS LIBUOKOCTEN NO300BXHIX XBUIMb 3paskiB nopig
ceepanoBrHn Ne 110 PyHOBLUMHCBKOT nnouli, npoBegeHo
aHania oTpMMaHuX OaHuX | po3paxoBaHO MNNacToBi 3Ha-
YeHHS1 LLIBUOKOCTEN MO3O0BXHIX XBUITb 3 METOW aganTauii

naHux nabopaTopHMX NeTpodi3anyHUX JOCNigKEHb OO Nna-
CTOBUX YMOB.

3a pesynbTatamm neTpodisniHUX JOCTiAXEHb B aTMOC-
depHMX ymoBax 6yro BuaineHo Tpy BUBIpKM Nopia-nickoBu-
KiB, ANs SIKMX Oyrno OTPUMaHO TiCHi KOPENSALIVHI 3aneXHOCTi
LWIBUAKOCTEN MPYXHUX (MEpEBaXXHO MO3[O0BXHIX) XBUIb Big
BiAKPUTOT MoOpUCTOCTi Ta 06'EMHOT NYCTUHW.

Mpw aHanisi pe3ynbTaTtiB akyCTUYHUX 4OCAIAXEHD B YMO-
Bax 3MiHHMX TUCKIB AN GinbLIOCTi 3paskiB 3 JOCHiIAKEHMX
iHTepBariB cnocTepiracTbCsl MOCTYMNOBE 3POCTaHHS LLBWUIKO-
CTi MO3J0BXHbOI XBUMi 3i 306iNbLUEHHSIM TUCKY [0 AOro Mak-
CMMAasbHOroO 3HaYEeHHS!, 3a 3BOPOTHOIO XOA4Y — 3MEHLUEHHS
BenuuMHK Vp 3a Ginblu NNaBHOK TPaEKToOpiEto. 3HayveHHs,
IO BMMIpSHi B aTMOCHEPHNX yMOBaXx, 3aBXAM MeHLi 3a
3HAYEHHs1 LUBMOKOCTI MO340BXHbLOI XBUIi, OTpUMaHi nicns
3HATTA Hanpyru, NpoTe iHOAi CnoCcTepiralnTbCa AOCUTL Bia-
YYTHi KONMBAHHSA B iXHil Pi3HMLI, LLO MOXHA MOSICHUTK Pi3-
KM (MOXIMBO, CTpUBKOMNOAIGHNM) 3aKpPUTTSIM MiKPOTPILLMH
y nopogi 3a 36inbLUeHHst TUCKY Ta IXHbOro YNOBINbHEHE PO-
3KPUTTS UM HEPO3KPUTTS 3a MOro 3meHLeHHs. BignosigHi
3Ha4eHHs Vp max, LLO BiANOBigalOTb YMOBaM HaMBULLOMO TU-
CKY, 3MiHIOIOTbCA MEHLU CYTTEBO, iXHii AianasoH mawmxe
BABIYI MEHLUMI, HiXX ANA YMOB aTmMocdepHoro Tucky. Ham-
OinbL KOHTPACTHI 3MiHM B NOBEAIHLI LUBUAKOCTEN MO3O0BX-
HbOI XBUII XapakTepHi Anst okpemux 3paskiB (Ne 27, 48, 50,
53/1), wo, wWewnaLe 3a Bce, NOSICHIOETLCA XapakTepoM 3a-
KPUTTS MIKPOTPILLMH Y NopoAi MOXINMBO BinbLUOO KiNbKiCTHO
TPILLMH NOPIBHAHO 3 iHLLIMMM 3pa3Kamu.

Ha ocHoBi anpiopHux gaHux i 3a pesynbTatamu Aocni-
IKeHb 3paskiB 3@ 3MiHHMX TUCKIB aBTOpaMu po3paxoBaHO
3HAYEHHs1 LUBMOKOCTEN MNO3OOBXHIX XBUMb Yy MMAacToBUX
YMOBaXx, MPOBEAEHO iXHili MOPIBHANbHUIA aHani3 3i LWBUAKO-
CTAMW, XapaKTepHUMK ANS Nopia B aTMOCHEPHNX YMOBaX,
nobyaoBaHoO TiCHY KOPensAUiiHy 3anexHiCTb OTpMMaHux na-
pameTpiB (R? = 0,85).

[nsi NOBHOro po3yMiHHSA 3MiHM aKyCTUYHMX BNacTUBOC-
Te B yMOBax MpUPOLHOro 3ansiraHHsl aBTopamu nnaHy-
€TbCH BUBYEHHS IXHBbOT CTPYKTYpY MYCTOTHOrO NPOCTOpY Ta
i 3MiHM B 3pa3kax B MOBax 3MiHHMX TUCKIB ONA OKPEeMUX
TPbOX BUAINEHNX BUBIpOK nopia.
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ANALYSIS OF ACOUSTIC PROPERTIES OF RESERVOIR ROCKS FROM RUNOVSCHYNSKA FIELD
ON THE BASIS OF PETROPHYSICAL STUDIES IN VARIOUS PRESSURE CONDITIONS

The results of rock physics study of 68 core samples from well No. 110 of the Runovshchynska field of the Dnipro-Donets depression in Ukraine
are presented. Investigation of the P-waves on samples under different pressure conditions with the use of 'Kern-4' and high pressure VSC-1000 was
performed. Analysis of the obtained data and calculated reservoir values of P-waves was performed.

The character of the change in velocity of P- and S-waves for atmospheric conditions is considered. It is shown that the predominant amount of
water saturated samples has a velocity of P-waves 3200-3500 m/s (dry samples 2100-2550 m/s), and the S-wave velocity for saturated samples is
2100-2550 m/s (dry specimens 1400-1500 m/s).

For a collection of samples, which were measured in atmospheric conditions, the correlation dependence between velocities of P-waves and
their density with a close correlation was established.

Correlation dependences between elastic wave velocities and the connected porosity of saturated samples were investigated. The dependences
of type V, = f (Kp) with high correlation coefficient for three separate picks of the homotypic sandstones were established.

During the analysis of the acoustic studies results under conditions of variable pressure for the majority of samples from the studied intervals,
the authors obtained the following common factors. The values of the P-wave velocity, measured in atmospheric conditions, are always smaller than
the values obtained after the removal of the pressure; however, there are sometimes quite noticeable fluctuations in their difference, which can be
explained by a sharp (possibly hopping) closure of microcracks in the rock with increasing pressure and their delayed opening or non-disclosure
when it is reduced. The most contrasting changes in the behavior of the P-wave velocities are characteristic for several samples (Nos. 27, 48, 50,
53/1), which is most likely due to the void space structure in the rocks, possibly with an increased number of microcracks compared with other
samples.

On the basis of a priori data and the results of researches of samples at variable pressures, the authors calculated the P-wave velocities in
reservoir conditions, conducted their comparative analysis with velocities that are characteristic for samples in atmospheric conditions, built a tight
(R? = 0,85) correlation dependence of the investigated parameters.

Keywords: rock physics study, conditions of variable pressures, Runovshchynska field.
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KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHU Tapaca LLleByeHko

YHWU "UHcTutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpanHa

AHAIN3 AKYCTUYECKUX CBOUCTB NOPOA-KOJNNEKTOPOB PYHOBLUMHCbKOW NNOLLAON
HA OCHOBE NETPO®U3UYECKUX UCCITIEOOBAHUU B PA3HbLIX BAPUYECKUX YCIIOBUAX

lMpedcmaesneHbi pesynbmambl nempoakycmu4Hux uccriedosaHuli 68 o6pa3yoe kepHa nopod cksaxuHbi Ne 110 PyHosujuHckol nnowadu [He-
npoecko-fJoHeykoli enaduHbl YkpauHbl. UccnedoeaHue ckopocmel npodosibHbIX 80J1H 06pa3y0e ebINo/IHEHO NpuU nepeMeHHbIX 0agIeHusIX ¢ MoMo-
wbro ycmaHoeok: "KepH-4" u ebicokozo daeneHusi BCL-1000. [lpoeedeH aHanu3 nosy4eHHbIX OaHHbIX U paccYumaHbl Macmosebie 3Ha4yeHus
ckopocmeli NPoOOJIbHbIX 80JIH.

PaccmompeH xapakmep usMeHeHusi ckopocmeli MPodoJsibHbIX U MonepeYHbIX 80JIH 011 amMocepHbIX ycnoeull usmepeHus. lTokazaHo, ymo
nodaensirowiee Konu4yecmeo HacblueHHbIX MUHepanu3oeaHHol eodoll 06pa3yoe uMerom cKopocms nMpodosbHol eosHbl 3200-3500 m/c (Ons cyxux
obpasyoe — 2100-2550 m/c), a ckopocmb nonepe4yHoll 80JIHbI Ol HacblWeHHbIX obpa3yoe cocmaensem 2100-2550 m/c (nsi cyxux obpa3yoe —
1400-1500 m/c).

Ans konnekyuu o6pa3yos, usMepeHHbIX 8 amMOCEEPHbIX YCII08USIX, yCMaHO8JIeHa KOPPEesYUOHHas 3a8UCUMOCMb CKopocmel npodosibHbIX
80JIH OM uX MN/IOMHOCMU ¢ mecHoli Koppensayuel.

HUccnedosaHbl KoppensiyuoHHbIe cesA3U CKopocmel ynpyaux 60JIH U OMKPbIMOU Mopucmocmu HacbiujeHHbIX 06pa3yoe. YcmaHoesieHbl 3au-
cumocmu V, = f (Kn) dnst mpex omdenbHbix 8bI60pOK 0OHOMUIMHbLIX 10 COCMaegy nec4aHuKos.

IMpu aHanuse pe3ynbmamoe akycmu4eckux uccredoeaHull 8 ycrioeusix nepemMeHHbIx dasseHull Ans 6onbwuHcmea o6pa3yoe U3 uccriedoeaH-
HbIX UHMep8asioe asmopamu ycmaHoesieHbl credyroujue 3akoHoMepHocmu. 3HavyeHue Vp, u3MepeHHble 8 ammocgepHbIX ycroeusix, eceada
MeHbue cKkopocmel, KOmopble NoJly4YeHbl M0C/Ie CHAMUS HanpsikeHusl; 00HaKko UHo20a Habrodaromcsi A080JILHO oWymuMbie KosiebaHus 8 ux pa-
3HUUe, YMO MOKHO OOBLSICHUMb PE3KUM (803MOXHO, CKa4K006pa3HbIM) 3aKpbimueM MUKPOMPEWUH 8 nopode npu yeenu4eHuu daesieHus u ux 3a-
MednieHHbIM pacKkpbimueM Uslu HepacKkpbimueM npu e2o0 ymeHbweHuu. Hau6onee koHmpacmHbie u3MeHeHuUs1 8 nosedeHuU ckopocmeli MPodosIbHOU
80JIHbI XapaKmepHbI Onsi omoesibHbIx obpa3yos (Ne 27, 48, 50, 53/1), ymo, ckopee ecezo, 06 bACHAEMCS XapakKmepoM CMPYKMyphbI MyCcmoimHo20
npocmpaHcmea nopood, 803MOXHO, y8esTu4eHHbIM KOJIU4eCmeoM MUKPOMpPeW,UuH Nno cpasHeHuro ¢ OpyaumMu obpa3suamu.

Ha ocHoee anpuopHbix AaHHbIX U 10 pe3ynbmamam uccredoeaHuli o6pa3yoe npu nepeMeHHbIX 0assieHUsIX agmopamMu pacc4YumaHbl 3Ha4YeHUs1
ckopocmeli NPoAo/IbHLIX 8OJIH 8 M/1aCMOoBbIX YC/I08UsIX, MPou3eedeH UX CpasHUMEsbHbIU aHanu3 co CKOPOCMSMU, KOmopble XxapakmepHbl Ons
nopod e ammocghepHbIX yCr108UsIX, MOJly4eHa mecHasi KoppensiyuoHHasi 3asucumocms (R? = 0,85) uccnedoeaHHbIx napamempos.

Knroyeenie crniosa: nempoakycmuyeckue uccriiedoeaHusl, ycroeus nepemMeHHbIx daeneHul, PyHoewuHckas nioujaosb.
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HA®TOMA30BUMA ®AKTOP Y 30BHILWHIXA NOAITULI KPAIH TIATUHCbKOI AMEPUKM

(PexomeHAo8aHO 4YieHaMu pedakuyiliHoi koneaii 3-pom 2eorn. Hayk, npogh. B.A. Muxatisioeum i 0-pom 2eos. Hayk, npogp. C.A. Buxxeoro)

AHani3yromscsi cyyacHull cmaH i mepcriekmueu po3eumky Haghmoz2a308020 KOMIIIEKCY ma lio20 poJib ¥ 308HIiWHIU nosimuyi namu-
HoaMepuKaHCbKuUX depikae; nosimuka 3 sUKopucmaHHsi Hagpmoeux i 2a3oeux 6az2amcme siK iHCIMPYMeHM MOCUSIEHHS1 8MNJ1USY 8 Pe2ioHi,
a makox ¢byHKyioHy8aHHs1 6a2amocmopoHHiX y200 3 mocmayaHHs1 Haghmu. Po3anisidarombcsi MOXIu8ocmi peanisayii crinbHux eHepae-
muy4Hux npoekmie y JlamuHcbkil Amepudyi. HasseHicmb Haghmu i 2a3y e peeioHi 3ae0u eukopucmosyseanacs sik nofimu4Hull iHcmpy-
meHm, ceped 20 namuHoamMepuKaHCbKUX KpaiH € Hemmo-iMmrnopmepu Hagpmu i 2a3y. Y nepuwit cepii 21o06anbHUx eHep2emuyHuUx oansidie
IOGP po3ansidae LenmpanbHy i liedeHHy AMepuKy sik 00UH 3 Halibinbwux y ceimi pezioHie 3 sudo6ymky Hagpmu i 2a3y. 3a cmaHoM Ha
2018 p. y pezioHi 6yna n'ama yacmuHa ceimoegux 3anacie Haghmu 3a aHUMuU cmamucmu4Ho20 o2s1s10y. AHari3 3pobsieHo Ha OCHO8I
iHghopmauii, ompumaHoi eid Acouiayii komnanili cekmopy Hagpmu, 2a3y ma 6ionanuea e JlamuHchkiti AMepuui U Kapubcbkomy 6aceliHi.
nob6anizayis eHep2emuYyHUX 8iGHOCUH 3MiHUIIa eHepaemuYHy MoslimuKy U yMmoeu 3abe3neyvyeHHs1 eHep2emuYyHoi 6e3neku KpaiH JlamuH-
cbkoi AMepuku. IHwi KpaiHu ma pe2ioHuU eU3Ha4YusIu UKOPUCMAaHHSI aMepuKaHCbKo20 Aoceildy sik npiopumem eHympiwHbLOI Mma 308Hiu-
Hboi nonimuku. MpupodHul 2a3, "3o1omuli eik" siko2zo npozosiocusio MixxHapoOHe eHepzemuyHe a2zeHmMcmeo, € HallegheKmusHiwuMm,
3abe3neyye MiHiManbHi eMicii WKIGnueux peyosuH, MOXJ/IugiCMb 2HYYKO pe2ysTroeamu Momy»xHicimb esleKmpocmanyill Ha NPUPOOHOMY
2a3i cmae onmumasnibHUM eU60POM 8 eHepzocucmemax, siKi suKopucmosyeasu 3HavyHy KiflbKicmb 8iOHoes1ro8aHux dxepen eHepaii. Mo-
€0HaHHS1 yux sikocmet pobums npupodHul 2a3 ideanibHUM "MPOMKHUM" nanueoM Ha wiisixy 0o 6e3eMiciliHoi eHepaemuku 8 KpaiHax,
wo possusaromscsi. Hagpmoeul i 2a3oeuli KoMnsieKc € 0OHUM 3 supilanibHUX efleMeHmie, siKi ennuearomb Ha MiXKHapOOHI 8iIOHOCUHU.
"EHepzemuyHa dunnomamisi”, MikHapoOHe eHepz2emuy4He criepobimHuymeo cmaroms MPo8iOHUM HarNpsIMOM y 308HiWHil nonimuyi
PO38UHEHUX KpaiH. 3Ha4eHHs1 eHepaemu4Ho20 (Hacamneped Haghmoaa3oeo20) ¢hakmopa 3pocmae y ceimoeili nonimuyi U eusHayae
2eononimuky npoegidHux ceimoegux dep)xae i pezioHanbHUX iHMezpauyiliHux 06'edHaHb depxae JlamuHcbkoi AMepuku. EkoHoMi4HUl po-
38UMOK KpaiH noe'a3aHull 3i 3poCMaHHsIM PieHs1 COXXUeaHHsI eHep2emu4YHUX pecypcie, Hacamneped Haghmu i 2a3y, 3i cmabinbHicmio

ixHixX Mocmaeok y pe2ioHi.

Knroyoei cnoea: Haghmozasoeuli komrsiekc, Hagpma, eHepeemuyHa nosiimuka CLUA, eHepeemu4Hi npoekmu, nosimuYyHull iHcmpy-
MeHm, ekcriopmep Haghmu, HauioHanisauyisi Haghmoeoi npomucsiogocmi.

MocTaHoBKa npob6nemu. Hadtorasosuii cpakTop Bigir-
pae BaXIMBY POIib Y 30BHILLHIN noniTuui KpaiH JTaTMHCbKOT
Amepukn. NaTnHoamMepuKaHCLKUIN PUHOK EHEProHOCITB € A0~
CUTb NpMBabNUBUM ANS TPaHCHALIOHANbHUX EHEPreTUYHMX
KOMMaHil 3aBAsKM HAassBHOCTI BENMYe3HUX 00CAriB AeLleBux
€HepreTUYHNX PecypciB, CNOXMBYOIO PUHKY 3i 3pocTaymMm
NonMTOM Ha eHeproHoCii.

AHani3 ny6nikauin 3a Temoro gocnigpkeHb. B ykpain-
CbKili icTopiorpaddii Hemae cneuianbHUX MOHOrpadidHMX
abo gucepTauiiHuX OOCHIAXEHb, NMPUCBAYEHNX KOMMIIEKC-
HOMY LOCRIAXEHHIO porii HaghTora3oBoro hakTopa B 30BHi-
WHIN noniTuyi HadToBNAOGYBHMX NaTUHOAMEPUKAHCBKUX
KpaiH Ha HUWHILHLOMY eTani OianbHOCTI, CNpsSIMOBaHIN Ha
(hopMyBaHHsI perioHanbHOT eHepreTu4Hoi 6eanekn. Hayko-
BUIA aHani3 poni HagTOrasoBOro KOMMMEKCY B 30BHILLHIN Mo-
NiTUUi NaTMHoOAMEepPUKaHCBKMX KpaiH Ha cyyacHoMy eTani
PO3BUTKY MDKHapoOAHUX BiQHOCMH Mae OyTu perynspHum,
ycebiyHMM | I'pYHTYBATMUCSl Ha LUMPOKIA OOKYMEHTasbHiIN
6asi. Lli npobnemun aHaniayBanucs y BiTYN3HAHUX HAYKOBUX
npausax M.T. 3emnsaHoro, 10.0. Ma3sypusa, C.M. lanaku,
I". MNepenenuui. Kpim Toro, icToTHY gonomory B npoueci nia-
roTOBKWU CTaTTi Haganu poboTu, NPUCBAYEHi NONITUYHIN Ta
€KOHOMIYHI 3arpo3i CyBepeHITeTy naTuHoaMepuKaHCbKUX
aepxas 3 6oky CLUA. Lle npaui Takmx aBTopis, sk [x. Po3se-
Hay, E.-O.Yemnenb, C.Bebep, K. Omae, C. XoddmaH,
P. KoxeH, k. Han, J1. MeTTicdbopa, I'. Biapaa. Ponb HadTO-
rasoBoro oaktopa B 30BHiLLHi noniTvui kpaiH JTaTUHCBKOT

Amepuku posrnsganacsa B poboTax ykpaiHCbKuMx AoChigHuW-
KiB nuwe dparmeHTapHo. Y 3B'A3Ky 3 UMM iCHye HeobXxia-
HICTb y3aranbHUTW HasiBHY CyMy 3HaHb 3 npobnemaruku,
3poOu1TK BigNOBIAHI HAYKOBi BUCHOBKM.

MeToro pocnimkeHHs1 € aHania poni HadTorasoBoro
drakTopa B 30BHILLHIA NONITULI KpaiH-ekcnopTepiB HadTh
JTaTuHcbkoi AMepukn.

BuaineHHA Hepo3B'sA3aHMX paHille 4YacTUH 3aranb-
HOI Npo6nemMu. AKTyarnbHiCTb BUBYEHHSI CTaHy i nepcnek-
TUBM PO3BUTKY HadpTorasoBoro daktopa Ta WMOro porsi B
30BHILUHIN NONITULI NAaTUHOAMEPUKAHCBKUX AepXKaB, BNnBYy
HadTOBOI NpPo6NemMn Ha MiXKHapoAHi BiQHOCUHW, Ha 30BHI-
LUHIO MOMITUKY HW3KK KpaiH JlaTuHcbkoi AMepukn obymoB-
rneHa [ekinbkoma OCHOBHUMK MpuynHamu. Mo-nepuue, y
CYKyNnHOMYy eHeprobanaHci kpaiH lMiBgeHHoi AMepuku vac-
TKa HadpTu BULLE, HIX y BINbLIOCTI IHLWMX perioHiB CBITY, WO
BM3Ha4a€ 3anexHiCTb iXHiX EKOHOMIK Bif BHYTPILLHIX i 30BHi-
LWHIX AXXepen BYrneBogHOI cnupoBuHW. MNo-gpyre, y npoueci
3MILHEHHS OEepPXXaBHOro CyBepeHITeTy kpaiH JlaTMHCbKOT
AMepVKM MpOTAroM MpakTM4YHO Bcboro XX cT. ocobnuea
yBara npuvainanacst 3anpoBag)KeHHI HauioHanbHOro KOHT-
ponto HadhTOBOI MPOMUCIIOBOCTI 3 MeTol 3abe3neveHHs
eHepreTu4Hoi Ge3nekn M eKoHOMIYHOT HesanexHocTi. lMo-
TpeTe, acMMeTpMYHa MikperioHanbHa CucTema, Lo CcKna-
nacsa y 3axigHin niekyni, BucyBae HadToBUIN akTop npak-
TUYHO Ha Meple Micue y B3aeMuHax MiX "LeHTpom" i
"nepudpepietd” paHoi cuctemun, mixk CLUA i gepxaBamu

© Tkau O., LBux B., Xunbko M., Batpumenko O., Henina [., 2019
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JlTaTnHcbkoi Amepuku. Lle nos'sizaHo 3 Tum, wo CLUA, 6y-
Ay4n HanbinbWNM CnoXumBavyem eHepropecypciB Ha nna-
HeTi, y Apyrin nonosBuHi XX CT. nepenwnu Jo karteropii
HanbinbLMX iMNopTepiB Hadh Ty, LLO NPU3BENO A0 iXHbOI 3a-
JNIeXHOCTI Bi 30BHILLHIX NOCTa4YaHb pecypciB.

OcHOBHI pe3ynbTatn gocnigkeHHA. CtabinbHicTb ni-
BAEHHOAMEPUKAHCBHKOro HanpsiMy eHepreTuyHoi aunnoma-
Tii € B JlaTuHCbKIN AMepuLi BaXTMBUM MOMEHTOM Yy nepiog
eckanauii koHdnikTiB Ha brinsbkomy Cxopai, NigBULLEHHS pu-
3UKy 3puBY HadTOBMX MocTayaHb. lparHeHHs o pocar-
HEHHS Takoi cTabiNbHOCTI € BU3HaYanbHMM MOMEHTOM A
BiJHOCWH 3 NaTMHOAMEPUKaHCBLKUMUK KpaiHaMmum.

Hadptorasosuin Komnnekc € ogHMM 3 BUpILLAnbHUX ene-
MEHTIB, L0 BNAWBAE Ha MiXHaApPOAHi BigHOCMHU. HadpTora-
30BUI KOMMIIEKC 3ararioM BKIoYae: nignpuemcrea 3
BMOoOYTKY BYrneBoOAHIB, 306epiraHHs, po3nogin Ta nocTa-
YaHHSI CNoXMBayaM, TPAHCNOPTYBaHHS, Y TOMY YMCHi TpaH-
3MTy HadpTM Ta rady, a Takok HadTonepepobHy
NPOMUCIOBICTb Ta iHWIi o6cnyrosytovi ranysi. "EHepreTnyHa
annnomarisa" Ta MkHapodHe eHepreTuyHe CriBpoBITHULTBO
NepeTBOPIOIOTECA Ha BaXIWMBWUIA HanpsiM 30BHILUHBOI MOni-
TUKN PO3BUHYTUX KpaiH. 3HaYEeHHS eHepreTM4Horo, Hacamre-
pen HadTOra3oBOro akropa 3pocTae y CBITOBIM MONITULI.
Lle BuKNuMkaHO T1M, LLO €KOHOMIYHUI PO3BUTOK MOB'I3aHU 3
POCTOM CMOXMBaHHS EHEPreTUYHNX pecypcis, HadTu i rasy,
3i cTabinbHicTIO iXHiX nocTayaHb. EHepreTuyHmin aktop Bu-
3Hayae reononiTyky NPOBIAHMX CBITOBMX AepXaB i perioHanb-
HUX iHTerpauiiHnx ob'egHaHb aepxas. lNMoTpeba B eHeprii,
OCHOBHI [Ixxepena fKoi HanexaTb 40 HENOHOBMIOBaHUX, byae
36inbLlyBaTUCS B HAWONWKYi ABa gecatunitta Ha 2 % Lwopi-
YHO, TOBTO CBITOBUIA MOMKT i3 9 MNPA TOHH YMOBHOIO HadTO-
Boro eksiBaneHTa y 2000 p. 3pocte Ao noHag 13 MnpAa TOHH
y 2020 p. Mpy ubomy 65M3bKO ABOX TPETWH NOMUTY MOKpUBA-
TUMETbLCS 3a paxyHok HadpTu i razy. Came TOMY KOHTPOIb Haz
parioHaMu HacpToBMAO0OYTKY Ma€e NepLUOPSAHE 3HAYEHHS ANnd
NPOMMCIIOBO PO3BUHYTUX KpaiH. Llen dpakT nopsag 3i ceito-
BUMM TEHAEHLISIMM 3pOCTaHHS UiH Ha HadTy i ras cTtae oa-
HUM 3 BUpiWAanbHUX NPU OUiHUI KOHKYPEHTO34aTHOCTI
nepxasu (McElwee et al., 2018).

AmepuKaHCbKi HadpTOBI kopnopadii, siki ocBOlOBanu Ha-
TOBi BaraTcTBa KpaiH perioHy B nepLuint TpeTuHi XX cT., iH-
TEHCMBHO  eKkcnnyaTyBanu ixHi  NpUpoaHi  pecypcu.
JlaTnHcbka AMeprika NepeTBOPHOETECA HA CUPOBUHHUIA NPW-
AaTOK PO3BUHYTMX KaniTaniCTU4yHWX KpaiH, Hacamnepes
CLWA, puHok 36yTy MpOMMUCIIOBOI NPOAYKLii.

Bpasunis Bunepemxae BeHecyeny sk HanWbGinbLworo Bu-
pobHuka Had T B perioHi. BunobyTtok HadTh B LieHTpanbHin
i MiBoeHHIn AMepuLi nepebyBae Ha BUCOKOMY piBHi — NoHag,
7 mnH 6apeniB woaeHHo. OCTaHHIN MOKa3HMK CTaHOBUTb
7,5 mnH Gapenis Ha goby. Ha cborogHi y BugobyTky HadTh
B LleHTpankHin i MNiBaeHHin AMepuui 4OMiHYOTb ABi KpaiHu:
Benecyena i Bpasunis. TpaguuinHo BeHecyena 6yna Han-
Oinbwmm BUpoOHUKOM Y MiBaeHHiNn AMepuui. 3anacu HadTu
(18 % Big cBiTOBMX 3anacis) nepeBuLLyOTh 3anacu Caygis-
cbkoi Apasii. Ane nonituyHa h ekoHOMiYHa HecTabiNnbHICTb
no3HavyaeTbcsl Ha BUpoOHMLTBI. Y 2005 p. fo6osuii BUOoby-
Tok y BeHecyeni craHosuB 3,3 mnH 6apenis. [jo 2016 p. BiH
3HM3UBCA A0 2,4 mnH 6apeniB Ha oby. Ockinbku BUPOOHM-
uTBO Y Benecyeni ckopoTtunocs, obcar BupobHuutea B bpa-
3unii 3HayHo Bupic i3 1985p. Y 2016 p. woneHHWUn
BnaobyTok y bpasunii ctaHoBuTh 2,6 MnH 6apenis, Le aano
i 35 % perioHanbHOI YacTku, yneplie 3pobusLum ii Hanbi-
NbLMM BUpOOHMKOM Y lNiBaeHHIn Amepuui. CTpareria "nigr-
pumkn1" LWOAO0 3asBOK Ha po3Bigky pogosul, y bpasunii
BUKNMKana iHTepec MiKHapOAHUX HagTOBUX KOMMaHIin Yy
KOMMNMEKCI 3 pPO3pOOKO HOBUX OCLUOPHUX TEXHOSOTIN.
MonuT Ha HadTy B perioHi Mae TeHAEHLI0 OO 3POCTaHHS.
CborogHi Hanbinblwa 4acTtka nonuty B LieHTpanbHin i lMie-
OeHHi Amepuui npunagae came Ha Bpasuniio. BigHocHa

HecTabinbHiCTb ekoHoMikM BeHecyenu BigbuBaeTbcs Ha
3MEHLLEHHi YacTku 3aranbHoro nonuty. MNonuT y perioHi 36i-
nbLlmnecsa y 4oTmpu pasm 3 1970 p. 3a BUpOOGHMYMM NOKa3HK-
kom "The global oil and gas industry trade" IOGP (PI).
Moka3Huk BupobHuutea IOGP (Pl) ana HadTn 3acHOBaHWA
Ha noaini gobosoro BUA0OYTKy B TUcsiHax Gapenis (abo ans
rasy — MinbspaiB KybomeTpis WopiyHo) Ha nonuT. I Bu3Ha-
Yyae piBeHb camo3abesneyeHHs perioHy (eKCMOpPTHUIA noTe-
Huian). IMN suwe 100 % AeMOHCTPYE MOXNUBICTb EKCNOPTY;
Hx4de 100 % cBigunTL NPO HEOOXiAHICTL iMNopTY. MonuT Ta
npono3auuis BnepLe noegHanuca y 1980-x pp., KOnNu BUHK-
Kna 3arposa gns ctaHoBuwa LleHTpanbHoi i lMiBoeHHOI
AmMepuKkn sk ekcrioptepa HadTU. 3roaom HOBI iHBeCTULIT B
po3BiaKy i BUoobyTok, B ocHoBHOMY B Bpasunii i Konymoii, y
Crony4eHHi 3 BigHOBNeHHsAM BMaobyTKy y BeHecyeni Bunpa-
BUNY Uto cuTyauito. LieHTpanbHa i [NiBgeHHa Amepurka 3HOBY
cTanu BaroMvM €KCrMopTepOM, FEeHEpPYHUM 3HaYHI JoXoaum
ONs KpaiH-ekcnopTepisB, OAHOYACHO 3aA40BONbHAYM 3pOC-
Talouuii nonut cBoix kpaiH (Orihuela, 2011).

MonuT Ha ras y perioHi pi3ko 3pic Ha 79 % i3 2000 p. Lle
NoB'A3aHo 3i 30iNbLUEHHAM MiCLEeBUX NnocTadvyaHb, iHBECTULi-
SIMU B HOBi po3po0ku. PerioHanbHuii nonuT Ha ra3 y LieHTpa-
nbHin i NiBaeHHin Amepuui 36inbwmBes y 12 pasis i3 1970 p.
ApreHTVHa niguMpye B perioHi i3 CNOXMBaHHA rasy, Ha SKuUn
nosoauTbesa 29 % nonuty. Bpasunis i Benecyena sukopuc-
TOBYIOTb N0 21 % rasy perioHy.

Mabno ®epparyt — menegxep npoekty ARPEL Bu3Ha-
yMB, WO ManbyTHe 3a rasom y LleHTpanbHin i MiBaeHHIn
Amepuui. "IcHye yumano MoXnMBOCTEN Ans po3podKu nNpu-
poaHoro rasdy B JlaTuHcbkin Amepuui i Kapnbebkomy 6a-
cenHi, baratomy NpupooHNMK pecypcamMm perioHi. € npueig
ang 6inbworo onTuMiamy. HegaBHe 36inbLUeHHS BUOOOYTKY
B bonigii, Bpasunii, Konym6ii, Mepy, a Takox BiAHOBMNEHHS
BMOOOYTKY rasy B ApreHTuHi € 06HaaiinmBuMm, OcKinlbkn cna-
HueBa copmauis Vaca Muerta € ogHieto 3 HanmBiNbWKX Y
cBiTi. IHBecTuuii B 5 mnpa gon y 2017 p. MmaoTb 4ONOMOITH
noninwuTn iHPPaCcTPYKTYpy, 3HU3UTU BMPOOHWYI BUTpATMK.
BeHecyena Moxe 3MiHUTK cuTyauito, 0COBNMBO SIKLLIO KpaiHi
BAACTbCSA pO3poOUTM HEAOCTATHBO BMBYEHY MOPCHKY MnaT-
dopmy. OcHOBHUMYK NpobrneMammn € KOHKYPEHTOCNPOMOX-
HIiCTb cekTopy B rnobanbHOMY cLeHapil 3 HaaNULWKOM raay i
PO3BUTOK BHYTPILLIHLOrO MOMUTY ANS MiABULWEHHS NpuBab-
nuBOCTI iHBeCTULin y BMAobyToK. Mporpec y CTBOpeHHi npu-
BabnNuBILWMX NOAATKOBMX i (piCKanbHUX pexrMMiB MPOAOBXKYE
BUKITMKATK iHTepec y BGinbLUOCTi KpaiH-BMPOOHWKIB perioHy.
Mpobnemu, noe'aA3aHi 3 po3pobKoK rasy, aHanorivHi npo-
6rnemam, NoB'A3aHUM 3 HATO: AOTPUMAHHSA aHTUKOpPYnN-
LiMHUX iHiLiaTWMB, TPygoBi BUTPaTU | Cynepedkn Mix
MiCLIEBMMMU i HaLiOHanNbHUMK OpraHaMu Briagu Npo oCTyn
oo 3emni" (How much oil..., 2016).

BopoTbba npoTu xmxaupkoro norpabysaHHa HaTOBUX
baraTtcTs, NPUPOAHMX PECypCiB, 3a 3MiLHEHHS HauioHanb-
HOro CyBEpEHITETY NPM3BOANTbL A0 HauioHani3auii BnacHo-
CTi iHO3eMHUX Koprnopauiit. JlaTMHoaMepuKaHCbKi KpaiHu
BMOMpatoTb cTpaTerito imnopTo3amMicHoro BupobHuuTea. Ha-
LioHanisauiss HapToOBOI MPOMWUCHOBOCTI 1 CTBOPEHHS Aep-
XaBHUX HaTOBMX KOMMaHin Oyna cnpsiMoBaHa Ha
3MIiLHEHHS NO3uUin AepxaBu B HadTOBIN ranysi U 3MeH-
LLIEHHSA BNMBY iHO3EMHMX KOMMaHin. OgHak ue He Npu3Beno
[0 iCTOTHOro 36inbLUeHHsT "camMOCTIMHOCTI" i He3aneXHocCTi
KpaiH LLOoA0 BUKOPUCTaHHSA HauioHanbHUx b6aratcTs. Lle no-
B'I3@aHO 3 TUM, LLIO OCHOBHMM CMOXVBa4YeM naTMHoamepuka-
HCbKOi HadTn 6ynu i 3anuwatotbca CLUA, aki 3axuwiaroTb
"cpepy HauioHanbHUX iHTepeciB".

Cnucok kpaiH 3 BuaobyTky HadTu 3a gaHumu OMEK 3a
2016 p. 3acHOBaHWI Ha ouiHKax, onybnikoBaHUX y LOpiy-
Homy CtatuctnyHomy bBroneteni 2017 (Annual Statistical
Bulletin, 2017) OpraHisauii kpaiH-ekcrnopTtepiB HadTw.
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Ne Kpaina Tuc. 6ap/aeHb
1 BeHecyena 2510,0

2 | Bpasunis 2372,5

3 | Mekcuka 2153,5

4 | EkBagop 549,0

5 | ApreHTuHa 511,7

6 | MNepy 40,3

Cnucok kpaiH 3 BuaobyTky HadpTK, 3aCHOBaHWI Ha OLLiH-
Kax, onybnikoBaHux y LwopiyHOMy CTaTUCTUYHOMY Ornsgi
cBiToBOI eHepreTukn 2017 (BP Statistical Review of World
Energy, 2017) 6puTaHcbkoi HadpTorasoBoi komnaHii BP.

Ne KpaiHa MnH ToH/pik %
1 Bpaswunis 136,7 3,1
2 | BeHecyena 1241 2,8
3 | Mekcuka 1214 2,8
4 | Konymbist 48,8 1,1
5 | Eksagop 29,3 0,7
6 | ApreHTuHa 28,8 0,7
7 Mepy 5,6 0,1

Hanbinbwa yvacTka y csiToBOMYy BMAOGYTKY HadTh 3a
2014 p. 3a gaHumn ONMEK pgictanacsa Benecyeni — 3,7 % Ta
Mekeuui — 3,3 %.

[nsa 6araTtbox kpaiH JlaTnHcekoi AMepukm Byno xapakre-
PHUM LOMiHYIOYE CTaBMNEHHS AePKaBW B pOni BNacHvKa B Ha-
bTOra3oBOMy CeKkTopi: AepXaBHi komnadii € B Bpasunii,
Benecyeni, Mekcuui, ApreHTuHi. [JoHegaBHa Ui KoMnaHii
Manuv He nuLwe CTaTyc AepXXaBHUX, ane N HauioHamnbHuX, Lo
03Ha4arno, Lo BOHU Bynu TiCHO iHTerpoBaHi 4o cucTemun oep-
XKaBHOro ynpaeniHHA Ta AepkaBHUX piHaHciB. Y Mekcuui i
Bpasnnii gepxxaBHWIA cTaTyC HaUioHanNbHUX HahTOBMX KOM-
naHii 6yB HaBiTb 3aKpinNneHWn y KoHCTUTyUisx. Y Bpasunii,
Mekcuui n BeHecyeni aepxxaBa Mae AepXBracHiCTb Y HadhTo-
rasoBOMy CeKTopi i 6epe y4yacTb y noro diHaHcyBaHHi. OgHak
i3 cepeamHmn 90-x pp. piBeHb y4acTi 6yB iCTOTHO 3MEHLLEHWIA,
Aepkasa ctana 6paty ydacTb y HadTOBIN ranysi nuiie nooi-
YHO. JlaTuHOaMepVKaHCbKUA PUHOK EHEProHOCIIB € J0CUTb
npuBabnvBuM ANsi TpaHCHaLUIOHANbHUX eHEPreTUYHUX KOM-
naHin 3aBAskv1 HasiBHOCTI BENUYe3HMX obcsriB AeLleBux eHe-
preTMYHNX PecypciB, BENUKOrO CMOXMUBYOTO PUHKY  3i
3poCcTaloyMM MONUTOM Ha EHEPrOHOCIT, Yepes3 NPUNHATI HaLi-
OHanbHVMU ypsaamu Nporpam i3 3anyyYeHHs! iHO3eMHUX iHBe-
ctuuin. Kpainm JlatuHebkoi AMepurkn B npoueci rnobanisadii
aKTVMBHO BKITH04AKTLCS 10 NPOLECY MiXKHApOAHOrO EHEpreTy-
YHOro cniBpobITHULTBA, POPMM SKOTO NOCTIVHO €BOMIOLOHY-
I0Tb | YCKNagHWWTLCA, ane He 3aBxau BianosigalTb
iHTepecam camux gep>KaB-eHepronocTavyanbHUKIB.

MoxnunBocTi BUKOPUCTaHHS HAdOTK K IHCTPYMEHTY Y Bi-
OHOCMHAX 3 iHWMMK KpaiHamu B perioHi NOCTIMHO 3pocTa-
t0Tb. 3a BUHATKOM LleHTpanbHoi Amepukn i Kapnbebkoro
6acenHy IlatnHcbka AMepuka € perioHom, baratum Ha eHe-
prito. BoHa mae 10 % cBiToBMX 3anaciB Had TV NOPIBHSHO i3
2,5 % y MiBHivHin Amepui (6e3 Mekcuku), 9,3 % B Adpui,
8 % y kpaiHax CxigHoi €sponu, 4 % B Asii Ta 1,6 % y 3axi-
OHin €Bponi. 3 rasom cuTyaList HE € TaKOK XOPOLLIOK, OCKi-
NbKKn perioH mae nuwe 4 % CBITOBMX AOBEAEHMX 3anacis,
OJHaK Oro YacTka B CNOXWBaHHI nepebyBae HUXYe LbOro
pieHs (Global Energy Brief..., 2017).

Monut Ta npono3uuia HadTW i rady B perioHi iCTOTHO
po3pisHsioTbes. Xou BeHnecyena mae Hanbinbw 6arati pe-
cypcu cepeq KpaiH JlatuHebkoi AMepukn, Mekcnka, Konym-
6is, ExBagop i TpuHigan i Tobaro Takox € ekcroptepammu
HadTH, Toai sik ApreHTuHa, Bonisis i Bpasunia matTb 06-
caru, ki € gocTaTtHiMmM Ans 3agoBoreHHs NoTpeb BnacHoro
BHYTPILLUHBbOrO puHKY. Mepy nepebyBae Ha LNsAXy OO camo-
3abesneyeHHs. [lo nepeniky YMCTMX iMNopTepiB Had TN BXO-
Aate MNaparsan Ta Ypyrean y lMiBaeHHin Amepuui, a Takox
yCi KpaiHn LieHTpanbHoi AMepukm i Kapnbcbkoro 6aceinHy,
3a BuHATKOM TpuHigagy i Tobaro Ta benisy. Kyba, BaTe-
mana i bapbagoc Takox BugobysatoTb HadTy, ane obcarn
He MOKPMBAtOTb IXHi BHYTPILLHI NOTpPebu.

Tak, EkBagop Bonogie 0,4 % cBiTOBMX 3anaciB cupoi
HaTM. HadbTa Mae BenuyesHe 3HAYEHHS Anst eKOHOMIKM,
3abeanevytoun noHag 30 % ekcnopTy. 3a BUHATKOM BeHe-
Ccyenu Hemae iHLWOi eKOHOMIKM B perioHi, Ae HadTa cTaHo-
Buna 6 Taky 3HayHy 4acTuMHy ekcrnopTHoi 6a3u. lMpaeaa,
nepxaBHa koprnopadia Petroecuador (Hanbinblwa HadToBa
KOMMaHis B KpaiHi) NOCTINHO 3a3Hae KpPUTKKKN 3a edekTuB-
HicTb pO6OTK, OCKiINbkM 06csaArn ii BUPOBHULTBA MPOTAromM
OCTaHHIX OEeCHATU POKIB CKOPOYYITbCA. Yepes HM3bKi LiHW
ExkBagop oTpumae 30uTkN. PeHTabenbHicTb BUOoOYTKy "Jyo-
pHoro 3onoTa" 3Hukna. KpaiHa npogae 6apens HadTv copTy
Oriente no 30 gon, a horo Buagobytok obxoanTtbea B 39 gon,
BU3HaumB npesngeHT Padaenb Koppea. Ak BigsHavae
Bloomberg, EkBagop BxoauTb 40 CKnagy HEBENUKUX YNeHIB
HadToBoro kaptento OlNEK. KotnpyBaHHa Hadtu Oriente
ctaHoBuIo 36,67 gon 3a 6apenb. ETanoHHa niBHiYHOMOp-
cbka HadpTa Brent TopryBanacs Ha piBHi 43,27 gon. HadTosi
copTu iHwwKx ynenis OMNEK Tak camo, sk i Oriente kowTyoTb
neweswe Hix Brent. Hanpuknag, Cayaiscbka ApaBisi npo-
nae mapku Arab Medium i Arab Heavy no 37 gon i 39 gon.
Ipakcbka Basrah Heavy kowTye nuwe 34 pgon. Hessaxatoun
Ha cuTtyauito 2017 p., CayaiBcbka ApaBisi, WO aKTUYHO €
ninepom OrEK, He BigpearyBana Ha npono3suuii Npo eKkcT-
peHe 3acigaHHsa opraHisauii, aki Haginwnwy sig Armxupy, Jisii
Ta BeHecyenn. Yeproea 3yctpiy npeactaBHukie OMEK
MOXe 3MiHUTU cuTyaLito. B IpaHi 3assunu, wo rotosi npoaa-
BaTV HahTy 3a Byab AKO LiHOM, sika CKNageTbCst Ha PUHKY.
Mpu upomy Hadpta mapkn WTI Topryetbca Ha piBHi 39,38
non 3a 6apenb, goaasLum B wiHi 2,02 %. MopibHo BeHecyeni
KpaiHa nNpoBOAMTbL AOCUTb arpecuBHy MOMITUKY CTOCOBHO
iHO3eMHMX iHBeCTULi. Hacnigkom Takoi noniTukmn ctanm no-
CTiHI cygoBi po3rnsgan 3 iHO3eMHMMM KOMMaHisimu, LWo npa-
LIOIOTb Y LN KpaiHi. Hanryyriwmin ckaHgan nos'a3aHuin 3
piweHHAM ypsay posipeatu  koHTpaktn 3 Occidental
Petroleum, wo gobysana ogHy n'aTy ekBagopcbkoi HadTu,
6yna obBuHyBayeHa B He3akoHHOMY npogaxi 40 % cBoix
akuiv komnaHii Repsol-YPF. BogHouac gocutb cynepeunmsi
nponosuuii Npo pecdopmun ranysi MiCTUTb, 30Kpema, MyHKT
npo Te, Wob6 A03BONUTY IHO3EMHUM KOMMaHisM AOCTYN A0
TEeHAEepHWX TOpriB AN po3pobku poaoswLy i3 3anacamu no-
Hag 1 mnpp 6GapeniB HadToBOro ekBiBaneHta (Global
Energy Brief..., 2016).

Konymbis € HETTO-eKCNOPTEPOM EHEPreTUYHUX pecyp-
ciB, Ha eKcnopT iayTb 3Ha4Hi 0bcsArn HadTw. i 3anacu rasy
€ JocTaTHIMKM Ans nocrtayaHHsa 3axigHuX perioHiB BeHecy-
enu NpoTarom cemu pokis. Konymbis mae BenuyesHi 3anacu
BUCOKOSIKICHOro BYrinnsi i 6arata rigpoeHepreTu4HUMn pe-
cypcamu, Lo pasoM 3 ra3om [03BONATh i OyTU BaXnMBmMM
rpaBLeM B eHepreTM4HOMy cekTopi, ocobnmeo B LieHTparnb-
Hin Amepuui n Mekcundi. Pazom i3 Tum, konymbiricbka Hado-
TOBa MPOMMCIOBICTb [EMOHCTPYE TPWBOXHI  O3HaKW.
BunpobyTok, wo B 2000 p. ctaHoBuB 820 Tuc. HGapenis Lwo-
[EeHHO, pi3ko ckopoTmBca Ao piBHA 520 Tuc. 6apenis y ne-
piog i3 2004 no 2008 p. BuHukann nobotoBaHHs, Lo KpaiHa
He 3MOXe OyTU YMCTUM eKCropTepoM HadpTh NpMbnM3HO 3
2010 p. Lle nuTaHHs Mae Benuke 3HaAYEHHS, OCKINbKU B ne-
piog Mix 1996 i 2007 pp. Ha cupy HadTy npunagarno 25,6 %
Big 3aranbHOro obcsary konymbincbLkoro ekcnopTy. Y ranysi
3abesneyeHHst eHepropecypcamu Konymbis € He3anexHoto
KpaiHoto. BoHa € HeTTo-ekcnopTepoM HadTu, rasy, BUCOKO-
SAKICHOro BYrinns i rigpoeHepreTuYHnxX pecypcis. 3 ornagy
Ha pi3ke nagiHHA BMAOOYTKY HadTh i rady B OCTaHHi POKM
Konymbis 3ocepegmna 3ycunnsi Ha CTMMYMOBaHHI CBOro
€HEepreTU4HOro CEKTOPY LUMSIXOM CKOPOYEHHS noaaTkiB i Bi-
npaxyBaHb 10 50 % i pechbopmu aepxaBHOi HadhTOraszoBoi
koMnaHii Ecopetrol. PecbopmyBanHs Ecopetrol BinbyBanocs
B HaMpsMKy, CXOXOMY 3 nepeTsopeHHAMu Petrobras y bpa-
3unii B 90-x pp. Konymbiricekuin ypsia nepenas yHKLUii pe-
rynoBaHHA ranysi HauioHansHOMYy areHTCTBY 3 BYrneBOAHIB
i oronocus npueaTusadito 20 % aktmeis Ecopetrol. MeTta
TpaHcdopMaLii — y CTUMYNIOBaHHI iHBECTULIN B pO3pobKy
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HOBWX POAOBMLL, SiKi Lie He BuBYEHi. OCHOBHUMW MapTHe-
pamu gepxxaBHOI KOMMNaHii B po3BiALi 1 OCBOEHHI pOAOBMULL
€ Petrobras, British Gas i Occidental. 3 ypaxyBaHHAM HUWHi-
LWHbOI cUTyaUii 3 ra3om y perioHi ypsg BeHecyenu 3auikas-
neHun B cniBpobiTHMUTBI 3 Konymbieto. Tak, rasonposig
Transguajiro goexuHoto 330 km 3abesnevysaB BeHecyeny
nocrtayaHHam rasy o 2014 p. Mpu ubomy ypsa Yaseca
B3AB Ha cebe Bci BUTpaTtu. Po3pobneHo Lie oouH NpOoeKT,
BiONoBiAHO A0 skoro BeHecyena 3moxe TpaHcnopTyBaTh
CMPOBUHY B MOPT TNXOro okeaHy Ansi NoAanbLIOoro eKCrnopTy
0o kpaiH MNiBaeHHo-CxigHoi Asii.

Mekcuka Mae ogvH 3 HanMbinbLWNX pe3epsiB HadpT cepen
KpaiH INaTnHcbkoi Amepuku. Ha ii yacTtky npunagae 1,4 % cBi-
TOBWX 3anaciB, i BOHa BYKOPUCTOBYE PECYPC AOCUTb IHTEHCU-
BHO, 3jlicHIoYM 5 % CBITOBUX NocTavaHb, TOOTO ii YacTka B
eKCcropTi BuLLE, HIXX Y pesepBax. Ha BeHecyeny, HaBnaku, npu-
nagae nuwe 3,9 % Big, CBITOBOro BUPOOHMLTBA, XO4 BOHA BO-
nopgie 6,8 % pesepsiB. Ockinbkn piBeHb BHYTPILLUHLOO
cnoxvBaHHs B MekcuLj 4oCUTb BUCOKUIA, YacTka ekcropTy cu-
poi HadTV B cymapHoMy 06cAsi € HeBucokoto: nnwe 9,5 % y
nepiog i3 1996 no 2018 p. ApreHTvHa i 3 esKUMN OOMEXeH-
HsaMK Boniisi € camogocTaTHIMM y BUPOOHWLTBI HadhTh. Moun-
Hatoum 3 2006 p. Bpasunis Takox BXOAUTb A0 LbOro nNeperniky.

ApreHtnHa Bonogie 0,3 % cBiTOBMX 3anaciB Cupoi Ha-
¢dTM | Byna HeTTO-ekcnopTepom HadTu. 13 1995 no 2008 p.
apreHTUHCBbKUIA ekcrnopT cupoi HadTh ctaHosmB 11,5 % B
noro 3aransHomy o6cssi. [NpoTe BMaobyTok HadTn B Apre-
HTWHI HEe 3a4,0BONIbHAE 3POCTaOYUA BHYTPILLHIN NOMUT, a ue
0O3Hayvae, Wo BHECOK HadTh B ToproBesnbHUin GanaHc i gani
6yne ckopouyBatucs. Y cepeguHi 1990-x pp. ApreHTuHa
Oyna B13HaHa KpaiHOK 3 BEMMKUMU MOXIMBOCTAMMW ANsl K-
crnopTy rasy. 3rogomM BoHa MOXe BUSIBUTUCH Y CTaHi HETTO-
iMnopTtepa uiei cuposuHu. MNpoTte ue BiabyaeTbca nuwe y
BMMAAKY, SKLWO iHBECTULIT B PO3BIAKY 3anuwiaTbCsl 3aMOpPOo-
XXEHMMMU, OCKIiNbKM KpaiHa Mae 3HayHi 3anacu rasy.

Y Bonisii Buoobytok Hadptn y 2018 p. 6yB ekBiBaneHT-
HUM ii CNOXMBaHHIO. ICHyounin obcar BnaobyTky He [O3BO-
NSE LINKOM MOKpMBaTK NOTpebu, 3MyLUyuYM iMnopTyBaTu
HadTy B He3HayHux obcsrax. Y nepiog mix 1996 i 2008 p.
Gonisincekmn ekcrnopTt HadTn ctaHoBmB 3,9 % Big Moro 3a-
ranbHoro obcsry, a ii 3akynisni — 4,8 % ycboro imnopty. Oa-
Ho4acHo, moynHaroum 3 1998 p., 36inblieHHs BUOOOYTKY
rasy 3pobuno bonisito kNYOBNM y4aCHMKOM perioHanbHOro
PWHKY rasy, SKOMy Mpu3HayeHO CTaTu OCHOBHUM MocTaya-
NbHUKOM A0 ApreHTuMHW, Ha niBgeHb bpasunii Ta B Yuni,
AKLWO B NpoLec He BTPYTATLCHA NOMiTU4YHI daktopu. Imnop-
Tepamn HadpTn B JlaTuHCbKin Amepuui € MNepy, bpasunig,
Yuni, Maparsan Ta Ypyraean, yci kpaiHu LieHTpanbHoi Ame-
pviku i Kapubcebkoro 6aceinHy 3a BuHsaTkoM TpuHigagy i To-
6aro Ta benisy. 3 npuxogom EBo Mopaneca Ha nocagy
rnaeu pecnybniku B nonituui bBonisii BU3Haumnocs nBa Bek-
TOpW: HaLjioHarni3auis HadTorasoBoi ranysi  nepernsg ekc-
NOPTHUX UiH Ha ra3. MparHeHHs 0o HauioHanisauii HadTh He
€ AVIBHUM, OCKirbku Lie 6yno ronoBHnM ko3mpem Mopaneca
B nepeaBunbopuin 60poTbbi. BigobpaxeHHam gaHoi noni-
TUKM CTanu ykasu npesngeHTa: npo HauioHanisauito HadTo-
BUX KOMMNaHin y 180-geHHui nepiod, Npo nepeyknagaHHs
KOHTPaKTiB NpuBaTHMX KOMMNaHil 3 gepxasoto, Npo 3abeane-
YEeHHs1 AepXKaBHOro KOHTPOIIO i yNpaBniHHA iXHbOIO onepa-
uirHoto AignbHicTio. Lli 3axoan cynpoBoaXyBanucst 3MiHO
YacToK y NpubyTKax KOMMNaHii, Lo NpauotoTb SK CRinbHI Nig-
npuemMcTia (82 % npubyTky HanexuTb aepxasi, 18 % — Ha-
nexuTb komnaHisam). [Ons komnaHii, wWo po3pobnsoTb
HeBernuki poaoBsuLLa, cniBBigHOWEHHS BM3Ha4YeHo sk 60 %
Ha 40 %. Hanbinblwe noctpaxganu Big UMX A icnaHcbka
Repsol-YPF i 6pasunbceka Petrobras. 3actynHuk miHicTpa
BYrnMeBOAHiB Ta eHepreTukun Bonisii B. XoakiH 3anponoHy-
BaB y 2018 p. HOBI iHiLiaTUBK 3i CNiBPOGITHNLITBA B PEriOHI.

Bpaswunis Bonoaie 0,9 % cBiToBMX 3anaciB cupoi HadpTu.
BoHa 3a00BOnbHSIE Ha ABi TPETUHW NOTPebu B NPUPOAHOMY
rasi 3a paxyHOK BMacHOro BMpobHWLTBA, iHLIE IMNOPTYETLCS 3
Bonigii. Kpim Toro, Bpasunis Bonogie HanbinbWMMM B perioHi

3anacamu BYrinnsi, Mavxe BABiYi Bunepespkaoum Konymoito.
Bpasunis Takox € CBITOBMM nigepom y ranysi BUpobHuUTBa
etaHona. Ha Hei pasom 3i CLWA poBogutbcsa 70 % cBiToBUX
noctavaHb nanvea. Ypsg KpaiHu 3HauyHo 36inbLumB iHBeCTULIT
B pO3BiaKy i BUOOOYTOK, 34iicHiOBaHi komnaHieto Petrobras.
Lle no3sonuno 36inbwnT BUPOOHMLTBO He nuvwe HadTy i
rasy, ane TakoX i eTUIoBOro CnmpTy, i Byrinns, LWo € Bigobpa-
KEHHSAM HaLjioHanbHOI MoniTMKM B ranysi eHeprosabesne-
YeHHs. bpasvnbCcbkuii gepxaBHUM HadpTOrasoBun riraHT
Petrobras noBigomve npo pekopaHWn YicTuin 36UTOoK 3a nia-
cymkamu yetepToro ksaptany 2018 p. B poamipi 36,9 mnpg
peanis (10,2 Mnpa £on) nicnst CIUCaHHA BapTOCTi akTuBIB Yy
3B'I3KY 3 Pi3KMM 3HWKEHHSIM LiH Ha HadTy. 3aranbHa cyma
cnucaHb BapTOCTi aKTMBIB Ta IHBECTMUiW cTaHoBMna
46,4 mnpg, peanis (12,8 mnpg gorn), B OCHOBHOMY iOeTbCA
npo cekTop BMAOOYTKy i po3Bigku. 3a nmigcymkammn poky 36u-
ToK Petrobras Takox cTtaB ictopyyHum — 34,8 Mnpa peanis
(9,6 mnpg gon). bpasunbcbka komnaHia Petrobras BusBu-
nacsa y ueHTpi kopynuinHoro ckaHgany B 2014 p., konu ctano
BiAOMO, LLO YHKLiOHepW nignucysanu yrogn n ogepxysanu
3a e KoMicirHi B po3Mipi 3 % Big cymu KoHTpakTy. Lli 3acobu
HaJani BUKOpUCTOBYBanucsa Ans nigkyny noniTukie i nocago-
BMX 0Cib. 3a gaHvmMu Brniagy bpasunii, 3aBuLLeHHs LiH | xaba-
piB npuHecnn astopam igei 3,8 mnipa gon. Y ciyHi paga
aunpektopiB Petrobras 3atBepauna 3amiHv B GisHec-nnaHi Ha
2015-2019 pp., WO Npunyckae CKOPOYEHHs1 obcary iHBeCTu-
um Ha 24,5 % po 98,4 mnpg pon (Erfahrungen mit
Ausschreibungen, 2016).

Yuni mae aediumnT eHeprii, ockinbku Bupobnsie 5 % Big
3aranbHoOro cnoxusaHHa HadTy | nokpueae 20 % BnacHuX
notpeb y npupogHomy rasi. ¥ nepiog mixx 1996 i 2008 p. ex-
CMopT YMnincbknx cnpoi HadpTu i rasy ctaHosus 0,7 % y 3a-
ranbHomMy obcasi ekcnopTy, a iMnopT cupoi HadTh i
noxigHux nanue gopisHoeae 10,3 % Big iMNopTy 3a ToOW xe
nepioa. Kpim Toro, y nepiog mix 1997 i 2008 p. Ha Ynni npu-
nagano 25 % yceoro imnopty HadpTu B lNMiBAEHHIN Amepuui,
IO € BENMYE3HMM MOKA3HMKOM 3 Orfsifly Ha PO3Mip eKOHO-
MikK KpaiHu.

BeHecyena Bonogie 6,8 % Big CBiTOBMX JoBeAeHNX 3a-
nacis, To6To 80 mnpg 6apenen, Wo cTaBuTh ii Ha LWOCTE Mi-
cue y cBiTi nicna Caygiscbkoi Apasii, P®, IpaHy, Ipaky i
KysewnTy. Akwo aoaatv 3anacu HaaBaXKoi HadTH, MOKa3HUK
3pocTae go 270 mnpa G6apenis, WO Bigpa3y cTtaBuTb BeHe-
cyeny Ha nepuue MmicLe y CBiTi 3 HagToBUX pe3epsiB. OaHak
BMPOBGHULITBO BaXKMX COPTIB HAPTN € TPYAOMICTKMM, BUMa-
rae BenuKMX iHBECTULiN NpOTArom GinbLU TpMBanux nepioais
yacy, € MeHLU BWrigHMM, KpiM TOro, HeoOXxigHi cneujianbHi
HIM3, ockinbkn cynepBaxKy BEeHeCyernbCbKy HagTy He MO-
XHa nepepobnAtn Ha HIM3, npusHaveHux ans nepepobku
Oinbw nerkmnx copTiB. Xou BeHecyena i Mae BenunyesHi 3a-
nacu, BoHa He Mae MOXNMBOCTEW 30iMbLUNTM NOCTa4aHHs
cupoi HadTn. 3a ekcnepTHumu ouinkamu EKINAK, BBl Be-
Hecyenu Bupic Ha 17,9 % y 2007 p. Lien npupict daktnyHo
O3Havae BIQHOBMEHHA nicna piskoro nagiHHa B 2004—
2006 pp. AdaHi 3a 2008 p. ceigyaTh Npo 3pocTaHHs Ha 9,3 %.
OpHak 36inblweHHst BBl BigOyBaeTbca He 3a paxyHOK 3po-
cTaHHs BUoobyTky HadTw, Wwo 3a aaHnmun ONEK He gocsarno
KOMNMULLHBOTO PiBHS Yepe3 HN3bKUA 06Csr Aep)KaBHMX iHBEC-
TUUI Yy HadToBUI cekTop. [lMHamika gaHoro cektopy byae
3ane)xaTn BUHATKOBO BiJ KONMMBaHb CBITOBUX LiiH, OCKiNbKu
iCHYIOTb OOMEXEHHS NiABULLEHHS PiBHSA BUPOOHMLUTBA.

Macwrtabn BngobyTKy BU3HAYMTU BaXKKO 3 Ornsgy Ha Bi-
OCYTHICTb gocToBipHMX AaHux 3 PDVSA. Hessaxatoum Ha
Te, WO AepxaBHa KOMNaHis CTBEpOXYe, Lo BiAHOBWUNA pi-
BEHb BNAOGYTKY NpnbnmaHo go 3,1 MnH Gapenis y AeHb, He-
3anexHi OOCMiMKEHHS MOKa3ylTb, L0 pearibHU NOKa3HUK
cTaHoBWTb 2,7 MiH GapeniB. BeHecyenbcbka HadhToBa Npo-
MUCIOBICTb BUMAarae 3HayHMX LLOPIYHMX iHBECTULN, 0CO6-
B0 B pO3p0bKy HOBMX POAOBMULL, AN TOMO LL06, NpUHaiMHI,
36eperTu CBii HUHILLHINA piBeHb BUpobHuuTBa. PDVSA LWe €
[anekow BiA OOCArHEHHA MiHIManbHOrO PIBHA IHBECTULLIN.
Y nepiog 2009-2012p. BOHa nnaHyBana iHBecTyBaTu
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6,3 Mnpa 00N 3a paxyHOK AepXasu i we 2,5 mnpa Aon npu-
BaTHUX KaniTanoBknageHb. He3Baxatoun Ha odilinHi AaHi,
OUiHKM iHBeCTMUINHOI AianbHocTi 3a 2008 p. ceigumnu, wo
peanbHo 6yno BknageHo nuie 61M3bKko NOMOBMHM Bif 3as-
BMeHOi undpu, To6T0 He 6inbw 3,5 mnpa gon. MoxnusicTb
3pOCTaHHSA MPUBATHUX IHBECTULIM TaKOX MiA CyMHIBOM Ye-
pe3 HeBM3HAYeHICTb YpAA0BOI MONITUKA CTOCOBHO iHO3eM-
HUX iHBeCTMUiIA. 3 ornsgy Ha [AaHy TeHOEHLl MOXHa
npunycTuTH, Wo BnaobyTok HadTh y BeHecyeni 6yae npo-
AosxyBaTn nagatu abo, y kpawomy Bunagky, He byae 36i-
nbluyBaTUCS.

PiBeHb iHBecTuuin PDVSA He MOXxHa nopiBHBaTK 3
AepXaBHUMU HapTOBMMU KOMMAHISAMM B IHLLWX KpaiHax pe-
rioHy. Hanpuknag, y 2007 p. Pemex (Mekcuka) iHBecTyBana
y ABa pasu Ginbwe, HiX ii BeHecyenbCbka konera, a
Petrobras (bpaaunist) — Ha 150 % GinbLwe. Y 3asBax npea-
CTaBHUMKIB Opa3nnbCcbkoi AepkaBHOI HadhTOBOI koMNaHii BU-
3Havanocb Npo nnaHW iHBecTyBaTM gopaTkoBo 12 mnpA
aon. y nepiog 2009-2012 pp., Wwo B Tpu pasu nepesuLLye
AincHun pieHb iHBecTuuin PDVSA. BeHecyena mae Halbi-
nNbLlWi 3anacu npupogHoro rasy B JlaTuHcbkin Amepudi, oa-
Hak BOHa He Oyna 3auikaBrneHoW B iXHiA po3pobui.
HesBaxaloun Ha Te, Lo 3anacy OLiHIoTLCA B 4,2 TPIH M3,
6yno nobyTo He GinbLue 40 mnpa M3 rasy. KpiM Toro, 3HadHa
YacTuHa rasy, Lo BBaXaeTbCs TEXHIYHMM, JoByBaeTbCH pa-
30M i3 HadpToK. IMOBIpHO, WO BeHecyena ctaHe KNio4YoBUM
eKkcnopTepom rasy B JlaTMHCbKin AMepuui, ogHaK Ha CbOoro-
OHi i ekcnopTHi 0b6csirm € gocuTb He3HadvHumMu. Mpo ue cBi-
aunTb i yroga 3 Konymbieto 3 6yaiBHMUTBa rasonposogy
Transguaijiro, wo 3abe3nevye NPUKOPAOHHI TepuTopii kpa-
iHn. BeHecyena po3BuBae rasonpoBigHy CMCTEMY, LLO A0-
3BONMUTL i1 MakcumanbHO ycTanutu 6GanaHc  yciei
eHeprocucteMu. Y KpaiHi CTBOpEHO MpaBOBY OCHOBY AN
BMOobyTKy rasonodibHux ByrnmeBodHiB (3akoH Ley de
Hidrocarburos Gaseosos), i B 2000 p. 6yna cTtBOpeHa
ENAGAS (HauioHanbHa rasoBa kopnopauisi). BeHecyena
BuaobyBae nerky, Baxky i HagBakky HadpTy. Ha puHky Han-
Oinbw 3aTpebyBaHi nerki coptv HadTU, TOAI K BUKOpUC-
TaHHS BaXKMX COPTiB € 0bMexeHnM. Kpim Toro, TpaHCNopTHI
BUTPaTU 3 NepeKkadvyBaHHA BaXXKUX COPTiB HadhTM € AOCUTb
BMCOKMMMU, L0 poBUTL ii Yacom HepeHTabenbHo. Tomy no-
3uuii BeHecyenu Bkpal ypasnuei, OCKiNlbkM OBGMEXEHICTb
puHKiB 30yTy 3MyLLy€e ByTH NOCTYNMAMBILLOK Y NepemMoBUHaxX
3i CLLWA, ocobnmeo matoum peHTabenbHicTb npogaxis. Had-
ToBa nonituka BeHecyenu koperyetbcs y Gik iHBeCTMLIN y
BMAOBYTOK nerwmnx copTie HadTH, Wwo 3pobuTs i nosuuii Ha
PUHKY CTabinbHUMKU. AKTyanbHUM CTa€ i CTBOPEHHS Chifb-
HUX MiANPMEMCTB 3 BMOOBYTKY i nepepobkn BaxkKMX copTiB
HadTK. Y 3B'A3KY 3 UMM rOCTPO CTOiTb NUTaHHSA MPO 3MiHY
3aKkoHogaByoi 6a3n, 3okpema 3 BMOOOYTKY HauioHanbHUX
pecypciB HapToBMMM KOMMaHiaMuK. Y Ui cdepi icHyBanu
npobnemu IPUANYHOIO XapakTepy, Lo 3a3HaBanm KpUTUKN
3 BOKY KOMMNaHi perioHy.

"onoBHOK Npo6nemoto perioHy € oyxe Mana KinbKictb
po3BigaHux pogosuly nerkoi HagpTh. Lo ctocyeTbes 3ana-
CiB BaXKOI HaTW, TO BOHWN € JOCUTb BEMUKUMU, OAHaK Ha
PVIHKY Hadp T CnocTepiraeTbCs 3CyB CMOXMBYOrO NONUTY Ha
KOpUCTb nerwmx copTis. Liboro Bumarae HeobxigHiCTb 3MiH
eHepreTMYHOI NoMiTUKK, 30kpema Benecyenu, Ha kopucTtb
BMOobyTKy copTiB nerkoi HadTu i ByaiBHnuTBa HOoBUX HIM3,
po3paxoBaHux Ha nepepobky Takoi HadTu. OCHOBHUM 3a-
BOAHHAM BeHecyenu € gumBepcuUdiKoBaHICTb €KCMOPTHUX
nocTtavaHb. [N BUPILLEHHSI CKNAgHOro NMTaHHSA HeobXigHO
iHBECTYBaTV BENUYE3HI rpoLLi y BMA0GYTOK i nepepobky. Be-
Hecyena He Mae MOXIMBOCTEN CaMOCTIHO BUHECTU Take
hiHaHCOBE HaBaHTaXeHHs | TOMY 3MyLUeHa LyKaTun napTHe-
pie. OgHak came Le i € JoCUTb NpobGrnemaTuyHUM 3 ornsigy
Ha MOMITUKY AepXxaBu, CNpsIMOBaHY Ha HauioHani3auiio Ha-
dTorasosoi ranysi. 3a uux ymos PDVSA i BeHecyenbCbkuii
ypsaa HamaralTbCs CTBOPUTM CRiNbHI NignpuemcTaa 3 aep-
XXaBHUMU HaTOBMMMU KOMMaHiAMM B kpaiHax [liBoeHHoro

KoHycy — Petrobras, ANCAP, Enarsa, ENAP 3 po3Bigku, Bu-
[obyTky i nepepobkn Ha pogoBuLax nosicy OpiHOKo.

JediunTt NnpmpogHoro rasy y ABOX HaWBINbLWINX KpaiHax-
imnopTepax — Bpaaunii 1 Yuni ctaHoBUTL 55 MIH M3 Woao-
60B0. [1ns1 3200BOIEHHSI TAKOro NONUTY HEOBXiAHO iHBECTY-
BaTM 23 Mnpa gon, Wwo pobuTb MPOEKT EKOHOMIYHO
HeJouinbHUM. Bpasunia cTBepaXye, WO BOHA 3MOXe Lin-
KoM 3abe3nedvyBaTu BHYTPILLHI NOTpPebu B rasi, ApreHTuHa
30iNCHIOE NPOrpamMmn BUKOPUCTAHHA SAEPHOT eHeprii, Wo Mo-
rno 6 3Ha4yHO cKkopoTUTK Ti NOTPEeObM B NpupoaHomy rasi. Kpim
TOro, Ansi 3aJ0BOJIEHHST BHYTPILLHIX noTpeb 6yae 36inbLue-
HUA BUOOOYTOK BRacHMX podoBull. Yce ue npu3Beno Ao
TOrO, WO PilEeHHS NPO NOYaTOK peanisalii 4aHOro NpoeKTy
3aMOpPOXXEHO 4OTU, MOKKM BCi 3aUiKaBreHi KpaiHW YiTKO He BU-
3HayaTb KOHTYPW BrIacHOI eHepreTu4Hoi nonitnku. BeHecy-
erna Mae HanbinbLnii piBEHb PU3UKIB, OCKINIbKM €KOHOMIKa
KpaiHm Ha 95 % 3anexwuTb Bif NPUMPOAHUX pecypciB Ta ix-
HbOro Mpogaxy Ha ekcnopT. HM3bki LiHW Ha Had Ty LITOBXa-
10Tb BeHecyeny go aedonTy, OCKinNbku came uUs KpaiHa 3
yCix HacpTOBUAOOYBHMX EKOHOMIK HAaiMEHLLE MiAroToBreHa
0o nagiHHg uiH (BugaHHsa oilprice.com). KpaiHa nepexu-
Barna CKragHi Yacu HaBiTb TOAI, KONK LiHM Ha HadTy Oynu
BMcokmMMu. Tak, y Kapakaci Bigbynuncst npotectn HaceneHHs
i3 3aCTOCYBaHHSIM HAcCUNbCTBA, KOMNW LiHA nepeBuLlyBana
100 pon 3a 6apenb. [ocnigHnkn 06BUMHYBadyBanu B NOTOY-
HMX npobnemax ypsig BeHecyenu: "HepnoTtenHe ynpaBniHHA
KpaiHOI He € HOBMM siBULLEM. AKLWO Mu nepepaxyemo BBl
Ha Aywy HacerneHHd 3 ypaxyBaHHAM iHdMsuii, TO BU-
SIBUTBCS, L0 MOKA3HUK HaBiTb Ha 2 % Hmk4e, HiX Le byno B
1970 poui". 3 pi3kum nagiHHAM LiH Ha HadTy cuTyauis y Be-
Hecyeni ycknagHunacs. Bigomi ekoHomicTn MapBapgcbkoro
yHiBepcuteTy KapmeH Pennxapt i KeHHeT Poros 3asBunu,
Lo BeHecyeny ouikye aeconT Yepes nagiHHA LiH Ha HadTy,
konu uiHa 6apensa Had TV 3Hn3mnacs we Ha 25 %. Y 2018 p.
Mpe3ngeHT Hikonac Magypo AomoBuBCS 3 Npe3ngeHToMm
Ypyrearo Npo CTBOPEHHs "cTpaTeriyHoro coro3y B HaghTOBIN
ranysi" (Political Database of the Americas, n.d.).

Mpe3npeHTamm Bonisii, Ypyreato, Mapareato i BeHecyenu
po3rnsiaanocs NUTaHHa Npo 6yaAiBHUUTBO ra3onpoBoay A0B-
XKMHOI0 6 TWC. KM, AKuIA NoYHeTbes y Tapuxi (Bonisis), npovige
yepes lMyepTo-Kacago (Maparean) i 3akiHuMTbCS B MOHTEBI-
Aeo. OronoweHa BapTicTe y 500 MnH gon ysenanacs 3aHu-
XKEHOI. YpyrBam € MOBHICTIO 3anexHuMm Big iMNopTy
HadTonpoaykTiB y 2018 p. [lepxaBHa HadTorasoea Komna-
His BeHnecyenu (DVSA) Ta ypyraaricbka AepxasHa HadToBa
komnaHist (ANCAP) oronocunv npo CTBOPEHHS CNiNbHOro nig-
npuemMmcTea 3 BUOoOyTKy BaXKKOi M HafBaXkKOi HAadpTK B NOSACI
OpiHoko, o 3abe3neunno nocta4aHHsa 4o Ypyraar Ha Hau-
6nvxui 25 pokis. Lie o3Havano 6 po3wmnpeHHst i mogepHisadito
HM3 La Teja, wo moxe nepepobnatu Taki coptn Hadptu. Be-
Hecyena 3anpornoHyBana IiHBecTyBaTM B LEWA MpOeKT
200 mnH gon. YHacnigok Ypyrasau ogepxye 67 % y MmanbyTHix
€KCMOPTHUX KOHTPaKTaXx, X0 i HagOPOXYNIA Yy CBITi OEH3MH
(1,36 pon). MiHicTp NpOMMCNOBOCTI, EHEPreTUKN Ta FipHUYO-
pyaHoi npomucriosocTi Ypyreato KaponiHa Kocce Bu3Haunna
HeobXigHICTb peanisauii NpoekTy 3 OyaiBHULTBA perasvdiko-
BaHoro TepmiHany B Ypyraai. [licnsa 3ycTpidi 3 ekc npe3ngen-
Tammn kpaiHn Xynio Mapisa CeHryinetTi, Jlyicoc Anb6epTo
Jlakanbe, Xopxe batnbe Ta Xoce Mycika 'y 2016 p. npe3angeHT
Ypyreato Tabape Backec npefctaBvB HOBWIA 3aKOHOMPOEKT
Npo po3BiAKy BYrNeBOAHIB Y NapramMeHTi.

Ponb HagpTorazoBoro pakropa B 30BHILLHIN NONITULI B
perioHi 6a3yeTbcs Ha Takux yrogax:

¢ Yroga Xoce. [pyHaliiMHi YBepTb CTONITTA KpaiHu LieH-
TpanbHoi Amepukn i Kapubcbkoro GacenHy B peanisadii
MiXKHapogHOro cniBpobiTHMLTBA CTMKAalTbCA 3 TPYAHO-
LamMu, BUKIIMKAHUMW BIACYTHICTIO HadTK, KONK LiHW Ha BYr-
NEeBOAHY CMPOBUHY 3pOCTaloTb, CMTyaLlis noripwyeTbes. Y
ceprHi 1980 p. y Xoce (KocTta-Pika) mix ypsgamm BeHecy-
enu i Mekcukn 6yna nignucaxa yroga, BignoBigHO [0 SIKOI
KOXHa kpaiHa 3o06oB'a3anacsi noctadatv 80 Tuc. HGapenis
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cupoi HadTh | HacbToNPOAYKTIB LWoaeHHo Ao 11 aepxas pe-
rioHy (Benis, Kocta-Puky, CanbBagop, 'Batemany, MoHay-
pac, Hikaparya, Manamy, IaiTi, [JomiHikaHCbKy Pecny6niky,
Bapbapgoc i Amaliky) 3a CBITOBMMM LiiHaMK, ane 3 HagaHHAM
KPeAUTHUX MiHin, Wwo nokpueatoTb Big 20 oo 25 % Big 3ara-
NbHOT BapTOCTi Nanuea. Yroga WopiYHO NPOMOHIYETLCS.

* Kputuka BeHecyenoto Yroam Xoce npussena Ao CTBO-
peHHsa AoaaTkoBoi, Kapakacbkoi yroam B oBTHi 2000 p. Mix
BeHecyenotw i gecsiteMa kpaiHamu perioHy (3a BUHSITKOM
Amalikn) i rapaHTye wopaeHHi noctavanHsa 80 Tuc. 6apenis
Had TV 3a CBITOBMMM LiiHAMWU, ane 3a paxyHOK KpeaAUTyBaHHS
nig 2 % piyHnx TepmiHom Ao 17 pokis. Hanbinbwa vyacTtuHa
pictaeTbest [JomiHikaHebkin Pecny6niui (20 000 6apeniB y
noby), a HanmeHwa kBoTa bapbagocy i benisy (1600 i 600
Oapenis BignoBigHo).

» Yropga 3 Petrocaribe. Y 2005 p. BeHecyena 3gjcHuna Kpok
[0 CTBOpeHHs1 opraHisadii Petrocaribe, oo sikoi yBinwnm kpaiHm
Kapubcbkoro 6aceriHy, aki He 6epyTb y4acTi B yrogax: AHTurya i
Bapbyna, baramwn, MNoHaypac, NpeHaaa, MariaHa, CeHT-KiTc i He-
Bic, CeHT-Jltocia, CeHT-BiHceHT i MpeHapiHu, CypuHaMm, a Takox
Benis, Amarika i [JJomiHikaHCbka Pecrnybnika, siki Oynm oxonneHi
yrogamu. Manueo npogaeTbcs 3a CybCcMaoBaHUMM PUHKOBUMMU
LiHamu. YyacHukn Petrocaribe ogepxyroTb JOBrocTpokoBe i-
HaHCyBaHHS, NpuB'sa3aHe A0 piBHSA CBITOBUX LiH, a came: go 30
% 3a uiHoto noHap 40 gon 3a 6apens; 0o 40 %, sKwo BUTpaTu
3a 6apenb 50 gon i go 50 %, skwo uiHa nepesuye 100 gon.
AKLWO UiHW Ha cupy HadTy 3anuLaTbes Hkde 40 gon, TepmiH
onrnaTy i BiaCoTKM Taki X, K i B Kapakacbkili yrogj. OtpymMaHa 3a
JaHOLo cxemoto HadTa Mae ByTv BUKOpPUCTaHa N LLIE Ha BHYTPI-
LLIHLOMY PUHKY | He MOXe ByTy peekcrniopToBaHoto. List yrona Mae
OBi pucy: no-nepLue, CTBOPHKOTBLCA MOCTiMHA opraHisauis 3i
wtab-kBapTmpoto B Kapakaci, Paga MiHicTpiB i BukoHaBumii cex-
petapiat. [Mo-apyre, 3acHoByeTbcs ALBA-kapubcekuin choHa
Ans dhiHaHCyBaHHS NPOrpam eKOHOMIYHOTO i CoLianbHOro po3Bu-
TKy 3 MepBiCHUM BHeckoM Yy poamipi 50 mnH gon (Lessa and
Sondergaard, 2019).

o BeHecyenbCbko-kKyOMHCBHKA yroga € OAHI€l0 i3 cekpeT-
HWUX Yy MiXHapogHii npaktuui. MonitTmyHo rpyHTyeTbCA Ha
npotuaii nonitnui CLWA, "aHTnimnepianictuyHin", "aHturno-
OanizauinHin" i "aHTnHeonibepanbHin" putopuui. Matepia-
JNIbHOIO OCHOBOH L€l yrogn € Topriensa HadpTor. EpikcoH,
Koppanec, ®anbkodd i lUndTtep BusHavyanm ocobnmeocTi:
BeHecyena nocraensie Ky6i 90 Tuc. 6apeniB y AeHb 3a Ui-
HOH0 i3 BOX TPETUH Bif pUHKOBOI BapTocTi. KybGa cnoxusae
120 TrC. 6apenis Ha goby, OBi TPETUHM 3 AKX BOHa BUPOG-
ngae. Takum ynHoMm, i3 90 Tmc. HGapenis, WO NOCTaBNAKTHCA
BeHecyenoto, 40 TMC. BWKOPUCTOBYIOTLCA ANS BHYTPILL-
HbOr0 CNoXmBaHHSA, a 50 TUC. peeKkCcnopTyETLCA Ha CBITOBI
puvHkn. Kyba He nuvwie ogepxye BUrogy Big BUKOPUCTaHHS
cybCcrMaoBaHOi CMPOBMHU ONSA BHYTPILIHLOIO CMOXWBAHHSA,
arne TakoX Mae MOXIUBICTb peekcrnopTy. Taka hopma Hara-
aye gonomory, HagaHy CPCP y 70-80-Ti pp., konu PagsH-
cbkuin Coto3 cybeugitoBaB nocrtadaHHs HadTu Ha KyGy, Lo
possonsano ®. Kactpo npogasatu go 60 Tuc. 6apeniB Ha
[oby Ha onToBOMY puHKy. B 06MiH Ha "HadToBY gonomory”
BeHecyena opepxye Big 30 go 50 Tuc. KybrHCbkMx dhaxis-
LiB, 0CO0MMBO B ranysi MeguuuHu, OCBIiTU | CNOPTY, SKi OO-
nomaraioTb ypsgoBi BeHecyenu BuKoHATM  couianbHi
nporpamu. OiliHO He NiATBEPOXKEHO, WO KyOWHLi Takox
pobunu KOHCYNbTaLiNHI NOCMYrM 3 METOK NOCUIIEHHS BiliCh-
KoBOro noteHujiany BeHecyenu. Macltabu Lboro o6miHy Bi-
[obpaxeHo B AONOBIAAX, HagaHWUX KyOUHCbKUM ypsiaoMm, Y
AKMX BU3HaAYaEeTbCs 3pocTaHHs pieHA BBIM Ha 11,8 %.

"mobanbHWI xapakTep i noniTM3auis eHepreTM4YHUX Npo-
6rem BMnMBalTb Ha 30BHILLHIO MOMITUKY KPaiH, MOCUINEHHS
poni eHepreTM4yHoro cakTopa B MDKHApPOAHIN NOniTuLi.
Tomy iHTepec sBnsAe cobot aHania poni HadTorasoBoro
akTopa Ha 30BHILLHIO MONITUKY KpaTH-BUPOOHUKIB i CNOXK-
BayiB HapTu. JlaTuHcbka AMepuka € OAHMM 3 OCHOBHMX

HaPTOHOCHMX PETiOHIB CBITY HE NuLLe LWoao 3anacie, ane 1
nepcrnekTMBHUX pecypcis.

BucHoBKkU. Br3HaueHo nepcrnekTviBu po3BuTKy HadpToraso-
BOrO KOMIMIIEKCY Ta MOro posib Y 30BHILLHIN NOMITUL NnaTnHoame-
PUKaHCBKMX OepXaB, MOoMiTULi 3 BUKOPUCTaHHSA HadpToBUX i
razoBux 6araTcTB siK iHCTPYMEHTY MOCUIMEHHS BINIMBY B PETIOHI,
a TakoX (PyHKLOHYBaHHSA BaraTOCTOPOHHIX yroJ 3 nocraqaHHs
HadpTW. Po3rnsiHyTO MOXIMBOCTI peanisaLii cninbHWX eHepreTn-
YHUX NpoekTiB Y JlaTuHcbkin Amepuui. HasiBHICTb HadTU i rasy B
perioHi 3aBXau BUKOPUCTOBYBaNAacs AK NOMITUYHUIA IHCTPYMEHT.
Y ranysi eHepropecypciB y JlaTuHcbkii AMepuLi BUGINAKTECS
YOTMPM KpaiHW: BeHecyena — oauH i3 HabIiNbLUMX Yy CBITI €KCro-
pTepiB HadTu i BNnmeoBui YneH ONMEK; Mekcuka, sika nocinae
8-me micue 3 BuaobyTKy HadpTh Y CBITi; ApreHTMHa — BUBO3WTb
Ta iMnopTye HadTy; Bpasunis — nparHe 4o camo3abe3neyeHHs
HadbToO | 10 PO3B'A3aHHA NPOGEMU eHepronocTadaHHs y Mac-
wrabi perioHy.

Mekcuka i BeHecyena € Hambinbwummn HagpTomo0yBa-
Yamu 1 ekcrnopTepamm y ceiToBoMy Macutabi. 3HauHa vac-
TMHa ByrneBoAHiB noctayaeTbest oo CLUA. MekcukaHcbka
HadTa cTana BaXNMBUM apryMeHTOM AN BKMYEHHS i€l
kpaiHn oo HA®TA. BeHecyena BukopucTtoBye HadpToBUI
dhakTop y npoueci akTuBisauii 1 AuBepcudikaLlii 30BHILLHbO-
NoniTUYHOI AiANbHOCTI AepXKaBMu.

Bpasunis, ApreHTuHa, bonisis, EkBagop, MNepy i Konym-
6is € HaWBinNbLLUMMK perioHanbHMK JoByBa4Yamu CUPOBUHW.
OpHak 0cobnumBiICTIO UUX Aepxkas € Te, Lo YacTUHa eKkcnop-
TOBaHOI HaOTV He 3anuae Mexi naTMHoamMepuKaHCbLKOro
pErioHy i NOCTaBNAETbCA Y HAWONWKYi AepxaBn. Y LbOMY
3B'I3Ky BaXXINMBO aKLEeHTyBaTh yBary Ha npobnemi perioHa-
NbHOI eHepPreTMYHOI iHTerpaLii 3 MeTol NOCUIEHHS poni Ha-
dTOrasoBoro pakropa B 30BHILLUHIN NOMITULI perioHy.

3abe3neyueHHs cTparerii AiAnNbHOCTI Ha pUHKax BUMarae
aHanisy HasiBHUX MOMITUYHMX pU3MKiB. [nA iXHbOI OUiHKM
TpaguuiiHO BMKOPUCTOBYIOTBCA METOAMKW, pPO3pobneHi
aMepUKaHCbKMMK Ta €BPONENCHKMMUN KOHCaNTUHIOBUMM (i-
pmamu. Mpouec noganbLuoi rnobanisauii cBiToBoro HadTo-
BOrO PMHKY CTaBWUTb 3aBAaHHS BUPOONEHHS iHCTpYMEHTapito
ONS OLiHKM NOMITUMHUX PU3MKIB FOCNOAAPCLKOI AisiNbHOCTI
KOHKpEeTHUX cy6'eKTiB rany3emn eKoHOMiKU, y TOMY Yucni 1 Ha-
dTOrasoBOMy KOMMMEKCI.

Mirenbe MoiisiHo, ampekTop 3 Bugobytky ARPEL, Bu3Ha-
YMB, WO "3MiHM B HauioHamnbHIA noniTuui GinblocTi KpaiH
CTBOPIOIOTb CMpaBeAnuBi noaaTkoBi W pickanbHi pexvumm.
BoHM MOXYTb 3anmy4mT 3HaYHi iHBECTUUIT Big, HaLliOHaNbHKX,
perioHanbHWX i rnobanbHMX rpaBLiB Y HadTOrasoBii NPoOMUc-
nosocTi. OCHOBHI ranysi Bkmo4aoTb ogLIOpHY Bpasunito i
["anany yepes Stabroek. OdopHuin CypuHam, sikuin nepeby-
Ba€ B cTafil po3Bigku. 3anuwiaetbes noteHuian y BeHecy-
enu. Peanisauisi 3anexwuTb Bif cepino3Hux 3miH 3 Goky ypsay,
wob 3pobuTtn kpaiHy npusBabnueol Ans iHBecTopiB. 3a-
BAAHHSA BKIIOYAOTb MIATPUMKY Aianory i cniBpobiTHMLTBA 3
ypsigamm B MeXxax cTaHgapTiB aHTMKOPYMUIHOI BianoBiganb-
HOCTI, MaTepianbHO-TEXHIYHUX BUTpAT, Npobnem npodcrninok
i HeedbeKTMBHOI koopanHaLii MiXX MicLEeBUMM i HauioHanb-
HUMUK opraHamu Bragu Wwoao AocTyny Ao 3emni'”.
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OIL AND GAS FACTOR IN THE FOREIGN POLICY OF LATIN AMERICA

Formulation of the problem. The authors analyze the current state and prospects for the development of the oil and gas complex and their role
in the foreign policy of the Latin American states, policies of the use of oil and gas resources as a tool for enhancing influence in the region, as well
as the functioning of multilateral oil supply agreements. The possibilities of realization of joint energy projects in Latin America are analyzed. The
presence of oil and gas in the region has always been used as a political tool. The United States' reliance on Middle Eastern oil and the carbon
emissions produced by the surging demand for fossil fuels in Asia tend to dominate discussions about the role of energy in U.S. foreign policy. But
in recent years, the energy relationship between the United States and Latin America has perhaps become more important than other issues, as the
largest share of the United States international trade and investment in the energy sector has occurred within the Western Hemisphere.

Purpose of the researchis to study the role of the oil and gas complex in the foreign policy of Latin American countries. The oil and gas complex
plays an important role in the foreign policy of Latin American countries. The Latin American energy market is quite attractive to transnational energy
companies due to the huge volumes of cheap energy resources, the consumer market with growing energy demand. The energy markets of the
Americas are deeply integrated. Despite the shale boom, which led to a sharp increase in U.S. oil production and a drop in imports, the United States
still relies on Latin America for more than 30 percent of the oil it buys from abroad. The gas and gas complex part of the geological section is
characterized by a similar lithological composition and the underlying rocks, containing oil and gas in industrial volumes.

Research methods: The following research methods were used to address the issues set in the article: general scientific methods — descriptive,
hermeneutic-political, systemic, structural-functional, comparative, institutional-comparative; general logical methods — empirical, statistical,
prognostic modeling and analysis; special methods of political science. The preference was given to the method of political-system analysis, by
which the common and distinctive characteristics of the basic components of immigration policy strategies were identified, reflecting existing
political, public, information and other challenges for international relations and global development.

The article of analysis. Latin America, a growing importer of U.S. natural gas and the largest market for U.S., makes refined petroleum products, such as
gasoline. American oil companies and utilities are big investors in Argentina, Brazil, Mexico, and Venezuela, helping to develop the energy resources of all
those countries. In Brazil, the United States direct investment in oil and gas extraction reached $2,4 billion in 2015; in Mexico, the figure was $420 million.
Washington's financing and technical cooperation programs have further helped the development of new energy resources in the region. U.S. institutions and
funds back up clean energy investments and provide regulatory and technical guidance to tap the region's shale fields.

Keywords:oil and gas factor,petroleum products, foreign policy, gasoline, World Energy policy, Latin America.
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HE®TErFA30BbIA ®AKTOP BO BHELLUHEW MONUTUKE CTPAH NATUHCKOW AMEPWUKU

AHanusupyemcs poJsib HehmsiH020 U 2a308020 Komrsiekca cmpaH JlamuHckol AMepuKku 8 Mupoeoll 3Hep2emuKe Co 8PeMEHU IHepa2emuyecKux
kpu3ucoe. [[pousowedwue usMeHeHus1, NopaxoeHHble 2r1o0b6anu3sayuell 3Hep2emMuYecKux omHoweHul, 3a HerosIHoe decsimusiemue ofpoeepaiu ece
npedbidyujue NPo2HO3bI OMHOCUMEsIbHO OasibHeliwel poslu 3Hep2emuYecKux pecypcoe 8 MexOyHapoOHbIX OMHOWEHUsIX U QUHaMUKU e3aumo-
delicmeusi mpaduyUuOHHbIX 3KCIOPMepPos U UMNopmepos chipbs. [Nobanu3ayus 3Hep2emu4YecKux omHoweHull usMeHusa 3Hep2emu4ecKyHo nosu-
muky u ycnoeusi obecredeHus1 aHepzemuyeckoli 6e3onacHocmu cmpat JlamuHckoli AmMepuku. [Jpyaue cmpaHbl U pe2uoHbl coenanu nosmopeHue
amMepuKaHCKo20 ofnbima 0GHUM U3 MPUOPUMEMOo8 C80UX 8HYMPEHHUX U 8HeWHuUX nonumuk. [TpupodHskIl 2a3, "30/10moii éek” KOMoOpo20 NPoeo3a-
nacuno MexdyHapoOHoe 3Hepaemu4yecKoe a2zeHmcmeo, se/isiemcsi caMbiM 3¢hgheKmueHbIM U 8 MO e epeMsi obecreqyugaroWumM MUHUMalbHbIE
amuccuu epedHbIX 8elwiecms U NapHUKO8bIX 2a308 UCKOMaeMbIM monsiueom. Bo3moxHocmb 2ubko peaynupoeambs MOUHOCMb 31eKMpocmaHyull
Ha npupodHoM 2a3e denlaem ux onMuMasibHbIM 8bI60POM 8 3Hep2ocucmemax, ucnonb3yrouux 6osbwWoe Konuyecmeo 0306HOBSIOWUX UCMOY-
HUKO8 3Hep2uu, KomopbIM Npucyuwja nepeMeHHasi MowHocmb. CoyemaHue amux ka4ecme denaem npupoOHbIl 2a3 udeanbHbIM "MPOMEXYMOYHbIM"
monsiueoM Ha nymu K 6e33MUCCUOHHOU 3Hep2emukKe 8 pa3eumbix U pa3eusaroujuxcsi cmpaHax. Hegpmsinol u 2a3oenili Komnnekc ocmaemcsi 0OHUM
U3 pewarowux 3sIeMeHMos, 81uUsIULUX Ha MexdyHapoOHble omHoweHus1. "IHepzemuyveckas duniomamus”, MexdyHapoOHOe 3Hep2emu4yecKoe co-
mpydHuYyecmeo npespaujalomcsi 8 8aXXHOe HanpaesieHue 80 eHewHel MosUMuUKe pa3eumbix cmpaH. 3Ha4yeHue aHep2emu4yecKoz0 (npexade ece20
Heghmeza308020) KOMIIIIEKCa eo3pacmaem 8 MUpoeoll nosiumuke, ornpedesisiem 2eonosuMuKy eedyujux Mupoebix dep)xae U pe2uoHaslbHbIX UHMe-
2payuoHHbIX 06beduHeHull 2ocydapcme JlamuHckol AMepuku 3KOHOMUYECKOE pa3eumue ce8si3aHoO C POCMOM Mompe6rIeHUs1 IHep2emuYyecKux pe-
cypcos, npexde ece2o Heghmu U 2a3a, CO CMabusibHOCMbIO UX MOCMa8OK 8 pe2uoHe.

Knrodesnble crnoea: Hegpmeza3oebil KOM/IEKC, Hehmb, 3HepP2emuYeckKas rnosiumuka, 3Hep2emuyeckue npPoeKmal, MoJIUMUYecKuli UHCMpyMeHm,
aKcriopmep Heghmu, HayuoHanu3ayusi Heghmeza3o8o0U NMPOMbIWIIeHHOCMU.
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ELECTROCHEMICAL INVESTIGATION OF COBALT ABSORBTION PROCESSES
BY SOILS OF UKRAINE

(PexomeHAo8aHO YrieHOM pedaKyiliHoi Kosezii 0-pom 2eor. Hayk, npogh. C.A. Buxeoro)

In this paper, the processes of cobalt absorption by soils of Ukraine are investigated by using the electrochemical method of
pulsed inversion chronopotentiometry. It has been established that the absorption capacity of cobalt by soil varieties from complexing
media is 64-98 %. In solutions of KNO;, NH,OH and CSN,H, mobile compounds of cobalt are part of [Co(H.O)n]?*, [Co(NH3)n]?*,
[Co(CSN,H,)nJ*, and in solutions of Na,P,0;, NasP;0 and EQTA* anionic complexes [Co(P,0;)n]**", [Co(P30+)n]*°"i [COEQTAJ*are
formed. The cobalt cationic complexes [Co(H,O)n]J?*, [Co(NH3)n]*, [Co(CSN,H,)n]**are almost completely absorbed by the soils.
Anionic complexes — [Co(P;0;) n]?>*", [Co(Ps010) n]*>" i [COEQTA]J* largely remain mobile in the soil profile. The sorption effect depends
on the charge of the complex ions, their strength and on the steriometric parameters of the complex ions. A close positive relationship
was established between the cobalt absorption by soils and the cation exchange capacity of soils, the correlation coefficient was
0,7976, and between the cobalt absorption by soils and the humus content (0,7034). In the study of biohumus, it was found that cobalt
goes into the solution of 0,02M ETANa, + 0,09M NH,CI by the mechanism of competitive complexation, its transition to the HCI
solution occurs due to the protonization of the functional groups of biohumus with which the metal is bound. Biohumus has rather
high sorption properties of cobalt and may be promising for its use as an effective carrier matrix in various combinations with basic
fertilizers. Isotherms of sorption or exchange of cobalt for exchange ions of biohumus in various solutions correspond to isotherms
of Langmuir single layer adsorption. The method of lIHP analysis is important to use to control the content of trace elements at the
level of their trace concentrations necessary for plant development.

Keywords: Available content of cobalt, sorption processes, biohumus, cation exchange capacity, electrochemical pulsed method.

Introduction. The content of cobalt in soils is influenced
by natural and anthropogenic factors. Natural factors include
the geology of the territory, the age of soils, climatic
conditions, the expansion of the organic fraction of the soil,
wind erosion, which result in the distribution of minerals and
atmospheric deposition of dust, which includes cobalt.
Among anthropogenic human activities, which generally
affect the local concentrations of Co in the soil, there is
widespread agricultural use of lands and associated
chemistry, the use of sewage sludge in the fields as
fertilizers, the use of cobalt salts as a feed supplement for
bovine animals, as well as air transport (Albanese et al.,
2015; Collins and Kinsela, 2010; Perez-Espinosa et al.,
2005; Tonkhaand Dzyazko, 2014; Tonkha et al., 2018). The
average concentration of Coin soils in Europe is 1-20 mg/kg
dry weight, in the soil of Ukraine of 0,15-0,86 mg/kg of
soil.The part of land in Ukraine, which has very high content
of mobile cobalt compounds, is 47,5 % (7,9 million
hectares), an average content of cobalt is in 21,8 % of land
area, and low content — 9 % (1,5 million hectares) (Collins
and Kinsela, 2010).

Cobalt is found in soils in various compounds, the
degree of availability of which for plants is different
(Albanese et al., 2015). The soluble salts of cobalt,
deposited in the soil, can be fixed due to the formation of
insoluble oxides, sulfides, phosphates, carbonates, etc. This
leads to the fact that optimal standards for cobalt fertilizers
may be inadequate in crop nutrition. The effectiveness of
using complex and complex mixed fertilizers containing Co
depends largely on the mobility of cobalt compounds and
the stability of soil consolidation.

Concentration of cobalt in soils depends on the soil
reaction (pH), the content of organic matter, clay and the
cation exchange capacity (Konunesuyudp., 2015). Since
cobalt forms persistent carbonate and hydroxydic minerals
that are insoluble in water, most cobalt forms in the soil are
not biologically available to plants (Perez-Espinosa et al.,
2005), which adversely affects their development. Therefore,
there is a need to add cobalt-containing fertilizers to the soil
to ensure the full development of plants.The present
experience of applying the geospatial methods for soil
studying (Pereira et al., 2017) confirmed the requirements of
the application of fast geophysical technologies. Soil magnetic
properties have relation to the pH, organic matter content, and
erosion index (Menshov et al., 2018). Co as a ferromagnetic
material can be easily detected with thermomagnetic
measurements (Menshov, 2016).

At present, in agrochemical practice, trace elements,
integrated in complex compounds, are used. So, the use of
chelatons of polyethylenepolyamineacetic acid has allowed
achieving success in the fight against lime chlorosis of plants
(Collins and Kinsela, 2010). The paper (Perez-Espinosa et
al., 2005) shows a sharp increase in the flow of the trace
element Co to the plants of vicia and oats due to high
mobility of [Co EDTAJ* in the soil profile. Pre-sowing
treatment of corn, sugar beet, cotton seeds with ammoniacal
complexes of Co and Mn gave significant increasing in crop
yields (Tonkhaand Dzyazko, 2014).

At present, microfertilizers are used — Co(NHz2)2, as well
as fertilizers based on polyphosphates, phosphonitrile,
phosphamide, and others. They have complex-forming
ability. The study of their interaction with Co?*ions is of
considerable interest, since complex ions of cobalt,
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depending on their nature, strength and stereochemical
characteristics, varying degrees of oxidation, have different
mobility in the soil profile and availability to plants. Chelates
formation with organic polydentant ligands to a certain
extent simulates many natural processes. Complexes of this
type are fairly stable and can be used as self-contained
microfertilizers or in combination with macro-components.
Therefore, it is important to study the absorption of cobalt
from different fertilizers by different types of soils.

Material and methods. To determine the cobalt in soil
samples, the most easy-to-use, high-precision new
electrochemical method of impulse inversion
chronopotentiometry (IIChP) (Palianytsia et al., 2014) using the
improved analyzer of heavy metal salts "M-XA1000-5" was
used, the principle of which is based on the basic method of
inversion chronopotentiometry (IChP method) (Surovisev et al.,
2007). The theoretical foundations of the method and the main
criterion equation of IChP are presented in (Koninesuy ma iH.,
2012). Measurement of cobalt content in soils was carried out
in accordance with the methodology developed and approved
by Ukrmetrteststandard (Konunesu4udp., 2015).

Immediately before the measurement of cobalt, a
background electrolyte was prepared, consisting of a
solution A: (2M HCI + 0,1M NaSCN + 0,4M Na2S03) and
solution B: (4M NH4OH) in the ratio AB = 3 : 2. In

measurements, a 2-electrode electrochemical cell with an
indicator golden solid-state electrode was used. lts working
surface was sanded with calcium sulfate chemically
deposited, thoroughly washed with bidistilled water. As a
comparison electrode, a chloride electrode was used, which
was filled with a solution of 2M HCI.

Measurement of Co (Il) concentrations in soil samples
was carried out using standard additives in the concentration
range of 1,0; 0,1; 0,01 and 0,001 pg/cm3. Graduating
solutions at a concentration of 10.0 1.0 and 0,1 ug/cm3 were
prepared by diluting standard solutions of Co (Il) (MSO 0137 :
2000,DSA 022.78-98). The electrolysis potential of Co on a
gold electrode is in the range —1,400 + —10000 V.

As an example (table 1), the results of measuring the
concentration of Co (ll) in model solutions of different
concentration ranges are given. It has been established that the
method of determining the concentration of Co (Il) by impulse
inversion chronopotentiometry method according to the
developed method can be used in a wide range of
concentrations from 0,001 to 1,0 mg/dm?3 with high accuracy.

The results of measurement of the Co(ll) mass in the soil
sample by the IICP method and atomic absorption analysis,
the relative error of measurements, depending on the
concentration, varies from 2 to 18 % (Table 2).

Table 1

Measurementerrors for Co (Il) concentrations in model solutions (n = 5; P = 0.95)

Parameters of measurements

Concentration of Co (Il)

Co (ll), determined by the results

H 3
Indicator in solution, mg/dm® of measurements, mg/dm
1,0 0,98+0,08
The specified and measured concentration of Co (I1) 01 0.093+0.006
in the model solution, pg/cm? 0.01 0.008920 0005
0,001 0,00082+0,0001
Relative measurement error, % 2,0-18,0

Table 2

Comparison of the results of the measurement of Co (ll) content in sod-podzolic soil

by different analytical methods, mg/kg (n = 5; P = 0,95)
lon IIChP Method Atomic-Absorbtion Analysis
test 1 test 2 test 3 average value test 1 test 2 test 3 average value
Co?* 1,28 1,21 1,18 1,223 +0,002 | 1,31 1,24 1,16 1,236 + 0,004

As aresult of the studies, a sufficient level of coincidence
of the results of measuring the concentration of cobalt in soil
samples obtained by different methods of analysis has been
established. The obtained data will satisfy the satisfactory
accuracy and reproducibility of the results of the
determination of cobalt under the proposed conditions, while
the lower limit of determination of the element according to
the developed method is set at the level of 1* 10~3 pg/dm?.
For studies of the absorption of cobalt by different types of
soils from complex-forming environments the soil samples
from a layer of 0—30 cm were taken.

In the first series of studies, aqueous solutions of KNOs,
NH4OH and (CSNzH4) were prepared, which are used as
ligands in agrochemical practice. The experiments were
carried out according to the following method: 10 g of air-dry
soil was filled with 60 ml of a solution containing Co in the
amount of 70 ug (at the rate of 7 mg/kg soil) and the
corresponding ligand.

The mixture was shaked on a rotator for 1 hour and
filtered through a folded filter. The filtrate was determined
content of Co. Analysis of Co from solutions containing
KNO3, NH40H and (CSNzH4) was performed using a new
method of impulsed inversion chronopotentiometry(Konurne-
suyudp., 2015; KapHayxoe ma iH., 2000).

In the second series of studies, there were prepared
solutions of polyphosphates NasP2O7, NasP3O10 and Trilon B

(disodium salt of ethylenediaminetetraacetic acid)as a universal
organic complexone. Since the polyphosphate and trilonate
complexes of Co do not regenerate on the electrode in the
favorable potential range (up to —2,0 V), a special method of
their analysis was developed. The method is the following: from
20 ml of a polyphosphate solution Co was extracted by 20 ml
of dithizone in CCls solution during 5 minutes at a pH of 8,8
(control with using a pH-meter "pH-150M").

The extract was washed with 10 ml of water to remove
completely the phosphates and then the samples were
evaporated on a plate in glasses to the state of wet salts.
The wet residue was mineralized by adding 1 ml of conc.
HNO3, 1 ml of 30 % H202 and 1 ml of conc. H2SO4. The
contents were heated until sulfuric acid vapor appeared and
then 1 ml of H202 was added again. Trilonate solutions were
burnt in a muffle furnace without prior treatment with
concentrated acid solutions. The residue was dissolved in 2
M NH4OH and Co was determined by the IIChP method
(Kopilevich et al., 2015) using a gold solid electrode.

In the third series of studies, 100 g of biohumus was
saturated with cobalt ions with an active contact of 0,5 M
Co(NOs3)2 solution for 48 hours. The solid phase was filtered,
washed until negative reaction on NOs~ ion, dried on the air.
The obtained samples were used to study the extraction of
cobalt ions from biohumus by solutions of 1M CaClz; 1M
CH3COONHgs; 1M HCI; 0,02M EDTANaz + 0,09M NH4ClI,
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which are widespread in agrochemical practice for
diagnostics of the movable cobalt forms in soil. Ratio solid
phase: extractant was 1 : 10 by volume.

In the fourth series, the biogumus was previously
saturated by calcium ions. 100 g of biohumus were treated
with 1M solution of CaCl: at shaking, filtered; the solid phase
was washed with distilled water to negative reaction on

biohumus was used to study the specific adsorption of Co
by humus in a solution of 0,01 M CaClz. The experiments
were carried out according to the regulations, as in the
system: biohumus — 0,01M CaClz — Co?*.

Results and discussion. As a result of the experiments
carried out by the above methods, the percentages of
absorbed Co by various soils (table 3) from various

calcium ions and dried in air. The obtained calcium- complexing media (table 4) were calculated.
Table 3
Basic physical and chemical properties of the studied soils (n = 5; P = 0,95)
. Soil reaction, Cation exchange capacity,
No Soil pH (H,0), % Humus content, % mmol/1oogg so?l ¥
1 Chernozemic-Meadow medium loamy 7,840,2 4,75+0,15 27,1+0,4
2 Sod-Podzolic _light loamy 5,1+0,15 1,9540,11 9,4+0,3
3 Dark-Chestnut sodisity affected heavy loamy 8,6+0,3 5,15+0,12 25,8+0,2
4 Meadow sodisity affected medium loamy 7,610,2 4,98+0,16 27,3+0,4
5 Dark-Grey Podzolized light loamy 5,940,2 2,98+0,2 14,9+0,2
6 Sodic crust solonets heavy loamy 8,8+0,3 2,12+0,11 8,8+0,2
7 Chernozem Southern low-humus heavy loamy 8,0+0,2 4,12+0,09 31,8+0,2
8 Grey Podzolized light loamy 5,4+0,15 2,58+0,11 11,8+0,3
9 Chernozem Podzolized medium loamy 6,8+0,15 3,78+0,11 21,8+0,2
10 Chernozem Halpic medium loamy 6,6+0,15 4,18+0,09 29,8+0,2
Table 4
Absorption of Co by soils from different complexing media
™ ™ 1M 0,15 M 0,25M 0,1 M
No Soil KNO; NH,OH CSN_H,4 Na,P,0; NasP;01¢ EDTA
pH7,9,% | pH11,8,% | pH7,6,% | pH9,2,% | pH8,6,% | pH4,5, %
1 Chernozemic-Meadow medium loamy 97,7 92,7 83,6 58,0 50,7 4,8
2 Sod-Podzolic light loamy 79,0 67,0 80,8 65,0 29,3 1,2
3 Dark-Chestnut sodisity affected heavy loamy 93,6 80,6 85,3 20,5 14,2 2,8
4 Meadow sodisity affected medium loamy 97,6 95,7 89,8 62,5 62,5 7,5
5 Dark-Grey Podzolized light loamy 89,7 92,6 95,5 51,3 43,6 6,9
6 Sodic crust solonets heavy loamy 88,1 97,9 89,5 48,1 43,0 4,8
7 Chernozem Southern low-humus heavy loamy 98,0 88,0 88,6 50,0 15,5 3,1
8 Grey Podzolized light loamy 82,7 64,4 70,1 37,0 9,8 6,5
9 Chernozem Podzolized medium loamy 97,3 93,5 82,1 58,4 55,0 4.8
10 Chernozem Halpic medium loamy 97,3 96,9 82,1 54,7 39,2 1,9
In solutions of KNO3, NH4OH and CSN2Ha, cobalt is a part capacity of cobalt a close positive correlation was

of the complex cations [Co(H20)n]?*, [Co(NH3)n}?,
[Co(CSN2H4)nJ?*, and in solutions of NasP207, NasP3O10 and
EDTA* anionic complexes [Co(P207)n]>", [Co(P3O10)nZ5" i
[Co3ATAJ? are formed. The complexity of Co in all cases is
close to 100 %. The absorption capacity with different soil types
from the complexing environments was 64-98 %. Chernozem
has 18-28 % more absorption of Co then Sod-Podzolic.

A high percentage of absorption of complex cations can
be explained mainly by the cationic type of the soil absorbing
complex of the main types of soils of Ukraine. With an
increase in the size of ligands in the series H20 < NH3 <
CSN2Hj4, the sizes of complex ions increase and, regardless
of the soil specificity, the sorption effect decreases. Between
the cation exchange capacity of soils and the absorption

established, the correlation coefficient was 0,7976 (fig. 1).

Also, the absorption capacity depended on the content
of humus in the soil, with the increase of soil humus content
more mobile compounds of cobalt were found in the soil, the
correlation coefficient was 0,7034 (fig. 2).

In the case of cobalt-containing complexes of anionic
character, the sorption effect is a function of the strength of
complex ions. Pyrophosphate complexes (pK = 6,1-7,2) and
tripolyphosphate complexes (pK = 6,6—6,89) (KapHayxoB Ta
iH., 2000) are sorbed by soils much more than ftrilonate,
which is in accordance with high strength of [Co EDTAJ*
(pK = 16,1) (Konineeuy Ta iH., 2012).

At the results of the experimentseries 3, an assessment
of the possibilities of biohumus as a carrier matrix of cobalt
was carried out (table 5).
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Fig. 2. Dependence of the absorption capacity ofmobile compounds of cobaltby soils on the content of humus
Table 5

The amount of cobalt that has been converted into solution from biohumus (n = 5; P = 0,95)

Extractant The amount of cobalt that has been converted into solution from biohumus, g/kg
1H CaCl, 4,25
1M CH;COONH, 8,35
1M HCI 22,50
0,02M EDTA Na, + 0,09M NH,CI 16,18

In experiment 4, an analysis of isotherms of sorption or
exchange of Co?* on exchangeable ions of biohumus in the
various solutions that are given in fig. 3, which correspond
to the isomers of the Langmuir monolayer adsorption, and
hence are described by the equation:

a,C
=—, (1)
A+C
where a, am— current and maximum adsorption of cobalt by

a biohumus; A — energy constant; C — the equilibrium
concentration of Co?* in the solution.

a, mmol/100g

150
100

50

From the fig. 4 it is seen that the assumption of the
Langmuir character of adsorption is well established. Thus,
there is a high affinity of the Coz + ions to biohumus both in
its initial polyionic form and in the saturated by Caz + ions
form. The growth of adsorption of Coz + in a number of
colloidal solutions of biohumus Ca - 0,01M CaCl2 <
biohumus — 0,01M CacClz < biohumus — 0,03M NaCl due to
the greater ability of these ions to exchange on monovalent
sodium ions than on two-valent ions.

C, mkmol/dm3
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Fig 3. Izoterms of cobalt sorption in the systems:
1 — biohumus Ca — 0,01 MCaCl, — Co?*; 2 — biohumus — 0,01 MCaCl, — Co?*; 3 — biohumus — 0,03M NaCl — Co?*

cla

140
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C, mkmol/dm?

0 50 100 150

200 250

Fig. 4. Isotherms of sorption of cobalt in the linear interpretation of the Langmuir equation.
Denominations of lines correspond to the fig. 3

Conclusions. The cobalt cationic complexes
[Co(H20)n]?*, [Co(NH3)nJ?*, [Co(CSN2H4)n]?* — are almost
completely absorbed by the soils. Anionic complexes —
[Co(P207)n]?*", [Co(P3010) nI?5" i [Co EOTA]? — remain
largely mobile in the soil profile. The sorption effect depends
on the charge of complex ions, their strength, and also on
the steric parameters of complex ions.

The wuse of complex-forming macro-fertilizers is
perspective, in our opinion, not only to partially prevent the
fixation of Co, but also from the point of view of its possible
activation from fixed forms in the soil profile. A comprehensive
study of the behavior of Co, depending on soil parameters and
the physiological characteristics of plants, will greatly optimize
the microelemental nutritional process of plants.

A high percentage of the absorption of complex cations of
cobalt by different soil species is due to accumulation under the
conditions of the chemical industry and the near humus. The
tight positive links were established between absorptivity of the
cobalt and cation exchange capacity (the correlation coefficient
was 07976) and between absorptivity of the cobalt and humus
content (the correlation coefficient was 0,7034).

In the study of biohumus, it was found that in solution of
0,02M EDTA Na2 + 0,09M NH4Cl, cobalt switches over to
the mechanism of competitive complexation, and its
transition to epy HCI solution occurs due to protonation of
the functional groups of the biohumus with which the metal
is bound. The obtained results indicate that biohumus has
relatively high sorption properties relative to cobalt and may
be perspective for its use as an effective carrier matrix in
various combinations with mineral fertilizers.
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'HauioHanbLHuWI yHiBepcUTET Xxap4yoBUX TexHororin, Kuis, YkpaiHa

2HauioHanbHUI yHiBepcuTeT GiopecypciB i npupogokopucTyBaHHs Ykpaiiu, Kuis, Ykpaina
3MixxHapoAHUIN HayKOBO-HaBYaNbHWIA LEeHTP iHpopmauiintHux TexHonorin i cuctem HAH Ykpainu, Kuie, YkpaiHa
“KuiBCbKMiA HauioHanbLHUI yHiBepcuTeT imeHi Tapaca LLleByeHKa,

HHI "IHcTuTyT Meonorii”, Byn. BacunbkiBcbka, 90, Kuis, 03022, YkpaiHa

5TOB JotiBka-Enit, XMenbHUUbLKMIA, YKpaiHa

ENEKTPOXIMIYHE OOCHIOXEHHS NPOLECIB NOrMUHAHHSA KOBANBLTY 'PYHTAMU YKPAIHU

HocnidxeHo npoyecu noznuHaHHsA kobanbmy rpyHmamu YKpaiHu 3a 00oMo20r0 esIeKmpoxiMiyHo20 Memody iMnyibcHOI iHeepciliHoi xpoHomno-
meHyiomempii. YcmaHoeseHo, uw,o noanuHanbHa 30amdicms Co pizHosudamu rpyHmie i3 komrniaekcoymeoproganbHuUX cepedosuuy cmaHosums 64—
98 %. Y pos4yuHax KNOs, NH;OH i CSN:Hs pyxomi cnonyku ko6anbmy exodssimb Ao cknady [Co(H20)n]2+, [Co(NH3)n]2+, [Co(CSN:zH4)n]*+, a y po3yuHax
NasP207, NasP3010 i E[JTA4 ymeoprotombcsi aHioHHi komnnekcu [Co(P207)n]*4,, [Co(P3:010)n]2-5, i [Co EATA]z. KamioHHi komnnekcu ko6anbmy —
[Co (H20)J?+, [Co (NH3)n]J?+, [Co (CSNzH,)n]?+ — npakmuyHo noeHicmio copbyromscsi rpyHmamu. AHioHHi komnnekcu — [Co(P207)nJ?*", [Co(Ps010)n]*>" i [Co
E[]TAJ* 3HayHOM Miporo 3anuwaromscsi MO6inbHUMU € rpyHmoeomy npocpini. CopbuyitiHull ecpekm 3anexums €id 3apsi0y KOMMIEKCHUX iOHie, IXHbOI
MiyHocmi, a makox eid cmepeoMempuyYHUX Napamempie KOMIJIEKCHUX ioHie. YcmaHoesieHo micHuli no3umueHuli 38 'A30K MiX ro2/iuHaHHSIM Ko6anbmy
rpyHMoMm i eMHicmto kamioHHO20 06MiHy rpyHmy, KoediyieHm kopensayii cmaHosue 0,7976, i Mix no2nuHaHHAM Ko6anbmy rpyHMoM i emicmom 2ymycy
(0,7034). Ipu docnidxeHHi 6io2ymycy ecmaHoesieHo, w0 8 po34uH 0,02M EATA Na; + 0,09M NH.Cl ko6anbm nepexodums 3a MexaHi3MOM KOHKYPEeHMHOo20
KOMrsIeKcoymeopeHHsl, lio2o nepexid y po34uH HCI eidbysaembcs 3a paxyHOK NPomoHi3auii ¢pyHKUyioHanbHuUx 2pyn 6io2ymycy, 3 sKUMU 38 'si3aHuli Me-
man. Biocymyc mae docums 8ucoki copbuitiHi enacmueocmi ujodo kobanbmy i Moxe 6ymu nepcrneKmueHUM 07151 BUKOPUCMaHHSI io20 sIK egheKmueHoi
Mampuui — HOCis1 8 pPi3HUX CrOJTy4eHHsIX 3 OCHO8HUMU Aobpueamu. I3omepmu copbuii a6o 06MiHy Coz+ Ha 06MIHHI ioHU 6io2yMycCy @ Pi3HUX PO3YUHax
sionoeidaroms i3omepmam MoHowaposoi adcopbuii JleHamropa. Memod IIXI1 aHani3y eaxnueo sukopucmosyeamu 07151 KOHMPOJIO 8Micmy MiKpoerie-
MeHmie Ha pieHi ixHix cridoeux KoHUeHmpauil, siKi € Heo6XiOHUMU Or1s1 PO38UMKY POC/IUH.

Knroyoei crnosa: docmynHutli emicm kobanbmy, copbuiliHi npoyecu, 6io2zymyc, KamioHOO6MiHHa EMHiCmMb, erlekmpoxXimMi4yHUl iMIynLCHUU Memoo.
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3MexayHapoaHbIN HayYHO-Y4e6HbIN LIEeHTP UH(OPMaLMOHHBLIX TeXHoMornit u cuctem HAH YkpauHbl, Kues, YkpanHa
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SO0O0OsSWOoOwW

ANEKTPOXUMMNYECKOE UCCNEAOBAHUE NMPOLIECCOB NOrMoOLWwEHUA KOBAJIbTA NMOYBAMU YKPAUHDI

HccnedoeaHbl npoyecchkl noznoweHust kobanbma no4eamu YKkpauHbl ¢ TOMOWLIO 37IEKMPOXUMUYECKO20 Memoda UMMy bCHOU UH8ePCUOHHOU
XpoHOMomeHyuoMempuu. YcmaHoesieHo, Ymo rnoasiowaroujasi crnocob6Hocms kobasnbma pa3Ho8UGHOCMSIMU 1046 U3 KoMsieKkcoobpa3syrouwux cped
cocmaensiem 64-98 %. B pacmeopax KNOs, NHsOH i CSN:Hs+ nodeuxHbie coeduHeHusi kobanbma exodssm e cocmae [Co(H:0)n]?+, [Co(NH3)n]?+,
[Co(CSN:H4)n]?*, a @ pacmeopax NasP207, NasP;010 i 3TA+ 06pasyromcsi aHUOHHbIe KommieKcbl [Co(P207)n]>*", [Co(P3010)n]?" i [Co OATAJ?-. Kamu-
OHHbIe KoMeKchbl ko6anbma — [Co (H20)a]?*, [Co (NH3)a]J?+, [Co (CSN2H4)n]?* — npakmuyecku nonHocmbro copbupyomesi no4eamu. AHUOHHbIE KOM-
nnekcoi [Co (P207) n]**", [Co(P3010)s]*°" i [Co 3ATAJ?* e 3HayumensHoOl cmeneHu ocmaromcsi MO6UNIbHBIMU & Mo4Y8eHHOM rnpoguse. Cop6yUOHHbIL
aghghekm 3agucum om 3apsida KOMIMIIEKCHbIX UOHO8, UX MPOYHOCMU, a MakKXe om cmepeoMempuYyecKux napamempos KOMIMIeKCHbIX UOHO8. Ycma-
HoeJIeHa mecHasi MosI0XumerbHasl cesi3b Mexdy rnoaoujeHueM Kobasbma rnoYyeamu U EMKOCMbLIO KamuoHHO20 o6MeHa noye, Ko3aghguyueHm Kop-
pensyuu cocmasun 0,7976, u mMexOy noasoweHUeM Kobanbma no4eamu u codepxaHuem 2ymyca (0,7034). lpu uccnedosaHuu 6uoaymyca
ycmaHoesneHo, ymo e pacmeop 0,02M 3TANa: + 0,09M NH4Cl ko6anbm nepexodum Mo MexaHu3My KOHKypeHmMHo20 KoMmrsieKkcoobpa3oeaHusl, €20
nepexod e pacmeop HCl npoucxodum 3a cyem npomoHu3ayuu hyHKYUOHaNbHbIX 2pynn 6uo2ymyca, ¢ KomopbIMuU cesizaH memann. buoaymyc
umMeem 0ocmamoYyHoO 8bICOKUe COpOyUOHHbIe ceolicmea kobanbma u Moxem 6bimb MepcrneKmMueHbIM OJ1s1 UCMO/Ib308aHUsI €20 8 Kayecmee 3ghghe-
KmueHoU Mampuybl — HoOcumerisi 8 Ppa3HbIX COYemaHusiX ¢ OCHO8HbIMU y0obpeHusiMu. M3omepmbi copbyuu unu obmMeHa kobanbma Ha O6MeHHbIe
UoHbI 6uo2yMyca e pa3/luYHbIX pacmeopax coomeemcmeyrom u3omepMaM MOHOCJIOlHOU adcopbyuu JleHamopa. Memod UNXIT aHanu3sa eaxHo
ucnonb3o8amse 0511 KOHMPOJIsi coOepiKaHUs MUKPO3JIEMEHMOo8 Ha YPo8He uX c/1edo8biX KOHYyeHmpayul, Heo6xo0uUMbIX Oris1 pazeumusi pacmeHul.

Knrouyeenie crnoea: docmynHoe codepxaHue kob6anbma, COp6YyUOHHbIE NMPoyecchl, 6U02yMyc, KamuUOHOO6MeHHasi eMKOCMb, 3/IeKMpPoXuUMuYe-
CKull uMnynbcHbIU Memod.
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DETERMINATION OF THE PETROLEUM POLLUTION SOURCES FOR GROUNDWATER
(ON THE EXAMPLE OF SOLOTVIN TERRITORY IN THE PRECARPATHIANS)

(PexomeHdoeaHo YrieHOM pedakuyiliHol Kkosezii 0-pom 2eos. Hayk, npogb. O.€. Kownsikosum)

The article is dedicated to solution of groundwater oil products pollution problem within area of Solotvyn village, which is located in
Precarpathians, Ilvano-Frankivsk region of Ukraine. Contamination was found in the wells of drinking water supply with specific taste and
smell. The alternative sources of pollution are considered: conserved oil well, oil pipeline and gas station (GS).

All owners of these facilities submitted survey or test documents confirming tightness (well and gas station tanks) or lack of
hydrocarbons (inactive pipeline). A paradoxical situation arose: there is pollution, but there are no sources of pollution. To solve the
problem, the complex of geochemical and geophysical methods was applied.

Geochemical studies were conducted for water samples taken from wells in the contaminated area and adjacent areas. In addition,
samples of near-surface air in the soil were collected on the condensed network. The level of heavy and light hydrocarbons in polluted
water samples exceeded the background values by tens of times and exceeded the permissible concentrations. Laboratory tests of air

samples clarified and detailed the contaminated area.

According to the results of geochemical surveys it was found that the source of pollution can be located on the GS territory.

Geophysical studies have allowed finding out the lithological structure of the upper part of the section and establishing the depth of
the roof and the bottom of the groundwater collector and, accordingly, the underlying aquifer roof. At the same time, the filtration direction
in aquifer and a location of old river channel that are in correlation with spreading of groundwater from GS to polluted wells.

The report on the causes of groundwater pollution with oil products and on the established source of pollution was submitted to the
relevant authorities of the State Service of Ukraine for Emergency Situations.

Keywords: oil products, pollution, chink, geophysics, geochemistry, underground gas.

The relevance of issue. Analysis of literary data.
Pollution of groundwater, as discussed in the article, is
related to the area of Solotvyn village, which is located in
Precarpathians in Ivano-Frankivsk region of Ukraine in the
Bystrytsia Solotvynska river basin, which is a tributary of the
Dniester River.

Pollution was first found in 2007 in several wells that are
the sources of household water supply. Pollution was found
according to chemical and bacteriological indicators but
overtime it decreased. But in 2013 next "flash" of pollution
was marked. The results of laboratory studies showed
evidence of oil products in water with major excess of
maximum allowed concentration. The square of polluted
area was 900 m?.

Objects, which could be potentially sources of pollution,
were considered to be decommissioned in 1986 oil pipeline
"Kosmach — GU Starunia", conserved chink (for gas) "15 —
Babche", gas station within the urban-type village of Solotvyn.

As water quality starting from 2013 didn't improve over
time, in 2016 at the request of village council all the
companies-owners of mentioned objects gave conclusions
about their ecological state. The results of examinations,
according to introduced official conclusions, point on
absence of pollution possibility of groundwater as a result of
activity of companies on these objects. So, a paradoxical
situation has arisen: pollution exists, but its' sources — don't.

Analysis of groundwater pollution on the territory of
Ukraine is a topic of survey of many scientists. In particular,
in oil products pollution professor M.S. Ohnianyk was
engaged. Works (Ohnianyk et al., 2013; Ohnianyk et al.,
2017) suggested the principle of evaluation of oil products
pollution danger of natural and household objects and
creation of warning zone around potential pollution objects-
sources of geological environment and location of
observation points in it.

Determination of pollution via complex of methods on
objects of oil and gas, mining and chemical industry is
represented in works (Osadchyi et al., 2004, Hrytsyk et al.,
2004; Dryhulych et al., 2003; Levashov et al., 2004), where it is
suggested use of geoelectrical and geochemical methods of
research for detection and outline of oil pollution zones.

Works (Onyshchuk et al., 2010; Onyshchuk et al., 2006;
Onyshchuk et al., 2006; Bahrii end Kuzmenko, 2010) are
dedicated to determination of pollution within industrial
objects (tailings dams, salt dumps, tailings ponds, objects
with mineral fertilizers etc.).

Geophysical and geochemical methods of research are
successfully used also abroad. Works (Abdullahi et al.,
2016; Burazer and Burazer, 2017; Dahlin et al., 2010;
Guerin et al., 2004; Koo and Yoon,1994; Lohva et al., 2007
Papyirin and Pustozerov, 1998) presented their efficiency
for detection and outline of polluted territories. After
analysing mentioned and other works, we could conclude,
that complex of geophysical and geochemical methods will
allow to find source of pollution for indicated territory.

Goal and tasks of research. Conducted geochemical
and geophysical surveys set the goal for finding the source
of pollution of groundwater and routes of pollution
spreading.

For accomplishing of the set goal the following actions
were done:

Sampling from wells and analysis for oxidation-reducing
indicator (pH) and content of hydrocarbons for determination
of level and area of pollution;

Sampling of free underground gas from depth of 0,5 m
and analysis for hydrocarbons content for determination of
area of pollution by light fractions;

Geophysical research by natural electric field method for
mapping of filtration flows;

© Kuzmenko E., Bagriy S., Fedoriv V., Shtogrin N., Dzoba U., 2019
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Geophysical research by vertical electric sounding
method for mapping the roof of indigenous rocks and the
determination of the capacity of the aquifer.

General characteristics of research area. Geological
structure of the research territory was carefully studied in
previous years due to oil and gas capacity of the region and
is described in numerous reports of different organizations.
In terms of location of oil and gas deposits, territory of
research is located within mining drainage Bytkiv-Babche oil
and gas condensate field. The closest to pollution area is oil
well — Rakovets-1. It is located 225 meters from pollution
zone down to underground water flow — in northeast
direction and currently is liquidated. Well No. 15 — Babche is
situated 830 meters from pollution zone. Well was drilled in
2013 and conserved in the same year, like one that didn't
give industrial oil products rush.

In geostructural relation territory of research is included
into zone of connection of Sambir zone with the Bilche-Volyn
zone of the Carpathian precipice. Geological structure of
region is represented by sedimentary rocks belonging to the
Paleozoic, Mesozoic and Cenozoic ages, and mainly by
sandy-clay, argillite and siltstone fractions.

It is clear that we are interested in the upper part of the
section, within which there is an aquifer, whose water was
contaminated. In fig. 1 is a section, built by us on basis of
the description of rocks extracted during the tunnel in the
beginning of July 2017 within the area of a farmland in the
territory of research.

Closer to the edge of the valley of the river, argillites in
the wells are set at a depth of 4,5 meters, that is, the capacity
of alluvial river deposits decreases. It should be noted that
the direction of movement of groundwater within the
contaminated area is approximately parallel to the direction
of the Bystrytsia Solotvynska, as evidenced by the location
of the water outlets in the wells. This groundwater is formed
on the territory of the floodplain of the river due to infiltration
of atmospheric precipitation. The aquifer, which is used by
the inhabitants of the village, is a pebble alluvial horizon,
formed in ancient times by the Bystrytsia Solotvynska River.
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Fig. 1. Lithostratigraphic section of the research site

The results of gas geochemical research. Water gas
capture.Water gas capture was conducted to identify a
potential source of groundwater contamination of wells by
hydrocarbons. For this purpose, 15 samples of water from
the wells were selected on contaminated and adjoining
territory. It is clear that such analyses, together with an
evaluation of the potential route of groundwater from
potential pollution objects, can provide an answer to the
location of a specific source of pollution. Fig. 2 shows a
scheme for sampling water from wells. The selected
samples of water are degreased by the method of thermo-
vacuum degassing, which resulted in the release of water-
soluble gases in them and appropriate chromatographic
analyses. The results are shown in table 1. In the waters,
the oxidation-reducing parameter (pH) of the medium was
also determined. In all waters, the reaction of the medium is
slightly acid to neutral (pH 5,9-6,8), indicating the
presence of oxidants in water, which are hydrocarbons
dissolved in water.
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Table 1
Results of chromatographic analysis of water-soluble gases

Sample Unit Gas mixture composition Total CH,_

number CH4 CZHG CZH4 C3H3 C3HG i'C4H10 H'C4H1o i'C5H12 H'C5H12 C5H14+B C5H14mg/m3
No.1.Sl | Z.x10“] 1212 | 088 | 008 | 106 | - | 037 | 133 | 119 | 1,19 0,52 18,76

e mg/m® | 8,68 1,18 0,10 2,08 - 0,96 3,46 3,85 3,84 2,01 26,18
No. 2 SI %, x10™* | 4,49 0,20 0,07 0,30 - 0,09 0,22 0,16 0,20 0,19 5,96

) ) mg/m®* | 3,21 0,27 0,09 0,60 - 0,25 0,57 0,52 0,66 0,73 6,94
No. 3 SI %, x10* | 74,72 | 7,15 0,80 1,33 - 2,58 19,99 | 67,88 | 26,05 0,11 200,64

) ) mg/m® | 53,49 | 9,59 1,00 2,62 - 6,69 51,85 | 218,5 | 83,86 0,45 428,08
No. 4 SI %, x10*| 10,84 | 0,63 0,12 0,30 - 0,25 1,56 3,87 1,94 0,14 19,69

) ) mg/m® | 7,76 0,85 0,15 0,59 - 0,65 4,06 12,48 6,24 0,56 33,39
No. 5 SI %, x10* | 16,09 | 0,40 0,05 0,31 - 0,09 0,52 0,58 0,41 0,08 18,55

) ) mg/m® | 11,59 | 0,53 0,06 0,61 - 0,23 1,35 1,87 1,34 0,32 17,86
No. 6 SI %, x10* | 6,65 0,34 0,06 0,54 - 0,20 0,76 0,53 0,43 0,27 9,82

) ) mg/m® | 4,77 0,46 0,07 1,06 - 0,53 1,98 1,72 1,39 1,06 13,08
No. 7 SI %, x10* | 7,31 0,15 0,06 0,20 - 0,07 0,76 0,79 0,64 0,14 10,16

) ) mg/m® | 5,24 0,20 0,08 0,40 - 0,20 1,98 2,54 2,06 0,53 13,26
No. 8 SI %, x10™*| 6,73 0,14 0,05 0,17 - 0,05 0,44 0,39 0,35 0,02 8,39

) ) mg/m® | 4,82 0,19 0,06 0,35 - 0,15 1,16 1,27 1,14 0,08 9,25
No. 9 SI %, x10* | 3,21 0,06 0,02 0,04 - 0,01 0,07 0,03 0,07 0,08 3,61

) ) mg/m® | 2,29 0,08 0,03 0,07 - 0,04 0,18 0,11 0,22 0,32 3,38
No. 10 SI %, x10™* | 4,21 0,02 - 0,04 - 0,04 0,08 0,24 0,02 0,12 4,80

) ) mg/m® | 3,01 0,03 - 0,09 - 0,11 0,23 0,77 0,07 0,48 4,08
No. 11 SI %, x10* | 3,77 0,03 - 0,03 - 0,01 0,04 0,04 0,06 0,09 4,10

) ) mg/m® | 2,70 0,04 - 0,06 - 0,03 0,11 0,12 0,20 0,38 3,67
No. 12 SI %, x10™* | 4,21 0,04 0,20 0,04 - 0,02 0,02 0,01 0,05 0,07 4,69

) ) mg/m® | 3,01 0,06 0,25 0,08 - 0,06 0,06 0,04 0,16 0,28 4,04
No. 13 SI %, x10™* | 3,91 0,04 0,04 0,04 - 0,01 0,04 0,02 0,09 0,10 4,32

) ) mg/m® | 2,80 0,05 0,05 0,08 - 0,04 0,11 0,07 0,28 0,38 3,91
No. 14 SI %, x10™*| 3,86 0,06 0,11 0,05 - 0,01 0,08 0,03 0,08 0,15 4,47

) ) mg/m® | 2,76 0,08 0,14 0,11 - 0,02 0,21 0,11 0,28 0,59 4,34
No. 15 SI %, x10* | 3,89 0,04 0,08 0,02 - 0,03 0,07 0,02 0,07 0,07 4,33

) ) mg/m* | 2,78 0,06 0,10 0,05 — 0,08 0,19 0,08 0,22 0,29 3,89

According to the results, in all samples, methane and it's
homologues to Cs + were detected inclusively. Also, in
almost all samples (except for 10-SI. and 11-Sl.)
unsaturated ethylene homologue (C2H4) was found.

The content of methane in water is in the range of 2,7 +
53,49 mg/m3. Moreover, for wells from No.1 to No. 8, the
content of dissolved methane is more differentiated and is
within the range of 3,21 + 53,49 mg/m3at the maximum
value in the well No. 3-53,49 mg/m?, and for the wells from
No. 9 to number 15 it is slightly smaller, more stable and
varies from 2,29+3,01 mg/m3and only in the sample from
well No. 3 the maximum value is 53,49 mg/m?.

The content of butane in water for wells 9+15 varies
mainly from 0,124 mg/m?at to 0,347 mg/m?, and for wells
1+8 is slightly larger — 0,57+51,85 mg/m?® with a maximum
value of 51,85 mg/m? in the well No. 3.

Capture of underground gas of free state. In the process
of the implementation of near-surface gas geochemical survey,
28 samples of free groundwater from a depth of 0,5 m were
selected. Fig. 2 depicts gas sampling points.

The capture was conducted in order to find the possible
source of groundwater contamination by oil products. In
total, four main objects were surveyed: a gas station, a
liquidated well, a non-operating oil pipeline link and eight
wells (No. 1+8), in which relatively high levels of
hydrocarbon dissolved in water were detected.

Analyses of gas-air mixtures, as compared with the analysis
of water samples in wells, have the advantage that they are not
limited in area by the presence of wells, but can be selected
anywhere. The results of chromatographic analyses of selected
near-surface gas mixtures are shown in table 2.

On fig. 3 the graphical distribution of background and
abnormal gas geochemical zonesis depicted.

Gas station. A total of 10 underground gas samples were
selected around the gas station, six of which revealed
homologues of methane up to Cs (hexane) inclusive. In two

samples No. 18 and No. 19, unsaturated ethylene was
detected.

The content of methane in the subterranean atmosphere
varies within 1,880 + 6,516 x 10~*% vol. and an average of
3,098 x 10“% vol., which according to STK
320,20077720.0162000 refers to the 1st degree of gas
content of near-surface sediments and under the conditions
of gas safety, refers to safe backgrounds.

Liquidated well 15-Babche. It is located at the distance
of nearly 900 m southwest from the epicentre of
groundwater contamination. 4 samples of subsoil gas were
selected around the well. The content of methane in the
subsoil deposits varies from 6,075 to 13,849 x 10~* % vol.
and an average of 9,97 x 10 % vol. This indicates the
presence of dead passes in this well. In all samples
homologues of methane to C6 were found. Unsaturated
hydrocarbons are absent.

Links of inactive oil pipeline. Six samples of subsoil
atmosphere have been selected. Methane and its
homologues, to Cs, are defined in all trials. Hexan plus
higher was found in samples No. 13 and No. 14. Also,
unsaturated ethylene — Ordinary alcohol in samples No. 13,
No. 14, No. 12 and No. 11 was detected.

The content of methane in samples above the oil pipeline
varies in the range of 2,900 + 5,673 x 10% vol. and an
average of 4-00 x 10~ % vol.

Wells. Methane and all of its homologues to C6 were
detected in underground gas samples taken near 8 wells
(No. 1+8). The content of methane in the underground
atmosphere has low values, varying within the range of
2,571+3,728 x 10* % vol. and an average of 3,170 x 10 %
vol. Unsaturated ethylene is detected only in sample No. 8.

Based on the received data of subterranean gas
surveying, gas pollution maps and analysis of their results,
it can be noted that two zones of relatively high gas content
under the surface sediments are allocated on the surveyed
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area — a zone of gas stations where the high gas content of
near-surface sediments is allocated by light, heavy and total
carbohydrates , and somewhat displaced zone with respect

to the well number 3 in the direction of the movement of
groundwater, which is also allocated for light, heavy and
aggregate values.

Table 2
Results of chromatographic analyses of gas-air mixtures
Sample Unit Gas mixture composition Total CH,-
number CH, 02H5 C,H, C3Hg C3He i-C4H1n H-C4H1o i-C5H12 H-C5H12 CGH14+B C(;H14mglm3
No. 1-Ch %, x10* | 3,564 |0,052| - |0,071 - 0,011 | 0,048 | 0,041 0,043 0,071
mg/m® 2,551 | 0,070 - 0,140 - 0,029 0,124 0,132 0,138 0,273 3,457
No. 2-Ch %, x10* | 2,606 |0,066| - |0,039 - 0,034 | 0,082 | 0,043 | 0,024 0,019
mg/m® 1,865 | 0,089 - 0,077 - 0,088 0,213 0,138 0,077 0,073 2,620
No. 3-Ch %, x10™* | 2,571 | 0,062 — 0,034 — 0,013 0,047 0,041 0,046 0,018
mg/m? 1,840 | 0,083 - 0,067 - 0,034 0,122 0,132 0,148 0,069 2,495
No. 4-Ch %, x10* | 2,709 | 0,053 — 0,03 — 0,013 0,03 0,013 0,018 0,019
mg/m? 1,939 | 0,071 - 10,059 - 0,034 | 0,078 | 0,042 | 0,058 0,073 2,354
No. 5-Ch %, X107 3,492 | 0,054 — 0,021 — 0,020 0,048 0,030 0,035 0,173
mg/m?® 2,500 | 0,072 - 0,041 - 0,053 0,125 0,096 0,111 0,667 3,665
No. 6-Ch %, X107 3,728 | 0,045 - 0,085 - 0,029 0,074 0,061 0,04 0,053
mg/m?® 2,668 | 0,060 - 0,167 - 0,075 0,192 0,196 0,129 0,204 3,691
No. 7-Ch %, x10* | 3,516 | 0,048| - 0,028 - 0,033 | 0,065 | 0,054 | 0,051 -
mg/m® 2,517 | 0,064 - 0,055 - 0,086 0,169 0,174 0,164 - 3,229
No. 8-Ch %, x10* | 3,113 | 0,06 | 0,019 | 0,052 - 0,025 0,05 0,043 | 0,035 0,08
mg/m® 2,228 | 0,080 | 0,024 | 0,102 - 0,065 0,130 0,138 0,113 0,308 3,188
No. H9-Ch %, x10™* | 4,099 | 0,078 — 0,074 — 0,047 0,065 0,045 0,034 -
i mg/m® 2,934 |0,105 - 0,146 - 0,122 0,169 0,145 0,109 - 3,730
No. H10-Ch %, X107 5,123 | 0,093 — 0,057 — 0,029 0,062 0,057 0,056 -
mg/m? 3,667 |0,125| - 10,112 - 0,075 | 0,161 | 0,183 | 0,180 - 4,503
No. H11-Ch %, x10™* | 2,900 | 0,044 | 0,013 | 0,039 - 0,047 0,051 0,018 0,024 -
mg/m?® 2,76 0,059 | 0,016 | 0,077 - 0,122 0,132 0,058 0,077 - 2,617
No. H12-Cr %, x10* | 2,314 | 0,053 | 0,02 | 0,028 - 0,027 0,097 0,01 0,011 -
mg/m® 1,657 | 0,071 | 0,025 | 0,055 - 0,070 0,252 0,032 0,035 - 2,197
No. H13-Ch %, x10* | 3,841 | 0,089 | 0,024 | 0,046 - 0,057 0,07 0,067 | 0,049 0,104
i mg/m® 2,749 |0,119] 0,030 | 0,091 - 0,148 0,018 0,216 0,158 0,400 4,093
No. H14-Ch %, x10* | 5,673 | 0,107 | 0,059 | 0,082 - 0,035 0,069 0,051 0,055 0,15
mg/m® 4,061 0,144 | 0,074 | 0,161 - 0,091 0,179 0,164 0,177 0,577 5,628
No. GS15Ch %, x10™* | 3,099 | 0,077 — 0,047 — 0,022 0,038 0,032 0,043 -
mg/m? 2,218 10,103 | - 0,092 - 0,057 | 0,098 | 0,102 | 0,139 - 2,809
%, X107 1,880 | 0,062 — 0,035 — 0,033 0,037 - - -
No.GS16Ch [ /s T 1346 [0.083] — [0.069] — | 0086 | 0097 | = Z Z 1,681
No. GS17Ch %, X107 3,295 | 0,043 - 0,022 - 0,024 0,032 0,034 0,015 -
mg/m?® 2,358 | 0,058 - 0,043 - 0,062 0,083 0,111 0,048 - 2,763
No. GS18Ch %, X107 3,463 | 0,074 | 0,092 | 0,061 - 0,023 0,031 0,01 0,02 0,015
mg/m® 2,479 10,099 ]0,115 | 0,120 - 0,060 0,080 0,032 0,064 0,058 3,107
No. GS19Ch %, x10™* | 4,135 | 0,162 | 0,062 | 0,08 - 0,048 | 0,075 | 0,033 | 0,045 0
mg/m® 2,960 | 0,217 |0,078 | 0,157 - 0,124 0,194 0,106 0,145 0,000 3,981
No. GS20Ch %, x10™* | 2,369 | 0,035 0 0,028 - 0,016 0,081 0 0 0
mg/m® 1,696 | 0,047 | 0,000 | 0,055 - 0,041 0,210 0,000 0,000 0,000 2,049
No. GS21Ch %, x10™* | 3,476 | 0,132 — 0,064 - 0,025 0,040 0,021 0,041 -
) mg/m? 2,488 |0177| - 10,126 - 0,064 | 0,104 | 0,066 | 0,133 - 3,158
No. GS22Ch %, x10* | 4,723 0,134 — 0,108 — 0,028 0,080 0,027 0,048 -
) mg/m? 3,380 10,180 - ]0,212 - 0,074 | 0,207 | 0,088 | 0,154 - 4,295
No. GS23Ch %, x10* | 4,545 | 0,113 - 0,091 - 0,031 0,066 0,036 0,058 0,108
mg/m?® 3,253 | 0,152 - 0,179 - 0,080 0,171 0,116 0,187 0,415 4,553
No. GS24Ch %, x10* | 6,516 | 0,272| - |0,215 - 0,014 | 0,067 | 0,065 | 0,064 0,12
i mg/m® 4,664 | 0,365 - 0,423 - 0,036 0,174 0,209 0,206 0,461 6,538
No. GS25Ch %,x10* | 7,981 |0,315| - 0,259 - 0,014 | 0,167 | 0,061 0,093 0,154
mg/m® 5713 | 0,423 - 0,510 - 0,036 0,432 0,196 0,299 0,593 8,202
No. GS26Ch %, x107* 11,94 |0,459 — 0,325 — 0,103 0,207 0,101 0,148 0,057
mg/m® 8,548 | 0,616 - 0,638 - 0,267 0,536 0,324 0,476 0,220 11,625
No. GS27Ch %, X107 13,84 | 0,589 — 0,475 — 1,452 0,322 0,160 0,192 0,193
) mg/m? 9,913 |0,790| - 0,934 - 3,765 | 0,834 | 0,515 | 0,619 0,741 18,111
No. GS28Ch %, x10* | 6,075 | 0,477 — 0,526 - 0,051 0,310 0,128 0,139 0,017
} mg/m?® 4,348 | 0,640 - 1,035 - 0,132 0,803 0,412 0,447 0,065 7,882
These data and the presence at two points of the Results of geophysical research. Geophysical

inspection in the area of the gas station (GS18Ch and
GS19Ch), as well as over the oil pipeline (sample H11-Ch
and H12-Ch), unsaturated hydrocarbon gas (ethylene)
speaks of its technogenic origin (the process of distillation of
oil), which allows to call the gas station a source of pollution.
Visually, the site of increased gas content is one abnormal
zone to which the gas station is adjoined.

investigations are performed by two methods: vertical electrical
sounding (VES) and natural electric field (NEF), and the
location of the points of the VES and NEF is presented on fig. 2.

The method of VES is executed for the purpose of
mapping the covering of the rocks on the profile, passing
through the contamination area across the groundwater
movement. After all, it is known from geological reports that
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on the right bank of the Bystrytsia Solotvynska River, where
research was conducted, pebble-sand forms of the first,
second and third floodplain terraces are developed, and on
the left bank there is the formation of the fourth floodplain
terrace. That is, the river changed its position, forming a
wide valley, where river alluvial deposits are developed.

It can be assumed that during its movement it formed the
deep channels that exist under the surface of the earth and
are the dominant element of groundwater filtration.
Consequently, the specific purpose of the work by the VES
method is to find such a channel for specifying the location
of the groundwater flow.

Physical substantiation of the VES method is the
differentiation of rocks in depth by electrical resistance. The
presence of a reliable geological section, along with analysis
of the curves of the VES allowed making the following table
3 correspondence of lithology, that is, the composition of
rocks of the cut, and electric resistance.

All curves of VES are of the same type and correspond
according to the table 3 to correlation of resistance
p1 <p2> p3> p4. As an example in fig. 4 is shown one of the
curves of the VES with the designation of the
correspondence of the branches of the curve selected by
four geoelectric layers, as indicated in table 3.

IRakovets - 1'

LEGEND

& Gawel
@  Points of free underground gas sample

[ —

Fig. 3. Total hydrocarbon content in subsoil gas

Table 3

Characteristics of the section of rocks and their electric resistance

No. of the layer Characteristics of the rock Electric resistance, Om
| Surface clay-sand formation 40-1000
Il ISand and pebbles dry rocks of river deposits 300-900
11] ISand and pebble water bodies of river deposits 35-70
[\ Root watered argillite rocks 3-7
_. Depth

Fig. 4. Typical VES curve
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In the section of imaginary resistance on a qualitative
level, the tendency to increase the depth of occurrence of
indigenous rocks and the presence of the ancient channel
within the zone of pollutionis reflected, which is the main way
of filtration of groundwater in the eastern direction. The
places of the largest depths in general coincide with the line
of pollution. Consequently, contamination clearly lies from
west to east in the sub-latitudinal direction.

In the geoelectric section, the result is reproduced in
quantitative units. In fig. 5 arrows indicate the areas of the
largest depths of the alluvial formations, that is, contours of
the ancient channel. As can be seen, the pollution in general
coincides with the data of electrical probing, because the

0 25 50 75 100
470
465

E 460

g
§ 455

450

flow of groundwater has a local direction, from west to east.
This is the direction of movement of groundwater from the
gas station. Thus, the findings regarding the pollution of
groundwater in the gas station territory received an indirect
confirmation by the data of geoelectric studies.

The NEF method was conducted to trace the paths of
active groundwater filtration. The method is based on this
variant on the ability of ions of different signs in underground
waters to move at different speeds, resulting in anomalies of
the potential of the electric field.

The resulting map of the NEF method is a map of
distribution of potentials by profiles (fig. 6).
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Fig. 5. Geoelectric section (according to VES)
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Fig. 6. Graphs of natural electrical potentials
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In fig. 6, in addition to the output graphs of potentials, the
averaging lines are depicted, and the arrows indicate the
direction of filtration of groundwater. Negative anomalies
corresponding to filtration flows correlate, that is, they are
coordinated according to different profiles.The direction of
movement of groundwater corresponds to the direction from
the gas station to the pollution areas.

Planned distribution of potentials confirms the tendency
for anomalies of lower potential in territories adjacent to the
territory of the gas station.

Conclusion. According to the results of geochemical
research in the territory of Solotvyn (August—September
2017) contaminated water was defined in eight wells on an
area of 900 m? (the total content of light and heavy
hydrocarbons from 9,258 to 428,087 mg/m3, with their
contents in "clean" wells from 3,387 to 4,826 mg/m3).

The analysis of the presented cartographic materials,
primarily the distribution of the content of light and heavy
hydrocarbons in water and near-surface gas, suggests that
the source of pollution is in the gas station, where in previous
years it was likely that the oil products release in the ground
occurred (possibly even in different years). At present, the
pollution of the filling station territory by hydrocarbons after
analyses of near-surface gas with a tendency of
displacement of this pollution towards the wells is noted.

The distribution of electric resistance and natural
filtration potentials obtained from geophysical studies has
established the direction of filtration in the aquifer, which is
consistent with the location of the ancient river bed or its
sleeve, and corresponds to the distribution of groundwater
from the gas station to contaminated wells.

The experience of self-cleaning groundwater due to their
natural filtration shows that this process will take decades,
depending on the velocity of groundwater. In order to
accelerate the full water purification of hydrocarbons, it is
necessary to conduct intensive pumping out of water from
the wells, accompanied by periodic analyses on the content
of hydrocarbons.

Prospects for the further development of research in this
area are connected, firstly, with further regime observations
for the purpose of monitoring and implementation of
measures to eliminate sources of groundwater pollution in
the object specified in the article, and secondly, using the
above scientific developments and experience gained on
other territories.
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BU3HAYEHHSA IXKEPEN 3ABPYAHEHHA NIASEMHUX BOA HA®TOMNMPOAYKTAMU
(HA NPUKNAAI TEPUTOPII CONTOTBUHO B NMPUKAPNATTI)

lMpucesiyeHo po3e’'sa3aHHI0 Npobremu 3abpyOHeHHs1 nid3eMHuUx 6ol Hagpmonpodykmamu Ha mepumopii cenuwa Cos10meuHoO, Po: )8aHO20
8 lMpukapnammi e leaHo-®PpaHkieckkili o6nacmi YkpaiHu. 3abpyOHeHHs1 ausieIeHO 8 KOs100535IX MUMHO20 8000rMnocmayaHHsi 3a CMaKkoguMU sIKOC-
msamu i cneyudpiyHuM 3anaxom. Slk anbmepHamueHi po3ansidanucs maki Moxnuei dxepena 3abpydHeHHs1: 3aKOHcepeosaHa Haghmoea ceepdio8uHa,
Hagbmonpoeid, aemo3anpaeHa cmaHryisi (A3C).

Yci enacHuku 3azHavyeHux o6'ekmie npedcmasusiu 0oKyMmeHmu ob6cmexeHb abo eunpobyeaHb i3 nidmeepdxxeHHAM 2epmemuyHocmi (ceepdso-
8uHa i pesepayapu A3C) abo sidcymHocmi eyaneeodHie (Heditoyuli Hagpmonpoeid). BuHukna napadokcanbHa cumyauyisi: 3a6pyOHeHHs1 €, a Oxepen
3abpyOHeHHs1 HeMmae. []na supiweHHs1 MuMaHHs 3acmoco8aHo KOMIJIEKC 2eoXiMiYHuXx i 2eogpizuyHux memodis.

eoximiyHi AocnidxeHHs1 npoeedeHo Onsi NPob eodu, eidibpaHux 3 Ko100s13ie Mo mepumopii 3a6pydHeHHss ma npuneanux dinsgHok. Kpim moezo,
nos2yweHili Mmepexi gidibpanu npobu npunosepxHeg8o20 rPyHMo8020 rnosimpsi 8 rpyHmi. BMicm eaxkux i neckux ayaneeodHis y 3abpyOHeHuXx npo-
6ax eodu nepesuujyeae ¢hoHoei 3Ha4YeHHs1 8 AecsimKu pasie i nepesuwyeae 2paHuU4Ho donycmumi KOHUeHmpayii. JlabopamopHi docnidxeHHs1 Npo6
nosimps do3eosnunu ymo4yHumu i demarizyeamu mepumopito 3abpydHeHHs1. 3a pe3ysibmamamu 2eoxiMiyHux AoclidXXeHb ycmaHOo8/IeHO, W0 Oxe-
pero imogipHo20 3a6pyOHeHHs1 € Ha mepumopii A3C.

leoghizu4Hi docnidxeHHs1 do3eonunu 3'scyeamu simonoziyHy 6ydoey eepxHbOi YacCMUHU po3pi3y i ecmaHoeumu 2nubUHU 3ansi2aHHs1 Nokpiesni
U nidoweu Konekmopa nidzemHux eod i eidnoeidHo nokpieni niocmensitoyo2o eodoynopy. Mpu ybomMy 0GHO3Ha4YHO 8U3HAYEHO HaNPSIMOK inbmpa-
yi'y 8000HOCHOMY 20pU30HMI Ui po3mauwlyeaHHs1 0aeHbO20 pycJria pidKu, sike eidnoeidae wiisixy nowupeHHsi nidzemHux eod eid A3C do 3abpyOHeHux
Konodssie.

MomueoeaHuli sUCHOBOK NPO NPUYUHU 3a6pydHeHHs1 Nid3eMHuUx 800 Haghmonpodykmamu ma npo ecmaHoesieHe depesio 3abpyOHeHHs1 nepe-
0daHo 0o eidnoeidHux opaaHie [epxxaeHol cryx6u YkpaiHu 3 Had3eu4aliHux cumyauid.

Knro4oei cnoea: Hagpmonpodykmu, 3a6pyOdHeHHs1, ceepdnioguHa, 2eoghizuka, 2eoximisi, nidrpynmoeuli 2as.
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NBaHO-PpaHKOBCKUI HaLMOHaNbHbIN TEXHUYECKUIA yHUBepcuTeT HethTH 1 rasa,
WUHcTuTyT reonorumn n reocmsnkm, yn. Kapnarckas, 15, r. UBaHo-®paHkoBck, 76019, YkpauHa

ONPEAENEHUE NCTOYHUKOB 3AIrPA3HEHUA NOA3EMHUX BOA HE®TEMPOAYKTAMU
(HA NPUMEPE TEPPUTOPUUN CONOTBUHO B NMPUKAPIATbE)

IMocesiujeHo peweHuro NpPobreMbl 3a2psi3HeHUs1 N0G3eMHbIx 800 Heghmenpodykmamu Ha meppumopuu nocesika CoomeuH, Haxodsiwe2ocsl e
lMpukapnamse e UeaHo-PpaHkoeckoli o6nacmu YkpauHbl. 3a2psi3HeHUe 8bisia/IeHO 8 Koslodyax numbeeo2o 8000CHabXXeHUs Mo 8Kyco8bIM Kayecm-
8am u cneyuguyeckomy 3anaxy. B kayecmee annbmepHamueHbIX paccMampueanuch criedyroujue 803MOXHbIE UCMOYHUKU 3a2Psi3HEHUSI: 3aKOHCep-
eupoeaHHasi He¢pmsiHasi ckeaxKuHa, Hegpmenpoeod, aemo3anpasoyHasi cmaHyusi (A3C).

Bce enadenbybl ykazaHHbIx 06bekmoe npedcmasunu 0oKkymeHmbl o6cnedoeaHuli unu ucnbimaHuli ¢ noomeepxoeHUeM 2epMmemuyHocmu
(ckeaxuHa u pezepeayapbi A3C) unu omcymcmeus yeneeodopodoe (Hedelicmeayrowuli Hegpmenpoegod). Bo3Hukna napadokcanbHasi cumyayusi: 3a-
2psi3HeHuUe ecmb, a UCMOYHUKO8 3a2psi3HeHus1 Hem. [nsi peweHus1 eonpoca npuMeHeH KOMIM/IEKC 2e0XUMUYECKUX U 2e0¢hu3uvecKux Memodoos.

eoxumuyeckue uccnedosaHusi npoeedeHnl Os1s1 NPo6 e00bl, 0MO6PaHHbIX U3 KOSI00yee Mo MeppuMopUU 3a2PsiI3HEeHUsT U npusie2aroujux y4yac-
mkos. Kpome mozo, no cayweHHoli cemu omo6paHbi Npo6bl MPUNO8epPXHOCMHO20 M0Y8EHHO20 8030yxXa 8 2pyHme. CodepkaHuUe MsiKesbIX U Ie2Kux
yaneeodopodoe e 3a2psi3HeHHbIX Mpobax eodbI Npeebiwano ¢hoHoEbIe 3HaYeHUsI 8 OeCsIMKU pa3 U NpeebIWwasno 2paHU4Ho donycmuMblie KOHYeHm-
payuu. JlabopamopHbie uccredosaHusi Npo6b eo3dyxa Mo380aUNU YMOYHUMb U demanu3uposamb MePPUMOPUI0 3a2PA3HEHUS.

IMo pesynsmamam 2eoxumuyeckux uccredoeaHuli yCmaHo8JIeHO, YIMo UCMOYHUK 8ePOSIMHO20 3a2psi3HeHUs1 Haxodumcsi Ha meppumopuu A3C.

eoghusuyeckue uccredosaHusi M0380UMU 8bIICHUMb JIUMOJIO2UYECKOE CMPOEHUE 8epXHell Yacmu pa3pe3a U ycmaHoeumsb 2/1y6uHbl 3aneaa-
Husi Kpoesu u nodowesbl KosisieKkmopa rnod3eMHbIX 800 U coomeemcmeeHHO Kpoesu nodcmunarouje2o eodoymnopa. [lpu amom oOHo3Ha4HoO onpede-
JIeHO HanpaesneHue cunbmpayuu e 6000HOCHOM 20pU3OHMe U pacnosioxeHue OpeeHe20 pycria PeKu, Komopoe coomeemcmeyem mymu
pacrnpocmpaHeHuro nod3emHbix 800 om A3C do 3a2psi3HEeHHbIX Koslodyee.

MomueupoeaHHoe 3ak/o4yeHuUe o NPUYUHax 3a2psi3HeHUs1 Mod3eMHbIXx 800 Heghmenpodykmamu u 06 ycmaHO8/1eHHOM UCMOYHUKe 3a2psi3HeHUs
nepedaHo e coomeemcmeayroujue op2aHbl [ocydapcmeeHHoOU ciyx6bl YKkpauHbl 1Mo Ype3eblyaliHbiM cumyayusim.

Knroyeenie cnoea: HegpmenpodyKkmbl, 3a2psi3HeHUe, CK8aXXuHa, 2e0ghu3uka, 2e0XUmusi, MoOONoYeeHHbIl 2a3.
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USE OF B-SPLINES IN DEVELOPMENT
OF AUTOMATED GEOLOGICAL-SURVEYING SUPPORTSYSTEM

(PexomeHAo8aHO 4YrieHOM pedakyiliHoi konezil 0-pom ¢his.-mam. Hayk, npodp. b.I1. Macnoeum)

Purpose. The effectiveness of the development of an information system for quarry management is primarily determined by the level
of geological and surveying support (GSS), which includes solving such basic tasks as calculating reserves (operational and complete),
accounting for ore mining, building the information base for mining planning and management, and field modeling, and career, ore body
contouring, etc. The purpose of this work is to develop and use B-Splines in the automation of geological surveying software in the quarry.

Research methods. The basis of many tasks is the construction of surfaces. For the first time in recent years, an uneven rational B-
spline (NURBS) is used to describe them, which most fully satisfies the following criteria: the model’s adequacy to the real representation,
the efficiency of model formation and surface construction, and the visualization of the model in three-dimensional space.

Scientific novelty. The advantages of constructing surfaces using NURBS are as follows: ease of calculation; sufficient smoothness;
construction of the surface of any degree of complexity; using the weights of the control points, control of the surface (it can pass strictly
through the specified control points). The latter property made it possible with the help of a NURBS surface to effectively model the day
surface of a quarry with a strict passage of the surface through points of the ledges.

Practical significance. For the joint Russian-Mongolian enterprise Erdenet (Mongolia), developing the copper-molybdenum deposit,
an integrated automated GSS system has been developed and has been in operation for many years. Software and algorithmic tasks of
the system are constantly being improved. This article presents its latest developments and development paths. The use of NURBS
allowed us to construct the day surface of the open-pit mine, to improve the complete calculation of reserves, the accounting of ore
mining, and the delineation of ore bodies along the open-pit horizons.

Results. The software is implemented in C++ and C# for Windows. To build three-dimensional graphics, the tools of the open graphic
library OpenGL are used. Separate modules of the developed GSS system were used at the Novokrivoyorogsk and Ingulets mining and
processing plants. The methodology for constructing automated GSSs has been approved by many years of positive experience in

industrial implementation and can be used for non-ferrous ore and iron ore deposits.
Keywords: B-spline, NURBS surface, open pit surface modeling, ore body contouring, ore mining accounting.

The problem and its connection with scientific and
practical tasks.

In recent years, integrated mountain packages (GPlI),
which are being developed in non-CIS countries, have been
widely developed. The GPI provides access to the most
common database management systems (DBMS), has a
modular structure and stores the results in accepted storage
formats. This provides the possibility of subsequent use of
the results by other applications. The information core of the
GPI is a geological surveying system that solves a wide
range of tasks, ranging from the initial processing of
surveying surveys and well testing data to construct a DSM
and ending with the calculation of reserves, the
determination of optimal mine workings and the planning of
mining operations. The leading companies in the world
market offer the following most popular GPIs: Gemcom
Surpac (in 2006, Gemcom completed the acquisition of
Surpac Minex Group (Company GEMCOM, 2006)), Maptek,
Mintec, CAE Mining (in 2010, CAE acquired Data-mine
Group (Trade Press Release, 2010)) Techbase, IFM.

The Gemcom Surpac system was developed by
Canadian company Gemcom Software International Inc.
(GEMCOM, 2008) and includes various functions, ranging
from the input of primary data to block modeling of fields,
design and planning of open and underground mining.

The Australian company KJRA Systems, a member of
the well-known MARTEK group of companies (MAPTEK,
2012), has developed and sells a powerful and rather
expensive integrated system "Vulcan", which has a large set
of modules for solving various problems in the field of
geology, mining, mine surveying, and ecology.

CAE, after its acquisition in April 2010 of the Datamine
Group, presents the CAE Mining product as advanced in the
field of creating innovative technologies and services for
planning, managing and optimizing mining operations
(TECHBASE, 2011). The company operates in nine
countries. CAE Mining offers advanced solutions ranging

from the exploration and management of ore body modeling
data to mining planning and operational management.

It is necessary to make a number of general comments
regarding foreign integrated systems:

¢ the systems are designed to work with highly qualified
specialists (surveyors, geologists, miners) who have
undergone a long training cycle abroad or in consulting firms;

o the systems work effectively only on powerful personal
computers or graphic workstations, the cost of which
exceeds 25-50 thousand dollars;

e the cost of basic software is up to 25 thousand dollars,
and the purchase of an additional set of modules can increase
the cost of the package to 100—200 thousand dollars;

e many foreign packages have a complex, un-Russified
and not very "friendly" user interface, which does not take
into account the peculiarities of the working conditions in
domestic practice.

Foreign packages are developed taking into account
high versatility in order to maximize profits. No large firm will
spend a long time adapting a software product at a specific
mining enterprise. If for solving the problems of prospective
development of a field development, in most cases, a
universal approach can be used and services from design
and research institutes can be abandoned, then additional
development is required to solve many geological surveying
tasks during field operation. Even the module for calculating
reserves, which is one of the main ones in the GPIl and which
determines the cost and efficiency of the system core,
cannot claim to be highly versatile.

Integrated automated GSS system has been developed
and maintained for many years for the joint Russian-Mongolian
enterprise Erdenet (Mongolia), which is developing a copper-
molybdenum deposit. The software and algorithmization of the
system tasks are constantly being improved. This article shows
the latest developments and the ways of development. The
scheme of the integrated system of GSSs is shown in fig. 1.
Here are 8 main modules of the system.

© Zelensky A., 2019



ISSN 1728-2713

FEONOrIS. 3(86)/2019

~49 ~

Formation and directing of digital model of the
field and opencast, geodetic control

Formation of the surface crust of the
opencast and box model of the deposits

Current and full estimation

of the reserves Surveying reserves recording

5 6

7 8

Delineation of ore bodies in open area and
horizons of the opencast

Drilling and blasting

Graphic documentation

formation Mathematical support

Enterprise service’s call

Task information system of mine planning and
management

Fig. 1. Scheme of integrated geological surveying system

Studies and publication analysis.

The construction of surfaces is at the heart of many
problems.

For the first time in recent years an uneven rational B-
spline (NURBS) is used for their description, which most fully
satisfies the following criteria:

e adequacy of the model to real representation;

o efficiency of model formation and surface construction;

e visualization of the model in three-dimensional space.

Its usage made it possible to construct a day surface of
the opencast (module 2), to improve the full calculation of
reserves (module 3), ore output accounting (module 4), and
delineation of ore bodies in the horizon of the opencast
(module 5).

Formulation of the problem.

Let us give an example of constructing an arbitrary
NURBS surface, which, in general form, represents the
dependence of Z =f (X, Y). The values of Z can be the marks
for constructing the day surface of the opencast; the
sampling data for the wells in certain sections of the
opencast, and so on.

First, a rectangle, which describes the area under
investigation, is constructed. Next, an interpolation network is
formed according to a certain index Z with the selected network
step. The network step is selected in such a way as to evaluate

"
M B-cnnain

the characteristic of the variability of the input data. The value
of the indicator under study is determined in the nodes of the
network. Various methods of interpolation (reciprocal
distances, polynomial, criging point, etc.) are used, the simplest
of which is the method of reciprocal distances:

N
>Z-d ;"
_ f:1N
2, d
i=1

where Za — is the value of the indicator in the node A; N —is
the number of nearest points; o — is the degree of
interpolation; di — is the distance between the nearest point
and the interpolation node; Z; — is the value of the indicator
at the point closest to the interpolation node.

Then, based on the data of the interpolation network, the
nodes of which are breakpoints, a NURBS surface is
constructed.

Material and results Presentation.

The result of the construction of B-spline curve based on
11 test points is shown in fig. 2. The order of the polynomial
for the construction of the corresponding curve is chosen m
= 4 (cubic polynomial).

Z,

Charpter 1 Charpter 2 Chapter 3 Chapter 4 Chapter & Chapter 6 Chapter 7

Fig. 2.The result of the construction of B-spline curve using weigh

Let's point out the main benefits of B-spline (Podxepc u
Adamc, 2001):

1. Ease of calculation. Connecting function is evaluated
in simple recursive manner. It is advisable to use the
functions to connect a second or third degree.

2. Local control over the curve. Change in one control
point does not affect the change in the curve, and is only in
its particular area. This is due to the fact that only a small

number of control points, depending on the degree of the
polynomial, affect each connecting function.

3. Using weights to pass through strictly defined
locations.

In fig. 3 we are showing the profile of the bench in open
pit, described by B-spline, which has repeated the profile of
the benches with high accuracy.
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Fig. 3.Profile of the bench described using B-spline

When applying methods of constructing B-spline curves on
NURBS-surface, the following formula is used (Xurnn, 2002):

ML
Z zWi,kPi,kNi,m (u)Nk,n (v)
P(M,V) — i=0 k=0

M L i

Z Zwi,kjvi,m (u)Nk,n (V)

i=0 k=0
where (M + 1) — number of control points on the axis OX
(numbered points from 0 to M); (L + 1) — number of control
points on the axis OY (numbered points from 0 to L);
Pix= (xik, Yik, Zik) — the coordinates of the control points;
wik — the weight coefficients of control points; Nim(u) WNkn(v) —
correspondingly connecting B-spline functions in the
direction of the axes OX and OY; m and n, respectively, are
the orders of connecting B-spline functions Njm(u) and
Nin(v); ueO, ..., Umax (Umax — maximum value in the knot
vector u in the direction of the axis OX, equal to M — m + 2);
veO, ..., Vmax (Vmax — the maximum value of the knot vector v
in the direction of the axis OY, equal to L — n + 2).

Let us consider the implementation and improvement of
some modules of an automated geological surveying
system based on the use of B-splines for constructing
surfaces (modules 2, 3, 4, 5in fig. 1).

Module 3 "Current and full estimation of the reserves"
uses surface construction for the implementation of full
estimation of reserves using the method of vertical sections
(BeneHckuti u dp., 2010).

# baza.ini - baza

The technique for realizing the full calculation of stocks
by the method of vertical sections is as follows.

First, using the mathematical apparatus of B-splines, two
surfaces of the opencast are constructed from the initial data
of bench edge of the digital open cast models, respectively,
at the beginning of the development and the design of the
open-pit boundaries of the quarry.

The advantage of constructing the surface of the
opencast is the availability, as the initial data, only of the X,
Y, Z coordinates of the upper and lower bench marks, which
are contained in the digital opencast model (DOCM) (fig. 4).
Let us consider the technique of constructing the surface of
the opencast using B-splines (SeneHckuti u dp., 2009).

This is done in the following sequence. First, a
rectangular area ABCD on the opencast plan is selected
from the display screen, as it is shown in fig. 4. Then the
rectangle is covered by an accurate regular grid with a given
step (in our case, the network step is 10 m).

At the nodes of the network with the coordinates X, Y,
the method of squares of the reciprocal distances
determines the values of the Z marks with respect to the
points of the bench edges.

n o n
Zi = D20,
Jj=1 i=1
where z; — is the level point, which is the closest to the node
being determined; r; — is the distance from the nearest point

to the node; n — is the number of nearest points.
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Fig. 4. To the formation of the surface of the opencast
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In addition to the Z value, weighting coefficients are
formed for the nodes of the network, and for the nodes closest
to the level points (at a distance less than half the network
step), the X, Y, Z coordinates are adjusted so that the point is
shifted to the bench edge. In this case, the number of points
in the direction of the OX axis and in the direction of the OY
axis is conserved. It is necessary to set the weighting
coefficients wix of node points in order to construct the
NURBS surface using formula (1). All nodes of the network

®aiin Bna Beoeoa O6peKTel HacTporikn CnpaBxa -

F QA | % €9 bbb ®

are assigned a weight equal to 1, except the nodes through
which the edges of the bench edges go through. A
significantly greater weight (a value of 1000 is assumed) is
assigned to these nodes which ensures that the NURBS
surface goes strictly through the points of the bench edge.

The result of obtaining the surface of the quarry is shown
in fig. 5.

The surface of the project boundaries of the opencast is
built in the same way.

Fig. 5. Surface of the opencast constructed with B-splines

The ore outlines of vertical sections are determined in
the next step. Each vertical section is limited from above by
the line of intersection of the profile with the surface of the
opencast at the beginning of the period, the lateral and lower
line of intersection of the profile with the surface constructed
along the design boundaries of the opencast.

As a result of the intersection of the profile with the
surfaces of the opencast at the beginning of the
development and the design boundaries of the opencast, we
obtain an ore outline of vertical section.

Vertical sections are covered with an interpolation grid. In
each node of the network, the type of ore and the qualitative
indices for the nearest drill log of the long hole are estimated.
Thus, the pit outline of the ore body is distinguished.

Knowing the area of the ore bodies and the distance
between the vertical sections, the full calculation of the
reserves is estimated.

In Module 4, "Surveying reserves recording" which is
based on the B-spline opencast model, it is possible to
perform a full calculation of the extracted rock mass for the
reporting period (usually a month). On the daily surface of
the opencast before and after mining, it is possible to
estimate the total volume of the extracted rock mass as a
whole in the opencast, and not only its individual sections.

Based on the model of the daily surface of the opencast,
the volume of the extracted rock mass is determined with B-
splines. The surface of an opencast in the form of a B-spline
is represented by a set of "spatial" quadrilaterals, the
coordinates of which, as a rule, are not in the same plane.
In the same given rectangular area, which defines the pit
limits, two opencast surfaces are constructed — at the
beginning and end of the reporting period. In this case, the

X and Y coordinates will be exactly the same for the two
surfaces, and only the Z marks will differ.

Further, the volume of the extracted rock mass during
the reporting period is calculated using the following formula

V=>3(2-2,)8-2.(Z,-2,)-S,
i=1 j=1

where n —is the number of "spatial" quadrilaterals, Z;, Z— are
the average elevations for the coordinates of the i-th (j-th)
"spatial" quadrilateral of the surface, respectively, at the
beginning and end of the reporting period, Zie — is the lowest
elevation of the opencast, Si, S;— are the areas i-th (j-th) —
quadrangles respectively at the beginning and end of the
reporting period.

The expression (Z,-Z,)-S, in the formula is the volume

of the rock mass in a separate elementary prism, the upper
base of which is the "spatial" quadrilateral of the surface,
and the lower one is its projection onto the horizontal plane.

In fig. 6, the advance of the mining front (the bench edge)
during the reporting period is shown in dark colour.

On the basis of the digital model of the deposit, which
contains the coordinates and quality indicators for blasting
and exploratory wells strictly along the horizons of the
opencast, it is possible to obtain qualitative indicators in
these elementary prisms, which allows determining the
content of the indices in the extracted rock mass.

The implementation of module 5 "Delineation of ore
bodies in open area and horizons of the opencast" is carried
out in the following sequence (3eneHckuti u dp., 2011; 3e-
neHckulu, JlbiceHko, 2013).

First, the planned horizon is selected with the data of the
tested wells, on which the rectangular area to be examined
is selected.
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In fig. 7. the location of the wells and the data of their
testing according to Cuob, is given, and in fig. 8 interpolated
Cuob, values at nodes of a uniform network covering the
rectangular area under investigation are also presented.
Similarly, interpolated indices are formed for the second
selected indices — Moos. These indices are used to construct
NURBS surfaces.

Fig. 9 shows the NURBS-surface according to the
indicator Cuob, fig. 10 is its iso-content. Fig. 11 shows the
delineation of the ore body by Cuob = 0,4 % and Moo, = 0,02
%, where the selected region satisfies simultaneously the
established conditions of the two indicators.

100) MGOR 1 370 HEL 131 - 0RO

= M0

R R S S G

R F T RS © CUOB (x100)

19080 R I e AL A

219011

218988

215965 - SRS SRR SO &

0368 203314 0580

Fig. 7. Well location and their test data for Cu,,
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Fig. 11. To delineate ore bodies

The results of ore outline of ore bodies and selected
varieties are used in the calculation of reserves and accounting
for ore extraction. Decision results of ore outlining are stored in
the database, which makes it easy to export them to external
applications, for example, into the graphical environment of
AutoCAD. Decision results of the solution are displayed on the
display screen, printer and plotter.

As previously stated, the implementation of the algorithm
for a controlled NURBS surface allows changing the nature of
the passage of the surface according to spy points, changing
the weight of their influence and shifting them within
neighboring points. Such surface properties can be used to
model "sharp" transitions between ore body and empty rock.

Conclusions and direction for future research.

The implementation of the software is in C++ and C# for
Windows. To build a three-dimensional graphics, OpenGL's
open graphics library tools are used. Separate modules of
the developed system of GSSs were used at
Novokrovyorzhsky and Ingulets Mining and Mineral
Processing Plants.

The methodology of constructing of automated GSSs
has been tested for many years having positive experience
of industrial implementation and can be used for non-ferrous
ore and iron ore deposits.
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KpuBopi3bkuit ekoHoMi4HuM iHcTUTYT [IBH3

KuiBCbkuit HaLioHanbHM €KOHOMIYHUM YHiBepcuTeT iMeHi Baguma NeTtbmaHa
Byn. MeauyHa 16, m. Kpusui Pir, YkpaiHa

BMKOPUCTAHHSA B-CMNJIAAHIB NP PO3POBLII ABTOMATU3OBAHOI CUCTEMU
FEONOro-MAPKLUEMAEPCbCKOIO 3ABE3IMNEYEHHA

Mema. EcpekmueHicmb po3pobku iHghopmayiliHoi cucmemu ynpaesniHHs Kap'epoM Hacamneped eu3Ha4yaembCsl pieHeM 2e0J1020-MapKuwelioep-
cbKo20 3abe3neyeHHs1 (FTM3), sike ekntoYae supileHHs1 MaKux OCHO8HUX 3ae0aHb, K NidpaxyHOK 3anacie (onepamuesHull i nogHul), o6nik sudob6ymky
py9d, hopmyeaHHs1 iHghopmayiliHo2o 6asucy Onsi nnaHyeaHHs1 ma ynpaesiHHs 2ipHU4YuUMu po6omamu, MmodesiroeaHHs podoeuuwia i kap'epy, OKOHmMy-
prosaHHs1 pyOHux min mowo. Memoro daHoi po6omu € po3pobka i sukopucmaHHsi B-cnnaliHie y npoyeci asmomamu3ayii 2eosno2o-mapkwelidepchb-
KO20 3abe3neyeHHs1 8 Kap'epi.

Memodu docnidxeHHsi. B ocHosi 6acambox 3aedaHb suKopucmoeyembcsi nobydoea noeepxoHb. Ynepwe e ocmaHHi poku 0nsi iXHbo20 onucy
3acmocoeyembcsi HepieHOMIipHull payioHanbHul B-cnnaiin (NURBS), sikuli Hali6inbw noeHo 3adoeosibHsIE maki Kpumepii: adekeamHicmb modeni
peasibHOMYy ysie/ieHHIo, orlepamueHicmb ¢ghopMyeaHHs1 Modesli Ui N1o6ydoeu noeepxHi, HA04YHicMb 8ido6paxKeHHs1 Modesli 8 MpU8UMIPHOMY NPOCMOPI.

Haykoea Hoeu3Ha. Nepesazu no6ydoeu nosepxoHb 3a donomozoro NURBS nonsizaroms y makomy: npocmoma e o64ucsieHHi; docmamHs 2nao-
kicmb; no6ydoea noeepxHi 6yOb-siKo20 cmyneHs1 cknadHocmi; 3a 00MOMO20t0 8a208uUXx KoegbiyieHmie KOHMPOIbLHUX MOYOK MOXXHa ynpaesisimu ro-
eepxHeto (8oHa Mox)e npolimu cmpo20 Yepe3 3adaHi KOHMPOobHi Moy4ku). OcmaHHs enacmueicmb do3eosnuna 3a donomozoro NURBS-nosepxHi
egekmueHo modesiroeamu OeHHY NMO8EPXHIO Kap'epy Npu cmpo20My MPoxXo0XXeHHIi MoeepxHi 4epe3 MoyYku 6poeok ycmyriie.

lMpakmuyHa 3Havyumicmsb. [nsi cninbHo20 PocilicbKo-MOH20/Ib,CbKO20 nidnpuemcmea "Epdenem” (MoHzonisi), o po3pobsic MiOHO-moni60e-
Hoee podoesuue, po3pobrieHa i n(pomsizoM 6a2ambox pokie nepebyeae e ekcrniayamauyii iHmezpoeaHa aemomamu3oeaHa cucmema F'M3. [IpozpamHe
3abe3ne4yeHHss ma anzopummisayisi 3aday cucmemu nocmiliHo °00ckoHanormbcs. Hasodssmbcsi ocmaHHi i po3po6ku i wnsixu po3sumky. Bukopu-
cmanHsi NURBS 0do3eonuso no6ydyeamu GeHHy MoeepxHIo Kap'epy, y0ockoHanumu noeHull nidpaxyHok 3anacie, o6sik eudo6ymky pyod, oKoHmy-
Ppro8aHHs1 pyOHUX Min o 20pu3oHmMax Kap'epy.

Pe3ynbsmamu. Peanizayiro npoepamHo20 3abe3ne4yeHHs1 BUKOHaHO Ha Moeax C++ i C# dna Windows. [nsi no6ydoeu mpueumipHoi epaghiku eu-
Kopucmoeyrombcsl iHcmpyMeHmarnbHi 3acobu eidkpumoi epaghiuHoi 6i6niomeku OpenGL. Okpemi modyni po3pobneHoi cucmemu M3 eukopucmaHi
Ha Hoeokpueopisbkomy i IH2yneybkomy 2ipHU4o-36a2aqyeanbHux kombiHamax. Memodonozisi no6ydoeu asmomamu3oeaHozo 'M3 anpo6oeaHa 6a-
2amopiyHUM No3umueHuUM AoceidoM MPoMucI08020 8nposadxeHHs1 i Moxe 6ymu eukopucmaHa 01151 Koslboposux PYOHUX i 3ani3opyOHuUX podosuuy.

Kntouoei cnoea: B-cnnaiiH, NURBS-nogepxHsi, MoOGeslto8aHHs 08epXxHi Kap'epy, OKOHMYyproeaHHs1 pyOHUX min, o6nik audo6ymky pyo.

A. 3eneHckun, O-p TeXH. HaykK, npod.,

E-mail: zelensky@kneu.dp.ua, Ten.: +380965391760

Kpu“BOPOXCKUIN 3KOHOMUYECKUA UHCTUTYT

KueBckuit HaUMOHanNbHbLIA 3KOHOMUYECKU YHUBepcuTeT UMeHn Baguma MeTbmaHa
yn. MeaunumHckas 16, r. Kpuson Por, YkpauHa

NUCNoNb30BAHUE B-CMNAWHOB NPU PA3PABOTKE ABTOMATU3UPOBAHHOW CUCTEMbI
FEONIOr0-MAPKLUEMAEPCKOIO OBECMNEYEHUA

Yenb. 3phekmuesHocmb paspabomku uHghopmayuoHHOU cucmembl yrpaesieHus KapbepoM fpexoe ece2o onpedesisiemcsi ypoeHeM 2e0J1020-
mapkwelidepckozo obecneyeHusi (FMO), komopoe eko4aem pewieHUe makux OCHOBHbIX 3aday, Kak modcyem 3anacoe (ornepamueHbil U MoJiHbIl),
yyem 0o6bi4u pyod, hopMuposaHue UHPOPMaYyUOHHO20 b6a3uca Ossi NIaHUPOBaHUsI U yrnpaesieHuUs1 20pHbIMU pabomamu, ModesiupogaHue Mecmo-
poxdeHusl u Kapbepa, OKOHmMypueaHue pyOHbIx men u m.0. Ljenbto daHHoU pabomsl sienisiemcs paspabomka u ucnosib3oeaHue B-cnnaliHoe npu
aemomamu3ayuu 2eosno2o-mapKuwelidepcko2o obecrnevyeHus 8 Kapbepe.

Memodsi uccnedosaHusi. B ocHoge MHo2ux 3aday ucnosib3yemcsi MocmpoeHue rnogepxHocmel. Bnepebie 8 nocnedHue 200bi O7s1 UX ONUCaHUs
ucnonb3yemcsi HepagHoOMepPHbIU payuoHanbHbil B-cnnaiiH (NURBS), komopsbiii Hau6onee nosnHo ydoesnemeopsiem criedyroujue Kpumepuu: adekea-
mHocmb Modesiu peasribHOMy npedcmasJsieHuro, ornepamueHocmes ¢hopMupoeaHusi MoOesiu U NMocmpPOoeHUs Mo8epxHocmu, Haz2si0Hocmb omo6bpa-
JKeHus1 Modeslu 8 mpexMepHOM fpocmpaHcmee.

Hayuynasi Hosu3Ha. lMpeumyujecmea nocmpoeHusi noeepxHocmel ¢ nomouwibto NURBS cocmosim e cnedyrowem: npocmoma 8 8bI4UC/IeHUU;
docmamoyHas 2nadkocmsb; MOCMPOoeHUe Mo8epxHocmu /11060l cmeneHu CII0XHOCMU; C MOMOWbIO 8€C08bIX KOI(hhuyueHmMo8 KOHMPOIbHbIX MO-
4eK MOXHO yrnpaesisimb 1o8epxHOCMbI0 (OHa Moxem fnpolimu cmpoz2o Yepe3 3adaHHble KOHMPOJIbHbIe MoY4ku). [TocriedHee ceolicmeo Mo3e0s1Uso
¢ nomouwibto NURBS-noeepxHocmu aghghekmueHo modennupoeams OHEBHYIO 108EePXHOCMb Kapbepa Mpu CIMpPo20M MPOX0XKOeHUU Mo8epxHocmu 4ve-
pe3 moyku 6posok ycmynos.

lMpakmuyeckasi 3HayuMocms. [y coeMecmH020 PocculiCKO-MOH20/1bCK020 npednpusimusi "3pdaHam" (MoHzonusy), paspabambiearouje2o Me-
OHo-Monu6deHo80e MecmopodeHue, pazpabomaHa u 8 me4eHue MHO2UX Jlem Haxoo0umcsi 8 3Kcryamayuu UHme2pupoeaHHasi agimomamu3supo-
eaHHasi cucmema I'MO. lpozpammHoe obecneyeHue u anzopummusayusi 3aday cucmembl MOCMOSIHHO coeepweHcmeayromcesi. B daHHol cmambe
npueodsimcs nocnedHue eé paspabomku u nymu paseumusi. Ucnonb3zoeaHue NURBS no3eonuno nocmpoums OHEBHYIO M08ePXHOCMb Kapbepa,
ycoeepuweHcmeosams roJiHbIlU nodcyem 3anacos, yyem 0o6bi4u pyd, oKOHmMypueaHue pyOHbIX meJl 1o 20pU30HMaM Kapbepa.

Pe3ynbmamsl. Peanu3ayusi npo2paMmMHo20 obecrneyeHusl 8binosiHeHa Ha fi3bikax C++ u C# dna Windows. [lns nocmpoeHusi mpexmepHol 2pa-
¢buKku ucrnonb3yromcsi UHCmpyMeHmarsbHble cpedcmea omkpbimou epaghudeckoli 6ubnnuomeku OpenGL. OmdenbHble Modynu pa3pabomaHHoU cu-
cmembl MO ucnonb3oeaHbl Ha HoeokpueopoxckomM u MHH2yneykom 20pHo-ob6o2amumesibHbix KomM6uHamax. Memodosio2uss nocmpoeHusi
asmomamu3supoeaHHo20 'MO anpo6upoeaHa MHO20/1eMHUM MOJI0XKUMeE IbHbIM OfbIMOM MPOMbIWI/IEHHO20 8HeAPEHUST U MOXXem Gbimb UCMOJIL30-
8aHa 0ns1 yeemHbIXx PyOHbIX U es1ie30pyOHbIX MeECMOPOXKOeHU.

Knroyeenle croea: B-cnnatiH, NURBS-noeepxHocmb, ModesiupogaHue roeepxHocmu Kapbepa, OKoHmypueaHue pyOHbIX mes, y4em 0o6bi4u pyo.
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STATISTICAL SIMULATION OF RANDOM FIELD ON 2D AREA
WITH WHITTLE-MATERN TYPECORRELATION FUNCTION
IN THE GEOPHYSICAL PROBLEM OF ENVIRONMENT MONITORING

(PexomeHAoeaHO YrieHOM pedakyiliHoi konezil 0-pom ¢his.-mam. Hayk, npodp. C.A. Buxeoro)

Due to the increasing number of natural and technogenic disasters the development of geological environment monitoring system is
actual one using modern mathematical tools and information technology. The local monitoring of potentially dangerous objects is an
important part of the overall environment monitoring system.

The complex geophysical research was conducted on Rivne NPP area. The monitoring observations radioisotope study of soil density
and humidity near the perimeter of buildings is of the greatest interest among these.

In this case a problem occurred to supplement simulated data that were received at the control of chalky strata density changes at the
research industrial area with use of radioisotope methods on a grid that included 29 wells.

This problem was solved in this work by statistical simulation method that provides the ability to display values (the random field of a
research object on a plane) in any point of the monitoring area. The chalk strata averaged density at the industrial area was simulated
using the built model and the involvement optimal in the mean square sense Whittle-Matern type correlation function.

In this paper the method is used and the model and procedure were developed with enough adequate data for Whittle-Matern type
correlation function.

The model and algorithm were developed and examples of karst-suffusion phenomena statistical simulation were given in the problem
of density chalk strata monitoring at the Rivne NPP area. The statistical model of averaged density chalk strata distribution was built in
the plane and statistical simulation algorithm was developed using Whittle-Matern type correlation function on the basis of spectral
decomposition. The research subject realizations were obtained with required detail and regularity at the observation grid based on the

developed software. Statistical analysis of the numerical simulation results was done and tested for its adequacy.
Keywords: statistical simulation, Whittle-Matern type correlation function, spectral decomposition, conditional maps.

Introduction. Due to the increasing number of
dangerous natural and technogenic disasters the
development of geological environment monitoring system
is actual one using modern mathematical tools and
information technology. The local monitoring of potentially
dangerous objects is an important part of the overall
environment monitoring system. When monitoring such
objects, a lot of problems were raised, for example, such as
the lack of some data in the database, or insufficient quantity
or necessity to supplement the database without conducting
additional research.

The Department of Geophysics at Institute of Geology
and involved experts from Mechanics and Mathematics
Faculty of Kyiv National Taras Shevchenko University in
recent years developed theoretical and methodological
application basics of statistical simulation in the
development of geological environment monitoring.

Theoretical aspects of capacity use of statistical
simulation to solving problems in the work of Geophysics
considered in (Yadrenko, 1983; Grikh (Vyzhva) et al., 1993;
Vyzhva, 2003; 2011). Practical testing on real data density
chalky strata on the territory of the Rivne NPP was carried
out for the fields on the plane — in the (Vyzhva et al., 2004),
by using only Bessel correlation function and Cauchy
correlation function (Vyzhva et al., 2014; 2017).

In this paper, the statistical simulation method is
proposed to be used with the model and procedure involving
enough adequate in the mean square sense data Whittle-
Matren type correlation function (Gneiting et al., 2010).

Note, that methods of random fields statistical simulation
used in geosciences problems were considered in such
works as: (Chiles and Delfiner, 2012; Gneiting, 1997;
Gneiting et al., 2010; Mantoglov and Wilson, 1981,
Wackernagel, 2003; Prigarin, 2005; Vyzhva et al., 2010;
2014; 2017) and other.

Problem of karst-suffusion phenomena monitoring at
Rivhe NPP area. The complex geophysical research was
conducted on Rivne NPP area. The radioisotope study of solil

density and humidity near the perimeter of buildings is of the
greatest interest among these monitoring observations. The
soil density was determined by gamma-gamma well logging,
soil humidity — by neutron-neutron logging.

In this case (Vyzhva et al., 2017) a problem occurred to
supplement simulated data that were received at the control
of chalky strata density changes at the research industrial
area with use of radioisotope methods on a grid that
included 29 wells. Schematic representation of the
measurement results at the object that was investigated,
and the well locations are shown on fig. 1. These data are
obviously not enough to represent the overall picture of the
chalk strata, where due to the aggressive water action the
karst-suffusion processes were significantly intensified.

This problem was solved in works: (Vyzhva et al., 2004;
2014; 2017) by statistical simulation method that provides
the ability to display values (random field on a plane) in any
point of the monitoring area. The chalk strata averaged
density at the industrial area was simulated using the built
model and the involvement of the Bessel type correlation
function (Vyzhva et al., 2004) and Cauchy correlation
function (Vyzhva et al., 2004; 2014; 2017).

This paper continues development of methods for
statistical simulation, involvingoptimal in the mean square
sense Whittle-Materntypecorrelation function that is well-
known in geostatisticworks (Chiles and Delfiner, 2012;
Gneiting, 1997; Gneiting et al., 2010).

This operation was done for data array of density chalk
strata in 1984-2002 years' for 29 wells at Rivne NPP
industrial area and depth is 28 m below the surface.

The method of solving the problem. Data of density
chalky strata was divided (Vyzhva et al, 2017) into
deterministic and random components. Deterministic
function can be selected by the method of approaching the
minimum curve (separation of the trend). The difference
between the map of input density values and the trend is a
homogeneous isotropic random field in most cases. With the

© Vyzhva Z., Demidov V., Vyzhva A., 2019
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assumption that the input data is a random field n( x ) , then

we express them through a random component &(;c) (so-
called "noise" random field) and trend f(;) as a

deterministic function as follows: n( x ) = f(;) + E_,(;).

Thus, the problem has been reduced to simulation of
random component&(x), which in most cases is a

homogeneous and isotropic.

We consider the same approach as in works: (Grikh
(Vyzhva) et al., 1993; Vyzhva et al., 2004; Vyzhva, 2011).
We use the method of statistical simulation of random fields,

which are homogenous and isotropic, based on their
spectral decomposition. By means of the obtained values of
realizations, this technique allows finding the perfect image
of these isotropic fields in the whole observation interval.

It is necessary to make the statistical analysis to build
the model and procedure of statistical data simulation at
observation area. If the verified data has distribution density
with approximately Gaussian type, then procedure can be
used, which is developed in (Grikh (Vyzhva) et al., 1993;
Vyzhva et al., 2004; Vyzhva, 2011), to generate on the
computer realizations of the simulated data by means of
standard normal random variable sequences.
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Fig. 1. Observation points and chalk strata averaged density at industrial area of Rivne NPP

At first the distribution is determined. The preliminary
statistical analysis of data shows that the distribution
histogram of chalky strata density at the Rivne industrial
area (29 boreholes) approximately has Gaussian
distribution (fig. 2).

The use of authors' techniques of statistical simulation
implies preliminary statistical data processing to
determine its statistical characteristics: the mathematical

22

expectation and the correlation function. If the hypothesis
of Gaussian distribution of the investigated field is
confirmed, then the mathematical expectation and the
correlation function completely define this field and give
us the opportunity to build the adequate statistical model,
which is based on spectral decomposition of random
functions. The principles of constructing the models and
procedures are described below.

Number of

20 ;
observation

125 130

1,35 140 145 1,50 155

Fig. 2. Histogram of the chalky strata density (averaged data for all years of observation).
1 — the number of observations in a separate range of density; 2 — theoretical Gaussian curve

Then statistical models were chosen for the data
correlation function B(p) (p —the distance between vectors

x,yeR’ (x =(1,0,),y=(n.6, )) , for distribution of chalky

strata density in the flat observation area. This function is

defined by comparing the mean square approximation of the
empirical and theoretical variograms. As result, the input
data was most adequately described by means of 4 types of
correlation functions:the holeeffectcorrelation function (1) at
the value of parameterc=1,4, the Bessel correlation
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function (2) at the value of parametera =5, the Cauchy
correlation function (3) at the value of parameter a =1 and
the Whittle-Matern type correlation function (4) at the value
of parameter ¢ = 0,00333

B(p) = exp(cp)cos(cp) , ¢=1,4; (1)

B(p)=J,(ap), a=5; )

where J, (x) is the Bessel function of the first kind of order
k=0.

4
a

where I'(7) is a Gamma function, K, ,(z)is a modified

Hankel function of order3/2 and c is parameter.

Variograms of input chalky strata density data was built
by using the R software and geoR package They
corresponding to the: holeeffect (1) correlation function (the
mean square approximation is 0,000742); Bessel (2)
correlation function (the mean square approximation is
0,0008599); Cauchy (3) correlation function (the mean
square approximation is 0,002816); Whittle-Matern type
correlation function (4) (the mean square approximation is
0,000311). Variograms plots were presented at figure 3,

B(p)= T e 4= L ©) according to all types of correlation functions for the random
(a +p ) component of investigation data.
3 Note that the generalized Whittle-Matern typemodel of
2 3 correlation function is:
B(p) =—2<(cp)> Ky (ep), €=0,0033%  (4) -
ri= 2 B, (p) = cp) K, (cp), ¢>0, v=0. (5)
(2) L(v) (ep)
where K (z) is a modified Hankel function of order v and ¢
is parameter.
poce e
7 00E-03 1 Bessel ] 0.0008599
L] holesffect I 0 000742
6 D0E-03 1
- i 1 —+— bessel
r w - - . - 5 - ints
» . % _h. 1 :smewecl
E oot - i i . 1L _____._I holeeffect*1 4
] { » .
5 0600 - ' /‘.’XQ _f- - I e
I Rl s - Ty -
1 00E-08 T .' T ¥ — ‘_ .. = --
. DOE+00 4 “/
o 2 4 - a8 0

+ Variogram values

Distance p (m)

T T T T
00 05 10 1.5

b

Variogram values

Distance p (m)

0.000

c

Fig. 3. Variograms of input data of the chalky strata, that corresponding to the:
a — the holeeffect (1) correlation function; the Bessel (2) correlation function; b — the Cauchy (3) correlation function;
¢ — the Whittle-Matern type (4) correlation function

The generalized Whittle-Matern typemodel (4) was
studied by (Gneiting, 1997, Gneiting et al., 2010) who
considered the Whittle-Matern typefunction at the values of
the parameter v = 1/2, 3/2, 5/2, 7/2.

Graphic representations of the Whittle-Matern
typefunction at different values of parameters v = 0,065, 0,1,
0,25,0,5,1,2,4and 25 and at ¢ =1 are presented in fig. 4
(Abrahamsen, 1997).

Let us find the spectral density, corresponding to the
Whittle-Matern typecorrelation function (4), by using the
formula on page 449 (Watson, 1949). This formula is
mentioned below as integral Veber-Shafheitlin type:

(p+v+1
(@ +62)"" @)
Re(a) > I( b), Re(n) < Re(2v+u+2).

TK“ (ax)J, (bx)x" "' dx = (2a)* (2b)"
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where I"(¢) is a Gamma function.

Then such spectral density is calculated by conducting
the following formula:

£ =3[, 0B (x)d =
' )

=M/2/ nJ‘xS/ZJO (MK, (ex)dx,
0 2

where B(p) is correlation function
Thus, this spectral density we obtain by using (6) and we

have :
(20) r[Sj ¥
FO)=27m 2) _y_ 3¢ (8)
C

(¢ 42y

o J
-

o0 02 0.4

T T T

o8 o8 10

Fig. 4. The Whittle-Matern type function (3) at parameter values ¢ =1 and v = 0,065, 0,1, 0.25, 0,5, 1, 2, 4 and 25
and exponential function B(p) = ae “" at parameter values a = 0,75, 2

The spectral coefficients, that corresponding to such
Whittle-Matern typecorrelation function (4), are determined
by calculating the integral:

b (1) =2[ T2 F OO =

=6 [J} (1)) ———dhk =0,1,2...
0 (02 + )E
These spectral coefficients are calculated by

Mathematica software.

The model of random field on 2D areawith the
Whittle-Matern typecorrelation function and the
numerical simulation procedure. We generated the
realizations of random field on 2D area with the Whittle-
Matern typecorrelation function (3) at the values of
parameter c =0,00333. The statistical simulation was

performed by the technique of spectral decomposition and
finding of spectral coefficients.

From the spectral theory (Vyzhva, 2011) it is follows that
the model of random fields on a plane with such correlation
functions is a sum of:

& (r0) = 2V [G () costho) + L, () sin(kg) |, (10)

Lk=0;
2,k >0,

erand ¢ (reR,, ¢$[0,2n]) are polar coordinates

where: v, :{

of the pointx on the plane (includes observation area), and
the distance p between the points x =(7,9,) and

x, = (13,0,) i equals p=\[r’ +75 =2 rycos (¢, =4,) ;
e N is an integer number (the number of the summands
in the model), the value of N is determined by the prescribed
small number ¢ (approximation accuracy) by the inequality
from paper (Grikh (Vyzhva) et al., 1993), which is the
estimate of the mean square approximation of random field

&(r,@) by partial sums &, (7,¢) ;

¢ b (r),(k=0,1,2,..N) are the spectral coefficients in
form of(9), which corresponding to the Whittle- Matern
typecorrelation function (4);

. { G (r)i=1,2k=0,1,2,.., N | are thesequences
of standard normal random variables, such that satisfying
the following conditions:

1) Mg, . (n=0,i=1,2,k=0,1,2,..,N; (11)

2)Mg, (6 (1) =8 & b(r),]=1,2k=0,1,2,.., N.(12)

The procedure of numerical simulation the realizations of
the data field random component, by means of the
abovementioned model (10), was conducted by using the
Spectr 2.1 software, which is described in (Vyzhva et al., 2004).

The value of number N for the constructed model is
determined by the inequality, which is the estimate of the
mean square approximation of random field &(r,¢) by

partial sums &, (7,9) . This number N corresponds to the

prescribed small number ¢ (approximation accuracy). The
mentioned inequality was obtained in work (Grikh (Vyzhva)
et al., 1993) and in form of:

2 I (1 )
M[?‘;(r,(p)—E_,N(r,(p)] Sﬁ(zrul"'r“zja (13)

where 1, = [2* £ (1 k = 1,2.
0

Define dependence number Non » and €in the case of
Whittle-Matern typecorrelation function (4). It is necessary to
calculate the values of p,,x =1,2 for the inequality (13), by

using the density of distribution (8).
Then the calculated values hold:

3 o

M= 3¢2
_([(CZ +x2)5/2

3
= 602\/_ =6c7.

dx =3c,

3w
= X
_2.2
, =3c ‘(I).(Cz+x2)5/2 (14)
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Consequently, the estimate of the mean square
approximation of the random field &(r,p) with Whittle-
Matern typecorrelation function (4) by the partial sums
&y (7,@) has the following representation:

N(r,a)Zi(lrul+r2u2j:i(lcr+2czr2j. (15)
me\ 2 me\ 2

The statistical simulation procedure of Gaussian
homogeneous isotropic random field &(7,¢) on the plane
with Whittle-Matern typecorrelation function (4) was built by

means of the model (10) and the estimate (15). This random
field is determined by its statistical characteristics: the

mathematical expectation and the Whittle-Matern
typecorrelation function B(p) (4) at the value of parameter
c=0,00333.

Procedure.

1) The positive integer number N is determined
corresponding to the prescribed accuracy € and by using
inequality (15), where r is a radius of the point on the plane,
in which the realization of the random field &(»,¢) is
generated. The integer number N equals 8 by using the
prescribed accuracy € =5x107> and values of parameters
v=3/2, ¢=0,00333.

2) We calculated the spectral coefficients by formula (9)
at the value of parameter ¢ = 0,00333 :

/8

3o
b(r) = 6¢? [ J} (1) dhk=0,1,2..8.
0

5
(c2 +A7 )2

3) We generate values of the normal random variables
sequences {Ck,,.(r),i =1,2k=0,12,.., N(r,s)} , such that
satisfying the f conditions(11) and (12);

4) We calculate the realization of the random field &(7,®)
in 100 points (7;,¢,),i =1,...,10; / =0,...,9,€ R* and evaluated
the expression (10) by substituting in it values which were found
in the previous steps, 7 =181,32+20xi,i=1,...,10;

. 2,
(pj:(p0+]><ﬁ, j=0,..,9.

P

5) The statistical estimate of the correlation function is
obtained by the realizations of the random&(r,@). This
estimate compares with a given Whittle-Matern
type(4)correlation function at ¢ =0,000333 and provides

the statistical analysis the adequacy of realization.
Note that the procedure can be applied to random fields

with another type of distribution. Then the sequences
ofrandom variables {C,w.(r),i =1,2;k=0,1,2,..., N(r,s)}

should be distributed by corresponding type of distribution.

The original Spectr software, based on the results of the
statistical data processing and the mentioned procedure for
the simulation values of such data realization in the two-
dimensional case, was developed in Python, where selected
Whittle-Matern typecorrelation function (4) was used.

The results, which were obtained by the simulating
procedure, are displayed in figure 5. Figure 5, a presents an
example of constructed chalky strata density map according to
observations data boreholes (averaged data over the years to
29 boreholes at 28 m) by Surfer software. Using available data
the accuracy of this construction can not provide a reliable
characteristic of the chalky strata status, because the number
of measurement results is not sufficient.

Fig. 5, b presents the contours of equal chalky strata
density values that based on simulated data including values
of the anchor boreholes by means of calculating the spectral
coefficients. Additionally, the output data (100 simulated
values in intervals between the observation points of this
level) can have more reliable approximation that enables
more informed decisions about the status of chalky strata and
determines places for testing and additional research.

The following fig. 6 presents the plot of the variogram of
the separated random data component of chalky strata
density according to the Whittle-Matern typecorrelation
functions (4) (fig. 6, a) and plot of the variogram of the
simulated random data component according to the Whittle-
Matern typecorrelation functions (4) (fig. 6, b).

The results present that the chosen model of the data is
enough adequate. The developed Spectr2_1 software
works with sufficient accuracy.

122

Fig. 5. The distribution of chalky strata density is on the industrial area of Rivne nuclear bower plant at a depth of 28 m.
from the surface, according to (a) the averaged data of 29 observational boreholes over 1984-2004 years., for (b) the simulated
data that based on the values in secure boreholes by spectral coefficients the Whittle-Matern type
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Fig. 6. The variogram of separated (a) and of simulated (b) random data component of the chalky strata density,
corresponding to Whittle-Matern type correlation function at values of parameters v=3/2 and ¢ =0,00333

Conclusions.The theory, techniques and procedure of
statistical simulation of random fields on the planeby
usingoptimal in the mean square sense the Whittle-Matern type
correlation functioncan significantly increase the effectiveness
of monitoring observations on the territory of potentially
dangerous objects. This makes it possible to simulate the
values in the area between regime observation grids and
abroad, adequately describe real geological processes.

The method of statistical simulation of random fields with
the  Whittle-Matern  correlation  functions  allows
complementing data with a given accuracy. It can also be
used to detect abnormal areas.

There are several other fields of statistical simulation
methods application in geosciences. Among them primary
are soil science and environmental magnetism (Menshov
et al., 2015).
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8KislIsl 8a)KJ1UBOK CKI1a0080H0 € JIOKasIbHUli MOHIMOpUH2 mepumopili po3mawyeaHHsI MomMeHUyiliHo Hebe3neyHux 06'ckmis.

Ha mepumopii po3miweHHs1 PiesHeHcbkoi AEC npoeoduecsi koMmnekc 2eogpisudHux docnidxeHb. Ceped makux MOHIMOPUH208UX CrTIOCMepeXeHb
Halbinbwuli iHmepec sienstomb coboro padioizomonHi docnidxeHHs1 2&ycmuHU ma eosio2ocmi rpyHmie no nepumempy 36ydoeaHux criopyd. lMpu
UboMy euHuUKna npobnema AonoeHeHHs1 MoOesIl08aHHSIM OaHUX, siki oOmpuMaHo e pe3ysibmami KOHMPOJIHo 3MiHU 2yCMUHU KpeldsiHoi moewi Ha
mepumopii docnidxyesaHo2o0 npommalidaH4yuka 3 eUKopucmaHHsIM padioizomonHux Mmemodie no cimyi, wo eknrovana 29 ceepdnosuH. Taky npo-
6nemy 6yno pose'azaHo 8 po6omi MemodoM cmamucmuYyHoO20 Modesnto8aHHs, AKUll Hadae Moxxnueicmb sidobpaxamu sieuuwie (eunadkoee nose
06'ekma docnidxeHHs Ha NIoWuHi) y 6ydb-sKili mo4yi 30HU cnocmepexeHHs. [pu ybomy Modestosanucs ycepeOHeHi 3Ha4eHHs1 2yCmuHU KpelosiHoT
moewi Ha mepumopii npommatidaH4yuka 3 eukopucmaHHsIM nobydoeaHoi Modesli ma 3asy4eHHsIM onNMUMasnbHOl y cepeOHbOMY Keadpamu4yHoOMy
HabnuxeHHi kKopensayitiHoi pyHkyii muny Yimmni-MamepHa.

Po3po6neHo anzopumm i npuknad cmamucmu4Ho20 Modeslro8aHHsI Kapcmoeo-cygo3iliHux sisuw y 3adayvi MOHIMoOpuUHay 2ycmuHU KpeliosiHoi
moeuwi Ha mepumopii PieHeHcbkoi AEC. 3a cnekmpasnbHUM po3knadom nobydosaHo cmamucmuy4Hy Modesib po3rnodiny ycepedHeHOI 2yCmuHuU Kpeu-
OsiHOT moewi Ha NowuHi ma po3po6sieHo afl20puMM cmamucmu4Ho20 Modeslr8aHHs 3 sUKOpPUCMaHHAM ¢yHKuii muny Yimmni—-MamepHa. Ha 6a3i
po3pobrieHo20 npozpaMHo20 3abe3neyeHHs1 ompuMaHo peasniszauii npedmema AocnidxeHHs1 Ha cimyi cnocmepexxeHb Heo6xiOHOi demanbHocmi ma
peaynspHocmi. [l[poeedeHo cmamucmuYHuli aHani3 pe3ysbmamie YuceslbHO20 MOOesIF08aHHSI Ma IXHI0 nepesipKy Ha adekeamHicms.

Knroyoei cnoea: cmamucmu4He modentoeaHHsi, KopensyiliHa ¢pyHkuis muny Yimmni-MamepHa, cnekmpanbHuli po3knad, koHouyiliHicms kapm.

3. BbikBa, A-p ¢ums.-mat. HayK, npodp.

E-mail: zoya_vyzhva@ukr.net;

B. Nemunaos, kaHA. us.-maT. HayK, AOL.

E-mail: fondad@ukr.net

KueBckuit HauMoHanbHbIW YHUBepcuTeT UMeHn Tapaca LLleByeHko,

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kue, 03022, YkpauHa
A. BuxBa, kaHa. ¢hm3.-mat. HayK, CT. Hay4. coTp.,

e-mail: motomustanger@ukr.net

N "HaykaHedTeras"”

CTATUCTUYECKOE MOAEJTMPOBAHUE CNnyYyAnHOro nons HA NNOCKON OBNACTU C KOPPEHFILI,!AOHHOVI
®YHKUMEWN TUNA YUTTNIN-MATEPHA B TEO®U3UYECKOU 3AAYE MOHUTOPUHIA OKPYXXAIOLLEU CPEQbI

B ces3u ¢ pocmom Konuyecmea npupodHO-MexHO2eHHbIX kKamacmpodgh akmyanbHoU siensiemcsi 3ada4a pa3pabomku cucmeM MOHUMOPUH2a
cocmosiHus1 2eosio2uyeckoli cpedbl € UCMNOIb308aHUEM CO8PEMEHHO20 MameMamu4yecKo20 annapama u UHghopMayuoHHbIX mexHosoaull. B obweli
cucmeme MOHUMOPUH2a OKpyxaroweli cpedbl 8axHoU cocmaensitoulell 18711emcsi I0KasbHbII MOHUMOPUH2 MeppumMopuli pa3mMeweHuUsi MomeH-
yuanbHO onacHbIx 06beKmoe.

Ha meppumopuu pacnonoxeHusi PogeHckoli A3C npoeodusicsi KOMMeKc 2eogusuyeckux uccredosaHuli. Cpedu makux MOHUIMOPUH208bIX
uccnedoeaHuli Haubonbwuli uHmMepec npedcmaesisirom paduou3omonHble uccsedoeaHusi MIOMHOCMU U 8/1aKHOCMU 2PyHMOB8 Mo nepumempy rno-
CMpPOoeHHbIX coopyxeHull. [Ipu 3mom 803HUKIa He06X0OUMOCMb AOMNOIHEHUSI OaHHbIX Mymem MoJeslupo8aHuUsl, KOMopPbIe U3HaYyanbHO 6bIsIU NMosy-
4YeHbl MPU KOHMPOJIe U3MeHeHull maomHocmu Mesiogoli monwu Ha meppumopuu uccredyemMol MpPoMMIowadku C UCMO/Ib308aHUEM
paduou3omonHbix Memodoe Mo cemke, Komopas ekioyana 29 ckeaxuH. 3ma npobnema 6bina peweHa e pabome MemodoM cmamucmu4yecKko20
modenupoeaHusi, Komopblii aém 603MOXHOCMb OMo6bpaxame siefieHue (cy4aliHoe nosie 06Lekma uccsedosaHusi Ha NIIOcKocmu) e 6ol moyke
o6nacmu HabnrodeHus. [pu amom modenupoeanuck ycpeOHEHHbIe 3HaYeHUs1 MI0OMHOCMU Mesioeoll MOWU Ha meppumopuu npommnaouw,adku ¢
ucnosib308aHUeM MOCMPOeHHOU Modesiu ¢ npuesieyeHUeM KoppensiyuoHHol yHkyuu muna Yumminu-MamepHa.

Aemopamu paspabomaH anzopumm u npueedeH NpuMep cmMamucmuYyecKko20 Modesiupo8aHusi Kapcmoeo-cygo3UOHHbIX siesieHull 8 3adaye
MOHUMOPUH2a NI0MHOCMU Mesioeoli monuwu Ha meppumopuu PoegeHckoli ASC. o cnekmpanbHOMY pa3/ioXeHUr MocCMpoeHa cmamucmuYyecKasi
modesib pacnpedesieHust MIOMHOCMU Mes1080U MOouU Ha MI0OCKOCMU U pa3pabomaH an2opumm cmamucmu4ecKko20 ModesnupoeaHusi ¢ UCMosb30-
8aHueM KoppensiyuoHHoU pyHKyuu muna Yummnu-MamepHa. Ha 6a3e paspa6omaHHo20 npozpaMMHO20 o6ecrneqdeHus MoslyyeHbl peanusayuu npe-
Omema uccnedoeaHusi Ha cemke HabnrodeHuli Heo6xodumol demanbHocmu u peaynspHocmu. [[poeedeH cmamucmuyeckuli aHanu3 pesynbmamoe
4ucneHHo020 MOdenIupPo8aHUs U UX Nposepka Ha adeKeamHOCMb.

Knrodeenie croea: cmamucmuyveckoe ModesiupoeaHue, KOppensiyuoHHas pyHKyuss muna Yummnu—MamepHa, criekmpasibHoe pa3JsioXeHue,
KOHOUUYUOHHOCMbL Kapm.
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BIOLLEHTPUYHO-MEPEXXHA KOH®IT'YPAL|IA NICOCTENOBUX NAHOLWA®THUX KOMIMNIIEKCIB
NIBOBEPEXHOI YKPAIHU: METPU3ALIA TA OLIHIOBAHHA ANA NOTPEB IMMNEMEHTALII NTAHOLWA®THOIO
NNAHYBAHHA

(PexomeHAo8aHO YrieHoM pedakyiliHoi konezii -pom 2eon. Hayk, npogh. O.M. leaHik)

lpedcmaeneHe AocnidxeHHs HayineHo Ha 30iliCHeHHs1 Mempu3ayii ma oyiHeaHHs1 6ioyeHMpPUYHO-MepPEXHOI KOHbi2ypauii nico-
cmernoeux KOMIIJIeKcie mecmoegoeo rnosnizoHy mepumopii Jliso6epexHoi YkpaiHu sik eaxiueoi ocHoeu iMnnemeHmauyii naHowaghmHoz20
nnaHyeaHHsi. O3Ha4yeHa Mema peasiizogaHa wisixom 3acmocyeaHHsi [IC-nakema Maplinfo Professional 15,0. Cneyugbiky 6ioyeHmpu4Ho-
MepeXxHoi KoHgbicypauii naHOwaghmie mepumopii docnidxeHHs1 po32/1siHymo eidnoegioHo Ao npuHyunie iepapxiyHocmi, cmpykmypHoi
mMopghomempii ma naHOwaghmHoi perpezeHMamueHOCMI, @ MaKoX y KOHMeKcmi KoHuenyii naHowagmHoz20 pizHoMaHimmsi, 6ioyeHm-
PUYHO-MepPeXHOI cmpyKkmypu faHowaghmie KapkacHO20 muny, JJaHOwagmHo-nIaHyeaslbHO20 KapKacy ma 3 no3uyii eue4eHHs1 pyHKYi-
OHanbHUX eslacmueocmeli naHOwaghmis. Ynepwe Ha npuknadi mecmoeoz2o nosi2oHy 6yno 30ilicHeHO Mempu3auiro, 2pagpiyHe i
KapmoepadgbiyHe Modesnro8aHHs 6ioyeHMpPUYHO-MepPeXHOI KOHGi2ypayii nicocmenosux naHOwaghmHuUx KOMIeKcie y po3pisi ixHix podie
ma ypoyuuwy, eusHa4eHo pi3Ho8UOU il esleMeHmMie ma iXHIO pernpe3eHmamuseHicmb, peasni3oeaHo oyiH8aHHs1 crneyudiku ixHbOI cghop-
moeaHocmi U muni3ayiro w000 8UKOHaHHS1 HUMU cmabinisyroyoi 2eozpadghiyHe cepedosuuie ghyHKUiT 3anexHo 8id naHOwagmHo-moro-
JnoziyHoi 6ydoeu mepumopii; ompumaHo NMokKa3HUKuU iHcynsipusoeaHocmi 6ioyeHmpie. OmpumaHi pe3ysibmamu cmaHoesisims coboro
saxiueutli 6a3uc HacmynHoi po3pobku ma enpoeadKeHHs1 HU3KuU slaHOwagmHo-nnaHyeanbHuUx 3axodie, ki, Ha GyMKy aemopa, Maromb
6ymu cnpsimoeaHi Ha po36ydoey Mepexi ekosiOep ma ekokopudopie pe2ioHy 0oclidXKeHHs, NidsuuWeHHs1 ekocmabinizyro4yux eslacmueo-
cmeli aHmMpPoNo2eHHUX sTaHowaghmie, NosiNUIEeHHs1 eKoJ/1I02i4YH020 cMaHy ma eKoJs102i4HOi cumyauii siK y Mexax 00CJ1iOHO20 IMOJli20HY,
mak i 3a (io20 MexxaMu (Ha insiHKax NowupPeHHs1 CYMKHUX, 1108 'i3aHuX IomokKaMu pe4yoeuHU ma eHepeii 3 docnidxyeaHumu, 1aHowadg-

MHUX ypoquuwy).

Knroyoei cnoea: naHOwaghm, 6ioyeHmpu4yHoO-MepexHa KoHgbi2ypauisi, Mempu3ayisi, OUiHro8aHHsI, peripeseHmamueHicms, naHowa-

¢pmHe nnaHyearHs, JlisobepexHa YkpaiHa.

NoctaHoBKa npo6nemu. Po3rngg nuTaHb OXOPOHM
NPUPOAM LUMSXOM BUBYEHHST BiOLLEHTPUYHO-MEPEXKHOT KOH-
irypauii naHgwadTHOT CTPYKTYPW TepUTOPIi [OCNISKEHHS
N eKONoriyHoro Kapkacy, (oOpMyBaHHSI SIKOr0O BOHa 3yMOB-
NOE, BUOAETBCA BAXIMBMM 3aBAAHHSIM Yy KOHTEKCTI iMnne-
MeHTauil iHCTpyMeHTapilo naHawadgTHOro nnaHyBaHHS
(aani JM), agxe BMMoru Wwoao 36epexeHHst Ta pauioHarnb-
HOro BUKOPWUCTAHHS NPUPOAHO-3anoBiaHoro doHay, eneme-
HTiB GiOLLEHTPUYHO-MEPEXHOI KOHirypauii naHawadTHOT
CTPYKTYPWU, siKa, [0 NEBHOT MipW, € MOro BUPA3HUKOM, Ypaxo-
BYIOTbCS Nif, Yac MiAroTOBKM Ta EKCNePTU3N EKOSIOro-opieH-
TOBaHMX 3aKOHOMNPOEKTIB, pO3pobkM MiCTOOYAIBHMX, 3eMne-
Ta nicoBnopsaaHnx matepianis, iHWMX NPOEKTHUX i Npoek-
THO-MMaHyBanbHUX OOKYMEHTIB, OCKifbKM  OMTUMI3auis
nanpwadTie rpyHTYETLCA Ha BiANOBIAHNX €KOMOriYHUX 3a-
capax i cnpsiMoBaHa Ha 3abe3neyeHHs eKonoriYHo onTMMa-
NBHOTO  BWMKOPWUCTAHHSA MPUPOAHMX pPecypciB Ta YMOB
HaBKONULLHBLOrO cepenoBuLLa, 36epexxeHHs Moro guHamiy-
HOT piBHOBAru i HANEXHOT AKOCTi ANs1 HACENEHHS.

Huhi JIM sk okpemun HanpsiM naHAawadTo3HaBCTBA,
AKMA HabyBae Bce Oinbll akTMBHOrO po3BWUTKY, BaraTo B
YOMY MOB'A3aHMI 3 ONTUMI3aLLiEr0 NPUPOAHOro cepeaoBmLLa
Ta Takum obrnaluTyBaHHAM TepuTopii, sike gobpe y3romxy-
€TbCH 3 BM3HAYEHNUMU AepXaBor naHAawadTHO-eKonoriy-
HUMK NpiopuTeTamun. BignoBiaHO A0 HYMX NPMPOAOOXOPOHHA
(YHKLiS BUCYBaAETLCA B paHr NPiOpUTETHMX i NepLLIoYepro-
BUX ONSA peanisauii B Mexax Oyab-sikoro perioHy nig 4ac
34INCHEHHA MOro naHgwadgTHO-eKONOriYHOI  onTMMI3auii.
Mpu LbOMY BaXNMBOro 3Ha4YEeHHs1 HAbyBa€e BM3HAYEHHS Or-
TMManbHOro CniBBIAHOLIEHHSI MPUPOOHMX i FOCMOAAPCHKMX
yrigb, MiHimanbHo HeoOXigHOI nnowi GioueHTpa 1 onTMMa-
NbHOI CTPYKTYpY po3MileHHs BioleHTpiB TepuTopieto. Pa-
30M O3HayeHi 3aBOaHHA € BaXMBUMM (HCTPYMEHTOM
po3B'a3aHHA npobnemun onmumarsnbHOI opaaHisauii npupoo-
HO20 Kapkacy naHOwagpmy (IpodsuHcbkul, 1993) Ta on-
HUM i3 3aBOaHb Ha LUMSXY 3anpOBaXEHHS W BTINEHHS Y
NpakTUKy naHawadTHOro NnaHyBaHHS.

AHani3 ocTaHHiX AocnigkeHb i ny6nikauin Ta Bugi-
JIeHHs1 HEepoO3B'A3aHMX paHille YacTuH 3aranbHoi npo-
6nemun. TeopeTVKO-MEeTOOONOrYHMIA  anapaT  AOCHIIKEHb
BioLleHTPUYHO-MepEeXHOT  KoHdirypauii  naHawadpTis  (gani
BMKIJT) chopmytoTb HanpautoBaHHs eBponencekux (Lauschetal.,
2015; McGarigal and Marks, 1994; O'Neilletal., 1988) Ta ykpa-
THCbKMX yveHux (JomapaHcbkul, 2004; [puHeeseubkul,

2002; podsuHcekul, 1993; pod3auHckuli ma LLuweHko,
1993; Kykypydsza ma PymuHcekud, 2002; LllegyeHko ma
HOweHko, 2002; YdosuueHko, 2017), y poboTax siKnx o3Ha-
YeHO 3aranbHi KpuTepianbHi acnekTu BUOOPY MOXIMBMX
eneMeHTIB eKoMepeXx MixperioHanbHoro Yn/abo perioHanb-
Horo piBHA (HomapaHcekul, 2006; pod3suHcbkul, 1993,
2002, 2005; Lauschetal., 2015; OneweHko, 2000; Llense-
CocoHko, 2004), kpvuTepii mMoaentoBaHHS ekomepex 6e3
ypaxyBaHHS 3Ha4yHO pparMeHTOBaHUX i aHTPOMi3oBaHMX Te-
puTopiii (CamotneHko ma Kopoeoda, 2010); HopmaTuUBHO-
npaBoBi acNeKTN perynoBaHHs AisnbHocTi 06'ekTiB N3P Yk-
paiuu (3akoH YkpaiHu "lpo 3asanbHodOepxasHy npozpamy
¢hopMy8aHHs HauioOHaIbHOI eKonno2iyHoi Mepexi YkpaiHu Ha
2000-2015 pp.", 2000; 3akoH YkpaiHu "l1po OXOpPOHY HasKo-
JNUWHBO20 npupodHozo cepedosuwja”, 1991; 3akoH Ykpa-
iHu "Tlpo npupodHo-3anoeidHuli poHO YkpaiHu", 1992) Ta
peanisadii 3anoBigHoi cnpaeu (JomapaHcbkud, 2006; 3a-
KOH YkpaiHu "lpo 3azanbHodepxasHy npoepamy ¢hopmy-
8aHHs1 HaujoHarbHOI eKkoroaiyHoi mepexi YkpaiHu Ha 2000—
2015 pp., 2000; 3akoH YkpaiHu "lpo 0XOpOoHY HasKonuwi-
Hb020 rpupodHoeo cepedosuwa”, 1991; 3akoH YkpaiHu
"lMpo npupodHo-3anoeidHuUl poHO YkpaiHu", 1992; Oneuwe-
HKo, 2000; Llensiz-CocoHko, 2004, YdosuuyeHko, 2013). Pa-
30M i3 T!M, yce Wwe Gpakye pobiT, ski 6 MICTUNM KOHKPETHI
pesynbtatv mogentoBaHHs BMKI1 3 ypaxyBaHHAM 3HauyLLO-
CTi OTPMMaHWX pe3ynbTaTiB Ansi BIPOBaAXEHHS Y NPaKTUKy
1M, 3a BUHSATKOM OkpeMux npuknagis (bobpa u flbiqak, 2003;
[Hecrok ma CsiO3siHcbKka, 2014; Kasakos, 2007; Yoosu4yeHkKo,
2017). BigcyTHicTb pobiT, siki 6 cTOCyBanucst BUCBITIIEHHS ac-
nekTiB mogentoBaHHA BMKJ1 Ta enemeHTiB ekomepexi perio-
HarnbHOro piBHS, ii NOKanbHWX €rneMeHTIB y Cknafi 3HayHo
(bparMeHTOBaHUX Ta aHTPOMi30BaHWUX TEPUTOPIN i ki 6 r'pyH-
TyBanucs Ha NpuHUMNax, BUKNageHux y HauioHanbHin KoHLe-
nuii  po3byaoBM eKkoMepexi 3 BWAOINEHHSM  KIHOYOBMX
TEPUTOPIN, ypaxoByoumn psa NPUPOAHNX YUHHWKIB (penbedo-
TBIiPHMX, NaHAWwadTHMX, couianbHO-eKOHOMIYHMX), 3 ypaxy-
BaHHAM  3HAYyLWOCTi  OTPMMaHUX  pesynbTaTiB  Aans
BMNPOBaPKEHHS Y NPaKTUKY NaHAWwadgTHOrO NnaHyBaHHs, 3y-
MOBWINN HEOOXiAHICTb BUKOHAHHS LIbOrO AOCHiIOYKEHHS.
®dopmynioBaHHs Lineun ctaTTi. Came 3Baxatoun Ha Bce
O3HayeHe, MeTOK Liei poboTu Byrno BM3HAYEHO 34IMCHUTH
MEeTpM3aLilo Ta OUiHIOBaHHS OiOLIEHTPUYHO-MEPEXHOI KOH-
dirypauii naHawadTHOI CTPYKTYpU TepuTopii Ha npuknagi
NicocTenoBmUX KOMIMMEKCIB MOAENbHOT AiNAHKN JOCNIAKEHHS

© YpoBuueHko B., 2019
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TepuTopii JNliBoGepexHoi YkpaiHn Ans nepcnekTUBHUX NOT-
peb imnnemeHTauii naHAWwadTHOro NNaHyBaHHS B i Mexax,
OOCATHEHHS KOHCEHCYCY MiX noTpebamu po3BUTKY Cycninb-
cTBa Ta 30epeXXeHHsAM, BifHOBMNEHHAM i ONTUMI3aUiiHUM BU-
KOPVCTaHHAM HaBKOSMWLLHBLOIO cepeaosuLla / naHawadTis.

Buknaa ocHoBHOro martepiany Ta OOrpyHTyBaHHA
OTPUMAHUX HAyKOBUX pe3ynbTaTiB.

OcHoBu iHTepnpeTauii KoHuenLji GioLeHTPUYHO-Mepex-
HOi NaHAWwadgTHOI CTPYKTYpU TepuTopii Ta ii kKoHdirypauii
Oynun ccpopmynboBaHi HanpukiHui 70-x — Ha noyatky 80-x
pp. XX cT. (Fpod3uHckud, 2002), sk "po3TalioBaHnx Ha "Tni"
naHawacdTy GioLeHTpiB, NOB'A3aHMX NiHIKHO BUTATHYTUMM
KOpMAopamu, y3A0BXK SKMX MakTb Micue 6ioTMYHI mirpauii”
(Jectok ma CsidsiHcbka, 2014, c. 180). YacTo NnoHATTA Takoi
CTPYKTYPU OTOTOXHIOETBCA 3 KaTeropicto "ekomepexa"
(YOosuyeHko, 2017), CBIAYEHHSM YOro € BUKOPUCTAHHSA Y
HayKoBMWX AKepenax sk 6nmM3bKknx / CUHOHIMIYHUX 33 3MICTOM
NoHATL (KoHsiKiH, 2014) "Moaenb ekonoriyHux NnsaMm i Kopu-
popis", "TepuTopianbHa cuctema ekomnoriyHoi ctabinbHOCTi
nangwadTy”, "ekonoriyHnn kapkac nadgwadTy", "npupo-
OHO-eKOoNorivYHUIM Kapkac", "ekonoriyHmm kapkac", "npupogo-
OXOPOHHMI Kapkac", "NpMpoaHO-3aMnoBigHNA Kapkac" Ta iH.

CtpykTypHuMu enemeHTamm BMKIT € (3a: Mpod3uHcbkud,
1993; Ydosuuenko, 2013, 2017) GioueHTpn (naHgwadTHI
ekosigpa), Giokopuaopu (cnonyyHi TepuTopii), iIHTEPaKTUBHI
enemMeHTU, matpuus (TKaHWHa BNMBIB) Ta OydepHi 30HK, a
rOMOBHUMU CTPYKTYpOOpMyBanbHUMU BiGHOLLUEHHAMU B i
Mexax — NPOCTOPOBI 3B'A3KM MK BIOTUYHUMK enemMeHTamu.
MokasHukamu, 3a akumm BMKIJT Ta ii cknaposi enemeHTH nia-
NAratnTb BUBYEHHIO 1 OLHIOBAHHIO, € 3B'A3HICTb, KOHJirypa-
Ui 30H MO3UTMBHOMO | HeraTMBHOrO BNMAMBY, WOrO
iHTeHcMBHICTb Towwo (YdosuyeHko, 2017).

Moniron gocnigxeHHst BMKI1 TepuTtopii NiBobepexHoi Yk-
paiHn Byno 3aknageHo B nicoctenosiii YacTuHi CymcbKoi 00-
nacti, €Kka BIignoBiAHO [0 iCHyl4Oi cxemMn  (i3uKo-
reorpacpiyHoro pavioHyBaHHs (YdosuyeHko, 2017) HanexuTb
00 CyMCbKOT CXMINOBO-BUCOYNHHOI idnKo-reorpadpiyHoi obna-
CTi Ta po3TawoByeTbCa B GacenHi p. Mcen, y mexax Cymcb-
koro, KpacHoninbcbkoro i JlebeanHcbkoro aaMiHicTpaTMBHUX
paroHiB CyMcbkoi obnacri.

Ona notpeb BusABNEHHS, kapTorpadpyBaHHs, Moaernto-
BaHHS1 1 HACTYNHOro aHaniay GioLeHTPUYHO-MEPEXKHOT KOH-
irypauii naHawadTiB TepuTopii TeCToBOi AiNaHku 6yno
BukopuctaHo [C-naket Maplinfo Professional 15,0, 6asa
OaHUX SKOro BKIitoyana iHgopMadito Npo nangwadgTHi Kom-
MMAEKCU PaHry YPoUMLLY i CKNagHNX YpoUuLL, — FONOBHi onepa-
LiNHI ogMHULi peanisauii AOCHioKEHHS, a TakoX BiAOMOCTI
NpoO CTPYKTYPY POCIMHHOIO MOKPMBY i NiCOBMOPSAKYBaHHS,
NPYPOLOOXOPOHHI AiMSAHKM, WO MatoTb Pi3HUA CTaTyC OXO-
POHW, Ta MOXINMBOCTI OBEPENHOro aHaniay.

Jlicoctenosi naHgwadpT™ gocnigHoOro NoMiroHy TepuTo-
pii JliBo6epexHoi Ykpainu, 3aknageHoro ana notpeb gocni-
okeHHa BMKI1 i HacTynHoro BNpoBafXeHHs Yy MNPaKTUKY
MONoXeHb KOHUenuii naHawadTHOro nnaHyBaHHS, npea-
CTaBfieHi KOMMMeKkcamy HWU30BUMHHUX | MiABULLEHUX €epo-
3INHO-aKyMYNSATUBHUX PIBHUH 3 MOTYXXHUM YETBEPTUHHUM
NMOKPUBOM Ha ManeoreHoBMX MilLaHO-TMMHUCTUX BigKnaaax i
BMCOUUH i CXMIiB BUCOUMH aKyMYyNSITUBHO-AeHYAaUINHUX CU-
NbHO PO34YNEHOBaHNX PIBHWH i3 YETBEPTUHHNM NOKPMBOM Ha
KpengoBunx kapboHaTHWMX i naneoreH-HeoreHoBMX MilaHo-
rMUHNCTMX nopogaax (49,58 ta 27,79 % signosigHo). 3anna-
BHi KOMMJ1eKcK CTaHOBNATb 22,54 %. 30oHanbHWIA OOH NaHa-
wagpTtis  TYyT  HOPMYHOTb  CUMBHO  PO34YSIEHOBaHI,
po3uneHoBaHi NiABULLEHI Ta PO34YrieHOBaHI NONOrOXBUMACTI
NiABULLEHI NEeCOoBi PiIBHUHW i3 TEMHO-CIPUMW NICOBUMM 'pYH-
Tamu i YopHO3eMamMu TUMOBMMMW Mario- i cepeaHbOrymyc-
HUMK (YOosuyeHko, 2017). YHacnigok po3BUTKY CXUNOBMX
npoueciB NpeacTaBneHi NPYpIYKoBi TUNK MicueBocTi. Kpim

TOro, JOBOMi iIHTEHCUBHOIO PO3BUTKY Habynu Tepacosi Ma-
NOApEeHOBaHi 1 TepacoBi NECOBI PiIBHWUHW, @ TakoX Tepacosi
ropoucTi niwani piBHUHM 3 OEPHOBO-NIA30NUCTUMU 'PYH-
Tamu, 6opamm Ta cybopamu. IHWi naHgwadTn, Hanpuknag
PIBHUHHI [4aBHBLOMPUIBOLOBUKOBI, YHACMigOK He3Ha4yHoro
NOLUMPEHHSA MalThb MiANOPSAAKOBaHE 3HAYEHHS.

AHani3 kapTn naHgwadris (YoosuyeHko, 2017) AaB Mo-
XNUBICTb YCTAHOBUTY, LIO B MeEXax OOCMIOHOro MOoniroHy
nanpwacdTHO-MopdonoriyHa CTpykTypa npeacraBneHa Bo-
OOAINbHYMM PiBHUHaMU, CXMNamu pi3HOI KpYTU3HM, Haa3a-
nnaBHO-TEPACOBUMMU, 3aMNaBHUMU, 3anaguHHUMMN, SPY>KHO-
6ankoBMMU Ta KOMMNMeKcamyn AaBHiX NPOXiAHWX AONWH, SAKi
HanexaTtb 0O cemu poAiB naHawadTHMX ypoumwl. 3a pe-
3ynbTaTaMu BUBYEHHS Ta aHani3y reHeTUKo-MopdonoriyHol
naHawadTHOT CTPYKTYpW TepuTopii 6yno BUAinNeHo B mexax
OinsiHKM gocnigxkeHHsa 49 BogoainbHMX ypouuid, 147 cxuno-
BUX (BOMMHHUX) ypouuLl, 52 Haa3annaBHO-TepPacoBuX Ypo-
ynw, 95 — 3annaBHUX, 16 — Apy>KHO-6ankoBux, 6 — y Mexax
OaBHiX npoxigHmMx JonuH i 10 3anaguMHHUX ypouuil. Takum
YMHOM, MOSIIFOH MICTUTb 375 TUNONOriYHNX BUAINIB, AKi Npe-
3EHTYI0Tb TAKCOHOMIYHE PiBHOMAHITTS.

Y pesynbTaTi 3acToCyBaHHS METOAUKM (DOPMYBaHHS pe-
rioHanbHoi ekomepexi (LLlensie-CocoHko ma iH., 2004) 6yno
BUAINEHO OCHOBHiI CTPYKTypHi enemeHtn BEMKI1 TepuTopii
[ocnigHoro noniroHy (puc. 1) WNsSXoM ypaxyBaHHsi puc Oy-
00BM NaHaWwadTHOro Kapkacy, kapkacy rigporpadiyHoi me-
pexi, KoHueHTpauii ob'ektiB i Teputopin 3P pisHoro
cTaTycy, penpes3eHTaTUBHOCTI CYXOAINbHUX, HU30BUHHUX i
BMCOYMHHMX NaHawadTiB pasom i3 Ha3eMHO-aKBanbHUMU
KoMMnekcamu, cneumdikvi nowmnpeHHs 6iotonie i naHawadg-
THUX nokaniTeTiB 6ioTK, MirpauinHNX LWAXIB TBAPUH.

Ycboro B Mexax TepuTopii gocnigxeHHs 6yno BuaineHo
93 6ioyeHmpu, 3aranbHolo nnotleto 623,58 kM2, aiki ctaHo-
Bnatb 31,32 % Big 3aranbHOi nnowi TepuTtopii gocni-
[PKEHHS, MalTb pi3He MNOXOMXKeHHsA (nNpupogHe abo
aHTponoreHHe) Ta BioreorpadidHe 3HadeHHs. IxHiM sgpom
€ 3arnoBigHi TepUTOpIii MiCLLEBOrO 3HAYEHHS, a TAKOX BifgHO-
CHO BEnuWKi, eKomnoriyHo cTabinbHi, HedparmMeHTOBaHI Ta
dparmMeHTOBaHiI NicoBi MacuBw.

Ak Bigomo (YdosuyeHko, 2017), nnowa GioueHTpis, pa-
30M i3 NOKa3HUKaMW penpe3eHTaTUBHOCTI, € BaXNMBUM Ma-
pameTpoM pOpMyBaHHS NOKanbHUX MPUPOOHMX siAep
eKomepexi BigNOBIiAHO A0 TBEPAXEHHS NpO Te, WO 3a MiHi-
MarnbHO MOXIUBI PO3MipK Taknx saep No3Ha4YaeTbCH nroLLa
He MeHLwua 3a 500 ra (5 km?) (Jomaparcekut, 2006; Lllense-
CocoHko, 1999). 3 MeTO BM3HAYEHHS BiAMOBIOHOCTI/HEBIA-
NOBIAHOCTI pearnbHNX Po3mipie GioLEHTPIB MiHIManNbHO MOX-
NMBAM €KOmoriYHo-ePEKTNBHMM Oyno BCTaHOBMEHO, LIO
cepenHiin poaMip 6ioLEHTPIB NOMIrOHy CTAaHOBUTL 6,7 KM?2
(6inbLue MiHiMymy!), a iHTepBan konMBaHb 3Ha4YeHbL PO3MIpiB
OioueHTpiB Big MiHiManbHUX A0 MakcumanbHux — Big 0,11
(6ioueHTp Ne 39, aapo Akoro dopmye nicoBuii Macus nie-
OeHHOo-3axigHoi okonumui M. Cymu, Wo cdopmyBaBcs Y Big-
BEPLLKY APY»XHO-6ankosoi Mepexi) Ao 143,00 km? (GioLeHTp
Ne 58, agpo sikoro dopMye HedparMeHTOBaHWUI NiCOBUM
mMacwB, LWo ccpopmyBaBcs Ha Mexupiydi pidok Mcen i Cupo-
BaTKa i CXurnax pi3Hoi KpyTU3HM).

MopiBHAHHSA OTPUMaHNX MOPEOMETPUYHMX 3HAYEHDb PO3Mi-
piB TEpUTOPIN BiOLIEHTPIB AaN0 MOXIMBICTL CTBEPOXKYBATH, LLIO
3a MOKa3HUKOM BignoBiaHocTi nnoui GioueHTpis BMKI1 TecTto-
BOrO MONIFOHY BCTAHOBMEHOMY eKONOr4yHO-ehEeKTUBHOMY MiHi-
MyMy BinbLUiCTb i3 HMX (69 WT.) (pUC. 2) MaKOTb 3HAYHO MEHLL
NNoLi Big MiHIManNbHO MOXIMBMX YCTaHOBSIEHMX NapameTpis
€KOrnoriYHo-eheKTUBHOIO MiHIMYyMY (POPMYBaHHSI MPUPOAHNX
si0ep nokanbHOI eKOMepeXi Ta He MOXyYTb BYTV Ha3BaHUMK SK
"camogocTaHi" (3a KpuTepiem nnowi). Ta nuwe 24 GioueHTpn
(25,81 %) matoTb nnoLuy GinbLuy Big 03HAa4YEHOro MiHIMyMY i Bi-
ONOBifaTh BUMOram 03Ha4YE€HOro KpUTepito. Takmm YMHOM, 3a-
ranobHa HeesionosioHicMb KpUTepIto cTaHoBUTL 74,19 %.
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Kpim TOro, wo nnowa GioueHTpiB € MiarpyHTAM BU3Ha-
YEHHS MiHIMarbHO MOXIMBUX PO3MIPIB NOKanbHUX NPUPOOHMX

Puc. 1. BioueHTpuYHO-MepexHa KoHdirypauisi naHawadTiB TeCTOBOI AiNAHKM Aocnigke
nicocrenoBux komnnekcie JliBo6epexHoi YkpaiHu (YdoeuyeHko, 2017)
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lMpumimka: pewmy yMO8HUX Mo3Ha4yeHb
dus. nezeHdy 0o puc. 1

Puc. 2. Po3mipu Teputopin 6ioueHTpiB BMKIJ1 TectoBOro noniroHy gocnigxeHHs
nicoctenoBux komnnekciB JliBo6epexHoi YkpaiHu

s0ep ekoMepexi, BOHa TakoX CTaHOBUTb

coboto Baknuneum na-

pameTp obpaxyHky koedpiuieHTa iHcynspusosaHocmi (Igvkn)
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(Fpod3uHckut, 2002; Ydosu4eHko, 2017), BignoBigHO A0 3Ha-
YeHb SIKOro MOXKHa roBOPUTM MPO IXHIO EKOSOTiYHY CTINKICTb, a
OTXe, MPO AOCKOHANICTb/HEAOCKOHANICTb, e(PEeKTUBHICTE/HEE-
EKTUBHICTb TepuTopianbHoi cTpykTypu 06'exkTiB BMKI1. O3Ha-
YeHuIn KoediLieHT BU3HAYaeTbCA 3a 3anexHicTio (1):

G+
Igmin = SZN (1)
ae Iguxn — KoeddiuieHT iHcynspusoBaHoCTi GioueHTpiB

BMKI; S; — cymapHa nnowa 6ioueHTpis BMKI, po3mipu
SIKUX CTAHOBIATL MeHLUEe 5 KM? (HECTINKUX B EKOMEPEXKHOMY
ceHci 06'ekTiB); S — 3aranbHa nnowa bioueHTpis BMKI pe-
rioHy OocnimpKeHHsi; N; — cyMapHa KinbKicTb OioueHTpiB
BMKIJ1, po3mipun sikux cTaHOBNATb MeHwe 5 km%;, N — 3ara-
nbHa KinbkicTb 6ioueHTpiB BMKIT perioHy gocnimkeHHs.

3HauveHHs gy, BU3HAYEHOro Ansd TepuTopii gocnig-
HOro noniroHy, ctaHoBuTb 0,45, oTXXe, MeHLLIe NonoBuHM Bi-
OLEHTPIB € HECTINKUIMM B EKOMEPEXHOMY CeHCi, a
TepuTopianbHa cTpykTypa BMKIJ1 3aranom notpebye Booc-
KOHaneHHs Ta nopanblioi po3bynosu, y T.4., iHCTPYMEH-
Tamu naHgwadTHOro NaHyBaHHS.

IHLWOK BaXMBOI PUCOI0 BiOLEHTPUYHO-MEPEXKHOTIO Ka-
pkacy, @YHKUIOHYBaHHSI €erleMeHTIB $IKOro CrnpsiMOBaHO
nepLu 3a Bce Ha 36epexeHHs i BiATBOpEHHS BUAOBOrO, di-
TOLEHOTUYHOrO Ta NaHAwadTHOro PisHOMaHITTH, € peripe-
3eHmamueHicme naHlwagmie (y Halwomy BUNagky, Ha
PiBHI ypouuLL i CKNagHMX yPOUULL) iCHYHUOK Mepexeto Bio-
LeHTpiB. BusHauyeHHs OCTaHHBOI CNPSIMOBAHO Ha CTBO-
peHHs Yy naHawadTHOro nnaHyBanbHUKA MOBHOLIHHOMO
ySIBNEHHSA Npo piBeHb NpeAcTaBneHHs bioueHTpamu dakTu-
YHOro naHAaladgTHoro pisHoMaHiTTa (gani JIP) i npo Takco-
HOMIiYHY penpes3eHTaTMBHICTb Pi3HOMaHITTA (BiAnNOBIAHICTb

JIP enemenTtiB BMKIJT TMnoBomy sikicHoMy cknagy MHOXWH-
HOCTi naHAwWadTHUX KOMMIEKCIB NONIroHy).

Tak, GioueHTpM TepuTopii AOCNIAHOI AiNAHKMA OXOMMto-
t0Tb 201 ypoyuuwie i3 375, npeacTtaBneHnx B ii Mexax. Takum
YMHOM, HEBIONOBIOHICTb PiBHIO JTOKANbHOrO TAKCOHOMIYHOMO
naHgwadTHOro pi3HOMaHITTa ansa GioueHTpiB CTaHOBUTb
46,12 % ().

3 iHworo 6oky, BioueHTpn po3BWUTKY Habynu y cknagi
BCiX NpeAcTaBneHuX y perioHi podie naHawagTHUX KoMMne-
KCiB i MaloTb Taki pucy TakCOHOMIYHO| penpe3eHTaTMBHOCTI
nangwadTie. Tak, 6ioLeHTpn nowmpeHi B mexax 27 BoAo-
OiNbHUX ypouuw, 77 cxunoBux ypouuil, 20 Hag3annaBHO-
TepacoBMX ypounLy, 67 3annaBHUX ypOUMLL i IULLE B MeXax
1, 7 Ta 2 — ypouuLy BiANOBIAHO A4aBHLO-NPOXiGHOAONNHHOIO,
SAPY>KHO-0anKoBOro Ta 3anaguHHoro pogis naHawadrTis. Pa-
30M i3 TUM, HEBIOMNOBIAHICTb PIBHIO TMNOBOCTI NaHAwadT-
HOro Pi3HOMaHITTS HanbINbLUIOIO € ANSA YPOUMLL pogy AaBHIX
npoxigHnx onuH i ctaHoButb 83,33 %, a HaNMeHLow —
ans ypounw, 3annas (29,47 %) (puc. 3).

Y po3pi3i okpeMux BGiOLEHTPIB MOMIrOHYy AOCHIMKEHHSI
HaVBULLMIA pigeHb flaHOwWaghmHo20 pidHoOMaHimms i moro-
o2iqHoi penpedeHmamueHocmi naHOwagpmHux ypoduuwy
(99) mae 6ioueHTp Ne 58 — HanbinbLLMIA 3a NNOLLE TEPUTO-
pii. TakcoHOMIYHa X penpe3eHTUBHICTb AN HbOro CTaHo-
BUTb 44. HaliHWxX4i 3HaYeHHs naHaWwadTHOro PisBHOMaHITTS,
TaKCOHOMIYHOT N TOMOMOriYHOI NPEBEHTUBHOCTI NaHawadT-
HKX ypouuuy (1 i 1 BignosigHo) (y Takomy pasi bioueHTp no-
BHICTIO PO3MILLIEHNI B MEXax €4MHOro ypouuiia) BrnacTumBi
46(!) 6ioueHTpaM. OTxe, MPaKTUYHO NOMOBMHA BCiX BioLeH-
TpiB (49,46 %), NnpeAcTaBNeHnx y mexax TeCcTOBOro noni-
rOHYy [OCRIXXEHHS, mae MiHiManbHUA piBEHb
nangwadTHOro pisHOMaHITTs TepuUTopii.

147

TaKkCOHOMi4Ha NPE3eHTUBHICTb

-

e 'r/ y ~
POGHIEHOBEH/X CXWTB HA[PAITEBHO-TEPACOBIX
PHKOBIX OrVH pBHAH

BODOTBHAX JECOBIX
PBHVH Ta BUCO-MH

Nanpwadru:

TWNU TaKCOHOMIYHOI NPE3eHTUBHOCTI: * naHgadma

AABHX MPOXIHAX AONVH P -BarkoBoi Mepexi B KOMINexcB

GioueHTpamu naHALWadTHOrO Pi3HOMaHITTA

Puc. 3. TakcoHOoMiYHa penpe3eHTaTUBHICTb NaHawadTiB (Ha piBHi poaiB naHawadTiB) 6ioueHTpamu BMKI
TECTOBOIO MOMiroHy AOCHiAXEHHA

Pasom i3 TMM, BioLeHTpK, AN SKUX TUMOBMUIA MiHIMarnb-
HWI piBeHb NaHAWAagTHOro Pi3HOMaHITTS TepuTopii, MaloTb
TakoX i po3Mipu TepuTopii, MeHLi Big MiHIManbHO MOXMK-
BUX, O BU3HAYAKTbCA AK NMPUNHSTHI Ta €KOMOriyHO edpek-
TUBHI ons uinen oopMyBaHHS NoKanbHUX NPUPOAHNX aaep
ekomepexi. OTxe, came Taki GioLeHTpyM MaloTb po3rnsaaa-
TMCA AK 06'€KTU MepLLIOYEeproBOro BNAMBY NOAWHU B Ha-
npsiMy BOOCKOHaneHHs Ta po30ygoBM ekoMepexi 1

obnawTysBaHHa BMKI1 TepuTopii iHCTpyMeHTaMun naHawad-
THOrO NNaHyBaHHS.

Baxnueoto xapaktepucTtukoto BMKI1 perioHy, ska Bigo-
Opaxae cneunddiky po3noainy npeacraeneHmx GioueHTpis,
BM3HAYeHy B pO3pi3i TUNIB NaHaWwadTiB, € iXHSA pernpeseH-
mamueHicmb.  OCTaHHA  BU3HA4YaeTbCA SK  MHOXMH-
HICTB/WiNbHICTE BioLEHTPIB 3 po3paxyHKy Ha OAMHWLIIO
nroLli 3a Takok 3anexHicTio (2):
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RLyy = ’;—;’ - 100, (2)

e RL;,. — penpe3eHTaTUBHICTb TNy naHgwadrTis GioueHT-
pamu BMKIJT; ny — kinbkicTe GioLeHTpiB Ha TepuTopii ne.-
HOro TNy naHawadTiB; Sy; — Nnowa, Ky OXonse NeBHU
TMN nangwadris; 100 — cyma iMOBIpHOCTEN CKNagoBUX Ya-
CTUH/enemeHTIB TepMTOpianbHOro noginy.

O6paxyHOK 03Ha4YeHOoro napameTpa BUOAETLCS BaXIn-
BVM 3 OMNSIAY Ha Te, WO NOro 3Ha4YeHHsi MOXHa MOpiBHIOBATU
3 OTPUMaHUMMN aBTOPOM MOro MokasHWKamMu, BU3HAYEHUMU
ans teputopii NliBobepexHoi YkpaiHu 3aranom i okpemux
TMNiB NaHgwadTiB B ii Mexax, 30Kkpema nicocTenoBoro
(YoosuyeHko, 2017), qki, BignosigHo, ctaHoBnATb 1,13 (ce-
peaHboperioHanbHe 3Ha4eHHs) Ta 1,05.

BuaHaveHHA penpe3eHmamueHocmi NnaHAawadgTiB Tec-
TOBOrO MOMiroOHy AOCHIKEHHS NiCOCTENOBMX KOMMMEKCIB bi-
oueHTpamn BMKIJT pano moxnueicTb ycTaHOBUTK il
3Ha4YeHHs1 Ha piBHi 4,7. Takum YMHOM, OTPMMaHWUN NOKa3HUK
Aae nigcTasun roBOpUTK NPO Te, WO CTPYKTypa T.3B. "Npupo-
OHWX perioHiB" y mexax TecToBOi AinsHku € HabaraTo Kpa-
LLIOKO, HiXX Y Mexax TepuTopii JliBoGepexHoi YkpaiHu i pazom
i3 TVM Oro 3HaYEHHS Y YOTUPKW Pa3n NEPEBUILLYE 3HAYEHHS,
po3paxoBaHi AN TNy NicoCTeNoBUX NaHawadTiB perioHy
3aranom. [poTe, He3Baxalun Ha LOBOII BUCOKI 3HAYEHHSI
OTPMMaHOro NMOKa3HWKa, MOXHa 3ayBaXKWUTU TaKOX i Te, Lo
nopiBHAHHS BiabyBanocs i3 cepeAHboOperioHanbHUMK 3Ha-
YEeHHsIMK, OTXXe, HeobxigHOCTi nopanbLioi po3byaoBu Me-
pexi ob'ektiB BMKJ1 y mexax gaHOro TeCcTOBOro MosliroHy
BigK1aaTv B XKOAHOMY pasi He BapTO.

AHanis npeacTtaBneHHs PI3HOMaHITTA nangwadgTHMX
KOMIMIIEKCIB Y MeXaxX BMOKpPEMIIEHNX CPOPMOBaHUX BioLieH-
TpiB BMKIJ1 TecToBOro noniroHy cTBoptoe NigcTasu Ans Tee-
pPOXEHHS Mpo Te, WO OnMmuMasbHOK 3 nornagy Ha
BMKOHAHHS1 HIMUW CepeioBULLETBIPHOI, cepeaoBuLLecTabini-
3yl04Oi Ta BigHOBMNOBaNbHOI MYHKLiT MOXHa BBaXaTu Taky

TepuTopito BioLeHTpa, sika 3 No3uMLii OLiHIOBaHHS il naHaLwa-
THO-TONONoriyHoi 6yaoBmM "BMilye" y cobi BCi TMNOBI Ans
nangwadTy MopdOonoriyHi YacTUHK i NnapaguHamidHi pagu,
y CKIagi Skux y34oBX MiHi TOKy BinOyBaeTbCa BOAHWI | TBE-
POMK CTiK, @ TaKOX Mirpauig XimivH1X enemeHTiB. [pun LbomMy
nig cepeposuilecTabinisytoyod YHKLIED MaeTbcs Ha
yBasi 34aTHICTb NaHAWadTHUX KOMMNIIEKCIB LUMSAXOM nepe-
6iry npupogHux npouecis (Ta, 3Ba)kalouu Ha iHTEHCUBHICTb
OECTPYKTUBHUX ABULL) MiIATPUMYBATU BHYTPILLHIO piBHOBary
B reorpad)iyHOMy cepefoBMULL.

3acTocyBaHHA MOXINMBOCTEN oBepnenHoro aHanisy MNC-
naketa Maplinfoprof. 15,0 gano MoXnuBICTb YCTaHOBUTMH,
Lo 34e6inbworo NoBHOK MipOK O3HayeHi Bulle pucu by-
[0OBMW xapakTepHi GioueHTpam Ne 5, 35, 36, 48, 58, 68, 77
(puc. 4) (7,52 % Big 3aranbHOi KinbkocTi GioueHTpiB nori-
roHy, abo 35,34 % Big 3aranbHoi NnoLyi, siky oxonntowThb bi-
OLEeHTpM noniroHy aocnigxeHHs, Ta 11,06 % Big 3aranbHoi
NNOLLi OiNsHKM OOCNIAXXEHHS), i cCame BOHM CTaHOBMSITb CO-
0010 micueBi eTanoHu nogansLuoi po3dygosu BMKIJI. Ha Te-
putopii X iHWKX 6GioueHTpiB MopdonoriyHa CTpyKTypa
naHawadTiB NpeacTaBneHa nuwe oparMeHTapHoO, TOMy Ha
PO3LUMPEHHST IXHBOT TEPUTOPIT, CronydYeHHss Mepexeto Bio-
KopuaopiB 3 iHWKUMK BioueHTpamu, nepeBedeHHs Tam, ae
Lie MOXIMBO, 3B'A3ylouunx ix BGiokopuaopis 4o rpynu GioueH-
TpiB Mae 6yTn cnpsiMoBaHa HWM3Ka 3axofiB naHawadTHOro
nnaHyBaHHA TEPUTOPIT.

KoHuenTyanbHO hopMyBaHHA Ta PYHKLiOHYBaHHSA ene-
meHTiB BMKIJ1 BigbyBaeTbCca LWNAXOM PO3BUTKY CUCTEMMU
Crosy4HUX efleMeHmig, siKi pa3om CnpusaoTb 3abe3neyeHHo
NOTOKY eHeprii Ta iHgopmadii Mk TpMpPoOAHMMHK | aHTpOoMno-
reHisoBaHMMK  NaHgwadgpTHAMN  KOMMMeKcamn,  Mirpauii
nNpeacTaBHUKIB POCAMHHOIO i TBApWMHHOIO CBITIB, NigTPU-
MaHHIO eKOMOriYHOI piBHOBaru.
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YMmoeHi nosHaveHHs:
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TTpumimKa: pewmy yMogHUX Mo3HaYeHs
- - onmmansHolo - - HEeOMMMarbHOIo due. nezendy do puc. 1

Puc. 4. Tunisauis 6ioueHTpis BMKJ1 TecToBOro noniroHy woa0 BUKOHaHHA HUMU cepefoBULLeCTabini3yroyoi dpyHKuLil
3anexHo Bif nNaHAwadTHO-ToNonorivyHoi 6yaoBu TepuTopii
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pyny T.3B. "criony4yHux mepumopit"” kapkacy BMKIJI, ski
3a6e3ne4yoTb OpPMyBaHHS i (PYHKLIOHYBaHHS 3B'A3KIB Mix
KrnoYoBMMK TepuTopiamn (bioueHTpamu), Ta sk pesynbTar
3YMOBIIOOTb LiMiCHICTb eKoMepexi, yTBOpoThL 6iokopu-
dopu Ta iHmepakmueHi enemeHmu. Y mexax gOCHigHOrO
noniroHy Giokopuaopu 3anmaiotb 85,46 km? (4,29 % Big 3a-
ranbHOI MroLli), a 3aranbHa MNPOTSKHICTb IHTEPaKTUBHUX
enemMeHTiB ctaHoBuTb 300,82 km. [ocnigxeHHs mepexi Gio-
kopugopie BMKJ1 TectoBoro nomniroHy gano MOXIMBICTb
YCTaHOBWTHU, LLIO BOHM YAcTO € aHTPOMOreHHUMu (Hanp., ni-
cocmyru). Po3BuTky Giokopmaopy HambinbLiow Mipoto Ha-
Oynn B Mexax 3annaBHuX Ta Spy>XHO-6anKkoBMX KOMMIEKCIB,
i 3a3BMYaN OXONIIIOKTL AONMHM PIYOK Ta iXHi npuTokn. bio-
KOpUZOopW perioHy JOCAIOKEHHS OXONMOITb NepeBaxHo 3e-
MenbHi  AiNgHKM 3 pernameHTOBaHUM  PEXUMOM
BMKOPUCTaHHsI — NicoBi MacuBK, nepesoru, nacoeuLla, CiHo-
XarTi, Nykn, 6ONOTHI KOMMNEKCH TOLLO.

Mig vac ineHTudikauii enementisB BMKI1 6yno Brokpem-
NeHo Takox 6yghepHi 30HU ekoMmepexHNx o6'exTis. Ix dop-
MYIOTb QiMSIHKM, LLLO PO3MILLEHI HABKOSO KIMHOYOBMX €MeMEHTIB
Ta crnonyyHux Teputopivi BMKIJ1, aki 3anobiratoTb Aii npsmoro
HeraTMBHOTO BMNMMBY Ha HUX rOCMOLAPCHKOI QiANbHOCTI Mio-
OVHK, WO Mae MicLe Ha CYMDKHUX AinsHKkax. Y Mexax Takux
30H 3a3BU4ali Mae NpeBantoBaTy EKCTEHCUBHWIA TUM BUKOPU-
CTaHHs1 TepuTopii (MacoBuLLa, CiHOXaTi, eKcniyaTauinHi nicu,
OpHi MmacuBu (6e3 3acTtocyBaHHA MiHepanbHUX [A06puB)
TOLLO), @ CaMi BOHW NMOBWHHi CTAHOBUTU COGOIO HE panToBUN,
a nocTynoBuKn Nepexig Ao Cinbrocnyriab, 1 CNPUATU 3HAYHOMY
3MEHLLUEHHIO BTPaT NPEACTABHUKIB TBAPUHHOIO Ta POCIUH-
HOro cBiTiB. Paszom GydepHi 30HM y Mexax TecToBoro noni-
roHy oxonmwotTe 396,59 km? (19,92 % Big 3aranbHOi NMoLLi
TepuTopii AOCHIMKEHHS).

IHwnin enement BMKI1 cdhopmye mampuys/mkaHuHa
ennusie, sika CTaHOBUTL 64,4 % Big 3aranbHOi NoOLLi Tepu-
TOpii noniroHy, 3 sknx 52,85 % oxonmnowTb OpHI 3emni Ta
11,55 % - cenutebHi TepuTopii.

YmoeHi nosHavyeHHA:

1 - BioueHTpK
2 - Biokopupopu
3 - BydhepHi 3oHU

TKEHUH’E aennuaie.
4 - cenuTebHi QinAHKK
5 - OpHi 3emni

Puc. 5. PenpeseHTatnBHicTb enemeHTiB BMKI1
TeCTOBOro NOJiroHy AocnigXXeHHA

LLINsxoM BMKOPUCTaHHA OTPUMaHUX AaHUX NPo cneumadiky
po3suTky enemeHTiB BMKI1 y mexax gocnigHoro noniroHy
Oyno 3pgilicHeHO Mempus3auyito iXHbLOI pernpe3eHMamueHo-
cmi, ue fano MOXMIMBICTb BCTAHOBWTH, LLO Ha BioleHTpu Ta
Oiokopnaopu perioHy JOCNMKEHHA Mpunajae  BignoBigHO
56,40 Ta 7,73 % Big 3aranbHOi MO TEPUTOPINA, 3aNHATUX
ekomepexeBMMU ob'ektamu (puc. 5), Toai sk Ha BydoepHi 30HM
npunagae 35,87 %. PenpeseHTaTuBHICTb OpHMX 3eMENb i ce-
nnTebHNX Teputopin ctaHoBuTb 81,87 Ta 18,13 % BignosigHo
Bi 3aranbHOI NMOLL, SIKy OXOMNSE MaTpULS/TKaHMHA BMUBIB
y Mexax MosiroHy.

BucHOBKM Ta nepcneKkTuBM nopanbLINX PO3BifoK.

Takum YMHOM, po3rnag TUNONOriYHOT CTPYKTYpU BioLieH-
TPUYHO-MEPEXHOT KOHpirypauii Teputopii gocnigHoro noni-
roHy BMBYEHHS NicocTenoBux naHpwadTie JliBobepexHoi
YKpaiHu, BU3Ha4YeHHsA naHAwadTHOro pisHOMaHITTH, Takco-

HOMIYHOI 1 TONOMOriYHOI penpe3eHTaTUBHOCTI NaHawagT-
HMX ypouuLL | pofiB NnaHaLwadgTHUX KOMMeKciB ii 06'ekTamu,
06paxyHOK CTyMeHsi penpe3eHTaTMBHOCTI NaHawadgTiB Te-
putopii gocnigxeHHs GioueHTpamu BMKIT, 3gincHeHHs TUni-
3auii  GioueHTpiB  BMKJT TectoBoro nomiroHy wono
BUKOHAHHSA HUMW cepedoBULLLECTabiNi3yto4oil GyHKLUii 3ane-
XHO Bif naHawadTHo-TononoriyHoi 6yaoBu TepuTopii pa-
30M [al0Tb MOXIUBICTb NiACYMYyBaTH, LLO:

¢ BUOKpeMneHHs 93 GioueHTpiB (ekosaep) y Mexax Bia-
HOCHO HeBenuKoi 3a poamipamu (1 991 km?) TecToBoOI Ains-
HKM CBIQYMTb MpO Te, WO AOChigkeHa TepuTopia Mae
3HaYHUA naHawagTHO-PITOLEHOTMYHMI noTeHuian dop-
MyBaHHS1 MPMPOOHOro Kapkacy perioHanbHOI ekoMepexi;

e 3 iHworo 6oky, po3suTok enemeHTiB BMKJT y mexax
perioHy AOCMiAXeHHS € AOBOIi HEpiBHOMIPHMM yHacnigok
ynmanoi dparmeHTauii naHawadTiB, pe3ynbTaToM Yoro
cTana 3HayHa HepiBHOMIPHICTb i HEMPOMNOpPLIVHICTL po3mno-
niny GioueHTpiB BiANOBIOHO OO penpe3eHTaTUBHOCTI NaHa-
wadpTiB i NnaHgwadTHo-TononoriYHoi 6ynoBu;

o EMKIJT BnacTneuii HEBMCOKMI piBeHb DYHKLIIOHANbLHOI
CTPYKTYPOBaHOCTI 1 Ik pe3ynbTaT — HEBUMNPaBAAHO Benvka
KinbkicTb GioueHTpIB, NnoLa SKUX He NepeBULLYE BCTAHOB-
NEeHWIN eKonoriyHo-ePEeKTUBHUIN MiHIMyM DOpMYBaHHS Npu-
POAOHMX PETiOHIB JTOKaNbHOI ekoMepexi, Ta siki He MOXYTb
OyTM Ha3BaHMMM sIK "caMOfOCTaHI", @ HaTOMICTb Hanexarb
0o enemeHTiB BMKIJT "Hnsbkux" kateropin;

e HEe3HaYHOI0 € KinbKiCTb GiOLeHTpIB, TEPUTOPIN SIKNX 3ane-
XXHO Big NaHawadTHO-TOMNOSOrYHOI il 6yA0BM MOXe BBaXKa-
TMCA  ONMTMMamnbHOK 3  MOMsdy  Ha  BMKOHAHHS
cepenoBULLIETBIPHOI, cepeaoBMLLIECTabinNi3yto4oi Ta BigHOBIMO-
BarnbHOI (oyHKLT; HanyacTiLe MopdonoriYHa CTPyKTypa naHa-
wadTiB Ha TepuTtopii GioUEHTpIB npeacTaBrneHa nule
bparMeHTapHO, TOMY BOHWU MaloTb CTAHOBUTM COOOO 06'EKTH
nepLUoYeproBoi Ail naHALwadgTHOro nraHyBarnbHWKa B HanpsMi
po36ynosm BMKIJ1, ockinbku B iXHiX MeXax npeBaroe nepesa-
YKHO 36epeXeHHs1 OKPEMMX KOMMOHEHTIB MPUpOoau, HalvacTille
— BioTn4HOI ckNagoBoi, a He NaHaLwadTy 3aranom.

Omxe, cydyacHun ctan BMKIJ1 gocnigHoro noniroHy He €
onTUMarnbHUM, Y YUCIIEHHUX BUNadKax Moro eNemMeHTH € po-
3pi3HEHNMM, HE 30aTHUMK NPeACcTaBUTU YCe HasIBHE NaHa-
wagTHE Pi3HOMaHITTS, 4acTo 3 HE3HaYHUMM (PaKTUYHUMMU
nnowamm Ta cnabko "yB'asaHi" Mix coboto, 06'ekTH, SKi, 4O
TOrO X Big3Ha4alTbCA HENPOMOPLINHICTIO PO3BUTKY i (PYHK-
LiOHYBaHHS, HA3bKNM piBHEM NaHAwadTHOI penpeseHTaTu-
BHOCTI, i SKi Sk pe3ynbTat HeobxigHo "pobypoByBatn A0
piBHS cuctemn", abu npeacTaBUTU B IXHIX Mexax naHa-
WadT sIK NEeBHY LiMiCHICTb.

3 iHwWworo 60Ky, MOXHa CTBepaXXyBaTu i Npo Te, WO no-
ninweHHs cTpykTypn enemenTisB BMKIJT y perioHi moxnvee
LNAXOM po3byaoBwM iCHYIOUOI Mepexi ekosiaep Ta eKOKopu-
[0piB, CTBOPEHHSI HU3KU HOBUX €KOENEMEHTIB, OXOMNIHYM
BCE HOBi 1 HOBi Ta BU3HA4eHi 9K Taki, WO eEeKTUBHO BUKO-
HYIOTb cepegoBuLlecTabiniayouy dyHKUilo, naHawadTHi
KoMnnekcy (Lo BUHOCUTLCS Y NEPCNEKTUBHI 3aBAAHHS Maii-
OyTHIX HayKOBMX MOLUYKIB aBToOpa), y pe3ynbTaTi YHoro HeMu-
Hyuum Byae nigBuLLEHHS ekocTabini3ytoumx BNacTUBOCTEN
aHTPONOreHHUX naHAawadgTie, MNOMIMWEHHS EeKONOori4YHoro
CTaHy Ta eKOJIorYyHOI cuTyauii ik y Mexax 4oCnigHoro nosi-
FOHYy, TaK i 3@ MOro Mexamu (Ha AingHKax NOWNPEHHS CyMi-
XHUX, MOB'A3aHMX MOTOKAMM pPEYOBUHW Ta eHeprii 3
gocnigxyBaHumu, naHgwadTHux ypouuwt). O3HadeHi nu-
TaHHa MaloTb OyTu B npiopuTeTi cepen daxiBuiB-nnaHysa-
NbHUKIB | NPOeKTyBanbHWKIB TepwuTopii, a He nuwe
nNpvpoaOo3HaBLiB i NPUPOOOOXOPOHHUKIB, OCKINIbKM iCHYHOYI
nigxoau A0 CTBOPEHHN ekosaep Yy OinbliocTi Bunagkie € Oi-
OLEHTPUYHMMM i CNPAMOBAHNMW Ha 36epeXeHHs1 OKpeMmx
GionoriyHnx BuUAiB; NPOTE MPW LbOMY YacTO He BPaxoBYy-
€TbCsl 3anexHicTb BGionoriyHoi cknagoBoi naHawadTy Big
cepegoBuLa ii iCHyBaHHS, OCHOBOIO SKOrO € naHawadTHe
pisHoMaHITTS. OTXXe, OAHMM 3 HaBaXKNMBILLNX 3aBOaHb pe-
KOHCTPYKUii Mepexi ob6'ektiB BMKJT perioHy pocnigXeHHs
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Mae ByTu JOCArHEHHs Takoi il edpeKTMBHOT yHKLiOHanbHO-
TepuTopianbHOT CTPYKTYpHU, sika 6 penpe3eHTyBana skomora
Ginblue eKkonorivyHo CTIMKMX i HaZiINHMX TXHIX KaTeropin B 4o-
LiNbHMX MNPOCTOPOBMX CMIBBIAHOLIEHHAX Y MeXax poay
nangwadTis i TMNY MiCUEBOCTI, Npe3eHTyun naHawadg-
THO-TOMOMOrYHY Ta NO3MLUINHO-AMHaMIYHY CTPYKTYpPY naHAa-
WwadTHUX KOMMMEKCIB MOBHOK  Mipot. [obynosaHa
3acobamu nnaHyBaHHA A0 "€AMHOro Uinoro" Taka cuctema
Mae [OMOBHIOBATUCA HaMbinbLl penpe3eHTaTUBHUMK AN
perioHy naHawadTamu, siki CTaHOBNSATb COOOH "30HanbHi
ctaHgapTn" abo "ctaHgapTy NOPIBHAHHA".
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BIOCENTRIC-NETWORKING CONFIGURATION OF THE FOREST-STEPPE LANDSCAPES
OF THE LEFT BANK OF UKRAINE: METRIZATION AND ASSESSMENT
FOR THE PURPOSE OF THE LANDSCAPE PLANNING IMPLEMENTATION

The aim of the research is to do metrization and evaluation of the biocentric-networking configuration of landscapes on the example of the forest-
steppe complexes of the Left Bank of Ukraine research area as a key basis for the landscape planning implementation by using GIS-parcel Mapinfo
Professional 15.0. Specificity of the biocentric-networking configuration of landscapes of the research area is taken into account according to the
hierarchic, structural morphometric and landscape presentivness principles, and due to the concept of landscape diversity, biocentric-networking
structure of landscape of a skeleton type, landscape-planning skeleton, and from the functional landscape features evaluation point of view. For the
first time detachment, metrization, graphic and mapping modelling of the biocentric-networking configuration of the forest-steppe landscapes
complexes of the Left Bank of Ukraine research area was done according to its division into the geniuses and units, its elements differentiation
establishing; evaluation of the specificity of their formation and typization according to its environment stabilizing function and landscape-topological
territory structure was done for the purpose of future landscape-planning activities elaboration and implementation.

Keywords: landscape, biocentric-networking configuration, metrization, evaluation, presentivness, landscape planning, the Left Bank Ukraine.
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KneBckui HaumoHanbHbIW yHUBepcutTeT MeHun Tapaca LLleBYeHko
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BUOLIEHTPUYECKU-CETEBASA KOHO®UIYPALINA NECOCTENMHbLIX NAHALWA®THBLIX KOMMNINEKCOB
NNEBOBEPEXHOWU YKPAUHbI: METPU3ALINA N OLULEHUBAHUE ONA HY>XXKO MMNJNIEMEHTALIMA
NAHOWA®THOIO NMNIAHUPOBAHUA

lMpedcmaenenHoe uccnedosaHue NPoeedeHo C Yeslblo Mempu3ayuu U oyeHusaHusi 6uoyeHmpuvecku-cemesoli KOHgu2ypayuu 1ecocmenHbix
KOMIJIeKco8 mecimoego2o nosiu2oHa meppumopuu JleeobepexHol YKpauHbl KaK 8aXHOU OCHO8bI UMIIIEeMeHmayuu 1aHoWaghmHo20 NniaHupoeaHus.
3adaua peanuzoeaHa nymem ucnosib3oeaHusi FTMC-nakema Maplinfo Professional 15,0. Cneyughuka 6uoyeHmpuyecku-cemeeoli KOH¢hu2ypayuu s1aHo-
waghmoe meppumopuu uccsiedoeaHusi pacCMompeHa 8 coomeemcmeauu ¢ NPUHYyUnamu uepapxu4Hocmu, cmpykmypHol MopghoMempuu u naHo-
waghmHoli penpezeHmMamueHocmMu, a MakKxe 8 KOHmMeKcme KoHyenuyuu naHowagmHozo pa3Hoobpa3us, 6uoyeHmpuvecku-cemesoli CMpPyKmMypbl
naHowaghmoe KapkacHO20 muna, JaHOwaghmHo-N1aHUPOBOYHO20 KapKaca U ¢ no3uyuu usy4yeHusi hyHKYUOHaIbHbIX ceolicme naHowagmoe. Bre-
pseble Ha npumepe Mecmoego20 MoJiu2oHa 6bi1u ocyujecmesieHbl:Mempu3ayusi, 2paghuyeckoe u kKapmoepaguyeckoe MmodesniuposaHue 6uoyeHmpu-
4Yecku-cemesoli KOH¢huaypayuu siecocmenHbix saHOWagphmMHbIX KOMIIEKCo8 8 pa3pe3e ux podoe u ypoquuw,; onpedesnieHo pa3Hoobpasue ee
a/1eMeHmMoe U ux pernpeseHmamueHoCmb, peasu308aHo oyeHuUsaHue crneyuguku ux cghopmuposaHHOCMU U Munu3ayuu OMHOCUMEsIbHO 8bIMOJIHE-
Husi umu cpedocmabunu3supyrouieli hyHKyuU 8 3agucumMocmu om s1aHOwaghmHO-MOMNOsI02UYeCKO20 CMPOEHUS MeppuMopuUU; nosyYyeHbl MokKasa-
menu uHcynsipusuposaHHocmu 6uoyeHmpos. lony4yeHHble pe3ynbmambl npedcmassnsilom cobol eaxHbIl 6a3uc nocnedyroweli paspabomku u
8HedpeHuUs1 cO80KynHocmu aHowaghmHo-niaaHUpPo8oYHbIX Meponpusimuli, Komopbie, KaKk cHumaem aemop, GoKHbI 6bIMb HanpassieHbl Ha onmu-
Mu3ayuro cemu 3Kkosi0ep U 3KOKOpudAopoe peauoHa uccriedoeaHusl, NoeblweHuUe 3kocmabunusupyrouux ceolicme aHmporno2eHHbIX 1aHowagmoe,
yryyuweHue 3Kos102u4ecKo20 COCMOSIHUS U 3KOoJlo2u4ecKkoll cumyayuu Kak e npedenax ucciedyemMoz20 osiu2oHa, mak u 3a e2o npedesnamu (Ha y4a-
CcmKax pacnpocmpaHeHUs1 CMeXHbIX, C8si3aHHbIX MOMoKaMu eewjecmea u aHepauu ¢ uccriedyemMbiMu, 1aHOwagpmHbIX ypoduws).

Knrouyeenie cnoea: naHowaghm, 6uoyeHmpuyecKku-cemesasi KOHghu2ypayusi, Mempu3sayusi, oyeHuesaHue, pernpe3eHmamueHocmsb, JaHowagm-
Hoe nnaHupoeaHue, JleeobepexHasi YkpauHa.
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HALIIOHANbHA BA3A AHUX 3CYBHUX MPOLIECIB: MPUHLIUNU PO3POBKW, YNPOBAIXKEHHA
TA 3ACTOCYBAHHSA AnA OUIHKM 3CYBHOI HEBE3IMEKWU PEMNOHANBHOIO | NOKANIbHOIO PIBHA

(PexomeHAo8aHO 4YrieHOM pedakyiliHoi Konezil 0-poM 2eos. Hayk, cm. Hayk. cniepob. O.J1. LlleeyeHkom)

BuknadeHo 20s106Hi nidxodu ma npuHyunu po3pobku i gpopmyeaHHs cmpykmypu 6a3u aHuUX 3Cy8HUX NMPOUEecie y Mexax mepu-
mopii YkpaiHu. llidmeepdxeHo, wjo YkpaiHa xapakmepu3yembCcsi akmueHUM PO38UMKOM pi3HO2eHemuYHuUX 2pasimauiliHux npouyecie
Yy Mexax pi3HUX cmpyKmypHO-meKmMoHi4HuXx i taHowagmHo-kniMamuy4yHuUX 30H, Wo sumazae e0UHO20 nidxody Ao cmeopeHHs cuc-
memu ixHb020 0671iKy, iHeeHmapu3auii ma MOHIMOPUH2y 3 HacCMyrNHUM NMPO2HO3Y8aHHSIM Ma OUIHKOK 8ryiusy Ha MexHO2eHHI 06'c-
Kmu pi3HO20 npu3sHayeHHs. [0/108HUM 3aedaHHAM HayioHanbHOI 6a3u daHuX 3CyeHUX npoyecie € eeedeHHs, 06pobka, aHani3 ma
akmyanisayisi iHgpopmayii uyodo 3cyeHux nodil. BoHa cknadaemscs 3 HU3KU mabnuyb, wo 36epicarombcss ma ni@mpumMyromscsi 8
pensayitHit 6a3i daHux Oracle yu PostgreSQL (6a3a daHux eidkpumozo docmyny open-source). Bukopucmarts ArcGIS10 Hadae mo-
xnueicms gidobpaxxamu npocmopoey iHghopmayitro, 36epicamu no3uyiliHi ma Heno3uyiliHi ampubymueHi daHi 3cysie i sukoHyeamu
ornepauyii 3 MpPocmopoeozo aHasizy ma MooesIlo8aHHs1 3 MEMOHo Nodasibuio20 Po2Ho3yeaHHs1 3CYy8HOI Hebe3neKku Ha pe2ioHasIbHOMY

ma JloKalilbHOMY pieHsIX.

Knrodoei cnoea: 3cyeu, 6aza 0aHux, MOOesIt08aHHS, MPO2HO3Y8aHHSI.

CyyacHi rpaBiTauiiHi ek30reHHi reonorivyHi npouecu, Lo Bi-
00yBalTbCs Ha cxunax pi3HOro reHesucy Ta Mopdonorii, €
HanGinbLL aKTUBHUM MEXaHi3MOM Y AeHyAaLiNHO-aKyMynsaTmB-
HWX npoLiecax, Lo BNMBaKOTb Ha TEXHOreHHi 06'ekTn. [AnHami-
YHi YMOBM i MexaHi3Mu rpaBiTalinHMX NPOLECiB 3YMOBIEHI
€HOOrEeHHMMM Ta eK30reHHUMM YMHHVKaMK, 30HanbHO-KMimMa-
TUYHUMU (paKTopamMu Ta aHTPOMOreHHOK LiANbHICTHO.

Cepep rpasiTauiiHMX MPOLECIB, WO 3AINCHIONTL Hali-
OinbLU pyNHIBHWUIA BNAMB Ha iHPacTPyKTypHi 06'ekTn, BUAi-
NSTLCA BRacHe rpaeiTauiiHi npouecy (ocunu, obeanu,
KameHenaaw), BOOHO-rpaBiTaLiiHi npouecu (3cyBu) Ta rpa-
BiTaLiMHO-BOAHI (cenesi) npouecun. BusHayanbHUMN YNHHK-
KaMW BUHUKHEHHSI LMX MPOLECIB € CTaH reosoriyHoro
cepefoBuLLa, 30Kpema NniTonoro-cTpaturpadiyHi ymosu ta
XapaKTepPUCTUKN MOPOAHNX KOMMIEKCIB; rigporeonoriyHmmn
PEXMUM; CTPYKTYPHO-TEKCTYPHI 0COBNMBOCTI ripcbkux nopig i
dopmn IXHBOrO 3ansaraHHA; xapaktep penbedy. o apyroi
KaTeropii dakTopiB cnig BiAHECTU AUHaMIYHI npouecwu, Lo
3MiHIOIOTb CTaH CXWNiB: epo3iiHi NpouecK, BUBITPIOBAHHS,
TEKTOHIYHUIA pexum Teputopii (reognHamivyHui haktop),
CENCMIYHICTb | TexHoreHHi Bnnmeu. Okpeme 3HaYeHHS Bigir-
pae naHawagTHO-KNIMaTUYHUIA YnHHUK. KombBiHauia Ta
NPIOPUTETHICTL UUX (aKTOpiB BM3HAYalOTb MeXxaHiaM Ta
YMOBM (QOPMYBaHHA rpasiTauinHux npoueciB. KoxHui i3
NPoSIBIIEHMX NPOLECIB rpasiTaLiMHOI NPUPOAN BUMAarae oco-
6nmBMX NigxoaiB 40 IXHEOr0 MOAENOBAHHSA Ta NPOrHO3Y, Lo
BU3HAYalOTbCS (Pi3UKO-TeONOriYHUMU MOAEnsiMU  CXWUAY i
npouecy, BIignoOBIAHMMW MaTeMaTUYHUMW MOAEnsMu Ta
CTBOPEHMMU Ha iXHi OCHOBI anroputmamn. Po3pobka umx
mMogenen 6a3yeTbcs Ha NornMbneHoMy reonoriyHomy aHa-
nisi reonoriyHOro cepefoBuLLa Ta BU3HAYEHHI NapameTpiB i
XapaKTePUCTUK MpOLIECiB, siKi MaloTb 0COBNMBOCTI NPosiBY
3anexHo Big PpeonoriYyHOro craHy reosoriYHoro cepeno-
BuLLA i BigNoBigHOT reonorivyHoi 6yaoBu cxunis.

Cepeg rpasitauiiHux npouecis ogHMMK 3 HanbinbLw no-
LUMPEHNX € 3CYBHI SBMLLA, LLIO NPU3BOAATL OO 3HAYHUX CO-
LianbHUX Ta eKOHOMiYHMX 30uTKiB (PyObko ma iH., 2012;
Pydbko, 2015; WeiWu, 2015). TNpoTe BOHM YacTo 3anuiia-
I0TbCA No3a oiLiHMK NOBIJOMIEHHSAMN Ta yBaro, OCKi-
TNbKN TXHE BWHUKHEHHSI MOXe OyTu crnpuymHeHo 6GinbLu
KaTacTpodiyHMMKM ABULLLAMK, 30KpEMA 3eMIleTpycamu, no-
BeHAMM, naBogkamu Towo. McGuire et al. (2002) 3a3Ha-
4Ynnu, Wo "3cyBu € HanbinbLL NOWNPEHOI Ta HEAOOLIHEHO

npupoaHoto Hebesnekoto Ha 3emni". €EBponencbknuMK Kpai-
Hamu, siki Hanbinblue cTpaxaalrThb Bif 3CyBHOI HeGe3neku,
€ |Taniq, Icnania, Benuka BputaHisa Ta iH.

YKpaiHa xapakTepusyeTbCs akTVUBHUM PO3BUTKOM 3CYB-
HUX MPOLECIB Y MeXax PIi3HUX CTPYKTYPHO-TEKTOHIYHMX i
naHgwadTHO-KNIMaTUYHKUX 30H. Tak, 3a AaHnMu [epxaBHOi
cnyxom 3 Hag3BuyaiHuX cutyauin y 2017 p. HanbinbLworo
pO3BUTKY 3CyBY Habynu Ha y3bepexoki HopHoro n A30BCb-
koro mopiB y Ofecbkii Ta MukonaiBcbkin 06nacTsix, a Takox
y JlbBiBCbkKil, YepHiBeLpkin Ta 3akapnaTcbkin obnacTsix
(puc. 1). 3aranbHa KinbKicTb 3cyBiB cTaHoBuna 22950 oau-
HULUb. HanbinbLoro po3BuTky Ha TepUTOpIi KpaiHu 3CyBM Ha-
oynn B Opecbkin obnacTi, Ae KinbKiCTb 3CyBiB CTaHOBUTb
5836 oaMHMLbL 3aranbHO nnoLero 66,3 kv2.

Be3yMOoBHO, L0 Taka KifIbKiCTb i NOLUMPEHICTb 3CYBHUX
npoLeciB BUMarae eAMHOrO NigXo4y LoA0 CTBOPEHHS CUC-
TeMM iXHbOro obniky, iHBeHTapu3aaLlii Ta MOHITOPUHTY 3 Ha-
CTYMHUM MNPOrHO3yBaHHAM Ta OLiIHKO BNNMBY Ha
TexHoreHHi 06'ekTn pisHoro npusHadeHHs (Pelletier, 2008;
Fosteretal., 2012; Garsia Rodriguez et al., 2008;
Jaboyedoff et al., 2012). MixkHapogHe 3Ha4YeHHs iHBEeHTa-
pu3auii 3cyBiB 6yno BMCBITNEHO Ha n'stomy MixHapoa-
HOMY CMMMO3iyMi 3 BMBYEHHA 3CyBiB Yy Jlo3aHHI
(LWBeruapis). Ha ubomy cumnosiymi 6yno CTBopeHO po-
6ou4y rpyny 3 nuTaHb geTanbHoro obniky 3cyBiB y CBiTi Ta
nigkpecneHo BaXnuBiCTb po3pobku cTparTerii 3 MiHimisauil
3CyBHOI Hebe3nekn Ta NPOrHo3yBaHHsI 3CYBIiB y ManbyT-
HboMy. [porpec y po3BuTKy rnobanbHOi iHBeHTapu3auii
3cysiB OyB gocarHytuin y 2003 p. WNaxom 3anovyaTkyBaHHA
Mporpamu cniBpobiTHMLTBA, Ska 06'egHana MixHapogHui
KOHcopuiym 3 BuB4YeHHs 3cyBiB (ICL), YHiBepcuTeT KioTo Ta
Opranizauito O6'egHaHMx Hauin 3 nuTaHb OCBITU, HAyKK i
kynbTypu (KOHECKO) 3 MeTo CnpusiHHA NpoBEAEHHIO J0-
cnigXeHb i NiarotoBkn npodpecinHux kagpis. OgHieto 3 oc-
HOBHUX Uinen nporpamu 6yna po3pobka 6a3u 3cysiB Ta
iXHbOI rmobaneHoi undposoi iHBeHTapu3auii (MixHapoga-
HWA KOHCOpUiyM 3 BuBYeHHs 3cyBiB, 2006). [lo noyatky
rnobanbHoi iHBeHTapu3alii 3cyBiB GinblicTb KpaiH €B-
ponu Ta CBiTYy BXe po3pobunu HauioHanbHi 6a3n AaHux
3CyBiB, WO I'PYHTYIOTbCS Ha pe3ynbTaTax NoBHOMAacLITab-
HUX TeonoriYHUX AocnigXeHb, AaHMX NPOoMiNbHMX MiHic-
TEpCTB i BiAOMCTB. Y Mexax €Bponu kagacTpoBi po6oTu
MaloTb BiOMIHHOCTI AN OKpeMux KpaiH, Lo nonsiraioTb B
0CO6nMMBOCTAX LLOAO PO3PO6KM Ta CTBOPEHHS KapT iMOBIp-

© IBaHik O., LLeBuyk B., KpaBueHko ., MNapgsaubka K., 2019
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HOCTi BUHWUKHEHHSI 3CYBIB i MPOrHO3HUX KapT 3CYBHOI Hebe-
3nekn. €BpoONencbKMMU KpaiHamu, Wwo po3pobunu Hauio-
HanbHi 6a3n 3cyBHOI HebGeanekn Ha ocHoBi NC, € PpaHuis,
HimeuuuHa, Itanisa, lcnania, BenukobputaHia, Higepna-
Hou, Weenuapis, bonrapis, Yexis, Kinp, PymyHisa, Cnosau-
unHa Ta CnoseHia ((Jelinek et al., 2007). AscTpanilicbka
6a3a paHux 3cyBiB, po3pobneHa opraHisauieto Geoscience
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Australia, o6'eagHye Tpu okpemi kapgacTpu i 6a3yeTbcs Ha
npuHuMni iHTeponepabensHocTti (Osuchowski & Atkinson,
2008). OHnanH-6a3a gaHux i kapTa siBnsaTb coboto npoc-
TopoBun posnogin noHaa 1000 3cyBiB Ha OCHOBI ony6iko-
BaHOi Ta HeonybnikoBaHOi iHopmMauii ” NonboBUX
CMOCTEPEXEHD.
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Puc. 1. NMowmnpeHHsA 3cyBiB y Mexax YKpaiHu 3a AaHuMmu [epxxaBHOI cny6u YKpaiHu 3 Haa3BU4YaHUX cuTyauin

Mpuknagom perioHanbHOro NPOrHO3yBaHHA MOXeE Cry-
XUTWU cucTema MporHo3yBaHHA 3cyBiB Benukoi BputaHii 3
po3pobrneHoo noTyxHot HauioHanbHo 6a30i0 AaHuX,
CTBOPEHOI Ha reoiHhopMaLinHin ocHoBi "eonoriyHoto cny-
%6010 uiei kpaiHn (BGS), ae dikcytoTbCA BCi MOHITOPUHIOBI
OOCHNIOXXEHHA CTaHy 3cyBOHebe3nevHnx OinstHoK, Y4OCKOHa-
NIOTECA METOAMKM Ta NPOrHO3HI anropuTMu, BUBYAKOTbCA
KPUTWYHI  HanpyXeHHA y Mexax MOpOAHMX KOMIIEKCIB
(Foster et al, 2008). Y CLUA NeonorivHoto cnyx6oto (USGS)
BMKOHYETbCA HauioHanbHa nporpama oLiHKM 3cyBHOI Hebe-
3rekn, 3a SIKO CTBOPEHO LIMPOBY KapTy 3CYBHOI Hebes-
nekn uiel kpaiHu. B AnoHii ouiHka cTyneHs 3cCyBHOI
Hebes3nekn rpyHTyeTbCcs Ha GaraTtodhakTopHOMY aHanisi n
3aCTOCYBaHHi HWU3KN CTaTUCTUYHWX METOAIB, LU0 [03BOMS-
10Tb OyayBaTu KapTu NPOrHO3y 3CYBHOI HeGe3nekn 3 ypaxy-
BaHHSAM TeOforiYHnX, reomMopdONoriyHnX, KriMaTU4HUX i
TEXHOreHHUX PakTopiB, a OLjiHKa NPOCTOPOBOro NOLUMPEHHS
3cyBiB BUKoHyeTbcA B NIC-cepenoBuLli. 3acTtocyBaHHs [IC-
TEXHOMOTIN 3 NOTYXHUMW MOXIMBOCTSMM MPOCTOPOBOrO Ta
reocTaTUCTUYHOIO aHarni3y € XxapakTepHUM Ansi perioHarnb-
HUX gocnigxeHb y Mmexax Kanagw, Itanii, Hgii, IHooHesii Ta
OaraTtbox iHWKX KkpaiH (Cees, Van Westen, 2000; Saha et
al., 2005; Pan et al., 2008; Ulrich Kamp et al., 2008).

YKpaiHa, iHTerpyto4mcb y eBPOMENCbKY HayKOBY Criflb-
HOTY, NoTpebye CTBOPEHHS €4MHOI iHTErpoBaHoi iHhopma-
uirHoi-aHanitTuyHoi  cuctemn  (IAC)  MOHiTopuHry Ta
NPOrHO3HOT OLLiHKM NPUPOAHO-TEXHOTEHHMX KOMIMIEKCIB, sika
BKIHOYa€e po3pobky 6a3m fgaHux (CTaTuyHa Modens), nporpa-
MHOro iHTepdency onsa peanisauii yHKUin 06pobkn gaHux
(dbyHKUiOHanNbHa MoAenb), a TaKoX BU3HAYEHHsI OpraHisa-
LiMHMX 3ax0pAiB AN HAMOBHEHHSA CUCTEMM MOYaATKOBUMM Aa-
HAMM Ta OaHVMMU MPOBEAEHOr0 MOHITOPWHIY (OuHaMiYHa
MoZenb), Lo 3MiHIOITb CTaH cTaTudHux moaenei. OfHieto

3 FOJIOBHMX NaHoK Liel cuctemu Mae 6yTu HalioHanbHa 6a3a
[aHux 3cyBHOI Hebe3neku Ta BignoBigHWIA KagacTp 3CyBiB.

HauioHanbHa 6a3a gaHux 3cyBHOI HeGe3neku € HaimnoBHi-
LWMM dkepernoM iHgopmaLii Npo NOLUMPEHHS 3CYBIB Y Pi3HNX
perioHax KpaiHu, B SKiil (DIKCYOTbCA BCi AaHi NPOo 3CyBHi nogji.
["onoBHMM 3aBAaHHAM pO3pO6KU Ta BNPOBaaKeHHs! Takoi 6a3u
JaHuX € MOXIMBICTb BBEAEHHS Ta akTyanidauii iHdopmaLii
LU0 3CyBHMX Mogin. baxaHo, o6 6asa aaHux 6yna gocTyn-
HOI0 SIK Ans npodpecioHanis, Tak i Ansi LUMPOKOrO Komna KopUcTy-
BauiB. 3 ornsaay Ha ue, Ans CTBOPeHHs iHTepdelicy 3 MeTo
360py, 36epexeHHs1, 06pobKM Ta aHanidy JaHux Moxe byt Bu-
KopucTaHa pensiuinHa 6asa gaHux Oracle un PostgreSQL
(6a3a gaHWX BiOKpUTOro JOCTYMy open-source).

36ip AaHux onst HauioHanbHOT 6a3n JaHUX 3CyBIB € BaX-
NMBMM CTpaTeriyHMM 3aBOaHHSIM Yy KOMMIEKC NOCMiA0BHUX
nin i po3pobku Ta HanNoBHEHHS. [laHi MaloTb HaAXoaAMTH 3 pi-
3HUX JXKepern, BKMoYaym pisHoMaclUTabHi reonorivHi kapTtu
(y TOMy 4mcrni KOMMNMEKCHI KapTW €K30reHHUX reonoriyHmx
npouecis), AaHi cnevjianisaoBaHMX MOHITOPUHIOBUX CrioCTepe-
XEHb, a TaKOX AaHi MOBINbHNX reoNoriYyHMX CNoCcTEPEXeHb 3
BMKOPUCTAHHAM Cy4aCHWX TEXHOSOTIN Ha OCHOBI MOBINbHMX
IC. JooaTkoBum gxepenoMm AaHux MOXyTb ByTu AaHi guc-
TaHUinHoro 3oHayBaHHA 3emni (Jaboyedoff et al., 2012). He-
00XigHUM € TaKOX BiACTEXEHHS 3acobiB MacoBoi iHcpopmaii
i3 LUBMOKMM pearyBaHHAM Ha 3CyBHi NOAjI Ta HacTYNHO ne-
PEBIPKOIO MOBIAOMMEHb. Y pasi HEMOXIMBOCTI NepeBipkn Aa-
HUX ycsa iHdopMaLia i3 uux gxepen Moxe BBOAUTUCH B
anbTepHaTmBHy 6a3y aaHux, ska 3bepiratume iHcopmaLio 3
HenpodeciiHNX gxepen.

CtpykTypa 6a3u gaHux. HauioHansHa 6asa gaHux 3cy-
BiB CKNaaeTbCs 3 HU3KM Tabnuup i obMexyBanbHUX ome-
HiB, LLIO 30epiratoTbCsa Ta NigTPUMYIOTLCS Y PENALinHIN 6asi
naHnx Oracle, a BukopuctaHHa ArcGIS10 Geodatabase
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(6a3a paHux, npusHadeHa ans 06pobkm reorpadpivHoi iHdo-
pmadii Ta NPOCTOPOBUX AaHWNX) Hagae MOXIUBICTL Bigobpa-
XaTn npocToposy iHopmauilo, 36epiratm no3uuiiHi Ta
HEeno3uLinHi aTpMOYTUBHI AaHi 3CyBIB | BUKOHYBATV onepaLii
3 MPOCTOPOBOro aHanidy Ta MogentoBaHHA. Takui nigxig su-
KopuctaHo bpuTtaHcbkoto reomnoriyHoto cnyxboto anst pop-
MyBaHHsi 6a3n JaHuX Ta iHBeHTapu3auinHux kapT Benukoi
BputaHii (Foster et al., 2012).

basa gaHux Oracle gossonse:

e OpraHi3yBaTu 36epiraHHs 3Ha4HOI KiNbKOCTi NPOCTOPO-
BUX i MOB'A3@HNX 3 HUMW CEMAHTUYHMX AaHuX (Mpu BAanomy
MacwTabyBaHHi 6a3n AaHWX MOXHa rOBOPWUTM MPO BiACYyT-
HicTb 0BMexeHb 3a 06carom onepoBaHoi iHdopmauii);

e 3a6e3ne4YnTn BUCOKY NPOOYKTMBHICTL 06pobku Benu-
KMX MacuBiB JaHUX 3a paxyHOK y[Aarnoro npoekTyBaHHS iH-
dopmalinHoi  mMogeni Ta MexaHi3MiB  iHOeKCyBaHHSA
iHhopmalii B Tabnunusx 6asu aaHux;

e BMKOPWCTOBYHOUM LUTATHI MexaHiamu o6pobku npocTo-
poBoi iHpopmaLii sk 06'ekTHoro Tuny aaHux (ansa Oracle —
Spatial, ans PostgreSQL — PostGIS), onepaTnBHO BUKOHY-
BaTW NPOCTOPOBI 3anuT Ta KOMOGIHOBaHWI NPOCTOPOBUIA
aHanis iHdpopmalii;

e HanallTOBYBaTW CaHKLiOHOBaHWIA po3noaineHuii bara-
TOKOPUCTYBALbKUI OCTYN A0 iHdopMaLii, Lo 36epiraetbes
B 6asi faHuX, BUOKPEMIIIOOYM AaHi ANst HayKoBUiB-gocnia-
HWKIB, BNagHUX CTPYKTYP, KOMEPLIMHWX KOMMaHii, Hace-
NEHHs TOLLO;

o ybe3neunTn 36epexkeHHs1 JaHUX LLUMSIXOM BUKOPUCTaHHS
HadiNHMX LWTaTHUX MeXaHi3MiB pe3epByBaHHS iHpopmalLlji.

Y mexax 6a3u AaHux KoXXeH 3anuc aBnsie coboro xapak-
TEPUCTUKY 3CYBHOI MoAii (cTabinizoBaHOro 4m akTMBHOrO
3CyBYy) i TUM camuM fo3Bonse 36epiraTm Ta aHaniyBatu
[OaHi LWoao HOBUX | NOBTOPHMX 3CYyBHUX npoLeciB. baratopa-
30Bi 3CyBM Ta 0OCTEXEHHSI OOHOMO i TOr0 CaMoro 3CyBHOMO
npouecy MIKCYlTbCS SK OKpeMi enizogu, Aalydn KOXHOMY
3CYBHOMY 3anucy yHikanbHWi igeHTudikaTop, Wo cknaga-
€TbCSA 3 ifeHTudikaLinHoro Homepa 3cyBy Ta Homepa o6cTe-
XeHHs. Taki 3anucu nerko 3HaxoasaTbcs B 6asi gaHux i
BigobpaxatoTbcs sk okpemi Toukm B IMC.

KoXXHMI i3 3anunciB 3CyBHUX NOAIN MOXe MICTUTK iHdop-
MaLjlo, OXapaKTepu3oBaHy YWCENbHUMWU aTpubyTamum,
BKITHOYaYM MicLie po3TallyBaHHS, AaTy, po3mipu (nnowa ta
06'eM 3cyBHOrO Tina), TUM 3cyBy, MexaHi3aM 3MiLLeHHS 3CyBY,
YMHHWKN BUHUKHEHHS1, KPYTU3HA Ta eKcno3uuisi cxuny, Xxapa-
KTEPUCTUKa MOPOLHWMX KOMMIEKCIB, AaTa 3MilLeHHsl, poc-
TNNHHICTb,  TiAPOreosnoriyHi  ymMoBW,  BiK,  AWHAMIYHI
napameTpw, BNfAMB Ha TEXHOTEHHI cnopyau Ta nosHa 6ibni-
orpacbiyHa fgosigka. IHpopmauis B mexax HauioHanbHOT
©a3u 3cyBHMX NPOLIECIB NIATPUMYETLCS | 30epiraeTbca y Lu-
dpoBoMy dopmarTi, AKMIN MOXHa aganTyBaTh Ta OHOBIIO-
BaTM 3 METOW BUKOPUCTAHHSI MNPOTArOM  HaCTYMHUX
aecatunitb (puc. 2).

OcobnuBy ponb y po3pobui CTpykTypy 6a3n gaHux 3cy-
BiB BiflirpaloTb CNOBHUKM BigNOBIAHOI reonoriyHoi Ta TeXHo-
noriyHoi iHdopMaUii, SKki POpMYIOTCS 3rigHO 3 yCTaneHumm
Ta po3pobreHnMn knacudikauiiHiMM O3HakaMy 3CYBHUX
3MiLLEeHb, XapakTEPHUMW ONS PiSHOCTPYKTYpPHUX obnacTen
YkpaiHu. Lie cTocyeTbCsa XxapakTepuCcTUKN pO3BUTKY 3CYBY B
yaci, xapaktepy, MexaHiamy Ta eTanHocTi 3MillleHb, MaTepi-
any Ta BiKy 3CyBY, YMHHWKIB BUHUKHEHHS1 3CyBY (sIK Mpupoa-
HUX, TaK i aHTPONOreHHUX) Ta iH.

OaHMM i3 rONoOBHMX €NEeMEHTIB y HaLioHanbHi 6asi 3cy-
BHOI Hebe3neku € 3B'A30k 3 ['C, sika Aae MOXNUBICTb Bidya-
nigysatu AaHi Ta ccpopmyBaT MPOCTOPOBI N aTpUOYTUBHI
3anuTn 0o 6a3u gaHux, a TakoX BUKOHYBaTW Npoueaypv Ko-
HTPOIO SAKOCTi JaHMX.

BukopucTaHHA HauioHanbHOI 6a3u 3cyBHUX NpoueciB
ANS NoKanbHOro Ta perioHanibHOro NPOrHo3yBaHHSA 3Cy-

BHOI He6e3neku. HauioHanbHa 6a3a 3cyBHMX NPOLECIB € Ba-
XIMMBUM €Tanom AN po3pobku CMCTeMM NPOrHO3yBaHHS 3Cy-
BHOI HeOe3nekn Ha perioHanbHOMy Ta fiokanbHOMY piBHsIX. Lii
naHi pasowm i3 NC-aHanizom J03BONAIOTbL PO3POOUTU MPOrHO-
3HO-EeTasIoHHI KpuTepianbHi Mogeni 3CyBHUX NPOLECIB; 3anpo-
NOHYBaTW Neperik KpUTepiiB i 03HaK IXHLOro hopMyBaHHS Ta
CTBOPWUTM perioHanbHi KapTu iMOBIPHOCTI BUHMKHEHHS 3CYBIB.
PerioHanbHi iHTerpanbHi kapT 3cyBHOI HeGE3MNekn CTBOPIO-
H0TbCS METOAOM MaTEMaTUYHOrO HaknagaHHs, Wo A3ae MOX-
NVBICTb OAHOYACHOrO BpaxyBaHHA (DaKTOPIB BWHWKHEHHS
3CyBiB, OTPMMaHHS NMPUHLMMOBO HOBOI MPOCTOPOBOI iHGOP-
Madlii Ta BiaNoBiAHOI peanisauii cknagHoi Moaeni KoMnnekc-
HOi  OUiHKM  3cyBoHebesneku  parnoHy. Be3ymoBHO,
pO3BUHEHMWI iHCTpyMeHTapiii IC wopo aHanisy sk pacTpo-
BMX, TaK i BEKTOPHUX AaHWX OA€ 3MOry LUMPOKOro BUKOPUC-
TaHHA MOrYHUX i MaTemMaTuyHUX PyHKUIN KapTorpadiyHoi
anrebpu 3 BpaxyBaHHsSIM BaroBux KOeMiLiEHTIB KOXHOIO YMH-
HVKa POpMYBaHHS 3CyBIB i MOXITUBICTIO HAOYHOIO KOHTPOMIO
KOXXHOrO KPOKY aHanitu4Horo npouecy. Lle nigteBepoxye iH-
dopmauinHi moxnmeocTi C Wwogo nNpocTopoBOro aHanisy
BMHWKHEHHSI Ta aKTMBi3aLii BOOAHO-rpaBiTaUiiHUX NPOLECIB.
JlokanbHe MporHo3yBaHHs 3CyBiB nepenbadae nonboBi po-
60T, MOHITOPUHT | YiCenbHe MOAENOBaHHS 3CyBHUX NpoLie-
CiB i3 3anyyeHHAM KomMnekcy reodisnyHux metopis. Lli
MeToaM Ta creuianbHi NonboBi AOCHIMKEHHST BU3HAYalOTb
cKknap, i CTpyKTypy HanbinbLl HebeaneyvHux 3cyBiB. I3 Lieto me-
TOIO TAKOX NPOBOAATLCS cnelianbHi aHaniTUYHi nabopaTopHi
OOCHIIKEHHS 3 OLIIHKOO (Di3NYHUX NapameTpiB ripCbkmx nopig
(Mmogynb KOHra, koediujieHTa NMyaccoHa, nocTiiHoi Jlame Ta
iH.) Y Mexax 3cyBoHebe3neyHmx CxuniB, AKi BMKOPUCTOBY-
IOTbCA Nif Yac OUIHKU CTIMKOCTI CXWMy i po3paxyHKiB Hanpy-
XeHO-4,ePopMOBaHOro CTaHy NOPOOHMX KOMMIEKCIB Y 30Hax
3cyBHOI Hebe3neku Ha 3acagax Teopil NiHiNHOT NPYXXHOCTI.

Takum 4nHOM, po3pobka Ta HaCTynHe BNPOBaOKEHHS
HauioHanbHOI 6a3n 3CYyBHUX MPOLIECIB, @ TAKOX BUKOHAHHS
perioHanbHOro Ta fiokanbHOro NPOrHO3yBaHHS 3CYBHOI He-
©Oe3neku Ha ii ocHoBi 3abe3neuvye:

e KOPEKTHWI aHani3 reonoriyHMxX NpoLeciB i reonoriyHnx
CUTyauiy B Mexax TepUTOpii NpPosiBY 3CYBHUX NPOLIECIB;

e [JOCNI[PKEHHS 3CYBHUX PU3WKIB, BU3HAYEHHSI BXiZHUX
napameTpiB MOZEMOBaHHA Ha OCHOBI TEOPETUYHUX, EeMIi-
pUYHUX Ta ekcnepuMeHTaneHux ganux i MNC-axanisy;

e MOCTaHOBKY KOMIMIEKCHUX 3aBAaHb SIKICHOT W Kinbkic-
HOI OLiHKM BMMMBY 3CYBHWX MPOLIECIB Ha (PYHKLIOHYBaHHS
iH>XEHEepHUX KOMMIEKCIB i po3paxyHku HanpyxeHo-gedop-
MOBaHOro CTaHy 3CyBOHebe3ne4yHux cxumnis;

e po3pobky ¢hiznyHoi, reonoro-gisnyHoi Ta MatemaTny-
HOI MoAeni reocnoriyHOro cepefoBuLLa | 3CYBHUX NPOLIECIB i3
cynyTHim lC-ananisom;

e MPOrHO3yBaHHS BNNMBY 3CYBIiB HA TEXHOrEHHi 06'eKTH;

e OLiHKY pU3KKiB 3CyBHOI Hebe3neku;

e po3pobKy NPEBEHTUBHMX 3aX04iB 3 METOK MiHiMizauil
HeraTMBHOIO BMNMBY 3CYBHUX MPOLECIB HA 0B'€KTU KPUTKY-
HOI iHdppacTpykTypwm.

Taki nigxoam 0o NPOrHO3yBaHHSA 3CYBHWX MPOLECIB Ma-
I0Tb BUCOKY Pe3yNnbTaTUBHICTb, OCKIMbKM € OCHOBO AJ1S 3a-
Oe3neyeHHs edeKTUBHOrO i 6e3neyHoro OyHKLIOHyBaHHSA
NPUPOLHO-TEXHOTEHHUX CUCTEM, 3HUXKEHHSI (DiIHAHCOBUX pU-
3UKiB i BU3HAYEHHS paLlioHaNbHOro KOMMEKCY NPeBEHTUB-
HUX  3axopiB 0e3  [goaaTkoBUX BMCOKOBApPTICHMX
cneuianizoBaHnx JocnigxkeHb. Tak, Hanpuknag, 36uTku
nuwe Big 0OHOro 3cyBYy MOXYTb cTaHOBUTK 0 400 MIH rpH
(3cyB r'pyHTy B nunHi 2010 p. nobnundy c. butkis HaggipHsH-
CbKOro panoHy IBaHo-®PpaHkiBCbKOI 06nacTi, yHacnigok
sakoro Gyno nowwkomkeHo rasonposig "MaciyHa-JonuHa").
HaujioHanbHa 6a3a 3cyBHOi HeGe3nekun Ta BianoBigHI MeTo-
OVKN NPOTrHO3YBaHHS! € IHCTPYMEHTOM NOMepe;KeEHHS Taknx



ISSN 1728-2713

FEONOrIsi. 3(86)/2019

laeHTndikauiiHun Homep 3cyBYy

............................... . (aBTOMATIIHO FEHEpYETLCH
CrnoeHuk:[hxepena e nporpamoto)

koopauHat : Homep TOYKM CMNOCTEPEXEHHS

oucmaHuitiHo2o
30HOYBaHHS)

[xepeno  BU3HAYeHHs  KOOpAWHAT
3cyBy
[aTa BUHWKHEHHSs 3cyBy (Mone AaTtn)
[ata ob6cTexeHHs reonorom (none
aatu)
BaranbHa fgoBXuHa  Tima  3cyBy
(uncnose none)
BaranbHa  WMpWMHa  Tina  3CyBY
(4ucnoee none)
BaranbHa  rmubuHa  Tina  3cyBy
(4ucnoee none)
MakcumanbHa — WMpUHA  MOBEPXHi
geesesessanneesenaniies ++++1 | vosarhs (uncnose none)
gotosestencescesteseettetttly CROBHUK BiKy 3cyBY: [ MakcmanbHa — [OBXMHA — MOBEPXHI
: CnoBHUK TUNY 3CYBY :! QaeHill, pesikmosutl, : | koB3aHHs (uncnose none)
D CELLLETEY i1 cywackul ‘] MakcumanbHa — rambuHa  noBEpXHi
: SMilueHHA: e eerereeenes fovessneeeness | KOB3AHHS (WMCTIOBE MOMIE)
i oowoemankud, | BucoTa CTiHKMW BiapuBy (4ncriose none)
: Gacamoemannud, : v BucoTa si3uKa 3cyBy (YMCroBe none)
i mocnidosHul;, : il o Martepian Tina 3cysy (TekcToBe norne)
KOMOitiosaHu Cknag  KOpiHHMX  mopig  cxuny
1 (TekcToBe none)
fesessescerscessescessercerns XapakTepucTka  po3BUTKY — 3CYBY

YMHHUKN BUHUKHEHHS 3CYBY:
[MpupodHi, aHMpPono2eHHi,
KOMbiHO8aHi; CmpyKmypHi,
KiMamuyHi, 2e0MOpghOoeiyHi,
2i0po2eosnoaiyHi, 36irbWeHHs
HasaHMaXEeHHs Ha CXur,

0do0amkoeoi iHghopmau,r

PyiiHyBaHHs Ta Hacnigku
(Trabnuusa ogHa no
6araTbox): MowKoOxeHi
OinsiHKU, po3maulysaHHs
MowKoOXeHuUx OiNAHOK
8idnoeioHo 0o mina 3cysy.

(GPS eumipu, 3eimu, OaHi

rnopyweHHs OuHaMiyHoOI pieHosazu
cxuny ma iH. Tekcrmose none ons

Cnucok
nocunaHb:

Tekcmose rosne Onisi s 1 (mabnuus
0odamkosoi iHghopmauji ;1 00Hado [ Hacnigku,
11 bazambox) 4

(aBTOMaTWYHO reHepyeTLCS NMPOrPamoro)
AamiHicTpaTMBHa Has3Ba MiCLEBOCTI
(TekcToBe none)

Micue3sHaxomKeHHs 3CyBYy (TeKCToBe
none)

TonorpadpiyHa kapTa 1 : 10000 (1 : 25000)
(TekcToBe norne Ta 3B'A30k i3 [1C)
KoopawnHaTu 3cyBy (TekcToBe none Ta
3B'A30K i3 ['IC)

(TekcToBe none)

Bik 3cyBy (TekcToBe none)
FigporeonorivyHi yMoBM KOPiHHWX NOpia
i cxuny (piBeHb TIpyHTOBMX BOA)
(TekcToBe none)

O6BoAHEHICTb Biaknaaie y Mmexax Tina
3cyBy (TeKcToBe norne)

XapakTep pOCNMHHOCTI Ha cxuni Ta Tini
3cyBy (TekcToBe norne)

Twvn 3cyBy 3a eTanHicTio 3MilleHHs
(TekcToBe none)

Twvn 3cyBy 3a XxapakTepoM 3MilLeHHsI
(TekcToBe none)
[ata novatky
(none patn)
[aTta 3akiH4eHHs 3CyBHOro npoiecy
(none patn)

®aKTopy BUHUKHEHHS! 3CyBY (TEKCTOBE
none)

Mpodpine cxuny

KyT Haxuny cxuny (TekcTtoBe none)
Ekcnosuuia cxvny (TekctoBe none)
CrpUYNHEHi 3CYyBOM
(TekcToBe none)

BenuuuHa 36utkiB (Ymcnose none)
HopaTkoBi kOMeHTapi (TekcToBe none)
MocunanHs

KoHTpOonb sikocTi naHmx

3CyBHOTO  Mpouecy

A

P

A

g

M o ___

g
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- - -

TTTTTTTTTR

‘__
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|
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|
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‘.____

Puc. 2. CTpykTypa 6a3u aaHux 3cyBiB

CnoBHUWK MaTepiany 3cyBy:
niwaHi 8ioknadu, anuHucmi
8i0K1adu, yramMKu KOPiHHUX ropio

CriOBHVK XapaKTepuUCTUKU :
PO3BUTKY 3CYBY: aKmMueHUU, 3
cmabinizosaHutl, y cmadii :
3aPOOXKEHHs :

CnoBHUK 06BOAHEHOCTI
BigKknaaie Boau B Mexax Tina
3CYBY: PiBHOMIpHa, HEPIBHOMIPHa;
CyXi, 380110KEHI, Mepe38010XKeH|

CnoOBHUK XapakTepy
POCIIMHHOCTi B MeXax
3cyBY: 8i0cymHs, rocieu,
mpasa, cadosi HacaO)XeHHs,
YazabHUKU. Oepega

-
.
.
.
.
.
.

CnoBHMK TuNy 3CyBYy 3a
XapaKTepoM 3MilleHHS:
Ko83aHHs1 (3cysy),
8'a3Konnacmu4yHoi
MIUHHOCMI, KOMbIHOBaHI

¢ Mpodink cxuny: nrackui,
L yeigHymuti, eunyknud,
¢ menarnkaHiiil

%eeecscsscsscsecscsscsscssssrcsesacns

¢ Cknap kopiHHMX nopig

i cxuny: Ha3ea ropio, 3 SKUx
' cknadaembcs cXUrT;
cmpyKkmypHa
o0bymosrneHicmb 3cysy;
opieHmauis mpiwuH ma
ocnabneHux 30H CIMOCOBHO
cxurny; dofamkosull mekcm

: KoHTpons sikocTi AaHux:
+ ykazamu, yu 6ys1o nepesipeHo
OaHi chaxisuem
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NATIONAL DATABASE OF LANDSLIDE PROCESSES: PRINCIPLES OF DEVELOPMENT, IMPLEMENTATION
AND APPLICATION FOR LANDSLIDE HAZARD ASSESSMENT ON REGIONAL AND LOCAL LEVELS

The main approaches and principles of the development and formation of the database of lanslide processes within the territory of Ukraine are
described. Among natural risks one of the most common are landslide phenomena, which lead to significant social and economic losses. Ukraine is
characterized by active landslide processes within different structural-tectonic and landscape-climatic zones, which requires a unified approach to
the development of a system of their assessment, inventory and monitoring with the subsequent forecasting, and assessment of the impact on man-
made objects. The national landslide database is the most comprehensive source of information on the distribution of landslides in different regions
of the country, and the main task is the input, processing, analysis and updating of information on landslides. The national landslide database consists
of a series of tables stored and maintained in the relational database Oracle or PostgreSQL (open-source database). Use of ArcGIS10 provides the
ability to display spatial information, store positional and non-positional attributive landslide data, and perform spatial analysis and modelling
operations with the purpose of further prediction of landslide hazard at the regional and local levels.

Keywords: landslides, database, modelling, forecast.
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KneBckui HauMoHanbHbIW yHMBepcuTeT MeHun Tapaca LLleByeHko

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpauHa

HALMOHAIbHAS BA3A OAHHbIX ONOJIBHEBbIX NMPOLIECCOB: NPUHLIUMbI PA3SPABOTKW, BHEAPEHUA
M NPUMEHEHWUA ANA OLUEHKK ONMON3HEBOU ONMACHOCTU HA PETMOHAJIbHOM U NOKAJIbHOM YPOBHAX

WN3noxeHbI 2nasHble MoOX0dbl, MPUHYUNBI pa3pabomku u hopmuposaHusi cmpykmypbi 6a3bi GaHHbIX OMOJI3He8bIX MpPoyeccoes 8 npedesax meppu-
mopuu YkpauHbl. [TodmeepxdeHo, 4Ymo YkpauHa xapakmepu3yemcsi akKmueHbIM pa3eumueM pa3Ho2eHemu4ecKuX 2pasumayuoHHbIX MPOYEeccoe 8 pa-
3/IUYHBIX CMPYKMYPHO-MEKMOHUYECKUX U TaHOWagmHoO-KIuMamu4yecKkux 30Hax, Ymo mpebyem eAuHo20 nodxoda K co30aHuro cucmembl Ux y4ema,
UHeeHMapu3ayuu u MOHUMOPUH2a C MoC1edyrUUM MPO2HO3UPOBaHUEM U OUEHKOU eJ/IUsIHUSI HA MeXHO2eHHbIe 06beKMbl Pa3sIudHO20 Ha3Ha4YeHUsl.
naeHoli 3adayveli HayuoHasnbHOU 6a3bl AaHHbIX OMOJI3HEBbLIX MPOUECCo8 si8sisiemcsi 8800, o6pabomka, aHanu3 u akmyanu3ayusi UHghopmMayuu ornos-
3HeebIx cobbimuli. OHa cocmoum u3 psida mabnuy, kKomopble XpaHsamcsi u noddep)kuearomcsi e pesisiyuoHHoU 6ase OaHHbIX Oracle unu PostgreSQL
(6a3a 0aHHbIX omKpbImMoz2o docmyna open-source). Ucnonb3osaHue ArcGIS10 no3eonsiem omobpaxamb MPOCMpPaHCMEEHHYH UHGhopMayuto, coxpa-
HSIMb MO3UYUOHHbIE U HEeNO3UYUOHHbLIE ampubymueHbie 0aHHbIe OrosI3Hell U ebINOHSAMb ofepayuu MPocmMpaHcmMeeHHo20 aHaslu3a u ModesiupoeaHust
C yesnbio GanbHeliwez0 NMpo2HO3UpPo8aHUsi OMosI3He8ol 0NacHOCMU Ha Pe2UOHasIbHOM U JIOKaslbHOM YPOBHSIX.

Knroyeenie crnoea: onon3Hu, 6a3a 0aHHbIX, MOdesiupogaHue, MPo2HO3upo8aHue.



ISSN 1728-2713 FEONOris. 3(86)/2019 ~75~

YOK 574:+502.7
0. NeTmaHeUb, KaHA. ¢is.-maT. Hayk, Aou.
E-mail: getmanets54@gmail.com;
A. Hekoc, p-p reorp. Hayk, npod.
E-mail: nekos@karazin.ua;
M. NMenixaTui, a-p ¢is.-maT. Hayk, npod.
E-mail: nikolay42@gmail.com
XapkiBcbKui HauioHanbHUi yHiBepcuTeTim. B. KapasiHa,
nn. Ceo6oawm, 6, m. XapkiB, 61022, YkpaiHa

KNACTEPHUM AHANI3 | PAOIALIMHUA MOHITOPUHI AOBKINNA

(PexomeHdoeaHO YrieHOM pedaKuiliHol Kosezii 0-pom 2eos1. Hayk, cm. Hayk. cniepo6. O.J1. Lllee4eHkom)

IMo6ydoea nons padiayitiHo2o ¢hoHy Ha micyesocmi Ha nidcmaei aHux eumipro8aHb, W0 6ynu nNpoeedeHi 8 KIHUe8oMy YUCTi MOYOK, —
0dHe 3 Halleaxnueiwux 3aedaHb padiauiliHo2o MoHimopuHay. Mema po6omu: ocniOXeHHs MOXJTU8OCMI 3aCMOCy8aHHS KNacmepHo20
aHani3y Ons 3aedaHb padiayiliHo2o MoHimopuHay doekinns. KnacmepHut aHaniz € 6azamoguMipHUM cmamucmu4HUM aHasizoM. Moeo
20/108H€e MPU3Ha4YeHHs1 — po36ummsi MHOXXuHU docrlid)KyeaHux 06'ckmie (Mo4Yok criocmepexeHb) Ha OOHOPIOHI epynu abo knacmepu,
mo6mo eupiwyembcsi 3a80aHHs Knacugbikauii aHux i eusienieHHs1 8 HUx rneeHoi cmpykmypu. Memodu docnioxeHb: euUMiprogaHHs Mo-
myxHocmi ambieHmHoi do3u 6e3nepepeHO20 peHM2eHieCbK020 i 2aMma-eurnpoMiHoeaHHs1 Ha Micyeeocmi 3a dornoMozoro do3umMempa
MKC-05 "TEPPA-0", o6pobka ompumaHux OaHuUx MemodaMu K/1acInepHo20 aHasi3y i3 3acmocyeaHHsIM KOMI'tomepHoi npoapamu
"Statistics-10", npu YybOMy KOXXHa MoOYKa KJlacmepa xapakmepu3yeasiacsi mpboMma koopouHamamu: deoMa KoopOuHamamu Ha micyeeo-
cmi U nomyxHicmro ambicHmHOI 003U eurnpomiHreaHHs e Yili moyyi; eidcmaHHIo Mix deoma moykamu 6yna obpaHa eeksidoea eidc-
maHb. Peaynbmamu: nicsisi o06po6bku 0aHuXx i3 3acmocyeaHHsIM Pi3HUX criocobie knacmepu3sauii: Memody 651uXHLo20 cycida, Memody
38aXKeH020 NonapHo2o0 cepedHbo20 i Memody Bapda 6ys10 cmaHO8/IEHO, WO pe3ysibmamu aHanidy siKicHoO npakmu4Ho 36icarombcs
Mix coboro, ye doeodums AocmosipHicmb 3acmocyeaHHsI KilacmepHO20 aHasli3y Onsl 3aday padiayiliHo2zo MOHImopuHay micyesocmi U
nobydosu kapm padiayitiHo2o 3abpydHeHHs1. BucHogku: y po6omi enepue cghopmynboeaHo noHssmms "padiayitiHo2o knacmepa”, wo
06'c0Hye KoopOuHamu Ha MITOWUHI 3 MomyHicmio ambieHmHoi do3u; dosedeHa MOXJIUBICMb 3acCMOCy8aHHSI KJ1aCmMepHO20 aHanisy
ans nobydosu kapmu padiayiliHo2o 3abpyOHeHHs1 O0BKiNIs1 WIsIXOM Mocs1i008HO20 MpoeKmyeaHHs 8i0 6inbw noe’a3aHux 0o MeHW
noe'a3aHux padiayiliHux knacmepie Ha MIOWUHY KOHMPOJILOBAHOI 30HU. Y UbOMY CeHci KnnacmepHull aHani3 aHanoziyHull onepamop-
Homy nidxody do nobydoeu nosns padiauii. nsa nodanbwux AocnidxeHb cmaHoeumb rneeHull iHmepec eug4yeHHs1 NUMaHb iHmezpayir

KI1acmepHOo&20 aHani3y 3 2eoiHghopMayitiHumMu cucmemMamu.

Knroyoei cnoea: padiayiliHuli MOHIMOPUH2, peHm2eHiecbke ma 2aMma-8urnpoMiHIO8aHHs1, KllacmepHUU aHani3.

BcTyn. Mobynoea nons pagiauiinHoro gooHy Ha MicLeBo-
CTi € OOHUM 3 HaMBaXIMBILLNX 3aBAaHb pajiauilHOro MOHi-
TOpUHry. BMHUKae NUTaHHSA, SIK Ha NigcTasi BUMIpIOBaHb, LLO
Oynn npoBeeHi B KiHLEBOMY YMCHi PO3MOPOLLIEHNX TOYOK,
BiQHOBMTU UiNiCHY KapTWMHY po3noainy pagiauii Ha Bcin
nnoLli KOHTPONbOBaHOiI 30HW. Y GaraTbox acnektax 3a-
BAAHHS BiAHOBNEHHS Nonsa pagiauinHoro oHy 3a AaHumMu
TOYKOBUX BMMIpIOBaHb € aHanoriyHMm 0o 3aBOaHHs BigHOB-
NEHHs1 300paxeHHs 3a WNOoro TOYKOBMMM parmeHTammu
(Hekoc ma iH., 2007; 2008).

Hanbinblw 3aranbHUi Nigxia Ao 3aBOaHHA BiOHOBNEHHSA
300paxeHHs1 JaeTbCA B onepaTopHomy Burnsgi (Bacune-
HKko, TapamopuH, 1987). MNpu uboMy MiaxoAi y BunaaKky ABOX
KOOpAMHAT x i y Ha NNOLLMHI NpoLecom hopMyBaHHS 306pa-
XEHHS € NepeTBOPEHHST MOYATKOBOroO 300paxeHHs [ (x, y)

B oTpumaHe g(x,y) 3a [ONOMOrot Aeskoro onepaTtopa A:

g(x,y) = Af(x, ). (1

CTtpykTypa onepaTtopa A Moxe 6yTu OCUTb CKNaaHoH.

BBaxaeTbcs, WO B 3aranibHOMY BMNaaKy onepaTop A € ek-

BiBaneHTHMM J0OYTKY AEKinbkoX NOcnigoBHUX onepaTtopiB

A (i=1, 2, ... n), KOKHUIA 3 AKX BiANOBIOAE Pi3HNM NOCTY-
NnoBMM eTanam OTPUMaHHS 306paXKeHHs:

8O ) =4, A . A-Af(x.). 2)

BaxnmBmMm € NOpsifoK po3TallyBaHHS onepaTopiB, OCKi-

NbKW HasBHICTb HENIHIMHOCTI He [03BOMSE rapaHTyBaTu
IXHIO KOMYTaTUBHICTb. 3aBOaHHS NONSArac B 3HAXOMKEHHI

3BOPOTHOrO NepeTBOpeHHa A '

f(xy) =A4"g(x, ). (3)
PisHomaHITTA mMopgenen copmyBaHHS 300pakeHb MoO-
XXHa noainuTn Ha OBi BENUKi rpynu: geTepMiHOBaHi Ta cTa-
TUCTNYHI (Bacunexko, TapamopuH, 1987). NeTtepmiHoBaHi
MoZeni NoB'si3aHi 3 pO3B'A3aHHSM iHTerpanbHUX PiBHsSHb Mi-
HIMHOT hinbTpauii. Y cTaTUCTUYHUX MOAENsX BBaXaeTbCs,
O 306paxeHHs1 € AesKMM CTaTUCTUYHUM OB'eKTOM i Ans
OMMCaHHA oro hopMyBaHHS 3aCTOCOBYIOTb METOAMN CTaTu-
CTUYHOI Teopii 3B'A3KY.
MeToto AaHoi po60TH € 3anpoBagKEHHS arnbTePHATUBHOI
MogZerni nobyaoBu nons pagiauiiHoro doHy (306pakeHHs),

3acHOBaHOI Ha MeTojax KnactepHoro aHanidy (Duranand
Odell, 1974; MaHdenb, 1988). KnactepHuin aHani3 € 6arato-
BUMIPHUM CTaTUCTUYHUM aHanisoM. Moro ronoeHe npusHa-
YEHHS — PO3OUTTA MHOXMHM OG'eKTiB, O AOCHIMKYHOThCA
(TOYoK crnocTepexeHb), Ha Of4HOpPIAHI rpynu abo knacrepu,
To6TO BUpILYETLCA 3aBAaHHS Knacudikauii AaHux i BuUsB-
NEHHs1 B HUX NEBHOI CTPYKTYpW. Y KNacTepHOMY aHarisi cxo-
XicTb abo pisHNLA Mk 06'ekTaMn BCTaHOBMIOETLCH 3aneXHO
BiJ METPUYHOI BigCTaHi Midk HUMM. FAKLLO KOXeH 00'ekT mae k
o3Hak ("KoopauHaTt"), To BiH MOXe po3rnsgaTucs sk ToYka Yy
k-BUMIPHOMY MPOCTOPI, i CXOXICTb 3 iHWKMMK 06'ekTamn Gyae
BM3HaA4YaTMCA SK BignoBigHa BiACTaHb MiXK HUMW.

ObGepemo koopanHaTaMm KOXHOT 3 TOHYOK CNOCTEePEXEHD

N, pBi koopanHaTth X, i Y, AKi BU3HAYaIOTb ii NOMNOXEHHS Ha

MIOLLMHI, | TPETIO KOOPAUHATY z;, — 3HA4EeHHs1 aMBIEHTHOrO ek-

BiBaneHTa NOTY>XHOCTi 403U HENEPEPBHOIO PEHTIEHIBCHKOrO Ta
raMma-BUNPOMIHIOBaHHS B LA TouL, TOB6TO Touka N, Mae Ko-

opavHatn: N,(x,,y,,z;). SkBiAcTaHb d,, Mix ABOMa TOHKaMM
N, i N, obepemo HainbinbLL NOLIMPeHy eBKIifoBY BiACTaHb:

dy = \/('xi =X )2 +(i- )2 +(z,-z, )2 - Bani Ana  3se-
[OEHHS1 YCiX KOOpAMHAT A0 €AMHOro macwitaby HeobXxigHo
3pobuTn Hopmanisadito (abo cTraHgapTusauiio) KoopavHar.
[na uboro BigHIMEMO Bif KOXHOi 3 KoopauHart ii cepeaHe
3HaYeHHs 3a BCiMa TOYMKaMW CMOCTEPEXEHb i NOAINMMOo pis-
HULIO Ha BignoBigHe cepegHe KBagpaTUYHE BIOAXWUMEHHS.
Knactep, wo 6yB oTpvMaHuin Npu 06'€4HaHHI CXOXMX TOHOK
crnocTepexeHb abo CXOXMX KnacTepiB, HasuBaTMMeMo garni
"pagiauinHum knactepom”.

Cnig 3a3HaunTy, WO iCHYE NeBHa KinbkicTe pobiT, npuc-
BSIYEHMX 3aCTOCYBaHHIO KIAcTEPHOro aHanisy aAns 3aBgaHb
eKornoriyHoro MoHiTopunry poskinns  (Moniwyk, 2005;
Saksena, 2003; Atushi, 2014). Ane iXHbOIO METO FOnoB-
HUM YMHOM € BM3HAYEHHS, BUAiINEHHS i NIoKani3aLlisi OCHOB-
HMX OxXepen 3abpygHeHb, @ TakoX ONTMMI3aLis KinbKOCTi
MYHKTIB €KOMNOTYHMNX CMOCTEPEXEHD.

06'ekTn Ta MeTOAM focniaxeHb. MaTepianamu gocni-
[KeHb Bynu BUKOpWUCTaHi pe3ynbTaTv BMMIpHOBaHb PiBHS
amObIiEHTHOrO eKBiBaneHTa MOTY>XHOCTI 03U HENepepBHOro

© NeTmaHeub O., Hekoc A., NMenixatnn M., 2019
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PEHTIEHIBCbKOrO Ta raMma-BUMNPOMIHIOBaHHA Ha YacTUHI Te-
puTopii HemuwnsiHcbKoro panoHy M. XapkoBa, Lo 6ynu
nposefeHi y TpasHi—4epsHi 2017 p. BumiptoBaHHsA npoBoan-
nnca 3a gonomoroto gosmmetpa MKC-05 "TEPPA-0" 3 ab-
comnTHO noxubkoo  npunagy 0,01 mk3B/rog, sakun
3aCTOCOBYETbCA AN A03UMETPUYHOIO i pagioMeTpUYHOro
KOHTPOIIO Ha NMPOMUCIOBUX NIANPUEMCTBAX; A1 €KONOoriy-
HUX OOCNIMXEHb; ANS KOHTPONIO padiauiiHOi YNCTOTU XUT-
noBux nNpuMileHb, ByaiBens i cnopya i npunernnx Ao Hux
TepuTopin. Kapta TepuTopii, Ha skii npoBoAWNMUCS OocCHi-
PKEHHS, HaBegeHa Ha puc. 1. Ha uin kapTi nokaszaHo po3aTa-
LUIYBaHHS YCiX 19 KOHTPONBHUX TOYOK CrocTepexeHsb. Bignik
KOOpAMHAT 3A4IACHIOBABCS BiOQHOCHO KOHTPOJSIBHOI TOYKM

®16

Ne 1: koopguHatn 1(0;0). O6pobka pesynbTaTtiB BUMIpPHO-
BaHb MPOBOAMMACcSA METOA4aMM KIacTepHOro aHanisy 3a go-
nomoroto nporpamu "Statistics-10" (SPSSinc., US).

Pe3ynbTatn gocnipkeHb. Ak npuknag y Tabn. 1 Hase-
AeHo pesynbTaTu BUMIpIOBaHb aMBIEHTHOro eksiBaneHTa
MOTY>XHOCTi J03M HEMEPEPBHOIO PEHTIEHIBCLKOrO Ta raMma-
BMMPOMIHIOBAHHSI B YCiX KOHTPOSbHWUX TOYKaX, HaBedeHMX
Ha puc. 1, ctaHom Ha 31 TpaBHA 2017 p. Y uin Tabnuui Ha-
BEeAEHO SK abCONIOTHI 3HAaYEHHs pe3ynbTaTiB BUMIPIOBaHBb i
reoMeTpPUYHi KOOPAMHATU KOXHOI KOHTPOJIBbHOI TOYKM, TaK i
CTaHgapTM3oBaHi (3BedeHi A0 eguHoro Macwrtaby) 3Ha-
YeHHs1 yCix TpboX "koopanHaTt".

r 000

17 e19

e

11

= sre—r—

L 0
.I ° (1

o5
o7

9

50 100m

Puc. 1. KapTa-cxema po3TalwyBaHHA TOYOK CNOCTepeXeHb Ha KOHTPOJIbOBaHIN TepuTopii

Ta6bnuys 1

Pe3ynbTaTy BUMiploBaHb aMBGi€HTHOro eKBiBaneHTa NOTY>KHOCTi 4031 HeNnepepBHOro PEHTreHiBCbKOro

Ta raMMa-BUNpPoOMiHIOBaHHsA cTaHOM Ha 31 TpaBHsa 2017 poky
Ne MoTyxXHicTb KoopauHaTtu CTaHAapTU3OoBaHi KOOpAUHATU
Toukn | nmo3w d, Mk3B/roa X, M A d y X

1 0,19 0 0 0,426 -0,097 0,064
2 0,16 493 21 -0,630 0,691 0,131
3 0,13 629 93 -1,687 0,908 0,363
4 0,14 921 36 -1,334 1,374 0,180
5 0,18 829 -164 0,074 1,227 -0,464
6 0,15 593 —471 -0,982 0,850 —1,451
7 0,15 400 -193 -0,982 0,542 -0,557
8 0,18 314 —464 0,074 0,404 -1,429
9 0,19 -14 —436 0,426 -0,120 -1,339
10 0,19 -400 -393 0,426 -0,736 -1,201
11 0,22 —786 -350 1,483 -1,353 —1,062
12 0,16 —-1000 -150 -0,630 -1,695 -0,419
13 0,20 -929 100 0,778 -1,582 0,385
14 0,15 —-643 136 —-0,982 -1,125 0,501
15 0,21 -550 379 1,131 -0,976 1,283
16 0,23 -186 464 1,835 -0,394 1,557
17 0,21 264 300 1,131 0,325 1,029
18 0,18 357 436 0,074 0,473 1,467
19 0,16 864 279 —-0,630 1,283 0,961

Oani 6yna 6e3nocepeHbO 3acTOCOBaHa knacrepusadis
OoTpuMaHux gaHux. Cnig 3a3HaunTy, Wo icHye 6arato cxem
knactepu3aadii. Mu obpanu Ansa NOpiBHAHHA Tpu HaWbiNbLL
nowwupeHi 3 Hux: 1) "meTtog Hawmganbworo cyciga"
(Completelinkage) — B anropuTmi Sikoro BigcTaHb Mixx ABOMa
KrnactepamMmu BUM3HA4Ya€eTbCA K MakcumarbHa BiACTaHb MiX
yciMa MOXNNBMMM Napamu enemMeHTIB i3 LUMX KnacTepis; npu
peanisauii uboro meToay, K Npasunno, opMyTLCS BigHO-
CHO KOMMAKTHI KnacTepw, siki ckrnagatTbes 3 00'exTiB 3 Be-
NNKOIO  CXOXICTI; 2) "MeToa 3BaXeHOro nonapHoro

cepegHboro" (Weightedpair-groupaverages) — y ubomy me-
TOAi BiACTaHb MiXK OBOMa Pi3HMMM knactepamu oG4umcrto-
€TbCH 9K CepefHs BiACTaHb MK yciMa napamu 06'exTiB 3
HWX, MPW LUbOMY KiNbKiCTb 06'EKTIB B KnacTepax BUKOPUCTO-
BYETbCS SIK BaroBuin KoeqillieHT; 4aHMi MeTo[ 3acTOCOBY-
10Tb, KONK NepenbavatoTbCa HepiBHI Po3Mipu knacTepis; 3)
"meTtog Bappa" (Ward'smethod) — sik WinboBy cyHKLUilo Bu-
KOPUCTOBYIOTb BHYTPILLHbOKIACTEPHY CyMy KBaapaTiB Bia-
XUNeHb BiACTAHENM MK KOXHOK TOYKOKW Kractepa i
CepeiHbOoI 3a KIacTepoM; Ha KOXKHOMY KpoLi 06'eqHyt0TbCst
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Taki ABa KnacTepwu, ki NpM3BoASATb A0 MiHiMansHoro 36inb-
LLUEHHS LinboBoi dyHKLii, TOGTO BHYTPILLHLOI FPYNoOBOi CyMu
KBagparTiB; Len MeTon HanpaereHun Ha 06'eaHaHHA Gnu-
3bKO PO3TaLLIOBAHMWX KIlacTepiB.

[na Hao4HOCTI NOPIBHSAHHA pPe3ynbTaTu 3aCTOCYBAHHS
KOXXKHOT cxeMu knactepusadii woao gaHux 1abn. 1 Ha puc.
2—4 HaBepeHo BignosigHi "AeHaporpamu”. TyT Ha BepTUKa-
NbHIA OCi BKa3aHO HOMepW BIiOMOBIOAHMX TOYOK cCrocTepe-
XeHb, a Ha rOpU3OHTarbHIN "Linkage Distance"
"BigCTaHb 3B'A3Ky". UMM BOHa MeHLIa, TUM CUMbHiIlLe 3B's-
3aHi knactepu. BeaxaeTbcs, AKLWO "BiCTaHb 3B'A3KY" nepe-
BuWwye 3-4 BiOHOCHI oauHWLI, TO MNpouec krnactepwmsalii
3aBepuiyeTbes (Duran, Odell, 1974; MaHdenb, 1988).

MopiBHIOIOYM MiX coboto Ui "AeHaporpammn”, MOXHa 3po-
OUTU BUCHOBOK, LLIO BOHM SIKICHO 30iraroTbesl, TOGTO BKa3yloTb
Ha YTBOPEHHS KracTepiB 3 O4HAKOBUX €NEeMEHTIB (TOYOK).

LWono 3d reomeTpii pagiauinHuii knactep sBnse coboto
"Kynto", WO BUCUTb HaA KOHTPOMbOBAHOO MIOLWUHOM (X, ¥).
Pagiyc kyni (pagiyc knactepa) — ue BiACTaHb Big HanaanbLUoi

TOYKW KracTepa [0 Woro LeHTpa, KU € cepeaHiM reomeT-
PVYYHMM MicLieM TOYOK KracTepa.

[ns noBynosu kapTu pagiauiiHoro hoHy Ha MiCLeBOCTI
Crif, CNpoeKTyBaTW Ui Kyni Ha MAoWwwmHy (X, y), y3aBLUK 3a
3HaYeHHs NOTYXXHOCTi 403W BUMPOMIHIOBAHHS — CepefHe re-
OMETpUYHe 3a KracTepom.

Mopsaok NPOeKTyBaHHS TakWiA: Ha NepLLOMY (NepeaHLoMY)
nnaHi po3TalloBaHa MPOeKLis Knactepa 3 HaMeHLUOK BiAc-
TaHHIo 3B'A3KY, Ha OPYroMy — MPOEKLisi 3 HAaCTyrNHoo 3a 3Ha-
YEHHsM BIOCTaHHIO | Tak Adani, JOKUM Ha 3adHbOMY NMaHi He
3'ABUTBLCHA CepeaHe 3a BCiMa TO4KaMu CNIOCTEPEXEHb 3HAYEHHS
MOTYXHOCTi A03un. [Mpn LbOMYy MOXHa ckopuctatucs Tabnu-
LUsMM BigcTaHen 3B'A3Ky, siki mporpama "Statistics-10" Buoae
[Ons KOXHOI cxemMu knactepm3adii. He Boatounce y getani 06-
YncneHb, HaBedeMO Ha puC. 5—7 pesynbTaTi MPOEKTYBaHHS
pagiauiiHnx KnacTepiB Ha MOLWUHY KOHTPOMNbOBAaHOI TepUTOo-
pii (puc. 1) ans pisHNxX cxem knactepusadii. Ha umx kaptax ans
NpuB'A3KM OO KapTu MicLEeBOCTi (puc. 1) Sk penepHi HaBegeHo
BCi KOHTPOIbHi TOYKM BUMIPIOBaHb.

Tree Diagram for 18 Cases
Complete Linkage
Euclidean distances
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Puc. 5. Kapta papiauiiHoro ¢poHy ctaHom Ha 31.05.17, no6ynoBaHa 3a MeToAOM Halaanbluoro cycina:
6inun konip — 0,14 mk3B/roa, YopHuii — 0,22 mk3e/rog yepes 0,01 mk3B/rog 3a TOHOM

Puc. 6. KapTta papgiauiiiHoro ¢poHy ctaHom Ha 31.05.17, nobynoBaHa 3a METOA0M 3BaXXeHOro NONapHOro cepeAHbLoro.
YMOBHI No3Ha4yeHHs AuB. puc. 5

Puc. 7. Kapta papiauiiHoro ¢oHy ctaHom Ha 31.05.17, no6yaoBaHa 3a meTtofaom Bappa.
YMOBHI NO3Ha4YeHHsA AuB. puc. 5

MopiBHIOKYM Mixk coboto puc. 5-7, MoxHa 6aunTu, Wo
nepenbadeHHs ycix TpbOX MeTodiB KnacTepusauiii Lwoao
no6yaoBum nons pagiauiitHoro oHy Ha BiHOCHO HEBEMUKIN
TepuTopIi AKICHO i KiNbKiCHO MpakTU4HO 36iraoTbes (0CO6-
NMBO 3a METOAOM JarnbHbOro cyciga i metogom Bappga). Lie
nigTBEPAXYE [OOCTOBIPHICTb 3aCTOCYBaHHSA KNacTepHOro
aHanisy ans saBgaHb pagiauiiHOro MOHITOPUHTY MiCLLEBOCTI
" nobynoBu kapT pagiauiiHoro 3abpyaHeHHs.

BucHoBkuU. Takum YnHOM, Y AaHin poboTi foBeaeHa Mo-
XINUMBICTb 3aCTOCYBaHHS KracTepHOro aHanisy ans noby-
AOBW MONSA NOTYXXHOCTi 403M BUNPOMIHIOBaHHS, TO6TO nons
pagiauiiHoro 3abpyaHeHHst TepuTopii. Ynepwe cdopmy-
NbOBAHO NOHATTA "pajiauiiHoro knactepa”. 3a CBOiM 3Mic-
TOM MOCnigOBHE MPOEKTYBaHHSA pafiauiiHnX KnacTtepiB Ha
NMOLLMHY KOHTPOSbOBaHOI TepUTOPIi B NEBHOMY CEHCi aHa-
NOriYHO [0 npolenypy onepaTopHOro BiQHOBMNEHHsT 306pa-
XeHHsa (cdopmyna 2). Hapani cTaHOBUTbL NEeBHWUW iHTepec
OOCNIAXEHHS NUTaHb LWOAO iHTerpauii knactepHoro aHanisy
3 reciHchopmaLiiHUMK cuctemamu.
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V. Karazin Kharkiv National University

CLUSTER ANALYSIS AND RADIATION MONITORING OF ENVIRONMENT

Building a background radiation field on the ground on the basis of measurement data taken at a finite number of points is one of the most
important tasks of radiation monitoring. The aim of the work: to study the possibility of applying cluster analysis for the tasks of radiation monitoring
of the environment. Cluster analysis is a multidimensional statistical analysis. Its main purpose is to split the set of objects under study (observation
points) into homogeneous groups or clusters, that is, the task of classifying data and identifying the corresponding structure in them is solved.
Methods of research: the measurements of the power of the ambient dose of continuous X-ray and gamma radiation on the terrain by using the MKS-
05 dosimeter "TERRA-0"; processing of the obtained data by cluster analysis methods using the computer program "Statistics-10", wherein each
cluster point is characterized by three coordinates: two coordinates on the ground and the power of the ambient dose of radiation at a given point;
Euclidean distance was chosen as the distance between two points. Results: after processing data using various clustering methods: the method of
Complete Linkage, the method of Weighted pair-group average and the Ward's method, it was found that the results of the analysis practically coincide
with each other, that proves the reliability of the application of cluster analysis for the tasks of radiation monitoring of the environment and mapping
of radiation pollution. Conclusions: the concept of a "radiation cluster" was first formulated in this work, combining coordinates on a plane with an
ambient dose rate;the possibility of using cluster analysis to construct a map of radiation pollution of the environment has been proved by sequential
projectionfrom more connected to less connected radiation clusters onto the plane of the controlled zone. In this sense, cluster analysis is similar to
the operator approach to the construction of the radiation field. For further research, it is of some interest to study the issues of integration of cluster
analysis with geographic information systems.

Keywords: radiation monitoring, X-ray and gamma radiation, cluster analysis.
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XapbKOBCKUI HaLMOHanNbLHbIN yHMBepcuteT um. B. Kapasuha,
Mn. CBoGoasl, 6, r. Xapbkos, 61022, YkpauHa

KNACTEPHbIA AHANU3 U PAOWALMOHHBIA MOHUTOPUHIT OKPYXAIOLUEW CPE[bI

IMocmpoeHue nonsi paduayuoHHO20 (hoHa Ha MECMHOCMU Ha OCHO8aHUU OaHHbIX U3MePEHULl, MPo8edeHHbIX 8 KOHEYHOM YUCI/Ie MOYeK — 00Ha
u3 eaxxHelwux 3aday paduayuoHHO20 MOHUMOPUH2a. e pabombi: uccriedoeaHue 803MOXHOCMU MPUMEHEHUsI KIlacmepHO20 aHanu3a ons 3aday
paduayUuoHHO20 MOHUMOPUH2a oKpyxaroweli cpedbl. KnacmepHblili aHanu3 s8151emcsi MHO20MEPHbIM CMamucmu4eckum aHanu3om. E2o anasHoe
Ha3Ha4yeHue — pa3bueHue MHOXecmea uccriedyeMbix 06bekmoe (moyvek HabnrodeHull) Ha 0OHOPOOHbIE 2pPyibI UU Kilacmepbl, Mo ecmb pewaemcst
3adavya knaccugpukayuu 0aHHbIX U 8bisie/IeHUs1 8 HUX coomeemcmeytouweli cmpykmypbl. MemoObi uccnedogaHuli: u3mepeHue MOWHoOcCMuU aMbueHr-
mHoli 3o3bI HenpepbIBHO20 PEHM2eHOB8CKO20 U 2aMMa-u3Jly4yeHuUsl Ha MeCMHOCMU ¢ noMowbo do3umempa MKC-05 "TEPPA-0", o6pa6omka nosy-
4eHHbIX OaHHbIX MemodaMu KjlacCmepHO20 aHajnu3a C fMpuMeHeHuUeM KoMnbiomepHol npozspaMmbl "Statistics-10", npu amom kax0dasi mo4ka
K/lacmepa xapakmepu3oeasiacb mpemsi KoopOuHamamu: 08yMsi KOOpAuUHamaMu Ha MECIMHOCMU U MOWHOCMbIO aMb6ueHmMHoU A03bl U3JTy4eHUs1 8
OJaHHOU moYkKe; 8 Kayecmee paccmosiHusi Mexdy dsymsi moykamu 6b110 8bI6paHo eaknudoeo paccmosiHue. Pe3ynbmamsi: nocsie o6pabomku daH-
HbIX C MPUMEHEHUEM pa3flu4dHbIX crnocoboe Knacmepusayuu: Memoda 6nuxHezo coceda, Memoda 838eUWEHHO20 M0nNapHo20 cpedHez20 u Memoda
Bapda 6bi110 ycmaHoenieHo, Ymo pe3ysibmambl aHanu3a KayecmeeHHO fnpakmuyecku coenadatom mexdy coboll, ymo Aokasbieaem Adocmoeep-
HOCMb NPUMEHEHUsI K/TacmepHOo20 aHanu3a 015 3ada4y paduayUuoHHO20 MOHUMOPUH2a MECMHOCMU U MOCMPOEHUS Kapm paduayUuoHHO20 3a2psi3-
HeHusl. BbieoObI: @ pabome enepebie cghopMynnupoeaHo noHssmue "paduayuoHHO20 Kiacmepa”, o06beduHsirou,e20 KOOpPOUHaMbl Ha NJI0OCKOCMU C
MoujHocmbIo am6ueHmHol do3bl; doKa3aHa 803MOXHOCMb MPUMEHEHUS KTacmepHO20 aHanu3a 0J1s1 MoCMPOoeHUs1 Kapmbl paduayUoHHbIX 3a2psi3-
HeHuli okpyxxarouwseli cpedbl mymem nocsedoeamesibHO20 MPOeKMuUpoeaHusi om 6osiee cesizaHHbIX 0 MeHee cesi3aHHbIX paduayUuoHHbIX Kilacmepoe
Ha MI0CKOCMb KOHMPOJIUPO8aHHOU 30HbI. B 3moM cMbicnie KnacmepHbil aHanu3 aHano2u4yeH ornepamopHoMy nodxody K MOCMPOEHUro Mons pa-
Ouayuu. [nsa danbHeliwux uccredosaHuli npedcmassisiem onpedesieHHbIlU UHMepec u3ly4eHue 80NpPoCoe UHMez2payuu KlacmepHo20 aHanu3a ¢
2e0UHOPMayUOHHLIMU cUCMeMamu.

Knrodeenbie cnosa: paduayuoHHbIli MOHUMOPUH2, PEHM2EHOBCKOE U 2aMMa-u3Jly4eHue, KnacmepHbll aHau3.
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'"HauioHanbHumn 6oTaHiuHuii cag iMm. M.M. Mpuwka HAH YkpaiHu
Byn. TumipsiseBcbka, 1, M. KuiB, 01014, YkpaiHa
ZKniBCbKMiA HaUioOHaNbHWUI yHiBepcuTeT iMeHi Tapaca LleB4yeHka
HHI "lHcTuTyT reonorii”, Byn. BacunbkiBcbka, 90, m. Kuis, 03022, YkpaiHa
SYHiBepcuTeT XXupoHu, BigaineHHs iHopMaTrKu, NpUKnagHoi MaTemMaTUKM i CTaTUCTUKN
Kamnyc MoHTeniBi E-17071a, m. XKupoHa, IcnaHis

FEOCTATUCTUYHUM AHANI3 ATMOrEOXIMIMHOIO nons
B MPU3EMHOMY WAPI ATMOC®EPM MNIBHIYHOI YKPAIHU
(3A AAHUMMU BPIOFEOXIMIYHOI IHOUKALLIT)

(PexomeHAo8aHO YrieHOM pedakyiliHoi konezii 0-pom 2eos. Hayk O.l. MeHbwosum)

BpiozeoximiyHa iHOukayisi 3a6pydHeHHs1 ammocghepu yeHmpanbHol Yacmunu lligHi4Hoi YkpaiHu 3dilicHroembcsi Ha OCHO8i 8UKO-
pucmaHHsi Moxy eudy P.schreberi. Cucmema gid6opy npo6 moxy nepedbavana emnipuyHy npue’'sa3ky 0o KOHKpemHoi ¢izuko-2eoe-
paghiyHOi 30HU, ypaxyeaHHS eiddasieHocmi 8i0 Oxepena ammocgepHo20 3abpyOHeHHs], wjo do3eosiusio po3pobumu zpadayito
MPUPOOHUX i MeXHO2EeHHUX yMO8 HaKOMUYeHHs1 XiMiYHUX efleMeHmie y 3pa3kax Mmoxy. [JaHi ujodo emicmy xiMi4HUX efleMeHmie y Moxy-
iHOukamopi aHanisyeanucsi 3a donomoz0t0 Memodie hakmopHO20 aHai3y, KapmoepagyeaHHsI MPOCINOPO8UX KOpPesIAYili 3HaYyuux
ghakmopie, yeHmpoeaHUx MpPUKymHux diazpam i komno3suyitiHozo 6inmomy, wo dano 3mo2y chopmyeamu eduHull 2ineprnpocmip
2eoxiMiyHUX ghakmopie i npuYuH 3 HacmynHoto lio2o iHmepnpemaujieto. [poeidHuM ghakmopom 6piozeoximidHol iHOUKayii € 3abpyo-
HeHHs1 noeimpsi KPYnMHoOOUCNepPCHUM MUJIOM MPUPOOHO20 MePU2eHHO20 i MexXHO2eHHO20 MOX00XeHHsI; 0elWj0 MEeHWUM 3a 8rylueoM
sucmynae ¢hakmop OpibHoOucrnepcHUX MexHO2eHHO-KOHOeHcayiliHux aepo3osiie; mpemil ¢hakmop ideHmugpikyembcsi 3a noeediH-
KOO mumaHy i eaHadito sik eniue mernsioeHepzemuyvHux (TEC, komenbHi) ammocgepHux sukudie; yemeepmul — YUHHUK 6io2eHe3y,
wjo susiesIseMbCSI aKMUBHO POJIITHO MiKpoesieMeHmie — cipku i gpocghopy; n'amutli — 6io2eHHUl YUHHUK MiKpoesieMeHmie — 6op, Midb
i kobanbm. LLlocmuti gpakmop cnabkutli ma, iMogipHo, 3a NoeediHKO Map2aHuro i XxpoM, noe'szaHuli 3 Eh—-pH napamempamu ammoc-
¢hepHux onadie i 2iopomemeopis.

PezioHanbHuli 2eocmamucmuyHul aHani3 6piozeoxiMiyHux aHUX ceidyums, W0 YUHHUK mMepu2eHHo20 nusioniolioMy 8 Mexax 0o-
cnidxeHoi mepumopii eusiesisie Npocmopoesy cmpokamicme yHacsidok eiOMiHHOCMI @ 2paHysIoMempuUYHOMY CKradi YemeepmuHHUX
eidknadie, cmyneHi 3a0epHoeaHocmi i po3opaHocmi rpyHmie, pi3HUUsIMU 8 npu3eMHuX weudkocmsix eimpie. lfpocmopoey HeoGHopIo-
Hicmb Mae ¢hakmop mexHoz2eHe3y, Mpo W0 ceid4umsb po3nopoueHicms mo4ok knacmepie Fe-S-Pb ma V-Cd-Pb Ha diazpamax 6innomy.
Hamomicmb makulii 2eoximidyHUl YUHHUK, siK "6i02eHe3" nposiesisic He8UCOKY npocmopoey eapiabesibHicMb.

BpiozeoximiyHa iHOUKayisi € xopowum MemodoM OUiHKU i MOHIMOPUH2y amMocghepHO20 3abpyOHEHHsT 8e/TUKUX | Pi3HOMaHIMHuUX 3a
npupodHUMU i MeXHO2eHHUMU yMOo8amMu mepumopiti, a 3arnpornoHoeaHull 2eocmamucmuYyHUll KOMIJIeKC kapmozpaghyeaHHs1 ammozeo-
XiMiYHO20 r1oJ151 MoKa3ae ceoro egheKmueHicmb y po30ineHHi mepumopiti 3a murnom 3abpyOHeHHs.

Knroyoei crnoea: 6piozeoximiyHa iHOukauisi, 6insom, kapmozpaghyeaHHsi ¢hakmopie, 2eocmamucmuyHull aHasi3, ammozeoximMmiyHe

nosne, nieHiYyHa YKpaiHa.

BcTyn. BpioreoximiuyHa iHankauis — meTon OLiHKM BMICTY
B aTMOCepHOMY MOBITPi XiMiYHUX eneMeHTiB Ha OCHOBI BU-
MiplOBaHHS IXHbOI KOHLUEHTpaLii B MOXOBOMY MoKpuBi. Bea-
KAETbCA, IO Aesiki 3 BULLUMX MOXIB MOrMMHaTb XiMidHi
enemeHTi Linkom abo nepeBaxHo 3 NOBITPs, onagis, rigpo-
METEOPIB i TOMY MOXYTb CNY>XUTW XOPOLUMMU iHANKaTOpamMm
aTMOreoximMmi4yHMX ocobnMBOCTEN TUX YW IHLLUUX TEPUTOPIN.
Ona €sponn po3pobneHo nporpamy GioreoxiMiyHOro MoHi-
TopuHry (Harmens et al., 2015), perynspHo, 4Yepe3 KOXxHi 5
poKiB, BUAATLCA aTrnacu 3abpyaHeHHs aTMocepHOro no-
BITPSA 32 aHMMM BMICTY XiMiYHMX €neMeHTIB y Moxax (ocki-
NbKA  CTaH  TEXHOreHHOro  3abpygHEeHHs 3  4Yacom
3MIHIOETbCA). Y paMkax 3a3HayeHoi €BPOnencbKoi npo-
rpamm BMKOHaHa us poborTa.

3aranom ansa As, V, Cd, Cr, Zn, Ni, Fe, Pb B ocTaHHi ge-
CATUPIYYSA BiA3HAYAETLCA 3HKEHHS KOHLEHTpaUin, Big 21 oo
77 %, ane 3i 30epeXeHHAM HaNBULLIMX MefiaHHUX KOHLIEHT-
pauivi B niBaeHHo-cxigHi €sponi (Anici¢ M. et al., 2018), 30k-
pema B YkpaiHi no Al, Fe, V, Cr (Harmens et al., 2015; Lazo
P. et al., 2018).

Matepianu i metoau pocnimkeHHA. Moxu-iHOuka-
mopu. 3rigHo i3 3aranbHOEBPONENCLKUMI PEKOMEHAALIAMU
(Heavy Metals, 2015) Ha KOHTUHEHTI peKOMEHA0BAHO BUKO-
pUCTOBYBaTM Ha3eMHi MOXW Takux Bugie: Pleurozium
schreberi (Brid.) Mitt.; Hylocomium splendens (Hedw.)
B.S.G. ta Hypnum cupressiforme Hedw.; Brachythecium
oedipodium (Mitt.) A. Jaeger; Abietinella abietina (Hedw.)
Fleisch. Ta geski iH. Ane, Ak nokasanu HaLli AOCRIMKEHHS, Yy
disuko-reorpadiyHNX yMoBax pPiBHUHHOT YacTUHM YKpaiHu B

MeXax 30HM MillaHWX FiCiB i NiBHIYHOrO nicocTeny npakTu-
YHO NpUAATHUMW ANst BUKOPUCTaHHS y BpioreoximiyHux go-
cnigXXeHHsX 3abpyaHeHHst atmocdepun € moxu P.schreberi
Ta B.oedipodium — sk Taki, o MalTb HanbinbLe po3nos-
CIO[IXKEHHS B Pi3HMX eAadpivyHNX | TEXHOTEHHUX YMOBaX. YTiMm,
npu BUKOPUCTaHHI ABOX BUAiB MOXiB BUHMKaE Ceprio3Ha me-
ToamyHa npobnema. Mox P.schreberi 3ycTpidaetbcsa 30e6i-
NbLUIOrO B LUNUIBbKOBKX (COCHA, siNMHA) dhiToueHo3ax, a B.
oedipodium — y 3MillaHUX i NMNCTAHUX. TOMY Ha PiIBHUHHUX
Teputopisax P.schreberi kpalle nigxoguTb Ang iHAWKauii B
yMOBax 30HU MilLlaHuX nicis, a B.oedipodium — B ymoBax ni-
cocteny, ge P.schreberi TpannseTbcs pigwe. B igeani cnig
6yno 6 BukopucToByBaTU 0OMABa BUAW, ane BOHW MakTb
pi3Hi HakonuuyBarnbHi BMacTUBOCTI | TOMY 5K iHOUKaTOpK em-
nipu4HO He 3iCTaBnATLCSA, TOOTO HE MOXHA 3a reoximiy-
HUMW MapameTpamMu MOPIBHIOBATU MNyHKTM npobosinbopy
nneBposiymy 3 Takummu Opaxiteuiymy. [ns Takoro nopis-
HSAHHSA cnig 3pobuTu iHTepkanibpauito BMICTy XiMiYHUX ene-
MEHTIB y UMX ABOX BuAax, ane s poboTa e He BMKOHaHa,
i TOMY B faHii cTaTTi MM 0BMEXUMOCS BUKOPUCTaHHAM Aa-
HUX §nuWe WoAo BMICTY XiMIYHMX ereMeHTiB Yy MOoXy
P.schreberi. loro posnoBsciomxeHHs ayxe nobpe Ha Monicei
1 ripwe B NiBHIYHOMY nicocTeny, Ae BiH 3yCTpiYaeTbes 34e-
6inbLIoro B TepacoBunx 6opax i WTYYHMX LWNMBLKOBMX Haca-
DPKEHHSIX, 30KpeMa B COCHOBMX MeiopaTUBHNX Nocajkax no
bankax.

Mepexa npoboesidbopy i 6idbip npob. 3pasku Moxy
Pleurozium schreberi BinGupanucs 3 noBepxHi 3emni, onagy
Ta Bignagy B Mexax nonicbkoi Ta nicoctenoBoi YacTuH XKu-

© TwToHHUKK 0., Wa6aTtypa O., Bniom O., ayHic-i-EcTtapen's Ox., 2019
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TOoMUpCLKOT 1 KniBcbKkoi obnacTen, a Takox niBHiYHO-3axia-
HOI YacTuHK YepHiriscbkoi obnacTi. Teputopis 3oHu Big4vy-
*eHHa YAEC 3 TexHiyHux npuuuH Byna BuKYeHa 3
Mepexi npobosigbopy. PosTalyBaHHA NyHKTIB Bigbopy
npob, a Takox TexHomnoris camoro npobosigbopy npoBoau-
nncsa 3rigHo 3 pekoMeHaauismu, nogaHumu B Heavy Metals
(2015), ane 3 0EAKNMU YTOUHEHHAMMW N YO,OCKOHAMNEHHSIMU 3
nornsigy Ha ymoBu AocnigpKyBaHoi Teputopii. 3okpema: 1)
060B'AA3KOBO BpaxoByBanacsi emnipMyHa npuB'sidka TOYKU
npo6osiadopy A0 30HM MiaHmx nicis ("Monicecsa") un go nie-
HiyHoro nicocteny ("nicocten"); 2) chikcyBanacsa 6nmM3bKiCTb-
BigAaneHicTb NyHKTY npobosiabopy Ao Oyab-akux gxepen
nokanbHOro (moYacTu perioHanbHoro) 3abpyaHeHHs aTMoC-
depu ("TexHoreH", "HaniBcpon", "doH"). Mpu BpaxyBaHHi 30-
HanbHMX ocobnuBoCcTeM He 3aBxau npocto  6yno
0[HO3HAYHO BiHECTU TOYKY BiabGopy Npobu o nicocteny ym

Monicca B ymoBax eKOTOHHOMO XapakTepy Mexi Mk HUMK Ta
B Aedkux crneundiyHux pismko-reorpadiyHmx ymoBax
(Hanp., Ha OBpyubkoMy kpsixi). Mpu BpaxyBaHHI 6nn3bKoCTi-
Big4aneHocTi 4o Axepena (mxepen) atMocepHoro 3abpy-
AHEHHS1 JOCMTb YacTo AOBOAMIOCSA BPaxoByBaTH MOSbOBUN
eMnipuYyHMN OOoCBIg Ta iHTYILi0, aHbK JOTpMMYyBaTUCh NEB-
HKMX dhopmManbHUX Kputepiie. Tovkn npobosinbopy rpynysa-
nucs Tak: a) y 6e3nocepegHin 6nu3bkocTi OO 30H
TexHoreHe3dy abo B camux ixHix mexax ("TexHoreH"), 6) B
yMOBax HEe3HayHOro Ta MOMIPHOro mnokamnbHOro 3abpya-
HeHHs ("HaniBdpoH"), B) B ymoBax BigcyTHOCTI abo Bigaane-
HOCTI [kepen nokanbHoro 3abpyaHeHHs ("doH"). KinbkicTb
nyHKTiB Bigbopy npo6 no rpynax "Monicca” i "nicocten”, a
TakoX Mo yrpynyBaHHAX "dgoH", "HaniBgoH", "TexHoreH"
npeacrtasneHa B Tabn. 1.

Ta6bnuys 1

YcepenHeHu BMIicT (MKr/r noBiTPAHO-CyX0i Macu) XiMiYHMX eneMeHTIB y 3pa3kax Moxy Pleurozium schreberi (Brid.) Mitt.,
BigibpaHMx y pisHMX NnpUpoaHUX i TexHOreHHux ymoBax y XXutomupcbkin, KniBcbkin Ta YepHiriBcbkin obnactax y 2015-2017 pp.

Mpynu | BmicT ximiyHUX enemeHTiB
Touok | K [ Ca [Mg ] S T A [Fe[Mn[Na[ P [Zn[Ba]Sr[ Ti| B [Cu[Pb[N JCr[V][Se]Cd]Co] Sh
ycsi AocnifKeHa Teputopis

yci

Toukn | 6712 | 3532 | 1298 | 1288 | 793 | 611 | 601 | 479 | 421 [ 34,3 | 24,0 | 19,2 | 18,7 | 15,8 | 13,3 |52 |4,1|2,7|1,9|0,61 | 0,47 | 0,44 (0,18
76

3a NpUPOAHMMU yMOBaMU (hOPMyBaHHS aTMOCEPHOro 3abpyAHEHHS

Mo-

nlscgca 6534 | 3446 | 1262 | 1275 | 676 | 586 | 602 | 484 | 400 | 355|229 (154 | 16,7 | 13,1126 |56 (4,027 |1,6|0,68|0,49|0,42 0,19
TOYOK

nico-

C:‘;” 7327 | 3829 | 1422 | 1331 | 1199 | 699 | 596 | 462 | 494 | 30,2 | 27,6 | 32,56 | 25,7 | 25,2 | 156 |4,0|45(3,0(2,8|0,36 |0,40|0,49|0,17
TOYOK

32 TEXHOreHHUMMW YMOBaMM PopMyBaHHs aTMocdepHOro 3abpyaHeHHs

coH

33 | 6558|3443 | 1251 | 1257 | 757 | 546 | 618 | 484 | 412 (319|218 |175|16,7| 14,9124 |50 |4,0(26|1,7|0,54 0,46 | 0,42 (0,17
TOYKM

Hanis-

Cg%” 6937 | 3702 | 1390 | 1334 | 855 | 678 | 531 | 507 | 486 | 34,4 | 26,2 | 21,2 | 21,4 | 170|143 |52 |4,1|28|2,1|0,67|0,48|0,45|0,19
TOYOK

TEXHO-

'-18: 6607 | 3389 | 1218 | 1263 | 748 | 627 | 703 | 409 | 307 [ 39,6 | 24,5 193|179 | 154|134 |59 (43|3,0(1,8|0,66|0,48|0,45 0,19
TOYOK

JlabopamopHo-aHanimu4yHi pobomu. Npobu Moxy BUCY-
LyBanucsa Ao BITPAHO-CYXOi Barn, ovmLLanucs Big CMIiTTS i
Jomiwok. [nga aHanisy BMKOPUCTOBYBANUCS 3er1EHi MifoYKu,
npnbnnsHo BepxHsa 1/3 yacTuHa naroHa. biomaTepian nig-
[aBaBCs MOKPOMY O3051EHHI0 B a30THIiW kucnoTi ("OCY") y
MikpoxBunboBin nevi MWS-2 (Berghof, Himeuunna). Otpu-
MaHWU PO34MH aHarnisyBaBCcsl METO4OM M1a3MOBO-EMICINHOI
cnekTpomeTpii Ha cnekTpomeTpi ICAP 6300 DUO (Thermo-
Fisher Co., CLUA). BusHavanuca taki ximivHi enemenTtu: K,
Ca, Mg, S, Al, Fe, Mn, Na, P, Zn, Ba, Sr, Ti, B, Cu, Pb, Ni,
Cr, V, Se, Cd, Co, Sb. BwmicT ix y Moxy BMpa)kaBCsi B MKr/T
(o ToTOXHO N*107* %).

leocmamucmuyHa 0bpobka GaHux. [JaHi Wwoao BMicTy Xi-
MiYHUX eneMeHTIB Y MOXy-iHOuKaTopi aHanisysanucs 3a fo-
NOMOro MeTofiB (PakTOPHOro aHanisy, kaprorpadyBaHHA
NPOCTOPOBMX KOpEnsUi 3HauyLLMX PaKTopiB, LLEHTPOBaHUX
TPUKYTHWUX Aiarpam i komnoauuinHoro 6innoty. Mepui Tpu ra-
PHO BiAOMi B reoximii HABKONMULLHBOrO CepeaoBuLLa | MU He
6yaemo Ha Hux 3ynnHsaTucs. LLlogo BigHOCHO HOBOI Ans reoc-
TaTUCTUYHOrO MOZEIOBaHHSA reoXiMiyHMX npoueciB Mogeni
6innoT, TO 3a3HauYMMO, Lo BOHA Mae nepesary B HAO4HOCTI.
Mopenb ysBnsieTbca cBOepiaHUM rpadpikom ("3ipkoto Gin-
noT"), KM 3a COE0 MaTEMaTUYHOO CYTHICTIO € NPOEKLEo Ha
NNoLWmHY riNepnpocTopy MapkepiB reoximiyHux ¢akTopis i
YMHHKKIB (puc. 1).

Mapkepamm € ximMi4Hi enemeHTH, a [OBXUHA NPOMEHI0 [
YMCerbHO NPeACTaBneHa 3anexHicTio

Z:Zk:var[X]l_/k, (1)

ne Var[X]l_ — Avcnepcis Mapkepa [X | (ximiuHoro eneme-

HTa); k — KiNbKiCTb Mapkepis, WO MOPMYIOTb k —MipHUNA Ti-
nepnpocTip.

Puc. 1. I'padik koMno3suuinHoro Ginnoty, wWo Bigo6paxae
MPOEKLil0 Ha NMOLUNHY FrinepnpocTopy reoXiMiYHMX YNHHUKIB
i yMoB cpopmMyBaHHSA enemMeHTHOro cknagy npo6 Moxy
Pleurozium schreberi (Brid.) Mitt., BigiopaHux y XKutommpchbkin,
KuiBcbkin i YepHiriBcbkin obnactax y 2015-2017 pp.
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KyTu Mixx npomeHsiMu (siKi y MaTemMaTUYHOMY rinepnpoc-
TOpi € MiX yciMa npomeHamu!) MatoTb KinbKiCHWIN BUpas:

cosf = ZinMk cos®, (2)

X, ; Lo
ne }\.[ =— Ta n, = & — HanpaenAw4l BIQHOLWLEHHA B O3Ha-

p q
KoopauHarax; p=, /Z Z X,x, cos O, Ta
q= ,/ZZyl.yk cos®, — BiacTaHi Big nNoyaTky KoopauHaTt

[0 [OBINbHOI TOYKN B & -MipHOMY MPOCTOPi; ®; — KyT MiX

KOBUX

OoCcAMU  Xx; i X - 3a3Haunmo, Lo Hamu 3acTocoByBaBCA 0ocob-

nvBwiA pisHoBMA BiNNoTy — kKoMNo3nLiHKIA. Big 3Bn4ariHoro 6i-
NMoTy BiH BIOPI3HAETECA TUM, LLIO MPWU po3paxyHKax BUXIiOHI
[aHi BBOOATLCS Y BEKTOPHOMY, @ HE cKansipHoMy BUrnsidi. Em-
nipuyHO "BekTopammn” BUCTYNaKTb PSiAKU TabnuLi aHUX KOH-
LeHTpauin BCix 23 XiMiYHUX eneMEHTIB LLoaO0 KOXHOI npobu
(1 papok/npoba = 1 CoDa). Taki AaHi Ha3MBalOTb CKNageHUMn
(CoDa), Teopist iXHLOro CTBOPEHHS | 0bpaxyHKy B Moaeni "6in-
not" BuknageHa B (Aitchison, 2003, Aitchison, Greenacre,
2002, Martin-Fernandez et al., 2004).

FeoxiMiyHi 3acagu iHTepnpeTauili reocTaTUCTUYHUX
MogeneM. NMowwyk Bignosigen Ha cdopMynbOBaHi BuULLE NK-
TaHHs rpyn "a" i "6" 6asyBaBCs Ha TakUX MOJNOXKEHHSAX reoXi-
Mii  HaBKONMULLIHBOMO CEpPedoBULLA, $SIK  YYEHHsT Mpo
TUNOMOPMHI XiMiYHI enemMeHTU i KoHLUenuia rinepnpocTopy
reoXimiyHUX pakTopiB i NPUYUH. YYeHHS npo TunomMopd-
HIiCTb XiMiYHMX enemeHTiB — ogHa 3 6a3oBux 3acag heHome-
HOJOrYHOI reoximii, 3rigHO 3 $KOK BBaXa€eTbCs, LIO
aHomanisa (gogatHa abo Big'eMHa) BMICTY B KOMMOHEHTI 40O-
BKiNms TOro 4m iHWoro xiMivHoro enemeHTa abo ixHboi rpynu
(acouiauii) roBopuTe Ham Mpo Ailo | BNNUB Yy AaHOMY MicCLii
NEeBHOrO reoXiMiYHOro YWMHHWKA, npouecy, YMOBM TOLLO
(Kucm, 1987, Caem u dp., 1990, TromtoHHUK, 2000). Tuno-
MOPMHMWI XiMIYHUI eNEeMEHT — Lie MapKep, iHaNKaTop SKOiCb
reoxiMiyHoi npmumnHn. OCKiNbKM KOETbLCA NPO CTAaTUCTUYHUIA
aHanis, To 3 MaTemMaTUYHOI TOYKK 30pY "MapKyBanbHe" 3Ha-
YeHHs1 Byab-AKOro XiMiYHOro enemMeHTa Mae iMOBIpHICHWIA
xapakTtep. Ha ocHoBi niTepaTypHuUX AaHuxX i BNacHoro goc-
Biay GioreoximiuHoi iHaukauii (TomroHHUK u dp., 2006; 2007;
2012) cTUCNO OXapaKTepu3yeMO HaWronoBHILLi iHOMKALiAHI
BNacCTUBOCTI XiMIYHNX €NeMEeHTIB, Lo HaMu BU3Havyanucs y
npobax MoxiB y Mexax 3as3HadyeHoi Teputopii. Ha iHwunx Te-
pUTOPISIX, B iHLLIMX NPUPOAHMX | 0COBNTMBO TEXHOTEHHUX YMO-
Bax IiHAMKAUIMHI BNAcCTUBOCTI BM3HAYEHMX  XiMIYHUX
ernemeHTIB MOXYTb ByTu iHLLIMMN.

K, Ca, Mg, Al, Fe, Na, Sr, Ti — rpyna xiMi4HUX eNemMeHTIB,
XapaKTepHUX NS TEPUreHHOro Numny, NpuyYoMy AudepeHui-
auis KoHUeHTpaLii MikpoenemeHTiB, 06yMOBMIOETLCSA Bia-
MiHHOCTAIMW TNITONOrii, BENUYMHU 3epeH nuny i3 axepen
iXHbOI emicii (Hofer et al., 2013). Kpim uporo, K € Baxxnnsum
BioreHom, BMICT SIKOrO B pOCNIMHaX B YMOBaX MOTY>XHOIO Te-
XHOreHesy B cuny isionoriYyHNUX NPUYUH MOXe CYyTTEBO 3Me-
HwyBaTncss. Ca i Mg e Takox i mapkepamu npoLecisB
TexHoreHe3y B GyaiHaycTpii 1 6yaiBHuuTBi. Ti € Mapkepom
NpOLECIB TEXHOTEHE3Y B TUTAHOBIN ripHUY0400YBHIN, FipHK-
YyosbarayvyBarbHili NPOMMCIOBOCTI, @ TaKOX Yy LENono3Ho-
naneposin (BukopuctoByeTbes TiO2). Al yyTnuneo pearye Ha
pH atmocdepHux onaais, 36inNbLUyOYM PYXOMICTb Y KMUC-
NIOMy cepeoBMULL; NiOKPECOYN 3B'A30K 3 BUCOKOMODINb-
HOW (hpakuielo B I'PYHTOBMX MPOAYKTaxX BMCOKOrO CTYMEHS
BuBiTpinocTi (Lazo P. et al., 2018). HatomicTb giarpamu Al-
Ti BUKOPUCTOBYIOTLCA ANA reoxXiMidHOI iHTepnpeTauii axe-
pen TepureHHoro nuny: 6a3ansToBOro, cepeaHLoro i rpaHi-
THOro cknagy (Huisman et al., 2000), a Al-K — ansa
anckpuMiHauii ix 3a nitonoriyHum cknagom (Cox et al.,
1995). Fe — ingukaTop KpynHOAUCNEPCHOro nuny, Lo yTBO-
PHOETLCA B pes3ynbTaTi KOpo3ii 1 MexaHivHoI AesiHTerpauii

PYXOMUX YacTUH MaLLUH, MexaHi3aMiB. Na Moxe BucTynatu
MapKepoM NPOTUOXENEAHUX 3aX0AiB Ha aBTOMOBINbHNX A0-
porax. Sr Moxe BKasyBaTu Ha 3abpyAHEeHHS AOBKINMsA CTpPo-
Huiem-90 (y HawoMy Bunaaky Big aBapii Ha YAEC).

pyny ximiyHMx enemeHTiB Zn, Cu, Pb, Ni, Cr, V, Co, Cd
3BMYaNHO Ha3MBalOTb BaXkumu metanamu (BM) i nos'ssy-
I0Tb 3 pPi3HOMaHITHUMW, 30e6inbLOoro NiporeHHUMK, npoue-
camu TexHoreHe3dy. BBaxaeTbcsi, WO Baxki MeTanu
MirpytoTb y noBiTpi 3gebinbworo y cgopmi apibHoancnepc-
HUX aepo30riB KOHAEH ALl 1 30aTHI PO3HOCUTUCA Ha BEMUKI
BigcTaHi. Kpim uporo, Zn, Cu sk GioreHHi MikpoenemeHTu
MOXYTb OyTU Mapkepamu po3BUTKY i MiACUMNEHHS MpoLeciB
OioreHesy, a Pb, Cr, Cd — HaBnaku, iHgMkaTopamu npurHi-
YEHHS NPOLECIB XUTTEAIANBHOCTI POCAWH, Y TOMY YnUCni 1
MOXiB. V 4acTo po3rnsaaarTb ik Mapkep atmocdepHoro 3a-
OpyOHEHHs1 BMCOKMMU (Yepe3 AMMOBI Tpybu) aTtmocdep-
HuMn Bukmpgamum TEC i kotenbHux, a Pb — sk mapkep
HU3bKOBUCOTHMX, MEPEBAXHO aBTOTPAHCMNOPTHUX, BUKUAIB.
Ni, Co, Cd moxHa BBaxaTu e 1 Mapkepamu SanbHbLOro —
perioHanbHOro i rmobanbHOro — aTtMocdepHOro nepeHe-
CeHHs1 3abpyaHIOBaNbHUX PEYOBWMH Ha TepuTopilo Aocni-
>KeHHs 330BHi. Maike Bci BM i3 3a3HaveHoro cnvcky €
iHOMKaTopamu BNRWBY Ha AOBKINNA pPi3HMX ranysen maiuu-
HOOYAyBaHHS, XiMiYHOI, LLeMEHTHOT NPOMMWCOBOCTI.

Cipka € mapkepoM niporeHHux Bukugis SO2 i KMcnmx
onagie. BogHouac cipka € i Baxnueum bGioreHoM. Biorex-
HUM XiMiYHMM enemeHToM € Takox P. A Mn sk noniBaneH-
THUM eneMeHT € Hamnkpawum iHgmkatopom pH i Eh ymos
aTMocdepHoi Ta GioreHHoT mirpauii NPUPOOHUX PEYOBUH i
NPOAYKTIB TEXHOreHesy (4o6punM iHOUKaTOPOM LbOrO € Ta-
KOX XpOM).

Ak 3a3HavaeTbea B Heavy Metal (2015), y 2005 p. po
CnUcKy npioputeTHMX 3abpyaHioBadiB MoBiTps y €Bponi
6yno BBeAeHO Takox CTMGIN. Llen meTanoig mae cunbHi aH-
TUPUKLIAHI BNAacTUBOCTi 1 TOMY pas3om 3 OfOBOM (crnnas
0a6iT) HabyB LUMPOKOrO BUKOPUCTAHHA B MiALLMMHMKAX KOB-
3aHH4. Pi3HOBMOOM OCTaHHix € ranbmiBHi konogku. Tomy Sb
MacoBO HaaXxoauTb Y NpUAOPOXHI naHawadTn. Aeposorni,
Lo mictaTb Sb, € gpibHoaMCNepCHUMU, ane He NiporeHHMMKU
(Ha BigMiHY Big TWX, WO MICTATb, HaMp., TOW e CBUHELb).
Tomy i 3akoHOMIpHOCTI po3noainy Sb-BmicHUX aepo3onis y
NPUAOPOXKHIX NaHawadTax Biapi3HAITLCA Big Takux, xapa-
KTEPHWUX ANsi aBTOTPAHCMOPTHUX NipOreHHUX aepo30riB KOH-
geHcadii. e moxHa 6GauuTtn Ha npuknagi gaHux, LWwo
HaBoaATbCA Y BoporyuxuHa u dp. (2014).

IHavKauiHi BnactmueocTi B, Ba, Se Ha cborogHi BUBYEHO
He[oCTaTHbO.

Konu TMnomMopdHi LLIOAO NEBHOro reoximiyHoro npouecy
enemeHTn 3bMpatoTbes B KNactep, My BUSHA4YaEMO CYTHICTb
i Mpupody LbOro npouecy, Tiei reoxiMiyHoi NpuYMHK, WO
06ymoBUNa BUHMKHEHHS came Takoro knactepa. PakTopHui
aHani3 i 6innoT BUKOPUCTOBYIOTLCA ONA BUABNEHHS TakuX
KnacTepiB Ta iXHbOi noganbLIoi eMnNipUKo-iMOBIPHICHOT iHTe-
pnpeTauii (Angelovska S. et al., 2016; Balabanova B. et al.,
2016; Dimovska B. et al., 2014, Lazo P. et al., 2018). Kap-
TorpadiuyHUA aHania NPOCTOPOBUX KOPEensuin 3HauyLmx
chakTopiB i GINNOT AalTe MOXIMBICTL TAKOX 3MOAEN0BaTH
po3roain reoxXiMivHUX YMHHUKIB NO TepuTopii.

Pe3ynbTaTtu Ta ixHE 06roBOopeHHA. EmnipuyHull aHa-
3. Y Tabn. 1 nogaHo AaHi Woao BMICTY XiMiYHUX eNeMEHTIB
y 3paskax Moxy Pleurozium schreberi, ycepeaHeHux 3a Bu-
oKpemMneHuMn BuLle "npupogHMMn” i "TexHoreHHUmMKn" rpy-
namu npo6oBiabopy. Ak 6a4umo 3 psigka "yci ToukM", nopsaaok
po3TallyBaHHS XiMIYHUX €NEeMEHTIB € Hi YUM iHLIUM, SK ps-
JOM HaKOMUYeHHs iX y Moxy. Ane uen psig He € CTPOruMm.
3anexHo Big NpupoaHux Ta/abo TEXHOreHHNX YMOB HaKomnu-
YEHHS1 XiMIYHUX eNEeMEHTIB AesiKi 3 XiMiYHUX eneMeHTIB, 0Co-
6nunBO Ti, perioHanbHi kKnapku Sknx ana moxy P.schreberi €
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6nm3bkMMK, MiHsOTECA Micuamu. Y rpyni "Moniccs” nocni-
OOBHICTb HarpoOMaXXeHHs y MOXY He BUTPUMYETbLCS AN Cy-
kynHocten Fe/Mn, Sr/Ti; y rpyni "nicocten" — gnsa Na/P,
Zn/Ba/Sr, Pb/Ni, Se/Co; y rpyni "doH" — ona cykynHocten
Mg/S, Fe/Mn; y rpyni "HaniBcpor" — ans Sr/Ti; y rpyni "Tex-
HoreH" — ana Mg/S, Fe/Mn. Hanbnwxymum oo nopsigky ene-
MEHTIB Yy psay HakonuyeHHs "yci To4kn" € IXHin nopsagok y
psagy rpynu "HanisgpoH", TYyT NOPSAOK HAKONUYEHHS NopYyLUY-
€Tbcd nuLe napoto Sr/Ti Ta N TO B MexXax CTaTUCTUYHOI Mo-
xmbkn ("21,2" npotn "21,4"). Moxemo npunycTutu, LWO
3aranbHU pAa HAKOMUYEHHS XiMIYHUX eNeMEHTIB y MOXY
P.schreberi 3 HanMGINbLLO BiPOrigHICTIO BiaOMBaE yMOBM ix-
HbOr0 HaKOMWYEHHS B HbOMY, BNAacTuBI AN HaniBOHOBMX
yMOB, TOOTO Anst TepUTOPIN NomipHoro Ta/abo mManonomir-
HOro TexHoreHesy. |Hwa uikaBa ocoGNMBICTbL LWOAO MOpy-
LLIEHHA NOCMIAOBHOCTI HArpOMaXeHHS XiMiYHUX enemMeHTIB
y MOXy nonsirae B TOMy, LU0 HanuacTille B psgy Hakonu-
YEHHS MIHATLCA MiCUAMM 3ani3o i MapraHeLb, NPUYoMy 3
O0CUTb MOMITHUMM BIOMIHHOCTAMW B KOHUEHTpauiax (2,7 %,
10,8 % i 11,7 %). Mu BBaXkaemo, Lo Lie € CBiAYEHHAM "Haf-
MipHOT" 4yTnMBOCTi MapraHut go pH i Eh atmocdepHux
onagis i rigpoMeTeopiB.

Ha peski BaxnuBi MipkyBaHHS1 HaBOASTb AaHi WOAOo po-
3roginy 3a rpynamu To4Mok Npo6oBiabopy HaMBULLMX | Hal-
HXKYMX KOHLEHTpaUin XiMiYHUX eneMeHTiB y Moxy. 15 i3 23
€reMeHTIB KOHLIEHTPYHTbCS Kpalle B NiCOCTENOBUX MPO-

6ax, aHik nonicbkux. Hacamnepes Le CTOCYETLCS €NeEMEH-
TiB, Bnactusmx npupogHomy nunosi (K, Ca, Mg, Al, Fe, Ti).
Lle 3po3ymino, ockinbkn NpUpoAHWI NuMonignom y mnico-
CTeny BULLMIA, aHiX Y 30HI MillaHux niciB (4epes binbLu Bu-
COKi LWIBMAKOCTI BiTPY, Oinblly po3opaHicTb i ApiOHiwmiA
rpaHynoMeTPUYHUI cKrag YeTBepTUHHUX Bigknaais). oo
TUMNOBUWX NPOAYKTIB TEXHOreHe3y, To OAHI 3 HKX BinbLu Harpo-
MapkeHi B nonicbkux npobax (Mn, Zn, Pb, Cd, Sb), iHwi —y
nicoctenosux (S, Cu, Ni, Cr, Co).

Posnoain xiMiyHMX eneMeHTiB 3a rpynamm TO4OK 3a YMO-
BaMu W iIHTEHCUBHICTIO aTMOCepHOro 3abpyaHEeHHS Takvn.
MakcumanbHoro BMIiCTy B Moxax rpynu "goH" He cnocTepi-
raeTbCs ANS XKOAHOO XiMiYHOIO efleMeHTa, HaTOMICTb Y HUX
Halbinblla KinbKicTb enemMeHTiB 3 MiHiManbHUMU KOHLIEHT-
pauismu (17 i3 23), WwWo € 3akoHOMipHUM. 30Kpema, TyT Han-
HWXYi KOHUEeHTpauii Baxkux metanis Zn, Cu, Pb, Ni, Cr, V,
Cd, Co, Sb. Hawnbinbwe 3abpyaHeHi npobu rpynu Hamnis-
oHy: 15 ximiyHuX enemeHTiB (i3 23) i3 MakcMManbHUMK
KOHUeHTpauisamu i nuwe ogunH (Mn) 3 MiHiManbHot. Mpu-
YOMY BUCOKWUR i NigBULLEHNA BMICT CNoCTepiraloTbCcsa nepe-
Ba)XHO [N €eNeMeHTiB TepureHHoro nwny. HaTtomicTb
GinbLwicTb Baxknx metanis (Mn, Zn, Pb, Ni, Cr, Cd, Co, Sb)
KpaLLle HakonuuyTbcsa y npobax rpynu "TexHoreH".

BaeanbHuli eeocmamucmuyHull aHanisz. Y 1abn. 2 no-
OaHo pe3ynbTaTv pakTOpPHOro aHanisy ans yciei Bubipku
npo0, a Ha puc. 1 — pe3ynbTaT¥ MOAENOBaHHS L€l BUBIpKM
MeToA0M "KoMno3uuinHui 6innot".

Tabnuysa 2

Pe3ynbTaTu chakTopHOro aHanily gaHux npo BMicT XiMiYHUX eneMeHTIB y 3pa3kax Moxy Pleurozium schreberi (Brid.) Mitt.,

Bigi6paHux y XKutomupchbkin, KuiBcbkin i YepHiriBebkin obnactax B 2015-2017 pp.
(HaniBXUPHUM NiHATI CTAaTUCTUYHO 3HAYUMI KoediLlieHTH)

T—— KoedpidieHTH chakTOpHUX HaBaHTaXeHb
XiMiuHi eneMeHTH F. F, F, F. Fs Fs

K 0,575 0,174 -0,057 0,088 0,016 0,616
Ca 0,876 0,154 -0,037 -0,109 0,110 0,084
Mg 0,854 0,122 0,051 0,100 —-0,148 0,058
S 0,324 0,068 0,262 0,690 0,100 0,052
Al 0,339 —0,151 0,321 0,072 0,256 0,612
Mn -0,014 0,060 —-0,065 0,046 0,131 0,503
Fe 0,788 -0,172 0,118 0,130 0,122 0,007
Na 0,632 0,327 0,047 -0,514 —0,002 -0,151
P -0,140 0,189 0,007 0,794 0,095 —-0,034
Zn 0,250 —-0,186 -0,564 0,251 0,107 0,028
Ba 0,581 -0,390 0,469 0,085 -0,187 0,147
Sr 0,010 0,181 0,575 0,107 0,577 0,093
Ti 0,344 0,318 0,777 0,127 0,158 —-0,021
B 0,028 -0,087 0,084 -0,131 0,816 0,403
Cu —0,049 —-0,296 —0,096 0,098 0,835 0,082
Pb —0,058 —-0,690 —-0,401 0,042 0,108 -0,113
Ni -0,101 -0,838 —0,034 -0,135 0,191 0,180
Cr -0,118 0,202 0,298 -0,306 -0,173 0,554
)Y 0,061 -0,071 0,761 0,277 0,160 0,171

Se 0,529 0,152 —-0,289 —-0,055 0,022 -0,477
Co 0,068 -0,124 0,103 0,190 0,651 -0,085
Cd 0,058 -0,872 -0,167 -0,037 0,024 —0,141
Sb 0,258 0,685 -0,235 0,093 -0,328 0,213

Bidcomok Hakonu4eHoi ducnepcil 20,5 16,2 12,9 7,74 6,84 5,96

Mpw iHTepnpeTauii pedynbTatiB hakTopHOro aHanisy oo
yBaru, ik OCHOBHi iHOMKATOPHI XiMi4Hi enemeHTn, Gpanucs
Ti, WO MalTb 3a Moaynem koedilieHTU akTOpHUX HaBaH-
TaxeHb (KPH) He meHwe 0,7 i 9k gonomixkHi — 3 KOH He
meHLe 0,6.

Onsa F4, 9k 6a4Mmo 3 Tabn. 2, OCHOBHMMM iHAMKATOP-
HUMK enemenTamu € Ca/Mg/Fe i gonomikHuMm — Na. Yci
BOHW BXOAATb A0 CKNagy KpyrnHoOAMCMNEPCHOrO NPUPOLHOro
nuny. To x F1y nepwomy HabnwkeHHi Biabueae BnnuB Ha
MOXM NPUPOZHOro Nuny. 1o Takoro BUCHOBKY MU NPUXOAUIM
paHiwe (TromwHHUK U Op., 2005), i Oro X AOTPUMYHTLCS

iHWIi aBTOpPW, AKi BMBYanu 3abpyaHeHHA aTMocdepw wns-
XOM (haKTOPHOro aHanidy gaHux OpioreoxiMivyHoil iHgukauii
(Stain et al., 2001, Culicov et al., 2002, Frontasyeva et al.,
2002). Llen noTyxHuin cpaktop — "rpyHTOBE mKepeno”, Ha-
npuknag, csarae 34,3 % HakonuyeHoi aucnepcii B gocni-
DxeHHi (Lazo P. et al., 2018).

YTiM BigcyTHicTb B acouiauii Al HalITOBXy€e Ha NeBHi KO-
puryBaHHs uiei aymku. [Ins npupogHoro kpynHogmcnepc-
Horo nuny Al gk "NpoBigHNIA" KOMMNOHEHT antmocunikaTie —
NpUTaMaHHWIA, ANS TEXHOrEHHOro — Hi. Tomy, sikwo Al 3 aco-
uiauii BMNagae, To € NigcTaBn NPUMYCTUTK, LLO NPUYMHA He
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TinbKkM B NpMpoaHoOMY nunosi. ToMy B LA poGoTi My iHTepn-
petyemo F1 sk chakTop, wo Biabreae 3abpyaHeHHs MoBiTPS
KPYNHOAMCNEPCHUM MUOM | MPUPOAHOr0 TEPUIEHHOTO | TeX-
HOTEHHOrO MOXOMXEHHA. Take NpUMyLLEeHHS NigKPINmeETbCS
TUM chakTom, o Ca € MapKepoM He TiNbKu TEPUTEHHOro Kpy-
NMHOAMCMNEPCHOrO NNy, a 1 Toro, L0 YTBOPKETLCA B OyaiHAY-
cTpii n OypiBHMUTBI, a Fe € noTyXHUM Mapkepom
KpYNHOAMCNEPCHOro Nuny, L0 BUHMKAE NpY KOPO3ii 1 MexaHi-
YHi gesiHTerpadii MeTaneBnx YacTUH MaLUMH | MexaHi3MiB.

Y 6innoti acouiauis Ca/Mg/Fe Tex mae gOCTaTHIO cTaTu-
CTUYHY penpe3eHTaTMBHICTb, OCKINbKK il NPOMEHI NPOXOAATL
Yyepes ryLy To4OK B 03HAKOBOMY rineprnpocTopi. Ane BHacni-
OOK TOro, O iXHi NpoeKLii KBasiBepTUKaNbHO CMPSMOBaHI,
HeMoBOW HanpaeneHi "Ha unTaya" (puc. 1), CTBOPIOETLCS IXHE
CKyM4YeHHs y LIeHTpi rpadika, Lo He nepeLLKo4Kae afeKksar-
Hil Bi3yanbHii OLiHLi IXHIX (aKTUYHUX OOBXUH.

BogHouac 6innoT nokasye, Lo iHWi BaXMBi TEPUrEHHI
enemeHT — K, Na, Ti gocuTb BigyyTHO BigpMBalOTLCA Bif
acouiadii Ca/Mg/Fe. Sr Takox Janeko BiAXoauTb Big CBOro
NpUpPOAHOro reoximiyHoro aHanora Ca. I3 rpynu tepureHis
Bunagae i Al (aHanoriyHo Tomy, sik ue mano micue y dhakTto-
pHOMY aHanisi). Yce ue B CyMi € HEMPSAMMM CBigYEHHAM
TOro, Wo y popMyBaHHi perioHanbHoro atMocepHoro Ha-
BaHTaXEHHS KPYNHOAMUCNEPHUM TEPUTEHHUM MWIIOM MpPO-
uecu "gesiHTerpaTMBHOro TexHoreHesy" BigirpatoTb ponb
BaXXNUBILLY, aHXX Lie BBaxarnocsi paHiwe. Y poboTi (Jbsye-
HKO U Mamacoea, 2015), Hanpuknag, NokasaHo, Lo npuc-
KOpeHOMYy 3abpyOHEHHIO TI'PYHTIB BaXkumu MeTanamu B
1990-x pp. y Aeskux parioHax Pocii cnpusino iHTeHCKMBHE po-
3BaAHTaXEHHA | NepeBaHTaXeHHs1 MeTaneBoro NIoMy — Tu-
noBi NpoLecH, Lo BUKIMKATb MeXaHidHy gesiHTerpadito 1
YTBOPEHHS BiAMNOBIAHMX KPYNHOAMCNEPCHNX aepo30riB.

Y poboTax, B sikMx 3acTocoByBanacs cakropu3aadis 6pio-
reoxiMmiyHnx paHux (TromroHHUK u Op., 2005; Stain et al.,
2001; Culicov et al., 2002; Frontasyeva et al., 2002; Lazo P.
et al., 2018), roBoputbCs, WO Apyrun abo TpeTin, nicnsa "Te-
pUreHHo-NuNoBoro", hakTop € hakTopoM aTMOCHEPHOrO 3a-
OpyaHEeHHs! OOBKINNs TEXHOrE€HHUMU BMKMOAMM
NPOMUCIIOBOCTI 1 TPaHCMOPTY, SKi i3 3riAHO Cy4yacHUMM ysB-
NEHHSAMM reoximii HaBkONMLWHBOro cepenosuLLa (Caem u dp.,
1990) hopmytoTbes 30ebinbLuoro ApibHoaMcnepcHUMN aepo-
30N5Mu1 KoHAeHcauii. TunoB1UMM KOMMOHEHTaMM LIMX aepo3o-
niB BBaXaloTbCs Baxkki meTanu Zn, Cu, Pb, Ni, Co, Cd. 3riaHo
3 Tabn. 2 yci Ui XiMiyHi enemMeHTV MaroTb CMiflbHUM Te, Lo iXHi
K®H no F2 Big'emni. Ane nuwe ansa Pb, Ni Ta Cd KPH 3a ab-
CONMIOTHUMW 3HAYEHHAMMW [OCAralTb TaKUX BENWUYMH, WO Li
erNeMeHTU MOXHa BBaXkaTl TakuMu, siki JoOCTEMEHHO Binbvea-
I0Tb Jit0 MEBHMX reoXiMiyHUX NpuumH (yTiM dakT Big'eMHMX
3HayeHb KOH anga Zn, Cu i Co Tex UinkoBMTO irHopyBaTu He
cnig). MoxHa BBaxatw, o no F2 okpecnioe BNAVB Ha MOXY
ApibHOANCNEPCHNX TEXHOreHHO-KOHAEHCALINHNX aepo30niB.
Ane B/ABMSETLCA LIEN BNAMB AOCUTb cneumdivyHo, HEMPSAMO,
He sK npsiMe | 6e3nocepeaHe 3pOCTaHHs KOHUEHTpauin BM y
Moxax. [1po ue roBopsitb Big'eMHi 3HayeHHs KOH. Mu npuny-
CKaeMo, Lo Yepes Bia'eMHi 3HaYyeHHss KPH enemeHTiB-map-
KepiB KoHOeHcauiiHux aeposoniB no F2 BigobpaxaeTbcs
CTPOKaTICTb i NPOCTOPOBA Pi3HOMaHITHICTb MPU3EMHOro aTMo-
TEXHOreHHOro nons Ha JocnigXeHin Teputopii. | Lue po3mai-
1T OOYMOBMIOETbCA [ABOMA OCHOBHUMW  MPUYMHAMM:
a) TepuTOpianbHOK HEOAHOPIOHICTIO TexHoreHesy; 6) npoc-
TOPOBOK HEOLAHOPIAHICTIO AiSNbHOrO Lapy.

YpaxoByuK, WO MEXaHi3M YTBOPEHHSA i 0COBNMBOCTI
NOBITPSAHOI Mirpadii gpibHoancnepcHux aepo3sonis Sb € ab-
COSIOTHO HECXOXUM Ha Takui Anst aepo3ofis iHWux BM, wo
rpynytoTecs no F2 (ame. BULLE), BXOOXEHHS Y F2 cypmu 3i
3HakoM "+" BUrnsgae 3akoOHOMIPHUM.

Ha 6innoTi (puc. 1) pobpe npocTexyeTbcs NPOTUNEX-
HiCTb NpoMeHto Sb npomeHsim Cd i Pb. HaTomicTb 3 ocTaH-
HiMu pobpe rpynytotbes npomeHi Co i Cu, BogHo4ac

npomiHb Ni BiaxunseTbca gewo B6ik Big rpyny npometis Pb,
Cd, Cu, Co, xou 10ro 3B'A30K came 3 rpyrnor BaXKMx MeTa-
niB yce X Takn NPOCTEXYETLCS.

Mo F3 maemo gBa A4OCTEMEHHI | 6nM3bKi 3@ 3HAa4YEHHSAMU
K®H: gna Tii V. Y reoximii Ui eneMeHTn BBaXaroTbCsi CNopi-
OHEHVMU, HaronowyeTbCA Ha IXHiM 3MiHHIA BaneHTHOCTI
(mopaTHin), HanexHocTi go rpynu nitodinis (IepenbmaH,
1989), peski cnopigHEHOCTi B TEXHOreHesi (BUrOTOBIEHHS
i BUKOPUCTaHHSA TUTAHOBO-anoMiHIEBO-BaHaieBUX CNnasiB,
CninbHe BUKOPUCTaHHS B €NeKTPOHHOMY NpunagobyayBaHHi
Ta iH.). Ane Ha focnimpKeHii TepuTopii TuTaH i BaHagin, Ha
Hally AyMKY, MapKyloTb NepLu 3a BCe BUCOKI BUKUAW, WO Ha-
oxogaTb B atMocdepy yepes oMMoBi Tpyou. V € BigoMum
mMapkepom TennoeHepretuyHnx (TEC, koTenbHi) aTmocde-
pHUX BUKMAiB. Ponb TUTaHy cneumdiyHa, MOXHa ckasaTtu,
BY3bKO perioHanbHa. BiH HagxoauTb B aTMocdepy Aocni-
[pKeHol TepuTopii Yepes Tpyou 36aravyBanbHOT habpuku Ip-
LLIaHCbKOro 3K (BUpOGHMLTBO iINMbMEHITOBOro
KOHLEHTpaTy), a Takox Big naneposux ¢abpuk, posmillie-
Hux y Xutomupi, Knesi, Kopoctuwesi, ManuHi, Mupononi,
O6yxoBi, cMT [MoHiHUi (MMONOHCLKUI pP-H XMENbHULBKOT
o6n.), c. Yuxisui (HoBorpag-BonuHcbkuii p-H XKutomumpce-
Koi 06n.) i ApiOHIWMX BUPOBHMUTB.

Ha »anb, npomiHb "V" Ha rpadgiky 6innoTy He NpocTexy-
€Tbecs (pyc. 1), OCKiNbKM Mae HaNPAMOK, NEPNeHANKYNAPHUIA
00 NAOLWUHM NpoeKL;i.

dakTop F4 nerko iHTEpNPeTYETLCA K YNHHUK BioreHesy.
LoctemenHi gogaTHi KOH matotb nuwe S i P, cninbHe mix
HUMUW B @HOMY BMNaAKy nuLle Te, WO BOHW — MOTYXHi Mak-
poenemeHTu-6ioreHn. 3BepTae Ha cebe yBary Takox He [0-
CTeMeHHUIn, ane nomiTHUM Big'emHun KOH pana Na:
0YEBUAHO Lie "HaTaK" Ha NPOTUNEXHMI reoXiMiYHUI NpoLec
— "BopOoTLOY" POCMMH 3 HAAXOOKEHHSIM [0 iXHiX OpraHiamis
HaZMipHOI KinbkocTi idionoriyHo HeGaxaHux abo LwKianm-
BMX enemMeHTIiB. F5 My Tex iHTepnpeTyemo sik YMHHUK Biore-
Hesy, ane Takul, Lo MapKyeTbCA BXe He Makpo-, a
MikpoenemeHTamMmum — 60poM, MiAAK | 3 MEHLLIOK IMOBIPHICTHO
kobanbToM. Fs — chbakTOop AOCMTE cnNabkui, No HbOMY B3arani
Hemae siBHMX goctemeHHnx KOH (0,7 i 6inbLue), € nuwe asa
"nonomixxHi", Tpoxm GinbLwi 0,6: gna Mn i Cr. Lle — nokasHukn
BMMAMBY Ha MOBITPsIHY Mirpauilo Ta HaKOMUYEHHST XiMiYHUX
enemMeHTiB Mmoxamu Eh — pH napameTpis atmoccepHux ona-
niB i rippomeTeopis. Bnnue cnabkui, ane Bce X Taku € nig-
CTaBMW rOBOPUTM NPO HLOTO.

Ha 6innoTi S i P (F4) BigbuBatoTbCst noraHo, OCKinbkn
npomiHb "S" cnpsimoBaHui "yrnnb" NNowmMHM npoekuii 1
TOMY BUPaXEHWU Ha Hil HegocTaTHbo. He MoxHa npocTte-
XWTK | rpynyBaHHs npomeHis "B" ta "Cu" (Fs), a Takox "Mn"
i "Cr" (Fs). I3 ubOro MoxHa 3po6uTn BUCHOBOK, LLO MOAErb
6innoT, npuHariMHi y rpadiyHoMy BapiaHTi, € cnabkouyT-
NUBOK LWOAO MOAESBAHHA reoXiMiYHOI MPUYMHHOCTI B
obnacTax Aii reoxiMiyHUX hakTopiB, NOTYXHICTb Aii AKMX
HEeBUCOKa.

PezioHanbHUl eeocmamucmuyHull aHasnis. MNig perioHa-
NbHMM reocTaTUCTUYHUM aHani3oM po3yMiemMo po3nogain To-
Yok npobosigbopy y npocTopi (rinepnpocTopi) reoxiMivHmx
UYMHHUKIB, @ TakoX pPo3noAin reoxiMiyHux pakTopis No To4-
Kax npobosigbopy Ta B iXHLOMY OKOfi.

PosamictuBum Touknm npobosibopy Ha giarpami 6innoty,
MOXHa BiACTEXUTM IXHIO KNnacTepmaaLito B pidHUX YacTuHax
Jiarpamu, Lo OKPeCnolTbCA TUMU UM iHLLUMMU NPOMEHAMU-
Mapkepamu. Ller npuiom paHie Hamu 3acToCOBYBaBCS
(TromioHHUK u dp., 2007), ane B Uin poboTi M1 BAamocs Ao
Ginbw HaoyHoro. CKOPOTUMO PO3MIPHICTb rinepnpocTopy
reoxiMiYHMX YNHHWKIB A0 TPbOX i BUKOPUCTAEMO TPUKYTHI Ai-
arpamu, nigbvparoum anst iXHbOro CTBOPEHHS XiMiYHi eneme-
HTM TakMM 4YMHOM, LWO6 BOHM CRyXUnM HanbinbL
XapakKTePHNUMM MapKepamy HaWBaXKIMBILLMX FEOXiMiYHMX



ISSN 1728-2713

FEONOrIS. 3(86)/2019

~ 85 ~

pakTopiB i ymoB. [nsi 3anobiraHHst BNAMBY Ha po3Tally-
BaHHS Ha Aiarpamax To4ok npobosinbopy abCcontoTHMX KOH-
LeHTpauii  XiMiYHUX eneMeHTiB NpMBEAEMO  TPUKYTHI
giarpamy 0o ueHTpoBaHoro Burnsaay (Martin-Fernandez et
al., 2004). Cnnpatoymcb Ha MapKepu OCHOBHUX MpOLECiB
hopMyBaHHA aTMOreoximMi4HOro nons, Lo 6ynu Hammn BuUsB-
neHi BuLWe, AoCniaMMO po3noAin To4ok npobosinbopy B Tpu-
KyTHUX giarpamax (puc. 2).

3 posnoginy To4ok Ha giarpami Al/Ca/Ti moxemo 3po-
OMTN BUCHOBOK, WO YMHHWUK TEPUreHHOro nunonignomy B
Mexax OOCHiaKeHOI TepuUTopii € JOCUTb HEOAHOPIAHUM Y
CBOIX NposiBax, posnopoLueHuM. Lie ceigumTb npo BigHOCHY
NPOCTOPOBY CTPOKATICTb YMOB NWUMOYTBOPEHHS. BoHa oby-

MOBIHETLCS BiAMiHAMU B rpaHyNoMeTpUYHOMY cknagi veT-
BEPTMHHMWX BiAknagais, CTyneHi 3agepHOBaHOCTi 1 po3opaHo-
CTi I'pYHTIB, PI3HULSIMU B MPU3EMHIX LLUBUAKOCTSAX BiTpiB. Ha
BCill TepuTOpil JOCMioKEeHHA nepeBaxHa OinbLUiCTb NnoLy,
npeacTaBneHa nyxkumu rpyHtamu. Ha Monicci ixHin rpaHy-
NIOMETPUYHUI CKNaa KPYMHILWWIA, HiX Y nicocTeny, ane 1 3B'-
A3HICTb cnabwa. BiTpoBui pexvm HanpyxXeHiwun i
po30paHicTb BULLA B nicocTenosux nangwadTtax. Ha "nico-
cTenosin" giarpami nomiTHa TeHAEHLis 40 KnacTepu3auii To-
Yok npoboeigbopy: y Monicci — "Al/Ca", y nicocteny — "Ti".
IMOBIpHO, Lie roBOPUTL MPO NPOSB €KOTOHHOIO edekTy, Lo
BMPaXaeTbCs y 36iMbLUEHHI pO3MaiTTs YeTBEPTUHHUX BiOK-
napgiB Ha Mexi "30Ha MillaHuX niciB — flicocten".

Bci npobn | Mpofin Monmicen Mpodn nicocveny
Al—Ca—Ti
Ca Ca
Al T Al Ti Al T
K-8 ~Zn
5 H 5
K Zn K n K. n
Fe—5—Pb
5 [ 5
Fe Pb Fe Pb Fe Pb
V—Cd—Ph
cd d
v Fb v Fb v Pb

Puc. 2. Po3nopain To4ok Bia6opy npo6 moxy Pleurozium schreberi (Brid.) Mitt. Ha LeHTpoBaHUX
TPUKYTHUX Aiarpamax Al/CalTi, K/S/Zn, Fe/S/Pb i Cd/V/Pb.

Hiarpama K/S/Zn yTBOptoeTbCA GioreHHMM eneMeHTamum,
arne TakMmu, L0 MakTb OYXXe BigMiHHI TEXHOr€HHO-, aTMO- i
GioreoximivHi BnacTueocTi. HesBaxatoumn Ha Ui BigMiHK, Kyn-
HICTb TOYOK Ha giarpami K/S/Zn Hameuwa. Lle roBoputb npo
HEBMCOKY MPOCTOPOBY BapiabenbHiCTb Takoro reoxiMiyHoro
YMHHUKA, SIK "GioreHes" (K y HaloMy BUNazaky € Gionoriy-
HUM MEXaHi3MOM MOrMUHAHHS, HaKOMWYEHHS | YTPUMaHHS B
TkaHuHax P.schreberi ximiyHMX enemeHTiB). BogHouac 3Bep-
Tae Ha cebe yBary BiJHOCHaA PO3MOPOLLEHICTb TOYOK Ha fico-
cTenosin giarpami. Lie MoxHa iHTepnpeTyBaTh sK CBig4EHHSA
OiNbLIOro Pi3HOMAHITTA €KOMMOMYHNX YMOB 3POCTaHHS i XUT-
TenianbHOCTI P.schreberi B ymoBax NnicOCTENOBOIO €KOTOHY,
OCKiNbKW TYT BiH 3yCTPIYaETbCA He NuLLE B PIBHUHHUX LUMUIb-
KOBMX Nicax, sik nepeBaxHo Ha [lonicci, a 1 y TepacoBux 60-
pax, y pi3HOBIKOBUX MeniopaTUBHUX NOocakax Ha nnakopax i
B SIPY’KHO-6anKoBMX MiCLIMHAX, @ TaKoX 3yCTPi4YaeTbCs Y LUMK-
TNbKOBO-TNINUCTAHUX HACaMKEHHSX.

Posnoain Toyok Ha giarpami Fe/S/Pb moxe 6yTu iHTepn-
PETOBAHWI 5K TaKUIA, LLLO 3YMOBIHETLCS MPOCTOPOBOO HEOA-
HopigHicTio bakTopa TexHoreHedy. Fe, S i Pb mapkytoTb
CKNafoBi TeXHoreHesy, pisHi ckragoBsi npouecis aTMocgep-
HOI Mirpauii ©oro NpoaykTiB, @ TakoX Pi3Hi HIDAHCKU HaKomMu-
YeHHs X Y pocnuHax Moxy. TOMy pO3mnopoLLEHICTb TOHOK Ha
Aiarpami, LWo € NoKasHWKOM TepuTopianbHUX BapiaLii TEXHO-
reHesy i npouecis Mirpauii noro npoaykTis, 3Ha4yHa. BoHa
Marbke Taka, sK i Ha giarpami TepureHHoro nunonigromy. MNo-
MiTHa TeHAEHUiS OO KnacTepm3alii NomniCbKMX TOYOK 3i 30BU-
rom oo "Pb". Lle MoxHa TpakTyBaTu §K MigCUneHHs poni
aBTOMODBINBHOrO TpaHCNOpPTY B 3a0pyAHEHHI MOBITPSHMX Mac
B yMoBax crnabonepecivyeHoro penbedy Noniccs, e pyx no-
BITPSTHUX MacC MOPIBHAHO 3 MiCOCTENOBMMW NaHawadTamm
JeLLo yrnoBinbHEHU Yepes BULLY 3arniCHEHICTb TepUTopii.
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Puc. 3. Kaptocxema po3nofiny no Tepuropii AocnimkeHHA Kopensuin 3Havyywmnx cdaktopiB (Fi1— F,)
y Toukax npo6oBiabopy moxy Pleurozium schr. (Brid.) Mitt.

[iarpama V/Cd/Pb iHTepnpeTyeTbCs TakoX siK giarpama
nepepo3noainy y NpocTopi TEXHOreHesy, ane y BY>X40oMy Kori
Moro nposiBiB, siki MapKyrTbCA Nue OpibHOANCNEPCHUMM
aepo3051siMM KoHAeHcalUii. | uen dakTop, siKk nokasye posno-
Ain TOYOK Ha Aiarpami, JOCUTb LUMPOKO BapitoeTbCHA Y Npoc-
Topi. MNMoMITHO, WO Ha 3aranbHiv i NONICbKiIA Aiarpamax mae
MicLe TeHAeHUiss Ao knactepusadii Todok "y GiK" KOXHOI i3
CKINafoBMX TEXHOreHesy, siki MapkytoTbes BignosigHo V, Cd i
Pb. Knactep "y 6ik" kagmito ckrnagaeTbcsa 3 TOYOK NpoboBia-
6opy, LI 3a3HatoTb 3abpyaAHEHHSA NepeBaxHo Yepes rnoba-
NbHY | perioHanbHy MirpaLito aepo3oriB KoHAeHcaLlil.

Knactep "y HanpsiMKy" BaHafito YTBOPHETLCA TOYKaMu
npoboBinbopy, Ha Ski 1 AitoTb 3aebinbloro perioHanbHi 1
nokanbHi 3abpyaHeHi NoBiTpsAHI Macu. A B knacrtepi, sKUn
YTBOPIOETHLCS TOYKAMU, LLO TSXKiIOTb 4O CBMHLO, HavKpalle
BiAOMBaETLCA NoKanbHWI Ta iIMNaKTHUIA BNNUB atmocdep-
HOro 3abpyaHEHHS!, BUKMUKAHOrO MnpouecamMu niporeHesy.
Ona nicoctenoBoi BUBIpKM knacTepuaalis TOYOK Ha giarpa-
Max He NPOCTEXYETLCHA — MOXITMBO Yepes iXHI0 HeJOoCTaTHIO
KifbKIiCTb, MOXIMMBO 4Yepe3 KniMaTuyHi BigMiHM y ¢hopmy-
BaHHI aTMoreoximivyHoro nonsi. NMutaHHsa noTpebye noganb-
LLIOrO AOCTIIKEHHS.

Ha puc. 3 y Burnagi giarpam 306paxxeHo 3HavyeHHs KOH
Ana neplmnx 4otmpbox dakTtopie (F1 — Fi), obpaxoBaHmx
ANsi KOXXHOT To4kM Npo6oBiabopy. AKLLO CTOBMYMK Aiarpamu,
Lo BigNOBiAae neBHOMY hakTopy, pO3MilLlyETbCS BULLE "HY-
NbOBOI" ropu3oHTani, Lie 03Ha4vae, Lo B AaHin To4ui cuna aii
LbOro chaktopa 3poCcTaE; i YNM BULLMM € CTOBMYMK, TUM iH-
TEHCMBHILLMM € nposiB Aii dhakTopa. Akwo ctoBnumk "ige"
BHM3 Big "HYNbOBOI" ropu3oHTani, To, HaBnaku, roBOPUMO
npo nponopuiHe nocnabneHHs B AaHi Toyui Aii Bianosia-
HOro MOMY YMHHMKA.

Hanyacriwe Bucoki 3HavyeHHss KOH no F1 cnoctepira-
I0TbCH Ha TEPUTOPIAX FiPHNYNX PO3pOBOK XKutommupLumHn Ta
npunernMx 4o HUX panoHiB, Ha OKONWUUSX i B padiyci BNNuBy

micT (Bepguuis, Knis, ManuH, MupoHiska), a Takox 6ins Bin-
CbKOBMX MOMIroHiB XKNTOMUPLUMHN | YepHiriBLUMHN. 3MeH-
LWEeHHS iHTeHcuBHOCTI Aji F1 crnocTepiraetbca y hOHOBUX
pavioHax, npudomy sk y Monicci (ocobnmeo B YepHiriBch-
KOMYy), TaK i y Aesikux pawoHax nicocteny, 3okpema B [lo-
pocci (MOXnMBO, Lie NOB'A3aHO 3 B6rIM3bKNM 3ansraHHaM TyT
TBEpPANX KpUcTaniyHmx nopig YkpaiHcbKoro wurta).

YuHHuk F2 3aranom y perioHanbHoMy nnaHi BusiBnsie cebe
MOMIpHO. 3 HaNBINbLLIOK CUNOID BiH BUSBNSETLCA Ha POHOBKX
i HaniBhoHOBUX TepuTopiaxX Xutomupcekoro i KuiBcbkoro
MNoniccs, a B YepHiriBCbkOMyY, HaBNakn — 3 HAMMEHLLIOK iHTEH-
CUBHICTIO. IMOBIpHO, TYT Crlif, FOBOPWUTK MPO NPOBIHLiMHI BigMIH-
HOCTI LLI0AO Mirpauii  cegumeHTaLii 3 npusemHoi aTmocdepu
OpibHOOMCNEPCHUX NPOJYKTIB TexHoreHesy. TsikiHHA F2 oo
Monicca Mmoxe BkasyBaTy Ha Binbluy 3HAYYLLICTb Y MEXaXx LmX
TepUTOPIN MIKPOKNIMaTUYHUX YMOB Mirpauii 1 cegumeHTauil
OpiGHMX aepo3oniB, NOB'sI3aHMX, 30KpeMa, 3 BiNnbLUOK 3anicHe-
HICTIO i BiONOBIQHO LLOPCTKICTIO JEHHOT MOBEPXHI.

Bucoki 3HaveHHs F3 npuypoyeHi 4o 3axigHoi, LeHTpans-
HOI 1 MiBAEHHOI YacTuH YKUTOMUPLUMHN — MicUb Hanbinb-
LLIOro PO3BMTKY ManepoBoi MPOMMUCIOBOCTI  BMAOOYTKY Ta
36araveHHs inbMeHiToBMX pya. Mpo ixHe 3Ha4yeHHs y dop-
MyBaHHi F3 ilunocs Buie. NpueepTae go cebe yeary, wo F3
npakTU4HO He BUsBnsie cebe y 30Hi BNnmBy KuiBcbkoro me-
ranonicy i Tpuninbcekoi TEC. Ane Le He o3Havae, Lo BiH
TYT He pje. Moro aito MoxHa 6yno 6 nobauntu, ak6u My Bpa-
XOBYBanu Takox AaHi no Mmoxy Brachythecium oedipodium,
3paskn Akoro 6ynu BigibpaHi B penpeseHTaTMBHMX TOYKax
BN/IMBY EHEPreTUYHUX QXXepern BUCOKMX BuKkMais. Ha xaneb,
Ha AaHoMy eTani po6oTu B CUry 3a3Ha4YeHUX BULLE NMPUYKH
MW BUMYLLEHI Bynu BiAMOBUTUCH Bif BUKOPWUCTAHHSA AaHWX
no moxy B.oedipodium. 3HuxeHa iHTeHCMBHICTL Aii F3 cno-
cTepiraetbes B MNonicci, npuyoMy B YepHiriBCbkoMy, 3HOB-
Taku, BMpasHille, aHixk y XXutommpcokomy i Kuiscbkomy.

KonuBaHHs cunu nposisy F4y mexax obcTexeHoi Tepu-
TOpIi rapHo BUpaxkeHe. HanbinbLi 3HaueHHs F4 gpikcytoTbea
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Ha cxogi >Kutomupcekoro i y Kuiscekomy [Nonicci, y MNopocci
n nicoctenosomy JliBo6epexcki. [1po NposiB HU3bKUX 3Ha-
YyeHb F4 3 BinbLuoo abo MEHLLOK JOCTEMEHHICTIO MOXHA ro-
BOPUTM nuwe Ans NiBHIYHOT 4YacTHu KUTOMMPCHKOro
Monicca. Y Baratbox Toukax Fs BUABNse cebe MiHimanbHo,
He Nofae 03HaK Hi O 3pOCTaHHS, Hi 4O 3HWXEHHS! iIHTEHCUB-
HoCTi. BBaxkaemo, Wo TepuTopianbHUA po3nogin Ccunu Bu-
aBy Fi BigOuBae, nepw 3a BCe, 3MiHW | KONMBaHHSA
TNOKarnbHWX eKOMOriYHMX YMOB 3pOCTaHHsA Moxy P.schreberi
(pisHOBMA iTOLEHO3Y, EKCMOo3uLis CXWMy, YMOBWU 3BOJIO-
XeHHs Towo). Tam, Ae BOHM NOMITHO 3MiHIOKOTLCS, MAeEMO
3POCTaHHS | 3HVKEHHS BEMWUYMHN OCTaHHBLOrO CTOBMYMKA Ji-
arpamu. Tam, Ae BOHM BigHOCHO cTabinbHi y NpocTopi, Ma-
€MO Mani BiACTaHi 4eTBepTOro CTOBMYMKa Adiarpamu Big
"HynbOBOI" ropusoHTani.

BucHoBkW. 1. bpioreoximiyHa iHOWKauisa € goGpum Me-
TOOOM OLHKM i MOHITOPUHIY aTMocdepHoro 3abpyaHeHHs
BEIMKMX i Pi3HOMaHITHNX 3@ MPUPOLHNMM | TEXHOrEHHUMMU
yMOBaMun TepuTopi. Pag HakonM4eHHs XiMiYHUX enemer-
TiB, WO HagxoaaTb 3 aTMOCKEpHOro MoBITPS, MOXOM
Pleurozium schreberi (Brid.) Mitt. y Monicci i niBHiYyHOMY ni-
cocteny € Takum: K> Ca> Mg> S> Al> Fe> Mn> Na> P> Zn>
Ba> Sr> Ti> B> Cu> Pb> Ni> Cr> V> Se> Cd> Co> Sb. 3a-
NexXHOo Big MiCLEeBMX YMOB AesiKi XiMiYHi enemeHTn B psay
HaKOMUYEHHS1 MOXYTb MIHATUCS MicuaMK (ane He Ha BenuKi
"Bigctani"). 2. MeoctaTucTMuHi MeToan 0OpoOKM [aHuX
LLIOAO BMICTY XiMiYHMX €NEMEHTIB y MOXY-iHOUKaTopi € Npo-
OYKTUBHVMMM | A03BONATL €(eKTMBHO aHanidyBaTu CTaH
aTMoCepHOro 3abpyaHEHHs1 BENUKOI TepuTopii Ta npu-
YMHK noro oopMyBaHHs. [ouinbHO NOEAHAHHS Pi3HUX reoc-
TaTUCTUYHUX MeToAiB, a came: aKTopHOro aHanisy,
KapTorpadyBaHHS MPOCTOPOBUX KOPEnsLini 3HaYyLLnX ak-
TOpiB, METOAY LIEHTPOBAHUX TPUKYTHWUX diarpam, KOMMo3u-
yinHoro 6innoty. 3. OCHOBHMMU YMHHMKaMK (hOPMYBaHHS
aTMoreoximiyHoro nons y mexax Xutommpcbkoi, Kniscbkoi
Ta NiBHIYHO-CXiAHOT YacTUHM YepHiriBcbkoi obnacTen € Taki:
NPUPOOHUN TEPUTEHHUI MUAOMIANOM | TEXHOrEeHHE nuroBse
HaBaHTaXXEHHS KPYNHOOUCMEPHMMU aepo30nsMn AesiHTer-
pauii (F1); TexHoreHHe apibHoaucnepcHe aepo3ornbHe HaBa-
HTaXEHHS, ke CKIaJaeTbCH i3 YacTOYOK KOHAEHcaLiiHOro
Ta Aes3iHTerpaTMBHOrO NOXOOXKEHHS, WO HAAXoAsTb B Npu-
3eMHy aTMocdepy Ha pi3HuX, ane 30ebinblworo Manux, Bu-
COTax, a TaKoX LMASAXOM [anbHbOro TPAHCTPAHUYHOMO
nepeHeceHHs (F2); TexHOreHHe NuNoaepo3ornbHe, sike Gop-
MYETbCSI BUCOKMMM (Yepe3 OUMOBI Tpybu) aTtMochepHMM
Bukngamu (Fs). 4. daktop F1 HamBupasHiwe BusBnse cebe
Ha TepUTOPIAX MPHUYMX Po3poboK XKUTOMUPLLMHK Ta npu-
nernux Ao HUX panoHiB, Ha OKONWUSAX i B pagiyci BNNuBy ae-
AKX MICT, a TakoX 6ina BIiNCbKOBUX MOSIroOHIB
XKutommpwmHm i YepHiriBlwmHu. F2 3 HanbinbLwow cunoto
Aae cebe B3HakM Ha HOHOBMX i HaNiBCHOHOBMX TEPUTOPIAX
XKutommpceekoro i Kuicbkoro Monicca. ®akrtop Bnnusy Fs
HaMbinbLL BUCOKI 3HAYEHHS Ma€ Y 3axigHin, LeHTpanbHin, ni-
BOEHHIN YacTUHaX XXUTOMUPLLUHWK.
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GEOSTATISTICAL ANALYSIS OF THE ATMOGEOCHEMICAL FIELD IN THE PRIOR LAYER
OF THE ATMOSPHERE OF NORTHERN UKRAINE (BRYOGEOCHEMICAL INDICATION DATA)

The bryogeochemical indication of atmospheric pollution in the central part of northern Ukraine is based on the use of moss P.schreberi species.
The sampling system provided an empirical reference the moss sample data to a particular physical and geographical zone, taking into account the
distance from the source of atmospheric pollution. This approach allowed developing a gradation of natural and man-caused conditions for the
accumulation of chemical elements in moss samples. The data on the content of chemical elements in the moss-indicator were analysed and checked
for comprehensive geostatistics (factor analysis methods, mapping of spatial correlations of significant factors, centered triangular charts and
composite biplot). Results made possible to form a mutual hyperspace of geochemical factors and signs for its subsequent interpretation.The leading
factor of the bryogeochemical indication is air pollution by a large dust of natural terrigenous and man-caused origin. Second factor connected with
a finely dispersed man-caused-condensation aerosols impact; the third factor is identified by the behavior of titanium and vanadium as the effect of
heat and power (TPP, boiler room) on atmospheric emissions; the fourth factor is an impact of biogenesis, which is determined by active role of trace
elements — sulfur and phosphorus; the fifth factor is connected with biogenic migration of trace elements — boron, copper and cobalt. The sixth factor
is weak, and probably due to the behavior of manganese and chromium, associated with Eh-pH parameters of atmospheric precipitation and
hydrometeors.

The regional geostatistical analysis of the bryogeochemical data shows that the factor of the terrigenous dust uplift within the studied territory
exhibits a spatial variability due to differences in the granulometric composition of the Quaternary deposits, the degree of soil retention and plowing,
and differences in surface wind speeds. Spatial heterogeneity is obvious due to aman-caused factor showing a distribution of the dispersion of the
Fe-S-Pb and V-Cd-Pb clusters on bipolar charts. Instead, such a geochemical factor as "biogenesis" shows a low spatial variability.

The bryogeochemical indication is a good method for the assessment and monitoring of atmospheric pollution of large and varied natural and
man-causedarea as well as the proposed geostatistical mapping of the atmogeochemic field showing that it is efficient todivide the territories by type
of pollution.

Keywords: bryogeochemical indication, biplot, factor mapping, geostatistic analysis, atmogeochemic field, Northen Ukraine.
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I'EOCTATVICTVI‘-!ECKI/IVI AHAIIN3 ATMOIEOXUMMUYECKOI'O NOJIsA B NPU3EMHOM CJIOE ATMOC®EPbI
LUEHTPANNIbHOU YACTU CEBEPHOU YKPAUHBDI (MO OAHHBIM BPUOTEOXUMUYECKOWU MHONKALIUN)

Bpuozeoxumuyeckas uHOUKayusi 3a2psi3HeHUs1 ammocghepbl yeHmpasnsHol Yacmu CeeepHoli YKpauHbl ocyujecmesisiemcsi Ha OCHoge UCMOJlb-
308aHusi Mxa euda P.schreberi. Cucmema om6opa npo6 mxa npedycmampueasa dMNUPUYECKYHo Npussi3Ky K KOHKpemHol ¢husuko-2eozspaghuyeckoli
30He, y4yem yOasieHHOCMU Om UCMOYHUKa amMOCGepHO20 3a2psi3HeHUs], YMo Mo380/1usIo pa3pabomame 2padayuto MPUPOOHBLIX U MeXHO2eHHbIX
ycroeutli HaKoOMJIeHUs1 XUMUY€eCKUX 3JileMeHmoes 8 obpa3yax mxa. [JaHHbie Mo codepiKaHUl0 XUMUYECKUX 3/IeMeHMoe8 80 Mxe-UHOUKamope aHanu3u-
poeasnuck ¢ NoMowb0 Memodoe hakmopHo20 aHasu3a, kKapmozapaghupoeaHusi MPOCMPaHCMEEHHbIX Koppensyull 3HaYuUMbIX ¢hakmopos, yeHmpu-
POBaHHbIX MmpeyaosibHbix OuazpaMM U KOMMO3UYUOHHO20 6unsoma, 4mo mno3eonuno cgopmupoeamb eOUHOe 2uneprnpocmpaHcmeo
2e0xuMuYecKux ¢pakmopoe U NMPUYUH U 8bINOIHUMbL UX UHmMepnpemayuro. Bedywum ¢gpakmopom 6puozeoxumudeckoli uHOUKayuu sienisiemcsi 3a-
2psizHeHuUe eo3dyxa KpynHooucrnepcHol Nblibo MPUPOGHO20 Meppu2eHHO20 U MeXHO2eHHO20 MPOUCXO0XOeHUs; HECKO/IbKO MeHbWwull eec umMeem
ghakmop esusiHuUsi MesIkoOUCMePCHbIX MeXHO2eHHO-KOHOeHCayUOHHbIX aapo3oJsieli; mpemuli ghakmop udeHmuguyupyemcsi no nosedeHUr0 mumaHa
u eaHadus u onpedesiiemcsi Kak enusiHue mernoaHepzemuyeckux (TOC, komenbHbie) ammocghepHbIx 8bI6pocoe; Yemeepmaliii — hakmop 6uoze-
He3a, KomopbIl NPosesisieMcsi aKMu8HOU POJIbLI0 MUKPO3/IeMEeHMOo8 — cepbl U ghocghopa; nsimbili — 6Uo2eHHbIU ghakmop cesizaH ¢ Muepayuel 6opa,
medu u kobanbma. Cnabo nposieneHHbIU wecmol ¢hakmop eeposiIMHO cesizaH ¢ noeedeHUeM Map2aHya u xpoma, onucbiearouux Eh-pH napamempsbi
ammocgepHbIx ocadkoe U 2udpomMemeopos.

PezuoHanbHbIl 2e0cmamucmuyeckuli aHanu3 6puo2eoxuMuveckux 0aHHbIX caudemesnibcmeayem, Ymo ¢hakmop meppu2eHHO20 nbienodbLema
e npedenax uccsedoeaHHOU meppumopuu omobpaxkaem npPocmpaHCMeeHHY0 necmpomy ecsedcmeue pasuyusi 8 epaHysIoMempu4ecKom coc-
maee Yemeepmu4HbIX OMJIOXeHul, cmerneHu 3adepHo8aHHOCMU U pacraxaHHOCMU oYe, pa3u4yusiMu e npu3eMHbIX ckopocmsix eempos. [po-
cmpaHcmeeHHyr0 He0OOHOPOOHOCMb uMeem ¢ghakmop mexHoz2eHe3a, 0 YyeM ceaudemenib.cmeyem pa3bpocaHHocmb moyek knacmepoe Fe-S-Pb u V-
Cd-Pb Ha duazpammax 6unnoma. Bmecme ¢ mem, makoii 2eoxumuyeckuli pakmop, kak "6uozeHe3" nposiessiem He8bICOKYI0 MPOCMPaHCMEEHHYIO
eapuabesibHOCMb.

Bpuozeoxumuyeckasi UHOUKaYUsi s18/151emcsi XOpowumM MemodoM OUyeHKU U MOHUMOPUH2a amMocghepHO20 3a2psi3HeHUs1 60IbWuUX U pa3Hoo6-
PpasHbIX 10 NPUPOOHLIM U MeXHO2eHHbIMU yCri08uUsIMU meppumopul, a npedsoxeHHbIU 2eocmamucmuyeckuli KOMM/IeKC KapmoezpagupoeaHusi am-
MO2e0XUMUYecKo20 10151 NokKa3sas ceolo aghghekmueHocmb 6 pazdesieHUU meppumopull Mo mury 3a2psi3HeHUsl.

Knroueenie croea: 6puozeoxumuyeckasi uHOuUkayusi, 6uniom, kapmoapaghuposaHue ghakmopos, 2eocmamucmuyeckuli aHaau3, ammMo2eoxumu-
qeckoe rosie, cegepHasi YKpauHa.
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