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Tema paGoThI:

Pa3pabGoTka TeXHOI0rMU NPUMEHEHHUS] FeOMeXaHUYeCKOro MOe TUPOBAHUS NPHU
NMPOEKTHPOBAHMU KOHCTPYKUHMH M BADUAHTOB 3aKAHYUBAHUS IKCILUIYATAIMOHHBIX CKBAXKUH
YpMaHO-ApUMHCKOM 30HbI HeTera3oHaAKONJIeHUs

YTBepxkaeHa NpUKa30M JUPEKTOpa (1aTa, HOMep)

| 18.07.2017, Ne6119/c

Cpok ca4u CTYJIEHTOM BBINIOJTHEHHON paOOThI:

TEXHUYECKOE 3AJIAHUE:

1. I[aHHBIe CIICIINAJIbHBbIX I/ICCJ'ICI[OBaHI/Iﬁ KCpHa
Hcxoanbie 1aHHbIE K padoTe necyaHnkoB TroMeHCckol u Bacroranckoii CBUT
(Haumenosanue 06beKMa UCC1e008anUsl WHi RPOCKMUOGRHUS; 2. HaquLIe CTaThH, KacaroIrecs TeMBbI
NpoU3EOOUMENbHOCy — UAU  HA2PY3KA,  PedcuM  pabomol
(Henpepoienbltl, nepuoouyeckull, Yukaudeckuti u m. 0.); 6uo Juccepranuu
Colpbs UM Mamepuan uzoenus;  mpebosanus. K npooyKmy, 3. FGO(I)I/IBI/I‘-IGCKI/IC JAHHBIE UCCIIEOBAHMS KepHa
uzdenuio unu npoyeccy,; 0cobvie mpebo8arus K 0COOEHHOCmAM o
Gyuryuonuposanus (sKcnayamayuu) obvexma uau u30enus 6 H CKBaXXHH YPMaHO'quI/IHCKOI/I 30HBI
nrane  Gesonachocmu  IKCRAyAmMawuu, — GIUAHUA  Ha HC(I)TCFBSOH&KOHJ’ICHI/IH
OKpydtcalouylo  cpedy,  dHep203ampamam;  IKOHOMUYECKUL]
ananuz um. 9.). 4. Jlamnpie [TPII mpoBeneHHble B Tpemenax

HCCIIElyEMOU 30HBI

5. Jlema ckBakuH

6. I[aHHBIe O 3aKaH4YMBaAHUU CKBa>XUH
IlepeueHb moaJIeKAMUX M CCIETOBAHMIO, 1. TlomyueHue KOPPEIANUOHHON 3aBUCHUMOCTH
NPOEKTHPOBAHUIO u pa3paboTke IPOYHOCTHBIX CBOWCTB TOPHBIX TOPOA U
BOIIPOCOB reo()M3MIECKUMH TTApaMETPAMHK
(ananumuyeckuii 0630p N0 AUMEPAMYPHOIM UCMOUHUKAM C 2 Onpez[eneHI/Ie BXOJHBIX IAPAMETPOB  JIIs
Yenvio 6bIACHeHUs. OOCUNCCHUL] MUPOBOUl HAYKU MEXHUKU 6 ' . .
paccmampueaemot obnacmu; nocmanosxa 3a0auu MMOCTPOCHUA OAHOMCPHOU TCOMEXaHUYCCKOU
uccnedosanus, npoexmuposanus, KOHCMPYUposanus; MOJIEIH
codepoicanue npoyedypbl  UCCIeO06aNUS,  NPOKMUPOSAHUS, . .
KOHCMPYUpoGanus; 06Cydcoenue pesyibmamos 6blnoIHeHHOl 3. HOCTpOGHI/Ie OOAHOMECPHON TI'€OMEXAaHUYCCKOU
pabomel;  HaumeHo8anue OONOIHUMENBHBIX — PA30EN08, MOJIEJIH B PICCJIGI[yGMOﬁ 30HE
noonexcawux paspabomie; 3axKnyeHue no pabome).

4. Tlombop onTUMaIbHBIX BAPUAHTOB TPACKTOPHH
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3AJIAHME JUISI PA3JIEJIA
«COUAJTIBHASA OTBETCTBEHHOCTDb»
CryneHry:
I'pynna dUO
211IM51 TamkunoBy Bragumupy AHapeeBudy
Hucruryr HIrp Kadenpa IHOHK
YpoBeHb 00pa3oBaHus MarI/ICTp HanpasJ/ieHue/cnenuajbLHOCTh He(bTerasoBoe ZIETI0

Hcxoanblie JaHHBIE K pasgeiy «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTDb)» .

1. Onucanue pabouezo mecma (paboueii 30Hul,
MEXHOL02UHECKO20 NPOYECcd, MEXAHUUECK020 000py008aHUsL)
Ha npeomem 603HUKHOBEHUSL!

BDEOHBIX NPOABNIEHUI PAKMOPO8 NPOUZBOOCHEEHHOU CPEObl
(Memeoyco8usi, BpedHble Beujecmsd, 0CeeueHuUe, WYymbl,
subpayuu, 1eKMpoMacHUMHbLE NOJISL, UOHUSUPYIOWUE
usnyuenus)

ONACHbIX NPOASIEHUT PAKMOPO8 NPOU3BOOCBEHHOU
cpeobl (MexaHuuecKou npupoosl, MepMuiecKo2o
Xapaxmepa, 21eKmpUlecKo, NONACAPHOL U 3PbIBHOU
npupoosi)

He2amugHo20 8030€liCIBUS HA OKPYACAIOWYIO RPUPOOHYIO
cpedy (ammocghepy, euopocgepy, rumocgepy)

Hpes’Bbl‘taﬁHle cumyaum? (meXHOZQHHOZO, cmuxuﬁﬁoeo,
2KO0JlI02U4eCKo2o0 U COyuailbHo2co xapakmepa)

Pabouas 3ona 00vexmbl

MeCmOopOAHCOeHUs.
Ypmano-Apuuncroti 3ombi

Bpeonvie gaxmopul - memeoycnosus, 6peonvie
sewjecmed, oceeujerue, INeKMmpoMacHUmHble noJis.

Onacnvie  ¢axmopul

nojcap,  63puis,
memnepamypuoe 8030etcmaue, blcoKue 0aieHUsl.
Hezamusnvie 8030elicmeust Ha  OKpys#carouyio
NpuUpooHyI0 cpedy — 3acpsAsHeHue ammocgepol,
eudpocghepult, rumocgepul.

Upessvluatinble cumyayuu — HONCapsl, G3pblebl,

Xumuyeckue ompaeierus

2. 3Hakomemeo u omobop 3aKOHOOAMENbHbIX U HOPMAMUBHBIX
OOKYMEHmMOo8 no meme

Hopmamusno-npagogvle axmuvl MencOyHapoOHO20
coobujecmea,
OOKYMeHMmbl,

HOpMAmMueHo-mexHudeckue
«Hpaeuﬂa beszonacnocmu 6

HemAHOU U 2a3080U NPOMBILUIEHHOCTULY

IlepeveHs BONPoCOB, MOMJIEKANINX HCCJIETOBAHUIO, IPOEKTHPOBAHNIO U Pa3padoTKe:

1. Ananus evisenennvix 6peonbIX PaKmopos npoekmupyemo
npou3800CMEeHHO cpedbl 8 Credyruel
nOC1e008AMENLHOCIU.

@usuKo-xumuyeckas npupooa 8peOHOCmU, e€ C8s3b C

paspabamvieaemou memoi,

Oelicmeaue )akmopa Ha Op2aHu3M 4eln08eKd;
npuseodenie OONYCMUMbIX HOPM C He0OX0OUMO

PA3MEPHOCIBIO (CO CCHLIKOU HA COOMBEMCMEYIOWUL

HOPMAMUBHO-MEXHUYECKUL OOKYMEHM);
npeonazaemvie cpedCmsed 3auumal

(CHauana KoieKMUBHOU 3auumal, 3amem —

UHOUBUOYATILHLE 3AWUMHbIE CPEOCMBQ)

Ilpoyecc Oypenus  aensiemca  dNU30OUUECKUM

MOWHBIM UCMOYHUKOM 8030eliCmeus Ha Heopa,
HOCKONLKY CORPOBONCOACMCSL UZLAMUEM 2OPHbIX
nopoo,  npuMeHeHuem

Xumuueckux eeujecmse,

(Hegpmu,

NIACmMosblx 800 U NONYMHO20 HepMAHO20 2a3d,

20poYe-CMA304HbIX Mamepuanos
enunucmozo pacmeopa) Taxoce npoyecc 6ypenus
CBA3AH C NpUMeHeHUeM MEeXAHUYeCKUX cpeocms u
CneyuanbHol — MexHuKku, Komopas —OKa3vieaem
paspywiaioujee GIUAHUE HA NPUPOOHYIO Cpedy U

yenoeseka.

2. AHanu3 6vIAGIEHHBIX ONACHBIX (PAKMOPOS NPOEKMUPYEMOU
npou3ee0EéHHOI cpedbl 8 Credyiouel NoC1e008aAmenlbHOCU

MexanuuecKue OnacHOCmu (UCMOYHUKU, CPEeOCmea
3auumol;

mepMuiecKue OnacHOCmu (UCMOYHUKU, CPEeOCmed
3awumal),;

INEKMPoHE30NaACHOCHb (8 M. Y. CIMAMUYECcKoe

dJIeKmpuviecmeo, MojHuezauiuma — UCMO4YHUKU, cpedcm@a

HO()depOO}'lClCHOC’mb, 83Pbl6OONACHOCMDb,
ONnacHoOCmMb  NOpPAdNCEeHUs MO]ZHMQZ:Z, nopaosicenue
INIeKMmpuU4ecKum moxKom (3amumHoe 3a3emiierHue u
3aHyﬂeHue), pa60ma C XUMUYEeCKUMU peaceHmdaMu,

MexaHuvecKkue mpaemal.




3awumal);

—  nOJHCAPOB3PbIBOOE30ONACHOCIb (NPUUUHDL,
npoguaakmuyeckue Meponpusmus, nepsuiHbvie cpeocmsd
noJCapomyuienus)

3. OxpaHa OKpydHCalouelt cpeobi:
s3awuma cenumeOHou 30Hbl
— awnanuz 8o3oelicmsus 06vekma Ha ammocgepy (8v10pocwl);
— awnanuz 6o30elicmsus 0b6vekma Ha 2uopocgepy (copocsi),
— awnanu3z 8o3oelicmsus 0o6vekma Ha aumocghepy (omxoowt);
— paspabomamp pewienus no obecneueHuio IK0102U4ecKou
6e3onacnocmu co ccvinkamu Ha HTJ] no oxpane
oKpydicaioujeli cpeowl.

Oyenka 6o030eticmeuss OypeHus Ha ammocgepy,
obuocghepy u Hedpa.
Xapaxmepucmuxka  npoyecca  Oypenusi  Kax
UCMOYHUKA 00pA3068aHUs OMX0008 NPOU3BOOCMEA
u nompeobnenus.

Komnnexc mep no oxpane oxpyacaroueti cpeovl

4. 3awuma 6 upe3BbIYAlIHLIX CUMYAYUSIX.!

— nepeuenv 603moxcnvix YC na obvexme;

— evibop Hauboree munuunou YC;

—  pazpabomxa npeeeHmusHbIX Mep no NPeoynpercoeHurO
4c;

—  paszpabomka mep no NOGLLUEHUIO YCMOUYUBOCU 00bEeKma
x 0annou YC;

— paspabomka Oeticmsuti 6 pezyiomame eosHuxued 4C u
Mep no auxeudayuu eé nociedcmautl

Bosmoorcnuvie UC: nootcapwi, 63puiul, ompagneHus

epedybmu sewecmeamu, 3acepiA3Herue

oKpydicalouyel cpeovl 6 pe3yrvmame

HEKOHMPOAUPYeM020 8b16p0ca y21e8000p0008.

5.1lpasogvie u  opeaHuzayUOHHLIE BONPOCHL  ObecheyeHus

be3onacrocmu:

—  cneyuanvhvle (XapaxmepHule 05 npoeKmupyemou pabouetl
30HbL) NPABOBbLLE HOPMBL MPYO0BO20 3AKOHOOAMENbCMEA;

—  OpeaHU3AYUOHHbIE MEPONPUAMUS NPU KOMHOHOBKe padoyetl

30Hbl

Mepvr  Oe3onacnocmu

npou3800CHEeHHbIX 0OBEKMO8.

npu IKcniiyamayuu

Ilepeyens rpaguyeckoro MaTepuaJia:

Ilpu neobxooumocmu npedcmagumsv 3CKusHvle cpaguyeckue
mamepuanvl K - pacyémHomy 3adanuio  (00s3amenvHo 0
CREYUAIUCmMos u Masucmpos)

Cxema oeticmeutl npu gozuuxnogenuu 9C.

JarTa Bplga4u 3alaHus ISl pa3jaesia no JuHeiiHomy rpaguky

3aualme BbIIAJ KOHCYJbTAHT:

JloJKHOCTH DdUO YueHnas creneHb, Ilonnuch Jara
3BaHue
JIOIIEHT Muntenko M.B. K.I.M.H. 28.06.2017
3a)1a}me NMPUHAJ K UCIIOJIHEHUIO CTYACHT:
I'pynna DUO Moamuces JaTa
21IM51 TamkunoB Bragumup AuapeeBud 28.06.2017




_ 3AJIAHME ]IS PA3JIEJIA
«PUHAHCOBBIM MEHE/I/KMEHT, PECYPCO®®EKTUBHOCTH U
PECYPCOCBEPEXEHUHE»
CryneHry:
I'pynna DdUO
21IM51 TamkuHoBy Bnanumupy AnapeeBuuy
HucruryT HIIP Kadenpa INOHK
YposeHb 00pa3oBaHus MarI/ICTp Hanpag.ieHue/cnenquajbHOCTh He(i)TeFaSOBOC JIeNo

Hcxonnbie nanHble Kk pasgedy «@OUHAHCOBBIH MEHEIKMEHT, pecypcodPPeKTHBHOCTL H

pecypcocOepeskeHue:

1. Cmoumocmos pecypcoe Hayunozo ucciedoganus (HH):
MaAmMepuaIbHO-MEeXHUYECKUX, IHEPLeMULECKUX,
QPuUHANHCOBLIX, UHGOPMAYUOHHBIX U YEOBEYECKUX

Mamepuanvusie 3ampamuol

2. Hopmbl u Hopmamussl pacxo008anus pecypcos

Obwue sampamoi Ha OypeHue CKeaANCUH
Onepayuonnsie 3ampamol

3. chonwyemaﬂ cucmema HCL/IOZOO6JZ09!C€HM}Z, cmaeku

HAl0208, OmllMCﬂeHuﬁ, ()MCKOHI’I’[MPOGCZHM}Z u er()umoeaﬁuﬂ

Bpemsa npocmos u , epema sampauennoe na CIIO,
Hapawueanue UHCMPYMeHmd, 6pems NOmpauyeHHoe
Ha mexHoausuyecKue onepayuu

IlepeyeHb BONPOCOB, NOIJIEKALUIUX HCCIETOBAHNIO, IPOEKTHPOBAHUIO U pa3padoTKe:

1. Oyenxa Kommepuecko2o u UHHOBAYUOHHO20 NHOMEHYUANA

HTH

Pacuem onmumuszayuu npoyecca Oypenus, 3a cuém
VMeHbUIeHUS 6peMeHU HA ONePayuL U OHCUOAHUE

2. Paspabomka ycmasa HAy4HO-MEXHUUECKO20 NPoeKma Memooduueckue  pexommenoayuu  no  66100py
ONMUMANLHBIX — napamempos U KOHCMPYKYUu
CKBANCUHDBI

3. [IInanuposanue npoyecca ynpasnenuss HTH: cmpykmypa u Ananuz  sxkoHomuueckoli  dppexmusnocmu - om

epagux nposedenus, 6100xcem, pUcKU U Op2aHU3aAYUs

onmumusayuu npoyecca dypenus

3aKYNOK
4. Onpeodenenue pecypcHotl, punancogoll, IKOHOMUYECKOU Cpasnenue 8pemMeHU 3ampavyeHHo20 8peMeHU Ha me
appexmusnocmu unu unble onepayuu 8 npoyecce OypeHus

Hepeqeﬂb rpa(]mquKoro MaTEPHAJIA (c mounviv ykazanuem obazamenshvix uepmedicetl):

JarTa BbI1a4M 3aaHUA JJIA Pa3jeria o JHHeHHOMY rpaguky

33Ilal-ll/le BbI1AJI KOHCYJbTAHT:

JloKHOCTH DPUO Ydenasi cTeneHs, Ioanuck Jara
3BaHHe
[Ipodeccop benozepos B.b. JI.T.-M.H. 28.06.2017
3aganue NPUHAJT K UCIIOJTHCHHUIO CTYACHT:
I'pynna (0710} Moanucy Harta
21IMS51 Tamkunos Biagumup AnapeeBuy 28.06.2017




Kon Pe3yabTaThl 00y4yeHus
1 2

P1 |CnocoOHOCTE HCTONB30BaTh €CTECTBEHHOHAYYHBIC, MAaTeMAaTHYECKHE, SKOHOMHUYECKHE,
IOPUIMYECKHE W WH)XCHEPHbIC 3HAHUS B OOJACTH T'eO0JOTHH, Pa3pabOTKH W 3KCILTyaTalluu
HE(PTSHBIX ¥ Ta30BbIX MECTOPOKICHHIA

P2 | CnocoGHocTh onpenensts, GopMyIupoOBaTh U pelIaTh MEXAUCHUTUITMHAPHBIE WHKEHEPHBIC
3aJaud B 00JacTH HE(PTEra3oBBIX TEXHOJOTMH C HCIOJIb30BaHHMEM MPO(ecCHOHATBHBIX
3HAHHUIA U COBPEMEHHBIX METOJIOB HCCIICTOBAHUS

P3 |CriocoOHOCTh TIaHUPOBATH M MPOBOJUTH UCCIIEIOBAHMS B CIOXKHBIX U HEOMPEACIEHHBIX
YCIIOBUSAX C HMCITOJIb30BAHHEM COBPEMEHHBIX TEXHOJIOTHH, a TaKKe KPUTHUYSCKH OICHUBATH
MOJTy4YEHHBIE JTaHHbIE

P4 |CnocoGHocTh  aHanM3MpoOBaTh HECTAHJAPTHbIE CUTyalluM U OBICTPO  BBIOMpATH
ONTUMAaJIbHBIE PELIEHUS MPU Pa3paboTKe HEPTIHBIX U Ta30BBIX MECTOPOXKICHUHN

P5 |CnocoOHOCTE MCTIONIB30BaTh TBOPUYECKHM MOIXO IS pa3pabOTKH HOBBIX HJEH U METOJIOB
MPOEKTUPOBAHUS OOBEKTOB HE(TErazoBOro KOMIUIEKCA, a TaKXKe MOJIEPHH3UPOBATh U
COBEPIICHCTBOBATH MPUMEHSIEMbIE TEXHOJIOTUN HE(PTETa30BOT0 MIPOU3BOCTBA

P6 |CnocoGHOCTh pa3pabaThiBaTh MHOTOBAPUAHTHBIE CXEMBI JJIs JOCTHKEHUS MOCTABIEHHBIX
MPOU3BOJICTBEHHBIX IIeNied, ¢ 3PPEKTUBHBIM HCIIOIH30BAHUEM HMEIOIIUXCS TEXHUYECKUX
CpEICTB

P7 |CrocoOHOCTh aHANM3UPOBATh M CHUCTEMATH3UPOBATH COBPEMEHHBIC TEXHOJIOTHMUECKHUE H
Hay4YHBIC JOCTH)KCHHS He(Tera3oBoll OTpaciid, a TaKXKe BBIABIATh HMX AaKTyaJbHBIC
POOIIEMBI

P8 |CnocobGHocTh 3¢ deKTHBHO paboTaTh MHAWBHAYAJbHO M B KAa4eCTBE WICHAa KOMAaHIIbI, a
Tak)Ke PYKOBOAUTH KOMaHJI0M, pOPMHUPOBATH 3ajaHus, paclpenesaTh 00I3aHHOCTH U HECTH
OTBETCTBEHHOCTb 32 PE3yJIbTaThl pAOOTHI

P9 |CriocoOHOCTh CaMOCTOSITENTFHO YYUTHCSI U HEMPEPHIBHO MOBBIMIATH KBATH(DHUKAIINIO B CBOCH
po(hecCHOHATLHON A TENBHOCTH

P10 | BrageTs MHOCTpaHHBIM SI3BIKOM KaK CPEICTBOM MPOGECCHOHATBLHOTO OOIICHUS, Ha YPOBHE,

MO3BOJISIOIIEM paboTaTh B MHTEPHALMOHAIBHOM cpelie




IIpuHsiTHIE COKpalleHHs U 0003HAYEHUS

1D MEM -1 D Mechanical Earth Model — ogHoMepHas reomexaHruecKast MOJIEb
SHmax — Maximum horizontal stress — makcuMaabHOE TOPU30OHTATBHOE HanpspkeHue, MPa
Shmin — Minimum horizontal stress — muHuManbHOE TOPU3OHTANILHOE HanpshkeHue, MPa
Sv — Vertical stress — BeptukanbpHoe Hanpsbkenue, MPa

UCS (Co) — Unconfined Compressive Stress — mpo4HOCTh Ha 0OJHOOCHOE CkaTue, MPa
FANG (¢) — Angle of internal friction — yron BHyTpeHHEr0 TpeHUs, IPaIyChl

u — Coefficient of internal friction — koaddurrienT BHyTpeHHETO TpEHMS

pb — 06BEMHAS IIOTHOCTB, I/CM°

v — Koapdunment Ilyaccona qunamuyeckuia

v sta— Koaddunment Ilyaccona cratnyeckuii

ol — Major principal stress — riaBHoe HOpMabHOE Hampshkenue, MPa

02 — Intermediate principal stress — BTopocTenenHoe HOpMaabHOE HanpsbkeHue, MPa

03 — Minor principal stress — MurrMaTEHOE HOpMabHOE HanpsbkeHue, MPa

on — Normal stress — monHoe HopMmanbHOE Hanpsukenue, MPa

T — Shear stress — kacarenpHOe HampspkeHne, MPa

E — Iunamuueckuit Monyns FOnra, MPa

Esta — Cratuueckuit Moayns FOnra, MPa

I'"C — reodusnyeckue uccae0BaHUs CKBAKIH

ABIIJI — aHOManbHO BBICOKOE IIJIACTOBOE JIABIICHUE

CIIO — cniyckonobeMHBIE OTIEpaLU

I'K — ramma kapotax, gAPI

HKT — HEeHTpOHHBIN-HEUTPOHHBIA KapOTaX MO TETIOBBIM HEUTPOHAM, YCIIOBHBIE €UHUILIBI
I'TK-IT — ramma-ramma KapoTak IIJIOTHOCTHOM, r/em®

WK — uHIyKIIMOHHBIN KapoTax, OM*M

AK (Vp) — akycTHYeCKHI KapOTax, MPOI0JIbHAS BOJTHA, KM/C

AR (VS) — akyCTHUYECKHiT KapOTax MorepueHHast BOJIHA, KM/C

BCII — BepTHKalibHOE ceficMonpopUInpoBaHHe

I'TK-C — raMmma-raMma KapoTax CeJIeKTUBHBIH, Toka3zaHus 1h — topust, K — kanus, U — ypana
TVD — true vertical depth — abcomtoTHas riyouHa, M

PHI — mopucTocTh, 1071 €UHUIT

FMI — Formation Micro Imager — miaacToBblii TOCTPOUTETh MUKPOH300paskeHUI

FCP — Fracture Closure Pressure — naBienue 3akpbIThs Tpemuabl, MPa

I'PII — rugpaBnvyuecKkuii pa3pbiB MIacTa
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ppg — pounds per gallon — ¢yrros Ha ramion (1ppg = 0,119 r/cm’)
NPT — non-productive time — Bpemst ipocTosi O0ypOBOil yCTaHOBKU
MOI'T — meron o01ielt TIIyOMHHOW TOYKH

ESS — Expandable Sand Screen — paciupsiromuiicst mecoYHbIi GHILTP
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Pegepar

Brimycknas kBanm¢ukarmonHas padota 87 c., 31 puc., 8 Tab:m., 47 HCTOYHUKOB, 4 TIPUIL.

KaroueBrle cnona: OIHOMCPHAA TI'COMCXaHUYCCKad MOICIb, SMIIMPUUCCKHUEC 3aBUCUMOCTU
T MEXaHUYCCKUX CBOfICTB, TPACKTOPUA CKBAXXWH, KOHCTPYKIUA CKBAXWH, 3dKaHUYMBAHUC

CKBa>XXMH, MAKCUMAJIbHOC © MUHUMAJIbHOC T'OPU30OHTAJIbHBIC HAIIPSKCHUA.

OOBbekTOM HUCCIICOOBAaHUA ABIIACTCA TCXHOJIOTHUA MPUMCHCHUA OHHOMCpHOﬁ
reoMeXaHNIeCKOM MOJCIIHN B LCIAX BI)I60pa OITHUMAaJIbLHOM TPACKTOPHUHU U 3aKaHYHMBAHUA CKBAXKWH B

YpmaHo-ApunHCKOM 30HEe HEPTETa30HAKOTUICHHS.

HGHL pa6OTBI - pa3pa60TKa TCXHOJIOTUU ITOCTPOCHUA O,Z[HOMGpHOfI reoMeXaHU4eCKon
MOACIN C ICIbIO BH60pa OINTHUMAaJIbHOM TPACKTOPUU U 3aKaHYHMBAHUA CKBAKMH B COOTBCTCTBUU C

HampaBJICHUEM CTPECCOB U MCXAHUYICCKUX CBOICTB TOPHBIX ITOPOA.

B mponecce wuccienoBaHus MPOBOMMIUCH PACUETHl M0 HAXOXKICHUIO OMIIMPUYECKOU
3aBUCUMOCTH IIPOYHOCTHBIX CBOMCTB JUIsl IIECYaHUKOB TIOMEHCKOM M BacrooraHckoid CBHUT OT
reou3MUecKUX MapamMeTpoB, MOAOOP OMYOJMKOBAHHBIX OSMIIMPUUYECKUX 3aBUCUMOCTEH IS
M3BECTHIKOB miacta M1, mpencTaBieHHBIX B pa3pe3e UccleayeMoi 30HbI He(Tera3oHaKOIICHHS.
Taxke NPOBOIMWINCH HEOOXOIUMBIE PACUYETHl IO ONPECNICHUIO HANpaBlIeHUs] W BEITUYUH
HaIIpSDKEHUM, I[OPOBOIO [JABIEHUsA I IIOCTPOEHUS OJHOMEPHOM I'€OMEXaHUYECKOW MOJEIN.
[Ipoananu3upoBaHbl MOMy4YeHHbIE Pacy€Thl M BbIOpaHa ONTHUMallbHAs TPAeKTOpUS OypeHHs U

3aKaH4YMBaHUs CKBA>XHH B I/ICCJ'IGI[yeMOI\/'I 30HC.

B PE3YIbTATC HUCCICAOBAHUA NPCIJIOKCHA TPACKTOPUA W THUII 3dKaHYMBAHUA CKBAXUH IJIA

YpmaHo-ApunHCKON 30HBI HE()TEra30HAKOIIIICHUSI.

OCHOBHBIE ~ KOHCTPYKTHUBHBIC, = TEXHOJIOTHYECKME U  TEXHMKO-3KCIUTyaTallMOHHbIE
XapaKTePUCTHKH: TPAEKTOPUS PACCUUTAHHOW CKBAXMHBI BKIIOYaeT B ce0sl - yrosll HaKJIOHA
HAKJIOHHO HalPABJICHHOW CKBaYKUHBI (a=33,70), a TaK)Ke ONTHMAJBbHBIN a3UMYT OypeHHs CKBaXUH (
B HANpaBJIICHUH MAaKCHMAaJbHOTO TOPHU3OHTAJBLHOTO HampsbkeHus. B HampaBieHun 220°-40°

peKoMeHayeTCs IpoBeAeHUe nepdopannii ¢ mIOTHOCTHIO 10 KaHaIoB Ha METp.
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OO6nacte mpuMeHeHMs: OypeHHe SKCIUTyaTallMOHHBIX CKBaXHH B Ipenenax YpMaHo-

ApuuHCKOH 30HBI He()TEraOHAKOIUICHUSI.

DOxoHoMHUYecKass 3((PEKTUBHOCTH/3HAYMMOCTh PAOOTHI 3aKJIFOYACTCSI B TOM, YTO TOJIXO/T
pacu€Ta TpacKTOPUM U 3aKaHUYMBAHHMS HA OCHOBE OJHOMEPHOW TEOMEXaHWYECKOW MOJCIH
MO3BOJISIET OMTHMH3UPOBAThH TpoIlecc OypeHus, u30ekaB MOTepH BPEMEHH Ha MPOCTOW OypoBOM

YCTaHOBKH, TEM CaMbIM CHH3HB OOIIME U3JIEPKKU HA TIpoIiecc OypeHusl.

B 6yz[ymeM IUIaHUPYETCA CO3AaTh TpéXMCpHYI-O reOMCXaHNYICCKYI0 MOJICJIb B OTACIIBHOCTU
IJIL KaXKA0TO MECTOPOKIACHUA HCCHGI{yCMOﬁ 30HBI U UCIHOJIB30BAHUA B MOAACPIKKY 6prHI/ISI n
THUAPOAVMHAMHUYCCKOr0 MOJCIUPOBAHHA, a TAKKEC KaK JOMNOJHUTCIBHOIO HWHCTPYMCHTA [JIA

MPUHIATHIA PelIeHUH MO0 MOeP>KaHUIO TUIACTOBOTO JABJICHUS U T'MIPaBIMYECKOI0 pa3pblBa IJ1acTa.
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Abstract

Graduation qualification paper 87 p., 31 fig., 8 tables, 47 sources, 4 app.

Key words: 1D Mechanical Earth Model (MEM), empirical correlations for mechanical
properties, well completion, well trajectory, maximum and minimum horizontal stresses, well

design.

The object of investigation is technology of 1D MEM construction for the purpose of

optimal well trajectory and well completion within Urman-Archinsk oil and gas accumulation zone.

The aim of paper is development of technology 1D MEM construction which is valid for
choosing the optimal well trajectory and well completion according to in-situ stress and mechanical
properties of rock.

The process of research involves obtaining the empirical relations for Jurassic sandstones
(the Tyumen and the Vasyugan formation sandstones), selection of published empirical relations for
M1 carbonate formation. Also necessary calculations for determination of direction and magnitude
of stresses, pore pressure for construction of 1D MEM. The calculations are analyzed and the

optimum trajectory is chosen for drilling process in the oil and gas zone.

As a result, the proposed trajectory and type of well completion for the Urman-Archinsk oil

and gas zone.

The sphere of application: drilling of production drilling within the Urman-Archinsk oil and

gas zone.

Economical effectiveness of the paper is that the developed technology allows the
calculation of optimal well trajectory and avoids wasting of time during drilling and as a result

reduces the total costs of drilling process.

In the future the construction of 3D MEM for each field separately in the zone of research
for using it in drilling, reservoir pressure maintenance, reservoir simulation as additional instrument

for decision making.
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BBenenue

B ciywasx OypeHus BepTUKaIbHBIX CKBKWH BBHIOOpP «0O€30MaCHOTO OKHA» M ONTUMAIbHOU
IJIOTHOCTU OYpPOBOTO pacTBOpa OCHOBAHO Ha pacy€Tax T'MIPOCTATHYECKOrO U MOPOBOTO JAaBJICHUS
Ha omnpenenéHHON TiayOuHe 0e3 ydéra MeXaHHMYECKHMX CBOMCTB TOPHBIX IOPOJ MU COCTOSIHUS
HaIpsKECHUN.

AKTyalnbHOCTh JaHHON TE€MBI UCCIIEOBAHUS ONpeeNsieTcs TeM (PaKkToOM, YTO BEpPTUKAJIbHBIE
JKCIUTyaTallMOHHBIE CKBAXXUHBI YCTYNWJIM MECTO HAKJIOHHO-HAIIPaBJIEHHBIM M TOPU30HTAJIbHBIM.
Bypenue HakIOHHO-HANPABIEHHBIX M TOPU3OHTAIBHBIX CKBKUH OTIMYAeTCd OT OypeHus
BEPTHUKAJIBbHBIX 110 IPUUNHE U3MEHEHHUS BIIMSHUS HANPSHDKEHUH HAa CTEHKH CKBAXKUHBI, IO3TOMY IPU
W3MEHEHUHU TPAeKTOPUH CKBa)KMHBI BCTPEYAIOTCS OCIOXKHEHUSI IPU OYpEHUU.

B ux uncno Bxondr:

- Iloreps uupkynsiuuu 6ypoBOro pacTBopa 3a CYET MOTJIOIIEHHS.

- IlpuxBar OypoBOro HMHCTPYMEHTA, MO IMPHYUHE OOJIBIIOrO KOJIMYECTBA OOPYIIUBIIEHCS
MOPO/IbI, YTO BJIEYET 3a COOOM KakK MPOCTOM B OypeHUH, TaK U B HEKOTOPBIX CIIydasiX NOTEPIO
CKBa)XKUHBI.

- IleckomposiBneHne B MpOOYPEHHBIX 3KCIUTyaTallMOHHBIX CKBa)XKMHAX MO NMPUYMHE HU3KOTO
KauecTBa 3aKAaHUYMBAHUS CKBAKUHBI U CBOMCTB FOPHBIX MOPOJ MO/ A€HCTBUS HAIPSKEHUH.
CnenoBatenbHO, pelIeHHe NePEeYUCIIEHHBIX MPo0eM HaXOIUT CBOE OTpakeHHE B pacyéTax

YCTOMUYMBOCTHU CTBOJIA CKBAKUH, KOTOPBIE BKIIFOYAIOT:

- be3zonacHoe «OKHO» INIOTHOCTH OYPOBOTO PacTBOPA,

- Br16op ontuManbHON TNIOTHOCTH OYPOBOTO pacTBOPA,

- [Tpennoxenus napaMeTpoB OypeHusl B CilydasiX HEONpPEelEHHOCTEH CTaOMIbHOCTH

CKBa)XUHBI,

- Bb100p onTUManbHBIX TPAEKTOPUH, KOHCTPYKIIMU U 3aKaHUMBAHUS CKBa)KUH.

Ilenr maHHOW  paboThl — pa3paboTKa TEXHOJOTMH  IOCTPOSHHUS  OJHOMEPHOM
reOMEXaHUYecKol MOJenu i 1oadopa ONTHUMAJbHOM  TPaeKTOPUM U 3aKaHUYMBaHUS
JKCIUTyaTallMOHHBIX CKBAKMH.

3ajauu ucciaeaoBaHus:

- Pacunenuts pa3zpe3 ONOpHON BEPTHUKAIBHOM CKBaXHHBI HA MeXaHHUECKue (auumy,

- OmpenenuTh 3MNUPUYECKUE 3aBUCUMOCTH JUIsI pPacIpOCTPAHEHUS MEXaHHMYECKHUX CBOMCTB
FOPCKHUX ITECYAHUKOB;

- PaccuutaTh BepTHKaIbHOE HANPSHKEHUE U IOPOBOE JABJICHUE,;

- PaccuuraTh MeXxaHMYECKHE CBOMCTBA TOPHBIX MOPOL;
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- OnpenenuTs HaNpaBICHUE U BEIUYMHBI MUHMMAJIBHOTO M MAKCUMAJIBHOTO TOPU30HTAIbHBIX

HANPSHKEHUH;

- PaccuuTaTth ONTHMaNIBHYIO TPACKTOPHIO HAKJIOHHO-HAIIPABJIECHHON CKBAa)KMHBI, ONIMPAsCh Ha

IIOCTPOCHHYIO OTHOMEPHYIO T€OMEXaHNYECKYIO MOJEIIb;

- IlpennoxxuTe BapuaHT 3aKaHUYMBAsI SKCILTyaTallUOHHON CKBAYKUHBI;

Teppurtopus uccnenoBanus — Y pmMaHo-ApUMHCKask 30Ha HEPTEra30HAKOIICHHSL.

OCHOBHBIE TIOJIOKEHUS, BEBIHOCHMBIE Ha 3alIUTY: 0OOCHOBAaHHOCTh pacuéra TPACKTOPHH U
BapMAaHTAa 3aKaHYMBasl SKCITyaTalluOHHON CKBaKUHBI.

Hayynast HOBU3HA: NpPUMEHEHUE HWHAUBUIAYAIBHOM OHOMIIMPUYECKON 3aBUCUMOCTH IS
pacIpoCTpaHEHHUsT MEXaHUYECKUX CBOMCTB IOPCKHMX IIECUAHHUKOB, Pacdy€T TPAeKTOPUU HAKIOHHO-
HaIlpaBJICHHON CKBa)XMHbI OCHOBAaH HA IMOCTPOCHHOW OJHOMEPHON N€OMEXAHUYECKOW MOJEIH IS
YpmaHo-ApunHCKON 30HBI HE()TEra30HAKOIIIICHHUS.

IIpakTHyeckass 3HAUYUMOCTh: pa3pabOTaHHAs TEXHOJOTHS TOCTPOEHUS OJHOMEPHOMH
F€OMEXaHUYECKOW MOJEIN U pacu€ra ONTUMAIBHON TPAEKTOPUU U BapUaHTa 3aKaHYUBAHUS MOXKET
OBITh TpPHMEHEHAa HAa MECTOPOXKACHUAX Y PMaHO-APUYMHCKOW 30HBI He(TEra3o0HaKOIJICHUS.
[TonydyeHHas smnupuyeckas 3aBUCUMOCTD JJIs IOPCKUX MECUaHUKOB MOXKET OBITh HMCIOJIb30BaHA B
IIOCTPOCHUH T'€OMEXaHMYECKHX MOJENEeH Ha TEPPUTOPUM paclpoCTpaHeHus BacroraHckoil u

TroMeHCKOW CBHUT.
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1. T'eosornyeckasi XapaKTepUCTHKA Y PMaHO-APYHHCKOH 30HbI

HedTera3oHaAKOIJIeHUA

B agMuHHCTpaTMBHOM OTHOIICHHH Y PMaHO-ApUYMHCKas 30Ha He(Tera3oHaKOIICHUS
HaxoauTcs Ha rore Tomckoii obnactu, [lapadenabckom paiione (PucyHok 1).

Teppuropusi 30HBI HEe(PTETa30HAKOIUICHHS pacrojiaraeTcsi B cpemHei mosnoce Poccum, rae
KIIMMAaT paiioHa XapakTepu3yeTcsi Kak yMepeHHO-KOHTHHEHTAIbHBIN, PE3KO-KOHTUHEHTAIbHBIHN, 4TO
TOBOPHT O MPOJOJKUTEIEHOCTH 3UMBI C YCTOWYHBBIM CHEXKHBIM ITOKPOBOM U O KOPOTKOM TEIMIOM
nere. Cpenusis TeMIIEpaTypa BO3AyXa B 3UMHMI epuo coctanseT -20 — -25°C, omyckasch HHOTIa
10 -50°C. Temmeparypa B jeTHHil meproy nogauMaercs 10 +30 — +32°C, npu cpeaneii +16°C.
CpenHero1oBoe KOJIMUECTBO aTMochepHbIX ocankoB koseonercs ot 400 no 500 mm. Hanbonbiiee
WX KOJHMYECTBO BBIMAJAET JIETOM M OCEHbIO. B reoMopdonornueckoM OTHOIIEHWH TEPPUTOPHUS
paifoHa mpeacTaBiseT co00i c1ado pacuCHEHHYIO 3a00J0YCHHYIO PaBHHUHY C Pa3BUTON peuHOU
CETHIO.

B CcTpyKTypHO-TEKTOHMYECKOM OTHOILIEHHHM 30Ha pacIoyiaraercs B IOT0-BOCTOYHOM YaCTH
Hroponbckoit BmaauHbBI, B 30HE cOWIEHEHUS C JIaBpOBCKMM HaKIOHHBIM BalloM 3arajHo-
Cubupckoii HedrerazoHOCHOW TpPOBUHIMK. Hamboiiee KpPyMHBIMU JOKATBHBIMH TOIHITHSIMH B
JTaHHOW 30HE: YPMaHCKOE M ApPYHHCKOE CTPYKTypHOE MOAHATHs. [IpOMBINIICHHBIC 3aIeKH
CBSI3HBI C IOPOLAMHU KOPHI BBIBETPHBAHHS Maie030s (miact M1) u ropekux ornoxkenni (FO1%, 01,
1014, 1015, IO11). 3anexxu TEKTOHMYECKH HKPAHWPOBAHHBIE, MAaCCHBHBIE, CTPYKTYpHO-

nuronorndeckoro tumna [39,41].

OUIHKO-TEOTPAOHYECKAS

TOMCKO# OBJIACTH

Pucynok 1 — [Tonoxenne YpmaHO-ApUHHCKOH 30HBI HEPTETA30HAKOIUICHUS HA (PU3UKO-

reorpaduueckoii kapre Tomckoit obmactu[41]
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1.1. Crparurpadus
I'eomormueckuit  paspe3 (PucyHok 2) 30HBI He(TEra3oHAKOIUICHUS IPEICTaBIICH
CJI0’KHOIUCIIOLIMPOBAHHBIMU OpoJaMHu aJIE030HUCKOT0 CKJIa(4aToro dbyHnamenra,
MIPOMEXYTOUYHOTO Apyca (BEepXHHM Majieo30il — Tpyuac) U OTIOKEHUH Me3030MCKO-KaHO30MCKOTo
mwiaTgopMeHHoro ocagouHoro yexsua. Ha (Pucynox 3) mpencraBineHa crpaTurpaduueckas cxema

YpmaHo-ApUrHCKOH 30HBI He(hTETa30HAKOIIIICHUSI.

YcnoBHble 0603HaYeHus Ha Kapre:

@ - YpmaHo-ApuyuKckas nnowaas

« NuHuA paspesa «A-b-By

= BEPXHENNUOLEHOBbIE-
HIKHEYETBEPTUHLIE OTNONEHNUA

- HUKHAA-CPEAHUA MHOUEH

|:| = HUKHA MHOLIEH

D = HIDKHWA-CPEAHMA ONUIOUEeH
- H30MMNChI N0 NOAOLBE BAXEHOBCKOA CAUTHI

YcnoBHble 0603HaveHuA Ha
reonorn4eckom paspease:

? - CNPOBUMPOBAKHOE NONOXEHHE
56° YpManO-ADHUHCKOA NNOLWARK HA NPODITTL

\ - PA3PbIBHbIE HAPYWEHHA

L
O 100 2000w 300 km

0 km 30 km
T

PucyHok 2 — @parMeHT reoJ0ru4eckoi KapThl M T€OJIOTHUECKHIA pa3pes mo uHuH «A-B-By [4]
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Pucynox 3 — Cxema cTpaTurpaduyeckoro pacujeHeHUs FOPCKUX OTJIOKEHHUH I0r0-BOCTOUHON YacTH
3ananHo-Cubupckoii s [4]

Ilaneo3zoiickas cpynna(Pz)

Kopa evisempusanus

Ha xapOoHaTHBIX OTJIOXKEHUSAX (DyHIaMEHTa C YIJIOBBIM HECOTJIACHEM U HE MOBCEMECTHO
3aJIeraloT OOKCHTOCOJIEPIKAIIE TIOPOJIbI KOPHI BBIBETPUBAHHS, MOIIHOCTH KOTOPBIX 1O JAHHBIM
Oypenus nmocturaer 23M, a MO JaHHBIM ceilicMopa3Benku - 38M. I[lo Bceil BeposTHOCTH €€
YTOJIIEHUsI CBSI3aHbI C MOP(OTOTHUEeCKMMH OCOOCHHOCTSIMH Taneopenbeda, CylecTBOBABIIETO B
IepHoJ] NMPEAME3030MCKOr0 NEpephiBa B OCAaJKOHAKOIUIEHHH. Kopa BeIBETpHMBaHUS NpEICTaBJICHA
QUTUTHBIMH, JK€JIE3UCTBIMH, OOKCUTCOACPIKALIMMHU MTOPOJAMH CEPOTo IBETa O cIadbiM OypoBaThIM
orteHKOM. CTpyKTypa TOpOAbI HEPaBHOMEPHO3EPHUCTAs, MeCTaMH CQEepOIUTOBas, TEKCTypa

OO0JIMTOBAs.
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Jlesonckasn cucmema(D)

Haubonee npeBHe# TOMNIIEH, BCKPHITON CKBAXMHAMHU Ha YPMaHO-APUMHCKON ILUIOMIAMIHN,
SIBIIIIOTCSL  OTJIOKEHUST | €pacHMOBKOW  CBUTHI. JIMTOJOrMYECKHE Pa3HOCTH IPEACTABIICHBI
MAaCCHBHBIMH CEPbIMH, KPEMOBBIMH, TEMHO H CBETJIO-CEPBIMH, TIOJIMTAKCOHHBIMH, YaIle
MOHOTAKCOHHBIMHU (CTPOMATONOPATOBBIMU) OHMOKJIACTUYECCKUMHU W CKEJICTHBIMU W3BECTHIKAMH,
peKe TOJIOMUTU3UPOBAHHBIME TEJICIAPUTOBBIME, HHOTIa (hopaMUHH(EPOBBIME U aM(DUTIOPOBBIMH
M3BECTHSIKAMH C HEOOJBIIIMMU OPTaHOTCHHBIMH ITOCTPOMHKAMH THIIA OHOTEPMOB U OMOCTPOMOB.

Jlyrunenxas cButa - D3y Ha TIomaau BelgeIsieTCS MOYTH MOBceMecTHO. HuokHss rpanuna
CBUTBI HE BCKpbITa. OTJIOXEHHS CBUTHI HAKAIUIMBAIKMCh, MPEUMYIICCTBEHHO, Ha MICIb()OBOM
ckioHe. CKBaXMHBI BCKPBIBAIOT Pa3HbIC YPOBHU JIYTHHEIKOM CBHTBHI, HAKaIlJIMBAaBIIUECS B
pa3nuyHbIX (AlMaATBbHBIX YCIOBUSAX: CKBaKWHA 3 BCKPbUIA OTJIOKEHHS TOOIIBBI  CKJIOHA
MPECTABICHHBIMHY METUTOMOP(HBIMH H3BECTHSIKAMH, CKBRXKUHOW 5 BCKPBITHI OTIIOKEHHUS CKIIOHA -
4yepe/loBaHHEe TOHKO3EPHHUCTBHIX JIOJIOMHTOB M TOHKO-MHKDPO3EPHHUCTBIX HW3BECTHSKOB. BpiIle
OTJIOXKCHHUSI CKJIOHA TEPEXOAAT B CTPOMATOJIUTOBBIC OHOCTPOMBI CKBaXXHHBI 10, OTAessroIIne
MOpCKHe OacceiHOBbIe (ali OT JIAaryHHBIX. 371eCh K€ B H3BECTHSIKAX BCTPEYAIOTCS OCTATKU
KOpa/uToB ¥ MIaHoK. OOJMTOBbIE W3BECTHSKH, BCKPBITBIE CKBAKHHOW 2, MOTYT TMPEACTaBIIATH
KpaeBble (aruu mIaThopMbl, pacrioyiaratonuecs cpasy e 3a OpraHOTCHHOM MOCTPOHKOM.

Kamennoyeonvnas cucmema (C)

KaMeHHOYyTo/IbHBIE OTJIOKEHHSI B HEKOTOPOW CTENEHH YCJIOBHO YCTAHOBJCHBI B pa3pese
CKBaXXHMHBI 6. [T0 TUTOIOrMYECKOMY COCTAaBY M IO COCTaBY (hayHbI, OOHAPYKEHHOH B HLIH(aX, OHU
MaJIo YeM OTIMYAIOTCS OT U3BECTHIKOB BEPXHEIYTUHEIKOW MOICBUTHI. OTHAKO, MTOJIOKEHHE TTOPOJT
B pa3pe3e U HAJIMYUE TUI0XO0H COXPaHHOCTH paHHEKaMEHHOYTOIbHBIX (opamunudep: Endothyra ex
gr. latispiralis, E. cf. prisca, Glomospira sp. mo3BoJisieT pearnoaarat BO3MOXXHOCTh OTHECCHHUS UX
K KapOoHy Pa3pes 1mo ckB.6 MOXET CTaTh YHUKAIbHBIM, TaK KaK SIBIACTCS €HHCTBEHHBIM Pa3pe3oM,
B KOTOPOM 3a()MKCHPOBAHO COTJIACHOE 3aJleTaHie KAMEHHOYTOJIBHBIX OTJIOKEHHI Ha IEBOHCKHUX.

Me3o3zoiickan epynna (MZ)

FOpckas cucmema(d)

Hwxkne-cpenneropckuii otaen (J1-2)

TroMeHCKast CBUTA — J1-7 ps-bt CTIATACTCS YACTHIM TIEpECIauBaHHEM apTUJLIUTOB, AIEBPOIUTOB
Y TICCUYAHMKOB, MTPEUMYIIIECTBEHHO CEPBIX U TEMHO CEepbIX U yriieil. Ocaku CBUThI (JOPMHUPOBAIHCH
B KOHTHHCHTAJIbHBIX YCIOBHUSX.

Bepxueropckuii otaen (J3)

Bacroranckas cBUTa — J3 k.o 3aJieraeT TPaHCTPECCHBHO Ha OTJIOKEHUSX TEFOMEHCKOH CBUTHI.
[To nuTONOrMYECKMM OCOOCHHOCTSM BAaCIOTaHCKas CBUTA pas3JeiseTcs Ha JBE IOJCBUTHI

HMWXXHCBACIOTAHCKYHO, IMPCUMYIICCTBCHHO T'NIMHUCTYIO0, U BCPXHCBACIOTAHCKYIO, TPCUMYIICCTBCHHO
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necyanyo. @opMupoBaHUE OTJIOKEHHUN CBUTHI MPOUCXOIMIO B MOPCKHUX, MPUOPEKHO-MOPCKHUX
YCJIOBHSIX, BO3MOXKHO, C TIEPEPhIBAMH WJIM KPATKOBPEMEHHBIMU MEPEXOJAaMU B KOHTUHEHTAJIbHBIC
YCJIOBUS B BEPXHEHW €€ YaCTH.

I'eoprueBckas cButa — (J3 km) B 30HE pacmpocTpaHeHa OTACIbHBIMH Yy4YaCTKaMHU,
npeAcTaBieHa TEMHO-CEPbIMU, TEMHBIMH, IUIOTHBIMH aprujmiutamMu. GopMHUpPOBAHHUE OTIIOKEHHUI
CBUTHI MPOUCXOUIIO B YCIOBUAX Hauajla TPAHCTPECCUU KUMEPHIKCKOro Mopsi. CpeiHsisi TONIIUHA
CBHTBI.

baxxeHoBCkast cBUTa — J3y 3ajeraeT Ha OTJIOKECHHUIX BACIOTAHCKOM JTMOO T€OPTrUEBCKOM CBUT
1 ¢opMUpoOBanIach B yCIOBUSX MaKCHUMalbHOW TpaHcrpeccuu. OTIOXKEHUS CBUTHI MPEACTABICHBI
TEMHO-OYpPBIMH JI0 YEPHBIX OUTYMUHO3HBIMU aPTHIUITUTAMHU TUIUTYATHIMU, TUIOTHBIMH, C OCTaTKaMHU
JNETpUTA. DTH OTIOKEHUS SIBISIOTCS XOPOIITUM MaPKUPYIOITUM TOPU30HTOM.

Brimenexxamue menoBeie otioxkenus (Kymomsunckas, Tapckas, Kusnunckas, AnbiMckas,
IToxypckas, Kysnenosckasi, MmaroBckas, CnaBropojckas, [aHbkuHCKas, TaaukcKas CBHTHI),
naneoreHoBble  (JlrommHBOpckas, UYeranckas, HekpacoBckass CBHUTBI) H HEOTCHOBBIE C
YETBEPTUYHBIMU OTJIOXKECHHUSIMU TPEJCTABICHBl TEPPUTCHHBIM MECYAHO-TIIMHUCTBIM Pa3pe3om,

COTJIaCHO NEPEKPBIBAIOIINUM FOPCKUC ITOPOBI.

1.2. TekroHuka

B TeKkTOHMYECKOM OTHOLIEHMM HCCIEAyeMas 30Ha INPUYpPOYEHAa K FOrO-BOCTOYHOM YacTH
Hroponbckoll BmajauHbl, B 30HE COWIEHEHUS C JIaBpOBCKMM HAaKJIOHHBIM BajloM 3alajHo-
Cubupckoii HedrerazoHocHoM poBuHIMHU (PucyHok 4).

OdynnamenT 3anagHo-CHOUPCKON MIIUTHI COCTOUT U3 JIBYX CTPYKTYPHBIX dTakeh. Huxuuit
(ckyaguaThiil), COCTOALIMM U3 MeTaMOp(U30BaHHBIX, T€OCUHKIMHAJIBHBIX MOpoJa JOKeMOpHs U
MaJIe030s ¢ MHTPY3UBHBIMU 00pPa30BAHUSAMU PA3JIIMYHOTO COCTaBa M BO3pacTa. Mexly CKJIag4aThiM
OCHOBAHHUE U YEXJIOM ME3030MCKO-KaHO30MCKOT0 BO3pACTa BBIACISECTCS IMPOMEKYTOUHBIN 3TAXK B
COCTaBE BEPXHEI0 CTPYKTYpPHOTO 3Ta)ka, KOTOPBIA MPEJCTaBICH KPAaeBbIMU MIPOTrHOaMHU, APEBHUMU

m1aTGOpMEHHBIMU O0PA30BAHUSIMU U JPYTHUMHU F€OCTPYKTYPHBIMU €IMHUIIAMHU.
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FPAHUUBI

| raarcpmasom croverp

P

TEKTOHUMECKHE INEMEHTDI:
MONOKMTENBHBIE  OTPMUATENBHBIE

i
HY KO 3~
A

Pucynoxk 4 — @parMeHT TEKTOHMYECKOW KapThl FOPCKOTO CTPYKTYPHOTO sipyca 3anaano-Cudupckoit
He(Tera3o0HOCHOM MPOBHHITMH U MOJIOKEHUE Y PMaHO-APUYHHCKOM UccieyeMoi 30HbI [1]

Ha ocHoBe wuHTepmpeTanmuu celcMOpa3BeJOYHBIX padOT MPOBEAEHHBIX IO TEXHOJOTUU

MOI'T 3D u 2D VYpmaHckoe U ApUMHCKOE MOIHATHS TNPEACTaBISIOT €000l ropcT-0510K

cyOMepunuananpHoro mnpoctupanusi (Pucynok 5). Ilo kpomie mnaneozoiickoro (yHaamenTta

(orpaxatomuii ropu3oHT D2) perbed XapakTepru3yeTcss MHOKECTBOM IOTHITHNA U TIPOTHOOB.
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’_"J\ ['pasuibl CTPYKTYPHO
- ~TEKTOHMYECKHX OJIOKOB HanpasjicHue cykarus
TEeKTOHMHUECKHE HAPYILCHMA

Crnucox cmpyxmyp. (I nopaoxa): A —Qyvsuxcro-Uuxcancxkas meszocediosura,

{II, IV nopsoxa): I- Vpumancxoe, 2 — Tawbaesckoe, 3 — BocmouHo-Apuurckoe, 4
— Apuunckoe, 5 — Cesepo-Tabazarcxkoe, 6 — Huowcne-Tabazarncxoe, 7 — FOscro-
Vouanckoe, 8 — Hlupomrnoe.

Pucynok 5 — Cxema TEKTOHHYECKOTO pailOHUPOBAHUS B Mpeesiax Y pMaHO-APUNHCKON 30HbI
HedTerazoHakorieHus [2]

MennenHoe mporubaHue W HAaKOIUIEHUE OacceliHa TEePPUTCHHBIMU OCAJIKaMH HAyaloCh B
Me3030€. YHaCJIeZIOBaHHBI XapaKTep CTPYKTYPHBIX 3JEMEHTOB OCAJOYHOTO YeXJa, MHOKECTBO
pa3phIBHBIX HApYyIICHWH B TpeAesax OcCaJ0YHOr0 YeXJia JIOKa3blBalOT, YTO AaKTHBHU3AIHS
TEKTOHUYECKHX JBIKEHUH HMella MECTO B Me3030€ M KaiHO30€ U MPOXOAHiia MO pPa3pbIBHBIM
HapyUICHHUSIM TMO3THETEPIIMHCKOTO Bo3pacTa. HampaBieHrne OONBITMHCTBA Pa3pbIBHBIX HAPYIIICHHIMA
MEPICHINKYJSIPHO HAMPAaBICHUIO CXaThig (MaKCHMaJbHOMY TOPH30HTAILHOMY HAIPSIKEHUIO

TOPHBIX TIOPOJT) PACCMOTPEHHOMY Jtajiee 6osee moapooHo (Imasa 3).
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1.3. HedrerazoHocHOCTh YpPMaHO-APUYMHCKON 30HbI He(pTera3oHAKOIJICHUS

TepputopuaneHo YpMaHO-ApuMHCKas 30Ha HE(TEra30HAKOIICHUSI pACIOJIOKEHAa B

Mex0BCKOTO He(Tera3oreoIOrnaecKoro paiioHa, Bacroranckoi

npeaenax
Hedrerazoreonorndeckoir obmactu (PucyHok 6), rae oTmedaercss BbICOKasl MIOTHOCTH 3alacoB
yriaeBoaoposoB. B paiioHe HedTerasoHOCHBIMU SIBISIOTCS OTJIOKEHHUS Naleo30s, ypMaHCKasd,

TIOMEHCKasl, BACKOTaHCKAas, CBUThI IOPCKUX OTJIOKEHUM. [[pOoyKTUBHBIEC MIIACTHI IOll, 1010, K013,

1014, 1015, M+M1

s3
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Pucynok 6 — Hedrerazoreomornyeckoe paiionnpoBanue ToMckol o0nactu [6]
B nenom, 3anexwu, npuypoudeHHsle K LleHTpansHOMY, FOXHO-YpMaHCcKkOMy, a Takxke Mex -
YpmaHo-ApurMHCKOMY BBICTyNaM (pyHIaMeHTa, APUUHCKOMY CTPYKTYPHOMY IOJHSATHIO.
KomIeKkTopsl UMEIOT JOKAJIBHOE pacHpeleIeHHe MO IUIOIAAU U pas3pesy, IPUYyPOYCHBI K
paznoMaM. 3aieKd MaJeO30MCKOr0 KOMIUIEKCA IPUYPOYEHBI K 30HE KOHTAKTa MaJCO30WCKUX H
M€3030MCKUX NOopoJ. [laHHBIE JTOBYLIKHU SABIISAIOTCS PE3YJIbTATOM PE3KO PACUIECHEHHOIO 3PO3HMOHHO-
TEKTOHMYECKOTO penbeda, KOTOPBIH CHOPMUPOBAJICS IMOJ JEHCTBUEM CEIEKTUBHON 3pO3UH H
Pa3pBIBHBIX TEKTOHUYECKHX JABMKEHHIA[3].
KomekropamMu ciry’kaT KaTareHETHYECKM M3MEHEHHBIE MOPOABbI M KOPBI BBIBETPHUBAHHUSA
IIOPOJ HA DPO3HMOHHBIX BbICTYNax. Hamnmdne MHOXECTBAa TEKTOHHYECKMX HapyLIEHHMH U UX

AKTUBHU3alMd B [ICpMOTpPUACE, IOPEC, MCITY, HOBEMIIIEM 3Tall€ re0JIOTHISCKOro Pa3sBUTHA ONIPCACTIUIIN
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MEJKOOJIOKOBBI XapakTep [NaHHBIX BBICTYNOB. ['a30Bble SMaHAIMM, MHTPY3UBHBbIC BHEIPEHUS
CIOoCOOCTBOBAIM PA3BUTHIO KOJUIEKTOPOB MOPOBO-TPEIIUHHOTO, TPEIIMHHOTO, TTOPOBO-KaBEPHO3HO-
TPEIMHHOTO TUTIOB[3].

Huxe npencraBneHa xapaKTepUCTHKAa HEKOTOPBIX 3alie)Ke B BO3pPAacTHOM Mopsake (OT
JPEBHUX K MOJIOJIBIM).

Inacm M+M1

Kommekropamu sBISIFOTCS OOKCHTONOMO00HBIC KPEMHHUCTO-TIIMHUCTO-CHACPUTOBBIC TIOPOIBI
Kopbl BbIBeTpuBaHus (M), a Takke OpPraHOT€HHO-OOJIOMOYHBIE H3BECTHSKM U KaBEPHO3HBIE,
MePEKPUCTATUIN30BAHHbBIE TPEIIMHOBATHIE JIOJIOMUTHI Maneo3oiickoro ¢yHaamenta (M1). Tun
KOJIJIEKTOPA CMEIIAHHBINA — TPEINHHO-KABEPHOBO-MOPOBIHA. EMKOCTL 0OecreunBaeTcss KaBepHAMH
Y BBIMIEIOYCHHBIMHU TIOJIOCTSIMH, a TIPOJTYKTUBHOCTH 3 CUET TPEIIHH.

Paznuynbie no nerpou3MUecKuM U JTUTOJOTUYECKUM XapaKTEPUCTUKAM OTJIOKEHHS KOPBI
BBIBETPUBAHUA U TOPOJ TMaje030s pPAcCMAaTPUBAIOTCA Kak THAPOJUHAMUYECKH CBS3aHHBIC
KOJUIEKTOpA H SIBISIOTCSI €IWHBIM OOBEKTOM pa3paboTku. [IpoTsEHHBIX HEMPOHHUIIAEMBIX
MEePEeMBIYCK MEXJy KOpOW BBIBETPUBAHUS W TOPU30HTOM M1, a Takke BHYTPU IMaIeo30s
CJIOKCHHOTO KapOOHATHBIMU TIOPOJIaMHU HE BBISBIICHO.

OTKpbITasi IOPUCTOCTH, onpenenéHnas mo 158 obpasiam kepHa, OTOOPAaHHBIM B MHTEpBaJe
mnacta M+M1, usmensiercs ot 0,2 go 51,7% (cpennee 3HaueHue no pazpesy coctasiser 13,7%).
[IpoHunaemocth, u3ydeHHnas mo 63 obpasuam, Bappupyet B quamnasone — 0,01-668,3 m/] (cpennee
3Hauenne — 34,8 mJl). BomoynepkuBaromass crocoOHOCTh, ompenenéHHas mo 47 oOpasmawm,

konebsercs B npeaenax 9,0-94,2% (cpeanee 3uavyenue — 58,2%).
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2. JlutepaTypHblii 0630p

[IpuMeHeHne reoMexaHWYeCKON MOJENHM HaxOoIAT IMIUPOKOE NPHUMEHEHHWE B HE(PTETa30BOM
OTpaciy, TaK KaK yYUTHIBAET COCTOSIHUE, CBOMCTBA FOPHBIX MOPOJ IO BCEMY pa3pesy, I'/ie BenETCA
OypeHue, a TakkKe TeXHWYECKHE BO3MOXKHOCTU OTpaciu. Bompocam ucciienoBaHusi CTaOMIbHOCTH
CTBOJIa CKBAXXUH, TPACKTOPHUI U TUIIAM 3aKaHUYMBAHUS CKBA)KUH MOCBSIIEHO MHOKECTBO HAay4HBIX,
HCCIIEIOBATEBCKUX PadoT.

Tak TeopeTHuecKkrMe M KOHUENTYyaJlbHblE OCHOBBI F€OMEXAHMKH, MOJXOJbl B ONPEIEICHUU
KITIOYEBBIX COCTABIISAIOLINX JIFOO0H reoMexaHMUecKOM MOJIeNTu pacKphIThl B Tpyaax [5, 6, 7] Taxxke
OHM BKJIIOYAIOT MaTeMaTU4YecKue OOOCHOBaHMS YCTOWYMBOCTH CTBOJA CKB&XWH, pacdEThl
reOMEXaHMUECKUX XapaKTEepUCTHUK M OCHOBBI BbIOOpa TUIIA 3aKaHYMBAas CKBA)XMH U HaIlpaBJICHUS
OypeHHs OMUPAsICh HA a3UMYT MaKCUMAaJIbHOTO TOPU30HTAILHOTO HanpsykeHust (SHmMax).

ITporiecc mocTpoeHHs TeOMEXaHMUYECKUX Mojenell s uened OypeHus, pa3MelieHus
CKBA)KUH, ONTUMHU3ALUN MOAJEP/KAHUS TUIACTOBOIO JIaBJIEHUS, pacy€Ta ONTUMAJIbHOM TpaeKTopun
CKBA)KMH, KOHTPOJIS TECKONPOSIBICHUS IMpH pa3paboTKe U TUAPABIMYECKOrO pa3pblBa IUIacTa
PaccMOTPEHBI C Pa3IMYHOMN CTETIEHBIO IETAIBHOCTH B psjie paboT 3a pyOekoMm.

B pabotax [8, 9, 12] onuceiBaeTcs aaropuTM CO3JaHHUS OJHOMEPHOM reoMexaHW4ecKon
MOJIENIH, YKa3bIBAeTCS Ha BaXKHOCTh €€ MPUMEHEHHS B IENAX OypeHHs, ONpPENeNsiOT UCTOYHUKU
nH(popMalvy, a TakkKe NPUMEHEHHE TE€OMEXaHWYeCKOM MOJeNn B CMEXHBIX 00JacTsIX
npou3BoacTBa HedTsHON oTpacau. Crates [10] mocBsIeHAa WCMONB30BAHUIO TTOCTPOCHUIO
reoMeXaHNUeCKOM MOJIeNH, MpeICTaBIEHbI ITyTH PELIeHUs] HelocTaTKa HH(MOpMaIui U NpUMEHEHUS
B LIENSAX TUJPABIMYECKOTO pa3pbiBa kapOoHaTHOTO Iwiacta. Tpyn [11] mocBsiméH anroputMmy
MIOCTPOEHUSI OJJHOMEPHOW TNeOMEXaHWYECKOW MOJENH, MHTETpUpys JaHHbIE TUAPOJMHAMUYECKUX
HccleIoBaHui, reou3nuecKrx MCCIEeJOBaHUM CKBa)KHH, a TaK)Ke JAHHBIX MOJIYYEHHBIX BO BpeMs
Oypenusi. B pabore [13] akueHT fenaeTcs Ha NOCTPOCHHE F€OMEXaHHMUECKOW MOJIENH B YCIIOBHSX
HU3KOT0 OTHOUIEHHS] MAKCUMAJIbHOTO 1 MMHUMAaJIbHOTO FTOPU30HTAJIBHOTO HAMIPSKEHHI.

Tak OTAENbHO MOCTPOCHHE TeOMEXAHWYECKOW MOJENH C LEeNbi0 BbIOOpa ONTHUMAaJIbHOU
TPAaEKTOPUH PACCMOTPEHBI B cieayrommx padorax. B tpyae [14] omHOMepHas reoMexaHUUyecKas
MOJIETIb BBICTYIIAET B POJIM OCHOBBI B aHAIHM3€ TPACKTOPUU W HAMpPAaBIICHUs OYypEeHHUS CKBAXXUHBI U
BbIOOpa onTuManbHOro OypoBoro pactBopa. B pabore [15] mpencrtaBieH OMNBIT YCHEIIHOTO
MPUMEHEHHUST T[EOMEXaHUYECKOM MOJEeNH [UIsl ONpPENEeNeHHUS KOHCTPYKIMH U TPaeKTOpUU
TOPU30HTAIIBHON CKBaXXMHBI B YCIIOBHUSIX TPEUIMHOBATOrO, U3PE3aHHOIO PA3JIOMaMH KOJUIEKTOpA.
ABTOp cTtaThi [15] HWcCmONB3yeT MONHBIM BEKTOP HAMPSIKEHHS ISl ONpPEIETICHHUS ONTHUMAIbHOM
TPAEKTOPUM CKBAKHMHBI, @ TAK)KE CTAHJAPTHOE YPaBHEHUE OIPENETICHHS COCTOSHUS HANPSKEHUM B

HAKJIOHHO-HAMPAaBJICHHBIX CKBAKWHAX JIJISl BEIYHUCIICHHS 3a00HOTO faBieHus. B padore [16] aBTop
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MOAYEPKUBAET, UTO MPU PA3TUYHBIX COCTOSIHUSIX HAIPSDKEHUSA, YTIaX HAKIOHA CKBaKUHBI, a3UMYTa
CTa0MJIBHOCTh CKBaXXMHBI HEOOXOAMMO YYHTBHIBATh MpPHU BHIOOpE MaKCHMAaJbHOTO 3a00HHOTO
JTaBJICHUS B LIEJSIX YMEHbBILIEHUS IECKONPOSIBICHHUS.

[loctpoenne  reoMexaHM4YecKOl  MOAENM C  LEJIbI0  ONTUMHU3ALMUU  KOHTPOJIA
TIECKONPOSIBICHUS] U BbIOOpAa 3aKaHUMBAaHUSA CKBAKMH PACCMOTPEHBI B CleAyromux pabortax. B
cratbe [23] aBTOp OLCHMJ MOTEHIMAJ MMECKOMPOSBICHHS KaK sl 00caxeHHOH nepdopupoBaHHOM
KOJIOHHBI, TaK U JIJIs1 OTKPBITOTO CTBOJIA, @ TAK)KE OPUEHTAIHIO MTep(OpaMOHHBIX KaHAJIOB B CIIy4ae
OTCYTCTBHS I'paBuiiHOTO (punpTpa. B Tpyne [24] onucbiBaeT BHIOOP ONTHUMAIBHBIX CTAIUH U BHJIOB
nepdopupoBanus ckBaxxuH. B pabote [25] nist pemieHus npoOiaeMbl MECKONPOSBICHHUS MOCTPOEHA
TpEXMEpHasi TeOMEXaHWYecKas MoOJeidb C Ledbl0 pa3paboTKM CTpaTerMd MUHUMM3ALUN
MIECKONPOSBICHUS U ONTUMU3AIMH 3aKaHYMBAHUS CKBAXHH.

B poccuiickoil mpakTMKE T€OMEXaHUYECKOE COIMPOBOXKICHHE CTPOUTENHCTBA CKBAXKWH
TaKKe OMHCaHO B psane paborax. Hampumep, B crathe [18] mpuBoauTcs mpumep YCHEUTHOTO
perieHus mpoOsieMbl MOTJIOMEHHSI OYpOBOTr0 pacTBOpa B CKBaKMHAX CO CIIOKHOW TpaekTopueil. B
tpyzae [19] omuceiBaeTcst mpuMep NMPUMEHEHHs] TeOMEXaHHYeCKOH MOJENH B PealbHOM BPEMEHH
JUISL OTIpe/ieNICHUs] MapaMeTpoB OypeHHsI B CKBaXMHE C OOJBIIMM OTXOJOM OT BepTUKaiu. B
pabote[20] oOcykaaroTcss METOABI MOBBIIMICHUS KayecTBa MOJAEIBHBIX MOCTPOSHUM U MpeioKeH
CIHCOK JIAOOPaTOPHBIX paboT ¢ KEpHOM JUIsl MOBBILIEHUs1 KadecTBa 3D reomexanuueckoil mojenu
MecTtopoxkaeHus. B padote [21] pacnucan aJiropuT™M MOCTPOCHHSI OJTHOMEPHOM reoMeXxaHU4YeCKOM
MOJIETH JIJIsl TOCTPOEHUS Pe0ypPOBOM MOJIENH YCTOMYMBOCTH CTBOJIA TOPU30HTAIBHON CKBaKUHBI.

ABTOMaTHUYECKH pacy€T TpPAaeKTOPUHM CKBOXHH omucaH B pabore [22], koTopas
OCHOBBIBAETCSI HA TEXHOJIOTMUECKUX OTPAHUUYEHUSX, HUCIIONIb3Ysl TE€HETUUYECKUI aJIrOPUTM, KOTOPBIN
onpezesieT 3HAYEHMs JUIsl HEU3BECTHBIX IapaMETPOB TPAEKTOPUU C IIEJIbI0 JTOCTHXKEHUS IeNn
OypeHus 1Mo KpaTyaniieMy paccTossHUO. J[aHHBIA METOJ] HE YYUTHIBAECT OCJIOKHEHHUI MpU OypEeHHH,
KOTOpbl€ MOTYT OBITh BBbI3BaHbl TPAEKTOpUEH W HANpPaBIEHUEM CKBAXKUHBI MPH KOHKPETHBIX
CBOMCTBAaX ¥ COCTOSIHUM FOPHBIX MOPOL.

Takum o0pazom, OoJbIIOE KONIUYECTBO PAOOT IMOCBSIIEHBI MMOCTPOSCHUIO W MPUMEHEHHIO
OJIHOMEPHOM Te€OMEXaHWYECKOM MOJeNd B IENAX OINpeAesieHUs ONTUMAJIbHOM TpaeKTOpUu
CKBa)KUHBI, €€ 3aKaHYMBaHUS, BIOOpa ONTUMAIBHOTO OypoBoro pactsopa. Ilo mpuunne Toro, 4ro
OypeHue BEpPTUKAJIbHBIX CKBAXHMH IO CPaBHEHHWIO C  HAKJIOHHO-HANpaBJIEHHBIMH U
TOPU30HTAIBHBIMU CKBOKMHAMU OTJIMYAETCS, TO BCTAET HEOOXOAMMOCTH OIEHKH CTaOWIBHOCTH
CKBA)KUH IyTEM MOCTPOCHUS OJTHOMEPHOM reOMeXaHMYeCKO MOJIETH MPU U3MEHEHUU TPAeKTOPUHU

OypeHusl.
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3. MeTOI[I/IKa MOCTPOCHUA OI[HOMepHOﬁ reoMexXaHu4ecKoi MOA€E/IH

I'eomexannueckass MozelIb — KOJWYECTBEHHOE MPEACTABICHUE COCTOSHMS HANpsDKEHUH U
MEXaHUYECKHUX CBOWCTB TOPHBIX MOPOA Ul ONpPENeNEHHOrO CTpaTHrpaduyeckoro paspesa B
npejesiax MeCTOpOKISHHsI Witk OacceiiHa ocakoHaKkorieHus [8].

BonbminHCTBO HEPTEra3oBbIX MPOEKTOB IMOJBEPraloTCs MPUCTAIBHON OLEHKEe H3-3a
TreOMEXaHHYeCKUX TMpoOJeM BO3HUKAIOIIMX B  pe3yibTare mnpucyTtctBus 30H  ABII/,
HECTaOMJIBHOCTH CKB@)XWH, YIUIOTHEHHUS KOJUIEKTOpPA, TIOBPEXAECHUS O00CAaJHONH KOJOHHBI,
MIECKONPOSIBIICHUS, YCAIKH JJHEBHOW MIOBEPXHOCTH, PEAKTHBAIMH TEKTOHMYECKUX HapyieHui[12].

MuHuMHU3alus pUCKOB CBSI3aHHBIX C MEXaHUYECKMMHU CBOICTBaMH TOPHBIX MOPOJ TpeOyeT
MIOHUMAHUS TE€OMEXaHUYECKHX YCIOBUW MECTOPOXKACHHS B LEJIOM W TPU CTPOUTEIHCTBE
CKBaKMHBL. OJHOMEpHAs TE€OMEXAaHWYECKas MOJENb HaXOAUT CBOE NPHUMEHEHHE B PEIICHUU
LIMPOKOTO Kpyra 3a/1au:

- [IporHo3 mopoBoro JIaBieHUs U TpaJUeHTa TUAPOpPa3pbiBa, YTOOBI CIIPOEKTUPOBATH
MOAXOIAUIYI0 IPOrpaMMy 00CaIKU CKBa)KMHBI, YTO MO3BOJIIET YMEHBIIIUTD 3aTPAaThl HA MaTEpUaIbl
u apeHay OypoBoro cTaHka [5, 6].

- YMeHblIeHHe pHUCcKa MPUXBAaTa MHCTPYMEHTA M3-32 HECTAOMJIBHOCTH CKBa)XKMH, YTO
MOXKET BbI3BaTh MOTEPIO HU3a OypMIILHON KOJOHHBI M, CIEAOBATEIbHO, YBEIUYUT BPEMS IPOCTOS
OypOBO# YCTaHOBKHM JUIsI OCBOOOXKJIECHHsI OypHIIBHOM KOJIOHHBI, ocymiecTBisitoT CIIO, ounctky
CKBaXXMH U 3a0ypuBaHue OOKOBOTO CTBOJIA.

- Br16op onTumanbHOrO BapHaHTa 3aKaHUYMBAHMS SKCILTYyaTallMOHHBIX CKBaXUH [24,
25].

- OneHKa BIMSHUSA CHUKEHHS IIOPOBOTrO JIABJICHMS Ha YIJIOTHEHUS KOJUIEKTOpa M3-3a
UCTOIIEHUS, YTO MPUBOAUT K YBEIMUEHHIO Y(P(PEKTUBHOE HANPSIKEHUs JIEHCTBYIOIIETO Ha ILIAcCT.
V3MeHeHre B HANpsHKEHUH MOXET MPHUBECTH K pALy Npobiem: nedopMmanuu IuiacTa, yIjaoTHEHHE
MOpO/bl U KakK CIEACTBHE CHIKEHHE IMOPUCTOCTH M MPOHUIAEMOCTH, JedopManuu 00cagHOM
KOJIOHHBI, pEaKTUBAI[UU PA3JIOMOB.

- OcyuiecTBasATh MPUHATHE PEIIEHUH BO BpeMsi OypeHHusi, OCHOBBIBAasCh Ha aHaJIM3e
TPEXMEPHONH TeOMEXaHWYECKOW MOJIEIM MyTeM OOHOBJIICHHUS MO XOAYy  IOCTYIUICHHS HOBOM
nH(pOpMalIUK OT KapoTaxka BO BpeMsi OypeHHs.

Jlanee mpencTaBiieHa TEXHOJIOTHSI MOCTPOEHUS OJHOMEPHOW INeOMEXaHHMYECKON MOJENnu ¢
LEJIbI0 ONITUMU3AIMY TPACKTOPUH CKBAXKMHBI U BbIOOpa 3aKkaHUMBaHM. I'eoMexaHudeckas MOJeNb
BKJIIOYAET NPOQHIN YIPYTHX, NMPOYHOCTHBIX CBOWMCTB, HANPSHKEHUH TOPHBIX TOPOA, MOPOBOTO
JaBJICHUS U HampasieHue HanpsbkeHuil. B Tabnuna 1 npencraBienbl HCTOYHUKY MWHGOPMaLUU JUIs

IIOCTPOCHUA MOICIIN.
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Ta6muna 1 — Mcrounnku nH(GOpMAIUU I TOCTPOSHHSI TeOMeXaHuuecKoi Mo ey [8]

CBoiicTBO HUctounuk (I'NC) Jpyrue ucToYHUKH

Mexanudeckas crpaTurpadus I'K, ITK-II, UK, AK (Vp) [IImam, cekBeHC-cTpaTurpadus

UK, unTepBasibHOE BpeMs
npobera BOJIHBI U3

ITopoBoe nasienue (Pp) AK (Vp) CEHCMHUYECKHX UCCIICIOBAHHIA,
€XKeJITHEBHBIN O0TYET OYPOBBIX
pabort, BCII
JInTocTaTuueckoe naBicHUE ITK-II Imam

Pp, leak-off tests, munu-I"PI1
(TaBneHUE 3aKPBITHS

MuHuMaIbHOE TPEIIMHBI), pErHOHAIbHAS U
TOPU30HTAILHOE HAMPSHKCHUE Vp, Vs MeCTHasi 0a3a JaHHBIX,
(Shmin) ©)KETHEBHBIN OTUET OypeHHS,
UCCIIEIOBAaHUE IPUEMHUCTOCTH
CKBaKHMH
MakcumanbHoe Pp, JIaGoparopuast 6aza
TOPH30HTAILHOE HAMPSKEHNE Vp, Vs JTAHHBIE TTPOYHOCTHBIX CBONCTB
(SHmax) TOPHBIX OPOJ
Hanpasienne MakcHMaIbHOTO JlaHHBIE CKaHUPOBAHHUSI CTpyKTypHBIE KapThl, TaHHbIC
TOPU30HTAILHOTO HAIPSHKCHHUS ckBaxunbl (FMI) 3D ceiicMopasBeaku
VYrpyrue cBoicTBa: JlaGopaTopHnasi 6a3a TaHHBIX
Mopyns FOnra (E), Vp, Vs, ITK-II ONPEAEIIEHUS CTATUYECKHUX
Koaddunuent [Myaccona (v) MOTyJICH

ITpoyHOCTHEIE CBOIICTBA JIaOopaTopuas 0a3za JaHHBIX
P Vp, Vs, ITK-C, TTK-TI, patop A
TOPHBIX MMOPOJI: MPOYHOCTH Ha oIpeiesieHUs IPOYHOCTH Ha
MexaHu4yeckas cTpaturpadus
OJIHOOCHOE CKATHE OJIHOOCHOE CXKaThe

[TocTpoenue u UCTIONB30BaHKE TSI aHANIM3A CTAOMIBHOCTH CKBaKUHBI, pacuéTa TpaeKTOpHH
M BBIOOpa 3aKaHUYMBAaHUS CKBOXMHBI OCHOBAHO HAa OJIHOMEPHOM TE€OMEXaHUYECKOW MOJIeNH
MIPOBOAMIIOCH B 3 CTaJIUU:
1. TlocTpoeHue OAHOMEPHON T€OMEXaHWYECKOW MOJIENIH 10 OTIOPHOM Pa3BEIOYHONU CKBAKHUHE
YpmaHo-ApUunHCKOM 30HBI He()Tera30HAKOIIIICHHUS.
2. Onupasich Ha MMOCTPOSHHYIO MOJIENb OLIEHUTh CTA0MIBHOCTh CKBXKHUHBI U MPaBUIHHOCTH €€
IIOCTPOEHHUS OIIMPASCh HA JIaHHbIE KaBEPHOMEDA.
3. Paccunrtarh TpaeKTOPHIO SKCILTYyaTAallMOHHBIX CKBA)KWH, BBHIOPATh ONTHUMAIBHBINH BapHaHT
3aKaHYMBas CKBaYKUH.
Takum o0pa3zom, yamacTcss NpeAyNpeauTh MpoOieMbl NpU OypeHuHu U pa3paboTke,
MPEAJIOKUTh ONTUMAJIbHBIE peIIeHne OypeHHUs MOCIEAYIONUX SKCIUTyaTallMOHHBIX CKBAXKHH B

HCCIIeyeMOH 30He He()Tera30HAKOTUICHHS.
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3.1.

Crparurpadus

Z[JBI TOYHOI'O OIPCACIICHUA MCXAHUYCCKUX CBOICTB TOPHBIX IMOPOA IO PAa3pe3y CKBAXKUHBI

HEOOXOJMMO CTpaTUrpaguyeckoe pacwieHeHHE pa3pe3a Uil TMPHCBOCHUS — ONpPElesIEHHOM

3aBUCHMOCTH, 10 KOTOPOW pPacCUYUTHIBAIOTCS MPOYHOCTh Ha oxHoocHoe cxkarue (UCS) m yron

BHyTpeHHero TpeHust (FANG) kaxmoit mexanmueckou ¢aruu. Humxke (Tabmuma 2) mpencraBiieH

cTpaTurpaduyeckuii pa3pe3 onopHoi ckBaxuHbl Al.

Tabnuua 2 — Crpaturpaduueckast KOJIOHKA OTIOPHON CKBaXXHHbBI Al

5 g %
]
S| E = £ =
S| g Sz | 2
Jparema | 5| = Csura =g £ Jluronorns
= = E ¢ | g
©) = S
= =
HeorenoBas : i Ilecuanuku ¢ aprumMramu
(N) : ::
[Taneoren Hexkpacosckas - 80 | ApruyunThl, IECYAHUKH, YTITU
oBas :
P) Uerancka [TecuaHuku, aprUIUIUTHI
JIronuHBOpCKast ApTruJINTHI, IECUAHUK
Tanukckast ApPrujuinThl, aJeBPOJIUTHI
l"anpKHUHCKAS ApPriJInThl, IECYAHUK, H3BECTHIKHI
CrnaBropopackas ApPruJITUThl, IECYAHUK, U3BECTHSIKHU
< Wnarosckast APTrUIIUTBL, TECUYAHUK
= KysHenoBckast ApruumTsl
<
< 2 [Tokypckas ITepecnanBanue aprUJUTHTOB M MIECYAHUKOB
= 5 AnbIMcKas APrujIuTHl, IECUYaHUK
N
5 = Kusinunackas ApPruiuThl, NECYAHUK, INIOTHBINA MECYaHUK
3] Tapckas [Tecuanuk, aneBpOIUT, MJIOTHBIN NECUaHUK
= -
S Kynomsunckas APTHIITUT, TTECYaHUK, TUIOTHBIN MeCYaHUK
% 100 | baxxeHoBckas BuTyMHHO3HBIE TNIMHBI
i
S = | 01, | Bacroranckas Ilecuanuk, yriu, aprujiiuT
3
g I01
3 | F02- | TromeHckas Ilecuanuk, yram, TMJIOTHBIA [ECUAHUK,
2.
Q 1015 aApTUIITUT
Torypckas Aprusuut
[Taneosoit M3BecTHsIK
ckas (PZ)
M1
Jlauubiii cTpaturpaduyueckuii pa3pe3 oTpakaeT MexaHudeckue Qaruu, T.€. Gdanum,

KOTOPBIM O6J'IaI[aIOT OTJINYUTENLHBIMH MEXaHHYECKMMH CBOMCTBAaMH T'OPHBIX ITIOPOJ, IMOJYYCHHBIC

HyTéM MNPUMCHCHUA SMIIMPUYCCKUX 3aBUCUMOCTEHl MEXaHHMYECKHX CBOMCTB OT FGO(I)I/BI/I‘{CCKI/IX

mapaMETpoOB Ir'cOJIOTNICCKOro pa3pesa.

Becn paspes, kpome yactu oT 6amMaka KOHAYKTOpPA U BBIIIE pacujIeHEH Ha 5 MEXaHUYECKHUX

dhanmii:
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1 — mecyaHUKOB, BKJIIOYAIOUIMX B ceOs (aluy MIOTHBIX MECUYAHUKOB, TIIMHUCTBIX NECYAHUKOB U
IIECYAHUKOB,

2 — IIIMH, BKIIIOYAIOIUX B ce0s (aruu apruiIuToOB U aJIeBPOIUTOB,

3 — U3BECTHAKOB,

4 — otnenpHas (anys NECUaHUKOB JJIs TIyOUH BbIlIe OaliMaka KOHIYKTOpPa, TaK KaKk B MHTEpBae
npucytctByeT nanuble 'K u HKT, u nannsIii pa3zpe3 xapakrepusyercs IIMHUCTOCTBI0 HUkeE 50%,

S - yrim.

3.2.  Ompenenenne BepTUKAJILHOT0 Hanpsukenus (Sv)

Bemnunna BeprukaipHoro HampsbkeHus (SV, MPa) (PucyHok 7) ompenensiercss myTéMm
cyMMupoBaHus 1o popmyie (1).

Sv=q’/pgh, 1)

[ie p — MIOTHOCTH, T/cM°, § — yCKOpeHHe CBOGOAHOro maxeHus, paHoe 9,81 m/c?, h -
rIyOuHa, M.

Tak kak NMIOTHOCTHOM METOJ KapoTa)ka JOCTYyNEeH B MHTepBasie riIyOuH oT 727 no 3151
METPOB, TO BCTAaET HEOOXOJUMOCTh BOCCTAHOBIIEHUS IUIOTHOCTHOTO KapoTaxka, HCIIONb3Ys
CKOPOCThH MPOAOTILHOM BOJIHBI IO popmyiie (2). [30]

p, 2/em® = 1,6612%Vp — 0,4721*Vp?+0,0671*Vp>-0,0043*Vp*+0,000106*Vp>, (2)

I'ne Vp — ckopocTh NPOJOIBHOM BOJIHBI, KM/C.

B cBoto ouepenp, CKOPOCTh NMPOJOIBHON BOJHBI TOCTYIHA B MHTEpBajie rinyouH ot 880 1o
3151 merpa, mostomy mnsa BocctaHoBieHus AK (Vp u VS) or moBepxHocTu A0 TiyouHsl 880
METPOB UCIOJIb30BaHA MeToIuKa 3asnseBa (3):

AT = -90Lg(NKT-k)+m, 3)

I'ne NKT - mnokazaHuss HEHTPOHHOTO KapoTaxka, YCJIOBHBIE €AMHUIBI, K,m —
HOpMupoBoYHbIe K03 durments! (K=ot 1,1 1o 4, m = ot 180 mo 300) [34].

B nannom ciyuae koaddunument k = 1,1 m = 310.

Jlns BOCCTaHOBJIEHUS NPO(UIS CKOPOCTH momnepeyHoi BoaHBI (VS), HCIOIB30BalIach
koppemsiuus ["apnnepa-Kacraneu (4) B uaTepBane Boime 880 meTpos [26].

Vs = 0,804Vp — 0,856, 4)

I'me VS — ckopocCTh mornepeyHoi BOJIHBI, KM/C, VP — CKOPOCTh MPOAOIBLHOMN BOJHBI, KM/C.

3.3. Ompenenenne noposoro xapiaenus (Pp)
[Mpopwie mopoBoro nasienusi (Pp, MPa) (PucyHok 7) monydeH myTéMm pacuéra
THIPOCTATUIECKOTO JaBiIeHHS 10 Gopmyde (5).
Pp = (1*gh)/1000, (5)

e g - ycKopeHHe cBoGOIHOTo TajeHus, paroe 9,81 m/c?, h — aGcomnroTHas Tiy6uHa, M
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3
1 — mpunsTas mwiotHocTh BoAabl, r/cM”, 1000 — kosdduument, nias mepeBona AaBlCHUS B

MPa.
S};n‘\ax
0 MPa 70
Sv
0 MPa 70
Pp
MPa 70 MD
FCP . (m)
“MPa 70 1:20000
- 500 -
- 1000 -
- 1500 -
- 2000 -
- 2500 -
- 3000 -

Pucynox 7 — Ilpoduis HanpspkeHUi 1 OpoBOro JaBieHus B ckBakuHe Al YpmaHo-ApunHCKoOH
30HE HeTera30HAKOTUICHUS

Takum o0pa3om, MOPOBOE JABJIEHHE PAaBHO FMAPOCTATUYECKOMY JABIICHUIO.

3.4. Onmnpenejenne MeXaHU4eCKHX CBOHCTB rOPHBIX MOPOJ
B Hactosimee Bpems He cymectByer meropa I'MC, koTopblii naBan Obl MeXaHHYECKHE
CBOMCTBA F'OPHBIX NIOPOA HAPsIMY0. [I[pOUHOCTHBIE CBOMCTBA, TAKME KAaK IIPOYHOCTH HA OJHOOCHOE
cokatue (UCS) u yronm BuytpenHero tpenuss (FANG), paccunTaHHBIE MO CTBOJY CKBa)KHUHBI,
ABIIIOTCA PE3yNbTaTOM IPUMEHEHHSA OSMIIMPUYECKHX 3aBUCUMOCTEH. JlaHHBIE 3aBHCHMOCTH

CBA3BIBAIOT IIPOYHOCTHBIC CBOICTBA U FGOCI)I/BI/I‘IGCKI/IG CBOMCTBaA TOpHBIX MOPOA, IO NPUYNUHE TOTO,
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4TO (HaKTOPBI, BIAMSIONIME Ha reou3MUecKre mapamMeTpbl 1 MEXaHHYECKHE CBOWCTBA CXOXH IO
CBOEH MPUPOJE.

B cBoeit macce smmnupuueckue 3aBucumoctu (Ilpunoxenune A, b, B, I') nemstcs Ha Te,
KOTOpBIE HCIONb3YIOT OOUH Teo(U3MUecKUidl MapamMeTp U Te, KOTOpble BKIIOYalOT B celd
Heckonbko. Tak B crarbe [27] mogu€pkuBaeTcs, 4yTO HU OAUH TeO(pU3NYECKUU MapameTrp He
crmocoben omnucatb Bce 3HaueHus UCS ¢ BbICOKOM TO4YHOCTBIO. TeM He MeHee, HauOoJlee
pactpoCcTpaHEHHBI IMITUPUICCKUE 3aBUCHMOCTH, UCTOIB3YIONINE OJWH M3 TPEX TeoPU3NICCKUX
rapameTpoB:

- CxopocTb npo10yibHO# BoIHBI (VP), UTO SKBUBAIEHTHO BPEMEHHU POOeTa BOIHBI (At=Vp™Y),

- Jlunamuueckuit Moayns FOnra (Edyn), B KOTOpBIN pacCUMTHIBACTCS C MOMOIIBIO JaHHBIX
AK (Vp, Vs), ITK-II,

- Iopucroctu (PHI).

BxonHble KepHOBBIE HAHHBIE ISl MONTYYEHHS] SMIUPUUYECKON 3aBUCUMOCTH MMl FOPCKUX
MECYaHUKOB BKJIFOYAIOT B ce0s:

- 115 TecroB Ha TpEXOCHOE C)KaTWe MJIs OMNpeAesieHus MPOYHOCTHBIX cBoHCcTB (UCS m

FANG),

- 45 TecToB 151 ONpe/IeNieH sl CTATHYECKUX YIPyrux cBoiicTs (ESta u vsta),
- Jannsle T'UC (ITK-I1, Vp, Vs, ITK-C, T'K),
- Tlerpodusuueckue nanusie (PHI).

HcxomHas wHTEpIpeTanus NpeI0CTaBICHHBIX JaHHBIX KepHa Ha rpaduKe KacaTelTbHOTO H
HOpMasbHOro HampsokeHuil (PucyHok 8) ucmonb3yloT orubaroiryro JTUHHIO Kputepuss Mopa
(buoneroBass myHkTHpHas JuHUSA). B maHHON paboTe pemeHO Ha TrpaduKe HOPMAIBHBIX
Hanpspkennit (Pucynok 9) ucronp3oBath TMHEHHBIN KpuTepuid KynoHa s MOJTy9eHUs POYHOCTH

Ha OJHOOCHOC CXKXAaTUC U yIJia BHYTPECHHETO TPCHUA, 110 CIACAYIOINHUM IIpUYHNHaM.
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UCS=43.32 MIla
tgp =22
¢ =65.6°

Kpureprot
Kymona

.o+ | Kpurepmii
Mopa

Kpyru Mopa

50 70 90 110
c, MPa

Pucynok 8 — I'paduk kacaTeibHOrO ¥ HOPMAIBHOTO HAMPSHKCHUH (MCXOHAS HHTEPIPETAIIHUS)

100
90
80
70
60
50

cl. MPa

UCS=50.72MPa
k=4389

: L

9 =40.1°

] [ ~_

- Kpnreproi

] Kymona

] [

y=4891x+ 50.719
2=(0.97

0 2 4 6 8 10

c3, MPa

Pucynoxk 9 — I'padhuk HOpMaJIbHBIX HAMPSDKCHUH (QIbTEPHATHBHBIH MOIX0T)

Bo-nepBeix, mcxonHas uHTepnperanus 3aBbimaeT 3HadeHue FANG (¢). Iloctpoennas
KacaTenpHas (KpacHasi KacaTelbHas JUHHA) K OrubamomeMy Kputepuio Mopa, ONHCHIBaeT
nuHenHbI kputepuil KynoHa m mMeer oyeHp KpyToM HakJIOH. M3 TaHreHca yria HakioHa

0
nonydaroT 3HaueHue FANG. Tunuunble 3HaueHUs peako mpeBblmaoT 50° U peiKo OMyCKaroTCs

amxe 20°,
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Takum 00pazom, MpH CpaBHEHMH JAaHHBIX JIBYX IpaduKoB HaOIIOJaeTCs 3aBHIINICHUE YTIia
BHYTpEHHEro TpeHwus. [Ipu 3aBbIllieHUN yriia BHYTPEHHETO TPEHHUS MPOYHOCTHBIE CBOMCTBA TOPHBIX
MTOPO/T 3aBBIMIAIOTCS, YTO BICYET HEAJCKBATHOCTD PE3yJIbTATOB Oy AyIIeH MOJICIH.

Bo-BTOpBIX, mOpHUMeEYaTeNbHO, YTO WCXOAHBIM TpaduK HHTEpHpPETalul pPe3yIbTaToOB
TPEXOCHOTO CHKATHUS 3aHIDKAET 3HAYCHHsI MPOYHOCTH HA OJIHOOCHOE CXKaTHe, MO CPaBHEHHUIO C
rpadukoM HOpPMaNIbHBIX HampspkeHuid. OIHAKO, KakuM 00pa3oM MPOUCXOIUT KOMIICHCAIHS
3appimieHHOT0 FANG 3anmxennoit UCS HensBecTHO.

CrnenoBaTenbHO, B JaHHOW pabote ucnonb3yrores 3HaueHus FANG u UCS, nonmydennble
MIPH aTbTEPHATUBHOM IMOX0/I€ UHTEPIPETAIIMHI UCXOJHBIX KEPHOBBIX JaHHBIX TECTOB Ha TPEXOCHOE
cKartue.

HanaeiM myTéM nomydeHa 6a3a qanHbeix UCS u FANG ¢ COOTBETCTBYIOIIMMU UM JTAHHBIMH
reousnueckux mapaMeTpoB  (TUIOTHOCTH, CKOPOCTH AaKyCTHMYECKHUX BOJH, IOPUCTOCTH,
paanoaktuBHOCTH). [lomydyenHas Oa3a JaHHBIX MCIIOJNB30BaNaCh Ui Pa3padOTKH 3aBUCHMOCTH

UCS, FANG or reodusnueckux mapameTpoB.

3.4.1. KoppejsiuMoOHHbIE 3aBUCHMOCTH, HCIIOJIb3yeMble B MO/1eJIH

JUia  pacnpocTpaHEHMsT MEXaHMYECKMX CBOWCTB TOPHBIX IOPOJA  HCHOJB3YIOTCS
SMIUpPUYECKUE Koppendauud. B oJHOMEpHOM TreoMexaHMYecKod MOJelu  HeoOXOAUMO
pacrpocTpaHuTh cienyromue cBoiicTBa mo ctBoiy ckBakuubl: UCS, FANG, Esta, vsta. [Jlns
Monyns FOura u Koaddunumenta [lyaccona mpuHaIIe:)KHOCTh K TOH WM MHOW MEXaHUYECKOU
damu He KPUTHUYHO, XOTA KakJas MexaHuueckas ¢amus oO0nagaeT CBOMM XapaKTepHBIM
Jana30HOM 3HA4YeHUil, B TO BpeMs Kak Ul KaXJ0oM MexaHundeckod (auuu mnoadOupaercs CBOU
szasucumoctH st UCS u FANG.

AHanu3 nosryueHHOM 0a3bl JaHHBIX JUIS pa3paOOTKU 3aBUCUMOCTEH MoKa3ai, 4YTo HU OJUH
U3 IUPOKO MUCHOIB3YEMBIX re0(hU3NIECKHX MMapaMeTpOB HE MOKa3bIBaeT BBICOKOTO K03 duimenrta
koppensiun  (Pucynok 10, Pucynok 11). B cimydae ¢ SMIUpHYECKHMH 3aBUCHUMOCTSMHU 3TO
€MHCTBEHHBII KpPUTEpUH, HA KOTOpbIE CTOUT OOpaliaTh BHHUMaHHE NPHU BbIOOpE OmpenenéHHON

KOppEJISILUH B KauecTBe nmpeaukropa [28].
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UCSvs. Ed UCS vs Th/IK
80 80
70 70
* -
*
60 - * L — >— 60 [T
¢ o " .
50 . o e — 50
— =
QS * A . * Ps =
- 0 e = 40
R . ¥=3.0819%0,7759 e
= . * R*=0,37 =
30 * 30
20 20
10 10
0 0
25 30 35 40 45 50 o 0.5 1 1.5 2
Ed, GPa TH/K
Pucynox 10 — 3aBucumoctn UCS ot Moayns FOnra u ornomenus Topwuii / Kanmii
UCSvs Vp UCSvs Vs
80y 4E-05x1.6548 80
R7=10.44
70 Y 0 .
* . $
60 ry P B 60 P * P e
— * * o *
o 30 & .~0_,, — * - 30 - . _* by
£ * e, . . E S e ¢
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y=SE-05x17%3
20 20 R==038
10 10
) 0
3500 3700 3000 4100 4300 4500 4700 4900 2000 2100 2200 2300 2400 2500 2600 2700 2800
Vp, mis .
P, m/s Vp, m/s

Pucynok 11 — 3aBucumocts UCS 0T cCKOpOCTH MPOOTBHOM MTONIEPEIHON BOTHBI

[Tonmyuennsie koppemnsiimn UCS oT reogu3ndeckux mapaMeTpoB SIBISIIOTCS HEHAAEKHBIMU

i1 UCIOJB30BaHHUA B MOICIIH. 3aBucumocts UCS or FCO(I)I/IBI/I‘-ICCKI/IX nmapaMeTpoOB HOCHUT

HEJIMHEWHBIN XapakTep, MO3TOMY s pPa3pabOTKM 3aBUCUMOCTH HEOOXOJUMO HCIIOJIb30BaTh

MHOXKE

CTBEHHYIO HEJIMHEHHYIO PETPECCHIO.

Huxe

MOJTyYEHHBIX YPaBHEHUH.

(Pucynox 12) mnpencraBieHbl

pe3yNbTaThl

HpOFHOCTI/I‘IeCKOﬁ

CIHOCOOHOCTH

CneBa TmMoOKa3aHBl PE3yJIbTAThl TOJMYyYEHHBIC 3aBUCUMOCTHIO (6), BKJIIOYAMOIMIas B ceOs

nannsle ' TK-C, B To Bpems kak rpaduk crnpasa u 3aBucuMocTs (7) ucnosnnsyet nanusie AK u I'TK-

I1, mosTomy mpaBasi 3aBUCUMOCTh UMeET 0oJiee HIMPOKOe MPUMEHEHUE B HACTOAIIEE BPeMsl, TaK Kak

I'TK-C ne Bcerga noctyneH B TOW UM UHOM CKBaXkuHE, Koraa AK 4acTo mpucyTCTBYeT.

UCS = 145,8-4,1*Ed-5,6E-03*Vs,-15,5*Th/K+7,4E-02*Ed"2-3,8E-06*Vs,"2-1,2*Th/K"2,
UCS = 382,2+6,4*Ed-4,9E-02*Vs-0,2*Vp-9,0E-02*Ed"2+1,5E-05*Vs"2+2,7E-05*Vp"2,
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Pred(UCS) / UCS Pred(UCS) / UCS
80 70 .
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Pucynox 12 — TounocTs nonydeHHbIX 3aBucumMocteit st UCS

Hecmotpss Ha Onuskue Kod3(pPUIMEHTH KOppENsluHu, JIEBBIH Tpaduk JEMOHCTPUPYET

BBICOKYIO CKYYEHHOCTh JIaHHBIX, TOT/Ia KaK IMpaBblii rpaduK TEMOHCTPUPYET YACTOE 3aBBHIIICHUE

HJIN 3aHUKCHUEC ITPOTHO3UPYCMBIX 3HAYCHUH.

Takum obpa3om, 3amaga pacnpoctpanenus UCS mo cTBONIy CKBaXUHBI JUISI MEXaHUYECKOU

GdanyM IOPCKUX IECYAHMKOB pellleHa. B ciydae ¢ apyrumMu MexaHW4ecKuMu (QanusMu, TO B

(Tabmuia 3) npeacTaBIeHbI 3aBUCUMOCTH, HCITOJIB30BaHHbIE T pacipocTpanenus UCS.

Tabnuua 3 — 3aBUCHMOCTH, UCHIOIB3yeMble i pacnpocTpaHeHuss UCS mo cTBOTy CKBa)KHHBI

Mexannueckas 3aBucumocts s UCS Cceblika
dbauus
IOpckue necuanuku | 145,8-4,1*Ed-5,6E-03*Vs,m/s-15,5*Th/K+7,4E-02*Ed"2-
3,8E-06*Vs,m/s"2-1,2*Th/K"2
WITH
382,24+6,4*Ed,GPa0,049*Vs,m/s-0,2*Vp,m/s-0,09*Ed" 2
+0,000015*Vs, m/s"2+0,000027* Vp, m/s"2
[Tecuanuku 9,95*Vp"1,21 — B penenax KOHAYKTOPA; [30]
2,45*Vp”"1,92 — st ocTabHBIX IECUaHUKOB HHTEpBaJia [28]
['nusbI 0,3*Vp"3 (MoauduIrpoBaHHOE YpaBHEHHUE) [27]
Yrou 4*(p)"2,4 [32]
W3BecTHSIKK 13.8E%°* [33]

st onpenenenust yrina BHyTpenHero tpenus (FANG) mpecnemnoBanack Ta ke JIorHaeckas

NOCICA0BATCIIbBHOCTL: TIOHUCK JIYUIIUX KOPPCIAIUOHHBIX 3aBHCHMOCTeI>'I, 3aTeM O6’[>€,I[I/IHGHI/IG B

aHaJIN3e¢ MHOKECTBCHHOUN HETMHEHHOW PErpecCHu IS MOTyIeHUs (POPMYIT.

Ha Pucynok 13 u Pucynok 14 npencraBieHbl HCIIONb3yeMble Teo(pH3NIeCKIe TapaMeTphl ¢

HUCXOHON KOppEISIUECH.
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FANG vs. Vs FANG vs. Th
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Pucynok 13 — 3aBucumoctb FANG ot ckopocTu nonepeuHoii BosiHbl 1 Topust
FANG vs. RHOB FANG vs. PHI
52 60
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- —3jw”:)/— . $ > *,* ‘oo .
£, . ¢ o 5 ¢ \o\e:“\‘\_'
g N & ¢
327 ¢ ¥=6.3608x1.9997 330 90 £ L
® * R=038 E * o R=0MTs
- T
17 o -
12 10
2 0
2 21 22 23 24 25 260 27T 28 29 8 10 12 4 16 18 20
RHO Bulk, g/cc PHL %
Pucynox 14 — 3aBucumocts FANG OT IIIOTHOCTH ¥ TIOPUCTOCTH
[Tocne aHamM3a MHOXKECTBEHHOW HEJIMHEHHOW pPErpeccuu TOJIYYEHBl CIEAYIOLINe
pe3ynbTathl Pucynok 15.
Pred(p) / ¢ Pred(p) / ¢
50 - 50
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45 — R==0.78 . o 45 + R-=10.71 .
= 40
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Pred(}p), rpa. Pred(ge), rpax.

Pucynok 15 — TouHOoCTh moy4deHHBIX 3aBUcuMocTel 1t FANG

CneBa moka3aHbl pe3yJbTaThl IMOJYUYCHHBIC 3aBUCHUMOCTBIO (8), BKJIIO4aromias B cebs

nannabie [ TK-C, B To Bpems kak rpaduk cipaBa u 3aBucuMocTb (9) ucnonssyet nannsie AK u ['TK-

H, IIO3TOMY IIpaBas 3aBUCUMOCTb UMCCT Ooitee IUPOKOC MPUMCEHCHUC B HACTOAIICC BPEMSA, TAK KaK

I'TK-C ne Bcerga nocTyneH B TOM WM UHOM CKBaKUHE, kKoraa AK 9acTo mpucyTCTByeT.

FANG = 554.062.7*Th+0.24*Vs+227.9*pBulk+0.13*Th"2-4.5E-05*Vs"2-45.19%*p Bulk,"2,

(8)
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FANG = -838.81+0.56*Vs+137.71*pBulk-1.08E-04* Vs"2-28.14*p Bulk"2 9)
Taxum oOpa3om, 3amaya pacrpocrpanenus FANG mo cTBOITy CKBaXUHBI JUISI MEXaHUYECKOU

(bayn I0PCKUX TECYaHUKOB TaKKe pemeHa. [t Ipyrux MeXxaHW4ecKux (Gamuidi B IMpencTaBICHBI

3aBUCHUMOCTH, UCTIOJIb30BaHHBIE [71s pacpocTpaneHus FANG.

Tabnuua 4 — 3aBucuMocTH, HCHOIB3yeMblI Ui pactpocTpaHeHuss FANG 1o cTBoy CKBaXKMHBI

Mexanuuyeckue 3aBuCHMOCTH Cceblika
dbauun

Opckue necuannku | FANG=554.062.7*Th,ppm+0.24*Vs,m/s+227.9*pBulk,g/sm3+0
A13*
Th,ppm”2-4.5E-05* Vs, m/s"2-45.19%*p Bulk,g/sm3"2
17001
FANG=-838.81+0.56*Vs,m/s+137.71*pBulk,g/sm3-1.08E-04*
Vs,m/s"2-28.14*p Bulk,g/sm3/2

Bce ocranbHbie Tan'((GR-GRmecox)pnecok+(GRrmu-GR)urmnu))/(GRrmn- | [27]
GRuecok), rae unecok=1,1; primmna=0,6

TakuMm 00pazom, onpeseneHbl 3aBUCUMOCTH ISl paclipOCTPAaHEHUs MPOYHOCTHBIX CBOWCTB
IO CTBOJIY CKBAYKUHBI.

OmnpeneneHue CTaTHUECKUX YIPYIMX MOJAYJIEH TakkKe OCHOBAaHO Ha 0a3e J1abopaTOpPHBIX
uccienoBaHuil kepHa. JlocTynmHbI 45 TECTOB MO OINPENEICHUIO CTaTUYECKUX YIPYIMX MOJYJEH U
mauubre 'UC.

[To ommcanHOMy BbIIlIE MOAXOAY M aHAIW3y MHOMXECTBEHHOM HEJIMHEHHON perpeccuu
nosryyeHs! 3aBucuMoctu (10, 11), koTopble 0051aal0T CIEAYIOUIMMHA MPOTHO3HBIMU CBOMCTBaMHU
Pucynok 16. ITpu nonydeHu# 3aBUCUMOCTEH ISl CTATUYECKUX YNPYTHX MOJYJIEH MUCTIOIb30BaIHCh

metonsl AK u I'TK-II.

Pred(Es)/ Es Pred(CT. K. Ilyaccona)
50 / Cr. K. 1lyaccoHa
y=x-4E-13 . 0.258
15~ RF=0,76 o
45 ’ y=1x- 4E-13 .
, £ 0253 -
=]
g S
) s
“ = 0,248
= =
I
E A
50243
| 0238 ~~ | ; :
20 25 30 33 40 45 50 (0,238 0,243 0,248 0,253 0,258

Pred(Crar K Ilyaccona)

Pred(Es, Gpa)

Pucynok 16 — TounocTs onpenencenus cratuaeckoro moayst FOura u Koaddumnuenra [lyaccona

Cm. Mooyab FOnea = -142,6*Vp,-0,2*Vs-2,1E-05*Vp"2+4,5E-05*Vs"2,
Cm. K. Ilyaccona = 0,53-3,89E-04*+3,99E-04*Vs+4,92E-08*Vp"2-8,16E-08*Vs"2,
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B PE3YyIbTATC, MNOJYYCHHBIC 3aBUCUMOCTHU MHCIIOJIB3YIOTCId B ITOCTPOCHUU O,Z[HOMCpHOfI

reOMEXaHUYeCKON MOoJeNU. Pe3ynbTaThl IOCTPOEHUS U aHAIU3 IpeACTaBiIeHbI B [ 1aBe 4.
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3.5.  Onmnpenenenue HaIIPaBJICHUA MAaKCHMAaJIbLHOI'0 TOPU30HTAJIBHOI0
Hanpsikenus (SHmMax)
JInst onpenienieHust HarpaBIeHNs TOPU30HTAIBHBIX HANPSHKEHUH HCTonb3yeTcs nanabie FMI,
Ha KOTOPBIX BHJHO HAINpaBJICHUE PAa3BUTHS BBIBAJIOB (CO CTOPOHBI SNMIN) ¥ TEXHOTEHHBIX TPEIUH
(co croponsl SHmMax). BzaumHoe pacrnolioskeHHe TaHHBIX SBJICHHI YKa3bIBaeT HA HAIPaBIICHUE
TOPH30HTATLHBIX HATIPSKEHHH.
CornacHo, npuBeNEHHOMY aHanu3y AaHHBIX FMI omHOW W3 coceqHMX CKBaXHH 10
OTHOIIEHHIO K omnopHoW ckBaxuHe (Al) B YpmaHo-ApuumHCKON 30HE He(dTera3oHaKOIJICHHUS
OTIPE/IEICHO HATPABICHHE MAKCHMAIBHOTO TOPH30HTATBHOrO HampsukeHus pasHoe 330° (ceBepo-

ceepo-3aran) — 170° (toro-roro-soctok) (Pucyrok 17) [31].

Fossetie-=Strike 18e

Pucynok 17 — HanpaBiieHre MakCHMaJIbHOTO M MUHUMAJIBHOTO TOPU30HTAIBHBIX HanpsokeHuit [31]

JlanHHO€ HampaBJ€HME NPOTUBOPEUYUT HANPABIEHUIO C)KAaTUSA, COOTBETCTBYIOLIEMY
HaIpaBJIEHUI0O MaKCHUMaJbHOIO TOPHU3OHTAJIBHOIO HAMpsHKEHHWs, IO03TOMY 3a HalpaBJeHHE
MaKCHMaJIbHOTO TOPU30HTAIbHOIO HANPSDKCHUS IIPUHATO HAIPABICHUE CKATHUSA IPEICTABICHHOMY

Ha cxeme 10 nauHbM 3D ceficmudeckux Habmonenuii — 220° — 40° (Pucynok 5).

3.6. Ompenenenne MUHUMAJILHOTO TOPH30HTAJILHOIO HAaNpsKeHus (Shmin)
B kauecTBe HauaNbHOW OIIEHKU 3HAYCHHH MUHHMAIBHOTO FOPU30HTAIBHOTO HAMPSHKCHHS B
HccaeayeMon 30He He(pTera3oHaKoIIeHUs, UCTIOIh30BaHa MOJIENb MOPOYIIPYyrocTH (12).
Shmin = v/(1-v)*Sv-v/(1-v)/a*Pp+E/(1-v*)*eh+v*E/(1-v?)*eH, (12)
I'me v — Koadpdumment Ilyaccona, SV — BeprukanbHoe Hampsbkenue,MPa, a — ynpyras
koHcTaHnTa buo, Pp - mopoBoe nasienue,MPa, E - Moaynes HOura,GPa, u eh,eH — nedopmaruu B

HaIrpaBJICHUU MUHUMAJIbHOI'O 1 MAKCUMAJIbHOI'O TOPU30HTAJIbHBIX HaHpH)KCHI/II\/’I COOTBETCTBCHHO.
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3HayeHue ynpyroi koHctaHtsl buo ans 3anaanoit Cubupu Bapsupyercs ot 0,2 1o 0,95 u
3aBUCUT OT MOPHCTOCTH, COAEP)KAaHUS TIMHUCTOrO LEMEHTa, CTeNeHH NuTH(ukauuu. B nanHOM
cilydae, W3-3a OTCYTCTBHSI JTaHHBIX, B YaCTHOCTH O CXKHMAE€MOCTH CKeJeTa MOPOJIbI, AETacTCs
JIONyIIeHUe, YTo ynpyras KoHctanta buo pasna 0,85 115 Bcero paspesa.

3HayeHHs YNPYruX MOJyJed MoiyuyeHsl MyTEM, OMMCaHHBIM B pasnene 3.4, mopoBoe
JaBlieHHe — B pasnene 3.3, BepTUKalbHOE HampshKeHHe — B pasfene 3.2. 3HadyeHus nedopmanuit
M3MEHSIOTCS 10 TOCTHM)KEHUSI OJM3KOTO COOTBETCTBHSI MPOMUISI MUHUMAILHOTO TOPH30HTAIEHOTO
HalpsDKeHUs U JEeHUCTBUTENbHBIX JaHHbIX MUHU-I'PII, a MMeHHO naBieHHE 3aKPHITHS TPEILUHBI
(FCP). Omniepanus I'PIT Ha naHHO# CKBaXKMHE HE MPOBOJIMIACK, TOITOMY JaHHBIC B3STHI C COCCITHHX
ckBaxuH. [lomy4yennsiif, orkanudpoBanuslii Ha FCP mpo¢uinb MUHUMAIbHOTO TOPU30HTAIBHOIO
HanpsDKeHUs1 TpencTaBieH Ha PucyHok 18. Touku MaHHBIX MO 3aKPBITHIO TPEIIWH JIeXKaT Ha
npo¢uiie MUHUMAIBHOIO FOPU30HTAILHOIO HAIPSKEHMsI, YTO FOBOPUT O MPaBUWIIBHOCTU MOAO0pa
sHayenuit gedpopmanuu  (eh=0,001 u eH=0,75), a Takke B IICIOM O BBICOKOM KayeCTBE

orpeiesieHus Mpo(uIst HaPSHKECHUH.

- FCP -
MD [e] MPa 70
(m) :
1:10000 Y,
A :
- - =
- :
. b
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R LS R L b
Mgy o

Illll
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T 1 =1=d
1

IILllll

T
[ el R o) |
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Pucynoxk 18 — ITpoduiab MUHIMAILHOTO TOPU30HTATBHOTO HanmpsbkeHus (Shmin) ¢ maHHbIe Mo

3aKPBITHIO TPEILLUH
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3.7.  OmpeneneHne MAKCMMAJILHOT0 TOPH30HTAJILHOI0 Hanpsukenus (SHmMax)

[To mpuumne otcyrctBust naHHbix FMI B ckBaxkune Al, 3mauenuss SHmMax rtakxke
PaCCUUTHIBAIOTCS MO0 MOJENU MOPOYIPYTrOCTH, OJHOBPEMEHHO CO 3HaveHHeM Shmin mo ¢opmyne
(13).

Shmin = v/(1-v)*Sv-v/(1-v)/a*Pp+E/(1-v?)*eH+Vv*E/(1-v?)*eh, (13)

I'me v — Koadpumment Ilyaccona, SV — BeprukanbHOoe Hampsbkenue,MPa, a — ynpyras
koHcTanTta bro, Pp - mopoBoe nasienue,MPa, E - Moaynes HOnra,GPa, u eh,eH — nedopmaruu B
HaMpaBJIEHUH MHUHMMAJIBFHOTO U MAaKCUMAJIbHOTO TOPU30HTAIBHBIX HAMPSXKEHUN COOTBETCTBEHHO.
PucyHoOK 7 mpuBOJIUT OKOHYATEJIbHBIE PACCUUTAHHBIE MPO(UIN TOPU3OHTANBHBIX HANPSKEHUN 115
ONOPHOW CKBa>KUHBI.

Takum 00pa3oM, BCe BXOIHBIE MapaMEeTPBI JIJIs1 IOCTPOCHHSI OTHOMEPHON T€OMEXaHUYECKON
Mozaenu monydeHbl. ClenyromMM 93TaroM SBISETCS MOCTPOCHHE MOJENW U OleHKa eé

MPpaBHUIILHOCTU B CPABHCHUHA C JAHHBIMU KaBCPHOMCPA, HpO(I)I/IJICMCpa.
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4. AHaJIU3 NOCTPOCHHOW MOJeJIN

B nmpouecce mnocTpoeHus MOAENH, MPU PACIPOCTPAHCHUHM MEXAHMYECKUX CBOWCTB
3aBucuMocTy Bkimoyaronue nokazanusa ['TK-C He cMornu mokaszarh NpuUEMIIEMBIN pe3yJbTaT, 0
MIPUYUHE TOTO, YTO B UCXOJHBIX JAaHHBIX KEpHA IMOKa3aHUS OYEHb HU3KUE, TAKUE TTOKAa3aHUsl BEChMa
penxo Bcrpedarorcss B gaHHBIX [MC mmst ckBaxkmubl Al. Tak kak oguH W3 TeopU3NUECKHUX
MapaMeTpoB CUJIBHO 3aBBIIIEH [0 CPAaBHEHHUIO C JaHHBIMH, HCIOJB3yeMBbIC Ui MOTyYeHHUs
3aBUCHUMOCTEH, TO KO3(PPHUIMEHTHI P 3TON MEPEeMEHHON HEBEpPHBIC U 3aBUCUMOCTH TMOKA3bIBACT
HEaJIeKBaTHBIE PE3YJIbTATHI.

[ToaTomy 1151 pacrpocTpaHEHHs MPOYHOCTHBIX CBOWMCTB HCIIOJIb30Bajach 3aBUCHMOCTH, HE
Bkirouarore gangeie [ TK-C.

Kpurepuem npaBuiabHOCTH MOCTPOCHHONW MOJENHN CIYKUT CPaBHEHUE MOKa3aHUM MOJENH C
JaHHBIMU KaBepHOMepa, npoduiemepa. BaxHo, 4TOOBI NOCTPOEHHAs MOJAEIb OTOOpa)aia
uHTepBajbl BbiBajoB (breakouts), xoropele MOryT mepepacTath B Pa3MbIB CTBOJIA CKBaYKHHBI
(washouts). JlanHble sBJIEHHS CTAHOBATCS MPUYMHHON MpUXBaTta OypOBOrO HMHCTPYMEHTA H3-3a
MIPEBBILICHUS KOJIMYECTBA TOPHOM MOPOJIBI OOPYIIABIIEHCsS B CKBAXUHY, KOTOpoe OypoBoil pacTBOp
criocobeH ymanuTh. PucyHok 19 neMoHCTpupyeT mokazaHusi mpoduiieMepa W OTOOpakacMbie

SIBJICHUS.

C. IN-GAUGEHOLE

cal 1.3 —
Cal 244 - - -

Pucynok 19 — SIBieHus pacrmo3HaBaeMbIe ¢ TOMOIIBIO poduiemepa [6]
IToxoxast kapTuHa HaOmromaercst B moctpoeHHOM wmozpenu (Pucynok 20, Pucynok 21,

Pucynok 22).
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Pucynok 20 — ITpumep otobpaxenus BeiBaioB (breakouts), sxemno6os (keyseats) B moenu

Mecharical properies P MOI[eHB
Vouna
loung =
G 1373
fion®
Drecton Shear failure min
o deg 360
[Tpodunemep Bt - W
] 1 [ ©oeg 18
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200 240 o o i 20000 | 8 eeg 1
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00 mm 40 | 200 mm 0 MD 0 dega 360 [0 Pz o psi 20000 | 8 PPg 18
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00 i 0 2 150 [ degz 20 [0 deg EIE = 20000 | 8 oog 1
| 4
| ]
. 12782.51
2785 f/ ’I\ {
r2787.5

Pucynok 21 — IIpumep oToOpaskeHHs pa3MbIBOB CTBOJIA CKBaXHUHBI (Washouts) B nHTepBae

IOPCKUX NCCYaHHUKOB
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Pucynok 22 — Ipumep oToOpaskeHHs pa3MbIBOB CTBOJIA CKBAXKHMHBI (Washouts) B uHTepBase Bbiiie
FOPCKUX OTJIOKEHUI
JlanHble (akTbl FTOBOPAT O TOM, YTO MOCTPOCHHAs OJAHOMEpHas reoMexXxaHu4yecKas MOJelb
BOCITIPOM3BOJMT PEATBHYIO T'€0JIOTHYECKYIO CHUTYalMI0, MTOITOMY MOJAETh 00JIaaeT J0CTaTOYHOU

CTETIEHBIO HAJEKHOCTH IS MOCIEAYIOMMNX PACYETOB.
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5. Pacuétnl TPACKTOPHU H 3aKAHYUBAHUA CKBA’KHH B nccnenyeMoﬁ 30HC

[IpoekTupoBaHre TPAEKTOPHS CTBOJA CKBAKWHBI UTPAET BAXKHYIO pOJIb B pa3palbOTKe U
ONTUMHU3AIMKA JTIOOOTO MecTopoxacHHs. [lomokeHHe CKBaXWUHBI BJIHMSIET HE TOJBKO Ha
MPOJYKTUBHOCTh CKBAaXXMHBI, HO M Ha JIETKOCTH Ipoliecca OypeHHsl, BO3MOKHOCTh MPOBEICHUS
I'PII.

[TosiBIeHHe HOBBIX TEXHOJIOTHH OypeHWHs, MOBBIMICHHS TOYHOCTH MeTonoB ['MIC Bo Bpems
OypeHHsl, BO3MOXXHOCTH OypeHHUs pas3IuYHble TUIBI W (OPMBI CKBAKUH OTPaKaeTCs Ha
TpeOOBaHUSIX M TMOHUMAHUU I[UJITAHUPOBAHUS TPACKTOPUM CKBAXUH. YCIOBUS CTaOWUIBHOCTH
CKBa)XMHBI, IPUHUMAsI BO BHUMAaHHE MEXaHUYECKOE pa3pyIIeHHUE TOPHBIX MOPO, €CTh GYyHKIUS OT
TPACKTOPUHM CKBXHHBI B COBOKYIHOCTH C COCTOSSHHEM HampspkeHuH. CTaOUIbHOCTh CKBaKHUHBI
obOecrieunBaeTcs TyTEM OINpeAeNeHus] O0e30MacHOro0 «OKHa» IJIOTHOCTH OypOBOTO pacTBOpa
MPEMSTCTBYIONIETO OOPYIICHUIO CTEHOK CKBaXKHHBI [16,17].

AHamu3 W pacyéT ONTHMAJIBHOM TPAGKTOPUM I YPMAHO-APUYMHCKOM  30HBI
He(Tera3oHaKOIUICHHsI OMUpaeTcs Ha TOT ¢akT, YTO 30HAa HAXOJUTCA B HOPMaJIbHOM
TEKTOHUYECKOM 00CTaHOBKE.

N3MeHssT WHIMHOMETPHUIO MCXOJHOW BEPTHKAJIBbHOW CKBaXXMHBI HA PAaCcCUYUTAHHbBIC
nmapaMeTpbl TPAaeKTOPUHU, BKIIOYAs a3UMYT, MOJYYEHBI CICAYIOIIME PE3yJIbTaThl, OCBEIIEHHBIE B

IOCJICAYIOIIUX pa3aciiax.

5.1. TpaexkTopusi CKBa:KHHbBI
HaxnonHo HaIllpaBJICHHAA CKBaXMHaA — mo0as CKBaXMHA, KOTOpas HMECT IIOJIOKCHUC
OTJINYHOC OT BepTI/IKaJH)HOf/'I ocu. Haxkionno HAIPaBJICHHBIC CKBAXXWHBI XapaKTCPHU3YIOTCA YIJIOM

HaKJIOHA U a3UMyTOM PucyHok 23.

Pucynoxk 23 — OpueHTanus cucTeMbl KOOPJUHAT CKBAXKUHBI

47



48

VYTr01 HaKJIOHA — OTKIIOHEHHE CTBOJIa CKBaKHUHBI OT BEPTUKAIBbHOM ocu m3MeHsercs ot 0 10
90°. A3MMYT — HalpaBJI€HHE OCU CTBOJIA CKBAXKMHBI OTHOCUTENIBHO HAIPABJIEHUS Ha CEBEP. A3ZUMYT
msmensierest ot 0 1o 360°, e 0% — CeBep, YBEJIIMYCHHUE YIIIa 110 YacoBoi crpenke [14,15].

[Tpodwiik HaKIIOHHO HANIPABICHHON CKBaXMHBI BRIOUPACTCS TaK, YTOOBI MPH MHUHUMAIIbHBIX
3arparax CpeICTB M BpPEMEHH Ha €€ MPOXOJKY OBbUIO 00ECIEYeHO IONaJaHue CKBAXKWUHBI B
3aJaHHYIO0 TOYKY IIPOAYKTUBHOI'O ILIACTA IPU JOIYCTUMOM OTKIOHEHUH.

[Mpodmm cKkBaXKUH KIACCHPUIHMPYIOT MO KOJIMYECTBY HHTEPBAJIOB CTBOJIA. 3a MHTEPBAJ
MPUHUMACTCSI YIaCTOK CKBRXKUHBI C HEU3MEHHONH WHTEHCHUBHOCTBIO UCKpHBIeHHs. [0 ykazaHHOMY
MpU3HAKY MPO(UIN HAKIIOHHO HAMPAaBICHHBIX CKBAXKUH IMOAPA3ICISIIOTCS HA IBYX, TPEX, YETHIPEX,
maTid u Oonee wuHTepBaibHble. Kpome Toro, mpodunu moapasfensitoTcs Ha IUIOCKHE —
PAaCIIOJIOKCHHBIC B OIIHOﬁ BepTHKaHLHOﬁ IJIOCKOCTH, W TMPOCTPAHCTBCHHBLIC, MPCACTABIAIOMINC
c000# POCTPAHCTBEHHYIO KPHUBYIO JIMHUIO.

OHUM U3 MPOCTEHINX C TOYKH 3PEHUS TEOMETPHH SIBIIICTCS TPEXUHTEPBAIBHBIN TPOQHITH
HAKJIOHHO HAMpaBJICHHOW CKBaXHHBI. B MaHHOI paboTe paccMOTpeH TPEXUHTEPBATILHBINA MPOPUIH
(Pucynok 24). Ioxpa3ymeBaeTcs, YTO HAKJIIOHHO HAaIlpaBlIeHHAs CKBaKWHA OypUTCS UIs IjIacta

M1, pa3pabotku kapOoHaTHOTO KoutekTopa [35].

PucyHok 24 — TpéxunTepBaibHbIi NPO(UIH HAKIIOHHO HANPABICHHOW CKBaKUHBI[35]

Pacuér TpaekTOpHM CKBaXXHH BKITIOYAET OIPEIEIICHUE CIETYIONUX TapaMeTPOB:

JIisi HaKJIOHHO HAaNpaBIICHHOW CKBOXKHMHBI TOYKa HaOopa yria, KOTOPBIH Ha cxeme
cooTBeTcTBYeT Touku B (PucyHok 25) ocHOBbIBaeTcsi Ha BbIOOpEe MHTEpBasia rIyOuH Oe3 BBIBAJIOB,
COTJIACHO MOJIETI M KaBEPHOMEPY, YTO COOTBETCTBYET KPEIKHM IOpPOJaM U HE CTOJb CHIIBHOMY
COCTOSIHWIO HampspkeHui. [lo maHHBIM Monxenn B KadecTBE TOYKM HaOOpa yria TOJIXOMSAT

recyaHuku B mHTEpBase oT 815 mo 820 meTpo. B=815 meTpos.
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Pucynok 25 — OCHOBHBIE TOYKH, HEOOXOMMBIC IS PacyEéTa TPACKTOPHH CKBAXKHHBI [36]

AOcomoTHas TIIyOMHAa U OTXOJ OT YCThsl CKBaKHMHBI TOuku T (uenu Oypenus). ['myOGuna
wtacta M1 = 3150 metpoB u otxox ot ycrbs = 1500 meTpoB.

CKBaXUHBI ¢ OOJBIIUM PAIHMYyCOM KPUBU3HBI UMEIOT MHTEHCUBHOCTh MCKpuBIeHHS OT 0,6
no 2 rpan/10 merpoB. C yKka3aHHBIMH WHTEHCHUBHOCTSMH HWCKPUBJICHHSI OypUTCS TOJaBIISIOIICE
OOJIBITMHCTBO HAKJIOHHO HAIpPaBICHHBIX CKBaKWH B 3amamuoit Cubupu[35]. Tlpumem manHOe
3Ha4yeHue paBHoe 2 rpaa/l10 mMeTpoB, OHO HEOOXOAMMO i pacuéTa paguyca HCKPUBIEHHOIO

yuactka (R).

Pe3ynbpTarhl pacu€ToB TPACKTOPHHM JJIs1 HAKJIOHHO HAMPABJICHHOW CKBAKHHBI MTPEICTABICHBI

B TaoOsnuma 5.
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Tabmuna 5 — Pe3ynbTatsl pacuéra TpaeKTOpUU

ITapamerp 3HaueHue
Ha6op yrma 2°/10 metpos
AB (rmybOuna Hauyana HaOopa yria) 815 meTpoB
R (pazuyc HCKPUBIIEHHOTO YY4acTKa) 287 meTpoB
AC (rny0OuHa nenn) 3150 meTpos
D (rmybuna oT ToukM Habopa yria, A0 LeIn) 2335 meTpoB
X 27.4°
y 6,3°
a (yroJ HaKJIOHa) 33,7°
BE (nnmHa KpUBOMWHEHHON CEKITHH) 169 metpos
PE (rnyOuna ot Touku Habopa yria 159 metpos

JI0O OKOHYaHMsI Habopa yria)

AX (BepTukanbHas riryouHa 974 metpoB

110 OKOHuYaHHs Habopa yria)

AE (yrHa CKBaXKMHBI 10 OKOHYAHUS 985 meTpor

Habopa yria)

ET (nnmmua npsaMonnHeHON CeKIIH) 2615 meTpoB

AT (oOmias 1uMHa CKBasKHUHBI) 3600 metpos

AOcomoTHas rayOWHA M OTXOJ OT YCThS CKBaXHMHBI TOUkM E (okoHuanume Habopa yria

HUCKPHBIJI CHI/IH) OIIPEACIIACTCA KaK

AE=AB+BE=848,6 MeTpoB,

(14)

I'me AE — rny6una okoH4aHusi HaOopa yria uckpusieHusi, BE — amuHa uckpuBiéHHOTO

yudacTka, AB - rimyOuHa 10 Touku Hayana Habopa yriia UCKPUBIICHHUS CKBa)KUHBI.

BE=2*3,14*R*a/360=168,6 meTpoB

(15)

a — yroJi OTKJIOHCHUA CKBaKUHBI OT l"OpPI3OHT8.J'ILHOI>i ocCH, R - paanycC CCKIUHU yTiia Ha6opa

I/ICKpI/IBHeHI/ISI.
R=360*10/(2*2*3,14)=287 meTpoB
a=x+y=33,7°
I'ze x=arctan((1500-287)/2336)*180/3,14 = 27,4°
y=arcsin ((287*cos(27,4%*3,14/180)/180)/180*3,14=6,3",

(16)
(17)
(18)
(19)

ITocme TOro, Kak yroJl OTKJIOHCHHUS CKBAXHWHBI OT BCpTPIKaJIBHOfI OCH pacCUuTaH, MOKHO

PpacCUUTaThb OCTAJIbHBIC TAPAMCTPLI TPACKTOPHUU.

AX=AB+PE=974 meTpoB

(20)

I'me AX — BepTuKaibHas TITyOMHA 70 TOYKW OKOHYaHHWs Habopa yria uckpusienus, PE —

JUTMHA CEKIIMU Habopa yria.
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PE=R*sina=287*sin33,7°=159 meTtpos (21)
AE=AB+BE=985 meTpoB (22)
ET=(D-AB-PE)/cos(33,7°*3,14/180)=2615 meTpos (23)
I'ne D — rmybuna OT ycThs 10 TIIyOMHBI Hayana Habopa yriia HaKJIoHa,

D=AC-AB=3150-815=2335 meTpoB (24)
AT=ET+AE=2615+985=3600 meTpoB (25)

5.2. I1110THOCTH OYPOBOI0 PacTBOPA B 3aBHCHUMOCTH OT TPAEKTOPHH CKBAKMHBI

OddexT TpaeKkTOpuu CKBaXMHBI HAa «OKHO» IUIOTHOCTH OypOBOTO pacTBOpa OLEHEH C
MIOMOIIBIO PACYETOB HUKHEH Iopora oOpymeHust 1yl INTyOuH ¢ KpUTHYECKUMH XapaKTepPUCTUKAMH.
[Ipoexiusi cTepeoCKONMUYECKOro M300pa)KeHus, MpecTaBlIeHHas Ha PucyHok 26, oTpaxkaer Bce
BO3MOXXHBIE KOMOMHAIIMY YTJIOB HAKJIOHA U a3UMyTa OypeHusl.

[enTp n3o6paxeHus NpeacTaBiIsieT cOOONH BEPTUKAIBbHYIO CKBAKUHY, 8 TOPU30HTAIbHbBIE U
HaKJIOHHO HalpaBJIEHHbIE CKBAXXHMHBI JIEKAT B JIIOOOH APYrol TOUKE JUarpaMMbl, B OKPECTHOCTSIX
LEHTPAJIBHOU TOYKH, B COOTBETCTBMM C a3MMYTOM CKBaXKMHbI. l[BEeT oTpa)kaeT MHUHUMAaJIbHYIO
IUIOTHOCTh OypOBOTO pacTBOpa, HEOOXOAMMOTO JJsi TPEAOTBpPAIICHUS OOpPYIIEHUS CTBOJA

CKBa)KMHBI(JIEBas 4acTh) U JUIsl IPEOTBPAILIEHUS pa3pbIBa (1IpaBas 4acTh).

Breakdown vs Orientation @ 815 m Shear Failure Min vs Orientation @ 815 m
uth(Circular Angle) Deviation(0-Center, 90-Circumfer¢ uth(Circular Angle) Deviation(0-Center, 90-Circumferg¢
Schmidt - Pole - Upper hemisphere Schmidt - Pole - Upper hemisphere
N N

5 3485 o mo20300

40°

S S
Azimuth (dega) / Deviation (dega) Azimuth (dega) / Deviation (dega)

Pucynox 26 — AHanu3 4yBCTBUTEIFHOCTH TPACKTOPUN CKBAXKHHBI CIIpaBa aHAIIN3 OTPaKAIOIIHNe
JlaBJieHNe OOpyLIEeHNUs, clieBa — IaBJICHNE Ha Pa3phIB
JlanHO€ n300pa’keHNe TOBOPUT O TOM, YTO €CJIHM YTOJI HAKJIOHA CKBaKUHBI IPUMEPHO 42° to
a3MMyT CTBOJA CKBaXXMHbI HE HMeeT 3HadeHWs. Ho I@pu NOBBIIEHMM yrja HAKJIOHA
MIPEATIOYTUTEIBHBIM SBJISETCS HAIIPABIECHNE MAKCUMAJIbHOTO TOPU30HTAJIBHOTO HAIIPSKEHUS, TOTAa
KaK HalpaBJIeHUe MMUHUMAJIBHOTO TOPU30HTAIBHOTO HANpsDKEHUs SBISETCS Haubosiee TPYAHBIM C

ToukH 3peHus Oypemmsi ¢ amamazomoM ot 280° (100%) mo 350° (170°). Mmenmo ams storo
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HaIlpaBJICHHUA B ,I[aJ'IBHeﬁHIeM pacCHUTaHbl KOHCTPYKIOUA CKBAXHWHBI U IIJIOTHOCTHU 6yp0BOl"O

pacTBopa.
[Tpu 3TOM «OKHO» TUIOTHOCTH OypOBOTO PacTBOPA U3MEHSETCS B 3aBUCUMOCTH OT TTyOHHEI,
TaK JUIs aHaJIu3a BEIOpaHbI TOUYKH HA pacCuyuTaHHOU Tpaektopuu Pucynok 25. Touka B, E, W, V, Y,

Z. PucyHok 27 i TOYKM Habopa yria o3BoJisieT OypeHue B JItoOOM HalpaBJIeHUH.

B (815 merpos) MW= 1,17 r/em®, 9,8 ppg E (974 metpoB) MW= 1,3 r/em®, 10,85 ppg

Mud weight window vs Deviation @ 974 m
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Mud weight window vs Deviation @ 2460 m
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Pucynok 27 — IInotHOCTE OypOBOTO pacTBOpa I HAKJIOHHO HANpaBIeHHON CKBAKUHBI
Touka Ha TpaduKe OTpaskaeT yroj HAKIOHA CKBAaXHHBI, H TUIOTHOCTH OypOBOTO pacTBOpa

Mpu BbIOpaHHOM a3uMyTe OypeHHus HAaKJIOHHO HampaBieHHOW CKBakMHbI. He 3akpaineHHas 4yacTb
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pPUCYHKa TpEeICTaBisSeT coOoi Oe30macHoe «OKHO» IUIOTHOCTH OYypOBOTO pacTBOpa, KOTOpOE
HAXOJUTCSI MEX]y JaBIIEHUEM OOpYIIeHUsS (HVKHSS Y9acTh PUCYHKOB) U JABJICHHEM IOTJIOIICHUS
(BepxHsAA YacTh pUCYHKOB). I1oJHBIN pOodMIF MUHUMAIBFHO HEOOXOIMMOM TUIOTHOCTH OypOBOTO
pacTBopa mpecTaBiieH Ha PucyHok 28 1o cpaBHEHHUIO ¢ BEPTUKAIBHOM CKBAKUHOM.

Takum 006pa3oM, Mpy YBETUUYEHUH YTiIa HAKJIOHA CKBA)KUHBI, YBEIIMYMBACTCS HEOOXoIuMas
IUIOTHOCTH OypoBoro pactBopa. OmHako, B Cilydae, €ClM TOpHbIE MOpOJbl 001aJal0T BBICOKMMU
MPOYHOCTHBIMH CBOMCTBaMH, TO IUIOTHOCTH OypOBOTO PacTBOpA MOXET OBITh MOHMKEHA, KaK 3TO
MIPOUCXOAUT B OTHOLIEHUH Tutacta M1.

Jl11a ipe1oTBpallieHus] OOPYIISHHsI CTEHOK CKBaKMHBI B HAKJIIOHHO HAIMPABIIEHHOW CKBaXKHHE
C pacCUMTaHHOW TPAEKTOpPUEH, MOCTPOEHHAs MEXaHWYecKash MOJeNIb I03BOJIAET OIpPEAEIUTh
0€30MacHOe «OKHO» IUIOTHOCTHM OypoBoro pactBopa. OCHOBBIBasCh Ha JaHHBIX CTaOMIBHOCTU
CKBA)KMHBI M TpejJiaraeMoi IJIOTHOCTU OypOBOTO pacTBOpa, MpeljlaraeTcsl Takke KOHCTPYKIUS
CKBa)KUHBI.

Ha ocHOBe mOCTPOEHHOW OJHOMEPHON TI'E€OMEXaHMYECKONW MOJENH, NPEACTaBISIETCA
CIIeyIoIlas CTpaTerusi OTHOCUTENIBbHO OypOBOTO pacTBOpa, KOTOpass MUHUMHU3UPYET BBIBAJIbI B
nporiecce OypeHusi, o0ecreunBaeT CTabMIBHOCTD CTEHOK CKBakuHbI (Tabuiia 6).

Tabnuma 6 — PekoMmenayemas miioTHOCTh OYpOBOIO pacTBOpa

AbcomoTHas raayouna (TVDSS), m IlnoTHOCTHL OYypOBOro pacTBopa, r/em’
0-1000 1,17
1000-2390 1,30
2390-3073 1,40
3073-3150 1,14
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B

_ AaBneHMe °6pymeHM”
AaMeHMe ospywe“”” _
MW PekomeHayemas
[asneHue Bbibpoca 3 s 18
.. | —— AT .. SS—
8 PP9 18 8 PPg 18
[laBneHune nornoweHns [laBneHune nornoweHuns
8 PPg 18 8 PP 18
[NaeneHne obpyweHus [lasnenvne obpyweHus
8 pPY 18 8 pPg 18
[laBneHue ruapopaspblisa [laBneHve ruapopaspbisa
TVD |5 PPg 18 TVD [ PPg 18
(m) [lasneHue Bbibpoca (m) [laBneHue Bbibpoca
1:20000 |3 pPY 18 1:20000 | g pPg 18

— 1250 — — 1250 —
- 1750 — — 1750 -
— 2250 — - 2250 -
— 2750 — - 2750 -

Pucynok 28 — PexoMeHyemast INIOTHOCTh OYpOBOTO pacTBOpa (HENpepbIBHAS 3€JE€HAs JIMHUS) 1O
CPaBHEHHIO C JACHCTBUTENHHBIM OYpOBBIM pacTBOPOM (MyHKTHpHAs uyépHas nuHust). CieBa Moaelb
BEpPTHUKAJIbHOM CKBaXXUHBI Al, cripaBa MOiellb CIPOEKTHPOBAHHON HAKIIOHHO HAIPaBJIEHHOM
CKBaKMHBI

OCHOBBIBasACh Ha PEKOMEHAALNHU IIOTHOCTU OypOBOTO pacTBOpa M pacdyérax MOCTPOCHHOM

MOJICITH, TIPE/ICTABIICHBI CIICAYIOIINE PEKOMEH ALY 10 KOHCTPYKIIMU CKBaXXHHBI (PrcyHOK 29).
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B unrepsane or 725 no 1000 MeTpoB pekOMEHAYETCS HE MEHATh IJIOTHOCTH PacTBOpa ¢
LENbI0 OBICTPOTO MPOXOXKJIEHHUs HTepBaia. OIHAKO B MHTEpBaje IIy0xe, MOJIENb MPOTHO3UPYET
CepbE3HBIC BBIBAJIBI, YTO MOXKET OBITh MPUYMHOHN MpoOiieM mpu OypeHHH, IMO3TOMY HEOOXOIMMO

MOBBICUTH TUNIOTHOCTH OYPOBOI'O PacTBOpA.

5.3. BapuaHT 3akaHuYMBaHMe CKBAKMHBI 1 KOHTPOJIb MEeCKONPOsIBJIEeHU S

[TeckonposiBIEeHNE OTHOCUTCS K HETAaTUBHBIM SIBICHUSAM Ipoliecca J0ObIUM YTIIEBOJAOPOIOB.
OHa MOXET CHUJIBbHO YMEHBIIUTh TEMIBl JOOBIYHM, MOBPEIUTH 3a00HHOE O00OpYyIOBaHHE U
MIOBEPXHOCTHOE OO0YCTPOHCTBO. A TakKe YBEJIWYMBAET PUCK OOpYILIEHUS CKBaXKuHbI. JlaHHas
npobjieMa 4acTo HaOJIFOJAaeTCsl TOCe Mepruoda OTHOCUTEIBHO TUTaBHOM m00bun. EE mosBieHue
OOBIYHO COBMAJaeT C YBEIUYCHHEM HCTOIICHHUS IUlacTa, OOBOJHEHHOCTHIO CKBAXUHBI WU
M3MEHEHHUEM MEXaHUYECKOro crocoda J00bIYn.

[ToTenman MECKONMPOSBICHUS 3aBHCUT OT MHOXKECTBa (DaKTOpPOB, BKIIIOYAsl COCTOSHUE
HaIpsDKEHWH, TIOPOBOE JIaBJICHWE, CBOMCTBA IJIaCTa, MCTOIIEHUE, OOBOAHEHHOCTh M TaK Jajee.
Ecnu mpouHOCTHBIE CBOMCTBO TOPHBIX MOPOJ KOJUIEKTOpA HHU3KHE, TO HEOOXOAMMBI MEpPHI MO
MpeAYNPExRACHUIO, KOHTPOIIO NeckomnposiBieHus. Koiekropa ¢ NTpOYHOCTHBIMH CBOWCTBAMH
BBIIIIE CPETHUX HE HYKIAIOTCS B TaKUX Mepax [22, 24, 25].

Pemienus o 3akaHYMBaHUU M MapaMeTpax IKCIUTyaTallMy CKBAKHHBI JJISI TIPEyIPEKACHUS
MIECKOMPOSBIECHUS OKHBI ONUPAThCA HAa WHIWBHUYyalbHbIE XapAKTEPUCTUKU CKBAaYKMHBI, BKIIFOYAs
yIroJ HaKJIOHA, a3UMYT MO OTHOILIEHHUIO K IMOJI0 HANpsDKEHHS, YUUTHIBAas MPOYHOCTHHIE CBOMCTBA
TOPHBIX MOPO/JT KOJUIEKTOPA.

B nmanHOli paGoTe OCHOBOHM i1 BbIOOpa 3aKaHUMBAs CKBAXKHWHBI, CIIYKHUT OPHUEHTAITUS
HalpsHKEHUH M MPOYHOCTHBIE CBOMCTBA. YUHUTBHIBAsS HUXKE CPEJHEro - CPEAHUE IMPOYHOCTHBIE
CBOMCTBAa IOPCKHUX [I€CYAHUKOB. bOJIbIIOE KOJWYECTBO BHIBAJIOB U HEOJHOPOIHOCTH TOJIA
HampsDKeHUH o0 pa3pe3y TpeOyeT HCMOIb30BaHUE BapHUaHTa OTIMYHOTO OT OTKPBITOIO CTBOJIA
ckBakuHBI. [[prHUMas BO BHUMaHUE TOT (akT, YTO MPH J0OBIUE, JABIECHHUE B OKOJOCKBRKHHHOM
MIPOCTPAHCTBE HIKE MOPOBOTO, UYTO YBEIUYUT d(PPEKTUBHOE HAIPSIKEHUE U IMOJBEPTHET TOPHBIE
MOPOABl B OKOJOCKBOKUHHOM TPOCTPAHCTBE OOINBIINM Harpy3kam, TEM CaMbIM HHHUIUUAPYS
pa3pyLICeHUE TOPHOU MOPOIBI.

AHaJIN3 MEeCKOMPOSBICHHUS, COTJIACHO MOCTPOEHHON F€OMEXaHUYECKON MOJIEN TTOKa3aJjl, 4To
npu miactoBoMm aaBieHud B 30 MPa, um naBnenun Haceimienus 10,7 MPa. Ilpu Benuunne
nenpeccun 21 MPa (ke naBieHus HacbimeHus Ha 0,85 JgaBieHUS HACBHIIEHHUS, YTO
TEXHOJIOTHYECKU JOMYCKAeTCs), a TakXKe MPH ONMyCKAaHWHM XBOCTOBHMKA JUIsl FOPCKHUX TOPOJ Ha

peKoOMeHAyeMyl0 TIyOMHY, NpoOJeM CBSI3aHHBIX C IECKOINposBIeHHEM B Mmiuacte M1 u
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OoOpyILIEHHEM OTKpPBITOTO CTBOJIA HE NPEABUIUTCS, B TO BpeMs Kak IOPCKHE TMECYAHUKU MpU
nenpeccuu 10 MPa neMOHCTpUPYIOT MEXaHUYECKOE OOpYIIIeHNE, a CTIEACTBEHHO BBIHOC MTOPO/IBI.

HeoOxomuMbIM SIBIIIETCST UCTIONB30BAaHUE 3aIEMEHTHPOBAHHOTO W TIpornepGoprupoBaHHOTO
xBoctoBuka (Pucynok 30). Opuentanus mnepdopalMOHHBIX KaHaJOB TpeOyeT OpPHEHTAIHMH II0
HAIpPaBJICHNUIO0 MAKCUMAIILHOTO TOPU30HTAIRHOTO Hanpspkenus (SHmax)|[6,7].

Jns mmacta M1, o6nanmaromiero MPOYHOCTHBIMH CBOWCTBAMHU OT CpPEOHUX U BBIIIE,
JOITYCTUMBIN BapUAHT 3aKaHUYUBAHUS — OTKPHITHI cTBOJI. OJTHAKO B cliydae He0OCaXECHHOTO CTBOJIA,
BaXXHO NOo00paTh 3a00ifHOE NaBlieHHE, KOTOPOE HE BBI30OBET OOpPYIIEHHE CTEHOK CKBAXKHUHBI U
MOBpEXKIeHHE 3a00iHOT0 000pyAOBaHHUs, KaK IMOKA3bIBAET aHAIN3 MECKOMPOSBICHHUS BETUYHMHA

3a00MHOTO MOXET OBITh CYLHCCTBCHHOﬁ HUXKE 0,850T JaBJICHHA HACBIIMICHUSA, YTO COCTaABIIACTCA
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nemnpeccuto okoso 21 MPa.

OmepoITaal cTmon

Pucynok 30 — BapuaHTh! 3akaHunBaHus 118 miacta M1 v FOPCKUX TUTaCTOB

BaxxHoil wdacThlo mpollecca 3aKaHYMBAHUS SBISETCS BbIOOpP mepdopamuu, Tak Kak
nepdopanonHple  KaHaJdbl ~ 00ECHEYMBAIOT  COCOUHEHHWE  CKBAXKUHBI W KOJUIEKTOpA.
Hep(bopaHI/IOHHI)Ie KaHaJibl HC TOJIBKO IO3BOJIAIOT YIJIEBOAOPOAAaM IIonagaTb B CKBAXHWHY, HO U
BIMAIOT HAa WHTCHCHMBHOCTh NPHTOKA. B maHHOW paboTe, MO TPUYMHE CBONCTB FOPCKUX
KOJIJIEKTOPOB, KOTOpbIE TPeOyIOT KUCIOTHOM 00paOOTKM, THAPABIMYECKOrO pa3pbiBa ILIACTOB,
nenecoodpa3eH BBIOOp WHTEHCHUUIMPOBaHHOW nepdopanyuu. J[aHHBIH BUA XapaKTepu3yeTcs
MaJIbIMU YTJIAMH MEXAY 3apsilaMU U BBICOKOM TIOTHOCTBIO NEpOopariui.

Tak kak kucnora u Ttpemmubl ['PII mpoaBuratorcs He3aBUCHMO OT mnepdOpalmOHHBIX
KaHaJoB, To (a3upoBKa nepdopaTopa, MIOTHOCTh U AUAMETp MephOpalOHHBIX KAaHAIOB UIPAOT
6oJiee BaXKHYIO pOJIb, YeM INTyOnHa MPOHUKHOBEHUSI.

Yron dasuposku nepdoparopa npemtaraeres 180° — 45°, npu miorsocTH nepdopauuu 10

KaHayoB Ha meTp [28,29].
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Taxoke Ui OTpaHUYEHUS TECKONPOSBIEHUS 0€3 HCHOJIb30BAHUS T'PaBUIHBIX (DUIBTPOB,
KOTOpBIE CHIDKAIOT MPOAYKTUBHOCTh CKBaXXHH, PEKOMEHIYETCS HCIIOJIb30BaHHE TEXHOJIOTHU
pacumpsironmxcst necouHsix GuibTpoB - Expandable Sand Screen (ESS) [43].

Cucrema ESS o0OecneunBaeT anbTepHATUBHBIE TIOBEPXHOCTHBIE (UIBTPHI B3aMeH
TPaIUIIMOHHBIX 3aKAHYUBAHUN C TOMOIIBI0 TPaBUNHONW HAOWBKM U HUMEET OTIWYHUTEIbHBIC
MPEUMYIIECTBA B YacTU CBOOOIHOIO IMPOCTPAHCTBA, BHYTPEHHErO AMAaMETpa 3aKaHYMBAaHUS U
MEHBIINX TOTEPh JaBJICHUS HAa TPEHUE MPHU OJHOBPEMEHHOM TOIEPKAaHUH YCTOWYMBOCTH CTECHOK

ckBaxkuHbl (Pucynok 31).
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Pucynok 31 — Texuomorus ESS [43]

B ocHOBe KOHCTPYKLMH JIKHUT CTaldbHas Tpyda C NpOpe3siMH, OKpPYKEHHas CIOEM
¢ubTpyrommx MeMOpaH. MeMOpaHbl COTKaHBI M0 Y30py «TOJIIAHJICKOM CapKu» W 3aKperuieHb
MEX]Ty OCHOBHOM TpyOO#i ¢ mpope3siMu U 4exyioM. Yexon - cTaibHO# JucT ¢ npopessmu. Cructema
paciIupeHus UCTIONb3YyeTCs Ul MOACTpauBaHusl PUIbTPa MO/ FEOMETPHUIO CKBaYKUHBI.

TakuM 00pa3oM, MpenoKeHbl BapUaHThl 3aKaHUYMBAHUS CKBAXXUH JJISl IOPCKHUX IJIACTOB U
wiacta M1. IlpoBenéH aHanu3 MecKOIpOsBICHUsS W o0OBaja MOpoJ, KOTOPBIM MOKazaji, 4To JUis
IOPCKUX TECYaHUKOB HEOOXOTUMO HCIOJIH30BAHME IEMEHTUPOBAHHOTO, MPONEpPOpPHPOBAHHOTO
XBOCTOBHUKA ¢ TexHojorued ESS. JIyig macta M1 BO3MOXHO HCITOJIB30BAaHHE OTKPBITOTO CTBOJIA. B
cilyyae omyckaHusi 3aboiiHoro aaeieHus a0 0,85 naBineHMs HACBHILEHHS, OOpPYIIEHHS CTEHOK

CKBAKMHBI MOJICJIBIO HC ITPOTHO3HUPYCTCA.

58



59
6. Pe3yabTaThl MCCJIeI0BAHMS

Pa3pa60TaHHa${ TCXHOJIOTUSA TIPUMCHCHUA O)IHOMepHOI\/II reoOMeXaHNIeCKOU MOJCIN B LICJIAX
OIITUMHU3AIUN TPACKTOPHUH 6ypeHI/IH N 3aKaH4YMBasd OKCIUIYATAllHOHHBIX CKBAXMH B IIPCACIax

praHO-quHHCKOﬁ 30HBI HC(I)TGF A30HAKOIIJICHUS ITOKa3ajia CJICAYIOIUC pC3yJIbTAThI.

1. TlomydeHHble 3aBUCUMOCTH Ul PACHPOCTPAHEHUS! MPOYHOCTHBIX U YIPYTUX CBOWCTB IOPCKUX
MECYaHUKOB OTpa)kaeT NEHCTBUTENbHOE IOBEIEHUE TOPHBIX MOPOJ, MO3TOMY MOTYT OBIThH

HCIIOJIb30BAHbI B IIOCTPOCHHUU I'COMCXAHUYICCKUX MOI[@J'IGIZ JIA TCPPUTOPHU 3anaz[H0171 CI/I6I/IpI/I,

2. Pa3zpaboTaHHas MeTOJHMKa MOCTPOEHHsSI OJHOMEPHOH reoMeXaHHMYECKOW OTpa)kaeT MOBEICHUE
KaBepHOMepa, npoduiemepa, MO3TOMY OO0JIaaeT [JOCTATOYHOH JOCTOBEPHOCTBIO JUIS
MIPOBEJICHUS] pacu€TOB MO pacdy€Ty TPAeKTOPUH, BHIOOPY ONTHMAIbHOW IIOTHOCTH OypOBOTO

pacTBopa,

3. HaxioHHO HampaBlieHHbIE CKBaXXHUHBI TPEOYIOT HCIOJIb30BAHUS MOBBIIMIEHHOW IUIOTHOCTH
OypoBoro pactBopa. Tak cormacHo uccienoBanuio IwioTHocTs (ot 1,17 o 1,40 F/CM3) JUISL
6yp€HI/I$I B HApaBJICHWU MAKCUMAJIIbHOI'O TOPU3OHTAJBHOI'O0 HAIPSKCHUA  SABJIACTCA

JIOCTaTOYHBIM JIJIsI CTAOMIIBHOTO OypeHHUS,

4. KoHCTpyKIMsI CKBaXKWHBI Ul OypeHMs HAKJIOHHO HANpaBICHHBIX CKBAaXHH CJIOXKHEE, 4eM
KOHCTPYKLIMS Pa3BEJOYHOM CKBaXHMHBI, II0 KOTOpOHl mocTpoeHa Mojenb. [Ipeanaraemast
KOHCTPYKLIMSL ~COCTOMT W3 HANpaBleHUs, KOHAYKTOpa, IPOMEKYTOUYHOH  KOJIOHHBI,

LIEMEHTHUPOBAHHOTO MpornephOpUPOBAHHOTO XBOCTOBUKA M OTKPBITOTO CTBOJIA,;

5. ZL]'IH YMCHBIICHHUA TIIECKOIPOABIICHHUA B HHTCPBAJIIC HOPCKUX IICCUAHUKOB PEKOMCHIAYCTCA
Hep(bopauml 10 HAITPaBJICHUIO MAKCUMAJIIbHOTO T'OPU30HTAJIBHOTO HAIPAaBJICHUSA, HCIIOJIb3YyA

nepoparopsi ¢ yriom dazuposkn 180°-45° i mmotHocTH mepdoparmn 10 kananos Ha 1 MeTp.

6. AHanu3 TEeCKOMNpOsIBICHUS TMoka3aji, uyto mpu aenpeccud B 10 MPa, B mHTEpBane FOPCKUX
MECYaHUKOB OXHUIAETCs pa3pylIeHHe MOPOJbl U, KaK CIEICTBUE €€ BHIHOC, B TO BpeMs Kak B

uHTepBane mwiacta M1, npu aenpeccun B 21 MPa, paspyiienne noposbl He IPOrHO3UPYETCS;

7. Hnsa FOPCKHUX MECYaHUKOB HE00XO0INMO HCHOJb30BaHHUEC LIEMEHTUPOBAHHOTO,
nponepdopupoBaHHOTO XBOCTOBHMKa ¢ TexHosoruedt ESS. Jlng mmacta M1 B0O3MOXHO

HCIOJIb30BAaHUC OTKPBITOI'O CTBOJIA.
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7. DUHAHCOBBII MEHEIKMEHT

B HacTosimiee Bpewms, Bo3pacTaromias Heo0X0AUMOCTh SKOHOMHUKH MHpa B YHEPropecypcax
noACTEruBaeT HedTera3oBble KOMIIAHUHA OypHUTh BCE TIIyOXKe M Ti1y0Oike, YTOOBI T0OBIBaTH OOJIBIIIE
YTIEBOIOPOAOB ISl YIOBJIETBOPEHUS MMOTPEOHOCTEN YenoBedecTBa. ITO TpeOyeT OypeHus MIacToB
Pa3IUYHON JIUTOJOTUYCCKOW MPHHAJICKHOCTH C PA3IMYHBIMU XapaKTEPUCTUKAMHK, 9TO BEAET 3a

c000¥ CII0KHOCTH CBSI3aHHBIE C OypeHHEM TTy00KO3aJIeraronuX TOJIII.

A,Z[eKBaTHOG npeaAcCTaBJICHHUC (1)I/I3I/I‘IGCKI/IX, MEXaHUYECKUX CBOWCTB M IIOBEJCHUS
KOJUICKTOPOB MOTYT COKpPATUTL 3aTpaTbl Ha 6prHI/IC n ,Z[06LI‘-Iy B 3Ha4YMTEIIbHOM CTCIICHU,

MIPOTHO3UPYS HEKOTOPBIE TPYJHOCTH MPpH OYpEHUH.

7.1. CtroumocTb OypeHus

Kimrou k ycmexy mns mwo0Ooi Oypsimiedcss CKBaXXMHbI — MHUHHMH3alUs CTOMMOCTH B
COBOKYIHOCTH € O€30MaCHOCTBIO, OXPAaHOM OKpy»XKarolled cpeasl U OTCYTCTBHE IpoOieM mpu
Oypenun. ['nmaBHOW cocTaBisiomedl 3aTpaT Npu pa3paboTke He(TEra3oBBIX MECTOPOXKIACHUI
CBsi3aHO C mporeccoM Oypenus. s Toro, 4roObl MHHMMH3UPOBATH H3JIEPKKUH Ha OypeHwue,
Heo0X0IuMO BBIOpATh MOJIXOAIINE MapaMeTpsl npoiecca Oypenus. Kaxxnas ckBaxxuHa, cOrjacHO
re0JIOTHYECKMM OCOOEHHOCTSM DPETHOH, KPOBJIE LENEBOr0 IUIACTa, TEXHUYECKUM 3aJepKKaM U
JpYTMM HE XapaKTEpHBIM 3aep>KKaM MOTYT UMETh 3aJEPKKY OT 4 MEcCSLEB N0 HECKOJBKHX JIET.

WHorpa, usz-3a npobieM npu OypeHuu, nporpamma OypeHMH MOXKET OBbITh 3aMOpo’keHa Ha 2-4

roja.

CTonMOCTh OypeHHs MOKET OBITh pasjeiieHa Ha 2 4acTH, (MKCHPOBAaHHBIEC H3JEPKKU H
nepeMeHHbIe(26):
Cmoumocms mempa Oypenus=(Cbh+Cr*(tb+tc+tr))/ 4D (26)

I'ne Cb — croumocts nonora ($), Cr — croumocts CITO ($/4), tb — Bpemst pabotsr mosora (u), t¢ —
BpeMsI Ha HapaiiuBanue nHcTpymenTa (4), tr — Bpems Ha CITO (4) u AD — npoOypeHHBIi HHTEpBa
(mMetpoB). CIIO MoryT OBITH OIICEHEHBI IyTEM pUMEHEHUsI HopMybI(27):

tr=1+(3Din)/1000 (27)

I'me Din — niuHa OypHUIbHON KOJOHHBI B CKBAXKHHE.

CroumocTts OypeHus — KpUTHUeCKUil (akTop B ompeneieHUH (UHAHCOBOW BBIPYYKH OT
He(Tera3oBbIX MHBECTHUIHMA. B 0COOEHHOCTH, MPU BHICOKMX OMEPALMOHHBIX 3aTpaTax U YacThIX
npobiemax mpu Oyperun. Ontumusanus OypeHUs — BaXKHBIM (aKTOp B YMEHBIICHUH BPEMCHH
MpoCTOsi OypOBOM YCTAaHOBKHU, TO €CTh BPEMEHH, Korja OypeHue MpHOCTaHOBIeHO. ONTUMU3AIIH
OypeHus Takke IMOBBIAaeT 3PPEeKTHBHOCTh OypeHHs, 0€30MacHOCTh M CIIOCOOCTBYET 3alllUTE

OKpY’KalolIel cpebl MyTEM OIpeieIeHUs] KOHKPETHON MpOorpaMMBbl IJIOTHOCTH OypOBOIo pacTBopa
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1 HEeOoOXOMUMBIX MaTepuasnoB. [[is Toro, 4ToObl CHU3HUTH OOIIME W3AEPKKH, CKOPOCTh OypeHus
JOJKHA OBITh YBEIMYEHA, YTO JOCTI)KMMO TpPH OIEHKE MapaMmMeTpoB OypeHHs, BIUSIONIUX Ha
CKOpPOCTh OypeHUsI.

CormacHo dopmyne (26), Tpu MEpEMEHHBIX MOAYEPKUBAIOT POJb BPEMEHU HA H3IACPIKKH.
Bpewms, 3aTpaueHHOe Ha HapallMBaHUE UHCTPYMEHTA, 3aBUCHUT OT 3PPEKTUBHOCTH PabOTHI OypOBOi
Opurana, a takxke BpemMeHu Ha CIIO Takxke 3aBUCUT OT TIyOWHBI U 3(PPEKTUBHOCTH OYpOBOU
Opuraabpl HAXOASIICHCS Ha CToJie poTopa. Twm 1010Ta BIUSET HAa BpeMs pabOThI 10JIOTA U HA BpeMs
CIIO. HecoOoTBETCTBYIOIIMIA THUI J0J0TA MPUBEAET K CHUXKEHHUIO CKOPOCTH MPOHUKHOBEHHUS B
MOpoay, a TaK)Ke M3HAIIMBAHUIO J0J0Ta, uTo nobaBnseT BpeMeHu Ha CIIO. Bceé ato pacxomyer

MHOTI'O BpCMCHU U Il06aBJ'IHeT JOIMMOJIHUTCIILHBIC 3aTPAaThl KOMIIAHUN [37]

7.2. AHaIu3 BpeMeHH NpocTosi OypoBoii YCTAHOBKH
[IpocToit OypoBOIl yCTaHOBKM OIpenessieTcsl KaKk BpeMsi, BO BpeMsl KOTOpPOro OypeHHus
MIPUOCTAHOBIIEHO WJIM CKOPOCTb OYypeHHs O4YeHb HH3Kas M CIEAYIOLIee — OCHOBHBIC NPUYUHBI
MIPOCTOSI:
1. TToTeps uupKynsu 6ypoBOro pactsopa (0O0JIbIIOE MOTIIOIICHUE)
2. IlpuxBaT OypHJIBHOH KOJIOHHBI (MEXaHMYECKHE M OTHOCSIIMECS K TEOMETPHU CKBaKWHBI
TIPUXBATHI)
3. Y3K0€ «OKHO» INIOTHOCTU OypOBOI'O PacTBOpA, YTO BEAET K MOTJIOLICHUIO WIIM BIOpOCcCaM
4. Boripochl yCTOMYMBOCTH CKBa)KMHbI
5. ABTo-I'PIl (BO3HMKHOBEHHE MCKYCCTBEHHO OOpa30BaHHBIX TPEIIMH, MOSBISIOLIUXCS BO BpeMs
OypeHus)
6. MemenHast cKOpocTb OypeHus: B TBEPABIX OpoJax
7. CIIO c nenpro 3aMeHBI 10J10Ta
8. JloBmIIbHBIE OTIEpaliuu
9. BropnuHoe 1IeMEHTUPOBaHHE HHTEPBAJIOB
KonngecTBeHHO IPOCTOM MOTYT OBITH KJIACCH(PULIUPOBAHBI KaK:
1. TToTeps unu noBpexaeHUue 000py10BaHHS
2. ®uHAHCOBBIEC TOTEPH (3aTPATHI MPEBBIIIAIONINE OIOKET)
3. Bomipocsr oxpansl Tpya
4. OxxuaHue JOCTaBKU 000pY0BaHMS U HOBBIX TEXHOJIOIMYECKHX YCTAaHOBOK
Dodson B 2004 caenan BeIBOIBI, 4TO 0K0JIO 40% TPOCTOEB BHI3BAHBI KAK HECTAOMIBLHOCTHIO
CKBa)XXHMH, TaK ¥ BOIPOCAMH TIOPOBOTO JIABJICHUS (BBIOPOCHI, Ta30MPOSBICHHS, BOJAOIPOSIBICHUS B

BEpXHEW YacTu paspesa, MoTeps HUPKYISAIUK, pa30yxaHue TJIUH U NpUXBaT OYpPHIbHON KOJOHHBI),
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M03TOMY, YTOOBI ONTHMHU3UPOBATH NPOIEcC OypeHHS M yMEHBIIUTH OOILIME W3ACPIKKH, OOJBIIOE
BHUMaHHE CTOUT 00paTUTh Ha OOPHOY C JAHHBIMU SBICHUSMHU.

Takum 00pa3oM, BO3MOYKHAsT SKOHOMHS CPEACTB MOKeT pocturath 40% [38].

7.3. YMeHblIIeHHEe BPEMEHHU MPOCTOsi 0yPOBOii YCTAHOBKH

[IpoGnembl HeCcTaOWMIBHOCTH CTBOJIAa CKBKHUHBI B Pa3BEJOYHOM M HSKCIUTyaTallMOHHOM
OypeHun crosT oTpaciu Oosnee yem 100 MMIUIMOHOB JOJJIApPOB B MECSIl IO BCEMY MHPY U
BO3MOXKHO Oojiee OJHO MWUIMapaa B Toa. Yacto BcTpedaromiascs mpobdiemMa — yBEIMYCHHE
JIaMeTpa CTBOJIa CKBRKWHBI M3-32 Pa3MBIBOB MJIM BBIBAJIOB, OOpPYIIEHHE M3-32 XPYIKOCTH TOPHBIX
nopoa. Korjga ckBakrHa HauMHaeT 0OpymIaThes, OONbIINE U MaJIeHbKHE YaCTULIBI TOPHOU TOPOIBI
MOTYT 3aBaJIUTh OypHIIbHYIO KOJIOHHY M OCTaHOBHTbH €€ BpauieHue. Ecnu OypuibHas KOJIOHHA He
MOXKET OBITh TOJHATa Ha TOBEPXHOCTh, HAYMHAIOTCS OIEpalMi IO OCBOOOXIECHHIO. Bpews,
MOTPAauY€HHOE Ha OCBOOOXKICHHE, MOXET BBIOWTH mporecc Oypenus u3 rpaduka. HMuHorma
HE0OXOMMO MHOTO JHEH A OCBOOOXIEHHS OypHJIBHOM KOJNOHHBI, YTO BEAET K BBICOKUM
3arparaM. B GonbIIMHCTBE ciydyaeB OypHIbHYIO KOJIOHHY OCBOOOKIAIOT, HO €CIIU 3TOTO C/eNlaTh He
yaI0Ch, TO CEKIUH DPACKPYUYHBAIOT, W MPHUCTYNAIOT K JIOBWJIBHBIM paboTaM, KOTOpBIE MOTYT
TSHYTBHCS] HEJICIISIMU.

Bpewmst OypeHust CKBa)KHHBI MOKET OBITH pasfencHo cieAyronmM obpasom (Tabmuma 7).
[lepuon OypeHus, Kak MoKa3zaHO, MOXET OBbITh Pa3/ieNI€H Ha: «IIPEBOCXOIHOE OypeHHEe», CKPBIThIE
norepu OypeHusi, Bpemsi, OTpauYeHHOE Ha pelIeHue MpodsieM OypeHHs, TEXHHUECKOE OKUIaHUE U
OCJIO’)KHEHUS Ipolecca OypeHusl.

«IIpeBocxoaHOE OypeHue» — BpeMsi, KOTOpOe OOBIYHO TPATUTCS Ha OypeHHE CKBa)KHMHBI O€3
OCJIOXKHEHUH, CKPBIThIE NMOTEpU OypeHHs — BpeMs, KOTOpOe 3aBUCHUT OT 3(pPeKTUBHOCTU pabOTHI
OypoBoii 6puransl. [TosBrenust mpoGieM npu OypeHHMH, CKOpEi BCEro, YBEJIUYHUT BPEMsi, KOTOPOE
Kiaccuuupyercs Kak BpeMsi NOTEpU HUPKYISIIUKM OypoBOTO pacTBOpa, Bpems Ha OOpnly ¢
He(dTerazoBOJONPOSIBICHUSIMU U OCBOOOXKACHUEM OypPUIIBHON KOJIOHHBI.

Texnuyeckoe oXHuIaHUE — BpeMsl OXUIAHHS JIOCTaBKM OOOpyAOBaHUs g paboOThl B
HKCTPEMAIIbHBIX YCIOBUSX, HETIPEIBUACHHBIX paHee.

[ToromHble ycaoBUs — BpeMs Ha MEPEKUAaHNE IITOPMOBBIX BETPOB, yparaHa, rpo3 M Ipyrux
OTIACHBIX IPUPOIHBIX SBICHUIA.

OcnoxHeHus mporiecca OypeHHs BKIIOYAIOT BOMPOCHI OXpaHbl TpPyAa M 3aTParuBaioT

BOIPOCHI BHIOPOCOB (PIIFOMIOB, MTOKAPOB, YTEUKH CEPOBOIOPOJIA B MPOLIECce OYpeHUsI.
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Ta6muma 7 — CtpykTypa BpeMeHH mporiecca oOypenust [38]
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8. Social responsibility

This section of the master's thesis covers the analysis and development of measures to
ensure favorable conditions for the work of personnel at production facilities in the Urman-

Archinsk oil and gas accumulation zone.

8.1. Analysis of identified harmful and hazardous factors in the production
environment

The following dangerous production factors have been identified:
- Heavy weather conditions;
- Exposure to the human body of harmful substances (solvents, crude oil);
- Increased gas content (hydrocarbon gases, CO2);
- Trauma in the process of work;
- Large explosion risk of production.
Weather conditions

The peculiarity of the labor conditions of operators for oil extraction is work, mainly in the
open air, as well as movement through the territory of the facility and between objects, frequent
ascents to special sites at altitude. Meteorological conditions have a great impact on the health,
well-being and working capacity of a person. Therefore, an important factor in the severe climate of
Western Siberia is the meteorological factor. At a low ambient temperature, the heat balance is
disturbed, which causes hypothermia leading to the disease. The limb mobility is reduced as a result
of intensive heat transfer of the body, which inhibits movement. This is the cause of accidents.
The normalization of meteorological parameters is established by GOST 12.1.005 - 88 [44].
The main types of work during the operation of wells are performed in the open air, and the
extracted oil, its components and various chemical reagents used in the extraction process are toxic
and explosive substances. Therefore, it is important for the worker to provide protection from
aggressive environments, as well as comfortable operation in severe weather conditions. Workers
should be provided with overalls of the corresponding season.
Harmful gases and chemical reagents

During production operations, workers can be exposed to harmful gases and oil vapors, the
source of which are flawed connections leakage failure, mechanical strength of the Christmas tree,
due to corrosion or wear, exceeding the maximum permissible pressure, failure or failure of the
control and safety valves. VVapors of oil and gas with a certain content of them in the air can cause
poisoning and disease. The microclimate of work places must meet the requirements of GOST

12.1005-88 SSBT "Air working area. General sanitary and hygienic requirements" [44].
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The sources of negative chemical factors are various harmful substances used in the fields -
demulsifies, various chemical agents (inhibitors and demulsifies) spilled in a certain area or harmful
gases released into the atmosphere during repair work on pipelines. Poisoning with oil gases and
various kinds of inhibitors happens due to the non-tightness of the piping, pipes, storage tanks for
poisonous substances.

During operation in enclosed spaces, as well as during planned repairs and elimination of
accidents, it is necessary to control the gassing of the air environment by stationary sensors or
portable gas analyzers. The content of oil vapors and gases in the air of the working area should not
exceed the maximum permissible concentration - 300 m2 / m3, GOST 12.1.005-88 [44].

During the repair of the well, if there are oil vapors and gases in the air above the MPC, it is
necessary to damp the well with the liquid of the necessary parameters and qualities. Work in the

gassed zone should be carried out in gas masks.

8.2. Fire safety

Fire and explosion safety is provided at all wells including wells.

Before entering the room of the group metering station (AGZU) it is necessary to open the outside
of the blinds, turn on the fan and ventilate the room for 20 minutes before the start of work in the
AGGU grounded by two conductors.

Gas hazardous work, including work related to the stay of people inside the apparatus, tanks
and other equipment should be carried out in cases where they cannot be mechanized, automated or
conducted without the direct participation of people; Should implement measures to reduce the
number of gas hazardous works and improve their safety through improved technological processes,
the introduction of modern diagnostic methods for hydraulic, mechanical, chemical cleaning of
process equipment and communications, etc. [45].

For each workshop, a list of gas hazardous works must be developed. It must be separately
indicated gas hazardous works carried out with the design of the work permit and work carried out
without registration of the work permit, but with the mandatory registration of such works before
they begin in the journal. The list of gas hazardous works should be periodically reviewed at least
once a year and re-approved by the technical director of the enterprise.

When preparing an object for carrying out gas hazardous work, the responsible is assigned
to the engineering and technical worker - the master in charge of which is the operating personnel.
At direct carrying out of gas-hazardous work responsible the worker is appointed - ITR not engaged
for the period of carrying out of work by conducting of technological process and knowing ways of

safe carrying out of gas-hazardous works.
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To prepare the facility for gas hazardous works, the whole complex of preparatory works is carried
out in accordance with the rules.

At the same time, measures are taken to minimize the hazard by releasing pressure,
removing harmful and explosive products, excluding their receipt from adjacent technological
systems, and also to eliminate possible sources of sparking. The location of gas hazardous work
associated with the possibility of the release of explosive and harmful products is protected, and if
necessary, posts are put up to prevent unauthorized persons from staying in the danger zone [45].

In an emergency situation, it is necessary to close the valves and reduce the pressure to

atmospheric pressure. Strip gas through flange connections is prohibited.

8.3. Protection of the environment

To increase the degree of environmental safety and minimize damage to the environment by
the existing and projected objects of the Urman-Archinsk oil and gas accumulation zone
(UAOGAZ), the following measures are envisaged: Utilization of associated petroleum and natural
gas. Gas preparation for transport is provided at the gas compressor station (GCS), which was put
into operation in June 2002.

Commissioning of sewage treatment facilities of the shift camp. Concentrations of pollutants
entering the river. Shegarka (Kolga) with purified wastewater from the WWTP of the shift camp for
each of the limiting indicators of harmfulness will not exceed the MAC. The projected scheme for
wastewater treatment provides the required MAC for the discharge of treated sewage into reservoirs
of the 2 groups of fishery importance.

Disposal of waste camps, construction debris, residues of insulating materials at its own
landfill site located in the bush area No. 35. The design of the landfill is designed in accordance
with the requirements of protection of subsoil, soil, surface and groundwater, wild animals.

To house toxic industrial waste (oil sludge), it is planned to build a sludge collector in the
area of bush No.10, which will reduce pollution of soils, vegetation and watercourses with oil
products.

With the expansion of the arrangement of UAOGAZ, the following measures aimed at
protecting the environment are envisaged:

* placement of engineering networks in a single corridor with the minimum distance available in
accordance with construction norms, which reduces the area of seized lands to 30%;
* Reclamation of disturbed lands withdrawn for short-term use;

 Arrangement of artificial structures, ensuring the preservation of surface runoff, in-basalt flow;
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» Arrangement of hermetically sealed rainwater sewerage in the clusters with discharge of drains
into drainage and sewage tanks and subsequent treatment of effluents at the treatment facilities of
the OPF field,
* discharge of water at the washing of pipelines in the drainage and sewage capacity in the cluster
sites.

Technological solutions that ensure environmental safety:
« automation of technological processes, which allows you to work without the constant presence of
maintenance personnel,
* elimination of constant emissions by a torch under normal operating conditions,
* Improving the dispersion of pollutants through the selection of the optimum parameters of
emission sources;
» complete sealing of the oil and gas collection and transportation system, underground laying of
technological pipelines;
* 100% control of joints of welded joints of pipelines;
* protection of equipment and pipelines against corrosion;
* testing equipment and pipelines for strength and tightness after installation;
* installation of an alarm system on the equipment of cluster sites and pipelines;
» Arrangement of an earthen shaft along the perimeter of cluster sites and technological sites to
localize potential oil spills, methanol;
* carrying out a set of preparatory works (cutting of forests, bushes, layout of sites) in the winter
season;
* logging around the cluster and technological areas at a distance that ensures fire safety;
* Organization of waste management in the framework regulated by legislation in the field of
environmental protection.

In order to reduce the negative impact of field development on the subsoil, the following
activities are envisaged:
« use of low-toxic chemical agents of 3 and 4 hazard classes for drilling wells;
* isolation of aquifers and oil and gas bearing layers by cementation of the culled space;
» pumping highly mineralized water into productive oil reservoirs in exchange for oil withdrawn
from the formation;
* the seizure of groundwater in quantities ensuring the preservation of the basic properties of the
aquifers used,

* collection and decontamination of drilling wastes, their burial;
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» carrying out the conservation or liquidation of wells according to an individual plan, coordinated
with the local bodies of the Gosgortechnadzor and a paramilitary detachment for the prevention and
liquidation of open fountains.

With a view to rational use of subsurface resources, it is envisaged to reduce water
consumption for production needs and drilling using circulating water supply systems. To exclude
oil losses and reduce reservoir pressure, a method is used to extract raw materials using the pressure
maintenance system, which excludes disturbance of the equilibrium of the geological environment
in the exploited oil reservoirs. Cenomanian water is used to maintain in-house pressure.

To ensure the protection of groundwater from pollution, the following measures are envisaged:

« application for drilling of wells of low-toxic chemical agents of 3-4 hazard classes;

 accumulation of drilling wastes in waterproofed slurry barns;

* Cementing of the conductor and production column, concreting of the wellhead and wellhead
sealing equipment;

* Maintaining the proper sanitary condition of the sanitary protection zone 1 of the water intake belt
for the shift camp.

Action on the rational use and protection of lands, vegetation and wildlife:

For the purpose of protection and rational use of lands, the following main environmental
principles are envisioned in the expansion of the arrangement of UAOGAZ:

» the decision of the master plan taking into account the technological interrelation of the
construction object with the existing engineering communications (roads, lines VL-6kv, oil
gathering and gas gathering collectors, water conduits of the RPM system);

» compliance with standards for the density of development of technological sites; The laying of
utilities in one corridor, which reduces the demand for land by 30%;

* the project establishes solid boundaries for land allocation;

* The land was questioned for land not used in agricultural production, mainly occupied by bogs
and forests of the 3rd group, rarely by forests of the 2nd group (forests of water protection zones
and watercourses);

» Strict adherence to the technology of excavation;

* use of technological systems for the production of works, machines and mechanisms that cause
the least damage to the soil surface and the plant environment;

+ draining spent fuel and lubricants in the locations of construction equipment in the vessels
intended for this purpose;

« Strict adherence to fire safety rules in the production of construction works in forest areas, in

residential and administrative premises;
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* the implementation of land reclamation in the course of and immediately after the completion of
construction.

In the period of operation to prevent chemical contamination of land with methanol tanks, its
storage and pumping equipment are installed on reinforced concrete sites, having a dressing
connected with the drainage capacity. For the localization of methanol leaks from the stuffing boxes
of the pumps and the seals of the stop valves, a system of drainage trays having an outlet to the
collection tank is provided, where methanol is pumped out by one of the metering pumps. Bochotar
from methanol, after preliminary washing, is stored on the storage area for further shipment to the
enterprise that supplies this chemical. Water from washing is to be collected by the networks of
industrialization into the drainage tank of condensate drains with subsequent removal to the sewage
treatment plant of industrial effluent with the subsequent injection into the reservoir of the pressure
maintenance system.

To collect garbage, small containers and wrapping materials on all production sites,

installation of urns and special containers is provided. Garbage is transported to the landfill.
To avoid accidental spills of petroleum products on technological sites, it is planned to enclose and
waterproof the sites with a compacted undrained soil, in a methanol-concrete deposit. The internal
volume of the dumped site provides for a complete collection of stored fuel (methanol) in case of its
leakage.

The drainage of industrial rainwater from the dumped technological sites is to be carried out
through the rainwater drainage system into the drainage tanks with subsequent removal to the
sewage treatment plant and injection into the reservoir.

Constant monitoring of compliance with the projected boundaries of the strip of land
allotment ensures the preservation of soil and vegetation cover on the territories adjacent to the sites
[46].

8.4. Safety precautions for handling organic solvents

Organic solvents occupy a special place among the flammable substances used in
laboratories. They easily ignite, burn quickly and hardly extinguish. When burning EFL produce
heat 10 times more intensively than wood. Vapors of many organic solvents, even at room
temperature, are capable of forming fire-explosive mixtures with air. The danger of the use and
storage of organic solvents depends on a number of conditions - the amount and flammability of the
liquid, the temperature, the tightness of the equipment or packaging, the presence of sources of
ignition, Classification of EFL according to the degree of danger.

Depending on the flash point, the EFL is conventionally assigned to one of the three

categories [47].
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Table 8 — Classification of EFL [46]

Discharge Characteristics of the Flash point, ° C:
liquid In an open crucible In a closed crucible
I Particularly dangerous | before 18 before -13
I Permanently From -18 to 23 From-13 to 27
dangerous
I Hazardous at elevated | From 23 to 61 From 27 to 66
temperature

The first category includes acrolein, allyl chloride, acetal, acetaldehyde, acetone, benzines,
hexane, dimethyldichlorosilane, dipropyl ether, diethylamine, diethyl ether, isopropylamine,
isopropyl chloride, methylal, methyl methacrylate, methyl formate, propylene oxide, petroleum
ether, propyl chloride, carbon disulfide, tetrahydrofuran, Furan, cyclohexane, cyclohexene,
ethylamine, ethyl formate, etc.

The second category includes: acrylonitrile, allyl bromide. Allylamine, amyl chloride,
acetonitrile, benzene, butylamine, 2-methyl-2-propanol, butyl chloride, vinyl acetate,
hexamethyldisiloxane, heptane, dibutyl ether, dioxane, dichloroethane, diethylchlorosilane, diethyl
ketone, isopropyl acetate, 2-propanol, isopropyl formate, isopropyl carbonate, ligroin, methyl
acetate , Methanol, methyltrichlorosilane, methyl chloroformate, methyl ethyl ketone, piperidine,
pyridine, toluene, triethylamine, cyclohexylamine, ethyl acrylate, ethyl acetate, ethylbenzene,
ethyleneamine, ethanol, etc.

The third category includes: amyl acetate, amyl bromide, amyl formate, anisole,
acetylacetone, benzyl chloride, bromobenzene, butanol, hexyl chloride, decane, diamyl ether,
diketene, dimethylaminoethanol, dimethyl sulfate, N, N-diethylaminoethanol, diethylcarbonate
isoamy| acetate, kerosines, xylene, methyl acrylate, morpholine , Formic acid, octylamine, pentanol,
propylbenzene, propanol, turpentine, styrene, white spirit, acetic acid, acetic anhydride,
chlorobenzene, cyclohexanone, etc.

Liquids having a flashpoint above 61 ° C in a closed crucible or above 66 ° C in an open
crucible and capable of burning after removing the ignition source are classified as GF.

Work with flammable liquids

When working with EFL, three basic principles should be adhered to:

1. Do not allow flammable vapors to enter the atmosphere (prevent the formation of fire and
explosive mixtures);
2. To exclude the possibility of ignition in the event of accidental formation of fire and explosion

hazard concentrations of vapors (exclude the occurrence of ignition sources);
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3. to take all possible measures in advance, so that the consequences of the accident, if it does
happen, should be minimal.

Prevention of poisoning

The task of preventing exposure to working harmful production factors and in particular
harmful substances is solved by the production sonar. In the book on safety engineering it is
impossible to consider in detail the questions of industrial sanitation of labor protection. However,
every chemist should have an idea of the main directions of combating occupational poisoning.
Classification of chemicals by the degree of effect on the body

When working in a chemical laboratory, one must assume that all chemical substances are
poisonous to one or the other degree. Only pure water is completely harmless. By the degree of
exposure to the body, harmful substances are divided into four hazard classes:

1. - extremely dangerous;

2. - highly dangerous;

3. - moderately dangerous;

4. - Low-risk.

The assignment of a particular substance to a particular hazard class is performed according
to an indicator whose value corresponds to the highest hazard class. An essential precondition for
safe work with chemicals is not only the knowledge of the hazard class of all the reagents and
solvents with which we have to deal with everyday work, but also the knowledge of the
peculiarities of their toxic, action, basic poisoning prevention measures, poisoning symptoms and
ways of first aid in poisoning . Before you start working with new, unfamiliar substances, you
should not only study their chemical and physical properties, but also be sure to read through
reference books, for example, with their toxic effects and hygienic standards. Acute and chronic
poisoning. The result of exposure to harmful substances on the human body can be acute or chronic
poisoning. Acute poisoning occurs when relatively large amounts of harmful substances enter the
body in a short period of time and are expressed in vivid typical disturbances of normal vital
activity immediately after poisoning or after a relatively short period (from several minutes to
several hours, more rarely a few days). It is clear that acute poisoning can not occur during normal
operation, but is a consequence of emergencies, breakdowns of equipment, spills of harmful
substances or gross violations of safety regulations.

In contrast to acute, chronic poisoning occurs with prolonged exposure to the body of
relatively small amounts of wartime authorities and can occur in accident-free work, as a result of
non-compliance with the rules and standards for storage of reagents, inadequate ventilation
performance, non-compliance with personal hygiene rules, etc. The severe consequences of chronic

poisoning are aggravated by the fact that their symptoms are often nonspecific and do not bind to
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the true cause until the continued penetration of poisons into the organ It does not lead to serious
health problems. Often, chronic poisoning does not manifest itself as severe occupational diseases,
but it contributes to the development or exacerbation of common, non-occupational diseases. The
specificity of work in chemical laboratories is the extreme variety of harmful substances that affect
the clinical diagnosis of chronic poisoning [46].

Precautions for different routes of harmful substances entering the body

When working with chemicals should be prevented from penetrating into the body, the
person through the lungs, the skin I through the mouth.

Replacement of extremely dangerous and highly dangerous substances moderately and
minimally dangerous reduces the possibility of both chronic and acute poisoning. The admissibility
of such a substitution must be determined, first of all, by the specific features of the concrete work.
Thus, as a solvent for the recrystallization of organic substances or for carrying out reactions in
organic chemistry, instead of the benzene, which is related to high-osmium substances, it is possible
to successfully use moderately Dangerous Toluene. Although both solvents are structurally related
to the same class of organic compounds, toluene at 20 ° C is almost "three times less volatile than
benzene. Consequently, when working with toluene, all other things being equal, the air gets three
times less harmful fumes than when working with benzene. In some cases, the use of toluene gives
certain advantages, because it has a lower freezing point.

In workrooms, do not create reagent stocks, especially volatile: through leaks in the
package, they can gradually evaporate and for a long time poison the atmosphere, causing chronic
poisoning. The reagents necessary for current work should be kept tightly closed.

In emergency situations, when the atmosphere of the laboratory suddenly becomes
contaminated with poisonous vapors or gases, it is possible to remain in the room for elimination of
the consequences of the accident (switching off the equipment, cleaning spilled liquids, etc.) only in
a gas mask. Personal gas masks of each employee should always be in a working room in a
conspicuous place and be ready for immediate use. The box of the filtering gas mask must
correspond to the nature of the poisonous substance in the atmosphere. Spent boxes of gas masks
should be replaced in a timely manner. Do not use gas masks in the presence of virtually non-
absorbable substances in air-acetylene, methane, ethane, butane, ethylene, etc., as well as with an

unknown composition of vapors or gases that pollute the atmosphere.

8.5. Calculation of the amount of harmful substances entering the atmospheric air
Atmospheric air through the air of the apparatus with a change in the flow of 1 hour of the
temperature of the liquid and the gaseous medium in the apparatus from 40 to 42 ° C enter harmful

substances.
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Composition of liquid in the device,% (mass): water 40; Benzene 30 and dichloroethane 30.
The gas medium in the apparatus is air with an admixture of ammonia. Humidity of air ¢ = 50%.
The concentration of ammonia in the air is CNH3 = 10 mg / m3. The pressure of the external
medium is B = 101325 Pa. The diameter of the device is 1.4 m, the height of the apparatus is 2.5 m.
The degree of filling of the apparatus with liquid is kS = 0.7 [48].

Relative molecular weights of constituents of gas and liquid media: MH20 = 18,015; MB =
78.10; MD =98.97; MB = 28.96; MNH;3; =17.31
Mole fractions of constituent fluids:
Empirical coefficients for each component of a mixture of liquids:
Water A = 7.9608; B = 1678; C = 230;
Benzene A =6.912; B =1214.6; C = 221.2;
Dichloromethane A = 7.184; B = 1358.5; C = 232.

The partial pressure of the saturated vapor of the components over pure liquid substances:
lgP" =A-B/(C+t);

Att=40°C:

Ig P, " =7,9608-1678/(230 +40) = 1,746;

P}’bo =56,7 mm pmcem, uwu 75411 Ila;

lg Py =6,912-1214,6/(221,2 + 40) = 2,262;

P, =1825 mm pmcem, ww 242725 Ila;

Py =7,184—-1358,5/(232+40) = 2,190;

Py =155 mm pmcem, ww 20615 Ila.

Att=42°C:

Ig PHZOH =7,9608—-1678/(230+42)=1,792;

P,’;zo =618 mm pmcem, wwm 8239 [la;

Ig Py =6,912-1214,6/(221,2+42) = 2,297,

P. =198 wmm pmcm, um 26397 Ila;

P, =7,184—-13585/(232 +42) = 2,262;

P =1825 mm pmcem, ww 24331 Ila.

Partial vapor pressure of components above a mixture of liquids, Pa:
F=n-F";

Att=40"°C:
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P, o =75411-0,7637=5759; P, =242725-0,1321=3206,4;
P, =20615-0,1042=2143,0;

Att=42°C:

P, =8239-0,7637=6292; P, =26397-0,1321=3487;
P, =24331-0,1042=2 535.

The partial pressure of saturated water vapor in a gaseous medium:
lg Py, =0,622+75-1/(238+1);

Att=40°C:

lg P}, =0,622+7,5-40/(238+40)=1,7011;

P,;zo =50,2 wmm. pm.cm., uwm 6676,6 Ila;

Att=42°C:

lg P, =0,622+7,5-42/(238+42)=1,747 ;

Pjo =558 wmm.pm.cm., ww 7439 lla.

Partial pressures of the main gas component of air:

16-P, - M, -1000 3
= , Melm
(273+1¢)-133,3

Att=140°C:
) 18.015-1
H0:16 5759-18,015 000:39876;
: (273 + 40) 1333
C, = 16-3206,4-78,10-1000 96258
(273+40)-1333
:16-2148-98,97-1000:81710;

A (273+40)-133,3

~16-90210-28,96-1000

Cyy =10; C
Nty g (273 +40)-133,3

=1001690;

Att=42°C:

_16-6292-18,015-1000

o = =43186;
2 (273 +42)-133,3

_16-3487-78,10-1000

=103 770;
(273+42)-133,3

B

~ 16-2535-98,97-1000
A (273+42)-133,3

=95 588;
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~16-89010-28,96-1000
(273+42)-1333

Cpr, =10; C, =982115;

Average concentration of gas mixture components, mg / m>;
C,,mo =(39876+43186)/2 =41531;
=(96258+103770)/2=100014;

(81710+95588)/2=88634;

Ccp B
CCP A
Conm, =10 C, 5 =(1001690+982115)/2=991902;

Volume of gas mixture in the device:

V=n-D-H(l-k,); V=314-14-251-07)=33 .
Changing the temperature of the gas mixture in the apparatus:

At=t,—t, =42-40=2 °C.

An increase in the volume of the gas mixture with a change in temperature:

vo=v- 2332 _0024 .
273 7 2m3

The amount of constituents of the gas mixture evolved from the apparatus with low breathing, g /
h[47]:

Gi = VF .Ccpi ’
Gy =0,024-41 531-107° =0,984; G, =0,024-100 014-107° =2,400;
G, =0,024-83 634- 107 =2127; Gy, =0,024-10- 107 =0,00024 ;

G, =0,024-991902-10° =23,806.

Conclusion: The amount of harmful substances released from the device is calculated. There
is a need for more careful compliance with safety rules and regulations when working with such

substances in order to avoid chemical poisoning of employees.
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3akiroueHue

Ypmano-ApunHckasi 30Ha He(TEra3oHaKOIUICHUS SIBJISIETCS OJHOM W3 MEpPCHEKTUBHBIX B
Tomckolt o6mactu. bBypeHue 3amiaHupOBaHHBIX CKBaXXKUH TpeOyeT ONTHUMH3ALMU Mpoliecca
OypeHHsI ¢ LEbIO TOBBIIICHNUS PEHTA0CTHbHOCTH M CHIKEHUS OOIIMX 3aTpar.

JlaHHbIE L€ JOCTUTAIOTCS NMYyTEM MPUMEHEHMSI I'€OMEXaHMUYECKHUX MOJAENEH, KOTOphIe
MPEICKA3bIBAIOT WHTEPBAJIbI, XAPAKTEPU3YIOIIUECS TMOBBIIIEHHBIMH PUCKAaMH, CBSI3aHHBIMU CO
CTaOUIIBHOCTBIO CTBOJA CKBaXKMH. C JIOCTaTOYHOW JETAlbHOCTBIO OMpeensercs HeoOxoaumas
IUIOTHOCTh, HEOOXOMUMBIM BEIIECTBEHHBIH COCTaB [UIsl CHaOXeHHs OypOBBIX, a Takke
HE00X0IMMOE TEXHOJIOTHUECKOEe 000PYIOBAaHUE, YTO CHMUIKAET BpEMs, MOTPAueHHOE HA OXKHUJIaHUE,
00pb0Oy C HETaTUBHBIMU MOCIEACTBUSIMU NPU OYPEHUU.

B xoxe nccienoBanus BHIITOJIHEHBL:

o AHanu3  nabopaTOpHBIX  JaHHBIX C  LEJIbI0  MOJY4YeHHs  3aBHCHUMOCTH

PaACIpPOCTpaHCHUA IPOYHOCTHBIX U YIIPYT'HUX CBOMCTB IOPCKHUX IIECYAaHUKOB,

° BrinosiHeHbI 3Tanbl MOCTPOEHUS OJJTHOMEPHOU T€OMEXaHUUYECKON MOJIETH,

L PaCC'-H/ITaH BapI/IaHT TpaeKTopI/m JJISA HOC.]'IGJIYIOH_[I/IX 3KCHHyaTaI_[I/IOHHBIX CKBa’>XHH,
° Ornpezenena KOHCTPYKIIMSI HAKJIOHHO HAIllpaBJICHHOW CKBa)KUHBI,

o Hpe;[ﬂonceH BapI/IaHT 3aKaHYMUBaAHUA IJIA BKCHJIyaTaI_[I/IOHHBIX CKBAXHH.

B pesynbrare paboThl ClieaHbl CIEAYIONINE BEIBOBL:
TexHonorusi, pazpaboTaHHas JUisl TPUMEHEHUS] OJHOMEPHOW IeOMEXaHHMYeCKOH MOJEeNH B
LEJIAX ONTUMM3ALUN TPAEKTOPUHU OypEeHUs U 3aKaHUYMBas SKCIUTyaTallMOHHBIX CKBAXKHH B IpeaeIax

YpMaHo-ApUMHCKOH 30HBI He(TEra30HAKOIUICHUS, TOKa3aa CIEAYIOUINe PEe3yIbTaThl.

L4 HonyquHHe 3aBUCUMOCTHU JIA paCIIPOCTPAHCHUS IIPOYHOCTHLIX U YIIPYTUX CBOICTB
IOPCKUX MMCCYAHUKOB OTPaAXKacT ﬂeﬁCTBHTeHBHOe MOBCACHUEC IOPHBIX MTOPOJ, MO3TOMY MOI'YT OBITh

HCII0JIb30BaHbI B IOCTPOEHUHM '€OMEXaHUUECKUX Mojiesel st Teppuropun 3anagHoit Cubupy;

. Pa3zpaboTtanHasi MeTOAMKa MOCTPOSHHS] OJHOMEPHOW T'€OMEXaHHMUYECKOW OTpakaeT
MOBEICHUE KaBepHOMepa, mpoduiemMepa, MOo3ToMy 00jafaeT AOCTaTOYHOW JOCTOBEPHOCTHIO IS
MPOBEJICHUSI PAcU€TOB MO pPAcu€Ty TPACKTOPUHU, BHIOOPY ONTHUMAIBHOW IUIOTHOCTU OYypOBOTO

pacTBopa;

o HaknmoHHO HampaBi€HHbIE CKBO)XHHBI TPEOYIOT HCIONB30BAHUS TOBBIIICHHOM
IJIOTHOCTH OypoBOro pacTBopa. Tak coriiacHo mccienoBaHuio miotHocth (ot 1,17 mo 1,40 F/CM3)
UIss  OypeHWss B HANpaBICHUM MAaKCHMAJLHOTO TOPU30HTAIBHOTO HAMPSHKEHUS  SIBISICTCS
JIOCTaTOYHBIM ISl cTabuibHOTO OypeHus. Hanbomnee GnaronpusiTHOE HampaBiieHUEe A OypeHus —

HallpaBJICHUE MAKCUMAJIbHOI'O TOPHU30HTATIBHOTO HAIIPSIXKCHNA,

76



77

o KoHcTpyKuns ckBakUHbI 17151 OypeHHsI HAKIIOHHO HAIIPaBJIEHHBIX CKBaXKUH CIIOXKHEE,
4eM KOHCTPYKLHUS pa3BEIOYHOM CKBAKMHBI, 10 KOTOPOM mocTpoeHa Mozenb. IIpennmaraemas
KOHCTPYKLHsS  COCTOMT W3  HAIpaBICHUA, KOHAYKTOpA, IPOMEXKYTOYHOH  KOJIOHHBI,

LEMEHTHPOBAHHOTO TEp(GOPUPOBAHHOTO XBOCTOBHKA U OTKPBITOTO CTBOJIA;

o Jns  yMeHbLIEHUsT TNECKONpPOSABICHHS B HMHTEpBaJe IOPCKUX IECUAHUKOB
pexomenayeTcs nepdopanus 1Mo HampaBICHUI0 MaKCUMaJIbHOTO TOPU3OHTAILHOTO HAMpPaBICHUS,
HCTIONB3Ys epdhopaTopsl ¢ YIiioM (pa3supoBKH 180°-45° i mrotHOCTH nepdopamuu 10 kananos Ha 1

METp.
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Hpnnomenne A. Ciucok IMIIMPUIECCKUX 3aBHCUMOCTEH NMPOYHOCTH HA

OAHOOCHO€ CiKaTHE AJ NMECIaHUKOB

Ne UCS, MPa Pernon KomMmenTapun Ccpuika
1 35Vp-31.5 ['epmanus -

2 2.45 (Vp)+**

3 9.95 (Vp)-**

4 2.304 (Vp)**©*

5 64.2 Vp/1000 - 117.99

6 74.4 exp (-0.04PHI)

MenKo3epHUCThIE
1200exp(- CIIEMEHTHUPOBAHHBIC U
! 0.011*(10"3/Vp)) AcTpanns HECIIEMEHTHPOBAHHBIE
MECUaHUKHU
- 27, 28, 29
g | 1450140 i%)mxo.oo& 290< At < 460 Mcek/M [ ]
[ToGepexbe Cnabo
9 1.4138x107At™® MeKCHKaHCKO CIIEeMEHTHPOBAHHBIC
0 3aJIMBa TICCUYaHHUKH
10 3.3x 10—20p2Vp4 [(1+v)/ l\/ll_i ?{i;ﬂiﬁ;’zo JI1s1 IECYaHUKOB C
[(1-v)]A(1-2v)[1+0.78Vsh] UCS>30 MPa
0 3aJIMBa
KpymHo3epHucThIC
11 1.745x% 1079pr2—21 Cook Inlet, MEeCYaHUKH U
Aunsicka
KOHIJIOMEPAThI
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Ipunoxenue A. Ilpoaosxenue.

Ne UCS, MPa Peruon KommenTapun Ccruika
Kpenkue necuanuku
12 | 42.1exp(1.9x10 2pVp?) | Ascrpamus 0.05<PHI<0.12 and
UCS>80 MPa
13 46.2exp(0.027E) - -
14
OcagouHble
5aCCOHHDL OueHb YHUCTBIE, KPENKO
15 254 (1-2.7 PHI)? CIIEMEHTHPOBaHHbBIC
HOBcesdeCTH necuanuku ¢ PHI<0.3
Ilecuanuku ¢
16 277exp(-10 PHI) - 2<UCS<360MPa
and 0.002<PHI1<0.33
(0.0866xEdyn/Cdyn [27,28, 29]
17 (0.008Vsh+0.0045(1- - ['muHuCTHIC IECUaHUKH
Vsh)))*6.89
18 2.28+4.1089%E HOBCZMGCTH -
Huskonopucrsie
67 2k A g MOPO/IbI
19 1/(2.48x10 2%.3 At ToAXOHT 115t
23.87)%)
MECYaHUKOB, TJIMH,
KapOOHATOB
17 2 2
20 1.9x10™" pVp ((1+v9)/(1- CILIA

v)) x(1-2v) x(1+0.78Vsh)
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Hpnﬂomenne b. Cnucox IMIIMPHUICCKHUX 3aBHCHUMOCTEH IMPOYHOCTH HaA

O/IHOOCHOE CJKaTHe JJI TJIMH

Ne UCS, MPa Pernon KommenTapun Ccplika
B ocHoBHOM
1 0,77 (Vp /1000)*% Ce;zplgoe BBICOKOMOpUCTEIE TpeTHyHbIC
P TJTUHBI
2 0.43 (Vp/ 1000)3'2 Meﬁc;ie;;cm II1HMOLIEHOBBIE U MOJIOKE
3 | 1.35(Vp/1000)*° | IoscemectHO -
4 | 05 (vp/oogy? | Mexenkaci :
i 3aJIMB
B ocHoBHOM
5 10 (Vp/1000-1) Ce;zp I;OG BBICOKOIIOpUCTHIC TpeTnyHbIe
p TJTUHBI
B ocHoBHOM
6 7.97e%% Ce;gglgoe BBICOKOTIOpUCTHIE TpeTuuHbIe
Kpenkue FHHHB:) ¢HHbBIE [27,30]
7 7 9oE0712 i pETKKe U YIUIOTHEHHBI
TJTUHBI
Huskonopucteie (PHI<0.1)
8 1.001¢ 143 - KpeIKue
(~79 MPa)rinunbt
B ocHoBHOM
9 2.922¢ % Ce;zp}eloe BBICOKOIIOpUCTBIE TpeTnyHble
p TJTUHBI
_ Beicokomnopuctsie
10 0.286¢ 7% -
(PHI>0.27) rnunb!
11 | 0:458exp(1.504Vp)
[omyueHHbIe T JAHHBIX
12| 0.0123exp(4.89+pb) WIOTHOCTBIO < 2.4 T/eM®
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HpI/IJ'lO)KeHl/Ie B. Cnucox IMITUPUICCKUX 3aBHCUMOCTEH NMPOYHOCTH HaA

OOHOOCHO€ CiKaTHE IJ1 U3BCCTHHAKOB H 10JIOMHUTOB

No UCS, MPa Peruon KommenTapun Ccruika
1 | (25203.4/A0)"% /145 - -
5 10°(2.44+358/At) i i
1145
3 13.8E05 i Limestone with 10<UCS<300
MPa
4 o5 103 i Dolomite with 60<UCS<100
MPa
276x(1-3 PHI)?, ]
5 MPa Poccus
[27,29,33]
OTpakaeT HU3KYIO U CPEIHIO0
B Brmxani nopuctocTb (0.05<PHI<0.2)
6 | 143.8exp(~6.95 PHI) BocTok u Beicokyro UCS (30<UCS<150
MPa)
OTpakaeT HU3KYIO U CPEIHIOI0
_ i nopuctocTb (0<PHI<0.2)
7| 135.9exp(~4.8 PHI) u BeIcoKyI0 UCS (10<UCS<300
MPa)
8 165.05exp (- brnvxunii W3BecTHsAKH, Meprenb U
4,452/\/p) Boctok TIECUaAHHUKH
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Hpnﬂomenne I'. Ciniucok IMIIHPAIECCKHUX 3aBHCHMOCTEH yrjia BHYTPCHHET O

TPeHMs VISl TOPHBIX MOPO/

Ne FANG, rpamaych KommenTapun Ccpuika
1 Sin"((Vp-1000)-(Vp+1000)) [ THHBI
2 57.8-105*PHI [Tecuanuk
Tan™ ((I'K- I'nmuancTHIE
3 I'Knecuanuk)unecyanuk+(I' Kriouna- 0CaJIOYHBIC
I'K)prmuna))/(I'Krnmuna-I'’Knecuanmk) IOPOJBI
4 1.0691x10°M/0.0069+28 .51 Tecuannxk [27.30]
5 26.5-37.4(1-PHI-Vsh)+62.1(1-PHI- | [Tecyanuku " ’
Vsh)? TITUHBI
6 20.5+15(1-Vsh) [ecuannku
7 58-135PH| Perceie
TIECUaHUKHU
8 (Atan(0.1 pb*®)) x180/n [ecuanuku
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