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B 4zccepraqu[ paccMarpr't Baerct q?IcJIeHHoe MoAeJrrrpoBaHr{e pacflpocrpaHeHr,rs

Tperrlr{Hbr ruApaBruirecKoro pa3pbrBa B HeoAHopoAHbrx cpeAax. I4g1ltm'ercs, qr4creHuoe

acr.rMrrrornqecKoe pemeHrle Ar-f, Haq€urbHoro cocrosHlrr cyqecrByroqefi rperqunu c

soHofi orcraBaHlfi xIaIKo c tLr, tt Ha ocHoBe gToro acuMnrorurlecKoro pelrreulrt

MoAenlrpyercr sBoJrroqfir cyuecrByroqeft rperqraurr or Haq€urbHoro noBTopHoro

orKpblTr,Ir Ao HaqiurbHoro pacnpocrpaHenux. Kponre roro, B A[cceprarlurr nocrpoeHa

nJrocKo-TpexMepua:r MoAenb AJrr pacnpocrpaHeHr.rr nrApaBJrr{qecKofi rperqunu n

HeoiqHopoAHLrx cpeAax, xapaKTepr,r3)rour4x HeoAHopo4uofi rperqltrocroftKocrbro.

Ceplrr qrrcJreHHbrx sKcleprlMeHToB [poBeAeH a Arrr' r4care4oBanvr. Blrkrsluvtfl

HeoAHopoAHofi rperqlruocroft rocrr.r [Jracra Ha pocr rperqrzHbr.

O6renr n crpyKTypa Ar{cceprarl[oHnofi pa6orbr.,{nccepraqzonnar pa6ora

cocror.rr r,r3 BBeAeHr4f,, qerbrpex rJIaB, 3axJrroqeHr.rr tl cflr{cKa rlr4Tr4pyeMofi Jrrrreparypbr.

O6qlrfi o6reru 4ncceprarlrrr 153 crpannu, crrrcoK rrprreparypbr coaepxnr 168

nar,tnrenosaHlifi,

Bo rregennn ocBerrleHa o6qalr xapaKTep[crr{Ka Ar,rcceprarl[oHHoro uccJre,4oBaurur,



BKJIIOqarOrqaf aKTEIJI6HOCTb TeMEr, rIeJrLl, TeOpeTmeCKyrO I,I IIpaKrr.IqeCrlrIO 3HaqI{MOCTb,

MeroAoJrorurro r,r MeroAbI lrccJreAoBaur.rfi, HaJrrlFryro HoBr{3Hy rr raK AaJree. Kpoue roro,

rrpeAcraBrreu o6sop pa6or ro MlpaBnr,FrecKoMy pa3pl,rBy rrrracra OPD.

B neproft nraBe lrccJreAyercr acr{Mflrorr.rqecKoe pe[renr{e 4rr Haqarbnofo

ycJroBr,rr Mo.qeJrlr pac(pbrrr{r cyqecrByroqefi rugpanm,ruecroft rpeqznrr urocroft

4etpopuaqrnr.r. Cnoxnocu sroft saAaqfi cbcror.n B ToM, qro 3aAaqa flBrrflerct

necraqzonapnoft s o6racrn c nepeuennod rpanzqefi. I,Icnonrryercx MeroA

BO3MyUIeHLrr AJrr rrOCTpOeHr.rr perueHr{r Ha ocHoBe orlpeAeJreHr4r npor,rano4nofi, KoTopoe

ne rpe6yet HarraJrbHoro ycJroBr,rr. Kporr,re roro, qprBeAeHhr MoAeJrbHhre perreHr{r [pr.I

pa3rurrHhrx ypoBrurx ropHoro AaBJrcIIr4s. AJrr noJryqeHr,rr 3aBlrcaMocTr,r Mex{Ay ropHbrM

AABJIEHI,IEM I{ PEIIEHI,IEM MOAEJII,I.

rropofi HraBe nccJreAyercr MoAeJr4poBanr{e gBoJrroqrau flJrocro-Bo

ge(popuuponaunoft rperquHhr nIApopuBpLIBa c gonoft orcranaH[rr nerAKocrr,r or

HaqaJrbuoro orrphrrl,If, .qo HaqurbHoro pacnpocrpaHeHr4.f,. Cnoxnocrr stofi :agaura

cocror{T B mM, rrro AaBJreHr{e xorAKocrr{ Lr pacKpbrrr,re rperq}rHhr nelunefino cBr3aHbr

Apyr c ApyroM IIo ypaBHeHuro yflpyrocrl,I r4 ypaBHeHr.rp Hepa3phrBHocT]r.

.{onoanr,rreruHo ycJrox(Hrer 3Ty 3a'4aqy ro, qro 9TI,I ABa ypaBHeHr4r paccqr,rrbrBarorcr He

n ognofi u rofi xe o6nacrrl rpequuBl, r.r KoHrrrlK Tperqurrsl uMeer crrHryJrrpHocrb. C etofi

qeJrbro B aJrroprrTMe rlpuw{Ta ]fleflB]fiafl pa3HocTHarr cxeMa AJrr [ocTpoeHur pellreHlr.t

ne;runefinofi cucreMEr ypaenennft, lr ypaBueHr{e yflpyrocrr.r npeo6pasonauo B Kycorrno-

[HTerpaJrLuyro cyruMy AJrr yuporleHr4q pacqera. 9ro6rr yr\4eubrrrr4Tb ur.rcro urepaquft n

cgKOHOMr,rTb BpeMr pacqeTa, ucrroJrb3oBaHbl yTorIHeHHbre orleHeHHbre 3HarreHrrf, AJrr{Hbr
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3aIIOJIHeHHOft )OT,qKOCTBIO 3OHBI, AJInHbI OTKpBTTOft Tpeqr.rHhr n pacKpblTr{n OTKpbITOft

TpeIqlIHhI Ha cJreAyroqeM Iuar€ rro BpeMeHH. Perynrrarrr rroKa3brBaror, qro Ha [epBoM

9Ta[e abpoHT Tperq[Hbr ABrrfaercr 6ucrpee rfponra n4ApaBJrr{rrecKoft xr,rgr<ocru n

nprrBoAr{T K yBeJluqeur.rn AJruHbr 3oHbr orcraBanr,rr x{,rAKocrI,I. Ha erov orarre rpetrIr,rHa

xapaKTepr43yercr <ocrpoir> nepruuaoft. Ha rropoM gTarre (ocrpll;rD BepurnHa

orKpbrBaercr r,r3-3a yBeruqe Hut AonA sanorieHuofi )Kr'tAKocrLro 3oHbI u pa3BuBaercr K

(3aKpyDIeHHofi> neprur.rneo a 3oHa orcraBaH[r xr.rArocrli 6ucrpo )rMeHb raercs.

B rperrefi nraBe r,rccJreAyercfl, wrtrfrHrre HeoAHopoAuocrn npoqnoc'rv Mareptraia

Ha pocr Tperqr,rHbr u Lr3}trrella ALrHaMuKa pacnpocTpaHeHr,rrr Tperur,rHbr LI AuHaMr,r(a

ABIDKeHI,IT xLtAKocrr{ B rrnocKo-Tpexuepnofi TperqlrHe. B erofi HraBe [ocrpoeua rrJrocKo-

TpexMepHEur MoAeJrb Tperqr.rHbr ft4Apopa3pbrBa c 9TanoM Ao pocTa r,r 9TaloM

pac[pocrpaHeHrar c f{eroM HeoAHopoAHoft rpeulnnocrofirocrr.r rrJracra. B erofi MoAeJru

MeroA KoHeqHbIx o6beMoB r.rcloJrb3oBau AJrr pemeur,rr ypaBHeur,rr 4Br4Nrenvt xulKocrrr

c rpaHLIqHbrMr4 ycJroBr,rrMlr rroroKa, MeroA TpexMepnhrx pa3pLrBurrx cueulenufi nrr6pan

AJrt pelleHlrr ypaBHeHr{rr ylpyrocrr4 .r4 Bhrqr4cJreur,rr Ko9(bab}rq[eHTa trHTeHc]rBHocrr.r

nanp.axenufi Ha lpaunqe rperqtrHLr. Konequas conptxeuHa;r nerranefinas crlcreMa

MoAeJrb perrreHa MeroAoM llrrorona.

B uerneproft nraBe [oApo6Ho rrpeAcraBJren quenennrrfi aJrropr,rrM ,qJrf, perrreur{t

IIJIOCKO-TpeXMepHOfi MOAeJrr,r rI3 TpeTbeft HraBhI I{ flpoBeAerra EpOBepKa gToro ErJrrOpr,rTMa.

Cauoe DraBHoe, qro qrrcJreuHoe

paclpocrpaHeHr.rr Tpetur4Hbr [pr{BeAeHo

Korr4qecTBo qr{cJreHHEIx gKclepnMeHToB

pellreHr.re SBoJrroqru HepaBHoMepHoro

g grofi rnase. fIoN4nMo 9Toro. 6onruroe

npoBeAeHo AJrf, LrccJreAoBaEvr[ BrrvttlJvtfl.



pa3Mepa, rroJroxeHrar v AoJru Heo,qHopoAHoft soHrr c uenrrueft r.ur.I 6orlure

rperqr,rnocroftKocrbro, qeM rperqunocrofixocrr ocrtulrrblx o6racrefi Ha

pacnpocrpaHeHrre rpeq[Hbr. llo.rryuenu pe3yJlbrarhr, xapaKrepr.r3yroqlle pocr rpelqlrHhl:

r Haru-r[e ocna6:rennrrx o6nacrefi [p[BoArrr x rora:tuofi nrrnyuoft Qopnae rperqunrr

na ocla6lenrurx o6lacrrx, rraJwr.rve o6racrefi noerrureHHoft fipoqnocrl4 [pIrBoAIrr K

noxa.nrnofi nonryrofi $opnae:rpequnH na o6nacrqx [oBbI eHHofi npovuocrz.

. 3$Sexr ycKopeH[r pocra oc;ra6nennrrx o6ractefi upoxnnxerct c ]'I\4eHbrueHI,IeM

3narreurrr rperquuocrofircocru ocra6rennlrx o6racrefi, stplpexr 3aMe.qJIeHI4rI pocra

o6nacreii uosHueHuoft flpoquocrrr flpotBJrrercr c yBeJrI,IqeHI{eM 3HaqeHlrt

TDEIUI,IHOCTOI{KOCTI,T B OOJIACT'X IIOBbIIIIEHHO}I IIPOqHOCTI4.

. IIpn laalwrqvtu ocra6rennrrx o6nacrefi rroBepxHocrr,r rperqr,ruhr pa3B[Barorcr 6ucrpee

6naro4apr 6onrurefi cKopocrll pocra ocna6:rennrrx o6racrefi, uro yMeHLIIraer

pacKpbrrr4e rperqr.rHbr B rIeJroM. Hao6opor, :eaJfi4.tvre o6.nacreft noelr eHHoft flpoilHocru

3aMeAJrrer pa3Br{Tne noaepxuocreft TpeIqLIHLI It yBeJILIqItBaer o6u1ee pacKpbITLIe

Tperqr{HLr.

. ,{onx ocra6nennrrx son (xax r{ AoJr{ 3oH rroBbrrrreHuofi npovuocru) cr.urno Bru.ner Ha

$oprray rpeullrnu u o6qyro cKopocrL pocra rpeulrrHrr. 9erra 6onuue Aorr ocna6rennux

son (ruru qeM MeHbrrre .{o:rq o6racrefi nonrrmenuofi npounocrr.r), rerr,r 6o:rrue o6rqax

cKopocrb pocra rpeuunrr, u $oprvra rperullHbl rnMeHrercr c KpyrJloro npotpunx 4o

npu6ruxeHuoro oJrJrlrrrrlrqecKoro npolplrnr v AaJree Ao npz6rzxeunoro

rrp.rrMoyroJrbHoro npoEr,rJrr.

o @opva rperqr4uhr, rrJrorrlaAL uonepxnocrefi rperqzurr lr o6rrIEUr cKopocrb pocra rpeIrII{HbI



6onee uyncrnrlTeJrbHrr r ocna6nenurrM o6racrq[4, qeM K o6racrqNa nosrrneuuofi

IDOIIHO CTI{ .

OcHosHoe coAep2r(axrre Alccepraqr{fi r43Jro)KeHo B nrrrrr crarbflx, Koropbre

orry6nuroaanrr B pe3eH3r4pyeMbrx Haf{HLIx xypHaJlax, LrHAeKcr{pyeMux a 6a:ax RSCI,

Web of Science ra Scopus.

Pe:ynrrarrr, floryqeuurre B Ar.rcceprarlr4r4, rlMeror reopernqec Koe ll n pI{KJraAHoe

3Harrenrre, TaK KaK pe3yJrbrarbr n nepnofi z nropofi rJraBax MoryT 6rrru ucnoru:osaHrr

Ars MoAerupoBaHr,rr pocra nJrocKo-4eQopuuporannofi rr.r4pauuqecrofi rpenII,IHhI c

gonofi orcranasur )Kr4AKocrr.r, r{ [JrocKo-TpexMepHar MoAeJrb ruApaBJruqecKoro p€BpbrBa

rrJracra c neo4nopo4nofi rperqunocrofiKocrbro Moxer 6rrrr uc[oJrb3oBaHa B

r.rccJreAoBaHr.ru HepaBHoMepHoro pocTa TperqnHbl B ropHbx nopoAax.

locrorepnocrb pe3yJrbraroB Arrcceprarl[u rroATBepxAaercr r,rcrroJrb3oBaHrreM

anpo6uponanubrx MeroAoB lrccJreAoBaHrir u cpaBHeHr,reM c r,r3BecrHhrMr,r pe3yJrbraraMr.r,

loIyqeHHbrMr4 ApyrrrMrr yrreHr,IMlt.

OcnosHHe noJroxeHrdr r,rccJreAoBaH[r 6rtru npe4craBJreHbr Ha ncepoccraftcrux u

MexAyHapoAHbrx KoHlpepeHrlr4rrx, AoKJraAbrB,uII4cb Ha HarrHbrx ceMr,rHapax.

AntopeQepar Arrcceprau[l rroJrHocrbrc orpaxaer ocHoBuoe coAepxaune u

BbrBoAbr pa6oru.

Oruernv HeKoropbre 3aMeqanrlq, Bo3HLIKIIrue flpu aH€]JII{3e Alrcceprall[u:

. PagAen l: s nocrauoBKe 3a,4aqr neo6xogr,rlro 6u.no 6u ynoM{Hyrb, tITo

paccMarpr.rBaercs. ctytair HerrpoHl,IqaeMofi nopo4rr;



. Pa3Aer 1.4.2: uoxlro 6rrro 6u noArrepKHyrb, uro n 6espasvepHhrx [epeMenHbrx

3aAaqa onpeAeJrrercr oAHuM napaMerpoM -- 6esparnrepubrM ropubrM AaBJreHneM;

. B crarre Garagash, D.I., 2006. Propagation of a plane-strain hydraulic fracture

with a fluid lag: Early-time solution. International j oumal of solids and structures, 43 ( l8-

l9), pp.5811-5835. r{ccJreAyerc fl amaroruunafl 3a4avra, ToJrLKo c HeHylenoft

:rperqunocrofiKocrlro K_Ic > 0. Moxno 6rino 6rr flpoBecrrr cpaBneur,re rroJrfreHHhlx

pe3yJrbraroB c pe3yJrbraraMr.l Aannoft crarrr.r (naupnMep, cpaBHr.rrb c O-vertex, xoropuft

,{oJrxeH peaJrri3oBLrBarbcr flpn t << 1) - AaHHoe 3aMeqaur,re cKopee flBlrr,ercfl

peroMeHAarlueft no sog ,{oxHoMy pa3Blrrr4ro gannofi pa6orrr.

. B pasgere 1.6 yuorr,g.rnaercr, qro AaBJregr.re runefino B Tperqr.rHe npu xi_f << 1.

TaKNe sror pe3ynbrar lrcrroJrb3yercr B pa3Aene 2.142 pucyuxa l 4 4annoe yrBepx(AeHr4e

He orrenb qerKo Br.rAHo. Moxno nu 4o6awrrr Bepclto rrJrJrrccrpaquu grx r,rnrepna;ra xi or

0  ao  0 .1 .

. Pagger I .6: ua prac. I .8- I . 1 I pe3yJrbrarhr rrprrBeAerrlr AJr{ MoMeHra nperr.renr,r 1e-4

(auanoru.+ro puc. 7.3, 1.4)? Ogr,rnaroBhre Jrr{ 3HaqeHr{r 6eoparnaepnoro o6xuuarorqero

AaBJreHr,rJr (pelrenr.re saaaqu) B yfipoqenHofi r.r nonnofi rocraHoBKax (na pr.rc. 1.8-1.11

upotfu:rz pacKpLrrns r.r AaBJreHr,rr B Jrare He raso6paNenu)?

. B paegene 2 uoxno nu Ao6anraru HeKoropbre cpaBneHru

JurreparypHbrMr.r ucrolrHr.rKaMlr? 3ro 6ruro 6u rroJre3Ho, T.K.

qI{CJIeHHbII4 aJlrOpI,tTM,

. B pas4ene 4.2.1 rvroNno 6rrno 6u 4o6aezrr Brurr.rAarlrrro aJrroplrrMa Ans, cnyarafl.

AoMr4Ht4poBarr[r Br3Kocru (M-vertex, perrreHr.re Bhr[[caHo a pa6ore Savitski, A.A. and

c cyrqecTByroull4Ml4

npegroxeu nonrrfi



Detoumay, 8., 2002. Propagation of a penny-shaped fluid-driven fracture in an

impermeable rock: asymptotic solutions. Intemational joumal of solids and structures,

39 (26), pp.63 1 | -6337).

. Pesyrrrarrr pBAeJra 4 zurepecnrre, xopouo o[[caHbr oco6ennocru pocra

TpeII{HHbr AJrr pa3JrIaqHrrx HeoAHopoAnoc:reft. Moxno 6ruo 6rr go6anurr orvcanue

peaJlLnbrx nprrMepoB, B Koropbrx rvroryr peanra:oBbrBarbcr HeoAuopoAHocrr.r 4nx K_Ic.

Haupunaep, B KaKux KoHKperHo cJr)ru.ux flpr{cyrcrByer HeoAHopoAHocrL flpu theta : 0 vr

180 .

. B pas4ene 4 rprlcyrcrByror rpa(br{Kll, uarrpuuep,4.24,4.35,uz KoropLrx He oqeHb

louJrrHo, KaKlre r,rMeHHo cJrf{afi u:o6paxenrr. Ha nereugax raKr4x rpa$r.rKoB

flpr4cyrcrByror 5 qaernrx .rruuui,t plt delta phi, a B rroAflvcfi x rpaQury 5 ena.renr,rfi 4nx

theta.

. Ha Puc. 4.1 yrasauo "coe4uueHHar clacreua", B To BpeMr KaK cKopee Bcero

rrMeJracL B Brl,qy coflprxeHHarr cncTeMa ypanueuufi.

YxasaHHrre 3aMeqaur4.f, He yMaJrrrcT 3Haqr,rMocrr{ AricceprarluoHHoft pa6orbr u

MoryT paccMarpr4Barbcfl KaK rro)KeJraHr,rr arropy gna 4anrnefiuux raccle4onanlrfi n

AaHHoM HalpaBJreHrrr,r. [uccepraqut axKyparHo o$opnneua, Bce fiJrJrrocrpaqulr

IIO3BOJTflTOT nOJrr{UTb HaDrS,qHOe [peACTaBJIeHLIe O q CJreHHbrX pe3yJrbTaTax.

IIu Kafixyelr 6ura npoAeJraHa 6omuras pa6ora rro r{ccJreAoBaH}rro

paclpocrpaHeHr{r rvApaBluqecKoft rperqr,rnu B cpeAe c neo4uopo4uofi

rpeuluuocrofiKocrbro. B qenou, Ar{cceprarlnoHnax pa6ora Bbr[o]rHeHa Ha xopolreM

Ha) rHoM ypoBHe.



3ar.nroqenne

Ha ocgonannlr Bbrrrrecra3axnorocqltralo, qro Ar4ccepraqur <PacnpocrpaHeHrze

Tperrlr'Hbr .rApaBJrr,rqecKoro pa3pLrBa B HeoAHopoAHbrx cpe.qax) orBeqaer rpeooBaHnrM,

ycTaHoBJreHHhrM Mocroscrrlr{

M.B.Jlonronocosa x oa6orau Co4epxaHue Arcceprarln[

coorBercrByer naclopry clerlrr aJrbHocru 41.02.04 - <Mexanura Ae$opMr.rpyeMoro

TBepAoI'o reJIO) (aro Qrasuro-rraareuarltqecKllM nayxarr,r), a raKxe Kpr{Tepr4rM,

onpeAeJreunLru nn. 2.1-2.5 lloroxenraq o fip?rcyxAeHr{}r freHbrx crenenefi n

MocroecxoN,r focyAapcrBeuHoM yrr.rBepcrr rere Lr MeHlr M.B.JlonaoxocoBa, a rarxe

o$oprr,rnena, conracHo flplrJroxeHr.rrM Ne 5, 6 lloroxeHr.rs o Ancceprar{uoHHoM coBere

Mocr<oscxofo rccyAapcrBeHHoro yuriBepcr.rrera r,rMeun M.B. JloNronocosa.

Brrcoras xra:uaQuraqzf, corrcKareJrr He Bhr3brBaer counenrlft. Cuuraro, rrro corrcKareJrb

,rlu Kafixyfi 3acJIy)KLIBaer npLIcy)KAeHLIt zcxonofi y.reHofi crerreHlr Karrlr,rlara $r.rsuro-

MareMarl,IqecKr{x HayK rro cleqrrilrrbHocru 01.02.04 - <Mexannxa 4e$oprr,rzpyerr,roro

TBepAOTO TeJra)).

OQnqua;rrHrrfi onnonenr:
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pyKoBoAr,rTeJrb Jraooparopr4n

MHOr0Qa3HErX CrrCTeM, AOqeHT

IJeurpa Ao6br.ru yrureBoAopoAoB

AHO BO <CromoscKuft r.rncrr.rryr

rocyAapcrBeHHbrM

no4o6uoro poAa.

yHrrBepcI4TeToM r.rMeHI4
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