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U-PB I30TOMNMHUM BIK LLUPKOHIB 3 rNEPUOHUX NOPIA
KOPOCTEHCbKOINo AHOPTO3MT-PANAKIBIFPAHITHOIO NAYTOHY

(PekomeHdo8aHO YneHoMm pedakuiliHoi koneaii 0-pom eeon.-MiH. HayK, npog. B.M. 3aeHimkom)

Aemopu ompumanu Hoei OaHi npo U-Pb izomonHuli eik yupkoHie 3 2i6pudHux nopid KopocmeHcbKO20 NMiIymoHy aHopmo3um-
panakieizpaHimHoi ¢popmauii YkpaiHcbko20 wuma. LjupkoHu 6ynu eusydeHi 3 npobu 2i6pudHo20 2abpo-MOHUOHIMY, euxodu sIKo20
WUpPOKO po3rnoscrodeHi 83008 cxiOHo20 ¢hraHay Bonodapcbk-BonuHcbko2o 2abpo-aHopmo3umogo20 Macusy, a makox 3 npobu
ghasinim-2edeHb6epzim-amghi6oioeozo epaHocieHimy, ujo 3ansieas y euansodi xunonodibHo2o mina ceped 2abpo-MoHUYOHiImie, eMOH-
Cmpyro4u 03Haku Ma2Mamu4Ho20 3MiulyeaHHs1 (magma mingling). OmpumaHi mMemodom SIMS U-Pb damyeaHHsi 0OUHUYHUX Kpucmarnie
yupkoHy (1760,7+4,1 mnH p — Onsi 2abpo-mMoHUyoHimy ma 1763,8+2,6 mnH p — Onsi 2paHocieHimy) iHmepnpemyromscsi aemopamu siK 8ik
Kpucmanisauii 2i6pudHux nopid, po3euHeHux e obnacmi koHmMakmy 2abpoidie Bonodapckk-BonuHcbko20 2abpo-aHOpMo3umogo2o
macuey 3 epaHimoidamu ManuHcbko20 Macugy panakiei. [Jodamkoeo mum xe MemodoM npodamoeaHo YUPKOHU 3 npobu panakieino-
0i6HO20 2paHimy kpatioeoi ¢hayii ManuHcbKko20 Macuey ma 3 npobu 2paHimy panakiei niymoHriyHoi hayii Yb020 x macusy. 3'sicoeaHo,
wo U-Pb isomonHuli eik docnidxyeaHux 2i6pudHux nopio, y mexax aHanimu4Hoi noxubku, cnienadae 3 eikoM panakieinodibHux 2pa-
Himie (1765,4%3,3MnHp) ma 2paHimie panakiei (1762,7+55mnu p) ManuHcbko20 Macusy, a makox 3 eikom 2abpoidie
(1759,1+3,2 MniH p), wo cknadaroms cxiOHuli ¢hnaHe Bosodapcbk-BonuHcbko2o macusy. OOHoegikosicmb Kpucmasnizayii 2i6pudHux
nopid 3 2abpoidamu ma 2paHimoidamu, wjo acouiroroms 3 HUMU, 0bpe y3200)KyembCsl 3 nonepedHiM UCHOBKOM agmopie npo Mexa-
Hi3M ¢hopmyeaHHs1 yciei 2amu 2i6pudHux ymeopeHb KopocmeHcbK020 ns1ymoHy, Wo npuryckae MacMamuyHe 3miulyeaHHs1 UCOKome-
mnepamypHoi 6asumoegoi Mazmu 3 6inbw HU3bLKOMeMepamypHOI 2paHimoioHor e pidkomy abo Harniepiokomy cmaHi. [JoOamkosy
iHghopmayito npo nempozeHemuyHi ocobriueocmi npoyecie MazMamu4YHO20 3MillyeaHHs1 MoXke damu nodasnbuwe 8Ue4YeHHs i30MorHo-
20 cknady Hf y yupkoHax 3 docnidxyeaHux 2i6pudHux nopid ma iHwux nopodHux npedcmaeHukie KopocmeHcbK020 ns1ymoHy.

Knroyoei cnoea: U-Pb izomonHuli gik, 2i6pudHi nopodu, KopocmeHcbkuli ninymoH, YkpaiHcsKul wyum.

MocTtaHoBka npobnemn. CknagHuii KopocCTeHCbKui
nnytoH (KI), po3TawoBaHWi y NiBHIYHO-3aXiAHIN YaCTWHI
YkpaiHCbKOro LwuTa, € TUNOBMM NPeACTaBHUKOM aHOPTO-
3uT-panakisirpaHiTHoi cpopmaii gokembpito. 3 ornagy Ha
YUCMEHHI JoCNigKEHHS, AKi NpoBoaMNncs y pisHi poku, Kl
Nno npaBy BBaXa€TbCA OAHWM 3 HaWkpalle OOCIIKEHUX
NNyTOHIB LbOro dopmadiiHoro Tuny. TUM He MeHLe,
OKpeMi NUTaHHA 1horo 6ynoBM Ta iCTOpIi reonorivHoro pos-
BUTKY JOTenep npuBepTarnTb yBary 4OCMigHMKIB. Tak, Lwe 1
[OCi HeloCTaTHbO BMBYEHO TaK 3BaHi ribpuaHi yTBOpEHHS
KOPOCTEHCBbKOro KOMMJIEKCY, NPEeACTaBrEHi LUMPOKOK ra-
MOK CYOMY)XHUX MIYTOHIYHUX MOpi4 — MOHUOHITamu, rab-
PO-MOHLOHITaMu, CieHiTamMy Ta rpaHocieHiTamn. 3okpema,
3amano yBaru A4oci NPUAINSNocs iXHin reoxXpoHonorii.

AHaniz nonepegHix gocnigpxeHb. BusHauyeHHo i3oTon-
Horo Biky KopocTeHCbKoro nnyToHy npucBsiieHo nybnikauii
[2-3, 8-9], ki He nuwe niagTBepaunu 6aratodasHicTb Noro
hOpMyBaHHS, a i MPOAEMOHCTPYBanM 3Ha4yHy TpUBanicTb
MarMaTU4yHOI aKTMBHOCTI, WO Moxe csaratu 50-60 mnH p,
abo n Ginbwe. 3okpema, U-Pb i3oTonmHWMIA BiK LMPKOHIB i
GapeneiTiB 3 Pi3HOMaHITHUX MOPIg KOPOCTEHCHKOrO KOM-
nnekcy AWCKpeTHo Bapitoe B Aiana3oHi 1740-1800 mnH p.
3rigHo 3 gaHumu [2, 7, 11], HangasHiwi yTBOpeHHst K1
npeAcTaBneHi kceHoniTamm aHopTo3wTiB 3 Bikom 1800-
1784 mnH p. BoHn getanbHO onncaHi B Mexax ®enopischb-
koro, Yonosuubkoro Ta yradviBCbKOro macuBiB siKk paHHs
aHopTo3utoBa cepis (A1) KOPOCTEHCLKOro komnnekcy. do-
pMyBaHHs Binblu ni3HiX IHTPY3ii aHOPTO3UTIB i TUTAHOHO-
cux rabpoigis Bonogapcbk-BonmHebkoro macusy Binbysa-
noca 1763-1758 mnH p Tomy. NonboBi reonoriyHi cnocre-

pexeHHs Ta AeTanbHi neTporpadiyHi JOCNiSKEHHS B CBIl
Yac 0O3BONMUMU BUAINUTU CEPeS HUX FONIOBHY aHOPTO3UTO-
By (A2), paHHio rabpoigHy (G3) i nisHio rabpoigHy (G4)
cepii [11-12]. paHiTOIAN KOPOCTEHCLKOro KOMMMeKcy Ta-
KOXX BKOPIHIOBanuCsl y Kinbka iHTpy3uMBHUX ¢a3 [1, 4-5].
[eonoriyHO 06r'pyHTOBAHO HasABHICTb TPbOX (ha3 rpaHiToi-
OHOro marmaTtmnamy: y1 — ronoBHoi asn BKOPIHEHHS pana-
kiBi Ta 6GioTuT-amcibonoBux panakisinofibHNX rpaHiTiB,
Y2 — Manux iHTpys3iii cybnyxHux 6ioTUTOBUX NENKOrpaHiTiB i
rpaHiT-nopdipie, y3 — XunbHoi ¢asun anbbiT-MiKpoKniHOBMX
piaKiCHOMEeTanbHUX MiKpOrpaHiTiB i rpaHiT-nopgipis. eo-
NOriYHi AaHi YacTKOBO NiATBEPOKYOTbCH i30TONHUM gaTy-
BaHHAM. Tak, CTaHOBMEHHS TIPaHITOIdIB rOMOBHOI ha3un
BKOpPiHEHHS ManunHCbKkoro macwsy panakisi, 3rigHO 3 [2],
mano wmicue 1767x5mnHp Tomy. Tpoxu RisHiwe,
1752416 mnH p Tomy, chopmyBanucst cybnyxHi GioTuToBI
nenkorpaHiti JlisHukiBcbKoi iHTpy3ii. Hainbinbw monogi
i30TOMHI JaTyBaHHA rPaHiTOIAIB KOPOCTEHCHLKOrO KOMIMEK-
cy, 1737154 MnH p, Hanexatb Tak 3BaHWM AOMBIIHCHKUM
rpaHiT-nopdipam c. PygHa-XXepeseupbka [2]. OpHak, ixHs
3Ha4yHa KOHTaMiHOBaHICTb, a TaKOX 3aHaATO BENUKUI O0Bi-
puMn iHTEpBan BU3HAYEHHS i30TOMHOrO BiKy, Aal0Tb NpUBIL
po3rnagatn oTpumaHi undpu nuwe sk nonepegHi. Takum
YMHOM, Y Mexax KopoCTeHCbKOro nnyToHy AOCTOBIPHO
BCTaAHOBIIEHO LLIOHAVMEHLUE [iBa BENWKi eTanu iHTPy3nBHOI
aktusHocTi: 1.80-1.78 mnpg p Ta 1.77-1.74 mnpga p, npo-
TArOM sikux 6a3nToOBMI Ta rpaHiTOIAHMI MarmaTuam Yepry-
Banucsl B Yaci. HagiiiHux gaHux npo i3oTonHui Bik riopua-
HMX nopig KopocTeHCbKOro NnyToHY B XKOAHIN 3 ony6niko-
BaHWX pobiT Hemae.
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MeToto gaHoi po6oTu 6yno BU3HAYEHHS i30TOMHOTO BiKY
LMPKOHIB 3 ribpuaHmx nopia KopocTeHCbKoro mnyToHy Ta
CniBCTaBMEHHs OTPUMaHWUX AaHuX 3 pesynbTaTtamu gaTy-
BaHHA rabpoidiB Ta rpaHiTiB panakisi, WO NPOCTOPOBO aco-
LilOKOTb 3 riGpUAHNMN YTBOPEHHSAMMN.

dakTnyHMA MaTepian Ta MeTodororis  AoChigKeHb.
Mpobw ans gocnigxeHb 6yno BigibpaHo B TPbOX kap'epax,
posTawioBaHux B obnacti koHTakTy Bonogapcbk-
BonuHcekoro rabpo-aHopTo3uToBOro macvey 3 ManuHcb-
KMM MacuBoM panackisi (puc. 1). MNeTporpadivyHe BUBYEHHS
3paskiB Ta wnicis, XRF aHanian Ha ronoBHi NeTporeHHi
KOMMOHEHTU, @ TAKOX BUMYYEHHS LMPKOHIB AN NOAarnbLUO-
ro gatyBaHHsi, Oyrno BMKOHaAHO Ha kadbepnpi MiHepanorii,
reoximii Ta netporpadii HHI "lHcTuTyT reonorii" KuiBcbkoro
HauioHanbHOro yHiBepcuteTy iMeHi Tapaca LlesyeHka. U-
Pb paTyBaHHs OOWHWMYHUX KpUCTamniB LMPKOHY METOAO0M
SIMS (secondary-ion mass-spectrometry) npoBegeHo y
Lseacbkomy Mysei npupogHuyoi ictopii (Ctokronem). Hdo-
cnigXyBaHi Kpuctanu LupkoHy OynvM 3MOHTOBaHi B npena-

paT Ha enokcuaHin cmoni Ta BignoniposaHi. ani, ans Bu-
AIBNEHHA 0COONMBOCTEN BHYTPIWHbLOI OyaoBu Ta BuGOpy
TOYOK, NpUAATHUX ANA AaTyBaHHS, LIMPKOHM BMBYanucs 3a
gornomoroto  katogontoMmiHicueHTHoi npuctaskm (CL) Ha
npunagi Hitachi SEM. [ing pgatyBaHHA nopy4 3 AOCHigXy-
BaHNMW UMpKOHaMy OyB 3MOHTOBaHWW CTaHAAPT LMPKOHY
91500 Bikom 1065 Ma [15]. SIMS U-Th—Pb aHanian Buko-
HaHo Ha npunagi Cameca IMS 1270. AHaniTnyHa meToau-
ka Bignosigana onucaxin [16]. MonpaBka Ha "3BUYakHUA"
CBUHELb 32 HEODXiOHOCTI BMKOHYBanacs 3 BUKOPUCTAHHSAM
BuMipsiHoro 204Pb ta cyyacHoro (To6to ans 0 MnH p) i3o-
TonHoro cknagy csuHuto [13]. BusiBneHa AnckopaaHTHICTb
BU3HAYAETLCHA MOMOXEHHSIM aHamniTUYHUX TOYOK BiAHOCHO
KPUBOI KOHKOpAii Ha TpaauuinHomy rpacdiky 207Pb/235U—
206Pb/238U. BukopucTaHi KOHCTaHTU padioakTUBHOMO
pos3nagy BignosigaloTb pekomeHaauiam [14]. PospaxyHku
Biky BUWKOHaHO Ha 0asi nporpamHoro 3abe3neveHHs
ISOPLOT 4.15 [10].
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Puc. 1. NeonoriyHa 6yaoBa KopocTeHCbKOro NNyToHy; CKnageHo
3a martepianamu NeonoriyHoi kapTy 1:500000 3i 3MiHaMK Ta 4ONOBHEHSAMM aBTOPIB:

1 — BynkaHOreHHo-TepureHHi Bigknaam ospyubkoi PR1-20v i TonineHaHcbkoi PR1tp cepin; 2 — rpaHiToigun i meTacomaTtnTtn
nepyaHcbkoro komnnekcy PR1pz; 3-6 — iHTpy3uBHi yTBOPeHHS! kopocTeHcbKkoro komnnekcy PR1ks (3 — cybnyxHi 6a3utosi aanku,
4 — panakiBi i panakiBinogo6Hi rpaHiTM, 5 — TUTAHOHOCHI rabpoiau i MOHLOHITW, 6 — aHOPTO3UTK | rABPO-aHOPTO3UTK); 7 — rPaAHUTOIAN
OCHMLbKOro KoMmnriekcy PR10s; 8 — rpaHiTv i MirmaTutu xxntommpcbkoro komnnekcy PR1zt; 9 — meTamopdiyuHi nopoamn TeTepiBcbKoi
cepii PR1tt; 10 — rpaHiTh i MirmaTuTh 3BeHUropoacbkoro komnnekcy AR2zv; 11 — TEKTOHIYHI po3nomu; 12 — BUBYEHI BiA,CITOHEHHS!
ribpnaHux nopig Ta ixHi Homepwu. Mabpo-aHopTo3uToBI Macmeu KopocteHcbkoro nnyToHy: VVM — Bonogapcbk-BonuHebkui,
CHM - Yenosuupbknit, FM — ®epopiscbknii; macveu panackisi: NM — Hapoauubknii, CHM — YepBoHOapMincbKni,

MM — ManuHcbkuin, SM — CugopoBULIbKIIA

PesynbTtatn gocnimkeHs. MNpoba rabpo-MOHLOHITY 71-1 M
npeacraense ribpuagHy MadpiyHy nopoagy, Lo yTeopunacs B
obnacrTi KoHTakTy rabpoigis Bonogapcbk-BonmHcbkoro rab-
pO-aHOPTO3MTOBOrO MacuBy 3 rpaHitoigamMu ManvHCcbKoro
MacuBy panakisi. Mpoby BigidbpaHo B kap'epi 6Mo4HOro Ka-
MiHHS1, po3TalloBaHOMy Ha npaBomy 6Gepesi p. Jo6GpuHb y
1 kM Ha niBaeHHUN 3axig Big okonuui c. Bykn ManuHcekoro
paroHy XKutomumpcbkoi obnacTti (reorpadivHi koopauMHaTW:
50042'33,8" nH w, 28049'45,4" cx ). Mabpo-MOHUOHIT siB-
nge cobor TEMHO-Cipy 3 3erneHyBaTUM BIiATiHKOM ApiOGHO-
cepenHbo3epHUCTy nopoay. lig Mikpockonom BCTaHoBMe-
HO, WO MOro rofloBHNMM MOPOAOYTBOPIOKYUMNU MiHepana-
Mu € nnarioknas, K-Na nonboBuin wnaT, opTo- Ta KNiHoni-
POKCEHU. Y APYropsiaHMX KiNbKOCTAX NMPUCYTHI GioTUT, am-
didonu, kBapuy. AkLecopHa MiHepanisauisi npeacTaBneHa
anatuToM, inbMeHiToM, Ti-MarHeTUToM, UMPKOHOM, Mipu-
TOM, nipoTuHoM, ©GapgeneiTom. XimiyHui cknag rabpo-

MOHLIOHITY BiAMNOBIAae OCHOBHIN nopoAi MiABULLEHOI NyX-
HocTi: Si02 — 50,02%, TiO2 — 2,9%, AI203 — 12,03%,
Fe203* - 14,21%, MnO - 0,22%, MgO - 0,23%, CaO -
6,35%, Na20 - 3,38%, K20 — 2,66%, P205 — 1,38%. Lu-
PKOHW, Buny4deHi 3 npobu 71-1M, npeactaBneHi AoBoni
BenukumKn, 6nmsbko 0,5 MM, igioMopdHUMKU KpUcTanamu
NOLOBXEHO-NPU3MaTUYHOro rabiTycy 3 noraHo Po3BUHYTU-
Mu ginipamiganeHumu rpaHsmMu. Ha CL-306paeHHsIX BOHM
BUSIBMSIOTb MPOCTY KOHLIEHTPUYHY 30HAIbHICTb. |30TOMNHE
JatyBaHHA Oyno BMKOHaHe No 5 kpucTanax LMPKOHY, Ansi
OfHOTO 3 SIKUX OKPEMO MpOoaHani3oBaHO BHYTPILLHIO Ta 30B-
HILUHIO YacTUHW. YCi OTpUMaHi pesynbTaTh € Mamke KOHKOp-
OaHTHUMK 3 cepeaHbO3BaXEHVM 3HaYEeHHAM BiKy, BU3Haye-
HMM 3a BigHoweHHsM 207Pb/206Pb, 1760,7+4,1 MiH p.
OTprMaHuii BiK y Mexax Noxvmbku criBnagae 3 atyBaHHSAM
y 1759,143,2 MnH p, oTpumaHum [2] AN UMPKOHIB 3 rabpo-
HOPUTIB LBOro X panoHy (Tabn. 1)
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Ta6bnuuys 1
PesynbTaTtn SIMS U-Pb patyBaHHA no unpkoHax riopuaHux nopia KopocteHcbKoro ninyToHy
I3oTonHiI cniBBigHOWEHHA Bik, Ma £ 10, % KoHueHTpauii, ppm
2oTe | 1,0 | 205N 4,0 |297PB1 19 Ipisc. %| 207Pbi206Pb | 207Pbi235U | 206Pb/238U | U | Th | Pb
Mpo6a 71-1M, rabpo-MoHLOHIT, Bonopgapcbk-BonuHcbkuin macue
1(46139 | 0.7 [0.3107 | 0.7 | 0.96 | 0.1077 | 0.2 -1.1 1760.913.6 1751.84£5.9 1744.1£10.4 | 869 33 302
2| 48136 | 0.7 |0.3245| 0.7 | 0.97 | 0.1076 | 0.2 3.4 1758.9+3.3 1787.316.2 1811.7£11.3 | 828 185 315
3|47317 | 0.8 [0.3184| 0.7 | 0.86 | 0.1078 | 0.4 1.3 1762.4+7.4 1772.946.7 1781.8£10.6 | 132 61 52
4| 47722 | 1.0 |0.3214| 0.8 | 0.75|0.1077 | 0.7 2.3 1760.8+12.2 1780.04+8.5 1796.5+11.8 | 49 42 21
5| 47638 | 0.9 [0.3204| 0.7 | 0.80 | 0.1078 | 0.5 1.9 1763.219.4 1778.547.2 1791.7£10.7 | 86 45 35
6| 48006 | 0.8 [0.3228 | 0.7 | 0.91 | 0.1079| 0.3 2.6 1763.6+5.9 1785.046.7 1803.4+11.4 | 232 78 91
Mpo6a 71-9, rpaHocieHiT, Bonoaapcbk-BonuHcbkuit Macuse
1| 4.1404 | 0.9 [0.2794| 0.8 | 0.96 | 0.1075| 0.2 | -10.8 1757.1+4 .4 1662.3+7.0 1588.4+11.5 | 542 | 389 | 201
2| 47884 | 0.7 |0.3222| 0.7 | 0.98 |0.1078 | 0.1 2.5 1762.2+2.6 1782.945.8 1800.6+10.6 | 1067 | 959 | 471
3|46157 | 0.7 [0.3102| 0.7 | 0.98 | 0.1079 | 0.2 -1.5 1764.8+2.9 1752.116.0 1741.5£10.7 | 902 | 695 374
4| 47597 | 0.7 |0.3201| 0.7 | 0.97 | 0.1078 | 0.2 1.8 1763.0£2.9 1777.845.8 1790.4£10.6 | 978 | 540 397
5|46411 | 0.7 [0.3123| 0.7 | 0.95|0.1078 | 0.2 -0.7 1762.4+4.3 1756.746.2 1751.9+10.8 | 489 | 251 192
6| 46815 | 0.7 [0.3140| 0.7 | 0.97 | 0.1081 | 0.2 -0.5 1768.2+3.0 1763.945.9 1760.3£10.6 | 757 | 522 314
Mpo6a 95005, panakisinoai6Hui rpaHiT, ManuHcbkMih Macus
1|4.6681 | 0.9 [0.3124| 0.7 | 0.75[0.1084 | 0.6 -1.3 1772.6+11.1 1761.5+7.8 1752.3£10.7 | 58 30 23
2| 47541 | 0.7 |0.3189| 0.7 | 0.97 | 0.1081 | 0.2 1.1 1768.0+3.2 1776.81+6.0 1784.4+10.8 | 719 | 390 | 291
3|46877 | 1.0 [0.3135| 0.7 | 0.69 | 0.1084 | 0.7 -1.0 1773.5£12.9 1765.048.3 1757.9+10.5 | 43 29 18
4| 46959 | 09 |0.3158 | 0.7 | 0.72|0.1078 | 0.6 0.4 1763.1£11.8 1766.5+7.8 1769.4+104 | 52 32 21
5(4.8309 | 0.7 [0.3246 | 0.7 | 0.99 | 0.1079 | 0.1 3.1 1764.8+2.1 1790.315.8 1812.2+10.6 [ 1608 | 1592 | 729
6| 47071 | 0.9 [0.3178| 0.7 | 0.79 | 0.1074 | 0.5 1.5 1756.319.6 1768.5+7.2 1778.9+10.5 | 86 80 38
7| 47192 | 0.8 |0.3182| 0.7 | 0.83 | 0.1076 | 0.5 1.4 1758.7+8.3 1770.7£6.8 1780.8+10.5 | 111 100 49
Mpo6a 53-7, rpaHiT panakiBi, ManMHcbkuin macuBe

145681 | 1.0 [0.3113| 0.7 | 0.72 | 0.1064 | 0.7 0.6 1738.9+12.2 1743.548.1 1747.3+10.6 | 89 43 35
2|46912 | 0.8 |0.3162| 0.7 | 0.89|0.1076 | 0.4 0.8 1759.246.5 1765.716.4 1771.1£10.5 | 171 142 73
3|46365| 0.8 [0.3114| 0.7 | 0.85|0.1080 | 0.4 -1.2 1765.7£7.7 1755.916.7 1747.6£10.4 | 167 142 70
4| 46653 | 0.8 |0.3129 | 0.7 | 0.86 |0.1081 | 0.4 -0.9 1768.417.9 1761.0£7.1 1754.8+11.1 | 113 63 45
5|4.6582 | 0.8 [0.3143| 0.7 | 0.88 | 0.1075| 0.4 0.3 1757.116.6 1759.816.4 1762.0£10.4 | 165 141 70
6| 47080 | 0.7 [0.3158 | 0.7 | 0.93 | 0.1081 | 0.3 0.1 1768.1+4.8 1768.716.1 1769.1£10.4 | 417 | 446 187

Mpoba rpaHocieHiTy 71-9 aBnse coboto ribpugHy new-
KOKpaToBY mopoay, Wo 3anarana y BUrMsAi xxunonogioHoro
Tina cepen rabpo-MOHLOHITIB, aHanoriYHMx onMcaHoMy
Bue 71-1M, gemMoHCTpytoun reonorivyHi Ta netTporpadiyHi
O3HaKkM MarMaTW4HOro 3millyBaHHs (magma mingling).
Micue Bigbopy Te came, WO N Ons nonepegHboi Npoodw.
MakpocKoniYHO rPaHOCIEHIT € CBITNIOK 3eneHyBaTo-Cipolo
cepenHbO-KpYNHO3epHUCTo nopogoto. g mikpockonom
BiH BUABNSE TriNigioMOPHO3EPHUCTY CTPYKTYpY. [OMNoBHi
nopogoyTteoptotodi MiHepanu — K-Na nonboBun wnat, nna-
rioknas, KniHomipokceH, poroBa obmaHka. Y OpyropsiaHux
KiNbKOCTAX MPUCYTHI KBapl, 6ioTUT, dasniT, rproHepuT.
AKLEeCOpHi MiHepanu npeacTaBreHi anaTUToM, LIMPKOHOM,
inbMeHiToM, NipuToM. XiMiYHWUIA CKNag rpaHoCIEHITY € Mpo-
MDKHUM MiX KUCITMMUW Ta cepefHiMy nopogamu nigsuLeHol
nyxHocTi: SiO2 — 64,79%, TiO2 — 0,38%, Al203 — 17,74%,
Fe203* — 2,73%, MnO - 0,04%, MgO - 0,29%, CaO -
2,47%, Na20 — 4,33%, K20 — 5,9%, P205 — 0,16%. Linp-
KOHM 3 npobu 71-9 npencTaBneHi AOBronpuamMaTuyYHUMU
Kpuctanamu 3 [eLo BUrHYTMMW, a Takox 3a3ybpeHumu,
obpucamu. Po3mipu ix BapitotoTe y mexax 0,2-0,6 mm no
OoBrin oci. Jlegb NMOMiTHa TOHKa KOHLIEHTPUYHA 30Hanb-
HICTb PO3PIi3HAETLCA He Ha BCix CL-306paxeHHsx. M'aTb 3
LIEeCTN BMKOHaHWX BMMIpIOBaHb Aanv KOHKOpAaHTHI abo
MaiKe KOHKOPAaHTHI pesynbTaTu, OgHe — ANCKOPAAHTHUN.

I30TOMHMI BiK, BU3HAYEHMIN 3@ BEPXHIM NEPETUHOM OUCKO-
pail 3 koHKopgieto, cknagae 1763,8+2,6 MiH p.

Mpoby panakisinoaibHoro rpaHity 95005, Wo HanexuTb
0o KkpawoBoi cauii ManuHcbkoro macusy panackisi, 6yno
BigibpaHoO B HEBENMKOMY 3aTOMMEHOMY Kap'epi HA NpaBomy
Oepesi p. TpocTaHuus 6ina niBHIYHO-3axigHOI  okonuui
c. lN'yta-MNortiiBka PagoMuwnbCcbkoro pavioHy XXutomupcb-
Koi obnacTi (reorpacpiuni koopauHatu: 50042'31,7" nB L,
28051'25,3" cx ). MNpoba npeacraBneHa OpiGHOOBOIAHMM
GioTMT-aMibonoBMM panakisinofibH1Um rpariTom. Ha Tem-
HOMY 3erieHyBaTo-CipoMy [piGHO3epHUCTOMY Thi OCTaH-
Hboro 6e3nagHO po3kuaaHi poXkeByBaTi OBOIfHI Bkpanne-
Hukn K-Na nonbosoro wnarty, posmipom 0,5-1 cm. Ha
OKpemux AinsgHKax y 3aranbHin maci po3pi3HATLCA poXxe-
ByBaTi AinsHkn rpaHodipy. Mig Mikpockonom rpaHiT BUsB-
ns€  enemMeHTM  MapriHauinHO-OBOIAHOI  Ta  MOWKINO-
nermatoigHoi cTpykTyp. Kpim gomiHytoyoro K-Na nonboBo-
ro wnaTty, rofloBHUMM NOPOAOYTBOPHOUYNMY MiHEpanamu €
KBapy Ta nnarioknas. Y ApyropsaHux KinbKOCTSX MPUCYTHI
amdibonu Ta GioTut. AkLecopHa MiHepanisauis npeacTas-
fieHa LMPKOHOM, iNbMEHITOM, anatuToM Ta ropUTOM.
XimiyHMIiA cknag Bignosigae cybnyxHomy rpanity: SiO2 —
73,33%, TiO2 — 0,37%, Al203 — 11,89%, Fe203* — 3,47 %,
MnO - 0,04%, MgO - 0,20%, CaO - 1,14%, Na20 -
3,14%, K20 - 5,35%, P205 — 0,10%. LiMpKkoHu, BUnyYeHi 3
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ujei npobu, NnpeacTaBneHi NOAOBXEHO-NPU3MATUYHUMMN KPUC-
Tanamu poamipom 0,3-0,5 mm. Y npenapatax BoHu 6e36apBHi
Ta npo3opi, Ha CL-306paxeHHsAX BUSBNSAIOTb NPOCTY KOHLIEH-
TPUYHY 30HarbHICTb. YCbOro npoaHanizoBaHo 5 kpuctanis
LMPKOHY, O1s1 ABOX 3 HUX OKPEMO AaTOBaHO BHYTPILLHIO Ta
30BHILLHIO YacCTUHW KpucTany. Yci OTpumaHi pesynbTatn €
Malke KOHKOPAAHTHUMWU 3 CepefHbO3BaKEHUM 3HAYEHHAM
BiKy 3a BigHoLeHHsiM 207Pb/206Pb 1765,4+3,3 MnH p.

Mpoby rpaniTy panakisi 53-57, wWo BiAHOCUTLCS OO Mny-
TOHIYHOI dauii ManuHcekoro macuey, 6yno BigiGpaHo B He-
BENMUKOMY Kap'epi OrMOYHOro KaMiHHsi Ha CXigHih okonwuui
¢. MypHe PagomMuLLnbCbkoro paioHy »KutoMupcbkoi obnacTi
(reorpadpivni koopauHaTh: 50°38'27" nH w, 28°55'37,3" cx a).
Mpoba npeacTtaBneHa KpynHOOBOIAHMM GioTut-amdibono-
BMM rpaHiTOM panakisi BuOopritoBoro tuny. 3abapBreHHsi
rpaHiTy 3eneHyBaTo-cipe 3 OypyBaTum BigTiHKOM. [paHiT
Mae [obpe BUABMEHY MapriHaLliiHO-OBOIOHY CTPYKTYpY.
OeoigHi Merakpuctn K-Na nonboBoro LinaTy, po3mMipom
1-3 cMm, 3a3Bu4Ya OTOYEHI LUMPOKMMW NrarioknasoBumMu
060MnoHKaMn Ta po3MilLyOTbCA B KPYMHO-CEPEeLHbO3Ep-
HUCTIN oOcHOBHIM Maci. OcTaHHA cknagaetbca 3 K-Na
nonbLOBOro LnaTy, nnarioknasy, kesapuy, amdidony ta 6io-
TMTy. KBapy BusBNse igioMopdism no BiAHOLWIEHHIO [0
nonboBUX LUNATIB, WO 06yMOBMIOE riNidioMoOptHO3EPHNCTY
rpaHyniToBy CTPYKTYpY 3aranbHoi macwu. [lig mikpockonom,
KpiM Ha3BaHUX MiHepaniB, TaKoX AiarHOCTOBAHO BTOPWHHI
iAnHrcMT Ta rptoHepuT. AKuecopHa MiHepanisauia npea-
CTaBfieHa LIMPKOHOM, anaTUToM, oNIF0OPUTOM, iNTbMEHITOM,
opTUTOM, canepuTom, NipuTom. XiMiYHUA cKNag MUPHUH-
CbKOro panakisi Bignosigae cybnyxHomy rpaHity: SiO2 —
68,9-71,7%, TiO2 — 0,37-0,49%, AlI203 — 13,15-14,21%,
Fe203* — 3,72-5,08%, MnO - 0,05-0,08%, MgO — 0,22—0,25%,
CaO - 1,57-2,15%, Na20 - 2,9-3,38%, K20 — 5,04-5,39%,
P205 — 0,10-0,14%. LiupkoHun B npobi 53—7 npeacraBneHi
HenpaBWNbHUMKU hparmeHTamMm BinbLl KPYMHUX KpucTanis.
Ix posmipu BapitoloTh y mexax 0,2-0,5 mm. Y npenapatax
BOHM 0e306apBHi Ta npo3opi, cnabko 3oHanbHi Ha CL-
300paxeHHsax. [Insg 5 npoaHanizoBaHNX 3epeH LMPKOHY, Y
OHOrO 3 AKUX OKPEMO AaTOBAHO BHYTPILIHIO Ta 30BHILLHIO
YaCTUHW KpucTany, OTPUMaHO KOHKOPAAHTHI Lmdpu i3oTo-
NMHOro AaTyBaHHSA 3 CEpeHbO3BaXEHMM 3Ha4YEHHSIM BiKy 3a
BigHowWeHHAM 207Pb/206Pb y 1762,7+5,5 mnH p.

BucHoBkn. OTpuMaHi pe3ynbTaTi 403BOMSTL 3p0OUTH
PS4 BUCHOBKIB CTOCOBHO 4Yacy (pOpMyBaHHsi TiGpuaHux
nopig KopocTeHCbKOro nnyToHYy:

1. OTpumaHi umdgpu U-Pb gatyBaHHsi UMPKOHIB 3 rab-
po-MOHUOHITIB  (1760,7+4,1 MNH p) Ta rpaHOCIEHITIB
(1763,8+2,6 mnH p) BignoBigaloTe Yacy KpucTanisauii
riopugHNX YTBOPEHb, PO3BMHEHUX B obGnacTi cxigHoro
KOHTakTy Bonogapcbk-BonmMHcbkoro macusy;

2. U-Pb i3oTonHuiA Bik gocnigxyBaHux ribpuaHmx no-
pia y Mexax aHanitTu4Hoi noxnbkm cnisnagae 3 Bikom rab-
poigis (1759,1£3,2 MnH p), WO cknagawTb CXiAHWN dnaHr
Bonopapcbk-BonuHcbkoro macuBy, a Takox 3 BikKOM pa-
nakisinogibHux rpanitie (1765,4+3,3 MnH p) Ta rpaHiTie
panackisi (1762,7+5,5 mnH p) ManuHcbkoro macumBy, pos-
TaloBaHOro nopyv;

3. OpHoBikoBiCTb KpucTanisauii ribpuaHux nopig 3 aco-
uiloluMMn 3 HMMK rabpoigamu Ta rpaditoigamu gobpe
Yy3roaXKyeTbCs 3 nonepeaHiM BMCHOBKOM aBTopiB [6] npo
MeXaHi3aM (OpMyBaHHA YCiei ramu ridOpuaHUX YTBOPEHb
KopocTeHCbKoro KOMMMekcy, WO MNpUnyckae MarmatuyHe
3miwyBaHHsA (magma mingling) BucokoTemnepaTypHoi ba-
3UTOBOI MarmMu 3 BinblU HU3bKOTEMNEPATYPHO FpaHiToIa-
HOo B pigkoMy abo HaniBpigkoMy cTaHi;

4. Mopanblue 3'AcyBaHHA NETPOreHETUHHUX 0COBNUBO-
CTel npouecy MarmaTu4Horo 3MilyBaHHs notpebye nona-
TKOBUX  i30TOMHO-TEOXIMIMHMX [OCHIgXEeHb, Hanpuknag,
BMBYEHHSA i30TOMHOro cknagy Hf y umpkoHax 3 gocnigxy-
BaHUX riOpUAHUX NOpPiA Ta iHWWX NOPOAHMX NPEACTaBHUKIB
KopoCTeHCbKOro niyToHy.
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U-PB ISOTOPIC AGE OF ZIRCON FROM HYBRID ROCKS
OF THE KOROSTEN ANORTHOSITE-RAPAKIVI-GRANITE PLUTON

The authors have obtained new data on U-Pb isotopic age of zircon from hybrid rocks of the Korosten Pluton associated with the anorthosite-
rapakivi-granite of the Ukrainian Shield rock formation. Zircon grains were separated from the sample of hybrid monzonitic gabbro, which crops out
along the eastern flank of the Volodarsk-Volynsky gabbro-anorthosite massif, and from the sample of fayalite-hedenbergite-amphibole granosyenite
in the form of a vein which cuts monzonitic gabbro and shows indications of the magma mingling. U-Pb age for individual zircon crystals obtained
by SIMS (1760,7+4.1 Ma for monzonitic gabbro, and 1763,8%+2.6 Ma for granosyenite) are interpreted as the crystallization age of the hybrid rocks
that has developed at the contact zone of gabbroic rocks of the Volodarsk-Volynsky gabbro-anorthosite massif and granitic rocks of the Malin ra-
pakivi massif. In addition, the samples of rapakivi-like granite of the marginal facies of the Malyn massif and the samples of rapakivi granite of its
plutonic facies were dated by the U-Pb zircon SIMS method. It was found out that U-Pb isotopic age of the examined hybrid rocks within the analyti-
cal error corresponds to the age of rapakivi-like granite (1765,4£3.3 Ma) and rapakivi granite (1762,7+5,5 Ma) of the Malin massif as well as to the age
of gabbroic rocks (1759,1£3,2 Ma) that constitute the eastern flank of the Volynsky massif. The similarity of the crystallization age of hybrid rocks in
association with gabbroic and granitic rocks is consistent with the previous conclusion about the mechanism of the formation of the whole range of
the Korosten Pluton hybrid rocks which assumes the magma mixing of a high temperature mafic magma with lower-temperature granitoid magma
in liquid or semi-liquid state.

Keywords: U-Pb age, hybrid rocks, the Korosten Pluton, the Ukrainian Shield.
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U-PB U30TOMHbLIA BO3PACT LLUPKOHOB U3 TMMBPUAHbLIX MOPOLA
KOPOCTEHCKOIO AHOPTO3UT-PANMAKUBUIPAHUTHOIO MJIIYTOHA

Aemopsbl nony4unu Hoeble 0aHHble o U-Pb uzomonHom go3pacme YUPKOHO8 U3 2ubpudHbix nopod KopocmeHckoz20 niymoHa aHopmo3um-
panakueuepaHumHol ¢hopmayuu YKpauHckoz20 wuma. LupkoHs! 6binu uzeneyeHbl u3 npobbl 2u6pudHo2o 2ab66po-MOHUOHUMA, 8biX00bl KOMOPO-
20 WUPOKO pacnpocmpaHeHbl 800/1b 80CMOYHO20 ¢hriaH2a Bonodapck-BonbiHcko20 2a66po-aHOPMO3umo8o20 Maccuea, a makxe U3 npobbi ¢ha-
Anum-2edeH6epaum-amgpub60s108020 2paHOCUEHUMa, KOMOPbIl 3anezan e eude Xunoobpa3Ho20 mesia cpedu 2a66po-MOHUOHUMO8, OeMOHCMpuU-
Ppysi npu3Haku 14€CK020 C Husi (magma mingling). lMony4yeHHble memodom SIMS U-Pb damupoeaHusi eQUHUYHbIX KpUCManoe YupKo-
Ha (1760,7%4,1 maH n Ans 2abpo-mMoHyoHuma u 1763,8+2,6 MnH 1 Onsi 2paHOCUEHUMa) UHMePNPemMuUPyOMCcsi asmopaMu Kak epeMsi Kpucmarsnu3a-
yuu 2ubpudHbIx Nopod, Komopsbie pa3zeusaromcs 8 obacmu KoHmMakma 2ab6poudoe Bonodapck-BonbiHcko20 2a66po-aHOpmMo3umoeo20 Maccu-
8a ¢ epaHumoudamu ManuHckoz2o maccuea panakueu. [JonosHUMenbLHO 3MuM xe Memodom npodamupoeaHbl YUPKOHbI U3 NPo6bI panakueunodo-
6HO20 2paHuma kpaeeol ¢hayuu ManuHcko2o Maccuea u u3 npobbl 2paHUMa panakueu niymoHu4Yeckol ¢hayuu 3mozo xe Maccuea. BoisicHeHo,
4mo U-Pb uzomonHbili 8o3pacm usyyaemMbix 2u6pudHbIx Mopod 8 paMKax aHasumuyeckol owubku coenadaem ¢ 803pacmoM panakueunodo6HbIX
epaHumoe (1765,4+3,3 Mmnu 1) u 2paHumoe panakueu (1762,7+55mnH 1) ManuHcko2o Maccuea, a makxe ¢ eo3pacmom 2ab6poudoe
(1759,1%3,2 mnH 1), cnazarowjux eocmoyHbil ¢pnaHe Bonodapck-BonbiHcko2o maccuea. OOHO803pacmHOCMb Kpucmannu3ayuu 2ubpudHbix nopod
€ accoyuupyrowumu ¢ HUMu 2ab6poudamu u 2paHumoudaMu Xopouwo coasiacyemcsi ¢ npedeapumesibHbIM 8bI8000M agMmopoe8 0 MexaHu3me ¢op-
MupoeaHusi eceli 2aMMbi 2u6pudHbIx o6pa3zoeaHuli KopocmeHcko20 niaymoHa, Komopsbili donyckaem mMazmamu4yecKoe cMeuwleHue 8bicoKomemrie-
pamypHolii 6a3umoeoli MacMbl C HU3KOmMeMrepamypHoU 2paHUMOUOHOU 8 XUOKOM unu nonyxudkom cocmosiHuu. [JononHumensHyro uHgpopma-
yuro o nempozeHemu4eckux oco6eHHOCmsIX npoyeccoe 14eCK020 Ci Husi Mo)xem damb GanbHeliwee Usy4yeHUe U3OMOIMHO20 cocmasa
Hf e yupkoHax u3 uccrnedoeaHHbIx 2ubpudHbIx Nopod u Apyaux NopodHbIx npedcmaeumeneii KopocmeHckoz20 niaymoHa.

Knroueenie cnoea: U-Pb uzomonHsliii eo3pacm, 2u6pudHbie nopodsl, KopocmeHckuli niymoH, YKpauHckul wyum.
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BU3HAYEHHSA CTPYKTYPU NYCTOTHOIO NPOCTOPY CKNAAHONOBYAOBAHMX NMOPIAQ
3A AAHUMMU NETPOAKYCTUYHMUX AOCNIAXKEHb CEMUPEHBKIBCBKOI Nnowul

(PekomeHdo8aHO YneHoM pedakuiliHoi koneeii 0-pom eeon. Hayk, npog. O.M. KapneHkom)

lMpoaHanizoeaHo pe3ynbmamu AocioxeHHs1 kepHy 11 ceepdnosuH CemupeHbKiecbkoi nnowyi JHinpoeckbko-JoHeubkoi 3anaduHu.
Bu3Ha4eHO nepcriekmueHi iHmepeasiu po3eumky rnopio-KkosieKmopie Ha OCHO8I 8UBYEHHSI CIMPYKMYpPU iXHbO20 MyCcMOMHO20 MPocmo-
py. Komnnekc nempoghizuyHux AocioxeHb Konekyii 3 219 3pa3skie, npedcmaesieHUX HUXHbOKaM 'THO8Y2ilIbHUMU IicCKO8UKaMu, rMpoeo-
duecs e lNMempodgbiszuyHiti nabopamopii HHI "IHcmumym 2eonogii™. BusHa4yeHHs1 cmpyKmypu nycimomHo20 rnpocmopy 3a 0aHuUMu nem-
poghi3uku npoeodusIock 3a opu2iHanbLHO MemoOUKOH iHeepcil OaHUX yIbmpa3eyKoeuX ma eMHICHUX G0CliOXeHb y cmpyKkmypy ny-
CmMomHo20 npocmopy. 3a mamepianamu nempogizuku (weudkocmi Noe3006KHIX ma nornepe4yHUX xeusb, KoegbiyicHm eidkpumoi
nopucmocmi ma o06'eMHa 2ycmuHa) npoeedeHoO KiNnbKiCHy OUiHKY pi3HUX murie nopucmocmi rnopio: Mixx3epHoeol (2paHyssipHoOI), mpi-
WuHHOI ma KaeepHO3Hoi. OKpeMo po3paxo8aHO 8MOPUHHY rMopucmicme.

TpiwuHHi Mycmomu npucymHi 8 6aezambox riacmax, 3oKkpema, sudinsirombcsi 3pa3ku 3 eeniukumu (6inbwe 0,35%) ma dyxe senu-
Kumu (0o 4,5% — y 3pa3kax C,b sipycy) 3Ha4eHHIMU KoegbiyieHma mpiwuHHoi nopucmocmi. KaeepHo3Hi nycmomu eudineHi e 6inbuwo-
cmi 3pa3kie, 3Ha4eHHs1 KagepHO3HOI nopucmocmi docsieatoms 6,5%. BmopuHHa nopucmicme cknadae malixe 80% ycix HasieHUX ryc-
mom ma nepesaxae 3a 3Ha4YeHHsIM Mi)k3epHoey 8 92% OocidxeHux 3pa3kie.

3a pesynbmamamu iHmepnpemauii nempogizuyHux 0ocslidKeHb ma eu3Ha4yeHOi CIMPyKmMypu fMycimomHo20 Mpocmopy Kosekuii
3pa3skie-nickosukie CemupeHbKiecbkol nnow,i eudineHo 90 3pa3kie, wjo eidnoeidaroms nnacmam-kosekmopam. Halibinbw nepcnekmu-
8HUM 3a OMpPUMaHUMU fapaMempamu eu3Ha4yeHo 20pu3oHm B-18 (21 3pa3ok). Peaynbmamu HasedeHux OocridxeHb MOXymb 6ymu
euUKopucmaHi Ansi aU3Ha4YeHHs1 nepcreKkmueHocmi nNopio okpemMux iHmepeasie ma s1imosno2iYyHUX KOMIIeKcie.

Knroyoei crioea: nopoda-konekmop, nempodhizuka, cmpykmypa rnycmomHoz20 npocmopy.

BeTyn. Ha cyyacHomy eTani nowykis Ta po3Bigku nep-
CMEKTUBHUX Y HapTOrasoBOMY BifHOLLEHHI 00'EKTIB akTya-
NbHUM CTae CyTTEBE BAOCKOHAINEHHA TEXHOIOri npoBe-
OEeHHs pobiT B aHaniTU4YHMX nNeTpodisanyHmx nabopaTopisx.
Baxnueum eTanom niaBULLEHHS edeKTUBHOCTI reornoro-
reodisanyHMX poobiT € po3pobKa HOBITHIX TEXHOMOTi 06pP06-
KM OTpPUMaHWX OaHWX, 30KPEMA, BMBYEHHSI 3a Cy4acCHVMMM
MEeTOAMKaMu CTPYKTYpW MyCTOTHOMO MpocTopy nopia-
KOSEKTOPIB Ta BU3HAYEHHS X NEPCNEKTUBHOCTI.

AHani3 ocTtaHHix gocnigxeHb i ny6nikauin. Ha pa-
HUA Yac iCHYKOTb pi3Hi MigXxoou OO0 BUBYEHHS CTPYKTYpU
NycTOTHOTO  MPOCTOPY  CKnagHonobyaoBaHMX — nopia-
KOMEKTOpIB: 3a JOMOMOrol MpsIMUX MeTOAIB AOCMiaXKEHHS
KEpHY Ta OMNOCEepenKOBaHUX, 30KPEMA, 3 BMKOPUCTaHHSAM
pesynbTaTiB NeTPOaKyCTUYHMX OOCHIOKEHb 3pas3kKiB KEPHY.

Mpami meToan, LLO BUKOPUCTOBYKOTLCA AN SKICHOI 1
KiNbKICHOI OUiHKX TWNiB NycToT, iX dopmMmu, opieHTauil ue,
30Kpema, Taki [1, 2, 6, 9]:

e HaniBNPOHUKHOT MemMbpaHu,

e PTYTHOI Ta BOAHOI NOPOMETPIT,

e KaninapMMeTPUYHUX JOCHIOXKEHb i3 BMKOPUCTaHHAM
LeHTpUdYryBaHHs,

e aacopoOuii,

e 3 KanifspHMM HaCUYEeHHAM 3paska JIoMiHOOpPOM
ab0o KoNbOPOBMMU CMOMaMu,

® 3 BYKOPMCTaHHAM OMTUYHMX | €NEKTPOHHUX MIKPOCKOMIB,

® PEHTreHiBCbKOI MikpoToMorpadii ToLuo.

Yci HaBegeHi MeTOAM HanpsiMy BMBYalOTb MYCTOTHUMA
npocrTip, 3aebinblioro, po3mip, a iHogi 1 dopmy, nycToT,
ane npakTu4yHO BCi abo OocTaTHLO CknafHi B peanisauii,
abo pesynbTaTi BMMIpIOBaHb OyXXe HabnuxkeHi, KpiM Toro,
Li MeToau He A4alTb OLHKM iHTErpanbHUX XapakTepUcTuK.

Cepep onocepenkoBaHux MeToAiB HanbinbL iHpopma-
TUBHUMMW € aKyCTUYHI [6-9], Wo 6a3yoTbCa Ha AOCHIAXEHHI
3anexHOCTeN MPYXXHUX Ta akyCTUYHUX napamMmeTpiB Big Mo-
pucToCTi, (OPMM OKpPEeMUX MYCTOT, OpieHTaLii MIKPOTPILLMH
Towo. Lli metoam BukopuctoBytoTb AaHi [AC Ta netpodi-
3UKM, 30KpPEMa, LUBUOKOCTEN MOLUMPEHHS MPYXHUX XBUIb
pi3HOi nonspu3sadii Ta koedilieHTM NOPUCTOCTI, BU3HAYEHI

nabopaTopHMMM MeToAamMu 3a AOMOMOro pafioakTUBHUX
meTogaie FAC.

BunBYEHHIO (hi3nyHMX BNACTMBOCTEN NOPIA-KOMNEKTOpIB Ha
3paskax KepHy, iX CTPYKTypu MyCTOTHOrO NpOCTOpY MpUCBSI-
yeHo pobotm GaraTbox pgocnigHukie: . M. ABusiHa,
K. I. BarpuHueBoi, A. H. BaciHa, . M. BespogHoi, C. A. Buxaw,
B. . lpuumwmHa,  B. A. Hoeropogoea, B. I. [eTepcinee,
B. M. daxHoBa, bB. }O. BeHpenbwTtenHa, |. M. [13ebaHs,
B. M. Jo6puHiHa, B. M. InbiHcbKkorO, B. ®. IHgyTHOrO,
C. C. IteHbepra, I. K. Kyposus, O. A. INimbeprepa,
€. E. llyk'aHosa, J1. M. MapmopuuTteiHa, M. tO. HectepeHko,
. I. MeTkeBnya, . T. Mpoparisoam, B. O. ®eguiunHa,
B. I. lenenxka, O. B. LLepemeTn, I'. A. LLHypmaHa Ta iHWKX.
Lli pocnimkeHHs BKMOYalOTb BU3HAYEHHsT PiNbTpaLinHMX
BMacTUBOCTEN, CTPYKTYpU MYCTOTHOrO NPOCTOPY, eKcnepu-
MEHTarbHi JOCNIMKEHHS €NEKTPUYNHUX | aKyCTUYHUX Briac-
TMBOCTEW B aTtMOC(EepHMX yMOBax Ta B YMOBax BUCOKMX
TuckiB | TeMnepaTyp. KiHLeBOH MeTOol BCIX LUX AOCNIOKEHb
€ nobynoBsa 3anexHocTen Tvny "KepH-kepH" AN BU3HaYeH-
HS1 EMHICHMX XapaKTEepUCTUK Yepe3 MeTPoaKyCTUYHI Ta neT-
pOENneKTpUYHI NapameTpu.

MpoTe, Npu 3acTtocyBaHHi Oyab-sIKOI METOAWMKM iHTEp-
npeTauii HasgBHICTb BTOPUMHHOI NMOPUCTOCTI NPU3BOANTL OO0
NOPYLUEHHSI NPOCTUX 3aneXHOCTEN MiXK NeTPOdi3NYHNUMH i
reoisnyHMMM JaHUMK, WO 3HAYHO YCKMALHKE iHTeprnpe-
Tauilo ocTaHHix. [na ecdekTuBHoOI iHTepnpeTauii gaHux [OC
Ons cknagHonoOyAoBaHMX MOpia-KONMEeKTopiB  HanbinbLL
e(PekTUBHUMW BUSIBUNNCb Cy4YacHi MaTeMaTuyHi MeToaum
MEXaHiK1n CTOXaCTUYHO HEOOHOPIAHUX CepeaoBuLY i3 BUKO-
pUCTaHHAM 6araToKOMMOHEHTHOT mopaeni nopoau-
KONeKTopa i3 KOPCTKOK MaTpPULEK Ta BKMHOYEHHSMU MycC-
TOT pisHUX dopmaTiB [6], Aki A03BONAKTL NOGyaAyBaTU
CTIIKU OBYMCNIOBaNbHUIA  anropuTM AN BU3HAYEHHS
CTPYKTYPW MYCTOTHOrO NMPOCTOPY Ha OCHOBi ABOX TUMIB Aa-
HUX — aKYCTUYHUX | EMHICHUX.

MeToto faHoi po6oTK € KinbKicHa OUjiHKa CTPYKTYpW My-
CTOTHOrO NMPOCTOPY Ta 3aKOHOMIPHOCTI 3MiHM TUNiB nopuc-
TOCTi B 3pa3kax nopia gocnigkeHoi konekuii CeMmpeHbkiB-
CbKOT NMOLLi.

© BuxBa C., BespogHa ., 2016
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HocnigxysaHa Bubipka KepHy nopia CBepAnoBUH
NeNe 1, 2, 4, 5, 9, 16, 17, 18, 21, 64, 67
CeMu1peHbKIBCbKOT CTPYKTYpPU BiOHOCUTLCS NEpPEBaXHO [0
Bi3eMCbKOro fpycy, BigknaguM $KOro B HWXHIA YaCTUHI
CKMajeHi YyepryBaHHAM BanHsKiB 3 npoLluapkamu aprinitis
i Yy BEpxHin — niWaHo-MMHUCTOK TOBLUEK 3 Mano-
NOTY>XHVMMM NpoLUapkamMun BanHsIKiB.

AHani3 neTpoisnyHux gaHux Oy npoBeaeHuIn 3a pe-
3ynbTatamy nabopaTtopHUX OOCNIAXEeHb B aTMOCHEpPHMX
yMOBaX, 30KpeMa OOCHiMKyBanucs LWBUOKOCTI MOB3O0BX-
HiX i nonepeyYHMx xBunb, 06'eMHa rycTuHa Ta BigkpuTa no-
pucCTiCTb Konekuii 3 219 3paski nopig (NPOAYKTUBHI ropu-
30HTK B-16, B-17, B-18, B-19, apycu C4s, Czb).

MeToaunka BM3HAYEHHSI CTPYKTYPWU MYCTOTHOIO NPOCTOPY
CKnagHonobyAoBaHNX MOPIA-KOMEKTOPIB  IPYHTYETLCA Ha
iHTepnpeTauii pesynbTaTiB YMbTPas3BYKOBUX Ta EMHICHUX
neTpoqi3nyHMX AOoCnimXeHb Nopig Ha OCHOBI MeTofdiB Heni-
HIMHOT oNTUMI3aUil ANsi po3B'A3aHHA NPSAMOI 3a4adi Ta MeTo-
AY YMOBHMX MOMEHTIB ANSA pO3B'A3aHHS obepHeHoi 3agaui.

MatemaTtnyHa Moaenb CTPYKTYpU MyCTOTHOIO NMpOCTOpPY
Oyna 3agaHa Ha OCHOBI MonepeaHix JoCcnioXeHb aBTopiB, Y
TOMY 4uchi, MOZENoBaHHA Pi3HMX niToTunis nopia [3, 5, 6].
BynoBa nopogu MaTteMaTMyHO MpeacTaBneHa y BUMmMsagi
XKOPCTKOI MaTpuui, sika apMoBaHa CMEKTPOM MyCTOT, Lo
anpokcMmylTbest  cdpepoigamm  obepTaHHa 3 pisHUMK

a o B
dopmatamn o =—, Oe a Ta c— Hanieeici cepoina
c

B3[OBX | NepneHanKynsipHo oci obepTaHHs.

Ooceig poboTtu aBTOpIB NpM gocnigkeHHsAx noHaa 1000
3paskiB MokasaB, WO HarWonTUManbHIlWMMKM opmaTtamm
nycToT €:

e ans MixaepHosux nop — 10°— 107",

e Ansi nepexigHMx I'I%lCTOT i MIKPOTPILLMH NiTONOrYHOrO
ywinbHeHHs — 107 — 1077,

e NS MIKPOTPILLMH — 10— 1072,

e 0N KaBepH — 1 — 10°.

[na KinbKiCHOT OLiHKM CTPYKTYpU MYCTOTHOrO MPOCTOpPY
3a aBTOPCbKOI METOAMKOK BWKOPUCTOBYBanucsa  Taki
napameTpu, BUMIpSAHi B aTMOCHEPHUX yMOBaX:

e pes3ynbTaTy OOCIMKEHHS WBUOKOCTEN NMOB3AOBXKHIX i
nornepeyHnx XBuUIb 3pasKiB KepHy, OTpMMaHi Ha YCTaHOBL
"KepH-4" Ha yacTtoTtax 500—700 kI'y 3 TouHicTo 0,5+2%;

o KOeqilieHTN BIigKPUTOI MOPUCTOCTI, BUMIpsHIi 3a O0-
NMOMOrOl0 ra30BOMIOMETPUYHOTO MeToay (TouHicTb 1%) Ta
MEeTOAO0M Hacu4eHHs1 (TouHicTb 0,5%);

e pe3ynbTaTu BU3HAYEHHS O6G'EMHOI TYCTMHWM 3paskiB
ripCbknx nopia, BMMIPSHOI METOOOM rigpoCTaTUYHOro 3Ba-
XyBaHHs1 (TovHicTb 0,5%).

IHTepnpeTauinHMin  GNOK  MeToaMKN OOCHiMKEeHb [ae
MOXMMBICTb  KINIbKICHO  OLHUTW  CTPYKTYPY MNYCTOTHOro
NpoCTOpY Ta NPOrHO3yBaTW KONMEKTOPCbKi BMAcTUBOCTI nopig,
Ha OCHOBI BM3HaYeHHs iX TUNiB nopucTocTi [6]. ABTOpCbka
MeToaMka rpyHTYETbCA Ha mogeni 6araTOKOMMNOHEHTHOro

NOPOBO-TPILUMHHO-KABEPHO3HOIO  KornekTopa, edeKTUBHI
aKyCTWYHi, @iNbTPaLiNHO-EMHICHI XapaKTepUCTUKN  SKOro
BM3HAYaOTbCA METOAOM YMOBHMX MOMEHTHUX (DYHKUIA i3
3acTOCyBaHHAM  po3paxyHkoBoi cxemn  Mopi-TaHaka.
[MoyaTkoBe HabnvXXeHHs napameTpiB MaTpuLi Ta MYyCTOTHUX
HanoBHIOBaYiB 00MpaeTbCAa 3a AaHMMKM  NeTpodi3NYHMX
pocnigxeHb y nabopaTopHMx yMoBax, a 3a X BiiCyTHOCTi —
3a anpiopHumu gaHumu abo 3a JaHUMKW MaTeMaTU4HOro
MOZEnoBaHHaA. 3agjaya  3BOAMTBCS OO0  BM3HAYEHHsI

KOHLeHTpauii nycTtot C,,(oc) okpemux cdopmatieB o Ang

KOXHOrO 3paska.

Bnbip noyaTkoBOro HabnWKeHHS CTPYKTYpW MyCTOTHOrO
NpOCTOPY € MOLIYKOM [robanbHNX eKkcTpeMymiB pyHKLii
CKnagHoro Tuny npw 3akpinneHux dopmMatax o, i

NpoBOAUTECA MeTodoM nepeGopy 3HaueHb KOHLEHTpauil
3agaHux dopmatis C, (o) 3 KPOKOM A, , 0B4MCneHnx ans

KOXHOro chopmaty. Bubip nodaTkoBoro HabnUXKeHHSs
CTPYKTYpM MNYCTOTHOrO nNpocTopy 3abesnevye ekcnpecHe
3HaXOMKEHHS TOUKM 3 MiHIManbHUM 3HAYEHHAM BiOXWUITEHHSA
po3paxoBaHUX i  EKCNepUMEHTanbHWX  [daHuX, Lo
BM3HA4YaeTbCs METOAOM  HaWMeHLWWX KBagpaTiB  npu
nepeTuHi obnacTi MOLUYKOBMX MapaMeTpiB Mo BEKTopy 3a
(hikCOBaHMX 3Ha4YeHb napameTpiB MycToT o . 3HalaeHe
3HaYeHHS BMKOPUCTOBYETbCS $IK MOYaTKOBE HAGMMXKEHHS
npw iHBEpPCii aKkyCTUYHUX AaHUX.

OpepxaHi B pesynbrari iHBepcii Habopu copmartie nyctoTt
Pi3HMX TUMIB BiANOBIAATE OKPEMMM THNaM MOPIS-KONEKTOpIB.
Ha oCHOBI LbOro po3paxoBytoTbCs KOeiLIEHTN MiK3EPHOBOI
(Kws), nepexiaHoi (Kp), TpitmHHoT (Kp), kaBepHosHoT (Kig)
Ta BTOpUHHOI (Kgr = Kip + Ky + Kig) nopuctocti.

Pesynbratn. Ha ocHOBi BMKOpUCTaHHS 6a3n paHux
aKyCTUYHMX, EMHICHMX Ta TYCTMHHUX OOCHiOXeHb 3paskiB
nicna cTtatTMCTU4YHOi 00pobkM iHdopmMaLii ccopmoBaHo
BMOIpKN NETPOdI3NYHNX JaHMX 3a MITOMOMYHUMK rpynamMm
3pa3kiB Ta 3a OKPEMMMU MEPCMNEKTUBHUMU rOpM3oHTamn. Ha
OCHOBi anpiopHWX reonoriYHMX i NEeTPOMI3NYHNX AaHUX
cchopmoBaHo 12 BUGIPOK OOHOTUMHWUX 3pasKiB  KEPHY,
BMOpaHO Mo4yaTKoBE HAOMWXKEHHS MaTemaTu4HOi Mogeni:
napamMeTpu MaTpuui  nopoau-konekTopa, napameTpu
MYCTOTHMX HANOBHIOBAYIB i CTPYKTypa MyCTOTHOTO MPOCTOpY.

Ha puvc. 1 HaBegeHo npuknazg OUiHKM MapameTpiB cke-
nety (MaTpuui), BU3Ha4eHUx Ha OCHOBi NoOyaoBKN B3aEMO-
KOpensuinH1X piBHAHb TUMY:

V,=f(K,), V,=f(K,), o=Ff(K,), (1)
ne Vp,VS— LUBMAKOCTI MOB3AOBXHIX i MOMNEpPeYHnX XBUIlb
(km/c), c— oB'eMHa rycTuHa (Kr/m°), K, — koediuieHT
BiakpuToi nopuctocTi (%). MNapameTpu maTtpuui onsa pisHUMX
BMOIpPOK Mopig BU3HA4YEeHO aBTOpaMy LUMSIXOM iHTepnonsuii
KpuBUX B 06NacTb HynbLOBOI MOPUCTOCTI (Tabn. 1).

Ta6bnuys 1
KopensuinHi piBHAHHSA, OTPUMaHi Ana BU3HA4YE€HHA NapameTpiB ckeneTta nopia

"°l;"p;<(’:"7’ BuGipka V, =f(K,);R? V, =f(K,) . R? c=f(K,): R

B-18 1 y =-127,7x + 5236,6;0,67 y =-55,7x + 3771,1; 0,62 y =-27,5x + 2665,2; 0,94
B-18 2 y =-156,87x + 5420; 0,8 y =-69,92x + 3061,4;0,61 y =-27,53x + 2665,7;0,93
B-16 1 y =-14687x + 5591,8;0,87 y = -69,24x + 3668,2;0,87 y = -2556,3x + 2679;0,99
B-17 1 y =-125,1x + 5326,1;0,72 y =-59,14x + 3614,2;0,61 y =-27,831x + 2686;0,88
B-17 2 y =-126,1x + 5254,3;0,86 y =-168,6x + 3542,4;0,66 y =-27,7x + 2676,7;0,94
B-19 1 =-11699x + 5111,3;0,79 y =-4257,9x+ 3554,9; 0,78 =-2937,9x + 2688;0,94
B-19 2 =-10920x + 4890,1;0,84 y =-30,0x + 2547,4;0,72 y =-2879,9x + 2667;0,98
Css 1 y =-29807x + 6057; 0,92 y =-9728,8x + 3755;0,87 y =-2459,7x + 2682;0,92
Czb 1 y =-21774x + 5918; 0,87 y =-8128,8x + 3481,0,68 y =-3062,8x + 2844,0,94
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Puc. 1. BusHauyeHHs1 napameTpiB cKeneTy Ha npuknagi ropusoHty B19 (Bubipku 1):
a — LWBWAKOCTI MOB3A0BXHIX XBUIb , 6 — LUBUAKOCTI NOMEpPeYHNX XBUMb MOpiA, B — NYCTUHW CYXWX i HACUYEHWX Mopig,

[MoyaTkoBUM HabNxeHHAM ONA napamMeTpiB CKenety
NPUNHSITO MPYXXHi MOAYTI, L0 BU3HAYaOTbLCA 3a hopmynamm
(rMa):

2 4 2 2
ch(Vp —EVS j, G=oV{.

MpyxHi Mopgyni BKMOYEHb MYCTOTHOrO npoctopy Oyrno
3a4aHo A1a MiHeparnisoBaHoi BoAM Ta NPUAHATO sk K = 2,1,
G=0.

3a gaHumuK iHBepCii 3HanaeHo 3HaYeHHs dopmartis ny-
CTOT @ Ta iXHiX KOHLUEeHTpaui Cn((x) 0151 KOXKHOTO OKpEeMO-

ro 3paska Ta nobynoBaHo ix po3nogin. Ha ocHoBi Bu3Ha-
YEeHHS CMEeKTPiB NYCTOT Pi3HUX hopMaTiB Ta iXHiX KOHLEHT-
pauin 3a AaHMMKU NeTPOaKyCTUYHUX AOChiAKeHb nposee-
HO KiNbKiCHY OLiHKY BMICTY MOPUCTOCTI Pi3HUX TUNIB: MiK3e-
PHOBOI (rpaHynsipHoOT), TPILLUMHHOI, KAaBEPHO3HOI Ta BTOPUH-

Hoi. IMig BTOPUHHOK MOPUCTICTIO aBTOPW PO3YMiloTb BeCb
NyCTOTHMI NMPOCTIP, KpiM Mix3epHoBUX nop [6]. 3a Bu3Ha-
YEHOK KOHLIeHTpalLieto bopmaTiB NycToT yCix 3paskiB Oyno
KifIbKiICHO OLiHEHO KoediuieHTN pi3HUX TWUMiB MNOPUCTOCTI
nopig, (puc. 2-6).

Mpun pocnigxeHHi HeuncneHHoi KinbkocTi (7) 3paskis ro-
pu3oHTY B-16 BCTaHOBNEHO, L0 3pa3kv MaroTb NepeBaxHO
HeBenuKky BiAKpUTY nopucTictb 2,3+5,2% kpim OBOX 3pas-
kiB, Ky siknx nepebinbwye 7,9%. MyctoTHMI npocTip ckna-
[alTb, B OCHOBHOMY, BTOPUHHI MyCTOTW, MPUCYTHS TakoX
rpaHynsapHa nopucTicTb (8o 0,6%). Y uinomy, Tinbku oauH
3pa3oKk MOXHa XapaKTepusyBaTu $K MNopoay-KOneKTop,
OCKiNbKM [0 CKnagy Woro AOoCTaTHbO BENUKOi BigKpUTON
nopucTtocTi (K, =7,9% ) BXOAATb TaKOX i TPILLUMHHI MyCcTo-

T, BMICT sikMx ctaHoBuTb 0,8% (puc. 2)

Kn, %

N W A OO O N 0 ©

5069 5069 5071

0 E%r“} N

mMu6uHa Big6opy 3paska, Mm

==Kn(tp)  =e=Kn(rp)

==@==Kn(kaB ==H=Kn(BTOp)

e=py=Kni(3ar)

5081 5090 5090 5160

Pwuc. 2. Tunu nopuctocTi B 3paskax ropusoHty B16



~14 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

Y ropusoHTi B-17 (36 3paskiB) y uinomy Bigkputa nopu-
CTiCTb Oinblua 3a 3Ha4YeHHAM, HXK Yy NonepeaHin rpyni nopig
(Kp cep =6,3% ), 14 3paskiB matoTb 3HaueHHs K, Ginblie 3a
6%, 4 3 aknx — noHag 10%. Y 3paskax uiei konekuii, Ha
BiAMiHY Bif ropu3oHTy B-16, BuAINAeTbCA rpaHynspHa,
TPilUMHHA Ta KaBepHO3Ha MOPUCTICTb, @ TaKOX MYyCTOTU

nepexigHoro BTopuHHoro tuny (puc. 3). OgHak, A0 NoTeH-
LiNHMX KOMEKTOpIiB 3@ 3HA4YEeHHSAMWU CTPYKTYpU MYyCTOTHOro
NPOCTOPY MOXHAa BiAHECTM TiNbkn 5 3paskis, y AKUX BiOKPU-
Ta NOPUCTICTb KONUBAETLCSA B Mexax 6,4+12,2% Ta HasiBHa
[oBoni po3BuHyTa TpiwmHyBaTicTb (0,3+0,6%).

14 Kni(Tp)

1 Kn(BTOp) ==f==Kn(3ar)

«=@==Kn(rp)
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Puc. 3. Tunu nopucTtocTi B 3pa3kax ropusoHTy B17:
a — Bubipka 1, 6 — Bubipka 2

Benvka konekuisi 3paskiB ropusoHTy B-18 (43 3pasku)
B LiNOMYy XapaKTepu3yeTbCs BUCOKMMW 3HAYEHHAMM Bid-
KPUTOi MOPUCTOCTI, TinNbkn B 9 3paskax BOHA MeHLIa 3a
5%, a B cepegHbomy — 6,5% npu HaNBINbLUIMX 3HAYEHHSIX
— po 11,1%. OgHak, 3a CTPYKTYpOK MYCTOTHOrO MpPOCTO-
py 3pasku noginunucsa Ha ABi kateropii (puc. 4). Maixe
NonoBMHa 3paskiB Mae BENUKY TPIiLUMHHY (Y cepeaHbOMY
0,6%, 3a makcumanbHux 3HayeHb o 0,7%) Ta HeBenuky
rpaHynsipHy NopucTicTb. [lpyra rpyna nopig, He3Baxaroum

Ha Benu4unHy BigkpuToi nopuctocTi (Big 2,6% po 11,1%),
Mae [0BOIMi BENWKi 3HAaYEHHS rpaHynsipHoi (cepeaHe 3Ha-
yeHHs 3,6%) Ta KaBepHO3HOI NOPUCTOCTI (CepefHE 3Ha-
yeHHs 2,0%, 3a makcumanbHoro 3,8%), Ta HeBenuki 3Ha-
YeHHS TPILWMHHOI nopucTocTi (MeHwe 3a 0,3%, 3a cepe-
OHboro 3HaveHHsa 0,2%). Takum 4mHOM, 3 Liei BUBipku
nopig 21 3pas3ok MOXHa KnacudikyBaTu SK MOXIUBI
NnopoanN-KONeKTopu.
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=== Kn(BTOpP) =f==Kn(3ar)

mnbuHa BifGopy 3paska, m

a

6

Puc. 4. Tunu nopucTtocTi B 3pa3kax ropusoHty B18:
a — Bubipka 1, 6 — Bubipka 2

Hanbinbwa 4YactuHa gocnigxeHux 3paskiB (122) Bigo-
HoCUTbCA A0 ropu3oHTy B-19. ABTOpamu HaBoguTbCA
NOpiBHAMNbHA XapakTepucTMka akyCTUYHO-EMHICHUX Benu-

YMH LbOro ropu3oHTy (puc. 5) Tinbkn Ha npuknagi ceepa-
nosuHn Ne 67 4yepe3 rpomisgkicTe Matepiany, Skuin fo-
cnigxyBaBcs.



ISSN 1728-2713

FEONOrIS. 3(74)/2016

~ 15 ~

=g K[ KEE)
=@=HKn(eTop)
i KD
e UL 11]

O TR

Puc. 5. NopiBHANbHA xapakTepucTMKa aKkyCTUYHO-EMHICHMX BeNU4YUH ropusoHTy B-19 cBepanoBuHmu Ne 67:
a — LWBWAKICTb NOB3A0BXHBOT XBUIi, KM/C, 6 — BenuunHa 3aranbHoi (Ky(3ar)), BTopuHHoi (K.(BTOp))
i Mix3epHoBoi (Kn(Mix)) nopuctocTi, B — BenuunHa TpilmHHOT (Kq(Tp)) | kaBepHo3Hoi (Kq(kaB)) nopuctocTi

Y uinomy, 3paskym MalTb NEPEBaKHO BUCOKI 3HAYEHHSA
BiakpuTOi nopucTocTi (cepegHe 3HadveHHst 8,0% npu Makcu-
manbHomy — 16,4%). Konekuis Hamn Byna nogineHa none-
peoHbo Ha 5 BUOIpOK, odHaK, MPaKTUYHO Y BCiX nopogax
NPUCYTHI BCi BUAM NOpUCTOCTi. ABTOpaMu 3a NpoBeeHnMU
po3paxyHkamun Byno BuaineHo rpyny 3paski (43) 3 Benuku-
MW 3Ha4YeHHsIMK TpiwmHHOT nopuctocTi (0,4—4,1%), y skux
TaKoX HasiBHi kaBepHo3Ha nopwucTictb (ao 3,05%), nepexia-
Ha MOPWCTICTb NITOMOrYHOIrO MOXOOXKEHHS Ta rpaHynsipHa
nepsuHHa nopucTictb (0,5+9,8%). Lo rpyny MoxHa xapak-
TepusyBaTu Sk NepCnekTUBHI MOPOAN-KONEKTOPU.

Hamu Gyno gocnigxeHo we 2 BubipkM 3paskiB MiKpo-
dayHicTuyHux ropusoHTiB Cis i Cob apycis. Yotupu 3 5
3paskiB nepwoi Bubipkn (C4S) MaloTb HEBENWKY N CEPELHI0
BiAKpUTY nopwucTicTb (8o 4,2+7,3%), ane BCi BOHU MIiCTATb
3HayHy KinbkicTe TpiwmH (0,5+1,1%) Ta npubnusHo piBHI
YacCTKW rpaHynsapHOi, KaBEPHO3HOI Ta NepexigHoi NopucTo-
CTi (puc. 6-a). BuaineHi 4 3pa3kun MoxHa xapakTepusysaTu
SK YLWiNbHEHi MOPOAN-KONEKTOPW.

8 — 10 ==@==Kn(Tp)
=@=Kn(Tp)  ==@==Kn(rp) Kn(kas) Kn(rp)
=@==Kn(BTOp) === KI(3ar) g —o—Kn(as)
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rMunbuHa Bigbopy 3paska, M MnbuHa Biabopy 3pasKka, M
a 6

Puc. 6. Tunu nopuctocTi B 3pa3skax Css Ta C,b ApyciB:
a-— C1S, 6 - Czb

3paskn apyroi Bubipku (Czb) — nigBuweHoi nopmncTocTi
(B cepegHbomy 7,5% npu MakcumanbHOMY 3HAYEHHi

10,0%), xapakTepun3yrTbCsl BiCYTHICTIO KaBepHOBOI Nopu-
cTocTi (puc. 6-6) Ta HasiIBHICTIO Oy)Xe BUCOKUX 3HAYEHb
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TpiwmHHOI nopuctocTi (0,8+5,1% npu cepegHboMy 3Ha-
yeHHi 1,9%). Yci 7 3pa3kiB MOXHa BBaXKaTu NEepPCneKTUBHM-
MU B KONEKTOPCLKOMY BiAHOLLEHHI.

BucHoBku. Taknm YMHOM, aBTOpamMu BCTAHOBIEHO, O
B NMOpOAax YCiX PO3rMsiHYTUX FOPU3OHTIB HaWOInbLniA Big-
COTOK MOPWCTOCTi, NEpPeBaxHO, 3anmarTb MycTOTU BTO-
PWHHOTO MOXOAXEHHS (TPILLWHM, KAaBEPHM Ta MyCTOTK NiTO-
MOFYHOTO YLiMbHEHHS). IXHS KOHLEHTpaLis MO BigHOLIEH-
HI0O 0O rpaHynsipHux nop (popmat: 0,8+0,9) ameHWwyeTbCS
Tinbkn y BMGipui Ne 2 ropmsoHTy B18.

TpiwmHHI nyctotn (dhopmat: 0,0004+0,0046) npucyTHI
B 6araTbox nnactax bGinbLIO0 Y MEHLLIOK MIpoto, ane Bu-
ainaTbca 3pasku 3 Benukumu (noHag 0,35%) Ta gyxe
Benuknummn (go 4,5% — y 3paskax Cob Apycy) 3Ha4YeHHAMM
KoediuieHTa TPILLMHHOT NOPUCTOCTI, LLO rOBOPUTbL NPOo nep-
CMEKTUBHICTb KONMEKTOPIB Takoro Tuny.

KaBepHo3Hi nyctoTtn (dopmat kaBepH 7,9+8,0) 3ycTpi-
YalTbCs HE B YCiX 3pa3kax, BOHM BiACYTHi B nopogax ropu-
30HTY B-16 i C2b sipycy, y Bubipui Ne 1 ropmsoHTy B-18 Ta
we B 28 3paskax iHWMX ropu3oHTiB. Lle, NMoBIpHO, NoB's-
3aHO 3 HasIBHICTIO BKMOYeHb KapboHaTHUX CKNagoBuX, Ka-
pboHaTHOro LemeHTy abo BKMHOYEHb iHiNbTpaTiB Tepma-
JNIbHUX PO3YMHIB.

TakuMm 4mMHOM, 3a pesynbTaTamu iHTepnpeTauii neTpo-
i3nYHMX gocnimkeHb Oyno BM3HAYEHO CTPYKTYpy MyCTo-
THOrO NPOCTOPY KonekLii 3pa3kiB CeMUPEeHbKIBCbKOT NIOLL.
B pesynbTati BuaineHo 90 3paskiB, WO BignosigawTb nep-
CMEKTUBHUM Nnactam-koniektopam. Haibinbw nepcnektu-
BHMM 32 PO3paxOBaHOK CTPYKTYPO MYCTOTHOIO MpPOCTOpY
BM3HaYeHO ropm3oHT B-18 (49% 3paskiB BUAINEHO 5K no-
POAM-KONEKTOPU 3 NEPEBAXHO BTOPUHHO, B TOMY YMCHi 3
BESUKOIO TPILLMHHOIO, NOPUCTICTIO).

Y ManbyTHbOMY Ha OCHOBI OTpUMaHUX pe3ynbTaTiB
(Npy BpaxyBaHHi CTPYKTYpWU MyCTOTHOrO NpOCTOpY) Ta aB-
TOPCbKOI METOAMKM MOXMUBMUIA nporHo3 AebiTiB nepcnek-
TUMBHUX iHTEpBaniB y CBEpATOBUHAX.
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Hapinwna po peakonerii 19.07.16

DETERMINATION OF THE VOID SPACE STRUCTURE OF COMPLEX ROCKS USING
THE PETROACOUSTIC STUDIES DATA FROM THE SEMYRENKIVSKA AREA

The paper presents the analysis of the studies of core from the Well #11 (Semyrenkivska area of the Dnipro-Donetsk depression). The depth
ranges, potentially productive to form the reservoir rocks, were defined using their void space structure investigations. The set of studies of the
219-samples collection, presented by the Lower Carboniferous sandstones, was carried out at the petrophysical laboratory of the Institute of Geol-
ogy. The proprietary methodology of ultrasonic and capacitive investigations data inversion into the parameters of void space structure to deter-
mine the void space structure of samples was used. The quantitative assessment of the amounts of different types of rocks porosity: intergranular
(granular), fracture and vugular was carried out using the petrophysical data (velocities of primary and secondary waves, open porosity coefficient
and volume density). The secondary porosity was also estimated.

Fracture voids were detected in the majority of layers. Samples with high (more than 0.35%) and very high (up to 4.5 in the samples of produc-
tive horizon C2b) values of fracture porosity were distinguished. Vugular voids were observed for the majority of samples. The amount of vugular
porosity reaches the value of 6.5%. The amount of secondary porosity is about 80% of the total pore volume and has higher values than the inter-
granular porosity for the 92% of all sample collection.

90 samples which refer to reservoir layers on the basis of the petrophysical studies interpretation and void space evaluation for the collection
of Semyrenkivska area sandstone samples were defined. The horizon B-18 (21 sample) was identified as most promising. The presented results of
investigations can be used to define the potential of rocks from particular depth ranges and lithologic units.

Keywords: reservoir rock, petrophysics, void space structure.
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OMPEQENEHUE CTPYKTYPbI MYCTOTHOIO NPOCTPAHCTBA CJIOKHOMNOCTPOEHHbLIX NOPON,
No JAHHBIM NETPOAKYCTUYHUX UCCNEQOBAHMN CEMUPEHbKOBCKOUW NMNOWAON

IMpoeedeH aHanu3 pesynbsmamoe uccnedoeaHus kepHa 11 ckeaxxuH CemupeHbkoeckol nnowadu [Henpoeo-foHeykol enaduHbl. OnpedesneHbl
nepcriekmueHble UHMepeasnbl pa3eumusi NMopoo-KOJ/I/IeKMOPO8 Ha OCHOBE U3y4YeHUsI CMPYKMypbl UX MycmomHo20 npocmpaHcmea. Kommekc
nempogusuyeckux uccrnedoeaHuli konnekyuu u3 219 ob6pasyos, npedcmassieHHbIX HUXHEKaMEeHHOY20/1bHbIMU NMecYyaHuKkamu, rpoeoousicsi 8 ne-
mpodgpusudeckoli nabopamopuu YHU "MHcmumym 2eonozauu”. OnpedeneHue cmpykmypbl MycmomHo20 npocmpaHcmea rno 0aHHbIM nempogu3su-
KU 8bINoJIHeHO M0 opu2uHanbHOU MemoduKe uHeepcuu OaHHbIX Y/IbMPa3eyKo8bIX U eMKOCMHbIX uccriedosaHuli 8 Cmpykmypy rnycmomHo20 fpo-
cmpaHcmea. [lo mamepuanam nempoghusuku (ckopocmu nPoOoOJIbHbLIX U MOoMNepeyYHbIX 80JIH, KO3ghghuyueHm omkpbImMol nopucmocmu u o6Lem-
Hasi MIOMHOCMb) 8bINosIHeHa KO/IUYecmeeHHasi oyeHKa pa3/ludHbIX Muroe rMmopucmocmu nopood: Mex3epHoeol (2paHynsipHol), mpewuHHou u
KkaeepHO3Hol. OmdesibHO paccyumaHa e mopuYHasi MopuUCmMocme.

TpewuHHbIE Mycmombl NPUCYmMcmeyrom 80 MHO2UX M/1acmax, 8 YacmHocmu, ebidensiromes o6pa3ybl ¢ 6onbwumu (6onee 0,35%) u oveHb
6onbwumu (3o 4,5% — e obpasyax C,b sipyca) 3HayeHuUsiMu KoaghgpuyueHma mpewjuHHol nopucmocmu. KasepHo3Hble nycmomsi ebliOesnieHb! 8
6onbwuHcmee obpa3yos, 3Ha4eHue KasepHO3HoU mopucmocmu docmuzaem 6,5%. BmopuyHasi nopucmocmb cocmaensiem nodymu 80% ecex
uMerowuxcsi Mycmom u npesocxodum Mo 3Ha4eHu0 Mex3epHosyto 8 92% uccriedosaHHbIx o6pa3yos.

Mo pesynsmamam uHmepnpemayuu nempogu3sudeckux uccrnedoeaHuli u onpedesieHUsi cMPYKMypbl MycmomHo20 NPocMpaHCcmMea KoJuieK-
yuu obpasyoe CemupeHbkoeckol nnowadu ebideneHo 90 o6pa3yos, coomeemcmayrowux niaacmam-kossiekmopam. Kak Haubonee nepcnekmue-
HbIl, MO0 Mosly4eHHbIM napaMempam, ycmaHoesieH 20pu3oHm B-18 (21 o6paseuy). Peaynomamsl npedcmaesieHHbIX ucciedoeaHuli Mo2ym 6bimb
ucrnosib308aHbI 0151 onpedesnieHusi nepcrekmugHocmu nopod omaesnibHbIX UHMePB8asioe U JIUMOI02UYHUX KOMIJIEKCOo8.

Knroyoenie cnosa: nopoda-kosnekmop, nempod)usu:(a, cmpykmypa rnycmomHo20 rpocmpaHcmea.
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3B'A30K PAOOHOBUX AHOMANIU, MArHITHOIO nons
TA PO3NOMIB HA TEPUTOPIi MICTA KMIiB

(PekomeHdo8aHO YrieHOM pedakuiliHoi koneeaii 0-pom eeon. Hayk, npog. C.A. Buxeoro)

B cmammi po3ansiHymo po3mauwlyeaHHsi padOHO8uUX aHomarslili Ha mepumopii micma Kuie ma ix 36'A30k 3 Ma2HImMHUM nosiem ma
po3sniomamu. PadiayiliHe eunpomiHo8aHHs1 € OOHUM i3 Cymmeaux eKoJsIo2iYHUX YUHHUKie doekinnsi. B cymapHomy padiayiliHomMy 3a-
6pyoHeHHi padoH i Ao4ipHi Npodykmu lio2o po3nady 6 nosimpi NpumiwjeHb Maromb GoMiHyroqy posb. BusieneHHss ma oyiHka ob6nac-
mel KOHYeHmpauii padoHy € akmyasibHoO 3adaqero w000 8USYEHHS Lio20 erugy Ha 30opoe’s smodell. 3azeuyall 3amipu KOHUeHmpa-
yii padoHy e npunoeepxHeeilli YacmMuHi 3eMHOI KOpu ma nosimpsiHoMy npocmopi Marome mMoykoeull xapakmep. s sukopucmaHHs1
OaHoi iHhopmauii y mexxax cymicHux mepumopili Heo6xiGHUM € 3acmocyeaHHs1 Herpsimux Memodie. s yb020 & NMPOoNoHo8aHili po-
6omi eukopucmaHo Ma2HimHi aHomastii. Pi3uKo-2eon102i4HUM O06r'pyHMyeaHHsIM MaKo20 38'sI3Ky € crnabka HaMazHiYeHicmb nopid Kuc-

1020 psidy ma 3MiHeHUX y 30Hax po3siomie i nideuweHuli emicm padioakmueHux MiHepaiiie.

Mema po6omu — 3Halimu onocepedkoeaHull 38 130k padoOHo8UX aHOManili 3 Ma2HIMHUMU aHoMasisiMmu ma po3sioMmamu. Memoduka
eKJ/Il0Yae iHmeprnpemauito daHux padoHOEOi 3UIOMKU ma Ma2HimHOo20 oJs, sika nosnsizae 8 Nobydoei kapmu Ma2HiMHO20 Mo pa3oM 3

paOOHoeumu aHomajlisiMu ma po3ssiomamu.

lMpakmuy4Ha 3Ha4yumicmb — pe3ysibmamu O0CJTIOKeHHSI MOXYMmb 8UKOPUCIMO8y8amucsi 8 Me)xax YKpaiHcbKko20 wjuma osi nobyado-
8U Npo2HOo3HUX Modersieli padoHo8oi Hebe3neKu 3a aHUMU 3LOMKU aHOMaslbHO20 Ma2HimHoeo nosns. Tepumopii, siki docnidxyrombcs,
maroms 6ymu npedcmasJsieHi KUC/IUMU YU JTY)XKHUMU nopodamu, a makox eudinsimucsi nomyxHi 30HU mpiujuHyseamocmi ma po3jiomu.

Knto4oei crioea: padoH, MazHimHi aHomanii, Kuie, posnom, kpucmanidHuli gpyHOameHm.

BcTtyn. PagoHoBi aHomanii opMytoTbCca B pesynbTarTi
npoueciB pafioakTUBHOIO posnagy YpaHOBUX €NEMEHTIB,
AKi MICTSATBCS1 B TiPCbKUX NOPOAax, B OCHOBHOMY, rpaHiToi-
Jax; pagoHOBUN ra3 i AOYipHi NPOayKTWU WOro po3nagy Au-
dyHOyIOTb MO TpiWMHAX i po3nomMax B FPYHTOBE MOBITPS
NMOKPMBHMX BiOKNaAiB, HaKOMMYYYNCb Y HU3MHAX, Apax, a
Ha TepuTopii HaceneHux NyHKTIB - y kaHani3auii, nigsanax
[1-3]. ®akT 3B'A3KYy pagoOHOBUX aHOMarniA 3 FiPCbKUMM Mo-
poaamu i po3rnOMHOI0 TEKTOHIKOKO Aae nigcrtasu Ans gocni-
[PKEHHSA B3aEMO3B'A3KY pafoOHOBMX aHoManii 3 reodisny-
HAMM NOMSIMU M TEKTOHIYHUMK enemeHTamu. [Mpobnema
po3rnsigaeTbesa y nybnikadiax [6, 7, 14].

Ak BigOMO, B NaHLUOXKY npouecg foanauy B8y=2%Rg
YTBOPHOETLCHA AOYIPHIN i30TON pagoH “Rn. Lle Baxkui iHep-
THWIA papioakTuBHWIA Ge3bapBHui, 6e3 3anaxy ras 3 nepi-
onom HaniBpo3nagy 3,82 gobu. BiH y 7,5 pasiB Baxuui 3a
noBiTps. PagoH i Moro KOpoTKOXMBYHI i30TOMK (22°Rn i 219Rn)
€ iHTEHCMBHUMU anba-B1NpoMiHIOBa4aMun 3 eHeprieto Big
5,48 po 7,68 MeB. Lle 06yMOBNOE iX akTUBHUI BMAMB Ha
6ionorivyHi TKaHWMHW BHYTPILLHIX OpraHiB NoauHKU (BpOHXM,
nereHeBun enitenin Towo) [3].

Y reonoriyHoOMy acnekTi KOHLEeHTpaLis pagoHy B NOBITPi
obymoBrneHa, nepLu 3a Bce, 0COONMBOCTAMN BEPXHbLOI Yac-
TUHU 3eMHOI KOpU — NOLUMPEHHAM Nopig Knacy rpaHitoigis,
O MOXYTb MICTUTW ypaH i ypaHOBi CMOMNYyKX, a TakoX Ha-
SIBHICTb PO3MOMIB Y reosoriyHoMy cepenoBuLLi, Lo 3abes-
neyvye iHTEHCUIKaLitO NPOHUKHEHHS PafoOHOBUX eMaHaLin
3 ruburH 3eMHoi kopu B atMocdepy. PagoH moxe nepeby-
BaTW i B 0CafoBuX, i B Oyab-aKMX MeTaMopdiYHMX MipCbKMX
nopoaax, SKi MaloTb HEBENUKY pafdioakTUBHICTb. BiH nowwum-
PEHUI TaKoX Ha TEepUTOPIAX, CKMageHUX NerkonpoHUKHUM
rpasinHo-NilWaHMm i rmuHucTumM Mmatepianom [3]. Bigomo,
Lo BOAA, sika B AOLLOBY NOroAy 3arnoBHIE MIKPOTPILLUHM B
3EMHI KOpi, @ TaKoX CHIrOBMIA MOKPUB, € NEPELUKOAO A0
[OCTyny pagoHy B nosiTps [3].

MoTik pagoHy 3 I'pyHTY BU3HaYaroTb ABa npouecy: BuXig i3
TBEPAMX MIHEPanbHUX 3€PEH Y NOPW, HANOBHEHI NOBITPAM, —
€MaHyBaHHS Ta NepeHEeCeHHs1 Yepe3 Mopu rPyHTIB y aTMoc-
depy. Y xoai AOCHMKEHHA pagoHy y NiarpyHTOBOMY MOBITPI
Ba)InMBe MicLie 3aiMae TeKToHiYHa 6yaoBa TepuTopii [9].

Xapaktepuctuka TepuTopii AocnimkeHHA. Teputopia
Kuesa y reonoriyHomy BigHOLLUEHHI Mae OBOSIPYCHY GynoBY.
HwxHIN apyc npeactaBneHnin CknagHOANCIIOKOBaHUMIN HEO-
apxen-naneonpoTepo30NCLKUMIN  YTBOPEHHSIMU  KpUcTaniy-
HOro oyHaameHTy (puc. 1), siKMA CKadaeTbCsl 3 AiopuTIB,
kBapuosux gioputie (8PR1zv) Ta rpaHogioputie (YOPRzv).
Lli nopoan 3ycTpivaloTbCA pasoM, 4YacTo CrocTepiralTbCst
B3aEMHi Nepexoau Big AIOpUTIB Yepes KBapLioBi 4iOpUTU OO
rpaHogiopuTie. Y MarHiTHOMy noni Hag Tinamu AiopuTiB Ta
rpaHodiopuTiB iKCyl0TbCSl NO3UTMBHI aHomanii ATa iHTeH-
cuBHicTio 150-500 HTn. CepegHst MarHiTHa CNpUARHATN-
BicTb Umx nopig 1400*41*10™ Cl. Takox Ha TepuTopii MicTa
KuiB 3ycTpidaloTbCsl rpaHiTu MycKOBIT-6ioTMTOBI, Nopdipo6-
NacTUYHi, 3a CBOIMM Di3UYHMMUK BRACTUBOCTSAMM Grn3bki 00
rPaHiTiB 3BEHWUTOPOACHKOr0 KOMMIEKCY, M TOMY PO34iNnUTK ix
3a reoi3avyHUMKN JaHUMKU Malke HeMoXnuBo [4]. Takox y
mexax Kvneea BuainsatoTbes Tina rabpoigis, Hag skumn dik-
CYIOTbCSl MO3UTUBHI aHomanii ATa. Bigomo, wo y marmatuny-
HMX NMOPOAAX MarHiTHa CrPUMHATAMBICTL 3POCTaE Bif KNCMMX
00 yNbTPaoCHOBHMX Nopia, a padioakTUBHI BNacTUBOCTI 3pO-
CTatoTb 3i 36iNbLUEHHSIM KUCITOTHOCTI.

MakpockoniyHo AiopuTu 3eneHyBaTo-Cipi, CBITMNO-Cipi,
CepeaiHbO3EPHUCTI, MalTb NEPEBaXHO MacuBHY, pidlle
cMmyracty, TekcTypy. MiHepanoriyHun cknag: nnarioknas
(60-70%), poroBa obmaHka (5-20%), Giotut (o 20%),
kBapy, (5—15%), mikpokniH (4o 5%). AKLECOpHi MiHepanu:
anaTtuT, cdeH, UMPKOH — MPUCYTHI Y KinbkocTi MeHwe 1%.
[paHoiopMTM MaKPOCKOMNIYHO BiApPI3HSTLCA Big AiopuUTIB
pOXeBUM BiATIHKOM i BinblumMm BMicTOM kBapuy (8o 25%)
Ta Mikpokniny (ao 20%) [4].

BepxHin apyc cknagaioTb 0cafoBi Bigknagu Mesokau-
HO30MCbKOro Yoxra, NpeAcTaBneHi MiCkOBUKAMK, FMMHAMMU,
nickamn, meprenem [4].

TepuTtopia micTa B reoCTPYKTYPHOMY NNaHi 3HaxoAnTb-
Csl B 30Hi 34neHyBaHHS YKpaiHCbKOro wuta (3rigHo 3i cxe-
MO panioHyBaHHSA YKpaiHCbKOro LuTa, TepuTopis posTa-
woBaHa Yy PoCUMHCLKO-TIKULBKOMY reonoriYyHOMY panioHi,
KoMy BignoBigae binouepkiBCbKMN TEKTOHIYHMI 6ok |
nopsaky) i 6opty [OHinpoBcbko-[oHeLbKOi 3anaguHui, B
MexXax MiCTa CnocTepiraeTbCs BMCOKWUIN PiBEHb PO3BUTKY
posnomiB. MMubuHa 3ansraHHs r'pyHToBUX Bog Binblua, Hix
3 meTtpu [4, 5, 13].

© Opniok M., AueBcbkui M., 2016
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Puc. 1. TeonoriyHa kapTa kpucTaniuyHoro ¢oyHaameHTy Kuesa (depkaBHa reonoriyHa kapta YkpaiHu macwTta6y 1:200000.
[HinposcbKo-[loHeubka cepisd, Apkyw M-36-XI1I (Kuis) [4]): MeTamopdizoBaHi ocafoBi Ta ByfiKaHOr€HHO-0Caf0Bi YTBOPEHHS.
Apxeit: 1 — AR3rt — pocuHcbKo-TikuLbKa cepist — rHeiicn 6ioTuToBi Ta amgibon-6ioTUToBI. YnbTpametamopdiyHi Ta
MeTacoMaTh4YHi YyTBOPEHHS. HKHiA NpoTepo30ii: 3BEHUIOPOACHKMIA komnnekce: 2 — YPR1zv — rpaHiTk Ta nnariorpaHitn 6ioTuTosi;

3 — 6PR1zv — piopuTu, KBapLOBI 4iOPUTM Ta rpaHOAIOPUTH; YMAHCbKMI komnnekc: 4 — ipyPR1um — rpaHiTn nenkokpaToBsi Ta
annito-nermatoigHi; 5 — y PR1um — rpaHitn MyckoBiT-6ioTuTOBI nopdipobnactnyHi; 6 - ymPR1um — rpaHiti Ta mirmatuTtu
MYCKOBIT-6i0TUTOBI NOpdipo6nacTuyHi. IHTPY3MBHO-MarmaTuyHi yTBOpPEHHS. Apxeii: top'iBCbkuiA 6a3nT-ynbTpabasnToBmin KOMMIEKC:

7 — vARS3jr — rabpo, rabpo amaibonitnsoaHe, rabpo-amcibonitn. MeonoriyHi Mexi: 8 — Mix Pi3HOBIKOBMMM reONOrYHUMU YTBOPEHHSMM,
9 — neTporpadivHNX pisHOBMAIB y Mexax kommnnekcy. Po3pusHi nopyLueHHs: 10 — ronosri, 11 — gpyropsigHi, 12 — 4OCTOBIpHI,

13 — iMoBipHi, 14 — mexi M. KniB, 15 — pycno p. [Hinpo

3rigHo 3 pesynbTatamu rpynu asTopis (B.l. CtapocTteHko,
M.l. BapaH, M.€. Bapwescbkun Ta iH. [10]) kpucTaniyHnn
yHaameHT TepuTopii M. Knie po3butuin cepieto posnomis
cybmepugioHaneHoro Ta cybwmpoTtHoro MNMH-Cx Ta MH—3x
HanpsmkiB. Hanbinbwumn € Kniscbkun, IpniHcbkuin, BopT-
Huubkmn, JapHuubkuin po3nomu MH-3x cybmepugioHanb-
HOro NpOCTsiraHHs, a TakoX CBATOWMHCLKUIA Ta Muporiscb-
KM CyGLUMPOTHOro mpoctaraHHea. Y OyaoBi cknagyactoro
dyHOAMEHTY BCTAHOBMNEHO TaKOX aHTUKIiHamNbHI Ta CUH-
KniHanbHi CTPYyKTYpW. Hanbinbwmmu aHtukniHanamum € Ip-
niHcbka, bosipcbko-bopTHULbKa Ta Bopucninsceka [4, 10].

Ha nosepxHi gokembGpincbkoro yHOameHTy Buaing-
€TbCA PsiA epOo3iMHO-TEKTOHIYHMX Aenpecini MH-Cx npocTs-
raHHa. Hambinbwa 3 HuX npocTtaraetbecs Big xytopa [leT-
poBcbkuii Yepes CodiiBcbky BopLuarieky, 3axigHiwe Cupus
Ha [lpiopky. MeHwi 3a poamipoMm Aenpecii npoxoasTb Yy
HanpsMKy: cTaHuis BuwHese — YokoniBka — TpyxaHiB oCT-
piB; HoBocinkn — CoBku — HCK "Onimniicekni" i no niHii
MwuwonoBka — Kyxmictepcbka Cnobigka. Kpim Toro, Ha
noeepxHi dyHAameHTy B panoHi Knesa BigsHavaoTb Benu-
Ki koputonoaibHi aenpecii MH-3x HanpsiMKy (LUMPUHOO A0
3 kM, y goBxunHy o 20 kM), noB‘A3aHi 3 AW3'IOHKTUBHUMM
nopyLleHHaMM | 3 NposiBaMn epo3ifHO-AeHyAaliiHUX npo-
Lecis npoTepo3soto-naneosoto [10].

TeKTOoHIYHI MopyLUEeHHSA B OCaAOoBilN TOBLUi NpeAcTaBneHi
nepeBaXxHO PO3NOMHO-0MOKOBMMMK CTpykTypamu. Hainbi-
NbLWUMMW JoAaTHIMKU CTPYKTYypamu, Lo BiANOBiAaTb MigHs-
TMM 6Gnokam dyHoameHTy, € PoxHiBcbka, [leTpoBcbka,
BpoBapcbka, Conom'siHcbka, [apHuubka, BopTHMUbKA,

Bio‘eMHMMn — IpniHcbka, O6onoHcbka, HoBocinkiBcbka,
XpewaTtuupka [10].

Y kpuctaniyHoMmy dyHaoameHTi nig Kuesom 3a gaHumu
"lepxaBHOi  reonoriyHoi  KapTM  YKkpaiHm macliTaby
1:200000. [OHinpoBcbko-[loHeLbka cepis" gewmndpyeTbeca
[ocuTb Benvka GaraTokinbLeBa CTPyKTypa 3 KinbusiMu pa-
aiycamn 1,5; 4,5; 7; 10,5; 17; 29 km, aky Ha3Banu KuiBcb-
KO KinbLeBow CTpykTypot [4]. Ha kapTi isoguHam ATa
BOHa MiATBEPOXKYETLCA KiNMbLEBUM po3TallyBaHHAM Ains-
HOK MO3WUTUBHUX MAarHiTHUX aHoManin iHTEHCMBHICTIO 00
500-700 HTR, WO YepryTbca 3 KinbUsMU Bi'€MHUX aHO-
Manin iHTeHcuBHicTio go 300 HTn. OcoGnmMBo 4iTKO Taka
CTPYKTypa MarHiTHOro Mons MpoCTEXYeTbCA Ha npaBobe-
pexcki [Hinpa, Ae byHOaMeHT 3ansrae Ha MeHLWUX rmmbu-
Hax. [MnbuHa 3ansdraHHs NoBepxHi pyHoaMeHTy B NpaBo-
OepexHin YacTuHi Micta cknagae B cepegHbomy 210 M
HIXYe piBHS MOpS.

KuiBcbka CTpyKkTypa Yy reodisuyHoMy BiOHOLLEHHI Bid-
noeigae KuiBcbki OinaHUi NO3UTUBHOIO MarHiTHOro nons i
€ MIoLLEet0 MOLUMPEHHS rpaHoAiopuTiB Ta AiopuUTIB 3 4Yuc-
neHHuMK Tinamu rabpo Ta rabpo-giabasis [10].

Pe3ynbTatn pocnigxeHb. BumipioBaHHs, ski npoBo-
avmnmca Ha TepuTopii Kneea, nokasanum 3HauHi BigMiHHOCTI
KOHLeHTpaLii pagoHy B pi3HMX YacTuHax micta. B niBoen-
Hil i 3axigHin YacTnHax Knesa cnocrtepiraetbest HanbinbLwa
KOHLIeHTpaLisi pagoHy. TakoxX y po3nOMHUX 30HaXx, SKi BU-
OiNsATbCS B MeXax LieHTpa MicTa, MOXYTb CrocTepiraTucs
nokanbHi 30HWM BUCOKOI KOHLIeHTpaUii pagoHy [13].
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KoHueHTpauii pagoHy B niBoGepexHin Ta npaBobepex-
Hi YacTuHax Mmicta PpisHi. MMprMUMHO ULBOro sBMLLA MOXe
Oytu Te, wo 6nmaeko 70% nnowi nigctunatoyoro dyHaame-
HTY MiCTa CKNafaeTbCsa 3 rpaHiToigiB i BiCiM 3 AecsTn pavio-
HiB pO3TallOBaHi B MeXax rpaHiTHOro MacuBy, Kpan SKOro
npoxoautb no npasomy 6epesi p. AHinpo. MepekpuTi mano-
MOTY>XHUM YOXITOM NyXKWX BigKNadiB rpaHiTHi Mopoau xapak-
TEepU3YyTbCA NIABULLEHNMU KOHLEHTPALUISIMU PafioakTUBHUX
enemMeHTiB: ypaHy, Topito Ta pagito [5]. Ak BigOMO, OCHOBHM-
MU LUASXaMU HaOXOMKEHHS pafoHy € BUABMEHi B Mopoaax
TPILUMHYBATI 30HM 3 NiOBULLEHO ra3oNPOHUKHICTHO.

3 MeTol BUSIBIIEHHS PAfOHOMPOBIOHUX 30H B I'PYHTI
npoBoaunacsa emaHauiiHa 3nomka [5]. Ha 30 pekorHoc-
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uMpyBanbHUX Npodinsax AoBxuHow 6nusbko 400 km 6yno
BUKOHaHO 6nu3bko 2500 BuMiptoBaHb. AHani3 pesynbTa-
TiB BUMiptOBaHb nokasas, Lo POHOBI KOHLEHTpauii pago-
Hy B I'PYHTI NiBOOEpPEeXHOi 4YacTUHU MicTa CTaHOBUIIN B
cepegHbomy 12 kBK/M®, npaBobepexHoi — 20 kBbk/m®. Ha
Teputopii micta 6yno BUAiNeHo Tpu piBHi pafOHOBMKX MO-
nis: go 16,5 KBKk/M> (Ha skmn npunagae 30,9% 3aranbHoi
OOBXUHW npodinis); 16,5-30 KBK/Mm® (15,5% poBxunHu
npoainis); 30 KBK/M® | BULLE (2,0% poBXUHWM Npoinis)
(puc. 2) [5]. Ha puc. 2 BugHo, Wo aHomanii KoHUueHTpauii
pagoHy CrnocTepiratoTbCA B OCHOBHOMY B npaBobepexHin
YaCTWHI MiCTa B340BX PO3SIOMiB.
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Puc. 2. BinobpaxeHHs po3nomiB Ta aHomaniit pagoHy Ha cxeMi aHOManbLHoOro reomarHitTHoro nons ATa
Ha TepuTopii M. KuiB (iHTeHCUBHiCTbL aHOManin y HTn): ekBiBaneHTHa 06'eMHa piBHOBaXHa aKTMBHICTb pagoHy B MeXax TEpUTOpIN:
1 - 0+100 Bk/M®, 2 — >100 BK/ M%; 3 — aHOMaIbHi 30HM1 aKTUBHOCTI paZioHy; TOYKOBI NMOKa3HWKN aKTUBHOCTI pafoHy: 4 — 0+20 bk/ m®,
5 —20+60 Bk/ M°, 6 — >60 BK/ M%; 7 — po3nomu; 8 — mexi micTa; 9 — npodpinb Nonepek po3nomMy, B3J0BX SKOro nobyaosaHuii rpadik
3MiHM KOHUEHTpauii pagoHy Ta ATa

MpupoaHe reomarHiTHe Mone 3MIHIDETLCS B Mexax
5010050860 HTn, 36inbLyo4MCh 3 NIBAEHHOTO 3axody Ha
niBHIYHUA cxig. JlokanbHa NPOCTOpPOBa HEOOHOPIAHICTb
reoMarHiTHOro nons B OCHOBHOMY BW3Ha4aETbCs WOro ni-
TOCPEPHOK KOMMOHEHTOK, SIKa Bapiloe B Mexax Micta
Bia —200 go 500 HTn (puc. 2.) [15].

MpaBoGepexHa 4acTuHa MicTa (ocobnmBo, cTaporo
MicTa) po3milleHa B OCHOBHOMY Ha AinsHKax, SKi xapak-
TEpU3ylTbCA NO3UTMBHUM MarHiTHUM MOrfiemM 3 iHTEHCKB-
HicTio 50-100 HTn. JliBoGepexHa 4YacTMHa MicTa po3aTa-
lwoBaHa B obnacTsx 3 NepeBaXxHO Bid'€MHUM MarHiTHUM
nonem (go ATa=-200 HTn). Ha niBomy Gepesi Tinbku
obnactb PycaHiBkn, BepesHskiB i yacTkoBO XapKiBCbKOro
MacuBy Ta BopTHMuYiB xapakTepusyoTbca cnabkum nosu-
TUBHUM hoHOM B6nm3bko 50 HTH.

IHWwoto ocobnueicTio nona ATa € rpynyBaHHS NO3UTMB-
HUX aHoOManin B CBOEPIgHWUIA oBan. BHYTPILLHINA KOHTYpP LbO-

ro oBany 3 HanpyxeHicTio nonsa B uUeHTpi ATa=-50 HTn
obmexeHnn npocnektom [Nepemorn Ta Byn. MenbHukoBa
Ha niBgHi 1 niBHodi Ta Byn. Onenu Tenirn h MenbHukoBa
Ha 3axopdi Ta cxofi. 30BHIWHIA KOHTYp oBany (aHomanii
oBany MatTb iHTeHcuBHiCTb T=100-150 HTn) oxonntoe
Mogpin, opesHi Knis 3 0. TpyxaHis, gani lNMeyepcbk (BkMoY-
Ho 3 Kueso-lNevepcbkoto naepoto, 4o HauioHansHoro my-
3eto icTopii YkpaiHu y [pyrii CBIiTOBIN BiliHi) Aani npoxo-
OuTb niBHiYHiWe BarikoBoro uBMHTapsi 40 CT. MeTpPo HuBkK.
[ani niHia KOHTYpy NpocTaraeTbcs NPMOIM3HO MO MiHii 3a-
ni3HM4HoI konii, oxonntotoun Cupeub, KypeHisky Ta Pu-
OanbCbkuin MiBOCTPIB.

Ha npaBobepexcki MiHIMyM MarHiTHOro monsi MiBHIYHO-
3axigHoOro NpOCTAraHHA OXOMIHOE (3 MIBHOYI HA NiBOEHb) Taki
MicumHm Kuea: Yokonieka, MixxHapogHuin aeponopt "Kuis",
c. Xynanu, Tepemku-l, Tepemku-Il, PeodaHia (3axigHa me-
a NpubnunsHo NpoxoauTb No Byn. Akagemika 3abonoTHOro).
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Opyruin - MiHiMyM niBHIYHO-CXigHO-CYOLUMPOTHOrO Mpo-
ctaraHHa Big MNeTponasniBcbkoi bopuyariBku B NiBHIYHO-
CXiHOMY HanpsiMKy OXOMMe Taki macusu: CBATOLUUH,
Akagemmictedko, binudi, usuHTap bepkiBui, 3axigHy 4ac-
TuHy BuHorpagapsi, Moctuubkuin, Buwropoacbkmii, MiHCb-
kuin, O6onoHb, BurypiBwnHy-TpoewwmHy, PagyxHun, Bock-
peceHky, Komcomonbcbkui, JlicHun ta bukisHto [8].

AHani3a npocTopoBOro po3TallyBaHHS pPO3IIOMIiB, aHo-
MarnbHOro reoMarHiTHOro Mons Ta KOHUEeHTpauii pagoHy
3acBiguMB, WO PO3NOMU XapakTepu3yloTbCs 3a3Bu4Yal Big-

ATa, WTh
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HOCHUMW MiHiMyMamn aHomanin ATa Ta IHTEHCUBHMMM
pafoHOBMMUK aHoManigMu (puc. 2).

[nsi gemoHcTpaLii Takoro B3aeM03B'si3Ky Ha puc. 3 HaBe-
OeHo rpadoikm aHOMarnbHOro reoMarHiTHOro Mnomns Ta 3MiHu
KOHLIEHTpaUii pagoHy BXPECT MPOCTAraHHs PO3roMy MiBHIY-
HO-CXiQHOrO MPOCTSAraHHs, Ans sSIKOro HasiBHi AaHi HeobXiaHoT
[eTanbHocTi (po3TallyBaHHS Npodinto AvB. Ha puc. 2). AHa-
ni3 pe3ynbTaTiB Nokasas, LLO PO3fIOMHA 30Ha XapakTepusy-
€TbCA 3HWKeHUMK 0o —10 HTN 3HAYeHHAMW reomarHiTHOro
nons Ta niasuweHor Ao 85 Br/M® KOHLIEHTpaLli€to paoHy.
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Puc. 3. M'padpik 3MiH KOHUEHTpaLii pagoHy Ta ATa nonepek po3nomy
(iHTeHCUBHICTbL aHOManin y HTN, KOHUeHTpauis pagoHy B 5K/M3)

BucHoBkM AHanisyloun pesynbTtati AOCNiaAXeHb, MOX-
Ha ckasaTtu, WO ronoBHUMK daKkTopamu, sKi 3yMOBIHOTb
pagoHOBI aHomanii, €: BMCOKA KOHLEHTpaLlis pOo3rfoMiB,
ripcbki nopoan dyHOAMEHTY, SKi MICTATb pagioakTUBHI
enemMeHT Ta rMMboko 3andaratodi Nia3emMHi Boau.

Ak BXe 3asHayanocb, nNopoau KpuctaniyHoro dyHaa-
MeHTY Ha TepuTopii Knesa npeacrasneHi rpaHogioputamu,
KBapLIOBMMU [iopuUTamu, B aKUECOPHUX MiHepamnax SKux
(OpTUT, UMPKOH, anatut, cdeH) MICTATbCA ypaH Ta iHLi
papioakTMBHI eeMeHTH, Lo € AxXepenaMmmn pagoHy.

AHoManii pagoHy B MICTi NPaKkTUYHO NPUYPOYEHi OO pa-
MNOHIB PO3BUTKY PO3MOMHUX 30H, SIKi MEepeKkpuUTi Ha AeHHIn
NoBepxHi YeTBEPTUHHMMU BidkKrnagamu marnoi MOTYXHOCTI,
L0 XapaKTepHO Ansi NpaBoGEepeXxHOi YacTUHM MicTa, OCKi-
NbKW MUOUHA 3ansraHHsA KOPIHHWX MOpi4 MeHLWa, HiX B
niBobepexHii YacTuHi. Ha kapTi aHOManbHOI KOMMOHEHTH
MarHiTHOro nomns pagoHoBi aHoOManii KopenoTb 3 Big'em-
HAMW Ta HEBENWKMMMW J0AATHUMM ii 3HaveHHsmu. Lis 3a-
NEXHiCTb [0BOSi YiTKO MPOSIBMAETLCA B Mexax npasobe-
PEXHOI YacTUHWM MicTa, e Big'€eMHe aHOMarbHe MarHiTHe
none AT nos'dA3aHe 3 NOTY>XHUMW 30HaMU TPILLMHYBATOCTI 3
aKTUBHOK ProigHO-AMHAMIYHOK aKTMBHICTIO Ta po3noma-
MU, SIKi € 30HaMK BUAINEHHSA pafoHy B aTMOCdepHe NoBiT-
psa. Ha niBoGepexcki He MpOCTeXyeTbCs YiTKOI kopensiuii

MK aHOManisiMM MarHiTHOro nons Ta aHoMarnisMu pagoHy,
OCKINIbKM B Ui 4aCTWHi MicTa KOpiHHI nopoau 3andaralTb
[OCTaTHLO MMUOOKO i NEePEeKPUTi MOTYXKHUM OCafOBMM Y4OX-
1IOM, SIKU 3aBaXkae pyxaTucsl pafoHy.

[aHuin NporHo3 Moxe 3acTocoBYBaTUCA ANst TEpUTOpPIn Y
Mexax YKpaiHCbKOro Luta B MicusX, Ae KOpiHHI nmopoau
npeacTaBneHi KUCIUMW, CEPEAHIMU Ta NMY>XHUMWU NopoaamMu,
B aKLECOPHUX MiHepanax SKuX MIiCTUTbCA ypaH, a Takox
BUAINSAIOTLCS MNOTYXHi 30HU TPILLMHYBATOCTi Ta PO3MOMMU.
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Hapinwna pno peakonerii 26.09.16

CORRELATION OF RADON ANOMALIES, MAGNETIC FIELD AND FAULTS ON THE TERRITORY OF KYIV

The article considers the location of radon anomalies on the territory of Kyiv and its correlation with the magnetic field and faults. Radiation is
one of the essential environment ecological factors. Radon and its decay daughter products in indoor air has a dominant role in the total level of
radiation contamination. Identification and evaluation of radon areas is an urgent task to study its effects on human health. The authors used
magnetic anomalies as indirect method to estimate radon levels in the upper part of the crust and in the air, measurements of radon concentration
having point character. Physical and geological justification for such connection is weak magnetization of acid rocks, altered in fault zones and
areas of high content of radioactive minerals.

The goal of this research is finding indirect link of radon anomalies with magnetic anomalies and faults. The methodology involves data
interpretation of radon survey, magnetic field to construct a map of the magnetic field with radon anomalies and faults.

The result obtained can be used within the Ukrainian shield (acid or alkaline rocks, zones of jointing and faults should be located in the
investigation area) for building predictive models of radon hazard according to magnetic survey.

Key words: radon, magnetic anomalies, Kyiv, fault, crystal base.

M. Opnitok, A-p reon. Hayk,

E-mail: orliuk@ukr.net,

WUHcTutyT reodmsmukm um. C.U. Cy66otnHa HAH YkpauHbi,

np. NannaauHa, 32, r. Kues, 03860, YkpauHa,

M. AueBckun, acn.,

E-mail: pavloyatsevskiy@ukr.net,

KueBckuit HaunoHanbHbIW YHMBepcuTeT UMeHun Tapaca LlleByeHko,

YHWU "UHcTtutyT reonorun”, yn. Bacunokosckas, 90, r. Kues, 03022, YkpauHa

CBA3b PAOOHOBbLIX AHOMANWUW, MATHATHOIO NMONs U PA3NIOMOB HA TEPPUTOPUU FOPOA KUEB

Bec e pacci pL 51 pacnosioxeHue padoHo8bIX aHoManuli Ha meppumopuu 2opoda Kueea u ux cesi3b ¢ Ma2HUMHbLIM 110J1eM U pa3s-
nomamu. PaduayuoHHoe u3siyyeHue siesisiemcsi OOHUM U3 CYW,eCMeEeHHbIX IKo/102uyecKux ghakmopoe okpyxaroujeli cpedbl. B cymmapHom padua-
UUOHHOM 3a2psi3HeHUU padoH u doyepHue npodykmbi e2o pacnada e so3dyxe noMeweHUl umerom pewarowee 3Ha4yeHue. BbisienieHue u oyeHka
obnacmeli KOHYyeHmpayuu padoHa sienisiemcsi akmyanbHol 3adayell Mo U3y4YeHUlo e20 enusiHUsi Ha 30opoebe stodel. O6bIYHO 3aMepbl KOHUEHM-
payuu padoHa e npunoeepxHOCMHoOU Yacmu 3eMHOU Kopbl U 8030yWHOM fpocmpaHcmee UMerom mo4ey4Hbil xapakmep. Mcnonb3oeaHue coom-
semceyrouwjux 0aHHbIX Ha Opyaux meppumopusix mpebyem npumMeHeHuUsl KOC8eHHbIX Memodoe. [nsi amozo e npednazaemMoli pabome ucnosnb30-
eaHbl Ma2HUMHbIe aHoManuu. ®u3uKo-2eosi02u4eckuM o60cHoeaHuUeM makoli cesi3u sienissiemcsi crnabasi HaMa2HUYEeHHOCMb MopPod KUC/1020 psida,
UX U3MEHeHUe 8 30Hax pa3/IoMo8, a MakKXe roebIWeHHOe codep)aHue paduoaKmMuUeHbIX MUHEPaIIos.

Lenb pabomsbi — HaxoxdeHue onocpedosaHHOU cesi3u padoHO8bIX aHOManuli ¢ MaeaHUMHbLIMU aHOManusMu u paznomamu. Memoduka ekmnoya-
em uHmepnpemayuro OaHHbIX padoHOBOU CbEeMKU, Ma2HUMHO20 0151, KOMopasi 3aK/IroYaenicsi 8 MOCMPOEHUU Kapmbl Ma2HUMHOR20 10J1si eMecme
¢ padoHO8bLIMU aHOMaUsIMU U pa3sioMamu.

lMpakmuyeckas 3HaYyuUMocmb — pe3ybmamsl uccriedoeaHusi MO2ym UCMOb308ambCs & npedesiax YKpauHcKo20 wjuma Ossi NocmpoeHuUs npo-
2HO3HbIX Moderieli padoHoeol onacHocmu Mo GaHHbIM CbeMKU aHOMaslbHO20 Ma2HUMmHo20 nossi. Mccnedyembie yyacmku G0/mKHbI 6bimb nped-
cmaesieHbl KUC/bIMU UJlU Wes104HbIMU Mopodamu, a makxe Heo6xo0uMo ebidesieHuUe MOWHbIX 30H MPeuwuHo8amocmu U pa3/ioMos.

Knroyeenie crnoea: padoH, MacHUMHbIe aHomanuu, Kuee, pasnom, kpucmannudyeckuli ¢pyH0ameHm.
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AsepbanaxaHCKMi rocyaapCcTBeHHbIW YHMBEPCUTET HEPTU U NPOMBILLINEHHOCTH

FPABU-MAFHUTOPA3BEOKA NMPU MNOUCKAX HE®TEMA30BbIX MECTOPOXXAEHUM
B YCNOBUSAX A3EPBAUOXAHA U YKPAUHDI

(PekomeHdo8aHO YneHoM pedakuiliHoi koneaii 0-pom eeorn. HayK, cm. Hayk. crnigpob. M.l. Oprrokom)

3anexu yanesodopodos, Haxodsiuuecs 8 pa3/ludHbIX Heghme2a3oHOCHbIX peauoHax AsepbalidkaHa u YKpauHbl, omobpaxaromcsi
8 2pasumMayUoOHHOM U Ma2HUMHOM 0JIsiX, o0 ux eo3delicmeueM U3MEHSIeMCcsi MazHUMHasi 80CMPUUMYUBOCMb 8epPXHel Yacmu 2eo-
J102UY€CK020 pa3pe3a U NMo4YeeHHO20 rMokposa. Pesynbmambi uccriedosaHuli 8 ycriosusix AsepbatidxaHa Ha MpuMepax mMecimopoxade-
Huli Mypadxaunb! u Oxagpapnbl 3aghukcupoeanu siokanbHble Ma2HUMHbIe MUHUMYMbI UHMeHcueHocmbto 30—40 HTn. AHOManbHbIU
aghghekm epasu-macHUMHbLIX nosieli 6onbWwe 3agucum om MOWHOCMuU Heghmeaa3080U 3asexu, Hexxenu om ee any6buHbl. [y6oko3a-
nezaroujue Heghmeaa3oeble 3aexu 8 2pasu-MacHUMHbIX M0J1sIX omo6bpaxaromcsi 6r1azodapsi AoNoIHUMENILHOMY aHOMaslbHOMY 3¢h-
¢hekmy, coz0aHHOMy cyb6eepmukasibHOU 30HOU Hal 3asiexblo. B kayecmee npumepa usy4yeHuUsi Ma2HUMHOR20 IMOJIA U MazHemu3ma ro-
4eeHHO20 MoKpoea e npedesiax omJsioxeHull yasesodopodoe e YkpauHe uccriedoeaHbl BuxomnsiHckoe u Cydoeo-BuwHsiHCKoe mec-
mopoxdeHusi. Ha ¢hoHe pe2uoHasibHOU aHOMasluu Ma2zHUMHOR20 MoJisi UGeHMuguyupo8aHbl y4acmku, 20e rosie 3aMemHo OCJIOXKHsIe-
mcs1 JIOKanbHbIMU MUHUMYMamu ¢ amninumyodoll nopsioka 2—8 HTn u wupuHol 1-3 kM. Kpome mozo, Ha Kpasix amux JIoKaslbHbIX aHO-
manuli npucymcmeyrom KopomKonepuoOHble MaKCuMyMbl, UHMeHcusHocmbio 10-20 HTn. lMoeblweHue 3HaYeHuUli MacHUMHOU eocrl-
puuM4ueocmu NMo4Ye8eHHO20 MOKPo8a U ee 8bicoKasi ducriepcusi cesi3aHHbl ¢ hopMUpPO8aHUEM aymuzeHHbIX OKcudose u cynbgudos
)Kene3a nod eo3delicmeueM pacceusaHusi y2r1e8000p00H020 ¢hsirouda Had 3anexbro. TakuMu MazHemukaMu Mo2ym 6bimb OuazeHe-
muyecKue MazHemum, MazzemMum, NUPPOMUuH. [ns noebiweHus1 3ghghekmueHocmu u 0OHO3HaYHOCMU UHMepnpemayuu pe3ysbma-
moe u3y4eHusi MazHUMHOR20 1015, Ma2Hemu3Ma o4e, npupoodbl JIOKasbHbIX Ma2HUMHbLIX aHoMasuli Had y2/1€8000PO0HbLIMU CMPYK-
mypamMu onmuma’sbHbIM 100X000M s18J1siemcsi KOMI/IeKcuposaHue ¢ pya2uMu 2eou3uvecKuUMU, 2e0XUMUYECKUMU, JTUMOJI02Uu4eCKU-
MU, HeOMEKMOHUYECKUMU U 1104808€34€CKUMU Ucc/ied08aHUsIMU.

Knroyeenlie criosa: MaeHumopaseeaka, epasupaseeaka, Ma2HUmMHasi eocripuum4ueocms, rno4ea, ye.neeoaopodbl.

BBeageHue. Meodusnyeckne MeToabl B COBPEMEHHbIX
YCINOBUSIX UrPAIOT BaXKHENLLIYIO POMb MPU NMOUCKaX 3anexem
HedTV M rasa, YTo NOATBEPXKAAETCSl NPaKTUYECKUMU pe-
3ynbTataMu 0TOGpaxeHus MNpPUCYTCTBUSI YrneBOOpOaOB
(YB) B aHOManbHbIX NOAsX M U3NYECKMX CBOMNCTBAX Mpu-
poaHbix 06bekToB. Ele B koHUe 50-x rogoB XX Beka 6bliro
nokasaHo, YTO B CEeWCMMYEecKux nonsax obHapyxuBaeTcs
nornoLeHne (3aTtyxaHue) 3Heprum BOJH B HECKOSLKO pas,
a B rpaBUTaLMOHHOM MOSe MPOSIBMNAIOTCS NOKanbHbIE MUHW-
MyMbl Hag 3anexamu HedTn 1 rasa [14, 23]. 310 nocnyxu-
110 OCHOBOW ANl MOCTaHOBKM 3a4ayv MpsiMbIX MOWCKOB 3a-
nexen HedpTn 1 rasa reodmandeckummn metogamm [10].

MocneayWUMyY MHOTOUYUCNEHHBIMU UCCELOBaHUAMMN
Obina pokasaHa CBSA3b ManoaMmniMTYAHbIX JTOKanbHbIX
aHOMarnu cunbl TSHKECTU M MArHUTHOTO MO C 3anexamu
YrneBOAOPOAOB Kak B MNaTqOPMEHHbIX, TaK Y B FT€OCUHKIN-
HanbHbIX obnactax [1, 2, 4, 5, 7, 8, 11, 15, 16, 17, 27, 36].
Moka3aHO HanMuMe OTHOCUTEIbHbIX TEMNEPATYPHbIX Mak-
CMYMOB, SIBNSAOLWMXCS NpusHakamu 3anexen YB [28].
Hanpumep, B npegenax rasoBoro mectopoxaeHusi KOxHo-
Jlyroeckoe Ha tore 0. CaxanuH ¢ 2003 r. 66y NpoBeaeHbI
CceliCMNYeckne, rpaBMMETPUYECKNE, MarHuTHble, TepMo-
MeTpudeckme HabnogeHus u obHapyXeHbl YCTOWYMBbLIE
3aKOHOMEPHOCTU. YCTaHOBIEHO, YTO MMaHOBOE pacnoro-
KEHNE MECTOPOXAEHMS O0TOoOpaXxaeTcsi B rpaBMTaLMOHHOM
N TepPMUYECKOM MOMsiX. Takke BbISBMEHO, YTO 3TWM aHo-
MasbHble 30Hbl OTMEYaKTCH U B CEACMUYECKMX BPEMEH-
HbIX paspesax [20].

M3yyeHneM MarHUTHOro nomnsi Hag MEeCTOPOXAEHUAMMU
HedTV U rasa, a Takke MepcrneKkTUBHbIMU CTPYKTypamu B
npeaenax HxHon n CeBepHon NpubOpPTOBLIX 30H LleH-
TpanbHon Yactn [Henposcko-foHeukon BnaguHel (O0B),
BbISBIIEHbI JIOKanbHblE MarHUTHble aHoManuum AT, B OC-
HOBHOM MOJSIOXUTENbHbIE, aMMIUTYAON OT 4 oo 6 HT R, wu-

pvHon ot 3 Jo 6 km, cBogoobpasHoi M BonHoobpasHon
dopMbl. B npocTpaHCcTBE MakCUMyMbl BblAEMNEHHBIX aHo-
ManbHbIX apdekToB AT, 4acTo cMelleHbl OT cBoda WcC-
CnefoBaHHbIX CTPYKTYP MO FOPU3OHTaM HWXHEro kapboHa
W TATOTEIOT K PUEOreHHbIM CTPYKTYpaMm € 3anexamu Hedtu
W rasa, TEKTOHUYECKMM HapyLUEHUSIM, KOTOPbIE 3KPaHUpy-
0T 3anexb [9, 18]. B npegenax mectopoxaeHuin YB ¢ no-
MOLLbIO MarHUTHbIX MccneaoBaHu BO BHelwHen 3oHe
Mpegkapnatckoro npormba BbISBNEHbl OTpUUATENbHbIE
MarHuUTHblE aHOManuu amnnuTyaon 4—7 HTn n ycraHosne-
Ha reHeTU4yeckas CBA3b MeXAy foKanbHbIMW MarHUTHbIMU
aHOManusM1, MarHUTHbIMW CBOMNCTBaMW MOYBEHHOrO MO-
KpoBa M HedpTerasoHocHocTblo [40, 43, 44]. Hag HedTe-
NPOAYKTUBHOW 30HOW MecTopoxaeHus 3pgaHuue B Yeww-
ckon Pecnybnvke raMmacnekTpoMeTpueln YCTaHOBIEHO
3aMETHOE CHWXXEHME COAEepXaHui Takux BellecTs, kak K, U,
Th oTHOCMTENBHO hoOHA, a nNo obpasuam, oTOOpaHHbIM 13
Herny6okux (0o 20 m rnybuHOW) CKBaXwuH, 3acpuKcMpoBaHo
yBenuyeHue cogepxaHus Ra (pagoH) B NOYBEHHbIX rasax,
MarHMUTHOM BOCNPUMMYMBOCTM N copepxaHust cepbl [41]. B
npegenax HedTerasoHocHoro 6accenHa BbapuHac-Anype
(BeHecyana) no pesynbratam uccnegosaHusa 5425 obpas-
uoB BypoBoro wwnama, oTobpaHHbIX M3 ABaguatn HedpTs-
HbIX CKBaXWH C pasHblX rnybuH (OT noBepxHOCTW A0
4000 M), 6bina coenaHa nomnbiTka CBs3aTb BbISIBIIEHHbIE
MarHUTHbIE aHOMarnuu Nopoj pasHoro Bo3pacrta C Hanumyu-
em ckonnexu YB [45].

BaxHbIMK sBNSOTCA pesynbTaThl, NOMyYeHHbIE B pa-
6ote [19], roe peTanbHO paccMaTpUBaeTCHa CBSA3b MexXay
aHoOMarnbHbIM MarHUTHbIM MOMEM Hah MEeCTOPOXAEHUSMU
YB 1 gnareHeTu4eckMMn M3MEHEHUSMU MarHWTHbIX MU-
HeparnoB, YTO NPUBOAUT K MOHWKEHUIO UMW MOBbLILIEHWIO
HaMarHM4eHHOCTM COOTBETCTBYIOLLMX TOPHBLIX MOPOA Ha
npumepe [O0B. B pesynbtate mnccnegosaHui nopoa u3
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CKBaXVMH ceBepo-3anagHon Yactn B ynanocb oGHapy-
XUTb obnactu pasynnoTHEHMs aprunnmToB rnybxe
5000 M Ha oHe NOBbILWEHNS 3HAaYEHUIN MarHUTHOW BOC-
NPUMMYNBOCTU. Takke aBTOpamMum OTMEYEHbl OTAErNbHbIE
MHTEpBanbl Nopog C HU3KON MINOTHOCTBI M MOBLILLEHHON
MarHUTHOW BOCTMPUMMYMBOCTBIO Ha Npumepax Bop3HsH-
ckon, HexwnHckon, 3opbkoBckon, MNeTpoBckor, MNyxeBckomn
1 CaBMHKOBCKOW CKBaXWH.

Mpu “3y4yeHUM MarHUTHOroO Monsa B Npefenax 3anexemn
YB BaXHbIM SIBMSIETCS Y4eT MarHWTHbIX aHoManwui, KOTo-
pble hopMMPYIOTCA 3a CHET MarHWTHbIX CBOWCTB NOpog
BEPXHEN YacTu reoriornyeckoro paspes3a M MNOYBEHHOro
nokposa. Kpome TOro, marHeTMam noyeB MOXET UCMOoNb30-
BaTbCA B KayecTBe MpSAMONOMCKOBOro Kputepus. OnTtu-
ManbHbIM MOAXOAOM SIBMSIETCA KOMMIEKCMPOBaHME WH-
dopmaumm 0 MarHUTHbIX CBOMCTBAX MOYBbI, MOACTMMALO-
LLUMX FOPU3OHTOB, MarHUTOpPa3BEAKU C OPYrMMU reodusu-
YECKUMWN U FEOXUMUYECKMMU MONSMU U CBOWCTBaMU MNpu-
OofHbIX ob6bekToB. Tak, B paboTte [31] npuBeaeHa BbICOKO-
achdekTMBHAaA MeToAMKa MarHWTHbIX WCCNEeaOoBaHWA Ha
OCHOBE OnpefenieHnss KOHUEHTPaUU [AMareHeTUYeCcKnX
(ayTUreHHbIX) MarHUTHbIX MUHEPanoB B MOYBaX M FOPHbIX
nopogax B KOMMIEKCe C aspomMarHMTopasBeaKkomn. Ykasbl-
BAETCS, YTO CYyLLIECTBYEeT reHeTndeckas CBA3b Mexay Mu-
rpauven YB n cdopmupoBaHneM ayTUreHHOro marHeTuTa.
ABTOpLI [42] paccmaTpmBalOT MarHUTHblE CBOMCTBA HEKO-
Topbix nopoa B ckBaxuHe NWA-1, koTopas BCKpbiBaeT
MEroBbl€ U CUNYPUNCKME FOPU3OHTLI. Jucnepcnst marHuT-
HOM BOCMPUMMYMBOCTU YKa3blBaeT Ha W3MEHEHWE FeoXu-
MUYECKOTO M MWHEpPanormyeckoro coctaBa nuToriornye-
ckux cnoes. OGHapyxeHbl MeTamopduydeckme npeobpaso-
BaHMSA W MepemarHuuvMBaHus nopos MNpPOAYKTUBHBLIX Fropu-
30HTOB. B npogormkeHne TeMbl ayToreHeTUYeCcKUX n3aMmeHe-
HuUIA Bonee rnybokux crnoeB B npefenax MeCTOPOXAEHWN
HedTM 1 ra3a otMeTuM paborty [25]. C warom 2 cM npoBe-
AeHo 8760 3amepoB MarHWTHOM BOCMPUMMYMBOCTM B CKBa-
XunHe. B OOnblIMHCTBE Cry4aeB KOHTPACTbl MarHUTHOM
BOCMPUUMYMBOCTA COBMAAdalOT C BbICOKOW MNOTHOCTLIO
TPELUUH, codepXaHMeMm craHueB (yBenuyeHue ramma-
n3nyyeHus B AaHHOM uHTepBane). Mo aHanu3y napamet-
poB NeTnu ructepesnca U TEPMOMarHMTHbIX KPUBbIX ObINo
MOEHTUPULMPOBAHO B 30HAX NOBbILWEHHbIX 3HAYEeHU Mar-
HUTHOW BOCNPMUMYMBOCTU NPUCYTCTBME MarHetTuTa u nup-
pOTMHA BTOPWUYHOrO Mpoucxoxaenus. [ybnuvkauma [26]
NnocBesillleHa MarHUTHOMY aHanuay No4YB M FOpHbIX NOpOoA
Tpex HedTsAHbIX CKBaXvH MecTopoxaeHus Jla-Buktopus,
BeHecyana. 3admkcmpoBaHa BbiCOKasi KOHLEHTpaums cyb-
MUKPOHHBbIX CHEPUYECKMX arperatoB MarHUTHbIX MUHepa-
OB B HedpTecoaepxaLymx Criosix reonorm4eckoro paspesa,
KOTOpbIE XapaKkTepU3ylTCsa MakCMMyMaMn MarHUTHOW BOC-
npummumnsocTu. Kpome Toro, B pabotax [28, 38] Ha ocHoBe
V3MEPEHNSA MarHWTHOW BOCMPUUMYMBOCTW, 3MEKTPOHHOIO
napamarHMTHOro pes3oHaHca W onpeferneHns KOHLUEeHTpa-
UMM pagukanoB OpraHMYecKux BeLLecTB 3adhMKCUMpPOBaHbI
X TeCHble KOppPensuMOHHble CBA3W B npucytcTBun YB.
Takne 3aKOHOMEPHOCTW OTMEYEHbl KaK Ansi NMOYBEHHOro
NMOKpOBa, Tak M BEpXHEW 4acTu reoriormyeckoro paspesa.
Kpome TOro, B pabote [27] oBGHapyXeHO, YTO rematuT u
MarHeTuT SIBNSAIOTCA NPoAyKTaMu NO3gHero AnareHesa nog
BMMSIHWEM YrNeBOA0POAHbIX (ronaoB.

Takum 06pasom, BbIACHSETCS, YTO HedTerasoBble 3a-
NexXn, Haxoasiwmnecsa B pasnmyHbiX HePTErasoHOCHbIX pe-
rMoHax Mupa, C yBEPEHHOCTbIO OTobpaxatoTcsl B reopunsu-
Yeckux Monsix, B TOM 4ucne, rpaBUTaLMOHHOM U MarHuT-
HOM, a TaKkKe W3MEHSIIOT MarHWTHYK BOCMPUUMYUBOCTb
NMOYBEHHOIO NMOKPOBA.

O6GocHoBaHMe rpaBUM-MarHUTHbIX aHoManuu. B npo-
Lecce aHanusa maTtepuanoB reom3nyeckmx 1 neTpodusu-
YeCKMX uccnegoBaHui, cobpaHHbIX MO pasHbIM CTPYKTypam
W permoHam, yCTaHOBMEHO, Y4TO mopogbl, obpasyolme 3a-

nexun HedTM M rasa, N0 CBOMM (pM3NYECKUM NapameTpam
OTNIMYAIOTCA OT OKpYXaloLLMX Nopos, B NepByo oyepeab, OT
BOZOHOCHbIX KOMNNEKTOpoB. MNMNOTHOCTb KOMMEKTOpOB B Mnpe-
Jenax 3anexu, HacbIWeEeHHbIX HeTbIO U ra3om, No cpaBHe-
HWUIO C MIIOTHOCTLIO MOPOA, pas3MeLLEeHHbIX 3a KOHTYPOM 3a-
nexwu, ymeHbwaetca go 0,1-0,15 riem® n 0,1-0,25 riem® co-
OTBETCTBEHHO. YBENUMYMBAETCHA 3fEeKTpUYecKoe COmnpoTUB-
nenune B 1,5-5 pas, a nonspusauusi nopoa Gonee yem Ha
15%. YMeHbLIaTCA CKOPOCTb MPOAOSIbHON CEencMUYecKomn
BOSMHbl Ha 25-30%, MarHWTHas BOCMNPMMMYMBOCTL MOPOA B
2-8 pas, yBenM4MBalOTCS MOrMOLLEHNE CENCMUYECKUX BOJTH
B 10 pa3 n Temnepatypa Ha 10-18% [4, 5, 35].

WccnepoBaHus, nposefeHHble Ha PasnMyHbIX MeCTo-
poXAaeHMAX HedpTK 1 rasa, NoKasbIBaloT, YTO A dEKTUBHASA
NMOTHOCTbL B 06racTu 3anexu M3MeHseTcs B npepenax
0,1-0,25 r/CM3, 4TO NPUBOAUT K MOSABNEHUIO OTHOCUTESb-
HbIX OTpuLUaTernbHbIX aHOManuin B rpaBMTaLMOHHOM More B
npegenax 0,1-2,0 m[an, B 3aBMCMMOCTU OT MOLLHOCTH
3anexu n coctaea YB [4, 35].

MpegnonaraeTcs, YTO MMEHHO HeTb M ra3 NpPMBOOAT K
U3MEHEHNIO (PU3NYECKNX CBOWCTB BbILLENEXallumMx U OKpy-
Xarwmx 3anexb nopod. Murpaums nerkux dgpakunin YB B
BbllLenexawme crnou BnuseT Ha U3n4eckne CBOMCTBA
nopog Hapg 3anexbt. COTBETCBEHHbIE U3MEHEHMUS 3aduk-

cvpoBsanu MHoOrue uccregosarenu. Hanpuwmep,
[x. Xappuc (1908 r.) B Jlynsnane, ®. Pue3 (1922r.) Ha
HedpTAHOM MecTopoxadeHun LemeHT B Oknaxowme,

T. OoHoBaH (1979 r.) 1 MHOTWE OpyrMe YCTaHOBWIU, YTO B
nopogax Hag HeTAHbIMK 3anexamy NPoUCXoanuT NUPUTKU-
3auusl, UAMEHEHVE LiBETa U HAMarHU4eHHOCTM NOpPoa.

B ocapoyHOM yexne Hap 3anexbio ckannmearTcs mar-
HUTHblIE MWHEparbl, TakMe Kak MarHeTuT, Marremut, rema-
TUT, TPENrnT, 4YTO aBNAeTCa (PU3MKO-reoniornyeckon npea-
MOCLINIKOA MNPUMEHEHUS1 MarHUTopas3Beaku [Ans noucka
3anexen HedTM M rasa. Yacto ocagouyHble OTNOXEHUS
OTNINYAKTCA HU3KOW MarHUTHOM BOCMPUMMYMBOCTLIO. B TO
Xe Bpewmsi, noa BosgdencTeuem YB B cybBepTuKanbHON
30He Hapj 3anexbi NPOoUCXoaAT BTOPUYHAA MUHepanusa-
UMsi, NEPEHOC MUKPOMy3blpbKaMu TSHKEMbIX MEeTansnoB K3
obnactu 3anexu, KOTopble NMPUBOAAT K M3MEHEHW Mmar-
HUTHOrO Mons Hag 3anexbto [21, 23, 32].

MarHuTHble aHomanuu, Habnogaemble Ha MECTOPOX-
OeHNAMN HedTU U rasa, OObACHANUCH Takke NpoTeKaHnem
€CTECTBEHHbIX 3MEKTPUYECKUX TOKOB Haj MECTOPOXOEHUS-
MW, N NPUBOASALLMX K MOSBMEHWIO TEMMOBbIX U MarHUTHbIX
aHomarnun (C.Ox. Mupcon, 1971, P.C. CendynuH, 1980).

MeTtogonoruyeckne OCHOBbI NMPUMEHEHUSA MarHeTusma
NMOYBEHHOrO MOKPOBAa M MarHUTOMETPUWU Ansi nouckos YB
3anoxeHbl B paboTte [46], roe oOBOCHOBaHbI HU3MKO-
XUMUYECKMEe OCHOBbI MeToga. Cenyac NOCTPOEHO He-
CKOMbKO Mofenen (PU3NKo-XUMUYECKUX M3MEHEHUN Mar-
HUTHOW MUWHepanorum B NnoyBax M MOACTUNAOLINX FOPHBbIX
nopogax noa pgencreuem YB. [llepBas Takas mogernb
npegnoxeHa B pabote [29]. OHa BkNtoYaeT guareHeTnye-
CKUe M3MeHeHUs1 MarHeTUToBoOW hasbl. [o3gHee B paboTe
[37] onucaHa ponb cynbuOoB Xenesa B ayToreHeTunye-
Ckux npeobpasoBaHusax. B pabote [39] paccMOTpeHbI MUK-
pobuonoruyeckue 1 TePMOXMMUYECKNE NPEBPALLEHNS, a B
ny6nukauun [30] geTanbHO MccnegyeTcs 3amelleHue cu-
geputa. Takke pesynbTaTtbl uccnegosaHun [47] ykasbiBa-
I0T Ha TO, YTO KAYECTBEHHYID WMHTEpnpeTauuio Murpaummn
MOJeKyn HeTU U rasa MOXHO aTb HA OCHOBE TepMoau-
Hamun4eckomn Teopumn Anddysnn rasos u XXMOKOCTU.

Cy6BepTuKanbHble HEOQHOPOAHOCTU HaA 3anexbio
M ux cmusnyeckne xapakrepucTuku. CornacHo BbIABUHY-
TOM "reoConuToHHOM" KoHUenuun obpasoBaHMs yrneBoao-
POAHBIX MECTOPOXAEHWI, He3aBUCUMO OT Tuna FOoBYLUEK
nx obbeauHsieT obwmii mexaHnsm obpasoBanus [3]. OT-
Me4yaeTcs Hanuume cybBepTuKarbHbIX KaHanoB NoJ BCeEMU
TUNaMNU MECTOPOXAEHUN, TSHyWMXCA B rnybuHy 3emnu.
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Mo MHeHWIO aBTOpOB, 06pa3oBaHMe Takux cybBepTukanb-
HbIX 30H CBSI3aHO C pasfnioMamu ¥ npoueccamu gerasaumm
3emnun. Ux HasbiBaloT "cybBepTUKanbHbIN reonornyeckuni
00bekT", "30Ha paspbiBa U HanpskeHus", "30Ha BbICOKOW
nposogumocTn” n 1.4. OHM onpenensTcs Kak "kaHanbl
¢nonaonoTokos", a B CENCMUYECKON BOSTHOBOW KapTUHKE
Takue 30Hbl OTpaxaltTcs "BOMHOBLIM paccesiHueM" U Bbl-
cokoi  "ceWicMuueckor MyTHOCTbo". OBGOCHOBbIBAETCH
CBSA3b MUrpaumMoOHHbIX NyTer YB MMeHHO C "BepTuKanbHbl-
MW 30HAMWU CENCMUYECKOM MYTHOCTM" M pacnonoxeHuem
3anexen B6nnsm aTnx 3oH [12, 22].

O6pa3soBaHne Hap 3anexamu cybBepTMKanbHbIX 30H,
OTNINYALLMXCST  CBOMMU  (bU3MYECKMMM  NapameTpamu,
06bsACHsIeTCS pacnpefeneHneM TEKTOHUYECKOrO Hanpsbke-
HWUS 1 gedopmaumun B npegenax recriormyeckux CTpykTyp,
YMEHbLUEHNEeM MMAOTHOCTU Hapj 3anexblo BCreacTBue Mu-
rpaumm nerkux cppakumi YB k nosepxHoctu 3emnu [6, 11].
eoxnmnyeckne uccnenoBaHusi TakkKe MOKa3biBaKT, YTO
Takve 30Hbl Haf 3arnexbl MOryT MPOCIEeXMBaTbCS BMIOThb
A0 3eMHOWN MNOBEPXHOCTW.

OTmeyeHHble cybBepTuKanHble 30HblI Takoro Tvna, ec-
TECTBEHHO, OTNUYalTCA CBOUMW (DU3MYECKMMU NapameT-
pamu OT OKpyxawLleln cpeabl. [NogobHble cybBepTukan-
Hble reofiormyeckme o6BbEKTbI HAaXOAST CBOE OTOOpaxeHue
BO BCEX reopumanyeckux nonsix, B TOM yucrie, cencmmye-
CKOM, FpaBMTaLMOHHOM, MarHUTHOM, 3MEeKTPUYECKOM, Ten-

NoBOM, a Takke Mpu reoxumuyeckon cbemke [3, 13, 22,
23]. Takue uccnepoBaHusa TpebytoT nsyyeHns obpasosa-
HNS HedhTerasoBbIX MECTOPOXAEHUIN N CBA3AHHBLIX C HAMMU
BTOPUYHbIX reonormyecknx akTopos, a Takke U3NKo-
reoslorM4ecknx OCHOB UX OTOBPaKeHWs B reodumanyeckmx
MONsiX Ha OCHOBE HOBbIX KOHLIENLMI 1 B3rMS40B.

B pspe cnyyaeB KOMWMYECTBEHHbIE OLEHKN U3MEHEHWUM
usnyeckmx napameTpoB CyOGBepTUMKanbHOM 30HblI Haf
3anexbio OTCYTCTBYHOT, NOCKOMbKY MO KEPHOBLIM MaTepua-
nam CroXHO yCTaHaBNMBaTb HE3HAYUTENbHbIE N3MEHEHWS
dur3nKo-xmmmnyecknx napameTpos. [lo pesynbratam wusy-
YeHUS HEKOTOPbIX (PU3NYECKUX MapameTpoB, MOMYYEHHbIX
B NabopaTopHbIX yCrioBusax no kepHam CpegHeKypuHCKON
nenpeccun AsepbangxaHa [7, 34, 35], Hamn Gbina npose-
[eHa KONMYeCTBEHHas OLEeHKa W3MEHEHWs MarHUTHON
BOCMPUMMYMBOCTH, TemnepaTypbl U MAOTHOCTU MOpos B
npegenax u BHe 3anexwu (tabn.1). B pganbHenwem 3Tu
AaHHble ObiNM MCNonb3oBaHbl NPU COCTaBNeHUN U3NKO-
reofiormyeckon Mogenn HedTAHbIX MEeCTOPOXAEHUA B
AsepbangxaHe. OTmMevass 3HaYMMOCTb BepTMKanbHbIX He-
OOHOPOAHOCTEN B reonorMyeckom paspese npu rnoucke
3anexen HeT ¥ rasa, B T.4. rmybokosanerarowmx, mc-
none3ys TemnepaTtypHble U3MEHEHNS B 30HE 3anexu, yaa-
nocb BbIBECTU (POPMYNY, MO3BOMSAOLWYIO KOMMYECTBEHHO
OLEHUTb OTHOCUTENbHOE YMEHbLUEHUE NMOTHOCTYN NOPOA B
cybBepTHKanbHOM 30He Hag 3anexbio [33].

Ta6bnuya 1
®usnyeckue NapameTphl OTNIOKEHUIN Ha IOrO-BOCTOYHOM YacTh CpeaHeKYPUHCKOW BNaauHbI
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s 3 = it EF)
g 8 g 5 :E s s S< b £ 2o
oo o x x 3
%5% 8 zg 65 2s Es Ss gs g‘? '%O gs-éi"’s
O g < = T gs E‘* o X ik o X 0o ® s ESs 2T
mp s o =] g o Eo =) - Q° EoL 2=
o= = e g 50 S5 25 S5 28 £ x 23 3988 ¢
>E c E :n cE o :m c® EFé s 'g:qu
IE C s 3 o M o g g it o # c
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" " 1 21
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MpoaykT. Tonwa [NNHbI C
(BanaxaHckuii npocrnonkamu 2100 2230 600 400 63.0 70.4 200 74 21
N 1 rNnecYyaHuKoB, 200 15-20 ’ ’ ’ ’
Apyc) N , necyaHuKun
BepxH.
nec4yaHuku, 2300 2210
e Nf Vb 500 959 9 980 150 73,1 82,6 830 9,5 2,5
necyaHvku,
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Okpak N, ¢ mepreneii n 50 ’ ’ ’ ' '
[IONIOMMT.
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Maiikon Py+N | Cﬂ%’;‘:‘(;"'r;e”ci‘; —2685500 —21203 1100 130 87,3 | 1004 970 13,1 3,5
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Pe3ynbTatbl. Pe3ynbTaThl rpaBu-mMarHUTHOW pasBef-
KW, NPOBEAEHHOWN Ha pasnuyHbIX HeddTerasoBbiX NroLaanx
AszepbangxaHa, nokasanu, Yto npu ocobom nogxone Mox-
HO BbIAENNTb XapaKTepHbIE NOKanbHblE rPaBUTALUOHHbIE U
MarHUTHblE aHOManuu, CBaA3biBaeMble C 3anexbio HedpTn 1
rasa [7, 34]. MNpu 3TOM BaXkHbIM (PAKTOPOM SIBNAETCA TOY-
HOCTb M anroputm paboT. B nepByto ovepeab, Heobxoau-
MO MOCTPOUTb annpPOKCMMALMOHHYI0 KpUBYHO (perMoHanb-
HbI (POH), NPOXOAALLYI0 Yepe3 MUHMMAlbHbIE 3HaYeHWs
HabnogeHHoro nons [36]. 3aTtem BbiSBMEHHbIE B Mnone
CUMbl TSPKECTU JNTOKanbHbIE MakCMMYyMbl BOCCTaHaBMMBAKOT-
Cs1 N0 KpaeBbIM rpagneHTam 3Tux nonewn. PasHuua mexay
HabNOOEHHBIM M BOCCTAHOBMEHHbIM MOMSIMUA  OTpaXkaeT
XapakTEepPHY rPaBUMArHUTHYIO aHOMaruio, CBA3bIBAeMyto
C HedhTera3aoHOCHOCTbLIO.

WccnepnoBaHus, NpoBeAeHHbIE Ha pearnbHbIX MOAEnsAx
(Ha npumepe un3BecTHbIX MypaaxaHnuHckoro u [xadap-
TIMHCKOTO MECTOPOXAEHWU), MOKa3blBaOT, YTO MO Bbille-
OMNMCaHHOMY MeToZy, BO3MOXHO BbISIBUTb MOAHATUA, pas-
nombl, pacnpegenenvs addysmBHbIX NOPOA U HedTeraso-
BbIX MecTopoxaeHui [36, 34].

YCTaHOBNEHO YyMeHblUeHMe MIOoTHOCTM nopog Ao
0,15-0,17 riem® B npegenax HepTEHOCHOM YacTu 3anexm
B CpepnHekypuHckon BnaguHe. [py 3TOM BblYMCIIEHHAs
rpaBMTaUMOHHAas aHoManus B 3aBMCMMOCTN OT MOLLIHOCTU
3anexun coctasnsetr 0,2-0,3 m[an. MarHuTHas Bocnpu-
MMYMBOCTb MOPOA He TOMbKO B Mpeaernax 3anexu, HO U
Hag W NOA 3amnexbl, YMEHbLIAeTCd B HEeCKONbKOo pas.
MpoBeaeHHbIE Ha W3BECTHbIX MECTOPOXAEHMAX HedTn
(MypagxaHnnuHckoM, xxadapnmHckom, Tapcaannsapckom,
asaHbynarckoM, babasaHaHckoM, BaHaoBaHckoM v Ap.)
rpaBU-MarHUTHbIE MCCNeaOBaHUS Nokasanu, YTo Hag Me-
CTOPOXAEHVAMU HabnAalTCA rpaBUTALUOHHbIE U Mar-
HUTHblE MWHUMYMbl WHTeHcUBHOCTbO 0,2-0,8 Mfan u
20-30 HTn. MNoaToMy KOMMNEeKCUpoBaHWE 3TUX MeToOoB
yBenuumBaeT 3(pdPEeKTMBHOCTb NPOrHO3NPOBaHUSA HedTe-
rasoBbix 3anexen [20, 33].

AHanua @usmyecknx napameTpoB OTMOXEHWUA HOro-
BOCTOYHOM 4YacTu CpeaHeKypUHCKOW BnaauHbl NnokasbiBa-
€T, 4YTO MarHWTHas BOCMPUUMYMBOCTb, TemnepaTypa,
NMOTHOCTb MOPOA Ha 3aneXbl 3aMETHO OTNMYaKTCs OT
TaKOBbIX, YCTAHOBIEHHbIX B 3aKOHTYPHOW 4acTu 3anexwu
(tabn. 1). Takum obpasom, Obinu onpegeneHsl uanye-
Ckue napameTpbl Nopoa, COCTaBNSLMX pa3pe3 Hag Hed-
TEerasoBoW 3arnexbio U UCNOMb30BaHHLIX MPU COCTaBNEHUN
(PU3UKO-TEONOrNYECKOIA mMozaenu MypagxaHnmHcKoro
(pvic. 1) n OxadapnmHckoro (puc. 2) MECTOPOXAEHWUIA.

KonnyectBeHHO Obina oueHeHa pasHOCTb (hU3nYeckux
napameTpoB MOpoa B cyOBepTMKanbHOW 30HEe Hag W nop,
3anexbto MO OTHOLLEHMWIO K 3aKOHTYPHOI ee YacTu. Hanpu-
Mep, eCnn B OTNOXEHUsIX abluepoHa, akdarbina B npoayk-
TMBHOW TOrLLE 3aKOHTYPHOW 4acTu 3anexu MarHuTHast
BOCMPUUMYMBOCTL 1 Temnepatypa pasHbl 60x10°CIrc w
52 C cOOTBETCTBEHHO, TO B 30HE Hafl 3anexbio OHU cocTa-
Bunu 40x10° CI'C v 59°C. Kak BuaHo, B cybBepTukansHom
30HEe Hapg 3anexbl0 MarHuTHas BOCMPUMMYMBOCTb YMEHb-
waertcsi Ha 200x107® CW vnv xe B 1,5 pasa, a Temnepary-
pa yBenunumeaetcs Ha 7 C unu xe Ha 13%.

B MMOLIEHOBBLIX M MarKOMCKUX OTMOXEHUSX Hapg 3ane-
Kb MarHuTHasi BOCMPUMMYMBOCTb YMEHbLUAETCsl, COOT-
BETCTBEHHO, Ha 800x10° CU (B 6,3 pa3a) n ha 97x10°CU
(B 8,5 pasa). Npu aTom TemnepaTypa NOBbILLAETCA B Cpea-
HeM Ha 10—17%. C yBenunyeHnem rnybuHbl yBenuumBaeTcs
pasHOCTb B (h13MYECKMX MapamMeTpax Nopoa Hafg 3anexbio
1 3a KOHTYpOM 3anexw (puc. 1-2, Tabn. 1).

Ha ocHoBe mn3yyeHusi KepHOBOro marepuana, otobpan-
HOro M3 CKBaXWHbI Ha nnowaan MypaaxaHnel, ycTaHoBrne-
HO, YTO MarHMTHas BOCMPUMMYMBOCTb BYIKAHOrEHHbIX 00-

pa3oBaHWin B CBOAOBbLIX W KPbIILEBLIX YACTAX CTPYKTYpbI
CUINbHO oTNnYaeTcs. Ecnn Ha KpbInbsax CTPYKTYpbl MarHnT-
Hasi BOCMPMUMYMBOCTb cOcTaBnaeT B cpegHem (20000-
25000)><10'6 CW, To B CBOAOBBIX 4acTaX OHa yMEHbLUaeTcs
no 3300%x10° CU. MosHo npeanonoxuTe, 4to YB cnoco6-
CTBYIOT WU3MEHEHMI0 (PU3nYecknx CBOWCTB MOpOS B 30HE
3anexXun OTHOCUTENBbHO OKPYXKatoLLMX UX OTIOXKEHWN.

AHanua dakTnyeckoro marepuana nokasan, 4To
YMEHbLUEHNE NIIOTHOCTU U MarHUTHOW BOCMPUMMYMBOCTU
B HedpTerasoBbix 3anexax M B CyOBepTUKanbHbIX 30HaX
Hag HUMMK sBNAETCA NpuyYMHON obpasoBaHusa cBoeobpas-
HbIX @aHOManun B rpaBUTALMNOHHBIX U MarHUTHbIX MONSAX.
BbluMcneHns rpaBMTALMOHHBIX U MarHMTHbIX aHOMarnuin
Ons 3anexun n cybBepTukanbHOM 30HbI B OTAENbHOCTU Ha
peanbHblX Moaenax HedTaHbIX nnowagen MypaoxaHnbl
n [xadapnbl BbISBUAN BeCbMa UHTEpecHble hakTbl. Ha
nnowaau MypaaxaHnbl (puc. 1) BbIMMCMEHHBIN rpaBuTa-
LMOHHBbIV 3chbdekT camon 3anexmn coctaBnset 0,23 mlan,
Torga Kak cybBepTukanbHasi 30Ha Hag 3anexbio obpasyet
OONoNHUTENbHY aHomanuio 0,12 mfan, Hegoy4veT KOTo-
povi MOXeT MNPMBECTW K MOTepe BEeNUYMHbI aHoMaruu.
HedTaHada 3anexb n cybBepTukanbHas 30Ha COBMECTHO
co3galT aHomanuio uHTeHcmBHocTblo 0,35 mlan, koto-
pas COOTBETCTBYeT aHOManuu B HabnwgeHHOM more.
BenununHa BbIYMCMEHHOW MarHWTHOW aHomanuu cybsep-
TUKanbHOW 30HbI Hag 3anexbto gocTturaetr 15-20 HTN.
YMeHbLUeHne MarHMTHOW BOCMPUUMYMBOCTM Nopg 3are-
Xblo B 3hpy3mBHbBIX 06pa3oBaHMAX AOMONHUTENBHO CO3-
naeT MarHuTHbln adpdbekT go 20 HTN. Takum obpasom,
BCA 30HA 3anexu co3faeT MarHuUTHbIn 3MEKT MHTEH-
CuBHOCTLIO A0 40 HTN. Kak H1 cTpaHHO, aHoOManna camon
3anexu HaMHOro MeHblle 3addekTa cybBepTUKanbHON
30HbI 1 He npeBblWaeT 2 HT .

Wcnonb3yst popmynel, ykasaHHble B pabote [28], ons
nofcyeTa BENUYMHbI YMEHbLLEHUS NIOTHOCTU B CyOBEpPTU-
KanbHOW 30He ObINO MOKa3aHo, YTO B 30HE HaZ 3anexblo
NAOTHOCTb NOPOA yMeHblUaeTcsa Ao 2—-3,6 Kr/m®.

MopobHble pesynbTaThl ObINKM NOMyYeHbl 1 Ha MoLaan
[xadapnbl (puc. 2). MNpamble BbIMUCNEHUSA MOKa3anu, 4To
rpaBuUTaUMOHHbIE 3dheKTbl 3anexu u cybBepTukarnbHON
30Hbl Haj HeW K3-3a yBenuuyeHus rnybuHbl 3anexu, no
CcpaBHeHU0 ¢ nnowaabio MypaaxaHnbl, NoYTM paBHbl U
coctaensitot 0,14 mlan, T.e. 3anexb n cybBepTukanbHasi
30Ha COBMECTHO CO3JalT aHOManuio B pasmepe npubnu-
autenbHo 0,28 mllan, 4To COOTBETCTBYET BblAEMNEHHOM
aHoManuu B HabnogeHHOM none. BbluncneHHas mMarHuT-
Hasi aHoManusl 30Hbl Hap 3arnexbl COCTaBMSsIET OKOMo
15 HTn, a 30HbI NoA 3anexbi okono 17 HTn. AHoOManuu
BCeW 30Hbl 3anexw npesbiwatoT 30 HTh.

B kayecTBe npumepa W3y4EHUS MarHUTHOrO Mons U
MarHeTMama Nno4YBeHHOro MOKPOBa B Npeaenax OTIOXeHWN
YB B YkpauHe paccmoTpum BwuxomnsHckoe u Cyposo-
BuwHaHckoe MecTopoxaeHusi. Hag aTvMu ra3oBbiMU Me-
cTopoxgeHnamu BHewHen 3oHbl [MpegkapnaTckoro nporu-
Oa Obina npoBefeHa MarHWTHas CbEMKA, a TakkKe U3yyeH
NMOYBEHHbIV MOKPOB M €ro MarHUTHbIE XapaKTEPUCTUKMN.

Ha pwuc. 3-a npvBeaeHbl rpaduvky aHoManbHOro mar-
HUTHOro nons AT no npodwunsm 8, 8a n 86.

AHanunanpysa CTpyKTypy MarHWTHOrO nonsi, B LIENIOM OT-
METMM, 4YTO Ha (poHe permoHanbHoW aHoManumn AT Ha Bcex
npodomnax BUAHbI OTAENbHbIE y4acTku, rae none AT 3ameT-
HO OCIOXHSIETCSA NOKanbHbIMU MUHUMYMaMW C amnaMTygomn
nopsigka 2-8 HTn n wwupuHon ot 1-3 km. Kpome TOro, Ha
Kpasix 3TMX NOKarnbHbIX aHOMarnum NpuUCYTCTBYHOT KOPOTKO-
nepuoaHble MaKCUMYMbl MHTEHCUBHOCTLIO 10—-20 HTh.
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Haorwnce! s PHIDBIBHEIE HADYWEHWA

[KpakoBeurni, CynoBo-BHUHARCKRA,

(MMNecaHrnapUToBLIA FopogouyrHn)
repuasHt, Nb, ) ~
=== MpUBARINTENEHBIA KOHTYD
FecMardHuTHbIe NpedunK V1) rasoMocHOCTH MECTOPOWAEHWA:
W AHOMANLHEIE Y4acTEM AT, 1-BHMoMNAHCKDE, 2-CyAoBo-BHILHAHEKOE, 3-BuUHARCKOE
[ iy

Puc. 3. PesynbTathbl MarHuTopassegkm U M3y4eHus MarHuTHon BocnpunmunsocTu noys (Mpegkapnartckun nporn6, YkpanHa):
a — pa3HOCTHOe aHoMarnbHoe MarHuTHoe none AT Boonb npoduneit 8, 8a, 86 1 y4acTku noKanbHbIX MarHUTHbIX aHoManuin AT,
(BblOENeHO KpacHbIM), MarHUTHast BOCNPUMMYMBOCTb U Npodunb penbeda (86); 6 — CTPyKTypHas KapTa rMncoaHrmgpuToBoro
ropu3oHTa C pacnosioXeHNeM reoMarHUTHbIX Npodounen 1 aHoManbHbIX y4acTkoB AT, B npegenax BuxomnsHckoro
1 CyaoBO-BULLHAHCKOrO MECTOpOXAeHN

B 2012 r. 6binv npoBeaeHbl U3MepeHnst BAOMb Npoduns
8 Onsi U3yyeHus noKanbHOM CTPYKTYpbl MarHUTHOrO Monsi B
parioHe KpakoBeLkoro u CyaoBo-BuluHaHckoro pasnomos.
Mocrne 06paboTkM pe3ynbTaToB W BblAENEHUs] NOKarbHON
cocTaBnswoLllen nonsa AT, oro-sanagHasi 4acTb aHoMarnbHO-
ro yyqactka AT, mexay nuketamy —1700 ——-1000 M okasa-
nacb CUIbHO UckaxeHa nomexamu. MNoatomy Obin 3anoxeH
npocdunb 8a nog HEKOTOPLIM YrMoM K npodunto 8, obxoas-
LMK nocenok. Kak BuaHoO 13 puc. 3, Ha 9ToM npocdune 4eTko
BblOENseTcs oTpuuatensHas aHomanus AT, amnnutygon
4—-6 HTn, KOTOpasi OMOMHUTENBHO OCMOXHAETCA Ha Kpasx
nonoXxutensHeiMu  Makcumymammn  (8—10 HTn), (NukeTsbl
3000, 6000 M) gocturas ONMHbI CBbie 3 KM, (MUKETbI
2750-6250 m). lMpwn cpaBHEHWMM MPOCTPAHCTBEHHbIX MOSO-
XKEHUIN 3TUX OBYX IOKanbHbIX aHOMarbHbIX Y4acTKOB BUAHa
UX BbICOKasi KOpPEnsuMs M MPUYPOYEHHOCTb K KOHTypam
BuxomnsiHckoro razoBoro mectopoxaeHusi. Obe aHomanum
ATa CMELLEHbI OT aHTUKIUHAIBHBLIX NMOAHSTUA NO TUMNCcoaH-
TMAPUTOBOMY FOPU3OHTY M TATOTEIOT K KPbINbSM CTPYKTYPbI U
CynoBo-BuLiHAHCKOMY permoHansHOMy pasnomy.

Ons u3yyeHus CTPYKTypbl MarHUTHOrO MOMs B Oro-
BOCTOYHOM HarnpasneHun Obinv npoBeAeHbl U3MEpPEHUs
moaynsa T Ha npocune 86 anvHoi okorno 6 kM. BereacT-
BME Hanuuus BOMM3n Npodumnsa 3KcnnyaTaunoHHbIX CKBa-
*1H CynoBo-BULLHAHCKOTO MECTOPOXAEHUs, CTPYKTypa
aHOMarnbHOr0 MarHWTHOrO MOMisi OYEHb UCKaXeHa. Tem He
MeHee, MOXHO MpOoCneauTb Hanuune XapakTepHOW yxe
ANs 9TOro panoHa OTpuLaTenbHOW MarHUTHOM aHoManuu
ATa amnnutygon nopsigka 5—7 HTN M WKWpUHOW nopsgka
2 KM B €e LeHTparnbHOW 4acT C OCMOXHEHUSIMU Ha (naH-
rax BbICOKOYACTOTHbIMW MaKCUMyMaMM.

Mo ceoemy obnuky n amnnutyge [9] aTm aHomanuu
NpubnNnXxarTCs K BblAeNEHHbIM HaMW paHee Haj HedTera-
30BbIMW MecTopoxaeHusimu B MNMpeakapnatckom npornbe n
O0B. K vx cdopmupoBaHuio Gbinmv NpuyacTHbl anuMreHeTyn-
YeCckue MarHWTHble HEOAHOPOOHOCTU B BEpPXHEW 4acTu
paspesa reofniorm4eckmx CTPYKTyp Hag 3anexamu HedTv 1
rasa [40, 43, 44].

PaccmoTpum Tenepb pacnpegeneHne mMarHUTHOW BOC-
NPUUMYMBOCTM MOYBEHHOrO MOKPOBa BAOMNb npodunsa 86.

[loyBbl, B OCHOBHOM, SBMAOTCS

WHTEHCMBHOCTU OCaKOB.

cobCcTBEHHO MecTopoXaeHusmu  YB,

reoun3nyeckmnx nonen.

MEHEHMS METOAO0B A5 NPSAMbIX Nouckos YB.
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cnabomarHuTHbeIMM
(puc. 3-a). lMpeacraeneHsl AepHOBO-NOA30MMCTBEIMU, Aep-
HOBbLIMW, MecTamu, CBETNIO-CepbiMK, novBamu. Yacto B
NMOYBEHHOM MOKPOBE NPEBanupyloT NOYBbLI NyroBble, C ne-
pexoaom k 60noTHbIM. [oBbILLEHNE 3HAYEHUI MarHUTHOM
BOCMPMUMYMBOCTN OTMEYaETCH B MECTaxX CeNnbCKOXO3ANCT-
BEeHHON 06paboTkn 3emenb, Hanpumep, nukeTbl 1200—
1800 m. Takke HanuumMe cepbix FIECHbIX MOYB Ha FIECHOM
yyactke (nukeTtbl 4200-4800 M) BefeT K MOBLILLEHUIO Be-
NWYMH MarHuMTHOM BocnpunMumMBocTU. CrnedyeT OTMETUTD,
YTO MMEHHO B 3TOM MPOMEXYTKE pacrnornaraeTcs CKBaXvHa
BuwHaHckaa Ne18 (pwuc. 4). MNoBbiweHne 1 BbiCOKas AnC-
nepcust 3Ha4YeHU’i MarHUTHOM BOCMPUMMYMBOCTM Ha 3TOM
yyacTke MoxeT OblTb cBfi3aHa ¢ ()OpMUPOBaHUEM ayTu-
reHHbix 6ornee MarHUTHbIX hepprMarHeT1KoB Mo BO3aew-
CTBMEM pacceuBaHus yrneBofopoaHoro crouga ot 3a-
nexu. Beicokas ancnepcus 3HadeHWid cBUOETENLCTBYET U
06 obGpaTHOM npouecce 3amelleHus eppuMarHUTHbIX
MUWHepanoB, HanpMep, MarHeTuTa, MarremmTa u nNMppoTU-
Ha, MEHe MarHWTHbIMW aHTudeppoMarHeTukamu, Hanpu-
Mep, rematuToM. Takve npoueccbl B MoYBax MOryT cme-
HATBCA B 3aBMCUMOCTM OT YCMOBMI MOYBOOOpPa3oBaHus,
rmagpomopdunamMa, NpUCyTCTBUSA KMCNOpoAa, CE30HHOCTU 1

Takum oGpa3som, NpuBefeHHble pe3ynbTaTbl AEMOHCT-
pUpYyIOT, 4TO reoguanyeckme 3ekTbl, co3aaBaemMble
cybBepTVKanbLHoOw
30HOW Haf 3anexbio, JOIDKHbI YYUTHIBATLCSA MPU U3yYeHUK

BbiBoabl. CoBnageHue nonyyeHHbIX Ans HedTeraso-
HOCHbIX panioHoB AsepbarimkaHa, Poccun, Y3bekucTaHa,
KasaxctaHa, benapycu, YKpauHbl rpaBUMETPUYECKUX U
MarHUTOMETPUYECKMX NOKamnbHbIX MUHUMYMOB U MakCUMy-
MOB C KOHTypamu HedTerasoBbIX 3anexen, a Takke obHa-
PYXEHHbIE HOBbIE 3anexwu, SIBMSTCS AOCTAaTOYHO BECO-
MbIM 0BOCHOBaHMEM BO3MOXHOCTEW 3TUX MeTomoB. [lpu
3TOM, COrMacHO PakTU4EeCKUM MaTtepuanam u TeopeTmde-
CKMM UCCregoBaHUAM, MOSIBNSAETCS OCHOBaHME Ans npu-
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Puc. 4. MarHuTHas BOCNpUMUMUYNBOCTb NOYB BAONL npoduns 86,
CypnoBo-BuliHsiHCKas cTpykTypa

PesynbTathl MccnegoBaHuin B ycrnoBuax Asepbangxa-
Ha nokasanu:

e HedTSHbIE 3arnexu, HeE3aBUCUMMO OT MX CTPYKTYPHOM
POopMbI, B rpaBUTaLMOHHOM U FrEOMarHUTHOM MOMAX OTMe-
YyarTCs NoKanbHbIMY MUHUMYMaMK;

® WHTEHCWBHOCTb NMOKamnbHbIX rPaBuU-MarHUTHbIX MUHU-
MyMOB B GornbLUel CTeNeHn 3aBUCUT OT MOLLIHOCTM HedTe-
ra3oBOW 3anexu, HeXenu oT ee rmyOuHbI;

e rnybokosanerawlime HedTerasoBble 3anexv B rpa-
BM-MarHWTHbIX Monsax otobpaxatotcs, Grnarogapst gonon-
HUTENbHOMY aHoMarnbHOMYy 3 deKTy, co3gaHHOMY Cyb-
BEPTMKaNbHOW 30HON Haf 3anexblo;

e BbICOKAA UHTEHCMBHOCTb NOKarbHbIX MarHUTHbIX MU-
HumymoB (30-40 HTn) B CpegHeKypuHCKON BnaguHe cBs-
3aHa C HanmM4mMem BYIIKAHOTEHHbIX MOPOA B reosiormyeckom
paspese 1 ¢ HauboNbLUNM YMEHBLUEHNEM B HUX MarHUTHON
BOCMPUMMYMBOCTY;

e [MarHoCTMYEeCKNMMMU Npu3HaKkamym oBHapyxeHus Hed-
TerasoBbIX 3anexen rpaBUMETPUYECKON U MarHUTOMETpU-
YecKoW pasBefKaMu MOTYT CNYXWT XapaKTepHble Nnokarnb-
Hble MVHUMYMbI, BblAENEHHbIE MO rPaANEHTHBIM 30HaM Ha
oHe nokanbHbIX MakCUMYMOB.

e PesynbTaTbl UCCrefoBaHUMW B YCMNOBUSAX YKpawHbl
nokasanu:

e B CTPYKTYpE aHOMarbHOr0 MarHWTHOro nonsa Hag Bu-
XomnsHckum 1 CynoBo-BULLHSAHCKUM ra3oBbIMU MECTOPOX-
OEHVSIMU BbISIBMNEHbI OTpULATENbHbIE MAarHUTHLIE aHOMarvu
aMnnUTyaon 4—7 HTR, WWPUHON 3 KM CO CIOXHOM MOpdho-
1ornen, conocTaBUMbIE C KOHTYPaMM ra3oBbIX 3anexe;

e MOYBEHHbIA MOKPOB [AaHHOrO palioHa npefacTaBreH
cnabomarHnTHeiMM noysamun. AudpdepeHumaums MarHuT-
HOW BOCMPUUMYMBOCTY ABMsieTcs cnabow. B To e Bpewms,
OTMEYEHbl HEKOTOPOE MOBbLILEHNE 3HAYEHUA MarHUTHOW
BOCMPMUMYMBOCTU N €€ BbICOKas OUCMNEPCUS B OKPECTHO-
CTSIX CKBAXMHbI.

Onsa agpdekTnBHOM 1 Gonee oAHO3HAYHOW MHTEprpe-
TauuMm pes3ynbTaToB WU3YyYEHWs] MarHUTHOrO MOnsi, MarHe-
TM3Ma MoYB, NPUPOAbI NOKamnbHbIX MarHUTHbIX aHOMarnui
Hag YrneBOAOPOAHbIMU CTPYKTypamm HeOoOXO4MMO KOM-
nnekcupoBaHue ¢ ApyruMu reodusanyeckuMmin, reoxmMmmye-
CKMMM, TMTOMNOrMYECKMMMU, HEOTEKTOHUYECKMMM, MOYBO-
BEeYECKNMU UCCe0BaHNAMM.
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GRAVITY-MAGNETIC SURVEY FOR THE OIL
AND GAS PROSPECTING IN AZERBAIJAN AND UKRAINE

The hydrocarbon deposits located in various oil- and gas-bearing regions of Azerbaijan and Ukraine manifest in the gravitational and magnetic
fields. The hydrocarbons have the perceptible influence on the magnetic susceptibility of the near-surface geological sections and soil. The examples in
Azerbaijan are presented by Muradkhanli and Jafarli oil and gas deposits. The intensity of the local magnetic field is characterized by the negative
anomalies of about 30-40 nT. Anomalous effect of gravity-magnetic fields is more dependent on the capacity of oil and gas deposits, rather than on their
depth. Deep-seated oil and gas deposits in the gravity-magnetic fields are displayed due to the additional anomalous effect of the subvertical zones of
the area of the deposit. The results of the magnetic field and soil magnetism study of the hydrocarbon deposits in Ukraine are exemplified by
Vizomlanske and Sudova-Vishna oil and gas fields. Taking into account the background of the regional magnetic field anomalies, the areas where the
field is considerably changed by local minimums with an amplitude of about 2-8 nT and a width of 1-3 km were identified. At the edges of these
anomalous zones the short-period maximums with the intensity of 10-20 nT were registered. The increase of the soil magnetic susceptibility and high
magnetic susceptibility dispersion are related to the formation of autogenic iron oxides and sulphides under the influence of hydrocarbons mi-
croseepages over a reservoir. These magnetic minerals are diagenetic magnetite, maghemite, and pyrrhotite. To increase the unambiguous
interpretation effectiveness and quality of the magnetic field, soil magnetism, and the nature of local magnetic anomalies over the hydrocarbon
structures, additional data about other geophysical, geochemical, lithological, neotectonic and soil science studies should be used by researchers.

Keywords: magnetometry, gravity survey, magnetic susceptibility, soil, hydrocarbons
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FPABI-MATHITOPO3BIAKA MNMPU NOLUYKAX HA®TOIA30BUX POAOBULL
B YMOBAX A3EPBANXKAHY TA YKPAIHU

IMoknadu eyaneeodHie, wjo 3ans2aroms y pi3HUX Haghmoz2a3oHOCHUX pezioHax A3epbalidxaHy ma YkpaiHu, sidobpaxarombcsi y 2pasimauyil-
HOMY ma Maz2HimHOMY nossix, nid iXHiM enueoM 3MiHIEMbLCSI MagHimHa crnpuliHamMIU8icmMb 8ePXHLOI YaCMUHU 2€0J102i4H020 PO3Pi3y ma rpyH-
moeozo nokpuey. Pesynomamu docnidxeHb 8 ymoeax AsepbalidxaHy Ha npuknadax podosuw, MypadxaHnu ma [xadpapnu 3aghikcyeanu sokanbHi
MazHimHi MiHimymu iHmeHcusHicmio 30-40 HTn. AHomanbHuUll egpekm 2pasi-Mmaz2HimHuUXx nosnie 6inbwe 3anexums 8i0 MOomMyxHocmi noknady Hag-
mu ma 2a3y, Hix eid anubuHu 3anszanHA. [Nu6oko3anszaroyi Hagpmoza3soei Nnoknadu e 2paei-maz2HiMHUX nosisix eidobpaxarombcs 3aedsiku doda-
mkKoeoMy aHoMasilbHOMY eghekmy, W0 cmeoproembcsi cybeepmuKasbHOK 30HOI Had noksadoM. Sk npuknad eusyvyeHHsi MacHIMHO20 nossi ma
Maz2Hemu3My r'pyHIMoE8020 MoKpuey, 8 Mexax podosuw; eyareeodHie 8 YkpaiHi docnidxeHo BuxomnsHcbke ma Cydoeo-BuwHsHCbLKe podosuuja.
Ha mni pezioHanbHoi aHomManii MazHimHoz2o nonsi ideHmucdpikoeaHo dinsiHku, e rnosie MOMIMHO ycKNaGHIEMbLCS JIOKaflbHUMU MiHIMyMamu 3 amn-
nimydoto nopsidky 2-8 HTn i wupuHoro 1-3 kM. Kpim mozo, Ha Kpasix yux JIoKasibHUX aHOMaJlili npucymHi KopomkonepioGHi MaKkcuMyMu iHmeHcus-
Hicmto 10-20 HTn. [lidsuwieHHs1 3Ha4YeHb Ma2HIMHoOI cnpuliHimaueocmi rpyHmMoeo20 nokpuey ma ii eucoka oucnepcisi noe'sizaHi 3 hopmyeaHHAIM
aymueeHHux okcudie i cynbepidie 3aniza nid ennueom poscitoeaHHs eyarieeo0Hesoz20 hoidy Had noknadom. Takumu Ma2HemuKkaMu MOXYymb
6ymu diazeHemuy4Hi MaezHemum, mazemim, nipomuH. [ns nideuweHHs1 e¢hekmueHocmi ma oGHo3HaYHOCMi iHMepnpemayii pesynsmamie eus4yeH-
HS1 Ma2HimMHO20 nossi, MaeaHemu3My r'pyHmis, npupodu JIoKalbHUX Ma2HimMHUX aHoMmarsnil Had eya/iege00He8UMU CMpPyKmMypamu, onmuMasrbHUM
nidxo0oM € KoMnyieKcyeaHHs 3 iHWUMU 2eo0hi3udHUMU, 2e0XiMiYHUMU, J1iMOI02iYHUMU, HEOMEKMOHIYHUMU ma rpyHMo3Hae4yumMu 00C1iGKeHHsIMU.

Knroyoei cnoea: mazHimopo3eidka, 2pasipo3eidka, MacHimHa cnpuliHamnaueicmsb, r'pyHmu, ey21e800Hi.
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LWWBMAOKOCTI NOLWUPEHHA CEUMCMIMHUX XBUIb Y 3EMHIN KOPI BANITIMCbKOIO LUUTA
(3A BAHUMMU PETOHANBHUX CEMCMIYHUX AOCHNIAXKEHDb)

(PekomeHdo8aHO YrieHOM pedakuiliHoi koneeii 0-pom eeon. Hayk, npog. C.A. Buxeoro)

Y po6omi eusyeHo ocobnugocmi wieudkocmeli NOWUPEHHS CelCMIYHUX Xeuslb y 3eMHill Kopi 3a OaHUMU pe2ioHaIbHUX CelCMiYHUX
docidxeHb Ma BUKOHaHO MOPIeHSNMbHUL aHai3 WeUOKICHUX XapaKmepucmuK OKpemMux npoeiHuiti banmilicbko2o wjuma. [ns nopiexsi-
JIbHO20 aHanizy eukopucmosyearsucsi OaHi, Hacamreped, nNpPo weudKocmi KOXXHOI NpoeiHyii, a makox OaHi eioxuneHb ocepedHeHUX Weuo-
Kocmeli On1si oKkpeMux npoeiHuili eid ocepedHeHUx weudkocmeli Ons banmitlicbkko2o wjuma e yinomy ma O0aHi eepmukanbHUX WeUOKICHUX
2gpadicHmie. Ha ocHoei iHmepnpemauii ecmaHoeneHo, wWo WeUOKICHIi Xapakmepucmuku 3emMHoi kopu JlannaHOcbko-Konbcbko-
Kapenbcbkoi ma CeekogbeHebKol npoeiHyill pisHsIMbCs1 Mix coboro. Lje Moxe ekasyeamu Ha eiOMiHHOCMI y peyosuHHOMY cknadi ma y
Hanpy»xeHOMy cmaHi 3eMHOI Kopu yux deox npoeiHyil. lpakmu4yHa 3Ha4Yumicmb 3arnporioHoeaHoi po6omu nossi2ae 8 Momy, wo ye do-
cnid)KeHHs1 BUKOHaHO erepuue i Lio2o pe3ysibmamu MoXymb 6ymu eukopucmaHi 0nsi ckiiaGaHHs1 KOMI/IeKCHOI 2e0/1020-2e0qhi3u4HOI Mo-
Oerti 3eMHOI kopu Bbanmiticbko20 wjuma ma 015 2eos102i4HOi iHmepnpemayii GaHux pe2ioHanbHUX celicMiYHUX OOCTiOXeHb.

Knroyoei cnoea: banmilicbkuli wyum, weudkicmb MOWUPEHHsT celicMiYHUX XeUslb, 2€0MeKMOHIYHa NMpPOoeiHYis, eepmuKanbHUl

weudkicHutl epadieHm, epagpik V=f(H).

BcTyn. BanTincekuin wut nnoweto 6nmsbko 1,1 MnH k2
€ HaWbINbWNM NIOHATTSIM paHHboAopudECbKOro dyHaa-
MeHTy CxigHoesponencbkoi nnatdgopmu. LLUnT cknageHun
KpUCTaniyHMMKM nopogaMy apxel Ta MpoTeposoto, nepe-
BaXXHO KUCMOro cknagy. Y CXigHin YyacTuHi Wwnuta po3BUHEHI
3ereHokaM'siHi NosIcU Ni3HbOAPXENCLKOro BiKY.

Y cTpyKkTYypi BanTincbKOro WwmTa po3pi3HATbL TPU rono-
BHi r€OTEKTOHIYHI MPOBiHLji: LeHTpanbHy, abo CeekodeH-
CbKy, niBOeHHO-3axigHy, [anbcnaHacbKy, Ta MiBHIYHO-
cxigHy, NannaHacbko-Konbcbko-Kapenbcbky. LleHTpanbHa
Ta niBHIYHO-CXigHa nNpPOBIHUIT po3amexoBaHi Jlago3bKo-
BOTHIYHOK 30HOI MMNMBMHHMX PO3MOMIB MiBHIYHO-3aXigHOIO
npocTaraHHA. IMpoBiHLii Bigpi3HAOTLCSA cknagom Ta 6ygo-

BOK Mopia, WO iX cknagawTb, Ta, Nepw 3a Bce, reonoriy-
HOO iCTOpIEID, YTBOPIOKYM Y CYKYMHOCTI aCUMETPUYHY 30-
HanbHIiCTb. [eonoriyHniA Bik NPOBIHLIMA 36iNbLWYETLCS 3 NiB-
[EHHOro 3axofy Ha MiBHIYHMK CXig.

Ha TepuTopii BanTilicbkoro wuta BUKOHaHO BENUKNIA 06-
CAr perioHanbHUX CencMmivHMX JocnigxeHb (puc. 1), cnps-
MOBaHNX Ha BMBYEHHSA TMMOMHHOI OygoBu nitocdepun Uiel
BeENnuKoi  CcTpykTypn  CxigHoeBponewcbkoi — nnatgopmm
(Prodehl, Kaminski, 1984; Husebye, Hovland, 1986; Grad,
Luosto, 1987; Guggisberg et al.,1987, 1991; Kinck,
Husebye, 1988; Grad et al., 1991, 1993; Sharov, 1991;
Structure., 1991; JlutBuHeHko, 1984; LLapos, 1993) [1, 4-8].
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Puc. 1. Cxema po3sTallyBaHHsl FMMOMHHUX cecMiYHuX npodiniB Ha BanTiicbkoMy WKMTI Ta MOro cxunax:

1 — npodpini 3 cuctemotro rogorpadis, 3anoMeHNX Ta BiAOUTMX Ha noBepxHi M xBunb, 2 — npodini 3 cuctemoto rogorpadis Tinbku
BiGUTUX XBUNb, 3 — MOPCbKi Npodpini 3 nHeBMomxepenamu, 4 — npodinb CIT-I'C3; 1-47 — npodpini: PeHHonopa (4), Pivnen (6), Monap (5),
Pu6aubkuin-3emns Gparua-Mocuda (1), Meverra-TNosHo (7), Mevenra-Kosaop-Koctomykiua (8), MeveHra-Ym6o3epo-Pyusn (Keapu) (12),
Koeaop-KipoBscbk (9), Kemi-KasiHu (23), Kemb-YxTa (18), Kemb-Tynoc (19), llaxaeHnoxes-Cerosepo (27), bantuk (26), Cseka (25),
TpaHcckaHamHascbkuii 1-2 (29), Cunen-lNopeo (30), Koxtna-Apse-CoseTchk (28), "BnakutHa gopora” (35), npodink y WBeAChKiN
ITannangii (36), JlodoTen-IMiBHiYHa HopBeris (33), JlocboTeH-BecteponeH (32), TpaHcckanguHascbki 2-3, 3-4, 2-4, 3-5 1a 4-5
(BignoBigHo, 37, 38, 42 i 41), ®nopa-OcHec (39), Peabsi-MpumcTeq (40), KaHobe (41), Ckarepak-tOTnangis (43), FOtnaHgis,
npodine MNB1-MB6 (44), EYTEHO-C, n'aTb npodinis (46), Koctomykwa-Hwxkhin Tarin (Py6iH) (17), Koctomykwa-Cseka (24),
Kemb-CunniHsipsi (21), Koctomykwa-Oyny (22), Kemb-Koctomykia (20), Kipoeebk-OanbHi 3eneHui (10), Kiposcbk-Koctomykia (11),
BABEJ (31), Meotpasepc 1 EB (47); nposiHuii: D — Aanscnanacbka, LKK — lannanaceko-Konbcbko-Kapenbcbka, SF — CBekodeHcbka

© Bitpuk A., Tpuninbcbkun O., 2016
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MeToamka perioHanbHUX MONbOBMX AOCHIAXKEHb BKIO-
Yana TO4YKOBi MPOQINbHI CMOCTEPEXEHHS Ha BIACTaHi MiX
cTaHuismu (peectpatopamn) 3—10 kM. BigctaHb M nyHk-
Tamm BuByxy cknagana nepeBaxHo 20-100 km, iHoAi
(npodpinb PeHHonopa) 3poctana ao 180-370 km.

B3pnoex perioHanbHMx npodinis nobyaoBaHo rMUOWHHI
CEeNCMiYHi po3pian Ta BU3HAYEHO LUBUAKOCTI MOLUMPEHHS
CeNCMiYHMX XBUMb (CKOPOYEHO, LUBUAOKOCTI) Y 3EMHI Kopi.
HesBaxatoum Ha Benuke 4ucrno nybénikauin, y sikux BUCBIT-
noanuca mubuHHa 6ygosa Ta, 0cobnUBO, LUBMAKICHI Xa-
paKkTepuUCTMKM 3eMHOI kopu BanTiicbkoro wmTa, ysaranb-
HIotOYI MyOnikauii 3 uiei TemaTukn maike BigcyTHi. [lo Ta-
KMX MOXHa BifHECTU nuLle Taki poboTu, sk [2, 3].

3Baxatoun Ha ue, y AaHii poboTi 3gilicHeHo cnpoby
YaCTKOBO 3aMOBHUTW MpOranuHy y BUBYEHHI LUBUAKICHUX
XapakTepucTuK 3eMHOI kKopu BanTiicbkoro wmta Metoaom
perioHanbHUX CENCMIYHMX AOCNIOKEHb.

CnoyaTtky nopiBHAEMO Mk CODOI OCepeaHEeHi LIBUAKI-
cHi xapakTtepuctukn V=f(H) 3emHoi kopu [JanbcnaHacbKoi,
CekodheHcbkoi Ta Jlannanacbko-Konbcbko-Kapenbcbkoi
npoBiHUiN. Ha puc. 2. HaBegeHo BignoBigHi rpadiku V=f(H).
B iHTepBani rmmbuH 3—-27 km rpadpiku CeekodeHcbkoi (CD)
NPOBIHLii NOMITHO Bigpi3HAOTLCA Big rpadikis JlannaHack-
ko-Konbcbko-Kapenbcbkoi (JIKK) Ta Oanbcnanacebkoi ()
npoBiHUi. OcobnMBO ACKPABO Lie BUpPaXeHo Ha puc. 3, ae
HaBegeHo rpadikn AV=f(H) BioxmneHb ocepegHeHuX
LIBUOKOCTEN AN OKpPeMux MPOBIHUIN Big ocepeaHeHuX
wBuakocten ana banrincekoro wuta B Linomy.
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Puc. 2. OcepefHeHi WBUAKICHI XapaKTepUCTUKN
V=f(H) 3emHoi kopu npoBiHUi BanTilicbKkoro wuTa:
[ — NanbcnaHacbkoi, CP — CBeKOEHCHKOT,

JIKK - JlTannanacbko-Konbcbko-Kapenbcbkoi

PosrnsHemo 6inbll AeTanbHO pi3HULKD MiX npodinamm
Co Ta JIKK nposiHui (puc. 3). Y 3aransHux pucax cnissia-
HOLLUEHHSI MK UMMM rpadikamy mae "a3epkanbHun" xapak-
Tep. Lle o3Havae, Wo aKkwo oanH 3 rpadikiB BiaxunsaeTscs
Bi, HYNbOBOI NiHii (ocepeaHeHi abo HopmanbHi LWBUAKOCTI
y 3eMHin kopi BanTiicbkoro wuTta) B oguH Bik, TO iHWNA — y
NPOTUNEXHWIA, MPUYOMY Ha Til caminn rmmbuHi. Makcuma-
NbHi BiOXMNEHHS crnocTepiralTbecs Ha rMubuHax 4-5 km Ta
20 kM. Y nepliomy Bunagky abcontoTHa BENUYMHA Takoro

BioxuneHHsa cknagae 0,1 km/c (CP nposiHuisa) Ta 0,08 km/c
(KK nposiHuis), y apyromy — 0,09 km/c (CP nposiHuiga) Ta
0,07 km/c (JIKK nposiHuis).

Mmnbwe (28-38 kM) "A3epkanbHUA" xapakTep ChiBBia-
HOLLUEHb MiX LMK rpadpikamu 36epiraetbes. PisHuua nong-
rae nvwe y Tomy, Wo abconioTHa BenuYMHa Takux Biaxu-
neHb 3MEHLLYETLCA Y Kinbka pasis (puc. 3).

Mpadik O nposiHUii (puc. 3), 3a BUHATKOM iHTepBany
rmunbmH 0—12 Km, mMavike MOBHICTIO 30iraeTbcs 3 rpadikomM
JIKK npogiHuji. Cnig 3a3HaunTy, Wo pe3ynbTaTi CENCMIYHNX
pocnimpkeHb y Mexax [1 npoBiHLii XapakTepuayloTbCA HEBU-
COKOH SAKICTHO, LLIO YHEMOXKIMBIIOE iIXHil rMMboKui aHanis.

AV, km/c

& m
WWW{\«

H, km
% ‘ ¢
D,
-
’

o | KK e» e SF e

Puc. 3. M'padpiku AV=f(H) BiaxuneHb ocepeaHeHUx
wBMAKOCTEN NpoBiHUiN BanTicbkoro wura:
D — OanbcnaHgcbkoi, SF — CBekoeHChKOi,
LKK — NNannaHacbko-Konbcbko-KapenbcbKoi

MoBepHeMocs o rpadgikie JIKK Ta C® nposiHuin. 3 me-
TOK MOXIMBOIO 3'ACyBaHHsi 0OCOBNMBMX CMiBBIAHOLLIEHb MiX
ummmn rpacbikamn, Byno cknageHo rpadikv BepTUKanbHUX
wBmakKicHnx rpagieHTis G, c-1 Ana umx NposiHUiA (puc. 4).
3HayeHHs rpagikis po3paxoByBanMcs METO4OM KOB3at4oro
BikKHa LUMPWHOIO 2 KM 3 KPOKOM o BepTukani 1 km. byno Ta-
KOX po3paxoBaHO BepTuKanbHi rpagieHtTn G, c-1 npoBiHUin
JIKK, Co, 1 Ta BanTiicbkoro wmTa y uinomy B iHTepBanax
rnmnbuH 0-10, 11-20, 21-30 Tta 31-40 km. Kpim TOro, BmaHa-
YyeHo rpagieHTu B iHTepBani 0—40 km (TO6TO, Ha yCl0 3eMHY
Kopy). Yci pe3ynbTat po3paxyHkis 3BeeHo y Tabn. 1.

CniBBigHoLwweHHs Mix rpagieHTamu JIKK i C® nposiHuin
cknagHe W XapaKTepu3yeTbCsi MEBHUMU OCOOMMBOCTAMM
(puc. 4):

o Y iHTepBani 1-4,5 km rpagieHtn JIKK npoBiHuii 3 rnu-
OWHOI LWBMAKO 3MeHLWYyoTbeA, a CP npoBiHUii, HaBnakw,
3pocTaloTb. Hanpuknag, BenuuuHa rpagieHta Ha rmubuHi
1 km y JIKK npoBiHuii y 4 pa3u Ginbla, nopiBHsHO 3 CO
npoBiHLi€l0, HA 2 KM — y 6 pasiB, Ha 3 kM — Yy 3 pa3su, Ha
4 xm —y 1,4 pasy;
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e [NMOBKWHa chiBBigHOLWEHHS MiX rpagieHTaMu HabyBae
Takux puc: iHTepean rmubuH 4,5-12 km — CP nposiHuis Mmae
Oinblly BenuuuHy rpagieHta, gani (iHtepsan rmumbuH 14-
19 kM) Ginbwy BenuuuHy rpagieHTa G Bxe mae JIKK nposi-
HUis, gani (iHtepsan rMubuH 20-28 kv) 3HoBYy CP NpoBiHUis
XapakTepuayeTbeca niasueHum rpagieHtom. e rnubwe
(29-37 km) rpagieHT 060X NPOBIHUIM 3a BrM3bkMX ocepea-
HeHux 3HayeHb (JTIKK — 0,0230 c-1, C® — 0,0211 c-1), Ha
BiAMiHy Big OiNbLUOI YaCTMHU 3eMHOI KOpU, 3MIHIOTLCS Y
HEBENMVKNX MeXaXx;

e 3 mMubnHOI BepTMKanbHU rpagdieHT G y 3eMHin Kopi
JIKK npoBiHuii 3meHwyeTbeca (Tabn. 1). Ha rmnbuHax 31-
37 km BenuuuHa rpagieHta G y Aea pasu meHwa (0,0223 c-
1), Hix Ha rmMmbuHax 0-10 km. Ha BigmiHy Big ubOro, y 3em-
Hin kopi C® nNpOoBIHUIT Take KOHTPaCTHE 3MEHLUEHHS rpagi-
eHTa G He cnoctepiraetbes. binblwe Toro, B iHTepBani 21-
30 km cnocTepiraetbca 3pocTtaHHsa rpagieHTa G (0,0331 c-
1). A y Hu3ax 3emHoi kopu (31-37 km), Ha BiamiHy Big JIKK
NpoBiHUiji, rpagieHT G ycboro nuwe y 1,25 pasu MeHLWuiA,
HixX y Bepxax (0-10 km) — 0,0227 c-1 npoTn 0,0282 c-1.

Ta6bnuuys 1
BepTukanbHi wBuAakicHi rpapieHTy G, c-1 y 3emHin kopi BanTiicbkoro wuTa Ta OKpeMUX MOro NMPOBiIHLiN

AH, km JIKK co a B

0-10 0,0447 0,0282 0,0280 0,0359
11-20 0,0302 0,0231 0,0311 0,0277
21-30 0,0209 0,0331 0,0207 0,0256
31-40 0,0223 0,0227 0,0230 0,0227
0-40 0,0295 0,0274 0,0262 0,0281

lMpumimka. JIKK, C® Ta [ — npoBiHuii BanTiicbkoro wuTa, BignoeigHo: JlannaHacbko-Konbcbko-Kapenbcbka, CBekogeHcbka Ta danb-

cnaHgcoeka; b — banTincbkuin wnt

0,1

0,15

s S
3 -
T “s
25 ~.e
§---==
30 <,
\
)
35 ¢
/{"‘
40 -2
45

LKK

-==--SF

Puc. 4. M'padbikn BepTUKanbHUX WBUAKICHUX rpapieHTiB G (c-1)
y 3eMHin kopi JlannaHacbko-Konbcbko-Kapenbcbkoi (LKK) Ta CBekodeHebkoi (SF) npoBiHuii BanTincbkoro wura

BucHoBkW. TaknuM YMHOM, PO3rNSHYTI HAMU LUBUAKICHI
XapakTepucTuknm 3eMHoi kopu JlannaHacbko-Konbcbko-
Kapenbcbkoi i CBekodheHCbKoi MPOoBIHLi MOMITHO po3pi3-
HATbCA MiXk coboto. Lle Moxxe BkasyBaTh Ha BiAMIHHOCTI y
peYoBMHHOMY CKMagi Ta y HanpyXeHOMy CTaHi 3eMHOi Kopu
LUMX ABOX MPOBiHUiN. Pe3ynbTatv BUKOHAHOro Hamu JocHi-
OXXEHHS1 Y ManbyTHbOMY MOXyTb OyTW BMKOpUCTaHi Ans
CKNafaHHs KOMMJIEKCHOI reonoro-reodisanyHoi Mogerni 3e-
MHOI Kopu BanTiicbkoro wmnta, a TakoX Mpu reosnorivHin
iHTepnpeTauii [aHuX perioHanbHUX CEeWCMIYHUX [ocHi-
OXeHb. Y noganblioMy cnig NOpPIiBHATM MK COGO iHLLi
XapaKTEPUCTUKM 3EMHOI KOpPM BKa3aHUX MNPOBIHLUIN — uUe
cepefHs TOBLUMHA 3eMHOI KOpW, BENMM4YMHA ropu3OHTarb-
HOro rpagieHta weuakocTi G, MOXNMBI NokanbHi aHomarnii
LUBMAOKOCTEN Ta iH.

Y poborTi [3] nokasaHo, wo banTilicbknii, YkpaiHCbKuiA
Ta KaHagcbkui WMTKN XapakTepuayloTbes 6nmsbkumun oce-
peaHeHMMM LWBUAKICHUMKU nNapameTpamu. Lle o3Havae, wo
0COBnMBOCTI PO3MNOAINY LBUAKOCTEN Y 3eMHin kopi banTii-
CbKOro LWuTa, JocnigXeHi y Haliin cTaTTi, 3 BEMUKOK MMO-

BIPHICTIO MOXYTb CMOCTEpiraTMCb TakoX i B 3EMHiN KOpi
YKpaiHCbKOro wmuta. ¥ uboMy 3B'A3KYy, BUBYEHHS LUBUAKIC-
HUX XapaKTepuCTUK y 3eMHin Kopi banTiincbkoro wmra Ha-
OyBae 0cobnNMBOI aKTyarnbHOCTI.
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SPEED OF SEISMIC WAVES TRAVELLING THROUGH THE EARTH CRUST WITHIN THE BALTIC SHIELD
(ON THE BASIS OF THE REGIONAL SEISMIC RESEARCH DATA)

The article considers peculiarities of velocity of seismic waves in the Earth's crust, according to regional seismic studies and the comparative
analysis of high-speed characteristics of individual provinces of the Baltic Shield. For comparative data analysis, velocity of each province and
average velocity data for individual provinces of the Baltic Shield in general and vertical velocity gradients data were used. Based on the
interpretation data of crust, Lapland-Kola-Korel'ska and Svekofens'ka provinces revealed different velocity characteristics. This may indicate
differences in material composition and stress state in the crust of the two provinces. The practical significance of the work is that this study is
performed for the first time and the results can be used for comprehensive geological and geophysical model compilation of the crust of the Baltic
Shield and geological data interpretation for regional seismic studies.

Keywords: Baltic Shield, the velocity of seismic waves, tectonic province, vertical velocity gradient, graph V = f(H).
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KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHun Tapaca LlleByeHko,

YHWU "UHcTtutyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpauHa,
A. TpunonbCcKkui, A-p reon.-MuHeparnor. Hayk,

WHctuTyT MFeodmamkm um. C.U. Cy66otmHa HAH YkpauHbl, r. Kues, YkpavHa

CKOPOCTU PACIMNPOCTPAHEHUA CEVICMVI‘-IECKVI)S BOJIH B 3EMHOW KOPE BAHTIfIVICKOFO LLWUTA
(MO AAHHBLIM PET'MOHAJTIbHbIX CEMCMUYECKUX UCCINEOOBAHUN)

B pabome u3y4eHbl 0cO6eHHOCMU cKkopocmell pacnpocmpaHeHusi celicMU4ecKux 80JTH 8 3eMHOU Kope 1Mo GaHHbIM pe2uoHaslbHbIX CeliCMU4YecKuX
uccniedoeaHull U ebINO/IHEH CPagHUMEsIbHbIU aHau3 CKOPOCMHbIX XapaKmepucmuk omoesibHbIX NpoeuHyuli banmulickozo wuma. Onsi cpasHume-
JIbHO20 aHaslu3a ucnosib3oeanuchk 0aHHbIe, npexade ece2o, ckopocmel Kaool MPo8UHYUU, 8 maKxe 0aHHbIe OMKIIOHEHUU ycpeOHEeHHbIX cKkopocmelu
0Onsi omAenbHbIX NPO8UHYULI om ycpeOHeHHbIX ckopocmel Onsi Banmulicko2o wyuma e yesioM U eepmukanibHbie CKOPOCMHbIe 2padueHmsl. Ha ocHo-
8aHUU UHmMepnpemayuu ycmaHo8J/1eHO, Ymo CKOPOCMHbIe XapaKmepucmuku 3eMHoU Kopbl JlannaHdcko-Konbcko-Kapensckol u CeekogheHckol npo-
8UHYUl omauYyaromcesi Mexady coboli. IMo Moxem yKa3bieamb Ha Pa3/iuYvusi 8 8eU}eCMeeHHOM COC u 8 Hanf HHOM COCMOSTHUU 3eMHOU KOpbI
amux dsyx npoeuHyul. lpakmuyeckasi 3Ha4uMocmsb npednazaemoli pabomsl 3aK/1l04aemcsi 8 MoM, 4Imo 3mo uccriedoeaHue 8bINosIHeHO ernepeble U
e20 pe3ynbmambl Mo2ym 6bimb UCMONIb308aHbl Onisi cocmassieHuUsi KOMIIeKCHOU 2eo0s1020-2eoghusuyeckoli modesnu 3eMHoll kopbl Banmulickoz2o
wuma u 2eosnozuyeckoli uHmMepnpemayuu 0aHHbIX pPe2UOHasIbHbIX celicMUYecKux uccredosaHutll.

Kntodeenie cnoea: banmuiickuii uyum, cKOpPoCcMb pacrpocmpaHeHusi celiCMUYeCKUX 80JIH, 2e0MeKMOHUYECKasi MPOBUHYUSI, 8epmuKanbHbIl
ckopocmHol epaduenm, epagpuk V = f(H).
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INFORMATIVENESS OF THE GPR METHOD ON THE EXAMPLE
OF RESULTS FROM EXPERIMENTAL SITE

(PekomeHdosaHO YneHoM pedakuiliHoi koneeii 0-pom ¢pi3.-mam. Hayk, c.H.c. |. M. KopyaziHum)

In this article the results of Ground penetrating radar (GPR) surveys on experimental site near Institute of Geology of Taras
Shevchenko National University of Kyiv (Kyiv, Ukraine) are represented. GPR method has been developed since 1970, but the problem
of GPR profiles quality assessment and the best settings for GPR surveys remains controversial. GPR researches on artificially created
site were carried out by three radars with 300 MHz and 500 MHz antennas. Assessment of GPR method informativeness was performed
according to the analysis of experimental data with the following criteria: correspondence of registered anomalies on GPR profiles to the
actual location of the objects; dependence of GPR profiles quality on the central frequency of antenna, step of measurement, settings of
survey depth, season of surveying and number of points on vertical scale. Comparative analysis of the GPR investigations quality was
carried out with method developed by authors. As a result of experimental data analysis conclusions and practical recommendations,
which can be applied for GPR investigations on the territories, with similar geological structure and similar characteristics of objects to

experimental site, are pointed out.

Keywords: ground penetrating radar, GPR, GPR profile, dielectric permittivity, electrical resistivity, GPR survey settings, pipes,

metal, loam, sand, gravel, void.

Introduction. Ground penetrating radar (GPR) sound-
ing is applied in the practice of engineering and geotechni-
cal studies intensively since the 1970s. Over the past 15-
20 years GPR method has become quite widespread and
today the scope of application is growing steadily.

The terms 'ground penetrating radar (GPR), 'ground-
probing radar', 'sub-surface radar' or 'surface-penetrating ra-
dar (SPR)' refer to a range of electromagnetic techniques de-
signed primarily to locate objects buried beneath the earth's
surface or located within a visually opaque structure [14].

The essence of GPR shooting is registering electro-
magnetic waves, which are generated by transmitter and
reflected from boundaries between parts of investigated
environment with different electrical, dielectric and mag-
netic properties.

Development of the subsurface radar sounding method
for objects and processes identification have begun in the
second decade of the last century. Petrovskiy A. was one
of the first developers of the GPR technics theory and con-
ducted practical researches of radio wave ray method
("shadow method"), the implementation of which is based
on the measurement of high-frequency wave fields, in
1923-1928 years. Since 1930, stepped electromagnetic
research method was used as a method for ice thickness
evaluation, identification of fresh water and salt deposits
[14], for researches in the desert and on rock.

GPR method was intensively developed after World War
I, because of the emergence of new problems and produc-
tion of new radars. The result [3] is essential for theoretical
foundations of high-frequency radio wave methods. Modern
theoretical and practical aspects of subsurface georadar
sounding are described and developed by M. Viadov,
D.J. Daniels, A. Petrovskiy, V.Sugak, E.Tomaszewska,
M. Finkelshteyn, K. Yankovskiy [1, 3-5, 7-8, 13—15, 16].

Basically, GPR method is similar to the seismic survey,
because both methods are based on theory of wave fields
— electromagnetic and elastic waves, respectively. Advan-
tage of GPR method is that survey can be carried out with-
out contact with the surface, but for seismic survey contact
with the surface is mandatory.

Currently, the scope of GPR method is steadily increas-
ing, as researchers have wide range of GPR equipment
and access to technical tools that can be used for investi-
gations in different conditions [10].

The problems, which are solved with GPR can be di-
vided into two groups according to the current geological
objective and methods of researching and data processing:

1 — geological, geotechnical and hydrogeological [9, 12]
— differentiation of geological layers, mapping of geological
structures, determination of groundwater level and thick-
ness of the ice cover;

2 — searching and examination of geological structures
and objects of human activity [13, 15] — pipelines, cables,
waste, archaeological sites and burials, underground cavities
(karst cavities, mines, cellars), heterogeneities and defects,
which are hidden in the walls and underground structures,
discontinuities in the construction of roads and runways.

Application of GPR survey can help to solve any prob-
lem of finding objects that differ in their electrical properties
from the surroundings [11].

Today experts have a wide range of radar equipment
and access to hardware and software, however, the influ-
ence of several factors (both methodological and natural)
on the quality of resulting profiles is not fully understood
and these factors are under discussion nowadays [11].

In this paper, the results of GPR profile quality investiga-
tion are represented. Influence of GPR technical parameters
and environmental factors on the quality of recorded profiles
was investigated. Researches were conducted on specially
equipped experimental site for testing of GPR and other
near-surface methods near Institute of Geology of Taras
Shevchenko National University of Kyiv (Kiev, Ukraine).

Theoretical basics and equipment. GPR method is
one of the electromagnetic methods modifications and the
main principals of investigations are based on physical
characteristics such as: relative dielectric permittivity of the
medium (€) — physical quantity that describes in how many
times the force of interaction between two electric charges
in the environment is less than in the vacuum; electrical
resistivity (p, Ohm*m) or specific conductivity of the me-
dium (y=1/p, Ohm™'/m=S/m) — parameters that characterize
the environment's ability to resist or conduct electricity re-
spectively; relative permeability (u) — parameter that de-
scribes the ability of the medium to concentrate the mag-
netic field lines of the external magnetic field. The upper
part of the geological medium, for which GPR method is
applied, is considered to be non-magnetic (u~1), so it is
clear that in this case the dominant feature of the environ-
ment is dielectric permittivity «.

The value of the dielectric constant influences the speed
of propagation of electromagnetic waves v, and thus the
accuracy and resolution of GPR investigations. The speed of
wave propagation is calculated according to the formula:

© Chernov A., Reva M., 2016
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v=c/\ue, (1)

where ¢=3-10° m/s — the speed of electromagnetic wave
propagation in the vacuum (speed of light)..

Wave reflects from the boundary between two mediums
with different dielectric permittivity, comes to receiver and
growth of the wave's amplitude is recorded. The depth "h"
to the boundary is calculated according to the formula:

heol \/ —d? = 2)
2 pa

where t — period of time (ns) between electromagnetic
wave generation and its arrival to the receiver; d — the dis-
tance (m) between transmitter and receiver of electromag-
netic wave; p and ¢ — relative magnetic permeability and
permittivity of investigated environment. Therefore, formula
(2) shows that the depth to the reflector in the case of non-
magnetic environment (u~1) primarily depends on the di-
electric constant of the medium [11].

For layered environment with different dielectric con-
stant for each layer depth h to reflector should be calcu-
lated according to the formula (2) in which v and ¢ are the
average speed of electromagnetic wave and average di-

electric permittivity of environment above reflector respec-
tively. Average velocity of electromagnetic wave and di-
electric permittivity of the environment are connected with
geometric parameters of the layer by next ratios:

v=h/Sh I v); s:[z(h,\/g)/hf, (3)

where h;, v, & — thickness, velocity of electromagnetic
wave and dielectric permittivity of layers above reflector
respectively. If there is random function of dielectric permit-
tivity variation with depth (uv(z) and ¢(z)) then ratios (3)
should be written as integral ratios:

v=h/ f —_—

2
=F\/s(z)dz/h} (4)
( ) 0

GPR survey was carried out with GPRs VIY2-300,
VIY3-500, VIY3-300 (fig. 1), which are produced by LLC
"Transient technologies". These GPRs are designed for
identification of heterogeneity underground in the soil and
in rock; for examination of geological structures and hu-
man-made constructions.

Fig. 1. Appearance of applied GPRs [6]: a — VIY2-300, b — VIY3-500, c — VIY3-300

One of the main advantages of these devices is pres-
ence of odometer, which is connected to the GPR and
helps to measure distance on the profile very precisely.
Devices are connected to the laptop with USB-cable. In

these GPRs, transmitter and receiver are in one case,
which guarantee reliability and comfortable applying of
equipment.

Specifications of GPRs VIY are described in the table 1.

Table 1
Specifications of applied GPRs

Model of GPR VIY3-500 VIY3-300 V1Y2-300
Max sounding depth, m 4,0 8,0-15,0 8,0-15,0
Antenna unit, MHz 500 300 300
Spatial resolution, meters, (not worse) 0,18 0,3 0,3
Dimensions, mm 311 x 176 x 152 610x 312 x 170 311 x 176 x 152
Weight, tk 3,0 10,4 13,0
Analogue-to-digital Converter range 18 18 10
Dynamic range at least 135 135 100
Interface USB 2.0, Wi-fi USB 2.0, Wi-fi RS232
Operating temperature range Big —20°C go 40°C

As usual, during GPR survey kinematic, amplitude and
frequency electromagnetic wave parameters are recorded:

1) wave arrival time t (in nanoseconds (ns)) — the time
period which lasts between moment of electromagnetic
wave radiation from transmitter and electromagnetic wave
coming to the receiver from the investigated environment;

2) the signal amplitude — the intensity of fluctuations of
electromagnetic waves (measured in dB);

3) frequency of signal — number of periods of waves oscil-
lation per unit of time (as usual for GPRs in megahertz (MHz)).

For researches, which are described in this paper, pri-
marily wave arrival time and amplitude of the signal were
used for investigations and conclusions.

Original GPR profiles contain noises before processing
(fig. 2a). Processing was done in software "Synchro" and
"Planner”, produced by LLC "Transient technologies". In
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these programs, several tools were used to improve the
quality of GPR profiles:

1) tool "Wavelet filter" that performs convolution of the
track with the function of a given period;

2) tool "Background removal" is used to minimize noises
from the device and surroundings around the objects. As a
result, this tool helps to improve the signal/noise ratio;

3) tool "Gain" is intended for setting the level of signal
amplification to obtain more informative and high-quality
images of GPR profiles;

4) instrument "Three point correlator" was applied for
averaging of signal's amplitude in a certain radius on three
tracks (from top to the bottom). Parameters of the instru-
ment are set manually by the operator during the process-
ing of profiles.

Example of GPR profile before and after the initial
processing shown on fig. 2.

Distance, m
0005 1 15 225 3 35 4 45 5 55 6 65 T 75 8 85 8 85 10103
]

wyidag

GPR is not available

Fig. 2. GPR profile before filtering (a) and after filtering (b); hyperbola is selected
with tool "hyperbola” in software "Synchro" (Transient Technologies)

It is necessary to evaluate the speed of propagation ve-
locity of electromagnetic waves to determine the depth to
the reflector (formula (2)). Tool "Hyperbola" was used to
determine the speed of electromagnetic waves propagation
in the environment. It was done by choosing hyperbola that
follows the contours of hyperbolic hodograph caused by
reflections from a point-like objects (fig. 3b). This tool helps
to determine the speed of electromagnetic waves v, and as
a result the depth to the reflective object h, as hyperbolic
equations hodograph is:

2 2 2 2 2 2
t:\/(x d/2)"+y*+h +\/(x d/2)"+y*+h )

L
where t — period of time (ns) between electromagnetic
wave generation and its arrival to the receiver; x, y — coor-
dinates of GPR location; zero is located in the point where
projection of the object on the surface is located, d — the
distance between transmitter and receiver of electromag-
netic wave.

It is mandatory to set "zero-timing" to get precise value
of depth to reflective objects and boundaries. "Zero-timing"
is the beginning of depth counting, which is connected to
the first extremum of signal on GPR tracks. Color and its
intensity on GPR profiles represent value of the amplitude
in the exact point of GPR profile.

All GPR profiles were processed with the same set of
tools and comparison of GPR profiles quality was done.

Experimental site near Research Institute "Institute of
Geology" was designed for the educational and experimen-
tal researches with GPR and other geophysical methods
for near-surface investigations. There are two spots on the
site, which are called "Trench" and "Dump-body".

On the fig. 3a there is a plan (top) and cross-section
(bottom) of spot "Trench". Surroundings of the pit is repre-
sented by loam; trenches' depth is 4 m, length is 7 meters
and width is 2.4 m, the pit is filled with sand; there are bur-
ied artificial objects on different depth levels (list of objects
and their characteristics are given bellow the fig. 1).

GPR survey was done along the spot; the distance be-
tween profiles was 0.5 m. On the fig. 1a 5 directions of
survey are marked with red lines, length of each was
10.75+£0.15 m.

In order to investigate changes in quality of the results
and study the influence of seasons on the quality of the
received data, fieldwork within this spot was conducted in
different seasons (dates.month.year): 9-12.06.2015,
22.09.2015, 02.12.2015, 27.03.2016, 12.04.2016. To in-
vestigate informativeness of GPRs with different specifica-
tions, research on the spot was conducted with three
GPRs: VIY2-300, VIY3-300, VIY3-500 (fig. 2, table 1). Total
amount of recorded profiles on the spot "Trench" is 177
profiles for mentioned periods.

Fig. 3b shows a plan (top) and cross-section (bottom)
of the spot "Dump-body". Depth of the pit is 4 m, length is
5.8 meters and width is to 4 meters. The design of this spot
resembles a dump-body truck that is why it is called
"Dump-body". The pit is filled with pebbles of granite. There
are 5 metal pipes with a diameter of 10 cm (marked with
black dots on cross-section and with thick black lines on
the plan) at different depth levels.

On the spot "Dump-body" researches were performed
along 8 directions (marked with horizontal lines with num-
bers on the plan). The distance between profiles was
0.25m, and length of profiles is 8+1,0 m. Experimental
work on this spot was also done in different time periods
(9-12.06.2015, 02.12.2015, 12.04.2016) with VIY3-300,
VIY3-500 GPRs. Total number of recorded profiles is 58 for
the spot "Dump-body".

Results. Example of GPR profiles comparison, which
were recorded at the spot "Dump-body" (profile Ne2) with
VIY3-300 (300 MHz) and VIY3-500 (500 MHz) GPRs are
shown on fig. 4. On the profiles, which were recorded in
spring, hyperboloid anomalies are clearly seen, which are
provoked by presence of point-like objects (steel pipes)
and tilted anomaly, which is a reflection of electromagnetic
wave from metal plane. There is also a hyperboloid anom-
aly on the depth of 3.6-3.8 m, which shows location of
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metal plane bending. In addition, signals on GPR profiles,
which are recorded with 300 MHz antenna are character-
ized by higher amplitudes, than signal from 500 MHz an-
tennas. On GPR profile, which is recorded in winter, it is
harder to identify anomalies from objects than on GPR

240,0

CROSS-SECTION ALONG RED LINE

[ 7]
6, | |

10

400,0

profiles, which are recorded in other seasons. Such unclear
results in winter occurred because of layer of snow be-
tween device and earths' surface, which lead to noises on
GPR profiles.

580,0

300,0

Granite pebbles

Metal plane

400,0

Fig. 3. Spots "Trench" (a) and "Dump-body". On the top,
there are plans of spots with directions of survey and bellow — cross-sections:
a — Objects: 1, 2 — steel pipes, diameter 5 cm, length 1 m; 3, 13 — steel pipes diameter 5 cm, length 2 m with wire inside;
4 — metal box (0.5 mx0.8 mx0.4 m, empty inside); 5, 6, 12, 14 — steel pipe diameter 5 cm, length 2 m; 7 — styrofoam (1 mx0.5 mx0.5 m);
8 — metal plane (0.8x0.8 m); 10, 11 — plastic pipe diameter 20 cm, length 220 cm; b — Objects: 5 metal pipes (1-5) with a diameter
of 10 cm are marked with black dots on cross-section and with thick black lines on the plan

GPR profiles, which are shown on fig. 5-6 are recorded
with VIY3-300 GPR on the 3™ profile on the spot "Trench"
with different steps of measurement and with different
length of measurement (with different settings of depth).
The pictures 4-6 show that reflections from the most of

objects are visible on the profiles. The Best quality of GPR
profiles on spot "Trench" is obtained with length of re-
cording 65 ns (V=130 m/mks, ¢=5,3, h=4,2m) and ideal
range of measurement steps is from 30.94 mm to 123 mm.

R e

Time, ns

Distance, m
1 12 13 14 15 16 17 18 19 20

w'dag

Fig. 4. GPR profiles (Ne2 on the plan on fig. 1b), recorded on the spot "Dump-body" in different seasons and with different GPRs:
a — VIY3-500, September 2015; b — VIY3-300, September 2015 (numbers for anomalies according
to numbers for objects on fig. 1b); ¢ —VIY3-500, December 2015

After analysis of other experimental results on the spot
"Trench", it was concluded that on GPR profiles, which are
recorded with 500 MHz antennas, anomalies from shallow
objects (buried on depth to 2 m) are localized more precisely
than with 300 MHz antennas. Due to higher frequency
(500 MHz), there is better resolution on shallow depth, but
worse for deeper investigations (deeper than 2 m).

As a result of surveying, 235 GPR profiles where recorded
with different settings of GPR and in different seasons.
Evaluation of quality and informativeness of profiles and their

dependence on several settings was investigated. For com-
parison of profiles 6 parameters were taken into consideration:

1) frequency of antenna;

3) step of measurement;

4) length of GPR trace in ns (depth of investigation);

5) resolution of trace ( "the number of points on vertical
axis");

6) Season of the survey.

Comparison was done for GPR profiles with the change
of only one parameter, while others were constant.
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Fig. 5. GPR profiles recorded with VIY3-300 GPR on the spot "Trench"
(direction 3, in the center on the plan on fig. 1a) with depth of sounding 65 ns or 4.2 m and with different steps Ax on profile:
a — Ax=30,94 mm; b — Ax=123 mm (numbers for anomalies according to numbers of objects on fig. 1a); ¢ — Ax=154 mm

Fig. 6. GPR profiles recorded with VIY3-300 GPR on the spot "Trench"
(direction 3, in the center on the plan on fig. 1a) with depth of sounding 140 ns or 9.1 m and with different steps Ax on profile:
a — Ax=30,94 mm, b — Ax=123 mm (numbers for anomalies according to numbers for objects on fig. 1a), c — Ax=154 mm

4-point scale was developed to evaluate quality of
GPR profiles: 3 points — reflection from object is clear and
can be differentiated from other reflections; 2 points —
reflection is identified, but it is a bit colliding with other
reflections; 1 point — exact reflection is hardly differenti-
ated from other reflections; 0 points — refection is invisible
on GPR profile. Comparison of profiles with different set-

tings and seasons of survey was done according to the
total sum of points. Represented scale has not been used
before for GPR surveying.

As an example there is a table 2 with points for different
profiles, which were recorded on spot "Trench" with VIY2-300
GPR. Similar tables were filled with points for other GPRs
and for other seasons of survey.

Table 2
Evaluation and comparison of the GPR profiles, recorded with VIY2-300 GPR on the spot "Trench"
Depth of Step of Number of object, for which the quality of reflection is evaluated Total sum
measurement measurement, mm 1 2 5 6 10-11 of points

67,4.2 30.94 3 1 3 2 2 11
61.8 3 1 3 3 3 13

92 3 1 3 2 3 12

123 3 2 3 3 2 13

154 3 1 3 2 1 10

216 3 0 3 1 1 8

100, 7 30.94 3 1 3 3 1 11
61.8 3 1 3 2 3 12

92 3 1 3 3 3 13

123 3 1 3 3 2 12

154 3 1 3 3 1 11

216 3 0 2 0 1 6

120, 9 30.94 2 1 2 1 0 6
61.8 3 1 3 3 3 13

92 3 1 2 2 3 11

123 3 2 3 1 1 10

154 2 0 3 2 2 9

165, 12 30.94 3 1 3 2 2 11
61.8 3 1 3 2 2 11

92 3 1 3 2 2 11

123 3 1 1 2 2 9

154 3 1 1 2 2 9
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As a result of analysis of achieved data on the experimen-
tal site, it is concluded that following several recommendations
will help to get the most informative results in shortest time:

1. GPR surveying should be done along parallel pro-
files and distance between them should be minimum
2 times less than parameters of the object of investigation;

2. For 300 and 500 MHz GPR antennas, it is better to fol-
low technical and methodological recommendations, such as:

a) while first-time investigations (regional) it is better to
set depth of measurement, which is 1.5-2 times more, than
depth to the object, vertical resolution should be 500 points
and step of measurement 130-175 mm;

b) for precise (local) investigations number of points on
vertical axis should be from 500 to 1000 and step of meas-
urement from 30 to 130 mm; depth of sounding should be
on 0.5 to 2 m deeper than location of objects for 300 MHz
antenna and on 0.5 m deeper for 500 MHz antenna;

3. To increase ration signal/noise on resulting GPR pro-
files, it is better to:

a) decrease the distance from the device to the surface of
investigated environment — to remove snow, wood, rubbish
and other obstacles between GPR and surface of investigation;

b) to use devices with (minimal characteristics): analogue-
to-digital converter range 10,18 bits; dynamic range 100 dB;

4. To get precise depth to the reflections, relative di-
electric permittivity of investigated environment should be
precisely measured (laboratory investigations of samples,
electric well-logging, etc.);

5. To get full understanding of geophysical and geo-
logical model of investigated environment, 2-D and 3-D
modelling of electromagnetic waves' fields should be done
before (prediction of the model) and after (based on the
results of the survey) survey.

From the authors' point of view, proposed method of
quality evaluation and mentioned recommendations should
be taken into consideration while solving real geological
and engineering problems with GPR in similar to
experimental site's conditions.

Represented method of GPR profiles quality evaluation
is not perfect and will be modified for more convenient
practical application during GPR surveys. Authors are
working on improvement of quality assessment algorithms
and techniques for precise measurement of dielectric per-
mittivity in the field.
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IHOPOPMATUBHICTb TEOPALAPHOIO METOLY 3A PE3YJIbTATAMU
EKCNEPUMEHTANIbHMX AOCHNIAXEHb HA HABYAJIbHO-EKCINEPUMEHTAJIbBHOMY NONITOHI

Y cmammi HasedeHo pe3ynbmamu 2eopadapHux O0cC/iOXeHb, UKOHAaHUX HAa Hae4aslbHO- eKcriepuMeHmasnbHoMy nosi2oHi HHI "lncmumym
2eosoeii" Kuiecbko2o HayioHanbHo20 yHieepcumemy imeHi Tapaca Lllee4eHka (M. Kuie). FeopadapHuli MemoOd iHmeHcueHo po3eusaembcs 3 1970-x
PoOKie, asle numaHHs1 oyiHKuU sikocmi npoeedeHux po6im ma eu3Ha4YeHHs1 Hallkpawyux napamempie 2eopadapHux 3UOMOK i HUHI 3anuwarombscsi 6
koni duckycilinux mem. eopadapHi docnidxeHHs1 Ha WMYYHO CMBOPEHOMY eKcrepuMeHmasabHOMy Hag4yaslbHOMY MOJli20Hi NposedeHO MpboMa
2eopadapaMu 3 euKopucmaHHsiM d8ox Yacmom aHmeHHux 6s1okie — 300 My ma 500 MI'y. OyiHka iHghopmamueHocmi memody euKoHysanacs 3a
pe3ynbmamamu aHaizy ompuMaHux eKkcriepumMeHmasnbHuUx 0aHux, OCHO8Y sIKO20 ckiiadanu maki kpumepii: eidnoeioHicms aHomannili, 3apeecmpo-
8aHux Ha ceopadapHoMy npodini, hakmu4HoMy po3mauwyeaHHIo0 06'ekmie docniOKeHHS; 3anexHicmb sskocmi 2eopadapHux npodginie ma ix iHgo-
pMamueHocmi €id yeHmpasnbHoi Yacmomu 0ocidxyeaHol aHmeHu U npocmopoeoi demasibHoCMi ckaHyeaHHs (KPOKy 00CiGxeHHs1 o npodginto);
erniue Ha sikicmb 2eopadapHux npodginie mpusanocmi peecmpauii 2eopadapHux mpac ("HanawmoeaHoi 2nubuHHocmi docnidxeHb") ma demarnb-
Hocmi ix 4acoeoi duckpemu3auii (Kinbkocmi mo4yok no eepmukarni); ennue Ha sikicmb 2eopadapHux OOCJiOKeHb 4acoeo20 nepiody 8UKOHaHHS
ekcrnepumeHmanbHuUx eumipie. MopieHsiNbHUl aHani3 pesynbmamie 2eopadapHux AocidXeHb 8UKOHaHO Ha OCHO8i a8MOpPCbKOi MemoAUKU OYiHKU
IXHBbOT sIKOCMI. Y pe3ynbmami npoeedeH020 aHasli3y eKcriepuMeHmasnbHUxX 0aHuUx cghopMysibO8aHO 8UCHOBKU ma HadaHO NpakMuYHi pekomeHOaui,
sAKi 6akaHO sukopucmoeyeamu fnpu 2eopadapHux AociOXKeHHsIX Ha mepumopisix, N0di6HUX 3a 2eos102i€l0 Mma xapakmepucmuKkamu po3mauloea-
HUX Ha Hux 06'ekmie Ao OiNsIHOK Hag4asIbHO-€KCMePUMEHMasibHO20 MOJli20HY.

Knrouoei crnoea: 2eopadap, 2eopadionokauisi, 2eopadapHulii npoghins, dienekmpuyHa NPOHUKHICMb, NuMoMuii eflekKmpuYHull onip, cuzHas 30-
HOyeaHHs1, eflekmpoma2HimHull imnynsc, weudkicmb xeusti.

A. YepHoB, maructp reocusmkm,

E-mail: achernovp@gmail.com,

H. PeBa, kaHAa. u3.-mat. Hayk, Aou.,

E-mail: mvreva@gmail.com,

KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LLleByeHko,
YHU "UHcTuTyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022

WHO®OPMATUBHOCTb rEOPAJJAPHOIO METO[A IO PE3YJIbTATAM
OKCMNEPUMEHTAINbHbLIX NICCNEAOBAHUN HA YHEBHO-3KCMNMEPUMEHTANIbHOM MOJIUTITOHE

B cmambe npedcmaeneHbl pe3ysbmambl 2eopadapHbix uccsedoeaHull, 8bINOSIHEHHbIX HAa Yy4e6HO-3aKcrnepumMeHmansHoM nonuzoxHe YHU "UH-
cmumym 2eonoz2uu” Kueecko2o HayuoHabHO20 yHueepcumema umeHu Tapaca LlleeyeHko (2. Kues, YkpauHa). FeopadapHbiii Memod uHmMeHcusHo
pa3seueaemcsi ¢ 1970-x 20008, HO 80MPOChI OUEHKU Kayecmea nposodumbix pabom u onpedesieHusi Hausly4YwWux rnapamempoe 2eopadapHbIX Cbe-
MOK u cellyac ocmaromcsi 8 Kpyay OUCKYCCUOHHbIx meM. [eopadapHble uccriedoeaHuUsi Ha UCKYCCMEEHHO CO030aHHOM y4eb6Ho-
3KcrnepumMeHmMasnbHOM IMOJIU20He NpoeedeHbl mpeMsi 2eopadapamMu ¢ ucrnosib3oeaHueM A8yx Yacmom aHmeHHbIx 6s10koe — 300 MMy u 500 Mry.
OuyeHka uHghopMamueHocmu Memoda 8bINoJIHSAMNAach 0 pe3ysbmamam aHanu3a nosly4eHHbIX 3KcrnepuMeHmarnbHbiX OaHHbIX, OCHO8Y KOIMOpPOo20
cocmaensnu cnedyroujue Kpumepuu: coomeemcmeue aHomasnuii, 3ape2ucmpuposaHHbIX Ha 2eopadapHoM npoguse, hakmu4eckomy pacrosio-
JKeHur ob6bexkmoe uccriedoeaHusi; 3a8UCUMOCMb Kayecmea 2eopadapHbix npogusieli U ux uHgopmMamueHocmu om yeHmpasnabHol Yacmomal
aHmeHHo20 6/10ka u npocmpaHcmeeHHol demanbHOCMU ckaHupoeaHus ("waaa uccnedoeaHus Mo npogusnio”); enusiHue Ha Ka4ecmeo 2eopadap-
HbIX npoguneli dnumenbHoCcMuU peaucmpayuu 2eopadapHbix mpacc ("HacmpoeHHolU 2ny6uHHocmu uccnedogaHuli”) u demasibHOCMU UX 8PEMEH-
HoU duckpemu3auyuu ("Kosudyecmea moyek no eepmukasnu”); enusiHue Ha kKayecmeo 2eopadapHbIx uccsiedogaHuli pPeMeHHO20 rnepuoda eblInoJsi-
HeHus1 3KcrnepuMeHmarsbHbIX UsMepeHull. CpaeHumernbHbIl aHanu3 pe3ysibmamoe 2eopadapHbix uccrsiedoeaHull 8bINOJIHEH HAa OCHO8e aeMOpPCKoU
mMemoduKku oUyeHKu ux Kayecmea. B pesynbmame npoeedeHHO20 aHasiu3a dKcrnepumMeHmMasbHbIX OaHHbIX CHOPMYuUpo8aHbl 8b1600bI U OaHbl
npakmuyeckue pekoMeHOayuu, Komophblie xeslamesibHO UCMo/ib308amb MpPuU 2eopadapHbIX uccredoeaHuUsiX Ha meppumopusix, NoAo6HbIX Mo 2eo-
J102UU U XapakmepucmuKaM pacroslIoXeHHbIX Ha HUX 06 beKmoe y4acmkam y4e6Ho-3KcrnepumMeHmasnbHO20 M0oJIU20Ha.

Knroyeesnie cnosa: zeopadap, ceopaduosiokayusi, 2eopadapsbiii npogusb, OudsieKmpuveckasi MPOHUYaeMocmb, yoeslbHOe 3/IeKMPUYECKOe CO-
npomusesieHue, cuzHasn 30HOUPOBaHUSI, 37IEKMPOMa2HUMHbIU UMMYJIbC, CKOPOCMb SOJIHbI.
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OCHOBHI XAPAKTEPUCTUKM KAPEOHATHMX BIAKNAAIB BALWWKUPCBKOIo siPycy
(HA NPUKNAAI BENIMKOBYBHIBCbLKOI NnoLul An3)

(PekomeHdo8aHO YneHoMm pedakuiliHoi koneeaii kaHO. eeon. Hayk, cm. Hayk. crnigpob. |. M. be3podHoro)

Kap6oHamHi kosiekmopu eidizparoms npoeidHy posb y audobymkKy eyarieeodHie y ceimi, eoOHo4ac e YkpaiHi yi konekmopu Hedo-
cmamubo sue4eHi. Kap6oHamHi konekmopu [JHinpoeckko-foHeybkoi 3anaduHu (O03) eusieneHo e 6awkupcbkomy sipyci (6awkupcbka
"nnuma”) ma y HWKHbo-8i3elicbKux 8idknadax (HUXHbo-gi3elicbka "nnuma”). ¥ cmammi enepwe ornucaHO OCHOBHI XapaKmepucmuKu
6awkupcbKux KapboHamHux eidknadie Ha Benukoby6HiecbkoMy podosuwii 3. MeonoziyHi ma nempoghizuyHi xapaKmepucmuku,
ocobnueocmi kap6oHamHux nopio-Kosiekmopie asmopoM HaeedeHO Ha npuknadi Mamepiasie ceepdnosuH 119 ma 139. [lopodu 6awkip-
CbKO20 sipycy npedcmaereHi eanHsikaMu e0G0pOCMe8o-WIIaMo8UMU MPUX08aHOKPUCMasliYHOI cmpyKmypu 3 eKparnsieHHsIMU ripumy,
a makoxx apeinimamu 3esieHyeamo-cipumu, asieepumucmumu, siKi Micmsimb npowapKu asieeposiimie, earnHsikie i nickoeukie ceimiio-

cipux, keapyoeux, piaHozepHucmux, crmoducmux.

lMob6ydoeaHo Kkapmy mosuwiuH 20pu3oHmy b-9H mepumopii Benukoby6Hiecbko20 podoeuuya, Ha OCHOBI SIKOi OUiHeHO nomy»Hocmi
kap6oHamHux eiOknadie. 3okpema, 80HU csi2aromb 6 M Ha MigHiYHOMY 3ax00i ma 3 MOSWUHOI 5 M NPaKMUYHO PI@HOMIPHO PO3rMo-
ecrodxeHi no ecil niowi. Ha nobydoeaHiti cmpykmypHili kapmi ecmaHoesieHO 36ibWweHHs1 abCcoIroMHUX 21IU6UHU 3ansi2aHHSI MOKpie-

11i 20pu3oHmy B-10 3 nigeHo4i Ha nied0eHb.

3a komnnekcom memodie INC eudineHo kapb6oHamui nnacmu nomyxHicmto 8id 6 do 8 m (2opuzoHm B-9) ma eid 6 do 13 m (2opu-
30HmM B-10), siki MO)Xymb 6ymu oxapakmepu308aHi sik Mopoou-KosieKmopu.

Mopucmicmb 6awkupcbKux kKap6oHamHux gidknadie (2zopuszoHmu Bb-9, 5-10) Ha 3 3miHOEMBbCSI 8 WUPOKUX Mexax: 8id 5 do 22%,
npu ybomy cepedHi 3HaYeHHs, SIK npaesusio, He nepesuulyromb 3—-5%. XapakmepHor pucoro nMPodyKmMuUeHUX niacmise, wio cknadeHi
6awKupcbKUMU KapboHamHUMU rnopodamu, € eUCOKa aHi3omponisi ixHix ¢inbmpauiliHux i eMHiCHUX ennacmueocmell Hagimb y Mexax

OO0HieT nowi.

3a peszynbmamamu iHmepnpemauii daHux [ C ma npomucnoeux eunpobyeaHb 8i0knadu 6aWKupcbLKO20 sipycy Ha Benukoby6Hie-
CcbKOMY podoeuli MOXHa eUu3Ha4Yumu riepcriekmueHuUMu Os1s1 NowyKy 2asy ma Hagpmu.

Knroyoei cnoea: kapboHamHi kosiekmopu, 6awkupcbkull sspyc, 443, 6awkupcbka ninuma, Benukoby6bHiecbke podosuuye.

Beryn. Crparterielo po3BUTKY MiHepanbHO-CUPOBUH-
Horo komnnekcy Ykpainn go 2030 p nepenbavaeTbcs Ha-
pOLLYyBaHHS pecypciB BYrneBOAHIB Y OCHOBHMX HadpToraso-
HOCHMX MpPOBIHUiAX YKpaiHW. [lepCnekTBHUMKU Y LbOMY
HanpsiMKy MOXYTb CTaTu HadgTOBi Ta ra3oBi Noknagu kap-
OoHaTHMX BigknaaiB Hawkupcbkoro spycy [HINpoBCbKO-
HoHeubkoi 3anaguun (O03).

Y Hawii KpaiHi € noTeHUiHi pe3epBn HadhTOBUX Ta ra-
30BUX MOKMNaAiB, MOB'A3aHNX 3 KApOOHATHUMK KONeKTopamu
Ha poJoBuLlax, Ae paHille HegooLiHBanu HadTora3oHo-
CHiCTb kapboHaTHux nopia. Le, 3okpema, Bigknagu Gai-
KMPCBKOro sipycy.

Ha cborogHi Big 40 go 70% cBiTOBMX 3anacie BYrneBoa-
HiB BMOoOyBaloTh 3 kapboHaTHUX nopid. B YkpaiHi 92+98%
yCiX po3BigaHUX pecypciB NoB'A3aHi 3 TepUreHHUMN Bigkna-
AaMu, WO CBiAYMTb MPO HEeOOCTaTHIN piBEHb AOCHIMXEHHS
kapOoHaTHUX nopia, siKi M 4O LbOro Yacy He po3rnsaarTbes
SIK NepLUoYeproBi 06'eKTU AocnimpkeHb Ha HagTy i ras. Tomy,
NocTae MUTaHHSA Npo Mepernsag Ta OLUiHKY NepcrneKkTuB kap-
OoHaTHWX BigknagiB GalKMpCcLKOro spycy, OCKINbkU Ha Je-
Akmx pogosulax 3 BOHM € NPOAYKTUBHUMW.

CtaH npoGnemu. [letanbHe BMBYEHHS KapOOHaTHMX
konekTopis noyanocsa we B CPCP y 1954—-1956 pp, konu
Oyno BigKpWTO nepli pogosuwia HadTh y MNepenypanni Ta
Ha cxigHomy [NepenkaBkassi.

Ha camomy nouaTtKky BMBYEHHSA KapGoHaTiB AOCHiOHUKU
3iTKHYNMCS 3 TaKUMK OCOBNMBOCTSIMU NOPIA, K AyXe Benvka
HEOOHOPIAHICTb IXHIX KONEKTOPChbKMX BNAaCTUBOCTEN, LUBMOKE
OpMyBaHHS  BENWKMX 30H MPOHUKHEHHS  QinbrpaTy
OypOBOro po34uHy, MoraHWn BUHOC KepHy. Liumn Ta iHwmmn
ocobnuMBOCTAMM  KapboHaTiB  (TMUHUCTICTb, HEPO34YUMHHUIA
3anuLWoK, TPILLMHYBATICTb, KaBEPHO3HICTb, AOMOoMiTU3aLis,
KanbuuTM3auia Ta iH.), Ski BNnvBalTb Ha isnyHi, y Tomy
4YnUcni KONEKTOPCbKi, BNAcTUBOCTI HadpTO- Ta ra3oHacu4YeHnx
nopia i, Ik Hacnigok, Ha pesynsratn reodisnyHMX MeTosiB
AocnigXeHb CBEPAOBWH, NPUCBSAYEHO poboTtn
A.H. Aboyxanukosa, IE. Apui, B.C. AdaHacbeBa,
B.1O. BeHgenbwrtenHa, B.H. JaxHoBa, B.B. JlapioHoga,
E.M. Cmexoga, I"A. LLIHypmaHa Ta iH.

Bue4eHHs cknagHonobynoBaHMX KOMEKTOPIB MPOTSrom
OaraTbOX POKIB 34ilCHIOBANOCs Ha OCHOBI KOMMIEKCHOIO

nigxogy, skui BukopucTtoBye pdaHi OC, netpodisuku,
rigpoaMHamidHMX  Ta  NPOMWUCMOBUX  CMOCTEPEXEHb.
EdektuBHicTb npsiMo pi3ko nigsuLmnacs 3

YNpOBagXeHHAM Yy NpaKkTUKy MPOMMUCIIOBOI  reodi3nku
MaTteMaTuyHux metogis Ta EOM. Mpaui C.M. Akcenbpoaa,
B.C. AdpaHacbeBa, M.3. 3ansesa, M.M. EnnaHcbkoro,
B.M. KypraHcbkoro, B.B. JlapioHoBa, B.. Macnoga,
I"T. MpopanBoan, H.B. ®apmaHoBoi Ta GaraTbox iHLUIMX
[ocnigHWKIB  [O3BONUAM CYTTEBO MNPOCYHYTU Teopilo Ta
NPaKTUKy PO3B'A3aHHS Takux 3agau.

OcHoBHI cnocobu Ta MeEToaUKN BUAINEHHS] Ta BUBYEHHS
kapboHaTHMX MOPIA-KOMEKTOpiB B yMOBax MPUPOLHOrO
3ansraHHs 6a3ylTbCa Ha AaHWX NMPOMUCIOBOI reodismky,
KnacuyHi  npuiommn obpobkn Ta iHTepnpetauii  AKUX
HaBegeHo B pobotax B.H.[OaxHoBa, C.I. Komaposa,
C.C. IteHbepra, b.lO. Bengenbwtenta, B.B. JlapioHoBsa,
M.T". Natuwesoi Ta iH [9].

Y pobortax [2-5, 11, 12] 3anponoHoBaHO MogZernb
CknagHonobygoBaHoOro kapboHaTHOro KonekTopa,
YUCNOBUA METOA PO3PAaXYHKY edeKTUBHUX  MPYXHUX
MOCTINHMX KONEKTOPIB 3i CMEKTPOM XaOTUYHO OPIEHTOBaHUX

nycTtoT pi3HMX dopmaTie. [lpoBegeHO maTemaTuyHe
MOAEmnoBaHHA  BMAAMBY Ha  eeKTUBHI  aKyCTWUYHiI
XapakTepUCTUKN  CnekTpa MyCcTOT, Tumy MyCTOTHOrO

HanoBHOBaya Ta AWCNEPCINHOI FMUHUCTOCTI Ha OCHOBI
OaHNX aKyCTUYHOIO KapoTaxy.

MeTtoguka, po3pobneHa B.10. BengenbltenHom,
H.B. MaHueBoto, A.l. Benorxkom [6, 7], 6GasyeTbcs Ha
KOMMIIEKCHIN  iHTepnpeTauii  marepianiB  enekTpo- i

pagiomeTpii, 403BONSE BpaxoByBaTV BMICT 3B'A3aHOI BOAM B
IMVHUCTMX YaCTUHKaX MOPOAM, WO AyXe BaXnMBO Npu

BUAINEHHI Ta BUBYEHHI KApOOHATHUX MIUHUCTUX KOMNEKTOPIB.
Ha notoyHuin momeHT 13 € OCHOBHMM HadhTOra3oHo-
CHMM parioHOoM YkpaiHu. BoHa xapakTepu3yeTbCs BUCOKMM
CTyrNeHeM BMBYEHOCTI Ta pO3BiAaHOCTI 3anaciB BYrneBoa-
HiB. Mavixe BCi BigKpuTi pogoBuLla HadpTn Ta rady npuypo-
YeHi [0 aHTUKNIHaNbHUX CTPYKTYP Ta MOB'A3aHi 3 KONeKTo-
© TkaueHko O., 2016
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pamMu TpaHynsipHOro TWMy, MEpPeBaXHO MiCKOBMKaMU Ta
anesponiTamu.

OcTtaHHiMK pokamu Bce Binblue yBaru npuainsoTb Kap-
6oHaTHMM nopogam. Y 6aratbox HadpTOrasoHOCHMX NpOBi-
HUiSX CBiTY KapbGoHaTHI TOBLLUi CKNagalTb 3HAYHY YacCTUHY
0CaoBOro 4Yoxna, Ae 3 HAMU MOB'sI3aHi 3HAYHi CKYMYEHHsI
ByrneBogHis [8].

Y mexax 03 kapboHaTHI Nopoamn 3ycTpivaroTbCs Y po3-
pi3i 0CagoBOro Yoxrna Bid OEBOHCbKUX A0 KperngoBuX Bid-
knagis. Hainbinbwi kapboHaTHi YTBOPEHHSI MPUYpOYeEHi OO
BEpXHbOro Bigdiny KpewgoBOi cUCTeMU Ta npeacTaBneHi
Kpengow, ToBlMHA skoi gocsarae 600 m. KapGoHaTtn Hubk-
HbOBI3ENCbKOr0 APYCY HWXHBLOro KapOoHy Ta HWKHbOOALL-
KMPCBKOro sIpycy cepenHboro kapGoHy cknagarTb nepLui
COTHi METPIB Ta Ha psAai poaoBuLLY, € HAaPTOra3aoHaCUYEHUMM.

HocnimxeHHaM kapboHaTHUX konekTopiB Ha A3 3arima-
nmes: C.I". Bakapuyk, O.lU. KHiwmaH, C.A. Buxsa,
B.M. KypraHcbkui, I.M. Be3pogHa, M.M. Mynsp,
O.10. NlykiH Ta iHWi pocnigHukn. 3'aBunuca  nybnikauii,
NpucBAYeHi Npobnemi BMBYEHHSA HETPaauUIHMX [mXepen
BYIMEBOAHIB, cepe HMUX NOTPIOHO BiA3HAUMTK LMKN cTaTen
akagemika HAH Ykpainm O.1O. Jlykina Ta umkn BugaHb
"HeTpaguuinHi oxepena BYrNeBOOHIB YkpaiHu"
B.A MuxaiinoBa, C.I'. Bakapuyka Ta iHLUMX.

BusHayeHHsM €MHICHMX BRacTMBOCTEN KapOoHaTHUX
nopig AA3 y pisHun vac 3anmanucs YkpOrPl (Kuvis, Jlbsis),
O "Montasa PITI", OepxaBHe reonoriyHe NignpuveMcTBO
"Ykpreodpiauka", [lonTaBcbka ekcneguuia reodisanyHmnx
pocnigpkeHb 'y ceepgnosuHax, [l "MontasHadToras-
reonoria”, TIAT "YkpHacdTa", [MontaBcbke OXTUPCHKE,
YepHiriscbke HadpTorazosmaobyeHe ynpaeniHHa (HIBY),
KuiBCcbkM  HauioHanbHWUM  YHiBepcuTeT iMeHi Tapaca
LLleByeHka Ta iHLWi opraHisadlii.

Y crarTi [1] HaBegeHoO pesynbrath OUiHKM NepcrnekTuB
NnoLlyKy BYIMEBOAHIB y kapOoHaTHMX Bigknagax Galukup-
cbkoro sipycy Ha [O03, nobynoBaHo KapTy MOLUMPEHHSA
kapboHaTHMx nopig Ha 443.

Bsarani, Galukvpcbki BigknaaM 4O HEAABHLOIO 4acy He
BMBYaNMCs LinecnpsiMoBaHO, OCKIMbKN iXHS NPOOYKTUBHICTb
HOocuna Jyxe nokanbHui xapaktep. Ane, BpaxoBykouu, LU0
kapboHaTHI BigknNagu 3andaratoTb Ha BiQHOCHO HEBEUKIN
rMMOVHI Ta Ha OesiKMX pogoBULLIAX NPOAYKTMBHI, € HeobXxia-
HICTb NOBEPHYTUCSA A0 po3rnsAay uporo nutaHHs [13].

PesynkraTu. balkupcebki Bigknagw BigHOCATLCA 4O ceped-
HbOTO  BigAOINy Kam'sHOBYrinbHOi  cuctemun. CepenHbo-
KaM'SHOBYTINIbHWA KOMMMEKC € OPYropsaHuM Ans po3pobku
BYIMEBOAHIB, OCKiNbKN pO3BiAaHi 3anacn B HbOMY HEBEMUKi —
BUSBNEeHo 14 npodykTmBHUX ropu3oHTiB bB-1+B-14. Llen
KOMMIIEKC CKIafaeTbCs 3 TEpUreHHo-KapboHaTHKX Mnopia,.

Y mexax O3 3asHayeHi Bigkrnagu MowvpeHi B ycix ii
CTPYKTYPHO-TEKTOHIYHMX 30Hax. BoHu TpaHcrpecuBHO 3a-
NAraloTb Ha Pi3HUX FOPU3OHTaxX CepryxOBCbKOro, a iHoAi 1
Bi3eNCbKOro, SIpyciB Ta NepekpvBalTbCs, B OCHOBHOMY,
BiJKNagamMy MOCKOBCLKOrO Apycy, a nofaeKkyau 1 Bigknapa-
MU BULLe3ansraioumx komnnekcis [10].

Bigknagm Gawkmpcbkoro sipycy Ha O3 B cepegHbomy
MaloTb NoTyxHicTb Biga 250 go 310 M. MakcumanbHi
TOBLUMHU MNPUYPOYEHO [0 UEHTpanbHOi Ta niBAEHHO-
cxigHoi  4JactMHu  3anagumHu  (ConoxiBcbka, PyaiBebka,
CpibHeHcbka, MepelyenuHebka, LebenuHcbka nnolli), ae
BOHK caraoTb 500+650 M. 3 BigganeHHAM Ha MiBHIYHMI
3axig Ta B HanpAMKy OopTiB 3anagvHM  TOBLUMHA
OMNMCYBaHUX BiAKNadiB ICTOTHO 3MEHWYETbCH, $SK 3a
pPaxyHOK FEHETUYHOro BUKIMMHIOBAHHA, TaK i B pesynbrarTi
NOCNIAOBHOrO BUMALIHHA HWXKHIX KOMMOHEHTIB pOo3pisy
BHACINILOK TPAaHCTPECMBHOTO 3arnsiraHHs.

Bawkunpcbknin ipyc cknagaetbCa 3 ABOX Mig'sipyciB:
HWXHBLOrO Ta BEPXHBLOTO.

HwxHbOBaLLKMPCLKUIA Nig'spyc (C2b1) ckrnageHui Ban-
HSIKaMU CipUMW, TEMHO-CIpUMM, MPUXOBAHOKPUCTamMIYHUMM

3 npoLiapkamMu Cipux aprinitiB He3Ha4YHOI TOBLUMHW. BiH €
rapHUM perioHanbHUM reodisnyHMM penepom Ha BCin Te-
puTopii A3, A0 AKOro NpuypodYeHnii CEUCMIYHNIA FTOPUSOHT
BiabutTa V6.. TyT cdopmoBaHa Tak 3BaHa Gallkupcbka
kapboHaTHa "nnuta" (ropusoHT B-10). ToBwwMHa Galkup-
cbKoi NnuTK 3miHeTbes Big 100 go 130 m.

dopmyBaHHS BigknaaiB HKHBODALLKMPCLKOTO Sipycy Ha
BiNbLUIN YaCTUHI TepuTopii 3anagnHM NPOXoAMIo B YMOBaXx
MIfNIKOBOAHOIO MOpS i nuwe B Mexax nepudepinHmx vac-
TWH BacenHy nepeBaxanu CyGKOHTUHEHTarbHi yMOBW.

BepxHbobalukupcekuii - nig'apyc (Czbz) npeacTaBneHui
aprinitamm 3eneHyBaTo-CipyMu, aneBpUTUCTUMU, SIKi MICTATb
npoLlapKky arneBponiTiB, BamnHSKIB i MICKOBUKIB CBITNO-CipHX,
KBapLIOBWX, Pi3HO3EPHUCTUX, CAAMCTMX. 3 AaHMM Nig'apycoM
noB'a3aHi HacbTorasoHOCHi ropnsoHTn b-8, b-9 [13].

KapboHaTHi konekTopu 6allkupcbKOro spycy ayxe
CKMafHi Anst BUBYEHHS, OCKINbKM 3@ Yac CBOro iCHyBaHHS ix
NyCTOTHMI NPOCTIp 3a3HaB 3HAYHMX 3MiH Mig Ji€l0 30BHiLW-
HiX Ta BHYTpIWHiX ¢hakTopis. [o KiHUA He 3'9coBaHO NUTaH-
HS IXHbOrO OCBOEHHS Ta ekcnnyaTadii.

3aranom, cTpykTypa 6alknpcbkux ropusoHTis B-8+b-
10 3a gaHumm F'AC Ha poposuax OxTupcbkoro, MNMonTas-
cbkoro W YepHiriscbkoro HIBY npakTtuyHO oAHakoBa, WO
MO>XE FOBOPUTM MPO OAHAKOBi YMOBW OCafOHaKOMUYEHHS Y
uen yac y pisHux 3oHax O03.

MpoayKTuBHICTL BalLKMPCBbKMX BiAKNagiB AoBeOEeHO Ha
BoraaHiBcbkoMy, [MMHCbKO-Po3buwliBcbkoMy, Manogisuub-
komy, MinbkiBcbkomy, KubuHuiscbkomy, Mpunyubkomy, Pu-
6anbcbkomy, [MiBoeHHo-MaHaciBcbkomy, BennkoOy6HiBch-
komy, CyxoponiscekoMy, Hosorpuropiscbkomy, CxigHo-
[onybiBcbkomy pogoBuLLax, TOBTO Y PI3HNX CTPYKTYPHUX 30HaX
[3, noB'a3ytoTh i 3 NiLLAHO-TNIMHMUCTOK YaCTUHOK PO3pi3y.

MpoayKTUBHICTb rOpn3oHTY B-10 HMXHBOBALLKMPCHKOro
Apycy, Akui Bignosigae 6allKkMpCbki kapboHaTHiA "nnnTi",
BCTaHOBMNeHa nuwe Ha [nuHcbko-Posbuwiscbkomy, Bor-
OaHiBcbkoMy Ta BenmkobybHIBCbKOMY poAOBULLIAX.

Mpun BUBYEHHI KAPOOHATHUX KONEKTOPIB AOCHIIKEHO He
nuwe nopoau "nantn", a n ropmsoHtn b-8, b-9, wo 3ana-
raloTb 6esnocepeHbO Hapg MNMWMTOK, KONMEKTOPU SIKMX 3a
panumn TOC Takox iHTepnpeTylTbea Ak kapboHaTtu abo
kapOoHaTM3oBaHi nickoBuku [13].

MopucTicTb Halkmpebkmx Bigknaais (ropusoHTn B-9, B-10)
Ha O03 3a gaHumn komnnekcy reodisanyHux AOoChimKeHb
3MIHIOETBCS B LUMPOKUX Mexax: Ha AHacTacieBCbKOMY poO-
[oBULLI, Hanpuknag, Bia 5 0o 22%, ApTioXiBCbkOMY — Mpu-
6nm3aHo Big 12 go 14%, MuHcbko-Po3buwiscbkomy — Big 11
0o 19% Ta Benukoby6HiBcbkomy — Big 5 0o 19%, npu Lsomy
cepenHi 3HavYeHHs, Sk NpaBuno, He nepesuLLyoTe 3—5%.

MpoHWKHICTL BigKNagiB HanvacTile He nepeBuLye
0,1 m[, ane B geskmx Bunagkax cknagae — 10 mf, sk Ha
Benukoby6HiBcbkoMy popoBuuli (ropmsoHT B-10). Xapak-
TEPHOK PUCOK NPOAYKTMBHMX MNAcTiB, WO ckrnageHi dawwu-
KMPCbKMMK KapOoHaTHMMK nopogamu, € BUCOKa aHi3oTpo-
nig iXHiX inbTpauinHMX i EMHICHUX BNacTMBOCTEN HaBITb Y
mexax ogHiei nnowi [13]. TpiwmHyBaTiCTb Ta KaBepHO3-
HICTb CrocTepiraeTbCa Npu MaKpPOCKOMNIYHOMY BUBYEHHI.
TpiwwmHn poskpuricTio Big 0,014 go 0,056 mm, gesiki — oo
1+2 MM, a y wnidpax — 0,17+0,09 mm.

OCHOBHi xapakTepuUcTuUku GallKMpCbKUX KapOoHaTHUX
BigKknagiB po3rnaHeMo Ha npuknagi ceepanosuH NeNe 119
Ta 139 BennkoGy6GHiBCbKOro poaoBuLLa, ke po3TalloBaHe
B Mexax niBHiYHOI npmnbopToBoi 30Hn O3. 3a pesynbTa-
Tamu Bigbopy kepHy cepanoBuH 119 ta 139 Benukoby6-
HiBCbKOro pogosuLla [13] BCTAHOBNEHO OCHOBHI reonoriyHi
ocobnmBocTi kapboHaTHMX NopiA BaLLKIPCLKOro ApyCy.

3rigHo 3 onncom kepHy cBepanioBuHn Ne 119 (iHTep-
Banu 2761+2776 ta 2786+2802 m), nopoaun 6alukmpcbKoi
NNUTWU B CBEPASIOBUHI B iHTepBani 2761+2770 m npeacra-
BfEHi BanHsikaMyu BOOOPOCTEBO-LUIIAMOBUMMU NMPUXOBAHOK-
puUcTaniyHoi CTPYKTypu 3 BKpanneHHaMu niputy (0,2+2 Mm,
no 1 cm). Bmict niputy moxe caratm go 5%. MepeBuHHa
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NOPUCTICTb BiACYTHA. PO3Mipn nepBUHHMX NOp cknaganu
0,01+0,7 MM, y CydacHOMY CTaHi BOHW 3anikoBaHi KpucTa-
NiYyHum  kanbuutoM. KoedilieHT BigKpUTOI MNOPUCTOCTI
cknapae 0,4+4,6%. Y nopopgi cnocrepiraioTbecs AiareHe-
TUYHI 3MiHKW: KanbuuTM3aulis Ta cynbdignsauia (yTBopeH-
HA nipuTy), cnabke BunyroByBaHHA. 3 rMnbuHu 2770 m
NnoYMHaTLCA [OMOMITU 3aMillleHHs CcynbdaTtusoBaHi 3
penikToBUM KanbuWUTOM i BiTymamu, kpuctaniyHoi CTpyk-
TYpU MacuBHO-NASMUCTOI TeKCTypu. 3 rmubuHn 2789 m
po3pi3 NpeacTaBneHuin xanueaoH-A0NIOMITOBUMM CipuMMm,
TEMHO-CipUMK, 6eXxeBMMU NopodamMn 3 BKPAMSEHHAMU Mi-
puTy. [Jonomiti posBMBalOTbCA NO KanbLUWTy, crnocTepira-
I0TbCH npouecu cynbdartusadii, cuniuuTusadii, BUNyrosy-
BaHHsA. KoedilieHTn BIigKpUTOI MNOPWUCTOCTI CknagalTb
0,109+0,199. 3 rmMubuHn 2796 M PO3KPUTI AONOMITU 3aMmi-
LeHHss B6ioMOpdHO-BOAOPOCTEBOrO BaMHSAKY, PO3BUHEHI
cynbdiausauisa (nipuT), BUNYroByBaHHS, CynbdaTu3auis.
BigkpuTa nopucTicTe 3a gocnigpkeHHamu cknagae 0,9+1,8%.

3a pesynbTatamu ONuUCy KepHy Yy wwridax B cBepasio-
BuHI Ne 139 (iHTepBanu 2693+2698 Ta 2698+2402 M) no-

poav npefcTaBreHi 4ONOMITOM ApiGHO-TOHKO3EPHUCTUM 3
TOHKOLLApyBaTOK TeKCTypor. BisyansHo nopoaa 3 HCI He
pearye abo pearye cnabko, Lo Bnactmeo gonomitam. Kap-
OoHaTHicTb nopig cknagae Big 73,9% o 95,4%. 3 BTOpUH-
HMX NPOLECIB CMOCTepiraloTbCs nepekpucranisadis, cynb-
daTtusauis, nenitnsadis, kanbumtmsauia [13].

Cneujanictamu LleHTpy reomnoro-tematuyHux gocni-
pxeHb MAT YkpHadTa, 3a 6e3nocepeHbOi yyacTi aBTopa,
3a pesynbTatamu reodisnyHnX JocnigXeHb CBepaIioBUH
(FOC) 6yno nobyaoBaHO kapTy TOBLUMH FOPU3OHTY B-9H
(puc. 1), CTpykTypHY KapTy ropu3oHTy B-10 (puc. 2) Ta
nposefeHo iHTepnpeTauito komnnekcy [OC no ceepanosu-
Hi Ne 119 (puc. 3) [13].

KapTy TOBWMH ropu3oHTy B-9H 6yno nobynosaHo aons
OLiHKM NOTYXHOCTi kapboHaTHux Bigknagis. Ha kapTi cno-
cTepiraloTbCa 2 AiNsHKUM 3 TOBLUMHAMMU, SKi cAralTb 6 M,
BOHM 3HAxXo4ATbCSA Ha MiBHIYHOMY 3axofi Ta Ha cxopdi, ce-
peaHi TOBLMHWM cKnagawTb 5 M, MPakTUYHO PiBHOMIPHO
PO3MOBCIOXEHI NO BCil AoCnigKyBanbHin AinsaHui (puc. 1).
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BEJHKOBYBHIBCBLKE POJOBHUIE
Kapra tosuun ropusonty b-9u

Puc. 1. KapTa ToBWWH ropusoHTy B-9H Benuko6ybHiBCcbkoro pogoBuiya 3a agaHumm [13]

[na Bu3HayeHHsA abConMTHMX 3HAYeHb MUOUHN 3ans-
raHHs Nokpisni ropu3oHTy B-10 BenukoOybHiBCbKOro po-
Josuwa nobyaoBaHO CTPYKTYPHY kapTy. Ha cTpyKTypHin

KapTi cnoctepiraeTbcs 30iNbLUEHHA abCONTHUX FMUOUHN
3andaraHHsa nokpisni ropusoHTy B-10 3 niBHOYI Ha niBAeHb
(puc. 2).
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Puc. 2. CTpykTypHa KapTa ropusoHTty B-10 Bennkoby6HiBcbkoro popgoBuiya 3a gaHumm [13]
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Ha puc. 3 HaBegeHo kpuBi gaHux 'OC, 3okpema, 3a
MeTogaMn  caMOYMHHOI  nonsapusauii  (PS), ramma-
kapoTaxy (GK), akyctudHoro kapotaxy (AK) Ta 6okoBoro
kapoTaxy (BK) B iHTepBani 2680-2826 m cBepaoBUHMK
Ne 119, 3a pesynbTtatamu iHTepnpeTauii SKMX BUAINEHO
rpaHnLi OCHOBHUX 6aLLKMPCLKMX KapOOHATHUX rOPU3OHTIB
(niaropmu3soHTiB) (puc. 3).

Ha kpuBux 'OC BuainstoTbcs kapboHaTHi nnactu no-
TYXHicTio Big 6 8o 8 m (ropusoHT B-9) Ta Big 6 Ao 13 ™M
(ropusoHT B-10), ki BUABNAIOTECS Y BUMAA4I MiHIManbHUX
3HayeHb Ha KpMBWMX CaMOYMHHOI nonspwusauii (PS) Ta ram-
Ma-kapoTaxy (GK), MakcMManbHUX 3Ha4YeHb KpUBWX rpagi-

€HT- | noTeHUian-3oHAiB Ta KpuBOi OGOKOBOrO KapoTaxy
(PZ, GZ3, BK), kpvBa aKkyCTMYHOIO KapoTaxy BUKOPUCTO-
ByBanacb Afs KOMMMEKCHOro aHanidy AaHux Ta BUAINEeHHS
rpaHuLb NnacTiB.

3a pesynbtatamu iHTepnpeTauii gaHmux [4C Ta onucy
KepHy, balukunpcbki Bigknaam ropmsoHTy b-10 (6alwkupcb-
ka kapboHaTHa "nnuta") MalTb PUTMIYHY noapoBy Gy-
[oBy W ckrnagalTbcsa 3 4 30H po3BUTKY kapboHaTis
(6-10_1, B-10_2, B-10_3, B-10_4), saki posginsiTbcs
aneBpo-aprinitamMmy LWapyBaToi TEKCTYpW Cipo-3ereHUMU.
AneBpo-aprifiTy NipuTU3oBaHi, NYCTOTHUA MPOCTIp 3ano-
BHEHWUW kanbumTom [13].
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Puc. 3. PesynbTatn iHTepnpeTauii komnnekcy gaHux MNAC 6alknpcbkux Biaknaais
BenukobyGHiBCbKOro pogosuila 3a gaHumu [13]

Hamsuwmin nigropusoHt (b-10_1) cknageHwui wwnamo-
BO-BOAOPOCTEBMM BarMHsKOM i 3a3HaB HalMEHLUMX Jiare-
HeTUYHMX 3MiH. MigropnsoHT B-10_2, nepeBaxHo, cknage-
HUM XanueaoH-40NOMITOBOK NOPOAOH W 3a JaHUMM [O-
cnigXeHb, Mae Havikpally BiakpuTy nopucTicTb (8o 19,9%).
MigropmusoHtn B-10_3 Ta B-10_4 cknageHi gonomitamu.
MiaropmsoHT B-10_3 npeacrasnenuit gonomitom. Migropw-
30HT B-10_4 npepcraBneHwii AOMOMITOM TOHKO-ApPiOHO-
3epHUCTUM TOHKOoLapysaTum [13].

BucHoBkuW. He3Baxatoum Ha cknagHictb 6ygoBu Ta ni-
Tonorii kapboHaTHUX Bigknagis, Bigknagn 6GallKMpCbKOro
Apycy, 3a pesynbTatamu iHTepnpeTtadii ganmnx IAC Ta Bu-
npobyeaHb Bunpobysavem Ha Tpybax (BIT), Ha Benwuko-
6y6HiBcbkoMy pogosuLi O3 MoxHa BU3HAUMTK nepcrek-
TUBHUMU ANS NOLLYKY rasy Ta HadTU. IXHA NOPUCTICTb 3Mi-
HIOETBCS B LUMPOKMX MEXaX, Bif YacTok npoueHTa Ao 22 %.
Ha kpueux FOC 3a kKOMNIEKCOM METOAIB BUAINEHO MacTu
noTy>HicTio Big 6 0o 8 M (ropm3oHT B-9) Ta Big 6 0o 13 M
(ropusoHT B-10).

BaxnuemmMu noganbwMMmy  HanpsiMKaMmy  OOCTIOXEHb
BaLLKMpCbKNX KapOOHAaTHMX BiOKNaAiB €:

e BUBYEHHS CTPYKTYpY MYCTOTHOrO MPOCTOPY 3 METOH
BU3HAYEHHS1 BHECKY KaBEPHO3HOI, TPILMHHOIT Ta MiXK3epHO-
BOi NOPUCTOCTI B 3aranbHy EMHICTb KONEKTopa;

e BCTaHOBIEHHS 3B'A3Ky MpoueciB AonomiTu3auii 3 Ha-
SIBHICTIO BTOPMHHOT MOPUCTOCTI;

e feTanbHi AOCMIIKEHHA aKyCTUYHUX napameTpiB Yy
nabopaTopHMX ymMOBax Ta ymMoOBax, O MOAEMITL nnac-
TOBI, TOLLO.

Taki gocnimxeHHs HagaayTb MOXIMBICTL OTpuMmaTK Ga-
30Bi NeTpodi3nyHi 3anexHocTi A4nsa Ginbl TOYHOT Ta SKICHOT
iHTepnpeTauii gaHWX aKyCTUYHUX METOAIB KapoTaxy Ta
CENCMOpPO3BIAKM Ta BCTAHOBUTU Mpupoay inbTpauifiHo-
€MHICHMX BNacTUBOCTEN MOpPig-KONeKTOopiIB.
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MAIN CHARACTERISTICS OF THE BASHKIRIAN STAGE CARBONATE SEDIMENTS
(ILLUSTRATED BY THE EXAMPLE OF VELYKOBUBNIVS'KA FIELD OF THE DNIPRO-DONETS DEPRESSION)

Carbonate reservoirs are the main sites in production of hydrocarbons in the world, while in Ukraine these collectors are insufficiently studied
and only now these sediments start to be studied. Carbonate reservoirs in the Dnipro-Donets depression are presented in the Bashkirian stage
(Bashkirian "plate”) and Lower Visean sediments (Lower Visean "plate"”). For the first time ever, close attention is paid to the main characteristics of
carbonate sediments of the Bashkirian stage on Velykobubnivs'ka field of the Dnipro-Donets depression. The geological and petrophysical
characteristics, features of carbonate reservoir rocks are exemplified by the wells 119 and 139. The Bashkirian rocks are represented by algal slime
limestones, with hidden crystal structure with disseminated pyrite and greenish-gray argillites, layers of siltstone, limestone and light gray
sandstone, quartz. Thicknesses of horizon B-9n on the territory of Velikobubnivs'ka field are presented on the map. Thickness of carbonate
deposits were estimated on the basis of the map. In particular, they reach 6 m in the northwest and 5 m thick and are distributed almost uniformly
over the entire area. The increase the absolute depth of the top horizon of B-10 from north to south is shown on the structural map. According to
complex logging methods, carbonate formations with bed thickness from 6 to 8 m (horizon B-9) and from 6 to 13 m (horizon B-10) were allocated,
which can be characterized as reservoir rocks. Porosity of Bashkirian carbonate deposits (Horizons B-9, B-10) in the Dnipro-Donets depression is
changed in a wide range from 5 to 22%, while the average values, generally, do not exceed 3-5%. The characteristic feature of productive layers
comprising bashkirian carbonate rocks, is high anisotropy of filtration and capacitive properties even within the same area. In accordance with
logging data interpretation and results of industrial tests, Bashkirian deposits on the Velikobubnivs'ka field can be determined as perspective to
search for gas and oil.

Keywords: carbonate reservoirs, bashkirian stage, Dniprovo-Donetsk depression, bashkirian plate, Velikobubnovske field.
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OCHOBHbIE XAPAKTEPUCTUKN KAPBOHATHbIX OTJ:IO)KEHMIZ BALWWKUPCKOIO APYCA
(HA NPUMEPE BEJINKOBYBHOBCKOM NnoLAaQu onB)

Kap6orHamHbie konnekmopsbl uzparom eedyujyto posib 8 obbiye y2rieeo000podos 8 Mupe, 8 MO Xe 8peMs, 8 YKpauHe 3amu KoslsIeKmopb! He0o-
CMamo4HO u3yy4eHbl U MOJIbKO celiYac HayuHaromcesl ux uccnedoeaHusi. Kap6oHamHbie konnekmopsi Ha [Jf]B npedcmaeneHbl 8 6aWKUPCKOM sIpy-
ce (6awkupckull "nnuma”) u 8 HuUXxHesu3elcKUX OMJIoXeHuUsIX (HUxHesu3elickasi "nnuma”). B cmambe enepeble onucaHbl OCHOBHbIE XapaKkmepu-
cmuku 6awKupckux kap6oHamHbIx omsoxeHuli Ha Benuko6y6Hoeckom mecmopoxdeHuu [[]B. Meonozuyeckue u nempoghusuyeckKue xapakmepu-
cmuku, ocobeHHocmu Kap60oHamHbIX NOpPOA-KO//IeKMopPoe8 aeémopoM rpueodsimcsi Ha npumepe mamepuanoe ckeaxuH 119 u 139. Mopodsbl 6awku-
PpCKo20 sipyca npedcmaesieHbl U3eecmHsikaMu 8000pPOCIIe80-WIIaMO8bIMU CKPbIMOKPUCManau4yeckoli cmpykmypbl ¢ KpanjieHussMu nupuma, a
makxe apauniumamu 3e/1eH08amo-cepbiMU, aneepumMuUcmuMbl, codepawumu c/Iou asieeposIuUMo8, U38ECMHSIKO8 U MecYaHUKoe ceemiio-cepbiX,
Keapuyeebix, pa3Ho3ePHUCMbIX, C/IIOOUCMbIX.

MocmpoeHa kapma monuwjuH 2opuszoHma b-9H meppumopuu Benuko6y6Ho8CKO20 MECMOPOKOeHUsl, HA OCHO8€e KOMOopPOoU OyeHeHbl MOUHOC-
mu kap60HamHbIX omsIoXeHul, komopbie docmuzarom 6 M Ha ceeepo-3anade u ¢ MoOAWUHOU 5 M NPaKMuYecKu paeHOMEPHO PacrpocmpaHeHb! o
eceli nnowjadu. Ha nocmpoeHHolU cmpykmypHol Kapme ycmaHoeJsieHO yeeniuyeHue abcosllomHbIx a2/1y6uH 3aneaaHusi Kpoenu 2opu3doHma b-10 ¢
ceeepa Ha ro2.

IMo komnnexkcy memodoe N'NC ebideneHbl kap6oHamHbIe Nacmbsl MOUHOCMbIO om 6 do 8 M (2opuzoHm B-9) u om 6 do 13 M (2opuzoHm B-10),
Komopsbie Mo2ym 6bimb Oxapakmepu3o08aHbl KakK ropoObI-KOs1IeKMopbI.

Mopucmocmb 6awkupckux kap6oHamHbIX omsoxeHuli (2opuszoHmsi B-9, 5-10) Ha B meHsiemcsi 8 wupokux npedenax: om 5 do 22%, npu
amom cpedHue 3Ha4YeHUs1, Kak npasuso, He npeebiwarom 3-5%. XapakmepHol Yepmol npodyKmuHbIX MIacmos, C/0XeHHbIX 6aluKupcKuMu Kap-
60HamHbIMU nopodamu, s168J151eMcsi 8bICOKasi aHU30MPOINUsi UX (hunbMPayUOHHbIX U EeMKOCMHbIX ceolicme daxe & npedeniax o0HoU nowjadu.

Mo pesynemamam unmepnpemayuu 0aHHbix FTNC u pe3ynbmamam NpPOMbIWIIEHHbIX UCNbIMaHull, omoxeHusi 6auwKupcKkoz0 sipyca Ha Benu-
KO6y6HOBCKOM MeCmMOpOoXOeHUU MOXHO onpedesiums Kak nepcrekmueHbie OJisl Moucka 2a3a u Heghmu.

Knroyeenie cnoea: kap6oHamHble Konnekmopa, 6awkupckuli spyc, 4B, 6awkupckas nnuma, Benukob6y6Hoeckoe MmecmopoxdeHue.
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3AKOHOMEPHOCTU ®OPMUPOBAHUA YPAHOBOPYHbLIX METACOMATUTOB B CBA3U
C OCOGEHHOCTAMM rMYBMHHOIO CTPOEHUA NIUTOCP®EPbLI YKPAUHCKOIO LUUTA

(PekomeHdo8aHO YneHoM pedakuiliHoi koneeil 0-pom eeon. Hayk, npog. B.A. Muxalinosum)

Lensto nposedeHHol pabombl sienisiemcsi ebisiesieHUe HOB8bIX 3aKOHOMepHocmel ¢hopMupoeaHUsi ypaHOBOPYOHbIX MemacoMa-
mumoe e ces3u ¢ 0cobeHHOCMAMU 211y6UHHO20 CMPOeHUs lumocgepb! YKpauHCKo20 ujuma.

BebinonHeH aHanu3 2eoghusuveckoli, 2eos1o2uyeckoll, paduozeoxumuyeckoll UHghopmayuu no ocobeHHocmsIM ¢hopmMupoeaHusi, pa-
3MeuwjeHuUs1 OCHOBHbIX IMUINoe ypaHoe8opyOHbIX MemacomMamumoe Ha YKpauHCKOM wume e mecHol cesi3u ¢ oco6eHHocmsMuU 251y6uH-
HOo20 cmpoeHusi ilumocgepbl, acmeHocghepbl, pa3/IoMHOU meKmoHukou. OnpedesneHbl NPednocbiTKU 803HUKHOBEHUSI crieyuanusu-
PpOBaHHbIX ypaHOBOPYOHbLIX MemacoMamumoe U ¢hopMupoBaHuUsi 8 HUX KPYMHbIX pyOOKOHUeHmpayuli ypaHa 3a c4em MaHmMuliHO20
ucmo4HuKa py0o2eHHbIX KOMIIOHeHMoe. BbisienieHbl ocob6eHHocmu 251y6UHHO20 cmpoeHusi Jlumocghepsb! U ux ¢huzuyeckue napamem-
Pbl, KOMoOpbIe 8/USI/IU Ha YCI/108Us1 UHMEHCUBHO20 pydozeHe3a npu ¢hopMupo8aHUU MecmopooeHuUl ypaHa 8 cpedHemeMepamyp-
HbIX Kapb6OHamHo-HampueebIX U 8bICOKOMeMnepamypHbIX KpeMHul-Kkanueabix Memacomamumax. BeideneHbl onmumasibHbie ycro-
eus ghopmupoeaHusi MacwmabHbIx pyOOKOHUeHmpayul ypaHa Ha ecex cmadusix pydoobpa3syrouie2o rnpouecca 0s1s1 ycrosull YKpauH-
CKO20 wyuma, om npoyecca rnepeuyHoli MacuimabHol pydokoHUeHmpayuu ypaHa e acmeHocgepe, creyuguyeckux ocobeHHocmell
PYOOKOHMPOIUPYHOWUX Pa3/IoMO8 mpaHC/IuUMocgepHo20 U/umu y3/108 ux rnepecevyeHusi u uHanbHOU cmaduu pydoomilIoXeHusl 8
MemacomMamumax. YcmaHoeJIeHO, 4YMmO UHMEHCUBHOCMb ypaHO8020 pydozeHe3a 8 cpedHememnepamypHbIX Kap6oHamHo-
HampueebIx MemacoMamumax ornpedeJsisiemcsi Xxapakmepucmukamu acmeHocgepHoUl JI08yWKU e nodcmusnarouiem pyoHbil palioH
csioe eepxHeli MaHmMuuU, CMPYKMYpPHbIMU ¢hakmopamMu, 8 MOM YUCJ1e, OCJIOXHEHUSIMU CIMPYKMYPHbIX 3/1eMeHmoe8 mpaHcaumocgep-
HbIX pa3/loM08, HeOOHOPOOHOU UX MPOHUYaeMoCmbio, KUHemu4eckol 3Hepaueli nodbemMa ypaHOHOCHO20 ¢hrouda, 3asucsuwiel om
cmeneHu HacbiwjeHHocmu CO,, KOHYyeHmpayusi komopol uz2pasia 3HayumesibHyI0 PoJsib 8 ocywecmesieHuUU MexaHusma 2udpoza3opa-
3pbiea 8 cmpyKmypax ¢ HeOOHOPOGHOU NMPOHUUaeMOCMbIO 8 8epxHell Yacmu 3eMHOL KOPbI.

lNpakmuyeckoe 3Ha4yeHuUe nMPoeedeHHO20 ucciedosaHusi COCIMoOUmM 8 MoebiwWeHUU 3¢ghgheKmueHoOCmMuU Memarsnsio2eHUYecKux rnpo-
2H0308 3a cyem pacuwupeHusi criekKmpa UCMosib3yeMbIX Kpumepuee UHMeHcusHocmu pydozeHe3a 2e0ghu3uvecKux U remposio2o-
2e0XUMUYeCKUX UHOUKamopoe nepeuyHo20 MacwmabHO20 KOHUEeHMpPUPOBaHUsi ypaHa 8 acmeHocgepe. 3mo rno3eosisiem o060CHO-
8aHHO onpedesnisimb nepcriekMuebl MeppumMopuli Ha 03MOXXHOCMb (hOPMUPO8aHUSI KPYMHbIX PyGOKOHUeHmpayul ypaHa e Mmemaco-
Mamuyeckux ¢ghopmayusix ¢ ebidesieHueM niouwjadeli Haubosee eeposiMHOU Ux JIoKanu3ayuu.

Knroyeenble crioea: ypaHoeopyOHble MemacomMamumal, Jumocghepa, MaHMuliHble pyOHble KOMITOHEHMbI, YKpauHCKul wyum.

O6uwas nocrtaHoBKa NpobnemMbl U CBA3b C MpPaKTU-
YeCcKUMM 3afaHUAMM. [N nokanvusauum npoMbILLNEHHbIX
SHOOTEHHbIX MECTOPOXAEHWA YypaHa O4YeHb BaXHbIM
KpuTepneMm HBNsSeTca Hanuymve obnacten pacnpocTtpa-
HEeHVs Crneunanu3npoBaHHbIX YPaHOBOPYAHbLIX MeTaco-
mMaTtuToB. MpPOMbILLNEHHOE 3HaYeHue cpean MecTopoXxae-
HWM ypaHa 3HOOrEHHOro Knacca Ha YKPauHCKOM LyuTe
(YLW) wmetoT MecTopoXOeHuss B cpegHeTemnepaTypHbIX
kapboHaTHO-HaTpMeBbIX MeTacoMatuTax (o 95% ot
o6wWwmx 6anaHcoBbIX 3anacoB ypaHa YKpauHbl) U B BbICOKO-
TemMnepaTtypHbIX KpeMHU-KanueBblXx MeTacomatutax (2%
oT obwmx GanaHcoBbIX 3anacoB ypaHa YkpauHbl). VHble
MeTacomaTudeckue dopmauun Ha YL He npefgctasnsioT
MHTEepeca C TOYKW 3PEHUSI BO3MOXHOW KOHLIEHTpauuMn ypaHa
MPOMBILLNIEHHOW  3HAYMMOCTW. [pOMBILINEHHbIE  MeCTOo-
pOXOEHUs ypaHa B cpegHeTemnepaTypHbiX KapboHaTHO-
HaTpueBblx MeTacomaTtuTax Ha VYLl xapaktepusytoTcs
HU3KUM codepxaHueM ypaHa B pyade (pyabl GedHble K
psAoBbIE), OAHAKO C NMPENMYLLECTBEHHO KPYMHbIMU 3anacamu.

B nocnegHve rogpl passuBaloTCA NpeacTaBeHust O 3Ha-
YNTENbHOW POMN BEPXHEN MaHTUW B MOCTaBKE PYOHLIX KOM-
MOHEHTOB Pa3NMYHON MEeTaroreHN4Yeckon cneumanmsaumm B
COCTaBe MaHTUHbIX onaoB NPy OPMUPOBAHNMN KPYMHBIX
MecTopoxaeHun [1], B TOM uucrne ypaHa. HecmoTtps Ha
pa3paboTaHHble KOMMMEKCbl KpUTEpueB W MPU3HAKOB,
achheKTMBHOE MPOrHO3VMPOBaHNE MECTOPOXAEHWI ypaHa
SIBMSETCA OYeHb CMOXHOW npobnemon. 3TO onpeaenuno
HeobX0AMMOCTb YCOBEPLUEHCTBOBAHUS KOMIMIeKca KpuTe-
pVeB 1 MPU3HAKOB NOKanNM3aLmMn MeCTOPOXAEHU ypaHa, B
nepByl0 oyepedb, KPYMHbIX MO 3anacam, B YacCTHOCTW,
BbISIBMIEHUS] HOBbIX 3aKOHOMEPHOCTEN Pa3BUTUSI YPaHOBO-
pyOoHbIX MeTacomMaTUTOB B CBA3M C OCOBEHHOCTAMM
rny6uHHoro ctpoeHuns nutocdepsl YL,

0630p Ny6nukauuin U HepelleHHble YacTu npobne-
Mbl. B TeueHve nocnegHux neT npu  NpoOBEAEHMM
KM "Knposreonoruns" cneunanvanpoBaHHbIX Ha ypaH paboT
Ha Tepputopumn YL 6bin BbIsSIBNEH psg reornornyeckmx
(hbakToB, KOTOpble He MOryT ObiTb Y4OBMETBOPUTENBHO
0OBACHEHbI C MO3WLIMIA KOPOBOrO MCTOYHMKA PYAOrEHHbIX
KOMMOHEHTOB U CBUAETENLCTBYHOT O IBHOM NPOTUBOPEYMM
C rocrnoAcTBYHOLLUMMU MeTamMopdOreHHoM n nocTtMmarmaTmye-
CKOM rvnoTesamy reHesvca ypaHOBOPYAHbIX anbOUTUTOB.
Mo nepepaHHbiM TP Ne 37 KIM "Kuposreonorus" obpasuam
pyAHbIX anbbutnToB ¢ HOBOKOHCTaHTUMHOBCKOrO, [JoKy4aes-
ckoro, MapTnsaHckoro mectopoxxaeHun J1.M. CtenaHokom n
ap. (MFMP) 6bino ycTaHOBNEHO, 4YTO HATpwUi, ypaH U
CTPOHUMA anbOUTUTOB 3TUX MECTOPOXAEHUN MMEKT MaH-
TUAHBIA UCTOYHWK U OOHOBPEMEHHO ObINM MPUBHECEHbLI B
npouecce anbbutnzaumm [3, c. 80]. B NpogyKTMBHBIX 30HaX
ypaH-HaTpOBbIX MecTopoxaeHu KnpoBorpagckoro ypaHo-
BOpyAHoro panoHa YL ans dnoronut-kapboHaTHbIX Npo-
XKUIKOB M3 YpaHOBOPYAHbIX anbOUTUTOB TakkKe XapakTepHbI
rnyOuHHbIE 3HaYeHWs! 5'%C (o1 =7,9 00 —6,9 o/00) [2, C. 248].

KpynHoe aHOOreHHoe MpOMBbILIMEHHOE YpaHOBOE Opy-
[EeHEHVe pa3BUTO TOMbKO B LieHTpanbHoi vyactu YL n ox-
BaTbIBaET, rmaBHbIM 06pa3om, NHrynbckuin merabnok. UH-
rynbCkuiA Merabnok B MeTanoreHNYeCckoM OTHOLLEHMM
cooTBeTcTBYeT KnpoBorpagckonm ypaHOBOPYAHOW MeTan-
rnoreHn4eckor obnactv, BMeLLaloWen MnpaKkTU4eckn Bce
NPOMBILLUMEHHBIE MECTOPOXAEHUS ypaHa YkpauHbl. B Hee
Bxoaat Kuposorpagckuin, KpnBopoxckun n AnekceeBCKo-
Jlbicoropckuin ypaHoBOpYAHbIE pafiOHBI.

KunpoBorpagckas ypaHoBOpygHasi MeTannoreHudeckas
obnacTb BkMo4aeT 21 3HOAOreHHOEe MECTOPOXAEHNE ypaHa
N SIBMSIETCA YHUKANBbHOW MO COOTHOLLEHMWIO KPYMHBIX, cpea-
HUX N MENKUX MECTOPOXAEHWUMA ypaHa C NpeumyLLecTBeH-

© KanawHuk A., 2016
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HOW TeHOeHUueln (opMMPOBaHNA KPYMHbIX MO 3anacam
MecTopoxaeHui. [pu 3TOM, MNO3NUMSA  YpaHOBOPYOHbIX
nonen n MecTopoXAeHUIN He 3aBUCUT OT paanoreoxummnye-
ckon XapaKTepuCcTUKn BMELLaLLMX CTPYKTYpHO-
(POPMaLMOHHBIX KOMMIEKCOB MOPOA U COOEPXaHUSA B HUX
ypaHa 1 UMeeT SIPKO BbIPaXKEHHbIN HANOXEHHbIN XapakTep
[5, c. 54]. B npepenax YL He ycTaHOBMeHbl JOCTaTOYHO
LUMPOKO pacnpoCTpaHEeHHblE CreunanuavpoBaHHble Ha
ypaH meTamopdu3oBaHHble reonorvyeckme cdopmauun. B
LLefioM, y4acTKn C NOBbILLEHHbIM NepBOHaYanbHbIM coaep-
XaHneM ypaHa umetoT Ha YL o4yeHb nokanbHbIN XapakTep.
Bce BbllwensnoxeHHoe NpMBoauT K BbIBOAY, YTO Mpu ¢op-
MUPOBaHUN KPYMHbIX YPaHOBOPYAHbLIX PaiOHOB OCHOBHbLIM
NOCTaBLUMKOM ypaHa sBnseTca MaHTus [4-5].

KpynHblM pyAHbIM parioHam pasnuyHon opMaLMoH-
HOW MPUHaANEXHOCTV MPUCYLUM ONpederieHHble Ananaso-
Hbl reoU3NYECKMX MNapaMeTpoB MaHTUK, OTpaxarolime
Hanbonee onTMManbHble YCMOBUSA ANs NEPBUYHOIO KOH-
LEeHTPMPOBaHNA TeX WNU WHbIX PYAHbIX KOMMOHEHTOB
[1, c. 273]. PaccmaTpmBas MaHTUIO Kak OCHOBHOM UCTOYHUK
PYOOreHHbIX KOMMOHEHTOB MpU (hOPMUPOBaAHUM KPYMHbIX
no 3anacam pyaHbIX MECTOPOXAEHWUA, HAa OCHOBE BbINOM-
HEHHOro aHanmsa neTporiorM4yecknx, reoPUaN4ecKnx, n3o-

TOMHO-TEOXMMUYECKMX AaHHBIX, CTPYKTYPHO-re0Normiyeckmx
uccnegoBanuii Tepputopun YL, Hamn 6bin BbiSIBNEH pag
rnybyHHBIX hakTopoB (HOPMMPOBAHUSA KPYMHbLIX 3HOOMEH-
HbIX MECTOpOXAeHWI ypaHa [5], 060CHOBaH KOMMMEKC rny-
OuHHBIX akTopoB opmmpoBaHua kpynHbix U-V-TR-Sc
mMecTopoxaeHun [4].

OpHako, Npu mMaclwTabHOM KOHLIEHTPUPOBaHUWM ypaHa
HeoOX0OMMO  yuMTblBaTb COM3MEPMMOCTb  MacluTaboB
NPeALeCcTBYOLWMX M COMPOBOXAAKLMX OPyAEeHeHVWe Mme-
TacomMaTU4ecKMxX NMpOLECCOB N UX pearbHbiX pe3ynbTaToBs,
npeacTaBeHHbIX PYAHbIMM - MeTacoMmaTtutamu, dopmum-
pylOLWMX B COBOKYMHOCTU KPYMHbl€ KOHLEHTpauun pyabl.
Ha paHHOM aTane uccrnegoBaHU BaXkHOW 3agaden sABns-
eTcsl BbISIBMieHWe 3akOHOMepHOCTel (hopMUPOBaHUsS ypa-
HOBOPYAHbIX METacoMaTUTOB C MaclTabHOM KOHLUEHTpa-
uMen ypaHa, 4YTO MOXET MO3BOMUTb CYLLECTBEHHO MOBbI-
cuTb 3hPEKTUBHOCTb reonoropasBefoyHbIX paborT.

U3noxeHne ocHoBHOro martepuana. Popmauus

cpegHeTemMnepaTypHbIX KapOGoHaTHO-HaATPUEBLIX MeTaco-
MaTuToB MMeeT Ha YL kpaiHe orpaHWyeHHoe pacnpo-
CTpaHeHMe W XxapakTepHa Nulb Afs ero LeHTpanbHou
yactu (KupoBorpaackasi ypaHoBOpyAHas MeTannoreHude-
ckas obnacTtb) (puc. 1).
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Puc. 1. Cxema 3aKOHOMEpPHOCTEW pa3meLleHUsi NPOMbILINEHHbIX 3HAOINEHHbIX MECTOPOXAEHUIA ypaHa
1 YpPaHOBOPYAHbIX MEeTacoMaTMTOB, COBMELLEHHasa co cxeMon penbecda nosBepxHocTn Moxo (M) YkpauHckoro wuta (YLL)
(cxema penbedpa noBepxHocTn M — o6paboTka pe3ynbTaToB MHTepnpeTauum matepuanoB 'C3 no YL (B.b. Connory6,
A.B. YekyHOB M Ap.) N0 TEXHONOrMM reonpocTpaHcTBeHHON BUu3yanusauum (H0.U. ®egopuiumnt [11])):
1 — aHoOMarnbHble NUToCdEepHbIE CErMEHTbI C MOLHOCTbIO NnTocdepbl >160 kM (Mo gaHHbIM TC3, CKOPPEKTUPOBaHHBIM
no pesynbTaTam NeTpoiorMyeckmx NccneoBaHNn MaHTUIHBIX KCEHONMTOB rMYyBUHHbLIX Nopoa); 2 — obnacTn pa3sBuUTUSA rpaHNTO-
rHENCOBOro Cros NoBbiweHHoN (10—15 kM) 1 Bbicokon (>15 kM) MoLHOCTY; 3 — 06nacTn ¢ aHOMarnbHOWM KanneBon pagmoreoXMMmnYeckon
cneyuvanmsaumein MeTaMopuyeckoro cybcTpaTa BEpXHEN YacTu 3eMHOW Kopbl; 4 — OCeBble MMHUM PA3NIOMOB MaHTUIAHOTO MPOHUKHOBEHWSI:
a — MexmMerabriokoBble, 6 — MHbIe; 5 — rpagMeHTHbIE 30HbI NOBEPXHOCTU M (C yriom HaknoHa (27,8-54,3°%)); 6 — y4acTku pasnoMHbIX
CTPYKTYP C BbICOKOAMNNUTYAHbIMU (0T 4—5 A0 15 kM) CMeLLeHnsMU NoBEPXHOCTU M 1 permoHanbHbIMU 30HaMM CMEHbI MOLLIHOCTH
3€MHOW KOpbl BAOMb HUX; 7 — 30HbI aHOMarbHO HU3KOW NIOTHOCTU BeLLeCTBa BEPXHEW MaHTWUM MO pe3yrnbTatam pacyeTa
rpaBMTaLMOHHOIO NoTeHuuana; 8 — obnactn NposiBNieHnsi BbICOKOTEMNEPaTypHOro KpEMHW-KanMeBoro MeTacomaTo3a
(2000-1900 mMnH neT); 9 — obnacTn NPosiBNEeHUs1 cpeAHeTeEMNepaTypHOro kap6oHaTHo-HaTpueBoro metacomarosa (1800-1750 mnH ner);
10 — knmBepnuTonposaBneHns Aaikoson daLunm, 3HauuTenbHO oboralleHHble ypaHoM; 11 — U3onmHUM nosepxHocT M, Kwm;
12 — wkana rnybuvH 3aneraHus nosepxHoctn M, km: a — 33-35, 6 — 36—40, B — 41-45, r — 46-50, o — 51-55, e — 56-60, € —61-65,
X — 66—70; mecTopoxaeHusi ypaHa: 13 — B cpegHeTeMnepaTypHbix kap6oHaTHO-HaTPUEBBLIX MeTacoMaTuTax, 14 — kanuii-ypaHoBom
opmaumu; 15-23 — pyaonposiBNeHns ypaHa 9HA0MEHHOrO Kracca pasnuyHbIX reHeTUYeCKuX rpynmn; 24 — kumbepnutossle TPy6Ku,
25 — namnpownToBble Tpy6Ku, 26 — Tpybkn knmbepnutonofobHbIx NopoA, 27 — NposiBNeHnsa kumbepnutonoaobHbIX NopoA

AavnikoBoi pauuu; 28 — namnpouTonposiBneHus aankoson dauun; 29 — merabnokum YUW: | — UHryneckui, Il - BonbiHCckuiA,
Il — PocuHcko-Tukunuckui, IV — OHectpoBcko-Byrckun, V — CpegHenpuaHenposckuit, VI — MNMpuasosckuii; 30 — LWOBHbIE 30HbI:
| — UHryneuko-Kpunsopoxckas, |l — NlonosaHescks, |l — OpexoBo-lNaBnorpaackas; 31 — ypaHOBOpPyAHble panoHbI:

1 — Kuposorpagackuin, 2 — Kpusopoxckuii, 3 — AnekceeBcko-JTbicoropckuit; 32 — nuHus paspesa |-I'
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dopma opeorioB 3Ton opMauun nNuHenHas, ¢ pasgy-
BaMu 1 nepexunmamn. Pasmepbl opeornoB oT 1-2x3-8 kM
0o 15x30 n gaxe 5x70 km B KupoBorpagckon pasnomMHOn
30He. Hanbonee nNONMHO NpOSIBNEHME  HATPUEBOrO
MeTacomaTo3a BblpaeHO B obpasoBaHuMM anbObuTUTOBbLIX
Ten. Tena anbOGUTWUTOB uvalle XWMO- W JMH30BUAHbIE,
WHoraa nnactoobpasHble, HenpaBuribHOW opmbl. OHM
UMEIOT CMOXHYK KOHUIypaumio 1 30HanbHoOCTb, 0bycnos-
NEHHYI0 pa3BUTUEM MWKPOKITMHOBBLIX W anbbuT-mMuKpo-
KINMMHOBbLIX 30H. BHyTpeHHVMe 4acTu Ten npeacTaBneHsbl
cobctBeHHO anbbututamn. Haumbonee NPOTHKEHHBLIN
(12,5 kM) opeon onucbiBaeMbIX WM3MEHEHWUIA MPOCHEXU-
BaeTcA B VHrynbckom Mmerabnoke Baonb JlenekoBckoro
pasnoma (Kuposorpaackun pyaHbiv y3en).

dopmaums BblCOKOTEMNEPATYPHbBIX KPEMHUIA-KanueBbiX
METacoOMaTUTOB M CBSI3aHHOE C HEWN YpaHOBOE OpyAeHEeHVe
nposiBneHbl B GonblinHcTBE Merabnokos YL, kpome
CpepHenpugHenposckoro n [IHectposcko-byrckoro (puc. 1).
OpHako MecTopoXOeHUs ypaHa 3Ton hopMauum BbisiBrie-
Hbl TONMbKO B UeHTpanbHo 4Yactu YL (AnekceeBcko-
Jlbicoropckuin  pygHbIi  parioH). dopmmpoBaHWe MeCTo-
poXaeHun ypaHa AnekceeBCcKO-J1bICOropcKoro pyaHoro
paioHa B BbICOKOTEMMNEPATYPHbIX KPEMHUA-KaNmneBbIX
MeTacoMaTuTax MMEET TaKyl XXe CBS3b C MOAKOPOBbIMM
UCTOYHUKaMWN PYAOreHHbIX KOMMOHEHTOB W mpoueccamm
MaHTUAHOW Mpupoabl, OTBEYAKOLWMUMK 32 3HAYMMOE 3SHOO-
reHHoe pypoobpas3oBaHue ypaHa, YTO U MEeCTOPOXAEHWUS
ypaHa B HaTpueBbIX MeTacomatuTax, HO CHOpPMUPOBaHbI
nokanbHO, B CaMOCTOSITENMbLHOW rpynne  3SHOOrEeHHbIX
NpoLEeccoB B TECHOW CBA3WM C MpoO-LieccaMu  KMCroro
rpaHMTOMAHOro nerporeHesunca [6, c. 79].

lMocKomnbKy OCHOBHBIM MCTOYHMKOM pydoobpasyowmx
3MNeMeHTOB npu (HOPMUPOBAHUN MECTOPOXKAEHWUI ypaHa
ABMANacb MaHTUs, MacwTabHOCTb BO3HWKHOBEHUS MpU-
POAHbIX KOHLEHTpauuii ypaHa Ha huHanbHOW cTaguu py-
OOOTINOXEHVSA 3aBucena OT MacwTabHOCTM  MaHTUIAHO-
dnonaHoW pyooreHepuypyoLLen CUCTEMbI, YacTblo KOTOPOW
OHa sBndanacb. [ns WMHTEHCMBHOro pygoobpas3oBaHusa Ha
npegpyaHon ctagum Heobxooumo Obino co3gaHue ycro-
BUA MaclTabHOro NepBMYHOIO KOHLEHTPUPOBAHMSA ypaHa
B Npefenax MaHTu1 B rpaHuLiax acteHocEepPHO NMOBYLLKU.

VMcnonb3oBaHne aHanusa ocobeHHocTen rnybuHHOro
CTPOEHUsI NUTOCdEpPbI B paioHax (oOpMMPOBaHUS KPYMHbIX
MECTOPOXAEHN ypaHa ueHTpanbHon Yactu YL nossonu-
N0 HaM BbISIBUTb HEKOTOpble OCOBEHHOCTU (PU3NYECKOTO
COCTOSIHUSI TNYOUH, KOTOpble BMAMSANW Ha YCMOBUSA WHTEH-
CMBHOTO pygoreHesa.

Mcxopa w3  MaHTMMHOM MNpMpoAbl  YPaHOHOHOCHbLIX
noraoB, AN UHTEHCUMBHOMO pyaoobpa3oBaHMs HEOOXO-
OVMO CcO3[aHue yCcroBui MacliTabHOro NepBUYHOIO KOH-
LEHTPMPOBaHMSA ypaHa B Npefenax MaHTuM B rpaHuuax
acTeHochepHOro kaHamna. AreHTamu KOHLIEHTPUPOBaHUSI
MOrfM BbICTyNaTb aHOMasnbHble TepMO- U GaporpagueHT-
Hble Monsl, HEeM3MEHHO COMyTCTBOBaBLUME MAHTUAHOMY
TennomMacconepeHocy [1, c. 31], aHomanbHOe yBenuyeHue
MOLLHOCTM NuTocdepsl.

BrnnsHne TepMMYecKoro COCTOSIHUSI MaHTMM Ha MnoBe-
OeHNe ypaHa nposiBrsnocb B ero 3dEKTUBHOM KOHLIEH-
TPUPOBaHUM NpU JOCTATOMHO MOLLHOW nutocdepe (bonee
160 km [8, c. 22]) BCcneacTBMe €ro yHuKarnbHbIX OKCUdTO-
podunbHbIX cBOWCTB. OAnsa MHrynsckoro merabnoka xapak-
TepHa MakcumarnbHas B npegenax YUl mowHoctb nuto-
cepsbl, gocTuraowaa no aaHHeiM FC3 250 n Gonee kv
(puc. 2) [10]. OTomy mMerabnoky no uenomy psay npusHakos
npucywa Havbonblias creneHb 3penoct Ha YL [5, 11],
rPaHUTO-THENCOBLIA CMOW MOBbILWEHHON A0 15 KM MOLLHO-
CTW, aHOManbHO BbIpaXeHHast B MacwTabax YL pagwo-
reoxmmuyeckas kanvesas crneuuanusauusi metamopduye-
ckoro cybcTpaTa BepXHel YacTu 3eMHo Kopbl [5].

KoHTpornb KpynHOro 3HAONEHHOro ypaHoBOro OpyAeHe-
HMUA B cpegHeTemnepaTypHbIX kapboHaTHO-HaTpUeBbIX
meTacomatmTax KupoBorpagckoro pygHoOro pavioHa ocy-
lwecrBnsietcs B WKUpoTHon  nonoce  Cyb6oTcko-
MoOLLOPUHCKOrO TpaHCAMTOC(EPHOro pasnoma pyAHbIMU
30HaMW OAHOUMEHHbIX TFMYOUHHBIX PasnoMoB: Ccybmepu-
AvaHaneHbiMmM  Kuposorpagckon (MudypuHckoe, HOpbes-
ckoe pyaHble nons), HosokoHcTaHTUHOBCKOW (HOBOKOH-
CTaHTUHOBCKOE pyAHoe rnone), 3BeHNropoacko-AHHOBCKOM
(BatytuHckoe pyaoHoe none), Apabaiickon ceBepo-
BOCTOYHOro npoctupanus ([MapTusaHckoe pygHoe mnone),
TNenekosckon cesepo-3anagHoro npoctupanunsa (Ienekos-
ckoe pyaHoe none) (puc. 1).

C BocToka K MIHrynbckomy npumbikaeT CpegHenpugHe-
nposckui merabnok Y. Mo aanHeim T'C3 [10] mowHoOCTb
nuTocdepsl B npedenax CpeaHenpuaHenpoBCcKoro merao-
noka coctasnset or 150 go 200 kM 1 Ha tore merabrnoka
ymeHbliaetca go 100 km. MNoepxHocTb M npeacrtaBnsieT
cobovi NMHEeNHO BbITAHYTOEe B cybmepuanaHanbHOM Ha-
npasneHnn BanoobpasHoe NOAHSATNE B LieHTparnbHOW Yac-
™ merabnoka rnybuHon fo 32 kM, KOTOpOe OrpaHUYeHo C
BOCTOKa WM 3anaga NoHwxeHnamun rpaHuusbl M go 50-55 kv
(puc. 1). B kpaeBo# yacTu aHOMarbHOrO CEermMeHTa nuTo-
cdepbl BbICOKOW cTeneHu 3penoctn MHrynbckoro merab-
noka Ha rpaHuue co CpegHenpuaHenpoOBCKMM BO3HMKaNM
GnaronpusaTHble ycrnosust AN POPMUPOBaHUSA MaKCu-
ManbHbIX narepanesHbix PT-rpaguenToB (puc. 2), a Kpnso-
POXCKO-KpeMeH4yrckumn pasnom TpaHCAMTOCEPHOW Mpo-
HMLAEeMOCTU CNYXWNn KaHanmom Ans nogbema niovnaos
pasnu4yHoON MeTannoreHM4eckon cneumanusaumm.

dopmunpoBaHue cneunanna3MpoBaHHbIX Ha ypaH Me-
TanmnoreHN4Yecknx NPOBUMHLUNA U YPaHOBOPYAHbLIX PanoHOB
NPONCXOAMIO Ha NMaHeTe CUHXPOHHO M MULLIL Ha HECKOIb-
Kux aTanax. dtanom, ob6ycnosmeLuMM obpasoBaHue ypaHo-
BOro opyaeHeHus YL, oTHOcMMOro K pepko3emernbHO-
TOpWI-ypaHOBOM opMauuM B  BbICOKOTEMIMEPATYPHbIX
KpeMHUI-kanmMeBbIx meTacomatuTax, obin 2000-1950 mnH
net [2]. Hambonee BaXHbIM 3TanoM ypaHOBOro opyaeHe-
Hus ans YL 6bin nepuog 1800-1750 mnH net [9] ¢ dop-
MUPOBaHWEM 3HAYUTENbHbBIX MO 3anacam MPOMbILLMEHHbIX
MeCTOPOXAEHUA ypaHa B cpegHeTeMnepaTypHbix kapbo-
HaTHO-HaTpMeBbIX MeTacoMaTuTax B Kuposorpagckom u
KpnBOPOXCKOM ypaHOBOPYAHbIX panoHax. JHAOreHHoe
ypaHOBO€e OpyAeHeHne BCex OPYrMx YpaHOBOPYAHbIX 3MOX
YL He nmeeT NPOMBILLNEHHOTO 3HAYEHMS.

Mpn oueHke pyAoreHepupyoLLiein CnocobHOCTM MUHE-
pareHn4YecKon CMCTeMbl C Y4eTOM YCroBUWA MoBunmsaumm
MaHTUWHBLIM PrOVAOM PyAHbLIX KOMMOHEHTOB Ha YpOBHE
acteHocdepbl, HeOOX0ANMO Takke pPacCMOTPEHMe TeKTOo-
HUYECKUX, NIUTONMOMMYECKNX N PUBNKO-XMMUYECKMX (DAKTO-
poB, cnocobcTBOBaBLUMX KOHLEHTPMPOBaHHOW dumKcaLmm
ypaHa Ha BEPXHUX CTPYKTYPHbIX FOPU3OHTaX 3€MHOW KOpbl.

Y ypaHOBOpYyOHOro mpouecca B LENOYHbIX MeTacoma-
TnTax Kuposorpagckon ypaHOBOPYAHOW MeTansforeHude-
CKOW 06nacTu CyLecTBYIOT onpeaeneHHble 0CO6EeHHOCTU.

PynokoHTponvpyioLlme 30HbI pas3fioMoB npeponpene-
nsanu cneunduky CTPOEHNS PYAOHOCHBLIX 30H N 0COBEHHO-
CTU KOHTponupyembix uMu MeTtacomaTtutoB. OcHOBHas
mMacca opydeHeHus B kapOoHaTHO-HaTpMEBLIX MeTacoma-
TMTax mectopoxaeHun ypaHa Kuposorpagckoro n Kpuso-
POXCKOro pyaHbIX paoHOB CBA3aHa C 30HaMu NpeapyaHo-
ro o6bemMHoro kataknasa. PopmmpoBaHue nocrnegHmx oby-
CMOBMEHO MpoLieccaMmn 3KCM03MBHOMO rmaporasopaspbiBa
BCMEACTBME 3BOMIOLMU  LLEMOYHOT0 MApPOTEPMAarnbHOro
ypaHOHOCHOro pacteopa (cpnwowvga) [7, c. 29], koTopbIN
npuBoAMN K MacwtabHOMY CKOPOTEYHOMY MaccOBOMY py-
[ooTnoxeHwo. 3oHbl 0b6beMHoro kaTtaknasa B Kuposo-
rpagckoM ypaHOBOPYAHOM PanoHe UMET MPOTSHKEHHOCTb
[0 [EeCATKOB KUNIOMETPOB M MOLLYHOCTb OT MEepBbIX COTEH
METPOB [0 HECKOIbKMX KMNOMETpPOoB. Hatpunesble meTaco-
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MaTUTbl B Npefenax 3TUX 30H OObIYHO XapaKkTepusyoTcs
MOMNHLIM HabopoM MeTacoMaTUYeCKMX KOSIOHOK U WHTEH-
CMBHbIM MPOSIBNEHNEM YPaHOBOPYAHbIX ansoutuTtos. Anb-
OMTNTLI 06PasyloT MUMHENHO BbITAHYTbIE NUMH3006pasHbLIe
Tena mowHocTeio ot 20 go 150 M, Mopdonorus KoTopbIx
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Puc. 2. 3akoHOMepHOCTHN pa3meLleHNs1 ypaHOBOPYAHbIX PaiOHOB B CBA3M C OCOGEHHOCTSAMMU
rny6uHHoro ctpoeHus YL (pa3pes3 nutoccepsi YL no nuHuum I-I'c ucnonbsosanuem matepuanon [10-11]):
1 —rpanuua M; 2 — rpaHuua ctabunbHOCTM rpaduT-anmas; 3 — rpaHuua nurocdepa-acreHocdepa; 4 — acteHocdepa;
5 — xenesunctble ynbTpabasnTbl (KenesncTble AyHUTbI, MIIbMEHUT-(OoronuT-rpaHaT-oNMMBUHOBBIE MOpoAbl); 6 — amcdubonosble
1 NMNPOKCEHOBbIE MMUMMEPUTBI, LWNNHENb-TPaHaTOBbIE, rPaHaTOBble NIepLONUTLI; 7 — XPOMLUMUHENEeBbIe rapubypruT-nepuonuTosas
W AYHUT-NEPUAOTUTOBAS Cepun C penukTamm 4edopMUpPOBaHHbIX CTPYKTYP, rpaHaToBble NepLonuThbl ¢ penukTamMu 4edopMUpOBaHHbIX
CTPYKTYP; 30Hbl ANCMOKALIMI C Pa3NNYHOW CTEeMNeHbio NpoHuLaemocTu: 8 — Huskon, 9 — cpegHen, 10 — Bbicokon; 11 — ypoBeHb
dopMm1poBaHUSi 04aroBbIX NOTOKOB YPAHOHOCHbBIX TPaHCMarmaTuieckux pnionaos; 12 — Npoekuust NONOXeHU NUTOCEEpPHbIX
nuHeamerToB (no [10]); 13 — mecTopoxaeHunst ypaHa B kapboHaTHO-HaTpueBbIx MeTacomaTuTax (1800—1750 mnH ner);
14 — mecTOpOXAeHVs ypaHa B KpeMHUiA-kanveBbix metacomatutax (2000-1950 mnH neT); 15 — nokaneHble acteHocdepHble
NOBYLLKW Ha rpaHuLe nutocdepa-acteHocdepa; 16 — TepmobaporpagMeHTHbIN (POHT pervoHarnbHOM acTeHoCHepHO NOBYLLKU,
CchOpMMPOBaHHbIN BCNEACTBME MMNYIbCHON Aerasauum agpa u maHtum; 17 — acteHocdepHble drongonoTokm

Ko BTOpOMy TWny pyOOKOHTPONMUPYIOLMX 30H MOXHO
OTHECTW 30HbI, CMOXEHHbIE HapPYLUEHUSIMU, NpeacTaBreH-
HbIMW MWMTOHWUTOBBLIMM LUBAMM W y4acTKaMu CpaBHUTENbHO
cnabo NposiBNEHHOrO KaTaknasa, KOHTPONMpyeMble LUNPO-
KMMKU norniocamu cybnapannenbHbiX U BETBSLLMXCS LIBOB
OrnacToMUIOHMTOB 1 GnacTtokaTaknasuMToB W KPYMHbIMU
nerMaTUTOBbBIMW W MEerMaTougHbIMU Tenamu WUnu Kx ce-
pysiMU, MPOTATMMBAKOLMMUCA HA HECKOIbKO KWITOMETPOB.
CymmapHas molwHocTe cepun weos o 100-150 m. Ha-
TPOBblE METACOMaTUTbl U WHTEHCUBHO AuadTopupoBaH-
Hble NOPOAbl Ha OTAENbHbIX y4acTkax 3TUX 30H obpasytoT
cepun cOnMXeHHbIX cybnapannenbHbiX Ten NPOTSKEHHO-
CTbI0O COTHW METPOB M CyMMapHOW MoLLHOCTbo Ao 100 m.
Cpean MeTacomaTuToB npeobnagalT  anbbuT-mukpo-
KNMWHOBbIE Pa3HOCTU. B Takmx 30Hax M3BECTHbI MNULLb NPO-
ABMEHNS MUHEPanu3auun 1 pyaonposiBeHns ypaHa.

Takum obpasom, B obLleln cxeme pyaoobpasoBaHusi Ha
vHanbHOM CcTaguu pyaooTIOXKEHUs HeobXoauMbl creuu-
uyeckme ycnosust Anst OpMUPOBaHUS MaclUTabHbIX py-
OOKOHLIEHTpauuin ypaHa, B NepByl0 ovepefb, BO3MOXHOCTb
AnNS NPOSIBIIEHNST AKCMNO3NBHOIO rMaporasopaspbisa.

MpoBeAeHHbIN HaMU aHanu3 NPUYMH OTMEYEHHOW CBSI-
3/ NMPOMbILLMEHHOrO 3HAOTEHHOrO YPaHOBOro OpPYAEHEHUs

C KumbBepnuTonposiBneHnsMn B KnpoBOrpagackom ypaHo-
BOPYAHOM panoHe Nos3Bomnun caenaTb BbIBOA, YTO rMAPO-
TepmarnbHble MECTOPOXAEHUSA ypaHa MpUypoydeHbl K nu-
TalLWmm niongHbLIM CMCTEMaM 30H rMyBUHHBIX pa3noMoB,
OCYLLECTBMSIOWMUM NPUBHOC YINEKNCIOBOAHBLIX PAcTBOPOB,
oboraleHHbIX MaHTUAHLIM YpaHOM. Takume 30Hbl 4acTo
ONarHoCTUPYTCA MNPOSBNEHNAMU  YrbTPAOCHOBHbLIX  Lue-
noYHbIX nopoa (puc. 1). Yrmekucnora ABNSETCA BaXHeW-
UMM KOMMOHEHTOM B rnpouecce (OPMUPOBAHUSA TUAPO-
TepMarbHbIX MECTOPOXAEHUN ypaH-HaTpoBOW copmaumnm
M B Mpouecce reHepauumn crekTpa ynbTPaoCHOBHbIX Lle-
MOYHBIX Marm B psAy OT NUKPUTOBBIX A0 KUMOEPNUTOBBIX U
B 9TOM 3aKNioyaeTCs reoxummyeckas CBsA3b 3TUX pasHO-
poAHbIX NpoLeccoB. [N NPOMBbILLIEHHbIX MECTOPOXAEHNI
ypaHa B kapboHaTHO-HaTpueBbix MeTacomaTuTax Kuposo-
rpagckoro 1 KprvBOPOXCKOTO YpPaHOBOPYAHbIX PanioHOB
XapakTepHblM SIBMSIETCS1 ypaHun-kapboHaTHOe npuBHeCce-
HVWe ypaHa, 4YTo 0ByCrnoBNMBaeT KOPPEMSALMOHHYIO CBS3b
mexay cogepxaHuem CO2 n U B ypaHOBOpyAHbIX anbbu-
TuTax YL, yBenuyeHue koHueHTpaumm CO; B papy "0en-
Has-psigoBas-6oratas” ypaHosas pyaa (puc. 3).
BbinonHeHne ycnosui AN 9KCMMO3MBHOIO ruapora-
30pa3pbiBa, HECOMHEHHO, OMNPeAensnoch CTPYKTYPHbIMU
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bakTopamu, B TOM 4YUCIE, OCIOXHEHUSMU CTPYKTYPHbIX
3NIEMEHTOB TPaHCNUTOCHEPHBIX Pa3fioMOB, HEOOHOPOA-
HOM WX npoHuuaemocTblo. Ho, Hapsgy ¢ atum, Gonee
BaXHbIM SIBNANCA mMacwtab 3HAOreHHoro mpouecca, on-
pedenseMbii  XxapakTepucTukaMmyu acTeHocdepHow ro-
BYLLK/ B MOACTUNAOLEM PYAHbIA panvioH Crioe BepxHen

MaHTUKN, KNHETUYECKOMN 3Hepruen nogbema ypaHOHOCHOro
dnomaa, 3aBUCALLEN OT cTeneHu HacbiweHHocTn COp,
KOHLIEHTpauMsi KOTOPOM wurpana 3HauyuTenbHyl ponb B
OCYLLECTBIIEHNUN MeXaHM3Ma rmaporasopaspbiBa B CTPYK-
Typax C HEO4HOPOAHOW MNPOHMLIAEMOCTbIO B BEPXHEN
YacTu 3eMHON Kopbl.

[ ane6uTUT |
puGeknT-
3TMPUHOBBIA

¢ chnoronutom
GoraTas pyaa _ |

4
3
x 2
[y}
Q
o 1
0 - s
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3NMA0TOBbIN 3FMPUHOBBINA
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m-1(C02.%) m-2 (U, ycnen)

Puc. 3. Xapaktep cBs3u cogepxaHuin CO, n U B pyaHbIX anbbututax (KupoBorpaackuin ypaHoBOpYyAHbINA panvioH)

PesynbTaTbl M30TOMHO-TEOXUMWUYECKNX WUCCEeO0BaHNN
obpasuoB pyAHbIX anbbuTMToB MecTopoxaeHui Knposo-
rpagckoro pyaHoro pavioHa [3] ykasblBalOT Ha MaHTUAHYLO
nNpupoay PYyAOreHHbIX KOMMOHEHTOB W OAHOBPEMEHHbIN
COBMECTHbI NPUBHOC ypaHa, HaTpusi U CTPOHUMSA B MeTa-
comaTtusupyloweMm pacTBope, KOTOpbIA, BeposiTHO, dop-
MUpoBan ansbuTuTbl U ypaHOBbIE pydbl B HUX B €4WHOM
pynoobpasytoleM npoLecce BCreacTBME 3BOMIOLMN Lie-
FI0YHOrO rMApPOTEPManbHOrO YpaHOHOCHOMO pacTeBopa.

PyaHble anbbuTtuTbl OpMUPYIOT BAOMb PYAOKOHTPONM-
PYIOLLMX Pa3fIOMOB JLUENOHNPOBaHHbIE 3anexu, pasmelle-
HMe KOTOPbIX C MO3ULUM MaHTUAHOWM MPMPOAbl PYAOreHHbIX
KOMMOHEHTOB OOYCMOBMEHO BbICOKOW CTENEHbI MPOHUKHO-
BEHVWS  pPasnoMOB, TPaHCMOPTUPYIOLMX  YPAHOHOCHLIE
dnomapl Ha rMyOGUHHBIX FOPU3OHTaxX, N OTHOCUTENbHOW 3a-
KPbITOCTbIO Ha BEPXHUX FOPU3OHTaxX 3e€MHOM KOpbl, YTO CO3-
AaBano ycnosus Ans ObICTPOro nogbema ra3oHacbILLEHHOro
MaHTUMHOTO ypaHOHOCHOTrO dnonga n nocrnefosaTenbHOro
BO3HVMKHOBEHMUSI Ha BEPXHWUX CTPYKTYPHbIX FOPU3OHTaxX 3em-
HOM KOpbl MPOLECCOB 3KCNIO3MBHOMO MMAporasopaspbiBa,
macluTabHoro opmmMpoBaHNs 30H OGBLEMHOTO KaTaknasa,
Aekomnpeccun cnonaa, MaccoBoro pyaooTnoxeHus. MNpu
OTCYTCTBUM YCMOBWI NS 9KCMIO3MBHOIO raporasopaspbisa
ypaH, Mo Bcen BMAMMOCTM, paccemBancs ¢ popMmpoBaHmem
6e3pyaHbIX ansbuTUTOB.

dopmupoBaHue cneunanma3MpoBaHHbIX Ha ypaH Me-
TannoreHN4Yecknx NPOBUHLIMIA U YPaHOBOPYOHbLIX PalioHOB,
BMELLAIOLWMX KPYMHble MECTOPOXAEHUS, MPOUCXOANIIO0 Ha
nnaHeTe CUHXPOHHO W MULLb Ha HECKOMNbKMX SPKO BbIpa-
XeHHbIX aTanax. B anoxy 2000-1950 mnH net B UHryne-
CKOM Merabrnioke npousowwno ¢OpMMpOBaHNE YpPaHOBO-
PYAHBIX KOHLEHTPaLMii B CBA3W C pasBUTUEM BbICOKOTEMME-
paTypHOro KpeMHWI-kanMeBOoro MeTtacomarto3a. Bospact
MeTacoMaTUTOB Kanuni-ypaHoBOW chopmaumm AnekceeBcKo-
Jlblcoropckoro ypaHoBopyaHoOro pavoHa — 2,03 mnpAa net no
ypaHuHuty (U-Pb meTopn) [4, c. 65]. YpaH-CBMHLOBBIM BO3pacT
ypaHuHuta KanmHOBCKOrO MeCTOpOXAEeHWs cocTaBnsieTt
1972192 mnH net [4, c. 65]. Hanbonee BaxHbIM 3Tanom ypa-
HoBOro opyaeHenus ans YL 6bin nepvog 1800-1750 mnH
net (ypaHunHut, U-Pb metopn) [4, c. 65] ¢ dpopmmpoBaHmem
NMPEMMYLLECTBEHHO KPYMHbIX MO 3anacam MPOMbILLNEHHbIX
MeCTOPOXAEHU ypaHa B cpefgHeTemnepaTypHbix kap6o-
HaTHO-HaTpWeBbIX MeTacoMmaTuTax B KupoBorpagckom u

KprvBOpOXCKOM ypaHOBOPYAHbIX panoHax. OHOOreHHoe
YypaHOBO€E OpyAeHEHUe BCEX APYrMX ypaHOBOPYAHbIX 3MOX
YL He MeeT NPOMbILLIIEHHOTO 3HAYEHMS.

Takne macwrabHble pygoobpasyowme npouecchl SB-
nsitotes cnepcteueM bornee rnobanbHbIX ABNEHUIA, OTpa-
XarLLmx 3BonLUMoHHOe pa3sutue 3emnu. Mo Bcen Buau-
MOCTW, NPV NEpUoaNYECKON akTMBM3aLMM UMMYNbCHON
gerasaumm sapa M MaHTMM B YCMOBUSX CBEPXBBLICOKUX
[aBneHun n Temnepatyp BO3HUKano opmunpoBaHue Tep-
mobaporpagneHTHOro (poHTa, KOTOPbIN NpuBen K opmu-
pOBaHUIO PErMoHarnbHOW acTeHocepHONn HeOoAHOPOAHO-
CTW B LeHTpanbHon Yactn YL n dhopmupoBaHmio nokanbs-
HbIX acTeHOC(EpPHbIX NOBYLUEK B BUAE TEPMO3PO3NOHHBLIX
B3QYyTUW Ha rpaHuue noAoLBbl nMTocdepbl U KPOBMU ac-
TeHocdepbl WHrynbckoro Merabroka BbICOKOM CTeneHu
3penocTu, GraronpuaTHbIX ANst NEPBUMYHOIO MaHTUAHOTO
KOHLIEHTpMpOBaHUA ypaHa (puc. 2).

lMpoBedeHHbIN HamMKM aHanuM3 YCroBUK MPOSBNEHUS,
NPOCTPaHCTBEHHO-BPEMEHHbIX U FEHETUYECKUX COOTHOLLE-
HWA 3HOOrEHHbIX MECTOPOXAEHUIA ypaHa, UX CBA3b C OCO-
6eHHOCTSAMM rMyOVMHHOrO CTpoeHUs nuTocdepbl U acTeHo-
cdepbl U UX 0COOEHHOCTAMM, MO3BOMWI HaM COCTaBUTb
o6LLyl0 CXeMy pasBUTMSI S3HOOTEHHOrO YpaHOBOIO pyaoo6-
pasoBaHus Haubornee ypaHOPyOOMPOAYKTUBHBIX 3MOX Ha
YL - 2000-1950 n 1800-1750 mnH net (puc. 4).

BbiBogbl. ®opmauns cpegHeTemnepaTypHbIX Kapbo-
HaTHO-HaTPMEBbLIX METacoMaTUTOB M CBS3aHHOE C Hen
NPOMBILUMIEHHOE YPaHOBOE OpPYAEHEHUE COCPEAOTOYEHbI
UCKNIOYMTENBHO B LieHTpanbHou Yactu YL — B aHoManb-
HOM cermeHTe nutocdepbl BLICOKOM CTEMNEeHN 3pernocTu C
MOLLHOCTBIO 0 250 KM M KOHTPONMPYHTCS 30HaMK pasro-
MOB TpPaHCNUTOCHEPHOro MPOHMKHOBEHWUS W/MNU y3namu
ux nepecevenns (Kuposorpaackuin n KpmBopoxXckui ypa-
HOBOPYOHbIN panoHbl).

dopmaLusi BbICOKOTEMMNEPATYPHBIX KPEMHUA-KANNEBBLIX
METacoMaTMTOB N CBSI3aHHOE C HEN yYpaHOBOE OpyAEeHEHME
nposieneHbl B 6GonblmHCTBE Merabnokos YL, kpome
CpenHenpuaHenpoBckoro u [JHectpoBcko-byrckoro. OgHa-
KO MEeCTOpOXOEHMSI ypaHa 3Toh opMauuy BbiSIBMEHbI
Tonbko B WHrynsckom merabnoke YL — aHomanbHOM nu-
TOCPEepHOM CerMeHTe BbICOKOW cTeneHu 3pernoctu (Anek-
CeeBCKO-J1bICOropcKvin pyaHbIA panioH).



~ 56 ~

B 1 C HU K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ISSN 1728-3817

Anexceeacko-
Jbicozopckuli
U-pyoOHeiii paiioH
KM
TR,ThU
0 -
204
40
60
80~
100
120
140
160
180
200
220 &
KOHUEHTPUpOBaHUA
240+

Kupoeozpadckuii U-pydHeiil
paiioH

o4yaru MHAUWanbHoOro

KOHBEKUMOHHbIE NOTOKKU
YrneKucrnoTHeix hnionaos

Kpueopockuii U-pydnebrii
paidor

U,5c,V,TR

YPaHOHOCHBIX
cpnovgos

[ L R~—P AN

o [H Js e [E )7 [ s

Puc. 4. O6wwan cxema pa3BUTUA SHAOTEHHOTO YPaHOBOro pyAoobpa3oBaHus
HauGonee ypaHOpyAONpoAyKTUBHbLIX 3nox Ha YL 2000-1950 n 1800-1750 mnH neT:
1 — oyaru MHULMANBLHOIO KOHLIEHTPUPOBAHNS YPAHOHOCHBIX (OrouaoB, 2 — NPUPa3NIoMHbIE MOTOKM LLENOYHbIX YPaHOHOCHBIX (Oouao0B,
3 — rpaHMua aHOMarnbHOWM BEPXHEN MaHTu1, ACT — rpaHuLa acteHocdepsl, 4 — npeanonaraemble NyTy nogbema NpoToKMMOEepnMTOBOW
Marmbl, 5 — kaHanbl BHegpeHust KuMbepnuToB gaiikoson dauuu, 6 — rpaHuua M, 7 — cpegHeTeMnepaTypHble kapboHaTHO-HaTpUEBbIE
MeTacoMaTuTbl, 8 — BbICOKOTEMMEepPaTypHblE KpEMHUIA-KArNIMEBbIE METacoMaTUTbl

B kaxpoi u3 ypaHopygoobpasytowmx anox YL (2000-
1950 MIH NeT B CBA3U C pasBUTVEM BbICOKOTEMMepaTyp-
HOro KpeMHuin-kanuesoro metacomartosa u 1800-1750 MnH
neT B CBSI3W CO CcpefgHeTeMnepaTypHbiM kapboHaTHo-
HaTpMeBbIM MEeTacoMaTO30M) WHTEHCMBHOCTb pyaoobpa-
30BaHusA onpegensinacb Hanuunem ycroBui mMacluTabHoro
NepBNYHOTO KOHLEHTPUPOBAHUS ypaHa B MaHTWWU, MPOHU-
LLaeMOCTbi0 PasfioMOB TPaHCNUTOCHEPHOrO MPOHUKHOBE-
HUS W/VnK y3namm nx nepeceyveHunsi B Nepnoabl TEKTOHNYe-
CKUX aKTMBU3aLUA, CKOPOTEYHOCTbIO PYAOOTNOXKEHUS Ha
rHanbHOM cTagun pyaoobpa3oBaHus.

370 HeobxoaMMO yuMTbIBaTL MPU METarnnoreHn4eckunx
W NPOrHO3HbIX NMOCTPOEHUSAX U OLIeHKax NepCrneKkTUB BbisiB-
NEeHVs MPOMBILLNIEHHOrO YPaHOBOro OpyAEeHeHUs B MeTa-
comaTuTax.
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PATTERNS OF URANIUM ORE METASOMATITES LOCALISATION IN ASSOCIATION WITH FEATURES
OF THE UKRAINIAN SHIELD LITHOSPHERE'S DEEP STRUCTURE

The objective of the study is to identify new patterns of formation of uranium ore metasomatic rocks due to the nature of the deep structure of
lithosphere of the Ukrainian Shield.

Analysis of geophysical, geological, radiogeochemical information on the specific nature of the formation, placement of the main types of
uranium ore metasomatic rocks in the Ukrainian shield in close connection with the features of the deep structure of the lithosphere,
asthenosphere and fault tectonics was carried out. Pre-conditions of specialized uranium ore metasomatic rocks and formation of large uranium
ore concentration within these rocks due to mantle source of ore components were identified. Features of the deep structure of the lithosphere and
their physical parameters that affect the conditions of intensive ore genesis in the formation of uranium deposits in the medium-temperature
sodium-carbonate metasomatic and high-temperature silicon-potassium metasomatic rocks were revealed. We have obtained optimal conditions
for the formation of large-scale uranium ore concentration at all stages of the ore-forming process for the Ukrainian Shield conditions, from the
primary large-scale uranium ore concentration process in the asthenosphere, the specific features of ore-controlling faults trans lithospheric and /
or units of their intersection to the final stage of ore deposition in metasomatites. The intensity of the uranium ore genesis in the medium-
temperature carbonate-sodium metasomatites is determined by the characteristics of the asthenospheric traps in the underlying ore region layer of
the upper mantle, by the structural factors, including complications of structural elements of translithospheric faults, by their non-uniform
permeability, by the kinetic energy of uprise of uranium-bearing fluid, depending on the degree of CO2 saturatio, concentration of which has played
a significant role in the implementation of hydro-gas fault mechanism in structures with non-uniform permeability in the upper crust.

The practical significance of this research is improving metallogenic predictions efficiency by expanding the range of criteria of the intensity of
ore genesis geophysical and petrological and geochemical indicators of the primary large-scale concentration of uranium in the asthenosphere. It
allows to determine the prospects of the territories as for the formation of large uranium ore concentration in metasomatic formations with the
isolation of the most probable areas of their localization.

Keywords: uranium ore metasomatic, lithosphere, mantle ore components, Ukrainian Shield.

I'. KanawHuk, A-p reon. Hayk, CT. HayK. cniBpo6., npod.,

E-mail: kalashnik_anna1@ukr.net,

KipoBorpaacbka nboTHa akagemisi HauioHanbHoro aBiauiHoro yHiBepcureTty,
Byn. flo6poBonbebkoro, 1, M. KponuBHuubkui, 25005 YkpaiHa

3AKOHOMIPHOCTI ®OPMYBAHHA YPAHOBOPYAHUX METACOMATMUTIB Y 3B'A3KY
3 OCOBJIMBOCTAMM MUBUHHOI BYAOBU NITOC®EPU YKPAIHCHKOIO LLIUTA

Memoro nposedeHoi po6omu € susiesIeHHs1 HO8UX 3aKOHOMipHOcmel ¢hopMy8aHHSI ypaHO80PYOHUX MemacoMamumis y 38'i3Ky 3 ocobnueoc-
msiMu 2nubuHHoi 6ydoeu nimocghepu YkpaiHcbkoz2o wyuma (YLL).

BukoHaHO aHani3 2eogi3u4yHoi, 2eosio2iyHoi, padiozeoximiyHoi iHghopmayii npo ocobnueocmi ¢popmyeaHHsl, PO3MileHHs1 OCHOBHUX munie
ypaHoeopyOHuUx memacomamumie Ha YLlj e micHomy 38'si3Ky 3 ocobnueocmsimu 2nubuHHoi 6ydoeu nimocgepu, acmeHocgepu, po3SIOMHOK Mme-
KmoHikoro. BusHavyeHo nepedyMoeu 8UHUKHEHHS1 crieyianizoeaHux ypaHoeopyOHUX MemacoMamumie i ¢popMyeaHHs 8 HUX 3HaYHUX 3a 3anacamu
pydokoHueHmpauili ypaHy 3a paxyHoK MaHmiliHux dxxepes1 pydo2eHHUX KOMoHeHmie. BusiesieHo ocobnueocmi 2nu6uxHHoi 6ydoeu nimocgepu ma
iT i3uyHi napamempu, siki ennueanu Ha yMoeu iHmeHcugHo20 pydozeHe3y npu ¢hopmyeaHHi podosuly ypaHy 8 cepedHbomemMepamypHuUX Kap6o-
HamHo-Hampieeux i eucokomemmnepamypHuUx KpeMHili-kanieaux mMemacomMamumax. BudineHo onmumanbHi ymoeu ¢hopmyeaHHs1 macuimabHux
pydokKkoHueHmpauili ypaHy Ha ecix cmadisix pydoymeoproro4o20 rnpouyecy 0nsi ymos YLl, eid npoyecy nepeuHHoi macwma6bHoi pydokoHyeHmpauii
ypaHy e acmeHocgepi, cneyugidHux ocobueocmeli pyOOKOHMPOJIIOHYUX PO3JIOMie mpaHcimocghepHO20 NPOHUKHEHHsI ma/abo ey3nie ix ne-
pemuHy i ¢iHanbHoi cmadii pydoeidknadeHHsi 8 Memacomamumax. BcmaHoeneHo, wjo iHmeHcueHicmb ypaHo8020 pydozeHe3y 8 cepedHbomeMm-
nepamypHux kap6oHamHo-Hampieaux C Imax eusHa Cs51 XapakmepucmuKkamu acmeHocgepHoOi nacmku e nidcmunaroyomy pyoHull
palioH wapi eepxHbOi MaHMIii, cCMPYKMypPHUMU YUHHUKaMu, 30Kpema yCKiiaGHeHHsIMU CMPYKMYPHUX efleMeHmie mpaHciimocgepHux possiomis,
HeOoOHOPIOHO IXHLOK NMPOHUKHICMIO, KIHeMUYHOI eHepzieto nidlioMy ypaHOHOCHO20 ¢hroidy, W0 3asexumb ei0 cmyneHsi io20 HacudyeHocmi
CO,, KOHYeHmpau,isi siko2o egidiepaeasna 3Ha4yHy posnb y 30iliCHeHHi MexaHi3My 2idpoz2a3opo3pusy 8 PO3/IOMHUX CMPYKMypax 3 HEOOHOPIOHO Mpo-
HUKHICMIO y 8EePXHIX CIPYKMYPHUX 20pU30HMax 3eMHOI Kopu.

lMpakmuyHe 3Ha4yeHHs1 NPo8edeHOo20 O0CiOKEeHHS nossizac y nidsuuweHHi eghekKmueHOCmMi Memasio2eHiYyHUX MPO2HO3i8 3a PaxyHOK PO3WUPEHHS
cnekmpy Kpumepiie iHmeHcueHocmi pydozeHe3y i3 3ay4eHHsIM 2e0¢hi3u4HUX i memposio20-2eoxiMidYHUX iHOUKamopie Moxsiueocmi nepeuHHO20 Mac-
wmabHo20 KOHUeHmpyeaHHs1 ypaHy 8 acmeHocgepi. Lje do3eonsie 06rpyHmoeaHo eu3Ha4amu nepcriekmueu mepumopili Ha Moxnueicme ¢ghopmy-
8aHHs 3Ha4YHUX 3a 3anacamu pyOOoKOHUeHmpauil ypaHy 8 MemacomMamuyHux ¢hopmMayisix 3 eudineHHsIM nyow, Halbinbw eipo2idHoi ix nokanizayii.

Knrouoei cnoea: ypaHoeopyOdHi Memacomamumu, siimocgpepa, MaHMIliHi pyOHi KOMMOHeHmMu, YKpaiHcbKul wum.
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CYNb®IOHA MIHEPANI3ALIA Y ®NIWOBUX BIAKNAAAX KPOCHEHCbBKOI 30HU
(B MEXXAX TPACU HOBOI'O BECKMACBLKOIO TYHEIIO)

(PekomeHdo8aHO YneHoMm pedakuiliHoi koneeaii 0-pom eeorn.-MiH. Hayk, npog. B.M. 3aeHimkom)

HaeedeHo pe3ysibmamu docidxeHHs1 cynbghiOHOI MiHepanizayii y mopodax ¢pniwy e mexax Hoeoi mpacu beckudcbko20 myHento,
AKul NPOXOANTb Y CIPUX MaCMBHUX mickoeukax i3 npowapkamMu meMHux aneeposiimie ma apeinimie ONiroLEeHOBOro BiKy KpocHeHCh-
KOiI 30HU YkpaiHcbkux Kapnam. Bnepwe nposedeHo demasibHe 8UBYEHHSI MaKpO- ma MiKpPOCKOMiYHUX Mopgho2eHemuYyHuUx ocobueo-
cmel, cknady cynbgidie i3 emicHUx nopid ma nisHix cynbgioHo-keapy-kapboHamHux xusn i Opy3. 3a pesynbmamamu AocnioKeHb
ecmaHoesieHo de8a OCHOBHi MopghozeHemuyHi munu cynbgidie. PaHHi cynbghiou 3ycmpivyarombcsi y eu2snsidi MooOUHOKUX OpPi6HUX
sudineHb nipumy Ky6i4Ho20 2abimycy ma ixHix cKyn4yeHb (4acmo i3oMempu4yHux azpe2amis, ghpamboioie) i pikux 3epeH cehanepumy
y emMicHux nopodax. YmeopeHHsi cynbgidie yb020 murny rnoe'azaHe 3 emarnom ¢hopMmyeaHHs nickoeukie i apeinimie. Qpyauti mun cy-
nbgpidie xapakmepHuli Ons cynbghiOHo-Keapy-kapboHamMHux Opy308UX i XUNTIbHUX YMeOPeHb, ChOPMOBaHUX 8 YMOB8axX PO3MSI2HEHHS
nid yac po3eumKy PO3pueHUX MOPyWweHb 8 yxe jslimugikoeaHux nopodax. [Mis3Hi cynbghidu ymeoproromb MiHepanbHi azpezamu ma
OKpeMi Kpucmasu repesaxHo Kybi4Ho2o0 ma Ky6okmaedpu4Ho20 2abimycy po3mipom 9o Kinbkox minimempie. lMipum o6ox mopghoze-

HemuyHUXx munie 3a ckiiadom eidnoeidae Yyucmomy FeS,.

Knro4yoei cnoea: nipum, kanbyum, keapu, "Mapmapochkki diamaHmu", KpocHeHcbka 30Ha, Beckudcbkuli myHerlb.

Beryn. Y nopogax ¢niwly KpocHeHCbKOI 30HM 3Haxigku
cynbiaiB yacTo BigMivanucs npy NpoBeaeHHi KapTyBanbHUX
Ta gocnigHuubkmx pobiT y KapnatcbkomMy perioni. 3okpema, B
npaui B.B. JaHuwa [6] BkaszaHo, Lo Yy nilLloB1X KOMMNeKcax
nokpueiB YkpaiHcbknx Kapnat FO.M. CeHbKOBCLKMM BUSIBIIE-
HO HasiBHICTb MIKPOCMYracToi TEKCTypu, sika CnpuyvHeHa
YyepryBaHHAM kapboHaTiB KanbLito i gucynbdigamu 3anisa.
MipuT y BUrNagi CTSXiHb, cdeponiTiB, PO3CiAHWX BKpar-
NeHb OKpeMux KpucTaniB KybiYHOro Ta okTaegpuyHOro ra-
OiTycy, a Takox rnobyn, onucanuin B MpukapnaTTi (Hanpu-
Knapg, y nopogax MeHiniToBoi CBiTW) Ta B CkNai CBUHLEBO-
UMHKoBUX pya TpyckaBeubkoro pogosuia [10, 12]. B npa-
uax I.Monna [14] wmicTaTbcA paHi npo cynbdigHo-
KpeMeHUCTo-kapOoHaTHI KOHKpeLii Ta CTsKiHHA cepea Mi-
HeparniB fiareHeTUYHOro NOXOMXKEHHS Y BidKnagax Kpeu-
[A0BO-NManeoreHoBoro BiKy, (popmMyBaHHA iX noB'sA3aHe i3
reoximiyHUMM npoLecamun IHTEHCUBHOIO AiareHesy 3a y4a-
CTi pO3CisiHOi y nopoaax opraHiyHoOi pe4oBUHM.

Y yucneHHux npausax [1, 2, 5, 8, 11-13, 15] HaBegeHO
peTtanbHi onucu MisHIX yTBOPEeHb KBapu-kapboHaTHOro
MiHepanbHOro cknagy B nopogax pisHux nokpusis Kapnat
i 3a3Ha4YeHO HWM3KY acoLiloYMX 3 HUMU MiHepanis, 30K-
pema cynbdigis. lNpoBeaeHi Hamu reonoro-mMiHepanoriyHi
poboTM B Mexax Tpacu HoBoro beckuacbKkoro TyHenwo
Aanv MOXnuBICTb 3ibpaTn mMaTepianu, sKi BKasylTb Ha
YacTy MPUCYTHICTb CynbdidiB Yy CBiXXMX BMICHMX Mopoaax
Ta y Ni3HiX XUNbHUX YTBOPEHHAX, OOLUMPHO PO3BUHYTUX Y
KpocHeHcbkin 30Hi [7]. Hamn Bhnepwe npoBeneHo AeTta-
nbHe, i3 3aCTOCYBaHHAM Cy4YaCHUX METOAIB JOCHiAXEHHS,
BMBYEHHS reHesncy, moporeHeTM4HMX ocobnmeocTen Ta
cknagy cynbdigis. Lli matepiann ctanuM ocHoBolo Hanu-
CaHHS gaHoi cTaTTi.

Feonoro-cTpykTypHi ocobnuBocti KpocHeHcbKoi
30HM B Mexax Beckumacbkoro TyHenw. KpocHeHCbka
(Cinesbka) 30Ha po3TalloBaHa B LieHTpanbHiin YacTuHi 3o-
BHiWHiX Kapnat. 3aranbHa cTpykTypa 3oHM nogibHa no
CTPYKTYpPWU Mpunernux nokpueiB, a ii BHYTPIiWHi Cy630HM
HACYHYTi Ha 30BHILLUHI B NiBHIYHO-CXIQHOMY HaMpsIMKY, K i B
Mexax iHLWMX NokpuBiB YKpaiHcbkux Kapnat. Teputopianb-
Hi MeXi, a TakoX CTPYKTYpHi 0COBNMBOCTI Li€i 30HU, OOHO-

3HAYHO He BCTaHOBMEHI N BiAPI3HAIOTLCA Ha PI3HUX TEKTO-
HiYHMX cxemax Kapnart [4, 7, 16]. 3axigHUm npoaoBXKEHHAM
KpocHeHcbkoi 30HM € Cinesbka 30Ha B Mexax 3axigHux
Kapnat Ha Tteputopii lMonbuwi. Ha cxia Big ykpaiHCbko-
NONbCLKOr0 KOPAOHY BidKMaaW, AaBHiWi 3a OMiroueHoBsi,
MalKe MOBHICTIO BUKITMHIOOTLCA Ha noBepxHi, a Cinesbka
30Ha B Mexax YKpaiHcbkux Kapnat nepexoamTb Y BHYTpi-
WHI0 YacTuHy KpocHeHcbkoi 30HM (TypkiBCbka nig3oHa),
BUKIMHIOOYMCB Y paroHi p. YopHa Tuca [16].

becknacbkun TyHernb MNpoknagakwTb Ha Mexi J1bBiBCb-
Koi Ta 3akapnaTtcbkoi obnacten Mix 3anisHUYHUMU CTaH-
uismn becknpg Tta CkoTapcbke. B reonoro-ctypkTypHoOMy
BiJHOLLEHHI Tpaca TyHemn MNPOXOAWTb Y Komnnekci dni-
LWOBMX MNOpi4 OniroLeHoBOro BiKY HWXHbOKPOCEHCHKOI
NiACBITU KPOCHEHCLKOI cBiTU (Pskry) [4, 7, 16]. KpocHeH-
Cbka CBiTa B AOCMiAXXyBaHOMY perioHi cknageHa pisHopu-
TMIYHMM MepellapyBaHHAM Cipux MICKOBMKIB, apriniTis,
anesBponiTiB 3 NpollapkaMmy TEMHWX aneBponiTiB, 3piaka
BarnHsKIiB ONiroLeHoBOro-HWXHLOMIOLLEHOBOIO BiKY. Hux-
HA NiACBiTA NMEpeBaXHO CKrnageHa nickoBWKamu, a B i
NigoLWwBi BUAINAITb ManonoTyXXHWUIA perioHanbHUA MapKy-
BalibHUI FOPU3OHT — rOMoBeLbKi cMmyracTi BanHsku. [lic-
KOBMKW HWXHBOT MiACBITU KPOCHEHCbKOI CBiTU MAacuBHI,
Cipi, 3 npoLwapkaMmn TeMHux aprinitie [7].

OcHOBHMMM MoOpoAaMun TPUKOMMOHEHTHOI nioBol
TOBLLi B panioHi TyHento € nickoBukn (8o 90% o6'emy pos-
pidy), aprinitn n anesponitm (8o 10%), iHKONWM BanHAKW.
ToBLWi CBITNO-CipMX MacUBHMX MICKOBUKIB € HanWbinbL
notyxHumum (go 10 m). MicusiMn MiCKOBUKM 3MiHIOIOTHCS
Bif APiOHO3EPHNCTUX OO0 KPYMHO3EPHUCTUX, @ YacoM i 4o
rpaBeniTUCTUX pisHoBMAIB. ApriniTn 1N aneBponitn nepe-
BaXXHO TEMHOro [0 YOPHOro Komnbopy, APiGHO3epHWUCTI,
MaloTb HEBEeNUKi MOTYXXHOCTI (A0 Kinbkox meTpi). [1nactu
BamnHSAKiB TEMHO-CIpOro A0 YOPHOrO KOMbOPY, MOTYXHICTHO
Kinbka caHTUmeTpiB. 3a3anom ToBLa Nopig HMXHbOKPOC-
HEHCbKOI CBiTU B MeXax TYHemnt Mae reHepanbHe niBaeH-
HO-3axigHe MNagdiHHA, KyT nagiHHa 3miHeTbes Big 30° oo
60°, y gesikmx Micusix cnocrepiraetbcsa drekcyponogioHi
BUIMHK, pO3OUTI OpTOroHanbHMMKM abo nepneHauKynsap-
HUMM TpilWMHaMK, WO YacTO BUMOBHEHI Ni3HIMKU Xunamu

© lynin B., Kpinb C., KoBTyH O., Ky3emko A., 2016
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NPOTSKHICTIO B NepLi MeTpu # noTyxHicTio go 50 cm, no
SIKUX PO3BMBAOTLCS A3epkana KoB3aHHSA [3].

lMicKoBMKM XapakTepu3ylTbCA NCaMiTOBOK CTPYKTYPOLO,
MacVBHOK TEKCTYpOlO i MpeAcTaBneHi nepeBaXkHO Keapu-
KapOboOHATHUMKN  NITOKPUCTANOKIACTUYHUMKN  Pi3HOBUOAMU.
Ynawmku, poamipom 0,1-0,5 mm, cknageHi kBapuom (8o 50%
o6'emy nopogu), kapboHatom (Binbwe 50%), MikpokBapLm-
TOM, 3epHamu nnarioknasie i nNenitoMopgHUX MNOMLOBUX
wnaTiB (Nepwi BiOCOTKM), YacoM pewTkn dopamiHidep i
pyoHUX MiHepaniB. PO3BUHYTI TakoX fyCOYKM MYCKOBITY
(6nm3bko 10%) i NOOAMHOKI BUAINEHHS BIOTUTY 1A rMayKoHiTY.
LiemeHT (npmbnusHo 5%) nepeBaxHO NiBKOBUNA, MIMHUCTO-
kapboHaTHUIA. ApriniTM W aneBponiTM MaroTb nogibHnin Ao
nickoBuKKiB cknag: keapy (MeHwe 5%) — cepuumnT (MeHLe
50%) — kap6oHaTHUI (Ginbwe 50%), 3a BiNbLIOT KiNbKOCTI
BYIMUCTO-TMIMHUCTUX BUAINEHb, YacoM pyAHMX MiHepanis,
3a MeHWwux posmipis ynamkie — 0,01-0,08 mm. LlemeHT
rMUHUCTO-KapboHaTHWIA, yacom rMWUHNUCTO-3ani3ncTo-
kapboHaTHMI. CTpyKTypa nopig —anesponesnitoBa, TEKCTY-
pa — MacuBHa, iHOAI MacMBHO-CMyracTa 3a paxyHoK Yepry-
BaHHS iHTepBaniB 3 Pi3HNM CMiBBIAHOLUEHHAM FMUHUCTOI Ta
KapboHaTHOi KOMMOHEHT. [leniToMOpdHWUA  (FMMHUCTNI)
BarnHsAK MIiCTUTb KpankonodibHi BUOINEHHA KBapLy 1 OKpe-
MUX 3epeH Mrarioknasy Ta XxapaKTepusyeTbCsl NeniToBOH
CTPYKTYPOIO i MacuBHOI TeKCTypoto [3].

Metoau Ta martepianu pgocnimkeHHA. Hamu gocni-
OXyBanucb TUMOBI nopoau niwly KPOCHEHCBKUi 30HM i
PO3BUHYTI B HUX Mi3Hi XXUINbHi YTBOPEHHS, SIKi CynpOBOAXY-
I0TbCA  (hOPMYBaHHAM OpYy3 Ta MPOXWMKIB  KBapL-
kapboHaTHOro,  KBapuoBOro Ta  cynbgigHO-KBapL-
kapboHaTHoro cknagy [9]. MocnigoBHO NpoBOAMBCS Mak-
POCKONIYHNA ONNC 3paskiB, BUFOTOBMEHHSA aHWNIQIB i IXHE
BMBYEHHS, MOLUYK i BUBYEHHSI MOpdhOororiYyHMx ocobnmeoc-
Ten arperatiB CynbdifgiB i3 pisHUX AiNAHOK nopig 4o noaa-
NbLUOT OUiHKK cknagy Ta mopdororii cynbdifis Ta acodi-
IOI0YNX MiHepaniB 3a JOMOMOrol CKaHyH4Oi eneKTPOHHOI
mikpockonii (SEM) Ta peHTreHocnekTpansHOro MikpoaHani-
3y (PCMA), wo possonuno BusiBUTK OpibHI dasn acouito-

HO4MX MiHepaniB, Takmx sik 6apuT, cdanepur, i penikToBmx
— pyTVny, LMPKOHY Ta iH.

Micns geTanbHOro BMBYEHHSA aHWnidiB nig Mikpocko-
nom y BigGuTOoMy CBITNi, BUOINEHI AiNSHKA B NONipoOBaHUX
npenapartax aHanisyBanucss pacTpOBMM eMNeKTPOHHUM
MiKpOCKOMOM 3 eHeproaucnepciiHum getektopom (PEM
106M). AHaniTnyHi BuMmiptoBaHHa metogom PCMA Ha
PEM-106 npoBoavnuce Npu Hanpysi NPUCKOPEHHS ene-
KTpoHiB 20 kB, cwuni enekTpu4yHoOro CTpymy 30HAa
140 MKA, 3 mexel BuaHadeHHs 0,01-0,1% ansa pisHux
enemeHTiB i TOYHicTIO +2-5 BigH. %. [Ansa po3paxyHKy ma-
COBWX 4aCTOK XiMiYHUX eNeMeHTIB BUKOPUCTaHO nporpamy
"Magallanes" i3 6a3o0 gaHux dyHOAaMeHTanbHUX Mapa-
MeTpiB AN 92 enemeHTiB.

[Jpyry cepito gocnigkeHb BUKOHAHO Ha CBiXMX nosep-
XHAX 6e3 nopyLleHHst NpupogHux dopm 3paskiB i 6e3 no-
nepegHbOro NonipyBaHHS Ons BUBYEHHS penbedy nose-
PXHi KpucTanis Ta ix 3pOCTKIB i OPIEHTOBHOrO BU3HAYEHHS
XiMiYHOro cknagy okpemux das. [oBepxHi Takmx aHaniso-
BaHUX npenapartiB y pexumi BUCOKOro Bakyymy nonepe-
OHbO oyuwanu Big nuny, obesxupoBanu 3a SONOMOro
yNbTPas3ByKOBOro NpomuBava Ta nNpoMvBann B €TUINOBO-
My CIWPTI, NICAS YOro NOKpMBanuM TOHKUM LIapom rpadiTy
Ha npunagi BYIM-5M.

PesynbTtat gocnigxeHHsa. [pu mMakpockonivyHux i ne-
TporpadiyHNX OOCNIMKEHHAX BUSBIIEHO [ABa OCHOBHI MOp-
horeHeTN4HI TMNU PO3MOBCIOAXKEHHS CynbdigiB y nopogax
parnoHy HoBoro beckuacekoro TyHento. Mepwwmid TMn Cynb-
difiB, BCTaHOBIMEHMIA HaMK Sk BinbLU paHHIK, nNpeacTasne-
HWI NOOAUHOKMMW BUAINEHHAMM Ta BKpanmneHHAMN cynbdi-
JiB Ta X CKynYeHHAMW Y BMICHUX MOpoAax, 4acTo y BUrnagi
i30MeTpu4HKNX arperartiB (puc. 1-A), YTBOPEHHS AKUX MOB'A-
3aHe 3 eTanom niTudikauii BnacHe MiCKOBWUKIB i apriniTiB.
Opyrmin Tmn cynbmigis — Le OpY30Bi Ta XWIbHi BUOINEHHs,
cdopMoBaHi B yMOBax po3TAry nif, 4ac po3BUTKY PO3PUBHKX
nopyLUeHb B yxe niTudikoBaHux nopogax (puc. 1-B).

Puc. 1. MopdoreHeTuyHi Tunu cynbiaHoi miHepanisauii doniwoBux nopia KpocHeHcbKOi 30HMU:
A — 6inbL paHHi NOOAVHOKI BUAINEHHACYNbMIAiB y BMiCHUMX nopogax, B — cynbogian B cknagi cynbdigHo-kBapL-kapboHaTHUX XK1

BxpanneHa paHHsi cynbchiOHa miHepanizauisi y eMiCHUX
nopodax HUXHbOKPOCHEHCHKOI nidceimu. HalvacTiwe BoHa
NpOsIBNSIETbCA Ha KOHTaKTi BMICHWX nopid, Xun Ta gpys i3
pi3HUM MiHepanbHUM cknagoM y opMi aCUMETPUYHUX 30H
po3Mipom 3x5 cMm i3 migBuLLEHMM BMICTOM cynbdifis, a Ta-
KOX Yy pOpMi OpiEHTOBaHMX MapanenbHO A0 HallapyBaHHs
ynamKoBOro Martepiany npowapkis cynbdigis. Cynbign
npeactaeneHi ApibHMMU (OO KiMbKOX MM), PO3CISHUMW Y
nickoBuMkax, Kpuctanamu kKybiyHoro rabitycy, a Takox cde-
pvyHuMK arperatamu (dopamboigamu) niputy (puc. 2-A). Y
Mexax Takmx 30H KinbKiCTb KpWUCTaniB y BMICHUX mnopogdax

3pocTae 3 HabnKeHHAM 40 KOHTaKTY 3 XMoo yn cybeTpa-
TOM Apy3, e po3BMBaloTbCs GinbLu Ni3Hi cynbdian apyroro
MOPAOreHETUYHOro  Pi3HOBMAY, 3 XapakKTepHUMW pucamu
YTBOPEHb BIiOKPUTUX MOPOXHUH. 3a pesynbTaTtaMu peHTre-
HOCMEKTparnbHOro MikpoaHanisy OKpeMux 3epeH He BUsiBre-
HO TWMOBWX ANSA MIPUTY IHWWX FEHETUYHMX TUMIB AOMILLIOK
(Hanpuknag, Cu, Ni, Co Towo), a cknag niputy Bignosigae
unctomy FeS,. OkpiM nipuTy, BCTaHOBIEHO HasiBHICTb
OpiGHUX pigKICHWMX 3epeH Ta BUOOBXEHWX arperaTiB cdarne-
puTy po3mipom o 0,0003 mm (puc. 2-B).
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Puc. 2. Arperatu niputy (A) Ta ccpanepuTty (B) y nopoaax HUKHbOKPOCHEHCLKOI NiAcBiTH
B Mexax Tpacu HoBoro Beckupcbkoro TyHeno

[izHi cynbghidu y cknadi dpy308ux ma XurbHUX ymeo-
peHb. KBapu-kapboHaTHi 1 KBapLIOBi XXnUnun Ta Apy3n 4acTo
3yCcTpivaoTbCsa y PniloBMX Nopoaax HMKHbOKPOCHEHCHKOT
niacsiTn, ane cynbign B HUX Big3Ha4Yanncb OCUTb pPigKo.
Y BuSIBNEHWX HaMM CynbigHO-KBapLU-kapOOHATHUX i
cynbigHo-kapboHaTHMX Xunax Ta gpysax y 3anbbaHgax,
y npocTopi BiOKpUTOI TpiWWHK, cnoyaTtky BigbyBanach
KpucTanisauisi kKanbuMTy, Ha MNOBEPXHi KanbuuTy — KBapuy,
iHKONMKM "Mapmapocbkux AdiamaHTiB" i3 ByrneBoAHAMM Ta

\

X500

20.00kV

cynbiais. Cynbiam yTBOPIOIOTL MiHEparnbHi arperatu 1a
OKpeMi KpucTanu nepesBaxHO KyGi4yHOro obpucy po3mipom
0o 1-2 mm. MNpwu Ginbl geTanbHUX OOCNIMXEHHSX i3 3aCTO-
cyBaHHAM SEM BusBnNeHO Kpuctanu Ta 3poCcTku KpucTanis
niputy kKyboktaegpuyHoro rabitycy (puc. 3-A). Taki kpu-
cTanu nipuTy 4acTO HapocCTalTb Ha paHille YTBOPEHi
kBapL, Ta kapboHaTu pomboegpwuyHoro rabitycy (puc. 3-B).
MipnT y cknagi XunbHUX Ta ApY30BUX YTBOPEHb TaKOX HE
MIiCTUTb OOMILLOK i 3a cCknaZgoM Bignosigae yuctomy FeS,.

" 1mm | WD=9.9mm

Puc. 3. Kpuctanu niputy KkybokTaegpuuHoro rabitycy B HenopylueHuX B3ipusix i3 cynboiaHo-kBapL-Kap6oHaTUX Xun
y nopoAax HWKHbOKPOCHEHCLKOI NiACBITM B MeXax Tpacu HoBoro Becknacbkoro TyHento (A) Ta ix cniBBiAHOLWEHHA
i3 KpMcTanamm kanbuuTy pom6oeapuyHoro raéitycy (B)

BuvBYeHHA YacoBKX CMIBBIAHOLIEHb MK OKPEMUMWU Mi-
Hepanamu nisHix Xun i B Apy3ax BKa3ye Ha OAHOTUMHY
NocrnigoBHICTb X (hOPMYBaHHSA: KBapL, — KanbuuT — Cyrb-
dign. BpaxoBytoun MacwTabu NpPOSBNEHHS Mi3HbOI
MiHepanisauii Ta 1i MiHepanbHuiA cknag, o0'emu
MiHepanisylounx pos3uunHiB Oynm gocutb obmexeHi. Pos-
YnMHM Bynn BiAHOCHO HACWYeHi KpeMHe3eMOM, KamnbLieMm i
cipkoto i, 3anexHo Big dyriTMBHOCTI ABOOKCMAY BYrneLo
N Ccipkn, i3 HMX 3a3Buyanm gopmysanucb kapboHaTn Ta
cynbdigmn B Xo4i 04HOAKTHOro npouecy.

BucHoBKWU. B xogi npoBeaeHWx Hamu OOCHIAXEHb Yy
nopogax KpoCHeHCbKOi 30HW B Mexax Tpacu Hosoro bec-
KWOCBbKOro TYHEN BCTAaHOBMNEHO CynbdigHy MiHepanisauito
OBOX MOPMOreHeTUYHMX TuMiB. PaHHIN CUHreHeTUYHUIN
niput y BUrMagi OpibHMX BuAineHb Ta arperaTiB, 4acto
(hbpamMboigHOro TUMY, PO3BUHYTMI Y BMILLYIOUYMX MICKOBMKAX
Ta, HanyacTiwe, B aprinitax, 4acom 3 pigkiCHUMU 3epHamMun
cchaneputy. Mi3Hin, Ginbl KPYNHWIA, NIPUT, 3 YiTKO NpPOsIB-
NeHVMU KkpucTanomopdonorivHumm chopmamu okTaegpa 1
Kyba Ta ix komGiHauisMK, acouiloe 3 KBapLOM i KanbuuToM

y Ni3HiX Xunax i gpysax, Lo YTBOPKTLCA Ha CTiHKax 4a-
CTKOBO 3amnoOBHEHWX TPILWH, PO3BUBAKYMNCH 3a3BuYai
nicnsa KanbUMTy i N0 NOro BUAINEHHSAX.

LLivnpoknit apean po3noBCIOAKEHHS PaHHBLOrO NipUTy 1
NIOKanbHWI NPOSIB Mi3HLOrO MiPUTY, Pa3oM 3 TICHUM iX Npo-
CTOPOBMM  CMiBHAXOMKEHHSM, BKa3ye Ha 3any4yeHHsd
MaTepiany BMiCHUX nopia Ans ¢opMyBaHHS Mi3HLOro
niputy. Lle niaTBepaXyeTbca OOQHAKOBMM XiMiYHUM CKna-
OOM nipuTiB 060X MOPOreHeTUYHMX TUNIB 3a BiOCYTHOCTI
B HUX 3BUYHUX €IIEMEHTIB-AO0MILLIKIB.

BpaxoByloun noCnigoBHICTL YTBOPEHHs MiHepanis y
Apysax i Mi3HiX xunax, BUAAETbCA MOXIMBUM, WO iX dop-
MyBaHHs BigOyBanocb i3 PO34YMHIB 3 [OCTaTHLOM
KOHLIeHTpaLi€elo Cipkn, yriTMBHICTb SKOI, OAHaK, 3pocTana
nuvwe nicna Kpuctanisauii kBapuy W kanbuuTy, 3abeane-
Yytoum opMyBaHHS Ni3HBOrO MipUTY.

Be3ymoBHO, ni3Hin niput mae Ginbw obwrnpHe po3nos-
CIOPKEHHA B Mexax KapnaTcbKoi cknagyacTtoi cuctemu,
aHiX BUSIBNIANOCH paHille, ogHak, CKopill 3a BCe, BiH 3pigka
3yCTPIYaETbCA Yepe3 LIBMOKE PYWHYBAHHS B €K30T€HHMX
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yMOBaX, a YCMIWHICTb HaWWX YHIiKanbHUX 3HaxigoK
He3MiHeHMX cynbgigie 060X TUNIB MOSICHIOTLCS YyMOBaMu
3aKpUTOI CUCTEMMU, siKa iCHyBarna A0 NPOXOOXKEHHS TYHErTH0.
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SULFIDE MINERALIZATION IN THE KROSNO ZONE FLISH ROCKS
(NEW BESKYD TUNNEL AREA)

Results of the investigation of sulfide mineralization in flysch rocks within new Beskyd tunnel highway are presented. New tunnel goes through
Oligocene massive gray sandstones with layers of dark siltstones and mudstones of the Krosno zone of the Ukrainian Carpathians. For the first
time macro and microscopic morphogenetic features, composition of sulfides from the host rocks and late sulfide-quartz-carbonate veins and
druses studies were carried out. Two main morphogenetic types of sulfides were defined. Earlier sulfides are represented by individual grain of
cubic pyrite and it's isometric and framboidal aggregates and rare grains of sphalerite in the host rocks. Formation of these sulfides is associated
with formation of host sandstones and mudstones. The second type is connected with sulphide-quartz-carbonate veins and druses. It was formed
during faults formation in already lithified rocks. Late sulfides formed mineral aggregates and individual cubic and cub-octaedr crystals of pyrite.
Composition of pyrite from both morphogenetic types corresponds to pure FeS.,.

Keywords: pyrite, calcite, quartz, "marmarosh diamonds"”, Krosno zone, Beskyd tunnel.
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CYNb®UOHAA MUHEPANU3ALIUSA B ®NULLEBbLIX OTNOXEHUAX KPOCHEHCKOM 30HbI
(B MPEAENAX TPACCbl HOBOIO BECKMACKOIO TOHHENA)

lMpueedenbl pe3ynsmamsbl uccredosaHusi cynbghudHOU MuHepanu3ayuu e nopodax ¢gpnuwa e npedesax mpaccbl Hoeo2o beckudcko2o mok-
Hesisi, KomopbIli MPOXo0uUm 8 CepbIX MacCUBHbIX MecYyaHUKax ¢ MPOC/IOSIMU MEMHbIX a/leépPosIuMoe U apa2usisiumos oJlu2oyeHo8o020 eo3pacma
KpocHeHckol 30HbI YkpauHckux Kapnam. Bnepesie nposedeHo demarsibHOe usyyeHue MaKpo- U MUKPOCKOMUYECKUX MOpgho2eHemu4ecKux ocobeH-
Hocmell, cocmasa cynbghudoe u3 eMeujaroujux Mopood u No30HUX cybpUOHO-K8apy-kapboHamHbIxX xus u opy3. [To pesynbmamam uccrnedosaHuli
ycmaHoesieHbl d8a OCHOBHbIX MOpgho2eHemu4ecKkux muna cynbgpudoe. PaHHue cynbgpudbl ecmpeyaromcsi 8 eude omoesibHbIX 8blOesieHull nu-
puma Ky6bu4yecko2o 2abumyca u ux ckonseHull (4acmo usoMmempuyeckux azpezamos, hppamboudus) u pedKux 3epeH cghanepuma 60 eMeuwjarouux
nopodax. O6bpa3oeaHue cynbghudoe 3Mmo20 murna cesi3aHo C 3marnomM hopMUPOBaHUsI NecYaHUKoe U apausnnumos. Bmopol mun cynbgpudoe xa-
paKkmepeH 0nsi cynbuOHO-K8apy-kapb6oHamHbIx Opy308bIX U XKUJIbHbIX 06pa3osaHuli, ChOpMUPOBaHHbLIX 8 YCJI08USIX pPacmsiKeHusi npu pa3eu-
muu pa3pbleHbIX HapyweHull e yxe numuguyupoeaHHbix nopodax. [Mo3oHue cynbgudbl obpasyrom MuHepasbHble azpe2ambl U omoesibHble
Kpucmannbl npeuMyujecimeeHHo Kybu4yeckoeo u Ky6okmaadpuyecko2o 2abumyca, pa3amMepomM 00 HECKOJIbKUX Munnumempos. [Mupum o6oux mop-
ghoceHemu4eckux murnoe o cocmaey coomeemcmeayem Yucmomy FeS,.

Knroyeenle croea: nupum, Kanbyum, keapu, "MapMapouwckue duamaHmsi”, KpocHeHckasi 30Ha, Beckudckuli moHHenb.
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AHARNI3 NITONOro-®ALUIANIbHUX KPUTEPIIB HA®TONA30HOCHOCTI
MAMKONCBbKUX BIAKNAAIB NIBHIYHO-3AXIAHOMO WENb®Y YOPHOIO MOPS

(PekomeHdosaHO YneHoM pedakuiliHoi koneeaii d-pom eeon. HayK, npog. B.A. Muxalinosum)

HaeedeHo pe3ynibmamu eu3Hay4eHHsl Jlimosio2o-ghayianbHUX Kpumepiie Haghmo2a3oHOCHOCMI OJli20UeH-HWKHbOMIOUEeHOo8oi moe-
wi nopid nieHi4HO-3axiOHo20 wenbghy HYopHoz2o mopsi. 3a ocmaHHe Aecsimunimms y eidknadax maliKornckKoi cepii eidkpumuti psid
Hosux Haghmosux i 2azosux podosuuy y liedeHHoMy Haghmoa2a3oHOCHOMY pezioHi YkpaiHu. Binbwicmb yux podosuuy 30cepedxeHa 8
YKpaiHcbKoMy cekmopi akeamopili YopHozo ma A3oecbkoz2o mopis. lMowyk i po3eidky makux podosuuj 3Ha4HO YCK/IaOHEHO 4Yepe3
eucoKulli cmyniHb 1amepasibHOi ma eepmukasnbHOi HeOOHOpPiIGHOCMI MatikoncbKux eidknadie, uwyo 3ymMoesieHo nimosnozo-ghayianbHOH
30HanbHicmto 6aceliHy ma yuksiyHicmio npoyecy ceOuMeHmMayil, a makoxXx pi3HoMaHimmsiM murnie nycmomHo20 Npocmopy Hagims y
Mexax o0Ho2o slimomuny. Po6omy 6ys10 aukoHaHO Oslsl OUiHKU nepcrnekmue Hagpmoaa3oHocHomi docnidxyeaHoi mepumopii ma eu-
3Ha4eHHs1 Kpumepiie, sIKi KOHMPOJIFOIOMb 3aKOHOMIPHOCMI PO3M0BCIOOKEHHSI KOJIEKIMOPIe i MOKPUWOK, @ MaKoX iX noedHaHHs e pe3se-
peyapax ma 38'A30K 3 Haghmoz2azoMamepUHCLKUMU moeuwjamu. 5Tk 205108Hi iimosiozo-ghayiansHi kpumepii Hagpmoza3oHocHocmi 6yso
eudineHo slimono2o-cmpamuzpaghivdHi (pe4osuHHuUll cknad eidknadie, nopucmicms, MPOHUKHICMb, cmpamuzpadbiyHi pieHi MowupeHHs1
nopid-koniekmopie, ocobnueocmi 6ydoeu ma noeHoma po3pisie cmpamoHie, NpPociokoeyeaHHs1 2pPaHUYi 30H epo3iliHo20 3pPi3aHHSI)
ma naneozeozpachivHi (hayianbHa npuHanexHicms). BuxiOHumu daHumu Onsi cmammi cryeyeanu Mmamepianu 6ypiHHs 55 napamem-
PUYHUX ma MowyKo80-po38idysasibHUX c8epOsI08UH Ha MNiHiYHO-3axiOHOMY wenbgi YopHo20 MOpSsi, AOCiOKeHHS KepHO8020 Mame-
piany, eeoghizuyHi docnioeHHsi ceepdnosuH (I[C) ma pesynbmamu 2eosnoziyHoi iHmepnpumayii aHux celicMopo3eioku. [ns npose-
OdeHHs1 doclidXeHHs1 sUKOpUCMo8y8aniucb maki Memodu: s1imosio2o-ghayianbHull aHasni3, aHaniz daHux I[C ma seonozo-npomucrosoi
iHghopmauii, yukocmpamuepadpiyHull aHani3a ma Kopensiyis po3pisie ceepOsio8uH, apaHy/loMempuYHUli ma mekcmypHuUl aHaniau,

nimonoao-nempozpaghidHi Memodu, Memod naneozeozpagiyHux PeKOHCMPYKUill.
Knroyoei cnoea: malikon, nimogpayii, nieHiyHo-3axioOHul wenbgh YopHoz20 Mopsi, cmpamuzpaghivyHi Kpumepii, naneozeozpagpidyHi

Kpumepii.

BcTtyn. eonoropossigyBanbHi po6oTn Ha HadTy Ta
ras posnoyarto B akBaTopisix YopHoro Ta A30BCbKOrO MO-
piB y 60-i poks MuHynoro ctonitta. 3a uen nepiog y ak-
BaToOpiAX YKpalHCbLKOro CeKkTopy MopiB Bigkputo 15 pogo-
BULL BYrNeBOAHIB, 3 HUX 8 Ha NiBHiYHO-3axigHOMY Lienbdi
(MH3LW), 6 — B AsoBcbkoMy Mopi i 1 Ha NpukepyeHCbKomy
wenbdi YopHoro mopsd. lNoknagn BiOKPUTUX POAOBULL,
npuypoYeHi A0 KanHO3OMCbKUX BigKNaAis, 3okpema, na-
neoueHoBux (ApxaHrenbceke, MoniunHa, LUTopmose, Bes-
imeHHe, Opecbke), eoueHoBux (besimeHHe, Opgecbke,
Mopckke), oniroueH-HUKHbOMIOLEHOBUX (ApxaHrenbceke,
lMNoniyuHa, LWmigra, [liBogeHHo-IMoniumHebke, Kpumcbke,
Cyb66oTiHa, CtpinkoBe, [MiBHi4HO-Ka3zaHTunceke), cepea-
HboMioLeHoBUX (ApxaHrenbceke, [liBHiYHO-KepyeHcbke,
MiBHi4yHO-BynraHaubke) Ta BepxHboMmioueHoBux ([MiBHiY-
Ho-KasaHTuncbke, CxigHOKa3aHTUMNCbKe, MiBHiYHO-
BynraHaubke) [5-6].

OcobnmBocTi 6ygoBu oniroLeH-HWKHbOMIOLLEHOBOI TO-
BLLi MiIBOEHHWUX palioHiB YKpaiHW AeTanbHO BUBYEHO B Me-
*ax [NprMYOpPHOMOPCHLKOro MeranporMHy Ha OCHOBI aHarisy
noHaz COTHi po3pi3iB cBepAnoBuH y lliBHiYHOMY [puyop-
Homop'l, [lMpucuBaliwi, Ha MiBHIYHO-3axigHOMY LLenbdi
YopHoro mMops, wenbdi A3oBcbkoro mops, Ha KepunHcb-
KOMy niBocTpoBi Towo [7]. 3a ocTaHHE gecaTuniTTa y Bia-
Knagax MamnkoncbKoi cepii BigKpUTO psg HOBUX HADTOBMX i
rasoBsux pogosuy y NiBaeHHOMY HaTOrasoHOCHOMY peri-
OHi YKpaiHu. BinblWiCTb UMX POAOBULL 30CEPEKEHA B
YKpaiHCbKOMY cekTopi akBaTopii YopHoro Ta A30BCLKOro
MopiB. [loLwyk i po3BiaKy Takux poAOBWLY, 3HAYHO ycknaga-
HEHO 4Yepe3 BMCOKUNM CTYMiHb naTepanbHOi Ta BepTUKarb-
HOi HeoaHOPIOHOCTI ManKOMNCbKMX BidKnagis, WO 3yMoBrie-
HO niTonoro-hauianbHOK 30HanNbHICTIO GacenHy Ta UuKni-
YHICTIO Mpouecy ceaAuMeHTaLii, a TaKoX PI3HOMAHITTAM
TUMNIB MYCTOTHOTO MPOCTOPY HaBiTb Y MeXax OAHOro nito-
Tmny [9]. CtpaTturpadhiyHe MOMOXEHHS MaNKOMCLKOI cepil,
06r'pyHTYBaHHS i Biky B MeXax MiBHIYHO-3axigHOro Lwenb-
¢y YopHoro Mmops 4OCUTb AeTarnbHO PO3rMSHYTO B MiACYyM-
KoBMX poboTax ocTaHHbOro aecatupivus [1, 3—4, 9.

Marepianu i metogu. BuxigHumun gaHumun ans cratri
cnyryBanu matepianu OypiHHs 55 napameTpuyHmx Ta noLuy-
KOBO-pO3BigyBanbHUX CBEPANOBMH Ha MiBHIYHO-3axigHOMY
wenbgi YopHoro Mops, AoChiaXeHHst KepHOBOro mMaTepiany,
reodpisnyHi gocnimxkeHHs ceepanosuH (MOC) Ta pesynbtatn
reonoriyHoi iHTepnpeTauii 4aHWX CEMCMOpPO3BIaKN.

MeTtoam pocnimkeHHs:: nitonoro-gauianbHWn  aHanis,
aHanis gaHux FAC Ta reonoro-npoMncnoBoi iHpopmalii,
umknocTpaturpadiyHnin aHania Ta Kopensuia pospisis cee-
PLMOBUWH, FPaHYNOMETPUYHMI Ta TEKCTYPHUI aHanisn, ni-
Tonoro-neTporpadivyHi MeTogn, Metog naneoreorpagivyHnx
PEKOHCTPYKLIN.

PesynbTaTu gocnigxeHHs.

INiTonoro-ctpaturpadiyHi kputepii. Po3pi3 onirouex-
HXXHbOMIOLIEHOBOTO  KOMMIEKCY TepuTOopii AOCHiAXEeHHS
NpeAcTaBneHnii NepeBaXXHO TEPUTEHHO-TIIMHUCTUMW NOPO-
namun. JocnigkeHHAMn BcTaHOBNEHO 10 OCHOBHMX NiTOTU-
nie: 1) nickn pisHO3epHUCTI, NepeBaxHO ApiOHO- 11 cepen-
HbO3EPHWCTI, Ta aneBpuTU 3 ManonoTyXHUMU NpoLLapKaMm
rMuH; 2) nickn, cnabo3ueMeHToBaHiI MiCKOBMKM Ta anesBpu-
TV, 3 NiONOPSIAKOBAHOK KiSbKICTIO aneBposiTiB MUHUCTUX
Ta rnuH; 3)aneBponiTm Ta aneBponiTU  MUHACTI;
4) aneBponiTV MMUHUCTI 3 NpoLuapkamun rmuH; 5) ToHke ne-
peLLapoByBaHHS aneBponiTiB, aneBponiTiB MUHUCTUX 3
rMUHaMn Ta rmMMHaM1 aneBpuUTOBMMM; 6) TOHKE nepeLuapo-
BYBaHHS [MVH, MVH aneBpyTOBUX 3 aneBponiTamMmn rMUHNC-
TUMU; 7) IIVHU aneBpuUTOBI 3 MpoLLapkaMy aneBponiTiB Ta
nicKOBWKiB; 8) rMUHW aneBpuToBI; 9) MWHU Ta MWHU anes-
putucTi; 10) rMuHW.

Y uinomy markoncbka cepisi ckrnageHa aprinitamu, Lo
nepeLlapoByTLCS i3 ApiOHO-cepeaHbO3EPHUCTUMU anes-
ponitTamu 3 pPigKiCHUMK NpoLuapkamMu NiCKOBWKIB | cuaepu-
Ty. YnamkoBi nopogau XapaKTepuayloTbCH CepeaHbo-
OpiBHO3EpHNCTUM  CKIagoM, TOPU3OHTamnbHOK, KOCOK W
XBUIACTOIO LLIAPYBATICTIO N MICTATb BENWKY KiNbKiCTb 06BY-
rMEHUX POCMMHHMX PeLUToK. [N KOXHOI Nayku xapakTtepHe
TOHKe nepeLlapoByBaHHA aneBponiTiB i aprinitis, npuyomy
apriniTv nepenoBHeHi ByrnedgikoBaHUM maTepianom [2].

© Opau C., NMeTpyHsk B., 2016
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MpoBeaeHMMM OOCNIOXXEHHAMM BCTAHOBIEHO, LU0 ceped-
HS MiLAHUCTICTb  ONiroUEeH-HUXHBOMIOLIEHOBOrO  KOMIMMEKCY
ON4a niBHIYHO-3axigHOro Lwernbgy YopHOro Mops CTaHOBWUTb
56%. Mo ropnaoHTax Liei NokasHWK TakuiA: nnaHopbenosun
rOpU3oHT — 56%, MONoYaHCbKMn ropu3oHT — 50%, kepneyTch-
KW TOPU3OHT — 61%, HKHBOMIOLIEHOBWI TOPU3OHT — 77%.

JeTtanbHo npoaHanisoBaHo po3pi3n nraHopbenoBoro,
MOJI0MAHCBKOrO, KEepreyTCbKOro Ta HWKHbOMIOLIEHOBOIO
ropu3oHTIB Ha pogosuLLax wWenbgy YopHoro mops. Bia-
Knagu MOSoYaHCHLKOro ropu3oHTY Ha poaoBMLLaX MiBHIYHO-
3axigHoro wenbdy YopHoro Mops (ApxaHrenbCbKOMY,
loniunHcbkomy, MiBaeHHo-IoniumMHcbkOMyY, KpMcbkomy Ta
LmigTa) MatoTb cepefHin nokasHuk nilaHncTocTi 27—31%.

Konektopu B oniroueH-HMKHbOMIOLEHOBOMY KOMMIIEKCI
npeacTaBneHi TEPUreHHMM aneBpo-nillaHnMK nopoaamu,
iX BIOHOCATb A0 rpPaHynspHUX KONEKTOPiB MOPOBOro TuMy.
MepeBaxHO, KONEKTOpW NPeACTaBMeHi anesBpuTamu, Ha sKi
npunagae Big 80% no 90% Big ycix konekTopiB. ICHyHOTb
neBHi cTpaturpadiyHi 11 reorpadiyHi 30HanNLHOCTI y Po3no-
4ini konektopis. Tak, Ha NiBHIYHO-3axiAHOMY LLeNbdi OCHO-
BHa NpOMMCIioBa NPOAYKTMBHICTL MOB'A3aHa 3 nopogamu-
KoneKkTopamu, NpeacTtaBneHnMun anesporitamu. B ctpatu-
rpaciyHOMY BiAHOLIEHHI Hanbinblia KinbKiCTb MNICKOBUKIB
3yCTpiYaeTbCA Y BigKNnagax HWKHbLOrO Mankony.

MpoBeneHi gocnigpKeHHs BUSBUNK, WO Y NiTONOrYHO-
My BiOHOWEHHI Ginbl-MeHW 3a40BiNbHUMU EMHICHUMM
BNacTMBOCTSAMY XapaKTepusylTbCA aneBponiTh Ta MicKo-

BUkW. Ha OCHOBI y3aranbHeHHs pesynbTaTiB paHile Bu-
KOHaHMX Ta BRnacHuUX niTonoro-netporpadiyHnx agocni-
OKEHb, CKNaJEeHO HMXYe HaBe[eHy y3armbHIYy Xapak-
TEPUCTUKY OCHOBHMX TWUMIB MOPiA-KONEKTopiB OniroueH-
HWXXHBbOMIOL,EHOBOIO KOMIIEKCY.

Anesponitn. Mepwwuii Tvn (puc. 1). Anesponitn cipi,
3eneHyBaTo-Cipi, KOPUYHIOBATO-Cipi, TEMHO-CIpi, MOraHo- Ta
cepefHbO3LEMEHTOBaHI, KBapLoBi Ta nonboBoLINaT-
KBapLoOBi OpiOHO- Ta TOHKO3EPHWCTI, iHOAI 3 [OMILUKOM
ynamkiB nacamiToBOi pO3MipHOCTi, HEPiIBHOMIPHOMMMHUCTI.

YnamkoBuin matepian KyTacTtui, HeobkaTaHuiA, copTo-
BaHWIA MocepenHbo i MoraHo, B MOOAMHOKUX BuNagkax —
nobpe. B cknapi aneBponiTiB KpiM KBapLy i NOMbOBUX
WwnaTie BigMiYaeTbCca rigpocnioaa, ynamku KpeMeHUCTUX
nopia, NOOAMHOKI 3epHa rpaHaTy Ta UMpKoHy. BigmivyeHo
BKITHOYEHHS MipUTY.

LlemeHT, B OCHOBHOMY, TFMMHUCTUA Ta [MUHUCTO-
cntogucTvin. Tun uemeHTauii noposui, 6asanbHO-NOPOBUIA,
pigle KOHTaKTOBO-NOPOBUIA. BMICT LeMeHTy 3MiHI0ETBCS Y
Lwmnpoknx mexax, Big 15% go 40%, npyu cepegHbLOMy 3Ha-
YeHHi 24-27%.

MopoBuN NPOCTIp KONEKTOPIB YTBOPHKOOTb, NepeBaxHo,
MiK3epHOBI nopu poamipom 7-18 mkm. BigkpuTta nopuc-
TICTb KONEKTOpIiB, 3a AaHUMKU NabopaTopHUX OOCHioKEHb
KepHy, 3MmiHeTbea Big 7,5% po 31% i B cepeaHbomy B
NPOAYKTUBHIN YacTuHi cTaHoBUTL 19,5%. M@30NpOHMKHICTD
3MiHtoeTbCA BiA 0,7 X 107 Mkm? no 120 x 107 mkm?2.

Puc. 1. AneBponit ApiGHO3epHUCTMIA KBapLOBUIA 3 FMaykoHiTOM (6e3 aHanizaTopa, 4OBXWHa Kagpy 4 MM)

Opyrmid Tun (puc. 2). AneBponiTu cipi, 3eneHyBaTo-Cipi,
TEMHO-Cipi, cepefHbo- Ta [0Ope3LeMeHTOBaHi, B OCHOB-
HOMY KBapLOBi, piLle KBapL-nonbOoBOLUNaToBi, cepeHbo-
Ta OpibHO3epHUCTI, iHOAI 3 AOMILLKOI yrnaMmKiB NcamiToBOi
PO3MipHOCTi, HEPIBHOMIPHOMIMHUCTI.

YnamkoBuin MaTepian KyTacTui, HaniBobkaTaHuwn, cop-
TOBaHWI — NocepenHb0.

Y cknagi aneBponiTiB KpiM KBapLy BiAMi4alOTbCHA NOMNbOBI
wnatu (5-10%) rigpocntoga (15-20%), 3epHa rpaHaTy, ump-
KOHY, pyTuny, enigoTy, uiosiTy, TypmaniHy, anatuty. 3 ayTi-
reHHUX MiHepaniB LUMPOKO PO3BUHYTUIA rMayKOHIT.

LleMeHT rmuMHUCTUIA, FMUHUCTO-CNIOAMCTUIA, KaBapuo-
BO-TMIMHUCTUIA Ta MMUHUCTO-KapOoHaTHUI. Tun uemeHTauii
NOPOBUIA, KOHTAKTOBO-MOPOBUI i KOHTaKTOBMA. BMIcT ue-
MeHTy 3miHoeTbes Big 10% po 30% npu cepegHbomy
BMicTi — 20%.

[MopoBuI NPOCTiIP KONEKTOPIB YTBOPHOIOTbL, NepeBaXxHo,
Mix3epHoBi nopu poamipom 5-15 mkm. BigkpuTta nopwuc-
TICTb KOMEKTOpiB, 3a AaHuMu NnabopaTopHUX AOCHIMKEHb
KepHy, 3MiHeTbea Big 8,0% po 24% i B cepeaHboMy B

NPOOYKTUBHIN YacTuHi cTaHoBUTb 12%. [@30NpOHMKHICTB
3MiHETbCA Bia 1,2 x 107 mMkm? no 35x 103 MKM2, B OKpe-
MUX BuNagkax gocsiratoum 56 x 10 Mkm>.

Mickoeuku. Mepwwnii Tvn (puc. 3). MNickoBukK cipi, Tem-
HO-Cipi, 3eneHKyBaToO-Cipi, KOPUYHIOBATO-CIPi TOHKO3EPHUC-
Ti, ApiBHO3epHUCTI Ta ApiGHO-CepeaHbO3EPHUCTI, KBapLIOBI,
nonbOBOLUMNAT-KBApLOBi Ta KBapL-NOSIbOBOLLMNATOBI, cepe-
OHbOI MiUHOCTI, nnuTyacTi. KnactmuyHuii matepian npeg-
cTaBneHun HaniBobkataHMMW Ta HeoOKaTaHUMW, OEKONU
KopogoBaHumu, 3epHamu keapuy (60,0-80,0%), rnaykoHi-
Tom (5,0-10,0%), nonboBumu wnatamu (20—-35%), nycou-
kamn myckoBiTy (1,0%), ynamkamu KpemeHuCTUX nopig
(1,0%). JocTtaTHLO YacTo BiAMIYAKOTLCS PELUTKN POCIIMHHO-
ro getputy. 3 ayTUreHHUx MiHepaniB NPUCYTHi FMayKoHiT,
CUAEpVT Ta MipuT. YNamKoBWA martepian KyTacTui, Heob-
KaTaHWI, COPTOBaHWUIA NocepeaHbo Ta NoraHo.

LlemMeHT, B OCHOBHOMY, [MIMHUCTUA Ta [IMHUCTO-
cntognctuii. Tun uemeHTauii nopoBui, 6asanbHO-NOPOBUIA,
piglwe KOHTakToBO-NopoBui. BMICT LeMeHTy 3MiHIETbCA
Bia 18% no 40%, npy cepefHbOMY 3Ha4YeHHi 25%.
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Puc. 3. AneBpUTOBMUI NICKOBUK TOHKO3EPHUCTUMN ONiroMiKTOBO-KBapLOBUW INayKOHITOBUNA
(6e3 aHanisaTopa, [OBXMWHa Kaapy 4 MM)

MopoBwuiA NPOCTIp KOMNEKTOPIB YTBOPHOOTb, NEPEBaXHO,
Mix3epHoBi nopu poamipom 10-30 mkM. Bigkputa nopwuc-
TICTb KONEKTOpIB, 3a AaHUMKU NabopaTopHUX AOCHiIKEHb
KepHy, 3MiHoeTbes Big 8,2% no 32,3% i B cepeaHbomy B
NPOOYKTUBHINA YacTuHi cTaHoBUTb 23%. a30NpOHMKHICTD
3MiHeTbeA Big 1,1 x 107 mkm? no 350,0 x 1072 MkMm2.

Opyrui Tun (puc. 4). MNickoBuku cipi Ta cBITNO-Cipi, iHOAI
3 3eneHyBaTUM BiATIHKOM, ApiGHO3epHUCTI, pigwe Api6Ho-
cepefHbO3EePHUCTI, Y MOOANHOKUX BUNAAKaX KPYMHO3EPHW-
CTi 3 AOMILUKOIO 3€peH rpaBsiinHOro po3Mipy, B OCHOBHOMY
KBapLOBIi, piglie MonboBOLINaT-KBapLoBi, MiuHi. TekcTypa
nickoBuKiB LWapysaTa.

Puc. 4. MNMickoBUK pi3HO3ePHUCTUI KBapL-NONbOBOLINATOBUI 3 rNaykoHiTOM (6e3 aHanisaTopa, AOBXWHa Kagapy 4 Mm)
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YnamkoBuiA maTepian HaniBobkaTaHui, KOpoAOBaHWN,
BiJCOPTOBAHWI, NEpEBaXHO, NOCEPEAHBLO, PiaLLe NoraHo.

Y cknagi nickoBuWKiB, KpiM KBapuy, BigMi4alTbCs
noneoBi wnatn (5-15%), rigpocnioga (10-15%), 3epHa
rpaHaTy, LUMPKOHY, pyTuny, enigoTy, uiosiTy, TypmaniHy,
anatuty. 3 ayTireHHUX MiHepaniB Hawbinbll LMPOKO pO3-
BWHYTi rMayKoHIT Ta nipuT.

LlemeHT, B OCHOBHOMY, FMUHUCTUIA, MIIMHUCTO-CNIOOUC-
TUI, KBapLOBO-TNNHUCTWUIA, KapOOHATHO-TMMHUCTUIA Ta MK-
HUCTO-KapOoHaTHMI. Tun LeMeHTaLlii NoOpPOoBUIA Ta KOHTAKT-
Ho-nopoBuin. BmicT uemeHTy 3miHoeTbesa Big 15 o 40%
npu cepegHboMy 3HayeHHi 20%.

[MopoBuIA NPOCTiIp KONEKTOPIB YTBOPIOIOTb, NEPEBaXHO,
MiXk3epHOBi nopu po3mipoM 15—-25 MkM, iHOAi BigMivatoTbCs
BHYTPILLUHbOLEMEHTi nopun o 20-25 MKM.

Bigkputa nopucTicTb KonekTopiB, 3a gaHummn nabopa-
TOPHUX JOChiAXeHb KepHy, 3MiHoeTbes Big 8,4% 00 25,1%
i B cepegHbOMy B MPOAYKTUBHIN YacTuHi ctaHoBUTb 17%.
[@a3onpoHukHiCTb  3MmiHoeTbCs  Big 0,5 x 10 mkm? no
61,1 x 107 mkm2.

BuaineHi Buwle TN KONEKTOPIB XapakeTpusyrTbcs
NeBHUM cTpaTurpadiyHuM po3noAiniom. Tak, anespositu
nepLloro TUMy XapakTepHi Ans BigknagiB BEpXHbOro, ce-
pefHLOro Ta HWXHBLOro Mamnkony MiBHIYHO-3axigHOro Le-
nbdgy YopHoro mopsi. AneBponiTu Apyroro TMny noLunpeHi
y Bikragax MOfo4aHCbKOro ropmM3oHTY HUXXHBbOTO MaWmKo-
ny niBHiIYHO-3axigHoro wenbdy. MNickoBMKku nepLioro Tuny
3ycTpiyaloTbCa Yy Bigknagax HWXKHbLOro Mamkony (Morno-
YaHCbkuW, pigwe, nnaHopbenosBun, ropmusoHT) [8].

CrtpaTturpadidHumii po3pi3 oniroueH-HMmKHbOMIOLLEHOBUX
BiAKNagiB  TepuTopii  AOCNIOXKEHHS  XapaKTepu3yeTbes
CKIagHoI0 reororiyHo OyZ10BOIO Ta HAsIBHICTIO perioHanb-
HUX Ta nokanbHux nepeps. CTpaTurpadivHi He3rigHOCTI y
OaHHOMY BMNaAKy MOXYTb PO3rnsgaTuca SK oauH 3 Kpute-
piiB HAOTOrasaoHOCHOCTI PETiOHY.

Y Mexax niBHiYHO-3axigHoro wenbgy YopHoro mops
oniroueHoBi Bigknagn 3angraloTb 3rigHo abo HesrigHo W
YTBOPIOKOTb SK PO3pi3n cTpaTturpadiyHo MoBHI, TaK i 3 4ncC-
NEHHVMU TNOKanbHUMK nepepBamy, BUNAAIHHAM OKpemmx
NayYyoK Ha AesKuX NIOHATTSX, WO, Ha Hawy AyMKy, NOB's3aHe,
nepw 3a Bce, 3 MOPOCTPYKTYPHUMU OCOBNMBOCTAMU Ce-
OVMeHTaLiiHOro oniroueHoBoro 6aceriny [10, c. 35-41].

Hanbinblw noBHI po3pi3n ONiroLeHy-HMWXHBOro Mioue-
Hy crocTepiraloTbca B Mexax KapkiHiTCbKoro nmporuHy 3a
BUHATKOM MOro 3axigHoro 3amwukaHHa (Ogecbka nnowla).
3HayHi nepepBM B OCAOKOHAKOMUYEHHi BCTaHOBMEHO B
mexax Kanamitcbko-LieHTpanbHo-Kpumcbkoro nigHATTS.
lMaTycn BigHOCATLCA 00 KaTeropii SiBHUX cTpaTurpadiy-
HUX Nepeps..

BcTaHoBneHo psag perioHanbHUX cTpaturpadivyHnx ne-
pepB y OCagKOHaKOMWYEHHI: Mi3HiM KepneyT-paHHin MioueH
Ta paHHIn MioueH-cepeHin MioleH. Y mexax Kanamitcbko-
LieHTpanbHo-KprMcbkoro nigHATTS nepepsa B OCaAKOHAKO-
NMUYEHHI BCTAHOBMEHA Ha PiBHI €0OLeH-paHHiin MioLeH, TO6TO
3 po3pi3y BUMNagae yca oniroLeHoBa ToBLLa Nopia.

lManeozeozpaghiyHi kpumepii. B pesynbTati npose-
AeHoro naneoreorpadiyHOro aHanidy 3 pekoHCTPYKLUii na-
neoreorpagiyHnx 00CTaHOBOK YTBOPEHHS BiaknadiB oniro-
LIEHY-HWKHBOro MioueHy (Marnkony) MoxHa 3pobutn Taki
y3ararnbHeHHs:

e Ha JocnigXyBaHii TepuTopii B MifIkOBOQHOMY HOpMa-
NbHOCONOHOMY GacenHi TepureHHi ocagku dopmMyBanu
rpsan G6ap'epHUX OCTPOBIB. Y Mipy 3pOCTaHHS OCTpPOBIB,
LIMPOKI  AiNAHKM BacenHy BiJOKpemmBanucsa Big MOpS,
opMytoUM naryHu n 3atokn. Ha naryHHi ymoBu ocagkoHa-
KOMUYEHHSA BKa3yloTb CTPYKTYPHO-TEKCTYPHI O3Haku nopig
(TemHe 3abapBreHHsi, BKIOYEHHA OAHOrO TUMy nopig y
iHLWIiM — NiH3K1 ApiOHO3EePHMCTOro MNiCKy B rMWHAaX, NPoLLIapKu
rMWH y nickax, noraHe COpTyBaHHSA MaTtepiany), HeBenuka
KiNbKIiCTb peluTok GeHTOoCy, SK y AKICHOMY, TaK i B KinbKic-
HOMY BifHOLLEHHI, HAsSABHICTb YMCMNEHHUX cnigiB Mynoiais, a
TaKOoX HU3bKWUI MigPOANHAMIYHUIA PEXUM;

e y MexXax [JocnigKyBaHOi TepuTopii B  OniroueH-
paHHbOMIOLIEHOBY enoxy chopmyBaHHS Bigknagis Binbysa-
nocs B WenbMoBMX yMoBax Yy pidHMX dauianbHUX 30Hax —
Bil NnaryHHO-3aTOKOBOi (MEepEeBaXHO MUHUCTO-aneBpUTOBI
nopoau) OO BiOKPUTOro Mopsi (aneBponerniToBi ocagku 1
niH30MoAibHI Lwapwn aneBponiTiB Ta NICKOBUKIB). Y pamnoHi
Cy4aCHMX MOHOKMIHanen y uen Yac yTBoproBanucs nepe-
Ba)XHO aneBPOrNIMHUCTI OCaaKku nitopani 3 wapamv 1 nid-
3amMu niwaHux ocagkis 6apis, BaniB i MinuH.BMCHOBKWM.
MipcymoByouM ckasaHe, 3pO06UMO MPUMYLLEHHS, WO came
ycrnagkoBaHWM Ta iHBEPCINHWN  PO3BWUTOK CTPYKTYPHO-
TEKTOHIYHMX eneMeHTIB TepuTopii 4OCNIMKEHHS, pidHOAMM-
niTyaHi pyxu OnokiB Ha Tni HEOQHOPA30BUX TPAHCIPECCIN i
perpecin Mops B OriroueH-paHHbo-
MiOLIEHOBMI Yac 3yMOBUNU XapakTep Ta TpuBanicTb nepe-
pB Yy OCaKOHAKOMUYEHHIi, @ TaKOX CTAHOBMEHHS Ta PO3BU-
TOK CBOEPIgHMX NaneoreorpadivyHnX YMOB, BUHUKHEHHS 1
PO3MOBCIOAXKEHHS DacenHiB ceaMMeHTauii Ta 3aKOHOMIp-
HOCTi DOpMYyBaHHA MOTYXHOCTEW Pi3HOBIKOBWUX CTpaTuUrpa-
diyHMX nigpo3ainis. Kpim Toro, BpaxoByiouu pesynbTaTu
aHanisy 3 pPeKoHCTPYKUii naneoreorpadiyHnx ob6CcTaHOBOK
YTBOPEHHS BiAKnagiB OniroLeHy-HWKHbLOro MioueHy (man-
kony), Tpeba koHcTaTyBaTy, WO Hanbinbw CNpUATIMBAMM
auianbHUMKM 30HaMU ANs YTBOPEHHSA B IXHIX Mexax no-
pig-KonekTopiB y oniroueH-paHHLOMIOLIEHOBY ernoxy 6ynu
naryHHO-3aTOKOBa Ta MOpCbKa.

Taknum 4YuHOM, y pesynbTaTi NPoBeAeHWX AOoChigXeHb
Ha OCHOBI KOMMNMNEKCHOro aHamnisy KepHOBOro martepiany
BrepLle BUAINEHO OCHOBHI NITOTMNM OCadoOBMX MOpig Oni-
roLeH-HWKHbOMIOL,EHOBOTO  (MamnKOMCbKOro) — KOMMIeKcy
niBHiYHO-3axigHoro wenbdy YopHOro Mops Ta BCTaHOBNe-
HO YMOBM X YTBOPEHHS.

Y noganbLIOMy, Ha OCHOBI OTpUMaHKX pesynbTaTiB 6yae
3[JNCHEHO BUAINEHHS Ta KapTyBaHHS NEPCNeKTUBHUX Tepu-
TOpIN y Mexax MiBHIYHO-3axigHoro wenbgy YopHoro mops,
K OOAATKOBUMI KpUTEPI NepcnekTMB HadpTOrasoHOCHOCTI
BMKOPUCTOBYBaTUMETBLCA Taka rpagauis TepuTopii: BUCOKO-
nepcrekTMBHa Teputopis — niwaHncTicTe MeHwe 30%, nep-
cnektneHa — 30—-60%, 6e3nepcnekTnBHa — 60—100%.
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OIL- AND GAS-BEARING CAPACITY LITHOFACIES CRITERIA ANALYSIS
OF MAIKOP DEPOSITS IN THE NORTHWESTERN BLACK SEA SHELF

The article focuses on the results of Oligocene-Lower Miocene complexes of the Black Sea West shelf litho-facial oil and gas occurrence
criteria determination. A number of oil and gas fields have been discovered in Maikop deposits within South oil and gas Region of Ukraine for the
last decade. Most of these deposits are concentrated in Ukrainian part of the Black Sea and Azov Sea waters. Search and exploration of these fields
is complicated by the high level of vertical and lateral heterogeneity of Maikop deposits, due to litho-facial zonality of the basin and cyclical nature
of sedimentary process, also by variety of hollow space types even within one lithotype. This work was made for hydrocarbon potential estimation
of explored area, and to determine criteria which control collectors and seals spreading regularity and also their combination in reservoirs and
relation with oil-and gas- bearing rocks. Following criteria were identified as main in litho-facial sense: litho-stratigraphic (composition of deposits,
porosity, permeability, reservoir rocks stratigraphic levels extent, structural features and geological units completeness, erosion zone boundaries)
and paleogeographic (reservoir facies). Initial data for this article were drilling data of 55 parametric and exploration wells of the Black sea North-
West shelf, core material analysis, geophysical wells research (GWR) and geological interpretation of seismic data results. Following methods were
used in research: litho-facial analyses, GWR data and geological and industrial information analyses, cycle stratigraphic analysis and well log
correlations, particle size and texture analysis, litho-petrographic methods, paleogeographic reconstruction method.

Keywords: Maikop, litho-facies, Black seas North-West shelf, stratigraphic criteria, paleogeographic criteria.
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AHANIN3 NIUTONOIO-®ALMAIIBbHBIX KPUTEPUEB HEOTETASOHOCHOCTU
MAMUKOINCKUX OTNIOXEHUU CEBEPO-3AMNMAOHOIO WENb®A YEPHOIO MOPA

lMpueedenb! pesynsmamsbi onpedesieHUsi IUMOII020-(hayuasibHbIX Kpumepuee Heghmez2azoHOCHOCMU OJIU20UEeH-HUXHeMUoyeHoeol monwu
ceeepo-3anadHozo wenbgha YepHo2o Mopsi. 3a nocrnedHee decssimusiemue 8 OMJIOKEHUSIX MalKOIMCKOU cepuu omKpbim psid HO8bIX HEQOMSHbIX U
2a3o08bIx MecmopoxdeHuli 8 FOXHOM Heghme2a3oHOCHOM pe2uoHe YKpauHbl. BonbwuHcmeo amux MecmopoxdeHuli cocpedomoYeHO 8 yYKpauHc-
KoM cekmope akeamopuu YepHoz2o u A3oeckozo mopell. Mouck u pazeedka makux Mecmopox0eHuli 3Ha4umesibHO 3ampyOHeHbl U3-3a 8bICOKOU
cmeneHu namepanbHOU U 8epmuKasibHOU HeOOHOPOOHOCMU MaUKOMCKUX OMJIOXeHUl, Ymo o6ycrioesieHo 1umoso2o-gayuasnbHOlU 30HaIbHOC-
mbto 6acceliHa U YUKTUYHOCMbIO Npoyecca ceOUMeHmayuu, a makxke MHO2006pa3ueM murnoe fycimomHo20 npocmpaHcmea Oaxe e npedesiax
00Ho20 numomuna. [JaHHasi paboma 6bln1a 8bInosIHeHa OJisi OUeHKU nepcrekmue HeghmezazoHocHOcmMu uccrnedyemoll meppumopuu u onpedesie-
HUsi KpUMepues, KOHMPOJIUPYHOUWUX 3aKOHOMEPHOCMU PacrnpocmpaHeHUsi KOJIJTIEKIMOpoe U MOKPbIWeK, a Makxe ux coyemaHue e pesepeyapax u
ces3b ¢ HegpmezazomMamepuHckumu monwamu. Kak anasHbie numorsnozo-ghayuanbHbie Kpumepuu Hegpme2azoHOCHOocMU 6bi1u 8bl0esIeHbI IUMo-
n1i020-cmpamuzpaghudeckue (eewjecmeeHHbIll cocmae omsoxeHul, Mopucmocms, MPOHUYaemMocms, cmpamuzpaguyecKkue ypoeHu pacrnpocmpa-
HeHusi Nopod-Kossekmopos, oco6eHHOCMU CMPOEHUsI U MOJIHOMa pa3pe30e cMmpamoHa, npocsiexueaHue 2paHUybl 30H 3PO3UOHHO20 cpe3a) u
naneozeozpagpuyeckue (hayuanbHas npuHadnexHocms). McxoOHbIMU AaHHbIMU Ofisi cCmambUu CAYXUu Mamepuarnbl 6ypeHusi 55 napamempuyec-
KUX U MoucKoeo-pa3eedoYHbIX CK8aXUH Ha ceeepo-3anadHOM wesbghe YepHo2o Mops, uccriedoeaHusi KEPHOBO20 Mamepuarsna, 2eoghusuyeckue
uccnedoeaHus ckeaxuH (FTNC) u pesynbmamsbl 2eono2udeckoli uHmepnpemayuu AaHHbIx celicMmopa3eedku. [nsa nposedeHusi uccredosaHusi uc-
nosib3oeanuckb crnedyroujue Memoosl: ITuMosi020-hayuanbHbil aHanus, aHanus daHHbix FTUC u 2eono20-npombicniosoll uHghopmayuu, Yyukiocm-
pamuezpacgpuyeckuil aHanu3 u Koppesnsyusi pa3pe3oe CK8aXUH, 2paHysioMempu4eckuli U meKCmypHbIl aHanu3bl, JJUMoJIo20-nempozpaguyeckue
mMemodbi, Memod naseo2eozpaghuydecKux PeKOHCMpPYKYuii.

Knroyeenie crnoea: malikon, numodpayusi, ceeaepo-3anadHbil wenbgh YepHo2o Mopsi, cmpamuzpaghuyeckue Kpumepuu, naneozeozpaguyeckue
Kpumepuu.
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GEOCHEMICAL EVALUATION OF GROUNDWATER QUALITY
IN NEWCASTLE, KWAZULU-NATAL, SOUTH AFRICA

(PekomeHdo8aHO YneHoM pedakuiliHoi koneaii 0-pom eeon. Hayk, npog. O.€. Kownskosum)

Hydrogeochemical investigations were carried out in Newcastle, in the KwaZulu-Natal province of South Africa to identify the major
geochemical processes that control groundwater chemistry. 31 samples were collected and analysed for Magnesium (Mg2+), Calcium
(Ca2+), Sodium (Na+), Potassium (K+), Chloride (Cl-), Sulfate (SO42-), Bicarbonate (HCO3-), Nitrate (NO3-), Fluoride (F-), pH, TDS and EC.
Classical hydro-chemical methods; facies analysis and major ion analysis were used to further understand the composition controlling
processes. It was inferred from the hydro-chemical facies, major ion scatter plots that the major process affecting the groundwater
chemistry in the area is rock-water interaction. The ionic concentration is due to silicate weathering, carbonate weathering and ion ex-

change processes.

Keywords: Groundwater Geochemistry, Major lon Chemistry, Hydro-chemical Facies (Water types).

Introduction. The chemistry of groundwater is directly
related to the quality of the water and therefore central in
determining its use for domestic, irrigation and industrial
purposes (Subramani, 2010) [17]. The principal dissolved
components of groundwater are six major ions Na+, Ca2+,
Mg2+, Cl-, HCO3- and SO4- and they constitute 90% of
the total dissolved solids (TDS) content. The minor ions
include K+, Fe-, NO3- and F-. Due to human activities
such as mining and irrigation, some of these minor ions
are raised to higher levels reaching concentrations equiva-
lent to that of major ions (Hiscock, 2005, 2009) [9].
Groundwater composition is mostly influenced by the
rocks and other material it traverses through from re-
charge to discharge. When it flows through geological

formation a number of processes occur which cause an
exchange of soluble solids between the rocks and water.
Thus mineral composition of the rocks consequently plays
a major role in the chemical constituents of groundwater
(Elango and Kannan, 2007) [5]. Changes in the concentra-
tions of ions in the water of an aquifer, whether from natu-
ral or anthropogenic activities, may alter the suitability of
the aquifer system as a source of water (Herring et al.,
2002) [8]. Thus, understanding the major processes that
control the composition of groundwater is important in
effective management of this resource. The study was
conducted in Newcastle, in the KwaZulu-Natal province of
South Africa (Fig. 1).
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Fig. 1. Study area and location of boreholes

For the purpose of this study 31 samples were col-
lected from 31 boreholes in and around the town of New-
castle. The samples were analysed for Magnesium (Mg2+),
Calcium (Ca2+), Sodium (Na+), Potassium (K+), Chloride
(Cl-), Sulfate (SO42-), Bicarbonate (HCO3-), Nitrate (NO3-),
Fluoride (F-), pH, TDS and EC.

Geology of Study area. The geology in Newcastle
mainly consists of rocks from the Karoo Super Group.
Deposition of these sediments began late Carboniferous
and continued to accumulate until Early Jurassic when it

was interrupted and eventually brought to a close by wide-
spread flood basaltic volcanism (Catuneanu, 2005) [1]. The
rocks that outcrop in the study area belong to Beaufort
Group (consisting of mud and sandstone), Karoo Dolerite
and the Volksrust Formation (silty shale and sandstone)
and Vryheid Formation (consist primarily of sandstone and
several coal seams) of the Ecca Group (fig. 2). Of these,
however, the Vryheid formation is the most dominant in
the study area.

© Nolakana P., Siad A., Solomon H., 2016
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Fig. 2. Local geology of the study area

The indicated aquifer types in the Newcastle area are
intergranular and fractured aquifers with an extremely
low to medium development potential. The underlying
geology is mostly arenaceous rock of the Ecca Forma-
tion (DWAF, 2008) [4]. The host geology of the area
consists of consolidated sediments of the Karoo Super
Group and consists mainly of sandstone, shale and coal
beds of the Vryheid Formation. Most of the groundwater
flow will be along the fracture zones that occur in rela-
tively competent host rock.

Data Acquisition. The data was supplied by the De-
partment of Water Affairs (DWA). For the purposes of this
study 31 samples were used, which were collected from 31
different wells. The wells are located in 10 Quaternary
catchments in Newcastle. The samples were analyzed for
the following: Magnesium (Mg2+), Calcium (Ca2+), Sodium

(Na+), Potassium (K+), Chloride (Cl-), Sulfate (SO42-),
Bicarbonate (HCO3-), Nitrate (NO3-), Fluoride (F-), pH,
TDS and EC.

Results. Hydrochemical Facies. The term hydro-
chemical facies or water type refers to zones in groundwa-
ter that have a distinct level of cations and ions (Hiscock,
2005) [9]. The nature and distribution of hydro-chemical
facies can provide insights into how groundwater quality
changes within and between aquifers (Sivasubramanian et
al., 2013) [14]. These different facies are mainly due to the
different kinds of rock-water interaction during groundwater
subsurface flow. This classification with the samples from
the study area in Piper diagram (Piper 1944) [13], pro-
duced four hydro-chemical facies (fig. 3), which are Ca-Mg-
HCO3, Na-HCO3, Ca-Na-SO4-HCO3 (Mixed water type)
and Na-Cl.

Piper Plot

Legend

@ Na-HCO3

# Ca-Mg-HCO3

¢ Na-Cl

v Ca-Na-504-HCO3

Na-HCO3

Fig. 3. Piper plot showing hydro-chemical facies in the study area

Map in fig. 4 shows the distribution of the hydro-
chemical facies in the study area and their borehole loca-
tion. The Ca-Mg-HCO3 facies mainly found in 18 of the

boreholes in the study area, these boreholes are mainly
distributed in the Vryheid Fm and in the contact zones be-
tween the Karoo dolerite with the Volksrust Fm and with
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the Vryheid Fm. This type of water is characterised by
combined concentrations of Ca2+, Mg2+ and HCO3- that
exceeds 50% of the total dissolved constituent load in

meqg/L. Such waters are typical of fresh and shallow
groundwaters. This water type is mainly attributed to the
dissolution of carbonate minerals.
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Fig. 4. Map showing spatial distribution of Hydro-chemical facies/water type in the study area

Na-HCO3 characterises 10 boreholes in the study area,
which are situated in the Vryheid Fm and Karoo dolerite.
This type of facies generally indicates the occurrence of ion
exchange processes in the area. It could also be attributed
to silicate weathering, because of the high levels of Na+
and HCO3- which are end products of Albite weathering.

Ca-Na-SO4-HCO3 water type is a product of mixing of
types characterises only two boreholes. This water type is
mainly distributed in the contacts between the Vryheid Fm
and Karoo dolerite. High Ca2+, Na+, SO42- and HCO3-
ions in this water type could be attributed to the combined
influence of silicate weathering, calcite dissolution, ion ex-
change processes and gypsum dissolution.

Na-Cl facies is only found in one sample, which is situ-
ated in the Vryheid Fm. This facies is characterised by high
levels of Na+ and CI- ions, which could be attributed to
halite dissolution and ion exchange processes.

Major lon chemistry. During movement of groundwater
through its flow path, a number of processes occur which

gives rise to the ionic composition of the groundwater. The
major ion chemistry of the groundwater is the result of
these processes and can therefore be used to determine
the major processes that are responsible for the composi-
tion of the groundwater.

Rock Water Interaction. The TDS vs. Na+/(Na++Ca2+)
and TDS vs. CI-/(CI-+HCO3-) (Gibbs, 1970) [7] scatter plot
can be used to identify the occurrence of rock-water inter-
action processes. The diagram is divided into three fields,
the rock-water interaction, precipitation and evaporation. In
these diagrams the samples falling in the centre of the
curve indicate an origin from rock-water interaction. Fig. 5.a
and b represent Gibbs TDS vs. Na+/ (Na++Ca2+) and TDS
vs. CI-/ (CI-+HCO3-) scatter plots plotted using groundwa-
ter samples from the study area. These results show that
most of the groundwater samples fall in the centre of the
curve, which is indicative of the dominance rock-water in-
teraction as the main process in the study area.
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Fig. 5. Rock-water interaction diagram

During the process of rock-water interaction a variety of
chemical processes occur such as weathering and dissolu-
tion, ion exchange processes oxidation and reduction. The

results in fig. 5.a and b can be further classified into the
above mentioned chemical processes by using their con-
centrations and associations.
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Weathering and Dissolution. Carbonate weathering,
silicate weathering, halite, gypsum dissolution and precipi-
tation are common in an aquifer system (Elango and Kan-
nan, 2007) [5]. Datta and Tyagi (1996) [3] explained this
using the Ca2++Mg2+ vs HCO3-+ SO42- scatter plot
(Fig. 6). They explained that the points falling along the
equiline suggest that these ions have resulted from weath-
ering of carbonates, sulphate minerals (gypsum and
anhydrite) and silicate minerals. They further explained
that those that lie above the equiline are due to silicate
weathering while those below the line are due to carbon-
ate weathering.

Fig. 6 represents the Ca2++Mg2+ vs HCO3-+ SO42-
scatter plot plotted using the groundwater samples from the
study area, almost 50% of the sample points plot above the
equiline, which indicates the dominance of silicate weather-
ing in the study area. While the remaining points plot along
the equiline which suggest the combined influence of
weathering of carbonates, sulphate minerals (gypsum and
anhydrite) and silicate minerals.
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Fig. 6. Ca2++Mg2+ vs HCO3- +S042-

In a silicate terrain, if the calcium and bicarbonate in
groundwater originated from calcite, the equivalent ratio
of dissolved Ca2+ and HCO3- in the groundwater should
be 1:2, whereas if from dolomite weathering, it should be
1:4 (Subramani et al., 2010) [17]. In the Ca2+ vs HCO3-
(fig 7) scatter plot, sample points that plot along the 1:2

line indicate contribution from calcite while those that plot
along the 1:4 line indicate contribution from dolomite.
Most of sample points from the study area plot along the
1:2 which indicates the dominance of calcite over dolo-
mite as the source.
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Fig. 7. Ca2+ vs. HCO3- scatter diagram

Another source of Ca2+ and SO42- in groundwater sys-
tems could be gypsum/anhydrite dissolution. If gyp-
sum/anhydrite dissolution is the major source of the cal-
cium and sulphate in the groundwater then the
Ca2+/S042- ratio should be almost 1:1 (Das and Kaur

2001) [2]. Ca2+ vs SO42- (Fig. 8) shows that most of the
sample points plot below the 1:1 line, which indicates the
excess of calcium over sulphate and highlights additional
geochemical processes as the source of these ions.
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Fig. 8. Ca2+ vs. SO42- scatter diagram

The contribution of silicate weathering to cation con-
centration of the groundwater can also be explained
(Na+ + K+)/Total cation index (Stallard and Edmond, 1983;
Elango and Kannan, 2007) [5, 16]. The Na+ + K+ vs. TZ+
(Fig. 9.a) scatter plot shows that majority of the points plot
above the 1:1 and near the Na+ + K+=0.5*TZ+, which sug-

gest that cation in the groundwater might have been de-
rived from silicate weathering. However, there are those
few that deviate from this line, this suggest the likelihood
of Ca2+/Na+ exchange processes which might have re-
duced the amount of Na+ in the groundwater.

“%7 a, Na+k=0.5TZ

o 1:1 line
1500

10004

Total cations (TZ)

5,00

T T
0o 500 1000 1500 2000
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CatMg =0.6'TZ

15,00+

10,00

Tetal cations (TZ)

T T T
o0 200 400 600 800 1000 1200
(Ca+Mg)meqll

Fig. 9. a: Na++K+ vs Total cations (TZ); b: Ca2+ +Mg2+ vs Total cations (TZ)

The Ca2++Mg2+ vs. TZ (fig. 9.b) scatter plot can also
be used to verify the role of silicate weathering in cation
concentration of groundwater (Maharana et al., 2015)
[11]. Majority of the sample points lie above the 1:1
line and along the Ca2++Mg2+ = 0.6*TZ line, this suggest
an increasing contribution of Na+ and K+ from silicate
weathering.

The dissolution of halite (NaCl) is understood as one of
the major sources of both sodium and chloride in ground-
water. In general, when halite dissolution is the source of
these ions, Na+ vs. CI- relationship gives 1:1 ratio (Nur et
al., 2012) [12]. The Na+ vs. Cl- diagram (fig. 10) of the
study area shows that most groundwater samples fall be-
low the equiline which indicates that halite dissolution is not
the major process responsible for the Na+ and CI- ion con-
centration in the groundwater. The enrichment of Na+ more
than CI- points to silicate weathering as a more likely
source of Na+ in the water.
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Fig. 10. Relationships between Na+ and Cl-
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lon Exchange processes. Fisher and Mullican (1997)
[6] reported that if ion exchange is a significant composi-
tion controlling processes in groundwater, the relationship
between (Na+- Cl-) vs (Ca2++ Mg2+) — (HCO3- + S042-)
should be linear with a slope of —1.0. Fig. 11 shows the

ion exchange scatter plot for the groundwater samples
from the study area. The groundwater samples of the
study area define a straight line (R2= 0.98) with a slope of
-0.9, which indicates the occurrence of ion exchange in
the study area.

1.00] y=-0.9x+0.3
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Fig. 11. lon exchange scatter diagram

Further, it is reported that the plot for Ca2+ +Mg2+ vs
S042- + HCO3- can be used as an identifier of ion ex-
change process (Srinivasamoorthy et. al., 2012) [15]. If
normal ion exchange is the process, the points shift to left
side of the plot due to excess SO42- + HCO3-. If reverse
ions exchange is the process, points shift right due to ex-
cess Ca2+ +Mg2+. In the Ca2+ +Mg2+ vs SO42- + HCO3-
(fig. 6) the most points shift to left side of the plot due to
excess SO42- + HCO3-, which is indicative of normal ion
exchange in the study area.

Ca2++Mg2+ versus Na+ plot can also be used to indi-
cate the type of ion exchange occurring in an area. A high
concentration of Ca2++Mg2+ over Na+ generally indicates
reverse ion exchange, while high Na+ over Ca2++Mg2+
indicates normal ion exchange in this plot. Fig. 12 shows

the most of the samples fall toward the Ca2++Mg2+ con-
centration, indicating the occurrence of reverse ion ex-
change in the area.

Evaporation. Evaporation is also one of the important
processes that affect groundwater chemistry and the
Gibbs plot in figure 6 shows some influence of evapora-
tion in some samples in the study area. Na+/Cl- ratio
could be used to identify the evaporation process in
groundwater (Subramani et. al, 2010) [17]. Evaporation
will increase the concentration of total dissolved solids in
groundwater, and the Na+/Cl- ratio remains the same,
and it is one of the good indicating factors of evaporation.
If evaporation is the dominant process, Na+/Cl- ratio
should be constant when EC rises (Jankowski and Ac-
worth 1997) [10].

20

Na(meq/l)

(Cat+Mg)meqll

Fig. 12. Na+ vs. Ca2++Mg2+ plot showing increased concentration
of Ca2+ compared to Na+ indicating reverse ion exchange

Fig. 13 shows an inclined trend; Na+/ClI- ratio slightly
decreases with an increase in EC and only a few samples

show an increase the concentration of total dissolved
solids in groundwater as Na+/Cl- ratio remains constant.
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This confirms that evaporation though might have played
a part in the concentration of ions in the groundwater in

the study area; it is not the main processes and this is
also confirmed by fig. 6.
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Fig. 13. Relationships between Na+/Cl- and EC

Land use. Apart from the natural/geological controls on
groundwater chemistry, land use plays a major role in alter-
ing the chemistry of groundwater. The correlation between
sulphate and chloride can provide evidence or indicate the
effects of surface contamination, especially irrigation return
flows. If the correlation is strong it is indicative of a possible

strong in influence of land use on groundwater chemistry
(Subramani et al., 2010) [17]. Fig. 14 represents the CI- vs
S042+ scatter plot for the study area. It shows that the
relationship between Cl- and SO42- is not strong, which
indicates that land use is not a major composition control-
ling processes in the study area.
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Fig. 14. Cl- Vs SO42- (effect of land use on groundwater chemistry)

Conclusion. Results of the hydrochemistry suggest that
all the water samples are alkaline in nature. Classical hydro-
chemical methods showed the existence of four hydro-
chemical facies/water types in the area, the Ca-(Mg)-HCO3,
Na-HCO3, Mixed water Ca-Na-SO4-HCO3 and the Na-Cl
water type. The facies show the evolution of groundwater
from Ca-Mg-HCO3 to Na-HCO3 through silicate weathering
and reverse ion exchange processes and to Na-Cl through
halite dissolution and ion exchange processes. The Ca-Na-
S04-HCO3 water type is a result of mixing of different water

type. The analysis of the major ion chemistry and their spa-
tial distribution indicated the dominance of rock-water inter-
action as the main process controlling groundwater chemis-
try in the area. It also indicated the influence of anthropo-
genic activities in the area. It further showed that the ionic
concentration is due to silicate weathering, carbonate
weathering, cation exchange (both reverse and normal),
gypsum dissolution and halite dissolution, with silicate
weathering being the most dominant.



ISSN 1728-2713

FEONOrIS. 3(74)/2016

~ 75 ~

References:

1. Catuneanu, O., Wopfner, H., Eriksson, P., Cairncross, B., Rubidge, B.,
Smith et al. (2005). The Karoo basins of south-central Africa, Journal of
African Earth Sciences, 43, 1, 211-253.

2. Das, B.K., Kaur, P. (2001). Major ion chemistry of Renuka lake and
weathering processes, Sirmaur district, Himachal Pradesh, India, Environ-
mental Geology, 40, 7, 908-917.

3. Datta, P., Tyagi, S. (1996). Major ion chemistry of groundwater in Delhi
area: chemical weathering processes and groundwater flow regime, Geo-
logical Society of India, 47, 2, 179-188.

4. Department Water Affairs and Forestry (DWAF), 2008. KwaZulu-Natal
Groundwater Plan, Version 2. (N.p.). (http://dwaf-www.pwv.gov.za/standards/)
as KWAZULU NATAL Groundwater Plan_Updated.doc. Retrieved from
https://www.dwa.gov.za/Groundwater/documents/KZNgwPlan9Jan08.pdf.

5. Elango, L., Kannan, R. (2007). Rock—water interaction and its control
on chemical composition of groundwater. Developments in environmental
science, 5, 229-243.

6. Fisher, R.S., Mullican Ill, W.F. (1997). Hydrochemical evolution of sodium-
sulfate and sodium-chloride groundwater beneath the Northern Chihuahuan
Desert, Trans-Pecos, Texas, USA, Hydrogeology Journal, 5, 2, 4-16.

7. Gibbs, R.J. (1970). Mechanisms controlling world water chemistry,
Science (New York, N.Y.), 170, 3962, 1088—1090.

8. Herring, B., Grove, G., Meier, R. (2002). Ground-Water Resources in the
White and West Fork White River Basin, Indiana. State of Indiana Department
of Natural Resources, Division of Water. Water Resource Assessment 2002-6
Printed By Authority of the State of Indiana Indianapolis, Indiana. Retrieved
from https://www.in.gov/dnr/water/files’fWFWR_web1-26.pdf.

9. Hiscock, K.M. (2009). Hydrogeology: principles and practice. Wiley-
Blackwell, John Wiley & Sons, Inc., E-book. February 2009. Retrieved from
http://www.wiley.com/WileyCDA/WileyTitle/productCd-1405144505.html.

10. Jankowski, J., Acworth, R.I. (1997). Impact of Debris-Flow Deposits
on Hydrogeochemical Processes and the Development of Dry land Salinity
in the Yass River Catchment, New South Wales, Australia, Hydrogeology
Journal, 5, 4, 71-88.

11. Maharana, C., Gautam, S.K., Singh, A.K., Tripathi, J.K. (2015). Major
ion chemistry of the Son River, India: Weathering processes, dissolved
fluxes and water quality assessment. Journal of Earth System Science, 124,
6, 1293-1309.

12. Nur, A,, Ishaku, J.M., Yusuf, S.N. (2012). Groundwater Flow Patterns
and Hydrochemical Facies Distribution Using Geographical Information
System (GIS) in Damaturu, Northeast Nigeria. International Journal of Geo-
sciences, 3, 1096-1106. http://dx.doi.org/10.4236/ijg.2012.35111.

13. Piper, A.M. (1944). A graphic procedure in the geochemical interpre-
tation of water - analyses. Eos, Transactions American Geophysical Union,
25,6, 914-928.

14. Sivasubramanian, P., Balasubramanian, N., Soundranayagam, J.P.,
Chandrasekar, N. (2013). Hydrochemical characteristics of coastal aquifers
of Kadaladi, Ramanathapuram District, Tamilnadu, India. Applied Water
Science, 3, 3, 603-612.

15. Srinivasamoorthy, K., Vasanthavigar, M., Chidambaram, S., Anandhan,
P., Manivannan, R., Rajivgandhi, R. (2012). Hydrochemistry of groundwater
from Sarabanga Minor Basin, Tamilnadu, India. Proceedings of the Interna-
tional Academy of Ecology and Environmental Sciences, 2, 3, 193-203.

16. Stallard, R.F., Edmond, J.M. (1983). Geochemistry of the Amazon. 2.
The Influence of Geology and Weathering Environment on the Dissolved-
Load. Journal of Geophysical Research, Oceans and Atmospheres,
88(NC14), 9, 671-9, 688.

17. Subramani, T., Rajmohan, N., Elango, L. (2010). Groundwater geo-
chemistry and identification of hydrogeochemical processes in a hard rock
region, Southern India. Environmental monitoring and assessment, 162, 1—
4, 123-137.

CnnCcOoK BUKOPUCTaHUX AXepen:

1. The Karoo basins of south-central Africa / O. Catuneanu, H. Wopfner,
P. Eriksson et al. / Journal of African Earth Sciences. — 2005. — Vol. 43, No.
1.-P.211-253.

2. Das, B. K. Major ion chemistry of Renuka lake and weathering proc-
esses, Sirmaur district, Himachal Pradesh, India / B. K. Das, P. Kaur //
Environmental Geology. — 2001. — Vol. 40, No. 7. — P. 908-917.

3. Datta, P. Major ion chemistry of groundwater in Delhi area: chemical
weathering processes and groundwater flow regime / P. Datta, S. Tyagi //
Geological Society of India. — 1996. — Vol. 47, No. 2. — P. 179-188.

4. KwaZulu-Natal Groundwater Plan [Electronic resource] / Department Water
Affairs and Forestry (DWAF). — 2008. — Version 2. — (http:/dwaf-
www.pwv.gov.za/standards/) as KWAZULU NATAL Groundwater
Plan_Updated.doc. — Pexxim goctyna:
/www.dwa.gov.za/Groundwater/documents/KZNgwPlan9Jan08.pdf.

5. Elango, L. Rock—water interaction and its control on chemical composi-
tion of groundwater / L. Elango, R. Kannan // Developments in environ-
mental science. — 2007. — Vol. 5. — P. 229-243.

6. Fisher, R. S. Hydrochemical evolution of sodium-sulfate and sodium-
chloride groundwater beneath the Northern Chihuahuan Desert, Trans-
Pecos, Texas, USA / R. S. Fisher, W. F. Mullican Il // Hydrogeology Jour-
nal. — 1997. — Vol. 5, No. 2. — P. 4-16.

7. Gibbs, R. J. Mechanisms controlling world water chemistry / R. J. Gibbs //
Science. — New York : N.Y., 1970. — Vol. 170, No. 3962. — P. 1088-1090.

8. Herring, B. Ground-Water Resources in the White and West Fork
White River Basin, Indiana [Electronic resource] / B. Herring, G. Grove, R.
Meier ; State of Indiana Department of Natural Resources, Division of Water

/ Water Resource Assessment 2002-6 Printed By Authority of the State of
Indiana Indianapolis, Indiana. — Indiana, 2002. — 112 p. — Pexum gocTyna:
https://www.in.gov/dnr/water/files/WFWR_web1-26.pdf.

9. Hiscock, K. M. Hydrogeology: principles and practice [E-book] /
K. M. Hiscock. — Wiley-Blackwell : John Wiley&Sons., Inc., 2009. — 408 p. —
Pexum poctyna: http://www.wiley.com/WileyCDA/WileyTitle/productCd-
1405144505.html.

10. Jankowski, J. Impact of Debris-Flow Deposits on Hydrogeochemical
Processes and the Development of Dry land Salinity in the Yass River
Catchment, New South Wales, Australia / J. Jankowski, R. I. Acworth. -
Hydrogeology Journal. — 1997. — Vol. 5, No. 4. — P. 71-88.

11. Major ion chemistry of the Son River, India: Weathering processes,
dissolved fluxes and water quality assessment / C. Maharana, S. K. Gau-
tam, A. K. Singh, J. K. Tripathi. — 2015. — Journal of Earth System Science.
—Vol. 124, No. 6. — P. 1293-1309.

12. Nur, A. Groundwater Flow Patterns and Hydrochemical Facies Distri-
bution Using Geographical Information System (GIS) in Damaturu, North-
east Nigeria / A. Nur, J. M. Ishaku, S. N. Yusuf. - International Journal of
Geosciences. - 2012. - Vol. 3. - P. 1096-1106. -
http://dx.doi.org/10.4236/ijg.2012.35111.

13. Piper, A. M. A graphic procedure in the geochemical interpretation of
water - analyses / A. M. Piper. — Eos, Transactions American Geophysical
Union. — 1944, — Vol. 25, No. 6. — P. 914-928.

14. Hydrochemical characteristics of coastal aquifers of Kadaladi, Rama-
nathapuram  District, Tamilnadu, India / P. Sivasubramanian,
N. Balasubramanian, J. P. Soundranayagam, N. Chandrasekar. - Applied
Water Science. — 2013. — Vol. 3, No. 3. — P. 603-612.

15. Hydrochemistry of groundwater from Sarabanga Minor Basin, Tamil-
nadu, India / K. Srinivasamoorthy, M. Vasanthavigar, S. Chidambaram et al.
— Proceedings of the International Academy of Ecology and Environmental
Sciences. — 2012. — Vol. 2, No. 3. — P. 193-203.

16. Stallard, R. F. Geochemistry of the Amazon .2. The Influence of Geol-
ogy and Weathering Environment on the Dissolved-Load / R. F. Stallard, J. M.
Edmond. - Journal of Geophysical Research, Oceans and Atmospheres. —
1983. — 88(NC14). — Vol. 9. — P. 671-9, 688.

17. Subramani, T. Groundwater geochemistry and identification of hydro-
geochemical processes in a hard rock region, Southern India /
T. Subramani, N. Rajmohan, L. Elango. — Environmental monitoring and
assessment. — 2010. — Vol. 162, No. 1-4. — P. 123-137.

Hapinwna no peakonerii 24.06.16



~76 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka ISSN 1728-3817

M. HonakaHa, maricTp,

A. Ciaa, a-p cdinocodii,

X. ConoMoH, marictp

MpuknagHa reonorifa ®akynbTeTy Hayk npo 3emnto,
YHiBepcutet 3axigHoi Kancbkoi npoBiHuii, MiBaeHHa Adpuka
E-mail: amsiad@uwc.ac.za

FEOXIMIYHA OLUIHKA AKOCTI NIA3SEMHUX BOL
Y HbIOKACI/II, KBA3YNY-HATAIb, NIBOEHHA A®PUKA

TidpoximiyHi docnidxeHHs1, sukoHaHi 8 M. Herokacn y IAP, y npoeiHyii Keasyny-Hamanb, do3eonunu eusHayumu oCHOEHI 2eoxiMmiyHi npoyecu,
w0 eusHayaroms XiMi4HuUl cknad nidsemHux eod. byno eidi6paHo 31 3pa3ok i npoaHasnizoeaHo ix Ha emicm ioHie mazHiro (Mg2+), kanbuito (Ca2+),
Hampito (Nat), kaniro (K+), xnopy (Cl-), cynbgpypy (SO42-), 6ikap6oHamy (HCO3-), Himpamy (NO3-), ¢pnyopy (F-), eusHayeHo pH, 3azanbHy
MiHepanizayito eodu (TDS) ma enekmponpoeidnicmb (EC). Ans 6inbw demanbHo20 po3yMiHHS npouyecie, w0 eusHayaromsb cknad eodu, 6yno
MmakKo) 3acmocoeaHo Knacu4Hi 2idpoximiyHi memodu, 2idpogpayianbHuli aHani3 i aHani3 po3nodiny ocHoeHux ioHie. Ha ocHoei zidpoximiyHux
¢payili, 3 esukopucmaHHsIM OiacpaM PO3CisIHHSI OCHOBHUX iOHie, 6y/10 3po6sIeHO 8UCHOBOK, W0 20/1068HI Npouecu, siKi ennuearomMb Ha XiMiYHUU
cknad nidzemHux eod docnidxyeaHoi mepumopii, ye npoyecu, noe'sizaHi i3 ezaemo3se'a3kamu nopoda-eoda. KoHueHmpaujito ioHie eusHavyaromb
sueimproeaHHs1 cunikamuux i Kap6oHamHux nopid, a makox ioHO06MiHHI npoyecu.

Knrouoei cnoea: 2eoximisi nidzemMHux 800, ximisi ioHie, 2idpoximidHi ¢payii (munu eod).
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ludpoxumuveckue uccnedosaHusi, ebinosiHeHHbIe 8 2. Hbiokacn e FOAP, e nposuHyuu Keasyny-Hamanb, no3eonunu onpedenums OCHOBHbIE
2eoxumuyeckue npoyecchl onpedesnsirowue Xumuyeckuii cocmae nodzemHbix 800. Bbin omo6paH 31 obpa3ey u npoaHanu3uposaH Ux cocmae Ha
codepxaHue uoHoe mazHusi (Mg2+), kanbyusi (Ca2+), Hampusi (Na+), kanusi (K+), xnopa (Cl-), cepbi (SO42-), 6ukap6oHama (HCO3-), Humpama (NO3-
), ¢pmopa (F-), onpedeneHsbi pH, o6was MuHepanu3sayusi e0o0bl (TDS) u anekmponpoeodHocms (EC). ns 6osee nosHo20 NOHUMaHUsl MPOYECCO8,
onpedensilowjux cocmae 800bl, MakKXe MPUMEHSI/IUCh K/laccuyeckue 2udpoxumudeckue Memodsl, 2udpogayuanbHbili aHanu3 u aHanu3 pacrnpede-
JIeHuUsi 0CHO8HbIX UOHO8. Ha ocHoee audpoxumuyeckux ¢hayuli, ¢ npuMeHeHUeM AuazpaMM pPaccesiHusi OCHOBHbIX UOHO8, 6bis1 coenaH 8bI800 O
mom, 4Ymo OCHOBHbIe MPOYECChI, 8IUSIOULUE HA XUMUYeCKul cocmae rnod3eMHbIx 800 meppumopuu uccsedoeaHusi, 3mMo MPoyecchl, 3agucsiujue
om e3auMHbIx cesizeli nopoda-eoda. KoHyeHmpayusi uoHoe onpedesisiemcsi 8bleempueaHUeM CUUKamMHbIX U Kap6oHamHbIX NOPood, a makxe uo-
HOOBMEeHHbIMU npoyeccamu.

Knroyeenie croea: 2eoxumusi Nod03eMHbIX 800, XUMUsI UOHO8, 2udpoxumudeckue ¢hayuu (munbi 800).
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OLLIHKA EKOJIOTIYMYHUX PU3UKIB
3 BPAXYBAHHAM ACUMINALUIAHOIO NOTEHLIANY TEPUTOPIA

(PekomeHdo8aHO YneHoM pedakuiliHoi koneeil 0-pom eeon.-MiH. Hayk, npog. M.M. KopxHesum)

lpoeedeHo aHani3 mamepianis, Wo onucyromb MemoOuKUu 06paxyHKy eKoJIo2iYHUX pU3uKie ma oyiHKU acuMinayiliHo2o nomeHuyi-
any pi3Hux npupodHux cepedosuly. [locnidxeHHs1 30ceped)eHe Ha 8Usi8JIeHHI Ma o6rpyHmMyeaHHi 83a€M038 'A3Kie MiXX UUMU roKa3HuU-
KamMu cmaHy mepumopitl, ma MoXsueocmsix YOOCKOHa/IeHHs] OKpeMux MemoOUK PO3paxyHKy eKoJlo2iYHUX pu3ukKie yepe3 epaxyeaHHs
acuminsayitiHo2o nomeryiany.

lMoka3Huku cmaHy mepumopit, wio 3adisiHi y po3paxyHKax, eka3yromb Ha 0oUinbHicmb MPodoeXXeHHs1 pobomu 3 yOOCKOHaJIeHHS
MemoOuK o64ucrieHHs1 36umkie gid 3abpyOHeHHs1 SIK KOMITOHEHMIi8 2e0s102i4H020 cepedosuwa, mak U iHwux npupodHux cepedosuul,
OCKifIbKU 3arnporoHoeaHi OJsisi UKOPUCMAaHHSI 3aJ/lIeXXHOCMI i3 HOBUM KITFOHO8UM KOMMOHEHMOM MOXymb OOMoMo2mu 36epexeHHIo
eKos102i4HOi 6e3neku mepumopili UKOPUCMAaHHSA Ha0p Mma Cymmeeo eMn/IUHymuU Ha yClo cucmemy rniiaHyeaHHs1 MpoeedeHHs mux 4u

iHwux 2eoso02i4HUX PO6IM.

OmpumaHi pe3ynbmamu daromb Hadito, W0 3arporioHoeaHuli MemoouYHUl nioxio ujo0o KinbKiCHOI OYiHKU eKOJI02iYHUX PU3UKie 3
ypaxyeaHHsIM acuminsyiliHo2o nomeHyiasy mepumopili crpusimume CrpPOW,eHHI0 MPo2Ho3y8aHHsI eKos102iYHUX 36umkie npu naaHy-

eaHHi disinbHOCMI 3 BUKOPUCMAaHHST Hadp.

Kmoyoei cnoea: acuminsiyitiHuli nomeHyias, eKosio2i4Hi pusuku, eKOHOMIYHi pu3uKku, aHmMpPoOrno2eHHe HagaHMa)KeHHsl, eKOJI02i4Hi

36umku.

BcTyn. 3a OCTaHHi poKM 3pOCTarunii aHTPOMOreHHNI
BMIMB Ha cknagoBi reonoriyHoro cepeposuwa (IFC) kpaiH
CBITYy 1 YKpaiHu B TOMY 4mcri, horo 3abpyaHEHHS pisHUMU
Bigxogamu BUMpoOOHMLTBA pas3oM 3 HagMipHUM BUKOPUC-
TaHHAM MPUPOAOHMX pecypciB, 0cobNMBO MiHepanbHO-
CUPOBMHHUX, 0OYMOBMB OGroBopeHHs npobnemu acumi-
nauinHoro noteHuiany F'C TepwuTopii i NpPOrHo3yBaHHSA
€KOJOriYHUX 301TKiB.

Ha cborogHiWwHin geHb BUKOPUCTaAHHA acuMINAUinHoOro
noTeHLiany NpMpOAHOrO CepefoBuvLla PO3rMsAacTbCs SK
BefnbMM CBOEYACHe Ta aKTyarbHe, OCKiNbKU acuMinsuinHa
3pgaTHicTb 'C Woao BMKMAIB, CKUAIB LLUKIONMMBUX PEYOBUH i
eHeprii Ta cknagyBaHHs BigxofiB y pesynbTati rocnogap-
CbKOI [OisiNbHOCTI € OfHield 3 Hanbinbl BaxnmMBux opM
CTIIKOCTi €KOCUCTEM CTOCOBHO AHTPOMOrEHHOro BMIUBY.
Mpu uboMy, oLiHKa 0BMeXeHOT 34aTHOCTi EKONOriYHMX CUC-
TeM WoAo0 HenTpanizauil Ta 3HELUKOOKEHHS!, ¥ NeBHUX Me-
Xax, 3abpygHeHb, pa3oM i3 BCTAaHOBIEHHSIM 06r'pyHTOBa-
HOT NnaTu 3a il BUKOPUCTaHHS, € HaliMEeHLL PO3POGNEHOt0.

MeTol npoBefeHOro AocnigKeHHss 6yno BCTaHOBMEH-
HS B3AEMO3B'A3KY €KOMOrMYHUX 30UTKIB i3 €KoMoriYHMMM
pusvkamu Ta poni, SKy Bigirpae acuMinauiiHMn noTeHuian
y AaHomy "cumbiosi". JocnigkeHHst 6a3yeTbcs Ha BUKOPUC-
TaHHi NiTepaTypHUX SKXeper, y SK1X NigHiIMalTbCa NUTaHHSA
OLHKM PU3MKIB ANS NPOCTOPOBO-PO30CEPEIKEHNX TEXHO-
reHHMX reonoriYHMX CUCTEM B YMOBAX LLUMPOKOrO PO3BUTKY
YUCINEHHMX 3arpos.

MocTtaHoBKa Npo6nemu. BpaxoByoun HEPO3PUBHICTb
3B'A3KY BCiX MPMPOOHMNX NPOLECiB Ta ABWLY i3 reonoriyHumM
cepefoBuLWEM i po3rnagy BCiX HEraTMBHUX 3MiH LbOro
cepefoBMLa 3 TOYKM 30py iXHBOI NpAMOi HebGe3nekn anga
NIOOUHU W NPUPOLHMX CUCTEM, HEeOoOXiOHICTb YyAOCKOHa-
TNEHHS1 CUCTEMW EKOMOTiYHOT Be3neKkun LMSIXOM BKIIOYEHHS
HOBUX CTPYKTYPHUX KomnoHeHTiB 'C nocTtae Bce OGinbLu
roctpo [1-2].

IcCHye TiCHUI B3aEMO3B'A30K TaKMX NOHATb, SK "eKono-
rivHn pmsnk” i "acuminguivHmin noteHuian”. KinbkicHm
BUPA30M PU3MKY € MMOBIPHMIA €KOMOriYHMIA 30UTOK Y BU-
nagky ero peanisauii. BogHoyac, ekonoriyHi 36utku, Bo-
YeBMOb, Y MOBHOMY OOCS3i BMHUKAOTb MPU  3HWXKEHHI
acUMINSAUINHOro nNoTeHUiany TepuTopii 4O PiBHSA, MEHLIOro
3a MiHiManbHoO gonyctumuin. Tomy Oinblu geTanbHi go-
CrigKeHHa B3a€EMO3B'A3KYy acuMInguinHoro noteHuiany

TEPUTOPIA 3 ICHYIUYMMUN HA HUX EKOFOriYHUMU pU3nKamu
BENbMW aKTyarnbHe.

Ona npoBefeHHs1 HaWbINbW MOBHOrO AOCHIAXEHHS
woao craHy npobnemu 6yno BMKOPUCTAHO AOCHIOKEHHS
b6araTtbox y4yeHux, y Tomy umcni, O.J1. ParosiHa, B. Kenni,
M.M. KopxxHeBa, Ta iHwux [3, 6, 7 Ta iH.], uni poboTu cTa-
nn NigrpyHTaM Ans BUBEAEHHS O3HAYeHUX Yy CTaTTi 3aKo-
HoMipHocCTel Ta rinote3. OCHOBO X AN 3anpornoHoBa-
HUX HaMW EKOHOMIYHUX PO3PaxyHKiB €KOMoriYHnx 36uTkiB
crana MoHorpagis C.O. Anoctontoka, B.C. xurunpes,
A.C. Anoctontoka "lMpomucnosa ekonoris" [5] Ta Buknaa-
ku 3i ctaten KO.B. 3iHueHka [2 Ta iH.].

OcHoBHa 4acTuHa. Po3BUTOK Teopii B3aEMO3B'A3Ky
€KOJOrYHUX 30UTKIB i3 eKONOoriYyHMMKM pusnkamm poduTb
0YEBMAHMM, LLO acUMINAUIMHMI NoTeHuian y AgaHomy "cu-
Mb6io3i" Mae BaxnuBe 3HadeHHsi. CnmMparyucb Ha cTaTTi
M.M. KopxxHeBa Ta MoHorpadii 3a 1noro pepgakuieto [1,
3—4], oe nigHiMalTbCs NUTaHHSA OLIHKK PU3KKIB Ans npo-
CTOPOBO-PO30CEPEAXEHNX TEXHOrE€HHO-TreornoriYHnx cuc-
TeM B YMOBax LUMPOKOrO PO3BUTKY YUCMEHHUX 3arpos,
HeoOXigHICTb BBEAEHHSI HOBOi KOMMOHEHTU PO3paxyHKiB
ans 6inbll TOYHOTrO OMUCY PIBHSA E€KOMOFMYHUX PU3MKIB
BBaXaTMMeMO J0UiMNbHOI0.

B3aemo3anexHicTb acuMMinauinHoro noTeHuiany Ta
€KOMOoriYHNX pusnkKiB Moxe OyTM MOsACHeHa BiA'€MHO
KOpensuield OCTaHHIX i3 MiCLEeBMM (roKanbHUM) piBHEM
acuminguinHoro noTeHuiany (puc. 1). IHWuMK cnosamwm,
YacTKOBE MOrMMHAHHA aHTPOMOreHHOr0 HaBaHTAXEHHSA
MaKkCUMarnbHO MOXIMBUM acuUMINAUiMHUM MOTEHLUianom
3MEHLUYE PU3NKK, MOB'A3aHi i3 Mpouecamu MOPYLUEHHS
NnopoaHOro MacuBy, 3MiHAMW pexumy nig3eMHUX Bof,
CknagyBaHHsIM BigxodiB Ta iHwMMM 3arpo3amu. OTxe,
HeobXigHICTb BiAWKOQYBaHHA €KOMNOTiYHNX 3OUTKIB TakoX
HabnMxaeTbCsl OO Hyns. Y NpoTUNEeXHOMY BUNAAKy, 3a
YMOBW MEPEBULLEHHS AHTPOMOreHHUM BMMMBOM MakCu-
MarnbHOro PiBHA KOHUEHTpauji, Wwo mMoxe OyTn nornuHy-
TUA MiHIManNbHUM acUMIAALINHMM NMOTEHLUianomM, eKomnori-
YHi PU3MKK, LLO WNOro CYNpPOBOOXKYIOTb, MEpexoasTb A0
po3psay eKONOorivyHOI 3arpo3u i CTBOPIOKTL pearibHy MO-
XMUBICTb BUHUKHEHHS eKornoriyHoi Hebeanekn BHacnigok
CTINKOro NopyLLEeHHS PiBHOBaXXHOIO CTaHy AOBKINNA.

© KowapHa C., 2016
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Y. €KOJIOTIYHUX PU3HUKIB

Puc. 1. Bzaemo3anexHicTb acCUMInNALiMHOro noTeHuiany Ta eKonoriYyHux pu3uKiBe

Y GinbLocTi nitepatypHux gxepen [2, 5-7] cyTb OUiHK/
€KOroriYyHoro pusmky B6a4atTb y BU3HAYEHHI NMOBIPHiICHO-
HeCnpUATAMBUX AN HAaBKONMULIHLOTO CepeAoBuLLa Hacnia-
KiB Oyab-sKMX 3MiH npupoaHux 06'ekTiB i chakTopiB, npoTe
ofdHa 3anpornoHoBaHa Mofernb OuiHkM He Gyna nobypo-
BaHa 3 ypaxyBaHHAM 3[4aTHOCTi HaBKOSMMWLLHBLOMO Cepeao-
BUMLLA A0 CAMOBIAHOBMEHHS.

Bepyun 3a ocHoBy maTemaTtunyHy mogenb O.J1. ParosiHa [6],
CrpsiMOBaHy Ha OLjiHKY coLjianbHUX Ta eKOMOrivYHNX PU3NKIB,

Ry (H)=P, (H)xV{(H)x Vs (H)xD,, (1)

BBOAMMO HOBI KOMMOHEHTH, LU0 TPaHCOPMYHOTL MOAENb Y
TaKy 3anexHicTb:
P, (H)xV_(H ¢ s
Ry ()| 4 2\,7 nt1)), VSC(H)XZS Ao, @
0 2nk — ~poH

ae Px(H) — nosToptoBaHicTb Hebe3nekn. [ina gaHoi Benu-
YMHWU TaKoX LAOMYCTUME BUPAXEHHS iIMOBIPHICTIO MOBTOPIO-
BaHOCTI Hebe3nekn Ha pik, Vm(H) — cTyniHb ypaxkeHocTi Te-
putopii npu  neBHih Hebesneui, A0 — acuwmi-
NAUiRHUA noTeHuian cepepoBua, Vis(H) — cTyniHb ypaxe-
HOCTI HacerneHHs B yaci, Vss(H) — cTyniHb ypaxkeHocTi B Me-
Xax o6'ekTiB i3 pynHyBaHHAM; Cry — ChoH — npunyctuma
BENUYMHA HAOXOMKEHHSI TEXHOreHHOro 3abpydHEHHst [0
ereMeHTIB reororiYyHoro cepefosuLla, Wo ¢opmMye Moro
ekonoriyHnn ctad, D, — 3aranbHa KinbKicCTb HaceneHHs y
NEBHI 30Hi ypaXKeHHs.

TakMM YMHOM OKPEeCHTLCA OKPeEMI CMiBBIAHOLLUEHHS, Y
nepLUOMy 3 SIKUX KOHTPOSOKUYUM hakTopom € Gesnocepen-
HbO PiBEHb aCUMIMAUINHOIO MOTeHUiany, WO Cryrye CBOro
poAYy amopTM3aToOpOM Ans BMHWMKHEHHSI MOBTOPHUX 3arpo3
Ta NnoLli NOLMPEHHS ypaxkeHocTi TepuTopii. OcobnusicTio
CNiBBIAHOLLEHHSI € MOXIUBICTb 3MIHIOBATU KOMMOHEHTU, SIKi
cknapawTb AineHe, BUKOPUCTOBYHOYM Ti, IO MalTb Npsive
BiJHOLUIEHHS 00 pearbHMX YMOB, LUOAO SKUX MPOBOAUTLCA
oujHka. TobTo y poni GaratodakTopHOi HEBWU3HAYEHOCTI,
Lo BCTYNae y ChiBBiAHOLLEHHS i3 aCUMINSALINHUM NoTeHLia-
JIOM, MOXYTb BUCTYNaTu: reorpacpiyHi 0cobnmBoCTi NoTeHLi-
anbHOro 3abpyaHEHHS, KINbKICHUIA Yn sIKICHUIA cKnaj NoTeH-
LjianbHoi 3arpoau.

[pyre cniBBigHOLWIEHHS iNOCTPYE 3anexHicTb, WO BU-
HWKa€e NpU CNiBCTABMEHHI CTYNEHS1 YPaXeHOCTi HaceneHHs
3 MPUNYCTUMOIO BEMNUYMHOK HaAXOOXKEHHSI TEXHOreHHOro
3abpynHeHHs. B gaHomy BUMagKy, KOHTPOMIOKYMM hakTo-
pPOM BWUCTYNae OCTaHHS, a CTYNiHb YPaXXeHOCTi BUCTYynae y
NPSMO NPONOPLINHIN 3anexHocTi A0 Heil. [aHe cniBBigHO-
LWeHHs 6e3nocepeHbLO BNMBAE Ha KONMUBAHHS PiBHSA 006-
poOyTy HaceneHHsi, WO € CTaHAAPTHUM KPUTEPIEM OLjiHIO-
BaHHS1 PiBHS HEOOXiAHOCTI MIOACLKOrO BTPYYaHHS y pere-
HepauiiHMI NpoLec HaBKOMULLHBOIO cepefosuwa y Ginb-
LLIOCTi KpaiH CBITY.

[ns 6inbl TOYHOrO Ta ePEKTUBHOIO 3aCTOCYBaHHS 3a-
NpornoHoBaHoi mMoAeni, napaMeTp acUMINSAUIMHOro MOTEeH-
uiany cepeposuwia Ally moxe 6yt Bugo3miHeHun Ha All;
— ob'eM acuMInAUIMHOrO MoTeHUiany TepuTopii B pi3Hi ne-

piogn 4yacy, MeToauka OUiHKM sikoro Byna BuKOpuUcTaHa y
GaraTbox JOCNIOKEHHSIX [4 Ta iH.]:

All, = Ally x(1-r)xt (3)

ne All; — o6'em acuminsuinHoro noteHuiany All y MOMeEHT
yacy t, r — HopMa 3MeHLUEeHHS pecypcy Bif, BMMUBY Pi3HMX
aHTPOMNOreHHUX Aiv i no4aTKoBOI cUTyaLlil.

Taknum 4YMHOM, HaBefeHa paHille 3anexHicTb moxe by-
TV TpaHcdhopmoBaHa Tak:

Pe(H)xVi(H)) (VE(H)VE(H))
X =
Allyx(1-r)x Conk —Copon P

_ P, (H)xV,,(H) 5 VE(H)x VS (H) <D,
Ant CenK _Cd)on
3anponoHoBaHa Mopernb, MOBepTaE Hac A0 MUTaHHSA
B32EMO3B'A3KY €KOSMOrYHUX PU3UKIB i3 EKOMNOTiYHUMUN 30MT-
Kamun. YncneHHMmn pocnimpkeHHAaMn y cdpepi ekonorivyHoi
€KOHOMIKM HEeo[HOPa30BO MigHIMaNUCA NUTaHHS OLHKK
€KOmnoriYHnx 36MTKIB pidHMX NpMpoaHUX cepenosuLy [3], wo
3HaxoAmno BiJOOpPaXKeHHs y BiANOBIAHMX MaTeMaTUYHWX
BMpasax. Tak, ANng po3paxyHKy eKOHOMIYHOro 36uTKy Big
3abpyaHeHHs BoOHMX Oxkepen 30B, 3anponoHOBaHWIA BU-
pa3 xapakTepusye MOro MHOXWHOK MUTOMOro 36UTKy Ha
oavHWLI0 NpuBeaeHoro 06'emy cTivHMX Bog (EnuT) Ta npu-
BeAeHuM ob6'emom cTiyHux BoA (M):
36, =E,,,*x. (5)

num

Ane ons BCTAHOBMEHHS NOrMYHOro 3B'A3KY Mi>K eKOnori-
YHUMU pU3UKaMKU Ta 30UTKamMyn HeobxigHe 3BEpHEHHSI 40
CYTO EKOHOMIYHMX HOPM, 3rigHO 3 SKMMW OYiKyBaHa Benu-
YMHa 36UTKY € MHOXMHOIO KoedpilieHTa pu3nKy Ta odikyBa-
HUX MpuOYTKiB, SK 3a3Hayae Yy CBOIX AOCHIIKEHHSX
J1.I. DoHeub. TpaHcdopmalisi nofibHoro TBEpPOXKEHHSI Ha
€KomoriYHnn MmaHep byaoe maTtu Takui BUTNSA:

P (H)x Vi (H)) (VI (H)xVE (H)
All CenK _Cd)OH

8.cep

RS(H)z 2 X

(4)

36, = Pr,,,x xD,, (6)
Ae Prexp — € odikyBaHUM npubyTkoM, a Allgcep. MOXE BU-
3Hayatucs copmynoto B. Kenni [7], po3pobneHot cyTo
ONs BMMIPIOBAHHS acUMINAUMHOro noTeHuiany BOAHOMO
cepeposuLLa:

AC = (Cmax — Cqon) X F95 X 86.4, (7)
y akin AC — acuminauinHnx noteHuian, Cmax — FOK, BU3Ha-
YeHa 3a CTaHAapTamMu SIKOCTi HaBKOMULLHLOMO cepenoBu-
wa, Cpon — APYropsagHWn/OOHOBUIN XiIMIYHWUI MOHITOPUHT
KOHLeHTpaUin y gocnigxysaHomy cepeposuwi, F95 — rig-
pomeTpiss noToky, M°/c, a koediuieHT 86.4 — BMBEOEHWI
OOCTiAHMM LUNSAXOM Y LIeHTPi eKOMOriYHMUX OUIHOK JTOHOOH-
CbKOro BigAineHHs AreHTCTBa 3axWUCTy HaBKOMMLLHBOMO
cepepoua. Tox, y po3ropHyTOMy BapiaHTi BUpa3 matu-
Me Takui BUrmsaa;

P, (H)xV,,(H)
X .
(Crnax —Copon ) < Fos x86.4 |7

36, = Pr,y,x @)
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A BpaxoByKUM O3HAYEHY paHille MOXIUBICTb KOpUry-
BaTW OLHKY €KOMOriYHOro pu3uKy He nuwie 3a AONOMOror
3aranbHOro piBHA acUMINAUIMHOrO MoTeHUiany cepenoBu-
wa, ane i BigHOCHO Moro obcsAry B NEBHMI MOMEHT 4yacy,
BU3HAYEHHS 30WUTKIB BOOHOrO cepefoBuMLia ANs  Pi3HMX
nepiogis Yacy MOXImBe Yepes Take CMiBBiAHOLUEHHS:

P (H)xVin (H)
((Cmax —CquH)ng5 ><86.4)><(1—I’)><t

36, = Pr,, %

9)
VE(H)x VS (H)
CenK - deH

Y cBOW 4epry, 30MTKM Big 3a0pyaHEHHs1 TBepaUMU Bia-
Xo4aMmy BMPOOHMLUTBA, 3a3BMYail, BMPAXOBYIOTb LUMISIXOM
CyMyBaHHS BCiX XapakTepHUX LibOMY npoLecy 301TKiB:

364i0x = 36/, + 36,16 + 36my + 36400 (10)

Ae 36, — BMTPaATM Ha MpOBEAEHHS 3aBaHTaXyBarbHO-
po3BaHTaxyBanbHMX onepadin, TpaHCNoPTYBaHHA BiAXoAaiB
BiA mianpmemcTBa Ao micus ixHboi niksigauii, 36, — 30UT-
KW, WO X 3aBAae NpoMucrioBe BMPOOHULTBO, 36aTMBT —
30UTKW, NOB'A3aHi i3 BTOPMHHMM 3abpyAHEeHHAM aTtmocde-
pW, 30goner — 30UTKM, NOB'A3aHI i3 BTOPMHHMM 3abpyaHeH-
HAM Boau. MaTtepian, 9KMA MOXHa B3SiTM 3@ OCHOBY AJ1S
BAOCKOHANEHHS MeTOAy OUjiHKM 36uTKIB Big 3abpyaHeHHs
TBEPAUMM BiaXoAaMu BUPOOHWLTBA, BUAINEHUA y poboTax
KO.B. SiHueHkKa [2], oe aBTOp A0Ka30BO O6I'pyHTOBYE HEOO-
XiOHICTb pO3paxyHKy Ta BWKOPUCTaHHS MMOBIPHOCTEN Ha-
CTaHHS HeraTMBHOI Nofii Ta eKOHOMIYHOro 36UTKY OKpPeEMO
ONS1 KOXXHOrO pecypcy NpupoaHOro cepefoBuLLa y 3B'A3Ky 3
METOANYHUMU OCOBNMBOCTAMU LIMX MPUPOAHMX KOMMOHEH-
TiB. 3 ypaxyBaHHAM Aii hakTopiB pMn3KnKy, aBTOpP MPOMNOHYE
[0BOMi NPO30PUIA LLASX NOFO OLLIHKK:

R=PxD, (11)
ae R — BaprticHuiA Bupa3s pusuky, P — iMOBIpHICTb nogii,
D — BapTicHuiA obcsir 30MTKiB.

Ona cnpsmysaHHSa BupaxeHoi H0.B. 3iHveHkom [2] igel
Yy PYCNO BMU3HaYeHHS eKONoriyHmX 36uTKIB, HAMW MPOMOHY-
€TbCA 0O BUKOPUCTAHHS TakvMi BUPA3:

><Dp.

36, ~v36 —x| FeH) (12)
8iox — i~ P 5

1

ae Rs(H); Ta P; — € cymapHMMM YaCTUHHUMM AMOBIPHOCTS-
MU Ta €KOMNOTYHUMU PU3NKaMK OIS KOXKHOTo Buay 36UTKIB,
WO CKNnajarTb MOYaTKOBY EKOHOMIYHY (hopMyrny Bu3sHa-
YeHHs1 36UTKIB Big 3abpyaHEHHst TBepAMMM BiaXxogamu Bu-
pobHuLTBA.

BucHoBku. HesBaxawunm Ha Te, WO MeToOOomnorivyHe
NUTaHHA KiNbKICHOI OLLIHKM €KOMOriYHnX pu3unkie Ta 36uTkis
i3 BKIMOYEHHAM acUMINSLIMHOIO NoTeHUiany sik HOBOI KOM-
NMOHEHTW A0 KiHUS He BUpilLeHe Ta HOPMATMBHO He 3aTBep-
[OXXeHe, MiACYyMyBaHHS BULLE BUKMAOEHOrO Ta BpaxyBaHHSA
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Baromoi pori acuminsiLiiHoro noTeHuiany y cuctemi obpa-
XYHKIB €KOMOFYHMX PpU3NKIB i 306UTKIB NpuBOAUTL HAc OO
BUCHOBKY, LLIO ODYMCNEHHS TXHIX MOTEHUINHUX BEMWUYMH 3a
[0MNOMOrot0 3anpornoHoBaHnx dopmyn, Kyan Byno Bknio-
YEeHO OCHOBHiI (DaKTOpVM Ta BPaxOBaHO iXHIO B3AEMOLi0,
3HAYHO CNpPOCTATb Y NOAAsbLIOMY PO3PaxyHOK CTYMeHs
YPaXkeHHs TEPUTOPIN i, AK HAcniAoK, NPOrHO3yBaHHS eKomo-
riYyHux 306UTKIB BiO 3QINCHEHHSI MPOEKTIB 3 BMKOPWUCTaHHS
Haap.
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ASSESSMENT OF ENVIRONMENTAL RISKS TAKING INTO ACCOUNT
THE ASSIMILATION POTENTIAL OF TERRITORIES
The analysis of materials which describe methodologies of calculation of ecological risks and estimation of assimilatory potential of different

natural environments was conducted. Research is concentrated on an identification and substantiation of interrelations between these indexes of the
state of territories, and possibilities of improvement of separate methodologies of calculation of ecological risks by applying assimilatory potential.

Environment and economic indexes of territories, used in calculations show expediency of continuation of works on perfection of
methodologies of calculation of pollution damage (geological environment and other natural environments). Dependences with a new key
component, can help maintain ecological safety of territories when extracting mineral resources and substantially influence all system of planning

and implementation of geologic works.

The obtained results give hope, that quantitative estimation of ecological risks taking into account assimilatory potential of territories will
facilitate simplification of prognosis of ecological damage when planning the mineral resources extraction.

Keywords: assimilatory potential, ecological risks, economic risks, anthropogenic loading, ecological losses.



~ 80 ~ B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka ISSN 1728-3817

C. KowapHas, acn.,

KneBckui HaumoHanbHbIW yHuBepcuteT umeHu Tapaca LLleByeHko,

YHU "UHcTuTyT reonorun”, yn. BacunbkoBckas, 90, r. Kues, 03022, YkpaunHa,
E-mail: sofiia.kosharna@ukr.net

OLIEHKA 3KONMOMMYECKUX PUCKOB C YYHETOM ACCUMUNALNOHHOIO NOTEHLUMANA TEPPUTOPUA

lMpoeedeH aHanu3 Mamepuasios, KOMOPbIe ONUCkI8alM MEMOOUKU pacdema 3K0os102U4eCKUX PUCKO8 U OUEHKU acCUMUJISIUUOHHO20 MOMeHyu-
ana pasHbix NpupodHbIx cped. MccnedoeaHue cocpedomoYeHO Ha 8bisie/ieHUU U 060CHo8aHUU 83auMocesizeli MexAy amumu rnokasamessiMu coc-
MOosiHUsI meppumopuli U 803MOXHOCMSX yCO8EPUIEHCMB08aHUsI omOesibHbIX MEMOOJUK pacyema 3K0J102UYECKUX PUCKO8 C UCMOMbL308aHUEM ac-
CUMUJISILUOHHO20 NomeHyuana.

IMokasamenu cocmosiHusi meppumopudi, 3adelicmeoeaHHble 8 pacyemax, yKka3bieatom Ha yesecoobpasHocms npodosmkeHusi pabom rno coeep-
weHcmeoeaHur0 MemoduUK 8blYUC/IeHUs1 yujepba om 3a2psi3HeHUs] Kak KOMIMOHEHMoe 2eosio2udeckoll cpedbl, makK u Opyaux npupodHbix cped. lped-
JI0)KeHHbIe 01151 UCO0JIb308aHUsI 3a8UCUMOCITIU C HOBbIM KITOYE8bIM KOMITOHEHMOM MO2ym MOMOYb COXPaHEHUIo 3Kos102uveckoli 6e3onacHocmu mep-
pumopuli ucrnosnb308aHuUsi HeGP U CyW,ecmeeHHO Moe_ UMb Ha 8CI0 CUCMeMY MIaHUpPOo8aHuUsi MpoeedeHUsT Mex Uslu UHbIX 2e0/102UYecKux paéom.

IMony4yeHHble pe3ynbsmambl 0arom Hadexdy, Ymo nodxod K Kosu4ecmeeHHOoU OUeHKe IKOSI02UYECKUX PUCKO8 C y4emoM acCUuMUJISIuUOHHO20
nomeHyuana meppumopuli 6ydem crnoco6cmeosamb ynpouw,eHuUlo npo2Ho3a 3Kosio2u4deckoeo ywepba npu nnaHupoeaHuu dessmesibHOCMU MO
ucnonbL308aHUK HeAp.

Knroyesnble criosa: accumunsayuoHHbIU MomeHyuar, 3Ko/102u4eckue pucKu, 3KOHOMUYeCKUe PUCKU, aHMPOINO2eHHasi Ha2py3Ka, IKos102u4ecKull yLuep6.



ISSN 1728-2713 FEONOris. 3(74)/2016 ~81~

FTrEONNIOrIYHA IH®OPMATUKA

UDC 550.3 (519.21)
Z.Vyzhva, Dr. Sci. (Phys.-Math.), Assoc. Prof.
E-mail: zoya_vyzhva@ukr.net,
K. Fedorenko, Postgraduate Student,
E-mail: slims_mentol@mail.ru
A. Vyzhva, Postgraduate Student,
E-mail: motomustanger@ukr.net
Institute of Geology
Taras Shevchenko National University of Kyiv
90 Vasylkivska Str., Kyiv, 03022 Ukraine

ABOUT ALGORITHMS OF STATISTICAL SIMULATION
OF SEISMIC NOISE IN THE OBSERVATION PROFILE FOR DETERMINATION
THE FREQUENCY CHARACTERISTICS OF GEOLOGICAL ENVIRONMENT

(PekomeHdo8aHO YneHoM pedakuiliHoi koneeii 0-pom ¢biz.-mam. Hayk, npogp. b.I1. Macnosum)

The article is devoted to the theory and methods of random process and field statistical simulation on the basis of their spectral de-
composition and modified Kotelnikov-Shennon interpolation sums, as well as using these methods in environmental geophysical moni-
toring. The problem of statistical simulation of seismic noise in the observation profile is under consideration for introduction into seis-
mological researches for determination of the frequency characteristics of geological environment. Statistical model and numerical al-
gorithm of simulation realizations of such random fields are built on the basis of modified Kotelnikov-Shennon interpolation decomposi-
tions for generating the adequate realizations of seismic noise. Real-valued random fields §(t, x), t € R, x € R, that are homogeneous
with respect to time and homogeneous isotropic with respect to spatial variable are studied. The problem of approximation of such ran-
dom fields by random fields with a bounded spectrum is considered. An analogue of the Kotelnikov—Shannon theorem for random fields
with a bounded spectrum is presented. Estimates of the mean-square approximation of random fields in the space R xR by a model
constructed with the help of the spectral decomposition and interpolation of Kotelnikov—Shannon formula are obtained. Some proce-
dures for the statistical simulation of realizations of Gaussian random fields with a bounded spectrum that are homogeneous with re-
spect to time and homogeneous isotropic with respect to spatial variable are developed. Teorems on the mean-square approximation of
homogeneous in time and homogeneous isotropic with respect to the other variable random fields by special partial sums have been
proved. A simulation method was used to formulate an algorithm of numerical simulation by means of these theorems. The spectral
analysis methods of generated seismic noise realizations are considered. Universal methods of statistical simulation (Monte Carlo
methods) of multi parameters seismology data for generating of seismic noise in the observation profile of required detail and regularity
have been developed.

Keywords: statistical simulation, seismic noise, random process

Introduction. Due to the rapid development of com-
puter technology, methods of numerical simulation (the so
called Monte Carlo methods) of stochastic processes and
random fields have an expanding range of applications.
They are applied, in particular, in such natural sciences as
geology, geophysics, geoinformatics, seismology, meteor-
ology, oceanography, electrical engineering, statistical ra-
dio physics, nuclear physics, and others. Using statistical
simulation techniques and computers, one can generate
realizations of stochastic processes and random field for
which some necessary statistical data is known.

The statistical simulation of random functions on the
basis of their spectral decomposition (M. Yadrenko, 1983)
is very important to resolve these problems [13]. Modified
Kotelnikov—Shannon interpolation decompositions for sto-
chastic processes and 2D random fields have been studied
by J.Higgins, 1996; Z.Vyzhva, 2003, 2011, 2012;
A. Olenko, 2004 [2—4, 6, 10].

The problem of improving the procedures developed in
the works [4, 5] is considered in the article. The statistical
simulation realizations of random fields &(t,s) of seismic
noise with a bounded spectrum, depending on the time t,
and given to the spatial variable s on profile of regular or
irregular step is presented. These algorithms are based on
the modified Kotelnikov—Shannon interpolation decomposi-
tion for implementation in seismological researches on the
needs of determining the frequency characteristics of the
geological environment at construction sites. Models and
procedures for numerical simulation realizations of random
fields are built on the basis of the errors. Estimates of
mean square approximation of such fields are defined. The
simulated realizations are adequate to realizations of seis-
mogram noise in the case of two variables.

Practically it is important to use the statistical simula-
tion realizations of such random fields for the extract the

seismic noise, that depends on one or more significant
parameters, and external influence and to obtain corre-
sponding estimates of the frequency characteristics of
three-dimensional geological environment of the monitor-
ing profile. These estimates should be considered in the
construction of different objects in order to ensure the
reliability of buildings.

Statistical simulation of seismic noise on monitor-
ing profile with regular step

The method developed on the basis of modified Ko-
telnikov—Shannon interpolation decompositions for ran-
dom fields in the two-dimensional observation area with a
bounded spectrum on a regular grid of observations, is
used for statistical simulation of the observed seismo-
grams noises [2, 3].

If we consider the random field &(t,s) (--0< t, s <+-00) in
the two-dimensional observation area with a bounded
spectrum with a bounded spectrum of each variable, it is
possible to build the model of such field based on the modi-
fied Kotelnikov—Shannon interpolation decompositions [2].
The variable s can be interpreted as the distance between
the point of observation of the simulated noise of seismo-
gram and the initial point of observation.

The representation of separable two-dimensional
random fields as a decomposition in infinite interpolation
series

The representation of two-dimensional random func-
tions in this paragraph as a decomposition in infinite inter-
polation series in this paragraph conduces to the necessity
of researching the approximation errors of these functions
by finite series, because in practice we are often unable to
measure all the parameters of some event with complete
accuracy. The error of experimental result is the most
closely connected to the theorems of simulation, for exam-
ple, the so-called "aliasing errors" [10].

© Vyzhva Z., Fedorenko K., Vyzhva A., 2016
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For the statistical simulation realizations of random
fields on a plane with the uniform grid of interpolation it is
also important to know dependence of the accuracy of
mean square approximation of such fields by series on
the number of harmonics of this series by using in prac-
tice its partial sum. Therefore, the following theorem is
presented [2].

Theorem 1. If &(t,s) (-0 < 1, s < +o0) is a separable ran-
dom field, Mg(t,s)=0, then it can be represented as the
integral:

g(t,s)= [ fi(t.u)f,(s,v)Z(du,dv), (1)
U2
where U is a set of parameters u (a bounded domain of
real numbers), U, =UxU , and Z(du, dv) is a random func-
tion of sets on U xU that satisfy the following condition:
MZ(S,:8,)2(6,G2) =F(8,5:6uCa).
vS,,S,,G,,G, €B,.

Moreover, F is a complex function of sets, that is addi-

tive for all arguments and positive definite and so:

The estimate is given as:

/\A\g(t,s)—g,v(t,s)\2 <16L5L% [LOZ(s)\yz(B,SZ,N)(4L01(t)\}f1(a,s1,N)+1)+Lm(t)\1q(a,91,N)]2 Il |F(an.du)

where

¥i(o,94,N)=

(=98N

‘Pz(B,Sz,N):B++2nei b (8

2
, Loz(s):(%j sinBs| are functions

Loy (t) _(ijzsmt

that finite in any bounded domain of variables t and s re-
spectively, L; is defined as (3), f; (/ =1,2) are functions in

decomposition (1) of random field &(t,s) and &y (t,s) is
the partial sum of series (5) that is

sin a(t—%) sinB(s—%)

Zﬂz\F(dx,du)\@o
ucu

We assume, that the functions fi(t,u), i=1, 2 can be de-
termined in the plane of complex variable according to t to
integer functions of exponential type with finite indexes and
the following restrictions are:

Ly =sup sup [fi(t,u)|<+e, i=12. (3)
uel —oo<t<o

Let qi(u), i=1,2 are indexes of functions f{(t,u), i= 1,2
respectively and the conditions:

9; =supq;(y;) <o, =12 4)
ujel

Then the probability one the next decomposition of ran-
dom field in series as follows:

) sin on(t—%‘) sinB(s—%)

T

where a and B (o=1/At, B=m/As, At, As are sampling
intervals in variables t and s respectively; a,> 91 > 92, 9i,
i=1,2 are numbers that satisfy specified conditions (4).

Bts)= > gftmme

k,m=—0 a B

®)

. (6)

vAu?

Models and procedures of statistical simulation of
the two-dimensional random fields on a regular grid of
interpolation

It is possible to build the statistical model of random
field &(t,s) by means of interpolation decomposition (5) of
this field in the plane with the uniform grid of interpolation.
It has the form as (9) where N is a positive integer number.

The following procedure of the statistical simulation
realizations of the random fields in a plane, which are set
on a uniform grid of interpolations, is presented below. It
is based on the model (9) using the estimate (6) of the
mean square approximation of such fields by the partial
sum of series (5).

Procedure 1.

1. We choose positive integer numbers N for the model
(9) according to the prescribed accuracy € > 0 by using the

= 3 kn mn following inequality
eults)= 3 gt ) gom) @
16L$1L$2[L02(s)\yz(B,sz,N)(4L01(t)\y1(a,91,N)+1)+Lm(t)\y1(a,91,N)]ZB(0)<a, (10)

where Los(t), Loz(s) are finite functions in any bounded do-
main of changing variables t and s respectively, Lf1 are
functions as (3) and f; (i=1,2) are functions in decomposi-
tion (1), a B(0)=Dg(t,s).

2. We generate values of the Gaussian random variables:

{&m}» k.m=-N.N, (11)
which have the following statistical characteristic:
Mg, ., =0, k,m=-N,N,
— (12)
Dy =B(fam ke ) jm—-N.N,
where B(u,v), u,v € R2 is a correlation matrix of random

field &(t,s).

3. We calculate the value of the expression (9) at a
given point (t,s), by substituting the number N and values
of Gaussian random variables (11).

4. We check whether the realization of the random field

&(t,s) generated in step 3 fits the field data by testing the
corresponding statistical characteristics.

Thus the procedure of the statistical simulation realiza-
tions of the random fields in the plane, which are set on the
uniform grid of interpolation, is defined. This procedure
gives an opportunity to generate realizations of the random
field on a plane with accuracy that depends on the selected
number for simulating the interpolation points of uniform
grid in observation area. The procedure is based on a
model as the generalized Kotelnikov—Shannon series for
the two-dimensional random fields and requires using such
statistical information of field data, as the mathematical
expectation and variance of each nodal point.

Before applying the proposed procedure, the data is
verified on type of statistical distribution by means of con-
structing the histogram. Thus, the best approximation of
the random field in the plane by the developed models will
be when this field has Gaussian (normal), lognormal or
approximately Gaussian distributions. The application of
these procedures is possible for other types of distribution
but it will be with lesser accuracy.

The developed procedure can be applied not only
for the random fields, which are defined on a regular
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square grid of joints in a plane of size NxN but also in
any rectangular grid that does not exceed this square
in linear sizes. Thus the empty square joints can be
considered as zero.

N M
gN,M(tas): > X S k,m
k=—N m=—M

where a, B are parameters which are determined by the
Nyquist frequency in each variable; N,M, are some positive
integer numbers, which are associated with the number of
elements in the series of the model; and

Sim=0. km=-N.N; D, =B k)

where B(u,v),u,v € R, is a correlation matrix realization of

random field &(,s).

By using results [6] we find the improved estimate of
mean square approximation of model E_,N‘M(t,s) of such

random field &(t,s) in the form of inequality as:

16
n4(2N—1)(2M—1)B(0)’
Then by using the estimate (15) in the following
procedure, it is possible to determine the positive integer
numbers N and M which are the number of elements in
the series of model &ywm(t,s) according to a prescribed
accuracy &(e>0).

Ele(t.s) - &yp(t.5) < (15)

The procedure for the numerical simulation realizations
of Gaussian random fields &(t,s) in a two-dimensional area
with the rectangular grid of observations with a bounded
spectrum in each variable, is built on the basis of model
(13) and estimate (15), which is:

The pocedure 2.

We choose positive integer numbers N and M for the
model (13) according to a prescribed accuracy € > 0 by
using the following inequality

16

Fen—am—) 20"

where B(0)=D{(t,s) is a variance of random field &(¢,s).

(16)

We generate values of the Gaussian random variables
{&m]. k=-N.N; m=-M.M

with statistical characteristics (14).

We calculate the value of expression (13) at a given
point (t,s) te[0, T], s€[0, S] (T is the length of the time
observation interval, S is the length of spatial observation
interval), by substituting the numbers N and M and values

of Gaussian random variables {ik!m}, k=-N,N;

m=-M,M , that will be the value of the generated realiza-
tion of a given random field &(t,s) at this point.

We check whether the realization of the random field
&(t,s) generated in step 3 on the given regular grid

of points in a two-dimensional domain [0, T] % [0, S] fits
the field data by testing the corresponding statistical
characteristics.

Description of the subject of inquiry and its statistical
simulation.

We considered seismograms of two observation points
in Odessa: BUG3 and PNT1. 9 segments of noise from
seismograms for each of these points were selected. Total
recording time of information that was selected for analysis

Another model EN,M(t,s) (0t <T,0<s <S; (T, S are
lengths of observation intervals in time and in the distances
respectively) for Gaussian random field &(t,s) in two-
dimensional observation area with the following properties:

sin a(t—%) sinB(s—%)

realization lasted 1.5 hours for each of the items. Full vector

> 13
aft—") "p(s—] 19
{&m|» k=-N,N; m=-M,M are sequences of the

Gaussian random variables that have the following statisti-
cal characteristics:

k=-N,N; m=-MM

; , (14)
of seismic waves recorded on components: "East-West" —
EW, "North-South" — NS, and "vertical" — Z.

By means of seismograph recording the chart of motion
the earth's surface in the form of changes the amplitude
over time is obtained.

The method of statistical simulation of random fields
[2, 5] can also solve an important problem of simulating
the imitated realization of output noise seismogram
for the imaginary observation point, located between
observation points BUG3 and PNT1. Amplitude and
phase spectra of such realization of noise can be used to
obtain the frequency characteristics of the geological
environment at the construction site, which describes its
ability to change (increase or decrease) the amplitude of
the seismic waves during earthquakes [1, 4]. The numerical
simulation of frequency characteristics of soil strata, in
some cases, can significantly reduce the cost of works on
seismic zoning of the construction sites by reducing
the number of points of instrumental observations of
earthquakes, explosions and microseisms.

In the works [3, 5] the results of simulation the realization

of noise seismogram (the realization of random field g(t,s)

at the value of spatial coordinate sJ=1/2, t - time) are de-
scribed for an imaginary observation point, that is located in
the middle between the points BUG3 and PNT1 for the
components of NS vibrations. For the calculation the model

(9) of the random field &(t,s) of noise seismogram is used,

that is based on a partial sum of the modified Kotelnikov—
Shannon series for the random fields with a bounded
spectrum on a regular grid of observations [3, p. 281].

Statistical analysis of the generated realization of the
random field of noise in seismogram confirms the ade-
quacy of input data.

For graphic interpretation of the simulated random field
of noise in seismogram the framed map was built in the
program Surfer on the three obtained fragments and the
above-mentioned realization of the random field. Each
fragment contains 100 first samples of these realizations.
Visualization of output data shows correspondence be-
tween these realizations.

Spectral analysis of generated noise in the flat ob-
servation area

Frequency characteristic estimates for the geological
environment in the observation profile points with multidi-
mensional observation area (under construction sites) can
be obtained by calculating and constructing the amplitude
and phase spectra of noise in seismogram observation
points in that observation points, considering fixed space
argument s except time [5]. Calculations of the amplitude
and phase spectra can be made by direct method [1,
p. 179], i.e. periodogram method.
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Fig. 1. The surface of realization of the random field of noise, which is built in points

g(t.s;), §=01/2% t,=kx00% k=1N;

Fig. 2a and 2b show graphs of the Z component am-
plitude spectrum |S(w)| for noise seismograms at obser-
vation points BUG3 and PNT1; Fig. 2c — the amplitude
spectrum of simulated noise realization for the new ob-

N =100, in a seismogram in the direction Z

servation point located equidistantly between points
BUG3 and PNT1.

Graphs of the NS component amplitude spectrum
|S(w)| are shown on the Fig. 3, a, b, c.
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Fig. 2. Graphs of the Z component amplitude spectrum |S(w)| of averaged input seismic noise data at observation points:
a—BUG3 and b — PNT1; ¢ — the amplitude spectrum |S(w)| of simulated noise realization
for the new equidistant observation point located between points BUG3 and PNT1
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Fig. 3. Graphs of the amplitude spectrum |S(w)| of averaged input seismic noise data for NS component at observation points:
a—BUG3 and b — PNT1; ¢ — the amplitude spectrum |S(w)| of simulated noise realization
for the new equidistant observation point located between points BUG3 and PNT1



ISSN 1728-2713

FEONOrIS. 3(74)/2016

~ 85 ~

Those spectral methods that use frequency as an inde-
pendent parameter provide information about the structure
and filtration properties of the upper crust layers, because
any medium is a filter that due to resonance and reverbera-
tion effects increases the oscillation amplitude for some fre-
quencies and reduces for the others [1, p. 270]. The ability to
simulate the effects depends on amplitude and phase fre-
quency characteristics of the geological environment for
observation points under building sites and operating plat-
forms, allows studying the geological section features and
predicting places where significant increase in the seismic
oscillation intensity is possible due to resonance effects and
oscillation field interference nodes.

Among the many ways to eliminate the influence of
various factors that affect the spectrum shape of seismic
waves during earthquakes, explosions and microseism
except that due to the influence of the upper crust section
part, the way should be noted based on the use of the ver-

tical [SZ(w)| component spectra relations to the horizontal

SN (w)| component. Spectra must be calculated for the

same wave. This ratio is called the crust spectral ratio T(w).
‘Sz(m)‘ / ‘SN (m)‘ =T (o).

The ratio T(w) is independent of the spectrum of inci-
dent seismic waves, but is determined entirely by the geo-
logical environment structure under the observation point.

Fig. 4a and 4b show graphs of the earth crust trans-
mission ratio T(w) for observation points BUG3 and PNT1
respectively. They were plotted as the Z to NS oscillation
components ratio of amplitude spectrum |S(w)| for initial
seismic noise realization. Fig. 4c represents earth crust
transmission ratio graph T(w), that was built as the Z to
NS oscillation components ratio of simulated noise seis-
mogram smoothed amplitude spectrum for the new ob-
servation point located equidistantly between points
BUG3 and PNT1.
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Fig. 4. Graphs of the earth crust transmission ratio T(w) calculated as the Z to NS oscillation component ratio
of amplitude spectrum |S(w)]| for initial seismic noise realization on observation points:
a—BUG3 and b — PNT1. ¢ — earth crust transmission ratio graph T(w), that was built as the Z to NS oscillation
components ratio of simulated noise seismogram smoothed amplitude spectrum for the new observation
point located equidistantly between points BUG3 and PNT1

Interpretation of crust transmission ratio for these
observations was conducted by comparing them with
theoretical ratio calculated for well-known models of the
upper section part.

Horizontally layered, vertically inhomogeneous models
of the geological environment are usually considered to
minimize errors. The frequency characteristic calculations
for more complex models are performed by finite-difference
and finite-element methods [1].

Fig. 4a, 46 and 4B shows graph T(w) of smoothed am-
plitude spectra transmission ratio for all observation points
BUG3, PNT1 and imaginary observation points between
those points that can be used to determine the increase of
seismicity level on different parts of the building site, rela-
tive to the real observation point PNT1 of this paper.

A statistical simulation of seismic noise in observa-
tions profiles with an irregular step

It is necessary to notice that the model (9) and proce-
dure 2 have one significant restriction, that lies in the fact
that samples of data realizations of this random field

g(t,s) can be given on a uniform grid in both variables t

and s. If for the time variable t this condition is mainly
performed, and for the spatial variables, can satisfy
this restriction in very rare cases. Therefore it is proposed
in the space of variables (£,s) te[0, T], s€[0, S] to simulate
realizations of the random fields &(t,s) otherwise, by

using the second approach for constructing the models
and procedures.

The model [3], that based on Kotelnikov—Shannon
decomposition [7] for homogeneous in time t and
homogeneous isotropic with respect to x random fields

g(t,x) (0=t <T, 0< x =X) in unit cylinder in RxS2 with a
bounded spectrum which concentrated on [-d.a], is

constructed and summarized in the cylinder RxS(X);
with arbitrary radius X/2m. This model EN,M(M). has the

representation of a series:

sin(x(t—ﬂj
L\ o)

E’N,M(t,x) =2 nn
o{t —?) (17)

k=—N
x 1 E +§ ﬁ cosmnx+ [E sinmnx
2@0 o = Sk o % Nk o % >

where a (a >d ) is a parameter which is defined by the Nyquist

frequency, {qk (?j}{nk (Tj} k=-N,N,m=0,M, are

values of Gaussian random variables that satisfying the
following conditions:

My ()5, (s) = 8iby (t =),

X
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M (6)n, (5) = 3y (t ).

Mc, (t)n, (s)=0. (18)
where by (t-s) (k=0,12,..) are coefficients of decom-
position in Fourier series the correlation function
B(t-s,/x;—x,|) of the random field &(t,s) in the cylinder

RxS(X)2, which is isotropic with respect to x and homoge-
neous in time t, which can be defined as follows:

M‘g(t,x) ~Eym(t.X)

where X is the length of space interval, p is the index of
functions class Dp, that is to say, the function, that deriva-
tives of order p—1 inclusive and derivative B(p-1)(¢) of or-
der p—1 is absolutely continuous and derivate B(p)(¢) of
order p is summarized and bounded;

K, = max
0<@<2n

B(p)(t—s,\x1—x2\)‘ is a maximum of p-th

derivative of the correlation function B(t—s,
random field &(t,s)in RxS(X)2 and B(0) is a variance of
random field &(t,s).

It is necessary to notice that the cylindrical shape of
variables area of the random fields means that the random
field is a homogeneous in time t and periodic with respect
to variable x (isotropy), that is to say, its correlation function
with respect to the spatial variable x can continue periodi-
cally with a period equal to the interval of correlation.

We describe the constructed procedure for simulation

realizations of the random field g(t,s) homogeneous in

X;—X,|) of

time and isotropic with respect to x with a bounded spec-
trum in the cylinder RxS(X)2 , based on the model (17) and
the estimate (20) of mean square approximation such as
random fields, which are Gaussian distributed.

Procedure 3.

1) We choose positive integer numbers N and M for the
model (17) according to a prescribed accuracy € > 0 by
using the following inequality

P
;‘Bi;(p(ﬁ) Mi2(p+1) (p22).,
n° (2N -1) n) MP(p-1)
where K, is a maximum of p-th derivative for the correla-

tion function B(t-s,

cylinder RxS(X)2.
2) We generate values of the Gaussian random vari-

ables {Qk (knj},{nk (knj}, k=-N,N,m=0,M, that sat-
o o

isfy the conditions (18).

3) We calculate the expression (17) at a given point
(t,x)in RxS(X)2, by substituting the numbers N and M
calculated in step 1 and values of Gaussian random vari-

ables calculated in step 2.
4) We check whether the realization of the random

field £(t,x) generated in step 3 fits the field data by testing

X;—X,|) of random field &(t,s) on the

the corresponding statistical characteristics.

By the constructed procedure it is possible to simulate
realizations of the random fields, that are homogeneous
with respect to t (time) and homogeneous isotropic (sta-
tionary) with respect to spatial coordinate x, and have a
bounded spectrum. These fields can be arrays of noises in
seismograms that are obtained simultaneously in the points
of seismic observation located at some distance x from
each other. The procedure 3 has some advantages over

‘2 4[3(0)
<— 7
n?(2N -1

be(t-s)=[" ™ F, (dn). (19)
where Fy( ) is a sequence of nonrandom spectral meas-
ures on (—a, a).

From [2, 3] and [4] implies that the estimate of mean
square approximation of random field &(t,s) with a
bounded spectrum on the cylinder RxS(X)2 which is ho-

mogeneous in time and isotropic with respect to x by the
model (9) as follows:

)KP[XJPA’”Z(M, (p>2). (20)

T

MP(p—1)

the procedure 2 that was proposed in [5], as samples of
data realizations with respect to the spatial variable x can
be given on the observation profile with an irregular step,
but it is necessary, that the random field with respect to the
variable x should be periodic.

Conclusion. The method of statistical simulation reali-
zations of the random fields gives an opportunity to gener-
ate noises in seismograms by the constructed procedures,
that depend on time t, and set on the spatial variable s on a
profile with the regular or irregular step of placing observa-
tion points for evaluation of frequency characteristics of
geological environment under these seismic stations and in
closely spaced points on them.
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NPO ANFTOPUTMWN CTATUCTUYHOIO MOLAENOBAHHA CEUCMIYHOIO LWYMY
HA NMPO®IJ1I CNOCTEPEXEHHA ANMA BU3HAYEHHA YACTOTHUX XAPAKTEPUCTUK
FEONOri4YHOro CEPEAOBULLA

Po6oma npucesiyeHa nodanbuwiii po3pobyi meopii ma memodie cmamucmu4Ho20 MoOesIlo8aHHs1 eunadKoeux npPouyecie ma rnoJsie Ha OCHo8I ix
cnekmpanbHux po3knadie ma modudpikoeaHux iHmepnonsiyilinux psidie KomenbHukoea-lLleHHOHa, a mMakKo) 3acmocyeaHHO makux memodie y
3adayax 2eo@hi3u4HO20 MOHIMOPUHaY HaBKO/MUWHBLO20 cepedosuwja. Po3anssHymo 3ada4y cmamucmu4Ho20 Modesito8aHHs1 eunadkosux rnorie
celicMi4HO20 WyMy Ha npogini cnrocmepexxeHHs1 NpPuU ernpoead)keHHi y celicMoso2iyHi AocioKeHHs 01l 6U3HaYEeHHsT 4aCMOMHUX XapakmepucmukK
2eosioei4Ho20 cepedosuwja. [lo6ydosaHo Modeni ma cghopmynbL08aHO an2opUMMU HUuceslbHO20 MOOesIto8aHHsI peasi3zayili makux eunadkoesux
nonie Ha ocHoei ModugpikosaHux iHmepnonsauyiliHux po3knadie KomenbHukoea-lLlleHHoHa Onsi 2eHepyeaHHs1 adekeamHux peasi3auii wymy celic-
mozpam. Y cmammi makox eue4yarombcsi dilicHo3HayHi eunadkoei nons §(t, x), t € R, x € R — 00HOpidHi 3a 4acoM ma oOHOpPIOHi i3omponHi 3a
npocmopoeoto 3MiHHOK Ha npogini cnocmepexeHHs. [ns eunadkosux nosiie 3 o6MexxeHUM CrIeKMpPOM ecmaHoe8s/1eHo aHano2 meopemu Komens-
Hukoea-LlleHHoHa. HaeedeHo ouiHKu cepedHboKkeadpamuy4yHo20 HabuXeHHsI makKux eurnadkosux rnoslie Mooessito, No6ydoeaHO Ha OCHOGI criekm-
panbHo2o po3knady ma inmepnonsiyiliiHoi gpopmynu KomenbHukoea-LLleHHoHa. Po3pobieHo anzopummu cmamucmuYyHo20 Modesno8aHHs peaiti-
3ayil 2aycciecbkux 0OHOPiOHUX 3@ YacoM ma 0OHOPIGHUX i30MPOMHUX 3a MPOCMOPOBOH 3MIHHOI Ha NPogini cnocmepexeHHs1 eunadKoeux nosie
3 o6mMexxeHUM cnekmpom. HaesedeHo meopemu npo oyiHku cepedHbokeadpamuy4Hoi anpokcumMayii 0OHOPiIOHUX 3a YacoM ma oOHOpidHuUX i3ompon-
HUX 3a N iHWUMU 3MiHHUMU 8unadkosux rfoJie Yacmkosumu cymamu psidie cneyianbHo20 eueassidy, 3a G0NOMO20t0 SAKUX CGhopMYysIbOBaHO asneo-
pummu 4YucesibHo20 MOOesIl08aHHs peani3zauili makux eunadkoeux nosie. Po32nsiHymo crnocobu npoeedeHHs1 crnekmpasibHO20 aHaslily 32eHepo-
e8aHux peanisayiti wymy celicmozpaM. Po3pobrieHo yHieepcanbHi Memodu cmamucmu4Ho2o ModesoeaHHsi (Memodu MoHme-Kapno) 6azamona-
pamempuyHux celicMosio2iYHuUx daHux, siki datomb MoXJueicms eupiwumu npobreMu 2eHepyeaHHs1 peanisayili wymy celicmoz2paM Ha npogini
crocmepeeHHs i3 KPOKOM HeobxiOHOi demanbHOoCcmi ma pe2ynsipHocmi.

Knro4oei cnosa: cmamucmuy4He modesnto8aHHs1, celicMiyHull wym, eunadkosi npoyecu
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KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHun Tapaca LLleByeHko,
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OB AIITOPUTMAX CTATUCTUYECKOIO MOAENUPOBAHUA CENCMUYECKOIO LUYMA
HA NMPO®UNE HABNIOAEHWA ONA ONPEARENEHUSA YACTOTHBIX XAPAKTEPUCTUK
FEOJIOTMYECKOU CPEQNDI

Pa6boma nocesiweHa danbHelwel pa3pabomke meopuu u Memodoe cmamucmu4Yyecko2o0 ModesiupoeaHusi criiy4aliHbiX npoyeccoe u nosel Ha
OCHO8€e UX CreKmpasibHbIX pa3/ioXeHul U MoOupUUUPOBaHHbLIX UHMEPMNONSIUUOHHbLIX psidoe KomenbHukoea-lleHHOHa, a makxe MPUMEHEHUI
makux memodoe e 3ada4yax 2e0ghu3uyecKo2o MOHUMOPUH2a OKpyXxaroujeli cpedbl. PaccMompeHa 3ada4a cmamucmu4ecko20 ModesiuposaHust
cnyyaliHbix nonel Ha npoghusne HabnrodeHus1 Npu eHedpeHUU 8 celicMosioaudeckue uccrnedogaHusi 011 onpedesieHUs1 YaCMOMHbIX XapaKkmepuc-
muk 2eono2u4veckoli cpedsbl. [TocmpoeHb! Modesniu u cghopmynuposaHbl an20pPuUMmbl YUC/TEHHO20 MOOesTupo8aHusi peanu3sayull makux criy4alHbIx
noneli Ha 0CHoBaHUU MOOUbuyUPOBaHHbLIX UHMEPNONASIYUOHHbIX pa3oxeHull KomenbHukoea-LLleHHOHa Ansi 2eHepupoeaHusi adeKkeamHbIX peanu-
3ayutl wyma celicmozpaMm. B cmambe usy4aromcsi delicmeumesibHO3HayYHble cryyalHble noss §(t, x), t € R, x € R — o00HOpoJdHbIe Mo epemMeHU U
00HOPOOAHBLIE U30MPOIMHbIE M0 NPOCMpPaHcmMeeHHOoU nepeMeHHolU Ha npogusie HabnmodeHus. [ns cnyyaliHbix nosel ¢ o2paHU4YeHHbIM CEeKIMPOM
ycmaHoersneH aHanoz2 meopembl KomenbHukoea-llleHHoHa. [MpueedeHbl meopeMbl 06 oueHkax cpedHekeadpamu4yecKo2o MpubnuXeHUsi makux
cny4aliHbIx nosneli Modesibio, KOMopasi MoCcmMpPoeHa Ha OCHO8e CMeKMpaslbHO20 Pa3JsIoXeHUsl U UHMepnonissyuoHHol ¢popmynbi KomenbHukoea-
LlleHHOHa. Pa3pabomaHbl anzopummbl cmamucmu4ecko2o ModesiupoeaHusi peanu3ayull 2ayccoecKux 0OHOPOOHbIX M0 8peMeHU U 0OHOPOOHbIX
u30MpOonHbIX M0 NPOCMpPaHCMeeHHoU nepeMeHHOU cry4YaliHbix nosel ¢ o2paHu4eHHbIM crnekmpoM. [JokazaHbl meopemMbl 06 oyeHke cpedHekeao-
pamu4eckol annpokcumayuu oOHOPOOHbIX M0 8peMeHU U 0OHOPOOHbIX U30MPOIHbIX M0 N Opy2uM nepeMeHHbIM ciy4aliHbIX nonel Yacmu4HbIMU
cymmamu psidoe creyuasnbHO20 8uda, nMpu NoMowu Komopbix c¢hopMyIuUpo8aH as2o0puUMM YUCIIEHHO20 ModeslupogaHus peanusayuli makux ciy-
qaliHbix nonel. PaccMmompeHbl cnocobbl npoeedeHusi cnekmpasnbHO20 aHau3a c2eHepupoeaHHbIX peanu3ayuli wyma celicmozpamm. Paspa6o-
maHbI yHugepcasibHble Memodbl Cmamucmu4ecko20 modenuposaHusi (Memodbl MoHme-Kapno) MHozonapamempuyeckux celicMosio2uyekux daH-
HbIX, KOMopble 0alom 803MOXHOCMb pewums npobrieMbl 2eHepupo8aHuUsi peanu3ayull wyma celicMozpaM Ha NJ0CKOCMU U 8 MPexXMepHOM po-
cmpaHcmee Ha cemke Heo6xodumol demasibLHOCMU U peaynsipHoCcCMu.

Knroyesnie crnosa: cmamucmuyeckoe modesiupogaHue, celicMu4eckul wym, Cﬂy‘laﬂHble npoyeccsl.
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