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P 153-39.0-109-01
PYKOBOJIAMUN TOKYMEHT

Meroauueckye yKa3aHust 10 KOMIIEKCUPOBAHUIO U 3TAlTHOCTH BBIIOTHEHNS
reoM3nUECKNX, THAPONHHAMIYECKAX 1 TEOXMMUIECKHX HCCIEOBaHII HEQTAHBIX
1 HehTerasoBblX MECTOPOXKIECHUA

Iara Beepenuns 01-03-2002

1. OBJIACTbL ITPUMEHEHUW

Hacrosiuit PykoBopsmuit fokymeHT (PJ1) pactipoctpansieTcst Ha 0O beKTHI TPORYKTHBHBIX HETsI-
HBIX Y TA30BbIX ILIACTOB K CKBAXHH M ONpPEAenseT UX MIPOCTPAHCTBEHHbIE Pa3MEPhl, PacIpeacicHue
IPOAYKTHBHBIX U SHEPIeTHYECKAX XapaKTEPUCTHK, (PUILTPAIOHHO-€MKOCTHBIX CBOHCTB ¥ HEOHO-
pogHocTel, HU3NKO-XUMUYECKHE CBOMCTBA MIJIAaCTOBBIX HACBIUIAXOUMX (PIIOMAOB U Ap.

PII no3gonseT co3gaTh HPOPMALMOHHYIO Ga3y IS IPOEKTUPOBAHMS K HAYUHOT'O CONPOBOXMECHUS
pa3pabOTKU HE(PTSHBIX U Ia30HE(PTAHLIX MECTOPOKACHHUH, B TOM YHCIIE C UCITOML30BAHUEM KOMIIBIO-
TEPHBIX TEXHONOIH.

Hacrosiiuuit PJI npegnaraeT peKOMEHIAUH 1T0 KOMILTEKCUPOBAHMIO F€O(DU3NUECKUX, THRPOJHHA-
MHYECKUX U F€OXMMUYECKIX UCCIEeqOBaHMIl KaK CPEJICTBO KOHTPOJIS Ha 3Tane pa3spaboTku He(pTIHbIX
11 Fa30HeITSIHBIX MECTOPOKISHMIA, a TAKXKE HA 3TANlaX OCBOCHMS M pa3paboTKU MECTOPOXKICHHUT, 7115 CO-
3MaHUst COOTBETCTBYIONIEH MH(POPMAIMOHHON 6a3bI ¢ YIeTOM HEKOTOPBIX HOBBIX PE3y/IbTATOB HAYYHO-
METOJMUECKUX paboT, IpeAcTaBlIeHHbIX B [Ipunoxenunsx.

Hacrosuuit PI] ycraHaBnuBaeT efuHble IpaBUila IpU peanu3aiuny Ha Tepputopuu Poccuitckon Pe-
fepaLyy IANESH3MI Ha IPaBO NIOJIL30BAHMS HEAPAMU C IIENBIO UX FeOJIOTMYECKOro U3YUEHHUS, Pa3BEAKH
1 Jo0bIuM He(pTH, ra3a ¥ KOHJeHcaTa, He3aBUCHMO OT BEJIOMCTBEHHON IPUHAANIEXKHOCTH OpTaHU3alMi
¥ MpeRNpUsITUN.

2. HOPMATHUBHGBIE CCBIIIKH

B HacTosimeM pyKOBOASIEM JOKYMEHTE UCIIOJIb30BaHbI CCHUIKH Ha ClIEyIOle HOPMATHBHbIE J1O-
KYMEHTBI:

3axoH Poccuitckoii epeparuu “O Hegpax™ Ne 27-P3 ot 03.03.95 r. ¢ n3MeHEHUSIMHI U AONOJIHEHH-
sivu oT 10.02.99 Ne 32-D3.

CT EAT'O-046-01. Crannaprts!l EBpo-AsunaTckoro reodusudeckoro obmecrsa (EAT'O) na “T'eo-
(uzmueckue uccaefoBanust ¥ paboTel B ckBaxkuHax. I'eodusnueckue uccueoBaHus pa3pe3oB CKBa-
sxuH. Kaportax”.

CT-EAT'0O-045-01. “KOHTpONb TEXHMIECKOTO COCTOSIHISI CKBAaXKHH .

IIpaBuna pa3paboTky He(PTIHBIX ¥ Fa30HE(PTIHBIX MECTOPOXK/ACHHI.

PJ1 155-39-007-96. PernamMeHT cocTapiieHUsi IPOCKTHBIX TEXHOJOIMYECKUX TOKYMEHTOB Ha pa3pa-
OOTKY HE(PTIAHBIX U Ta30HE(TIHBIX MECTOPOXK/ICHHN.

PJ1 153-39.0-047-00. PernmaMeHT 1O CO3[1aHMIO NOCTOSHHO ACHCTBYIOMIKX I€0J0r0-TeXHOIOrnyec-
KHX MOJieNiell He(PTSIHbIX ¥ Ta30He(DTSHBIX MECTOPOXKACHHUIL.

P 153-39-007-96. TexHUK0-3KOHOMHYECKOE 06G0CHOBaHHUE [TOMCKOB, pa3BeKH H pa3paboTKH HEP-
TSHBIX MECTOPOXJICHUI HA YCAOBHUAX corjlalieHusi o pasfaene npoaykiyn (TDO CPI). [Jononnenus x
“PernaMeHTy COCTaBJIICHHS NMPOEKTHBIX TEXHOJIIOTHYECKUX HOKYMEHTOB Ha Pa3paboTKy He(TAHBIX U
ra3oHe(PTIHBIX MECTOPOXACHUIT .

IpaBuna reodrsnyeckux ACCnefoBanuil 1 paboT B He(PTIHBIX U Fa30BBIX CKBaxknHax. MIIP Pd,
MusTonsuaepro PP.

PJ1 39-100-91. MeTopuueckoe pyKOBOACTBO O T'MPOJUHAMMYECKUM, IPOMBICIOBO-Teodr3nyec-
KUM ¥ (PU3MKO-XUMHAYECKIM METOJ[aM KOHTPOIIsl pa3paboTKu Hed TIHLIX MeCcTOpoXenuit. MunHedTe-
rasnpom.

P11 153-00.0-003-99. TTopsaok pa3paGoOTKH, COrIaCOBAHASA U YTBEPKICHHS OTPACIEBBIX HOPMATHB-
HBIX JOKYMEHTOB.

3. OITPEJEJIEHUS

KOMIUIEKCI/IpOBaHI/Ie H ITAITHOCTDL BBINIOJIHEHNUSA I/ICCJICJIOBaHI/IfI Heq)TeI‘a3OBBIX 3ajiexke W IJ1acToB
C UENBIO CO3JaHus MH(MOPMAIMOHHON 6a3bl NPOSKTHPOBAaHUS M HAYYHOrO OOCCIEeUEHHs — COIPOBOXK-
feHus pa3pabOTKN HEPTIHBIX ¥ ra30HEPTAHBIX MECTOPOXK/ICHUA, B T.4. C HCIIONbL30BAHAEM KOMIBIO-
TePHBIX TEXHOJIOTHI, — UCIIONb30BaHUE KaKOro-nuGo KOMIIEKCa HCCIeOBaHul (reopu3nIeCcKuX, I'u-
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JIPOMUHAMUYECCKUX, FEOXHMIYECKHX — NaG0paTOPHBIX), COOPaHHOIO U3 Pa3HbIX BHOB UCCIIEOBaHHIl
[JIs pellieHus KaKoi-n11u00 NOCTaBlIeHHO 3afjayM WK FPYNIbI 3ajay.

DranHocTh BbINONHEHHS KoMimneKcHbiX MeTonoB THC, ITTUC n XU — ouepegHOCTh H CUHXPOHH-
3alls BO BPEMEHH — OTHOBPEMEHHOE MJIN NOCNEA0BATENBHOE IPOBEICHIE Pa3IMUHbIX METOIOB HCCIe-
JOBaHUI B TeYeHUe KAaKOro-IM6O0 3Tama Wiy Crafii OT MOUCKOB—Pa3BeIKH O 3aBepIleHUs pa3pasoT-
KU MECTOPOXKHCHHUS.

O6o61maromuil TepMUH “reodusuyecKie uecaenoBaHus u pabots! B ckpaxkuHax” (I'MPC) — uccie-
JOBaHUsA 1 pabOTbl, OCHOBAHHBIE Ha H3MEPEHHSAX €CTECTBEHHBIX ¥ HCKYCCTBEHHBIX (DH3HYECKUX MTOJIEi
BO BHYTPHCKBA>XXKMHHOM, OKOJIOCKBa>KHHHOM H MeXCKBaxKHHHOM npoctpaHcTBax (I'MC u CI'P), a tak-
3Ke paboThl, CBSI3aHHBIE C BTOPUYHBIM BCKPBITHEM IIPOAYKTUBHBIX I1acToB nepdopauuei (ITBP) u nu-
TeHcudukanue nputokos (UIT).

Tunpopunamuyeckue (IbE30METPHUECKUE) METOAIbI UCCAENOBaHUsA cKBaxuH u mnactoB (I'TUC) —
CHCTEMa MEPOTIPUATUI, IPOBOAMMBIX MO CHECIUANBHBIM IPOrPaMMaM: 3aMep B CKBAXKUHAX C IOMOILBIO
ry6GUHHBIX HpUOOPOB pafia BEJINYMH (H3MEHEHHH 3a00HBIX JaBleHuUil, eOUTOB, TEMIEPATYP BO Bpe-
MEHHU H [Ip., OTHOCALIMXCS K MPOJYKTHBHBIM He(TEra3oBbiM IUIACTaM), METOABI NOCNEAyomei obpa-
60TKU 3aMepseMbIX RAHHBIX, onpefencHue (PUILTPALUOHHLIX, PTCOMETPHUIECKUX W JpP. MApaMeTpoB
I1acTa, aHajau3 U UHTepIpeTalys NoJyde HHOH nigopMaliy O MPONYKTHBHBIX XapaKTepUCTHKAX — Ma-
paMeTpOB ILIAaCTOB U CKBaXKHH U peKOMEHN AL UK O UX NPAKTHYECKOMY UCIIOIb30BaHMUIO IIPH IPUHATHU
TIPOMBICIIOBBIX pelieHU .

Teoxumuyeckue uccnenoBaHus upod XKHUAKOCTEH U ra3oB — METOMIbLI Ta30BOrO KapoTaxa U JIIOMH-
HECLEHTHO-OUTYMHUHOJIOTMYECKOr0 aHa1i3a IPOMBIBOYHOM XKMIKOCTH U IIJIaMa, BBIOJIHIEMBbIE B IIPO-
necce OypeHud pa3BefOYHBIX CKBaKMH JIsI BbIEJICHUsI B pa3pe3e M ONECHKNM IUIACTOB, CORCPIKAIMX
He(Th U ras, a Takxke (poTOKOIOpHUMETPUYECKHE, H30TOMHBIE, XpoMorpaduyeckie 1 THAPOreOXHMHU-
YeCKHe METO/IbI UCCIIENOBAHMIA,

JIabopaTopHBIe UCCIENOBAHUS KEPHOB ! P00 NIACTOBbIX (PIIOMAOB — U3yUEHHE CBOMCTB NPUpON-
HBIX KOJJIEKTOPOB ¥ HACHIILAIOIINX UX YIJIEBOJOPOAHBIX CHCTEM, BOJbI ¥ Ta30B, a TAKXKe NPOIECCOB,
CBSI3aHHBIX C HX B3aUMO/EHCTBUEM,

HedrerazonpoMbIcioBbie reONOrnYeCKUE HCCENOBaHNs — KOMIUIEKCHbBIE HCCJICHOBAHMS 3aJIeXKeil
C LIEJIBIO CO3AHMS MOCTOSIHHO OElCTBYIOUIUX Ie0NIOrO-TEXHOJNIOTHYECKUX MOJICNIeH M UX COCTABIISIIO-
IUMX, a TAKXKE UX UCIOJIb30BAHUS 7715t KOHTPOJIS, aHATM3a U PETYIUPOBAHUS TPOLECCOB Pa3pabOTKH.

4. COKPAIIEHMS, TEPMUHBI U YCIIOBHBIE OBO3HAYEHUS

AK - akycTHyecKuil KapoTax:

AKB - akycTryeckuil KapoTask MHOTOBOJTHOBOIL:

AKI - akycTaueckas LEMEHTOMETPUSI;

AKIII - akycTHUeCKUit KApOTaK HIHPOKOIOIOCHBII;

B]l — 6aBK gaHHBIX;

BK — 60K0BOJ1 KapoTax;

BK3 - 60KoBO€ KapoTaXHOE 30HAUPOBAHUE:

BM - 6apomeTpus;

BMK — 60K0BOM MEKPOKapOTaXK;

BUKN3 - BLICOKOTACTOTHOE MHAYKLUMOHHOE Kapo-
TaxKHOE U30MapaMeTPUIECcKOe 30HAUPOBAHME;

BJI - Bnaromep (EuanbKoMep);

BHK - BogonedTsaHO! KOHTAKT;

BIT — MeTo/ BBI3BaHHBIX HOTEHIUAJIOB;

BCII - BepTHKanbHOE ceiicMUtecKoe POUInpo-
BaHNe:

BT — BbICOKOYYBCTBUTEIIbHASI TEPMOMETPHS;

I'BK — ra3oBojissHO#T KOHTaKT;

I'TI - ramma-ramMma gepeKTOMETPHSL;

I'TK - ramma-raMma KapoTax:

ITK-JI — raMmMa-TaMMa KapoTaxX JHTOILIOTHOCT-
HBII;

I'TK-IT — ramma-raMma KapoTax MI0THOCTEI;

I'T'Hl — ramma-ramma ueMentometpust (CIAT);

TN — ruppopuHaMUIecKue UCCASTOBAHMUS;

I'TUC - ruppogvHaMUYECKHE UCCAEROBAHNA CKBa-
JKHH:

o

I'TIIT — ruppolipocnyluuBaHue (MeKCKBa>XKHHHOE ).

T'MPC —reodusnyeckue uceneloBaHus i paéoTwl
B CKBaXXHWHax.;

I'MC - reodusnueckue HCCAETOBAHUS CKBAXKMH:

I'K — ramMmMa-kapoTax UHTEerpabHbIii;

I'K-C ~ raMMa-KapOTaxX CNEKTPOMETPUYECKHNI:

I'M — ramma-meTon;

I'HK — ra3oHedTIHON KOHTAKT;

I'OCT —TI'ocynapcTBeHHbBIH CTaHapT;

I'PIT — ruppasauyeckuil paspois naacra:

I'PP — reonoro-pa3Befioydblie pabOThl;

I'TH — reonoro-TeXHOIOrn4eckne NCCIelOBaHus;

I'TM - reonoro-TeXHu4ecKue MeponpHaTHsE;

I'TH — reonoro-TeXHU4eCKUMi Hapsif;

I'’XW — reoxuMHYecKie UCCIeTOBAHUS

JK — qusieKTpuiyecKkui KapoTax:

JIIT — parHocTHyeckuil pU3HaK;

3Y — ycTheBbie 3aMePHbIE YCTaHOBKH ((ha30BbIX Jic-
OHUTOB, YCTbeBbIX laBJCHUil, TeMIepaTyp H 0p.):

VB — uHAUKAaTOPHbIE BELWECTBA:,

MBL, — uHpOpMallHOHHO-BbIYHCIMTEIBHbIH HEHTP:

W]l — vHOMKaTOpHAas [HarpaMma,

N3 — pagHoaKTHBHbIE KOPOTKOXKUBYILHE H30TOMbI:

MK, OK, BUKHN3 — uHAyKuMOHHBIE METO[bI
(B OTKPBITOM CTBOJIE M IIPH 0OCAAKE CKBAXKHUHDI
CTEKNOMIACTHKOBLIMU TPyOamMn);

WHTY — nHKIIMHOMETpHsI THPOCKONMYECKAast:



MHI'K-C — uMIynscHbIA HEHTPOHHBI FraMMa-Ka-
pPOTaX CHEKTPOMETPHYECKN;

HWHK - nMnyabcHbiil HERTPOHHBIIT KapOTaXK:

MHHK - uMnynbcHblil HEATPOH-HEeHATPOHHbIN
KapoTax:

HIIT — ucnpiTaTens NIacToB Ha TpyGax:

KBJI - kpusast BocCcTaHOBNEHAS 3300iHOrO AaB-
JIeHns;

KBY - xpusast BoccTaHOBNICHUS YPOBHSI;

KWW - KOMIIEKT HCOBITATEIILHBIX UHCTPYMEH-
TOB;

KWH - xosdduuenT uspieuenus sedTu:

KMB - kapoTax MarsiTHO¥H BOCHPHUMYUBOCTH:

KO — orbop xepna npuGopamu Ha kabeie;

KIII - kpuBas nanenunst 3a60AHOTO JaBJIEHHS:

KC — xaxyieecs CONpOTUBIICHAE;

JIB]] — nokamusi ABHKEHUS BOJ| 3JICKTPOMATHUT-
Hasl (CIEKTpaNbHAs);

JIM — nokaTtop MydT;

MB — meuenoe BenmlecTBoO (XJ0po- U 6opocoie-
Bbi€ [IPOAYKTHI),

Munssepro P® — MuH#ACTEPCTBO 3HEPreTUKH
Poccniickon Pepgepanyy;

MK - mukpokasepHOMeTpHs (IpoduiieMeTpus
00CaKEHHBIX CKBAXHH);

MK3 — MUKpO3OHIUPOBAHHE;

MHA — meToj] HaBelecHHON aKTABHOCTH,

MIT (MIT®C) — mopens mnacToBon puaLTpauu-
OHHOM CHCTEMBEL,

MYH - mMetops! yBenuueHus HedreoTnayn;

HI'IY - BedrerazonobpiBaromiee ynpasieHHE:;

HT'K - BeATpOHHBI raMMa-KapoTax;

HK - meTogpl cTallMOHapHOTO HEUTPOHHOTO Ka-
poraxa;

HKT — HacocHO-KOMIIpeccopHbIe TPYOBI;

HHK-HT — HEeHTPOHHBII KapoTaXk 0O HAgTEIO-
BbIM HENTPOHAM;

HHK-T — HeATpOHHBII KapoTax IO TEIUIOBBIM
HEATpOHAM,;

OIIK, OIIT - onpoGoBanue muacToB npubopamu
Ha xabeJe;
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OCT - orpacneBoii cTaHAAPT:

ITBP — npocTpeno4Ho-B3pbIBHbIE PAGOThL;

I - npousBopnHas naBNeHuUs;

IIOTI'TM  — 00CTOSHHO [IEHCTBYIOILASL TE€0JIOro-
TEXHOJIOFMYeCKasi MOJIEb;

[3I1 -~ npusabofitas 30Ha niacra;

ILJT - nnoTHOCTEMED (TaMMa-raMMa);

T10 - npuxBaToonpenenurens;

IIC - meron nOTeHUMANOB CaMOMPOU3BOMBLHOM
nonspa3aLuy;

[ITC - ckBaxkuHHag TpyOHast pounieMeTpus;

PVT - cooTHoilleHuE (PU3MIECKHX NapaMeTPOB:
aaBleHue — o6’beM — TeMIeparypa:

Pl ~ pykoBopsnumii AOKyMeHT;

PU - pesuctuBuMep NHAYKIMOHHBIN:

PM — pacxopomep mexanuveckuit (PI'I] qns xkup-
KOCTH) U1 METAH JJIsi ra3a:

PY -~ pacxogoMeTpus yasTpa3ByKOBast,

CAT - ckBa>KiHHbI{I aKyCTHUECKUH TEIeBU30P:

CT'A — ckBaxXuHHas reodusndeckas annapartypa;

C/O — yrinepofHO-KUCIOPOAHbIA KAPOTaAXK;

CKO -~ consiHo-KHCnoTHas 0O6paboTka;

CCK - ceficMOKapoTax:

CYB]] - cucrema ynpasnenust 6a30§l JaHHBIX;

TM - TepMoMeTpHS;

TH — TepMOKOHIYKTHBHBIA UHAUKATOP (TepMO-
asemomeTp CTII);

TIIN -~ Texywasa npomblciosas “H(popMays;

TTIC — TpenuMHOBaTO-NOPHUCTAs! CPEna;

TO0 - TeXHHKO-3KOHOMHYECKOE OGOCHOBAHHUE:

OEC — (punbTpalliOHHO-eMKOCTHbBIE CBOCTBA;

OM - punbTpanmoOHHasd MOJEb;

IAM — IIEPOKONONOCHBII aKyCTHYeCKNit MeTON
ponuosoi (BAK);

1T — wyMouHRUKATOp (ILyMOMEP);

HIC — myMmoMe TpHAsi—CHEKTPOMETPHS,

3BM - 551eKTPOHHO-BLIUCIINTETHHAS MallIHHA;

3OM]I —~ snexTpoMarHuTHas Ae(heKTOCKOMMS:

OMK - 31eKTPOMArHUTHBIH KapOTaX;

39X - axonoraiys ypoBHeil;

SAMK — sAepHbli MATHATHBIA KapoTax.

B HacrosmeM PJI mcronb3yroTcest TepMUHONOTHS B 0003HaYeHHS, OOINETIPAHATLIC B IPAaKTHKe Hed-
TEra3oINpOMBICIOBOY reonoru, reou3ukn, PUNKO-XUMUICCKUAX U IPOMBICTOBBIX THAPOJUHAMUYEC-
KHX METOJIOB MCCIENOBAHUI CKBAXKHH ¥ IJIACTOB B OTEYCCTBEHHOA U 3apyOEKHON HAYYHO-TEXHHIEC-

KOI1 IUTepaType.

Ycaosnnie 0003HaYCHHA

A — 0Tpe30K, OTCeKaeMblil Ha OCH OPIMHAT MIPO-
HO/KEHMEM NPSIMONTNHENHOTO Irpaduka;

A, B, A,, B, — nocrosiuuble, 3aBUCSIME OT TIapa-
METpOB IJIacTa;

B — 06 bemHbIl K03dh buimenT HedTH;

B, — o6 beMHbI XoathhunuenT j-Toi hasbi;

¢’ =P — cKMMaeMoCTE;

¢; = P, — CXUMAEMOCTh OPHCTOR CpPEfbL;

C, — CKUMaeMOCTh rasa;

¢ = B, — cxUMaeMoCThL HeTH;

Cpr — IICEBIONIPUBEICHHAS CKUMAEMOCTD,

C, — CXUMAEMOCThH CUCTEMBbI;

¢y, = P, — cxuMaeMoCTb BOABL;

C — ko3(phmEeHT BIMSIHISI CTBOJIA CKBAKUHDI;

Cp, — 6e3pa3mepHblii KO3 DULHEHT BIUSIHNA CTBO-
J1a CKBa>KUHBbI;

Ei — oGo3pauenne WHTETPalIbHO-NIOKA3aTEbHOM
dyHKIAY;

£ — YCKOpPEHUE CIIbI TSIKECTH;

gradP — rpagueHT RaBICHUA;

h — Tonmuxa nnacra;

1 — YKIIOH NIPSIMOTIMHEHHOTO yJacTKa rpauka;
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j — xoappumMeHT pa3MEPHOCTH NPOCTPAHCTBA
OJHOIO U3MEPEHHUS;

K — x03chpuiire HT NPORYKTUBHOCTH CKBAKIHBL;

k — ko3¢ dunnesT abcoMOTHOM IPOHMIAEMOCTH;

k, = k. — k03 puIHEHT TIPOHUIAEMOCTH B PaIu-
aJIbHOM (FOPU3OHTAJILHOM) HallpaBIICHUAM;

k, — koa(pcunueHT NpoHHIIAEMOCTH B npU3a6oit-
HOM 30H€E CKUH-(hAKTOPA;

k, =k, — Ko>(ppuLneHT BepTHKATFHON IPOHULA-
€MOCTH;

k; - kooddunpenT 3¢ PeKTUBHON IPOHULAEMOC-

" TH j-TO# (ha3bl;

€ — paccTosiHme OT CKBAXKHHBI IO HENPOHUIAEMOR
rpanuibl (KOHTypa, H300apkl), fIIMHa, JUCTAH-
s,

m = ¢ — IOPUCTOCTD,

m' — YKJIOHBI NPsIMOJUHEHHBIX I'pachUKOB B Hed)-
TenpombicnoBbix equHnLax CIIA:

M(P) — nceBpopasnenue;

M(P)' - norapucpmMuueckas NpOH3BOfHAS ICEBAO-
OABIEHUS:

n — moKasaTenb CTeHeHH O6e3pa3MepHOro BpeMe-
HU, ypaBHEHHE;

P — naBneunue;

P; = Pp — 6Ge3pasmeproe naBneHue;

Pgys — Oycbeproe naBnenue;

P,,, — 3aTpyOHOe gaBicHHE;

P, — naBnenne Ha KOHType ILIacTa;

P..c — HaBneHue HACBIILCHUS! HETHU ra3oMm;

P, — nnacrosoe gaBneHue;

P, — HauanpHOE MIaCTOBOE NaBIlIECHHE;

P, — Tekymee 3aboitHoe gaBneHue;

P(r, t) — maBieHHe B IJIacTe Ha PacCTOSHUM T OT

_  OCH CKBaXXMHbl B MOMEHT BPEMEHN t;

P — cpennee nmacToBoe faBieHne;

AP — nepenap naBnesus, JeNPeCCUs;

APy, — iepenaj AaBieHIsA Ha MPSMOJTUHEHHOM y4ya-
crke rpacuka B nony-log koopauHaTax, coOTBET-
CTBYIOUIMI | yacy nocrne 3aKpbITHs CKBaXKHWHBI;

P' — norapudmuyeckas npon3BogHAasl ABICHUSE;

AP' — norapudgmMuyeckas MpOU3BOAHAs Iepenaja
AABACHUSA:

PPD — nepsasi npon3BofHas NaBIEHHS;

{q — o0 beMHbII [eOUT;

q,(t) — nocneakenayaTauHOHHbIA NPUTOK XKHAKOC-
TH B CTBON CKBAXKMHBL;

q,(t) — nocnesKcnyaTauMoHHbli OTTOK U3 CTBOJIA
B I1ACT;

q, — neOuT j-Toil haswr;

I~ pajuyc. pacCTOSHUE OT CKBaXKUHbI:

I, I', — PAILYC CKBAXKHHbI:

rg = Ip — Oe3pa3MepHblil paguyc:

I;yp -~ OIPUBE/ICHHBLA PaJIMYC CKBAXKUHBI;

T, — paanyc 30Hbl CKHH-(aKTOPAa;

I, — PAJinyc KOHTYpa UTAHUs;

R — nipoMbIcIioBblii ra30BbIi (hakTop:

R, — pacTBOpuUMOCTb rasa B HedTH;

R.. — pacTBOpHMOCTb ra3a B IN1aCTOBOH BOJE:

S — ckun-pakTOp N0 Ban Isepaunreny u Xepery;

S, — HePTEHACBILEHHOCTb:

4

S, — HAaCHIEHHOCTD j-TO# asbr;

S, — BOIOHACBILLIEHHOCTb;

t — Bpems,;

ts = tp — 6e3pa3MepHOe BpeMsL;

T — BpeMsl paGOThI CKBa>KHHBI 10 OCTAHOBKH;

T — reMmueparypa;

B, = C, — 06061meHHad CKUMAEMOCTb CHCTEMBL;

A — O BUKHOCTB j-TOi (hasbl;

A, — 06111ast OABIKHOCTH CUCTEMBI:

t; — BpeMs KOHIIa IepHofJa BIUSHUS CTBOJA CKBa-
KWHbBL;

t;; — BpeMs Hayasa IUIOCKOpaialbHOIO IIPUTOKA!

tyr — BpEMst KOHIIA IVIOCKOPaanbHOTO IIPUTOKE;

then,, — BPEMs Havala IMHEHHOTO pUIbTpaLy-

OHHOI'O IIOTOKA;

trer, — BPEMs KOHUA JIMHEHHOrO (PUILTPALUOH-
HOTO [TOTOKA;

tgagm,, — BPEMS Hauana OUIMHERHOrO (PUiIbTpa-
LUOHHOTO OTOKA;

tgnen, — BPEMs KOHUA GHIMHEHHOTO (PUIBLTPALH-
OHHOIO IIOTOKa;

tepn,, — BpeMs Hayala cepuyeckoro gpuibrpa-
IIOHHOT'O NOTOKA;

tcor, — BPEMst KOHIA C(HepUUECKOro PUILTPAIH-
OHHOTO NOTOKA:

tnyon,, — BPEMs Havala NCeBIOYCTaHOBHBLIETO-
Cs paIaILHOTO IOTOKA;

V —BEKTOP CKOPOCTH (priibTpanuy B 3akoHe [Japcu;

V. — 00b€M CTBOJIA CKBAXXUHDI;

V, — 00’beM MOTOHHOM €AMHHULB! JJIMHbI CTBOJIA
CKBaXKHHBbI,

V,, — TONHBIA 00HEM CTBONA CKBAXKWHBL;

AV — u3MeHeHHe 00 beMa;

X — JIMHeHas KOoOpauHaTa;

Xp — Oe3pa3sMepHast TMHEHHAsT KOOPAUHATA;

X — HOJIOBAHA AJIMHBI BEPTUKANLHON TPELLHHbL;

Xrp — Oe3pa3sMepHast [JIMHA BEPTUKANBHON Tpe-
LUHBI;

y — (pyHKIHSA;

y' — IPOU3BOJIHAS;

(Igy)' — norapucmuyeckas Npou3BOOHAS;

7 — KO3(PPUIHCHT CBEPXCKUMAESMOCTH ra3a:

A - paznuna;

V2 - oneparop Jlannaca;

Y — noctosiuHas Jinepa, ¥ = 0.5772;

I'(x) — raMMa-QyHKIHS;

&, ® — KO3(PUIHEHT Nbe30NPOBOJHOCTH H €ro
aHasor npy (puasTpaLuy rasa:

| — K03 priue HT NUHAMUYECKOi1 BAZKOCTH,

W, — BSI3KOCTb j-TOH (pasbl;

M. s — BS3KOCTBb HEHBIOTOHOBCKO# HedTH € pa3-
PYLLEHHOH U HEPA3PYUIEHHON CTPYKTYPOIi:

P — MIOTHOCTS;

T — YCJIOBHOE BPEMSL.
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Hupekcrpl
1 — HavyanbHOE 3HAYCHHE, W — BOJA;
j— unpexc ¢aspl (0 — HeTh: g — ra3; W — BOja); I — OTHOCHTE/IbHAs BETHYHHA;
0 —HedTh; t — o6uMil, 0GOGIICHHBIA, CYMMapHbIH.

g —Tras;

5. HABHAYEHUE U 3AJIAYM METOTUYECKHX YKA3AHUU
11O KOMINIEKCUPOBAHHNIO 1 OTAITHOCTH BBITIOJIHEHUS TEOPU3NIECKHX,
TUIPOJIMHAMUYECKUX U TEOXUMUYECKUX UCCIIEJTOBAHUN HE®TSIHBIX
U HE®TEIA30BBIX MECTOPOXIEHHUM

5.1. “MeTopryeckue yKa3aHusa HAMpaBIICHBI Ha o0ecrnedeHre rocylapCTBEHHOIO PEryIMpOBaHuUs
Te0Noro-reoU3nYeCcKOro H3y4eHUs1 KOMIICKCHBIMU FeOhN3NYECKIMH, THAPONUHAMWYECKUMH U T'e0-
XUMUYECKUMHA UCCIEOBAHUSIMU He(DTSHBIX 3a/eXeN U IJIACTOB, PAMOHAILHOI'O UCTIOIb30BaHUs U OX-
paHbl HEAP U OKPYKAOIIEH CPefibl.

5.2. “MeTonmyeckue yKa3aHAA  HampaplieHbI HAa CO3IaHue MHGOPMALOHHONR 6a3bI NI IPOEKTHPO-
BaHUSI U HAYYHOTO COIMPOBOXJCHNS pa3paboTKi HEMTAHBIX U Ta30HEPTAHBIX MECTOPOXK/EHHI, B TOM
qycyIe C UCTIONb30BAHMEM KOMIILIOTEPHOM TEXHOJIOTHM, [JIsl peallu3allid OCHOBHBIX MIOJIOXKEHHUH 3aKO-
Ha P® “O Heppax™ B 4aCTH NONHOTHI re0s0ro-reogu3uuecKoro M3y4eHus U palioHallbHOrO UCNOb-
30BaHKA U OXpPaHbl HEAP.

5.3. “Meropuueckue yka3zaHus TPeNHA3HAYEHBI JJIs1 HCIOJNB30BAHUA U alpeCOBaHbI CIIELMANUCTaM
TocynapcTBeHHBIX OpPraHOB YIPABICHUS H PETYIHPOBAHNS pa3pabOTKK He(pTera3oBblX MECTOPOXKACHUY,
OpraHu3anuii HeJpoTOIb30BaTeNeH, HAyYHO-UCCIIEOBATENBCKIX M IPOEKTHBIX OpraHu3alui, Crielanu-
3UPOBAHHBIX CEPBUCHBIX KOMIIAHUI, 3aHAMAFOIINXCS BOIPOCAMH KOMIJIEKCHBIX METOJOB I€0/0ro-reo-
(buznueckoro uszydyeHusi U MHPOPMATMOHHOTO CONPOBOXKJEHHSL IIPOLECCOB pa3paboTKu HepTera3oBbix
3aJIeKei U IIACTOB.

5.4. *“MeTopudeckue yKazaHAsS HCNONB3YIOT OpraHbl TOCYAapCTBEHHOTO PEryJIUPOBAaHUS, OCYILE-
CTBISIFOLLIYE:

— INLEH3UPOBAHHUE BUIOB ICATEIBHOCTH, CBSI3aHHBIX C I'€0/10TO-re0(U3NYECKUM U3YUEHHEM HENP B
no0br4eil HepTy U rasa;

— MHMLEH3UPOBAHHUE NT0J1B30BaHM HEIpaMu;

— FOCYapCTBEHHBII F€ONOTHYECKUN KOHTPOb.

5.5. “MeTtognueckue yKa3zaHusi” UCHOJB3YIOT ¥ UMH PYKOBOJCTBYIOTCS:

— [OTB30BATENH HEAP, BeAyLLHe Fe0oro-reo(pu3niecKoe N3yYeHIe U Pa3Be/IKy HeITETa30BbIX 3a-
Tesxell ¥ NIacToB, HOOBIYY He(dTH U ra3a, pa3pabaThIBAIOINE ONTUMANbHbIE KOMILIEKCHI MCCIEN0Ba-
HAH UIST IMUe H3UOHHBIX YIAaCTKOB,;

— NpejOpusTHs, BHITOIHSIOIME KOMILIEKCHBIE reo(U3nyecKue, FTMIPOJANHAMUIECKHE U TeOXUMHU-
YeCKHE MCCIeI0BaHUS U MX COCTABISIOUIUE;

— opranusauun 1 npennpusitad, HUY, cosparomue HOBbIe METOABI, TEXHUKY H TEXHOJIOTUIO KOM-
IIEKCHOIO U3Y4YEHUs1 CKBaXKUH M IUIACTOB;

~ IIPOEKTHbIE OPraHU3aNKH, pa3pabaThIBAIOIIUE NPOEKTHO-TEXHOAOTUYECKYIO JOKYMEHTALMIO TS
KOMILJIEKCHOTO N3y4€HHUS U UCIOJb30BaHus HEAP.

5.6. “MeToauueckue yka3aHus’ HCHOOJB3YIOTCS NMPH pa3paboTKe U BHECCHHU JONOJHEHUI U U3Me-
HCHWH B PCTJIAMEHTbI, HOPMATUBHbIE JOKYMEHTBI i UHCTPYKIHMH B 06J1aCTH KOMILIEKCHBIX reodusuye-
CKHX, FHIPOJIMHAMHYECKUX U TEOXMMAUECKHX MCCIIeNOBaHUA HedTera3oBbIxX 3ajeXeil U I1acToB, B 00-
nactu GypeHus ¥ SKCIUTyaTalMi CKBAXKMH, pa3BedKH U pa3pabOTKU MECTOPOXKAEHUIA.

5.7. McnonuuTENsIMH B IOTPEOUTEIISIMU KOMIIEKCHBIX UCCIEA0BATENBLCKUX PabOT U UX COCTABISIO-
L{UX MOTYT SIBJISITHCS HEIPOMONIb30BaTEN U NPEANPUITUS, BBINOIHAIONINE KOMIUIEKCHBIE HCCIIE0Ba-
TeJbCKUEe pabOThl HA OCHOBAHUM Pa3peillcHHH, BbIJAHHbIX B YCTAHOBIEHHOM MOPSKE OpraHaMu yil-
paBlleHUsl TOCYAaPCTBEHHBIM (DOHJIOM HEAD.

5.8. Ilpou3BOIMTENIME KOMILIEKCHBIX MCCIENOBATEAbCKUX pabOT M MX COCTABISIOUIMX MOTYT siB-
JSTHCS! reou3nyecKie peAnpUsaTus (MopasAeIeHNs) NPU BbINTOTHEHUH Teo(]U3MYeCKUX HCCIIEOBaHUA
u pabor B ckeaxunax (I'IPC), HedrerazopobriBarolyye npepupusTas (nogpaspeienus — HUUIIPsI,
IIHWIIb1, uccnepoBaTeIbcKie UEHTPSL U T.0.), HAYUHO-UCCAEROBATENLCKUE U NPOEKTHbIE Opranu3a-
1UN (HOfipa3fiesieHUs — LECHTPBI, OTAENBI, 1a00PaTOPHHM, IAaPTHH M T.IL.) A [IP., IMEIOLIUE JIMUEH3UH, BbI-
JaHHbIE B YCTAHOBJIEHHOM NOpsijIKe Ha OCYIIECTBICHHE COOTBETCTBYIOMIMX BUIOB JIEATENBHOCTH, CBS-
3aHHbIX C KOMIUICKCHBIM Te0JI0ro-pu3nIecKiM H3yYeHUEM B UCTIONTb30BAHUEM HEAAP.

5.9. “Merouueckne yKa3zaHus™ HCIIOAB3YIOTCS IPH COCTaB/ICHUA HHCTPYKHMH, “TpeGoBaHMil , “npa-
BHA", M3JIaraloiUx TEOPETHYECKHE ¥ METOJUYECKHE ACIIEKThI, TEXHUKY M TEXHONOTHIO [IPOBCACHNS,
METOfIbI 06PaGOTKH U HHTEPHPETALHA JaHHbBIX C IOMOIIBIO KOMIIBIOTCPHAIX TEXHOJOTHIL, XpaHEHUE H

5
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HCHOJIb30BAHUE MOTYUYEHHON UH(OPMALMH 110 JAHHBIM Pa3/IMYHbIX KOMIUIEKCHBIX HCCIEIOBAHMIT CKBA-
JKHH I TIACTOB U UX OTAENbHbIX BIJOB.

5.10. Co3paBaeMble M HCMONB30BaHHbIE IPR KOMILIEKCHOM M3YUEHHMH 3a/IeXKel U CKBAXKHUH KOMILIO-
TEPHBIE IPOrpaMMbl PEKOMEHIYETCSI aTTECTOBATH YEPE3 CUCTEMY TECTHPOBAHMS H allpOGALHM.

5.11. Pe3ynbTaThl KOMINEKCHOTO FEOJOro-(pH3MYeCKOro U3yuyeHUs He(pTerasoBhIX 3ajiesKel, miac-
tos (TUC, I'MTAC u I'XH) 1 3¢pex THBHOCTE HX NPaKTAUECKOTO MCTIONL30BAHUS B KAUECTEE HHOP-
MalMOHHOTO 00eCneYeHNs U CONPOBOXAEHHS IPOLECCOB Pa3paboTKU peKOMEHAYeTCs nogBeprars u-
HAHCOBO-9KOHOMHUYECKOMY aHANM3Y (pacyeThbl CTOMMOCTH palboT ¥ OTHEIBHBIX CTPYKTYPHBIX 3JICMEH-
ToB I'/TMC B 3aBHCHMOCTH OT KadecTBa HTOrOBOM HHGOpPMAUMH, UX BIHSHUE HA TEXHHKO-
9KOHOMHYECKHE MOKa3aTeNnn u 3¢(PeKTHBHOCTE IpoBefeH s, HanpuMep, I'TM u ap.).

6. HABHAYEHHE METOJOB KOMITNIEKCHOTI'O U3YYEHM
TEOHOT'O-TEOPU3HNIECKUX XAPAKTEPUCTUK HEGTETA30BbIX
MECTOPOXIEHUI, X OCOBEHHOCTU U NMPUMEHEHHWE

CrpykTypHad cxema B3aumooTHoluenui cymiectsytomux I'MC, IV C n I'’XU — naGopaTopHbix Me-
ToftoB pekomerdaosana cranggaproM CT EAI'O 046-01 "Teoduzuueckne uccneaoBanus u padorsbl B
ckBaxuHax. I'eodusndeckue uccnenopanusi paspe3os ckBaxxun. KAPOTAX. TepmuHbl, onpepene-
HUsA, OyKBEHHbIE 0003HaUYEHHA, U3MepsieMble u3udeckue Benuunnnl”. M.: EATO. 1998 (pucynok 1).
Bce pupn nccneposanuit 'MC, ITTTHUC v I’XUW HOCST KOMILNIEKCHBIH XapakTep.

6.1. 3a0a4u KOMRAEKCHBIX Me0008 UCCACOOBAHUST CKBUNCUH

MeTofbl KOMIUIEKCHOTO H3YYEHAS FE0J0ro-re0(R3nuecknx XapakTepaCTHK MpeiHa3HAYCHbI Ans
pelIcHMS CIIEAYIOIMX 3a/ia4d (HE3aBUCHMO OT THIIa CKBAXKMH U CTafiMH €€ IKCIUTyaTaluu ).

6.1.1. YTOYHEHHE IE€OIOTHYECKOI MOJIENIN B 30HE PACNONOXEHNS CKBaXKMHBI:

— YTOYHEHHE TPaHUI] NPOAYKTUBHBIX TONIHH MO Pa3pe3y CKBaKUHBIL:

— OlIpefieNIeHNE NOI0KEHUS TPOYKTABHBIX IUTACTOB U FEOJIOrHYECKHX HEOTHOPORHOCTEN B MEKCKBA-
SKMHHOM IIPOCTPaHCTBE.

6.1.2. KorTposb 3a BLIpAaOOTKOM I7IACTOB IPH W3BJAeYEHUN HedTu WK rasa:

— onpefiesIeHUe IPOMuIsA IPUTOKA HIM HPHEMUICTOCTH, OIEHKH COCTaBa MMPUTOKA;

— OolpefeeHne Ha4albHOr0, TEKYILErO UM OCTATOYHOrO Hedyre- U ra30HAChILCHMS TUIAcTa.

6.1.3. I'mppoguHaMHYECKHIT KOHTPOJIb (PUILTPAIMOHHBIX CBOMCTB MacTa:

— OnpefiesIeHHE U IIPOrHO3 NPOAYKTHBHOCTH CKBAXWH!

— OLIEHKM SHEPreTMYECKHUX CBONCTB I1acTa;

—~ olleHKU PUIBTPAHOHHBIX CBONCTB NIacTa;

— OLEHKU U3MEHEHNs (DUIBTPALMOHHBIX CBOICTB B MpH3a00HHOM 30HE.

6.1.4. TexHonoru4yecknit KOHTPOJIb paboThl CKBAXKUHBI:

— OlIEHKH PabGOTHI 3I€MEHTOB MOA3EMHOT0 000PYIOBaHMUS;

— OLICHKM COCTOSTHUSI ITPOAYKLHNK B CTBOJIe paboTatoniell CKBaKUHBI;

— onpefeNneHne MeXIIacTOBLIX IEPETOKOB;

— onpefencHre CyMMapHbIX (ha30BbIX PACXOOB CKBAKHHBI.

6.1.5. Texnuyeckuil KOHTPOIb COCTOSIHUS. CKBAXKUHBI:

— YTOUHEHHE NIONOXKEHUS 3JIEMEHTOB KOHCTPYKIIMN,

— OLEHKH COCTOSIHUS BHYTPHUKOJIOHHOIO IIPOCTPAHCTBA TPYO;

— BBISIBICHHE HErepMETHYHOCTER KOJIOHH U YTOYHEHNE rpaHul pUIbBTpa;

— KOHTPOJIb KayecTBa [EMEHTAXKa.

6.1.6. Koutpons kadecTa paGoT 1o nHTeHcuuKanmn OObIuH:

— OUEHKHU 3¢pPEKTUBHOCTU OMUCTKH 3a0051;

~ OLUEHKH 3(p(PeKTUBHOCTH BCKPBITHS IJIACTA;

— oUeHKHU 3¢ heKTUBHOCTH OUUCTKY OPU3ab0HHON 30HBI;

— OIleHKH 3(h(heKTHBHOCTH BO3JeICTBHS Ha JANBHIOIO 30HY NJIACTa;

— oleHKY 3(h(heKTHBHOCTHU APYTUX MEPOIPHUATHI 110 M3MEHEHHUFO TEXHHIECCKOTO COCTOSIHUS CKBAXKHHBI,

6.2. I'eogpusuyeckue memoodwt
HccnegoBanye pa3pe3oB CKBasKiH B OKOJIOCKBAXKUHHOM IIPOCTPAHCTBE C LENBIO YTOUYHEHHS TEO0II0-
THYECKO! MOJIEJIH B 30HE PACIIONIOXKEHH CKBaXKHUHBI OCYIECTBIAETCS ¢ HOMOIIBIO reO(hA3NIECKUX HC-
cnepoBanuit (TMC-KAPOTAXKA). PaznnuaroT HeCKOIBKO BUJIOB KapoTaxkKa, OCHOBAaHHbIE HA U3Mepe-
HUH pa3IndHbIX (DU3HYECKUX ITOJIel B CKBaXXUHE H OKOIOCKBAXKHHHOM IIPOCTPAHCTBE: 3JICKTPHUYECKAE
meTops! kapotaxa — [IC, KC, BK3, BK, BMK u gp.; aiekTpoMarsuTHbie METObI Kaporaxa —~ UK,
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l'eoduszuaeckue nccnenoBaHus

nu paﬁOTbl B CKBa’KHHaX

'mpcC
I | |
[eoduzuueckue Teonoro- IMpocrpenouHo- Pabotsl CkBaxXuuHast
HCCIEMOBARNA TEXHOIOIMYCCKHE B3PLIBHBIE no reousuka
B CKBAXUHAX MCCIIENIOBaHNS B paboThl B uHTeHCHpUKa- (CKBaXXMHHAs
e npoiecce CKBaxXKHHAX [uH IPUTOKOB reousuyeckas
Oypenust IIBP cmronoB pasBesika)
I'TU 5181 CI(CI'P)
| |
Hccnenosanus HcnbITanue macToB
TEXHHYECKOTO T'upponunamudeckue (oT60p
UccnenoBanus COCTOSIHUSI CKBAKUH HCCIENOBaHUS H HCCIIeJOBaHUs
Pa3pe30B CKBaKUH (cTBONA, UEMEHTHOLO B CKBaXXMHAX [1aCTOBBIX (DIIOUIOB)
(B OKOJIO- KOJIbI[a, KOJIOHHBI) (maBneHust, CKOpPOCTH u oT60op 00pa3Los
CKBaXXKHHHOM H TIOJIOKEHUS IIOTOKAa, COCTaBa 1 nopon
IIPOCTPAHCTBE) TEXHOJIOTHYECKOTO CBOMCTB (Ironga) NPAMBIE
KAPOTAX 060pYOBaHYS ronc NCCIEOJOBAHUSA
UTCC IMIIACTA

Pucynok 1. Buab! reogn3n4eckx icceoBaHuil i paboT B HedTsHbIX 1 ra3oBbIx ckpaxiHax o CT EATO-046-01.

OK.BUKW3. KMB u ap.; paguoaxktussbie Metofnl — 'K, HK, I'TK, MHK, MHK - C/O u up., a Takxke
TepMOKapOTaX., aKyCTUYECKMH KapOTaXK, HaKIOHOMETPUsS, MUKpO3oHauposanue U T.0. M310XeHbI
0COOCHHOCTH ¥ CTAHAapTU3UPOBaHb! 76 BUNOB KapoTaxa [102], 108 o6bekTOB Hccnenopanni, 39 cne-
uuasnbHbIX KoagdunuenTos, 101 nm3Mepsemslii - onpepensiemblii napameTp. B TUC ucnonbsyrores
okouso 450 cnenuanbHbIX TEPMUHOB 1151 XapakTepuctuku ['IC-paboT, reonoro-rexHu4eCcKUX Hecaeno-
BAHUMA B [Ipolecce OYpPEeHHS, IO BTOPHYHOMY BCKPbITHIO IPOAYKTHBHBIX MJIACTOB U MHTEHCUDUKaNMEH
IPUTOKOB.

Metonsl TNC-kapoTaxa ABASIIOTCSI KOCBEHHbIMU. OOHUM U3 3JIEMEHTOB MX METOAMYECKHX OCHOB
CAYKAT NIPEABAPUTENLHO YCTAHOBIEHHbIE aHATNTHYECKHE e Tpou3nyeckue 3aBUCHMOCTH, ITOJIyUEHUE
PErpeCCUOHHBIX YPAaBHEHHI TUNA “KEepH—KEpH , “KepH-Teodusuka’, “"reodusura-reopusuka™ u odoc-
HOBaHUE BO3MOXHOCTH IEPEXO/Ia OT reohH3HUECKUX XapaKTEPUCTIK K KOJIIEKTOPCKHM CBOMCTBAM Iijla-
CTa ¢ MOCNEAYIOeH OLUEHKO! TOYHOCTU IPOTHO3a IIAPaMETPOB.

BakHeli11ell coCTaBHON 4aCThIO FE0/I0MMYECKOi HH(OPMALMU ABASETC MACCOBBI OTOOP KEPHOB
B pouecce OypeHUs U Ux feTanbHble MOCIeayoue nabopaTopHblie ccnegoBanusi. ITapaMeTpsl nna-
cra 1o 'MIC B OCHOBHOM XapaKTePU3YIOT NIPUCKBAKIHHYIO 30HY.

Hetpoduzmyeckne 3aBUCUMOCTH TPEACTABISIIOT HH(MOPMALKIO O JHUTONOTUU, IOPUCTOCTH, HATH-
YUY YTIEBOOPOAOB M HACBILIEHHOCTH IJIACTA >KUJKOCTAMM H JIp.

l'eousuueckne uccnepopanus u padoTel B ckpaxunax (F'MPC) obecneynsaroT nHGOPMALUOHHYIO
OCHOBY JUTSl KOHTPOJIS 3a BBIPA0OTKOI1 N1aCTOB (3aMephl Mpoduiieil NpUTOKA U IPUEMHCTOCTH, OLEHKA
CoCTaBa NMPHUTOKA. HACBIIMCHHOCTH [lj1acTa (bHIOI/IJIaMH B Pa3MUYHbIE MOMEHTLL, OLICHKa M1apaMETpPOB
BBITECCHCHUS U ,[Ip.), TEXHUHECKOI'O KOHTPOJIA paﬁOTbI CKBA>XHMH U €€ TCXHHYCCKOI'O COCTOSAHUS, KOH-
TPOJb IPOBEEHUS] METOIOB HHTEHCU(UKALMH.

6.3. TudpoouHamuvecKle Memoobl UCCACOOBAHUA CKBANCIH

I'IAC - ruppoauHaMu4ecKiil MOHITOPHHT CBOHCTB INlacTa — IpeIHa3HAUCH ISt N3YUCHUS IPOJYK-
THBHBIX [VIACTOB NPH WX WCIBITAHUH, OCBOCHUU U SKCIUTyaTaluu B fOOBIBAIOIMX U HAMHETATEILHbIX
CKBaXKMHaXx C LEJbIO MOJIYy4eHUs JaHHBIX 00 UX IPONYKTUBHOCTH U MPUEMHCTOCTH, (PHIIbTPAMOHHbIX
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MapaMeTpax ¥ CKUH-(PaKTOpe, TPACCUPOBKY IMPaHNL, [NTACTa B OCOOGEHHOCTSX 30H APEHAPOBAHUS, THIIA
IUIACTa—KOINIEKTOPA, aHU30TPOMNHUHY [LTACTa MO MPOHNIIAEMOCTH, PEXUMA 3aJICXKH 1 Jp.

Paznugaror ITTAC Ha (KBa3M) yCTAaHOBUBIIMXCS PEXKUMax (PUNBTPALUE — METOJ CHSITHSI HHIMKATOP-
ubIxX puarpamm (MJ1) n Ha neycraHoBusiuxcs pexumax (KITJI-KBJI B skcniyaTalMOHHLIX U HarHETA-
TeJbHbIX ckBaxuHax, KBY, rufiponpocnylinBaiue, AMNYIbCHBIE METOJIbI, IKCIIPECC-METO/bI, HAPHU-
MEP, C TOMOLIbLIO H]IaCTOHCHbITaTEJIele OJJHOBPEMEHHOE UCCIICTTOBAHUE I'PYII CKBAXKUH, UCCIIEROBAHUSL
CKBaXHH 6€3 OCTaHOBOK H JIp.). CyIIECTBYIOT HECKOJILKO ACCATKOB METOJIOB OOGPaGOTKH TaHHbLIX H3ME-
pPCHUIE HA TeOpPEeTHYeCKOU OCHOBE JMHEUHOU TEOPUH YNPYyroro pexuma GunbTpanuu, Npu HHTEpIpe-
TaI[HM UCTIONB3YIOTCS O COTHH TEOPETHUYECKIX MOJIENCH ITacTOBbIX (PIIIBTPAMOHHBIX CHCTEM (OCHO-
BaHHbIX Ha Pa3IUYHBIX fA(depeHnnanbHbIX ypaBHeHASIX QUABTPALHN: MHOTO(a3HbIX CUCTEM, C IBOM-
HOH IMOPHUCTOCTBIO ¥ MPOHULAEMOCTBIO H T.J.), RCTIONB3YIOTCS IECATKHA KOMIBIOTEPHBIX NPOTPaMM.

B cymecTByomux oTeuecTBeHHbIX pykoBopicTBax o I'MHC (mocnemaee winano B 1991 r. u nuctpyk-
uusx (m3paHHbIX B 1982-85 rr.)) mop IV C moHHUMAOTCsS M M3J1aFal0TCs1, B OCHOBHOM, METO/IbI 00paboOTKH
Hauboliee H3BECTHBIX M MIMPOKO pacnpoctpaHeHHbix ITIVC Ha 6a3e MpeacTaBIeHUH MOALKO O HAOCKO-
puduasvroll giavimpayiius K BEPTUKANbHbIM CKBaXXMHAM C IENBIO ONPEAENICHUS NapaMeTpOB ILIACTA.
ITO, TaK Ha3bIBAEMbBIE, MIPAOULIIOHHbIe METOBI (HAIpuMep, 3To MeToibl o0padoTku KBII-KII]I 6e3
yueTa npuToka XOpHEpa. C y4eTOM NPUTOKA U Ap.). OHM XapaKTEpU3yIOTCs TEM, UYTO UCCIEROBAHUs
IPOBOJMINCE C MIOMOIIBLIO, TaK HA3bIBA€MbIX, MEXAHHYECKUX ITTYyOUHHBIX MAaHOMETPOB ([IPYXHHHBIX,
HOPUIHEBBIX, FE€JIMKCHBIX), C OFPAHUYEHHBIM BPEMEHEM PETHCTpalMH (JIO HECKONBLKMX 4acOB MJIH CY-
TOK), C OIPAHUYEHHBIM KOJMYECTBOM JUCKPETHBIX TOYEK (OT HECKOJBKUX 0 HECKOIbKHX IECSTKOB).
[OTYyCcKaal BO3MOXKHOCTb PY4HOH pacluupoBKY (Ha KOMODapaTope) U pydHoit o6paboTku (1ocTpoe-
HHUE COOTBETCTBYIOILNX I'pacdhuKOB-anamopdos).

OTH MpaoullLOHHbLe METONBI OBLIM OCHOBAHBI HA MCIOIL30BAHUH NPH aHAIU3€ CKOPOCTH U3MEHe-
HYs1 32001HBIX JaBJICHUI BO BPEMEHM M HO3BOIISIH ONPEAETATh—OLEHATE 2 NapaMeTpa. B otimuune ot
TpaJUIMOHHBIX, cogpemenHble MeTofibl I'JIMC Ha HEyCTaHOBHBIIAXCS peXHMax (PUIBTPANUM PErHCT-
PUPYIOTCS ¢ TOMOIIbIO paBpaGOTaHHI:IX B NOCJICTHUEC TO/]bI BBICOKOTOYHBIX F.TIy6I/IHHle AIICKTPOHHBIX
MAaHOMETPOB C MTbE30KBAPLUEBBIMU JATYMKAMH JaBJICHHS U IITYOMHHBIX KOMIUIEKCOB NPHOOPOB € COOT-
BETCTBYIOIIMM KOMINbIOTEPHBIM ObectieueHneM (I poBbiMI MeTORaMA perucTpupytores ot 10000 po
500000 Touek B Teuenue ot 10 go 500 cyToK), ¢ YyBCTBUTEIBHOCTHIO, HO3BOJSIOMICH HCIOJIL30BATh
npu aganuse gaHHbix I'TIAC TeMnbr i3MEHEHUS AaBICHHMS, IPOM3BOAHBIE JABJIEHUSA. DTO PE3KO Yilyy-
LIaeT Ka4eCTBO MHTEpIpeTaLHH U KOJHNYECTBO ONpeaesaeMbIX NapaMeTPOB NPOAYKTUBHbBIX ILIACTOB.
Ucnonb3oBanue 4-x (OyHKLWIA, BMECTO 2-X B TPAAMIMOHHBIX METONAX, [IO3BOJSET OUEHUTb—ONpee-
JUTH 10 4 napaMeTpoB u 6ojiee (TOPU30HTANBHYIO U BEPTHKAJbHYIO npoHuLaeMoctd ~ K, K,. ckun-
¢akTop, CTPYKTYPY PUILTPALIOHHOrO NOTOKA, IJ1acToBoe AaBieHue — P u np.). OgHako npu 3Tom
NOBBIIAIOTCA TpeOOBaHMI K MHXKEHEPHO-TEXHUUECKOMY nepcoHany. VccinenoBaHus TIATENBHO IIa-
HUPYIOTCS C COOTBETCTBYIOILIMME pacyeTaMu. PaciiudgpoBka 1 06paboTka NpOMBICIIOBBIX JAHHBIX BO3-
MOXHA TOJBKO C NPUMEHEHHEM BCIOMOraTeNbHbIX KOMIBIOTEPHBIX TEXHOJNOTHI, MHTEPNPETALHIO —
OKOHYATeJIbHBII BEIOOP U3 MHOXECTBA BO3MOXKHBIX MOJIeJIEH — IOJIXKEH JeJlaTh HHXKEHEeP-UHTEPIPETaTop
Ha 6aze rimy6OKuX 3HaHWH (PU3NYECKUX W TeopeTHYecKuX ocHOB I'TIMC 1 KOMIIEKCHOM HCIONb30BaHUH
Bcell reostoro-reocdusniyeckoil uHGopManyu ¥ cBefieH!H o pa3paboTKe 3anexeil ! 3KCIyaTauuy CKBa-
K¥H. DTH coBpeMmeHHble MeToAbl TN C TpebyroT 66abp1MX 3aTpaT, 4eM TPAOHIIMOHHbIE.

Cospementble MeToansl 06pabotrkn gaHHbix ITIMC aBnstoTca Hanbonee MHGOPMATHBHBIMM, T.K.
OXBaTbIBAIOT BECh ANUTEILHBIN MO BPEMEHH AMATIa30H Pa3InyHbIX IEPHOAOB PErHCTPALIMHA NPOLECCOB
U3MEHEHUS JaB/IEHUS (XapaKTepU3YIOLiye) — OTpakKalonye BIHAHHE YCIOBRI HA BHYTPEHHE! rpaHHLe
n1acTa — HEMTHOBEHHOCTE OTKPbITHSA~3aKPBITUST CKBAXKHHBI, CKUH-(PaKTOP M MOCITE3KCITYaTauUOH-
Hblit IPUTOK—OTTOK ~ I HayanbHblii yuacTok: II yuacTok — BnusiHue napaMeTpoB miacta — Ko duun-
€HTOB T'HPOIPOBONHOCTH U Mbe3onpoBofHocTy; III yyacTok — oTpakaromiuil yCJIOBHSL Ha BHEIUHEH
rpaHuIe MIacTa — NJIacT “3aKPbITBIA”, “OTKPBITBIA ", “OECKOHEYHBIH ™ ¥ Ap.. T.€. HauboJee NOJHO MO-
I'yT AaTh NPENCTABNCHAUE O MOAEIU NJacTOBOH unbTpatuonHoi cucreMbl (MITPC). [Ipyrue rpynmsl
METOJOB SIBJITFOTCS MeHee MH(OPMATUBHBIMU M MOTYT pacCMaTPUBATBLCA KAK BCIOMOTATE/IbHbIE.

I'maponpocaynmmBanne CKBaXKHH

MeTopn mo3BONSEeT OUCHUBATH MMAPOAMHAMUYECKYIO CB3b MEXK/Y CKBaXKMHAMH HO IJIACTY. BbISB-
NSTh HENPOHULAEMBIEC TPAHULBL, ONPEAENSATL CPEHUE 3HAYCHNS THAPONPOBOHOCTH U [bE30MPOBOJ-
HOCTH TI1acTa MeXJy HCCielyeMbIMH CKBaXKMHAMU M OLIEHUBATh CTENEHb YYACTUS! MATPHIbI TPELIMHO-
BaTO-IIOPUCTOrO KOJLIEKTOpA B pa3paboTke.

Meropst AU C sBisiroTca KOCBEHHBIMU METOlaMH ONpeieNeHus napaMeTpoB miacta. Mx reopertu-
YECKOHN U METOAUYECKON OCHOBOWN CYXKAT PELIEHHS, TAK HAa3bIBAEMBIX, MPSIMBIX W OOPaTHbIX 3afay
[IOA3€MHOI1 THIPOMEXaHUKY, KOTOPbIE He BCeria UMEIOT OHO3HayHOe petienue. [ToaToMy uHTEepnpe-
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Tauus pasHbIX I'TIC HOCHT KOMILIEKCHBIH XapaKTep ¢ HCHoIb3oBaHueM pesyiasratoB IT'YC, naGopa-
TOPHBIX H [EONOTrO-NPOMBICTIOBBIX HCCIIENOBAHHIA.

TTo manmeiM ITTUC, dunsTpanuoHHbIe NapaMeTPhl IIACTa XapaKTEPH3YIOT CpefHEB3BEIICHHbIE
IIapaMeTpel B 06J1aCTH APEHaXka CKBaXKUH M MEX]y CKBaXKMHaMH — CPEHEB3BEILIEHHYIO THAPOIIPOBOI-
HOCTb, IJIaCTOBbIE TaBJICHNUs, CKMH-(PaKTOp CKBAXXUH U JIp.

Onpo6oBaHue U HCHBITAHKE IIACTOB C TIOMOIILIO TPYGHBIX [IACTOMCIBITATENEH UM CIIyCKaeMBbIX
Ha Kabee, oT60p 1 1aGopaTOPHbBIE HCCIEOBaHUA IIACTOBBIX (DITFOUIOB ¥ KEPHOB CITyKaT [JIA OLEHKH
NOPHUCTOCTH, IPOHUI[AEMOCTH, HACBIIIEHHOCTEH KEPHOB, OLEHKH IapaMeTPOB BbITECHEHHUS, aHE30TPO-
MUY [71ACTa IO IPOHUIAEMOCTH H JIp.

6.4. F'eoxumuueckue memoowt uccaedosaruli

l'eoxuMuYeckre MeTOAb! HCCIENOBAHMUI MO3BOJISIOT PasfeNiaTh CyMMApHYIO JOGBIYY M3 CKBAXKHH,
COBMECTHO BCKPBIBAIOILUX €HHOM CETKOH HECKOJIBKO INIAacTOB, A IIOObIX CIIOCOGOB SKCILTyaTauul
CKBaXKMH, H3y4aTh IpOILEecChl OOBOTHEHMS, cOle0Gpa30BaHus U rUAPaTOOGPa30BaHUsA, KOPPO3HH, 00-
pa3oBaHMsA IMYJILCHH ¥ T.1.

6.4.1. MeTon ¢poTOKOIOpHUMETPHH

ITo u3aMeHeHHI0 KO3(hUIHEHTA CBETONOIIOLIEHHS He(DTH BO BpEMEHH MOXHO CYOUTh O NMOAKIIO-
YeHUH K paboTe B JaHHOW CKBaKMHE HOBBHIX INIACTOB BCIICHCTBUE W3MEHEHMS PEXUMA SKCIUTyaTalun
CKBaXXHHBI, U3MEHEHHs YCIIOBUH 3aKayKU BOJbI, THAPOPa3phIBa IJIACTOB, JOCTPENa HOBBIX a4yeK Mpo-
AYKTHBHBIX IIOPOT ¥ T.H.

Ecnu TOYHO ycTaHOBIEHbI 3aKOHOMEPHOCTH H3MEHEHMs Ko3(@uiMeHTa CBETONOTTOMICHU MO
IVIOLLA/IA 3a/I€KH U [10 BEPTHKAIH OT IJIaCTa K IIACTy, TO €r0 CHCTEMaTHYECKHE U3MEPEHAS TO3BOJIS-
IOT CyAUTb O HallpaBJICHUK NepeMeleHs HepTH B iactax. [Ipu coBMecTHO# f00bIYe He(TH A3 ABYX
IJIaCTOB, 71 KOTOPBIX H3BECTHBI H PE3KO OTIMYAIOTCS BEIMYHMHEI KO3((PHIHEHTa CBETONOIIOMCHHU,
3Hasg OOl KO3(D(PHIUCHT CBETONOINIOIEeHNs [oObIBaeMoili HepTH U3 3THX IUIACTOB HE TPYRHO pac-
CYHTATh OTHOCHTENILHBIE feOUThI Kaxporo miacra. HamGonee a¢pdekrusHO npaMeHeHne metTona ¢o-
TOKOJIOPHMETPHHU He(PTH B KOMILIEKCE C APYTUMH METOHAMH, XapaKTepHU3yIOIUMH paboTy JIACTOB B
CKBaXKHHaX.

6.4.2. Onpeneneune B HedTH COfepPXKaHUI MEKPOKOMIIOHEHTOB METAJIJIOB

MeTofI, OCHOBaHHEIN Ha HCIOJIb30BAHAY Pa3iM4YHs JOObIBaeMbIX HedTell pa3HbIX MIIACTOB MO CO-
AIEpPXaHUIO0 MUKDOKOMIIOHEHTOB METAaJUIOB: BaHA[(Us, KOOalbTa, HUKeJIsA PAMEHIETCS ISl KOHTPOJIS
32 MPOLECCOM pa3pabOTKH.

JlaHHBIH METO] HO3BOJIIET PEIIATh CICAYIOIIUE 3aay4yH;

KOHTPOJIMPOBATh IPUTOKA HE(TEH U3 IIACTOB, BCKPBITHIX Nepdopanueil ¥ sKCIITyaTAPYEMBIX e[IU-
HbIM (PHIBETPOM;

BBIIENIATH ClIy4ad neperoka HedTH OoT HenepdOpHPOBaHHOIO IIacTa K NepdOpHPOBaHHOMY, Ha-
TpHEMED, 3a CYET HapYIIEHHsI FTePMETAYHOCTH 3aKOJIOHHOTO IIPOCTPAHCTBa;

OIICHHBATE 3(P()EKTHBHOCTE ONEpaNyil O MOBHIMIEHHIO TPUTOKA He(pTH, HAlpUMEp, AOCTpea MJa-
CTOB, KHCIIOTHOH 00paboTKy Npu3ab0iHOi 30HbI, THIPOpPa3phIBa IIaCTOB.

6.4.3. 3y4yeHne coNneBoro CoCTaBa JOOBIBaEMbIX BOJ

MeToa OCHOBaH Ha HCIIONBL30BAHAH PA3JIMYMA COJIEBOrO COCTaBa NOOBIBaEMbIX BOJ M MO3BONAET pe-
IIaTh CIESAYIOIHE 3a/ja4un:

AeHTA(UKANMS Pa3InYHOTrO THIA BOJ (PEIHKTOBbIE, 3aKaUYNBaeMbIe, “BEPXHHX’, “HIKHUX H JP.
FOPH3OHTOB H NPOILIACTKOB);

H3y4aTh COBMECTHMOCTD BOJl, 3aKaUHBAEMBIX C IUIACTOBLIMH;

H3y4YeHNE NPOGIEMBI CONECOTIOXKEHHI U KOPPO3HH;

n3yyeHHe NpobiaeMbl 06pa30BaHus SMYNIbCHI B THPATOB;

H3y4YeHHE MeCT IPUTOKA BOJ B CKBAaXKWHY.

6.5. Ocobennocmu napamempoe naacma,
ONpedeneHHbIX NO OGHHbIM PA3AUHHBIX MEMOO006 UCCAeO08aHULi, U UX UCROAb30BAHUE
Oco6ennoctn kommnekcHpix MeTofio TUC, I'TAC u na6opatopabix I XH-MeTonoB (IpsAMbIE U KO-
CBEHHBIE METOMIBI, OCHOBAHHBIC HA Pa3IM4HBIX (PH3MICCKUX IPHHIUIIAX, TEOPETHYECKHX B METOIYC-
CKHX OCHOBaX, XapakTepHU3yIOIUe pa3IaYHbIe 30HbI IIaCTa, MacIITa6bl OCPEIHEHHs] H [IP.), HX YCIIOB-
HbI€ OLCHKH, HCXOMS H3 3apy6EXHOTO OIbITA, PEICTaBlIeHb] B Tabnune 1, a METOAMKA HCIIONE30BaHHsA
JIAHHBIX 3THX HCCIIEJIOBAHMI — JINIsl CO3[[aHMA MOJENH IIaCTa Ha PUCYHKe 2.
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TIONCKH 1 GypeHHe CKBaXHH paspadorka
E oTatiel pa3Benka P poGer4a Hi’éﬁg,'l,
Q L E o . ) ] ) )
g METONbI, OTIepaLHH, ¢ g g g Kaporax 8.8 g 5 g EE
3aMephl SIF|E « g g g 2 | oo £e
g5 % eg (83|88 & 5 2 &
% S E : - — E3 | 5§ E e = s 8
E 2 e |B S g 3 e € Elz8(28 (8 & & o5
8 §ggls . = s £ E|S B8 | EEx (2 T & TE
5 napamMeTphl 3 £ §E = z 8 5 S . 818 2 E§‘§ 2 5 Elgg
g PRdlEsE(edzEelf PEpE|p og|EE|gEE(fdoflzlis
E 335258 F S5 B|8 s 22 B E|E B|Ss|Fsi|S G oB|Rls:
— —— — — o— — — — ——_— s e e e b i e — — m— — [—- —————— — — T—- OGP DS T [T VU S N 2]
1. ITopucrocts 4, 4 2 35 3 55 5 4 41 5 |
8 2., Tonmuua niacra 4 4 4 3 4 2{5 5 5 5 5 5 4 5
g 3. OpdexTuBHas TONIMHA 4] 4 |3 2 52|55 555 4 5 |1
5 (4. Crpykrypau wiomans | 4 41 4 2 4 4 335 54
i 5. Or™eTKH r1y6UH 4 4| 4 3 4 5 5155 55 55 4 5
¥ 6. HacenmeHHoOCTS 4 3 2 4 3 4 5|5 3 4 4 414 3| 5 5 5 4 5 |l
9 7. KOHTaKkThI 4 2 4 4 4|5 4 5 5 5|15 4] 5 4 4 4 5
5] 8. CoiicTBa yrieBogopoyioB 4 21 4 2 35 2 2 214 27 5 4 5 41 5 |
9. CpoiicTBa BOIbI 5 5 2 5 4 5 5 41 5
10, Awronorus 73 I S 1 S R S [ S R R i 5 a5
11. Mexannyeckne cBOHCTBa 4| 4 3 4 5 4 4 4 4 41 5 |l
12. Jasnenne 4] 5 5 4 5 5 505 1
13. l'appopmnamMuka 4 5 315] 5 ,
- P rmonTmavue e - - = = = | -l 2 _ 2P
14. TIpoHHnaeMoCThb 2 4 2 5 §5}2 3 3 314 3| 4 5 41 5
« & 15. OTHOC. IPOHHMI[aEMOCTh 5 5 4 4 4 414} 5§
¥ - 5 |16. Pasmeprr nop 3 4 5 2122 2 2 22 3 4
8 g £ |17. Mexanm3m apenaxa 3] 4 55 55| 5
&gé 18.Tleour ; 4 4 22 20435 3 NE
1] A 03(1)(1) NyKTHBH 4 4
% <= |20 Iloﬁbmaélnlafle $monps 5 5 55 5(|4( 5
& E 21.Koa¢gdpmmenTn! GUILETD
% E & |comporuBnenns A u B 5 4 41 5
8 3 € |22. Tum mnacra-KoJIeKTopa 4] 4 3 4 4 5/ 5 4 44| 5
a8 E L23. HedreoTnaua 4 4 5|4| 5
_______________________________________________________________________ IR AR A N A |
YcnoBHbIe 0603HAUEHHUA: 5 — OfHH M3 NyYIUAX BCTOYHRKOB; 4 — XOPOIUKIA HCTOYHHK; 3 — [IOJIE3HBIN, YIOBIETBOPHTE ILHBIA HCTOYHAK;
2 — Xyt ICTOYHMK, HCIONB3YETC B KOMOMHALAH ¢ APYTMMH HCTOYHHKAaMHU HH(OPMaLUH

‘World Oil, Nov. 1978, Timmerman, 1982, Thakur G. C. & Satter A. 1998
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HccnegoBanue
CKBaXHH

Hcroummn Ceiicmuyeckue
uHpopMaLIY u reopasmyeckne Ba&oue?m ITpoGa
H3BICKaHHSA Kaporax TUC) ¢mougos
Koppensuus IeTpodusnueckue CraHpapTHBIX CneunanbHbl# Amnanus Jla6opaTopHBIA
Masusie paspesos OUCHKH auanu’ aHaNI3 ToucC aHanu3
aHanK3a
H..
Kaprsi INopucrocts IopHucrocTe Kanunnaproe ITnacrosble Haunsie
Pe’,ﬁ'g”:ﬂ’e’y";ﬁ""e CTPYKTYpHbIE ("P"-p OCTB), npC p OCTb, nanne:ge, NaBNEHHS, PVT,
pameTp K MOIIHOCTelt HACHIIEHHOCTH HACBIUICHHOCTs || OTHOCHTensHas || Temmepatyper, || BsskocTs
NPOHMLAEMOCTD, || MPORYKTHBHOCTD,
CXHEMaeMOCTh NPHEMHCTOCTD,
nopoasl ckuB-¢akTOp
Kapra
3¢ PEKTHBHBIX
TOJIIAH
a
p KapTs!
HaCBIWEHHOCTEN | R Havansnoe|
2] COCTOsIHHE
KapTsl H30MPOHHLIAEMOCTH macra
3anacoB Kaptet
YITIEBOJOPOAOB H30MOPHCTOCTH
Onuenka
3anacoB
Monens

nnacra

Pucynok 2. MicTounnku HHGOpMaLay O TapaMeTpax IUIacTa M X HCIONb30BaHUH.

PaccmatpuBasg KoMIuieKc HHGOPMaIHH O IUIacTe HO JaHHBIM reosorud, reogusuku, PVT u TITUAC
KaK B3aHMOCBS3aHHBIM 3JIEMEHTaM €JHHOH CHCTEMBI, MOJKHO COCTABHTH IIPEICTABICHMSA O IIacte (Mo-
Jleny mIacTa) @ Mofenu mwiactoBoil ¢punbsrpanuonHoi cucreMbl (MITPC). MITPC — aTO cUCTEeMaTH3H-
poBaHHas U ¢hopManu30BaHHAs pa3HOPONHAS HCXONHAA HH(OpMaNus O NPONYKTHBHOM IUIACTE B BUAC
reoJIOrHYECKHX KapT, Npoduieli, ONMCaHA KEPHOB, JaHHBIX Pa3HIHBIX reO(pU3MYECKIX ¥ TAAPOIH-
HaMHMYECKUX HCCIeJOBAHMH CKBaXKHH, 3KCIePUMEHTANIBHBIX 3aBHCUMOCTEH (PH3NUYECKUX CBOMCTB IUIac-
Ta, I1aCTa-KOJUIEKTOPA H ILIACTOBBIX (MIIOHAOB OT aBleHus (o faHHbIM PVT), Tabunu u rpa¢ukos,
ypaBHeHH# U ¢opMys, Ge3pa3MEpPHBIX 3aBHCHMOCTEH, ONMCHIBAIOLIUX MOBEJCHHE MOJEH IUIacTa
(puCyHOK 2).

MII®C gBasieTcs aHAJIOrOM OJHOH M3 3aBEpLIAIOLIMX CTafUil CO3NaHus KoMnbioTepHbIX ITIT'TM
[5, 77] u BNl TCA KOMILIEKCHBIM JUHAMUYECKUM IIOHATHEM, KOTOPOE MMOCTOSIHHO YTOYHSAETCS 110 Mepe
OypeHHNs HOBBIX CKBaXKHMH M NIOJIYYCHUS HOBOH HH(OpMAIMK O nporeccax pa3paboTku 3anexu. Takum
o6pa3soM, nenbio koMieKcHbIX I'C, I'TUC u I'XU sasasetcd nonydeHne nHpopMaluu O fHHaAMHAYe-
CKHMX (PUIBTPAIMOHHBIX XapaKTEPHCTHKAaX IIacTa I8 co3pganus nerepMuHupoBanHoi MII®C, apek-
BaTHOH peanbHOMy nnacty — [TITTM.

CreneHb JOCTOBEPHOCTH HCXOAHBIX IaHHbIX Mu1st noctpoenus ITAT'TM 3aBUCHT OT KOIHYECTBA KOH-
TPOJBHBIX TOYEK, B KOTOPBIX IOydeHa HHpopMaIud o nnacre [5]. Tak, TOYHOCTh JaHHBIX N[O pe3yilb-
taTaM IpoMeIcinoBrlX I'ITMC ¥ ucnbsITaHHA — TEIPONPOBOAHOCTD, NIbE30NPOBOJHOCTD, CKUH-(PAKTOD
(mpu oxBaTe 06'beMa IUTacTa uccinegoBanusIMu ot 33 no 100%) — oleHnBaeTCst KaK JOCTaTOYHO HOCTO-
BepHas H NpHeMIIeMast OTPEIHOCTE OLleHNBaeTcs B uHTepBaie 10-20%.

TOYHOCTH HEKOTOPEIX AAaHHBIX, ONPEACIAEMBIX IPU N1a60PaTOPHBIX MCCIENOBAaHUAX, OLICHUBAETCA,
HalpuMep, CIENYIOIUME HOTPEIIHOCTMH: BI3KOCTH IIAcTOBbIX (oHA0B — 2—3%, pa30BOro paBHO-
Becus — 10%, OTHOCHTENBHBIX (Pa30BbIX MPOHUIIAEMOCTER U KaIWJUIAPHBIX faBneHui — 10%. Vx unre-
rpajbHasl IOTPelHOCTD onleHnBaeTcs B 10-20%.

O61eM yacTd IacTa, U3 KOTOpO# OTOMpaeTcs KEpPHOBBIA MaTepuall, OABEpraeMblil 1abopaTop-
HBIM HCCIIEIOBaHUAM, HaxoguTcs B guana3one 0.00004 no 0.00016%, a mo reocpu3ndecKuM JaHHBIM OT
0.022 o 0.088% ot o6peMa mnacra. Bce faHHbIe HMEIOT pa3iMyHbIe MOTPEMIHOCTH B AHANA30HE OT 5
1o 20%, NO3TOMY MHTErpPANbHYIO MOIPEIIHOCTD JJAHHBIX, MOJNYyYEHHBIX U3 I'€0JI0r0-MaTeMaTH4eCKo
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MOJIEITH, MOXHO OlIeHATH B 20% (mpreMieMasi NOTPEIHOCTE ONpefeeHAs GalaHCOBBIX 3a11acoB yrile-
BOJIOPOJIOB).

B urore o61mas HHTErpanbHas NOrPEIIHOCTh BXOHBIX AAHHBIX I HOCTPOeHNs (PHIbTPALMOHHOM
MOJIeJTH TOJIXHA COCTABJIAThL He Menee 15-20% [5].

7. OIBIT KOMIUIEKCHBIX UCCIIENOBAHHH CKBAXKHWH
HA BCEX 3TAIIAX “XU3HH” MECTOPOXIEHU

B HopMaTHBHOM JIoKyMeHTe [1] o cocrosauio Ha 1991 rop 0606imneH oTe4eCTBEHHBIH H 3apy0ex-
HBIIl ONBIT M NPEACTABIEH “[IpUHYUNUAALHBLL KOMNAEKC UCCACOOBAHULL NO KOHMPOAIO pa3pabomiu
HePMAHBIX MECMOPONCOEHUT” — TIO TIPUMEHEHUIO FHIPOAMHAMIYECKHAX, IPOMBICIOBO-re0H3NIECKIX
1 (PU3HKO-XHMHYECKAX METO{OB KOHTPOJISA Ha 3Talne pa3paGoTKH He(TAHBIX MECTOPOXIACHUI.

TIpencraBneH Takxke “O6A3amenbHbiii KOMNAEKC UCCAEO06AHUL" TIO KOHTPONIKO (KOTOPHIH peKo-
MEHJIYeTCA COCTABIATh COOTBETCTBYIOIHMM CIIyK0aM HCCHEJIOBaHUi W YTBEPXKAACTCH PYKOBOICTBOM
NPOHU3BONCTBEHHOT 0 06’ beRuHeHms). O6A3aTENbHBIE KOMILIEKCHI MOTYT OBITH Munosbimu (AJ1s Tpyibl
pa3pa6aThiBaeMbIX 00 BEKTOB) HIH UHOUBUOYANbHbIMU (TOTEKO IJI AAHHOTO OGBEKTA).

B “OG6sa3aTenbHblil KOMILIEKC”, KaK MUHUMAABHbLI TS BCeX pa3paGaThIBaeMbIX 0GBEKTOB, BXORUT
“ITpunyunuaavnwlii komnaexc”. B HoMeHknaTypy “O06s3aTelbHbIX KOMIUIEKCOB” HE BKIIIOYAKOT HC-
CIIeJOBAHHS CKBaXWH, BHIXONAIIMX U3 GYpPEeHHs ¢ MOMOIILIO HCTIbITaTe el MIIacTOB Ha TpyOax H BUObI
HCCNENOBAHNMA, KOTOPhIE PACCMATPUBAIOTCS CEIHANEHBLIME JONOJHUTENLHBIMY NporpaMmami. K ta-
KM HMCCIEeTOBAaHUAM MOTYT OTHOCHTHCS THAPONPOCYIIMBAHHE MJIAaCTOB, METONbI 3aKaYKH HHAMKATO-
POB, uccienoBanua 3(PGHEeKTHBHOCTH NOBLIIEHHA HeGhTCOTRAYM H Ap.

Bcee uccnegoBanus, BKItodaeMbie B “O06sA3aTeNbHbIH KOMILIEKC” OCYILECTBAAIOTCSA B COOTBETCTBUK
C AeCTBYIOLIMMH PYKOBOMAIIMMY JOKYMEHTAMH.

Coxkpaijenre 06eMOB uccnenoBanuil B “O06a3aTeNIbHOM KOMIJIEKce” 1O cpaBHeHuIo ¢ “ITpuHim-
TIMaJIbHBIM fonycKaeTcs 6e3 ymepOa st KOHTPOJIs pa3paboTKi MECTOPOXAECHHUI H MPU COONIONeHIH
Tpe6GoBaHNH 06 OXpaHe HEAp ¥ OKPYyKaloHIEH cpemnbl.

Bupns! u 06beMBI HCCIIETOBAHUM CKBAXKUH IIPUBONATCS Pa3feNIbHO I THAPOAHHAMUYECKHX, (bH3H-
KO-XMMHYECKHX ¥ TEIIOBBIX METON[OB BO3AEHCTBHS Ha 3aJIEXKH.

“TIpHHIANHATBHBIA KOMIUIEKC' THAPOAHHAMUYECKUX, (PA3HKO-XHMHYECKHX H IIPOMBICIOBO-Te0(H-
3MYECKHMX METOAOB HCCIEOBAHUH 110 KOHTPOJIIO 32 pa3paboTKO# pernaMeHTHPYET BHABI M 00 bEMbI HC-
CIelOBAHUM.

“TIpHHIMNHANLHBIA KOMIUIEKC” PEKOMEHAYETCS PACCMATPHBAT KAaK MUHUMAALHBIL [T BCEX pa3pa-
6aTbIBaeMbIX OO0 BEKTOB H BKJIFOYATEL BO BCE THIIOBBLIE H HHIHUBUANyaJIBHbBIC 00s3aTeNbHbIE KOMILIEKCHI.

B “TIpuHIMNMaIbLHOM KOMILIEKCE IPENYCMaTPHUBAIOTCA IBE CTafuH pa3paboTku — 1-9 cragus cia-
601 M3YYEHHOCTH 3aJI€XKH, XapaKTEePU3YETC POCTOM (POHAA CKBAKUH, HECTAOUNBHOCTHIO IIApaMETPOB
nporecca paspaGoOTKH U 2-5 CTafAus — XapaKTePHU3yeTCcs NOCTATOYHOH H3yd4eHHOCThIO MIT®C, cTtabu-
JM3anuei OCHOBHBIX IIOKa3aTenelt paspaboTku. Kak cieactsue, Ha 2-# cTagui BO3MOXHO COKPAMICHHE
droHzA UCCIEeayeMBIX CKBaXXHH C IIOMOLIBIO ITYOHHHBIX npr6opoB. O6e craguu pa3paGoTKH TPeOYIOT
pa3sHOTO, TBOPYECKOro MOAXOfa K BUAaM B 06'beMaM HCCIENOBAHHI.

B npakTtuke pa6oThl MHOTHX He(Tera3zogo0bIBalONHX H reo(pA3HYECKIX KOMIIAHHH H OpraHA3alui
C YYETOM I'e0JIOTO-NIPOMBICIOBBIX YCIIOBHIA, IMEIOTCSA COCTABIICHHEIE THTIOBBIE — CTAHJJaPTHLIE 3ala4y
komIuekcHoro kKontpous (T'AC, TOVIC n I'’XH) 3a pa3paboTKoil He(PTIHBIX H ra30BbIX MECTOPOXJE-
HH, CHPaBOYHMKY 3afja4 U pe3ynbrarhl mHTepnpeTanmi I C-KOHTpONs, NpOrpaMMBl KOMILIEKCA U
NEPHOJMYHOCTH NPOMBICIIOBO-THAPONHHAMIAYECKAX ACCIAEOBAHKH CKBaXKWH C YKa3aHUEM: 00 HEKTOB
HCCIIegOBaHui, TUIOBBIX 3a7a4, PEKOMEHAYEMBIX YCIOBHH, KOMILIEKCOB IPHOOPOB H PEXKUMOB H3Me-
peHHi, 06'bEMOB UCCIIEOBAaHMIl H OXBaTa KaTeropwii ¢oHfa CKBaXXMH HCCICHOBaHASIMHA, HEPHOTHY-
HocTy BeinonHeHus uccnenoanuii (OAO “TataedTs”, AO “TatHedTereodnznka”’, OAQ “llykoin—
3apaguasg Cubups’, OO0 “KpacHospckHedrereodpmsuka”’, OAO “KoranbimMHedTereopunsuka” u

pyrue).

8. METOOUYECKHWE OCHOBBI KOMIUTEKCHUPOBAHUWS U3YYEHUA
TEOJIOTO-TEOPU3BHNYECKHNX XAPAKTEPUCTHK HE®TAHBIX
" HE®TETA3OBBIX MECTOPOXIIEHUMN
8.1. PaspaGoTka HE()TAHOro MECTOPOXKICHHS Ha BCEX 3Tallax: IIONCKOB B Pa3BEIKH, OypeHHs! CKBa-
>KHH, OKOHTYPHBAaHHS M OLIEHKH 3aI1aCOB, COCTaB/ICHHs] IPOSKTHBIX IOKyMEHTOB Ha NPOBENICHAE ONBIT-
HO-TIPOMBIIIUTEHHOM 3KCIULyaTal|K H IIPOLIECCOB pa3pabOTKH (Ha CTafilsiX POCTa, CTaGMIM3AHH H MO-
HOTOHHOTO NAJICHAA JOOBIYM BO BpeMEHH) BIIOTH IO 3aBEPILAIOIIEH CTalii OCHOBLIBAETCs Ha MH(pOP-
MalHd O reoNoro-reou3MdecKux XapaKTEPHUCTHKAX MNPOAYKTHBHBIX HE(QTEra3oBbIX IUIACTOB H
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3anexel. 9TO HH(POPMALMOHHOE COMPOBOXAECHHE NPOLECCOB pa3pabOTKU OCYLIECTBIsEeTCS Ha 6ase
pe3yAbTaTOB KOMILIEKCHBIX HCCIIEJOBAHMI CKBaXKUH (I€0(bU3NIECKUX, TUAPONHAMIYECKHX U T€OXH-
MHYECKUX). DTH KOMILIEKCHbIE NCCIefOBaHKs (KaxXA0e U3 HUX, B CBOIO OYepPE/ib, TAKXKE NPEJOCTaBASET
COBOKyrIHblﬁ KOMILJIEKC pa3JINIHbIX BUTOB OJHOT'O A TOI'O XK€ THUIIA HCCJICJIOB&HHI:I) OTJIHYAIOTCS TEOPE-
THYECKHUMU ¥ METOINYECKAMH OCHOBaMH, TEXHUKON M TEXHOIOTHEH MPOBeieHus], MeTogaMu 06paboT-
KM JaHHBIX UCCIIEROBaHUH (B T.4. C UCIIONB30BAHHEM PA3IMIHBIX KOMIIBIOTEPHBIX TEXHOJIOTHIT), HHTEP-
npeTanueil faHHbIX ¥ UX IPaKTHYECKAM HCIOJIb30BAHNEM (CM. PHCYHOK 2).

8.2. B mpakTHKe pa3paGoTKy He()TAHBIX MECTOPOXIEHHUN HAGIIONaeTCs pa3ielIcHHE RPOMbICAOBLIX
AccIeloBaHMI CKBaKUH Ha TUPOINHAMUYECKHE, Teo(pu3NUecKue U TEKYIHe IPOMbBICTIOBbIE. DTH HC-
Cle0BaHKsA IPOBOAATCSA pa3HbIMH OpPraHM3aLMsIMM M HHXKEHEpaMH pa3HbIX creyuaabHocTel. I'uppo-
JMHaMHAYeCKHE HCCIIEIOBAaHUs IIPOBOAATCS HedTera3ofnoObIBaOIIMMI NPENNPUSTHIMEA (Togpaspee-
Husmu — LTHUITPamu, ITHW/1aMu, uccrienoBaTenbCKUMH EHTPAMHU U ApP.) ¥ Hay4YHO-UCCIIEAOBaTEIb-
CKUMH ¥ TeO(U3NYECKUMU OPraHU3alHsIMH, reOhU3NUECKe HCCIAEOBaHNUS — ClIeUANTN3HPOBaHHBIMU
reopu3nYECKIMH MPERIPUATHSIMHE, TEKYIIHE MPOMBICIOBhIE — UEXaMH U [Ofipa3fie/IcHuIMH Hedrera-
30[00bIBAOLIMX NPENNPUATHI (3aMephl U yueT: AeOUTOB, YCThEeBbIX faBIICHHUI ¥ TEMIIEPATYp; OTOOp U
nabopaTOPHBIH aHadu3 NPO6 XUAKOCTH H T.J.).

ITporpaMMeI IpoBefieHUS HCCIIETOBAHMIA TOIKHBI YBA3BIBaThCS MEXKAY CO00IL. [T0MKHA MPOBOIUT-
sl COBMeCTHasi UHTepIpeTanus AaHHbIX. Heob6xonuma (prHaHCOBO-9KOHOMUYECKas OLIEHKA KOMILIEK-
CHpPOBaHHBIX HCCIIENOBAHUH.

8.3. 'paMoTHOE U 2¢hheKTHBHOE BEACHUE KOHTPOISA U PETryInPOBaHusI IPOLECCOB pa3paboTKU Me-
CTOpPOXKIEHHU! TpeOyeT He TOJNBKO KOMIIJIEKCHOrO MCIOAB30BaHUA MH(OpMalMy O I1acTe B CKBaXKH-
Hax, [OJY4EeHHBIX 110 AaHHBIM pa3noro Bupa ucciaegopanuii: TYC, TOUC u gp. OHO TpeOyeT KoM-
IJIEKCHOTO IIOXONa Ha BCEX CTAAMAX peIleHUs Mpo6ieM KOHTPOIIS C MOMEHTA UX BOSHUKHOBEHHS:

8.3.1. IInarmpoBaHue HCCIEAOBaHME, COCTABICHUS NPOrPaMM KOMIIIEKCHBIX paboT Ha CKBaXKUHE,
Ha MECTOPOXK/EHUH, UX STalTHPOBAHHUA,;

8.3.2. CoBMecTHOE IIpOBefleHNe pa3HbIX BUIOB MCCIeJOBaHUM KaK eUHOrO mpolecca, T.e. UX KOM-
IIEKCHPOBAHHS, KOT]a 3TO BO3MOXKHO;

8.3.3. KoMnnekcHasg MHTepIIpeTalusl, aHajlu3 pe3yIbTaTOB UCCIEAOBAHUN U OLIEHKA UX JOCTOBEPHO-
CTH, 00OOIIEHHs BCEX ONYUEHHbIX JaHHbIX ¥ PEKOMEHNAUWH IO UX XPAaHEHNIO B OaHKE JAaHHbLIX (B T.4.
C MCIIONIB30BAHUEM KOMIIBIOTEPHBIX TEXHOJIOTHiA).

8.4. ITom KOMIINIEKCHPOBAaHUEM HCCIEAOBATEIBCKIX pa6OT NOHUMAETCS HCNOAb30BaHHE KAKOTO-IHa-
60 KOMILTEKCA UCCIENOBAHMI: Te0(U3HIECKIX WIHM FEIPONAHAMAYECKHUX, COOPAHHOTO U3 pa3HbIX BH-
OB U3MEPEHHI OJIs PELIeHMs] KaKOU-1MOo mOCTaBleHHOM 3ajavd WIM rpymnbl 3agad (Tabmmma 2).
B cBolo ouepens reopusnueckie ¥ riApOAHHAMHIECKAE HCCIIEOBAHNAS TaKXKe COCTOAT H3 COBOKYITHO-
CcTell KOMILIEKCOB Pa3IMYHBIX BUAOB HCCIICOBAHMIL

8.5. ITon 3TaNHOCThIO BBIMOIHEHHSI KOMIUIEKCHPOBAHHBIX METO{OB N3y9ECHUA Ie0JIOro-(pu3NIECKuX
XapaKTEPUCTHK HedTera3oBbIX 3ajeXel, IIaCTOB NOHAMAETCH CHHXPOHU3ALMA [0 BPEMEHH — OfHO-
BPEMEHHOE MM NTOCIEAOBAaTENbHOE MPOBEJICHAE Pa3/IMYHbIX METOROB HCCIEROBAaHUH B TeUeHHE KaKO-
ro-1u60 3Tamna WK CTagui OT NONCKOB — Pa3BeKH JI0 3aBepUICHAS pa3pabOTKH MECTOPOXKIEHHUA.

8.5.1. “2Ku3Hb” MECTOPOXACHUS NPOUCXOHUT B HECKOIBKO MOCIENOBATENBHbIX YCIOBHBIX 3TAIIOB:
HOKCK U pa3BefiKa, OTKPBITHE MECTOPOXKIEHH B €r0 OKOHTYpUBaHHE, Pa3paboTKa B HECKOJIBKO YCIIOB-
HBIX CTafAMH (XapaKTepH3YIOMUXCSI TEMIaMu pa36ypuBaHus U JOGBIYM, BKIIOYash BTOPUYHBIE U Tpe-
THYHBIC METOMBI NNIOBLIUCHUA He(pTC-, raso-, KOMHOHCHTOOT}Ia‘IH) H, HAKOHCL, 3aB€PLICHUE pa3pa-
60TKH.

C TOUKM 3peHMA 3TaNHPOBAaHHA H KOMIUICKCHPOBAHHS Pa3NMYHBIX METONOB HH(POPMALHOHHOTO
obecneyeHHs H CONPOBOXKAEHHS IPOLECCOB OCBOSHMS 3aIIaCOB M Pa3paGOTKH MECTOPOKACHMI, CyLie-
CTBYIOT pa3/IM4Hble MOAXOAbl H CHCTEMBI KiIaccH(UKALMH CTaii H 3TANOB.

B nouckax H pa3Befike MECTOPOXKICHHI pa3IMIaIOT 3 9Tana KOMIUIEKCHBIX HOUCKOBO-Pa3BENOYHBIX
pabor.

Hemaavras pazsedxa. HadyuHaeTca C MOMEHTA NONy9EHAS IPATOKA M3 IOUCKOBOI CKBaXKHHBI — OT-
KPBITHS1 MECTOPOX/ICHH H BKJII0Yasi OypeHHe OLICHOYHBIX H OKOHTYPHBAIOILIMX CKBAXKUH, Ha KOTOPBIX
npoussoniaTcs kommtekesl I u TXHA.

B pa3paGoTke He(PTIHBIX 3ajieXei ¥ MECTOPOXKACHNI, HAIPHMED, BEIIEISIOT 4 CTaauu:

I - pocT RO6bIYN HE(PTH BO BpEMEHH;

Il — crabunu3auus [oGs1yu HedTH;

III — xpyToe nageHne ROGLIYH HEDTH;

IV — Hu3kas no6biya HebTH C OYEHb MEIJICHHBIM NAJICHIEM B TE€YCHHE IPOROIKUTENBHOTO NIeprofa
BPEMEHH.

Yacro Il u IV cranun o6 bemMHAIOTCA.

2 PII 153-39.0-109-01 13
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Tabnuua 2. MeTopuyeckne OCHOBBI MPUHIHUIIOB KOMINICKCUPOBAaHUA U 3TaTHpOBaHUS N3YyYCHUA PCOJIOFO-PCO(bH-
3HYCCKUX XapaKTCPUCTHK MyacTa

MerTops! H3ydeHus

3apaun. M3yuaeMsie reonoro-reogusnyeckue
XapaKTEPUCTHKA U JaHHbIE

DTankl, cOriacoBaHHOCTh
1 CHHXPOHHOCTb BpEeMeHU
c6opa JaHHBIX, OTBETCTBEHHLIE

HCMOJHHTENH
celicMopasBeka CTPYKTYpEI, CTpaTHIpadus, PeNepHBIE TOPH30HTDI, | OKUCKH U Pa3BelkKa, HHXKEHEPbI-
cirounsl, MEXCKBaXKUHHBIE HCONHOPORHOCTH, pa3- | reodusHKH

PEIBBI, COPOCHI
TeOJIOTHS 3aKOHOMEPHOCTH OCa[KOHAKOIUIEHHs!, JUTONOrHud, | pa3Beika, OTKpPbITHE H pa3pa-
CTPYKTYpa, pa3pbIBbl U TPEUMHbI 60TKa, HHOKEHEePbI-reoJIord
KapoTax riyOuHA, JMTOJOTHS, TONIIMHBI IIACTOB, MOPHC- | FeOJIOTH, MEeTPOMU3NKH, HHXKe-

TOCTh, (IIOHAOHACHIIIEHHOCTb, KOHTaKThl (BHK,
THK, I'BK), xoppensnus MeXny CKBaXXHHaMM

HepBI

0T60p KEPHOB

THI KOJUIEKTOPA, HACHIIIEHHOCTD, IOPUCTOCTb, TIPO-
HEIIAEMOCTH, HEOJHOPOJHOCTE IITacTa

OypeHHe; reonoru, HHXEHEphbI
GypoBuKk#H, pa3paGoTYHKH U Cnie-
uManucTel naéoparopuii PVT

OCHOBHBIE Pe3ylb-
TaThI

my6m{a, JIATOJIOTHs, TOJMUIHHBL, MOPHCTOCTh, HPOHU-
OacMOCTh, OCTaTOYHAs q)JIIOEJIOHaCbImeHHOCTB

pa3Bellka, OTKpBITHE M pa3pa-
6otka

crenHanbHbie

OTHOCHTEJNIbHBIEC IPOHANAEMOCTH, KAWIIAPHOE aB-
NeHue, CKMMAaeMOCTh NTOP, TPaHYIOMETPHS, pacipe-
IeNeHue Top 110 pasMepaM

OTKpBITHE H pa3paboTKa, HHXe-
HEpBI-T€OJIOTH, Ppa3paboTYHKH,
cnenuanucTel PVT

aHaju3 IUIaCTOBBIX
trounos

00 beMHBIA KO3(b(PUUMEHT B MIACTOBLIX YCIOBHAX,
CKMMAaEeMOCTh, BA3KOCTh, PACTBOPUMOCTDL ra30B, XH-
MHYecKHH cocTaB, (pa3oBble NpEBPALCHHS, YAEIb-
HBIE BECA, CTPYKTYPHO-MEXaHH4eCKUe (peorornyec-
KH€E) CBOMCTBa

OTKPbITHE, OKOHTYPHBAHHE, Pa3-
paboTka u [o06bIYa, HHXEHEPDI-
pa3paGOTYUKH H CIIEHHATHCTHI
JnaGopatopuii PVT

THAPOAHHAMHAYEC-
KH€e ACCeOBaHNs
CKBaXUH

MIACTOBBbIC [aBJICHHsI, IMAPOIPOBOJHOCTh, CTpaTH-
UKaIFs ~ CIOUCTOCTh, TEOMETPHICCKHE PAa3MEpbl
IIAcTa, HAJIMYKE Pa3pbIBOB M HENPOHHIAEMBIX Ipa-
HMII, K03(PHIHUEHTh! IPONYKTHBHOCTE M IPHEMHC-
TOCTH, OCTaTOYHas He(PTEHACHIEHHOCTb, CKHH-

thaxTop

OTKpBITHE, OKOHTYpHBaHHE, Pa3-
paboTKa, foObIYa W HATHETAHUE
KHIKOCTEH, HEXKEHEphI O pa3-
paboTtke u no6GpIde

no6Gbiya ¥ HarHeTa-
HUe

Tekymjasi npomsicrioBas nH¢popmanus (TTIN), Teky-
A€ W HaKOIIeHHbIE JeOUThI He(pTH, Ta3a 1 BOfbI, a
TaK>K€ HATHETAEMBIX BOJIbI M Ta3a; NpoduIn oTaauH
U IPHEMHCTOCTH

Jo0ObIMa ¥ HaTHETAHKE B NMPOIEC-
ce pa3pabOTKH, HPOMBICIOBLIC
HHXEHEDEI IO 00bI4e H paspa-
6oTke

GUHAHCOBO-KOHO-
MHYECKHH aHaIU3

¢pHHAHCOBO-3KOHOMHYECKHUE ACTIEKTHI NOJIYUSHUs! HH-
¢opManyH o Iwiacte 1 3(pPEeKTHBHOCTH €€ HCIONb30-
BaHUS

(pUHAHCOBO-3KOHOMHYECKHUE
CITyXO0bl, MHXXEHEPBI-9KOHOMHUC-
TbI X pa3pabOTYUKH

B [6] BuigensioTes S ocHOBHBIX cTamuit 3akmtouenust TOD CPIT:
I — crapus MOMCKOBBIX paboT B MpefieNnax THIEH3HOHHOIO Y4acTKa IO MOMEHTA BCKPBITUS HOUCKO-
BOM CKBaXXHHOH NPONYKTHBHOIO IJIacTa;
II — HayuHas ¢ MOMEHTA NOJYYEHHUS IEPBOro NIPUTOKA U3 MOHUCKOBOY CKBAXKMHbI ¥ BKII0YAs CTAUIO
OlIEHKH MECTOPOXKICHHS MM 00 BEKTa;
III — ¢ MoMeHTa IPOGHO# MM ONBITHO-NPOMBINUIEHHON 3KCIUIyaTaly 10 3aBEpIIESHUs NpoLecca
TIOATOTOBKM 3a1acoB K NPOMBINUIEHHOH 3KCIUTyaTaNyy;
IV — BxitouaeT OCHOBHOM Nepuof pa3paboTKH, HA KOTOPOM OTGHpaeTcd 0oibIias YacTh H3BIEKa-

€MBIX 3aIllaCoB;

V — cragus nopa3paboTKH (3aBeplarolasi) ¢ HeTbI0 BHIpaGOTKH OCTATOYHBIX 3aM1aCoOB.
C TOYKY 3peHHS COCTABJICHHS MPOCKTHBIX JOKYMEHTOB 10 TEXHOJIOTHH Pa3paGoTKN HE(PTAHBIX Me-
CTOPOXKACHUA MOTYT BbITEISATHCS 6 CTaguil MPOEKTHPOBAHMS M COCTABICHHS PErilaMEHTUDPYIOLIMX 1O~

KyMeHTOB [Sa]:

1. ITpoexT npoOHO# 3KCIIyaTaluy;

2. TexHONOrHYIECKUE CXEMb! ONBITHO-NPOMBIIIEHHOR pa3paGoTKy;
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(" Ilnamm OBaHHE, ONleHKA
HeO6GXOUMOCTH,
BpeMS[, IIOpS[ﬂOK CpO'{HOCTPI

\_ TOJIYYCHHUA JAHHBIX

II aran

I atan 1
B nponecce no6e1un

Ilepen moGurueit C60p 1 aHaIU3 AaHHBIX
HCCIIEIOBaHUS CKBaXUH

l

OneHka JOCTOBEPHOCTH,
\_ XpaHeHus B 6aHKe NaHHBIX [ TUC u TUPC 1o

—

_( ceficMuKa KOHTPOIIO paGOThI U
COCTOSIHHSI CKBAXHH

_( reonorus THC-xorTpons
3a pa3paboTkoit
( KapoTax THRPOXHHAMHIIECKHE
HCCIIEOBaHAS
[ 0oT60p KEPHOB— CKBAKHH

NANDAND,

nerpocgnsnka Texymas
) IPOMBICIIOBast ( RoGbria )
—( mpo6s1 pmonos
mrcpopMaLst C HarHeTaHue )—
THAPOMHAMIYECKHE (TTIN)
HCCIIEOBaHAS CHeNAANBHBIC
CKBaXXHH HCCIICTOBaHHAS

Prcynok 3. C60p B aHaNW3 JAHHBIX O IU1ACTE H HCCIEIOBAHAH CKBAXMH.

3. Texnonoruyeckas cxeMa pa3paboTku;

4, ITpoekT pa3paGoTKH;

5. YTo4HECHHBIH IPOEKT pa3paboTKy;

6. AHanmH3BI pa3paGoOTKH.

MoryT 6bITh OTYETHI IO AaBTOPCKOMY HaA30py.

B HopMaTHBHOM lOKyMeHTe [2] — npaBuiax reopu3u4ecKuX BCClIenoBaHuil ¥ paboT B HE(PTAHBIX B
ra3oBbIX CKBAXHHAX — Pa3IMYaloT 6 3TaloB reoJIOrNYeCcKOro H3y4eHus ¥ HCIOJIb30BaHUs HElp:

I 3Tan — H3y4yeHHe reoJOru4eCcKOro pa3pesa;

II aTan — oneHKa ¥ MOACYET 3aIIaCOB;

III sTan — o6ecneyeHne CTPONTENLCTBA, IKCILIYaTALMK CKBaXKHH, HX IIOA3EMHOTO M KalNTaJIbHOTO
PEMOHTAa;

IV aTan — 3axaHYHBaHUE CKBAXXUH, BCKPHITHE M MCIIBITAHUA IUIACTa M MHTEHCU(PAKALMHA NPUTOKA;

V 3Tamn — KOHTPOJIb 32 pa3pabOTKON MECTOPOXICHHUH;

VI atan - nonyyerne MHGOPMaLMH I OLEHKH yliiep6a, HAHECEHHOTO HEJ{PaM MPH HX HCTIONIb30BaHHH.

C TOYKH 3peHUA CO3[[aHUs Me0JIOro-TEXHOIOIHYECKUX Mopeneil [S] pasmadaror 9 cragmii ux cosna-
HHS C MCTIOJIL30BAHAEM KOMILTEKCHOM nHdopMaimu o gaHHbM THC, ITAC u T'XHY (Tabnuua 3).

CxeMaTHYeCKOe COOTHOLIEHHE Pa3iMyYHbIX ITANOB MOKCKOB, Pa3BEfKH, ONBITHO-IPOMBIILIEHHOH
pa3pabOTKH ¥ IPOMBILILIEHHOH pa3paboTKH, a8 TaKXKe CTafiil IPOEKTHPOBAHHS H BbINIOJTHEHHS IPOCKT-
HBIX JOKYMEHTOB, Ha OCHOBE HH(POPMAI¥H N0 KOMIUIEKCAPOBAHHBIM H 3TATHPOBAHHBIM METOJJaM reo-
noro-reodusnyeckoro n3ydeHns 3anexei no ganabiM 'MC, IMAC u I'’XW npepcraBiieHbl Ha pUCYHKe 4.

8.6. PekoMeHayeTCA MPaKTHKOBaTh COBMECTHYIO M €JMHOBPEMEHHYIO PaGOTy HIDKEHEPOB Pa3HBIX Clie-
IManbHOCTEH (Te0NoroB, reo(pN3HKOB, TEXHONOTOB-pa3paboTYHKOB, IKOHOMHCTOB-(DHHAHCHUCTOB H JIp.)
no 3¢ ¢eKTHBHOH HHTEPIPETALMH JaHHBIX KOMIUIEKCHPOBAaHHBIX HCCICAOBaHMIA CKBAXKWH M HX MPaK-
THYECKOM HCNIOJIb30BaHHH.

B paMkax HHTErpHPOBaHHOIO MYNLTHRUCHMILUIAHADHOTO MOAXOAA PEKOMEHAYETCS PYKOBOJCTBO-
BaThcA cleAylomIeH cxeMol c60pa M aHaA3a JaHHBIX O IWTacTe (PUCYHOK 3).

8.7. Merononorus c60opa KOMILIEKCHO# reosioro-¢pasudeckoll arugopManyy o napaMeTpax mwiacra
H ee aHaJIM3 PeKOMEHAyeTCs NPOBOAUTD O ClEAyIOmei cxeMe.

8.7.1. IlnarupoBaHUe AaHHBIX:

— IOYEMy HyXHa 9Ta KOHKpeTHast HHQOPMaLHs B KTO ABJIAETCA MOJIB30BATENEM;
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Ta6mana 3. Craguu co3naHus reoJIOro-TEXHONOTHYECKHX Mofieek [5]

Ne

HamMmenoBanue
Irana

MerTonp! pelieHns 3afaun

VicxopHbIE naHHbIe

KoHeuHsIi pesyabraT

Onenka peruo-
HaJMbHOU TIeONOruy
paitoHa, cTpaTHrpa-
¢uM ¥ TEKTOHUKH

ITonmyperuoHajibHast IAJeoreo-
rpacdus, NaJCOTEKTOHMKa IO
rmc

CeiicMopassefka 2D,
TpaBK- ¥ MarHuTOpas-
BeJiKa, ONOPHBIE CKBa-
xamel, TUC

Crpaturpacdudeckass  Ko-
JIOHKa, CTPYKTYpHbIC Xap-
Tbl. PernoHaneHasi ucropust
TE€OIOTMYECKOrO  Pa3BUTHS
paitoHa

OnpepenieHue 3axo-
HOMeEpHoOCTel  ocaf-
KOHAKOILTEHHS i1
BHYTPEHHETO CTpoe-
HHSl IHKIIOB

Brigenenye penepos (BHEIIHHX
¥ BHYTPEHHMX) IO JaHHBIM Celic-
mopassenxu u I'HIC. [JeransHoe
pacwieHenue paspesa. Paumans-
HBI aHAJIH3

Ceitcmopaseeaka 2D,
3D, 'MC, nnacroBbii
HaKJIIOHOMED, KEPH

Kapte! noBepxHocTedl 30-
HAIBHBIX HHTEPBAJIOB.
IIpuHiImManbHbIE TEOIOTH-
YecKue MOleH

IToctpoenne nuTO-
JIOTHYeCKON MOJEIH

OueHka BbITEPKAHHOCTH KOJI-
JIEKTOPOB M NOKpbimiek. Onpe-
peneHue nerpodu3MIecKux 3a-
BHcHMoOCTel. Omnpenenenye ma-
paMeTpoB KOJIEKTOPOB IO Beel
obnacra MofieMIpOBaHys

CeiicMopaseegka 2D,
3D, TAC, kepH, ucIIbI-
TaHusl, (PUIAKO-XVMU-
YyecKHe CBOHCTBa Hed-
Tel

ITetpocusmdeckue 3aBHUCH-
MoctH. KapTe!l KoitekTop-
CKUX CBOHCTB

IToctpoenne Mope-
JIM HACHII{CHMS TUTac-
Ta (hrougamMu

Onenka NoaoXeHust KOHTaKTOB,
MHTepIpeTanys  AHOMAJBHBIX
maHHBIX O nojoxeHmu BHK u
I'HK. Onpepenenne PVT 3aBu-
CHMOCTel

CeiicMopaseenka 2D,
3D, T'UC, xepH, ucnbl-
Tanus, QIIOHAB

Kapre! noBepxHOCTei KOH-
TaKTOB, MONOXEHMA KOHTY-
POB He(PTEHOCHOCTH H Ta3o-
HOCHOCTH

ITocrpoenne mugpo-
BOU Treonoruyeckoi
Mopen

ITocTtpoeHue TpexMepHOH reo-
JIOTHYECKOH CeTKH, pacyeT napa-
MeTpoB srueek. Tuddeperumpo-
BaHHBII [IOACYET 3anacoB HeTr
Hrasa

CeiricMopasBegka 2D,
3D, IT'NC, xepH, ucnbl-
TaHus, QIOHBI

TpexMepHast ceTKa sTdeeK,
XapaKTepH3YIOHAXCS HJCH-
TU(UKaTOpaMH, MPOCTPaH-
CTBEHHBIMH KOODJMHATAaMH,
3Ha4YCHWIMH [apaMETPOB.
PesyneTaTsl nopgcyera 3ana-
COB, T€0JIOTHYECKHE KapThbl

H npodumm

ITocrpoenue uAbT-
PALEOHHOH MOJIETH

Br160p THIIA H Pa3MEPHOCTH MO-
nesm. [lepecyer napaMeTpoB reo-
JIOTHYECKOM CETKH B IIapaMeTpPhl
GUAETPATMOHHOR MOJENH

T'eonoruveckas Mo-
Aenb, KEPH, HCIBITA-
HUs, rroupibl, ¢aso-
Bbie POHATIAEMOCTH

dunprpaioHHas  MOJENb
3aJeXn

Pewienne rugponu-
HaMMYECKOH 3aJayu

PacueTt 06eMOB OOBIYHE TIO 3a-
JaHHOH (PIIbTPALOHHOH MOfe-
1M 1 (paKTHIECKUM XapaKTepHc-
THKaM TEXHOJIOTHYECKOH CXeMBbI
pa3paboTKu

Teonormyeckass Mo-
Henb, HCTOPHA pa3pa-
60TKH, (OHA CKBa-
SKAH

OunLTpaMoHHast MOJEb,
HACTPOEHHasi IO HMCTOpPHHA
Ppa3paGoTKy, KapThl HAChI-
LIIEHHOCTH W aBieHus. Kap-
Thi ¥ rpacuKu pa3paGoTKu

YTo4HeHHE napaMe-
TPOB PUIBETPAUUOH-
HOM MOpeam Ha Oc-
HOBE  JETalbHOTO
aHanu3a  HCTOPHH
pa3paboTKu

Conocrasnenne pac4eTHBIX HPO-
duneit npUTOKA, NOMYYEHHBIX
o MCXOTHOU Mopeny, ¢ (hakTH-
YECKMMM 33 HpOoLIeAInmi mepu-
opn. CornacoBaHue UX IMyTEM BHe-
CCHMS. U3MEHEHHI B MapaMeTphl
HCXOJHOI MOJIeNIH ¥ NIOBTOPHBIX
(pUILTPAIMOHHBIX PaCYeTOB

Teonoruueckasd,

UIBTPAIMOHHAS MO-
JIeJTN, UCTOPHSL pa3pa-
60TKH, (POHJL CKBAKUH

Hacrpoennas Ha mcropaio
paspaborku  ¢mabTpanu-
oHHas Mopgenb. OTHOCH-
TenbHbIe (ha30BbIE MPOHU-
IJAEMOCTH

TIporHo3 mpouecca
paspaboTku U BBIOOD
T'TM ¢ nomotn1o no-
CTOSHHO JEUCTBYIO-
el Mogenn

IIporro3 mponecca pa3paGoTKu
NP Pa3IMYHbIX MEPOIPUSITHAX
MO PpErymupOBaHMIO IIpolecca.
Bu160p pexumMoB pabOTHI CKBa-
*xuH 1 ['TM no ympasneHuio
HpOLECCOM Pa3pabOTKU

Hacrpoennsie reono-
rudeckas U puikTpa-
IMOHHAS MOJeTH.
JanHbIE KOHTPOS 3a
pa3paboTKoi H mpo-
MBICIIOBBIX  HCCIIETO-
BaHWiA

Kaprb! ocraTouHpIx 3ama-
COB, HACBILEHHOCTH, [aB-
nenuf. Ilpodunu BripaGo-
TAaHHOCTH 3amacoB. [Inan
nposefernss 'TM u gpyrux
MEPONpPHATHI 110 YIpaBie-
Huto. [lo6b14a sedTy, BOALI,
rasa, IUIacCTOBble M 3a00M-
HBIE [JABJICHUs (KapThl, KpH-
BBIE)
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~— THIN H BHJ] JaHHBIX H BO YTO OGXOASITCH 3TH JaHHblE (KaKOBA HX CTOMMOCTD);

— KOT[a MONYYaThb 3TH JaHHBIE;

— KOrjja naHHble 6yAyT HCNIOAL30BAHEL;

— KTO SIBJAETCSA OTBETCTBEHHBIM 32 NOJIyYECHHE JaHHBIX H HX COXpaHEHHE.

8.7.2. C60p maHHBIX:

—rae 6yayT MonyvaTh Hy:KHbIE JaHHEIE;

— KaK 4acTO 3TO HYXHO JieNaTh;

— KaKOBa KOPpPEKTHas, MpaBHIbHAS MPOLENypa X KaKHM METOOM OHA GyJieT HONMy4eHa;

— OLIEHKA TOYHOCTH H JOCTOBEPHOCTH JAaHHBIX, NONY4YEHHBIX Pa3/IMYHBIMA KOMIUIEKCHEIMH METORAMH;

— BONIPOCHI XpaHeHHs1 HocuTeled nHGopManyy H JaHHBIX B 6a3e NaHHBIX H OAepXanue 6a3bl faH-
HBIX ¥ HocuTele# uudopMauuu.

8.7.3. AHanu3 ¥ COXpaHEHHE JaHHBIX:

— BbIOOD JaHHBIX, 3aCIIYKHBaIONIUX NOBEPHST;

— CONIOCTAB/ICHNE JaHHBIX IPH PeICHNAN KaKUX-T100 pa3HbIX 3ajay;

— 3HaHHE JJOBEPUTEIbHBIX HHTEPBAJIOB JAHHBIX;

— NOHNMAaHHE MHOTOYHC/IEHHBIX KOMIUIEKCHBIX HCTOYHHKOB [JaHHEIX;

8.7.4. Cunre3 (06001IEHNE) JAHHbBIX:

— 06001IeHNne, HHTEpIpEeTalHs JaHHbIX;

— o0'beMHEHHE U COBMECTHOE O0OOIIEHHE JaHHBIX METONAMK CHCTEMHOTO aHAJIM3a, CHHEPTH3M
HaHHBIX.

9. BAIAYH, PEITAEMBIE C ITIOMOIIBIO KOMIUIEKCHBIX METOJOB
HA PA3JIMYHBIX 3TAIIAX T'EOJIOTO-PM3UYECKOI'O
U3YYEHUS MECTOPOXIEHUN

9.1. Omanvi usyuenus mecmopoxcoerut

OTanel N3y4YEHNH 3ajeXKel H IUIaCTOB H MPUMEHsieMble METORBI B 06mmied ¢opMe pefcTaBIeHbI Ha
prcyHKax 2, 3 u B TaGnune 1.

9.2. ObazamenvHbie KOMNAEKCHL ONA PEULEHUA 2€0A02UHECKUX 3A0a4
HA smane NOUCK08 U pa3eeoKu 3anexcell
9.2.1. B OOPHBIX NONCKOBBIX U [TaPAMETPAYECKAX CKBaXXKHHAX PEKOMEHAYETCA PYKOBOACTBOBATHLCS
00s13aTeNIbHBIM KOMIIEKCOM HCClIeIOBaHMIl, TPABEACHHBIM B Tabnuue 4 [2].

Ta6nuna 4. O6s3aTenbHbIA KOMIUIEKC HCCACOBAHMI I PeIIeHAS reOIOTHYECKAX 3aj[ad B ONOPHBIX M HapaMeT-
PUYECKHX CKBAXKHHAX

CrpyKTypa KOMIUIEKCa Metopes THPC

O6mme mccnenoBanus (o Bcemy paspesy | I'TH, ITC, KC (1-2 3ompa u3 cocraBa BK3), BK,

CKBaXHH) T'K, HK, AK, ITK-II, npoc¢punemerpus, 3amep
[MoCTOSHHAS YacTh €CTECTBEHHOHR TemnepaTypel nopop, BCTI

00s3aTeNbHbIX Hetansusie uccnenopanus (B neusyvennoi | IIC, BK3, BK, MK (OMK), MK, BMK, npocu-
HCCTIeROBaHMH paHee YacTH pa3spe3a U B MHTepBaiax npep- | nemerpus, 'K-C, HK, UHK, AK, ITK-II,
NoyaraeMoi NpoayKTHBHOCTH) ITK-JI, rpaBHTaEOHHLIA KapoTaX (KO AOCTYN-
HBIX IyOnn), HaknoHomeTpus, IMK, KMB

TIpu manwymu B nepenekTreabix aTepBa- | K, THK, OITK, UIIT, anextpuyeckoe (aky-
JIax pa3pe3a CIIOKHBIX KOJUIEKTOPOB (Tpe- | CTE4ecKOe) CKAHHPOBaHHE
INWHHBIX, [HHACTHIX, OHTYMUHO3HBIX)

Insa onpepenenus nonoxenna Mexdgirong- | TIK, OIIK, AIIT, UHK
UsmensieMas yacTh | HPIX KOHTAKTOB H H3y4CHHS IIACTOBBIX
0643aTeNbHBIX fie- | AABICHHI B IEPCICKTHBHBIX HHTEPBANAX

TalbHBIX HCCIICHO- | [Tpu HE3KOM BBIHOCE KEPHA OT60p KepHa K3 CTEHOK CKBaXKHHbI MpHOopaMi
BaHMHA Ha Kabene (KO)

ITpu reopno3HauHOM reonormdeckoi ma- | TK, OIIK, UIIT, KO, uccneposanus B He-
TepnpeTanun MatepaanoB I'YIC B nepcnek- | 06XOMMBIX HHTEPBaJaxX MO CHENHATbHbIM
THBHBIX HHTEpBaJax pa3pesa TEXHOJIOTHAM CO CMEHOM TEXHHYECKHX YCIIO-
BHi B CKBAXHHE
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Ta6muua 5. O6sa3aTensblii KoMnrexc ['VIC npu UCTIBITAHHUAX B KOJIOHHE

3aga4n KOHTPOJIA 32 UCIILITAHUMHA

YcnoBust NpoBeAeHHs HCCIIEOBaHMUI

MeTonb!

YTouHeHHue BbIGOpa 06 bEKTA
H NpHUBA3Ka K pa3pe3y

Kpennennas ckBaxuna 6e3 HKT,
IuTacT HenepdOpHUpPOBaHHBII U nep-
¢opupOBaHHLI O BbI30Ba NPATOKA

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

KonTpons nponecca HPUTOKA ¥ Me-
PONPHATHIA IO €T0 HHTEHCH(PUKAIHH

HKT nepexpbIBaloT HHTEPBAJ NEP-
¢opanuu

JM, T, HK (MHK), BM, TK

HKT He nepekphIBalOT HHTEPBAI

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

nepgopanau

HoMeTpus (TEpMOaHEMOMETPH),
BIIArOMETpHS, PE3UCTHBAMETPHS

Taéanna 6. Komnnexc I'TY npu 6ypeHun ONOpHbBIX, TapaMeTPHIECKHX, CTPYKTYPHBIX, HOACKOBBIX, OLICHOYHBIX
U Pa3BeOYHBIX CKBaXXHH

CTpyKTypa KOMILIEKCa

Merouas TUPC

IMocTrossHras yacTs
006sA3aTeIbHBIX HCCITE-
TOBaHMk

O6umue uccnenoBanus (0 BCEMY pas-
pE3y CKBaXUH)

I'TH, IIC, KC (1-2 30upa u3 cocrasa BK3), BK,
I'K, HK, AK, ITK-II, npoc¢uneMeTpys, AHKIHA-
HOMETPpHSI, PE3HCTEBAMETPHS, TEPMOMETPHSL, 3a-
Mep ecTecTBenHO# Temneparyphbl nopon!, BCIT?

HeTtanpubie HCCefoBaHUA (B IEPCHEK-
THBHBIX HHTEPBANAX)

TIC, BK3, BK, UK (OMK), MK, BMK, npodn-
nemerpus, I'K-C, HK, AK, I'TK-IT, I'TK-T™,
HaKJIoHOMeTpHsT?

HN3meHnsieMad 4yacTh
00653aTEIBLHBIX HCCIIE-
HOBaHUM

Ilpu Ham4pM B IEPCIEKTHBHEBIX HHTEP-
BaJIax pa3pe3a CIOXHBIX KOJIEKTOPOB

(TPEeLIMHHbIX, NIAHUCTBIX, OUTYMHHO3-

HBIX)

JK, I'TK, OIIK, UIIT, anekTpH4ecKuit CKaHep,
MK

st onpeneneHys NONTOXKECHUSN MeX-
¢NFOHIHBIX KOHTAKTOB U IJIACTOBBIX
AaBJIeHUH B IEPCIIEKTUBHBIX HHTEPBaA-
JJax

I'AK, OfIK, UIIT, UHK, AMK

ITpu #M3KOM BBIHOCE KE€pHa

OT60p KepHa U3 CTEHOK CKBaXKUHBI IpHOOpaMHA
na kabene (KO)

TIpu HeOOHO3HAYHOM reONIOrMYECcKOi
uHTepnpetaunu Matepuanos I'1UC s
[IepCIIeKTUBHBIX HHTEpBallaXx pa3pesa

'K, OIIK, HUITT, KO, uccinenoBanus B HEOOXO-
AMMBIX HHTEPBA/AX MO CELMATEHBIM TEXHOIOI|-
SIM CO CMEHOH TEXHHYECKHX YCIIOBHH B CKBAXXKHHE

ITpumedanus:

1) B HECKONBKHX CKBaXKWHAX Ha IUTOIIAMH;
2) BO BCeX MOMCKOBBIX M OLIEHOYHBIX CKBaXKHHAX, B Pa3BeJOYHBIX CKBaXHUHAX — NIpY GIH30CTH celicMonpoduei;
3) B pa3pe3ax ¢ KapGOHaTHLIMU KOJIIEKTOpaMy;
4) BO BCEX MOMCKOBLIX U OIEHOYHLIX CKBaXKHHAX, B PA3BEOYHBIX CKBAKMHAX ITPY HAKJIOHE IACTOB Gofnee 5° K OCH CKBAKHHEL.

9.2.2. O6a3arensHbiil kommieke I'AC npy ucnbiTaHny B KOJNIOHHE TIpUBEZieH B Tabnuue 5 [2].
9.2.3. O6s3aTeNbHbIA KOMILIEKC HCCIEJOBAHNUI B OTKPHITOM CTBOJE IS PEIICHUS FEONOrHYEcKX
U TeXHUYECCKUX 3a[1a4 B CTPYKTYPHBIX, IOMCKOBEIX, OIIEHOYHBIX M Pa3BE[OYHBIX CKBAaXHMHAX NPUBENEH

B Tabauue 6 [2].

9.2.4. Komnnekc I'TH npu 6ypeHHH IONCKOBBIX, ONOPHBIX, IaPaMETPHYECKHX, CTPYKTYPHBIX, Olie-
HOYHBIX U pa3BENOYHbIX CKBaXXMH NIPHUBENEH B Tabmuue 7 [2].

9.3. 3adauu WOPOOUHAMUYECKUX, 2e0DUIUYECKUX U 2eOXUMUYECKUX UCCAeO08aHUIL
HA CMAOUAX ONbUMHO-NPOMBIUAEHHOU U NPOMbLULAEHHOU PA3PABOMOK MECMOPONCOEHUS
9.3.1. 3aaun ¥CCNeNOBaHUML,
3agaun, KOTOphIe HEOOXOIMMO pelaTh ¢ noMorbko ruppopnaamudeckux ([THUC), reodusnueckux
(TUC) u reoxumuyeckux (I'XU) uccnenoBaHmil Ha CTaIHAX ONBITHO-IIPOMBILIUIEHHON pa3paboTKU H
CcOGCTBEHHO pa3pabOTKH, YCIOBHO Pa3feNsIoTCcs Ha 2 GOJbILKE FPYIIbL:
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Ta6auna 7. OGs13aTenbHbIN KOMIUIEKC HCCTIEOBAHHH B OTKPBITOM CTBOJIE IS PEIICHNUS! T€OJIOTUYECKHX U TEX-
HUYECKHX 3a5ja4 B CTPYKTYPHBIX, IOUCKOBBIX, OLEHOYHBIX 1 Pa3BeJOYHbIX CKBAXHUHAX

Perraemere 3agaun

O6s3aTenbHBIE HCCIETOBAHUSA
1 U3MEpEeHUs

HOHOHHYITCJ’IBHBIG HCCICNOBAHUA
1 UBMCPEHUA

I'eonoruueckue 3agayu:

¢ ONTHMM3ANUA ITOJYUCHHUA I€On0-~
ro-reogusndeckon nupopManuy;

* JIUTOJIOrO-cTpaTHrpaguyeckoe
pacujieHeHue pa3pe3a;

* BbIACJICHHE IUIaCTOB-KOILIEKTOPOB;

* ONpefeIeHAe XapaKTepa HaChILEH-
HOCTH IUTACTOB-KOJIJIEKTOPOB;

* oneHka (pHmIbTpaOHHO-EMKOCT-
HbIx cBoicTB (PEC) miacroB-Koi-
J'ICKTOpOB;

* KOHTPOJIb IIPOLECCA UCIILITAHUS 1
onpooBaHKs 00 HEKTOB;

* BbIABJICHHE PENCPHBIX TOPH30OHTOB

HccnegoBanue mnama, KepHa, 0ypo-

BOTO pacTBOpa:

¢ MaKkpo- ¥ MUKPOCKOIINS II1]1aMa;

¢ (pakIMOHHBIN aHATH3 HINIAMa;

* onpeneneHue KapOOHATHOCTH IO-
pon;

* JIIOMUHECHECHTHBIH aHAIH3 IIIJIaMa
u 6ypoBOro pacTBopa;

* OLEeHKa IIIOTHOCTHU M NIOPUCTOCTH
1I171aMa;

¢ ompefieieHHe 06 BLEMHOIO H CyM-
MapHOTr'o ra3ocofiep>xanus 6ypo-
BOTO PacTBOPA;

* HENpEepPbIBHOE H3MEPEHHE KOMIIO-
HEHTHOT'O COCTaBa yrIeBOROPO-
HOTI'O rasa, U3BJIe€YeHHOro U3 6ypo-
BOTO PacTBOPa;

* IIepHOfMYECcKas TEPMOBAKyyMHasl
merasarust npo6 pacTBopa H HinaMa

» HMaMepeHne OKMCIUTENBHO-BOC-
CTaHOBHTENBLHOrO NTOTCHIMAIA;

* IHPOJIA3 TOPHBIX NIOPOT;
¢ (OTOKOJIOPUMETPHS;

* ompejesIeHHE BSI3KOCTH H BOJOOT-
na4u 6ypoBOro pacTBOpa

TexHONOrHYECKHE 3a1aYu:

+ paHHee OGHapyXeHue raso-, Heg-

Te-, BOFONPOSIBACHNUI ¥ MOTJION]e-

Huii Tpu GYpEHHUN U CITyCKO-TIO'b-

€MHBIX ONEepaIMsiIx;

ONTHMM3alKs Ipoliecca yriuybie-

HUSL CKBaXKHHBI;

pacno3HaBaHue U ONpeneIeHne

IOPOAOIKUTENBLHOCTH TEXHOJOTH-

YECKHX ONepaluii;

BBIOOp M mofAepKaHAE palo-

HAJIBHOrO pexnma OypeHUs C KOH-

TponeM OoTpaboOTKHU KONOT;

ONITHMH3ALK CIIYCKO-TIONbEMHBIX

onepaumi;

KOHTPOJIb THAPONUHAMUYECKIX

JaBIEHUN B CKBAXHHE,

olpefie/IeHle U IIPOrHO3 INIaCTOo-

BOT'O ¥ NIOPOBOT'O IaBJICHAUN;

KOHTPOJIIb CITyCKa 1 IIEMEHTHPOBaA-

Hug 06CafHON KOJIOHHBI,

* MHArHOCTHKA NpefaBapHiAHbIX CH-
Tyalldii B pealbHOM MaciuTade
BpPEMEHH

H3mepeHue 1 onpefeeHUe TEXHO-

JIOTHYECKUX NAapaMETPOB:

¢ rmy6yHA CKBaXXHHBI ¥ MEXaHUYEC-
Kasi CKOpOCTb IIPOXOIKH;

* BeC Ha KPIOKe ¥ Harpy3ka Ha JoJio-
TO;

« maBieHHe 6ypoBOro pacTBopa Ha
cTosike MaHn(ONbAa U B 3aTPy6Obe;

* YHCIIO XOfOB HAacoCa,;

* Pacxof WK MOTOK GypoBOro pac-
TBOpa Ha BBIXOJIE U3 CKBAaXWUHBI,

* ypoBeHb H 06'beM OypoBOro pac-
TBOpA B EMKOCTHIX;

* CKOpOCTbH CIIycKa ¥ nogbema 0y-
PUIBHOIO HHCTPYMEHTA,

* INIOTHOCTH 6yponoro pacTBOpa Ha
BXOJI€ H Ha BbIXONN€ U3 CKBAXWHbI,

¢ CKOPOCTb BpPAIllEHHs pOTOPa,;

¢ KPYTSIIM# MOMEHT Ha POTODE;

* TeMIlepaTypa pacTBopa Ha BXOjie 1
Ha BBIXOJIE€ U3 CKBaXHHBI

¢ Y@enbHOE 3IEKTPHYECKOE COMpO-
THBIICHUE PACTBOPA Ha BXOJIE H
BBIXOJIE;

 BHOPOaKyCTHYECKHE XapaKTEpHC-
THKH, OJIy4aeMbI€ B ipoliecce Oy-
peHns

~ IIOJIyYeHUE ¥ YTOUHEeHHe HH(OPMAIIMH O 3aJI€KH, MPOAYKTUBHBIX INIaCTaX M CKBaKMHAX, HEOOXO-

IUMOY IJISL COCTABJICHHS IPOEKTHBIX TEXHOJIOTHYECKUX TOKYMEHTOB Ha pa3paboTKy MECTOPOXKICHHN;

— mosnyueHue nHGpOpMaHK, HeOGXOAUMON I OCYINECTBIEHHS KOHTPOJS 3a pa3paboTKOR MeCTo-
POXKACHHS.

9.3.2. TIlpu mTaHAPOBAHUHA ¥ MPOBEACHUN HCCIENOBATENLCKUX PaboT B mmpoLecce paspaboTKH Mec-
TOPOXMAEHHUs HEOGXO[MMO BBINMOJIHATH BCE TEXHOIIOTHYECKUE YCIOBUS HCCIEOBaHuUi, 4YTOOBI pe3yb-
TaThl KAaXJOro UCCIAETOBAHHUS MOIJIH GBbITH HCIIOMB30BaHbI KaK NS pelleHus TeKyuMx mpobieM 1o
KOHTPOJIIO 32 pa3paboTKOil, TaK M NpH HOArOTOBKE MaTEPHATIOB ISl COCTABIEHHS IPOEKTHBIX TOKY-
MEHTOB Ha pa3paboTKy MECTOPOXIECHUI.
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9.3.3. OCHOBHBIMH 3a/la4yaMH, CTOSLIMMH NEepPeN HCCASHOBAHUAMMY Ha CTaMsAX OIBITHO-IPOMBIIIIEH-
HO#t pa3paGOTKH M IPOMBIIIIEHHON pa3paGoTKH, SBIAIOTCS CIIENYFOIIHE:

~ YTOYHEHHME THIa KOJUIEKTOPA U Fe0Noro-ruipofHaMIdecKoit Mofienu 3amexuy. [ TpeluHoBa-
TO-TIOPUCTOTO KOJJIEKTOPA — OLICHKA CTENECHM Y4acTusi MaTPHIibl B pa3spaboOTKe;

~ OlleHKa THAPOAMHAMIYECKOMH CBA3M MO IIACTy ¥ BhISBICHUE HEMPOHUIIAEMBIX TPAHMIL;

~ onpepeneHue GUILTPALMOHHO-eMKOCTHBIX CBOUCTR IIPORYKTHBHOIO IJIACTa U OICHKA HX H3MeEHe-
HHS IO TJIOIIAAH B BO BPEMEHH B IIPOLIECCE pa3paboTKY;

~ rony4eHne HH(GOpMalluA O THAPORMHAMHYECKOH OGCTaHOBKE B CUCTEME “‘CKBaXKMHA-ILTACT”, He-
o6xopuMoil A BbIOOpa crocoba 3KCITyaTallii CKBaXKHH;

~ OLIEHKA TEXHHYECKOTO COCTOSTHUS CKBAXKHH M TEXHOJOTHYECKOI0 peXnuMa X paboThl;

~ H3y4eHHe SHEPIeTHYECKOTO COCTOSIHUA 3aJ1€XKH ¥ OCHOBHBIX (PHILTPaliMOHHBIX IOTOKOB;

~ OLIEHKA TPELIMHOBATOCTH NJIACTa;

~ U3yueHHe XapakTepa GuIbTpanuy XANKOCTH, BhIABICHUE U OLIEHKA CTENEHA POSABICHUA HEHBIO-
TOHOBCKHX CBOJNCTB (hrronga d ap.;

~ OLleHKa JHHAMUKH TeKyILeH He(pTEHACHIIEHHOCTH;

~ YCTaHOBJIEHHE XapaKTepa 3aBHCUMOCTH (DUIBTPAllHOHHBIX CBOMCTB OT 3a00HHBIX JaBJICHHH B [O-
OBIBAIOLIMX U HATHETATENbHBIX CKBaXHHAX. Onpenenenne 3aBUCAMOCTH KO3 (HALHMEHTa IPOTYKTHB-
HOCTH OT JielIPECCHH Ha IIIAaCT NpH 3a60UHLIX AaBIEHUSX BhIIIE U HIDKE [aBICHNS HAChILICHNS,;

~ ompepesienne 3a00HHOTO JaBIEHNs, HIDKE KOTOPOI'0o HaunHAaeTCq CHUKeHue KoaddunuenTa npo-
nyxkruBHOCTU. OTpeNenenne aBneHns HaChbIIICHUS N0 TAHHBIM HCCIIEA0BAaHUH CKBAKIH;

~ OIpefe/IeHHe KPUTHYECKOrO JaBICHMA PACKPBITHS TPEIMH B HATHETATEAbHBIX CKBaXKHHAX;

~ onpefiesicHHE pasebHOU NOOGBIYM IO I1ACTaM, BCKPBITBIM COBMECTHO;

~ IOMHTEPRBANBHOE OIpefielIcHNe KONYECTBA U COCTaBa IPOTEKAIoWEro Ionaa;

— NOUHTEPBAILHOE ONpefieIeHHe (PUILTPAIUOHHBIX XapAKTEPHUCTHK;

— OLleHKa COCTOSIHUS NpU3a60HHON 30HbI CKBaXXUH C LieNIbI0 BBIGOpa CKBaKWH [ IPOBENEHHs pa-
60T o BO3AEHCTBHIO Ha NPH3a00MHYIO 30HY ¥ IJIACT;

~ olleHKa TexHonorndeckoif aGpek TUBHOCTH paGoT 1O BO3NEHCTBHIO.

10. OBA3ATEJIbHBINT KOMITUIEKC
TMOPOIMHAMMNYECKUX UCCIEJOBAHUN CKBAXUH
HA CTAIOUU PA3BEJIKU U OCBOEHUS HE®TET'A30OBBIX 3AJIEXEN

Ha pa3pefouHpIX 06BEKTax B (DOPMHPYIOIUX HE(PTIHBIX CKBAXNHAX IIPH BHINOJIHEHAH HIDKECTE-
ayroiero o6s3atensHoro komiviekca I'TIVIC Ha crafguy pa3BeKHE H OCBOSHHS He(PTEra30BbIX 3aJIeXKel
MIPH BBINONHEHNH pabOT peKOMEHAYETCS PYKOBOACTBOBAThLCA CIENYIOIUMHE METONHIECKIMHA YKa3aHH-
amu [2, 12, 14, 69].

10.1. Oceoenue u ovucmka

Bpewmst aKCIUTyaTalliy CKBaXKMHbI Yepe3 YCThEeBOM NITYHEP JIO NOTHON OUMCTKH NPU3a00{HON 30HbI
OT MEXaHMYECKHUX [IPUMECE B 3aBHCHMOCTH OT POHALAEMOCTH KOILIEKTOpOB: 6onee 0.1 mkm? ~ 36 u;
0.1-0.05 MxM? — 48 1; 0.05-0.01 mxm? — 72 4; Menee 0.01 Mm? (iynbcupyromue) — 96 4.

10.2. l'udpoouramuueckue uccaedosanus

10.2.1. [ns cKBaXK¥H, SKCIUTYaTHPYIOIMXCA C BLICOKAMHE YCTOHYNBBLIMYA AeONTaMI

10.2.1.1. IlocnenoBaTenbHas OTPabOTKA CKBAXKAHEI Ha 4—5 pexXuMax NPAMBIM XOAOM (C MUHUMAaNb-
HOTO WITYLEepa) ¥ OHOM ONTHMAIILHOM PEXHME 0GPATHBIM XOJIOM IO UX COOTBETCTBHS YCTaHOBHBILIEMY-
sl COCTOSTHUIO. Bpemsl aKCIuTyaTanyi Ha OQHOM peXuMe OTPabOTKU COCTABISAET: JUIsl KOJIIEKTOPOB € a6-
COMIOTHOM IIPOHMIAEMOCTHIO Gonee (.1 Mxkm? He Meree 48 4; 0.1-0.05 Mxm? 72 4; 0.05-0.01 Mm% - 96 4.

10.2.1.2. 3aMepbl Ha KaXAOM TEXHOJIOTHYECKOM PEXHUME YCTAHOBHBIIMXCS AcOHTOB XHIAKOH U Ia-
3006pa3Hoi ¢a3 mracroBoro ¢monfa. 3amep febuTa NPOU3BONHUTCS B TEUCHHE HE MEHEE 4-X YacoB.
OrnpegeneHue CTeeH 3arpa3HeHus HepTH, COgepXKaHus BOAbI B HepTH.

10.2.1.3. 3aMepsbl BaBIeHHAIT U TEMIOEPATYPhl — YCThEBBIX (TPYOHOro M 3aTpyOHOro), 3a60iHBIX Ha
KaXJIOM YCTAHOBHUBILEMCS pexXuMe. Bpemst BeIlepXku MaHOMeTpa Ha 3a6oe (B HHTepBaJe IPUTOKA) He
MeHee 30 MunyT. CHsTHE NPOQUIICH NaBIICHAS H TEMIIEPATYpPhI IO ITTyOWHE CKBAXXUHBI Ha KaX[OM pe-
xuMe (gepe3 250 m).
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10.2.1.4. Perucrpanyst BO BpeMeHH IBYX-TPeX KPHBBIX BOCCTAHOBJICHHS iaBieHus Ha 3a6oe (KBI) u
Ha yCThe Nocie OTPAabOTKH Ha pa3iM4HbIX pexXuMmax. Bpems casTus KpuBoii HapacTanus 3a60iHOro faB-
TEHHS, {15t KOIUIEKTOPOB C aGcomoTHO# MpoHunaeMocThio Gonee 0.1 Mxm? He MeHee 48 4; 0.1-0.05 Mxm? —
72 4; 0.05-0.01 Mmxm* — 144 4.

10.2.1.5. Pa3oBblii 3aMep I1acToBOro AapneHus nocie castas KB ¢ BLIIEPXKKOH CKBAXKHHBI B Te-
qyenue 24 4.

10.2.2. Jnst mynbCHPYIOLIMX HA3KOAEOHTHBIX CKBAXKHH

10.2.2.1. Beigep:kka CKBaXKMHBI B TEUEHHE 24 4 [IOCTIE OUNCTKH C HENBIO 3aMepa IUIACTOBOTO IaBIICHUS.

10.2.2.2. 3amep pacnpeneneHns JaBJACHUA H TEMIIEPATYpPhI IO CTBOJNY MPOCTAMBAIOMIE CKBaKIMHBI
(uepes 250 M) U IIACTOBOrO JaBICHHUS.

10.2.2.3. OkcnmyaTanus CKBaxXUHbI TONBKO Ha OJJHOM pEXuUMe B TeUcHHE He Gomee 192 4.

10.2.2.4. 3amep ne6uTOB 10 HE(PTH U razy NpH oTpaboTKe Yepe3 TPANHYIO YCTAaHOBKY.

10.2.2.5. 3amep pacnpepneneHus faBiieHUs ¥ TEMIIEPATYPbI IIO CTBOJIY CKBAaXHHBI (depe3 250 m) ne-
Pen CHATHEM KPHBOM HapacTaHUs 3a00HOTO AaBICHHAS.

10.2.2.6. CHsiTie KpUBO# BOCCTaHOBIICHNUS 3a00HHOTO JaB/IeHAS B TeYeHHE He MeHnee 144 4.

10.2.2.7. Crsitue npoduieil AaBIeHNs H TEMIEPATYPbl B CTBOJIE NPOCTaHBAIOIIEH CKBaXKHHBI.

10.2.3. [Ins ckBaxXuH ¢ (POHTAHUPYIOLIUM BBICOKIM H YCTOWYMBBIM MPUTOKOM HEQTH M BOJBI

10.2.3.1. DkcnnyaTanyus CKBaXKMHBI Ha mITyLepe (4—5 MM) O MOCTOSIHCTBA IeOUTOB HEGTH M BOJbI
4epe3 TPaIHYIO YCTAHOBKY. BpeMsi OTpabOTKH CKBaxKWHBI ONPEAENAeTCs TakKe KaK M Juisi HehTAHbIX
(bOHTaHMPYIOLHUX CKBaXKHH.

10.2.3.2. 3aMepb! yCTAaHOBUBUINXCS JeOGUTOR HETH, ra3a U BOABIL.

10.2.3.3. 3aMep yCTHEBBIX U 3a00MHBIX [aBICHNUS ¥ TEMIIEPATYPhl, pacupeieIeHus FaBICHASA H TEM-
nepaTypbl 0 CTBOJIY CKBaXKHHBI (depe3 250 M) mepen 3aKpbITHEM Ha BOCCTAHOBIICHHAE [JABJICHUSL.

10.2.3.4. CusiTue KpHBOH BOCCTAaHOBJIEHMA 3a60iHOTO NaBiieHud. IIpofOIKNTETLHOCTL PETHCTPa-
II¥H BAPaCTaHMs ABJICHHMs ONpPENENAcTCA TakKe Kak M i HehTAHbIX (hOoHTaHHPYIOMAX 06 BEKTOB.

10.2.3.5. KoHTpONBHELA 3aMep IIIACTOBOTO AABNCHHS ¥ PACIpefie/ieHus AaBICHAS H TEMIIEPATYPbI
IO CTBOJIY IPOCTaMBaroLIel CKBaxXuHbI (depes 250 M). 115 3TOro CKBaXkuHy BLIAECPKUBAIOT B TEYEHUE
24 4 nnocne cusirust KBJI.

10.2.4. Ing cKBaxXuH ¢ HA3KUMH IIACTOBBIMH AaBJICHUMH (C HU3KHMH CTATHYECKUMY YPOBHAMH)

10.2.4.1. ITocne MpOMBIBKH CKBaKHHBI 3aMepSIETCs ITACTOBOE AaBICHAE (CTATHYECKHH YPOBEHB).

10.2.4.2. KpaTKOBpeMEHHOE BO3MYIIEHUE CKBAXKWHbBI OCYLIECTBIACTCA IMYCKOM CKBAXHHbI B 9KCILIY-
aranuo S1TH, IITH unu ceabupoBasueM. 3amepsaeTcs: (PacCIATHIBAETCS) EOUT.

10.2.4.3. CxkBaXuHBI HCCTIEAYIOTCS METONOM IPOCIEXKMUBAHNST YPOBH:I (C IIOMOILIO 3XONI0TAa) MU pe-
THCTPUPYIOT KPUBYIO BOCCTAHOBJICHHUS NABJICHHS C NOMONLIBIO ITyOMHHOIO MAHOMETPA.

10.2.4.4. MeTonb! 06paGOTKH NaHHBIX HCCIENOBAaHNM TAKAX CKBAXWH IpejicTaBieHb! B ITpunoxe-
Huu b.

10.2.5. OT60p mpeAcTaBUTENbHBIX MPOG MIACTOBBIX QIIIOHOB

10.2.5.1. KonuyecTBo 0TOHpaeMbIX TTyOHHHBIX Hpo0 HE(TH M3 OMHON CKBaXKMHbI HOIXKHO OBbITh He
Menee Tpex. IIpo6bl nIacToBOi HE(PTH CUATAIOTCA NMPEACTABATENBHBIMU, €CITH (PU3NKO-XUMHYECKHE
XapaKTEPUCTHKH He MeHee YeM 10 JIByM Ipo6aM OKaKyTcsi HICHTHYHBIMY.

10.2.5.2. [Inst HepTAHBIX CKBAXKHH Ka4ECTBEHHOCTH IPO6 ONpEREsIeTCs N0 CNENYIOMIEMY MPH3HAKY:
AaBneHHe Ha riny6uHe oT60pa Npo6hI HOJIKHO ObITH BhIILIE JaBIICHUS HACHIIICHHS.

10.2.5.3. I'ny6una oTGopa npobsl yCTaHABIUBAETCS MO Pe3yIbTaTaM aHaNN3a Npoduieil AaBleHus
M TeMIIEpaTyphbl B CKBaXHHE, paboTaloieil Ha MUHUMAaJILHOM ycTheBOM mTynepe. ITon6opoM cooTBeT-
CTBYIOI[MX KOOPAMHAT ONPENENSIOT BeJIM4MHY [aBIEHUs U TEMIEpATyphl, IpH KOTOPO# HaYyMHAETCs
BbljIc/IeHNE cBOGOAHOTO ra3a n3 Hedptu [48]. Cnyck riyO6HHHBIX IPOGOOTOOPHUKOB IPOU3BONUTCS Ha
rny6uHy 400-500 M HM>Ke OTMETKH Hayalla pa3ra3sipoBaHAs HE(PTH.

10.2.5.4. B cryuae ManoileONTHBIX CKBaXKUH (He (POHTAHMPYIOIMX) B MMOCTYMIEHUsS CBOGOMHOrO ra-
3a ¢ 32603 paboTaroleil CKBaXXMHb! (YTO TaKXKe YCTaHABIMBAETCS IO Pe3y/ibTaTaM aHaJlH3a KpUBbIX
pacrnpepeneHus AaBJeHAs ¥ TEMIIEPATyphl 10 CTBONY) 3a6oiiHbIe MpoGhI HeTH HE OTOHPAIOTC. AHa-
U3 IAacToBoil HedTH NIPOU3BOIUTCS O PeKOMOHHUPOBAHHOM MPOOE, KOTOPasi COCTABSETCS U3 YCThb-
€BbIX P00 HE(TH K ra3a cenapaluu.

10.2.5.5. Or6op npoO ra3a cenapanuu (¢ pakeabHON TMHUA) B KOHTEHHED.

21



PH 153-39.0-109-01

11. OBSA3ATEJIBHBIE KOMITJIEKCHI TEO®PN3NYECKHX,
T'MOIPOIMHAMMYECKUX U TEOXUMHUYECKHUX UCCIIEMOBAHUIN CKBAXHWH
HA DTAIAX OIIBITHO-TTIPOMBIIIEHHOM
Y [TPOMBINUIEHHON PA3PABOTOK

11.1. Muaamansseid xoMmneke TMC, ITTUC, TITH, XY u TUPC no KOHTpoINo 3a pa3paGoTKoi
npencrasieH B Tabnune 8. PekomengyeMbie KOMIIEKCh!, NEPHOAMYHOCTD TPOBEHCHUS MCCACHOBAHMI
yKas3aHbl JJIf KCILTyaTAIHOHHBIX CKBAXXHMH Pa3NUYHON KaTeropuu mo fAe6HTaM, Mo OGBOJHEHHOCTH,
TIpH 3a60MHBIX AAaBJICHASX BHINIC M HIDKE HACBHIICHHS, a TAKXKE NIl HATHETAaTENbHLIX, Ibe30MeTpHYe-
CKMX, HaG/TIOIaTENbHBIX, 10 ¥ noche nposegenns I'TM.

11.2. Pekomenpyercs komiteke TMC g1 KOHTpons 3a pa3paGoTKO#, KOTOPHBIi MpeCcTaBieH B Ta6-
nune 9.

11.3. OGsa3aTenbHbINA U JONOTHUTEIILHBIA KOMIUIEKCh] HCCIIEIOBAHMIl B OTKPBITOM CTBOJIE IS pellie-
HUS TEONOTMUYESCKUX ¥ TEXHUYECKHUX 3aad B 9KCINyaTallMOHHBIX CKBaXKWHAX NpHBENeH B Tabmuue 10 [2].

11.4. Kommnekc I'TH npu OypeHnu sKCnlyaTaHOHHBIX CKBaKWH NpHUBeNicH B TaGmune 11 [2].

11.5. O6a3aTenbHbll ¥ AONONHATENLHBIN KoMIIekchl TYIC B ropu30HTANBHBIX yYacTKaX CTBOJA
9KCIUTyaTaI[MOHHbIX CKBaXKHH NpuBefeH B Tabuune 12 [2].

11.6. OGs3aTenbHBIA U AONONHATENLHBIN KoMIUIeke ['TU npu GypeHnH rOpH3OHTANBHBIX CKBAXKHH
nmpuBefeH B Tabnurne 13 [2].

12. TPEBOBAHUS K KAYECTBY 1 OB bEMAM
KOMIUIEKCHPOBAHHBIX METOJOB UCCIIEDOBAHUSA
HE®TSAHBIX MECTOPOXIEHUNI

12.1. KauecTBo ¥ 00beMbl kommnekcupoBanubix (THC, TIWUC u 'XW) uccnenobanuii CKBaXXUH
ROIDKHBI 06€CIIeYHnTh MAaKCHMAIbHOE NOJTyYeHne HHGOpMaLH O reosioro-hu3uvecknx XapaKTepHCTHKaX
TIPOAYKTHBHBIX He(GTAHBIX H He(hTEra30BbIX 3ajiexKell H IIAacTOB, HeOOXOMUMON I pelieHUs TposiieM
IIPOEKTHPOBAHMS, KOHTPOJIA U PETYIUPOBAHHA IPOLECCOB pa3paboTKH H OOLIYH YTI1E€BOAOPOLOB.

12.2. Cpoku, 0G'beMBl, BUALI MPOBECHAS KOMILIEKCHPOBAHHbIX HccnefgoBaHuil ckBaxud (THC =
=T'TTUC = I'’XW) 1 uxX 3TanHOCTh, HHTEPBAIbHOCTH POBEJICHAS B COOTBETCTBHY C HacTosuuM “Mero-
OMYECKMM PYKOBOJCTBOM' YCTaHABIIMBAIOTCS B I€OJIOTO-TEXHHYECKHX IPOEKTAX M JIMIIEH3HOHHBIX CO-
TJaNICHKAX Ha IPAaBO NONB30BAHAA HEJ[PAMH.

12.3. CootBeTcTBHE CPOKOB, 00HEMOB H KaY€CTBA BBHINOJTHEHHS KOMILUIEKCHPOBAHHBIX HCCIEA0BA-
HUI CKBaXXMH NPOEKTaM M JHIECH3USM Ha HCHOJIL30BaHHE HEJP, KOHTPOJIHPYETCA OpraHaMH rocynap-
CTBEHHOT'O F€OJIOTHYECKOTO KOHTPOJIA, OpraHaMi rOCyJapCTBEHHOTO FOPHOTO Haf30pa, LenTpansHoi
KoMHmccHreili no pa3pa6oTke Munsnepro P®, geiicTByrommuMu B npeeliaXx nX KOMIETEHIUH B COOTBET-
CTBHH C YTBEPXK/[EHHBIMH HOJIOXEHAIME 06 HX JESATENHLHOCTH.

12.4. Perucrpaips ¥ XpaHEHHE NAHHBIX KOMIUIEKCHPOBAHHBIX MCCIENOBAHAN H OTAEIbHBIX HX CO-
CTaBJIAIONMX PEKOMEHAYETCA OCYIECTBAATS B uchpOBOM BHJIE, TOJ KOMITLIOTEPHBIM YNIpaBAeHACM H
KOHTpOJIEM, B (hOpMaTax B CTAHAAPTAX PETHCTPAIUH, IPAHATHIX COOTBETCTBYIOIMMHE *“TeXHIIeCKHMHI
MHCTPYKUMSIMHA ™, 00€CIIEYHBAIOIAME BO3MOXHOCTh IIEpefiayll NEPBHYHON HH(pOPMAIHH IO KaHAJIaM
CBJI3M M €€ apXHBal[MH B 3JIEKTPOHHBIX 06a3ax ¥ 6aHKaX NaHHBIX. KOMIBIOTEpHBIE NPOrPaMMbl PETHCT-
paIuy JOJKHBI 06€CHeYrBaTh METPOIOTHYECKHAN KOHTPOJIb KAYe€CTBa B XOJIE PerHCTpaLyy.

12.5. Koneusible pe3yabTaThl KOMIUIGKCHPOBAHHBIX MCCIIENOBAHAN CKBAXHH H OTHENBHBIX MX CO-
CTaBJISIONIMX HOJIKHBI BKIIOYATh JaHHBIE O FEOJIOro-(pU3MUECKUX XapaKTepUCTHKAX, MPENYCMOTPEH-
Hble B Tabnuuax 4, 5, 6 1 Ha pAcyHke 6.

12.6. T1o pe3ynpTaTaM KOMIUICKCAPOBAHHBIX HCCIICOBAaHUI CKBAaXHH H OTAC/bHbBIX X BUIIOB [IOJIK-
HBI COCTaBJIATHCH 3aKJIFOYEHHS C PEKOMEHJALMAMY 10 NPAKTHIECKOMY HX HCIHONb30BaHAI0 ¢ HHGOp-
Manuei 06 9KOHOMHYECKUX aCIeKTax X peann3aliun.

12.7. Atoropoe 3akiIOYEHHE IIO PE3YILTATaM KOMIUIEKCHPOBAHHBIX HCCIICAOBaHUN CKBAXKHH JIOTIXK-
HO cofiepXaTh HH(MOPMAIHIO O 3afjlayax UCCIENOBaHAN, METONWIECKAX H TEOPETHYECKHX (CXeMaTHYHO)
060CHOBaHHAX, BLIOpaHHEIX CIIOCOGAX HCCNeNoBaHMil, 00'beMax BBHIIIONHEHHBIX HCCIENOBAHUM U NpH-
MCHEHHBIX METORUKAX 00pabOTKH IAHHLIX HCCICOBAHMI CKBAKUH (B T.4. C HCHOJIb30BaHHEM KOMIIBIO-
TEPHBIX TEXHOJIOTHH), KX COOTBETCTBHHU “0083aTEILHBIM” M “NONOJHUTENLHBIM KOMILIEKCaM H CO-
TJIACHO HACTOAIMX “MeToNMYecKHX YKa3aHmil”, pEKOMEHAAIMSX MO NPaKTAYECKOMY HCIIOIb30BaHUIO
PE3yNLTATOB C OLEHKON SKOHOMIIECKHX ACHEKTOB NPOBEJEHHbIX PAaOOT ¥ pean3ali peKOMEHA AL,

12.8. CxeMaTH4€eCKOE COOTHOIIEHHE PAIMYHBIX 3TANOB Pa3paGoTKy, cTafui MPOEKTHPOBAHMS H IIPH-
MEHEeHHs] KOMIUIEKCHPOBAaHHELIX METOIOB ACCIENOBAHMII CKBAXKIH U IUIACTOB IPHBEACHO Ha PHCYHKE 4.
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TriE: KOMILTORCHBIX Bujpi n3Mepenn R RCCIENOBARNH CKBAKNE
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Ilpameuanne k Tabauue 8.

I1 npodunaKTHYECKHE

Jns nepBoi cragau @ OAMH pa3s B rof

AN BTOPOW CTafiHH
a) HcciepoBanns pekOMeHyeTCA MPOBORKTD CO CJIERYIOIMM IPOIEHTOM OXBaTa yKa3aHHOM KaTeropus ckBaxuH: 1 — 100%, 2 - 50%, 3 — 3-5%.

6) PekoMenpjanm B yMCIIATENIE OTHOCATCS K HaYa/IbHOM CTaHH pa3paboTKH — CTalHy (J1aboi H3Y4EeHHOCTH 3alleXH, 2 B 3HaMeHaTeNe — CTARMH JOCTATOYHON H3y4eHHOCTH,
CTaiiH BO3MOXHOTO COKpaIeHns 00LEMOB.
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Ta6mma 9. KoMiutekcrl HecleRoBaHMI IPY PEIICHUM 3a71aY HA Pa3/INYHBIX ITaNaX pa3pab0TKY HE(TAHBIX 1 ra3oBbIX

MECTOpPOXAECHUH
MeTtopns! ruppo-
I'pynna KoMIIeKC METOROB| MHAMHYECKHX Kommexkc IIpumevanue (06bEKTHI
CTaHJapTHBIX 3aja4. | IPOMEICTIOBO-T€0- | HCCIENOBaHMI FeOXHMHYECKUX | HCCIIENOBaHM, TEXHOJIOTHS
HaumeHoBanne dusnyecknx ucene-| (TIHC) (cnocob HACCIeAOBaHUM HMCCIEROBaHMM, 3TaMHOCTD,
cTaHpapTHOM 3afgaun | AoBarui (ITTH) H3MEpEHUs U TXN) Ap. U1 OTHENBHOM 3aayH)
MeTog 06paGoTKH)

I. YTOYHEHME T'EOJIOTMTYECKOM MOJIEJIV B 30HE PACIIOJIOXEHUS CKBAXVHBI
1. I. YTOouHeHHe rpaHuL NPOAYKTHUBHAIX TOJIIMH 110 Pa3pe3y CKBaXXKHHbI

1. I'pannne! npopyk-
THBHBIX TOJIIUH OPU
onpo6oBaHUH

2. I'paHuIIBI IPOAYK-
THBHBIX TONLMH IPH
JOIOHUTEIHLHOM HC-
NIONb30BaHHI APSIMBIX
HEANICKTPHYECKUX Me-
TOJOB OLIEHKH HaChI-
IEHNsE

3. I'pasmIb! IPOAYK-
THBHBIX TOJILH IIPH
obcafxe MPONYKTHB-
HOTO MHTEpBaa CTeK-~
JIOTIACTHKOBBIME
TpyGamu

4.TIpuBsizka METONOB
T'1C-koHTpONS K
TEpPPUrEeHHOMY pa3-
Pe3y CKBaXKUHEI

5. ITpuss3zka MeTO-
noB 'MC-xoHTpOIS
K KapGOHaTHOMY
paspe3y CKBaXKHHbI

6. I'eorepmuryeckuit
TPajiHeHT B JONTO-
TIPOCTAMBAIOINNX
CKBaXXMHaX, HHTEPBa-
JIbI 3a7IeTaHus MHOTO-
MEp3JILIX HOPOJ

Wudopmanus me-
TOROB OTKPBITOTO
CTBOJIa BMECTE C
AaHHBIMU METOJIOB
OLleHKM IIPUTOK-
cocrasa, OIIT,
OIIK

Hncdopmarus Me-
TOJOB OTKPHITOrO
CTBOJIa BMECTE C
JAHHBIMU METOIOB
HK, UHK, C/O,
IIAM, MHA

UK, IK, BUK13

IK,IIM

HM, IM

KBJ, KBY, ][]

Ot60ops! rIyouH-
HBIX P0G 711 OLICH-
K¥ COCTaBa NpHUTO-
Ka, aHaJIM3 KepHa

AHanmu3 ycTheBbIX
npo0 U KepHa

Pazsenounnie. Iostramioe
onpoGoBaHUE MyTEM YCTa-~
HOBKHY IIaKepOB [ pa306-
LI[EHHS OTHENbHBIX ITaCTOB
(mpomactkos). Ha sTane
OnpoGOBaHUSA

PasBenounrie, ocBauBaeMble
3KCIUTyaTauuoHHble. PoHO-
BbIE B CTATUKE ¥ IIPY OYHCT-
ke OIIDKHEH 30HbI TyTEM
BbI30Ba npuroka. Ha artane
OCBOEHHS

CxkBaxXuHbl, 0GOpPYAOBaH-
HbI€ CTEKJIOIUTACTHKOBBIM
XBOCTOBHKOM 9KCIUTyaTaIH-
OHHOM KOJIOHHBI. B craTike
wid paHamuke. Ha atane oc-
BOCHHR

Bce cKBaXXMHbBI C TEPPUTEH-
HbIM HJIH CMEIIAHHBIM pa3-
pe3oM. OBsg3aTensB0 npa
TIPOBENIEHUM EO0BIX MCCTie-
nosanumit TC-xorrpons

Bce ckBaXHHEI C KapGOHAT-
HbIM WIH CMCIIAHHBLIM pa3-
pe3oM. OGs3aTENbLHO IPH
IIPOBE/ICHIH IOOBIX HCCIe-
nosanuii [YIC-koHTpOINIS

Ha6nrogatenbable (Iiyxue)
HIH JONTONPOCTAHBAIOLIHAE
CKBaxuHbI. POHOBaAs CHEM-
ka. IToBTOpHBIE (BpEMER-
HBIE) HCCIICHOBaHHS TE0TEP-
MHH HenlenecooGpa3HbI

LIL Onpenenetme ITONTOXKCHUsSI NPOAYKTHBHBIX IJIACTOB M F€OJIOrHY€CKUX Heo,uuoponnocreil
B MEXCKBaXXHHHOM HNPOCTPAHCTBC

1. ITpoduntaas wnu
06neMHas Koppeis-
1151 rpaBHL OPOAYK-
TUBHBIX TONIIMH OPH
HCTIONB30BAHUN AAH-
HbIX OpOGOBaHHS

2. Teonoruyeckue
HETHOPOJHOCTHA H
HApYIIeHNs B MEX-
CKBa>XUHHOM IIPOCT-
paHCTBe

Hadopmanus Me-
TOHOB OTKPBITOTO
CTBOJIa BMECTE C
HaHHBIMH METOJIOB
OLIEHKH NPHUT-COC-
TaBa, OIIT, OIIK

BCIl

KB, KBY, U]

Tapponpocirymm-
Banue I'IIT

Hudopmanms aHa-
113a npo6 B pa3sHbIX
CKBaXXHHAX, AHAJIH3
KEpHa

3akauxku B

Pazsepounsie u ocsauBae-
MBI€ 3KCIUTyaTalMOHHBIE.
Onpo6opanue nyTeM ycra-
HOBKH [IaKEPOB 14 pa300-
MIeHUS OTACHBHbIX IUTaCTOB.
Ha aTane onpo6oBanust
I'pynme! (Daphr) CKBAXHH,
BKJIIOYAJOIIHE BO3MYILAIO-
IMe | pearapyiomme. Vc-
ClIefloBaHuAs IO CrieUab-
HOU mporpamme
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I'pynna
CTaHJapTHHIX 3afjad.
HanmenoBanue
CTaHJapTHOH 3ajayn

KoMiuiekc MeTooB
TIPOMBICIIOBO-T€0-
(pH3HIECKUX HCCIIE-
nosaamii (I1IT'H)

Mertons! ruppo-
JIMHAMMYECKHX
HACCIICIOBAHHA

(TAUC) (cnoco6

HM3MEPEHNS B
MeToR 0OpaboTKH)

Komnnexc
reOXHMHYECKHX
HCCTIENOBAHUM
TXHn)

IIpumevanme (06 BEKTHI
HCCHIeAOBAHUM, TEXHOJIOTHA
HCCIIEOBaHMIA, 3TAHOCTS, JIP.
IS OTHENLHOM 3aayH)

1. KOHTPOJIb 3A BHIPABOTKOM! IUVIACTOB ITPY BBITECHEHWUM HE®THU WA TA3A

ILL Omnpepnenenne npocuis MpATOKA HIH IPHEMACTOCTH, OLEHKH COCTaBa HIPHTOKA

1. ITpoduns (uaTEp-
BaJIbI) MPUTOKA XHAN-
KOCTH

2. IIpodwune (uaTEp-
BAJIbI) IPUTOKA rasa

3. Heburnl (MHTEP-
BajlbHbIE) NPHTOKA
KHIKOCTH

4. [le6uTs! (MHTEp-
BaJbHBIE) IPUTOKA
rasa

5. CocraB HHTEpBaIb-
HOr'O IPHTOKA OFHO-
PORHOM XUAKOCTH
(Bomb! Wy HedTH)

6. CocraB nHTEpBalb-
HOTO IIPHTOKA rasa

7. CocTaB HHTEpBAIL-
HOTO IIPHTOKA CMECH
XupKocTH (HedTH C
BOJIOM), BKJIIOYas €€
06BOJIHEHHOCTh

8. Cocras mHTEpBaIIb-
HOrO IPHTOKA ra3o-
KHJKOCTHOM CMECH,
BKJIIO4asi ee 00BOJI-
HEHHOCTh

9. M'uppaBnnyeckue
NIOTEPH B JA(TE IIpU
NOTOKE ra30XHAKOCT-
HOli cMecH B HHTEpBa-
Jie OLIEHKH COCTaBa
NpATOKa

10. ITpoduns (uaTEP-
BaJIbl) IPHEMHACTOCTH
BOJBI

11. ITpoduns (MHTED-
BaJIbl) IPHEMHACTOCTH
rasa

PM_X, TU, TM

PM_I', THU, TM,

o

PM_X

PM_T, PY

MH, I, BJI, P

MH, BJI

PM_X, TH, BJI,
MH, I1J1, PH, JIBA

PM_T', MH, BJ],
TH, HIC, JIB

PM_TI',MH

PM, X, TH, TM,
my

PMT, TU, TM,
1

YcrbeBbie
po6bI

YcTheBble
npo6sI

I'nyGunnbie
npo6bI

I'ny6unnble
npo6sI

Ho6s1Baronme HedTAHbIE, BO-
po3aGopHble. 3aMephl B IHA-
muke. OxBar — g0 50%, nepuo-
MHEYHOCTh — OT 1 rofa

[JoOpiBarouge rasopbie Wik
o6bexTol ITXT. 3aMepsl B IH-
Hamuke. OxBaT ~ 10 50%, nepu-
OUYHOCTH — OT 1 rofa

JTo6nIBarone HePTAHbIE, BO-
Ro3abopHbIe. 3aMephl B THHA-
muke. Oxsat — g0 50%, nepuo-
OHYHOCTH — OT 1 ropa

JoOnIBaromue razoBble HIH
o6sexThl [TXI'. 3amepsl B Au-
samuke. OxBat — 10 50%, nepu-
OJJHYHOCTBh — OT 1 rofa

Jo6siBatonue HedTAHBIE, BO-
po3aGopHble. 3aMephl B [IHHA-
muke. Oxsat — o 50%, nepuo-
IHYHOCTH — OT 1 roga

Mo6bIBaromye ra3oBbIc WIA
o6bexThl [IXT. 3ameps! B Al-
Hameke. OxBaTt — o 50%, nepu-
OMYHOCTDL — OT 1 rosma

HoGeiBaronme HedTsaHbIe. 3a-
Mepb! B fuHaMuKe. OxBat —
no 20%, nepHOAAIHOCTL — OT
1 roga

HoO6siBaronue He(TAHBIE U ra-
30BbI€, OOBONHAIONIHECH O6H-
exTol IIXT. 3aMeps! B AMHAMHE-
ke. Oxsar — o 20%, neproguy-
HOCTH — OT 1 rogga

oObiBarore He(pTAHBIE H ra-
30BbI€e, OOBOHSIONIHECS OO BEK-

71 [IXT. OxBat — 1o 20%, nepu-
OJHYHOCTD — IO OGCTAaHOBKE

Harnerarennabie. OxBat —
10 50%, neproAMIHOCTE — OT
0.5 ropa

O61exTnl [TXT, HarweTaTeNb-
Hble 10 ra3y. OxBat — 0 50%,
neprogu4HOCTh — ot 0.5 rona
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Ipynna
CTaHAApTHBIX 3afad.
HaumenoBaHne
CTaHAapTHOI 33124

KoMnnekc METOOB
IIPOMBICIIOBO-T€0-
(pH3HYECKUX HOCUIE-
nosanuii (TIIT'K)

MeTopns! ragpo-
AMHAMAYECKAX
HCCIIEROBaHME

TIHC) (cnocob

H3MEpeHns U
MeTofI 06paboTKu)

KoMiutekc
reOXHMHYECKHX
HCCIEeNOBaHAR
(IXy)

ITpumeyaHue (0O BEKTHI
HCCIIEOBAaHM, TEXHOIOTHA
HCCJIEIOBaHNH, 3TanHOCTD, JP.
JUIsk OTAENbHON 3aaun)

ILIL. Onpenenenre Ha4aNIbHOrO, TEKYIIETO AIH OCTaTOYHOTO HedTe- H

1. Hayanbuas nedre-
ra30HaChHIEHHOCTh

2. Havanvnas Hegre-
HACHIIEHHOCTh

3, Havannnas raso-
HACBIIEHHOCTD

4. Tekymas Hedre-
ra30HaChICHHOCTh

5. Texymias HedpTeHa-
CBIIIICHHOCTH

6. Texymas razona-
CHILEHHOCTh

7. N3meHenne Hedre-
Ta30HACHIIEHHOCTH
3a IEpHOJ BPEMEHH

8. U3Menenne BOJoO-
HACBIIIEHHOCTH 32
IIepHOJ BpEMEHH

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

12. O6BogHeHne Npo-
AYKTHBHBIX TONIIUH
nipn o6cagxe CTeKso-
ITaCTUKOBBIMH TPY-
Gamu

HK, MHK, C/O,
HIAM

To xe
HK

HK, UHK, C/O,
mAM

To xe mmoc UHK
¢ 3aKkaykoit MB u
nocnenyomen
OYHCTKOM IJIacTa
npu oTpaboTKe

HK

BpeMennblie 3aMme-
pet HK, THK

To xe

HK, UHK, C/O,
IAM

HK, BpeMeHHEIE
™

HK, BpeMeHHEIE
™

UK, OK, BUKU3

ITpoOb1 rmyGun-
HbIE M KE€pHa

To xe

To xe

ra3oHacChILUCHNA TUIaCTa

PasBenounbie, OCBamBaeMble
3KCIUTyaTaluoHHble. POHOBEIC
B CTaTHKE M IIPH OUHCTKE OMDK-
Heil 30Hb1 yTEM BbI30Ba NPHTO-
ka. Ha aTane ocBoeHu, noche

pacdopMEPOBaHHS 30Hb] IPO-
HHKHOBEHHS (771 ra30HOCHDIX)

To xe
To xe

KonTponnHbie (HaGmonaresn-
HbI€) IIyXue cKBaXXUHBI. TlepH-
OgEYHOCTB 0T 3-6 Mec. (pu
npocleXuBaHuu ¢poHTa 06~
BogHeHms) io 1-3 net (Ha 3aBep-
[HAOIEM JTare pa3paGoTK)

To xe, mmoc go6bIBaloOIHe
HeTAHbIC CKBaXHHbI (TEXHO-
norast MHK ¢ 3akaukoit MB u
DpOCIIeXXHBaHHEM TEMIIA B CTe-
NIEHH OYHCTKH Y OTAENBHBIX
TOJIIMH)

To xe

To xe, IIIOC SKCIUTyaTaAOH-
HhIll PoHp ckBaxus. OxBaT o
10%

To xe

To xe
To xe
To xe

CkBaxuHb!, 060pynOBaHHbIE
CTERJIONIACTHKOBLIM XBOCTO-
BHKOM 3KCILTyaTallHOHHOH KO-
JIOHHEBL B craTHKe M gHHaMuKE.
ITepnopuaHocTs oT 1-3 Mec.
(npocnexnBanne ¢pponTa 06-
BOJHeHUs) fo 1 pa3/1-3 ropa
(OIleHKH OCTaTOYHOTO Hegre-
ra30HaChIICHAN)
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I'pynna
CTaHJAPTHBIX 3af1ay.
HanmeHOBaHME
CTaHJapTHOM 3afavdn

Kowmmnexc MeTonoB
IIPOMBICIIOBO-T€0-
(pH3HYECKUX HCCIIe-
Aosauui (ITT'A)

Mertons! rugpo-
AMHAMHYECKHX
HCCIICHOBaHHI

(IIAC) (ctoco6

H3MEpEHHs 1
MeToJ1 06paboTKu)

Kommnekc
FEOXAMUYECKHX
HCClelOBaHUMA
(XM

ITpumeyarue (0GBEKTHI
HCCII€NOBaHUM, TEXHOJIOTHA
HCCNIelOBaHUM, TAHOCTB, Jp.
IS OTOEIILHOM 3aayu)

ILIII. OueHk# napaMeTPOB BLITECHEHUS 171 BhIpabaThiBaeM

1. PaGoraromue To1-
IUHbI IITACTA NPU
NPUTOKE

2. PaGoTaromue ToII-
IIUHBI IJIACTA [IPH
NONIOLEHUH

3. TomuuHe! m1acTa,
3aTPOHYTHIE MpoLec-
CaMH BBITECHEHHS

4, O6BogHeHHBIE (00-
BOTHSIOLINECS) TOJ-
IIUHBI [1aCTa

5. KoagdunueHT BBI-
TECHEHHs BbIpabathl-
BaeMBIX TOJIIHH

Cepus TM, 1IIC,
JB[,

Cepusa TM, HIC,
B[

Cepusa TM

TM, I'M (1o papmo-
TeOXUMHIYECKOMY
agpdexry), JIBI

WHHM c 3akauxoi
MB

3akayku 1B

bIX TOJIIIINH

Ho6piBaronuii GOHI CKBaXKKH.
DoHOBbIE 3aMepbl B CTATHKE H
Ha pexuMax or6opa. OxBat —
1o 20%, nepuoaMIHOCTD — OT
1 roma

Harunerarensuslii ¢oHf cKBa-
XuH. POHOBBIE 3aMepPbI B CTaTH-
Ke M Ha peXuMax 3akaukd. Ox-
Bat — 0 50%, NepUOAUIHOCTD —
ot 0.5 roga

To ke cOOTBETCTBEHHO IS
BCEr0 IKCITYaTalHOHHOrO
¢oHa CKBaXHUH

To xe

o6bIBaronme cKBaxuHbl., Po-

HOBBIE 3aMephl, 3aMephl IIPH 3a-
ka1ke MB, npu ouncTKe I1acra
ot MB Ha pexumax or6opa. I'lo
MpOrpaMMe criell, HCCNEOBaHMUI

III. THAPOOUHAMUYECKUU MOHUTOPUHI' CBOVICTB ITJIACTA

1. YcTheBOE faBreHHE

(6ydeproe, 3aTpyO-
HOE U B MEXTPYObe)

2. 3a60ifHOe JaBIcHNE

3. InacroBoe maBie-
HHE

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

5. dakTHyeckas npo-
IYKTHBHOCTH CKBa-
XUdHBI (YAEABHAS) IO
XUIKOCTH

6. daxTHyeckas ¢azo-
Bas (o HedpTH, O ra-

3y) yaelbHasl IPOAYK-
THBHOCTh CKBAKVHBI

IIL.I. OueHKH 3HEpPreTHYECKUX CBOMCTB IIacTa

3amepsI BO BpeMe-
HuHa 3Y

3aMephl BO BpeMe-
Hu1 MH, B otnens-
HBIX CITyvasix — Ite-
pepacyeTsl 110 YCTh-
€BBbIM JaBJIEHUSIM

3aMepsl BO BpeMe-
HM BKPOBJI€E ILU1aCTa
MH unu MH, PM

To xe

3aMepsl BO BpeMe-
HU B KPOBIIe ITac-
Tta MH, PM

To xe mmoc yTou-
HeHHas uH¢popmMa-
s o ¢a3oBbIX Ae-
6utax

Ilepen KBJI,
nmocne KIIT
(KCI), B npo-
necce U1

KBI, KITJI unu
na

KBJ, KIT[,
KBY, U
na, KBY

W, KBY

OKCIUTyaTaOHHbIA (POHN
ckBaxuH. ExeqaeBHbIE HAOMIO-
TEHHS

OKCIUTyaTanHOHHBIH POHA
ckBaxwH. B mponecce nposepe-
must TITAC wmu ITTU. Oxsat —
10 100%, meprogEIHOCTDb OT
0.5-1 ropa. OnopHas ceThb CKBa-
SKUH — €XXeKBapTalIbHO

To xe
To xe

To xe nys HePTAHBIX U HaTHE-
TATEJBHBIX CKBAXKHH

To xe gt He(TAHBIX WITH ra-
30BbIX BOOBLIBAIOIUX CKBaXXHH
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Ta6mma 9. IIponomkenne

Merons! rugpo-
I'pynma KoMninekcMeTOAOB| AMHAMUYECKHX
CTaHJapTHBIX 3afay. | IIPOMBICIOBO-TEO0- HCCIIeROBAHMI
HawmmenoBanne dusngeckux uccne-| (IIHUC) (cnocob

CTaHJapTHOM 3afa4u

noanui (III'N) U3MEpEHUs U

MeTof 06paboTKM)

Kommiekc
TE€OXUMUYECKUX
HCCIIeOBAHAIA
IrxXmn)

IIpumeyanue (06 bEKTHI
HCCIEOBaHUMN, TEXHOIOT U
HCCIIeOBaHMM, 3TATHOCTE, ID.
IJIA OTHeNbHOI 3ama4n)

7. duHaMIMecKue u3-
MeHeHus paKTHIec-
KOH ¢a30BOM IPOAYK-
THBHOCTH B CKBAXXHIHE
(BO BpeMEHHM)

8. U3meHenus dax-
THYECKOIM (pa3oBoi
TIPORYKTUBHOCTH TIO
mrouapy (o6 peMy)
3a/IeXH

9. KoaddumuenT no-
TEHIHATLHOM IPOYK-
THBHOCTH CKBaKHHBI
IO XHAKOCTH

10. KoadpprmmenT no-
TEHIMANbHOH (pa3o-
Boii (110 He¢hTH, IO ra-
3y) NPOAYKTUBHOCTH

11. IlporHo3 u3MeHe-
HUS! TOTEHIAIbHON
IIPOJYKTHBHOCTH
n1acTa NpH Noceny-
1om1el pa3paboTke
MeCTOPOXKAEHHS

1. F'upponposon-
HOCTb JaNbHel 30HbI
miacra

DwnaMuyeckuil (BpeMEHHOI) aHaJIN3 Ha
9BM Bcex pesynsratoB ITTHC-TIT'1 o
OTJIEILHOH CKBAXKUHE

IInomagso# (MpOCTPAHCTBEHHBIN) aHa-
su3 Ha 3BM pesyasTaTos ITTHC-TIT
AJIs BCEX CKBAXKMH, 3KCIUTYyaTUPYIOLUX
00BbeKT (IJIACT, 3a7I€KDb)

PacueTsl Ha OCHOBaHUHM JJaHHBIX O IPO-
runaemoctn o I'’TUC, paboraromux
3¢heKTUBHBIX TONIIUH U PEaIbHOM
papuyce KOHTYpa NMTaHUs

To Xe, mIroc Tekymas HHGOpManus o
BBITECHEHUM HE(PTH (ra3za) U3 miacra

To K€, INTIOC THIPOAXMHAMHUYCCKAsT
(unbTpaLMOHHAN) MOLIENb MECTOPOXK-
neHust, 00001naromas JaHHbIe 110 HCTO-
pum pa3paboTku

HLIL Onenku puIbTPalOHHbIX CBOICTB IIacTa

3ameps! Bo Bpeme- | KB]I, KT, U1
o1 MH unu MH, | (Toabko B otcyTer-
PM BHE CKMH-(PaKTO-

P2), UHKJIHYecKHe

HECTAUMOHApHbIE
HCCIIEIOBaHUA
2. IlponnaemMoctb | 3aMepbl BO BpeMe- To xe
JlabHeH 30HbI I1acTa | Hn MH
(c yueToM paboTato-
el 3¢ exkTUBHOI
TOJIIHHBI)
3. 'mppopuuamMmgec- Tupponpocnyiun-
KHE CBS3H NPOAYK- panue I'IT1

THBHBIX TOJIIHAH NO
BEPTHKAaJIH B fallbHeMH
30HE myacTa

IILIIL. Ouenkn u3mMeHeHus: PUIHTPALMOHHBIX

1. I'epponpoBoaHOCTL
OJIKHE! 30HbI IUIACTa

2. KoadpdumenT mpu-
3a60IHON 3aKyTIOpeH-
HOCTH

3amepsi Bo BpeMme- | KB]I, KIIN, KBY
HH B KpOBJIE€ IJ1AC-

Ta MH

3aMeps! Bo BpeMe- To xe
HU B KpOBJIE Iac-

Ta MH

Ipocnexusa-
HHE 3aKa4eK
VB

OKkcmnyaTaloOHHAs CKBaXKU-
Ha. BpeMenHbIe uccnegopa-
Hus (Mr06ast NepUOTIYHOCTD)

®oHp IKCIUTyaTaLHOHHBIX
CKBaXKHH 0 BCEMY MECTOPOX-
neHnro. OxsaT He MeHee 20—
30%, neprogIHOCTD MOPSAKA
0.5-1 rona

OnopHas ceTh IKCIUTyaTalu-
OHHEBIX CKBaXXWH, PABHOMEPHO
OxBaThbIBaromas 3anexs. Ox-
BaT He MeHee 50%, nepuoauy-
HocTb nopszaka 0.5-1 ropna

To xe

To xe

PoHp IKCITyaTAHOHHBIX
CKBaXKUH MO BCEMY MECTO-
poxpuenmo. Oxsar o 100%,
NEepHONMYHOCTH NOPSKA
0.5-1 ropa

To xe

DKcmnyaTauuoHHbIE JOOBI-
BaKOUIHMEC U HATHECTATCIBHBIC
ckBaXHHbI. ITo mporpamme
cIien. uccliefoBaHui

CBOJICTB B IpU3a00IifHOM 30HE

DoHp IKCIUTYaTAOHHbIX

CKBaXX¥H 110 BCCMy MCCTOPO)K-
mennto. Oxsat po 100%, nepu-
omryHOoCTh nopsigka 0.5-1 ropa

To xe
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I'pynna
CTaHAapTHBIX 3a7ay.
HanMmenoBaune
CTaHRapTHOM 3ajayl

Kommnekc MeTonos
IIPOMBICIIOBO-T€0-
¢U3AIECKUX HCCIe-
noBanumit (ITI'K)

Merons! ruppo-
OUHAMHYECKUX
HCCIIEROBaHMI

(FroUC) (cmocod

W3MEPEHH B
meTop 06paboTKm)

Kommuexc
reOXUMHYECKHX
HCCIIeOBaHMHA
('XH)

IIpumeyanue (06 BEKTHI
HCCNEeIOBAaHNH, TEXHOJIOTHS
HCCIIETOBaHMIA, 3TalHOCTb, JP.
AN OTAENBHOM 3a1ays)

3. Cxus-¢pakTop, aHa-
JI¥3 €TO COCTARIIAIO-

111704

4. KoagpumueHr ru-
IPORMHAMUYECKOTO
COBEpIIIEHCTBA CKBa-
KHHBI

V.

1. CpabarbiBasue Imyc-

KOBBIX My(T (IIpH
KOMIIPECCHPOBAHUH)

2. TepMeTHYHOCTH
naxepa (cnoco6om
KOHTpOIIsl YPOBHEH
HaJ| MTaKEpPOM)

3. OddexTUBHOCTDL
paGoTh! HaCOCOB
SIH

Iv.

1. YpoBeHs xunkocTd
B CTBOJIE (IKCILTyaTa-
UMOHHOM KOJIOHHE
amm HKT)

2. YpoBeHb XHIKOCTH
B MEXKOJIOHHOM HpO-

cTpaHcTBe (“‘3aTpy-
Obe”)

3. ®azoBble YpOBHHE B
CTBOJIE (IKCILTyaTal-
OHHOM KOJIOHHE UNK
HKT)

4, CocTaB CMecH Ha 3a-
6oe B cTBOJIE (IKCILTY-
aTalMOHHOU KOJIOHHE
um HKT)

5. Junamuka u3MeHe-
HHES ypOBHEM XKMIKOC-
TH (pabora S1]H-Ha-
COCOB)

3aMepsI BO BpeMe-
HH B KPOBJI€ TIIac-
Ta MH

3aMeps! BO BpeMe-
HU B KpOBJI€E MJac-
ta MH

YcrheBbie faBiie-
st Ha 3Y wu TM,
MH

YcTheBBIE AaBie-
Hud Ha 3Y, 9X,
I'TH unu I B gu-
HaMHKe

Heburni Ha 3Y, mu-
HaMU4ecKHe YpOB-
HU 110 DX, MeTolaM
OLEHKH IPUTOK-
COCTaBa B CTBOJIE

9X mnum BJIL, PHU,
MH, ITJI, TU

X

BJI, PU, MH, I1J1,
™

PM_T'(K),
MH(IUT), BJI, PH,
™

X

To xe

To xe

To xe

To xe

TEXHOJIOTMYECKNY KOHTPOJIb PABOTEI CKBAXUHBI

IV.1. Ouenku paGoThl 37IEMEHTOB IO3EMHOIO O6OPYOBaHUA

ITo6rIBaroIHe MamoneGUTHbIE
cKBaxuHbl. MccrienoBanna B
Inpoliecce NMycka B paboTy

MoObIBaroIIHe CKBaXXUHB] (Ta30-
Bble WM C pa3fie/IbHOM 3K CIUTya-
TalMeR 00bexkToB). B ponecce
ppyrux ucciegopanmii THC-koH-
TPOJIA KN IO el IporpaMMe

JoO6riBatonue HehOHTaHKPYIO-
1Ij¥e CKBaXKHMHbI, 000pyOBaH-
Heie J1[H. I[MepuoauunocTsb
OIPENENACTC MEPOIPHATHIMHE
TIPOMBICJIOBOTO MOHUTOPHHIAQ
u T'IC-xonTpons

II. OneHku cocTOAHUS NPORYKIMY B CTBOJIE pa6oTaromel CKBaXXHHbI

Ho6Baroupe. B nmponecce
I'C-konTpons conpeneaeHueM
NMpETOK-cocTasa (cM. 1. ILT)

HoGriBaromue. B npouecce
T'IC-xoHTpONA ConpenesicHuEM
NPHTOK-cocTaBa(cM. 1. ILI)

TIPH OTCYTCTBHMH MaKkepa

Jo6bIBalomiye ¢ MHOTOKOMIIO-
HEHTHOW npoayKkuueil. B npo-
necce TMC-xoHTpONs € onpe-
AeJIeHHEM NIPHTOK-COCTaBa
(oM. . ILI)

To xe

Jo6eIBaronue HepOHTAHNPYIO-
IMe CKBaXHHBI, 060PYIOBaH-
Hele J1IH. IlepuoguasocTs on-
peReIsieTCs MEPONPHSTHAMA
MPOMBIC/IOBOTO MOHHTOPHHTa
I'NC-xouTpOns

3 PJ1 153-39.0-109-01
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Ta6muna 9. ITpogomkeHue

I'pynma
CTaHJapTHBIX 3a7ay.
HammenoBanue
cTaHfapTHOH 3afia4u

Komnnekc MmeTonos
IIPOMBICIIOBO-T€0-
dusryeckux uccne-
nosanuit (ITTH)

MerTops! rugpo-
JMHAMHYECKHX
HCCIIENOBaHMH

(TIUC) (cniocob

H3MEPEHHUS U
MeTtop 06paGoTKY)

KomMmnekc
reOXHMHYECKHX
HACCHeROBaHn’
(TXwW)

IIpuMeyanue (06'bEKTHI
HCCIIETOBAHUM, TEXHOIOIUs
HCCefOBaHul, 9TaHOCT b, AP.
IJIs OTHENLHOM 3aaun)

1. AuTepBansi (KpoB-
JIS-TIOJIOILBA) MEX-
IUTACTOBBIX HEPETOKOB

2. IlpocrpancTBO
MEXIUIACTOBBIX
MEPETOKOB

3. Hanpasnenus
MEXIUIACTOBBIX
HEePETOKOB

4. Tun ¢pmonpa B
MEXIUIACTOBOM nepe-
TOKe (BK/IIO4Yas o6Ha-
PyXeHHe HCTOYHHKA
MOCTYIJICHUS BOJbI
4yepe3 nepgopupo-
BaHHEIE HHTEPBAJIbI)
5. [1e6GuTHI 3aKONOH-
HBIX IEPETOKOB (151
neOHTOB CBbIlIE

0.5 xy6. M/cyT unu
500 g. Ky6. M/cyT)

1. CymmapHBIii pacxon
CTabUIBHO paboTalo-
uied CKBaXKMHBI 110
SKUIKOCTH

2. CymMapHbIH pacxon
CKBaXXUHBI IO r'a3y

3. Cymmapasle daso-
BLI€ €OHTEI ra3o-
KUIKOCTHOM HpOAyK-
LUA s cTaGUIBHO
paboTaromen cKBa-
XHHbBI (BKJIIOYas €€
06BOTHEHHOCTD)

4. CyMmapHBIi
pacxoi HeCTaObUIbHO
paboratouei Mao-
HeGUTHOM CKBaKMHbBI
IO KUAKOCTH

IV 1II. Onpepenenne MEXIUIaCTOBbIX NEPETOKOB

Cepua TM, 1IIH,
IIC, a TakXe aK-
THBHBIE CHIOCOOKI:
I'M (c 3akauko#
H3), UHM (c 3a-
xaukoi MB)

To xe u MeTOnBI
OLICHKH NIPHTOKA B
CTBOJIE

Cepust TM, MHA,
HIC, a Takke aKTHB-
Hbl€ cniocoOel: M
(c 3akaukoii 13),
HHM (c 3akaykoii
MB)

MHA, HK unu
NHK - gns rasa,
HOIONHUTETBHO
undopmanus THC
1O OTKPBITOMY
creoay, HIC, JIB

Cepus TM

KBI, U1 - s
yCTaHOBJICHUS
¢akra neperoka

JTo6uiBatouue. B npouecce
T C-konTpons c onpepene-
HHEM NPHTOK-COCTABa
(cm. m. ILL, ITT) wnm B mpouec-
Ce TEXHH4YEeCKOro KOHTPOIA
(cm. oL V.III)

To xe

To xe

To xe

To xe

IV.IV. Onpepenenne cyMMapHBIX ¢(pa30BbIX paCXOROB CKBaXHHBI

3Y umn PM_X
(3aMepbl BHE MH-
TepBaJIOB IPHTOKa
Ha pa3sHBIX CKOpO-
CTAX HA CIycKax U
nogLEMAax)

3Y umu PM_T, PY

3Y wnmu PM_T,
MH, T™M wmn
PM_X (3aMepn1
BHE MHTEPBAJOB
MIPUTOKA Ha pa3HbIX
CKOPOCTSIX Ha CIIyC-
Kax H mogbeMax),
I (MH), BJI

39X umu TIT (BJI,
MH)

WcneiTanus
poG A1 OLEHKH
ra3oBoro ¢axro-
pa, cocTaBa BOR

HUcnvitanns
npo0 A1 OUEHKH
rasoBoro gakTo-
pa, cocTaBa BOJ,

To ke

HoOs1Baromue HePTAHBIE
M1y Bogo3aGopHsle. B mpo-
necce ' C-koHTpOMNS C OII-
peneeHHEM IPUTOK-COCTaBa
(em. . ILI)

do6rIBarolHe ra3oBbIe.

B npouecce I'MIC-koHTpONS
C oIpefieIeHEEM IIPUTOK-CO-
crara (cMm. m. ILI)
Mo6kiBaroiye 0OBOIHSIOILM-
ecst He(bTAHbIE WIIH ra30BbIE.
B nponecce T C-konTposi ¢
onpefie/ieHHeM IPUTOK-COCTa~
Ba (cm. m. ILI)

TMo6w1Baroniue 0GBOIHSFOIIH-
ecst He(PTsIHbBIE, IKCILTYyaTHDY-
FouIyecs B peXXUMe HaKoIle-
HES (IO’ bEMA YPOBHS).

B npouecce T'MC-xonTpOons
C onpenene}meM IIPUTOK-
cocrasa (cm. 1. IL T)

30



Ta6mma 9. ITpopomrkerne
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Meronp! rugpo-
I'pynna KoMmuiekc METONIOB | AMHAMIYECKUX Kommnexc IIpumeyanne (06bEKTHI
CTaHJAPTHBIX 3af]a4. | MPOMBICIOBO-Te0- | MCUICHOBAHMA |F€OXMMMYECKHMX| MCCICHOBaHMI, TEXHONOTHS
HanmeHoBaHue dusngeckux uccne- | (MUC) (cnocob | HCccnefoBaHui [HCCIEAOBAHUI, 9TaTHOCTh, AP.
CTaHAapTHOM 3aa4H posanmit (TIT'N) H3MEpEHHA H IrxXmn) O7I OTHEJIbHOM 3a8aun)
MeTo 06paGoTKH)
5. Cymmapssle da3zo- | 3X, MH (BJI, ITI) To xe HoO6bIBaloiime 06GBOXHAIONTH-
Bhle IeGUTHI ra3o- ecs HehTAHbIE WIH ra30BbIE,
XKUAKOCTHOH IIPOAYK- 3KCIUTYaTHpYIOLMECS B pe-
LMK J/11 HECTAOMITBHO XKHMe HaKOIUTeHHA (MOTbeMa
paboTaromieit Manonae- yposHsi). B nponecce THC-
6GHTHOM CKBaXKMHBI KOHTPOJIA C ONpeReNCHAEM
(BKI04as ee o0BON- NIPATOK-cocTaBa (cum. 1. ILI)
HEHHOCTB)
V. TEXHUYECKHIN KOHTPOJIb COCTOSIHUSI CKBAXWHbI

1. MydTs! 06capHbIX U
JMGTOBBIX KOJIIOHH

2. TpaekTopus cTBONA
CKBaXXHMHBI

3. UcKycCTBEHHBIH 3a-
Goit

4, JneMeHTHI OA3eM-
Horo o6opynoBaHust
(6anmvax HKT, nake-
Pbl, TyCKOBbIE My(pTHI K
TIL)

5. Onpenenenne MecT
npuxsata HKT, np.
obopyaoBaHus

JIM, ITH, OM]]
HH_T'
HIa6nouupoBanue,
JIM, TK

JIM, MK, OM]L, I'TO
WIH METOlaMH OLieH-
XU npuroka, TM,

1A B qunamMuke

110, IM, AK[T

V.1 YTouHeHHEe TONOXKEHNS JIEMEHTOB KOHCTPYKIMH

OG6caxeHHbIe CKBaXHHBI.

B nponecce mo6bix HCCHERO-
Banwuit no 'IC-kourpomo
DKCIUTyaTalHOHHbIH (oH)
ckBaxuH. CornacHo wiany
MOBTOPHOM HHKJIMHOMETPHH
O6caxkeHHbIe CKBaXXMHBI.

B npouecce mo6bix Hecneo-
Banmit no 'MC-koHTpOIIO
OG6caxeHHbIe CKBAXHHBI.

B npouecce mo6bix HCCHERO-
panuit no '’NC-xourpomo
HIIH 10 cHen. IporpamMMe

O6caxeHHbIe CKBaXKHHBI.
B nponecce MIKBHAIIY aBa-
prt

V.II. OnieHKE COCTOSHHUS BHYTPUKOJIOHHOTO NPOCTPAHCTBA TPYO (BHE IPONYKTHBHBIX HHTEPBAJIOB)

1. CanbHuKH (THApAT-
Hble MPOOKH, COJIEBBIE
OTJIOKEHHS)

2. Koppo3us cunbHas

3. Koppo3sus cnabas

Ila6noxupoBanne,
MK nnu MeTomamMu
OLICHKH ITPUTOKa,
1Y B puHamMuKe

MK, OM, ITH

ITH, CAT, ckea-
HCUHHOE 8UOE0

O6caxxeHHbIE TO6LIBAIOIIHE
cKBaXuHb!. B nmponecce k-
BHJIAUM¥Y IPHYHH HEIIPOXOX-
neHus npu6opos (1abaoHOB)
Crapslil pOHR 9KCITyaTaLH-
OHHBIX cKBaxuH. OXBaT — 10
100%

DOHJ IKCINTYaTAHOHHBIX
ckBaxuH. Oxsar — 0 10% B
MpoLEecce APYTHX MEPOIIPHS-
THI TEXHHIECKOTO KOHTPONS

V.III. BeisBiieHne HerepMeTHYHOCTEH KOJIOHH M YTOUHEeHHE rpaHul pHIbTpa

1. Ilepdopanms (uH-
TepBaibl), OTAEILHBIE

JIM, I'TTT, M,
MK, a TakK:xe aKTHB-

PoH]| 3KCIUTYaTalMOHHBIX
ckBaxuH. ITocne nepeuanoi

HErepMETHYHOCTH HblE CIOCOOBI: cepHs WM MOBTOPHOM epdpoparyy,
mudroBoi 1 akcnya- | I'M ¢ 3akauxoit U3, TP MOJO3PECHMUAX HA Herep-
TaloHHOM o6cagHoil | PU ¢ 3akaukoit MB, METHYHOCTB KOJIOHH
KOJIOHHBI TM c 3aKayKoi KOH-

TPacTHOH IO TeMIle-

paType XugKoCTH
2. Herepmernunoctu | OM]], ®doHp KCIUTyaTalHOHHBIX
ApYTHX 06CaHbIX KO- ckBaxus. [Tpu mogo3pennsax
JIOHH (TE€XHUYIECKON, Ha aBapHiiHOEe TEXHHYECKOE
IPOMEXYTOYHOH H IIp.) COCTOsIHHE
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Ta6mama 9. IIponomkende

I'pymnna
CTaHAApTHLIX 3afad.
HamnmeHoBaHue
CTaHJApTHOM 3ajadl

KoMmnnekc MeTooB
TIPOMBICTIOBO-TeOH3H-
YEeCKHNX HCCIeIOBaHMN
arn)

Merops! rugpo-
MMHAMITIECKUX

HCCIIeTOBaHHI
TIAC) (cnocob

H3MEepeHus 1

MeTOR 06paboTKH)

Kommneke
FeOXMMHIYECKUX
HCCIIEeOBaHAH
Irxm

[Iprmeyanue (06 BEKTBI
HCCIIEOBAaHUI, TEXHOJIOTHS
HACCNIEJOBAHU, 3TalIHOCTD,
Ap. U1 OTACIBHOM 3afa4H)

1. Haymume (nosmoe
WIH YaCTHYHOE) LieMeH-
Ta B 3aKOJIOHHOM NPOC-
TpaHCTBe

2. CopepxkaHue LieMeH-
Ta [I0 HANIpaBJIeHHAM

3. CuennieHue neMeHTa
¢ IOpofo#l B KOJOHHOH

4. KauecTBO IleMeHTa-
Ka KOJIOHHBI

5. HerepmeTH4YHOCTH
LEMEHTHOrO KOJIbIIa,
CO3QalOLIHe YCIOBUSA
ISt 3aKONOHHBIX Nepe-
TOKOB (PIIIOUOB

1. ¥Ynanenue c 3a6os
KHIKOCTH (BOTBI)

2. Ynaneuue ¢ 3a6os
rpsi3u (OypoBoO# XKup-
KOCTH)

3. Ypaneunne c 3a60s
MEXaHMYeCKUX IIPAMe-
cen

1. OxBat NpOXYKTHBHO-
ro mwiacra nepdopanm-
eli (Ka4eCTBO U CTENEHb
BCKPBITHA ILTaCTa)

2. 9¢dexTHBHOCTD
H30JISILMH IU1ACTa [oce
KPC (repMeTHIHOCTH
“IyacThIps” B MECTE
6bIBIIETO (DHILTPA)

3. 3¢ dexTHBHOCTS 3a-
KayKH B IIACT (UK €10
YaCTh) MOMAMEPHBIX
TepMETUKOB

V.IV. KorTpons kadecTBa IIEMEHTaXa

TM mnociie 3a1HBKH,
ITLI, AKI]

I'TL, AKII, ITAM
AKII, ITAM

IAM

B mumaMuke MeTogaMu:
™, I, HIC

VI. KOHTPO.

1Tb THTEHCHU®N

VLI Onenku 3¢ ¢(peKTHBHOCTH OYH

BJI, MH, PY, ITJI, T

To ke

IIfabnonnpoBanne

KAITNHN
CTKH 336051

VLIL. Onenkn 3¢pheKTHBHOCTH BCKPBITHA ILIACTa

JIM, I'TH, SMII, MK u
HOIOTHUTEBHO — Me-
TOABI OLIEHKH IPATOKA
B TUHAMHUKE

MK, CAT, a Takxe ak-
TUBHBIE coco6hI (M ¢
3akaukod PU) unu me-
TOIBI OLEHKH HACKIILIE-
HUA B OIIDKHEH 30He
(UHK, ITAM) unmu TM,
MH 1 MeTonbI OLieHKH
IPUTOKA (IIPHEMHCTOC-
TH) B JUHAMBKE

TM, MH u MeTopsl
OIICHKY IPUTOKA (TIpH-
€MHCTOCTH) B IHHAMUKE

OnONMHUTETBHO —
meronsl I'JTU
IJISL OUEHKH U~
PORHHAMHYECKO-
T'O COBEpILEHCTBA
duneTpa
HonoJHATENLHO —
meronsl T qist
OLIEHKH rIIpOIH-
HAMHUYECKOU CBS-
31 MeXNy ILiac-
TOM H CKBaXXHHOM

HonoHUTENBHO —
meronsl [T nst
OLEHKU I'HAPONH-

HAMUYECKOX CBSI3H
MEXJy IUIaCTOM B

CKBAXKHHOMI

®onpn 06caxxKeHHBIX CKBa-
xuH. Oxsat 100%. ITocne
BBINOJIHEHNA [IeMEeHTaXa

To xe

Pouy 06caKeHHBIX CKBa-
xuH. [Tpn nopo3peHusIx Ha
HErepMeTHYHOCTb LIEMEHT-
HOr0 KaMHiA | 3aKO0JIOHHbIC
TIEPETOKHA

To xe

To xe

OKCIUTyaTalMOHHbIE CKBa-
sxuHbl. Tlocne npoBefenust
COOTBETCTBYIOIIMX MEPO-
TIpHATHA

To xe

To xe

OKCIUTyaTalliOHHbIE CKBa-
xkmuHbl [Tocne nposegerus
nepgopanHoHHbIX paboT

OKCIUTyaTal[HOHHbIE CKBa-
xuHbl. ITocne npoBeneHus
H30JISIITUOHHBIX pa60T
cyx60i KPC

HarreraTenbHble CKBaXKu-
He1. [To nmporpamme coiern.
MEPOINPUSITHI IO KOPPEK-
IMHA IPOGUIS TPUEMHCTOC-
TH (M30ISIUM BBICOKOIPO-
HHIIAEMBbIX TOJILIMH)

32



Tabmma 9. OkoH4anne

PII 153-39.0-109-01

Meropns! ruppo-
I'pymma KoMniekc METOIOB | MHAMUYECKHX Kommnekc IMpuMeyanne (OGBEKTHI
CTaHAAPTHBIX 3a/1a4. | ONPOMBICJIOBO-TEO- | HCCIEAOBAHME |reOXMMHYECKHX| HCCIeOBaHUM, TEXHONOTHA
HanMmenoBanue dusuyeckux uccie-| (MUC) (cnoco6 | AccnegoBaHmit [MCCIeAOBaHHAM, ITANHOCTD, AP.
CTaHRapTHOMH 3af1a4n nosanmit (TITK) H3MEpeHus 1 (19,450 IJI OTACILHOM 3aKa4H)
MeTof 06paGoTKM)

VLI Ouenxu 2¢peKTHBHOCTH OYACTKH NpA3aGOHHO#M 30HbI

1. 3ddexruBrHOCTH CBa- | Cepust TM, MH OKCIUTyaTallHOHHbIE CKBAaXH-
6upoBaHUs1 (KOMIIDECCH- Hbl. [Tocre npoBenieHmst COOT-
POBaHH) BETCTBYIOIIMX MEPONPHATHIA
2. 3¢ dexruBsocts kuc- | HM, TM, meToast To xe

noTHOM 06paboTKH OLIEBKH NIPUTOKA

3. 3¢ dexrrBrOCTE AB | TM, MeTOIBI OLIEH- To xe
(aKyCTH4€CKOro BO3- KH npuToka, IC

neicTBHA)

VLIV. Ouenku 3¢ peKTHBHOCTH BO3[EHCTRHA Ha JaJBHIOO 30HY ILTACTa

1. 3¢ pexTHBHOCTS IrH-

T™, MH, MeTonb!

3xcnnya1‘almomme CKBaXH-

ApopaspbiBa ILIACTa OLIeHKH NIPHTOKaA, HeI. ITocne npoBeaeHns coOT-
IMAM BETCTBYIOIIMX MEPONPHITHI

2. ¢ dexTHBHOCT TM, MeTORbI OLICH- To xe

TI'XB (TepMOTHApPOXH- | KM IPHTOKA

MHYECKHX BO3[EeHCTBHI)

VLV. Onenkn 3¢p¢GeKTHBHOCTH IPYTHX MEPONPHUATHI O H3MEHEHHIO TEXHHIECKOTO COCTOSHAA CKBAKHHBI

1. 3ddexTHBHOCTE
TopnegupoBanus (06-

no, MK, TM, IT][]

DKCITyaTauFOHHbIE CKBAXH-
ub1. [Tocnie npoBefieHns cooT-

PbIBa) KOJIOHHBI BETCTBYIOIIMX MEPONPUATHI
2. 3¢ppexTuBHOCTS yc- | TM, MeTONBE OBEH- To xe

TaHOBKH LIEMEHTHOTO | KH IPUTOKA

MOCTa

3. 3¢ dexkTuBHOCTS ye- |JIM, MK, I'TT] To xe

TaHOBKH B3pHIB-NIaKe-

pos KBII

4. 3¢ ek THBHOCTD JIM, MK, TM, TH To xe

NHKBUAALMY DapaguHO-
THAPATHbIX 0Gpa30Ba-
HHH C IOMOILBIO 3JIEKT-
PpOHAarpeBaTeNbHBIX

WM MHEYKUMOHHLIX Ha-
rpeBaTesel, MexaHuyec-
KHX CKpe6GKOB

OGBeMnl 1 NEPpUOAUYHOCTh YKa3aHHBIX KOMILIEKCOB ONIPEACISAIOTCS X COCTABJIAIOTCSL:

— MUHUMAABHDLLL Komnaekc (BXOTUT KaK 06s3aTeIbHbI MHHHUMAJILHBIA BO BCE MOCIERYIOIHAE KOM-
IUIEKCBI, M.G. THIIOBBIM WM HHAMBHYJILHBIM) — YCTaHABIMBAETCS COIIACHO MPOEKTaM OIBLITHO-IIPOMBIII-
JIeHHOI pa3paboTKHU Ha 6a3e yTBepXACHHbIX HOPMATHBHBIX HOKYMEHTOB MunasHepro P® (tabmmnna 8);

— 06A3amenbHblil KOMNAEKC ONIPENENIETCH HayYHO-ACCIIeOBAaTEILCKAMU HHCTHTYTaMH B npoexm-
HblMU OpPraHU3alUsMH B CHELUALHBIX pa3fiellaX NPOEKTOB M TEXHOJOTHYECKUX CXEM pPa3paboOTKH Ha
6a3e yTBepKAEHHBIX HOPMaTUBHBIX JOKyMeHTOB MuH3Hepro P®, IIKP u THLeH3HOHHBIX COTTIallICHHU;

— ONMUMAALHbBLL Komnaekc — yTBepXkpaeTca HedTerazoaoObIBalOIMMH NPERNPHATHIME HERPO-
Nonb30BaTeNeH AN Pa3sIUYHBIX C/Madull ¥ 3TAaNoB pa3paboTKH, COrNIaCHO MpOeKTaM pa3paboTkH, yT-
BepXpeHHbIM ITIKP Munsnepro P®;

— CheyuaabHble UCCAe008aHUA ONPERENIOTC] OpraHdu3allisIMH HEJPONONb30BaTENEH B COOT-
BETCTBUM C MPOEKTaMH OIBITHO-IIPOMEICIOBBIX pa6oT 1 miaHamun HHOKP.

12.9. PekoMeHyeMble KOMILIEKCHI HCCIEOBaHMI IIPH PEllleHH 3aia4 Ha pPa3JHYHbIX 3Tanax pas-
paboTky He(PTAHBIX K ra30BBIX MECTOPOX/CHHI IpABENCHE! B TaGnuue 9.
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Ta6amna 10. OOs3aTeNbHBIH 1 JONOJIHATEILHBIA KOMIUIEKCEI HCCIEAOBAaHUE B OTKPBITOM CTBOJIE ISl PEIIEHAS
TeOJIOTHYECKHX U TEXHHYECKUX 3afiay B 3KCIUTYaTAllHOHHBIX CKBaXKMHAX

CTpyKTYypa KOMIJIEKCa Meropsr THPC
O6ume uccnefoBanys (10 BceMy pa3pesy T'TUD, TIC, KC (1-2 30uaa u3 cocraBa BK3),
CKBaXXHH) BKY,TK, HK, AKV, ITK-IT", npodunemerpus,
O653aTeIbHEBIE MHKJIHHOMeTpHs, pe3ucTaBuMeTpit MK3, I'M
HCCIIETOBAaHNSA Heranpubie nccneposanus (B npoayktus- | I1C, BK3, BK, UK (3MK), I'K, MK (BMK),
HBbIX HHTEPBAJIaxX) npoq)n{l%ue'rpm, T'K-CY, HK, AK, I'TK-1Y,
ITK-IT"

Ipn Hamraum B nponykTHBHLIX HHTepBa- | JK, ITIK, OIIK, UITT, anekTprieckwil cKaHep,
JIax pa3pesa CIOKHERIX KOJUIEKTOpoB (Tpe- | AMK

INUHHBIX, [IHHACTBIX, GUTYMUHO3HBIX)
Jns yrounenma nonoxemns Mexgmoup- | TIK, OIIK, UIIT, SIMK, UHK, AKII-AKTAIII
HBIX KOHTAKTOB, TEKyIIeH HAaChIEHHOCTH
nonommxe H IIACTOBBIX IABJICHMAI B HPOAYKTHBHBIX
HCCIEROBaHAS HMHTCpBaJlax

Ipn reopHo3Ha4HOM reonorunyeckoii uH- | IIK, OIIK, UIIT, KO, nccnegoBaHus B He06X0-
Tepnperanyd MaTepuanos ['MC B npoyK- | AMMBIX HHTEpBaJIaX 1O CHELHATBLHBIM TEXHONIOTHAM
THBHBLIX HHTEpBAlax pa3pe3a €O CMEHO# TEXHHYECKMX YCTNOBHIi B CKBaXKHHe

Iins oGecnedenns Mopespopanms 3asexeit | BCII, HakiosoMeTpus
1 IIpA OPOBEJICHAH ceficMopasseaxku 3]1

[Ipumeyanus:
1) npu KycroBoM GypeHHn — B OfHOH H3 CKBaXKHH KYCTa;
2) B paspe3ax ¢ Kap6OHaTHBIMA KOJUIEKTOPaMH.

Ta6mmma 11. Komnnekc I'TU npu 6ypeHun 3KCIUTyaTalHOHHBIX CKBAXKHH

PeiraeMere 3agaun O6ssarenbHsIe HononuurennHble
HCCIIEHOBAHAA H H3MEPEHHA HCCNENOBaHAA H H3MePEeHMs
Teonoruyeckue 3agavn: HccnenoBanne 6ypoBOro pacTBopa: Onpepenenue BI3KOCTH H BO-
* JIATONOTMYECKOE PACWICHEHNE pas- |* ONpefiesieHue OGBEMHOTO M CyMMap- | FOOTAAYu GYpOBOro pacTBopa
pe3a; HOTO rasocofepxanus 6ypoBoro
¢ BbIE/IcHNE IUIACTOB-KOJIEKTOPOB; pacTBoOpa;

* JUCKPETHOE WIH HeNpephIBHOE H3-
MepeHe KOMIOHEHTHOIO COCTaBa
YIJIEBOROPORHOTO ra3a, H3BJIeIeHHO-
ro u3 GypoBOro pacTBopa;

* IepHOAMYECcKas TEPMOBAKyyMHast

¢ OonmpefesICHNE XapakTepa HaChIeH-
HOCTH IJTAaCTOB-KOJIJIEKTOPOB;

BBIIBJIICHHE PENICPHBIX TOPH30HTOB

Jerasanus npo6 pacTeopa
TexHONOrHuecKue 3afayy: W3Mepenue 1 onpefeneHne TEXHONO-
* paHHEe OOHAapyXeHHe ra3o-, Hedre-, | TMIECKHX NapaMeTpPOB:
BOJONPOSBIEHHH U OrTIOMIEHHI * riay6HHa CKBaXXMHBI B MEXaHHYECKas

npu 6ypeHuH H CIIyCKO-IONbEMHBIX CKOPOCTb IPOXOIKH;
Onepanusix; BEC Ha KpIOKe M Harpy3Ka Ha JOJ0TO;

° pacnosHaBaHMC U ONPCOENCHHE HPO- |« papjieHne GYpOBOTO PACTROpa Ha
AOJKATEIBHOCTH TEXHOJIOIHYECKHX CTOfKE MaHPId)OJILJla HB 3aT~py6Be;

onepanuu; YHCIO XOOOB Hacoca,

* BbIGOD M MOAAiCPkaHKE PAUOHANL- |, PACXON HITH IIOTOK GYPOBOTO PACTBOpPa
HOTO PeX®Ma Oypenus C KOHTponeM | L. BBIXOJl€ H3 CKBAXKWHBL

0TpaboTKH IOJIOT;
P R ’ * ypoBeHb H 06 b¢M 6ypoBOro pacrsopa
* ONTHMH3AIHAS CIYCKO-HOABEMHBIX B EMKOCTSX:
onepanui; ?

* CKOPOCTb CHyCKa H TogbeMa GypHIib-
HOT'O HHCTPYMEHTA;

INIOTHOCTE GYPOBOrO pacTBOpa Ha
BXOfie M Ha BBIXO/IE 3 CKBaXKMHBI;

* CKOpOCTb BPaMieHAs POTOpa;
* KPyTALWMA MOMEHT Ha POTOpE;

TEeMIIEpaTypa pacTBOpa Ha BXOIe H
Ha BbIXOMI€ U3 CKBAaXKHHBI

* KOHTPOJb T'HPOTHHAMUYECKHX JaB-
JICHWH B CKBaXKUHE;

* KOHTPOIB CITyCKA U IEeMEHTHPOBAHUSA
06cagHOl KOJIOHHBI,

* INarHOCTHKA IIpefaBapHIHBIX CHTYa-
I} B peallbHOM MacIuTabe BpeMcHU
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Ta6mmna 12. O6g3aTeNbHBINA H JOIOMHATENLHBIA KOMILIEKCH TeO(hH3MIECKUX HCCIIECNOBAHHI B TOPH30HTAILHBIX
y4acTKax CTBOJIa IKCIUTYyaTAIMOHHLIX CKBAXUH

CrpykTypa KOMILIeKca Meronsi TUC IIpameuanne
I'THU, TK, UK (3MK), HK, IIC (rpaauent I1C), un- | Teppurennsiii pa3pe3
KIMHOMeTpHs, pe3ucrusamerpust BUKHN3
OGs3aTenbHbIE UCCIEHOBAHMS
I'TH, UK (3MK), I'K, BK (ncespo6okosoit), HK, I1C | Kap6onaTHblil pa3pes

(rpaguent I1C), REXIMHOMETPHS, PE3SECTHBUMETPUS

HOHOJIH]{ITCJILHBIC HCCIICHOBAHKA

AKITK.ITK-C

CrengaibHble HCCIENOBAHHA

Asumyransasie BK, BMK, AK u I'K; IMK

TaGnana 13. O6s3aTenbHblil U FONONHUTENBHBIN KoMIUIeKChI I'TH n1pu 6ypeHHH rOpH30HTANBHBIX CKBaXKHH

Peinaemele 3agayun

OGs3aTenbHble HUCCNCNOBAHUA
H U3MEPECHHUA

HononHUTENbHBIE ACCIEOBAHHAA
H H3MEDEHus

T'eonornyeckue 3agayu:

* IATOJIOro-CTpaTHrpaduyeckoe
paculleHeHHe pa3pesa;

* BBIjle/I€HHE MIIaCTOB-KOJIEKTO-
poB;

* OompefieNIeHNE XapaKTepa Hackl-
L[EHHOCTH IUTIACTOB-KOJIEKTOPOB;

* BhISBJIEHHE PeNlePHBIX TOPU30HTOB

HccnepoBanne 6ypoBoro pacreopa:

* onpepencHne 06BLEMHOTO U CyM-
MapHOTo ra3ocofepxanus 6ypo-
BOTO PacTBOpa;

* HENpEephIBHOE H3MEPEHHE KOMIIO-
HEHTHOT'O COCTaBa yrICBOAOPON-
HOro ra3a, H3BJlI€4eHHOrO 13 Gypo-
BOTO pacTBOPA;

* nepuoguyYecKas TepMOBaKYyM-
Has fiera3anus npoG pacTBopa i
naMa

¢ Makpo- ¥ MUKpOCKONHS ILTaMa;

* JIIOMAHECCUCHTHBIA aHA/IH3;

¢ OIEHKA IUVIOTHOCTH M IOPHUCTOCTH;

¢ IpOBefeHNe HHKIMHOMETPHYIEC-
KHX 3aMEpPOB aBTOHOMHBIMH IIpH-
6opamu;

* u3MepeHHne reopH3nIECKUX Napa-
METPOB C NOMOLILIO 3a60MHBIX
TeJleMeTpU4eCKHX CHCTEM;

* KOHTPONb NpOLecca BeMEHTHPO-
BaHUS

Texnonoruyeckue 3agavu:

* paHHee OOHapyxXeHHne ra3o-, Heg-

Te-, BOMONIPOSIB/IEHHI! X MOTJIOINe-

Huit pH GYpEeHUH M CIyCKO-NONb-

€MHBIX OllepalusiX;

ONTEMM3anys npouecca yriay6ie-

HHM CKBaXKMHBI;

pacno3HaBaHME U ONpefeeHne

IIPOROIIKATEILHOCTH TEXHOIOTH-

YEeCKHX Onepaluii;

BbIGOP M HOAACpKaHUE panuo-

HaJBHOTO peXuMa 6ypeHusi ¢ KOH-

TponeM oTpaboTKH ONIOT;

ONTUMM3aLHES CITYCKO-NOABEMHBIX

oneparui;

KOHTPOJB F’HAPOAAHAMIYECKIX

JlaBJIEHHH B CKBaXKHMHE;

oInpenAeleHHe ¥ MIPOTHO3 IIJ1acTo-

BOr0 ¥ IapOBOTO AIaBJICHUI;

KOHTPOJIb CTIyCKa H IEMEHTHPOBa-

Hus 06CaTHON KOJIOHHEI,

* MHArHOCTHKA IIpERaBapUiHbIX CH-
Tyanmii B peaJlbHOM MacmTabe
BpPEMECHH

H3MepeHne 1 onpefieNieHe TEXHO-

JIOTHYECKHUX TapaMeTPOB!

* rIy6HuHa CKBaXKHHBI ¥ MEXaHHYeC-
Kasi CKOPOCTb IIPOXOJIKH;

* BecC Ha KPIOKE H Harpyska Ha Jo-
JI0TO;

AaBlicHHE GYpOBOTO pacTBOpa Ha
crosxe MaHu(ONbLAA 1 B 3aTpyObe;

YHCJIO XO40B HACOCa,

* pacxof HJM IIOTOK 6ypOBOro pac-
TBOpA Ha BHIXOJIE H3 CKBaXXMHbI;

* ypoBeHb H 06beM GypOBOro pac-
TBOpA B EMKOCTSIX;

* CKOpPOCTb CIIyCKa U noAbeMa by-
PHILHOTO HHCTPYMEHTA;

INIOTHOCTh OYPOBOr'0 pacTBOpa Ha
BXOJI€ 4 Ha BBIXOJ€ 3 CKBaXXWHBI;

* CKOPOCTH BpAILIEHHsl pOTOPa;
KpYTSILMI MOMEHT Ha POTOpE;

* TeMIepaTypa pacTBopa Ha BXofie
1 Ha BHIXOJIE U3 CKBAXUHBI

3

* YnensHOE 37IeKTPHYECKOE COIpO-
THBIICHHE PacTBOpa Ha BXOJiE H
BBIXOfIE;

¢ BHOPOaKyCTHYECKHE XapaKTepHc-
THKH, NIOJTy4aeMble B IIpoLecce
GypeHus

35



9¢

OKcenepTH3a 3anacos IIpoekTHpOBaHKE U aHAIH3 pa3paboTKH,
B K3 nTK3 aBTOPCKHI Haj30p
Crapuu
NpOEKTH- g
P - - S x g
g ) % e 3 g
posasm SE | §8 s | §z | S5E| ¢ 5 X
S 8 82 EoH & = 8§58 2 e . = E
g ] B X 0 & ® ¥ 5O ¥ O 8
H 3 &8 g 3 &5 | g3&| Eg | g% 2%
g 9 g ¢ & & £ g & B8 g & g & g &
HOpPOEKTHLIE 9 3 s B %) M B g s & S « e & s
g & g = = g g g E5 B 2 = )
E 3 & o g Eg s K E
MOKYMEHTHI E 2 8
g o
1 2 3 4 5 6 7 8
IIpumense- I'MC + I'TMC + TXU ¢
MBIE KOMII- rI/IC - 5’6 HCTURUTLHBIC HCCTC, TOBAHItS
JICKCHPO- o5 a6 Oriniainubie KOMIeke
BalHBIC OT16 O0s3aTENBHBIT KOMIUICKC
TOOD KEDH. 3aTe! COMILICK
merops! TUC, Tabi. P xepHa . N ; R
rnnc XU I'Ioncqe'r 3arnacoB ?
2
Crapuu 1 cragus II crapust Il cragus | IV cragus
pa3paGoTku poct oT6Op OCHOBH. najeHus nopaspa-
TOGBIYH 3amacoB OOBLIYHA 6oTKH
pa3Befika OIIBITHO~
Hay4ajo IPOMBIIITIEHHAS
TIOUCKY OypeHus CKBaXXUH pa3paboTka IpoMbmuiennas paspaboTka
N J J A
Stanst Y Y e
paspaGoTKH I sran II aTan III aran IV sTan
nopa3paboTka

Bpems paspabotku (rofsn)

Pncynox 4. CxemMaTH4eCKOE COOTHOILEHHE Pa3H4HbIX 3TAaNOB pa3p860TKH, cTaguit IIPOCKTHPOBAHHS H IPUMECHCHUSA KOMIUIEKCHPOBAHHBLIX METOAOB HCCACHCBA-
HHH CKBaXUH H IUIACTOB,
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INNPUIO0OXEHME A

(pexoMenayemMoe)

TEOPETUYECKHE 1 METOJMYECKHWE OCHOBBI
TUOPOIMHAMUYECKUX UCCIENOBAHUN CKBAXWUH
U INTIACTOB CO CIIOXHBIMH TPAEKTOPUSIMU HECTALIMOHAPHBIX TEYEHUN
(TOPU3OHTAIIBHBIX U YCIIOBHO BEPTHUKAJIBHBIX CKBAXMH)

CoBpeMeHHbIE TUAPOAMHAMUYECKUE METOABI HccrenoBanus ckBaxul (ITTHUC) sBAgIOTCS JanbHER-
UM Pa3BUTHEM U CYIIECTBEHHBIM ONONTHEHNEM IIHPOKO U3BECTHBIX, TpaguunoHHbix I'TTC Ha Gase
NUHEAHOM TEOPHH YIPYrOro peKiMa IpH IIIOCKOpaauansHoi ¢puinsTpanun. B Tabnune Al npepcras-
JeHbl HEKOTOpbIE CPaBHUTENbHBIC MX XapakTepucTUKH. O6IacTH NPHIOKEHUST METONOB 00paboTKH
KB u TunoBsie ¢ropmbl 3a6oiusix KBI-KIIJT (c yyeToM BausHUs 06 beMa CTBONA CKBaXHHbI ~ BCC
H ckuH-(pakTOpa S) NpH IIOCKOPainalbHOM (hUIbTPalMK MITFOCTPUPYIOTCS Ha PUCYHKE Al, a cxeMa
cusitus KITN-KB] Ha pucynke A2.

Taéanna Al. CpapHHTe/NbHbIE XapaKTEPUCTHKY TPaAHLIHOHHLIX M COBPEMEHHBIX THAPOTHHAMHYECKHX METONIOB
HCCIIEOBAHMA CKBAXXKUH Ha 6a3e MMHENHOM TEOPHH YIPYroro pexuMa punbTpanuu

XapakTepHCTHKH

Metonst ITUC no KITI-KB]I

TpafUIHOHHbIE

COBpPEMEHHBIE

TIpH AHAJTA3€ TAHHBIX UCIOJIbB3YIOTCA

CKOPOCTb M3MEHEHH J]aBJie-
HHUS BO BpeMeHH P ,q4(t)

[OMOTHUTENLHO MCTIONB3YETCS TEMIL H3Me-
dP;(1)
at

HCHUA TaBJICHHA

HCIIONIB3YETCA KOHIICNLIUA

TOJILKO IIOCKOPafiHaIbHOrO
OPHTOKA K BEPTHKANLHOM
ckBaxwHe j = 1

CJIOXKHBIX KOH(HIypauHil TPaeKTOpHIi He-
yCTaHOBHBILICHCS (PUIBTPAIMHA K CKBAKH-
HaM (TOPM3OHTANLHBIM | Jip.) j = 0; 1; 2.
Croxanie MII®C

NpHMEHsiEMbIE ITyCHHEBIE
MaHOMETpBI

CMEXaHHYECKHMH aTIHKAMH
AapieHus (TCIEKCHBIE, IIOPHI-
HEBBIE...)

SJICKTPOHHBIE C NE€30KBAPIEBLIMHA NATYH-
KaMH DaBJICHNA

BHA PETHCTPALMH

B OCHOBHOM Ha OJIaHKe

B 3JIEKTPOHHON HaMATH

NPOROIKATENBLHOCTb BpeMeHH perH- | o 1-15 no 20-500

CTpalH, CyTKM

06bEM TaMATH, TOYEK PETHCTPAIAH | OT HECKONBKHUX 10 HeCKONLKHX | oT 1000 no 500000
RECATKOB

TOpOT YYBCTBHTENLHOCTH, MITa 14x 10737 x 1074 5% 10°5-7x 1076

pacingpoBKa, “‘cCHUTbIBaHAE” JaH-
HBIX

YacTo py4yHas ¢ NOMOIIbIO
KoMIiapaTropa

KOMIbIOTCPHBIC TEXHONOTUH

00pa0oTKa JaHHbIX, rpacdrIecKue no-
CTPOCHHS, BbIJIC/ICHHE XapaKTEPHbIX

yyacrxos KBJI-KI1MI, rugponpocity-
MIMBAHHE. ..

C BLIICIICHHEM XAPAKTEPHBIX
TOYEK, MHHOIA € IOMOIILIO
KOMIIBIOTEPA

BCIOMOTaTeNbHble AaBTOMATH3UPOBAHHbIE
KOMIIBIOTEPHbIE TEXHONOTHH — IPOrpaM-
MHBIE KOMIUIEKCHI € HCTIONIL30BAHMEM NPO-
M3BOJHBIX JABJICHAS

YHCIIO OLICHMBAEMBIX, ONPENENIEMbIX
NapaMeTpoB, KayecTBO HHGopManu-
OHHOrO obecneyeHns

kh

’

E .

; (87)

23>

c.np

kh
4unoonee >K K, —:S; [—;
™ B u Kp
CTPYKTypa IIOTOKa...

3aTpaThl HA HCCIICAOBAHUSA CKBAXKWH

OTHOCHTECJIBHO HU3KHE

CPAaBHUTENBHO BLICOKHE

nHdopmaimonnas 3¢ppeKkTEBHOCTE

XopouIas

BBICOKas
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1. TEOPETUYECKHWE U METOJUYECKUE OCHOBBI UCCIIETOBAHMUS
CKBAXWH IO KIII-KBJ

1.1. BHeipeHue rOpH30HTANIBHBIX CKBAaXKHH, HOBBIX TEXHONOIHH pa3pabOTKH CIOKHOIOCTPOECHHBIX
HE(TSAHBIX H rA30BBIX MECTOPOXJCHHUI, C TPYJHO U3BJIEKAa€MbIMH 3al1aCaMH, aHOMaJIbHBIMHA (HEHBIOTO-
HOBCKMMH) CBOHCTBaMH He(pTell BhIIBHraeT HayYHO-TEXHHYECKYIO MPOGIIEMY AaIbHEHIEro pa3sBUTHS
H COBEPIICHCTBOBAHMS KOMIUIEKCAa B3aMMOCBSI3aHHBIX COCTABJIAIONIMX 3JIEMEHTOB FHAPORUMHAMUYEC-
KHX uccnenoBaHuil ckBaxkuH ¥ miaactoB (ITTUC) co cnoxapiME TpaekTopusMu unsTparmu. K Takum
anemeHTaM cucteMbl I'ITMIC oTHOCATCSA TEOpETHYECKHE OCHOBBI (PUCYHOK A3), TEXHAKA H TEXHONOIHA
NpoBEiCHHUs (3aMepbl — PErHCTpalys ¢ IOMOIIBIO IIyOHHHBIX IPHGOPOB H3MEHEHUI BO BpEMEHH 3a-
OOMHBIX AaBIIEHUH, HEOUTOB, TEMIIEPATYpP), METOAbI H NPOLEAYPbl 0OpaGOTKH H HHTEPIPETALUU [JaH-
HBIX IPOMBICIIOBO-3KCIIEPAMEHTAIBHBIX HCCIIENOBaHUH, onieHKa pe3ynsTaToB I'TIC ropu3oHTaIbHbIX
I THAPOIMHaMHAYECKH HECOBEPIICHHBIX BEPTHKAIbHBIX CKBAXKHH.

OcHoeHble npuHIUNUanbabie oTnuyusa IJITC ropn3oHTaNnbHBIX CKBaXKAH OT BEPTHKAJbHBIX 3a-
KJIFOYAIOTCS B HETPATULIMOHHBIX CIIOXKHBIX KOH(HUrypanusix (hHIbTPaLOHHBIX TEUEHHUH, OTIIMYHBIX OT
MIOCKOPaIaIbHBIX IOTOKOB.

Pa3pa6oTaHHble 3a NOCIENHNE OBl BLICOKOTOYHBIE ITyOHHHBIE 3JIEKTPOHHBIC MAHOMETPBI C Mbe-
30KBaplEBbIMH JATUMKAMU [aBJICHHSA B INTyOMHHbIE KOMIUIEKCHI C COMYTCTBYIOIUM KOMIBIOTEPHBIM
obecrieyeHNEM MO3BOMIAIOT HCMONB30BATE NpH aHanu3e faHHbIX [T C memnbr uamenenusn daeaenus,
a 3HAYMT COOTBETCTBYIOIIUE IpoUeNyphl Ha 6a3e jiorapuMHUUecKUX NPOH3BOMHBIX JaBIEeHHA. ITO

r nm1cC

v

enu n 3agaun
rpuc
|

Teoperuuyeckue ocHoBel I'IHUC

I INnauupoBaume T'TUC I

l l

Texuuka 'MUC (upubopnl Texumonorus
u o6opyfgoBaHHE) npoBenenus 'TUC
i i
| 3AMEPHBIE KIJKB] |

v

Mertopgsl pacmudppoBKE H 06pabOTKH NJaHHBIX,
B T.4. C Hcnonb3oBaHueM OBM

v

MCTOHLI aHAalH3a U HHTEPpIONpPETAUHNHA JAaHHBIX

rouc
(.// Anann3 pesyanbrratoB I'THC u ux \\\)
S HCINONB3OBAaHUSA o

e —

Pucynok A3. Crpykrypa cucremsl [THC.
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HCTOYHMUKHN HCXONHON MHOOPMAILNHHU

['eogoriucekie Teodm3nyeckne Hauubie JlaHHbBIE
JIAHHDIC JaHHblE PVT royic
1
1 1 ) N
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MII®C

Prcynok A4. MIT®C u peueHnAs NpsAMbIX 1 0GPAaTHRIX 3aay NOA3EMHON rHAPOMEXIHHKH.

Pe3KOo yIydlIaeT KaueCTBO HHTEPNPETALHH H YBEJIMYUBAET YHCIO ONpEAeAeMbIX TapaMeTPOB IIPo-
OYKTHBHBIX IIaCTOB.

1.2. OcHoBHOI Hay4HO¥ Hfieel HCCIEAOBAaHUA TOPH3OHTANBHBIX CKBaXKHH ABJIAETCA KOHUENIMSA IPH-
OMIKEHHOTO MOJIEIAPOBaHNA HEYCTAHOBUBINHMXCS (PUIBTPALMOHHBIX IIOTOKOB CO CJIOXKHBLIME KOH(R-
TYPaUMsiME TPACKTOPUH TEUESHH MyTEM KX CXeMATU3aIKHA BO BPEMEHHU U MPOCTPAHCTBE NPOCTEANIMAMI
OHOMEPHBIMH (PMILTPAIMOHHLIMH MOTOKAMH H MX KOMOHHALMAMM NPH PElIeHHH OOpaTHLIX 3ajiad
noA3eMHOI rugpoMexaHuky B npunoxeHud K TITUC, a Takxke npu6IuXeHHOE MATEMaTHIECKOE MOJie-
JIMPOBAHUE ¥ CXEMATH3AUHs CIOKHON KapTHHELI (PHIbTPALHH HEHBIOTOHOBCKHX HedpTel 30HANILHO-He-
ONHOPOXHBIMH ILIACTAMHU C MOBIKHBIMHA YCIIOBHBIMM I'PaHHLAMH pa3jiesia 30H GuIbTpauuu HedTH C
PaspyILICHHOH U HE pa3pyLIEHHOA CTPYKTYPOH M ANarHOCTHKA IapaMETPOB 3THX 30H.

1.3. Cospemennbie ITUC paccMaTpuBalOTCsi KaK CHCTEMA ¢ HEONPegeIeHHOCTAMM, KakK cnabo-
CTPYKTYPHPOBaHHAs MPOGIEMa CHCTEMHOTO ananu3a. Takoil CHCTEMHBI MOAXON, CTYKAT METORHYECKIM
cpeacTBoM m3ydeHns npo6iaemsbl ITTAC 1 mo3BonseT KCNOB30BaTh HHTErpaabHbli apdeKT cucreMsl
IIPH CO3AaHAM MAECATH3UPOBAHHBIX MOJICNICH INTACTOBBIX (hUAbTpalOHHbIX cucteM (MIIPC), orpaxka-
IOLUX peajbHble OG'BEKTHI — NPONYKTHBHBIC IUIACThI, B TOM YHCJI€ H TOPU3OHTANbLHBIE CKBAXHHBI CO
CITOKHBIMH TPAEKTOPHSIMH (PHILTPALHH.

1.4. MIT®C - 570 MynbTHAKNCIEILIMHAPHBIH CHATE3 NPSAMbIX H OOPaTHBIX 3ajad OA3EMHON THAPO-
MEXaHUKH, MUKNa HehTera3onpoMBICHOBBIX B APYTHX JUCHMIUINH, ee TpaHchopManuy U opManusa-
IUA IS OPeRJIaraeMoro BhIACTICHAS HOBBIX AMAarHOCTHYECKHX (MACHTH(OHKAUMOHHBIX) NMPH3HAKOB
(OIT) pasubix MIIPC (pucyHok A4) ¢ TeM, 9T00bI, co3aB 6aHK-KaTajor pa3aH4YHbIX IPOTHOCTHYEC-
KHX TeopeTHYecKHX HMATaNuOHHBIX MII®C no 3tum [IIT MoxHO 6bUIO GBI ¢ HaHGONLIIEH BEpOATHO-
CTBIO PaCIIO3HABATh, BHIEIATh alnbTepHaTHBHBIC BapuaHThl MII®C npu o6paboTKe MPOMBICIOBBIX
IaHHBIX (B TOM YHCIIE CO CTIOXKHBIMA TPAEKTOPUAMH JIS rOPH3OHTANILHBIX CKBAXKMH H HX IPOCTEHILIIMEA
COCTABNSIONIAMHE) ¥ MHTEPIPETAPOBATEL — OLCHABATH UX MAPAMETPhI C TOMOILBIO CIENAANBHO pa3pa-
6GOTaHHBIX IPUEMOB U IPOLEAYP IKCNEPTHBIX ONEHOK.

CrnoxHblEe NPOCTPAHCTBEHHbIE KOH(MUTYpauuy TpaecKTOpUH (PHUIbTPaLMH Npefjaraerca npuoiu-
*KeHHO CX€MaTH3UPOBATh NPOCTEHIMIHMHE O{HOMEPHBIMH (PHIIbTPALHOHHBIMH NOTOKAMH M MX KOMOHHA-
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Iloxa3aTenn Ilpamasn 3anaua OGpaTnran 3agaga
HO3eMHON MHPOMEeXaHNKH nonaewmon l‘nnpouexalmlm
I - ucxopHoe puddeperuUanLHOE VI OCHOBHas pacdyeTHas ¢opMyna MI‘I(DC—
ypaBHeHHe, onmuchipaowee MIIPC B : pe3yIbTAT PEeIeHHs] COOTBETCTBYIOMIEH
HauGonee ob6weit popme ) NpsAMOI 3afiay; 3aBHCHMOCTb JaBJICHHS OT .
W3BecTHbI, i BpEMEHH M MapaMeTpoB miuacra MIT@C .

II - MpOCTPaHCTBEHHOE PACIIONIOKEHHE g
3a1aHbL rparay MII®C (1, 1., h, 1,...) VII - aKcriepUMEHTabHbIE 3aBHCHMOCTH

aBJIEHHS OT BPEMEHH
III - mapaMeTpsI IUIACTa U (HIIOHKOB A P

A (3aperucTpHpOBaHHbIX [Ty OHHHBIMU
MII®C (=, khili...) ; madoMmerpamu — KBII-KIIJI) B Buge
IV - HavaNbHbIE U FPAHAYHbIE YCIOBHSL k HGPOBLIX Tabnul, rpadUKOB, JaHHbIX B
MII®C i J emexrpommodmamsra ___ __ _ __ _ _.,

wwwwwwwwwwwwwwwwwwwww VIII - B pe3synbTaTe COBMECTHOTO PELIEHAS
' V aHaNuTHYECKOE BhIpaxenne (popmyna), 4 | aHaNATEYECKOro ypasHerua (VI) n UHCIEHHOTO

' momyYenHoe B pe3ynbraTe ypasrenms (VII) ¢ yserom /111 MITPC
; HMHTerpupoBaHus ypasHeHus (I) npu HaXOXJcHAe (onpefielieane, OLeHKa...):
HckoMble, i yenopusx (I —(1V), onuceiBatomee i — mapaMeTpos miacTta u ¢prougos MITPC (11I);

nojJsiexanue pacnpeneneHHe faBNEHHA B [11aCTeE — MIPOCTPaHCTBERHOI'O PACNONOXEHHA T'PaHHI
HAXOXICHHIO . (CKBaXXMHE) B 3aBUCHMOCTH OT BDCMCHH H . MII®C (I) (rpaHAn®! 30H, COPOCHL...);

: mapametpoB MII®C => OCHOBHAS 4 | —YycuoBHs Ha rPaHALAX MLACTa avy,

‘PACYETHAS ®OPMYJIA MII®C — APYTrHX QUNLTPAMOHHLIX XapaKTEPUCTHK

e MII®C (3akon punsTpanu, THII

4 (UIBLTPAIOHHOTO MOTOKA)

( HuarHocTuueckmni npusHak MIIPC )

Pucynok AS. TTpsimast u o6paTHasl 3aadd NOA3EMHOM rHIPOMEXaHHKH B mpunoxenun Kk ITTAC.

IASMH, 9TO MO3BOJISET 00ECNEeYnBaTh, B KOHEYHOM CYETE, HX NPHOIMKEHHOE MaTEMaTHIECKOE MOJie-
THpOBaHME U U3YUEHUE METONAMH MaTeMaTH4eckol pu3uk.

1.5. K umcny mpocTeimux ogHoMepHbIX T0TOKOB MIT®C oTHOCATCA: TMHEHHBIH (MPAMONUHEHHO-
napanesbHbIN) (punbTpanuoHHbIi oToK — JIPII, (mnocko) paguansubiil — POII, (paguansHo) chepu-
yecknit — COIT u ux komOuHauuK — OWnHHEHHbIH punsTpaunoHHblil notox (BJIPII), nceBgopapuans-
Helil (TIP®IT), nepuop BnustHus cTBosa ckBaxuub! (BCC).

JIuneitnoe guddepeHnuansHOe ypaBHEHIE MEE30NPOBOIHOCTH IS IPOCTENIINX OXHOMEPHBIX ITO-
Tok0B ¥ ux MII®C npepcraBnsercs B BUjie

2
0P JaP_la_}_’, (AD)
32 ror  zot
rie P — naBnenwue; r — paguanbHasi KOOPAMHATA PACCTOSHHES; t — BpeMst; j — KOAGHULMEHT pa3MePHOCTH
MPOCTPAHCTBA ORHOTO M3MepeHus, j = 0; 1; 2 LI MPAMONIMHERHO-IAPAIIIETBHOTO, INIOCKOPaHalb-

k
HOTO ¥ pajualbHO-c(heprIecKoro NOTOKOB COOTBETCTBEHHO; & = ——B; — k03¢ pHIUEHT NHe30NPOBON-
)

HOCTH; [L — BSI3KOCTb (DJTIOM/IA B IUTACTOBBIX YCIOBUSIX; B* — KO3(hUIMEHT YIPYrOEMKOCTH IIacTa.

1.6. Pemenne npsMbIx B 06paTHBIX 3a7a4 NON3€MHOI TMIPOMEXaHAKH M HX COOTHOLICHUE B IIPUJIO-
xeHnu K ITUC c seinenenneM I u Metoponorus o6pa6orku u uurepnpetanuun KIT[I-KB]1 ananu-
3UPYIOTCA Ha IPEMEPE TaK Ha3bIBaeMOro MeTofia 6e3 yueTa NpuToKa (KacaTeabHOM, Hoayaorapugmu-
geckoit anamopgossl, MIH) (pucyHok AS).

2. METOIWYECKUE PEKOMEHIALIMU I1O OMIPEAEJIEHUI0 CKUH-BAKTOPA
10 JAHHBIM KIII-KB[I

2.1. Bnuasaue HeogHopogHocTH mnacta Ha KBJI-KII]/] npu miockopaguanbHOM IPATOKE K CKBAXKHU-
He, HaxofsIIefics B IIEHTPe KPYroBoii 30HbI pafilyca I, (C mapaMeTpaMi K, U 1,) B GECKOHEYHOM IIJIacTe
¢ nporunaemMoctsio k, n3yyanocs B. H. llenkauyeBbim (1951 r.), I'. 1. Bapen6narrom u B. A. Makcn-
MOBBIM (1958 r.) B gpyruMu ncciegoBaTeNsAMH (aHAIM3APOBAIIOCH ORHOBPEMEHHOE BIIUSIHHE HEOTHO-
POMHOCTH ¥ HOCHEIKCIUTyaTaHoHHOTO NpUTOoKa — BCC). Yuer aToro Buia HEOGHOPOTHOCTH, HO CyIIle-
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CTBY CKHH-(PaKTOpa S, OCYIIECTBIAETCS Yepe3 NMPHBENEHHBIH PaTuyC CKBAXUHBI Iy, B PAa3IHUHBIX
¢opMax 3alucu:

k k_y
A S ¢ 2 O DY )
I, op — (rs) I, = rc(rs) =re =re ’ (A2)
rae
S = (5— l)ln5 ~ CRUH-(paKTOP, (A3)
k, I,

I, — Pajdyc TMIPONHHAMMYECKH COBEPINEHHOH CKBaXuHBI;, C,,, — K03¢(h(HIMEHT NONOIHATENLHBIX
(HIBTPAaLMOHHBIX COIPOTHBIICHUIL.

HccnenoBanns nokasand BO3MOXKHOCThL ONpEflEeIEHWs mapaMeTpPOB YAAJleHHOH 30HB! Ilacra 1o
npeo6pasoBanHbIM rpacukaM KINJI-KBJI ans Gonbluux 3HaueHUil BpeMeHH t. OLEHUBas I, MOXHO
CYAMTBH O COCTOSIHHM Npn3aboiiHoit 30HkI macra (II3I1).

2.2. Kax m3BecrHo [5, 7, 8, 31, 36, 67 n np.], ocHOBHas pacyeTHas popMyina ana o6paborkn KITH-KB]]
IO TIPOCTeMIIEMY M IIMPOKO PACIIPOCTPAHEHHOMY TPafHLMOHHOMY MeTony 6e3 y4eTa nIpuToka (T.H. [omny-
norapugMudeckoil anaMmopgo3bl, KacaTeasHod, MIH) Ha 6a3e miI0CKOpaguaabHOIO IPUTOKA XUl
KOCTH K CKBaXKMHE MMeeT BUA:

AP, 0) = %’;{‘T‘(lnzﬁff +In t) ~A+ilgt, (Ad)
cmp

OTKyfa ¢ yueToM (A2) u (A3):
S = 1.151[—Ai.°(t—)-1gt-1og§-0.351]. (A5)
1 I,

Y3 bopmyinel (A4) cnenyer, 9To rpaduyeckoe H3o6pakeHne 3aBHCHMOCTH N3MEHEHHS NaBlIeHUs B
ckBaxure (KIIN-KB) ot norapucgma BpemeHH (T.H. nonynorapudmudeckas anamopdo3sa) npen-
CTaBISETCA C HEKOTOPOro MOMEHTA BpEMEHH MPAMOIHHEHHBIM rpathuKoM (CXeMAaTHYHO NPEACTABIIEHO
Ha pucyHKe Al, rie no ykiaoHy rpauka i ¥ OTpe3Ky A, OTCEKaeMOMY Ha OCH OPHMHAT IPOROJIKEHAEM
TIPAMOJIMHEHHOrO YyJacTKa rpaduka, BO3MOXKHO ONpefic/icHNe NapaMeTpoB IUIacTa).

ITpocreitmuii TpagHIUOHHDIA CIOCO6 OIIEHKH IApaMETPOB MAacTa N0 (PaKTHIECKAM JAaHHBIM, 3aMe-
pensasiM KTTJI-KB]I (mocne mycka cKBaXXHHEI € = CONst HIH OCTaHOBKH CKBaXKHMHBI, IOJITOE BpeEMS pa-
6GoTraBiuei c q = const B P, = const), cxeMaTaueckH (110 peKOMEHAALNH GONBLIINHCTBA paHee OmyGnHKo-
BaHHBIX HHCTPYKUHA ¥ METOAHK) 3aKIII0YAETCS B CIEAYIOIEM:

1) pakrraeckas KII[I-KB]I crponTcst B monynorapuMuIecKux KOOpPIHHATAX;

2) no HaHECEHHBIM TOYKaM Ha rpacdHKe BbIieAsIeTC (HAXOMUTCS) NPAMOIHHENHBINA y4acTOK rpadu-
xa (B mpocTe#IeM ciydyae BhIie/IcHNe NPAMOIMHECHHOro y4acTKa NPOU3BOAMTCA “Ha rna3” — NpoBo-
IOHTCS KacaTeJbHas I TOYEK B IIO3[JHAEC MOMEHTHI BPEMEHH — IO NOCJIEAHAM TOYKaM; IO METOAY Ha-
HMEHBIINX KBafipaTOB C NOCJIEOBATEIbHBIM OTOpachIBaHHEM HaYaJIbHbIX TOYEK U ONpeNesICcHHEM KO-
3¢hPUIMEHTOB KOPPENANMA WK C NOMOIIBIO 60Jiee CIOXKHBLIX NPOUEAYP JNHEHHOro U HEMHEHHOro
PErpECCHBHOIO aHAJIN3a H Jp.).

3TOT MYHKT BBI3BIBAET HEONPENEICHHOCTh H OIUMOKH B HTOTOBBIX pe3yibTatax. HavanbHslil yyac-
Tok KITJJ-KBJI MoxeT ACKaXaThcH 32 CIET BIHSHUSA NPOLEeccoB B CTBONE ckBaXXuHbI (BCC) u cKuB-
cakropa. O6BIYHO BpeMsl KOHIIA 3TOTO BIMAHHAA H Ha9alla HEHCKAaXXEHHOTO INIOCKOPafHaJIbHOTO IIpH-
TOKa (KOrfia CHpaBe[IuBO ypaBHEeHHE (A4)) HeN3BECTHO. 3a NPAMOIHHENHBIN Y4aCTOK OMIRGOYHO MO-
KeT ObITh IPUHAT APYTOA YYACTOK C OTIMYHBIMH i} H A, OT Je#CTBHTEIBHOTO H NPaBUIILHOTO;

3) 3aTeM N0 NPAMONINHEHHOMY YIacTKy (MMEETCH B BUAY NPAaBUILHO ONpPENe/IeHHOMY) HaXOfIAT YHC-
JICHHbIC 3HAYCHHS €T0 YKJIOHA i B A;

4) nonaras, yro ¢pakTuyeckasa KIIJ-KB]I coorserctByer MII®C, onmchiBaeMoil ypaBHEHHEM (A4),
TPUHAMAIOT:

i= L

i= 01832, (A6)

A = ig2B%, (A7)
T
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5) ¥3 3THX COOTHOLIECHUIA [1O HAUIECHHBIM i, A H H3BECTHBIM — 3aMEPEHHBIM (| OLEHUBAIOT THIPOMPO-
BOJHOCTD:

kh _ 0.18329 (A8)
n i
H KOMILTEKCHBIH IapaMeTp
® 1 T
— T — M A
2 2.25 10°; 49)

cnp
6) MHOITA MpeIaraeTCs MOCAEAYIOMEe PACIICHEHHE 3THX KOMILIEKCHBIX [TapaMeTpOB, IPUHEMast
M3BECTHBIMU 3HAYEHHS BA3KOCTH L (IO JaHHBIM J1aGOPaTOPHBIX HCCIEROBaHUM P06 XKUAKOCTH), TONI-
IMHBI I1acTa h (10 AaHHBIM reO(M3UKH UM PacXOTOMETPHUH), IOPUCTOCTH M, ynpyroeMxoctd B* u
K03(h(pUIHEHTOB ITUAPONUHAMUYECKOTO HECOBEPIIEHCTBA CKBAXHHBI, C [EJIbIO OLIEHKH KO3 hHIHEH-
TOB IPORYKTHBHOCTH (PHEMUCTOCTH), IEE30NPOBOJHOCTH & M CKUH-hakTOpa S 1o opMyite (AS) unu
IPHBENEHHOT'O pajinyca CKBaXKUHbI

(A10)

Ouensb yacro, ecmu KIT[I-KB]] “kopoTkue”, T.€. 3aperHCTPHPOBaHbI B TEYEHHE KOPOTKOIO POMeE-
KYTKa BpeMEHH, MEHBIIETO YeM BpeMs OKOHYAHUS BIMAHMS cTBOJIA cKBaxXuHbl — BCC 1 S, u Havana
HEHCKaXEeHHOTO IIOCKOPaJHalbHOIO NPUTOKA, TO 3a [JEHCTBHTENBHBIH NPSIMOJIMHEHHBIH Y4acTOK
0OBIYHO MOXKET ObITh IPUHAT APYroit OMKGOYHbIH (HAIlpHMED, € YKIIOHOM i; M A Ha pucyHke Al). [la-
e HeGonbIuast OInGKa B OUPEeICHUM YKIOHA i) IPUBOJMT K 3HAYATEIHHBIM OIHOKAM B OEHKE OT-
peska A;, a UX OTHOLIECHHE ‘B CTENEeHN BXORHUT B BeipaxeHue (A10). B aTux ciyyasix MOTyT NOJXy4aTh-
¢ MaNOOGBSCHUMBIE YHCIIOBLIE 3HAYEHHA T, U S. [ToaToMy, BO H36€XaHne HEOPa3yMEHHI, IPH HH-
TeprpeTaiiuu AaHHbIX [TIVIC BenuquHse! S U 1, ;) HE BHIYIECHSIIOTCS, 8 HHTEPIPETAlUs] OKaHYMBAETCH HA

OlIeHKEe KOMILTEKCa , (pU3HYECKHUA CMBICI KOTOPOTO AOCTATOYHO CJIOXKHO MHTEPNPETHPOBATH H

2
I, np
IPUMEHSATH Ha NPAKTHKE.

T'opaspo nonaTHee (pU3AIECKHMI CMBICT CKHH-(DAKTOpa S — OH MOXXET CBUACTEILCTBOBATH O CTENEHU
CHIKCHUSI (H3MECHEHHS) MpOHMIaeMocTH kg B 1pu3a6oiiHOil 30HE O CPAaBHEHHUIO C IPOHALIAEMOCTHIO B
yAaJNeHHOMH 30H€e IUIacTa WIA XapaKTepH30BaTh NONOIHUTEbHbIE (PHIBTPALMOHHbIE CONPOTHBIICHMS B
1acTe. DTO MOXKET CIYKHTh OCHOBaHHEM i oueHku cocrosimmst 131 u mpoBencHus, HalpUMeED,
I'TM no yBenmmuennio kg (I'PII, CKO u ap.).

Brimen3noxeHnblil npocreiiliuyii MeToy| ObUI NPEAJIOKEH OHEM M3 IEPBBIX U ABIACTCS TPagULH-
OHHBIM B OOIIENPAHATHIM.

2.3. OcHOBHasI TPYAHOCTB, CTIOXKHOCTE I HEONIPEACIEHHOCTD 3TOr0 CHOC06a B H3JI0XKEHHOM BapHaH-
Te 06pabOTKH 3aKII09aeTCss B HEOOXOAMMOCTH IIPEBAPATENLHOM OLEHKH BPEMEHH t;, HAYNHAS C KOTO-
pOoro Hy>KHO BBICHATh NPAMOIHHEHHBIA yyacToK rpadpuka KB]I (cM. 1. 2). 3To BpeMs t; Ha 3aMEpEH-
Heix KITJI-KB]] 3aBucut OT psafa ¢pakTOPOB, BLI3BAHHBIX HECOGIIONCHNEM BHYTPEHHIX TPAHAYHBIX yC-
JIOBHH O MTHOBEHHOM 3aKPBITHH HJIH IIyCKE CKBaXKMHBI (BJIMSIHHE CTBOJIA CKBaXKUHbI H Ap.), KOTOpbIE
MOryT HCKaxXaTh HadanbHbIe ydacTKH KB]I, u He yunThIBaromuecs B ypapHeHHH (A4). Tak, ecnu t; > t,
to Takue “KopoTtkue” KBJ]I Henp3s 06pabaThIBaTh BHIMIEN3TOXKEHHBIM CIIOCOGOM (XOTS NPSIMOHEHEH-
Hblil y4acTOK (pOpMaJIbHO MOXET GbITh BLIIENIEH COTJIACHO II. 2).

2.4. B paboTax oTeueCTBEHHBIX H 3apy6eKHBIX HCCIIEOBATEIICH METONl 63 yYeTa NIPUTOKa OMY I/
JalbHelIIee pa3BATHE C LENbIO YCTPaHEHAS 3TOH HeoNnpeAeIeHHOCTH B 60iee 0G0CHOBaHHOTO BBIGO-
pa BpEMEHH I Hayasia npsMoinHeiiHoro yyactka KBJI B monynorapagpMuyeckux KOOpIMHATAX.

Tak, Agarval ¢ coapropamu (1970 r.) monyYnId aHATATHYECKOE pellIeHUE 3aiaui O MyCKe CKBAXM-
HBbI C Y4€TOM CKHH-(haKTOpa S M NMPH q = const B 6eCKOHEYHOM I1acre B 6e3pa3MepHoii popme.

B pe3ynbraTe aHanu3a, 3a1aBasch 3Ha4E€HHSIMH Ge3pa3MEPHBIX NapaMeTPOB Obljla pacCYMTaHa U II0-
CTPOEHa cepHus YHUBEpCalbHbIX KPHBLHIX (type curves) B OmnorapugpMuyecKux KoopamHaTax [lgtp,
1gPp(tp, Cp)]. AHanu3 3THX YHHBEpCaJIbHBIX rpapMKOB NIOKa3al: BIUsHHE CTBOMA cKBaxuHbl (BCC) BO
BCEX CIyYasix 3aKJIFOYa0Ch U NPOSIBIISIOCH B TOM, YTO HaYaJIbHBIC YYACTKH YyHHBEPCAIBHBIX I'Pa(pUKOB
B GunorapuMHIECKHX KOOPAMHATaX IPEACTaBISUINCE B3aHMHO HapaleIbHbIMH NPIMOIAHEHHBIMU
rpacpuKaMH ¢ YKIOHOM, paBHbIM €AHHHIIE, T.€. HOJ yritoM 45° (JITI):

i=1.0
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I I ’ oI

i 1S nmxna ] ]

|
|
/

lgy lgty 1g ti lgt
Pucynok A6. Bunorapudmadeckuit quarHocradeckuit rpaguk KITN-KB]T upesTHOHKAMA pEXAMOB TEYCHHS, THIIOB

¢UILTPaIHOHHLIX HOTOKOB.

U B 9TOT MEPHOJ C HOrPENIHOCTHIO 10 5% Ge3pa3MepHble napamMeTpsl Pp tp, CBI3aHbI NPHOIHKEHHBIM
COOTHOIICHUEM:

tp
PDEC—D, (All)
rae
oC 2nkh ? r
Cob=——; Pp==——AP; ty, =%; rp = —; (A12)
P oCehr? ®” qBu PR P

T.e. rpacux ynkimu (6) B koopanHaTax [t, AP] o6nanaeT Temu xe I, 4To 1 4713 n1ocKOpagnanbHOro
NOTOKA. _

Kpome Toro, uist paguaibHOro GUIbTPalOHHOTO MOTOKA, KOTOPOe NMPUGNMKEHHO HAUNHAET IPO-
SIBATBCA Ha YHUBEpPCAJILHOM rpacuke B GmroraputMuiecKuXx KOOpAMHaTax dyepes 1.5 mukna nocne
okoH4aHus Busiaust BCC, aTa 3aBHCHMOCTb BhIpaXkaeTcs:

P, = 1[1nt—‘° +0.80907 + 1ncDe25] . (A13)
2l Cp

B stux dropmynax ucnonssytores obmenpurgreie B Teopuu [IVIC oGo3nauenns: Py, tp, Cp, 1p —
6e3pa3mepHblie qaBICHNUE, BpeMsi, KO3(h(UIUMEHT yueTa BaUsSHAS CKBaXUHbI H paauyca; C — koaddu-
LUEHT BIHSHAS CTBOJIa CKBAXKHHBI; () — MOPUCTOCTh; C, ~ KoadpunueHT obieil cxxuMaeMocTH GIIouaa
B CTBOJIE CKBaXKUHBI; O ~ KO9(h(PULMEHT, 3aBUCAIINI OT CHCTEMBI EHHHI] H3MEPEHHUI.

2.5. Bunorapudmmyecknit rpadpux KITI-KB]] o6nanaer nneHTA(AKAINORHLIME cBolicTBaMH (JIT)
¥ Ha3bIBACTCH HUATHOCTHYECKMM (PHUCYHOK A6), TaK KaK MO3BONAET PACHO3HABATH Pa3iIMdHbIE THIL
¢uneTpanuoHHbIx noTokoB. Ha aToM rpaduke KBl MOXHO BBIEENUTH YeThIpe yyacTka: [ — Hayans-
HBIH NPSIMOIMHEHHBIH ¢ YKIOHOM i = 1.0 (OIT) (ox yriom 45°) ¢ Hauana KOOpAHHAT HO t; (BpEMEHH
okoH4auuss BCC); II - KpHBOJIMHEHHBIHA NepeXORHBIN IPONOIKHTEILHOCTLIO MEXY BpDEMEHAMH ) H tyj,
OLIEHHBAETCs “IMIHPHYECKUM NpaBuiaoM” B 1.5 nukina (JTI), nomy4eHHBIM U3 aHAH32 YHABEPCAJIBLHO-
ro rpaguka; Il — cpegnmit KpuBONMHeiiHbLA, XapakTepu3yeT POII, Tak Kak 37iech COpaBeiIABO COOT-
HomreHue (A8), a cnefoBaTenLHO, U MeTouKka oGpaboTku KIIJI-KB]] Ge3 yuera nprToKa B onynorapudg-
MHYECKHMX KOOpDJIMHATAX; OLEHUB BpeMd ty (Hayaiga PPII) no mparHocTyeckoMy OGmimorapuMim4ecKoMy
rpacuky (JITT), MOXKHO onpeReNnaTh napaMeTps! IwiacTa no rpacduxy KITI-KB]I B nonyrorapahMayecKHx
KOOPAMHATAX, IIPH 3TOM CHHMAETCS OCHOBHAst TPYAHOCTEL H HEONMPEAEICHHOCTh NPOBEIEHNS IPAMOJTHHEH-
HOTO Y4YacTKa rpauka no Merogy 6e3 yyeTa NMpPHTOKa — €ro Haflo MPOBOJHUTE, HAUHHAsK C BPEMEHH 1y,
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HaliieHHOTO N0 IMArHOCTHYecKOMY rpaduky; IV — KoHeuHbifi yuacToK rpaduka, KOTOPbIi 3aBUCHT U
XapaKTEPU3YET yCIOBHS HA BHEIHEW IrpaHUIE MIIaCcTa.

Bpemst mposiBiIeHAS IIIOCKOPAJHAILHOIO TEYEHHS TaKKe OIpeNeNsseTcs ¢ MOMOolbIo rpacduka Jo-
rapupMHuIecKol IPOM3BOAHOM 3a60HHOTO KaBIeHUs B GunorapuMHUYeCKHX KOOPAUHATAX ISl IPAMO-
JMHEHOTrO y4acTKa ¢ YKIOHOM i = 0.

JTT nast uckomoit MIIPC cpenu Mopeneii-KaHIHRATOB CIYKUT BbICOKas CTENEHb COBIAfieHUS COOT-
BETCTBYIOIIUX rpacukoB. OTMEYaeTCs, YTO HEONpeENeNeHHOCTh H HEOMHO3HAYHOCTE B Bh1Gope MITPC
(#a Oa3e penieHUs 0OpaTHOH 3aiauy NOX3EMHON THAPOMEXAHUKH) YMEHBIAETCS C YBENHYCHUEM YACTA
ucnbIThiBaeMbIx MIT®C-kanpugaToB U3 O6IKMpPHOro 6aHKa (KaTajlora) faHHbIX HHTepnpeTaropa. s
BbIOOpa M AMCcKpuMuHanul MIT®C-xaHIUAATOB MOTYT HCMONB30BAThCA pa3lIHYHLEIE METOIBI — KOppe-
ASALMOHHOTO CXAaTHsl, PETPECCUBHOIO aHAIA3a, ONpeieICHAs IOBEPHTENBHbIX HHTEepBanos U T.J4. C ne-
nbio co3fanms TeopeTndeckux MIT®C npu npuGamkeHHOM MaTEMaTHYECKOM MOJENHPOBAaHHH OTO-
KOB CO CIIOXXHBIMHU TPACKTOPHSIMHA TCUEHHS H HX MOCIENYIOLLErO HCCIEAOBaHUs H aHAIH3a IyTEM 3aMe-
HBI CIIOXHBIX TPAaCKTOPUH TE€YECHHS NPOCTHIMH ONHOMEPHBIMH (PHIBTPALHOHHBIMH NMOTOKaMH H HX
KOMOMHALUAMH, IPOBELEH TCOPETHYECKUN aHAIM3 PA3NUYHbIX HEYCTAaHOBUBLINXCA MPOUECCOB Mepe-
pacnpefie/iCHUs AaBIeHHs B OMHOMEDPHbIX (PUIbTPANUOHHBIX NOTOKAaX H HX HEKOTOPHIX KOMOHHAIMMH
711 BbIIETIEHHS! HOBbIX HACHTU(DHUKAIMOHHBIX XapaKTEPACTHK M NUATHOCTNYECKUX NPH3HAKOB.

3. TEOPETMYECKHME XAPAKTEPUCTUKHN U MTUATHOCTUYECKHUE ITPU3HAKH
PA3JIMYHBIX MOOEEM OMHOMEPHBIX ®UJIbTPALIMOHHBIX IIOTOKOB

3.1. B Tabnune A2 B KadecTBe npuMepa npusenienbl ganable ans KINM, rae I — ykion npsaMonn-
HEHHOTO yJacTKa rpadukKa.

W3 ananuza Tabmnusl A2 cnepyet, yro KITI-KBJ]I ogHOMEpPHBIX IOTOKOB MOXKHO IIPENCTABATH B
006001IeHHOH YHUBEpCaJlbHOU hopme:

P, = Atcty, (A14)

rfe ¢ 1 A — HEKOTOpbIe NIOCTOSIHHBIE TapaMeTPhI KaXXHOT0 TUIa ONHOMEPHOTO (PAIBTPAIIMOHHOLO MO-
TOKa; N — IIOKa3aTeNb CTENeHN 6e3pa3MepHoro BpeMerd (n = 1.0; 0.5; 0.25; (-0.5) u 1.0) — cooTBeTCT-
BEHHO JJ151 IEPHOAOB BNUsIHUA cTBONA ckBaXknHbl (BCC), JI®II, BIAPII, CPI1 u ITPPII.

3.2. na paneHeitmero anamuza KITJI-KB]I ucnone3yercs Tak Ha3biBaeMas Jorapucgpmmdeckas
npousBofHasa 3aboiHoro paBnenms (JIIIJ), koTopast 6bina mpepnoxera D. Bourdet ¢ coaBTopamm

Ta6mma A2. OCHOBHbIE CPaBHUTENBHEIE TeOpeTHYecKNe xapakTepucTuky (IIT) mpoueccos nepepacnpeneneHus
nasnenns (KIIT) B pasnuudbix MIT®C ognoMepHbIX (PUILTPALOHHBIX IOTOKOB

KoopaunaTs! IIIT — 3HaueHHe YKIOHA
Tums1 ORHOMEPHLIX Ypapuerus KIIJT XapaKTePHCTHYECKOTO OPSMONHHEHHOTO
HOTOKOB B Ge3pa3MepHOii popme rpaduka rpadua i
BIMSIHHAE CTBOJA _b [1gt, 1gAP()]
CKBASKHHET Py = EIT) ft, AP] ¢ 1.0 paHHue y4acTKH
IPSIMOJIHHERHO- _
napanienbHbIi Pp, = Jmtp, [/t AP.(1)] 05
OUNMHEAHDLA Pp = C,t2% (4 AP(1)] 0.25
. _1r tp 28 HaIMYHe NPSIMONHHEHHOro
IIocKOpaguanbhbil | Pg = E[ln ron +0.8097 + InCpe } flgt, 1gAP(t)] yaacrxa
" 1
paguaIbHO _ 05 — -
coepudeckuit Pp = Cytp [ T APC(I)] 0.5
06061 HHBI P, = Atcty
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(1983 r.) (Tonbko aist POTI). B ocHoBHOE AuddepennpmansHOE ypaBHeHue (A1) B 1€BOM YaCTH BXOTUT

JP
nepsas npoussofiHas = no spemeHH (I IT]T), koTopast (pU3MIECKH XapaKTepH3yeT CKOPOCTh H3MeHe-

ot
HHUA JaBJICHUSA BO BpPCMCHHU.

3.3. IlpuMeHeHMe BBICOKOTOYHBIX ITyOHHHBIX MAHOMETPOB C Mbe30KBapLEBbIMH CandupOBLIME
MaTYMKaMH HO3BOJISET HU3MEPSATh CKOPOCTb, TEMI H3MEHECHHS JABICHHA BO BPEMEHH, BBIYMCIATD H
CTPOHTH IpacuKH NPOU3BORHBIX AaBieHus g pakTnyeckux KII[I-KB]I, T.e. np# aHalu3e U HHTEP-
nperanuu npoMeIcnoBbix JaHHeIX KTTI-KB]I Kak OBl “pacmienuTs” TeOPETHIECKYIO H (PaKTHIECKYIO
KB/l u K HuM fo6aBuTh cooTBeTcTByOmMUe Kpussle JIII. Uccneayrores 1 comocTaBasitoTes noBefe-
Hue niacra u TeopetHdeckux MII®C ¢ moMolpio YeThIpeX YpaBHEHHIA, a He JBYX, KaK NPH OObIYHBIX
TPAJHUUHOHHBIX MeToAax. IIpH 3TOM NOBBIIAETCS TOYHOCTh M YMEHBILAETCS! HEONpPeeIEHHOCTh HHTEP-
NpeTany faHHbIX. Jlorapudmuyeckas npouspogHas nasieHus (JITI) MoxeT ObITh 3aMHcaHa B BUJIE:

0P, _ 3Py

APp = S = 03y,

(A15)

Ans ypaBHenus (A 14) nmeeM

a(cth)
otp

Ha ocHoBaHuM NpUOTIKEHHBIX aHATUTHYECKHX 3aBHCUMOCTEH Moydensl ¢opmyasl JITT] ans pas-
nuysbIXx MIT®C oproMepHbIX NoTOKOB ¥ uX [IT1, KOTOpBIE MpenIaraeTcs HCHOMB30BATh IS “Pas3iioxe-
Hus, “pacwieHeHHs” BO BpeMeHH ImpoMbIcioBbix KIT-KBJI co cI0XHbIME TPaeKTOPHSME (PHILTPa-
IMH (FOPH3OHTANBHBIX CKBAXKMH) Ha COCTaBJISIOIIHME ONHOMEPHbIE NMOTOKH C MOCNENYIOIIEH OLEHKOM
MII®C u ux napameTpos. [ 310 Xe Uenu pa3paboTaH TPAHCIOPTHP-HAEHTH(PHUKATOp—aHANN3a-
TOp, YHUBEPCAJIBbHBIN OHMIOrapH(pMIYECKHil TEOpEeTHYECKHIT AMarHOCTHYECKMIT rpa(puK, KOTOPBIA CpaB-

HMBAETCS B3aMMHBLIM HAJIOXKEHHEM C TPAHC(POPMHEPOBAHHBIM (PAKTHYECKHM CHIIOraprMIUIECKHIM Ipa-
¢ukom B koopauHarax [lgt, IgAP.(t)].

APy = tp, tpenty L (A16)

IIpepnoxensl Takxe NpHOIDKEHHbIE (hopMybl 1A rpachHdecKoro u YHCIeHHOro Audgepenun-
poBanus pakTdeckux gasHbIx IIIUC npn Beruncnennu JIPII B cnyqae KITJI n KB]I.

Hcnonp3opanne ¢pyskmuu I I1]] = %l-: MO3BOJIAET BLIABUTH Te y4acTKH aktrueckux KITI-KB]I,

KOTOpBIE HCKaXeHbl NOOOYHBIMH “HIyMaMH H noMexaMu” (“rop6aMi’) H yIHTHIBATh 3TH HCKaXKEHHbIE
yJacTkH npu oSpaGoTke m maTepnpeTanun. TeopeTnuyeckas KB]I npencrasnsier co60if MOHOTOHHO

BO3pAaCTaOLIyIO BO BpeMeHH pyHkumio, [ T11 = %’ ~ XapakTepH3yet co6oii ykioH rpadukoB KIT[I-KB]T

B JIEKapTOBBIX koopamHaTax [t, P] u sBnseTcd MOHOTOHHO yGbIBalomiei ¢dyHknuei. Bo3pacranue
¢ysxnmn 1 T1]] Bo BpeMeHU CBUAETENBCTBYET O NposBicHHU H BiusgHHM Ha KBJI-KIIJ1 mo604HbIX (hak-
TOPOB, HE CBA3aHHBIX C IOBEICHHEM IIacTa, HcKaxatomux “uctunHyio KBII-KIIJ1”, a ciegoBarensHo,
3aTPyRHAIOIMX KOPPEKTHYIO HHTepnpeTanmo fanHbix IJHC.

4. METOOIUYECKHUE PEKOMEHOAIITN
110 INTAHUPOBAHUIO THOPOJJUHAMUYECKUX UCCIENJOBAHUN CKBAXWH
(BBIBOP THUIIA I'THAC, INIAHNPOBAHHE TEXHOJIOTHH
N KPUTEPUH BBIBOPA TI'TYBUHHBIX ITPUBOPOB)

4.1. Pa3paGoraHsl MeToqUYeCcKie peKoMeHfanmy no mianuposannio [JVIC (Be160op Tuna I'THAC,
JIAHKPOBAHHME TEXHOJIOTHY, KPUTEPUH BbIGOpa IMTyOHHHBIX IIPHOGOPOB U 0GOPYNOBaHUs) Ha 6a3e aHa-
JIM3a HEYCTAHOBHBIIHMXCS IIPOLECCOB B IOTOKAX CO CIIOXKHBIMY TPAcKTOPHSIMHU DUIbTpanuy u 06006ime-
Hus oTedecrBeHHOro u 3apy6exHoro onbita IJJVIC no KIIJ-KB]] 10TOKOB ¢ OCIOXHEHHBIMU TPaeK-
TopuAMHA TeueHuns (Tabnuia A3).

ITnannpoBaHue TEXHUKU ¥ TEXHOJIOTHH THAPOMHAMHAYECKHX HccenoBanuii cksaxuH mo KTI[I-KB]I,
PEKOMEHIYETCS. IPOBOAMTE B CIIEAYIONIEH MOCIE0BATEIbHOCTH:

~ CHHTE3HPYIOT (DACCHUMbIBArOM) HECKOAbKO 8APUAHMO8 2Unomemudeckux (meopemuyieckux)
KIIJI-KBJT,

46



P11 153-39.0-109-01

Ta6énaua A3. Texnuka u Texaonornsd FTTAC

TEXHUKA 1 TEXHOJIOTWA I'TUC

1. Cunre3 BapnanTos runorerwieckux KITI-KB/I, 3agasasics g, W, k, h, 2, T, ¢, S, 1o pp = rees,i= 4;1‘:-%1 B

paccumTbiBass AP (t) — cTpoAT rpaduKn H OLECHHBAIOT BapHaHT, OO0ECNEYHMBAIOIHAI YBEPEHHOE
onpepeneHne napamerpos MIT®C.
2. M3 anann3a ynuBepcanbaoro rpacguka - AGARVAL (1970) — oneHnBaror:

s KT ama KBJT
¢ 200000 + 12000S C 170000ce’ 1S
Hau. IVIOCKOPA, HOTOKa ~ T Laay. mockopan. notoxa > T
v (%)
ouCA ouCA
twon. mnockopas. noroxa ~ 55002637k 'PA) teon mmocxopsn noroxa 515007637k DA
BpeMs KOHIIa IPOSBIICHHS ILIIOCKO- BpEM#1 KOHIIA IPOSIBIICHUA ILIOCKO-
PafMagbHOro MOTOKA PaAHaJIbHOTO IOTOKA
(o inacra b Tigt, ABDI {55 iacta b [igt, AP (D]
JUISI CKB. B IEHTPe 3aKPhIT. KPYT. ILIACTa! AJIA CKB. B HEHTPE 3aKPhIT. KPYr. IUIacTa:
(tpaA)IIBKg = 1.1; A = [Sqf]t (tpDIIBKg = 0.04 (cnen. Tabu.)
380¢pC,A 15.17¢pnC,A
Leon. NM0CKopaj, NOTOKA ~ T teon. IIOCKOpaj. IOTOKa T
AV _ gBAt . _1 2(0z
Koad. pnuan. crB. ckB. (BCC) —» C= AP = 24AP - VersonaCo Cgaz = 5 7\5p X
C, = SCou+SyCy, +8,Cy; Cp = e—=—
2TCihr,
S — HachIEHHOCTD, Ca — KaXKyINasacs CXAMaeMocTh ¢monpoB (HedTH, BOALI A ra3a)
O6pabaThiBas 1. [AP(1), 1gt) — yxmoH (m) = (i) = iﬂgﬁq—]}—"—l — YYBCTBHTEILHOCTH Tp6GOpa
CHHTE3UPOBaHHbIE
I'pa(bHKH» Lxon .
OTpeeNAIOTCSA 2. AP= imlgt— — pa6Gounii ;Mana3oH MAaHOMETpa
METpPOJIOTHYECKHE a1
XapaKTePHCTHKH 3. tyay B t,o, — HEOOXOEMOE BpeMst paGOThI MaHOMETpa Ha 3a00¢, obecnieynBalolLlee
ans nog6opa NoJIydeHne “NMpaBHILHOrO” NPAMONAHEHHOrO y4acTKa IUIOCKOPajualibHOro OTOKa
TyGHHHOTO 4. Heo6xouMo nmnanuposaTsh 2 makiia IIVIC ais yBepeHHoi HHTepIpeTanul
MaHOMETpa nanusix. [Tone3no 3akpeITHE CKBaXWH Ha 3a60e

— 3aJaI0TCAA HECKOILKHMH BapHaHTaMH YHCIICHHBIX 3HAYCHHH MapaMeTpOB IUIACcTa M CKBaXKMH (Ha
OCHOBaHHM OMBITA MPEBIRYIMX HCCIENOBaHAN JAHHOTO MECTOPOXHIEHHS WIH MO aHAJIOTHK) — q, 1, k,

qu .
4nkh’

— OLIEHMBAIOT BpeMsl Hayala U BpeMs KOHI[a IEPHOJa INIOCKOPaHaILHOTO TEYCHAS N0 COOTHOLIIE-
HAAM, NIOJIyYEeHHBIM B pe3yibTaTe aHaum3a yHuBepcaiabHoro rpaguka AGARVAL (1970) pasa cnyvas
KIT[I u KB]I (mpencraBneHHbie B Tabauie A3). Ilns 3T0oro npegBapHTENbHO HYXXHO OLEHATHL K03 dhn-
LMEHT BIMSAHUSA CTBOJIA CKBAXXHWHBI 1O (hopMyliaM, IPHBENCHHLIM BhllIe B Tabmune A3;

— N0 TeopeTHYECKHM (POPMyJIaM I pa3HYHBIX MOJic]IeH IIacTOBEIX (PHIBTPAMOHHBIX CHCTEM
(MIT$C), nanpuMmep, THna (A4) unu NpefcTaBleHHbIX B Tabnane A3, uim 0o dpopmynaM uia Gonee
CJIOXHBIX MOReNeH, HOJy4YEeHHBIX METOOM CYTICPIO3HIINH, PACCYHTBIBAIOTCA HECKOIBKO BapHAHTOB

h, e T,¢s 1 ,=re%i=
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runorernyeckux KITJI-KBJI ¢ 3agaHHbIME B H3BECTHBIME ITapaMeTpaMH IIacTa H CKBAaXKUH C Y4eTOM
BpEeMEHH NPOSBIEHUSA III0CKOPaaIbHOr0 (hUIBTPALMOHHOrO II0TOKA;

— OLEHUBAIOT BpeMsI Hadyalla i BpeMs KOHI[a IIEpHOAa MIOCKOPagHaIbHOTO TeYEeHHS 0 COOTHOILIE-
HUSM, [TOJTYYEHHBIM B pe3ysbTaTe aHalu3a yHuBepcanbHoro rpagpuka AGARVAL (1970) ana cayyas
KIIA u KB]I (mpepcrasnennble B Tabnuue A3). s 3T0ro npegBapuTeNbHO HYKHO OLEHUTH K0addu-
L[MEHT BJIHUSHUS CTBOJIa CKBaXXWHBI ITO (OopMy1aM, IPHBEEHHBIM BhllIe B Tabnuue A3;

— N0 TeOpETHYECKNM (hOpMyNaM s pasiauyHbIX MOJiENell IIIACTOBBIX (PMIBTPAIOHHLIX CHCTEM
MII®C), nHanpuMep, Tana (A4) WM NpeicTaBleHHbIX B Tabmuue A3, uin no ¢opmynam gis 6omee
CIIOXHBIX MOJieNIeH, IONyJEHHBIX METOROM CYNEPIO3HINM, PACCYUTHIBAIOTCS HECKOIBKO BaPHAHTOB
runotetnyeckux KIIJT-KB]] ¢ 3apanHpiME B U3BECTHBIMYU NTapaMeTPaMH NIACTa ¥ CKBAXKMH C YYETOM
BPEMEHH NPOSBIICHAS INIOCKOPaAUAIBHOIO (PUILTPalMOHHOrO MOTOKA,;

- cunTesnpoBaHHele runoteTuyeckue KITI-KBJI o6pabathiBatorces, HanpuMep, nist Mopgenn KB/
B GECKOHEYHOM ILIacTe O MeTOAy noiynorapucdmudeckoi anamopdossl, T.e. KIIJI-KB]I cTpostcs B
nonynorapagMUIEeCKUX KOOpRUHATAX;

— ONpEfENsIOT YKIIOH i MPSIMONMHENHOro yJacTka rpacuka il HHTEpPBAJIOB BPEMEHH NIPOSBIICHUS
TLTOCKOPARHANIBHOTO MOTOKA (T.€. tyay, teoy)s KOTOPOMY IONKHA COOTBETCTBOBATH YYBCTBHTENBHOCTH
ryGuHHOrO ImpHr6opa, MondrpaeMoro A1 MPOBEACHUS HCCIENOBAHUA IO €r0 METPOJIOTHYECKHM Xa-
PaKTEepUCTHKAM;

.t .
— OIpeReNsIoT Nepenay RaBleHus Ap = +ilg =2, KoTophIil HOMXKeH 06ece HBaTLCA PaGOYHM Ha-
p

tHB‘{
I1a30HOM NMOAGHPaEMOr0 MAHOMETPA MO AaBJIECHHUIO;

~ ONpeNENIEeHHbIE BPEMEHA NIPOSIBIICHHS IITIOCKOPAHAaIbHOTO MTOTOKA ty,, M ., XapaKTEPU3YIOT He-
o6xonpuMoe BpeMs paGoThI MOXOHPAaEMOro MaHOMETpa Ha 3a60e;

— B Clly4ae HEOGXOAMMOCTH TONTy4eHNs 6oee mpeCTaBUTeNIbHbIX JAHHbIX, PEKOMEHYeTCs I1aHH-
poOBaTh IPOBEJEHUE ABYX IMKJIOB HCCIEAOBaHUI (T.€. yUECTh 3TO NPHU OLIEeHKE BPeMEeHH PaGOThI MaHO-
MeTpa Ha 3a6oe);

— COTIOCTABIISAS ¥ aHATH3UPYS PE3YIbTaThl 06pa6OTOK HECKONBKMX BapHaHTOB CHHTE3HPOBaHHBIX
KIIO-KB]J, onpenenstoT HeoGXx0AMMbIE METPOJIOTHYECKMUE XapaKTEPUCTHKH IIIyOMHHBIX MaHOMET-
POB, obecreYnBalouX NOMyYeHHe TPeOyeMbIX pe3yIbTaTOB.

5. METOOIUYECKME PEKOMEHIIALIMH IMPOLEAYPbI AHAJIM3A
1 MHTEPIIPETAIIMM JAHHDBIX KIII-KBJI JJIs1 CIOXHBIX TPAEKTOPUM
PUIIBTPALINN (I'OPU30HTAIJIbHBIX N1 YCIIOBHO BEPTUKAJNBHBIX CKBAXHWH)

5.1. IlpepnaraioTcst TaKHe METONMKH aHANN3A U MHTEpNpeTanru 3aMepeHHbIX AaHHbIX KIIT-KB
H pa3paGoTaHHas NI 3TOro IpOIEAypa, cXxeMa KOTOpO# NpuBefieHa Ha PHCyHKe A7. Jra mpoueaypa
3akmovaercd B conocrapieHun 3amepeHHbIx KITI-KB]] Ha cKBaXXWHAX ¢ JaHHBIMH HHTEpHpETaTOpa
B 6anke I'TTHIC. Llens npouenyps! — HaliT Takyio MIT®C B kaTanore, Koropas Han6oJiee IOJIHO COB-
MemaeTcs ¢ Gunorapupmudecknm rpacukoM 3aMepenHbIX KIT[I-KB/I, rje 9eTKO 4 OTYETIHBO MPO-
sBisierca 11 TeopeTudeckoil MOfenn.

Ilox anammsom u uaTepnperamueii KIT[I-KBJI nomnMaercs ee pacwIeHeHHEe Ha COCTaBISIOIIME
3JIEMEHTBI, T.€. CIOXHBIA (PHNLTPANHOHHBIA NOTOK, ONHACHIBAEMBIH 3TOM (haKTHIECKOH, 3aMEPEHHOI
KIIT-KB]1, npuGmmkenno pacwiensiercs Ha 6onee npocrsie cocrasispomme (BCC, JIPIT n pp.), nons-
3ysch X xapakrepuctudeckamu [II1. [Ins aToro npeanaraercsa no ¢pakrrdeckoit KITII-KB]I ctponts
AMArHOCTHYECKH 6mnorapadMuaeckuii rparK, Ha KOTOPHIA HAHOCATCS N3MCHEHHUS JaBJICHAA H JIO-
rapadMuyecKas IPOU3BOJIHAs AaBieHmI. 3aTeM (hakTHuecKuil rpadyuk KpHBO# HPOU3BOJHOM JaBiie-
Husl B GHnorapa(pMAYecKnx KOOPIHHATAX PACWICHSIOT (HAIIPAMEP € NOMOILBIO TPAHCIIOPTHPA-HIEH-
TH(HKATOpa WIH JPYTAM CIIOCOO0M) OCIEAOBATENLHO BO BPEMEHH Ha COCTABIIAIOINJE, BBIJIENAS Xa-
pakTepHble YKIOHbI (IIT) COOTBETCTBYIOIMX YYaCTKOB OJHOMEPHBIX (PHIBTPALHOHHBIX NOTOKOB,
BpeMsI Hauajia ¥ KOHIIa MX NpOSBNEHHA (., H t,,)o. [Iocie aToro ans HalifleHHbIX NPOCTeAMHX (DHIb-
TPalMOHHBIX MOTOKOB CTPOSITCH XapakTepucTuyeckue rpacuk| B COOTBETCTBYIOMIMX KOOPHAMHATAX.
Ha aTux xapakTepucTHIeCcKHX rpaduKkax BEIIENIIOTCH NPSIMOIHHEHHbIE yIaCTKH, HAYHHASA C MOMEHTA
BpEMEHH HX NPOSBJICHUS, ONpeficICHHBIE IO KPHBOH NPOU3BONHOM JaBIECHHAS HA JUATHOCTAYECKOM OH-
sorapadmuyeckoM rpacuke. Ilo ykimoHaM NPAMOJIMHEHHBIX YIaCTKOB H OTPE3KOB, OTCEKAEMBIX Ha
OCSIX OpJIMHAT, ONPEAEIIAIOT IapaMeTPhI IUTacTa, CKAH-pakTop u apyrue anemenTs MIT®C. Ipoueny-
pa nocrpoenns rpa¢uKoB 1 Bx 06paboTKa ik MHOXeCTBa (ThiCs4) ToueK thaKTHUECKNX JaHHbIX, ITO-
JIYYEHHBIX C HOMOIIBIO COBPEMEHHBIX ITYOHHHBIX 3JIEKTPOHHBIX MAHOMETPOB, IIPOH3BOJUTCA C TIOMO-
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HNCXOTHBIE NTAHHBIE \
BHYTpeHHHE rpaHAYHEIE YCIOBHS
— reonorus BAHK ; BasucuHas Moenn —
- reousnka MII®C ocHOBHOE au¢depermmansaoe
— =PVl __, ypaBHeHHe
h,m, y, r... OP®-TI1 BHEIIHHE IPaHUIHBIE YCIOBHSA

3aMepeHHbIe TaHHBIE JuarsocTageckai

- - - ———

1
]
[}
]
|
i
t
]
t
L}
|
MAC KIO-KBI GunorapupMuayecKuit !
P.=P(1) aux '
rp '
q=const [1gt, 1gAP]-{Igt, 1gAP'] '
Y J S R - [}
i“ S "““'“M;: BCC->i= 1.0 X
| apaKkTepUCTHYECKHE ! JI®II>i=05 '
| m(;;b::;{ MOeC | : BII®I -> i = 0.25 :
i > (' oo < POIT->i=0
» KIII-KB ! COI >i=-05 \
i -{t, AP] | nyen->i= 10 !
Tposepxa ~[/1, AP] N npyrae MII®C |
Ha -4t O\ T :
ajieKBaTHOCTL | —[gt, AP] 0 :::}(lmns’l’pa::::::ro !
* -(g(T+t)/t,AP] ' Ao~ S
-[1/./t, AP}
! —[1/t, AP]
| map. MII®C !
! tyay | PHTBTPALHOHHOTO E
§ o NOTOKA !
¢ 7 ' — pe3yabTaTHI
— HHTepHpeTaIys
OrneHka napaMeTpoB — KOMMEHTapH#A
mnacra u MII®C "] - pexoMenpamu no TpakTH-
9eCKOMY IPAMEHEHHIO

Prcynok A7. CxeMa nponenyps! ananu3a ¥ uaTepnperanud garabix [TIUC 1 KTIO-KB]I.

mpi0 9BM ¢ COOTBETCTBYIOIMM BCIIOMOTraTeIbHBIM MaTeMaTHYeCKEM obecnieueHneM. Iposepka aHa-
nu3a ¥ uHTepnperanuu faHHeIX I'TIAC ocylecTBaseTcs NOACTAHOBKOH HaMAEHHLIX 3HaYECHHH
napaMeTpoB macta B OP® MITPC — paccunThIBacTCI CHHTE3MPOBaHHas 3aBECHMOCTD P, = P (t). Ecnia
CHHTE3MPOBAHHBIE PACYETHbBIE 3HAYEHHUS YIOBIETBOPUTEIBHO BOCIPOU3BOAAT (haKTHYECKYIO KPHBYIO,
cyATaeTcd, 9To o6paboTKa M MHTEpIpeTalys IPOBEACHb] IPAaBIIILHO H HONyYEHHBIE PE3YJIbTAaThI Ia-
pameTpoB nacta 1 MII®C nocToBepHBI.

6. ITIPUMEP ITPMMEHEHUS METOJIWKHU UCCIEJOBAHWA
TOPU30HTAJIBHOW CKBAXWHBI 1 OBPABOTKHY JAHHBIX KBJT
C UCITIONIB30OBAHHWEM ITPON3BOJHBIX JABIIEHUA

6.1. Ilpumep anpoGanuuy 3TON METONUKY U NPOIEAYPhl MPOBORUTCSA Ha JAHHBIX CHEIAANbHbIX IIPO-
MBICIIOBO-3KCIIEPUMEHTANBHBIX HCCIIEIOBaHMUIT BEpTHKANBHON INTyOMHHO-HacOCHO# cKB. 11411 Apnan-
CKOoro MecropoxmueHus c¢ noMomipio npu6opa KCA-A2-36-80/60 HII® “Teodusnka”. OnpepneneHsi
YHOBJIETBOPHTENbHBIE 3HAYEHHS IAPAMETPOB AOCTATOYHO HU3KONPOHHIaeMoro mwracta (k = 5 x 10715 m?)
€ HECKOJIBKO YXYALIEHHOM pu3aboiiHoit 30H0# (S = 2.6). OnbIT noKa3al, 4To A yBepeHHOH 06paboT-
ku u unTepnperanun KIT[I-KB]I Heo6xoauMO HCNIONB30BaTh BHICOKOTOUHbIE MaHOMETpbI. IIpepmo-
KeHHAs! METOJINKA YIyYIIaeT ONpeReeHHOCTh 06paboTku 1 nHTepnpeTauuy AanHbix KII-KB]I.

ITpy MaTeMaTHYeCKOM MOJIEIMPOBAHHY NPEIIONAraNoch, YTO FOPH3OHTAJIbHAs CKBAaXKMHAa HaXo-
IUTCS TIOCEpeRHHE MEXAY HENMPOHULAEMbIMH KpPOBJIEH U MOAOMBOMA B 66CKOHEYHOM HEBO3MYLEHHOM
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ITacTe C FOPH3OHTANIBLHOM ¥ BEPTUKAIBHON MPOHUHAEMOCTSIMH Kr H Kp, TOMIKHOM h 1 nyleHa ¢ 1o-
CTOSIHHBIM [e6UTOM (, pABHOMEDHO paclpefeeHHbIM 110 JJIHHE CKBaXXHHBI L.

TIpu sToM MOXeT HaGNIOHATBLCA MOCIENOBATEIBHOCTh OHOMEPHBIX pexXuMoB Tedenus — BCC,
P®II, JI®II u np. IIpegnonaras npuMeHEMOCTh MeTofa cynepno3unuy, G.J. Lichtenberger [67] npen-

JIOXHJ YpaBHEHMs, CBA3BIBAIOILME HCKOMbIE TapaMeTpbl miacrta (kr, kg, S, arusorpomuio — ,/kr/kg) ¢
BpeMEHaMH Haydaa t,,, H KOHIa t,, KaXXAOro COCTAB/IAIOMIEr0 OFHOMEPHOTO PEXHMA ¥ YKIIOHAMH 1Ipsi-
MOJIMHEHHBIX TpaHCchOpMHpOBaHHbIX rpacdukoB KIT[I-KB]I cOOTBETCTBYIOIHUX XapaKTEPUCTHIECKUX

rpacduxos [Igt, AP] — s PPII, [ﬁ, AP] — gnst I®IT u T.11.

YcranoBuB o npoMeiciopoit KB]] nopsnok yepepoBanus pexumon tedyenusa (BCC, JIPI], ...),
[OJIB3YSACh METOAOM CYIEpHO3ULMH MOKHO aHAJIOTMYHO NONYYATh NPUOIMKEHHbIC aHAIHTHYECKAE
TeopeTuyeckue hopmyiini, onuckiBatonire KBJI cnoxHoro ¢punbTpannoHHOro NoToKa.

CoeMmectno ¢ “BatHUTTWuedTs” u HITLY “Apnansedts” AHK “BammsedTs” 66111 MpOBEAEHbI
crenuanbHble IPOMBICIOBO-3KCIepuMeHTanbHbie BecnenoBanus no KIIJ-KB]I B ropu3oHTanbHOR
INTyGHHHO-HACOCHOM CKB. 11412 ApnaHckoro MecropoxpeHus (rry6uHa ckBaxkuHbl H = 1235 M; h= 14 Mm;
L,y =104 M, 1. = 0.116 M, q = 10 M*/cyT; pyy = 11.86 - 107 I1a c). Inst aToro 6s11a paspaGoTaHa cremu-
alibHasd TeXHAKA U TeXHOJIOrus, mporpamma nposeferns I'TTMC. I'myOuHHBIA aBTOHOMHBIH NpAGOp
KCA-A2-36-80/60 moMemancs B HAKJIOHHOR YacTH CTBOMa CKBAXMWHEI B ClienuansHoM nepdopupo-
BaHHOM KOHTEHHepe Ha KOHLE HaCOCHO-KOMIIPECCOPHBIX TPyO mox HacocoM. ITporpammoii mpeaycma-
TPUBAIIOCH NEPEKPBITHE CTBOJIA CKBAXKUHBI MEKIY HACOCOM X MAHOMETPOM (111 yMEHBILEHHS IPOTOJIKH-
rensHOCTH BCC) ¢ moMomibio cnenpanbHo pa3pabotaHHoro 3aboiHoro orcekateds (A.c. 819310, CCCP)
H YIJIMHUTEJS XO/1a IONMPOBaHHOT'O IITOKA Ha FOJIOBKE OallaHCHpa CTaHKa-Kayaiuku. Ha ocHoBaHuu mpep-
BapUTEJbHBIX OICHOYHBIX PacyeToB ObLI COCTaBNIEH NPOrHO3HbI 0630pHbii rpaduk ITIC oxugaembix
HU3MeHEHUI JaBNeHuit 1 JeOUTOB BO BpeMeHH. ITocie moaroToBUTENbHBIX paboT CKBaXKHHA Obla My1lieHa
B paGoTy Ha 96.5 4, 3aTeM ocTaHoBNIeHa s perucrpamun KBJI-1 B Teyenue 260 4, CHOBa NOBTOPHO GbLa
myuieHa B pa6oty Ha 90 4 u ocranoBieHa qyis caatas KB/I-2 na 107 4. Ha atoM uHTepBaje ryGHHHbIMA
MaHOMETp 3aperucTpupoBai 3600 Touek W3MEHEHWs NABICHAS C paBHOMEPHBIM IIarOM BO BPEMEHH
10 vun. O6mas npopospxkurensHocTs IIMC cocrasmna 560 4 (23 cyT) — Beero 6b1710 3aperncTpAPOBaHO
8200 Touek (pucyHOK A8). K coXaneHUIo, BO3MOXKHO U3-3a OTCYTCTBUSA OMNBITA NEPEKPHITHA HAKIIOH-
HOM YaCTH CTBOJIA CKBaXXKMHBI, HE YAAJIOCh IEPEKPBITH CTBOJ CKBAXKHHBI OTcekaTeneM. B kadectse ui-
JHOCTPAaTHBHOTO NpEMepa anpo6alyd IpuBefeH (hparMeHT BapHaHTa o6pabGOTKH, aHAIH3a U HHTEp-
npetanyy gasHbix KB — 1 ckB. 11412 Ha pucyHKke A9, Ha KOTOPOM JHarHOCTAYECKHIl GHIorapupMu-
4ecKHi COBMeEIeHHbIN rpaduk n3amMeHenns Aapierus P u JIITJ P’ paccauTalel N0 #3103KE€HHOH Bbille
METORHKE.

Ha guarHoctHueckoM rpaguke HabnrogaeTcs 60IbILON pa36poc ToYeK (H3-3a HElOCTATOYHOM pas-
pelarowmelt crroco6HocTH mpubopa) u MO3TOMY 3KCHEPHMEHTANIbHbIE KPHBEIE ObUIN CIIIaXEHBI, H Ba-
PHaHT UMEET IEMOHCTPAHOHHBIH XapaKTep.

CunbHas (IyKTyalus MPON3BOAHON AaBleHus Ha AU depeHIHaabHbIX KPHBEIX BbI3bIBAeTCH “3a-
urymaeHHocTs0” hakTHyeckoi KBJI, koTopasi 3aBUCHT, Kak OT ycnosuil peracrpanuu KBTI (norpei-
HOCTH W3MEHEHNH, BEI3BAHHBIE YYBCTBUTENEHOCTBIO MAaHOMETPA, HPOLECCHI B CTBOJIE CKBAaXKHHbI — Ce-
rperanus a3 ¥ fp.), Tak ¥ OT BeIOpaHHOro MeToda auddepernuupoBanud. Uccnenosanns MN.10. Jles-
4yeHko [49] nokasamu, 4YTO MeHbIIe “noMex” co3gaeT Meron AuddepeHUHpoBaHuA MO (opMyne
JIarpaH:Xa B HEPaBHOOTCTOSIIUX TOYKax. [lepen aHann30M peKOMEHYETCA CIIaXKHBATh KPUBbIE NMPO-
W3BOAHLIX aBneHus. Kputepuem Bb1G0pa METONA Cri1a>KHBaHNS IPOU3BONHOM aBIEHHUS ABJISIETCS KaK
COXpaHeHHe OOHIEro YWcia TOUYeK, TaK U nogbop anmpokcuMupyiomed GyHKOud, Haubonee TOYHO
onuceiBaromied puddepeHIHaNbHYIO KPUBYIO. BBIo ycTaHOBIEHO, YTO HauboIee X0pOoIo yCTpaHseT
“mmomexu” MpoIeAypa CraXXuBaHus (PYHKIUA ¢ HOMOIIBIO MHOTOY/IEHA TIEPBOM CTENEHH, TOCTPOESHHO-
ro Mo TPEM NOCIENoBaTENbHBIM TOYKaM, METOAOM HalIMEHBIIMX KBa[paTOB. MHOIOKpaTHOE CIiIaXH-
BaHMe 3THM MeTotoM A depeHInaNbHBIX THTIOTETHYECKAX KPUBBIX [TOKA3aJI0, YTO Crila’keHHbIE KPH-
Bbi€ JOCTAaTOYHO TOYHO ONMMCHIBAIOT AU pepeHnmanbEbie KPABLIE € COXpaHEHHEM OOLIETo Yrcha To-
Yek 3aMepa AaBIEHUs, YTO MIO3BOISET HE TEPATh HH(OPMALHIO O IUIACTE.

Ha pa3nuuHbIX yyacTKax rpacguka P' ycI0BHO BBIEINSIOTCS CIENYIOLIME THIILI OMHOMEPHBIX IIOTOKOB:

1. Yyacrok AB ~ c yknonom i = 1, yuactok BCC, t,, =2 u.

2. Yyacrok BC, i = 0.5, JIPII B ropu30HTaILHON YaCTH CTBOJIA CKBaXKUHBIL, t = 2...8 4.

3. IIpsMonuHeAHbIA rOpH3OHTaNbHBI yyacTok CD, i =0, POIL t=8...11.5 4.

4.DE,i=(-0.5), C®II,t=115...13 4.

5.EF,i=0.25, t = 13...20 4, BJI®II (gBa B3aumHo opToroHanbHsix JIGII B cmouctoM miacre).

6. FG, i =(-0.5), t = 20...30 uy, C®II (Bo3MOXKHOE BIHAHHE I'PaHMI] ILTaCTa H IPOILTACTKOB).

7. G-W,i=0; t> 30 1 u 6onee, no3puuit POII, nceppopanuanbHoe TEYEHHE.

50



P 153-39.0-109-01

5 : KBII:1

amn
N

w -b-
/
——

Masnenne, MIla
N
I
i
|

JR—

—

0 100 200 300 400 500 600
Bpewms, 1

Pucynox A8. ®akTHYeCKHE faHHbIE H3MEHEHMs BO BpeMeHH 3a60HOTO JaBJIeHHs B IPOLIECCE HCCIENOBaHUS TOPH30H-
TanbHOH CKB. 11412 ApnaHCKOro MECTOPOXKAEHHS.

I .

10 Bpemsa, u 100

Puacyrok A9. luarHoctuyeckmit Gunorapupmudeckuit rpacux IIHC ropusonTansroi cks. 11412 KBII-1. Byksbl —
MMArHOCTHYECKHE Y4aCTKH.

YcnoBHO GBUIH OLEHEHB] MapaMeTpsl TacTa u ckBaxXuHsl. O POII — yyactok CD, t=8...11.5 4.
Ha rpacuke B xoopgnHaTax XopHepa RIS 3TOro0 fUalna3oHa BPEMEHHU BblfieIeH NMPIMOJIHHENHHbIA

Y4aCTOK, IO KOTOPOMY OLleHEHBI IPOHMIAEMOCTH: cpenHsist — J/krky = 0.0018 Mrm?, k- = 0.0284 MkM?,

kg = 0.0001 MrM?, fk/kg =~ 1591 S =-6.

T.e. OTCYTCTBYET yXYAILICHHE COCTOSIHUSA MPH3aGOiHOI 30HbI B HU3KOIPOHRUIAEMOM ILIACTE C BEICOKOH
CTeneHbI0 aHN30TPOIMH N0 poHuiaeMocTy. Takas 6onee pucdepeHIMPOBaHHAS XapaKTePUCTHKA ILia-
CTa HpeACTaBISIeTCA MPEAIOYTHTENBHOM IO CPaBHEHHUIO € TPagUIMOHHBIMY METOIaMH (OLIEHEHBI 4 napa-
MeTpa macta u MIT®C no cpaBHEHHIO ¢ IBYMS — TPAAUIMOHHBIM MeToRoM A MIT®C POII).

B sakmiouenne copMynIupOBaHbl TPEGOBaHN K PEKOMEHAYEMBIM I'NTyOMHHBLIM MaHOMETpaM: IO-
por uyyscrBuTeNbHOCTH — 0.0014 MITa, morpemmsocts — 0.01% oT moka3anuit mpu6opa (0.00014 MITa),
IporpaMMypyeMble TEMITbI 3aMEPOB BO BpeMEHH — OT 1 10 60 MPH # MaKCHMAaJIbHOE aBTOHOMHOE BPEMsI
pabotsl — fio 45 cyrok peructpanuu KIT[-KBJ]I na 3a60€ ropH30HTaIbHON CKBaXKUHBI. PekoMeHnyeT-
c 3aKpbITHE CKBaXXUHBI Ha 3a60€.
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7. METOODUYECKHME OCHOBBI THIPOITUHAMHYECKHNX HCCHEHO]%AHPIFI
CKBAXHWH MECTOPOXIEHUHN HEHBIOTOHOBCKUX HE®TEU

7.1. Hed)Tu HEKOTOPLIX MECTOPOXKCHHI, IO NaHHBIM 1aGOPaTOPHBIX PEOJOTAYECKUX HCCIEROBa-
HH, IBISIOTCS HEHBIOTOHOBCKHMMH, aHOMAJIbHBIMU He(PTIMH, XapaKTepA3YIOIHMACK A3MEHEHAEM (-
(beKTHBHOI BSI3KOCTH He()TH B 3aBHCHMOCTH OT rPafHEHTOB {aBICHHS 3a CYET NPOSBICHHUSA CTPYKTYP-
HO-MEXaHMYECKHX CBOMCTB. PUILTpanus TAKUX aHOMAJIbHLIX He(pTel (C MOBLINIEHHBIM COfIEpPKaHAEM
BEICOKOMOJIEKYIAPHBIX COEAHHEeHMIT acPabTeHOB, CMOTI, Napa(UHOB, HEPE3UHOB H AP.) MIPORCXONUT C
OTKJIOHEHHEM OT JIHHEHHOTO 3aKoHa [lapcH, 0coGeHHO B 06GNIaCTH HU3KHX CKOpocTell (punbTpanuy u
rpajMeHTOB NaBJICHH, IUIAaCTOBBIX TeMuepartyp Hke 50°C.

B xayecTBe NepBoro NpUOIIKeHAS ONMCAHAA HEMHEHHOro 3aKOHA (hUAbTpalMH MOROOHBIX Hed-
Tell MOXKeT GBbITh IPUHATA ACUMIITOTHYECKAsi MOJIE/Ib TEYEHHS C NpeAebHbIM (HaYaIbHbIM) rpajiueH-
TOM AABJICHUS.

Pa3paGoTka MECTOPOXJCHHH aHOMALHO-BA3KHX HEHBIOTOHOBCKHAX HedTeil MOXKET XapaKTepu3o-
BaThCsl HA3KHMH Ko3(ddpuuueHTaMi HepTen3BIedeHns (3a cueT 0Opa30BaHus 3aCTOHHbIX H cllaboape-
HHPYEMBIX 30H IJIACTa B Pe3yJIbLTAaTE MPOSBICHUS CTPYKTYPHO-MEXaHHYECKHX BA3KOCTHBIX H THKCO-
TPOINHBIX CBOMCTB, (PH3MKO-XHMHYECKOTO B3aHMOJEHCTBUA HE(PTH C IOPUCTOM CPENoi H Ap.).

TuppogMHaMIYeCKHAE METOIBI ACCICAOBAHANA CKBAXHH MECTOPOX/ICHAN HEHBIOTOHOBCKHIX Hedrei
HapsAy ¢ 1a0OpaTOPHLIMA BS3KO3MMETPHYECKIMH N3MEHEHHAMHU NO3BONSIOT HE TOJILKO ONpPERENHTD
¢haxT HAMHYHSA, HO K CTENEHb MPOABICHAS AHOMANBHBIX, HEHBIOTOHOBCKIX CBOMCTB HedbTH B NMNACTO-
BBIX YCIIOBHSIX, B IIpoliecce pa3paGOTKH KOHKPETHOrO HE(PTAHOrO MECTOPOXKICHHUA.

B yacTHOCTH, H3YUHTH BAHSTHEE AHOMAJIEHO-BA3KOCTHBIX CBOMCTB Ha (DHILTPAaHOHHbIE XapaKTepH-
CTHKH ILIaCTa M CKUH-(paKTOp, HaWICHHBIEC MO PE3yJIbTaTaM IPOMBICTIOBBIX THAPOANHAMUYECKHX HC-
ClIefloBaHMM CKBaXMH. Tak, “HCTHHHPBIA CKAH-(PAKTOP” MOXKET HCKAXKATHCA 3a CYET MPOSIBIIEHAS aHO-
MaNbHO-BS3KOCTHBIX, CTPYKTYPHO-MEXaHHYECKMX CBOHCTE He(PTH M (DH3HKO-XIMIUECKOTO B3auMoeli-
CTBUA HeTH C MOPHUCTON CPEROL.

7.2. U3BectHsl [34, 39, 44, 60, 68] MeTonuka, Texunka u Texuonorusd ITIUC no KIT[I-KB]I ¢ uensio
H3y4YEHUs! TPOSIBIICHUS] HEHBIOTOHOBCKMX CBOMCTB HE(TH B IUIACTOBBIX YCIIOBHAX B Iporecce pa3paboTKH.

J[uarHocTryeckuM npusHakoM ([II1) nposisieHns: aHOMaJIbHO-BSI3KOCTHBIX CBOMCTB He(pTH C mpe-
AENbHBIM rPafjUeHTOM SBIAETCA HECOBNAJCHNE KOHEYHBIX Y4acTKOB ABycTropoHHuX KIT[I-KB/]I 1 Ha-
JHMYKE ABYX IPsMOJMHEHHBIX yyacTkoB KB] B monynorapudMidecknx KoopauHaTax (pUCYHOK 14) u
H3MEHEHUE NONOXKEHUSA BPEMEHN TOYKM MepeaoMa ¢, — COOTBETCTBYIOIIMX ToYeK B\—B, Ha pucynke
Al1 (T.e. ©3MEHEHNE NONOXKEHHUS BEJIMYUHBI R — paryca mogBU:KHOM rpaHMIbI pa3fena YCIOBHbIX 30H
HEOTHOPONHOCTH (pHILTpalu He(hTH C pa3pyLISHHO! 1 He pa3pyLICHHON CTPYKTYPOif) B 3aBHCHMOCTH
OT U3MEHEHHs BeGuTa, C KOTOPLIM paboTana ckBaxuHa nepey castueM KB]I, a Takke 3aBHCUMOCTBIO
THAPONPOBONHOCTH Pa3lINYHBIX YCIOBHBIX 30H ILTACTa OT AeGHTOB CKBAaXKUHBI.

Ipumep: no pa3paboTanHoi NporpaMMe GbLIM MPOBENEHbI AOCTATOYHO YHUKANIBLHBIE KOMIINEKCHbIE
IIPOMBICIIOBEIE UCCIICROBAHUA 6-TH CKBAXWH-CTEHJIOB Ha Pa30ypeHHBIX IO CHEHUANEHOMY HpPOEKTY
OIILITHBIX Y9aCTKax AplIaHCKOTo MeCTOpOXKAeHHs Bamkupny — MuHaeBckoM (Bo3Mymaroias cks. 7707
u pearupyromue ckB. 7950 B 50 M u ckB. 7951 B 212 M ot 32605 ckB. 7707) # YprayascKoM (BO3MYIIAKO-
mast ckB. 7949 u pearupyromye ckB. 7952 B 51 M 1 cks. 7878 B 110 M). CenpansHo pa3paboTaHHast OpH-
THHaJIbHasi KOMIIOHOBKa 000pyAOBaHMs CTBOJA CKBaXKMHBI (HanpuMep, cks. 7707) Bkitoyana riyOuHHbIe
aucraHmponele MaHoMmetp [JIMIT-2M n pge6uromep PITI-5, 3aGoiHbii orcekarens (A.c. 819310,
CCCP), nakep, MychTy IIlepeKpeCTHOIO T€YEHUS, KOTOpble HaXOAMWIHNCH ofy HacocoM HI'H-2, kaGenu
CBS3H H BTOPHYHbIE IPHOOPHI HA YCThE, 2KCHEHTPHYHYIO IIaHINaH06y, YIUTMHHTENIb X0Aa TOJHPOBaHHO-
ro IITOKA Ha FOJIOBKE OaNaHCHpa CTaHKa-KaYaliKHy | Ap.

Paspa6orannas rexsHonornsa I'TC npegycMaTpuBaia perucrpauuio cepud KB]I (rrocine “MrHOBEH-
HOM” OCTAHOBKM CKBAKMHBI, YEPe3 KOTOPYIO OCYNIECTBIANACH 3aKauKa AeTa3upOBaHHOM HepTH Ha He-
CKONBKUX YCTAHOBHBILIKXCS PEXUMAX), 8 TAKXKE NapaNIeNbHyIo PeruCTPALIo KPUBLIX H3MEHEHUS JaB-
neHns B pearupyromux ckBaxuaax (KMIPC) ¢ nomoisro MaHoMeTpoB JITM-4M, [IJIMII-2M u cne-
IHAIBHO pa3paGoOTaHHOTO NHCTAHIMOHHOTO MaHoMeTpa [II'M-8.

HenocpencTsennoe o61iee cyMMapHOE BpeMs HCCAIETOBaHMI B TeIeHHe IBYX JIeT cocTaBmwio 160 cyr,
6s1110 cuaro 22 KB, 18 KIIM, 23 KUJPC, npoBezneHo okono 400 3aMepoB fieGHTOB IO MEPHHKY, OKO-
10 6000 3amepos pasnenus Manometpamu JJIMII-2M u JI'M-4M. B kavecTBe npumepa, B ckB. 7707
6bla nosyyeHa cepus U3 Yetbipex KBJI ¢ MTHOBEHHBIM 3aKpBITHEM CKBAXUHBI HA 3a60e. Pe3yabrarst
o6pa6orku cepur KBJI B koopaunarax [Igt; P.(t)] u onpeneneHust napaMeTpoB IJIacTa o METORY Ge3
ydeTa IpATOKa NpeficTaBiIeHbl Ha pacyHKax A10-A13 u B Tabmmue A4.

W3 ananu3a NaHHBIX BUIHO, YTO IIPUMEHAEMAs TEXHONOIHA 3aKPBITHS O3BOJIKIIA MONTYyYUTh Kade-
creennbie KBJI (yxke nepsbie TOUKH NeXar Ha npsmoit). Ha rpadukax yBepeHHO BBIENSIOTCS 0O ABA
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Pucynox A1), PakTHyecKkie ABYCTOPOHHHE KpHBble BOCCTaHOBIICHHs (MaficHNs) paBieHus ckB. 7707 AplaHCKOTro
Mecropoxpaenus: 1,2-KB[.

3aboitnoe gaBneHue, P (t), MIla
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Prcynok All. Cepus xpusbix (1-4) BOcCTaHOBJIEHH NaBnenns ¢kB. 7707 ApnaHcKoro Mectopoxaenusi. O603Have-
HHSI CM. B TEKCTeE.
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150+ 0.10}
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Prcynoxk Al2. 3aBHCHMOCTH THAPONPOBOXHOCTH Prcynok A13. 3aBECHMOCTH Hb€30IIPOBOJHOC-
IUIacTa BOIU3K pearupyouiei ckB. 7951 ot ne6ura TH ILIacTa BOJIM3N pearupyoomei cks. 7951 or
Bo3Mymaomei cks. 7707: 1 — gna KBJI npsMoro pe6uTa Bo3Mylatoied cks. 7707: 1 —moce my-
xopa; 2 ~ g KIIII mpsMoro xopa. cka ckB. 7707; 2 — mocie ocTaHOBKH cKB. 7707.
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Ta6auuna A4. PesynbraTsl o6paboTku nanusix I'TC KB]I cks. 7707

Pexum
XapaKkTepHCTHKHA
1 1 I v

Iara 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 99
3amMepeHHOE IacToBOe Aapnenue, MIla 6.64 6.90 9.09 9.59
3aboitnoe gasnenue, MIla 2.55 3.23 6.10 7.87
TupponposonsOcTh, MM M/TTa ¢

GnmuKHel 30HbI 106 85 48 32

YAaTeHHOH 30HbI 17 138 96.3 56.6
Paguyc rpaHuiel 30H, M 67.2 57.2 17.7 18.4

IPSIMOTTHHEHNHBIX Y4acTKa ¢ TOUKaMH nepecedennus B, rae mucpel 1 MHIEKCBI COOTBETCTBYEOT HOMEPaM
pexuMoB. C yMeHbIIEHHEM IeGUTOB CKBaXXHHBI IIPOUCXOAMT NepeMelieHue Touek B BieBo, yMeHbia-
€TCsl pajuyC I'PaHMIbI 30HB! (UIbTpanud HE(DTH C pa3pyLIEHHOH CTPYKTYpO#, THIPOIPOBOAHOCTD
9TOM 30HBI MEHbIIIE THAPONPOBOAHOCTH YAAJICHHOM 30HBI.

Bce 2To nOATBEPXKAAET MCXOAHbIe (PH3MIECCKHUE NPEACTABICHMUS, NTPHHATHIC IPH MONECIMPOBAHUN.
s ananusa cepuu KIIJI 8 paGote pazpaGoTaHa METONMKA ONPEAEIECHAN BA3KOCTH HeTH C He pa3spy-
LICHHOH CTPYKTYpPOH [, B yAaJI€HHO! 30HE IIacTa.

Tax, mo pesynvratam 06pa6otku KBJI ckB. 7707 Wyepasp = 0.064...0.074 Ia ¢, a no gaHHbEIM 1a60-
PpaTOpHBIX HcclefioBatuit HehTH ckB. 7950 A7 PA3HBIX KEPHOB — Myepayy = 0.175...0.170 Tla ¢ nipH 5,5, =
=0.033...0.038 Ila ¢ gns gerasupoBaHHBIX HedTeil ckB. 7707 u 7177.

TlonyueHnsle pe3ynbraThl o6paborku cepun KITI-KB] B BosMymatomes ckB. 7707 1 KPUBbLIX u3-
MEHEHHUS AaBICHUS B pearupyomeit cke. 7951 — xapakTepusyroT ¢akT HaJlu4us, CTENeHb NPOSIBIIEHUA
Y BIIUSHHE AHOMAJIbHO-BA3KOCTHBIX H THKCOTPOIIHBIX CBOHCTB He(pTH Ha (PHIBTPAMOHHBIEC MApPaMeT-
PpsI (TAAPO- H ME30NPOBOJHOCTS) INTAacTa B Ipoliecce pa3paboTKH APIaHCKOro MECTOPOX/IeHUS. AHa-
JIOTHYHbIEe HCCTIENOBAHUS PEKOMEH/YETCs IPOBOMATD H Ha PYTUX MECTOPOXIEHUAX.

MNPUIOXEHME b
(pexoMennyemoe)

TUJIPOOMHAMHWYECKUE METOJIbI HCCIIEJOBAHHUA
HU3KOITPOHUITAEMbBIX KOJUIEKTOPOB

1. TMAIPOOUHAMHUYECKHUE METOMBLI HCCIENOBAHUI
HU3KOINMPOHNITAEMBIX KOJINIEKTOPOB

CKBaXXHHBI, BCKpHIBAIOIHE HH3KONPOHHUIIAEMBIE KOIIEKTOpa, SBIAIOTCA MalloAe6UTHbIMHE, pabo-
TalOMME B GONBIIHHCTBE CIYy4aeB B IEPHOAHYECKOM PEXiMe, KaK IpH (hOHTaHHOM, TaK U NpH MeXa-
HMYECKOM crioco6ax akcmyatanus. TpagMuaoHHble METORBI THEPOAHAMHYECKUX HCCIeJOBAHMI, Ta-
KHe KaK METOJbI BOCCTAHOBJICHHS AaBJICHUS M YCTaHOBUBILIAXCS OTOOPOB, KaK NPAaBAJIO, HENPHMEHNMBI
IJIA BCCIEAOBaRUHA ManoeGUTHBIX CKBaXHH. [IpHYHHOM 3TOrO ABNSETCA HEBO3MOXHOCTD COONIONEHHs
TEXHONOTHH HCCIeNOBaHMil CKBaXKHH YKa3aHHBIMA METOJaMH, B YJACTHOCTH, HEBO3MOXHOCTb CO3IaHUs
HECKOJILKMX HJIH XOTH ObI OHHOr0 yCTOMYMBOrO pexxnMa paboTs flo6bIBatomei ckBaxuHbl [38].

ERWHCTBEHABIM CHOCOGOM HCCIIENOBaHAA MalOREOHTHBIX CKBaXXHH MHOTHE TOAbI SBISJICA METOR
TPOCNEXUBAHUS YPOBHSA. B CKBaXKWHE KaKUM-THGO 06pa30oM NPON3BOAIIOCH CHYDKEHHE YPOBHS XUJI-
KOCTH, TIOCTIe Yyero Habliofanock ero BoccTaHopeHne. IIpa 3ToM MOTrIIH peracTpIpoBaThCH Kak ¢ HO-
MOUIBIO ITyGHHHOTO MAaHOMETPAa KPHBas BOCCTAHOBIECHHS 3a00HHOrO JaBiicHHs, TaK H C IIOMOILIBIO
3XO0JIOTa — KpUBasi BOCCTaHOBJIEHNA YpoBHi. COrnacHo TEpMUHOIOTHH, NpHHsTOR B Pocchn, nonyyae-
MYIO KPHBYIO B 1I000M Ciiy4ae Ha3bIBalOT “KPHBO# BoccTaHOBNEHHUA ypoBHa~ (KBY).

B pesynrTaTe 06pabGoTKH KPHBOI BOCCTAHOBIIEHHS YPOBHS onpefensercs KoaddpuuueHT npoayx-
THBHOCTH CKBaXHHBI. O6paGoTKa IPOMIBONATCA METONAMHA, OCHOBAHHBIMH Ha MPHOIHKESHHOM peilie-
HuA MackeTa. 310 o6cTosTenseTBo Bo3BasIo B 40-e — 50-e ropkr 20-ro cTONETHS Pe3KYIO KPHTHKY METOAA
NpocNeXUBaHus YpPoBHA. MeTol He peKOMEHOBAICS A HCNOJIb30BaHHA H He IPHBOAMICS B GONBIINH-
CTBE OTPACIEBBIX HHCTPYKIHIA N0 HCCIICROBAHMAIO CKBAaKHH, PETYIsApHO Bhiyckaenmxcs B CCCP.
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Teopeanecxne ¥ IPOMBICIIOBBIE paGOTLI II0 UCCNENOBAHUAM HU3KOIIPOHHIIAEMBIX KOJJIEKTOPOB,
IIPOBECHHBIC B NOCIEOHUE rOfbl, II0OKa3aJId BO3MOXHOCTb NPUMEHCHNA HpI’IﬁJIPDKCHHOFO pemIeHus
MackeTa 4 1103BOJIHIH MPENIOKNTH HOBBIE TCXHOJIOTHH UCCIIEROBAHUA CKBaXXUH H MCTONBI HHTEPNIPE-
Talliu MONYy4YaeMbIX pE3yJIbTaTOB NPUMEHUTEIBHO K HU3KONIPOHUIIAEMBIM KOJIIIEKTOPaM.

1.1. Texronozuu uccaeo0os8aruii MaroO0eGUMHbIX CKBAXCUH,
BCKPBLBAIOUAUX HUSKONPOHULdeMble KOANEKMODA
B Hacrosilee BpeMsi NPUMEHSETCS HECKONIBKO TEXHOJIOTHH MCCIEIOBaHUI METOIOM NPOCIIEXKHBa-
HMA ypoBHs {38].

1.1.1. TIpocnexnBaHue 3a BOCCTAHOBIEHHUEM 3a60MHOTO aBIEeHHS (YPOBHS)
nocyie KpaTKOBPEMEHHOTO BO3MYIIEHHS CKBAXKUHBI

KpaTkoBpeMeHHOEe BO3MYIIEHHUE IIACTa MOXET IIPOM3BOAUTLCA pa3indHbIME crioco6amiu. o mo-
CIIEOHEr0 BpEMEHH BO3MYIeHHe OOBIYHO NPOM3BOAUIIOCH C HCIOJIb30BAaHMEM KOMIIpECCOpOB. B 3a-
TpyOHOE IPOCTPAHCTBO 3aKAYMBAETCS BO3AYX, BHITECHAEMAsl IIPH 3TOM KHAKOCTb OTGHPAETCs U3 Ha-
COCHO-KOMIIPECCOPHBIX TPYO. 3aTeM IPOU3BOUTCS PE3KHMI BBIITYCK BO3/lyXa U3 3aTPyOHOr0o NpOCTpaH-
CTBa, IIOCIIE YEro PErHCTPUPYETCS IPOLECcC BOCCTAHOBIEHMs 3aboiiHoro naeinenus. IIpu 3ToM BHe
3aBHCHMOCTH OT TOTO, 3alUCHIBAETCS KPHBAs BOCCTAHOBICHHS 3a60HHOr0 JABICHHS C MOMOILBIO IUTY-
6MHHOIO MaHOMETPA, WM KPHBasi BOCCTAHOBJICHUS YPOBHS C IOMOIIBIO 3XO0JIOTa, COIJIaCHO IPHHATOH
B Poccuy TepMHHONIOrHHA IOTy4aEMYIO KPHBYIO B JIFOOOM Cllydae Ha3bIBaIOT “KPUBOH BOCCTaHOBJICHHUS
ypoeHs” (KBY).

ITocnepHee BpeMs Bce 4alle AJis NOBBIIICHHS 6e30MacHOCTH paboT MpPHMEHsSETCS APYroi crnoco6
KPaTKOBPEMEHHOI'O BO3MYILLIEHHS — CBaGHpOBaHUE CKBaXKHHBI.

ITpu HEBO3MOXKHOCTH HCTIONL30BAHHA KaKOH-THO0 TEXHAKH AJISL BO3MYINCHNS IIacTa B IPH BbICO-
KOM 3aTpyOHOM NaBICHUH [JIs CO3HaHUA RENMPECCHH Ha IUIACT JJOCTATOYHO OTKPBITH B JIMHHUIO 3aJIBIKKY
U3 3aTpyOHOro MPOCTPAHCTBA.

IIpocnexuBaHie 3a BOCCTAaHOBJIEHHEM 3a00iHOrO faBjicHHs (YPOBHS) IOCHE JIMTEILHOH paGoThI
CKBaXXUHbI, IKCILTYaTHPYIOLIENCH C IOMOIIbIO MOTPYKEHHOr'0 HACOCa, OCYILECTBISIETCA TaK: IIOCIE OC-
TaHOBKM HAacOCa PErHCTPUPYETCS MPOLIECC BOCCTAHOBIICHHS 3a00HHOIO AABIEHUS ¢ TOMOIIBIO ITyOrH-
HOTO MaHOMETpa, WIIX KPUBasi BOCCTAHOBJICHHS YPOBHsI C IOMOILBIO 9X0JIO0Ta.

1.1.2. ITpocnexxuBaH#e 3a BOCCTAHOBIICHHEM 3a00MHOTO aBlieHUs (YPOBHSA)
B IEPHUOJbI HAKOIUIEHHS IIPY TIEPHORNIECKOM (POHTAHUPOBAHNU

CkBaxVHbBI, BCKPbIBAIOIIME HU3KONPOHHIAeMbIe KOJINIEKTOPa, IOBOJIBHO YacTO paGoTaloOT B NEPH-
OIUYECKOM peXuMe, Kak Ipy (POHTAHHOM, TaK U NPH MEXaHHYECKOM crnocobax skcmiayataunu. Kpat-
KOBPEMEHHBIN BBIOPOC XHAKOCTH MPHBOUT K ONYCTOIIEHHIO YaCTH HACOCHO-KOMIIPECCOPHBIX TPYO,
YTO BBI3BIBAaET OBICTpOE NafeHHe 3aboitHoro papieHus. [Tocne 3TOro crBosi CKBaKHHbI 3aNOJHAECTCA
CHOBa B TEYECHHE HEKOTOPOro nepuoia BpeMeHH. Ilepuon 3anonHeHns (HaKOIUICHHsI) MOXET COCTaB-
JSATh OT HECKONBKHX YAacOB JI0 IECATKOB YacOB. B TeyeHue 3TOro nepuofa MOXHO PErHCTPHpPOBATh
KpPHBYIO BOCCTAHOBJIEHUS YPOBHS.

B03MOXKHOCTh HCIONIB30BAHUSA KPUBBIX HAKOIUIEHHS NPU MEPUOAHYECKOM (DOHTAHHPOBAHHU IS
ompefnieneHns KoauIueHTa NPONYKTUBHOCTH AOKa3aHa TEOPETHYECKH U MOATBEPXKACHA IKCIEPH-
MCHTAJIbHO.

1.2. MemoOdvt unmepnpemayuy pe3yabmamos UCCAe008aHUL MAL00COUMHBIX CKEANCUH

1.2.1. MeTon npocnexuBaHus ypOBHs

HnTepnpeTanus pe3yIbTaToB UCCIENOBAHUI CKBaKUH METOIOM ITPOCIIEXMBAHKS YPOBHS 3aK/TH0Ya-
eTcs B 06paboTKe KPHBBIX BOCCTAHOBJICHHUS YPOBHS C LENbIO ONpeAecHrs KoaduiuenTa NpogyK-
THBHOCTH. B OCHOBe Bcex MeTOOB JIeXKHUT NIpROMIDKEHHOE pelneHne MackeTa.

CBOGOMIHBII MOABEM YPOBHS IIOCIE NPEKPALICHHS BO3MYIICHHUS I1N1aCTa OMUCHIBAETCS CIEAYIOIIMM
ypaBHEHHEM:

P(t) = P, ~ (PK—PO)exp(—K—%—gt), (B1)

rae t — BpeMsi ¢ MOMEHTA MpeKpallleHns BO3MYLLEHUs I1acTa; Py — 3a60iHOe JaBjieHHEe B MOMEHT IIpe-
KpallleHHs BO3MYILIeHUs Iu1acTa; P, — nmnacroBoe faBleHne; p — CpefHss INIOTHOCTh XXHUAKOCTH B CTBOJIE
CKBaXKHHBI; g — YCKOpeHHe cBOGOHOro nafeHus; F — mnomans nonepeyHoro ce4eHus Tpyo, mo KoTo-
PbIM IPOUCXORUT MOABEM XUAKOCTH; K — k03¢ duIMEeHT IPOIYKTUBHOCTH CKBaXKHHBI.

PaccMoTpumM nogpoGHee HanGomnee pacpocTpaHeHHbIE CIOCOGhI 06paGOTKH KPHBBIX MPOCIIEKMBAHMS.
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1.2.2. Meton MackeTa
W3 ypaBuenns (B1) cnenyer:

In[P,-P(t)] = In(P,—Py)-at, (B2)
rge
@ - . )

CormnacHo BripaskeHmio (52) KpuBast IpociIeXuBaHNs, npeobpa3oBaHHas B KoopauHarax (t, In[P, - P(t)]},
MOJIKHA MMETh BHJ NPSMOM JIMHHH ¢ YriIOBBIM Koa(pguuuenToM 0. KoaddruneHT nmpogyKTHBHOCTH
onpepensgeTcs u3 cootHowmeHus (B3)

= 9F
pg

IInacrosoe gasneHue P, onpenenseTcs nyreM rpadudeckoro nogbopa. 3agasas HECKOJIBKO 3Haye-
Huii P,, CTPOHTCS IIpH Kak[(OM U3 Hux nmpeoOpa3oBaHHas Kpusas. IIpn ncTHHHOM 3HaYeHun P, KpHBas
npociiexuBaHus GyIeT UMETh BUM IIPSMON IHHIY. 3aBhIIICHHbIC MM 3aHIDKCHHBIC 3HaUeHHs GyAyT NpH-
BOJJATH K HCKPUBIEHHIO KOHEYHOTO y4acTKa IIpeobpa30BaHHOrO rpachuka, COOTBETCTBEHHO BBEPX HIH
BH#3. MlcTHHHOE 3HaueHue Koacdh@uipenTa NPORYKTHBHOCTH OyJET ONPENENsTLCS O NpeoGpa3oBanHON
KPHUBOH, TIOCTPOEHHOI NIpH NPaBUILHO BEIOPaHHOM 3HAYEHUH Py.

HepocraTKoM 2TOro MeTOfla ABNSIETCS. HEBBICOKAs €r0 TOYHOCTh IIPH 06pab0oTKE HEZOBOCCTAHOB-
JeHHbIX KpMBBIX. IIpH McclenoBaHMsAX CKBaKHH, BCKPhIBAaIOINMX HA3KONMPOHHMIAEMbIE KOJUIEKTOPA,
BOCCTaHOBJICHHE JaBICHHUS NIOCTIE IPEKPAIEHAS OTGOPa MOXKET IPOMCXONHTH OT HECKOJIBKHX JHEH 10
HecATKOB mHel u Gonee. B aTHX cnyvasx KpuBble NPOCIIEKUBAHUS HE PErHCTPHPYIOTCS RO MOJHOTO
BOCCTaHOBIIEHMS IIACTOBOro fasieHus. [Ipu o6paloTKe TaKUX KPHBLIX HCHONL30BaHUE MeToRa Mac-
KeTa MOXET IPHBECTH K CYILECTBEHHBIM IIOTPELIHOCTAM B onpefesicHuA Ko3¢drnpenta NpoiyKTAB-
Hoctd. Mcnonb3oBanue 3TOro Merofa TpebyeT TBOPYECKOro IOAXOAA, OH MOXET pacCMaTpUBAThCA
KaK BCIIOMOTaTeNbHBII.

(b4)

1.2.3. TuddepennuanbHbiil METOT

Juddepennuanbubiil METOR TO3BOJIAET IO KPUBOH IPOCHEKNBAaHUA YPOBHS CTPOUTh HHEUKATOP-
HYIO lIarpaMMy, aHallA3upOBaTh € (hopMy  ONPEACNATE KO3(hDULHUEHT MPOAYKTHBHOCTH CKBAXKUHBI.
3aperucTpupoBaHHas KpHABasi IPOC/IEKUBAHHAS MPECTABISETC B BAAE MacCHBa TOYEK t;, p;, rie i — HoMep
TOYKH Ha Kpl’IBOﬁ. ITo Ka)KJZ(OfI ape COCEMHHUX TOYCK PACCUHUTBHIBACTCA neﬁm‘ NPHTOKA XXUIKOCTH B
CKBaXHHY 110 hOpMyIIe:

q; =F(Py, - P)lpgtis — 1), (B5)

rae P, u P, , | — cooTBeTCTBEHHO IpeABIAYILAs ¥ IOCAEAyIolias TOYKH Ha KpuBoi. KaxnoMy paccuuran-
HOMY 3HaY€HHMIO IeOHTa q; CTABUTCS B COOTBETCTBHE CPEHEE /IABNICHHE P, ;, ONPENEAEMOE KaK Cpefl-
HeapuMeTHYeCcKas BETHIHHA

Poi= (@ —-P)2. (B6)
ITo nonyyeHHbIM MapaM 3HAYEHHH ; M P, ; CTpouTCs rpaduk. ITo ocu aGenuce oTknagbIBacTes q;,

no ocu opfuHar — P, ;. ITony4yennslit rpauk mpencTasiseT co6oit MHIMKAaTOPHYIO IHArpaMMy, ONHChI-
BaEMYIO 3aBHCHMOCTHIO

q; = K(Py; — Pg,)- (B7)

HMupukaTopHas JuarpaMMma coriiacHo ypasHeHuio (B7) uMeeT BUA npsAMOii IMHUH, YIIOBOH K03d-
(puIMEeHT KOTOPOH K OCH OpJMHAT paBeH Koa(pdHnHeHTY npoxykruBHocTH K, a 3HaYeHue gaBieHHs,
OTCEKAEMOE Ha OCH OpJiuHAT NpH q = 0, paBHO MIacTOBOMY faBieHmio. ITonyyaeMble Ha NpakTHKE rpa-
¢uKn uMeroT 0GBIYHO 3HAYMTENBHBIA Pa36pOC TOYEK, 3aTPYAHAIOIHI OHO3HAYHOE BbIENEHUE Ips-
MOJHHEHHOrO y4acTKa H ONPEAEIECHHE IO HEMY HCKOMBIX MapaMeTpoB. UTo6bI OHO3HAYHO BLIAEIHATD
NPSIMOJIMHEHHBIHA Yy4acTOK, ClefyeT HCNONB30BaTh HHTETrPAIILHEIA METOH,

1.2.4. Unrerpantuelii MeTox

TIponssenem murerpuposanue no P ypasxenns (b1) u mocne HekoTopbix npeobpa3zoBaHuii nosuy-
YUM HCKOMOE ypaBHEHHE MHTETrPaJbHOTO METOAA

¢; = K(2P,-Py) -KP;, (B8)
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rae

2F i(Pi—Pi_lf

L= , i=1+]j
i (P;—Po)pg t—t !

i=1
P, — Texymee nasnenmue.
Bripaxenue (B8) ABisieTcss ypaBHEHHEM NPSIMO# JTAHAH B KOOpAUHATaX [P}, ¢] ¢ yrnossM koaddu-

IIMEHTOM, paBHbIM K03 puuueHTy npopykrusaocTd K. M3 oTpeska b, orcekaeMoro Ha nuHun P = P,
MOXKHO ONpEAEINTh MIACTOBOE jaBneHue P,

b
P, =Py+—=. B9
K 1] 2K ( )
OHo TakXe MOXeET ObITh HalfIEHO 1O OTPE3KaM, OTCEKaeMbIM Ha OCH JiaBieHui 1ipH @ = 0 ¥ Ha OcH
onpuP=0.
Ypasuenue (b8) MoXxHO 3andcaTh HHAYE!
¢; = K(P,~Py) + K(P,-P;) = qo +gq;- (B10)

W3 (B10) BuaHO, YTO NpeoOpa30oBaHHbIH rpadHK B HpEIaracMoOM HHTErpalbHOM METONE Mpen-
craBiiseT co0oi IepBOHAYANbHYIO HHIMKATOPHYIO quarpaMmy ¢; = K(P, — P)), cMemennyro Bnpago 1o
OCH leOHTOB Ha BeTN4MHY Ae6uTa ). TakuM 06pa3oM, HHTErPANIBHBIA METON JAET BO3MOKHOCTb CTPO-
ATh HHAUKATOPHYIO IHAarpaMMy, HO IIPH 3TOM YCTpaHss pa30poc pakTHIECKUX TOYEK.

1.2.5. AnanuTH4yeckull MeToq

Cornacno ypasresuio (b 1) npu npasmiibHO BEIOpaHHOM P, peoGpa3oBanHbIi rpachuK B KOOPIHHA-
Tax {t, In[P,—P(t)]} umeeT Bup npsamoi maaAn. Micxost 13 3TOro yCIOBHs, IONy4eHbl pacyeTHbIe ¢op-
MyJIbI, IO3BOJISIOUINE ONpefeNnaTh kKoaddhuuuenT npopykrusrocty K n macrosoe gasnenue P,:

F . P,-P,

= In— (b11)
pgAt Py —Piyy

Pi+lpj—Pin+1 (512)

P, = .
(Pis  +P) = (P +P;, )

Jns onmpepeneHus HCKOMBIX IIapaMeTPOB aHATHTHYECKHM METOJOM J{OCTATOYHO MMETD JIIO6O0# OT-
AENbHBIN YYaCTOK KPHMBOM, faxXKe MOXKET ObITh HEM3BECTHO BpeMsi, KOTJIa MPOHCXOMIIO BOIMYINECHNIE
nnacta. Ho ¢ yBenM4YeHHEM IIPOMOIKUTENBHOCTH NPOCIEXUBaHUS KPHBOH OYRET BO3pacTaTh TOY-
HOCTb OIIpEfie/ICHHs] TapaMeTPOB.

IIponenypa 06paGOTKH KpHBOH 3aKiItOdYaeTcs B ciaefyromeM. Ha KpHBOi BEIGHPAIOTCS ABE Maphl
TOYEK TaK, YTOObI HHTEPBAJb] BPEMEHH MEX/Yy TOUKaMH B KaXkK/o# nape ObLITH OfMHAKOBLI, a HHTEPBaJ
BPEMEHH MeXTY ITapaMH To4YeK ObL, BO3MOXHO, Gonbine. 3ateM no popmynam (B11) u (512) onpepe-
JISIOTCS HCKOMbBIE TapaMeTphl. [171s HOBBIIIEHAS JOCTOBEPHOCTH MOKHO HPOBECTH HECKOJIEKO ONpefe-
aexuit K u P, o pa3nuyHbIM MapaM TOYEK, a 3aTeM BbIYHCIHTh CPERHHAC 3HaYeHus. [ 3Toro ygo6Ho
TIpH TIPOBEQICHAN HCCIENOBaHUH PETHCTPHPOBAaTh M3MEHEHHE aBlieHus (YPOBHA) Yepe3 IMOCTOSIHHbII
HHTEPBaJl BPEMEHH, B IIPOTHBHOM Cllyyae HEOOXOQUMBle 3HAYCHHS AABJIEHHS MOXHO CHUMAThL Yepes
NOCTOSIHHBIA MHTEPBaJl BPEMEHH C KPHBOH NPOC/eKUBaHUsA, TOCTPOSHHON B KoopAuHaTax t, P(t).

H3noxeHHblil aHaTHTHYECKHI METO, 0OpabOTKH KPHUBBIX IPOCIECXKHBAHMS TPEOYET HE3HAYATE b~
HOTO 00'b€Ma BBLIUUCIIEHUI 1 MOXKET HCIOJIb30BaThCS [ ONEPATHBHOH 00pabOTKH B IPOMBICIIOBBIX
YCIIOBHSIX.

1.2.6. Meron HamiIy4mero COBMEIEHAA

MerTopn HauTy4Inero COBMeUIEHNs 3aKII0YaeTcs B MOFGope HEM3BECTHRIX IAPAMETPOB TaKHM 0Gpa-
30M, 4TOGBI (haKTHYeCKas KpHBasi IPOCIEXKUBAHUSI COBMECTHIIACH C TEOPETHIECKOH KPUBOH, paccyH-
TaHHOM 1o ypaBHeHHIo (b1). 3HaueHus napaMeTpoB, IPH KOTOPBIX POH30ILIO0 HAHIYYIIIEE COBMEILE-
HHe, 6ynyT UCKOoMbIMH. KpHuTepHeM KauecTBa COBMEIIECHUS CTYKAT CPENHEKBAPATHIECKOE OTKJIOHE-
HUE PacyeTHBIX 3HAUECHHH OT (hakTHIecKHX. [IpH HaWTydIneM COBMEIIEHAN OHO 6yAeT MUHAMAJBLHBIM.

BaxHO# OTIMYHTEIBHON OCOGEHHOCTHIO METO/]a NPOCIEXKUBAaHUS YPOBHS NIPH BCEX NEPEYHCIICH-
HBIX TEXHOJIOTHSIX M METOJax HHTEPIpEeTaluy SBISETCA TO, 9TO WA 06paboTtku KBY He Tpe6yercs
3HaHMe HU feOUTa CKBaXXWHBI NEPE]] €€ OCTAHOBKOM, HU NIPEAbIAYIIEH NCTOPUE PAGOThI CKBAKHHBI.

HepocraTkoM MeTOa MPOCIICXKUBAHUSI YPOBHS ABISAETCS TO, YTO OH IO3BOJISIET HAXONUTH TOJIBKO
K03 PUIMEHT NIPONYKTUBHOCTH CKBaKUHbBI H HE JA€T BO3MOXHOCTH ONPENENIATh THIPONPOBOIHOCTD,
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CKHH-(DAaKTOP U Psifi BPYTUX BaXKHBIX HUIBTPAIHOHHBIX NapaMeTpoB. [Is HX HaXOXICHUA HEOOXOMHMO
HCIONB30BaTh APYrHE METOABI, pACCMaTPHUBAaEMbIE HUXKE.

1.2.7. MeTop BOCCTAaHOBJICHUS JaBICHUA

Hapsiny ¢ TpaguiMOHHON TEXHONOTUEH HCCENOBAHUM METOROM BOCCTAHOBIICHUA HABIEHHUS, KOTOPas
AaJIEKO He BCETNia MOKET ObITh HCIIOIb30BaHa I HU3KOMPOHMIIAEMBIX KOJUIEKTOPOB, TPEIaraeTcs Npo-
BOJIUTB HCCIIENOBAHMS C PETUCTPalell KpHBbIX H3MEHEHNS JaBJICHN IIPH IIPOU3BOJILHOM pEKMME PaGoThbl
ckBaxuHbl. IIpy 5TOM B CKBaXXHHE B TeUCHHE 1-2 CYTOK PETHCTPHPYETCS A3MEHEHHE BO BPEMEHH JlaBle-
Huii: 3a6oitHOrO0, GyhepHOTO ¥ 3aTPy6HOTO, a TakXKe IeOUTa CKBaXKAHBI Ha 3aMepHO# YCTaHOBKE.

O6paboTka BegeTcs 10 METORY HAMIYYIEro COBMEIICHAS KPHBOH H3MEHEHNS 3a00HHOr0 aBIeHus
C TOYHBIM pElLICHNEM YPAaBHEHNS Ibe30IPOBOHOCTH 71 TO! MM HHOM Mofenu miuacta. ITpu ucnons-
30BaHUM MOJIETM OFHOPOJHOIO HEOIPAHMYEHHOTO INIAaCTa ONpPENEAOTCS HIPONPOBOAHOCTD IIACTA,
ckMH-(hakTOp ¥ IITAacTOBOE faBneHue. IIpu n3pecTHOM 3¢h(peKTHBHOM TONIHUHE IIACTAa MOXKHO paccyy-
TaThk NPOHUIIAEMOCTD U ITEE30NIPOBOTHOCTD.

2. TUIPOTUHAMMNYECKHE UCCIEJOBAHUSA CKBAXUWH
NP MHOTOPABHOUN ®MNIHTPALINU

2.1. TuopoduHamureckue LCCAeO0BAHUA CKEAXCUH NPYU. MHOR0A3HOT yemanosusuelica gusvmpayuu

2.1.1. TeopeTuyeckre OCHOBBI METOla HHTEPNPETANH HHANKATOPHBIX AMarpaMMm

TeopeTuyeckoi 6a30il HPOrHO3HBIX PACYETOB CIIYXKHT NpeioxeHHoe M. ®eTKoBUYEM COOTHOLIIE-
HMe A% CTalMOHAPHOTO NPXUTOKA K CKBAaXKMHE ra3sMPOBaHHOM XXUAKOCTH NPH peXHME PACTBOPEHHOTO
rasza [91]:

2 2.0
q = I(P,~P%), (B13)

rAe q — ge6GuT HehTH B IOBEPXHOCTHBIX YCIOBHSAX; Py, — IacToBoe JaBiecHHE; P — 3a6oitHoe gaBieHue;
J — ko3 pULUEeHT NPORYKTHBHOCTH JByX(pa3HO! (pUIbTPAlMH; N — IOKA3aTellb CTENEHH.

3asucumocts (B13), nony4yeHHas BHavase Kak YHCTO IMIMPHUECKas, MO3Hee Oblila NOATBEPXAEHA
KOMIILIOTEPHBIM MOfIEIMPOBaHAEM B CTPOTO MaTeMaTH4ecKy o6ocHoBana [82, 88].

JIng cnygas, Xorga miacToBOe JapjieHHue NpeBbIllaeT JaBleHue HachIEHNd, a Ha 3a60¢ CKBaXKHHBI
NONePKUBAETCA TaBIEeHHE, MeHbIIIee JaBlIeHHA HachIIEeHNs, 3aBUCAMOCTS (B13) npeobGpa3syeTci K cie-
myromeMy Bugy [87]:

q = Ko(P,, - P,) + J(P2. - P?)", (B14)

rae K, — HayanbHBIH KO3(hPUIHEHT TPOAYKTHBHOCTH, COOTBETCTBYIOIMIA (hriibTpanuy HedTH B OXHO-
tasHOM cocTosiHuH, P, — NaBicHne HACHIEHHs HeTH Fa3oM NPH IJIaCTOBOH TeMIIEpAaType.

VcxonHBIME JaHHBIMH, HEOOXONMMBIMHE [N pacyera fAcOuros no dopmyne (B14), smustorcs pe-
3yNBTaThl NCCIENOBAHMS CKBAXKUHbI METOAOM YCTAaHOBHBIIMXCI OTOOPOB NpH 3a60HHBLIX AaBlICHHAX
Kak [PEBLIIAONHX, TAK H MEHBIINX fapleHnsX HachbieHns. Heussecruple koagpmmments! Ky, J 1 mo-
Ka3aTeJNb CTENICHH N B ypaBHEHHH NPUTOKA ONpEJeNAIOTC] B3 HHAMKAaTOPHOM [HarpaMMbl.

VIHInKaTOpHas 3aBECHMOCTh B CTaHRAPTHBIX KOOpIMHATaX q — P HMeeT IMHEMHLIA XapaKkTep B Ha-
[a3oHe OT ILIaCTOBOTO AABJCHHS [0 JaBJIeHNsA HACHIIEHASA, a IPH MEHLIIAX RABICHAAX H3rHOaeTCH B
HamnpaBlIeHuH K ocu ae6uTos. [IpuMep Takoi uarpaMMs HokasaH Ha pucyHke B1.

Hauansabiit ko duuueHT BpoayKTHBHOCTH K, onpepensieTcs N0 MHHEHHOMY Y4aCTKy HHIUKATOP-
HOU 3aBUCHMOCTH. [IJI HAXOXJIEHHA N U J TOYKH HHIUKATOPHOH 3aBHCHMOCTH, PacNOIOKEHHBIE HIDKE

HABJICHIS HAaChILIEHYsI, IEPECTPAaNBaIOTCA B KoopauHaTax 1g(q - qo) — lg(Pf,, - pz) ,Tie o= Ko(Pp — P —
ReGUT CKBAXKMHBI NIPH 3a00HHOM RaBIIEHHH, PABHOM AaBJICHHIO HaChIILCHHAs. B cCOOTBETCTBHE C ypaBHe-
HueM (B 14) B mpeoOpa30BaHHBIX KOOPAMHATAX (PaKTHYECKHE TOYKH JOIDKHEI JIOXKHTHCA Ha MPAMYIO JIM-

[Tl

HMIO, H3 YPaBHEHHS KOTOPOIi ONpefeNsaeTcs yrioBoi ko3¢ HIHEHT, paBHBIA NOKa3aTENO CTENEHH “N
H CBOGOMHBI YNeH, paBHbIA BenuduHe 1gJ .

Heo6xoquMO OTMETUTH, YTO Ha peajibHbIX HHAHKATOPHLIX 3aBUCAMOCTSX OTKJIOHCHHE OT IpAMOH
JIMHAM HAYHHAETCS OGBIYHO HE B TOYKE [aBJICHHs HachiueHus Py, a npa HeCKOMbKO GoJiee HA3KOM AaB-
nennu P} . Pasnocrs Mexay P, u P} MoxeT gocruraTs gecarka atMocdep. Takoe HoBefieHHE CKBAXH-

HbI OGBACHAETCA TEM, YTO B HAYAJIbHBIH IEPHOJ MTOHIDKESHIS 3a60HOTO 1aBIIeHAs HIDKE JIaBICHUS Ha-
CHILIEHA pa3Mepbl BOPOHKH Pa3ra3dpoBaHus ellle He3HAYHTEIbHbI, 2 BhICIUBIIACCA H3 IIACTOBOH
HeTH MHKPOCKONIHYECKHE My3bIPHKH ra3a MPaKTHYECKH HE BINAIOT Ha (pa30ByI0 MPOHAAEMOCTD IS
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HedTu. Mcxons u3 ykasaHHBIX COOOpaXkeHuil, Ipu pac-

G

yeTe feburos no dopmyne (614) BMecro BenmynHbi P, E 25
cleflyeT MCIONb30BaTh AaBlenue PY, sHayeHue Koto- & 20~
POr0 MOXHO OLEHHTb B MPOLECCE HCCIEAOBAaHAA KOH- E ™~ 1
KPETHOM CKBaXKHHBI, = 15 2 3

KoadduuueHT npoRyKTHBHOCTH J ABSETCA CIOXK- =10 i
Hoii (PyHKIMeEH TEKyLIEro IIaCTOBOTO JaBlieHus, (a3o- 8 3 N
BOY MPOHHIIAEMOCTH i1 HehTH, OGYCIIOBNEHHOI ra3o- £ 5 3
HACBIIIEHHOCTBIO NPH JAaHHOM ILIACTOBOM [JaBJIEHHH, a 8 \6
TaK>XKe BEJIHMYUHbI HA9aJIbHOTO KO3(phHLHeHTa IPOAYK- » 0 5 10 15 20 25 30
TuBHOCTH K,

3

TToka3aTenb CTEMEHH N — BENMYHHA SMIMPHYECKAS. TeGur XKupKoCTH, M°/CyT

Kak nokasano kommbroTepHoe Mopienuposanue [88], aTa Pucysiox B1. MHguKatopias [Earpasma

BEJIMYMHA 3aBHCHUT OT I'a30HACHIIIEHHOCTH H, CJIEAOBa-
TEJIBHO, OT JaBIECHUA, @ TaKXKe OOYCIOBIIEHa OTKJIOHE-
HHEM Iipornecca ¢huIpTpayuy oT 3aKkoHa Japcu.

IIpu pexxuMe pacTBOpEHHOrO rasa Kak J, Tak H n U3MEHSIIOTCA BO BpEMEHH N0 Mepe HaficHHA IJ1acTo-
BOI'O AaBJIEHMS, H, TIOTOMY pacyeT AeOWTOB [N pa3iHYHbIX 3a00iHbIX AaBieHuil no gopmyne (b13)
CIIpaBeJIuB TOJBKO JJIs1 OJHOrO 3HAYEHUS TeKYLIETO IIaCTOBOrO JaBJIEHUs, COOTBETCTBYIOLIETO AaTe
HCCIIETOBaHHS CKBAXKHHEI,

Ilpy nyiacToBOM aBJI€HHH, MPEBILIAOUIEM JaBJIeHUE HACBINCHNS, BEJIHYHHBI J H N JOKHbI OBITH
OTHOCHTEJILHO CTaOUIbHBI BO BPEMEHH, NOCKOJILKY Fa30HACHILCHAE B BOPOHKE pa3ra3sHpOBaHUs H IIO-
ABHXKHOCTBH He(TH OYyIyT ONpEneNnsaThes He TEKYIUM 3HA9€HHEM ILUTaCTOBOrO JaBIICHHMS, @ PAKTHYEC-
KH HEM3MEHHOM BEJIMYMHOM NaBJIeHUs HACBIIEHN.

2.1.2. TlocrpoeHnue u 06paboTKa HHIHKATOPHOM JHarpaMMBbI
Kak yxe oTMeqanoch BbIIIE, I 0OpaGOTKH HHAMKATOPHBIX HArPaMM, ONHMCHIBAEMBIX YPaBHEHH-
eM (B14), He06x0aUMO 3HATH 110 KAX[IO0 CKBaXKHHe 3a60iiHoe faBneHue P}, HuXe KoTOpOro HayHHaeT

CHIXXAThCA KO3(M(UIHMEHT IPOAYKTUBHOCTH. [IJ1s1 ONpefeNeHns 3Toro AaBjIeHUs HEOOXOUMO CTPOHTD
rpadiK 3aBHCHMOCTH KO3 ¢uuueHTa NpOIyKTHBHOCTH OT 3a6oiitHoro pasnenus. OH NoKa3aH Ha pH-
cyake B2. [Ins nocrpoenns rpacuka ko3 (pUIHEHTH TPONYKTHBHOCTH PACCINTHIBAIOTCS HA KAXAOM
pexuMe paboThI CKBaXKHHbI:

K = 5, (B15)
mn 1
rae q; 1 P; — ne6ut u 3a6oiiHOe jaBieHNe Ha KaXIOM pEKUMe, a IIacTOBOe faBneHue P, onpegens-
JI0Ch MyTEM IKCTPANOISAIMA NPAMOINHEHHOTO YJ4aCTKa HHAMKATOPHOM {HarpaMMBl 0 OCH [aBJICHHUI.
ITo momy4eHHbIM 3Ha4YeHHsIM KO3((PUIAEHTOB MPOAYKTUBHOCTH NOCTPOEH rpaduK, NOKa3aHHBIA Ha
pucyHke B2.

Ha rpacguxe oTMe4aeTcss FOpH30HTANLHBIH YIACTOK, B IPEenax KOTOPOro KoagpHLUHEeHT MPOayK-
THBHOCTH HE MEHSAETCA. DTOT YYaCTOK COOTBETCTBYET IPAMOIMHEHHOMY Y4acTKy Ha MHAMKATOPHOIM
muarpamme. Jlanee, no Mepe mafgeHus 3a60HHOTO JABJICHUA HOABISETCA YIACTOK CHIKEHUs KO3 du-
IUEHTa OPOXYKTUBHOCTH, KOTOPBIi SIBISIETCS MPAKTAYECKA MpsAMOIMHERHBIM. Ha mHIUKaTOpHOMR NHa-
TPaMME €My COOTBETCTBYET KpHBasi M3MeHeHus feOuTa, oOpanieHHas BOTHYTOCTBIO K OCH AaBICHUA.
3a0boiiHOE [laBlIEeHAE, COOTBETCTBYIOIEE NEPECEUECHAIO RBYX NMPAMOIMHEHHBIX yIaCTKOB Ha rpaduke
3aBHCHMOCTH K03(h¢uLeHTa NPOXYKTUBHOCTH OT HABIICHHS, SBIAETCI MCKOMBIM JIaBJI€HHEM, COOT-

BETCTBYIOLMM HaYaly CHUXeHus K03 panpenTa IpoayKTHBHOCTH P} .

HMes Bce HeOOXORMMbIE ApaMETPHI I NOCTPOEHHSI M 00pabOTKH HHAMKATOPHBIX AMArpaMM, Mo-
JY4YEHHBIX IIPA HCCIEAOBAHMAX CKBAaXXWH BBIIIE ¥ HIDKE IaBJICHAS HACHIIEHAs, MOXKHO ONpPEAEIUTD Ma-
PaMeTphl, XapakTepu3yolde (HILTPAIHIO FA3UPOBAHHOM XANKOCTH B OKPECTHOCTH CKBaXKHHbI. 3Ha-
HHE 3THX IAPAMETPOB NO3BOJIAT NPOTHO3UPOBATH EOUTHI CKBaXXHH, paO0OTaIOMuUX NPH AaBJICHUIX HU-
K€ NaBJICHHS HACHIIEHHA.

Onpenenus no NpsAMOINHEAHOMY YIaCTKy HHANKATOPHOM AHArpaMMbl KO3 (HUIMEHT NPORYKTHB-
Hoctu Ky, mnacroBoe papnenue P, a Takxe fasnenns PY , Moxno mpoBectd 06paGOTKy y4acTKa HH-

JUKaTOPHOI1 IHarpaMMbl, BOTHYTOI'O K OCH iaBlieHHi. B pe3ynbraTe 06pa6oTKu OyAyT NONTy4YeHbI Napa-
MeTpbl J ¥ n, XapakTepU3yIoIEe NPUTOK U3 MIIACTA IPHA pa3ra3npoBaHAH HE(TH B Mpu3aGOHHOI 30HE.
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Pucynok B2. 3aBucumocTsk Ko3thduumenTa npoyk- Pucynok B3. [IpeoGpa3oBaHHas HHIMKATOPHAS MArPaM-
THBHOCTH OT 3a00/HOr0 faBjeHus. Ma NIpA 3260HBIX JABNICHIBIX HIDKE ABJICHNS HAChIIICHMS.
IlpencraBuM ypasHenue (b14) B cnepgyromeM Buge:
In(q-qo) = InJ+nln((P¥)’-P?), (B16)
e
o = KO(PHJI - P: ) (E17)

B Beipaxenusix (B16) u (517) B ornmyre ot popmyisl (514) BMecTo faBneHus HacelieHus P, no-
CTaBJICHO faBlcHMe P}, Himke KOTOPOTo HauMHAETCA HCKPUBIEHHE HHIMKATOPHOM JHATPAMMEI.

Bripaxenue (B16) npeacrasnser co60# ypapHEHHE TPsMOl TuEMK B KooparHaTax [In((P} )2 — P2),
In(q - qq)]. IIpeo6pazoBaHHas B yKa3aHHLIX KOOPAWHATAX HHAXKATOPHAS IMArpaMMa IIPEACTABIEHA Ha
pucyske b3.

ITpeo6pa3oBanHas HANKATOPHAS AMarpaMMa HMeET BH NpsiMoii TuHAN. MickoMble mapaMeTpbl J 1
N OIPENeIFOTCS U3 CIIENYIOIHUX COOTHOIIEHHMIA:

] =eBe (B18)
n = tgo, (b19)

e O — yroJ HaKJoHa NpeoGpa3soBaHHOM MHIMKATOPHOIM TUATPaMMBI K OCH opauHaT; B — oTpesok, oT-
CeKaeMbIil Ha OCH OpJIUHAT.

2.2. T'uopoouramuteckue uccaeO08aHUA CKEANCUH
npu mMHO20¢pa3Holl HeyCMaHoOBUBULETICA Guibmpayuu

YpaBHenus dunbTpanuu MEOro(ga3Hoi XKUTKOCTH B IIOPHCTHIX CPefax M3BeCTHBI € 1936 1. [96, 101].
B camoii o6uiet popMe 3TH ypaBHEHUS HMEIOT BBICOKYIO CTENIEHD CIIOKHOCTH: OHM HEJIMHEWHbI KaK B
OTHONIECHHM [AaBJIeHNs, TaK U B OTHOIIEHNH HacblllleHHOCTeH ha3. KpoMe Toro, Bxofsiye B HUX Jpyrue
¢usnyeckre BeTUYAHB], TAKHE KaK MIIOTHOCTH, BSI3KOCTH, 00'beMHEIE KO3(hHIHEHTHI, pACTBOPHMOC-
TH a3 ABIAIOTCH SMIMPHUIECKAMH (DYHKIUSIMH NaBJIeHUS M HACHIEHHOCTEH, aNlpOKCHMAaNus KOTO-
PBIX IaeTCq BeChMa CIIOKHBIMH aHATNTHIECKAMH BhIpaXkeHUAMH, J103ToMy aHaIUTHIECKOE pelleHHe
TIOJIHOM cucTeMb! AupepeHIaNbHBIX YPABHEHNN, ONMCHIBAIOIINX TeYeHHE MHOTO(a3HOM XXKUIKOCTH,
NMPAaKTHYECKH HEBO3MOXKHO.

3a nocnegune 60 ¢ mumHNM neT npobiaeMe MHorodazHOH PUIbTPaLMK 3apyOeKHBIME H OTE4eCT-
BEHHBIMH YYEHBIMH YAEASIIOCh GOINbIIOE BHAMaHNE. BhITN TONyYEHbI TOUHBIE ¥ NPUOIHKEHHEIE pe-
LIEHHs 3TOM NpoG6IeMbl B YIIPOLIEHHOH ITOCTAHOBKE, Pa3paboTaH EbId PSR alrOPUTMOB YUCIEHHOTO
pelleHns ypaBHEHWH MEOro(ha3HON ¥ MHOTOKOMIIOHEHTHOI (PUIBTPal METOTOM KOHEYHbIX Pa3Ho-
creft. I3yyanoch ABMKEHHE HE TOMBKO CaMEX NPUPORHBIX KUAKOCTeH (HedTH, ra3a H BOALI) B OpHUC-
TOif cpefie, HO ¥ BBITECHEHHE HX PACTBOPUTENSMH, 00OTalIeHHBIMU CYXHM ra30M BBICOKOTO AaBJICHHS,
3aryIeHHO U KapOOHH3NPOBAHHON BONOH H T.II. IPH BTOPUYHEIX MeTOax go6brun HedpTH. M3yuascs
MaccooOMeH MeXny pa3zaMi, paccCMaTPHBAJIOCh BIHSHUE HEU30TEPMUYECKUX MPOLECCOB B I1acte. Bee
3TH TEOPETHYECKHUE, @ TAKXKE MEOTOHUCIICHHbIE SKCIIEPHMEHTAJIbHbIE MCCIIEOBAHNs HMEJIH OfIHY IJ1aB-
HYIO IIeJIb — CO3JjaHN€e Ha MX OCHOBE PallMOHATBHON CHCTEMbI pa3paboTKH ¥ TeXHOIOrHH HedTego6bi-
qu. OgHaKo MpoGneMe rEApOANHAMAYECKIX UCCIENOBAHIUH CKBaXXWH IIPHA MHOro(a3Hoit unbTpauuy,
LENbI0 KOTOPBIX SBISETCS olpefeneHne ¢a3oBbIX WX aGCONOTHON IPOHALIAEMOCTH, BHIMaHHUe NPaK-
THYECKH HE YAETI0Ch. XOTS HECKONBKO COTEH ITyOIHKaIHil TOCBSAIIEHO Pa3ndHbIM POGIeMaM aHa-
JIM3a JaHHBIX HCCIEAOBaHUs CKBaXXHH, OOHAKO, He Oonee 20 cTaTedl HMEIOT OEN0 HEMOCPENCTBEHHO C
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aHaJIM30M HCCIEROBaHUs CKBaXXKHH NpU MHOTO(a3HOM TeueHHU. Bo3MoXHO, caMoe NOPa3suTEIbHOE TO,
YTO B ABYX MOHOrpadmsx, n3naHHbIx SPE (AMepHKaHCKIM OOLIECTBOM HHXKEHEPOB-HE(DTIHAKOB) B
1967 r. [95] u B 1977 r. [90], B XOTOpPBIX MOXPOGHEAIINM 06Pa30M OCBEIAIOTCS Bee MPOBIEMBI HCCTe-
AOBaHHS CKBaXWH NPH YIIPYToM pexXuMe GuIbTpaIy ofHoda3HON XUAKOCTH, BOIPOCY HCCIIEOBAHUS
CKBaXXHH Np¥ MHorodasHo# punbTpanuy OTBENEHO B CyMME BCETr'O YeThIpe CTPaHUIbI!

K nacrosmeMy BpEMEHH, TEM He MeHeeE, CIIOXKMINCh TPH MONX0fa K aHaIIN3y MaTEPHUajIOB HCCIENOo-
BaHMA CKBaXHH IpH MHOrodasHoi ¢hHILTPaLHH, B HACTHOCTH, IPH PEXMME PacCTBOPEHHOrO rasa.

2.2.1. Metop ananorun Ileppura—MapTuna

ITeppun [97] u MapTus [93], ocHOBBIBasiCh Ha ONbITE 0OpabOTKH IPOMBICTOBBIX KPHBBIX ITaleHUS
M BOCCTaHOBJICHHUS JJaBJICHHUS TPH Pa3IMYHbIX peXXuUMax (pUIbTPANHy, NPENIOXKIIN A1 aHalIu3a JaH-
HBIX, IOJYYEHHBIX [IPY THAPOAUHAMUYECKHX MCCIENOBAHUAX CKBAXKHH IIPH MHOrO(a3HOM IIOTOKE, HC-
ITOJIB30BAaTh KIIACCHYECKOE YPaBHEHHE Nbe30IPOBOAHOCTH (A1 pepeHInanbHOe ypaBHEHHE, OMChIBA-
ollee TeyeHre oqEoda3HoOM ynpyro# XuIKOCTH), 3aMEHNUB B HEM ITOABHKHOCTD (k/|L) CyMMOH IO(BUXK-
HOcTeil Kaxpoil ¢asbl, a CKAMaeMOCTh (C) 3aMEHUTD IICEBAOCKIMAEMOCThIO, ABIIOIIelics pyHKIme
CBOMCTB XHIKOCTEH H HX HACBILEHHOCTEH. B pe3ynpTaTe 06paboTKH MOXKHO ONpeNenuTh 3¢ eKTHB-
Hble (ha30Bble NPOHMLAEMOCTH (TIOABMKHOCTH) M CKUH-(pakTOp. AGCOMIOTHYIO NPOHALIAEMOCTh IO
3TOMY METOAY ONpPENEIUTh Henb3s. [Ipu aToM HHAUBHAYaNbHbIE (ha30Bble MOABIXXHOCTH MOTYT OBITh
OILleHEHBI TOMBKO B TOM ClIy4ae, EClU paclipefie]IieHue HaChIIIEHHOCTH IO [UIACTy OMHOPONHO. [IpyraM
HEAO0CTaTKOM 3TOr0 METO/A SABNSETCS HEOOXOAMMOCTh HCIONb30BaTh B pacyeTax HEKOTOPhIE CPEIHHE
3HAa4YCHHUA NaBJICHHUA K HCQ)TCHaCbIIHeHHOCTI/I B 30HE€ APCHAUPOBAaHUsA, KOTOPbBIC B IPOMBICIIOBBIX YCIIOBH-
SiX ONPEJENINTh BECbMa 3aTPYIHATEIBHO.

2.2.2. MeTop KBafpaToB IaBICHUIA

k
PasnbiMi aBTOpaMH GBIIIO 3aMEYEHO, YTO BENWYHHA NOJBIKHOCTH He(pTH ﬁ B HEKOTOPBIX CITy-
0DBo
. ko
4asX JMHEHHO 3aBUCHT OT KaBJIEHUS: ™3 = aP, rje a — NOCTosIHHAs BEJIMYHHA.
0Bo

Ecnu nopgcTaBUTh 3TO BbIpaXKeHHe B ypaBHEeHUs MHOroga3noi haibTpalyH, TO HX MOXHO IpHBeC-
TH K BUJly CTRHAApTHOTO ypaBHEHHUs Tbe30MPOBOAHOCTH, B KOTOPOM BMECTO faBiieHus P crouT kBagpar
nasnienus P2, Bce M3BeCTHBIE PELEHNs yPAaBHEHHS Mb€30IPOBOHOCTH ISl OfHO(]a3HOM KHUIKOCTH MO-
I'yT OBITh HCIIONIL30BaHBI C 3aMEHOM NaBlIeHAS Ha KBafipaT JaBIeHUs, a OqHO(A3HBIX NOABHKHOCTH U
CXUMAEMOCTH Ha CYMMapHYIO HOABIDKHOCTH H NICEBJOCKAMAEMOCTb.

SroMy MeTOny IPUCYIUH Bce HegocTaTku Meropa Ileppmana—Mapruna. Kpome Toro, nuHeiinas 3a-
BHCHMOCTb IIOABM>XKHOCTH OT [aBJEeHUs JJIL MHOTHX HepTeill He OTMeYaeTcs.

2.2.3. MeTop nceBnonaBneHns
Wnes npuMeHNTL HEKOTOPOE MHTETpanbHOE Ipeobpa3oBanne K ypaBHEHBIM JByX(asHo# PriIbT-
pauuu mosBusack B Havase 1940-x ronos. IlepBrIiMu 5T0 ocymiecTBaIM B Hanlel crpade C.A. XpHcTH-
aHoBud, a B CIIIA — Macker u Epunrep. ITo3nHee psa aBTOPOB OKa3ald, YTO HEYCTAHOBHBIIMICI MHO-
roca3Hblil NPUTOK K CKBaXKMHE OIMCHIBACTCS CIASRYIOIIUM YpPaBHEHUEM
G = kb
® ™ 141.2(0.51nty + 0.404 + S)

rae m(P) — pyBKIMA IIceBONaBNAEHUS, HMEIOIAst BUA:
P

(m(P;) - m(P,)], (B20)

krO(SO)
mP) = [—L=Ydp, (B21)
-” HoBo P
P,
tp — 6e3pa3MepHOe BpeMsi:
t = 0.0002641(t’ (B22)
OpgiCuryy

S — ckuH-(aKTOp, KOTOPLIH B JaHHOM CiIydae OTpaXaeT KaK HapyIIeHHs B IIpu3aboiiHoil 30He, TaK U
yBEJIMYEHHE CONPOTHUBJICHHS, BbI3BAHHOT'O YBEJIMUYEeHNEM 00 beMa BBIIEIUBINErOCs ra3a.
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3roT MeTop ABIsAETCA HanbGoIee 0G0CHOBAHHBIM I'MPOJIMHAMAYECKH H3 BCEX PACCMOTPEHHBIX BbI-
me. C ero moMompio MOXET OBITh ONpeEfie/ieHa abCOMIOTHAs POHUIAEMOCTD, II03TOMY OH PEKOMEH-
AyeTCs s MPAaKTHIECKOro IPAMEHEHNS.

MOXHO OTMETHTE TakXKe METOJ, OCHOBAHHbIH Ha JIMHEAPH3allHM UCXORHBIX quchdepeHmanbHbIX
ypaBHEHHH HEyCTaHOBHBILEHCA (PHIBTPALUH FA3HPOBAHHOM XHUKOCTH C UCIIONB30BAaHUEM CKHMAEMO-
CTH U NbE30MPOBOIHOM cMecH, npepioxeHHoi J.B. Yekamokom [76, 21], u cBeieHHEM 3ajaydl K [BH-
KEHHIO yIIPYrod XUAKOCTH, a TaKXke uccnegoanus A.A. bokcepmana, ®.51. 3asosckoro u C.I'. Kame-
HEUKOro.

2.2.4. Anroput™ 06paGOTKH KpUBBIX HaleHHS M BOCCTAHOBJICHHS JJABJICHHS IO METO/Y NICEBIOABICHAS

1. CocraBnsercs Tabnuna t, P 1 R B COOTBETCTBYIOIIMX €IMHALIAX H3MEPEHUS.
2. Uicnonk3ys R u3 aTo# Tabmuuel, BEIYACAETCSA k /Ko KaK yHKIMS NaBIEHHS 110 YpPaBHEHHIO

k& l’lng R-R
= = —==(R-Rg). b23
ko uo B()( S) ( )
3. Micionb3yst KpUBbIE OTHOCATENLHBIX (pa30BbIX MPOHHIAEMOCTEH, HaxomuTcs k /Ko Kak yHKIHS Sp.
4. Vicnone3ys pe3yabTaThl Maros 2 | 3, Haxoaurcs P kak dbyHKuua Sy,
5. 3nas 3aBuCHMOCTS P oT S, HaxomuTes kg Kak pyHkums P, HCNOMB3ys KPABYIO OTHOCHTEIBHOM
¢a30B0i MPOHUIAEMOCTH HE(TH.
6. Beraucnsercs ¢pynknus ncespogasneHns m(P) no ¢popmyne

P
ko(Sq)
mP) = | T (524)
b
HCIOJB3Ys 3aBUCUMOCTD K o(P), momy4yenHyro B miare 5 u gannsie PVT nius 3aBacuMocrei py(P) u By(P).
7. CrpouTtcs rpadHK 3aBHCHMOCTH NceBofasieHus m(P) or norapudMa BpeMeHH.
8. Onpegensercst yriaoBo# ko3¢ pHUUEHT NPAMOIHHEHHOTO Y4acTKa MOJNYyYEeHHOro rpaduka i u
CcBOOOMHBIN WIeH A.
9. Onpenensgercs Npou3BefeHNE NPOHHLIAEMOCTh—TONIIMHA IO POpMyIIe:
kh = q/4mi. (B25)
10. Onpenensercs BeTHIMHA
£ = 0.445exp(Afi). (B26)

2
I,

=l

11. Onpenensercs
&= k/l-l(mﬁo + Bc)

12. 3nas @, HaxOO¥UM MPUBEACHHbBINA PagUyC CKBAaKWHbI

x
T = 0445 exp(A/D) (B27)

13. OnpepensieM ckut-dakrop S no dpopMmyne:

S = Ine. (B28)

e

2.2.5. Ilpumep 06paboTKM KpUBOI NafIeHHS JaBICHUs

Tl unmrocTpanyuu MeToga 06paGOTKH KPHBBIX Af€HUS M BOCCTAaHOBJIEHUA 3a00HHOr0O IaBIeHus Ha
CKBaXmuHe, paboTaroleil B acTe MpU peXXUMe PacTBOPEHHOTO ra3a, pacCCMOTPUM TMOOTETHYECKHI
npumep.

ITpuMmeM, 4TO HeDTAHOM IITACT ABIAETCA ORHOPOAHBIM IO NPOHALIAEMOCTH, IOPUCTOCTH H TOJILIHUHE
C TOPH30HTANLHBIMYA HENPOHUIIAEMBIMHI KPOBIEH B MONOUIBOI K YTO AABJICHUE HACHIIICHUSA B HEM PaB-
HO Ha4aJIbHOMY IUTACTOBOMY AABIICHHIO, T.€. YTO B HAYalbHBIH MOMEHT BPEMEHHM HAaCBIIEHHOCTh He(-
THIO paBHA €AMHMIIE, a HACHIIIEHHOCTD Ta30M paBHa Hymo. [IpyraMH cJI0BaMH, B Havaje pa3paboTKu
CBOOOMAHBIN ra3 B miacte oTcyTcrByeT. OqHHOYHAS CKBaXKHHA MyL[EHA B 9KCILTyaTalHIO ¢ HOCTOSHHBIM
Re6HuTOM B IOBEPXHOCTHBIX ycIoBHsX. C NEepBBIX Xe CEKYH][ pabOThI CKBAaXUHBI JaBIEHHUE B Iu1acTe Gy-
A€T NOHMXKAThCA, CTAHOBSACH MEHBILIE AABICHUS HACBIEHHAS, H B IIACTE U3 He(PTH HAUHET BbIENSTHCH
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ra3, o6pa3ys cBobozHy!o ¢a3y. ITo Mepe paboThI CKBaxKMHEbI 30Ha, B KOTOPOI IPOUCXONHUT pa3ra3upo-
BaHHe, GYAET MOCTOSIHHO YBEIMYHBAThCs; HE()TEHACBIIEHHOCTD B Hell Gy/ieT apaTh, a ra30HaChILICH-
HOCTB BO3pacTaTh. B miacre o6pa3syeTcs gByxda3Hoe TeueHHe HedTH U ra3a, KOTOpOe IPUHSATO Ha3bl-
BaTh PEXXHMOM PaCTBOPEHHOTO rasa.

ITocne ocTaHOBKM CKBAXKWHBI IIO MEPE NMOBBIIIEHNS JaBIEeHNUS BbIIETUBIINIACSI CBOGOAHBI ra3 Hauu-
HAeT CHOBa PacTBOPSTHLCA B HEGTH U B YCTOBUSIX HEOTPaHUYESHHOT'O IIACTA WX ITIOCTOSIHHOT'O NaBIECHHS
Ha BHEITHEM KOHTYpE MO HCTEYESHAH TTMTEILHOTO NEPHOAA BpeMEeHN He(pTeHAChIIIEHHOCTE CHOBA CTa-
HEeT paBHOW eJUHUIIE.

PaccmoTrperHbIe u3myecKne MPONECCH! ONACHIBAIOTCA CHCTEMOH i epeHINaNbHbIX YPaBHEHAMH
B YaCTHBIX IIPOH3BORHBIX, KOTOPas faXe B TAKOM NPOCTEHIIIEM CTy4ae HE IMEET aHAIUTHYECKOT'O pe-
1ieHus. PaccunTaTh H3MEHEHHE JaBIICHNs ¥ HACHIIEHHOCTEH He(hTH U ra3a B IVIacTe MOXHO JIMIIb ITy-
TEM pEIIEHHUs] 3TOH CHCTEMBbI YpaBHEHHI KOHEYHO-Pa3HOCTHBIMU METOAIaMH, C MOMOIIIBIO TaK Ha3bIBa-
€MBIX YHCIIEHHBIX MOfieNiell HedTaHOrO niacta. ITpu moAroToBKe rHNOTETHYECKOTO IpUMepa 6bLIa Hc-
nonp3opaHa nporpamma LAURA [63], peanusyromas Takyro mofenb. Ilo aToii mporpamme Gblin
paccyMTaHbl KpUBbIEC H3MEHEHHS 3a60HHOr0 IaBIeHAs IPH paGoTe H OCTAHOBKE CKBAXKMHbI. JTH T'HIIO-
TETHYECKME KPHUBbIE 06paboTaHbI 10 ONIACAHHOMY BBILIIE METOY C LIENbIO OLIEHKH €r0 MPHEeMIEMOCTH
A1t 06pabOTKH NPOMBICTIOBLIX KPHBBIX H3MEHEHHs 3a60MHOr0 AaBJICHHU, OTIY4aEeMbIX IIPU THAPORH-
HaMHYECKHX MCCIIEJOBAHMAX CKBAXXHH IIPH PEXHMME PaCTBOPEHHOIO rasa.

Wcxopable paHHbIE.

JIns pacyeTa rHIOTETHYECKHX KpUBBIX MO mporpamMme LAURA 6GbUIH NPHHATHI ClleAyIOLIME HCXON-
Hble JlaHHbIE!

Tonmmua nnacra -10Mm

ITopucrocTsh -02

AGconioTHas HPOHHLAeMOCTh Iwacta — 0.010 Mrxm?

HavanbHoe m1acToBoe faBlIcHHE - 10 MIla

ITaBjIeHHE HACHIIEHUA — 10 MIla
CBolicTBa He(hbTH IPH HAYAIBHOM IJIACTOBOM JaBJIEHAH (MaBJICHAM HACHIILCHHUS ):

CxmMaeMocTh -0.001 1/MIla

O6bemHbI#H KO3h PuumeHT - 1.2 33

Baszkocth - 1.78 MIlac

Koa¢huuueHT pacTBopuMOocTH —68.5 am3/Mm3

CsoiicTBa He(PTH ¥ ra3a IIpU AaBIEHIAX HILKE NaBJICHHS HACHILIECHHS IPUBENECHBI HIKE HAa PUCYHKAX
b4-B7.

Pa3oBbie IPOHUIAEMOCTH He(hTH U ra3a NPUBEACHBI Ha pucyHKe B7.

Papmuyc ckBaskuHb! npuasiT pasabM 0.1 M. [le6ut HedTH B TOBEPXHOCTHBIX yenoBmsx — 10.857 m3/cyr.
CxBaxuHa pacmojaraeTcs B eHTpe KBagpaTHOro miacra pasmepoM (1000 X 1000) m. PasnocrHas cet-
Ka JIs pacyeToB no nporpamme LAURA nMeeT nepeMeHHbIN 11ar: MUHUMAaNbHbIA pa3Mep HMEET sTdeii-
Ka, B KOTOpOﬁ PacnoyioXKeHa CKBaXX#Ha, a 110 HallpaBJICHUIO K 'PAHHUIIAM IIJTacTa pasMep AYCEK YBEIHU-
YHUBAETCS B reoMeTprdecKoii mporpeccu. ITo TomuHe miiacT MOTeUpyeTcs OMHOM TueiiKoil, T.e. pas-
Mep ceTku cocTaBager (57 X 57 x 1).

IIpu mcnonb3oBaHMM MeTONa NceBAoRaBneHus misa obpaborku KII u KB]I Heo6xonuMo HMeETh
aHaIMTHYECKME 3aBHCHMOCTH CBOMCTB HE(PTH M ra3a OT JaBlIeHNU A, a TakKXkKe (pa30BbIX IPOHALIAEMOCTER
OT HackimeHHocTH. [ToaToMy rpaduku Ha pucyHkax B4 — B7 6p111 annpokcuMupoBaHbl OPMyIaMHu,
KOTOpBbI€E IPHBOASTCS HILKE.

O6bemublit KoaddunuenT rasa By:

B, = ap’, (B29)

rae a=9.515227 x 102, b = —1.00881; [P] = MITa, [B,] = M3 /M.
O6beMHbI KoadduuueHT HepTH By):

2
By = Y ax, (B30)
n=0
rre X = 145.0378P; a, = 1.03904, a, = 0.000147541, a, = —2.53754 x 108, [P] = MI1a, [B] = M*/».
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© Hasnenue, MIIa asnenune, MIla
Pacyrok B4, 3aBucuMoCTh cBOACTB HeTH OT NaBIEHHS. Prcysok B5. 3aBHCHMOCTE CBOJICTB ra3a OT AaBIEHH.
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Haenenue, MITa I'azonaceimernocTs, Ge3p.
Pacysox B6. 3aBucMMOCTE pacTBOPMMOCTH Taza Pucyrox B7. 3aBHCHMOCT: OTHOCHTENBHBIX (ha3OBBIX
B HE(PTH OT JaBJICHHS. TIPOHNLIAEMOCTE OT TA30HACHIUEHBOCTH.
Bsakocrs rasa
3
e = Zan"n' (B31)
n=0
rae x = 145.0378P; a, = 0.010979, a, = 9.82368E-07, a, = 1.98678E-10, a; = 6.07784E-13, [P] = MIla;
Ml =mIac.
Bsaskocts sedTa
6
Ko = z ax, (B32)
n=0

rae x = 145.0378P; ag = 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] = MIla; [py] = cn3.
PacrBopumocts R

6
.=b 2 ax", (B33)
n=0
e x = 145.0378P; ag = 0.0238212, a, = 0.000775857, a, = —2.00732E-06, a; = 3.83138E-09,

a, = —3.94215E-12, a5 = 2.03027E-15, ag = —4.1009E-19, b = 178 x 1076, [P] = MIIa, [R;] = M3 /m>.
OrHocuTenbHas ¢a3oBasi HPOHMIAEMOCTD raza

6
kg = D a,x", (B34)
n=0

7€ X — ra30HaCHILEHHOCTD; 3y =—7.99751E-05, a, =0.0124417, a, = 0.894069, a; = -1.98056, a, = 12.2045,
ay =-23.7037, ag = 17.6874.
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PexuM pacTBOPEHHOTO ra3a
Pyac. = Pyau.
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8 \ Co —0.00102 1/MIIa Cr-0.0
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Pucynok B8. M3Menenne 3a6oiiHoro faeieHus, paccuuTanHoro no nporpamme LAURA.
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Pucynok B9. Kpupas nanenus 3a60iHOro faBieHust Ha CKBaXkHHe, paGorasmeil B ONHOPOAHOM HEOTPaHHYECHHOM ILIa-
CTE IPH peXHUME PaCTBOPEHHOr'O ra3a, mpeoOpa3oBaHHas MO METOAY “ICEBAOAABIECHHUS .

OTtHocurenbHas (ha3oBasi IPOHAIIAEMOCTL He(PTH
4
ko= 3 2", (B35)
n=0

i€ X — Fa30HACHIMICHHOCTD.
Ecmu x £0.24, To

2,=0.97938, a;=-9.08274, a,=56.8471, a;=-209.412, a,=304.426;
eciu X > 0.24, To

a,=0.991041, a, =-5.97205, a,=14.4506, a;=-16.2024, a,=6.94024.

Ha pucynke b8 npuBeneHa kpuBas '3MeHeHHs AaBJieHHs Ha 3a60¢e CKBaXKHHbI, paboTaBIlel B Teye-
HHME OfIHAX CYTOK C YKa3aHHBIM BbIllIe icOHTOM, a 3aTEM MIHOBEHHO OCTAHOBJIEHHOM TaKK€ Ha OJIHH
cyTkH. B pesynbTaTe pacueToB NONyYeHO, YTO AeOGUT rasa cocrasui 887 M%/CyT B HOPMaNbHBIX YCIIO-
BHSIX, T.€. Fa30BbIi (pakTOp cocraBun 81.7 M3/m>.

IlpuBeneM s npumepa o6paGoTky kpueoit nagenus (KIIM), Tak kak o6pa6oTKka KpHBO# BOCCTa-
HOBJIEHHS JJaBJIeHNs mporcxoaut aHanoruyHo. Ha pucynke B9 npusenena KIIJI, mpeo6pa3oBaHHas 1Mo
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METOAY IICEBACHABIIEHHs, KOTOPasl HPeACTaBasieT co60il HIealbHy¥O IPAMYIO JIHHHIO C YITTOBBIM K03¢-
dupenTom —1.73016 1 cBoGomHbIM WieHOM 1.03995.
Cornacro ¢opmyne (B25) onpenensiem Benmunny kh = 9.935 mxm?, a no ¢opmynam (b26) u (528)

onpeaenseM ckuH-(akTop, KoTophiil paBen —0.589.

“HMcruHHas” BenmumHa kh, HCMonb30oBaHHas NpPH pacyeTe 3TOH T'MIOTETHYECKOH KpMBOH paBHa
10 MxM? cM, T.e. TOrpeImHOCTH cocTapiseT Beero 0.7%.

3. OCHOBHBIE TMIPOMTUHAMHWYECKHUE MOJIEIIH
ITPOTPAMMHOTI'O KOMIINIEKCA BHHWHuedTs

ITo cTpykType mOopoBOI cpeibl IIacTa:
* [TopucToit
— OMHOPOHBIA
— OJHOPOJHO-aHA30TPOIHbIH
* TpemuHOBATO-NOPHACTHIN
— OJJHOPOJHBINI
— OAHOPOJHO-2HN30TPOTIHBIN
* [IByXcnoiiHelii co ciabonpoHHLAEMOil Iepe-
MBIYKO#
— OHOPOJHBIA
— OHOPOTHO-aHA30TPONHBIN
* MHOrOCNOHHBLII AHW3OTPONHBLIA (YUCACHHAS
MoJieNb)
Ilo ycnoBmio Ha BHEIIHEH I'PaHUIE IJIACTA:
» HeorpanmyeHHbIH
* Heorpann4eHHbI# [BYX30HHBIH
» OrpaHnyeHHbI# GECKOHEYHBIM HETIPOHHLAEMBIM
3KPaHOM
* OrpaHu4eHHbI# NONYyGECKOHEYHBIM HENPOHH-
1JaeMbIM 3KpaHOM
* IInacr-kBappaHT
» ITonocoo6pasHelit
s IIpssMoyronbHbI#i

* Knmnoo6pa3sHblii
— C IPOU3BOJIBLHEBIM YITIOM pacTBopa
—cyrnoM pactBopa 180/N, rme N=1,2, 3....
* KpyroBoit
— OIHO30HHBI!
— JIByX30HHBIA
— TPEX3OHHBIHA
ITpumedyanue: BHEMHSA I'PaHULA IJIaCTa MOXKET
OBITh KaK 3aKpbITOM (IPHTOK Yepe3 Hee paBeH
HYJIIO), TaK ¥ OTKPBITOM (HOCTOSHHOE JaBJICHHE).
ITo ycnoBuio Ha CKBaXXMHE:
¢ [locTosHHbIN fe6UT
* [TepeMenHRLil Ae6HT
* I[TocTOAHHOE TaBICHAE
* IlepeMenHOe paBneHue
» BoccraHoBiieHHE YPOBHS NTOCHIE:!
— “MIrHOBEHHOTO” M3MEHEHHS J|aBJICHHUS
— RJIUTEJIbHOMH pabOThI C HOCTOSTHHBIM AE€GHTOM
— KpaTKOBPEMEHHOH paboThl ¢ MEepeMEHHBIM
ne6uToM
— KpPaTKOBPEMEHHOH pabOThl C NEPEMEHHBIM
NABIICHAEM

« T'opu3oHTaNbHBI 3260i
* MckyccTBeHHas TpeLuHa

— OJHO30HHBIK
— MHOT'O30HHBI (YHCTIEHHAs MOJEITb)

MNPNJIOXEHME B
(pexomeHngyemoe)

MPUHLIWIIEI U3YYEHUS OCOBEHHOCTEN 30H IPEHUPOBAHUS CKBAXUWH
TUIPOOMHAMUYECKHUMU METOJAMM NCCIIEJOBAHUSA

I'mppomuHaMHUYecKie HCCIEAOBAHMS CKBAXKUH SBIISIOTCS OZHMM M3 OCHOBHBIX METONOB YTOYHEHHS
CTPOCHMS TIPOAYKTHBHbBIX ILIaCTOB HE(DTSAHBIX M I'a30BBIX MECTOPOXJCH, HOATOTOBKY I'eONOTHYECKOM
OCHOBBI AJIS1 IPOSKTUPOBAHUS! Pa3paGOTKH, OCYIIECTBICHUS THAPOAMHAMIYECKOTO KOHTPOJIS B LIPOLIECCe
9KCIUTyaTalyy.

B HacTosimee BpeMsi CyLIECTBYET 3HAYUTEIbHOE YHCIO METOOB MHTEPIIPETALMY PE3yIbTATOB He-
CTallMOHAPHBIX HCCIENOBAaHMI CKBAXKHH NPUMEHUTENBHO K PA3IMYHbIM THIIAM KOJIJIEKTOPOB, TEOMET-
pUYECKUM OCOGEHHOCTSIM UX CTPOESHHS, METOlaM IIPOBENCHAA HCCefoBaHNi. B TeopeTuueckoM maune
KpuBas BoccraHOBIeHHs HaBieHus (KBII) B CKBaXHHE COIEPXKUT IIONHYIO HH(pOpManuio 0 QUiIbLTpa-
IMOHHBIX ¥ TEOMETPHIECKHX XapaKTepUCTHKaX NPORYKTUBHOTO iacTa. OfHako pacnmdpoBKa STOi
HH(pOPMANHUHK B O61eM CiIydae NIPaKTHIECKH HEBO3MOXHA M3-3a CIIOKHOCTH IOJIYYEHHUSI COOTBETCTBY-
FOIIMX AHAMUTHYECKHX 3aBUCHMOCTEH M HEYCTOMYMBOCTH pelieHus obpaTHo# 3ajauu. I1o cymiecTBy
KaXKAbIf U3 IPUMEHSEMBIX B HACTOSLIEE BpeMs CIIOCO60B 06pabOTKH pe3ynbTaTOB INAPOANHAMUYEC-
KHMX HCCIEJOBaHMI CKBAXHH NEHCTBYeT B paMKax OIpedeIeHHO! yHpOLICHHON MOJeNH, a JOCTOBEP-
HOCTB IIOJIyYEHHBIX PE3YIbTATOB CYIIECTBEHHO 3aBUCUT OT TOT'0, HACKOJIBKO BRIGPaHHAs MOJIENb COOT-
BETCTBYET PEalIbHOM reos1oro-poMbICTIoBOH cutyanuu [43].

TakuM 06pa3oM, HHPOPMATHBHOCTh NONYUSHHBIX Pe3yIbTATOB B 3HAYUTENbHOA Mepe onpeensieT-
Csl ONBITOM ¥ KBalH(pHKalKeld HCCIefoBaTeNs i B ONpeelIeHHON CTENeHH HOCHT CyG'beKTHBHBINA Xa-
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ITporpammusii kommnexkc MHTEPIIPETATOP-M

YcnosHo- TpenusoBaTO- IInacr c 3KpaHHPOBaHHbIE IIACTHI
OAHOPOAHbIH TIOPHCTHIH NJIACT YXYAOLUCHHOK
niact ¢ MeXIIacToBbIMy  [PHCKBAXHHHON
30HOK

TIIEpeTOKaMH

RISV ITTaTITS

napamMerTDPp B
PunbTpaluonHble PUILTPAaIHOHHEIE ITnactoBoe PunbTpalMOHHEIE IaPAMETPHI,
apaMeTphl, mapaMeTpsl, AaBNEHHE, CKUH- TUTAacTOBOE aBlEHHUE,
N1acTOBOE IU1aCTOBOE acdexkr, reoMeTpHYecKas MOReNb
AaBlEHHE, CKHH-  [aBJeHHe, CKHH- PagHyC 30HbI 3KpaHHPOBaHHA,
addexT acexT, HEOAHOPORHOCTH, Yol pacTBOpA KJIHHA, PaCCTOAHHE
BpeMs koadd. [0 PpaHMIL, PaCCTOSHAE 10 TOYKH
3anasfbIBAHMA  HEONHOPOAHOCTH nepeceveHust
NIEpPETOKOB, “610KH-
TPEIUHbI"

Pncynox B. AHaIIPIBpreML]C THINBI KOJIJIEKTOPOB H X FpaHMLl MPH aBTOMATU3HPOBAHHOM Bblﬁope MOZEJIN n1acTa u onpene-
JICHHHU TPaJULHOHHBIX U NOMOIHUTEIBHBIX TApaMEeTPOB.

pakTep. Hapsimy ¢ 3THM ciieyeT HMETh B BHAY, YTO HUKAKasi MOLI€TbHAS CHTYaIust, KOTOPOH ITO/Ib3YIOTCA
HCCIIENOBAaTENH! PN (bopMan3aly MpOLiecca BOCCTAHOBJICHHUS! 3a00HOTO AaBJIEHUS II0CIE OCTAaHOBKU
CKBaXXWHBI, HE MOXET MOJIHOCTBIO ONHUCHIBATL peallbHbIe THIPOJAUHAMUYECKIE IPOLECCHI B CTPYKTYPY
¢UIBETpalOHHBIX IOTOKOB B IUTACTE U NpU3a6oiiHOl 30He CKBaXKMHBI BO BpeMst cHATHA KB]I.

KommtekcHast MeToguka o6paboTKH pe3ybTaTOB IHAPONHHAMAYECKHX UCCIAECHOBaHMI CKBaXKHH, a
TaKXe COOTBETCTBYIOIlee MaTeMaTHUECKOE M NMpOrpaMMHoe obecnieyeHne ObUIH pa3paboTaHbl C Iie-
nb10 BeIGOpa a1 meTepuperanuy KB Han6onee agekBaTHOM (hUIBTpaLOHHO#M Mofienu U popMaIl-
30BaHHOT'O MCIIOJIH30BAHMS NOIIOIHUTENLHON anpuopHo# nagopMarmun 1 ocobernocreit KB, koTo-
pble O CHX NOp KaX[bIM HCCIENOBATENIEM MCIONB30BAINCH CyOBEKTHBHO B MEPY CBOEro OIBITa ¥
IpefCcTaBIEeH it O XapaKTepe (PuWILTPAIMOHHBIX POLEECCOB H CTPOECHHUS MPOAYKTUBHBIX IJIaCTOB.

Co3pganue yka3aHHON METONNKH, PEalIM30BAHHOI B BHle AKETa NPUKIagHbIX mporpamM “HHTrepnpe-
TaTOp-M”, HO3BOIMIIO HE TOJIBKO COKPATHTh 3aTPaThl TPY/Ja Ha HHTEPIPETALHIO, HO H NOBBICHTb HH(OP-
MaTHBHOCTb COOTBETCTBYIOLNX HCCIENOBAHUI CKBaXXHH 6€3 yBENMYCHN CTOMMOCTH ITPOBefieHUs1 paboT.

B pamMkax npepiaraeMoii METONUKH PacCMaTPUBAIOTCA YEThIPE albTEPHATUBHbIE MOJEIH, ONHCHI-
BalOIIKE TPOIECC BOCCTAHOBIECHUA 3a60MHOTO [aBJICHHs MOCNE OCTAHOBKM CKBa’KHHbI: OMHOPOAHBIN
IUTACT; 30HANbHO-HEOAHOPONHbIH 10 (PHUIbTPALMOHHBIM CBOMCTBAM IUIACT; TPELMHOBATO-MOPUCTHIN
IUIACT; IJIACT C 9KPAHOM M TEKTOHHYECKMMH HapYILUCHHSAMH UIH JTUTOIOTHYECKUMH HEOAHOPOMHOCTS-
MH (pUCYHOK 18).

I1pn 3TOM HauMeHOBaHNE MOJIENIE ABNACTCA B ONPEAEICHHON CTeNeHN yciaoBHbIM. Kaxknas u3 Hux,
BOOOGIIE rOBOPs, OO BEAUHSIET (ONKUCHIBACT) LENYIO IPYIMY IreONOrN4YecKiX U THAPORUHAMIYECKHX CH-
Tyanui, XapakKTepH3yIOUNXCcs ONHOTHITHBIM XapaKTePOM BOCCTAHOBIICHNS IABIICHAS B CKBaXKHHE.

Bonee geransras reosoro-npoMbIcIoBast AUCKpHMHHaLMS Mofiesiell TpeOyeT IpHBIedYeHus JONo-
HHUTeNbHOMH HH(popMalHy Ha 6a3e pesynsTaToB [YIC 1 naGopaTOpHBIX HCCIIEJOBAaHUH KEPHA.

Tak, rpynma Mopesei “oOgHOPORHBIN IIAaCT” XapaKTEPU3YyeTCsd He3HAYHTEILHBIM H3MEHEHHEM NPO-
HHULAeMOCTH IUIacTa, KaK MO TOJIINHE, TaK i IO NPOCTHPAHHUIO H BA3KOCTH IJIaCTOBLIX (PIIIOHAOB B Ipe-
Heliax 30HbI {pEHAPOBAHNUS CKBAXKHHBbI.

B paMKax “30HaNbHO-HEOJHOPOIHOr0” IJIacTa MOXET GhITh OMMCAH NpoliecC BOCCTAHOBJICHNUS aB-
TIEHHS HE TONBKO B Clly4ae JefCTBUTETHHOTO YXyALIECHHS POHKIAeMOCTH B Npn3abOiHOMA 30HE CKBa-
XWHBI, HO ¥ IIPH BBINAICHNUH B 30HE IPEHHPOBAHNS Fa30KOHIEHCATHOM CKBaXXMHBI KOHJIEHCATAa, IPUBO-
Bslero K cHuxeHmo (a3oBoit MPOHMI2EMOCTH [IIsi T'a3a, WK pasra3upoBaHus He(TH ¥ BO3HUKHOBE-
HHS 30HBI AByX(ha3HOH DUITbTpanuyu HeTh—Tas.

Oco6ernoct KB]I 1yt MOAEH “TpeI{MHOBATO-IOPACTOr0” IIacTa XapaKTEePHbI TaKXKe U IS ClI0-
HCTHIX IIACTOB CO 3HAYMTENBHBIM H3MEHEHHEM IPOHUIIAEMOCTH O TonuHe. I1pu aToM Hapsfgy ¢ xa-
PaKTEPHBIM BpeMEHEM PacIHpOCTPaHEHMsi BO3MYIIEHHH B IUIACTE 3a CYET CXKMMAEMOCTH IUIACTOBBIX
¢monnos u xomnexropa npu cHatuu KB upenTundunupyercs 1 BTOpoe XapaKTePHOE BpeMs, aHaJo-
TMYHOE BPEMEHH 3ala3[bIBaHAA B TPEIIHHOBATO-NIOPUCTHIX MIACTaX. ITO BpeMsI ONPENEIIAECTCS BEIH-
YUHON MEXIUIacTOBbIX MM BHYTPHCKBAKHMHHBIX IEPETOKOB MEXIY Pa3IMYHBIMH NMPOMINIACTKAMH B
Mpefeaax BCKPhITOU TONIIUHbI.
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HanGonee mupokuii Kpyr reooro-npoMbICIOBBIX CHTYalLHil OXBaTbIBaeT MOJIE]b ¢ 9KpaHaMH. Bo-
NEPBBIX, MHOrooOGpa3Ha reoMeTpHs CaMUX TEKTOHHYECKIX HapYLICHHI H THTONOTUYECKHX HEOHOPO-
HoOcTel (monyGecKOHeYHbIH IIIacT, nojoca (JINH3a), KNHH U T.4.). Kpome Toro, anomanmu KBTI tuna
“HelpOHHLAEeMbIil 9KpaH” MOTYT ObITh BbI3BaHbI YHCTO THAPOAMHAMHYECKHMH NpHYHHAMH, HalIpEMED,
HaynpuneM BOIM3M rpaHMIbI pa3fesia ra3—Boja Wid Bofa—HedhTh mpu 60Jbiloil BA3KOCTH He(pTH. B Kax-
[OM KOHKPETHOM ciiyyae TpeGyeTcsh HOMONHMTENBHAS! reoNioro-poMbICNoBast HHGOPMAIMst, YTOOH!
YTOYHHTb, KaKasi HIMEHHO B3 BO3MOXKHBIX CHTYaIlUil pealn3oBalach B paMKax JAaHHOTO THIIa MONEH.

IIpuHuunuanbHON OCOGEHHOCTBIO pa3paGOTaHHOM METOAMKM SBAAETCSA TO, UTO NpH O0paboTke
KB/l nporcxoauT npefBapuTeibHas JUHCKPUMHHALMS MEPEYHCIEHHbIX BHIIIE ajIbTEPHATHBHBIX MOJIE-
nei, nocne yero KBJI o6paGaTeiBaeTCs COOTBETCTBYIOIMMHU MeTofiaMH [44, 45). Hicionp3yeTcs HEKO-
TOpBbIii AHATHOCTUYECKUI K03 puunueHT, uaMenstommiics ot 0 1o 1, u ero 3HayeHHe 3aBUCHT TOJILKO
OT HMEIOLIEro MECTO THIIa MOJENY K HE 3aBUCUT OT KOHKPETHBIX 3HaueHUi (PUNLTPAHOHHO-EMKOCT-
HBIX NIapaMeTPOB (TONMILNHA, MOPHCTOCTH, NPOHUIAEMOCTD, HACBILIEHHOCTD), XUMHIECKHX CBOMCTB Ha-
ChIAOLIHX PIIOUAOB (BA3KOCTb, C(KHMAEMOCTD H IIP.), @ TAKKE TEXHOMOTHYECKOro PeXiMa paboThl
CKBaXXHHbI 0 OCTAHOBKH (HeOuT).

Y cTONYHBOCTh TMATHOCTHYECKOTO NMOKAa3aTels 0 OTHOWEHHIO K KOHKPETHBIM NTapaMeTpaM, Onpefie-
msrouM KBJ, penaet ero Han6onee HHPOpMaTHBHBIM KpHTEpHEM U1 JUCKPHMHHAIMH THIIA MOJIEIIH.

Pemenne o6patHoit 3apayun ¢puibTpanny HeTH UM rasa B INacTax ¢ “HapymeHusiMu” (SKpaHaM#)
CBOQIUTCS K HACHTU(DUKAIUMH MHOTONIapaMeTPU4eCKHX Mofieneil. B cBA3M ¢ 3THM GBI HPOBEACH aHANH3
TOYHOCTH ¥ YCTOWYHMBOCTH NpefNaracMoi METORMKH K BO3MOXKHBIM NMOrpeLIHOCTAM B HCXOHOM IIpO-
MBICJIOBOY MH(pOpMaLXMH, KOTOPBIA MO3BOJIAN CAENATE BLIBOJ O BOCTATOYHOH HaIEKHOCTH OIIpefelie-
HHS PUIBTPaLMOHHBIX U F€OMETPHYECKUX XapaKTEPUCTHK IJIACTa YKa3aHHbIM HHTEIPAIbHbIM METO-
goM [44]. B To ke BpeMs I/ NONydeHus: HeoOXOAUMOR HH(OPMALMH O F€OMETPHYECKAX TapaMeTpax
3aJIeXXH ONpefieNsAlolee 3HaYCHIE UIMEIOT NPOAOJIKATENLHOCTb Pa0OThl CKBAXKMHDI JIO OCTAHOBKHM T,
Bpems cHatus KBTI T,, koTOphie MOTYT OBITH OleHeHH! o Gopmynam [46]:

T, = 2a%/=;
T, = 5a%/=,

rje a — pajuyc HccllefyeMo 06J1acTH B OKPECTHOCTH CKBaXKUHbI, CM.

B cuny Toro, 4to BhIGPaHHBIE ANLTEPHATUBHBIE MOJENH HE MOTYT BIIOJIHE aicKBaTHO OMUCHLIBATDH
PEANBHYIO re0IOro-IPOMBICIIOBYIO CHTYALHUIO, a 3aMephl 3a60HBOro JaBJeHNs NPOU3BOAITCSA C ONpe-
HeJIeHHOH MO PEIIHOCTHIO, pacYeTHOE 3HAUECHHE AHAarHOCTHYECKOrO KPUTEPHUSI MOXKET OTIHYATHCA OT
COOTBETCTBYIOINHX BEJIHYHH, IONTyYEHHBIX TeOpeTHIecKUM IyTeM. IToaToMy BEIGOp Hanbonee ajieK-
BaTHOM MOJIENH IPOBORUTCA C IPUBIICYEHHUEM PSifia ONOHUATENLHBIX AMAarHOCTHYECKUX MOKa3aTenel.

OcHoBHAs Hyiesi TAKOTO NOXOMA 3aKI0YaeTCs B caenyomeM. [InckpuMuHanus Mopene NpoBOAUT-
cs B iBa 3Tana. Ha nepsoM 3Tarne (IpeBapuTEeIbHOM) aHATH3HPYIOTCA 06mue reOMeTpHYECKHE OCO-
6ennoct KB]I (xapakTep BBITYKJIOCTH B MOMYIOrapuMHIECKUX KOOPAHHATAX, MPONOIKUTENbHOCTD
Bbixofia KB/l Ha npsMOMHHENHBIA yYacTOK, BO3MOXKHOCTb BBIAEJCHUS Ha IOJyJlIOorapHpMudeckon
TpaHC(OpPMaHTe HECKONBKUX MPAMOJIHHENHBIX YYaCTKOB C pa3iIHMYHbIM TaHT€HCOM YIJIa HaKJIOHA U p.),
B pe3yibTaTe 4ero BbIOUpaIOTCA MOJIENH, HE IPOTHBOpEYalIue OOIHMM reOMETPUYECKAM OCOOEHHOC-
TsiM noBeennst KBJT.

Ha BropoMm 3rane nposogurcs o6padorka KB no pacueTHsIM opMyaaM [IId KaXKHOH U3 OCTaB-
IIKXCS aJIbTEPHATHBHBIX MOfeseil ¢ NpUMeHEHHEM KaK MHTETPAJbHbIX, TaK H AuddepeHnnaNbHbIX
crioco60B 06paboTku. ITpu aTOM B cirydae NpaBHILHOCTH BbIOPaHHON MOJIEJIN pacyeTHbIE XapaKTepH-
CTHKH B CUITy TEOPETHYECKUX MPEAIOCHIIOK JOMKHEI YIOBIETBOPAThH ONMpPENEICHHBIM TPEGOBaHUAM.
Tak, HanpuMep, ecnu KB], o6paboTaHHast 10 MOAEIH OFHOPOAHOTrO IIJacTa, AEACTBUTENBHO CHATA B
CKBaXWuHe, IJe He HaONMIofaeTcs 3HAYNTEIhbHOEC M3MEHEHNE TMAPONPOBOJFHOCTH IO NPOCTUPAHMIO M
TOJMIMHEE, B 3TOM Clly4ae JOJIKHbBI COBIAAAThH 3HAYCHUsI THAPONPOBOJHOCTH, ONPENEICHHbIE Pa3iny-
HBIMH METOJlaMU: YUCICHHbIE 3HAYEHHUS ONpENEIeHHbIX (OHIBTPALHOHHEIX IAPAMETPOB XOJIKHbI KOP-
PECTIOHIUPOBATHCS B CMBICIIE MAKCUMANbHBIX 1 MUHIMAJILHBIX HHTEPBAJILHBIX OLIEHOK C pe3yNhTaTaMu
IIPOMBICTIOBO-T€0(pU3HYECKUX UCCTICJOBAaHUY 1 JAaHHBIMU UCCIIEIOBAHAS KEPHa.

i oueHKH HEBA3KU COOTBETCTBYIOIINX TEOPETHYECKHX M PACUETHBIX 3HAUEHHII H, CIelOBaTEIb-
HO, CTENIEHH aJIeKBaTHOCTH aHAJIM3HPYEMOIl MOJIeIH peanbHOMY IIPOLIECCY B METOUKE Y IPOrPAMMHOM
ofecreyeHNH HCHONb3YIoTC PYHKIMY TpuHafIeXkKHocTd. [Ipy nOTHOM coBNaie HUM TEOPETHYECKOR B
pacyeTHOH XapaKTEPHCTHKH WM HX PACXOXK[EHHUH, KOTOPOE MOXET GbITh OOYCIOBIEHO TONBKO IIO-
IPEIIHOCTSIMH 3aMepa, (PyHKIMH MPUHAIEXHOCTH NPHCBAaHBAaETCA 3HaYeHHe, paBHOE 1, 0 Mepe BO3-
pacTaHMS HEBSI3KH e€ 3HAYECHHE MOHOTOHHO YOBIBAET O HYJIS.
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Ha ocHoBe ¢hyHKIWi IPAHAIJICKHOCTH OTHENBHBIX KPATEPHEB (POPMHPYETCS HHTErpanbHas hyHKImA
NPHHANJICXKHOCTH, ONPEACIISIONIAs CTENEHb JJOCTOBEPHOCTH, C KOTOPOii {aHHasi MOJIENIb MOXET OBbITh IIPH-
HATa B KauecTBe 6a30BOM M HaHOO0JIEE MONHO OTpaXKaromie ycinopus ¢hmnbTpanmuu 1uist fanHoi KBJT.

KorkpeTHble 3aKOHOMEPHOCTH H3MeHeHu PYHKIAH MPHHANIICKHOCTH A% KAXKJOro JHarHocTaue-
CKOro KpHTEpHsl, HCTIONb30BaHHbIE B JaHHOH METONHUKE U NaKeTe NPUKIAAHbIX NPOrPaMM, NONYJYEHbI
Ha OCHOBE MHOTOBapHaHTHBIX NIPAMbIX pacdeToB Ha OBM u ajjanTanun 1o NpoMbICIOBBIM MaTepHaIaMm
B Pa3/IMYHBIX PETHOHAX CTPAaHbI.

B kayecTBe OOILUX JHATHOCTHICCKHX KPHTEPHEB U BCEX aJIbTEPHATHBHBIX MOJIENEH HCIIONB30Ba-
Hbl 6€3pa3sMepHbIi T0Ka3aTelb, IPaHALbl A3MCHEHHSI THAIPONPOBONHOCTH, IPAaHHIbI H3MEHEHHS IIHE30-
MPOBOJHOCTH, XapaKTEPHOE BPeMsI PaCIpOCTPaHCHHES BO3MYIIIEHNI, BApHAUH T'HAPONPOBONHOCTH, OIl-
penenenHoi AugdepeHIEaTbHBIMA 0 HHTETPAIbHBIME METONAMI.

KpoMme Toro, st Mofienieii ORHOPOJHOTO ¥ HEOHOPOAHOTO IUIACTA UCIOJB3YETCsA AMarHOCTHYCCKHIA
KpHTepHil npuToKa GhiIrona B CKBasKHHY HOCNE OCTaHOBKH. CyIIECTBO 3TOrO KPUTEPHS 3aKIIFOYAETCA B
OLIEHKE CYMMAapHOT'0 HPATOKA B CKBaXXHHY IIOCJIE OCTAHOBKH M CDAaBHEHHH €70 C MAKCHMAJIBHO BO3MOXKHOM
BEJIMYHHOMN, PaBHOH HEMOCPEACTBEHHO O0'beMY BHYTPHCKBAXXAHHOIO HPOCTpaHCTBa. OLieHKa BETHYHHBI
nputoka o KBJI npoBoAXTCA B paMKax MPERIOJIOKEHHAS O €ro 9KCIIOHCHIMAILHOM 3aTyXaHUH.

[lnsa Mopenelt “TpelMEOBATO-NOPHCTOrO MIIACTA” M “IIACTA C TCKTOHHYCCKIMMU HaPYUICHIAMY WITH
JIUTOJIOTHYECKON HEONHOPOJHOCTHIO” HCIOJb3YIOTCA HEKOTOPbIE NONMOJHUTEbHbIE KPUTEPHH, CBS-
3aHHbIE ¢ 0cOGEHHOCTRIO 06paboTku KBJI.

Ha srane npenTH(gnKanmyu B KayecTBe 6a30BOH BLIOHPAeTCa MOJAEIb, HIMEFOLasd HaHOOMbIIYIO Be-
JIMYUHY HHTETPaNbHOH (PYHKIUH NPAHATIIEKHOCTH, @ HICKOMbIe (hrIbTPAIMOHHbIE ¥ FeOMETpHYECKHE
NapaMeTphl IIACTa PaCCYUTHIBAIOTCA IO METOAMKE 6a30BOi MOJIENH B BH/IE COOTBETCTBYIOLIETO NPO-
rpaMMHOro Komiiekca “Hurepnperarop-M” [47].

INMPUIOXEHME T
(pexomenayemoe)

TUIPOOTMHAMMNYECKHUE UCCIEOJOBAHMA HEPTAHBIX PASBENOYHBIX CKBAXWUH
1 X OCOBEHHOCTH

C nensio MOJy4eHUs NaHHbIX, HEOGXOMUMBIX IS MIOACYETA 3aacoB, COCTABICHAS TEXHONIOTHYEC-
KHX CXeM pa3paboTKH MECTOPOXKAEHHMS 110 KaxKAoi pa3BefOYHON CKBaXKHHE MPOBOJUTC KOMILIEKC HC-
CNefoBaTENbCKUX paboT MO ONpOGOBaHMIO M MCIIBITAHHIO BCEX BCKPBITHIX IPOXYKTUBHBIX (HedTeraso-
HOCHBIX) ITaCTOB.

IIpu onpo6oBaHMM BCKPBITHIX INIACTOB YCTAaHABIMBAIOT HX HedTera3oHOCHOCTDb B Ipoliecce Gype-
HHS CKBaXKHH C MOMOILIBIO ONpoGoBaTeneil Ha Kabele WK HCIbITaTeNel miactoB Ha Tpy6ax (MIIT) my-
TeM 0T6Opa U aHamu3a OIpob MIacTOBBIX (hIIOHIOB.

ITon ucnbITaHEEM pa3BENOYHBIX CKBAXKHH NOHMMAETCS KOMIUIEKC paGoT, IPOBOAUMBIX B MpoIiecce
6ypeHHrs WM B 9KCITyaTaMOHHON KOJIOHHE C IIEJIBIO YCTAHOBJICHUS! OCHOBHBIX MPOMBICIIOBBIX Iapa-
METpOB: AeGUT CKBaXKUHBI, Ia30BbIi (haKTop, 3a00MHbIE ¥ INIaCTOBBIE JaBIICHA, TEMIIEPATypa, K03g-
(UIHMERT NPONYKTUBHOCTH CKBAXXHHBI, IPOHHI[AEMOCTD M THAPONPOBOTHOCTD IUIACTa, COCTaB U (PU3H-
KO-XMMHYECKHE CBOMCTBA IIACTOBBIX (PIIFOMIOB.

ITpopyKTHBHOCTB M Ie0Noro-(pu3nyecKue XapaKTEPUCTHKH IIJIACTOB ONPEACISIOTCS MyTeM BBINOJI-
HEHHS B XOfi¢ UCTIBITAHMS CKBaXKVHBI THAPOAHHAMAYECKHIX HCCIEIOBAHUI METOAAMH YCTAaHOBHBLIMXCS
U HEyCTaHOBUBIINXCS OTGOPOB.

ITon ycTaHOBMBIIMMHUCS OTGOPaMH (YCTaHOBHBIIHMCS PEXMMOM paboThl) NOKpa3yMeBaeTcs paGoTta
CKBAaXXHHBI Ha IITYLIEpe C MOCTOSHHBIMK 3a00MHBIM U YCTEBBIMH AaBJICHUSIMH, a TAKKE HOCTOSHHBIM
(ycTaHOBUBILHMCH) JEOUTOM CKBasKUHBI.

ITon HeycTaHOBHMBIIMMCS PEXHUMOM (PUIBTPaLH IOApa3yMeBaeTcsi BOCCTaHOBJIEHHE 3aGOiHOTO
HaBJICHHUS A0 MIIACTOBOTO (T.€. CTATHYECKOTO WIN TUHAMIYECKOT0) IPU 3aKPHITOH CKBaXHHE.

MeTon runpogrHaMuYecKoro ucciepoBanus ¢ nomousio MIIT — akcnpecc-METOR — OCHOBaH Ha
NpOCieXUBaHUM BOCCTAHOBJICHUS AaBIE€HNS B HHTEPBAJC HCIBITaHUS ITOC/IE KPATKOBPEMEHHOTO Jipe-
HHpoBaHus nociegsero. OH npenHasHayeH VI HUCHBITAHMS NEPCIEKTHBHBIX OOBEKTOB B OTKPHITOM
CTBOIIE CKBaXXMHBI B IIpoliecce 6YPEHNS C HOMOIIBLIO KOMILIEKTA HCIBITATEILHBIX HHCTPYMEHTOB, CIy-
CKaeMbIX B CKBAXXHHY Ha OYPUILHBIX Tpybax.

Cnyck UIIT npon3BoasT nocie MOMHOTO WIN YaCTHYHOTO BCKPBHITHA 06 beKTa GypeHHneM H o be-
Ma ponora. ITocne ucneiTanns o6bekTa noguuMarot UIITT U3 CKBaKMHBI H NPOJOJIKAIOT GypeHHe.
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IIukn co6¢crBeHHO uenbiTanus 06bekTa UITT cocTonT U3 ABYX IEPHOTOB (IIPUTOKA M BOCCTAHOBJIE-
HHSA JaBICHHS).

CranpgapTHeIM HcnbITandeM ckBaxkuH WIIT aBisieTcs HCNBITaHAE ABYXUHKIOBoe. [1epBblii — Beno-
MOTaTEJIbHbIH, CPAaBHUTEILHO HENPOJOJIKHATEbHbIA LIHKJ H BTOPO#l — OCHOBHOM.

CHukeHue NMPOTHBOJIABJICHAS Ha ILUIACT, H3MEHEHHe 3a00HHOro JaBJeHHS Ha MPUTOKE, XapakKTep
BOCCTaHOBJICHHS IJIACTOBOTO AaBlieHAst (PUKCHPYIOTCS BO BPEMEHH INTYOMHHBIMH PErHCTPHPYIOLMMH
MaHOMETpPaMH, YCTaHOBJICHHBIMA MO MMaKePOM H B Tpy6ax nag MIIT.

Ilpn runpoAMHaMHYECKHX HCCIEROBAaHMAX NepCcleKTHBHOro HaTepBana MetonoM UIIT pematorcs
CIIe[YIOIIUE OCHOBHBIE 3afayu [62]:

1. O6HapyXeHHe KONIEKTOPa, AMEIOIETO MPOAYKTHBHOCT MPOMBIIIIIEHHOTO 3HAYEHHSL.

2. OGHapyXeHUE B KONNEKTOpe HedTera3oHAChILEHUs.

3. OnueHka NMPOMBIIIJIEHHOH 3HAYAMOCTH He(hTerasoHachIINECHHA KOIJIEKTOPA B JaHHOH CKBasKHHE.

4. OnpepgeneHne THAPOIMHAMAYECKMX XaPAKTEPUCTHK NPOJXYKTHBHOrO MJIACTa.

ITpu oTpunarensHOM pe3yabTaTe MO M0GOH H3 MPEAbIAYIMX 3ajla4 HEOGXOXHMOCTH peIeHUs Mo-
CIIelyIOIIMX 3a7ia4 OTCYTCTBYET. B COOTBETCTBHY CO CTATHCTUKOH pellieHNE NEPBOii 3ajauu HeoOXoaH-
MO [/ Bcero 06'beMa HCTIbITaHHUi; BTOPOR — TOJILKO 11 NOJNOBHHLL. TpeThs 3agaya pewaercs aisa 20—
30% wcnblTaHWit; YeTBEepTas ~ TOAbKO A 7-15% ucnbITaHMid.

Ilpu npoBeAeHVH IHAPOAMHAMMYECKHX MCCICHOBAHMIA pa3BeJOYHBIX CKBaXHH, OOCaXKEHHBIX 9KC-
ITyaTalMOHHBIME KOJIOHHAMH, PELIAIOT TOJILKO ORHY, NOCTEHHION 3ajiady — ONpeenstoT rTHAPORUHAa-
MHYECKHE XapaKTepHCTHKH IIPOAYKTHBHOIO IJIaCcTa W UCXOIHbIE NaHHbIE MJIA ero pa3paGoTKH.

IIpomomKXUTENLHOCTE OCBOEHHsI, OTPAGOTKH M HCCIEROBAHNS NMPONYKTHBHBIX IUTacTOB B pa3Beloy-
HOM CKBaXXKMHE THAPOAMHAMUYECKAMU METORAMH ONPEAEIAIOTCA BENHYHHON NPOHULIAEMOCTH KOJIIEK-
TOPOB ¥ 3¢p(PeKTHBHOI MOIIHOCTH ILIACTA.

ITon oTpaboTKOit CKBaXkMHBI IOHUMAETCA paboTa GIIOHAOM Yepes WTYLEP A0 CTaGHIN3aLHHK YCTh-
€BLIX M 3aGOMHBIX faBJIEHUH U e0uTa.

Pa3snuyaror [Ba OCHOBHBIX THIIA OOBEKTOB B Pa3BENOYHOI CKBaXKHHE B 3aBUCHMOCTH OT HHTEHCHB-
HOCTH NIPUTOKA U Ka4eCTBa I1acToBOro ¢uonaa: HedTaHble POHTAHUPYIOIHE H HedTaHbIe He POH-
TaHUPYIOLIHE.

IIpu monmydeHnnu (poHTaHUPYIOLIEro NMPHTOKa He(hTH CKBaXKAHA MycKaeTcs B paboTy, MAHYS Tpan-
HYIO YCTaHOBKY, B KOJIJIEKTOP Ha cOpocoBhii ambap. Kak npaBuno, ckBaxknHa oTpabaTbIBacTCs B Te-
yende 1.5-2 ¥ Ha 6~8-MM IITyLepe ¢ NOCIAEAYIOIHM epeXofoM Ha 5-MM mTynep. Ha aTom mryuepe
CKBaXWHa OTpabaThIBa€TCA JO IIOJTHOH OYHCTKH 32605 OT MEXaHHYECKHX IPAMEceil B BOJIbI, IOCIIE Ye-
ro CKBaXKMHAa CYUTAETCS IIOArOTOBJICHHOH K BHINOIHEHHIO THAPOAMHAMAYECKHX HCCIIE[OBAHMI.

OrpaboTKa CKBaXKUHBI IIPOM3BOJUTCS HA 4-5 PEXHUMaX NPSIMBIM XOIOM H B OJTHOM ONTHMAaJIbHOM
peXHMe ~ OOpaTHLIM XOMIOM, C KOTOpOTO CHUMAETCs KpUBasi BOCCTAHOBJICHHS 3a00HHOr0 faBieHUA
(KBH). Heo6xoauMocTh OTpaGOTKH CKBaXXHHBI HA HECKOJIPKHMX PEeXAMaX 00YCIIaBIHBAETCS IOy YCHH-
€M Ka4eCTBEHHbIX HHANKATOpHO# Auarpammsl 1 KBJI.

OnpepensiromuM NPU3HAKOM OTPAGOTKH CKBaXKHHE! (YCTAHOBUBIIMICS PEKHAM) SABIAETCA NOCTOAH-
CTBO fic6HTa 1 3a60HHOrO flaBlieHms1. 3aMephl 3a00HHOTO JaBIICHAS NPOU3BOAATCS O\MH-ABA pa3a B CyT-
KH, IEPHOAIMYHOCTD 3aMEPOB YCThEBLIX JlaBNeHUl — 3 4, ie6uToB — 1 cyT. 3amep fe6uTa XAAKOCTH Npo-
H3BOJUTCS B TEUCHHE HE MEHEE 4-X YacoB.

B nponecce oTpaGoTKH CKBAXKWUHDI 3aMEPSIOTCS TAKXKE 3arpsA3HeHEe HedTH, TeMIEpaTypa ee Ha yc-
Th€, HOBEPXHOCTHBIH ra30BbI# (hakTOp, COfEepXaHue BOAbI B He(TH U MX INIOTHOCTH. Ha MEHUMAaNBEHOM
mTYyliepe OTOUPaIOTCS INyOHHAbIE MPoOk! HeTH B (4+5) npobooTCopHUKH (gBe Npobhl HedTH NPoG-
Hbie H TpH paboune) i npo6a rasa cemapaiyi B KOHTEHHEP.

Tlepen cusitnem KB]I 3amepsitoT pacnpenenesne JaBiieHNi ¥ TEMIEPATYPHI IO CTBONY CKBaXXMHbI
(gepe3s 250 m).

TIpoponxurensHocTh HenpepbiBHOH peructpanmi KB cocraBnsieT He MeHee 2+4 4. [{ns MepjieH-
HO BOCCTAHABIIHBAIOIMXCs 3a00HHbBIX AaBJICHAA HHTEPBAJIBI MEX/Y 3aMEPaMH YBEJIMYUBAIOT JIO 1 CyT.

Jnsi mynbcHpYIOMMX HH3KOREOMTHBIX CKBaKHH HPOW3BOIATCH BO3MOXHbBIE 3aMephl IO CTBONY
CKBaXXHHBI H Ha 3a60€ TOJILKO Ha O{HOM PeXHMeE C HOCIENYIOMAM CHATAEM KPHBO# HapacTaHuA 3a60i-
Horo Aapjienus. Ilepen myckoM B 3KCIUTyaTaljHiO IPOU3BOMAT BBIAEPXKKY CKBAXHHEI C HENBIO 3aMepa
I71IaCTOBOTO HaBJICHHS B TedeHne 24 4.

TIpn nonyvyennu (pOHTAHAPYIOMErO NPATOKA HeTH ¢ BOIO# CKBaXHHY OTpaGaThIBAIOT B COPOCO-
BbIi aM6ap 710 NONHOH oyncTKH 3a6051. Ilocne 3TOro CKBaXKuHy IEPEBOAAT Ha ONTHMANIBHBIH IITYLEP
¥ 0TpabaThIBAIOT Y€PE3 TPANHYIO YCTAHOBKY A0 HOCTOSHCTBA HeOHTOB HEPTH H BoAbl. IIpH 3TOM BHI-
TOJIHSAETCA TaKOM K€ KOMIIEKC paboT, Kak H s He(PTaHBIX (GOHTaHUPYIOMHAX 06 BEKTOB.
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ITo pesynpTaTaM oTpabOTKU pelIaeTCcsi BOMPOC O AajbHEHIIKNX paGoTax N0 HCCIEAOBAaHHIO NAHHOTO
o6bekTa: oTpaboTKa Ha IITYLEPax APYTUX Pa3MEpOB, MPEKPALLECHHUE UCIILITAHAS, IPOBEACHAE K301~
IIMOHHBIX paboT U T.1.

Ot6op rmyGHHHEIX OPOO MIACTOBBIX (MIFOMEOB M 3aMep IUIACTOBOIO AABJICHHS IPOHM3BOMSATC B
3TOM CiIy4ae B 0043aTeNBHOM NOPSIKE.

HcnbiTanne pa3BeovHOIl CKBRXKHHBI CYUTAETCS 3aKOHYEHHBIM, ECIIH 110 BCeM HHTEpBajiaM (IU1acTaM),
Ha3HauYeHHbIM K HCIIBITAHHIO, IOJYYEHbI PE3yIbTaThl, KOTOPBIE MO3BOJISIOT JAaTh KAYECTBEHHYIO XapaK-
TEPUCTHKY COAEPKUMOrO IUTACTa ¥ ONPENEINTh OCHOBHBIE €TI0 Fa30JMHAMIYECKHE XapaKTEPHCTHKHY, a OT-
CYTCTBHE [IPATOKA MOATBEPKAAETCA KOMIUIEKCHBIM H3Y4EHHEM Te0JIOro-(pbH3HIECKOro MaTepHana.

st monmy4eHus MCXOTHO! HH(OPMaIMH O AaBJICHUAX U TEMIEPATYPax B OCIEIHHE OB YCHEIIHO
HCHONB3YIOTCS ITyOHHHBIE IEKTPOHHBIE TEPMO-MaHOMETPHI HOBOT'O NOKOJIEHHS (KBapLEBOro, HANpsi-
XeHHoro TUHOB) Begylux 3apy6exHbix pupm (“KUSTER”, “GEOSERVICES” u ap.) H 0OT€YeCTBEHHO-
ro npoussopctea (“MHUKOH”, “bamnHUITNredTs”, YTHTY 1 gp.). Beicokas TOYHOCTb U YYBCTBH-
TEeJILHOCTD ITyOMHHBIX IIPHOOPOB, BOZMOXKHOCTD HENPEPLIBHO (PMKCHPOBATh MPOLIECCH] B CTBOJIE M HA
3a60e ckBaxuHbI B Tedenue 20-30 cyToK B ycIOBUAX BHICOKHX faBinennii (o 100 MITa) u remnepaTyp
(mo 150°C), xopomme sKcrnyaTaloOHHbIE XapaKTEPUCTHKY 3HAYMTENBHO PaCIIHPSIOT BO3MOXHOCTH
THAPOIMHAMUYECKHMX METOJOB HCCIIEJOBAHUA 00’ bEKTOB IIOMCKOBO-Pa3BENOYHOrO OypEHHUS.

Hns o6pa6oTkd ¥ uHTepnperanun pe3ynbratoB I'TTHC xopoluo 3apeKoMeHA0BaJ ce6sl MaKeT NpH-
knagubix nporpamMm W.ILS.E. (Wellsit Interpretation Software and Equipment programs), pa3paGoTaH-
Hblil ppannysckoit pupmoit GEOSERVICES.

ITaker nporpaMM MHOro(yHKIMOHAIBHBIA B COCTONT U3 CEMH YacTell (IyHKTOB MEHIO). “Pressure
Survey Report” — nepeblil TOArOTOBUTENbHBII IYHKT MEHIO, IO3BOJISIONIME IepeHECTH JaHHbIE (BpeMs,
[aBlIeHHe, TEMIIEPATYPY) U3 IaMATH 3J€KTPOHHOI'O MaHOMeETpa B (paiii. 3aeck xe (popMHPYETCs U BhI-
HaeTcs BbIXOQHAas1 popMa OTYETA.

OCHOBHOM aHAJM3 MIPOU3BOIMTCS B pasjene “‘Interpretation” H3BECTHBIME rpadOaHaTHTHYECKHMH
MeTtonamu: XopHepa, cyneprnosunuy, M.D.H. u gp. Ha aucnnee aproMaTnieckn paCyeTcs Ipeobpaso-
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r. MockBa

O BBegeunn B JeiictBHe Meronuyecknx YyKa3aHMH [0 KOMIUIEKCHPOBAHHIO H 3TalHOCTH
BHIMOJHEHHA TeO)U3AYECKHX, TMAPOAMHAMHYECKHX H TSOXUMHYECKHX HCCIEHOBAaHHHM HEQPTAHBIX U
HedTeraszonbix Mectopoxaerui (P153-39.9-109-01)

PykoBopsmuii mOKyMeHT MeToaudeckHe YKa3’aHHA IO KOMIUIEKCHPOBAHHIO M 3TamHOCTH
BBIMONHEHUS TeOQU3NYECKUX, THAPONUHAMHMYECKHX M TEOXHMMHYECKMX HCCIEeNOBaHHN HEDTAHBIX M
HedTerasoBeix Mectopoxaenu#t (PH153-39.0-109-01) paspaboran PenepanbHBIM ToCYAapCTBEHHBIM
ydpexaeHdeMm «OxcreprHedTeras» MunnctepcTBa 3HepreTuxu Poccuiickoit ®enepauun (OTY
«JxeneprHedTerasn) CoOBMeCTHO ¢ Kadenpoit «Hedrerasorsid Gu3Hec» AkaneMH HAPOLHOTO XO34HCTBA
npu IlpaurensctBe Poccuiickoii ®emepausu no 3aganuio  JlemaprameHTa pa3paoTkH M
JHLEH3UPOBaHUA MeCTOpOXAeHHU. B nokyMeHTe peanmn3oBaHbl HopMbl 3akoHa Poccuiickoii ®enepaunn
«O Hempax» M craHnapTel Espo-Asmarckoro reodmsmueckoro obuiecTBa. JIOKYMEHT COTJIacoBaH
IlentpansHo#t KOMMcCCHEH no paspaGoTke He(PTAHBIX M ra3oHE(TAHBIX MeCTOpOXKEEHHH MHHIHEPro
Poccuu (npotokon ot 28 uions 2001 r. Ne 2722).

B uensx ¢OpMHpOBaHHS METOJHYECKHX OCHOB TIeO/IOrO-NIPOMBICIIOBOIO aHajM3a pa3paboTku
HeQTAHBIX M Tra3oHe(TAHBIX 3ajleKeH HAayYHO-ACCIECNOBATENBCKHMH M NMPOH3BOACTBEHHBIMH
OpraHu3auMAMH HE3ABHCHMO OT X BELOMCTBCHHO NPUHAMNEKHOCTH IPHKA3IBIBAIO:

1. Ilpunars u BBecTH B JOefictBue ¢ 1 mapra 2002 r. Metoauueckue ykasaHua no
KOMIUIEKCHPOBAHHIO H 3TallHOCTH BHIMONHEHHS reodM3u4ecKHX, THAPOAMHAMHIECKHX H F€OXHMHUYECKHX
HccnesoBaHui HePTAHBIX H HedTerasoBbix Mecropoxaenuit (P11153-39.0-109-01).

2.  Tlopyunts ®I'Y «OkcneprHedTeras»:

2.1. Oxazanme opranusauusm ¥ npeanpuatuam TOK metoauyeckodt nomomyu no Byeapennio P/1
153-39.0-109-01;

2.2. Hspmanme u pacnpoctpanenne PI] 153-39.0-109-01 ortpacnesbiM cTpykTypaM yMpaBieHHs
TOK (ten. 095-192-71-45).

3.  KoHTpomb 32 HCMOMHEHHEM HACTOALIErO MpHKa3a BO3NOXKHTb Ha 3aMecTHTEns MuuucTpa
lenenosa B.B.

Munuctp U.X. Ocydos

JlenapTamenT paspaboTku

H JTHUEH3HPOBAHHA MECTOPOXKIEHHMI
Kopuiynos A 10.
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