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PYKOBOIAIMUN JOKYMEHT

Meroguueckie yKa3aHusi 10 KOMIUIEKCHPOBAHUIO U 3TAITHOCTU BBIIOITHEHUS
reo()u3nYECcKuX, THAPOAMHAMITYECKIX X TEOXUMUIECKNX HCCICOBAHII HeTIHBIX
1 He(pTera3oBbIX MECTOPOXKICHU

HNara eegenus 01-03-2002

1. OBJIACTb IPUMEHEHUWA

Hacrosiuuit PygoBopsmuit rokymeHT (PI1) pacnpocTpansieTest Ha 00 BEKTBI NPOAYKTUBHbIX nedTs-
HBIX M TA30BbIX IUIACTOB M CKBAXKUH U ONpPENessieT UX IPOCTPAHCTBCHHbIC Pa3sMEPhl, PACHPEACICHUC
IPOYKTHBHBIX M SHEPreTHYECKUX XapaKTEPUCTHK, (PUILTPALIOHHO-EMKOCTHBIX CBOWCTB M HEOJHO-
POHOCTEN, (PU3HUKO-XMMHUYECKHE CBOMCTBA IIACTOBBIX HACHIIIAOLINX ¢hrOUAOB U JIp.

P]1 no3BoaseT co3aTh MH(MOPMALHOHHYIO 0a3y /Il IPOSKTUPOBAHMA U HAYYHOI'O COMPOBOXKACHIA
pa3paboTKU HETSHBIX U Fa30HEMPTAHBIX MECTOPOKACHHI, B TOM HHCIIE € UCTIOL30BAHIEM KOMIIBIO-
TEPHBIX TEXHOJOIHH.

Hacrosiit PJI npepniaraeT peKOMEHIALAN MO KOMILIEKCUPOBAHUIO FeO(hU3HYECKIX, THIPOANHA-
MIIECKIX 1 FeOXMMUUECKHUX MCCIENOBaHMI KaK CPEICTBO KOHTPOJIS Ha Tane pa3paboTKu HEPTIHBIX
1 ra30HeTSHBIX MECTOPOKIEHH, @ TAKXKe Ha 3TaTlax OCBOCHHUs U pa3paboTKu MECTOPOXKICHUHA, LIS CO-
3MaHUs] COOTBETCTBYIONIEH MH(MOPMAHOHHOM 0a3bl € YIeTOM HEKOTOPBIX HOBBIX PE3y/IBTATOB HAYIHO-
METOJMUYECKHX paboT, IPECTaBIeHHbIX B [IpHIoXeHIAX.

Hacrosunuit PII ycraHaBiMBaeT eilHblE NIPaBuyla IPH peajIM3auyu Ha TEPPUTOPHU Poccntickoint Pe-
fepanuu TAHEH3UIA Ha IPABO IOIb30BaHHS HEAPAMH C [ICTIBIO UX FEOJOrMIECKOro U3y JeHNUs, PasBC/IKH
1 106bIun HeTH, Fa3a U KOHEHCATa, He3aBUCHMO OT BEJJOMCTBEHHOI IPUHATIEAKHOCTH opraHu3alyun
¥ TIpEeIpUsSTUH.

2. HOPMATUBHBIE CCbIIIKK1

B HacToseM pyKOBOAsIEM TOKYMEHTE UCHONIb30BAHbI CCHUTKHU Ha CIICAYIOMINe HOPMATUBHBIC 10-
KYMEHTBI:

3akoH Poccriickoii ®egepauun “O Hegpax” Ne 27-@3 ot 03.03.95 r. ¢ T3MECHEHUSIMU U JONOJIHCHHA-
svu oT 10.02.99 Ne 32-03.

CT EAT'0-046-01. Crarnaprtsl EBpo-Asuatckoro reogusudeckoro obmecrsa (EAI'O) Ha “Teo-
pu3IUECKHEe MCCIENOBaHMst ¥ PAGOTHI B CKBaXKMHAX. I'eOhU3MTIECKUE UCCTIE0BARMS pAa3Pe30B CKBa-
skuH. Kaporax”.

CT-EAT0-045-01. “KOHTPOIb TEXHUIECKOTO COCTOSHHUSI CKBAXUH' .

IIpaBuna pa3paGoTKK HeTSHBIX U Ta30HEMTAHBIX MECTOPOXK/ACHHUIL.

PJI 155-39-007-96. PernaMeHT COCTaBIEHHUsI IPOEKTHBIX TEXHOJIOIHYECKUX JOKYMEHTOB Ha paspa-
6OTKy He(TAHBIX 1 Fa30HE(TIHBIX MECTOPOXK/ICHHI.

PJT 153-39.0-047-00. PernaMeHT 110 CO3/IaHMIO MOCTOSHHO [EACTBYIOMIUX T€OJIOTO-TEXHOTOTHIEC-
KUX MOJieliell He(DTSHbIX ¥ Ta30HE(DTIHBIX MECTOPOXCHHIL.

PII 153-39-007-96. TeXHMKO-IKOHOMHUECKOE OOOCHOBAHUE [TOMCKOB, PA3BE/IKH U paspaboTku Hed-
TSHBIX MECTOPOKIICHUI HA YCIOBUAX COTTIAIICHHST O Pa3jleie NPOAyKIHUU (TD0O CPII). [JononHenus K
“PernaMeHTy COCTABICHMS IPOEKTHBIX TEXHOJOTHYECKUX JOKYMEHTOB Ha pa3paboTKy HEe(TAHBIX U
ra3oHe(PTAHBIX MECTOPOX/ICHUHA .

[papuna reou3nuecKux UCCENOBaHuE 1 paboT B HEPTIHBIX U FA30BbIX CKBAXHMHAX. MIIP PP,
MunTtomsraepro PO.

PJ1 39-100-91. Meroaudeckoe PyKOBOACTBO 1O THAPOJUHAMAYECKUM, NPOMBICIOBO-Teodusnyec-
KiM ¥ (PM3UKO-XHMIUECKMM METOfAM KOHTPOJIsi pa3paboTKi HePTAHBIX MecTopoxaeHuil. MuaHeTE-
rasnpom.

PII 153-00.0-003-99. ITopsifok pa3paGOTKM, COTTIACOBAHUS 1 YTBEPXKIEHAS OTPACICBBIX HOPMATHB-
HBIX IOKYMEHTOB.

3. OIIPEOEJIEHUZ

KOMIUIEKCHPOBAHNE U 3TAMHOCTD BBIOIHEHUS HCCIENOBAHUI He(hTEra3oBhIX 3ajexel W IacToB
¢ HENbIO CO3aHNs NH(POPMAIMOHHOM 6a3bl MPOCKTUPOBAHUS M HAYUHOIO OGECIeUeHH s ~ CONPOBOXK-
fgeHus pa3paboTKU HE(TSHBIX U ra30HE(MTAHBIX MECTOPOXKACHUI, B T.4. C UCIIOJIL30BAHUEM KOMIIBIO-
TepPHBIX TEXHONOTHIL, — UCIIONB30BAaHUE KAKOrO-JIMO0 KOMILIEKCA neenegopanui (reopu3nUeCKux, -
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APOMMHAMUIECKUX, TCOXUMHIECKUX — JIaGOPAaTOPHBIX), COOPAHHOTO U3 PA3HbIX BUOB UCCACHOBAHMI
1 pelleHusi KaKOM-TH00 IIOCTaBIEHHOM 3a/Javyd WX IPYIIbI 3aa4.

DTanHOCTH BBINOJHEHUS KOMILTEKCHBIX MeTogoB TUC, I’ HINC 1 I'XU — 04epeHOCTh H CUHXPOHH-
3a1ysi BO BpEMEHH — OJHOBPEMEHHOE WJIH IOCIIE0BATENBLHOE IPOBEICHUE PA3IMYHbIX METOJOB HCCIIe-
NOBaHUH B TEYCHHUE KAKOrO-1U00 3Tala Wik CTagHHN OT MOUCKOB—PA3BEKH A0 3aBePILCHIS paspabor-
KI MECTOPOXKIEHUSL.

O6o6iwaroumii TepMuH “reou3nyecKue HecnenoBanus u paboTsl B ckBaxuuax” (TUPC) — uccie-
loBaHMs ¥ PaGOTHI, OCHOBAHHBIE HA H3MEPEHUSX ECTECTBEHHBIX H MCKYCCTBEHHBIX (PH3MUECKHX MOIEi
BO BHYTPUCKBa>KMHHOM, OKOJIOCKBRXKUHHOM U MEXCKBa>xXHHHOM npocrpancrBax (T'MC u CI'P), a rak-
e paboThbl, CBA3aHHbIE C BTOPHYHBIM BCKPBITHEM IIPOJYKTUBHBIX IIITACTOB nepdopanuei (ITBP) u nn-
TeHcuuKanuein nputokos (UII).

luppoguHaMuyeckue (IbE30METPUYECKHE) METOABI HCCIAEOBAHNS CKBAXKUH M TIACTOR (TInC) -
CHCTEMa MEPOTIPUSITHIA, IPOBOANMBIX 11O CHEIMATBHBIM IIPOTPAMMAM: 3aMep B CKBAXKIHAX C HOMOILBIO
IITyOUHHBIX IPUOOPOB psfla BENNYHH (H3MEHEHUH 3a00MHBIX JaBICHMIA, 1eOUTOB, TEMIEPATYP BO Bpe-
MEHU ¥ JIp., OTHOCAIINXCS K IPOAYKTUBHBIM HeTErasoBbiM I1aCTaM), METOABI OCHENyIONIel o6pa-
GOTKM 3aMepsIEMbIX JaHHBIX, ONpeeTeHHe (PUIBTPAIMORHBIX, TEOMETPHIECKIX 1 Ap. TapaMeTpoB
ITacTa, aHaJIU3 U UHTEPIPETALUS N0y IeHHON HH(hOPMaIUK O TPOTYKTHBHBIX XapaKTEPUCTHKAX — Na-
PaMeTpOB IUIACTOB M CKBAXWH U PEKOMEHJALMHY 10 MX IIPAKTHYECKOMY UCIIONb30BAHUIO IPU IPUHATHH
[POMBICTIOBBIX PelIeHUI.

l'eoxumurdeckue HCCIENOBaus TPOG KUIKOCTEH U ra30B — METOMBI TA30BOr0 KAPOTAXKA U JTIOMH-
HECLEHTHO-OMTYMUHOJIOI MYECKOT0 AHATH3a POMBIBOYHOMN XKIIKOCTH H [IIAMa, BBITIOJTHIEMbIC B po-
necce GypeHUsl Pa3sBEOYHbBIX CKBAKHH [UISL BbIJEICHUS B pa3pese W OLCHKH IUIACTOB, cofiepKanux
HeTh U ras, a Takxke (POTOKOIOPHMETPHUYECKHE, H30TONHBIE, XpOMOrpadmiecKue 1 TUAPOTEOXHMHU-
4eCKHMe METOMABI UCCIEHOBAHMIA,

JlaGoparopHsble UCCTe0BaRIs KEPHOB i IPOG IUIACTOBBIX (DIIOMIOB — H3yUeHHE CBOMCTR npupo;-
HBIX KOJIJIEKTOPOB M HACHIAIOMIUX MX YIICBOJOPOHBIX CUCTEM, BOJIBI U Ia30B, a TAKKE NPOLECCOB,
CBSI3aHHBIX C HX B3aNMOJICHCTBHEM.

HedrerazonpoMbICiIoBbIe reOnOrnUecKHE HCCIEAOBARNS — KOMILICKCHBIE HCCHIEOBAHNS 3aTTeKel
C LIENBIO CO3JaHMUS NOCTOSHHO FENCTBYIOIIUX FEOJOrO-TEXHOIOTMYECKUX MOJIENIEN 1 HX COCTABIISIO-
IFX, @ TAKXKE UX UCIOJIb30BAHUS [UIst KOHTPOJIS, aHAJIM3a i PEryTUPOBAHUS HPOLECCOB Pa3pabOTKIL.

4. COKPAIIIEHVS, TEPMUHBI U YCIOBHBIE OBO3HAYEHUS

AK — akycTHuecKkuil KapoTax;

AKB — akycTnieckunit Kaporask MHOIOBOJIHOBOI;

AKLI — akycTnueckas LIEMEHTOMETPHUS;

AKII ~ akycTiyeckuit KapOTasK IHPOKONONIOCHBIIL;

Bl — 6aHK JaHHBIX;

BK — 60okoBoOIi KapoTak;

BbK3 - 60koBOE KapOTaKHOE 30HAMPOBAHHE;

BM - 6apomerpus;

BMK - 60K0BOIl MEKPOKApOTaXK;

BHKHM3 — BbICOKO4ACTOTHOE HHAYKIMOHHOE Kapo-
Ta)KHOE U30MAPaMETPHUYECKOE 30HMPOBAHKE;

BJI - Bnaromep (qusnbekomep);

BHK — BopoHETSIHOW KOHTAKT;

BII — MeToj BbI3BaHHBIX MOTEHIUATIOB;

BCII - BepTukansHoOe ceiicMiieckoe npopuanpo-
BaHMHE;

BT — BbICOKOYYBCTBUTEIbHASI TEPMOMETPHS;

I'BK — razoBoAsiHOl KOHTaKT;

I'T/] — ramma-ramma aepeKTOMeTpHs;

I'TK — ramma-ramMma Kaporax;

ITK-JI - raMmma-raMma Kaporax JIHTOIIOTHOCT-
HbBIN;

I'TK-IT — ramma-raMmma KapoTax IIOTHOCTEI;

I'TH — ramma-ramma nemenromerpust (CIIT);

I''TH — rupipoqiHAMIYECKUE UCCIENOBAHMS;

I'TUC — rupoauHaMiudecKUe UCCIEN0BAHNST CKBA-
2KHH;

IAIT - rujiponipociyiimBanue (MEXCKBAXKMHHOE);

I'MPC - reotusnueckne necneioBadus u paboTs
B CKBaXKMHAX;

I'NC - reodusnueckne HCCIeJOBAHNS CKBAXKMUH;

I'K — ramma-kapoTax UHTerpaibHbIii;

I'K-C ~ raMma-kapoTax CHeKTPOMETPUYE CKUIT;

I'M - ramma-mMeTOxn;

I'HK - ra3zoHeTIHO!l KOHTAKT;

I'OCT —TI'ocynapcTBeHHBIIT CTaHAAPT;

I'PIT — ruppaBnuyeckuil pa3posIB naacra;

I'PP — reonoro-pa3ssegoutble paboThl;

I'TH — reonoro-rexHONOrn4eckne UCCleaoBaHus;

I'TM — reonoro-TexHu4eckue MEpONPHsITHS;

I'TH — reonoro-rexHn1ecKuit Hapsiy;

I'’XW — reoxuMmgeckue ucciegqoBaHus;

AK — quanekTpuyeckuii Kaporax;

JII — prarHocTHYecKuit NpU3HaK;

3Y — ycTheBbie 3aMepHBIE YCTaHOBKY ((Pa30BbIX fic-
OUTOB, YCTHEBBIX JIABICHHUIL, TEMICPATYP U IIP.);

WB — nHauKaTOpHbIE BElECTBA;

HWBL — unopMaliOHHO-BbIYHCIUTEIBHbBI TIEHT;

WJI — unamkaTopHas guarpamma;

N3 — paiioak TMBHBIC KOPOTKOKUBYLINE H30TOMNbI;

MK, JOK, BUKM3 - uHIyKUMOHHBIE METONbI
(B OTKPBITOM CTBOJIE ¥ IIPH OOCAAKE CKBAXKIHbI
CTEKIIOILIACTUKOBBIMU TPyOaMu);

NHI'Y — nHKIHHOMETPHUS] THPOCKONNYECKAs;



HMHI'K-C — uMITy/IbCHBIN HERTPOHHbBIN TaMMa-Ka-
pOTax CIEeKTPOMETPHYECKUIL;

MUHK — uMnyabCHBI HEATPOHHBIA KAPOTAXK;

MHHK - uMnyjisCHbIA HEeHTPOH-HEATPOHHbIN
KapoTax;

UIIT — ucnpiTatesb MIACTOB Ha TPyOax;

KBJI - xpuBasi BOCCTaHOBNERHsA 3a060MHOrO 1aB-
JIEHUS;

KBY - xpuBast BOCCTaHOBJICHUS YPOBHSI;

KHWUH — KOMILIEKT UCTBITATE/NbHBIX HHCTPYMEH-
TOB;

KWH - kosdduipeHT u3Bnedenus nedry;

KMB — kapoTax MarHATHOH BOCHIPHUHM IMBOCTH;

KO — or6op kepHa npubopami Ha xabene,

KIT[I — kpuBas mageHust 3a00AHOrO NaBJICHUS;

KC — xaxyileecs COpOTUBIIEHHUE;

JIBJI — noxauusi IBUKEHUsL BOJT 3JICKTPOMAarHUT-
pas (criekTpansHas);

JIM — nokarop MydrT;

MB — meuenoe BenlecTBO (XJI0po- U OOpocone-
BbIE TPOAYKTHI);

Munsunepro P® — MuBHACTEPCTBO IHEPTETUKH
Poccniickoit ®epnepauun;

MK — mukpoxkaBepHOMeTpust (IpoduIeMeTpust
00CaXEHHbIX CKBaXKHH);

MK3 — MUKpPO30OHIMPOBaHUE;

MHA — MeTo]] HaBeJcHHON aKTUBHOCTH,

MIT (MIT®C) — mopiens mracToBoit punbTpanu-
OHHOU CHCTEMbI;

MYH — MeTojibl yBenuUeHHS He(PTEOTHAYM;

HI'1Y - "edTerazonoOpiBaroliee yIpapIecHAE,

HTI'K — HedATpOHHBIN FAMMa-KapoTax;

HK — MeTogpl cTallHOHAPHOI'O HEMTPOHHOTO Ka-
poTaxa;

HKT - HacOCHO-KOMIIPECCOPHBIE TPYObI;

HHK-AT — HEUTPOHHBIA KapOTaX M0 HAATEMIO-
BbIM HEHTpOHaM;

HHK-T — HelTpOHHBIN KapOTaXK MO TEIIOBbIM
HEATPOHAM,;

OTIK, OIIT - onpoGoBaHue MIACTOB IpHOOpaMu
Ha Kabee;
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OCT - orpacneBoil CTaHAAPT;

TIBP — npocTpes1ouHO-B3PbIBHbIE PAOOTHI;

[T — npou3BoAHAs NABICHUS,

IIOI'TM  — MOCTOSIHHO JEHCTBYIOIAsl [e€0JIoro-
TEXHOJIOIHIeCcKas MOJIETb;

II311 — npusaboiiHas 30Ha MJ1aCTa;

I1J1 — pnoTHOCTEMED (TaMMa-raMma);

T1O — npuxBaTOONpPENCNUTENb;

I1C — MeToj NOTEHLHANOB CAMOMPOM3BOIBHON
MOJISIPU3 ALY,

ITTC — ckBaxXunHasi TpyOHasi npoduneMeTpus;

PVT - cooTHomenue (PU3HIECCKHX NapaMeTpoB:
papreHue — o0bEM — TeMIlepaTypa,;

PII, — pyKOBOpSIUMA JOKYMEHT;

PU — pe3ucTuBEMED MHAYKIUOHHbIN;

PM — pacxogomep Mexanuueckuft (PITL ims xun-
KOCTH) WIIJ METaH JiIs Ia3a;

PY — pacxopfioMeTpus yJIbTpPa3ByKOBast;

CAT — cKBa>KMHHbBIH aKyCTHYECKMI TEJIEBAU30D;

CT A — ckBaxuHyas reousnyeckas annaparypa;

C/O — yriaepoHO-KUCIOPOAHBIH KapOTax;

CKO - congHo-KHcIoTHAs 06padoTKa;

CCK - ceficMOKapoTax;

CYB]I - cucrema yrpaBaenus 6a30i JaHHBIX;

TM — TepMOMETDPHS,

TH — TepMOKOHIYKTHBHBIA UHIMKATOP (T€PMO-
agemomeTp CT]L);

TIIU — Texylias NPOMBICTIOBasi HHMOPMALIVSE,

TTIC — TpeluHOBaTO-NIOPHUCTAS CPENE;

TR0 — TeXHHUKO-9KOHOMHUYECKOE OOOCHOBAHUE;

®EC ~ puIbTPaIHOHHO-€MKOCTHbBIE CBOICTBA;

OM — dbunbTpanMOHHas MOJIEIb;

IIAM — LIMPOKOMONOCHDIH aKyCTHYECKMA METO)
ponnosoit (BAK);

1IN — IyMOMHAUKATOP (IIyMOMED);

HIC — mrymMOMETpHI—CHEKTPOMETPUS;

DBM — 371eKTPOHHO-BLIYHCIATENBHASL MAIlIMHA;

OM]I ~ seKTpOMarHuTHas JePEKTOCKONUS;

DMK — 271eKTPOMArHUTHBIH KAPOTAXK;

59X — ax0510TalMs YPOBHEN;

AMK — stepHblil MATHUTHBIA KapoTaX.

B nacrosiieM PJI HCITONb3yrOTCS TEPMUHONIOTHS B 0603HaYeHusl, OOLIETTPHHATEIE B IIPAKTHKE Hed-
TerazoINpOMBICIOBOI F€OTOTHH, TeO(hU3NKH, (PUIMKO-XAMUYIECKIX U TPOMBICIOBBIX I'HAPOANHAMUHEC-
KMX METOJIOB MCCIe[I0BAHUI CKBAXXHH U IUIACTOB B OTEYECTBEHHOH U 3apyOCKHOM HAYYHO-TEXHMIEC-

KOH JIATEpaType.

YcaoBabIe 0003HAYEHHAS

A — OTpe30K, OTCEKAeMBbIil Ha OCH OPJMHAT MPO-
JO/KEHUEM MpsIMONMHeHoro rpaduka;

A, B, A,, B, — mocTogHHbIE, 3aBUCSIINE OT Napa-
MeTpOB nacTta;

B — 00'beMHbL KO3((DALIMEHT HePTH;

B, — 06 beMHblH KOI(DDUIUEHT J-TOR tasel;

¢ = P} — CKHMaeMOoCTh;

¢; = P — CKUMaEMOCTb IOPUCTOM CPETIbL;

C, ~ CKMMaeMOCTh Ta3a;

¢q = B, — CXUMaeMOCTh He(TH;

Cpr — IICEBJJONNPHUBCACHHAS CXXUMACMOCTD;

C, — CKNUMaeMOCTb CUCTEMBI,

Cy = P, — CKUMAEMOCTb BOJIBI;

C — K03(pDUIHCHT BIKAHES CTBOJIA CKBAXKUHbI;

Cp — GespasmepHblit Koa(hPUIHENT BIUSIHUS CTBO-
Ja CKBaXKUHBI;

Ei — 0603Hauenne MHTErPajbHO-NI0KA3aTENLHOM
(pyBKHIN;

g — YCKOPEHHME CHJIBI TSXKECTH;

gradP — rpaguenT gaBlIeHUT;

h — TonmuHa n1acTa;

i — YKJIOH NPSIMONIMHEITHOTO yJacTKa rpauka;
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J — KoahunuenT pa3sMepHOCTH NPOCTPAaHCTBA
O[IHOT'O M3MEpPEHUS;

K — koadpdunyeHT nponyK THBHOCTH CKBAXKIHbIL;

k — koapdunmeHT a6COMOTHOM TPOHMLAEMOCTH;

k, = k; — xoacpbunmenT nponuaeMocTu B pagu-
QIIBHOM (TOPU30HTAIBbHOM) HallPaBJIEHNN;

k, — KoacbunmeHT NpoHNITaEMOCTH B IpH3a60ii-
HOM 30HE CKHH-(haKTOpa;

k, =k, — KoahpuneHT BepTURANLHOR NPOHUIA-
€MOCTH;

k; — koo dunnenT 3¢hekTHBHON NpoHUIIAEMOC-

U j-TOH (a3l

{ — paccTosiHIe OT CKBaXXHHBI JI0 HENPOHHIAEMOIL
rpaHuibl (KOHTYpa, H300apbl), [UIMHA, THCTAH-
ust;

m = ¢ — MIOPUCTOCTS;

m' — YKIJIOHBI NPIMOJIMHERHBIX rpachuKOB B Hed-
TenpoMbicnoBbiX eanannax CIIA;

M(P) - nceBponasneHnue;

M(P)' — norapudmmyeckast n(poM3BOHAS TICEBO-
HaBJICHUS

N — TOKa3aTelb CTeneHn 6e3pa3sMepHOro BpeMe-
HU, YpPaBHCHHUE;

P — nasnenue;

P = P, — 6e3pasmephoe paBnenue;

Psyp — Oytbeproe naBinenue;

P,,. - 3aTpyOHOE fnaBneHue;

P, — jaBleHne Ha KOHTYpe IU1acTa;

P, — aBlIEHUE HACBIILEHUs! HE(PTHU ra3omM;

P, — mnacroBoe gaBnenne;

P, — HauanpHOE TacTOBOE aBNEHHE;

P, - Tekyinee 3ab0iiHoe napneHne;

P(r, t) — gaBneHHe B MIacTe HA PACCTOSHUU T OT

_  OCH CKBaXXMHbI B MOMEHT BPEMECHH t;

P — cpepnee nnacToBoe fasienue;

AP — nepenaj naBieHums, fenpeccus;

AP\, — IEpenaj faBreHys Ha NPSIMOJIMHERHOM yua-
cTKe rpaduka B 1oiy-1og KOOprHaTaX, COOTBET-
CTBYIOUIMH 1 yacy nocne 3aKpbITHsi CKBAXKHHBI;

P' — norapudMudeckasi npOM3BOJHAS JABICHUSL;

AP' — norapucmuueckast IpOU3BO[HAS Tiepenana
LaBJICHHS;

PPD — neprasi npousBogHast JaBieHus;

( — OO'bEMHBII TE0ONT;

{;(t) — moCNE3KCITyaTalMOHHbIH IIPUTOK KUIKOC-
TH B CTBOJI CKBaXKUHBI;

(p(t) — DOCIE3KCINYATAMOHHBIA OTTOK U3 CTBOJIA
B ILJIACT;

g; — AeOuT j-Toil passl;

I — pajiyc, pacCTOSIHUE OT CKBAKMHBI;

I, I', — Pajilyc CKBaKUHbI;

I = rp — 6e3pa3sMepHBIil panuyc;

I pp — IPUBE/ICHHBIA PAJINYC CKBAXKUHBI,

I, — PaMyC 30Hbl CKUH-(DAKTOPA;

I, — PajJILyC KOHTYpa TUTAHUSI;

R — nmpoMbICTIOBBIi ra30BbIil (hakTOp;

R, — pactBopumoctsb rasa B Hedpru;

R, — pacTBOpuMOCTH rasa B I1aCTOBON BOJE;

S — ckun-cakrop 1o Ban Dseppuureny u Xepcry;

S, — He(preHAChIEHHOCTD;

4

S; — HaChIIEHHOCTD j-TOM (ha3bl;

S,, — BOJIOHACBILIEHHOCT;

t — Bpems;

ts = tp — Oe3pasMepHOe BpeMs;

T — BpeMs paGoTbI CKBaXKHHBI O OCTAHOBKH;

T° — remMnepaTypa;

B = C, — 06001IeHHAs CRKAMACMOCTD CHCTEMBL;

A, — IOABUKHOCTH j-TOil hazbl;

A, — 00111351 HOABMKHOCTE CUCTEMBI;

t; — BpeMsl KOHLAa HEPHOJIa BIUSHYS CTBOJ1A CKBA-
>KHHBI,

ty — BpeMs Ha4ajia III0CKOPAalbHOTO IIPUTOKA;

ty — BpeMst KOHIA INTIOCKOPAIHAIbHOTO IPUTOKA;

tner, — BPEeMsl Havaja JIMHEHHOro hUIbTpaly-

Hay

OHHOI'O IIOTOKA;
Ui, — BPeMst KOHUA JIMHEHHOTO (DPUIBTPAILIMOH-

HOTO MOTOKA,

Usner,, — BpeMsi Hadana OMIMHEAHOrO (pUNbTpa-

Ha

LUOHHOTO OTOKA,
tEnen, — BPEMsl KOHIA OUNUHENHOTO (DUILTpalU-
OHHOT'O MOTOKA;

tepn,  — BPeMs Havdaia c(hepuueckoro punbTpa-

Hav

IJIOHHOTO OTOKA;
teor, — BpeMs KOHIA chepryecKkoro (puibTpanu-
OHHOTO OTOKa;

tyen ~ — BPEMS Hauaja [CeBI0YCTaHOBUBIIETO-

¢ paHaAJIBHOTO IOTOKA;

V —BEKTOp CKOpOCTU (hunbTpanuy B 3akoue Jlapcu;

V. — 00bEM CTBOJIA CKBAXKMHBI,

V, — 00'beM NMOTOHHOW eMHULBI JIMHbI CTBOJIA
CKBaXUHBI,

V., — HOTHBIN 00'BEM CTBOJIA CKBAXKHHBI;

AV — u3MeHeHne 06beMa;

X — IMHEHHAast KOOPJIMHATA;

Xp — Oe3pasMepHasi TMHEeHHAST KOOPAMHATA;

Xt — HOJIOBHHA [IJIMHBI BEPTUKANLHOM TPEINHBI;

Xrp — Oe3pasMepHast [UIMHA BEPTHKANLHON Tpe-
L[MHBI;

y - pyHxIms;

y' — IPOW3BOJIHAS;

(Igy)' — norapudmmaeckas npou3BoOgHAas;

z — KO3(D(UIUEHT CBEPXCKUMAEMOCTH ra3a;

A ~ paznuna;

V2 — onepatop Jlannaca;

Y — nocrostuHas Jinepa, Y = 0.5772;

I'(x) — ramma-yHKus;

&, & — KO3 PUUUEHT Nbe30NPOBOLHOCTH U €ro
aHAJIOr NIPH (PUIHTPALMU I'a3a;

L — K02 PHUIHUERT NUHAMUYECKOI BA3KOCTHU;

W; — BSI3KOCTh j-TOH (hasbl;

My, Hy — BA3KOCTh HCHBIOTOHOBCKOM HepTH € pas-
PYLICHHOH U HEPA3PYIIEHHOH CTPYKTYPOIi;

P — INIOTHOCTS;

T — YCIOBHOE BpEMsl.



Pl 153-39.0-109-01

Hupekcrl
i — HaYalIbHOE 3HAYCHHUE; W — BOJIQ;
] — ungexc ¢assbl (0 — HeTh; g — ras; w — Bojia); I — OTHOCUTEJIBHAS BEJIMYMHA;
0 — HETH; t — o6nuil, 0600IIeHHBINA, CYMMapHBIH.

g —Tras;

5. HABHAUYEHUE U 3AJTAYY METOOUYECKHUX YKABAHUU
MO KOMIINMEKCHUPOBAHHNIO 1 OTAITHOCTHU BBIITIOJIHEHUSA TEOPUSNYECKHUX,
T'MIPOIUHAMUYECKUX U TEOXUMUYECKNX UCCIETOBAHUN HE®TSHbBIX
U HE®TETA30BBIX MECTOPOXIEHUU

5.1. “MeTonnueckue yKa3aHus HAaIpaBIEHBbI Ha 00eCneUYeHUE MOCYAapCTBEHHOIO PEryInpoBaHus
reonoro-reoU3nYeCcKOro U3yICHUsI KOMIUIEKCHBIME FeO(U3MYECKUME, THAPOANHAMUYECKUMHU 1 T€0-
XUMHYECKIMH HCCIENOBAHUSIMY HE(PTSIHBIX 3aJIeXXel U IIJIACTOB, PAaMOHAIBHOIO UCIIONIB30BaHUS H OX-
paHbl HEAP U OKPYXKAIOLIEN CpebL.

5.2. “MeTonauyeckue yKa3aHus HAINpaBJieHbl HA CO3aHre HHPOPMaUOHHOH! a3kl g NPOEKTHPO-
BaHUsI U HAYYHOTO COIPOBOXK/ECHUsI pa3pabOTKN HE(TIHBIX U Fa30HEMTAHBIX MECTOPOXICHUM, B TOM
YHCIIe ¢ UCTIONIB30BAHAEM KOMIIBIOTEPHON TEXHOIOTHUH, ISl peallu3allii OCHOBHBIX IOJOXEHUNA 3aKO-
Ha P® “O nenpax” B YACTH HOIHOTHI T€OJIOT0-T€O(PU3NIECKOrO U3YIEHUST U PAfHOHAILHOIO HCIOJIb-
30BaHNs U OXPAHBI HEAP.

5.3. “MeTopuuecKkue yka3zaHUs MPEAHA3HAYEHDbI 71 UCHOJb30BaHUA U alpeCOBAHLI CIICHuaIuCcTaM
T'ocyapcTBEHHBIX OPraHOB YIPABJICHUS H PETYJINPOBaHUs pa3pabOTKU HE(PTEra30BbIX MECTOPOXKIEHUN,
OpraHu3anmi HeIPOIoIb30BaTeNel, HAyYHO-UCCIEROBATENBCKUX U IIPOCKTHBIX OPraHU3alui, CIICIMaIu-
3WPOBAHHBIX CEPBUCHBIX KOMIIAHUH, 3aHUMAIOLUXCS BOMPOCAMHU KOMILIEKCHBIX METOOB T€0JI0r0-Ie0-
(PM3MYECKOTrO U3yUYeHNsI U MH(POPMAIMOHHOIO COMPOBOXKACHHS IIPOLIECCOB Pa3pabOTKU HEPTEra3oBbix
3ajeXeil U NNacToB.

5.4. “MeTopuyecKkne ykKa3aHusl” HCIOJIB3YIOT OpraHbl TOCYNAPCTBEHHOIO PErYJIMPOBAHUs, OCyIe-
CTBISATOLIHE:

— JIMLEH3UPOBAHUE BUIOB JICATEITLHOCTH, CBS3aHHBIX C F€OJI0r0-re0u3nYECKUM U3YYEHUEM HEP 1
nobbrued HedpTH U rasa;

— MULEH3UPOBAHUE NOJIB30BAHMS HEIpAMU;

— rOCYJIJapCTBEHHBINA I€0JIOTHYECKUH KOHTPOIIb.

5.5. “MeToanueckue yKazauust HCIOIb3YIOT ¥ UMK PYKOBONCTBYHOTCH:

— NI07B30BATEH HEP, BEyIHE TeOIOT0o-reoU3nuecKoe U3yUeHNE U Pa3BeKy HepTera3opbix 3a-
JIexel U I1acToB, 10OBIYy HepTH U ra3a, pa3padaThIBalOINNe ONTUMAIBHbBIC KOMIUIEKChHI UCCIIEOBA-
HAN 7T IMTEH3MOHHBIX Y9acTKOB;

— OPEJIIPUSITHS, BHITTOIHSIONINE KOMIUIEKCHbIE IeO(IU3UIECKHe, THIPOANHAMIUYECKHE M TEOXUMMU-
YeCKHe UCCIICIOBAHUS U UX COCTABIISIOIIHUE;

— opranuzanun u npennpusitus, HUY, cozparomue HOBbIE METO/bI, TEXHUKY ¥ TEXHOJIOTUIO KOM-
TJIEKCHOTO U3YYEHUS CKBaXK¥H M INIACTOB;

— IPOEKTHBIE OPranu3alyi, pa3padaThIBAOLIE IPOEKTHO-TEXHOMOIMYECKYI0 JOKYMEHTALMIO [AJIs
KOMIIJIEKCHOTO M3YYEHHS! U UCIIONb30BAHMS HEIP.

5.6. “MeToanueckvie YKa3aHusw MCHONB3YIOTCH MpH pa3padOTKe U BHECEHHU NOMOTHEHUH U U3ME-
HEHHMI B pErjlaMeHThl, HOPMAaTABHbIE JOKYMEHTbI ¥ MHCTPYKIUH B 00/J1aCTH KOMIUTEKCHBIX reodusnye-
CKHX, THAPOJIMHAMHYCCKUX U FTeOXMMAYECKIX NCCIEAOBAHUN HE(PTEra30BhIX 3a1€Kel U IIIAacToB, B 00-
nacTi OypeHus ¥ SKCIUTyaTallMi CKBAaXKHH, Pa3BeIKH U pa3spabOTKH MECTOPOXKAEHUA.

5.7. icnonuuTensMi B MOTPEOUTEIISIMU KOMIIEKCHBIX UCCIEA0BATEIBCKAX PadOT U UX COCTABIIIIO-
HIMX MOTYT SBIISITHCS HEAPONOJIB30BATENN U IPEIPUITHSA, BBINOTHAIOINE KOMILTEKCHbIE HCCIEAOBA-
TeNbCKHEe Pa0OThl HA OCHOBAHNM Pa3pellleHUI, BbIJAHHBIX B YCTAHOBIEHHOM MOPSIKE OpPraHaMHu yil-
paBIeHU rOCYapCTBEHHBIM (DOHJIOM HEAp.

5.8. TIpou3BOUTENSIMI KOMIIEKCHBIX MCCIIEAOBATENBCKAX paboT M UX COCTABISKOUMX MOTYT 51B-
JATHCs PeOU3UUECKHE TPeNPUATHS (ITOPa3feIeH s ) P BLITOTHEHUHN MeO(U3NIECKUX UCCIIENOBAHUI
u pabor B ckeaxunax (I'MPC), Hedrerazopodsiatolme npeanpustusi (noppasgenenns — HIUMIIPbI,
[IHWIkI, uccnenopaTebcKue HEHTPB! H T.1.), HAYUHO-MCCIEOBATENbCKUE U NTPOEKTHBIE OpTaHu3a-
1IUH (MOApasiesieHusl — LEHTPbI, OTHEbL, 1a00paTOPHH, TAPTHHU | T.IL) U [IP., AMEFOINE JIMHCH3UY, BbI-
JlaHble B YCTAHOBJIEHHOM MOPSJIKE Ha OCYIICCTBICHAE COOTBETCTBYIOINX BUIOB NESATENLHOCTH, CBS-
3aHHbIX ¢ KOMIUIEKCHBIM Ie0noro-pu3n4ecKuM U3yUeHUEeM U UCTIONB30BAHUEM HEJIP.

5.9. “MeTouueckie yKa3anus HCHOJIB3YIOTCS P COCTABIIEHUN MHCTPYKIMH, “‘TpeOOBaHui”, “ipa-
BUA”, M3NATAIONMX TEOPETHUYECKUE U METOJUYCCKUE acleKThl, TEXHHKY H TEXHOJIOTHUIO NPOBEJEHN,
MeTOfbl 0OpaGOTKN U MHTEPIPETAIAN AAHHBIX C IOMOIIBIO KOMIILIOTEPHBIX TEXHOJIOTUMA, XPaHCHHE 1

5
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UCMOJIB30BAHKME TIOTYYEHHOH UH(OPMALUHN 110 JaHHBIM PA3JIMIHBIX KOMIUIEKCHbBIX HCCIEA0BAHNIT CKBa-
SKHH ¥ IIACTOB U UX OTJSIbHBIX BUJOB.

5.10. Co3paBacMble U MCIONB30BAHHBIC IPH KOMIUICKCHOM M3YUCHUY 3a/1CKEN ¥ CKBAXKIH KOMIIBIO-
TEPHBIC TPOrpaMMbl PEKOMEHAYETCS ATTECTOBATD YEPE3 CHCTEMY TECTUPOBAHUS M AlIPOOALIH.

5.11. Pe3ynpTaThl KOMIIIEKCHOTO T€0JOro-(bU3MIECKOrO U3yYeHUsS He(DTETa30BbIX 3a1eXKel, ac-
toB (TUC, I'NTAC n I'’XW) 1 3¢heKTHBHOCTD UX MPAKTHYECKOTO UCIIONB3OBAHUS B KAYECTBE HHOP-
MalMOHHOTO 00eCTIeUEHNS U COPOBOXK/IECHUA TIPOLECCOB Pa3pabOTKH PEKOMEHIYETCS TOABEPraTh (Hu-
HAHCOBO-9KOHOMUYCCKOMY aHAMU3Y (PacdeThbl CTOMMOCTH PAOOT 1 OTHEIBHBIX CTPYKTYPHBIX 3JIEMEH-
rop I'TC B 3aBUCHMOCTH OT KadecTBa HMTOrOBOH MH(MOPMAUMH, UX BIHSHME HA TEXHUKO-
9KOHOMHUYECKHUE MOKazaTenu 1 3(pheKTHBHOCTE MpoBeficHus, Hanpumep, I'TM u np.).

6. HASHAYEHME METOJJOB KOMIITEKCHOI'O U3YYEHUI
T'EONIOTO-TEOPUBNYECKNX XAPAKTEPUCTUK HEO®TETA3OBBIX
MECTOPOXIEHUN, UX OCOBEHHOCTY Y IIPUMEHEHUE

CrpykrypHas cxeMa B3aumootnowmenni cymecrsytomux 'IC, ITVC n TXU - naGbopaTopHbIX Me-
TofoB pekoMerpoBana crangaproM CT EAI'O 046-01 “Teodusuyeckue ucciefoBatms u paboTsl B
ckBaxuHax. ['eodusnyaeckue uccnenopanus paspesop ckpaxkuH. KAPOTAXK. Tepmunbl, onpepene-
Hust, OyKBEHHbIE 0003HAYEHNA, H3MeEpsieMble usudeckue Benmuaunnl”. M.: EATO. 1998 (pucynoxk 1).
Bce Bupnbt uceneposannit 'MC, ITTUC u XU HOCAT KOMIUIEKCHBIH XapakTep.

6.1. 3adauu KOMNAECKCHBIX MEMOO06 UCCACOOBAHUSL CKBUNCUM

MeTo/(bl KOMIIEKCHOTO H3YYEHMS TeONIOro-TeOMN3IMICCKUX XaPAKTEPHCTHK NPEHHa3HAYCHbI AT
peUICHUs CACAYIOIIMX 3a/1a4 (HE3aBUCUMO OT THUIIA CKBAXKUH M CTaJUH €€ IKCIUTyaTaluu ).

6.1.1. YTOUHEHHE IE0NIOrNYeCKON MOJIENTH B 30HE PACTIONOXKEHUS CKBAKUHBI:

— YTOYHEHHME I'PAHUI] NPOAYKTUBHBIX TOIIIUH HO Pa3pe3y CKBaXKHMHbI;

— OTIpeNieNIEHNE TONOKEHUS NPOJYKTHBHbIX I1J1aCTOB ¥ T€0JIOTNUECKUX HEOMHOPOAHOCTEN B MEXKCKBA-
JKUHHOM IIPOCTPAHCTBE.

6.1.2. KOHTpOJIb 3a BLIPaOOTKON IUTACTOB IPH W3BICUYCHUH HETH WK rasa:

— onpefeeHne NpOoduIIs IPUTOKA WIH IPUEMUCTOCTH, OIIEHKH COCTaBa MPUTOKA;

— OIIpeeSICHAE Ha4aabHOro, TEKYIEro HIH OCTATOYHOTO HepTe- M ra30HAChIIIEHNs [I1acT4.

6.1.3. T'uipoMHaMIIECKHUI KOHTPOJIb (PUILTPANMOHHBIX CBOMCTB M1ACTa:

— ONpEJIC/IEHAE U IPOrHO3 NPOAYKTUBHOCTH CKBAXKMH;

— OLIEHKHN YHEPIreTH4ECKNX CBONCTB TJIacTa;

— OIEHKY (PUNLTPANMOHHBIX CBOHCTE [IIACTA;

—~ OUEHKHU U3MEHEHHUS DUIBLTPAUMOHHBIX CBOUCTB B NPHU3a60ONHOM 30HE.

6.1.4. TeXHONOrMYEeCKHiI KOHTPOJIb PAGOTHI CKBAKUHBL:

— OLEHKHU pabOoThI 3JIEMEHTOB MOJI36MHOT'O 000PYIOBaHUS;

— OILIEHKHU COCTOSTHHS IIPOAYKUUH B CTBOJIE paboTaIONIell CKBAKWHBI,

— OIlpefiefIeHUEe MEXIIJIAaCTOBBIX TIEPETOKOB,

~ ONpejeIcHUe CyMMAapHbIX (Pa30BBIX PACXOOB CKBAKUHbI.

6.1.5. TexHMYECKUIT KOHTPOIH COCTOSHUS CKBAKUHBL

— YTOYHEHME MONOXEHNA 2JIEMEHTOB KOHCTPYKITHM;

— OL€HKH COCTOSIHUS BHYTPHKOJIOHHOT'O MTPOCTPAHCTBA TPYO;

— BBISIBJICHHE HET€PMETHYHOCTEH KOJIOHH ¥ YTOYHEHHE TPaHuL] (DHIbTPA;

— KOHTPO/Ib Ka4yecTBa LIEMEHTaXa.

6.1.6. Koutpons KauecTa paboT 1o uHreHcnduKanmy JoOnvu:

— OUEHKH 3(pPEeKTUBHOCTH OUUCTKH 336051,

~ OLIEHKH 3(p(PeKTUBHOCTH BCKPBITHS IIACTA;

— OUCHKH 3(P(PEKTUBHOCTH OYUCTKY MTPU3a00RHON 30HBI;

— OUEHKHM 2(p(PeKTUBHOCTH BO3AECHCTBYSI HA JATBHIOK 30HY ILU1ACTA;

— OLEHKH 2(P(DEKTUBHOCTH JIPYTUX MEPONPHATHI 110 M3MEHEHHIO TEXHHYECKOTO COCTOSHUS CKBAXKHHBI.

6.2. leogpuzuneckue memoont

Hccneposanne paspe3oB CKBaXKHH B OKOJIOCKBAXKHHHOM IIPOCTPAHCTBE C LEBIKO YTOYHEHHS TEO0II0-
THYECKOH MOJICJIN B 30HE PACTIONIOKEHHS CKBaXKUHbI OCYIIECTBIIIETCS C MOMOIIBIO reO(hU3NUECKUX HC-
cnepoBanuii (I'MC-KAPOTAZXKA). PaznnyaroT HECKOJIBKO BUJOB KapOTaxka, OCHOBAHHBIE HA u3Mepe-
HUH PA3THIHBIX DU3MIECKHUX NIOJIEH B CKBAXKHHE H OKOTOCKBAXKHHHOM IIPOCTPAHCTBE: 3JIEKTPUYECKAC
meropsl kaporaxa — [1C, KC, BK3, BK, BMK u ap.; anekrpoMarsuTHbie MeTO[bI KapoTaxa — UK,
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T'eodusuyeckue uccnegoBaHus

¥ paboOTHI B CKBaXKMHAX

mpeC
[eodusuieckue Teonoro- Ipocrpenouno- PaGorsl CkBaxkngHast
UCCIICOBAHMA TEXHOTOTHICCKAE B3DPbIBHbIE 1o reocusuka
B CKBaXIHaX UCCIIEJOBAHU B paboTh! B uHTeHCH(pUKa- (CKBaKUHHASI
mc npoiecce CKBaXXHHAX Ui IPUTOKOB reotpusuueckas
Oyperns IIBP ¢mronnios pasBenka)
T 5181 CI(CI'P)
| | |
Hccnenopanus HcnnITanne naacToB
TEXHHUYECKOTO TI'mppopuramuyeckue (oTGop
Uccneposanust COCTOSIHMSI CKBaXKH HCCHEOBAHNS U HCCIIEIOBaHUS
pa3pe3oB CKBaKUH (cTBONA, HEMEHTHOIO B CKBaXKHHAX [TACTOBBIX (PITIOUIOB)
(B OKOJN0- KOJIbI{a, KOJIOHHBI) (naBiieHust, CKOPOCTH 7 0T60p 00pa3uos
CKBaXXHHHOM H TIOJIOKCHUSA IIOTOKA, COCTaBa " nopon
MPOCTPAHCTBE) TEXHOJIOTHYECKOTO CBOHCTB (himonya) MMPAMBIE
KAPOTAX 06opyIOBaHHsE ranc UCCIEJOBAHUS
UTCC IIITACTA

Pucynok 1. Bujibl reou3nyeckix aecneiopaiuii B paboT B HeTsHbIX ¥ ra3oBbix ckBaxuHax o CT EAT0-046-01.

JIK, BUKW3, KMB u nip.; pamuoaxktusabie metoAnl — [K, HK, ITK, MHK, MHK — C/O u ap., a Takxe
TEPMOKAPOTaXK, aKyCTHUECKHI KapoTaxX, HaKJIOHOMETPHs, MHKDPO3OHAMpPOBaHUE ¥ T.4. VI3I0XeEHbI
0COBEHHOCTH M CTAHAAPTU3MPOBaHbI 76 BUOB KapoTaxka [102], 108 06 bekToB Hccnenosanui, 39 cre-
uuaibHbIX Koa(hduuenTon, 101 u3mepsiemsii - onpepemnsiemplil napamerp. B THC ucnons3yrorcs
okouo 450 crietanbHbIX TepMIHOB 71 XapakTepuctuku ' MMC-padoT, reonoro-rexHu4ecKux uccuego-
BaHUI B Ipoliecce OYpeHus, MO BTOPUYHOMY BCKPBITHIO IIPOIYKTHBHBIX IJIACTOB U HHTEHCHADUKaIpen
IPUTOKOB.

Metopst 'MC-kapoTaxa sIBISIIOTCS KOCBEHHBIMH. OIHUM U3 3JIEMEHTOB UX METOTUYECKUX OCHOB
CAYKAT IPEABAPUTENLHO YCTAHOBACHHBIE aHATUTHYECKUE TeTPOhU3nYecKle 3aBUCHMOCTH, IOy YEHHUE
PErPecCHOHHBIX YPaBHEHHH THIIA “‘KepH—KepH”, “KepH-Teodu3uka”, ‘reodusnka-reodusnka’ u odboc-
HOBaHHME BO3MOXKHOCTHU MEPEXOIA OT reopn3nIecKuX XapaKTEPUCTIK K KOJUIEKTOPCKUM CBOACTBAM Iia-
CTa ¢ TIOCNEAYIOEN OIEHKOH TOUHOCTH IPOTHO3a ltapaMeTpPOB.

Bakueiinieil cocTaBHOM 4acThIO re0JOTHYECKOR HHPpOPMALMU IBASETCH MACCOBBLII OTOOP KEPHOB
B pounecce OYpeHHs U uX JeTajbHbIe TTOCHEAyIoniue 1abopaTopHble HecitefoBanns. [TapameTpsl nna-
cra no 'MC B 0CHOBHOM XapaKTepU3YIOT MPUCKBAXKUHHYIO 30HY.

[leTpocuznueckne 3aBUCUMOCTH TPEACTABISIIOT HH(POPMALUIO O JTUTOJIOTHHA, DOPUCTOCTH, HAIM-
YUY YTIIEBOJOPONOB M HACKIIIEHHOCTH THIACTA XKUJKOCTSIMHY U JIp.

Teousuueckne uccneaoBanus n padborsl B ckpaxunax ('MPC) obecneunsaror nHMOPMaLHOHHYIO
OCHOBY JUTsSI KOHTPOJIS 32 BBIPaOOTKOI MJIACTOB (3aMephl IpohuIiel IpUTOKa 1 IIPUEMHICTOCTH, OLEHKA
coCTaBa MPUTOKA, HACKIIIEHHOCTH Ij1acTa (pAOMaMU B Pa3lIHYHbIC MOMEHTDLI, OLICHKa [1apaMeTpPOB
BBITECHEHHSI U AP.), TEXHUYECKOTO KOHTPOJA padOThl CKBaXKUH U €€ TEXHHIECKOTO COCTOSHUS, KOH-
TPOJIb IPOBEACHUS METO/IOB HHTEHCU(PUKALIUN.

6.3. Tuopoournamuveckue Memoodbi UCCACOOBAHUA CKEANCUH

I'MAC — ruppoauHaMrUIeCcKHl MOHITOPHHT CBOHMCTB IJ1aCTd — IIpeJHA3HAYUEH AN W3yYeHUS NPOAYK-
THUBHBIX IJTACTOB MPU WX MCIOBITAHUM, OCBOCHUHU U 3KCIUTyaTauuH B JOObIBAIOIIMX U HArHETATENbHBIX
CKBAXKMHAX C ICNIbIO MONYy4eHUS TaHHBIX 00 HX IMPONYKTUBHOCTH U IPUEMUCTOCTH, (PHIBTPALMOHHBIX
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napameTpax 4 CKUH-(paKTOpe, TPACCHPOBKY TPAHUIL IITACTA U OCOOEHHOCTSX 30H IPEHUPOBAHUSI, THITA
I71ACTa—KOMNIEKTOPd, aHW30TPONIMH I1ACTa MO NPOHUIAEMOCTH, PEXKIMa 3alIeXH 1 JAp.

Pasznuyaror TIVIC na (KBa3y) ycTaHOBUBIIMXCS PEXKIMAX (bUIBTPaLMK — METOJ CHSITHSI MHIIUKATOP-
HbIX fuarpamm (M) 1 Ha Heycranosuiuxcs pexxumax (KITJT-KB]] B SKCIUTYaTalMOHHBIX U HAarHETa-
TCIBHBIX CKBaXXuHax, KBY, rugponpocnyiunBasne, vMNyabCHbIC METOMbI, IKCIIPECC-METOIbI, HAPHU-~
MED, € IOMOIIBIO [IACTOUCTILITATEIICH, ONHOBPEMEHHOE UCCIICTOBAHME TPYIIT CKBAXKIH, HCCIIE0BAHMS
CKBaXXHH Ge3 OCTaHOBOK U [Ip.). CyIECTBYIOT HECKOBKO ACCITKOB METOJIOB 06pabOTKH JaHHBIX U3Me-
PCHUI Ha TEOPETHYECKOI OCHOBE JIMHCHHON TEOPHH YIPYroro pexuma puAbTpauny, Mpu HHTEpPNpe-
Talin UCIONIB3YIOTCS [I0 COTHU TEOPETUUECKIX MOJIeIIeH ITaCTOBBIX (DHITBTPALMORHBIX CHCTEM (OCHO-
BAHHbIX Ha Pa3INYHBIX MM PePCHUHATBHBIX YPABHEHUSIX (DUIBLTPALIK: MHOTO(Ma3HbIX CHCTEM, C ABOII-
HOM IIOPUCTOCTHIO ¥ NMPOHULAEMOCTBIO H T.JI.), MCTIONB3YIOTCSL AECITKH KOMITBIOTEPHBIX TPOTPaMM.

B cymectsyromux oreuecTBeHHbIX pykoBosicTBax 1o TIIUC (nocnemnee u3fiado B 1991 r. v uHCTpyK-
uusix (m3ganHbix B 1982-85 rr.)) nop T C nosnMarores u U3/1araroTcs, B OCHOBHOM, METOJIbI OOpabOTKH
HanGouiee U3BECTHDIX U IIMPOKO pacnpoctpanennbix TIUC Ha 6ase MPECTABACHUH MOABKO O RAOCKO-
PaOUAAbHOL uAbmMpaYL K BEPTUKATLHBIM CKBAXKHHAM C 1EJIBEO OTIPEJICICHUs] TAPAMETPOB IIJIacTa.
3T0, TaK Ha3bIBAEMbIE, MPAOULUOHHbLE METO/IbI (HAPUMED, 3TO METOfBI 0GPaBOTKU KBJI-KIITT 6e3
y4eTa npuroka XopHepa, ¢ y9eTOM MPHTOKA U Ap.). OHU XapaKTEpH3YIOTCH TEM, YTO UCCIIEIOBAHUS
TPOBOMMIIUCE € NMOMOIIBFO, TaK HA3bIBAEMBIX, MEXaHNIECKHX INTyOUHHBIX MAHOMETPOB (NPYKUHHbIX,
TOPUIHEBDIX, I'€IUKCHBIX), C OFPAHNYEHHBIM BPEMEHEM PETHCTPALUU (IO HECKONBLKHX YACOB WITH cy-
TOK), C OPaHHUEHHBIM KOJTHYECCTBOM JUCKPETHBIX TOUEK (OT HECKOIBKUX 10 HECKOJIBKHUX JIECSITKOB),
AlOTyCKaAn BO3MOXKHOCTL PYIHON pacliuppoBKy (Ha KOMIIAPATOPE) W PydHOI 0GpaBOTKH (nocrpoe-
HHE COOTBETCTBYIOIIMX IpahuKOB-aHaAMOPDO3).

OTH Mpaouyuonmbie METOABI OBLTY OCHOBAHBI HA MCTIONb30BAHNN NpH aHalu3€e CKOPOCTH U3MEHE-
HUA 32000HBIX JABJAEHHI BO BPEMEHH 1 HO3BOJISUTH ONPEJEIHTb—OLEHUTD 2 napamerpa. B ornuune or
TPANUUHORHBIX, cospementibie MeToibl IIVC Ha HeyCcTaHOBHBUIMXCS peXXHMAxX (DUIbLTPALMK perucr-
PUPYIOTCS € TOMOIBIO PAa3pabOTAHHBIX B MOCIEIHUE TOABI BLICOKOTOUHBIX INTyOHHHBIX QJIEKTPOHHBIX
MaHOMETPOB € IIbe30KBAPUCBHIMU IaATYHKAMH JABICHAS U ITyGHHHBIX KOMIUIEKCOB IPHOOPOB € COOT-
BETCTBYIONIIM KOMIILIOTEPHBIM O0eciiedyeHneM (IIuhpOBBIMI METORAME PerucTpupyiores ot 10000 no
500000 Touek B Teyenue ot 10 o 500 CYTOK), C 9yBCTBUTEILHOCTBIO, IIO3BONSIONEN UCIIONb30BATh
pyn ananuse jaHHbix IOVC TeMnbl u3MeHEHHS AaBI€HAs, HPOU3BOIHbBIC ABAEHHS. DTO PE3KO yiayu-
LIACT Ka49CCTBO MHTCPIPETALUM M KOJIMYECTBO ONPEEIAEMBIX IAPAMETPOB IPOAYKTUBHBIX [IACTOR.
HcnonssoBanue 4-x (pyHKuMi, BMECTO 2-X B TPAUIUOHHBIX METOMAX, TIO3BOJISLET OLIEHUTb—OTIPEJic-
JIUTH 10 4 NapamMeTpoB U 6onee (TOPU3OHTANLHYIO U BCPTUKAIIBHYIO fIpoHKiaeMocry ~ K, K., ckun-
hakTop, CTPYKTYpy UIbTPALMOHHOrO MOTOKA, ILIACTOBOE JIABIEHHC — P, u gp.). OnHako npu aTom
TNOBBILIAKOTCS TPEOOBAHMS K MHXEHEPHO-TEXHUYECKOMY NEePCcOHany. ViccIeoBanms TIATENbHO 1a-
HUPYIOTCS] € COOTBETCTBYIOIMMH pacieTaMu. PacmndpoBka n 06paboTka NpOMBICIOBLIX JAHHBIX BO3-
MOXHA TOJLKO € NPUMCHEHHCM BCIIOMOTATENBHBIX KOMIILIOTEPHBIX TEXHONOTHH, HHTEPNPETALMIO —
OKOHYATEIbHBIN BEIOOD U3 MHOXKECTBA BO3MOKHBIX MOJIEJIEN — JONKEH IeIaTh UHXEHEP-UHTEPOPETATOP
Ha 0a3e riyGOKHX 3HaHMi (PU3NUYECKUX M TeopeTnuecKuX ocHOB TTIMC M KOMILTEKCHOM HCIIONb30BAHMM
BCEH I€0/10ro-reousuyeckoil HHOPMAIUH U CBefIeHHii 110 pa3paGoTKe 3anexkeii i JKCILTyaTanuy CKBa-
XKuH. DTH coBpeMennble MeTobl [IIUC Tpe6yroT 66bimux 3aTpar, YeM TPafgUIIMOHHLIE.

Cospemennnlie MeToab! 06paboTku ganHbix [TIUC sBasroTcs HauGomee MHMOPMATHBHRIMU, T.K.
OXBATBIBAIOT BECH ANUTENbLHBIN 10 BPEMEHH JHANa30H PAa3IMUHbIX IEPHOAOB PETUCTPAIUH [IPOIIECCOB
U3MCHEHU TaBJICHHS (XapaKTEPU3YIOLINE) — OTPasKAIOIIME BIMSHAE YCIOBHI HA BHYTpEHHEH IPpaHule
fracra — HEMIHOBECHHOCTE OTKPBITHA—3aKPBITUS CKBAXKIHbI, CKUH-(DAKTOP U NOCICIKCILIYaTaLHOH-
Hblil IPUTOK—OTTOK — I HavanbHbI yuacTok; 11 yuacTok — Bnusiane napamMeTpoB f1acra — Koahhuu-
CHTOB I'MAPONPOBOAHOCTH 1 nbe3onpoBonxocTy; Il yuacTok — oTpaxkaromuil yeaoBus Ha BHeIIHEH
IPaHMNE IJIACTA — MJIACT “3aKPBITBIN”, “OTKPBITLIA”, “6eCKOHCYHBIN U Ap., T.€. HauboJee NOJIHO MO-
YT AaTb NpE/ICTABACHAC O MOJIEJIM NIIACTOBON (PUILTPaUHOHHO cictreMbl (MITPC). pyrue IrpyNIibI
METOJIOB SIBJIAIOTCA MEHEe HH(HOPMATHBHBIMA U MOI'YT PACCMATPUBATLCS KAK BCIIOMOTaTEIIbHbIC.

CaaponpocnymmnBanne ckBaxxun

MeTox no3BonseT oeHUBATE TUAPOAMHAMEUECKYIO CBSI3h MEXNY CKBaKUHAMMY 110 NJIACTY, BbISB-
JTH HCNIPOHUIIACMBIC IPAHULB, ONPE/IETIATH CPEHUE 3HAUEHUS THIPOIPOBOJHOCTH U Tbe30IPOBOJ-
HOCTH IU1aCTa MEXNY HCCITEAYCMbIMA CKBAXKMHAMY 1 OLEHUBATh CTENEHD YYACTHS MATPHII TPEIHHO-
BaTO-IOPUCTOTO KOJLUIEKTOPA B pa3paboTKe.

Meroabt I'TUC SBAsI0TCH KOCBEHHBIME METOIAMHE onpeneaennd napametpos macra. MIx reoperu-
YECKOH U METONMIECKOH OCHOBOM CIIyXKaT PELIEHHS, TAK HA3BIBAEMBIX, NpsIMBIX ¥ OOpaTHBIX 3agay
IOA3EMHOH IMIPOMEXAHUKHY, KOTOPBIE HE BCET/[a HMEIOT OJIHO3HAUHOE PELICHHE. ITosromy urTepnpe-
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tanus fauHeix [TIMC HOCAT KOMILIEKCHBIR XapaKTep ¢ HCHOb30BaHueM pe3yinsratoB TUC, naGopa-
TOPHBIX U I'€0JI0TrO-NPOMbICIIOBBIX HCCIENOBAHMH.

ITo manneiv I'TUC, dunsTpaliioHHbIe MapaMeTphl IUIACTa XapaKTEPU3YIOT CPEHEB3BEILEHHEBIE
IapaMeTphl B 06J1aCTH JPEHaXKa CKBaXKMH M MEXAY CKBaXXUHAMH — CPEHEB3BEIIEHHYIO THIPONPOBOLI-
HOCTB, IJIACTOBbIE 1aBJICHHS], CKIH-(PAKTOP CKBaXKHH H [Ip.

OmnpoGoBanue 1 UCNBITaHUE IUIACTOB C MOMOILLIO TPYGHBIX IU1ACTOMCHBITATENEH WM CITyCKAEMBIX
Ha Kalene, 0T6op 1 1a6opaTOpHbIE HCCIETOBaHMA ITIACTOBBIX (QIIFOUIOB M KEPHOB CITYXKAT MIJISl OLEHKH
NOPHUCTOCTH, IPOHUIIAEMOCTH, HACHIIIIEHHOCTEN KEPHOB, OLICHKH IAPaMETPOB BLITECHEHNS, aHH30TPO-
MK [71aCTa O IPOHUIAEMOCTH H JIP.

6.4. l'eoxumuueckue memoowt uccaedosanuli
lF'eoxuMuYeECKHE METOABI HCCEOBAHMI MO3BOJISIOT Pa3ieaTh CyMMApHYIO JOOBIYY U3 CKBaXKHH,
COBMECTHO BCKPbIBAIOLIMX €AMHON CETKOH HECKOJIBLKO IUIACTOB, MJIsl MIOOBIX CIOCOGOB IKCILTyaTaluK
CKBaXHH, H3y4aTh IPOLECCHI OGBOJHEHMS, CONIE0Opa30BaHus U IHAPaTOOOpa30BaHus, KOPPO3HH, 06-
pa30BaHHs IMYJIBLCHI U T.[1.

6.4.1. MeTton ¢oTOKOIOPHMETPUH

I[To n3meHeHnIO KO(p(PUIMEHTA CBETONOIIOIECHUS HE(PTH BO BPEMEHH MOXKHO CYIHUTh O IOKJIIO-
YeHHH K paboTe B JaHHOW CKBaXKHHE HOBBIX IVIACTOB BCIIE[CTBHE H3MEHEHHs PEXKUMa IKCIUTyaTali
CKBaXXMHBI, U3MEHEHHS YCIIOBUM 3aKa4YKH BOJIbI, THIPOPa3phlBa IIACTOB, JOCTPEJIa HOBBIX Ha4eK Mpo-
NyKTHUBHBIX IIOPOX 4 T.J.

Ecnu TOYHO ycTaHOB/IEHbI 3aKOHOMEPHOCTU M3MEHEHHs K03((HUIHEHTa CBETONOIOWEHHS IO
IJIOIIA/IK 3aJIEXHM M 110 BEPTHKAJIM OT ILIAacTa K IUIACTy, TO €r0 CHCTEMAaTHUECKHE U3MEPEHMS TI03BOJIS-
IOT CyAiUTh O HANPABJICHUH NEPEMELeHN He(PTH B Inacrax. IIpu coBMecTHO# n06bIve HehTH U3 BYX
IJTACTOB, IJIsi KOTOPBIX H3BECTHBI M PE3KO OTIMYAIOTCS BEIMYMHBI KO3 pHIHEeHTa CBE TONOTIOEHHS,
3Hast OO KO3(PhUIHMEHT CBETONOINOIEHNS JOOBIBaEMOil He(PTH M3 3THX IIACTOB HE TPYIOHO pac-
CYATATh OTHOCHTENIbHBIE IEOUTHI Kaxaoro miacta. Hanbonee apdextnsHO npuMeHenne merona ¢o-
TOKOJIOPUMETPUM HE(PTH B KOMILIEKCE C IPYTHMH METOaMH, XapaKTepU3YIOIIUMH paGoTy ILIACTOB B
CKBaXXHHAX.

6.4.2. Onpenenenue B HeTH COEPKAHUST MEKPOKOMIIOHEHTOB METAJIJIOB

MeTop, ocHOBaHHBI Ha HCIOJIBL30BAHAM PAa3NHYUs JOOBIBaEMBIX He(pTel pa3HbIX MIACTOB IO CO-
Iep>KaHUIO0 MUKPOKOMIIOHEHTOB METAJIJIOB: BaHA[Hs, KOOANbTa, HAKEJS MPUMEHSETCS ISl KOHTPOJIS
3a IMPOLECCOM pa3paboOTKH.

JlaHHBIA METOJ MO3BOJIAET PEIIATh CIASAYIOIIME 3a1aun:

KOHTPOJIMPOBAaTh IPUTOKH HE(DTEH U3 N1ACTOB, BCKPBITHIX IIepdopanuei i SKCIUyaTHPYEMBIX €[H-
HbIM (PHIBTPOM;

BBIfIENATE CIyYad II€PETOKA HEPTH OT Henep(OPHUPOBAHHOrO ILIACTa K Mep(hOPUPOBAHHOMY, Ha-
NPUMED, 3a& CHET HapYIIEHHUsI TEPMETUYHOCTHU 3aKOJIOHHOT'O IIPOCTPAHCTBA;

OUEHUBATHL 3Q(PEKTUBHOCTE ONE€PaLHUii ITO MOBBIILEHHIO IPUTOKA HE(TH, HATIPUMEP, TOCTPEIa IIa-
CTOB, KMCIIOTHOH 00paboTKH Npu3ab0iHO 30Hb], THAPOPa3phIBa IIACTOB.

6.4.3. I3y4eHne coeBOro cocrasa Jo6GLIBAEMbIX BOJ

MeTon ocHOBaH Ha HCIONB30BaHUM PA3NIHYHS CONEBOIO COCTaBa AOOBIBAEMBIX BOJI M TO3BOJISET pe-
IaTh CIEeAYOIHE 3aaYn:

ueHTH(UKaNKs Pa3/IMIHOTO TUIA BOJ (PEIHKTOBbIC, 3aKaYHBAEMbIE, “BEPXHUX, “HUXKHUX" H JP.
TOPHU30HTOB H HPOILIACTKOB);

U3y4aTh COBMECTUMOCTD BOJI, 3aKAYMBAEMBIX C IIACTOBBLIMH;

U3y4eHHe MPOOIEeMbI COJICOTIIOXKEHHIA H KOPPO3HUH;

H3y4YeHue npo6aeMbl 06pa30BaHUs 3MYIIbCHIL H THAPATOB;

U3y4YeHHe MeCT IPUTOKA BOJ| B CKBAKHHY.

6.5. OcobenHocmu napamempos naacma,
ONpeOeneHHbIX NO OGHHbIM PA3AUYHBIX MEMOO08 UCCAeO0BAHULL, U UX UCNOABL3OBAHUE
Oco6ennoctu komnnekcHbIx MeTogoB I'C, MU C u na6opatopubix XM -MeTo10B (IpSIMBIE U KO-
CBEHHBIE METOJIbI, OCHOBAHHEIE HAa Pa3NMYHbIX (PU3MIECKUX IPHHINTIAX, TECOPETUIESCKUX H METONUYE-
CKHX OCHOBAX, XapaKTEPH3YIOIME pa3aMyIHbIe 30HBI IJIACTa, MACIITaGbl OCPETHEHUS U JIP.), HX YCIIOB-
Hbl€ OLEHKH, UCXONIs U3 3apyO6eKHOTO ONbITA, IPEACTABICHbI B Tabnulle 1, a METOHUKA MCIIOIb30BaHUS
TAHHBIX 3TUX MCCIIENOBAHUM — A CO3AAHUS MOJIEIIN IUIacTa Ha PUCYHKE 2.
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Ouenka
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Monpens
nnacra Py

Pacynok 2. Mcrouynnka vH(pOpPMaLAK O TapaMeTpax IUIacTa ! UX HCIONL30BAaHUA,

PaccmaTpuBast KoMIuiekce HH(pOpMayH O IJIACTe MO JaHHBIM reonorud, reopusuky, PVT u ITTUC
KaK B3aMMOCBSI3aHHBIM 3JIEMEHTAM €JUHOU CHCTEMBI, MOXKHO COCTABHTh IPEJICTABICHHUS O TUIACTE (MO-
[leNd IIacTa) i MOJENH InacToBoil unsTpanuonHoi cucrembl (MIT®C). MITPC - 3T0 cucTeMaTH3H-
poBaHHas ¥ popManM30BaHHAs Pa3HOPOAHAS UCXOAHAS HH(OpMAaNUs O NPOJYKTHBHOM IUIACTE B BHJE
F€OJIOrHYECKUX KapT, NpouieH, ONHCAaHU KEPHOB, JaHHBIX PA3IHIHbIX reO(PU3UIECKHUX ¥ THAPOIH-
HaMHMYECKHX UCCIENOBAaHNHA CKBAXHH, 9KCIIEPUMEHTANIBHBIX 3aBHCAMOCTEH (PU3HYECKUX CBOMCTB Mac-
Ta, IVIaCcTa-KOJIEKTOpA H IJIACTOBBIX (PIIIOUAOB OT faBineHus (no gaHHbiM PVT), TaGnui u rpadukos,
ypaBHEHME U (dopMys, Ge3pa3MepHBIX 3aBUCUMOCTEN, OMHCBHIBAIONIUX MOBENEHHE MOJEIH IUIAcTa
(pHCYHOK 2).

MII®C sBnseTcs aHAIOrOM OHOM M3 3aBEpIIAIOIUX CTaguil co3faHusi KoMnboTepHbIX [IITTM
[5, 77] u ssBNAETCA KOMILIEKCHBIM IUHAMHYECKUM IIOHATHEM, KOTOPOE IIOCTOSIHHO YTOYHSIETCS 10 MEPe
OypeHHs HOBBIX CKBaXKHH M NOJIyYE€HHs HOBOH HH(popMaLuK o npoueccax pa3paGoTKH 3anexd. Takum
o6pa3zom, Heneio kommnekcHbIx TUC, I'MTUC u I'XU siBasieTcs noimydeHne nH(GOPMAaNKA O THHAMUYE-
CKHX (pMIIBTPALMOHHBIX XapaKTEPHCTHKAX IUIacTa JUIs CO3[aHus AeTepMuHUpoBaHHOi MIT®C, agex-
BaTHOM peanbsHOMy mnacty — [I[II'TM.

Crenenpb OCTOBEPHOCTH HCXONHBIX JaHHBIX /711 nocTpoenus [T TM 3aBHCHT OT KOJUYECTBA KOH-
TPOJNBLHBIX TOYEK, B KOTOPBIX NoIy4eHa HHpopManud o mnacre [5]. Tak, TOYHOCTb JaHHBIX IO PE3YNb-
taTaM NpombIcnoBbIX I'TC u ucnbITaHMit — r’HAPONPOBOAHOCTE, NTbE30NPOBOIHOCTD, CKMH-(aKTOp
(mpu oxBaTe oO6'beMa IIacTa uccliemoBanusmMu oT 33 mo 100%) — oleHMBaeTCa KaK JOCTATOYHO JOCTO-
BepHas U MpUEMIIEMasi MOTPELIHOCTE OLieHNBaeTcs B uHTepBaiie 10-20%.

TOYHOCTE HEKOTOPBIX JJaHHBIX, ONPEAENAEMbIX TP 1a0OPATOPHBIX HCCIIEOBAHUSX, OI[EHHBAETCS,
HampuMep, CIENYIOIUME NOIPENIHOCTSAME: BSI3KOCTH MIACTOBBIX (roufoB — 2—-3%, $a30BOro paBHoO-
Becus — 10%, OTHOCUTENBbHBIX (pa30BbIX IPOHUIAEMOCTEN U KaMWIIIAPHbBIX faBnenuit — 10%. VX unre-
rpajbHas IOrPEIHOCTD o1jeHnBaeTcsa B 10—20%.

OO0BeM yacTu nacTa, U3 KOTOpoil OT6HpaeTcd KEPHOBBI MaTepHal, NOofBepraeMslit 1abopaTop-
HBIM MCCNIENoBaHusIM, HaxogaTcs B fuanazone 0.00004 no 0.00016%, a no reodu3uIeckuM TaHHBIM OT
0.022 no 0.088% ot o6beMa niacta. Bee naHHBIE HMEIOT pa3UYHbIE MOTPEMIHOCTH B AHANA30HE OT 5
10 20%, MO3TOMY MHTErPANIbHYIO NMOTPEHIHOCTh NAHHBIX, MOJNYYEHHBIX M3 TeOIOrO-MaTEMATHIECKOM
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MOJIEJIH, MOKHO OLeHUTE B 20% (IpHeMIieMasi IOrpelHOCTh onpepneneHus 0araHCoOBbIX 3aacoB yrile-
BOJOPOJIOB).

B wrore o6mas unTerpanbhas TOTPELIHOCTE BXO[HBIX JAHHBIX [yIsl IOCTPOESHUS (PUIbTPALUOHHONM
MOQEJIH OJIKHA COCTaBJIAThL He MeHee 15-20% [5].

7. OIIBIT KOMIUIEKCHBIX UCCIETOBAHUM CKBAXNH
HA BCEX 3TAINIAX “XWU3HU” MECTOPOXIEHUH

B HopmaTuBHOM fHOKyMeHnTe [1] O cocTostHMIO Ha 1991 roy; 060611eH OTEYECTBEHHBIN H 3apy6ex-
HBIA ONBIT ¥ NPEACTaBICH “TIPUHKUNUAALHBII KOMIACKC UCCAC)08aRUT NO KOHmpoaio paspabomku
HeMAHBIX MECMOPONOeHUl” — TIO TIPUMEHEHHIO FHPONIMHAMIYECKUX, IPOMBICIIOBO-TeO(H3NYECKIX
¥ (DH3HKO-XHMHYECKHX METONOB KOHTPOJIS HA 3Tane Pa3paboTKH HEDTIHBIX MECTOPOXACHHIA.

Ilpencrasnen Takxe “O6azamenbHbiii KoMnaeKc uccredosanuti” 1o KOHTPOIIIO (KOTOPBIH peKo-
MEHAYETCs COCTABNATE COOTBETCTBYIOIIMM CIyX6aM MCCIENOBaHHR U yTBEpPKAAeTCS PYKOBOJICTBOM
IIPOM3BONCTBEHHOIO OO benuHeHHs). O63aTeNbHbIE KOMILIEKCEI MOTYT GBITh MuUnoebimu (AIs CPYIIIbI
pa3pabaTbiBaeMbIX OG'BEKTOB) HITH UHOUBUOYANbHbIMU (TOTIBKO IJIS JTAHHOTO 06 BeKTa).

B “O6s3aTenbHbli KOMIUIEKC”, KAK MUHUMAAbHBLL IS BCEX pa3pabaThIBaeMbIX OG'BEKTOB, BXOJHT
“Ipunyunuanvhvili komnaexc”. B HOMEHKNIATYpy “O0s3aTe/bHbIX KOMINEKCOB” HE BKIIOYAIOT HC-
CJICIOBAHNS CKBAXWH, BLIXONSILIMX M3 OYPEHUs C MOMOIIBIO HCIbITATE e IIACTOR Ha Tpy0ax W BHILI
MCCIIEIOBaHMI, KOTOPbIE PACCMATPHBAIOTCA CIIELHANBHBIME OO THATELHEIME nporpamMmamu. K ta-
KHM HUCCJIEJOBAHUSIM MOTYT OTHOCHTHCS THIPONPOCIYIIMBAHKE MIACTOB, METONbI 3aKAYKH HHIAKATO-
POB, HccrnenoBanus 3¢ HEeKTHBHOCTH NOBBIIEHHS He(TEOTHAYH 1 ap.

Bce nccnenoBanns, BkmoyaeMbie B “O653aTe TbHbIR KOMIIIEKC” OCYIIECTBIISIOTCS B COOTBETCTBUI
C MENCTBYIOIMME PYKOBOJSIMMH JOKYMECHTAMH.

Coxkpaienne 06beMOB uccnenoBanmil B “O6sS3aTeIbHOM KOMILIEKCe” 1o cpapuenuio ¢ “Ilpunuu-
NHMAJBHBIM” JONYCKaeTcst 6e3 yiep6a Ay KOHTPOIIs Pa3paGOTKK MECTOPOXACHHI U IIPH COGTIONEHAH
TpeGoBaHuii 06 OXpaHe Hefp ¥ OKPYKaIomiei Cpeqbl.

Bupier v 06 beMbI MccefOBaHAI CKBAXKWH IPHBORSTCS PAa3feNBHO JIIS THAPONMHAMAYECKHX, (PU3U-
KO-XUMHUYECKHX H TEIJIOBBIX METOMIOB BO3JECHCTBHUS HA 3aJIEKIL.

“ITpHHIMIHATBHBIA KOMIUIEKC” THIPOIHHAMHYECKHX, (bH3MKO-XHMHUYECKHX 1 IPOMBICIOBO-TeO(PH-
3UICCKIX METOJIOB MCCIICIOBAHUI 110 KOHTPOIIIO 32 Pa3paGOTKOM PErTaMEeHTHPYET BUIbI H 06'beMbI HC-
ClIeIOBaHUIA.

“IIpuHIMINANBHELE KOMIUIEKC” PEKOMEHTyeTCs PacCMaTpHUBaTh KaK MUHUMAAbHbLI VIS BCEX pa3pa-
GaThIBa€MbIX OO'BEKTOB M BKIIIOYATh BO BCE THNIOBBIE H HHIVBHNTYANIbHBIE 00S3aTENbHbIE KOMILIEKCHI.

B “IlpuHnumnuansaoM KoMimiekce” IIPEyCMaTPUBAKOTCA IBE CTAIMH Pa3pabOTKy — 1-g cTagus cna-
Goli H3yYCHHOCTH 3aJI€XKH, XapaKTEPH3YETCH POCTOM (POHIa CKBAXKH, HECTAGHIBHOCTHIO nIapaMeTpoB
nponecca pa3paGOTKU U 2-51 CTafus ~ XapaKTEPH3YETCS JOCTATOUHOM H3y4eHHOCTBIO MIT®DC, cTadu-
M3alMell OCHOBHBIX NIOKa3aTenel pa3paborku. Kaxk ciencrsue, Ha 2-i CTaiM! BO3MOXHO COKPAILlEHAE
(boHMA HCCITEAYEeMBIX CKBAaXHH C HOMOII[BIO rny6uHHbIX npu6opoB. OGe cTajmyu pa3paGoTKy TpebyIoT
Pa3sHOro, TBOPYECKOro NOAXOJa K BHAAM M 06 bEMAM HCCIIC[OBAHMI.

B npaxTyike paGoThl MHOTHX He(Tera30q06bIBAOIIHX 1 re0(pU3NIeCKUX KOMITAHMI H OPTraHA3aLMil
€ y4€TOM IeoI0ro-npoMBICIIOBBIX YCIIOBHI, MMEIOTCS COCTABJIEHHbIE THIIOBBIE — CTaHJapTHBIE 3ala4y
KommrekcHoro korrposst (FTUC, TINC u I’XH) 3a pa3paboTkoil HE(PTAHBIX M ra30BbIX MECTOPOXIE-
HUH, CHPABOYHHKH 3a/[a4 H Pe3yNbTaThl HHTEPIPETALHH T'MC-koHTpOMNIS, IpOrpaMMBl KOMILIEKCA H
IEPUOMUIHOCTD IIPOMBICIIOBO-THAPOFHHAMUYECKHX HCCIENOBAHMI CKBAXHH C YKa3aHHEM: 0G'bEKTOB
MCCIEIOBAHMH, THIIOBBIX 3a[la4, PEKOMEHIYEMBIX YCIOBHI, KOMILICKCOB OpuGOPOB U PEKUMOB H3Me-
peHnit, 00 BEMOB HCCIENOBAHUE U OXBaTa KaTeropui (oHjja CKBaXXUH HCCIAENOBAHMSIMH, nepuonny-
HocTH BelnONHEHMs uccnenosanuii (OAO “TataedTs”, AO “Tatredrereodunsuka”’, OAQ “Jlyko#n—
Banmagras Cubupr”, OO0 “Kpacnosipckuedrereogpusnka”, OAQO “KoransiMHedTereodusnka” u

Ipyrue).

8. METOOUYECKHE OCHOBBI KOMIIJIEKCUPOBAHUS N3YUYEHUS
TFEOJIOTO-TEO®PU3NYECKUX XAPAKTEPUCTUK HE®TSIHBIX
N HE®TET'A3OBBIX MECTOPOXIEHUIN
8.1. Pa3pa6oTKa He(pbTAHOrO MECTOPOXK/ICHAS HA BCEX 3TANAX: IOUCKOB H Pa3BeNKH, 6ypeHus CKBa-
KMH, OKOHTYDHBAHUS ¥ OLIEHKH 3aI1aCOB, COCTaB/IEHMS IPOCKTHBIX TOKYMEHTOB Ha NPOBENEHHUE OTBIT-
HO-NPOMBILUICHHON 3KCIUIyaTallMi M IIPOLECCOB pa3paboTKy (Ha CTaNmsX pocTa, CTabHIH3auuu ¥ MO-
HOTOHHOTO NIaICHUs JOOBIN BO BPEMEHH) BIIOTD [0 3aBEPILAIOILEH CTaMH OCHOBBLIBAETCS HA HHOp-
MalHH O TeO0NOro-reoU3UYecKUX XapaKTEPUCTHKAX IPOXYKTHBHBIX HeTEra30BLIX IUIACTOB H
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3anexed. ITO HHGPOPMALMOHHOE CONPOBOX/EHHE MPOLECCOB Pa3pabOTKM OCYINECTBISETCS Ha 6ase
Pe3yJIbTAaTOB KOMILIEKCHBIX HCCIENOBAHUA CKBAaXKHH (reo(bU3NYECKUX, THIPONHNHAMUYECKHX H T€OXH-
MHYECKMX). ITH KOMIUIEKCHbIE MCCIIENOBAHNS (Kak[Oe U3 HUX, B CBOKO OYEPE/b, TAKXKE IPENOCTABISET
COBOKYIHBIH KOMIIIEKC Pa3/IMYHBIX BHIOB OJTHOTO M TOI'O 3Ke THIIA HCCIEOBAHMI) OTIHYAIOTCS TEOpe-
TUYECKUMH ¥ METOIMYECKIMH OCHOBaMH, TEXHUKOU U TEXHOJIOTHEH IPOBEICHHUsI, METOlaMU 06paboT-
KU JIaHHBIX HCCIIEIOBAHHKH (B T.4. C UCIONIB30BAHUEM PA3IMYHBIX KOMIIBIOTEPHBIX TEXHOJIOTHIA), HHTEP-
IpeTaliei AaHHbIX ¥ MX NPAaKTUYECKAM HCIONb30BAHUEM (CM. PHCYHOK 2).

8.2. B pakTHKe pa3paGoTKy HE(PTIHBIX MECTOPOKAEHAN HAGTIONAETCA PA3JIeTICHHE HPOMBICAOBbIX
HCCIIEIOBAHUN CKBAXVH Ha THIPOAMHAMIYECKHE, FeO(pU3MIecKre U TEKYIIUE IIPOMBICTOBbIE. DTH UC-
CIIeIOBAaHUS IIPOBOSATCS Pa3sHbIMU OPraHM3alMsIMU M MHXXEHEPaMHI Pa3HBIX CrenuanbHOCTel. Iugpo-
AMHAMUYIECKUE MCCIIENOBAHNS NPOBOAATCs HETEra3of00bIBaIOIINME IPEANPUSITASIMA (TIOIpa3ee-
nusmu — IHTHWTTPamu, THWTamu, ncciegoBaTENbCKIME LEHTPAaMA U JIP.) M HAYYHO-HCCIELOBATENb-
CKHMH ¥ Te0(PU3MIECKUMH OPraHU3aIHAMH, reO(U3NIECKHE HCCIENOBAHNUS — CIIEIATH3HPOBAHHBIMH
reoH3MYeCKUMHU NPENNPUATHAMH, TEKYIIHUE IPOMBICIOBbIE — UEXaMH U NIOApa3ieleHuIMH HedTera-
307100bIBAFOLIKX NPENNPHUSATHI (3aMEPBI M Y4eT: IeGHTOB, YCTHEBbIX JABIEHUI U TEMIIEPATYP; OTGOP 1
1a0opaTOPHBIN aHATH3 OPOO XUAKOCTH U T.J.).

IIporpammel npoBenieHus HcceNOBaHMIA JOIKHBI YBS3bIBATECS MEXTY cO60it. [T0/MKHA MPOBOAUTD-
Csl COBMECTHasl HHTepNpeTanus AaHHbIX. Heob6xonuMa (pruHAHCOBO-9KOHOMMYECKAS OIEHKA KOMITIEK-
CHPOBaHHBIX UCCIIEIOBAHMH.

8.3. I'paMoTHOE ¥ 9¢eKTUBHOE BefIeHHEe KOHTPOIIS U PETYIMPOBaHUs IIPOIECCOB Pa3pabOTKH Me-
CTOPOXKAEHUH TPeOyeT He TOJIBKO KOMIIEKCHOTO MCIONIB30BaHMsl MH(OPMalMU O IJIACTE M CKBaXH-
HaxX, MOJIyYCHHBIX MO NaHHBIM pasHoro Buaa ucciaegosanui: T'MC, ITUC u ap. OHO TpeGyeT KOM-
IUIEKCHOTO NOAIXOa Ha BCEX CTaqUsAX pElIeHHs NPpoOIeM KOHTPOJIS ¢ MOMEHTA UX BOSHUKHOBEHUS:

8.3.1. IlnanupoBanue UCCIETOBAHMI, COCTABIECHHUS IPOIPAMM KOMIIEKCHBIX PaGOT Ha CKBasKHHE,
Ha MECTOPOXICHUH, UX ITAITHPOBAHMS;

8.3.2. CoBMeCTHOE NPOBEJICHHE Pa3HBIX BHAOB HCCIENOBAHAN KaK €JHHOrO MPOIecca, T.e. HX KOM-
IIEKCHPOBAaHHs!, KOTAA 3TO BO3MOXKHO;

8.3.3. KoMniekcHast MHTEpIIpeTaIHs, aHAIIU3 PE3Y/IBTATOB HCCIENOBAHAN M OEHKA X JOCTOBEPHO-
¢Td, 06001IEeHHs BCEX TIONYyYEHHbIX NaHHBIX U PEKOMEHIALMH IO HX XpaHEHHIO B 6aHKe JaHHBIX (B T.4.
C KCTIONB30BAHAEM KOMITLIOTEPHBIX TEXHOIOIHIA).

8.4. Ilox KOMILTIEKCHPOBAHUEM HCCIEAOBATENLCKAX Pa6OT MOHMMAETCS HCIIOIb30BaHUE KAKOTO-JIH-
60 KOMIUIEKCA UCCIIEOBAHMI: TeO(PU3MIECKIX HIlH THAPONMHAMAYECKHX, COGPAHHOTO U3 Pa3HbIX BU-
OB M3MEPEHHMH [JIsi PEIIeHNS KaKON-THGO IOCTABICHHON 3aia4d WIH rpynns! 3agad (tabmuna 2).
B cBoto ouepenb reopusnueckue u rIIPOIHHAMHYECKHE KCCIEOBAHMS TAKXKE COCTOST H3 COBOKYIIHO-
CTell KOMIIJIEKCOB PAa3IMYHbIX BHIOB UCCIIEOBAHUIL.

8.5. ITop 3TaHOCTBIO BHIIONHEHHST KOMILIEKCHPOBAaHHBIX METOOB U3yYEHHS FE0NIOTO-(PH3NYECKIX
XapaKTepPUCTHK HE(TEra3oBbIX 3aleXKel, IIaCTOB MOHAMAETCS CUHXPOHM3AINS 10 BPEMEHH — OfHO-
BPEMECHHOE WIIH IIOCTIEAOBATE/ILHOE MPOBEICHUE PA3INYHBIX METOIOB HCCIENOBAHMI B TEYEHUE KAKO-
ro-1u6o 3Tala Wik CTafMy OT NOMCKOB — Pa3BEKH [0 3aBeplieHUs pa3pabOTKH MECTOPOKAECHHUA.

8.5.1. “XKu3Hb” MECTOPOXJICHNS IIPOHCXOMUT B HECKOIBKO MOCIIEIOBATENbLHBIX YCIOBHBIX 9TAIIOB:
TNIOUCK U Pa3BENIKa, OTKPBITHE MECTOPOXKACHHUS M €0 OKOHTYPHBAHHE, pa3pabOTKa B HECKOIBKO yCIIOB-
HbIX CTaJMi (XapaKTePU3YIOIMXCS TEMIIAMH pa36ypUBaHHs M TOOBIYM, BKIIIOYAs BTOPUYHBIE H Tpe-
THHBIE METOJbI HOBBIIUCHUS He(Te-, ra30-, KOMIOHEHTOOTAAYH) ¥, HAKOHEL|, 3aBepIIECHAE pa3pa-
OOTKH.

C TOYKM 3peHMs 3TanMpoBaHMA H KOMIUICKCHPOBAHHS PAa3iUYHbIX METONOB MH(OPMAIHOHHOTO
ofecneyeHns ¥ CONPOBOXEHHS IPOIIECCOB OCBOEHHSI 3aIIaCOB U Pa3pabOTKH MECTOPOXKICHUH, CyIIe-
CTBYIOT Pa3/IMYHbIC IOAXOMBI M CUCTEMBI KIaCCU(PUKALHMH CTA[Mid ¥ 3TAIOB.

B nonckax u passefike MECTOPOXIEHHIT Pa3IMYaIOT 3 3Tana KOMIUIEKCHBIX TONCKOBO-Pa3BENOUHBIX
pabor.

[emaavras paseedka. HadnHaeTCst ¢ MOMEHTA MOJTyYEHNS IIPUTOKA U3 IIOUCKOBOM CKBAXKUHBI — OT-
KPBITHS MECTOPOKACHHU M BKIIIO4Yast GYypeHMe OLEHOYHBIX M OKOHTYPUBAIOIIMX CKBAXKWH, Ha KOTOPBIX
npousBopsTcst KoMmuiekeol I'JIW u TXH.

B paspaGoTke HeTIHBIX 3a€Xeil U MECTOPOXIEHHI, HATIPUMED, BBIIEINSIOT 4 CTauu:

I - pocr fo6GBI4M HEPTH BO BpEMEHH;

IT - crabunu3zamus 0o6eIYu HePTH;

III — kpyTOe napenne [OOGLIYH HEPTH;

IV — Hu3Kkas foGbrva HepTH € O4EHb MEITICHHBIM NaJeHIEM B TEYEHHE IPOJIOIKUTETHHOTO IEPHOAA
BPEMEHHU.

Yacro III u IV cragun o6 bequHSIOTCS.
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Taémaua 2. MeTOIII/I‘ICCKI/IC OCHOBBI NPHUHIIANIOB KOMIUICKCHUPOBAaHUA 1 3TAlIAPpOBAHKA HA3y4YCHUA FEOJIOI‘O-I‘CO(pH-
3HYCCKHMX XapaKTCPUCTHK IutacTa

Meroas! n3yd4eHus

3apaun. M3yuaeMbie reosoro-reousnyecKue
XapaKTEPUCTHKY U IaHHbIE

3Tamnml, COTJIAaCOBAaHHOCTD
4 CHHXPOHHOCTH BPEMEHU
c6opa JaHHBIX, OTBETCTBEHHBIE

HCIOTTHATENA
celficMopa3Befika CTPYKTYpbI, CTpaTUrpacdus, pelepHbie TOPA30HTEI, | TIOMCKH ¥ Pa3BeNiKa, MHKEHePbI-
dIonfbl, MEXCKBAXKUHHBIE HEONHOPONHOCTH, Pa3- | reoQU3uKH

PBIBBI, COPOCHI
T€ONOTHs 3aKOHOMEPHOCTH OCAKOHAaKOIUICHHs], JHUTOJOTHA, | Pa3Belika, OTKPbITHE H paspa-
CTPYKTYpa, Pa3pbIBbl H TPCIIUHBI 60TKa, HIKEHEPHI-TE€0JIOTH
KapoTax ry6HMHA, JUTONOTHsS, TONIUIMHBI IIACTOB, MOPHC- | FEONOTH, NETPO(U3NKH, HHKe-

TOCTb, (PIFOHIOHACHIIEHHOCTb, KOHTAKThI (BHK,
THK, I'BK), koppemnsanusa MeXay CKBaXKHHAMI

Hephl

0TOOpP KEPHOB

THUIT KOJUICKTOPA, HACBICHHOCTD, IIOPUCTOCTD, IIPO-
HAAEMOCTDh, HCOQHOPOAHOCTS IL1acTa

OypeH#e; TeoJlorH, HHXEHEPbI
GYpOBHKH, pa3pa0OTIMKH U Clie-
umanucTel 1adoparopuit PVT

OCHOBHBIE PE3YIb-
TaThbl

riny6HUHa, TATONIOTHS, TOMIIUHBL, IOPACTOCTD, HPOHH-
IAEMOCTD, OCTATOYHAS (HITFOMIOHACHIIIEHHOCTE

pa3Bellka, OTKpBITHME H Da3pa-
6oTKa

ClicIHAJIbHBIC

OTHOCHTEJIbHbIE TIPOHAAEMOCTH, KaIIMIIIAPHOE NaB-
NeHde, CKUMAEMOCTE TIOp, TPaHyJIOMETPHs, pacipe-
IeNeHre op 0 pasMepaM

OTKpBITHE U Pa3paboTKa, HHXE-
HEPBI-TEONIOTH, Pa3paboTYHKH,
cnenmanuctel PVT

aHaju3 IIacTOBBIX
jaronpos

00 beMHBIH KOI(pPHIHEHT B IIACTOBLIX YCIOBHIX,
CKMMAaEMOCTh, BS3KOCTh, PACTBOPUMOCTDL I'a30B, XU-
MHYECKHI cocTaB, (a30Bble NPEBPAUICHHSA, YAE/Ib-
HBIE Beca, CTPYKTYPHO-MEXaHHUECKHUe (PEOIoruyec-
KH€E) CBOMCTBA

OTKpBITHE, OKOHTYPHBAHUE, pa3-
paboTka u fo6bI4a, HHXEHEPRI-
pa3paboTYUKH U CIENHATHCTBI
naboparopuit PVT

raapoauHaMu4cc-
KM€ UCCeqOBaunusia
CKBaXXHWH

JIACTOBBIE JIaBJICHAS, THAPONPOBONHOCTE, CTPaTH-
(puKaLms — CIOHCTOCTh, FEOMETPHUECKHE Pa3Mepbl
I1ACTa, HATMYKE Pa3phIBOB H HEMPOHHUIAEMBIX Ipa-
HHLl, K03 PUIHEHTHI TPORYKTABHOCTH M IPHEMUC-
TOCTH, OCTATOYHasd He(pTeHAChIIEHHOCTh, CKHUH-

thakTOp

OTKpBITHE, OKOHTYPUBAHHE, Pa3-
padoTka, fo0bI4a ¥ HArHETAaHUE
KUIKOCTEH, HHXXEHEPBI IO pas-
paboTke U o6bIYE

no6pIva U HarHeTa-
HUe

Tekylas npomsicnobas nHpopmanus (TTIH), Texy-
e W HaKOIUIEHHbIe feOUTEI HeTHU, Ta3a U BOJILL, &
TaK>XKe HarHeTaeMbIX BOIbI H ra3a; NpoduiIn OTAaYH
H [IPUEMHCTOCTH

poObIda ¥ HaTHeTaHKe B IpoHec-
ce pa3pabOTKH, NPOMBICIOBBIE
HHXEHephI H0 JoOkIYe U paspa-
60TKe

¢pUHAHCOBO-9KOHO-
MHYEeCKHHA aHaIN3

(pHHAHCOBO-5KOHOMMYECKHE ACIEKThI NOTYYeHHs! HH-
¢dopmaumm o mwiacre u 3¢ PEKTUBHOCTH €€ UCMOIb30-
BaHUSA

(pHHAHCOBO-2KOHOMHYECKHE
CIyk0bl, HHXKEHEPBI-9KOHOMHC-
ThI K pa3pabOTYUKH

B [6] BuInensitoTcst 5 0cHOBHBIX cramuit 3akmouenus TOD CPII:
I — cTagus MOUCKOBBIX PaGoT B Mpefesiax JHIEH3HOHHOIO Y4aCTKa JO MOMEHTA BCKPBITHS IOMCKO-
BOM CKBaXXHHOI NPOAYKTHBHOIO IIACTa;
Il — HauMHAasE c MOMEHTA MOJyYeHHs] IIEPBOTO IPUTOKA M3 MOMCKOBOH CKBAXUHbI M BKIIIOYAs] CTA/IHIO
OLIEHKH MECTOPOXMICHHS NN O0'bEKTA;
III — ¢ MOMeHTa IPOGHON WM ONBITHO-NPOMBIIIIEHHON IKCILUTyaTallud 10 3aBEpLIEHMs IPOIECca
MIOATOTOBKHM 3a11acOB K NMPOMBIIIIJICHHON 3KCITyaTalH,
IV — BRJIIOYaeT OCHOBHOM Nepuoy pa3paloTKH, HA KOTOPOM OTOHPAETCA GOJbILAs YacTh U3BICKa-

€MBbIX 3aIlaCoOB;

V — cragus qopa3paboTKH (3aBepIlalollas) ¢ IEIbIO BLIPaGOTKM OCTATOYHbIX 3aI1aCOB.
C TOYKHM 3pEHHS COCTABIEHUS IPOCKTHBIX JOKYMEHTOB 11O TEXHOIOTMHA Pa3paGoTKU He(PTAHbIX Me-
CTOPOXJIEHHA MOTYT BbINENSATHCH 6 CTauil NPOEKTHPOBAHMS M COCTABJICHHS PErTIaMEHTHPYIOIHUX 10-

KyMeHTOB [5a]:

1. ITpoexT MpoGHOM KCITyaTaluy;

2. TeXHOMOTHYECKHE CXEMBI ONBITHO-IIPOMBIIIINIEHHOR Pa3paboTKHy;

14



P11 153-39.0-109-01

IInaaupoBanue, olleHKa )
HeoOXOIHMOCTH,
BpeMs, NOPANOK CPOYHOCTH

[ TONYYEHHS HAHHBIX D
I atan B IT sran 5
Iepen poGoryeit ( C60p 4 aHaNU3 JAHHBIX npomnecce NoObIH
K HCClIeOBaHUs CKBAaXUH
O1eHKa JOCTOBEPHOCTH,
XpaHeHHus B 6aHKe aHHBIX TUC u TUPC o
_C celicMEKa ) KOHTPOIIO paGOThI H
COCTOSIHUSA CKBaXKIH
—( reoJIorus ) I'"IC-xoHTpONB
3a pa3paboTkoi
( KapoTax ) THIPONAHAMAYECKHE
HCCefoBaHus
0T6Op KEPHOB— CKBAXKHH
netpodusnka Texymas
IIPOMBICIIOBast ( Ro6bria )
npo6sl QIIOHKOB bopma
HHOQODMATIHA ( HarHeTaHHe )—
THPONMHAMIIECKHE (TIIH)
HCCTIEOBAaHUS crie[UanbHble
CKBaXWH HCCIIeOBaHMs

Puacynoxk 3. C60p 1 aHanyu3 AaHHBIX O ILIACTe H HCCIETOBAaHHU CKBAXKHH.

3. TexHosoruyeckas cxema paspaboTKH;

4. ITpoexT pa3paboTky;

5. YTouneHHbI# NpOEKT pa3pabOTKH;

6. AHanu3sl pa3paboTKH.

MoryT 6bITE OTYETHI IIO ABTOPCKOMY Haf(30pY.

B HOpMaTHBHOM IOKyMeHTe [2] — npaBHiax reoU3HIECKUX HCCIEOBaHMIA U paboT B HEPTAHBIX U
ra30BbIX CKBaXXHHAX — PA3NIMYAIOT 6 3TaNOB re0I0THYECKOro H3y4EHNsI ¥ HCIOIL30BaHus HEAP:

I sTan — u3yyeHne reoIOTHIECKOro pa3pesa;

II 3Tam — olieHKa ¥ MOACYET 3aIacoB;

III sTanm — oGecnie4eHrne CTPONTENLCTBA, IKCIUTyaTAllMM CKBAaXKMH, HX MTOA3EMHOIO M KalUTaJILHOrO
PEMOHTa;

IV atan — 3aKaHYMBaHAE CKBAXKHMH, BCKPBITHE H HCOBITaHUS IUIACTa X MHTCHCH(HKALWH IPUTOKA;

V 3Tan — KOHTpOIb 32 pa3paboTKOH MECTOPOX/CHUY;

VI stan - nonyyenne HHGOPMALHH IS OLEHKY yIiiep6a, HAHECEHHOTO HEipaM IPH UX MCIIOJIL30BaHHH.

C TOYKH 3peHMs CO3[IaHus re0JIOro-TEXHOIOTHYECKUX Mopienel [5] pasnuyaroT 9 cragmii Bx co3pa-
HHS C HCTIONIb30BaHHeM KoMiiekcHo# uadopMmanun no ganaeiM I'MC, I'TTAC 1 XY (Tabnuua 3).

CxeMaTHYeCKOE COOTHOIICHHE PA3IMYHBIX ITANOB MOKMCKOB, pPa3Be[KH, ONbITHO-NPOMBIIUIEHHOMK
pa3pabOTKH H NPOMBILLTICHHOH pa3paboTKH, a TaKKe CTafuil IPOEKTHPOBAHMS M BBINMOJIHEHUA IPOEKT-
HBIX JOKYMEHTOB, Ha OCHOBE HH(OPMAaIMK IO KOMINIEKCHPOBAHHBIM H 3TaMPOBAHHLIM METOMIaM I€0-
noro-reopusnueckoro u3ydeHns 3anexei no ganubM I'MC, ITTAC u I'’XY npencraBieHb! Ha pUCYHKE 4.

8.6. PekoMeHyeTCs MPaKTHKOBATh COBMECTHYIO 1 EJHHOBPEMEHHYIO PaGOTy HIDKEHEPOB Pa3HBIX CIie-
IMAIBLHOCTEIH (Te0NOroB, reo(U3NKOB, TEXHOIOTOB-pa3paboTYMKOB, IKOHOMHUCTOB-(OHHAHCUCTOB H /P.)
1o 3¢ ¢eKTUBHON HHTEPIPETANMH JaHHBIX KOMIUIEKCHPOBAHHBIX HCCIEOBAaHMI CKBaXHH H HX IIPaK-
THYECKOM HCNIONb30BaHHH.

B paMkax HHTErpHpOBaHHOTO MYJLTHAUCIHUILIMHADHOIO IIOAXOAa PEKOMEHAYETC PYKOBOACTBO-
BaThcA cleAyronei cxeMoi c6opa ¥ aHa/IM3a JaHHBIX O TIacTe (PUCYHOK 3).

8.7. MeToponorus c60pa KOMIUIEKCHOM reosioro-¢pu3ndecko HHPOpMaIK O NapaMeTpax miacra
U ee aHalli3 peKOMEH/yeTca IPOBOANTD MO CIERYIOMEN cxeMe.

8.7.1. IlnarupoBaHye JaHHBIX:

— IOYEeMY HyKHa 3Ta KOHKpeTHas: HHpOpMaLHus H KTO SBISETCS NOJIb30BaTENEM;
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Taéamma 3. Craguy co3gaHus TeoJIOTO-TEXHOJIOTHIECKHX MORenei [5]

arMeHOBaHHE .
Ne H ;ragz Merons! pelneHns 3agaqy WcxonHbIe nadHbIe Koneunsni pesynerar
1 | Onenka peruo- Ilonyperuonansnass mnaneoreo- | CeficMopassenka 2D, | Crpaturpaduyeckas  Ko-

HAJILHO¥ TEONOTHH
pailoHa, cTpaTHrpa-
¢un ¥ TEKTOHUKHA

rpadms, IIaNEOTEeKTOHWKAa IO

mc

TPaBK- H MarHWTOpa3-
BeJlKa, OHOPHBIE CKBa-
xuHbl, THC

JOHKA, CTPYKTYpPHbIE Xap-
TBl. PernoHansHast uCTOpHs

F€0JIOTHYECKOTO  Pa3BHTHUA
paitoHa

2 | Omnpepnenetue 3akKo-
HOMEpHOCTEH  ocafl-
KOHAKOILIEHHUS u
BHYTPCHHETO CTpOe-
HHS [UKJIOB

Boigenenne penepoB (BHEIUHMX
U BHYTPEHHUX) TIO AAHHBIM Ceiic-
mopassenkn u I'MC. [etansHoe
pacwieHenHe pa3pesa. Panpann-
HBIN aHAIH3

Ceiicmopassenka 2D,
3D, I'NC, mnacroBbii
HAKJIOHOMED, KEPH

KapTel mnoBepxnocreii 30-
HaJNbHBIX HMHTEPBAJIOB.
IpuHiMUanbpHbIE T€ONIOTH-
YecKue MOJIeNH

3 {Ilocrpoenme nwTO-
JIOTHYECKON MOJIENTH

OueHka BbIIEPKAHHOCTH KO-
JIEKTOPOB H NOKpbIlieK. Onpe-
mencHue neTpodu3MyecKux 3a-
BHcHMOCTeld. Onpepnenenne na-
paMeTpoB KOJJIEKTOPOB 1O BeeH
00JacTa MOTIETPOBaHUS

Ceiicmopassegka 2D,
3D, T'1C, kepH, ucnsl-
TaHust, QPUINKO-XMMU-
YeCKHe CBOMCTBA Hed-
TeH

Ilerpocusryeckue 3aBUCH-
Moctd. Kaptel Komnexrop-
CKHX CBOMCTB

4 |Ilocrpoenue mope-
JI¥ HACBHIILCHMS IUIac-
Ta cponnamMu

OneHka NoMoXeHHsT KOHTaKTOB,
MHTEpIpeTauusi  aHOMANbHBIX
magpbIx o nojgoxennu BHK n
T'HK. Onpeneneune PVT 3aBu-
CUMOCTEH

Ceiicmopasseaka 2D,
3D, TUC, kepH, ucibi-
TaHusl, (ITIOHBI

Kaptel noBepxHocreil KOH-
TAKTOB, HOMOXKEHUS KOHTY-
pOB HE(PTEHOCHOCTH H I'a3o-
HOCHOCTH

5 |ITocrpoenne mudpo-
BOU TeONOTrHYECKOil
Mopend

ITocTtpoeHne TpexMepHOH Ieo-
JIOTH4eCKOM CETKH, PacyeT napa-
MeTpoB siueek. Juddeperimpo-
BaHHbII [IOJICYET 3a11acOB He(hTH
urasa

CeiicMopasBegka 2D,
3D, ', xepH, ucnbl-
TaHws, QIIOUABI

TpexMepHasi ceTKa s4eek,
XapaKTEePU3YIOLMXCS MJeH-
TU(UKATOPAaMH, TMPOCTPaH-
CTBEHHBIMH KOOPJHHATAMH,
3HAYECHWSMH  IIapaMETPOB.
PesynbTaThl HOACYETA 3ala-
COB, T€OJOTHYECKHE KapThl

4 npocunu

6 |[ITocrpoenne ¢unbT-
PaIMOHHOA MOJIEeIH

Br160p THIa ¥ pa3sMEPHOCTH MO-
aemm. [lepecdeT napaMeTpoB reo-
JIOTHYECKOH CETKH B IapaMeTpal
HALTPAIMOHHOR MOJieH

Teonornvyeckast Mo-
[€Nb, KEPH, HCIBITA-
Hus, Gmroupsl, dazo-
Bbl€ IPOHATIAEMOCTHI

dunpTpamOHHas  MOIENb
3aJeXKH

7 (Pemenvie THAPORU-
HaMHYECKOH 3aJaun

PacueT 06beMOB f0OBIME 1O 3a-
maHHOH IILTPAUMOHHON MOfIe-
11 ¥ (paKTHYECKUM XapaKTepHc-
THKAM TEXHOJIOTHIECKOH CXEMbIL
pa3paboTku

leonormyeckast Mo-
Helb, HCTOpHS pa3pa-
60TkH, (POHE CKBa-
KUH

DUNLTPAIMOHHAsE MOJETb,
HACTPOEHHasi II0 HCTOPHH
pa3paboTKy, KapThl HAChl-
LIEHHOCTH U AasneHus. Kap-
ThI ¥ TpacduKu pa3paboTKu

8 | YTounenue mapaMe-
TpoB (QUIETPAUMOH-
HOM MOJe/il Ha OcC-
HOBE  [ICTAJIbHOTO
aHalu3a  HCTOPHUH
pa3paboTKu

Conocrasnenre pacu4eTHBIX IPO-
cdunelt UPUTOKA, NOTYUEHHBIX
o MCXOMHOH Mojen, ¢ (akTu-
YECKMMM 33 NpOIUETINMA IIepH-
opn. CornacoBanye X IIyTeM BHe-
CCHUS U3MEHEHHI B NIApaMETPhI
HCXOHOH MOJeNH X IIOBTOPHBIX
(pUNIETPAIOHHBIX PaCYETOB

Teonormyeckas,

UNLTPAMOHHAS MO-
JeIH, UCTOpHS pa3pa-
60TKH, (POHJ{ CKBAXKUH

Hacrpoennast Ha HCTOpHIO
pa3paboTku  dunbTpanu-
OHHasfi Mogenab. OTHOCH-
TenbHbIE (Pa30BbIe NPOHH-
[AaeMOCTH

9 |IIporHo3 mporecca
pa3paboTKH U BLIOOD
I'TM ¢ noMoIso no-
CTOSIHHO JeHCTBYIO-
Hiel Mosien

ITIporro3 mponecca pa3paboTku
NpU Pa3IMYHbIX MEPONPHUATHAX
MO PperyiupOBaHUIO INPOLECca.
Bri6op pexuMOB paGOTHI CKBa-
xumd u I'TM no ympasneHmio
nporueccoM pazpaboTKi

Hacrpoennsie reomno-
rudeckas u puneTpa-
IAOHHAS MOJIETIH.
anuble KOHTpONA 32
pa3paboTkoif # npo-
MBICTIOBBIX HCCIIENO-
BaHWA

KapTbl ocTaTO4HBIX 3ama-
COB, HAaCBIIEHHOCTH, [aB-
nenn#t. ITpodunu BeIpato-
TAaHHOCTH 3amacoB. Ilman
npoeeperust I'TM u npyrux
MEPONPHATHHA 110 YHpase-
0. [lo6b14a vedTH, BOAIb!,
rasza, IUIacTOBLIE H 3a00M-
Hble faBIeHus1 (KapThl, KpU-
BbIE)
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— THI ¥ BH]l JaHHBIX U BO YTO OGXOAATCS 3TH JaHHBIE (KaKOBa HX CTOMMOCTD);

— KOTfia MOJy4YaTh 3TH [JaHHBIE;

— KOrIfla faHHble OYAYT HCIOIB30BaHbL;

— KTO SBJISIE€TCI OTBETCTBEHHBIM 3a MOJTyYEHHE JAHHBIX U UX COXPAaHEHHE.

8.7.2. C60p maHHBIX:

—rje OyAyT NOJy4YaTh HYKHbIE JaHHBIE;

— KaK 4acTO 3TO HYXHO JI€JaTh,

— KakOBa KOPPEKTHas, NpaBUIbHAs IPOUEyPa U KAKMM METOLIOM OHa GyleT nojy4ena;

— OLICHKA TOYHOCTH ¥ JOCTOBEPHOCTH JAHHBIX, NOJYYEHHbIX Pa3IMYHbIME KOMIUIEKCHBIMU METOTAMU,

— BOTIPOCHI XpaHeHHs1 HocUTeNeil nHGOpMaIyy ¥ JaHHBIX B 6a3e JaHHbIX U NOAAEpKaHAe 6a3bl AaH-
HBIX ¥ HOCHTEJIEH HH(OPMAIHH.

8.7.3. AHanu3 U COXpaHEHHE JaHHbIX:

— BBIOOD aHHBIX, 3aCITyKHUBAOLIHMX I0BE DU,

— CONOCTABJICHUE NaHHBIX NIPH PEIICHUN KaKUX-THGO pa3sHbIX 3a1ay;

— 3HaHHE JOBEPUTEIILHBIX UHTEPBAJIOB JaHHBIX;

— NOHUMaHNE MHOTOYHCIEHHBIX KOMILUIEKCHBIX HCTOUYHHKOB JJAHHbIX;

8.7.4. Cunres (06061EeHAE) [aHHDBIX:

— 06001IcHNE, HHTEPIpEeTAalUA JAHHbIX;

— O6bE[MHEHNE M COBMECTHOE OGOGIIEHHME JaHHBIX METOAMH CHCTEMHOTO aHAJIM3a, CHHEPru3M
[aHHBIX.

9. 3AIAYH, PEITAEMBIE C ITIOMOIIBIO KOMITIEKCHBIX METOIOB
HA PABJIIMYHBIX 3TAIIAX T'EOJIOIO-@N3UYECKOI'O
H3YYEHUWS MECTOPOXIEHHWM

9.1. Omanvt usyuenus mecmopoxcoenuli

OTanbl H3y4EHHs 3aleXeil U IUTACTOB U IIPUMEHAEMbIE METObI B OOl ¢opMe nmpeacTaBieHsl Ha
pHUCYHKaX 2, 3 u B Tabnuue 1.

9.2. ObasamenvHbie KOMNAEKCHL OAA PEULEHUS 2€0A02UHECKUX 3a0aY
Ha amane NOUCKO6 U PA3seoKU 3aexcell
9.2.1. B OnOpHBIX HOHCKOBBIX U [IaPAMETPHYECKHMX CKBAXKHHAX PEKOMEHYETCA PYKOBOICTBOBATLCS
00s13aTeNIbHBIM KOMIIEKCOM HCCIIE{OBaHW, PUBEEHHBIM B Ta6nume 4 [2].

Ta6mma 4. OGsA3aTeNbHBIN KOMILIEKC HCCIENOBAHM ISt PEHICHNS IeOTIOrMYECKHX 3a1a4 B ONOPHBIX H apaMeT-
PUYECKUX CKBaKMHAX

CrpyKTypa KOMILIEKCA MeTtons: TUPC

O6ume uccegoBanns (mo Beemy paspesy | ITH, IIC, KC (1-2 30upa u3 cocraBa BK3),BK,
CKBAXWH) I'K, HK, AK, ITK-I1, npodunemerpus, 3amep

IMocTOsIHHAS YACTS €CTEeCTBEHHOH TeMniepaTypsl iopop, BCII

06ﬂ3a'renbm,1“x Heranbueie uccnenosanns (B Hemsyyennoit |I1C, BK3, BK, MK (3MK), MK, BMK, npodu-
HCCICNOBAHNH paHee YaCTH paspesa U B MHTepBaJax npep- | nemerpus, ['K-C, HK, UHK, AK, I'TK-II,
nonaraeMoi MpoayKTHBHOCTH) I'TK-JI, rpaBHTaIOHHBIA KapoTax (IO IOCTYII-
HLIX ITyOuH), HakiaoHOoMeTprd, SIMK, KMB

ITpwu manuumm B nepcnekTuBHeIX uaTepBa- | IK, TK, OIIK, UIIT, 3NEKTPHYECKOE (aKy-
713X pa3pesa CIIOXKHBIX KOIEKTOPOB (Tpe- | CTHYECKOE) CKAHUPOBaHHE
IUHHBIX, [IMHUCTBIX, ONTYMUHO3HbIX)

Hns onpenenenmsa nomoxenus Mexgimoug- | TIK, OIIK, UIIT, UHK
H3MensieMas yacts | HPIX KOHTAaKTOB M H3YYEHHS ILIACTOBBIX
06s13aTeNbHBIX fe- | AABIECHHUIA B IEPCOEKTHBHBIX HHTEPBaNax

TaNnbHBIX HCCIENO- | [Tpy HU3KOM BRIHOCE KEpHa OT60p KepHa 13 CTEHOK CKBaXKUHbI MpuGOpaMu
BaHuH Ha ka6bene (KO)

ITpu neomuo3nauHoM reonorugeckoit ua- | ITIK, OIK, UIIT, KO, HCCIIEeNOBaHUs B He-
TepnpeTanun MaTepuanos I'YC B mepcnek- | 0GXOQUMBIX HHTEPBaNaX 0 CHEIHATbHBIM
THBHbIX HHTEPBAJIax pa3pesa TEXHOJIOI'HAM CO CMEHOM TEXHAYECKUX YCIIO-
BU# B CKBaXKHHE
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Ta6muua 5. O6sa3aTenwublii KoMiieke [MC npu uCnbITaHAAX B KOJIOHHE

3aga4n KOHTPONA 32 HCIILITAHUAME

YcnoBus NpOBeReHHsT HCCIEXOBAHMIA

MeTops!

YTo4uHeHue BrIOOpa 06 bEKTA
U NIPHBA3Ka K pa3pesy

Kpennennas ckpaxuna 6e3 HKT,
wiact HenepOpHPOBaHHBIH H nep-
¢opHpOBaHHBII O BEI30Ba IPUTOKA

JIM, I'K, HK (MHK),T

KouTtpons nponecca HpUTOKa A Me-
PONPHSTHI HO €T0 HHTEHCH(PUKATINH

HKT nepekprIBaloT HETEpBAN DEP-
¢opanuu

JIM, T, HK (MHK), BM, T'K

HKT He nepexpbIBalOT HATEPBAT

BM, T, JIM, T'K, HK (MHK), pacxo-

nepgopanun

HOMETpHS (TEPMOAHEMOMETPHS),
BIIarOMETPUS, Pe3UCTHBAMETPUS

Ta6amna 6. Kommnekc I'TH npu 6ypeHun OnOpHBIX, IapaMeTPUIECKHX, CTPYKTYPHBIX, IOACKOBBIX, OLIEHOYHBIX
U pa3BeJOYHbIX CKBaXKHH

CrpykTypa KOMIIIEKca

MeTtons: TUPC

TTocTosiHHAs YacTh
obsg3aTeJIbHBIX UCCIIE-
JOBaHMHI

OO0mue uccnepoBanus (M0 BCEMY pas-
pe3y CKBaXHH)

I'TH, I1C, KC (1-2 30upa u3 cocrasa bK3), BK,
I'K, HK, AK, I'TK-II, npo¢uneMeTpusi, AHKIA-

HOMETPHS, PE3UCTUBUMETPHS, TEPMOMETPHS, 3a-
Mep ECTECTBEHHOH TeMnepaTyphl topon ", BCIT?

JeranpHble HCCIENOBAHUA (B NIEPCHEK-
THBHBIX HHTEPBANAX)

I1C, BK3, BK, UK (B3MK), MK, BMK, npodu-
nemerpus, I'K-C, HK, AK, I'TK-IT, TK-1%,
HaKJIOHOMeTpHs?

H3amensemas 4acTh

ITpu HamM4YMM B IEPCIEKTHBHBIX HHTEP-
BaJIax pa3pes3a CIIOXKHBIX KONJIEKTOPOB

(TpenMHHBIX, [NTAHUCTBIX, ONTYMIHO3-

HbIX)

IK, T'OK, OIIK, UIIT, anekTpryeckHii cCKaHep,
SIMK

HJIS OonpeAeneHuA NOTOXKCHMUS MEXK-
Cl)JIIOPIJIHLIX KOHTAKTOB H NIIACTOBBIX

'K, OIIK, UIIT, UHK, IMK

006s13aTeIbHBIX Hccie-| AABICHUH B IEPCICKTHBHBIX HHTEPBa-
AOBaHUM J1ax
IIpu HU3KOM BBIHOCE KepHa OT60p KepHa U3 CTEHOK CKBaXXHHEBI IpHOOpaMu
na kabeje (KO)
IIpu veogHo3uaguoil reonornyeckoit | I'IK, OTIK, UIIT, KO, uccnegosanns B He06Xxo-
rHTepnpetauuy MatepuanoB TMC B | quMbIX HHTEpBaNax 0 CHEMHANEHBIM TEXHONIOTH-
NepCIeKTUBHBIX HHTEPBajax pa3pe3a |siM CO CMEHOH TEXHWYECKHUX YCIOBUH B CKBAXHHE
ITpumedanms:

1) B HECKONBKHX CKBaXXWHAX Ha ITOMIAMH;

2) BO BceXx MOMCKOBBIX H ONEHOYHBIX CKBAXKHHAX, B Pa3BeJOUHBIX CKBaXXHHAX — IpH 6NM30CTH ceficMonpoduiei;

3) B pa3pe3ax ¢ KapGOHaTHBIMM KOJITIEKTOPaMH;

4) BO BCEX TIOMCKOBBIX U OLEHOYHBIX CKBaXKHWHAX, B pa3BEOYHbLIX CKBAKUHAX IPU HAKJIOHE MIAcTOB Gosiee 5° K OCH CKBAKUHEI.

9.2.2. O6s3arenbubiil komiuieke I'YC npu ncnblTanny B KOJIOHHE NpUBeEeH B Tabmune 5 {2].

9.2.3. O6s3aTeNbHbIN KOMIUIEKC UCCIEROBAHAN B OTKPLITOM CTBOJIE AN PEMICHUS FeONOTHYecKuX
U TEXHUYECKUX 33[]a4 B CTPYKTYPHBIX, HOUCKOBBIX, OIICHOYHbBIX U PA3BENOYHBIX CKBaXXUHAX NPHBEACH
B Tabmuue 6 [2].

9.2.4. Komnnekc I'TU npu 6ypeHUn IOUCKOBBIX, ONOPHBIX, TapaMETPUIECKHX, CTPYKTYPHBIX, OLie-
HOYHBIX M pa3BefOYHbIX CKBaXXUH NpUBecH B Tabmuue 7 [2].

9.3. 3a0auu 2u0poOUHAMUYECKUX, 2e0DUIUYECKUX U 2e0XUMUYECKUX UCCAeO0B8AHULL
HA CMAaouax ONbUMHO-NPOMBLIUAEHHOU U NPOMBIULAEHHOU PA3pAbOmMoOK MecmopoONCOeHURA
9.3.1. 3apauu ucclieJOBaHuUi.
3apauy, KOTOpble HEOGXOOUMO pemaTh ¢ noMousko rugpopuHamuyeckux (I'TTUC), reodusndeckux
(TUC) u reoxumpueckux (I'’XH) uccrregoBaHuil Ha CTa[{HAX OIBITHO-IPOMBILIIEHHON pa3paGoTKU U
co6cTBEHHO pa3paboTKH, YCIOBHO Pa3fensaioTcd Ha 2 OONbIIKE IPYIIIbL:
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Tab6auna 7. Ob6s3aTenbHbIi KOMIUIEKC I/ICCIICIIOBaHI/Iﬁ B OTKPBITOM CTBOJIC JJis1 PEIICHUS I€OJIOTHYCCKHX B TCX-
HHYECKHX 337Ja4 B CTPYKTYPHBIX, IOUCKOBBIX, OUCHOYHEIX U Pa3BEAOYHbIX CKBaXXHHAX

Pemaemsre 3agaun

O0s13aTeIbHBIE HCCIIENOBAHUS
U M3MEPEHHUs

HOHOJIHI/ITCIIBHLIG HCCICNOBAHUA
1 U3MEPEHUST

I'eonormueckue 3agauu:

* ONTUMM3ANMS NOTYICHUS T€OI0-
ro-reou3nuecKkoi HHpOpMaIH;

. JII/ITOJ'IOI‘O-CTpaTI/II'pa(bI/I‘{CCKOG
PacHJIICHCHHE pa3peia;

¢ BBIJCJICHHE IU1aCTOB-KOMJICKTOPOB;

* onpepeneHne XapaKTepa HachlCH-
HOCTH IJIACTOB-KOJUIEKTOPOB;

* OleHKA (PUIBTPAIMOHHO-EMKOCT-
HbIX cBoiicTB (PEC) miacToB-Koi-
JIEKTOPOB;

* KOHTPOIb IIPOLECCa UCTILITAaHUS 1
onpo6oBaHKs 00 HEKTOB;

* BBIABJICHHUE PEIICPHBIX 'OPU30OHTOB

HccnegoBanue mnama, KepHa, 6ypo-

BOTO pacTBOpa:

* MaKpo- ¥ MUKPOCKOIIHS I1JIaMa;

* (ppaKUHOHHBIN aHANHU3 IIJIaMa;

¢ ompepesieHre KapOOHATHOCTH IO-
pon;

¢ JIFIOMUHECHCHTHbIIT aHAIN3 1IaMa
1 OypOBOro pacTBOpa;

* OLEHKA INIOTHOCTH H IIOPUCTOCTH
11/1aMa;

* ompepelieHne 00 LEMHOIO H CyM-
MapHOro ra3socofepxanus 6ypo-
BOT'O pacTBOpa;

+ HempephbIBHOE H3MEpPEeHHE KOMIIO-
HEHTHOT'O COCTaBa yII€BOXOPOi-
HOTO ra3a, H3BJI€YEHHOI0 U3 6ypo-
BOT'O pacTBOpa;

* NepHOIMYecKas TepMOBaKyyMHasl
merasanyst Npo0 pacTBOpa M HL1aMa

I/IaMepeHne OKHCIIUTCIIBHO-BOC-
CTAaHOBHUTCIBHOI'O IMIOTCHIIHAIA,

* IIMPONH3 TOPHBIX IIOPOX;
* (hOTOKOJIOPHMETPHS;

* ompefeNicHHe BSI3KOCTH H BOJOOT-
ma4du 6ypoBOro pacTBopa

Texunomormyeckue 3agauu:

+ paHHee OOHApyXeHHUe ra3o-, Hed-
Te-, BOLOIPOSIBIIEHAH 1 MOTTIOIe-
HWi ipy OypeHHH ¥ CIYCKO-TIOb-
€MHBIX Onepanisix;

+ ONTAMM3AIHA Npolecca yriaybne-
HUS CKBaXXHHBI,

* pacno3HaBaHHUE U ONPENEICHHE
IPOAOIXHUTENLHOCTH TEXHONIOTH-
YecKUX onepanui;

* BBIOOD M MOAiepXKaHUE PalMo-
HAJNBHOTO pexuMa OypeHMs ¢ KOH-
TponeM oTpaboTKH KOJOT;

* ONTHUMH3ALWSA CIIyCKO-TIOAEMHBIX
onepanuii;

* KOHTPOJb U POAHHAMUYIECKHX
JaBIIEHHH B CKBaXXHHE,

* OmpefesieHne U IPOrHo3 IIN1acTo-
BOTO ¥ IOPOBOTO JIABIICHNUI;

* KOHTPOJB CITyCKa M IIeMEHTHPOBA-
HHs 06cagHON KOJIOHHbI,

* MMArHOCTHKA MpeJaBapHHAHLIX CH-
Tyalyi B peajJbHOM MaciTabe
BpeMeHH

H3mepeHne U onpepeieHue TEXHO-
JIOTMYECKUX NMAapaMeTPOB:

* rnyOKHa CKBaXKUHBI H MEXaHHYeC-
Kasi CKOPOCTb IIPOXOJIKH;

* BeC Ha KPIOKe M Harpy3sKa Ha JI0Ji0-
TO;

* DaBJIeHHe 6YpOBOTO pacTBOpa Ha
cTosike MaHI(ONb]a 1 B 3aTPyObe;

* YHACIIO XOJIOB HACOCa,

* pacxop WIH MOTOK GYpOBOTro pac-
TBOPA Ha BBIXOJIE U3 CKBaXXUHBI;

* ypoBeHb H 06BEM OypOBOIo pac-
TBOpA B €MKOCTIX;

* CKOPOCTbH CIIycKa U nogbeMa 0y-
PWIBHOI'O HHCTPYMEHTA;

* IJIOTHOCTH GYPOBOrO pacTBOpPa Ha
BXOJle M Ha BbIXOJE U3 CKBaXXHHBbI;

* CKOPOCTH BpAlleHHs] pOTOPa;

* KPyTSAIIUI MOMEHT Ha POTODE;

+ TeMIepaTypa pacTBOpa Ha BXOJIE B
Ha BBIXOJIE U3 CKBaKHUHBI

* YaennbHOE 3/1eKTpUIECKOe COIPO-
THBJIEHHE PaCTBOpa Ha BXOJE H
BBIXOJIE;

+ BHOPOAKYCTHUECKHE XapaKTepHUC-
THKH, NOJIy4yaeMble B Ipouecce Oy-
peHus

~ [IOJIY4CHUC H YTOYHCHHE I/IH(bOpMaIII/II/I O 3aJICKM, IPOAYKTHUBHBIX IJIaCTaX U CKBa’XXNHaXx, HeoO0X0-

MO ISl COCTABJIEHHsI IPOEKTHBIX TEXHOIOTHYECKUX JOKYMEHTOB Ha pa3paboTKy MECTOPOXACHUI,

— nonydyenne HHGOPMALMK, HEOGXONUMOI VIS OCYILIECTBIICHHS KOHTPOJIS 3a pa3paGoTKO# MeCTO-
POXKICHHS.

9.3.2. TIpu mIaHMPOBAHUM ¥ IPOBEJEHUN HCCIEROBATENLCKUX PAbOT B mpoliecce pa3pabOTKU Mec-
TOPOX/EHNS HEOGXOIUMO BBINOIHATH BCE TEXHOJIOTHYECKHE YCIOBUS UCCIEHOBaHMMA, YTOOBI pe3yiIb-
TaThl KaXJOT0 MCCIENOBAaHMS MOIJIM OBITH MCIOIB30BaHbI KaK /IS pelleHMs] TEKYUIMX npo6jeM 1o
KOHTPOJIIO 3a pa3paboTKOM, TaK M IIPH MOATOTOBKE MAaTEPHAIIOB ISl COCTABJIEHUsI IPOCKTHBIX NOKY-
MEHTOB Ha pa3paboTKy MECTOPOXACHHI.
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9.3.3. OCHOBHBIMH 3a[ja4YaMH, CTOSILIIMMHE Nepef HCCIEROBAaHUSIMU Ha CTaJMsX OIBITHO-IIPOMBIIIITICH-
HOIi pa3paGOTKU M IIPOMBIIINIEHHON pa3paboTKH, SABJIAIOTCH CIEIyIOLIHe:

— YTOYHEHHE THIIA KOJUIEKTOPA U Fe0NOro-ruipOAMHAMUIECKOA MOIEH 3aeXu. s TpelHOBa-
TO-NIOPUCTOrO KOJIJIEKTOPA — OLIEHKA CTENEHU Y4acTUsi MAaTPHIbI B Pa3spaboTKe;

— OIleHKA MMAPOAMHAMUYECKOH CBA3M N0 NIACTY U BBISABJICHAC HENNPOHUIACMBIX I'PAHMI];

— omnpefenienne PUIbTPALUOHHO-€MKOCTHBIX CBOUCTB MPONYKTHBHOIO IU1ACTa U OLEHKA UX U3MEHe-
HHS 10 IUIOMIAAH M BO BPEMEHH B IIpoliecce pa3pabOTKH;

— Hony4YeHre HH(GOPMAaLMK O THAPORUHAMHYECKOH OOCTaHOBKE B CHCTEME “CKBaKMHa~ILIacT”, He-
06GXOIUMOIt IS BEIGOpa cioco6a 3KCIUTyaTaliiil CKBaXKHH;

— OIleHKa TEXHHYECKOTO COCTOSIHUS CKBAXKHH H TEXHOJOIMYECKOT0 pexxnma X paboThl;

— H3y4YEeHHE SHEPIETUYECKOTO COCTOSIHAS 3aJ1€3KU U OCHOBHBIX (DHIILTPAallMOHHBIX IIOTOKOB;

— OLIEHKa TPEUMHOBATOCTH II1ACTa;

— ¥3yUeHue XxapakTepa QUILTPaUy XAAKOCTH. BoIsiBlIeHNE ¥ OlleHKA CTENIEHH POSIBJICHUS HEHBIO-
TOHOBCKHX CBOMCTB (hironfa  ap.;

— OLIeHKA JHHAMHUKH TeKyIUeHd He(pTEHACHIIIEHHOCTH;

— YCTAaHOBJIEHHE XapaKTepa 3aBUCHMOCTH (PHIBTPALMOHHBIX CBOHCTB OT 3a00MHbIX 1aBJI€HHHA B HO-
OBIBAIOILMX M HATHETATEIbHBLIX CKBaXHHAX. OnpefeseHie 3aBUCUMOCTH KO3 (HUIUMEHTA IIPOTYKTHB-
HOCTH OT JeNIPeCCAM Ha NIacT NpH 3a00HHbIX JaBJCHUSX BbIIIE U HUXE NaBICHAS HAaCbIIICHNS,

~ onpefenenne 3aGOWHOTO AaBIEHNS, HIKE KOTOPOrO HaUHHAETCA CHUKEHHE Koagdunuenrta npo-
nyxtusHocTH. OupeneneHne NaBIeHs HACBIIIEHHS MO JaHHBIM HCCIIENOBAaHMI CKBAKHH;

— ompefeNeHAe KPUTHIECKOTO AABIEHHA PACKPBITHS TPELUH B HATHETATENbHbIX CKBAXKHHAX;

— onpefelieHne pa3fieIbHON JOOBIYH 110 MIAaCTaM, BCKPBITBIM COBMECTHO;

— HOMHTEPBAILHOE ONpefeieHHe KOMNIECTBAa U COCTaBa IPOTEKAKOIIEro (IIIOU/a;

— IOMHTEPBAJILHOE ONpeneieHne (PUILTPALMOHHBIX XapaKTEPUCTHK;

— OL[EHKA COCTOSHUS MPU3a0ONHOH 30HBI CKBaXKMH C LI€JIbIO BEIOOPA CKBaXKHMH Il IPOBENECHHUS pa-
50T Mo BO3AEHCTBHIO Ha NPU3a00MHYIO 30HY M ILIACT;

— OlieHKa TeXHoNorudecKoil 3¢hPekTUBHOCTH paboT NO BO3JECHCTBHIO.

10. OBSIBATEJIbHBIN KOMINIEKC
T'NMOPOIVHAMMWYECKNX NCCIIEHOBAHNUM CKBAXHWH
HA CTAIMHU PA3BEJKU U OCBOEHUS HE®TEIA3OBLIX 3AJIEXEN

Ha pa3sefounpix 06 beKTax B (DOPMHPYIOIHUX HE(DTIHBIX CKBAXHHAX IIPH BLINOJHEHHH HIDKECTE-
ayroiero obsizarensHoro komiuiekca I'TTMC Ha craguy pa3sBeKu H OCBOEHHS HE(TEra30BhbIX 3aIEXKEH
NPH BBIIOIHEHHA PabOT PEKOMEHYETCS PYKOBOACTBOBAThLCSA CIEAYHOIIMMH METONUYECKUMH YKA3aHU-
amu [2, 12, 14, 69].

10.1. OcsoeHnue u o4ucmka

Bpemst 9KCIUTyaTalui CKBaXKMHbI Yepe3 yCThEeBOM ITYLEP O ONHOM OUYMCTKH NPU3a00AHOA 30HbI
OT MeXaHMYECKHX T[pUMeceil B 3aBUCAMOCTH OT POHULAEMOCTH KOJUIEKTOPOB: Goiee 0.1 Mkm? — 36 u;
0.1-0.05 Mmxm? — 48 4; 0.05-0.01 mxMm? — 72 u; meHee 0.01 MkM? (nynbcupyroue) — 96 4.

10.2. l'udpoduramuueckue UCcaeO008aHUA

10.2.1. 115 CKBAXKWH, SKCILTYaTHPYIOMUXCS C BBICOKAMYU YCTOHYMBBIMHE AcOUTAMKI

10.2.1.1. IlocnenoBaTtenbhas OTPabOTKA CKBAXKHWHBI Ha 45 pexXuMax NPsAMbIM XOAOM (€ MUHUMATb-
HOTO WITYLEPa) ¥ OFHOM ONTHMANBHOM PEXKUME OOPATHBIM XOJIOM [IO UX COOTBETCTBUS YCTAHOBUBILEMY-
s COCTOSIHMIO. BpeMsl akcIuTyaTauyu Ha OTHOM peXuMe OTpaGOTKH COCTABIISIET: ISl KOJUIEKTOPOB € a6-
COIOTHO IPOHHIaeMOCThIO Goniee 0.1 Mxm? He Menee 48 4; 0.1-0.05 Mkm? — 72 4; 0.05-0.01 MkM? — 96 .

10.2.1.2. 3amepbl Ha KaXKAOM TEXHOTIOTHYECKOM PEXXHMME YCTAHOBUBILMXCS €OUTOB XMIKOM U ra-
3000pa3Hoil pa3 maacToBoro uronga. 3aMep fe6uTa NPOU3BOJMTCS B TEYEHHE HE MEHEE 4-X 4acOB.
OnpepeneHne CTENCHH 3arps3Henust HeTH, COREPXKaHUsSA BOfbI B HediTH.

10.2.1.3. 3amepn! RaBICHUIA U TEMIEPATYPbL — YCTHEBBIX (TPYOHOro M 3aTPYOHOIO), 3200MHBIX HA
KaXJ[OM yCTAHOBHUBILEMCS pexxuMe. BpeMs BbIIepKKI MaHOMETpa Ha 3a00€ (B HHTEPBajie IPUTOKA) He
MmeHee 30 MunyT. CHsATHE NpoduIeii JaBlIeHHs ¥ TEMIIEPATYPhI 0 ITTyOHHE CKBaXXHHbI Ha KaX/IOM pe-
xuMe (gepes 250 m).
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10.2.1.4. Perucrpamusi BO BpeMEHH [BYX-TPEX KPHBBIX BOCCTAHOBJICHUA IABJICHMA HA 3a6oe (KB/I) u
Ha YCThe T0cTle OTPAGOTKH Ha PasNMIHbIX peXuMax. Bpems cHiaTus KpHUBOY HapacTaHusi 3a00MHOrO aB-
JIeHNs] IS KOJUTEKTOPOB ¢ aGCONMFOTHOM IIPOHKIIaeMOCThIO Gontee 0.1 MKM? He MeHee 48 ; 0.1-0.05 MkMm® —
72 4; 0.05-0.01 Mxm* — 144 4.

10.2.1.5. Pa3oBblit 3aMep IacToBoro aasnenus nocne castust KBJI ¢ BBIIEPXKO CKBaXXUHbI B Te-
yenue 24 4.

10.2.2. 14 nysCHPYIOIMX HU3KOAEOUTHBIX CKBAXHH

10.2.2.1. BeImep:Ka CKBaXKUHbI B TCUCHUE 24 4 ociie OYKUCTKH € LIENbIO 3aMeEpa INacTOBOTO aBICHMS.

10.2.2.2. 3aMep pacupeneieHus aBleHUs 1 TEMIEPATypbl IO CTBOITY NpOCTauBaOUIEH CKBAKUHBI
(uepe3 250 M) ¥ NIIACTOBOTO aBJICHUSL.

10.2.2.3. DKcryaTaussi CKBaKMHBI TOJIBKO Ha OTHOM PEXHUME B TCICHHE HE 6onee 192 4.

10.2.2.4. 3amep ne6uToB O HeTH ¥ ra3y NpH OTPAGOTKE YEPE3 TPAIHYIO YCTAHOBKY.

10.2.2.5. 3amep pacnpefelIeHNsi JaBJIEHHs ¥ TEMIIEPATYPBI IO CTBOMTY CKBAXUHBI (depe3 250 m) ne-
pefl CHSITHEM KPHBOM HapacTaHUst 3a00MHOrO IaB/ICHAS.

10.2.2.6. CusiTie KpHBOH BOCCTAHOBJICBHS 3a60MHOTO JaBIeHUS B TeueHue He MeHee 144 4.

10.2.2.7. Cusitue npocuneil AaBneHus U TEMIIEPATYpPbl B CTBOJIC HIPOCTaNBAIOLIEA CKBaXKHHBI.

10.2.3. [1151 CKBaXHH C (POHTAHUPYIOIIMM BLICOKHAM H YCTONYMBBIM IPUTOKOM He(TU U BOABI

10.2.3.1. DKcnnyaTanus CKBaXXMHbI Ha MTYLEpe (4—5 MM) 0 MOCTOSHCTBA ne6uTOB HepTU H BOILI
Yepe3 TPANHYIO YCTaHOBKY. BpeMst OTpaGOTKH CKBaXKMHbI ONPEASIIACTCS TAkkKe KaK U AT HeTAHBIX
(POHTAHUPYIOIINX CKBAXUH.

10.2.3.2. 3aMepH! YCTaHOBUBLINXCS IEOUTOB HEQTH, ra3a U BOAbL.

10.2.3.3. 3aMep yCThEBbIX M 3a00MHBIX JABJIEHUS ¥ TEMIIEPATYPbl, PACIPENCTCHIA AaBICHI M TEM-
nepaTyphbl IO CTBOIY CKBAXHHBI (depe3 250 M) Iepefl 3aKpbITHEM Ha BOCCTAHOBICHHE NaBICHYs.

10.2.3.4. CHsiTHE KPHBO? BOCCTAHOBJIEHHSI 3a00MHOTO [JaBJICHHUS. I1ponoKHTENBHOCTh PETUCTPA-
I} HAPACTAHMUS ABICHHS ONPENENACTCS TAKXKE KaK U IS HeTAHBIX (POHTAHUPYIOIHX OO BEKTOB.

10.2.3.5. KOHTpOJIBHBIA 3aMep MIIACTOBOrO JABJICHUA ¥ PACIpPEaC/ICHI JaBICHIS U TeMaepaTyphl
110 CTBONTY HPOCTAMBAIOLIEH CKBAXMHBI (Yepe3 250 m). JIs11 TOrO CKBaXKMHY BBIJCPXKUBAIOT B TCUCHUC
24 4 nocne casrust KB,

10.2.4. 1 cKBaxXuH ¢ HA3KUMH IJIACTOBBIMH JIABJICHUMH (C HU3KMMH CTATHYECKUMH YPOBHSMH)

10.2.4.1. ITocne TpOMBIBKH CKBaKHHBI 3aMepsSeTCA IJIaCTOBOE AABJICHAC (cTaTHYECKHI YPOBEHD).

10.2.4.2. KpaTKOBpPEMEHHOE BO3MYIIIEHHE CKBAXKHMHBI OCYIIECTBIISCTCS MIyCKOM CKBaXXMHBIL B 3KCILTY-
aramuio DITH, IITH uiu cBabupoBaBMeM. 3aMepseTCs (paccuuThIBaeTCA) NECUT.

10.2.4.3. CkBaxXuHbI MCCIIETYIOTCS METOHNOM TIPOCIICXKUBAHKS YPOBHS (C IOMOIIIBIO 3XOJIOTA) UK pe-
THCTPUPYIOT KPHBYIO BOCCTAHOBJICHHUS [JABJICHHSA C IOMOLIBIO rTyGMHHOTO MaHOMETpa.

10.2.4.4. MeToabl 06pab0OTKY JaHHBIX MCCTIENOBAHMA TAKHX CKBAXKHH IIPE/ICTABICHRL B IMpunoxe-
Hau b.

10.2.5. OT6GOp NpeCTaBATENLHBIX POG MIACTOBbIX (ITIOUIIOB

10.2.5.1. KomuuecTBO OTGHpaeMBIX [yGHHHBIX MPOG HE(PTH U3 OHOM CKBAXUHBI JOJLKHO OBITb HE
Menee Tpex. [Ipo6hI MIacTOBON HETH CYUTAIOTCS NMPENCTABUTENBHBIMU, €CIIH (pU3NKO-XUMHUYECKHE
XapaKTEPUCTHKH HE MEHEe YeM MO ABYM [P0o6aM OKaXyTcs HACHTHIHBIMY.

10.2.5.2. Tt He(pTAHBIX CKBaXKHH Ka4€CTBEHHOCTH IIPOG ONPENEIAETCA MO CASAYIOMEMY IIPU3HAKY:
[[aBIICHKE Ha [1yOuHe 0TO0pa MPOObI JOTXKHO ObITH BBIIIE [aBJICHUS HACHIICHUS.

10.2.5.3. TnyOuna orGopa NpoOkl yCTAHABIUBAETCA 110 pE3yIbTaTaM aHAIN3a npodunen naBIeHUS
¥ TeMIepaTyphbl B CKBaXuHe, pab0TaoIEed Ha MEHIMAILHOM YCTBEBOM IUTYLICPE. ITogGopoM coOTBET-
CTBYIOIMX KOOPAMHAT ONPEENIOT BEANINHY NABICHUA U TEMIICpaTyphbl, MpH KOTOpO# HaYMHAETCH
BhIlesieHne cBOGOAHOrO rasza u3 Hedru [48]. Cryck riayOUHHBIX 1poGOOTOOPHUKOB IPOM3BOJUTCS Ha
rnyGury 400-500 M HMXKe OTMETKH Hayalla pasrasupoBaHusi He(TH.

10.2.5.4. B cnyyae Manofie6GUTHBIX CKBaXHH (He (DOHTAHMPYIOLIKX) H OCTYIIEH!s] CBOGOJHOTO ra-
3a ¢ 326051 paGoTarOMell CKBaXHHBI (4TO TaKXe YCTAHABIMBAETCS MO PE3y/IbTaTaM aHAIN3A KPUBBIX
pacmpefiesieHus aBIeHMs M TEMIIEPATYPBI 110 CTBOMY) 3a6oiHbIe NpoObl HeTu He OTOMparoTCs. AHa-
/M3 ITACTOBOM He(OTH MPOU3BOAMTCS IO PEKOMOUHMUPOBAHHON IIPOGE, KOTOpast COCTABIAETCA U3 yCTh-
eBbIX POO6 HeTH U rasa cenapanum.

10.2.5.5. Ot60p npo6 rasa cenapanui (C pakenbHOM JINHUH) B KOHTEHHED.
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11. OBA3ATEJIBHBIE KOMIINIEKCHI T EOPU3NYECKHUX,
I'MOIPOIMHAMMNYECKUX U TEOXUMHNUYECKUX HCCIIEJOBAHUN CKBAXWH
HA 5TAITAX OITBITHO-ITPOMBIIIIEHHOM
U MPOMBININTEHHOUN PA3PABOTOK

11.1. Munnmanbrsri kommwiexke TUC, TIUC, TITU, TXU 1 TUPC mo KOHTPOJIIO 3a pa3paboTKoOH
npencrasnel B tabnune 8. PeKoMenayeMble KOMIUTEKCI, IIEPHOTUYHOCTD TIPOBENEHHS HCCIEOBARMI
yKa3saHbl IJI1 SKCIUIyaTallMOHHBIX CKBAXHH Pa3jIMYHON KAaTETOPHHU IO Je6HTAM, 1O 0GBOTHEHHOCTH,
TIpU 3260MHBIX JABIEHUSAX BBIIIE H HEXKE HACKIICHAS, 8 TAKXKE JIST HarHeTaTeNbHbIX, IbE30METPHYE-
CKMX, HaOMIONATENBHBIX, [0 M TOCTIE nposegenns 'TM.

11.2. Pexomennyertcs kommueke M'MC nis KOHTPOJIA 32 pa3paGOTKOM, KOTOPBIN IIPEICTABIIEH B TaO-
nune 9.

11.3. O6s3aTenbHBI1 U JONOTHATEIBHBIA KOMILTEKChI HCCTIEIOBAHAR B OTKPLITOM CTBOJIE /IS pellie-
HI TEOIOTHECKUX M TEXHHECKUX 3a/1aY B 3KCIUTyaTAlMOHHBIX CKBAKHHAX IIPHBE/IEH B Tabnuue 10 [2].

11.4. Komnnexkc I'TH npu 6ypennu SKCIlyaTallMOHHBIX CKBaXXWH NPHUBENieH B Tabmuue 11 [2].

11.5. OGs3aTenbHbIN U JONOAEATENBHBL KoMmTekch TUC B TOPHU3OHTANBHBIX yYacTKax CTBOJIA
9KCILTyaTallMOHHBIX CKBAXXUH NPUBENEH B Tabauue 12 [2].

11.6. OGs3aTenbHBIN ¥ [ONONHUTENLHBIH KoMIIeke [ TU NpH OYyPEHNH FOPU3OHTAILHBIX CKBAXHH
NpUBeJeH B Tabnume 13 [2].

12. TPEBOBAHUS K KAYECTBY U OB bEMAM
KOMIUTEKCHUPOBAHHBIX METOOB MCCIIEJOBAHUS
HE®TAHBIX MECTOPOXIEHWUU

12.1. KauecTBO ¥ 06beMBI KominexkcupoBaHHubiX (TUC, ITTUC u I'XU) uccienoBaHuii cKBakKUH
HOJIKHBI 00€CIEYHTE MAKCUMATLHOE NOTTy4eHHe MH(OPMALMH O Te0NOro-pU3MIECKHUX XapaKTepHCTHKaxX
NPOAYKTHBHBIX HE(TAHBIX U He(PTEra30BbIX 3aNIEXKEH U TLJIACTOB, HEOOXOMMMOI IS pelieHus poGieM
TIPOCKTHPOBAHMUS, KOHTPOJISl H PETYIUPOBAHHS IPOLECCOB Pa3pabOTKU M NOGLIYH YITIEBOOPOJIOB.

12.2. Cpoku, 06'beMBI, BUIBI NPOBCNICHMST KOMIUIEKCHPOBAHHbIX UccenoBaHuit ckpaxuH (TUC =
=T'TNC = I'’XW) 1 uxX 3TanHOCTb, HHTEPBATHLHOCTS IIPOBEJICHUA B COOTBETCTBHH C HACTOSALINM “MeTo-
AUYECKHM PYKOBOJCTBOM™ YCTaHABIMBAIOTCS B reOIOr0-TEXHIICCKHX NMPOEKTAX U JIMIEH3UOHHBIX CO-
TIAIUCHHUSX Ha PABO NOJIb30BaHHUS HEPAMH.

12.3. CooTBeTCTBHE CPOKOB, O6'HEMOB H KauecTBa BBIIIOJIHCHHSL KOMILIEKCHPOBAHHBIX HCCIIEOBA-
HHH CKBaXXVH IPOEKTaM H JIHICH3USIM Ha HCIIOJIb30BAHMAE HEJIp, KOHTPOJIMPYETC OpraHaMu rocynap-
CTBEHHOT'O r€OJIOTHYECKOT0 KOHTPOJIsl, OPraHaMK FOCY/JapCTBEHHOTO ropHoro Hagsopa, llentpansHoit
Komuccueil o paspa6otke Munsnepro P, NEACTBYIOLIMMH B NIPEfieNIaX MX KOMIIETEHIIMH B COOTBET-
CTBHH C yTBEPKACHHBIMH IOJIOXEHUASIME 00 HX HeSITETHLHOCTH.

12.4. Perucrpauusi u XxpaHeHHe JaHHBIX KOMINIEKCHPOBAHHBIX UCCNENOBAHUM H OTNENBHbIX UX CO-
CTABJIAIOIIMX PEKOMEH/IYETCS OCYLIECTBIATh B UH(POBOM BHIE, IO KOMITBIOTEPHBIM yIIPAaBIIEHHEM H
KOHTpONEeM, B hopMaTax 4 CTaHgapTax PErUCTpaluy, IPHHATBIX COOTBETCTBYIOMMH “TexHnde CKUMH
HHCTPYKIMSIMH”, 06€eCIeYnBaIOIAME BO3MOXKHOCTD IIepefavy NepBUYHON MHGpOPMaLUY IO KaHaiaM
CBSA3M U €€ apXHBALlNK B 3JICKTPOHHBIX 0a3ax ¥ GaHKaX HaHHBIX. KomnerorepHsle nporpammer pEerucT-
paluy JOMKHBI 06ECIEYHBATh METPOTOTHYECKHI KOHTPOJIb Ka4eCTBa B XOJI€ PETHCTPALMH.

12.5. KoneuHble pesyanTaThl KOMILICKCHPOBAaHHbIX UCCIENOBAHHI CKBaXHH M OTHENbHBIX HX CO-
CTaBJIAIOLIAX JOJIKHBI BKIIOYATh JaHHBIE O Ie0JI0r0-pH3NIECKHX XapaKTepPHCTHKAX, IPENYyCMOTPEH-
Hble B Tabnunax 4, 5, 6 1 Ha pUcyHKe 6.

12.6. TTo pesynbraTam KOMIINIEKCHPOBAHHbIX UCCTIE[IOBAHHIA CKBAXKMH H OTAE/bHBIX X BUIOB OOJIK-
HBI COCTaBJISATHCS 3aK/IIOYEHHS C PEKOMEHAIUSIMHE 110 TPaKTHYECKOMY HX HCHOJb30BaHHIO C HH(OP-
Manued o6 3KOHOMHYECKHX ACTIEKTAX HX peanu3anum.

12.7. Utoroeoe 3akiro4eHue mno Pe3ybTaTaM KOMILJICKCHPOBAHHBIX UCCTIEAOBAHMI CKBAXKHH JOJIK-
HO cofiepKaTh HH(OPMAIHIO O 3aa4ax UCCIIeTOBAHMIA, METOAUYIECCKAX M TEOPETHIECKUX (CXEMATHYHO)
O0GOCHOBaHHAX, BLIGPAHHBIX CIOCO6AX UCCIIENOBAHMI, 06'beMaX BBINOMHEHHBIX HCCIIENOBAHAN H npu-
MCHEHHBIX METOJINKaX 00paGOTKH TaHHBIX HCCIIENOBAHMI CKBAKUH (B T.4. C MCTIONL30BaHEEM KOMIIBIO-
TEPHBIX TEXHOJIOTHI), UX COOTBETCTBUH “06s3aTeNbHBIM” 1 “IOMONTHATENLHBIM” KOMILJIEKCAM H CO-
TJIACHO HACTOAMIHKX “MeToaMyecKnx yKa3zaHmit”, PEKOMEHAMAX MO MPAKTHIECKOMY HCIIOL30BAHUIO
PE3YIBbTATOB C OLICHKOM 3KOHOMWYECKHX aCIIEKTOR NPOBETIEHHBIX PalOT M Pean3alii PEKOMEHIALHMI.

12.8. CxeMaTH4ECKOE COOTHOIIEHHE PA3IHYHBIX STANOB Pa3paboOTKH, CTafiMii IPOEKTHPOBAHMSA 1 npH-
MEHCHUS] KOMILTEKCHPOBAHHBIX METONOB MCCIIEOBAHMIA CKBAYKHH U IUIACTOR IIPUBENIEHO HA PUCYHKE 4.
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Ta6nuna 9. KoMiekcrl HCciieoOBaHMI IIPY PEIEHMH 3a/[a4 Ha Pa3iIM4HbIX Tanax pa3paboTKH HETSIHBIX B ra30BbIX

MECTOPOXJCHUH
MeTtons! rugpo-
I'pynmna KoMinekc MeTOlOB| IMHAMHYECKHX Kommnekc ITpameyanne (06BEKTHI
CTaHJapPTHBIX 3aflay. | IPOMBICTIOBO-T€O- | HCCIIECHOBAHMIA TeOXHMAYECKHX | HCCIIeNOBaHMA, TEXHOMOTHA
HaumeHnoBanne pmsnveckux uccne-| (IIHC) (cnocob HccnegoBanui MCCIIEROBAHMM, 3TANHOCTD,
cTaHmapTHOM 3afaun | pmoBanuil (IITH) H3MEPEHHA 1 I'XN) Ap. A/ OTACABHON 3a/]a4yM)
MeTOoxI 06paboTKM)

I. YTOYHEHUE I'EOJIOTTYECKOV MOJIEJIY B 30HE PACIIOJIOXEHUS CKBAXMNHEI
I. L. YTouHenne rpaHull NPORYKTHBHbIX TOJILMH M0 Pa3pe3y CKBaXXHHBI

1. T'pannnm npopyk-
THBHBIX TOJIIMH OpU
onpoboBaHHUH

2. I'pasu1Ip! IPOIYK-
THBHEIX TOJIIMH IPH
AOMOJHUTEILHOM HC-
NONB30BAaHUK PSIMBIX
HEITeKTPHUECKIX Me-
TOROB OLICHKH HaChl-
INEeHst

3. I'panuiib! IpoOayX-
THBHBIX TOMIUHH IIPH
obcafike MPOAYKTHB-
HOT'O HHTepBaja CTeK-
JOIUIACTUKOBBIMU
TpybamMu

4.TIpuBsi3ka METOLOB
I'C-konTpons K
TeppPHUIreHHOMY pa3-
pe3y CKBaXKUHLI

5. Ilpussizka MeTO-
pos 'MC-konTpoOns
K KapOOHaTHOMY
pa3pe3y CKBAXKHHbI

6. I'eoTepMuryeckuit
rpajueHT B JOITO-
TIPOCTaMBAIOIIMX
CKBaXXUHAX, HHTEPBa-
JIBI 3aJIETaHAst MHOTO-
Mep3IbIX IOpoN,

WuadopManus me-
TOJOB OTKPLITOTO
CTBOJIa BMECTE C
JAaHHBLIMH METOJIOB
OILleHKHM IIPAUTOK-
cocrasa, OIIT,
OIIK
Hudopmarnus Me-
TOROB OTKPBITOTO
CTBOJIa BMECTE C
JMaHHBIMHA METOTIOB
HK, MHK, C/O,
1AM, MHA

HK, IK, BUK13

I'K,JIM

HM, JIM

KBJ, KBY, ]]

Ot60pe1 rIyouH-
HBIX IPOO ANS OUCH-
K¥ COCTaBa NpHTO-
Ka, aHaJIM3 KepHa

AHamm3 yCThEBBIX
npo0 1 KepHa

Paszsenounnie. IlosTamoe
onpo6OBaHUE MYyTEM yCTa-
HOBKH IIaKEPOB [ pa306-
LIEHHS OTHENbHBIX IUTACTOB
(mpornactkos). Ha stane
OnpoOGOBaHU

PazBenounrie, ocBauBacMbie
9KCIUTyaTauuoHHbIe. POHO-
BbI€ B CTATHKE ¥ IIPH OYMCT-
Ke OJIIDKHEH 30HBI TIyTEM
BbI30Ba npuroka. Ha atane
OCBOEHHS

CxBaxuHbi, 060pPYAOBaH-
HbIE CTEKJIOIUIACTUKOBBIM
XBOCTOBHKOM 29KCIDTyaTaly-
OHHOM KOJIOHHB!. B craTHke
winu pyuamuke, Ha atane oc-
BOCHHSA

Bce ckBaXXWHBI C TEPPHTEH-
HBbIM WJTH CMEINaHHBIM pa3-
pe3oM. OGsI3aTeNbHO NPH
TIPOBEACHUM MHOOLIX HMCCTe-
nosaunii [UC-koHTpOIS
Bce ckBaxkuHbI ¢ KapOOHAT-
HBbIM WM CMEIIaHHbIM pa3-
pesoM. OOs13aTenbHO Ipy
IpOBENEHIH JIO0bIX HCCIe-
posarmit [AC-koHTpOIA
HabmogaTenbHble (Tiryxue)
W JIONTONPOCTAHBAFOLINE
CKBaKUHBL. POHOBaSK CHEM-
Ka. [ToBTOpHEIE (BpeMeH-
HBIE) HCCIIEIOBAHIS FE0TEP-
MHH HellenecooGpas3Hbl

L. II. Onpepnenenne MONOXeHUs IPONYKTHBHBIX ILTACTOB ¥ F€0JIOTHYECKHX HEOXHOPOAHOCTEHR

1. Ipodunbuas wiwm
0o6beMHas KOppels-
IS FPaHHIL IPOAYK-
THUBHBIX TOJILIMH NIPH
UCTIONB30BAHUMA JIaH-
HbIX OIpOOOBaHHS

2. Feonoruyeckue
HEFHOPOZHOCTH H
HapyILICHNS B MEX-
CKBaXXMHHOM IIPOCT-
paHCTBe

B MEXCKBaXMHHOM [Ipo

Undopmanusa Me-
TOHOB OTKPBITOIO
CTBOJIa BMECTE C
JAaHHBIMH METOMOB
OUEHKU IPUT-COC-
tasa, OIIT, OIIK

BCII

KB]I,KBY, U]

T'ugporrpociym-
Banue I'TIIT

CTPaHCTBEC

HNudopmarms ana-
1A3a po0 B pasHbIX
CKBaXXKMHAX, aHAJIN3
KEpHa

3akayku B

Pa3Benounnbic u ocBRauBae-
MBI€ 3KCIUTyaTalMOHHBIE.
Onpo6oBaHue IyTeM ycTa-
HOBKW ITaKepOB A7 pa3ol-
ILEeHUs! OTHENBHBIX IU1aCTOB.
Ha arane onpo6oBanus
I'pynie! (mapb1) CKBaXKHH,
BKJIFOYAIOIIME BOIMYINAIO-
Hfie B pearnpyionme. Vc-
CTIeAOBaHMA 10 CHeHaNb-
HO¥ nporpamme
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I'pynna
CTaHTApPTHBIX 3a7ad.
HauMenoBanue
CTaHAApTHOM 3afjayuu

Komnnekc MeTojos
TIPOMBICIIOBO-TE0-
¢u3nIeCcKuX UCCre-
nosaumii (IIT'H)

MeTons! rufpo-
AMHAMHYECKUX
HCCIETOBaHMIA

T'IUC) (cmocob

H3MEpEeHUs 0
Metop, 06paboTKH)

Kommnexc
reOXHMHYECKHX
HCCIIENOBaHUMN
TXn)

ITpumeyanune (06BEKTHI
HCCIIEeNOBaHUMA, TEXHOMOTHS
HCCeNOBaHu, 3TaHOCTB, AP.
ISt OTAENbHOH 3afia4yn)

II. KOHTPOIIb 3A BEIPABOTKOMU TNIACTOB IIPY BLITECHEHUU HE®TH UJIU TA3A

IL1. Onpenenenne npodusst MPUTOKa WK IPUEMHACTOCTH, OLEHKH COCTaBa MPHTOKA

1. ITpoduns (uaTEp-
BaJIbl) MPATOKA XKAM-
KOCTH

2. lIpocpune (muTED-
BaJIbI) IPATOKA ra3a

3. OeOute! (uHTED-
BaJIbHbIE) IPUTOKA
KHIKOCTH

4. NebuThl (MHTEP-
BalbHBIEC) IPUTOKA
rasa

5. CocraB HHTEpBaNb-
HOrO MIPHTOKA OfHO-
POIHOH KUAKOCTH
(BOzbI TN HE(TH)

6. CocraB HHTEPBaJIb-
HOrO IPUTOKa rasa

7. CocTaB HHTEpBaIb-
HOT'O IIPUTOKA CMECH
xupgkocTa (HedTH C
BOTIOH), BKJIIOYAs €€
00BOJJHEHHOCTD

8. CocTaB UHTEpBAb-
HOTO IIPATOKA I'a30-
KHIKOCTHOHM CMECH,
BKJIIOYast ee 00BOjI-
HEHHOCTD

9. l'mppaBnmyeckue
NIOTEpH B NU(TE IIpH
MOTOKE Ta30KUAKOCT-
HO¥l CMECH B HHTEpBa-
Jie OLIEHKH COCTaBa
IPUTOKA

10. ITpodpuns (uaTEP-
BaJIbl) NPHEMHCTOCTH
BOJbI

11. ITpocduns (uaTED-
BAJIbI) IPHEMHICTOCTH
rasa

PM_X, TN, TM

PM_I', TH, TM,

I

PM_X

PM_T,PY

MH, I1J1, BJI, PU

MH, BJI

PM_X, TH, BII,
MH, I1J1, PA, JIB

PM_T, MH, BJI,
TH, LIC, JIB]

PM_T, MH

PM,X, THU, TM,
11151

PM,T, THU, TM,
11851

YcrbeBole
mpoOBI

YcTheBRIE
mpo6nI

I'myGunubie
po6b1

I'ny6unnble
npoObI

Ho6sIBaroie HeTAHbIE, BO-
po3abopHble. 3aMepsl B lHA-
muke. OxBat — go 50%, nepuo-
IUYHOCTBL — OT 1 rofa

MoOsIBaroIKe ra3oBbI€ UIH
o6bekThI [IXT. 3amepsl B 1H-
unamuke. OxBart —~ o 50%, nepu-
OIMYHOCTE — OT 1 rofa

Io6kIBarorue HePTAHBIE, BO-
no3abopHele. 3aMephl B JAHA-
muke. Oxsat — g0 50%, nepuno-
AUYHOCTL — OT 1 roma

Hob6bIBarolue ra3oBble WIN
o6wekrol [IXI'. 3aMeprl B al-
namuke. OxBat — g0 50%, nepu-
OJHYHOCTE — OT 1 rofa

o6sIBaromue HeTAHBIE, BO-

no3abopHble. 3aMephl B [UHA-

muke. Oxsar — 1o 50%, nepuo-
JUYHOCTE — OT | roga

Jlo6biBarolye ra3oBble WK
o6bekThl [IXT'. 3ameps! B 1u-
Hamuke, OxBat — 10 50%, nepu-
ORMYHOCTL — OT 1 rofa

o6riBaromme HedTaHbIe. 3a-
Mephbl B guHaMuKe. OxBat —
no 20%, nepuOfAIHOCTE — OT
1 roga

Ho6riBatomue HeTAHbIE U Ia-
30Bbl€e, OOBOHSIONIHECH 00 b-
ekthl [TXT'. 3amMeps! B AMHAMH-
xe. Oxsart — go 20%, nepuopud-
HOCTbL — OT 1 roga

Ho6kIBatolie HepTAHBIE U ra-
30BbI€, OOBOJHSIIOLINECT OO BEK-
11 [TXT. OxBaT — go 20%, nepu-
OTHYHOCTE — MO OOCTAHOBKE

Harneratensubie. OxBat —
10 50%, nepHoOgHYHOCTS — OT
0.5 roga

O61bekTr! IIXT, HargeTaTeb-
Hble 1o ra3y. Oxsar — o 50%,
nepuoguyHOCTh — OT 0.5 ropa
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Taomaua 9. ITpogomxenne

'pymna
CTaHAapTHBIX 3afiad.
HaumenoBanue
CTaHJapTHOMN 3afadn

Komnnexkc MeETOOB
NPOMBICIIOBO-T€0-
(pU3NIECKUX HCCIIe-
nosanmii (TITA)

MeTopnp1 ragpo-
THHAMUYECKUX
HCCEeNOBaHUM

(T'MIC) (cnocob

H3MEPEHWS B
MeTON 00paboTKM)

Komnnekc
reOXMMHYECKHX
HCCIIeOBaHHuA
IXu)

ITpumeyanue (06 BEKTHI
HCCIIeOBaHMH, TEXHOJIOTHA
HCCIIEOBaHMAM, 3TaTHOCTE, JP.
IJis OTHENbHOM 3aa4un)

ILIIL. Onpepnenenne HAYANLHOrO, TEKYIIETO HIH OCTATOYHOTO He(Te- H

1. HauanbHas Hedre-
ra3oHachILEHHOCTD

2. HavyanbHas HedrTe-
HACBIIIEHHOCTD

3. Hauanbnas ra3o-
HACBIILIEHHOCTh

4. Texymas HedTe-
ra3oHachlEHHOCTD

5. Texymas HedpreHa-
CBIIEHHOCTh

6. Texymas raszoHa-
CBHIIEHHOCTD

7. U3menenne Redre-
ra30HaCHILICHHOCTH
3a IePHOJ| BpEMEHH

8. UaMeHeHnue BORO-
HaCBHIIIIEHHOCTH 3a
TIEPUOJ, BpEMEHHU

9. ITonoxerne BHK
10. ITonoxenne 'BK
11. INonoxkenne THK

12. O6BogHEHAE NPO-
AYKTHBHBIX TOJIIIMH
npu obcaaxe CTEKN0-
IJIACTUKOBLIMHA TPY-
6amu

HK, MHK, C/0,
ITAM

To xe
HK

HK, UHK, C/O,
ImMAM

To xe nnroc HHK
¢ 3akaukoii MB u
mocnegyoniei
OYHCTKOH I1acTa
npu oTpaboTke

HK

BpeMeHHbIEe 3aMe-
pot HK, UHK

To ke

HK, MHK, C/O,
IAM

HK, BpeMeHnHbIE
™

HK, BpeMeHHbIE

UK, JK, BUKHN3

ITpo6si rmyGus-
HBbIE H KEPHa

To xe

To xe

ra30HacCBILICHAA 1acTa

Pa3penounble, OCBaNBacMbIE
JKCIUTyaTalioHHbIe. POHOBBIC
B CTaTHUKE H ITPH OINCTKE OMIK-
Hell 30HbI IyTEM BbI30Ba IIPHTO-
ka. Ha 3Tane ocBoeHmus, nocne
pacchopMHpOBaHHUs 30HB] IIPO-
HUKHOBEHHS (77151 Ta30HOCHbIX)

To xe
To xe

KorTponsable (HaGmM0aaTeNb-
Hble) TIIyXue cKBaXuHbL. Tlepn-
ONEYIHOCTE 0T 3-6 Mec. (Ipa
npociieXXUBaHKH PpoHTa 00~
BOmHEHMs) fo 1-3 net (Ha 3aBep-
[HAIOMIEM JTane pa3paboTKH)

To ke, LI0C fOOBLIBAIOIIHE
He(TsiHbIe CKBAXXHHBI (TEXHO-
norasts MHK c 3akaukoit MB u
[POCTeXABaHUEM TEMIIA H CTe-
NEHA OYHCTKH Y OTAEIBHBIX
TOJIIHAH)

To xe

To Xe, ITHOC 3KCILTyaTaHOH-
Hbli $oup cksaxud. OxBaT [0
10%

To xe

To xe
To xe
To xe

CKBaXHHBI, 060pyOBaHHbIE
CTEKJIOMIIACTHKOBBLIM XBOCTO-
BHKOM 3KCIUTYaTallHOHHOMN KO-
JIOHHBI. B craTuKe H fHHAMBKE.
IepuoguunocTs oT 1-3 Mec.
(mpociexuBanue (ppoHTa 00-
BopiHeHNs) 110 1 pa3/1-3 ropga
(OHEeHKH OCTaTOYHOrO HedpTe-
ra3oHachlIeHns)
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Taémana 9. ITponomkenne

PI 153-39.0-109-01

I'pymna
CTaHapTHBIX 3af1aY.
HanMenoBaHme
CTaHfapTHOM 3aaun

Kowmmnekc MeTonon
ITPOMBICIIOBO-TE0-
du3NIEeCKUX ucce-
nosaHnit (ITTF'NA)

Merons! rugpo-
AUHAMWYIECKUX
HCCIIETOBAaHMI

TOUC) (cnocob

H3MEPEHUS 1
MeTof 06paboTKu)

Kommnekc
FEOXHMHYECKHX
HCClIeqOBaHuT
(Irxm

ITpumevarue (06 BEKThI
HCCIIENOBAaHHUM, TEXHOIOTHS
HCCIIeOBaHUil, 3TaHHOCTb, JIp.
IJIsL OTHEJILHOM 3aJayn)

ILII. OmneHkn napaMeTpOB BITECHEHUS 7151 BhIpabaThbIBa€MbIX TOJIIIMH

1. Pa6oTaromue To-
IMHBI IUIACTA NPH
NPUTOKE

2. Pa6oraromue TOI-
IWHBI I71aCTa IpA
TOTJIOIIEHUH

3. TomuuHEI m1aCTAa,
3aTPOHYThIE MPOLEC-
CaMH BBITECHEHHS

4. O6BopiHEHHBIE (06-
BOJHSIOHINECS) TOJI-
IIMHBI [UTACTa

5. KoagpunueHT BoI-
TECHEHUSI BLIpabaThI-
BaeMBIX TOJIIUH

Cepus TM, HIC,
JIBO

Cepus TM, HIC,
BN

Cepus TM

TM, I'M (o paguo-
TEOXUMHYECKOMY
adexTy), IBJ

MHHM ¢ 3akauxoit
MB

3akauku 1B

Ho6biBaronuii pOHI CKBaXXHAH.
®OHOBBIE 3aMePBI B CTATHKE U
Ha pexumax or6opa. Oxsart —
1o 20%, nepuoguIHOCTD — OT
1 roga

HarnerarensHblii GoH] CKBa-
kuH. POHOBEIE 3aMEPbI B CTATH-
K€ U Ha peXXuMax 3akadku. Ox-
Bat — 0 50%, nepuOTUIHOCTD —
ot 0.5 roga

To Xe COOTBETCTBEHHO AJIS
BCETO 3KCIUTyaTaIlHOHHOTO
¢oHa CKBaXKHH

To xe

Jo6bIBaronme cKBaxXuHbl. Po-

HOBBI€E 3aMephbl, 3aMephbl NPH 3a-
kauyke MB, nipu ouncTKe miuacra
ot MB Ha pexxuMmax ot6opa. ITo
[pOrpaMMe Criewl. HCCIICAOBAaHUI

1. TUAPOOUHAMUWYECKHU MOHUTOPUHI CBOUCTB ITIACTA

1. YcTheBoe naBneHne

(6ydepuoe, 3aTpy6-
HOE H B MEXTpPYObe)

2. 3aboitHoe JaBlIeHUE

3. ITnacroBoe maBne-
HHE

4. lenpeccus (pen-
peccus) Ha miacT(bl)

5. dakTHYeCcKas Ipo-
IYKTHBHOCTb CKBa-
XHHBI (yaenbHasi) 1o
KHUIKOCTH

6. PaxTIyeckas ¢azo-
Bas (110 He(pTH, 1O ra-

3y) yAenbHasi MPOyK-
THBHOCTB CKBAXKIHBI

IIL.I. Ouenku 3HEpreTHYECKUX CBOACTB IJIAaCTa

3amepsl BO BpeMe-
mn Ha 3Y

3amepsl Bo BpeMe-
un MH, B oTnenn-
HBIX CITy4asix — Ie-
pepacyeTsl IO yCTh-
€BbIM [[ABJICHUSIM

3aMmepnl BO BpeMe-
HM B KPOBJIE IL1acTa
MH umn MH, PM

To xe

3amepsI BO BpeMe-
HH B KPOBJIe IL1ac-
Tta MH, PM

To xke mmoc yrou-
HeHHas uH(pOopMa-
st o ¢a3oBLIX fe-
6uTax

Ilepen KB/,
nmocne KT
(KCI), B mpo-
necce U]

KB, KI1]I wiu
5011

KBJ, KII[,
KBY, U]
W, KBY

W1, KBY

DKCITyaTalMOHHbIH (OHT
ckBaxuH. ExXxegHeBHBIEC Ha0IIO-
TEeHHs

OKCIUTyaTAlMOHHBIA (HOHN
cKBaXUH. B mpouecce nposene-
must I'TTVC unu TN, Oxsat —
1o 100%, nepuogMIHOCTD OT
0.5-1 roga. OnopHasi ceTh CKBa-
SKUH — €3KeKBApTANbHO

To xe
To xe

To xe pna HeTAHBIX U HATHE-
TaTeNbHbIX CKBaXHH

To xe nns He(pTAHBIX UIIH Ta-
30BbIX JOOLIBAIOIIMX CKBAKHH
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Ta6mma 9. ITponomxenne

I'pynna
CTaHJAPTHBIX 3a[ay.
HaumenoBanue
CTaHNApTHOU 3afjauyu

Meroas! rugpo-
KoMmniekcMeTonoB| puHaMU4ecKux
TIPOMBICIIOBO-TEO0- HCCIIEROBAaHMI
usndeckux ncene-| (ITMC) (cnoco6

noBanuni (IIT') H3MEPEHUS U

MeTof 00paboTKH)

Kommiaekc
T€OXHUMHYECKHX
HCCIIeTOBaHUH
IxXn

IIpumeuanue (06BEKTHI
HCCIIEAOBAHUM, TEXHOIOT U

HCCIIEIOBaHHH, 9TAIIHOCTH, Ap.

IS OTRENBHOM 3a1ayn)

7. JMHaMHYeCcKHE U3-
MeHeHUs pakTHUeC-
KO (ha3zoBoil mpoayk-
THBHOCTH B CKBAXXHMHE
(BO BpeMeHwm)

8. M3MeHeHus ¢ak-
THYECKOH (pa3oBoi

MIPOAYKTHBHOCTH IO
nowanu (06 seMy)

3aJIeXH

9. Koadunuenr no-
TEHUUATBLHON TPOTYK-
THBHOCTH CKBa>KHHBI
ITO XXHNKOCTH

10. KoadpuumenT no-
TEHIHMAIBLHOU (a3o-
BOH (110 HedTH, 1O ra-
3y) IPOAYKTABHOCTH

11. IIporuos usmene-
HUS DOTEHIUATILHOMR
IIPOAYKTHBHOCTH
1acTa IpH DocIeny-
Io1llel pazpaboTke
MECTOPOXKICHHUS

L. 'mppomnpoBop-
HOCTH JJalIbHEH 30HBI
miacra

2. IIpoHunaeMocTsb
NaJIbHEH 30HbI IU1ACTA
(c ygeToM paboraro-
men apPeKTUBHON
TOJIIIHbI)

3. 'mppoauHaMuyec-
KM€ CBA3H MPONYK-
THBHBIX TOIIHH IO
BEPTHUKAJIN B RalbHEH
30HE IUIacTa

IILIL Onenku n3MeHeHNs GrIbTPALHOHHBIX

1. 'npponpoBoaHOCTE
6ImIDKHe! 30HbBI TU1acTa

2. Koacpdmmenr npu-
3a00HOY 3aKyTIOpeH-
HOCTH

JuHamMudeckuil (BpeMeHHOI) aHATH3 Ha
OBM scex pesyasratos IITHUC-TITH no
OTHENBHON CKBAXKHUHE

ITnomanno (IIPOCTPAHCTBEHHDIH) aHA-
su3 Ha 9BM pesyasrtatos TITUC-TITU
TSt BCEX CKBAXHUH, 3KCIUTYaTHPYIOIMX
06beKT (IWIacT, 3anexXb)

PacueTsl Ha OCHOBaHMH TaHHBIX O IIPO-
Hunaemocry no I'/TUC, paGorarowmux
3(phbeKTUBHBIX TONIUUH K PeaJbHOM
papuyce KOHTYpa MUTaHUs

To xe, nmoc Tekymas nugopmanus o
BBITECHEHHH HEe(TH (ra3a) U3 Iiacra

To Xe, nIroc THAPOAUHAMHAYECKAS
(punbTpanEoHHas) MOTENb MECTOPOX-
neHust, 06001aroIasi JaHHbIE 0 UCTO-
puu pa3paboTkn

HLII OneHku ¢uiIbTpauOHHbIX

KBJI, KIIH, U]
(TOMBKO B OTCYTCT-
BHE CKMH-(paKTO-
pa), LHKJIHIecKe

3amepbl BO BpeMe-
HE MH unun MH,
PM

HECTALMOHApPHbIE
HCCIIEIOBAHUS
3aMepsbl BO BpeMe- To xe
1 MH
Tl'upponpocnymmu-
Banue I'[II1

3amepsl Bo Bpeme- | KBII, KIIMT, KBY
HHU B KPOBJI€ TIIac-

Ta MH

3aMepsI Bo BpeMe- To xe
HHM B KPOBJIE IIIIac-

Ta MH

CBOICTB ILTACTa

IIpocnexusa-
HHE 3aKayek
B

DKCIITyaTallHOHHASL CKBAXH-
Ha. BpeMennrle uccrnenona-
HusL (71F00ast IEPUOIMYHOCTD)

PoHp IKCILTyaTaMOHHBIX
CKBAXKHH TI0 BCEMY MECTOPOX-
neHuro. OxBaT He MeHee 20—
30%, neprOgHYHOCTH NOPSAKA
0.5-1roga

OnopHast ceThb 3KCIUTyaTany-
OHHBIX CKBAXHH, PABHOMEPHO
OXBaThIBAarONIAA 3alIeXb. Ox-
Bat He MeHee 50%, nepuonuy-
HOCTb nopsaaka 0.5-1 roga

To xe

To xe

PoHp IKCITYaTAMOHHBIX
CKBaXMH 110 BCEMY MECTO-
poxnenuto. Oxsart o 100%,
NEPUOMYIHOCTE MOPANKA
0.5-1roga

To xe

DKCIIIyaTauOHHbIE TOOBI-
BalolMe ¥ HaTHEeTaTElbHbIE
ckBaxuHel. [To nporpamme
clien. ucCleJOBaHuMi

CBOWCTB B IpU3a6GoitHOI 30HE

PoHp FKCILTYaTAMOHHBIX

CKBaXKHH TI0 BCEMY MECTOPOX-
nenuto. Oxgat fo 100%, nepu-
opwyHOCTE nopsigka 0.5-1 roga

To xe
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I'pynna
CTaHJaPTHBIX 3aj1ay.
HaumenoBanne
CTaHfapTHOM 3aayn

Kommnekc Merogos
IIPOMBICIIOBO-TE0-
¢u3ngecKux uccne-
noBanmit (ITT'K)

MerTone! rugpo-
AHMHAMHYECKHX
HCCIIEROBAHHI

TOUC) (cnocob

M3MEPEHM 1
MeTop, 06paboTku)

Kommnekc
reOXMMHYECKHX
HCCNenoOBaHuR
TI'XHN)

ITpumeuanne (06 bEKTHI
HCCNEeNOBaHNM, TEXHOJIOTHS
HCCIIEOBaHMMA, 3TalTHOCTb, JP.
TSI OTHENLHOM 3aJa4n)

3. Ckun-daxkrop, ana-
JIH3 ero COCTABIISIO-
X

4. Kos¢ppunuenr rn-
IpORHHAMUYECKOTO
COBEPILIEHCTBA CKBa-
KHHBI

Iv.

1. CpabatriBanue myc-

KOBBIX My(QT (ITpH
KOMIIpECCUPOBaHIM)

2. l'epMeTHYHOCTD
nakepa (cnoco6om
KOHTPOIS YPOBHEH
HaJ MAKEPOM)

3. OddexTUBHOCTD
paGoTh! HACOCOB
S1IH

IVv.

1. YpoBeHs XunkocTn
B CTBOJIE (9KCILTyaTa-
UHOHHOM KOJIOHHE
una HKT)

2. YpOBEHB XUIKOCTH
B MEXKKOJIOHHOM TIpO-

cTpaHcTBe (“‘3aTpy-
obe”)

3. ®azoBrIe ypoBHM B
CTBOJE (9KCITyaTaLH-
OHHOH KOJIOHHE WJIH
HKT)

4. CocTaB cMecH Ha 3a-
0oe B cTBOIIE (IKCILTY-
ATaIMIOHHOH KOJIOHHE
wm HKT)

5. InHamuka u3MeHe-
HUSL YpOBHEH XKMAKOC-
TH (pabora D1]H-Ha-
COCOB)

3amepsI BO BpeMe-
HH B KPOBJI€E IL1ac-
Ta MH

3amepsnl BO BpeMe-
HHM B KPOBIIE IIIac-
ta MH

To xe

To xe

To xe

To xe

TEXHOJIOTMYECKNY KOHTPOJIb PABOTEI CKBAXWHBI

IV.I. Onenku paGoThI 3IEMEHTOB MOA3eMHOr0 060PYIOBaHHA

YcTheBBIe JaBie-
s Ha 3Y unu TM,
MH

YcrbeBble faBie-
nus Ha 3Y, 93X,
ITH wnu 1IN B qu-
HAMHKE

Hebursl Ha 3Y, mu-
HaMI4YecKHe YpoB-
HH 110 DX, MeTonaM
OLIEHKHM NIPUTOK-
COCTaBa B CTBOJIE

39X wmn BJI, PH,
MH, IIJI, T

3X

BJI, PU, MH, I1JI,
™

PM_T'(K),
MH(ILT), BJ1, PU,
™

29X

JTo6eIBaroime MamoneGUTHRIE
cKkBaxuHbl. IccienoBanus B
npoiiecce Mycka B pa6ory

o6pIBaroiiue CKBaXXHHbBI (ra3o-
BbI€ WIH C pa3fesIbHON IKCIIya-
Tangel 06 beKkToB). B mponecce
npyrux uccnegoBauuii ['MC-kos-
TPOJIS WK MO CIIEH. IporpaMMe

Jlo6r1Barole HePOHTaHUPYIO-
1I[e CKBAXKUHbI, O0OpYIOBaH-
Hele D1IH. IlepuoguarocTs
OIpefeNAETCS MEPONIPHUATHIMH
TIPOMBICIIOBOTO MOHUTOPHHTA
u 'MIC-xkonTpONs1

II. Ouenku cocTosiHUS IPORYKIMH B CTBOJIE paGoTaIoeN CKBaXKUHbI

J[o6biBaromme. B nponecce
I'MC-xoHTpOns c onpenencHneM
npHTOK-cocrasa (cM. 1. ILI)

Jo6siBarommue. B mpoiecce
T'YIC-xoHTpOIsi C ONpEfeTIeHHEM
NpUTOK-cocTaBa(cm. 1. ILT)

TIPH OTCYTCTBHH ITaKepa

oO6bIBaroIe ¢ MHOTOKOMIO-
HEHTHOW npopyknueit. B nmpo-
necce 'MC-koHTpONA € onpe-
[ElIeHHEM NIPATOK-COCTaBa
(oM. oL ILT)

To xe

Ho6rI1Baromue HepOHTAHNPYIO-
1€ CKBaXKUHbI, 000pYIOBaH-
Hele D1IH. IlepuopuaHocTs on-
penesseTcs MEpONPHATHSIMA
IPOMBICIIOBOI'O MOHUTOPHUHIA K
T'YC-konTpOmns

3 PJI 153-39.0-109-01
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Ta6uma 9. IIponomkenue

Merops! ragpo-

I'pymma Kommiekc METOROB | IMHAMHYECKHX Kommaekc ITpumeyanue (06bEKTHI

CTaHJAPTHBIX 32Ja4. | IPOMBICIIOBO-I€0- | HCCIEOBAHMA | F€OXHMHYECKHX | HCCIEHOBAHUM, TEXHOJIOTHS
HammenoBanue dusmyeckux uccne-| (IHUC) (cniocol | McchenoBaHuil  [MCCIefOBAHNM, 3TaTHOCTD, AP.
craHgapTHOM 3agauu | pgosanuit (ITT'H) H3MepeHus i (I'XN) IJIs OTHENMBLHOM 3aa4K)
MeTOoR 06paboTKM)
IV.II. Onpenenense MeXIUIacCTOBBIX IEPETOKOB

1. MaTepsansl (kpos- | Cepus TM, IIIH, Ho6siBaromue. B mponecce

JISI-IIONOIBA) MEX-
IUTACTOBBIX IEPETOKOB

2. IlpocrpancTBO
MEXKIUIaCTOBbIX
EePETOKOB

3. HampaBnenus
MEXIIJIaCTOBBIX
[EePETOKOB

4. Tun dmonpa B
MeKIUIaCTOBOM mepe-
TOKe (BKIIO4Yast OOHa-
PyXeHre HCTOYHHKA
ITOCTYIINEHUS BOTbI
yepe3 neppopupo-
BaHHbIE HHTEPBAJIbI)
5. Ie6GUTHI 3aKONOH-
HBIX IIEPETOKOB (st
neOHUTOB CBBIIIE

0.5 ky6. M/cyT unu
500 H. Ky6. M/cyT)

1. CymMmapHBIii pacxon
cTabuIsHO padoTaro-
mie# CKBaXKHMHbI I10
SKHAIKOCTH

2. CyMMapHbIH pacxon
CKBaXUHbI IO I'a3y

3. CymMapHsle ¢daszo-
BbIe NeOHTHI ra3o-
KUJAKOCTHOU NPOAYK-
IMH A7 CTaGUIBHO
paboTarolueil cKBa-
XHHBI (BKJIIOYAs ee
00BOTHEHHOCTD)

4. CyMMmapHBIi
pacxop HecTaGH/IBHO
paboraroieit Maso-
NeOHTHONW CKBa>KMHbI
1O XXUAKOCTH

IHC, a Takxke aK-
THBHBIE CIOCOOBI:
I'M (c 3akaukoi
KN3), UHM (c 3a-
kKaukoi MB)

To xe u MeTOxbI
OILICHKH NPUTOKA B
CTBOJIE

Cepus TM, MHA,
HIC, a Takke aKTHB-
HEle ciocoOel: I'M
(¢ 3akaukon 113),
HVIHM (c 3akaukoi
MB)

MHA, HK unu
NHK - g rasa,
HOIIOJIHUTEIHLHO
uHpopmanus TUC
110 OTKPBITOMY
creony, UIC, IBJY

Cepus TM

KB/, U0 — gns
YCTaHOBJICHUS
¢hakTa neperoka

I'MC-koHTpOIA C onpenene-
HUEM [IPUTOK-COCTaBa

(cm. m. IL1, I1I) wnm B mpouec-
ce TEXHHYECKOr0 KOHTPOJS
(em. . V.IID)

To xe

To xe

To xe

To xe

IV.IV. Onpepgenenne cyMMapHbIX ¢a30BbIX pacXOROB CKBaKUHbI

3Y unmu PM_X
(3aMephl BHE UH-
TepBaJIOB IPUTOKA
Ha pa3HBIX CKOPO-
CT4X Ha CIycKax U
oA bEMAX)

3Y unu PM_T, PY

3Y unn PM_T,
MH, TM wm
PM_X (3aMepsbl
BHE MHTEPBAJIOB
[IPUTOKA Ha pa3HBIX
CKOPOCTSIX Ha CIIyC-
Kax H NOT'bEMAXx),
NI (MH), BIT

9X wmm ITT (BJI,
MH)

WcnbiTanns
npo0 A1 ONEHKH
ra3oBoro ¢akTo-
pa, cocTaBa BOJ

Hcubrtanns
npo0 AN OUEHKH
ra3oBoro akTo-
pa, cocTaBa BOJ

To xe

JJobsIBaromue HeTAHbIE
unu Bogo3adopusie, B mpo-
necce ['MC-xorTpOIS € OII-
peneeHneM IPUTOK-COCTaBa
(cm. 1. ILI)

HoObIBaroIue ra3oBble.

B mpouecce T MC-korTpONS
C OIlpefieNIeHHEM IIPHTOK-CO-
craea (cm. . ILI)
JMob6bIBaro1e 0OBOIHAFOILH-
ecst He(hTAHbIC WIH ra30BbIE.
B nponecce THC-konTpond ¢
ofpefie/ieHieM IPHTOK-COCTa-
Ba (cm. 1. ILI)

Jo6sIBarorue 0OBOIHSFOLIH-
ecst He(PTsIHBIE, IKCILTYyaTHPY-
Folrecs B peXXuMe HaKoILIe-
HUS1 (MOA'bEMa YPOBHS).

B nponecce T'C-konTpOns
C onpefieIeHHeM IPUTOK-
cocrasa (cm. . I1. I)
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MerTopnp! rugpo-
I'pynna Komnnekc MeTONOB | TMHAMITYECKHX KomMmmnnekc ITpumeuanne (06 bEKTHI
CTaHJapTHBIX 33flay. | NPOMBICIOBO-TE0- HMCCIIENOBAHUA |F€OXHMHYECKHX| HMCCICHOBAaHMIA, TEXHOIOTHS
HanmeHoBaHHe usnyecknux uccne- | (IMUC) (cmocob | uccnegoBanuil [MccneqOBaHMI, 3TATHOCTS, [D.
CTaHAApPTHOM 3afaun noanuit (IIT'YT) H3MEpeHUs 1 I'Xn) I7Is OTHEIbHOM 3aJa4H)
MeTop, 06paboTku)
5. Cymmapsble ¢azo- | 3X, MH (BJI, ITJT) To xe Jo6r1Batonpe 06BOIHAIONIN-

Bbl€ 1eOHTHI ra3o-
XHMIKOCTHOH NPONyK-
LIMH IJIS HeCTaOMIBHO
paboTaromeit Manmone-
GHTHOM CKBAXKHHbBI
(Bknroyas ee o6BOJI-
HEHHOCTD)

V.

1. MydThI 06cagHbIX H
¢ TOBLIX KOJIOHH

2. TpaexTopus cTBONA
CKBAXKHHBI

3. UckyccTBeHHBII 3a-
6o

4. D1eMEHTHI ITON3EM-
HOro o60pyRoBaHus
(6armmak HKT, make-
PBl, TyCKOBBIE MY(PTHI B
T.IL

5. Onpepenenne MecT
npuxsata HKT, np.
o6opynoBaHusA

JIM, ITIO, OM]I
NH_I'1
HIa6noumpoBanne,
JIM, TK
JIM,MK,OM/, I'T
HWIH METONIAMH OLiEH-
KU npEToKa, TM,

1IN B quHamuke

I10, JIM, AK[]

ecst He(bTSHBIE WK ra30BLIE,
9KCIUTyaTHPYIOIHECS B pe-
KIMe HaKOIUTeHu (MorbeMa
yposa:). B nmponecce THC-
KOHTPOJ C ONpefeeHREM
TIPATOK-cocTaBa (cM. 1. ILI)

TEXHUYECKUY KOHTPOIIb COCTOSIHUSI CKBAXUHBI
V.I. YToyHeHHE NONOXKEHHS 3IEMEHTOB KOHCTPYKIMH

OG6caxkeHHbIe CKBAaXKXMHbI.

B nponecce mo6bIx uccneno-
BaHuii no I'YIC-koHTpOII0
OxcniyaTanMOHHbIA GOHA
ckBaxuH. COriacHO IIaHy
MOBTOPHOH MHKJIMHOMETPHHA

O6caxkeHHbIE CKBaXXMHBI.
B nponecce mo0rix uccnepo-
BaHu#i o 'Y C-xonTpomio

O6caxxeHHbIE CKBaXXHHBI.

B mpouecce mo6bIx uccnego-
Banuil mo 'MC-konTpomIo
WM IO CHEll. TPorpaMMe

O6caxeHHbIE CKBaXKHHBI.
B nponecce mukBupanmy aBa-
puit

V.II. OtieHKE COCTOSHUS BHYTPHKOJIOHHOT'O HPOCTPAHCTBA TPYG (BHE NMPONYKTUBHLIX HHTEPBANIOB)

1. CanbHuKHE (THApAT-
Hble NPOOKH, CONEBBIE
OTJIOXKEHMS )

2. Koppo3sus cunbHas

3. Koppo3snus cnabas

Ilfa6nonupoBanue,
MK wmim MeTomaMu
OLCHKH IPHTOKA,
1IN B fuHAMuKE

MK, OM[, IT[

ITO, CAT, ckea-
HUHHOE 8UOE0

O6caxeHHbIe TOOBIBaIOIINE

CKBaxXKHHbI. B mpouecce nuk-

BHJIALIM IIPHIMH HEIPOXOXK-

AeHAs MpHOOPOB (11a6IOHOB)
Crapniii GoHR KCITyaTanu-
OHHBIX ckBaxXuH. OxBaT — 110
100%

DOoHJ IKCITYaTAAOHHBIX
ckBaxkuH. Oxsat — o 10% B
npouecce PYIUX MEPONpHS-
THH TEXHHYECKOTO KOHTPOIS

V.I11. BrisiBlcHHE HETEPMETHYHOCTE! KOJNIOHH H YTOUHeHue rpanul] punsTpa

1. TTepdopanms (ns-
TepBaJibl), OTAEILHBIE
HErEpMETHYHOCTH
augTOBOM U IKCILTya-
TalMOHHOH o6camHoi
KOJIOHHBI

2. HerepmeTuynocta
ApYTHX 06CaHbIX KO-
JIOHH (TEXHHYECKOM,

INPOMEXYTOYHOH M Np.)

JIM, I'TTT, DM,
MK, a Tak:ke aKTHB-
HbI€ CIOCOOBI: cepust
I'M c 3axkaukoit U3,
PH ¢ 3akaukoit MB,
TM c 3aKayKoi KOH-
TPacTHOH 110 TeMIle-
paType XuKOoCTH
M

PoHp 3KCIUTyaTalAOHHBIX
ckBaxuH. ITocsie nepBuaHOR
WA HOBTOPHOM nepcoparmm,
NpH NOAO3PEHMsAX Ha Herep-
METHYHOCTb KOJTOHH

®doHp FKCILTyaTamOHHBIX
ckBaxuH. [Ipu mogo3spennsax
Ha aBapHHHOE TEXHAYECKOE
COCTOsiHIE

3*
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Ta6mmua 9. TIporomkenne

I'pynna
CTaHJapTHBIX 3ajadq.
Hawnmenosanne
CTAHJAPTHOH 3ajaun

KoMmmnnekce MeTonos
NPOMBICIIOBO-T¢O(H3H-
YECKHX HCCIETOBAHUN
Iarn)

Merops! rugpo-
IUHAMMYECKUX
HCCIENOBAHMI

TOHC) (cmocob

H3MEpeHust 1
MeTox 06paboTKu)

Kommekc
reOXHMHYECKHX
HACCIIeOBaHMIt
(TXW)

IIpumeyanue (06 bEKTHI
HCCIIEAOBAHMI, TEXHOIOTUS
HCCNIENOBAHMM, 3TAIHOCTD,
Ap. IVIF OTAEABHOU 3ajauM)

1. Haymmvme (mosmHoe
WIH YaCTUYIHOE) IEMEH-
Ta B 3aKOJIOHHOM IIPOC-
TpaHCTBe

2. CopepkaHue LeMEH-
Ta 110 HaIpaBJICHUAM

3. CuenieHue neMeHTa
C IOPONOi N KOJIOHHOU

4. KauecTBo ieMeHTa-
Ka KOJIOHHBI

5. HerepMeTHyHOCTH
LEMEHTHOI'O KOJIBIIA,
CO3JaIOINMe YCIOBHS
Il 3aKOJIOHHBIX Mepe-

TOKOB (DIIIOHHOB

1. Ynanenue c 3a60s
XKHUIKOCTH (BOMBI)

2. Ynanenue c 3a60s
rpsi3u (OypoBoit Kuj-
KOCTH)

3. Ynaneune c 3a6os
MEXaHHYECKUX IpuMe-
cen

1. OxBaT NIPOXYKTHBHO-
ro mwiacra nepdopaip-
elt (Ka4eCTBO ¥ CTENCHD
BCKPBITHSA IUTACTa)

2. D¢ PeKTHBHOCTD
H30JISILMM ILTACTA HOCTE
KPC (repMeTuynoOCTS
“IL1acThIps” B MecTe
OnIBIIIETO (PHIBTpA)

3. OddexTuBHOCTS 32-
KayKH B IUTACT (MJIH IO
Y4CTh) IONUMEPHBIX
FEpPMETHKOB

V.IV. KoHTponb Ka4ecTBa [eMeHTaxka

TM nociie 3aauBKH,
I'TLI, AKII

ITH, AKII, IIAM

AKII, ITIAM

ITAM

B munamuike MeTogamMu:
™, lIIN, IIC

VI. KOHTPOJIb HHTEHCU®U
VLI Ouenkn 3¢y ek THBHOCTH 04l

BJI, MH, PY, ITJ1, TU

To xe

IlTa6nonupoBanne

VLIL Ouenky 3¢ (peKTHBHOCTH BCKP

JIM,ITH, SMIO, MK u

AOIIOJITHUTCIIBHO — M€E-
TONbI OLICHKH NPUTOKA
B TUHAMHKE

MK, CAT, a takxe ak-
THBHLIE cniocobel (I'M ¢
3aKkaukoi PY) unm me-
TOJBI OLCHKH HACKIILE-
HUA B GIIDKHEH 30He
(MHK, IIAM) wmu TM,
MH u MeTOofRI OLIEHKH
IPHTOKA (IIPUEMHICTOC-
TH) B JHUHAMUKE

T™M, MH u MeTopbI
OLICHKM NPUTOKA (IIpH-
€MHCTOCTH) B TUHAMUKE

JomomHuTeNEHO —
merons! I'TTA
OJI OLIEHKH THJI-
POIHHAMITYECKO-
T'O COBEPILIEHCTBA
¢uneTpa
HonmonuuresHO—
meronsl I'TTH gost
OLIEHKH I'IIpOjIH-
HAMHUYECKOH CBS-
31 MEXAY ILac-
TOM H CKBa>KMHOH

HomomuurensHo —
merons! I'TTNA gns
OLIEHKH THAPO.IH-
HAMUYECKOH CBSI3H
MEXIY IUIaCTOM H
CKBa>XMHOH

CTKH 3a60s1

bITHA ILIacTa

®onn 06caxkeHHBIX CKBa-
xuH. Oxsat 100%. [Tocye
BBITIOJIHEHUS LIEMEHTAXA

To xe

®oHg 06caKeHHBIX CKBa-
xuH. ITpu nogo3penusx na
HErE€PMETHYHOCTE LIEMEHT-
HOT'O KaMH# 1 3aKOJIOHHBIE
MePEeTOKH

To xke

To xe

[KALIUHA

DKCITyaTalMOHHBIE CKBa-
xunsl. [Tocne nposenenms
COOTBETCTBYFOLLMX MEPO-
TIPHSTTHIA

To xe

To xe

OKCITyaTaliOHHBIE CKBA-
*kuHel [Tocne npoBenenus
nep¢OpaoHHbIX paboT

IKCIUTyaTalMOHHLIE CKBa-
xuHbl. [Tocne nposenenus
H30JISIIUOHHBIX PaboT
cayx60i KPC

HarseTarenennie ckpaxku-
Hel [To mporpamme crern,
MEPOIIPUSTHI O KOppeK-
MH TIPODUIIS IPHEMHCTOC-
TH (M30JISIIUH BBICOKOIIPO-

HHIJa€MBIX TOJILIHH)
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MeTopb! rufpo-
I'pynma KoMmmnekc METOAOB | TMHAMHYECKAX KomMmnneke IMpumeyanne (06 BEKTHI
CTaHJApTHLIX 3ajjay. | IPOMBICIOBO-TEO- | HCCIENOBaHMN |FEOXMMMYECKHMX| HCCIEIOBAHUMA, TEXHOIOTHA
HawnmenoBanue dusmaeckux uccine-| (FAHC) (cnocob | uccneroBaHuil [HCCIEOBaHHMA, STAIHOCTD, AP.
CTaHRapTHOM 3afa4n nosanuii (TITH) HU3MEpPEHUs U (I'XH) VIS OTHENBHOM 3aTayun)

MeTo 06paGoTKH)

1. OddexTUBHOCTE CBa-
6upoBaHHA (KOMIIPECCH-

Cepust TM, MH

VLI Ouenxu 3¢p¢eKTHBHOCTH OUACTKH IpH3a60AHOMN 30HbI

DKCITyaTaHOHHbIE CKBAXH-
uel. [Toce nposefeHMs cOOT-

pOBaHUs) BETCTBYIOLIMX MEPOIPHSITHI
2. 9dpdexruBHocts kuc- | HM, TM, meTons! To xe

JOTHOH 00paGOoTKH OLIEHKH MPHTOKA

3. 3ddextasrocts AB | TM, MeTOIBI OlIEH- To xe

(aKycTH4Y€ECKOro BO3-
REeHCTBHA)

Ku nputoka, HIC

VLIV. Ouenkd 3¢ beKTHBHOCTH BO3[EHCTBIS Ha JAJILHIOK 30HY IJIacTa

1. O¢hpeKTHBHOCTE I'H-
Ipopa3pblBa ILIacTa

TM, MH, MeTonb!
OIIeHKH TIPATOKA,
IMAM

IKCIUTyaTalHOHHbIE CKBAXKH-
Hbl. ITocte mpoBenieHus1 COOT-
BETCTBYIOIIHX MEPONIPHSATHI

2. 3¢ dexTHBHOCTD TM, MeTORBI OLICH- To xe
TI'XB (TepMOTHAPOXU- | KM IIPHTOKA
MHYECKHX BO3J€UCTBHU)

VLV. Ouienxd 3¢ ¢eKTHBHOCTH IPYTrAX MEPOIPHUATHI 110 H3MEHEHHIO TEXHHYECKOr0 COCTOSHNS CKBAXXKHHbI

1. OddexTHBHOCTD
TopnegupoBaHus (06-
pbIBa) KOIOHHBI

O, MK, ™™, IT]

DKCILTyaTalHOHHBIE CKBaXH-
Hbl1. [Tocne mpoBeneHmst COOT-
BETCTBYIOIIX MEPONPUATHH

2. O¢pextuBHocTs ye- | TM, MeTOmBI OLIEH- To xe
TaHOBKM LIEMEHTHOTO | KH IIPUTOKa

MOCTa

3. 9¢dexTusHocts yc- |JIM, MK, I'TTY To xe
TaHOBKH B3phIB-NIaKe-

pos KBI1

4. 3¢ dhexTUBHOCTD JIM, MK, TM, TH To xe

JTHKBUIAIMH napauHO-
THpaTHLIX 0Opa30Ba-
HHH C IOMOIILIO 3JIEKT-
pOHArpeBaTe bHbIX

WM MHOYKIHOHHBIX Ha-
rpeBaTelicl, MEXaHu4eC-
KX CKpeOKOB

O6beMbl B NEPHOAUYHOCTh YKa3aHHBIX KOMIUIEKCOB OIIPENENAIOTCI M COCTABISAIOTCSL:

— MUHUMANBHDBLLL Komnaekc (BXOTUT KaK 00s3aTeNIbHbIH MUHMMAJIbHBIHA BO BCE TOCTIENYIOIIUE KOM-
IIEKCHI, M.06. THIOBBIM HIIH HHIMBHTYAJTLHBIM) — YCTAHABIMBAETCS COIJIACHO MPOEKTAM OIBLITHO-IIPOMBIIII-
NeHHOM pa3paboTKK Ha 6a3e yTBEPXKIEHHbIX HOPMATHBHBIX AOKyMEHTOB MuHaHepro P® (TaGnuua 8);

— 06A3aMeAbHbLiL KOMNAEKC OTIPEAENIIETC HayYHO-ACCIEOBATEILCKAMA HHCTUTYTaMH B IPOEKM-

HbLMU OPraHU3ALUUsIMH B CHELMATBHBIX pa3feliax IPOeKTOB U TEXHOJIOTHYECKUX CXeM pa3paboTKH Ha
fa3e yTBEpKICHHBIX HOPMaTHBHBIX JOKyMEHTOB MuH3Hepro P®, IIKP 1 THUEH3MOHHBIX corJIalieHn;

— ONMUMANBLHBLL KOMARAEKC — YTBEPXKAAeTcsd He(TerasogoObIBalOIMMHA IPEAIPUATUSIMHE HETPO-
NoNb30BaTENEH A Pa3iMUHBIX cMaduti ¥ 3TAaNOB Pa3paboTKH, COINAacHO MPOEKTaM pa3paboTKH, yT-
BepxkpeHHbIM LIKP Munsnepro P®;

— cneyuaabHble UCCAeO08aHUA ONPERENSAIOTCS OpraHM3alUsIMH HENPOIOJIL30BaTeNeH B COOT-
BETCTBUH C MPOEKTAMH ONBITHO-IIPOMBICIOBBIX pa6or u mnanamu HHUOKP.

12.9. PekoMeHgyeMble KOMILIEKCHI HCCIENOBAHMI IIPH PEIICHUM 3a[]a4 HA Pa3NuYHbIX JTanax pas-
pabOTKH HETSHBIX U Fa30BBIX MECTOPOXKACHUH NIpUBENEHE! B Tabnuie 9.
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Taéanaua 10. OOsa3aTeNbHLIA H JONOIHATEILHBIH KOMILIEKCH] HCCIETOBAHUI B OTKPBITOM CTBOJIE AJI PELICHHUS
reOIOrHYECKHMX H TEXHHYECKHX 3a/jay B 3KCIUTyaTallHOHHBIX CKBaXXMHAX

CrpykTypa KOMIIEKca MeTtopsr TUPC
QO6mue uccnegoBaHuA (1O BCeMy paspesy I'TUD, TIC, KC (1-2 30Hpa 13 cocraBa BK3),
CKBaXXHH) BKY,I'K, HK, AKY, ITK-TT", npogunemerpus,
O643aTenbHbIE HHKJIMHOMETpHS, pe3ucTuBuMeTpist MK3, I'M
HCCTIEMOBaHNA Detanpunie uccnegobanud (B npogyktus- | [1C, BK3, BK, UK (3MK), I'K, MK (BMK),
HBIX HHTEPBAax) npodpunemerpus, I'K-CD, HK, AK, I'TK-1Y,
ITK-1:2
ITpu Hamauu B mponyKTUBHLIX HHTepBa- | [IK, FAK, OIIK, UITT, sanekTpriecKuii CKaHep,
Jax pa3pesa CJIOKHBIX KOIEKTOpoB (Tpe- | IMK
[MHHBIX, TJIMHACTHIX, OUTYMUHO3HBIX)
Ins yrounenns monoxenns Mexgmonn- | IIK, OIIK, UIIT, AIMK, MHK, AKII-AKTAIII
HbIX KOHTAKTOB, TEKYIIeH HaChILIEHHOCTA
JIOHOJIHKTGHBHL‘C H ILNaCTOBBIX naBJ[eHHﬁ B IPOAYKTHUBHbBIX
HCCIIEOBAHUS HHTCpBajlax
Ilpu HeopHo3naynoi reomornyeckoi uu- | IJIK, OIIK, HUIIT, KO, uccnefosanus B He00X0-
TepupeTanu MatepuanoB ['MIC B mpoAyk- | AMMBIX HHTEPBAIAX IO CIIEIIKATLHBIM TEXHOIOTHAM
THBHBIX HHTEpBaJlax pa3pesa €O CMEHOM TEXHWYECKUX YCIIOBHI B CKBaXKHHE
Tns o6ecneyenns MopienupoBanmsi 3ayiexeit | BCI1, raxnonomeTpus
| TIpdA IpoBeeHnH ceficMopasBenku 31
IIpumevanus:

1) mpu KycToBoM GypeHMH — B OMHOH H3 CKBaXKMH KYCTa;
2) B pa3pe3ax ¢ Kap6OHaTHLIMH KOJUIEKTOPaMH.

Taémuua 11. Kommneke I'TU npu 6ypeHnH 3KCINTyaTaIMOHHBIX CKBaXKUH

O6s3aTenpHbIe
UCCIENOBAHUA U U3MEPEHHA

HomnonHuTe/bHbIE

PeinaeMrle 3agaqu
a HCCNENOBaHNS N M3MEPEHUS

Teonoruyeckue 3afadu:

* JIMTOJIOTMYECKOE pacyieHeHHe pas-
pesa;

* BhIjeJIEHHE TIACTOB-KOJJICKTOPOB;

* OIpefieNieHHe XapaKTepa HachlIeH-
HOCTH ILTACTOB-KOJLIIEKTOPOB;

* BbISBIIEHHE PEllepHBIX TOPH3OHTOB

HccnepoBanne 6ypoBOro pacTBopa:

* ompefeNeHHe 00BEMHOr0 U CyMMap-
HOTO ra3zocofepxKanus 6ypoBoro
pacTBopa;

* AMCKPETHOE WM HENPEPLIBHOE H3-
MepeHne KOMIIOHEHTHOIO COCTaBa
YIII€BOJOPOIHOTO ra3a, H3BJIeYCHHO-
ro u3 6ypoBOro pacTBOpa;

* NepHOfHYECcKas TEPMOBAKyyMHasl
Aerasanus Ipod pacTeopa

Omnpenenenue BI3KOCTH H BO-
mooTHayn 6ypoBOro pacTBopa

TexHonoraueckue 3agayu:

+ paHHee OGHApYyXKeHHe ra3o-, Hedre-,

BOJIONPOABIEHAN U IOTJIOIIEHHIA
npH 6YpeHHH B CYCKO-NMOTBEMHBIX
Onepanusix;

* pPaCrno3HaBaHue U onpepeneHue npo-
AOJIXHUTECIBHOCTH TEXHOJIOTMYECKHX

onepanui;
+ BBIOOD M NOAfiepKaHNE paldOHAlIb-

HOT'O peXuMa OypeHust C KOBTpOJIeM

oTpabOTKH JOJIOT;

* ONTHMH3ANAA CIIYCKO-NIOABEMHBIX
onepauui;

¢ KOHTPOJIb THAPOAMHAMHUYIECKHX 1aB-

JIEHMHA B CKBaXKUHE,

* KOHTPOJbL CITYCKA U UEMCHTHPOBAHUA

o6cagHOH KOJIOHHBI;

* JHArHOCTHKA IIpeaBapUiHbIX CHTYa-

LMl B peaIbHOM MaciuTale BpeMeHH

Wsmepeune u onpefteIcHAE TEXHONO-
MYECKHX apaMeTPOB:

* [NIyOMHA CKBAXKUHBI H MEXaHUIECKas
CKOPOCTb [IPOXOJKH;

* BeC Ha KPIOKE U HATPY3Ka Ha IONOTO;

* jaBienye OYpOBOTO pacTBOpa Ha
CTOsAKe MaHH(OIbIA U B 3aTPYOhe;

* YHCIIO XOOOB HAcoca,

* pACXOJ[ WK TOTOK GYPOBOTO PacTBOpa
Ha BBIXOJl€ U3 CKBaXWHBI;

* ypoBeHb H 00beM OYpPOBOTO pacTBOpa
B €MKOCTSX;

* CKOPOCTb CITyCKa H IOA'beMa GypHilb-
HOT'O HHCTPYMEHTA;

* IIOTHOCTEL OypOBOTO pacTBOpa Ha
BXOJie H Ha BBIXOJI€ H3 CKBaXKUHBI,

* CKOpOCTb BpalllcHHsA POTOPA,

* KpPyTAMMIA MOMEHT Ha POTOPE;

* TEMIIEpaTypa pacTBOpa Ha BXOJE H
Ha BBIXOJI€ H3 CKBaKHHBI
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Taénrna 12. O693aTeNbHbIA H [OIOJHATEILHBIA KOMILIEKCH] FeO(PH3NIECKIX HCCIETOBAHUI B TOPU30HTAIBHBIX
yYacTKax CTBOJIA IKCILTyaTalMOHHbIX CKBaXKUH

CTpyKTypa KOMILIEKCa

MeTonsl TC

IIpumeuanue

I'TH, TK, UK (BMK), HK, I1C (rpaguent IIC), un-
KIMHOMeTpHs, pe3uctusuMerpuss BUKHN3

TeppureHHsli pa3pes

O6s3aTenbHbIe HCCEeIOBAHUS

I'TH, UK (OMK), I'K, BK (nceBpobokosoit), HK, I1C
(rpapguent I1C), MHKITHHOMETPHS, PE3UCTUBAMETPHS

Kap6onaTHbI pa3pes

HOHOHHHTGHLHLIC HCCIICHOBaAHNA

AK.ITK.TK-C

Cneunanbnme HCCIEeNOBaHHUA

Asumyranensle BK, BMK, AK u I'K; MK

Ta6mana 13. O6g3aTeNbHBIN U NOIONHATENLHBIN KoMinexchl I'TH npu 6ypeHHH rOpH3OHTANBHbIX CKBAXKUH

Pemraemsle 3agaun

O0s13aTenbHbIE UCCIIENOBAHUA
H U3MEpEeHus

HOHOIIHI/ITCJILHBIC HCCIICAOBAaHUA
1 U3MEPDEHUA

I'eonornmueckue 3afayu:

* JIATONIOrO-CTpaTUrpacdudecKoe
pacwieHeHHE pa3pe3a;

* BbIeJIEHHE MIACTOB-KOJIEKTO-
pOB;

* ONpeflelIeHHE XapaKTepa Hackl-
ILEHHOCTH IIACTOB-KOJLIEKTOPOB;

* BbISIBJIEHHE PENEPHBIX TOPH3OHTOB

HccnepoBanue 6ypoBOro pacrsopa:

onpepeneHne 00BEMHOTO ¥ CyM-
MapHOTO razocofepxanus 6ypo-
BOTO PacTBOPa;

HENpephIBHOE H3MEPEHHE KOMIIO-
HEHTHOTO COCTaBa YIIIEBOAOPOA-
HOT'O ra3a, H3BlI€4eHHOro U3 Gypo-
BOTr'O PacTBOPa;

neprHoguYecKas TEPMOBAaKYyM-
Has fera3anus mpo6 pacTBopa
maMa

Makpo- B MUKPOCKOIHS L1aMa;
JIFOMHUHECIIEHTHLIN aHaIu3;
OlleHKa IUIOTHOCTH M IIOPUCTOCTH;

MPOBeJeHNEe HHKIINHOMETPHYEC-
KHX 3aMepOB aBTOHOMHBIMH I1PH-
6opamu;

u3MepeHne reopu3nIECKUx napa-
METPOB € MOMOIIBLIO 3a00HHBIX
TeeEMeTPHYECKUX CHCTEM;
KOHTPOJb NpoLecca LeMEHTHPO-
BaHUs

Texsnonornyeckre 3agadu:

*+ paHHeEe oﬁnapyxe}mcé raso-, Heg-
Te-, BONONPOSIBIIEHAH H MOTIIOIE-
HU¥ Ipy 6YpeHUH ¥ CITyCKO-TION b-
€MHBIX ONlepaIHsX;

¢ ONTHMM3aLHUs mpolecca yrirybie-
HHUS CKBaXKUHBI;

* pacno3HaBaHME U ONPEACIICHHE
IPOROJIKATEIHLHOCTH TEXHOJIOIH-
YECKHX Ollepauui;

¢ BBIGOp M NOAEp:KAHUE PALIHO-
HAJLHOTO peXuMa OypeHus ¢ KOH-
TposeM oTpabOTKH AOJIOT;

* ONTHMH3ALHS CITyCKO-MON bEMHBIX
onepauui;

* KOHTPOIb TMAPOAMHAMAYECKHX
JMaBJIcHUHA B CKBaXKHHE;

* ompefelieHHe ¥ NPOTHO3 IIACTO-
BOrO H IapOBOTO aBJICHHUI;

* KOHTPOINB CIIyCKa B IEMEHTHPOBA-
HEst 06CaTHON KOJIOHHEI;

* IMarHOCTHMKA NpefaBapuiHbIX CH-
Tyanuii B peaJlbHOM MaciuTabe
BpEMEHH

V3Mepenne u onpefeleHne TEXHO-
JIOTMYECKUX TAPaMETPOB:

rnyﬁmxa CKBaXHHbI  MEXaHHYEC-
Kas CKOPOCTBb IIPOXOJKH,

BeC Ha KpIOKe M Harpyska Ha flo-
10TO;

RaBleHne GypoBOro pacTBopa Ha
CTOsIKe MaHH(ONb/Ia U B 3aTPYObE;

YHCIIO XOA0OB HACOCa;

pacxop MM IOoTOK 6ypoBoro pac-
TBOpA Ha BHIXOJIE M3 CKBAXKMHLI;

ypoBeHb H 00beM GypOBOro pac-
TBOpa B EMKOCTSIX;

CKOPOCTb CIIyCKa H MOfbeMa 6y-
PWIBHOTO HHCTPYMEHTA;

IUIOTHOCTH 6YpPOBOro pacTBOpa Ha
BXOJIC¢ M Ha BLIXOAC U3 CKBaXKHHbI;

CKOpOCTh BpallICHUs! POTOPa;
KpYTSILMA MOMEHT Ha POTODE,

TeMIiepaTypa pacTBOpa Ha BXOJE
¥ Ha BBIXOJI€ H3 CKBAXKHMHBI

YHienbHOE 37IEKTPAYECKOE COMPO-
THBJICHHE PacTBOpa Ha BXOJE H
BBIXOJIE;

BHOPOAKyCTUYECKHE XapaKTEepHC-
THKH, NOJIy4aeMble B IPOLECCe
6ypeHus
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IMPUJIOXEHME A
(pekoMeHngyemMoe)

TEOPETUYECKHWE YU METOJWYECKUE OCHOBBI
TUIPOTMHAMUYECKUX UCCIETOBAHUN CKBAXWH
1 ITIACTOB CO CJIOXHBIMM TPAEKTOPUSIMU HECTALIMOHAPHBIX TEYUEHNM
(TOPU3OHTAIBHBIX Y YCJIOBHO BEPTUKAJILHBIX CKBAXWH)

CoBpeMeHHbIE TMAPOINHAMHYECKIE METOIBI HCCIICAIOBAHUA CKBAXHH (I'IUC) asngoTca JaabHER-
MM Pa3BUTHEM M CYILECTBEHHBIM JONOIHEHNEM IHPOKO H3BECTHBIX, TPATULHOHHBIX I'TNC Ha 6a3e
NMMHEAHOH TEOPHH YIPYroro pexuMa IPH ILIOCKopafuansHoll puisTpanuu. B Tabmune Al npepncras-
NeHbl HEKOTOpbIE CPaBHATENbHBIE HX XapaKTepHCTHKH. O6nacTi NPHIOKEHHS METONOB 06paboTKHu
KB 1 Tinosbie ropMbl 3a60itibix KBII-KITJI (¢ y4eTOM BAHSHASA 06BEMa CTBOJIA CKBAXUHBI — BCC
# ckuH-(bakTOpa S) NpH INIOCKOPaHanbHO# (hUIBTPAIMH HITIOCTPUPYIOTCS Ha PUCYHKE Al, a cxeMa
castus KITI-KB] Ha pucyHke A2.

Ta6muna Al. CpaBHUTENBHbIE XapaKTEPUCTHKH TPAAULMOHHBIX M COBPEMEHHBIX THIPOJMHAMUYECKAX METONIOB
HCCTIENOBAHHUS CKBaXHH HA 6a3e TMHEHHOM TEOPHH YIPYroro pexumMa (puisTpanuu

XapakTepHUCTHKH

Meropsl IIUC no KIT[I-KBJ

TpafUIHOHHbBIE

COBpPEMEHHBIE

1IpH aHAJIA3€ JaHHbIX HCNOJb3YIOTCA

CKOpPOCTh U3MEHEHHS 1aBJie-
HES BO BpeMeHH P (1)

JOIMOJTHATEIIBHO HCHOJIL3yeTCSI TCMII U3ME-
oP;(t)
ot

HEHUA JaBJICHAA

HCMONBb3YETCH KOHICTIIHNA

TONILKO INTOCKOPAAHATBHOrO
[PUTOKA K BEPTHKAIBHOA
ckBaxwuHe j = 1

CIIOXHBIX KOHQUTypauuil TpaeKTOPHUil He-
yCTaHOBHBIIEHCS (PUIBTpAlMA K CKBaXKH-
HaM (TOpU3OHTANbHBIM B Ap.) j = 0; 1; 2.
Cnoxssie MII®C

npuMeHsieMbIe ITyOMHHbIE

CMEXaHNYCCKUMH JaTIHKaMHA

3JIEKTPOHHBIE C MEE30KBAPICBbIMU HaTIn-

MaHOMETPBI paBneHus (TeJTHKCHbIE, IOPI- | KaMH JaBIICHAS
HEBBIE...)
BUJl pETHCTpaLiK B OCHOBHOM Ha OlIaHKe B 3JIEKTPOHHOH NMaMsITH

IPONOJEKATENIBLHOCTE BDEMEHH PETH-
CcTpauyy, CyTKH

mo 1-15

mo 20-500

00'be€M TIAMSITH, TOUYEK perucTpanun

OT HECKONBKHX JO HECKOJIbKHAX
RECATKOB

ot 1000 mo 500000

OpoT 4yBCTBHTENbHOCTH, MITa

1.4 x 1073-7 x 107

5% 10°5-7x 10°°

pacungpoBKa, “‘CYMTHIBAHAE” AaH-
HBIX

4acTO Py4Has C MOMOIIBIO
KOMIIapaTopa

KOMIIBIOTCPHBIC TEXHOJIOI'AH

00paGoTKa JaHHBIX, rpadhHIeCcKHe [o-
CTpOeHYS], BBIJIEJICHHE XapaKTEPHBIX
yuactkoB KBJI-KIIJI, rupponpocity-
IUBAHIE. ..

C BbIIEJICHHEM XapaKTEPHBIX
TOYEK, HHOITA C IOMOILIBIO
KOMIIBIOTEpa

BCIOMOTaTeNbHbIE ABTOMAaTU3HPOBaHHEIE
KOMITBIOTEPHBIE TEXHONIOTHHA — IPOrpam-
MHBIE KOMIUIEKCHI C UCTTOJIL30BAHKUEM IIPO-
HM3BOMHBIX aBJCHHSA

YHCTIO OLEHMBAEMEIX, ONPENENIEMBIX
IapaMeTpoB, KauyecTBO HadopMalu-
OHHOTO obecneYeHus

235 Kb & gy

¢ up

4 u 6onee = K; Kj; 1%1 ;

CTPYKTYpa IIOTOKA...

3aTpaThl HA UCCICAOBAaHUs CKBAXKUH

OTHOCHUTCIBHO HU3KHC

CPaBHHUTECJIBHO BBICOKHE

nHgopmMannoBHast 3¢p(HEeKTUBHOCTh

xoporas

BbBICOKAasA
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Pucynok A2. CxeMma casatus KITO-KBJI.
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1. TEOPETUYECKHWUE U METOOWYECKHWE OCHOBbBI UCCIIENOBAHHA
CKBAXWH I10 KIIJ-KB]J

1.1. BEepipeHre ropu30HTAIBHbIX CKBaXKWH, HOBBIX TEXHOJIOTHIA pa3pabOoTKH CIIOXKHONOCTPOEHHBIX
HE(TSHBIX H ra30BbIX MECTOPOXJEHHH, C TPYAHO H3BJIE€KAaEMbIMH 3allacaMi, aHOMaJIbHbIMK (HEHBIOTO-
HOBCKHMH) CBOMCTBaMHM He(PTEH BBIABHraeT HayYHO-TEXHHYECKYIO MPOOIEMY albHERIIErO Pa3BUTHS
M COBEPIICHCTBOBAHMA KOMIUIEKCA B3aMMOCBSA3aHHbIX COCTaBIAIOLINX 3JIEMEHTOB T'MIPORHHAMHUYEC-
kux uccnegoanuit ckpaxuH ¥ miuactoB (U C) co cnoxHbIME TpaeKTOopusaMH dunbsTpanuu. K TakuM
anemeHTaM cucreMbl I'TIVIC oTHOCSTCA TeOpeTHYECKUE OCHOBBI (PHCYHOK A3), TEXHHKA H TEXHONIOTHS
npoBefieHus (3aMepbl — PETUCTPaLMs C IOMOIIBIO INTyOMHHBIX MPHOOPOB H3IMEHEHHUI BO BpEMEHH 3a-
OOMHBIX AaBIEHHH, JEOUTOB, TEMIIEPATYP), METOABI H NpOLERYPEl OOPA0OTKH H HHTEPIPETALMU aH-
HBIX IIPOMBICIIOBO-3KCIIEPUMEHTANBHBIX HCCIEOBaHuUH, onieHKa pe3yabTaToB I'TITMC ropn3oHTanbHbIX
¥ TUAPOIMHAMUYECKH HECOBEPILICHHBIX BEPTHKAIBHBIX CKBaXKHH.

OcHoBHble npuHIUnUansibie otauyusd [TV C ropu3oHTaNnbHBIX CKBa’KHH OT BEPTHKANBLHBIX 3a-
KJIIOYAIOTCH B HETPAOUIUOHHBIX CIOXHBIX KOH(UIypauusix pUNbTPAHOHHBIX TEYEHNH, OTIMYHbIX OT
ILIOCKOPaAMaJIbHbIX IOTOKOB.

PaszpaGoTranHble 3a NOCIICHHAE I'OfibI BbICOKOTOYHBIE INTyOUHHbBIE 3EKTPOHHBIE MAHOMETPBI C IIbE-
30KBapLEBbIMH aTYHKaMU [aBJICHUS ¥ INMyOHHHbIE KOMIUIEKCHI € CONMYTCTBYIOINUM KOMIIBIOTEPHBIM
obecneyeHneM NO3BONISIOT HCIIONb30BaTh Npy ananu3e AaHHbIX [T C memnbt uamenenus oaenenus,
a 3HAYHT COOTBETCTBYIOLIME IPOLEAypbl Ha 6a3e jorapuMUUYECKUX IPOU3BOAHBIX AABIEHUS. ITO

riaismacC

v

IHenu mw 3agavumu
rpnucC
1

Teoperudeckue ocsossl I'JUC

IIlnanupoBanme 'TUC

l l

Texuuka THJUC (npuGopsl TexHOnormsa
u obopygoBaHHE) nposepenus 'TUC

i '

3AMEPHELIE KIIN-KB]

v

Mertopgel pacmmu¢dppoBKH H 06pabOTKH JaHHBIX,
B T.4. C Hcnonb30oBaHueM 3 BM

v

MeTO,IILI aHaAllIH3a M MHTECPpINpETAaUHUHd JAHHBIX

rpuc
i§
T AnHanu3s pesyastratoB I'IMC u ux \\\\3
o HCNONBb30OBAHHUS "

Pucynok A3. Ctpykrypa cucremsl ITTHIC.

39



P 153-39.0-109-01

HCTOUYHUKN MCXONHON UHOOPMAIIUHU

leoaoryueckue T'eodnsnyeckue Iannbie Hausvie
JAAHHBIE JaHHBIE PVT ronuc
A
1 i K 1
leosnoruueckas Feodusnueckas Du3znyeckas Tupponwaamu-
MOEb MOJeNb MoJielib yecKas MOAelb

N /

Mopgenns nomacToBO#
PUNBLTPauHNOHHON CHCTEMBI

- - ~ =~
-
- -~ ~ ~ -
- - - i

- ~ N e
BHyTpeHHUE IBasucHas MOJfendb nmiacra- I BHewnue
TrpaHdYHBIE |0oCHOBHOEe fHPpPepeHUNHAND- { TrpaHH4YHBIE
ycnosug {HOe ynpaBneHne GUIBTPARUU | YyCNIOBUSA
\\* 4—"’
PesyneTaT pemieHHd "
CoBMecTHOE npsMo# 3agavm
pemeHHuE— nr
ofpaTtHas Pesgln;'rz;'r
elleHH
sapasa IIT 3aMepeHHH € opﬁpa'rnoﬁ
KBIO-KITJQ sagaygyu IIT
Mapamerpn
nijacra-—
MII®C

Pucynok A4. MII®C u peureHns npsaMbiX B 0OpaTHBIX 3aa4 NOA3EMHON THAPOMEXaHUKH.

Pe3KO yiaydlIaeT KauyecTBO HHTEPIpETAlMK M YBEIMIUBAET YHCIO ONpefeseMbIX IapaMeTpOB IIpo-
OYKTHBHBIX IIJIACTOB.

1.2. OcHOBHOI# Hay4YHOH HleeH HCCIENOBaHAA TOPU30OHTANbHBIX CKBaXKHH ABJISETCS KOHUEIIMS IpH-
ONDKEHHOTO MOJIENTMPOBaHUS HEYCTAHOBUBINNXCS (PUNLTPALMOHHBIX TOTOKOB CO CIOXHBIMHM KOH(pH-
TYPauusiMi TPAeKTOPUH TEUESHUT TyTEM HX CXEMAaTH3aI[UH BO BPEMEHH ¥ IPOCTPAHCTBE NPOCTERIINMH
OTHOMEPHBIMA (GUIBTPAIMOHHLIME OTOKAMH M MX KOMOMHAUUAMY NPH pellleHHH OOpaTHBIX 3afad
NoA3eMHOM rupoMexaHuky B npunoxeHns K I'TTAC, a Takke NpHGIMKEHHOE MATEMaTHIECKOE MOfie-
JMMPOBaHKME M CXEMATH3aLHUs CIIOXKHOM KapTHHBI (PMIBTpalMi HEHBIOTOHOBCKHX He(pTel 30HaIbHO-He-
OINHOPONHBIMH IIJJaCTaMH C NOABMKHBIMH YCIIOBHBIMH I'PaHMIIAMH pa3fiesa 30H (HIbTpaluy HEDTH C
Pa3pYILICHHOH! M HE pa3pyLlI€HHOH CTPYKTYPOH M JHATHOCTHKA TIapaMETPOB ITHX 30H.

1.3. Cospemennbie I'TUC paccMaTpuBaroTcs KaK CHCTEMA € HEONPEAEIEHHOCTSAMHE, KakK cinabo-
CTPYKTYPHPOBaHHAs NpoOeMa CHCTEMHOTO aHaK3a. Takoi CHCTEMHBIN MOAXON CITYKHUT METOAMYECKIM
cpeactBoM m3ydeHnst npoGiiembl IIMC 1 mo3BonseT UCNOIb30BaTh MHTErPAIbHbIH 3(PGHEKT CHCTEMBI
IpU CO3NAHMH UAEATH3NPOBAHHBIX MOJiEIEH NNACTOBBIX (hUNbTpaluoHHbIX cucTeM (MIIPC), oTpaxka-
IOIEX peaNbHble OO BEKTHI — MPOAYKTHBHBIE IUIACTHI, B TOM YUC/IE H TOPH30HTAIbLHBIE CKBAXHHBI CO
CJIOXXHBIMH TPAEKTOPHSIMH (PHIILTPaLH.

1.4. MIT®C — 5T0 MyILTUUCHUIUIMHAPHEINA CAHTE3 NPSIMBIX B OOpaTHBIX 3afay HOA3EMHON THAPO-
MEXaHHKH, HHKNa HeTEera3onpoMbICHOBBIX U HPYTHX RUCHUIUINH, ee TpaHcdopManyu U dopmanusa-
s IS IpeflaraeéMoro BBIAEJICHHS HOBBIX [UAarHOCTHYECKHX (MAEHTU(DHKAIMOHHBIX) NPU3HAKOB
([IIT) pasubix MII®C (pucynok A4) ¢ TeM, 9TOOBI, cO31aB OaHK-KaTaJOr pa3IHYHbIX IPOTHOCTHYEC-
KHX TeopeTHiecKux uMATauroHHbIX MIT®C no stum [T MoxxHO 6b110 6b1 ¢ HaMGOBIIEH BEPOSTHO-
CTBIO PacCllO3HABAaTh, BHIAENATH albTepHaTHBHBbIE BapuaHThl MII®PC npu 06paboTKe NPOMBICIOBBIX
AaHHBIX (B TOM YKCJIE CO CIIOXKHBIMHA TPAEKTOPUAMH JJ151 TOPA30HTAIILHBIX CKBAXKIH U MX TIPOCTEHIITMMHU
COCTaBISIOIMMHY) ¥ MHTEPNPETAPOBATD — OICHUBATHL UX ApaMeTPhI C IIOMOLIBIO CHELUANBLHO pa3pa-
60TaHHBIX IPUEMOB U NPOUEAYP IKCIEPTHBIX OICHOK.

CnoxHble MPOCTPAHCTBEHHbIE KOH(UTYpanuu TPaeKTOpUHM (PUIbTpalLMH IpenJiaraeTcs NpHOIH-
3KEHHO CXeMaTH3HPOBATh IPOCTEHIIMMHA OTHOMEPHBIMH (PHIILTPALIMOHHBIME IOTOKAMH H MX KOMOHHA-
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IToka3zarenn IIpsamasn 3agaga OGparnasn 3axa4a
HOJ3eMHOH rHAPOMEXaHUKH HOA3E€MHOH HIPOMEXaHHKH
I - ucxonHoe pudpdepeHnHaILHOE VI - ocHOBHasi pacueTHas popmyaa MIIPC-
ypapHeHue, onucheiBaoomee MIIPC 8 pe3yabTaT PELICHHA COOTBETCTBYIOLICH
HanGonee obmieii popMe MpSIMOIi 3aJja4M; 3aBHCHMOCTE RaBJieHHUS OT
H3BecTHBI, + | Bpemenn n napameTpoB nmacra MII®C
II — npocTpaHCTBEHHOE PACIONOXEHHE
3aaHbl rpanng MII®C (1, 1, h, 13...) .| VI - skcnepumenransusie saBucuMocTa
Il - mapaMeTps! WIacTa U (HIIOUROB RABIICHHA OT BpEMETH
MIT®C (2, khij...) ‘ (3aperncTpUpOBaHHBIX ITTyOHHHBIMU
manoMerpamu — KBII-KIIMI) B BHfE
IV ~ HaYanbHbIE A PAHUYHBIE YCIOBHAL || macpoBbIX Tabmuwl, rpadUKOB, NAHHAIX B
MIeC j | STMCKTpOHHORmAMATH _
______________________ VIII - B pe3ynbTare COBMECTHOTO PEIICHHS
: V — aHanuTHYeCKOe BhlpaxkeHHe (popMyina), aHaNMETHYEeCKOro ypaBHeHUA (VI) M YHCIEHHOTrO
! nony4eHHoe B pesynbraTe ypaBHenus (VII) ¢ yuerom /111 MITOC
HHTerpapoBanus ypasHeHus (I) npu HaxoXJeHue (onmpefielieHre, OEHKa...):
Hckombie, 1 yenoswusix (I1)—(IV), onuceisatomee - mapameTpos nnacta u umonnos MIIOC (11D,
AopIexamue pacipefeneHie aBleHHs B [IaCTe — INPOCTPaHCTBEHHOT'O PACIONIOXEHHS TPaHHUI]
HAXOXKCHHIO | (CKBaXUHE) B 3aBUCHMOCTH OT BPEMEHHU H MII®C (II) (rpaHunb! 30H, COPOCHL...);
: napamMeTpoB MII®C => OCHOBHA S — yCHOBHSs Ha TpaHHLax mwiacTa (IV);
"PACUYETHAS ®OPMYIIA MI1®C — Apyrux ¢pUILTPAHOHHBIX XapaKTEPHCTHK
e i | MIT®C (3ak0H pueTPaUMH, THI
4 (pHIBLTPAIOHHOTO NOTOKA)
( MuarnocTrueckni npusHak MIIQC )

Pucysok AS. ITIpsimas u oGpaTHas 3aiavd NOA3E€MHON THAPOMEXaHHKH B mpunoxenuu k ITTHAC.

LUSMH, YTO MO3BOJIAET 0GECNEYNBATh, B KOHEYHOM cUeTe, X NPUOIIKEHHOE MATEMAaTHIECKOE MOJIe-
NTMPOBAHUE U U3YUECHUE METONAMHU MAaTEMATHIECKOM (DH3UKH.

1.5. K uucny npocreiimux opHoMepHbIX NOTOKOB MIT®C oTHOCATCA: MMHEAHBIA (IPSAMONMHEHHO-
napanneabHbIN) GUIBTpauroOHHbIH TOoTOK — JIPII, (u1ocko) paguanessli — POII, (paguansHo) chepu-
yeckuil — CPII n ux koMOuHaUMK — OWIMHENHBIH PrisTpanuoHHbil notok (BJIPII), ncesgopannans-
He1it (TIPPII), nepuon Bausinus crBosa ckBaxuubl (BCC).

Jluneiinoe nuddepeHnnanbHoe ypaBHEHHE NHE30NPOBOTHOCTH AJIF MPOCTENINMX OFHOMEPHBIX IO-
tTokKOB B uX MII®C npencrapnsieTcs B BUE

2 .
3P joP _ 19P
—_— e = —— ,
orf ror =0t
rie P — naBneHue; r — paguanpHas KOOPAMHATA PACCTOSHHUS; t — BpeMs; j — KoaduuueHT pasMepHOCTH
NPOCTPAHCTBA OJHOTO U3Meperus, j = 0; 1; 2 s NpsMOMHHENHO-IApaLIENbHOrO, NIOCKOPaIAalhb-

(A1)

k
HOIron pannanbno-cq)epnqecxoro IIOTOKOB COOTBECTCTBCHHO, & = -—B; — KOS(bq)I/IIII/ICHT IIBE30MPOBONA-
u

HOCTH; |L — BSI3KOCTH (PJIFOH/IA B IIACTOBBIX yCIOBUSX; B* — KO3 ULUEHT yIPyroeMKOCTH IIacTa.

1.6. Pemienne mpsiMbIX 1 OOPAaTHBIX 3a/1a4 IMOA3EMHON TMIPOMEXAHIKH U HX COOTHOLLIECHNUE B IIPHJIO-
xennu K ITTUC c seigenennem [II1 u MeToposniorus o6paborku v uHTepnpetanuu KITJI-KB]l ananu-
3UPYIOTCS Ha IPEMepPe TaK Ha3bIBaEMOro MeTofja 6e3 ydeTa npuToKa (KacaTeabHOM, MoJyJIorapudmu-
yeckoit anamopo3bl, MJIH) (pucyHok AS5).

2. METOOUYECKUE PEKOMEHIAIIMH ITO ONPEAEJIEHUIO CKUH-®PAKTOPA
10 TAHHBIM KITI-KB]I

2.1. Bnusaue HeopHopopaHoctH miiacta Ha KBJI-KIIJI npu miockopagralbHOM MPUTOKE K CKBaXKH-
He, HaXOfsIIelcs B IEHTPe KPYroBOil 30HbI pajjuyca I (c napaMeTpaMi k, H 1) B 66CKOHEYHOM IIJIacTe
¢ nponnaeMocthio k, m3yyanoce B. H. lllenkavesbim (1951 1.), I'. 1. Bapen6nartom u B. A. Makcn-
MOBBIM (1958 r.) m ApyruMu uccaeqoBaTeNsIMU (aHAIM3UPOBATIOCh OFHOBPEMEHHOE BIIUSHHE HEOHO-
POMHOCTH M HOCNe3KcmnyaTannoHaoro nputroka — BCC). Y4ert atoro Buia HEOTHOPOZHOCTH, HO CyILle-
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CTBY CKMH-()aKTOpa S, OCYIIECTBJIAETCS 4epe3 IpHBENEHHbIMH PajuyC CKBaXHHbI Icy, B PA3IHYHBIX
dopmax 3anucu:

k k
r\k r\k s (5+Cyn)
I, mp = (r_s) I, = rc(r_s) =re =r. s (A2)
rae
k Iy
S = (l?— l)lnr— — CKHH-(aKTOp, (A3)

Tc = papyC rHPOIMHAMUYECKH COBEPIUEHHON CKBaXuHbl; C,,; — KO3(QHUHEHT NOMONHATENLHBIX
(UNLTPaMOHHBIX CONPOTHBIICHHUIL

HccnegoBanns nokasanm BO3MOXHOCTb ONpENIENICHU NIapaMETPOB YAAJIEHHON 30HBI IJIACTA IO
npeo6pa3zoBannbiM rpacdukaM KITI-KB]I 1ist 60bIIMX 3HaYe HAM BpeMeHH t. OLeHuBas 1, ,;,, MOXKHO
CYRMTE O COCTOSIHMH NpU3aboiHoi 30Hb1 mnacta (IT3IT).

2.2. Kax n3BectHo (5, 7, 8, 31, 36, 67 u ap.], ocHoBHas pacueTHast popmymna s o6paborkn KITI-KB]I
TIO NpOCTEHIIIeMy | IIHPOKO PaCIpOCTPaHEHHOMY TPAHIHOHHOMY METORy Ge3 yYeTa PUTOKa (T.H. I10ny-
norapucMuIecKoil aHaMopgo3bl, KacaTeNbHOI, MJIH) na 6a3e 10cKOpagMaIbHOro IIpUTOKA XH]JI-
KOCTH K CKBaXXMHE HMEET BHUJ;

225 .
AP (1, t) = M‘%(ln-rz—& +In t) ~A+ilgt, (Ad)
cmp

OTKYyHa € yueToM (A2) m (A3):

S = 1.151[APT°(0—lgt—log%—O.351]. (A5)
rC

W3 ¢opmynni (A4) crenyeT, 4To rpacpuyeckoe H300pakeHHe 3aBUCHMOCTH H3MEHEHHUSI 1aB/IeHNS B
ckpaxune (KIIJI-KB) ot norapudma Bpemenu (T.H. nonynorapuMudeckas aHaMopo3a) Ipe-
CTaBIIAETCA C HEKOTOPOTO MOMEHTA BPEMEHH IIPAMOTMHERHBIM rPahMKOM (CXEMATHYHO IPEACTaBIEHO
Ha pUCyHKe Al, rae mo ykioHy rpaguka i u OTpE3Ky A, OTCEKaEMOMY Ha OCH OPJHHAT IPONOIKEHAEM
NPAMOJIMHEHHOTO y4acTKa rpaduka, BOSMOXHO OIpefeeHne NapaMeTpoB IAcTa).

ITpocTeimumit TpagMUMORHBIH CIOCO6 OLEHKH [IapaMeTPOB NIacTa N0 (haKTHIECKHUM JaHHBIM, 3aMe-
pennbiM KITTI-KBJ] (mocne mycka cKBaXXHHBI C = CONst WM OCTAHOBKH CKBaXKMHBI, 0JIFOE BpeMS pa-
GoraBmeii ¢ q = const 1 P, = const), cxeMaTH4YeCKH (mo pexoMeHauu GONBIIHHCTBA paHee ony6IIHKo-
BAaHHBIX MHCTPYKIMH H METOIHK) 3aKITFOYAETCS B CIIEYIOLIEM:

1) pakruaeckas KITJI-KB]] crpontcs B HoynorapuMu4ecKuX KOOPAMHATAX;

2) o HaHeCEeHHBIM TOYKAM Ha IpadKe BLIAEASETCS (HaxopuTCs) MPSIMOMTHHEHHBIH YIaCTOK rpagu-
Ka (B HPOCTeHIIEM CIIyyae BbIEICHHE NPAMOJIMHEHHOTO y4acTKa IMPOU3BOAMTCS “Ha rya3” — MpPOBO-
AUTCH KacaTelpHas VIS TOYEK B IIO3HHE MOMEHTHI BPEMEHH — 110 NMOCAEAHAM TOUYKAM; IO MeToply Ha-
UMEHBIINX KBAPATOB C MOC/IE{OBATEIbHBIM OTOPACHIBAHHEM HAYANBHBIX TOYEK K OIIpENEICHHEM KO-
3(pPUUHEHTOB KOPPESALUMA WIH C IOMOLILIO GONEe CIIOKHBIX IpOLENyp JHHEHHOTO M HENMHEHHOTO
PErpecCHBHOrO aHaIM3a H Ap.).

ITOT NYHKT BBI3bIBAET HEONPEAENECHHOCTD ¥ OLIMGKH B HTOTOBLIX pesynbratax. HavaneHbli yuac-
TOK KITJI-KBJ]I MOXeT HCKaXaThes 3a CYET BIIMSHUS npoueccoB B crBonie ckBaxuubl (BCC) u ckun-
¢axTOpa. OGBIYHO BpeMsi KOHIIA 3TOTO BIHMSHHS ¥ HAYANA HEHCKAKEHHORO IIOCKOPAAUaIbHOrO MpH-
TOKa (KOrjja CHpaBe/JInBO ypaBHeHue (A4)) Hen3BeCTHO. 3a IPSMOTMHERHBIA Y4aCTOK OLIMGOYHO MO-
XKeT ObITh IPUHAT APYTO# Y4ACTOK C OTIHYHBIMA i, B A, OT NEACTBUTEIBHOTO M IPABUIBHOIO;

3) 3aTeM 110 NPAMONHHEHHOMY y4acTKy (AMeeTcs B BUAY IPaBUIILHO OIpENIeNICHHOMY) HAXOAST YHC-
JICHHbIC 3HAYEHHSI €T0 YKIIOHA i M A

4) nonaras, 4ro (pakTHIECKAS KITN-KB] coorsercrByer MIIPC, onmchiBaeMoi ypaBHeHuEM (A4),
IPHUHHUMAIOT:

i = 0.183298

1= 0.1832kh , (A6)

A = ilgZ2%, (A7)
rcnp
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5) B3 9THX COOTHOIIEHNH IO HANJEHHBIM i, A U H3BECTHBIM — 3aMEPEHHBIM ( OLICHUBAIOT THAPOIPO-
BOTHOCTb:

kh _ 0.18329 (A8)
1) i
1 KOMIITIEKCHBIN ITapaMeTp
A
z _ 1 T,
2 22500 (A9)

¢ np
6) HHOTA TpearaeTcs MOCIeNyoIee pacCYWICHEHHE 3THX KOMIUIEKCHBIX TapaMeTPOB, PHUHAMAs
M3BECTHBIMH 3HaY€HHs BS3KOCTH [L (11O JaHHBIM JIAGOPAaTOPHBIX HCCIENOBAaHUN NPOO XKUIKOCTH), TOJM-
IEHBI IacTa h (10 JaHHBIM reoU3MKH WM PACXOJOMETPHH), MOPUCTOCTH M, YIPYrOeMKOCTH B* u
K03 pHIUEHTOB THAPOAMHAMIYECKOI'0 HECOBEPIICHCTBA CKBAaXXKUHBI, € IIENIbIO OLIEHKH KO3 PHLICH-
TOB IPOAYKTHBHOCTH (IIPHEMHUCTOCTH), Nhe30IPOBOJHOCTH & ¥ CKUH-(pakTOpa S 110 popmyine (AS) nnu
IPUBEIEHHOTO pajiiyca CKBaXKMHBI

(A10)

Ouens yacro, ecnn KITJJ-KB]I “koporkue”, T.€. 3aperucTpupoBaHbl B T€U€HHE KOPOTKOr0 IpoMe-
KyTKa BpeMEeHH, MEHbLIETO YEM BpeMsi OKOHYaHUs BIMAHUSA CTBojda ckBaxuHbl — BCC 1 S, 1 Havyana
HEHCKAXXKEHHOT'O INIOCKOPAJUalbHOIO NPHUTOKA, TO 3a ACHCTBHTENBHBIH NPSIMONMHEHHBIA y4acTOK
00BIYHO MOXKET OBITh IPUHAT JPYroi OINOOYHBIHA (HAPUMED, C YKIIOHOM i; B A Ha pucyHke Al). [Ja-
Xe HeOombIIas OINOKa B ONpeleIeHIH YKIIOHA 1; IPHBOJMT K 3HAYUTEIbHBIM OIIMOKaM B OLEHKE OT-
pe3ka A, a UX OTHOLIEHHUE “B cTeleHN BXOUUT B BbipaxeHue (A10). B stux ciyyasx MOTYT MOnIy4aThb-
¢l MaTI0OObACHUMBIE YHCIIOBBIE 3HAYEHHS T, ;, U S. [ToaTOMy, BO M30€exXaHue HENOPA3yMEHHUIA, DY HH-
tepnpeTaiuu fanubix [JIAC BenuuuHb! S 4 1, ;, HE BHIYWIEHSIOTCSL, @ HHTEPIPETALHMA OKAHYMBAETCS HA

OLIEHKE KOMILJIEKCa ;i , PU3UYECKUH CMBICI KOTOPOTrO AOCTAaTOYHO CIOXHO HHTEPIPETHPOBATh H
I, p
NPHUMEHATH Ha MIPAKTHKE.

T'opasno nonsiTHee (PU3UIECKHUI CMBICT CKUH-(PAKTOpa S — OH MOXET CBHACTENLCTBOBATD O CTENEHH
CHIDKEHHs1 (M3MEHEeHus1) poHunaemMocTy kg B 1pu3a60iiHoil 30HE MO CPABHEHHIO € IPOHUIIAEMOCTBIO B
yAQJIEHHOM 30HE MJ1acTa WA XapaKTepH30BaTh NOMOIHUTENbHbIE (PUILTPAHOHHBIE CONPOTHBIICHUS B
wIacTe. ITO MOXKET CIYXKUTb OCHOBaHMEM 1Sl oueHKM cocrosinusg I13I1 u nmpoBeneHus, HalpuMep,
I'TM no ysenuuennto kg (I'PI1, CKO u gp.).

Bhlen3noXeHHbId TpocTefiuil MeTOR ObLI NPEAIOXKEH OfHUM U3 IIEPBBIX U SBJIAETCS TpafUIH-
OHHBIM H OOIIENPHHATHIM.

2.3. OcHOBHasl TPYJHOCTb, CIIOKHOCTD X HEONIPENENIEHHOCTh 3TOr0 Coco6a B H3JI0KEHHOM BapHaH-
Te 06pabOTKH 3aKII0YaeTC B HEOOXOTUMOCTH NMPEABAPUTENLHOH OIIEHKH BPEMEHH t;, HAYHMHAs C KOTO-
pOro Hy>KHO BBIAEJISTH NPAMOJIMHENHBIH yyacToK rpaduka KB]I (cm. m. 2). 3To Bpems t; Ha 3aMepeH-
#b1x KIT[I-KB]I 3aBucut ot psifa ¢akTopoB, BbI3BaHHBIX HECOOIIOEHUEM BHYTPEHHUX I'PaHAYHBIX YC-
JIOBU O MTHOBEHHOM 3aKPBITHH WM ITyCKE CKBaXKHUHBI (BIUSHME CTBOJIA CKBAXXKMHBI U JIP.), KOTOpBIE
MOFYT UCKaXaTb HavaibHbIe yuacTku KB]I, n He yunThiBatomuecs B ypaBHeHuH (A4). Tak, ecin t; > t,
to Takue “kopoTkue” KBJ]I Henb3sd 0OpabaThIBaTh BBIMIEN3IOXEHHBIM CIIOCOO0OM (XOTA NPSIMOIHHEH-
HbIY y4acTOK (hOpPMaJILHO MOXET OBITh BBIfIEJIEH COITIACHO II. 2).

2.4. B paborax oTe4ecTBEHHBIX 1 3apyOeKHbIX HCCIeoBaTeNiel MeToy, 6€3 yueTa IPUTOKA NOTYIHII
JanpHEHIlee pa3BUTHE C LIENBIO YCTPaHEHHs 3TON HEoNpeeJeHHOCTH ¥ 60jiee 000CHOBAaHHOTO BBIOO-
pa BpeMeHH Ui Hayana npaMoiinHeiiHoro ydactka KB]I B nonynorapudMuieckux KOOpAUHaATaXx.

Tak, Agarval c coasTopamu (1970 r.) MONy4YHJId aHATHTHYECKOE PEIICHHE 3aa4yl O IIYCKE CKBaXH-
HbI C y4€TOM CKHH-(hakTOpa S M 1pH q = const B 66CKOHEYHOM IuTacTe B 6e3pa3MepHoil popMme.

B pe3yabrare aHanu3a, 3aaBasich 3HAYCHUAMY O€3pa3MepHbIX IapaMeTpoB ObLla paccilTaHa U 110-
CTpOEHa CepUsl YHMBepCalbHBIX KPHBBIX (type curves) B OGmiorapupmuyeckKux KoopauHaTax [lgtp,
lgPp(tp, Cp)]. AHanM3 3THX YHHBEpCANBHBIX rPauKOB NIOKAa3al: BiIusgHue cTBosa ckBaxuHbl (BCC) Bo
BCEX CIly4asx 3aKJIF0YalOCh U IPOSBIISTIOCH B TOM, YTO HAYalIbHbIE YYAaCTKH YHUBEPCAJIbHBIX IPapuKOB
B 6MytorapupMu4ecKiuX KOOpPAHHATAX IIPEACTABIIS/IMCH B3aMMHO NapalieIbHbIMH IPSMOIHHEHHBIMUI
rpacukaMi ¢ YKJIOHOM, PaBHBIM €UHHLE, T.€. oy, yriioM 45° (II1):

i=1.0
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I ‘ II ’ I v

I

g AP(t)
et
'
1

lgy lg ty Ig tyy lgt
Pucynok A6. Bunorapudmideckuii puarsocTirdeckuil rpachux KIIM-KB]Y ureHTROUKAIMA PEXUMOB TEUESHHS, THIIOB

(bHIBTPALMOHHBIX HOTOKOB.

U B 3TOT IIEPHOJ C MOTPEMIHOCTLIO 10 5% Ge3pa3MepHbIe napaMeTphl P, ty CBSI3aHbI MPUGIIKEHHBIM
COOTHOIIICHUEM:

t
PDE(—:R, (Al1)
D
e
aC 2mkh i r
Cp, = ——; = ——AP; tp=%; 1, = —; (A12)
" ocht’ ” 7 gBu P P

T.€. Tpadhuk pynkimu (6) B KoopaunaTax [t, AP] o6nanaeT Temu xe JII1, 4To 1 4715t IOCKOPaUaIbHOTO
MOTOKA. ‘

Kpome Toro, nast pafuanbHOro uubTpauoHHOrO NOTOKA, KOTOPOE NMPUGIAKEHHO HAYMHAET IIPO-
SIBIATHCSA HA YHHUBEPCAJLHOM rpaduke B OmiorapupMuUUEcKHX KOOpAHHATaX depe3 1.5 nukia nocne
okoHvanus Bnusinuss BCC, aTa 3aBHCHMOCTD BbIpaXaeTcs:

P, = 1[lnt—D +0.80907 + lnCDeZS] . (A13)

B stux dopmynax ucnonssyiores obumenpuaarbie B Teopuu IIUC oGosnauenns: Py, tp, Cp, 1p —
Ge3pa3MepHbIE JaBlICHAE, BpeMsl, KO3 (HUIMEHT yueTa BIUSHAS CKBaXXUHbI ¥ paaunyca; C — koaddu-
LHEHT BIHSHUS CTBOJIA CKBaXKHUHbI; ¢ — HOPUCTOCTD; C, — Koa(pduumeHT obuei cxxnmaeMocty dronga
B CTBOJIE CKBaXXKMHBI; O —~ KO3()(UIHEHT, 3aBUCAIINAN OT CHCTEMbI SIHHHI] H3MEPEHHIL.

2.5. bunorapudmmyecknit rpadpux KITII-KBJ]I obnanaeT ngenTudHKaAIMOHHBIME cBokicTBamH (1)
H HA3bIBACTCS AUATHOCTHYECCKHM (PHCYHOK A6), TaK KaK MO3BOJISET PACHO3HABATH PA3IHYHbIE THIILI
¢unpTpanmoHHeIX NOTOKOB. Ha 3ToM rpacdhuke KBJI MOXHO BBIIENHTH YEThIPE y4acTKa: I — Hadab-
HBIA MPSAMOJIMHERHBIA ¢ YKIOHOM i = 1.0 (IIIT) (mox yriom 45°) ¢ Hayana KoOpAMHAT OO t; (BpeMeHH
okondauust BCC); II — KpuBOMHERHBIH € peXONHBIH NPOAOIKHTEIBHOCTBHIO MEXKIY BpEMEHAMH ) H 1y,
OLIEHUBAETCH “OIMIMPUYECKUM npaBuiaoM” B 1.5 nukna (JT1), momydeHHBIM U3 aHATH3a YHHBEPCAILHO-
ro rpaguka; III — cpepnmit kpuBonMHEHHbIHA, XapakTepusyeT POII, Tak Kak 37ech CipaBeIMBO COOT-
HoweHue (A8), a cnenoBatensHo, 1 MeTofuka o6pacotku KITI-KB/I Ge3 yueta mpuroka B onyorapud-
MUYECKHX KOODJJMHATAX; OLECHHUB BpeMs ty (Hadana PPII) mo puarroctuyeckoMy GumorapuMirdecKoMy
rpacduxy (II1), MoxHO onpenensaTs mapaMeTpsbl IwtacTa no rpacduxy KITI-KB]I B nonyaorapuMudecKux
KOOPAMHATAX, IPH 3TOM CHUMAETC OCHOBHAsl TPYAHOCTb M HEONPEETICHHOCTh MIPOBEIEHHUS IIPSIMOIMHE -
HOTO y4acTKa rpacuka no MeToxy 6e3 ydeTa IPHTOKA — €TI0 HaJ0 IPOBOJHUTE, HAYMHAS C BPEMEHH 1y,
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HaWJICHHOTO MO IMarHOCTHYeCKOMY rpaduky; IV — KoHeuHbIt y4acTOK rpaduka, KOTOPbIil 3aBHCHT U
XapaKTEPU3YET yCIOBUS Ha BHEIIHE! IpaHUIle MIacTa.

Bpewmsi IposiBII€HHAs INIOCKOPAIMaIbHOTO TEYEHNS TaKKe ONPENeNseTcs ¢ MOMONIbIO TpaduKa Jo-
rapupMUYeCcKoi IpOU3BOIHOM 3a60IHOrO faBIeHUs B GHIOrapuMUYECKHX KOOPIMHATAX ISl TIPSMO-
JIMHEHHOTrO y4acTKa ¢ YKIOHOM i = 0.

AIT pns nckomoit MITPC cpemyn Mofienei-KaHIRAATOB CITYKUT BBICOKasi CTENEHb COBNAJICHUS COOT-
BETCTBYIOIMX IpachuKkoB. OTMEYAETCs, YTO HEONPEAENEHHOCTh X HEORHO3HAYHOCTH B BbIGOpe MITOC
(Ha Gase peweHus OOpaTHOM 3a[JauM IOA3EMHOM IMIPOMEXaHUKH) YMEHBIIAETCS C YBETMYEHAEM YHCIA
ucnbIThiBaeMbix MIT®C-kanpuaToB u3 o61mMpHOro 6aHKa (KaTaaora) faHHbIX HHTEpIperaTopa. [l
BbIGOpA U uckpuMuHany MIT®C-kaHIUIATOB MOTYT HCIONB30BATHCS pa3/IMYHbIE METOMBI — KOppe-
NALMOHHOTO CXKATHs, PErPECCUBHOrO aHAIA3a, ONpefieNeHNs JOBEPUTENbHBIX HHTEepBasoB 1 T.1. C ue-
nbio cospanust Teopetrnyeckux MIT®C npyu npu6auKkeHHOM MaTEMaTHYECKOM MOJIETMPOBAHHH [IOTO-
KOB CO CIIOXKHBIMHU TPACKTOPUAMH TE€YEHHA U HX NOCTIEAYIOIIEro HCCIEIOBAHNS H aHAIN3a yTEM 3aMe-
HBI CJIOXHBIX TPACKTOPUH TE€YEHMS NPOCTHIMH OJHOMEPHBIMH (PUILTPANMOHHLIMH NOTOKAaMH M HX
KOMOMHALMAMY, NPOBENEH TEOPETHIECKMI aHAIN3 PAa3INYHbIX HEYCTAHOBHUBLIMXCS IPOLECCOB MEpe-
pacnpefieNieHust NaBJIEHHS B ONHOMEPHBIX (PUIBTPAIIMOHHBIX HOTOKAX M MX HEKOTOPBIX KOMOHMHANUM
]I BbIACJIEHUS] HOBbIX MICHTH(PHKAUMOHHBIX XapaKTEPUCTUK ¥ JUATHOCTHYECKUX [IPH3HAKOB.

3. TEOPETUYECKHE XAPAKTEPUCTUKHU U MTUATHOCTUYECKHUE ITPU3HAKU
PA3JIMYHBIX MOJENEN OJTHOMEPHBIX ®UJIbTPAIIMOHHBIX IIOTOKOB

3.1. B Tabnune A2 B xauecTBe puMepa npusefens! ganusie A KI1, rae OI1 — ykiaoH npsMonu-
HEHHOro y4acTKa rpacuka.

W3 ananuza taGmuupl A2 crepyet, uro KITII-KBJI ogHOMEpPHBIX IOTOKOB MOXKHO IIPECTABATE B
06001EHHON YHUBEPCATIbHOU (hopMe:

Pp = Atctp, (A14)

Ife ¢ 1 A — HEKOTOPbIE OCTOSIHHBIE TapaMeTPhI KaxkKOoro THIA OXHOMEPHOTO (GUILTPAUXOHHOIO O-
TOKAa; N — IIOKa3aTelb cTeneHu 6e3pasmepHoro BpeMenn (n = 1.0; 0.5; 0.25; (-0.5) u 1.0) — cooTBeTCT-
BEHHO 151 IEPHUOAOB BausAHMS cTBOJAa ckBaxuHbl (BCC), JIPII, BJIPII, CHIT u ITPPII.

3.2. [Ins panereimero anamusa KITJ-KB]I ucnons3yercst Tak HasbiBaeMasi Jorapudmumyeckas
npousBofHas 3a6o#Horo paenenus (JIIIM), kotopas Gbina mpepnoxena D. Bourdet ¢ coaBTopamu

Ta6mmna A2. OcHOBHbIE CPaBHUTENBHBIE TEOpeTUYecKHe xapakTepuctky (JIIT) mpoueccoB nepepacnpenenesus
nasnenns (KII) B pazmmuabix MIT®C ogroMepHBIX GHILTPAUMOHHEIX IOTOKOB

THIbI OFHOME PHBIX YpaBuenus KIIIT KoopruHaTe! JII1 - snavenme yxiona
HOTOKOBP s 6e311;a3MepHoﬁ dopme XapaKTepUCTHYECKOTO IPSMONKMHEHHOTO
rpaduka rpaduka i
BIHSIHHE CTBONA _Ip [lgt, 1lgAP.(1)]
CKBAKIHEL Py = C——D [t, AP] ¢ 1.0 pannne y9acTkn
NpAMOJIHHEHHO- I e
NapajieNbHbIH Pp, = Jmip, [Vt AP(1)] 0.5
OUNTMHEHHBIH P, = C,i07 [4, AP(1)] 0.25
., _1r 28 HaJIM4He MPSIMOITUHENHOTO
WIockopaguanbHeil | P = §[lnC—D +0.8097 + InCpe } [lgt, IgAP (1)} yuacrka
- 1
pagManbHO _ -0.5 = -
cheprraeckmit Pp = Gotp L/i’ APC(t):I 0.5
00001eHHBIH P, = Atctp
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(1983 r.) (Tronbko gy POIT). B ocHoBHOE mudepeHnnansHOe ypaBHeHne (A1) B 1€BOM YacTH BXOJHT
nepBasi IPOU3BONHAS %I—: no spemenn (I I1]1), koTopas ¢hu3nyeckn xapakTepusyeT CKOPOCTb H3MEHe-

HHA NaBJICHUA BO BPCMEHH.

3.3. IlpuMeHeHHE BHICOKOTOUHBIX [IyOMHHBIX MaHOMETDPOB C IIbE30KBapLUEBbIMU canupOBbLIMU
AATYAKAMH TIO3BOJISET UIMEPATH CKOPOCTb, TEMI H3MEHCHMS NABJICHUS BO BPEMEHH, BBIUHMCISATH H
CTpPOHUTH rpaduKu NPOU3BOAHBIX AaBieHus Ans (aktudeckux KIII-KB]I, T.e. [IPH aHa/Iu3€e U HHTEp-
TIpeTaluy MpOMBICIOBbIX HaHHBIX KITNI-KBJI Kak Gbl “paclienuTs” TeOpPETHIECKYIO U (akTHIECKYIO
KB/I u K HuUM [06aBUTH COOTBETCTBYIONIHE kpussle JIIT]I. MccrnenyroTest 1 cOMOCTaBASIOTCS TOBEE-
HUE nacTa 1 TeopetTHieckux MII®C ¢ nomMompro YeThIpeX ypaBHEeHHIl, a HE IBYX, KAK P OGBIYHBIX
TPafUHOHHBIX MeTONaX. IIpi 3TOM MOBBIAETCA TOYHOCTb H YMEHBIIAETCS HEONPENEIEHHOCTD HHTEp-
IpeTanuy faHHbIX. Jlorapudmuyeckas npoussonnas nasnerus (JITII) MOXET GBITH 3aNMucaHa B BUfiE:

2) aP,

APD = m = tDa—tD. (AIS)

Hns ypaBHeHus (A 14) umeeM

' a(CtB) n—1
APG = tD at = tDcntD B (A16)
D

Ha ocHOBaHuY NPHGTHXEHHBIX aHATHTHYECKHX 3aBUCAMOCTER nony4eHsbl popmyisl JITI]T ans pas-
nraHbIX MIT®C ofoMepHBIX noTokoB ¥ ux [I1, KOTopbIe NpeaIaraeTcs HCHOMb30BaTh s “pasnoxe-
HIS”, “pacuieneHus” BO BpeMeHH MpoMbIcioBbix KITI-KB]I co clIoXHbIMA TPaeKTOPUAMH (PHIIbTpPa-
MM (FOPU3OHTAIBHBIX CKBAXWH) HA COCTABISIOIIAE ONHOMEPHBIE NOTOKH C HOCNENYIOIEH OLEHKOI
MITI®C u ux napamerpos. [Ins 3To# Xe nenn paspaboras TPaHCIOPTHP—HMICHTH(PHKATOP—aHAIN3a-
TOP, YHUBEPCAJIbHBIH GUIIOrapH(MUYECKUI TEOPETHYECKUIT HATHOCTHYE CKHI rpacHK, KOTOPBIil CpaB-

HUBACTCS B3AHMHBIM HAJIOXEHUEM C TPaHCOPMUPOBAHHBIM (DAKTHUECKHM GHIIOrapuhMIYeCKHM Ipa-
¢uxom B kooppuHarax [lgt, IgAP(t)].

ITpennoxensl Takke MpUOIMKEHHbIE (DOPMYIIBI I rpaduIecKoro u YHCIeHHOro nuddeperim-
poBanus paktrieckux faHHbIx ITJUC nipu Bbruncnennu JIDI B cinyqae KIIJT u KB.

oP
Hcnones3oBanne ¢yukuuu [ I1]] = =~ mo3BOJISET BLIABHTH TE y4yactku ¢aktuyeckux KITJI-KB]I,

ot

KOTOpbI€ HCKaXeHb! NOOOYHBIMA “UIyMaMy H noMexaMu” (“rop6aMu’) H yIUTBIBATH 3TH HCKAKEHHBIC
y4acTku npu o6pabotke u uarepnperanun. Teopernyeckas KBJI npencrasisieT co60if MOHOTOHHO

BO3pacTaroUlyIo BO BpeMeHH pyHkimo, I IT1T = %—l: — XapakTepusyer co6oi ykioH rpacukos KITJI-KB]I

B JI€KapTOBbIX KOOpiuHaTax [t, P] u siBnsieTcs MOHOTOHHO yObIBaromei (yHKIHEH. Bo3spacranue
¢yskumu [ IT]1 Bo BpeMeHH CBUAETENBLCTBYET O NPOSIBICHHUY | BIMSHHH HA KBJI-KII[I no604HbIX (ak-
TOPOB, HE CBA3AHHBIX C [IOBEICHAEM IIIACTA, HCKaXkatowKx “ncTunHyo KBJI-KIII”, a cienoBaTenbHo,
3aTPYMHAOIIUX KOPPEKTHYIO HHTEpNpeTanuio gadusix IIHC.

4. METOJUYECKHWE PEKOMEHJAIIMA
I1O INTAHUPOBAHMUIO THIPOOUHAMUYECKUX UCCIIETOBAHUMN CKBAXWH
(BBIBOP THUITA I'TUC, INMTAHUPOBAHUE TEXHOJIOTHUU
" KPUTEPUU BBIBOPA TIIYBUHHBIX ITPHBOPOB)

4.1. PazpaboTaHBl METOMYECKHE PEKOMEH/IALMH [0 mnanuposanuio I'MAC (Be160p Tuma I'MUC,
IJTAHMPOBAHUE TEXHOJIOTHH, KPUTEPHHU BbIOOpa rITyOHHHBIX IPUGOPOB M OGOPYNOBaHHs) HA Gase aHa-
JIU33 HCYCTaHOBHBLINXCS POLECCOB B IIOTOKAX CO CIOXHBIME TPACKTOPHSAMHE (PUILTPaLEH H 060011e-
HHSL OTCYECTBEHHOTO U 3apyGexHoro onbiTa I'TVIC no KIT[I-KB]I HOTOKOB ¢ OCIIOKHEHHBIME Tpaek-
TOPHSIMHM TeueHus (Tabmua A3).

IInaHNpOBaHUEe TEXHUKH M TEXHOIOTUA THAPOJMHAMUYECKAX MCCIETOBAHMI CKBAKIH 110 KITO-KB/I,
PEKOMEHNIYETCS IPOBOJUTD B CIIEAYIOIIEH OCIENOBATENLHOCTH:

— CHHTE3HUDYIOT (DACCHUMbLEAIOM) HECKOAbKO 6APUAHMOS8 2UNOMEMUYEecKUX (meopemuyeckux)
KIIT-KBT,
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Taémana A3. Texuuka u Texnonorus I'TAC

TEXHUKA U TEXHOJIOIHUSA I'TUC

=t
4nkh’
paccunthiBas AP (t) — cTpoaTr rpadukM ¥ OLEHHBAIOT BapMaHT, OOECHEYHBAIOIIMA YBEPEHHOE
onpepenenne napametpos MIT®C.

2. W3 ananmu3a yHuBepcanbHoro rpadpuka — AGARVAL (1970) - oneHuBaioT:

1. Cunre3 papnanTop runorerudeckux KITI-KB],. 3anasasce q, B, k, h, 2, T, ¢, S, re pp = ree S, i

s KTTTT ong KBIT
t _, 200000 + 120008 170000ce%14S
Ha4. INIOCKOpaj. OTOKa (kh) L — IUIOCKOpajl. TOTOKa > T
z ()
ouC.A ouC,A
tyon. IIOCKOPaj, IOTOKA Sonorea e (tpa) t = et 4 )
0.0002637k KOH. ILTOCKOpajl. IIoToKa — () (3()()2637k DA
BpeMsi KOHIla NIPOSBIICHUS IINIOCKO- BPEMsI KOHIIA NPOSIBJICHUSA ILTOCKO-
PagHAJIBHOrO NNOTOKA PpagAagbHOro IIOTOKA
et b Hg AB LD et 5 llgh ABDI
IJIA CKB. B IEHTPE 3aKPBIT. KPYT. IL1ACTa!: 1A CKB. B HEHTPE 3aKPLIT. KPYT. ILUIaCTa:
(tp)TIBKg = 1.1; A = [Sqf]t (tpa)TIBK, = 0.04 (crer, Ta611.)
380¢pC,A 15.17¢uC A
Leon. 1I0CKOpaj. IOTOKa T teon. IIOCKO pajl. IOTOKa T

AV _ gqBAt 1 2(0z
Kooad. BinusH. ¢TB. ¢kB. (BCC) - C=— =>7"+—"—7 =V C.C,py==—-| =
(b ( ) AP 24AP cTBONA 1 gaz P z aP T
1 C
Cl = S()C()a + chwa + SgCg; CD = A 2
2TgChr,
S ~ HaCBIMEHHOCTH, Ca — KaXyIIasics CXKAMaeMOCTh QIoufoB (HedTH, BOALI H ra3a)
. 162.6qBp
Ob6pabaTbiBas 1. [AP(1), l1gt] — ykioH (m) = (1) = i—la—l——— —> YyBCTBUTENBHOCTE NpHbOpa
CHHTE3UPOBaHHBIE
rpacbnxn, tx(ox-l o
OnpeNeNAroTCs 2. AP= imlgt— — pabounii f¥ana3oH MAaHOMETpa
METPOJIOTHYECKHUE Had
XapaKTEepHCTHKH 3. tyay H Loy — HEOGXOMMMOeE BpeMsi paGOThI MaHOMETpa Ha 3a60¢, ofecrieynBaomee
s nogbopa MoJTyYeHne “IPaBHILHOrO” IPSIMOIMHEHHOrO y4acTKa INIOCKOPaAHaIbHOrO MOTOKA
ryGHHHOTO 4. Heo6xonumo mnanuposats 2 yukia I'IVIC ais yBepeHHOl RHTEpIIpeTaluy
MaHOMCTpA nansbiX. [Tone3no 3akphITHE CKBaXUH HA 3260€

— 3a/1al0TC HECKOJILKUMH BapHaHTaMH YHCIECHHBIX 3HAYE€HUI NapaMeTPOB IJIacTa M CKBAXHH (Ha
OCHOBaHHUH ONBITA MPEABIAYLIMX MCCIAENOBaHUI JaHHOTO MECTOPOXKIEH)S MU NIO aHAJIOTHM) — ¢, U, K,

qe .
4nkh’

— OLIEHMBAIOT BpeMsl Hauala M BpeMsl KOHIIa IIEPHOJia INIOCKOPafUualbHOIO TEYEHHS 110 COOTHOLIE-
HUSIM, TIOJIYYEHHBIM B pe3ylbTaTe aHann3a yHuBepcaiabHoro rpaguka AGARVAL (1970) pns cnyvas
KII[I 1 KB]I (npencraiennsie B Tabmuue A3). [t 3T0ro NpeiBapuTeIbHO HYKHO OLIEHHTh K03¢Ghdu-
IMEHT BIMSHHAS CTBOJIA CKBAXXHUHBI O (hopMyJiaM, IPHBEJCHHBIM BhIlIE B Tabnuue A3;

— 110 TeopeTudeckuM ¢GopMysiaM I pa3luYHBIX MOJieNIeH IUIaCTOBBIX (PUIBTPAMOHHBIX CHCTEM
(MII®C), vanpumep, Tuna (A4) Ui MPeACTaBICHHBIX B Tabnune A3, uiu no dpopmynaM i Gonee
CJIOXHBIX MOJEJIEH, NOJy4YeHHbIX METOIOM CYIIEPIO3HIMH, PACCUMTHIBAIOTCS HECKOJIBKO BapHAaHTOB

h, &, T,¢,8 1. ,=1e%i=
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runoreTryeckux KII[I-KB]I ¢ 3ajaHHBIME 1 H3BECTHBIME apaMeTPAaMH ILTACTA M CKBAXKHH C Yy4ETOM
BPEMCHM NIPOSIBJIEHUS IIIOCKOPAIHAIBHOrO (hHIBTPALMOHHOTO IIOTOKA;

— OLCHUBAIOT BPEM: Hayasa H BPEMsl KOHI[a IEPHONA INIOCKOPAAHAIBHOTO TEYEHHS [I0 COOTHOLIE-
HUAM, IOJYCHHBIM B pe3yJbTaTe aHalu3a yHABepcanbHoro rpagpuka AGARVAL (1970) mus cilyyvast
KIIO u KB]I (npencraBneHHbIe B Tabmuue A3). [Ins storo IPEABAPUTENBHO HYKHO OUEHUTH K03 -
LMEHT BIIMAHUS CTBONA CKBaXHHBI 110 (pOpMyNaM, IPHBEAEHHBIM BhIIe B Ta6nHLe A3;

— TI0 TEOpPETHYECKUM (OpMyJIaM IS Pa3saMYHBIX MOJENIEH ITaCTOBBIX (PUIIBTPALHOHHBIX CHCTEM
(MITIPC), nanpumep, Tuna (A4) UIH NPENCTABIEHHBIX B Tabmuue A3, unu no dopMmyram gust Gonee
CIIOXHBIX MOJIENIEH, IOJNIYICHHBIX METOJIOM CYNEPIO3HUIIMH, PACCIMTHIBAIOTCH HECKOIBKO BapHaHTOB
runorernyeckux KIIJI-KB]] ¢ 3agaHHBIMI ¥ H3BECTHBIMA NlapaMeTpaMH IU1acTa ¥ CKBaXKHH C Y4ETOM
BPCMCHH NIPOSIBIEHHS IJIOCKOPAAMAIBHOTO (PUIBTPALMOHHOTO TOTOKA;

— CHHTC3HpOBaHHbIE runoTeTH4eckue KITI-KB]I o6pabaTsiBatorcs, Hanpumep, st Mmogenu KB
B 6€CKOHEYHOM IIACTE 11O METOJY nomynorapuMudeckoit anamopossl, T.e. KITI-KB]] CTpOSTCH B
nonyaorapauMUYECKUX KOOPJHHATAX;

— ONPEJCIISIOT YKIIOH i NPSMOIMHEAHOrO y4acTKa rpacuKa [ijisi HHTEPBANOB BPEMEHU IPOSABIICHHUS
IIOCKOPaAHaNbHOTO MOTOKA (T.€. tyyy, teoy), KOTOPOMY OJKHA COOTBETCTBOBATH YYBCTBHTENEHOCTD
TIyGMHHOTO pHGOpa, MOGHPAEMOTO ISl IPOBENECHHS HCCIENOBAHUS IO €10 METPOJIOTUYECKHM Xa-
pPaKTEpUCTHKAM;

ot .
— ONPEAENSIOT nepenay AaBaeHus Ap = +ilg ==, KOTOPHIi JOIKEH 00eCIeIHBATLCS pabounM yua-

Ha4
I1a30HOM MOAOMPaEMOr0 MAHOMETPA IO JABJICHHIO;

— ONPENIC/ICHHbIC BpEMEHA NPOSABICHHS IIOCKOPAHATBLHOTO IOTOKA ty,, Mt XapaKTEepH3YIOT He-
06xonuMoe BpeMst paGOThI OJOHPaEMOTO MaHOMETpa Ha 3a60e;

— B CJIyYae HEOOXOIUMOCTH NOJYYEHHUsT GOlIee PE/ICTABATENLHBIX JAHHbIX, PEKOMEHyeTCs IIaHH-
pOBaTh NPOBENCHHE IBYX UMKIIOB HCCIIENOBAHUHA (T.€. YYECTh ITO IPH OLEHKE BPEMEHH paboThI MaHo-
MeTpa Ha 3aboe);

— CONOCTABJISAA M aHAIIM3UPYS PE3yNbTaThl 0GpabOTOK HECKONBKHX BAPHAHTOB CHHTE3HPOBAHHBIX
KIIO-KB], onpenensror HeoOXOAAMBbIe METPOJIOFHYECKHE XapaKTEPUCTHKH INTyGHHHBIX MaHOMET-
POB, oGecreYnBaroNuX NOMyYeHHE TPEGYEMBIX PE3yILTATOB,

5. METOOIMYECKHWE PEKOMEHJAIIUH MMPOLUEOYPHI AHAJIU3A
1 NHTEPTIPETALIUU JAHHBIX KITI-KBJ IS CIIOXHBIX TPAEKTOPUM
PUJIBTPALIMN (TOPU30OHTANBHEIX U YCIIOBHO BEPTUKAJILHBIX CKBAXHWH)

5.1. TlpepmararoTcsi Takde METONUKA aHAIA3A U HHTEpIpETauHH 3aMepeHHbIX faHHbIX KITI-KB]T
H paspaboTaHHasl ISl 3TOTO NPOLEAYpa, CXeMa KOTOPOi NpUBE/ICHA Ha pUCYHKe A7. OTa mpouenypa
3aKJII04acTcs B conocrapneHnu 3aMepeHHbix KITI-KBJI Ha cKBaskMHAX ¢ aHHBLIMU HHTEpIpeTaTOpa
B 6anke I'THC. Ilens npoueaypsl — HaiTH Takyio MII®C B katanore, koTopas Han6oee MOIHO COB-
MemaeTcs ¢ GunorapumMudeckuM rpachukoM 3aMepeHHbIX KII-KB]I, rie 4eTKO ¥ OTYETIHBO mpo-
siBnsiercs 11 reopeTuueckoir Mogemnn.

ITon anamusom u unTepnperanmeii KITI-KB]I nonuMaercs ee PacuYJI€eHEHHE Ha COCTaBIISIOIIHE
SJICMEHTBI, T.€. CIOXHbBIA (PHIBTPALHOHHBIN IOTOK, ONKCHLIBAEMBbIH 3TOMH (bakTHYECKOI1, 3aMEPEHHOM
KIII-KB/I, npu6mmkeHHO pacuiiensieTcs Ha 6oee npocTteie cocrapistonme (BCC, JIPIT u ap.), moms-
3ysCh X xapakrepucruieckumu [II1. [ing storo npepnaraercs no akTudeckoi KITI-KB[ crpouts
JIMArHOCTHYECKHH GUIOrapupMudecKHii rpaduk, Ha KOTOPHIH HAHOCATCH U3MEHEHUS] MaBJICHHUS H J10-
rapugmudeckasi IPOU3BOIHAS NABICHHA. 3aTeM tbakTHuecKmil rpaduK KPUBOI MIPOM3BOIHON aBIe-
HUS B GMIOrapu(PMUYECKHX KOOPTHHATAX PACLICHSIIOT (HaIpUMEp C MOMOILBIO TPAHCIOPTHPA-UAEH-
TH(HKATOPA MM JPYTHM COCOO0M) MOCIEOBATENLHO BO BPEMEHH Ha COCTABIIAIONIHE, BBIICAAS Xa-
PaKTepHbIe yKIOHBI (JIIT) COOTBETCTBYIOIMX YYacCTKOB OTHOMEPHBIX (UIBTPAIHOHHBIX NOTOKOB,
BpEMsl Ha1a/Ia ¥ KOHIA HX IPOSBAEHHUS (ty,q H by, )o. [TOCTE 3TOrO ANt HAlIEHHBIX MpOCTEIIHX punnp-
TPalMOHHBIX MIOTOKOB CTPOSITCS XapaKTePUCTHYECKHE IPaHKH B COOTBETCTBYIOIIUX KOODAMHATAaX.
Ha s1ux xapakrepucriyeckux rpacukax BbIesIOTCS NPSMOJTMHEHHBIE YYACTKK, HAYHHASA C MOMEHTA
BPCMEHH MX NIPOSIBIICHUS, ONPENEICHHBIE [10 KPUBOM MPOM3BONHOM IaBIEHNS HA HATHOCTHYECKOM G-
norapuMudeckoM rpaduke. 1o ykIoHaM NpSIMOIHHEAHBIX YYacCTKOB M OTPE3KOB, OTCEKAEMBIX Ha
OCSIX Op[TMHAT, ONPENENAIOT NapaMeTPhI IUIACTa, CKUH-(haKTOp M Apyrue aneMenTs MITPC. Ipoueny-
pa IIOCTpoeHus rpapuKOB U X 06pabOTKA Al MHOKECTBA (THICSY) TOYEK (hakTHYECKHX JaHHBIX, 1O-
JIYIEHHBIX C IOMOIIBIO COBPEMEHHBIX I'NTyGUHHBIX 3JIEKTPOHHBIX MAHOMETPOB, IPOU3BOIHTCH C TIOMO-
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L q=const ; [1gt, 1gAP)-{lgt, 1gAP] .
R * ________ - i
X : BCC->i=1.0 :
APAKTCPUCTHYCCKHE JI®II>i=05 .
|
m;g’lf;;‘{lggn‘ic . JBISI > =025 !
| 1 =
» oI < POII->i=0
KIJI-KB ! C®II -> i =-0.5 I
B ~[t, AP] | NYeI >i= 1.0 :
Iposepka ~[/t, AP] : apyrue MII®C !
Ha | —[4/t, AP] ! u ux AT ]
. aJIeKBATHOCTD ~[lgt, AP] ! tay | PHIBTPAUOHHOTO :
S ) KOH OTOKa .
-[lg(T+t)/t,AP] ' e 7 P
-[1/./t, AP]
—[1/t, AP]
u ap. MI1®C
tyar | PHIBTPAIOHHOTO
- 1I0TOKa
) — pe3ynbTaTsl
— MHTEpIpeTalus
Onenka napaMeTpoB .| —xomMenTapun
macra u MII®C "] - pexoMengaium mo npakTH-
YeCKOMY IIPUMEHEHHIO

Pacynok A7. Cxema npouenypbl aHanu3a U uHTepnperanuu gansbix IIVC n KTTI-KB]I.

b0 OBM ¢ cOOTBETCTBYIOIMM BCIIOMOTaTENbHBIM MaTeMaTHYECKIM obecnieueHneM. IlpoBepka aHa-
nu3a ¥ umHTepnperanuu paHHbix I'TIHMC ocymecTBiasercs NOACTaHOBKOW HAaHJACHHBIX 3HaUECHHH
napameTpos 1w1acta B OP® MII®C - paccyuThIBaeTCS CHHTE3HPOBaHHAsA 3aBUCUMOCTD P, = P (t). Ecnn
CHHTE3HPOBAHHBIE DaCYETHBIE 3HAYEHHUS YAOBIETBOPUTEILHO BOCHPON3BOMAT (paKTHUECKYIO KPUBYIO,
CYMTAETCS, YTO 06pabOTKa M HHTEPIIPETAlMS IPOBEAEHbI IPABHILHO ¥ MOJIyYeHHbIE pe3yIbTaThl Ma-
pameTpoB miacta 1 MII®C gocroBepHBI.

6. IPUMEP ITPUMEHEHWA METOIOWUKHW UCCIEJOBAHUS
TOPU30HTAJIBHOU CKBAXWHEI U OBPABOTKH JAHHBIX KBJI
C UCTIOJIb3OBAHHMEM ITPON3BOOHBIX JABJIIEHUA

6.1. IIpamep anmpoGanuy 3TOH METONUKY U IPOLENYPbI HPOBOAXTCS HA NAHHBIX CHEHUANbHBIX MPO-
MBICIIOBO-3KCIIEPUMEHTANILHBIX HCCIIEJOBAaHMI BEPTHKAILHOM ITTyOHHHO-HAcoCHOI ckB. 11411 Apnan-
CKOro MecropoxpeHns: ¢ nomonipio npubopa KCA-A2-36-80/60 HII® “Teodusuka”. OnpepeneHsr
YIOBIIETBOPHUTEIbHBIE 3HAYEHHS IAPAaMETPOB JOCTATOYHO HA3KONpOHuIaeMoro mwiacta (k =5 x 1071 m?)
C HECKOJIBKO YXYAILIEHHOM pH3a00iiHoi 30HOM (S = 2.6). OnbIT noKasai, 4To I yBEpEHHOH 06pa6oT-
xu 1 uaTepnperanun KITJ-KB]I Heo6x0guMO HCNIONB30BaTh BBICOKOTOYHbIE MaHOMETpEHL. [Ipenno-
KE€HHas METOMKA YIyyYlllaeT ONpeAeeHHOCTh 06paboTkn u nHTepnpeTanuu faHHbix KITT-KB]I.

IIpyn MaTeMaTH4ECKOM MOJEIHPOBAHUM MPEANOArajloch, YTO FOPH30OHTAIBHAS CKBaXXKMHAa Haxo-
JMTCs TIOCEPERMHE MEXK/Y HENMPOHULAEMBIMH KPOBJIEH M MOAOMIBOIA B 6€CKOHEYHOM HEBO3MYILIEHHOM

49



PII 153-39.0-109-01

IJIACTE C TOPU3OHTANBHOH M BEPTUKANLHON NIPOHUIAEMOCTAMH Ky H Ky, TOJNIMHOM h 1 NyllleHa ¢ mo-
CTOSIHHBIM IeOHTOM (, pPABHOMEPHO paclpeleNeHHbIM 110 AJIMHe CKBaXXHHbI L.

TIpu 3TOM MOXeT HabGNIOAAThCS MOCIENOBATENBHOCTh OHOMEPHBIX pexuMoB Tedenus — BCC,
P®I1, JI®II u ap. IIpeanonarast npuMeHUMOCTh MeTofia cyneprosduun, G.J. Lichtenberger [67] npeg-

NIOXKUJI ypaBHEHMS, CBA3BIBAIOLIME UCKOMBIE apaMeTps! miacta (kr, kg, S, anuzorpormmro — ,/kr/kg) ¢

BpeMeHaMH HagaJja t,,, i KOHIIa t,,, KaXI0r'o COCTaB/IAIOMErO OHOMEPHOIO PEXXKUMa ¥ YKJIOHaMH 1Ipsi-
MOJIMHEHHBIX TpaHchopMupoBaHHbIX rpacdukos KITI-KB]I coOTBETCTBYIOMIMX XapaKTEPUCTHIECKHX

rpacukos [Igt, AP] — nnst PPII, [Jt, AP] — nost JI®IT u 1.70.

YcranoBuB o npombiciaoBoit KBJI nopspok depepoBanus pexumos Teuenus (BCC, JIPII, ...),
NOJIb3YSICH METOJOM CYNEPNO3UIUM MOXKHO aHAJIOTMYHO MOJYYHTb NPUOIMKEHHBIC aHATUTHYECKHE
TeopeTnieckue popmyibl, onuckiBaomue KB]I cnoxuaoro gpunbTpanioHHoro NoToxa.

CosmMmectro ¢ “BartHATIWuedTs” u HITLY “Apnanuedts” AHK “BamHedTs” 66111 MpoBefeHbI
crenuajbHbIe POMBICIIOBO-3KCIepruMeHTanbhbie HecnenoBarus nmo KITI-KBJI B ropu3oHTanbHOM
r1yGHHHO-HACOCHOM cKB. 11412 ApiiaHCKOro MecTOpoxKeH s (IiyouHa ckBaxkunbl H = 1235 mM; h= 14 M;
L,y =104 M, 1. = 0.116 M, q = 10 M*/cyT; pyy = 11.86 - 107> I1a c). [lnst aToro 6b11a pa3paboTaHa Crielu-
anbHasl TeXHAKa M TexHojorus, nporpamma nposegenus I'TTUC. I'nyGunuHbIi aBTOHOMHBIN IpU6Op
KCA-A2-36-80/60 nomemiancs B HAKIOHHOH YacTW CTBOJA CKBAXWHBI B ClEUaNbHOM nepdopupo-
BaHHOM KOHTe{Hepe Ha KOHIe HaCOCHO-KOMITPECCOPHBIX TPpyO nox HacocoM. ITporpamMmoit penaycMa-
TPHBAJIOCH IEPEKPHITHE CTBOJIA CKBAXKHMHBI MEXKTy HACOCOM M MAHOMETPOM (11 yMEHBLUEHHS ITPOJOJIKH-
tenapHOoCcTH BCC) € MOMOIIBIO CrieIManbHO pa3paboTaHHoro 3aboiHoro otcekaTens (A.c. 819310, CCCP)
4 YIJTAHATEJIST X0a IMOIMPOBAaHHOIO IIITOKA HA FOJIOBKE OalaHCHpa CTaHKa-Kayanky. Ha ocHoBaHum nipef-
BapUTeJIbHBIX OIIEHOYHBIX PacyeTOB ObLI COCTaB/ieH NPOrHo3HbIA 0630pHbIi rpadux I'TIMC oxugaembix
u3MeHeHHUH TaBneHil 1 feOUTOB Bo BpeMeHH. [locie noaroToBATEIbHBIX pab0T CKBaXKHHA OblIA ITyILICHA
B pabory Ha 96.5 4, 3aTeM octaHoBieHa 1 pericrpanuu KBJI-1 B Teuerue 260 4, CHOBa MOBTOPHO OblLa
nyuieHa B pa6oty Ha 90 4 u ocraHoBieHa aug cHATus KBI-2 Ha 107 4. Ha aToM MHTEpBajIe rIIyCMHHBINA
MaHoMeTp 3apeructpupoBail 3600 Touek M3MECHEHMs [JaBJICHUS C PABHOMEPHBLIM IIaroM BO BPEMEHH
10 mun. O6mias npoposzkuTenbHOcTh IIC coctasuna 560 4 (23 cyT) — Bcero 6bIIO 3apericTpAPOBaHO
8200 Touex (pucyrok A8). K coxaneHu1o, BO3MOXKHO H3-3a OTCYTCTBUS ONLITA NEPEKPLITUA HAKIOH-
HOM 9aCTH CTBOJA CKBaXKHMHEI, HE YAAJIOCh NIEPEKPBITH CTBOJI CKBAXKMHBI OTceKaTeneM. B kadecTse mil-
JIOCTPAaTUBHOT'O IpHUMepa anpobauud DpuBeneH (pparMeHT BapuaHTa 06pa0OTKHM, aHaIW3a M MHTEp-
nperanuu AaHHbIXx KB — 1 ckB. 11412 Ha pucyHKke A9, Ha KOTOPOM IHArHOCTHYECKHH OHIorapagmu-
YecKuil COBMeIleHHbIH rpaduk nsMernenns aasnenns P u JIIT]] P' paccuuranel N0 N3710KEHHON BbILIE
METOfUKE.

Ha puarnoctudeckoM rpaguke HabnrogaeTcs 60IbLIOH pa3opoc TOYEK (M3-3a HENOCTATOYHOH pa3-
pelaromei crrocoGHOCTH NpU6Opa) ¥ MO3TOMY 3KCHEPUMEHTANBHBIE KPUBbIE ObLIX CTTIaXEHBI, U Ba-
PHAHT HMEET EMOHCTPALMOHHBII XapakTep.

CunbHas uIyKTyanus: NpOU3BOAHOM faBieHus Ha AuddepeHInanbHbIX KPUBBIX BbI3bIBACTCA “3a-
urymsieHHOCTHI0” (hakTHuyeckoi KB, koTopasi 3aBUCHT, Kak OT ycnosuit perucrpanuu KBJI (morpem-
HOCTH U3MEHEHHUH, BEI3BAaHHBIE YYBCTBUTENBHOCTBIO MAHOMETPA, IPOLECChI B CTBOJIE CKBAXUHBI — CE-
rperanus ¢a3 ¥ [p.), TaK ¥ OT BeIGpaHHOro Metona guddepennuposannd. Uccnegopanus M.10. Jles-
yeHko [49] mokaszamu, 4TO MeHbIIe “‘moMex” co3paeT MeTof AudPepeHuHpoBaHHUS MO (POpMyIe
JIarpaH:Xa B HEpaBHOOTCTOSIIUX To4YKax. [lepen aHanu30M peKOMEHAYETCS CTIaXXMBAaTh KPUBBIE NPO-
H3BOJHBIX aBsieHus. KpurepueM BbIGOpa METO/IA CTIIaKMBAHMS IIPOU3BOHOM NaBIJICHNS ABISIETCS KaK
cOXpaHeHue OOIIero Ymucena To4eK, TaK M Nox0op anmpoKcuMMpyroumed QyHkouy, Hanbonee TOYHO
onuchiBarome uddepeHIHaNbHYI0 KPUBYIO. BBINIO yCTaHOBIEHO, YTO HAHOOJIEE XOPOLIO YCTPaHsIET
“nomexu’ mpouegypa criaaXxnBaHus (YHKIMH ¢ IOMOLILIO MHOTOY/IEHA NIEPBOM CTENEHH, IOCTPOEHHO-
ro N0 TPEM MOCNENOBaTEIbHBIM TOYKAM, METOJIOM HAVMMEHBIUMX KBaipaTOB. MHOrOKpaTHOE CIiIaXu-
BaHHUe 3TUM MeTOAOM fhPepeHInaNbHBIX THIIOTETHYECKIX KPUBBIX 10KA3aJ10, YTO CrilakeHHbIE KPH-
Bbl€ OCTATOYHO TOYHO ONMMCHIBAIOT AudepeHraIbEbie KPUBbIE C COXpAHEHNEM OOMIEro YKcia TO-
YeK 3aMepa NaBIeHus], YTO MO3BOJISET He TEPSTh HHPOPMALKIO O IIACTE.

Ha paznuynbIx yyacTkax rpacguka P’ ycioBHO BBIIENSIOTCS ClIEYIOMIME THIIBI OfHOMEPHBIX IOTOKOB:

1. Yuacrok AB - c yknonoM i = 1, yyactok BCC, t,, =2 4.

2. Yuacrok BC, i = 0.5, JI®II B ropu30HTaNbHON YaCTH CTBOJIA CKBaXKMHBI, t = 2...8 4.

3. IIpsMonuHe#HbIH ropu3oHTaNbHbI yyacToK CD, i =0, POII, 1=8...11.5 4.

4.DE,i=(-0.5),CoIl,t=115...13 4.

5.EF,i=0.25, t=13...20 4, BJI®II (nBa B3auMHO opToroHanbHsIX JI®II B croncroM mnacre).

6. FG,i=(-0.5), t = 20...30 y, CPII (Bo3MOKHOE BIIHIHHE I'PaHHUI] IUIacTa ¥ MPOIIACTKOB).

7.G-W,i=0; t> 309 u 6onee, no3guuii POII, nceBpopaguanbHOE TEYEHHE.
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Pucynok A8. ®akTHueckne fantble H3MEHEHHS BO BpEMERH 3a00HHOrO JaBIEeHUS B IPOLECCE HCCIENOBAHMA TOPH30H-
TanbHOM cKB. 11412 ApraHCKOro MECTOPOXKICHHUS.
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Pucynok A9. [Tnarnocrayeckmit 6unorapudpmugeckuii rpagux ITAC ropusonTanbHoi ckB. 11412 KBJI-1. Byksbr —
[HArHOCTUYECKUE Y4ACTKY.

YCloBHO GBLIIM OLiEHEHEI MapaMeTpsl acTa u ckBaxuHbl. st POII — yyactok CD, t=8...11.5 u.
Ha rpaduke B KoopauHaTax XOpHepa /Uil 3TOrO AMANa30Ha BPEMEHH BbIENEH NPSIMONUHEHHBIA

Y4aCTOK, IO KOTOPOMY OIleHEHbI IPOHMLAEMOCTH: cpeftsii — J/krkp = 0.0018 MrM?, kr = 0.0284 MKM?,

kg = 0.0001 MM?, . /kp/kg = 1591 S =-6.

T.e. OTCYTCTBYET yXyHIIEHHE COCTOSIHUS IPU3aGOHHOM 30HBI B HU3KOIPOHMIAEMOM IUIACTE C BHICOKOH
CTENEHBIO AHM30TPONMH MO MpoHuIaeMocTH. Takas 6onee audepeHIMpoBaHHast XapaKTepUCTHKA LA~
CTa IIPEJICTABIAETCS NPEANOYTHTENBHOM 0 CPABHEHHUIO C TPATHIMOHHBIMA METOfIaMH (OLEHEHBI 4 IIapa-
MeTtpa mnacta 1 MIT®C no cpaBHEHHIO C ABYMS — TPAIULIHOHHBIM METOXOM 7151 MII®C PPID).

B saxnrouenne copMySIMPOBaHbI TPeGOBaHHUS K PEKOMEHAYEMBIM INyOMHHBIM MaHOMETpaM: IO-
por yysctBuTenbHOCTH ~ 0.0014 MITa, norpemuocts — 0.01% ot nokasanwmit nputopa (0.00014 MITa),
IpOrpaMMHpPYeMBbIe TEMIIBI 3aMEPOB BO BpeMEHH — OT 1 10 60 MHH ¥ MaKCUMaJIbHOE aBTOHOMHOE BpEMs
paboTsl — 10 45 cyTok perucrpauu KITJJ-KB]I Ha 3a60€ ropu30HTaIbHOM CKBaXXUHbI. PekOMeHAyeT-

CA 3aKpbITUE CKBAXKWHBI HA 3aboe.
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7. METOOUYECKHUE OCHOBBI TMIPOOUHAMWYECKUX UCCIIEJOBAHUUN
CKBAXHWH MECTOPOXJEHUN HEHBIOTOHOBCKHUX HE®TEN

7.1. HedTu HEKOTOPHIX MECTOPOXEHHH, ITO JAHHBIM J1a6OPAaTOPHBIX PEOTOrHYECKHX HCCIENOBA-
HUH, IBJISIOTCA HEHBIOTOHOBCKMMH, aHOMaJIbHBIMH HE(PTSIMH, XapaKTe pU3YIOIAMHCS H3MEHEHHEM (-
¢eKTHBHOI BI3KOCTH HE(DTH B 3aBHCHMOCTH OT IPalHEHTOB JAaBIICHAS 3a CYET NPOSBIEHHSA CTPYKTYP-
HO-MEXaHUYECKUX CBOMCTB. PUILTpalys TaAKMX AHOMAJbHBIX HEQTeH (C NOBBIIEHHBIM COlepXKaHHEM
BBICOKOMOJIIEKY/IAPHBIX COEAMHEHHI ac(anbTEHOB, CMOJI, TapaUHOB, USPE3UHOB U [p.) IPOKCXONUT ¢
OTKJIOHEHMEM OT JIMHEHHOro 3akoHa Jlapcu, ocOGeHHO B 06/IaCTH HU3KHX CKOPOCTel punbTpanuy u
rpajucHTOB JaBJICHUs, IUIACTOBBIX TeMiepaTyp Hixe 50°C.

B kayecTBe nepBOro NMpUOIMXKEHHS ONMCAHAS HETMHEHHOro 3aKOHa (PUIbTpaluK MOXOGHBIX Hed-
TeA MOXET OBbITh IPHHATA aCUMIITOTHYECKAs! MOJIEIb TEYEHHMS C NPeIeIbHbIM (HaYalbHBIM) rPaJUeH-
TOM AaBJICHUS.

Pa3pa6oTka MECTOPOXKACHUH aHOMANIBLHO-BSI3KUX HEHBIOTOHOBCKHUX HepTell MOXET XapakTepH3o-
BAaTbC HU3KUMH KO3 puupenTaMu HepTeu3BIeYeH s (3a cUeT 06pa30BaHUs 3aCTOUHBIX U Cliaboape-
HUPYEMBIX 30H IIACTA B PE3Y/IbTATE NPOSBIECHUS CTPYKTYPHO-MEXaHMYECKHX BI3KOCTHEIX H THKCO-
TPOIHBIX CBOMCTB, PU3NKO-XMMHYECKOT'O B3aNMOJIeHCTBUS HE(DTH € IOPUCTOI CpeNoit u Ap.).

I'uppopiuHaMAYECKHE METOIB] HCCIENOBAHNAS CKBAaXKHH MECTOPOX/IEHHN HEHbIOTOHOBCKHX HETER
HapsAfy C Ja0OpaTOPHLIME BA3KO3MMETPUYECKIMH H3MEHEHHSIMHU NO3BOJSIOT HE TOJIBKO ONPENEIHTD
¢haxT HanMUKs, HO U CTENEHb NMPOSBICHAS AHOMANBHBIX, HEHBIOTOHOBCKMX CBOWCTB HE(PTH B MIACTO-
BBIX YCJIOBHSIX, B IPOLECCE pa3pabOTKH KOHKPETHOTO HE(PTIHOrO MECTOPOXKIEHHUS.

B 4acTHOCTH, H3yYNTE BIMSHHE aHOMAJILHO-BS3KOCTHBIX CBOMCTB Ha (DHIILTPAIMOHHbIE XapaKTepH-
CTHKH IIaCTa M CKMH-(PaKTOp, HalJICHHbIE IO Pe3yJIbTaTaM IPOMBICIIOBBIX THPONUHAMUYECKHUX HC-
ClIe/IoBaHyil CKBaXHH. Tak, “HCTHHHBIA CKMH-(aKTOP” MOXKET UCKAXaTbhCH 3a CYET [IPOSBIAECHHS aHO-
MaJIbHO-BA3KOCTHBIX, CTPYKTYPHO-MEXaHNYECKHUX CBOMCTB He(PTH U (PH3NKO-XMMHUUECKOTO B3aUMOJIEH-
cTBUA HedpTH ¢ NOpHCTOH cpenoi.

7.2. U3BectHbl [34, 39, 44, 60, 68] MeTonuka, Texunka u Texnonorus ITUC no KIT[I-KB]I ¢ uensto
H3YYEHHUs] NPOSIBIIEHMS HEHBIOTOHOBCKHMX CBOMCTB HE(PTH B INIACTOBBIX YCIIOBHSX B IIpoHEcce pa3paGoTKH.

Huaraoctudeckum npusHakoM (JIT) mposieieHHs aHOMaJIbHO-BA3KOCTHBIX CBOHCTB HE(PTH C Ipe-
A€ILHBIM IPaMEHTOM SBISIETCA HECOBNAJEeHNE KOHEUHbIX y9acTkoB ABycropoHHux KIIJI-KB]I u Ha-
MYKe ABYX NPAMOJMHEHHBIX y9acTKOB KBJI B monynorapudmMmyecknx koopauHaTax (pucyHok 14) u
U3MECHEHHE MONIOXKEHUSA BPEMEHA TOYKM MepeioMa t,, — COOTBETCTBYIOIUX ToueK B,—B, Ha pucyHke
All (T.e. ©3MEHEHUE NIOIOXKEHUS BETUYMHBI R — pajyca nogBHXHOM rpaHMIbI pa3[esia YCIOBHbBIX 30H
HEONHOPORHOCTH (PHUILTpaLAK HeTH C pa3pyIICHHON H He pa3pyILIEHHON CTPYKTYPOil) B 3aBUCHMOCTH
OT H3MEHEHns le6UTa, C KOTOPBIM paboTaina ckBaxuHa nepef caatdeM KBJI, a Takxke 3aBUCUMOCTBIO
THAPONPOBONHOCTH Pa3/INYHbIX YCIOBHBIX 30H IIACTa OT AEGUTOB CKBaXKUHbI.

ITpumep: o pa3pabOTaHHOM NporpaMme ObLIN TIPOBENEHbI AOCTATOYHO YHUKANBHBIE KOMIUIEKCHBIE
IPOMBICTIOBBIE HMCCIIENOBAHAA 6-TH CKBAXKWH-CTEHAOB Ha Pa30ypeHHBIX MO CHEUUAIBHOMY MPOEKTY
ONBITHBIX Y4aCTKaX Ap/IaHCKOTrO MeCTOpOXAeHU bammkupun — MuHaeBckoM (Bo3Mmymiaroas cks. 7707
n pearupyromue cks. 7950 B 50 M u ckB. 7951 B 212 M ot 32605 ckB. 7707) 1 YpTayabCcKOM (BO3MYILIAKO-
masi CKB. 7949 u pearupyiouye ckB. 7952 B 51 M u cks. 7878 B 110 m). CoenuansHo pa3paGoTaHHast Opy-
TMHaJIbHasA KOMIIOHOBKa 000pyA0BaHus CTBOJIA CKBaKIHbI (HanpuMep, cks. 7707) Bktoyana riry6GuHHbIE
puctadumondbie MaHomeTp [IJIMIT-2M wu pe6uromep PITI-5, 3aGoiinbifi orcekarens (A.c. 819310,
CCCP), nakep, My(dTy NepeKpecTHOI'O TeYEHUs], KOTOPbIe HaXOMUIHCh oy Hacocom HI'H-2, kabenn
CBSI3M H BTOPHUYHBIE NPUOOPEI HA YCThE, 9KCUEHTPHYHYIO IIaHIIai0y, YIIHHETENb XO[a IOJTHPOBAaHHO-
ro LITOKa Ha roJIoBKe OajaHCHpa CTaHKa-KaYyaJKi | Jp.

Paspa6otannas rexnonorus I'TTC npepycMaTpuBana perucrpauuro cepud KB]] (1tocne “MIrHOBEH-
HOW” OCTaHOBKHM CKBaXHMHEI, Y€pE3 KOTOPYIO OCYIIECTBIISANACH 3aKa4yKa leTa3upPOBaHHOM HepTH Ha He-
CKOJIbKMX YCTAHOBMBILUMXCS PEXMUMAX), a TAKKE NAapaICIbHYIO PErUCTPANUIO KPUBLIX H3MEHEHUS AaB-
JieHus1 B pearupyronmx ckBaxuax (KUPC) ¢ nomompro MaHoMmeTpoB [IT'M-4M, [TJIMII-2M u cie-
JHaLHO pa3paboTaHHOIO AUCTAHIMOHHOTO MaHOMeTpa [JI'M-8.

Henocpencrsennoe o01iee cyMMapHO€e BpeMsI HCCTIE[OBaHUI B TEYEHHE IBYX JIeT cocTaBuiio 160 cyr,
6s110 caaTo 22 KB, 18 KIIM, 23 KMJIPC, nposezneHo oxoio 400 3aMepoB neGUTOB 110 MEPHHKY, OKO-
10 6000 3amepos nabnenus MagomeTpamu JIJIMIT-2M n ITM-4M. B kayecTse npumepa, B ckB. 7707
ObL1a notyyeHa cepus u3 4eTbipex KBJI ¢ MTHOBEHHBIM 3aKpBITHEM CKBaXKHHBI Ha 3a60e. PesynbraTs!
o6pa6otku cepur KB]I B KoopauHarax [Igt; P.(t)] 1 onpeneneHus mapaMeTpoB miacra no MeTofy 6e3
y4eTa IIpHTOKa MpefcTaBiacHbl Ha pucyHKax A10-A13 u B Tabnuue A4.

W3 aHanu3a [aHHBIX BUAHO, YTO NIPUMEHAEMast TEXHOJIOIHs 3aKPBITHS IO3BOJIMNIA OJIYYHTh Kade-
crBeHHble KBJ] (yXe nepBble TOUKH nexar Ha npsMoit). Ha rpadukax yBepeHHO BBIIENSIOTCA 110 [Ba
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Pacynok A10. ®akTHyeCcKHE IBYCTOPOHHHE KPHBbIE BOCCTAHOBIEHHS (MafieHus1) faBieHus cks. 7707 AplaHCKOTo
Mecropoxpenus: 1,2-KB]I.

3aboiHoe fnapieHue, P (t), MITa

10

4_ L]

2 1 1 1 1 1 L
0 1 2 3 4 5 6 Bpewms, lgt, c

Pucynox All. Cepust kpusbix (1-4) BoccraHOBIEHHS RaBneHus ckB. 7707 Apnanckoro MecTopoxpenus. O6o3Haqe-
HHS CM. B TEKCTE.

kh/p, Mxm? - M/TTa - ¢ &, MYc
150+ 0.10}
2
100+
1
0.051
50 2
1
O C 1 L 0 C 1 1 ]
10 20 30 15 20 25 30
q, M>/cyT q, M3/cyT
Pucynok Al2. 3aBHCHMOCTH THAPONPOBOXHOCTH Pucynox A13. 3aBECHMOCTH HbE30IPOBOJHOC-
nj1acTa BOJIH3M pearupyoleii ck. 7951 ot ne6Gura TH N1acta BOIM3M pearupyomeit ckB. 7951 ot
Bo3Mymarome# cks. 7707: 1 — gna KBl npsmoro me6uTa BosMymarolei cks. 7707: 1 —mocine my-
xopa; 2 — s KIIJI npsiMoro xopa. cxa ckB. 7707; 2 — nocne ocTaHOBKH cKB. 7707.
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Taéauua Ad. Pesynbrats! o6pa6orku ganusix IITAC KB/ cks. 7707

Pexum
XapakTepUCTHKH
1 1 m v

Hara 13.08-23.08 23.08-30.08 30.09-6.10 10.10-17.10
Hebur, M>/cyT 26.4 20.8 14.6 9.9
3aMepeHHOe iacroBoe gasienne, MIla 6.64 6.90 9.09 9.59
3aboitnoe nasnenue, Mlla 2.55 3.23 6.10 7.87
TupgponpoBomHOCTh, MKM? M/T1a ¢

OGamKHeN 30HbI 106 85 48 32

yRaJIeHHOMH 30HBI 17 138 96.3 56.6
Paguyc rpaHHULbI 30H, M 67.2 57.2 17.7 18.4

NpSIMOJTMHENHBIX Y9ACTKA C TOYKaMH Iiepecedennus B, rae uudpbl 1 KHACKCBI COOTBETCTBYIOT HOMEPaM
pexumoB. C yMeHbILEHNEM JeGUTOB CKBAaXXHHBI IPOUCXOANT NEPEMEIEHRE TOUCK B BIeBO, yMeHbIIIa-
eTcs pajuyC IPaHMLbI 30HBI (buIbTpanun HEMTH C pPa3pyHIEHHOH CTPYKTYpOH, TMAPONPOBORHOCTD
9TOM 30HBI MEHBIIIE THAPONPOBOAHOCTH YAAJIEHHOM! 30HBbI.

Bce 2TO nogTBepXaaeT UCXORHbIC (PU3HUECKHUE NPEACTABICHUs, IPHHATHIC IPH MOAEITUPOBAHMAY.
Ins ananu3a cepuu KIIJT 8 paGote paspaGoTaHa METOAMKA ONPENIETIEHAS BA3KOCTH HE(TH ¢ He paspy-
[IEHHOM CTPYKTYpOH |, B yAaJICHHOH 30HE IIACTa.

Tak, 1o pesyibraTaM 06paGoTkn KB]I ckB. 7707 Wyepasp = 0.064...0.074 Ila ¢, a o nanHeM na6o-
PaTOpHBIX HccefOBanmil HehTH CKB. 7950 1St pa3sHBIX KEPHOB — Myepasp = 0.175...0.170 I1a ¢ ipu Py, =
= 0.033...0.038 Ila c 151 gerazupoBaHHbIX HedTeld ckB. 7707 1 717}5.

Tlonyuennsle pe3ynbrarsl o6paborku cepun KITH-KB]I B Bosmymatoniei ckB. 7707 v KPHBBIX U3~
MCHEHHS AaBlCHUS B pearnpyromei cks. 7951 — xapakTepusyioT ()aKT HaIUYKsl, CTEIeHb MPOSIBIIEHUA
¥ BIHMSHAE aHOMAIBHO-BSI3KOCTHBIX H THKCOTPOIIHBIX CBOMCTB HeTH Ha (PHIBTpAllHOHHBIE NAapaMeT-
psI (CHIPO- H Ibe30TPOBOJHOCTD) I1ACTa B IIpoliecce pa3paboTKu APIaHCKOTO MECTOPOXKICHHS. AHa-
JIOTHYHBIE HCCIIEJOBAHNS PEKOMEHYETCS] MPOBOAUTE M HA PYTUX MECTOPOXKIACHUSIX.

MNMPANOXEHHUE b

(pekomeHayemMoe)

TUIPOIMHAMHWYECKUE METOObBI UCCIIEJOBAHUU
HU3KOITPOHULIAEMBIX KOJIUVIEKTOPOB

1. THMAPOITUHAMUWUYECKHWE METOJIbI WCCIIENOBAHUI
HU3KOMPOHUITAEMBIX KOJUIEKTOPOB

CKBaXXHHbI, BCKPbIBAIOIHME HU3KONPOHUIAEMbIE KOJIEKTOPA, SBIAIOTCA MalofeOUTHBIMHE, pabo-
TAIONMMH B GONBIIMHCTBE CIYYaeB B IEPHOAUYECKOM PEXKHUMe, KaK IIpH (POHTaHHOM, TaK ¥ NPU MeXa-
HAYECKOM crocobax akcnnyatanun. TpafuudoHHble METONBI THAPOAMHAMAYECKMX UCCIEIOBAHMIM, Ta-
K1€e KaK METO/bI BOCCTAHOBJICHHS JABJICHUS H YCTAHOBHUBILIHMXCS OTOOPOB, KaK MPABUIIO, HEIPAMEHHUMBbI
VTS HCCNIETOBaHM MaoAeOHTHBIX CKBaXHH. [[pUYHHOI 3TOrO ABIISIETCS HEBO3MOXHOCTD COOIONEHUS
TEXHOJIOTHH MCCIIEOBaHMIl CKBaKWH YKa3aHHBIMH METOJIaMH, B YACTHOCTH, HEBO3MOXHOCTb CO3[IaHUs
HECKOJILKHX HIIH XOTS ObI OJHOTO YCTOMYMBOTO pexXuMa paboTel fo6biBaroiei CKBaXxuHb! [38).

EnMHCTBEHHBIM CNIOCOGOM HCCAENOBAaHUN MaJONEeOMTHBIX CKBAXHMH MHOTHME FOfibl SBJISNCS METOR
MPOCTIEXUBAHKUS YPOBHA. B CKBaXXnHE KaKuM-THO0 06pa3oM NPOU3BOAMIOCH CHIKCHHE YPOBHA XH]I-
KOCTH, IIOCJI€ Yero HaGJIIoanoch ero Boccranosierue. I1Ipy 3ToM MOIIM pErHCTPUPOBATHCS KakK € MO-
MOIIBIO TTyGHMHHOrO MaHOMETpa KPHBasi BOCCTAHOBJIEHHs 3aGOMHOrO JaBIICHUSA, TaK H C NOMOIIBIO
3X0JI0Ta — KpHBasi BOCCTaHOBJIeHHs ypoBHs. COIIaCHO TEPMUHOIOTHH, IPUHATOH B Poccuu, nomyyae-
MYIO KPHBYIO B J}000M Cllydae Ha3bIBalOT “KpHBOil BoccTaHOBNeHUs yposrs” (KBY).

B pe3synbTraTe 0GpaGOTKY KPHBOI BOCCTAHOBIICHNS YPOBHSI ONPENENAETCS KOS PUIMEHT NPOAYK-
THBHOCTH CKBaxXuHbI. O6paGoTKa IPOU3BONUTCS METOIAMH, OCHOBAHHBIMK Ha MPUOIHUKEHHOM pelle-
urd Macketa. 9To 06¢cTOSITENLCTBO BhI3BaIO B 40-e ~ 50-e ronnb! 20-ro croeTns pe3Kylo KpUTHKY METOfA
TIPOCIEXHUBAHHUS YPOBHS. MeTOI He PEKOMEHAOBAIICA [iJIsl HCIIONL30BaHMs H He IPHBOAMICH B OONBILNH-
CTBE OTPACNIEBHIX HHCTPYKLMI 110 HCCIIEAOBAHMIO CKBAXXHH, PETy/apHO Bhimyckasumxcs B CCCP.
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TCOpeTI/I‘IeCKI/IC 1 NIPpOMBICJIOBBIC paGOTLI IO HCCNEMOBAHUAM HHU3KOIIPOHHIIAEMBIX KOJJIEKTOPOB,
MPOBEACHHBIE B MOCICAHHE TOABI, MOKa3aJl BO3MOXHOCTh NPHMCHCHHA IIpI/I6JII/I)KeHHOI‘O pemicHus
MackeTa U 1103BOJIMIH NPpEIJIOXKNTh HOBBIC TCXHOJIOTHH HUCCIEIOBaHNUA CKBaXXMH U MCTOABI HHTEPNPEC-
TalMH [10JIYyYa€MbIX pE3yJIbTaTOB NPUMEHUTEIBHO K HU3KOIIPOHHIAEMBIM KOJIJICKTOPAM.

1.1. Texnonozuu uccaed08anull Mar00e6UMHbBLX CKBANCUH,
BCKPbLBAIOULUX HUSKONDOHULAEMble KOAAEKIMOPQ
B Hacrosimee BpeMsl IIPUMEHSETCS HECKOIBKO TEXHOJOTHHA UCCIEOBaHUA METONOM NPOCIIEXKHUBA-
HEg ypoBHs [38].

1.1.1. IIpocnexnBaHne 3a BOCCTaHOBJIEHHEM 3a00HHOrO AaBICHUA (YPOBHS)
Hoce KpaTKOBPEMEHHOI'O BO3MYILICHUS CKBAXKHUHbI

KpaTKoBpeMeHHOE BO3MYILEHHE IIacTa MOXKET NPOU3BOJUTLCS pasauyHbIMU cltocoGamu. [1o mo-
CJIEOHErO BPEMEHH BO3MYIIEHHE OOGBIYHO NMPOU3BOIMIOCH C HCIOJNBb30BAHMEM KOMIIPECCOPOB. B 3a-
TpyGHOE MPOCTPAHCTBO 3aKAaYMBAETCs BO3AYX, BHITECHAEMAs! IIPH 3TOM XHIKOCTb OTOHMPAETCs U3 Ha-
COCHO-KOMIIPECCOPHBIX TPY6. 3aTeM NIPOU3BOANTCS PE3KHIA BBIITYCK BO3/[yXa M3 3aTPyOHOIO IIPOCTpaH-
CTBa, MOCIE Yero PerucTPUPYETCS MpOLEcC BOCCTAaHOBJIEHUs 3a00iHOro pgapieHus. IIpu 3TOM BHE
3aBHCHMOCTH OT TOT'O, 3aIMCHIBAETCS KpUBask BOCCTAHOBIIEHHs 3a60MHOrO JaBJIeHMs C IIOMOIIBIO IITy-
OGUHHOTO MAHOMETpA, MM KPHBasi BOCCTAHOBJIEHHS YPOBHS C IOMOLIBIO 3X0J10Ta, COIVIACHO NIPHHSATOR
B Poccum TepMHHOJIOTHH NOy4aeMyIO KpPUBYIO B JIIOOOM cllydae Ha3bIBaIOT “KPMBOM BOCCTAHOBJICHHS
ypoBHa” (KBY).

IMocnenHee Bpemst Bce daille A1 MOBBIIEHUS! 6€30MaCHOCTH paboT NPUMEHSETC APYroM criocod
KPaTKOBPEMEHHOT'O BO3MYILLEHHSI — CBAOMPOBAHUE CKBaXKUHBI.

I1pn HEBO3MOXKHOCTH HCNIONIbL30BAaHUA KaKOU-IMOO0 TEXHUKH JJIs BO3MYIIEHHS IJIacTa U IIPU BBICO-
KOM 3aTPYGHOM J1aBIEHUH [JIA CO3JaHusI JSNPECCUH Ha IJIACT JOCTATOYHO OTKPBITH B IMHAIO 3aJABHXKKY
U3 3aTpyOHOro IPOCTPaHCTBA.

[MpocnexuBaHue 3a BOCCTAHOBJIEHHEM 3a00MHOr0 JaBleHus (YPOBHS) MOCTIE IIUTEILHON paGoThI
CKBaXXMHbBI, 9KCIUTYaTHPYIOLIEHCS C IIOMOIIBIO NIOTPY>KEHHOI0 HACOCa, OCYLIECTBIAETCS TaK: IIOCE OC-
TAHOBKH HACOCa PErHCTPHPYETCS MPOLECC BOCCTAHOBJIECHHUS 3a00HHOT0 NaBICHMS C IOMOIIBIO IIy GHH-
HOTO MaHOMETpA, WK KpUBasi BOCCTAHOBJIEHHS YPOBHsS C MOMOIIBIO 3X0JIOTA.

1.1.2. TIpocnexxuBaHue 3a BOCCTAaHOBJIEHHEM 3a00HHOr0 AaBleHUs (YPOBHA)
B IEPHOJbI HAKOIUIEHHS NIPYU TIEPHOANIECKOM (POHTAHUPOBAHNH

CKBaxXUHBI, BCKPBIBAIOILHE HI3KONPOHUIIAEMbIE KOJJIEKTOPA, OBOJILHO 4acTO paGoOTaloT B NIEpH-
OMYECKOM PeXUMe, KaK npy (POHTAHHOM, TaK M IPH MEXaHUYECKOM Crocobax sKciuyaTanuu. Kpar-
KOBPEMEHHbIH BbIGPOC KUAKOCTH IPHBOAXT K ONYCTOIICHHUIO YAaCTH HACOCHO-KOMIIPECCOPHBIX TPYO,
YTO BbI3bIBaeT ObICTpOE NMajeHue 3aGoiHOro fapiaeHus. ITocne aTOro cTBON CKBaXXMHbBI 3aNONHIAETCA
CHOBa B T€YeHHE HEKOTOPOTO mepuopa BpeMmeHu. Ilepuon 3anoHeHNs (HaKOIUIEHHs) MOXET COCTaB-
JATh OT HECKOJILKHX YacOB /10 JECATKOB 4acoB. B TeueHMe 3TOro mepuofa MOXHO PETHCTPUPOBATH
KPHUBYIO BOCCTAHOBIICHHS YPOBHA.

B03MOXHOCTL UCHOJB30BAHUS KPUBBIX HAKOIUICHUS IPU MEPHOANYECKOM (POHTAHHPOBAHUM IS
ompeneneHns K03(UUUEHTa TPONYKTUBHOCTH JOKa3aHa TEOPETUYECKH M NOATBEPXKEHA IKCIIEPH-
MEHTAJIBHO.

1.2. MemoObt unmepnpemayuu pe3yabmamos UccAe008aHuli Mai00e6UmHbIX CK8ANUH

1.2.1. MeTtop npocneXuBaHus ypOBHs

Hurepnperanus pe3yIbTaToOB HCCIEJOBAaHMI CKBaKUH METOAOM IIPOCIEXKMUBAHUS YPOBHS 3aK/II0Ya-
eTcss B 06paboTKe KPUBBIX BOCCTAHOBJIECHHUS YPOBHS C LENbIO ONpefesenus Koo GuIUeHTa IPOayK-
THUBHOCTH. B OCHOBe BceX METOJOB JIEXKHUT IPHOIIDKEHHOE pelieHne MackeTa.

CBOGOMHBIA MOABEM YPOBHSI IIOCIIE MPEKPAIICHNS] BO3MYIIEHHS II71aCTa ONMUCHIBAETCS CIEYIOIIUM
ypaBHEHHEM:

P(D) = PK—<PK—P0)exp(—K%gt), B1)

rae t — BpeMsi ¢ MOMEHTa MpeKpallleHus BO3MYLIEHUsI I1acTa; Py — 3a060iHOe aBlieHHe B MOMEHT IIpe-
KpallleHHsI BO3MYILEHHS [1acTa; P, — IIIacTOBOE AaBleHNE; P — CPEAHSS INIOTHOCTh XKHMIKOCTH B CTBOJIE
CKBaXKHHBI; g — YCKOpeHHe CBOOOMHOrO najenus; F — miomaas nonepeyHoro ceyenus Tpyo, mo KoTo-
PbIM IIPOUCXOAUT MOABEM XKUAKOCTH; K — KoahHIneHT IPONYKTUBHOCTH CKBAXUHBI.

PaccmoTpuM nopoGHee Hanboliee pacipoCTpaHEHHbIE CIIOCOObI 0OpaOOTKH KPUBBIX IPOCIIEKUBAHHS.
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1.2.2. Metox MackeTa
W3 ypaBrenns (b1) cnenyeT:

I[P, - P(H)] = In(P,—P,)-at, (B2)
roe
o = K—Ig’—g. (B3)

Cornacho BbipaxkeHuIo (b2) KpuBasi mpociieXXuBaHust, Npeo6pa3oBaHHast B KoopauHaTax {t, In[P, — P(t)]},
MI0JIKHA UMEThb BHJ NPSMOM JIMHHH C YIIOBBIM KoagdunuenToM 0. KoapuuueHT npogyK THBHOCTH
onpepessiercs u3 coorHomenus (53)

_ aF
pg

IlnacroBoe naBnenne P, onpenensetca nyrem rpadudeckoro nogdopa. 3ajaBasi HECKOILKO 3HaUe-
Hu# P,, cTpOUTCS Npyn KaXXAoM U3 HuX nnpeo6pa3oBanHast KpuBas. I1pu ucTnHHOM 3HaYeHuH P, KpuBas
IIPOCIEXKUBAHUA OyNeT UMeTh BAM NPAMOH JIMHUH. 3aBbIIICHHbIE WU 3aHIDKCHHBIE 3HaUYeHUsI OYAYT NpH-
BOJMTE K HCKPUBJIEHHIO KOHEYHOTO y4acTKa Ipeobpa3oBaHHOrO rpadpuka, COOTBETCTBEHHO BBEPX HIIH
BHE3. McTHHHOE 3HaueHue KoaddHuiMeHTa NPOAYKTHBHOCTY OYyeT ONpefeNsaThes o NpeoCpa3oBanHOM
KPHBOH, IOCTPOECHHOU NpH NPaBUILHO BEHIOPAHHOM 3HAYEHUH P,.

HepocTaTkoM 5TOro MeToja ABJIsieTC HEBLICOKAas €ro TOYHOCTh Npu 06paboTKe HEOBOCCTAHOB-
JeHHBIX KpuBBIX. IIpH HcclenoBaHMsIX CKBaXXMH, BCKDBHIBAIOIIMX HU3KOIPOHHIaEMbIE KOJIJIEKTOPA,
BOCCTaHOBJICHHE JaBIECHUS NOC/Ie MPEKPALCHHI OTOOpa MOXKET NPOUCXOMATH OT HECKOJILKUX JHE O
JECATKOB IHEH M Ooiee. B aTHX ciyvasix KpuBble NPOCIEXKNBaHUS HE PErHCTPUPYIOTCA [0 TMOJHOTO
BOCCTaHOBIIEHUs macToBoro papneHus. [Ipu o6paGoTke Takux KpHBBIX HCIONIL30BaHue MeTora Mac-
KETa MOXET NPHUBECTH K CYILIECTBEHHBIM HNOTPEIIHOCTSAM B ONpENeNIeHuH KO3(PHIMEeHTa IPOAYKTAB-
HocTH. Mcnonbp3oBaHue 3TOro METofa TpeOyeT TBOPYECKOro MOAXOfia, OH MOXET PacCMaTpHUBAThLCA
KaK BCIIOMOTr'aTENbHbBIH.

(B4)

1.2.3. IuddepeHnuanbubiil METOR

Juddepernnanbhbiil METO NO3BOJSET MO KPUBOH IIPOCIEKMBAHNS YPOBHA CTPOUTH MHIUKATOP-
HYIO lUarpaMMy, aHallA3upOBaTh €€ (popMy 1 OnpeneniaTs Koa(hHUIEEHT MPOAYKTUBHOCTH CKBAXKUHBI.
3aperucTpupoBaHHas KpHBas IIPOCIIEXUBAHNS IIPENCTABIAETCS B BUAEC MacCHBa TOYEK t;, P, A€ i — HOMEp
TOYKH Ha KpHBOH. ITo Kaxk[o# mape COCeaHMX TOYEK pacCYUTBIBAETCS NeOHT NPHTOKA KUOKOCTH B
CKBaXHHY IO (OpMyJIE:

q=FP;., - P)lpgti,; - 1), (B5)

rae P, u P, , | — cooTBeTCTBEHHO NpepbIAynIas ¥ Nocneayonas TOYKH Ha KpuBoil. KaxnoMy paccunraH-
HOMY 3Ha4€eHHIO feOHTa g; CTAaBUTCS B COOTBETCTBHE CPEfHEE IABIICHHE Py ;, ONPEAEIAEMOE KaK CPefi-
HeapudMeTHUYecKas BeITHIHHa

Pcp.i =P, - P2 (B6)
ITo nonyyeHHbIM napam 3HaYeHUH (; ¥ P, ; CTpouTCs rpaduk. I1o ock abenuce OTKNAAbIBAETCA qj,

1o ocu opauHart — P, ;. Ilonyyennsiii rpauk npencTapiseT co60d MHIMKATOPHYIO IMAarpamMMy, OMHChI-
BaeMyI0 3aBUCUMOCTBIO

q = K(Pnn - Pcp.i)- (B7)

HMupukaTOpHas AMarpamMma CorilacHo ypaHeHuio (bB7) uMeeT Buj NIpSIMOY JIMHHUH, YIJIOBOH K03()-
(puLEEHT KOTOPOH K OCH OPAMHAT PaBeH KO3(pGHUIMEHTY NPOAYKTUBHOCTH K, a 3HaUCHUE MaBlIeHHS,
OTCEKAEMOE Ha OCH OpJiMHAT 1ipu q = 0, paBHO macToBoMy AaBneHuIo. IlonyuaeMsble Ha npakTHKE Ipa-
¢uxH UMEroT OOGBIYHO 3HAYUTENBHBIA pa30poc TOYEK, 3aTPYAHSIOIINA OMHO3HAYHOE BhIACACHHE Mps-
MOIHHEHHOTO YJacTKa H ONpEiEICHHE N0 HEMY UCKOMBIX ITapaMeTpoB. UYTOOBI OHO3HAYHO BLIIENHTH
IOPSIMOJIMHERHBIA Y4acTOK, CIEAYET HCIOIL30BATh HHTETPATILHBINA METO.

1.2.4. UnTerpanbHblil METOT

Iponssenem unrerpuposanne no P ypasuenns (b1) n mocne HeKOTOPBIX NpeoOpa3oBaHuii IOYy-
YMM HCKOMOE YPaBHEHHE HHTEIPaJILHOTO MeToAa

¢; = K(2P,—P,)-KP,, (B8)
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rme

2F zj:(Pi—Piq)z

— , I=1+]
i (P;-Py)pg ti—ti_, !

i=1
Pj — TEKYLIEC NaBJICHHUC.

Bripaxenne (B8) siBiisietca ypaBHeHHEM NPSIMOiA IMHIK B KOOpAUHATaX [P, @] ¢ yrioBsiM K03 du-
IUEHTOM, PaBHBIM K03 ¢uuuenTy npogykTusHocTH K. M3 otpeska b, oTcekaeMoro Ha nuuuu P = Py,
MOXHO ONpPENENTD INIAaCTOBOE aBneuue P,

b
P, =Py+—. b9
K 0 2K ( )
OHO TakXe MOXET GbITh HAlIEHO IO OTPEe3KaM, OTCEKAEMbIM Ha OCH ABICHUI IpH @ = 0 i Ha OCH
¢npuP=0.
YpasHenue (B8) MoxHO 3anmcaTh HHaYeE:
@; = K(P,~P) +K(P,-Pj) = qo+q;. (b10)

M3 (B10) BupHO, YTO NMpeobpa3oBaHHbLi rpaduK B NPEAIAra€MOM MHTETPATLHOM METONE NPEf-
CTaB/IseT coOGOH NepBOHaYaNbHYIO HHIMKATOPHYIO Auarpammy q; = K(P, — P)), cMemerHyro Bipaso no
OCH ICGUTOB Ha BENMYMHY IEOUTA q. Takum 06pa3oM, HHTErPABHBIA METOJ| 1a€T BO3MOXHOCTb CTPO-
UTh MHIMKATOPHYIO IUarpaMmy, HO IIPH 3TOM YCTpaHss pa3dopoc (hakKTHYECKUX TOYEK.

1.2.5. AHanuTHYeCKHii MeTOJ

CornacHo ypasHenuto (B 1) npu npaBumbHO BbIGpanHOM P, npeo6pazoBaHHbi rpaduk B KOOpJHHa-
1ax {t, In[P, — P(t)]} mmeeT Bup npsMoit muuuu. VICXOQst U3 9TOTO yCIOBHS, OMyYeHb! PacYeTHbIE dop-
MyJIbl, IO3BOJIAIONINE ONpEeNesaTh K03 duuueHT npogyktuHocTr K 1 minacroBoe nasnenue P,

F P.-P
= In U (b11)
pgAt Py, -P;,,
Pi.\P,~ PP,

P

= . b12
T P+ P) - (PP, B12

Huist onpenesneHus HCKOMBIX IIapaMETPOB aHATUTHYECKHM METOJIOM JJOCTATOYHO UMETH 060 OT-
AENbHBIA y4aCTOK KPUBOM, laXe MOXKET ObITh HEM3BECTHO BPeMsl, KOITIA MPOHCXOMMIO BO3MYILECHHE
nnacra. Ho ¢ yBennueHueM Nmpogo/KMTENBHOCTH MPOCIEKUBAHUS KPHBOH GYHeT BO3pacTaTh TOY-
HOCTb OIIpENICICHUS TApaMETPOB.

IIponeaypa 06paGoTKH KPUBOH 3aKmIOYaeTcs B cefytolieM. Ha KpuBoit BLIGHPAIOTCS B MaphI
TOYEK TaK, YTOObI HHTEPBAbl BDEMEHU MEXITY TOUKaMH B KaX/IOH [ape GblIM OHHAKOBLI, 2 HHTEPBAJI
BPEMEHM MEX]y HapaM# TO4eK ObLl, BO3MOXHO, 6ombie. 3aTeM no popmynam (B11) u (512) onpene-
TIAIOTCA HCKOMbBIE TapaMeTpblL. [17151 NOBBIILERUs JOCTOBEPHOCTH MOXHO IIPOBECTU HECKOJIBLKO OIIpefie-
nermit K u P, 110 pasnuynbIM napam ToYex, a 3aTeM BHIYHCIHTE CPEHUE 3HAYeHUs. ]IS 3TOro yno6Ho
TIpH NIPOBEJCHUM HCCIIEJOBAHUA PETUCTPUPOBATh M3MEHEHHE JJaBIEeHHUs (YPOBHS) YEPE3 MOCTOSHHBIN
MHTEpBAJl BDEMEHH, B IPOTHBHOM Clly4ae HEOOXOMUMbIE 3HAYECHMS ABICHUS MOXHO CHHUMATh Yepe3
NOCTOSIHHBII HHTEPBAJl BDEMEHH C KPHBOM IPOCIIEXKHBAHUS, IOCTPOEHHOM B KOOPAUHATAX t, P(t).

M310KeHHbIA aHATATHYECKUI METOR 06GPaGOTKH KPUBBIX IPOCIIEXMBAHHS TPEGYET HE3HAUUTEb-
HOro 06'beMa BBIYMCIICHHH M MOXET HCIIOJIB30BaThCS ISl ONEPATUBHOM 06PaGOTKH B MPOMBICTOBBIX
YCIOBHSIX.

1.2.6. MeTon Hannyd4iero COBMeeHAst

MeTopn Hauny4iero copMenieHns 3aKI0YAETCs B MOJGOPE HEU3BECTHBIX TAPAMETPOB TaKHUM 06pa-
30M, YTOGBI (pakTHUECKas KpUBask MPOCIEXUBAHMSA COBMECTHIIACH C TEOPETHYECKOH KPHBOM, pacCyi-
TaHHOM 110 ypaBHeHu1o (B1). 3HaueHns MapaMeTPOB, IPX KOTOPBIX MPOH3ONLIO HAMIYYIIEE COBMELIE-
Hue, OyRyT ucKoMbIMH. KpuTepuem KayecTBa COBMELIEHUS CITYXHT CPEAHEKBAIPATHIECKOE OTKIIOHE-
HHUE PAaCYETHBIX 3HAYEHUH OT pakTHIeCKUX. IIpH HaMTyYIIeM COBMELLIEHHY OHO OYeT MUHMMAJBHBIM.

BaxHO# OTIHYATENBHOH OCOGEHHOCTHIO METO[A POCIIEKMBAHKS YPOBHS TIPH BCEX TEPEUHCIICH-
HBIX TEXHOJIOTMAX M METOfaX HHTEPIPETALMH SBISETCSA TO, 9TO NI 06paboTku KBY He TpelGyercs
3HaHHE HH IeOHTa CKBAXHUHBI EPE]] €€ OCTAHOBKOM, HU IPENBIIYIIEH HCTOPUH PAGOThI CKBAKHHbI.

Henocratkom MeTona npocieXuBaHus YPOBHS SBISETCS TO, YTO OH IO3BOJISIET HAXOIUTDH TOJNBKO
KO3(PUIMEHT NPOAYKTHBHOCTH CKBAXHHBI H HE Aa€T BO3MOXHOCTH OMPENENATh THIPOTPOBOJHOCTS,
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CKHH-PaKTOP U PSAA APYTHEX BaxXHBIX (PHILTPALMOHHBIX NapaMeTPOB. [111 HX HAXOXAEHUS HEOOXOIUMO
HCIIOJIL30BaTh [PYTHE METOABI, PACCMAaTPHBAEMBIE HIXKE.

1.2.7. MeTOop BOCCTaHOBJICHUSA JaBICHUA

Hapsny ¢ TpagullMOHHON TEXHONOIUEH MCCIENOBAHNI METOAOM BOCCTAHOBIICHUS aBIIECHNS, KOTOpast
MAJIEKO He BCErAa MOXKeT OBITh HCIIOIB30BaHA I HI3KOIIPOHUIAEMBIX KOJUIEKTOPOB, PEfIaraeTcs mpo-
BOJMTB HCCIICTOBAHMS C PETMCTPALMel KPUBbIX H3MEHEHNUS JABJICHUS] IIPH IPOM3BOJILHOM PEXHMe paboThl
ckBax#HbI. [IpH 5TOM B CKBaXXMHE B TeYeHHE 1-2 CYTOK PETMCTPUPYETCS H3MEHEHHE BO BPEMEHH JlaBjie-
Huii: 3a60iHOr0, GydhepHOro 1 3aTpyOHOTO, a TAKXKE AeOUTa CKBaXHHbI Ha 3aMEPHO# YCTaHOBKE.

O6paboTKa BEJETCs 10 METOAY HAMITYYIIEro COBMENICHNS KPHBOA H3MEHEHNUs 3a00HHOTO AaBNeHus
C TOYHBIM PELIEHHEM YPaBHEHHS Ibe30MPOBOAHOCTH JUIs TOM MIIM HHOU MOfieNH miacTa. I1pa ucrnosns-
30BaHUM MOJIEIN OTHOPONHOTO HEOTPAHMUYEHHOTO IJIAaCTa ONPENENAIOTCA THAPONPOBOIHOCTD I11acTa,
ckuH-(pakTOp ¥ I1acrosoe Aapnende. ITpu uzsecTHOM 2P PeKTHBHOM TOMLIMHE IIACTA MOXKHO Paccyu-
TaTh MPOHHIIAEMOCTH ¥ Nbe30IPOBOJHOCTE.

2. TUIPOIUHAMUYECKHE UCCIETOBAHHS CKBAXWH
TP MHOTOPA3BHOUN ®UIHTPAIIUU

2.1. TudpodunamurecKue UccAed08aHUR CKBAICUH NPU MHOZODA3HOIL ycmanosueswelica puibmpayuu

2.1.1. TeopeTnueckre OCHOBbI METOJ/Ia HHTEPIPETAMH HHINKATOPHBIX HAarpaMM
TeopeTuyeckoit 6a30i NPOrHO3HBIX PACIETOB CIIYXKHT NpeAIoxXeHHoe M. PeTKOBUYEM COOTHOLLIE-

HME IS CTAIMOHAPHOTO NPUTOKA K CKBAXKUHE Ma3MPOBAHHOM XKHUAKOCTH NIPH PEXUME PACTBOPSHHOTO
raza [91]:

q = J(P%,-P%’, (B13)

rfie q — 1e6uT HehTH B HOBEPXHOCTHBIX YCIOBHSX; Py, — IMacToBoe faBieHue; P — 3a60iiHoe AaBneHue;
J — koa(pduuHeHT NPONYKTUBHOCTH [BYX(ha3HOM GUILTPALMH; Nl — IOKA3aTENIb CTCIICHH.
3apucumocts (B13), nony4yeHnsas BHadase Kak YHCTO IMIMPHUECKas, TI03[Hee Oblia MOATBEPXAEHA
KOMIILIOTEPHBIM MOJIEIMPOBAHMEM H CTPOTO MaTeMaTHYeCKy o6ocHoBaHa (82, 88].
Inst cnygasi, KOrfa MacToBOE AaBIeHUE NPEBbINIAET NABICHHUE HACKILEHNMS, a Ha 3a00€ CKBAXUHbI
[OJIAEP>KMBAETCS TaBJICHHE, MEHbIIIEE [aB/IEHHUS HACBHIILICHNs, 3aBUCAMOCTh (b13) npeobpa3yercs K cie-
ayromeMy Bugy [87]:

q = Ko(Pr—P,) + J(PL P, (B14)

rae K, — HauaneHbi# K03 GHuAeHT IPOAYKTHBHOCTH, COOTBETCTBYIOIIH (pUILTpalKK HEPTH B OfHO-
¢asHOM cocTosiHuM, P, — NaBieHne HACKILICHHS HETH ra30M NpH MIACTOBOH TEMIeEpaType.

HcxonHbIME [aHHBIMM, HEOOXOMUMBIMHE i pacdeTta geGutoB no gopmyne (b14), asasrorcs pe-
3yNbTaThl UCCIENOBAHUS CKBaXKHHbI METOJIOM YCTAaHOBHBIIHMXCS OTOOPOB MpPH 3a0GOAHBIX AABJICHHUSAX
KaK MPEBLILAOHX, TAK H MEHbIINX aBJCHISAX HAchIIICHHsl. HeusBecTHbIe k03¢ pumuents! Ky, J 1 mo-
Ka3aTellb CTENIEHH N B YPABHEHHHU IPUTOKA ONpENeNAIOTCI U3 HHAHKATOPHOM JHAarpaMMBl.

HHpukaTopHas 3aBUCEMOCTb B CTAHAAPTHBIX KOOPAMHATAX q — P HMeeT TMHEAHbIA XapakTep B Axa-
Ia30He OT ILIACTOBOTO [ABJICHHS [0 IaBJICHUS HACBILIECHHM, a TIPH MEHBIIINX JABJICHHUAX M3rubaeTCs B
HaTIpaBJIeHUH K ocu AeGutos. [IpuMep Tako# AHarpaMMbl IOKa3aH Ha pucyske b1.

Havanpusii ko3¢ duuueHT nponykTusHocTa Ky onpenensercs no TMHEHHOMY Y4acTKy WHRAKATOP-
HOU 3aBMCHMOCTH. [/ HAXOXIACHASA N U J TOYKM WHAMKATOPHON 3aBUCHMOCTH, PACIONIOKEHHBIE HILKE

JIaBJICHMsI HACBILIEHNS, IEPECTPAMBaIOTCs B KoopauHaTax 1g(q—-qp) — Ig (Pf,, - pz) , e qp = Ko(P,, — P —

IEOUT CKBAXKMHBI IPH 3a00MHOM JaBJICHNH, PABHOM [JaBICHHIO HACKIMEHMs. B cOOTBETCTBUM C ypaBHe-
aueM (b 14) B mpeoOpa30BaHHBIX KOOPAMHATAX (PaKTHYECKHE TOYKH [TOJKHBI JIOKUTEHCSA HA IPSAMYIO JIH-

19

HHIO, 3 YPAaBHEHHs] KOTOPOIi ONpeJiesieTcs: YIIIOBOH K03 (HULUMEHT, PABHBIM II0KAa3aTeNO CTENEHH "N
¥ CBOOONIHBIA YJIeH, paBHbIil Benu4dnHe 1gJ .

Heo6xoguMo OTMETHTD, YTO HA pCalibHbIX HHIUKATOPHBIX 3aBUCHMOCTSAX OTKIIOHCHHC OT HpﬂMOfI
JIMHAM HaYHHAeTCs OObIYHO HE B TOYKE JaBJICHUS HACBIITICHUSA PH, a IIpy HECKOJIBKO 60J1ee HU3KOM J]aB-

nenmn P¥ . Pasnocrs Mexny P, u P} MoxeT gocturats fecsitka atMocdep. Takoe moBefieHHe CKBaXH-

HBI OO'BACHSAETCS TEM, YTO B HA4aJIbHbIH IEPHOH TOHIDKEHMS 3a60/HOTO JaB/ICHHs HHXKE NaBJICHHUS Ha-
ChHIIIICHHS pa3Mepbl BODOHKH pa3sra3sfpoBaHHUs ellle He3HAYUTEIbHBI, 2 BbIICIUBINHECS U3 IIaCTOBOM
HeTH MUKPOCKONIUYECKHE Ty3bIPhKH ra3a NPaKTHYECKH HE BIUSAIOT Ha (Pa30BYIO IPOHUIIAEMOCTH IS
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HedTu. Mcxons U3 ykazaHHBIX coOOOpaXkeHuit, Ipa pac-

~
yeTe febuToB no dopmyne (b14) BMecTo BenuuuHbl P, E 25
cIefyeT HCIOL30BaTh fAaBienne P, 3HaueHue Koro- ¢ 20~
pOro MOXHO OLEHHUTH B HPOLECCE UCCIeJOBaHUS KOH- = S~ ]
KPETHOM CKBAXXHHBEI. 2 15 )
Kosdodunuent npogyktuBHOCTH J IBASETCH CAOXK- =10 3
HO# (pyHKIHMEH TEKyIIero IIacTOBOrO AaBieHus, pazo- 8 P %
BOH MPOHHULIAEMOCTH 11 HedTH, 0OYCIOBNEHHOH ra3o- £ 5 3
HaCBIIEHHOCTbHIO NPH JAHHOM ILIACTOBOM AaBJIEHHM, a 3 \6
<
TaKKe BeJIHYUHbI HAaYaIbHOro K03 UIHEHTa IPONYK-
bpun pony ® 0 5 10 15 20 25 30

TUBHOCTH K.

ITokasarene cremeHM n — BENHYMHA 3IMIMPHYECKAsL.
Kak noka3ano kommbroTepHOe Mopenpoanue [88], aTa
BEJIMYMHA 3aBHCHT OT T'a30HACBIIEHHOCTH H, CIEROBa-
TEJIBHO, OT JaBJICHUsA, a TaKXKe 00yCIOBIIEHA OTKIIOHE-
HHEM Ipolecca GUIbTpanun OT 3aKoHa Jlapcu.

Ilpu pexxuMe pacTBOPEHHOrO ra3a Kax J, Tak M n H3MEHSIOTCS BO BPEMEHH 110 Mepe MajeHHs I1acTo-
BOTO aBIICHHMS, ¥, IO3TOMY pacdeT AcOUTOB [Ns pa3iiM4HbIX 3a60iHbIX gaBneHuil no dopmyne (b13)
CIpaBeINB TOJILKO [JIs OTHOI'O 3Ha4Y€HHUs TEKYLIETO IJIaCTOBOrO aBIICHHUS!, COOTBETCTBYIOIIETO AaTe
HCCNENOBAHUS CKBaXKHHBI.

IIpy nnacToBOM JlaBlieHUH, MPEBBIIAONIEM JaBJICHHE HACBIIICHNUS, BETHYUHBI J ¥ N HOJXHbBI OBITH
OTHOCHTENILHO CTaOMIIBHBI BO BpDEMEHH, MOCKOJILKY ra30HACHILEHNE B BOPOHKE Pa3ra3dipOBaHHUS H IO-
NBHXXHOCTE HEGTH OyAyT ONPENENAThCs HE TEKYHIMM 3HaAY€HHUEM [UIACTOBOTO JJABIICHUSI, 2 TPAKTHYEC-
KH HCU3MEHHOH BEeJIHYMHOM JaBIeHUs HACKIILIEHNUS.

HeGuT XUIKOCTH, M3/cy'r

Prcynok B1. ViaoukaTopHas fHarpaMma.

2.1.2. TToctpoenue u 06paboTKa HHIAKATOPHOM HarpaMMbl
Kak yxe oT™Meyanocs Bblllie, A1 OOpaGOTKH HHANKATOPHBIX JHAarpPaMM, ONUCHIBAEMbBIX YPaBHEHH-
eM (b 14), Heo6xoauMo 3HATh IO KaXA0# CKBaxkuHe 3a00iiHOe faBneHue P , Hike KOTOPOro HaYHHAET

CHMXXATHCA KO3(MMUIMEHT NPOAYKTHBHOCTH. [11 ollpefieIeHHst 3TOTO JaBIeHHA HEOOXOQUMO CTPOUTH
rpagHK 3aBHCHMOCTH KO3(puieHnTa NpOTyKTUBHOCTH OT 3a6oiiHoro faBneHus. OH NMOKa3aH Ha pH-
cyake b2. [Ins nocrpoenus rpaduka K03 (pUIHEHTH! TPOTYKTHBHOCTH PACCUMTHIBAIOTCS HAa KaXIOM
pexumMe paboThI CKBaXKHHBI:

K = 5, (B15)
mn 1
rie q; ¥ P; — ne6ut u 3a6oiiHOE JaBiieHUe Ha KaXJOM pEXHMe, a IUNIaCTOBOe aBleHue P, onpenens-
JI0Ch MYTEM 3KCTPANOJISIIMA NPSIMOIMHEHHOTO yYacTKa HHAMKATOPHO!N JHarpaMMbl 10 OCH aBJICHUI.
ITo nonyyeHHBIM 3HauYeHHAM KO3(h(PHIMEHTOB NPOAYKTUBHOCTH NOCTPOEH rpadrK, MOKA3aHHBIA Ha
pucynke B2,

Ha rpacduke oTMedaeTcss FOpH30HTANBHBIA YIaCTOK, B Ipefeaax KOTOporo KoauIuraeHT MPOAyK-
THBHOCTH HE MEHAETCA. DTOT Y4aCTOK COOTBETCTBYET IIPSIMOJIMHENHOMY Y4YacTKy Ha MHJUKATOPHOM
nuarpamMe. Hanee, no Mepe nafpeHus: 3a60HHOTO AaBIEHUS MOSBISAETC YYaCTOK CHIDKEHUs KO3 u-
LHEHTA NPOJYKTUBHOCTH, KOTOPBIH SBJIETCS IPAKTHUECKH NpsAMonuHeinbiM. Ha nHaMKaTopHO#M nua-
rpaMMe€ €My COOTBETCTBYET KpHBasi H3MEHEHHs le0uTa, o6paleHHast BOTHYTOCTBIO K OCH JJaBJICHHS.
3aboiiHOe aBlEHAE, COOTBETCTBYIOIIEE IIEPECEUYCHHIO IBYX MPSIMOIMHEHHBIX YYaCTKOB Ha rpaduke
3aBHCHMOCTH K03¢¢HUIMeHTa TPOAYKTUBHOCTH OT JIaBIICHHUS, ABIAETCA MCKOMBIM [aBIEHHEM, COOT-

BETCTBYIOILUM Havyally CHHXKEHUs K03 duipenta npoaykKTuBHoctd P .

HMes Bce Heo6X0UMbIE TAPAMETPBI IS IOCTPOSHUS U 0OpabOTKH HHAMKATOPHBIX JHATPAMM, [O-
Jy4EHHBIX P UCCIIEOBAHMSAX CKBAXKUH BbIIIE M HUKE JIaBJICHAS HACHIIIEHNS, MOXKHO ONpPENETUTD 1a-
PaMeTPhI, XapaKTepH3yIole (pUNIbTPALUIO Fa3UPOBAHHOM XXUAKOCTH B OKPECTHOCTH CKBaXKHHBI. 3Ha-
HHE 9THX NIApaMETPOB NO3BOJIUT IPOTHO3UPOBATh ACOUTHI CKBAXKUH, pabOTAIOIUX IPH aBJICHHSIX HA-
K€ JaBJICHAS HACBHILCHHUS.

Omnpenenus 0o NpAMONUHEHHOMY YYaCTKy HHIMKATOPHOH gHarpaMMbl KO3((HUIMEHT TIPOAYKTHB-
HoctH K, miacroBoe nasnenue P, a Takxke gaBneHus P, MoxHO nmpoBecTH 06paGOTKY yyacTKa MH-

MMKATOPHOMN IHarpaMMbl, BOTHYTOT'O K OCH AaBieHull. B pe3yiabrare 06pa6oTku OyayT HOJMy4YeHbI Tapa-
MeTphI J ¥ n, XapaKTEpU3YIOLIKE MPUTOK M3 IUIACTA IIPH pa3ra3upoBaHud He(PTH B Mpu3abOHHOM 30HE.

59



P 153-39.0-109-01

= 0.20 .
2 o T~ £ S=—]
5 0.17 . i
% 016 S = 6 [
-0.15 ' - e
e . ™~ =
0.14 : - = 7 ~e
0.13 11.58 MIla -
16 14 12 10 8 6 4 2 0 0 0.5 1.0 1.5 2.0 2.5
3aboiiHoe gasnenne, MIla In (q - qq)
Pucynox B2. 3aBucuMocTs K03 puieHTa IpoayK- Pucynok B3. IIpeoGpa3oBanHas HHIUKATOPHAS A PaM-
THBHOCTH OT 3a00IHOr0 HaBjIeHus. Ma IIpH 3200MHBIX IABJIEHIBIX HIDKE ABJ1eHIs HACHIIIICHHAS.
Ilpencrasum ypasHenne (b14) B cnenyromeM Bupe:
In(q-qo) = InJ+nln((P})* - P?), (B16)
e
o = KO(PHJI - P}T ) (B 17)

B Beipaxenusx (b16) u (517) B otimuue ot ¢opmyisl (b14) BMecTo naBneHus Hacoienus P, no-
CTaBJICHO [laBlIeHUe P , Hike KOTOPOro HAYMHAETCS UCKPUBJIEHHE HHIMKATOPHOM MHATPAMMEI.

Bripaxenue (b16) npepcrasnser co6oil ypaBHEHHE PAMOIL TUHAK B KoopauHaTax [In((PF )2 — P2),
In(q — qg)]. [IpeoGpa3zoBaHHas B yKa3aHHLIX KOOPAMHATAX MHIUKATOPHAN IUarpaMMa IIPEICTaBlIeHa Ha
pucyHke B3.

IIpeoOpa3oBaHHas MHAMKATOPHAs AMarpaMMa HMeeT BUJ, psiMoli TuHuH. MickoMbie mapaMeTpsl J 1
N ONPENEISTIOTCS U3 CIIEAYIOIIMX COOTHOIIEHHIA:

J = eBt (B18)

n = tgo, (B19)

I7ie 0L — YroJl HaKJIOHa NpeoOpa30BaHHOM MHMKATOPHON AMArpaMMEI K OCH OpauHaT; B — oTpe3ok, oT-
cexaeMbId Ha OCH OpJIUHAT.

2.2. T'udpoouHamumeckue UCCAEO0BAHUA CKBANCUH
npu mH020¢ha3HoU HeycmaHosuawelica guibmpayuu

Ypasuenus GuIbTpali MHOTO(a3HOM XXKUIKOCTH B IOPHCTHIX CpefjaX u3BeCTHEI ¢ 1936 1. [96, 101].
B camoii oOmeit popMe 3TH ypaBHEHUS HMEIOT BLICOKYIO CTENICHD CHOXHOCTH: OHY HEMMHENHb! KaK B
OTHOUICHUY []aBJIEHHs, TAK U B OTHOLIEHNH HacblllleHHOCTeH ha3. KpoMe Toro, BXORSIIME B HUX JPYrHe
(usnyeckne BeJTHYHHBI, TAKME KaK INIOTHOCTH, BI3KOCTH, 00'bEMHBIE KO3(h(hHIHEHTHI, paCTBOPUMOC-
TH (pa3 ABISIOTCSA SMIMPUYECKUME (DYHKIMSIMH [aBJIeHHS M HACBHIIEHHOCTEH, allpOKCHMAIMs KOTO-
PBIX MaeTCsA BEChbMa CIIOXHBIMH aHAJIATHYECKMMH BhIpaxkeHusaMH. [To3ToOMy aHamuTHYECKOE pellleHne
NONHOM cucTeMbl AU depeHIMaNbHbIX YPABHEHHH, ONUCHIBAIOMINX TEYeHUE MHOTO(Aa3HOM KUJKOCTH,
MPAaKTHYECKU HEBO3MOXKHO.

3a nocnegaue 60 ¢ TMIIHEM NET Mpo6eMe MEHOrodasHol huibTpanuy 3apy6eKHBIMH H OTEYeCT-
BEHHBIMH YYEHBIMH YAEIAIOCH GOMbIIOe BHUMaHUe. bhulu MoMyYeHbl TOYHbIE U NIPHOIUKEHHBIE pe-
UIEHHUs 3TOM MpOOJIEMBI B YIIPOLIEHHOH IOCTaHOBKE, pa3paboTaH HebIi P alfTOPUTMOB YUCIEHHOTO
pelleHus: ypaBHEHMH MHOTO(a3HOH 1 MHOTOKOMIIOHEHTHOH (pUNBTpalil METOJOM KOHEYHBIX pa3HoO-
creit. I3yuanoch IBHKEHUE HE TOIBKO CaMUX NPUPOHBIX XXUAKOCTeH (HedTH, ra3a ¥ BOAbI) B IOPHC-
TOH CPEAE, HO ¥ BLITECHEHUE UX PACTBOPUTEISIMH, OOOTaIlleHHBIMU CYXHM ra30M BBEICOKOTO IABIIEHHS,
3aryleHHOH M KapOOHU3HPOBAHHOM BOJOM H T.II. IPH BTOPUYHBIX MeTofIax foObiun Hedr. U3yuacs
MaccoOoOMEH MeXly pazaMu, pacCMaTpPHBaJIOCh BIUSHAE HEH30TEPMUYECKUX MPOLECCOB B Iu1acTe. Bee
3TH TEOPETHYECKHE, @ TAKIKE MHOTOYHCIIEHHbIE 3KCIIEPUMEHTAIbHbIE UCCIIEROBaHUs IMEJIH Of[HY IJ1aB-
HYIO LeJIb — CO3[jaHNe Ha HX OCHOBE PalMOHAJIbHON CHCTEMbI Pa3paGOTKM ¥ TEXHOJNOTHH HeTefo0bI-
qu. OpgHako npobieMe ruApoAMHAMUIECKUX UCCIENOBAHUI CKBAXKUH IIPH MHOTO()a3HO! PUIbTpaunu,
LENBIO KOTOPBIX SBJISAETCS ONpefeacHue (ha3oBbIX WM aGCOTIOTHOM IPOHAIIAEMOCTH, BHUMaHKE MPaK-
THYECKH HE YAEAN0Ch. XOTS HECKOJIBKO COTEH MyOINKaIHil MOCBSAIIECHO pa3IMYHbIM NpobGieMaM aHa-
IM3a JaHHBIX MCCIIENOBaHUsI CKBaXKHH, OIHaKO, He Goisiee 20 craTeil HMEIOT JeN0 HEMOCPENCTBEHHO C
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aHAIH30M UCCIIEIOBAHUS CKBAXHUH NPU MHOro¢asHoM TeyeHHH. Bo3MoxHo, caMoe mopasutenpHOeE TO,
4TO B IByX MOHOTrpacdmsx, u3naHHex SPE (AMepHKaHCKEM 06LIecTBOM HHXEHEPOB-HE(TAHAKOB) B
1967 r. [95] u B 1977 r. [90], B KOTOpBIX MOPOGHEHAIIIM OGPa30M OCBEIAIOTCS BCe mpoObJIeMbI UCCTie-
I0BaHHUs CKBaXXHMH DK YNIPYI'OM peXuMe GUibTpanuu ofHoha3HOM KUIKOCTH, BOIPOCY NCCIETOBAHMS
CKBaXXHH NPH MHOro(asHoM (huIbTpaluu OTBEAEHO B CYMME BCETO YETHIPE CTPAHHUIIbI!

K Hacrosiemy BpeMenH, TeM He MeHee, CIIOXKHMITACE TPH TIOAXORA K aHaNM3y MaTEepPUAJIOB HCCIIENO-
BaHHs CKBaXXWH IPH MHOroGa3HOM (uIbTpaluy, B YaCTHOCTH, IPH PEXUME PACTBOPEHHOTO rasa.

2.2.1. Merop ananorun Ileppuna—MapTuna

ITeppun [97] u MapTtun [93], OCHOBBIBasICh Ha OIBITE 00paGOTKH MPOMBICIIOBBIX KPUBLIX NAfiCHHUS
U BOCCTAHOBJICHUS JABJICHUS MPH PAa3IHYHbIX PeXUMaX (PUIbTPANHUY, NPEIOKUIM /I aHAIN3a JaH-
HBIX, IOy 4CHHBIX DX TUAPONMHAMUYIECKHX UCCIEHOBAHMUAX CKBAaXXUH TIPH MHOTrO(ha3HOM HOTOKE, MC-
HO/IE30BATh K/IaCCHIECKOE YpaBHEHHE Mbe30NPOBONHOCTH (T hepeHImanTbLHOe ypaBHEHHE, ONUCHIBA-
Iolee TeYeHue OHO(a3HOM yIPYroi JXUAKOCTH), 3aMEHNB B HEM MO BHKHOCTD (k/K) cymMMoit monBIK-
HOCTel Kaxyoil a3sl, a CKUMAEMOCTD (C) 3aMEHUTH NICEBAOCKUMAEMOCTEIO, ABIIAIOIIENCS PYHKIHEH
CBOJCTB XKHUJKOCTEH M UX HACBIIIEHHOCTEN. B pesynbTaTe 06paGoTKHE MOKHO onpenenuTsh 3¢ deKTus-
Hble (ha30Bble NPOHMIAEMOCTH (IOJBIKHOCTH) M CKHH-(PaKTOp. AOGCONIOTHYIO NPOHUIAEMOCTD MO
STOMY METONly ONPENICIUTE Henb3st. [Ipu 3ToM MAAMBHUAYyanbHbIE (ha30BbIe NOIBUKHOCTH MOTYT OBITB
OICHCHBI TOILKO B TOM Clly4ae, €CIH paclpefieleHie HaChILEHHOCTH N0 IUIACTy OQHOPOHO. [Ipyrum
HEJLOCTATKOM 3TOr0 METOAIA ABNISETCS HEOOXOAUMOCTD HCTIONL30BATh B PACYeTax HEKOTOPhIE CPEJIHHE
3HaY€HM NaBJICHHSA U HE(PTCHACBIIIEHHOCTH B 30HE APEHUPOBAHUS, KOTOPHIE B MPOMBICIIOBLIX YCIIOBH-
SIX ONPEJCIUTE BECbMA 3aTPYAHHATELHO.

2.2.2. MeTon KBafpaToB NaBJIcHUil

Pazubpivu aBTOpaMH 31800} 3aME€YCHO, YTO BECIWYNHA NOJBIKHOCTH Heq.)TI/I B HEKOTOPDBIX CI1y-

0
HoBo

YyastX JIUHENHO 3aBUCHUT OT RABJICHHUS: = aP, rjge a — nocToAHHAsa BeIMYNHA.

HoBg

Ecnu nopcraButs 310 BhIpaxeHHe B ypaBHEHHS] MHOTO(A3HOM (bunbTpanuH, TO HX MOXHO ITPHUBEC-
TH K BU]ly CTAHIAPTHOTO yPaBHEHUs Ibe30NIPOBOAHOCTH, B KOTOPOM BMECTO faBieHHs P cTOMT KBajpar
naejenus P2 Bce U3BeCTHBIE PELIEHNS yPABHEHHS [bE30IPOBOJHOCTH [N OTHO(DA3HOM KHUAKOCTH MO-
TYT OBITh HCIONBL3OBAHBI C 3aMEHOM JIaBJICHAS HAa KBApaT [aBICHHU, a OnHO(a3HBIX MONBUXKHOCTH H
C>KUMAEeMOCTH Ha CYMMAapHYIO OJBIKHOCTE H [ICEBOCKAMAEMOCTD.

9TOMy MeTONy NPHUCYINH BCe HEAOCTATKH METOna ITIeppura-Mapruna. Kpome Toro, nuneiinas 3a-
BUCHMOCTB IIO[IBMXHOCTH OT [JABJICHHS TSI MHOTUX HeTell He OTMEYAeTCH.

2.2.3. MeToj niceBIOaBIeHAS

Wnest mpUMEHUTL HEKOTOPOE HHTETPalbHOE NPeo6pa30OBaHme K ypaBHEHHAM AByx(a3Ho# puIbT-
panuu nosiBuiack B Havane 1940-x rogos. IlepebiMu 3T0 ocymecTBuny B Haweil crpane C.A. XpucTu-
aHoBu4, a B CIIA — Macker u Esunrep. ITo3nsHee psii aBTOpOB IOKa3a/Iy, YTO HEYCTAaHOBMBIIIMICA MHO-
roa3HbIil IPHTOK K CKBAXHHE OIACHIBAETCS CIIEAYIONIAM YPaBHEHHEM

kb

D = 1412(0.51nt, + 0404 7 5) P ~m(Pun)], (B20)
re m(P) — pyHK1US IceBOONABIEeHNs, UMEIOIIAS BHN:
P
krO(SO)
m(P) = | ———dp, (B21)
'[ HoBy P
Py
tp — 6e3pa3MepHOe BpeMst:
t = 0.000264i(t, (B22)
oMo Coiry

S — cKMH-(paKTOp, KOTODBIH B JAHHOM CITydae OTpaXaeT Kak HAPYIIEHUs B IPH3aGOAHON 30HE, TaK H
YBEJIMYEHHE CONIPOTUBJICHHS], BLI3BAHHOTO YBEJIMUEHUEM 00'bEMA BBIACIUBINErOCs I'a3a.
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3TOT MeTOp ABsAETCA HanGoNnee OGOCHOBAHHBIM THAPOAMHAMAYECKHA U3 BCEX PacCMOTPEHHBIX BbI-
we. C ero NOMOLIBIO MOXET GbITh ONpefiesieHa aGCOTIOTHAS MPOHUIAEMOCT, MIO3TOMY OH PEKOMEH-
AYETCH /ISl IPAKTHYECKOro IPUMEHEHMS.

MoHO OTMETHTB TaKXKe€ METON, OCHOBAHHBIH HA JIMHEAPU3ALUY HCXOTHBIX nuddepeHnuanbHbIX
YPaBHEHHI HEYCTaHOBHUBILEHC (DHITBTPALMKA Fa3MPOBAHHOM KHUAKOCTH C HCIIOIB30BAHACM CKUMAEMO-
CTH H NBE30MPOBOIHON CMECH, mpeyioxeHHoH .6 Yekamokom [76, 21], u CBEJICHUEM 3ajjayH K IBH-
JEHHIO YIIPYroi XKUAKOCTH, a TaKxXe HccnefoBaHus A.A. Bokcepmana, @.5. 3azosckoro u C.I'. Kame-
HEIKOoro.

2.2.4. Anroput™ 06paGOTKH KPUBBIX NAAEHUS ¥ BOCCTAHOBIICHUS NaBJICHUS IO METOMY IICEBIONABICHUS

1. CocransieTcst Tabnuua t, P 1 R B COOTBETCTBYIOIMX MIMHULIAX H3MEPEHH.
2. Ucnonp3yd R 3 3T0i TaGIHIb], BEIYHCIISIETCS k,/Ko Kak (yHKIHS JaBJIEHUS 110 YPAaBHEHHIO

ke _ HgBg
ko  HoBg

3. Mcionb3yst KpUBbIE OTHOCHTENbHBIX (ha30BbIX IPOHAIIAEMOCTE, HAXOTHTCH k,/ko kKaK ynkuus S,

4. Ucnons3ys pe3ynbrarhl maros 2 u 3, Haxoautes P kak dysknus S,

5. 3Has 3aBUCHMOCTD P ot S, HaxomuTes ko Kak dynkums P, Hcnone3ys KPHBYIO OTHOCHTENLHOM
(a3oBoi npoHUIIaEMOCTH HEDTH.

6. Beruucnsiercs ynknus ncesgogasienns m(P) no dopmyse

(R-Ry). (B23)

P
- krO(SO)
"® = 55,

b

dpP, (b24)

HCIIONB3Ys 3aBUCUMOCTE k o(P), momy4ennyro B ware 5 u ganubsie PVT gist 3aBucEMOCTel Ho(P) 1 By(P).

7. Ctpoutcs rpacuk 3aBHCHMOCTH niceBpogapiaeHus m(P) or JorapugMa BpeMEHH.
8. OnpepensieTcs yrnoBoit KO3 ULUUEHT NPSIMONTMHEHHOTO yIacTKa MOAYYEHHOTO rpacduka i H
CBOOOIHBIH 4leH A.
9. OnpepensieTcs NpoU3BeNeHAE NPOHALIAEMOCTB—TONIIHEA 10 (POPMyIIe:
kh = g/4ni. (B25)

10. Onpegensercs Benu4uHa

= = 0.445exp(Ali). (526)
rII

=

11. Onpepensercs
&= k/ll(mBo + Bc)

12. 3Had ®, HAXOOMM NPHUBEICHHBIA PAIHYC CKBAXKUHBI

x
e = \0.445exp (ALY (B27)

13. Onpenensiem ckuH-akTop S 1m0 popmyie:

S = Ink . (B28)
rnp

2.2.5. ITpumep 06paGOTKH KPUBO# afeHUS JABICHHS

Jnst miTFOCTpaLuy METO/Ia 06paGOTKY KPHBBIX IafieHHsl H BOCCTAHOBJIEHHS! 3a60HHOTO aBJICHHS Ha
CKBAXHHE, paGoTaloledl B I1acTe MPU PEXHME PACTBOPEHHOTO Ta3a, PACCMOTPHM THIOTETHIECKHMIT
IpHUMep.

IIpumeM, 4TO HE(PTAHOM IITACT SBIACTCS ONHOPOTHBIM IO IPOHHLAEMOCTH, NOPUCTOCTH ¥ TOJNIIHHE
C FOpPH30HTaIbHBIMK HENPOHUI[AEMBIMHU KPOBJIEH ¥ IOTIOLIBOM H YTO aBlIeHIE HACKILICHHAS B HEM PaB-
HO Ha4aJbHOMY IUTACTOBOMY IaBJIEHHIO, T.€. YTO B HAYAJIbHBI MOMEHT BPEMEHH HACBILIEHHOCTh Hed-
TbIO paBHA CIMHUIEC, 3 HACBIIEHHOCTh Ia30M paBHa HyJIO. [IDyTHMH CI0BaMH, B Hayajle pa3paGoTKy
CBOGOMHbIH ra3 B I1acTe OTCyTcTBYeT. ORMHOYHAS CKBAXHUHA MYIIEHA B 9KCIUTYaTALHIO C IOCTOSHHBIM
AeGUTOM B [IOBEPXHOCTHBIX YCIOBHAX. C IIEPBBIX Xe CEKYH] paGOThI CKBAXUHbI IABJICHHE B ILIACTE oy-
ACT NOHMXKATBCS, CTAHOBSACH MCHBIIIE NaBIICHHS! HACBIILEHHS, H B IIACTe U3 HE)TH HAYHET BBITEIATHCS
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ras, o6pasys cBo6oany:o ¢a3sy. ITo Mepe paboThI CKBasKHHBI 30Ha, B KOTOPOIl IPOUCXOAUT Pa3ra3upo-
BaHHe, Oy[IET NOCTOSIHHO YBEJIMYHNBATHCS; He(hTEeHACHIIIEHHOCTD B Hell GyJeT NMafaTh, a ra30HaChILIEH-
HOCTBb BO3pacTaThk. B macte o6pasyeTcs aByxda3Hoe TeuyeHne HepTH 1 ra3a, KOTOPO€e NPUHSATO HA3bI-
BaTh PEXXHMOM PacTBOPEHHOTO rasa.

ITocne ocTaHOBKHM CKBaXKMHBI 110 MEepE NOBBIIICHNS AaBICHNS BbIIEIUBIIMIACS CBOGOIHBIN r'a3 HauH-
HAeT CHOBA PACTBOPATHCA B HE(PTH U B YCIIOBHSIX HEOTPAHUYSHHOTO IIACTA WIIM MOCTOSIHHOTO AABIEHUS
Ha BHELIHEM KOHTYPE IO HCTEYEHHH JJIMTENBHOIO IEPHONia BpeMEH! He(PTEHACKIIIEHHOCTh CHOBA CTa-
HET paBHOW €JHHUIIE.

PaccMoTpeHHbIE (DU3MYECKHE MPOLECCH] OMHUCBIBAIOTCS CHCTEMOH iu(hepeHIMaTbHBIX yPABHEHAN
B YaCTHBIX IPOU3BOJ(HBIX, KOTOPas aXke B TAKOM IIPOCTEHIIIEM ClTydae HE MeeT aHATUTHYECKOTO pe-
uieHust. PaccunTaTh M3MEHEHME NaBIICHNS M HACBIIEHHOCTEH HE(ITH U ra3a B IJIACTE MOXKHO JIMILb ITy-
TEM PELICHHS ITOH CHCTEMBI YDABHEHUI KOHEYHO-Pa3HOCTHBIMU METOAAMH, C TIOMOILBIO TaK Ha3bIBa-
€MbIX YHCJIEHHBIX MOfieliell HedTsiHOrO mnacTa. ITpu NoAroToBKe rUmoTeTHYECKOTO IpHMepa Gblia uc-
nonb3oBaHa nporpamma LAURA [63], peanusyromas Takyro Mopens. Ilo 3Toit mporpamme GbLiu
paccuuTaHbl KpUBbIE H3MEHEHHS 3a00MHOTO JaBJIeHUs pU paboTe H OCTAHOBKE CKBAXKUHbI, DTH I'MIIO-
TETHUECKHME KpHUBBbIE 06paboTaHbl 10 OIMCAHHOMY BBbILIE METOAY C LEILIO ONEHKH €r0 NPUEMIIEMOCTH
i 06pabOTKH IIPOMBICIIOBBIX KPUBBIX H3MEHEHHUs 3a00MHOTO JaBIeHHUS, IOTYYaeMbIX IIPH THAPOIH-
HaMMYECKUX MCCIEJOBAHUAX CKBAXKHH NIPU PEKUME PaCTBOPEHHOrO rasa.

Hcxonubie qaHHbIE.

Hns pacyera runoTeTHYecKUX KpuBbIX Mo nporpamMme LAURA Gblnu npuHSTEI CIAEIYIOIIKE HCXON-
HbIE JaHHbIE:

Tonmmua nacra —10Mm

ITopucroctb -0.2

AGcomoTHas npoHunaeMocTs maacra — 0.010 mrm?

HavanbsHoe miacTtoBoe naBneHue — 10 MIla

JTaBieHne HACHIIIEHUA — 10 MIIa
CaolicTBa He(pTH IPH HAYATHLHOM TIJIACTOBOM IAaBJIEHUH (JABJIECHHH HACBHIILCHHS )

CKMMaeMOCTh —0.001 1/MTIla

OG6beMHBIN KO3 PUIHEHT - 1.2 M3

Bsskocth —1.78 mIlac

KoaddumuenT pacTBopuMocTa — 68.5 um3 /M3

CsoiicTBa HedpTH M ra3a IpH AABJICHUSX HIDKE JaBIE€HUs HACHIIUECHNUS IPUBENEHBI HUXKE HAa PUCYHKAX
b4-B7.

Pa3oBble NPOHUIAEMOCTH He(PTH U ra3a NpUBefcHbI Ha pUCYHKe B7.

Papnyc ckBaxuHb! npuHAT paBHBIM 0.1 M. [le6uT HehTH B OBEpXHOCTHBIX yeiaoBmsix — 10.857 M3/cyr.
CkBaxuHa pacrnonaraeTcs B LIeHTpe KBagpaTHOTO Iiacta pasMepoM (1000 x 1000) m. Pa3nocTHas cet-
Ka st pacyetos 1o nporpamme LAURA nMeeT nepeMeHHbI Iar: MUHIMAalbHBIA pasMep HMeeT T4eii-
Ka, B KOTOPO} pacnoyioKeHa CKBaXHHa, a 10 HaIlpaBJIeHHUIO K I'PaHUIIAM IUTacTa pa3Mep siueek yBesu-
YHBAETCH B reOMETPUYECKOM mporpeccuy. ITo Tonune naact MoaenupyeTcst OqHOM TYEHKOM, T.e. pa3-
Mep ceTKM cocTaBnseT (57 X 57 x 1).

IIpn ucnons3oBannM MeTona ncepnopasieHus asa o6paborku KITI u KBl HeoGXoOqMMO MMETH
AQHAJIMTHYECKHE 3aBUCHMOCTH CBOXCTB HE()TH M ra3a OT JaBJIeHH, a TaKXe (pa30BbIX MPOHULAEMOCTEH
oT HackimeHHocTy. [TosToMy rpacduku Ha pucyHkax b4 — B7 6b11n annmpoKCHMAPOBaHbI POPMyIaMH,
KOTOpBIE IPUBOMSATCS HILKE.

OG6beMHBI KO3 DUINEHT raza B,:

B, = ap’, (B29)

rae a =9.515227 x 107, b = —1.00881; [P] = MITa, [B,] = M*/m>.
OO0 bemMHbIl KO3 dunueHT HepTH By):

2
By = Y aux, (B30)
n=0
rie x = 145.0378P; a; = 1.03904, a, = 0.000147541, a, = -2.53754 x 1078, [P] = MI1a, [B,] = M*/m°.
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ITapnenne, MIla T'a30HAaCHIIIEHHOCTE, §e3p.
Pucynok B6. 3aBUCHMOCTH PacTBOPHMOCTH Ta3a Pucysok B7. 3aBHCHMOCTH OTHOCHTENBHBIX (ha3OBBIX
B He()TH OT AABJICHHA. NpOHMLAEMOCTe OT Ta30HACHIINEHHOCTH.
BsaszkocTts rasa
3
He = Zanxn, (Bb31)
n=0
rme x = 145.0378P; a, = 0.010979, a; = 9.82368E-07, a, = 1.98678E-10, a; = 6.07784E-13, [P] = MIla;
[ug] =wMIla c.
BszkocTs HeTR
6
o= 3 ax", (B32)
n=0

rae x = 145.0378P; a, = 3.03412, a, = 0.00159898, a, = —1.62285E-05, a; = 3.31873E-08,
a, =—3.17616E-11, a5 = 1.47961E-14, a5 = —2.69693E-18, [P] = MIIa; [y,] = cn3.
PacTBopuMOCTh R

6
R, = bz anxn, (B33)
n=0
e x = 145.0378P; ay = 0.0238212, a, = 0.000775857, a, = —2.00732E-06, a; = 3.83138E-09,

a, = —3.94215E-12, a5 = 2.03027E-15, as = —4.1009E-19, b = 178 x 1076, [P] = MIa, [R] = M3/,
OtHocurenbHast ¢a30Basi IPOHALIAEMOCTD rasa

6
ke = 2 ax", (B34)
n=0

Tfie X — FA30HACBIIIEHHOCTE; 8y =—7.99751E-03, a, =0.0124417, a, = 0.894069, a; = -1.98056, a, = 12.2045,
as =-23.7037, ag = 17.6874.
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Pexxmm pacTBOpeHHOrO rasa
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Pracynox B8. MzameHenne 3a60fiHoro naBieHus, paccuuTanHoro no nporpaMmme LAURA.
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Prcynok B9. Kpusas nagenus 3a60iHOro AaBJieHus Ha CKBaXkKHHe, paboTaBuieil B OMHOPOTHOM HEOTPDAHHYEHHOM ILIa-
CTe NPH peXUMe PaCTBOPEHHOrO rasa, npeoGpa3oBaHHas O METOJY *“TICEBAONaBIEHAS .

OTtHocuTenbHas (pa3oBasi NPOHRLIAEMOCTb He(pTH
4
ko= 3 ax", (B35)
n=90

rae X — ra30HacChIlIeHHOCTD.
Ecnu x £0.24, T0
a;=0.97938, a;=-9.08274, a,=56.8471, a;=-209.412, a,=304.426;

ecnn X > 0.24, To
2, =0.991041, a, =-5.97205, a,=14.4506, a;=-16.2024, a,=6.94024.

Ha pucynke B8 npuBeneHa kpuBas H3MEHEHHS JaBlIEHUS Ha 3a60€ CKBaXKHMHbI, paObOTaBIIEH B TEYe-
HHE OJfHMX CYTOK C YKa3aHHBIM BbILIE JIeOHUTOM, a 3aT€M MIHOBEHHO OCTAaHOBJICHHOM TaKXe Ha O[HM
CyTKH. B pe3ynbTare pacueToB NONYYEHO, YTO NeGUT raza coctaBui 887 M>/cyT B HOPMaJbHBIX YCIIO-
BHSIX, T.€. ra30Bblil hakTop cocrasui 81.7 M3/m3,

IIpuBenem pns npumepa o6pa6oTky KpuBoil nagenus (KIN), rak kak o6paGoTKa KpHBOH BOCCTa-
HOBJICHMS JIJaBJIEHUA MpoucxonnT aHanoruyHo. Ha pucynke B9 npuseaena KIIJI, npeoGpa3oBanHas 110
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METORY IICCBIONABIICHHS, KOTOPas MPEAICTaBISET COGOM HIIEANbHYIO IPSMYIO JIMHHIO C YITIOBBIM K03-
duuerTom —1.73016 u cBo6oHbIM YieHOM 1.03995.
Cornacro opmyne (B25) onpenensem BestmauHy kh = 9.935 Mmxm?, a o popmynam (526) u (528)

onpegensieM CKUH-(pakTOp, KOTOPHIii paBeH —0.589.

“HUcrunnas” Benwuuua kh, mcnonb3oBaHHas IIpH pacyeTe 3TOH IMIOTETHYECKOH KPHBOM paBHA
10 MKM? €M, T.e. IOTPENIHOCTE cocTaBasieT Beero 0.7%.

3. OCHOBHBIE THIPOJJUHAMUWYECKUE MOIEIA
IMPO'PAMMHOTI'O KOMIIJIEKCA BHHNWHedTH

I1o cTpykType mopoBoii cpefibl miacra:
* [Topuctorit

— OOTHOPOJHBIN

— OTHOPOJHO-aHU3O0TPONHbIM

* Knnnoo6pa3sueri

— C IPOU3BOJILHBIM YIJIOM pacTBoOpa

— ¢ yrinoM pactBopa 180/N, rae N=1, 2, 3....
* Kpyrogoit

* TpemuHOBaTO-IOPUCTHIH — OHO3OHHBIN
— OTHOPOTHEIA 5 — IBYX30HHBIH
— ONHOPOJHO-AHA30TPOIHBIH — TPEX30HHbI

* [IBYXCNOMHBIA €O CIaGONpPOHMIIAEMON nepe-
MBIYKOH

— OOHOPOJHBIR

— OTHOPOTHO-aHU3OTPONHBIH
* MHOrOCIIOMHBI AHU3OTPONHBIA  (YHCIIEHHAS
MOfIeTb)
ITo ycnosuio Ha BHeIIHel rpaHuIle mIacTa;
* HeorpannyeHun1it
* HeorpannuyeHHsIi ABYX3OHHBII
* OrpaHuyeHHbI# GECKOHEYHbIM HENPOHULAEMbIM
9KpaHOM
* OrpanHn4eHHbIl NOTYGECKOHEYHBIM HEIIPOHHU-
1Ja€MBIM 3KPaHOM

ITpumeyanye: BHEIIHSS IPaHULA IUIACTa MOXET
OBITH KaK 3aKpBITOi (IIPUTOK uepe3 Hee paBeH
HYJIIO), TaK M OTKPBITOH (IIOCTOSHHOE JaBJICHNE).
ITo ycnosuio Ha ckBaxkuHe:
* ITocrosinuElil febur
* [TepeMenus1i nebur
* [locTrosinHOE naBiIeHue
* [TepeMennoe qaBneHne
* BoccraHoBneHue yposHs nocie:
— “MTHOBEHHOr0” M3MEHEHHUS [AB/ICHUS
— RJIUTENBHOHA paboThI C MOCTOSHHBIM eOUTOM
— KPaTKOBPEMEHHOW paboThl C MEPEMEHHBIM

* [Inact-kBagpaHT neburom
* ITonocooGpasublii — KpPaTKOBPEMEHHOM DPabGOThl C HepeMEHHBIM
* [IpsaMoyronbHbI MaBJICHHEM

*» l'opusoHTanbHbIA 32600
* McKyccTBeHHast TpelyHa

— OJTHO3OHHBIH
— MHOTI'O30HHBIHA (YHCIIEHHAS MOJED)

IIPUJIOXEHUE B
(pexkomenayemoe)

HPUHUMIIBI U3YYEHHA OCOBEHHOCTEM 30H NPEHMPOBAHMUS CKBAXHWH
'MOPOIUHAMHNYECKUMU METOOJAMUA HNCCIIEDOBAHUS

I'nppopvHamMiryecKne MCCIENOBaHAA CKBAXKHH SBISIOTCS OTHEM H3 OCHOBHBIX METOJIOB YTOYHEHHS
CTPOCHMS IPOAYKTUBHBIX ILIACTOB HE(PTAHBIX M Ia30BbIX MECTOPOXKAEHMUIL, IIOATOTOBKH I'€OTOrHYECKOM
OCHOBBI I3l IPOCKTHPOBAHKS Pa3paGOTKH, OCYLIECTBIEHHS THAPOAMHAMUYECKOrO KOHTPOJIS B nporecce
9KCIUTyaTallHH.

B Hacrosiiee BpeMs CylecTBYeT 3HAUMTENHHOE YHCIIO METOOB HHTEepNpPETAlMU PE3YIbTATOB He-
CTalMOHApPHBIX UCCIIEAOBAHAN CKBAXHH IIPUMEHUTENIBLHO K Pa3INYHbIM THIIAM KOJLIIEKTOPOB, FEOMET-
PHYECKHM OCOGEHHOCTSIM MX CTPOEHHS, METOIaM TIPOBENICHAS HCCIeNoBaHHMil. B TEOPETHYECKOM ILJIaHE
KpuBast BoccTaHOBNICHHS flaBnenus (KBJI) B ckBaxuHe CORepKUT HONHYIO HHBOPMALHIO O ¢unprpa-
[HOHHBIX M F€OMETPHIECKUX XapaKTEPUCTHKAX [POAYKTHBHOTO I1acta. OfHako pacurugpoBKa 3Toi
MH(pOPMaLMH B OGIIEM ClTydae MPaKTHIECKH HEBO3MOXKHA H3-3a CIOKHOCTH HOJTyYEHHsI COOTBETCTBY-
IOLIMX aHATMTHYECKUX 3aBUCMMOCTEH M HEYCTOHYMBOCTH pellieHus o6paTHOl 3agaun. ITo CyHIECTBY
KaXIbIil M3 IPAMEHAEMBIX B HACTOIIIEe BPeMsi CIOCOG0B 06PaGOTKH pe3ynbTaTOB IMAPOAMHAMHYEC-
KuX MCCIEJOBAHMHA CKBaXXMH JCHCTBYET B PAMKaXx OIpe/eNeHHON YIPOLICHHON MOENH, a JIOCTOBEp-
HOCTL IOJTyMEHHBIX PE3Y/IBTATOB CYIIECTBEHHO 3aBUCUT OT TOTO, HACKOJIBLKO BEIOPaHHAs MOJIENb COOT-
BETCTBYET PEalIbHOM re0IOro-IpOMBICIIOBOR CHTyanuu [43].

Takum 06pa3om, HHPOPMATHBHOCTD IOMYYEHHBIX PE3yJILTAaTOB B 3HAYHTENLHOR MEpe OnpesieNsieT-
Csl ONIBITOM M KBaNH(pUKAUKEH UCCTIENOBATEINS U B ONPEENICHHON CTENEHH HOCHT Cy0bEKTHBHBII Xa-
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Iporpammusii kommnekc MHTEPIIPETATOP-M

YcnosHo- TpemmuoBaTO- IInacr ¢ OKpaHAPOBAHHBIE MIACThI
ORHOPOJHBIX MIOPHCTBIA NIacT YXYALICHHOH
nnact ¢ MeXTacToBbiMu  IIPFCKBXHHHON
30HOMH

nepeToKaMu

y PRI T 32
E: h kR R
sis b Le, N iz ;
O n pe gen a9 e M BI € oD a pamM e T p bl
dunbrpanuoHHbie PUILTPaMORHBIE ITnacroBoe $UILTpalMOHHBIE TApAMETPHI,
napameTphl, apaMeTpsl, RaBIIEHHE, CKHH- IUTaCTOBOE JaBlICHHE,
IJIacTOBOE IUIacTOBOE acdekr, reoMeTpHiecKasi MOfelb
HaBleHHE, CKHH-  JlaBJIEHHE, CKHH- Papuyc 30HbI 9KpaHAPOBAaHHS,
atbdexT aekr, HEONHOPONHOCTH, YIoN pacTBOpa KIIMHA, PAcCCTOAHHE
BpeMst k03thd. [0 PPaHUL, PACCTOSHUE IO TOYKH
3anasfblBaHNs  HEOHOPONHOCTH nepeceYeHust
NepeToKoB, “610KH-
TpemHuHbI"

Pncynox B. AHaJIPISpreMLIe THIBI KOJUVIEKTOPOB U UX I'PaHuMI] IpH aBTOMaTH3HPOBAHHOM BLIsOpC MOJAEJIN NNIacTa U onpene-
JICHHH TPaAHUIMOHHBIX U MONOIHUTE/IBHBIX IAapaMETPOB.

pakTep. Hapsiiy ¢ 3TUM clieflyeT IMETh B BHAY, YTO HUKaKas MOJIE/IbHAs CHTYalysi, KOTOPOH NOJb3yIOTCS
MCCIIENIOBATENH Py (popMann3anyi NpoLecca BOCCTAHOBIECHHs: 3a00MHOTO JIaBeHUs [0CIe OCTAaHOBKH
CKBaKHHBI, HE MOXET IOJHOCTHIO ONMHCHIBATE peajibHble FHAPOIUHAMHYECKHE IPOLECCHI B CTPYKTYPY
(bHIIBTPAMOHHBIX TIOTOKOB B IUTACTE M NPH3a6OMHOI 30HE CKBaXKMHbI BO BpeMsi cHsiTist KB]I.

KoMmnekcHas MeTouKa 06paGoTKH pe3yIbTaToOB THAPONHHAMAYECKAX UCCEIOBAHMI CKBaXHH, a
TaKXe COOTBETCTBYIOILIEE MaTEMATHYECKOE U NIPOrpaMMHOe obecriedeHue ObliM pa3paboTaHsl C lie-
710 BeIGOpa A unTepnperamuu KB]I HanGosee afeKBaTHOH (hHIBTPAIMOHHOM MOJieNH ¥ (popManu-
30BaHHOTO HMCIIONB30BaHMs ONOJHUTENLHOR anpuopHoil nHdopManun 1 ocobennocreit KBJI, koro-
phble [0 CHX IOp KaXKAbIM HCCIENOBaTeNeM HCIOIb30BAINCE CYO'bEKTHBHO B MEPY CBOETO ONbITA H
IIpEJICTaBJIEHAI O XapaKTepe (MUIbTPANMOHHBIX IPOLECCOB M CTPOCHUS POAYKTHBHBIX IJIACTOB.

Co3panne yKa3aHHOM METO[IUKH, PEAIM30BAHHO B BUJle TaKeTa NPHKIaTHbIX nporpamym “HHreprpe-
TaTOp-M”, I03BONIWIIO HE TOJIBKO COKPATHTH 3aTPaThl TPY/Ia HA HHTEPNPETALMIO, HO M IIOBBICHTH HHPOP-
MaTHBHOCTb COOTBETCTBYFOLIAX MCCIIEOBAHMIT CKBaXXUH Ge3 yBEJIMYEHHS CTOMMOCTH IIPOBENIEHHUs paGoT.

B paMkax npepsiaraeMoil METOIMKH PacCCMaTPHBAIOTCH YEThIPE aNbTePHATUBHBIE MOJIENH, ONKUCHI-
BaIOIIHE NPOLECC BOCCTAHOBNEHUs 3a60HHOr0 AaB/IEHHs MOCTE OCTAHOBKH CKBAXHMHBI: OHOPOJHBIM
II71aCT; 30HANBHO-HEOHOPONHbIN MO (PUIBTPALMOHHBIM CBOACTBAM ILIACT; TPEIMHOBATO-TIOPUCTHIA
IUIACT; IUIACT ¢ 9KPAHOM ¥ TEKTOHHYECKVMH HApYIIECHHAMH UM JIUTOJIOTHYECKMMHI HEOJHOPOHOCTS-
MHu (prcyHOK 18).

ITpu 3TOM HaUMEHOBAHHUE MOJIENEH SIBIAETCS B ONPENIETIEHHON CTENEH) YCIOBHbIM. KaXkyas U3 HuX,
BOOOIIE roBopsi, 06 beIHHsAET (ONUCHIBAET) LENYFO IPYIITY T€OJIOTHYECKUX ¥ THIPONMHAMUYIECKHX CH-
Tyanuii, XapaKTepU3YIOIUXCSI ONHOTUIHBIM XapakTEPOM BOCCTAHOBIICHUs AABIICHUS B CKBaXKHHE.

Bonee feTanbHas reoJIOro-IpOMBICIOBast JUCKPHMMHUHALMA MOJiesIel Tpe6yeT NPUBIICYEHUS OO~
HuTenbHON nHGopManuy Ha 6a3e pe3ynbTaToB ['YIC 1 n1a6opaTOPHBIX HCCIEOBAHU! KEPHA.

Tak, rpynna Mopeei “OfHOPORHbIH ITAacT” XapaKTEPU3YETC HE3HAYNTETbHBIM H3MEHEHHEM TIPO-
HHLIAEMOCTH ITACTa, KaK [0 TOJNIIMHE, TaK U 110 MPOCTUPAHKIO H BA3KOCTH IJIACTOBBIX (PIIFOMIOB B IIpe-
lesiax 30HbI BPEHUPOBAHMsI CKBAXKMHbI.

B paMkax “30Ha/IbHO-HEOHOPOAHOr0” MJIAaCTa MOXET ObITh ONMCAH MPOLECC BOCCTAHOBICHHS 1aB-
JIeHHst He TONBKO B CIIyYae JEHCTBUTENHHOTO YXyAIICHNS IPOHUIIAEMOCTH B IpH3abOAHOM 30HE CKBa-
JKMHBI, HO ¥ [IPH BHIIA[JEHAX B 30HE {PEHUPOBAHMs Fa30KOHJICHCATHOI CKBaXKHUHbI KOHJICHCATa, IPUBO-
OSIIETO K CHIKEHHIO (Pa30BO# IPOHUL@EMOCTH JJIA ra3a, MM pa3sTasupoBaHys HEPTH ¥ BO3HHKHOBE-
HHsl 30HBI AByX(ha3HO# punsTpanuy HedTh—Tas.

Oco6ennoctn KB 115t Mofienu “TpelHHOBaTO-IOPUCTOr0” NJ1aCTa XapaKTEPHBI TakKXkKe U IS CJ10-
HCTHIX IUTACTOB CO 3HAYNTENLHEIM H3MEHEHHEM IPOHUIIAEMOCTH 1o TonmuHe. [Ipu aTOM Hapsay ¢ Xa-
PaKTEPHBIM BpEMEHEM paclpOCTPAHEHMS BOIMYILIECHM B IUIACTE 33 CYET CXKUMAEMOCTH IIACTOBBIX
dmounos u kowtekTopa npu cHaTHd KBl uienTuduuupyeTcs H BTOPOE XapaKTePHOE BPEMs, aHAJIO-
TMYHOE BPEMEHH 3ala3bIBaHAs B TPEHMIMHOBATO-NOPUCTHIX MIACTaX. ITO BPeMs ONPENENACTCS BETH-
YHHOH MEXIUIACTOBLIX HIIM BHYTPHUCKBAaKUHHBIX IIEPETOKOB MEXJY Pa3IHYHbIMHU MPOIIACTKAMH B
npepeiax BCKPbITO# TOMIIMHEI.
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Haun6Gonee mupokuii Kpyr reonoro-mpoMbICIOBBIX CHTYallMil OXBaThIBaeT MOJED C 3KpaHaMu. Bo-
NMEPBBIX, MHOIOOOpa3Ha reOMETPHS CAMUX TEKTOHNYECKHUX HapyIICHHI M THTONIOTMYECKHAX HEOTHOPOA-
HOcTel (nmonmy6GecKOHeUHbIH IiacT, nojoca (JIuH3a), KNuH u T.4.). KpoMe Toro, anomanuun KB]I tuna
“HeNpOoHUIaeMbIH 9KpaH~ MOTYT OBITH BbI3BaHbI YHCTO FHAPOANHAMUYECKIMH IIPHYHHAMH, HaIIpUMeEp,
HaJM4ueM BOJIM3H IPadMIlbl pa3feia ra3—Boja Wik Boja—He(Th npu 60boil BA3kocTy HedTH. B Kax-
[IOM KOHKPETHOM cliydae TpeOyeTcs NOMOJHWTENLHAs reolioro-poMbicioBas wHGopManus, yToObl
YTOYHHUTB, Kakasi HMEHHO W3 BO3SMOXHBIX CHTYallil peau30Baach B pAMKax aHHOTO THIIa MOJEIH.

ITpuHimnuansHOH OCOGEHHOCTRIO pa3pabOTaHHOM METOAWKM SBISETCS TO, YTO NpU oOpaboTke
KB/]], npoucxoguT npefBapuTeIbHas JUCKPUMHHALMS IEPEYHCIICHHBIX BBIIIE a/IbTePHATHBHBIX MOJIE-
neft, nocne yero KB]I o6pabaTeiBaeTcst coOOTBETCTBYIOIMME MeToraMu [44, 45]). Ucnons3yeTcs HEKO-
TOPBI TUATHOCTUYECKMIA KO3 puiuenT, usMmenstomuiics ot 0 go 1, u ero 3HadeHne 3aBUCUT TONBKO
OT HMEIOUIETO MECTO THIIA MOJENM ¥ HE 3aBHCUT OT KOHKPETHBIX 3HaUCHUH (PUNLTPAHOHHO-EMKOCT-
HBIX [IapaMETPOB (TOIIIHIHA, IOPUCTOCTh, TPOHUIAEMOCTD, HACBIIEHHOCTD), XUMHYECKUX CBOICTB Ha-
CBHILIAIONTNX (PIIOUAOB (BA3KOCTh, CKUMAEMOCTD U MP.), @ TAKXKE TEXHOJIOTHYECKOI'O pexKuMa paboThl
CKBaXXHWHBI ]O OCTAaHOBKH (1eOHT).

Y croiyMBOCTE JHArHOCTHYECKOIrO OKa3aTels 10 OTHOWIEHHIO K KOHKPETHBIM IIapaMeTpaM, olpese-
nsrowmmM KBJ, nenaer ero Hanbonee HHPOpMaTHBHBIM KPUTEPHEM [ JUCKPUMHUHALMY THIIA MOJEIH.

Pemienre obpatHoit 3agaun pmwibTpaiuy HedTH ¥ rasa B IJlacTax C “HapyHICHHSIMA~ (9KpaHaAMH)
CBOJUTCA K UCHTH(UKAIUY MHOronapaMeTpuieckux Mopeneit. B cBA3m ¢ 3TuM OBl IPOBENICH aHANAR
TOYHOCTH ¥ YCTOWYMBOCTH IPERNAracMoil METONUKH K BO3MOXKHBIM IOrPEIIHOCTSIM B HCXOZHOH IIPO-
MBICIOBOM HH(POPMAaLMH, KOTOPBIA NO3BOIMI CHEJaTh BBIBOJ O JOCTaTOYHOM HAIEXKHOCTH OlIpefee-
HUA (PUIBTPaLHOHHBIX U FeOMETPHYECKUX XapaKTePUCTHK IUIACTa YKa3aHHBIM HHTETPAbHBIM METO-
noM [44]. B To ke BpeMs 1A NOJNyueHus: HeoO0XoauMon HHGOpMAIH O T€OMETPUYIECKHX IIapaMeTpax
3aJ1eXK¥ OTNPEENIsIoee 3HAYEHHE HMEIOT IPOROJIKHATENBHOCTL PabOThI CKBAXMHBI JJO OCTAHOBKHY T,
Bpems cHatust KBII T,, koTopeie MOTYT OBITH OlleHeHb! o gopMmynam [46]:

T, = 2a%/=;
T, = 5a%/=,

e a — pajuyc HcCIeayeMoit 061acTH B OKPECTHOCTH CKBaXKUHbI, CM.

B cuny Toro, 4To BhIOpaHHBIE aIbTEPHATHBHBIE MOJIENH HE MOTYT BIOJIHE alcKBaTHO OIMCHIBATH
peanbHyIO Ie0I0ro-IPOMBICIOBYIO CUTYalIO, a 3aMephl 3a00HHOTO aBJIeHHUS MPOU3BOAATCS C Olpe-
[elIeHHO! NOTPEeUIHOCTBIO, pacyeTHOE 3HaUYEHHE AMarHOCTHYECKOTO KPUTEPHS MOXKET OTINYAThCA OT
COOTBETCTBYIOINUX BEJIMYMH, OMYyYEHHBIX TeopeTHyeckuM myTeM. IToaTomy BeIGOp Hanbonee afek-
BaTHOI MOZIeNN IPOBOJUTCS C IPUBJIEYEHUEM PSifia AOTIOTHUTENILHBIX ANAarHOCTHIECKUX TIOKa3aTelleH.

OcHOBHas Hfiesi TAKOI'o NOAXOAA 3aKAI0YaeTCs B crenyomeM. [JJuckpiMuHanus Mofienieil IpoBOfuT-
cq B ABa 3Tana. Ha nepeoM 3Tane (ipegBapUTENLHOM) aHANM3HPYIOTCS 00LHEe reOMETPUYECKHE OCO-
6ennoctu KB/I (xapakTep BBIIYKIIOCTH B HOJMynorapuMUYecKUX KOOPRHHATAX, IPONOIIKUTENLHOCTD
BbIxofga KBJI Ha npsMOJHHENHBId y4acTOK, BO3MOXKHOCTh BBIJICJIEHHS Ha IIOJyJIOrapH(pMHYecKOn
TpaHC(POPMAaHTE HECKONBKHX NPAMOJIMHEHHBIX YIaCTKOB C pa3/InyHbIM TAaHTEHCOM YIJIa HAaKJIOHA U [Ip.),
B pe3ynbTaTe 4ero BhIOMpAIOTCA MOJENH, HE IPOTHBOpeYale o61UM reOMETPUIECKIM OCOOEHHOC-
TsiMm nopeennst KBJI.

Ha BTOpoM arane nposoputcs o6padorka KB no pacueTHsIM QopMyaaM [ KaxX[ION U3 OCTaB-
IIMXCS aJIbTePHAaTUBHBIX MOJieNell ¢ NPUMEHEHHEM KaK MHTEIPAJbHBIX, TaK M AucdepeHunanbHbIX
cnnoco60B 06paboTku. Ilpu 3TOM B ciIy4ae NpaBUIBHOCTH BhIOPAHHOM MOJIENH pacyETHBIE XapaKTepH-
CTHKH B CHJIy TEOPETHYECKHX MPENNOChUIOK ROMKHBI YAOBIETBOPIThH ONPENEIEHHBIM TPEOOBAHUSM.
Tak, HanpuMep, ecnn KB, oOpaGoTaHHas 110 MOJEIH OFHOPOJHOTO IJIACTa, AeCTBUTENBHO CHATA B
CKBaXXWHE, I'ie He HaOJIofaeTcsl 3HAYWTEIBHOE M3MEHEHNE UAPONPOBONHOCTH IO NPOCTUPAHUIO U
TOJIIUHE, B 3TOM Cllyyae AOKHLI COBNA/IaTh 3HAYECHUS THAPONPOBOAHOCTH, ONpPENielICHHbIE pa3iuy-
HBbIMH METOAAMHU: YUCICHHBIE 3HAYCHUS ONpENEIEHHBIX (PHIBTPALMOHHBIX IIAPaMETPOB XOJIKHBI KOP-
PECIIOHAUPOBATHLCS B CMBIC/IE MAKCUMAIbHbIX 1 MUHUMAJIbHBIX HHTEPBAJIbHBIX OLIEHOK C pE3yJIbTaTaMi
IPOMBICIIOBO-re0(PH3HYECKUX HCCIIEAOBAHUH 1 JAaHHBIMU HCCIIEI0OBaHUs KEPHa.

Jinst olleHKM HEBSA3KM COOTBETCTBYIOIIUX TEOPETHYECKHUX M PACYETHBIX 3HAYEHHI H, CIIeOBATEIb-
HO, CTENEHHY aJieKBaTHOCTH aHAJIN3UPYEMOI MOJENH pEeaTbHOMY IIPOLECCY B METONIUKE ¥ IPOrPaMMHOM
ofecneyeHuH UCoNb3yIoTCs PYHKUMY MpUHANIexKHOCTH. [Ipy NOTHOM coBNajeHuu TEOPETHUECKOH 1
pacyeTHOH XapaKTepHCTUKM WM HX PACXOX[ECHHH, KOTOPOE MOXKET ObITh 00YCIOBIEHO TOJNBKO MHO-
IpELIHOCTIMH 3aMepa, PYHKIMH IPUHAJIEKHOCTY IPUCBAaHBAETCsA 3HaYeHUe, paBHOE 1, 10 Mepe BO3-
pacTaHus HEBSI3KH €€ 3HaUCHHEe MOHOTOHHO YOBIBAET 10 HyJsl.
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Ha ocnoBe (yHKIMiI TPUHAJICKHOCTH OTIEIILHBIX KpHTepHeB (POPMHUPYETCS HHTErPaIbHAS (DYHKIHS
NPUHANJIEXHOCTH, ONPEEISIoas CTeNEHb AOCTOBEPHOCTH, C KOTOPOIi {aHHAast MOTIENIb MOXKET OBbITh IIPH-
HATa B KauyeCcTBe 6a30BOi M HanbOIee MOJHO OTPaKarowwieH yemoBus (punbTpanud mis ganHoi KB,

KoHnkpeTHbIE 3aKOHOMEPHOCTH N3MEeHEHHS (DYHKIUIA IPAHANIEKHOCTH VIS KaXI0TO THarHOCTHYE-
CKOTO KPHTEPHS, HCTIONb30BaHHbIE B JaHHOH METOAMKE U IIAKETE NPUKIATHBLIX IPOrpaMM, IOJYYEHbI
Ha OCHOBE MHOTOBapHaHTHLIX [IPSIMBIX pacuyeToB Ha 9BM u aganTanym 1o npoMbICIOBBIM MaTepHaliaM
B Pa3/IMYHBIX PETHOHAX CTPaHBI.

B xayecTBe O6LHUX JHATHOCTHIECKUX KPUTEPUEB A BCEX alIbTEPHATUBHBIX MOJENIEH HCIIONb30Ba-
Hbl 6€3pa3MEPHBII T0Ka3aTelNb, FPaHALbI HU3MEHEHHSI THAPONIPOBOJHOCTH, I'PAHHIbI M3MEHEHHUS ILE30-
MPOBOJHOCTH, XapaKTEPHOE BPEMsI paCIpOCTPaHEHHSI BO3MYILEHHI, BapHALMH THIPONPOBOTHOCTH, OII-
peneneHHoi audgepeHIHaTIEHBIMA H HHTETPAIbHBIME METOTAMH.

Kpowme Toro, 715 Mofieneit OMHOPOIHOT'O X HEOMHOPONHOTO IIACTa UCIOIB3YETCH JUATHOCTHYE CKMI
KPUTEPHI NPUTOKA (hiIrOHIa B CKBAXKUHY ITOCNEe OCTaHOBKH. CYIIECTBO 3TOTO KPHTEPHS 3aKJIFOYAETCH B
OlIEHKE CYMMapHOT' 0 IIPUTOKA B CKBAXKUHY [IOCJIE OCTAHOBKY X CPaBHEHHH EFO C MAKCHUMAJILHO BOZMOXHOM
BEJIMYHHOM, PABHON HEMOCPEACTBEHHO 00BEMY BHYTPUCKBAXXKUHHOTO MPOCTpaHCTBa. OlieHKa BEJTMYHHBI
npuroka no KBJI npoBonuTcs B paMKax IPEIONIOXKEHHS O €ro 3KCIOHSHIMATLHOM 3aTYXaHHH.

st Mofieniedt “TpEeIMHOBATO-TIOPUCTOTO INIACTa” U “IIacTa C TEKTOHUYECKMMH HAPYILIEHAAMHA WIH
JIMTOJIOTHYECKON HEOHOPOJHOCTHIO” KHCIOJb3YIOTCS HEKOTOPbIE JONIONHUTEIbHbIE KPHTEPUH, CBS-
3aHHBIE ¢ 0COOEHHOCTBIO 06paboTkn KB/,

Ha srane upentudukanmu B Kayectse 6a30BOI BLIGHPAETCS MOJEIb, MMEOLAs HAHOOBIIYIO BE-
JMYMHY HHTEIPaNbHOM (PYHKIMH IPUHANIIEKHOCTH, 8 HICKOMble (PHIbTPALHOHHBIE H TEOMETPUYECKHE
[apaMeTpsl IJIaCTa PaCCYMTHIBAIOTCS IO METOAMKE 6a30BOI MOJIENIH B BHJIE COOTBETCTBYIOLIETO MPO-
rpamMmuoro komiiekca “Unrepnperatop-M” [47].

MNMPUNTOXEHUE T
(pexomenayemoe)

TNMIPONUHAMMWYECKHUE UCCIEJOBAHWS HE®TSIHBIX PA3BBETOYHBIX CKBAXUWH
N NX OCOBEHHOCTHA

C penbio nonyyeHus: faHHBIX, HEOOXOMUMBIX [IJIs1 IOICYETa 3a1acoB, COCTABJIEHHS TEXHOJIOTHYEC-
KHX CX€M pa3paboTKU MECTOPOXKAEHHS 10 KaXI0i pa3BeJOYHO! CKBaXKNHE POBOUTCS KOMIUTIEKC HC-
CIENOBATENBLCKHX PabOT MO ONMpOOOBAHMIO U HCTIBITAHUIO BCEX BCKPBITHIX IPOXYKTUBHBIX (He(Teraso-
HOCHBIX) TIJIACTOB.

ITpu onpoGoBaHNM BCKPBITHIX INIACTOB YCTAHABIMBAIOT NX HehTEra30HOCHOCTH B mpolecce Gype-
HUSI CKBaXKMH C IIOMOIILIO Ompo6oBaTeie Ha kabese WK UenbiTaTeel mwiactoB Ha Tpy6ax (UIIT) my-
TeM OTOOpa 1 aHanu3a Npod MIACTOBBIX (DIIOUOB.

ITop ucnbITaHHEM pa3BEJOYHBIX CKBaXKMH MOHIMAETCS] KOMIUIEKC paboT, IPOBOJUMBIX B Ipoliecce
OypeHusi MM B SKCIUTyaTaIMOHHOH KOJIOHHE C LIEIBbI0 YCTAHOBIICHHUSI OCHOBHBIX POMBICIIOBBIX Iapa-
METPOB: IeOUT CKBaKUHBI, ra30BbId (hakTOp, 3a60MHbIE ¥ INTACTOBLIE JaBJICHHs, TEMIEPATypa, K03 -
(pUIHERT MPONYKTUBHOCTH CKBAXKHUHBI, IPOHALIAEMOCTD M IHPONPOBOAHOCTD IUIACTA, COCTAB U DU3H-
KO-XHMHUYECKHE CBOMCTBA MJIACTOBBIX (PIIIOKIOB.

IIpopyKTHBHOCTE ¥ T€0N0ro-(pu3NYECcKHe XapaKTEPUCTHKH IIITACTOB ONPEEISIOTCS MyTEM BBITIOJ-
HEHMS B XOMI€ MCIIBITAHUA CKBAXKHMHBI TNPONMHAMUYECKHX HCCIETOBAHUNA METOAaMM YCTAHOBHUBIIIUXCS
U HEYCTAHOBUBIINXCS OTOOPOB.

ITop ycTraHOBHBIINMHUCS OTOOpaMH (YCTaHOBHBIIMMCS PEXHUMOM paGoThI) IOgpa3yMeBaeTcs paboTta
CKBAaXWHEI Ha IITYLEPE C NOCTOSIHHBIMK 3a00MHBIM U YCTHEBBIMH AAaBICHUSAMHE, a TAKXE NOCTOSIHHBIM
(ycTaHOBHBIIUMCSA) 1eOGUTOM CKBaKHHBI.

ITon HeycTaHOBHBILMMCS pEXHMMOM (DHUIBTpAl[MH NMOApPa3yMeBaeTCsi BOCCTAHOBJIEHHE 3aGOMHOIO
NaBJIEHHs IO IJIACTOBOTO (T.€. CTATUYECKOTO MM AMHAMIYECKOT0) IPH 3aKPhITON CKBaxKUHE.

Mertop ruppoguHamMuyeckoro uccnepoBanus ¢ nmomompo MIIT — skcnpecc-MeToln — OCHOBaH Ha
OPOCIEXNUBAaHUU BOCCTAHOBJIEHHS NABJICHUS] B HHTEPBale UCNBITaHMUs IOC/Ie KPAaTKOBPEMEHHOTO fIpe-
HMpOBaHus nocienHero. OH NpegHa3sHadyeH I UCIBITAaHUS MEPCIEKTHBHBIX OO'bEKTOB B OTKPBITOM
CTBOJIE CKBAXXHHBI B IIpoLiecce OypeHUsI C HOMOIIBI0O KOMIUIEKTa HCIBITATEIBHBIX HHCTPYMEHTOB, CITy-
CKaeMBbIX B CKBaXHHY Ha OypUNbHBIX TpyOax.

Cnyck UIIT npousBoasT nociie NOJMHOTO WM YaCTHYHOTO BCKPBITHS 00 BEKTA OYPEHHEM M IIObe-
Mma ponora. ITocne ucnbiTanus o6bekra nogauMatot UITT U3 ckBaXkMHBI H IPONOIIKAIOT GypeHHeE.
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Iux coGeTBeHHO HenbITarus 06bexTa UITT cocTonT u3 fByx TIEPMONIOB (IIPUTOKA M BOCCTAHOBIIE-
HHS JaBJICHHS).

CraupapTHbiM ucnbITanueM ckBaxul UIIT sBIseTCS HCIBITAHHE ABYXIUKJIoBoe. IlepBblit — Bero-
MOr'aTeJIbHbIA, CDABHUTEIBHO HENPONOIKATENbHBIH LHKI U BTOPOH — OCHOBHOJ.

CHIKeHne MPOTHBOJABIICHHS Ha IUTACT, H3MEHEHNe 3aGOMHOTO NABJIEHUs HA IPUTOKE, XapaKkTep
BOCCTAHOBIICHUS ITACTOBOTO NaBNCHHs (PUKCHPYIOTCS BO BPEMEHH INIyGUHHBIME PErHCTPHPYIOLIMHE
MaHOMETpPaMH, yCTaHOBJICHHBIMH IIOJ] TAKEPOM U B TpyOax Hay MUITT.

Ilpn ruppoanHaMEYECKUX HCCIENOBAHUSAX IEPCIIEKTHBHOIO naTepBana meronoM UIIT pernarores
CIeyIOIKEe OCHOBHBIE 3afaun [62]:

1. OGHapykeHHE KOMIEKTOPaA, HMEIOIIETO IPOYKTHBHOCTD NPOMBIIIJIEHHOTO 3HAYEHHS.

2. OGHapyXeHHe B KOIIEKTOPE He(PTEra30HACHIILEHHUS.

3. OueHKa NPOMBIIIEHHON 3HAYMMOCTH HeTera3oHachIeHHS KOJJIEKTOpA B JAHHOM CKBaKMHE.

4. Onpepnenenne THAPOINHAMAYECKUX XaPAKTEPHCTHK IIPOYKTHBHOI'O IJIaCTa.

IIpu oTpuLaTenbHOM pe3ysbTaTe 0 MHOGOH U3 IPEABIAYILINX 33729 HEOGXONUMOCTD pEHIeHHS 10~
CIICyIOLINX 3a/laY OTCYTCTBYET. B COOTBETCTBHM CO CTaTHCTHKOM pelueHne NEPBOIi 3a5a4y HEOOGXONH-
MO [1s1 Beero oG'’beMa HCIBITaHui; BTOPOM ~ TONBLKO ISt NosoBuHbL. TpeThs 3anaya pemaercst pis 20—
30% wcnbITaHMA; YeTBepTas — TONBKO A1 7—15% HUCIbITAHMI.

IIpu mpoBefeHMM TENPONMHAMUYECKAX HCCENOBAHMI Pa3BEJOYHBIX CKBAXKHH, 06CAKEHHBIX 3KC-
TL1yaTallAOHHLIMU KOJIOHHAMH, PELIAIOT TONILKO OfIHY, IOCIENHIOIO 3a/lady — ONPEENIOT THPOMHA-
MHUIE€CKHE XapaKTEPUCTUKH IPOAYKTUBHOTO J1aCTa W MCXOJHbIE JAHHbIE AJIsl €T0 Pa3paGoOTKH.

ITponomkuTeIbHOCTH OCBOEH!S, OTPAGOTKH U HCCIENOBAHUS NPONYKTHBHBIX IUIACTOB B Pa3BeNlOy-
HOM CKBaXXUHE rUIPOTHHAMHYECKHMI METOIAMH ONPENEISIOTCS BeTHIHHOLN MPOHHMIAEMOCTH KOJLJIEK-
TOPOB ¥ 3(P(PEKTHBHOI MOIIHOCTH ILIACTA.

ITon oTpaGoTKOl CKBaXMHBI TOHUMaeTcs paboTa (irongoM 4yepes WTyLep A0 CTabHIH3aluH YCTh-
€BBIX ¥ 3a00MHBIX JaBlIeHMII U NebuTa.

Pa3nm4aioT 1Ba OCHOBHBIX THIIA OGBEKTOB B Pa3BEOYHOM CKBaXHHE B 3aBHCHMOCTY OT HHTEHCHE-
HOCTH NPUTOKA U KAa4ECTBA IIACTOBOTO utonia: HepTsaHble hOoHTaHUpYIOLLIKE U HebTaHbIE HE (OH-
TaHUPYIOLIHKE.

IIpu nonyveHnn hOHTAHMPYIOLIEro IPATOKA He(PTH CKBaXKMHA nyckaercst B paboTy, MHHys Tpall-
HYIO yCTaHOBKY, B KOJUIEKTOP Ha cOpocoBblit am6ap. Kak nmpaBmio, ckBakiHa OTpaGaThIBAETCS B Te-
yenne 1.5-2 4 Ha 6~-8-MM IITYIepe ¢ NOCTEAYIONINM NEPEXOJOM Ha 5-MM mrynep. Ha stom mryuepe
CKBaXKMHa OTPabaThIBAETCA O MONMHOM OYHCTKH 326051 OT MEXAaHHIECKHX IIPAMECEH ¥ BOJIBI, OCIE Ye-
'O CKBaXKMHa CIUTACTCH NOATOTOBJICHHOR K BHINOJIHEHUIO THAPOAMHAMHYECKUX HCCIIEIOBAHMIA.

OTpaGoTKa CKBaXXMHBI IPOM3BOAUTCS HA 4—5 PEXHMMaX NPSMBIM XOIOM H B OJHOM ONTHMAJIbHOM
pexume — o6paTHBIM XO[IOM, C KOTOPOTO CHAMAETCs KPUBAs BOCCTAHOBIIEHHS 3a00/HOTO JaBJICHHS
(KB[). Heo6xomuMocTh OTpaGOTKH CKBAaKHMHBI HA HECKOJIbKUX pexuMax o0yciaBIHBaeTCs MOTyYEHH-
€M Ka4eCTBEHHbIX HHAMKATOPHO! nuarpammsl u KB]I.

Onpepnensiromym Npu3HAKOM OTPaGOTKH CKBAXXHHBI (YCTaHOBUBLIMHCS PEXHUM) ABISETCS MOCTOSH-
CTBO leGHTa 1 3a60HHOTO AaBNenus. 3aMepbl 3a60HOTO NABICHHs IPOU3BOASTCS OIHH-TBA pasa B cyT-
KH, ICPHOAUIHOCTD 3aMEPOB yCTHEBbIX NaBICHHUE — 3 4, 1eGUTOB ~ 1 cyT. 3aMep Ae6UTa KXHUAKOCTH IPO-
H3BOJUTCS B TEUCHHE HE MEHEE 4-X YACOB.

B nponecce 0TpaGOTKH CKBaXHHBI 3aMEPSIOTCS TAKXKE 3aTPS3HEHHE HedTH, TEMIIEpaTypa ee Ha yc-
Th€, IOBEPXHOCTHDII ra30Bbli (hakTOp, CofepKaHue BOABI B HE(TH U KX INIOTHOCTH. Ha MEHHMAIbHOM
ITynepe OTOUPAKOTCs IyOHHHBIE NPOGHI HeTH B (4+5) Npo600TGOPHAKH (fIBe NPOGLI HETH MPO6-
HbIE€ M TPH paboyne) n Ipo6a ras3a cenapalyu B KOHTEHHEP.

Iepen cusituem KBJI 3amepsitoT pacnpeneneHne nasneHui 1 TEMIEPATYPBI 110 CTBONY CKBAXHHBI
(uepe3s 250 m).

IMpoponxurenpHOCTS HeNpepbiBHO# peructpanui KBJI coctaBnseT He Menee 2-+4 4. s mennen-
HO BOCCTaHABIMBAIOIIUXCSA 3a60AHbIX NaBIEHAN HHTEPBAIILI MEX/Y 3aMEPAMH YBEIHYUBAIOT 110 1 CYT.

Jnst mynbCHPYIONMX HU3KOZEGUTHBIX CKBAXKHH NPOH3BONATCS BO3MOXKHBIE 3aMephl IO CTBOJY
CKBaXXHHbI A Ha 3260€ TOIBKO Ha OIHOM PEXHUME C MOCTIENYIOLAM CHATHEM KPUBOI HapacTaHus 3a60ii-
HOTO NaBnenus. Ilepen MycKOM B 9KCIUTyaTalMIO NPOU3BONAT BBIIEPKKY CKBAXHHEI C LEbIO 3aMepa
NIJIACTOBOTO JaBJICHUA B TEYEHHE 24 4,

ITpu nonyyennu pOHTAHUPYIOMErO NPHATOKA HeTH C BOJIO# CKBaXUHY OTpabGaThIBAIOT B COPOCO-
BbIi aMGap 10 MONIHO# ouncTKH 3a60s. ITocne aToro CKBaXXMHY IIEPEBOMAT HA ONTHUMAIBHBIN LITYED
1 OTpaGaThIBAKOT YEPE3 TPAIIHYIO YCTAHOBKY /10 MIOCTOSHCTBA NEGHTOB HedTH U Boabl. [Ip 3TOM BbI-
TIONHAETCS TAKOM 3Ke KOMIUIEKC paboT, Kak H st He(TAHBIX (DOHTAHMPYIOLIAX O6LEKTOB,
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I[To pe3ynbraTaM OTpaGOTKH PEMIAETCS BOIPOC O JaJbHENIINX paboTax IO HCCIAENOBAHUIO NAHHOTO
o6beKkTa: 0TpabOTKa Ha WITyLepax Jpyrux pa3sMepoB, IpeKpalleHIe UCIbITAHUs, IPOBENECHHE H30IIH-
[UOHHBIX paboT H T.1I.

Ot60p rnyOMHHBIX NpO6 MIACTOBBIX (DIIIOMAOB M 3aMEp ILUIACTOBOIO AABIICHHS IIPOU3BOJATCA B
3TOM Cllyyae B 00s13aTe€IbHOM IOPSIAKE.

HcnbiTasne pa3BeOYHON CKBaXKMHbI CYUTAETCS 3AKOHUCHHBIM, €CITH 10 BCEM HHTEPBaJIaM (I1acTaMm),
Ha3HAYEHHBIM K HCIBITAHUIO, MOMYYECHBI PE3YIIbTAThI, KOTOPBIE TO3BOJISIOT AAaTh KAYECTBEHHYIO XapaK-
TEPHUCTHKY COJIEP3KUAMOIO ILUTACTa U ONIPEIeNINTh OCHOBHbBIE €TI0 ra30MHAMIYECKHE XapaKTEPUCTUKY, a OT-
CYTCTBHE IPATOKA NIOATBEPKAAETCI KOMIUIEKCHBIM H3y4YEHHEM Ie0NIoro-(pu3HIecKoro MaTepuana.

Jnst mosmy4eHus HCXOTHOUM HHGOPMALKH O IaBJICHUX U TEMIIEpaTypax B [IOCIENHHE TOMbI YCIIEUIHO
ACHOJIB3YIOTCS IITyOMHHBIE 3JIEKTPOHHbIE TEPMO-MaHOMETPbI HOBOT'O NOKOJIEHH (KBaplieBOIr0, HAlpsi-
3KeHHOTro TUNOB) Begyumx 3apyoexHbix ¢upm (“KUSTER”, “GEOSERVICES” 1 fip.) 1 0T€4eCTBEHHO-
ro npoussojctea (“MHUKOH”, “bamHUIIWredTs”, YTHTY 1 gp.). BRicOKas TOYHOCTb U YyBCTBH-
TEILHOCTb TNYOHHHBIX TPHOOPOB, BO3MOXKHOCTb HENMPEPBIBHO (DHUKCHPOBATH IPOLECCH] B CTBOJIE M Ha
3a6oe ckBaxuHbI B Teuenue 20-30 cyTok B ycnoBusx BeIcOKHX faninenuii (go 100 MIla) n Temnepatyp
(mo 150°C), xopomme 3KCIUTyaTalMOHHbIE XapaKTEPUCTHKH 3HAYUTEIBHO PACLIMPSIOT BO3MOXHOCTH
THIPOTHHAMHUYECKUX METOJIOB MCCIIENOBaHNA 00'EKTOB MMONCKOBO-Pa3BEAOUYHOrO OypeHHs.

Jns o6paboTku ¥ nHTepnperanun pe3ynbratos I'JIAC xopouo 3apeKOMeHA0Bal ce6s IaKeT NpH-
knagabix nporpamMm W.LS.E. (Wellsit Interpretation Software and Equipment programs), paspaboTaH-
Hbli ppannysckoi pupmoit GEOSERVICES.

ITakeT nmporpaMM MHOrOo(YHKIMOHANBHBIA U COCTOUT M3 CEMH 4YacTell (IIyHKTOB MEHIO). “Pressure
Survey Report” — nepBblil TOATOTOBUTENLHBINA yHKT MEHIO, TO3BOJISIIOILUH IEpEeHECTH AaHHbIE (BpeMd,
llaBJIeHUE, TEMIIEPATYpPY) U3 IMAMSTH 3JIEKTPOHHOTO MAaHOMETpa B ¢aiin. 3aech ke (POpMHUPYETCs U BbI-
HaeTcs BbIXOQHas popMa OTYeTa.

OCHOBHOU aHaJH3 MPOM3BOAMTCS B paspaeine “Interpretation” M3BeCTHbIMU rpadOaHaTHTHUYECKUMHA
MetopamMu: XopHepa, cynepnosunuu, M.D.H. u np. Ha aucnnee aBToMaTH4eCKH pUCYETCs IpeoOpa3o-
BaHHbI#A rpaduk KB B koopauHaTax BpeMsi/naBnenue. IlepenBuxenueM Kypcopa OIpeensieTcs nps-
MOJIMHEHHBIN Y4acTOK, 10 KOTOPOMY BBIUUCISAIOTCS NTapaMETPhl I1acTa: THAPONPOBOAHOCTD, IPOHH-
[aeMOCTh, I0Ka3aTeNb CKUH-(paKTOpa, HAYaJIbHOE IUIACTOBOE IaBJIeHKE. Y TOOHBIA CEPBUC MTO3BOJIIET
OBICTPO ¥ HAIJISTHO IIPOBOJMUTL AHAJIN3 NAHHBIX.

ITocpencreom nyskTa Menro “Unit Edit” npegocraBnsieTcsi BO3MOXHOCTD NTONB30BAHAS MEX/YyHa-
PONHOH CUCTEMOU H3MEPEHHS.

OcraBmvecs nyHkThl rnasaoro MeHroo: “W.LS.E. Utilities”, “SYSTEM Configuration”, “Help
Screens” u “Files Management” nmpefHa3HAYEHBI 151 U3MEHEHAS KOH(UTYPall KOMIIBIOTEPA, KCIOP-
TY ¥ UMNIOPTY (haitIOB ¥ APYIUX TEXHNYECKUX BO3ZMOXKHOCTEH.

INPUNJIOXEHME [{
(undopmanuoHHOE)
BUBIINOTPA®US

3axon “O Hegpax” // CobpaHue 3akoHOmaTenbcTBa Poccuiickoit Pepepamun. Ne 10, 1995,

IIpasnna pa3paboTku HePTAHBLIX K ra30He(PTAHBIX MeCTOpOXAeHH. MunHedTenpoM. M., 1987.

. PM1-39-100-91. MeToauueckoe pyKOBOACTBO IO THAPOXUHAMUYECKHUM, IPOMBICIOBO-TeOhH3NIECKHM U (DH-
3MKO-XMMHYECKAM METO/[aM KOHTPOIS pa3paboTKU HePTAHBIX MecTopoxiaeHuil / MuHHedTerasnpom.
BHUUN. M., 1991. 540 c.

4. TlpaBmna reou3MyecKUX UCCICNOBAHUN U paGoT B He(TAHBIX U Ta30BbIX ckBaxkuHax. M.: MIIP P®, Musn-

TonaHepro P®, 1999. 67 c.

5. P 153-390-047-00. PermaMeHT O CO3MAaHUIO MIOCTOSIHHO ACHCTBYIOMIMX reONOro-TeXHONOTHYECKUX MOJIe-
neil HepTAHBIX U ra3oHedTAHbIX MecTopoxpeHui. M.: MuntonsHepro P®, 2000. 130 c.

5a.PermaMeHT COCTaBIEHHS MPOEKTHHIX TEXHONIOTHYECKUX JOKYMEHTOB Ha pa3paboTKy He(pTsAHbIX B Ta3oHeED-
TAHBIX MecTopoxXpennit. PII 155-39-007-96. MunTonssepro P®. M.: BHHuedTs, 1996.

6. P 153-39-007-96. Hononuenus K “PernaMeHTy COCTaBIEHUA IPOEKTHBIX TEXHONOIMYECKHMX JOKYMEHTOB
Ha pa3paboTKy HedTSHBIX ¥ ra30HETIHBIX MECTOPOXIEHH! . TeXHHKO-3KOHOMIUYECKOE OOOCHOBAHHE IIO-
HCKOB, Pa3BelKy U pa3paboTKH He(TAHBIX H ra30He(PTIHBIX MECTOPOXKIEHHH Ha ycinoBusx CornameHus o
pasnene npopykiud (T30 CPII).

7. PII 39-9-489-80. PykoBOCTBO 11O KOMIITIEKCY TEPMOTHAPOAHHAMAYECCKUX HCCIEJOBAHUI IIPH BHY TPUILIACTO-
BOM T'OPEHUH.

8. P 39-4-699-82. PyKOBOACTBO IO IPHMEHEHUIO KOMIIJIEKCA I€0/IOr0-reopu3nyeckKx, THIPOIHHAMIYECKHX

A (PU3UKO-XAMHUYESCKHUX METOJOB [IJIs1 KOHTPOJIsI pa3paboTky He(hTAHBIX MECTOPOXICHHIL.

W

71



PI1 153-39.0-109-01

9.

10.

11.
12
13.
14.
15.

16.
17.
18.
19.
20.
21.
22.

23.
24.

25.

26.
217.

28.
29.
30.
31.
32.
33.
34.
3s.

36.

37.
38.

39.
40.

72

P11 39-0148290-201-85. MeToguueckoe PYKOBOACTBO MO NPUMEHEHHIO KOMIUIEKCA TUAPONUHAMUYIECKHUX,
THAPOXMMHYECKHAX, (PH3UKO-XUMHUYECKHX H IPOMBICTIOBO-T€O(H3NIECKUX UCCIIENOBAHMUI /11 KOHTPOIS pas3-
paboTKy HE(TIHBIX MECTOPOXIEHHUI [IPH TEILIOBBIX METOMlaX BO3JENCTBHA Ha ILIACT.

PJ1 39-0147035-212-87. BpeMeHHOE PYKOBOACTBO IO ONpPEAENECHHIO 3a00HHOr0 M IUIACTOBOTO AABIICHHUS
B CKBAXHMHAX MEXAHH3MPOBAHHOTO (OHMA O AAHHLIM U3MEPEHUH YCTHEBOTO JABNECHUS, AUHAMUIECKOTO 1
CTaTHYeCKOro YPOBHEH U AaBJIEeHHUs y IPHEMA HAcOCa.

PJI 39-0147035-234-88. MeTOopu4ecKoe pyKOBOICTBO HO HAPORMHAMHYECKUM HCCIETOBAHUSAM CIIOXHO IO~
CTPOEHHBIX 3aJeXEH.

P11 39-4-1010-84. MeTonuueckoe pyKOBOACTBO 1O ONepalioHHON 00paboTKe pe3ynbTaToB HCMBITAHUS MO~
HCKOBO-Pa3BEOYHbIX CKBAaXHH IUTACTOMCHBITaTeNeM Ha Tpy6ax. BonrorpagtHUIINRedTs, 1984. 47 C.
MeTomueckoe IIOco6He 0 MCILITAHHIO IKCIUTYaTAIMOHHBIX M Pa3BEOYHBIX CKBaXHH, 06CaXKEHHBIX 9KC-
IIIyaTaloOHHbIMHA KosonHaMu. M.: MHII, Hepnpa, 1976. 55 ¢.

MeToauYecKoe PYKOBOACTBO IO ONPEACICHAIO NapaMeTPOB MIacTa ¥ NPu3a0oRHOA 30Hb! IO JaHHLIM U1a-
croucnerratens. BonrorpagHUITWHedTH, 1984. 33 C.

Aaues 3.C., Xabubyaaun P.A., Ianxun H.A. AHanu3 pe3yIbTaToOB MCCIEAOBAaHMI a30BbIX CKBAXHH $IM-
6yprckoro T'KM u 3anomnsproro THKM (PexoMeHpaly 10 ONTHMATLHOMY 00beMy B METOfIaM HCCIIEIOBa-
Hust). Kasaun: U3g-80 KI'TY, 1999. 140 c.

Aaues 3.C., lllepemem B.B. OnpeaeneHne NpoM3BOIMTENLHOCTA TOPH30HTANIBHBIX CKBAXKIH, BCKPBIBIIHX ra3o-
Bhle H ra3onedTsHble wiactel. M.: Heppa, 1995. 131 c.

Bapenbaamm I'.H., Enmoe B.M., Poixcux B.M. JIBiXeHune XHIKOCTeH H ra30B B IPHPOAHbIX I1acTax. M.:
Henpa, 1984. 211 c.

Bapenbaamm I''H., Enmos B.M., Pooxux B.M. Teopns HecTallMOHApHOH (DHILTPALMK KHIKOCTH U rasa.
M.: Henpa, 1972. 288 c.

Bacnues K.C., Koyuna U.H., Maxcumos B.M. Tlogzemuas rufipoMexannka. Y 4e6HuK s By3oB. M.: Heppa,
1993.416¢.

Bpodckuii I1.A., Puoroe A.U., Tarvxos B.B. OnpoGoBanue miacTos npuGopamu Ha xabene. M.: Henpa,
1974,

Bysunos C.H., Yupuxun H./l. I'agpoguHaMuecKie METOABI HCCIIEAOBAHMA CKBAXKUH M I1aCTOB. M.: Henpa,
1973.246 ¢c.

Byaunoe C.H., Yupuxun U JI. UccnepoBanne HehTSAHBIX H Ta30BbIX CKBaXHH H 1uiactos. M.: Heppa, 1984.
269 c.

Bacuanesckuii B.H., [Tempoe A.H1. UccrnenoBanns He@TsHBIX IUIAaCTOB U ckBaxkuH. M.: Henpa, 1973. 344 c.
Brusiaue cBOHCTB TOPHBIX IOPOR HA ABIKEHNE B HUX XuakocTH / A. ban, A.®. boromonosa, B.A. Makcu-
MoB " 1p. M.: Coctonrexmsnar, 1962. 271 c.

BpeMeHHOE PYKOBOACTBO 110 THAPOJHHAMHY€CKHM HCCIENOBAaHAAM TPELIHHOBATO-TIOPUCTHIX KOJTIEKTOPOB.
M.: BHUY, 1977.

T'a6dyaaun T.I. OnepaTuBHOE HcclenoBaHKMe ckBaxXnH. M.: Henpa, 1981. 213 c.

TuApOIMBAMEYECKHE ACCIAEROBAHMS CKBAXKHH W MeToNbl 06paGoTku pe3ynbTaToB naMepenui / P.C. Xuca-
Mo, 3.1. Cyneitmanos, P.I'. ®axpynnus u gp. Mocksa: OAO BHUMODHT, 1999. 227 c.

TI'oagh-Paxm T.[1. OcHOBBI HE(TENPOMBICTIOBOI IeONOTHM U Pa3pabOTKH TPEUMHOBATBIX KOMIEKTOPOB.
M.: Henpa, 1986.

Top6ynos A.T. PazpaGoTKa aHOMaNnbHbIX HeTaHbIX MecTopoxpenuit. M.: Henpa, 1981. 237 .
Jleaauxamoe B.B., Xabubyaaun 3.A., Kabupoe M.M. AHoMmaneHble HedTr. M.: Heppa, 1975. 167 c.
Musuwes P.H. CoBmecTHas pa3paboTka He(TsHBIX mw1acToB. M.: Henpa, 1984. 208 c.

3axupos U.C. YTo4HEHHE MOJIENH IUIACTA IO (HaKTHYECKAM JaHHBIM pa3paboTKH MeCTOpoXieHus. “Teo-
norus Hedpry mraza”, Ne 11, 1997.

3axupos C.H. Pa3zpaGoTKa ra3oBbiX, Fa30KOHJEHCATHBIX U HehTera30KOHIEHCATHBIX MECTOPOXACHUH. M.:
CaTtypH, 1998. 628 c.

HucTpykups 0 rEAPONUHAMHYECKHM METONAM HCCIEOBAHMS IIACTOB M CKBaXuH. PJI 39-3-593-81. M.:
BHNMH, 1982.

WHCTPYKIHS IO KOMIUIEKCHOMY HCCHEJOBAHMIO M'a30BBIX M Ta30KOH[IEHCATHBIX IIACTOB U CKBaxuH / Ilon
pen. I'.A. 3orosa, 3.C. Amuesa. M.: Heppa, 1980. 301 c.

UnTtepnpetarop-M. [IporpaMMHOe 06ECIIEYEeHHE N0 KOMILIEKCHON aBTOMATH3HPOBAHHON HHTEPIpPETAIMH
JAHHBIX KPUBLIX BOCCTAHOBIICHUS JaBleHUs B CKBaxuHax. M.: Muaronsnepro P®, BHUITMopredTe-
ras, 1996, 25 c.

Hnamoe A.H., Kpemeneyxuii M.HM. OCHOBbI IPUMEHEHHS CKBAXIHHOH 6apOMETPUH B IIPOMEICIIOBOH reo-
¢usuke. M.: Muno6pa3oBanus P®, TAHT mm. .M. I'y6knna, 1997. 229 c.

UccnenoBane ManonebuTHbix ckBaxud B Poccunm / Xacan Axpam, CI. Bonemun, 10.A. MscHEKOB,
W.P. Nusmes, Y. Oxoxn Jln, A.H. laugpeiras. Hedrerasoroe o6o3penue. lllmombepxe, Becna 1999. T. 4.
Ne 1. C. 4-13.

Kameneyxuti C.T., Kyabmun B.M., Cmenanos B.I1. HedrrenpoMbIcIOBbIe HcclefoBanus miacTos. M.: Henpa,
1974. 224 c.

Kanyanos B.C. uarnoctaposanue ¢hansTpannonnbix Mogenel mo KBJI Ha OCHOBe AeTepMUHAPOBAHHBIX
MoMeHToB //C6. Tp. BHUM: NuTteHcudukanus fo6srdu Hedra. M.: BHHUH, 1980, oim. 3.



41.

42,
43.

45.

46.

47.

48.

49.

50.
51
52.

53.
54.

55.
56.

57.
58.
59.

60.
61.

62.

63.
64.
65.
66.
67.

PJI 153-39.0-109-01

Kpemeneyxcuii M.H., Hnamos A.H., Mapvenxo H.H. Uacdopmaimonsas aBTOMATH3UPOBaHHAS CHCTEMa IIPO-
MBICJIOBO-TEO(H3HECKOr0 KOHTPONS 3a pa3paGoTKOM HeQITSHBIX U ra3oBbIX Mecropoxueruii “TEKKOH”.
M.: TAHT nm. akan. L.M. I'y6kuna, Mn-T reodusnxy, 1998. 104 c.

Kpunoy I'B. CoBpemeHHasi pa3paGoTKa HETIHBIX MECTOPOXKACHHI: ITIpo6aeMer MopenupoBanus: [lep.
¢ anrn. M.: Heppa, 1979. 303 c.

Kyavnun JL.T., Macnuxos 10.A. TupponrHaMadecKie METOAbI HCCIETOBAHMASL HedTera3oBOJOHOCHBIX ILIaC-
TOB. M.: Heppa, 1974. 200 c.

. Kanyanoe E.C., Pozeavcon B.B. O6paboTKka pe3ynbTaToB THAPOAMHAMMYECKHX WCCIIENOBAaHHI CKBAXWH

METOROM [IETEPMUHUPOBAHHBIX MOMEHTOB. A3ep6. HedT. X03-Bo. 1987. Ne 7.

Amemoe H.M. u op. IIpuMeHeHHe METOAA leTepMUHAPOBAHHBEIX MOMEHTOB JIIsl 06paboOTKY KPHBBIX BOCCTa-
HOBJICHUS NaBJICHUS [IPH MCCIEIOBAHUM HEOTHOPOAHBIX mnacToB. [lo6eiua Hedru: C6. Hayu. Tp. BHUM.
M., 1977. Ne 61.

Kyabnun JLT. u dp. OneHka HEOGXOEIMOTO BpEMEHH paGOThI CKBAXKHH TIPM 3aMepe BOCCTAHOBJICHUS IaBlIc-
HUS B ITACTaX, OCIOXHEHHbIX IPAaHANAMH. TeXHIKa U TEXHOJIOTHS CO3/JaHUS IOA3E€MHBIX XPAHUIIALL ra3a B
NOpHCTHIX cpepax: CO. nayy. Tp. BHUUras. M., 1987.

Kyavnun JI.T., Bacosux H.E., Kanyanos 5.C. MeTogu4ecKue OCHOBBI H NIPHHIMITB] IOCTPOECHUS METOTHYE-
CKOro o6ecreyeHusi KOMILTEKCHON 0GpaGOTKU pe3yabTaToB IHPOSMHAMHYECKHX MCCIETOBAHME CKBAXKHH
Ha OBM. B kn. “TIpo6neMbl 0CBOeHHsI MOPCKEX HE(PTSIHBIX H Fa30BbIX MecTopoxpaeruii”. M.: BHUMOBHT,
1990.

Jleguenxo B.C.,/Ieeuenro U.10., Kozaosa JI.B. Ouenka ¢ha30BOro COCTOSHHUS INTACTOBOTO NpoAyKTa 1o faH-
HBbIM THAPOIMHAMHIYIECKHX UcceioBanmi. Bonrorpap, “IIpo6aemer ocBoeHns HedTerasoBbIX MECTOPOXKIE-
Huit Hiokaero ITosomxesa”, Beim. 57, 2000 r.

Jesuenko H.10. O6 0cOBEHHOCTSIX NpAMEHCHNS IPOM3BOIHEIX faBneHus i aHanusa KB]I. Tpynet HayusO-
TEXHMYECKOl KoH(epeHuun “Geopetrol-2000”. 3akomane 25-28.09.2000. Kpakos 2000. Hedgrerazosbrit
ropHeid HHCTHTYT. C. 553-557.

Jle6eduney H I1. 3yuenue u pa3paGoTKa HeTAHBIX MECTOPOXIEHHI C TPEIIMHOBATHIMH KOJUIEKTOPAM.
M.: Hayka, 1997. 397 c.

Jvicenco B/l MaHoBanuoHHas pa3paGoTKa HETSHBIX MECTOPOXKNEHMA. M.: Heppa. Busnecuenrp, 2000.
516.c.

Meropuka, TexHuKa M TEXHONOTHS IPOBENEHNs HECTAIMOHAPHBIX MCCIIEOBAHMIL CKBAXIH H ILTACTOB MECTOPOX-
JCHIN! HEHBIOTOHOBCKHX Hedrelt / A.X. Mupsamxkansage, M.H. Famnsivos, P.I. Ilarues u ap. Yda: MHIT CCCP,
o6 bepunenue “Bamnedrs”, 1976. 61 c.

Mup3zaowanszaoe A.X., Xacanoe M.M., Baxmuaun P.H. ITIONBI ¥ MOJEIUPOBaHKE CINTOMHLIX cucTeM. He-
JIMHEAHOCTD, HEPABHOBECHOCTE, HEOHOPOIHOCTb. Ya.: TUIIEM, 1999. 464 c.

Mup3saoncanzade A.X., Hlaxeepoues A.X. JuHaMIYecKe Mpolecch B Hedrerazogoourue. CHCTEMHBIN aHa-
73, IMarHo3, nporao3. M.: Hayka, 1997. 254 c.

Haxasuan J1.T. ®unbTpanus XUJKOCTH U ra3a B TPEIIMHOBATHIX KO/IeKTopax. M.: Hayka, 1972. 184 c.
Hayuno-metopuaeckne Marepuans! I — XIII mxos-ceMaHapoB “CoBpeMeHHbIe ITUIpOMHAMAYECKHE METO-
Jibl HCCIIEOBAHKS CKBAXMH: Pa3GophbI peanbHbix cuTyanuii’” (MockBa, Cypryt, Ilepmb, AbMeThEBCK, I'y6-
KUHCKHH, Panyxubiit, Ypaii, Open6ypr, By3yayk) — 1998-2001 r., B paMKax AeSTeIbHOCTH “Kiy6a uccnefo-
BaTenei ckBaxkun” Kacdenpr! “Hedrera3osbii 6u3Hec” AKafeMHUH HAPOTHOTO XO3AACTBA npu IIpaBurens-
ctBe PO.

Hegrs. Meron onpenenenns ¢pasoBbix npoHnnaeMocreii B N1a0OpaTOPHBIX YCIOBUSIX IIPH COBMECTHOIH CTa-
nuoHapHoy ¢pwisTpauun. OCT 39-235-89.

Hedrsuast npombimierHoCTs. [IpHOPUTETHI HAYYHO-TEXHIIECKOTO PA3BHTHS / ABTODCKHIt KOJIIEKTHB MOJ
o6u. pex. 10.K. lllacpannuka. M.: TOO “Papors”, 1996. 204 c.

OcoGeHHOCTH pa3pabOTKH MECTOPOXKAEHHI HEHBIOTOHOBCKHX HedTed / A.X. Mupsagxausaze, 3.M. Axme-
nos, B.A. Anues u gp. M., 1971. 115 c. (Temat. Hay4.-TexH. 0630p BHUMO3HT. Cep. “Ho6s14a”).
Ilempoe A.H. T'myGuHEbIe TPUGOPBI RIS UCCIEROBAHES CKBAXKUH. M.: Henpa, 1980. 224 c.

IIporpamMma ji1st onpenieIeHHst THIPONHHAMAYECKAX XapaKTEPHCTUK CKBaxuH / Reasons, Bepcusi — 4 (paspa-
6orunk Wsnues U.B.) ITepms: [lepMHUIIMHEDTH, 1990 — 1998. 18 c.

ITpoekTpoBanue n pa3spaGoTKa HeTAHBIX MECTOPOKICHHIA. Marepuane! Hayuno-npakTHYIecKoil KOHDe-
penuuu (r. Mocksa, IIKP, 6-8 anpens 1999 r.) M.: MnunTonssepro P®, OAO “BHUUOSHI™”, 1999.
404 c.

ITporpamma “LAURA”. Bepcust 7. IHCTPYKIHS 715 IOTB30BATENS. BHHMHWuedTs M. akag. A.IT. Kprinosa,
Mocksa, 1996. 63 c.

ITpoMbIcIOBO-TEONIOrHYeCKOe OGECIEYEHHE CHCTEM KOOBIUM ra3a / A N.I'punenko, A.H. [IMurpuesckui,
O.M. Epmunos u ap. M.: Heppa, 1992. 368 c.

Pa3paGoTka nedpTsaHbIX 1 HedTEra3oBbIx MecTOpoXAeHHI. COCTOSHNS, npo06iieMbl B IyTH pelueHust (MaTe-
pHaNbl COBEIIAHNS I'. AJIBMETBEBCK, CeHTOphb 1995 r.). M.: BHMTHODHI, 1996. 588 c.

Pessanos P.A., 3akupos C.H. Teodusuyeckie HCCIeT0BAHNS CKBAKUH U HH(OPMALHOHHOE ObecieucHre
TNIPOEKTOB pa3paGoTKK MECTOPOXeHHMI yrieBogoponos. Hedrsanoe xo3siicTo, Ne 2, 1998.

PyKOBOACTBO 1O rEAPONMHAMIYECKMM HCCIIEOBAHUSM BOJOHAIHETATEbHbIX M BOASHBIX CKBAXWH, obopy-
nosarnbix HKT, ¢ perucrpanueit u3MeHeHUH yCTEBOIO IaBNEHAs WIH ypoBHs. PP 39-9-67-78. M.: BHHUU,
1978.

73



PI
68

69.

70.

71.

72.
73.

74.

101.
102.

103.

74

153-39.0-109-01

. PykoBojicTBo 1o uccnepopannio ckBaxus / A.U. Tpunenxo, 3.C. Anunes, O.M. Epmunos u ap. M.: Hayka,

1995. 523 c.

CGOpHEK CMETHBIX HOPM BPEMEHH Ha UCTILITAHHS HE(DTAHBIX, [A30BbIX, TA30KOHIEHCATHBIX THAPOreOoOr -

4ECKHX OO'bEKTOB B Pa3BE/IOYHBIX, ONOPHbIX, IAPAMETPUYECKHX, IONCKOBBIX CKBAXXUHAX M OCBOECHHE 00L-

€KTOB B 9KCIUIyaTal[HOHHBIX cCKBaxnHax. M.: MHIT, BHUHMO3HT, 1985. 31 c.

CripaBoYHOE PYKOBOJICTBO 1O MPOEKTHPOBAHMIO Pa3paGOTKH M 3KCIUTYaTALHM He(DTAHbIX MECTOPOXJEHMI:

HMoGerya nedpru / Iop o6m. pen. LK. M'mmatygunosa, 1. I. M.: Henpa, 1983. 455 c., 1. 11 ITpoexkTuposanne

paspabotku, 1983. 463 c.

Cypey«ee M.JI., ®ypcoe A A., Tarovikun K.C. MeTopuka 060CcHOBaHMS TpeGOBaHMI K HM3Y4YEHHOCTH Iapa-

METPOB [ IPOCKTHPOBaHus pa3paboTKu MecTopoxypenuil // HedrsHoe xo3aiicTro, 1979. Ne 12,

Cyxonocos I' J]. UcnipiTande HeoOCaXKeHHBIX CKBAXHMH. M.: Henpa, 1992.

TpeGoBaHus K HcceOBaHUSM ISl IOACYETA 3aIIACOB H IPOEKTHPOBAHMIO Pa3paGOTKH MECTOPOXKIeHuI /

B.E. I'aBypa, A.4l. ®ypcos, M.H. KoueTkos u np. // Hedrsnoe xo3stiicTBo, 1988. Ne 7.

PparMenTsl pa3paGoTKH MOPCKHX MecTopoxkjennit / A.X. Mup3agxansage, H.A. Anmes, X.B. Ocydiane

u ip. Baky: M3n-po “EJIM”, 1997. 408 c.

. Yapuwui U.A. Tlon3eMuas ragporasoguaamuka. M.: Tocronrexusnar, 1963. 369 c.

. Yexantox 3.5. OCHOBBI Ibe30METPHH 3as1exKel HeyTH ¥ rasa. Kues: [ocHayurexusgar Ykpaunsl, 1961, 286 c.

. llazues P.I'. ccnenoBanue ckBaxuH nmo KB, M.: Hayxka, 1998. 304 c.

. lazues P.P. KOHKypeHTHbIE IPEUMYLIECTBA B HehTerazoBoM GH3Hece Ha NPHUMEPE THAPOra30HHAMHYEC-
KHX MCCNIEIOBAHHI CKBAXXUH M IUIaCTOB (Hay4HO-TEXHUYECKHIl 0630p) / AKajl. Hap. X03-Ba npu IIpasurens-
cree P®. M, 1995. 39 c. len. 8 UHUOH PAH, Ne 51347,

. Wleaxanee B.H. OCHOBBI U IPUIIOXKEHHUSI TEOPUH HEYCTAHOBUBHIEHCS duneTpanum: Mosorpacgus. B 2 4. M.:
Hedts uras, 1995. 4. 1. 586 c.; 4. 2. 495 c.

. Wleaxaues B.H. Pa3pa6oTKa He()TeBOROHOCHBIX IUTACTOB IIPH yIpyroM pexuMe. M.: [ocronrexusnar, 1959.
467 c.

. dxonamuouc M J]., Hoavme K.I'. Bo3neiicTBue Ha He(TAHbIE U ra3oBble MiIacTel / [lep. ¢ anrn. mox Pex.
AWM. BynatoBa. Kpacuonap, 1992. 4. 1 u 2.

. Al-Khalifah A-J A., Aziz K., Horne R.N. A new approach to multiphase Well test analisis/ Paper SPE 16743 pre-
sented at the 62-nd Annual Technical Conference and Exhibition, Dallas, Tex., Sept. 27-30, 1987.

. Anraku T., Horne R.N. Discrimination between reservoir models in well-test analysis // SPE FE. 1995. June.
P. 114-121.

- Botto G., Ghetto G. Using downhole pressure gauges in hostile deep wells, Villafortuna — Trecate field // JPT.
1994. July. P. 594-598.

- Bourdet D. et al. A new set of type curves simplifies well test analysis // World Oil. 1983. May. P. 95-106.

. Bourdet D., Ayoub J A., Pirard Y.M. Use of pressure derivative in well test interpretation // SPE. 1984. 12777.

- Brown K E. The Technology of artificial Lift Methods. Vol. 4. Penn Well Publishing Company, Tulsa, Okla,
1984.

- Camacho R.G., Raghavan R. Inflow perfomance relation-ships for solution-gas-drive reservoirs. Paper SPE 16204
presented at the production Operation Symposium, Oklahoma City, Okla., March 8-10, 1987.

. Da Prat G. Well test analysis for fractured reservoir evalution. Amsterdam: Elsevier, 1990. 210 p.

- Earlougher R.S. Advances in well test // Monogr. Ser. Soc. Petrol. Eng. Dallas. 1977. Vol. 5. P. 264.

. Fetkovich M.J. The isochronal Testing of oil wells. Paper SPE 4529 presented at the 48-th Annual fall Meeting,
Las-Vegas, New., Sept. 30 — Oct. 3, 1973.

. Foster G.A., Wong D.W., Asgarpour S., Cinco-Ley H. Interference test analysis in limited reservoirs using the

pressure derivative approach: Field example // JCPT. 1996. Jan. P. 25-30.

- Martn J.C. Simlified Equation of Flow in gas-drive reservoirs and the Theoretical foundation of Multiphase

pressure buildup analisis. Trans. AIME, 1959. Vol. 216. P. 309-311.

- Mattar L., Zaoral K. The primary pressure derivative (PPD) — a new diagnostic tool in well test interpretation //

JCPT. 1992. Vol. 31. Ne 4. P. 63-70.

. Matthews C S., Russel D.G. Pressure buildup and flow tests in wells. Dallas, 1967. 172 p. (AIME. Monogr. ser. SPE).
- Muskat M., Meres M.W. The flow of Heterogeneous fluids through porous media. Physics (sept. 1936) 7. P. 346-363.
. Perrine R.L. Analysis of pressure Buildup Curves. Drill and Prad., API (1956) 216. P. 482-509.

. Satter A., Thakur G.S. “Integrated petroleum reservoir management”, Pennwell Publishing Company, Tulsa,

Oklahoma, 1994. 335 p.

. Thakur G.S., Satter A. “Integrated Waterflood Asset Management” // Pennwell Publishing Company, Tulsa,

Oklahoma, 1998. 402 p.

- Theory and practice of the testing of gas wells. 3rd ed. publ. Calgary, 1978. (Energy Resources and Conservation

Board; ERCB-75-34).

Wycoff R.D., Botset H.G. The flow of Gas-Liquid Mixtures through unconsolidated sends. Physics (sept. 1936)
P. 325-345.

CranpnapTsr EBpo-Asnatckoro reogusuyeckoro o6mecrsa (EATO) Ha “T'eouszndeckue UccaeqOBaHus U
paGoTsl B cKBaxxnHax. ['eocpuanyeckue nccneosanus paspe3os cksaxun. Kaporax™ (CT EAT'0-046-01).
M.: 1998 u “KonTpons Texuudeckoro cocrosius ckeaxun” (CT EAT0-045-01). M., 1998,

TTopsAfiok paspaGoTKH, COTTAcOBAHNS I YTBEPXKICHHS OTPACIEBbIX HOPMATHBHBIX JOKyMeHTOB. P11 153-00.0-003-99.
YrBepxuen Munsnepreruxu Poccun 11.11.2000 r., Ne 99.



PII 153-39.0-109-01

104. Kocmiouenko C.B., Amnoabckuii B.3. MOHUTOPHHT ¥ MOJIETUPOBaHKe HE(TAHLIX MECTOPOXAEHHUI. TOMCK:
HN3g. HTJI, 2000. 246 c. ,

105. Daviau F. Interprétation des Essais de Puits. Les Méthodes Nouvelles. Edition Techip, IFP, Paris, 1986, hh. 173.

106. Sabet M.A. Well test analysis. Gulf Publishing Company. Houston, 1991. 460 p.

107. Bourdarot G. Essais de puits: Méthodes d’interpretation. Edition technip, Paris, 1996. 350 p.

108. Horne R. Modern well test analysis. A computer-aided approach. Second edition. Petroway, inc. Polo Alto, Cali-
fornia, 2000. 257 p.

109. Heanoea M.M. [lunamuka noGeran ety u3 3anexein. M.: Heppa, 1976. 247 c.

PykoBomurenn ~
®I'Y “OkcneprHedreras”

Munsuepro Poccun B.®. Basus
3asenyromuii Kaenpoit

“Hedrera3osslii 6u3Hec”

AxajieMu¥ HapOTHOT'O XO3SIHCTBA P.P. lllarues
pu ITpaBurenscrse PP

PykoBogurens TeMbl / — P.I'. larues

COTI'TTACOBAHO:

3aMecTHTeNs MIHACTPA
sHepreTHKH Poccuiickoit ®egepanun B.B. lllenenor

Pyxosoputens [lenapramenTa pa3paboTku

U JIMLIICH3UPOBaHUS MECTOPOXICHUI
Mnunsuepro Poccun A.JO. KopuiyHos

HavanbHuk Ynpapienus
Hay4YHO-TEXHHYECKOTO Imporpecca

Munsnepro Poccun ILIL Bespykmx

75



MunucrtepcTBO

sHepreTuku Poccuiickoit enepanun
(Munsunepro Poccuu)

IIPUKA3
S despaas 2002 r. Ne_30

r. Mocksa

O Beenennu B jeiictBHe MeTomMYeCKHX YKa3aHMH 11O KOMIUIEKCHPOBAaHHIO H 3TAMHOCTH
BBIMOJIHEHHUA TeO(H3NYECKUX, THAPOAMHAMHYECKHX H TEOXMMHYECKMX HCCIIEI0BAHMH HEQTAHBIX M
HedTerazoBbIx MecTopoxaeHuit (P153-39.9-109-01)

PykoBomiiuit nokyment MeTtoauueckne ykasaHHA MO KOMIUIEKCHPOBAHHIO M ITAMHOCTH
BLIMOJIHEHNS T€ODHINYECKHX, TMAPONUHAMHYECKHX M TEOXHMHYECKHX WCCEI0BAHHH HEPTAHBIX M
HedTerasosix Mecropoxaenu#t (PI153-39.0-109-01) paspaGoran denepanbHbiM rocyJapCTBEHHBIM
y4pexneHueM «OJKCrepTHepTeras» MUHHCTEPCTBA 3SHEpreTHKM PoccHiickoi Qenepauun  (OI'Y
«JxkcnepTHeTeras») coBMECTHO ¢ kabenpoii «Hedrerazossiit Gu3Hec» AKaIeMHH HAPOAHOTO XO3SHCTEA
npu IlpaurenbctBe Poccuiickodf  ®epepanmu no 3agauuio  JlemapTameHTa pa3paboTKH H
IMLEH3HPOBAHUS MECTOpOXACHHI. B fokyMenTe peanusosankl HOpMs! 3akoHa Poccuiickoi ®enepauun
«O Henpax» M craHmapTel EBpo-Asuarckoro reoHsHyeckoro obuiectsa. JoKyMeHT cornacosan
LleHTpanbHOH KOMHCCHEH NMo pa3pabGoTke HE(TAHBIX M Ta30HE(TAHBIX MECTOPONKAECHHI MuHsHEpro
Poccuu (npotokon ot 28 uions 2001 r. Ne 2722).

B uensx ¢GopMUpOBaHHA METOAMYECKHX OCHOB TEOJIOrO-NPOMbICIOBOIO aHATH3a pazpaboTku
HeQTAHBIX M TrasoHe(TAHBIX 3aNexedl HAaYYHO-HCCIENOBATENLCKHMH H  IPOH3BONCTBEHHBIMH
OpraHH3alHMAMH HE3aBUCHMO OT UX BEAOMCTBEHHOH NMPHHAAIE)KHOCTH IPHKA3BIBAIO

1.  Ilpunate u BBecTH B peiicteHe ¢ | Mapra 2002 r. Meroanueckue yKa3aHus 10
KOMIUIEKCHPOBAHHIO H 3TaNHOCTH BBITIONHEHHS TeOPU3NIECKHX, THAPOAHHAMHYECKHX H T€OXHMHYECKHX
HccneJ0BaHHA HeQTAHBIX M HedTerasoBbix MecropoxaeHuii (P[153-39.0-109-01).

2. Tlopyuuts ®I'V «OkcniepTHedTeras»:

2.1. Oxasanue opranusauuam U npeanpuatiam TOK MeTomHuecKol noMouH no BHeIpeHHIo P/]
153-39.0-109-01;

2.2. Mspanue u pacnpoctpanenne PJI 153-39.0-109-01 otpacnesmM CTpykTypaM ympaBieHus
TOK (ren. 095-192-71-45).

3. KoHTpons 3a MCMONHEHHEM HACTOALNETO MpHKa3a BO3NOKHTL HA 3aMECTHTENd MuHHCTpa
Hienenosa B.B.

MunucTp N.X. Ocydos

JlenaprameHT pa3paboTku

H IMIEH3UPOBAHHA MECTOPOXKACHHUIH
Kopurynos A.1O.

220-48-89






