MunucTepcTBO 00pa3oBanus U HayKku Poccuiickoit @enepauuu
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEeIIbHOE YUPEKICHUE
BBICHICTO 06p330BaHI/I${

«HAITMOHAJIBHBIN UCCJIEJIOBATEJIbCKHI
TOMCKHUHA NOJUTEXHUYECKN YHUBEPCUTET»

[llxona WMuxeHepHas MIKOJA MPUPOIAHBIX PECYPCOB

Hamnpasnenue moaroroku  21.04.01 Hedrerazoroe nemno

Otnenenne mkonsl (HOL) Otnenenue nedrerasoBoro nena

MATUCTEPCKASA JTUCCEPTALIUA

Tema padoTbl

npumepe He(pTaHOro MecTopoxaeHus Hopoabckoil BiaguHbl

AHaJM3 pacnpocTPaHEeHHUs TPeUMH ruapaBjndeckoro paspsisa miaacra (I'PII) mocie
NpoBeJeHUs] NOBTOPHOr0 MHOrocTaguiiHoro I'PII Ha ropu3oHTANBHBIX CKBAKHHAX HA

VK 622.276.66:622.831(571.16)
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I'pynna (07 (0] Moanucek Jara
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JloKHOCTH [%(0] Yuenas crenenb, MMoanucy Jara
3BaHHUE
[Tpodeccop benosepon B.b. JI.T.-M.H.
KOHCYJIbTAHTHBI:
I[To pazneny «®UHAHCOBBI MEHEHKMEHT, pecypcodr(hPEeKTUBHOCTD U PECYPCOCOEPEIKEHUE)
JloKHOCTH [%(0] ‘YueHasi cTeneHb, TMoanuch Jara
3BaHHUe
ITpodeccop benosepos B.b. J.T.-M.H.
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Jlo/zKHOCTD DdUO Y4eHasi cTeneHb, IToanuch JlaTa
3BaHHUE
Benymmnii sxcniept
Mepkynos B.II. K.I.-M.H.
LIIIIC HA TITY
JOIMYCTUTD K 3BAIIIUTE:
Pykosoautenas OOIT DOUO Y4eHasi cTeneHb, IMoanuch JlaTa
3BaHHUE
Benymuii sxcriept
Yepnona O.C. K.I.-M.H.
LIITIC HA TITY
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MunucTepcTBO 00pa3oBanus U HayKku Poccuiickoit @enepauuu
denepanbHOE TOCYIAPCTBEHHOE aBTOHOMHOE 00pa30BaTEeIIbHOE YUPEKICHUE
BBICHICTO O6paSOBaHI/I${

«HAITMOHAJIbHBIN UCCJIEJIOBATEJIbCKHI
TOMCKHM MMOJIMTEXHUYECKWA YHUBEPCUTET»

[[Tkona MHkeHepHas 1IKoJIa IPUPOAHBIX PECYPCOB
Hamnpasnenue moarotoBku (cnenuaibHOCTh) Hedrerazoroe nemno
Otnenenue mkoibsl (HOLL) Otnenenue HedTerazoBoro aena

YTBEPXJIALO:
PyxoBonutens OOII
(ITommucw)  (Mata) (®.1.0.)
3AJJIAHUE
HA BbINOJIHEHHE BbINMYCKHOI KBAJIN(PUKAIIMOHHON PadoThI
B dopwme:
Marucrepckoit aucceprauuu
(baxanaBpckoli pabOTHI, AUITIOMHOTO MIPOEKTa/paboThl, MAarKCTEPCKON JIMCCePTALIH)
CryneHry:
I'pynna (017 (0]
2TM61 Hab6okuny Winbe Ponangosuuy
Tema paboThI:

MCCTOPOKKACHUS HI-OpOJ'IBCKOfI BIIaJJWHBI

AHanu3 pacrpocTpaHeHUs TPELUH TuapaBaudeckoro pa3pbiBa miacra (I'PI1) mocne nposenenus
noBTOpHOr0 MHOTOCTauiHOTO ['PI1 Ha rOpM30HTANBHBIX CKBaKMHAX HA TpUMepe He(QTIHOTO

YTBepxkaeHa MPUKA30M JUPEKTOpa (1aTa, HOMEp) Ne7260/c ot 08.08.2018
Cpok cliauv CTYIEHTOM BBITTOJIHEHHOU PabOThI: 15.08.2018
TEXHUYECKOE 3AJIAHHUE:
Hcxonnbie nannble K padore Kpatkoe reosIoro-reo(hu3nyeckoe
(HauMeHoeaHue 00vexma ucciedo8anus Ui NpOeKmupOo6aHus, MeCTOpO)KILeHI/ISI OTYETHI 0 HpOBeHeHHI/I

npou3BOOUMENbHOCIb UM  HASPY3KA,  pedcuM  pabombl

usoenuIo Ui npoyeccy; 0coovie mpebo8arus K 0CoOeHHOCmAM
@ynxyuonuposanus (dxcnayamayuu) 06veKma uu uzoenus 6 HC(I)TI/I 1 KUJAKOCTHU CKBAKUH.
naane 6e30nacHOCmu SKCIAYAMAyULl, GAUSHUS HA OKPYICAIOULYIO
cpedy, snep2o3ampamam; IKOHOMUYECKUL ananu3 u m. 0.).

(HenpepbiBHbIL, NePUOOUHeCKUll, YUKIUYecKull u m. 0.); 6uo rHﬂpaBHquCKOFO Pa3pBIBa IJjiacta Ha BCPTI/IKaHBHBIX "
CIpbS. UL MaAmepuan uzoemus;  mpeboeanus K npooyKmy, TOPM30HTAIBHBIX CKBOKMHAX, JaHHBIE IIO ,Z[O6BI‘-IC




Ilepevenn moasIeKaMMX MCCaeT0BaHuIO, | JIuTepaTypHbiii 0030p OMyOIHMKOBAaHHBIX MCTOYHHUKOB

NPOEeKTHPOBAHUIO U pa3paboTKe | 10 HCCIEAYeMOW TEMaTUKE;, aHajIu3 IPOBEIECHHBIX

BOIIPOCOB onepaunii ['PIl; anHanmu3 mons HanpspKeHWH; pacuer
HanpaBJICHUSA TPEILIUH MTOBTOPHOTO I'PII;
SKOHOMHUYECKAsI OLIEHKA ONTUMAJIbHOM ONEepalllH.

Ilepeuyensb rpaguueckoro Marepuasga Nnnroctpanuu noss HanpsikeHud, [Ipezenranus

(c MOYHBIM YKA3aHUeM 0053amelbHbIX Yepmedicell)

KoncynbTanThl 0 pa3aesaM BbIIYCKHOM KBATN(UKALMOHHON PadoThl

(c yrasanuem pazoenos)

Pazgen

KoncyabTant

duHaHCcoBbIN MEHEIKMEHT, | A.T.

pecypcodhhekTHBHOCTD u
pecypcocOepexkeHne

-M.H., mpodeccop benozepos B.b.

COI_II/IaJ'ILHaH OTBCTCTBCHHOCTH | K.I'.

-M.H., Benywmui sxcnept HUIITIC HJ TIIY Mepkynos B.I1.

CHGHI/IaJ'ILHBIe BOITPOCKHI 3aB

TII

enyrotas madboparopueit Hedrerazororo aema LIITIC HI TITY

dodanora E.A., umxenep madoparopuu reosoruu LIIIIIC HJ

¥V Konomonkun J1.B.

Ha3Banusi pa3esioB, KOTOpbIe 101

JKHBI OBITH HANIMCAHBI HA PYCCKOM U HHOCTPAHHOM SI3bIKAaX:

1 JIutepaTypHbIii 0030p ¥ MOCTaHOBKA MPOOJIEMBI

Jlata  BbIIaYM  3aJaHUsl HA  BBINOJHEHHE  BBIMYCKHOM 97 06.2018
KBATH(PHKANMOHHO PaGoTHI 10 JUHEHHOMY rpaduKy o
3agaHue BbIIAJ PYKOBOAUTEIb:
Jlo1KkHOCTH ()7 (0] Yuenas cTenenb, Hoanucy Jara
3BaHHUe
[Tpodeccop benozepos B.b. J.T.-M.H. 27.06.2018
3ajaHue MPUHSI K HCTIOJTHEHUIO CTY1eHT:
I'pynna ®UO Moamuces Jara
2TM61 Hab6oxkun Unps Pomannosuy 27.06.2018




3AJJAHUE JIJISI PA3JIEJIA

«®UHAHCOBBII MEHEIKMEHT, PECYPCOD®®EKTUBHOCTbH 1

PECYPCOCBEPEKEHHUE»
CryneHry:
I'pynna (0)7 (0
2TM61 Ha6oxuny Unbe PonangoBuuy
xona NITIP Otnesenne mxoas (HOL) OHH
Yposenn 00pasoBanus MarMCTpaTypa Hanpapienne/cnenuaibHoCTh 21.04.01 He(i)TerasoBoe JIETT0

Hcxonubie aaHHble K pasaeiny «PHUHAHCOBBIH MEHEIKMEHT, pecypcodPpPekTUBHOCTL U

@DUHAHCOBBIX, UHDOPMAYUOHHBIX U YELOBEYECKUX

pecypcochepexeHne»:
1. Cmoumocmo pecypcoe nayunozo ucciredosanus (HH): KanuranpHble  BIOXKEHUS M OKCIUIyaTal[HOHHBIC
MAMEPUATLRO-MEXHULECKUX, IREPLEMUUECKUX, 3aTpaThbl HAa CTPOUTENLCTBO CKBAXXUHBI M NPOBEJECHUE

TUAPABINYCCKOTO pa3phbiBa 1iacra.

2. HoprluHopMamuebzpacxodoeaHuﬂpecypcoe CxemMa HaYUCICHHS aMOpTHU3alliy, CTaBKa pa6OTBI

OypoBoii Opurazbpl 1 OpHUrajbl KAMUTAILHOTO PEMOHTA
CKBaKUH

3. Hcnoavsyemasn cucmema Han02000104CeH U, CINABKU CraBka auckoHTHpoBaHus 15%
HALO206, OMUUCTEHUU, OUCKOHMUPOSAHUs U Kpeoumosanus  |Hamnoru 45% oT BRIpYUKH

[lepeuennb BONPOCOB, MOIJIEKANIMX HCCIEI0BAHNIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. Oyenxa xommepuecko2o u UHHOBAYUOHHO2O NOMEHYUALA TeXHUKO-I2KOHOMUYECKOe O00OCHOBaHWE INPOBEACHUS
HTH orrepanuu

2. IInanuposanue npoyecca ynpasnenus HTH: cmpykmypa u Pacuer onepaunoHHbIX 3aTpaT
epagux nposedenus, 0I00AHcem, pUCKU U OP2AHUZAYUSL
3aKYNoK

3. Onpeodenenue pecypchoil, puHaHCOBOLU, IKOHOMUULECKOU O6ocHoBaHMe 3(PPEKTUBHOCTH HHBECTHIIMOHHOTO
aghgexmusrocmu IpoOeKTa

Hepeqeﬂb Fpa(l)l/llleCKOFO MaTEPHUAJIA (c mounvim ykazanuem obazamensHvlx vepmedxcei):

1. Yuctoiit AMCKOHTUPOBAHHBINA JJOXOJ 110 ToJaM
2. JlepeBo pericHUi.

JlaTta BbI1a4M 3aJaHMA 1JIs1 pa3fesia 1o JuHeHHoOMY rpaduky 27.06.2018

3az[a}me BbIJ1AJ1 KOHCYJIbTAHT.

Jlo/kHOCTH

[5(0] Yu4eHnas crenenb, 3BaHHe IToanuch Hara

[Tpodeccop

benozepos B.b. I.T.-M.H. 27.06.2018

3azlalme IMPUHSAJ K UCITOJTHEHHUTIO CTYJACHT:

I'pynna

DdPUO IMoanuch JlaTa

2TM61

Hab6oxkun Unbs Pomannosuy 27.06.2018




3AJAHHUE JJI51 PA3JIEJIA
«COUUAJIBHASA OTBETCTBEHHOCTDb»

CrygneHry:
I'pynna oUuo
2TM61 HaGoxuny Mnwse PonangoBuuy
Ixona UIIILIP Otaenenne mxounl (HOLIL) OHJI
Yposenn 00pasoBanus MarMCTpaTypa Hanpapienue/cnenuaibHoCTh 21.04.01 He(i)TeFaSOBOC JIETI0

HUcxoanble JaHHBIE K pasaeay ((COIII/IaJ'IbHaﬂ OTBETCTBEHHOCTb) .

1. Onucanue pabouezo mecma (paboueii 301vl,
MEXHONOSUYECKO20 NPOYECCd, UCTONbIYEMO20 000PYO06aAHUs)
Ha npeomem 603HUKHOBEHUSL:

—  8peOHbIX NPOABIEeHUL PaKmopos8 npou3s00CmMBEeHHOU cpeobl
(Memeoycnosusi, 6peoHble Geujecmed, OCEeUujeHIe, UMb,

3u6pauuu, DNEKMPOMACHUMHKbLE  NOJIAl,  UOHU3UpYoOwue

uznyuenus u m.o.)

—  ONACHBIX NPOSIGIEHUL (PAKMOPOE NPOU3E00CTNEEHHO
cpeovl (MexaHuueckou npupoovl, MePpMU4EcKo2o
xapakmepa, 31eKmpuieckoll, NOJCAPHOU NPUpoosl)

- '-Ip€38blllalele cumyauuﬁ CoyuailbHo2o0 xapakmepa

PabGounm  mecTtoM  sIBIsieTCS  KycToBas

IUIOIA/AKa, OCHOBHBIMH BPEIHBIMU (hakTOpamMu
KOTOPO# sBJIsSIeTCSl TOIYTHBIA ra3 (MeTaH),
KpPOME TOT'0 pa3iuBbl He(DTH U Ta30IPOSIBICHHS
KOTOphIE  OMAcHBl  JIJIS  4YeloBeKa  —
BO3HUKHOBEHHS II0KapOB M  OKPYXKaloOIIen
cpensl — paznuBel HeTH. Takke uccnegyemas
CBsA3aHA  C

onepanusd IMOBBIICHHBIMH

JaBJICHUSIMU, HCO6XOI[I/IMI)IG IJid pa3pbiBa

TOPHBIX IOpOJA. XHMMHUYECKHE PEareHThl,

MPUMCHACMBIC JId OIepalru OITaCHbI JJIA
YCJIOBCKaA (HpI/I nonagaHny Ha KOXY WU B

rrasza)
2. Cnucox 3akOHOOAMENbHbIX U HOPMAMUBHBIX OOKYMEHMOE NO [IT6 01-03
meme CanlluH 2.2.1/2.1.1.1200-03
CH 276-74

CHulIl 21-01-97
CII1.13130.2009

Ilepeuens BONPOCOB, MOJIEKANMX UCCTETOBAHUIO, MPOEKTHPOBAHUIO U pa3padoTke:

1. Ananuz 6viA61IeHHbIX BPEOHBIX (PAKMOPO8 NPOeKMUpyemorl
npou3800CMEeHHO cpedbl 8 CLedyIuell NOC1e008aMeNbHOCTIU:
—  Qusuxo-xumuueckas npupooa 6pedHoCmu, e€ C8i3b C
paspabamuleaemot memou;

— Oeticmeaue (hpakmopa Ha OpeaHu3M Yenosexd,

— npugedenue 0ONYCMUMbIX HOPM € He0OX00UMOU PA3ZMEPHOCTIbIO
(co ccvlakoll Ha cOOMEemcmaywull HOPMAMUBHO-MEXHUYECKUL
0oKyMeHm),;

— npeoiazaemvie cCpeOCmaa 3auumsl

(CHauana KOINeKMUBHOU 3aujumvl, 3amem — UHOUBUOVATbHBIE

3augumusle cpedcmaea)

PaboTHUKHM TNpennpusTUs TMOABEPIKEHBI

OITIACHOCTH CBSI3aHHOM C OOIBIINMU
AaBJICHUSAMU IIPpU MMPOBCACHHUU OIICpalnu,
B3PbIBOOITACHBIMHU n XUMHNYECKUMHU

BCIIECCTBAMU.

2. AHanu3 6bIAGIEHHBIX ONACHBIX (DAKMOPO8 NPOEKMUPYeMoll
npou3ee0EéHHOI cpedbl 8 Credyrouell nocied08amenbHOCU

— MexaHuuecKue OnacHOCmu (UCMOYHUKI, CPeOCMEa 3auumyl,

— mepmuyeckue ONACHOCMU (UCMOYHUKU, CDEOCMEA 3aUUmbl);

— 271eKMPO6E30NACHOCHID (8 M. 4. CIAMUYecKoe INeKMmpuUIecmso,
MONHUE3AUWUMA — UCOYHUKU, CPEOCTNEA 3aujUmbl);

— nOHCaApo83pLI80OE30NACHOCIb (NPUYUHBL, NPODUIAKMUYECKUe
Meponpuamus, nepsuutvle cpedcmed nOXCapomyuenus)

bein  mpousBeneH aHanM3  ONACHOCTEH
CBSI3aHHBIM C OOJBIIMMH JaBJICHUSAMU,
B3PbIBOOITACHBIMU n XUMHNYECCKUMU

BCIICCTBaAaMU




3.0xpana okpyscarougeli cpeob:

— 3awuma ceaumeoOHoU 30Hbl

— ananu3z 6030elicmausi 06vekma Ha ammocghepy (8b16pocwvl);
— ananu3z 6030elcmaust 06vekma Ha 2uopocgepy (copocwi);

- aHAU3 8030€licmeUst 00beKma Ha aumocgepy (0mxoovt);

— pazpabomamu pewienus no 06ecneveHuio IKOI0SUeCKou
bezonacrnocmu co ccolikamu na HT/[ no oxpane okpyacaioweri
cpeoul.

[Ipoananu3upoBanbl (HaKTOPHI CBSI3aHHBIC
C OXpaHOM OKpYKAOWIEH Cpeabl, B TOM
quClie pa3iuBaMu HE()TH U TOKAPaAMHU.

Ilepeyensb rpaguyeckoro MarepuaJia:

Ilpu neobxooumocmu npedcmagums 3CKU3Hble epaguuecKue
mamepuansl K pacuémuomy 3a0anuio  (00s3amenvHo O

cneyuaiucmos u Maeucmpoe)

JaTa BbIIa4M 3aaHUA JJIA pa3jiesia no JuHeiiHoMy rpadpuky 27.06.2018

3a21a1me BbIJ1aJ1 KOHCYJbTAHT !

JlokHOCTH [(%(0] Y4eHasi cTeneHb, MMoanucy Jara
3BaHHe
Benyuyii JKerept Mepkynos B.I1. K.I'.-M.H. 27.06.2018
HIIIC HA TITY
3ana1me NPUHAJ K MCIOJTHCHHIO CTYACHT:
I'pynna (07 (0] Moanuch Hara
2TM61 Hab6oxkun Unpes Pomannosuy 27.06.2018




3amiaHMpoBaHHbIE pe3yabTaThl 00y4eHHU S

Kon

Pesynbratel 00yueHus

2

P1

[TpyMeHATh eCTeCTBEHHOHAYYHbIE, MaTeMaTHYeCKUe, I'yMaHUTapHbIE, SKOHOMHYECKUE,
WHKEHEpHbIE, TEXHUYECKUE M TIIyOOKHE NpOQecCHOHATbHbIE 3HAHUS B OOJIAcTH
COBPEMEHHBIX  He(Tera3oBbIX  TEXHOJNOTMH Ul pelleHus]  NPHUKIAJHBIX
MEXMCIMIUTMHAPHBIX 337124 ¥ MHXEHEPHBIX MpoOJieM, COOTBETCTBYIOIIMX MPO(HUIIIO
TMIOATOTOBKU

P2

IInanvpoBarte U NMPOBOAWUTH AHAIUTUYECKUE W SKCIEPUMEHTAILHBIE HCCIIENOBAHUS C
WCTIOJIb30BaHMEM HOBEMINMX JIOCTWIKEHUM HAYKHM W TEXHUKH, YMETb KpPUTUYECKU
OLICHUBATb PE3YyJbTaThl U JEJIaTh BHIBOBL, IIOJYYEHHBIE B CJIOKHBIX U HEOIPEACTIEHHBIX
YCIIOBHSX; UCIOB30BaTh IPUHIMIIBI M300pETATENIbCTBA, IPABOBBIE OCHOBBI B 00JIACTH
MHTEJUIEKTYaJIbHOM COOCTBEHHOCTH

P3

[TposiBaTh TPOQeCcCCHOHATEHYIO OCBEIOMIICHHOCTD O TIEPEIOBBIX 3HAHUAX U OTKPBITUSIX
B oOnacty He(TErasoBbIX TEXHOJOTHMHA C YYETOM IIEpPEIOBOrO OTEYECTBEHHOIO H
3apyOeKHOIO OIbITa; MCIOIb30BaTh MHHOBAIIMOHHBINA MOAXO/ MPHU pa3paboTKe HOBBIX
uJiell ¥ METO/IOB TPOEKTUPOBAHMS OOBEKTOB HE(TEra30BOro KOMILIEKCA JUISl PELICHUs
MHKEHEPHBIX ~ 3aJa4  pa3BUTHSl HE(TErasoBbIX TEXHOJOTWH, MOAEPHM3ALUMU U
YCOBEpLIEHCTBOBaHMsI HE(DTEra30Boro NpOU3BOCTBA

P4

Bri0uparh onTuMaibHbIE pelieHNs] B MHOTO(aKTOPHBIX CUTYAIHSIX, BIaJIETh METOJaMU U
CpEICTBaMH TEXHUYECKOTO MOJIEIMPOBAHHS TIPOM3BOJICTBEHHBIX MPOIIECCOB i OOBEKTOB
He(hTera3oBoM OTPaCiv; YNPaBISATh TEXHOJIOTMYECKUMH IPOIECCAMH, OOCITY)KHBAaTh
000pyZIOBaHKE, HCIIONB30BATh JIFO0OW HMMEIOIIMIACS apCeHal TEXHHYECKUX CpEICTB,
00ecIIeunBaTh BBICOKYHO 3(pheKTHBHOCTD MpH pa3zpaboTke HePTEra30BbIX OOBEKTOB

P5

CaMOCTOSITENTFHO YYHTHCSI M HETIPEPHIBHO TOBBINATh KBATM(HKALIMIO B TEUEHHE BCETO
niepro/ia MpoQecCHOHATBHON AESTEbHOCTH; aKTUBHO BIAJICTh HHOCTPAHHBIM SI36IKOM Ha
YPOBHE, TO3BOJLSIOIEM padOTaTh B HHTEPHALMOHAIBHOM Cpene, pa3padarbiBaTh
JIOKYMEHTAIHIO ¥ 3aIHIIATh PE3YIIbTaThl HHXKEHEPHOH IS TEIIHOCTH

P6

PaGorare »(d¢ekTMBHO B KauecTBe wWieHa W PYKOBOIMTEIS KOMAaHMIBL, yMEHHE
(opMHpOBaTH 3a1aHKS U OTIEPATUBHBIC TUTAHBI BCEX BUJIOB JICATEIIHEHOCTH, PACTIPEACIISTH
00S3aHHOCTH YJICHOB KOMAHJIbl, HECTH OTBETCTBEHHOCTb 3a PpE3yJIbTaThl paboThI;
KOOPIMHUPOBATH pabOTy TPYIIIT 110 W3BJICYECHUIO M COBEPIIICHCTBOBAHUIO IOOBIYM HE(TH,
ra3a M Ta30BOIO KOHJEHCATa, IiepelaBaTh 3HAHUS 4Yepe3 HACTaBHUYECTBO U
KOHCYJIFTHPOBAHHE

P7

BHenpsTh, sKCIuTyaTHpoBaTh U 00-CITY>KHBaTh COBPEMEHHBIC MAIINHBI 1 MEXAHU3MBI JITIs
pean3alyy TEXHO-JIOTUYECKHUX TPOIECCOB He(Tera3oBoil 001acTr, 0OecrieunBaTh MX
BBICOKY!O 3(h(heKTUBHOCTb, COOJIIO1aTh PaBHIa OXPaHbI 310pPOBbs M OE30ITaCHOCTH TPY/IA,
BBITIOJNTHSTH TPEOOBAHUSI 10 3aIIIUTE OKPYKAIOIICH Cpertbl

P8

KoHTposumpoBarh BBINOIHEHHE TPEOOBAHUI PETIAMEHTOB Il OOeCreueHHs JOOBIYU
HeTH, ra3a ¥ ra30BOro KOHJeHcaTa

P9

CoBeplIeHCTBOBATh, pa3padaThiBaTh MEPONPUATUS W/WIM MOArOTABIMBaTH OW3HEC-
MPEUIOKEHNS [0 TEXHOJIOTHYECKOMY IPOLIECCY U TEXHOIOTMUECKUM MEPOIIPHUSITHAM IPH
J00bIue He)TH, ra3a U ra30BOro KOH/IEHcaTa

P10

KoppekrupoBathk mporpaMmMbl padoT 1Mo J100bdMe HedTH, ra3a ¥ Ta30BOro KOHICHCATa,
BBIOWpAaTh W TPHHUMATh PEIICHHS B HECTAHAAPTHBIX CHUTYaIUsX, OINHPAsCh Ha
TOCYJIapCTBEHHBIE CTAHAAPTHI B 00s1acTH He(hTera3010064u




PE®EPAT

Marwucrepckas quccepranus coaepxut 97 crpanuil, 44 Pucynka, 4 Tabmuiipl,
2 ICTOYHHUKOB U 2 TPUIIOKECHHUS.

KiroueBrsie cJIoBa: I'OPU30OHTAJIBHAA CKBAXIMHA,
I'MIPABJINYECKUI PA3PBHIB [TIJIACTA, MHOT'OCTA IUHBIN
TUAPABJIMUECKUN PA3PBIB TNIACTA, TOBTOPHBIN I'MJIPABJTMYECKUN
PA3PBIB IIJIACTA, TTIOJIE HATIPSIKEHUI.

O6bexToM nceenosanus apisiercs miact K0! BepxHeBacoranckoi oaCBUTEI
mectopoxaeHuss N, B KOTOpBI MPOOYpEeHbl BEPTHKAIbHBIE W TOPU3OHTAIBHBIC
CKBa)KHHBI, B KOTOPBIX ObLI MPOU3BEJICH THAPABINYCCKUN pa3pbIB IJIACTA.

[lenpto paOOThI SBISIETCS OMNpPEACIICHUE HANpPABICHUS PacHpOCTpaHEHUS
TPEIIMH MOBTOPHOTO TUjpaBiandeckoro paspsiBa miacta (I'PII) B 3aBucumocTu ot
BpeMEHU pabOThl CKBAXKUHBI U JATbHEHIINI TU3ailH ONITUMAJIBHON ONEepalyu.

B mporiecce paboThl MpOU3BEACH aHANU3 CYIIECTBYIOIIEH JTUTEPATyphl MO
UCCIIEyeMOI TeMe, BBISABJICHBI HE pa3pelIeHHbIE BOMPOCHI HA HACTOSIIMA MOMEHT.
Meroauka pacuera U3MEHEHUS OISl HAMPSHKEHU B pe3yibTaTe oToopa ¢uiroga Oblia
npeasiokeHa u obocHoBaHa. [IpousBeieHO MOJIETUPOBAHUE MO HAMPSHKEHUN IS
Pa3JIMYHBIX TUIIOB CKBAXWH, a TAK)KE TUJIPOJMHAMUYECKOE MOJICIIUPOBAHHUE.

B pesynbprare uccienoBanus OnpeaesieH 1n3aiH ONTUMAaIbHOM ONepalnu Kak
JUIsl BEPTUKAIBHOM, TaK U JJIsl TOPU30OHTAIBHOM CKBaKUH.

PesynbTaThl paboThl MOTYT OBITH BHEJIPEHBI B MPOIECC BHIOOpAa BPEMEHHU
IIPOBEAEHUS  TE0JOr0-TEXHOJIOTMYECKHX  Meporpuatuii  kommanuun — OOO
«T"asnponedts HTL», Tak Kak Ha TaHHBIIF MOMEHT METOJIUKA HE UCIIOJIb3YETCs.

[IpoBeneHHOE UCCIEI0BAHNE HEOOXOANMO ISl pa3padOTKU MECTOPOXKICHUMN C
UCIIOJIb30BaHUEM TUIPABINYECKOTO pa3phiBa IIaCTa.

DKOHOMHUYECKAsi 3HAYUMOCTh pEIIAEMOr0  BOIpOca  3aKIIYaeTcsi B
YBEIMYEHUU J1eOUTa CKBaXKMH, a TAKXKE€ BOBJICYCHUM HEOXBAUCHHBIX 3aIllacoB B
pa3paboTKy.

B Oynymiem ruianupyeTcsi BHEAPEHUE METOIUKH.
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ABSTRACT

Master’s thesis includes 97 pages, 44 figures, 4 tables, 27 references and 2
appendices.

Key words: HORIZONTAL WELL, HYDRAULIC FRACTURING,
MULTISTAGE HYDRAULIC FRACTURING, REFRACTURING, STRESS FIELD.

The objects of the study is U;! horizon of Verhne-Vasyoganian formation,
which is penetrated by vertical and horizontal wells which were hydraulically
fractured.

The aim of the study is to determine the direction of fracture propagation which
was induced during refracturing treatment depending on well flowing time and to
design following optimal treatment.

The analysis of exist literature about the theme was made and the exist
problems were determined during the study. The method of stress field changing
estimation due to the was proposed and approved. Stress field modelling around
various types of wells and following simulation study in order to select the most
effective treatment were performed.

As a result of the study the most effective treatment design and time for that
were determined for both vertical and horizontal wells.

The results of the study can be used in order to determine the rime of well
treatment by LLC «Gazpromnefty, since the methodology is not in use now.

The study is useful for development of the oil and gas fields where hydraulic
fracturing is necessary treatment in order to make the development economically
viable.

Economical relevance of the study consists of flow rate and recovery increase,
which positively affect economics of the field development.

The implementation of the study is planning in the future in the company.



OITPEJAEJIEHUS OBO3HAYEHUA U COKPAILLIEHUSA

I'PII — ruppaBnryecknii pa3pbIB I1acTa
KMIIB - koppeJsiiuOHHbIA METO TPEIOMIIEHHBIX BOJIH
MI'PII — MHOrOCTaAMNHBIN TUAPABINYECKUN PA3pPbIB I1J1ACTa

Y11 — 4nCThIN AUCKOHTUPOBAHHBIN JOXO
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BBEAEHHUE

B Hacrosmee Bpems B pe3ysbTaTe€ HAy4dHOTO IPOTrpecca YBEIMYMBACTCS
OypeHue ropu30HTAILHBIX CKBAXHUH C LIENBI0 YBEIMYCHUS Je0uTa (uironaa, a Takke
u3BIeYeHHs 3arnacoB Heptu u raza. C JaHHBIM MPOLECCOM HEPA3PhIBHO CBS3aHO
IIPOBEIEHHE MHOTOCTAIMMHOTO TUAPaBINYECKOro paspeiBa miacta (MIPII), koropoe
MO3BOJIIET KPATHO YBEIMYUTHh IPOAYKTUBHOCTH CKBaXWH. OIHAKO, OJHUM U3
Hauboyiee 3HAUYMMBIX HEJAOCTAaTKOB TEXHOJIOTUU SIBIISIETCS CHIDKEHHE Jae0uTa B
pe3yJbTaTe OKOJIO CKBAKMHHBIX ITPOIIECCOB, COOTBETCTBEHHO, ISl TMOJAEPKaHUS
TO0OBIYM YTJIEBOAOPOJOB HEOOXOAMMO MPOU3BOAUTH MOBTOpHBIE MI'PII, koTOpHIE B
80% city4yaeB ABISIOTCS HE YCIIEUTHBIMMU.

CrnenoBatesibHO, HEOOXOIUMO PEIIUThH MPOOJIEMY HE YCIEUTHOCTH MTOBTOPHBIX
ornepaiuii, CBS3aHHYIO CO «CJENbIM» IpoBeneHueM. Jlias 3Toro HeoOXoAMMO
paccMOTpeTh, KaK IEOMEXaHWYECKUE aCIIeKThl, BKIIOYAIONIME HM3MEHEHHUE 10
HalpsDKEHU  BOJIM3M  CKBAaXXUHBI, TaK W TEXHUKO-TEXHOJIOTMYECKUE ACMEKTHI,
CBSI3aHHBIEC C BHIOOPOM 3aKaHUMBAHUS CKBKHH.

O6bexTOM nccnenoBanus Beiopan miact I0;! mecropoxaenus N, Ha KoTopom
OblT  mpoBeneHbl moBTOpHbIe omepamuu [PII m MI'PII, oxa3zaBmimecs He
3((PEeKTUBHBIMU B PE3YJIbTATE HE YUE€TAa U3MEHEHUS OISl HAPSXKEHUH.

Taxum o0pasoM, ¢ 1eNbi0 peleHusl BoIpoca TpedyeTcsl MpoaHaTu3upOBaTh
JUTEpPaTypHbIE HCTOYHUKH, KAaCarOUIMecs NOAaHHOW TEMBI, ONPENEIUTh METOIUKY
pELIEHUs], OLCHUTh W3MEHEHHE IIOJISI HANPSKEHUM B PE3yJbTaTe MEXaHMYECKOI'O
BO3/ICICTBUS U B pe3ysbTare 0TOOpa (uiron1a, a TaKKe YyCTAaHOBUTH BpEMsI IPOBEICHUS
onTUMalibHON onepaunu. Kpome Toro, HOBU3HOUM pabOTHI SBISETCS MOAECIUPOBAHUE
TE€UYEHHUs JKUIKOCTU B KOJJIEKTOPE ITOCPEACTBOM TEYEHUs TEIUIA B CIUIOLIHOM Cpee.

OCHOBHBIMM 3aLIUIIAEMbIMU MOJOKEHUSIMH PAOOTHI SBJISIOTCS:

e  HampasiyieHHe TpemuHbl noBTOpHOro ['PII momHOCTRIO KOHTpONHMpyeTcs
[OJIEM HaIpsDKEHUH BOJIM3M CKBAXKMHBI, KOTOPOE M3MEHSIETCS B pe3yibTare

IIPOBEICHUSI IEPBUYHOM orepanuu U oToopa (ironia u3 1iacTa,
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®  K3MEHEHHUE MOJsl HAMPSHKEHUN B pe3yibTaTe 0TOOpa (pironaa BO3MOKHO
OIIEHUTH MMOCPECTBOM TEUEHHS TEIIa B CIUIOIIHON Cpeie.

B pesynbrare mpoBenéHHas paboTa W mpenjaraeMas METOJIMKA TTO3BOJHT
KOMIaHuM, paspabareiBatonieii mecropoxaenne N yBenuuuth 3()PEeKTUBHOCTD
MOBTOPHBIX OMEpalnii, CIEeI0BATEIbHO, MOANECPKUBATH JAOOBIUY YIIIEBOJOPOIOB U
BOBJICUB 3aIl1achl, HE OXBAaUCHHbIE pa3pabOTKOM Ha JaHHBIA MOMEHT.

ABTOp BbIpakaeT 01arogapHocTh Kyparopam padbotsl, Exarepune ®odanoBoit
u JImutputo KOHOIIOHKMHY 3a 3HAYMMbIE KOMMEHTApUU, KOHCYJbTAllMM BO BpEMS
paboThI 1 TIOJTy4YeHHE HeoOxoaumoit nHpopmaruu. Tak ke ABTOp XOTEN Obl OTMETHUTD
Bkiaa TatbsHbl [leeBoit, mupektopa Kypca «PazpaboTka 1 skcrutyaTanusi HEQTSIHBIX U
ra3oBbIX  MECTOPOXXICHHI», B MOJIy4eHHE HEOOXOAMMOIO  IMPOTrPaMMHOIO

oOecrieueHrs U JaHHBIX AJi1 paOOThI.
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1 JIutepaTypHblii 0630p U MOCTAHOBKA MPO0OJIeMbI

OCHOBHBIM  (PAaKTOPOM, OIPEACISAIONIUM PACIPOCTPAHEHUE TPEUIUH MPH
ruapaBinyeckom paspeiBe  tuiacta (I'PII), sBisiercst opHWeHTanmsi TJIaBHBIX
HanpspkeHu. B HacTosimiee BpeMs HW3BECTHO, 4YTO HAIPSDHKEHHUS U3MEHSIOT
HaNpaBJIEHUE BO BpeMs KM3HU MECTOPOXKIEHUSA. DTOT PakT ObLT YCTAHOBJIEH MHOTO
JeT Hazaa MyTeM HaOJIONeHHUs] 3a HaNpaBJICHUEM THAPABIMYECKUX TPELIUH,
BbI3BaHHBIM I0ocie mnoBTopHOro I'PII Ha BepTukanbHbIX CKBaxkuHax. Muorue
VCCIIEIOBAHUSI IPOBOAWINCH C LETIBI0O OLEHKU U MPOTHO3UPOBAHUS NIEPEOPUEHTALINN
cTpeccoB. HamnpsikeHHOE 1os1e BOKPYT BEPTUKAJIBbHOM CKBAXUHBI JOCTATOYHO XOPOILO
PaccMOTPEHO B HACTOsIIIIEE BPEMsI, U B IUCCEpTaLUU OyAeT MpHUBEACHA TOJIbKO OJHA
CTaThsl, KOTOPast MOXKET OBbITh MCIIOJIB30BAHA B Ka4eCTBE 0A30BOT0 UCCIIEOBAHMS IS
BEpPTUKAIbHBIX CKBaxuH. C Jpyrol CTOpPOHBI, mpodiieMa IepeopUueHTALUN
HaIIpSDKEHUM BOKPYI TOPU3OHTAIBHBIX CKBAXKUH JOBOJIBHO CIIOKHA M JOJDKHA
U3y4aThCsl KaK KOMIUIEKCHOE HCCIIEIOBAHUE, BKIIIOYAIOIIECE T€OMEXaHUKY, TEXHUKO-

TCXHOJIOTHYCCKHC ACIICKTBI U MOACITIUPOBAHUC.

. New fracture
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Initial fracture === }x__,.
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New fracture « =
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Pucynok 1.1 — Cxema nepeopueHTanyu Tpeuiu npu nosropuom ['PIT[1]
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Cxema pacnpoctpanenusi TpeniuHsl noBTopHoro ['PII mpencraBnena nHa
Pucynke 1.1.

Cornacao H. Pacceny [1], mepeopueHTanns HanpsyKEHUH BOKPYT CKBaYKUHBI
ompeensieTcs IByMs IpolecCaMy: MHULIIMUPOBAHUEM U PACTIPOCTPAHEHUEM TPEITUHBI
(mexannuecknii A3 (PexT), a Taxke TedeHHeM (PIIronaa, KOTOPOe U3MEHSET MOPOBOE
JaBJICHUE B pe3epByape (MopoliacTUUHbIN 3 (eKT). ABTOp MpOBe HCCIeA0BaHUE C
MOMOILBIO YUCIIEHHOTO MOJIEIMPOBAHUS, KOTOPOE YUUTHIBAET, KAK MEXAHUUECKHE, TaK
u mopoymnpyrue 3(P¢exTb, 4TOOBI OIEHWUTH BIUSHUE TEepepacipeiesICHUusT OIS
HanpsHKeHU BOJIM3M BEPTUKAIBHON CKBaXKMHBI. MccienoBanue ObUIO OCHOBAaHO Ha
pealIbHBIX JaHHBIX 0 pa3padoTke Mectopoxaeuus Codell. beuto onpeneneHo, uro ais
BEPTUKAJILHBIX paHee 0OpaOOTaHHBIX CKBAKHWHAX TMOCIEAYIONINE TPEUUHBI MOTYT
pacnpocTpaHsAThCA NEPIECHIUKYIISIPHO EPBOMY pa3pyIlICHHUIO TOpHbIX TopoAd. Kpome
TOT'0, YKa3bIBAETCS HA BO3MOXHOCTH JIOCTYNA K 30HAM pPE3€pByapa, KOTOPhIE MEHEE
UCTOIIEHbI. TOYHOCTh TMOCTPOCHHOM MOJENM Oblla MOATBEPKIECHA C TOMOIIBIO
CKBOXHUHHBIX Mu3MepeHud. Tem He MeHee, W3MEHUYMBOCTb XapaKTEPUCTHUK
00pa0OTaHHBIX CKBaKHH, MPOOYpPEeHHBIX Ha MecTtopoxaenun \Wattenberg,
HaOJroa/Iach NPU HEKOTOPOM CHMXKEHHM IPOJAYKTHBHOCTH CKBa)XMH, TOTJA Kak
JIpyrue ObUIM BOCCTAHOBIIEHBI IO HAYaJbHBIX TEMIOB JOObIYM. ABTOPHI BBISIBUIM
BIUSIHUE HCTOpPUM JOOBIYM M HadalnbHbIX xapakTtepucTuk ['PII Ha panbHeiimue
00paboTKM CKBaXKMH. Bpla mocTpoeHa TpexmepHas YHCIEHHash MOJENb, KOTopas
coueTaeT MEXaHWYECKHe U Mopoynpyrue 3PQGeKTsl, KOTOpblE MCHOJb30BAIUCH IS
UHTEPIIPETAllMd W3MEPEHUN HaKJIOHA TPEIIMHbI M HCTOpUM 100buu. [laHHBIE U3
TEMaTUYECKOr0 HCCIieoBaHus MectopoxaeHust Wattenberg wucrnonb3oBanuch s
COCTaBJICHUS] PYKOBOJSIIMX NPHUHIMIIOB BbIOOpAa KaHIUAATOB, BbHIOOpAa CPOKOB
onepanuu 1o ['PII u onenku yBenuuenus noowsrun nocne ['PII. HauGonee nennbie
pe3ynbTaThl paboThl yka3aHel Ha Pucynkax 1.2 m 1.3. Kak BugHo m3 Pucynka 1.2
BOJIM3M TPEUIMHBI, HAIMpPAaBJICHUE MAKCHUMaJIbHOIO TOPU30HTAILHOIO HAIPSKEHUS
noBopaunBaetcs Ha 90° ot ero In Situ HampaBneHus. [lepeopreHTAIMS HATIPSIKCHUN
HE OIpaHMYMBAETCA O0JIACTBIO OTMEHBI cTpecca. PacnpeneneHue HanpsKEHUMH,

BO3HHUKAIOMICC B PC3YJILTATC MCXAHHUYCCKOI'O OTKPBLITHA TPCHIMHBI, OTINYACTCA OT
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pacmpesiefieHuss  HanpsDKeHMs, BO3HMKAIONIETO B pe3yjbTaTe IMOPOYIPYTUX
HampspkeHuil. bputo  mokazaHo, 4YTO BHE O0JacTM M3MEHEHHUS HaIpsOHKEHUs
HaIpaBJICHHE MaKCUMaJIbHOTO TOPU3OHTAIIBHOTO HANPSIKEHHUS YKAa3bIBA€T HA Pa3phbIB
(pamuanbHYIO OPUEHTAIIMIO), B TO BPEMSI KaK OHO OPHUEHTHUPOBAHO B OPTOPAIUATIEHOM

HAIpaBJICHUH B ciaydae nmopoynpyrux s¢dexros (Pucynok 1.2).

s ERRERRRRRERRRY o oeN Y &
B NN = \\\\\\\\ \ \
,lll’I”DIrectlonof Ohmax " "\\\\\\\\ Direction of Gpmax \
‘(////IIII‘ points toward " _:‘\\\\\\\\ oriented along \
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/70T s A U W W O W N W W
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Pucynok 1.2 - CpaBHeHHE U3MEHEHUS T10JIs1 HAMIPSDKCHUHN B PE3yJIbTaTe
a) Mmexanuieckoro 3ddekra u 0) B pe3ynabrare nopoynpyroro sgdexra [1]

OtmeuaeTcsi, 4YTO cCpa3y K€ TIIocie Hayajga J0OblYM HalpaBieHUE
MEPEOPUEHTAIIMN MAKCHUMAJIBHOTO HAIMPSHKEHUS MPUBOJUT K COKPAIIEHUIO 00JIacTh
n3MeHeHus: HanpsikeHus: (Pucynox 1.3). Jlns monmHO¥M mepeopueHTanuu Tpedyercs
BCEr0 HECKOJBKO YacoB J0ObIYM. BriocieacTBuu 00iacTb HHBEPCUU CTpecca pacTeT.
B Oonee mo3mHme BpeMeHa MOOBIYM PEOPUEHTAIMS TMOPOYIPYTOoro HAMPSKCHUS
YMEHBIIIAETCS, B pE3yJIbTaTE YETO CTETNICHb U3MEHECHUS HAMPSKEHUST YMEHbIIIAeTCs 110

€Tro NNCPBOHAYAIIBHOI'O 3HAYCHUS.
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Pucynok 1.3 - DBoJtorust U3MEHEHHUsI MOoJIs HANPsDKEHUH B pe3ysibTare pa3padoTKu
MecTtopoxkaeHus [1]

Kak ormeueno Bbeime, MHorocraguiuele ['PII Ha TOpU3OHTAIBHBIX
CKBAXXMHHAX U mociienyromme noBropHbie MI PII SBIsSIOTCA 1OCTATOYHO CII0KHBIMH,
U repBasi 00paboTKa J0/DKHA OBITh TOUHO pacunTaHa u3-3a d¢dekra stress shadowing.
D ekt stress shadowing - 3To sBICHUS NEPEOPUCHTAIIUN HANIPSDKEHUMA, OJTU3KHE K
pa3pyLIEHUIO, KOTOPHIE BbI3BaHbI MEXAHUYECKUM BO3JEHCTBHEM WHUIUUPOBAHUS U
pacnpocTpaHeHUs TPEILIHUHBI.

. Kymap u A. 'accemu B cTaThe [2] M3yUnIN TpeXMepHbIe KOMOMHUPOBAHHBIE
NOpOYNpPYTHE U  MEXAaHWYECKHE aCleKThl pacHpOCTPAaHEHUs TPEIIMHBI B
TOPU30HTAIBHBIX CKBaKMHAX. OHHU UCHOJIB30BAIM TPEXMEPHYIO YUCIECHHYIO MOJEIb,
OCHOBAaHHYIO Ha JIBYX METOJAax. pa3pblBa CMEUIEHUA MJI1 MOTOKAa KUIAKOCTU 4epes
MOPUCTYIO CPEy U METOJI KOHEUHBIX 3JIEMEHTOB JUIsl MOJICJIMPOBAaHUS NMOTOKA. bbL1o
MIPOAHAIM3UPOBAHO PACHPOCTPAHEHUE TPEIIMHBI HAa OCHOBE JIMHEWHOW YIPYrou
MEXaHUKU paspyuieHus. Kpome Toro, oIHOPOJHOCTh M M30TPOIUS MACChl TOPHBIX
MOpOJ MPUHUMAIIUCH C MOCTOSTHHBIMHU TIOPOYNPYTUMH (PU3NUECKUMH CBOMCTBAMU, a
KUIAKOCTh ISl TUApOpaspbiBa CUYUTANACh HECKUMAEMOM M JAEMOHCTpUpOBalia
nosefeHue  HproroHa. VIMEOTCS  YMCIEHHBIE NPUMEPBl  MHOXECTBEHHOI'O
pacrpoCTpaHEHUsT TPEUIMH W3 TOPU3OHTAIBHBIX CKBaKMH B CTaThe. Pe3ynbTarsl,
MOJIYYEHHBIE B XOJI€ UCCIEAOBaHMs, MOKA3bIBAIOT, YTO HAPSALY C CBOMCTBAMH MOPOJ
IU1acTa M HAPsHKCHHOCTBIO 1N SItU pasiuune Mexy TPeIMHAMU OKa3bIBa€T CHUIIbHOE

BJIUSIHAE HA 3BOJIIOLIMI0O MHO>KECTBEHHOT'O pacmpocTpaHeHus: TpemuH. Kpome Toro,
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MOJICJIMPOBAHUE HEPEAIM30BAHHBIX 30H MEXAy OJU3KO  pacrnojOXKEHHBIMU
TOPU30HTAJIBHBIMU CKB@)XKMHAMU JEMOHCTPUPYIOT TOT (aKkT, YTO H3MEHEHUE
HaIpPsHKEHUI U OPOBOTO J1aBJIEHUS W3-3a UCTOILECHUS IUIACTa B OCHOBHOM 3aBUCHUT OT
AHU30TPOIUH HAIIPSLKEHUM, TOPOYNPYTUX CBOMCTB IIJIACTA U CPOKOB CTUMYJISILIUU WITN
JIOOBIYU CKBAKUHBI TPOJAOHKUTEIBHOCTb.

OCHOBHBIE pe3yJbTaThl UCCIENOBAaHUA IpeAcTaBieHbl HA Pucynkax 1.4-1.7.
Co3naHHast CeTh TPEIIMH U pacipeieIeHUe PaCKPhITUS TPEIIMHbI TOCIE 3aBEPIICHUS
BTOpOIl cTaguu moka3anbl Ha Pucynke 1.4. Bug cOOoky pa3BepHYTOH T€OMETpUU
TPEIIMHBl W PacHpe/Ie]ICHUE MAKCUMAJIbHBIX TOPU30HTAIBHBIX HANPSLDKEHUM M X
OpUEHTAlIUs B MONEPEYHOM CEYEHUH BJI0JIb IUNIOCKOCTH XY Moka3aHbl Ha Pucynke 1.5.
NHaynupoBaHHBIE CIBUIOBBIE HAINPSDKEHUS W PACHpPENESICHUE JaBJICHHUS IOp B

pe3epByape nokasanbl Ha Pucynke 1.6 u 1.7 COOTBETCTBEHHO.

W (mm)

Z (m)

Pucynok 1.4 - Pactipenenenue mupuHbl TPEIUHBI [2]
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X (m)

Pucynok 1.5 — Pacrnipenenenne MakCUMaJIbHOTO TOPU30HTAIILHOTO HANPSIKEHUS [2 ]

4 2 0

2
X (m)

Pucynox 1.6 — Pacnipenenenue nHAYIIUPOBAHHOTO CABUTOBOTO HATIPSIKEHUS [2]
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P (MPa)

44.0
42.7
41.3
40.0
38.7
3713
36.0
34.7
33.3
32.0
30.7
293
28.0
26.7
253
24.0

Pucynok 1.7 - Pactipenenenue mopoBoro aaBieHus [2]

Coznmanve TpemmuH 0e3 CMENICHHS BBI3BIBACT CUMMETPUYHBIE CKMMAIOIINE U
CIABUTOBBIC  HAMPSDKEHUS  BOKPYI  TPEIIMH, KOTOpbIe OyIyT  yIepKUBaTh
pacmpocTpaHeHUEe TPEIMHBI B CaMOW IIJIOCKOCTH, KAaK TOKAa3aHO B YacTU TEPBOU
ctaguu Ha Pucynke 1.6. OHako npu co3AaHUU TPEIIMH CTaauu 2 TPEIIMHbBI cTaauu 1
uHAyIUpyIoT 3¢ dekT stress shadowing, kKoTopbie H3MEHSIOT OCHOBHBIC HAITPABJICHUS
HAMPsHKEHUH it TpemuH cranuu 2. ClenoBaTtenbHo, Pe3yIbTUPYIONMINE TPEITUHBI
cJIerKa OTKJIOHSAIOTCS OT BEPTUKAIBHOM MJIOCKOCTH ¥ TEHEPUPYIOT KPUBYIO T€OMETPHIO
TPEUIMHBI, KaK MOKa3aHO B yacTu 2 3Tana Ha Pucynke 1.4 u na Pucynke 1.5. U3
Pucynka 1.5 BUIHO, 9YTO BHEIIHHE KOHIIbI TPEIIUH CTYIEHH 2 MOKA3bIBAIOT OOJIBIIIHIA
U3ru0 1O CPaBHEHUIO C BHYTPEHHHMH HAKOHEYHUKAMH, YTO MOXKHO OOBSICHUTH
HAJIMYHUEM BBICOKMX PACTATUBAIOIINX HAIIPSKEHUH, CO3/[aBaEMbIX BOJIM3U BHYTPEHHUX
KOHIIOB. TpemuHbl CTaguu 2 HWMEIOT TEHACHIIMIO 3aKphIBaTh paHEEe CO3IaHHBIC
TPEIIMHBl CTyNeHW | W3-32 MHAYIUPOBAHHBIX CHKUMAIONIUX  HAMPSHKCHUM.

CJ'IGI[OBaTeJIBHO, TPCIIUHBI 1-i CTaIuM Ha PI/IC}’HKG 1.4 moka3bIBalOT MEHbIIIEE
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OTKPBITHE MO CPAaBHEHHUIO C TpelIlMHaMu BTOpoil cryneHu. OcHOBHOUM rpaduk
HanpsbkeHnil Ha PucyHke 1.5 moka3bIBaeT, YTO HAKOHEYHUKHU TPEIIUH BHIPOBHEHBI B
HaIIpaBJICHUM MAaKCHUMAaJIbHBIX TJIABHBIX HanpsbkeHuil. M3 Prucynka 1.5 takxke BuaHO,
YTO WHAYLUHUPOBAHHBIC HAINPSKEHUS BBI3BIBAIOT U3MEHEHHE OCHOBHOT'O HANPABJICHUS
HanpsOKEHUs, TJIaBHBIM 00pa3oM, BOJIM3M HAKOHEYHUKOB TPEILIMH, TOTJa Kak
OCHOBHBIC HANpaBJEHUS HAIMpPsDKCHUUW BOJIM3M IEHTPAIbHBIX 00JacTel TpPEeUIMHbI
OCTAIOTCS HEU3MEHHBIMU. VI3MeHeHe OCHOBHBIX HAIlpaBJICHUN HANPSKEHUN BOJIU3U
HAaKOHEUYHUKOB TPEUIMHBI MPOUCXOJIUT TJIaBHBIM 00pa30oM HM3-3a MHAYLUPOBAHHBIX
CIBUTOBBIX HAMPSIKEHUI B 3TUX 30HaX, Kak Moka3zaHo Ha Pucynke 1.6. Pacnipenenenue
M3MEHEHMS MJIACTOBOTO JABJICHMS MOCJE pa3pbiBa IUlacTa 2-TO 3Tamna MOKa3aHO Ha
Pucynke 1.7. 3ameueno, 4To miomaas BOIM3U TPEIIUH CTYIICHH 2 TTOKa3bIBaeT Ooee
BBICOKO€ M3MEHEHHE IMOPOBOI0 JABJICHMSI MO CPAaBHEHUIO C O0JIACTBIO TPEUIUHBI
NIEPBOM CTYIIEHU, KOTOpasi HEIOCPEJICTBEHHO CBA3aHA C MX OTBEPCTHUSIMH pa3pbIBa.
31ech BaXXHO OTMETUTh, YTO B 3TOM Cy4yae TPELIMHBI CTyNeHU | nMmeroT OoJblie
BpeMeHU Uil Iu(PPy3un KUAKOCTH IO CPABHEHUIO C TpEUIMHAMHU CTaauu 2;
CJIeI0BaTeIbHO, U3MEHEHHUE TIOp U3-3a AUPDY3UU KUIKOCTH JTOHKHO OBITH BBILIE 15
TpemuH nepBoi crynenu. OgHako BBUAY Majon quddy3uu npeodiagaet u3MEHEHHE
MOPOBOTO JaBJCHUS U3-3a MexaHuueckou nedopmaruu. [loctosiHHbIE TpaHWYHbBIE
YCJIOBHUSl [JIaBJICHUS KUIAKOCTH Ha NPEAbIAYIIEH CTaguu pas3pblBa NPENSTCTBYIOT
NIOJIHOMY 3aKpBITHIO TPELIUH MNEpBOM CTyNneHH. PaKTHUYECKH, TPEIIMHbI cTaauu 1
OyIyT 3aKpbIBaThCcsl MpuUMEpHO 10 50-60%, BO3HUKAIOMIMX B pe3yJbTaTe pa3pbiBa
iacTa NepBOM CTajuy. DTO €lle OJHA NPHYMHA TOTO, YTO MPHU MEpPEeIoMax MepBOH
CTYIIEHH MEHbILIE Nepenaaa NaBJICHUs NOp MO CPaBHEHUIO C TPEIIMHAMH BTOPOM
CTYTICHH.

J. Kymap u ocrtanpHbie B CBO€i pabore [3] M3yuMiIM TEepeopueHTAIUs
HaIpPsHKEHUI BOKPYT TOPU30HTAIBHBIX CKBAXKMH, KOTOPHIE BIUAIOT HA OPUEHTAIUIO
tpeuuHbl MIPII. OHm oTMeTwin, 4YTO YyMEHBIIEHWE JABJICHHUS MOp BHIOJb
TOPU30HTAJIbHON CKBAXKUHBI C TPEIIMHAMU SIBJISIETCS HEOHOPOAHBIM, YTO IPUBOJIUT K
AQHU3O0TPOINHBIM HM3MEHEHMSIM IUIACTa M, BO3MOXKHO, M3MEHEHUIO HampsokeHusa. B

pa60Te OCHOBHOC BHUMAHUC YACIIACTCA YINIOTHAIOILICMY 6ypeHmo, 1 OBLIIO OTMCYCHO,
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YTO  TPEIMHBl  OT  YIJIOTHSIONUX  CKBAXHWH  MOTYT  PacHpoCTPaHSTHCA
NEPHeHAUKYIAPHO HadaJdbHBIM TpeniuHam. [lojeBble NaHHbBIE, MCIOJIb30BAHHBIE B
UCCJIEI0BAHNH, TTOKA3AJIM, YTO TPEIIMHBI MOTYT [I€PECEUb CYIIECTBYIOIINE TPELIUHBI,
YTO OTPUIIATENBHO BIUsIET Ha 10ObIYYy. [IpoBeieH TpeXMepHbIi MOJTHOCBSI3HBIN aHATN3
U3MEHEHHU TMOPOYNPYTUX HAMPSDKEHUH B HampspDKeHUW IN SitU U UX BO3MOXKHAS
NIEPEOPUEHTALMSI BOKPYT THJIPABIMYECKUX TPEIIMH B FOPU3OHTAJIBHBIX CKBAKMHAX.
ABTOpBl Hcnonb3oBanu cumynarop (GeoFrac3D) nnsi uHUUMAUMK TpPEUIMH MU
MOJICJIUPOBAHUS  JOOBIYM  JKUAKOCTH, TIIOCJIE€ YEro OHHU  MOJEIUPOBAIU
MHOTOCTYNEHYAThIN THIPABINYECKUN Pa3phIB IUIACTA C YUYETOM U3MEHEHUS TOPOBOIO
naBieHusi. OHU TPOJEMOHCTPUPOBAIM POJIb HANPSKEHUS] U TOPOBOTO JIABJICHUS U
OpOOOPa3yIOIUMX CBOMCTB IUIACTa B 3aBUCUMOCTH OT BpPEMEHU CTUMYJSILIMU U
IPOYBKH CKBaKMHBI B HOPMAJILHOM peKMMe TpeluH. VcciienoBanue oTIMyaeTcs ot
IPYTUX, pEaIn3ysl €IUHYI0 YUCICHHYIO MOJIEIb, KOTOPas MOXET MOJEIUPOBATH KaK
CTaJMI0 TUAPABINYECKOTO Pa3pbiBa, TaK U BBITYCK KUAKOCTH. Co3gaHa reoMeTpus
re0JIOTMYECKOU TPEILIMHBI, KOTOPasl, KaK MPaBHUIIO, 3aII0JHAET OCh CKBAXKUHBI, KOTOPAs
U3MEHSET MaKCUMallbHOE€ TOPU30HTAJIbHOE HaNpaBJIeHUE HamNpsoKeHud Ha PucyHke
1.8.

A. T'acceMu U ocTajbHBIE TIPEACTaBUIN PabOTy [4], B KOTOPOH paccMOTpeu
pacmpesiesieHe TPEXMEPHOTO HaIpsHKEeHUST W TMOPOBOTO  JIABJIEHUS  BOKPYT
TUAPABINYECKON TpelmrHbl. OHM YHUCIEHHO BBIYMCIMIN SIBJICHUSA Ui aHAIA3a
BO3MOYKHOCTH pa3pbiBa IJIacTa M3-3a MOBBIIMICHUS JaBJIEHUS. ABTOPBI IPEICTaBUIIN
YUCJICHHYIO MOJI€Jb, KOTOpas BKIIOYAET METOJ KOHEYHBIX 3JEMEHTOB U METOJ
paspyuieHust mopooOpasoBanus. OHM TPEACTaBISIIOT CcO0OM MaTeMaTHYecKHe

YpaBHCHU:A, OIIPCACIIAIOIINC BSaHMOHGﬁCTBHH HaHpH)KCHI/Iﬁ " IIOPOBOTI'O AABJICHUS.
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Pucynox 1.8 - Pacnipoctpanenue tpeuun muoroctaauitnoro I'PIT nmocne 36 mecsien
n00b1un [3]

A. Pe3ae B cTtarbe [S] BBIIOJIHUI MOJHOCTBIO CBSI3AHHBIN IBYXMEPHBIA METO/T
pa3ynpoYHeHUs MOPUCTOCTH, YTOOBI UCCIIEAOBATH Ipolecc oopazoBanus Tpemniud [ PT1
B TOPU30HTAJILHBIX CKBaXWHAX. ABTOP OTMETHJI, UTO UCTOIIEHHE pe3epByapa BOJIU3H
CTapbIX TPEIIMH HEMOCPEACTBEHHO BIIMSET HA COCTOSIHUE CTpecCa M, B KOHEYHOM
cyeTre, Ha pPaCIpPOCTPAHEHHWE BHOBb CO3JAHHBIX TPEUIMH. YIOMHUHAETCS
HEO0OXO0IMMOCTb MOPOYIPYTOro aHAIM3a ISl ONPe/IeTICHUs PYKOBOSAIINX TPUHITUIIOB
mpoiiecca 00pa3oBaHUWS TPEUIWH, B YACTHOCTH, JIs TOHUMAHUS PaCIIUPEHUS
WCTOILEHUS Pe3EpPByapa U, B KOHEUHOM MTOT€, OPUEHTAIMH HOBBIX, a TAKKE CTapbIX
TPEIIUH. ABTOP MNPEAJIONKHII TMOJHOCTHIO CBSI3aHHBIA TMOJAXOM JJII MOJEIUPOBAHUS
BCEro IIpoliecca pachpoCTPaHECHHS BTOPUYHOM TPEIIMHBI B HMCTOIICHHOW 00JacTH
MEX1y JABYMs IIE€pBOHAYAIbHBIMU TPEIIUHAMU B OJTHOM U TOM € CTBOJIE CKBAXKUHBI.
DTOT MoAX0A He TpeOyeT UCIOJIb30BAHUSI MHOTOCTYIIEHYATOro padodvero mporecca,
KOTOPBIN PETYISIPHO MCIOJIB3YETCA IJIsI MOAEIUPOBAHUS Mporecca. MakCuMaabHbIN
KPUTEPUN PACTATUBAIOLIETO HANPSKEHUST MCIONB3YETCA I PACHPOCTPAHECHUS
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THIPAaBIMYECKOr0 paspbiBa B Oymare. [lpemnaraemblii MeToa mpoBepsieTCs C
WCIIOJIb30BAaHUEM JOCTYMHBIX AHAJTUTUYECKUX PEUICHUN ISl PEKUMOB HArpyKEHUS
IPU TOJIHOM HAINpsOKEHWM W I[OPOBOM  JIABJICHUM IIPU IEPEJIOME JIMHUU B
JPEHUPOBAHHBIX W HEAPEHUPOBAHHBIX YcloBUsAX. Kpome Toro, ObUIM H3Yy4YEeHBI
TECTOBBIE TMPUMEPHl MHOTO(PAKTOPHBIX TOPU3OHTAIBHBIX CKBAXKHH [JIsI pacuera
BPEMEHHOM HBOJIIOLMM IIOJIEW HAIPSHKEHWM M IOPOBOIO JABJIEHHMS BOKPYI CTapbIX
TPEUIMH U JJI1 TOHUMAaHUs BIIMSHUS ITHX IOJIEN HA MyTh PACHPOCTPAHEHUS BHOBb
CO3MaHHBIX TpemMH. Kpome TOro, wn3ydaercss BIMSHHE HCTOLUECHHUS IOPOBOIO
JABJICHUS HA IyTh PACIPOCTPAHEHUsI BHOBb CO3/IaHHBIX TPEIIMH B 00X0HOM 00nacTu
CTBOJIa CKBa)XMHBI. [lomydeHHbIE pPe3ynbTaThl MOKA3aJIHd, YTO MUCTOIICHHBIE YYaCTKH
BOKPYI' CTApbIX TPEIIMH CUJIBHO 3aBUCAT OT CTEIIEHU U TSKECTH IIepepacipeeicHus
HaIpsOKEHUM W UCTOIIEHUS MOPOBOrO JABJIECHHS. BBUIO OTMEUEHO, YTO YCHEIIHOE
CO3/JaHUE HOBBIX TPELIMH MOXET IPOU30MTU TOJIBKO B OIIPEIEICHHBIC BPEMEHHBIC
paMku. PesynbpraThl HcciieOBaHMS JAIOT IIPEACTABICHHUE O IIOBEACHUHM BHOBb
CO3/TaHHBIX TPELIMH B NCTOIEHHBIX 30HaX. OHU TaKK€E YTOUHSIOT B3AUMOCBSA3b MEKIY
VM3MEHEHHUEM HANPSHKEHUS M UCTOLIEHUEM PE3EPBYapa B TOPU30OHTAIBHBIX CKBaKUHAX.
HawubGosnee nieHHbI pe3yabTaT UCCIe0BaHUS MpecTaBieH Ha Pucynke 1.9, B kotopom
HaIlpaBJICHUE TPEIIMHBI MPEICTABICHO B 3aBUCUMOCTH OT BPEMEHU ITPOU3BOJICTBA.
ABTOpBI BBIJENSAIOT HOBBIA U3JI0M B CTOPOHY CYILIECTBYIOIIUX MEPETOMOB.

B cratee [6] A. AGaymutaxunyp OTMETHI, YTO MHOTHE MPOOJIEMbI B TOPHBIX
nopojax, KOTOpble €CTECTBEHHBIM 00Pa30M 3al0JIHEHbI HACHIIIIEHHBIMU TPEIIMHAMU U
nopamu (C OJTHUM WJIM HECKOJIbKUMH (IIIOUIaMu), Jy4llle TOHSTHI B MOPOYIPYAHON
cTpykrype. beino ykazano, yto meton pa3psiBa cMmemienus (DDM) ocobenno naeanex
Uist  mpoOJieM, CBSI3aHHBIX € TeperomMaMud M paspbiBamMu. Opnako DDM B
NepPBOHAYAIBLHON (OpMe OrpaHHuYMBaeTCs TMpodiemMamMu yrnpyroctu. B pabGote
noJiyueHsl (yHAAMEHTaJIbHbIE pemieHus noposioynpyroro DDM. Kpome Ttoro, oH
BBOJIUT YUCJICHHYIO (POPMYJIUPOBKY W pean3aiuio sl nopolniactuunoro DDM B
KOJIE C MOCTOSTHHBIM 3JieMeHTOM ropodnactudyHoro DDM (CEP-DDM). TouHocTh 1
000CHOBaHHOCTb MpEIAraéMoOro pEIlIeHWs] M HEJAaBHO pa3pabOTaHHBIM  KOJ

IMPOBCPACTCA AHAJIUTUYCCKHM PCHICHUCM B KpaTKOCquHOﬁ u ,Z[OHPOCpO‘lHOﬁ
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nepcrektuBe. YuciaeHHbIE  pe3yJbTaThl  IMOKAa3aJlM  XOpolllee Ccorjachue ¢
QHATUTUYECKUMHU  pe3ylbTaTaMM B KOPOTKHE  TMPOMEXKYTKH  BpPEMEHU
(HeApEeHUPOBAHHBIN OTKIMK) W anutenbHoe BpeMmsa (t = 8000 c¢) (apeHupoBaHHBIN
oTkIMK). Cxema pacnpoCTpaHEeHUs] TPEUIMHBI Uil MPoOJIeM pacrnpoCcTpaHEHUs
TPEUIMHBI BBOJUTCA W JAEMOHCTPUPYETCS B MPUMEPE, KOTOPBIM MO3BOJISET KOIY

CJIEIUTH 32 PAaCIPOCTPAHEHUEM TPEIIMHBI BO BPEMEHU U IIPOCTPAHCTBE.

40 -
—5 years
0 3 years
- Initial hydraulic fractures —1 year
TR {SEna S —6 months
20 —1 month
B
g 10
S;‘ ~.
S
3 0 - . ® ,
R i New fracture |
R .10 \
A
-20
30/  Horizontal well |
-40 ; : : ; : : - : ‘
-50 -40 -30 -20 -10 0 10 20 30 40 50

Distance, m

Pucynok 1.9 — CpaBHeHue MexX 1y 0Opa3oBaHUEM TPEIIUH B PA3JIMUHbBIC TPOMEKYTKU
BpEMEHH [5]

. Kymap u A. I'accemu B cBoel crarbe [7] OTMETHIM, YTO YHUCJIEHHOE
MOJICJIMPOBAHUE  MHOTOCTYIIEHYAaTOrO0  THUAPABIMYECKOrO  pa3pbiBa  OOBIYHO
npe”eOperaeT nopoynpyrumu 3gdexramu. OgHako B ciyyae pe3epByapoB C HU3KOH
IPOHUIIAEMOCTBIO, TJI€ THJPABIMYECKUN pa3pblB OOBIUHO OCYIIECTBISETCS C
UCIIOJIb30BAHUEM JKMAKOCTEH C OTHOCUTEIBHO HHM3KOW BA3KOCTBIO M BBICOKOU
CKOPOCTBIO BIPBICKA, HEOOXOJMMO BKJIIOYHUTH CBSI3aHHBIE IOPOOOpasyrolne
MEXaHU3MBbI U1 JIy4IIero NOHMMAaHMs Ipolecca pa3pplBa IJIACTa, KOTOPBIA MOMKET
BKJIKOYATh Pa3pyILICHHE TOPHBIX MTOPOJ U PEAKTHBALIUIO €CTECTBEHHBIX ITEPEIOMOB. B
CTaTb€ OHU IPEICTABWIM ITOJTHOCTBIO CBSA3aHHBIA TPEXMEPHBIN MOPOYIPYTUN aHAIU3

MHOXCCTBCHHOI'O pPaCIIpPOCTPAaHCHHA TPCIIMHBI W3 TOPU30HTAJIbHBIX CKBAKHUH.
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UucneHHas MOJENb UCII0JIB30BaIa METOJ KOCBEHHOTO FPAHUYHOTO 3JIEMEHTA pa3phiBa
CMEILIEHHS I MOPOYIPYroro OTKIMKA MOPOJAbI, METOJ KOHEUYHBIX 3JIEMEHTOB MJIS
MIOTOKA TPEUIMHOBATON TEKYy4€H CPEIbl U METOJI JINHEMHOW YIIPYTrOM pa3pyLICHUs s
TpemMHbl. Mojenb, KOTopas HCIOJIb30BaJaCh B MCCIEIOBAaHUHU, OOBSICHSET
MEXaHUYECKHME  B3aUMOJICUCTBUS  MEXAY  MHOXKECTBEHHBIMU  TPEIIUHAMH,
pacnpocTpaHEHHE CMEUIAaHHOTO pexuMma, Tud@y3uro KUAKOCTH B  MATPHUILY
KOJUIEKTOpa U BiusHHE AUPDY3UN KUIKOCTH HA MEXAaHMUYECKHUUA OTKIMK TOPHBIX
nopoJl. Mozenb NpoOBEpeHa AHATUTUYECKUMHU PEUICHUSMH, a TakKKe MPUBEIACHBI
YUCJIEHHbIE MPUMEPHI OJHOBpPEMEHHOTro W mocienoBatenbHoro I'PII omuHOUYHBIX U
MHOKE€CTBEHHBIX TOPU30HTAIBHBIX CKBXXHWH B (DOPMUPOBAHUM MEIHO-HUKEJIEBOTO
Mena. Pe3yiabTaThl MOKa3bIBAIOT, YTO CO3JaHHAs T'€OMETPHSI CETH TPEUIMH CHIIBHO
3aBUCUT OT MEXAHWYECKUX B3aMMOJICCTBUM MEXAY TpeIIUHAMHU. Takke MOKa3aHo,
YTO MOPOYNpyTuii 3HPEeKT yBeIUUUBACT YUCTOE JIABJICHNE PA3PYIICHUSI U IPUBOIUT K
yMeHbIIEHUI0O o0beMa Tpemuubl. [loposnactuyeckas MojaeNb WUIIOCTPUPYET
NEPEXOAHBIA XapaKTep TEHEW HaNpsDKEHU W OCOOEHHO MOJie3Ha IS aHaiau3a
pedpakiuu, TMOCKOJIbKY OH JETrKO BBIYUCISET HM3MEHEHUS HaNpsHKEHUW u3-3a
VCTOLICHUS 3a11aCOB.

A. Tomamu u C. Paxman [8] oOecreuynnu OCHOBY ISl HW3y4YCHHS
pacrpoCTpaHEHUs TPEIIMH B MPUCYTCTBUU [JPYTUX Pa3pblBOB M  Pa3IMYHON
AQHU30TPOIUHA HU3KOMPOHUIIAEMBIX YTJIEBOJIOPOJHBIX OOpa30BaHW M TOMOTAIOT
YIYUYIIUTh CTPATeTHUH TPOCKTUPOBAHMUS MHOTOCTYIEHYATOrO pa3pbiBa B CTAaThe
«BnusgHMe NMOPOBOro NaBJIEHUS HA MEPEOPUEHTALMIO HAMPSHKEHUH U OTKJIOHEHHE
TUAPABINYECKOM TpeumuHb». OHU 3asgBWIA, YTO MEXAHU3M B3aUMOJCHCTBUS
TUAPABINYECKUX TPEIIMH U BIUSHHUE JIOKAJIBHBIX HEOJHOPOJHOCTEH Ha KOHEUHYIO
TPAGKTOPUIO PACTYIIMX THUAPABIMYECKUX TpPEIIMH €IIe He u3y4deHbl. bblia
pa3paboTaHa TOJHOCTBIO CBSI3aHHAs MOPOyHpyras MOJENb Ha OCHOBE KOHEYHBIX
3JIEMEHTOB VISl UCCIEA0BAHUS MOBEICHUS PA3MHOKEHHS CMEIIAHHBIX PEXXKUMOB POCTa
TUAPABINYECKUX pa3pbiBOB. MOJI€Nb UCIIOJIB3YET IBHOE MPEICTABICHUE O TPEIIUHBI,
KOTOPO€ TO3BOJIACT YUYWUTHIBATH BIUSHUE IMAapaMETPOB, CBSA3AHHBIX C TOPHBIMU

mopoaaMu U KUIAKOCTBIO. KpOMe TOTO, HCCIICAOBAHO BJIIMAHUC I'COMCTPUHU TPCUINHBI U
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SIBJICHUS YT€UKU. ABTOPBI UCIIOJIb30BAIHM PAQUHUPOBAHHYIO CETKY BOKPYT TPEIIUHBI,
KOTOpass 00ecleunBaeT JOMOJHUTEIbHOE TMPEUMYIIECTBO 0Oojiee JeTalbHOIrO
pacrpeneneHrs HalpsyKeHUM, HW3MEHEHUsI IOPOBOTO JIaBJICHUSI M OOpPaTHOTO
HaIpsKEHUS B OKPECTHOCTH MEPEIoMa M, B YAaCTHOCTH, HA BEPIIMHE TPEIIUHBI.
HakiioH mnoTeHnuanbHOro OTKJIOHEHWs TPEIIUH OLECHHUBAJICI HAa OCHOBAHUU
(byHIaMEHTAILHOTO TPaBUiia, COTJIACHO KOTOPOMY TPEIIMHBI PACTPOCTPAHSIIOTCS
MEePIEHANKYJISIPHO HAIMPABICHUI0 MHHUMAJIbHOIO TOPU30HTAIBHOTO HANPSKEHUS.
DTO WUCCIEJOBaHUWE TIOKA3bIBAET, UTO I[IOBBIIICHHE JABJICHUSI IOIMEPEYHBIX
TUJPABIMYECKUX PA3pPbIBOB MNPUBOJIUAT K TMEPEOPUEHTAIUM JIOKAJIbHBIX TJIABHBIX
HaIpsDKEHHUM, 0COOEHHO B OKPECTHOCTH HAaKOHEYHUKOB TpelruHbl. KpoMe Toro, ObL10
3aM€UE€HO, YTO HM3MEHEHUE XAPAKTEPUCTUK IIOTOKA SIBHO BIIMSET HA SBOJIIOLMIO
HaMpsHKEHUST CABUTA BOKPYT HAKOHEYHUKOB TPEUIMH, YTO MOTEHUHAIBHO MOXKET
npuBectd K TpemmHe | u Il cmemanHoro pexuma U, CiaeaoBaTesbHO, OTKIOHEHUIO
TpewnHbl. Hanuume  JOKaJBbHBIX  HEONHOPOJHOCTEM, TAaKUX Kak  paHee
CYIIIECTBOBABIINE TPEUIMHBI W/WIA TPEIIUHBI, SBISETCA OCHOBHBIM HCTOYHUKOM
TaKOro MEpepaclpe/iesiecHns] U TEPEOPUEHTAUMN TEPEHAIPSKEHUS, BBI3BAHHOTO
MIOPOBBIM JIaBJIEHUEM, U MOTEHLUHAIBHOIO OTKJIOHEHHS THMAPABINYECKUX Pa3PHIBOB.
OHu ykazanu, 4To OOJIBIIMHCTBO CYIIECTBYIOIIMX MOJEIEH WTHOPUPYIOT WIIU
YIPOILAIOT BIMSIHUE CBSI3U JABJICHUS U JABJICHUS TOP, @ TAKXKE TEOMETPUU TPEUIUHBI
M TIOTOKA XKHUJIKOCTA B IIpelesiax TpemuHbl. KpoMe Toro, yreuka >KHUAKOCTH H3
TUAPABINYECKON TPEIINHBI B TJIACT, KOTOPBIH SBIISETCS KOHTPOJIUPYIOMKUM (PakTOpom
IIPY Pa3pbIBE, YACTO PACCMATPUBAETCS C UCIIOJIb30BAHUEM AHAUIUTUYECKUX MOJEIEH.
Bocnonp30BaBIIMCh MOJHOCTBIO CBSI3AHHOM TMOPUCTOM MOZENBIO Hapsdy C SIBHO
JUCKPETU3UPOBAHHBIM TIEPEIOMOM, 3TO HCCIEIOBaHUE JaeT Oojee peasucTUYHOE
MIPEJICTABIICHUE O CIIOKHBIX IMpoIeccax TPEeIMHHOOOPa30BaHUS MHOTOCTYIEHYATHIX
omepaiui 1Mo pa3pbiBy, OCOOEHHO B MPUCYTCTBUU T'€OMEXaHUYECKHUX CJIOKHOCTEH
IJ1acTa.

YuureiBasg BCHO U3YYECHHYIO JIMTEPATYPY, MOXKHO 3aKIOYUTh, YTO
repepacupeaeieHUe HaANPsKEHU BOKPYT BEPTUKAIIBHON CKBAKUHBI XOPOIIIO U3YYEHO

U HE SBIISICTCS CIOXKHBIM sIBIeHHEM. boiee TOIro, OH OBUT TTOJTHOCTBIO HCCJICA0BaH
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pasnuyHbIMM ~ y4eHbIMH. OneHka  IEepeOpUEHTAlWN  HAnpsDKEHUM  BOKPYT
TOPU30HTAIBHOW CKBaYKMHBI JIOBOJIBHO CJI0KHA. [Ipexzae Bcero, ¢ TEXHOJOTMYECKON
TOUKHM 3peHusi, naunuupoanue tpemuH ['PI1 sBnsercs 6omnee cioxubiM. Bo-BTOPHIX,
HEOOXOAMMO TOYHO OIEHUTH TUIONIA/lb, IOJABepKeHHYI0 Stress shadowing aghgpexmy,
4yTOOBI BBINOJHUTH MepBoHauaibHbId [PII ¢ moutw mockumu TpemmHamMu. B-
TPETbUX, B OOJBIIMHCTBE CIy4YaeB XUAKOCTb MMEET TEHACHIIMIO MPOTEKaTh depes
TPEUIMHbI, YTO NPUBOAUT K MCTOUIEHUIO AHU30TPOITHOIO JABJIEHUS BOKPYT
TOPU30HTAJIBLHOTO CTBOJIA CKBAXXMHBI U MOXKET BbI3BAaTh U3MEHEHHUE HANPSKCHUS.

Kpome Toro, OONBIIMHCTBO aBTOPOB MCIHOJb30BAIA METOJT KOHEUYHBIX
AJIEMEHTOB, CBSI3aHHBIA C METOJOM pa3pbiBa CMEUICHHS, YTOObI PEIIUTh IPOoOIeMy
MEXaHUKH U TOPOYIPYrocTu. Tem He MeHee, OHM 00eCIeUUBAIOT TOJIBKO ONPEeIICHNE
pacrpoCTpaHEHUs TPEUIUHBI IPU PACCMOTPEHUH IO HAPSKEHUM, U HU OJIMH U3 HUX
HE JIaeT peasIbHbIX JaHHBIX ITociie 00paboTKu. JpyrumMu cioBaMu, MOJHOCTHIO U3yU€EHa
TOJILKO TEOPETHUECKAasl CTOPOHA MPOOIEMBI.

Ha ocHOBaHMM M3yYEHHBIX JINTEPATYPHBIX HCTOYHUKOB, BO3MOKHO OTMETHTB,
4TO CYIIECTBYET JBa croco0a pealu3allM MOJAX0Ja: IMOCTPOCHHE TPEXMEPHOMN
YUCJIEHHOM MOJIEIN, BKIIOYAIOIIEH T€OMEXAaHNUKY U MOTOK KUAKOCTH WJIA HAIlMCAHUE
KOJa, MIOCPEACTBOM KOTOPOTO YpaBHEHHMsI MOT'YT PEIIAThCS YHUCIEHHO. B HacTosmee
BpEMs HET CUMYJIATOpPA, KOTOPbIA o0beauHsaeT ¢pu3uky. Tem He MeHee, CyIIeCTBYEeT
MHO’KECTBO IPOrpaMM, B KOTOPHIX I'€OMEXaHUKa M MOTOK KHUAKOCTU MOTYT OBITh
pELIEHbl OTIENBbHO, HO COYETAHWE W3MEHEHHsI HANpaBJICHUS HAIPSKEHUS OYCHb
comHuTenbHO. C  Opyroil CTOpPOHBI, I HAlMCaHHUA KOJa HEOOXOJMMBI
JIOTIOJIHUTENbHBIC 3HAHUSI, KOTOPBIE BBIXOJAT U3 He(PTAHOM nHkeHepuu. boiee Toro,
BU3YalU3allMsl pe3yJbTaTOB OyJEeT JAOCTATOYHO CIOXHOW. Takum oOpa3om, TPyaHO
PEIIUTh TPOOJIEMY C TOMOLIBIO TPUMEHSIEMbIX METOJIOB.

OHaKO U3BECTHO, UTO MOTOK KUAKOCTH B IOPUCTOM CPENIE U TEMIOBOM MOTOK
pPEryIupyOTCS aHAJIOTUYHBIMUA ypaBHEHUSIMU U 3akoHaMu. A. Hoppuc B cratbe [13]
OTMETHUJI, YTO CXOACTBO MEXIY YPAaBHEHMUSIMHU IOPOYIPYTLOCTH IS YKUIKOCTH C
HACBIIIEHHON TMOPUCTON Cpeol M YPAaBHEHHSIMU TEPMOYIPYTOCTH OBUIO OTMEUYEHO

MHOTO pa3 B auteparype. JeiictBurenbHo, boT 0611 ri1y00KO OCBEIOMIIEH O CBSI3H,
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BHecIIeH (pyH/IaMEeHTaIbHBIN BKJIa/ B 00€ 00J1aCTH; B YaCTHOCTH, EMY IPHUITUCHIBACTCS
MIEPBOE MOCJIEIOBATEILHOE PA3BUTHE TUHAMUYECKONW TEOPUU TTOPOYIPYTOCTU. ABTOP
OTMETHJI, YTO COOTBETCTBUE MEXKAY TEOPUSIMHU OCOOEHHO IOJE3HO B TOM CMBICIIE, UTO
uMeeTcs 0oJiee 3HaUuTeNbHas JIUTepaTypa o nmpodiaemMam TepMOYIIPYTroCTH, U MHOTHE
U3 JIOCTYITHBIX PE3yJbTaTOB MOTYT OBITh HEMOCPEICTBEHHO MEPEBENEHBI B 00JIACTh
nopoynpyroctd. Hampumep, Hcnonap3yercs 3KBUBAJIEHTHOCTh I MOJYyYEHHUS
U3BECTHBIX PE3YyJIbTATOB B TEPMOYIPYIOW JHUTEpaType A MOJYyYEeHHs SBHBIX WU
IPOCTBIX BBIPAKEHUI JUIsl PELIEHUS] OCHOBHOT'O TOYEYHOI'0 UCTOYHHKA B JIBYMEPHOM 1
TPEXMEPHON JUHAMUYECKOM mopoynpyroctd. OTmedaercs, 4YTO Bompoc 00
OMpeNeIeHU OJHOTO M3 MapamMeTpOB CBSI3M B MOPOYNPYIMX KOHCTUTYTHBHBIX
YPaBHEHUSX I COCTAaBHOM Cpenbl IOJHOCTBIO AHAJIOTMYEH 3a/Jade HaxO0KJIEHUS
ko3¢ duIeHTa TEMIOBOr0 pacHIMPEeHHUs B KOMIIO3MIIMOHHOM Martepuanie, s
KOTOPOTO Y€ H3BECTHbI HECKOJBKO INPHUMEHHMBIX pe3ynbTaroB. CBsi3b MEXIY
pelieHrus MU J1I000M Teopuu Takxke 00CyXKIaeTcss IpyruMu aBTopamu. B cratbe
UCCJIENYEeTCSl CBSI3b MEX]y IapaMeTpaMH B CTaTUYECKUX YPABHEHUSX JIBYX TEOPHUH.
PaccmartpuBas Teopuro TEpMOYIIPYTrOCTH, KOTOPAsi BKJIFOUAET SHTPOIHUIO KaK MOJIEBYIO
NEPEMEHHYIO, MOXXHO CJEJaTh [OJHOE€ COOTBETCTBUE MEXKIYy TEOPHUAMH.
DOKBUBAJIEHTHOCTh O3HAYaeT, YTO pe3yJbTaThl Mg 3PGEKTUBHON TEMIOEMKOCTU
KOMIO3ULIMOHHOIO MaTepuaia UMEIOT IIPSAMBIE MTOCIAEACTBUS U1 OJJHOTO U3 MOJYJIEH
B Teopuu buo.

bouio BeIOpaHo mnporpammHoe obecneuenue ANSYS, Tak kak 3TO
OporpaMMHOE OOecrieueHHe MOXKET COYeTaTb CTPYKTYPHOE M TEPMHYECKOE
MOJIEJIMPOBAHUE U TIOCTYIIHO.

YtoObl 0000mUTH JAaHHBIA pasjen, OJoK-IuarpaMma, MHpeAcTaBiICHHAs Ha
Pucynke 1.10, onpezensier Bech MpoIriecc MOACIUPOBAHUS PAOOTHI B MPOrPAMMHOM

obecneuennn ANSYS.
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2 XapakTepuCTHKA HCCJIeyeMOro 00beKTa

Kparkas reosioro-reopusndeckasi XapakTepucTUKa 00beKTa MpeCTaBlIeHa U3
oryeta 00 TPOBEACHMM CEHCMUYECKUX pabOT  JMIIEH3MOHHOIO  y4yacTKa

mectopoxaeHus N [14].

2.1 O0masi xapakTepucTuKa

Mecrtopoxnaenue N pacrnosiaraercst Ha TeppuTopun ToMckoil o6iacTtu, 6osee
To4yHO Ha rpanuie [lapadenbckoro u Kapracorckoro pailoHOB.

Ha paccrosnun okono 40 KWJIOMETpPOB pacroyiararoTcest Onvkaiime
HAceJeHHbIE MYHKTBI, NPU 3TOM LEHTp obsactu, ropoa Tomck, Haxoautcs B 460
KWJIOMETpax Ha I0ro-BOCTOK. PailoHHBIN 11eHTp, nocenok [lapabens, pacnonoxeH B
190 xmiomerpax Ha CeBEpO-BOCTOK. B mocenke MMeeTcs a3pomnopT C TPYHTOBOM
B3JIETHO-TI0CAI0YHOM MOJIOCOM.

C no3uiu reorpaduu — MECTOPOKICHUE HAXOIUTCA BOJIM3U pek boibiioi
Exbinbuak u KBensep. Jlannwie pexu otHocaTcst K O0ckoMy OacceitHy, HECY10XOIHbI
U SBJSIOTCS HCTOYHUKAMU TIPECHOW BOJABL. TE€ppUTOpPUS MECTOPOXKACHUS H
OJIMKANUIIIMX YYaCTKOB MPEACTABISIET cOO0N OOJIOTHUCTYIO MECTHOCTh, TNIyOMHOU 10
HECKOJIbKMX MeTpoB. Penbed momoruit ¢ HeEOONBIIMM H3MEHEHHEM aOCOJIOTHBIX
oTMeToK (0T +90 o +130 meTpoB).

Paiion XxapakTepusyercss KOHTHMHEHTAJIbHBIM KJIMMAaTOM CO CpPEIHErOA0BOU
TEMIIEpAaTypoOl B parlOHE HOJIS TPagyCoB, KOPOTKHM JIETOM M IPOAOJLKUTEIbHOU
XOJIOJHOM 3UMOM (aOCOTIOTHBIIT MUHUMYM TEMIIEPATyphl 3apETUCTPUPOBAH B palloHe
-60°C.

B npenenax mccneayemMoro yyactka HAUJIMYAE MHOTOJIETHEMEDP3JIBIX TIOPOJ HE
0OHApyKEHO, HO 3aperuCTPUPOBAHO IPHUCYTCTBHE CE30HHOM MEp3JIOThI, TyOHHa
KOTOPOU BapbUPYETCs 10 HECKOJIBKUX METPOB.

PacturensHplii MUp TPEACTABICH JIeCAMM CMEIIAHHOTO THUIA, 3/1E€Ch

mpou3pacCTardT KakK JIMCTBCHHBLIC, TaK H XBOWHBIC JACPCBbA. JKUBOTHBIN MUpP
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MpeACTaBIIeH Pa3IMYHBIMUA oOUuTaTesIMu. [Ipu 3ToM, Ha y4acTKe OTCYTCTBYIOT 0CO00
OXpaHsIEMbIE TEPPUTOPUH.

Hacenenune paiioHa 3aHSTO B OCHOBHOM B He(TenoObIBalolIeH W
nepeBooOpadaTeiBatouX o0JacTax. B m00aBok, oxoTa M PBIOOJOBCTBO TaK JKe
pa3BuTo. B Hacrosiee Bpemsi MPOBOAMUTCS TE€OJOTMUYECKOE H3YUEHHUE U pa3BeIKa
TEPPUTOPUH.

OOGecrieueHre rpaxaaH U MPOMBIIUICHHOCTH TPOU3BOAMUTCS  BOJHBIM
TPAHCTIOPTOM, TI0 KPYITHBIM, CYJIOXOJHBIM peKaM 00 aBTOMOOHMIIHBIM 3UMHUKOM B
COOTBeTCTBYIOIIEe Bpems Troja. Hedts, ngo0biBacMas Ha MECTOPOXICHUH,
TPAHCIIOPTUPYETCSI B  MarucTpaibHbI  HedTenmpoBoja uepe3 HedTEnpoBO/I,
MPOXOISAIIUX YEPE3 MECTOPOXKIACHHUE.

C uenplo X03IMCTBEHHBIX JIMOO MUTHEBBIX HYXk]I, BOJIa JOOBIBAETCS U3 IJIACTOB
HOBOMHUXAaMJIOBCKOM MJIM aTJIBIMCKOM CBUT, TaK KaK OHHM 00Jiee BCEX INMPHUTOJHBI IS
NMUThsI. BOJIOHOCHBIE TOPU3OHTHI 3AJIETAIOT B pailOHE HECKOJIBKMX JECSITKOB METPOB
IyOMHBI M1 UMEIOT BHYIIUTENbHBIC 3anackl BOJIbI. C 1EIbI0 MOAACPKAHUS TIIACTOBOTO
JABJICHUS BOJIa JIOOBIBA€TCS U3 TOPHU30HTOB CEHOMAHCKUX OTJIOKCHHH, BBUIY
HauOOJIbIIEH COBMECTUMOCTH IO XUMHUYECKOMY COCTaBY C IJIACTOBOM BOJOM.

BOmu3u  MecTopokJIeHHs OTCYTCTBYIOT JPYrde€ HCTOYHUKH TIOJIE3HBIX

HCKOITa€MBbIX.

2.2 T'eos1oro-reo(puznyeckasi XapaKTepUCTHKA

Hawano wccnenoBanmii  paiioHa TeoJOTO-TeOQU3UIECKUMUA  METOJaMu
noJsioxkeHo B 90-X u 60-X rogax 20 Beka. B Hauane 50-x rogoB Ha Bceil TEPpUTOPUU
Tomckolt oOnactu Oblla MpoOBeAEHA TreoJiorhyeckas cheMKa. MarHutHas u
rpaBUMETPUYECKAsl Pa3BEAKU SBISJIMCh OCHOBHBIMM METOJAaMHU Treo(r3nYecKuX
uccienoanuii. Kpome Toro, ObUIM MOCTPOEHBI HECKOJIBKO OMOPHBIX CKBAXKUH IS
U3YYEHUS U PACUWIECHEHUS pa3pe3a 0CaJ0YHOI0 YexJia.

B cepenune 50-x T00B MCCiaeAyeMbl pailoH ObLI MOKPBIT adPOMArHUTHOM

ChEMKOU U I‘p&BHpﬁSBGI[KOIZ. B PE3YJIbTATC I/ICCJ'IC,ZIOBaHI/Iﬁ OBUIH BBISBJICHBI OCHOBHBIC
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XapaKTepHbIE OCOOEHHOCTH TEO0JOTHYECKOTO CTPOCHHUS, COCTaBlIeHA CTPYKTYpPHO-
TEKTOHWYECKasi KapTa (yHAaMEHTa WU ONpeNeieHbl MPUOIUZUTEIbHBIE KOHTYPHI
CTpYKTYp | mopsizka.

C navasia 60-Xx roJIoB HaUMHAETCS 0OJiee TOYHOE M3YYEHUE MapIIPYTHHIMHU,
pPErMOHANIBHBIMU W IUIONIAAHBIMU METOJAMHU. 32 KOPOTKUM MPOMEKYTOK BPEMEHHU
TaKUMH HCCICAOBAHUSAMU OblIa TOKPHITA BCS TEPPUTOPHS 00JIACTH, B PE3YJIbTATE
KOTOPBIX MPOU3BEIECHO PalOHUPOBAHKME OCAJAOYHOr0 uexya U pyHaaMeHTa 3anaaHo-
CuOUpCKON MIIUTHI.

B cepenune 60-x romoB Obula BbIAeTeHA JlyruHenkas —CTpyKTypa,
OCJIOXKHSIOIIAsl OJTHOMMEHHOE TOIHATHE, U ObljIa MOJAroTOBJIeHa o1 Oypenue. B 1966
roJly TEPBOM CKBAXKUHOUN OBIIO OTKPBHITO JIyrmHEIKoe ra3oKOHEHCAaTHO-HEPTIHOE
MECTOPOXKICHHE.

Haubonee kpymHble CTPYKTYphl 3amagHoil yacTd Tomckoil obOiiactu ObLIN
3aKapTUPOBAHbI B pe3yJibTaTe CEHCMOpPa3BENOYHbIX padoT Hayama 70-X TOJOB.
Pe3ynbTaToM SBUJIOCH OTKPBITUE HOBBIX MECTOPOXKIACHUHM, MPUYPOUYEHHBIX K
AHTUKJIMHAISAM, OCJOXHSIOIIMM BEPXHEIOPCKUE OTJIOXKEHHs. B pesynbrare
MIPOBEICHHBIX MTOMCKOBO-PA3BEIOYHBIX paOOT OBLIN BBISBICHBI U TIOJITOTOBICHBI 10T
riyookoe Oypenue cTpykrypbl KaiiMbicoBckoro cpojia, CpeqHEBAaCIOTAaHCKOTO U
[IyamHCKOro MeraBajioB U CTPYKTYpbl, OCHOXKHsto1Ke HIoposibckyto Bnaauny.

B 1975 romy Obumn mpoGypensl CeBepo-MbuibkuHCKass U JlyruHenkas
napamMeTpUYecKre CKBaXXUHBI, MOCJIE YEero Ha M3y4yaeMOW TEeppUTOpPUHU MpPOBEJEHA
OoJsiee ToOuHasi TPAaBUMETPHSL.

[Tocne 3toro B cepennne 70-X, Hayane 80-X roA0B MOJyYEHbI JOIOIHUTEIbHbBIE
CBEJIEHUs O CTPOCHMH (PyHIaMeTa IIIUTHI, U TTOCTPOEHA KapTa ero JUTOJOTHYECKOro
coctaBa. Ha teppuropun Hropoiabckoro ocamgodHoro OacceifHa BBITIOJIHEH PsiI
pervoHanbHbIX npoduneit KMIIB.

Kpome Toro, cieayer yTOUYHHTh 4YTO Teo0Jioro-reodusnyeckass U3y4eHHOCTh
KpaiiHe pa3HOpPOJHA: MO CTENEHW M KauyeCTBY MPOBEIECHHBIX pabOT U U3YYEHHOCTU

paiioHa BO3MOKHO BBIIEIUTH YEThIpE palioHa. B HacTosIIee BpeMsi B COOTBETCTBUU C
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POrpamMMoOM reosoro-reopu3nyeckux padoT HCCIeJOBAaHUEM pailloHa 3aHUMAaETCs
kommanus [TAO «["aznponedTh-BocTok.

[lepBasg mouckoBas CKBaXMHa Ha Ha 3anagHoO-JIyrMHENKOM JIOKaJIbHOM
noAHsATAU TpoOypeHa B 1986 romy. Bcecero B mpenenax 3amamHo-JIyruHenkoro u
JUIEH3UOHHOTO ydacTka N mpoOypeHo Ha JaHHBII MOMEHT 43 TOHCKOBBIE U
pa3BeI0YHBIE CKBAKUHBI.

[laneo3oiickuii (yHIaMEHT Ha Yy4YacTKE BCKPBIT JIMIIb B HECKOJIBKUX
CKBQ)KMHAX, MOCKOJBKY OOJIBIIMHCTBO CKBa)XKMH OBLIM OPHEHTUPOBAHBI HA IOMCK
3aJIe’Ked yIriIeBOJOPOAOB OTIOKEHUSIX BEPXHEU I0Pbl, KOTOPbIE MPEJCTABISIOT COOOM

OCHOBHBIM MPOJYKTUBHBIE MHTEPBAJIbI Ha TeppUTOpUM TOMCKON 00J1aCTH.

2.3 JIuToJioruyeckasi u crpaturpaduyeckasi XapakTepucTuKa

B wuccinenyemMoMm paiioHE BO3MOXHO BBIACIUTH TPU CTPYKTYPHBIX JTaxa:
JIPEBHUN apXEU-TIAJIC030MCKN, MEPMCKO-TPHUACOBBIA U ME3030MCKO-KAMHO30MCKUI
Taxku. [Ipm 3TOM NEpPMCKO-TPUACOBBIM 3Ta)Xk OTHOCAT K (PYHIAMEHTY IUIUTHI B
KAa4eCTBE BEPXHETO sIpyca.

®ynaament 3anagHo-CHUOMPCKOM IJIMTHI XapaKTEpU3YETCsl CIIOXKHBIM U
Pa3HOPOJHBIM  TEKTOHMYECKUM  cTpoeHHeM. CTpyKTypsl  Maneo3os  Obuin
c(OpMHUPOBAHBI BO BpeMs PA3IMYHBIX LUKIOB TEKTOT'€HE3a, B PE3yJIbTaTe MOJIHOTO
KoHconuaupoBanus Y pano-Cubupckoro Kparona.

Heo0OxoaumMo OTMETHTb, YTO HM3y4yaeMbI pailoH pacmojoXeH B Mpenaeax
Hropomnbckoit cTpykTypHO-(armanbHON 30HBI.

[Taneo3soiickas spaTema — PZ

OTyoXkeHusT Najeo30s1 MPEICTABIECHbl KOPOl BBIBETPUBAHUS U JIOIOPCKHUM
OCHOBAaHHEM U MMEIOT CJI0KHBIN, MEHAIOLIUICSA 110 JlaTepanu coctas. Ha Tepputopun
U3Y4YeHUS TMOPOJbl BCKPBITBI 26 CKBaXUHAMH, OOJBUIIMHCTBO U3 KOTOPBIX
pacnoylaraercss B npenenax HrukHenyrmHenkod momanu. OTIOXKEHHS KOpBI

BBIBETPUBAHUS IIPEACTABICHBI NPEUMYIIECTBEHHO TJIMHUCTOM TOJIIEH. MOIIHOCTH
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OTJIO)KEHUM CHJIBHO BapbUpPYET A0 HECKOJbKUX JECSATKOB METPOB, IMPU STOM B
OT/EJIbHBIX CKBAKMHAX KOpPA BHIBETPUBAHUS OTCYTCTBYET.

Jloropckue 006pa3oBanus, OICTUIAIONTNE KOPY BRIBETPUBAHUS, TPEICTABIICHBI
JI€BOH-KapOOHOBBIMU KapOOHATHBIMU U TEPPUTCHHBIMU MTOPOaMU, B pa3HOU CTENEHU
MeTaMOp(U30BaHHBIMU, a TaKXKe TPUACOBBIMU 3(PQy3MBaMU M BYJIKAHOTCHHBIMU
OTJIOKEHUSIMUA OCHOBHOTO, CPEJIHETO U KHCJIOTO COCTaBa.

OTnoxkeHUs1 MaJe030MCKOr0 KOMIUIEKCA B HCCIEIyEMOM palloOHE W Ha
CONPENCIbHBIX TEPPUTOPUSX BCKPBITHI CKBAKMHAMU Ha 3anagHo-JIyruHeunkom,
Jlyruneukom, HwxknHenyrunenkom, MpUlbKMHCKOM, BocTOYHO-MBITHHCKOM
MECTOPOXKIACHUSX U MecTopokaeHun N.

AHanM3 KEpHOBOIO Marepualia, MOJYYEHHOrO0 B CKBaXXMHAX 3amajHo-
JIyruHenKoro JIMIIEH3MOHHOIO YYacTKa W B CKBAXKHMHAX COCEOHUX IUIOMIAAEH,
MO3BOJISIET OTMETUTh, YTO 00pa30BaHMsI KOPEHHOTO Majeo030s MPEACTABICHBI 3/1€Ch
YEeThIPhMsI OCHOBHBIMU TUTIAMHU TTOPOJ: (P Py3UBHBIMU TOPOAAMHU, TPEUMYIIIECTBEHHO
KHCJIOTO COCTaBa, TJIMHUCTHIMU U3BECTHAKAMH, OPraHOTCHHBIMH HW3BECTHSIKAMH,
KPEMHUCTBIMU U3BECTHAKAMH.

OTnoxkeHusT  JOIOPCKOTO  KOMILJIEKCA TakKK€  BCKPBITBI  HEKOTOPBIMU
CKBRXMHAMHU M Ha COCeIHMX Iutomaasx. Ha PeibarbHOM yyacTke MOpOJbI 3TOTO
KOMILIEKCA BCKPBIThIE NTAPAMETPUUYECKON CKBAKUHOM, MPEACTABIEHBI OTI0XKECHUSIMHU
KOpPbl  BBIBETPUBAHMS, 3€JIEHBIMU  XJIOPUTU3UPOBAHHBIMU  pacCIaHIOBAHHBIMU
nopoaamu. Huxe 1o pa3pe3y BCKpPBITBI MAarMaTUYECKUE MOPOAbl OCHOBHOT'O COCTAaBa.

HecMoTpst Ha oTOOp KEpPHOBOTO B OTHAETHHBIX CKBAXKHUHAX, OOJIBIIMHCTBO
OTJIO)KEHUU JOKOPCKOTO KOMIUIEKCA HE HMEKOT TOYHOW BO3PACTHOW JATUPOBKHU.
Ortpaxaromuii Topu30oHT D2 ABIAETCS MOBEPXHOCTHIO MOJOIIBEI OCAAOYHOT0 YeXia.

Me3zo3olicko-kaliHO30cKue 0TinokeHus — Mz-Kz

OTtnoxenust wiaThOPMEHHOTO YeXJia Ha UCCIIeAYyEeMOU TEPPUTOPUHU 3aJIETAIOT
Ha JICHYJUPOBAaHHOM U BBIBETPEHHOM IOBEPXHOCTU JIOIOPCKUX OOpa30BaHUi
HECOTJIaCHO, CO CTpaTturpaduyecKuM TMepephiBOM. B TeonlorudeckoM CTpOEHUU
0CaJI0YHOTO KOMIUIEKCA MMPUHUMAIOT YYaCTHE OTJIOKEHHUS IOpbI, Mena, MaJieoreHa, a

TAKIKC HCOT'CHOBBLIC U UCTBCPTUYIHBIC OTJIOKCHUA.
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FOpckas cucrema J

OTnoXeHHsT HECOTJIAaCHO 3aJIeTaloT Ha JOPCKUX nopojax. Ha uccinemyemoit
TEPPUTOPUH HUKHEIOPCKUE OTIOKEHHS OTCYTCTBYIOT, FOPCKasi CUCTEMa BbIJICIICHA B
00bEeMe CPETHETO U BEPXHET0 OT/IEJIOB.

Cpenuuii otnen

OTnoxeHus: MO3MHETO Toapa, aajeHa, Oaifoca, 0aTa W paHHETO KEJIOBES
Pa3BUTHI HA TEPPUTOPUHU NTOBCEMECTHO, OOBEITMHEHBI B TFOMEHCKYIO CBUTY.

Tiomenckass cBura (aanen — BepxHHMl 0ar). Mccnemyemas Ttepputopus
OTHOCHUTCSI K TpuUTrpaHuYHON 4YacTu HroposibCkol CTpyKTypHO-(aiuaibHOi 30HE,
YaCTUYHO OTHOCACH U K KosmaimieBckoil cTpykTypHO-(aiuanbHoi 30He. TroMeHcKas
CBUTA MPEJICTABJIEHA CPEAHEN U BEPXHEH MOJICBUTAMM, IIPU 3TOM HUKHSA MOJCBUTA B
paiioHe paboT MPaKTUYECKH OTCYTCTBYET.

B paspe3e TromMeHCKO# CBUTHI BblJiesieHO 14 mnecyaHbix 1miaactoB HO2-FO1g,
KOTOPBIE OTAEJIEHBI IPYT OT IPYra yroJbHBIMU IJIACTAMH Y 2-Y 13, YTJICHOCHBIE YPOBHU
ciayxkatr Juroctpaturpadpuueckumu Mapkepamu. [lmacter HO2-1014 mpenctaBieHbl
I'PaBUHHO-TAJICUHUKOBBIMU, TI€CUAHBIMH, QJICBPUTOBBIMHU, TJIMHUCTBIMHU (arusMu
3QJIMBOB M O3CTyapueB, pEYHBIX pycen W T.1. Haubonee BblIepKaHHbIE IO
MPOCTUPAHUIO U 3HAYUTEIBHBI 10 TOJMIIMHE - Y5 U Yio. [macTel Yiz.13 Ha miomaau
paboT HE BCKPBITHI, IJIACT Y11 BCKPHIT JIMIIb HA TEPpUTOpUM 3amnaaHo-JIyruHemnKoro
MecTopoxaeHus. Hambomnbiiee naTepanbHOE pacHpOCTpaHEHUE W 3HAYUTEIBHYIO
MOIIIHOCTh HMEET YIOJIbHBIM IUIACT Y10, KOTOPBIM SBIAETCS PETHOHAJIBbHBIM
cercMocTpaTurpauIecKuM PErnepoM.

Hwxusas noacsura. B palioHe UCCae0BaHUN BCKPBIT YTOJIBHBIN IJIACT Y11 U
JUIIb Ha IOro-3amajieé TEPPUTOPUM, TJ€ TOPU3OHT 3AJIETaeT HEMOCPEACTBEHHO Ha
JIOIOPCKOM OCHOBAHUH, BBIIIE 3ajieraeT necuansii miact K011, Takke MpUuypoYeHHbBIN
JWIIb K FOro-3amagHoN 4acTH TEPPUTOPUU U BBIKIIMHUBAIOIIMICA MPAKTHYECKU HA
BCEU MCCIIEyeMON TeppUTOpHH. BhIle o pa3pesy BbIIEIEH YTOJbHBIM IJIACT Y 10, U
Ha OOJIBIIE YacTH TEPPUTOPHHM HEMOCPEJICTBEHHO 3aJIeTarolldid Ha JOIOPCKOM
ocHoBaHmHu. OOmIass MOIIHOCTL OTJIO0KEHHH HIDKHEH ITOJCBUTHI Kojebiercs oT 11

MeTpOB B paitone mectopoxenus N u 10 57 meTpoB B paitone 3anaaHo-JIyruHenkoro
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MECTOPOXKICHHS, TO €CTh C CEBEPO-3aI1a/ia Ha FOr0-BOCTOK UCCIIEAYEMOU TEPPUTOPHH.
VYronibHbIE TIACTBl UMEKOT TOJIIMHY HECKOJIBKMX METPOB. BbICOKas TIMHU3ALMS
IJJACTOB CKa3bIBAETCSI HA MX HHU3KUX KOJUIEKTOPCKUX CBOMCTBax. OTpaxaromiuii
ropusont 1* gensercsa mosepxuocTrio KpoBmu 1iacta HOy;.

Cpennsis TOACBUTA BKJIIOYAET B CEOS KOMIUIEKC OTJIOKCHHM MEXKITY
YrOJIbHBIMH penepaMu Ye.g 6aiiocckoro Bo3pacta. [y pa3pe3oB BepXHel MOJCBUTHI
OTJIMYUTEIIbHBIMU ~ OCOOCHHOCTSIMU  SIBJISIETCSI  HAJU4YME MOIIHBIX  YIJIEHOCHBIX
pENEPHBIX TOPU30HTOB, CIYXKAIIMMH IPU KOPPEISIUMA CKBAXWUH W HMEIOIIMMU
3HAYUTEIIBHOE JIaTE€pajbHOE MpOocTHUpaHue. Bce mecuanble MIacThl BBIICISIIOTCS U
KOPPEIUPYIOTCS C MOMOIIBIO TaHHBIX YTJIEHOCHBIX PEIEPOB.

Ilecuannky naHHOM MOJCBUTHI XapaKTEPUYIOTCSA 3HAYUTEIBHON MOIIHOCTBIO
W JlaTepajibHOM BBIICP)KAHHOCTHIO. llecyaHble TIAcThl TE€HETHMYECKH CBSA3aHBI C
AJUTIOBUAIIBHO-TIOMMEHHBIMU CEIUMEHTAllMOHHBIMU LIUKJIAMU, BCIEICTBUE YEro, IIPU
3HAYUTEIBHBIX TOIIINHAX, IECYAHUKHN HE UMEIOT JIATEPaJIbHOTO MPOCIIEHKUBAHUS.

[lmact K010 xapakTepusyercsi Kak PErMOHAIIBHO BbIJICPKAHHBIN, 3aJIEracT B
[IOJIOIIBE CPEIHETIOMEHCKOW IMOJCBUTHI M IMOJACTUIAEMBIN IIIacToM Y 10. [lecuansii
miact  FOjp npeacTaBieH MNEeCYaHUKAMHU  CBETJIO-CEPbIMU, OT  MEJIKO- [0
KPYITHO3EPHUCTBIX, CPEAHE-KPENKOCIEMEHTUPOBAHHBIMU, HEOJHOPOAHBIMU KaK IIO
IJIOIIA/IN, TaK U IO pa3pesy.

OO11ast MOLTHOCTH OTJIOXKEHUM CpeHel MOJCBUTHI JOCTHraeT 10 70 MeTpoB,
NpUYEeM YBEJIMYCHUE MOIIHOCTH HAOMIOJAeTCsl B FOKHOM YacTH UCCIEIyeMOM
tepputopuu. Otpaxkaromue ropusontsl 19! u [*10 gpisarorcs moBepxHOCTAME KPOBIH
mactoB FO11 u K019 cooTBETCTBEHHO.

B BepxHeil mojacBuTe 0Oaloc-0aTCKOro BO3pacTa BBIACISIOTCS IeCUaHbIe
ractel 10, - F0g. [ns oTnoxkeHuid XapakTepHbl MAJIOMOIIHbIE, HO MHOTOYHCIICHHBIE
mIacThl yrien. HukHss rpaHuiia noJcBUTHI TPOBOJIUTCS 3/I€CH MO KPOBJIE YIJIMCTOM
Mayku Y7, a BEPXHSIS KOHTAKTUPYET C MOPCKUMHU TJIMHUCTBIMH TOPOJAMU
BACIOTAHCKOW CBUTHL. B COCTaB MOACBUTHI BXOST YIIIUCTHIE TAYKHU Y 2.6.

baiioc-OaTckue MECUaHMKM  XapakTepU3ylOTCd B  OCHOBHOM  KOCOM

CIIOUCTOCTBIO, KpPOMC TOI'0O B HCKOTOPBIX ClydasaX BO3MOXHO  BbIIACIIHNTDH
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TOPU30HAIBHYIO CJIOUCTOCTh. C TOYKM 3pEHUS TIPaHYJIOMETPUHM, BCTPEYAKOTCS
NECYAaHUKNA OT MEJKOW JI0 KPYNHOW 3E€pHUCTOCTH, IOJIEBOLINIATOBO-KBAPLIEBO-
IpayBaKKOBOI'O, KBaplL-TPayBaKKOBOI'O COCTaBa C OCTaTkamMM OOYTIJIEHHOTO
pacTUTENBHOrO aeTpuTa. LleMeHT MNIMHUCTBIN, TIIMHUCTO-U3BECTKOBUCTBIN, IOPOBOTO,
IOPOBO-TIJIEHOYHOT0, peke OazajabHOro Tuma. B cocTaBe INIMHUCTOTO BELIECTBA
IIPUCYTCTBYET KAOJHHWT, TUAPOCIIOAA, B MEHBIIEW CTENEHU - XJIOPUT. B BepxHeu
yacTu Oaioc-Oarckux otioxkeHuid (miactel HO02-F04) uyacto oTmewaroTcs ciienibl
B3MYUYMBAHMS U OIOJI3aHUS OCAJKA, XO/bl POIOLIMX OPraHU3MOB M 3HAKU MPUIOHHON
psAdU, UMEIOTCA HaXOJIKK Makpo- U MUKpPO(hayHHBI.

IIo cpaBHeHHMIO €O CpeIHEN TOACBUTOM, BEPXHAS XapaKTEPU3YETCs
YBEJIMYEHHEM J0JU NecyaHoro marepuana. [lo miomany miacTel HE BBIIEPKAHBI.
OO6m1ast MOIIHOCTh OTJIOKEHUH BEPXHEH MOACBUTHI JOCTUTaeT 10 60 METPOB, MpUUEM
yBEJIMYEHNE MOIIIHOCTH HAOJI0JaeTCsl KaK B CEBEPO-BOCTOYHOM, TaK U B F0KHOM YacTu
UCCIIEYEMOM TEPPUTOPUH.

OO011asi MOITHOCTh OTJIOKEHUI TIOMEHCKOM CBUTHI B pailoOHE MCCIEIOBAHMIMA
u3Mensiercss or 133 M ngo 195 M. Otpaxaroniyme ropu30HTHI 12 u 1° gnsroTcs
MOBEPXHOCTSIMU KpoBiiH 11acToB FO0s u KO, cooTBETCTBEHHO.

Bepxuuit otnen

Otnoxenuss OKCHOPIICKOT0, KUMMEPUIKCKOTO UM TUTOHCKOIO SIPYCOB,
Pa3BUTHIC HA TEPPUTOPHUH IOBCEMECTHO, OOBEAMHEHBI B BACIOTAHCKYIO CBUTY.

Bacroranckas  cButa. CorimacHo «CxemMe  CTPYKTYpHO-(haluaibHOTO
palioOHMpOBaHMS HWKHEH W cpemHer ropel 3amamuowt Cubupwm» [14] uccnemyemsbrit
paiion otHocutcs k [lypneiicko-Bacroranckomy cTpyKTypHO-(aIuaibHOMy paiioHy.
[IpencraBieHa HepaBHOMEPHBIM MEpECiauBaHUEM IIECYAHUKOB, aJIEeBPOJIMTOB, B
NOAYMHEHHOM 3HAY€HHM — YIJIUCTBIMU aprujiutamMu U yriasmu. (CBuTa
MPOCJICKUBAETCS TTOBCEMECTHO, COTJIACHO 3ajieraeT Ha OTJIOKEHUSIX THOMEHCKOM
CBUTHI. Bacroranckas cBUTa UMEET YE€TKO BBIPAKEHHOE JIBYYIECHHOE CTPOCHHUE.

OTI0KEHUS BACIOTAHCKOM CBHTHI, NPEICTABIEHBI MIECThIO muacTamu: IOl
1042, 101", 1043, 104, 10,°. T1o KapOTa)HBIM JaHHBIM B Pa3pe3e BACIOTAHCKOM CBUTBI

BBIACIIAKOTCA TP HMUKIIMTA: HAAYT'OJIbHASA, MCIKYTOJIbHAA U ITOAYT'OJIbHAA ITAYKHU.
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HwxneBacroranckasi mojCBUTa MOXKET OBbITh OXapakTEPU30BaHA TIIMHHUCTHIM
COCTaBOM C HEOOJIBIIUMHU TPOCIOWKAMHU TMacyaHWKa M aneBposuta. [laxomoBckas
nayka, CJI0KEHHas eCUYaHO-aJIeBPOJIUTOBBIM MAaTEPUAJIOM, BBIICISAECTCS B OCHOBAHUU
1oICBUTHI. JlaHHBIN TU1acT siBNsieTcs: 0a3aibHBIM TOPU30HTOM MO3THEIOPCKON MOPCKOM
TpaHcrpeccuu. Ero tonmuHa B npejenax miomanm u3mensercs ot 5 1o 22 m. Paspes
IJ1acTa MO0 KEPHOBBIM JaHHBIM NPEACTaBIECH TEMHOCEPHIMU apTHIUIUTAMH, a TaAKXKe
aJICBPOJIMTAMU TI€CUYAHUCTHIMU, UJIUCTHIMU, IATHUCTHIMU, JTUH30BUIHOCIOUCTHIMHU.

BepxHeBacloranckass MOJICBUTa CJIOKEHA [E€peCclauBaHUEM AapTUJUIUTOB,
aJICBPOJINTOB, TI€CYaHUKOB W yriei. I[loacBura TmipeacTaBiieHa HECKOJIbKUMHU
MeCYaHbIMU TOPU3OHTAMH, KOTOPbI€ B COBOKYIHOCTH CJlaraloT He(TerazoHOCTHBIM
mwiact FOi. Kpome Toro, Ha ocHoBaHuM majeoreorpaduu W U3YYCHHUS TPOIECCOB
0CaJIKOHAKOTICHUS] TEPPUTOPUHU B MOJICBUTE BBIJEISAIOT OAYTOJIBHYIO U HATYTOJIbHBIC
MayKh, OTHOCAIIHUECS K PErpecCMBHOMY U  TPAHCTPECCHUBHOMY  IIMKJIaM
0CaJIKOHAKOILICHHUS.

B moayroneHOM Tomme BeiAensioT ropusoHTel [01*-FO:%, koTophle Ha
HEKOTOPBIX TJIOMIASAX SABJISIIOTCS HedTera3oHocHbIMU. Ha psine miiornianei corjaacHo
[15] »Tu TOpM30OHTBI O0O0BEAWHEHBI W (OPMHUPYIOT EIWHBIA TIECYAHBIM IJIACT,
nHaekcupyeMblii kak [0:;%*. B 0CHOBaHMM TOAYTONBHOM TONINM HA MCCIEMyEMOM
TeppuTOpHu BhiAensercs muact KO1*, npeacTaBneHHbli IeCYaHMKaMu, aleBPOIUTAMH
U apTHWUIMTAaMH C BKIIOUEHUSIMHU YTIIMCTO-PACTUTENIBHOTO JIETPUTA B HUXKHEH 4acTH.
[Tnact 10;® B mpemenax HWKHENYIMHENKOTO y4acTKa SBISETCS OTHOCHUTENIBHO
OJIHOPOJHBIM IO JTUTOJIOTUYECKOMY COCTABY U MPE/ICTABJICH IECYUaHUKOM MaCCHUBHbBIM,
Toraa Kak Ha 3anaano-Jlyrunenxoit miomanu miact 0% npencrasnen anesponuramu
C BKIIYEHHUSMH YIJIUCTO-PACTUTENILHOTO J€TpUTa M IECYaHUKAMH  MEJIKO-
CPEAHE3EpPHUCTHIMU MACCUBHBIMH U KOCOCIIOMCTBIMHU 32 CYET BKIIIOUEHUHN YTIUCTO-
pactutenbHOro Aetputa. B mpenenax 3anaano-JIyrunenkoro u HuskHemyruHenkoro
Y4aCTKOB MOIIIHOCTb MOAYTOJIbHOM Mauku jocturaroT 60 M, B npeaenax miomaan N
MOIIIHOCTh MOAYTOJbHOM TOJIIIM HE MPEBBIIACT 45 M, MEXy IIacTaMu 0% u 10:*

OTCYTCTBYET TJIMHUCTAs MEPEMBIUKA, MIIACTbl (POPMHUPYIOT €AUHBIA MMECYAHBIN MJIacT
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(aepacunenennbix miactoB 103 u 10:%). Huxmurer 10,3 u 10:* chopmuposanuce B
pUOPEKHO-MOPCKUX YCITOBUSIX.

KoHeuHOM TOYKOW pErpeccun COOTBETCTBYET YTrOJIbHBIN IIJIACT JMMHUYECKOTO
Tuna reHe3uca. KOHTHHEHTaJdbHAsi TMayka TMPEACTABICHA YepeJOBAaHUEM HE
BBIJICPKAHHBIX [0 JIaT€paldd MPOCIOEB YIJIEH, KOTOpPbIE MOIYT 3aMELIaThCs
aprWUIMTAMH U YTJIUCTBIMHU ApTHIUIMTAMU, PEKE aJeBPOJIUTAMHU U IECYAHUKAMH, -
MexyronbHas mnauka HO:™. Ilmact HO1™ cdopmupoBasics B KOHTMHEHTAJIbHBIX
yCIIOBUSX. MOIIHOCTh MEXYTOJIBHOW TAYKK COCTABJISIET OT S 10 23 METPOB.

B npenenax BepxHel HaIyroabHOM Nauky BelAensercs asa miacta I0.tu F0,2,
B BEpPXHEH YacTW OHM MPEJCTABIECHBbI MECYAHMKAMHU M aJIEBPOJIUTAMU, KOTOPbIE
MOCTENIEHHO MEPEXOJAT B YIJIMCThIE TJIMHBI U, B LEJIOM, MPEJCTABIAIOT cOOOM NBa
TpPaHCTPECCUBHBIX LHMKIa. [logomBa HaaAyrojbHOM MAauyKu MpPUypoYeHa K KPOBIIE
IIEPBOT'0 BEPXHETO YIOJBHOI'O MPOIUIACTKA, OJTHAKO B PSAAEC CKBAXXWH OH IIPE/ICTABIICH
IJIMHACTO-YIVIMCTOM IMaYKOW WM IPOCIIOEM YINIUCTOrO apruiumra. MOIIHOCTh
HaJIyTrOJbHOM Madku Bapbupyer oT 14 mo 33 merpoB. CokpamieHne MOIIHOCTEW
MPOUCXOJUT B FO)KHOM U IOrO-3alajJiHOM HAaNpaBlEHUSX, Tle HaOI01aeTcs
YBEJIUYEHHE M3MEHYMBOCTH JIMTOJIOTMYECKOro cocrapa miactos f0;! u 10,2 IMnmacr
10,2 copmupoBancs B yCIOBUAX IIEPEXOJHOTO PEKUMAa OCAIKOHAKOIUICHHS OT
KOHTUHEHTAILHBIX K MOPCKUM oTioxkenusM, F0:! chopmuposancs B npubpexHoi
MI0JI0OCE MEJIKOBOJIHOTO MOPCKOTO OacceifHa.

Takum 00pa3om, B JauTO(anuanbHOM OTHOIIEHWU TOpu30oHT HOi sBisieTcs
PErMOHAIIBHBIM M B €r0 COCTAaBE CHU3Y-BBEPX BBIIEIACTCA TPU 30HAIBHBIX LIUKJIHUTA:
HUKHUN - PErpeccuBHBIN, CGHOPMHUPOBABIIUNICS B OIOXY PaHHEOKCHOPICKON
perpeccun mops (mwiactel 1013 u F01%); cpennmii — xonTHHEHTANBHEIA (mwIacT FOY,
IIEPEKPBITBIA YTOJILHBIM IIACTOM Y1) U BEPXHUM 30HANBHBIN NMKINT (Iw1acTsl FO1! n
10:%) — TpaHCTpecCHBHBINH, C(OPMHPOBAHHBIA B 3IOXY IO3JHEOKC(HOPACKOM
Tpancrpeccuu Mops. Otpaxaromue ropuzoHtsl ! u 1,3 ansrorcs nosepxuocTamu
kposyu miactos 0t u F0;3 coorsercTBEHHO.

['eoprueBckas cBuTa (BEepXHUU OKC(OpA — HUIKHUM TUTOH) B Mpeaenax
UCCIIeNyeMON TEeppPUTOPUU OYeHb MasioMoliHass (10 3 meTpoB). OTIoKeHUS

41



IPEICTaBIICHbI MOPCKUMU TJIMHAMU TEMHO-CEPbIMU hi (o) YEePHBIX,
apTUUITMTONOAO0HBIMM, TOHKOOTMYYEHHBIMU C PEIKHUMH JIMH3aMU TIECYAHUKOB
(ropusont F01%) mopckoro renesuca.

baxxeHoBckasi cBUTa (TUTOH — HUXHUN Oeppuac) ciaokeHa Tr1yOOKOBOJHO-
MOPCKUMHU OUTYMUHO3HBIMU apTHILTUTAMU, TEMHO-CEPBIMU C KOPUUHEBBIM OTTEHKOM,
IJIOTHBIMU, TUTMTYATBIMH, YIaCTKaAMU C OOMJIBHBIMU BKITFOYCHUSIMU PAKOBUH MOPCKON
¢dayHbBl — aMMOHHTOB, TEJCIHIION U Jp. B KepHe CKBa)XWH OIpeneleHbl OCTaTKU
AaMMOHHMTOB W JBYCTBOPYATHIX MOJUTIOCKOB. BBICOKOOUTYMHHO3HBIE OTIIOKEHUS
CBUTBI OTHOCSITCS K (haIiusiM TOMaHHKOBOTO THITA H, TIO TIPECTABICHUIO OOJIBIIIMHCTBA
CTEIMAIMCTOB, ABIAIOTCS HepremarepuHckumu. CBUTA SBISETCS HanOoliee SPKUM
penepHbIM TOPU30HTOM, YETKO BBIJCNAETCSA B pa3pe3ax ckBaxuH no naHHeiM ['UC.
TonmuHa OTI0KEHUH CBUTHI HA MCCIEAYEMON TEPPUTOPHH M3MEHseTcs oT 15 mo 18
MeTpoB. Otpaxkaromuii ropu3oHT |1° aBIseTCS TOBEPXHOCTHIO KPOBIM GaXKEHOBCKON

cBuThI (T1act FOy).

2.4 TekTOHNYeCKAasl XapaKTePHCTHKA

HccnegyemMblit pailon npuypodeH K Tepputopuu 3anaano-CruOupcKkon MminThl,
SIBJIIONICICS, B CBOIO OYEPEIb, dJIEMEHTOM Y pano-Cubupckoit miardopmel. 3amaiHo-
Cubupckass HU3MEHHOCTb, CIIOKEHHAsl OTJIOKEHUSIMU 3HAYUTEIBHONW MOIIHOCTU

SBJISIETCS  AIUTEPIMHCKON TIUTOM Mosonod 1uiatdopmel.  Ypano-Cubupckas

iaTdopMa XapakTepu3yeTcs IBYXbIPYCHBIM CTpOeHUEM. B ee cTpoeHnu BeiienseTcs
TETEPOTreHHBIA JOIOPCKUN (PyHIAMEHT M ME3030MCKO-KalfHO30MCKUN 0CaJ04YHbII
gexod. [16, 17].

Panusas-cpenuss opa onpeaensercs Kak Hayajao MOCTEIEHHOTO MOTPYKEHUS
0CaJI0YHOr0 4YexJia, T.e. Hadajo ero oOpa3zoBaHusd. DyHIaMEHT, MOACTUJIAIOIINN
OpTOTUIATPOPMEHHBIN YEXOJI, OMPENeseTCs KaK 3HAYUTEIbHO T'eTEPOreHHBIA B
TEKTOHUYECKOM, BEIIIECTBEHHOM M BO3PACTHOM OTHOIIIEHUH. B cTpoennu ¢pyHnamenrta
BBIJICIISETCA JBa CTPYKTYPHBIX dTaxka. Kpome TOro, orMedaercs IOBCEMECTHAs

PaCIpOCTPaAaHCHHOCTD HUKHCT'O, TCOCUHKIIMHAJIbHO-CKJIA49aTOI'O 3TaxKa. Yro kacaercs
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BEPXHEI0 JTaXa, JaHHBIM JTaX MOXET OBITh OXapaKTEPU30BaH JIOKAIbHON
pacupoCTPaHEHHOCTBIO.

B crpoeHnn HIWKHETO CTPYKTYpHOTO OJTaxka (yHIaAMEHTa BBIJACISIECTCS
HEKOTOPOE€ KOJMYECTBO SPYyCOB, YTO HEKOTOPBHIE HCCIEN0BATEIN CBA3BIBAIOT C
HEOJHOKPATHBIM ITPOTEKAHUEM LIMKIIOB TEKTOT€HE3A.

Pudrorennsiit nmporecc nposiBisics B npeaenax 3anagHo-CuOUpcKoi mINThI
BO BpeMsl Me30304 M KaitHo30sl. C JaHHBIM BpPEMEHEM CBS3BIBAIOT OOpa3oBaHUE
IUTUTHOTO COOPYKEHUS. DNMUTC€OCUHKINHAIBHBIA 3T OCHOBAHUS IJIUThI OCJIOXKHEH
OTpULIATETLHBIMU  (DOPMAIMOHHO-CTPYKTYPHBIMU  palloHaMH, B psife KOTOPBIX
BCTPEYAIOTCS OPOTrE€HHbIE U MOCTT€OCUHKIMHAIbHBIE BIAJWHBI U MPOTHObI, KpoMe
TOT'0, BIIAJWHBI, OTHOCSIIIHECS K 00JIaCTsAM JIONae030MCKOM CKIauaToCcT. B 1anHbIe
30HBI TAK K€ MOTYT OBITh BKJIIOUEHBI IpaOeH-pU(ThI, C(HOPMUPOBABILKECS B TpHUAce,
c(OpPMHUPOBAHHBIE B PE3yJIbTaTe KOHTUHEHTAIBHOTO PUPTOreHe3a, Mocie Yero Obll

c(hopMHUPOBaH ME30301MCKO-KaMHO30MCKUM 0CaTOYHBIN 0acCeiiH.

2.4.1 Ctpoenue ¢pynagamenta 3anajHo-CudUpcKoi mIuThI.

Hannass oOnacth orHocutTcsi K  llenTpanbHoit  3amanHo-Cubupckoi
r€OCUHKIIMHAJIBHO-CKJIaa4aTor cucteMe. KOHTMHEHTanbHas 3eMHasi Kopa MOoCIyKuia
6a3ucom 00pa3oBaHUs PAaHHENAICO30MCKON CKIIATIaTON CHCTEMBI.

OnopHbI€  CKBa)KHHBI, BCKPBIBAIOIIME TI'€OCUHKIMHAIBHBIE (opMaluu
1ajae030s, a TAKXKE MOJIACCHI U BYJIKAHUYECKUE TOPHBIE TOPO/IbI BEPXHETO MAJIE0305 U
paHHEro Me30305, KOTOpbIE XapaKTepHbl JUIsl 3TalloB  TrOpooOpa3oBaHUS.
[To3nHenaneo30MCKUii  BO3pacT TPAHUTOMIOB OBLT TOATBEPXKICH C TOMOIIBIO
M30TOIHBIX UCCIEAOBAaHUN. AHOMAINU T'PaBUPA3BEAKU, KOHKOPAAHTHOCTh CTPYKTYP
dbyHIaMEHTa U CTPYKTYP OCaJ0YHOT0 YeXJia, a TAKKE MPOTUBOIOIOKHOCTh CTPYKTYP
MOBEPXHOCTH  (yHAAMEHTa CBUICTEIBCTBYET 00 OTHOCUTENBHO  HEJaBHEU
KOHCOJIUJAIUU.

N3yuaemasi TEppUTOpPUS OTHOCHUTCS K CIIO)KHOMY pailOHy COYJICHEHUS
HECKOJIBKUX KPYIHBIX CTpyKTyp | mopsiaka: Hroponbckas Bmaguua, [lyauHckuii u

Bacrorancknii METaaHTUKIIMHOPHH.
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2.4.2 CTpoeHue 0CaI04YHOI0 YexJia.

CTpyKTypbl OCAaIHOTO YeXJIa UMEIOT YHACJIEIOBaHHBIN XapakTep PpyHaaMeHTa.
B nepBonauanpHO cTaguum 00pa3oBaHMUs OCAJOYHOTO 4YeXja YHAcCJIeIOBaHHBIE
JBUKCHUSI XapaKTEPU3YIOTCS Kak 00Jiee HHTEHCUBHBIE.

['eosornueckoe CTpoeHME OCAJOYHOIO YeXjJa Ha H3y4aeMOM TEPPUTOPUU
XapaKTepU3yeTcsl MIMPOKUM Pa3BUTHEM TEKTOHUYECKHUX HapyLIEHUH, OCOOEHHO B
KpPOBJIE JIOIOPCKOTO OCHOBaHMs. OCHOBHBIE Pa3IOMbI, KOHTPOJIUPYIOIIHME 3aJIEKU
HE(TH U ra3a, UMEIOT CyOMEpUANOHAIBHOE TPOCTUPAHNUE U 3aTPATUBAIOT ITOYTH BCIO
oCcallouHyr0 ToNuly. ['eHepalM30BaHHBIE OPUEHTHUPOBKM CHCTEM TEKTOHMYECKHUX
HapylLIeHUH: cyOMepuauOoHalbHAasl, CYOIIMPOTHAs, CEBEpO-3alajgHasi U CEBEpO-
BOCTOYHAasA. Takue HampaBi€HUs COrJacyloTcsi, B IMEpPBOM MPUOIMKEHUU, C
IPOCTUPAHUEM KPYNHBIX TEKTOHMYECKHX JJIEMEHTOB JOKPCKOIO OCHOBAHMI,
NOJIYYMBIINX PA3BUTHE B HEMOCPEICTBEHHON OJIM30CTHU OT pailoHa OTYETHBIX PadoT:
Hasunckoro anTukimHopus, Y cTh-ThIMCKOTO rpabeH-pudTa [18].

TexkroHndeckas AaKkTUBHOCTb IPEKPAIAETCS BMECTE C HAKOIUICHHEM
OCaIOYHBIX OTJIOKEHUH B HW)KHEH 4acTH 0CaJ04yHOro. JIM3bIOHKTUBBI CTAHOBSTCS
MEHEe MPOTHKEHHBIMM, MAJIOAMIUIMTYIHBIMH, HO OPHUEHTHPOBKA  OCTa€TcA
yHacienoBaHHOU. [Ipn aHanm3e BEpPTUKAIBHBIX BPEMEHHBIX CpPE30B Ha YpPOBHE
oTpaxkaromux ropu3oHToB |° m I1* oTMedaercs, YTO NPAKTHYECKH OTCYTCTBYIOT
OCHOBHbIE€ MPU3HAKKA AMIUIMTYAHBIX TU3bIOHKTUBOB — BUJIMMBIE CMEIIEHUS OCel
cudpazHoctd. O HAMTUYMKM TEKTOHWYECKUX HAPYIIEHUH HA YPOBHE BEPXHEIOPCKUX
OTJIOXKCHUM CBUIECTEIBCTBYIOT TOJBKO JIOKAJIbHBIE WM3MEHEHUs JHHAMHYECKHX
XapaKTEPUCTUK OTPAKEHHBIX BOJIH.

B coorBercTBUM €O CXEMOW TEKTOHHYECKOIO pPalOHUPOBAHUS ME30-
KaifHO30MCKOro IIaT(OPMEHHOT0 yexjia LEeHTpabHOW 4YacTu 3amnaaHo-Cudupckoit
IUTUTHI TUIOIIA/(b UCCIIEIOBAHUN HAXOIUTCS B IIPENeNIax TEKTOHWYECKHUX 3JIEMEHTOB
nepBoro nopsnka Hroposibckoit meraBnaausbl, IIIMHIMHCKONW MeraceUlOBHHBI U
[IyauHckoro merasaia.

CorylacHO TEKTOHHYECKOW KapTe KOPCKOro CTPYKTypHOro sipyca Tomckon

obmact (PUCYHOK paliOH HCCIEIOBAaHMM HAXOAMUTCS Ha TpaHUIE JABYX
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HAJAMOPSAIKOBBIX CTpYKTYyp: OOb-Bactoranckoit rpsiasl u Konroropo-Hroposibsckoro

)kenooa.
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Pucynok 2.1 — CtpykTypHO-(popMaIimoHHasi 30HATBHOCTH JIOIOPCKOTo (PyH1amMeHTa
[15]

OgHuM #3 CTPYKTYpHBIX dJeMeHTOB | mopsnka, oTHocsmuMmcs K OOb-
Bacroraunckoii rpsiae, siisietcas CpelHEeBaCIOTaHCKUM MEeraBaJl.

[IuHrMHCKAsE Me30CeJIOBUHA, HE3aMKHYyTasi CTpykTypa |l mopsiaka, sBisercs
parioHom  ctoikHOoBeHus  OOb-Bactoranckoit  antexknm3sl  u  IlynmHckoro
Me3onoaHITHsL. CTPYKTypa OCJIO0KHEHA MOJIOKUTENbHBIMU cTpykTypaMu |V nopsika
(3anagno-IIIuHrHHCKOM, FOxno-1InHruHcKoM, BepxHemumHrnHCcKon u

[IuHTHHCKO).
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[Tynunckoe me3onogustue — crpykrypa Il mopsinka —mponomxennem OOb-
Bacroranckoit rpsasl. Me30noIHATHE BBITSIHYTO B CEBEPO-3aI1alHOM HAIPABICHUU U
OCJIOKHEHO JIyrMHenKuM KynoJIOBUAHBIM moaHsTHeM (cTpykrypa |l mopsiaka).
JlyruHenkass CTpyKTypa IpUypodY€Ha K OTHOCHUTEIBHO KPYINHOMY OJHOPOAHOMY
BBICTYIly JOIOPCKOTO OCHOBaHMS M HMEET u3oMeTpuueckyio ¢opmy. K Helt
npuypoueHbsl cTpykTypel |V mnopsaka (Hwxknenyruneukas, 3anaaHo-JIyrunenkas,
Jlyruneuxkas, Cesepo-Jlyruneukas u Boctouno-Jlyrunernkas cTpyKTyphl).

B pensede noropckoro ocHoBaHus @opma u pasMepbl IlyauHckoro
ME3OMOAHATUS M JIyrMHEUKOro KymnoJOBUIHOTO TOAHSATUS 3HAUYUTEIBLHO HE
BapbupytoT. [19].

CorylacHO JIUTEpaTypHBIM JIaHHBIM, 3HAYUTENIbHAs YacThb TEKTOHUYECKUX
s1eMeHTOB B TOMCKOM oOnacTu OTOOpakaeTcsl Ha Pa3iuYHbIX CTpaTUTrpaduyecKux
YPOBHSIX, UX aMIUIMTY/A 3HAYUTEIBHO YMEHBIIAETCS OT HIKEJIEXKAIINUX OTIIOKEHUM K
BBIIIIEJIEKANIMM. B 4acTHOCTH, aMIUIMTY/1a OJAHATHI 110 TOPU30HTY V HE IIPEBBIIIACT
20-25% aMmmuTy] CTPYKTYP, BBIICICHHBIX MO TOPU30HTY D2. DTO CBUAETEIBCTBYET O
TOM, YTO MO Mepe (OPMUPOBAHMSA OTJIOKEHMH uexJia MPOUCXOJUT BbIPAaBHUBAHUE

CTPYKTYp 00JI€€e MOJOABIX OTIOKECHU.
2.5. HedprerazonocHoctn
Hccnenmyemast TeppuToprsi B OCHOBHOM pacrmojaraeTcss B Ipeaenax

[Tynunckoro HedrerazonocHoro paiiona (HI'P), ceBepHoil cBoel 4acThio 3aXBaThIBast

CpenneBactoranckuii HI'P Bacroranckoit nedrerazonocHoii oonactu (HI'O).
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Pucynox 2.2 - Cxema HeTera30HOCHOTO paiOHUPOBAHMUS.

Bacroranckas HI'O sBnsietcst HehrerazoBoii 00J1acThIO, B OTIMYNE OT APYTUX
HI'O Tomckoit o6nacTu. B TeKTOHUYECKOM OTHOIIIEHUU HEPTETra30HOCHBIE pailOHBI —
CpenneBacroranckuii, IlyquHCKHiI — OpUYpOYEHBl K OJHOMMEHHBIM KPYITHBIM
CTPYKTYpaM M OTBEYAIOT MOJ0KUTEIBHBIM TEKTOHUYECKUM dJIeMeHTaM, Hioponbckuit
HI'P — x nenpeccuoHHOM 30HE.

CornacHo uccienoBanusiM B.A. Kontoposuua [19], HagabHbIe N3BJIEKACMbIX
3amachl pacmpenefieHbl 1Mo He(dTera3oHOCHbIM Komiuiekcam Tomckoil obGmactu
CJIeIYIONM 00pa30oM: MOABISAIONNA 00beM HedTH U Ta3a 3akimodeH (okojo 60%) B
BEPXHEIOPCKUX IIIacTtax, okoysio 20% B HMKHEMENOBBIX OTIOXeHHsX, 9% - B
HUKHECPETHEIOPCKUX TOPU30HTaX M OCTAJIbHBIE 3aachl 3aKJIFOUEHBI B OTJIOKEHUSIX
30HBI KOHTAaKTa MajJeo30s U Me30305. Takoe e paclpefesieHHe XapaKTEpHO IS

OCTAaTOYHBIX HU3BJICKACMBIX 3aI1aCOB He(l)TI/I H rasa.
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B npenenax Bacroranckoir HI'O 3anexu yriieBogopoAoB NPOAYKTUBHBIMHU
ABJISIFOTCS OTJIOXKEHHUSI BEPXHEN YaCTH MAJI€030s1, CPEAHEN, BEpXHEN FOPE U HEOKOMCKHE
OTJIOXKEHHSI.

Jlotopckuii HedTEera3oHOCHBIM KOMIUIEKC. VMCTOpUYECKH CIIOKHUIOCH, YTO
He(dTera3oHOCHOCTh 3amanHoit CuOHMpU CBS3BIBATIACH C OTJIOKCHHUSIMU T1AJIC03051 U
TOJIBKO OTKPBITHE bepe30BCKOr0 MECTOPOKICHHUSI ra3a I0Ka3ajio Ha MEPCIIEKTUBHOCTD
JOIOPCKOTO ~ OCHOBaHMs.  [lanpHelmne MoucKoBble pPaOOThl  MMOKa3aldd Ha
OTPAaHUYECHHOCTb PACHPOCTPAHEHUS M  CIOXKHOCTb TEKTOHUKHM IOTEHIHAIBHO
NEPBUYHO HE(PTETra30HOCHBIX MANCO30MCKUX OTIOXKEHUH B IOr0O-BOCTOYHOM YacTu
3anaaHo-CuOUpCKOM MIIUTHI.

Pa3Benannble MECTOPOXKIAEHHUs YIVIEBOAOPOJOB, CBSI3aHHBIE C JOHOPCKUM
BpEMEHEM B OOJIbILIEH YACTH MPENCTABICHB MAarMaTUYECKUMU U METAMOP(PUUECKUMU
ropHsiMu nopoaaMu. HeTe 1 ra3 37ech CBA3BIBAIOT ¢ MUTPALlMEl YIIIEBOJOPOIOB U3
HUKHUX TOPU3OHTOB dYexyia. OpHako HauOONbIIME TPUTOKKA CBA3BIBAIOT C
KapOOHATaMH, OPraHOT€HHBIMU JOJOMHUTOBBIMU HW3BECTHSKAMH, a TaKXKe KOPOH
BBIBETPHUBAHUS.

K npumepy, Ha OCTaHMHCKOM MECTOPOXIAEHUH, PACIOJIOKEHHOM FOTrO-
BOCTOUHEE HCCIEAYyeMOW TEPPUTOPHUH, YIIIEBOJIOPOJbI ObLIM OIMpEIETeHbl B KOpE
BBIBETPUBAHUSA M TJIMHUCTO-KPEMHUCTBIX, TIMHUCTO-KApOOHATHBIX M KapOOHATHBIX
OTJIOXKEHUSIX.

CKBaXuHbBI, MPOOYypeHHbIE HA MBUTBI)KMHCKOM MECTOPOKICHUH, BCKPBIBIIIHE
naueo3oiickue OTIOXKeHHUs! (MOp(UPHUTHI, BBIBETPENIbIE OPraHOTEHHBbIE N3BECTHSKH)
IIPY UCIIBITAHUY CKBAKWH HUKHEW YAaCTU TIOMEHCKOW CBUTHI, KOPbI BBIBETPUBAHUA U
MHTEPBAJIOB Majeo030s MOKa3alu NPUTOK HedTu U BoAbl. Takke ObUIM OTMEYEHbI
HE3HAUUTEIbHBIC MPOSBICHUS Ta3a B KPOBJIE (PyH/IaMEHTA.

PeuHoe Tra30KOHIEHCATHOE MECTOPOKICHHE  PACHOJIOKEHO  3aIla/IHEE
MectopoxaeHuss N M OpUypoue€HO K Tpynne JOKalbHbIX NOAHATHI (PeuHoe,
Jlyuucroe, 3MenHOE), BBIICTIEHHBIX HA CTPYKTYPHOU Teppace, OCI0KHSIIONIEH FKHBIN

CKJIOH Cp@I[HCBaCIOFaHCKOFO MErasaJjia.
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Ha JlyruHeukoM MeECTOpPOXKIEHUM HCHBITAHUE KOPbl BBIBETPUBAHMS,
COOTBETCTBYIOIIECH MaJ€030MCKOMY MEPEXOJHOMY KOMIUIEKCY, U BEPXHEW YaCTH
ocHoBaHMs 3anagHo-CuOMPCKON TUTHTHI MOKa3ajao nputok Hedtu. bonee Toro, Obuta
BBISIBIICHA 3aJIe)Kb B CBOJOBOM 4YacTh CTPyKTypel. Ha cerogusimHend craauu
U3YYEHHOCTH TPYAHO JeJaTh KaKhe-ITMOO BBIBOABI O TE€OMETPUH OOHapyXEHHOU
3QJIeXKH, T.€. O TOM, HMMEIOT JHM KOpa BBIBETPUBAHUS M 30HA TPEIIMHOBATOCTH
IJIOIIATHOE PACIIPOCTPAHEHHE B CBOJE MOAHATHS WU UX PA3BUTHE CBA3AHO C JIMHENHO
BBITSIHYTBIMH 30HAaMU Pa3JIOMOB B PyHIaMEHTE.

Ha 3anagHo-JIyruHEIKOM MECTOPOKIECHUHM OTJIOKEHHS JIOIOPCKON TPYIIIBI
BCKPBITHI Pa3BEIOYHBIMU CKBaKMHAMH. [10 JaHHBIM KepHa, MOpOJbI MPEACTaBICHbBI
KapOOHATHBIMHU, TIMHUCTO-KPEMHUCTHIMH U METaMOP(GU3UPOBAHHBIMU TIOPOJIAMH.
Kpome TOro, B HEKOTOPBIX CKBaXXMHAX BCKPBITHI 3(PQy3UBHBIE TOPOJIBI,
IPECTaBICHHbIE TEMHO-CEPBIMU (10 YEPHOTO ¢ OYpOBATHIM OTTEHKOM), IUIOTHBIMH,
KPEMKUMH, MAaCCHUBHBIMH J11a0a30BbIMU  MOPPUPUTAMH C  BKpaAIUICHHUKAMHU
IJIarMOKJa3a, KAOJIMTU3UPOBAHHBIMU HA TPAHMIE C MOACTWIAKOIIMMH TJIMHUCTBIMU
CIaHUAMH.

B npenenax mectopoxiaeHus N JOIOPCKHMN KOMIUIEKC TaK K€ BCKPBIT
pa3BeOUYHBIMM CKBaXMHAMU. [lo [aHHBIM HCCIETOBAaHMUS KEpHA OTJIOKEHHUS
IPEICTaBIICHbI TTTMHUCTO-KPEMHUCTBIMU U METaMOP(U30BAHHBIMU MTOPOJAMHU.

B npenenax HuXHETYrMHCKOrO MOJHATHSA JTOIOPCKHUE OTJIOKEHHUS BCKPBITHI
pa3BenoyHbIMU. [Topoasl mpeacTaBieHbl U3BECTKOBUCTHIMU JIOJIOMUTAMHU U TOHKHUM
nepecianBanueM (10 1 meTpa) u3BecTHAKOB ¢ apruuuiuramu. Ha HukHenyrunenkom
MECTOPOXKJIEHUM B JIByX CKBOXXHMHAX MPOBEACHBI WCIBITAHUS B JOKOPCKHUX
OTJIOKEHUSIX. 3HAYMMBIX JeOuTOB He mnoiydeHo. Ha 3amanno-Jlyrunenkom
MECTOPOKIACHUU UCIBITAHO 8 OOBEKTOB B 7 CKBAYKMHAX.

Takum oOpa3oM, Ha UCCIEAYEeMON TEPPUTOPUM HA JIaHHOM dTare
MCCIIEIOBAHUM MPOTYKTUBHOCTD JJOKa3aHa B KOPE BhIBETpUBAHUS. B ocTaibHOM YacTu
JOIOPCKUX OTJIOKEHMH He(PTera3oHOCHOCTh HE NoATBepxkaeHa. Ha teppuropuun
Tomckoil o0iacTh, B 1LEJIOM, MEPCHEKTHBBI HE(PTEHOCHOCTH MOPOJ JOIOPCKOIrO
OCHOBAHMSI IJIUTHI CJIETYET CBS3bIBAThH C HAanbOOoJIee 01aronpusTHBIMUA ceiicMOodausaMu
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«pa3apoOSIEHHBIX KapOOHATOBY», MPUYPOUEHHBIX K MOJIOKHUTEIBHBIM CTPYKTYypaM IO
byHaamenTy (oTpaxkarommuii Topu3oHT D5).

Cpenueropckuii He()Tera30HOCHBIA KOMIUIEKC. J[aHHBIM KOMIUIEKC CBSI3aH C
NIECYaHHBIMA TOPU30HTAMU TIOMEHCKOW CBUTHI. B mpenenax wucciaegyemoi
TEPPUTOPUH MPOMBILLUICHHBIX 3aJI€KEN HE YCTAHOBJIEHO.

Ha cocennem Jlyrunemkom mMecTOpokIeHUM Obliia JoKa3aHa He(PTEHOCHOCTh
miacta O, Hedrera3oHocTHOCTh MIIacTOB, 3ajeraromux Huke ropu3onta HO;, He
OblJla TOATBEpXKICHA M0 TEeO(MU3MYECKUM WCCIICIOBAHUSAM W HWCIBITAaHUSM B
pa3BeOYHBIX CKBaXKMHAX. [JMHUCTass Tojma OaXXEHOBCKOM CBUTHI SIBJISIETCS
pPEruoHAIBLHOMN MOKPBIIIKON JIJIsl FOPCKUX OTJI0KeHUM TomMmckoi obnactu. [ muHuUCTBIC
U YIJICThIE MPOIUIACTKU, BCTPEUAIOLIUECS MEXKY MECUAHBIMU IJIACTAMH SIBJISIFOTCS
JIOKAJIBHBIMU PETIEPAMMU.

OTnoxkeHus: TIOMEHCKOW CBUTBI B paspe3e HOxHO-MBUIbIKUHCKOTO
MECTOPOKIACHHS XapaKTePU3YIOTCS OOJIBIIUM KOJIMYECTBOM IMECYaHBIX TUIACTOB (OT
1O, no 1O7), TonmmuoM ot 3 10 18 M (FOs5). Komiektopckue cBOMCTBA ONpe/eIeHBI
tonbko ansa 1iacta Oz, B pa3spe3e TIOMEHCKOW CBUTHI MOATBEPKAACTCS HATUUHE
KOJUIEKTOPOB, HO IIJIACTHI BOJIOHOCHBIE.

Ha 3ananno-JIyrunenkom mectopoxaeHun u3 miacta Qg moaydeH mpuTok
BBICOKOBSI3KOM HEPTH JeOUTOM, PU3HAKU HE()TEra30HOCHOCTHU M0 KEPHY OTMEUYEHBI B
mactax FOg u .

Otnoxennsi mnactoB HO2-FHO3, BCKpBITBIE CKBaXXMHAMU HAa HCCIEIyEMOU
TEPPUTOPUH,  XAPAKTEPU3YIOTCS  IUIOXMMHU  KOJUIEKTOPCKMMHU  CBOMCTBAaMHU,
MPEICTABIISIONIMMHI COOOM TIMHUCTO-TIECUYAHUCTHIE KOJIIEKTOpa ¢ 3()PEKTUBHBIMU
MOIITHOCTSIMHU, PEAKO MpeBbinatommmu oauH MeTp. [To nanasim I'MC B OobinHCTBE
CKBA)KMH BBLJICJICHO HACBHIILICHUE «BOJIa», B HEKOTOPBIX CKBAXKMHAX MECTOPOXKICHUS
BBIJICJICHO HaChIIIEHUE «HEsICHO». [1nacTel FOg.9 Ha ncclienyemMoil TEppUTOPUM TAKKE
XapaKTEPU3YIOTCSl aJEBPUTOBBIM M TJIMHUCTBIM cocTaBoMm, no nanHeiM [UC B
CKBa)KMHAX BCKPBITA «BOJIAY.

BepxHeropckuii HeTera3oHOCHBIM KOMILIEKC. B cocTaB KennoBei-BOIKCKOTO

KOMIIJICKCA BXOJAT OTJIOXKCHUA BaCIOFaHCKOﬁ, FGOpFHCBCKOﬁ 1 0a)KCHOBCKOM CBUT.
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KemnoBei-BOIKCKUI KOMIUIEKC TOPOJ SIBISIETCS, KAaK YKa3bIBAJIIOCh BBILIE,
OCHOBHBIM He(TEra3onepCcreKTUBHBIM KOMIUIEKCOM Ha IOr0-BOCTOKE 3amajaHou
Cubupu.

PaccmarpuBast pacnpenenenue HeTera30HOCHOCTH BaCIOTaHCKOM CBUTHI BCel
Tomckol 06acTy, 01HOM U3 HanboJee MPOAYKTUBHBIX SBJISETCS HAAYTOJIbHASI TOJIIIIA.
Hedrenoctnocts macra FO; cBsa3aHa ¢ HedTerazoMaTepuHCKUMHU OTJIOKEHUSIMU
0a)KEHOBCKOU CBUTHI.

B pamkax KOJUIEKTOPOB BaCIOTaHCKOW CBUTBI BBIJEISIIOTCS MOKPBILIKH,
XapaKTEPU3YIOIINECs PA3IMYHON CTENEHBIO BBIIECP)KAHHOCTU B pa3pese U JaTepaliu:
JIOKaJbHbIE, 30HAJBHBIE U PETMOHAILHBIE MTOKPHIIIKY.

Kak oTmeuanoch paHee, aprujulMThl Oa’X€HOBCKOM CBUTBHI SBIISIOTCS
pPErMoHaNbHON NMOKPBIIIKONW ToMCKOW 00J1acTH, B TOM YHUCJE U JJISI BEPXHEIOPCKOTO
He(TEra30HOCHOI0 KOMIUIeKca. MexXyrosbHasi TOJIA SBJISETCS MPEUMYIIECTBEHHO
30HAJILHOM NOKPBIIIKOM, TAK KAaK CJII0KEHA aJIEBPOJIUTO-TIIMHUCTBIMH Pa3HOCTAMU. UYTO
KacaeTcsl JIOKAJbHBIX MOKPBIIMIEK, TO K HHUM OTHOCSTCS TJIMHUCTBIE OTJIOKECHMS,
BCTPEUAIOIINECS B UHTEPBaIaxX KOJUIEKTOpA.

HeoOxomumo OTMETUTH, YTO OOJBIIMHCTBO OTKPBITBIX MECTOPOKACHUN
OTHOCATCS K JIOKAJIbHBIM TOJHSATHUSIM, KOTOPbIE€ KOHTPOJMPYIOTCA  OOIIKUM
CTPYKTYpPHBIM (pakTopoM Jjisi TuiacToB ropuzoHta FO;. Opnako, Oornee riybokoe
PacCMOTPEHHE CTPOEHHUS YKA3bIBAET, UTO B HEKOTOPBIX CIIyYasX ONPEIEISIOUIYIO POJIb
urpaer  crparurpapuyeckuii  ¢GakTop, KOTOpPbIA  OO0ycioBieH  (auaibHON
HEOJIHOPOIHOCTBIO.

C BepxHEIOPCKUM He(PTEra3oHOCHBIM KOMIUICKCOM CBSI3aHBI OJIMDKaHWIIAe K
paiiony pabot mectopoxiaenus HepTu Bepxuecanarckoe, HOxxHO-MbUIbIKUHCKOE,
Cesepo-Jlyrunerkoe, JIyrunenkoe, Ocranunckoe, PeidansHoe, MbITUHCKOE U .

[IpomblnuienHass He(dTEera3oHOCHOCTh HMKHEITYyTMHEIIKOTO MECTOPOXKACHUS
JI0Ka3aHa B BEpPXHEIOPCKUX miactax rpynnsl 01, Heprenocnocts mnacros 10! u 10,2
YCTaHOBJIEHA [P COBMECTHOM HCIIBITAHUU B CKaXXUHE, I7I€ M0Jly4eHa HEPTh C ra3oM.

Ha wmectopoxxkaenun N B OTKpBITOM CTBOJIE MCIBITAaH HMHTEpBAJ,

cootsercTByromuil mactam 01, 1012, ipu cpenmneii nenpeccun Ha miact 152.9 arwm.
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3a 80 MHHYT OTKpBITOrO Hepuoja HoiaydeHo 1.8M° CHIIBHO ra3supoBaHHOI HedTH.
JIMTONOrNYECKH MOPO/Ibl KOJUIEKTOPA MPEICTABICHBI IECUAHUKAMH CBETIO-CEPBIMHU, C
OypbIM U OypoBaTbIM OTTEHKOM, CPEIHE-MEIKO3EPHUCTHIMH M MEJIKO3EPHHUCTHIMHU,
AJIEBPUTHUCTBIMU U aJIEBPUTOBBIMU, C TIIMHUCTBIM [IEMEHTOM, @ TAKXKE aJIE€BPOJIUTAMHU
CBETJIO-CEphIMH, CO CIa0bIM OypoBaTbIM OTTEHKOM, MEIKO-KPYMHO3EPHUCTHIMH,
MECYaHbIMU, C TJIMHUCTHIM [IEMEHTOM.

Mectopoxnaenue Heptu N oTkpsiTo B 1971 T CBO/I0BOM CKBa)XKWHOM, JaBIICH
¢onTan megrtu m3 mmactos IO;' u 10:% ropusonra FO; Bacroranckoi cuthl Ilo
nanueiM ['MC mtactel HEOTHOPOHBIE, UMEIOT HECKOJIBKO MOBBIIIEHHOE KaXKyIeecs
conportuBieHue. IlopucTtocTh Mo ga0OpaTOpPHBIM JaHHBIM cocTaBiser 13-15.5%,
IIPOHUIIAEMOCTD MOPsIIKA 5-9 MUILTUAAPCH.

Takum o6pasom, Ha Mectopoxkaennn N mpomyktmBen 1iact IOt
(magyrompHas mauka). Ha Hwxmenyrumenxom —iwractel 0%, 102, I0/M, 103 (B
HAJYTOJIbHOW, MEXYTOJIbHOM W B TOMYroiabHOM maukax Iwiacta). CorjacHo
JUTEPATYPHBIM JIaHHBIM, KakK IpaBuio, B ToMCkoil 00JacTM NTPOAYKTUBHBI U
NOAYTOJIbHAsA, U HAaayrojpHas Madyku. CylIecTBYET HECKOJBKO MPEACTABICHUN O
OPUYUHAX HENPOIYKTUBHOCTH NOAYTOJbHOM mauku B Tomckoil obmactu. OnHO U3
npencrasienuid  [19] cBsi3pIBaeT HENPOAYKTUBHOCTH MOAYTOJBHOM TOJIIM C
MOBBIIIEHHON MOITHOCTBbIO MEKYTOJIbHOM MayKu, CI0KEHHOW, B OOJIbIIEH CTENEHH,
YTISIMU, KOTOPBIE SIBIISFOTCS TMIPEMSTCTBUSAMHE TIPU MUTpANK He()THU U3 0aKEHOBCKON
CBUTHI. BTOpBIM TipencTaBiieHUEM SIBISIETCA TEKTOHMYecKoe. Murpauus Heptu u3
HeTEMATEepUHCKON Oa)KEHOBCKOM CBUTBHI B HIDKEJIE)KAIINE IUJIACThl BACIOTaHCKOMN
CBHUTBI MPOUCXOJIMIIA «IO TpPEIIMHAM» B TEPUOAbl AKTUBHU3ALUHUU TEKTOHUYECKHUX
nBrkeHni. Ha MHTEHCMBHOCTH Mpollecca MUTPALIMKM YTIEBOAOPOIOB MOT MOBJUAThH
TOT (akT, uTo HmxxHemyrunenkoe Mectopoxaenue u mectopoxaeaue N npuypoueHsl
K pa3HbIM TEKTOHUYECKUM CTPYKTypaMm, HCIBbITHIBABIIUM Pa3IUYHYIO CTEIEHb
TEKTOHUYECKON aKTUBHOCTH.

HwxnemenoBoil HepTera3oHOCHbBIN KOMITIEKC. JlaHHBIN KOMITJIEKC 3aHUMAET
BTOPOE€ MECTO 1O 3amacaM Hed W raza Ha TeppuTopur TOMCKOM 00y1acTH, 4TO

CBUIACTCIILCTBYCT, O IICPCIICKTUBHOCTH HpH6p6)KHO-MOpCKI/IX IICCYaHbIX IIJIaCTOB
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BapTOBCKOM, alILIMCKON CBUT, IIEIb(POBBIX KOJJIEKTOPOB KYJIOM3UHCKOM M TapCKOMH
CBUT, a TaKke TIIyOOKOBOJHO-MOPCKUX TE€CUAaHbIX PE3epByapOB AUuUMOBCKHUX
otiioxxeHui [21].

B oTHomeHun npUypOYEHHOCTH HEPTEra30HOCHOCTH HUKHEMEJIOBBIX
OTJIO)KEHUW KaK K CTPYKTYPHO-TEKTOHMYECKUM 3JIEMEHTaM TEPPUTOPUHU, TaK U K
He(TEera30HOCHBIM pailoHaM clieZlyeT OTMETUTh, uTo K CpenneBactoranckomy HI'P
NpuypoYeHbl HePTera3onposiBICHUS, BBIJICICHHBIE B aYMMOBCKUX OTJIOKEHHUAX. B
QYMMOBCKUX IJIACTAX OTKPBITO MBUIBI)KMHCKOE Ta30KOHAEHCATHOE MECTOPOK/ICHHUE.

Ha wuccrnenyemMoli TeppuUTOprH B HEOKOMCKOM pa3pe3e BBIIACIEHBI 1B
CaMOCTOSITENIbHBIX ~ HE(PTEra3onepCleKTUBHBIX KOMILIEKCA: KIMHOGDOPMHBIN U
1116 OBBIH.

HcnbiTanue B OTKPBITOM CTBOJIE MTPOBEJICHO B CKBaXKMHE MecTopoxkacHus: N B
MHTEpBale miacta bis Kynmomsunckoi ceuthl. [lomydeno 3.2 m® cnaGorasuposannoii
MJIaCTOBOM BOIBI 0€3 MPU3HAKOB KUIKNX Y B.

HedTerazoHoCHOCTh HUKHEMEJIOBBIX OTJIOKEHUU B MpeJiesiax HCCIeAYeMOu
IJIOIIAM HE YycTaHoBieHa. [lo [aHHBIM MPOBEIECHHOIO WCIBITAHUS ILJIACTOB
NOKYPCKOW, KMSUIMHCKOW, TAPCKOM M KYJIOM3MHCKOM CBUT B CKBA)KMHAX HA ILIOLIAIH

N u COCCIHUX YUACTKaX BBIABJICHA UX BOJOHOCHOCTD.

2.6 Ddu3nKo-xuMHYecKHe cBoiicTea HedTH

Cornacno 'OCT P 51858-2002 [22] ned 1, noObIBacMas Ha MecTpoxaeHuu N
OTHOCHMTCA K THIy 0c000 serkux Hedreit (828 kr/m®). Kpome Toro, HedTh mmeer
He3HauuTenbHyl0 Bs3kocTh (0,86 clI3) B mmacToBbiX ycnoBusix. OObEeMHBIH
ko> dunment Hedtn paseH 1,231, a razosslii gpakrop 88 M3/T. O6IAd CKUMAEMOCTD
cucreMsl coctaisier 1,23-1071° 1/T1a, naBnenune Hacwlenus HeTU ra3oM pasHo 107

aTM.
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4 duUHAHCOBBIH MEHEIKMEHT, pecypco3(p(PeKTUBHOCTH U pecypcochepeskeHne

B nacTosmee BpeMs B He(hTera30BbIX KOMIIAHUSAX BO3PACTAET UCIIOJIH30BAHUE
JiepeBa pEeLIeHUH C 1elibl0 BhIOOpa ONTUMAJIBHOM CTpaTeruu pa3padOTKU WU
omnepaiuu. JlepeBo perieHuii - 3To crnocod npeacTaBIeHus JIOTHYECKOro X0/1a Bhioopa
HanOoJiee SKOHOMUYECKH I1eJIeCO00pPa3HOr0 BapHaHTa C Y4€TOM CTOMMOCTHBIX WU
BEPOSITHOCTHBIX (pakTopoB. [Ipu 3TOM 11Jis €ro mocTpoeHus: TpeOyeTcsi OpraHu30BaTh
pelieHrue B TOCJIEAOBATEIbHYIO II€Th pemIeHui Jmbo coObiTHil. [leHHOCTS,
BbIpakaeMasi B y3Jlax JI€peBa PELICHUW, OLICHUBAETCS C IOMOIIBIO OXKHUIAEMOTO
CTOMMOCTHOTO McX0/1a. JlepeBo pelIeHr COCTOUT U3 MOCIEA0BATEIBHOM LIENN Y3JI0B
IIPUHSTUS PELIECHUS U BEPOSTHOCTH.

BxoaubiMu TaHHBIMU JJISI JAHHOTO pasjielia sIBISIOTCS J10OblYa CKBAXKUHBI U

IMPUHATBIC 9dKOHOMHWYCCKUC IMapaMCTPhI, IIPCACTABJICHHBIC B Ta6JII/ILIe 4.1.

Tabmuua 4.1 McxonHbie JaHHBIE
Cratpd pacxoja 3HaueHUE

Hanorun 0,45

[ToaroroBka J00BITOM KUAKOCTH, PYO/T 85

COop 1 TpaHCTOPT AOOBITOMN KUAKOCTH, PYO/T

DnexTposHeprus, pyo/T 30
Croumocts onnou craguu ['PII, pyo 14000000
CTOMMOCTB €XKETOHBIX PEMOHTHBIX padoT, pyo | 2500000
CraBka JUCKOHTUPOBAHMUS 0,15
Croumoctsb HehTH, $ 43,8
Kypc nomnnapa, py6 64,2

JlaHHbIE TTO0 AOOBIYE KUAKOCTU U HEPTH MPUHATHI U3 pazaena 3. OCHOBHBIMU
BapuaHTaMU KOTOpbIE OYAYT PaCCMOTPEHBI:

1) curyanus 6e3 nposeaeHus nosropaoro MI'PIT (1 BapuanT);
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2) mpoBeaeHue moBTopHOro mnarucraauitnoro MI'PII Ha 13 mecsie paboThl
CKBQ)XMHBI C IByMsI BO3MOKHBIMU BapuaHTaMu: OJIaronpusTHBIN UcX0 (2 BapuaHT) U
HeOJIaronpHUsITHBIN cxo 1 (3 BapuaHT);

3) mepBoHayalbHOE IMpoBeAcHHE  TpexcraamiiHoro MIPII,  3arem
IIPOBEJEHNE MOBTOPHOTO ABycTanuiHoro MI'PII ¢ nBymst BO3MOKHBIMHA BapHaHTaMU:
OnaromnpusTHBIN (4 BapraHT) U HeOIaronpusTHeINA (5 BapuaHT).

Pacuer skoHOMHYeCKON 3(PEKTUBHOCTH MNPOU3BOAWICS HA OCHOBaHUU
ONpEICJICHUS] YUCTOTO NUCKOHTUpOoBaHHOTO AoxoAa (Y//]) B kaxxaoM BapuaHte, Opu
3TOM B pacCMaTpPUBAEMbIX BapUAHTAX KalHUTAJIBHBIE 3aTPaTbl HWACHTUYHBI
(CTpPOUTENBCTBO CKBAXXUHBI, 3aTpaThl Ha pa3pabOTKy MECTOPOXKIEHHUSA), TPU 3TOM
IKCIUTyaTallMOHHBIE 3aTPaThl pa3inyHbl (poBenenue nepsuanoro MI'PII, 3aTpate! Ha
TPaHCHOPTUPOBKY U MOATOTOBKY KHIKOCTH).

®opmyna pacuera YJJI1:

Y = Z(1+d)" znn 1+ d)"

rae /Il — neHexxHbIil TOTOK, 00pa30BaHHBIM B pe3ysibTaTe MPOJaXu HEPTH B N-M
roxnys;
d — craBka JUCKOHTA, YYUTHIBAMOMIAs 3aTPaThl HA CTPAXOBAHUE PHUCKOB, TIOKPHITHE
UHQISIMOHHBIX IPOLECCOB, CTOMMOCTh KalluTalla, IPUBJIEKAEMOT0 JJIs peau3aluu
VMHBECTULIMOHHOTO IIPOEKTA,
W,, — HauanbHbIE HHBECTUIUH.

N3MeHeHne 4ucToro JMCKOHTUPOBAHHOTO J10X0/1a 110 FOJIaM IPEACTABIEHO Ha
Pucynke 4.1.

Takum oGpazom, BbrumcieHo (Pucynok 4.2), yto Hanbonee 3KOHOMHUYECKU
BBITOJITHBIM BApUAHTOM SIBJISIETCS HE ITpoBeneHne nmoBropuoro MI'PII, BBuay Oonbimx

3aTpar Ha MPOBEJICHUE ONEPAIIHii, KOTOPbIE HE OKYMAIOTCs J0ObIUeH HePTH.
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Pucynok 4.1 - U3smenenue YJ1J] no rogam

Y1, MIH pyo
bes npoeenennd noeropHoro MIPIT 176.23
176.23 0.1 154.63
5 cTtanmii 103.89
IToeTopHOE MIPII 0.9 08.25
103.89
0.6 71.33
3 cTamuu 63.869
0.4 52.67

Pucynox 4.2 - JlepeBo peteHuii
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5 ConmajbHas OTBETCTBEHHOCTD

5.1 O0masi xapaKkTepucTUKa paccMaTpUBaeMbIX padoT

PaccmarpuBaemas onepanys, NOBTOPHBIM MHOTOCTaqUMHBIN TUAPABINYECKUN
Pa3pbIB IJ1ACTA SABJISIETCS OMACHOM JUIS XKU3HU YEJIOBEKA U OPY’KAIOLIEN CPeIbl TaK Kak
CBsI3aHa C MOBBIIIEHHbIMU AaBiaeHusiMU (0T 25 10 30 MIIa) Ha ycthe ckBaxunsbl. [Ipu
3TOM, B pPE€3yJbTAaTe CTEUEHHUS OOCTOSITEIHCTB MOXKET MPOU3OUTH IIMPOKHUI CIIEKTP
aBapUMHBIX CUTYyallUd, TAKUX KaK ra3o-HedTenposiBIeHUE, MoKap, dKOJIOTHMYECKOe
OenctBue. B 100aBOK, BelEeCTBA, UCIIOJIb3YEMBbIE Ul IPOBEICHUS ONEPALIMA UMEIOT
CJI0’KHO€ XMMHUYECKOE CTPOCHHME W BPENOHOCHBI Ul YEJIOBEKa W IpUpoAbl. BBuay
CJIOKHOCTH  OIlepalyy, HEoOXOOUMO 3aJeHCTBOBaHME OOJBIIOrO KOJIMYECTBA
pPabOTHUKOB, OT CIAKEHHOCTU JEHCTBUM M KBaTU(PUIUPOBAHHOCTU KOTOPBIX 3aBUCUT

YCIICITHOCTD IIPOBCACHHUA OIICPALlN.

5.2 CucreMa no;kapHoii 6e30nacHOCTH NPH NPOBeAeHNH ONePaAIllUur

Cucrema obecrieueHust MOKapHO O€30MaCHOCTH pa3padaThIBACTCS C LENbIO:

- HUCKIIOYEHUE YCIOBUI BOZHUKHOBEHUS MOXKAPa;

- obecrnieyeHune MOXKAPHOU O€30MACHOCTH JIFOJICH;

- olecreyeHue MOKapHOU 0€30MaCHOCTH MaTEPHAIIbHBIX IIECHHOCTEH;

- oOecrieyeHre TOXKapHOM OE30MacCHOCTH JIIOACH W MaTepHabHBIX
[IEHHOCTEN OJTHOBPEMEHHO.

[IpenoTBpaienne oOpa3oBaHus TOpPIOYEH cpebl 00eCIeYMBACTCS OJHUM U3
CICAYIOIIUX CIIOCOO0B MM X KOMOWHAITUCH:

- MakCMMaJIbHO BO3MOXHBIM TPUMEHEHHEM HErOpIYMX U TPYIHO
TOPIOYMX BEIIECTB U MATEPHAIOB (YKPBITHE OYPOBOM M MPUBBIIICYHBIX COOPYKEHUM,
Bimouass  JI9C, TemmoreHepaTopbl, JKHJIbIE BaroH-JIOMa, CTOJIOBasi, OBITOBBIC
MOMEIIICHHUS ),

- U3OJIALMEN ToproYue cpebl;
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- mojjep:kaHueM 0e30MacHOM KOHLEHTPALUU B CPEJIe OKUCIUTENS U (UIIN)
rOpPIOYMX BEIIECTB (KOHTPOJIb 33 COJEPKAHHWEM YIJIEBOJAOPOJIOB B BO3AYXE,
OPUMEHEHHWE BEHTWIIHMHM S  WCKIIOYEHHs 0Opa3oBaHHsl  OMACHBIX IO
BOCIUIAMEHEHUIO KOHLIEHTPALUi yIiIeBOJI0POJIOB);

Ilenbro co3gaHMs CUCTEMBlI IIPEAOTBPALLCHUSA II0XKApOB B 3JaHUSAX,
COOPY’KEHHUSIX, HAPYKHBIX YCTAHOBKAaX U HA TEPPUTOPHUH OYPOBOM ITOIIAIKH SIBISETCS
VCKJIIOUEHUE  YCIIOBUM  BO3HUKHOBEHUs  II0XapoB. ckiaroueHue  yclIOBUHM
BO3HUKHOBEHUS I10XKAPOB JIOCTUTaeTCsl HUCKIIOYEHHEM YCIOBUI 00pa3oBaHUs
roproueii cpenbl ¥ (WIn) UCKITI0UEHUEM yCIIOBUN 00pa30BaHus B TOprOYeH cpene (v
BHECEHHMsS] B HEE) HMCTOYHUKOB 3aXUraHusi, B cooTBeTcTBUM co CraTbedt 48

«TexHuueckoro periaMeHTa o TpeOOBaHUSIX MOXKAPHOU OE30MTACHOCTH.

5.2.1 MeponpusTus no odecrnedeHuIo 6€30MaCHOCTH 100POBOJIbHOM MOKAPHOI

APYKUHBI

B cootBercTBUM Cc TpeOoBaecHusMu 1. 8.1 [23] mepeuHb MEpONpPUSATHIA TIO
oOecrnieyeHn0 0e30MacHOCTU JOOPOBOIBHON MOKAPHOU JIPYKHUHBI MIPU JINKBUIALUN
mokapa BKJIIOYAET CJEAYIONIME MEPONPUSATUS: KOHCTPYKTUBHBIE, OOBEMHO-
IUTAHWPOBOYHBIE, UHKEHEPHO-TEXHUYECKUE, OPraHU3alMOHHBIE.

VYuurpiBass OTHAJIEHHOCTh OOBEKTA OT HACEJEHHBIX IYHKTOB WU
POU3BOJACTBEHHBIX OOBEKTOB, UMEIOUIMX (OPMHUPOBAHUE MOXKAPHOW OXpaHbl U
IIOJIHOTO OTCYTCTBHUSI TOABE3JHBIX IYTEH B JIETHEE-OCEHHE-BECEHHUW NEPUOJ,
OpraHu3alel TYUIeHHs MOKapoB Ha 0ObEKTe (BKJIOYAsl JECHBIE MOKaphl) Oyner
3aHUMAaThCsA TOOPOBOJIBHAS TIOKApHAs JpYyXKWHA, CHOPMHUPOBAHHAS M3 COCTaBa
Opuraabl TOJ PYKOBOJCTBOM MacTepa, OOydeHHas, SKUIUPOBAHHAs, MPOIIESAIIas
COOTBETCTBYIOIIEEe OpopMIIeHHE (U3/1aHKE TIPUKa3a MO0 NPEAIPUATHIO, MEAUIIMHCKOE
o0cneoBaHUE U CTPAXOBAHKUE BCEX YJIEHOB JOOPOBOJIIBHOW JPYKUHBI).

Jlis obecrnieueHus: 0e30MacHOCTU JTOOPOBOJIBHOW MOXKAPHOM APYKUHBI MPU

JIMKBUJIALIMHU TI0Kapa:
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®  YCTPOMCTBO MOYKAPHBIX MPOE3I0B U MOABE3AHBIX MYTEU MJIA MOKAPHOU
texHuku (IIA-320 M), coBMemeHHBIX ¢ (YHKIIMOHAJIBHBIMU MpOE3JTaMU U
NO/IbE3/1aAMH;

®  YCTPOMCTBO MHHEPATU30BAHHOU 1OJIOCHI u 00BaJIOBaHUS,
OTrpaHUYMBAIOLIUX TEPPUTOPHIO MOKAPOOTACHBIX OOBEKTOB OYPOBO TIOIAIKY;

®  YCTPOWCTBO Ha BbBE3/aX HA TEPPUTOPUIO OYpPOBOM IUIOMIAJKU U Ha
TEPPUTOPHUIO  TOKAPOOMACHBIX  OOBEKTOB  IEpee3oB  uepe3  OoOBaJOBaHUE
MPENSATCTBYIONINE PACTEKAHUIO TOPSIIUX HEPTENPOAYKTOB;

®  pa3MeIIeHHE Ha TEPPUTOPHH OYPOBOH TIJIOMIAIKU MTOKAPHBIX €MKOCTEH;

®  pa3MelICHHE Ha TEPPUTOPUU OYPOBOM IUIONMIAJKH TOKAPHOTO IOCTA C
HEOOXOMUMOW YHCICHHOCTHIO JIMYHOTO COCTaBa JOOPOBOJIBHBIX — MOXKAPHBIX
dbopmupoBanuii (I1/]), ocHalIEeHHBIX MOXKAPHON TEXHUKOW U CPECTBAMHU TYIICHUS
noxkapa.

B ciayyae BO3HUKHOBEHMSI MOXKApHOW  CHUTyalUH IOKAapOTYLIEHUE
OCYUIECTBJISIETCSL OpUraoil, MpoxXoAsalieil 00ydeHHEe U aTTECTALNIO B YCTAHOBICHHOM
MOPSAKE.

Pabouas nomaaka obecreueHa NepBUYHBIMU CPEJCTBAMH MOKAPOTYIICHUS B

COOTBETCTBHUH ¢ TpeOoBaHusIMU [24].

5.2.2 ObecneyeHue IBaAKyallMu JIIO/1ei MPHU MoKape

OObecnieueHre CBOEBPEMEHHOW HBaKyallud JIIOJECH JOCTUTACTCS OOBEMHO-
IJIAHUPOBOYHBIMU PELIEHUSAMHU 31aHUN, HOPMATUBHBIM KOJINYECTBOM IBAKYAIIMOHHBIX
MyT€d M BBIXOJOB, MPOTSHKEHHOCTh M COOTBETCTBUE T€OMETPUYECKUX Pa3MEpPOB
KOTOPBIX, TO3BOJSIET OPTraHW30BaTh OECIPENATCTBEHHOE ABMIKEHUS JIOJEH mMpu
BO3HUKHOBEHUH MOXKapa.

Tak kak BbICOTA W TUIOIIA/Ib 3/JaHUHM, OTHECEHHBIX K KJIacCy (DyHKIIMOHATIBHOM
nosxapHoi omacaoctd ®1.2, ®3.6 He npeppimaer 15 M u 300 M? COOTBETCTBEHHO, a
YHCJICHHOCTH JIIOAEH B HUX HE MpeBbimacT 20 4enoBeK, B COOTBETCTBUM I1. 5.3.12 u

7.1.12 [25] u3 HEX TPEAYCMOTPEH OJMH DBaKyallMOHHBIA BbIXOJ mupuHOU 0,8 M u
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BbIcOTOM 1,9 M Ha nmpuieraroiyto Teppuroputo. C 6yponoii miomaaku, 61oka OLI'C,
HacocHoro 010ka, JI9C 10mKHO ObITh HE MEHEE JIBYX BBIXOJIOB.

KonuuectBo nroneil B 31aHusx kareropuu A, (00ku OypoBOM YCTaHOBKH),
OTHECEHHBIX K KJjlaccy (PYHKIIMOHAJIbHOW MokapHOU ornacHocth D5.1 mpeBswimaer 5
YEJIOBEK B CMEHY, HO He mpeBblaeT 50 4YeloBEeK B CMEHY, B COOTBETCTBUU C
tpeboBanusamu 1. 9.1.2, 9.2.12 u 4.2.5 [25] u3 kaxmoro OJ0Ka MPeayCMOTPEHO JBA
ABAKYAllMOHHBIX BbIXoAa wmmpuHOW 0,8 M m BbIcOTOM 1,9 M Ha nNpuUIIErarIyro
TEPPUTOPHIO.

KommnuectBo mogeid B 3paHusix kareropuii I' m [l OTHECEHHBIX K KIIAcCy
byHKUMOHANBHOU TokapHOU omacHocTu D5.1, He MpeBbIIAeT 5 YETOBEK B CMEHY,
paccTosiHue OT Haubosee yJaleHHON TOUKM TIOMELIEHHs IO BbIXO/a Ha JIECTHUIY HE
npeBbImaeT 25 M, B COOTBeTCTBUU C TpeOoBanusmu 1.9.1.2, 9.2.4 u 4.2.5 [25]
JOITYyCKAETCSl UMETh OJIMH 3BAKYALIMOHHBIN BBIXOJ. [IpUHATHI 3BaKyallMOHHBIE BBIXObI
mupuHoM He MeHee 0,8 M 1 BbICOTOM HEe MeHee 1,9 M ¢ BBIXOJIOM Ha IPWJIETAOLLYI0
TEPPUTOPHIO.

OTKpbIBaHUE JIBEPEN BCEX 3IBAKYAIIMOHHBIX BBIXOJOB M JIPYTHMX JIBEpPEU Ha
NyTAX SBaKyallud W3 SKUIBIX, aIMHUHHCTPATHBHO-OBITOBBIX W TMPOM3BOJICTBEHHBIX
3[IaHUI, pa3MeIIacMbIX Ha KyCTOBOW ILIOIIaJKe B COOTBeTcTBMU 1. 4.2.6 [25]
MIPEAYCMOTPEHO IO HAINIPABJICHUIO BBIXO/1A U3 3/1aHMUSI.

PaccranoBka TexHoJOoruueckoro o00pyaoBaHus U MeOenan 00ecleynBacT, B
cootBercTBUE ¢ 1. 4.3.4 [25], rabapuTHbie pa3Mepsl MyTeH dBaKyallMd U3 JKUJIBIX,
aJIMMHHUCTPATUBHO-OBITOBBIX U MPOU3BOICTBEHHBIX 37[aHUI C BEICOTOH He MeHee 2,0 M
u mmpuHoi He MeHee 1,0 M (k oquHOYHBIM pabounm Mectam He meHee 0,7 m).

Kpome Toro, Ha oOecrieueHue 3BaKkyalldy JIIOACH MpHU MOKape HalpaBJICHbI
CJIEIYIOIME IPOECKTHBIE PEIICHMS:

e OTACIKA CTEH C UCIOJIb30BAHUEM HErOplOYUX MaTepuajioB B
COOTBETCTBUH ¢ TpeOoBanusamu 1. 4.1.3 n 4.3.2 [25];

®  IIPUMEHEHHE CUCTEM M CPEACTB HMHJIMBUAYAJbHOM 3aIIMTHI JIFOAEH OT

BO3I[€ﬁCTBHH OIlIaCHBIX q)aKTopOB I1oXKapa,
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®  MOHTaX CBETOBBIX yKa3aresiel "Bbixon", yCTaHOBIICHHBIX HaJl BBIXOJAaMU

n3 HOMeHIeHI/Iﬁ " IIOJAKJIIIOYCHHBIX K CCTHU aBapHﬁHOFO QJICKTPOOCBCIICHU .

5.3 CaHuTapHbIe 30HbI 1 CAHUTAPHO-OBITOBbIE MOMeEIIeHUS

CorJiacHO NOJI0KEHHUSM CAHUTAPHBIX HOPM IIPOEKTUPOBAHUS TPOMBILIIECHHBIX
npeanpusTaid, [26] 0OBEKTBI CTPOUTENBCTBA U PEMOHTAa CKBAKHUH IO CAHUTAPHOM
KJIaCCU(PUKALIMU OTHOCATCA K TPEThEMY KJlaccy.

BBuay ynaneHHOCTH KyCTOBBIX IUIOIIAJOK OT HACEJIEHHBIX MECT, HX
pa3MelleHne Ha HEMPUTOHBIX ISl MCIOJIb30BAHUS B CEJIbCKOM XO3SHCTBE 3eMJISIX,
CHEUUAIbHBIX MEPONPHUATUH IO CO3AAHUI0 CAHUTAPHO-3aIUTHBIX 30H HE
pea1ycMaTpUBAETCA.

Kunpie, ObITOBBIE M aIMUHUCTPATUBHBIE BarOHYMKH [JISl BaXTOBBIX OpHUTIaj
CJIEIyeT pacIoyiaraTb Ha pacCTOSIHUM, PABHOM BBICOTE BBIIIKH ILIIOC 10 MeTpoB, HO HE
MeHee 60 METPOB OT YCThsI CKBaKUHBI.

B coorBerctBUM ¢ [27] KycTOBas IUiomiagKa oOOpYydyeTcs CaHHUTapHO-

OBITOBBIMU ITOMCIICHUSAMM.

5.3.1 BoaocHa0keHMe M KaHAJIU3ALUA

JloObrua HedTH Benercss BaxToBbIM criocoOoMm. Ilepuoa pabotTel BaxThl - 15
nHeil. KommuectBo mepconana Ha OypoBoil - no 30 uenoek. i pasmerieHus
nepcoHalla MpPelyCMOTPEHbI ObITOBbIE TOMEUICHHUsS (OJOK-KOHTEHHEPhl MOJHOU
3aBOJICKOM TOTOBHOCTH MPOM3BOACTBA). O0ecreueHne Bo10M sl TEXHUUECKUX TIeseit
npeaycMaTpuBaeTCs U3 OJMKalIuX BOAOEMOB yepe3 BoaoIpoBobl. [IutekeBas Bona
IPU OTCYTCTBUH HA IIPOMBICIIE BOJIOOYUCTHBIX COOPY>KEHUH - IPUBO3HAS.

YOopHbIE 3aMpOEKTUPOBAHBl HAPYKHBIE, OTIAEIBHO CTOSIIHUE C CENTUKOM.
X 030BITOBBIE CTOYHBIE BO/IBI CTOJIOBOM M OAHHO-IIPAY€YHOT0 KOMILIEKCA COOUPAIOTCS

B CENTHUK, C MOCIEAYIOUICH YTUIN3aEH.
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HpOHI’)BOIlCTBeHHO-I[O)KI[CBBIC CTOYHBIC BOJbI C TCXHOJOINYCCKUX IIJIOIIAJ0K
qepe3 AOXKACIIPUCMHUK M CaAMOTCYHYIO CCTh HAIIPABJIAIOTCSA B KOTJIOBAHBI CTOYHBLIX

oypossix Box (BCB).

5.3.2 OTonyieHue M BeHTHJIALUSA

[TpoAOKUTENBHOCTh OTOMUTENBHOrO Tiepuoaa - 289 cyrok. McrouHukamu
TEIIOCHA0KEHUS JKUIIBIX TIOCEJIKOB SIBJISIFOTCSI COOCTBEHHBIE KOTEIbHBIE.

OromieHue  pabouymx  momenieHud  (OJIOK-KOHTEHHEPOB)  JIU3EIbHBIX
AJIEKTPOCTAHLUN OCYIIECTBISETCS 3a CUET TEIUIOBBIIEICHUM paboTaloNmMX AU3EIIb-

TEHEPaTOPOB.

5.3.3 DJieKTpocHalKeHue U YJIEKTPOOCBelleHne

HcTtouyHukamMu  3J1E€KTpPOCHAOXKEHUs]  SIBJISIOTCS  BHYTPUIIPOMBICIIOBBIE
anektpopcetu. Kpome Toro, Opuraga wumeeT 0OOpyAOBaHHE aBaApPUIHOM
anektpoctanumen AC/A-200, ACHA-100. Bo3MOXHO NDpPUMEHEHHE IU3EIIb
reHepaTopHoro npusoaa JTTY-1250P.

OCHOBHBIMM  TIOTPEOUTEINSIMU  BJIEKTPOIHEPIHH  SIBISIOTCS  CIIEIYIOLIUE
00BEKTHI: OypoBasi yCTaHOBKA, HACOCHI KOTEIBLHOM, OCBEIIEHIE TEPPUTOPHH, OBITOBBIE
IIOMEILEHUS, CTOJIOBAsI, OaHsl.

[To HameXHOCTH 3IIEKTPOCHAOXKEHUS OOBEKTHI OTHECEHBl K 3 KaTErOpHH.
HapyxHoe ocBelenue miomaaky NpeayCcMOTPEHO IPOKEKTOPaMu, YCTaHOBJICHHBIMU
Ha onopax jquHuu BJI-0,4 kB. Bce anexrpoaBuraTeny nocTaBiIsIOTCS KOMIUIEKTHO C
TEXHOJIOTMYECKUM obOopynoBaHueM. llutanue mnoTpedOuTenelt 3IEeKTPOIHEPTUU
IPETYCMOTPEHO OT IM3€JIbHOM U HU3KOBOJIBTHBIX pacipeaenuTebHbXx MyHKTOB (I1P).
Bce oanektpoobopynoBaHue BbIOpaHO € y4Yye€TOM Cpeldbl, B KOTOPOH OHO
JKCILIyaTUPYETCs.

Bce anektpoobopyioBaHre 0J109YHO-KOMIUIEKTHBIX YCTPOUCTB: OCBETUTEIbHAS

apMartypa, IIyCKO3alllkuTHAaA  allllaparypa, YCTAHOBKaA I/IBIIGJII/Iﬁ JIUTCIBHOI'O
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W3TOTOBJICHHUS], CUJIOBAsl U OCBETUTEIIbHAS ITPOBOJIKA, LIENIN YIIPABJICHUS U alllapaTypa
YIPABJICHUS U T. J. IOCTABISAETCS 3aBOIaMHU-U3TOTOBUTEISIMHU.

Onextpuueckue cern 0,4 kB oT pacnpeaenuTenbHbIX IIUTOB IO
IIPOCKTUPYEMBIX COOPYKCHMH BBINOJHAIOTCS Ha JCPEBSAHHBIX omnopax. Jlus
OCBEILECHUsI TEPPUTOPUM KyCTOBOM IUIOIIAJKH IPEAYyCMATPUBAIOTCA CBETUIBHUKHU

tuna PKY 18-250.

5.3.4 3azemJiieHHe U MOJTHHE3AINTA

JUIs 3aIMTHI JTFOAEH OT OPAXKEHUS AIEKTPUYECKUM TOKOM IIPU MOBPEKIACHUN
U30JISILIUY [TPETYCMOTPEHO 3alMTHOE 3a3eMIICHHE (3aHyJIEHHE) BCEX HETOKOBEAYIINX
METaNIMYECKUX YacTel 3JEKTPOOOOPYA0BAHMSL.

JUIss  3aHyJIGHHsI MCIOJIB3YIOTCSI HYJIEBBIE IIPOBOJIbI, COEIUHEHHBIE C
INIyX03a3€MJICHHOM  HEUTpasblo. B kadecTBe  3a3eMIISIOIIETO  yCTPOWCTBA
VCIIOJIB3YIOTCH:

®  CCTECTBEHHbBIE 3a3€MJIMTEIN - METAJUIMYECKHUE CBau-TpyObl, oOcaaHbIe
KOJIOHHBI CKBa)KHH;

®  HCKYCCTBEHHBIC 3a3€MJINTEIIN - JJEKTPOABI UIMHOM 5 M, JuaMeTrpoM 12
MM, BBUHUYEHHBIE B TPYHT U COEIMHEHHbIE MEX Y CO00M 110JI0COBOM CcTalbio 4x40 MM
Ha riryoune 0,5 m.

3a3eMJIEHUE OCYIIECTBIISIETCA C TOMOIIBIO HYJIEBBIX 3aIIUTHBIX MPOBOJAHUKOB
B KQUE€CTBE KOTOPBIX UCIIOJIb3YIOTCA: HyJIEBbIE paboune MPOBOIHUKH, YETBEPTAs KUIIA
Ka0es.

C 1nenbi0 ypaBHUBAaHUA TOTEHIMAIOB B TMOMEUIEHUSX U HAPY>KHbIX
YCTAaHOBKax, B KOTOPBIX NPUMEHSIOTCS 3a3eMJIEHWE WM 3aHyJIEHHE, BCE
CTPOUTEJIbHBIE WU IPOU3BOACTBEHHBIE KOHCTPYKLIHH, CTAallMOHAPHO ITPOJIOKEHHBIE
TpyOONpPOBOABl BCEX HA3HAYEHUM, METALIMYECKHE KOPIyca TEXHOJIOTHYECKOro

060py,Z[OBaHI/IH IMPUCOCANMHCHBI K CCTHU 3a3CMJICHUA U 3aHYJICHU .

90



3a3zemiieHHE KaOENbHbIX KOHCTPYKIUN OO0ECIEeUMBACTCS IJIEKTPUUECKUM
KOHTAKTOM TPAaBEPCHl C OMOPHBIMU METAITIMYECKUMU KOHCTPYKIUSMH 3CTaKalbl U
IIOCJIEIHUX C €CTECTBEHHBIM 3a3€MIIUTEIIEM - POCTBEPKAMU.

MosHue3anmTra METATHYECKUX OJIOKOB W COOPYKEHHMM  BBITOIHSIETCS
IIPUCOEANHEHNEM UX K YCTPOMCTBY 3a3€MJICHHs B JBYX TOYKAX CTAJIBHOM ITOJIOCOU
ceyeHreM 4x40 mMm.

MouHue3ammTa COOPYKEHUM CO B3PBIBOONIACHOM CPENOM IPEayCMOTpPEHA

MOJIHUCIIPUEMHHUKAMHU, YCTAHOBJICHHBIMU HA OIIOpaxX U MOJIHUCOTBOJAAX.

5.3.5 Cesi3p

Ha npoektupyeMbIx 00beKTax NpeayCMOTPEHBI CAEAYIOIINE BUIBI CBSI3H:
® CIYTHUKOBas CBsI3b TeNePOHHBIH HOMEp [UIsl Nepeauyd pedyeBbIX
co00IIeHNH 1 UH(POPMALIUU B FIEKTPOHHOM BHUJE C UCIOJIB30BAHUEM «MOJAEMAY;

®  YCTPOWCTBO MEPETOBOPHOE, CUTHAIM3UpYIOIIee (111 OypOBBIX OpHUTran).

5.4 ABapuiiHble YTeUKH M PA3JIUBbI TOPHOYMX KUAKOCTE

Bo3MokHBI B cilydae HapylleHUs MpaBuil 0€30MacHOM SKCIUTyaTalluy CKIiaaa
['CM u 61510ka cO0Opa U CKUTAHUS TPOYKIMU UCTIBITAHUSI CKBAXKUHBI, HAITPUMED, TIPU
HEUCIIPABHOCTH 3alopHON apMatypbl. Hambosiee BepoOsSTHOU SIBISETCS yTE€UKa W3
onHoil eMkocTH, TO ecTh 50 Mm% s cknaga TCM

ABapuiiHple yTE€YKM U PAa3JIUBbl TOPIOYUX JKUJKOCTEH MPEACTABIISIOT
OMACHOCTh TOJIBKO B CJIy4ae MOCJEAYIONIET0 BO3HUKHOBEHUSI oxkapa. [Ipu aTtom ouar
MoXapa MOXET pacnpoCTpaHUThCs Ha Bech ckian ['CM u mimomanky CKWTraHus
MPOAYKTOB UCIbITaHUs CKBaxkuHbI. [Ipu moxape Ha ckiane I'CM BO3MOKEH B3pHIB
eMKocTeill ¢ roprounmM. COOp MPOAYKTOB OCBOEHHUS CKBAKUHBI OCYIIECTBIISETCS TIOCIIE
CernapupoBaHus B OTKPBITbIE EMKOCTH, II03TOMY BO3HUKHOBEHHUE B3PbIBA B PE3YJIbTATE

noskapa Ha 0J10ke cOopa MPOYKIIMU UCTIBITAHUS CKBOKUHBI HE Oy/IeT.
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JU1s ipeToTBpalleHHs] OCTYIUIEHUS YTIIEBOJOPOIHBIX XKUIAKOCTEH 3a IIPEEIIb
ckiaaa 'CM u niomaaky CKMranus IpoAyKTOB UCTIBITAHUS CKBAXKUHBI (JIOBYILIKA MO
Beiku [1BO) mo ux mepumerpy coopyxkaercs oOBajoBka. OO6beM 00BaIOBaHHBIX
IUIOIIAJIOK BHYTPU OOBAJIOBKH MPEBBIIIAET CyMMAapHbIil 00BEM EMKOCTEH, B KOTOPBIX
MOTYT HaXOJUThCS YTIEBOJAOPOIHBIE )KHJIKOCTH.

[Tnomanku cknaga I'CM u cxuranust NpoAyKTOB UCIIBITAHUS PACIIONOKEHbI HA
0e30MacHOM PacCTOSHUM OT ApYrux 00bekToB. IlociaencTBusi JOKadbHBIX yTE€UEK U
Pa3IMBOB JIMKBUAUPYETCA IMyTeM cOOpa 3arpsA3HEHHBIX CHETa, TPyHTa U 3aXOPOHEHUS
UX B JIOBYIIKE. ABapUilHbIE YTEUKHU U Pa3JIMBbl HETOPIOUUX KHJIKOCTEH.

B nmanHoM ciydae 3TOT BUJ aBapuil HE INPEJICTABISET PEAIbHON ONACHOCTU
IIOCKOJIBKY TEXHOJIOTUYECKHE KUJIKOCTH U XKUJKHUE OTXOJIbI TPOU3BOCTBA SBJISIFOTCS
HE TOKCHYHBIMM U HeroproumMu. KycToBasg 1uIiomagka pacnoyIOKE€Ha Ha
TOPU30HTAJILHOM Y4YacTKE€ MECTHOCTH, 3a MpeJeslaMd KOHTYPOB 30HBI OJMKaiIlero
BOJOTOKAa. Bcsi TexHosormyeckas IUIOIIAAKa IO TEPUMETPY HMEET OOBaJOBKY
BbIcOTOU 0,8 METPOB.

Takum oOpa3zom, mnpu pas3pylUleHUM JIOBYIIKM JJsi CTOYHBIX BOJ U
MaKCHMaJbHOM pasnuBe TorumBa Ha ckiaae ['CM, obBanoBaHHOW Tuiomanu Oyner
JIOCTaTOYHO, YTOOBI HE JONMYCTUTh BBIXOAA pa3IUBLIEHCA JKUAKOCTU 3a IPEAEIb
OypoBOI1 IIOLIA/IKK U 3arpsi3HEHUs OvrKaiiiero BogoToka. [locneacTBus nOKambHbIX
yT€UeK M Pa3JIMBOB JUKBUIUPYETCS MyTeM cOopa 3arpsA3HEHHBIX CHera, TpyHTa U

3aXOpPOHCHHUSA UX B JIOBYHIKAX.
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3AK/IIOYEHUE

B pesynbrare npoaenaHHOM  KOMIUIEKCHOW — padOThl, BKJIKOYAOLIEH
Tr€OMEXaHNYECKHE M TEXHHKO-TEXHOJIOTMYECKHE ACHEKTHI IPOBEIACHUS ITOBTOPHOIO
MI'PII Ha rOpH3OHTaJIBHBIX CKBaXHHAX, OBUIO YCTaHOBJIEHO, YTO MPOBEACHUE
NOBTOPHOM orepanuy Heo0XoAuMOo poBoaAUTh oBTopHOe MI'PII B TeueHue nepBbix
12-15 wmecsaueB  paboTbl  CKBaXUHBI  JJIsi  OO€CNEYEHUs  ONTUMAJIBLHOTO
pacIpoCTpaHeHus TPELLUH.

Kpome Toro, B pesynbTaTe 0030pa JIUTEpaTyphl BBISBIECHO, YTO B Poccuiickoi
He(Tera3oqo0bIBalOIE OTpaciu JaHHOMY BOIPOCY HE OTBOAMTCA JOJDKHOIO
BHUMAaHUS, B pe3yJibTaTe 4ero, 3PPeKTUBHOCTh MOBTOPHBIX ONEpaLUi TOCTATOYHO
HU3Kasl.

Jlis pacueta MepeopUEHTALMU TOJIsl HANpsHKEHUH BOJIM3U CKBa)KUHBI OBLIO
IIPEJIOKEHA METOAMKA MWCIOJIB30BAHMS TEUYEHUs TeIula B CIUIOLIHOW cCpene,
IIPUMEHEHUE KOTOPOH OBLIO JOKA3aHO B XOJ€ UCCIIETOBAHUS.

B 1no6aBok, ¢ HKOHOMHYECKOW TOYKM 3pEHUS B TEKYLIUX YCIOBHSIX
mecTopoxkaeHus: N ObLIO OIpeleeHo, YTO IPOBEIEHUE TOBTOPHON ONIEpaLlii MEHEe
SKOHOMHUYECKU A(P(PEKTUBHBI MO CPABHEHHIO C OTCYTCTBUEM IMPOBEACHMS JAaHHOU
OIIEpaLlUN.

Jis nanpHeineil paboThl peKOMEHIyeTcs IpopaboTaTh Oolsiee AETaIbHO
JV3ailH KOMIIOHOBKH 3aKaHYMBAHUS TOPU30HTAJIBHON CKBAKUHBI, KOTOPBIN IMO3BOJIUT
npoBoauth MIPII u mnoBropHbie omepauuu ¢ Oosbiieil 3¢ (HEKTUBHOCTHIO.
[TpopaGoTka AaHHOrO acmekTa I[O3BOJIUT 3HAYUTENBHO MOBBICUTH HKOHOMHUKY

pa3pabOTKU MECTOPOKICHHS U U3BJICUCHHE 3al1acoB HE()TH U rasa.
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Ipuioxkenue A

Paznen (1)
(Literature overview and problem statement)

CryneHr:
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1 Literature overview and problem statement

The major factor controlling fracture propagation during hydraulic fracturing
treatment is the principal stresses orientation. Nowadays it is known fact that stresses
change the direction during the field life. This fact was established many years ago by
observation of the direction of hydraulic fractures, which had induced after refracturing
treatment of vertical wells. Many studies were conducted for the purpose of stress
reorientation assessment and prediction. Stress field around vertical well is fully
considered now and only one paper will be introduced in the dissertation, which can
be used as basis research for the vertical wells. On the other hand, the problem of stress
reorientation around horizontal wells is rather complicated and must be studied as a
complex research including geomechanics, production technology and simulation.

The diagram of refracturing of the vertical well is presented in the figure 1.1
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Figure 1.1 - Schematic showing refracture reorientation concept [1]
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According to Roussel [1], reorientation of stresses around a well are governed
by two processes, which are facture initiation and propagation (mechanical effect) and
fluid production or injection that alter pore pressure of a reservoir (poroelastic effect).
Authors were performed the research by means of numerical modelling which takes in
account both mechanical and poroelastic effects in order to estimate the redistribution
effects of fractured vertical well. The study was based on real field data from Codell
tight gas formation. They determined that for vertical previously fractured well further
fractures might propagate perpendicularly to the first fracture, if the stress field is
disturbed. Moreover, the ability to access the zones of a reservoir that are less depleted
Is pointed out. Accuracy of built model was confirmed by means of tiltmeter
measurements. However, the performance variability of refractured wells drilled in the
Wattenberg field was observed with some wells underperforming while others was
restored to initial production rates. The authors stated the impact of production history
and initial fracture performance on the further fracturing treatments. Three-dimension
numerical model, which couples mechanical and poroelastic effects was introduced,
which was used to interpret tiltmeter measurements and production history of Codell
field. The data from the Wattenberg field case study was used in order to make the
guidelines to select candidate wells, choose timing of the refracture operation and
evaluate the production increase after the refracturing. The most valuable results of the
work are pointed out on the figures 1.2 and 1.3. As can be seen from the figure 1.2 in
the vicinity of the fracture, the direction of maximum horizontal stress is rotated 90°
from its in-situ direction. Stress reorientation is not limited to the stress-reversal region.
The stress distribution resulting from the mechanical opening of a fracture differs from
that resulting from poroelastic stresses. It was shown that outside the stress-reversal
region, the direction of maximum horizontal stress points toward the fracture (radial
orientation), while it is oriented in the orthoradial direction in the case of poroelastic
effects (Figure 1.2).
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Figure 1.2 - Comparison of stress reorientation resulting from (a) mechanical effects
and (b) poroelastic effects (direction of maximum horizontal stress) [1]

It is noted that immediately after production is started, the direction of
maximum stress reorients, causing the stress-reversal region to shrink (Figure 1.3). It
takes only a few hours of production for the direction of maximum stress to fully
reorient. Subsequently, the stress-reversal region grows back. The partial uncoupling
of the flow and stress calculation exaggerates the shrinkage of the stress-reversal
region. At late production times, poroelastic stress reorientation decreases, causing the

extent of the stress reversal to decrease toward its initial value.
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Figure 1.3 - Evolution of the direction of maximum horizontal stress at early
production times [1]
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As it is noted above horizontal well fracturing and refracturing are are
sufficiently complicated and the first fracturing treatment must be assessed accurately
due to stress shadowing effect. Stress shadowing effect is the stress reorientation
phenomena close to the fracture which is caused by mechanical impact of fracture
Initiation and propagation.

Kumar and Ghassemi provide the article [2] studied three-dimensional
combined poroelastic and mechanical aspects of fracture propagation from horizontal
wells. They used three-dimensional numerical model which was based on both
displacement discontinuity method for fluid flow through porous media and finite
element method for the fracture fluid flow simulation. They analyzed fracture
propagation on the basis of the linear elastic fracture mechanics. Furthermore,
homogeneity and isotropy of the rock mass were assumed with constant poroelastic
physical properties and the fracturing fluid is assumed incompressible and shows
Newtonian behavior. There are numerical examples of multiple fracture propagation
from the horizontal wells in the paper. The results obtained through the study show that
along with reservoir rock properties and in-situ stresses state, the spacing among
fractures has a strong influence on the evolution of multiple fracture propagation.
Moreover, undepleted zones refracturing between closely spaced horizontal wells was
simulated and the results demonstrate the fact that the change of stresses and pore
pressure due to reservoir depletion mainly depends on the stress anisotropy, reservoir
poroelastic properties, and the timing of infill well stimulation or production duration.

The main results of the study are presented in the figures 1.4-1.7. The created
fracture network and distribution of the fracture aperture after completion of the second
stage are shown in figure 1.4. The side view of the propagated fracture geometry and
distribution of the maximum horizontal stresses and their orientation in a cross-section
along xy-plane are shown in figure 1.5. The induced shear stresses and the reservoir

pore pressure distribution are shown in figure 1.6 and figure 1.7, respectively.
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Figure 1.7 — Reservoir pore pressure distribution after second stage of fracturing [2]
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The creation of factures without offset induces symmetric compressive and
shear stresses around the fractures which will cancel out and keep the fracture
propagation in the plane itself as shown in stage 1 part of Fig. figure 1.6. However,
during creation of stage 2 fractures, the stage 1 fractures induces stress shadowing
effects which alters the principal stress directions for the stage 2 fractures. Hence, the
resultant fractures are slightly deviated from the vertical plane and generate a curved
fracture geometry as shown in stage 2 part of figure 1.4 and figure 1.5. It is observed
from figure 1.5 that the outer tips of the stage 2 fractures are showing more curving as
compared to the inner tips, which can be explained by looking high tensile stresses
created near the inner tips. The stage 2 fractures tend to close previously created stage
1 fracture due to induced compressive stresses. Hence, stage 1 fractures in figure 1.4
shows less opening as compared to stage 2 fractures. The principal stress plot in figure
1.5, shows that the fractures tips are align in the direction of the maximum local
principal stresses. From figure 1.5 it is also noticed the induced stresses are causing the
principal stress direction reversal or alteration mainly near the fracture tips, whereas
the principal stress directions near the fracture central areas remains unchanged. The
principal stress directions change near the fracture tips are mainly occurring due to
induced shear stresses in these zones as shown in figure 1.6. The distribution of
reservoir pressure change after stage 2 fracturing is shown in figure 1.7. It is noticed
that area near to the stage 2 fractures shows higher pore pressure change as compared
to stage 1 fracture region, which is directly related to their fracture apertures. It is
important to mention here that in this case, the stage 1 fractures have more time for
fluid to diffusion as compared to the stage 2 fractures; hence, the pore change due to
fluid diffusion should be higher for the stage 1 fractures. However, due to the small
diffusivity, the pore pressure change due to mechanical deformation is dominating in
this case. The constant fluid pressure boundary conditions from the previous stage of
fracturing, prevents complete closure of stage 1 fractures. In fact, the stage-1 fractures
will close up to approximately 50-60% of the fracture apertures resulting from stage 1
fracturing. Which is another reason for having less pore pressure change near stage 1
fractures as compared to stage 2 fractures.
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Kumar at al. in their paper [3] studied the stress reorientation around the
horizontal wells which affect the fracture orientation of infill horizontal wells. They
pointed out that pore pressure decrease around horizontal fractured well is non-uniform
which causes to anisotropic reservoir stresses variations and possibly stress reversal.
The paper is focused on infill drilling and it was observed that fractures from infill
wells tent to curve and could propagate perpendicularly to the initial fractures. Field
data used in the study showed that infill well fractures can cross the exist fractures that
negatively affects production. Three-dimensional fully-coupled analysis of poroelastic
stress variations in in-situ stress and their possible reorientation around hydraulic
fractures in the horizontal wells wre considered. The authors were using single
simulator (GeoFrac3D) for fracture initiation and fluid production modelling, after that,
they modelled multistage hydraulic fracturing of infill wells taking into account pore
pressure alteration. They demonstrated the roles of stress and pore pressure and
reservoir poroelastic properties on the timing of infill well stimulation and production
in normal faulting stress regime. The study differs from others by implementing the
single numerical model which can simulate both hydraulic fracturing stage and fluid
production. There are created fracture network geometry which tend to infill well axis

which is altered maximum horizontal stress direction on the figure 1.8.
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Figure 1.8 — Multiple fracture propagation from the infill well after 36 months of
production [3]

Ghassemi at al. present the paper [4], in which they considered three-
dimensional stress and pore pressure distributions around a hydraulic fracture. They
numerically calculated the phenomena in order to analyze the possibility of formation
breakdown due to hydraulic fracture pressurization. The authors presented numerical
model which incorporates finite element method and the poroelastic displacement
discontinuity method. They represent mathematical equations which defines the stress
and pore pressure interactions. Moreover, the study was based on Barnett shale data.

Ali Rezaei in the paper [5], performed a fully coupled two-dimensional
poroelastic displacement discontinuity method in order to investigate the refracturing
process in horizontal wells. The author pointed out that the pore pressure depletion in
the vicinity of old fractures directly affects the state of stress and eventually the
propagation of newly created hydraulic fractures. The necessity of a poroelastic

analysis to identify guidelines for the refracturing process, in particular to understand
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the extension of the pore pressure depletion, and eventually, the orientation of new as
well as old fractures is mentioned. The authors proposed a fully coupled approach to
model the whole process of child fracture propagation in a depleted area between 2
parent fractures in the same wellbore. This approach omits the need of using multistep
workflow that is regularly used to model the process. The maximum tensile stress
criterion is used for hydraulic fracture propagation in the paper. The proposed method
Is verified using available analytical solutions for total stress and pore pressure loading
modes on a line fracture in drained and undrained conditions. Moreover, test cases of
multifractured horizontal wells was studied to calculate the time evolution of the stress
and pore pressure fields around old fractures and to understand the effect of these fields
on the propagation path of newly created fractures. Furthermore, the effect of the pore
pressure depletion on the propagation path of the newly created fractures in the
bypassed area of the same wellbore is studied. The results which was obtained showed
that the depleted areas around old fractures are highly affected by the extent and
severity of the stress redistribution and pore pressure depletion. It was observed that a
successful creation of new fractures may only happen in certain time frames. The
results of the study provide insights on the behavior of newly created fractures in
depleted zones. They also clarify the relationship between stress change and pore
pressure depletion in horizontal wells. The most valuable result of the study is
presented in the Figure 1.9, in which fracture direction is represented depending on

production time. Authors highlight the new fracture curving towards exist fractures.
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Figure 1.9 — Comparison between progradation of new fracture for different time
periods [5]

Abdollahipour stated in the paper [6] that many problems in subsurface rocks
which are naturally filled with saturated cracks and pores (with one or more fluid
phases) are better understood in a poroelastic framework. It was pointed out that
displacement discontinuity method (DDM) is particularly ideal for problems involving
fractures and discontinuities. However, the DDM in its original form is limited to
elastic problems. The paper derives fundamental solutions of a poroelastic DDM. In
addition, it introduces a numerical formulation and implementation for the poroelastic
DDM in a code named constant element poroelastic DDM (CEP-DDM). The accuracy
and validity of the proposed solution and the newly developed code is verified by an
analytical solution at short-time and long-time. Numerical results showed good
agreement with analytical results at short time (undrained response) and long time (t =
8000 s) (drained response). A crack propagation scheme for crack propagation
problems is introduced and demonstrated in an example which enables the code to
follow crack propagation in time and space.

D. Kumar and A. Ghassemi in their article [7] stated that numerical simulations
of multistage hydraulic fracturing usually neglect poroelastic effects. However, in case
of low permeability reservoirs, where hydraulic fracturing is usually carried-out using
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relatively low viscosity fluids and high injection rates, coupled poroelastic mechanisms
need be included for better understanding of the fracturing process, which can involve
rock failure and/or reactivation of natural fractures. In the paper, they presented a fully
coupled three-dimensional poroelastic analysis of multiple fracture propagation from
horizontal wells. The numerical model used the indirect boundary element method of
displacement discontinuity for poroelastic response of the rock, the finite element
method for fracture fluid flow, and the linear elastic fracture mechanics approach for
fracture propagation. The model which was used in the study accounts for the
mechanical interactions among multiple fractures, mixed-mode propagation, fluid
diffusion into the reservoir matrix, and the effects of fluid diffusion on the rock
mechanical response. The model is verified with analytical solutions, and numerical
examples of simultaneous and sequential fracturing of single and multiple horizontal
wells in the Niobrara Chalk formation are presented. The results show the created
fracture network geometries are strongly influenced by the mechanical interactions
among the fractures. It is also demonstrated that the poroelastic effect increases the net
fracture pressure and causes a reduction in fracture volume. The poroelastic model
Illustrates the transient character of stress shadow, and is particularly useful for
refracturing analysis since it readily calculates the stress variations due to reservoir
depletion.

A. Gholami and S. Rahman [8] provided a foundation for studying the growth
of fractures in presence of other discontinuities and different anisotropies of low
permeable hydrocarbon formations and helps to improve the design strategies for
multistage fracturing in the paper «Effect of pore pressure on stress reorientation and
hydraulic fracture deviation». They stated that the mechanism of hydraulic fractures
interaction and the impact of local heterogeneities on ultimate trajectory of the growing
hydraulic fractures are not yet understood in depth. A fully coupled poroelastic Finite
Element based model was developed to investigate the mixed mode propagation
behaviour of growing hydraulic fractures. The model takes advantage of an explicit
representation of the fracture which enables us to take the effects of rock and fluid
related parameters into account. Moreover, impact of fracture geometry and leak-off
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phenomenon was investigated. The authors used refined mesh around the crack which
provides the added advantage of more detailed stress distribution, pore pressure change
and back stress in the vicinity of the fracture and in particular at the fracture tip. The
potential deviation propensity of the fractures was evaluated based on the fundamental
rule that fractures propagate perpendicular to the direction of the minimum horizontal
stress. This study shows that pressurization of transverse hydraulic fractures results in
the reorientation of local principal stresses, particularly in vicinity of fracture tips.
Moreover, it was observed that the variation of flow patterns clearly influences the
evolution of shear stress around the fracture tips which will potentially lead to mixed-
mode | and Il fracturing and consequently, fracture deviation. The presence of local
heterogeneities such as preexisting fissures and/or fractures is a main source of such
pore pressure induced stress redistribution and reorientation and potential deviation of
hydraulic fractures. They pointed out that most existing models ignore or simplify the
effect of pore pressure/stress coupling as well as the fracture geometry and fluid flow
within the fracture. Also, the fluid leak-off from the hydraulic fracture into the
formation, which is a controlling factor in fracture growth, is often considered using
analytical models. Taking advantage of a fully coupled porelastic model along with an
explicitly discretized fracture, this study provides a more realistic insight into the
complex fracture propagation processes of multistage fracturing operations particularly
in presence of reservoir geo-mechanical complexities.

Considering all found literature it may be said that stress redistribution around
vertical well is well studied and is not very complex study. Moreover, it has been
investigated fully by different scientists. Assessing stress reorientation around
horizontal well is rather complex. First of all, refracturing treatment is more complex
from technological point of view. Secondly, stress shadowing area have to be estimated
accurately in order to perform initial fracturing with almost planar fractures. Thirdly,
in most cases fluid tends to flow through fractures what leads to anisotropic pressure
depletion around horizontal wellbore and can cause stress reversal.

In addition, most authors used finite element method coupled with
displacement discontinuity method in order to solve the problem of mechanics and
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poroelasticity. However, they provide only the determination of the fracture
propagation in considering stress field and none of them provide real data after
refracturing treatment. In other words, only theoretical side of the problem is fully
studied.

Furthermore, the following theoretical overview is made. A poroelastic
medium is distinguished by five material properties: the shear modulus G, the drained
Poisson ratio v, the undrained Poisson ratio v,, Skempton pore pressure coefficient B,
and the permeability coefficient k [9]. Skempton coefficient is defined as the ratio of
induced pore pressure over the variation of confining pressure under undrained
condition, and the permeability coefficient is the ratio of rock permeability k over the
dynamic fluid viscosity p (ie, k/u). In addition to these material properties, four sets of
equations are required to properly model a poroelastic medium. These equations are
often called field equations [11] and consist of constitutive equations, force-
equilibrium equations, Darcy law, and continuity equation [10]. These field equations
were used to introduce the theory of poroelasticity by Biot [9]. Constitutive equations
relate stress, strain, and pore pressure. Unlike elastic media, two constitutive equations
need to be considered for poroelasticity. The first equation is the relationship between
a load and the corresponding response of the solid phase, while the second equation is
the response of the fluid phase. The constitutive equations of a poroelastic medium for

the total stress tensor @ and for the pore pressure p in the case of plane strain are given

by

5 =266+ (-tr(®) —ap)], (1.1)
— _ 204 _ 2
_ _ 2GB(1—vy) tT‘(é) n 2GB“(1-2v)(1+vy) Z, (1.2)

3(1—-2vy) 9(vy—v)(1-2vy)

where & = 0.5(Vu+VuT) is the strain tensor for the displacement u, tr ) is the volumetric

strain, I is the identity tensor, and ¢ is the variation of fluid content defined as the

increment of fluid volume per unit volume of the porous medium [9]. It also should be
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noted that in the equations, mechanics convention is used (i.e., tensions are treated as
positive and pore pressure is positive in compression). There « is Biot constant and it

Is equal to

_ 3(vy—v) 1 _ K_m
T B(-2v)(1+vy) Ks

(1.3)

where K and Ky, are the solid and porous matrix bulk moduli, respectively. The other
equations needed to model a poroelastic medium in the hypothesis of quasi-static

deformation are equilibrium equation:

V& =—F, (1.4)
Darcy’s law:

q = —x(Vp—1), (1.5)
Continuity equation:

ag _

i Vq =y, (1.6)

where F and f are the bulk and fluid body forces, respectively, q is the specific
discharge, and y is the volume rate of injection from the fluid source. From the above
equations of plane strain quasi-static poroelasticity, two diffusion-like equations may

be derived and are given by

G - 2GB(1+vy)

2 = _
GV u + . Ve vy V{=F, .7
d_< _ 27 KB(l‘l‘Vu) _

" cVel = ECEY VF — xVf+v, (1.8)
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where c is the generalized diffusion coefficient given by

_2kBZG(1 = v)(1 +1y,)?
B 9(1 - Vu)(vu - V)

Equation 1.7 is also referred to as the Navier equation of poroelasticity, and it
IS obtained by combining Equations 1.1 and 1.6, while Equation 1.8 is obtained by
combining Equations 1.2, 1.5, and 1.6 [10]. Main assumptions in the above equations
are that the fracturing fluid and the reservoir fluid have the same rheology, rock is
assumed to be homogeneous, and any deformation in the rock occurs according to a
quasi-static plane strain condition. For the effect of a cohesive zone in front of the
fracture tip, rock plasticity, and transversely isotropic rocks, one may be referred to
Semnani et al [12]. Equations 7 and 8 are used as the building blocks of the poroelastic
displacement discontinuity method. From them, fundamental solutions and
displacement discontinuity solutions may be derived.

There is two ways of implementing the approach: building three-dimensional
numerical model which incorporates geomechanics and fluid flow or writing a code by
means of which the equations may be solved numerically. Nowadays, there are no
available simulator which couples both physics. However, there are a lot of software
using which geomechanics and fluid flow can be solved separately, but the
combination of stress direction changing is very questionable. On the other hand, in
order to write the code some extra knowledge is necessary, which is out of the
petroleum engineering. Moreover, the visualization of results will be sufficiently
complicated. In such a manner, it is hard to solve the problem by means of employed
methods.

However, it is known fact that fluid flow and porous medium and heat flow are
governed by almost similar equations and laws. Norris in the article [13] stated that the
similarity between the equations of poroelasticity for a fluid saturated porous medium
and the equations of thermoelasticity had been noted many times in the literature.

Indeed, Biot was intimately aware of the connection having made fundamental
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contributions in both fields; in particular, he is credited with the first consistent
development of a dynamic theory of poroelasticity. The author marked that the
correspondence between the theories is particularly useful in that there appears to be a
more substantial literature on problems in thermoelasticity, and many of the available
results can be directly translated into the realm of poroelasticity. For instance, the
equivalence to draw upon known results in the thermoelastic literature to obtain explicit
and simple expressions for the fundamental point source solution in two-dimensional
(2D) and 3D dynamic poroelasticity is used. It is noted that the question of determining
one of the coupling parameters in the poroelastic constitutive equations for a composite
medium is completely analogous to the problem of finding the coefficient of thermal
expansion in a composite material, for which there are several applicable results
already known. The relation between solutions of either theory is also discussed by
other authors. The connection between the parameters in the static equations of the two
theories is explored in the paper. By considering the theory of thermoelasticity which
includes entropy as a field variable it is possible to make a complete correspondence
between the theories. The equivalence means that results for the effective heat capacity
of a composite material have direct implications for one of the moduli in the Biot
theory.

The other form of equation 1.1:

o = Afrtr(e)1=+ 2Ge + apflz,

C

where A¢, = 4 — -

C and M are elastic moduli,
A is Lame parameter.

Thermoelasticity governing equation is:

0,; = Asrtr(e)] + 2G& + 3arKATI, (1.9)
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where K — bulk modulus,
a — coefficient of thermal expansion,
T — temperature.
Making the obvious identifications it may be pointed out that pore pressure
changing corresponds to temperature changing and ¢ = 3Ka.
Moreover, the diffusivity equation for fluid flow, which connects pore pressure

perturbations in time to pressure perturbations in space:

Pk d?P
dt  u¢pc, dx?’

where k — permeability,

u — fluid viscosity,

¢ — reservoir porosity,

c; — total compressibility of the system,

corresponds to thermal diffusivity, which connects temperature perturbations in time

to temperature perturbations in space:

dT  kr d°T
dat pC, dx?

where k; — thermal conductivity,
p — reservoir rock density,
C, — heat capacity.

Making the obvious identifications it may be pointed out that fluid flow

diffusivity corresponds to thermal diffusivity and M';C = kaT. Consequently, fluid flow
t P

and corresponding pore pressure depletion may be simulated by coupling structural and

thermal simulation. It is necessary to take into account that pore pressure depletion is
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usually considered in atmospheres or megapascals. Therefore, correspondence
between pressure and temperature must be made accurately.

For the reason of structural and thermal simulation ANSY'S software is chosen,
since this software can couple structural and thermal simulation and is available.

To sum up the section, the block-diagram, which is presented in the figure 1.10,

determines the whole simulation process of the work in the ANSYS software.

Fracture initiation <:>
and propagation

U

Fluid flow through
porous media <1;>

U

Principal stresses ¢:>
assessment

Transient structural

Transient thermal

Transient structural

ANSYS software

Figure 1.10 - Simulation block-diagram
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