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JluccepranuonHas pabora Anekcannpa HukonaeBuua TpydaHoBa nmocssiieHa
UCCJIEIOBAaHMI0 TEPMOMEXAHMYECKHMX IMPOLECCOB, KOTOpble MPOUCXOAST B
COXPaHSIOIIMX MOJIIPU3ALMIO CHELUATBHBIX ONTUYECKUX BOJIOKHAX, Ha Pa3JIMYHBIX
JTamax X MPOU3BOACTBA U IKCILTyaTall|H.

PaccmarpuBaemble B paboTe crelMabHble ONTHYECKHE BOJIOKHA ILIMPOKO
HCITOJIB3YIOTCS B KaU€CTBE UyBCTBUTEJIBHOIO 3JIEMEHTa B COBPEMEHHBIX CEHCOPHBIX
CUCTeMaX JJIs M3MEpPeHHs pa3IuyHbIX (U3NYECKUX BEIMYMH: TepeMelIeHUH,
JaBJICHHSI, TEMIIEPATypbl, CKOPOCTH IOTOKAa, HAMPSIKEHHOCTU JJIEKTPUYECKOTO HU
MarHMTHOTO TIOJIEif U MHOTOI'O IPYroro, MpH 3TOM JaTYUKH Ha UX OCHOBE MOTYT OBITh
KaK IUCKPETHBIMH, TaK M paclpelleJIeHHbIMU MO BCeW UIMHE BOJIOKHA. BaxHbIM
NPWIOKEHUEM TAaKUX BOJIOKOH SBISIOTCS HaBUTAllMOHHbIE PELIEHUS HAa OCHOBE
OTNITOBOJIOKOHHBIX ~T'MPOCKOINOB, KOTOpble OT TPAAULMOHHBIX HHEPLIUOHHBIX
OTJIMYAIOTCS MEHBIIMMH Tra0apUTHO-BECOBBIMU  XapaKTEPUCTUKAMHU, OBICTPBIM
BpEMEHEM CTapTa U COMOCTaBUMON TOYHOCTBIO M3MEpeHUi. J[pyrum akTyaibHbIM
HanpaBJIEHUEM MCIIONb30BaHUSI TaKMX ONTUYECKUX BOJIOKOH SIBISIETCSI MOHUTOPHUHT
CJIOXHBIX MHXXEHEPHBIX 00BEKTOB M KOHCTPYKIIHi, B KOTOpPbI€ BCTPAUBAIOT MOJA00HBIE
pacrmpezieieHHble BOJIOKOHHO-ONTHYECKUE CEHCOPHbIE CHUCTEMBI, YTO TO3BOJISIET
KOHTPOJIUPOBATh HEOOXOIUMbIE TapaMETPhl B PEXKUME PeaIbHOr0 BPEMEHHU.

OnTOBOJIOKOHHBIE CHCTEMBI MO3BOJIIOT JOCTUraTh BbICOYAHIIEH TOYHOCTH
W3MEpeHMs, OAHAKO NPHU OSTOM CBETOBOJAbI TakK)Xe YyBCTBUTEIbHBI K JPYTUM
TEPMOCHUJIOBBIM  (pakTOpaMm, OOYCIOBJIEHHBIM  BHEIIHUMH  TEPMOCHJIOBBIMU
¢dakropamMH, B TOM YHCJI€ TEPMOMEXAHUYECKUMHU MPOLECCaMH, MPOTEKAIOIIUMU B
MOJIUMEPHBIX TOKphITUsX. [loHMMaHWe mnpoTekarmKX (U3NUYECKUX IMPOLIECCOB,
MPOUCXOALIMX TPH JAaHHBIX YCIOBHSX B BOJIOKHE, MO3BOJISIIOT YYUTHIBaTh UX U
TOYHEE HHTEPIPETUPOBATH PETUCTPUPYEMBIE JTaHHBIE, ITOBBIILIAS TEM CAMBIM TOYHOCTb
MU3MEPHUTENbHBIX IPHOOPOB.



IIporecc MNPOM3BOACTBA CIELUAIBHBIX ONTHYECKMX BOJOKOH [OCTaTOYHO
CJIO)EH U COCTOUT M3 HECKOJBKHMX TEXHOJIOTMYECKHUX ITAINlOB, HA KOTOPBIX 3arOTOBKU
KOHCTPYKTHBHBIX JIEMEHTOB U3 JIETHPOBAHHBIX KBAaPILIEBBIX CTEKOJ Pa30rpeBarOTCs 10
TEMIIEPATYp BbIIIE TEMIIEPATYphl CTEKIOBaHMs M Jajee OXJaKHaloTCs, B mporecce
Yero M3-3a HEOJHOPOJHOCTH KOHCTPYKLIHHM M JOCTaTOYHO CJIOXHOro Npoduis
JIETHPYIOLIMX B TaKUX HM3JETHAX (OPMHUPYIOTCS IO OCTAaTOYHBIX HANpsHKEHHH.
HanpsbkeHHO-1e()OPMUPOBAHHOE COCTOSHUE B CHMIIy HM3BECTHBIX (DOTOYNPYIrux
3p¢peKTOB BIUAET Ha ONTUYECKUE XapaKTEPUCTUKHM KBApLEBOrO CTEKIa |
WU3rOTOBJIEHHOT'O M3 HETO ONTUYECKOro BOJIOKHA. 3aa4a HHXKEHEPOB U TEXHOJIOIOB, C
OJIHOM CTOPOHBI, 3aKJTFOYAETCS B TOM, YTOOBI TaKk MOA0OPaTh KOHCTPYKLHUIO BOJIOKHA U
BBICTPOMTH TEXHOJIOTHYECKHH MPOoLecC, YTOOB! B TOTOBOM H3JENHH (POPMUPYHOLIHECS
MOJs OCTaTOYHBIX HANpPsUKEHH, oOecrieyrBalii KaK MOXKHO OOJBIIyI0 pPa3sHOCTbH
IJIaBHBIX HAMpPSHKEHHWH B CBETOMPOBOALICH JKUJIE BOJIOKHA, YTO MO3BOJISET MOIyYHTh
HAWJIYyYIIHX YCIOBHS, Ul COXPaHEHUs MOJIIPH3ALMY BBEICHHOIO CBETOBOIO CHrHaa.
C J1pyroift CTOpOHBI, BaXXHO O0O€CHEYUTh HEOOXOAMMYIO IPOYHOCTH BCEX
KOHCTPYKTHUBHBIX 3JIEMEHTOB M CaMOro HM3JIe/Ids B IPOLECCE MX IPOM3BOJCTBA U
HanbHeiIen sKcrulyaTauuu. Peanmusyrolnuiics B HM3JEIUSAX Ha pPa3sHBIX JTamax B
mpolecce MPOU3BOACTBA BBICOKHHM YPOBEHb HAIPSHKEHHOIO COCTOSHHUS 3a4acTyro
MPUBOAMT K UX pa3pyILCHHUIO.

Hcxons U3 Takux MPEAIOChIIIOK COUCKATENIEM ONpeesieHa Lellb QUccepTalun
— yCTaHOBJIEHHE 3aKOHOMEPHOCTEH (OpMHUPOBaHUS HANIPSKEHHO-1e()OPMUPOBAHHOTO
COCTOSIHHSI B CTEKJIYIOUIMXCS MaTepuajiax MpU IPOM3BOACTBE M SKCIUTyaTalluu
AQHU30TPOIHBIX ONTHYECKUX BOJIOKOH, IUISI Pa3BUTHUSA MOAXOAOB K IPOEKTHPOBAHHUIO
HOBBIX ¥ palMOHAIM3AIMH CYIIECTBYIOIIMX ONTOBOJIOKOHHBIX u3jenui. Jlus
JNOCTH)KEHMS JIaHHOW 1M aBTOPOM paboOThl I'PaMOTHO OIpeleNIeHbl KOHKPETHBIE
3a/1a4i, BbIOpaHbl TMOAXOABI MU METOABl AN MX pelleHus. MeromamMu MeXaHUKH
neGpOopMHpPYyeMOro TBEpAOrOo Tela BBIIOJHEHO KOMIUIEKCHOE  HCCIIEI0BaHHE
TEXHOJIOIHYECKOT0 TMpollecca MPOU3BOACTBA aHU30TPOIHOIO ONTHYECKOI0 BOJIOKHA
tuna «Ilasma». CouckarenreM B paMmKax MPeACTaBIEHHOIO IHCCEPTAlMOHHOIO
MCCIeIOBaHMS IIIMPOKO MCIOJIb3yeTCsl MaTEMaTUYECKUH anmapar, METObl HaTypPHOIO
U BBIYKMCIHMTEIBHOTO JKCIIEPUMEHTOB. Bce rnaBbl M MoApasfesbl AUCCEPTALMH
JIOTHYECKH CBSI3aHBI MEXAY COOOM €QMHOI CMBICIIOBOM JIMHUEH MCCIIEI0OBaHUs, YTO
obecreynBaeT YeTKYIO CTPYKTYpYy ¥ BHYTPEHHEe eJUHCTBO paboThI.

B npencraBieHHOM K 3aluTe JUCCEPTALlMOHHOM HCCJIEJOBaHUU aBTOP
paccMaTpuBaeT MpobieMy MOCTPOEHHUsI MOJENel TePMOMEXaHHMYECKOIo IOBEACHHUS
KBaplEBbIX CTEKOJI, YYHMTBHIBAIOLIYIO [(BA OCHOBHBIX (DaKTOpa BO3HHKHOBEHHS
TEXHOJIOTHYECKHX W OCTAaTOYHBIX HANPSHKEHUM B M3JAEIUAX H3 CTEKIYIOLIMXCS
MaTepuajioB. Bo-TiepBbIX, HECOBMECTHOCTb TeMIIEpaTypHBIX JAedopMauuil u3-3a
paznuuus KO3 (UIMEHTOB  TEMIEpaTypHOrO  PaCIUMpPEHHUs BCJIEZICTBUE
HEOJHOPOIHOCTH MaTepuanoB. Bo-BTOpbIX, pealu3alMi0O B M3NEIUAX IIpH
OXJIQXKIEHUH TPOCTPAHCTBEHHO-BPEMEHHOM HEOHOPOAHOCTH TEMIIEPaTyPHBIX IOJIEH
U JIOCTATOYHO CJIOXKHOM KapTUHBI MPOTEKAHUS IMPOLECCa CTEKJIOBaHMs, YTO BEHET K
(GOpMHPOBaHHIO B PAa3HBIX TOYKAX CEUEHUs Pa3IMYHON HUCTOPHH Ie()OPMHPOBAHMS.
Tarke mnpemIoxkeHa MaTeMaTU4YecKass MOJeIb TEPMOMEXAaHUYECKOro I1OBEIEHHUs
MIOJIAMEPOB, UCTIOJIB3yEMBIX NPH MPOU3BOACTBE CIIELUAIbHBIX ONITHYECKUX BOJIOKOH B
KauyecTBe 3allMTHBIX TMOKPbITUH. [IpemsoxkeHHble OIpeAensomre COOTHOLIEHUS
IIO3BOJISIOT aJ€KBAaTHO OIMKMCHIBATh BIIUSIHUE 3aIUTHO-YIPOUYHSIOIMX MOKPBITHH Ha



TEXHOJIOTMYECKHE U OCTAaTOYHBbIE HANPSHKEHUS B ONTUYECKUX BOJOKHAX B IIHPOKOM
TeMIlepaTypHOM JHara3oHe, BKIIOYAIONIEM pelaKcaluoHHble Tepexonsl. [lis
HICHTU(DUKALMK TPEIOKEHHOH MOJenH pa3paboTaHbl METOAMKH OMNpEIeNeHUs U
BepuHKallM¥ MaTepUaTbHBIX KOHCTaHT. Ha OCHOBaHMH NOCTPOEHHBIX MOJENeH
BBIMIOJTHEH JIOCTATOYHO OONBIIOW OOBEM BBIYUCIUTENBHBIX JKCIIEPHMEHTOB,
MOJNy4eHbl JaHHBIE, [O3BOJIMBIIME OLIEHUTh 3BOJIIOLMIO IOJIEH HaNpsHKeHUH B
U3eIMaX B Ipollecce WX MPOM3BOACTBA M dKCIUTyaranuu. [lomy4yeHHbIe pe3ybTaThl
BEpU(HIIUPOBAaHBl HA OCHOBAHMM CEPMM HATYPHBIX JKCIIEPUMEHTOB, C KOTOPHIMH
YHCJIEHHbIE MOJIEJIH XOpOIIO corjacyioTcs. B urore, mpeuioKeHHbIE IMMOAXOAbI U
METOIMKH, a TAK)KE MOJIy4eHHbIe SKCTIEpUMEHTAJIbHbIE JaHHBIE [TO3BOJIMIIN YTy YIIUTh
TEXHOJIOTHYECKHE ITPOLECCH TIPOU3BOJCTBA, CHU3UTH IPOLEHT Opaka U yJIy4IIUTh
SKCIUTyaTallMOHHbIE XapaKTEPUCTHKH FOTOBBIX M3JIEJIHH.

AKTYyaJIbHOCTDH HCCJIeI0BAHHUS.

Tema quccepTalHOHHOTO MCCIIENOBAaHUS M, B YaCTHOCTH, pobiieMa Co3aaHus
MoJieJIel TEPMOMEXaHMYECKOro MOBENEHHUS HM3JENUH CTEKIYIOLIMXCS MaTepHalloB,
KOTOpas T03BOJIsIa Obl YYUTHIBaTh OCHOBHBIE (PAKTOPHI (POPMHUPOBAHMS OCTATOYHBIX
¥ 3BOJIFOLIMIO TEXHOJOTHYECKHX HAMPSHKEHUH B CIIELUAJIBHBIX ONITUYECKUX BOJIOKHAX,
ABJISETCS AKTyaJlbHOW M BOCTPeOOBAHHOH, B IEPBYIO OYepelb, H3-3a MIMPOKOIO
paclpocTpaHeHHss B COBPEMEHHBIX OTPAC/AX MPOMBILUIEHHOCTH —Pa3sIMYHBIX
BOJIOKOHHO-ONITHYECKUX  TNPHIOKEHUH, CMapT MaTepualioB, CEHCOPHBIX |
MOHUTOPUHIOBBIX cucTeM. Co3aHue BBIBEPEHHOIO0 MaTEMaTHYECKOro arrmapara,
[I03BOJIAIOIIEr0 MOJIETUPOBATH HE TOJBKO TEXHOJIOTMYECKUE NPOLIECCH H3TOTOBJICHUS
MOJOOHBIX M3JENIHii, HO ¥ TPOTHO3UPOBATh MX IMOBEJECHHE B DKCILIyaTallMOHHBIX
peXuMax JaeT MOUIHBIH IPOrHOCTHYECKMH HWHCTPYMEHT [UIS HCCIeIoBaTes,
TEeXHOJIOra, HH)XEHepa WIM MpoeKTHupoBlIMKa. [lo3Bomss panuoHalIu3upoBaTh
TEXHOJIOTMIO IPOM3BOJCTBA CIHELMAIBHBIX ONTHYECKHX BOJOKOH pa3IM4HOM
reOMETPUH U KOHCTPYKILUH, ONTUMHU3UPOBATH OTJEJIbHBIE ITallbl W3TOTOBJICHUS U
reOMETPHIO KOHCTPYKTHBHBIX JIEMEHTOB, CO3/]aBaTh HOBbI€ BAPUAHThI KOHCTPYKIIHH
CIELMAJIHBIX OINTHYECKUX BOJIOKOH, COXPaHSIOMMX mnossgpusanuo. Kpome Toro,
TaKMe€ MaTeMaTH4eCKHe MOJeNH IMO3BOJISIOT Oojiee TOYHO MHTEPIPETHPOBATH
pe3yJbTaThl, OTy4aeMble C JATYMKOB Ha OCHOBE CIIELUAIBLHBIX ONTHYECKHX BOJIOKOH.

ABTOpPOM CIpaBe[JIMBO YKa3bIBaeTCs Ha HEOOXOAMMOCTb y4deTa BIIMSIHUS
MOJMMEPHOTO 3al[MTHOrO MOKPBITUS HAa HANPSHKEHHO-Ie()OPMUPOBAHHOE COCTOSHUE,
peanu3yrolieecs B ClielIMalIbHbIX ONITUYECKUX BOJIOKHAX, U CJIENOBATEIbHO, H Ha €T0
ONTHYECKHE XAPAaKTEPUCTHKU. YUUTHIBAs, YTO B TAKUX IOJIMMEpax B JMara3oHe
SKCIUTYaTAllMOHHBIX TEMIIepaTyp NPOUCXOIAT peNaKCallMOHHBIE IEPEXOIbl TaKoe
BIMSIHAE MOJXKET IPOSBISATHCS BO BPEMEHH, 3aBUCETh OT CKOPOCTH HM3MEHEHHs
TEMIIEpATyp, CKOpPOCTH AedopMaluii, HaCTOTHBIX TapaMETPOB CHJIOBBIX BO3JEHCTBUH
¥ MHOTHX JIPyTHX [TapaMeTPOB, UTO B CBOKO OYEPE/b TAKXKE MOXKET OKa3bIBaTh BIMSHUE
Ha ONTUYECKHE MapaMeTphl ONTUYECKHX BOJIOKOH M U3enuil Ha ux ocHose. Cienyer
OTMETUTh CIPaBEUIMBOCTh YTBEPXKAEHUS COUCKATeNs, 4YTO IPUMEHsSEMbIE B
HacTosllee BpeMs I [POTHO3MPOBAaHHUS  HANpPsDKEHHO-AE(POPMUPOBAHHOIO
COCTOSIHHS TEpPMOYIpPYrHe MOJeIM He B COCTOSHUM YUYHUTBHIBATh CJIOXHOE
TEPMOMEXaHNUYECKOEe T[IOBEJCHUE PEOHOMHBIX MAaTepHalloB, HCIIOJIL3YEMBIX B
CIEIHAIbHBIX ONTHYECKHUX BOJOKHAX. OJTO JOCTAaTOYHO CHJIBHO OIpaHUYUBAET
NPUMEHUMOCTh TONOOHBIX IIOCTAHOBOK JUIsl pELIeHHs aKTyaJbHBIX 3aJ1a4
TEXHOJIOTMYECKOM MEXaHUKH ONTUYECKUX BOJIOKOH.






