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BBEJEHUE

N3yyenne MHUIMMPOBAHHBIX JIOKAIM3AIMEH BHYTPEHHUX HaIpsDKe-
HUW Ha HEOIHOPOJHOCTSAX MPOIECCOB pa3pylicHus Ae(hOpMUPYEMbIX
TBEPBIX TeJl SBJSIETCS BaXKHOW Hay4HOW mpobiemoii. s ee pemieHus
HeoOXoarMa pa3paboTKa CIIEIUATbHBIX METOJOB pacueTa CMEIICHHH,
neopManuii ¥ HANPsHKCHUH, YYUTHIBAIONIMX HAKOIUICHUE MOBPEKIe-
HUM, YeMy TOCBSIIEHBI (YHIaMEHTAIBHBIC TPYAbl M3BECTHBIX YUCHBIX
IO.H. Pa6ornoBa, [1.A. Burszs, B.B. Knybosuua, H.K. MpeimrkuHa,
FO.M. IIneckauesckoro, FO.B. Bacunesuua, A.B. Yurapesa, }O0.B. Yu-
rapesa, [ .11. MuxaceBa, B.M. ®enocioka, M.A. XKypaskoa, M./I. Map-
TeiHEHKO, D.U. CraposoiitoBa, B.1. Bnamumuposa, C.B. Hlunsko, JI.W.
Mupkuna, A. JIsBa u ap. AKTyanbHOCTb IpoOIEeMaTHKH MpHBeENa K TO-
My, 9TO B HacTosIiee Bpems c(hOpMHUPOBAJIOCH COBPEMEHHOE HAYYHOC
HampaBJICHHE. MUKpPO- M HAaHOMEXaHWKa, pa3BHUBacMoe B PecmyOmunke
Benapyce nox pyxoBoacteom C.A. Umxuka.

B pamkax MexaHuKH IeOpMHUPYEMOTo TBEPAOIO Tela MPH HCIIONb30-
BaHUU TUIOTE3bI CIUIOLUIHOCTH CPEMbI CYIIECTBEHHOE Pa3BUTHE MOMYyYHIIa
KOHTHHYAIbHAS TEOPUSI TUCIOKAIUH, B OCHOBY KOTOPOH MOJIOXKEHO abCT-
parupoBaHue OT ATOMHOT'O CTPOCHUS BEILECTBA, YTO MO3BOJMIO B PaMKax
MEXaHUKH pPa3padoTaTh MUCIIOKAIIMOHHBIA IOAXO0J K MOJICITHUPOBAHUIO
paspyuieHusi MaTepuanoB. HecMOTps Ha TOCTH)KCHHS COBPEMEHHON Me-
XaHUKH pa3pylIeHUs, HETOCTATOUHOE BHUMAHUE YEICHO UCCIEIOBAHUIO
BIIMSIHUSL BO3HMKAIOIIMX B TBEPIBIX TelaX IMpPH CUIOBOM BO3ACUCTBUU
JIBYMEPHBIX Je(EeKTOB Ha IPOIECC 3apOXKJCHUS MHUKPOTPEUINH, YTO HE
OIpaB/IaHO, TaK KaK JAHHBIC NE(PEKTHI CITOCOOCTBYIOT SHEPTrETHYCCKON
BBITOJIE MPOLIECCa Pas3pyIIeHHs Ha TAKUX CTAIMAX JAe(HOPMHUpPOBAHUS Ma-
TEPUAJIOB, KOI'JIa KX PECYPC MPOYHOCTH CIIEC HE UCUEPIIaH.

Pemienne 3amauy MexaHuWKH JaeOpMHUPYEMOro TBEpPAOro Tela, B
OOJIBIIMHCTBE CITyyaeB HE IMPEAToiiaracT yd4eT HaIpsHKeHUH, KOTOphIe
CO3/1af0T JC(PEKTH KPUCTALTHYSCKON peIIeTKUA. Takue NBYMEpHBIC Jc-
(heKThI, KaK JIBOMHWKU B aHU30TPOIHBIX TENIaX W MPOSIBICHUE HErOMO-
TEHHOW TIACTUYHOCTH B U30TPOMHBIX TBEPIBIX TelaX, CO3/aI0T JOKAIU-
3aIUI0 HANIPSDKEHUM, YPOBEHBb KOTOPBIX MHOTIA COU3MEPUM C MPEACTIOM
MPOYHOCTH MaTepuaia, YTo MPUBOIUT K 00pa30BaHUIO MUKPOTPEUINH U
nmocyenyrneMy paspyiieHuto. [loatomy npeHeOpe:KeHHE PONBI0 JBY-
MEpHBIX J1e(heKTOB, 00pa3yroIUXCcs B Ae(GOPMHUPYEMBIX CILUIOMIHBIX Cpe-
Jlax, BEACT K 3aBBIIICHUIO OLICHKH MIPOYHOCTHBIX XapaKTEPUCTUK MPUME-
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HSIEMBIX Ha MPaKTUKE MaTepPHaJoB. DTO 0COOEHHO HEAOMYCTHUMO B KOH-
CTPYKUUSIX, TPEOYIOIINX MPH UTUTEIBHOM MX JKCILTyaTallid BBICOKOM
CTETIEHU HaJEKHOCTH.

Takum oOpa3zoM, B HacTosIee BpeMsl Haspena BayKHas HaydHas Mpo-
Onema, cBsi3aHHAs C HEOOXOIUMOCTBIO Pa3BUTHS TEOPHU JTBOWHHKOBAHUS
Y HErOMOT€HHOM TUTACTUYHOCTU U UCTONb30BaHMA PE3yIbTaTOB 3THX TEO-
pHii B pelIeHnH 3a/Ja4 MEXaHWKU JedopMHUpyeMoro TBepaoro tena. Pe-
LIeHNE B JaHHOW paboTe 3Toil MpoOIeMBbl MTO3BOINIIO BIUCATh B MEXaHUKY
nehOpMHPYEMOTO TBEPIOTO TeNla HOBBIM pa3men «MexaHuKa JIBOWHHMKO-
BaHUS U HETOMOIE€HHOW MIACTUYHOCTH», KOTOPBIA CYILECTBEHHO IOMOI-
HHUJI B HAYYHOM M TPaKTUYECKOM HalpaBJICHUAX pasnen «MexaHnka pas-
pymenus». Hannure HoOBoro paszaena, MOCBSIEHHOTO paHee HE paccMar-
PHUBABIIMMCS C TIO3UILIUM MEXaHUKH POJICTBEHHBIX Pa3pyIICHUIO SBICHUM,
OTKpBIBA€T HOBBIE BO3MOYKHOCTH ISl IIMPOKOT0 MPAKTUUECKOr0 HCIOb-
30BaHUsI METOJIOB MEXAaHUKH Je(OPMHUPYEMOro TBEpPAOro Tela Jisl HaXo-
JSIIUX Bce Oosee MHMPOKOe MPaKTUIeCKoe MPUMEHEHHE MaTepHaioB HO-
BOTO TIOKOJICHHUsI TaKHX, KaK MaTepualibl ¢ HaMATbI0 (HOPMBI, HAHOKPH-
CTAJUINYECKNE MAaTEPHAIIBI, METAJUINYECKHAE CTEKNA U JIp.

OBIIASA XAPAKTEPUCTHUKA PABOTbBI

CBsi3b paGoThl ¢ KPYHHBIMH HAYYHBIMH NporpaMMamMu (Ipoek-
TaMH) H TeMaMH

JuccepTanvoHHbIE HCCIEIOBaHUS HEOJHOKPATHO MOAACPKUBAINCH
Benopycckum  pecryOnukanckuM  GoHIOM  (DYHIaMEHTaIbHBIX
uccieoBaHui B paMkax mpoektoB: ®IIM-025 «Peanuzanus niactu-
yeckod aedopManuyd ABOMHMKOBAaHHEM MpPH HAHOWHIACHTHPOBAHUHU
MOHOKPHCTAJJIOB BHCMYTa, OONYYCHHBIX MOHAMH pa3ld4HBIX Be-
mectB» (1999-2001 rr.); ®05M-009 «TexHomorus monydeHus u Qu-
3UYEeCcKHe CBOWCTBA ()a30BBIX AM(PAKIMOHHBIX PELIETOK, cHOpMHUpPO-
BaHHBIX - HA OCHOBE SIBJICHUS TOJMCHHTETUYECKOTO JBOMHHUKOBAHUS
MoHoKkpuctamioB» (2005-2007 rr.); ®07M-045 «Martematudeckoe U
¢u3nIecKkoe MOJIEIMPOBAaHNE MPOIIECCOB TBOMHUKOBAHUS KPUCTAIIOB»
(2007-2009 rr.); ©08-106 «MonenmupoBanue mpoueccoB aedopMupo-
BaHUSl MOHOKPHUCTAJUINYECKUX U aMOP(HBIX TBEPABIX TET MPHU COMYT-
CTBYIOIICH JIOKaNM3allMy HANpsDKEHUH Ha JBYMEPHBIX JAedexTax»
(2008-2009 rr.); T03-144 «MccnenoBaHue OCOOEHHOCTEH Mporecca
TUIACTHYECKOH AedopManny aMOp(HBIX MAaTEpHUaIOB Ha OCHOBE JKee3a
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C HAHOCTPYKTYPHBIMU (pa30BbIMU BKiItoueHUsIMH» (2003-2005 rr.);
®13-021 «Mexann4eckoe IBOHHUKOBAHHUE, OCOOEHHOCTH IIJIACTHYECKON
nedopmanyy 1 MexaHnka (popMOM3MEHEHUS! MarHUTHBIX CIUIaBoB I eiic-
nepa ¢ mamstbio Gopmer» (2013-2015 rr.). MunucTepcTBOM 00pa3oBa-
Hust PecriyOnuku benapyce mognepskansl npoektsl Ne 20012106 «Mo-
IGUIMPOBaHUE MOBEPXHOCTHBIX CIIOEB METAJIMUECKUX JAETajel BBI-
COKOPHepreTruueckoi ob6paborkoit» (2001-2002 rr.) u «Pemichue
KOHTaKTHBIX 33124 HAHOMEXaHUKH C YYeTOM JBOMHHKOBAHUS M HETOMO-
reHHoil ruactuaHocTr» (2010-2011 rr.). PabGora BhINMONHANACE B paM-
kax ['TIHU «Kouseprenmus» (2014-2015 rr.).

HuccepraunnonHas paboTa COOTBETCTBYET MPHOPUTETHOMY Harpas-
JeHn1o (yHIaMEHTAIBHBIX U MPUKIAAHBIX HayYHBIX HccienoBanuii Pec-
nyonuku benapyce na 2011-2015 roapr: «7. ManmHzocetpoenue. Cucre-
MBI ¥ KOMIUIEKCHI CETbCKOXO3IHCTBEHHBIX ManH. KOHTPOIs U AuarHo-
CTHKa B MaIIMHOCTPOEHUH: 7.1l. MexaHuKa, HaAeXHOCTb, 0€30MaCHOCTh
1 3KOJOTHYHOCTH MAIIMH, TPEHHE U U3HOC B MalllMHAX, METO/bI pacyera,
MOJETTHUPOBAaHUS, MPOEKTHPOBAHUS, KOHCTPYWPOBAHUS W HCIBITAaHUN
MammH, arperatoB u y3nos» (ITocranoBnenne CoBera Munucrpos Pec-
nyoiuku benapyce ot 19 anpenst 2010 roma Ne 585).

Heas u 3a1a4u uccae10BaHUsA

Lenbio paOoOTHI SIBUIOCH PA3BUTHE TEOPUN ABOMHUKOBAHHUS U HETO-
MOT'eHHOU IMacTU4ecKod AedopMmamnny U pa3paboTka METOAOB pacyera
HaNpPsDKEHHOTO COCTOSHUS Ne(pOPMUPYEMBIX TBEPABIX TEl Ha CTaJuu
HAKOIJICHUS MOBpPEKACHUM. s NOCTHXKEHHS MOCTAaBICHHON LIENH He-
00X0IMMO PEINTh CIACAYIOMNE 3a0a4H

. HAa OCHOBAaHUHM OKCIEPUMEHTAJILHBIX JaHHBIX pa3paboTaTh
JIUCIIOKAITUOHHBIE MOZACTH KIMHOBUIHBIX W MapajulebHBIX JABOMHUKOB,
MO3BOJIAIONINE HE TpUOeras K MOJEIH TOHKOT'O ABOMHHUKA PACCUUTHIBATH
Ha Pa3AMYyHBIX MacITaOHBIX YPOBHSX IOJISI CMEIIEHHUH, nedopmannii n
HaTpsDKEHUH B NeopMUpPYyEeMBIX TBEPIBIX TeNax MPH HaJUYUH B HUX
JIBOMHUKOB,

. HA OCHOBaHHM CPAaBHUTEIBHOI'O aHAJN3a PE3yNbTAaTOB pacue-
TOB HANpPsHDKEHHOTO COCTOSHHSI B YIPYIOM OJHOPOJHOM U HEOAHOPOI-
HOM TIONYIIPOCTPAHCTBaX, Ae(GOpMUPYEMBIX COCPEIOTOUYCHHON HITH pac-
MpEAEIeHHON Ha y4acTKe MOBEPXHOCTH HArpy3KOH NMPH HAJUYUH U OT-
CYTCTBMM JBOHHMKA, TIOKa3aTh HEOOXOJWMOCTb y4yeTa BKJajaa
JIBYMEPHBIX 1e(peKTOB B OPMUPOBAHUH APOPMAIIOHHON KapTHHBI,



. pa3paboraTh METONHMKY pacdera HampspKeHHOro u aedopmupo-
BAaHHOT'O COCTOSIHUM B 0CO00W TOYKE — BEPIIMHE KIMHOBHIHOIO IBOMHUKA,
a TaKKe M3y4IUTh POJib qucOanaHca KOMYEeCTBA AUCIOKALUA Ha JBOHHHUKO-
BBIX IPaHUIaX Ha HaNpsDKEHHOE COCTOSIHNE Yy KITMHOBUIHOTO IBOMHHUKA,

. MOTYy4YUTh YCIIOBUE PABHOBECHS KIMHOBHIHOIO ABOMHHUKA IMpPU
JMCKPETHOM M HENpPEpHIBHOM CYMMHPOBAaHUM BKJIAJa JBOMHHMKYHOIINX
JMCIIOKAIUH B TPOLIECC MEKIUCIOKAIMOHHOTO B3aUMO/ICHCTBHS, IPOBECTH
aHaJIN3 3TOT0 YCIIOBUS U Pa3paboTaTh MOJIEIb PAa3BUBAIOIIETOCS IBOMHUKA;

. MPUMEHNUTh ME30CKOMNYECKYIO0 IUCIOKAIlMOHHYIO MOAETh
IUIsl pacuera IMojieil HampshDKeHUH y HaHOIBOWHHUKA JTMH30BUAHOU (op-
MBI, U3y4UTh POJIb KOHIIEHTpATOpa HANpPSLKEHUH BHYTPU HaHOpa3MEpHO-
ro IBOWHUKOBOTO 3apojbllia B (JOPMHUPOBAHUH Y HEro HampsHKEHHOTO
COCTOSIHMSI M IPUMEHUTh IMPUHIUI AJIEKTPOCTATUYECKON aHAJIOTHH AJS
pelIeHusl TPEXMEPHOM 3ajauM 0 pacdeTy MoJel HanpsyKeHUH y JINH30-
BHJIHOT'O ABOMHUKA;

. Ha OCHOBAaHUU SKCIEPUMEHTAJIBHBIX JaHHBIX, YKa3bIBAIOLIMX
Ha aHAJIOTHIO PA3BUTHS IPOIECCOB JBOMHUKOBAHHWS M HETOMOI'E€HHOMN
TIacTHYEcKOl aedopmannu, 000CHOBATH LENeco00pa3HOCTh KBa3HIHC-
JIOKAaIIMOHHOTO MOAX0Ja K MOJEIHPOBAHUIO HETOMOTE€HHOM IJIacTHye-
ckoil nedopmanur amMOpHBIX MaTEepUaNoB, pa3padboTaTh KBAZHUAWCIIO-
KallMOHHBIE MOJIENY, ONMCHIBAIOLINE PA3IMYHBIE TUIBI MOJIOC CABUTA B
aMOp(HBIX MaTepuanax, U IOKa3aTh BO3MOKHOCTh pacuera Ha OCHOBA-
HUU JAHHBIX MOJENEN MoJiel HalpspKeHUH Yy eAMHUYHBIX, BETBSIIUXCSA U
MapajyIedbHBIX M10JIOC CABUIA.

O0BbeKTOM HCCIIeTOBAHUSA SBJSUIMCH U30TPOITHBIE U AHU30TPOIHbIE
TBepbIE Teja, MOABEP)KEHHbIE NMPH MX Je()OPpMHUPOBAHUH JBOHMHHUKOBA-
HUIO WX HETOMOTEHHOM IIIaCTUYHOCTH.

IIpeamer ucciaeaoBaHusi — HaPsHKEHHO-IE()OPMHUPOBAHHOE COCTOS-
HHe, cOPMUPOBAHHOE ABOMHUKAMHU M TOJIOCAMHU CIBHTA B JedopMUpye-
MOM TBEPIOM TeEIIE.

Bp100p 00BEeKTOB M IpeaMeTa UccieNoBaHUs OOYCIOBIEH TEM, YTO
pelIenre 3a1ad MeXaHuKH Je()OpMUPYEMOro TBEpAOro Teja sl IBOM-
HUKYIOUIMXCSI U aMOp(HBIX MaTepHalioB 00JiafaeT OOJbIIOW HETOYHO-
CTBIO, TaK KaK JBOMHHUKH M TOJOCH! CABHUTA SIBJIAIOTCSA KOHIIEHTPATOpaMu
00X (COM3MEPUMBIX C MPEACTIOM TEKYYeCTH, a MOPOi, U MPEICIOM
NPOYHOCTH MaTepHaja) BHYTPEHHUX HAINpPsDKEHUH, CyHIIeCTBEHHBIM 00-
pa3oM HCKaKalomuMH JIeGopManuoHHYI0 KapTuHy. OTCYTCTBHE B pe-
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LICHUU COBPEMEHHBIX 33124 MEXaHUKH J1eOPMUPYEMOTo TBEPAOTO Tena
ydeTa JBOMHMKOBAHHS M HETOMOT€HHOHM NMIACTHUYHOCTH JUISl psiia Mpu-
MEHSEMBIX Ha MPAKTUKE ABOMHMKYIOIIMXCS M aMOP(HBIX MaTepHuajoB
MPUBOIUT K CYIIECTBEHHO 3aBBIIIEHHOM OI[€HKE MX MPOYHOCTHBIX Xa-
PaKTEpUCTUK, TaK KaK BBICOKHN YPOBEHb HAIPSDKEHUHM y JBOWHUKOB H
MOJIOC CABHTA CTIOCOOCTBYET 3apOXKACHUIO Y HUX MHKPOTpPEIINH, IPHUBO-
JSIINX K pa3pyLICHHIO.

IosoxeHns1, BBIHOCMMBbIE Ha 3AIIUTY:

1. YucrneHHO-aHAIMTHYECKUH METON  pacyera  HalpsHKEHHO-
neOopMUPOBAHHOTO COCTOSIHUSL B JBOWHUKYIOHIEMCS Je()OpMHUPOBAH-
HOM TBEPJOM TeJe MPU HAIMYMHM B HEM MEXaHMYECKOro HaHOJBOWHUKA,
WCTIONB3YIOIIUN NPUOMMKEHNE TUCKPETHOTO paclpeneNieHus TUCIoKa-
LIWH Ha TPaHUIAX ABOMHHMKA U MO3BOJSIOUIMM YYUTHIBATH POJb BHHTO-
BOH M KpaeBoil cocTaBisromieil Bekropa broprepca yacTudHoOI 1BOHHM-
KyIOIIEW MAWCIOKAlMM B XapaKTepe pacHpeneleHus HOPMAJIBHBIX H
CIBUI'OBBIX HAIPsDKEHUI Yy HEKOT€pEeHTHOr 0 HaHOABOMHUKA. MeTon mo-
3BOJIMJI PACCUMTATH OMACHBIE AN 3apOXKAECHUS PaspyLICHUs MOJs BHYT-
PEHHUX HaNpsDKEHWH, cMeleHni u aedopManuil y KIMHOBUAHBIX, JIMH-
30BUIHBIX M MapajlIeNbHBIX HAaHOPA3MEPHBIX JBOMHMKOB M MOKa3asl He-
00XOIMMOCTh Y4eTa JBOWHUKOBAHHSA B MEXaHHKE JepOpPMUPYEMOro
TBEPOTO Tela B METOAMKAX MPOTHO3MPOBAHMS 3apOXKACHHUS paspylie-
HUS B IIMPOKO HCIONB3yEMBIX Ha NMPaKTUKE IBOWHUKYIOIIMXCS MaTe-
pHaiax Takux, Kak CIIaBbl Ha OCHOBE JKele3a, HUKeIs, KoOanbTa, MeaH,
LMHKA, TUTAaHAa, aJTIOMUHMS U Jp.

2. OCHOBaHHBIA Ha MOJOKCHUSIX MEXaHUKU Pa3pyIICHUs, pe3yibTa-
Tax OKCIHEPUMEHTANBHBIX HCCIENOBAHUH M  TIYyOOKOM  (HU3UKO-
MEXaHMYECKOM — OOOCHOBaHMM  METOZ  pacyera  HalpsbKEHHO-
JIe(OPMHUPOBAHHOTO COCTOSIHHUA Y KIMHOBUJHOTO MEXAHHYECKOTO BOM-
HUKA, MCHOIB3YIOMMH NpUOMKEHHE HEMPEepBIBHOIO pPacIpeaeneHus
JIBOMHUKYIOIUX AUCIOKAllMA Ha NBOMHUKOBBIX TpaHUIAX. Meroxa mo-
3BOJIMJI ‘OLICHUTHb YPOBEHb KOHIIEHTPALMU OMACHBIX JUIS 3apOXKACHUS
pa3pyuleHNs HaIpsDKEHUH y OCTaTOYHBIX HEKOTE€PEHTHBIX, HE TOHKUX U
HEIUIOCKUX JIBOMHMKOB, YTO paHee HE MO3BOJISIIM CIEIaTh METOJBI, OC-
HOBaHHBIE Ha MOJAEIN TOHKOTIO JBOWHHKA. DTO JaJi0 BO3MOXHOCTH I10-
BBICUTH TOYHOCTH ITPOTHO3UPOBAHUS 00YCIOBICHHOTO IBOMHUKOBAHUEM
pa3pylIeHHsa Ha CTaJUHM HAKOIUIEHUS MOBPEXACHUN B IIMPOKO HCIONb-
3yeMbIX Ha IPaKTHKE JBOMHUKYIOIINXCS MaTepHaax.



3. Meromuka 4YMCIICHHO-aHAMTUYECKOTO pacyera IOJIeH HarpsbKe-
HUI B yIIPyroM MOJYIPOCTPAHCTBE, K MOBEPXHOCTH KOTOPOTO MPHIIOKE-
HBl COCPEOTOYCHHBIC WJIHM PACHpECICHHBIC HArpy3KH MpH HaTHMYHU
OCTaTOYHBIX MEXaHWYECKHX KIMHOBHHBIX JBOHHHMKOB C Pa3IUYHOM
(bopMoit rpaHuII, KOTOpast MO3BOJIMIIA YUECTh HANPSIKEHHS, CO3/IaBacMble
KJIMHOBUIHBIMH JBOMHUKAMHU U TIOKa3aTh, HEOOXOIMMOCTh yueTa JIBOM-
HUKOBaHUS B ()OPMHUPOBAHUHU HAIPSHKEHHO-1e()OPMUPOBAHHOTO COCTOSI-
HUSI B JIBOWHHUKYIOIIMXCS MaTepuaiax, Tak KaKk HEeKOTrepEHTHbIC BOIHM-
KH CIocobHBI cymectBenHo (Gonee 10° pa3) yBenuumBaTh ypoBeHs Ha-
OpsHKEHHH B TeX 0O0JIacTsAX, B KOTOPBIX COTJacHO KIaCCHYECKAM
METOJ]aM pacyeTa BBHICOKHH YPOBEHb HANPSDKCHUH HE MPOTHO3UPYETCS.
Meroauka aana BO3MOXKHOCTh pa3paboTaTh Croco0 yrpaBieHHs MPOY-
HOCTHBIMH XapaKTEPUCTUKAMH JBOHHUKYIOIINXCS MaTEPHAIOB C MTOMO-
IBIO PACTIPEACICHHBIX HATPY30K H YIYYIIHTh IIPOrHO3MPOBAHUE 3aPOK-
JICHUS Pa3pyILCHUS B IBOMHUKYIOIINXCS MaTepuaiaX Ha CTaJud HAKOII-
JICHUSI TOBPEKICHHIH.

4. Meroauka pacuera TOJIeH HANpsHKEHUH y YacTo SIBISIFOLIMXCS
NPUYMHON 3apOXKICHUS JBOWHHKOB JJICMEHTAPHBIX KOHIIEHTPAaTOPOB
HaIpsDKEHUH — TOYEYHOr0 UCTOYHHMKA PaCIIMPEHHS MIIH TTOJHOM AMCIIO-
KalliH, B Clydae UX HaXOXKJICHUS BHYTPH JIMH30BUIHOTO HAaHO/IBOWHHKA.
B omimume OT W3BECTHBHIX, pa3paboTaHHAsT METOAWKA YHCIICHHO-
AQHAJIMTHYECKOrO pacdyeTa BIEPBbHIC TIO3BOJIIIA BBISBUTH 3aKOHOMEPHO-
CTH HBOJIOIMH TOJICH HATIPSDKEHUI Yy SBISIOIIETOCs IBOMHUKOBBIM 3a-
pOBIIIEM HAHOABOWHUKA B 3aBUCHMOCTH OT MOIIHOCTH HaXOJALIECTOCS
BHYTPH HErO KOHIIGHTPATOpa HAaNpsDKEHUH. Pe3yabraThl O3BONMIN pas3-
paboTath croco® ympaBleHHs Ha CTAaIMU HAKOIUICHHS TOBPSKICHHN
MPOLIECCOM 3aPOJKACHUSI O0YCIIaBIMBAIOLICIO 3apOXKICHUE TPEUIMH
JBOIHUKOBaHUS B BaKHBIX U MAalIMHOCTPOCHHSI CILIaBaX Ha OCHOBE
Kene3a, HUKeNsl, Ko0albTa, MeIH, IIMHKA, TUTaHa, aTFOMUHUS U JIp.

5. OcHOBaHHBIC Ha KBa3HIMCIOKAIIMOHHOM MOJAX0/E METO/IbI pacyera
HaMpsDKEHHO-1e() OpPMUPOBAHHOTO COCTOSTHHSI B H30TPOITHBIX TBEPABIX
Teax Ha Tare HerOMOTSHHOM IIaCTHYECKON NedopManuu — siBICHUH,
POJICTBEHHOM JIBOWHMKOBAHWIO M pa3pylIeHUI0. B ornnume ot m3Bect-
HBIX, pa3pa0OTaHHBIC METOJbI TO3BOJMJIM BIIEPBBIC YCTAHOBHTBH, YTO
pachperneneHue HanpspKeHUH y 1MoJoc ciBUTa B aMOp(HBIX MaTepuanax
NPOSIBIISIET CXOXKECTh C MX PaclpeeieHHEeM y TPaHUIl TBOMHHUKOB. JlaH-
HBIE METO/IbI OTKPBUTH BO3MOXKHOCTh ITPOTHO3MPOBAHMs 00IacTel 3apo-
JKJICHUS pa3pyLICHUsI MPU TPOSIBIICHUM BO BpeMs JAe(OpMHpPOBaHHS He-
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TOMOTEHHOH TJIACTHYeCKOW aedopManuy B TAaKUX MaTepuanax HOBOTO
MOKOJICHU S, KaK METaJUTMYeCKHEe CTEeKIa.

JIMYHBIA BKJIAX COMCKATES

TeopeTnueckue U HKCIEPUMEHTATIbHbBIC HCCIEAOBaHM, 0000IIEHHBIE
B IMIPEICTaBICHHON paboTe, BBHIMOIHEHBI aBTOPOM KaK CaMOCTOSTEIbHO,
Tak u B coaBTopcTBe. OCHOBHBIE MOJIOKEHHS, BHIBOJBI U PEKOMEHIAINN
MpUHAANIEXKAT aBTOPY, KOTOPBIA BBIOpan HaydHOE HaIpaBJIeHUE, OIpe-
JeTuIl LeNb U 3aauu, pa3padboTai MeTONOJIOTHIO uccaeaoBanuid. O0cy-
XKJICHHE Pe3yNbTaTOB M KOHCYJBTHPOBAHHE 10 OCHOBHBIM BONPOCAM
JICCePTAIMA  OCYIIecTBIsIOCh mpodeccopom HO.B. Bacuiesnuewm.
AmMopdHBIe CTIIaBBI TS BEJCHUS SKCIEPUMEHTAIBHBIX PaboT 1Mo u3yyde-
HUIO HErOMOT€HHOHM IJIaCTUYeCKOW aedopManuy MpPemaoCcTaBICHBI IPO-
¢eccopom M.H. BepermarnueivM, KOTOpBIH y4acTBOBaJI B OOCYXICHHH
PE3yNbTaTOB, CBS3aHHBIX C MHCCIICIOBAHUEM CTPYKTYpPbl M CBOMCTB
amMop(dHBIX MaTepuanoB. B o0CykIeHnH W-aHalln3e pe3yabTaToB pado-
TBHl, MPOBEACHUU PEHTTCHOCTPYKTYPHBIX HCCIENOBAHUN M H3Y4CHHU
CBOMCTB aMOp(HBIX MaTeprasioB yyactBoBai npodeccop B.I'. llenerne-
BUY. Jlpyrue coaBTOpHI B COBMECTHBIX ITyONMKAIIUSIX OKa3bIBald II0-
MOIIb B MPOBEACHUH 3KCIIEPUMEHTANBHON YacTH paboThI, BHIIOIHEHUN
OTAEIBHBIX KOMIIBIOTEPHBIX PACUETOB.

AnpoOanus pe3yabTaTOB M CCEPTALMHA

PesynbTaTel paboThHl 10JIOKEHBI U 00CYKJIEHBl Ha KOH(epeHIUIX:
VIl u VIII Mexaynaponubix koHpepeHIUAX «CTPYKTYpHBIE OCHOBBI
Monu(UKamuyd MaTepUaliOB METOAAMH HETPAJHIIMOHHBIX TEXHOJO-
ruit» B 1. O6HuHcke; X n X| Poccuiickux xonpepennusax «CtpoeHue
W CBOMCTBA METAJNIMYECKUX U IIIAKOBBIX PacIiulaBOB» B I'. EkaTepuH-
Oypre; Mexnaynapoanoit kongepenuun «Mechanics of Composite
Materials» B r. Pure; MexnynaponHoir koHdepeHuun «Me3ocTpyk-
Typa» B T. Cankr-Ilerepoypre; XXXVII Mexaynaponnom ceMunape
«AKTyanbHBIE TTpOOJIEMBI TpodHOCcTH» B T. Kuese; MexayHapoaHoi
koHpepennuu «Multiscale Materials Modeling» B r. boctone; Il To-
MENbCKOW pernoHajJbHOW KOH(pEPEHIHH MOJOABIX Yy4eHBIX «HoBbie
(yHKIMOHANbHBIE MaTepUalibl, COBPEMEHHBIE TEXHOJIOTHH U METOJBI
nccinenoBaHus» B r. ['omene; MexayHapoJHON Hay4YHO-TEXHUYECKOH
koH(peperuun «I[IporpeccuBHble TexHOIOTUH 00pPabOTKN MaTepHalIoB
JaBleHneM» B T. MwuHcke; MexayHapoqHOM Hay4HO-TEXHUUYECKOU
koH(pepeHun «CoBpeMeHHbIe MPoOIeMbl MalIMHOBeNeHUA» B T. ['0-



Mmene; 1V Benopycckom KoHTpecce Mo TEOpeTHYeCKO U MPUKIaJHON
Mexanuke «Mexanuka — 2009» B r. MuHcke.

Ony0IMKOBAHHOCTD Pe3yJbTATOB AMCCEPTANH

ITo Teme nuccepramyu onyonukosaHo 100 HayyHBIX paboT, cpeau Ko-
TopbiXx 1 MoHOrpadus, 81 craTen B peleH3MpPYEMBIX HayYHBIX >KypHaJlaX
u cooprukax (cpemr Hux 70 crareil cooTBeTcTBYIOT [lepeuHro HaydHBIX
m3naauii Peciyonmuku benapyce n Poccuiickort Deneparyu, onpenereH=
HbeIX BAK 1151 omyOnmkoBaHus pe3yabTaTOB THCCEPTALMOHHBIX MCCIIEIO-
BaHWii), 16 Te3nucoB MOKIanoB Ha MeEXIyHapOIHBIX KOH(PEPEHIUIX H 2
naTeHTa Ha u3o00perenus. OOmmi oobeM myoOnukanmii coctaBmi 321 aB-
TOPCKHI JIUCT.

CTpykTypa u 00b€M qUCCepTAIUU

Juccepranusi COCTOMT U3 BBEICHUS, 0OIIEH XapaKTepUCTHKH pado-
THI, TISITH TJIaB, 3aKJIIOUEHHUS, CIIHUCKA JUTEPATyphl U YETBIPEX MPHIIONKE-
Huii. PaGota u3noxkena Ha 190 cTpanuiax, o0mui ee 00beM COCTABIISIET
392 crpanunpl, Brirodas 260 pucynkos, 4 Tabmuilel, Oudmmorpaduro u3
204 sanmeHoBaHuA U 4 npunoxenus Ha 132 crpanunax.

OCHOBHOE COJEPKXAHUE PABOTHBI

B raase 1 «CoBpeMeHHbIE NPO0JIeMbI B 00J1ACTH HCCJIETOBAHMIT
ABOMHUKOBAHUSI M HErOMOIeHHOM IIACTHYHOCTH Ae(OpMHPYeMBbIX
TBEPAbIX TeJI» CliefiaH 0030p IKCIIEPUMEHTAIBHBIX U TEOPETUUECKHUX Pa-
00T B 00nacTu MccaegoBaHMs JBOMHUKOBAHNS W HETOMOT€HHOM ILIACTHY-
HOCTH M30TPOIHBIX U aHU30TPOITHBIX 1€POPMHUPYEMBIX TBEPABIX TE.

PaccmoTpeH BKIaa M3BECTHBIX MEXAHHKOB B TEOPHIO AMCIOKALIMM.
[Ipu 3TOM B pe3yapTaTe NCTOPUUECKOTO PACCMOTPEHHS BOMpOca MoKa3a-
HO, YTO MEXaHWKa JWCIIOKauuid Oblia pa3paboTaHa 3aJ0iT0 10 UX OT-
KpBITHSL. Pasnnure B pacCMOTpEHHH IUCIIOKALUN B MEXaHUKE e OpMHU-
PYeMOro TBepAOoro Tena U B (pU3MKEe KOHAEHCHPOBAHHOTO COCTOSHHS
COCTOMT B TOM, 4YTO B MEXaHMKE IUCIOKALM paccMaTpHUBaeTCs B
CILUTOLIHOM cpene 0e3 yuyera ee aTOMHOI'O CTPOCHUS, a B (PU3UKE — C T10-
3ULIMIA aTOMHOI'O CTPOEHHSI BELIECTBA.

IlokazaHo, 4TO B HacTOsIIEE BpeMs CYLIECTBYET MTOCTAaHOBKA 3aJa4u
0 nedopMHUpPYEMOM TBEPAOM TeJe C IUCIOKALMIMH, KOTopas B paboTe
C.II. Kucenesa npencraBieHa B CIEAYIOLIEM BU/IE!
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FpaHI/I‘-IHI:IC YCI0BUA i1 paCCManI/IBaGMOf/'I 3alaui HCHAIr'py>KCHHO-
T'o YIIpyroro nojaymnpocTpaHCTBa UMCIOT BHU/

fi =Gijnj, Skj|nj(1|i =O,

rae fi — IIOBCPXHOCTHAs CHUIIA, nj — KOMITOHCHTBI BEKTOpa HOpMAJIi K

MTOBEPXHOCTH.

[IpuBeneHHast OCTAaHOBKA 3aJa4H C YCIIEXOM MOXET OBITH MPHUMEHE-
Ha ¥ U Je)OpMHPYEMOro TBEPAOro Teia ¢ ABOMHMKAMU U HOJIOCAMHU
cnsura. IIpobnema 3akmiodaercs B pacueTe BHYTPEHHUX HAaIpsDKEHUH,
00YCIIOBIIEHHBIX JBYMEPHBIMU AedeKTaMu. PereHuio 3Toil mpodiaeMbl 1
MOCBsIIIEHA JaHHAs padoTa.

JIBOITHMKOBaHNE KPUCTAIIMYECKUX TBEPABIX TEl W 0Opa3zoBaHUE MO-
Jloc cABHTa B aMOp(HBIX MaTepuasax Mo JeHCTBUEM BHEUIHEH HArpys3-
KM SIBJISIFOTCSI TIPOLIECCAMHU POACTBEHHBIMH pa3pyleHuto. C TOYKU 3pe-
HUSI MEXaHUKH JIByMEpHBIE 1e(eKThl, BOSHUKAIOUINE B 1eOPMUPYEMOM
TBEPIOM TEJ€, PacCMAaTPUBAIOTCS KaK HEOTHOPOJHOCTH B CIUIOIIHOM
cpelie WM KaK KOHIIEHTPAaTOpbl HaNpsKEHUH. J[BOMHMKOBaHHME aHU30-
TPOIHBIX TBEPABIX TEN MPOSABIAETCS MPEUMYIIECTBEHHO B CIy4asx, KO-
r71a 3aTpYJHEHO CKOJbXeHHE. B To ke BpeMs, MOJOCHl CABUIa, SIBIISIO-
myecsl KaHajllaMH HErOMOTLEHHOH ITACTHYECKOW NedopMaluu B H30-
TPOMHBIX TeNaX, MPOSBISIOTCH, KaKk MPaBUiIO, TOrAd, KOrJa HcYeplaH
pe3epB rOMOTr€HHOMN MIIACTUYHOCTH.

OObenMHUTD paspylleHUe, IBOMHUKOBAHHE M HETOMOIEHHYIO Ilia-
CTUYHOCTb B KJIACC POJCTBEHHBIX SIBICHUH MO3BOJMIIA CXOXKECTh IPO-
LIECCOB Pa3BUTHS JAHHBIX KAHAJIOB PEAKIIMH TBEPIOro Tena Ha naedop-
MUPOBaHKE U OOIIHOCTH OCHOBAHHOT'O Ha METOJaX KOHTHHYaJbHOH TEO-
pUM  AHCIOKAMN MaTEeMaTHYeCKOro amnmapara, HCIOIb3yeMOoro JUIs
OIMCaHMsL TAHHBIX sBJeHU. PaccMarpuBaemble mporeccsl B 1edopMu-
PYEMBIX TBEPIBIX TEIAaX YacTO MPOTEKAIOT OJHOBPEMEHHO, HAKJIaAbIBas
JIpyT Ha Jipyra cymecTBeHHOe BiusHue. C TOUKH 3peHUs] MEXAHHUKH Jie-
(hopMHPYEMOro TBEPAOro TeNla 3TH ABJICHUS 00bEeIUHSAET OOIIHOCTH I10-
CTAaHOBKM 3aJa4 U METOJIOB MX PEIIECHUSA, OCHOBAaHHBIX Ha IpEACTaBIIe-
HUSX CIUIOIIHOCTH CPEJBI.

B Hacrosiiee Bpems B TUTEpaType NPeACTaBlIeH OOIIUPHBIA MaTepH-
al Mo pe3ysnbTaTaM HCCIEIOBaHMs JBOWHHKOBAHUSA KPUCTAJJIOB U HETO-
MOT'CHHOH TUTacTHUecKoi aedopmanuu aMmopHbIX MatepuaioB. Cymie-
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CTBYIOILIME MOJENH JIOKAIN30BAHHOM IJIaCTHYECKOH nedopMarui MOx-
HO OXapaKTepU30BaTh, KaK HEJOCTATOUYHO pa3BUTHIC, HE MO3BOJISIOIINE
OIUCHIBATh BCE KIIACCHI ABOMHMUKOB U MOJIOC CABUTA, HAOIIOAAEMBIX IPU
nedopmupoBanun TBEpABIX Tel. OTCYTCTBYIOT MMEIOLINE BaKHOE MPAK-
TUYECKOE 3HaYeHHE MPUMEPHI PELIeHUs 3aad MEXaHUKH JIeOopMHUpye-
MOI'0 TBEPJOIO TeJla C YU€TOM HaNpsDKEHUH, JTOKaTU30BaHHBIX Ha JBOM-
HUKOBBIX TPaHUIAX M TOJOCAaX CIBUTA B aMOp(QHBIX Marepuaiax. JTo
yKa3bIBaeT Ha HAMWYKE BAXKHOW HAYYHOW MPOOJIEMBl, 3aK/II0Yaromencs B
pa3paboTKe YHCIEHHO-aHATUTUYECKMX METOJO0B OIMUCAHMS OOLIMPHBIX
9KCTIEPUMEHTAIBHBIX JAHHBIX U Pa3BUTHH TEOPUH ABOWHUKOBAHUS KPU-
CTaJUIOB M HETOMOT'€HHOH IUIaCTHYECKOH AedopManny aMop(HBIX MaTe-
pHAJIOB ¥ MPUMEHEHUE 3TON TEOPHH ISl PellieHHs 3a1a4 MEXaHUKH Jie-
(hopMHpYyeMOro TBEpJOro Teja.

Ha ocnoBanuu onsitoB P.U. N'apbepa U.M. JIudmmunem Gana npen-
JIO)KEHA MaKpOCKOIMHYecKas MOJENb JABOMHUKOBAHHS KPHUCTAJIOB. JTa
MOJIeb MO3BOJIMIIA MOKa3aTh 1eJIecO00pa3HOCTh MPEACTaBICHUA O He-
JMHEHHON 3aBHCUMOCTU MEXKIY TEH30pOM HAIPSHKEHUH Gj U TEH30pOM

nedopManuii € , 00yCIOBICHHYIO IBOMHUKOM, HMEIOLIEE BUJL

A1| A2| ApdE — Ajpdn | Ay dE— Agpdn
x (F)=Re +fo [ +

Z C 2 -G 2, =C;
rae z; = X+u;Y; G =€+uin; Mj, A — KOMIUIEKCHbIE YHCNa, CBSI3aH-
Hbl€ C KOHCTAaHTAMH YHIPYTOCTH KPUCTAIA Ajg,: & U 1M — HapameTpsl
uHTerpupoBanus; F; — cocpenoroueHnas cuna; f; — mHTEHCHBHOCTBH
COCPEAOTOUYCHHOMN CUIIBL.

Kpome Teopun npoitHukoBanus WM. Jludmmia, Gonpiryo momy-
JSPHOCTH NpHUOOpeNna AWCIIOKALMOHHAS MOJENb JBOMHHKA, PE3yIbTaThl
kotopoir 06o6menst A.M. Kocesuuem u B.C. Boiiko. Mogens mpen-
CTaByIsieT cOOOl aHamor MOAENU AWCIOKAIlMOHHOW TpemuHbl. Kak u B

teopuu TpemH A.M. Kocesuuem n B.C. boiiko npeacraBieHo ycioBue
paBHOBECHS TOHKOT'O IBOITHMKA
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L L
vp. [ B - [k (x 0p@0 =5 [o09 + S (W)= o),

2 8 ]
rae L — uinHa 1BoiiHMKa; 8, — BEIMYMHA CTYIICHBKH, KOTOPYIO 00pa3sy-
eT JIBOMHHMK Ha TOBEPXHOCTH KpHcTauna; p(&) — JMHeitHas MIOTHOCTH
ABOMHHKYIOIINX qucnokanuii; K(&,X) — HekoTopast GyHKIUs ABYX Tie-
peMeHHBIX; G(X) — BHEIIHHE HanmpspKeHus; S(X) — HampsDKEHUs Ha Jid-
HUU BOMHHKOBAHHS, SKBHBAJICHTHBIC HAJHYUIO CHJ HEYIPYTOro Ipo-
MCXOXKJIEHUs; B mist KpaeBoil M BUHTOBOH JMCIOKAIMH, COOTBETCTBEH-

HO, UMECT BU]

b
BKp _ W Kp ’ BB p | l.le .
2n(l-v) 2n

3nech p — Moztynb capura; v — kodbduiment Ilyaccona; b, n b, —momyns
BeKkTOpoB Broprepca, cOOTBETCTBEHHO; KPA€BOW M BAHTOBOM M CJIOKALIUH.
Ecmu S(X) wu3BectHa, TO, Kak 310 ObuTO MOKa3zaHo A.M. KoceBuuem u
B.C. Boiiko, MOxHO HaiiTh p(X) mpH 3amanHO# QyHKIHKH ©(X), KOTOpast
YIOBJIETBOPSIET CHENNATIBHOMY YCIOBHIO OPTOrOHAJIBHOCTH

L
Jo(x)po(x)dx =0,

ag

rae po(X) — peureHue ypaBHEHHs

L
JK(EX)po(x)dx =0

ag

B amopdHbBIX MaTepuanax miuactuueckas gedopmanusi peanusyercs
TOMOT€HHO M HETOMOTeHHO. ['oMoreHHas mactudeckas aedopmanus
PaBHOMEPHO pacipezesieHa Mo BceMy o0beMy aedopMupyeMoro TBep-
noro tena. s takoro Tuma AedopManuy TUCIOKALMOHHAs MOZAENb B
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HacTosimee Bpems paspaborana. OpHakKo TeOpus HETOMOTCHHOW Iljia-
CTUYHOCTH aMOP(HBIX MaTEepPHAaJIOB, JIOKAIM30BAHHOW B OTPaHHYCHHBIX
o0beMax, B YaCTHOCTH, B TOJIOCaX CJBUTA, B HACTOSINEE BPEMsI OTCYTCT-
BYeT, HECMOTPsI Ha MMEIOIIUECS OOUIMPHEIC YKCIEPUMEHTAIBHEIC JaH-
HbIe. DTO yKa3bIBAaeT Ha HaJIM4YUE TPEOYIOUIeH pemeHus: MpooIeMbl 1Mo
MaTeMaTHYeCKOMY MOJICIIMPOBAHUIO HETOMOTECHHOM TUTACTUYECKOHN fe-
dbopManuy TPUMEHUTEIBHO K 3a7adyaM MEXaHUKH JeQOpPpMHPYEMOTO
TBEPJOrO Tena.

I'maBa 2 «Me30ocKkonu4ecKasi AUCJIOKANMOHHAST MOAENb KJIMHO-
BU/IHBIX JIBOHUKOBY» MOCBSIICHA PA3BUTHIO ME30CKOMHUECKON (HaHO-
MacIITabHOM) AUCITOKAIIMOHHOW MOJICTM HETOHKOTO OCTATOYHOTO MeXa-
HHYECKOTO KIIMHOBHJIHOI'O IBOMHHUKA, CIIeH IJIOCKOCTH JIBOMHHKOBAHUS
KOTOPOT'O0 COBMAJaeT C HANpaBICHUEM DPa3BUTHs JNBOHHUKA. B OCHOBY
MOJICITH JICTJIA PE3yIbTaThl SKCIIEPUMEHTATBHBIX UCCISIOBAHUI U MaTe-
MaTHUYECKUE MOIXObl, PUHATHIC B MEXaHHKE JehOpMUPYEMOTrO TBEP-
noro tena. [Ipu 3TOM ydTeHO, 4TO NBOMHUKYIOINAS TUCIIOKAIUS SBIISCT-
cs YaCTUYHOH U ee BeKkTop broprepca MoxkeT OBITH pa3lioKeH Ha Kpae-
BYI0O M BHUHTOBYIO cocTraBisitoniie. Pa3paGoran 3¢ ¢eKkTuBHBI crocod
pacdera moJel HampshKeHHd, cMelleHud u nedopmanmii. O6o0ImeHHoe
COOTHOIIICHUE I pacuera, HalpuMep, HAMpsHKEHUH Y KIWHOBHIIHOTO
JIBOMHHMKA Ha HAHOMACIITA0HOM YPOBHE MMEET BH/T

o;; (X, y)=§n:crfj)A(x—nd,y+ nh)+%ci(j)8(x— md,y —mh),

rac in j MPUHUMAIOT 3HAYCHUA X, Y UIIH Z; Gi(j)A u Gi(j)B — HaIIPs’KCHU A,

co37laBaeMble CKOTUICHUsIMH Juciokaruii Ha rpanuriax OA u OB kiu-
HOBHIHOT'O JIBOWHUKA, COOTBETCTBEHHO; N U M — MHJIEKCH CYMMHPOBa-
uus; d m h — mpoeknuu coorsercTBeHHo Ha ock OX u OY oTpeska, co-
SIMHSIIONIETO JIBE COCEJHHE JBOWHUKYIOIIUE IMCIOKAIIMKA JTBOHHUKO-
BOM TpaHUIBI.

PazpabatpiBaeMas MOAENTh KIIMHOBHIHOTO JIBOMHMKA, Ha3BaHA MeE30-
CKOMMYECKOW. ITO CBSA3aHO C UCIOIB30BAHUEM B HEW MPOMEKYTOYHOTO
MacCIITa0HOTO YPOBHS, KOTOPBIA HAXOAWUTCS MEXKIY aTOMHBIM U MaKpO-
CKONMMYECKUM YpOBHEM abOcTparupoBaHus. Tak Kak paccMaTpuBaeMbIe
Ha 3TOM MacimTaOHOM ypPOBHE JBOMHUKU MMEIOT JUIMHY, KaK MPaBHIIO,
HE MPEBBIIIAIOIIYI0 HECKOJIBKO COTCH HAHOMETPOB, TO aJIbTEPHATUBHBIM
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Ha3BaHHEM pa3pabOTaHHOM MOAENIM MOXXHO CUUTATh Ha3BaHWE HAHO-
MaciTaOHON Mozeny.

B cymecTByronmx Teopusx ITBOWHUKOBAHMSA, KaK MPaBUIIO, MpeHeo-
peraercsi BEIMYMHONW CTYNEHBKH, KOTOPYIO OOpa3yeT IBOMHHMK Ha IO-
BEPXHOCTH TBEPJOrO TeNa. Takoe JMOMyIIEHNE HE OTBEPraeT CYIIECTBO-
BaHHE TIOBOPOTAa KPUCTAJTMUECKON PelIeTKH, OOYCIOBIEHHOTO JABOIHM-
KOBaHHEM, a CBS3aHO C MPEHEOPEKUMO MaJIOl BETUUNHON CTYIIEHBKH 110
CPaBHEHHIO C T€OMETPUYECKHMHU MapaMerpaMy JBOWMHHKA. Tem Oomee
Takoe JONyLIeHWE IIefecoo0pa3Ho B ciydae 0oOpa3oBaHUs JBOMHHKA
BJIaIM OT TOBEPXHOCTH TBEPAOIO TeNa, KOrja BbI3BaHHBIE ITOBOPOTOM
KPUCTAJIIIMYECKOW PELIETKH F'€OMETPUUECKNE M3MEHEHUS KOMIICHCHpPY-
I0TCsI TUTACTHYECKOM Aedopmanueil y ycThbs ABoiHNKA. He n3Mensis tpa-
UMM, B JUCCEPTALIMM MPUHATO TAKOE K€ JOMYyIEHUE, KOTOpOE Lieje-
co00pa3HO B paMKax MeXaHHMKH AeOPMHPYEMOro TBEpAOro Tena, Tae
WCXOAA W3 THUIOTE3bl CIUIOMIHOCTH CPEJIB, MPOTEKAIOIIe Ha aTOMHOM
YpOBHE MPOLIECCH], HE pACCMaTPUBAIOTCSL.

B pe3synbTrare mpoBeAEHHBIX pacyeTOB YCTAHOBJIEHO, YTO HAIpsKe-
HUS W JedopManuy JTOKaIU3YyIOTCS Ha TpaHWLAX KIWHOBUIHOTO JIBOWA-
HUKAa U Yy €ro BepIIMHBI. JIBOMHHKOBBIC TpaHULBI CIHOCOOCTBYIOT HC-
KPUBJIEHHIO JINHUHM PaBHBIX 3HAUEHUH CMELeHN. BHyTpH KIMHOBUAHO-
ro JIBOMHMKA HaNpsDKEHUS W AeQOopManuy HeoAHOpoaHbl. HopManbHbie
HANpPSDKCHUS Gy, M Oy, JIOKAJU30BAHbBI Y OJHOW M3 [BOWHUKOBBIX Ipa-

HHL, a CABUI'OBBLIC HAIIPSDKCHUA W HAIIPSKCHUS O ,, JIOKAJIU30BAHBI Y

BEPLIMHBI KITMHOBUAHOTO ABOIHHKA.

Bo BTOpOIl riaBe auccepTanuu TakKe MpeAcTaBlIeHbl MaTeMaTHye-
CKHE  COOTHOLIGHHMS  ymoOHBIE A  aHajuM3a  HampsHKEHHO-
neOopMHUPOBAHHOTO COCTOSIHUSL y BEPIIMHBI JBOWHWKA KIMHOBUIHOU
¢opmbl. C UCTIONB30BaHNEM 3THUX COOTHOLICHUH AaHa KOTUYECTBEHHAs
OLICHKA BOJIIOLMH HAIPsDKEHUH U AeopManuil y BEpIIMHBI JBOWHUKA B
3aBHCUMOCTH OT YHUCJa ABOMHMKYIOIIUX TUCIOKAIIUA Ha JBOWHUKOBBIX
rpaHunax. [Ipu 3ToM ycTaHOBIEHO, UTO C YBENMUYEHUEM YHCIIA BOMHU-
KYIOIIMX JAWCIIOKaMK MOIyJIb HANpsDKEHUH U nedopmaruii y BepIIMHBI
KJIMHOBHUJIHOTO JBOWHHKA YBEIMYMBAIOTCS, @ CKOPOCTh pOCTa HampsiKe-
Hull 1 gedpopmannii ymenbiaercs. KonndecTBeHHBIME pacdeTaMH MOKa-
3aHO, YTO BEJIMYMHA HANpsDKEHUH U 1eopMaliil y BepIIHMHbBI ABOHHNKA
3aBUCHT OT PACCTOSHUSA MEXIY COCETHUMH JBOMHUKYIOUIMMH JUCIOKA-

14



LUSAMU U OTHOIIEHUS MPOEKLUN 3TOro pacCcTOSHUS Ha OCH JE€KapTOBOU
CHCTEMBI KOOpAHUHAT.

[Tomy4yeHo cooTHOIIEHHE [T pacyeTa MOJHOW S3HEPTUH KIIMHOBUAHOTO
JBOWHMKA B 3aBUCUMOCTH OT €70 T€OMETPHUYECKUX TapaMeTPOB, 4TO Jema-
€T BO3MOXHBIM CBSI3aTh DKCIIEPUMEHTAIBHO ONPEAEIsIeMble TeOMeTpruye-
CKHE TapaMeTpbl JBOMHUKOB C JHEPreTUYECKUMH XapaKTEPUCTUKAMU.
Pacuer sHeprum Benca Ha OCHOBE CYNEPIIO3HLIMH YIPYTOH SHEPTUH, SHEP-
TMH B3aUMOJEUCTBUS MEXAY NTBOWHUKYIOIIMMH JHCIOKALUSAMH, SHEPTUU
B3aMMOJIEHCTBUS TBOMHUKYIOINX AWCIOKAMK C MOBEPXHOCTHIO TBEPO-
O Teja ¥ SHepruu edeKkToB ynakoBKU. B pe3ynbrare pacdeToB yCTaHOB-
JIEHO, YTO Ha JTalle 3apOXACHUs IBOMHHMKA BECOMBIM JHEPreTHUYECKUN
BKJIaJl BHOCAT YNPpyrasi DHEPrus U SHeprusi 1e(eKToB YINaKkoBKU, a Jajlb-
Heillllee pa3BUTHE ABOMHHMKA MPEUMYIIECTBEHHO 3aBUCUT OT JHEPIHU
B3aUMOJICHCTBUA ABOMHUKYIOLIUX AUCTOKAIIUH.

Ha ocHoBannu aHanu3a O6anaHca CHJl, JEHCTBYIOIINX Ha BEPIIMHHYIO
JIBOMHMKYIOITYIO JUCIOKALMIO, HA ME30CKOMUYECKOM YPOBHE MOIYYEHO
YCIIOBHE PaBHOBECHS KIMHOBUIHOIO ABOWHMKA MPU OTCYTCTBHH BHEUI-
HUX HanpspkeHud. IIpy moMomu IaHHOrO yCHOBHS BBIBEAEHO COOTHO-
LICHUE IJIs1 ONPEACICHUS BEMUUMHBI CHII HEYIIPYTOi MpHpobl, obectie-
YUBAIOIINX PaBHOBECHYIO (popMy ABOIHHKA.

Pa3paborana Me3ockomuueckas JUCIOKALMOHHAs MOJENb pPa3BH-
BAIOILETrOCsl IBOMHMKA, TO3BOMSIIOIAS ONPEAENATH MMOJsl HANPSHKEHUHN y
KJIMHOBUIHOTO ABOMHHMKA B JIOOOH MOMEHT BPEMEHHU IPH COrJIacoBaH-
HOM JIBUKEHMM JIBOMHHUKYIOIIMXCS JUCIOKanuii. B Momenn yuTteH mpo-
LleCC TeHEPUPOBAHUS ABOMHUKYMOIMX Auciokanuil. IlokasaHo, uto B
3TOM cily4yae (pOHT BBICOKOTI'O YPOBHSI HANPSDKEHUN YBIIEKAETCS 3a JIBHU-
JKyIelcs BEPIIMHOM IBOMHMKA.

B rnaBe 3 «Makpockonuyeckasi THCJOKALIMOHHAA MOJEIb 3a-
KJIWHMBIINXCS ABOWHHUKOB W ee MPUMMEHEHHe B KOHTAKTHBIX 3aja-
4yaxX MeXaHMKH JeGopMHPYeMOro TBepIOro Tejaa» pa3BUBAETCS Mak-
POCKOMUYECKas JUCIOKAallMOHHAs MOJIENb OCTATOYHOIO MEXaHHYECKOIO
KIIMHOBHIHOTO ABOWMHUKA. [Ipn 3TOM ABOWHHK paccMaTpuBaeTcs Ha Ta-
KOM MacIITa0HOM YPOBHE, KOTJIa PAacCTOSHUE MEXIY ABOHHHUKYIOIIUMH
JUCTIOKAIUSIMH MTPEHEOPEeXUMO Majlo, a UX paclpeacieHrue Ha ABOHHU-
KOBBIX TPaHHLIAX MPHHUMAETCA HEMPEPHIBHBIM. Y POBEHb a0CTparupoBa-
HUS HE TIPUHUMAJCS TAKOBBIM, UYTO JABOMHUK MOXXHO CUHUTaThb TOHKHM,
KOTJa JBE €ro rpaHuIlbl CIMBAIOTCS B OHY. DTO MO3BOJIUIIO pacCcMaTpH-
BaTh 3HAYMTENHHO OOJiee MUPOKUNA K1acC JBOMHHUKOB, JUISI KOTOPBIX HeE-
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MPUMEHUMO MPUOINKEHUE TOHKOTO JBOWHMKA. Pa3zpaboTanHas Mojenb
MO3BOJIMJIA BECTU PacyeT MOoJIed HANpsHKEHUN BHYTPU JBOMHHUKA U y4Ud-
THIBATh BKJIA]] B HAMPSHKEHHOE COCTOSTHUE (DOPMBI IBOWHUKOBEIX TPaHUII.

B pemrennu mocraBiieHHON 3a/1a4y BaKHA pa3pa0O0TKa METOOB pac-
Yyera BHYTPEHHUX HANPSDKEHHH, 00YCIIOBICHHBIX IBOMHUKOBAHUEM, VITH
HErOMOT'CHHOHM IIacTUYHOCThIO. Ha pucyHke 1 cxemaTwueckw Npea-
CTaBJICH OCTAaTOYHBIH MEXaHHYECKUH KIWHOBHIHBIM JBOWHHK, IIOTHO=
CTU ABOMHUKYIOMIMX TUCIOKAIIMI HA TPaHUIaX KOTOPOTO PaBHBI Py U Po.
Torma HampsbKeHHs, CO3/1aBacMbl€ PaCCMaTPUBACMBIM KIMHOBUIHBIM
JBOMHUKOM, C MO3ULUN pa3BUBAEMON MaKpOCKOMUYECKOM AMCIOKAIU-
OHHOI MOJIETIH MOTYT OBITH ONPENEICHBI 13 (OPMYIIBI

o (%, ) =¥ (x,y) + 5iP (x, ¥

rje
(1) — J'p 0(10)ds 1)
Lag
2 2,0
oP) = [p,o{Vds. )
L
3nech G,(Jl) u G,(JZ) — HaInpsDKEHUS, CO3/IaBacMble KaXKJIOW W3 TPaHMIL

KJIIMHOBUJTHOTO IBOMHUKA U OIpPENeisieMbIe C MTOMOIIBI0 KPUBOIMHEHHO-
ro MHTErpajia BAOJE Mpoduiieid TBOMHUKOBBIX TpaHUIl Lag ¥ Lcg cooT-

(1,0) (2,0)
BCTCTBCHHO (pI/IcyHOK 1) G n GIJ — HaAIIPsKCHUA, CO31aBacMbIC

Ha JIBOMHHMKOBBIX T'PaHUIAX OTICIBbHBIMH JHCIOKAUSAMU. Pe3ynbTarhl
pacyera IpeCcTaBICHbl Ha PUCYHKE 2.

KpuBonuneiinsie uHTerpansl (1) u (2) cBomaTcs K OnpeaeleHHbIM
MHTErpajaM TUMa

cﬁwy)fﬁfﬁﬂmnpﬂmbaNx%MWM;
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oP (x,y) = f \/1+ (F3(%0))2 P2 (Xo)atF® (%, ¥, X )lXq -

3nech fi(Xo) u f2(Xo) — QyHKIMHM, omuckIBaroe GOPMY TPAHUIl KIHHO-
BUJIHOTO JBOMHUKA (pUCYHOK 1); Xo — mapamMeTp HHTErPUPOBAHKS.

¥, MKM

c So(xo) s

Pucynox 1 — CxeMaTH4ecKoe

n300pakeHHe 0CTATOUHOIO Pucynok 2 — Pacripeesienue
MEXaHMY€CKOro KJIMHOBUIHOI0 NPUBEACHHBIX CIBUIOBbIX
JIBOMHUKA U HANIPABJIEHUS HANPSZKeHN i y KIMHOBUAHOI O
KOMIIOHEHT BeKkTopa bioprepca ABOWHMKA C MPSIMOJIMHEHHBIMU
JABOMHUKYIOMIAX THCTIOKALAI rpanunamu npu H = 31 Mxm

Hanpsixenus, co3naBaeMble ABOMHUKYIOIICH AUCIOKALIMEH, HAXOMAS-
hieiicss Ha OJHOM WM IPYro JABOMHUKOBOM I'pPaHUIIE COOTBETCTBEHHO,
MpU yCIOBUM HAXOKACHUSA IBOMHUKA BJATU OT MOBEPXHOCTH, MOTYT
OBITh OIPECIICHBI U3 COOTHOIICHHUIA:

600 yixg) = 20 (Y= Al)IB=X0)" +(y = 1))’
Ty [x0)” + (= ()T

Mg (y— f ()X —%0)* = (¥ — f1(%))°]
2n(l-v)  [(x—x%0)® +(y- fu(%))’T

G%}O)(X’V’Xo) =

Mg (x=x0)[(X—X0)® = (¥ = f1(¥p))*]

e _
(XY, %0) = 2n(L=v)  [(x=x%0)2 +(y - fi(%)) %1
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ub,,v —fi(x
Gglz’o)(x,y,xo)z— p y— f1(xo)

T(1=V) (x=%g)? + (y — f1(X0))?

(lO)(X Y, XO) — l’le y— fl(XO)

2n (X_Xo)2 +(y- fl(xo))z

(10) ub, X—=Xg
) w2+ (= e

o0 (1, y,10) = Lgx_pv) (y = F2 DB = %) +(y = F2(0))°]

[(x=%0)% +(y = T2 (%)) *T?

by
020 (x,y, %) = 52

(y = F2 (X (X = %0)* = (¥ = T5(%0))?]
2n(l-v)

[(x—%0)? +(y— f2(%))?T?

(20)(X Vi%) = pby,

(x=Xo)[(X=%0)* = (y = F2(%))°]
2n(l-v)

[(x=%0)% +(y = f2(%))*T?

ub, v - f,(x
Gg’o)(x,y,xo)z— p y— (%)

(L=v) (x=%0)% +(y = f2(X))?

b, — fy(x
o0 (1,y,x0) = - MY —Tal00)

2n (X_Xo)2 +(y- fz(xo))2

(20)(X Y %) = ub, X—Xg

21 (x— Xo) +(y—f2(x0))
AHaNOrMYHBIM CIIOCOOOM MOTYT OBITH PACCUMTAHBI M HAIPSKEHHS Y

HaOMIOaeMbIX Ha SKCIIEPUMEHTE ABOWHHUKOB C BBIMYKJIBIMU WIIM BOTHYTbI-
MU IPaHHLIAMH, & TAKKE y IBOMHUKOB C MPOU3BOIBHOM (POPMOI TpaHHIL
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B xome peanuszanuu pa3pabOTaHHONW MOJETH YCTAHOBJICHO, YTO Ha-
MpsDKeHUs U JeopMalvy JIOKAJTH30BaHbl HA JBOMHHKOBBIX T'PaHHIIAX.
HopmanbHble HampsikeHUS Gy, IIOJOXKHUTEIBHBl y OJHOW TI'PAHUIIBI
JBOMHHMKA M OTPUIATENBHBI y APYroi. MaKcuMaibHbIe 3HAUCHUS C
MPUHUMAIOT Ha TPAHWIAX JBOWHUKA, MPUYEM B OONBIICH CTCICHU B
CpeHel X YacTH, YeM Y BEPIIHHBI ABOHHUKA. CIBHUTOBBIC HAMIPSKEHUS
Gyy 3HAKOIIEPEMEHHBI M0 OTHOLICHUIO K OCH, MPOXOMSIIIEH Yepe3 cepe-

AUHY ﬂBOﬁHHKa. v BCPIIUHBI ﬂBOﬁHHKa JAHHBIC HAIIPSAKCHUS TTOJIOKU-
TCIIbHBI, @ Y YCTbA — OTPULATCIbHBI. B cpe):[HeIZ qacTu I[BOfIHPIKa Ha-
MpsZKCHUA © Xy MHHHUMAJIbHBI. HOpMaJ'IBHI:IC HanpsOKCHUA © vy 3HaKOIIC-

PEMCHHBI HC TOJIBKO Yy BCPINMHBI KIIMHOBUIAHOT'O ,I[BOfIHPIKa, HO U Yy €ro
YCThbA. HaHpH)KCHI/IH 6,, U G, HMCIOT OJMHAKOBYIO KOH(I)I/IpraLII/IIO u
OTJIMYAIOTCs JIMIIb IO BCIIMYHHC. HaHHI:Ie HAIps>KCHUA 3HAKOIICPEMCH-
HbI OTHOCUTCJIIbHO HAITPABJICHUSA PAa3BUTUA I[BOfIHI/IK&. HaHpH)KeHI/IH (¢ zy

MCHAIOT 3HAK, KaK U HAIIPAKCHUA ny , OIHAKO Yy HaHpH)KCHHfI Gzy HC-

CKOJIBKO pas3jindHa KOH(I)I/II‘ypaLII/ISI IO CpaBHCHUIO C HANPsXKCHUAMHA
ny. Jlunun PpaBHBIX CMCH_[CHI/If/i HC JIOKAJIM3YIOTCSA Ha HBOﬁHHKOBbIX

rpaHuIax, a UCKpUBJIAIOTCA UMU.

BHepBBIG Ha OCHOBaHHH I[PICJ]OKaI.[HOHHOfI MaKpOCKOHH‘ICCKOﬁ MO-
ACIN paCCUUTAHblI HANPSIKCHHUA BHYTPU KIIMHOBUIHOI'O ﬂBOﬁHHKa. ITo-
Ka3zaHoO, 4YTO IIpu HpﬂMOJ'II/IHCf/iHLIX rpaHunax ﬂBOﬁHHKa HaITPAKCHUA
ny BHYTPHU HCTO. pPACHPCACICHBI HCPABHOMCPHO, HO CUMMETPUYIHO IO

OTHOILIEHUIO K HalpaBIEeHHUIO pa3BUTHUS IBOITHUKA.

B nmccepTaniu BIiepBbIe peleHa 3a7ada MEXaHuKH AeOpMUPYEMOTO
TBEPJIOrO TENa MO pacyeTy HANpPsKEHWH B YIPYroM IOIYIPOCTPaHCTBE,
nehOpMHPYEMOM COCPEIOTOUEHHOM WITM paclipeAeieHHOW Harpy3Koi pu
HaJIMYUM KIMHOBUAHOTO ABoMHUKa. [lokazaHo, yTo HanpsbkeHus B o0nac-
TH JIOKAJIFHOTO TIOBEPXHOCTHOTO J1e(pOpMHUPOBAHUS MPU HANMYWH IBOMH-
HUKa CYLIECTBEHHO OTJIMYAIOTCS OT HAIpPSHKEHUH MpPH OTCYTCTBUH ABOM-
HuKoBaHus (pucyHku 3 u 4). Ha KOHQUTrypanuio JaHHBIX HaNpsDKCHHN
CYILIIECTBEHHOE BIMSHHE OKa3bIBAlOT HAINPSKEHMS, CO3JaHHBIE IBOWHU-
KoM. OJJHaKO BHEUIHMMH Harpy3kamMH MOXKHO YIIPaBJISITb MECTOM pacIio-
JIOKEHHSI JIOKAJIM3ALMK HAPSHKEHUH B TIPUITIOBEPXHOCTHOM 00MacTy.
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B raase 4 «MeTtonuka pacyera BHYTPEHHUX HANPSIKEHUI y Ha-
HOPAa3MeEpPHBIX, JUMH30BH/IHBIX U NMapaliielbHbIX JIBOHHUKOB» pa3pa-
0OTaHBl JWCIOKALIMOHHBIE MOJENM JUIS pacdeTa HaNpsHKEHHO-
neOpMUPOBAHHOTO COCTOSIHHS Y HAaHOABOMHHMKOB M OCTATOYHBIX I1a-
paIenbHBIX ABOMHUKOB.

-100 -50 50 x, MkM -100
0 . ; 0
0,16-10° -0,16-10°
t
so- 0,48:10° \-0,4&106 4 50 |
10
bt 0,16-10° -0,16-10° v
150+ 1 150
-0,05-10° 0,8910°  -0,05-10°

200 ! } :
¥, MKM 200 L L L

¥, MKM
Pucynox 3 — Pacnpegenenune
CABHI'OBBIX HAIPSZKEHH I
B YIIPYI'OM H30TPOITHOM
MOJIYNIPOCTPAHCTBE
IPH AeiiCTBHH HA IOBEPXHOCTH
B Touke O cocpeaoTOYeHHOH

HOPMAJIbHOI CHJIbI
P Beanunnoii 100 H

Pucynok 4 — Pacnipenesienune
CABHUTOBBIX HANPSIKEHHU I
Y KJIMHOBHM/HOI'0 1BOMHHUKA
IpH AeiiCTBYIOLIEH B TOYKE
O cocpenoToyeHHOI
HOPMAJIBbHOIi cuJIbI P

Mogenp No3BOAMNIA paccMaTpHUBAaTh HAyaJlbHBIE CTaJUU pPa3BUTHA
MEXaHWYECKUX ABOMHHUKOB, KOTOpPBIE MMEIOT BAKHOE 3HAUCHHE B IIPO-
necce IBOWHUKOBaHUS. B muccepranoHHOl paboTe BIepBbIE MPOBEACH
pacder mojiel HampshKeHUH y HaHOABOMHMKA. IlomydeHs! ycnoBus pas-
HOBECHs HaHOABOMHUKA, HA OCHOBAHMH KOTOPBIX MPOBEAEH pacueT KOM-
MOHEHT HEYIPYTUX CHJI COMPOTUBIICHHS PAa3BUTHUS IBOMHUKY, 0OecTIedr-
BaIOIINX €r0 PaBHOBECHYIO (hopMy.

IpoBenen pacuer monell HaNpsDKEHWM y HaHOABOMHMKA JIMH30BHU-
HOW (popMBI MK HAIMYMK BHYTPU HEr0 TOYEYHOT'O MCTOYHUKA PACIIH-
peHust. OTOT pacdyeT MMEeT Ba)KHOE NMPAKTUYECKOE 3HAaueHME, TaK Kak
MO3BOJISIET PacCMaTpUBATh YCIOBUS, B KOTOPBIX MPOMCXOJUT 3apOXKAc-
HUE OBOMHUKOB. OJHUM M3 TaKuUX YCIOBHH SABISIETCS HEOOXOAUMOCTH
HaJW4us KOHIEHTpalMM HaNpsHKEHUH, B Ka4eCTBE KOTOPOrO B JaHHOM
ClIydae paccMOTpPEH TOYEYHBIN MCTOYHHK HAINpPSHKEHUH. Y CTaHOBIEHO,
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YTO MpPU HAJIWYUM TOYEYHOTO MCTOYHHKA PACIIUPEHUS HANpPSKEHUS
BHYTPU IBOWHUKA IOJOKUTEIbHBIE, HANpPSDKEHUS Y €ro BEpIIMH He-
CKOJIBKO YMEHBILIAIOTCS, @ OTPULIATENIbHBIE — YBEINYMBAIOTCS. JTO yKa-
3BIBAET Ha TO, YTO MPOLECC 3apOKIECHNS ABOWHUKA MPOUCXOANUT B yCIIO-
BMSIX, KOTJIa FeHeparus TBOMHHUKYIOUINX AUCIOKALUN U Pa3BUTHE IBOM-
HUKa [IPOUCXOIAT IPH Pa3HOM 3HAKE HANPSKEHU.

NcrounnkamMu IBOMHMKYIOIUX JUCIOKAIUI YacTO BBICTYNAIOT MOJI-
Hbl€ IUCIOKAllMH, pacIlelUIAoNnIiecs Ha YacTUYHBbIE IBOWHUKYIOIIHE
mucinokanuy. [1o3ToMy BakHOE 3HAUEHHE MMEET MPOBEACHHBIN pacyer
noJjiell HanpsHKEeHWH y ABOMHUKOBOIO 3apojibplllia, BHYTPH KOTOPOro Ha-
XOAMTCS MOIHAs AUCIOKAIHS.

Ha ocHoBaHMM MeTO#a 3JIEKTPOCTaTHUECKON aHAJIOTHMH pa3padoTaHa
MOJIENIb JTMH30BUIHOTO JBOWHMKA, MO3BOJMBIIAS PEIIUTH TPEXMEPHYIO
3aady O pacyere nojuel HanpskeHuH y nBoiHuka. [ToreHnuan ynpyro-
ro TMOoJis, CO3JaBaEMOI0 JTUH30BUAHBIM JABOMHUKOM aHAJIOTWYEH IOTEH-
LUaTy 3JIEKTPUYECKOTO MO, CO3JaHHOTO 3apsiioM, paclpeneseHHbIM
Ha MIOBEPXHOCTH JIMH3BL. DTOT MOTEHIIMAT UMEET BU:

“F)=k" ﬂds:
o (=K%

rae k* — mocrosunas; o) — IIOTHOCTB 3apsifia, PACIIPEIEICHHOrO 10
TIOBEPXHOCTH S’ JTMH30BHTHOrO 1BoiHUKa; T 1 (F — ') — panuyc-BekTopsl,
OMpPEACISIONINE TOYKH B POCTPAHCTBE M HA MOBEPXHOCTH JIMH3BI.

JInst ynoOcTBa pacdeToB, pacCMaTpUBAEMBbIN TTOTEHIIHAN MTPEACTABIISII-
Cs B BUJIE COBOKYIIHOCTH JIBYX OTEHIHAIOB @4 (X,Y,Z) U @,(X,Y,Z):

0 (%,Y,2) = p1(X, ¥, 2) £ 92 (X,Y,2),

rac
P(%,Y,2) =k o4 x
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2n L/2
x [ do |

2
o 0 R H) [R? ,
2 2 4

3nech G(x',y',z')zconstzco; p U (@ — TONAPHBIE KOOPIWHATHI;

R= (L2 +H 2)/ (4H ); L uw'H — monoBuHa [UIMHBI U MIUPUHBI JBOHHUKA
COOTBETCTBEHHO.

. *
CBHBL MCKIY CMCIHICHUCM umu ¢ HaXOoAUTCAd U3 COOTHOLICHUA

i =grade .
Otcropa nomy4yaem
U=Ugd +uyj+uk,
rae



al, J, k —oproHOpMHpOBaHHBINA OA3UC, ETHMHUIHBIE BEKTOPHI KOTOPO-
T'0 HAaNpaBJICHbI BIOTb OCEH IEKapTOBOM CHCTEMBI KOOPIUHAT.
*
CripaBeTUBEI TAKXKE M COOTHOIICHHUS, CBSI3BIBAIOIINE TOTCHITHAT ()
¢ nedopMaIusIMu:
2 * 2 * 2
_ %9 . _0%9 . ¢

SXX , € 3 Szz _—;
aXZ yy ayz 622

* * *

%9 . 0% . ¢
Y T oxay T T xa T ayer

I[anee O4YCBUIHBI COOTHOLICHUA MJIA pacucTa HaHpSDKCHI/Iﬁ Yy JIHUH30-
BUJHOT'O ,Z[BOfIHPIKa:

Oyx = 2LUE 4y +k(sxx +eyy +szz),
Cyy =2UEyy +7\,(8XX +eyy + szz),
G, =21Ey, +k(sxx +eyy + szz),

Tyy THExy s Txz =HEyz 5 Ty, = HEy; .

Ha ocHoBanuu -pa3paOOTaHHBIX MOJENeH MOKa3aHa BO3MOXHOCTH
pacdera mojiell HampspDKeHUM y TNapaiienbHBIX JBOMHHKOB. M3yuena
POJb IOBEPXHOCTH B ()OPMHUPOBAHUH HAIIPSDKEHHOT'O COCTOSHUS Y TPYII-
bl TIapallyIeNIbHBIX JBOWHUKOB Ha OCHOBAHWH COOTBETCTBYIOIIEH METO-
KK pacuera. [lokazaHo, YTO TOBEPXHOCTH CIIOCOOCTBYET JIOKATH3ALNN
Yy Hee HanpspKeHUH M yBETMYEHUIO UX YPOBHS BHYTPH CHCTEMBI Iapai-
JIeNTbHBIX ABOMHHUKOB.

BriepBrie perieHa 3a1a4a MEXaHUKH Ae)OPMUPYEMOro TBEPAOro Tena
M0 pacyery HaIpPsDKEHWH B YIPYroM IONYHPOCTPAHCTBE, AedopMHpye-
MOM COCPEJOTOYEHHON WM pacIpefeleHHON Harpys3koi, ¢ y4eToM Ha-
MpsDKEHUH, CO3/1aBaEMBIX MapalyieNbHBIMU ABOMHUKamMH. [lokazaHa He-
00XOOMMOCTh y4yeTa IBOWHUKOBAaHWS NPH MPOrHO3UPOBAHUH pecypca
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MaTepualia, Tak Kak B ClIyda¢ MHOXCCTBCHHBIX MapaJlJICIIbHBIX HBOﬁHH-
KOB OIlaCHas MJIA 3apOXACHUA Pa3spyHICHHUA KOHILICHTPAUA HaHpSDKCHI/Iﬁ
BO3pacCTacT. HpI/I OTOM Jid pacucra HaHpFDKeHI/If/i Y CUCTCMBI Iapali-
JICIBHBIX ﬂBOﬁHHKOB HCIIOJIB30BAJIACh CYTICPIIO3 UL COOTHOIIICHHMIA:

N L
o (x,y) = 3 [y1+(F(%0))?p1(%0)ai? (X, y — D, X )Xo

n=00
Ny L

ol (% y) = 3. [+ (F3(x0)? P2 (%)o$® (x,y =nD, yp)dxo ,
n=0Q

rne Ny — 9Kco TBOMHUKOB, BXOSAIIMX B IPYIITY HapasuIeNbHBIX IBOHHIKOB.

B raaee 5 «McnoJsib30Banne KBa3HINCIOKAIIMOHHOTO TOIX0/a B
MOJAeIMPOBAHNM HErOMOTeHHOI NJacTU4YecKoH aedopManum u30-
TPONHBIX TBEPABIX TeJ» METOJOM SKCIEPUMEHTATBLHON MEXaHUKH, OC-
HOBaHHOM Ha JIOKQJIBHOM JIO3MPOBAHHOM Je()OpPMHUPOBAHHH TTOBEPXHO-
CTH, UCCJIe0BalIach POACTBEHHAsS NBOMHUKOBAHUIO U Pa3pyIICHUIO He-
COMOT'CHHAs IJIacTUYecKast nedopManus aMop(hHBIX
MHOTOKOMIIOHEHTHBIX CIIJIABOB- HA OCHOBE >Ke€Je3a, SBISIIOIIMXCA MO-
JENbHBIM MaTepUajoM JJIsi M30TPONHBIX TBEPABIX Tel. BhIsABICHO ABa
THIA MOJOC CABUTA, BOSHUKAIOIIMX y OTIeYaTka nupamuasl Bukkepca: B
BH/JIC JTydeil ¥ MOMTyKoJel (YelyiHuaThiX HABAIOB), OKAWMIISIOIINX OTIIe-
YaTOK UHJAEHTOPA.

OTIMYnTENHHON O0COOCHHOCTBIO B TpoIecce (popMHpPOBAHUS TOIOC
CABUTA THUMA TOJYKOJEL SIBISETCS TO, YTO UX Pa3BUTUE HE OrPaHUUYECHO
YIOPS0YEHHOCTBIO CTPYKTYPHI, KaK B ClIydae MOHOKPHUCTAILIOB, a MPO-
HCXOJUT BIONb HAMpPAaBICHUS ACUCTBUS MAaKCUMAJIBHBIX CIBUTOBBIX Ha-
MPSDKEHUH, B CBS3M C YeM, YellyivaThie HaBaJIbl UMEIOT OKPYIIIYIO (hop-
My, a CIBUTH, HAPUMEP, B MOHOKPHUCTAIUIAX BUCMYTa (OPMHUPYIOT Y
WHJIEHTOpa LIecTUYroidbHuK. Kak nBOMHMKAaM, Tak W IMOJIocaM CIBUTA B
BUJIC JIy4ell CBOMCTBEHHO BETBJIICHUE U UCKPUBJIICHHUE, YTO CBUIACTEIbCT-
ByeT 00 aKTUBHOM UX B3aUMOJICHCTBUH C HEOIHOPOTHOCTAMU A OopMHU-
pyemoro matepuana. MexaHU3Mbl JaHHOTO B3aUMOIEHCTBUS HMEIOT
CXO0XECTh, KaK B aHU30TPOIHBIX, TaK U B U30TPOIHBIX TBEP/BIX Tenax. B
pe3yNbTaTe BBHISBICHHBIX aHAJIOTUM B Pa3BUTUU HETOMOTE€HHOM IIACTH-
yeckol nedopManuy B aMOp(HBIX MaTepHasiax U CIBUTOBOM IIACTHYE-
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cKkoli nepopMari B MOHOKpHCTaJITIaX 000OCHOBaHa 11€71ecO00pa3HOCTh B
WCIOJIB30BaHUM HCIOKAIIMOHHOTO MOAX0Ja B MaTEMaTHUYECKOM OMHca-
HUU IUTACTHYECKOH eopMaiui METaJUIMYEeCKIX CTEKOI.

Pa3paboTaHbl KBa3uAMCIOKAIMOHHBIE (IIPUCTaBKa «KBA3U-» O3HAYA-
€T — pealibHO HEe CYNIECTBYIOUIMI) MOJIEIH MOJIOC CABUIa — OCHOBHOTO
KaHajla HETOMOTEHHOM IUTaCTHYECKOW aedopManiil METaLTHYEeCKUX
CTEKOJI: a) MOJIENIb YePEIYFOLINXCS [[EMOYeK KBa3HANUCIOKauii; 0) Mo-
Nedb YepeayIONINXCs KBAa3UAMCIOKAIIMOHHBIX CTEHOK; B) MOJEIb, OC-
HOBaHHas Ha moxaxozae bunou-Korrpemna-CBuHaeHa U T') MaKpOCKOITH-
YyecKasi KBa3uAKCIOKallMOHHAs Moenb. O003HaueHbl 001acTh Leeco-
00pa3HOro MpUMEHEHU s KaXI0H MOJEIH.

Ha ocHOBaHMM KBa3WAMCIOKAIIMOHHBIX MOJENEW pAaCCUUTAHBI OIS
HaNpsDKEHUH y MOJIOC CABUTA M YCTAaHOBJIEHO, YTO 00JIAaCTh JIOKATN3aIUH
HalpspKEHUI HaXOAWTCS HE TOJBKO y TOJOCHI CABHIa, HO M B OIpere-
JICHHOM yJaJIeHWU OT Hee. PaccumTaHO paclpeneneHHe JEeTUPYIOIIEero
KOMIIOHEHTA y TOJIOC CABUIa M YCTaHOBJIEHO, YTO MaKCHMajbHas KOH-
LEHTpalus JETUPYIOIIEr0 KOMITIOHEHTA HAaXOAUTCA B YAAJIEHUH OT IOJI0-
CBI CIBUIa HA KOHEYHOM PACCTOSHUM OT Hee. PaccunTaHbl HanpsHKEHUS
U pacmpefereHre MprUMecel y BETBSIIENCS M MOTMCHHTETUYECKOW T0-
nocel capura. IlokazaHo, 9TO ¢ pOCTOM TeMMepaTyphl KOHIIEHTpalUs
npuMeced B 00JacTsX ee MAaKCUMalIbHOM KOHIIEHTPAIlMM YMEHBIIAETCs.

BeimonHen pacuer KO3(QQHUIUEHTOB WHTCHCUBHOCTU HAIPSDKEHUN Y
MIOJIOCHI CABUTA U Y KIMHOBUAHOTO JBOWHHUKA. Y CTaHOBJIEHO, YTO BEIH-
yrHa KO3 (UIMEHTa MHTEHCUBHOCTH HANpsDKEHWH y JBOWHUKA B JBa
pasa BBIIIE, YeM Yy IOIOCHI CIBUTA HIIH TPELINHBL.
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3AKIIOYEHHE
OcHoOBHBIE Hay4YHBIE Pe3yJIbTATHI AN CCEPTAUA

1. Pa3paboTaH 4HCICHHO-aHATUTHYECKHI METOJ pacueTra HaIpsHKeH-
HO-7Ie)OPMHUPOBAHHOTO COCTOSTHUSL Y KIMHOBHIHOTO HAaHOABOWHUKA Ha
TaKOM MacImTabOHOM ypOBHE, KOTJa He MpeHeOperaercss pacCTOSHHEM
MEXAY NBOMHUKYIOIUMHU AuciIoKanusMu. C MOMOIIBIO0 TaHHOLO METOAa
WCCIIeIOBaHa KOH(UTYpamysl MoJieii HanpspKeHUH, cMelieHud u iedop-
Malyui y KIWHOBUJHOTO HAHOABOMHMKA, SIBISIIOIIECTOCS 3apOJABIIIEM
JIBOMHWKA. YCTaHOBJICHA CBS3b HaINpPsDKEHHO-Ie()OpPMUPOBAHHOTO CO-
CTOSIHHS Y JABOMHHUKA C €ro re€OMETPUYECKUMH MHapaMeTpaMu. ITO Mo-
3BOJIUJIO OMPECIUTh MECTA JIOKATU3AIMK HAPSXKEHUI Y KIMHOBUTHOTO
JIBOWHWKA W A0 BO3MOXXHOCTh Pa3paboTaTh CIIOCO0 MPOrHO3UPOBAHUS
o0JyracTeil 3apoXACHUS Pa3pylICHUS B BaXKHBIX JJIS MPAKTHYECKOTO HC-
MOJIb30BaHUs ABOMHUKYIOIINXCSA MaTepualiax TaKhX, KaK CILIaBbI HA OC-
HOBE JKeJie3a, HUKEIs, KoOalbTa, Mey, IIWHKA, TUTAHA, ATFOMUHUS U Jp.
[2,3,5,7, 33,58, 64, 66, 70, 80 — 84, 92, 99].

2. [Nony4yeHpl MaTeMaTUYECKUE COOTHONMICHUsS yIOOHBIC I pacyera
HaIpsbKEHO-1e() OPMUPOBAHHOTO COCTOSIHUS Y BEPIIMHBI JTBOWHUKA KITH-
HOBUIHOW (DOpMBEI B 001acTH, T/Ie BBICOKA BEPOATHOCTH 3apOXKICHUS
TpemuH. JlaHa KOIMYeCTBEHHAS OI[€HKA SBOJIONUU BHYTPEHHUX Hampsi-
JKEHUH U eopManuii B' MUKPOOOJIACTSAX Y BEPIIMHBI ABOHHUKA C yde-
TOM POCTa YKcia ABOMHUKYIOMIMX TUCIOKAINI Ha JBOMHUKOBBIX TPaHU-
1ax. YCTaHOBIICH HENMHEHHBIM XapakTep 3aBUCHUMOCTH BEIWYMHBI Ha-
NpsDKeHUH W aedopmainmii OT Yrcia JBOWHUKYIONIUX JUCIOKAIMA Ha
JIBOMHUKOBBIX rpaHullax. [Ipu 3ToM mokaszaHo, 4YTO CKOPOCTh POCTa Ha-
MpsDKEHUH U eopMaliii ¢ yBeTMYCHUEM YHCiIa TBOMHUKYIOIUX JTUC-
JIOKAIUi YMEHBIAETCA, YTO CBSI3aHO C YBEIMUYCHUEM IJIMHBI IBOMHUKA U
XapaKTepoOM TepepaclpeieiiCHusl y ero TPaHUI] HaANpsDKeHU U aedop-
Manuid. biaronaps JaHHBIM pe3ylbTaTaM B MEXaHUKE pa3pylICHUS s
HIMPOKO HCIOJB3YEMbIX B MAIIMHOCTPOSGHUU U APYTUX OTPacisX Mpo-
MBIIUIEHHOCTH JBOMHUKYIONIMXCA MAaTEPUANIOB TMOIYYEH SKCIpecc-
METOJ] OIICHKH MOMEHTA JOCTH)KCHUS CTajuu J1e)OpMUPOBAHUS TBEPJIO-
ro Tena, MPEAIIeCTBYIONIECH pa3pyLICHUI0, TaK KaK TPEIIMHBI MPEUMy-
LIECTBEHHO 3apOXKIAIOTCS Y BEPUIMH JBOMHUKOB C HEKOI'€PEHTHBIMU
rpanunamu [20, 49, 82].
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3. Ha ocHOBe cynepno3unuu ynpyroi sHepruu, SHEpriuy B3auMOIeH-
CTBUSL JIBOMHUKYIOIIUX JUCIOKAIUHA CO CBOOOJHON MOBEPXHOCTEIO,
SHEPTUU B3aUMOACHCTBHS MEXIY ABOMHUKYIOIIUMH AWCIOKALUSIMH U
9HEpPruu JeeKTOB YNaKOBKH pa3paboTaH SHEPreTHYeCKUi MeTof aHa-
JIM3a TIOBEICHHSI MEXaHUYECKOr0 TBOMHUKA MOJl HArpy3KOW. Y CTaHOBIIE-
HO, YTO Ha JTame 3apoKICHHS OBOWHUKA BECOMBIH IHEPreTHYECKUi
BKJIaJ] BHOCSIT DHEPIHsl B3aMMOACHCTBYSI ABOMHUKYIOIINX AWCIOKALNH ¢
MOBEPXHOCTBIO U SHEPTrHA Ae(eKTOB YIAKOBKH, a JalbHEeWIIee pa3BUTHE
JBOMHHUKA TMPEUMYIIECTBEHHO 3aBUCHT OT JHEPTrUU B3aMMOICHCTBHUS
JBOMHUKYIOIINX AMUCIOKAMA Mexay coboi. [IpakTrieckoe HCIOIb30-
BaHUE JAaHHOTO PHEPreTHYECKOr0 METO/IA JaeT BO3MOXKHOCTH POTHO3HU-
PYEMOTro yHpaBJeHHUs C TOMOLIbIO HArPY3KH MPOLECCOM ABOMHUKOBAHHS
W CBSI3aHHOTO ¢ HUM paspymienus [33, 40, 44, 56, 97].

4. TlomydyeHo yclIOBHE pPaBHOBECHS OCTaTOYHOTO KIMHOBHIHOTO
JBOMHMKA MPU OTCYTCTBMH BHEIIHUX HAIPsDKEHUN, KOTOPOE TO3BOIUIIO
YCTaHOBUTH B3aUMOCBSI3b MEKIY PAaBHOBECHBIMHU MapaMeTpaMu JBOWHH-
Ka ¥ CWIaMH HEYNpyrod NPUPOABl M JATh KOJMYECTBEHHYIO OLICHKY
BIIMSIHUSL 3THUX CHJI HAa PAaBHOBECHYIO JUTMHY JBOWHHMKOB. Ha ocHOBaHMM
JAHHOTO YCJIOBUSI PaBHOBECHUS MOMYYIECH METOJ OLCHKH BIHSHUS CHJI He-
yIOpyroil mMpUpoAsl Ha TE€OMETPUYECKHE MapamMeTphl JBOHHHUKOB. YcTa-
HOBJICHO, YTO B JBOWHUKYIOLUIMXCSI MaTepHuajax, B KOTOPBIX Ha ABOHHM-
KYyIOILIME AWCIIOKAIlNK JIeHCTBYET OOINbIIas M0 BEIUYMHE CHJIA HEYNpYy-
roil mpUpoAsl BO3MOXKHO ()OpMHpPOBAHHE PaBHOBECHBIX JBOMHHMKOB
OonpIell AMUHBI. DTO TO3BOJMIIO 3aJI0KUTh OCHOBBI METOJa yIpaBiie-
HUS JBOMHHUKOBAHHEM H CBSI3aHHBIM C HUM pa3pylICHHEM C MOMOIIbIO
CHJI Heynpyroii npupoxs! [58, 66, 80].

5. Pazpaboran meros pacuera HaIlpsbKEHHO-1e()OpMHUPOBAHHOTO CO-
CTOSIHUSI Y TUHAMHUYECKOT0 JBOMHMKA. B maHHOM Meroze y4uTeH mpouecc
TeHEpUPOBAHMS JBOMHUKYIOIIMX Auciokanuil. [Tokazano, 4o B ciydae
JUHAMWUYECKOT'0 JIBOMHHMKA (POHT BBICOKOTO YPOBHS HAIPSDKEHUH HE
TOJIBKO yBJIEKAETCS 3a ABMKYIIEIHCS BEPIIMHON TBOWHUKA, HO COXpaHsET
BBICOKHM YPOBEHB M y €ro ycThs. MeTroa Mmo3BONMI JaTh KOJIWYECTBEH-
HYIO OLIEHKY oOnacTell HanOolee BEpOsITHOTO 3apOKICHHUS Pa3pyIICHUs
y pa3BuBarolerocs npoitauka [63, 80, 98].

6. Ha ocHOBaHMM 3KCIIEpUMEHTAIBHBIX JAHHBIX U TIyOOKOro ¢usu-
KO-MEXaHHYECKOr0 00OCHOBAHUS C UCIIONB30BAHUEM MPHUOIKEHUS He-
MPEPHIBHOTO pacrlpeaeieHus] ABOMHUKYIOMNX IUCIOKAMKA Ha JBOMHU-
KOBBIX T'paHHIAX pa3paboTaH YMCICHHO-aHATUTUYECKUH METOA pacyera

27



HaNpPsLKEHHO-1e(OPMUPOBAHHOTO COCTOSTHUS Y KIMHOBUIHOTO HEILIOC-
KOr'0 JBOWHUKA C MIPOU3BOJIBHON (HhOPMOH rpaHul]. MeTos oTiauyaercst OT
CYLIECTBYIOIIUX T€M, YTO HE HCIIOJb3yeT NMPUOIMKEHNE TOHKOTO IJI0C-
KOr0 ABOHHMKA. DTO MO3BOIMJIO pa3padoTaTb METO] pacdera Hamps-
XKEHHO-1e()OPMUPOBAHHOT'O COCTOSIHUS [UI 3HAYMTEIBHO Ooliee HIMpO-
KOT0 KJjlacca ABOMHMKOB, sl KOTOPBIX HEMPUMEHHMO NPHOIHMKEHUE
TOHKOI'O0 JBOWHHKA, U KOTOpPbIE 3HAYUTENIBHO Yallle BCTPEYAIOTCA B IIH-
POKO HCTIONIb3yEMBI Ha MPaKTHKE e OPMUPYEMBIX TBEPIBIX Teraax. Me-
TOJ AAa€T MEXAHUKE pa3pyLICHUs] MaTeMaTHUECKHI anmapar, I03BOJIO-
MK TPOTHO3UPOBATh B ABOMHUKYIOIIMXCS TBEPIBIX Telax oOIacTH 3a-
POXKICHUS paspyIlCHHs Ha CTaJUU HAKOILUICHUs moBpekacHUi [31, 46,
47,54, 55, 59, 68, 80].

7. BriepBble B paMKax MakKpOCKOMUYECKOH AMCIOKAIMOHHON MOAEIH
paccunTaHbl HalpsHKEHHUS BHYTPU KIMHOBUIHOTO IBOMHUKA. [TokaszaHo,
YTO OCHOBHBIMH (DaKTOpamH, BIIMSIOMIMME- Ha KOH(QHUTYpaluio Mojiel
HaNpsDKEHUH Yy KIMHOBHIHOTO JBOMHMKA, SBISIIOTCSA (opMa JBOHHHUKO-
BBIX T'paHMIl, IUIOTHOCTH PACIpeeNieHUs Ha HUX ABOMHUKYIOIIMX JHC-
JIOKAallH, HaJW4ue MOBEPXHOCTH. BBIBEAEHBI MaTEMaTHYECKUE COOTHO-
LIEHHS, MO3BOJIMBIIME PACCUUTATH OIS HANPSKEHUH y KIMHOBUIHOIO
JIBOMHMKA C BOTHYTOH M BBIYKJION ABOMHUKOBOW rpaHuied. [lomydeHsl
COOTHOUIEHHA Ul pacueTa MoJied HanpsyKeHUH y KIMHOBUAHOIO JBOM-
HUKa, HAXOIILErocs y MOBEPXHOCTH KpHCTaIIa, AehOpMUPYEMOH co-
CpPEIOTOUEHHON HITM pacipeneneHHol Harpy3koil. I1pu aTom He ucnons-
30BaJIOCH W3BECTHOE MPHUOIIKEHHE TOHKOro NBoiHUKa. [lokasaHo, 4TO
HanpsDKeHUs. B 00nacTu AeopMHUPOBAHUS NPU HAJTUYMHM ABOMHUKA CY-
mecTBeHHO (Gonee 10° pa3) OTIMUAOTCS OT HANPSLKEHMIT IPH OTCYTCT-
BUU JBOMHMKOBaHMsL Ha KoH(UTYypanuio 1aHHBIX HApsHKEHUH cylect-
BEHHOE BJIMAHUE OKA3bIBAIOT HANPSHKEHUS, 00YCIOBICHHBIE IBOMHUKOM.
OHako BHEUITHUMY HAarpy3kaMH MO)KHO YIIPaBIISITh MECTOM PAcIIOIOXKe-
HUS JIOKQIM3alH HAlpsDKeHUH B NPHUIIOBEPXHOCTHOM obmactu. 3TO
YKa3bIBaeT Ha TO, YTO B MEXaHUKE NMPUMEHIEMBIX B MalIMHOCTPOCHHUH
JIBOMHMKYIOLINXCSA MaTepHaJIOB TaKMX, KaK KPEMHHUCTOE KeJe3o0, JaTy-
HU, OpOH3bI, TUTaH U CIUIABBI HAa €0 OCHOBE, OEpPUIUTNH, KaJAMUH, IIMHK,
OJIOBO, CypbMa M JIp., AJIs MOBBIIIEHHS KAadeCcTBa NMPOTHO3ZUPOBAHUS HX
9KCITyaTallMOHHBIX XapaKTEPUCTHK, HEOOXOIUMO YUUTHIBATH MPOLECC
nBoiiHuKOBaHus [46, 47, 52, 57, 65, 80, 91].

8. Pa3paboraH 4nclieHHO-aHATUTHYECKUH METO/ pacdyeTa HalpsKeH-
HO-1e(OPMHUPOBAHHOTO COCTOSIHUSL y HAaHOJIBOWHHUKA JIMH30BHIHON
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¢opmbl. C TOMOLIBIO JAHHOTO METOJa ONpeelieHbl MUKPO- U HaHOpa3-
MepHBIe 00J1acTH JIOKaTW3alK HalpsDKeHUH y HaHonBoiHMKa. [Ipose-
JIeH pacyeT Mojied HampshKeHUH y HAaHOABOWHUKA JIMH30BUAHONW (OPMBI
OpH HAJIWYAW BHYTPH HErO TOUYEYHOTO HMCTOYHHMKA PACHIMPEHUS HIN
MOJTHOM JHMCIOKAIlMK — MPOCTEUIINX KOHIIEHTPATOPOB HANPSIKEHUH, He-
O00XOOMMBIX ISl 3apOXKICHUS MEXaHWYeCKOro [BOWHHKA. B Momenu
JMH30BUIHOTO ABOMHMKA BIIEPBBIE MPEIOKEHO UCTIONB30BATh MPHHITHIL
AIEKTPOCTATHYECKOH aHANOTHH, YTO MO3BOJMJIO MEPEUTH K PELICHHUIO
TpEeXMEpHOW 3afauyd. Pe3ynbTaThl UMEIOT Ba)KHOE 3HAYCHHUE JJIST MeXa-
HUKHU pa3pyLIeHUs], TaK KaK JAI0T CIOCO0 yIMpaBlCHUs MPOLECCOM 3apo-
KJCHUsSI TBOMHUKOB, CIIOCOOCTBYIOLIMX 3apOXICHHIO TpewwH [35, 41,
45, 48, 60, 94].

9. Pazpaboran uMCIEHHO-aHAIUTHYECKUH METOM pacuera Iojied Ha-
NpsHKCHUH Y MapajielbHBIX ABOMHHUKOB. PelieHa 3amaya MexXaHUKH Jie-
(dbopMupyeMOro TBEpAOro Tena MO PacueTy HaNpsHKEHWH B YIIPYroM Io-
JYIPOCTPaHCTBE, AePOPMUPYEMOM COCPEIOTOUCHHON HIIM paclpenesieH-
HOM Harpy3koi, C y4YeroM HalpshKEHHH, CO3JaBaeMbIX TpyMIoi
napaulebHbIX JBOMHUKOB. [l0Ka3aHOo, 9TO € TOMOIIBIO HATPY3KH MOXKHO
LeJICHANPaBJICHHO PETYIMPOBAaTh YPOBCHb W MECTO OMACHOM IS paspy-
LIEHUS TIOKAIM3aluy HANPsDKEHUH B CHCTEME NapajulelibHBIX JBOHHUKOB,
YPOBEHb HANPSDKEHUH M BEPOSTHOCTH 3apOXKICHUS TPELUIMH B KOTOPOU
BBIIIIE, YeM Y SIMHUYHBIX ABOWHUKOB [32, 34, 36, 38, 51, 53, 67, 79, 93].

10. Ha ocHOBaHMM 3KCIIEPUMEHTANBHBIX WCCICAOBAHUI BBISBIICHEI
aHaJIOTMH MEXKIY TaKHUMHU POACTBEHHBIMU SIBICHHUSIMU, KaK HErOMOT'€H-
Hasl MacTU4ecKas AedopManns METALITHUECKUX CTEKON U JBOWHUKOBA-
HUE. DTO MO3BOJIMJIO UCIOJIB30BaTh AMCIOKAIIMOHHBIA MOAXOA B Mate-
MaTHYECKOM OTIMCAHUM IJIACTUYECKOH AedopMalnuu aMOp(HBIX CIIJIaBOB
U pa3paboTaTh KBa3HIMCIOKAIIMOHHBIE MOJEIH IOJIOC CIIBUTA, SIBIISIO-
IIMXCS OCHOBHBIM KaHAJIOM HErOMOTEHHOW IIaCTHYECKOH JedopManuu
amMop(dHBIX MaTepuanoB. [loka3zaHa BO3MOKHOCTH HCIIONB30BAHUS Pa3-
paboTaHHBIX M1 JIBOMHWUKOBAHUS UYMCICHHO-aHAJIMTHYECKHX METOHOB
IUTS pacueTa HaIlpsDKEHHO-1e()OPMUPOBAHHOTO COCTOSHUSI TIPU HETOMO-
TeHHOHM TUIaCTHYECKON JedopManuy METaJUIMYECKUX CTEKOJN. YCTaHOB-
JIEHO, YTO B AeOpMUPYEMOM aMOpPPHOM MaTepHalie HanpsHKEHHs JIoKa-
JU3YIOTCA Y MOJIOC CABHTA, aKTUBHUPYS B 3THUX 00IACTSX MPOLECC pa3py-
meHus. IloaToMy ans TOBBILIEHWS KadecTBa MPOrHO3MPOBAHUS
9KCITYyaTallMOHHOTO pecypca METaNTMUYECKMX CTEKOJI BAXKHO YUUTBHIBATH
WX CKIIOHHOCTh K HErOMOTE€HHOH IJIaCTUYHOCTH. Pe3ynbpraTsl momyumim
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MPaKTHYECKYIO peai3aluio B IIPOM3BOJACTBE, HayKe U oOpa3oBaHuu [1,
4, 6], [8 - 19], [21 - 30], [37, 39, 42, 43, 50, 61, 62, 69], [71 - 78], [85 -
90], [95, 96, 100].

PexoMeHnaanum no npakTH4ecKOMY UCIOJIb30BAHUIO
pe3yJibTaToB

3amaun MeXaHUKU AeOPMUPYEMBIX TBEPABIX TEN B HACTOSIIEE BpE-
Msl peraroTes 0e3 yuera JOKalu3alul HalpspDKeHUH Ha JTBYMEpPHBIX. Jie-
(eKTax KpUCTAIUIMYECKON PEIIeTKH, KOTOPhIe aKTHBHO 3apOXKAAIOTCS B
ovarax aedopmauuu. ITO MPUBOAUT K OMIMOKaM, KOTOpPbIC HEIOMYyCTH-
MBI B ClIydae MPOrHO3MPOBAHMS MOBEAECHUS TEXHUUECKUX CHCTEM U KOH-
CTPYKUUH, TpeOyomMX MPH UX JKCIUTyaTallid BBICOKOW CTENEHU Ha-
JEeXHOCTH, TaK KaK JOKAIM30BaHHBIC HA IByMEPHBIX Ac(eKTax Harpsi-
JKEHHsI CHOCOOCTBYIOT 3apOXKACHUIO NPHUBOMIIMX K paspyLICHUIO
MUKpoTpenuH. I[lo3ToMy pexkoMeHIyeTcsl ‘MCHOMb30BaTh PE3yJIbTaThl
JaHHOK pa0OTHl B MAIIMHOCTPOCHUH, T/I¢ IIMPOKO MCIIONIB3YIOTCS HaHO-
MaTepHalbl U IBOMHUKYIOUIMECS MaTepuajibl TaKue, Kak CTaal pa3ind-
HBIX MapoK, KpEMHHUCTOE kKeJe30, TUTAH U CIUIaBBl HA €r0 OCHOBE, OpOH-
3bl, TATYHU H T. 1.

Bozpocmmii mHTEpec K M3yUeHHUIO CBOMCTB HaXoAsIIUX Bce Ooiee
IMPOKOE MPAKTUYECKOE TIPUMEHEHHE MaTEepPHajoB C MaMAThIO (DOPMBI
B HACTOsIIEE BpeMs 3HAYUTEIBbHO YBEIMYUI aKTyaJdbHOCTh HCCIIEI0BA-
HUN ABOMHMKOBaHMA, TaK KaK YHHKaJbHBIE CBOWCTBA NaHHBIX MaTe-
pHAIOB MOMTHOCTBIO ONPENETAIOTCS MOBEIECHUEM TpaHMIl pasjena poa-
CTBEHHBIX IBOMHHKOBBIM rpanuiaMm. [losTomy moxydeHHble B paboTe
pe3yabTaThl MOTYT-OBITh MCIIONb30BAHBI B TEXHOJIOTMH MaTEpUaOB C
NaMsAThIO (POPMBEL.

[Iupokoe NpuMeHEHNE pe3yabTaThl paboThl HaluK cdepe odpa3oBa-
HUS, Ha YTO TOJIy4eHB! aKThl BHEAPEHUH B CIEAYIOMUX YUPEKICHHUIX
obpazoBanna: YO «benopycckuif rocyaapCTBEHHBIH YHHUBEPCHTET
TpaHcHopTa», bemopycckuil HalMOHANBHBIN TEXHUYECKUH YHUBEPCUTET,
YO «I'omenbckuil TocyAapCTBEHHBIN TEXHUUECKHH YHUBEPCUTET UMEHU
I1.0. Cyxoro», YO «I'oMenbCKuil rocy1apCTBEHHBIN YHUBEPCUTET UMeE-
HU @. Cxopunb». [Ipu 3TOM B y4eOHBIH Mpolecc BHEAPEHa METOA0JI0-
THS YHUCIICHHO-aHATUTHIECKUX pacueToB HaIpspKEHHO-
J1eOpMUPOBAHHOTO COCTOSHUS MPH JBOMHHUKOBAHUM M HETOMOT'€HHOMN
TtacTHueckoi aedopmaniu 1eopMUpPyEMBIX TBEPABIX TEI.
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Pesynbprathl pabOTH HAILIM MPAKTUYECKOE HCIONIB30BaHUE U B cdepe
HaY4YHBIX UCCIICIOBaHUIl He ToNbKO B Pecyonuke benapycs (THY «UH-
CTUTYT MEXaHUKH METAJJIONOIMMEPHBIX cucTeM uMeHu B.A. Bemoro»
HAH benapycu, 'HY «MuctutyT mopomkoBoil Merammyprun» HAH
Benapycu, THY «OObenuHeHHBI MHCTUTYT MammHOCTpoeHus:» HAH
Benapycu), HO 1 3a pyOexkoM (Hay4HO-HCCIIET0BATEIBCKOE MTOIpa3ieie-
e «AdaptaMat» Ounnsaaus, Xenscunku). [Ipu 3ToM BHenpeHbI Me-
TOJIBI YUCIIEHHO-aHAINTUYECKOT O pacuera HaIpsHKEHHO-
J1eOpMUPOBAHHOTO COCTOSHUS B IBOMHUKYIOLIMXCSI MaTepraiax, Mare-
pHanax ¢ maMsATeio (OPMBI, METAIIMYECKUX CTEKJIaX MPHU MPOSBICHUN
npu aeOopMUPOBAHNHN OMACHBIX B MJIAHE 3aPOXKICHUS Pa3pyLICHUs TIPO-
LIECCOB ABOMHMKOBAHUS M HETOMOTEHHOM IJIacTHYEcKON nedopmanun B
HIMPOKO HCIOJIB3YEMBIX B MPOMBIIUIEHHOCTH MaTepuanax TaKWX, Kak
CIUIaBBl HA OCHOBE JKeJe3a, HHWKens, KoOaibTa, MeOu, LMHKA, THTaHa,
QTIOMUHHMS U JIP.

[IpakTHueckoe ncronp3oBaHue B MpousBoacTBe Ha OAO «benmuna»
MOJTYYMIIM METOABI UCCIEAOBaHMs MIaCTHUECKOH neopManuu ObICTPO-
3aKaJICHHBIX CIIJIAaBOB HA OCHOBE XKeJe3a.

B menom mpaktudeckas 3HaUMMOCTH PE3Y/IbTaTOB O0YCIIOBIIEHA MOJIE-
JIMPOBaHUEM HAIPLHKEHHO-N1E)OPMUPOBAHHOTO COCTOSIHUSI DJIEMEHTOB KOH-
CTPYKLIH U COOpPYKEHUH, HaXOAALIMXCS IO/ JEHCTBUEM 3aJaHHOM Harpys-
KU, MaTepuasl KOTOPBIX MOABEP)KEH NBOMHMKOBAHUIO MM HETOMOTEHHON
IUTACTUYHOCTH. YYeT B YHCIIEHHO-aHATUTHUYECKMX METOAAX pacuera KOH-
LEHTpalMM OMACHBIX JJIS 3apOXKACHUS paspylleHHs HalpsHKEHUH CBA3aH-
HBIX C JBOWHMKOBAaHWEM WM HETOMOTE€HHOW IJIaCTHYHOCTBIO JAET BO3-
MOKHOCTH TIOBBICUTH TOYHOCTD ITPOrHO3UPOBAHMS MPOYHOCTHBIX U e op-
MAaIMOHHBIX XapaKTEPUCTUK OTBETCTBEHHBIX AETAaJEH KOHCTPYKLMOHHBIX
n3nenmii. HoBr3Ha pesynbsraroB noarBepkaeHa nartenramu [99, 100].

31



CIIMCOK IYBJIMKAIIMA COUCKATEJIA
O TEME JMCCEPTALIUN

Momnozpagusa

1. Bepemarun, M.H. Heromorennas mmactudeckas nedopmarius
aMOp(HBIX CIJTABOB Ha OCHOBE jkene3a : moHorpadus / M.H. Bepenia-
ruH, B.I'. [llenenesnd, O.M. Octpukos. — ['omens : Yupexaenue obpa-
30BaHus «['OMENBCKUN TOCYAapCTBEHHBIN TEXHUYECKUH YHHBEPCHUTET
umenu [1.0. Cyxoro», 2004. — 134 c.

Cmambu 6 HAYYHBIX IHCYPHATAX

2. OctpuxoB, O.M. BrnusHHe CKOPOCTH HAarpyXeHusi Ha MEXaHU3M
riactuaeckoit nepopmanuu B Bucmyte / Q.M. Octpukos, C.H. 1y6 //
Kypuan rexunueckoit pusuku. — 2001. —T. 71, Ne 5. — C. 44-46.

3. OcrpukoB, O.M. HaHoiBOWHNKOBaHHE MOHOKPUCTAJUIOB BUCMYyTa /
O.M. OcrpuxoB // W3Bectust BhICIIMX y4eOHBIX 3aBeneHuil. UepHas me-
tayutyprust. — 2002, — Ne 3. — C. 51-52.

4. Oco0eHHOCTH TMIIACTUYECKON neopMaluy MPH WHICHTHUPOBA-
HUW nupaMugoid Bukkepca moBepxHocTH amopdHoro cmiasa Fe-Cr-
Mo-V-B-Si / M.H. Bepemarusn, B.I'. Illenenesuy, O.M. OcTpuKOB,
C.H. 1Ipi6pankoBa // ®dusnka MeTamioB u MeramioBeaenue. — 2002, —
T.93. - Ne 5. - C. 101-104.

5. OcrpuxoB, O.M. HampspkeHHOE COCTOSIHHE Yy KIHMHOBHIHOTO
JIBOWHUKA TPHU JUCOANaHCe TUIOTHOCTEH MBOWHUKYIONIUX JUCIOKAIWi /
O.M. OctpuxoB // IlpukiagHas MeXaHHKa W TEXHUUYECKas (U3UKA. —
2002. - T. 43, Ne 4. — C. 180-182.

6. HccnegoBanne METOIOM JIOKAIBHOTO AEOPMHPOBAHHS OCOOCHHO-
CTel IuTacTuueckoi neopmarmu amopgroro cruiasa Fe-Cr-Mo-V-B-Si /
M.H. Bepemtarun, B.I'. Illenenesuy, O.M. Octpukos, C.H. [{si6pankosa //
Kpucramnorpagmus. — 2002. — T. 47, Ne 4. — C. 691-696.

7. OcrpuxoB, O.M. HccnenoBanne MEXaHUYECCKOTO JIBOWHUKOBAHUS
MOHOKPHUCTAJIJIOB CYpbMBbI MeToioM HanouHaeHTupoBanus / O.M. Oct-
pukoB, C.H. [Iy0 // Unxenepuo-dpusnueckuit xxypuain. — 2003. -T. 76,
Ne 1. -C. 170-172.

32



8. Bepemarun, M.H. MonenupoBanue HanpspKEHHOTO COCTOSIHHSA Y TIOJIO-
cel cagura B amopdrom Mmarepuaie / M.H. Bepentarun, O.M. OctpHKoB,
J1.B. 3roxoB // Noknanst HAH benapycu. — 2003. — T. 47, Ne 3. — C. 113-115.

9. Bepemarun, M.H. JlucnokaiimonHass MOJENb MOTUCHHTETUICCKUX
nonoc capura B amop¢Hbix Matepuanax / M.H. Bepemarus, O.M. Oct-
pukoB // IIpuknanHas MexaHuKa U TexHudeckas ¢pusuka. — 2003, — T. 44,
Ne 3. - C. 164-168.

10. Bepemarun, M.H. BerBnenue monoc casura aMmopdHBIX MaTepHa-
noB / M.H. Bepeniarun, O.M. Octpukos // Bectauk [TTY um. I1.0. Cy-
xoro. — 2003. — Ne 1. — C. 11-20.

11. BausiHue M30XPOHHOTO OT)KUTa HAa WHTCHCHUBHOCTH DPa3BUTHUS
nosioc caBura B aMopdHbIX cruiaBax Ha ocHoBe xkefe3a / M.H. Bepe-
marud, B.I'. Illenenesuy, O.M. Octpuxos, C.H. Lsi6pankosa // JTok-
naasl HAH benapycu. — 2003. — T. 47, Ne 4. — C. 107-1009.

12. OcobeHHOCTH TIIACTUYECKOW JedopManuu aMop(HOTO CIiaBa
Ha OCHOBE JKeJe3a ¢ MOJUIapaKkCUInIeHOBEIM MokpbiTHeM / M.H. Be-
pemarud, O.M. Octpukos, JI.b. 3tokor, H.IT. I'naseipun // BectHuk
I'TTY um. I1.O. Cyxoro. — 2003. - Ne 2. — C. 7-11.

13. Bepemarus, M.H. Ocoberrocta popM monoc ¢BUra, BO3HUKAIOIINX Y
KOHIIGHTPaTOpa HaNpsDKEHU Ha TOBEPXHOCTH amopdHoro ciuasa / M.H. Be-
pearus, O.M. Octprikos // Meramier, — 2003. — Ne 4, — C. 114-117.

14. Brusinre U30XPOHHOTO U MU30TEPMHUUYECKOr0 OTKHUI'OB Ha CTPYKTYPY
¥ MHUKPOTBEPIOCTh ObICTpo3akaiieHHoro cruiaBa Fe-Cr-Mo-V-B-Si / M.H.
Bepemarun, B.I'. Hleneneuy, O.M. Octpukos, C.H. I{pi0pankosa // Ma-
tepuansl. Texnonorun. Uuctpymentsl. — 2003, — Ne 2. — C. 52-54.

15. BiusHHE HM30XpPOHHOTO OTXKHra Ha 3apOXKICHUE MOJIOC CABUTA
BOJIN3M KOHLIEHTPATOpa HAIPSHKEHWH Ha MOBEPXHOCTH aMOP(HBIX CIja-
BOB Ha ocHoBe xenesa / M.H. Bepemarus, B.I'. Ilenenesud, O.M. Oct-
puxoB, C.H. I{st0pankoBa // [IpukinagHas MexaHuka ¥ TeXHHUYECKas (u-
3uka. — 2003. - T. 44, Ne 5. - C. 97-101.

16. Bepemarun, M.H. Vcrons3oBaHue MOJIENN YepPEAYIONIUXCS JTUC-
JIOKaLMOHHBIX CTEHOK JUISI MOJIEIMPOBAHNS HAPSHKEHHOTO COCTOSIHUS Y
nosoc capura B amop¢Hbix Matepuanax / M.H. Bepemarun, O.M. Oct-
puxoB // Bectauk ['TTY um. I1.0. Cyxoro. — 2003. — Ne 4. — C. 36—-40.

17. N3y4yeHne 3aKOHOMEPHOCTEH Pa3BUTHsI MOJOC CABUra MPH HaHO-
UHJICHTHpOBaHuU aMmopduoro cruiaa Fe-Cr-Mo-V-B-Si / M.H. Bepe-
marus, C.H. Jy6, B.I'. Ilenenesuu, O.M. Octpukos // Tlpuknamanas
MexaHHKa U TexHudeckas gusuka. — 2004. — T. 45, Ne 3. — C. 172-175.

33



18. PasBuTHe CIBHIOBOM IIIacTUUEcKOW aedopManuyi B amMOPQHBIX
cruiaBax B mporiecce nzoxponnoro omkura / M.H. Bepemarun, B.I'. Illene-
nesud, O.M. Octpukos, C.H. [{si0pankoBa // MerannoBeneHue 1 TepMuye-
ckast 00paborka metawioB. — 2004. — Ne 2. — C. 23-26.

19. Bepemarus, M.H. AnuzoTponusi miacTHuecKoil aedopmManuu
amopdHbIX criaBoB Ha ocHoBe xkene3a /| M.H. Bepemtarun, O.M. Octpu-
koB, JI.b. 3tokoB // M3BecTus BhICHIMX y4eOHBIX 3aBeieHUil. UepHas Me-
tayutyprust. — 2004, — Ne 1. — C. 53-56.

20. OctpuxoB, O.M. HampskeHHOE COCTOSTHHE Y BEpPIIMHBI KIHHO-
BuaHoro neoiHuka / O.M. Octpuxos // U3Bectust PAH. Cep. Mexannka
TBepaoro tena. — 2004. — Ne 2. — C. 104-113.

21. Bepemiarua, M.H. HeomHOpOTHOCTD TIaCTUYECKOM AehopMariuu
aMop(QHBIX crulaBoB Ha ocHoBe ene3a / M.H. Bepemarns, O.M. Octpu-
koB, JI.b. 3rokoB // [Tucema B skypHan TexHudeckoil ¢uzuku. — 2004, —
T.30, Ne 5. - C. 82-87.

22. Bepentarun, M.H. BriusiHue TepMudeckoil 00pabOTKH Ha HETOMOT'€H-
HYIO TJIACTHYECKYIO JeOpMAaIMIO MPOKATAHHBIX aMOP(HBIX JEHT CILUIABOB
Ha ocHoBe xene3a / M.H. Bepemarun, B.I'. Ilenenesuy, O.M. Octpuxos //
Nmxenepro-puzmyeckuii sxypHai. — 2004, — T. 77, Ne 4. — C. 31-35.

23. BnusHue tepmuyeckoil 0OpaOOTKM Ha MEXaHWYECKUE CBOWCTBA
amMop(HBIX CIUTaBoB Ha ocHoBe kenesa / M.H. Bepewarun, B.I'. [lenene-
Bu4, O.M. Octpukos, C.H. Ipidpankosa, /|.b. 3rokoB // I3BecTust BbICIINX
yueOHbIX 3aBeaeHui. YepHas metamtyprust. — 2004, — Ne 5. — C. 55-58.

24. Bepemarun, M.H. BinsHue MHUIMUPOBAHHBIX BBICOKOIHEpTE-
TUYECKOH 00paboTKOH (a30BBIX MpeBpalleHUil Ha 3JIEKTPUUECKHUE, ME-
XaHWYECKUE CBOWCTBAa M HErOMOTEHHYIO IMIACTUYECKYIO AedOopMalIiio
aMop$HBIX CIUTaBOB Ha ocHoBe xene3a / M.H. Bepemiarun, O.M. Oct-
pukoB, B.I'. 1lleneneuu // Bectauk I'TTY um. I1.0. Cyxoro. — 2004. —
Ne 1. - C. 3-11.

25. Bepemarun, M.H. [luciokaroHHast MOJIENb TIOJOC CIIBUTA B aMopd-
Hpix Marepraiax / M.H. Bepemiarun, O.M. Octpukos, C.H. I{piOpankosa //
Wssectust PAH. Cep. Mexanuka tBepaoro tena. — 2004. — Ned. — C. 98-105.

26. BnusiHue oTKUra Ha XapakTep pa3pylieHHs IPH UCHIBITaHUAX Ha pas-
PpBIB aMOp(HBIX CIUIaBOB Ha ocHoBe xkerneza / M.H. Bepemarun, B.I'. Illene-
nesuy, O.M. Octpuko, C.B. Iumeko, C.H. Ilpiopanxosa // Becrii HAH
Benapyci. Cep. ¢i3.-roxH. HaByk. — 2004. — Ne 4. — C. 13-15.

27. Bepemarun, M.H. BausiHue npokaTku Ha 0COOCHHOCTH Pa3BH-
TUSl TUTACTUYECKOH nedopMalli NpU JIOKAIBHOM Je(OpMHPOBAHUHU

34



MOBEPXHOCTH aMOp(HBIX CIUIAaBOB Ha ocHoBe xene3a /| M.H. Beperma-
ruH, O.M. Ocrpukos, /1.b. 3tokoB // ®usnka u xumust 00pabOTKH Ma-
tepuainos. — 2004. — Ne 3. — C. 46-49.

28. Biusaue UMIIIaHTallUK KOHOB N; Ha HCTOMOI'CHHYIO IJIaCTHUYC-

ckyo nedopmaruio amopdHoro cruiaBa Fe-Cr-Mo-V-B-Si / M.H. Be-
pemtarun, ©.®. Komapos, B.I'. Illenenesuy, O.M. Octpuxos // Jlokaamst
HAH Bbenapycu. — 2005. — T. 49, Ne 2. — C. 45-47.

29. BrusiHEE H30TEpMUYECKOTO OT)KUra Ha (popMHUpOBaHME MOJIOC CBU-
ra B aMop(HbIX cruiaBax Ha ocHoBe jkene3a /| M.H. Bepemarun, B.I'. Tlle-
nenesnd, O.M. Octpukos, C.H. Lipiopankoa // V3BecTust BBICHUX y4ueO-
HBIX 3aBeneHni. Yepnas meramnyprus. — 2005, — Ne 2. —C. 33-36.

30. Bepemarun, M.H. KBanpuyrnonbHO-IUCKIMHANMOHHAS MOJIETh
amop¢Horo marepuana / M.H. Bepemarun, O.M. Octpuxos // lokna-
oel HAH Benapycu. — 2005, — T. 49, Ne 5. — C. 46-48.

31. Octpukos, O.M. [luciokanrioHHast MAKPOCKOMUYECKas MOEb KIIMHO-
suHoro aeoithvka / O.M. Octpukos // Bectauk I'TTY um. I1.0. Cyxoro. —
2006. —Ne 2. - C. 10-18.

32. Ocrpukos, O.M. Knaccudurarysi MOIMCHHTETHYECKHX BOHHUKOB /
OM. Ocrtpukos // Bectank I'TTY nm. I1.0. Cyxoro. — 2006. — Ne 2. — C. 3-9.

33. OctpuxoB, O.M. Hcmonb3oBaHHE MOJHUIAPAKCUIUICHOBBIX
TOHKUX TJICHOK MPH UCCICIOBAHUH IUIACTHUECKOH OedopManuud Mo-
HokpuctaiioB BucmyTa / O.M. Octpukos // [IpuknagHas MexaHuKa U
texHuueckas ¢pusuka. —2006.—T. 47, Ne 4. — C. 162-166.

34. OctprkoB, O.M. JlucrnokaiioHHas MOJENIb ITOTUCHHTETHIECKOTO
meoitarka / O.M. Octpukos, E.B. Kopreesen // Bectauk ITTY um. T1.O. Cy-
xoro. —2006. — Ne 3. — C. 42-50.

35. Octpukos, O.M. ®opmupoBanre HaHOpa3MEpHBIX (a3 B HAHOJ-
BoitHuKax / O.M. OctpukoB // Bectauk I'TTY um. I1.0. Cyxoro. —
2006. = Ne 3. - C. 3-7.

36. Octpukos, O.M. PacnpeneneHue nerupyomero KOMIOHEHTa B
MOJIMCUHTETUYECKUX IBOMHUKAX M TEOPETHUYECKUI MporHo3 (popMupo-
BaHUS CIOMCTBIX MAaTEPHaJIOB C MCIIOJIB30BAaHUEM SIBJICHUS TOJIUCHUHTE-
tryeckoro aoitHukoBanus / O.M. OctpuxoB // Marepuainsl. TexHomo-
run. Uactpymentsr. — 2006. — T. 11, Ne3. — C. 54-56.

37. Ocrpukos, O.M. Bnusaue nazepHoid o0pabOTKH HA MUKPOTBEp-
JOCTh U HETOMOT'CHHYIO TUIACTHYECKYIO AedopMannio aMopQHBIX CIiia-

35



BOB Ha ocHoBe xkene3a / O.M. Octpukos // M3BecTust BhICIINX y4eOHBIX
3aBenenuil. Yepnas meramnyprus. — 2006. — Ne 11. — C. 14-16.

38. Octpukos, O.M. [lucrnokamyoHHasi ME30CKOMYECcKasi MOJENb OMH-
cunTerrdeckoro aBoiHuka / O.M. Octpukos // Bectauk [TTY uwm. I1.0. Cy-
xoro. —2007. —Ne 2. - C. 11-21.

39. OcrpuxoB, O.M. CtpykTypa OBICTPO3aTBEpAEBIIETO MHOTOKOM-
MOHEHTHOrO CIJIaBa Ha OCHOBE ene3a cuctembl Fe-Cr-Mo-V-Si-B/
O.M. Ocrpukos // U3Bectrst BrICIINX y4eOHBIX 3aBeneHuid. UepHas me-
tamnyprusi. — 2007. — Ne 6. — C. 49-51.

40. OctpuxoB, O.M. Pacuer Ha OCHOBAaHWU ME30CKOTHYCCKOW IHC-
JIOKaIIMOHHOM MOJIENH COOCTBEHHOM SHEPTrUH KJIMHOBUIHOIO TBOWHMKA /
O.M. Octpukos // Matepuansl. TexHonoruu. MucTpymentsr. — 2007, —
T.12, Ne 2. - C. 22-24.

41. Octpukos, O.M. YcroBue paBHOBECHS HAHOPA3MEPHBIX 3apOIbIIIeH
neoitankoB / O.M. Octprkos // Bectauk BHTY. = 2007. — Ne 2. — C. 26-28.

42. Octpukos, O.M. JlucnokannoHHasi FapMOHUYECKash MOJEb MO-
aocel cnsura B amopduoM Mmatepuane /  O.M. OctpuxoB // BectHuk
ITTY um. I1.O. Cyxoro. — 2007. — Ne 4. = C. 41-48.

43. OctpukoB, O.M. OcoOCHHOCTH HAIMPSHKEHHOTO COCTOSIHUS Y TI0-
JOCHI CIIBHTA, HAXOMIALICHCS y IOBEPXHOCTH amopdHOoro marepuana /
O.M. Ocrpukos // U3Bectus BhICIIHX yueOHBIX 3aBeneHuid. UepHas me-
tammyprusi. — 2007. — Ne 2. = C. 44-46.

44. OctpukoB, O.M. Pacuer sHepruu HaHOABOWHUKA KIWHOBHU]I-
HOW (hOpMBI B pamMKaX JUCIOKAIIMOHHON ME30CKOMMYECKol Monenu /
O.M. Octpuxos // Kypuan texauueckoir ¢puszuxu. — 2008. — T. 78,
Ne2. - C. 58-62.

45. Octpukos, O.M. MeToJ 3/1eKTpOCTaTHUECKUX aHAIOTHI B MOAe-
nu nua3oBuAHOrO ApoiiHuka / O.M. Octpukos // NU3ssectust PAH. Cep.
Mexanuka tBepaoro tena. — 2008. — Ne 1. — C. 161-170.

46. Octpukos, O.M. BiusHue MIOTHOCTH JABOMHUKYIOIIUX JTUCIIOKA-
UK Ha  KOHQUTYpalMI0 IOJIeH HampshkeHWH BOMM3M KIMHOBUAHOTO
IBOMHKMKA ¢ pa3muyHoi Gopmoii rpanun / O.M. Octpukos // TlpuknanHas
MexaHuka u TexHuueckas guzuka. — 2008. — T. 49, Ne 5. — C. 199-204.

47. Octpuko, O.M. Yuer ¢opMbl rpaHul] KIMHOBHIHOTO IBOHHUKA B
€ro MaKkpOCKOMUUeCcKoi auciokarnuonHoin mojemn / O.M. Octpukos // ®u-
3uKa MetawioB 1 MetawioBenenue. — 2008. — T. 106, Ne 5. — C. 471-476.

36



48. Octpukor, O.M. JlucimokanvoHHass MOJE/Tb HAHOMBOWHUKA /
O.M. Ocrpuxkos // U3Bectuss PAH. Cep. Mexanuka TBepioro tena. —
2008. — Ne 5. — C. 124-1209.

49. Octpuxos, O.M. Pacuer nedopmariuii y BepIInHbl KITHHOBUTHO-
ro JBOWHHMKA Ha OCHOBaHMHM ME30CKOIMUYECKOH IUCIOKAIMOHHON MO-
nenn /| O.M. Octpukos // BecTHHK MOTHIEBCKOT0 TOCYAapCTBEHHOT'O
yauBepcutera. — 2008. — Ne 1(29). — C. 166-175.

50. Ocrpukos, O.M. Bnusaue tepmuieckoir 00pabOTKH Ha IIIacThye-
CKHE XapaKTePHCTUKH aMOP(HBIX CILIaBOB Ha ocHOBE xene3a / O.M. Ocrt-
pukoB // VI3BecTrs BbICIIMX y4eOHBIX 3aBesieHHH. UepHas MeTauryprus. —
2008. — Ne 4. — C. 35-36.

51. Ocrpukos, O.M. Meroanka pacyera Ha OCHOBAHUH MaKpOCKOITHU-
YECKON JUCIOKAIMOHHOW MOJAENH MOoJeH HANpsHKEHUH y MONMCHUHTETH-
YECKOr0 JBOMHUKA, HAXOJIIErocs BAANU OT IOBEPXHOCTH [IBOMHM-
kyroterocs mMarepuana / O.M. Ocrpukos /[ Bectauk BHTY. — 2008. —
Ne 5. -C. 68-70.

52. OctpukoB, O.M. HampsokeHHOE COCTOSIHHE Y TIOBEPXHOCTH KpH-
craia, 1ehOpMHUPYEMO COCPEIOTOUCHHON HArPY3KOM, IPH HATMYHMHN KITH-
HoBuiHOTO JBoiiHKKa / O.M. Octpukos // XKypHain TexHudeckoi Gu3uku. —
2009. -T. 79, Ne 5. - C. 137-1309.

53. Ocrtpuxos, O.M. Pacuer mosneii HanpspKEeHUH Y TOIMCHHTETUIECKOTO
JIBOWHKKA, HaXofsIerocs y mosepxHoctu kpuctaimia / O.M. Ocrprikos //
Wmxenepno-puznueckuii xypHai. — 2009. — T. 82, Ne 1. — C. 184-190.

54. OctpuxoB, O.M. Metox pacuera pacmpenenenus aehpopmManui y
KIIMHOBHMJIHOT'O IBOMHUKA C MCIOJIB30BAHMEM MOAXO0B MAKPOCKOIUYE-
ckoit mucnokanunonnod momenu / O.M. Octpukos // Ussectus PAH.
Cep. Mexanuka TBepaoro Tena. — 2009. — Ne 4. — C. 52-58.

55. Ocrpuxos, O.M. Criocob pacueTa mosnel HanpspKEHUH y KIMHOBH-
HOTO JBOMHUKA, HaXOIIIErocs y MOBEPXHOCTH KpUCTalIa, B MPUOIMKE-
HUM . HETMPEPBIBHOTO pACIpEAeNeHUs] IBOMHHUKYIOIIMX UCIOKalMi Ha
BOWHMKOBBIX rpanuiiax / O.M. Ocrtpukos // VI3BecTHs BBICHINX YyISOHBIX
saBegennii. dusuka. — 2009. — Ne 4, — C. 36-39.

56. Octpukos, O.M. Pacuer sHepruu B3auMOACHCTBUS JBOHHUKYIO-
MIMX JUCIOKALWI KIMHOBUAHOIO IBOMHUKA, POBEACHHbIH HA OCHOBaHUU
ME30CKOMHUecKol aucnokaironnoi moaenu / O.M. Octpukos // Umke-
HepHO-(pu3nuecknit xypHai. — 2009. — T. 82, Ne 6. — C. 1199-1203.

57. Octpukos, O.M. Pacuer pacnpeneneHust IpUMECH U TIOTOKOB €€
MUTpalWd y KIMHOBUAHOTO JBOWHUKA HAa OCHOBAaHMHM MAaKpOCKOIIHYe-

37



ckoit mucnokaruonHoi mozenu / O.M. Octpukos // U3sectus HAH be-
napycu. Cep. ¢us.-rexH. Hayk. — 2009. — Ne 4. — C. 62-65.

58. OctpukoB, O.M. Omnpenenenne Ha OCHOBAaHHH ME30CKOIMHYECKON
JIMCIIOKAIIMOHHOW MOJIENIN PaBHOBECHBIX APaMETPOB KIIMHOBHIHOTO JIBOM-
HHKa NPH OTCYTCTBHMM BHeHuX Hanpspkenuid / O.M. Ocrpuxkos // 3BecTrst
HAH Benapycu. Cep. ¢pus.-rexn. Hayk. — 2009. — Ne 4. — C. 66-70.

59. Ocrpukos, O.M. Ilons nedopmanuii y KIMHOBUIHOTO JBOMHUKA,
Haxozsuierocs y nmosepxuoct kpucramia / O.M. Octpukos // BectHuk
ITTY um. I1.0. Cyxoro. — 2009. — Ne 4(39). — C. 25-31.

60. OctpukoB, O.M. HampsbkeHHOE COCTOSHUE Yy HaHOPa3MEPHOTO
JBOWHUKOBOTO 3apOJIbIllia MPH HAJMYUN BHYTPH HETO TOYEUHOI'O UCTOY-
Huka pacumpenus / O.M. Ocrpukos // Becthuk ['TTY um. I1.0. Cyxo-
ro. — 2010. — Ne 1(40) — C. 16-22.

61. Octpuxos, O.M. [nactideckas nedopmanysi aMOpQHBIX CIJIABOB Ha
ocHoBe xere3a / O.M. OctprkoB // BectHrk MormieBckoro rocy1apcTBeHHO-
ro yauBepcutera uMeHn A.A. Kynemmosa. — 2010, Ne 2(36). — C. 15 - 26.

62. Ocrpuxos, O.M. BnusHue peXMMOB IIa3MEHHON PE3KHM HA MHKPO-
CTPYKTYPY, MHKPOTBEPAOCTh M Ka4eCTBO OOPAOOTKH YTIIEPOAUCTHIX CTajei /
O.M. Octpukos, O.C. Kysnenosa ///Bectauk ITTY um. I1.0. Cyxoro. —
2010. — Ne 1(40) - C. 33 -38.

63. OctpukoB, O.M. Me3ockonudeckas TUCIOKAIMOHHAS MOJICIb
pasBuBaroierocss kinHoBuAHOTO ABoiHUKa / O.M. Octpukor // Bect-
Huk [TTY um. I1.0. Cyxoro. — 2010. — Ne 3(42) - C. 3-8.

64. Bacunesuy, }O.B. Pacuer noneii cmemennit u aedopmanmii y
KJIMHOBUIHOTO JBOWHUKA HA OCHOBAaHMH ME30CKOIMYECKON IUCIIOKAIIN-
onnoii momenu / FO.B: Bacunesuu, O.M. Octpuxos // Becthuk BHTY. —
2011, Ne 4. —C. 52 - 55.

65. Ocrpuko O.M. HanpspkeHHOE COCTOSIHHE Y MOBEPXHOCTH KpH-
cTaia, aehopMUpyeMOH paclpeleNieHHOW Harpy3KoW, MpH HAIWYHH
knuHOBHAHOTO nBoiiHuka / O.M. Octpukos // Bectauk Bpectckoro ro-
CyJapCTBEHHOI0 TEXHHWYecKOoro yHuBepcurera. Cepus MammHocTpoe-
Hue. —2011. — Ne 4(70). — C. 39-43.

66. Bacunesuu, H0.B. YcnoBue paBHOBeCUS KIMHOBUIHOTO JBOMA-
HUKa TpU OTCYTCTBMM BHelmHuX Hanpspkenuid / 10.B. BacuneBuy,
O.M. Octpuxkos // Hayka u Texnuka. — 2012, Ne 1. — C. 75-79.

67. OctpukoB O.M. Criocob pacuera moyieli HanpspbkeHud B aedop-
MHUPYEMOM YIPYroM HOJXYHPOCTPAHCTBE MPU HAJMYHH y €r0 MOBEPXHO-

38



ctu nonucuHTerndeckoro apoitauka / O.M. Octpukos // U3sectust PAH.
Cep. Mexanuka tBepnoro Tena. — 2012, Ne 3. — C. 78-88.

68. OctpukoB O.M. JlucmokannoHHas MOJeNb HEKOI€PEHTHOIO He-
ToHkoro nBoiHuka / O.M. OctpukoB // XKypHan TexHUUeCKO# (HUUKH. —
2012. - T. 82, Ne 11. - C. 38 - 42.

69. OcrpukoB O.M. YpaBHeHHE paBHOBECHS KPHBOIMHEHHOM TIONOCHI C/IBU-
ra, HaXoJsIIelcs y moBepxHocTH amopdHoro marepuana / O.M. Octpukos //
Marepuansl. Texnomnoruu. Mactpymentst. — 2012. —T. 17, Ne 4. - C. 17-21.

70. OcrpukoB, O.M. Hcnonbs3oBaHue MTUCIOKAIMOHHON ME30CKOITH-
YeCKOM MOJIENH JUIsl pacyeTa IoJIel HaIlpspKeHUH, OTHOCUTENBHON 00b-
€MHOM AMJaTalliM M CHUJI B3aHMOJCHCTBHUS B CHUCTEME KIMHOBUIHBIN
HAHOABOWHUK — monHast auciokaiws» / O.M. Octpukos // Matepuanbi.
Texnomnoruu. Uncrpymentsl. — 2012. — T. 17, Ne 2. - C. 7 - 16.

71. OcrpukoB, O.M. JlucnokanioHHast MOJIETb HAHOJIBOMHUKOBOTO KOM-
no3uta / O.M. Octpukos // BectHuk MoruneBckoro rocy1apcTBeHHOr0O YHU-
Bepcutera uMeHn A.A. Kynemosa. Cepus B. — 2013, Ne 1(41). — C. 35-46.

Cmamou 6 cOOpHUKAX MAMEPUAN08 HAYUHBIX KOHpEpeHUUT

72. BrnysiHuEe H30XPOHHOTO M U30TEPMUYECKOTO OTKHUIa Ha OCOOCHHO-
CTH TIACTUYECKOH AeopMalui MPH JIOKaJIbHOM Harpy>K€HUH TTOBEPXHO-
cru amopguoro cruiasa Fe-Cr-Mo-V-B-Si / M.H. Bepemarun, B.I'. 1lle-
neneBnd, O.M. OctpukoB, C.H. I{si0pankoBa // CtpoeHne u CBOHCTBa
METAJUINYECKUX M IIUIAKOBBIX pacIuiaBoB . MaTepuansl X Poccuiickoil Ha-
yuHOH KoH(pepeHuu. — ExarepunOypr — Yensbunck : Uza-so HOxHO-
ypanbCcKoro rocyaapcrseHaoro yuusepcutera, 2001. — T. 4. — C. 3-6.

73. BrniusiHME POKATKY U TOCIIEAYIONIEH TepMUIecKoid oOpaboTku Ha
HETOMOI'EHHYIO IUIACTHYECKYI0 Je(OopMaio CI0KHOJIErHPOBaHHBIX
aMop(HBIX cITaBoB Ha ocHOBe xene3a /| M.H. Bepemarun, B.I'. 1lleme-
aesud, O.M. Octpukos, A.M. lyopasun, O.}O Komkos // [Tporpeccus-
HBIE TEXHOJIOTHH 00pa0OTKN MaTepHaliOB JaBIICHUEM . MaTepuaisl Me-
KIAYHAPOAHOW HaydHO-TeXHHUYeCcKOH KoH(pepeHunu. — Munck: YII Tex-
HompunT, 2004. - T. 1. — C. 26-31.

74. Bepemarun, M.H. Biusiaue nazepHoii 00pabOTKH Ha MUKPOTBEp-
JOCTb ¥ HErOMOT'€HHYIO TIACTUYECKYIO TeOopMalrio aMOPQHBIX CILUIAaBOB
Ha ocHoBe xene3a / M.H. Bepemarun, B.I'. lllenenesuu, O.M. Octprkos
/I TIporpeccuBHBIC TEXHOIOTUH 00PaOOTKU MAaTEpHAIIOB TABJICHHEM : Ma-

39



Tepuansl  MeXIyHapoAHOW HaydyHO-TEXHUYECKOW KOH(EpeHIHH. —
Mumnck: Y11 Texaonpunt, 2004. — T. 1. — C. 222-226.

75. Bepemarun, M.H. Pacuer noneii HanpsbkeHuit ¥ pactpeaeeHus MpH-
Meceil B aMOp(pHOM MaTeprasie Ha OCHOBE KBaIPUYIIOIBHO-IMCKIMHALIMOHHON
moznemm / M.H. Bepemarun, B.I'. Illenenesny, O.M. Octpukos // Ctpoenue u
CBOMCTBA METAUTMIECKUX M LUIAKOBBIX paciuiaBoB | MaTepuansl X| Poccuii-
CKOM Hay4HOU KoH(epeHLmH. — ExatepunOypr — Yensounck : Mzn-o FOxwHo-
YpaJIbCKOro rocyaapcTBeHHoro yausepenteta, 2004. — T. 4. — C. 157-161.

76. OcobenHocTr TacTH4yeckoil nedopmarnmu amopdHoro. crasa. Fe-
Cr-Mo-V-B-Si, ummiantiupoBanHoro nonamu asora / M.H. Bepemarus,
®.®. Komapos, B.I'. Illenenesry, O.M. Octpukos // CTpoerne u cBoiicTBa
METAJUTMYECKHX M NIIaKOBBIX paciuiaBoB : Marepuaibl XI Poceuiickoii Ha-
yuHoii koH(pepenimu. — ExarepunOypr — Yemsounek : NU3n-8o FHOxHO-
YpalbCKOro rocyaapcTBeHHoro yuusepeurera, 2004, — T. 4. = C. 69-72.

77. BepermaruH, M.H. Heromorennast riactuteckas aehopMariysi CIIoKHO-
JITMPOBAHHBIX aMOP(HBIX CIUIABOB B OOMACTSIX UMITYJILCHOIO JIA3€PHOrO BO3-
neiictus / M.H. Bepemarun, B.I'. Illenenesny, O.M. Octpuxos // CtpoeHuie 1
CBOJCTBA METAJUTMYECKMX 1 IIAKOBBIX paciiaBoB : Matepuaisl X| Poccuiickoit
HaydHOl KoH(pepeHmy. — ExatepunOypr — Yemsionnck : Mzn-Bo FOxHOypamnb-
CKoro rocynapcrsenHoro yausepeutera, 2004, — T. 4. — C. 161-165.

78. OctpukoB, O.M. YcnoBue paBHOBeCHS MOJOCH CABUTA B aMOp(-
HOM MaTepHajie B €€ MaKpOCKONMYECKOH KBAa3UANUCIOKALMOHHON Moze-
ma / O.M. OctpukoB //*Marepuanbl, TEXHOIOTHH U 00OpYyJOBaHHE B
MPOU3BOACTBE, IKCIUTyaTallu, PEMOHTE U MOJEPHU3AMH MaIIUH . Ma-
tepuasibl VI MexayHaponHOH Hay4yHO-TEXHHYECKOW KOH(EpeHIHH. —
Hosonomnonk, 2007.=T.1-C. 121-124.

79. Octpukos, O.M. YcioBue paBHOBECHS KIIMHOBUIHOTO JIBOMHUKA,
HaXOJSIIErocs y TMOBEPXHOCTH KPHUCTalla, IPH HEMPEephHIBHOM pacIipe-
JENCHUH ABOMHUKYIOIIUX AMCIOKAIMKA Ha JBOMHUKOBBIX IPaHULIAX MPU
orcyrctBun BHemHUX cwit / O.M. OctpuxoB // WccrnenoBanust u mep-
CTIIEKTUBHBIC pa3pabOTKU B aBUALIMOHHOW MPOMBIIUIEHHOCTH | MaTepHa-
abl |V HaydyHO-IpaKTHUECKOH KOH(EPEHLIUH MOJOABIX YYEHBIX M CIe-
nranucros. — M.: MATH, 2007. — C. 756-760.

80. Bacunesuy, H0.B. Teopust nBoriHHKOBaHMS 1e)OPMUPYEMBIX TBEP-
neix ten / FO.B. Bacunesuy, O.M. Octpuxor // Mexanuka — 2009. Mare-
puaisl 1V benopycckoro Konrpecca o Teopernueckoii n IpUKIaaHON Me-
xaHuke. — Munck, 2009. —C. 78 — 82.

40



Cmamuu 6 cOOpHUKAX HAYUHBIX pAOOM

81. BacuneBuy, H0.B. Cnoco6 pacyera mojeld cMelIeHUH y KIWHO-
BuaHoro neoinnka / FO.B. Bacunesuu, O.M. Octpukos // MarmHo-
crpoerue. — Munck, 2007. — Beim. 23. — C. 317-320.

82. OctpukoB, O.M. AHanu3 HampsHKEHHOTO COCTOSIHUSL Y BEPLIMHBI
KIIMHOBHIHOTO Mexanuueckoro asoianka / O.M. Octpukos, F0.B. Bacu-
nesud // MammHocTpoenue. — Munck, 2007, — Beim. 23, — C. 320-324.

Te3ucwt ooknaooes

83. Dub, S.N. The effect of loading rate on the mechanism of plastic de-
formation in bismuth studied by instrumented sharp indentations / S.N. Dub,
O.M. Ostrikov // Symposium Z : Multiscale Materials Modeling / MRS Fall
Meeting. — Boston, USA, 2000. — P. 54.

84. Jly6, C.H. BnusiHre cKOpoCTH Harpy>KeHHs Ha MEXaHW3M ILIACTHYC-
CKOM JiepopMarivi B BACMYTE U CypbMe BO BPEMsI MCITBITAHMI Ha HAHOTBEP-
nocts / C.H. [Iy6, O.M. Octpukos // AxTyanbHbIe IPOOIEMBI IPOYHOCTH
matepuanbl XXXVII MexnynapoaHoro cemunapa. — Kues, 2001. — C. 36.

85. Macroscopic brittleness and local plasticity of amorphous alloys on
iron base / M.N. Vereschagin, V.G. Shepelevich, S.V. Shilko, O.M. Os-
trikov // Mechanics of Composite Materials. — Riga, Latvia, 2002. — P. 57.

86. CtpykTypa U 0COOEHHOCTH IUIACTHYECKOW Iedopmannu amopd-
HBIX CIJIABOB HA OCHOBE JKelie3a ¢ HAHOPa3MEPHBIMU METacTaOMIbHBIMU
BKJTFOYCHHSIMH, MTOJIYYEHHBIMH HMITYJIbCHBIM JIa3epHBIM BO3/CHCTBHEM /
M.H. Bepemiarug, ®.®. Komapos, B.I'. IlleneneBuy, O.M. Octpukos //
CTpyKTypHBIE OCHOBBI MOJAH(HKALNN MaTepPHaIOB METONAMH HETPaIH-
IIMOHHBIX TEXHOJIOTHH : MaTepuaibl HaydyHoi KoHpepenuuu / MATD,
Oo6nuHek, 2003. - C. 26-27.

87. OctpukoB, O.M. HeromorenHas mmactuueckas aedopmanus
aMOp¢HBIX crTaBoB Ha ocHoBe kene3a / O.M. OctpuxoB // Hosbie
(GyHKUMOHANBHBIE MaTepHajbl, COBPEMEHHBIC TEXHOJOTMH W METOMBI
UCCIICIOBaHuUs | MaTepualibl HayuHoi KoHpepeniu / UMMC HAHB. —
T'omens, 2003. — C. 83-85.

88. Bepeurarun, M.H. Bnusaue Tepmonedopmarmontoit o0paboTku Ha
HErOMOT'€HHYIO TUIACTHYECKYIO AedopMarInio aMOP(HBIX CIIABOB Ha OCHO-
Be skenesa / M.H. Bepemarun, B.I'. Ilenenesuy, O.M. Octpukos // Teopus

41



W TEXHOJIOT WS POLIEcCOB TuiacTrdeckoi nepopmanun — 2004 | matepuals
Mexaynaponnoit kordepenumu / MITUCuC. — M., 2004. - C. 87.

89. Bepemarun, M.H. Bnusaue pa3nuuHbIX 3HEPreTHIECKUX BO3JICHCT-
BUIl Ha TETEPOreHHYIO IUIACTHYHOCTH aMOPQHBIX CIOKHOIECTUPOBAHHBIX
crmiaBoB Ha ocHoBe *kene3a / M.H. Bepemarun, O.M. Octpukos // Cospe-
MEHHBIE TPOOJIEeMbl MalMHOBEACHUs . MaTepuansl V' MexayHapoaHoi
Hay4HO-TexHn4eckor koH(pepenimu / [TTY uwm. I1.0. Cyxoro. — 'omerns,
2004. - C. 35-36.

90. Octpukos, O.M. Monenp auciaokanuu B amophHOM Mmatepuaie /
O.M. OcrpuxkoB // CoBpeMeHHBIE IPOOJICMbI MAIIMHOBE/ICHHS | MAaTEPHAITBI
VI MexnaynapomHoi kordeperuun / [TTY um. I1.0. Cyxoro. — I'omerns,
2006. — C. 58-59.

91. Octpukos, O.M. [loToku Murpanuy npuMeceil 'y KIMHOBHAHOTO
meoiauka / O.M. Octprikos // CoBpeMeHHBIE MPOOIEMBI MAITMHOBEICHHUS
marepuaibl VI Mexnynapomsoii korgeperimu / TTTY wm. I1.0. Cyxoro. —
I'omens, 2006. — C. 59-60.

92. Octpukos, O.M. Pacuer HanpsoKeHHH W BBIBOJ YCIOBHSI paBHO-
BeCHA KIWHOBHUAHOTO HaHOJBOWHHMKA, HAXOAAILIETOCS y IOBEPXHOCTH
HOHHO-UMILTaHTHpOBaHHOro Matepuana / O.M. Ocrpukos // CtpykTyp-
HBbIE OCHOBBI MOJM(HKALWN MATEPHAJIOB METOJAMH HETpaIWuIMOHHBIX
TEXHOJIOTHH | MaTepuaibl HaydyHOW KoH(pepeHunn /| UATD, OOHUHCK,
2007. - C. 84-85.

93. Ocrpukos, O.M.” OGocHOBaHHE BO3MOXHOCTH (HOPMHPOBaHUS
CIIONCTBIX MATEpPHAaJIOB Ha OCHOBE SIBJICHUS MOJMCHHTETHYECKOTO MeXa-
HUYECKOr'0 JIBOWHUKOBAHMSI, BHI3BAHHOTO MHTCHCHBHOM Jaedopmanueii /
O.M. OcrpukoB //. CTpykTypHBIE OCHOBBI MOAM(UKAIMU MaTEpHaIOB
METO/IaMH HEeTPAJULMOHHBIX TEXHOJIIOTHH | MaTepuaibl HaydHOU KOH]e-
pentuu / UATD, Oouunck, 2007. — C. 88-89.

94. OcrpukoB, O.M. HanonpoiiHukoBanue, kKak 3Q¢GeKTUBHBINA CIO-
c00_(opMHpPOBaHUSI KOMIIO3UTOB C HAaHOPAa3MEPHBIMH BKIFOYCHUSMU /
O.M. OcrpukoB // CTpyKTypHBIE OCHOBBI MOAM(UKAIMU MaTepHaIOB
METOaMH HEeTPaJUIIMOHHBIX TEXHOJIIOTHH | MaTepuaibl HaydHOU KOH]e-
pentuu / UATD, Obuunck, 2007. — C. 89-90.

95. Octpukos, O.M. BriusiHue BBICOKOIHEPTETHUECKOW 00pabOTKH
Ha HErOMOTCHHYIO IUIACTHYECKYIO NedopManuio aMOpQHBIX CILIABOB
Ha ocHoBe xene3a / O.M. OctpukoB // CTpyKTypHBIE OCHOBBI MOAU(DU-
Kallid MaTepHuajoB METOJaMH HETPaJUIHMOHHBIX TEXHOJIOTMH . Mare-
puainbl HayyHoi koHpepenuuu / UATD, O6uunck, 2007. — C. 86-87.

42



96. Octpukos, O.M. KBasunucnokanmoHHasi MOJIEIb HErOMOTE€HHOM
rutacTudeckoit nedopmanun amopdusix marepuanos / O.M. Ocrpukos //
CTpyKTypHBIE OCHOBBI MOAM(DHKALMN MaTEepUATIOB METOJAMH HETpajau-
IIMOHHBIX TEXHOJIOTHH @ MaTepuaybl HaydyHoi koHpepenuuu / MATD,
OOHnuuck, 2007. - C. 91-92.

97. OctpukoB, O.M. DHepreTvika TBOMHUKOBAHUS KPHCTAIUIOB, Ie(hopMUpYe-
MBIX cocpenoroueHHoi Harpy3koit / O.M. OctpukoB // CoBpeMeHHbIE IPOOIIEMBI
MarmHoBezieHus | Matepraibl VI MexmyHapomHoi HayqHO-TEXHUYESCKOH KOH-
depentr / Tomens: ITTY um. T1.0O. Cyxoro, 2008. — C. 54-55.

98. OctpukoB, O.M. Me3ockonuueckasi AUCIOKAIIMOHHAS JHHAMUYC-
cKkas Mojenb knuHoBuaHOro AoiHuKa / O.M. Octpukos // CoBpemMeH-
HBIE TPoOIeMbl MalMHoOBeAeHus: MaTepuansl VII MexayHaponHoii Ha-
yuHO-TexHudeckor koH(pepennuu / T'omens: ITTY um. I1.0. Cyxoro,
2008. — C. 55-56.

Ilamenmot

99. Cnioco6 onpenenennss ”HTEHCUBHOCTH BBIKPAIIMBAHUS MATEPHAJIOB !
nart. Pecr. Benapycs, MITIK7 GO1N 3/08 / M.H. Bepemarus, O.M. Octpu-
koB, /I.b. 3rokoB, ILH. I'pakoBuy, C.B. [Tuneko, H.IT. ['naseipun ; 3as18u-
tens UMMC HAH bBenapycu: — Ne a20030020BY ; 3asBn. 10.01.03 ;
omry6it. 30.09.04 // Adiusriitabr 6ot / [I3sapik. mat. Bemamcrsa Pacr. bena-
pychb. — 2004. — Ne 3. - C. 61.

100. Cmocob ompeneneHnsi MUKPOTBEPAOCTH aMOP(HBIX METAJJIOB :
nat. Pecn. Benapycs, GOLN / I1.H. I'pakoBuu, H.IT1. I'maseipun, C.B. Ilap-
kanoB, M.H. Bepemarun, O.M. Octpukos ; 3assurens UMMC HAH bena-
pycu. — Ne a20020778BY ; 3asmi. 23.09.02 ; ony6:. 31.03.04 // Aditsritaer
oron. / [I3sapok. mat. Benamctsa Pacn. Benapych. — 2004. —Ne 1. — C. 63.

43



P33I0MD
Bocrpseikay Aner Mixaiinasiu
JlikaBa-aHATITBIMHBIA MeTAbI PA3JIiKy INIACTBIYHBIX M3 (apManbIii
i HaNpy KaHHAY Yy 30HAX JIAKATI3albli MIKPAIAIIKOIKAHHSY
IBEPABIX Hesay naj A3esiHHeM BOHKABBIX HATPYy3aK

KarouaBbisi cJIOBBI. Mani HanpyXaHHSY, 3pyLDHHI, 13dapmarsli,
NBaiiHiKaBaHHE, HeramareHHast TUIACTBIYHAS mdapManps,
HaHa/IBaiHiKaBaHHE.

MbdTa npanbl: pa3BilUE TOOpHI JBaifiHIKABaHHS 1 HeramareHHau
TUIacThluHai pdapMaliel 1 pacnpamnoyka MeTanay pasiiKy HampykaHara
crany mdapmaBaHbIX UBEPABIX LeNay Ha CTajbli HazamallBaHHS
MAIIKO/PKAHHSY.

VY npicepranplifHail mpampl BBHIKAPBICTOYBATICS SKCTIEPHIMEHTAIBHBIA 1
TIAPITHIYHBIA MeTaIbl JacieiaBaHHsLy . OKCIEpBIMEHTATIBHBIS
JacinelaBaHHi JISII § acHOBY pachparioyBaHai T0PBIi 1 BBIKApBICTOYBaITiCs
IUIsL TIpaBepKi aTphIMaHBIX Ha sl acHOBE BbIHIKaY. [Ipbl raTBIM mis
BBIBYY9HHS MexaHi3may mhapMaBaHHs UBEPABIX nenay
BBIKAPBICTOYBANacd METOJbIKa JIakajbHara jga3aBaHara gd¢dapMaBaHHS
maBepxHi 1 axHaBoceBae pacisDKOHHE. [l TACTaBaHHS —CTPYKTYPHI
mpdapMaBaHbIX  MaTAPBIUIAY | BBIKAPBICTOYBAJiCS CyYacHBIS  METaJbl
JacneaBaHHAY Takis, SK aTaMHasl ciflaBasi MiKpacKarlis, pacrpaBas i siKas
MpacBeyBae dJIEKTPOHHAS MIKpacKamis, PIHTICHACTPYKTYPHBI aHali3,
MiKpapIHTeHACIIeKTPpaJIbHBL.  aHami3. Y  TIapaThIUHBIX JaclielaBaHHsIX
IIBIPOKA  BBIKAPBICTOYBAyCsS ~ MeTaj — CyNepHasilbli  HampyKaHHSY
JIBAMHIKYIOYBIX | JBICHAKAIlbl, Meran QyHKnblid  [peiHa,  Meran
aIIeKTpacTaThIYHAK aHAJIOT1i, KaMITyTapHae MaIdIsIBaHHE.

VYnepiublHIO BBIpalIaHbl 3a1adbl MEXaHiKi I3¢apMaBaHara npépaara
uena, ~3Iy4aHblsl 3 paslikaM HampyxXaHHAY y I3(apMaBaHbIM
JIBalHIKYIOUBIMCST I1i aMOpP(HBIM MAaTIphIsUIe 1 JAaf3eHa KOJbKacHast
aZi3HaKa HanpyXaHHAY, aOyMoOYIeHbIX ABaifHiKaMi I mamocami 3pyxy.
[lakazana, mTO  JBYXMEpHBII  JI(EKTHl  ICTOTHA  CKaXalolb
mdapMalbliiHylo KapiiHy, (GapMaBaHyl0 BOHKaBbIMI Harpy3kami. BeiHiki
3HAWNDT MPAKTBIYHYIO poalli3auplio Y cdepbl amykalbli i HaByKi i
poKaMeHIyIoUa JUIsi BBIKAPBICTAHHS § IMpaMbIcioBacli 3 MATal
MaJBBIIDHHS SKacli MparHa3aBaHHSI PAICYpPCy TPHIBAJAcCLi YKbIBATBHBIX Y
MalbIHa0yAaBaHH1 ABAHHIKYIOUBIXCS 1 XyTKa3arapTaBaHbIX MaTIpbisuIay.

44



PE3IOME
Ocrpuxos Oner MuxaijioBu4
YucieHHO-aHAIMTHYECKHE MeTOIbI PacyeTa IJIACTHYeCKHX
aedopManuii U HANPSKEHUH B 30HAX JIOKATU3AUA
MHKPONOBPEKAeHMIT TBepPAbIX TeJI MO/ AelCTBHEeM BHEIHUX
HArpy30K

KnroueBble cioBa: 1ons HampspKeHUH, cMereHus, nedopmanum,
JIBOMHUKOBaHKE, HETrOMOT'€HHAsI IIacTiyeckas Aedopmarius, HaHOABOWHU-
KOBaHHE.

Hens paGoTbl: pa3BUTHE TEOPUM IBOMHUKOBAHUS U HEFOMOTLEHHOM
TUTACTUYECKOM AedopMaIiy U pa3padoTKa METOIOB pacyeTa HaIlpsHKEHHO-
IO COCTOSIHUS JIe()OPMHUPYEMBIX TBEPABIX TEl HA CTAAWU HAKOIUICHUS I10-
BPEXACHUI.

B muccepranmonHoi paboTe MCIONB30BAINCH. SKCIIGPUMEHTAITBHBIC U
TEOPETUYECKUE METOIbl MCCIECIOBAaHUHN. DKCHEPUMEHTAIBHBIC UCCIIEA0BA-
HUS JICTIA B OCHOBY pa3pabaThIBAEMON TEOPUM M HCIIOIB30BATUCH IS
MIPOBEPKU MOITYUYCHHBIX Ha €€ OCHOBE pe3yJsbTatoB. [Ipu aToMm ams uzyde-
HUS MEXaHU3MOB JIe(pOpMHUPOBAHHS TBEPIBIX TEN UCIIOIH30BAJIACH METO -
Ka JIOKAJILHOTO JIO3UPOBAHHOTO Je(hOPMUPOBAHUS TIOBEPXHOCTH M OTHOOC-
HOe pacTsbkeHue. J[Jsi TeCTHpOBaHUS CTPYKTYPHI JePOPMUPYEMBIX Mare-
PHAJIOB HCHONB30BAIMCH COBPEMEHHBIE METOABI UCCICAOBAaHUM Takue, Kak
aTOMHAs CUJIOBasi MUKPOCKOITHS, pacTpOBasi U MPOCBEUUBAIOIIAS DJICKTPOH-
Hasi MHUKPOCKOIIWS, PEHTIEHOCTPYKTYPHBIA aHalN3, MUKPOPEHTTEHOCIICK-
TpaJbHBIA aHANK3. B TEopeTnyeckux HCCACAOBAHUAX LIMPOKO HCIOIB30-
BaJICA METOJl CYMEPMO3UINK HANPSLKEHUM NBOMHUKYIOIIUX AWCIOKAIUH,
Meron QyHKuuMH ['prHa, METOI AIEKTPOCTATUYECKON aHAIOTHH, KOMIThIO-
TEePHOE MOACTHPOBAHUE.

BriepBbie petieHb! 3a/1aui MEXaHUKU JIehOpMHUPYEMOro TBEPJIOro Tela,
CBSI3aHHBIC C PACYCTOM HAMPSDKCHUH B e OPMUPYEMOM JTBOHHHUKYIOIIIEMCS
Wi aMOp(HOM MaTepualie U JiaHa KOJIMYECTBEHHAS OLICHKA HAPSDKCHUH,
00yCIIOBICHHBIX JIBOMHUKAMHU WU TIoIocamul ciBura. [lokaszaHo, 4To JBY-
MepHbIE JTe()eKThl CYIIECTBEHHO HCKaXarT Je(OpMAIMOHHYIO KapTHHY,
(hopMupyeMyr0 BHCITHMMHU Harpy3KaMu. Pe3ynbTaThl Halutd TpakTH4e-
CKyIO peanm3anuio B chepe oOpa3oBaHUS M HAYKU M PEKOMEHIYIOTCS IS
KCTOJIB30BaHMS B MPOMBIIUICHHOCTU C LIENbIO MOBBIIICHHS Ka4yecTBa Mpo-
THO3UPOBAHUS PECypca MPOYHOCTH TMPHUMEHSEMBIX B MAIIMHOCTPOCHUU
JTBOMHUKYIOIUXCS ¥ OBICTPO3aKaJICHHBIX MATEPHAIIOB.
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SUMMARY
Ostrikov Oleg Mikhaylovich
Numerical and analytical methods of calculation of plastic
deformations and stresses in the areas of micro-localization of solids
under the action of external loads

Keywords: stress field, displacement, deformation twinning, inhomoge-
neous plastic deformation, nanotwinning

The work purpose: to develop the theory of twinning and inhomogene-
ous plastic deformation and development of methods for calculating the
stress state of the deformable solids at the stage of damage accumulation.

The thesis used experimental and theoretical research methods. Experi-
mental studies formed the wasps nova theory developed and used for the
verification of the results based on it. At the same time to study the mecha-
nisms of deformation of solids used technique of local dosed surface defor-
mation and uniaxial tension. To test the structure of deformable materials
used modern research methods such as atomic force microscopy, scanning
and transmission electron microscopy, X-ray diffraction, electron micro-
probe analysis. In theoretical studies of widely used method of superposition
of stress twinning dislocations, Green's function method, the method of the
electrostatic analogy, computer simulation.

First solved the problem of solid mechanics related to the calculation of
stresses in the deformable lookalike or amorphous material and quantify the
stresses due to twins or shear bands. It is shown that two-dimensional de-
fects materially affecting the deformation pattern that is generated by the
external loads.The results found in the practical implementation of education
and science, and are recommended for use in industry to improve the quality
of forecasting resource used in mechanical strength twinning and rapidly
quenched materials.
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