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OT3bIB

Benymeii opranusanuu @eaepansHoro ['ocy1apcTBeHHOr0 YHUTApPHOTO MPEANPUSTHS
«lleHTpanbHBIit HAy4YHO-UCCIIe10BaTEIBCKUN HUHCTUTYT KOHCTPYKIMOHHBIX
marepuaioB «lIpomereit» Ha aucceprauuoHHy paboty «BausHue aedpopmanum Ha
CTPYKTYpy M MeXaHuuyeckue cBoiictBa Al-Mg-Sc-Zr crnaBa» couckaTens y4eHoi
CTENEHW KaHAuJaTa TeXHUYECKHX HayK JKemuyxHukoBoi [[.A. 1o crenuanabHOCTH
05.16.01 — Merannorenenue u TepMuueckas o6paboTka METaLIOB M CIIABOB

AKTyalbHOCTH paboThl

B Hacrosiee BpeMs Bo3pacTaeT moTpeOHOCTh B UCIOIb30BAHUN OOIErYE€HHBIX
KOPITYCHBIX KOHCTPYKLIMH M3 aTIOMHHHUEBBIX CIUIAaBOB B 00JacTM HHM3KHX |
KpHOTeHHBIX TeMrieparyp. CriocoOHOCTh amoMUHHMEBBIX criaBoB SXXX cepun (Al-
Mg) coxpaHsATh BBICOKME IPOYHOCTHBIE U IUIACTUYECKUE XapAKTEPUCTHKH IPH HHU3KUX
TeMIepaTypax SABJISETCS OCHOBOH WX UIMPOKOrO MCIONb30BAHUS B Pa3IMYHBIX
00J1aCTAX TEXHUKH.

IloBbIlIEHHE MPOYHOCTH M IUIACTHYHOCTH O3THUX CIUIABOB C IMOHMKEHHEM

TeMnepaTypbl 00yC/IOBIEHO TpeMsi OCHOBHBIMH (akTopamu. Bo-nepswix, B obiactu

HM3KMX TemIleparyp I[I0JaBisgeTcs JAMHAMHYECKoe aeOpMallMOHHOE CTapeHHe,



KOTOpPOE BBIPAXKAETCA B IMOSBICHUM OCLMIUIALIMNA Harpy3KH Ha KPUBBIX PacTAKEHHS
(oddexr IToprena-Jle lllarense) Do sBaenue B Al-Mg crnaBax ¢ coaepxanueMm Mg
6onee 2%, COOTBETCTBYET MNEpeXoay K HECTaOMIBHOMY IUIaCTHYECKOMY TEYEHHWIO U
JOKAJIM3allMk  TUlacTHUeCKo  aedgopmanuu. Bo-Bropeix, B 0071aCTH  HU3KHX
TEMIIEPATYp 3aTPYAHAKOTCS IPOLECCH] BO3BpaTa, IPOUCXOAALIMUE B CIJIABAX C BHICOKUM
3HaYCHHEM JHEpruM JAedeKkra YMaKOBKM U CHOCOOCTBYIOLIME YMEHBIICHHIO
neGopMalMOHHOTO  yNpouHeHWs. B pe3yinbraTte mnpu HU3KHX TeMIEpaTypax
Ko3poumeHT AeGOpMalMOHHOIO YIPOYHEHHUS YBEJIWYMBAETCS, YTO IOBBILIAET
cTaOUIBHOCTh IJTACTMYECKOTO TEYEHUS M, COOTBETCTBEHHO, IUIACTHYHOCTh Al-Mg
criaBoB. B-tperbuX, BIUIOTH 10 Temneparypbl -270 °C B ajllOMMHHMEBBIX CIUIaBaXx
5XXX cepuM mpU CTAaTHYECKOM HAarpy’)KEHHUH COXPAHAETCS BA3KUHA MEK3E€pPEHHBIH
MEXaHHU3M paspylieHus, TpeOyromuil OOoJbUIyI0 UIaCTHYECKYIO AehopMaiyio s
(bopMuUpOBaHHS TOBEPXHOCTH U3/I0MA.

CyliecTBeHHBIM HEJIOCTaTKOM, OrpaHUYHBAIOIINM MpUMEHEHUE
NpOMBIIUIEHHBIX Al-Mg cruiaBoB, SBIS€TCS UX OTHOCUTEIBHO HEBBICOKAs MPOYHOCTH
B OTOM¥OKEHHOM COCTOSHMH. Tak nmpu KOMHATHOM TeMIieparype mpeje MpPOYHOCTH OB
He mnpessimaer 335 Mlla, a mpenen TekyuecTH oo He npesbimaer 175 MIla.
IToBblIeHHE IPOYHOCTH ATIOMUHMEBBIX CIUIABOB B 00JIACTH HU3KUX TEMIIEpaTyp MpH
COXpaHEHWH IUIACTUYHOCTH MaTepualia Mo3BOJIWIO Obl IOBBICHTH IKCILTyaTallMOHHBIE
CBOMCTBA M3roTaBIMBAEMBbIX KOHCTPYKLMH, a TakkKe CHU3UTH MX BeC. BO3MOXKHBIME
crnocobaMy MOBBIMIEHUsT NPoYHOCTH Al-Mg cIutaBoB sBISETCS JIOMOTHHTEIBHOE
JETUPOBaHUE W TepMOMexaHuueckas oOpaboTka. YBenuueHue cojepxkaHus Mg B
cruiaBe 10 5-6 % M 10NOJHUTENBHOE JeTHpPOBaHHWE CILIaBa TAKMMH JJIE€MEHTaMH, Kak
Sc u Zr, obpasyrommumu kKorepeHtHsle Al3(Sc,Zr) uwactuusl pasmepom g0 10 HM,
MOBBIIIAET BEJIMYMHY mpesena Tekydectd noutu Ha 100 MIla. Tawke 3¢ dekTuBHBIM
croco0OM TOBBILIEHUSI TPOYHOCTHBIX CBOMCTB Al-Mg CIUIaBOB NpH COXpaHEHHH
YJIOBJIETBOPUTEIBHBIX XapaKTEPUCTUK IUIACTUYHOCTU, CTOMKOCTH K pacCiiauBaloleit
KOPPO3UH SBJISIETCS HArapToBKa ¢ TMOCIEAYIOUIMM CTaOMIM3AIMOHHBIM OTHKHUIOM.

Taxas oOpaboTka, Kak paBui10, MPUMEHSETCS 1l TUCTOB U IIUT Al-Mg criiaBos.



Tem He MeHee, [0 HACTOALIET0 BpPEMEHH OMYOJMKOBAHO HEIOCTATOYHOE
KOJIM4ECTBO paboT 1O KOMIUIEKCHOMY pAacCMOTPEHMIO BIMSHUS HECKOJIBKHX
YIPOUHAIOMMX (AKTOPOB Ha HHU3KOTEMIIEpATYypHBIE CBOMCTBA MAaTEpPHAlOB, YTO
OrpaHMYMBAET TMIPEJCTaBJICHHE O B3aMMOCBA3M MEXKIY YCIOBUSAMH 00paboTKH,
pa38mﬁeM MHUKPOCTPYKTYpPBl 1 MEXaHUYECKMMHU CBOWCTBAMHU MaTepHala.

He MeHee BaKHBIM ABIAETCS HM3YYCHHE MPOLIECCOB M METOAOB COCAMHEHUs
BBICOKOIIPOYHBIX KOPIYCHBIX KOHCTPYKLIMH, paboTaomMX MPH HU3KUX U KPUOTEHHBIX
temneparypax. OJHUM M3 caMbIX MEPCIEKTUBHBIX METOJ0B CO3JaHHUSl HEPAa3bEeMHBIX
COCMHEHUI JIMCTOB M3 TEPMUYECKU HEYNPOUYHSIEMBIX JTUCTOB aIFOMUHHMEBBIX CIUIABOB
ABIAeTCS cBapka TpeHueM ¢ nepememuBanueM (CTII), kotopas mo3BoiseT noxydarsb
CBapHble COEJMHEHHS [0 MPOYHOCTH, HE YCTYNAIEeH MPOYHOCTH OCHOBHOTIO
matepuana. OnHako B OOJBIIMHCTBE MCCIEAOBAHUS CBOMCTB CBAPHBIX COEAMHEHHUH,
NOMYYEHHBIX JaHHBIM METOJOM, BBIIOJHEHBl NPU KOMHATHOM, JmbO 1pu
MOBBIIEHHBIX TeMmnepaTypax. B 3TOil CBS3W HSKCHEpUMEHTAIbHBIE HCCIIEIOBAHUS
MOBEJEHUS CBApPHOIO COCIMHCHHUS B LIEIOM M €ro OTACIbHBIX 30H B YCIOBHSX
KPHOTE€HHBIX TEMIIEpaTyp, a TAKXKe YCTAHOBICHHE CBS3M MEXKIY HMX CTPYKTYpOill u
MEXaHMYECKUMU CBOWCTBAMH ABJISETCS BaXKHON HayYHOMN M MPaKTUYECKOU 3a1aueid.

Basxcnocms u axmyansnocme pabotsl XKemuyxuukoBoit [[.A. onpenensercs
TE€M, YTO OIPEAE/IICEHA BO3MOXHOCTH 3HAYUTEIBHOTO ITOBBIIICHUS MEXaHUYECKHX
cBolicTB Al-Mg cru1aBoB, AOMOJHUTEIBHO JETHPOBAHHBIX S¢ M Zr, TP KOMHATHOM U
KPHOI€HHBIX TeMIlepaTypax 3a CueT TepMoMexaHW4ecKod oOpaboTKu, B TOM uHCIIe
METOJOM  HWHTCHCHBHOM  IUlacTHYecKOM  aedopmanmy, HampuMep, METOI0M
paBHOKaHaipHOro  yrioBoro  mpeccoBanuss  (PKVII);  wm3ydyeHo  BiamsiHue
nehOpMALIMOHHOM CTPYKTYpbl Ha MEXaHMYECKHE CBOMCTBa J1e(OPMHUPOBAHHBIX
nosryabpukaToB U MeTallla CBapHbIX coeauHenuii, nmomyyeHHsx CTII; uccnemosano
BIMAHME HHU3KUX TEMIIEpAaTyp Ha MEXaHWU3M paspylICHUs IIPU CTATUYECKOM M
AMHAMHYECKOM HarpyKE€HUH UCCIIelyeMOoro cruiaBa co Sc.

Ha ocnosanuu evinonHenuvix 6 OuccepmayuoHHou pabome uUccie008aHull

HONYYeHbl pe3yibmamol, 0baadaroujue Hay4HOU HOBUZHOIL.



1. IToka3aHo, 4TO B OTJMYUH OT MPOIIECCOB XOJIOJAHON M ropsAY€eit MPOKaTKH Mpu
KOTOpPBIX 3epHa B Impolecce JeopMaluy BBITATUBAIOTCS BOJb HAlpaBJIEHHU
nedopmaliun, npolecc MHTEHCHBHOM IutacTuueckoit aedopmanuu Meromnom PKVYII
obecrieurBaeT (HOPMHUPOBAHHE CTPYKTYphl C PaBHOOCHBIMH 3epHaMu pasmepom 0,7
MKM U 00BbeMHO# jnoseit 6oee 90%.

2. IloarBepka€HO, YTO OJHOBPEMEHHOE YBEIMYEHHE TMPOYHOCTH U
IUJIACTUYHOCTH B MCCIEIyeMbIX aehOopMallMOHHbIX cocTosiHuAX Al-Mg-Sc-Zr cruiasa
NpU MOHWKECHUH TEMIIEpaTypbl OT KOMHAaTHOU 10 -196 °C ckopee BCero CBs3aHO ¢
MOJABJICHUEM  JMHAMMYECKOro  1ehOpMAallMOHHOIO  CTAPEHHS,  YBEIHWYECHUEM
kodpdunmenTta  1epOpPMALlMOHHOIO  YNMPOYHEHHUS M COXPAHEHHEM  BSA3KOIO
BHYTPH3EPEHHOI0 pa3pyllIeHHs B KAYECTBE OCHOBHOIO MEXaHU3Ma.

3. TloaTBepkaeHO, YTO yJapHas BS3KOCTh BBICOKOIPOYHOTO TOpAYCKATAHOTO
Al-Mg-Sc-Zr cruiaBa cnabo 3aBHCHT OT TeMIeEpaTypbl, TaK KakK paspyLIeHHe
MPOMCXOAMUT, B OCHOBHOM, IO BS3KOMY BHYTPHU3EPEHHOMY MEXaHH3My, YTO
xapakTtepHo U1 Al-Mg cruiaBoB.

4. YcraHoBieHO, 4TO G1M3KHE 3HAYEHUS MHOTOIMKIOBOHM YCTallOCTH MeTaslia
CBapHBIX COEAMHEHMH M OCHOBHOIO MeTa/ula cBf3aHbl ¢ o0Opa3oBaHHEM
MEIIKO3EPHUCTON  CTPYKTyphl MeTajula IBa, TNPENATCTBYIOWIEH  3apOiKICHUIO
YCTaJIOCTHBIX TPELIHH.

IIpakmuyeckas 3HAYUMOCMb  GbINONHEHHOU pabomsl  3aKIOYAEMCS 6
cneoyroujem:

1. IToka3aHna BO3MOKHOCTh NPUMEHEHUSI IOpSUYEKaTaHbIX JIMCTOB M 3arOTOBOK,
[IOJIy4EHHBIX PaBHOKAHAJIBHBIM YIVIOBBIM IpeccoBanueM, u3 Al-Mg-Sc-Zr cniaBa uis
u3aenui, paboTaromux B 00;1aCTH HU3KUX U KPUOTEHHBIX TEMIIEPATyp.

2. Tloka3aHa BO3MOMKHOCTH MCIIOJIB30BAaHUSI METOJa CBapku TPEHUEM C
repeMelMBaHUeM Ul MOIYyYEHHUs CBapHBIX coeauHeHui nuctoB Al-Mg-Sc-Zr criiaBa
¢ kodpdunuentoM npouHoctd 0,9-1,0 OT MPOYHOCTH OCHOBHOTO MeETaia TIpH
temneparypax ot +20°C xo -196°C. Ilo pesyasraraMm paboT nojaHa 3asBKa Ha IaTEHT

110 MOJIY4EHHIO CBAPHBIX KOHCTPYKLHUH CIIIaBa ¢ BBICOKOM BA3KOCTBIO pa3pyIlIeHHUs.



3. Pesynpratel pa®oTBl M METO/BI MCCIEAOBAHHMA I10 M3YYEHHIO BIIUSHUS
TEPMOMEXaHUYECKO 00pabOTKM Ha CTPYKTYpY M MEXaHMUYECKUEe CBOICTBa
IKCniepuMeHTanbHOrO0 Al-Mg-Sc-Zr criaBa npu KpUOTE€HHBIX TEMIIEparypax MOIryT
OBITh MCMOJBb30BaHbI TMPU PEIICHHMM TMPAKTHYECKUX 3aj1a4 110 TPUMEHEHHIO
IPOMBILUICHHBIX J1€(OPMHPYEMBIX aJIOMHMHHUEBBIX CILVIaBOB CO CKAaHIMEM B CBapHBIX
U3/JeNusAX, paboTaromux B 00,1aCTH HU3KUX H KPUOTEHHBIX TEMIIEpaTyp.

O6masn xapakTepHcTHKA padoThbl

Tema panHOM jaMccepTalMOHHON paboTHl  SBISETCS IEPCIEKTUBHON U
aKTyaIbHOM KaK ¢ Hay4yHOM, TaK M C NpaKTU4ecKoW ToukH 3peHus. llenu u 3amaum
aBTOpPOM cOpMYyJIMpPOBaHbBI YETKO M SCHO, OOBEKTHl HCCIe0BaHHH BHIOpPAHBI
00OCHOBaHHO, KOMIUIEKCHBIE MCCIE€IOBAHMS IPOBEACHBI JOBOJIBHO CHCTEMHO WM
TLIATENIBHO.

PesyabsTarsl quccepTaiiMOHHOM paboThl OBLIM MOJyYEHB! B paMKaX BBIITOJIHEHHS
rocyrapcTtBeHHoro Kourpakra Nel6.740.11.0395 «Pa3paGorka BBICOKOIPOYHOIO
cruiaBa cucteMsl Al-Mg-Sc 1 paGoThl pH TeMIepaType CKMKEHHOTO MPUPOIHOTO
rasa», peanmsyemMoro B pamkax ®ejepanbHoil 1eneBoit mporpammel «Hayunbie u
Hay4Ho-niefarornyeckue kaapel Poccum na 2009-2013», a Takke MpU BHIITOJHEHUH
rocyaapcreeHHoro 3aganus Ne 11.1533.2014/K no teme «Pa3paboTka HayuyHbIX OCHOB
NOJYYE€HUs BBICOKONPOYHBIX CBapHbIX KOHCTPYKLUMH W3 JIUCTOB ATIOMHUHHUEBBIX
CILIaBOB METO/IOM CBAPKH TPEHHEM C IepeMelIuBaHueM», BbinoaHsemoro B 2014-2016
rogax, npu GuUHAHCOBOW mopiepkke MuHUCTepcTBa 00pa3oBaHUS M HAYKH
Poccuiickoit eepauuu.

B pesyibrate BBINOJIHEHHBIX HCCIEIOBaHHI aBTOPOM YCTAHOBJIEHO BIIMSHHE
racTudeckoit aedopmarnuu Ha cTpykTypy Al-Mg-Sc-Zr crnaBa, Ha CTaTHYECKUE U
JIMHAMUYECKHE CBOMCTBA cIUlaBa B uHTepBajie Ttemmneparyp -196...+20 °C, Ha
YCTaJIOCTHYIO BBIHOCJIMBOCTB P KOMHATHO#H TeMIeparype.

Ha ocHOBaHUM BBINOJHEHHBIX pabOT onpe/ieieHbl XapaKTePUCTUKH TPOYHOCTH
M IUIaCTUYHOCTH CBAapHBIX coeauHeHu#t cruiaBa, momyuyeHHbIX CTII, B mHTepBase
Temnepatyp -196...+20 °C, uMKIMYECKOH NMPOYHOCTHIO MPH KOMHATHOM TeMIepaType.

Hpamuqecxas 3HAYUMOCTh HE BBI3BIBAET COMHEHMM.



Conepxanue HayyHOro Marepuaja, MNpPEeACTaBICHHOIO B AMCCEPTALMOHHOMN
paboTe, MOTHOCTBIO COOTBETCTBYET 3afBICHHON CrenualbHOCTH. BBIBO/IBI OTpaxkaior
CyTh mOpoAeJaHHOW paboTbl U COOTBETCTBYIOT  COBPEMEHHBIM  HAyYHBEIM
NPEACTABICHUSM.

OcHoBHBIE pe3yabTaThl paboThl OmMyOJaMKOBaHBI B 7 MEYaTHBIX TpydaX, B
W3aHUAX, BXoaamux B nepeueHs BAK, nopana 3asBka Ha nmareHt PO (Ne2015139340
or 16.09.2015 r). Marepuansl paboTsel AOKIagbIBaIUCE M 0OcCykiaaauck Ha 10
POCCHICKMX U MEXK/TyHapOIHbIX KOH(EpEeHIUIX

ABTOpedepar TMOTHOCTHIO OTPAKAeT OCHOBHOE COJEp)KaHUE AUCCepTallui B
JIOCTYTTHOM H3JI0KEHUH.

Jluunviii 6xkna0 aemopa TIPEJACTABIEH B JMCCEpPTAllMM U aBrTOpedepare u
3aKII04aeTcs B IIOCTAHOBKE 3ajad MCCIIEOBAHUM, IUIAHUPOBAHUM U MOATOTOBKE
IKCIIEPUMEHTOB, PYKOBOJCTBE W HEMOCPEJACTBEHHOM YYaCTHMM B MX IIPOBE/ICHUH,
MOJyYEHUH, aHaju3e M 0000IEHMM HAayuyHBIX pPE3yJIbTAaTOB, IMOATOTOBKE HAYYHBIX
nyOnMKauMii W J0KJIaJ0B  MarepuaqoB  pabOTel HAa  HAYYHO-TEXHUYECKHX
KOH(pepeHIHsIX.

Pexomenoayuu o UCTIONB30BaHUIO PE3YJILTATOB JJUCCEPTALIMOHHOM paboThI.

Pesynprarel paGoTel MOIYT OBITH MCTIOJIB30BAHBI IIPU PEIICHHH MPAKTUUECKUX
3a7a4 110 NPUMEHEHHIO AeDOPMHUPOBAaHHBIX TMONYy(HaOpHUKATOB M3 aIIOMHHHEBBIX
CILUIABOB CO CKaHIMEM B CBAPHBIX KOHCTPYKIMAX CYy/Z0B-Ta30BO30B I10 MEPEBO3KE H
XPaHEHUIO CHKIKEHHBIX Ia30B, JUIS CKOPOCTHBIX CYJ0B, paboTaroumMX B YCIOBHUSX
Kpaiinero Cesepa. OO061acTh TNpPUMEHEHMS MOXET pacUIMpSTBCS 3a  CYET
UCIIOJIB30BaHMs pe3yJbTaToB paboT B JApyrux o007acTX NPOMBINUICHHOCTH IS
u3fienui, paGoTaomMX B HHU3KOTEMIIEPATYPHBIX M KPUOTEHHBIX  YCIOBHSIX

SKCILTyaTalmuu.



3ameyanus 110 qUCCEPTALMOHHON paboTe:

1. C nHamel TOYKH 3peHHs] COMCKATENIeM YJIEIIEHO HEONpaBJaHHO O0bINOE
BHUMAHUE M3YYEHHUIO MEXaHHYECKUX CBOMCTB Ae)OPMHUPYEMOro aJOMHUHHEBOIO
CIUIaBa B JIUTOM COCTOSTHMHM NPU HU3KUX TEMIIepaTypax, Tak Kak aedopmupyemsie Al-
Mg crutaBel B IMTOM COCTOSTHMM HE NPUMEHSIOTCS B U3/ICTUSIX KPHOT€HHON TEXHUKH.

2. He scHo, yeM MOxHO 00BsAcHUTH HHU3Koe coaepkanue Fe (0,01%) u Si
(0,001%) B uccaemyeMoM cIulaBe, a TAKKE€ HH3KUE CKOPOCTH ropsueil ¥ XOJIOAHOU
NpOKaTK# (~1 M/MHUH), 9TO COBCEM HE XapaKTEPHO VISl 3TOTO Ipolecca.

3. B 6onpmmuncTBe padot no PKVYII Gonbme 4-6 mpoxoJ0B Mpu MpeccOBaHUH
HE TPOW3BOAUTCS, TaK Kak Oosbliee KOJIMYECTBO MNpoxoaoB (y couckarens 12
MPOX0/I0B) HE MPUBOAUT K YBEIHUCHUIO MEXaHUYECKUX CBOMCTB.

4. Cnemyer yTOYHHWTBH, 10 KakuMm napamerpaM ctpykrypa nocie PKVII u B
3oHax CTII Gauska. «bam3ocTh» MOXKHO OXKHAATh B pa3sMmepax 3€peH, a JApyrue
CTPYKTYPHbIE XapaKT€PUCTUKU: PAaBHOOCHOCTB, TEKCTYPUPOBAHHOCTh, KOH(UIYpallus
rpaHull 3€peH, TepMOJMHAMHMYECKasi PaBHOBECHOCTh W JIp. Pa3IMyaloTCs Jaxe B
3aBUCUMOCTH OT criocoba PKVII.

5. He coBcem akkypaTHoe 0pOpMIIEHHE PUCYHKOB U IrpaMKOB B JIHCCEPTALUH.

Tak nosicnenus Ha rpadMKax u MOAMKMCH OCEil HAa PUCYHKAX PasHOA3BIYHBIE.

I"Iepequcneﬂﬂme B OT3bIBC 3aMCYAaHUA HC CHHIKAIOT HayllHOﬁ H npalcmqecxoﬁ

IIEHHOCTH BBITIOJIHEHHO#M paboThl, @ TAKXKe €€ BHICOKOM OLIEHKH.



3AKJIIOYEHUE

Jucceprauus  JKemuyxknukoBoit  Jlappm  AznekcaHJpoBHel  «BiusiHue
nebopMal Ha CTPYKTYpy M MexaHudeckue cBoiictBa Al-Mg-Sc-Zr cruaBa»
SIBIISIETCS 1IEJIOCTHOM M 3aKOHYEHHOM HayyHOU paGOTOM, BBHINIOJIHEHHONM HA JOCTATOYHO
BBICOKOM Hay4HOM YPOBHE, KOoTOpas OyJeT crocoOCTBOBATh PELICHUIO MPAKTHYECKUX
3aja4 TPU UCTIOIH30BAHUM MPOMBIILIEHHBIX ATIOMHUHUEBBIX CIUIABOB CO CKaHIMEM B
CBApHBIX KOHCTPYKUMUAX Pa3IMYHOrO Ha3HAYECHUs, pabOTAIOLIMX B YCIOBUAX HU3KUX U
KPHOTEHHBIX TEMIIEPATYP.

ITo kpuTepusiM aKTyaJbHOCTH TEMBI, HAy4YHOH HOBU3HBI M IIPAKTHYECKOM
3HAYUMOCTH TIOJYYEHHBIX pE3yJbTaTOB [IHUCCEPTALlMOHHAs padoTa MOJIHOCTHIO
coorBercTByeT 1.9 IlonokeHHsT O TMOpsAAKe IIPUCYKIEHUS YUYEHBIX CTENeHEH
(ITocranonenue IlpaBurensctBa P® ot 24.09.2013 r. Ne 842), a ee aBtOp
Kemuyxuukosa /lapbsi AneKkcaHAPOBHA 3aCiIy’KMBAET MPUCYKICHUSA YUCHON CTENEHU
KaHauJaTa TeXHUYECKUX Hayk no crnemmaibHocTH 05.16.01 — MeramioBenenue u
TepMuYecKas 0OpaboTka METAIOB U CILIABOB.

Ot3biB Ha aucceprammio KemuyxHHKOBOH J[.A. paccmoTpeH U 0j00peH Ha
cexuuu HTC HIIDK OI'VII «ITHUU KM «lIpomereii» nporokorn Ne 1 ot 24 despas
2016 rona.

3amecTuTellb HaYaJIbHUKa OcokuH EBrennii [TerpoBuy
HAy4YHO-TIPOU3BO/ICTBEHHOIO (812) 274-18-09
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