OT3bIB OPUILIUAJIBHOI'O OIIITIOHEHTA
o muccepranuu Tpydanosa Anexcanapa Hukonaesuya Ha Temy
«TepMoMexaHUYECKHE MTPOLIECCHI B CIIELUAIBHBIX ONTHYECKUX BOJOKHAX MPU UX
MPOM3BOJICTBE U HKCIUTyaTallih», MIPEICTAaBICHHOW Ha COUCKaHWE YYEHOU CTEIEHH
JOKTOpa TEXHUYECKUX HayK I10 cnenuanbHocTy 1.1.8. MexaHnuka
nedopMUpyEMOro TBEpIOIo Teja

AKTyaJIbHOCTb TE€MbI JHCCEPTALINH.

JuccepranuonHas pabora Tpydanosa A.H. mocssiueHa pasBUTHIO TaKOIo
aKTyaanoro Ha CCFOI[H)IIHHI/Iﬁ JICHb HaHpaBJIeHI/ISI, KakK OIITOBOJIOKOHHAas
CeHCOpI/IKa, a HMMCHHO CII€MUAJIbHBIM OIITUYCCKHUM BOJIOKHaM, coxpaH;noan
HOJISIpI/ISaI.[I/IIO BBCICHHOI'O B HHUX CHUI'HAJIa. CBOﬁCTBa TaKHUX BOJIOKOH
Ol'[peI[eJ'ISIIOTC}I ClielMaJIbHO HABCACHHBIMHU IIO0JIIMU OCTATOYHBIX HaHp}DKeHI/II\/'I,
KOTOpBIE 3a cueT GoToynpyrux 3¢p¢pekToB GopMUPYIOT HEOOXOAUMBIE ONITUYECKHE
XapaKTepI/ICTI/IKI/I. TaKOG OIITOBOJIOKHO HIHpOKO HCIIOJIB3YCTCA B JdaT4YHKax,
U3MEPSIONINX pa3inyHble (U3NYECKUe TmapaMeTpbl. BOIIOKOHHO-ONTHYECKHE
OJaT4YUKHU OT TpaIII/I]_II/IOHHI)IX OTJIIMYAKOTCA BBICOKOM TOYHOCTBIO, YHHKAJIbHBIMHU
BKCHHyaTaLII/IOHHLIMI/I XapaKTepI/ICTI/IKaMI/I. BOCTpe6OBaHHOCTB 3TOro HaHpaBJIeHI/ISI
Hay‘—IHO-TeXHOJIOFI/I‘IeCKOI‘O pa3BUTHUA OIIPECACIIACTCA TAaKXE HIHquafImHM
CH@KTpOM HpI/IMeHeHI/I}I OIITOBOJIOKOHHBIX I/I3II€J'II/II71 Kak B BHJIC OTACIIbBHBIX
JNAaTYHUKOB, TaK U B COCTAaBE CJIOXXHBIX HpI/I60p0B U CUCTEM. HaanMep, cymeCTByeT
CCHCOpHas CHUCTEMa, BBIIIOJIHCHHAasA B BHJC HOI’py)I(HOFO Ka6eJI$I JIJIs1 He(i)THHBIX
CKBa’XHUH, KOTOpaH ABJIACTCA pacnpe):[eneHHLIM JaTYUKOM, I/I3Mep$IIOHlI/IM
TeMnepaTypy, JaBJICHUE, CKOPOCTb II0OTOKA XHUIAKOCTHU BAOOJb BCEro cCTBOJIA,
MCCIIEyEMOrO MM MOHHUTOPHPYEMOTO B PEXHUME pealbHOro BpEeMEHHM OOBEeKTa.
P8,3pa60TaHLI MEIUILINHCKHUEC HpI/IJ'IO)KeHHH, ITIO3BOJIAIOIIINUC HU3MEPATH
CUCTOJIMYECKOEC U IHUACTOJIMYCCKOE OdaBJICHHUC, TeMHepaTypy, HacToTy AbIXaHUA U
,upyme napaMeprI Ha6monaeMoro IManuecHTAa. COBpeMeHHBIe HABHUT'AallUOHHBIC
HpI/I60pI>I Ha OCHOBE BOJOKOHHO-OIITHYCCKHUX I‘I/IpOCKOHOB o6nana}0T JYYIIUMH
3KCHJIyaTaLII/IOHHI>IMI/I XapaKTepI/ICTI/IKaMI/I, 6BICTpI>IM BpeMeHeM CTapTa, MCHBIIIUMHU
Maccora6apHT HBIMHU XapaKTepI/ICTI/IKaMI/I 110 CpPaBHCHHUIO CcO CBOUMH
TpaI[I/ILII/IOHHI)IMI/I I/IHepHI/IOHHBIMI/I aHaJIoraMu. B ocHOBe BCEX PTHUX CHUCTEM JiexKatT
IIyBCTBI/ITe.I'IBHI)Ie BJIEMEHTHBI U3 CIICIIUAJIBHBIX OIITUYCCKUX BOJOKOH.

TaKOC OIITOBOJIOKHO H3TOTaBJIMBAIOT B IIPOLECCE BBICOKOTeMHepaTypHOﬁ
BBITSDKKM U3 TPedOpMBI, SBISIOLICIHCS NOCTaTOYHO CIIOKHOM KOHCTPYKLHMEH W3
KBapHeBBIX CTCKOJI ¢ HCOJHOPOIAHBIM HpO(l)HJ'IeM pacnpeﬂeneHm{ JIeI‘I/Ipy}OIHI/IX
I[OﬁaBOK. yHI/IKaJIBHI)Ie 3KCHJIyaTaIII/IOHHI>Ie XapaKTepI/ICTI/IKI/I U OIITHUYECCKUC
CBOHCTBa DTHUX I/IBI[eJ'II/Iﬁ HCIIOCPCACTBCHHO CBJA3aHLbI C TepMOMexaHI/I‘IeCKI/IMI/I
HpOI_IeCCElMI/I, HpOI/ICXOJISIIHI/IMI/I B HHX HpI/I IMPpOU3BOACTBE U OKCILTyaTalnuu.
BOJ‘ILLHOﬁ KJIacC CI€IHUAJIBHBIX OITHYECKUX BOJIOKOH COCTaBJIAKOT CBCTOBOIbI,
noz[z[epmHBa}omne IMMOJIAPHU3alUTO BBCIACHHOI'O CHUI'HAJIA. 3KC]‘IJ’IyaTaHHOHHHe
XapaKTepI/ICTI/IKI/I TaKuX BOJIOKOH, O6yCJIOBJ'[eHbI OCTAaTOYHbBIMHU HaIIp}I)KeHI/ISIMI/I,
KOTOpbI€ B CHJIy M3BECTHBIX (POTOYNpyrux 3¢ (HeKToB, NPUBOIAT K ONTHYECKOM
aHI/I3OTp0HI/II/I B CBeTOHpOBOI[HH_Ieﬁ KHUJIC. COBI[aHI/Ie HGO6XOI[I/IMOI‘O HaHpH)KeHHO-
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1e(OPMHUPOBAHHOTO COCTOSIHUSI B TaKOM BOJIOKHE OIpeE/essieT €ro ONTUYeCKUe
XapaKkTepUCTHKH. [l 3TOro B €ro KOHCTPYKLHIO, BBOASAT KOHCTPYKTHBHBIE
3JIEMEHTBI U3 JIESTHPOBAHHOTO CTEKJIa, KOTOPOE 3HAYUTEIBHO OTIMYACTCS TI0 CBOUM
(GU3MKO-MEXaHUYECKUM CBOMCTBaM. B pe3ynpTate Hamps»keHHOE COCTOSIHUE TaKOro
BOJIOKHA IT0CJI€ BBITSKKU OTIPEIENISIeTCS LIeTTbIM CIIEKTPOM (haKTOPOB, CBA3aHHBIX CO
CBOMCTBAMH MaTEPHAJIOB, YCIOBUSIMHU TEXHOJIOIMYECKUX MPOIECCOB, 00YCIOBIEHBI
HEOIHOPOJHOCTBIO TEMIIEPATYPHBIX IOJIeH MPU OXJIAXKJEHUU, HECOBMECTHOCTBIO
TEMIIEPATYPHBIX JAe(opMaliii U pelTaKCaldOHHBIMU MPOIECCaMU, TPOTEKAIOMMU
C Pa3IMYHOM HHTEHCHUBHOCTBIO B CJI€JICTBHE HEOJHOPOIHOI'O JIETMPOBAHUS U MOJIEN
TeMIIepaTyp.

VuuThIBast, 4TO ONTHYECKHE MAapaMeTPhl CHICIIMATbHBIX ONTHYECKUX BOJIOKOH
00yCIIOBJIEHBl OCTATOYHBIMHU HANPSDKEHUSMM, CTaHOBUTCS OYEBUIHBIM, YTO
3HAYUTENbHOE BIMSHME HA MX XapaKTEPUCTHKHU OYyIyT OKa3bIBaTh TEPMOCHIIOBBIE
BO3/JEHCTBUS, W, B TOM 4HCIe, peJakcalMoHHble A(PQeKTbl B 3aLIUTHBIX
TIOJIMMEPHBIX MTOKPBITUSIX, KOTOPbIE HAHOCSTCS Ha BOJIOKHO MIPU €ro BBITSKKE.

Cowuckaresb CrpaBeUIMBO OTMEYAET, YTO HCIOJIb3yeMble MCCIel0BaTeIsIMH
Ha CErOAHALIHUMN JIeHb TEPMOYIIPYTHE CKIIEPOHOMHBIE MOJIEIM HE MOTYT KOPPEKTHO
OIUCHIBATh TEPMOMEXAHMYECKHE TPOLECChl, Ha0N0gaeMble B CTEKIIYIOLIMXCS
Marepuaiax, B OKCIUTyaTallMOHHBIX JWara3oHaX TeMIeparyp, BKIIOYAIOLINX
pesakcanMoHHbIi nepexon. IlpennojkeHHble B JUCCEPTALMIOHHOM HMCCIIEIOBaHUM
A.H. TpydaHoBa BSI3KOyNpyrue MOJENIH, II03BOJSIOT 3HAYUTENBHO TOYHEE
OIUCBIBATH OCOOEHHOCTH TEPMOMEXAHUUECKUX TTPOLIECCOB, IPOUCXOASIINX B TAKMX
U3IEITHSX.

VuuTeiBas MIMPOKOE MCIOJNBb30BaHUE CIIEIHATBHBIX ONTHYECKUX BOJIOKOH B
COBPEMEHHOM MPOMBIIICHHOCTH TeMa AHUCCepTaluu Oe3yCIOBHO SIBISETCS
aKTyaJbHON U BOCTpeOOBaHHOIA.

Hayunasi HOBH3HA.

CowckareieM MpeJyIoKeHbl HOBbIE MOJIENIM TEPMOBS3KOYIIPYIOro MoBeAeHUs
KBapIEBbIX CTEKOJ Y IMOJHMMEPOB, Ha OCHOBAaHMM KOTOPBLIX BBIMOJHEHO
KOMILIEKCHOE MCCJIeI0BaHUE 3aKOHOMEPHOCTEH (hOpMUPOBAHUS MOJIEH OCTaTOUHBIX
HaNpsOKEHUH B U3JENUAX Ha Pa3IMYHBIX dTalax MPOM3BOACTBA AHM3OTPOIHOIO
OTITUYECKOIr0 BOJIOKHA.

BnepBbie  pemieHa  3ajadya  ONpEAENIEHUs  ONTHMAJIbHOrO  3aKOHa
pacripenieNieHusi JIeTUpyIollell 100aBKM B CHIJIOBBIX 3JIEMEHTAaX BOJIOKHA THIIA
«ITanpa».

[To pesynabTaTaM HCCIEIOBAaHUS MAPTUM U3JENUM BIEPBBIE I1OJYYEHbI
JAHHBIE, KOTOpPbIe TIO3BOJIMIM YCTAHOBUTH PACIPENCIICHHs, OIHUChIBAIOIINE
OTKJIOHEHHUs HaOII0JaeMOli Ha NpPaKTUKE TE€OMETPUM CHUJIOBBIX DJIEMEHTOB H
roroBoro BoJioKHa «IlaHma» OT MpoekTHbIX 3HaueHUuH. C y4eTOM MOJIyYEHHBIX
BEPOSITHOCTEH OTKIOHEHHS T€OMETPUH BBITIOJIHEH MHOTOBAPUAHTHBIM YHCIICHHBIH
aHaJIN3, T[IO03BOJIUBIIMNA OLIEHUTHh BIIUSIHAE HEMPOEKTHOM TIEeOMETpUM Ha
peanu3yrolieecss B BOJIOKHE HalpsDKEHHO-AE(OPMUPOBAHHOE COCTOSIHME U
CBsI3aHHBIE C HUM OITHYECKHE XapaKTepUCTUKHU. [lokazaHo, 4TO B psle ciydaes



HE3HAYUTEIbHBIE OTKJIOHEHUS T€OMETPUU MOTYT TMPUBOJAUTH K 3HAUYUTEIbHBIM
OTKJIOHEHHSIM 3KCILTyaTallMOHHBIX TAPaMETPOB TAKOTO ONTHYECKOIO BOJIOKHA.

AHajau3 TOJyYeHHBIX pe3yJbTaTOB MHOTOBAapUAHTHOTO  YUCJIEHHOIO
MOJEJIMPOBAaHUS  TMO3BOJWJI  JaThb PEKOMEHJAUUM A palMOHAIM3alUH
TEXHOJIOTHYECKUX TPOIECCOB TMPOU3BOACTBEHHOIO IMKJIA, 4YTO IIPHUBEIO K
CHIDKEHHIO Opaka MpH M3roTOBJICHUM OINTOBOJIOKHA TuUna «llanma» u ynydmeHnuro
€r0 3KCIUTyaTallMOHHBIX XapaKTEPUCTUK.

ABTOpPOM BIIepBbIE yCTAHOBJIEHA 3aBUCHUMOCTb KO3(dulMeHTa JTUHEHHOro
TEMIIEPATYPHOTO pACIIUPEHUs] [OJMMEPHBIX MAaTepUajoB HE TOJIbKO OT
TEMIIEPATYPbI, HO U OT CKOPOCTH ee u3MeHeHus. [lokazaHo, 4To 1edopMaMOHHBINA
OTKJIMK TIOJIMMEPHBIX IJICHOK OTJIMYaeTcs NpU HarpeBe M OXJaXKIEHUH, a
LUKIMYECKOE BO3JIEHCTBHE «HATpPeB-OXJIAXKIEHUE» MOXET NPUBOAUTH K
(OPMHPOBAHUIO OCTATOYHBIX Je(POPMALIUN.

IMpakTHYeckasi H TeopeTHYECKasi 3HAYHMOCTb.

HayuHass UeHHOCTp pa0bOThl  3aKJIIOYAeTCsl B CO3JaHMM  HOBBIX
MaTeMaTHYeCKUX MOJEeIeH, MMOAX0A0B W METOAWK WX HWICHTU(UKALUU U
Bepudukanuu. Ha pa3paboTaHHbIE BBIYUCIUTENbHBIE AITOPUTMBI M IIPOrPaMMbI
[0JTyYeHbI CBUIETENIBCTBA O PErUCTpaluy nporpamMm Uit OBM u 51i MOy JIi MOTY T
OBITH MCIIOJIH30BaHbI Il POEKTUPOBAHUS HOBBIX U3/I€JIMI Ha OCHOBE ONTHUYECKHUX
BOJIOKOH,  IIO3BOJISIOT  TMPOTHO3UPOBaTh  HAINpPsHKEHHO-Ae()OpMUPOBAHHOE
COCTOSIHHE, pealu3ylolleecs B HHUX B YCJIOBUSX pAa3IMYHBIX TEPMOCHIIOBBIX
BO3JEHCTBMM M Ha OCHOBAaHWUM OSTUX JAHHBIX OINpPENENSITh CBSI3aHHbIE C HUMU
ONTHYECKUE XapaKTEPUCTUKHU U3IEIIHUMA.

Pa3paboTaHHbI MaTeMaTHUYECKUI amnmapar MOKET ObITh MCIIOJIb30BaH IS
palMOHANM3alMd W ONTUMH3ALUU TEXHOJIOTMM NPOM3BOJCTBA  CIIELHATbHBIX
ONTHYECKUX BOJIOKOH, pa3pabOTKM HOBBIX KOHCTPYKLUMH ONTOBOJOKHA U
MIPOEKTHUPOBAHUS JATYMKOB HA HX OCHOBE.

OTHEeNbHO XO4YeTCS OTMETHTh TEOPEeTUYECKYI0 3HAYUMOCTbh pPe3yJIbTaTOB
SKCIIEPUMEHTATBHBIX UCCIIeJOBAaHUH MIEHOYHBIX MOJIUMEPHBIX 00Pa3L0B, KOTOPLIE
JIOTIOJIHSIOT HOBBIMH JaHHBIMH CYIIIECTBYIOIIHME MpeIcTaBIeHss 00 0COOEHHOCTIX
TEPMOMEXAHMYECKOTO OTKJIMKA CTEKIIYIOIIMXCS MaTepuajoB Ha HM3MEHEHHE
TEeMIIepaTyphbl.

[TosydyeHHbIE AMIHPUYECKUE JaHHbIE O 3aBUCUMOCTU TEPMHYECKOIO
pacIIMpeHus MOJUMEPOB OT TeMIepPaTypbl U CKOPOCTH €€ U3MEHEHHS, U CBSI3aHHbIE
¢ 5TiM 3¢ (HEKThI HAKOIIJIEHUSI OCTAaTOYHBIX Je(opMaliii B yCIOBUAX TEPMOLUKIIA
MOTYT HUMETh Ba)KHOE MPAKTUYECKOEe 3HAY€HHE HE TOJBKO B ONTOBOJOKOHHBIX
NPUIIOKEHHSIX, HO U B IPYTHX 3ajladyaX MEeXaHUKH Ae(OpMHPYEMOro TBEPJOro Tea.

JIis  COBEpIICHCTBOBAHUS TEXHOJIOTMYECKUX MPOLECCOB IPOU3BOJACTBA
ONTHYECKOro BoJIOKHA «IlaHma» MMEIOT BaKHOE MPUKIIAJHOE 3HAYEHUE JaHHBIE O
peanbHON TeOMETPUM 3aroTOBOK CHJIOBBIX CTEP)KHEH M TOTOBOIO BOJIOKHA,
coOpaHHbIe Ha JOCTATOYHO OO0JIBIION BEIOOPKE FOTOBBIX 00PA3L0B MPOLYKLHUH.

Pe3ysbraThl AMCCEPTALIMOHHOTO HCCIEAOBAaHUS MOTYT OBITh  TaKKe
UCIIOJIb30BaHbl B y4eOHOM Tpoliecce MpH pa3padoTke 00pa30BaTENIbHBIX [TPOrPaMM



[0 TEXHHUYCCKHM HaIpaBJICHHUAM IOAIOTOBKH, CBA3aHHbBIM C HpHKHaHHOﬁ
MEXaHUKOM U MAaTEMATUYECKUM MO CIUPOBAHUEM.

JlocTOBEepHOCTD pe3y/IbTATOB HCCJ/IeI0BAHUSA

JlocToBEpHOCTH Mpe/ICTaBIIEHHbIX pe3ysbTaToB obecrieynBaeTcs
UCIONB30BAHUEM CTPOTO MaTeMaTH4ecKoro ammapata U (yHIaMEeHTaJbHbIX
3aKOHOB MEXaHWKU CIUIOIMIHBIX cpeld. Pe3ynpTaTel, MOJIy4YeHHbIE B paMKax
BBIYMCIIMTEIbHBIX SKCTIEPUMEHTOB, COIIACYIOTCS C JAaHHBIMHU HATYPHBIX HCIIBITAHUN
¥ JaHHBIMH, TPEACTaBICHHBIMU B MMyOIMKauusax Ipyrux asTopoB. Haryphbie
SKCIIEPUMEHTHI BBIMOJHEHbl Ha COBPEMEHHOM 00OpYJOBaHMH, JOCTOBEPHOCTh
KOTOpPBIX  OOecriedyeHa IOBTOPSIEMOCTbIO  HAOMIOAeMBIX  pE3yJIbTaTOB |
COONIIO/IeHeM  TIPOIENyp, COOTBeTCTByrOmMX oTedectBeHHoMy [OCT wn
mexayHapoaabiM cranaaptam (ASTM u ISO). PaszpaboranHble aBTOPOM HOBBIE
METOJMKH HATYPHBIX MCIBITAHUN BepU(PHULUHUPOBaHbl Ha 00pa3lax ¢ W3BECTHHIMU
CBOWMCTBAaMH, COMOCTABJIEHBI C pe3yJIbTaTaMH, MOJyUYeHHBIMH Ha JAPYTHX Mpubopax
[0 CTaHAAPTHBIM TpOILeIypaM U C JaHHBIMH, NPEJICTABICHHBIMU B CIPAaBOYHOM
JUTEpaType ¥ B OTKPBITBHIX JIMTEPATY PHBIX HCTOYHUKAX.

HayuHble pe3ysibTaThl 00CyX1aIUCh HA MEX/IYHAPOIHBIX U BCEPOCCUUCKHUX
KOH(DEPEHIMSIX W B JIOCTAaTOYHOW Mepe IyOJIMKOBAJIUCh B PELIEH3UPYEMBIX
U3/1aHUSX.

3HavyeHHe MOJIyYeHHBIX COHCKaTe/ieM pe3y/ibTaTOB HCCJ/IeJOBAHHA /I
pa3BHTHS COOTBETCTBYIOIIEH OTPAC/IH HAYKH.

B pamkax mpeicTaBIeHHOM JUCCEePTAlMOHHOM pabOThl aBTOPOM BBINIOJHEHO
KOMILJIEKCHOE HCCIIEIOBAHHE TEPMOMEXaHWYeCKUX 3()PEeKTOB, BO3ZHUKAIOIIUX B
CIELMaJbHOM ONTHYECKOM BOJIOKHE B IpoLecce ero IpOU3BOACTBA U
SKCIUTyaraidi. Pa3paboTaHa MeTOJOJOTHs IPOrHO3UPOBAHMS  HANPSHKEHHO-
11e()OPMHUPOBAHHOTO COCTOSIHUS B YCIIOBHSAX TEPMOCHIIOBOIO BO3JEHCTBUS C yUETOM
pEaKCallMOHHBIX MPOLIECCOB B HCIOJNb3YEMBIX MaTepuanax, I03BOJISAIOIIAs
OCYILECTBIIATH HAYYHO 0O0CHOBAaHHOE MPOSKTUPOBAHUE COBPEMEHHBIX MPUOOPOB U
JATYMKOB Ha OCHOBE CIELIUANIbHBIX ONTHYECKUX BOJIOKOH.

[IpemiokeHHbIe ~ cOMCKaTeleM  IMOAXOJbl  IO3BOJMWIM  BBIMOJIHUATH
MHOIOBapHAHTHOE YHUCJIEHHOE  MOJEIUPOBAaHME  TEXHOJOIMYECKHMX  ITaloB
NPOU3BOJICTBA aHWU30TPOMHOrO BojoKHa «[lanna». PaspaGorannas meTomonorus
MIPOTHO3UPOBAHUS HaNpsHKEHHO-e(OPMUPOBAHHOTO COCTOSIHUSI npu
IPOM3BOJICTBE M CBS3aHHBIX C HUM ONTHYECKUX XapaKTEPUCTHK ITO3BOJIMIIH
palMOHANIN3UPOBAaTh TEXHOJIOTHYECKHE NPOLECCH NPOM3BOACTBA W IMPHUBETH K
CHIWKEHMI0O Opaka U YJIY4YIIEHHIO €ro JSKCIUIyaTallMOHHBIX I1apaMeTpOB.
PaspabGoTaHHblli MaTeMaTHYECKUIl anmnapar, MOZIEH, IOAXO0Abl U METOUKH MOTYT
OBITh MPUMEHUMBI TIPU NPOEKTUPOBAHUU APYTMX THUIIOB CIELUAILHBIX BOJOKOH M
NPOTHO3WPOBAHMS MX XapaKTEPUCTUK B IIPU SKCILUTyaTalliy, B TOM YHUCIIE, B COCTABE
IPYTUX WH)XKEHEPHBIX KOHCTPYKIIUM.

COBOKYITHOCTbh TPECTABICHHBIX Pe3y/IbTaTOB, HAIIPABIEHHBIX Ha PEIEHUE
KOMITJIEKCA 3a/1a4 TEXHOJOTUYECKON MEXaHUKH CIIeLIMAIIBHBIX ONITUYECKUX BOJIOKOH
¥ BOJIOKOHHO-OIITHYECKUX CEHCOPHBIX CHCTEM, MOXKET OBITh OLICHEHO KAaK Hay4HOe






