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AkmyanbHocmb uccredosaHus 06ycroeeHa Heo6Xo0UMOCMbIO OCBOEHUS NPUPOOHbIX PECYPCO8 U PaCcLULPEHUS CenumebHbIX 30H apK-
muyeckux peauoHos Poccutickoll ®edepayuu. Pasgumue daHHbIX meppumopull KpUOIUMO30Hb! OCIOXHAEMCS He2amugHbIM 8/UsHUEM
KPUO2EHHBIX NPOLECCO8 Ha CMPOUMENbCMBO U SKCNyamauyuto TUHElHbIX UHXEHEPHBIX COOPYXeHU, 8 YaCmHOCMU, Ha NOA3eMHYI0 Npo-
Kknadky KabesbHbIX UHUG C8A3U.

Llenb: obocHogame u paspabomamb HOBYI0 MEXHOMO02UK No03eMHOU npoknadku KabesbHbIX MUHUL C8s3U, MUHUMUBUPYIOWYIO 8UsHUE
He2amueHbIX KPUO2EHHbIX NPOUECCO8, 8 YaCmMHOCMU, MOPO3060LHO20 pacmpeckueaHusi epyHmos, Ha HadexXHOCMb 3Kcnmyamayuu, 6e3
CyWecmeeHHo20 ygenuyeHust mpydoemMkocmu npouecca yknadku kabeneli Ha MasucmparnbHbIX U CenumebHbIX ydacmkax.

06Bbekmb1: MazucmparbHble U cemumebHble y4acmku nod3emMHbIX KabesbHbIX UHUL c8s3U 8 Nepuod cmpoumesibcmea U sKcniyamayuu.
Memodb1: aHanumudeckue pacyems! meMnepamypHo20 pexumMa Mep3fibiX epyHmos C Uesbio 8b160pa onmuMansHOU KOHUeHmpayuu
800H020 pacmeopa amusneHenukons Ans co30aHusi UCKYCCMBEHHOU 0XpaHHOU 2pyHMOoBoll 30HbI 8OKpye kabens,; mabopamopHbie uccre-
OosaHus 2openibix nopod Kunmbdsmekoeo mecmopoxdeHust nis OUEHKU UenecoobpasHoCmu UX UChOMb308aHUs 8 Kayecmee 3aumHoll
nopodHoU 30HbI 8OKpYye Kabess.

Pesynbmamsi. [IpoaHanu3upogaHbl 0CHOBHbIE 0COBEHHOCMU mexHomoauli nod3emHol yknadku kabenel 8 OesmesibHOM Crioe
MHO2071eMHEMED3NbIX 2pyHmos. [TokasaHo, Ymo OCHOBHbIM (haKMOPOM, He2amueHO BUSIOWUM Ha Ha0eXHOCMb KaberbHOU
843U, si8n1semcs 06pasosaHue Mopo3060LiHbIX MpewuH 8 AesimenbHOM CrI0e 2pyHMa 8 0CeHHUL nepuod, kKomopoe Npugodum K nospe-
KOeHUK 060I0YKU, @ 3a4acmyto U K NOTHOMY paspyweHuto kabensi U HeobXo0UMOCMU €20 3aMeHb| Ha BoMbLLIUX yyacmkax. PaccmMompe-
HbI U NPOaHanu3upogaHb! OCHOBHbIE cnocobbi 6OPbBbI ¢ MOPO30BOLHbLIM pacmpeckugaHUEM 2pyHmMo., Komopkie pekoMeHAymes ge-
OOMCMBEHHBIMU UHCMPYKUUSMU Ofisi CHUXEHUS 8/IUSHUSI MOPO3060LHO20 pacmpeckusaHus epyHmog Ha HaleXHOCMb dKchiyamayuu
JIUHUU c8s3u npu nod3eMHoU npoknadke kabenel. YcmaH08/IeHO, Ymo npuMeHsieMbie ¢nocobbl 1ub0 ManoaghghekmueHbI, 1UGO IKOHO-
Muyecku 3ampamdble. [pednoxeHa Ho8ass MexHOM02usi NoA3emMHOU NPokMadKu, hosblwarwas Ha0eXHOCMb dKenayamayuu KabesbHbIx
JIUHUU c8a3u npu nod3eMHOU npoknadke Ha y4acmkax MOpo3060UHO20(KpUuO2eHH020) pacmpeckusaHus 2pyHmos. Cymb HOBOU mexHo-
JI02UU COCMOUM 8 MOM, Ymo 80 8peMs ykadku kabesns Yacmb eCmeCcmeeHH020 epyHma desimesnibHO20 Cosi 3ameHsiemcst nopodoli ¢
8bICOKUMU 2UOPOGhUTbHBIMU C80LICMBamMu (Hanpumep, Ucnomb3ylom 20perbie Nopodsi), KOMopyto NpedsapumenbHO LU NPSMO 8 MpaHwee
nponumbigatom Hesamep3aroweli XUOKOCMbI0, HanpUMeP, PacCMeoPOM SMUNEHeNUKONS C KOHUeHmpayued, obecneyugatoweli manoe co-
cmosiHUe epyHma Ha 3adaHHoll anybute. onydyeHa hopmyna, kKomopast no3sosnsem 8bibpamb Heobxo0umoe Or1s docmuxeHus yenu codep-
JKaHUe 3muneHamnuKons 8 B0OHOM pacmeope, 8 3asucumocmu om 2nybuHb! mpaHweu Ans yknadku kabens. [peumywecmeo npednazaemoll
MEXHOMO2UU NO CPABHEHUID C UCNOMb3YeMbIMU 8 HACMOSILEE BPEMS 3aKITHOYaeMCs 8 803MOXHOCMU 3aujuLams He MosbKo Kabenu, npo-
JIOKEHHbIE 8 CEUMebHbIX 30Hax, HO U borbLIUe MazucmparbHble y4acmKu KaberbHbIX UHUL C8a3U, NPOX0dAWUE Yepe3 30HbI MOpPO3060U-
HO20 pacmpeckusaHusi epyHmos. Pesynbmame| 3KcnepumeHmanbHbix UccedosaHull Ha OnbIMHOM y4acmke npoknadku kabens nokasanu
docmamoyHyto cmeneHb HadexHocmu npednazaeMoli mexHomoeuu. B meveHue namu nem HabmodeHul Ha ONbIMHOM y4acmke nospexoe-
Hull kabensi He bb110, Xomsi MOp0o3060UiHbIE MPEWUHbI NOSIBNISLUCH 8 OCEHHE-3UMHUL NEPUOO Pe2ysispHO.

Kntoyesblie criosa:
lopenasi nopoda, 3awuma, kabernb, Mep3nbili 2pyHM, Kpuocghepa, Mopo3060LiHbIe MPeujUHbl, HaBeXHOCMb, CNOCOB, SMUTEH2TUKONb.
BeepeHue HSIOT CTPOMTENBCTBO M IKCIUIYaTalUK HHXKEHEPHBIX

3alUTa MHKCHEPHBIX COOPYXKEHHH OT KpHOreHHpIX  OOBEKTOB KAK Ha3eMHOIO, TaK W MOJ3EMHOTO pasMeliie-

BO3ICHCTBUI SBISETCS aKTyalbHOH TPOOTEMON JUIst
KPHOJNTO30HBL. Takue KpUOTEHHBIE SBICHHS U MPOLECCHI,
KaK MpOTpeccupyomee OTTauBaHue MOPOJ, COMMIIOK-
¥s, KaBepHOOOpa3oBaHWE, IyYECHHE TPYHTOB, MOPO30-
0oifHOE pacTpecKUBaHUE IPYHTOB, CYLIECTBEHHO OCIIOX-
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Hust [1-5]. Ocoboe MecTo 3aHUMAIOT MOA3CMHBIC JIMHEH-
HBbIE COOPYXCHHUS: ra30-u He(TEmpOBOIbI, CUIOBBIC Ka-
Oenu, kabenau CBA3M, MOCKOJBKY OTHOCATCS K BaKHBIM
XO3SICTBEHHBIM 00BhEKTaM, 00ECTICUMBAIOIIIM HAJIEKHOE
(YHKIMOHHPOBAHHE APYTUX CTPATETHUECKU M KOHOMH-
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YeCKM BAXHBIX MPOMBIIUICHHBIX Tpeanpusatuii. Hcce-
JIOBAaHUSAM M Pa3pabOTKe METOJOB M CHOCOOOB 3aIlUThI
TO/I3EMHBIX JIMHEHHBIX COOPYKEHHH OT KPHOTEHHBIX
BO3JCHCTBUI YIENSIETCSA JOCTATOYHO OONBIIOe BHUMAHHE
B Hay4YHOM M MH)KeHepHOM coobmecTsax [6—13]. Haubo-
Jiee MHAPOKO MPUMEHSIONIMMUCS CIIOCO0aMU TpaHIICHHOMN
yKIaaKu Kabenei B AeATENBHOM CIOE MEp3JIBIX TPYHTOB
SBIAIOTCS CHOCOOBI, PEKOMEHIOBAHHBIC HOPMATHBHBIM
nokymenTamu Muncssisu PO [14, 15]. CornacuHo pexko-
MEH/IAIIMSIM, HEMOCPEICTBECHHAS 3alluTa KaOels JOIKHA
OCYIIECTBIATHCA YACTHYHOH 3aMEHOH ECTECTBEHHOTO
TPyHTa B TpaHIIee. A UMEHHO, NPEIBAPHTENBHO, 0 U
T0CTIe YKIAJKU KaOels B TpaHIIelo, B Hell yCTpauBaroTCs
HIWKHUH (MOCTeNb) M BEpPXHHUH (3aChIIKa) CIIOU U3 TMECKa,
YKPBIBAKONIHE Kabelb ¢ ABYX CTOpOH. [IpudeM moctens u
3aChIlKa JenaeTca TolamuHod He Menee 0,1 M. 3arem
TPAHIICI0 3aCHINAIOT BHIHYTHIM pAHEE ECTECTBEHHBIM
rpyatoM. [lpemnaraemsiid croco0 ykmaaku kabened 00-
JaJaeT PsIOM HEOCTaTKOB, KOTOPBIC CHIKAIOT YPOBEHD
HAJI©KHOCTH JKCIUTyaTallMi JUHUHA CBS3U MPH HATUYUAH
KPHOTEHHBIX MporieccoB. Hanbonee cymiecTBEHHBIM 13
HUX SIBISIETCS YBIQKHEHHE 3aCHITKH 32 CYET POHUKAHAS
TIOBEPXHOCTHBIX BOJ B TEPUOJ JOXKACH M TasHHS CHEra.
[lpy yBIaXHEHWH TOCTENH W 3aCHIIKH, IECYAHHCTHIC
TPYHTB KOTOPBIX O00NAJAlOT BBHICOKMMH (DHIBTPAIHOH-
HBIMH XapaKTePHCTUKAMH, M MPOMEP3aHUN B OCCHHUN
3UMHAN TEPUOIB MPOMCXOAUT MPOYHOE CMEp3aHhe Ka-
Oenst ¢ okpyaromuM rpyHToM. [lpn mosBiIeHHN Ha Ta-
KOM TMEPEYBIAKHEHHOM Y9acTKe MOPO30OOHHBIX TPEIIHH,
[1yOMHA KOTOPHIX JOCTUTAET HECKONBKHX METPOB, a IIH-
pHHA PACKPHITHS Y TIOBEPXHOCTH 3€MIIH JECATKOB CAHTH-
METpOB, BBUIY TOTO, YTO Kabenb HE NMEET BO3MOKHOCTH
cBOOOIHO MEPEMEIIATECS B TPYHTE, IPOUCXOIAT TONHBIE
WIA YaCTUYHBIC PAa3pbIBbI 1<a6en51. BC}IOMCTBCHHLIG HH-
CTPYKIMH ¥ PEKOMEH/IALMH 110 CTPOUTENLCTBY M DKCILTY-
aTanuy KaOenbHBIX JIMHAK CBS3W B JCATEIHHOM CIIOE
KPHOJUTO30HB PEKOMEHAYIOT B Ka9eCTBE 3aIIUTHOM Me-
PBI HCTIONB30BATh JIOTIOJTHUTEIBHYH0 00MOTKY Kabens He-
CKOJIbKMMH CJIOSIMH MOJMATHIEHOBOM mieHku. [Ipu aTom
IJId TOBBILICHUA HAACKHOCTH MCXKAY CI0AMHU IINICHKH
peKOMEHIyeTcs pa3MeInaTh He3aMep3aloliie CMa3KH,
Hanpumep BAM-3, IUATHUM-201, nuin apyrue aHao-
TUYHBIC TIACTHHYATBIC cMa3ku [15]. OToT cmoco0, kak
MOKa3bIBAKOT PE3YJIbTAThI J'Ia60paT0pHI>IX " IIOJIEBBIX HC-
TBITAHUH, TOCTATOYHO HAIEKEH, HO TPYHOEMOK H CIIO-
KeH B TIPaKTHUeCKOl peammsanuu. Kpome toro, oH Tpe-
OyeT CyIIeCTBEHHBIX TPYAOBBIX M JKOHOMHYECKHX 3aTpar,
0COOCHHO TPH MPOKIIA/KE Ha MArHCTPATbHBIX YUaCTKaX B
MOJIEBLIX YCJIOBUAX, BHE CCHI/ITC6HLIX 30H, I'’I€ AJIMHA MO-
PO3000HHBIX y4aCTKOB TPYHTOB M3MEPSIETCS KHIOMETpa-
mu. OJfHAKO B Mpeenax CeNUTeOHbIX 30H M UL 3alllHThI
MY(TOBBIX COCAMHEHHH, HANOOIEE TTOABEPIKCHHBIX Hera-
TABHOMY BJIMAHUIO KPHUOTCHHBIX IIPOLIECCOB, JlaHHBIﬁ
croco6 0cTaTodHo 3PHEKTUBEH U HAJICKEH.

[TomoOHAas TEXHOJOTHS 3aIIUTEl My(TOBBIX COEIHHE-
HUH C HMCIOJNB30BAHMEM HE3aMEP3AIOIIUX CMa30K, SBIIS-
fomascs 6oJee pauoOHANBHOM, COCTOUT B TOM, 4TO 00pa-
OaTbIBacTCA HE cama My(Ta W HeOONbIIAS YacTb NpHIC-
Trajomero K Hel kabens, a OKPyXarolui ux rpyHr. B
YaCTHOCTH, 3aCHIITHON IPYHT, KOTOPHIH HEMOCPEICTBEHHO
IpHUIETaeT K My(QTe, CMEIIMBAIOT B PAaBHBIX 00BEMax ¢
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IVIACTHHYATON CMa3Kod (Hampumep, He3aMep3aromei
cMaskoil Tma BAM-3). 3ateM My(QTy YKpBIBAarOT 3TOH
CMEChI0 IUIOTHBIM CJOEM Ha 4-5 CM CO BCEX CTOPOH.
B nanpHeiiniem TpaHIIE0 3acCHIMAIOT paHEe BBIHYTHIM
Pa3PBIXJICHHBIM TPYHTOM U TIPH HEOOXOIUMOCTH TpaM-
OyroT. DTO 3HAYUTENBHO YJACIIEBISET TEXHOIOTHIO U
CHIJKAET B IIEJIOM TPYIOEMKOCTh IIpoIlecca YKIAIKH Ka-
Oenst. Ho, XK coalleHHIO, MCIOJIB30BaTh JAHHBIN CII0CO0
HEBO3MOKHO IIPH IPOKIanKe Kabemedl Ha MarmcTpalb-
HBIX YYaCcTKaxX BHE CEITUTCOHBIX 30H.

Lenvio HacToALIEH PabOTHI SBILIOCH 0OOCHOBAHUE U
pa3paboTka HOBOM 3KOHOMHYHOW TEXHOJIOTHH MPOKIIAIKH
Kaberne B IeATENBHOM CII0€ KPHOJUTO30HB, HA YYACTKAX
TIO/IBEPKEHHBIX MOP03000IHOMY (KpHOTEHHOMY) pacTpec-
kuBaHut0. OCHOBHAS WIS COCTOUT B TOM, YTO B TPaIHIIH-
OHHOH TEXHOJIOTHH YKJIAIKH KaOems, peKOMCHIOBAHHOM
BEJOMCTBCHHBIMH HOPMATHBHBIMH HHCTPYKIHAMH, 4acTb
€CTECTBEHHOTO TPYHTA NEATEIBHOTO CJIOS 3aMEHSETCS 0~
pomoOW ¢ BBICOKHMH THAPO(HUIBHBIMA  CBOWCTBAMH
(HampuMep, HCTONB3YIOT TOpeNble MOPOABI), KOTOPYIO
TPEIBAPUTEIIHHO M TPSIMO B TPAHIIEE MPOIUTHIBAIOT He-
3aMep3afoNIell JKUIKOCTHI0, HATPEMEP DPacTBOPOM OTH-
JICHTJTHKONS ¢ KOHIEHTpaluel, o0eceunBaromer Tanoe
COCTOSIHHE TPYHTa Ha 3aaHHOM Ty6uHe [16].

Memoo. JIns ycremHon peanus3aliil TEXHONOTHU Ha
TpaKkTUKe He0OXOAMMO 00ECTIEUHTh Tal0e COCTOSHHE TO-
PeJBIX TOpPOJ, TPOMHUTAHHBIX He3aMep3aromeil >KHuaKo-
CTBIO, B TEUCHHE BCero 3uMHero mepuoma. [losromy
TJIaBHBIM PAaCUYETHBIM TIOKa3aTeneM /sl JOCTHKEHHUS Iie-
T SBJSAETCS MPOLEHTHOE COJEpKaHUe STHICHTIMKONS B
BOIHOM pactBope. CofepiKaHue THICHITHKONS H0JIKHO
OBITH PaBHO WM BBIMIE TAKOTO 3HAYCHHUS, YTOOB MUHH-
MaJbHAs TEMIIepaTypa MOpOA B OCCHHE-3UMHHI HEPUOT
roja Ha jHe KoToBana (tpanieu) 7(h) Obuta paBHa HIH
BBIIIE TEMIEPaTypbl 3aMep3aHs BOJHOTO pPacTBOpa
HaCHIIAIOMEeH KUAKOCTH [, TO €CTh BBIONHANOCH YCIIO0-
Bue T<T(h).

Briin mpoBezeHbl crnienuanbHble Tab0paTOPHBIE HC-
CIIe/IOBaHUs, B Pe3yNbTaTe KOTOPHIX YCTaHOBIIEHO, YTO
3aBUCUMOCTb MCKAY MPOLCHTHBIM COACPKAHUEM OTH-
neHrnaukons B BogHoM pactBope (IT) m Temmeparypoit
(T, °C), mpu KOTOpOH BOAHBIA PACTBOp HE 3aMEp3aer,
UMEET TPOCTO JTIMHENHBINA BUJT:

M=1[20-16%T]| 1)
rae 1,6(%/°C) u 2,0(%) — ko3dduImeHTsl, NoTydeHHbIE
¥3 OIIBITA.

OxumaeMyro TeMIepaTypy TPYHTa Ha JHE TpaHIICH
(koTIOBaHA) B CaMbIii XOJOJHBIM MEPHOJ T0Ja MOXKHO
OTpENeNUTh TI0 U3BECTHON B MHKECHEPHOM MEP3TIOTOBE-
neHun 3aBucumoctH [17]:

T(h) =ty — Agexp(=D), )

D = hywars ©)

e to — cpeiHss rofoBas TeMmieparypa Bo3nyxa,’C; t,—
TeMmrepaTypa Bo3yxa B TEpHOJ caMOil XOJNOAHOW MATH-
nueBkH B roay, °C; A,=abs(ty—tn) — amIuuTya cpeaHux
3HaueHuit Temmeparypsl, °C; h — riy6una Tpanmien (kot-
JIOBaHa), M; @ — TEMIEPaTypOIPOBOAHOCTh 3aCHIITHOTO
TPYHTa, M /4.; T( — HEPUOL OT CEPEAMHBI HIOTS JI0 Hayana
CaMO¥ XOJIOJIHOW MATUTHEBKH B TO1TY, Y.
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Bxogsuine B (popmysisl 3HaueHus: mapamerpos (ty) u
(to) It KOHKPETHOH MECTHOCTH MOYKHO HAWTH Ha CIIe-
IUATBHBIX CalTax MOTOABI, HANPHMEP THCMETE0, WIH
B34Th U3 crpaBoyHuKa [18].

O6weunsis 3asucumoct (1)—(3), HECTOXHO mMONY-
9UTh (OPMYTy NS HAXOMKICHHS ONTHMAIBHOTO MpO-
IIEHTHOTO COJICPKAHHS STIVICHINKOIS B BOTHOM pac-
TBOpE, KOTOpPOE O0ECIEUNT KPYIIOTOAMIHOE TAJIOE CO-
CTOSHHE TPYHTOBOH TIOCTENM M 3aCHIIKM HA 3aJ[aHHOH
rnybuHe:

1 > 1,6[—ty+(ty — t, )exp(=D)] — 2. 4
Obcyacoenue. Tlo dopmyne (4) ObUTH TPOBEIECHBI

MHOTOBAPHAHTHBIE PACYEThI, KOTOPbIE MPEACTABICHBI B
Buzie 3D rpaduka Ha prucyHKe.

n,%

25 0.4

Pucynox. OnmumanvHas KOHYeHmMpayus 600HO20 pacmeopa
OMUJICH2IUKOJIA 6 3dsucumocmu om 2ﬂy6qul npo-
K1aoku kabens

Figure. Optimal concentration of aqueous solution of ethy-
lene glycol depending on cabling depth

W3 rpaduka Ha pUCyHKE BHAHO, YTO OCHOBHBIM OIIpe-
JIETSIONIM TIapaMETPOM SIBISETCS CPEAHAS 3UMHSAS TeM-
nepaTypa BO3AyXa B pailOHE CTPOUTENbCTBA JIMHEWHBIX
COOpYXeHHH cBA3W. [NyOMHA TpaHNIeW BIMSET HA KO-
HEYHBIH pe3yJbTar Tolbko B auamasone 0,4-0,7 m, T. e.
IpH HeryOOKOM 3aloxkeHnH Kadensd. 310 00BACHACTCS
TEIUIOBOW MHEPIMOHHOCTHIO MEP3JIOT0 TPYHTOBOTO Mac-
CHBA, JICATENbHBIA CIIOM KOTOPOr0 B KPUOIUTO30HE MHO-
T/ He TpeBhImaeT oxHoro merpa [19, 20].

JUis npuMepa U INOSCHEHHS CYLIHOCTH HOBOM TEXHO-
JIOTHUH PAcCMOTPUM YKIAJKy Kabens B JEATENBHOM CII0e
JUCTIEPCHOTO MEP3JIOr0 TPYHTA, MOJBEPKEHHOTO KPUO-
TCHHOMY Tpolleccy ¢ 00pa3oBaHHEM MOPO3000HHBIX
TpeluH. Bo3bMEM B KauecTBE HCXOIHBIX XapaKTepHble
IUI1  YCNOBHM KpHOJMTO30HBI JaHHble: th=—10,4 °C;
t:=—55 °C; 7=4320 u; a=4-10"° Mz/q; h=1,20 m. Ucmomns-
3ys dopmyny (4), HaiilnéM, 4TO HEOOXOMUMOE IS JIO-
CTIDKEHUS LN COJePKaHUe JTHJICHTIMKONS B BOJHOM
pacTBope JODKHO cocTaBnaTh okono 20 %. B xawectBe
3aCHINKA MOHO HCIIONB30BATh JTIOOBIE THAPOQIIIBHEIE
TOpHBIC TIOPOJIBI, OONIAJAI0NINE PA3BUTON KAIMILISPHON
CTPYKTYpOH, HampHMep aleBPOIUTHL, TY(bI, H3BECTHIKH
U T.I. B To e Bpems Hall MpakTH4ECKUil ONBIT MOKa3bl-

BAET, YTO HanOoee PALIMOHANBHBIM (C TEXHOJNOTHYECKON
¥ S9KOHOMUYECKON TOUKU 3PEHHs) ABIIETCS MCIOIB30Ba-
HHUE TIPUPOIHBIX ITTHEKeH (TTIMHBI €CTECTBEHHO JKKCHEIE).
WHorna ux onpenensoT Kak ropensle NOpoAbl WM rope-
smkd. OTaenbHble PA3HOBUIHOCTH 3THX TIOPOJ SABIISIOTCS
TUApOGUIBHBIMU U 007a1al0T XOPOIIO Pa3BUTON Kamui-
JApHOH CTpyKTypoi. JlabopaTopHble HMCCIeI0BAHUS OT-
JeJbHBIX BUJIOB IOPEJIbIX MOPOA MOKa3alu, 4To UX BOJO-
HACHIICHIE B HACHITHOM COCTOSHHH IO 00BEMY TOCTH-
raet 40% u Gonee (ObUTM KCCIENOBAHBI JIETKHUE TIHEKU
13 KunbasMCKOro MeCTOpOXXIEHHS, Paclo0okEeHHOTO B
nentpanpHoM paiione PC(f)). Ha npaktuke HoBas Tex-
HOJIOTHS YKJIaJIKu KaOens ObLia peainu3oBaHa HA OIIBIT-
HOM Yy4YacTKe, IJie MOCTOSHHO IPOUCXOAMIH aBapuu C
pa3pbIBOM Kabels BCIeICTBUE MOPO3000HHOTO pacTpec-
KUBaHUA IpyHTa. Ha nHe Tpanmen (rmy6una 1,2 M) Obina
CIeTaHa TOCTENb M3 TOPEbIX TTOPO. TOMMUHOKA TIPHOIH-
sutenbHo 10 cm. [loToM B TpaHImewo yKIamslBancs Ka-
0enb, 1 MPOU3BOIWIIACH 3aCHITIKA TPAHIIEH (Ha TAKyIO XKe
TOJIIHMHY) CIOEM TOpEJbIX MOPOA. 3aTeM METOAOM Ipsi-
MOT0 MONHBA HEMOCPEACTBEHHO B TPAHILEE MPOMUTHIBAIH
ropesble HOopoJbl MOATOTOBIEHHBIM 3apaHee He3aMep3a-
IONIM BOJHBIM pacTBOpoM ¢ 20%-M copepxaHueM 3TH-
neHraukons. CTeneHb BIArOHACHIIEHUS TOPENBIX T0pPOJ
(uKkcupoBanach BU3YalIbHO: 0 MOSBICHUS CIOS XKHUIKO-
CTH Ha IMOBEPXHOCTH ropeislx nopoA. IlpeaBapurenbHo
BEHITIONHEHHEIE J1a00paTOPHBIE HCCIEIOBAHMS MOKA3aIIH,
YTO CKOPOCTh KaIWJUIAPHOTO BCACHIBAHUS TOPENBIMU IO-
pOZaMH BOJHOTO PacTBOpa STUIEHTIMKONSA HOCTATOYHO
BBICOKAsT MHpHU JI000H KOHIEHTpAalMM pacTBopa U HeE
JOJKHA BIUATH HA TEXHOJNOTMYHOCTb MpOLiEcca Ha Mpak-
THKE TIPH MPOBENCHUH CTPOUTENBHBIX pabdoT. ITo mon-
TBEpPIUIOCH NPH NPOBEAEHUH HATYpPHOTO JKCIEPUMEHTa
Ha ONBITHOM y4dacTke. Ha yBiIakHEHHBIN CII0M TOpensix
HOPOJ 3aChIlalM €CTECTBEHHBIM TIPYHT, BBIHYTBIA IIpH
MOJArOTOBKE TPAHILIEH, KOTOPBIM MOCIE YKIAJAKA MOCIOM-
HO YIUIOTHSITH C TIOMOIIBIO BHOpaTopa. B oTmenbHEIX Me-
CTaX OIBITHOTO YYacTKa, IJIe 0KUAATUCH OOJbIINE BOXO-
NPUTOKH B JIETHEE BPeMs, MEXAY IOPOJHBIM CIOEM
THeXeH U TPYHTOM HPOKIAJbIBANACH HOJMITHICHOBAS
wieHKa. HaOmropeHns, KoTopblie MPOBOAWINCH B TEUCHHE
IATHU JIET, MOKAa3alld, YTO, HECMOTPS Ha MOSABJIEHHUE IIYy-
OOKMX MOPO300OHHBIX TpeluH (TTyOHHOI 10 2 M ¢ IIH-
puHON packpsiTust 10 10 cM), moBpexaeHHUI Kabens He
ObLT0. MeXaHM3M 3aIUTHI OJ3EMHBIX KaOETbHbIX THHUH
OT KPHUOTEHHBIX BO3JCHCTBUI Peann3yercsd CIeAyOLM
o0pazom. 3a cder Toro, 4To BOKpYT Kabens oOpasyercs
30Ha HE3aMep3aloLIMX MOPOJ, CMEp3aHus Kabems ¢ TpyH-
TOBOH MOCTENbIO W 3aCHINKOM HE TPOMCXOUT. ITO 0bec-
TIEYMBAET OTCYTCTBUE PACTATMBAIONINX HANPSIKCHUH Ha
TIOBEPXHOCTH Kabels TIpH MPOXOXKACHIN MOPO3000IHHOM
TPEIHBI U, COOTBETCTBEHHO, €0 MOJIHYIO COXPAHHOCTb.
[To cpaBHeHWIO C TpaJUIMOHHO TPUMEHAEMBIMH Ha
TMPaKTHKe Coco0aMu 3aluThl Kabenei mpy TpaHieiHon
NPOKIaJKe B KPHOJUTO30HE JaHHAs TEXHONOrHs Oonee
HaJexHa 1 skoHoMuyuHa. [Ipexne Bcero, 3To 00ycrnoBie-
HO HH3KOH, MO CPaBHEHMIO C LICHOH PEKOMEHIyeMbIX
CMa30K, CTOMMOCTBIO 3TWICHTIHKON. OneHKa Mmokasana,
YTO CTOMMOCTH CMA30K HOYTH HA MOPSIOK BBINIE CTOH-
MOCTH YHCTOTO 3TUJIEHIJHUKONSL. YUYHUTBIBAS, YTO CMA3KU
PEKOMEH[IyeTCsl HCIIOb30BaTh B COOTHOLIEHMM OJUH K
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OJTHOMY C TPYHTOM, @ TOCTATOYHAS JUIA AOCTIDKCHUS Iie-
7Y KOHLEHTpalLys STWIEHITIUKONA He mpesblaetr 25 %,
SKOHOMHUYECKas 3(Q(PEKTHBHOCTD TPEIIaraeMoi TEXHO-
JIOTHH CTAaHOBHTCS OYEBHIHON. BaKHBIM 3meMeHTOM HO-
BOU TEXHOJIOTHH SIBIIETCS TO, YTO, KaK MOKA3aIH PE3yJIb-
TaThl CHIELMANBHBIX JTa0OPaTOPHBIX UCCIENOBaHUH, pac-
TBOP STHICHIIHKONS JOCTATOYHO HAMIEKHO «3aKpPEIIIIeT-
Cs» B TIOPaxX U KAIWULIPAX TOPEIBIX TIOPOJT M HE «BEIMEI-
BACTCA» C TEUCHHEM BPEMEHH, JaKe MOCIE BO3MOXKHBIX
¢a3oBeIx mpeBpaiieHuil. To ecTb TEXHOJOTHIO MOXKHO
CUUTATh SKOJOTHICCKU YHCTON U UCTOIB30BATh KaK B Ce-
TUTEOHBIX 30HaX, TAK U MONEBHIX paioHax.

3aknroyeHue

[Ipoananm3npoBaHsl OCHOBHBIE 0COOCHHOCTH TEXHOIO-
TUH TOJ3EMHON YKIaAKuW KaOernel B JeATENbHOM CJoe
MHOTOJIETHEMEP3MBIX TPyHTOB. [10Ka3aHO, YTO OCHOBHBIM
(akTOpOM, HETATUBHO BIMAIOIIMM HA HAJEKHOCTh Ka-
OCJBHBIX JIMHUN CBA3W, SABJAETCA OOpa30OBAHHE MOPO30-
OOMHBIX TPELIMH B IEATENHHOM CJIOE TPYHTA B OCCHHHIL
Hepuoj. JTOT TpOllecc NPUBOAMT K MOBPEKACHHIO 000-
JIOUKH, a 3a4acTyl0 U K MOJHOMY paspylIeHus kabens u
HEoOXOIMMOCTH €ro 3aMeHbl Ha OOJbIINX y4yacTkax. Pac-
CMOTPEHB ¥ TIPOAHAIM3UPOBAHEl OCHOBHBIE CIOCOOBI
00pBOBI ¢ MOPO300OHHBIM PACTPECKUBAHIEM IPYHTOB, KO-
TOPBIC PEKOMEHIYIOTCS BEJOMCTBCHHBIMH HHCTPYKIHUSIMU
ISl CHUXKEHUS BIUSHUS MOPO300OHHOTO PacTpeCKUBAHHUS
TPYHTOB Ha HAJIC)KHOCTh JKCILUTYaTAIlMH JHHHUI CBSA3U MPHU
TIOJI3EMHON MPOKIIajiKe kabenel. YcTaHOBIEHO, YTO TIpH-
MEHsSIeMbIE CIIOCO0BI JTMO0 MaT03((EKTHBHEI, JHOO KO-
HOMHUYECKU 3aTpatHble. [IpeanoskeHa HOBas TEXHOJOTH,
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The relevance of the research is caused by the need to develop natural resources and expand the residential areas of the arctic regions of
the Russian Federation. The development of these territories in the permafrost zone is complicated by the negative influence of cryogenic
processes on the construction and operation of linear engineering structures, in particular, on the underground laying of cable communica-
tion lines.

The main aim of the research is to substantiate and develop a new technology for underground laying of cable communication lines that
minimizes the impact of negative cryogenic processes, in particular, frost cracking of soils, on the reliability of operation, without significant in-
crease in complexity of laying cables on the main and residential areas.

Objects: trunk and residential sections of underground cable lines during construction and operation.

Methods: analytical calculations of the temperature regime of frozen soils in order to select the optimal concentration of an aqueous solu-
tion of ethylene glycol to create an artificial protective soil zone around the cable; laboratory studies of the slopes of the Kildyamskoe field
to assess the feasibility of their use as a protective rock zone around the cable.

Results. The main features of laying cable communication lines in the permafrost zone are analyzed. It was established that the main fac-
tor negatively affecting the reliability of cable communication is cryogenic processes. In particular, frost cracking of the soil of the active
layer, which leads to rupture of the cables. The main methods of combating frost cracking of soils to protect cables are reviewed and ana-
lyzed. It is established that the methods used are either ineffective or economically costly. A new technology of underground laying is pro-
posed that increases the reliability of cable communication lines in the permafrost zone. The essence of the new technology is that during
cable laying, a part of the natural soil is replaced with hydrophilic rock, which is pre-saturated preliminary or directly in the trench with an
ice-free aqueous solution of ethylene glycol. A formula is obtained for the optimal concentration of an aqueous solution of ethylene glycol
depending on the depth of the cable. The advantage of the proposed technology for underground cable laying is that it becomes possible
to protect large linear sections of soil that are subjected to frost cracking.

Key words:
Burned rocks, protection, cable, frozen soil, cryosphere, frost cracks, reliability, method, ethylene glycol.
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