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OT13bIB BeAyLiel OpraHnu3anuu

Ha guccepranronnyro pabory [Tapdenosoit Enensr Cepreesrst « B3aumonencrene
BOJIH PasHOM (hYU3HUECKOH IPUPOIBI B TEPMOYIIPYTOHM CPEAE B YCIOBUAX
TIOBEPXHOCTHOMN 00pabOTKH MeTaIa HOTOKOM YaCTUIDy, IPEACTaBICHHYIO Ha
COMCKaHME YUEHOM CTeTeH: KaHauaTa (PU3HKO-MaTeMaTHUECKUX HaYK I10
cnermanpuocty 1.1.8. Mexanuka neopMUpyeMOro TBEPAOTO TeIa

Ha OT3BIB NIPEICTABIEHBI; TEKCT AMCCEPTALEOHHON pafoTel Ha 156 crpaHMuax,
conepikaumx 41 pucynok u 9 Tabmwil, 6H6J1Horpa(bmecmﬁ cicok u3 193
HaMMeHOBaHWH, apropedepaT Ha 18 cTpaHmuax, BKIIOYAas CHOHCOK w3 19
Ty OJIMKaIii Mo TeMe auccepranyu (13 Hux 12 B peneH3upyeMbIX JKypHaiax BAK).
JluccepTanys COCTOMT W3 BBECHIS, IISTH I71aB OCHOBHOM HAaCTH IMCCEPTALHOHHON

pPaboTHI, 3aKTIOUCHHA U CITUCKA JIUTEPATYPHI.

AKTYaJbHOCTH BHIOPAHHOI TEMbI
Paznuune B maciurabax OTASIBHBIX NPOLECCOB MOMKET COCTABIATh HECKOIBKO
MOPSAKOB, TTO3TOMY BOSHHMKAET IPoGIeMa IpH pa3paboTke TMCIEHHOTO AIrOPHTMa
IUIS BBISBJICHUS OCOOEHHOCTEH B3aMMOJEHCTBUS HHTEPECYEMBIX ABICHUHA. YUeT
NPY MOJETMPOBAHMHM B3aMMHOI'O BIIMSIHHS TIONEH Pa3HOM (PU3HMYECKOH NPUPO/IbI
(MEXaHUUYECKUX, TEIUIOBBIX, JIEKTPWUYECKUX, MArHWTHBIX U AUBPYy3HOHHEBIX)

[PHUBOJMT K ITOABJICHHIO TaK HA3bIBACMbIX CBA3AHHBIX MO,[[GJIGI‘/’I, KOTOPBIC IITHPOKO
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NIHASKE 2

UCTIONB3YIOTCS TIPH HCC/CIOBAHWKM PEATbHbIX TEXHOJOIMY
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paMKax TEOPUH TEPMOYIIPYTOH maddy3un MOKHO y4ECTh IIEPEKPECTHRIC o dexTsl,
CBS3AHHEIE ¢ B3AMMOMEHCTBIEM TEILIOBBIX, MEXAHUYCCKUX M KOHICHTPAIHOHHBIX
rojieit — B TBEPAOM TeJe TOSABNIAIOTCS YCIOBAS 1A aKTHBAIIH TepMoanys3uH,
G dy3HOHHOM TETIONPOBOAHOCTH, [IepeHoc TeIla M MacChl TMOX JIIEUCTBUE
rpafieHTa HAIPHKEHUH. MozaenupoBaHie MpOIEeccoB B paMkax CBSI3aHHOU
tepmoynpyrot  amdpdysum  NPUMEHEMO  TIPH WCCIIEIOBAaHUM ~ MHOTHX
TEXHOJIOTHUECKHUX IIPOIECCOB, HAPUMED, TAKUX KaK o6paboTka MOTOKOM YaCTHIL,
Terwia. YCTAHOBJIEHO, UTO HA HAYaAJIbHOM STallc TOBEPXHOCTHOM 00paboTKH
B3aMMOJEHCTBME HMEHHO MEXaHHIECKHX U i dy3uOHHBIX IIOJIEH BHOCHT
CYIIECTBCHHBIH BKJIad B HMTOrOBOC pacnpeneieHue BHEPAEMON mpumecH. B
OmIMUEe OT OKCIEPUMEHTANBHBIX paboT, MarTeMaTHyecKoe MOJCIMPOBAHHC
03BOJISIET JETANBHO WCCIeIOBaTh Hporecc 00paboTku Ha BCEX €ro CTalwix,
M3YUMTh POJIb KAKAOTO BO3HHMKAIOIIETO ABJICHWI B OTAEIBHOCTA W BBISIBUTH
B3aMMOCBSI3b MEKIY WHTEPECYEMBIMU INPOICCCAMH. [ToCKONBKY AUHAMUYECKUEC
[IPOLECCH, IPUBOJALIME K INEPEMEIIMBAHUMIO HACTHIL, IPOTEKAIOT Ha MaibiX
BpeMeHax CpaBHMMbBIX CO BPEMEHaMH pelaKCalid, TO aKTyaJbHBIM OyJeT
MCCIIGIOBAHME WMMEHHO HadyalbHOM CTajuu (IKCIEPUMEHTATBHO 3TO CACTATh
3aTPYAHHTEIBHO).

[lenp AMCCEPTALOHHOH PaboOTHI Ilappenosoit E.C. 3awmodacrcs B
YCTAHOBJICHUM ~ B32aMMOCBA3M ~ MEKAY pasHoMacIITaOHBIMUA  TIPOLECCAMH,
MPOTEKAIOIMMH Ha HAYaIbHOM CTajuu OBEpXHOCTHOM 00paboTku MeTaia

IMOTOKOM YaCTHIL.

KpaTkuii aHam3 CoiepRaHus
JTuccepTanys COCTOMT U3 BBEACHHS, TIATH ITIaB OCHOBHOM YaCTH, 3aKIIFOUCHHU
¥ CTIEICKA JIUTEPaTyphl 13 193 HanMEHOBAHHUH, K CONCPIKUT 41 pucyHoK 1 9 Tabmwil.
Bo BBeaeHuH O0OCHOBAaHA aKTyaJbHOCTh TEMBl MCCICAOBAHMA, TIOKa3aHa
CTeNeHb e Pa3pabOTAHHOCTH B HAYYHOW JHTEPATYPe, c(OpMyITHPOBAHBI LIETH U
3a71a9¥ FCCIEAOBAHMS, TIOJIOKEHISA, BHIHOCKMBIC Ha 3aIATY, POACMOHCTPUPOBAHA

HayyHas HOBM3Ha W  TIPAKTHYECKas 3HAUMMOCTD paboTel, 00OCHOBaHA



JIOCTOBEPHOCTD MOJYYEHHBIX PE3YJILTATOB, NPUBEACHEI TAHHBIC O JIMYHOM BKIIAIC
aBTopa.

B nepBoil rJ1aBe NPeCTaBIeHbl OCHOBHBIC YPAaBHEHHUS CBA3aHHBIX TEOPUH B
TEPMOMEXAHUKE: TEOPHs TEPMOYIPYrocTH, ynpyroi muddysuu, TepmMoynpyroi
maddysun u  ux o6o0menus. JloctarouHo TOAPOOHO MOKAa3aH BBIBOJ
TEPMOJMHAMUYECKH  OOOCHOBAHHBIX  OMNpPEAEIAIOIIUX  COOTHOLICHWH  JUIA
MHOTOKOMIIOHEHTHOTO TBEPJOr0O Tena, HEOOXOMUMBIX /A TEOPUH TEPMOYIPYTOH
muddysun. PacCMOTpeHBI HEKOTODhle HpuUMeEphl  00pabOTOK W yCIOBUH
SKCIUTyaTalldd, TPU KOTOPHIX YYeT B3aMMOCBSI3H HanpskeHud u  aaddysun
ABJISIETCST HEOOXOJUMBIM.

Bo BTOpOH rJjiaBe TNPEICTABICH [OETAJBHBIA BBIBOL  ONPEACIITIOIINX
ypaBHEHHH Teopuu TepMoynpyro# auddysun, OCHOBAHHbBIM HA TCPMOAUHAMUKE
HeoOpaTUMBIX IpoueccoB. [lokasaHa cBA3b KOS(DPUIMEHTOB IiepeHoca ¢
u3MepsAeMbIMU BestmuuHamu. PazpaboTana cBA3aHHas HEJTMHCHHAS MaTeMaTHIeCKast
MOJIeJIb HauaIbHOM CTa MK IPOLIECca IOBEPXHOCTHON 00paboTKU MeTasIa MOTOKOM
yactuil. IIpejcTaBiieH NpUMep JIMHEAPU3AMUd U OCYIIECTBIICH [IMCIIEPCHOHHBIH
aHaJIn3.

B Tperbeii rjiaBe MpeaCTaBlIeH NPOCTCHINMEI YaCTHBIM BapHaHT MOJCIA —
M30TEPMHUUECKast MOZENb MPOIecca IOBEPXHOCTHOM 00padOTKK MeTalia MTOTOKOM
yacTull. B MOJENH YYUTHIBACTCS KOHEUHOCTh BPEMEHH PEIaKCallii ITOTOKA MACCHI.
[Togpo6HO OMHCAaH aIrOPHUTM PEIIeHUs 3a4adyd — BBIOOP Pa3sHOCTHOM CXEMBI,
nepexo/1 K 6e3pasMepHBIM IIePEeMEHHEIM. UHCICHHbBIE PEIICHUST HECBA3aHHbIX 3a/1a4
CPAaBHHUBAIOTCS C M3BECTHBIME QHAJIMTHYECKMMHU pelieHUAMH. V3yueHO BIMAHME
yuera 3aBUCHMOCTH K0d(hdunuenta mudPysmu OT TEMIEpaTypbl U COCTaBa Ha
JAMHAMHKY PAacHpPOCTPAaHEHMs BOJIH KOHIEHTPAlUM TPUMECH, HAlpsDKEHUN H
naebopMaLui.

B uerBepToOii r1aBe PacCMATPHUBACTCA HEU30TEPMUUYECKAd MOJELIb, KOTOpas
MO3BOJIAET HCCIIEN0BATh HAYAIBHYIO CTAAUIO NPOLECca BHEAPESHUS ITOTOKA YACTHLL
B IOBEPXHOCTH MOUTOXKKH. | [poaHaIn3upoBanbl OTIHUMS PACIPEACTICHHN BETHIHH

JUISL Pa3HBIX COOTHOIICHHH MEXIy XapaKTepHbIMH BPEMEHAMH 3a1a4d — BPEMA



UMITYJIbCHOTO BO3ACHCTBHS, BpPEMEHA PpENaKCaldy IIOTOKOB TeIla ¥ MaccCHI.
PaccMOTpeHbl HECKOJIBKO BAPUAHTOB MOBEPXHOCTHON 00pabOTKH METaIa IIOTOKOM
qacTuIl — 00paboTKa OAHOKOMITOHEHTHBIM M KOMOMHUPOBAHHBIM IIOTOKAMM YACTHII,
00paboTKa pa3HBIM KOJMYECTBOM HMIIYJIbCOB. [IpencTaBieHO KaueCTBEHHOE
CpaBHEHHE PEMICHUS 3a0a4YH C IKCIIEPUMEHTAIbHBIMK JaHHBIMA.

B nsrToii roaBe B paHee pa3paboTaHHOM MOAEIM  JONOIHHUTEIBHO
YVUMTHIBAETCSI XMMHUYECKOE B3aUMOJECUCTBUE BHEAPIEMON NPUMECH M MarepHaia
TIOMUIOKKHE B mporiecce oOpabotku. IIpoBeeHO cpaBHEHHE DEIIEHMH 3a[ad MpH
yyere XHMMUYECKMX peakumit u 0e3 ydera. PacCMOTpPeHBl pacnpenesieHus
KOHIIEHTPAIlM{ TPUMECH M TIPOAyKTa PEakUud B IMOBEPXHOCTH MHMINCHH IPU
00paGoTKe pasHbBIM  KOJMUECTBOM HMMILYJIbCOB W  HMIyJbCaMH  pasHOU
JUTTEITBHOCTH.

B 3aK/II0YeHMH IIEPEYUCICHBI OCHOBHBIE PE3YJIBTAThl U BBIBOABI PAOOTEL.

JlocTOBEpHOCTh M 000CHOBAHHOCTH BBIBOJOB O0ECIECUMBACTCA CTPOrOM
MMOCTAHOBKOW  3aJa4  HCCJICHOBAHMS, HUCCICHOBAHMEM  CXOOMMOCTH  IIPH
BaphUPOBAHUH IATOB TIPOCTPAHCTBEHHOM CETKM W IIara 1o BPEMEHH, IPOBEPKOM
3aKOHA4 COXPAaHEHMs MacChl, CPABHEHHMEM C W3BECTHBIMU AaHAJIMTHYECKHUMHM
DEILIIEHUSIME YACTHBIX BApMAHTOB 3a7a4, KAYECTBEHHBIM COIOCTABICHHEM C
SKCIIEPUMEHTAITbHBIMU JTAHHBIMU, UIMEIOILIUMHCS B JIATEPATYPE.

Anpobauusi pPe3yIbTaTOB [IUCCEPTALMOHHOM paboTel 0O0CyXJamace Ha
MHOKECTBE BCEPOCCHMCKUX M MEXIYHAPOIHBIX KOH(MEPEHIMSIX M CEeMHUHApaXx.
Pe3ynpTaTsl MCCIEIOBAHMIA 1T0 TEME AMCCEPTAlMy OIyONHMKOBaHBI B 28 CTaThsiX,
BKTIOUas 17 crareii B peleH3UpyeMbIX M3JaHUSIX, pekoMmeHaoBauHbix BAK n 22
CTaTh¥ B JKypHaJIax, BKIIOUEHHBIX B Oubnuorpaduueckue 6aspl nurtuposanui Web
of Science u Scopus.

Hay4ysasi HOBU3HA HCCJIeJ0BAHUS U MOJIYYEHHBIX Pe3yJIbTaToB.

1. Ha ocHoBe 00600menHo# Teopum TepMoynpyrod —auddys3mm
chopMyIMpOBaHA HENMHEHHAS CBs3aHHAs MOJENb HAYaIbHOW CTaJMy IIpolecca
MOBEPXHOCTHOM 00paboTku moroxoM uacThll. IlokasaHo, uYTO 3aBUCHMOCTb

k03 dunmenta auddys3un OT TeMIIepaTypbl U3MEHICT JUHAMUKY BCEX IIPOLIECCOB,



a yueT 3aBUCHMOCTH koadduuuenta quddy3un oT cocTaBa NPUBOIUT K 3POEKTY
ONPOKU/IbIBAHUSI BOJIHBI.

2 [IpoaHanu3upoBaHbl Pa3InyMs MEXIY BOJHOBBIMU IIpoliecCaMU B
CBSI3AHHBIX M HECBSI3aHHBIX, JIMHEMHBIX U HEIMHEHHBIX, HU30TEPMHUYECKUX U
HEU30TEPMUUECKUX MOJENSX IMOBepXHOCTHOH obOpabortku. [lokazaHo, yTo yuer
CBSI3AHHOCTU TIPOLIECCOB Ha HaudajlbHOM JTane oO0paboOTKM MPUBOAHT K
KAQUeCTBEHHBIM ¥ KOJIMYECTBEHHBIM M3MEHEHHSIM BEJIUYMH, B YaCTHOCTH, K Oojee
OBICTPOMY 3aTyXaHUWIO - BOJIH HampsOKeHUHM ©  JepopMmaruid, a Takke K
«pa3MBIBaHUIO» (DPOHTA BOJIH.

3. BriepBbie MPoAeMOHCTPUPOBaHa BO3MOKHOCTh (DOPMUPOBAHUSA HOBBIX
(a3 B MOBEPXHOCTHOH 00JIACTH B HaYaJIbHON CTaAUH 00pabOTKU U YCTAHOBIICHO UX
BIIMSIHUE Ha JJHHAMUKY BOJIHOBBIX MIPOLIECCOB.

IIpakTHYeckasi U TeOpPeTHUYECKAS LIEGHHOCTh PA0OTHI ONIPEIENIAETCs TeM, YTO
NpeJioKeHHasT MOJejb [03BOJISIET MUCCAeN0BaTh IPOLECChl, MPOTEKAKOLUE Ha
BpeMeHax, CPaBHUMBIX C BpEMEHaMHU pellakCaliy, YTO 3aTPyAHUTEIIBHO HAOII01aTh
OKCIIEPUMEHTANBHO;  MOXET  MPEUIOKHUTh  MOAXOABl K  MOAU(pHUKaIUH
MOBEPXHOCTHBIX CJIOEB MAaTEpUAllOB IIyTeM H3MEHEeHHs IapaMeTpoB o0paboTku u
TUIA BHEJPSIEMBIX YaCTHULL.

CooTBeTcTBHE COAEPKAHUS JUCCEPTANHH YKA3aHHOH ClIelHAaIbHOCTH.

CopepxaHue IUCCEpTAlMOHHOM paboTHl, ee LeNIh U METOABl UCCIIeIOBaHUH
COOTBETCTBYIOT IyHkTam 3, 8, 11 macnopta cneuuansHoctd 1.1.8. Mexanuka
nebopMUpyeMOro TBEPAOro Tena, PU3NKO-MaTeMaTH4eCKUe HayKH.

CooTBeTcTBHE COIEPKAHUSA aBTOpedepaTa COAeP:KAHHUIO AHCCEPTALHH.

ABropedepaT aEccepTaLMU M MyONMKAlWM aieKBaTHO M B IOJHOW Mepe
OTPaXXaIOT COJlepHaHNe PabOTHI.

3ameuaHus Mo JUCCepPTALMOHHON padoTe:
1. B paGoTe ucronb3yercst He COBCeM KOPPeKTHas! 3alliCh ypaBHEHMH, KOTIa B OIHOM

YacTH paBCHCTBA UCIIOJIB3YETCA MHACKCHAs 3alIHCh, 4 B ﬂpyFOﬁ - cuMBOJTbHas. UmeeTcs
U CMEIIaHHas 3alychb, YUHUTBIBArOIIAsd U CYMMHPOBAHUE 110 MHACKCAM U cBOOOHBIE

VHIEKChI U CUMBOJIbHAs 3aruck (cM. (1.6) u nanee.)



2. Vpasuenune Maxcsesuia-Karraneo (1.12) 3amucano Ui H30XOPHYECKOro MpoLecca.

B o01eM ciiyyae ciieayeT yuecTb U IPaJieHT U3MEHEHUs 00BEMa.

3. XenarensHo OblI0 OBl aTh MOSCHEHUS K LIMPOKHMM [HariasoHam IapameTpoB B

MOJIENIM, YYMTBHIBaroIlell xumuueckue peakumu (Tad. 5.1). Hampumep, nuamasoH

XapaKTePHBIX BPEMEH MEXaHUYECKUX MPOIECCOB ¥ XMMUUYECKUX PeaKLMi paBeH

107-26...10"13. EcTb 14 nprMepbl, HA OCHOBE KOTOPBIX 3TH AMAIIa30Hbl yKa3aHbl?

4. IMeI0TCsI TIOI'PEIIHOCTH B TEKCTE:!

- CTWIb M3TIOKEHHS B IUL. 2 HeJIb3s IPU3HATh yIauHbIM - IIeJIb Ipeo0pa3soBaHui MOYTH

He 06CYyIKIaeTcs, JKOHIITUpOBaHUe HOpMyllaMd U IIEPEXOA OT OAHOro NOTEHIHMala K

JPYrOMy He OOBSCHSETCS, OTCYTCTBHE CCBLIOK Ha MHOrMe (OpMyIbl 3aTpyAHACT

YTEHHE ¥ IPOBEPKY. 3aMeUaHke OTHOCHTCS | K 1. 3 (cM., cTp.63-68))

-VIMeroTcsi CTWIMCTHYECKHE HETOUHOCTH, HalpuMep, YTO 3HAYUT «IIOJCTABHTH

paBeHcTBay (cTp. 50) ‘

5. Cucrema ypapHenuit 2.23-25 (4 masiee) 3amucaHa B HENPUBBIYHON Qopme.

DaKTHIECKH B3ATa JMBEPreHLUs] YPaBHEHUS! IBUKEHHU (BEPOATHO, YTOObI HCKIIIOUUT

BUXPH-TI0O MHEHHMIO PELIEH3eHTOB). BIXpeBOe COCTOAHHE TOXKE NOIDKHO OBITh U3yUEHO,

-OHO OTIpeeJIsIeT CKOPOCTh MOIEPEUHBIX BOJIH.

-B 3.15 mpaBasg dWacTh [JOJ/DKHA JaBaTh JIalUlaCMaH CKajlsipa MM AWBEPreHIMIO

rpajueHta ckajisipa. B pabore B IOCHEIHEM CllaraéMOM CTOHUT MHOXXHTEIb,

TIPONOPIUOHATBHEIN KOHIeHTpauuy. Ilouemy?

6. B paznesie 4.6 BEpOSITHO BayKHa OLIEHKA BPEMEHH MEKly HMITY/IbCAMH 110 CPaBHCHHUIO

¢ BpeMeHamu penakcauuil. Jlemaercs M Takas OUEHKA? YYHTBIBAIOTCA

(B3aUMOEHCTBYIOT) /1M PENaKCALMOHHBIE MPOLECChI OT MPEAbIIYILMX UMITYJIbCOB.
[IpuBeneHHBIE 3aMEYaHUs HE CHIKAIOT OOLIyI0 MOJIOKHUTENBHYIO OLEHKY

BBITTOJIHEHHOM CIIOMKHOM U HETPUBUAIBHON pabOTHL.

3akio4yeHune
Ha OCHOBAHWMH BBIIIEH3IOKEHHOTO CUMTAEM, YTO IUCCepTalOHHAas pabora
ITapdenosoi Ernenst CepreeBrsl «BzanmoneWcTBre BOJH DPasHOH buzuuecKon
[PUPOJIBI B TEPMOYTIPYTOi Cpefie B YCIOBUAX MOBEPXHOCTHON 00paboTKK MeTallIa

MOTOKOM YacCTHIl» SIBAsSETCS 3aKOHYEHHON HayuHO-KBalU(UKAMOHHON paboToi,

U\)



pMerorell HaydHOe U MPAKTHYECKOe 3HaueHue, 03 COMHEHUA COOTBETCTBYCT BCEM
TpeboBarmaM «[TONOKEHMS O MPUCYKACHUN YUCHBIX CTENICHEH», YTBEPIKACHHOTO
TToctanosneruem [Ipasurenbcrsa PO No42 or 24 centabpst 2013 roxa, a ee aBTop
ITapdenosa Emena CepreeBHa 3aciy’KHBACT IPUCYKICHUA YUCHOU CTEleHH
KaHauaaTa (PU3UKO-MAaTeMAaTHYECKUX HAYK IO CIEHHAIbHOCTH 1.1.8. Mexanuka
neopMHUPYEMOro TBEPAOTO TeNA.

OT3BIB HA JUCCEPTAIHMIO U aBTopedepar o6Cy KieH 1 ON0OPEeH Ha 3aceaHiu

Vyenoro copera UITPYIM PAH, npotokon Ne 06/25-YC or 08.09. 2025 1.
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