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Abstract. The article discusses strengthening bridges using composite materials at extreme low temperatures.

Provides the results some experimental studies FRP strengthened concrete samples at low temperatures.

BBenenme. B HacTosiiee Bpemsi Uil YCHIICHHSI JKeJIe300€TOHHBIX MOCTOB HIMPOKO HCIOJIB3YIOTCS
KOMIIO3HUTHBIC MaTtepualbl. COBpeMeHHaSI TCXHOJIOTUA YCUJICHUA )Keﬂe306€TOHHBIX KOHCprKHHﬁ
KOMIIO3UTHBIMH MaTepuajaMH HMeeT PaclpoCTpaHeHHe, Kak 3a pyOexoM, Tak u B Poccuiickoit denepanum.
OnHako, NMPUMEHHMOCTh TEXHOJOTHH B YCIOBHAX OSKCTPEMalbHO HHU3KHX TEMIIEpaTyp, paHee He Oblia
JOCTaTOYHO IIyOOKO M3YyYeHA U B IPAKTHKE YCUIICHUS JKeJIe3006TOHHBIX KOHCTPYKIIMH MOCTOBBIX COOPYKCHUI
KOMIIO3UTHBIMH MaTepHallaMd HeT JOCTOBEPHBIX IaHHBIX O paboTe ITaHHOW TEXHOJOTHMH B YCIOBHAX
3KCTPEMaJIbHO HU3KUX TEMIIEpATYp.

I-1 nopoxHO-KIMMaTH4ecKas 30Ha, Ha KOTOPOH pacmoioxkeHa Ooiblras miomans Pecrmy6nukxu Caxa
(SxyTHs), XapakTepu3yeTcs CypOBBIMH KIIMMAaTHUECKHMH YCIOBHsIMU. B pecryOnunke «xoporiee» TeXHHYeCKoe
COCTOSIHHE HMEIOT JUImb 9 % >Kene300eTOHHBIX MOCTOB, 3alPOCKTHPOBAHHBIC HAa HArpy3kd, KOTOpBIC HE
COOTBETCTBYeT coBpeMeHHBIM TpeboBarmsaM (AK-14, HK-14) [1]. [lpuanMas Bo BHUMaHWE NaHHBIA (akT, a
TaKXKe YYHUTHIBas CypOBBIC KIMMAaTHYECKHE YCIOBHS DKCIUTyaTallMH MOCTOB SIKyTHH, aKTyaJbHBIM BOIPOCOM
SBJISICTCSL M3YYCHNUE TEXHOJOTMU YCWICHUS KOMIIO3HTHBIMH MaTepHallaMU B YCIOBHSAX KCTPEMaJbHO HU3KHX
TeMIepaTyp.

Lenpto pabOTHI ABISIETCS M3Y4YEHHE M COBEPIICHCTBOBAHHE TEXHOJIOTMH YCWICHHS JKeIe300€TOHHBIX
KOHCTPYKLIMI KOMIIO3UTHBIMH MaTepuajlaMH | €€ aJIalTalys K YCIOBUSM HU3KUX TEMIeparyp.

Marepuajbl M MeTOAbI HccCIedoBaHHMs. B pamkax wuccieqoBaHHs BeleTCS MOHHTOPHHT
JeHCTBUTENBHON pabOThl CHUCTEMBI YCHJICHHMsS KOMIIO3MTHBIMH MaTephajaMH Ha MocTy depe3 p. IIpotoxka,
BKJIIOYAIOIMKA B ceOs u3ydyeHHe (M3MYECKOTO M HANPSKEHHO-AS(POPMHPOBAHHOIO COCTOSHHS IPOJIETHBIX
CTPOCHHH, OOCIICOBAHUS COOPY)KCHHs, aHAJIM3 HM3MEHEHUS TI'PY30NOJBEMHOCTH MOCTA, MHCTPYMEHTAJbHBIE

N3MEPEHUA U IPOBEPKY BHEIIHETO BU1a CUCTEMBI YCUIICHUA.
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PesynbTaThl SKCIIEPUMEHTAIBHBIX HCCIEA0BAHUHN 3()(EKTHBHOCTH YCHJIEHUsS 00pasloB HpH JAeHCTBUH
OTpHLATENBHBIX TeMreparyp, nposefaeHHelx B «KPOCIJOPHUN» B 2011 rogy mokasanu, 4TO MOPO30CTOHKOCTh
CUCTEMBI YCHWJICHHUS TaKas, YTO NPUMEHEHNE YCHICHHS C MCIIOJIh30BAHNEM TKaHEH ¢ yIIIEpOAHBIMH BOJIOKHAMH
BO3MOXXHO B CTPOHUTEIbHO-KJIMMaTH4Yeckux parioHax ot Il mo V [2]. Crmemyer OTMETHTh, YTO 0OJACTh
NPUMEHEHNSI TEXHOJIOTHH YCHWJICHHS C HCIIOJIF30BAaHMEM JIEHT M XOJICTOB OTPaHMYEHA II0 XapaKTePHCTHKAM
KJIEEBOTO COCTaBa, WCIIOJIB3YeMOTr0 /I TIPUKICHBAHUS KOMIIO3UTHOTO MaTepHaja Ha YCHINBAEMYIO
KOHCTPYKIIMIO, @ IMEHHO: Ha TEPPUTOPHUIX C MUHHUMAJILHON CpeHECYTOYHOM TeMIIepaTypoil Bo3ayxa Hanboiee
XOJIOAHBIX CYTOK (B 3UMHUH nepuo) ¢ odecrnedeHHocTrIo 0,95 He Himke -40 °C [3]. CpeqHee 3HaYCHHE JaHHOTO
nokasaTens 1o paioHaM fxytuu cocrasnser -60,2 °C. [4] [ng paliloHOB C CYpOBBIM KJIMMAaTOM BO3MOXHOCTb
IPUMEHEHHNS HAKJIEUBAaEMbIX XOJICTOB JOJKHA OBITH MMOATBEPIKICHA ONBITHBIMU pabOTaMU.

ITomoOusle sxcmepuMenTsl npoBogmauck B CIYIIC coBmectHo ¢ CB®Y, mox pykoBOACTBOM
npopekropa CI'VIIC no Hayunoit padote C.A. Bokapesa, 1.T.H., mpodeccopa. Pe3ynbraTsl 3TUX SKCIICPUMEHTOB
MOKa3ajd, YTO TPOYHOCTh YCHJEHHBIX O0pa3loB Tocie 12 IUKIOB MONEPEMEHHOTO 3aMOpaXKUBaHUS U
orramBaHus He m3MeHWIachk. [3] K aTuMm sxe BeBogam mpuxonsar uccienoBatenu P. Burke, L.A. Bisby, M.F.
Green VYuuBepcutera Kymnc B Kanazme, yTBepXknaromiye, 4YTO HET KaKHX-THOO 3aMETHBIX HETaTHBHBIX
TIOCIIEACTBUH OT BO3ACHCTBUS HM3KOM TeMIEpaTypbl Ha MPOM3BOAWTEIBHOCTh YCHIICHHUS YIIIEIUIACTHKOM
JKEJe300€TOHHBIX TUTMT C HMCIHOJIb30BAaHWEM JHMOO 3MOKCHIHBIX, JHOO IIEMEHTHBIX aAr€3MBHBIX COCTaBOB [S].
Opnnako, ciexyer oOpaTuTh BHHUMaHue Ha To, urto B ucciegoBanun «POCIHOPHUWN» u skcnepumeHTax
Kanagckux yueHBIX TemmepaTypa 3aMOpaXHBaHUS oOOpa3moB cocraBmsia He Hmxe -36°C u -28 °C
cootBercTBeHHO. B mccnenoBannn CI'YIIC u CB®Y wucnonb3oBaiuchk xeae300eTOHHbIE Oallku pasMepamu
1550x120x220 MM, KOTOpBIe OBUIM MOJBEPTHYTHI IUKJIAM 3aMOPaKMBaHHS W OTTAaMBAHUS B KIMMAaTHYECKOM
Kamepe ¢ 3aMmopakuBaHueM 10 -50 °C B COOTBETCTBHN C METOAWKOH ONpPENEICHUS] MOPO30CTOMKOCTH OETOHHBIX
obpasmoB pasmepamu 100x100x100 mm mo T'OCT 10060.2-95. Takoif MeTon YCKOPEHHBIX KIIMMATHICCKHUX
WCTIBITAaHUN OIPEAEIAeT XapaKTEPUCTHKY MOPO30CTOHKOCTH OCTOHHBIX 00pasloB, HO HE MO3BOJISET MOJIYYHThH
JOCTATOYHO JAHHBIX IS TIOJTHOTO TIPECTaBJICHHSI MOAETH PAOOTHI JKENIE300€TOHHBIX KOHCTPYKIIUH, YCHIICHHBIX
KOMIIO3UTHBIMH MaTepuallaMy, SKCIUTyaTUPYEMBIX B CYPOBBIX KJIMMAaTHYECKHX yCIOBUAX. Taroke Temmeparypa
3aMOpaKMBaHHs O00pa3lloB, B YINOMSHYTBIX OKCIEPHUMEHTaX, HE OXBaThIBAET TEMIIEPATYypPHBIH PEXUM
3KCIUTyaTallud MOCTOBBIX COOPYKEHUH B [-i1 JOPOKHO-KJIIMMATHUECKOM 30HE, B YaCTHOCTH SIKyTUH.

Cremyet OTMETHUTD, YTO BO BCEX NPHUBEACHHBIX BBIIIE SKCIEPUMEHTAX pa3pylIeHUE YCHICHHBIX 00pa3IoB
MIPOMCXOMIIO BCIIEACTBHE OTCIOCHHS KOMIIO3UTHOTO MaTepHana C pa3pylIeHHEM 3alIUTHOrO ciios OeToHa
paboueit apmarypel. C 3THM SIBICHHEM CTOJIKHYJIHCh M ydeHble Mwuumuranckoro yaumBepcutera CIIA mpu
M3y4EHUU YCWJICHHBIX YTJCIUIACTHKOBBIMH KOMIIO3MTaMH OOpas3LloB NpH JEWCTBMM HHU3KHX Temmeparyp. Mx
pe3yJbTaThl IOKA3bIBAIOT, YTO YeM OOJBIIMM KOJWYECTBOM ILMKJIOB 3aMOPAXHMBAaHWS W OTTaHBaHUS
MIO/IBEPTarOTCsl YCHIICHHBIE 00pas3Iibl, TeM OOJIbIIE BO3HUKAET YCTAIOCTHBIX HANPSIKEHUI B 30HE KOHTAaKTa KIe-
0CTOH, 4TO CIIOCOOCTBYET TPEIIUHOOOPa30BaHUIO [6].

MOHUTOPUHT ONBITHOM KOHCTPYKLUH, YCHUJIEHHONH KOMIO3UTHBIMU MaTepuHalaMHd Ha OCHOBE
YIJIEBOJIOKHA, TPOW3BOIMICS B TEUEHHE 4dEThIpeX JieT. PalioH pacmonoxeHuss oO0BbEeKTa HaXOJUTCS B
neHTpanbHOW 4actH PecrmyOmmkm Caxa (SkyTtus) Ha Tepputopun Mukpopaiiona Kanramaccer 'O «[opox
Axyrck» Ha 114079 kM aBTOMOOMIBHON moporu «Ilompe3n k m. Karramaccer». MecTHOCTh XapaKTepHU3yeTcs

CYPOBBIMH KIIMMAaTHYECCKUMHU YCIOBUAMH, XapPaKTECPHBIMU I 1 ,IlOpO)KHO-KJ'IPIMaTPI‘-IeCKOfI 30HBI. CpCHHHH
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TeMIiepaTypa Haubosiee XOJIOJHOW MATHIHEBKM cocTaBisieT -55 °C, cpeqHerogoBas TeMmIepaTypa Bo3ayxa -
10,3 °C, cpemnsisi Temnepatypa siHBaps cocTtaBisieT -40 °C, aOCONMIOTHBIH MHHHMYM TeMIlepaTypbl BO3IyXa -
64°C [2]. MocT mMeeT >kene300€TOHHBIE TaBPOBBIC IMPOJIETHBIE CTPOEHHS IIMHOM 15 M, yCHJIEHHBIE ITyTeM
HaKJIeHKN Ha OOKOBBIE MOBEpXHOCTH 10 HHU3Y pebep jaeHT FibARM Tape-230/300 n nammuuaTtoB Sika Carbodur
S1012.

Bo Bpems MOHWTOpPHHTa MHOTOKpPATHO TMPOBOIWIKMCH oOcienoBaHus Mocta corjacao OJIM 218.3.014-
2011. B 2016 romy mo [JaHHBIM MPOBEACHHOTO OOCICIOBaHHS TIPOM3BENICHA OLCHKA HAPSKCHHO-
nedopmupoBannoro coctostaust (HJC) nmponeTHbIX cTpoeHui MocTa Ha 4-1 TOJT 3KCIUTyaTalluy 1ocjIe yCHIICHHS.
Pacuer BbemonneH ¢ ydetom wu3MeHeHus HJIC, BBI3BaHHOTO BKIIIOYEHHEM IIOJIMMEPHBIX KOMIIO3UTHBIX
matepuanoB (ITKM) B coBMecTHyI0 pabOTy ¢ OCHOBHBIM MATE€pPHAIOM TPOJIETHOTO CTPOCHHUS. Pe3ynbTaThbl
pacyeToB, BBHIMOJHEHHBIX II0 METOAWKE PEKOMEHIOBAHHOW IMPOU3BOIUTENEM HCIIOIB30BAHHBIX KOMITO3UTHBIX
MaTepHajoB, COCTABWIM CIEIYIOIIHE 3HAYCHHS: NpeNeNbHbIA wu3rubarommii MomeHT — 3548,24 xHw,
npenenbHast monepeyuHas cuina — 6873,52 kH. [1o cpaBHeHUIO ¢ TaHHBIMU HECYIEH CTTIOCOOHOCTH 10 YCHIICHUS,
MIPUPOCT TI0 MOTIEPEUHON CHIIe B U3rubaromeMy MoMeHTy coctami 8,08 u 1,4 pa3a cooTBeTcTBEHHO [1].

3akawuenne. [IppuMeHeHNEe TEXHOJIOTHH YCHICHUS KOMIIO3UTHBIMH MaTEpUAIAMHU B CYPOBBIX YCIOBHUIX
Kpaitrero CeBepa, B TOM umcie SIKyTHHM, IMO3BOJIUT OOECHEYUTHh MOCTATOYHBIA YPOBCHb HAACKHOCTH W
0e30MMacHOCTH SKCILTyaTalliid MOCTOBBIX COOpYKeHUH. OMHAKO M3YYeHHOCTh BOIIPOCA HCIOIB30BAHUS CHCTEM
YCHUJICHHSI KOMITO3UTHBIMU MaTepHaNaMH B YCIOBHUSIX 3KCTPEMAaJIbHO HU3KHUX TEMIIEpaTyp HE JaeT JOCTaTOYHBIX
JaHHBIX 00 A(GQEeKTUBHOCTH UX pabOThl, IOCKOJBKY CYIIECTBYIOIIME METOJMKH pacdeTa YCHIICHHBIX
KOHCTPYKLIMII HE YUUTHIBAIOT Takke d((PEKThl KaK HEIMHEHHOCTh Je(OpMUPOBaHUS U HEOJMHAKOBOCTh PabOThI
KeJae300eToHa Ha pacTsDKeHHe W okaThe. B paMkax pa0oOThl MpPEACTOUT TPOBECTH JOMOJHUTENbHbBIE

HCCICO0BAHUA B 9TOM 00JaCTH.
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