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B pabome npeocmasnen noguiii epago-ananumuueckuii Memoo OIUMENbHO20 NPOSHOZUPOBAHUS UBMEHEHUS! 3HAYeHUs
YRpY2020 OMNOpa YniomMHUMenNbHOU pe3uHo60l NPoKIaOKU o MmemnepamypHo-6peMeHHOl aHAN02uL, OCHOBAHHOU HA
nPeonoNoNCeH U, YMO 6HYMPEHHSA BA3KOCIb PE3UHbL YMEHbIUACMCs NPU NOGbIUUEHUY MeMNepamypbl HPONOPYUOHATLHO
HeKOmopoMy Kod(puyuenmy ar, 3agucawemy moivko om memnepamypuvl T, npu komopom ynpyauii omnop 6yoem 6 ar
pa3 meHvuie, uem npu ucxoonou memnepamype Ty Ilpu T =Ty, ar = 1.

Keywords: sealing rubber joints blocks lining the subway, durability, relaxation tests, durability.

This paper presents a new graph-analytical method for long-term forecasting of changes in the values of the elastic
resistance of a rubber gasket on the temperature-time analogy is based on the assumption that the intrinsic viscosity of
the rubber decreases as the temperature rises in proportion to a certain rate of AT, which depends only on the
temperature T at which the elastic resistance aT is a time less than the initial temperature T0. At T = T0, AT = 1.

BBeneHune

[lepBast B Mupe moA3eMHas JKEJE3Hasl J0pOra,
JIBIUKCHHE Ha KOTOpPOW ObuI0 OTKphITO 10 staBapst 1863
r, nosisuiiack B Jlonnone. [lepByro ee TMHUIO BO3BOMIIA
KOMITaHUS MeTtpononuteH (B mepeBojie —
CTONMYHBIH).

W3HauaibHO CTPOUTEIHCTBO METPOIOJINTEHA
OCYIIECTBIISIOCH OTKPBITHIM criocoboM. Ho yxe B 1870
I., TI0 IPOEKTy HMHXeHepa bepnoy, Obul mocTpoeH
MIEPBBI YYaCTOK, COOPYKEHHBIN 3aKPBITHIM CIIOCOO0M
BeZleHHs paboT. s MpoXOoAKW TOHHENS 31eCh OBLT
MpUMEHeH OypoBOH INUT NHIMHIPUIECKOH (OPMEL,
c 00IeNKON W3 YYT'YHHBIX TIOOMHTOB, COOpaHHBIX Ha
pPe3p0OBBIX COCOMHEHUSX. TIOOMHIH MONYYHIH CBOE
Ha3BaHUE OT ciioBa «TOO» (TpyOa). LlmmmHapuueckas

(opmMa TYHHEJENpPOXOAYECKHX IIUTOB, CO3JaHHBIX
B T€ BpEMEHAa UH)XEHEepOM ['pedTxenoM, U cerojHs
IIMPOKO  IMPUMEHSETCS B Pa3IUYHBIX  LIUTOBBIX

MoaudUKaIMAX IIPU TNPOXOAKE TOHHENEH TIIyOOKOTro
3aJI0)KEHHSI.

[lepBble TOMBITKH HCHONB30BATH TIOOMHTH W3
JKene300eToHa ObUTH PEAIPHHATH TOIBKO B KoHIIEe 40-X
ronoB 20 Beka. [IpakTuka nokasana, 4To Ipu OTCYTCTBUU
THAPOCTATHYECKOTO [JABJICHUS TPYHTOBBIX BOJA OHHU
YCHEIIHO 3aMEHsIM aoporocrosiuui 4yyryH. Ilo mepe
COBEpIICHCTBOBAHUS TEXHOJNOTMHM OeToHa 00JacTh
NPUMEHEHHs] JKeJIe300€TOHHOH OOAENKH HEYKJIOHHO
BO3pacTaa. Ha  cerogmsimnuii - neHp  OeToH,
HpHMeHHthlﬁ JUIsT  U3rOTOBJICHHUA )Ke.]'le306eTOHH])lX
TIOOMHIOB, HMMEET II0Ka3aTelb BOJOHENPOHHIAEMOCTH
Ooomee W16, uTO MO3BOJISET MCIONB30BAaThH €ro B
00BO/IHEHHBIX I'PYHTaX IpU BbIcoTe Hanopa 6osiee 100 M.

OmarM w3 cmabbIX  ydacTKoB — cOOpHOMU
KOHCTPYKIIUW TOHHEIEH SBIAETCS MECTO CTHIKA MEXIY
TIOOMHTamMu. B cioydae mNpUMEHEHHS  YyTyHHBIX
TIOOMHTOB CTHIKM 3a4CKaHHWBAIOTCS CBUHIIOM, CTBIKU
JKEJIe300€ TOHHBIX TIOOWHTOB TOPKPETUPYIOTCS
pacTBOPOM Ha OCHOBE 0€3ycaJlouHOro LEMEHTa WIIU
3a4YCKAHUBAKOTCA ClieliMaJIbHbIMHA COoCTaBaMu.
TpagunuoHHO B  KauecTBe TaKuUX  MaTepualioB
UCIIOJIB3YIOTCSI OBICTPOCXBATHIBAIOLIASCS YIUIOTHSIIOIIAs
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CMeCh (BYO) WITH OBICTPOCXBATHIBAIOIIIUIACS
pacumpsitontuiicss  nement  (BPII) Ha  ocHoBe
THIICOTIIMHO3EMHCTBIX PACIIUPSIONINXCS [IEMEHTOB.

B 2010 rony Ha MexayHapoaHoi
KOH(EepeHIIMK, OpraHu30BaHHON  Poccuiickoii  wu
MexayHapoqHOH —accolUalisiIMH  TOHHEJIECTPOCHHS,
W3y4ajcs  ONBIT  MPUMEHCHHWS  HMHHOBAIIMOHHBIX

TEXHOJIOTUH B TOHHEJIECTpOeHHHU. bpu1o oTMeueHo, 4To
Ha CEroJHSIIHHWN JI€Hb BOIPOC TepMETH3ALUHN CTHIKOB
JKeIe300eTOHHOM ~ 00JeNKH,  SBISICTCS  HauOoJjiee
akTyanbHbIM. [locie mpoBeleHUS] THUIPOU3OIALMU Ha
ONIBITHBIX Y4YacTKax TOHHENS MOCKOBCKOIO METpO ¢
[PUMEHEHHEM  pa3JIH4HBIX THAPOHU30JISILIUOHHBIX
CHCTEM, CHELHAIUCTBl NPUIUIM K BBIBOLY, YTO BECbMa
3(G(PEKTUBHO W C HAWMEHBLIMMHU 3aTpaTaMH JaHHYIO
3aJja4y CHOCOOHBI pelaTh WHTErpalbHO-KaWLUISIPHBIE
cuUCTeMbl. B wuTOre TrHIpOM3ONISIMS IIBOB MEXIY
TIOOMHTaMH U repMeTH3anus OOJNTOBBIX COCIUHEHHUN Ha
0JIHOI 13 IMHMH MOCKOBCKOTO METpO ObLia BHIIIOJIHEHA
¢ momouipio Marepuaios Ilenexpura u [lenerpona.

Ho, He cMOTps Ha HOJIy4eHHBIE PE3yJbTaThl,

pPacCMOTpPEHHBIE  CMOCOOBI  TepMETH3alUd  CTHIKOB
UMEIOT OIMH CYIIECTBCHHBIH HENOCTaTOK — OHH HE
CIIOCOOHBI JUINTETBHOE BpeMs BBIJICP)KUBATh

JIMHAMUYECKHE BO3ICHCTBUSI OT IOJBHKHOTO COCTaBa
WA MOABIKKK IPYHTOB. [103TOMY B CTBIKaX TIOOMHIOB
BO3HUKAIOT TPEIIHWHBI, IO KOTOPLIM BOJa IMONAAacT B
TOHHECIIb. 3910 MpUBOAUT K HCO6XOHI/IMOCTI/I
IOCTOSAHHOT'O KOHTPOJIA COCTOSITHUS CTBIKOB )44
MEPHOJMYECKOTO X PEMOHTA.

B KoHLE mOpOHUIOro Beka ObLT MPeIIOKEH
HOBBIIl CIIOCOO TePMETH3alHU CTHIKOB C ITOMOILBIO
YIUTOTHUTEIbHBIX PE3UHOBBIX HPOKIAIOK,
pacroaraeMpIx 110 MepuMeTpy ToOuHra. B pesymnbrare
COCIMHEHMS] TIOOWHIOB  HOBEPXHOCTH  IPOKIAJI0K
IUIOTHO TMPWKHMAIOTCA IOpYyr K JApyry, o0pa3sys
BOJIOHETIPOHHIAEMOE COCIMHEHHE, KOTOpoe He GOoHTCs
JMHAMHYECKUX BO3/CHCTBUIN, TaKk Kak pes3uHa, B
OTJINYHC oT paHee MPUMCHACMBIX MaTtepuaioB,
criocoOHa yIpyro nedopmupoBaThCs. Takoe
YIUIOTHEHHE BKJIIOYAeTCs B paboTy cpasy ¢ MOMEHTa



3aMBIKaHUsIT W HE  TpeOyeT  JOIOJHHUTEIBbHBIX
TPYZ03aTpaT MOCJIe MOHTaXKa 0O IEIIKH.

TpeGOBava K BOOAOHEeNnpoHuuaeMoCTun
06aenkun u K ynnoTHUTenbHbIM NPOKNagkam

B HaCTOALIEC BpEMA MPOTAKECHHOCTD
neperoHHbIX ToHHenell KazaHckoro Merpo cocraBisieT
ceoimie 34 kM. [lo MHenuio aBropoB paGorsl [1]
WH)KCHEPHO-T€OJIOTHYECKUE M I'PaJOCTPOHUTEIILHBIE
YCIIOBHSI CTPOMTENhCTBa MeTporonnTeHa B KaszaHu
OKa3aJIUCh BeChMa CIIO)KHBIMH, TaK KaK TOHHEIH U
CTaHIIMU PACIIONATAIOTCS B PA3HOPONHBIX TJIHHAX U
CyrJIMHKax OT  TBEPAOM A0  MSTKOIUIACTUYHOM
KOHCHCTEHIIHH, Pa3HO3EpPHICTHIX MecKax oT
MaJIOBJIQ)KHBIX OO0 BOJAOHACBINICHHBIX, B JI0JIOMHTAaX,
JOJJOMUTOBBIX M3BCCTHAKAX M IICCHAHUKaAX, a TAaKXC B
Pa3HOPOJAHBIX HACBIIHBIX TIPYHTAX W MPOCATOYHBIX
CYIJIMHKaX TBEPAOTO W IOJYTBEPAOTO COCTOSIHUS.
Kpome Toro, mpu cTpoUTeNbCTBE HPOEKTHPOBIINKAM H
METPOCTPOEBIIAM HPUIILIOCH YUUTHIBATH TOT (haKT, YTO
YpOBEHb TPYHTOBHIX BOJX Ha OOJBIIEM TPOTSHKCHUU
Tpacchl OBIT PACIOIOKEH BHIIIE MM YyTh HIKE Bepxa
TOHHEJBHBIX 00xenok. [lodTOMy mpH CTpOHWTENhCTBE
OBUIO TPEAYCMOTPEHO MPHUMEHEHHE HCKYCCTBEHHOTO
MTOHMKCHUS YPOBHS TPYHTOBBIX BOJI.

Kpome Toro, mis obecrmeueHus: AJIATETBHON
OesonacHocTH  JKcIUTyaranuu JmHHKA  KazaHckoro
METPOIOJIMTEHA IPU  COOPYKEHHH  IEPEerOHHBIX
TOHHeNled Obuin BHepBble B P®  ucroab30BaHbBI
BBICOKOTOYHBIE  )KEIe300€TOHHBIE OJIOKH  00menKu
TOJIIIMHON 0,25 M, HU3TOTOBJIEHHBIX u3
BBEICOKOKAUYeCTBCHHOr0  OeroHa  kiacca B45 ¢
TapaHTHPOBAaHHOW  BOJOHENIPOHHUIIAEMOCTBIO  Ooiee
W10, paspaboTaHHOTO  COTpPYOHHKaMH  Kadeapsl
CTPOHTEIBHBIX MaTepHaoB Kazanckoro
TOCYJapCTBEHHOTO ApPXUTEKTYypPHO-CTPOUTEIEHOTO
yHHBepcurerta [2-8].

OpHum u3 YCIIOBUH MOy Y€EHHUs
BOJIOHETIPOHUIIAEMOTO U MOpPO30CTOHKOro OeToHa
SBJSIETCSl CO3[aHMe IUIOTHOW CTPYKTYyphl OeToHa ¢
OTPaHMYCHUEM BEIHYMHBI KAMWUIAPHOW MOPHUCTOCTH
LEMEHTHOTO KaMHS, JIOCTUTaeMO€ HCIOJIb30BaHUEM
Huskoro B/L (He Gonee 0,4), oNnTUMAIBEHBIM PacXoao0M
IIeMEHTa, BBeaeHHWEM J00aBok. [l oOecnedeHus
3aJJaHHBIX CBOWCTB MPOEKTHPYEeMOro OeToHa ObLTH
BEIOpaHBI ~ [1BA  NIYTH:  BO-TIEPBBIX,  BBOZIHJICS
noJdu(yHKIHMOHATIBHBIA MOAN(DHUKATOP, BKIFOUYAIOIIHUIA
OTEYECTBEHHBIH CynepruiacTu(GUKaTop, BO-BTOPBIX, C
LENBI0 CHIDKCHUSI BHYTPEHHHMX HampsDKeHUH B OeToHe,
BO3HMKAIOIIMX B IPOLIECC €r0 TBEpACHHS, a TaKKe
TPEMHOO00Pa30BaHUS u, Kak CIIEICTBHE,
MPOHMUI[AEMOCTH  €ro0  CTPYKTYpbI, INPOHU3BOJMIIACH
ONTHUMU3AIMS PEKUMOB TEIUIOBIQ)KHOCTHOH 00paboTKH
U J103peBaHus OETOHOB.

Hpyroii OTBETCTBEHHOMN onepaunuen,
obOecrieynBaromell TepMETHYHOCTh TOHHENS MeETpo,
SBIISICTCS TPUKICHBaHUE K TOBEPXHOCTH OJOKOB
00JeKd YIIOTHUTENBHBIX PE3WHOBBIX IPOKIAJIOK,
MpeIHAa3HAYCHHBIX [UISI TePMETHU3AIUN CTBIKOB MEXIy
COOPHBIMH JKeJ1e300€ TOHHBIMU 3IeMEHTaMU
IIEPErOHHBIX TOHHEJIEH, JKCIUTYaTHUPYEMBIX B
0OBOJJHEHHBIX TPYHTax MPH THAPOCTATHYECKOM HAIope
qo 0,3 MIla. TI'epmernsupyromue YIUIOTHUTEIbHBIE
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MIPOKJIAZIKA BBIMIOJHEHB! B BHIE 3aMKHYTBIX PAMOK M3
CIELHUAIbHOTO  PE3MHOBOrO  mpoduis. Pamkn
HaJIeBAaIOTCSl HA CErMEHTHI, 00pa3yIonne KOHCTPYKIHIO
O0/IeNIKM TOHHENS W BKJIECHBAIOTCS HA CTBIKOBBIX
MOBEPXHOCTSIX cerMeHToB. [Ipu 3TOM wacTe mpoduis
BBICTYIIaeT M3 Na3a. B mpomecce  MOHTaxa
BBICTYIAOIIME€ TOBEPXHOCTH PE3MHOBBIX YIUIOTHHUTEIICH
BXOJT B  KOHTaKT, OOXHMAIOTCSI,  00pasys
BOJOHEIIPOHMLIAEMOE coeAMHEeHue. B cuiy cBoeit
MPUPOIBI 3TOT INOB COXPAHSET T'EPMETHYHOCTH B
mporecce AeOpMUPOBaHHS OOAETKU TIPH PAaCUETHBIX
THIPOCTATUYECKUX Harnopax. YIUIOTHCHHE BKIHOYACTCS
B paboTy ¢ MOMEHTa 3aMBIKaHUS U HE TpeOyeT KaKux
00 JOTIOJHUTENBHBIX TPYA03aTpaT IOCIEe MOHTaXa
obnenku. OOJenIKa KpyroBoro O4epTaHusi coOMpaercs
U3 BOCbMH OJIOKOB CO CBSI3SIMH PAaCTSDKEHHS B CTHIKAX M
HCII0JIb30BaHUEM YIpYTux YIUIOTHUTEIBHBIX
MPOKJIAJOK B CTHIKax JuUId (ukcaunu OJOKOB B
MOTIepeYHOM  HampaBjieHMH. Ha HavanbHOM 3Tame
CTPOMTENICTBA IEPEroHHBIX ToHHeNeld KazaHnckoro
METpPO MapTHsi TAKUX HPOKIAJOK Oblla IOCTaBJIEHA
Kananckoii pupmoii «Lovaty Ha mpoxoaky mepBex 500
M TOHHEJIS.

Ilocne  BblmepXKH  OJOKOB  Ha  MOCTY
JO3pEeBaHU  OHH  MOABEPraroTCsl  CHEHHAIbHOH
00paboTke, C 1EIbI0 HAKJICWKH PE3NHOBBIX IPOKJIAJOK
N0 KOHTYpy u3Ieiaus. OTa omepauus BKIOYaeT
00paboTky MEXaHUYECKYIO nasa, QoBKy
MOBEPXHOCTH M HAKJIEHKy PE3MHOBOH NPOKIAIKH IO
KOHTYpYy u3zaenusi. i oOpabOTKM YIUIOTHHTEIBLHOTO
ra3a Ha Kadepe crpouTesbHbIX MatepuanoB Kas[TACY
ObUTH pa3pa0OTaHbl HOBBIE COCTAaBBI TPYHTOBOK U
IIMTAKIEBOK, B OCHOBY KOTOPBIX BXOJWII
OTCUYCCTBECHHBIN, JeIIeBBIA MUHEPAJIbHbBIN
KOJIBMaTHPYOIINi KOMIOHEHT [9].

C Lenplo CHIKEHHA Ce0ECTOMMOCTH MOHTa)Ka
OJIOKOB 00J€TIKM YTIpaBJICHUEM 110 CTPOUTEIbCTBY
METPOINOJINTEHA IPH aJAMUHHUCTPAlMK TOpoAa ObUIO

penreHo pa3paboTath CBOIO OTEUYECTBEHHYTO
TEXHOJIOTHIO MPOM3BOJICTBA AHAJIOTUYHBIX
VIUIOTHUTEIbHBIX ~ MPOKIAZA0K, HE  YCTYHAOIIUX
3apyOeKHBIM aHajgoram 1o MPOYHOCTH,

peaKkcaroHHBIM XapaKTePUCTHKAM U JOJTOBEYHOCTH,
Ha 0a3ze 3A0 «Ksapt» (r. Kazanp). CormacHO OCHOBHBIX
TpeOoBaHUit K KayecTBy  MPOKIAI0K [10],
c(hOpMYITHPOBAHHBIX upmoii «Lovat» u
npononHeHHbIME AO «ITHHUHWC» mocie coriacoBaHus ¢
Kazanckum Qumuanom koprnopamum «TpaHcTpoi», a
Takxke M3JI0kKeHHBIX B TY 2593-176-05788889-00 [11],
MaTepHan MPOKIAJ0K  JOJDKEH obecrieunBarhb
JIOJITOCPOYHOE CONPOTUBIIEHHE penaKcaluu 1 mocie 50-
T neT npu Temneparype 20°C ocTtaTouHble ynpyrue
yCHIHsI TOJDKHBI ObITh BhIme 70 % OT HadalbHBIX
MaKCUMAITbHBIX YCHITHIA.

BenomMcTBennsle ctpoutensHeie Hopmbl BCH

130-92 [12] p{omycKarOT TepPMETH3AIMI0  CTHIKOB
YIPYTHMH PE3UHOBBIMU NPOKJIAIKaAMH pH
COOpY)XKEHHH COOpHOI JKerme300eTOHHOW  00IernKHy,

mrotapmuBaemMorr mo  TY 35-2046-90 [13] mnpm
THIPOCTAaTUYECKOM HAIlOpe B TPOIECCE IKCIUTyaTalluu
mo 0,35 MIlla. TpeGoBaHus K KadecTBY pPE3HHBI
uznoxensl B TY 38.405721-90 [14], B KOTOpBIX



NPUBOISITCS  OCHOBHBIE TpeOOBaHHS K
MEXaHUIECKUM CBOHCTBAM U COCTaBY PE3UHBI.

Metpo sBISETCS COOPYXKEHHEM, HMEIOIIUM
BaXXHEHIIIYI0 XO35ICTBEHHYIO0 3HA4MMOCThb. [loaToMy k
HEMY MNPCABABIAIOTCA IMOBLIIICHHLIC Tpe6OBaHl/Iﬂ 10
JIOJITOBEYHOCTH C OPUEHTHPOBOYHBIM CPOKOM CITY>KOBI
6omee 100 ner. JI0ArOBEYHOCTH COOPY)KEHHH B CBOIO
ouepelb 3aBHCUT OT JOJTOBEYHOCTH CTPOUTENIBHBIX
MaTe€pualioB, W3  KOTOPBIX OHM  H3TOTOBJICHBI.
JlonroBedHOCTH GeroHa, HanpuMmep, MOJKET
KOHTPOJIUPOBAThCS IO IMOKA3aTEII0 MOPO30CTOMKOCTH.

(uzuko-

JlonroBedyHOCT, K€  pPE3WHBI B HUMCIOIIUXCSA
HOPMATHUBHBIX JOKyMmeHTax [12, 14] Hukak He
KOHTPOJIUPYETCS.

ITpn CTPOUTEIILCTBE METPO B

JIHemporneTpoBcke Ha OTAENBHBIX Yy4acTKax Obula

HCIIOJIb30BaHa TCXHOJIOIUA CTPOUTCIILCTBA C
MPUMCHCHUCM JKeJ1e300€ TOHHBIX TIOOMHIOB C
PE3NMHOBBIMU YIUIOTHUTCIISIMU. CHeIII/IaJ'II/ICTaMI/I

Ykpaunckoro HHWUM s1acTOMEpHBIX MAaTepUAIOB U
n3Jenuii ObUTa MPOBEICHA OICHKA CKIOHHOCTH TaKOi
pesuHBl K crapeHuro. s sToro OpLia ompenencHa
OTHOCHTENbHAs  oOcTarodHas jaedopmamus  1mocie
CTapeHws pe3WHBI Ha BO3Ayxe npu cxartuu Ha 20 % B
TeueHue cytok npu temmeparype 70°C. Ilomydenubie
Ppe3yJIbTaThl 6])1.]'11/1 IMPUHATBI KaK YAOBJICTBOPUTECI/ILHBIC.
OjHaKO  NPOTHO3MPOBAaHHWE  W3MEHEHMs  CBOWCTB
PE3NHOBLIX YIUIOTHUTEJIBHBIX IMPOKJIAA0K (OCTaTO‘lHLIX
neopmanuii M BENMYMHBI yNPYroro OTHOpa) Ha
JIOJITOCPOYHBIA NEPHOJT aBTOPaMU HE IIPOU3BOIHIIOCH.

3Kcnepu MeHTalnbHana 4acTb

CrpoutenscTBo MeTpononuteHa B KazaHwm,
Hadatoe B 1997 romy, morpe®oBaio 3HAYHATEIHHBIX
3aTpar Ha CTaJuH IPOCKTHPOBAHUS, TaK KaK BIEPBEIC B
P® ycrpoiicTBO TOHHeNeH MPOM3BOAMIOCH  0€3
OKJIEEUHOM TIMIpOM30JsaUuM. bnaromaps  ycuinusm
BEIYIIMX TMPOEKTHBIX OpraHu3aludil M TNpeAnpusTHil
PecniyOnnkn,  mpakTHYECKH  BCE  COCTABIISIIOIIME
TOHHEJBHOM o00aenku Kaszanckoro werpo (OeToH,
(UKCaTOphl, T'epMETU3HPYIOIINE COCTaBbl, MAI00EIs,
OonTel, Kiei), B TOM 4YHCI€ W  PE3MHOBHIC
VIUIOTHUTENbHbIE  TPOKJIAIKH  INPOM3BOAATCS  Ha
teppuropuun Tarapcrana.

IIpon3BOACTBO PE3WHOBHIX YIUTOTHUTEIHHBIX
MIPOKJIAJIOK, oTIepevHOe CeUeHme KOTOPOTO
MpeaCTaBaeHO Ha puc. 1, Obuto ocBoeHo Ha 3AO0
«KBapt». 3amycky JHHHH TpPEOIIECTBOBAN OOBIIOI
obbreM  pabor, MIPOBEICHHBIH COBMECTHO c
COTpYIHHMKaMHU Ka(eapbl CTPOMTENBHBIX MaTepUalioB
KI'ACY.

Llenb oTHX pabor — pa3paboTKa HOPMATHBHBIX
TpeOoBaHMH K  XapakTepHCTHKaM  PE3MHOBBIX
NPOKJIQJIOK, METOAOB M NPHUCIOCOONEHHH Uit HX
WCTIBITAHUS ¥ TIPOTHO3HAS OIICHKA JOJITOBEYHOCTH.

Haubonee cnoxuoit 3agaueit 6puta pazpaboTka
HOPMATHUBHBIX ~ TpeOOBaHUH K  XapaKTEPHCTHKAM
VIUIOTHUTENBHBIX MPOKIAIOK, PE3WHBl ST Hee u
METOZIOB OIpENeNeHH JTHX XapPaKTePUCTUK IIyTEM
UCTBITAHWSA, TaK Kak Ha OJTOT BHUA NPOXYKLIUH
periiaMeHTHpYIOIINX JOKyMeHToB B P® He Obulo.
ITostomy, mpu paszpaborke TY Ha HOBYH PE3HMHY U
YIUIOTHUTEIbHBIC IMPOKIIAJIKM, B Ka4Y€CTBE aHaliora
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HCTIIOTB30BAIN XapaKTEePUCTHKHI AQHAJIOTUIHOTO
MpojyKTa, mocraBisieMoro ¢upmoii «Lovaty, a Takke
TpeboBaHU 0TEYEeCTBEHHBIX u 3apyOekKHBIX

HOPMaTHBHBIX JIOKyMEHTOB. B HOBeix TV Obun
copMyIHpoBaHbl TPeOOBaHHS K KaueCTBY PE3MHOBBIX
YIDIOTHUTEIBHBIX TPOKIAJO0K, pa3padoTaHbl METOIUKH
OINpENEIEHUs] OCHOBHBIX MEXaHMYECKHX CBOWCTB H
CrIoco0bl MX TMPOTHO3MPOBaHMs. B Tabnuie npuBeneHs!

OCHOBHBIE XapaKTEePUCTHKHI YIUIOTHATENBHBIX
TIPOKJIAIOK.
30
[=7]
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37
Puc. 1 — TIlonmepeuHoe cedyeHHe Pe3UHOBOIL
YIJIOTHUTEJAbHON NPOKJIAIKH
Taomuma 1 —  OcHOBHBIEe  XapaKTePUCTHUKH
YIJIOTHUTEJBHBIX MPOKJIAIOK
HaumenoBanue
NeNe Tpebyembie
KOHTPOJIHPYEMBIX
/T . 3HAYCHHS
MTOKa3aTelen
VYcunue pa3pbiBa
1 pasp He menee 200
poduIIs, KIre
Ycunue pa3pbiBa
TJIOBOTO COEAMHEHHS
2 y . He menee 80
YIUTOTHUTENFHON
MIPOKJIAJIKH, KTC
OTHOCUTETTBFHOE
3 YJIMHEHUE He menee 230
IIpu paspeise, %o
N3meHneHnne macchl
npoduiIg mocie
4 pod He 6omnee 15 %

BozaericTBust COKP-1 npu
20°C B TeueHue 72 4yacoB

MakcumanbHOE yIpyroe
YCHITHE TIPH TTOTHOM

5 o0xatuu (CyMMapHas
BEJIMYUHA CKATHUS IBYX

MPOKIIATOK 2 X 6 = 12 MM)

He 6onee 40 kH/m

Bbonee 70 % ot
OcTtatouHoe yrpyroe

Ha4yaJbHOTO
6 ycunue yepes 50 met
N MaKCHMaJbHOTO
(mpu 20°C)
yCcunus

OLEeHKYy MEXaHHYEeCKHX CBOMCTB YCIIOXKHSNA
KOH(UTypanus IONePeyHOTr0 CEYEeHHs YINIOTHUTEIbHOM
mpoknanku (puc.l). Ilostomy mpu ee HUCHBITAHUM,
M3rOTaBIMBAINCH CIEIUAJbHbIE HPUCIIOCOOJICHHS IS
3axBara NpoQuiIs TPH ONpPEAEICHUH OTHOCHTEIHLHOTO
VAJIMHEHUS ¥ IPOYHOCTH OCHOBHOTO cedeHus (puc. 2), a
TaKXe MMPOYHOCTHU YTIIOBOTO coenHeHHs (puc. 3).
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Puc. 2 — IIpucnocodiaeHue AJs 3aXBaTa pe3MHbI NPH
onpeaejeHUH  OTHOCHTEJbHOIO  YMJIMHEHHS H
NMPOYHOCTU OCHOBHOTI'O CEYEHUSI.

Bnepsoie s
nedopMaTuBHOCTH u
YIUTOTHUTEITLHBIX MPOKJIaI0K Ha Kadenpe
CTPOHTEIHHBIX MaTepHaloB, COBMECTHO c
COTPYOHHKAMU Ka(eApBl COMPOTHBICHHUS MaTepHAIIOB
ObLa paszpaboTaHa YHHUKaJIbHAS pacdeTHo-
SKCIIEpPUMEHTANbHAS METOHKA. Heob6xomumo
OTMETHTb, YTO €MHCTBEHHOH JTabopaTopueit B Poccun,
uMerouien BO3MOXKHOCTb OCYLIECTBIISITh
NPOTHO3UPOBaHNE JeOopMAaTUBHOCTH U YHPYIroOro
OTIIOpa YIUIOTHUTCJIBHBIX MPOKIAAOK g METpPO,
SBIIICTCSL  J1abopaTtopusi  Kadenpbl  CTPOUTEIBHBIX
Matepuanos KI'ACY.

MIPOrHO3UPOBAHUS
yHOpyroro oTopa
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Puc. 3 - Cxema KpemieHHsl YIUIOTHHTEIbHOH
NPOKJIAIKH NPH ONpeJeJeHHH MPOYHOCTH YIJIOBOIO
COeIMHEHHSI.

Cy]_IlHOCT]) METOAUKH 3aKJI04YaeTCA B
NpUIaHUM  KOHTPOJILHOMY  0O0paslly  HalpshKeHUs,
paBaoro 80 % KOHEYHOro 3HAuUCHHs OOXKaTUs C
MOCIIEAYIOIUM TEPMOLIMKIMPOBAHHUEM.

[Ipupanue NPOEKTHOrO HANpSDKEHHs 00pasily
OCYIIECTBIISUIOCH B CHELUATIbHBIX CTpyOImHax (puc. 4),
BEINIOJIHEHHBIX B BHIE [JBYX IDIACTHH. HrnKkHAS
IUIACTUHA WMEeT Ta3, TeOMETPUYECKHE pa3Mephl
KOTOPOTO  COOTBETCTBYIOT  pa3MepaM  Ta3a B
JKene300€TOHHOM OJI0Ke TOHHENBHOH 00xenkn. C 00enx
CTOPOH IUIaCTHH HMEIOTCS OTBEPCTHS, B KOTOpEIC
ycraHaBnuBatoTcss  O0ontel. CTpyOIiHa BMeCTe C
00KaThIM BPYYHYIO 00pa3lOM YCTAHABIHUBACTCS MEXKILY
IUIMTaMH  TIpecca W CXKUMAETcst JI0 IPOEKTHOTO
MIOJIOXKEHHS, KOTOPOE KOHTPOJHMPYETCS C IOMOIIBIO
cragpHOro 1mabnona tommuuHod 4,2 wmm. Ilocie
JOCTIKEHUsI 33JaHHOTO 3a30pa, NPOU3BOJUTCS 3aIUCh
yemmust obxkatust obpasma. OOpasen; ¢uUKCHpyeTcss B
MIPOEKTHOM IIOJIOKEHHH C TIOMOIIBIO TaeK, MOCIIe Yero
YCTaHABJIMBAETCA Ha 3aJaHHBIA TemaoBod pexum. Ilo
Tpu oOpasiia BeIIEpKUBATUCH Tpu Temmeparype 20, 40,
60 u 80°C.
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Puc. 4 - CTpyOumHbI st 00KaTHA

YIUIOTHUTEJIBbHBIX MMPOKJIAI0K

ITocne BBIAEpPXKKH 0OpasIbl H3BICKAINCH U3
CTpyOIIMH U MEPEHOCHIINCh Ha IEPEBIHHYIO MOJCTABKY.
TonmuHy yIIOTHUTEIHHON MPOKIAIKU OIPENeIIsIN B
Tpex TOYKax IMOoCje YIPyroro BocCTaHOBIeHU depe3 30
MUHYT M TIOBTOPHO uepe3 24 daca C MOMEHTa
M3BJICUCHHsI o0Opa3ia W3 CTPpyOUMHBI. 3aTeM 00pasiibl
OIATh CXKUMAINCh B CTPYOLIMHAX CHavaja BPYYHYIO, a
IocJIe IpY MTOMOIIH IIpecca A0 NPOEKTHOTO 3HAuYeHHSI.
[Ipu poctwxenun 3azopa B 4,2 MM, IPOU3BOJIUIACH
3aIUCh YCHUTHS CKAThs 00pasma.

3aMepbl OCTATOYHOH JeOpPMAaIIUH 1 BETHYUHBI
YOpPYroro OTHOpa MPOU3BOIWINCH IOCTE BBIIEPIKKU
00pa3moB Npy 3aJaHHBIX TEIUIOBBIX PEXUMaX B TEUEHUE
1,3,7, 14 u 28 cyTok.

Jns mporHo3upoBaHus MOBEACHUS PE3NHOBOM
YILUIOTHUTEIBHOM MPOKJIAJIKN UCIIOJIb30BaNIaCh
MareMaTuiecKkas MOZEJb BS3KO-yIpyroro Tejia:

£
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5
Torna u3meHeHue ynpyroro ormnopa
£

&g =
(]
[TockonbKy ompeneseHNe U3MEHEHHS YIIPYTOTro
OTIOpa B TEUCHHWE IPOJOJDKUTENBHOTO BPEMEHH
OKCIICPUMEHTAJIbHO HE MNPCACTABIACTCA BO3MOXKHBIM,
HCTOJb30BATIM TEMIIEpaTypPHO-BPEMEHHYIO aHAJIOTHIO.
OHa OCHOBaHa Ha MPEAINOJOKEHHU, YTO BHYTPEHHSI
BA3KOCTh MaT€pHana yMEHBIIAETCs MPHU MOBBIIEHUN
TeMIEepaTypbl MIPONOPLIMOHATIBHO HEKOTOPOMY
Ko3(dUIMeHTy a7,  3aBUCSLIEMY  TOJBKO  OT
TemrepaTypsl. Torna MOKHO MPEIIONIOXKHUTh, YTO TPH
Temnepatype I ynpyruit oTiop OyIeT B ar pa3 MEHBIIIE,
yeM npu ucxomgHou temneparype Ty. Ilpu T = T,
ar = 1.

R-(t— 1) apdr

3

Ag= | Rt —T) & Apkt
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Jnga  ompeneneHuss U3MEHEHHS  yIPYyroro
orriopa Ac uepe3 OOJBIIONW MPOMEKYTOK BpPEMEHH
BMECTO PEalIbHOTO BPEMEHH f IOJICTABIIsIEM ¢/ ar.

f‘fﬁ'}'
¢ 7
g = Re(———)r g, apdr
Gy Gy
1]
I'paduueckuit crmoco® mo3BoisieT Hauboiee
HaIJIJHO  CHPOTHO3MPOBAaTh HW3MEHEHHE  YIPYToro

OTIOpA, T.K. NPEJOCTABISIET BO3MOXKHOCTH YBEJIMYUTH
BPEMCHHOH WHTEpBaJl B COTHH, THICAYM W Oojiee pas.
Ecmu t = ¢/ ay, Torma t' = t - ar. [Iponorapudmupyem
yKa3aHHOE COOTHOIICHUE U MOIYYHM:

Int' = Int—Inay

AITH
Int = Int' —Ilnay
Takum  o0pa3oMm, ecioM HaM  HM3BECTHBI

3aBUCHMOCTH H3MEHEHHs yIpyroro otmnopa Ac mpH
pasMUHBIX ~ TeMIeparypax B  3aBUCHMOCTH  OT
norapudma BpeMenH In ¢, nomyuum:

dg = f(lnt' — lnag)

CrnenoBaTesbHO, YTOOBI MOJYYUTh BEIUYUHY
ymnpyroro ornopa Ac mnpu Temmneparype T, s
OoJIBIIIEr0o BPEMEHHOTO WHTEpBaia, Haao B3STH rpaduk
Ac = f (In ¢) npu temneparype 7 > Ty U CMECTUTbH €T0
Ha Inar. (puc. 4). IloctpoeHHas C IOMOIIBIO TaKHX
CIBHWIOB KpWBas Ha3biBaeTcsa oOoOmenHoit. Ha puc. 5
NPUBOAATCS PE3YJIbTaThl HCIBITAHUHA HCCICIOBAHHBIX
00pa3mos.

Ao
60

KPUBbIE H3MEHERUA yCHNHA yNPYToro oTnopa
~—— Bunepxxa B TepuocTaTe NpH [-80°C

5 sunepxa b TepMocTaTe NpH t=70'C

QEpRXA B TepmocTaTE NpH 1=

5 Ebaepaxa b TepuocTaTE NPH t=40C

~— BunepXKa b TepuocTaTe npw 1-20C

40 | -

30

20

10

CHuxerue ynpyroro otnopa, %

NN
|
\
|

Int

18250 6500

Bpems, cyTkn (50 neT) (1DO nert)

BasncHblil nepuog Bpems ynpexaeHus (NporHos)

Puc. 5 — I'padpuyeckuii cmocod MPOrHO3MPOBAHHUS
H3MeHEeHMsI YIPYroro oTnopa

Ac

=]
o

B
o

MaKCUMANEHO SOMYCTUMO CHICKEHME YCUIWA YT OTNOPa

(]
o

~29%

CHAXEHNE YIPYTOO 0TNOPA ONPEAENEHHTE -
FPAGHIECKIM METOOM

N
o

CHuxeHre ynpyroro otnopa, %
o
\
o

Int

18250

Bpemsa, cyTku (50 neT)

Ba3sucHblit nepuog Bpems ynpexaeHus (NporHos)

Puc. 6 — I'padpuk nmporHo3a M3IMeHEHHMs] YNPYroro
ornopa



Ha METOJIUKY HCTIBITAHHS PE3HHBI
VIDIOTHUTEIBHONW  MPOKIAAKA  TePMETH3HUPYIOIINX
CTBIKOB OJIOKOB 00JIEJIKK METPO pa3padoTansl TY.

BbiBoabl

1. Pa3paboran HOBBI rpado-aHaTUTHYECKUI
METOJl JUINTEIBHOIO IPOTHO3MPOBAHUS H3MEHEHHS
3HAQUEHMs  yNpyroro  OTIOpa  YIUIOTHUTEIHHOM
PE3MHOBOM MNPOKIJIAJKU II0 TEeMIIEpaTypHO-BPEMEHHOMN
aHAJOTWH, OCHOBAaHHON HAa TPEIIOJIOKCHUH, HYTO
BHYTPEHHSS BSI3KOCTb PE3HMHBI yYMEHBLIAETCA TIPH
TOBBIIICHUH TeMITepaTypsbl MPOTIOPIIMOHAIBEHO
HEKOTOPOMY KOI(PPUIUEHTY a7, 3aBUCAILEMY TOJIIBKO OT
TemnepaTypsl T, Ipu KOTOPOM yNpYTuid oTHop Oyner B
ar pa3 MeHblle, YeM IIpU UCXOAHOU Temueparype 7.
OpuT =Ty ar=1.

2. lanHble KpaTKOBpeMEHHBIX (28 CyTOK)
peNaKCalliOHHBIX HMCIBITAHUHA, TO3BOJIMIIA METOJIOM
TEMIIepaTypPHO-BPEMEHHON aHaJOTHUH CIIPOTHO3UPOBATH
N3MEHEHHE 3HAYEHUS YIIPYroro oTtrnopa
VIUTOTHUTENFHON PEe3WHOBOM MPOKIanku B Bo3pacte 50
JeT W Ha OCHOBAaHMH 3TOrO MPEAINOJIOXKUTH, YTO
OoCTaTouHble  ynopyrue ycuiauss nociae 50 ser
sKkcmTyaranuu npu temmeparype 20°C cocrassr 71 %
OT  HaYalbHBIX  MAaKCHMaIbHBIX  YCHJIHMH,  4YTO
COOTBETCTBYET TPEOOBAHMSAM U PEKOMEHIAIMAM (PUPMBI
«Lovaty.

3. Pe3ynbTatsl KPaTKOBPEMEHHBIX
pelaKcaliOHHbIX HCIBITAHUI KOHTPOJIBHBIX 00pa3lioB
I10Ka3aju, 4qTo YIIIOTHUTEIbHBIC MMPOKJIaJIKH,
BeimymieHHsle  3A0  «KBapT», COOTBETICTBYIOT IO
JIOJITOBEYHOCTH MPEABIBISEMbIM TPeOOBaHUSM M TI0
YHUCJIEHHBIM  3HAYECHUSIM CBOIMCTB HE  yCTYIaroT
npokianke moctaBku ¢upMbel «Lovaty. Iloatomy oHH
ObUTM  PEKOMEHIOBaHbI U  HCIHOJB30BAHUS  TIPH
MIPOM3BOJICTBE  BBICOKOTOYHBIX  JKEJIE300€TOHHBIX
OJIOKOB 0O0JeNIKM TIEPErOHHBIX TOHHeNeH KazaHnckoro
METPOMOINTEHA.
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