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O6ocHOBEIBaeTCS HEOOXOANMOCTD IPUMEHEHHNS BEPOSATHOCTHOTO ITOIX0/1a K OIIEHKE YCTOWIMBOCTH HACHINHA
B 30HEC DPACHPOCTPAHEHUs] MHOTOJETHEMEP3NBIX TPYHTOB. ChopMynImpoBaHBl KPUTEPHH OTKa3a 3EMIITHOTO
MIOJIOTHA, MPOEKTUPYEMOTO TI0 BTOpOMY NpuHIHUTY. [Ipeayoxkens! mMyTH BBIYHCICHHUS KOJMYECTBCHHOW OLCHKH

0€30TKa3HOM PabOTHI COOPYIKCHHUSI.
Abstract

The necessity of applying a probabilistic approach to the assessment of the stability of the embankment in the
zone of permafrost. The criteria for failure of the roadbed, designed according to the second principle, are
formulated. Proposed ways to calculate the quantitative assessment of the failure-free operation of the structure.

KiroueBbie cJI0OBA: OCHOBAaHME HACBINM, YCTOMYHMBOCTb OTKOCOB, BTOPON IPUHLUI INPOCKTUPOBAHUS,
MHOTOJIETHEMEP3JIbIE TPYHTHI, KPUTEPUH OTKAa3a, BEPOSITHOCTH O€30TKa3HOM PaboThI
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Boseenenne 3EMJITHOTO II0JIOTHA
aBTOMOOMJIBHBIX JOPOT B 30HE paclpOCTpPaHEHUS
MHOTOJIETHEMEP3IIBIX TPYHTOB IPUBOJUT K
W3MEHEHHIO  MEP3JI0THO-TPYHTOBBIX  YCJIOBUH B
OCHOBAaHWM HAachIIM. B pe3ynbrare OTTaMBaHMS
MEpP3IBIX IPYHTOB MOXET MIPOUCXOIUTh
HEpaBHOMEpHass  OcajJKa  3€MJITHOTO  TIOJIOTHA,

BBI3BIBAIONIAs HAPYIICHUE YCTOWYMBOCTH 3EMIISTHOTO
MOJIOTHA U JiehopMaliuio JOpoKHOU onexasl [4,7,9].
JlaHHbIe COOBITHS MPUBOAAT K OTKa3y aBTOMOOMIILHOIA
JOPOTH — TOTEPE  CIIOCOOHOCTH  COOPYIKCHHS
BBITTOJTHATD TpebyeMyto (yHKIIHIO, T. €.
HEBO3MOXXHOCTH 00eCTeYnTh Oe30MmacHoe JIBIKEHUE
aBTOMOOWJIBHOTO TPaHCHOPTa C 3aJlaHHON pacyETHOM

CKOPOCTBIO.
H3BecTHO, YTO B 30HE PaCIPOCTPaHEHHs
MHOTOJICTHEMEP3IBIX ~ TPYHTOB  TNPHUMEHSAIOT  TPH

MIPUHITUIA TIPOSKTHUPOBAHUS 3EMIITHOTO TOJOTHA [9].
[lepBblif NPHUHOWT TPETYCMaTPHBACT COXPAHCHHUE
OCHOBAHHSI HACBITIH B MEP3JIOM COCTOSHUH B TCUCHHUE
BCETO TMEpHOMa SKCIUTyaTallid JOpOTH. BTopoit
JIONTYCKaeT 4YacTUYHOE OTTaWBaHWE TpyHTa O]

TIOJIOMIBOH HACHINMU. A TIPH HCIOJIB30BAHUH TPETHETO
MIPUHIUNA TMPEeAyCMAaTPUBACTCS BO3BEACHUE HACHINH
nocrne MpeIBapUTEILHOTO OTTanBaHUSA
MHOTOJICTHEMEP3TBIX TPYHTOB M HMX OCYIICHHS B
Tpenenax JOPOKHOW TOJNOCH. B 3aBucMMOCTH OT
TIPUMEHSAEMOTO TIPUHITUTIA TIPOEKTHPOBAHHS
3eMJITHOTO TIOJIOTHa MOTYT OBITH C(OPMYIHPOBAHBI

pa3IMYHbIE KPUTEpUU OTKaza coopyxeHus. B
COOTBETCTBUU C [5] KpuUTepuii 0TKa3za — 3TO 3apaHee
OTOBOpPEHHBIE MPU3HAKA HapyIIeHUs
paboTOCTIOCOGHOTO  COCTOSHHS, TO  KOTOPBIM

MIPUHUMAIOT penIeHre o (hakTe HACTYTIIICHHS OTKa3a.

IIpy mpoeKTHpOBaHWM 3EMIISTHOTO IIOJIOTHA ITO
BTOPOMY TIPHHIIMITy €ro OOIIyl0 YCTOHYMBOCTH
omeHuBaloT 1o TpéMm kputepusim [9]. Ilepssrit
KPUTEpH 3aKiIIouacTcs B OLIEHKE Pa3sHOCTU BEIMYNH
0CaJIKi OCHOBAHMS HACBHIMH 110 IBYM cTBopaMm. B atom
cIyd4ae OTKa30oM COOpYXeHHs OyAeT CcuHuTaThes
coObITHE, KOTAa

h,:[on < |ASOCHI 5 (])
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rae ASoen — Pa3HOCTh 0CAJOK OCHOBAHUSI HACHIITU
B BEPTHKAJIbHBIX CEYEHHSX, [IPOBEIEHHBIX 110 OpOBKE
3eMJISTHOTO TIOJIOTHA M B CPEOHEH YacTH OTKOCA; Myon —
MIPEeaeNbHO JOMYCTUMOE 3Hau€HHE Pa3HOCTH OCaJoK,
pasHoe 10 cMm.

Bropoii kpuTepuii Hak/1aapIBa€T OrpaHUUYCHUSI HA
BEIMYMHY CyMMapHOH ocaaku coopyxeHus. OTkazom
COOPYIKEHUSI CUUTACTCS COOBITHE, IPU KOTOPOM

Spon < S, (2)

rzae S — cyMMapHas ocaJika HachIlM M OCHOBAHWUS;
Sron — AOMycKaeMasl BeJIMYWHA OCAAKH, 3aBUCSILAS OT
TUINA JOPOKHOU ONEKAbl, YCIOBUH €€ YCTpOHCTBa,
TOJILIMHBl HECTAOWNBHBIX CJIOEB HACHIIM, a TaKXKe
IPUHIUNA [POEKTUPOBAHUS 3E€MJISIHOTO IOJIOTHA.
3HaueHus Syon IPUBEIEHBI B [9].

TpeTuii KpUTEPHIA 3aKITFOYACTCS B OICHKE (POPMEI
opeosa ortauBanus. st odecriedyeHns: yCTOHUYMBOCTH
Hacelmn  HeoOXomumo, 4YToOBl  (opMa  opeoia
OTTaMBaHMs ObUI BHITYKJIOH BBEPX, MPU 3TOM TpaHUIla
MeXJTy MEp3710i U Tanoll 30HaMU MUMena OBl 1OJIOToe
ouepranme [9]. Torma oTkazom OymeT CUHUTATHCA
BOTHyTas (BBIMYKJIOCTbIO BHM3) (opmMa opeona
oTTaMBaHMsi. B 53ToM ciygae TaKke MOXHO
MaTeMaTH4ecKh COPMYJIHPOBATh KPUTEPHH OTKasa.
Jutst aTOr0 0003HaYNM yHIacTOK, HA KOTOPOM BO3HHKACT
opeon orramBanus, orpeskoMm [a; D). Ilycts flx) —
GYHKOMS, aNNpOKCUMHUPYIOMIAs TPaHHIY MEXIy
TIBIM W MEP3NBIM TPYHTOM, apryMEeHT KOTOPOH
TIPUHAUICKUT STOMY OTpPE3Ky, T. €. a < x < b. Taxoi
¢yHkumeit Moxker OBITH mapaboiya. Torma ycrmoBue
BBIITYKJIOCTH BHHU3 (DYHKIIMK UMEET BH/L:

x1+x2 fx)+f(x2)
f(22) < , 3)

2

TJIE X M X2 JTIOOBIC IBE TOUKY U3 UHTEepBaia [a; b].
['eoMeTpuUecKkn ATO O3HAYACT, YTO CEPeAMHA JTH000i
xopael rpaduka QyHKimE f{x) JTSKUT MO0 HAX
rpadukrom, b0 Ha HEM [8].

Ecim  anmpokcumMupytomast (QyHKIOHS JIBaXIbl
muddepeHIEpyeMa Ha HHTEPBaJie, TO IS TOTO YTOOBI
OHa ObLITa BBITYKJION BHH3, HEOOXOMMO U IOCTATOYHO,
4yro0OBbl B mpemenax WHTepBana [a; b] e€ Bropas
MPOW3BOAHAS ObIJIa HEOTPULATENEHOI, T. €.

f') = 0. (4)

OTKa3 coOpy>KEHUs B PE3yJIbTaTe HAPYIICHNS €T
001mIel yCTOWYMBOCTH TIPECTaBIsACT co00i COOBITHE-
CIIE/ICTBHE, UMEIOIIECE MECTO, €CITH IPOUCXOIUT XOTS
OBI 0JTHO U3 TPEX MCXOTHBIX COOBITHIA, T. €. TPEX BHJIOB
OTKa30B, ONMUChIBaeMbIX kputepusimu (1), (2) u (4).

IIpn wuccnenoBaHWK YCTOMYMBOCTH 3E€MIITHOTO
MOJIOTHA, BO3BEAEHHOTO B 30HE PAaCIpPOCTPaHEHHS
MHOTOJIETHEMEP3ITBIX TPYHTOB, OTIepUPYIOT
(axTOpamMu, KOTOpPBHIE 1O CBOEH TPHPOAE SBISIOTCS
ciyganeiMu. [lpexxae Bcero, 3TO0 KIMMaTHYECKHE,

TpPYHTOBBIE u TUIPOTOTHUYECKHE yCIIOBHS,
OTIpEETISTFOIIIHE XapaKTEePUCTUKI TPYHTOB
(BMaXXHOCTb,  IJIOTHOCTh,  MOIYJTH  YTIPYTOCTH,
COTIPOTHBIIEHNE CABHTY). HeompenenéHHOCTE B

HA3HAUEHUH  PAcuETHBIX  XapaKTEPUCTUK  TaKxKe
CBA3aHA C JBIXKEHHEM TaJol BOAbl B TIpyHTax,
HEM30CKHBIMH  TIOTPEIIHOCTAMH  JIAOOPATOPHBIX
HCCIIeJOBAaHUN TPYHTOB, CXEMaTH3aluel sIBICHUN pU
pacuérax. H, HaKoOHell, HCTOYHUKOM
HeonpenenéHHOCTe MOTyT OBITh CaMH KPUTEPHH
OTKAa30B.

Takum o00pa3oMm, NpH OLEHKE YCTOHYMBOCTH
Hachimi  Haubojee JIOTMYHBIM  IPEACTABISCTCS
UCTIOJIB30BaHHUE BEPOSTHOCTHOTO Hoaxo/a.
BepoATHOCTP OTKa3a COOpPYXXEHHS IO IIEPBOMY
KPHUTEPHUIO OTIpEeeIINTCS, Kak BEPOSTHOCTh
BeImojiHeHust  ycnosus (1), T.e. P; =P(hHOH <
|4Sseul).  BepostHocTh  oTKa3a,
IIPEBBIIIEHUEM CYMMAapHOW OCaJKU JIOIyCTUMOTO
3Ha4yeHus1, P, = P (Sﬂon < S). BeposarHocTs OTKa3a,
OLIEHMBAEMOTO 10 TPETHEMY KPHUTEPHIO, MOXKET OBITh
BBIYHCIIEHA, KaK BEPOSTHOCTH BBHIMTOJHEHUS YCIOBHS
(4),1.e. P; = P(f"(x) = 0).

JlaHHBIE COOBITHSI HE SIBIAIOTCA CTOXACTHYECKH
HE3aBUCUMBIMH, IOPTOMY  BEpPOSTHOCTH  OTKa3a
COOPYKECHUSI MOXKET OBITH BHIUUCIICHA TT0 (hopMyITe

BBI3BAHHOI'O

P = PZ?:llgjzi=l(Pl‘k Z§=1 P]kP])

i,max ’ ®)
rae Pjmax — MakCcUManbHOE 3HadeHue us Py, P> u
P3; Py, Pjx — yclIOBHBIE BEpOATHOCTH BO3HUKHOBEHUS i-
TO W j-TO COOBITHI MpHW YCIOBHM peaH3aldd k-TO
codeTaHus j-X coObITHi (f # i) [2].
B kauectBe Mephl Han&KHOCTH HACHIITH MOXKHO

TIPUHSTH ~ BEPOSITHOCTh ~ 0€30TKa3HOM  paboThl,
BBIYHCIIIEMYIO TIO popMyIe
H=1-P. 6)
Ilpy  momydeHMW  BEpOSITHOCTEH  OTKas30B
UCTIONB3YIOT pas3ludHble MeTOoMuKH. Ecim akTopsl,
BAMSIONINE Ha OTKa3 COOPYXEHMS, SIBISIOTCA
CTOXaCTHYECKH OIPEACTUMBIMH, TO BEPOSTHOCTH
HaXoAAT 10 3aKOHAM pacIpefelcHUs, OIICHKU

KOTOPBIX TIOJYYalOT II0 CTAaTUCTUYICCKUM HTaHHBIM

MHOTOJIETHUX HaOMI0IeHUH WITH cepun
9KCTIEPHMEHTOB.

IMTapameTpsr pacrpeneneHus ¢akTopoB
HECTOXAaCTHYECKOM  MPHPOABI,  MPEICTaBISIOMINX
co00M  (YHKUMH  CTATHCTHYECKH  OMNPEASINMBIX
apryMEHTOB, YCTaHaBIMBAIOT Ha OCHOBE

paHIOMU3aINK ypaBHEHHH cBs3u. [Tpn pangommsanum
YpaBHEHHUH CBA3M MOTYT HCIIONB30BATHCS PAa3TUIHBIC
nmpuéMbl, HanOoJbIIEe  PaclpoCTpPaHEHUE  CPEOH
KOTOPBIX  TIOJNYYWJIM ~ METOJ|  CTaTHCTHYECKHX
ucneiTanuit (Monte-Kapio) u metos ctatucTuyeckoit
muHeapuzarn  [1-3]. [Inst BepOSITHOCTHOW OTICHKH
HEOTIPE/ICIIEHHOTO TIOKA3aTeNsl HCIONIB3YIOT TEOPHIO
HEYETKUX MHOXKECTB MJTH METO/IBI SKCIIEPTHBIX OIIEHOK
[6, 10].

Taxum 06paszom, B pe3yIbTaTe NCCIIEA0BAHMUI:

- c(hopMyIHPOBAHO MOHATHE OTKa3a
aBTOMOOMJIBHOM JOpPOTH Kak TOTEPH CIIOCOOHOCTH
COOPYKEHHS  BBIIONHATH  CBOIO  (pyHKIMIO  —
obecrieunBaTh 6e3omacHoe JIBIKEHUE
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aBTOMOOMJIBHOTO TPAHCIIOPTa C 3aJaHHON PacyETHOM

CKOPOCTBIO;
- Ha3Ha4CHbl KPUTEPUM OTKa3a  HACHIIH,
MIPOEKTHPYEMO B 30HE pacrpocTpaHeHHA

MHOTOJIETHEMEP3IIBIX TPYHTOB 10 BTOPOMY MPHHIIUILY;
- NpeanoXkeHa Mepa HaAEKHOCTH COOPYXKEHUS,
KaK BEpOATHOCTb 0€30TKa3HOW paboThl HACKIIIN;
- npuBeneHa ¢opmyna IS BBIYHUCICHHS
BEPOATHOCTH OTKa3a HAChIIM, YYHTHIBAIOILAs TpH
KPHUTEPHSL.
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B Z[aHHOﬁ CTAaTbhC U3YYAIOTCA MOKaA3aTCJIIM Ipo1ecca BOSﬂCﬁCTBHﬂ Ha HpI/I3a60f/‘IHy}O 30HY FaSOKOH,Z[eHC&THOﬁ

CKB)XUHBI «CYXHM) I'a30M B Pa3HbIX TEPMOOAPUUECKHX YCIOBUAX. DKCIEPUMEHTHI POBOAMIUCH B OoMOe pVT,
B IEIAX YCTPAaHCHUS BIUSAHUA IPYTHUX CbaKTOpOB B ITOJTYYYCHHBIX PE3YJIbTATAX. I/ICCHeI[OBaHI/IH N3y4Jar0T N3BMCHCHU A
(MZUKO-XMMUYECKIX M TEPMOAMHAMIYECKIX CBOWCTB (MIIOHM/IOB, a TAKKE 3aBUCHMOCTh BEJIMUMHBI UCTIAPUBIIETOCS
KOHJICHCAaTa OT TEMIIepaTypsl, IUTOTHOCTH KOHJAEHCAaTa ¥ KOJWYECTBA KOHTAaKTOB. [lomydeHHBIE MaHHBIE
TIPE/CTABISIOT OCHOBY JUIS PEIICHHS HEKOTOPBIX BOIPOCOB MPH TOBBIIICHUS MPOIYKTUBHOCTH JTOOBIBAIONIAX
CKBa)KUH.

Abstract

The paper investigates the indicators of the down hole zone stimulation process on gas-condensate well by
applying "dry" natural gas in different thermo-baric conditions. The designed experimental investigation has been
carried out in pVT bomb for eliminating different unnecessary factors may impact on obtained results.
Investigation considered the dependences of the physicochemical and thermodynamic properties of fluids, as well
as the rate of evaporated condensate on temperature, condensate density, and the number of contacts. The data
obtained provide valuable directions for optimizing well productivity.

KoaroueBble ciioBa: yrieBoI0poaHas CHCTeMa, Fra30KOHICHCATHOE MECTOPOXK/ICHUE, NCTIApEHNE KOHIeH aTa,
npu3a0oiiHas 30Ha, KOH/IEHCATOCO/ICpIKaHNe, HAauallo KOHJICHCAIINH.

Keywords: hydrocarbon system, gas-condensate field, condensate evaporation, bottom-hole zone,
condensate-gas ratio, dew point.



