HAYKH O 3EMAE: CbIPbEBAAl BA3A U TEONOIFOPA3BEAKA YAOK: 553.04

AUOOEPEHLIAANDHAR OLIEHKA 3AMACOB HEOTH
[A3A TIOPOA FOPCKOM CUCTEMbI PASAMYHBIX
KAACCOB MPOHULIAEMOCTH LLIAUMCKOIO
HEQTEMA30HOCHOI0 PAMOHA

lMpednazaemcs Hosas Memoouyveckas cxema OugepeHyUaIbHAA OUEHKU 3anacos y21e8000p0008,
Hacsiwarowux Nopoosbl pas/iuYHeIX KJIAcco8 NPOHUYAeMOoCmu, Ha OCHOBAHUU 06pabomku 2e0/1020-
2eochuzuyeckux 0aHHbIX. AHaIU3 1ab6opamopHbIx Ucc1e008aHUl KepHA N0380/1sem onpedeslume hyHKYUU
yacmomel npegviieHuli pA0a NopPo208biX 3HAYEHUU NPOHUUAEMOCMU, KOmopsle C NOMOWbI0 Memooa
MoHnme-Kapna adanmupyromcsa k macwma6y niaacma. losyyeHHsle Mamepuasibl N03801510m
paccHyumame 2Ucmo2pammal puIbMpPAYUOHHbIX CBOUCME 0/18 Kaxx0oU s4eliku 2eos102u4deckol Mooesu.
Takxe onucvieaemcs cnocob oUeHKU Ko3(hguyueHmos Heghme- U 2a30HACbILEHHOCMU NOPOO
coomaemcmayoujux Kiaccos NPoHUYAemMocmul.

KnioueBblecnoBa: Hed)Tb, ras,yrnesogopobl,3anacbl, MPOHNLAEMOCTb,MOPUCTOCTb,OCTaTOYHAABOAOHACDILLEHHOCTD,
BEPOATHOCTb.
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PesyanaTbl OLLeHKM 3anacoB yr/1eBo40POA0B
CnpaBeasIMBO CAY}KaT OCHOBOW ANA Co3Aa-
HWA NPOEKTHOMN AOKYMEHTALMM OCBOEHUSA 3anexen
HedTn 1 rasa. Tem He MeHee, B COBPEMEHHbIX YC/10-
BMAX MPAKTUYECKM BCE CYLLECTBYHOLLME CUCTEMbI
He OTpaKatoT B LOMIKHOM Mepe HEeoA4HOPOAHOCTU
CTPOEHMA NPOAYKTUBHbIX NIACTOB, KOTOPbIE, B CBOKO
ouyepenpb, OKa3blBalOT CYLLECTBEHHOE BAMAHME Ha
xapakTtep dunstpaunm daonaoB B naacte Bo Bpe-
MA pa3paboTku 3anexen yrnesogoponos [2. 3]. Bo
MHOrOM AanbHewnllee pa3BUTUA METOL0/I0MNI reo-
JIOTMYECKOro MOZENIMPOBAHMA IKCMyaTaLMOHHbIX
HedTerasoHacbIWeHHbIX 06bEKTOB MOTyT Cnocob-
CTBOBaTb pa3peLleHnsa AaHHOW Npobaembl.

[ns ynyylieHna cywecTBYOLLMX NOAXOA0B K CO3-
[AHUIO Fe0NI0MMYECKMX U TMAPOANHAMUYECKMX MOAE-
Nnel cnesyeT akKTMBHO MCMO/b30BaTh BEPOATHOCTHbIE
meToabl [1, 4]. B 4acTHOCTH, C UX NOMOLLBIO MOXKHO
MOBbICUTb HAZENHOCTb MOCTPOEHMA KybOB NpPOHM-
LaemMoCcTM U KoapPuuUMeHToB HedpTeHACbILLLEHHOCTH
(rasoHacblweHHOCTH). B cBOIO OYepesb 3TO NO3BOASA-
€T OLEeHWUTb 3amacbl YI/IEBOAOPOAOB, KOTOpblE Npwu-
YPOUEHbI K Pa3IMYHbIM K/ACCaM KONEKTOPOB.
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B nepsyto ouepeab MHTEpPECeH XapaKTep u3-
MeHeHUA OUNbTPALMOHHBIX CBOMCTB B LLE/JIEBOM
obbekTe. B HacToALWee Bpema B KayecTBe OCHOBHO-
ro MeTofa NoCTPOeHUA KyboB NPOHULLAEMOCTUN UC-
MONb3YHTCA 3aBUCMMOCTM Norapudma npoHuLae-
MOCTU OT MOPUCTOCTH, MOJyYEeHHbIE HA OCHOBaHWUM
aHanM3a pesynbTaToB N1abopaTopHbIX MccienoBa-
HWIM KepHa, N0 KOTOPbIM MepecymTbIBAtOT COOTBET-
CTBYIOLLYIO MOAe/b MOPUCTOCTU nnacta. KoppekT-
HOCTb TaKMX BbIMUCNEHWIA BbI3blBaeT 6o/blNe CO-
MHeHus. Bo-nepBbix, CANLWKOM 6onbluoi pasbpoc
3HayeHu. B 6ONbWIMHCTBE CAyvyaeB MHTepBasbl
OTK/JIOHEHUA M3MEPEHHbIX 3HAYEHWN NpoHMULae-
MOCTM OT PACYETHbIX JOCTUraeT OLHOro MopszKa.
Mo cyLecTBy, MMeeTcs 60/bLIasA NOrpeLHOCTb NpPo-
rHO3MPOBAHWE MO MOPUCTOCTU GUNBLTPALLMOHHbBIX
CBOMCTB 0bpasua. Bo-BTOpbIX, pe3ynbTaTbl annpokK-
CUMaLMM COOTHOLIEHUI U3MEPEHHbIX MO KepHy
OUNBTPALMOHHBIX M EMKOCTHbIX CBOMCTB NOpPOA,
NMPUMEHSAIOT K OMMUCAHWUIO [AOCTAaTOYHO KPYMHOro
Tena. Kak MMHUMYM 06BbEM 3/1eMeHTapHOMN AYENKK
reosormyeckon mogenn B 8-10 MMAAMOHOB pas
npesbiWaeT pasmepbl 06pasLOB, UCCiesyemoro B
NabopaTopHbIX YCOBUAX.

[aHHas oueHKa 6asnpyeTca Ha pe3ynbTaTax Uc-
cnefoBaHNin GUNLTPALUMOHHO-EMKOCTHBIX CBOMCTB
Nnopos, BbIMOMHEHHbIX B 1aBOPATOPHbIX YCAOBUAX.
Mo HUM paccuUMTLIBAIOTCA IMNUPUYECKME DYHKLMMU
3aBUCMMOCTEN BEPOATHOCTEM MpeBbIEHUA COOT-
BETCTBYIOLLMX KPUTUYECKMX 3HAYEHWI MNpoHMLae-
MocCTK oT nopuctoctu [7]. Mpwu sTom Habnogaetca
JIOTMYECKM BbIPAKEHHAA TeHAEeHUMA yAydlweHun
bUNBTPALMOHHBIX CBOWCTB MOPOZA N0 Mepe yBesnu-
YyeHus npoHuuaemoctn. OTMeuyaeTcs nocsienoBa-
Te/lbHOE YBENNYEHUA BEPOATHOCTEN MpPEBbILEHW
HeKOM MopOoroBoi BENUYMHBI NO Mepe yayyleHns
EMKOCTHbIX CBOWCTB Mopod. Takum obpasom no-
ABNAETCA BO3MOMHOCTb OTOMTWM OT O0b6LLenpUuHs-
TON 3MMNUPUYECKON 3aBUCUMOCTU NPOHULLAEMOCTH
OT MOPMUCTOCTU. BMecTo aToro cnefyert oueHMBaTb
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BEPOATHOCTU MPUYPOYEHHOCTU OGUNBTPALMOHHbIX
CBOMCTB NOPOA, K onpeAenéHHbIM MHTepBanam. B
AAHHOM C/lyyae TaKKe MNoABAAETCA LONONHUTENb-
Haf BO3MOXHOCTb OLLEHKM PWUCKOB YCIOXKHEHWS
XapaKTepa BbITECHEHUA YIeBOAOPOAOB BOAON B
npoLecce 3KCNAyaTaLmm 3anexu.

B npeanaraemoli ctaTbe MCNO/Ib30BANACh KNac-
cudurKaLma KoNneKkTopoBs, KoTopasa bbina paspabo-
TaHa A.A. XaHuHbiMm [8]. B npegenax Lanmckoro
palloHa B COCTaBe WMCCeAyemoro Mnaacta LWUPOKo
pacnpocTpaHeHbl nopoabl 3-6 knaccos, 1 1 2 Knac-
Cbl UMEIOT OrpaHUYeHHOe NPUCYTCTBUE:

¢ 3 (NPOHMLLAEMOCTb HAXOAMUTCA B WUHTepBase
oT 100 go 500 10m2);

® 4 (NPOHMLLAEMOCTb HAXOAMUTCA B MHTepBane
ot 10 ao 100 10°m?);

¢ 5 (MPOHMLAEMOCTb HaxogomMTCcA B MHTepBase
ot 1 ao 10 105m?);

® 6 (NPOHMLLAEMOCTb HAXOAMUTCA B UHTEpBase
ot 0,1 go 1 10®m?).

Ha HayanbHOM 3Tane ucciegoBaHMA MPOAYK-
TUBHbIX OT/IOXKEHWN COOTBETCTBYIOLWErO BO3pac-
Ta uccnenyembiXx MeCTOPOXAEHUM nopoabl Obl-
NIV CTrPYNNUPOBaHbl MO MX EMKOCTHbIM CBOMCTBAM.
MHTepBan M3MeHeHWA nopuctoctn coctasuna 1%.
[nAa Kaxkpow nonyvyeHHON Takum 06pa3om BbIBOPKM
6blAM paccuMTaHbl JoAM 06pasLoB, A1A KOTOPbIX
WX NPOHMLLAEMOCTb MPEBbLILLAET pacCMaTpMBaeMble
KPUTUYECKME 3HaUYeHUA, pasgensatowme Knaccbl Kon-
nektopos: 0,1-10%°m2, 1010°m?, 10-10-1510°m? 1
0,1-10>m2, OHM paccmaTpuBaloTCA B KayecTBe Mu-
HUMaNbHOM TPaHMLbl COOTBETCTBYHOLLUIA KAaccoB
Konnektopos: 6, 5, 4 n 3. MonyyeHHble AaHHblE
MO3BONSAET OLEHUTb 3aBUCMMOCTb MeXAy nopwu-
CTOCTbIO M BEPOATHOCTbIO MPEBbIWEHUA UHTEpecy-
€MOro MoporoBoro 3Ha4yeHWs annpPoKCUMMUPYOTCA
gopmysnoli 1.

P,=1- exp[— exp(A X Knop — B)] (1)

rae P, — BEPOATHOCTb MpesbleHus onpeje-
NIEHHOro 3Ha4YeHMA NpoHMULaemocTn obpasua AaH-
HOM éMKOCTHOM rpynnsbl, 4. eA.;
K., — MOPMCTOCTL obpasua, 4. ea,.,
A, B—K03bdULIMEHTbI NPOMOPLMOHANBHOCTY.
OTMETMM, 4YTO BbINOSHEHWE OLEHKU COOTHO-
WEeHMM NOPUCTOCTU U BEPOATHOCTEN MpeBbILEHUs
aHaNM3MpPyeMbIX NMOPOroBbIX 3HAYEHUI NpoHULLae-
MOCTU OTNOXKEHUIN AYEeeK reoNormyecknux mogae-
nent no ¢opmyne 1 cIOKHO NPU3HATL KOPPEKTHOM
M3-33 CYW,ECTBEHHbIX U3MEHEeHUI macwTabos uc-
cnepoBaHuiA. Ana npuBeAeHUA NOJYYEHHbIX 3aBU-
CMMOCTEN K BMAY, KOTOPbIA MOMHO MCMNOb30BaTb
CBOWCTBA fAYENKM, CnefsyeT UCMo/b30BaTb METOZ,
MoHTe-Kapno [7].
B NpuHLMME OTNOXEHUA KaXKAOW AYEWKU reo-
JIOTMYECKOM MOAENV MOMKHO MPeacTaBUTb KaK Ha-
60p 60/1bLLIOro KOAMYECTBA NOPOA, KOTOPbLIE UMELDT
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pa3mepbl 06pasLLOB. 3HAYEHUA NOPUCTOCTU AAHHbIX
06pa3oBaHM KaXKa0W AYENKM MOLENM CO34at0TCA
reHepaTopom Ccay4YanHbix ymncen. Mpu atom cpes-
HWe 3HayeHWe NOPUCTOCTU YCNOBHbIX PasHOCTEMN
KO/INEKLMM COOTBETCTBYET CpedHEemMy 3HauyeHuto
EMKOCTHbIX CBOMCTB COOTBETCTBYIOLLEN AYEUKU.
TaKKe Mcnonb3oBanca NOrHOPMasibHbIM 3aKOH pac-
npegeneHua MOPUCTOCTU, CpefHeKBagpaTUyecKoe
OTK/IOHEHME [AAHHOro MapameTpa PaBHAMOCL MoO-
JIOBMHE 3HauYeHWA COOTBETCTBYHOLWEN BbIGOPKM. B
nocnegyouem AnA BCeX BMPTyasibHbIX Mopod no
dopmyne 1 paccumTbiBasacb BEPOATHOCTM npe-
BbILLEHWA COOTBETCTBYIOLWMX MOPOroBbIX BENNYMH
NPOHULAEMOCTU. 3aTeM A/1A KAXKAOW AYEKK nony-
YeHHble 3HaYyeHWA BEPOATHOCTM COMOCTABAANCH
C nopuctocTblo. B nocnepgytoliem BbINOAHANACH
aNMNPOKCMMALMA CBA3M MeXAY AaHHbIM AAaHHbIMM
napametpamu (gpopmyna 2, puc. 1).

()

pieiikh — 1 — exp [— exp(Az - Km,pZ + B, - Knop + C)]

roe PK"”e"“” — BEPOATHOCTb NPEBbILLEHUA NOPO-

roBOro 3Ha4eHusa NPOHUL,AEMOCTH, 4. e4,.;
K op — CPEAHAA MOPUCTOCTb AYEIKM, 4. e4,.;
A, B, C — KoadpduumeHTbl nponopumo-

HaNbHOCTH

Mo dopmyne 2 MOXKHO nepecynTaTtb Kyb6 no-
PUCTOCTM U ANA KaXKLON AYEMKM reoNormyeckom
MOZeNn NoNy4YnUTb 3HaYeHMA BEPOATHOCTEN NpeBbl-
WEHMA COOTBETCTBYIOLWMX KPUTUYECKUX 3HAYEHUM
NMPOHMLAEMOCTM, PasHMLLA MEXAY KOTOPbIMK byaeT
COOTBETCTBOBATb MPOrHO3MPYEMOU 4acToTe BCTpe-
YaeMOCTU NOPOA MHTEPECYEMbIX K1ACCOB.

BO3MOXHOCTb OLEHKM 0O6BbEMOB NOPOA, Ka-
[AOr0 Kfiacca NPoHMLLAaeMOCTH reo/IorMyeckoit Mo-
Aenv no3BOAAEeT BbINOJHWUTbL PacyéTbl 3anacos
YrneBoAopOoa0B, MPUYPOUYEHHBIX K OTIOMKEHUAM
C pa3nnYHbIMU GUABTPALNOHHBIMU CBOMCTBAMMU.
Ona paHHbIX nopcuyétoB Tpebyetca onpepenvtb
KoadduumMeHTbl HedTerasoHacbILEHHOCTM, KOTO-
pble, KaK U3BECTHO, A0CTaTOYHO TECHO CBA3aHbl C
NPOHWLAEMOCTbIO Nopos. Ona ayeeKk reonornyec-
KOW MoAesnn, KoTopble pacrnonaraetca B npeaenax
3a/1eXell YyrneBogoponoB, Cymma KoapoduumeHToB
HedTeHacbIWEeHHOCTU (ra30HACbILWEHHOCTTU) U
OCTAaTOYHOW BOAOHACHIWEHHOCTM OyaeT paBHATb-
€A eAMHWLbI, NO3TOMY B C/IOXMBLUIENCA CUTyauun
HeobxoAMMO aKUEHTMPOBATb BHMMAHWE HA W3-
y4yeHne 0cobeHHOCTeN COOTHOLWEeHU Koadduum-
€HTOB OCTaTOYHOM BOAOHACLIWEHHOCTU U MPOHU-
LLaeMOCTU LieneBblx OTNI0XKeHUN’. Mpn 3Tom Ans no-
BblLUEHMWA HaAEKHOCTN Pe3yNbTaToOB HAa OCHOBAHMUM
yBennyeHma ob6bEMOB BbIGOPOK MCCAEA0BaUCD
06pasubl, NONYYEHHbIX U3 U NPEAENOB 3aNeXU, U
BOAOHACHILLEHHOM YacTu NNacToB.

Ona Kaxgoro cTpaturpadpmuyeckoro granasoHa
MECTOPOXKAEHUIN HA OCHOBAHWW pe3y/nbTaT uccie-
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EEEEEEEEER O.] - s - 1 10 _-— . . ]OO —— 500
" 1 at® r—
=1 L -~
u
H 0.8
B 0.6
3
g 04 .
S 02 =
o’ =
as] 0 %
0 5 10 15 20 25 30 m 0 s 10 15 20 25 30
ITopHCTOCTE, % TTopHCTOCTE. %0
a) JaHMIOBCEDE MECTOPOXIEHHE E) TansHHMEDEOE MECTOpPOEIEHHE
(BEpXHEIOPCEMIT OTHEm) (EepxHerOpCEMiT OTOET)
1 l [ Rl ot o= 1 g e
E‘_ .." . / EI! 1 ....l, -
H 0.8 - = 0.8 < /
FE 3 -.. i FE 06 ..
g 06 . f— 2" RuEEF
jas] l- jas} -
& 04 . - E 0.4 = 7
2.0.2 / 2 0.2 EStdes ey =
m - .'.n'. . 3 ) m O szt — - /
8 - ) o 0 5 10 15 20 25 30
0 5 5 30

0 15 ) 2
ﬂloplicrocrh %o
6) JaHHIOBCKOE MECTOPOKIEHHE
(cpenHEerOpCKHE OTET)

Puc. 1.

TlopHETOCTSE, %0

B) TaneHHEOEOE MECTOpPOEIEHHE
{Cpenneropcriii oToemn)

Mpumepsl coomHoweHuli seposmHocmeli npesbiuieHUs pA0a Mopo2o8bix 3HaYeHul npoHUyaemocmu u nopucmocmu
MPOOYKMUBHbIX 0MsA0XEeHUU 8epxHe- U cpedHerpcKo2o omaend.

[0BaHMA KepHa 6bln co3gaHbl BbIBOPKKM 06pasLbl
COOTBETCTBYHOLLMX KIACCOB NPOHULLAEMOCTH. 3aTeMm
L5 BCEX KOMNEKLMI BblIv NOCTPOEHbI TMCTOrPam-
Mbl K03$PULMEHTOB OCTaTOYHOMN BOAOHACHILLLEHHO-
cTn (puc.2, 3), Ha OCHOBaAHWM KOTOPOI onpeaenaeT-
CA BEPOATHOCTHOE 3HayeHWe AAHHOro napameTpa
ANA Kaxaoro knacca nopog,. KoadduumeHTbl Hacbl-
LWEHHOCTM YINEBOAOPOAAMM ANA AYEEK B Npesenax
3aNeXn B NepBOM NPUBAMMKEHUM BbIYMCAAETCA NO
dopmyne 3.
nru = 1 — Kop (3)

roe K‘HrH — KO3pPMUMEHT HedTerasoHacblLEeH-
HOCTW NopoA, i-ro Knacca, 4. ea.

K' ; — KO3ddMUMEHT ocTaTouHOW BOAOHA-
CbILLEHHOCTX NOpOg, i-ro Knacca, 4. es.

Taknm 0b6pa3om, BO3HMKAET BO3MOMKHOCTb 06-
wewn amddepeHLMPOBAHHOM OLLEHKM 3aMacoB yre-
BOLOPOAO0B, HACHIWAKLWMX NOPOAbl PA3NAUYHbBIX
K/J1acCcoB NPOHMLLAEMOCTH

Mcnonb3oBaHMe BEPOATHOCTHbIX METOAOB MO-
3BO/IAIOT BbINOAHUTL AnddepeHLManbHYO OLEHKY

nedraz1i.ru

3anacoB HedTM M ras pPasNUYHbIX AUTOTUNOB. B
AAHHOM C/ly4yae pPaccMaTpUBAlOTCA TeppUreHHble
nopogbl, CrpynnMpoBaHHble NO UX GUALTPALMOH-
HbIM CBOMCTBAM. BbINOAHEHHbIN aHaNM3 npeacTa-
BUTE/IbHOM BbIOOPKU NEeTPpoPU3NYECKUX CBOWMCTB
BEPXHEIOPCKOTO W CpeaHEPCKoro (ToMeHcKas
CBUTbI) OTAENOB NO 16 MECTOpOXKAEHUSIM MO3BO-
JIUN BbINONHUTL COOTBETCTBYHOLLME BbIYUCAEHUA
3anacoB YrneBoAOPOAOB Pa3feNbHO ANA KNaccoB
KONIIEKTOPOB, ONpPeaenEéHHbIX N0 NPOHULLAEMOCTH.
B cTtaTbe npuBOAATCA AOAM 3anacoB NOpPoA C pas-
JIMYHBIMM EMKOCTHbIMK CBOVicTBaMK (maba. 1, 2).
OTMeTMM, 4TO 3anacbl YrneBoLOPOAOB, HACbI-
WatoWwmne TeppuUreHHble Nopoabl KOMNEeKTOpoB 6
K/flacca, Kak NpaBwu/io, NpU OCBOEHWUW 3anexel He
yuuTtbiBatoTcs [5]. OnpegeneHo 3To B Nepsyto ove-
peab CNOXHOCTbIO WM3BAEYEHUA U3 HUX HedTU U
rasa. [Mpun UCNoNb30BaHMM TPALULMOHHbBIX METOAMK
M3 CKBA)KMH, BCKPbIBLUMX OT/NIOXEHMA, MPOHMULA-
eMOCTb KOTOpbIX He npesbiwatoT 107°m,, nony-
YaloTcA MPUTOKU C HepeHTabenbHbIMKU AebuTamu.
OyeBMAHO, Ha3pena HeobXxoAMMOCTb MepecmoTpa
61
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fucmozpammsi Ko3ghgpuyueHmos ocmamoyHoli 8000HACLIUEHHOCMU 06PA3U08 PA3/IUYHbIX KAACCO8 MPOHUUAemMocmu
8epXHEPCKo20 omoena Ha npumepe TpEXo3EPHO20 MecmopOHOeHUS.

noaxofa K CO34aHWMI0 TEXHOOMMI pa3paboTku 3a-
nexen HedTM 1 rasa. B 4aCcTHOCTM, OAHMM U3 CNOCO-
60B cneayeT co3aaHuaA ycnosuii Ana paboTbl nopos,
C MJIOXOM MPOHULAEMOCTbIO B naacT. Hanpumep,
3TO MOXeT focTuratbcs 6narogaps nepuogmye-
CKOMY NpeKpalleHUa noAnepKaHua naacToBOro
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hasneHua [6]. B pesynbTate AaBieHMe B AaHHbIX
KO/I/IeKTOpaXx Ha onpeaenéHHoe Bpems byaet 60/b-
e, YeM B APEHMPYIOLLEN cUCTEME, YTO OnpeaenmT
NocTyn/ieHve yrnesofopoA0B B XOPOLIO NPOHULA-
emble Mopoabl, N0 KOTOPbIM OHW CMOrYT nepeme-
WaTbeA K A06biBatowmm ckeaxkmHam. S

nedrazi.ru
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Puc. 3.

Tucmozepammel Ko3ghpuyueHmMo8 ocmamoyHol 8000HACLIWEHHOCMU 06pa3U08 PA3AUYHbLIX KAACCO8 MPoHUyaemocmu
mromeHcKoli caumel Ha pumMepe AXAUHCKO20 MeCMOopPOXOeHUs.
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Tabnuua 1.

LugpghepeHyuansHelie 3anacs! y2ne8000p0008 Mopood PasAUYHbIX KAACCO8 MPOHUUAEeMoCmu omaoxeHul

8epxXHerpCcKoeo omoend.

OTHOCUTE/IbHbIE NePBOHAYa/bHbIE 3aNachl Yr1€BO40POA0B
nopoA, KNaccoe NPOHMLLAaeMOCTH, %

Ne MectopoxaeHue
6 Knacc 5 knacc 4 knacc 3 Kknacc 1-2 knaccebl
1 AHApeeBcKoe 12.9 39.2 42.9 4.1 0.9
2 BepxHeKkoHAWHCKOEe 37.2 32.9 24.2 4.9 0.8
3 BoctouHo-Tonymckoe 33 41.3 27.5 22.8 5.1
4 JlaHnnosckoe 28.2 34.7 29.3 4.4 3.4
5 3anagHo-CemuBMa0BCKOE 7.9 58.4 31.5 2.1 0.1
6 Katomosckoe 37.3 28.7 20.5 11.4 2.1
7 JlymyTUHCKOe 353 29.3 21.1 13 1.3
8 MopTbiMbA-TeTepeBcKoe 1.1 13.5 77.3 4.9 3.2
9 MynbIMbUHCKOE 17 55.4 21.6 4.6 1.4
10 Monbemckoe 3 53.5 39.9 3.5 0.1
11 MoTaHaickoe 47.5 39 8.5 4.4 0.6
12 CeBepo-[aHnnoBcKoe 18 34.3 36.5 7.5 3.7
13 Cesepo-Cemunsungosckoe 7.9 58.4 315 1.9 0.3
14 CpepHeMynblIMbUHCKOE 0.9 44.9 48.5 5.6 0.1
15 CynpuHckoe 51.3 27.6 17.4 -0.4 4.1
16 TanbHMKOBOE 40.3 31.9 22.6 2.8 2.4
17 TaHrMHCcKoe 0 0.3 20.1 73.8 5.8
18 Tonymckoe 1.2 23 61.9 12.5 1.4
19 TpexosepHoe 2.2 47.1 40.7 5.4 4.6
20 Y6uHckoe 18.2 41.3 27.9 12.5 0.1
21 Y36eKkckoe 28.1 44.7 22.4 4.3 0.5
22 XynTypckoe 10.9 37.8 46.1 4.1 1.1
23 SKyTanbCcKoe 0.2 4.3 40.8 49.5 5.2
Tabnuua 2.

LucpchepeHyuansHeie 3anacs! y2ne8000po008 Mopood pasAuYHbIX KAACCO8 MPOHUUAeMocmu omaoxeHul
mromeHcKol ceumel cpedHeopcKo20 omoenda.

OTHOCUTE/IbHbIE NepBOHaYa/bHbIe 3anacbl YI/1€BOAOPOA0B NOPOA,
KNaccoB NPOHMULLAeMOCTH, %

MectopoxaeHune
6 Knacc 5 knacc 4 Kknacc 3 Knacc 1-2 knaccol

1 [aHnnosckoe 32.8 34.2 253 1.6 6.1
2 JlazapeBcKkoe 30.5 31.7 12.1 17.6 8.1
3 NosunHckoe 64.5 27.5 6.3 1.6 0.1
4 NymyTuHckoe 26.4 374 19.4 16.5 0.3
5 ManonoTtaHanckoe 49.4 40.6 8.8 1.1 0.1
6 MaHcuHrbAHCKoe 18.8 38.8 22.3 19.7 0.4
7 MopTbiMba-TeTepeBckoe 25.6 45.7 13.9 7.2 7.6
8 OHTOXCKOE 73.3 234 1.1 2.2 0

9 MNalTbIXCKOe 63.3 28.2 6.7 1.7 0.1
10 MNoTtaHalickoe 95.6 2.2 1.8 0.4 0

11 CeBepo-[aHunnosckoe 14.6 49.6 30.2 4.9 0.7
12 CnaBuHcKoe 2.2 25.8 38.2 32.8 1

13 CpepHeKoHANHCKoe 0.4 11.8 37.9 39.9 10
14 CynpuHcKoe 70.7 21.5 4.9 2.9 0

15 CbimopbaAxckoe 33.3 41.9 18.5 5.9 0.4
16 TanbHMKoOBOE 15.5 39 22.9 19.6 3

17 Tonymckoe 75.2 18.8 4 1.8 0.2
18 TpexosepHoe 26.4 46.8 16.8 9.9 0.1
19 Y6uHckoe 50.9 30.5 9.4 8.6 0.6
20 Y36eKckoe 57.2 28.2 7.9 6.3 0.4
21 Ypaiickoe 23.4 38.1 20.5 17.7 0.3
22 dPuamnnosckoe 22.5 38.3 20.9 18 0.3
23 Xyntypckoe 9.1 41 29.7 18.7 15
24 LywmunHcKoe 26.6 49.2 21.2 2.5 0.5
25 AXAnHckoe 55.7 37.1 5.8 1.1 0.3
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DIFFERENTIAL ASSESSMENT OF OIL AND GAS
RESERVES OF ROCKS OF THE JURASSIC SYSTEM OF
VARIOUS CLASSES OF PERMEABILITY OF THE SHAIM
OIL AND GAS REGION

A new methodological scheme is proposed for the differential assessment of hydrocarbon reserves those
saturate rocks of various permeability classes, based on the processing of geological and geophysical
data. The analysis of laboratory studies of the core makes it possible to determine the functions of the
frequency of exceeding a number of permeability threshold values, which, using the Monte Carl method,
are adapted to the reservoir scale. The obtained materials make it possible to calculate the histograms of
filtration properties for each cell of the geological model. A method for estimating the coefficients of oil

and gas saturation of rocks of the corresponding permeability classes is also described.

Key words: oil, gas, hydrocarbons, reserves, permeability, porosity, residual water saturation, probability.
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he results of the assessment of hydrocarbon

reserves fairly serve as the basis for creating
project documentation for the development of oil
and gas deposits. However, in modern conditions,
almost all existing systems do not adequately reflect
the heterogeneity of the structure of productive
reservoirs, which, in turn, have a significant impact
on the nature of fluid filtration in the reservoir during
the development of hydrocarbon deposits [2. 3].
However, in modern conditions, almost all existing
systems do not adequately reflect the heterogeneity
of the structure of productive reservoirs, which, in
turn, have a significant impact on the nature of fluid
filtration in the reservoir during the development of
hydrocarbon deposits.

Probabilistic methods should be activity used to
improve existing approaches to creating geological
and hydrodynamic models [1, 4]. In particular,
they can be used to improve the reliability of
constructing cubes of permeability and coefficients
of oil saturation (gas saturation). In particular,
they can be used to improve the reliability of
constructing cubes of permeability and coefficients
of oil saturation (gas saturation).

First of all, we are interested in the nature
of changes in filtering properties in the target
object. Currently, the main method for constructing
permeability cubes is the dependence of the
logarithm of permeability on porosity, obtained
based on the analysis of the results of laboratory
core studies, according to which the corresponding
model of reservoir porosity is recalculated.
The correctness of such calculations is highly
questionable. First, the spread of values is too
large. In most cases, the deviation intervals of the
measured permeability values from the calculated
ones reach one order of magnitude. Essentially,
there is a large error in predicting the porosity of
the filtration properties of the sample. Secondly,
the results of approximation of the ratios of the
filtration and reservoir properties of rocks measured
from the core are applied to the description of
a sufficiently large body. At a minimum, the unit
cell volume of the geological model is 8-10 million
times larger than the size of the samples studied in
the laboratory.

This assessment is based on the results of
studies of the filtration and reservoir properties
of rocks performed in laboratory conditions. They
are used to calculate empirical functions of the
dependences of the probabilities of exceeding the
corresponding critical values of permeability on
porosity [7]. At the same time, there is a logically
pronounced tendency to improve the filtration
properties of rocks with increasing permeability.
There is a consistent increase in the probability of
exceeding a certain threshold value as the reservoir

66 nexabpr 2023

properties of rocks improve. Thus, it becomes
possible to move away from the generally accepted
empirical dependence of permeability on porosity.
Instead, we should evaluate the probabilities that the
filtration properties of rocks are confined to certain
intervals. In this case, there is also an additional
opportunity to assess the risks of complicating the
nature of hydrocarbon displacement by water during
the operation of the deposit.

The proposed article uses the classification of
reservoirs, which was developed by A. A. Khanin [8].
Within the Shimsky district, rocks of classes 3-6 are
widely distributed in the studied reservoir, while
classes 1 and 2 have a limited presence:

¢ 3 (the permeability is in the range from 100
to 500-10°m?);

e 4 (the permeability is in the range from 10 to
100-10%°m?);

e 5 (the permeability is in the range from 1 to
10:10°m?);

® 6 (the permeability is in the range from 0,1
00 1-:10%°m?).

At the initial stage of the study of productive
deposits of the corresponding age of the studied
deposits, rocks were grouped according to their
capacity properties. The porosity change interval
was 1%. For each sample obtained in this way, the
fractions of samples for which their permeability
exceeds the considered critical values separating
the reservoir classes were calculated: 0,1-:10%m?,
10:10*m2, 100:10-15m? u 0,1:10°m?2. They are
considered as the minimum boundary of the
corresponding classes of reservoirs: 6, 5, 4 and 3. The
obtained data allows us to estimate the relationship
between porosity and the probability of exceeding
the threshold value of interest and are approximated
by formula 1.

P =1—exp[-exp(dx Ky, —B)]

where P, — is the probability of assigning a
sample of the corresponding capacitive group to
collectors, d. units.;

K, — the average porosity of the samples of
the capacitive group,
A, B — coefficients of proportionality.

It should be noted that the estimation of porosity
ratios and probabilities of exceeding the analyzed
threshold values of sediment permeability in the
cells of geological models using formula 1 is difficult
to recognize as correct due to significant changes
in the scale of research. To reduce the obtained
dependencies to the form that can be used for cell
properties, use the Monte Carlo method [7].

In principle, the deposits of each cell of the
geological model can be represented as a set of a
large number of rocks that have the size of samples.
The porosity values of these formations in each

nedrazi.ru
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sediments of the Upper and Middle Jurassic.

model cell are generated by a random number
generator. In this case, the average porosity value of
the conditional collection differences corresponds
to the average value of the capacitance properties
of the corresponding cell. The lognormal law of
porosity distribution was also used; the standard
deviation of this parameter was equal to half the
value of the corresponding sample. Subsequently,
for all virtual rocks, the probabilities of exceeding
the corresponding permeability thresholds were
calculated using formula 1. Then, for each cell,
the obtained probability values were compared
with porosity. Subsequently, the relationship
between these parameters was approximated
(Formula 2, Fig. 1).

(2)

pﬁe” =1l-exp[- EXP(AZ ) Kpar,ceilz +B;- Kpor,cel! + C)]

where P! — probability of existence of a cell
permeability not less than a certain critical value,
d. units.;
K — cell porosity, units.;

por_cell

nedrazi.ru

A, B,, C— coefficients of proportionality

Using formula 2, you can recalculate the
porosity cube and for each cell of the geological
model get the values of probabilities of exceeding
the corresponding critical values of permeability,
the difference between which will correspond to
the predicted frequency of occurrence of rocks of
the classes of interest.

The ability to estimate the volume of rocks
of each class of permeability of the geological
model makes it possible to calculate hydrocarbon
reserves associated with deposits with different
filtration properties. For these calculations, it is
necessary to determine the coefficients of oil and
gas saturation, which, as is known, are quite closely
related to the permeability of rocks. For the cells
of the geological model that are located within
hydrocarbon deposits, the sum of the coefficients
of oil saturation (gas saturation) and residual water
saturation will be equal to one. Therefore, in this
situation, it is necessary to focus on studying
the features of the ratios of the coefficients of
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department on the example the Trekhozernoye deposit.

residual water saturation and the permeability of
target deposits. At the same time, to increase the
reliability of the results, based on an increase in the
volume of samples, samples obtained from both
the reservoir limits and the water-saturated part of
the layers were studied.

For each stratigraphic range of deposits, samples
of the corresponding permeability classes were
created based on the results of core research. Then,
histograms of residual water saturation coefficients
were plotted for all the collections (Figs. 2, 3), on
the basis of which the probability value of this
parameter for each rock class is determined. The
coefficients of hydrocarbon saturation for cells
within the deposit are calculated in the first
approximation by formula 3.
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KL=1- ®

rae K' — coefficient of oil and gas saturation of
rocks of the i-th class, d. units.
K, coefficient of residual
saturation of rocks of the i-th class, d. units.
Thus, there is a possibility of a general
differentiated assessment of hydrocarbon reserves
saturating rocks of different permeability classes.
The use of probabilistic methods allows
performing differential estimation of oil and gas
reserves of various lithotypes. In this case, we
consider terrigenous rocks grouped by their filtration
properties. The analysis of a representative sample
of petrophysical properties of the Upper Jurassic

water
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Table 1.

Differential hydrocarbon reserves of rocks of various classes of permeability of deposits of the Upper

Jurassic department.

No. Oil field
6th class
1 Andreevskoe 12.9
2 Verkhnekondinskoe 37.2
3 East Tolumskoe 3.3
4 Danilovskoe 28.2
5 West Semividovskoe 7.9
6 Kayumovskoe 37.3
7 Lumutinskoe 35.3
8 Mortymya-Teterevskoe 1.1
9 Mulyminskoe 17
10 Polemskoe 3
11 Potanayskoe 47.5
12 Severo-Danilovskoe 18
13 Severo-Semividovskoe 7.9
14 Srednemulyminskoe 0.9
15 Suprinskoye 51.3
16 Talnikovoe 40.3
17 Tanginskoye 0
18 Tolumskoe 1.2
19 Three-grain 2.2
20 Ubinskoe 18.2
21 Uzbek 28.1
22 Khulturskoye 10.9
23 Ekutalskoe 0.2

and Middle Jurassic (Tyumen Suite) divisions for 16
oil fields allowed us to perform the corresponding
calculations of hydrocarbon reserves separately for
reservoir classes determined by permeability. The
article presents the shares of reserves of rocks with
different capacity properties (Tables 1, 2).

It should be noted that hydrocarbon reserves
saturating the terrigenous rocks of Class 6 reservoirs
are usually not taken into account during the
development of deposits [5]. This is determined
primarily by the complexity of extracting oil and gas
from them. When using traditional methods, wells
that have opened sediments with a permeability

70 nexabps
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Relative hydrocarbon reserves of rocks of permeability classes, %

5th class  4th class 3rd class 1-2 class

39.2 42.9 4.1 0.9
32.9 24.2 4.9 0.8
41.3 27.5 22.8 5.1
34.7 29.3 4.4 3.4
58.4 31.5 2.1 0.1
28.7 20.5 11.4 2.1
29.3 21.1 13 1.3
13.5 77.3 4.9 3.2
55.4 21.6 4.6 1.4
53.5 39.9 3.5 0.1
39 8.5 4.4 0.6
34.3 36.5 7.5 3.7
58.4 31.5 1.9 0.3
44.9 48.5 5.6 0.1
27.6 17.4 -0.4 4.1
31.9 22.6 2.8 2.4
0.3 20.1 73.8 5.8
23 61.9 12.5 1.4
47.1 40.7 5.4 4.6
41.3 27.9 12.5 0.1
44.7 22.4 4.3 0.5
37.8 46.1 4.1 1.1
4.3 40.8 49.5 5.2

of no more than 10**m?, produce inflows with
unprofitable flow rates. Obviously, there is a need
to review the approach to creating technologies for
developing oil and gas deposits. In particular, one
of the ways is to create conditions for the operation
of rocks with poor permeability to the formation.
For example, this can be achieved by periodically
stopping reservoir pressure maintenance [6]. As a
result, the pressure in these reservoirs will be greater
for a certain time than in the drainage system,
which will determine the flow of hydrocarbons
into well-permeable rocks, through which they can
move to production wells. Xx]
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Table 2.
Differential hydrocarbon reserves of rocks of different classes of permeability of deposits of the Tyumen
formation of the Middle Jurassic department.

oil field Relative hydrocarbon reserves by rock permeability classes, %
6 Class 5 Class 4 Class 3 Class 1-2 classes

1 Danilovskoe 32.8 34.2 25.3 1.6 6.1
2 Lazarevskoe 30.5 31.7 12.1 17.6 8.1
3 Lovinskoe 64.5 27.5 6.3 1.6 0.1
4 Lumutinskoe 26.4 37.4 19.4 16.5 0.3
5 Malopotanayskoe 49.4 40.6 8.8 1.1 0.1
6 Mansingyanskoe 18.8 38.8 223 19.7 0.4
7 Mortymya-Teterevskoe 25.6 45.7 13.9 7.2 7.6
8 Ontokhskoe 73.3 234 1.1 2.2 0

9 Paytykhskoe 63.3 28.2 6.7 1.7 0.1
10 Potanayskoe 95.6 2.2 1.8 0.4 0

11 Severo-Danilovskoe 14.6 49.6 30.2 4.9 0.7
12 Slavinskoe 2.2 25.8 38.2 32.8 1

13 Srednekondinskoe 0.4 11.8 37.9 39.9 10
14 Suprinskoe 70.7 21.5 4.9 2.9 0

15 Symoryakhskoe 33.3 41.9 18.5 5.9 0.4
16 Talnikovoe 15.5 39 22.9 19.6 3

17 Tolumskoe 75.2 18.8 4 1.8 0.2
18 Trehozernoye 26.4 46.8 16.8 9.9 0.1
19 Ubinskoe 50.9 30.5 9.4 8.6 0.6
20 Uzbekskoe 57.2 28.2 7.9 6.3 0.4
21 Urayskoe 23.4 38.1 20.5 17.7 0.3
22 Filippovskoe 22.5 38.3 20.9 18 0.3
23 Khulturskoe 9.1 41 29.7 18.7 1.5
24 Shushminskoe 26.6 49.2 21.2 2.5 0.5
25 Yakhlinskoe 55.7 37.1 5.8 1.1 0.3
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