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PaccmaTtpuBaloTcs BOrpockl hopmann3aLim 0TobpaxeHns IMTONO0ro-gaLmanbHbix 0COOeHHOCTe pe3epByapoB npu MOCTPOEHUM reo-
JIorudeckux Mogenes HeQbTAaHbIX 1 HeTera3oBbix MeCTOPOXAeH. DopManm3aLms npouecca no3BonseT CTpouTs bosee anekBaTHyI0
UMepoBYIO MOAENb re0Nnornyeckoro 0bbekTa. 310, B CBOIO 04epesb, MO3BOAET (POPMasI30BaTb MPOLECC afanTaLmy reonorneckon
MOZEM 10 MEpe HaKOMeHWs AaHHbIX B MPOLECCEe SKCMyaTaLmm MECTOPOXAEHNS 1 ONTUMU3MPOBATL JOObIYY YIIEBOAOPOSAOB C Mpu-

MEHEHWEM HOBbIX TEXHOSIOMMN.

AKTyanbHOCTb

CoBpeMeHHOE COCTOSIHUE Pa3pabOTKU HEDTSHBIX U
HeTerasoBbIX MECTOPOXISHUU XapaKTepusyeTcsl psi-
JoM ocobeHHocTel [1], KoTophle IMpenpacrosaraioT K
Pa3BUTHIO MCCJIENOBATENbCKUX, AHATUTUYECKUX U UH-
XEHEPHBIX PabOT MpPU COCTaBJIEHUM TPOEKTHO-TEXHO-
JIOTMYeCcKOoi ToKyMeHTauu. OTMETUM JIMIIb HEKOTO-
pble, CTUMYJIMPYIOLINE BHEAPEHUE HOBBIX TEXHONOTHUIA:
3HAUUTEIbHAsl CTeMeHb MCTOIEHHOCTU 3aracoB MHO-
TUX MECTOpPOXAEHUIA, BbICOKAsI OOBOIHEHHOCTh J00bI-
BaeMoil HeTH, poCT 10U TPYIHOU3BIEKAEMBIX 3ama-
COB, 0OJbIION (POHJ, Oe3leiiCTBYIOIIMX CKBaXUH U JIp.
s mectopoxaeHuii 3anagHoit Cubupy 1, B 4aCTHO-
CTH, I MecTopoxaeHuii ToMcKoil 00aacTu, HeoOXo-
JIMMO OTMETUTb 0COOEHHOCTU TEPPUTEHHBIX KOJIEKTO-
POB, XapaKTePU3YIOINXCS BBICOKON HEOTHOPOIHOCThIO
U c1aboil COracoBaHHOCTBHIO (DUIBTPALIMOHHO-EM-
KocTHbIX cBoiicTB (PEC). YkazaHHble 0COOEHHOCTU
TpeOYIOT COBEPIIEHCTBOBAHMUS METOJIOB U CPEACTB MPO-
eKTUPOBAHUS OTepaLyii 10 MPUMEHEHUIO TEXHOJIOTHH,
TaKMX KakK, TMAPOpa3pbiB Ij1acTa, OypeHWe TOpU30H-
TaJbHBIX CKBAXMH, 3ape3Ka OOKOBBHIX CTBOJIOB. Ilepc-
MEKTUBHBIM SIBJISIETCS MCIIOJb30BAHUE METOJO0B KOM-
MbIOTEPHOTO MOJEIUPOBAHUSI ¢ mocTpoeHueM 3D ceiic-
MUYECKHX, TeOJOTMUECKHUX U TUAPOIMHAMUYECKUX MO-
Jieneii pesepByapoB. Pa3BuTre MeTOI0B KOMITBIOTEPHO-
T0 MOJIENMPOBaHUS Pa3pabOTKU 3ajexeit yrieBoaopo-
JI0B, TIPEADBSBISET TMOBBIILIEHHbIE TPeOOBaHMS K TO-
CTPOEHHUIO TEOJIOTMYECKUX MOLETIEI IPOLYKTUBHBIX pe-
3epByapoB. B yacTHOCTH, B MOZIENH IOJKHO YUUTHIBATh-
csl BCE MHOTooOpaszue (UIBTPallMOHHO-EMKOCTHOI
HEOJHOPOJHOCTH KOJIJIEKTOpa, TocieqHee aKTyalu3u-
pYyeT COBEPLIEHCTBOBAHUE MOAXOIO0B K MCCIENOBAHUSIM
CBOIICTB HEOJIHOPONHOCTEH pe3epByapa, 0OYCIOBIEH-
HBIX JINTOJIOTUYECKUMU OCOOEHHOCTSIMU TIACTa.
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HeonHoponHocTu pe3epByapa, 00YCIOBIEHHbIE
JIUTOJOTMYECKUMU OCOOEHHOCTSIMU TUIACTa, TIPOSIBIS-
I0TCSI KaK BO BHELTHMX, TaK U BHYTPEHHUX €TO CBOIi-
cTBax [2]. BHemIHMe cBoiiCcTBa OTPaKaIoT (hallaIbHYIO
HEOTHOPOJIHOCTh CTPOEHMSI KOJUIEKTOpa, (hOpMUPOBa-
HUE KOTOPOTO CBSI3aHO, KaK IMPaBUJIO, C PSIOM KOH-
KpPETHBIX O0OCTaHOBOK oOcagKoHakorieHus. Kaxmas
00CTaHOBKA UMEET CBOE MPOCTPAHCTBEHHOE Pa3BUTHE,
e (puIbTpallMOHHO-eMKOCTHBIE CBOMCTBA KOJLIEKTO-
pa MOTYT OBITh OXapaKTepM30BaHbl MHAMBUAYAIbHON
3aBMCHUMOCTBIO MTOPUCTOCTY M TPOHUIIaeMOCTH. [pa-
HHULIAM pazfena dauaabHbIX 00CTaHOBOK CBOMCTBEH-
HO (hOpMHUPOBaHNE HEMIPOHUIIAEMBIX OapbepoB, Tpej-
CTaBJIEHHBIX MTPOCIOSIMU TJIMH U KapOOHATU3UPOBaH-
HBIX TIECYAHMKOB, BHIITOJHSIIOIINX POJIb (PPOHTAILHBIX
3KpaHOB /s 3anexeit HedTH M rasa. K BHemHUM
CBOICTBAM KOJUIEKTOpa MOXHO TAaKXe OTHECTH €Tro
Makpo(UIBTPAlIMOHHYIO HEOTHOPOIHOCTD B pa3pese U
no mromanu. B pa3pes3ax 3To oTpaxaeTcsl B MOCIENO-
BaTeJbHOM YBEJIMYEHUM WIM YMEHBLIEHUM TpaHyJo-
METPUUECKUX PA3HOCTEH, BIUSIIOIIMX Ha 3HAYEHUS
MPOHMIIAEMOCTH, OT MOJOIIBHI K KPOBJIE TLIacTa, 1060
OJHOPOIHOM, TPANALIMOHHOM, PACTIPEACICHUN 3¢PHU-
croctu. Kaxmoi ¢anuanbHOli 00CTaHOBKE CBOIi-
CTBEHHA CBOSI TIOCIIEI0BATENILHOCTD TPaHyJIOMETpUYe-
CKOTO pacIpeAesIeHUs 10 pa3pesy, BAUSIONAs Ha Io-
JIOXEeHHWE U BEJIMYMHY MHTEpBaja MPUTOKA YIIEeBOAO-
POIOB B 00BEME KOJLIEKTOPA.

BHyTpeHHHME CBOICTBA TTACTa MPOSBISIIOTCSA B €T0
TEKCTYPHBIX OCOOEHHOCTSIX (DOPMUPYIOIIUX MHUKPO-
(bUIBTPAlIMOHHYI0 HEOTHOPOTHOCTh KOJUIEKTOpa M Xa-
PaKTepU3YIOMINX HEOTHOPOAHOCTh (aHMU30TPOIIMIO)
MIPUTOKA YIJIEBOIOPOIOB B CKBaXKMHY 110 rtomany. Ha-
OmogaeMble  PA3HOBMIHOCTH KOCOCIOMCTHIX TEKCTYD,
CBSI3aHHBIE C TIPOSIBIEHUEM PsiOX (JIYHOIIOMOOHOI, BOJI-
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HUCTOM, JIMH30BMIHOM), MOXHO OOBEIUHUTH B JBE
0OJIbILIE TPYMIbl — YIOPSIAOYEHHO CJIOMCTHIE M Xao-
THYHble. I yIOpsSIOYeHHOM TpYIIbl CBOMCTBEHHA
XOpollas BBIIEPKAHHOCTh MPOCIOEB B OMHOM Harpa-
BJICHNM U YacTOE MX YepeloBaHNE B IEPICHINKYJISIP-
HOM. B XaOTMYHO KOCOCTIOMCTBIX KOJIIEKTOPAX BBIIEP-
>KaHHOCTh TIPOCJIOEB B KAKOM-JIMOO HAIpaBJIeHUU OT-
CYTCTBYeT. BenencTBre 3Toro B IepoBoi (YIopsiioueH-
HOIi) TpyImIe MposIBIIsIeTCsT MPOCTPAHCTBEHHAST aHM30-
Tpomus (PUIBTPAlM, a BO BTOPOIi OHA OTCYTCTBYET.

®dopmupoBaH1e MeToANKN KOPPEKTHOM
KnaccuduKaLyuy TeppUreHHbIX KONNeKTopoBs

B npakTuke 3apyOexHbIX HCCIeN0BaHUI HHTETpa-
IIUS TTApaMeTPOB MOPUCTOCTH M TIPOHUIIAEMOCTH TIPH
ormucanun ®EC rpaHynsipHOro KOJIEKTOpa paccMa-
TPUBAETCS B CBETE KOHIIETIIIUY 2UAPABAUHECKUX eOUHUY
nomoxa (koatexmopa) [ 3—4], 03BOJISIONINX BbIAEISATH
TUTBI (KJIACChl) TOPOJ C OJM3KOW XapaKTepUCTUKON
MOPOBOTO MPOCTpaHCcTBa. B cooTBeTcTBUM € hopMyIu-
POBKOI1 eudpasauteckas edunuya kossekmopa (nomo-
ka) — HU onpenensieTcs KaK «npedcmagumenbubii 3a-
emenmapHblil 00sem nopodsl, GHYmMpuU Komopoz2o 2eo402u-
Yeckue u nempodhusuyeckue ceoiicmea, eausiowue Ha
meyeHue HCUOKOCHIN, 83AUMHO CO21ACO6ANbL U NPedcKa-
3yemo omauxnvt om dpyaux nopod». Ilomrmo netrpou-
3WYECKHUX TMapaMeTPOB THMAPABIMYECKHE €TMHUIIEI
MUMEIOT TPOCTPAHCTBEHHOE Da3BUTHE, MOMIEPKUBAS
JIUTOJNIOTMYECKYI0 M (allManbHyl0 HEOZHOPOIHOCTh
KoJutekTopa. Ho, mpu 3TOM, OAMH TUIN KOJIEKTOpa
MOXET 00pa30BbIBaTbCS B PA3IMYHBIX (hallMaTbHbIX
00cTaHOBKaxX M Ha00OPOT, KaK MpaBuIo, B Mpejaeaax
OIHOM (DAl MPUCYTCTBYIOT HECKOJIBKO TUIPABIIUE-
CKMX equHuIL noToka. BozmoxHocts HU xapaktepu-
30BaTh (PUIBTPALIIOHHO-EMKOCTHYIO HEOMHOPOTHOCTh
pesepByapa B IPOCTPAHCTBE, MO3BOJISIET BHIOPATh €€ B
KauecTBe 0a30BOT0O 3j1€MEHTa MMPU MOCTPOSHUN MaTe-
MaTUYECKOM MoJeM KOJUTIeKTopa.

BrineneHue rupaBayeckKoi eqMHUIIbI II0TOKa 0a-
3UpyeTcs Ha pacyeTe IapaMeTpa WHIMKaTopa THapa-
BIMYecKoil equHuLbl (FZI) 1o 3HaYeHUSIM MTOPUCTO-
CTH ¥ IPOHULIAEMOCTH, TOTyIEHHBIM JIJIs1 KOHKPETHBIX

00pa3IoB KepHa:
0,0314 \/E
Fzr=— V?

¢ 2
1-¢
rne FZI — Flow zone indicator — MHAMKATOp TUApa-

BJIMYECKON EMVHUIIBL; ¢p — POrosity — MOprCTOCTh; k —
permeability — MpoHUIIAEMOCTb.

Konuenuus ruapapamdeckKux eIMHKII IToApa3yMe-
BAET, UTO CYLIECTBYET OrPaHWYCHHOE YUCIO TUIIOB
KOJUIEKTOpA, XapaKTepU3YIOLIUXCS YHUKATBHBIM Cpefl-
HUM 3HayeHueM FZI u pa3obpoc 3HaueHuit FZI okojo
CPEIHETO BBI3BAH CIYYaiiHBIMM 3KCIIEPMMEHTAJIbHbI-
My mnorpemrHoctamu. Ilpexne Bcero, HeoOXOAMMO
OTIPEACINUTh YHCIIO TAKMX TUIIOB KOJJIEKTOPOB M Ipa-
uuubl FZI g kaxnoro u3 Hux. Co3naHHbIE B METOIM -

Ke JAaHHOTO HaMpaBJIeHUs TPOLEAYPbl OPUEHTUPOBA-
HBI Ha MCITOJIb30BaHUE UMEIOILMECS KCIIEpUMEHTANb-
HBIX JaHHBIX IT0 KEPHY M MHOXECTBO Ka4eCTBEHHBIX,
rpauyecKux M aHaIUTHYECKUX MeTonoB. [IpoBencH-
Hasl cucTeMaTh3alus pacrpenenenus FZI B 3aBucu-
MOCTU OT 3HAYE€HWIl MOPUCTOCTH U NPOHULIAEMOCTH
pesepByapa ¢ y4€TOM HEOIHOPOIHOCTU €T0 IMOPOBOTO
MIPOCTPAHCTBA (pa3Mep U CXOXeCTb (GOPMBI 3EpeH, 13-
BWJIMCTOCTD TIOPOBBIX KaHAJIOB U T. 1I.), TI03BoMIa [5]
pa3paboTtaTh cXeMy KiIacCH(PUKALUU TeppPUTeHHBIX
KOJUIEKTOPOB JJI1 MecTopoxaeHn# 3anagHoit Cubupu
Ha OCHOBE BBIIC/ICHUS THAPABINYECKUX eMHULL IOTO-
Ka. [l Bceil COBOKYITHOCTU TEPPUICHHBIX pe3epBya-
POB HCCIIENIYeMbIX MECTOPOXACHUI ObUIM BBIIEJICHBI
KJIacChl THAPABIMYECKUX €IMHUL ITOTOKA, MMEIOIINe
OmpeAeI€HHbIE IUAMa30Hbl, XapaKTepPU3YIOIIMecs
OMI3KUMU CpefHMMU 3HayeHusMu FZI. B tabmmie
MIpUBEICHBI XapakKTepucTuku FZI, pacCuMTaHHON AJIst
miacta FO,* KpanuBMHCKOro MeCTOpOXIEHUSI.

[TpakTHyeckue MpoLEAyphl BbIASACHUS KJIaCCOB
KOJUIEKTOPOB M MOCTPOEHUST Ha 3TOM Toaxoae (hUIIbT-
PalLMOHHON MOJIeTM OCHOBaHbI Ha pacuérte (puc. 1b) u
nocienyoieil cucremarusanyu (puc. 1J1) Komrmiexc-
Horo napameTpa FZI. OcHOBOIl cucTeMaTu3aluu sB-
JisieTcs BblAeJIeHUe Ha rpauke HaKOIJIEHHOW 4acTo-
ThI KOMILIEKCHOTO TapameTpa FZI (puc. 111) mpsimonu-
HEHBIX YYacTKOB, COOTBETCTBYIOLIMX TUIpaBIuye-
CKUM eIMHULAM TTOTOKa (KJIACChl KOJLIEKTOpa).

Tabnuya. XapakTepucTuKn rapaBanyecknx eauHUL Koek-

TOpOB
FzI n
HU G| PR RVl pacrepncrica
Mu. [Makc. | -PEA-

Hee

ECERTIY cpefHe3epHn-

7 16,00110,69| 7,7 0,190 | 711 | cTble, OBHOPOAHbIE, XOPO-
LLIO OTCOPTUPOBaHHbIE
613.00]59| 42 | 0175 | 174 [NecyaHWKu cpeiHe-Menko-
3epHUCTbIE, OLHOPOAHbIE
[TecqaHvKmn Menko-cpeaHe-
511500299 2,1 |0,167 | 36 |3epHuCTble C rpafaLiOHHOM
CNONCTOCTbIO
MecqaHKn MenKo3epHu-
4075|149 | 110 | 0145|575 CTble 1 aneBpoAWTbI C NPO-
CNOSMU FAVNHUCTO-YTANCTO-
ro geTputa
31037] 074|054 0139 0,92 lMec4aHo-aneBpuUTO-rnHA-

CTble pa3HoCTU
lNec4aHo-aneBpoONUTO-ru-
0,118 | 0,18 |HuCTbIe pa3HOCTH. Pa3HoOD-
pa3Has ClIoUCTOCTb
ANeBpUTO-MMHUCTbIE Pa3-

HocTW. Pa3Hoobpa3Has
CIOUCTOCTb

210201036 0,3

110,19 (0,186(0,164| 0,112 | 0,07

Ecim FZI imeeT ycToiYMBEIE KOPPEIILMOHHEIE 3a-
BUCHUMOCTH C JIUTOJIOTUYECKUMU, TIETPODUINIECKUMH,
TPaHyJIOMETPUYECKUMU, TeO(PU3NYECKUMU CBOMCTBA-
MU TIopozsl (puc. 1A), To KJlacChl KOJUIEKTOPA CBSI3aHbI
¢ rugpoauHamMuueckumu (puc. 1B, 1E) mapamerpamu
miacTa (KanuwulsipHble KpUBbIE K OTHOCHUTENbHbIE (ha-
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Puc. 1. BbigeneHuvie KnaccoB KOneKTopa Ha npumepe naacta t0;7 KpanvsuHckoro MectopoxaeHms

30BblE€ TIPOHMIIAEMOCTH). B cBeTe ruapaBiIMyecKux
eMHUI] IOTOKA, OTHOLIEHUE TTapaMeTPOB MOPUCTOCTU
U TIPOHUIIAEMOCTH PaccCMaTpUBaeTCss KaK COBOKYII-
HOCTb 3aBUCUMOCTEN AJI KaXIOro M3 BbIIEJEHHBIX
KiaccoB Komtektopa (puc. 1I'). 91o mo3Bonser mo 3Ha-
YEHMSIM TIOPUCTOCTH M BBIIEICHHOMY KJTacCy KOJUIeK-
Topa 6oJiee TOYHO OMpPEENSITh eT0 IPOHUIIAEMOCTb.

MporHo3 KoNNeKTopCKMUX CBOMCTB pe3epByapa
no aaHHbIM 3D cencmopasBepku

B Hacrosiee BpeMs Bce 6oJjiee IIMPOKOe MpUMeEHe-
HUE HAXOAWUT TEXHOJOTUS MHTEepMpeTaluy JaHHbIX
celicMOpa3BelK C 1IebI0 MPOTHO3a KOJUIEKTOPCKUX
CBOIICTB pe3epByapa ¢ UCITOIb30BAHUEM PACUETOB aKy-
CTUYECKHUX XKeCTKOoCTell (mpouenypa mHBepcus). Mc-
caenoBaHue (HU3MIECKMX CBOMCTB MOPOA Ha KEpHe,
BBITIOJITHEHHOE, B TOM uKclie M Ha KpanuBuHCKOM Me-
CTOPOXIECHMM, TOKa3bIBAaeT, YTO €CTh TECHasl CBS3b
MEXIY aKyCTMYECKOH XECTKOCTbIO M IMOPUCTOCTbIO
nopox. JIaHHBIN TTOAXOM ITO3BOJISET M3yJaTh MO JaH-
HBIM celicMOpa3BeAKM He TpaHULIbl OTPaXKAIOLIMX TO-
PM3OHTOB, a CTpaTturpaduyeckue CBOMCTBA CI0EB U 110
HUM NporHo3uposath xapakrepuctuku ®EC. Pacue-
Thl C IPUMEHEHHUEM TTPOLIEAYPBl TPEXMEPHOM MHBEP-
CUM TIO3BOJISIIOT CO3IaTh MHOTOCIOMHBIN KyO MMIIe-
naHcoB [6]. (MMnemaHc ecTh pOU3BeNeHNE CKOPOCTU
Ha II0THOCTH). [IprMeHeHre yKa3aHHBIX TIPOLIEAYp U
METOAMK MHTEPIPETAIK TTO3BOJISIET MPOCIEIUTD BCe
CJIOM B CEMCMMYECKOM KyOe M BU3yaM3MpoBaTh 3Ha-
YyeHUe UMIeJaHca A Kaxmoro cios. B MupoBoii
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MIPAaKTUKE SIBJISIETCS] OObIICHHBIM IIPUMEHEHUE TaHHOM
METOIUKHU JJI pelieHus] pa3HOOOpa3HbIX 3aday, Kak
aTana pa3BeiKM, Tak ¥ NP pelieHUH ONTUMU3AIMOH-
HBIX 3ajay 3Tana paspaboTku. Mcmonb3oBaHue crie-
LUATbHBIX MHTEPIIPETALMOHHBIX ITAKETOB IIPOrPaMM
IIpY MHTEpIIpeTaluu JaHHbIX 3D celicMopasBenku (B
YaCTHOCTH, TPEXMEPHOI cTpaTurpacuieckoit MHBEP-
CUW WM aHAJIOTOB) TIO3BOJISIET:

*  BBHIIEISITH HEOMHOPOTHOCTD Pe3epByapa M pacrpe-
neneHue QIIOUIOB MEXIY IBYMS CKBAXKHAMM;

* TIPOCNEKMBATH YIY4IIEHNE BepTUKATIBHONM paspe-
IIMMOCTH, B YACTHOCTH BBIIEJIEHNE MHUKPOCIOEB
1151 0OBEKTOB Pa3pabOTKIA;

*  KOppeaMpoBaTh MEXIY CKBaKMHAMM 3HAUCHUS T1a-
pPaMeTpoB TUIACTa-KOJIEKTOPa, PacCYUTHIBAEMbIX
0 aKYCTUYECKUM TapaMeTpam.

BTM W apyrue (YHKUIUMOHATbHBIE BO3MOXHOCTH
CTICIIMATBHBIX MHTEPIIPETAIMOHHBIX TTAKETOB CO3MAI0T
HOBBIE BO3MOXKHOCTHU npuMeHeHus 3D celicMopa3Be-
KU TS TIPOCKTUPOBAHMS TOPU3OHTAIBHBIX CKBAXUH
, B 1IEJIOM, [UISl ONITUMU3ALIMN Pa3pabOTKU.

Texnonorus ompo6oBaHa [7] st pacuera MHBEp-
cun Ha KpanuBuHckoM MecTopoxnerun (puc. 2). st
MPOTHO3a pacrpeneneHns: (UIbTPaluOHHO-eMKOCT-
HBIX CBOMCTB B 00BEME KOJUIEKTOpA OBITH BBITIOJTHEHBI
MHBEPCUOHHBIE MPEe00pPa30BaHUs CECMUYECKUX JaH-
HBIX C TIOJlyYeHUEeM Ky0a aKyCTUYECKOW XECTKOCTH.
MHBepcroHHbIE MpeoOpa3oBaHus TIPOBEIEHBI B Make-
Te STRATA xommanun Hampson-Russell mo 20 pa3se-
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Puc. 2. BbifeneHue BbICOKOMPOHULAEMbIX nayek B 00bEMe nnacta fOf 13 BpeMeHHbIX Pa3Pe30B C MCMONb30BaHVEM MPOLEAYPbI «UH-
Bepcua»
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Puc. 3. Kapta akycTndeckov XEcTkocTu (A) v rpaguk 3aBUCUMOCTI aKyCTUHECKOK XECTKOCTI oT nopuctoctu (B) ans nnacra 107 Kpa-
MUBUHCKOrO MECTOPOXAEHMS
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KapTta TpexmepHoro PacuyéT npoHulaemocTn

KapTa TpexmepHoro

pacnpefeneHns Mo KOMMMEKCHOMY pacnpenenexus
NOpUCTOCTM napameTpy MpoHULL2eMOCTH
3 2
k 73 (FZI )

-] 0.08 0.15- 0.23,,

T (1= ¢)? 0.000986
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Puc. 4. Pacnpenenerne punbTpaumMoHHO-eMKOCTHbIX CBOUCTB B naacte Oy

JOYHBIM CKBaXKMHAM, KapOTaXXHbIE KPUBBIE B KOTOPBIX
OBLIM TIpeaBapUTENIbHO OTpelaKTHpOoBaHbl. B mporec-
ce 00pabOTKM UCIIOJIb30BaH aIrOPUTM MHBEPCHUU OC-
HOBHOI MOJIEN, a TIOA0O0P UMITYJIbCA OCYILECTBISETCS
10 BCEM MMEIOLIMMCS CKBAXKIHAM.

[TonyyeHHbIe pa3pe3bl aKyCTUUECKOM XECTKOCTH,
I7Ie OTYETIMBO MPOSIBUIACH BHICOKOIIPOHUIIAEMasT TOJ-
112 TUISDKEBBIX IECYAHUKOB (pHC. 2), CBUNETENILCTBYIOT
0 BO3MOXHOCTHM BBIIEICHHS BBHICOKOIPOXYKTUBHBIX
30H B 00bEMe T1acTa FO. .

AHanu3 pa3pe3oB aKyCTMYECKOI XECTKOCTH MOKa-
3aJ1 UX MPUTOAHOCTD JJII KOJMYECTBEHHOTO TIPOTHO3a
KOJUIEKTOPCKHX CBOMCTB MEeCYaHOTO TIacTa (TIOPHCTO-
CTH) IO MECTOPOXAEHUIO B 1ieoM. TlepecuéT KapThl
CpeIHel aKycTMYecKo# XecTKocTh (puc. 3A) B KapTy
CpeaHel TOPUCTOCTHU ObLT OCYLIECTBIEH Ha OCHOBE 3a-
BUCHMOCTHU KePH-KEePH, MMOCTPOSHHOI MO TaHHBIM Jia-
OopaTopHbIX UccaenoBaHuit (puc. 3b).

Ha ocHoBe nony4eHHO#i KapThl CpeIHel MopUcTo-
CTH ¥ XapaKTepa e€ U3MEHEHHUS B Pa3pe3e M0 CKBAXUH-
HBIM JAHHBIM ITOCTPOEHA TPeXMEpHasi MOJie/Ib pacrpe-
JIeJleHUs TIOPUCTOCTU TI0 MECTOPOXISHUIO B LIEJIOM
(puc. 4A). Ing nepecuéra TpEXMEPHOI MOJIEIIU TIOPHU-
CTOCTM B TPEXMEPHYI0 MOJe]b MPOHUIAEMOCTH
(puc. 4B) ObLI UCTIONB30BaH BBHIYMCICHHBIN i1 Kpa-
MUBUHCKOTO MECTOPOX/EHUS M0 aTpUOyTy MTHOBEH-
HOI (ha3bl KOMIUIEKCHBIN mapamerp FZI, orpaxaro-
MK 3aBUCUMOCTb TIOPUCTOCTU OT TPOHUIIAEMOCTH
(puc. 4b). [lanee, mojyuyeHHbIE MPOCTPAHCTBEHHBIE
pacnpeneneans ®EC o mnacty FO,* 6bUH MOTOXEHBI
B OCHOBY TIOCTPOEHUS TUAPOAMHAMUYECKON MOJIEIH.

Metoguka NocTpoeHns
reonornyeckon Mogenu MecTopoXaeHnsa

OrobpaxeHue reoJornueckux ocooeHHocTel op-
MMpPOBaHMSI pe3epByapa B KOMITbIOTEPHOI reosoruye-
CKOW Mojiey MpeanojaraeT co3gaHue aaeKBaTHBIX
METOIOB U MPOLIEAYP, TO3BOJSIOIIUX MOJTYyYUTh Hau-
0oJiee MOJHbBIA 00BEM MH(POPMALIMK O CTPOSHUHU pe-
3epByapa. IIporiecc mMoCTpoeHHs CTaTUIECKOM Te0mI0-
TMYECKON MOJIENIM pe3epByapa ¢ yYeTOM €ro JIUTOJIOTO-
(baunanbHON CTPYKTYPHI MPEATIONaraeTcsl BHIIOMIHUT
B CJICIYIOLINE JTAMbI:

30

* TIOCTPOCHUE JINTOJIOTO-CeAMMEHTAIIMOHHOM MOoJie-
M — BBIIENCHNE JUTO(QALMA ¥ JIMTOTUIIOB, IO
panHeiM TUC, wmccnenoBanuwii KepHa, MaHHBIX
celicMOpa3BeKH;

* BbIIEJECHUE TUIOB KOJJIEKTOpa (TMAPABINYECKUX
eIMHUI] TTOTOKA), YYaCTBYIOIIMX B CTPOCHUM IIPO-
JOYKTHBHOTO IIJIACTa MECTOPOXIEHUS, pacyeT MH-
qukaTtopa FZI ms Kaxpgoro Tuma KOJUIeKTopa IIo
JaHHBIM HCCJIeIOBAaHUIA KepHa;

* TIOCTpOEHUE MeTPOPU3NYECKON MOIEIU C yYETOM
CTOXAaCTUIECKOTO pacIpeie/ICHHsI TUIPABINICCKIX
eIMHUI] TTOTOKA B Tpeeax Kaxmoil (aluaabHOI
00CTaHOBKH.

MeToanyeckue MOAXOAbI BbIAEACHMUS JIUTOPaLUi 1
JIUTOTUIIOB JETAJbHO PACCMOTPEHBI C YYacTUEM aBTO-
poB B pabote [8]. ba3upysich Ha BHILIIEOMICAHHOM IO/~
XOJI¢ BbIIEJIEHYSI TUIIOB KOJIEKTOPOB U pacyeTa UHIM-
Katopa FZI njs Kaxmoro Tuia KoJuieKTopa, CopMupy-
€M 3aBEpILAIONIYIO TIPOLIEAYPY TIOCTPOSHUS Te0IOTnYe-
CKOI1 MoJe/Ti. YUUThIBas peayn3aliio CTOXacTHIeCKON
MOJIE/IU pe3epByapa, B MEXCKBAXXUHHOM IPOCTPAHCTBE
JUISI KaI0TO CJ10s1, B TMpelenax Kaxmol (auuanibHoi
00CTaHOBKM, (DOPMUPYIOTCSI CBOM TMCTOTPaMMBbl pa-
CTIpeeeHNsT THAPABIMYECKIX eIMHUII MoToKa. [Ipo-
Bel€HHAs cucTeMaTu3aims FZI 1o3BojseT MOCTPOUTh
3aBUCUMOCTb MOPUCTOCTH M TIPOHUIIAEMOCTH OT KJ1acca
KOJIIEKTOpa, TIOSIBJISIETCS] BO3MOXHOCTh TIPOTHO3a TPo-
HUIIAEMOCTH KOJIJIEKTOpa, eCIU Uil aHaIu3UpyeMoit
TOuKM paspe3a 1o gaHHbIM [MIC ompeneneHsl mopu-
CTOCTb M HOMEP THIPABINYECKOM eTMHUIILI TOTOKA.

ITpouenypel popMUpOBaHUS TETPODUINUECKOMN
MOJIEJI C YYETOM BBIIEIEHUSI KJIACCOB KOJLIEKTOPOB
MpeyCMaTPUBAIOT CIEIYIONIME TIOIIATOBhIE NECTBYS:

Ilar 1. ®opmupoBaHue 0OBLEMHOI CETKM MOIENH B
COOTBETCTBUM C CYIIIECTBYIOLIMM PETIAMEHTOM, pUC. SA.

IIar 2. BrineneHune COBOKYIHOCTH KJIACCOB KOJI-
JIeKTOpa (TUIPaBINYECKUX eIUHUII TI0TOKA) B 00BEME
AHAJIM3UPYEMOTO IIJIacTa U OMpeIeeHUe I HUX Ipa-
HUYHBIX 3HAYCHMI MEeTPOPU3NYECKUX M TUAPOIMHA-
MUYECKHUX ITapaMEeTPOB I10 JaHHBIM JJaOOPATOPHBIX UC-
cleioBaHUil (TIOPUCTOCTh M TIPOHUIIAEMOCTh, OCTa-
TOYHAsl BOJOHACBHIIIEHHOCTb, OTHOCUTENBHBIE (Pa30-
BbIC IIPOHMIIAEMOCTH, KaIUJIISIPHBIE KPUBEIE), puc. 1.
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Pac4éT komnne kcHoro napametpa FZI no
3HaveHusAM nopuctocm (P)
nnponuuaemocty (K)

Puc. 5. [locnenosate/ibHOCTb MOCTPOEHMS METPODUINHECKON MOLENMN

IMar 3. Pacyé€r MHAMBUIYaNbHBIX 3aBUCHMOCTE
MOPUCTOCTH M TPOHUIIAEMOCTH [UIS BBHIIENEHHBIX JI-
TOTUIOB (JIUTO(AIMIA) TI0 JAHHBIM JJAO0PATOPHBIX KC-
cienoBaHuid, puc. SE.

Iar 4. PacuéT nopucTOCTU U BOZOHACHIIIEHHOCTH
o nanHeIM T UC B ckBaxuHax (puc. 5b).

Iar 5. TTporHo3 TpéxMepHOit MOAEIN MTOPUCTOCTU
KOJIJIEKTOpa C YYETOM JaHHBIX CcelicMopa3BeaKu
(puc. 5T’), BO3MOXHbBIE BapUaHTHI peain3aluu: 1) Kop-
PEKTHPOBKA TPEXMEPHOI CTOXaCTUUECKOIN MOIEITH TI0-
PUCTOCTH, TIOCTPOSHHOM 10 TaHHBIM OypeHMS IS OT-
JeJbHBIX (PallMalbHbIX 00CTAHOBOK, KapTOi CpeaHei
MOPUCTOCTH TIacTa Mo AaHHbIM 2D umu 3D ceiicMo-
pasBeaku (puc. 5B); 2) mocTpoeHue Kyba mopucTOCTH
0 MeTOoAMKe Tpeodpa3oBaHus faHHbIX 3D celicMopa-
3BeJKM C MPUMEHEHHMEM TPOLIEAYPbl UHBEPCUU (OMK-
CaHO BBIIIE).

ITar 6. PacyéT TpéxMepHOii MofieI IIPOHULIAEMO-
ctu (puc. 5XK) mo TpexmMepHOMY KyOy HOpUCTOCTH
(puc. ST) ¢ wucrmonb3oBaHMEM MHAMBUIAYAJTbHBIX
(buBTPaLIMOHHO-EMKOCTHBIX 3aBUCUMOcCTei (puc. 5SB)
1 YTOYHEHHOM (paumanbHoi Moaeau (puc. S/1).

Iar 7. [TocTpoeHue TpEXMEPHOI MOJIEIN pacIpe-
JeneHus KiaaccoB kojiektopa (puc. SK) Ha ocHoBe
pacuéra KoMILieKcHoro mapamerpa (puc. 53, SH) no
TPeXMePHBIM KapTaM TIOPUCTOCTH 1 TIPOHUIIAEMOCTH.

Iar 8. C yuérom danmanbHOil XapaKTepUCTUKU
BbIIEJICHHBIX TUTOTUIIOB Pa3pe3a, Kaxaoii reosoruye-
CKOW s1veiike, B 3aBUCUMOCTH OT IMPOTHO3MPYEMOTrO
TUMA CIOUCTOCTU (YMOPSAOYEHHAs] WM XaOTUYHAs),
MOTYT OBITh HA3HAYEHBI BEKTOPAa aHM3OTPOIUHU a0bCo-
JIIOTHOI 1 (pa30BOii IPOHMIIAEMOCTEIA.

Takxum 00pa3oM, OCHOBOI METPOPU3NIECKON MO-
JIeNA SIBISIETCST MOIENTb pacIipeneNieHnsT KJaccoB KoJl-
nexkrtopa (puc. 5K), KkoTopas A1 Kaxmoin sueiiku mo-
3BOJISIET, C OJIHOM CTOPOHBI — ONPEAEIUTh TMAPOANHA-
MUYECKUe TlapaMeTphl (KanuisipHble KpuBbie, (Gas3o-
Bbl€ TPOHMIIAEMOCTH ), CBOMCTBEHHBIE JaHHOMY KJiac-
cy (puc. 1B, 1E), a ¢ apyroii — mpoBecT KOPPEKTH-
POBKY MPOHHUIIAEMOCTH, 0a3upysIch Ha 3HAYCHMSX T10-
PUCTOCTH B stueiike (puc. SI') ¥ CylIecTBYIONIMX 3aBU-
CUMOCTSIX MOPUCTOCTH M TMPOHMLAEMOCTU OT KJjacca
Komtekropa (puc. 1I).

3aKnioyeHue U BbIBOADI

CTpyKTypa KOJIIeKTOpa MpeaornpeaesseT AMHAMUKY
JIBMDKEHMS B HEM XUAKOM (asbl. [locTpoeHue reosioru-
YecKMX Mojesieii MECTOPOXICHUI HehTU ¢ yyeToM
CTPYKTYPHI pe3epBYapoB MOXET ITOBHICUTH 3(PQPEKTUB-
HOCTb M aJIeKBaTHOCTb KOMITBIOTEPHOTO MOJEIMPOBa-
Hus. Co3maHue METOOMK MOIEIMPOBAHMS (DUIIBTpa-
IIMOHHBIX TIPOIIECCOB B HEOMHOPOIHBIX KOJIIEKTOpaX
JieNaeT BOCTpeOOBaHHBIMU TPOLIEAYPHI (hOpMaTU30BaH-
HOTO OIMCAaHWsI HEOJHOpPOOHOCTel pesepyapa. [lo-
CTpOEHHas reojioruyeckasi MoJesb Ha 0a3e pasfaeneHust
KOJIJIEKTOPOB 0 KJ1accaM T'MapaBiInyecKuX equHHUIL TTO-
TOKA TIO3BOJISIET MPOBOINTH KOPPEKTUPOBKY THAPOIH-
HaMMYECKON MOJEIN C YIeTOM M3MEHEHHsI MPOHMIIA-
€MOCTH 10 Mepe M3MEHEHMS 3HAYEHHUST KJ1acca KOJUTEK-
TOpa SIYEUKU MPU TMOCTOSTHHOW BEMYMHE TIOPUCTOCTH.
CnenoBateibHO, He MEHSIs BEeJIMUMHY 0alaHCOBBIX 3a-
MacoB YIJIEBOJOPOIOB 3aJIeXKH, MOXKHO MPOCYUTATh 0O-
nee 3(h(eKTUBHBIN BapuaHT Pa3pabd0TKK MECTOPOXKIE-
HUS TIPY HOBBIX 3HAYEHUSX TIPOHUIIAEMOCTU U THAPO-
JMHAMUYECKHX MTapaMeTPOB.
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3YYEHUE YCNOBUN MHALMNPOBAHNA OTHOCUTENbHBIX CMELLEEHUN CTPYKTYPHbIX
3NIEMEHTOB PA3JIOMHO-BJI0KOBbIX CPE[, NPV BUSPALUOHHbIX BO3AEACTBUAX

C.B. Actacbypos, E.B. Wunbko, C.I'. Mcaxbe

WNHCTUTYT u3vkm npodHocTU 1 MaTepranosenenuns CO PAH, . Tomck
E-mail: astaf@usgroups.com

Ha ocHoBe KOMIMbIOTEPHOrO MOLAENMPOBaHNSA METOAOM MOABUXHBIX KNETOYHbIX aBTOMATOB MPOBEAEHO TEOPETUYECKOe 13y4eHue yCo-
BUN MHALIMVPOBAHUSA OTHOCUTENb HbIX CMELLIEHMV N0 rpaHuLaM passnena 610KkoB reocpenbl, HaXOAALENCs B CIOXHOM HaNPSIXeHHOM CO-
CTOSIHUM, NPV JIOKasbHbIX BUOPALMOHHBIX BO3AENCTBUAX. [ToKa3aHo, 4TO OnpeaensioLyumm pakTopamu rnpy OPMUPOBaHUM HeyCTOM -
YMBOWI MOABUKKM 110 MEXOIOYHON rpaHMLE Pa3noMHO-BII0KOBbIX re0or4eckmX Cpes ABASIOTCS OTHOCUTESNbHAS BENMYMHA CABUIOBbIX
HarnpsXeHWi, a Takxxe 4actota BUOPAaLMOHHOIO BO3AEVICTBUS, T. €. BDEMEHU BbIAENEHMS SHEPrM MMy bca. Crabbie no MOLHOCTY, HO
NPOAOIXUTENbHBIE 110 BPEMEHM BO3AENCTBISA HA BLICOKOHAMPXEHHbIE rpaHULbl pasaena SBAAIoTCA Hanbosee 3OEKTNBHBIMM C TOYKM

3peHus IHepro3aTpar.

BBepeHue

M3BecTHO, YTO TeoJOTMYeCKHMEe Cpelbl 00JajaioT
HepapXuueckoil MHOTOYPOBHEBOM OpraHu3aluei Mx
07104HO# cTpyKTypHI [1]. JI000i1 yuacToK 3eMHOI1 KO-
PBI MpeCTaBiIsgeT COO0M COBOKYITHOCTb CTPYKTYPHBIX
3NIEMEHTOB, Pa3leNIeHHBIX HApYLIEHUSIMU CIUIOLIHO-
CTM pa3Horo Maciutaba. IpaHuibsl pasmena OJ0KOB
MUMeIoT 0oJiee HU3KME IIPOYHOCTHEIE U Ie(hOpMAaLIMOH-
HbIE XapaKTepPUCTUKHU, YeM MaTepuan caMux OJIOKOB.
[Mostomy HapylleHHS CIUIONTHOCTH PA3IUYHOTO Mac-
1mraba SBJISIIOTCS OMHUM U3 CIIOCOOOB CYILIECTBOBAHUS
TOPHOT0 MaccKBa MpH OOJIBIIMX HEOOPaTUMBIX Aedop-
Manusx [2]. MexaHU3Mbl peajM3aluy YIpyroi saHep-
TUU Te0CPEIbl, HAXOISIIEHCS B CJIOXHOHAMPSKEHHOM
COCTOSIHUU, MOTYT ObITh pa3nuuHbiMu [3]. Cpenu HUX
OCHOBHBIM SIBJISIETCS JIOKAIM3aLUs HEOOPATUMBIX Jie-
(hopmanmii Ha rpaHuIIaX pasaena 0JIOKOB 3eMHOI KO-
pbl. PexXyM ¥ CKOPOCTM OTHOCHMTEIBHBIX CMEIIECHUI
0JI0KOB 10 aKTHBHBIM pa3joMaM OMpelessioTcsl 0co-
OEHHOCTSIMM CTPYKTYPHI U JIOKAJTbHOTO HATIPSIKEHHOTO
COCTOSIHUSI, @ TAKXKe BHEITHUMU MPUPOJAHBIMU U TeX-
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HOTeHHBIMU (bakTopamu [4, 5]. 3HaueHUSI CKOPOCTH
CMeILIeHUI MOTYT BapbUPOBAThCA OT HECKOJIbKHX
MM/To[I, (KPUTIOBBI PEXUM) IO MEPBBIX M/C MPU CUJTb-
HBIX 3eMeTpsiceHUsIX. OMHUM U3 MEXaHU3MOB 3eMJle-
TPSICEHU SIBJISIETCSI OTHOCUTEIBHOE CIIBUTOBOE Tepe-
MeleHne 610koB. Ero peamsaims cBs3aHa ¢ TOCTH-
KEHUEM IpeIeIbHOTO 3HAYEHUS CIBUTOBBIX HATIPSIKe-
HUI Ha rpaHuue pasnena. [ToaToMy akTyanbHOH 3a1a-
yeil reo(pM3UKHU SBISIETCS OIpeie/ieHUe YCIOBUIA MHU-
IMAIMM HEYCTONYMBEIX TTOIBIIXEK IO aKTUBHBIM Ipa-
HUIIaM pa3jiesia 3MHOM KOphl.

B Hacrosieii paboTe Ha OCHOBE KOMIIBIOTEPHOTO
MOJEIMPOBAHMUS METOIOM TTOIBUXKHBIX KIIETOYHBIX aB-
tomatoB (ITKA) [6] mpoBeneHo McclenoBaHKE YCIo-
BUIl MHUIMALMKM AWHAMUYECKOTO TMPOCKAIb3bIBAHMUS
0JI0KOB MO TpaHUIle pasiesa, HaXOIsIIeKHcss B CI0X-
HOM HAIIPSKEHHOM COCTOSIHUM, TIPY BUOPAIIMOHHBIX
BO3MeUCTBIAX. OTMETHM, UTO HA MPOTSDKEHUHN YKe Psi-
na et Meton ITKA ycrnenHo ucrosib3yeTcst A1 u3yde-
HUSI 0COOEHHOCTE! OTKJIMKA CJOXHBIX T€TePOTeHHbIX
MartepuaioB u cpex [7, 8].



