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AHHOTaIll/lH. AKmya/leocmb. PaCCManI/IBaeTCH npo6neMa CTPOUTEJNIbCTBA NMOABOAHBIX IMTEPEXOJ0B MArvuCTpPaJIbHbIX TPY-
60ITPOBO/IOB METO/JOM HAKJIOHHO-HANPABJIEHHOT'0 GYPEHHUs C UCIIOIb30BaHUeM TPy6 ¢ GeTOHHBIM MOKpbITHEM. [JaHHas mpo-
6s1eMa SBJISIETCS aKTyallbHOM, TaK KaK Ha CErOAHALIHUHN JleHb OTCYTCTBYeT HOPMATHBHO-TEXHUYECKas JJOKyMeHTalus, pe-
rJIaMeHTUPYIOIIAsl aJfOPUTM PacyéTa MUHUMAJbHO JOMYCTUMOTO paZiuyca YIpyroro u3ruba o6eTOHUPOBAHHOTO TPy6oO-
nmpoBOJa B CKBAXHUHE. W3BecTHBI CUTyallH, KOrla NPOEKTHbIMU OpraHUu3aluaMUu ObLIU MNPUHATBHI HEBEPHbIE IPOEKTHbIE
pelieHus, KOTOpble MPUBEJIH K 3aCTPEBAHUI0 TPYOHOU IJIETH, IMIIHUM 3KOHOMUYECKHUM 3aTpaTaM U 3aJiep)KKe B rpapukax
MpOU3BO/ICTBA PaboT. Leab: viccie[0BaTh UHIUM/IEHT, CBSI3aHHbBIHM C 3aCTpeBaHUEM TPYOHOU MJIETHU MPU CTPOUTEBCTBE MO I~
BOJIHOTO Iepexo/ia MarucCTpasbHOTO TPy6ONpoBOJa MeTOAOM HAKJOHHO-HANpaBJeHHOro OypeHHs; onpefejuTb MUHU-
MaJIbHO JIOMYCTHUMBIN paJiuyc yIpyroro U3ru6a o6eTOHUPOBAaHHOTO TPYGONPOBO/a U GaKTUIECKHe TapaMeTphbl MHJIOTHOM
CKBaXXUHBL. 06®€KMm: TOJBOJHBIA Iepexosi MarucTpajJbHOr0 TpPyOGONPOBOJA, COOPY)KaeMblii MeTOAOM HaKJIOHHO-
HallpaBJIeHHOTO GypeHUs. Memodbsl: ©3yyeHue JIUTepaTypbl U HOPMAaTHUBHBIX JOKYMEHTOB 110 CTPOUTEJbCTBY I0JBOJHBIX
Nepexo/I0B MaruCTPaJbHBIX TPYOOIPOBO/IOB U aHAIU3 UHI[U/IEHTA, IPU KOTOPOM MPOMU30LIIO0 3aCTpeBaHHe TPYGONPOBOAa,
COOpy’KaeMoro U3 Tpy6 ¢ 6ETOHHBIM MOKPBITHEM. Pe3y1bmamul. ABTOpaMy 060CHOBAH PacyéT MUHUMAJIBHO JI0MYCTHMOTO
pajyyca ynpyroro usru6a Tpy6onpoBosa ¢ 6€TOHHBIM NMOKPBITHEM HUCXO/s U3 TpeGOBaHUNM OTeYeCTBEHHOW HOPMAaTHBHO-
TEeXHUYECKOH AOKYMEHTAalUH. HponsBeaeH pacqé'r ,L[aHHOﬁ BeJIMYHUHbI aHAJIMTUYE€CKUM METO/J0M, OCHOBbIBAACH Ha HUCCJIe-
AOBAaHHUAX U3TrUOHOM KeCTKOCTH 6eTOHHBIX KOHCprKL[I/Iﬁ 3apy6e)KHbIMI/I y‘{éHbIMI/I, a TaKXe pacqéT Cl)aKTI/I‘-IeCKI/IX napameT-
poOB MAJIOTHOU CKBa>XUHBI. HOJIy‘-IeHHbIe 3Ha4YeHud uccjieqyemMblix BEeJIMYUH O6bLIN MMPOAHAJIM3UPOBAHBI, U JAHO 3aAKJ/IIOYEHUE
0 IpUYMHAX MHIU/IEHTA, CBI3aHHOTO C 3aCTpPeBaHUEM TPYOHOU IJIETH.

KiiroueBble c10Ba: 06eTOHUPOBaHHbIE TPYObI, MO/JBO/IHBIN NePexo/i, HAKJIOHHO-HANpaBJeHHOe GYpEeHUE, CTPOUTENBCTBO,
paZiiyc ynpyroro usrru6a
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Abstract. Relevance. This paper considers the issue of construction of underwater passages of trunk pipelines by the direc-
tional drilling method using concrete weight coated pipes. This issue is relevant, since at the present moment there is no

standards and technical documentation regulating the calculation procedure of the minimum allowable elastic bend radius of
a pipeline with concrete coating in a well. There are situations when design institutes made incorrect design decisions as a
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result, the pipe string got stuck during works. Those incidents led to unnecessary economic expenditures and a delay in the
work implementation plan. Aim. To study the issues which related with the sticking of the pipe string during the construction
of the underwater passage of the main pipeline by the method of directional drilling; calculate the minimum allowable elastic
bend radius of a pipeline with concrete coating and the actual parameters of the pilot drillhole. Objects. An underwater pas-
sage of a trunk pipeline constructed by the method of directional drilling. Methods. Study of standards and technical docu-
ments on the construction of underwater crossings of main pipelines and an analysis of the incident in which a pipeline with
concrete weight coating got stuck. Results. The authors substantiate the calculation of the minimum allowable elastic bend
radius of a pipeline with a concrete coating based on the requirements of domestic standards and technical documentation.
The authors have calculated this value by an analytical method, based on studies of the bending stiffness of concrete struc-
tures by foreign scientists, as well as actual parameters of the pilot drillhole. The obtained results of the studied values were
analyzed and a conclusion was given about the causes of the incident associated with the sticking of the pipe string.
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BBegeHue
B mocnemHne necstwieTHs HaOMpaeT MOMYISp-

HOCTh HCIOJIB30BaHHE TPYO ¢ OCTOHHBIM TOKPBITHEM

JUIS CTPOMUTENILCTBA MOJBOJHBIX MEPEXO0B CHOCOOOM

HakJIOHHO-HarnpasienHoro Oypenus (HHB). TpyOsr ¢

MAHHBIM TOKPBITHEM WMEIOT MHOXECTBO IIPEHMY-

IIECTB, HO TAK)K€ HEIOCTATKOB, HAIPHUMEpP, TPYOBI C

OCTOHHBIM TIOKPBITUEM XapaKTEPU3YIOTCSI TOBBIIICH-

HOW M3rUOHOM KECTKOCTHIO MONIEPEYHOTO ceueHus [1].
3amauell TaHHOTO HCCIEIOBAHUS SIBISCTCS pa3pado-

TaTh METOJIMKY OIPECTICHNST MUHUMAIBHO JIOITyCTUMOTO

pamyca yrpyroro usru0a 0OCTOHMPOBAHHOTO TPYOO-

MPOBOJIA, COOPY’KAEMOr0 METOJIOM HAKIOHHO HampaB-

nenHoro Oypenus. OOBEKTOM UCCIICIOBAHUS BBICTYIIACT

TIOIBOIHBIN TIEPEXO]T MAaruCTPaJbHOTO TPYOOIpOBOIA,

COOPYKaeMOT0 METOJIOM HAKJIOHHO HANpaBICHHOTO Oy-

PEHIs, C HCIOb30BaHUEM OOCTOHHPOBAHHBIX TPYO.

Kak ormeuaercst B pabote [2], OaytacTupoBKa 1moji-
BOJIHBIX TPYOOIPOBOAOB CIUIOIIHBIM OCTOHHBIM IO-
KPBITHEM HMEET PsJi MPEUMYIIECTB MO CPaBHCHUIO C
0aJTaCTUPOBKOM OT/ICIBHBIMY TPY3aMH.

MOHOJIUTHOE apMHUPOBAHHOE OETOHHOE IMOKPBITHE
XapaKTepPHU3yeTCs] HU3KOW CTOMMOCTBIO IPOU3BOJICTBA,
HU3KOHW TEIUIO- W DICKTPOIPOBOJHOCTHIO, XOPOIICH
YCTOHYMBOCTBIO K Koppo3uu. Hapsny ¢ atum naHHOe
MOKpBITHE oOecrieunBaeT [3]:

e MEXaHMYECKYIO 3aIIUTy aHTHKOPPO3UOHHOTO IIO-
KpbITH [4];

e BO3MOXHOCTH IIPOTACKWBAaHHSA TPYOOIPOBOJAA IIO
BCEM W3BECTHBIM THIIAM CITYCKOBBIX TOPOXKEK H
JOOBIM TpyHTaM 0e3 HapyIICHHUs] M30JIIHOHHOTO
TIOKPBITHS;

e 3HAYHTEIFHOC CHI)KCHHE TATOBBIX YCHIHHA Ha Oe-
PEroBBIX Y4acTKax M MPHU MPOTACKUBAHHUU B BOJIC;

e HEBO3MOXXHOCTh CMEIICHUSI OCTOHHOTO IMOKPBITHS
OTHOCHUTEIIFHO TeJla TPYOBI TPU COOPYKCHHUHU TOI-
BOJIHOTO Mepexo/ia METOJIOM MPOTAacCKUBaHUs [2].
IlomMumo cTpoMTENBCTBA TPYOOHPOBOAOB B MOpE,

TpyOBI ¢ OETOHHON 000JIOUKON IPUMEHSFOTCS U Ha CYIIIE.

Ha npakTtuke TpyOOTIPOBOJHOTO CTPOUTENIBLCTBA H3-
BCCTHbI HETAaTUBHBLIC CJIydad, IpOU3OIICAUINE TIpU
CTPOUTENILCTBE MOJBOJHBIX MEPEX0I0B TPYOOIpPOBO-
JIOB METOJIOM HAKJIOHHO-HAIIPABJICHHOTO OypeHHs.
B npoekTax OBUIO NPEIYCMOTPEHO HCIIOIb30BAHHE
TpyO ¢ GETOHHBIM MOKpbITHEM. [IpH BBIIONIHEHUH TTPO-
TACKWBaHUsI TPYOOIIPOBOJIa B CKBOKHHY H3-32 OOJIb-
IIOTO 3HAYCHUS M3TUOHOM KECTKOCTH TpyOHas IUICTh
3acTpeBayia, YTO IPUBOAMWIO K IKOHOMHYECKHUM H3-
JepkKKaM, a TakkKe Hapymaao rpaduk IpOU3BOACTBA
paboT.

Takum 006pa3om, MOAHUMAETCsS BOIIPOC 00 orpese-
JeHnH (aKTHYECKHX T'eOMETPHYECKHX IapamMeTpoB
MUJIOTHOW CKBAKMHBI MIPOTACKHBAEMOT0 TPyOOHpPOBO-
Ja. JlanHele mpoOsieMBbl YCYTYOJSIFOTCS OTCYTCTBHEM
HOPMaTHBHO-TEXHUYECKOH JIOKYMEHTAaIMH, Y4UThIBa-
IOIIeH BIMSHNE OETOHHOTO MOKPBITHS Ha HANPSKEHHO-
nedopmrpoBaHHOE cOCTOsIHME TPYOOIIPOBO/IA, MPOTAC-
KHBaEeMOT'O B CKBaXXHHY.

B nHauaie naHHOW CTaThu paccMOTpPEHBI TpeOoBa-
HUS HOPMAaTMBHOM JOKYMEHTalUM IO OIPEAEICHMIO
MHHUMAJIBHOTO pajuyca H3ruba 0oOSTOHMPOBAHHOTO
TpyOOmpoBoOa, 3aTeM OINpEACTIeHO (paKTHUECKoe 3Ha-
YeHHe JJIsl aHATU3UPYEMOT0 y4acTKa, IOCIIe Yero mpo-
BE/ICHO CpaBHEHHE C (HDaKTHUCCKUMH 3HAYCHHAMH,
c(hOpMYyITHPOBAHBI PEKOMEH/IAITHH.

OmpepeieHHe pafuyca ynpyroro u3ru6a
06eTOHMPOBAaHHOIO TPyGONpPOBOJA
Tpe6osaHust omeyecmeeHHOl HOpMAMUBHO-
mexHu4eckoii doKkymeHmayuu

JlanpHeilre npuMepsl pacyeToB ONMPEAEIICHBI IS
CICAYIOIINX  HWCXOJHBIX  IapaMeTpoB:  JTHaAME
1220 MM, Geton mapku B60 minotHOCThIO 2500 KI/M”,
cranp kimacca K55 ¢ BpeMeHHBIM COMPOTHUBICHHUEM
paspeiBy 549 MlIla.

Paguyc usruba npoeKTHPyeMOil CKBaXKHHBI TOJKCH
OBITh HE MEHee pajyca YIpyroro msruda tpyoomnpo-
BOJIa, YKJIaabiBaemMoro criocooom HHB [5-7].
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MuHIMATBHO OMYCTUMEIC PaIyChl YIPYTOro H3-
ruba R.., obecreynBaroiye MpoKIaaKy TpyOompoBo-
OB 0€3 OIACHBIX HANMPSDKCHUH B CTEHKaX TpPYOHI,
JIOJDKHBI OBITH He MeHee [5]

R(CTl) = 1200~ DTpa (1)
e Dy~ HapyxHblii quametp Tpybonposoza, 1,220 m.
Riepy = 1200+ 1,22 = 1464 m.

CornacHo [6] pamuycsl TPaCCUPOBKH TOJDKHBI OBITH
HE MEHee IOMYCTHMOrO pajuyca yIpyroro wusruda
CTabHOTO TpyOompoBoga R.,, 3HAUYCHHE KOTOPOTO
OTIpENeNsIeTCsl aHANOTHYHO BhIpakeHmo (1). OmHako
JAHHBIA JIOKYMEHT, B 3aBUCHMOCTH OT HAa3HAUYCHHUS
TpyOOIIPOBO/Ia, PEKOMEHAYET YBEIMYUTh MHHHMAllb-
HBIH paguyC TPacCHPOBKH TpPyOOIpoBOAa I TPYO
nuamerpom 820 mm u 6omee 10 1400-Dy.

CII 341.1325800.2017 [7], yrBepxkaeHnsIi [puka-
30M MUHHCTEPCTBA CTPOHUTENBCTBA W SKHIIUIIHO-
KOMMYHAJIBHOTO X03stiictBa P® ot 14 Hos10ps 2017 1.,
OJIHO3HAYHO YKAa3bIBACT, YTO IO TEXHOJOTMYECKUM
YCIIOBUSIM MPOKIAAKH Ul TpyO nuamerpom 820 MM H
Oonee pamuyc ympyroro usruba tpybonposona Rcp
nowkeH ObITh He MeHee 1400-Dn. Cnenyer oOpaTHTh
BHHUMaHHUE Ha TO, YTO JaHHOE TpeOOBaHUE HE SBISCTCS
PEKOMEHIATEIFHBIM U HOCHT OOS3aTEIbHBIA XapaKTep
IUTSE IPUHUMAEMBIX MPOSKTHBIX PEIICHUI, HE 3aBUCUMO
oT Ha3Ha4YeHus TpyodonpoBoaa. CienoBaTeabHO,

R(erz) = 1400 - Dy,

Rerz) = 1400+ 1,22 = 1708 m.

OpHako (hakT TOro, YTO Ha CTAJIbHYIO TPYOy HaHe-
CEHO  HapyxkHOoe OeToHHOe TOKpeiTHE «3Yb-
KOMIIO3UT» B OIMHKOBaHHOW O0OJOYKE, yBEITUYH-
BaeT M3THOHYIO KECTKOCTh IUIETH MPOTAaCKUBAEMOTO B
CKBaXXHHY TpyOomposona. CienoBaTenbHO, YBETHUH-
BaeTCs MMHUMAJBHBIA paanyc yHmpyroro m3rubda obe-
TOHHMPOBAHHOTO TPYOONPOBOAA R (c1406)-

JIOJ'I)KHO BBITIOJIHATHCS YCIIOBUE

R(CT+06) = R(CT) .

ITo cocTostHUIO HA CErOAHSIIHUN AEHb HE CyIe-
CTBYET HOPMAaTHUBHBIX JOKYMEHTOB, KOTOpBIC ObI pe-
TJIAMCHTHPOBAIN TOPSIOK pacdeTa MUHHMAIBHO J0-
TMyCTUMOTO Pajnyca YNpyroro usruda Rcryos) TAKMX
00eTOHNPOBAHHBIX TPYOOTIPOBOIOB [8].

EnvHCTBEHHBIN TOKYMEHT, KOTOPBIM KOCBEHHO 3a-
TparuBaeT BOMPOC 00 ydeTe BIMSHUS OCTOHHOTO II0-
KPBITHSI Ha HAMPsDKEHHO-Ie()OPMUPOBAHHOE COCTOSI-
HUEe 00€TOHUPOBAHHOTO TpyOompoBoaa, 3to BCH 005-
88 [9].

Tak, cornacHo [9], MUHUMAaNBHBIN paguyc ynpyro-
ro u3ruda TpyoonpoBoaa (OH NpAMO MPONOPIMOHATIEH
€ro ECTKOCTH) CO CIUIOUTHBIM OCTOHHBIM HMOKPBHITHEM
(6e3 mpopeseii) ornpeensercs mo GopmyIie

R(cr+06) = Rmin(1,03 + 0,00416), 2)

rie Rpin — MUHHMAaJIBHBIH pajlyc YIpyroro usrmda
HEOOETOHMPOBAHHOI'O TPYOONpOBOJa; & — TOJIIMHA
OETOHHOTO TIOKPBITHS, 25 MM.

Heobxomumo otmerutsh, uto BCH 005-88 [9] pe-
TJIAMEHTHPYET MOPSIIOK YKJIAIKH O0CTOHHPOBAHHBIX
TpyOOIPOBOIOB UCKIIOYUTEIHHO B TPAHIICIO, B TOM
qHCiIe MOABOAHYI0. TpeboBaHMs K IapaMerpaM yIipy-
TOU30THYTHIX YYacTKOB TPYOOIPOBOIOB, YKJIAJbIBac-
MBIX B TPAHIICIO, SIBJITIOTCSI MEHEE )KECTKIMH, YeM TIPU
ux ykiaznke B cksaxkuny merogoM HHB. Jlannoe Ttpe-
0GoBaHME KOCBCHHO MOATBEPXKAACTCS 3HAYCHUEM PaaH-
yca ympyroro u3ruba TpyOOIpoBoma, KOTOpOE, CO-
rnacHo [9], OJKHO ONpeNeNaThcs B COOTBETCTBHU C
nopmamu CIT 86.13330.2022 (Rpyin = 1220 m).

Toraa u3 BelpakeHus (2) ciegyer, 4To

R(crto6) = Rmin(1,03 + 0,0041 - 25) = 1382 m.

HOJI‘lepKl/IBaeTCﬂ, YTO JAAaHHOE€ 3HA4YCHUE MUHHU-
MaJIBHOTO pajJiiyca yIpyroro usruba oOETOHHPOBaH-
HOro TPyOONpoBOaa R(cr4o6) ONPENETEHO ISl IUIETH,
YKJIQABIBAEMON UCKITIOUNTEIHFHO B TPAHILICIO.

[y mpenBapUTEIbHOTO pacueTa MHHUMAIBHOTO
pajnyca ynpyroro usruda o0eTOHHPOBAaHHOTO TPYOO-
npoBOoJa R(crio6), MPOTACKUBAEMOIO B CKBaXKHHY,
TaKk)Ke BOCIOJB3yeMCsl BbIpakeHHeM (2). 3HaucHHe
MUHHMAIILHOTO Pajiiyca YIpyroro usruba R, Mt
JAHHOTO CITy4ast IPUHUMACTCS] PABHBIM:

. Ryin1= R(cr1) =1464 M, cormacho [5].

2. Riinz = R(crz) =1708 M, cormacno [7].

CoOTBETCTBEHHO

Ricreos) = 1464 - (1,03 + 0,0041 - 25) = 1658 m,
Ricreos) = 1708 - (1,03 + 0,0041 - 25) = 1934 m.

AHa/IMTHYeCKUH MeTo/, onpe/eIeHHs pajuyca
ynpyroro u3sru6a 06eTOHUpPOBaHHOT0
TpyGomnpoBoja

MuHHMaNBHBI paanyc yIpyroro usrumba Tpyodo-
MpoBOAA W3 TPYO ¢ OCTOHHBIM IOKPHITHEM OIIPEIeIIs-
eTcs U3 YCIIOBHS IPOYHOCTH OETOHA MpH €To paboTe Ha
pacTshKeHHE M, Kak CIICACTBHE, BO3MOXKHOTO Pa3BUTHUS
TPEIIHH B TeJle OSTOHHOTO MOKPHITHSL.

Cornacuo [10—12] mpo4HOCTh OETOHA Ha pacTsKE-
Hue 0, B 1020 pa3 MeHblIe NPOYHOCTH OETOHA Ha
C)KaTHE Oy,.

IIpu 3HaueHMSAX NPOYHOCTH OETOHA HA CHXKATHUE
op = 37,5 MIla (cornacHo cepruduKary COOTBETCTBUS
Ha OCTOHHOE MOKPHITHE TPYO) MPOYHOCTH OETOHA Ha
pacTsbkeHHE Op, OyIdeT HaxXOAWTCS B HHTEpPBAIC
1,9-3,8 MIla.

W3BecTHO, YTO pamnyc YIpyroro u3ruda mpsMo
MIPOMOPIMOHANICH TPOJIOJIEHOW JKECTKOCTH OETOHHOM
00epTkH, padoTaroliei Ha U3ruo
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E 6 I 6
R(CT+06) = %;

max
riae I, — 0ceBOil MOMEHT MHEPIIUK OCTOHHOH 00epTKH,
I,s = 1894 300 cM*; M., — MaKCHUMaJbHBIH H3IHU-
Oaromuii MOMEHT; E,s— MOJIyJb YINPYTOCTH TIEPBOTO
pona 6eronHoi odeptku. Cornacho [13—15]

E,s = 4700 /oy,

E,s = 4700-,/37,5 = 28 781 MIla.

MaxkcuMalIbHbIN U3THOATOIINIT MOMEHT

My = OpndX
max W3l 00>

rae W,s — 0ceBOil MOMEHT CONPOTHUBIICHHST OCTOHHOMN
obeptkn, Wog =29 831 cM3; 083X~ makcuManbHbIe
pacTAruBarome Mnpoa0JIbHBIC HAMPSKECHUE B 0eToH-
HOU 00epTke oT m3ruba. [IpuHIMaeTcs paBHBIM MPOU-

HOCTH OETOHA Ha PACTSHKEHUE Op, Oysr = 3,8 MIla.

28781-0,018943
3,8-0,029831

R(CT+06) = =4 808,6 M.

Ha npaktuke Bce e HaOJIOJaeTCs CHIKEHHE M3-
THOHOM JKECTKOCTH OCTOHHOTO TMOKPBITHS 3a CYET 00-
pasoBaHWsI TpEeHMH B HEM (METaJUTOMOIMMEpHAS
(onMHKOBaHHAs)) 00O0JOYKA CIYXKHT JJISi COXPAHEHHS
O6etoHHON 00epTkH) [13]. DTO CBUAETENBCTBYET O TOM,
YTO MHUHUMAIIBHBIA PaJHyC YIPYroro m3ruda odeTo-
HUPOBAHHOTO TPYOOMPOBOAA R(crios) (DakTHuecKn

MEHBILIE 3HAYEHHUs, OIPENEIIEHHOro IpHU pacuére I0

TpeOOBaHMIM OTEUECTBEHHOU HOPMaTUBHO-
TeXHPI'—IeCKOfI I[OKyMeHTaHI/II/I.
m | |
15507
439 2751 170,64

Euivalent Stress
Type: Equrvalent {von-hised) Shres
Uit MPa

Puc. 1.
(6emonHoe nokpbimue He nokasaHo) [16, 17]
Fig. 1.
shown) [16, 17]

114,

[Ipexxne Bcero, cueayeT oOpaTuTh BHUIMAHKE Ha TO,
YTO B HE3AIIWIICHHON OCTOHHBIM HMOKPBITHEM CTBIKO-
BOW 30HE OOCTOHHPOBAHHOTO TPYOONPOBOJA MPH W3-
rube MaKCHMaJIbHbIC 3HAYCHHS IIOJICH HampsHKeHUH
JOKANM3YIOTCS Ha TpPaHUIAX O3TOW 30HBI (TPaHMIIBI
CTBIKOBOH 30HBI 0003HAUYCHBI CTPEJIKAMU Ha H300pa-
JKEHUU KOHEUHO-3JIEeMEHTHOU ceTku) (puc. 1). Ilpuuem
MaKCHMAaNbHBIC 3HAYCHUS HANPsDKEHHH Ha TPaHUIAX
3HAYUTEIHHO NPEBBIIAIOT HOMUHAIbHBIE HAIIPSDKEHUS
B CTEHKE TPYOBbI 00CTOHHPOBAHHOTO TPYOOIIPOBO/IA.

JUtst yTOUHEHHUS! BENMIUHBL R (cr106) CIYXKHT YCIIO-
BHE, [IPU KOTOPOM MaKCUMaJIbHbIE 3HAYEHUSI TIPOJIOJIb-
HBIX M3THOHBIX HANpsHKCHHH B CTEHKE TPYObl Heobe-
TOHHPOBAHHOM CTHIKOBOW 30HBI (30HBI KOHIICHTPAIIUN
Hanpspkernii (3KH)) obeToHMpOBaHHOTO TPYOOIIPOBO-
Ia ObuTH OBl paBHBI MaKCHMAJIBHBIM 3HAYCHUSIM IIPO-
JOJBHBIX M3THOHBIX HANpPSDKCHUH B CTEHKE TPYOBI 0e3
0eToHHOTO MOKPHITHS. Torma, eciam BeIpa3uTh MaKCH-
MaJlbHBIe TIPOAoNbHBIe Hanpsokenns B 3KH depe3 Ho-
MUHAJIbHBIC TIPOJIOJIbHBIC HANPSIKEHUS B CTCHKE TPY-
ObI, MOKHO 3arnucath [16]

_ EwpDrp _ 5 ErpDrp 3)

Z'R(CT+06),

0. =
max 2R(er)

rae Er, — MOMyNb YpYrocTH IEPBOTO poja TpyOHOH
cramu, E., =2,1-10°MIla; R
pajiyc ynpyroro usruda aHaJOTHYHOTO TPYyOOIpPOBO-
Ja 0e3 oetoHHOM 00epTKH; k — K03 duImeHT npomop-
IUOHAJILHOCTH.

MUHHUMAaIbLHBIN

W3 Beipaxenus (3) cnenyer COOTHOLICHUE
R(CT+06) =k- R(CT)- 4
4843 0,006507T Min

Ilona pacnpedeseHus 3K8UBA/JEHMHbBIX HANPAXCEHUlU 68 06emOHUPOBAHHOM mpy6onposode npu HUCMOM u3zube

Equivalent stress pattern distribution in pipeline with concrete coating with pure flexure (concrete coating is not
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C npyroii CTOpPOHBI, MOIyYasi paguyc yrnpyroro u3-
ruba R(cr4o6) HYepes msrubarommii MomeHt M, nei-
CTBYIOIUH Ha OOCTOHHPOBAHHBIM  TPYOOIPOBOJ
[16, 18],

1 M

=S (6))

Pos  Zimi Eili
rae Y-, E;-I;— cymmapHas u3rnbHas >KECTKOCTh
00EeTOHUPOBAHHOTO TPYOOIPOBOA

?=1Ei = Eogt los + ETp ' ITpl (6)

Iy, — OceBoit MOMEHT unepumu Tpy6sl, I, = 0,01862 m*,
C yuetom BeIpaxenuit (5), (6) opmyrna (3) mepe-

IUIIETCA B BUJEC

p

ETpDTp _ M'ETp'DTp
2+(Eo6'lo6+ErpItp)

ErpD.
_ ErpDrp _
Umax - -

(7

2'R(cr) 2'R(cr+06) N

[Mocne mpeobpaszoBanus ypaBHeHust (7) ciemyer,
9T0 KO3((GUIIUEHT MPOITOPIUOHATIBHOCTH K OIpeiesis-
€TCsI CIICTYIOINM BBIPAKCHUCM
Eos Ios
Ep- ITp'

N 28781-0,018943
2,1-105-0,01862
W3 BeIpakenust (4) ciemyer, 4TO MHUHUMAIbHBINA

pajnyc yrnpyroro u3ruda ajisi 00eTOHHPOBaHHOTO TPY-
6ompoBoza R 1406y OyzeT pasen

k=1+

k=1

1,14.

Rier+os)s = K * Ry = 1,14 - 1464 = 1669 m,
Rierrosys = k * Riry = 1,14+ 1708 = 1947m.

JlanHBIC 3HAYEHHSI XOPOIIO COTJACYIOTCSI C BENH-
YHHAMH, ONPEACICHHBIME PaHee MO BBIPAXKCHUIO (4) U3
BCH 005-88 [9], u He mpoTUBOpeYaT HOpMaM, POIHU-
CaHHBIM B YKa3aHHOM JokyMmeHTe (11.8.39-8.40).

B wmcciaemyeMoMm mpoekTe 3HAUCHHE paauyca
YIpyroro usru6a TpyoonpoBoaa Ryp,oexr TPHHAMACT-
ca Ha 15 % Oomblie pacyeTHOr0O MUHUMAJIBHOTO pa-
auyca ymnpyroro usru6a Rcryos (3amac 1,15),
Rypoexr = 2000 m.

OCHOBHBIM YCIIOBHEM OECHpEISTCTBEHHONW IPO-
XOJIKH TIJIETH 00CTOHHUPOBAHHOTO TPYOONPOBO/Ia BHYT-
PH CKBaKHHBI SIBJISIETCS COOTHOIICHHE MPHUHATHIX U
pacCYHTaHHBIX (IOIMYCKACMBIX ) TAPAMETPOB

Rnpoe}c’r = R(CT+06)- (8)

VYcnosue (8) BBIMOMHSETCA A BCEX BApUAHTOB
pacCcUMTaHHBIX 3HAYCHUH R (cr406)-

Tem He mMeHee st pacueTHBIX CIYYaeB R(crio6)2 =
1934 M 1 R(cry06)4 = 1947 M 3amac cocTasisieT BCEro
3,31 2,7 % coorBercTBeHHO. IIpu 3a10KEHHOM B IIpO-
eKTe cpellHeM 3amace B 15 % npuHATHIA paanyc ynpy-
roro u3ruba Ui JaHHBIX JBYX CIy4acB JIOJDKEH OBITh
He MeHee 2200 M.

OmnpepesieHue paKTHIECKUX MAPaMETPOB
MUJIOTHOH CKBAKUHBI

CornacHo [19, 20] ans xpuBOIMHEHHOro yuyacTka
TpyOOIpoBoa (y4acTka IMOBOPOTA) XapaKTepHBI Clie-
JIYIOIIIUE TPUTOHOMETPUIECKHE 3aBUCUMOCTH (pHC. 2):
e K —Karer npsMOyroJIbHOTO TPEYTOJIbHUKA

K =RV tgs; ©9)

(ct+o6) LY 5

e b —yacTb GHCCEKTPHUCHI KPUBOH (32 BEIUCTOM pasiu-
yca yrpyroro u3ruoba)

1
_ poaxr
B=Rctro5) " a~ L)
52
o [y — IUIMHA KPUBOU
a

_ podaxr
Ly = R(cat+o6) @

dakT

(ct+06)
CKB@)KHMHBI; (. — YroJ MOBOPOTa (yroj MEXIY HOBBIM
HampaBJICHUEM TpacCbl W NPOAOJDKECHUEM CTaporo

rae R (bakTHUECKUH paguyc n3ruda MUIOTHOH

HaIpaBJICHMUS).
4
Richad
%
Ricrod) KK
Lk &
b

) HK BY

K
Puc. 2. [lapamempwi nosopoma: HK - Hauaso kpusoil; KK -

KOoHey Kpueoll; BY - eepwuHa yeaa
Parameter of a bend: HK - beginning of the curve;
KK - end of the curve; BY - angle vortex

Fig. 2.

Ha puc. 3 npencraBneHo GakTHuecKoe IOJI0KEHHE
MIJIOTHON CKB)KWHBI HA TICPBOM IPSIMOIMHEHHOM U
Ha IEpPBOM KpUBOJIMHEMHOM YyuacTkax. Ilapamerpsl
KPUBOJIMHEHHOTO yJYacTKa CKBa)KHHBI MPHBEICHBI CO-
TJIACHO TOPU3OHTAILHOMY M BEPTHUKAIFHOMY MACIITAa-
Oy MCIIOJIHUTEIIBHON CXEMBI.

s ompeneneHust (pakTUYECKOro pajuyca U3ruda
MTWJIOTHON CKBaKUHBI HcIoNb3yercs: popmyia (9). Ilo-
CJIe HECJOXKHBIX MPe00pa30BaHuii MOTydaeTcst

K

dakT _

(ct+06) — a.
7 t9®)
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[2=1803n

[1=1614nm

]

Korey 2a2pnpofoda
HE MOMEHIT SACTIEGaHIT

.

Al

KoHew sypeHus

MK 1382+41
ron eoixoga 4°

Towa Bxoda zoaonpofods
8 okbaxury

70 5 3

RZ=
K1-607n T
I
b

Puc. 3. IIpodosbHblil npo@duib NUAOMHOU CK8ANCUHbI HA «NPOGAEMHOM» yUdcmKe

Fig. 3.  Grade line of a pilot drillhole in the «problem» area

3HavyeHHe yria MOBOpOTa Ha MecTe mepexoja OT
MIEPBOTO MPSMOJIUHEHHOT0 y4acTKa K MEPBOMY KPHBO-
JTHUHEHHOMY COCTaBIISCT YeThIpe rpamyca (a = 4°).

3nauenns K;=60,7 m u K,=61,3 M (puc. 3)

K 60,7
dakr ,
R = =——=1738m
(ct+06)1 2 tg2° 4
tgl£2) 691 3
RY¥T = =— =1756m.

(ct+06)2 — @ - th°

Kak cnemyer u3 pacueToB, (aKTHYECKHU DPATHyC
YIPYroro M3ruda MHIOTHOM CKBaXWHBI HE OTBEYACT
MIPUHATHIM [TPOEKTHBIM PELICHUIM

RCl)aKT

B 12 = 1738;1756 M < Rypoer = 2000 M.

YTo4yHeHMe paAuyca ynpyroro u3sru6a nuioTHOH
CKBa)KUHbI HA KPUBOJIMHEITHOM y4yacTKe «74-89»

JanpHeliye pacueTsl NPUBOIATCS A KPUBOJU-
HeHHOro yyactka «74—89.

B Tabn. 1 mpenacraBneHbl MPOCTPAHCTBEHHBIE KOOP-
JIMHATBI TOYEK KPUBOJIMHEHHOI'O Yy4acTKa B CTBOpE Ile-
pexona.

BBonutcs mectHast cuctema koopauHaT «XOH» ¢
HA4yaJoM KOOpAMHAT B TOUKe «74», ¢ opueHTauueit

«O0H» no BeprukanbHOi ocu U «0X)» 1O TOPU30OHTAIIb-
Hoii ocu (puc. 4). Toraa, ¢ yuerom (HakTHUIECKOTO T0-
JIOXKCHUS KaKIIOU TOYKH, B HOBOH CHCTEME KOOPIUHAT
JlaHHbBIe Ta0JI. 1 mepenuyTcs B Buae Tao. 2.

OcCh KpUBOJMHEHHOTO y4acTKa MUJIOTHON CKBa)KHU-
HBI Ha ydacTke «74—89» sBIseTCS YacThIO OKPYKHO-
CTH — IyTH, OIHCBIBaeMOil (pyHKIIHCH

X2+ (H—R)? = R?, (10)

rae X, H — xoopauHaTbl TOYEK OKPYXKHOCTH, M; R —
paznyc OKpY>KHOCTH, PaBHBIN pamuycy M3ruda KpuBo-
JUHEHHOTO y4JacTKa MUJIOTHOM CKBaKWHBI, M. Bce Tou-
KA KPHUBOJIUHEHHOrO Y4acTKa JOJKHBI COOTBETCTBO-
BaTh Jyre OKPYXHOCTH paauycoM (R) 2000 M w/mmu
Oonee (ycinoBue OecHpensTCTBEHHOW MPOXOJKH TPY-
OOIPOBOJIOM KPUBOJIMHEHHOTO ydacTka «74—89» wim
YCJIOBHE BIHMCBIBAEMOCTH TPYOONPOBO/AA B CKBAKHHY:
R>R150e=2000 M). YkasbiBaercs, uro R=2017,05 m.

ITocne mpeobpazoBanus ypaBHenus (10) cnenyer,
49TO (PaKTHUECKUN pajinyc OKpY>KHOCTH (M3ruda) R, Ha
KOTOPOM HAaxOJSTCS TOYKU ITO3UIIMOHWPOBAHUS IIH-
JIOTHOM CKBaYKUHBI, ONPEEIISIeTCS BhIPAKEHUEM

X2+H?
2H

R= (11)

Ta6auya 1. KoopduHambsbl movek KpugoauHeliH020 yuacmka «74-89»

Table 1. Position of points of the curved section «74-89»
Touka, M\ =7y 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 | 8 | 8 | 87 | 83 | 89
Point, m
X 696,42|705,84| 715,26 | 724,68 734,10| 743,52|752,93|762,35|771,76| 781,18| 790,59 | 800,00 | 809,40| 818,81 | 828,21 | 837,60
H 17799 | 18,01 | 18,09 | 18,20 | 18,34 | 18,54 | 18,80 | 19,09 | 19,41 | 19,79 | 20,22 | 20,69 | 21,18 | 21,74 | 22,35 | 23,00
Ta6auya 2. KoopduHambvl moyek KpugoaUHeliHo20 yuacmka «74-89» e 1okaibHOl cucmeme koopouHam
Table 2. Position of points of the curved section «74-89» in a local system of reference
Touka M| 7y | 75 | 76 | 77 | 78 | 79 | 80 | 81 | 82 | 83 | 84 85 86 87 88 89
Point, m
X 0 (942 | 18,84 | 28,26 | 37,68 | 47,1 | 56,51 | 65,93 | 75,34 | 84,76 | 94,17 | 103,58 | 112,98 | 122,39 | 131,79 | 141,18
H 0 (002] 01 0,21 0,35 | 0,55| 0,81 1,1 1,42 1,8 2,23 2,7 3,19 3,75 4,36 5,01
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H
E. 6 89
g ¢ 88
5 87
e , 84 sl
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2 81 )X
@ 80
'g 1 75 76 77 78 ——79?—?_—(.‘
g 0 L*—#‘-_‘.
3 0 20 40 60 80 100 120 140
PaccroaHue, m X

Puc. 4. KpusosuHeliHbill yuacmok 8 koopouHamuou niockocmu «X0H»
Fig. 4. Curved section in the coordinate plane «X0H»

Touka «74» (0;0) — HayaI0 KOOPAHMHAT. Touka «76» (18,84; 0,1)

Ypasuenue (10) A TaHHOM TOYKH HAa OKPYKHOCTH 18842 + 012
MpeBpalaeTcss B TOXKAECTBO BHAAa R=R, u4To cBUje- 776 = 2—01 = 1775 M.

TENBCTBYET O TOM, YTO (DYHKIHUS, OTHCHIBAIOIIAS ITO-
JIOKCHUE OCH THJIOTHOH CKBaKUHBI Ha KPUBOJIHHEH-
HOM yuyacTKe, IpUBEIEHa BEPHO.

Touka «75» (9,42; 0,02). U3 Beipaxenus (11) cre-
IyeT
9,422 4+ 0,022

2-0,02

Pamnyc wm3ruba Ha y4actke «74—75» cocraBisier
2218 ™, u4ro otBeuaer TpeOOBaHMIO R = Rypoexr
Bonbiioe 3HadeHne pajuyca m3ruda MUAJOTHOW CKBa-
JKUHBI HA JIAHHOM YYacTKe OOBSICHAETCS TeM, YTO BbI-
COTHBIHN Iepenaji MeXIy TOUKaMHU IMO3UINOHUPOBAHUS
«74» 1 «75» cocTaBiIsIeT BCEro 2 CM IpH yCIOBUH, YTO
Ha TpWIETarolieM NpAMOIUHEHHOM TOPU30HTAIBHOM
y4acTKe MUJIOTHOW CKBakKMHbI L3 pa3HOCTb BBICOTHBIX
OTMETOK MEXIY COCCOHUMH TOYKAMHU MO3HUITHOHHPO-
BaHHUS B CpeJHEeM cocTaBisieT 1 cM (ydacTok «74—75»
OJIM30K K MPSMOJIHHEIHHOMY).

R74_75 = = 2218 M.

R 74-75=2218 M
R npoexm=2000 M

R 74-76=1775 M

R 74-77=7901 M 76

74 7

X2

X7

ockL 2a30nP06000

@DaxkTHUeCKoe NOJOKEHHE TOUKU «76» COOTBET-
CTBYET JYre OKPY)KHOCTH, MPOXOASIIEH 4Yepe3 TOUKH
«74» n «76», ¢ paguycom u3ruda 1775 M, 4TO HE OT-
BEYAET YCIOBUIO R = Rypgeir = 2000 M.

Touka «77» (28,26; 0,21)

28,26% + 0,217
2-0,21

@DaKkTHUUECKOe IOJOKEHHE TOUKH «77» COOTBET-
CTBYET JAYre OKPY)KHOCTH, MPOXOASIIEH uepe3 TOUKH
«74» n «77», ¢ paguycom nsruda 1901 M, 9yTo He OT-
BEYAET YCIOBUIO R = Rypoer = 2000 M.

Puc. 5 HarnsgHO MOSICHSAET, YEM OITACHO HECOOIIIO-
JIeHUe JAaHHOTO YCJIOBHUS Ha MPUMEPE PACCMOTPEHHBIX
M3TUOHBIX YYaCTKOB «74—75», «74=76» n «74—T17».

=1901 m.

Ryy77 =

77

X3

Puc. 5. ConocmasieHue gﬁakmuwecmzo U NPOEKMHO20 No/10HCeHUsl mo4YeK Ha ocu NU/JIOMHOU CK8AXCUHBI HA KPUGOAHHeaHOM

yuacmke «74-77»
Fig. 5.

Comparison of the actual and design position of the points on the axis of the pilot drillhole on the curved section «74-77»
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Ta6auya 3. Paduycel uszuba nuiomHoll ckeaxcuHvl R (M) 6 coomeemcmeuu ¢ pakmuyveckum no/aoxiceHuem modexk no3uyuo-

HUpOBaHUs Ha yuacmke «74-89»

Table 3. Bend radii of the pilot drillhole R (m) in accordance with the actual location of the positioning points in the section «74-89»
R74-75 | R74-76 | R74-77 |R74-78 | R74-79 | R74-80 | R74-81 | R74-82 | R74-83 | R74-84 | R74-85 | R74-86 | R74-87 | R74-88 | R74-89
2218 1775 1901 2028 2017 1972 1976 1999 1997 1989 1988 2002 1999 1994 1992

Kak cnemyer u3 puc. 5, TOUKM NO3ULIUOHUPOBAHUS
CKBAKMHBI, HaXOSIIMECS HA OKPY)KHOCTH C PalilycoM
2000 M 1 HIKe He€, OTBEYAIOT YCIIOBHIO YIPYroro M3ruoda
TpyOOnpoBoJa (KaK CIEICTBUE, YCIOBUIO BIMCHIBAEMOCTU
TpyOONpOBO/Ia B CKBAKUHY), R = Rypoer = 2000 M), a
TOYKH, HaXOJIIMECS BBIIIE, HE OTBEYAIOT JAHHOMY Tpe-
ooBario (R < Rypoexr). Tak, Touka «75» Haxomures
HIDKE TPOEKTHOIO IOJOXKEHUA, a TOUKU «76» u «77» —
Bolte. Ha yuactke «74—77» MyHKTUPHOM JIMHUEH MOKa3a-
HO (paKkTHHYECKOE ITONOKEHHE OCH HW30THYTOTO YdYacTKa
CKB)KHHBI OTHOCHUTENBHO TPOEKTHOH OCH — OCH TpyOo-
TIPOBO/IA, BEIICICHHOTO KpacHoH JiHuel. OcH TpyOompo-
BOJIa M y4yacTKa CKB@)XMHBI NEPECEKalOTCS B HEKOTOPOI
Touke «T,,». 3AITPUXOBAHHBIA Y4aCTOK TEOPETHYECKH
COOTBETCTBYET 30HE, HA KOTOPOH TPyOOIPOBO/T HE BIMCHI-
BA€TCs B CKBAKHHY.

CrnenoBaTenpHO, YeM OOIbIIE Ha KPHBOIMHEHHOM
yuacTke «74—89» Touek mnepeceueHUs: (HaKTHUECKOMH
OCH CKB&)KMHBI C MPOCKTHOW OCHIO YIPYToro M3rmba
TpyOOmpoBoIa, a TaKkKe TOYEK MO3UITHOHHUPOBAHIS,
COOTBETCTBYIOIUX Jyre OKPYXKHOCTH, IPOXOAsIIeH
4yepes 3Ty TOUKY U Hauajuo KOOPAMHATHOW OCH — TOUKY
Hayvaja u3ruoa «74», ¢ paguycom MeHbIUM R=2000 M,
TeM OoJIbIlle BEPOSATHOCTh 3aCTPEBaHUs TPYOOIPOBOAA
B HEM. B nanbHeHIINX pacyeTrax aHAIU3UPYETCsS CUTY-
alusl Ha BCEM KPUBOJMHEMHOM y4yacCTKE M Ha OCHOBE
9TOI0 BBIIEJIAIOTCS NOTEHIIMAIbHO OIIACHBIE 30HBI.

B Tabun. 3 npuBoasTcs 3HaueHus R.

Kak cnemyer u3 naHHbIX Tabi. 3, yCIOBHIO R2Rpocir
MPUOIN3UTENHFHO OTBEYAET YYACTOK CKBAKHHBI MEXIY
TOYKAMM NO3MLUOHUPOBaHUS «81-89». 3nauenus pa-
JUYCOB M3rnba ONM3KM K TIPOCKTHOH BEIMUYHHE
R~Ripoer=2000 M (TeM He MeHee, B OOJIBIINHCTBE CBO-
€M, MEHBIIIE).

B cBoro ouepenp, yaactok «74—81», BHyTpH KOTO-
pOro 0co0O CTOUT BBIJICIIUThL 30HY «74—78%», sBisieTcs
B 3TOM OTHOUICHUH MPOOIEMHBIM.

VYuacTtok «74-75». dakTuueckoe MOJIOKEHUE TOUKU
«75» COOTBETCTBYET YIPYroMy U3ruOy TpyOOIpoBoIa.

Vuacrok «75-76». IlepBas 30Ha nepecedyeHus: oceit
CKBaXXMHBI U TpyOomposoaa (puc. 5). Panuycs! nzruda
MEXy ABYMS COCEIHUMM TOUYKaMH NO3MLIMOHHPOBA-
Husi orimyarotcss Ha 20 %, 4TO CBUAETEIBCTBYET O
«KPYTOM» MOJbEME MUJIOTHON CKBAXHMHBI Ha JaHHOM
ydacTtke. DaKkTHIECKOE MOJIOKEHNUE TOUKH «76)» COOT-
BETCTBYET Jyre OKPYKHOCTH C paguycoMm 1775 m, Ko-
TOpPBII MeHbILIE TPOeKTHOro Ha 11,3 %.

VYyacrok «76—77». @akTUUECKOE MOJIO0KEHUE TOY-
KH «77» COOTBETCTBYET JIyT'€ OKPY>KHOCTHU C PaTUyCcOM

1901 M, xoTopblii MeHblIe MpoekTHOro Ha 5 %. Bce
TOYKH OCH THJIOTHOM CKBO)XHMHBI HA JTAHHOM yYacTKE
JIeKaT BBIIIE OCH YIIPYToro niruba TpyoomnpoBoia, 4To
HE OTBEYAeT TPEOOBAHHIO BIIMCHIBAEMOCTH TPYOOIPO-
BOJIa B CKBO)KUHY.

Vuacrok «77-78». Bropas 30Ha nepecedeHus oceit
CKBa)XHWHBI ¥ TPyOOIIpOBOaa. ITO YKa3bIBAET HA TO, UYTO
Ha JJaHHOM YYacTKE OCh CKBa)KHHBI BHOBBH «HOPMAJH-
3yetrcs» (YXOIUT HUXKE KPAaCHOW JIMHUU — OCH Tpy0o-
mpoBoAa, puc. 5). Paguyc nsruba ydacTtka mocie BTO-
pOH TOYKH TIepecedeHHs OTBEeYaeT TpPeOOBAHUIO
R = Rypoexr = 2000 M. DakTrHUeCKOE MONOKEHHE TOUKH
«78» COOTBETCTBYET YNPYroMy U3ruly TpyOOrpoBo/a.

VYyactok «78-79». DakTHUECKOE MOJOKEHHE TOY-
KH «79%» COOTBETCTBYET YIPYrOMy H3THOY TpyOOIpo-
BOJIA.

Yuactok «79-80». TpeTbs 30Ha nepeceueHus oceit
CKBaXHWHBI W TpyoOompoBoma. Och CKBaXHHBI BHOBH
3aXOJUT 33 KPacHYIO JIMHHIO (OCh TPyOOIPOBO/A), 4TO
COOTBETCTBYET Ciydard R < Rypoerr = 2000 M. Dak-
TUYECKOE MOJOKEHUEe TOYKH «80» HE COOTBETCTBYET
yIpyromy u3rudy TpyoornpoBoja.

Vyactok «80-81». DakTHueCKOe MOJOKEHHE TOY-
K «81» HE COOTBETCTBYET YIPYromy H3rudy TpyoOo-
npoBoza. Bce Touku ocu NWIOTHOM CKBaKMHBI Ha
JAHHOM yYacTKE JIeXKAT BBIIIE OCH yIPYroro n3ruda
TpyOOIpoOBOIa, YTO HE OTBEYAET TPCOOBAHUIO BIIHCHI-
BAaEMOCTHU TPYOOTIPOBO/IA B CKBAXKHHY.

Vyacroxk «81-89». dakTuueckue NoJ0KEHHUs TOUEK
MO3UIIMOHUPOBAHKSI COOTBETCTBYET YIPYrOMY H3THOY
TpybonpoBoaa (R = Rypoer = 2000 m).

3ak04eHue

1. IIpuHATHI B MpPOEKTE paAnyC H3TH0a CKBAYKUHEI
Ripoexr = 2000 M B 1enom oTBevaet TpeGOBaHUAM
ynpyroro usruba TpydompoBosga u3 Tpyd ¢ HaHe-
CCHHBIM HapyXHbIM OCTOHHBIM MOKPBITHEM «3Yb-
KOMIIO3UT)» B OIMHKOBaHHOM 000JI0YKE.
Opnako 3amac paadyca u3ruda CKBaKWHBI OTHOCH-

TEJIbHO MHHUMAILHOTO pajyca yOpyroro wu3ruda

TpyOOoIpoBOIa COCTaBIsIeT B cpenHeM Bcero 3 %. Pe-

KOMEHIYEeMBIi pagnyc M3rnda KPUBOJIHMHEHHBIX ydacT-

KOB CKB&XHHBI HE MEHEE Rypoerr = 2200 M.

2. CornacHO yTOYHEHHBIM pacyeTaM (COMOCTABICHHIO
(haKTHUECKOTO TONOKEHHST TOYCK TO3UITHOHUPOBA-
HUSI CKBXHHBI C OCBIO YIIPYTO U30THYTOTO Tpy0o-
MIPOBOJIA) CIEAYeT, YTO Ha KPUBOJIMHEHHOM ydacT-
Ke «74—81» yclioBHE BITUCHIBAEMOCTH TPYOOIIPOBO-
JIa B CKBOKHHY HE 00ecIieunBacTcsl.
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