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CYYACHI niaxoa no BUBHAYEHHA NMPOHUKHOCTI NOPIA-KOJIEKTOPIB
3A DAHUMM FrEO®I3NYHUX QOCNIAXEHDb

(PexoMeHO08aHO 4s1IeHOM pedaKuyiliHoi kosiezil 3-pom 2eos. Hayk, npogh. C.A. Buxeoro)

lMpoHuKHicmb 2ipckbKoi Mopodu — ue gizuyHa ennacmueicme, WO xapaKkmepus3ye ii 30amHicmb nporyckamu Kpi3b cebe ¢hsroidu 3a
HasieHocmi 2padiecHma mucky. Y po6omi npedcmaesieHO KOPOMKy XapakmepucmuKy ma aHasli3 OCHO8HUX Memoodie eu3Ha4YeHHs MPOHU-
KHOCMI KoJleKmopie eyarneeodHie.

lpoHukHicmb 2ipcbKux nopid € ghyHKUiero 6aczambox napamempis, W0 euksiukae dodamkoei cknnadHowi nid Yac ii susHayeHHs1. 3 me-
moro epaxyeaHHs1 chakmopie, W0 enyiuearoms Ha Hei, IPO8odsiMb 8USYEHHSI CINMPYKMYpPU MyCMOIMHO20 NPOCMopy nopiod, iHboiXx aHi3o-
mponii, MoOesTloromb yMO8U IXHb020 3aJsisi2aHHs1 Mow,o.

3azanom Memodu eu3Ha4eHHsI MPOHUKHOCMIi MOXymb 6ymu yMO8HO po3dineHi Ha mpu 2pynu: Memoou Ha ocHosi s1JabopamopHUxX
dociideHb KepHa; Memoodu Ha ocHoei daHux I[]C ma eunpobyeaHb ceepO/108UH; MeEMOOU Ha OCHO8I KopensiuiliHuX 38 's3kie ma 3asie-
xHocmel. lMepwi dei 2pynu, y ceoro Yepay, MOXXymb 6ymu po30ineHi Ha Memoodu 3 8UKOpUCMaHHAM cmauioHapHoi ¢hinbmpauii po6o-
4020 ¢hs1roidy ma HecmauioHapHoi ghinbmpauii. Memodu Ha ocHoei HecmauioHapHoOI hinbmpauii 3a3euyati € 6inbw Mo4yHuUMu U onepa-

MueHUMU, MOMY OCHOEHI rnepcriekmueu e 00CKOHasIeHHs1 nidxodie o eu3Ha4YeHHs1 MPOHUKHOCMI 1o 'A3yrombsCcs came 3 HUMU.
KoxxeH i3 npedcmaesieHux y cmammi Memodie eu3Ha4yeHHs1 MPOHUKHOCMI XapaKkmepu3yembCsl ceoiMu HedoslikaMu ma nepesazamu,
a eubip memody docnidxeHb y KOHKpemHoMy eunadKy npoeodumbCsi 3aJ1EXXHO 8i0 yMo8 ma euMo2 eKcriepuMeHmy ma oYikyeaHux pe-

3ynbmamis.

Modanbwi docnidxeHHs1 aemopa 8 daHOMy HanpsiMKy 6ydymsb noe ‘sizaHi 3 no6ydoeoto nempogizuydHux Modesiell MPOHUKHOCMI ro-
pid-Konekmopie eyariego0Hie, y momy quciii ckriaBHornobydoeaHux KoJleKkmopis.
Knro4oei cnoea: npoHukHicmb, nopoda-konekmop, nempodgizuka, I[C, cmpykmypa nycmomHo20 rnpocmopy, koegiyieHm

nopucmocmi.

BceTyn. MpoHKKHICTB ripcbkoi nopoau — ue isnyHa Bna-
CTUBICTb, LLO XapakTepuaye ii 34aTHICTb nNponyckaTu Kpisb
cebe pisHi hnoign 3a HasBHOCTI rpagieHTa TUcky. BoHa, pa-
30M i3 KOediLiEHTOM MOPUCTOCTi, BUKOPUCTOBYETLCHA AN
XapaKTePUCTUKN MYyCTOTHOrO MpOCTOpY nopoau Ta nosepi-
HKM NMOTOKY chnioigy Kpisb nopoay. CTaH4apTHOK OAMHULEID
BUMiptoBaHHs npoHukHocTi € [apci () abo Mkm?. Maiixe Bei
0CafoBi NOPOAM 3 NEPBUHHOK MOPUCTICTIO MPOHUKHI. Haii-
Kpallly MPOHMWKHICTb MaloTb rpyboynamkosi nopoau (micko-
BUKM, Opekdyii, rpaBenitn). ToHkoancnepcHi nopoau (FnHW,
apriniTn, TOHKOKpUCTaniYHi BanHsAkW i T.4.) MaloTb OOCUTb
TOHKi Kaninapu i ToMy Mamxe HEenpOHUKHI, OAHaK 3a MNosiBu
TPILLMHYBATOCTi MPOHUKHICTb LMX MOpig CYyTTEBO 3POCTaE.

IMPOHMKHICTL ripCbKNX NOpiA € OAHUM i3 OCHOBHWUX Nnapa-
MeTpiB, L0 BU3HAYaTb AUHAMIKY pyXy NPUPOOHUX Ta Tex-
HOreHHUX ONIIAIB y reonorivHoMy cepegoBuLli. Tomy Ans
MOZEMBAHHS Pi3HNX reornoriYHnX NPoLECiB, NPOEKTYBaHHS
NiA3eMHUX CXOBWLL, Ta BUPILLEHHST BaraTbox iHWKMX yHAa-
MeHTanbHWX i NpUKNagHuX 3agadq NoTpibHO BU3HA4YaTu Npo-
HUKHICTb ripcbkmx nopig in situ. [laHi 6e3nocepeHix BUMipiB
NPOHUKHOCTI 0GMEXEHI HEBENUKOK FMUMOWHOK CnocTepex-
HUX CBepANOBUH. BuaHauyeHHs NpOHMKHOCTI in situ 3a gono-
MOrOK OUCTAHUINHMX MEeTOAIB 4YacTo NpMBOAUTbL OO Hedo-
CTOBIpHMX pe3ynbTatiB, abo 1 y3arani Hemoxnuese. Tomy
ANsi OTPMMaHHSA OOCTaTHbO HaAiiHUX OaHUX NPOBOAATLCHA
nabopaTopHi AocniaXeHHSA 3pas3kiB KepHa, ki AalTb 3MOry
BpaxoByBaTW TAKOX i aHI3OTPOMit0 NPOHUKHOCTI FpCbKMX No-
pig (JobpbiHuH u Op., 2004; Malkovsky et al., 2009; Schon,
2011, dus. wiki.aapg.org/Permeability).

MeTolO JaHOi CcTaTTi € ONUC Ta aHani3 OCHOBHUX METOAIB
BM3HAY€HHS MPOHUKHOCTI FipCbKMX Nopia 3a AaHnmu nabopa-
TOPHMX Ta CBEPANOBMHHMX OOCNIOKEHDb NOPIA-KONEKTOPIB.

ETanu po3BuUTKY MeToAiB BU3HAa4Y€HHA MPOHUKHOCTI.
MoyaTtok gocnigXeHHs inbTpauii onrigiB y ripCbknx nopo-
Jax MoxHa BigHecTn oo 1927 p., konn KoaeHi BupinB pis-
HsiHHst Has'e — CTokca ans pyxy ¢nwify B Nopuctomy ce-
pefoBuLLi, NpeacTaBUBLLM MOrO SIK CYKYMHICTb NOp Of4HAaKO-
BOi AOBXWHW. BiH 0TpuMaB 3B'siI30K MiXX MPOHUKHICTIO | mopu-
CTICTIO MOPOAM Ta NJIOLLEI0 NOBEPXHi NyCTOT. 3roaom 3'aBu-
nocs piBHaHHA XawreHa — [yasenins, sike onvcye MnoTiK B
OOMHUWYHIN NPsIMiIV KaninsapHii Tpybui Ta npeacTasnsie co-
0010 HannpocTiwe piBHAHHS Tedii. BBiBLWM Yy HBOro koediui-
€HT 3BMBUCTOCTI, KOenn BukopucTana po3nogin nop 3a pos-

MipaMu Ansi po3paxyHKy MPOHWKHOCTI nillaHux nopig. 3ara-
NbHWIA BUpa3 A58 NOTOKY dontoigy B NOPUCTUX cepeaoBuLLIax
6yB oTpumaHui [apci B 1856 p. Ha OCHOBI iHTepnpeTaLii pi-
3HMX NapameTpiB, L0 BNMBAKTbL Ha NPOTiKaHHS BOAM Kpi3b
niwaHi inbTpwn, i oTpUMaB Ha3By 3akoHy [apci.

Xoua 3akoH [apci 6yB po3pobneHuii ans ogHodasHoro
noToky chnoigy B MOPUCTOMY CepeaoBuLLi, BiH TAKOX MOXe
3acrocoByBaTtuce i ans 6aratodasHux notokis. Y 1936 p.
Xacrnep Ta iH. po3rnaHynnM MeToAMKy M anapaTtypy Ons Bu-
3HayeHHs napameTpiB H6araTodas3HOro MOTOKy B FiPCbKMX
nopogax. Mopc Ta iH. po3pobunu AvHamiYHWIA MeTon Ans
BMBYEHHA CTauioHapHOro noToky dnioigis, WO O0AHOYaCHO
NpoxoasiTb Kpi3b Nopoay, BUKOPUCTOBYIOUN HEBEMUKI 3pasku
KepHa. BoHu nokasanu, Lo JOCTOBIpHI 3HaY€HHS BiAHOCHMX
NPOHUKHOCTEN ABOX (brtoidiB, WO NPOTiKaTb Kpidb nopoay,
MOXYTb BYTV OTPMMaHi K OYHKLiS HACUYEHHST 3MOYYHOYUM
dnroigom. Y 1952 p. Yenax Ta iH. po3pobunu metoa pospa-
XYHKY BiffHOCHUX MPOHUKHOCTEWN 5K OYHKLUiT HACMYEHHS 3MO-
Yyl4OoLo (ha3oto Anst HeyCTarneHoro PeXnuMy BUTICHEHHS Ha-
@1 i3 NnacTa, BUKOPUCTOBYHOUN Y poni dasu, LLO BUTICHSIE,
Boay uu ras. Y 1959 p. [>KOHCOH Ta iH. po3BMHYNU niaxig
Yengxa anst po3paxyHKy 3Ha4yeHb BiJHOCHUX NPOHUKHOCTEN
yCix a3 y BUNagKy HeycTaneHoro pexummy ix BUTICHEHHS. Y
1978 p. [>xoyH3 Ta Posenn 3anponoHysBanu rpadivyHmi cro-
Ci0 OUiHKM BiQHOCHNX MPOHWKHOCTEN 3a JOMOMOro0 MeToay
HeyCcTaneHoro noTokKy.

Bakni Ta JleBepeTT 3acTocyBanu KoHUenuito BigHOCHOI
NPOHWKHOCTI MpW aHanisi poboTu nnacTa Ta NPOrHo3yBaHHi
KoediLieHTa HadpToBigaadi. BoHn BMBeNnu ABa piBHAHHS, Bi-
[OMi siK piBHAAHHSA B6araToda3HOro NOToKy Ta PiBHSHHSA opo-
HTanbHOrO BUTICHEHHS, SiKi JO3BONUIN pO3paxoByBaTH Koe-
iLiEHT BUNYYEHHA HaddTW Y BUNaAKy BUTICHEHHS ii dprtoi-
[OM, L0 He 3MiLIYETbCSA 3 Hel (ra3om um Bogow) (Baxpo-
mees u [JasbideHKko, 1987).

HuHi 6araTo BYeHuX, 3okpema bepHabe, BoHr, [JoHanb-
ncoH, KopHenn, Tiab, XinbgerpaHa Ta iHwi, npauioTs Hag
yOOCKOHaneHHsiM Ta MogudikaLieto Bxe iCHYlUnx Metoais
BM3HAYEHHS1 MPOHMKHOCTI, @ TAaKOX Ha CTBOPEHHSIM Ta po3-
BUTKOM HOBWX.

3akoH [apci, 9kuin € yHaameHTanbHOK 3anexHiCTio
0N BU3HAY€HHSA NPOHUKHOCTI, 6yB BCTAHOBMNEHWIA HA OCHOBI
iHTepnpeTauii pe3ynbTaTiB €KCNepUMEHTY, Y SKOMYy BoAa
npoxoamna Kpi3b TOBLLY MiCKy, O MiCTUNAacs B MeTanesomy
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uuniHapi, a 4Ba MaHOMETpWU peecTpyBanu BXigHUA Ta BUXi-
OHUIA TUCK PNtoigy.

Y pesynbTaTi TpMBanux JocrigaXeHb Ta AesKuX NepeTBo-
peHb NiHiNHWIA 3aKoH GinbTpadii [Japci Burnsaae HacTynHMM
YNHOM:

k, SA
0 :np—p, 3Bigkm k, :%,
nlL P ApS

ae O - Butpatn Boau, knp — KoedilieHT NPOoHMKHOCTI, S —

(1

nroLLa nonepeyYHoro nepepisy AocnimkysaHoro 3paska, Ap —

nepenag TUCKY M JBOMa MaHoMeTpamu, L — ooBxuHa (BU-
coTa) [AOChifpKyBaHOTO 3paska, 1 — B'A3KiCTb gy

(JobpbiHuH u dp., 2004; dus. wiki.aapg.org/Permeability).
OcHoBHI ¢hakTopy, WO BNNMBalOTb Ha NPOHUKHICTb
ripcbkux nopia. MpoHUKHICTb Nopig-KONEeKTopiB MoxXe 3Mi-
HIOBATUCH Y LUMPOKOMY Aiana3oHi 3HayeHb, a SKiCTb KOmnek-
TOpa, SKa BM3HAYaETLCS MOr0 MPOHMKHICTIO, MOXHA OLiHI0-
BaTU K. HU3bKa, AKLLO knp <0,001 MKMZ; 3a00BiNbHa, SKLLO

0,001< Ky <0,01 MKm?; 0,01< Ky

<0,05 mkM?2; Bucoka, akwo 0,05< knp <0,25 MKM?; Ta Oyxe

cepedHsi,  SKLIO

BUCOKA, SIKLLO knp >0,25 MKM2. Ha BEnUYMHY NPOHMKHOCTI

ripCbKMX Nopig BNNMBalTb HACTYMNHi hakTopu:

1. NopwucrTicTb. HasBHICTb y nopogax nycToT pi3HOro pos-
Mipy Ta oopmMu NPU3BOAUTL A0 PI3HMX BUAIB B3aEMOgii Mix
TBEPAOK ha3oko Ta HacUYy4YUM NycToTu dntoigom. Hanpu-
Knag, BoAa, Lo MiCTUTbCS Y MycToTax, Moxe OyTu BiNbHOIO,
KaninspHoto, MyxKo- Ta MiLHO3B'A3aHoto ToLo. [nsa 6aratbox
nopig pyx cpriroiny moxe 3abeanevyBaTcs HasiBHICTIO TPILLM-
HyBaTocCTi. 3aranom B4eHnMu Byrno 3pobneHo Harato cnpob
CTBOPUTM 3ararnbHU 3aKOH, LLO OMNUCYE 3B'A30K MiXK NOPUCTI-
CTI0 Ta nNpoHukHicTio: KoseHi, KapmaH, Bepr BctaHoBunu ge-
AKi 3aKOHOMIPHOCTi MiX LMW napameTpamu, OgHaK yCi BOHU
MatoTb JOCUTb OOMEXEHI MOXIMBOCTI Yepes aHi3oTponito Ta
CKIagHiCTb reoMeTpii nopncTux cepenoBuLL. Kpim Toro, aesii
DOCTigXXeHHsA nokKasanu, WO BUKOPUCTaHHSA eeKkTUBHOI Mno-
PUCTOCTI 3aMiCTb BIOKPUTOI ANsl BCTAHOBMIEHHS 3aNEXHOCTI
MiXK MOPMUCTICTIO Ta NPOHUKHICTIO Nopoaun Npu3BoanTb A0 306i-
NbLUEHHS TICHOTW 3B'A3KY MiX LMW NapameTpamMu.

2. ®opma Ta po3Mip 3epeH. AKLo nopoaa cknageHa Be-
NVKUMW Ta NAOCKMMU 3epHaMu, siki po3TalloBaHi piBHOMi-
PHO, MPUYOMY iIXHA HaWAOBLLA BiCb OpPiEHTOBaHA rOPU3OHTa-
NbHO, TO rOpU3OHTanbHa MPOHUKHICTL Liei nopoan Gyae
OYXXe BUCOKOW, TOAi 9K BepTMKanbHa NPOHUKHICTE Byae Big
cepeHbOoi 40 BMCOKOI. FAKLWO nopofa ckrnageHa B OCHOB-
HOMY BEMUKUMW Ta OKPYrNUMU 3epHamu, TO 1T NPOHUKHICTb
Oyae A40oCUTb BUCOKOK | MaTUMe OOHY W Ty caMy BENUYUHY
B 060X Hanpsimkax. AkWwo 3epHa ApiOHi Ta HenpaBUIbHOI
dopMKu, TO MPOHMKHICTL Nopoaun-konekTopa 6yae, Sk npa-
BWITO, HUXKYO0, 0OCOBMMBO Y BEPTMKANbHOMY HanpsimKy.

3. MeomeTpia NMycTOTHOrO MPOCTOPY Ta NMMTOMa MoBep-
XHs1 chinbTpauii. NMPOHKKHICTL € PYHKLEI reoMeTpil MycToT-
HOro NPOCTOPY FiPCbKOT NOPOAN | KOHTPOSKETHLCA PO3MIPOM,
OpieHTaLjielo Ta BiACOPTOBAHICTIO 3epeH, YNakoBKOlo, LemMe-
HTaUjie, BMICTOM IMIMHUCTUX YacTOK, BTOPUHHUMMW 3MiHaMMU,
HaSBHICTIO TPILLMH TOLLO.

4. [MuHKUCTICTb. HaaBHICTb rMMHUCTOrO mMartepiany iHogi
€ BUpiWanbHUM hakTopoM MpW po3dineHHi Nopig Ha Konek-
TOPW i HEKOMNMEKTOPM, a KONEKTOPIB — Ha MracTy 3 pPi3HUMHU
dinbTpauiiHo-eMHicHMMK BnacTuBoctamu (PEB). 3i 3ami-
HOK BMICTY TMIMHUCTOrO MaTepiany MOXyTb 3MiHHOBaTUCA
NOPUCTICTb, NPOHUKHICTb, 3anuLiKoBa (hntoigoHaCKMYEHICTb
nopig. PEB konekTopa 3 pOCTOM FMUHUCTOCTI 3a3BMYal no-
ripwytoTbes. CyTTEBUIN BNAMB MMUHUCTUX MiHEparis Ha Npo-
HWKHICTb MOPOAM YacTO MNOB'A3aHUI He NuLe 3 IXHBOIO Kirlb-
KICTIO, ane 1 i3 ixHiMm MiHepanoriyHMmMm CknagoM Ta CKnagoM

noposux cntoigis. Kpim Toro, rmmMHUCTUMI Matepian y ripcb-
KX Mopoaax Moxe ByTn NPUCYTHIM y pisHUX BUrNSA4ax: po-
3CiiHa IMUHUCTICTb, MMUHUCTUI LIEMEHT, WapyBaTta rmMHUC-
TiCTb, KOXEH 3 AKX MOXe MO-Pi3HOMY BMAMBAaTH Ha BnacTu-
BOCTi nopoau.

5. WapyBaTicTb. Y ripcbknx nopogax 3a3suyan cnocre-
piraeTbcsl aHi30Tponis NPOHUKHOCTI Y Pi3HUX HaNpsIMKax, 30-
Kpema, BepTMKanbHa MPOHUKHICTb (BUMIpsSiHA Yy HanpsiMKy,
nepneHanKynsipHoOMy [0 MIOWMH HalapyBaHHS) € 4acTo
HKYOHO 38 FOPU3OHTanNbHY (BUMIpSAHY Y HanpsimMky, napane-
NbHOMY A0 NnowwH HawapysaHHs). LapysaTi miHepanu, a
TaKoX NPOLWIApKA TMWH 3HKYHTb BepTUKanbHY MNPOHWMK-
HicTb. OgHak iHoAi BOHa BMLA 3a ropuM3oHTanbHy 3aBOsKU
HasIBHOCTi TPILLMH, BEPTUKaNbHUX KaHaniB BUIYroByBaHHS
4n 6rIOKOBOT CTPYKTYPU NMOPOAMN.

6. LiemeHTauia. CTyniHb LieMeHTaLii BU3Ha4ae napame-
TpU kaHanie cinbTpauii nopoau, Wwo 3abe3nedvyoTb NPOTi-
KaHHs cprtoigy.

7. TpilwmHyBaTICTb Ta BUNYroByBaHHS. TPiLLMHYBATICTb i
PO34YMHEHHS MiHepaniB NOBEPXHEBUMM Ta NiA3EMHUMU KNC-
nvMK BoAaMmu 3a3Bryan NpmM3BoauTb 0 36inbLUIEHHS NPOHW-
KHOCTi mopoam-konekTopa.

8. JlitocTaTnyHWI TUCK. NPOHUKHICTbL NOPIA CYTTEBO 3HU-
XKYETbCS 3i 30iMbLUEHHSAM NITOCTATUYHOIO TUCKY 32 PaxyHOK
X ywineHeHHs (JobpeiHuH u p., 2004; Chilingarian et al.,
1992, dus. wiki.aapg.org/Permeanbility).

MeToau BM3HaYe€HHS NPOHUKHOCTI. [MPOHUKHICTBL rip-
CbKMX Nopig 3anexuTb He nuwie Big BnacTUMBOCTEN camoi
nopoawu, ane i Bia B3aemogii pnigis, Wo QinbTPyoThCS, 3
nopogamMmu Ta KinbKocTi a3 dnoigis, Wo QinbTPyTLCS.
Tomy BMAINsATL Taki BUAW NPOHMKHOCT,i 9k abcontoTHa, ha-
30Ba Ta BigHOCHa.

ABcontoTHa NPOHUKHICTb BU3HAYaeTbCA Npu dinbTpauii
Kpisb nmopoay €auHoro dnioigy, Wo € XiMiYHO Ta disnyHo
iHEpTHVMM LLOAO Nopoawn, Todi SK Npu BM3HaYeHHi dasoBoi
NMPOHWKHOCTI BUMKOPWUCTOBYETLCH Binblue HixX oguH dntoig.
BigHOCHa NMPOHUKHICTL Ans neBHoro dontoigy € 6e3po3mip-
HOIO BENNYMNHOIO, SKa € BigHOLLEHHAM (Da30BOi MPOHMKHOCTI
[0 abcontoTHOI.

3aranom mMeToau BU3HAYEHHS MPOHMKHOCTI KOMEKTopiB
MO>XHa pO34iNuTIN Ha Kifbka rpyn:

1. TaGopaTopHi MeToam (3a kepHOM).

2. MeToan BM3HAYeHHA NPOHMKHOCTI 3a aaHumun IAC (y
TOMY YmMCAi ri4pOAUHAMIYHOIO KapoTaxy) Ta BUNpobyBaHHS
CBEPANIOBMHY (3a pe3ynbTatamu OOCHIAKEHHSI NMPUTOKY B
CcBepASioBMHaXx).

3. BM3Ha4eHHS NPOHMKHOCTI Yepes3 KopesnsauifHi 3anex-
HoCTi (onocepegkoBaHO Yepe3 nabopaTopHi AaHi Ta AaHi
'OC) Ta 3a gaHMMKM JOCAIOKEHHS NOPUCTOCTI K MYCTOTHOrO
NpOCTOPY ripCbkMX nopia.

Bu3Ha4yeHHs1 NPOHUKHOcmi 3a daHUMuU slabopamop-
Hux docnidxeHb KepHa. Bnnue Ha NpoHUKHICTb nopia 6e3-
nivi pisHUX chakTopiB Ta HEOOXIOHICTL BUBHAYEHHST MPOHUK-
HOCTI Ans pi3HMX chntoigiB Npu3Benu 4o notTpebu y cnedia-
NbHWX NpUnagax, LWo A03BONSTb MOAEMNOBATH Pi3HI YMOBH
dinbTpauii 3 BigTBOPEHHAM NNacToBUX TUCKIB Ta TeMnepa-
Typ (FumamyduHos u Lllupkosckud, 1982). Y nabopaTopHmx
YMOBaXx NPOHUKHICTb MOXe ByTW BU3Ha4YeHa Lnsixom oinb-
Tpauii piavH 4m rasie kpi3b 3paskn kepHa. [[a3oBa NPOHUK-
HICTb BM3HAYaETbCA YacTille, OCKiNbKM NigroToBka 3paskiB
AN eKCnepuMMEHTY B TaKOMY BMMNaZAKy € MPOCTILLOL.

BenunurHa npoHnKHOCTI po3paxoByeTLCA 3a AaHUMU A0CHi-
DPKeHb TPCbKMX Nopid, Nig Yac skux Moxe pobuTucs npuny-
LLIeHHs MPO OAHOPIAHICTE NOTOKY doNtoigy Kpisb mopoay Ta no-
CTiiHe 3HaYeHHs1 NPOHWKHOCTI B AOCHIMKYBaHOMY HanpsiMKy.
Mpy LLOMY BpaxoBYETLCA B'A3KICTL OMIOIAY, WO DiNbTPYETLCH
Kpi3b nopoay, AOTPUMYETLCA YMOBa MOro iHEPTHOCTI BiAHOCHO
nopoau, a Ang rasis BpaxoByeTbcs edrekT KniHkepbepra.
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Bu3sHayeHHs1 ea3080i ma piOUHHOI MPOHUKHOCMI Memo-
dom cmaujoHapHoi ¢hinbmpadyii. Npyn BUKOPUCTaHHI AaHoro
METOAY BW3HAYEHHS MPOHWUKHOCTI 3a3BU4a MPOBOAUTLCA
Ha 3paskax UMniHApUYHOi hopMn. YCTaHOBKa CKNagaeTbes
3 €MHOCTI 3i CTUCHYTUM ra3oM, KepHOTpumada Ta niynnb-
HMKa NOTOKy. [POMMTWI Ta BUCYLLEHWIA 3pa30K pO3TaLloOBY-
€TbCS B KEPHOTPUMAYi BCepeanHi pe3MHOBOrO KOXyXxa, KU
obTuckae 3pa3ok Ta repmeTnsye horo BiyHi cTiHku. Micns
Lporo ras nig MoCTiMHAM TWUCKOM MOYMHATb MPOMNycKaTu
Kpi3b 3pa3ok Ao TWX Mip, MOKM TUCK Ha BUXOAi 3paska Ta MnoTik
rasy He ctabinisyloTbCs, Npu LibOMY PEECTPYETLCS Pi3HULSA
BXiAHOMO M BWUXIAHOrO TUCKIB Ta MOTIK rasy, WO NPOWLLOB
Kpi3b 3pa3ok (puc. 1). Ha ocHoBi oTpumaHux AaHnx pospa-
XOBYETbCA MPOHWKHICTb 3a y3aranbHeHUM 3akoHoM [lapci
ANsA CTUCKYBaHUX dnioigis:

_2000p,nOL

np 2 2 ’
(pi —p)S
Aae k,,,, — MPOHWKHICTb NOpoan, P, — aTMOCHEPHUIA TUCK,

)

p, i p, — TCK Ha BXOAi Ta BMXofi 3paska, L - poexuHa

BuxigHun
pezepeyap

BxioHui

pezepeyap 3pazok

3paska, m — B'A3KICTb rasy, Q — BUTpaTu dnioigy (BigHo-
WweHHsa ob'emy drtoigy, Wo dinbTpyeTbes, Ao Yacy inbT-
pauii), S' — nnoua nonepevHoro nepepisy apaska.

BukopucTaHHs rasy ons BU3Ha4YeHHS MPOHWKHOCTI [0-
3BOISIE YHUKHYTU HeBaxkaHOi B3aemogii dntoig-nopoaa, oa-
Hak noTpebye BBEAEHHsI MOMpaBkW, O BPaxoBYE BMNB
NPOKOB3YBaHHS1 rasy B3OOBX CTiHKM MOPOBOro kKaHany:
edekT KniHkeHbepra.

Y Bunagky cinbTpadii pignHn 3pasok nicrns ekcrpary-
BaHHS Hacu4yeTbcs pobOY4OK PiAMHOID, SKa Nig Yac ekcne-
pumeHTy Byae Kpi3b HbOro iNbTPyBaTUCS, @ NPOHMKHICTb
BM3HaA4YaETbCA 32 hOPMYIOL0:

. _ 1000701
np ApS !

ne Ap — nagiHHs Tucky; N — B'A3KiCTb pianHun (Malkovsky
et al., 2009).

©)

Tuck

Pin

Pou

Pom = const

a)

Yac

6)

Puc.1. MeToamka BMMiptoBaHHSA MPOHMKHOCTI METOAOM cTalioHapHoI dinbTpadii:
a) cxemaTnyHe 300paxeHHsi BUMIpIoBarbHOI cMcTeMu;
6) 3anexHicTb TUCKY B cucTemi Big vacy (Malkovsky et al., 2009)

Y 3aranbHOMy BMNagKy Ta y NPUMYLLEHHI, LLO Y BCbOMY
3pa3Ky BEKTOPM LUBMAKOCTI hinbTpauii piBHi 32 BENUYMHOW
Ta nepneHaunKynapHi 4o MOro KpawvHix nepepisiB, 3HaYeHHS
NPOHMKHOCTI BU3Ha4yaeTbCs 3a 3akoHoM [apci:

P 0 4)
S(p, - p,)
Ae 1 — AMHaMivHa B'A3KICTb donoiay, Wo dinbTpyeThes, L

— [I0BXWHa 3paska, ) Ta P, — TUCK Ha BXigHOMY Ta BuXi-

OHOMY nepepi3ax 3paska BianoBigHo.

Bu3sHayeHHs1 2a3080i ma piOUHHOI MPOHUKHOCMI Memo-
dom HecmaujoHapHoT ¢hinbmpauii abo memodoM 3amyxaHHs1
mucky (imrynbcy mucky). 3a3sudan JaHuiA MeTon BUKOpUC-
TOBYE 3pasku LniHApUYHOT hopMu, nig Yac BUMiptoBaHb Oi-
YHi CTIHKM 3pa3ka repMeTU3yoTbCs, a BXiAHUA | BUXigHWUIA ne-
pepi3u 3'eQHYIOTLCS i3 3aMKHYTUMUK pesepByapamu (puc. 2). Y
noyaTKoBUIA MOMEHT Yacy TUCK (onioigy B 3pa3Ky Ta pesepBy-

apax ofHaKoBUI i AOPIBHIOE P, . [OTiIM y BXiAHOMY pe3epBy-
api pobutbca cTpubkonoaibHe 306inbLUeHHS TUCKY Ha HeBe-
nuky BermunHy Ap (Ap << p, ). 3a paxyHok pisHuLi TUCKiB

dnoigy Ha Bxogi Ta BMxOAi 3paska cntoig dinbTpyeThbes
Kpi3b HBOrO, YHacnigoK Yoro TUCK y NepLUOMy pesepByapi na-
[a€E, a B pyromy 3pocTa€, 40KV He AOCArHYTb PiIBHOBAXXHOTO
3Ha4eHHdA. 3anexHocCTi TUCKy Big Yacy B 060X pesepByapax
dikcytoTbes. TpMBanicTb BUMIPIB BUSHAYaETLCS HACOM BigHO-
BMEHHS piBHOBAarm MK TUCKaMu Yy pesepByapax.PiBHAHHS,
LLIO ONUCYe 3anexHiCTb TUCKY Bid Yacy B AaHi cuctemi ans
drnoigy, WO CTUCKAETLCH, Mae BUINAA:

2
op_néd B'JFB—r—ﬂBs P (5)

8x2 knp f d) ¢ at
Oe p —TuCK, X — BiACTaHb Bid BXiAHOTO nepepisy 3paska,
¢ — nopucTicTs 3paska, B,.B.,B, —cmckyBanicTs crio-

gy, iHTerpanbHa CTUCKYBaHICTb MOPOAN Ta CTUCKYBAHICTb 1T
MiHepasibHOro ckeneTy BiAMOBIAHO, 1 — AMHamiyHa B'A3-
KicTb doritoigy.

BuieHaBeneHe pIiBHSHHS AN BU3HAYEHHS MPOHWUKHOCTI
Moxe OyTn BupilleHe rpadivyHuM, aHaniTU4HUM abo Ymcenb-
HUM meToaom (XKapukos u dp., 2009; Malkovsky et al., 2009).

OcuyunayitHut memo?. MNMpu BU3HAYEHHI MPOHUKHOCTI 3a
[OMOMOrol OCUMNSUINHOro MeTody TUCK iy Ha BXig-
HOMY nepepisi 3paska € NepioAnyHOI0 hyHKLUiE Yacy, a Bu-
Mipu MoxHa npoBoauTy 6e3nepepBHoO Nig Yac nepebiry npo-
LeciB, WO MOXYTb 3MiHIOBaTV NOPOBUIA MPOCTip nopoau. Y
TMNOBIV BMMIpIOBanbHi CUCTEMI 3pa3oK Y MaHxXeTi po3Ta-
LLIOBYETLCH B KaMepi, 3'€AHaHi i3 BXiAHUM Ta BUXIOHUM pe-
3epByapamu Ta HaBaHTaxeHi fo 6axaHoro Tucky (puc. 3).

3a [0oMoMOrow KOHTPOSIbOBAHOI KOMM'IOTEPOM MOMMU

reHepyeTbCa  OCUMMAUiA  BXiAHOrO  TUCKy  donoiay,
P =4, exp[i(cot +0, )] , @ Ha BVXOAi PEECTPYIOTLCS Ba-
piauii TUCKY y BUXiZHOMY pesepsyapi,

P,=4, exp[i(mt +0, )] . SIKWo maTepiarn roMoreHHu,

TO KOHdirypauisi notoky ¢proigy ogHomipHa. Y LboMy BUna-
aky A Ta @ moxyTb 6yTM 3anucaHi B 4OBrOTPMBANOMY Ha-
BnXKEHHI SK:
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.
ﬂsinh (1+i) (4 +cosh (l+i) (3 . (6)

Ve H H

BespoamipHi napameTpu § ( 6esposmipHa emHicTb) i 1

(6e3po3mipHa MPOHMKHICTB) TYT BU3HAYaKTLCA SIK:
_ SLB )= ATk,

By ’ nlnf, ’

ae S - nnowa nonepeyHoro nepepisy 3paska, L — pos-

Ae™ =

(7)
XWHa 3paska, B — EMHICTb 3pa3ska, BD — EMHICTb BUXigHOro
pesepByapy, 1 — B'A3KICTb dnoigy.

Bxignui
pezepeyap

3pasox BuxigHui

pezepeyap

Vis Punl)

V3, Pourl )

a)

PiBHsiHHA (6) HeniHiiHe Ta Mae ByTW YMCenbHO BUPILLEHNM
ans & Ta W, nicns Yoro 3 (7) MoxXHa BusHauMTH f  Ta 3.
np

3asBuyar onst UbOro BMKOPUCTOBYETLCS iTEPALiNHMA MeToq
onTtumisadii (Berabe et al., 2006; Malkovsky et al., 2009).

Modudpikauis memolOy 3amyxaHHSI iMIybCy MUCKY 3
ypaxysaHHsM 3anexHocmi enacmusocmed 2asy, Wo irnb-
mpyembcs, 6i0 napamempig tioeo cmaHy. [JaHa meToauvka
6a3yeTbCA Ha O4HOMIpPHI HecTauioHapHin mogeni dinbTpa-
Uil aproHy Kpi3b 3pa3ok LuniHapu4HoOi hopmMu, NpuyoMy BXi-
OHWIN nepepi3 3pa3ka 3'€QHYETbCA 3 ra3oBOl0 KaMepoto Ma-
noro o6'eMy, a BUXigHWIA Nepepi3 3paska BiAKPUTMI B aTMO-
cchepy (puc. 4).

Tuck
Pin
Ap
D,
Pow !
Py
Yac
6)

Puc. 2. MeToauka BMMiptoBaHHA MPOHUKHOCTiI MeTOAOM HecTauioHapHOi (inbTpauii (3aTyxaHHA iMNynbCy TUCKY):
a) cxeMaTnyHe 306paXKeHHs1 BUMIpIOBanbHOI cuctemu; 6) 3anexHicTb TUCKY B cucteMi Big vacy (Malkovsky et al., 2009)

Bxignui
pezepeyap

BuxigHun
3pazok

T
V]‘ ]r':llllf\-I:I V! lr"il“lrl.:]

a)

peszepeyap

Tuck
Pin 'ﬁ‘”“’

P

Apoy

Yac

6)

Puc. 3. MeToguka BUMiptoBaHHA MPOHUKHOCTiI OCLMNALINHUM METOAOM:
a) cxemaTuyHe 300paxeHHst BUMiptoBarnbHOi cuctemu; 6) 3anexHicTb TUCKY B cucTemi Bia yacy (Malkovsky et al., 2009)

Bxignuni
pezepeyap

Buxiguui

3pazok pezepeyap

Tuck

Ap
Pin
Iy

U’ :’I[Itr}

Puul: =.|u;u':|

a)

Yac
6)

Puc. 4. MeToavka BMMiptoBaHHS MPOHUKHOCTI MoAucdIiKoBaHMM MeTOAOM 3aTyXaHHs iMMynbCy:
a) cxemaTuyHe 300paxeHHst BUMiptoBarnbHOi cuctemu; 6) 3anexHicTb TUCKY B cucTemi Bia yacy (Malkovsky et al., 2009)

Y no4aTKOBMIN MOMEHT Yacy BxigHa kamepa 3'e€QHYeTbCS
3 rasosvMM 6anoHoOM BMCOKOro TWUCKY. Y pesynbTati A0 Ka-
Mepu NoJaeTbCa AesKa KiNbKicTb rasy npu ctpubkonogio-

HOMY NiABULIEHHI TUCKY p . (O): p + Ap , nicns Yoro kna-

naH, Wo 3'egHye kamepy 3 6anoHom, 3akpmBaeTbecs. Y pe-
3ynbTaTi QinbTpauii rasy Yyepes 3pa3ok TUCK y Kamepi noc-
TYNOBO 3MEHLUYETLCSH, NPUYOMY LUBUAKICTb 3MEHLUEHHS 3a-
NexXiTb Bif NPOHUKHOCTI 3paska.

AHaniTMYHUIA Ta YNCEenbHUA PO3B'A3KM PIBHAHHS (PinbT-
pauii ons gaHoro MeTo4y BpaxoBYKOTb MOPUCTICTb Nopoau
Ta 3anexHiCTb BNacTMBOCTEN rasy, Lo inbTPyeTbCs, BiA
PT-ymoB. P0o3paxyHKOBMM LUMSXOM OTPUMYETLCHA 3anex-
HiCTb p, (¢), sika NOPIBHIOETLCS 3 EKCMIEPUMEHTANBHOI, Ha

OCHOBI YOro niabuparTbCa Taki 3HAYEHHS NapameTpiB, Lo
BM3HAYalOTb 3HAYEHHA NMPOHUKHOCTI, 3@ SIKUX PO3XOMKEHHSI

PO3paxoBaHUX Ta BUMIPSHUX 3HaueHb p. (1) Byae MiHima-

nbHuM. igbip BUKOHYETbCA Ha OCHOBI MiHiMizauUil dyHKUIi
HEB'A3KM MOANMIKOBAHMM rpagi€HTHUM METOA0M.

Memod 3miHu gpopmu momocky. JlabopaTopHi meToamn Bu-
MiptOBaHHS MPOHUKHOCTI FPCbKMX NOpiA, K NpaBurio, pospa-
XOBaHi Ha BU3HAYE€HHA NULIE OAHIEI 3 KOMMOHEHT TeH30pa
NPOHWKHOCTI Ta 6asyloTbCA Ha NPUNYLLEHHI Npo i30Tpon-
HIiCTb MPOHMKHOCTI nopig. OgHak Yepes aHi3oTponito ripchb-
KMX Mopig Take NpunyLLeHHs cnpaBeanuee Aaneko He 3aB-
XOW | Ans geskux nopig TeH30pHWUIA XapakTep MNPOHUKHOCTI
[OCUTb CYTTEBUIA | € HEOOXiAHICTb BU3Ha4aTu ABi Ta GinbLue
KOMMOHEHTUN TeH30pa NPOHWUKHOCTI.

MeTog 3miHM hopMuM NOTOKY [O3BOMSE BU3HAYATU KOM-
MOHEHTU TeH30pa MPOHMKHOCTI NPOTAroM OAHOro Aocniay:
NPWUNYCKaETbCS, WO ABi FOMOBHI KOMMNOHEHTU i3 TPLOX PiBHiI
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MiXX cOOOI0, @ BM3HAYEHHSI OBOX HE3aNEXHUX KOMMOHEHT
NPOBOAUTLCHA HA OAHOMY | TOMY X 3pasky.

Mpw BU3HaYeHHI NPOHMKHOCTI i30TPONHMX NOpia Ha BXiAa-
HOMY Ta BUXiQHOMY Mepepi3ax 3paska 3a3Buyani CTBOPHO-
I0TbCA YMOBW A1 PiBHOMIPHOrO BTiKAHHS Ta BUTIKaHHSA
drnoigy WNAXoM ogHOPIAHOro po3noainy TUCKy dnigy Ha
nepepisax 3paska. OfHak, SKLo 3pobuTy BBeAeHHS hritoigy
HEOAHOPIAHMM MO BXiAHOMY Mnepepidy, TO MiHii NPOTiKaHHs
CTaHyTb KPMBOMIHINHUMMW, NPUYOMY CTYNiHb IXHBOT KPUBU3HN
(i, BignosigHO, mapameTpu NOTOKYy) ByAyTb 3anexaTtu Big
aHi3oTponii NPOHMKHOCTI.

PosrngHemo umniHAPUYHMIA 3pa3ok MOPOAM 3 LiapyBa-
TOK aHi30TPOMNiElD, BiCb SKOrO NeprneHauKynspHa Ao nno-
LUMHK WapyBaToCTi. [iNa BU3HAYEHHSI MPOHUKHOCTI BUKOPU-
CTOBYIOTbCA ABa pexumn dinbTpadii, SK Le nokasaHo Ha
puc. 5. Y nepwiomMy pexumi (puc. 5, a) dnioig BBOAUTLCA Y
3pa3okK e Yepes Kpyr Manoro pagiyca, po3TalloBaHui
Ha oci 3paska. Y gpyromy pexumi (puc. 5, 6) dnoig Beo-
OVTbCA He nuLie Yyepes Many Kpyrosy obnacTb, po3Tallo-
BaHy Ha OCi 3paska, ane i Yepe3 TOHKY KinbLeBy obnacTb Ha
nepvdepii BXigHoro nepepiady. Bnnue aHi3oTponii NpoOHUKHO-
CTi Ha XapaKTepWUCTMKM MPOTiKaHHA B LMX OBOX BUMNagkax
Oyze pi3HWM i 3iCTaBNsHOYN XapaKTEPUCTUKM NPOTIKaHHS, Lo
BUMIpSIHi Y IBOX peXmMMax, MOXHa BU3HAYUTU HE NuLLE No3-
OOBXHIO, @ i nonepeyHy KOMMOHEHTU TEH30Pa MNPOHUKHOCTI.
Y Bunagky inbTpadii Kpisb 3pa3ok rasy 3 ypaxyBaHHSM
edekty KniHkeH6epra KOMMOHEHTU TeH30pa MPOHMKHOCTI
OMNUCYTHCA BUpa3amu:

0 b b

bt =i 1+ L R =i 14 (8)

npt npt >

p

ae k /s k , — MO3AOBXHA i nonepeyHa KOMMOHEHTKN NPo-
np np
: i ; 0 0
HUKHOCTI BiAMNOBIAHO,
A A knpl’ knpt
Ta rnonepeyvHol KOMMOHEHTU NPOHUKHOCTI ANS PianHn, p —

— 3Ha4YeHHA NO3A0BXHbLOI

Tuck rasy, b — koHcTaHTa KniHkeHBepra.
3a J0MoMOoro po3paxyHKiB MOXHa BU3HAYUTWU MacCOBi
BUTPaTK rasy B pexumax 1 i 2, Wo pasom 3i 3HaYEHHSIMU
nonepeYvHoi Ta No3A0BXHbLOI KOMMOHEHT TeH30pa MPOHMWK-
HOCTI [O3BOMNAIOTb OLHIOBATU CTYMiHb aHi30TpOnMii NPOHKK-
HoCTi (YKapukos u dp., 2004).
i ¥

¥ ¥

¥
v
\

\
\
\
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v
a) 6)
Puc. 5. BBegeHHs chntoigy npu BumiptoBaHHi aHisoTponii
TeH30pa NPOHUKHOCTI Ha OAHOMY 3pa3Ky:
a) nepwmnii pexxum: ntoig BBOAUTLCS Y 3pa3oK nuLle Yepes Kpyr
mManoro pagiyca, po3TalloBaHuin Ha OCi 3pa3ska;

6) Apyrui pexum: i BBOAUTLCSA He NuULLe Yepes many
KpyroBy obnactb, po3TalloBaHy Ha OCi 3pa3ka, ane n Yyepes TOHKY
KinbLieBy obnactb Ha nepudepii BXigHOro nepepisy
(Malkovsky et al., 2009)

Bu3Ha4yeHHs1 MPOHUKHOCMI 3a OaHUMU 2e0@hi3uyHUX
docnidxeHb ceepdnoeuH (IJC) ma po3pobku ninacmie.
[ns BMBYEeHHS KoedilieHTa NPOHUKHOCTI FiPCbKMX Mopia Mo-
XyTb OyTV BUKopucTaHi pisHi metogu 'AC: meToam onopis,

noTteHuianis BuknukaHoi (Bl1) i camoumHHOI nonspusauii
(CI), npvpoaHOro ramma-BMNPOMIHIOBaHHS, iHAYKLUINHWNA
MeTof, MeTof i30ToniB, KABEPHOMETPIs, MeToA S4epHO-Ma-
rHiTHOro pesoHaxcy (AMP) Towo.

AkicHa ouiHKa NPOHUKHOCTI 3a gaHumn FOC moxe 6yTu
OoTpUMaHa J4OoCTaTHLO Nerko. NMPOHWKHI FTOPU3OHTU FrapHO BU-
ninsoTbea 3a giarpamamu Cl, mMikpo3oHaiB. Y pesynbrarTi
iHTepnpeTauii gaHux GOKOBOro KapOTaXHOro 30HAYBaHHS
(BK3) MoxHa BM3Ha4MTK giameTp 30HW NPOHUKHEHHS, a BiH
TAM BiNbLUNIA, YUM BULLIMA [ .

np

KinbkicHa oujiHka npoHuKHOCTI 3a gaHumu TOC cknag-
Hilla, TaKk K f; € CKMagHo dYHKLIE NOPUCTOCTi, BOAO-
np

HaCWYeHOCTi, MWUHWUCTOCTI Ta iHWKX napameTpiB. IcHye 6a-
rato nigxodis 4O KinbKicHOI ouiHkM f  3a gaHumu FAC Ta
np

po3pobkm nnacTiB (JaxHos, 1958; CkosopodHukos, 2003).
BusHayeHHs1 npoHUkHocmi 3a 0aHUMuU memodie oriopie
6a3yeTbCcs Ha BCTAHOBIEHIN 3aMneXHOCTi MiXX BMICTOM 3B's-
3aHOi BOAM B HA(PTOHACUYEHOMY KONEKTOPI Ta MUTOMOIO Mo-
BEPXHEI0 MOro 3epeH i MK OCTaHHbOI Ta BEIUYMHOK Koe-
iLieHTa NPOHMKHOCTI. Ha OCHOBI L€l 3aneXHOCTi iCHye Me-
TOA, BU3HAYEHHSA NPOHWKHOCTI NOpiA 3a NapameTpoM Hacu-
YeHHs1, OCHOBOIO AKOro € piBHAHHA KoseHi-KapmaHna, ske ni-
Cns BBEAEHHS napameTpiB NOPUCTOCTI P, i HaCNYeHHs P,

Ta AedAKnX nepeTBopeHb NpnBoANTLCA OO0 BUMNALY:!
k,, =KP] P/, 9)

ge K —nocTifiHa, xapakTtepHa ans 4ocnig)KyBaHoro pesep-
Byapy, WO BpaxoBYe CepefHio TOBLUMHY NIiBKN 3B'A3aHOl
BOAW Ta reoMeTpito NOPOBUX KaHamnis;, p i ¢ — eMnipUyHi

NOKasHUKN CTEMNeHs!, Siki 3anexaTb Big BNacTUBOCTEN Korne-
KTOpa Ta Hacudylounx nioigie, npuyoMy p 6nmnsbkuin [o

1,a g - 0o -1. BennunHy K 4u mexi ii 3MiH BCTAHOBIIOOTb

ons ob'ekta pgocnigHum wnsixom (JaxHos, 1958; Kobpa-
Hosa, 1986; dus. wiki.aapg.org/Permeability).

BusHa4eHHs1 MPOHUKHOCMI 3@ 3Ha4YeHHSMU romeHuiarie
BUKIUKaHOI rnonspu3auii ma euknukaHoi enekmpoxiMmidHoi
aKmugHOCMIi MOXINBE 3aBASKW iCHYBaHHIO NPSAMOI 3anex-
HOCTIi LUMX NnapameTpiB Bif NMTOMOI NOBEPXHI 3€pPeH i, Biano-
BigHO, iXHbOI 0GEepHEHOT 3aneXHOCTi Bif NMPOHUKHOCTI No-
poau (HaxHos, 1958). 3a NPOHWUKHOCTEW, SKi 3MiHIOIOTLCS Y
mexax Bia 0,05 0o 1 MKM2, 3aneXHICTb BUKIUKAHOI enekT-
POXiMiYHO| aKTMBHOCTI BiA MPOHWKHOCTI 6nm3bka go obep-
HEHO KBaApaTU4HOI.

MOXnMBICTb 8USHAYEHHST MPOHUKHOCMI Mopid 3a OaHuMU
rnomeHujarnie caMoYUHHOI osifpu3ayii BU3Ha4aeTbCs 3anex-
HICTIO MK MOTEHLianamm camovmMHHOI NonspusaLii Ta rmuHK-
CTIiCTI0, a BignoBigHO, i MPOHUKHICTIO nopoawn. IHTeHCHBHa 3a-
nexHicTb andysiiHo-ancopbLUiiHOT akTUBHOCTI i, BifNOBIAHO,
noteHuianis CI1 Big NpOHWKHOCTI cnocTepiraeTbca B obnacTi
HU3bKNX 3HAY€Hb MPOHUKHOCTI, IO OOMEXYE BUKOPUCTAHHS
LbOro MeToAy rofiloBHUM YMHOM Afsi CNAOKOMPOHUKHUX Mu-
HUCTMX MickiB Ta nickoBuKiB (LJaxHos, 1958; Komapos, 1973).

MeTon eusHauyeHHs1 MPOHUKHOCMI nopid 3a daHuUMu me-
mody CIl1 3 sukopucmaHHsaM pe3yrnbmamie nabopamopHux
0docnidKeHb KepHa Nnonsirae B HAaCTYNHOMY: 3i CBepAT0BUHM
BiAGMpatoTb KEPH Ta BU3HAYaloTb MOr0 NMPOHUKHICTb, Micns
4YOro y CBEpPAOBUHI NpoBOAsATbL KapoTax metogom CI1 Ta
pafioakTMBHUIA KapoTax ANS BM3HAYEHHS BMICTY BOAHIO Y
TBepain ¢asi kepHa. Ha ocHOBi nMpoBeaeHUX OOCHIOKEHb
OyaytoTb 3anexHicTb BigHOCHOI amnnityau CI1 Big NpoOHUK-
HOCTIi 32 KEpPHOM Ta BUMIPIOOTb BMICT KAOMNiHITY B KEPHI, BU-
inso4m rpynu nopig-konekTopis. [ns KOXHOI rpynv po3paxo-
BYIOTb BiAHOLLEHHS1 BMICTY BOAHIO Y TBepAin ¢asi A0 BiAHOCHOT
amnnityam CIi 6yayroTb 0ro KopensiuiiHy 3anexHicTb i3 BMi-
CTOM KaoniHiTy B KEPHi, L0 A0oNoMarae yTOMHUTU CTPYKTYpY
rpyn. ToTiM Ans KOXHOI rpynu OyayeTbcs 3anexHicTb
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a, = f(k, ) fka MOXe BMKOPWUCTOBYBATUCS ANs BU3HA-
ne np

YeHHs1 MPOHUKHOCTI KonekTopis 3a AaHnmu meTtoay CI1 (dus.
www.findpatent.ru/patent/241/2419111.html).

BvBYEHHSA MOXNNBOCTEN BU3HAYEHHS MPOHUKHOCMI MO-
pid 3a daHumu memoldy npupodHO20 2amMMa-8UrpPOMIHIO-
8aHHS TaKOX NpeAcTaBnsie 3HadyHUM iHTepec. PapioakTue-
HICTb KOMNeKTOpiB MoB'A3aHa 3 iXHbOK FMUHUCTICTIO, @ BMICT
FMWHUCTOrO MaTtepiany iCTOTHO BMAMBAE Ha MPOHWUKHICTb,
Lo € neTpodpisanyHO NepeayMOBOK OLiHKM KoedilieHTa
NPOHMKHOCTI 3a fiarpamamu ramma-meTtogy (FM). VY niwaHo-
FMMHUCTUX KOMNEKTOpax, B SIKUX MOHWXKEHi MPOHMKHOCTI 3a-
3BMYal NoB'A3aHi 3 YLWiNbHEHHAM Ta NiABULLEHHSM FMIUHUC-
TOCTi KOneKkTopa, y TUX BUNaakax, Konuv nilaHuin matepian
cnabko pagioakTuBHWIA, Byae cnocTepiratucs obepHeHa 3a-
NEeXHICTb MDK MPOHUKHICTIO KOMekTopa Ta iHTEHCUBHICTIO
NpYPOLHOro raMMa-BUNPOMIHIOBAHHS.

BusHayeHHss npoHukHocmi 3a daHumu memody SMP.
DocnigxkeHHsa nokasyloTb, Wo vac penakcauii AMP obep-
HEHO 3anexwuTb Bi4 BiAHOLIEHHS MnoLi Ta 06'eMy NOPOBOro
npocrtopy. BusHayeHHs NpoHUKHOCTI 3a AaHumu AMP 6a3y-
€TbCS HA MoAensaX, AKUM BnacTuae 36inbLUeHHS NPOHUKHO-
CTi 3i 30inbLUIEHHAM po3Mipy nop Ta 3epeH. Bigomo, wo aaHi
AMP kopentotoTb 3 po3Mipamu nop: Manuin Yac penakcadii
3asBuyal Bignosigae nopam manoro po3Mipy, a GinbLuui
yac penakcauii Bignosigae kpynHum nopam. MNMpoHuKHICTL 3a
AaHumn AMP MoxHa po3paxoByBaTh 3 BUKOPUCTaHHAM ne-
BHMX MoAenen, Hanpuknag: mogeni BinbHOro dnwoigy
(Timypa-Koatca abo Koatca) uM mogeni cepegHbLoro yacy
7, (Wnombepxe-[onna).

Mopgenb BinbHoOro cnoigy BMKOPUCTOBYETLCS ANS MO-
pif, HacUYeHMX BOOOI0 Y1 BYITNIEBOAHAMMU, @ MOAENb cepes-
HbOrO Yacy — Ansl BOAOHACUYEHNX KONeKTopiB. 3aranom ui
OBi MoZeni NpOHWKHOCTI nepeabavaloTb rapHy Kopernsiuito
MiXX NOPUCTICTIO, PO3MIPOM 3epeH i MopoBUX KaHaniB Ta 3B'-
A3aHiICTIO MOp, OAHaK BOHW 06uABI BifobpaxkaloTb NPOHMK-
HICTb MaTpuUi Ta HEAOOUHIOKTb TPILLMHHY NPOHUKHICTb.

Y HannpocTiwini popmMi Mogeni BinbHOro dntoigy NpoHu-

KHICTb k BU3HA4YaETbCA AK:
np (Coates)
kY FFI|
knp(Caatev) = ( Vl) FF[ ) (10)
i C ) BVI

ne C — dopmaduinHuin koedidieHT, FFI — iHOeKc BinbHOro
dnoigy, BVI — iHOekc 3B'A3aHoro cnoigy. JaHa mogensb
Ay)Xe rHy4yka Ta 3a JOMNOMOror KEPHOBMX AaHUX MOXe ByTu
BigkanibposaHa Ans pisHMx popmadin.

[ns mogeni cepeaHbOro Yacy T2 NPOHWKHICTb BU3HaYa-
€TbCA SAK:

- =CT> k! (11)

np 2gm'n >
ae kn — ebekTUBHa NOPUCTICTb 3a AaHnmu metogy AMP,

T

) g — CEPELHE reOMeTpUIHeE po3noainy T, , C - dopma-

LiiHUIA koedilieHT, T2 — Yyac nonepeyHoi penakcauii (dus.
petrowiki.org/Permeability _estimation_with_NMR_logging).

BusHaveHHs1 npoHUkHocmi 3a Aoromozoro xsusnns Cmoy-
Hni. JaHi ona xsunb CTOYHNI 3a3BuYan NpeacTaBnsalnTbes Y
BUIMAAi iHTepBanbHOro Yacy abo BigHOLLEHHST aMMNiTya Cur-
Hany ons Box npunmadis. Takox AN NoKpaLweHHst pe3yrb-
TaTiB BU3HAYEeHHS NPOHMKHOCTI MOXYTb BUKOPUCTOBYBaTMCA
KoediLieHTM 3aTyxaHHs Ta po3CitoBaHHSA eHeprii xBuni. 3ara-
JIOM BiOOMO, WO 3i 30iMblEHHAM MPOHUKHOCTI LUBUAOKICTb
xBunb CTOyHNi 3MEHLLYETLCS, @ 3aTyXaHHSA 3pOCTaE.

MMig, yac 06pobku xBKUnb CTOYHNI KPUBI BIOWUTMX XBUIb O115
cepefHix 4acToT MOXyTb OyTW BUKOPUCTaHi Ans iHaukauii Tpi-
LLMH, KaBEepH Ta MOBEPXOHb HaMMacTyBaHHsI; KpWBi 3anomre-
HUX XBWMb ONS CepedHiX 4YacToT BMKOPUCTOBYHOTLCA ANS

BM3HAYEHHs MPOHMKHOCTI nnacta (Ous.
Permeability_estimation_with_Stoneley _waves).
3aranom 3a gaHvMuK KapoTaxKy MOXHa BU3Hayatu npo-
HWKHICTb MnacTiB, a Ang kanibpyBaHHS OTPMMaHWX OaHUX
BUKOPUCTOBYHOTLCSI KEPHOBI AaHi, AaHi po3pobku nnacTiB 1a
3MiHM TUCKY. [INs Kopenauii KapoTaXHUX KPUBUX Ta NMPOHUK-
HOCTi MOXYTb BUKOPUCTOBYBATUCS Pi3Hi PIBHSAHHS, LLIO BKIO-
YyaloTb AaHi NabopaTopHUX Ta CBEPANOBUHHMX AOCHIOXKEHD.
CninbHWUI aHani3 kepHa Ta KapoTaXKHWUX KPpUBUX A€ 3mory
OLjiHIOBATK MOTEHLjian KONEeKTopiB, OAHAK HaBiTb y CMPUST-
NMBUX BUNAgKax BifHOCHA NOMUIIKA BU3HAYEHHSA NPOHMKHO-
CTi 3a KapoTaxeM MOXe [ocsAraTV BUCOKUX 3HadveHb. Lle
CMPUYMHEHO HE MOXMOKamMu BUMIpIOBaHb NpW KapoTaxi, a
He[OoCTaTHbO TICHUM 3B'A3KOM KoedilieHTa MPOHMKHOCTI 3
TMMUK NapameTpamu, siki BU3HavatoTbes nig Yac MOC. Boa-
HOYac, BU3HAYEHHS knp 3a gaHumn ITAC mae i cBoi nepe-

petrowiki.org/

Baru, Taki Ik onepaTuBHICTb, BENWKa NpeaCcTaBHULBKICTb Ta
JeTanbHicTb pe3ynbTarTis, MOXNuBICTb BypiHHS 6e3 Bigbopy
KepHa TOLLO, TOAi SK NPOHMKHICTb, BUMIpsiHA Ha 3pasKy ke-
pHa, NpeacTaBHULbKA NULLe ANS LbOro KOHKPETHOro KepHa
i BUKOPUCTAHHS LbOro 3HAYEHHS SIK 3HAYEHHS MPOHUKHOCTI
BCbOrO MnracTa-KkofekTopa MoXe Mpu3BecTVM [0 MOMUIIKO-
BOro MPOrHO3y NpoAyKTUBHOCTI cBepAnoBuHU. LiiHHICTb BU-
KopucTaHHs matepianis [AC ang ouiHkM NapameTpa NpoHu-
KHOCTi Monsrae Takox y TOMY, LU0 HaBiTb NPU HEBEMNUKIl TO-
YHOCTI Takoi ouiHku gadi [OC gossonswTb BUAINUTA NpU-
HaVMHi [Ba-TPW Krnacu KONeKTOPIB i OxapakTepuayBaTu iXHin
po3noain no nrowli Ta B 06'emi noknagy HadTn abo rasy, a
Lie CTBOPIOE NepeayMoBU A5 NobyAoBM NPOCTOPOBOT ANHA-
Mi4yHOT Mogeni poagoBuwa — ob'ekta po3pobku. EdekTme-
HiCTb BUkopucTaHHsa aaHux FAC ons uiei meTu cyTTeEBO 3po-
ctae npw cuHTesi gaHux NAC Ta cecmopossiaku (Komapos,
1973; dus. wiki.aapg.org/Permeability).

Bu3sHayeHHs1 IpoHUKHOCMIi mpiuuH Ha 0CHO8Ii OaHuXx cel-
CMOpO038idKu. ICHYE Kinbka MeTogiB, Lo 6a3ytoTbCcsa Ha Cenc-
MiYHMX AaHWX BIAOUTUX XBUNb Ta A03BOSAOTL BU3HAYaTH po-
3TallyBaHHA NPUPOAHMX CUCTEM TPILLMHYBATOCTI Ta nonepe-
OHbO NPOrHO3yBaTW IXHIO MPOHUKHICTL. Lli MeToau Bukopuc-
TOBYIOTb aMNAiTyay BiAGUTOT XBUNI, KPUBKU3HY rogorpacda Bia-
6uTnx xBunb Ta il Mogudikauii, kyG KorepeHTHOCTI, cnekTpa-
NbHE PO3BWHEHHS, asnMyTarbHy aHi30TPOMilo LUBMAKOCTEN
NPY>KHWUX XBWIb, aHanis amMnniTygHoro kyby mirpauii gynnek-
cHux xBurb (DWM) Towo. OaHum i3 HanbinbL HaginHUX Me-
TOAiIB ANS MPOrHO3YBaHHA MPOHWUKHOCTI TPILLUMH cepen HUX
BBaxxaeTbca metog DWM (Khromova et al., 2011).

Bu3sHaueHHsi poHUKHOCMI 3a daHUMU po3pobKu racma.
[aHi po3pobku nnacta MoXyTb ByTW BUKOPUCTaHi Ans BU3Ha-
YeHHS! MPOHUKHOCTI KONEKTOPIB, Tak Sk Mig Yac po3pobku ceep-
OMNOBUHN OTPUMYBaHWIA NPUTOK orioigy 3anexvTb Hacamne-
peg Bif, MOPUCTOCTI Ta MPOHMKHOCTI JOCHILKYBaHOro nnacTa Ta
B'A3KOCTI GontoifiB, ski MICTATLCA B HbOMY. ICHYE psig MeTopfiB
[ONs aHanisy pesynbTaTiB po3po0Ku: faHMX NPO KiNbKiCTb Bigio-
paHoro droiay, AMHaMIKy NnacToBOro TMCKy ToLo. [Ans oTpu-
MaHHS1 BENWYMHM MPOHWKHOCTI HanyacTiwe OyaytoTb rpadik
3anexHOoCTi TUCKY BiJ Yacy B HaniBrorapnmiyHoMy MacLuTabi.
MoTiM BM3Ha4aloTb KyTOBUIA KOEMILIEHT OTPUMAHOI NPSMOI Ta
NiACTaBNATb MOro B PIBHAHHS:

B
k, =21492750 (12)
m

pe O —pe6it; i — B'askicTb dnwoigy; B, — 06'eMHuit koe-
diuieHT HadTM (M® B NNacToBMx yMoBax / M3 B CTaHAAPTHUX
ymoBax); s — TOBLIMHA nnacta; M — KyTOBUIA KoedilieHT

npsmoi P(In¢) (Schon, 2011).
TecmyesaHHs HapowysaHHs1 MUCKY. BusHa4yeHHs NpoHu-
KHOCTIi nracra 3a 4aHUMW HapoLLyBaHHS TUCKY € OCUTb TO-

YHuM. [ns uboro noTpibHo, Wo6 nnacTt OyB 3'eAHaHWn 3i
CBEpASIOBMHOI, a MOTik OyB [OCTaTHbO BUCOKUA AN
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TOYHOro BuMiptoBaHHA. CBepanosuHa mMae 6yt poboyoto
O0CUTb TpMBanNuin Yac Ans Toro, Wwob BCTAHOBUBCS CYyTTe-
BUIA pagiyc pocrnigkeHb. CneuianbHi piBHAHHSA 3B'A3YH0Tb
pagiyc pocrnigkeHb, napameTpu MOTOKY Ta MiacToBOro
drnoigy, a TakoX NPOHUKHICTb, HanNpuKiaa:
1/2
kn

ro=| —2— (13)
" 948k ’

nnct

Ae 7, — pafiyc AOCTiMKeHb, ¢ —Yac, ¢, — 3aranbHa cTuc-

NUBICTb JOCnigXyBaHUX Nopia.

TecmyeaHHs1 Ha 00Hili moyuyj. Y 6araTbox BUNagKax gaHi
TpuBanoi po3pobku BiacyTHI Ta BUHMKae notpeba onepatu-
BHOMO BU3HAYEHHSA MPOHMKHOCTI NnacTa. Y Takomy BuMNaaky
CBEPANOBMHA NepdopyeTbCs Ta Po3pobNsSeETLCS NPOTAroM
KifIbKOX FTOAMH UM OHIB i AN OUiHKWU NPOHUKHOCTI Ha OCHOBI
OTPUMAHUX AaHNX BUKOPUCTOBYETLCSA METOL OOHOI TOUKM.

Y ubOMYy MeTOAi PIBHSAHHA KBasicTauioHapHOI dinbTpadii
rasy Ta pagiycy OOChimKeHb BUPILLYIOTLCS OAHOYACHO oapasy
ONA NPOHWKHOCTI Ta pagiycy gocnimpkeHb. PiBHAHHA KBasicTa-
LlioHapHoi (hinbTpaLii rasy BUrnsgae HacTynHUM YMHOM:

k, h
L(y/i—l//wf):ln 1075+,  (14)
1.4220.T ' ’
1/2
ro= k) s'=s+DQ,, h —edextuena no-
¢\ 376k, nc,

TYXHICTb nnacTa, Q{g — Butpatu rady, T — Temnepartypa
(°F), y; Ta Vs — NceBnoTuck y JocnigxysaHomy pagiyci

Ta CBepAsnoBuHI BIANOBIAHO, 7, Ta 7, — padiyc ApeHaxkHoi
30HW Ta CBEPANOBUHM BiAMOBIAHO, S — TOBLUUHA IMUHUCTOI

Kipkn, ' — daKTop rMUHNCTOT Kipkn, D — KOHCTaHTa.

BusHayeHHs1 IpoHUKHOCMI 3a pe3yrnbmamamu 2i0podu-
HamiyHUx docridxeHb. BupileHHs o6epHeHuX rigpognmHami-
YHUX 3agay [03BOMNMNO Po3pobuTy TexHornori  Aocni-
[PKEHHS CBEPAMOBUH 3a PEXMMIB CTaLioOHapHOT Ta HecTali-
OHapHOI hinbTpauii Ta oTpuMaT HPOpPMYInK, LLO NOB'A3YI0Tb
napameTpu nnactis, noigiB Ta TEXHOMNOrYHI MNOKa3HUKK
poboTn CBEpANOBMH. Y AaHOMY HanpsAMKy € OBi OCHOBHI
rpynu meTogiB: AOCMiAXEHHS CBEPAIOBUH Ha OCHOBI iHTEp-
npetauii pesynbTaTiB CMNOCTEPEXEHHS HecTauioHapHMX
npoueciB (MeTon KpMBOI BigHOBMEHHS 3abiHOro TUCKY B [0-
6yBHUX cBepanoBuHax abo nagiHHa 3abiiHoro TUCKy B Ha-
rHiTanbHUMX CBEpASIOBMHAX) i AOCMIAXEHHS CBEPANOBUH 3a
cTauioHapHOro pexumy.

[ns nepwoi rpynn meTodiB BUKOPUCTOBYETLCS dop-
Myna obpobkn gaHux rmMubMHHOro MaHoMmeTpa, Y Haunpoc-
Tiwwomy Bunagky — coopmyna obpobku KpMBOi BiAHOBEHHS
TUCKy 6e3 ypaxyBaHHsi NPUTOKY PiaAnMHN Yy CTOBOYP CBEpPANO-
BWHM Nicns Ti 3aKpUTTSA Ha YCTi:

O 2,25-y-¢
-In ,

4-Tc-knp -h ”cz

pe O — pebit cBepAnoBMHU [0 3ynuHKM, /I — edexTuBHa

APy (1) = (15)

TOBLLMHA NJacTa, X — N'e30MpoBIAHICTL NnacTa, 7, — paaiyc

CBepaAnoBuHW, ¢ — Yac nicna aynuHky. Micna geakux nepe-
TBOPEHb OTPMMYEMO PIBHSIHHS NS BUSHAYEHHS &,

On

==, 16

" Amih (16)

e I — KyToBui koedilieHT rpadiky 3abilHOro TUCKY B CUC-
Temi koopanHaT AP, ;(t) —Int .

[ns gpyroi rpynu mMeToAiB BUKOPUCTOBYIOTbL (hOpMyIny
[ionioi B ymoBax AOTPMMaHHSA CrnpaBeasiIMBOCTi NiHINHOro
3akoHy inbTpauii Japci:

sz'n.::np'h.Pm_Pm(i

(17)

e Pm — MNacToBMi TUCK Ha nepiod OOCNIAXEHHsS cBepa-

JIOBUHMU, P3a6 — 3abilHi TUCKM BiOMNOBIAHUX peXUMiB poboTn

CBEPAOBUHN, RK — Papiyc KOHTYPY XUBMEHHs, ¥, — padiyc

CBEPATOBUHN.

ridpodurHamiyHul kapomax (IJK) BuKOHYeTbCS 3a O0-
NMOMOrOH KapoTaXkHOro obnafHaHHs Ta A03BOMSIE BUBYATKU
rigpoAnHamiyHi napameTpu nnacra. KoedilieHT NPOHUKHO-
CTi BU3Ha4yaeTbCH 3 BUPasy:

oy = — 2
" AAPAL’
ae V — BigibpaHwii 06'em nnactosol piguHn, At — vac ginbT-

pauii, AP — nepenag Tucky, A — reoMeTpuiHWiA KoedillieHT
(BM3Ha4aeTbca hopMoto KaninspiB ginbTpadii). JaHe pis-
HSIHHS CripaBeanuBe nuile Npy AOTPUMAaHHI NiHIMHOTO 3aKOHY
dinbTpauii (MumamyduHos u Lllupkosckuti, 1982).

BumiptosaHHsi 2a30801 IpOHUKHOCMI 3a rpoghinem rnos-
HOpPO3MipHO20 KepHa. [MpodinbHa ra3onpOHUKHICTb Ha KEpHI
Moxe OyTu BMMipsiHa Ha aBTOMAaTM30BaHOMY CKaHYH4YOMY
npunagi Autoscan. BumiptoBaHHSA NpoBOASATLCS Yepes nio-
CKy Bi4Hy rpaHb KOMOHKM KepHa MiCrs Moro no3fgoBXHbOro
po3nunioBaHHA Mig Yac dinbTpauii rasy — asoty. Bumipto-
BaHHS NPOBOAATLCA 3 KpokoM 5—10 cm 3a rmubuHoto, Tpu-
BanicTb ogHoro Bumipy 3-120 c, giana3oH gocnigKyBaHMX
3HaueHb NpoHuKHOCTI — Big 0,01 go 3 mkm? (MumamyduHoe
u llupkosckuti, 1982).

[o meToaiB BU3HAYEHHS NPOHUKHOCTI MipCbKMX NOpig Mo-
XKHa TaKoX BiAHECTN MemoOu 8U3HaYeHHs nopucmocmi ma
cCmpyKkmypu fMycmomHOo20 npocmopy ropio, siki 4aroTb iH-
dopmaLito Ang BU3HAYEHHA MPOHMKHOCTI 3a eMMipuYHUMMU
KOpernsauinHUMN 3aneXHOCTAMU.

MopwcTicTb ripcbkux nopig Moxe 6yTu BU3HaYeHa:

e 32 BeNnuM4mMHaMu MiHepanbHOoi Ta 06'€MHOI r'yCTUHW, BU-
3Ha4YeHUX Ha OOHOMY 3pasky NIKHOMETPUYHUM METOAOM Ta
METOAOM FiAPOCTaTUYHOrO 3BaXyBaHHS;

e METOAOM HaCW4eHHs1 (3pa3oK HacU4ylTb PigUHOLD,
npu LbOMY PEECTPYHOYM Bary Cyxoro Ta HaCM4eHoro 3paska,
a TaKoX HaCM4yeHoro 3paska y Hacuuyrouin piguHi. Lle gae
3MOry BU3HAYUTK NOPUCTICTb 3paska);

® rasoBOJIIOMETPUYHMM METOAOM abo ABOKOMIPKOBUM Me-
TOOOM 3a 3aKOHOM Bonns (BMKOPUCTOBYETBCS YCTaHOBKa 3
[BOMa EMHOCTSIMU BifloMOro 06'emMy: OfiHY HAMOBHIOKTb ra30M
i NEBHWM TUCKOM i 3'€4HYIOTb 3 APYrot0 EMHICTIO, BCEPEAUHI
AIKOI pO3TaLLOBaHM 3pa3ok. Ha OCHOBI AaHMX MPO 3MiHW TUCKY
B CUCTEMIi MOXHa BU3Ha4aTtu ob6'em NycToT y 3pasky);

e METOA4 PTYTHOI MNOPOMETPIi (3pasoKk HacU4yeTbCs
PTYTTIO Ta BUMIPHOETLCA 06'€M BUTPAYEHOIT PTYTi) TOLLO.

[nsi BUBYEHHSI CTPYKTYpX MYCTOTHOrO NpOCTOpPY Mnopig
BMKOPUCTOBYIOTLCS HACTYMHI METOAW: HaniBNPOHUKHOI MeM-
OpaHun; pTYTHOI i BOAHOI NOPOMETPIi; KaningpomMeTpuyHmX
JOcCrigXeHb 3a JOMOMOrow LieHTpudyryBaHHs; agcopouii;
HaCW4eHHs 3paska NoMiHOOPOM; BUKOPUCTAHHSI ONTUYHUX
i €NEeKTPOHHUX MIKPOCKOMIB.

Y meTogdi HaniBNPOHUKHOI MeMBpaHn 3 BOAOHACUYEHOro
3paska, BCTAHOBIIEHOrO Ha BOAOHACUYEHIN LUTYYHIN MeM-
OpaHi, a30TOM BUTICHSAOTb BOAY | OyaytoTh 3anexHicTb Benu-
YMHW BOLOHACUYEHOCTI 3pa3ka Bif, BENMUYMHU KaMinspHOro Tu-
cKy. 3 piBHSIHHS Jlannaca pospaxoByoTb edekTMBHI giame-
TpW nop, SKi BIiAMOBIAAKOTb KOXHIM TOYLi TUCKY, a 3@ 3MiHO
BOZOHACM4€HOCTi — BiIHOCHWI BMIiCT LiX MOP B MOPOA,.

(18)
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Y meTodi pTyTHOI NopomeTpii y BakyyMOBaHWIA 3pa3ok
HarHiTalTb pTyTb. YMM MeHLWWI giameTp nop, TMM BinbLumn
TUCK NOTPIGHO MpUKNacTy AN NOAOMAHHS KanifsipHUX Cun.
3a pesynbTatamm HarHiTaHHa 6yayoTb 3anexHicTb Kanins-
PHOrO TUCKY Bif, HACUYEHOCTI 3paska PTYTTIO, MOTIM — KPUBY
posnoainy nop 3a po3mipom.

Y MeTogi KaninsapHoro HacMyyBaHHA 3Mo4ytoya pigunHa,
sika noMiHecuye B ynbTpadioneToBoMy cBiThi, Nig BNAMBOM
KaninspHUx cun BTAryeTbcsl 3paskoM. CnocTepexeHHs 3a
3MiHOK 3abapBneHHs nepepisiB 3paska [03BOMSE NPOBO-
AVTU MOAENIoBaHHA NYCTOTHOrO NPOCTOPY.

Yci nepepaxoBaHi MeToam € NpsiMMMm 1 6eanocepeHb0
BMBYalOTb MYCTOTHUI MpocTip. [lo onocepeakoBaHMX MeTo-
AiB MOXHa BigHeCTV NeTpodi3nyHi akyCTUYHI MeToau, SKi
BBaXkalTbCsA HaMbInbL iHopmaTMBHUMK. BoHu 6asyoTbes
Ha [OCMiMKEHHi 3anexHOoCTen LWBMAKOCTEN MOLUMPEHHS
NPYXHUX XBUIb Bi EMHOCTI MYCTOTHOrO NPOCTOPY, (POpMM
OKpemMmnx nycToT, OpieHTauii MikpoTpiwmH Towo (Kobpa-
Hoea, 1986; Bernabe et al., 2006).

BusHa4yeHHs1 KoegiyieHma rnpoHUKHOCMI 3a Kopensauid-
HuMu 38'a3kamu. HaykoBusimm Byno cTBopeHo GaraTo net-
POdi3aNYHNX PiBHSIHb Ta 3anNeXHOCTEN 4SS BUSHAYEHHS Npo-
HWKHOCTi FipCbKMX MOpig Ha OCHOBI pe3ynbTaTiB AocHi-
[OXXEHHS1 TXHbOro MyCTOTHOrO MPOCTOPY Ta iHWMX napameT-
piB, Hanpuknaga:

1) PiBHsiHHA Ko3eHi — KapmaHa (nycTtoTu B nopogi moae-
MNOTECA LUMMIHOPUYHMMUN KaHanamu niHiHoi dinbTpaii):

3 3
" — kn2.()2 abo knp — : kn = (19)
-fT? Slf’ SAg (1 - kn )

ae f — koeqilieHT dhopMu PINbTPYHOYNX Kaninsapis, T2 -
rigpaeniyHa 3BMBUCTICTb KaHanis, kn_()_ — KoediuieHT auHa-
MiYHOT MOPUCTOCTI, S, — MMTOMA MOBEPXHS iNbTPYyOUMX

KaHanis, Ag — nnowja noBepxHi 3epeH, k, — koediLieHT

NOPUCTOCTi.
2) PiBHsiHHS TiMypa (ans WwinbHWX Ta crnaHuBaTux nopia):
104 k4.5 k4,4
k,,,, =— abo knp =0.136 —, (20)
8.e 8.3

ne k, , — edekTBHa NOPUCTICTD, k&e — KoediuieHT edek-

TUBHOIO BOOOHACUYEHHS, kw- KOeqiLiiEHT 3anuLLIKOBOro

BOOOHACWYEHHS.
3) PiBHsIHHs1 Bepra (MycToTy B nopogi BBaXatoTbes "npsi-
MONIHINHMMKU" Ta NPOHU3YOTL BCIO Nopoay):

k,, =0.0053k, Dz, 1)

np
ae D — piameTp 3epeH.
4) PiBHaHHA KoaTca (ans WinbHUX Ta cnaHutoBaTyx nopia):

\/Ezl()()k;ew
k

8.3
abo

k, =1-[1-k, 'k, 22)

ae kh — KoediliEHT NPOHUKHOCTI NOPOaUn AN BYrNeBOLHIB.

5) PiBHsiHHA LUntomGepxke (ANs WinbHUMX Ta cnaHuioBa-
TUX nopia;
3

k
1/2 n
k,? =250 —", (23)

B3

ne k63 — KoediliEHT 3anMLIKOBOro BOAOHACUYEHHS.

6) PiBHAHHA 4N8 BU3HAYEHHS NPOHUKHOCTI MOPUCTUX Ka-
pboHaTHux nopia:

2 3
_ kn.gk&xrcp L—l (24)

1?2 ks

Ae k,, — BMIiCT 3anvLLKOBOT BOAW B 30Hi rPaHNYHOTO Had-

np

TOHaACUYEHHS, kn'g — KoeiLlieHT BigKpUTOI NOPUCTOCTI, Tep

— cepefHsi TOBLUMHA MAMiBKW 3B'A3aHOI BOAW Ta BOAM KYTiB
nop y rigpodinbHUX nopoaax.

7) PiBHSIHHA AN BM3HAYeHHS1 NPOHUKHOCTI TpilMHYBa-
TUX Nopig 3a HAsBHOCTI CUCTEMW TPILLMH Y TPbOX B3AEMHO
nepneHanKynApHUX HanpsamKax:

107852
18-107°

ONs CUCTEMU TPILLMH OHOrO YM ABOX NapanenbHUX Hanpsi-
MKiB:

" k, =5.6-1072b%k,, (25)

10-°5?

12:1078
ae b — poskpuTicTb TPILLMHK, kT — KoediuieHT TpilmHyBa-
TOCTi B HanpsMKy dinbTpadii.

IcHye Takox 6araTo iHLWMX PiBHAHB Ta 3aNeXHOCTEN, SK Ha-
npuknag XenseHa, Cnixtepa, Tep3aari TOLO, SKi 4151 po3paxy-
HKIB BMKOPWCTOBYIOTb Pi3HI MapameTpu ripcbkux nopia. (HJo-
6pbIHUH U Op, 2004, Brace et al., 1968; Hildebrand et al., 2004;
Rose and Smith, 1957; Recommended Practices for Core
Analysis; dus. petrowiki.org/Permeability_estimation _in_tight
gas_reservoirs;petrowiki.org/Permeability _determination).

O6roBopeHHs. Ha ocHOBi npoBefeHux AocnigXeHb
Oyrno BCTaHOBMEHO, WO iCHye Benuka KinbKiCTb Nigxodis Ta
MEeTOAIB BU3HAYEHHS MPOHMKHOCTI MPCbKUX MOpia 3a Pi3HMX
YMOB: 32 YMOB CTaLjioHapHOT abo HecTauioHapHOI (inbTpa-
Ui, 3 BMKOPWUCTaHHAM TiHiiHOro abo HeniHikHOro MoTOKY
dnroigy Towo. Pi3Hi Lini gocnimxeHb NoTpebyoTh BUKOPUC-
TaHHS pi3HUX MeToAiB. 3okpema, npuknagom Bubopy Me-
TOAY BU3HAYeHHS MPOHWMKHOCTI FipCbkUX Mopia € Jocni-
[PKEHHs1 laHOro napameTpa B netpodiauyHin nabopartopii
HHI "IHcTuTyT reonorii" Kniscbkoro HauioHansHoOro yHisep-
cuteTy iMeHi Tapaca LLleByeHka, e 3a3Buyarn NpoBOANTLCA
BU3HAYEHHs1 abCOTHOI ra3oBoi (abo pigUHHOI) MPOHNKHO-
CTi MeToAoM MiHINHOI binbTpauii B aTMocepHMX yMmoBax
abo ymoBax, Lo MoaentoTb nracTosi (puc. 6) (Buxea ma
iH., 2012, Buxea ma iH., 2013). OaHi Takux gocnigxeHb Ma-
0Tb LLUMPOKE BMKOPWUCTaHHS, 30KpeMa, Y NPOMUCIOBOCTI AN
BM3HAYEHHS1 NEPCMNEKTUBHUX AINSHOK ANnst BUOobyTKy Byrmne-
BOAHIB, MigpaxyHkax 3anacis BYrneBOAHEBOI CUMPOBUHU Ta
nrnaHyBaHHi yMOB po3pobku nnacra.

BucHoBkuM. HuHi icHye Benuvka KinbkicTb MeTogiB i nig-
X0[4iB OS5 BU3HAYEHHSA NPOHUKHOCTI MPpCbKUX Nopig sk 3a Aa-
HUMK NabopaTopHUX JOCMiAXeHb, TakK i 3a JaHMMKU CBepAa-
NOBWHHKX Ta reoianyHux BUNpobyBaHb. KoxeH i3 meToais
Mae CBOi NepeBarv Ta HeonikW, NOB'A3aHi 3 TOYHICTIO OTPU-
MyBaHWX OaHuX, (He)BpaxyBaHHAM napameTpiB (inbTpyto-
4ynx kaHanie Ta poboyoro dnoigy Towo. 3okpema, nabopa-
TOPHi METoAM BU3HAYEHHSA MPOHUKHOCTI Ha 3paskax KepHa
LUMSIXOM CTauioHapHOi inbTpauii rasy 403BONSE yHMKATH
HebaxaHoi B3aemogii nopoaa-dntoia, ogHak 6asyeTbecsa Ha
npunyLweHHi Npo OAHOPIAHICTE NOTOKY rasy Ta NPOHUKHOCTI
nopoau y AocnigXyBaHOMY HamnpsiMKy, a Takox notpebye
BBEeZEHHs nonpaeku KniHkeH6epra. BukopucTaHHs ansi Bu-
3HaYeHHs1 NPOHMKHOCTI CTaLioHapHoi cinbTpauii pianHn 6a-
3YETLCS Ha TOMY X NPUMYLLEHHI PO OAHOPIGHICTL NOTOKY Ta
NMPOHWKHOCTI NOPOAM, OAHaK € BinbLU CKnagHUM Yepes MOX-
nuMBY B3aEMOZi0 nopoaa-grnioig, a Takox € binbw Tpuea-
nvm 3a Yyacom. Metoaw, Lo BUKOPUCTOBYIOTb HECTALiOHApHY

" k, =8.3-102b%k,, (26)
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dinbTpaito pobounx dnigis Yepes nopoay, AO3BONSATb
6e3nepepBHO NMPOBOAWUTU BMMIpU Mg Yac NPOTiKaHHSA Mpo-
LeciB, IO MOXyTb 3MiHIOBaTV MYCTOTHWUIA MPOCTIP NOPOAW.
Mogaudikauii meTogiB HecTauioHapHoi dinbTpadii € ogHUM
i3 3ac00iB BM3HAYEHHS aHi30Tponii MPOHWKHOCTI Mopoan y
Pi3HMX HanpsiMkax, ogHak noTpebyoTb peTenbHoi niaroTo-

0,10+
B
83 R=0.75 . e
i =K *0 038-0,01 A
S E 005 Ko =K0,
E ; o ]
Q= e mm
C=
oI - [ ]
83 )
< c 000 T T T T T T T T T
05 1,0 15 20 2,5
KoedbiuieHT Biakputoi nopuctocTi (%)
a)

BKW 3paskiB ANsi KOPEKTHOTO BU3HAYEHHSI NapameTpiB TEH-
30pa MpPOHWKHOCTI. 3aranom nabopaTopHi MeToau BU3Ha-
YEHHS1 MPOHUKHOCTI € AOCUTb TOYHMMM Ta JOCTATHBLO LUBMA-
KMMM, oHaK Ans ix BUKOPUCTaHHSA HeobXifHi 3pasku kepHa
BU3HA4YeHOI hOpMM, a TaKOX MOCTIMHUA KOHTPOSb Napame-
TpiB NOTOKY poboyoro dnoigy.
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Puc. 6. NMpuknag 3anexHocTten koedilieHTa NPOHUKHOCTI NOPiA-KONeKTOopiB Big pPi3HUX NnapameTpis,
Lo OTPUMaHI 3a pe3ynbTaTtamMmu focnimkeHb y neTpodisnyHin naéopartopii HHI "lHcTuTyT reonorii*:
a)3anexHicTb koediluieHTa abcontoTHOT ra3oBOi NPOHMKHOCTI Bif KoediljieHTa BiAKpUTOi NOPUCTOCTi NOPia-KONEKTOPIB;
0) 3anexHicTb koedilieHTa abCcontoTHOI BOAONPOHMKHOCTI 3pa3ka nickoBuKa Big eEKTUBHOIO TUCKY

MeToau Bu3Ha4YeHHs NpOHUKHOCTI 3a aaHumn TAC Ta re-
0i3NYHUX MeTOAIB € Binblu 3pYyYHUMU, HiXX NabopaTopHi,
yepes BiACYTHICTb HEODOXIQHOCTI BMUITyYeHHS KepHa 3i cBep-
OJOBMHK Ta 1oro 06pobkM, ogHaK iXHS po3dinbHa 34aTHICTb
3HAYHO MeHLLUA, a OLiHKa NPOHWKHOCTI € HENPSIMOIO, LLIO BHO-
CUTb Yy pe3ynbTaTv JoAaTKoBi NOXubku. Po3paxyHoOK 3Ha-
YeHHS1 NPOHUKHOCTI 3a AaHumu [OC npoBoanTbLCA 3a AomMo-
MOTOI0 Pi3HUX 3aNeXHOCTEWN, SAKi MOXYTb MiICTUTW BENUKY Ki-
NbKICTb KOeiuieHTIB Ta NnonpaBok 3a napameTpu nnacta.
HekopekTHuiA BUGip 0gHOro 3 napameTpiB MOXe MpuU3BecTu
00 CyTTeBUX MOxmbok pesynbratiB. OuiHka koediuieHTa
NPOHWKHOCTI 32 AOMOMOrOK KOPEnALUiNHUX PiBHSAHb € 4OCUTb
o6MmexXeHolo, Tak K pi3Hi MOPOAM ONUCYIOTLCA Pi3HUMK 3a-
NEXHOCTAMMU, LLO MOXYTb CYTTEBO BigpPi3HATUCS HaBITb AN
npunsiralynx nnacris.

Mig yac 6yab-Akoro JocnigaXeHHa NOTPiIOGHO BM3HAYaTH
noxunbKy BUMipIOBaHb, @ TAKOX PO3KN4 OTPUMaHUX 3Ha4Y€Hb
NPOHWKHOCTI. BaxnmBum € Takox peTenbHe BpaxyBaHHS
BMNSIMBY HA MPOHUKHICTb Pi3HUX haKTOpIB, TakuX sIK nopuc-
TicTb, popMa Ta po3mip 3epeH MiHepaniB, reoMeTpis NycTo-
THOrO NPOCTOPY, MMUHUCTICTb, LWapyBaTiCTb Ta TpillMHyBa-
TicTb nopoau Towo. CuctemaTuyHi Ta BUNALAKOBI NOXMUOKN
MOXYTb BM/MBATU Ha TOYHICTb BM3HAYEHHSI MPOHMKHOCTI
OyAb-AkUM MEeTOAOM, TOMY BpaxyBaHHSA iX 3aBxau noTpe-
Oye 3Ha4HOi yBarn. Baxxnmerum HanpssiMKOM noganbLuoro Bu-
BYEHHS NpeacTaBneHoro NUTaHHA € nodynosa neTpodiany-
HWX MOZernew NPOHUKHOCTI cknagHonobyaoBaHUX Nopig-Ko-
neKTopiB Had TV i rasy pisHoi niTonorii.
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Hapinwna no peakonerii 13.12.17

MODERN APPROACHES TO DETERMINE THE PERMEABILITY OF RESERVOIR ROCKS BASED
ON THE RESULTS OF GEOPHYSICAL INVESTIGATIONS

Permeability of rock is its physical property that describes its ability to conduct fluids under the pressure gradient. This paper presents short
description and analysis of methods for determination of permeability of oil and gas reservoirs.

Permeability is a function of different parameters that leads to difficulties during its estimation. Investigations of the void space structure of
rocks, their anisotropy etc.were carried out in order to take into account all factors that have an influence on the permeability. Reservoir conditions

could also be modeled for that purpose.

Methods for determination of permeability of rocks can be divided into three groups: methods based on the laboratory studies of rocks; methods
based on the well logging data; and methods based on the correlations between different parameters of rocks. The first two groups include methods
for steady and unsteady fluid flow. Methods for the unsteady flow are usually more precise and rapid, thus prospects of extension of methods for

permeability determination are mostly connected with them.

Each of the presented methods to determine permeability is characterized by some pros and cons. The most appropriate method for the specific
experiment is always chosen according to conditions and requirements and expected results.
Further author's investigations will be related to the creation of petrophysical models of permeability of oil and gas reservoir rocks, including

reservoirs of complex structure.

Keywords: permeability, reservoir rock, petrophysics, well logging, void space structure, porosity.
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COBPEMEHHBIE NOAXoAbl K ONPEAENEHNIO NPOHULIAEMOCTU NOPOA-KOJJIEKTOPOB
Nno JAHHBLIM FTEO®U3NYECKUX UCCINEAOBAHUN

lMpoHuyaemocmb 20pHOU NMOpPodbl — 3aMo ¢husuyeckoe ceolicmeo, Komopoe xapakmepusupyem ee cripoco6Hocmb NPornycKkamb CK803b cebst
¢roudsl npu Hanuyvyku 2padueHma daesnieHusi. B daHHol pa6ome npedcmaesieHa Kpamkasi xapakmepucmuka u aHasu3 Mmemodoe onpedesieHus npo-
Huyaemocmu Kossiekmopoe ya51e8000podos.

lMpoHuyaemocmsb 20pHbIX NOPOO sienissemcsi hyHKyuel MHO2UX napaMempos, Ymo ebi3biéaem AonosiHuUMesbHbIe C/I0KHOCMU MPpuU ee onpede-
neHuu. C yenbio ydema ¢hakmopoe, Komopblie Ha Hee esusitom, npoeodsm uccredoeaHusi CMpPyKMypbl MycmMomHo20 npocmpaHcmea rnopood, ux
aHuszomponuu, Mmodenupyom ycroeus ux 3ane2aHusi u m. 9.

MemodbiI onpedeneHusi NpoHUyaeMocmu Mo2ym 6bimb yCcr108HO pa3desieHbl Ha mpu 2pynnbl: MemoObl Ha OCHO8aHUU J1abopamopHbIX uccrie-
doeaHuli KepHa; Memodbi Ha OCHo8aHuUU OaHHbIx TUC u ucnbimaHul cK8aXKuH; MemooObl Ha OCHO8aHUU KOPPEeIsIyUOHHbIX cesizell U 3asucumocmell.
IMepesbie dee epynnbl, 8 ceoro o4epedb, Mo2ym 6bimb pa3desieHbl Ha Memoodbi C UCMOo/Ib308aHUEM cmayuoHapHol ¢punbmpayuu paboyezo ¢rouda
u HecmayuoHapHol ¢gpunbmpayuu. MemodsbiI Ha ocHoO8aHUU HeycmaHOo8UEWE20Cs MoMoKa 3a4Yacmyo siefisilomcsi 6osiee MoYHLIMU U onepamue-
HbIMU, MO3MOMY OCHOBHbI€e MepcrneKmuebl ycosepuieHcmeaosaHusi modxodoe K onpedesieHU0 NPOHUYaeMocmu cesi3bi8aromcsi UMEHHO C HUMU.

KaxObili us npedcmaesieHHbIX 8 cmambe Memodoe orpedesieHuUsi NPOHUYaeMoCcmu xapaKkmepu3supyemcsi ceouMu Hedocmamkamu u npeumy-
wecmeamu, a ebi6op Memoda uccredoeaHuli 8 KOHKPEMHOM cJly4ae MPoeoduUMCcsi 8 3asucumMocmu om ycnoeuli u mpe6oeaHuli 3KcnepuMeHma u
o)Xudaembix pe3ysibmamoe.

Hanbueliwue uccnedosaHusi asmopa 8 OaHHOM HanpaeseHuu 6ydym cesizaHbl C MIOCMPOoeHUeM nempogusudeckux modeseli MPoHUyaeMocmu
nopod-kosekmopoes ya2reeodopodoe, 8 MOM HUCIIE CIIOKHOMOCMPOEHHbIX KOJIIIEKIMOPOS.

Knroyeenie crnosa: npoHuyaemocms, nopoda-kosnnekmop, nempogpusuka, F'NC, cmpykmypa nycmomHoz2o npocmpaHcmea, KoagpgpuyueHm rno-
pucmocmu.



