OT3bIB O®PUIUNAJIBHOTO OINIIOHEHTA
Ha JuccepTanronHyto padory Ctpyuna Asekcesi OJieropuya
«IloBbIlIEHHE COMPOTUBJICHUS] Pa3pyLIEHUIO TPYO GOJIBIIOT0 JUAMETPA KJIACCOB MPOYHOCTH
K60, K65 u3 manoyriepoauctbix ¢peppuTo-0eHHUTHBIX CTaJe», IPEICTaBICHHYIO Ha
COMCKaHUE YYCHOW CTEMEHM KaHANAaTa TEXHUYECKUX HAYK
no cneruanbHocTH 05.16.01 — «MeTamioBeneHre U TepMudecKas 00padoTka
METaJUIOB U CILJIABOB)

AKTyajnbHOCTh 1po0JeMbl. COBpeMEHHbIE HA3€MHBIE MarucTpalibHble TPYOOIPOBOJBI B
Poccun nmMeror OoJbLIyI0 NPOTSKEHHOCTb, PACCUUTBHIBAIOTCA HAa PabOTy MPU BBICOKOM pabO4YUM
nmasineann A0 11,8 MIla u nmomkHBI paboTaTh TpH TMOHMKEHHBIX TeMIleparypax. YKa3aHHBIC
(dakTOopsl CTaBAT Ha I[EpPBOE MECTO 3a7auyy oOecleyeHHus HAAeKHOCTH MarkucTpalbHbIX
TpyOonpoBoaoB. s 3Toro HeoOXOAMMBI (U3MUECKH OOOCHOBAHHBIE METOIMKH HCIBITAHUA U
pacyeTa CONPOTUBIIIEMOCTH MeTalla TpyO pacipoCTpaHEHUIO MPOTSHKEHHBIX BA3KHUX pa3pyLICHHH.
CoBpemennbie TpyOHbIe ctanu Tuna X70 nu X80 uMeroT GpeppUTHO-OCHHUTHYIO MUKPOCTPYKTYPY,
00ecrneynBaoIlyl0 BBICOKME IIOKa3aTelIM MPOYHOCTH, IJACTUYHOCTH M BSI3KOCTH, OJHAKO
IPUMEHSIEMbIE METOJUKU HCCIIEOBaHUI KadecTBa MeTauia (B TOM YHCIE CTPYKTYpPBI, BA3KHUX
CBOWCTB) OpPHEHTHPOBAHbI IMPEHMYILECTBEHHO Ha CTaju ¢ Oosiee TpaguLMOHHOM (heppuTHO-
NEPIUTHOW MHUKPOCTPYKTypoi. Kpome TOro, cBapHble COEAMHEHHUS TPYyO HMEIOT MOHIKEHHBIE
XapaKTEPUCTUKHU IUIACTUYHOCTH U BA3KOCTH 110 CPABHEHUIO C OCHOBHBIM METAJIJIOM U TPAJULIHOHHO
paccMaTpuBalOTCS B KadecTBe HamOolee «cimaboro» 3BeHa TMPH  OIEHKE HAaJeKHOCTU
TpyOonpoBoJoB. M3yueHue 3TUX BONPOCOB JajieKO OT 3aBepulieHus. B cBere yka3aHHOTO,
paccmarpuBaemas pabora Crtpymna A.O., HampaBlIeHHAss HAa TOBBIIMICHHE COMPOTUBISIEMOCTH
HOPOTSDKEHHBIM  BSI3KUM  pa3pylleHusiM TpyO Kkiacca mnpouHoctd K65 u, COOTBETCTBEHHO,
oOecrnieueHne UX HaJeKHOCTH, ABJIAETCS, O€3yCIOBHO, aKTyaJIbHOMU.

OCHOBHOW I1eNIbI0 paccMaTpuBaeMoil paOoThl SBISETCS BBIBICHHE 3aKOHOMEpPHOCTEH
BIIMSIHUS TIApaMETPOB JUCTIEPCHOM (HEePPUTHO-OCHHUTHON MUKPOCTPYKTYPHI HU3KOYTIEPOIUCTOM
TpYOHOI cTalu Ha MEXaHUYECKUE M IKCIUTyaTal[MOHHBbIE CBOMCTBAa OCHOBHOI'O METajula M MeTallia
30HbI Tepmuueckoro BiusiHMS (3TB) cBapHbIx coenuHeHuit TpyO OO0NbIIOrO JuameTpa s
YCTAQHOBJICHHUSI MEXAaHM3MOB pa3pylLICHUs MeTajljla U pa3padOTKU Ha 3TOH OCHOBE pallMOHAJIBHBIX
METOJIMK OILIEHKH €r0 CONPOTUBIISIEMOCTH MPOTSHKEHHOMY BA3KOMY Pa3pyLICHHUIO.

JUid  JNOCTMXKEHMsI YKa3aHHOM BBIIE LEIU aBTOP JUCCEPTAlMU IOCJIENOBATEIbHO U
METOJMYHO pellial psJl BaXXHBIX 3aJa4, B TOM YMCJIE: OLICHKU BIUSHUS MapaMeTpOB CTPYKTYpPHI U
MEXaHUYECKUX CBOMCTB ocHOBHOro merama u 3TB Tpyd kmacca mpounHoctu K60 m K65 Ha
XapaKTEepUCTUKU COIMPOTUBJICHUS pa3pyIIeHHIO, B TOM 4YHUCJI€ TPU IOJUTOHHBIX HCIBITAHUSIX;
UCCIIeIOBaHMsl JIOKaJIbHOU XpymnkocTH Metauia 3TB Ha cBoiicTBa MeTamna TpyO; yCTaHOBJIEHUS
3aKOHOMEPHOCTEH pacnpoCTpaHEHUs BS3KOM TpemuHbl B Tpybax, B TOM 4YHCIE C YYETOM
IIPOXOKACHUS TPEILMHBI YEPE3 CBAPHBIE COEIMHEHUS; ONPEEIICHUS PHEPIOEMKOCTH pa3pyLIEHUs B
OCHOBHOM MeTaiie u Mmetamuie 3TB nmns craneil ¢ pa3nuuHbiMH THHaMH (GeppUTHO-OEHHUTHON
MUKPOCTPYKTYpPBI, COAEPKAHUEM JIETHUPYIOIIMX M MHUKPOJETUPYIOIIUX 3JIEMEHTOB; CO3JaHUS
paloHaIbHBIX METOJUK OIIEHKH CONPOTUBIIEMOCTH MeTajula TPyO MPOTSIKEHHOMY BS3KOMY
pa3pyLICHHUIO.

MatepuanoM ISl UCCIEOBaHUS MOCITYKUIN MPOMBIIIJICHHbIE HU3KOJETMPOBaHHBIE CTaIH
s Tpyo kiaccoB mpouyHocth K60 u K65, B Tom uucie HCIONb30BaHHBIE NPU MOJUTOHHBIX
WCIBITAHUSAX JIJISl OLEHKU IPUTOTHOCTH TPYO JUTsl ra3onpoBoja «boBaHEeHKOBO-YXTay.

AHaJIu3 ANccepTAIMH N0 I1aBaM

IlepBas rmaBa paccMaTpuBaeMOil pabOTHI IMOCBSIIEHA OMUCAHWUIO OOIIEro COCTOSHHS W
NEepCHeKTHB pa3BUTUS TpyOHOW oTpacnmu B Poccum u  3a  pyOexoM, NPUMEHSEMBIX
METAJJIOBETYECKUX IMOAXOI0B, HCIOJIB3YEMBIX CXEM JIETUPOBAHMs, BAapUAHTOB TEXHOJIOTHH
TepMomexannyeckoir ob6pabotkun (TMO) mnpokara. Takxke mpeacTaBieH 0030p peE3yIbTaTOB
HCCJICIOBAHUS MUKPOCTPYKTYPHI M MEXAaHHUYECKUX CBOMCTB OCHOBHOTO Metaia Tpyo K60, K65 u
UX CBApHBIX COCTUHEHUH, BBIITOJHEHHBIX JPYTUMH HCCIEe0BaTeNIMU paHee. JlureparypHslit 0030p




COCTaBJIEH TIOCJICZOBATEIbHO U METOJWYHO, OXBAaTBHIBACT Pa3IMYHBIC ACHEKTHl MPOOJIEMbI, B HEM
UCMONb3yeTcsl OOJBIION O0BEM COBPEMEHHBIX M KJIACCMUYECKUX JIMTEPATYpHBIX HCTOYHUKOB
(OTEe4eCTBEHHBIX U 3apyOeXHBIX NPUMEPHO B PABHBIX JOJISIX). IDTO IOKa3bIBa€T JOCTATOYHYIO
ri1yOuHy npopaboTKU MaTepuaia o paccMaTpuBaeMoi mpoolieme.

B 3akiroueHun riaBel 00OCHOBAaHHA aKTYaJbHOCTh PabOThI M 0003HAUEHBI Ba OCHOBHBIX
HalpaBJIEHUs] HCCIICOBAHUI: OLIEHKAa CONPOTUBIISIEMOCTH BSI3KOMY pPa3pyLIEHHI0 OCHOBHOI'O
metaia Tpyd K60-K65 u paspaborka Mep [Uisl €e TOBBIIMICHHS, 4 TAK)KE ONMPEACIICHUE BIIUSHUS
JOKaJbHBIX OOJIACTEH XPYINKOCTH B CBapHBIX COEIMHEHMSX Ha CBOMCTBa TpyO B LEJIOM U
yiydiieHue cBoictB metamia 3TB.

Bo BTOpoii rnaBe paGoThl NMPHUBEJEHBI OCHOBHBIE MapaMeTpPbl MCCIEAOBAaHHBIX CTalell U
UCTIOJIb30BaHHBIC ISl UX U3yYCHUS METOIUKHU. B MccieqoBaHusX MCIONB30BaHbI 3 CTalM Uit TPYO
kiacca npoynoctd K60 u 9 craneii nns pyd xareropun K65. IIpu 3TOM 0COOCHHO akTyaJlbHO H
BAXHO C MPAKTHYECKOW Touku 3peHus, 4yro 10 crameit (m3 Hux - 8§ crameit K65) Obumn
UCIIOJIb30BaHbl B TpyOax, MPOXOIUBIINX ITOJIUTOHHbBIC UCIIBITAHUSL.

OTnnuuTeNnbHON YepToil JaHHOW paboThI 10 TEMAaTUKE METAJIOBEJEHUS TPYOHBIX cTajeil
ABJISICTCA MCIIOJB30BaHUE Hapsly C TPAAMLIMOHHBIMM METOJMKAMHU TaKKe METOJUK HaTYpHbIX
TUAPABIMYECKUX U IIOJUTOHHBIX ITHEBMATHUYECKUX HCHBITAaHUN TpyO OOJIBLIOrO Juamerpa.
Onucanue 3TUX METOAMK MOXKET ObITh MOJIE3HO JJIS IPYTUX HCCIeI0BaTENEeH.

C npyroii cTopoHsl, B paboTe MCIONB30BaHbl TaK)KE CTaJHM, KOTOPHIE HE B MOJHOH Mepe
COOTBETCTBYIOT TeMaTHKe paloTbl, B ToM uucie: cranb (Bbl) s «BbICOKOTEMIIEpPaTypHOIO
npoueccay (“HTP”) wusnawanpHO paspaboranHas st craHoB CTEKKeNlsS W HENPEpPhIBHBIX
IIMPOKOIOJIOCHBIX CTAHOB JJISl IIPOKaTa OrpaHM4eHHOW TosumHbl (1o 20 MM); crans (A3) mocne
TMO, HO c mocnenylIUM HHAYKIMOHHBIM HarpeBOM B IIOTOKE CTaHa O0OpaOOTKH, MMEIoLIas
cneuu(uyeckyro  CTPyKTypy €  yIOpaBisieMbiM  BbliedeHueM  MA-cocraBistomeid U
npeHa3HauYeHHAs: ISl TPYO C TOBBIMICHHOH e(OpPMAMOHHON CIOCOOHOCTHIO (CEHCMOCTOWKOTO
ucrnonHenus). Kpome Toro, mnpeacraBiasieTcs H3MMIIHUM MCIIOJIB30BaHME B aHAIN3E TaKkKe
MaTepuaioB MO CTPYKType, CBOMCTBaAM M pe3yJibTaTaM HCIBITAHUN CIHPAJIbHOIIOBHOM TpPyObI
(cranp A2), MOCKONBKY BCS paboTa MOCBAIIEHA MpoOJeMe HAACKHOCTH MPSIMOLIOBHBIX TPYO
00JBIIOr0 JUamMeTpa, aKTUBHO HCIOJIb3YEMBbIM B OTEUECTBEHHBIX IpOeKTax. Bo3moxHO, 3Tu
JTAaHHbIE MOTYT OBITh IOJIE3HBI Ui CPAaBHEHUS TOBEACHUS CTaed MNPUHLUUIHAIBHO PAa3HbIX
METaJUIOBETYECKNX KOHIICTIIIUIA.

Tperbs rnaBa paboOTHI ABIISETCS CaMOl 0OBEMHON U COAECPIKUT KOMIUIEKCHOE MCCIIEJOBAHNE
MUKpPOCTPYKTYpbl coBpeMeHHbIX craiel K60, K65, B ToM umnciae mnpomenmmx MHOJUTOHHBIE
ITHEBMAaTUYECKHE MCIIBITAHUS HAa OCTAHOBKY BSI3KOTrO paspylleHus. BrimonHeHa kiaccuduxanus
TUINIOB (heppUTHO-OCHHUTHON MUKPOCTPYKTYPbl TaKMX CTaJleld 10 OCHOBHBIM MOP(OJIOTHYECKUM
IIPU3HAKaM, BBIABISEMBIM C HCIIOJIB30BAHMEM IIMPOKO PACIHPOCTPAHEHHBIX METOIOB CBETOBOU
(omTHYECKON) M CKaHHPYIOIIEH 3IeKTpOHHON Mukpockornuu (COM), uTo BaKHO Ui IKCIpecc-
aHajM3a MeTajlla IpU NMPHUKIAJHBIX HCCIEeIOBaHUAX W B TpyOHOM mpousBojcTBe. Ha ocHoBaHMHM
IIPOBEJICHHBIX HCCIEJIOBAaHUN OIpe/ieseHbl HapaMeTpbl MHKPOCTPYKTYpPHI, TNPUBOASIINE K
CHIDKEHHUIO CONPOTUBIICHUS BA3KOMY Pa3pyLICHHIO B (DeppUTHO-OCHHUTHBIX CTANSAX U MOKa3aHO,
YTO HaWJIy4yllMe pPe3yJbTaThl IO COMNPOTUBISIEMOCTH pPACHPOCTPAHEHUIO BS3KOW TPEHIHHBI
JOCTUTAIOTCSl Ha CTaJsAX C JUCHEPCHON CTPYKTYpOl Ha OCHOBE HIOJIbYATOr0 M IIOOYJISIPHOTO
OeitHuTa, ¢ MUHUMAJIBHBIM KOJUYECTBOM II0JIOC TOJUTOHAIBHOTO (eppuTa, peedyHoro OCWHHTA,
BBIPOKJIEHHOT0 nepnuta 1 MA-coctasisitomeid. OgHaKko ciaenyeT OTMETUTb, YTO Ui JOCTOBEPHOTO
onpezeNeHuss Haauuusg U o0beMHON noiu MA-cocTaBisitonieil (IBOMHUKOBAaHHBIM MapTEHCUT +
OCTaTOYHBII ayCTeHUT) B paboTe ciieZjoBaio ObI HCIIOB30BaTh Hapsty ¢ COM Takxke crierraibHble
METOJIbl TPABJICHHSI U HCCIEIOBAHUS MO METOIY MPOCBEUMBAIONIEH 3IEKTPOHHOW MHKPOCKOIUHU
(II>M).

B rnaBe Taxke nmpuBeneHbI PE3yIbTaThl HCCIEAOBAHUNA U UCIIBITAHUN CBAPHBIX COCIUHEHUI
Tpyo K60, K65, xoTopble MO3BONMIM ONPEASTUTh THIIBI MHKPOCTPYKTYp, OOECIeYMBArOIIne
HOBBIIIEHUE TPEIIMHOCTOMKOCTH Ha YYacTKe KPYMHOIO 3€pHa 30HBI TEPMHUUYECKOIO BIIMSHUS.
BaxHBIM MeTaNI0BETUECKUM PE3YJIbTATOM SIBIISIETCS BBISIBJICHHE OCOOCHHOCTEH BHYTPHU3EPEHHOTO




ctpoenuss metauia 3TB, B pesynbrare 4ero IMOKa3aHO, YTO YBEJIMUYEHUE TPEIIMHOCTOMKOCTH
MeTaJula JUIsl y4acTKa KPYIHOTO 3€pHa JOCTUraeTcs Npu (popMUPOBAHUM CTPYKTYPBI JUCIIEPCHOTO
UTOJIbYATOTO WM peeuHoro OeiHuTa. IIpennokeH mMexaHusM BiMsHUS MA-cocTaBiAONICH Ha
pacnpocTpaHeHue TpemuHsl B 3TB, mo KOoTopoMy B CTPYKType PEEYHOrO M JUCHEPCHOIO
urospyatoro Oeitnura MA-cocTaBisiomas B BUJe TOHKUX MTPOCIOEK MOXKET OBITh «IIPETISATCTBHEM)
i TpewuH. Ilpu ounenke pasmepa 3epHa aycteHuta B 3TB cienoBano Obl 0OpaTUTh BHUMAaHHE,
4yro BiIMAHHE V Ha CTpyKTypooOpa3oBanue B Mertaiie 3TB He OIHO3HAUYHO M CYIIECTBEHHO
orminyaetcs ot BiusHus Nb u Ti.

Ha ocHOBaHUU BBINOJHEHHBIX MCCIENOBAHUN NPEUIOKEHBI PEKOMEHJALMU s BblOOpa
XHMHYECKOT0 COCTaBa cTajiei mis TpyO kiaccoB mpounocTa K60 u K65.

K nocromnctBam paboThl cieayeT OTHeCTH OONbIION 00BEM M BBICOKOE KayecTBO
METauIOrpaUUecKnx HCCIEAOBAaHUIN MO KaXKAOH M3 cTajeill A OCHOBHOIO MeTaja M MeTaja
3TB. IlonoxuTenpHON YepTON HCCIENOBAHUS TAKKE SIBISETCS HCIOJIb30BAaHUE aBTOPOM IIPU
ONMCAHNUU CTPYKTYPHBIX COCTABJIAIOIIMX B HU3KOYIJIepoaucToi cranu nociae TMO tepmuHooruu,
NpeUIoKeHHOH B pabortax mpodeccopa M.A. CMHUpHOBA, YTO J€NaeT OMUCAHUS CTPYKTYpPHI B
JUCCEPTALUU SICHBIMU U IIOHATHBIMHU.

B  uerBeproii rnaBe pa®oOThl  NpEACTaBIEHBl  PE3yNbTAaThl  MOJHOMACIITAOHBIX
TUAPABIMYECKUX U ITHEeBMATHUECKUX UCHbITaHUN TpyO KiaccoB mpouynoctu K60, K65. Ha
OCHOBAHHH IKCIIEPUMEHTAIBHBIX TAaHHBIX ONMMCAHBI OCOOCHHOCTH JIe()OPMHUPOBAHUS U Pa3PyILICHHUS
TpyO HpU pacupocTpaHEHUHU Bs3KOM TpeuuHbl. [Ipu 3TOM paccMoTpeHue B TIjaBe Ipolecca
pa3pylIeHHs CIIUPATbHOIIOBHOM TPYObI MPEACTABIAETCS U3IUILHUM.

BakHpIM pe3ynbTaTOM SIBJISAETCS YCTAaHOBJIECHUS 3aBUCHUMOCTH BHEIIHErO BHMJA H3JIOMa U
CIIOCOOHOCTM Me€Ta/lyla K OCTaHOBKE BSI3KOM TpelMH B TPyO€ OT BEIUYMHBI IJIACTHYECKOMN
negopmanuu  nepes  BepmMHOM TpemMHbl. [loka3aHo, YTO MakKcHMalbHas ILJIaCTHYECKas
negopmanusi MPOUCXOAUT Ha CTAJAWU 3aPOXKICHHS TPEIIMHBI, a TIPU PACIIPOCTPAHEHUU TPEIIUHBI
negopmanus CylecTBeHHO MeHblIe. Pe3ynbTaThl M03BOIMIN MPEIOKUTh METOAMKY ONpeAeIeHUs
HHEPro€MKOCTH pa3pylIeHUs TpyO, OCHOBaHHYIO Ha U3MEPEHUX 30HbI IUNIACTUYECKUX JedopMaluit
CTEHOK TPYyO BJ/10JIb IyTH TPEIIUHBI.

OnpeneneHo BIMSHUE JIOKATbHO HU3KUX BSI3KUX CBOICTB CBapHOIO COEIMHEHUS Ha
KOHCTPYKTUBHYIO NMPOYHOCTh TpyO. IIpu aHanu3e pe3ynbTaToOB MOJUTOHHBIX MCIBITAHUH yIanoch
YCTaHOBUTh, YTO JIOKalbHas XpynkocTh 3TB cBapHOro coennMHEHUs CYIIECTBEHHO BIIMSET Ha
CHOCOOHOCTh TPYO K TOPMOXKEHHUIO TPEIIMHBI TOJbKO B CIydae Hauyana pa3pylIeHHs B CBaPHOM
COCIMHEHUH, 4YTO  MNPUBOAUT K  BO3HUKHOBEHHUIO  ONAaCHOM  XpYNKOM  TpELIUHBI,
pacrpocTpaHstomeicss ObicTpee JOeKOMIIpecCMH ra3a. B 1enoM ke, KOJbLIEBblE CBapHbIE
COCIMHEHUS HE OKAa3blBAIOT CYIIECTBEHHOIO BIMSHHUS Ha IPOILECC BA3KOTO MPOTSKEHHOIO
paspyleHHs, YTO 0OBICHEHO MaJION IUIOIIAbI0 UX MTONEPEYHOr0 CEUEHUS.

[laTas rnaBa mocBsilieHa pa3paboTKe KPUTEPUEB U METOAOB MEXAHWYECKUX HCIBITAaHUM,
MO3BOJISIOIINX OOBEKTUBHO OLIEHUTHh COMPOTHUBIICHHE PACHPOCTPAHEHUIO BA3KOTO pa3pylICHHs B
nabopaTopHbIX yciaoBHsX. VccimeaoBaHbl CyIIECTBYIOIIME METOJbl OLIEHKH COMPOTHBIICHUS
Bsi3KOMy paspymenuto (Ha yaapueidi m3ru6 (KCV), CTOD). [loka3aHo, 4TO OHU HE MOTYT
JIOCTOBEPHO OXapaKTepU30BaTh BA3KUE CBOWCTBA COBPEMEHHBIX TPYOHBIX CTaJIeH.

Ha ocHOBaHUM WM3Yy4YEeHHBIX OCOOEHHOCTEH JepOpMHpPOBAaHUS U pa3pylleHUs TpyO
pa3pa0oTaHbl JBa HOBBIX METO/a OIIEHKM BS3KOCTH pa3pylIeHHs TPYOHBIX CTaliel, KOTOpbIE
XOpOIIO COOTHOCATCS C pe3yiabTaTaMu IOJHOMACIITAOHBIX ITHEBMAaTHUECKUX HCHBITAaHUN TPYO:
UCIBITaHUS Ha yJIapHbId M3ru0 0Opas3loB Mocie MpeABapUTEeNbHON nedopMalud U HUCIbITaHHE
IUIACTHH C KPaeBbIM HAJpe30M Ha pacTshkeHue. IlepBblii MeTOJ MCIBITAaHUM Ha ydapHBIA U3rHO
0o0pa3loB TMOcCie NpeaBapUTEIbHON AeQopMali MO3BOJIIET «yCHJIUTH» HEOJAronpusITHbIE
CTpYKTypHEe (aKTOpbl, IPUBOJIAIINE K BOSHUKHOBEHUIO PACUICTITICHUN B U3JIOME M YMEHbBLICHHIO
YIapHOU BSI3KOCTH, OJHAKO IPU 3TOM PE3YJIbTaThl CUIBHO 3aBUCAT OT BEIMYUHBI IPEABAPUTEIBHON
negopmanuu, KoOTopas BbIOMpaeTcss smnupuueckd. [losromy, 1O MHEHHMIO OIIIOHEHTA,
IIPEIIIOYTUTENBHBIM SIBIIIETCS METOJ MCIIBITAHMS IUIACTHH C KPacBbIM HAIPE30M Ha PacCTsKEHUE,




MIOCKOJIBKY OH 00JIee COOTBETCTBYET (PM3UYECKOMY MPOLIECCY IIACTUUECKOH aedopMaru Tpyosl y
BEPLIMHBI TPEIIMHBI U [T03BOJISET OLICHUTh YAEIbHYIO PAa0OTy PaclpOCTPAHEHUS TPELIUHBI.

B nennom pabora A.O. CrpymHa mpoW3BOAMT BechbMa OnarompustrHoe BreuarieHue. Ee
OTJIMYAET MOCIEA0BATEIbHOCTD U METOIUYHOCTD BBINOIHEHHS UCCIEA0BAHNN BIUSHUS IIapaMETPOB
beppuTHO-OCHHUTHON CTPYKTYyphl ctamu mocie TMO U MeXaHWYeCKHMX CBOWCTB OCHOBHOTO
metayuia 1 Metaiuia 3TB TpyO Ha conmpoTHBIeHHE METaula MPOTSKEHHBIM BSI3KUM pa3pyIICHUSM.
ABTOpPOM TIPOBENICHO CEPhE3HOE HCCIEIOBAHME MPOOJIEMBI, MPOAHAIN3UPOBAHBI pa3paboTaHHBIC
paHee MOJIXObl U IMPEUIOKEHbl COOCTBEHHBIEC HANPABIEHUS Ul pelieHus npobdiemsl. ['paMoTHO
ompeneNieHa LeNb W 3a1add uccienoBaHus. Kaxaplii sTam paboThl MMEET YETKYI0 MOCTaHOBKY
3ajjaud, MeTOoAMYecKoe obecrnedeHne, JIabopaTOpHbIE HCCIEAOBAHUS WM aHAIM3 JaHHbIX
IIOJIMTOHHBIX MCIBITAHUM, aHAJIN3 MTOJIyYEHHBIX PE3YyJIbTaTOB, BBIBOJbI U Pa3pabOTKy MOCBUIKU AJIs
BBIIOJIHEHUS CIIEAYIOLIeH cTaguu uccienoBaHus. B pabore HCHOIB30BaHBI COBPEMEHHBIE
METAJIJIOBETUECKUE TMOAXOAbI, IPU 3ITOM JAMCCEPTAHT B CBOUX TEOPETUYECKUX IOCTPOECHMSIX
onupacs Ha paboThl ypalbCKON IIKOJIBI METAJUIOBEIECHUS, SBJISAIOIIEHCS OJHOM U3 CUJIbHEHIINX B
Poccun.

PesynpraToM paboThl COMCKAaTeNns SBWINCH IIOJIE3HbIE W PEAJM30BAaHHbIE HA IPAKTUKE
pexkomMeHaauuu U MeToauku. llojokuTenbHON dYepTol paccMaTpuBaeMOM pabOThl SBISETCS
IPUMEHEHHE COBPEMEHHBIX METOJAMK UCCIIEOBAaHUS CTPYKTYPhl M CBOMCTB TPYOHOI cTaiu, B TOM
YUCJIE CKAaHUPYIOLIEN IEKTPOHHOM MUKPOCKOIIMY, PE3YJIBTATOB IOJUTOHHBIX UCIIBITAHUM, & TAKKE
UCTIBITAHUHN, BBIIOJHEHHBIX IO COOCTBEHHBIM OpPUIMHAIbHBIM MeTojukaMm. KoneuHo, B pabote
IPUCYTCTBYET 3JEMEHT CYOBEKTHUBHOCTH, HO ITO XapaKTEPHO COBPEMEHHBIX METAJIIOBETYECKUX
UCCIIEIOBaHU IO TeMaTuKe GeppUTHO-OCHHUTHBIX CTaJIeH C yIbTPaMEIKUM 3€PHOM.

Takum oOpa3om, HCclenOBaHHE SIBISETCS 3aKOHUEHHOW KBanM(UKAIMOHHOW paboToil B
00J1aCTH METAJIJIOBEACHUS U IPOYHOCTH HU3KOJIETHPOBAHHBIX CTaJIEH.

Hayunasi HOBH3HA pa0oThI, [10 HALLIEMY MHEHUIO, COCTOUT B CJIEIYIOIIMX MOJOKEHUSAX:

- BbiBieHO, YTO CTPYKTYpHBIMH (DakTOpaMu, BIUSIOIIMMU HAa TOPMOXKEHUS BSI3KOH
TpPEelIMHbl B OCHOBHOM MeTayie TpyO kiacca mpouHoctn K60 u K65 sBasercs mopdomnorus
OeWHUTHOM a-(a3bl, HaTMYME NPOCIOEK TOJIUIOHANBHOIO Qeppura, THUIl paclpereNeHus
BBICOKOYIJIEPOJIUCTON CTPYKTYPHOM cocTaBisitolieil. Hanuuune B CTpyKType CTalnu KPYHHBIX 3€pEH
OeHUTHON o-(a3pl, mojgoc ¢eppuTa MNPEPHIBUCTBIX CTPOUYEUHBIX OCTPOBKOB BBIPOXKJICHHOTO
nepauTta win MA-cocTaBisIONIe YBEIMUMBAET YUCIIO PACUICIUVIEHUH B H3JIOME M CYIIECTBEHHO
CHU)KAET DHEPrOEMKOCTh Pa3pyILEHUs;

- YCTaHOBIEHO, UTO CIIOCOOHOCTh K OCTAaHOBKE BA3KOM TPEIIMHBI B OCHOBHOM METaJuie TpyO
kiacca npoyHoct K60 u K65 omnpenensercs BenuunHONW pabOThl MIaCTUYECKON nedopmanuu B
30H€ pa3pylIeHUs, KOTOpas BO MHOTOM OIpENEisieTcss I[apaMeTpaMu CTPYKTYpbl CTalld U ee
CIIOCOOHOCTBIO K HAKJIEMYy;

- BbIsBIEHO, YTO HSHEProeMKOCTh pa3pylIeHHs MaKCHMajbHa Ha CTaJUU 3apOKJEHUs
paspylleHMsT U Majlo0 MEHSETCS Ha CTaJuu €ro paclpoCTpaHEHMs. YCTaHOBJIEHA I0POroBas
BEJIMYMHA HHEPrOeMKOCTH i TpyO, HE BBIACPKABIIMX IOJUIOHHBIX HCIBITAHUH, KOTOpas
coctasisteT 1400 I[)K/CMZ;

- Iloka3zaHO, 4YTO TpPEIMHOCTOMKOCTh MeETalla g YydacTka KpymHoro 3epHa 3TB
OTIpeNieNIeTCs TJIaBHBIM 00pa3oM XapaKTepoM BHYTPU3EPEHHOM CTPYKTYpHI, a poJib pa3Mepa 3epHa
aycreHuTa MeHblle. [loBbIIEHHE TPEUMHOCTOMKOCTH MeTallia JUIsl ydacTKa KpPYIHOIO 3epHa
JOCTUraeTcs Npu (GOPMUPOBAHUN CTPYKTYPHI AUCIIEPCHOTO MTOJIBYATOrO WIM peeuHoro OeifHuTa, B
KoTopoM MA-cocTaBistonas B BUAE€ TOHKUX MTPOCIOEK MOXKET OBITh «IIPENSTCTBUEM) JJIsl TPEILUH;

- YCTaHOBJIEHO, YTO 30HOW JIOKAJbHOW XPYINKOCTH CBAapHBIX COEIMHEHHMH TpyO Kiacca
npouHoctu K60 u K65 sBisercs yuacTok KpynmHoro 3epHa mmpuHoi 10 4 3epeH B 3TB. Oxgnako
DKCIEPUMEHTAIBHO IIOKAa3aHO, YTO 3Ta 30HA BIIMSAET TOJIBKO HA NMPOTSHKEHHOCTh pa3pylIeHUs, a
YCIIOBUSL MHHMLIMHMPOBAHMS DPa3pyLICHHs, OINpEACIsieMble IO HABICHHUIO DPa3pyLICHHs, SBISAIOTCS
NPAaKTUYECKH OJMHAKOBBIMH IIPH PACIIONIOKEHUH JIeEeKTa B TAKOW 30HE WM B OCHOBHOM METaJljIe.

JOCTOBEpPHOCTL U 000CHOBAHHOCTH OCHOBHBIX HAVYHBIX MOJ0KCHHH, Pe3YIbTATOB,
BBIBOJIOB M peKoOMeHAauuii paboTsl 00yClIOBIEHAa BOCHPOHM3BOJUMOCTBIO M COIVIACOBAHHOCTHIO




IIOJIyUEHHBIX JaHHBIX, MPUMEHEHUEM COBPEMEHHBIX CPEJICTB HCCIIEIOBAHUS MHUKPOCTPYKTYpPBI
ctami U 00paboTku wuHGOpMaIMH, OONBIIMM HA0OpPOM MaTEpHUATIOB IS HCCIACAOBAHUN H
3HAYUTEIBHBIM 00BEMOM HCCIIEI0BATEIbCKIX PA0OT.

Hayunble mono)keHusi, pa3BuBaeMble B pabOTe, OCHOBBIBAIOTCS Ha 0A30BBIX MOJOXKEHUAX
MaTepUaioBEICHUS HU3KOJETMPOBAaHHBIX CTaJIed U HE MPOTHBOPEYAT MMEIOLIUMCS COBPEMEHHBIM
HPEJCTaBICHUSM.

BbIBO/IBI COOTBETCTBYIOT ITOCTABIEHHBIM 33J1a4aM UCCIIEI0BaHUS.

IIpakTHyeckasi HEHHOCTh Pad0Thl COCTOMT B TOM, YTO IOJYYEHHbIE PE3YJIbTaThl MOI'YT
ObITh 3((EKTUBHO HUCIIOJIB30BAaHbI MPU U3YYEHUH BIIMSHUS XMMHUYECKOTO COCTaBa M MapaMeTpoB
(beppUTHO-OEHHUTHON CTPYKTYpPBI CTald, moydaeMoir B pesynbTatre TMO, a Takke CTPYKTYpPBI
merayuia 3TB Ha MexaHuWyeckwe CBOIMCTBA M XapaKTEPUCTHKH pa3pylIeHUs TPyO OOJIBIIOro
JMaMeTpa; Ul MHTEpIpeTaluy pe3yJbTaToB MOJUTOHHBIX HUCIIBITAHUN TpyO OONBLIOrO Juamerpa
kiaccoB mnpouHocty K60 um K65; nns uccienoBaHusi MeTaula [0 HOBBIM  IIPENJIOKEHHBIM
METOAMKAM; JUIsl pa3pabOTKU MEPONPUATHH JUIsl YIydlIeHUs KauecTBa IPoKarTa U TpyO B YCIOBHSX
BEJYLUIMX OTEUECTBEHHBIX METALUIYPIrUUECKUX MPEeINpUiTHl M B HAy4yHO-UCCIIEI0BATEIbCKUX
yupexaeHusx. [IpakTuueckass 3HaYMMOCTb pe3yJbTaToB paOOThl MOATBEPXKIACTCA B TOM YHUCIE:
MCII0JIb30BaHUEM Pa3padOTaHHBIX PEKOMEHIAIMU K XMMHUUECKOMY COCTaBy cTanu B ycioBuiax OAO
«BT3» npu uzrorosnenun tpy6 ans npoekrta I'TC «Cuna Cubupuny; BKIIOYEHHEM pa3padOTaHHbIX
METOJIOB MCTIbITaHUs B HOpMaTuBHbIE cTanaapThl OAO «l"a3mpomy».

Ouenka cogeps:xkanus 1 0opopmiieHHs JMCCEPTANMOHHON PA0OThI

Paccmotpennas nuccepranMoHHas padoTa COCTOMT W3 BBEJIEHHUS, ISATU IJ1aB, OCHOBHBIX
BBIBOJIOB U CrMcKa auTeparypsl. ConepkaHue aBropedepara J0CTaTOYHO MOJHO U TOYHO OTpa)aeT
coJepKaHue M Pe3ynbTaThl auccepranuu. OCHOBHBIE TMOJOXKEHHS AMCCEPTAIlMH OTPaKEHBI B 8
CTaThAX B M3JAHUAX, BXoadummx B nepedeHb BAK, a takke B 6 nokiagax, oOCYXJEHHBIX Ha
OTEUYECTBEHHBIX U MEXJIYHApPOJHBIX HAYYHO-TEXHUYECKMX KOH(pepeHuusx. CTuiab H3JI0KEHUS
4yeTKuil. B TekcTe nuccepranMM M Ha e PUCYHKOB BBIABIEH PsAJl OINEYAaTOK, HO OHM HE
3aTpyJHAIOT NMOHMMaHUS Tekcra. Pabora xapakTepusyeTcsi aKKypaTHOCTbIO O(QOPMIIEHHS TEKCTa
JyccepTaluil U aBTopedepara, MPUMEHEHHEM ILIBETHOM MedaTH JUIs MpPEJCTaBICHHUsS PHCYHKOB,
OTJIMYHBIM KayeCTBOM MPEJCTABJICHUS PE3YJbTAaTOB METaIOrpaduiyecKuX HCCIEIOBaHUM, YTO
co3/1aeT GJIaronpUsTHOE OTHOLIEHHE K paboTe B LIEJIOM.

3ameuanus no padore. Ha ocHOBaHMM paccMOTpPEHUsI IHUCCEPTALMOHHONW pabOThl MOYKHO
CAENaTh CIEAYIOIINE 3aMEUaHMsL:

1. CpaBHeHME XapaKTEPUCTUK CTPYKTYpbl M CBOMICTB CTalM JJi BBICOKOTEMIIEpAaTypHOM
obopabotku (“HTP”) co cramamu K60 m K65, peanbHO ncnonb3oBaHHBIMH ISl TpYyO Kiacca
npouydoctu K65 aumamerpom 1420 MM ¢ tommuHOM cteHku 23 u 27,7 MM, NpeacTaBiseTcs] He
COBCEM IPaBOMEpHBIM, Tak Kak ctanp “HTP” pa3zpaGorana ans nmpokaTku Ha craHax CTeKKens U
HENPEPBIBHBIX HIMPOKOMOJIOCHBIX CTaHAaX, UMEET CIEHUATbHYI0 CXEMY JIETMPOBAaHMsS Ui ydyeTa
0COOEHHOCTE HMMEHHO TaKoro oOOpYyJOBaHHUS, a HE TOJICTOJUCTOBBIX PEBEPCHUBHBIX CTAaHOB,
BCJIE/ICTBHE Yero B Mpokare (opmupyercs cnenuduueckas CTpyKTypa, a TOJIIMHA MpoKaTa Ha
IIPAKTHKE orpaHuuyuBaercs 14-19 mMm.

2. CtpykTypHBIMH (DaKTOpaMH, OTPEACISIIOIMMHI XapaKTep pa3pymeHHs] OCHOBHOTO
metayuia TpyO m meramuia O3, moMuMo M3y4eHHBIX B paboTe MOpP(OIOTHUECKUX OCOOCHHOCTEH
beppUTHO-OEHHUTHON CTPYKTYpBI, TaKXKe SBISIOTCA HaIW4yue, JOJsS W pachpeneiieHue
MaJIOYTJIOBBIX TPAHHUIl B CTPYKTYPE, UTO OMPEIEINISIETCS] METOA0M AU(PaKIIUU 00paTHO pacCEIHHBIX
anextponoB (EBSD), ogHako gaHHBIE 110 OI00HBIM HCCIEAOBAHUSM B paOOTE HE MTPEACTABIICHBI.

3. C uenbto 6osee JOCTOBEPHOTIO ONPEAETICHUs HAIWYMs MMEHHO MA-COCTaBIsoUIel B
CTPYKTypE€ CTalM CJIeJOBAJI0 OBl KCIIOJIb30BAaTh MPU CKAHUPYIOIIEH 3JIEKTPOHHON MHUKPOCKOIUU
(COM) cneumanbHbie Metonsl TpaBieHus (Jlellepa, KOMOMHALIMIO XMMHYECKOTO H
JIEKTPOJIUTUYECKOTO TPaBJIEHUS), a TakKe IMPUMEHATh IPOCBEUMBAIOUIYIO AIIEKTPOHHYIO
Mukpockomnuio (II9M).

4. Pe3ynbTaThl OLEHKH CONPOTHUBIICHUS MPOTSKEHHOMY BA3KOMY Pa3pyLICHHIO OCHOBHOTO
Metayula TpyO Kiacca mpodyHoctd K65 1o MeTogy ¢ HMCIONB30BaHMEM  IPEIBAPUTEIBHO




nedopMUpOBaHHBIX 00PA3IOB VIS UCIIBITAHUN Ha YAapHBIA U3rU0 B I[EJIOM MOTYT PACCMaTPHBATECS
KaKk KadyeCTBEHHbBIC, a HE KOJMYECTBEHHbIE, IIOCKOJBKY IPHU YBEJIUYEHUU IIPEBAPUTEIILHON
IUTACTHYECKON Jle(hopMally C)KaTUEM Pe3yJIbTaThl MOTYT H3MEHSTHCS. HEMOHOTOHHO JJIsl CTaJled COo
CTPYKTYPO# IPOMEXKYTOYHOIO THIIA (OT PaBHOMEPHOM K CTPYKTYpe € 3P(PEKTOM «IBYX(PazHOCTNY,
HampuMmep, cTaib b4), TpyObl OKa3bIBaIOTCS «TOAHBIMHY IO pe3yibTaTaM ITHEBMATHYECKUX
UCIIBITAHWH, OJHAKO IIpU 3TOM BeJWYMHA JeGopMalvy Ha3HAdaeTCsl OMBITHBIM ITyTeM. bolee
OIIpaBJAHHBIM BBIOOPOM  SIBJISIETCSL  CIIOCOO WCHBITAHUH TUTACTHH C KPAeBLIM  HAJAPE30M,
OTpaXKaroMi  (QU3MYECKYI0 CYIIHOCTh Pa3BUTHS TPEIIMHBI B  YCIOBHAX IUIACTUYECKOM
nedopmarnum.

5. Jluccepramus CONEpXKUT B 3aKIIOUUTENIBHOM pazzene 12 oO0mux BBIBOJOB, YTO
IPECTaBIAeTCA HM3JIMIIHUM KOJMYECTBOM JUIS JUCCEpTAIlMH Ha COMCKaHHE CTEIeHM KaHAWaTa
TEeXHUYEeCKUX Hayk. Cie1oBano Obl 00beIMHUTE HEKOTOphIe BRIBOABI (2 u 3;4u S5; 7u 8; 11ul2c
JOIHYECKUMH CBSI3KAMM) JUIS JTYYIIEro CTPYKTYPUPOBAaHUS JOCTUTHYTHIX B pabOTe pE3yIbTaTOB.
Kpome toro, koiamuecTBo BBIBOJIOB B TeKCTe paboThI (12 IIT.) HE COBIAMAET C YUCIOM BBIBOJIOB B
Tekcre apropedepara (9 mT.), XOTS HEIOCTHOCTH PadOTHI M 3HAYMMOCTH PE3YJIBTATOB OT ITOr0O HE
CTpasaloT.

CpenanHple 3aMeuyaHUsi HE CHIDKAIOT IIOJIOKUTEIHHOM OLEHKH padoThl, Tak Kak He
3aTParuBalOT € OCHOBHBIE ITOJI0KEHUS ¥ BBIBO/IBL.

3akirouenue

Huccepranuonnas padbora Crpyuna Aisekces OiieroBuya SIBISETCS 3aKOHYEHHOH HAy4HO-
KBATU(HUKAIIMOHHON paboTOl B 00JACTH METAJUIOBEICHUS M TEPMHUUECKON 00pabOTKH METauIoB U
CILIaBOB, B KOTOPOH pellieHa 3ajjadya yCTaHOBJICHUS BIMSHUS XUMUYECKOTO COCTaBa U I1apaMeETPOB
MHUKPOCTPYKTYPBl ~ HM3KOJIETMPOBAHHOM CTaJd Ha CBOWCTBA M COIPOTHUBISIEMOCTH BSA3KOMY
Pa3pyIIEHHIO OCHOBHOI'O METaJlIa M METaJlia CBAPHOTO COeIMHEeHUs TPyO KiaccoB npoynoctu K60-
K65, a taxke pa3paboTaHbl HOBble KPUTEPUH U METOAMKH HUCIBITAHUH, ITO3BOJISIONIME aJEeKBATHO
IOJIMTOHHBIM HCIBITAHUSIM OIICHUTH CONMPOTHBIIEMOCTh BS3KOMY Pa3pylleHHI0 TpyO. PesynbpraThl
HAYYHBIX H3BICKAHUH MOXKHO KiIacCH(UIMPOBaTh KaK HOBblE M OOOCHOBAHHBIC, OHU HMEIOT
CYLIECTBEHHOE Hay4YHOE M IIPAKTUYECKOE 3HAUEHUE.

Takum oOpazom, cuMTaro, 4TO MO AKTYaJbHOCTH TEMBI AMCCEPTALlMM, HAay4YHOH HOBHM3HE
NOJyYEHHBIX  pe3yJbTaTOB, IIPAKTUYECKOH 3HAYMMOCTH, YPOBHIO HAay4HO-METOIMYECKHX
pazpaboToK U KavyecTBY O(GOpMIICHUS paccMOTpeHHas padorta yaoBieTBopseT TpeboBanusM BAK,
IPeIbsBISEMbIM K KaHIUJATCKAM JHCCepTalusaM, a aBTop jauccepraiuu Crpyun Ajexceit
OuteroBuu  3aciIy’KMBaeT IPUCYXKJICHUSI YUEHOM CTEeleHM KaHAWJaTa TEXHUYCCKUX HayK I10
cnenuanbHocTr 05.16.01 — «MeTannoseeHre U TepMIUecKas 00padoTKa METAJUIOB U CILIABOBY.

OdunuanbHBINA OMIIOHEHT,

JOKTOP TEXHUYECKUX HayK,

3amecturenb aupexropa LlenTpa craneit ais Tpyo
u cBapHbix koHCcTpyKIwi (L[TCK)
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