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KOMMNMEKCHI NETPOEJNIEKTPUYHI MOAOENI BANMHAKIB AEBOHY
TA NICKOBUKIB KEMBEPIIO AOEPOTBIPCbKOI NMnoLlyl BONMHoO-noannsa

(PexomeHAo8aHO YrieHOM pedaKuiliHoi Konezii 0-pom ¢piz.-mam. Hayk, |.M. KopyaziHum)

B cmammi po3ansidarombcsi pe3ysibmamu ma ocobriueocmi MemoOuKu rnempoesieKmpuYyHUX 00CiOXeHb Mpu 8USYEHHI CKIlaOHoIo-
6ydosaHux kapboHamHUX ma mepu2eHHUX Konekmopie. HasedeHi pe3ynibmamu eu3Ha4yeHHs1 elIeKmpUYHUX napamempie ma ix 36’430k 3
EMHICHUMU eflacmueocmsiMu earlHsikie 0eeoHy ma rnickoeukie kembpiro [Jo6pomeipckkoi nnowi BonuHo-Modinns. Memoro npoeedeHux
docridxeHb 6yna po3pobka ma cmeopeHHs1 NempoesIeKmMpuUYHUX Modesiell NopiG-KosleKmopie, sik OCHO8U KOMITTIEKCHO20 aHasli3y ix esle-
KMpU4HUX napaMempie ma 3e's3Kie 3 eMHiCHO-ghinbmpayiliHumu enacmusocmsimu. Bidomocmi npo numomuti eslekmpuyHuUll onip nopio-
KOJIeKmopie euKopucmoeyrmucsi Osis1 YMOYHEHHs1 MeX (1020 3MiHU Or1si OKpeMux munie i 2pyn nopiod; eudifieHHs1 OKpeMux cmpamuzpa-
¢biyHUX 20puU30HMIB, Po3pisie ma ¢hayili; ecmaHoesIeHHs1 xapakmepy Lio20 3asIeXXHocmi 8i0 MiHepasibHO20 Ck1ady, CIMPYKMypu roposo2o
npocmopy, criieeiOHOWEHHS1 ¢ha3 peyosUHU, Yacmomu i Harpy>XeHocmi esleKmpuYHO20 MOoJIsl; 8USIBNIEHHST XapaKmepy 3MiHU eflekmpuY-
HO20 oropy npu enizeHeMu4HOMY repemeopeHHi ma MemamMopiyHUX 3MmiHax 2ipcbkux nopid. Mamepianu naéopamopHux docidxeHb
numMoMoeo esIeKmpuYyHoO20 Oropy Mopid 8UKOPUCIMO8YOMLCS MNPU iHMeprpemayii pesysibmamie esleKmpoMempuyHuUx memodig Aocsii-
OxeHb ceepd/I08UH Ma MoJsIboeoi eslekmpopo3eidku. Komnnekc nempodgizuyHux 1abopamopHuUx OOC/TiOXKeHb 8KIT0Yae 8U3HAYEHHSI: 2Y-
CMuHu 9AocidxeHux rMopio (Cyxux ma Hacu4eHuUx MoOesuTo miIacmoeoi eodu); eidkpumoi mopucmocmi (MemoOdamu HacU4YeHHsT a30Mom
ma modesnto nnacmoeoi eodu); KoegpiyieHma 3anuwKoeo20 8000Hacu4YeHHs1 (Memodom ueHmMpugyzyeaHHs); MPOHUKHOCMIi (MemodoM
cmauioHapHoi ghinbmpauii azomy); iHmepeasibHO20 Yacy (weudkocmi Moe30068XKHIX MPYKHUX X8UJIb) ma MUIMOMO20 eJIeKMPUYHO20 OIlo-
py. B npoueci nabopamopHux po6im eusHa4aecsi numomull esleKmpu4HuUl orip 3pa3kie rnopio npu pi3HUx ymosax (cyxi, HerlogHicmro ma
MoeHicmMIo Hacu4eHi po34UHOM-iMimamopoMm racmoeozo ¢hrioidy) 8 ammocghepHUX yMogax, a MaKoX 8 yMoeax HabsiuxeHux 0o nac-
moesux. B pe3ynbmami eukoHaHux s1abopamopHux AoclideHb 8USYeHI NempoesieKmpuYHi NapamMempu rnickosukie kembpiro ma eanHsikie
deeoHy [lobpomeipckKoi nepcriekmugHoi nowi, ecmaHoeJsieHi eMnipuy4Hi kopensayiliHi 3aneXxxHocmi Mk nempoesIeKmpuYHUMU napame-
mpamMu ma eMKicHo-ghinbmpauiliHumu enacmueocmsiMu O0C/TiOXeHUX Mopid, Wo crly2yromb OCHOBOH 2e0/102i4YHOI iHmeprpemauii 2eo-
ghizuyHUX OaHux. i 3anexHocmi anpokcumyromscs y 6inbwocmi eunadkie cmeneHegoro hyHKyiero. AHasi3 HagedeHux GaHUX ceidyums
npo me, WO eslIeKMPoOMempUYHi Memoou € MoMyXHUM 3acob60M sIK J1TabopamopHUX Mak i nosibogux AocioxeHb, documb eghekmueHi i
Hadaromb WUPOKY ma UiHHy iHghopmauito rnpo enacmueocmi ropio.

Knroyoei cnoea: docnidxeHHs1 KepHy, hinbmpauiliHo-eMHICHIi napamempu, eslekmpuYHi napamempu, nopoeuti npocmip, Koperisi-
YitiHi 3anexxHocmi, MiCKOBUK, earHsiK, Mopucmicme, esIeKmpuYHUl onip, MUCK, MPOHUKHICMb, NempoesieKmpuYHi napamempu.

Beryn. KomnnekcHi nabopatopHi neTpodiznyHi gocni- 3KV € 4OCUTb CKNagHUMK i NOTpebyloTb peTenbHOro BUBYEH-
[DKEHHS € OCHOBOIO AN BU3HAYEHHS KOPENALIiHUX 3B'A3KiB Ha. [uToMMI enekTpuyHuin onip (p) € ogHUM i3 HambinbLu
MK EMHICHO-DINbTPaUIiHAMKN XapakTepucTUkaMm i AaHnMm iH(bopMaTUBHMX MapameTpiB Npu BU3HAYEHHI reoenekTpuny-
CBEPANOBMHHMX Ta NOMbOBUX reodpianyHux metogis. Lli 3B'a- HUX BNAaCTUBOCTEN ripCbkux nopig. Enekrpuynunii onip ripcb-
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KMX Nopig 3anexuTb Bif: PeYOBMHHOIO CKragy Ta TEeKCTypu
nopoaw; CTPYKTypu €MHICHOro nNpocTopy; ii HagTo-, raso- Ta
BOOOHACWMYeHOCTi; koedilieHTa MNOpUCTOCTi; MiHepanisauii
nnacToBMX BOA,; TemMnepaTtypu 1a Tmucky [1-9].

MeToro npoBefdeHVx pocnigpkeHb Oyna pospobka Ta
CTBOPEHHSA METPOENEKTPUYHNX MOZENEN Mopia- KOMeKTopis,
SIK OCHOBW KOMIMINEKCHOrO aHanisy Ix enekTpuyHux napameTpis
Ta 3B'A3KiB 3 EMHICHO-QINbTPaLiiHMMK BnacTMeocTaAMU. Bi-
AOMOCTi NpO MUTOMWUIA ENEKTPUYHWUIA Onip NOpia-KONeKTopiB
BMKOPUCTOBYIOTLCA ANA YTOYHEHHA MeX WNOoro 3miHv Ang
OKpeMunx TWNIB i rpyn nopia; BUAINEHHA OKpeMux cTpaturpa-
iYHMX rOPU3OHTIB, PO3Pi3iB Ta haLii; BCTAHOBMNEHHS Xapak-
Tepy MOro 3amnexHocCTi Big MiHepanbHOro ckragy, CTpyKTypu
NMOpPOBOro NPOCTOPY, CriBBIAHOLLEHHST (ha3 PeYOBUHU, YaCcTOTH
i HaNPY>XEHOCTi EeNeKTPUYHOro MOMs; BUSIBINIEHHS XapakTepy
3MiHW ENEKTPUYHOrO Oropy MpY enireHeTUYHOMY MNepPeTBO-
peHHi Ta MeTamopdiuHMX 3MiHax ripcbkux nopig. Matepianu
nabopaTtopHux AOChigKEeHb MUTOMOrO ENEeKTPUYHOrO onopy
nopia BMKOPUCTOBYKOTbCS NpWU  iHTepnpeTauii  pesynbTartis
€NeKTPOMETPUYHUX MeToAiB  AOCNiAKeHb CBEpAJIOBMH Ta
NonbOBOI ENEKTPOPO3BIAKN.

B cratTi npeacraeneHi pesynbtati Ta ocobnuneocTi nabo-
paTOPHUX METPOENEKTPUYHMX OOCMIIKEHb BarHsaKiB JEBOHY
Ta NiCKOBMKIB KEMOpIit0 NepcrnekTuBHOI Ha ByrnesoaHi [Jobpo-
TBipcbKoi nrowi (cB. JobpoTsipcebka-1, iHTepBann 1729-1831
Ta 3236-3702 m). MNnowa po3TaloBaHa B MiBHIYHIA YaCTUHI
cxigHoro 6opTy J1bBIBCHKOrO Naneo3oMcbKOro NPOruHYy.

Mopoaun 3 gocnigxeHux iHTepBaniB NpeacTaeneHi ne-
PEBAXHO BaMHSAKOBMMM BifgKknagamn OEBOHY Ta Pi3HO3ep-
HUCTUMMW MICKOBUKAMM KeMOPiIto.

ExkcnepumeHTanbHi gocnigpkeHHs. Komnnekc neTtpodi-
3UYHNX NabopaTopHUX AOCHIMKEHb BKIHOYAB BU3HAYEHHS:
ryCTUHU JOCHISKEHUX nopig (Cyxux Ta HacU4eHux mMopen-
N0 NnacToBOi BOAM); BIiAKPUTOI MopuCTOCTi (MeTogamm
HaCUYeHHs1 a30TOM Ta MOAENM NNacToBOi BoAM); koedi-
LieHTa 3anuLIKOBOrO BOAOHACUYEHHS (MEeTOAOM LEHTpU-
yryBaHHs1); NPOHWMKHOCTI (METOOOM CTauioHapHOi inbT-

pauii a3oTy); iHTepBanbHOro Yacy (LUBMAKOCTI MOB3OO0BXHIX
NPYXXHUX XBWITb) Ta MUTOMOrO eneKTpu4YHoro onopy. B npo-
ueci nabopaTopHuNX pobiT BU3Ha4YaBCS MUTOMUIN €NEKTPUY-
HWIA onip 3paskiB Nopig Npy pisHUX yMoBax (Cyxi, HEMOBHIC-
THO Ta MOBHICTIO HACUYEHi PO3YMHOM-IMITATOPOM MNAcTOBO-
ro dnwigy) B atMmocepHux yMoBax, a TakoX B yMOBax
HabnwkeHnx 4o NNacToBuX.

JlabopaTopHi  €neKTPOMETPUYHI  BMMIPIOBAHHS  CYXMX
3paskiB KepHy BMKOHaHi npy TemnepaTypi 200C 3a gonomo-
roto uudpposoro Tepaommetpa C.A.6547 Ta npeLesinHoOro
undpposoro RLC-metpa MHC-1100, ki 4O3BONSOTH BUKO-
HyBaTN BMCOKOTOYHI BUMIPIOBAHHS €NEKTPUYHOro onopy Ta
€MHOCTI B LUMPOKOMY AianasoHi 4acToT 3 UMdpoBUM 3anu-
com Ha EOM 3a cneuianbHoto nporpamoto. LuniHapuyHi
3pasku Npu BUMIPIOBaHHI BCTaBNSANUCA B cheuianbHUA Ke-
pHOTpPMMay 3 eneKkTpogamu, WO He nonspusytotbes [1, 2,
4]. Ana BuMiptoBaHHs 3paskiB Hacu4eHnx po3vmHom NaCl
(M=90 r/n Tta 120 r/n) 3actocoByBaBcad RCL-metp MHC-
1100. 3 MeTOl0 BM3HAYEHHSA 3aneXHOCTi NeTPodi3nYHMX
napameTpiB Bi CTyNeH BOAOHACWMYEHOCTI (a OTXe raso-
HadTOHACMYEHOCTI) MOpig BWKOHAHI AOCHIMKEHHS 3MiHU
MMTOMOrO EeneKTPUYHOro OMopy MNPV BIATOHUI BOAW Ha
ueHTpudysi OC-6M. NeTpoeneKTpuyHi LOCNIMKEHHSA Npu
LEeHTPUdYryBaHHi BUKOHYBanuCb LUMASIXOM Cepii BUMIpIO-
BaHb €NeKTPUYHOro OMOpPYy HacuyeHux 3paskiB MoAenso
nnacToBoi BOAW: A0 UeHTpuUdyryBaHHa Ta Micnsa ueHTpu-
yryBaHHs npu pexummax BigroHku sig 1000 go 6000 o6/xs
3 kpokom 1000 06/xB, TUCK BUTICHEHHSA BOOW 3MIHIETLCA
Bia 0,2 go 1,00 MMa. (7 umknis BMMiptoBaHb). [NapanensHo
BM3HAYanmcb KoedilieHT BOOOHACUYEHHS Ta LWIBUAKICTb
npy>XHux xsunb. CepeaHsi BigHOCHa Noxmbka BM3HAYEHHS
enekTpu4Horo onopy cknana 2,5%.

AHani3 gaHux. B pesynbtaTi BUKOHaHUX nabopaTopHMX
neTpodisnyHNX AocnifkeHb BU3HAYeHO inbTpauiiHo-
E€MHICHI Ta enekTpU4Hi napamMeTpu OCHOBHWX TWNIB Nopig,
MeXi 3MiH sSikux HaBefeHi B Tabn. 1.

Ta6bnuuys 1
3 Biakputa n"TOM"ﬁ .
Ne n . 3HaueHHs TycTuha, krim NOPUCTICTb, % | MPOHUKHICTL, Koedp. | enexrpuhui onip, BigHocHum
ain opoaa | Bik napametpa (‘bM2 3anuLLK. OmMmm onip
cyxi Hacuy.| o o | Hacuy. BOAOHac. cyxi Hac.
NaCl NaCl NaCl
1 2 3 4 5 6 7 8 9 10 11 12 13
1 BanHsiku D min 2645 |2654 0,008 |0,005 0,002 0,330 865370 83,9 579
2 | BanHsaku D max 2982 |2833 |0,015 |0,008 0,016 0,770 27687320 |91,1 629
3 | BanHsiku D cepeq 2770 |2754 0,010 [0,006 0,007 0,572 14276340 | 87,5 604
4 | NickoBukn |€ min 2518 |[2567 |0,009 |0,004 0,002 0,320 319200 9,7 83
5 [MickoBukn |€ max 2750 |2754 0,050 [0,046 0,068 0,900 41967670 | 29,7 255
6 |MickoBukn |€ cepeq 2620 |2641 0,025 [0,020 0,019 0,613 15733100 | 19,6 168

3a pesynbratamy nabopaTopHUX BUMIpHOBaHb BCTAHOB-
JIEHO, L0 MUTOMMUI ENEKTPUYHUIA OMip CyXUX €KCTparoBaHmx
3paskiB (MMTOMUIA ENEKTPUHHWIA OMip MiHEPaNbHOrO CKENeTY)
Mae 3HayHi BapiaLii BUKNUKaHi HeOAHOPIAHOCTAMM Y TEKCTY-
pi nopig, K 4na BanHsKIB, Tak i nickoBukiB. Llen napametp
3miHoeTbes Big 319200 go 41967670 OmiIm npu cepeg-
HbOMY 3HayeHHi 15733100 Om-m (nickoBukn) Ta Big 865370
po 276873200 Om'M  nmpu cepeOHbOMY  3HAYEHHI
14276340 Om-M (BanHsKkM). TMMTOMUIA  eneKTpUYHWMI - onip
3pas3kiB nopig HacM4YeHWX MOAENSI MIacToBoi piavHM (pos-
umH NaCl) 3miHoeTbea Big 9,7 4o 29,7 OM-M npu cepefHbo-
My 3HadeHHi 19,6 Om'm (nickoBuku) Ta Big 83,9 po
91,1 Om-M npu cepegHbOMy 3HayeHHi 87,5 Om-M (BanHsKm).

AHania oTpMMaHux OaHuX OO3BOMMB BCTAHOBUTWU, LLUO
NiCKOBMKN MatoTb Aiana3oH 3MiHW BiJHOCHOrO eneKTPUYHO-
ro onopy Big 83 go 255 npu cepeaHbOMy 3Ha4yeHHi 168.
BignoBigHi uboMy 3MiHM KOedilieHTa NMOPUCTOCTI cknaga-
toTb Big 0,004 go 0,046 npu cepegHbomy 3HaudeHHi 0,020.

[Ona BanHskiB AdianasoH 3MiHW BiAHOCHOIO eneKTPUYHOro
onopy cknagae Big 579 0o 629 npu cepeaHbOMY 3HAYEHHI
604, a koediuieHTa nopuctocTi — Big 0,005 go 0,008 npwu
cepegHboMy 3Ha4veHHi 0,006.

B pesynbraTi BukoHaHWx nabopaTopHMX AoCriaXeHb
nobynoBaHi kKopensiyinHi 3anexHocTi (puc. 1a, 16) Mix Ko-
edivieHTom nopwuctocTi (Kn) | BIAHOCHUM eneKTPUYHUM

onopom (P) Tuny P =a-k;" — piBHaHHS Apui-[axHoBa Ans
NiCKOBUKIB i BanHsKiB, BiANOBIAHO, A& @ — NOCTiIMHWI Koedi-
LIEHT, M — CTPYKTYPHUIN NOKa3HWK.

PiBHAHHS Apui-[laxHoBa MaloTb BUTMSA:, P=8299. ko ™

npn R?=0,84 (nickoBuku), P =1192-k "', npu R?=0,85

(BanHsKkn), oe — P=pns/ps, prs — MTUTOMUI ENEKTPUYHUIA OMip
MOBHICTIO BOAOHACUYEHUX NOpia, ps — MMTOMUIA E€NEKTpUY-
HWI onip NnacToBOi BOAW.

Ons BanHsikiB [1oGpOTBipChKOI NioLLi, kKoedilieHT a ckna-
nae 1,192, a cTpyKTypHUiA nokasHuk m — 1,162. Lli napameTpu
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ONS NiCKOBMKIB MatoTb 3HaYeHHs!, BignosigHo, 8,299 i 0,792, | LLIO pi3KO BigPI3HAOTLCA Bif, 3HAYEHb Ars BanHSKIB.
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Puc. 1. KopensiuiiHa 3anexHicTb Mix KoedilieHTom nopuctocTi (k;)
i BIBHOCHUM enekTpu4HUM onopom (P) — piBHAHHA Apui-[laxHoBa (naGopaTopHi yMoBM): a — NiCKOBUKK, 6 — BanHsikn

LLnsixom ekcnepyMmeHTanbHMX nabopaTopHUX AOCHIMKEHb
BCTaHOBMEHO 3areXHOCTi NETPOi3NYHNX NapameTpiB Big, CTy-
NeH0 BOAOHACUYEHOCTI nopid. BogoHacuyeHicTb nopig 3MiHto-
Barach LUMAXOM LIEHTPUdYryBaHHS 3a JOMOMOIOH LiEeHTpUdy-
m OC-6M. lNpy LBOMY BMKOHyBanacb cepisi enekTpoMeTpuy-
HVX BUMIptoBaHb. B pesynbTaTti umx gocnigpkeHb BCTaHOBMEHI

KopensiLiinHi 3anexHocti Tuny P, =b-k,” — napamertpa 36i-
NbLUEHHS enekTpuyHoro onopy (Px) Big koediujeHTa BogoHacu-

-
o

‘\x

y =1,0789x1.0524 NNee o
R2 = 0,9022 M

1,0

-

napamertp 36inbleHHA
eneKTpUYHOro onopy,
PH

o
i

Koe dpiLlieHT BogoHacuyeHHA, kB
a

yeHHs (ks) Ans gocnimkeHyx nopig. KopensuinHi 3aneHocTi
MaloTb BUMSA: Ans nickoBukis — P, =1,079-k"%%, npu

R®=0,9, ans Banksikis — P, = 0,907 - k;>"* npu R*=0,95, e —

P.=pue/prs, Pre — MUTOMUI ENEKTPUYHMIA OMIP HEMOBHICTIO BOAO-
HaCcW4eHVX MopiA, Prs — MUTOMUI €NEKTPUYHMIA ONiP MOBHICTIO
BogoHacnyeHnx nopia. Lli kopendauinHi 3anexHocTi npeacras-
neHi Ha puc. 2a Ta 26.
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G
9069x372681 X

R?|=0,9536

napameTp 36inbLIeHHs
eneKkTpu4Horo onopy, PH
<
I
o
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o

1,0
koe diLieHT BogoOHacu4e HHA, kB

6

Puc. 2. KopensiuiiHa 3anexHicTb Mix koediLlieHTom BoaoHacu4yeHHsA (kB) Ta napaMmeTpoM 36inbLlUeHHs1 eneKTpuyHoro onopy (P,):
a — nickoBUkK, 6 — BanHsKK

AHania oTpyMaHunx faHuX nokasye, Lo MNiCKOBUKN Ma-
I0Tb Aiana3oH 3MiHM napameTpa 36iNbLUeHHS eNeKTPUYHOro
onopy Big 1 go 3,47 npu cepegHbomy 3HadveHHi 1,38. Bia-
NnoBiAHWI LUbOMY Aiana3oH 3MiHW KoedilieHTa BoAoHacu-
YeHHsa cknagae Big 1 oo 0,35 npu cepeaHbOMY 3HAYEHHI
0,81. [Ins BanHskiB giana3oH 3miHM PH cknagae Big 1 go 4
npu cepegHboMy 3HadeHHi 2,09, a koediuieHTa BogoHacu-
yeHHsa — Big 1 o 0,68 npu cepegHbOMY 3HadeHHi 0,82.

Onsa gocnimxkeHnx nopia koediuieHT b B kopensuiiHomy
piBHSHHI TUNY P, =b-k.", WO BMpaxae 3B'A30K MiX koe-

dilieHTOM BOAOHACMYEHHS i napameTpom 30inblUEHHS
€rneKkTpuYHOro onopy, 3miHeTbcs Big 0,907 (BanHsku) Ao
1,079 (nickoBukKM), a Noka3HMK 3modyBaHocTi n Big 1,052
(nickoBukmn) oo 3,726 (BanHsiku). 3a napameTpom b gocni-
IPKeHi nopoaun crnabko audpepeHLinoBaHi, a 3a NOKa3HMKOM
3MOYYBaHOCTI MaloTb 3HaYHY AudepeHdiadito.

Ha cyyacHomy etani y 3B'A3Ky 3i 30iNbLUEHHAM MMMOUHK
CBEpANoOBWH, ANS KiNbKICHOI iHTepnpeTaLil KapoTaxXHUx gdiar-
pam BaXkNMBE 3HAYEHHs] MaloTb EKCrepUMeHTanbHi AaHi Npo
3aneXHiCTb eeKTPUYHOro OrNopy 0CaA0BMX MOPIA Bif TUCKY.

BnepLue 3anexHicTb onopy nopia-KonekTopis Big TUCKY
oyna BuBYeHa ®PetToMm [9] Ha 20 3paskax MiCKOBMKY Hacu-
YEHMX PO3YMHOM XJIOPUCTOro HaTpito. [ns BCiX 3paskiB
crocTepiranocb 3poCTaHHs MMTOMOrO OMnopy, a OTXe i Big-
HOCHOTO eNIEKTPMYHOro onopy P 3 NiaBULLEHHSAM TUCKY.

JocnigkeHHs BNNMBY TUCKY Ha enekTpu4HWMIA onip rip-
CbKMX MOpig PO3BMBAaETLCS B OBOX Hanpsivkax. lMepuni
HanpsIMOK NOB'A3aHMIN 3 BUPILLEHHSM 3aday NpoOMUCHOBOI
reodi3vikv, ronoBHUM YMHOM AfNsi BCTAHOBMEHHS 3anexHo-
CTi M)XK TUCKOM i €NeKTPUYHUM OnopoMm (BIAHOCHUM €reKT-
pUYHMM OMOPOM) nopia-konekTopis. Mpu LbOMy TUCK 3Mi-
HIOETbCA Big aTtmocdepHoro go 100 MMa. Ona gpyroro
HanpsiMKy (BENUKOI reodpiaukn) NOoTpPiOHI 3HAYEHHSA enekT-

PWYHOrO Onopy FMMBUHHMX FIPCbKMX Mopia, ONA SKUX TUCK
cklagae Ao Oekinbkox aecatkis Tucad MlMa.

OcHoBHy ponb B npoueci 36inbLUeHHsI enekTpU4HOro
onopy npu 36inbLUeHHi TUCKY BiAirpaTs NOPW i MIKPOTPI-
LLUMHK, 0BCAr SKMX BU3HAYaETbCA BMICTOM FIMHUCTONO Ma-
Tepiany. byno BCTaHOBMEHO, WO MOPUCTICTb 3MIHIOETHCA
3HAYHO MeHLLUE, HiXX NPOHMKHICTb Ta eNeKTPpUYHUA onip, Lo
MOXe CMOCTepiraTUcs TiNbK1 Npu 3akpuUTTi ab0 3MEHLLEHHI
nepepisy Manux nop.

[na ouiHKM NMTOMOro enekTpMYHOro onopy nopig B
NIacToBMX YMOBAX BUKOHAHiI KOMMMEKCHI OOCNiAKEHHS
Ha cneuianeHii ycTtaHoBuUi Bucokoro Tucky BCL-1000
npu 3miHi TUCKY Big aTmocdepHoro go 59 Mla. B pe-
3ynbTaTi aHanisy oTpMMaHWX AaHWX BU3HAYEHO 3anex-
HiCTb CepefHbOro 3HayeHHs KoediuieHTa 36inblUeHHs
nMTOMOro enekTpuyHoro onopy (Q) Big Tucky (p) Ans
MiCKOBMKIB, L0 BUPAXaeTbCs MNOJIIHOMOM 2 MOPSAKY:
Q=-110"-p?+6,29-10%-p+1,0412, npwu R?=0,998.
[padik Uiei 3anexHoOCTi npeacTaBneHnin Ha puc. 3.

AHaniz oTpumMaHuUX AaHuX Mokasye, Lo MiCKOBUKM Ma-
I0Tb AdianasoH 3MiHM koedilieHTa 36inbLeHHs onopy Bia 1
00 4,3 npu 30inblUeHHI BCeBivyHOro TMUCKy Big aTtMocepHo-
ro oo 59 Mlla. MNpu uboMy rpadik KopensAuinHOI 3anexHoc-
Ti Q=f(p) MOHOTOHHO 3pOCTaEe B yCbOMY AianasoHi TUCKIB. Y
3B'A3KYy 3 MiABMWLLEHOK KPUXKICTHO 3paskiB BarnHsiKiB, BUKO-
HaTW iX JocnigXXeHHs nig TUCKOM He BOanocs.

OTpuMaHi AaHi Npy BUMIPIOBaHHSAX Mig, TUCKOM Aanv MOX-
NMBICTb OLHUTU 3HAYEHHS MUTOMOrO ENeKTPUYHOTO Ornopy
[Ons JocnigykeHnx nopig B NNacTtoBux yMoBax. 3a Martepiana-
MW NETPOENEKTPUYHMX [OCNIMKEHb MNPU BUCOKMX TUCKaX
BCTAQHOBIIEHA 3aleXHiCTb MK KoedilieHTOM nopuCToCTi
(kn,nn) Ta napameTpom nopwucTocTi (Pnn) B nnactoBmx ymo-
BaX. BusHaueHe piBHsHHA Apui-[JaxHoBa Onsi MiCKOBMKIB KeM-

6pito Mae BurnsA (puc. 4): P, =5,394-k-"%° npn R?=0,91.

n,nn
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Puc. 3. KopensuitHa 3anexHicTb koediuieHTa 36inblIEeHHS TMTOMOro enekTpu4Horo onopy (Q)
Bif, TUCKY (p) ANsi NiCKOBUKIB KeMbpito

Lnaxom BMMIpIOBaHHA €nekTpUYHOro onopy 3a "Ha-
nnacTtyBaHHAM" i BXpecT "HannacTyBaHHA" BUKOHAHA OLJiH-
Ka enekTpUYHOI aHidoTponii nickoBukiB. KoedilieHT enekT-
PUYHOI aHi3oTponii A BU3Ha4YaBCsi 3a 4OMOMOro hopMynu:

A= fp—” , e pn, pI — NMUTOMUIA €NEKTPUYHUI Onip BXPECT i
Py

3a "HannacTtyBaHHAM", BignoBigHO. B pesynbTaTi aHanisy
OTPUMaHUX OaHWX BCTAHOBMEHO, LLO KoedilieHT aHi3oTpo-
nii Cyxux ekcTparoBaHWX MiCKOBUKIB 3MiHIOeTbCA Big 1,03
no 1,11 npu cepegHboMy 3HadeHHi 1,07. KoediuieHT aHi-

30Tponii nickoBukiB, Hacu4yeHux po3dmHom NaCl, 3miHETb-
csa Big 1,07 go 1,2 npu cepeaHboMy 3HaYeHHi 1,14.

KomnnekcHi neTpoenekTpuyHi mogeni nickoBUKIB kemb-
pito Ta BarnHsAKIB AeBOHY BW3Ha4anucCb Ha OCHOBI aHanisy
BCi€l CYKynHOCTi MaTepianis neTpodisndHUX AoChigKeHb.
KomnnekcHa neTpoenekTpuyHa Mogenb B AaHii poboTi
npeacTaBnAeTbCs Y BUMMAALI reoenekTpuyHol iHopmMauii
Ta KOPEensAuinHMX 3anexHOCTel MK NeTpoeneKkTpUYHUMM
napameTpamu Ta isMYHMMM BIIACTUBOCTAMU OOCTiAXKEHMX
nopia Jo6poTBipCcbkoi NioLwj, Wo 3BedeHi B Tabn. 2.

1000 <
Sy
5 N .
o N
g N
5 '\\
)§ \
5 !
o
&
5 100
0,001 Y =5,3937x 1098 0,010 0,100

R2=0,9057

koediuieHT nopucrocTi, kn,nn
Puc. 4. KopensuitHa 3anexHicTb Mix koediuieHTom nopucrtocTi (ky, nn)
Ta napameTpoM nopucTocTi (P,,) B nnacTtoBMx ymoBax Ans nickoBUKIB keMbpito.

Ta6bnuuys 2
KomnneKcHi neTpenekTpuyHi Mmogeni nickoBUKiB keMOpito Ta BanHsiKiB AeBoHY [lo6poTBipcbKoi nnowi
. Mexi 3MiHM napameTpa (cepeaHe)/
Ne MeTpoenekTpuyHuit napameTp/ o . s
.o . KopensuinHe piBHsIHHA (koedilieHT Kopensii)
3/n KopensidinHa 3anexHicTb -
MickoBUKK BanHsaku
1 [MUTOMUIN ENEeKTPUYHIIA ONip CyXMX 319200-41967670 Om-Mm 865370-27687320 Om-Mm
eKcTparoBaHux nopig (15733100 Om-m) (14276340 Om-m)
MTOMUIN €eNEKTPUYHMIA ONip NOPIA, HACUYEHNX
2 MOAGNNI0 NNACTOROT BOAM 9,7-29,7 Om-m (19,6 Om-m) 83,9-91,1 Om-m (87,5 Om-m)
3 BigHocHWI enekTpuyHuia onip (P) 83-255 (168) 579-629 (604)
npu nabopaTopHMX ymMoBax
4 BigHocHWI enexkTpuyHuia onip (P) 182-1056 (502) _
npy NNacToBMX YyMOBaXx
5 KopensuinHa 3anexHICTL Apui-JaxHoBa P =8,299- k07 (R2=0,84) P =1192.k;""® (R2=0,85)
(nabopaTopHi ymoBu)
6 Kopen;lu,il?ma 3a1‘|e)Kl:IiCTb P —5304.k %% (R2=0,91) _
Apui-JaxHoBa (nnacToBi yMOBUW) ” ”
7 KoediuieHT enekTpuyHoi aHizoTponil 1,03-1,11 (1,07) _
CYXMX eKCTparoBaHux nopig
KoediuieHT enekTpuyHoi aHizoTponii nopia, 1,07-1,2 (1,14) _
HaCMYeHUX NIacToBOK BOAOH
MapameTp 36inbLIeHHs enekTpuyHoro onopy (P.) 1-3,47 (1,38) 1-4 (2,09)
KopensuiiHa 3aneXHICTL Mk Koed)ILl,I(-..)HTOM BO- P, =1,079- k.0 P, = 0,907 - k.>7%
10 | poHacuueHocTi (ks) Ta napaMeTpoM 36inbLUeHHs ) ¢ 2 e
enekTpuyHoro onopy (P.) (R"=0,9) (R"=0,95)
. . . . Q=-110"-p* +
11 KopensuiiHa 3anexHicTb koedilieHTa 36inbLeHHs N _
nuTomoro oropy nopid (Q) Big TUCKy (p) +6,29-10 - p +1,0412
(R*=0,99)
KoedilieHT 36inbLUEHHst eNeKTPUYHOro onopy npu
12 36inbLueHHi BcebivyHOro TMcky 1-4,3 (3,2) -
Big atmocdepHoro o 59 Mla
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BucHoBkK. 3a gaHMMu neTtporpadivyHMX OOChimKeHb
3paskiB kepHy cB. [JoOpoTBipcbka-1 BM3HA4YeHO, WO 3a
CKNafioM BOHW BiAHOCATBLCS OO BamnHSKIB AEBOHY Ta MiCKO-
BUKIB kemOpito. 3yCTpivaroTbCsl BKIMHOYEHHSI TMMHUCTOrO
MaTepiany, cuaepiTy, Byrnedikadis Ta niputunsauis.

B pesynbTati BMKOHaHWX NabopaTopHUX AOCHIMKEHb
BMBYEHI NETPOENEeKTPUYHi napameTpu MiCKOBUKIB KeMOpito
Ta BanHsakiB 4eBoHy [106poTBipCHKOI NEPCNEKTUBHOT NOLL,
BCTAHOBMNEHI eMMipuyHi KOpensAuinHi 3anexHocTi Mk neT-
poenekTpUYHNUMHN napameTpamu Ta E€MKICHO-
dinbTpauiiHMMM BNACTUBOCTAMW AOCHIMKEHUX Nopid, Lo
CNyrytoTb OCHOBO FeorioriyHOI iHTepnpeTauii reodisanyHmnx
AaHux. Lli 3anexHocTi anpoKkcnmytoTbes y OinbLIoCTi BUna-
OKiB cTeneHeBo yHKLUIEL.

Ha 6asi aHanisy BMKOHaHWX NETPOENEeKTPUYHUX LOCHi-
OXeHb, BCiEl HasBHOI reonoro-reodianyHol iHopmauii
BM3HAYEHO KOMMMEKCHI NeTpoeneKkTpudHi mogeni gocni-
DXeHnx nopig. AHania po3pobneHnx KOMMNEKCHUX neTpo-
€neKkTPUYHMX MOoAenen MiCKOBUKIB kemOpilo Ta BanHskiB
[OEBOHY MOKa3ye, Lo BOHW CYTTEBO PO3PI3HAOTLCA 3a ene-
KTPUYHMMK nNapameTpamu. Po3pobka TakMx mogenen ans
Pi3HMX TUMIB Nopig MoXe OyTW UiHHMM IHCTPYMEHTOM MeT-
POdI3NYHNX SOCHIAXKEHD.

AHani3 HaBegeHVX OaHuX CBigYUTb NPO Te, Lo enekT-
POMETPUYHI MeTOAN € NOTYXHUM 3acobom sik nabopartop-
HUX Tak i NONbOBUX AOCNIMKEHb, 4OCUTE €(PEKTMBHI | Ha-
AaloTb LWMPOKY Ta UiHHY iHopMaLilo Npo BNacTMBOCTI NO-
pig. lMeTpoenekTpuyHi JOCRIMKEHHA 3anMaloTb BaXnuee
Micue y neTpodisnyHOMY KOMMIEKCI i LUMPOKO 3aCTOCOBY-
I0TbCS1 MPU BMBYEHHI (Di3NYHMX BMNACTUBOCTEN TiPCbKMX
nopig 3 MeTol BCTaAHOBMEHHS X ckragy, CTPYKTypw i cTa-
HY, @ TakoX Mpu BUPILIEHHI Pi3HOMaHITHUX 3aBAaHb MOLUY-
KiB i pO3BigKM POOOBWLY, KOPUCHMX KOManuH, ocobnueo y
HadpTorasosin reonorii.

B noganbluiomy, KOMMMEKC NeTpoeneKkTpuyYHuUX Aocni-
OXeHb Tipcbkux nopig, pauioHanbHO 6yno 6 AonoBHUTU
BMBYEHHSAM [i€NeKTPUYHOI MPOHUKHOCTI, TaHreHca Kyta
ieneKTpUYHMX BTpaT Nopig-KONEeKTopiB, OLiHUTK iHGopMa-
TUBHICTb r€0ENeKTPUYHUX NapameTpiB, WO KOHTPOIHTh
3MiHW €NEKTPUYHOrO OMOpPY CYXMX EeKCTparoBaHWX 3paskiB 3
YacoM npw NponyckaHHi NOCTINHOro CTPyMy Ta BCTAHOBUTU
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INTEGRATED PETROELECTRICAL MODELS OF DEVONIAN LIMESTONES
AND CAMBRIAN SANDSTONES FROM DOBROTVIRSKA AREA OF VOLYNO-PODILIA

This paper deals with the technique and results of research into petroelectrical properties of complex terrigenous and carbonate reservoirs.
Analyzed are electric data and their relation to capacity properties of Devonian limestones and Cambrian sandstones from Dobrotvirska area of
Volyno-Podilia. The objective of the research was to build petroelectrical models of reservoir rocks based on the electrical parameters and their
relation to capacity properties. Data on specific resistivity of reservoir rocks were used for specifying the range of its variation for different types
and groups of rocks. These data were also essential for identifying the stratigraphic horizons, cross-sections and facies, as well as finding the
relationship between specific resistivity and a range of factors such as mineral composition, pore structure, substance phase ratio, electric field
intensity and frequency, and resistivity variations with epigenetic transformation and metamorphic changes in rocks. Laboratory data on electrical
resistivity of rocks made it possible to interpret the results of employing electrometric well logging methods and electric exploration. Petrophysical
laboratory data enabled us to determine the following properties: rock density (dry and saturated with synthetic brine), effective porosity (nitrogen
and synthetic brine saturation methods), residual water saturation factor (by centrifugation), permeability (nitrogen stationary filtration method),
interval time (P-wave velocity) and resistivity. There were obtained laboratory data on specific resistivity of rock samples (dry, partly and fully
saturated with synthetic brine) in atmospheric and in simulated in-situ conditions. We estimated the petroelectrical parameters of Cambrian
sandstones and Devonian limestones from Dobrotvirska area to find an empirical correlation between petroelectrical parameters, porosity and
permeability of the studied rocks. The correlations are mainly approximated by power function and serve as the basis for geological interpretation
of geophysical data. Electrometric methods have proved to be a powerful tool in both laboratory and field rock studies, being efficient enough to
provide extensive information on rock properties.

Key words: porosity & permeability parameters, electrical parameters, pore volume, correlation dependencies, sandstone, limestone, porosity,
resistivity, pressure, permeability, petroelectrical parameters.
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KOMIMJIEKCHbIE NETPO3NEKTPUYECKUE MOLOENN U3BECTHAKOB NEBOHA
N NECYHAHUKOB KEMBPUA OOBPOTBUPCKOM MNOLWLAAN BOJbIHO-MOAOJbA

Paccmampueatromcsi oco6eHHocmu MemoOuKuU U pe3ysibmamal Mempo3sieKmpuyecKux ucciedoeaHull Npu usy4eHuUu CrI0XXHOMOCMPOEHHbIX
Kap60oHamHbIX U meppu2eHHbIX Kossekmopos. [pueedeHbl pe3ynbmamsl onpedesieHusi 3/1eKMPUYECKUX MapaMempoe U UX Cesi3b C eMKOCMHbIMU
ceolicmeamu u3eecmHsikoe 0egoHa U rnecyaHukoe kembpusi [Jo6pomeupckoli nnowadu BonbiHo-Modonbs. Llenbio npoeedeHHbix uccrnedogaHull
6bina paspabomka u co3daHue nempoasiekmpuYyeckux modesieli MopPoOd-KOJIIIEKMOPO8, Kak OCHO8bI KOMIJIEKCHO20 aHanu3a ux 3J1eKmpuyeckux
napamempos u cesizeli ¢ eMKOCMHO-hunbMpayuoHHbIMU ceolicmeamMu. CeedeHusi 06 yOde/lbHOM 371IEKMPUYECKOM COMNPOMuesiIeHUU Mnopood-
KOJ1/IeKmMOopoe Uucrosib3yromcsi 05151 Yymo4YHeHuUs1 npedesioe e20 U3MeHeHUs1 Onsi omOesibHbIX murnoe u 2pynn nopod; ebi0esieHUs1 omoesbHbIX
cmpamuapaghuvecKux 20pU30HMO., pa3pe3os U hayuli; ycmaHoeIleHUs1 Xxapakmepa €20 3agUCUMOCMU OM MUHEPasibHO20 cocmaesa, CmpyKkmyphbl!
nmopoeozo npocmpaHcmea, COOmHoWeHuUs1 ¢ha3 eeujecmea, 4Yacmomal U HaNpPsHKeHHOCMU 3/IeKMPUYECKO20 M0JIsl; 8bisierIeHUs1 Xxapakmepa usme-
HEeHUSs1 3/IeKMPUYECKO20 COMPOMUBIIEHUsI NPU 3nu2eHemMuU4YecKoM npespawjeHuu U MemamMopguyecKux U3MEHEHUsIX 20pHbIX nopod. Mamepuanb!
na6opamopHbIx uccredoeaHuli ydenbHO20 3/IEKMPUYECKO20 COMPOoMmMuesieHusi Nopod UCronb3yMmecs NpuU UHMepnpemayuu pesyabmamoe 3J1eK-
mpomMempuyeckux Memodoe uccriedoeaHull CK8aXuH u rosieeoli anekmpopaseedku. Komnnekc nempogusuyeckux nabopamopHbix uccredosa-
Hull ekntoYan onpedesnieHue: NIOMHocmu uccredoeaHHbIX MOPOO (CyXux U HacblueHHbIX MOOesbio nnacmoeoll 800bl); OMKPbLIMOU nopucmocmu
(MemodamMu HacbiweHuUsi a3omom u Modesbio nnacmoeol 8o0bl); KOaghgpuyueHma ocmamoyHo2o 800oHachklujeHUs1 (MemodoM yeHmpugyaupo-
eaHusi); npoHuyaemocmu (MemodoM cmayuoHapHol punbmpayuu a3oma); UHmepeasnbHO20 8PeMeHU (CKOPOoCcmu MPodosibHbIX yrpyaux 60JIH) U
yOenibHO20 35IeKmpuyYeckKo20 conpomussieHusi. B npoyecce na6opamopHbix pabom onpedensinock yoenbHoe 3/IeKMpuUYecKkoe conpomuesieHue
o6pa3yoe Mopod npu pa3HbIX yCr08UsX (Cyxue, 4aCMUYHO U MOJIHOCMbIO HaCblUWjeHHbIe PacmeopoM-UMUMamopoM Macmoeozo ¢nwouda) e
ammocghepHbIX yCrI08USsIX, @ MakKXe 8 yCc/l08uUsiX MPUGIUXeHHbIX K ni1acmoesiM. B pesynbmame ebinosiHeHHbIX 1a6opamopHbIx uccredoeaHull
u3yyYeHbl MempoasieKmpuYeckue napamempbl MecYaHUKos KeMbpusi u uszeecmHsikoe desoHa [Jo6pomeupckoli nepcrnekmusHol niowadu, ycma-
HOEJIeHbl 3MMUPUYECKUE KOPPEsIIyUOHHbIE 3a8UCUMOCMU MeXAy Mempo3sieKmpuYyecKuMu napamempamu U €eMKOCMHO-hunbmMpayuoHHbIMU
ceolicmeamu uccriedoeaHHbIX MOPOO, KOMOpPbIE C/yXam OCHO80U 2eosio2uyeckoll UHMepnpemayuu 2eoghusuyeckux 0aHHbIX. ImMu 3asucumocmu
annpokcumupyromcsi 8 6onbWuHcmee criy4aee cmeneHHol ¢yHKkyuel. AHanu3 npueedeHHbIX OaHHbIX ceudemesibcmeyem o MOM, YMO 3/1eKm-
pomMempu4eckue MemoObl sI8JISAFOMCH MOWHbBIM cpedcmeoM Kak labopamopHbIX, makK U rnosesbix uccredogaHull, 30cmamo4Ho 3ghhekmueHbl U
npedocmassisirom WUPOKYI0 U YeHHYIo UHghopmMayuro o ceolicmeax nopoda.

Knroyeenie cnoea: uccnedosaHue KepHa, husibmpayUuoOHHO-eMKOCMHbIe napamempsbl, 371eKMpuYeckue napamempsl, Iopoeoe MpocmpaHcmeo,
KOppensiyuoHHbIe 3a8UCUMOCMU, NecYaHUK, U38eCMHsIK, MopucmMocmb, yoesibHOe 3/lIeKmpu4eckoe cornpomueseHue, dasneHue, MPOHUYaeMocmb,
nempoasiekmpuyecKue napamempsl.





