OT3bIB
O(PHALIMAIBHOIO OIIIOHEHTA Ha IMCCEPTALMOHHYIO PaboTy
Kanamuna Mnbu BaneppeBuua Ha TemMy:
«Kecrkormactudyeckuii aHaiu3 nojei geGopMaldi ¢ yueToM Halu9ns
MOBEPXHOCTEH U JIMHUI pa3pbiBa CKOPOCTEN», MPEICTABIEHHYIO Ha COUCKAHNE
YyUEHOU cTenenu kanauaata GU3nKo-MaTeMaTHIeCKUX HAYK
110 crienransbHocty 1.1.8 — «Mexanuka e opMUPyeMOro TBEPIAOTo Telia
(busuko-maremMaTUYECKUE HAYKH)

1. AKTyaabHOCTBH JHCCEPTANIHOHHON PabOTHI

OnHOM W3 4YacThIX TPWYWH paspylIeHds OeTaledl MalluH W KOHCTPYKIIAN
SBISIETCS. HAKOIUICHWE IIOBPEXKICHWH B MaTepualie B YCIOBMIX IepPEeMEHHbIX
Harpy3okK. 3ajadd 00 OJIHOOCHOM Jie()OPMUPOBAHUM IIJIOCKOTrO o0Opasna
MOZENUPYIOT IIPOIIeCCH], ONMCHIBAIOIINE HAarpy)XeHHe IEepeMEeHHOI0 3Haka IIpH
HAIPSDKEHUSIX, TTPEBBILLIAIONIMX [TPees TeKYUeCTH.

CoBpeMeHHBIC  TEXHOJIOHYECKHE  IpoIllecchl  00paboTKM  METAIIOB
JaBlIeHUeM TPUMEHSIOTCS Ha MeTAIYPrud4eckuX UM MalldHOCTPOUTENbHBIX
NpeANpHATHSIX B KadecTBe OKOHYATEIbHOW OTepaluyd TIPH  H3TOTOBJICHWH
pasiMuHbIX Jerasied. Perienuss 3ajad O BHEIPEHUM IKECTKHMX ILUTAMIIOB,
MOJTy9eHHbIE B AHCCEPTAIMH, MOTYT OBITh HCIONB30BAaHBI MPU MOJEITHPOBAHUU
poIieccoB 00pabOTKHA MaTepHUaIOB JaBICHHUEM.

2. HayuHble Hce/ieI0OBAHUS H NOJIyUeHHbIe pe3yJbTaThl

[Tomyuensl pelieHus: 3a7ad 00 OJHOOCHOM [e(OPMUPOBAHUHU TMIIOCKOIO
oOpastia ¢ y4éToM CKHMaeMOCTH Marepuana, a Takke 3amad O BHEApPEeHUH
KECTKUX LITAMIIOB, JUUISL KOTOPBIX:

— ONpeesieHbl MOJs TEeH30poB jedopMmaluii B 3ajadax O pPacTSIKEHHH,
CKaTUM U TIOCHEAOBATEbHOM DACTSIKEHUU-CIKATUM [OJOCHl C HEMpPEepHIBHBIM
ITOJIEM CKOPOCTEH IepeMelleHli ¢ y4ETOM COKUMAEMOCTH Marepuajia B yCIOBHAX
MIIOCKOH AehopMaliy | TUIOCKOTO HAMPsSHKEHHOIO COCTOSHUS;

— OIIpejiesieHbl N0l TEH30POB JehopMalldii B 3a/1a4e 0 PaCTsIKEHHUU 0J10CHI
C PpaspblBHBIM II0JE€M CKOpPOCTEM MepeMelleHUi ¢ Yy4ETOM CIKUMAEMOCTH
MaTepuaia B yCIOBUAX TIIOCKON AedopMalinu;

— TIONy4YeHBl peIleHus] 3a7ad O BHEAPCHWM JKECTKUX IIepPOXOBATHIX
IITAMIIOB: 3a7a4¥ O BIABIMBAaHWUU KIWHA B BBIIYKIOE TeNO, 3afadd O CKaTUHU
BBIIYKJIONO Tejda [UIOCKMM IITaMIlOM, 3ajadyd O BJAABAMBAHUM KJIMHA C
OPaHMYEHHOM MOBEPXHOCTHIO KOHTAKTA B BBIMYKIIOE TeJO, 3a0a4M O CKATHU ABYX
CUMMETPUUHBIX BBIMYKIbIX HKECTKOMIACTUUECKUX Tel.

3. Crenenb 000CHOBAHHOCTH H HOCTOBEPHOCTH HaYYHbLIX HOJIOHCEHHﬁ,
BLIBOAOB H 3aKJIHYeHUH

HOC"I‘OBSPHOCTIJ [NOJIYHCHHEBIX pPEe3yJIbTATOE OCHOBaHd Ha KIIACCHYUYCCKUX
MoaAXodax MEXaHHKH CILTOIIHBIX CpEeO U CTPOIrHX MaTeMaTHYeCKUX BbIKIaIKax.



4. 3HaunMocTh 08 HAYKH W MPAKTHKH BbIBOAOB H PeKOMEHJAlHH
PesyibTaThl JIACCEPTALMOHHOIO MCCIIEOBAHUS MMEIOT 3HAUYEeHHWE MUl HAayKd H
MPaKTHKKH M MOrYT ObITh HCIIOJIB30BAHbl IIPU IIOCTPOEHUM MaTeMaTHYECKHUX
MOJIeiell TIOBEJICHUS MaTepUalioB B PEaNbHbIX YCIOBUAX OSKCILIyaTalluu I10]
BO3EHCTBHEM ITepeMEHHBIX Harpy30K 3HAUWTeIhHOM MHTEHCHBHOCTH B 3ajadax
COBPEMEHHOI'0 MAIIMHOCTPOCHUSI M CTPOUTeNbeTBa. PesynbraTel paboThl MOTYT
OBITH HCIIONIBL30BaHBI IIPH pacueTax, CBSA3aHHBIX C OIPEINEJIeHHEM HeCYyLIHX
CIIOCOOHOCTEH KOHCTPYKLI}H, pH [IPOEKTUPOBAHUHU o0opyAOBaHUs
HCIIOIB3YEMOTO B Ipoiieccax 00padoTKu MaTepUalloB JIaBIEHHEM, pe3aHHEM.

5. O6masi xapakTepHCcTHKA H aHAJIU3 padoThI

JlvccepTanysi COCTOMT M3 BBEJEHUS, YETBIPEX IU1aB, 3aKIOYEHHS, CIHCKA
JIATEPATYphI, cojepikaliero 104 wMcTouHUKa, NBYX INpHIIokeHUuH. OO0BEM padoThI
cocrapisier 184 crpanuiel. B pabote conepxurcs 78 pUCyHKOB.

Bo BBemeHHH pacKpbiBaercs aKTyalbHOCTb TEeMbI, OOOCHOBBIBAETCS
HeOOXOIUMOCTh IIPOBEJIEHUS] PadOThl, ONpEeNesstOTCs LeNd, 3ala4dd, OOBEKT H
mpeaMeT WCCIeNOBaHMs, YKa3blBAIOTCS HaydHas HOBM3HA, IPaKTHYECKasd
3HAYUMOCTH, JIOCTOBEPHOCTH U OOOCHOBAHHOCTD PE3YIbTATOB HCCIIEI0BaAHMS.

B mepBoifi  TiaBe  OMUCBLIBAKOTCSH  TIONOXKEHMA  Ae(OpMalOHHO-
SHEPreTUYeCKOro  IOJX0Ja K  MaJlOLMKIOBOW  yCTaJlOCTH  MaTepHalloB;
paccMaTpUBaIOTCS OCHOBHBIE COOTHOIIEHMs IUIACTHYECKOM JedopManuyd U
IJIOCKOT'0 HAIPSHKEHHOTO COCTOSIHUS, UCIIOJIB3YEMBbIE I PELLUEHUS [10CTaBIECHHBIX
3aJa4; OIKCHIBAETCS OIpenesieHue [OBEPXHOCTEH Ne(OpMalUOHHbIX COCTOSHUN
IUTSL CAKAMAEMBbIX KECTKOILIACTHYECKUX TEIL.

Bo Bropo#l TrnaBe MNpPUBOAUTCA AHAIATHYECKOE peEIIeHHe 3aJa4 o
pacTsHKEHWH, CXKATUM U II0CIe0BAaTeIbHOM PaCTKEHUU-CKATUM  TI0JIOCBI C
HEePepbIBHBIM  T10JIeM CKOpPOCTEH TMepeMelleHud ¢  y4ETOM CKHMaeMOCTH
MaTtepualla B yCJIOBUSIX IJIOCKOU nedopmalriii. OTMUCBIBACTCS HAXO0XKIEHHUE [10OJIEH
CKOPOCTel, MHBAPHAHTOB M IJIABHBIX 3HAYEHUH TeH30pa KOHEUHBIX Je(popManui
AllbMaHCH, W3MEHEHHUs IIMPUHBI [0JIOCHI C TEUEHWEM BpPEMEHU, a TaKkKe
HEOOXO0IUMOTO 1715 €€ NehOPMUPOBAHUSL Y CUIIHSL.

PaccmatpuBaetcs pemenne Onata — [lparepa mpum y4€re COKMMaeMOCTH
maTeprana. OmucChIBAeTCsS onpejielieHne Tons dedopmauuili B OKPECTHOCTH
paspeiBa ckopocTei. PaccmaTpuBaroTcsi BO3MOXKHBIE HECHUMMETPUYHBIE TEUEHHS,
pacTshKeHHWe TI0JIOChl ¢ paspylLIeHUEeM, OIpeNeNsercs CKOpPOCTh BHIKEHHS
BEPIIMHBI TPELIMHBI M YyCHJIMe, HeoOXoaumoe A1 Ae(pOpPMHUPOBAHMS I10JIOCHI.
[IpuBoasiTcs yrnpouéHHas W IOJHas CXeMBI ONpEeNeeHUss KOHCTaHT pa3pyLueHs
IpU PaCTSIKEHUM TMOJIOChI, HAXOAUTCS W3MEHeHHe TpaaueHTOB nedopMmaiuil npu
nepecedeHWH JUHUM  pa3pbiBa CKOPOCTEM  eciu  Marepuail 10  3TOro
nedopMHpPOBAJICS.

B Tperbeil rmaBe TPUBOAUTCS aHAIUTUYECKOE pelleHue 3alad o
pacTsDKeHWH, CXKaTUM M [10CHe0BaTe]IbHOM PacTsSHKeHHHU-CKaTHU TIOJIOCHL C
HEINpEepLIBHLIM IIOJEM CKOPOCTEH MepeMelleHUd ¢ Y4E€TOM COKUMAEeMOCTH
MaTepuana B YCIOBHUAX ILIOCKOTO HaIPsKEHHOIO COCTOSAHUSA. OIUCHIBACTCS
Haxo)K/JeHUe I[10Jed CKOpPOCTed, MHBAPUAHTOB W [IJIABHBIX 3HAYEHWH TeH30pa



KOHEUHBIX neopMauuii AIbMaHCH, W3MEHEHHMs IIMPUHBI ITOJIOCBI C TEHEHHUEM
BpEMEHH M He0OX0MUMOTo 1t e€ 1e()opMUPOBAHUS YCHITHS.

B derBépTOH TrnaBe MOAYYEHO AaHAJIMTHYECKOE pelleHHe 3aaadd o
BIABJIMBAHUM KIIMHA B BBIIYKIYIO 3ar0TOBKY KPUBOJIMHEHHOW (OPMbL ¢ yUETOM
TpeHus. BeiBenena cucrema ypaBHEHUH, [O3BOJBIOINIAS ONpPEAE/UTh MapaMeTphl,
HeOOXOAMMEIE [l [IOCTPOCHHUS JKECTKOIUIACTHYECKOH objacT W pacuéra
HEOOXOIMMOI'0 JUIS BHEAPEHUs KJIWHA YCHIHSA; HaxOIATCSH COOTHOIIEHUS ISt
pacuéra aedopMalMii Ha JIMHUM PaspelBa CKOPOCTEHW TepeMelIeHHd W B
OKPECTHOCTH LIEHTpa Beepa XapakTepUcTUK. [loiryueHo aHanmuTHYECKOe perieHue
3a/lauM O CXKATUM BBITYKIIOTO Tea IUIOCKMM IITaMIIOM 110 cxeMe XHijia ¥ CXeme
[Mpanaras ¢ yu€rom Tpenus. [lomydeHo aHaUTHYECKOe peLIeHHe 3agadu o
BJIABJIMBAHWUN KJIHHA C OrPaHMUYECHHON MOBEPXHOCTBIO KOHTAKTa ¢ YUETOM TPEHMS.
[TonyueHo aHAJIMTHYECKOE pELLEeHWEe IepBOro sTala 3a/laqd O CKATUU [BYX
CUMMETPHUYHBIX BBIMYKJIBIX JKECTKOMIAcTHUecKUX Ten. [losyueHo dwmciaeHHOe
pellieHye 3aiadud o AedopMalii KECTKOMIACTHYECKOTO IOJTyNpOCTpaHCTBA IIPU
BHEAPEHUHU B HEeI'0 aOCOMIOTHO LIEPOXOBATOTO LIUIKH/IPA.

B 3axmroueHuu 00ABOASITCS UTOTH HCCIIETOBAHMS.

6. Bonpocnbl ¥ 3aMeYaHHs 10 JIHCCEPTALHH

1) Pasnmen 4.1 mocBsllieH BAABIMBAaHHUIO MJIOCKOIO KJIMHA B BBIMYKIOE TEJIO.
3amada 10 CYyILIECTBY MOJeIUpyeT Ipolecc HHAEHTAIMH TIIOCKUM KIWHOBBIM
WHIEHTOPOM I[IOJIYIIPOCTPAHCTBA C YHYETOM BbIJIABIMBAHUSA MaTepuaia H3-TI0N
uanentopa (o¢dexr "pile-up"). beuro OBl pasyMHO NPUBECTH TPadMKH yCUIUS
B/IABIWBAHMA JUIS pa3NUUHBIX BApHAHTOB 3aiaHus  (QOpMBI  CBOOOJIHOM
TIOBEPXHOCTH, a Talke rpauKd TaBIeHU (yCH/He, OTHECEHHOe K HOMUHAIbHOM
[JIOIIay IIPOEKLMK OTredarka Ha CBOOOIHYHO MOBEPXHOCTH, T.€. HU3MEPEHHYIO
TBEPIOCTL Marepuana). B sToM pasmene y aBTOpa Juccepranud Obula XOpolas
BO3MOKHOCTB CPABHMTH IOJyUEHHbIE PEeLIeHUs ¢ U3BECTHBIMHU MOJENAMH Ha 0ase
slip-line solutions, MopensiMM pPaCHIMPAIONIEHCS MUIHHAPHYIECKOH II0JNIOCTH, a
TAKKe C JOCTYITHBIMH DKCIIEPUMEHTAIBHBIMU JIAHHBIMH 110 YCHUIIUIO BJIaBIIMBaHUS
u kaprure nedopmanuit mox WHIeHTOpoM (cM., Hanmpumep, Hirst and Howse,
1969, doi 10.1098/rspa.1969.0126; Haddow, 1967, doi 10.1016/0020-
7403(67)90026-4; Dugdale, 1953, doi 10.1016/0022-5096(53)90023-4; Hill, Lee
and Tupper, 1947, doi 10.1098/rspa.1947.0009; Grunzweig, Longman and Petch,
1954, doi 10.1016/0022-5096(54)90002-2, a  TaKke MoHorpadus
B.B. CokonoBckoro). OjHAaKO aBTOp 3TOW BO3MOXKHOCTBIO, K COXKAJICHHIO,
npeHeOpér.

Takke ObUIO OBl MMOJIE3HO BKJIIOUUTL COMNOCTABIEGHHE pELIEHWH Tpu
pasIHYHBIX KO3 duiMeHTax TpeHus, 3TO KacaeTcs BCeX [OJyYCHHBIX B
JMccepTaliy pEIIeHrH 3am1ad O BHEIPEHUHU IITaMnoB. B 1ieioM, MojgydYeHHbie B
IWCCEpPTAlliU  Pe3yJbTAThl  OTKPOBEHHO  CKPOMHO  TIPOHIUIFOCTPUPOBAHBI
rpauuecKuM MaTepHualioM, a 00CYKJACHHUIO W aHATTU3y Pe3yJbTaToB YIIEICHO Majo
BHUMAHMUS.



2) T'naBbl 2 ¥ 3 TIOCBSIIEHBI ITOCTAHOBKE M PELICHHMIO 3alad B paMKax
THITOTE3 IUIOCKUX COCTOSIHUN. COCTOsIHME TIITOCKOH eopMaliii XapakTepu3yercs
HyJ1€BOM KOMIOHEGHTOH HedopMalyy, B HalpaBlIeHUM, MEPIEHIHKYISPHOM
IJIOCKOCTH, HO COOTBETCTBYIOLLEE HANpsDKEHUE HeHyJleBoe; I IIIOCKO-
HanpsKEHHOro cocrosiiust - HaobopoT. [lpm sTtom, cyis 1o ypaBHeHusM B
yKa3aHHbBIX IaBax, B 000MX CIydasxX OTCYTCTBYeT KOMIIOHEHTa CKopocTh V3, a
TaKKe HalpshDKeHUus U JedopMallid B 3TOM JKe HampaBjieHWd. YeM Torza
pasmHYaroTCs HOCTAHOBKY 3a7a4y ¥ Kakoe 3TOMY 00bsicHeHne?

3) Ha crp. 5 aBtopedepara: "Oonako 01 603MOJNCHOCU ONUCAHUA
npeoenvHblX — COCMOSIHUL, — YNPOUHSIOWUXCS — JCECMKONIACMUYECKUX — me
Heobx00UMOo 66edenue NOBepXHOCIU 0ehOPMAYUOHHBIX COCMOAHUL, OISl KOMOPOU
ON15L. KOMOPOUL HeoOX00UM YUEM USMEHEHU MIOMHOCMU MAMepUuald ¢ meueHuem
epemenu. Imum obyciroerusaemces mo, umo 8 pabome npu peuieHuu 3a0ai o6
OOHOOCHOM PACMAICEHUU-CHCAMUL NAOCKUX 0DPA3YO8 UCNONIb308AN0CH YCI0BUEC
corcumaemocmu mamepuana. "

B aBropedepare ecTe HEKOTOPOE KOJMYECTBO OINEYaTOK, HarpuMep, B
BbIIETIEHHOM (pparMeHTe TeKCTa.

Yopounstomecs  (3a cuer  AeOpMalMOHHOrO — YOPOYHEHHWs) B
IUIACTUYECKOM JIMara3oHe [UI0THbIe MaTepuaibl, Kak MPaBUIIO, pacCMaTpUBalOTCs
Kak Heckumaemble. Kak cBs3aHBI pesysibTaThl JUCCEPTALUHU, TOTyYeHHBIE IS
HEYNPOUYHSEMbIX MATEPUATIOB, C BOZMOIKHOCTBIO ONMUCAHMS YITPOUYHSIOMIMXCS Ten?
Camo no cebe pacué€THoe M3MEHEHHE IUIOTHOCTA HUYEro He TOBOPUT O CTEIEHH
YIPOUYHEHHSI, KOTOPOE XapaKTepHO, B TOM YHUCIe, ISl POLECCOB HHTEHCUBHOTO
IU1aCTUYECKOro AeOopMUPOBaHUSs], OIU3KUX K YUCTOMY CABUTY.

4) Ucxons U3 MOCTAaHOBKU 3ajad 00 OJAHOOCHOM CHKaTHM / pacTsSiKEHHU
IUIOCKUX 00pa3LoB ObIIO OBl €CTECTBEHHO YBMJIETh CpaBHEHHE pEIleHHH,
[IOCTPOEHHBIX ¢ YUETOM CXKUMAEMOCTH MaTepualia, ¢ HEC)KMMaeMOU TIacTHUEeCKON
Cpelloi, KoTopas, BOOOIIe TOBOpPs, SIBISICTCS CTAaHAAPTHBIM MPHOIHIKEHUEM IS
MJIACTAYECKOTO 1eOPMHUPOBAHUS TIJIOTHBIX METAJIIOB.

Beenennas ¢yHkuus 1iotHocT (¢. 47 OUCCepTalMM) 3aBHCHT TOJIBKO OT
BPEMEHMU U [0 CYLIECTBY TOTHa MOXKET BBICTYATh MapamMeTpoM Harpyxkenus. Eciu
TaK, TO ABa KOd(PHIHeHTa B 9TOM (HYHKUMKU TOIDKHEBI OTIPENEISThCA Ha4albHbIM
3HaYeHHEM IUIOTHOCTH W CKOPOCThIO nedopMupoBaHus obpasua. B Takom ciydae
B TEKCTe paboThl crieqoBano Obl yKazarh 3Ty CBS3b.

5) /st pelueHuit, UCTIONB3YIOIIMX Pa3/IMUHbIE KECTKO-TUTACTHUECKHIE CXEMBI
(Xunn, [lpanaras), crour oOCyInTh, Kakoe BCE-TaKW IPEAIIOYTUTENBHO, B KAKUX
cllydasiX ¥ Ha KaKUX OCHOBAHUSIX.

7. 3axjl04eHHEe O  COOTBETCTBHH  JIHCCEPTAUMH  KPHTEpHSIM,
yeraHoBaeHHBIM Ilojio:keHneM o npucy:kIeHUH YYeHbIX cTeneHei

Hecmorps Ha  BeICKazaHHble 3ameudaHus], aAucceprauums Kanammna
Wnbu BaneppeBuua  gBASIETCST  CAMOCTOSITENIBHOW,  3aKOHYEHHOW  HAY4YHO-



KBATM(UKALUOHHON paboTOi, KOTOpas COOTBETCTBYET TpeboBanusim BAK,
[IPENBABIIACMBIM K KaHIUIATCKON JHCCepTalun. ABTopedeparT BepHO OTpakacT
couepanue auccepraruu. OCHOBHBIE Pe3yabTaThl paboThl OMyOIMKOBAHb B BHIE
IATH CTaTed B IIEPHOJMYECKMX M3JAHMAX, BXOIAMIMX B cHoucok BAK
Munobpuayku PO.

B pabore wu310XKeEHBI HOBBIE HAYYHO-000CHOBAHHbIE pa3paboTku
TEXHOOTHYECKHE pEHICHKMs B 00JIAaCTH MeXaHHKM Ie(OpMHPYEMOro TBEpOTro

Teld, WMCIOLIME CYLIECTBEHHOE BJMAHWE U1 DPA3BUTHS IIPOMBILLICHHOTO
IIPOU3BOJICTBA.

Cuuraro, uro Kanamuu Wnes Banepeesud 3aciyxuBaer [IPUACYKICHUST eMy
YYEHOH CTeneHu Kauaujata (PU3MKO-MaTeMaTHYeCKUMX HAYK [0 ClEelUalbHOCTH

1.1.8 — «Mexanuka JlehopMHpyeMOTo TBEPIOTO Tena» ((U3NKO-MATEMATHIECKHE
HAYKH).

OduiManbHeli  ONTOHEHT —  KaHAMAAT — (QH3HKO-MATEMATHIECKUX HayK
(cmenuansrHocTh 01.02.04 — MexaHuka nepopMHUpyeMOro TBEPAOro Tena),
BeNyLIMd HAy4YHLIH COTPYAZHHK JTa0OpaTOpUM MEXaHHKH MarepuaioB U
KOHCTpyKIMi MHeTHTyTa MalHoBeneHust u metamtypruun JJBO PAH (MMuM

JABO PAH), ®I'BYH Xa6aposckuit @emepaibHblii HCCleq0BaTe bCKHH LEHTD
ABO PAH

i CeBacTesiHoB ["eopruit Mamuesuy
[ 01.12.2025
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