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OTBeTCTBEHHDBE pepakToOpbl:

3avyueB AmMmuTtpui -BuneasgporRAadweapOohdm. dusmkn YI

MeyaTaeTca no pememummweYuwuebwocoBeTa
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cogepxXaHume onNnyG6G/AMKOBAHHBLX MaTepuanos.
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4] Sydwdmnula mka NMPOYHOCTUW U NNacTUYYHC

sRIUTURBGYISJurflrtovoir 4l (el oro
fotvrrerud wprrirvefrtdrrev s sud]R
rfrRorf?2100f M ovrVRR 10 UOf B T RY[] ?)

rdrRyIduvrf C
. pdzj CHYP Jj g sZRGPC 59
Tynbckuih rocypgapoeTrg e HTHbIA ,y POBEEMEN T
2ZAHCTUTYT MeTannyprum M MaTepumanoBepgeHuUus UM,
Email: ant.suvtula@mail.ru

B HacToswee BpeMs yCcTaHOB/NEeHO, 4yTO pacna,
ctanu eccrepoBpinexmBaHnal~258bigemBEMOK OMB ATHON T
onpeaenseTcs XapakKTepoM MCXOAHOTO pacnpepgene
Ha cTaAauWuuWm CO 3HaAaUYMTenNbHO OT/NMYalwWelhcsa MHTEHC
3TON CBSA3UNW NBPER/PEPETAaB /MICRCAHEEATOMBKAYT b pacnapga wMapT
ONVWTEeNbHOM BblIl€XMBAaHUWUKN, a TaKxXe MNPOBecCTU BeE,J
o6pa3uyax KoneH4yYyaToro Bana QAuW3eNnNbHOTNIoOo ABUTaTe

MccnepoBaHMA4 nposBoAaunnu Ha KOHCTPYKULWOHHDOI
WNK® MUcCcnonb3yemMonw B pas3nunuyHibdiepmbraacrkaxX oapa
npepgcrtasBnana cob6oim 3akaomMKyBogmHoB@6 PpacctBoBeld
MNPOAONXNUTENbHOCTMU M3oTepMMmyYecKOoOLMU BblepXKMnu
NPOAONXKUTENbHOCTS b B b/l e XWIBeEAHaATAY priep Ue okdoOvaHBaldr Hao Wi .
Takuvne AgNAuTenbHbLE BbAEPXKNUW NPU BbINEeXMUWBAaAHUU N
npoyecc pacnapga M OTYeT/IMBO BbHABUTbL MHOT OCT
pacnapjga MapTeHcuTa Banpenoedsacommascatisa a33iavBe H e
MUWKpoTBeppapocTun cTtTanun 40X OT BpPpeMeHUWU BbLIIeXNBaA
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Bpems Brute:RABaHAN, T

tdimkzdss 1. 1 O0sdimddsmis! dL ddd dzgj ded™w d3d € to
o dzj o Oded™ Hd&W MmisOdd 40m.

BunagHo, 4yTo B npouecce Bbll€XMWBaAaHMUSH B M a
TepoMmoOHaMMyecKU HecTabWMWNbHOW CTPYKTYypoOIh, npo.t
CTPYKTYPpPY B 6onee cTabunbHoOe coOCTOsSsHMUE. Ym
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OB NO Mepe BblIeXnMBaHMWa npomcxoagut B 4B
MIw npouwQEXBNpPpWMpPPAPMBKATEeMNepaTypHOM pa

s3Tane pacnapga UH2a0@na BpOeEXKHEB®OAENESTAQU
4 a H a AedekTax n «ABYyX@®as3HOT O0» pac
TPMUYECKOrNo aHanmsa eorgp a3rpo B KOTHadH/aMH nded X e
cn a MapTeHcuTa cooTBeTCTBYeT oauWHVAKOBOMY
BTopoi aTtan UB33MMOep®B®OI® 4 cocToOMUT n3 Tpex ¢C
MeTacTabunbHoOrol) ,pasw@geHeodms Hof 0 » pr@aucenr aos a I
MeTacTabunbHoll)o paBHoBecusa

CoBmMecTHO ¢ coTpyagHmkamum NO «TYNAMAW3IABO/L
chepoBaHnma obpas3yuoB KOoOneHYaToro Bana pAusen
X, nocne 3aKanknm Ha ycTaHwumBmB®oOUMBHald3sbpPeé b
BbineXnuBaHUua (XxpaHeHmA2@ 0@ eCxNa@eE)pHE TRACANE
ayeHMsas MmkKkportTsBeppgpocTu (Touka 0O)

®F T DT O
T ST 0T
OO wWh o

D =TT O D W
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oTh<< 13T o

w s S
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Takxe oObGHapyxXeHO, 4yToO CHUXeHNe MMUKPOTBE
MeTacTabuW/IbHOIO pPaBHOBE®MUHAC HIAD OB RX@AMM € T &0 H
pacnapga, 3aKkaHymnBatwuwemc 4 cnepywowmm yyacTK
MUKPOTBEPAOCTbL Ha faHHOM WYwdOOWe uasfss orea)un c
~520HVHe3aBMCUMO OT CKOPOCTMWU OXNaxpsewma nmpmm 3
M3IMEepPEeHNUN MUKPOTBEPAOCTMU HRBAUN ODPRA3IBBNE KIWBIEHIBS

°)

Red [ (L1 oy R [ rrmrRAMY &1 [
glrtmlzefsff I rsllct} {JRCUR
dsudt (L RC

. polzlse dew dz,OtcH Olzw iz BYytseo O
CaH-KeTepObypr cKMWIHBLIO yHWmaspeTcBiermep 6 \CmrH,K TPoccun 4

BEduUl
Jthe VY Js

Email: aarutyunyai@spburu

B nocnepgHue r1ropab BCe 60Nbllee pacnpocTpaHe
NMONMTMMEPHbBLIE U KOMMNO3UULMWOHHBE MaATEepPPaAHK BN HEAC WMIXK

BO BCe cdepb XWU3HMN, oTpacnu TnNPOMbWJIEHHOCTW!

BHICOKMWM OTHOWEHMWEM MNPOYHOCTW K Macece, npesoc
KOHCTPYKTUBHOW rmnmoékocTbi. TNpeummywecTtTBa Takmnmx
3aKknwyagoTCoiser KocTwu, TennocToOWKOCTHN, - xMumMmMm4yec
395NeKTPONPOBOAHOCTMN, KOPPO3IUOHHON CTOMKOCTMWU M
3TOM NONMMEpPHbBIE MaTepuanbs MeHee cTabunbHbB, Y
M pas3pylweHunsa BOOHWMEXe MNUPHOTTEEHKCakBTH O. B c¢cBA3 M ¢ Te
MCNONb3YyITCH B OTBETCTBEHHLBbIX o6bnacrta4ax N HXE
ONUWTEeNbHbEe XapakKTepucTuUKW CcTapeHUAa U NON3YyU
BpeMsa QPUMMH@CKMNEe XapakKTemaaEPpWI®/1De 1 mewep b Xj
kKcnnanyartauuMm M3IMEHAWTCA, 4H4TO B 3HaAaYMTenNbHON

[1-5] . Mpwu 3TOM 3HauynTtTenbHOE B /M SKHIIH@ Y €HCaK N XU
XapakTepucTMUKN paccMaTpuBaeMmMblx MaTepuanos B
OKas3bBawWT nNpoueccb KammaTwmyeckaonr]o. uB apeasoy/Man
gerpapaynmmn MaTtTepumasn cTaHOBUTCA MeHee pgedopNn
XapakTepucTUKN NONTMMEPOB HaNpsaMyw 3aBumucaTtT OT
Ha M€ X & H VBYOE/CCKTMBEa CN O JTU M€ P H bl X n KOMMNOS3MWTHBbIX
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pa3NMWYHble BHEWHWE BO3AEMWCTBUSNA: TemMnepaTypa,
ANNWTEeNbHOCTbL M YacToOTa HaAarpyxXeHumsa wmu BWUA HanN
HeobxopngwuMobl mMccnepgoBaHWsa ada@MWalTeiicBOBe MEX a pPMaHTUE
MpepcTaBaeHHLbIE B L AaHHOI pab6orTe mccnepgoBaHM
MEXAaHMWUYECKUNUX XapaKTepUCTUK CBEPXBbLICOKOMONEKY
cTapeHwuns.

MccnepoBaHMe BNNAHMUSA cTapeHwmnsa Ha MEXaHWu
oBogmnocbL NOoO chnepgywwmm nporpammam. Tlpor pawm
nabopaToOpHBX YycnoBumax B TeyvyeHunue 11 wmecsauye
pa3yuoB B nabopaToOpHbLX YC/IOBUAX B TeyeHwUe

pa3s3uyonBe pM MBHT axXx Ha YyCcTa/oc Tkeo achdumaimreamT@in ak(
kKkna paBHoM O npunm HanpaxXxeHuum paBHOM 20 Mla

pas3uyuoB 6e3 cOrCalp emwmii)) o B oc S5Mdcnegytowmmm ecrTe
pa3yuoB B Jaboxp asT OTPEHYLEXH WyeC N160 BMEAC A U, € B

O O0OF OOWw3a
OO0 OO ©

dKcnepuMeHTb Ha MNOoON3yyecTesb npoBoO AMPIMM C b n
NOCTOSAWHMHG@BHA NP AXEMMNA . M CNbITAaHNINI MCNONb30OBaANCE
OBYXCTOPOHHUX nonaToK C€C A[ANWHOW padbDomgwiHOGHmBCT

nopaanMmlldbnyyYyeHHbBEe KpuBbe nNnon3yvecTtwn p[nA o6 p
(Kkpusasd 1), nocne ecTecTBEHHOTO cTapeHus r
AedpopmMauUMOHHOIO M ecTecTBEHHOTNoO cTapewmnsa no
15 Millbak a3 aus. Ha. P
g, % 1
150
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|
100+ :
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PP e t , cek.
O . . P
0 10000 20000

{ dMedasEdor j sk byjmisd sl f16¢ BjL MlsOtjddw (¢
MlsOtj ded™ 5 fosceOdd] 1 (SttdoOw 2) d §tshdj
MlsOj ded" 5 fesceOdd] 2 (StedeOw 3) Hdv L

Ana o6pas3yuoB CBMIMN3 noeHkd elcad ecp@repHaMme X TH
YyMEHbWeHNE BpemMeHU [0 pa3fpaEa,mda npma nodOp § 3L
hedopMayuMOHHOIO U eCcCTecTBEHHONIOoO CcTapeHWda no
cyuwecTtBBEHP@3a. TakuMumM ob6pas3oM, TRAPRHWAE NHe&@OM@EN
3HaAaYnNTenNnbHO 6O0NbWEMY CHWUXEHWIKW BpeMeHW [JO pas
cywecTBeHHOW pagerpapgauyuunm cBounwcTtTB CBMN3.

1 dzZOG BH Ofp dstidd’ o f tsdzdzy dz0 f tod W d dzOdeRBAE-Q03MHSHH j oy $ 4 (1
g d ndskls j cOlskztcr

1. Struik L.CE. Physical aging in amorphous polymers and other materials. Amsterdam, Oxford, New York:
Elsevier Sci. Publ. Comp. 1978.

2. Nadai A. Theory of flow and fracture of solids. McGrédil. New York. 1963. Vol. 2.
3. Hutchinson J.MPhysical aging of polymer/ Progress in polymer scienc95.Vol. 20 (4).P. 703-760.
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5Apy T ioR.aM. MpobnemMa JedopMaAaLUOHHOTNIO CcCTapeHua U [LAUNTeET
MaTepumanoB-BoCROO6I6T YN3A004.

6. ApyTtiHaH P.A. O BAWSAHWMN HERE HJTPrMaALHMBHHO O CCTTEPPKEHH B bl X
Mpo6nemMb npoyHoOCT-Bl. 1994, Ne 10. C. 9

7. ApyTtiHaH P.A. O peonorumm cTapewliemem@yimma pmH®@’. cypt 4
2003. Cep. 1. BEN. 1 (N 1). C. 80

f1tovriperowaglf LIt llfriYemnr
torrROARSVUMN rrsaeul @RE TS 3Bt V1 U
[J.0BONM jw. ¢ Otclse j dzd k 8 fHopdkdQ dzO M j o
MIT WM vMBJToMOHOCOB a
Email: tgsA497 @ymail.com

B goaHHOWN paboTe nNpepgpnoXeH 4YMCNEeHHbLIW anrofr
3aMun nNo onpejpeneHMWK HeuW3IBECTHOINO 3HayvYeHWUsa K
pagumayuum B T PaHUUMHOM YyCnoBWUKM TpeTbero popja
mcnonb3yert NoKanbHYI perynapuvsayunio Henok
CywecTtBOBaAaHME 7 eommes TBe@GpPpaAaTHBl praBauun 0
camMoCONpPAXeHHOCTHb 7 NONOXUTEeNbHYW onpepgenet
3agaumn.

Y4yueT CONHEYHON 3Heprun, nor NTowWeHHON noBep
ajgadveln, NMOCKONbKY a3(HMOI/EH N &© H @ @IpPlamE NICDFNHIE, Y H O
rOWEHHON 3 aPWHMTOM)OT TPpypaHO onpeagensaemMb X
CTUTENbHbBIAW WU CHEXHbLIAW MNOKPOBOB, AONSA OAOWUHE
MOoOCchepoihmn B CTOPOHBK OMHXKERPEFHHOC T 03 @Namm € C K 0 I
K NpaBas/BoeC Takkem.Mm Too6pa3vamyana pearpeage /BaHlmAH
MEHEHMNA TrEeMmMYIBPPERPHGTHEELH ON aK T B HBCTBO N |
aHUMHe o6 X0oa4MMO pewnTb 3ajavay onpepgeneHunsa K

O XX Q9T 33w
- w9 4 2 O

OnpepeneHnea, napamampac B,Mbp algBEED JML/MUD LG 18
yxwaroBoro npouyecca, Cc4YyumtTad, u4M4TO Ansa 3apgat
ayeHMsa TemMneparTypb'Y oMK piyoxraOKKUAEe FCOO JIBHOR3WI@y(Xi@a3 p a A v
pMans.b K noBepX/MsODC MWD C TGYDEETARG@IA Y B HeobXoAawn
MONHUTEeNbHAasas MHPOpPpMALUMSA 0F BpesdUREAHCIEIP. € ATeanlKeoHim en
peMeHun Te MU mETypwk cunpoBaHHOl Toukiadht koopg
HYTpu Mbp yGHpraamia @TIBW BAAHHHbIX pPa3BefOYHOW Tepwml
ANCKpPeEeTHbLEe MO MeHYL nipRB Mme H K

Ana sneMeHft &blmMpodmMPIEHL e TeH Tennoo6MeH C O0OKp!

W WWwhBh ITWwh
OOo0OIT W

R 1O Y _0Qi 'Y 1)
rgea@ditnald —nNoTOoOK BEREKCOWPAYHON pagunauum 4Yepe
Jnay tnYuijé HurapaHMUYHBLIKN Tennoo6GMeH

KosdphpmumeHTOM
e

MMe wnmMm T e N QT PYPPMyneHT.om TennoobBmMeHa

B paboTe TakxeemcHambBOsdaHP@AHMNYHOE YyC/TOBMWE
Y .
Y O® Y Y —— T Q h
11 -T o C
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rfe HekoTopasa Manasa BenMW4YMHa, Ha3blBaemasa n
Pa3paboTaHHbli B paboTe YUNCNEeHHbWBHART Op MU

peryndapumsaugyginmmu HenokKkanbHOT O rPaHmMyHoOTr o Y C 1«
perynapuns3npytuwer o PYyHKULMOHaAnNa no A. H. Tnx
BOCCTaHOBIJ/EHMWNE HensBsBecTHOTIO KOSCbeVILI,VIeHTa no
r'PaHMUYHOM YyCNOBMUA yYpeBHEH@APOAaAN@MPOBOAHOCT.I
3 HaAayYynMNMOCTHDb MeTOnOa o6ycn0|3neHa TEM, 4yToO OH n
MOMEHT bl BpewmMeHMu 3 HadYyeHnmaw TemMnepartTypbl BHYT
pa3Bego4YHOM CKBaxXmuHbl) " M3IBeCEeEBLIM (Mapmampeapy
BO34AYXa, NOTOK CONHEeYHOW papgunmauunm) onpepenart
npeHtTnpuuyuunmpyempracwharxe opBaAB®M U CHEXHOM MNOKPOB
LONAONHHOBO/MHOBOTIO MU3ANyuyeHW4a. BHeagpeHune makKkoro

MOHUWTOPWHT a n npoeKkTuMnpoBaHMWA Oo6beKTOB B Kpwno
nos3BoOoOnNAET C MOBObLILWEHHOIM OOCTOBEPHOCTHDbIO npor
MEP3NbIX TPYHTOB Npu pagmaumMoHHOM W TexXHOT eH
B3aMmMogengxBemBNCOOpPCHOBAHMWEM MU CBOEBPEMEHHDO

oTTamBaHuemM U pedcdopmMmayumamMm T PYHTOB.

wf  fidsckls j t Oz ter

l.Camapckuin A.A., Ba6buwweswny MN.H.-MBgwmopuae@nbHasa Tenn
ypcc, 2003.
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lbepepanbHoe rocygpapcTBeHHOEe YHUTapHOe npepan,
nMm. n. 1. BapagnHa», Mo ckBa, Poccuas
HauMoHAaMWeoCH/bEi OB aTeNbcKkunin aMEPUW»Li Mouumwedp.c MRea
SMUPOAPOCCUMNCKNUIN TEeXHONOTrMYeCcKUNW yHUBepCcuUTET,
Email: blinova en@rambletru

boltster ftsMmowhOsls HOdzdzz® tcOBSIsz f OdB3WIsd ¢ dzj

EcTecTBeHHbBIE KOMMNO3WUTHb (-rrppayqiviead T M @Ie a JINanTyee
MaTepuanos, B KOTOpPbLX B pe3ynbTaTe MnNpPpUMEHEH
bopmMupyeTca retTeporeHHasa cTpykTypa, cocCcTofalWwa
onpejgeneHHOMY 3aKOHY Makpockonumuyueckux obnac
npuyewm dha3 0B bl cocTas MaTpwuL bl n BKNIWYEHUNNR
reTepor eHHbe CTPYKTYypb MOryT ©O6bTb CO34aHbl |

KOTOPp bIX peanuns3ywTca4 npsamMoe n obpaTHOE da:
TemMnepaTypHbBM T NCTepBaswm C@OM™H O cKa TTCaAK VERFCAMIMB/bIA C U (
aycTemAapPA@HCWUTHOINIO Knacca, B (KYo-F00)p, bl XN ppoeTaenkmas

npuM nnacTtTunyeckonm pgecdopmaymum wn dopmupytwee N
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yhanocb HaWTW ajeKkBaTHOe peweHuvMBANpefmemarTypp
B obnacTtwn TemMneparTypbl ob6bpaTHOTO MapTeHCUT I
pacnpeagdmecdmeoBanwBun3opomMmipFaAkKiTIn UTXHNC.n geHT Ny
3aBMCUMOCTMU MUKPOTBEPAOCTMWU, M3 MepeHHONW Cc pf[BY
OUEeHKBOECT ®BRACVMBABHOMEPHOM Nporpese No BCeMYy
3TOM MUKPOTBeEepAOC T/pd.72y c[THeaH nptrac . c olc Tnapswisde 4 e H a
MUKPOTBeEpPAOCTMWN, M3mMepeHHOW Hax pmlBgpxe T @BOIE H X
MMUKPOCTPYK T ynpoac /aey C/Irae3HeMpRHao Moo BHeapr XxpHeoBcaT 1 M B T O P

o6pas3sBaagHO, 4TO CTpPYyKTypa AOCTAaTOYHO OAHOpPOAA
pekpucTtannmsaymu

MoaMiccnepoBaHMa OBKBRSMIAMEY HAWTTOMEM U T a, nonyu
npmasepHgpIBEe CBA3aHO CO 3HayYumTenbHbBM WU3Men
M3 O0bITOYHOI KOHUeHTpauunetm AedekToB (BbBICOK as4
KONnNMyecTBO LedekTOB ynakoBKWU n ABOMNHUKOB)
TEPMUYUYECKNUX HaNnpsaxXeHUR NOPXUN acHsOeepHXovbl cut p( oMM MH)a T Hp:
OT MUCXOOHOW [AedgammmupoBaHHOW d
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2. 2. O0.eBANWKAM.HBI. OcCcuHLUEB, B. H-20ZBe-T p o-8B&Knn4C8n 1alp5 2/ 41 DT/ .
—DOI: 10.21883/JTF.2023.08.55977-28.

gl rimiJyYyl L RESDuouUsRY | JHU?
vf vt ofrlsd1r it VREWEMRO[-JDUR
lHURfleRlﬁlllJ¢/(Rl1113[RI[ (1 RC
ta.1 Odzd 4 o
Y PV MBYIHWB e pHCaUyTkE&Ne X H O /Yodramaoic ¢ n 4
Email: ruslanvaliev@ugatusu

YNbTpaMennKOoO3epPHUCTHbIE (YM3) MeTannumyuecekKwu
MHTEeHCUMWBHON nNnAnacTwuyeckK oD b ymempospemiasauTe ¢i o K(alblb/ ) B
MPOYHOCTHGBbIE cBoicrTBaA, 3HayYyeHMUAd KOTOPp bIX 3 Ha
M3 BEeCTHOE C 00 flHeorwbaHamaeB HXM0eN NPAEO3KYya/BbbIBaaTHLT | UT O N[
3TOro g4a9BngefTtcda To, yTo WML He TOoONbKO @QopmMHUrf
O6Gpas3oBaHXMIOHQOHPOYCTTUP Y K TYPHB AR VM OT @O HIHOKCH @Y CcYy 6cC
HaHOABOWMWHMUKOB, HaHopas3MepHBbIX BblgeneHudi B -
LONONHWUTE@NbHBLBIN BKnajg B ynpoyaawume. MBRRAH B3N
YyNPOYHEHNA CcBUAEeTEenbCTBYETWeE UYBTHIO CBSATK HTbIAMK MBEK ncaTty,
COCTOSHMUE T—UXHIHLE pP3AaBMHEOB ECHOCTHb, Hanunyiyle 3 epH
2] Takune 0 AaHHBbBE, MOMTYYeHHSBble Npeyumnms3mnmoHHBIM
9NTeKTPOHHOW MUKpoOocKoONUMU N 3D aTOMHOIMWE HTUOTMO I P a
Mopdgonorumiw MU XMUMMUYEeCKUW cocTaB cerperauyunmi Ha
CTPYKTYypOhWn M cBHA3aTb MUX C TOHKOW CTPYKTYypOI
obcyxpgatwTcas nopnaxoAabl AOCTMUXEHMNSH B MeTannunu
nNpoYHOXTMAUAb3MYysas wMeToab WML ob6paboTkKwu, KOTOp®blE
nerkumx cnnasoB (Mg, Al, Ti), a Takxe cTaneim.

18


mailto:ruslan.valiev@ugatu.su

YnpaBneHwune CTPYKTYPpOIW rpaHuy 3epeH OTKDP
NMOBbLIWEHHOW NAacTMUUYHOCTMU U [faxe cBepxnnacTunuy
pa3BUTUNUA 3epHOTrpaHUWYHOrNro npockanb3bBaHua (37
pe3Koe yBennnyeHmne BKnapga 31T npwu bopmMmnmpos
ner npyitwmx 3N1eMeHTOB, ycKkopsawuwidlx B sgpraapeaH.
mMokKkas3aHb NPpUMEPbLINMHMOBAHWMIO HABX MNX HeoObbYHbX
MeTannunuyecekmux MaTepuanax, rge BO3MOXHO COY
M3nenumm CcnNOXHONW GopMbl M obecneyvyeHUSAs B HUX Bbl
NPUMEHEHNR.

Jok nap npeagcTaBNeH -NecC/1pE@EBAXK 0 THOA Yy unHpoo e K F18-00445%H @ Ne 2.
https://rscf.ru/project/229-00445/.

uf  Mtz§ls j tOlskzter
1. Valiev R.Z. Microstructure2023, 3, 2023004.

2.Valiev R.R., Panin A.V., Usmanov E.I., Savina Y.N., Valiev R.Z. Advanced Engineering Magiiz1s26
(4), art. no. 2300814

3.ValievR.Z.,, Alexandrovl.V., KawasakiM., LangdonT.G. Ultrafine-Grained Materials, SpringerNature, 2024
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NMHc T uhpmys mvkeur a ¥ p @A H620018E k aT e p wHIG KX p B A 1e BBc kK o 11,
Email: alisa12005@andexru

LJedopmMaynma MOHOGHKEDOGIOHHNM OB poLLeccC, ONpoOBO X
obpas3oBaHMEeM pa3/IM4YHON AUCNTOKALUWMUOHHDO M [BOW
OPUEHTUPOBKN MOHWEPUTIAMMOBGC K M N@e wWeTKN N CN0

c
7

MaTemMaTunmuyeckada Mopgenb ®depxwnbcTasl84Ba3 Hauante

rr. on s onunmcaHwmus pocTa 4YMCNEeHHOCTM! 6unonor
OrpaHUWYEHHbBIM pecypcoMm ANS BbXUBaHB&@)L B 4al
AVNHAMUKY ancnokauui, yuyunTbiBasn pas3jgeneHune

MMMOOMUWMTNSI3 BB akKHPpHabEXB ble AU N O NUDTYM CMOK@/UB M B ganb
mccnegoBannm Ha YYBCTBUTENbHOCTb K CAayu4yaliHblN
3AaKOHOMEPHOCTb pPOCTAOBH YBEW BHMAREDHDHDE T Xa&aAY
bndpypKkayumin yaBsoeHUA nepumnopga.

MoagenupyeTtTcs AMUHaAMUKA AUCNOKAULMUOHHOTO MNOTC
MW NPOM3IBOAMTCSH pacuyeT XapakKTepuUCTUK nNnnacTuye
OpoB-A@e@dnopa, Ha nNpavMepPe HWMAHMWNWMEUN U anlOMUHUS 4
OPUEHTUPOBOK, pedopMUpyemMbx PRccexemebogpeqed
XapakTepuUucTuUKN ckgmeoaT HnagymbBoBaKkadpa boprepec

MoagenvVpopaAB@A@EEMHC NO/NTb30BAHMEM BbLUYUCAUTENbHO
[1] , o6paboTkKa pacuyeTHbX AaHHBLX BbNOOANHEeHa nNp
OVITO [2].

FTnNaBHELbE oTnNnnMYynaA pes3synL/TAT @BRC VMMOQ@ATEPISAHOHOEXA H 18
OTHOCATCA K Be/IMYNHEe [JUE@AEpPENN paeOoO@YUNRLBAaBRBMEI
npouecc pgedopmaywum, BXoag-fiaimRoma.yplhaeadreames aOp
STammacTunyecKkon pgecdcdopmayunn, BKNAWYawwme cTOXa
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Tabn. 1. P & @ ey xnaapHaHKbTee PCUK COTPUOKCUT U A UG mc
Mar HuMTtTynab BeKaghopa broprepca

Mg Al
0001 - 7
[0001] [ ) Ja gliol | g101 | [001] [111]
M (u,),f d3;c 108 10° 10° 10° 2.2 ( 22
D(uyy).(Md3)t | 8. 82| 4. 32| 3. .| 5.8 [1.57.[1. 3°
LT M (ab), A; 2.06 4.5 2 3.1 4.46 16
D(ab), (A)? 0.33 2.6 2. 7| 078 |8. 5% 1. 3%
M(U),Mdz;c | 5-2(¢ 1C 108
D(Uyg). (M d3)T | 1. 44| 1. 47 7 . 58
2 3 .
Tl M(ab)A; 0.44 2 1.1
p O X A4 erHubse n u ancnokauunimn, cTaHoBATCA pas3snunyunmi
6naropgaps yemwmy n X BbiABNEHUE oKas3bBaeTCH E
CTOXACTUUYECKOINoOTYalieaMbda BK MEAHWH/DHIT acTTaavuT bMO /1 € K Y
OWNHAMMWYECKOT O MoOAeNnupoBaHUSN, a Takxe n X B

camMoagundppysunumnm B nNpeyEeLMee 70 eqyosp MAAJMBIHE I WNX UCC
1l d&zOG tsH O:tc dzts iy Is

Pa6boTa BbHNONMHEHAa B pamMKax rocypgapgngeldededrypOaBRAaHuna |

PacueTtTb npoBepgeHb Ha cynepkomnbwtTepe UMMM YpO PAH «Y|

g d dBkls j €Ok '

1. Plimpton SFast parallel algorithms for shendnge molecular dynamics / J. Comp. Phys. 1995. V. 117. P. 1
19.

2. Stukowski A Visualization and analysis of atorticssimulation data with OVIO the Open Visualization
Tool/ Modelling Simul. Mater. Sci. Eng. 2010. V. 18. 015012

IfRCVRRIVIU[Puflsd3u sl [ul [ave
Voo rRYyragunftfoAmuof 21 [HYLvUS O

s. bEC EHyudbtsiodzd Is tRjdoz j f J &z9.R.| OB H EkZ zdZOF- Olsts o
MucTtmpyowome ma MWAK. Mwn nHckAHMo ¢ K HL3526P o c c 1 s
ZWH C T UPM B MVKOWT € IKKypn ¢ T & & I &8\ HY, pbA50054P 0 Cc C U 5

SANbMEeTbRBCYKMA P CTTEBXeH GH/bIOAT YVHUVEBC eX piCEB/bT cenma @ 11 a
He pTAUT'b Me T 8284652 F<0,c C 1 A

“AANbMETbRERBC YK Maip CTTEXeH HI/bIGIT yMHYVEBCEK picEMbT celm® ® N a
He pTAIT'b Me T 828452ZPK0,c Cc 1N A

Email gabdullahatog@gmail.com

YnpaBnsemMoe W3IMEHEHMWUE NNacCTIHMBXCKMXT eQB@ilo
ocTaeTcs BaXHO I 3apavei bunsunkmu MPOYHOCTMN
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MeTannmiyeckKMmxX I 1eMeHTOB npwu I KCcnnanyatauunmn

MaTepuan cnocobeH nepepacnpepaensatTsb

TpaguuvumeHBRbL TepMMmyeckKkoro Bo3agelicTBUS [

MeXxaHWMW4yYecCcKOE COCTOAHME MeTanna, H O

CBA3MOXO GOLTW N PEAEPE AMEJTSORAK a1bHOT O
o3pgenctTBMsas, B YyacTHOCTWU ob6GpaboT[ta
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asy HEeCKO/NbKDO CBA3aHHDBX TRPVWEECCEBE
ekKTponnacTuyYecKUNIMN Spdhek T, a Takxe noasne
MEeHATHDb
MNPUMEHEHMWUSFS
HATHDb, K aK MMEHHO nNapamMeTpb WUWUMOYyANbCca
pas3uya, BeMYynmHe ocTaToO4vYHOW pecdopmal@um wn pa

DA @ yum
cor

oTpa:

3aTon paboTe Takasas 3ajavya paccmMoTpeHa H
PbLIA NPONWYITK@BI UTGK & MBILICOK OW MN/NOTHOCTW C p
MeTpamMu . B xopge 3KCNepuUMEHTOB
3ya: ero yANMHeHMWE BO BpemMaA [pgenctTBua U
XOeHunnu 7 penakcauyuwu HamnpismKXelH®reM H o cC Toal
KTa onpejgenannce BeMymHa pfedPdopMauULUMOHHOT
nnHe ob6Gpasuya, a TakKxXe U3IMeHeHMWNeE

peruMcrTopu

Harpyso

tdfkdesS 1. wRjdO 1 CMYjteddsj dels Oz dats 2
nOﬂyHeHHbleTblpeBQIﬂBEHBa}OT, 4yTO pocCT naTOTH

oBeageHunm4da. Mpwn MeHb WNX N1TOTHOCTAAX

pUBGLE NMo3BONSAIKWT BblAeNnNuThb pPeXWuMbl
TANYAKWTEEHI CAEBME@HEeHNS MNANacCTUUYHOCTMU
o6pas3uya nNnocne NPOXOXAEHWUS WUMNOYynNbca.

O X OJwW-H4 13
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NMpumMeyaTenbHO, UYTO C NPUKWMBAKHONTI YDUYEBHMT B PR G
He TONbKO ANS ynpaBneHuws pAedopMaAaULMWOHHBLM MNOBE
ANsS NOoOKanbHOTFo BoO3genicTBUA Ha pAgedeKTHBE 30HbLb
roe KOHULEeHTpauus ToKa WU TennoBOT Ol N@a@me rcamcC

nedekTa " YaCTUUYHOMY BOCCTAaHOB/NEeHUI cCTpy
mccnepoBaHWe nNokKkas3blBaeT CBSA3b MeXAYy MNNOTHOC
nedopMauyumein cTanbHOTNoO NPYyTK M 3apgaeT OCHOBY
0O6pPaboTKTUA P OOBPAMHEHHBIX HaA KOHT ponmpyel\noe M3 MeHEH

CTanbHbLX WU3IAEeNUN.
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v Ol OEMmls Odz
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1. K. B. KykypaxaHosB, r. pP. XanunkosBa, E. A. KopXHUWKOBa, A
2024, 59¢. 32233234.

2.A. IO MopkunHaE. A. BKopMpBRERpEa3 MMy nnumH, M. H. CemeHOBa,
AKy we B, C . BEurogkandaumal ef Blechanics/Solids2026, 118.
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CaMapcCcKailnuoHa MbCHCbIE O, 0 B a TYEH/ULBCEKPICMIMIEEHTA K a ;€ MU K a
C. Ro p o nCasveapac c 1 A
Email: ojv76@mail.ru

B pa6boTe npepcrtaBneHb pe3ynbTaTb 3KCcCNepum
CUT Hana MMNYNbCHOT O MarHUTHOT O nons4 ( VM) |
anmoMnHVELBWEBOTI O CcN/jJaBa NOC/e UCKYCCTBEHHOT O (
noapBeepranmwmeap aaldik ea° G e yle Hu,e ox naxanepHmOe °BC.B O 4
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Mocnepgytwwee cTapere@rn aplaZzelp jeCn vB 8rpeml e Blwoes a2 ncrT
MMM ocyuwecTBAANMW C aMNAUTYyAOWU HaNpPAXEHHOCTMN
hbopmMax ecumrmHyacncan e aHQ@d. MMUKpOTBEPAOCTb MU3IMEDP:
Harpyske 100 r (ycpepHeHne no 30 d%nevaTkKam,

B 3aKka/leHHOM COCTOAHMNUMNM MUKpPOTBEPLOCTHb co
CKyccTaRapMHOEMNEe BE3xER TN XNAP O C TYT AU KI1plodr Bl p /A0 M 2
bycnomsapegile@ @Y NPOYHSAWLUE A 3, 3 bl T OAPl MsOL3i A We W O B U
mcnokdanmaxeHmune MMM B npouyecce cTapeHw®ns np
MNPOYHBMHAMIEMHYCOMAANNBHOTIO CUTHanNna NPUPOCT MUK
eanap8 %. Takunum ODpppyemMcsaperpaLBRMma@8csHBECMAain
b de K2, Be/NUkiMTH@ap oy necTBEHHDO 3aBucurt oT d
peanonoxXxwmMMElaoeEMOoPOCTBYE bopmMmpoBaHMUI MeHee
CKaXeHHOUMW ,El,VICI'IOKaLlMOM-ILHWFIE:"II‘BJ'IOprETypbﬂ,peyBEﬂT\
BUXYLWMXCHAS AguUcCnokKauyuwunimn.

NSJgwz<hos

Mo Ja@aHHBLIM pPeHTTrIeHOCTPYKTYpPHOIro aHanmsa, ClI
cMeweHune ANPPaKULMOHHBIX NAUHWUK B o06GN1AacCTb MEHLb.I
nonywumpuHe Ha 0, 129°, WHM ey MEHKREA EMOpEA A B M I
AedeKTHON peweTKMU. BospgeiwcTtTBME MeaHAQPOM CABY
66nbwnx yrnose Ha O0,150° M yBenuuumBaeTononyLuwy

CTYKTYPHbBIX M3MEHEeHWSAX UMHOTOoO Tuna

e
0
2

dopmMa cur Hanaa VKM TaBYieacekTICM nNapamMeT pPpoOM, onp
KoOnNmuyecTBEeEMAIWN MEPJ)yacCTUNYEeCHKODTIO KvapMMpe K TEE HHble
Kpnmcrtannumuyueckon cTpapplomy p acensoddshda p e HHOT O
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TOMCRBDAYy AapCaABXWHHBHITYPOMT ¢ HMBRBRPEOmMEWCC NS
Email: Yanalipatnikova@list.ru

MnacTuyeckaa pedopmMaumsa WU pas3pylweHme MeT :
dbopmMUPWOEBME C /10 XHblIX HeoagHOPOAHbIX noneim Hanps
onpepensaert KcnnyaTaUuMWOHHGLbIE cBolcTBaA K O HC
NPOrHO3MPOBAHNMWA NOBefeHNWHA MaTepumanoB MNOA He
MaKpocKoONMYecKMUe, Tak WU evinokppMmacLurvpuy.K TB/ pHa&I@ET cascL
an s mccnepgoBaHMsa MakponoKanumsauyuwmum nnacTtuyec
MHOTFT OYPOBHEBOIO MOAENWNPOBaAHMINC aMdBe QmeHdsoqumaiil
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TEepMUMHEaXxxa HMU KM pOedopmMumpyemMoro TBéppaoroll.TtTena |
UncneHHass peanusaumsas onNMcaHHOrNo noaxopga Mofae
nporpamMMHOM KoMnnekce Me[RQloAOM KOHEUYUHbLIX 3/1emMe

PaccmMaTpuBanunucb pa3iIMYHbIE PEeEXUMb Har pyxXewH.y
MHTepMeTannunapeaKoobpasmwg@eaHnmw@pmn >3TOoOM Bapbup
reoMeT EUIYaEPCAKMIOTOP a 3 X, @ Ba K T e p YyNPOUYHEHMUSH anewmve.t
pedopMnpyemMon Hape@amsann KPHEEHT P asT OBpMOABE Hpaan3ppaeraect
6 0K OB blX rpaHasax AedopmMuMupyemMblx obpazuom. B
9nNeMeHTapHbBLX o06bemMoB oOb6ecneuyumBanacb pas3NUYHE
MaTepumana 39TuUuX O06bBemMOB B BMeaPEO p3mMaBMcIK M O X eNia
npeacTabBi/mae pmy@y HKe 1.

B pe3synbTtTaTte 4YyncseHHoOr o Dvio@mepmnwip® B @ue hD p M &
NPAMOYT ONbHBIX MeTanNmmwe KX A ROPAIB LLANAB CXaTuwu
MONMYYEHHBIX pacyeToB BbABMNEHO, 4TO NMpKU cuUeHap
npoTtekaerT B Lenom OLAHOpPOAHO, npun MRa®mMA XeH
bopmMupyerT aue W B/MOBKI@a4IEb HOT O CYXEHMUA) npu yYyCNnoBMUL
KoHcunpepa.
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pyeTcsa ycToihuyumBasa Makponokanumsauwus nneé
MBHOT O cAaBUTFroo6Gpa3oBaHMa. Tpu pacTsaXeHUV
TUXEHUNM yyvacTKa pas3ynpou-gegnop MaHlaM S K pBU B DI &
a3ylTcs NoOAOCbHL MakKponokanuaauwuwu.

Mpu peanusauumunm cueHapwusa 3 (pPpUCYHOHM KlaBe)T B
nonoca MakKpokanusauum, HO 3a CUHYeT nNnocnepyroLle
nedopmMauymns CTaHOBMUTCA 6onee OOHOPOAHOI. B
npoyeccb popmMmupoBaHMUA WelhkKun cedBoBaegpoLmne pa
nedopmMnpyemmasuyua, cTabmnmsaumpysa TakKumM obpasom

Hanuuune KOHULEeHTpaToOpoOB HanpsaXeHWI B B UL ¢
nedopmMupyemMoro o6pasua ycunueaeT npouecchb Ma
AaBnNseTcCA onpeagenswoOwWnmMm B OBCOTIMP O O B H OMPOOTAEHPOU O Y CT
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HanpoTtus, COOTHOIWEHNE BbCOTbL oO0O6pasya K er
Makponokanumsauum MU noTepun yYycTOWYMBOCTU OAHOP

MeTog MHOT OYPOBHEBOT O MOAEeNnNuUWpPOBAHMUS Mo s3E
Makponokna nmasaaummyieckoih pedcdopmMauumm B MeTanna,

yCnoBwuaAaX ANHAMUYECKOT O HarpyxeHus. MokasaH:
onpeapenssetTcs He TONbKO BHEWHWUMMU YCNTOBUAMMU Ha
MaTepuana, er o faedqetkarkiioei TCeTopWETTpypeoiti , o Gap a 3 U ¢

pe3ynbTaTb MOTFyT O6bTb UMUCNONb3O0BaHL ANSA ONT.L
o6paboTKknm MeTannoB MU NPOTrHO3IMWPOBAHWA UX MNOBE
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gt d deckls j £ Ok "

1. bends HCopnosdE BalunatHuwkdmagsh MaTemMmaTVMM@LE&D@p OBTaHMUeE
MeXAUCNOKagBBAmMmMEX e Ao MBKIPOCKONMeeopm@yMmapegnpod.

B. £fTapeH4YEOMDKOMCRRAYy AapCaBeHTHGHITYOWMAT e/ /HB P 20056 T
540c .

2benwBMBany it kManaTHAKER @ o BO.EECa ap e HB.e Ak ,ok8. . P A MM
1"BcyeT -MnKMpaX ponapameTposB RO & ¢ T UCUNENCAaKBOOB ACeopO@mBAE P X C T P Y
YyCNOBUAX AUWHaMuyedCBERDOOT &/as @iyBke H@aa'TocyagapcTBEeHHON per
3 B MNeRU 20216625462021.

o1 0f RS st 3uRpfa L [ IftserRIART sV RE C
V{1 3Zz1Rcsel Joobu AR I u vl
Il 3 s mt ] rRouwf@®] ®r1 ¢911

. oo MEAWY, HisMj j o0
BEenropopcCk M@ P CH &BLEVHMHHIGNICLCHILEAD O B &y THM/BEECPKCMIT € T
Email: lugovskaya a@bsuedu.ru

MopgepHuUusayumsa yronbHbXx TI3C Poedunun [AeBiTT ey ol
SHeprob6nNnokun paboTawT -THEOM° Q22 D40 va-8 7 fedlglx 834 5
BbipaboTanm pecypc n nMewT 3HayYnNnTenbHLE B
cynepcBepxKkpurtunyecckune2 ncaB,amvmbdbeiipp napaof@d®Oonop
ADA5% coKpaTuUuTb pacxopn ToemaikmmBe MH eBprog/ceK UC Oy X e
AnoHUMNM, EBpone, Kntae " C WA. OpHako Aansa 3T
3KcCTpemManbHbe Harpyskun 6e3 noTepum NPOYHOCTMU,
MepcneKTMWBHDBE TBIKAC OCKTOAX/PMO MME P T € H-GWETHOT 4 0 K Mg ac
TemMnepaTypax Bblwe 620 °C-3lax 5GBROMOCVBA BYXXOPMMHHM
OTCNOEeHNUA OKCWUAHBIX OKanwuH. PeweHunemM gaBnAeTCS:S
KPUTMUYECKN BaxXHbe [eTanunoT 30TKOM C3/IaeUlMMTAN TU  MNOOBBELPCX
pecypc 21eMeHTOB Ten/jsoBbX 939Heprob6nNOKOB B 3KC

B kKkayecTBe nNoagnoXkKu O6bna BH®SpPpAHE EHUMAKEERP
C 0 Cc T a Felyl2,6C-8,7%Cr-1%Mo-0,9%WN-0,2%V-0,07%Nb-0,1%Si-0,4%Mn-0,2%Ni-
0,05%N-0,003%8-0,02%Al. MpoBepgeHHasd TepMMmyecskas 06pa
TemMnepaTtype 1050°€TBycreuyrpmntdveagcartrype 750°
MaTepwuan {ficoxkepmer nzr OH a HHEACELTHAHAL OM Marlr HEeTPOHHOT O
MeToph 3aKknwy-ayelBBpBacvOBAMOHNKN MUAWRHTEEAB HBA fa PM VOLKEE
6 bl1a M3roTOBJ/IEeHaA n 3 nnTOoIMW XenesHOM OCHOB BbI
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Pacnb/ieHne MMUWEHMW oOocywecTtTBAANOCbL B cpepe apr
faBneHunme B Kamepe (nepepn HEIOYmmoM capr cPHaab)ou
gaBneHune-56M0*oma p1. CcT. TonwunHa NOKPLTMUR 6 bl N
CKaHunupywower o 3nekKkT Qoant®@@) . vRwapoOoBKIdinaoCTaB Nno
M3yyeH C NOMOLWb I P evHqgrpraekHToocM epTypkar yRiHgoarkou gUl t i m.

Ha wnccnepyemble o6Gpas3uyub O6bl/IMW HaHecCceHbB MNOK )|
npepctTaBnano cob6o0iW CNOW UHMUCTOTNO HecTaAOmM@PWM3 U |
35TOM NOBEepPXHOCTb MUWEeHW dopmMmpoBanacb CNAOLWI
cocTaB MaTepunamabuwauIBBPYHHHEMEe ygodaBemnu, OKC WU,
(Y203) MNnW WHBE OKCMWUAIBLI. MoK pbLTUe N«e feB3nasd /MO CObK CKIC
UNPKOHZD) (e 6bINO NONyyYyeHO MeTOALOM HaNbNEeHUSH
copgepxaaledin A8 ullapBkeocHKMBAN pB AN U CDbL CUMMETPUYHO U
paccToOfAHMUEM pfgpWIToOoOTOAgpPVEAUMBREJHNECGHUYHT PRWL U
MOKpPBLTMKNE Ne3 Takxe npepgcrtaBnano A Fe-Bro2h K oMM
CMHTEe3MpPOBAaAHHLbBIN nyTém pacnbledMEAN AN WG MHMK O
CpaBHUTEeNbHbBW aHannMi3 MUWeHeW No3BONAEeT npeanmq

Xenesa HUXe, NMOCKONbKY 3HauyuTenbHasa 4YacTb N
KOMNOHEHTOM, MO3TOMY fAaHHbBLA KOMNO3IWUT HaxoAwWU
oyuepeab, NOWEAMTIE®UBYGe K@asas nNpeBbWEeHMEM NOPOT a

OKa3bBaThb BAOAUnWAHMNE H a er o cBoOMcTBaA.

AHa nMBaHWPYIUELKITPOHHOW MUKPOCKONMUM MNoOKasa.

MONYYeHHblX NOKpPbHMNUAMKMO.C TRBM ARA O0ONM HabnwgaerTc
TONWMHB B 3aBUNCTMMVMIOEC TM O K P bIT U A 2 (CN/IOOKAP bl® U € T ONelo)
OKas3bBaeTcsa Haumbonee TOHKMUM, YTO OOYC/NOBI/IE€HC(
okKcmMmpa NO CpaBHEHWIW C MeTannomw. Hanb6onbuwas+
Ne3, KOTOpOe AeMOHCTpuUupyeagmakCun/mMmagbbadeH BXH ac @

PEeHTreHOCTPYKTIYEHWWIAIAMNAHNANM3NOK a3 an, YT O OCH

ABNABDCATAaK Xe npucyTtcTi)yeT Bo mmowp wwioeHnaepdyex e(HRE
Tpun pasnnwuwmga opabEdenesxcu W9 Ar03 a AHBE@AKPBLIT N A
NeB3 mokas3an OTCYyTCTBMUE XapaKTepHbX AundpakumnmoH
O4HO3HAaYHO yKa3s3bBaert Ha aMop dHYOESTPIYERTYIPFK
obpa3oBaHMA OKCWMAOB Xenesa

Takum obpasowm, 6blAN yCnNnewHO C UMHOTKEP3bUTPMOMB aH abl
HoOBe oKcupga uUupkeiOy| a e & @ HWBNHNOSOVKHoaXMPHP Ak ¢ T
mMIe TOLOM Mar HeTp o HHHAOMI600 e a&Cc MbH/AEHHMBLM P e 3 Y b
nyyeHmne amMop@PHOT o KOMB(ROBIrHOAROpDOPHRPAITUHADP Fie
ABO, obnapgawT NOBbLIWEHHOW KOPPO3IUOHHON CTOVW
0 3atTpyaHaert Andhysuniw kKkumcnopopga n oOTC/noe
MnepaTypax. Jenm WRfMmIT, bl patopg e KX T pemMansb |
ynepcBepXKpUMTNYyega 20B0ON & pCgd Me Tnppaexg NMaH T eHU e C N
Me HHO P PROKMY BLITUIO, TakK KakK OHO co4yeTaeT MeTays
(Zrop cocTaBndwwmne B aMoOpgPHOWU dGopmMe, 4yTO nNOT
XapocCcTOWKOCTSa Mb Haeqyr uensen on @ y yireganopsaaBH/VeAH bl Ha u c n
TEPMOUWMUKANYECK O I PCOTYCH/DKOGECABRH ANTNKERPODH MY e CK UM X CBAQ

c

T

SoOo-Hc33300
® 4T O -0

(TBEpPpAOCTHSHb, ycTanocTHas MPOYHOCTHb) nonyudeH
KoMnos3unrta.

1l izZOG BH OB dzisdIyl®! BbinonHeHna B pavMmax MMOUYLI@PCTBAHHANY G N3
06 pa3o0BaHNBZWG20p60004. Ne
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TOMCRBAYy JapCaBeHHeHTYOMT ¢/ HMBRIPCUTET
Email: lychagin@mail.tsuru

Mpn TpPpeHWUM B MNPUNOBEPXHOCTHDLIX CNOSAX MarTe,|
cyb63epeHHasa uUC yHoacHTop3)dkpieypHKAYEGT P Y K TY pbl X apakTep
pa3aMEPepEaH3I HOro MacwTaba M pas3HbLMWU Tunamum aAWun

JedopmMayuMOHHbBIE CYOCTPYKTYPb AakwT pas3HbW BKI
NOBEeEPXHOCTN N onpepgenawTpeguer.a HeapowKoleHuHb M
YyNPOYHEHMNSd, pa3synpoyHeHNHd M pas3pyweHunsa OnNpe
2Bon1wUMA CYyOGCTPYKTYPbB npu npumbnanmxeHmm K nNOB
CYOGCTPYKTYDPbI npwu aKTWBHOW [50na@awmaikeoc,K 0 A 0 BobeL
TemMnepaTypb 3a Cc4YyeT TpeHUWAa U pas3inyme CXemMm
yyacTKax MNOBEPXHOCTMU TpPpeHUAa BAMAKWT Ha GopMup
cCyoebcTpykKTyp, a TakKkxXe Ha oOCoO6eHHOCTMW pas3BUTMN
BNANAHMUSA 93T WNX aBpaxXmTo p 0B SHeprunmn pedexkTa ynat
Kpucrtannorpagpuueckodi opuneHTtTauumn. 3aKOHOME |
NOANOBEPXHOCTHBLX c¢cnoeB UK MOHOKpWuCTannos,
TeyeHUN pAfga neT npepgcrTaBieHb B 3TOM JgokKnapge

McnblTaHHan AT peH U e npoBOAUVMANE@GLY».CXeMe hpxmma i |
CTPYKTYDPbI, bopmMupywwmecs nog NMOBEPXHOCTODLI
AYCTEHUWTHONW Mapr aHII@®OTIB € CENIBIMNAKLIO @M VOKAPaOMVK O N U
ANndppawOPaTHO HPpBAOE&ST HMOHEONBA P O BOBCHYyWIPE CT BN AU MeT
MO 1 €K YWnypHHKav U

OcCHOBHbIlE pe3ynbTarbl, NMONTYyYeHHbBEe nocne 3K
MOAenumpoBaHMWA, 3aKnwyawTcsd B Cclejywuwem.

MopgenumpoBaHWue nNpouLeccOB Ha HaAHOYpPOBHEe CO
MOKa a3 blBaesrnucaxHomee eopmeHTayumMm NNOCKOCTMWU HoOpMan
CKO/bXeHWnsa, Haobnwgaewmo . lBpnkeapero OmMe g X a8 xaT |
TpeHwus akTmnuBunsunpyert AOoO6aBOYHBLBIE CUCTEMHS C K C
cnocobcTBYyEeT OpYMEeHTaAaLNMMOHOK pUCTVOITI®OBY 1B Maxkic
oOpMeHTayuMmoHHAaAasa HEeNVMOROKEWEAPAOBB XqaeTcsa o06pa
CTEeHOK n 3 KpaeB blX ancnokauyuuni MeXnay pas
AncnokKkauMWOHHbBIE CTEHKW HaxopdaTCcsa B AUNOTIbHOM
B NMPOTMBOMNO/NMOXHBLX HanpaB/neHMUSAX.

B 111-MOHOKpP®REHa@AKIOM TE€HNeE MasnonopBMWXH bIX awncn
6onee MHTEeHCUWBPO-MOHWOWE&NM NCBr adTi@Xx obycnaB/iunusaer

CYOGCTPYKTYpPHOE ynNnpoOUYHEeHWUE 3TUX MOHO.KPUCTANNNO

MeToagoM nNnpocBeyYynmBawWeim 3NE€eKTPOHHOWU MUKPOCH
rpagMeHTHON CTPYKTYypPb OT MNOBEPXHOCTWU TPEHUS
Habopowm 30H, COCTO#WHNWKO MU BUD OMEMKEPHD 3 @@l U H
AMcnokauunmoHHBXO6qIEOEaIWIWE& THAHO3 E P EMHMMIXKC XCoypVCTT PB
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camMoM O6/1MXHEM K NOBE@/XWHMLOMK mope H WS Wdh/Bmean K M
chopmMmpoBaH MBE/NTKe Z@p HomcE 3 eopie YCbr py&a My p K OT Opble
oTAMYarwTecH4 CTeneHbW 3aMKHYTOXM@MP OMpP a HBIHLY, T P B W
CTPYKTYypOW. Nanee Habnwpaertvcs nepexopn K A
coBepuweHCcTBaA. OTAMuYynTenbHOIW XapakKTepuUcTMUK
MMWKpPpONONoCOBaASH M OABOWHWKOBASH CTpykKTypa nep
ayencrtTontTgypeécTpeme 9TOro, B HaHO3epHax caMo
cnoa HabnwpgawTCca HaAaHOALBOMWHWUKMN.,

Hab6nwpaemoe M3 MEHEeHMUe AedopMayMnoOHHOI CTQp
MOBEPXHOCTWNW TPEeHMUHA aHaNnorMyHo aBoNnwUUMKM pedop
cTeneHWmnaRNMABR@AYeCKOW pgecdopmMayumm € yyeToMmM B
BONM3UN NOBEPXHOCTMU TpeHNSd. OT0 BblpaxaeTcCcda B
peKkpucTannuUs3aaUuNWOHHBIX CTPYKTYPHbBX NpPW3IHaAKOB B
Cnosax n 006 BbSCHSEEeN M eHHEEVAOBHKOAT JIObHHHOOM CKanapHOIMI
oncnokauwnin.

PaccTtTodaHmne wMexA[y TrpaHumuyuamMm pas3s/iIMYd4HOT O TMU
yBenmumnsaerTcs no Mepe yganeHwus oT noBepXx
KBagpaTtTunuyecKkoro OTKNOHEHMNSH n X pac M@EP OB H ML
opuMeHTauMmMm MOHOKpPMUCTanNnoB Ha p[JAedopMaLMOHHYK
TPpPeHUMU.

Ayencrtasa AUMCNOKAaULMOHHAaAaZ“A CcTpykKTypa, ob6pasyt
4yepThb CcCaMoOpraHusauumm, KOTOPpbLEe oOoOTpaxarwTcsa BO
AYeeKKanapHOIW MAOTHOCTM ancnokaumwi. Benuuwm
cornacyeTcsa € Be/MYMHaAMU NpPU aKTWMUBHOWN nNnnacTwu

Hanbéonbwein M3HOCOCTOMNKOCTbLI oOb6napgatwtT MO H
HopManbHOWIOBl.aoNepEPUCTaAaNNbl C COaUT@AIT P 1O 1A S il 9 GOCT 1
POT a LUyN®OHHEC T 0N Y MBO C TBBC. € X MOHOKPMUCT amanmexe e Ha 6 N K
opueHTauMmMm NpPpU NPUOBANXEHUMN K MNOBEPXHOCTWU TOp:
BblwellB-MOHOKpPpRAREKDaRL/P aB WETHMOH CK pumcuHan ma Kk poy poBH
fLedopmMayuma conpoBOXAgaeTCcCsd HaKoOMN/JieHWEM nNnasBHbl
yBenmuyeHmem ynmcna reomMeTpumyeckKm Heob6xopawu
AJanNnbHOpeMWCTBYLWNX NoNenm HanpsasXeHUR.

AHanmus ANCNOKALMWOHHOI CYOGCTPYKTOP®BIO NIAE TIO!
npeapnonaraTtb MecTa NpeMMylwecTBEeHHOrNOoO 3apoxge

1l dzOG B H OtcakteigisdzOc ¥sH Oftgo s 7 € tsdzdzj @, odzj Mhdr 9C d&ZzOH o
toj L zdz':ls Ofs.tsle . YyYEdzOj e mME tsets, . 5. v O0OteOMtse O, . a. 1 Badyt |
ABStls Iz dzlz .

uf  MABKl j 6O kter
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YhumcwmimBep tHayem e x HMEOA08,y n3akBianwn B4r .Y da,

Poccuiwemapauyumuns
Email: medvedevag@uustru

B AaHHO paborTe npepgnaraeTcasa nopgxoan,

BLICOKOCKOPOCTHYI KpucTtTannumsauumio npuw n1nmitbe B
Nos3BOMALWYIO copmMmpoBarThb HepaBHOBEeCHOE C O
anowMMHMEBDBLIX CN/aaBOB, |munoewmemy oBYWK O@ERDY PM B I
paBHOKaHa/NnbHOE yrnosoe npeccoBaHMNE n X 0NnC
LONONHNUTENDbHBLIE CTPYKTYPHbBIE UWU3IMEHeEeHNs4a, Hanpa.l
NPOYHOCTN MaTepumanoB. ABTOp paboTb ppHer’r nNnpo
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{ dfEaseon § 6 de d d@yidid ¢ 1 é( o i &b 1 deq dajteial oz P j dad 0
H dZO s | te d{Orysin] H 5o AR S H dzts H | W 15 tafd3ch tstisgs Q) dpdetsatizts d3
i) ts ) Is ts WAdadjwisidz's fzOMis s o j Is f lsopCry j ety Xipdep H 2 & " R
Y zOBLEES yde'te2A)-0.5Fe( ) d dAFQ.5e0.3Cu( § tc O fifds-1FFe( L j dzj dz' 2 ) .
[ B dzO fipls s, O dzd Ty dafi? gzC Is cpite{ddssfejp s, L dzOuREz0lstz O dztz@eny § dzd W
s ts § B ts sm@dafiH GEE B26412023.
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CBOMWCTB anwMUHMNERBHLI¥ec mFe@d o B Bc | ar eBavAMMC corbeNIMO
cobpatuml n cmcrtemMmaTunusaIunmpoBaHb gaHHLbLEe no 006p:
MONTYYEHHOT O MeToagOM XONOAHOTO BO/JTOYEHMUSH, T
COCTOSAHMNN, NONYyYEeHHOT O KoOMOGMuHauyumnmei paBHOKa
XO0ONOAHOT O BeOp/IMOMHYEeHCKSio.e TconpoOTMWBNEHUE MNPOBONOL
cooTBeTCTBMUKN co c-208xpgapTtom | EC 6264

1
Cnnas 8176 YM3 nocne oTvTxura npu 230 °C B

TpeboBaHumuam cTaHpgpapTa | EC 62641, He o6HBecneuywn
BO3MOXHOCTMW YyBeNMYeHMA nNnponyckatwwelhn cnocobH
cnnasbl. HekoTopble Apyrume nNPOBONOKW YacCTWUUYHO
M3 Tpex, nNpunyem TpeTwnin HaxopguTcHa B npepgenax
TpeboB&HRKAMENA XONOALHOBO/TIOYEHHBIX, T ak n aonaA
OTMETMUT b, 4yTo npepgnar aemmble cnnas. bl nerupo
nervpyrwowuunmMm 3 1emMeHTamMun n B MEeHbLWemn cTeneHwu
cTaHpgaprTe, B 4Yac-Mg-®ictTu, we adirb.B alverp vMiyueckasa o0C
npepgnar ae MblX cnnasBoB nunoéo oTcyTcTBYyeT, nno
aTMocchepHOM pfgaB/eHUM npwu 230 °C B TeyeHwUe
mcnonbob3yeTcsda -Mpg/Bds wAlwa.BAdB yAdle T oM 3 TOOMJ/Da B HI plelg n
Fe wWe@d, Haxogdawuneca Ha T paHU NPUMEHUMUMOCTMWU B
626412 0 2 3, ropaspgo bonee npuBnNnekKkarTe~nbHbl c

KonmyecTtTBeHHasa oULeHKa, NpoBeae#-+HYaAN »C ¢y C«No0 N b :
YONWHEHWMaes pyale Hufa », BblflBUmM@pP BbBXa, MOHVE HIT @4 T BBeop

bonee 4yemM OAWH CcnNnnNnaB NOTEeHUMANbHO MOXeT COOT
62642 023-BT BpbIX, cnnaBe cucremmpe Alpaunein Fe ofT
Mac. % nNnoTeHuUBaAaOEBEeTMOEKOBAaTbL TpeboB-2AA8MAOoOAaH
TepMoobGpaboTaHHBX NPOBOAOB.

RMMdzj His9 Odzd | 9" ff tsdzdzj dzts fted ftsHHjtYCJ G tc-0HABEAR3, t smd 2
https://rscf.ru/project/2519-00633/.

IfrReARYy I RoUNDItCrr1 8P RU[ 281 [ 1]
forL1rruLV WA adfrstJultr REWDT Of VT 3
vf1s{wutuvsvuvg PZuuvot (L 1eASSRLURLT L1

g) [ 110954 y
5. Il MddhEOr ke lsHddse O

CaMapcCcKailnuoHa MbCHCbIE O, 0 B a TYEH/ULBCEKPICMIMIEEHTA K a ;€ MU K a
C. Roponesa

Email dnuretdinov891 @gmail.com

BoiCcOKONPOUYHGEBIW antoMnHue BEMMg—€Cwun (map B B0 T e Mbl
6narogapd onNTMWMaAaJIbHOMY CoOYeTaHUWW TynieWlbpHOKO N
MNPUMEHB EODTHAETCTBEHHBX -WO0 HATKpPEYrKWZpOeaEa bl M
METOAOM AOCTUXEHNSA THMe MMKEDXMaOH VDU €K COKMI X, HBHEOATC OT B
CnnasBBa/l A ATCKSYy CC T BeHHOB nmncorcaspeepmmee. r oAbl aKTWUBH:

BO3IME@XHWO AONONHUTENbHBRBRTHGOKDPABOEBKMWBHELWHNMMU r
HenocpegETB@EOHECCe cCcTapeHUSsa, B TOM 4Yyunucne Wul
(MMMN)OpgHakKko 60NPEOBHTT B O O CBB/IANLFEHHAOO C T 0 A H H bl X nn

HM3KOYacCTOTHHX, PIONTBX g MN NTUTHYHBGIC HANPMAKEREHO UWUMMOY .
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Mar HUTHOTIo nond B @QGOPMMUPOBAHNUN TITHWIKHWEEBO MO
cnnd&B8®&acTaeT CaH eng30ycyTeaHT O 4 H O .

B cBAa3wu C 3TMUM UeNbw p[faHHOIW pab6boTb ABA
HanpaXeHHoOCTU WMIMN Hapamep @ BB € D A GUTHGMUAHMIEKBTOY P b
cnmeB8®5nacoanapemHmm TemMmnepaTtype 140 °C AonunTtenbH

MnKkpoTBepagoCEBMUKPOaEBRPRAOBER npu Hampyske
BpeMmar pyxdHiwa Kaxagoe 3HayYeHMWEeHWUEIRAVSEYWDL0CT
10 masmepeHnAampe Re s g ppaecaymik e 1.

170 r

=
=
i —
= —— —
110 -~ 3aKajKa
----- H=0xD
80 —=—JIMIT
50 | 1 | | L |
1 2 3 4 5 6 Hxn 7

{ dMkdtsS 1. ) tsdzjoOw LOsdmddsmls! &dCeslss j oH
i ZOs © 19514y

Mocne 3akKkaNkKuWbMmaeEpasBBEg e N0t BPeGas MMa NI oOXeHN:
NONMPUBOAUNUT MAWNKPOCT BARCPAA/DECBTA 0O 2152T 0K & ™MWyc n0B
o p Mn p 0 B3aOHHM e MhpHesceT o Ha ©n X kba B e p( eMigTZHelEg:Al > [3]),
Cnyxa@pbxepamMunu aAna 4B v HaHIWIK epHmcen dKVE I, mpxesHovaim T
MWKpoOoOTBepAaocmmn p[ooaHO8B8 pBMEeHHOM proa@ TYK aEl3NEABCa 4T H
HanNnunmMMEO XUorrawas HMTonnacTtuuldlckor o sdgdexkTa

a) 6)
1200 [ 250

1000 |

—=—IIMII
S H=0 k3

HM

D

800 r

Ad/d, 10-4

600
400 =
200

1 2 3 4 5 6H, k3 7

[ dkzdss 2. 1sdjos0v LOsdhmddshns: Of O@dj K@ o I

BzsC s Ctsdjtoj degsdesets teOMMmjwdedw, B) o j dzd yd dz®
f dztslsdesfls! HMdzsS Oyd 2

31



PEeH®BHOBCKWNUIW aHanuwseHTp epp@rEaAWWBHK®Z HPOBKOA
M3InyuyulPeRYNbTATHL pacyeTa NapamMeTpoB TOHKONMN CT

N3 ypwmica naHo, 4T O @Hpain paawkienHuHtoycat 1 UMMM 1 Kk 3
TOHKOWNW CHMPHEKT YHEBITH@AIOTCA OT 3 HauyYeHUWEBTamREAYYEH
6es Hanoxe¥meaAnnmemm.e aMnnuTtTyAabl HanpsaXeHHOCT
CyuwecTBEeHHDbBM CYP3ENOBEHRESHIEPM 6 NTOK OB KOT é perT H Arag
BO3paE TA ep/aG ALMDIICCIN O ky aie natem(cpsa2c B ) p,a® aa B& NM Y UNH
OTHOCUT®MMKPRIMCKAXKRENIB2 40)pa3a nNo oxpamsLHaEMmM,0
cocTapeHHbBMN 6e3 nonsqa.

Q9T 0 MOXHO 06BACHUTL UMM, KOT OMHEPE L@V MT AN DO Y A
AN WHULWUUPOBAHMA LBUXEHUNS N elwE N QoKeaLeVkKilt 018 1T [P
NO3TOMY H@AEPTAMETTPA X ap JIP D6 HIMCM O /TATP@I™ X [B.E K 0
[MToBbIWE HMUE amMnanTyAmabl HanpsaXeHHOCTMWN NMIM 06 eq
JOCTAaTOUYHYW ANA aKTuMBauuum CTPYKTYPHBX nepec
CoOoOTBeTCTBYLWN.X Kmewme namoocrtToe,y HabnwgaeTtTcsa KOPfJ
3aBMNCMMOCTAMNU MUKPOTBEPALOCTMU n oaoapAdMeye@ODEda T
M3BeC BHHKMWHOMEPHOCTAM nNpouyuecca cTapeHunsda.

1 dzOG tsH Otefgaif) I8 o Oded § o'  tsiddsial datsts fiy OH tayfg Bso jidedpsic 5 L OH O dzd
ZOkz¢d d o' Mhjcts ©BKOLtSo Oded ™ [ 5MMeRA2HODAO2 A jHjOYdd, hHdWw

e d dBckls j 6OIsEZter
1.B. A. JylHoBa, A. B. Tpane3sHUWKOB, A. A. NNe oH o025, E. A. Ko
2. 0. 4. MoAp.arMTHeE HH KUK OB, BectTHuk KYply. cep.na «MeTanny

3. B. IN. Enar mH, B.B. .Gupxuiporpa Au Mc e dlipm1yB aZn-Mgn. 1 aM.0 B cu
MeTannyprua. 1982.

4 0. N. FonoBWH, ®g03. 2004, 4 6 , 5, (o 769

sdf¥Jrserdt RudDLRMNRN RSP MPL RY[ &S RM
gl [Bguvl R ¢seCdmmEBR [ 1ZIMMIT SU[ [ RHURS
1RsrforlJ1d w1 [6d7fp)l umy (C1 20RDHDRcIMm v H]J
svouRrRY (s 1] tYROCT
.1 .VJidSddz, RrR. J.10dzdzr 7, ¢. ). stz&Z3OCB, J.R. ¢d
®rbYH WHcTUTYT MeTannyprwmm. MAMATehbaanmosa fRAKM
E-mail: alexgpenki@gmail.com

PasBurtue COBpPEeMEHHOI asapokKkKocCcMMyeckom
MaWMHOCTPOEHMUSH MW cneymanbHBLX oOTpacneim npomMmt
co3jaHuWeBNpmMe HCCOrBOBaHMWeEM MaTepuanos, cnoco6H
cTabunbHOCTHDb 7 BbICOKMWME MPOYHOCTHbBIE XapakTe
TepMMYECKUX U MexaHumyeckKkWmx BO3IfeNCTBUIN. B
ocoboe MecCcTO 3aHUMaKT HWaKPeWINEPBOOUYH bicEC HCOMB/EQ, B bK Hual
OTHOCUT XH6MBaBO [ O-CZTx voMb34w2e c K M1 ¢ 0@ 1780B0,0( mac c .
Mo 4,0-5,0; W 4,0-5,0;Ti 2,2-2,8; Al 1,0-1,5;Fe<4,0;Ni-0 ¢ H anBvige, 10 LK i NMPOoMBILWAE |

obo0o3HavYeHMUe 2M202 (921n202) . [cacH 6H oo ccmanamBy K
MHOT OK O MMN dNit@r-Mo-W-itdl c mcTemMy, YyNPOUYHAEeMYIB UHTeEPp
bhas3zon, M nNnpepgHas3HayYyeH ANA ANUWTEeNbHOMW 3KCNAY:
KpaTKoBpeMeHHAE pe&BROMExTOoOswenn paboTe cnnas 3
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Kn BE2gwHEOM.BAaApKIP UBMBEHEEHMHMBW,A N0 maBé®BneHI!
eTcasa BbLWL®XIKIBM e JpeTire c C 0 M, obecneynBawLWn!I
YeCKOro KOHTakKTa MeXAy PpPas3sHOPO-RPB-MWN MaTE
bpamM» pgaHHbBLIW MeToOopn nNno3BoONAeT wusbexaTb 4.
poe npwu TpagVWUWMWOHHBIX BaMEBKIOLaN X@m PRYPNBOH
naTtTennbHOMY pocTy 3epHa unwu o6bpas3oBaHMUIO
nuye [lpaspgena

O6pasub B BULAe ABOWHOM nonarTkKwu C pas3menp

NblTBIBaNWCb Ha CcTaTMWyecKOe pacTAXOPOWETHIPN
hopmMupoBarasa oc e MXTIOO M Ma ArooumyHMsLLeNie X a B @ 4 e
Wwwn Hnstron 3 3 8 2 C OAHOBpPEMEHHOMW pernmcrtpauyunei

KTUBHOCTH®b, CymMMapHOeE 4yncno CUTrHanos, CyM™
epretTmnyeckKa@TomaskimprRNeKkTp MMNnynbcoB-A3) B
00
cTemb COC1008/ 6, obecneynBawWNX JNUHENHYIW |
NblT a&2H3.McEnegoBanmeopwPa@asabHee nnaBa 3M202 u
NyyYyeHHbBEe CBapKoOil B3pPbLBOM B pexXumax uU[AeHTMUUY

KI'y M gMHaAaMMUUYecKOM gwmanaBsadames SADabnaoie @

MexaHUMU4YecCcKMUNe XapakTepucrtTunkm cnnasBa 9M202

V)

|

pepenawTCA K aKkK MUKPOCTPYKTYPOMU C n Jraassa , T 8
MOHCTpuUupyer KnaccunmyeckKkoe noBefgeHune A4 C I
XpaHas+ BbLICOKMUIMN YypoBeHb NpoOBMHDOC.T uMgop orceTmorye
nasa 3MN202 cywecTBEeHHO 3aBMUCUT OT MeTOpga I
PMUMNYEeCKDKN.OOP@®WOBHBLMN CTPYKTYPHBMMU COCTasB,]
pHa Bepaor o pacTBOpa, BHY-DR B Ble pMé HH I H OB bpIaeHS
p6wupgbl. AvHaMnukKka MUWU3IMEHEeHWHA MUKPOCTPYKTYPH
pepenaert He TOJ/ibKOMEX &OH MMaSKCPKOMCEK OO ie C K B &,
YyCBMME@CUMOHHOT O OTKNNKa, MOHUTOPWUHT KOoOTop
agommn noBpexjpaemMocTW wMaTepumana B pexumme pe
cTaAXeHMne obGpasua M3 cnnaBa JDMRAE wDXHAHWOU B A
TUBHOCTMW®: A2 Ha y4yacTKe ynpyroro Harpyxe
BHOMEpPHOW nNmnacTuuyeckKkoWw pgedopmaumm MU B 3 0HE
MKn) w” paspyuweHua (pwumc. 1).

G.

% Hns kyypeiB ADHa cTpmpyr
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rHanoB B 33TO0OWN o6GnactT
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N @ Kapbunpgos, obpasoBaHMueNn
40, 3epeH U YyacTuy n, B 3
pa3sBUTMUEM MarumcrTpasnabHO
301 H a 3TOM cTtTagunmn obnap:
20| Heprmenmn M WUPOKMUMMMYaAC
10 Mpu wMcnblTaHUU L[BYXCII
9M20 2 XapakTepMucawmy
05735 40 85 80 Am AaKTMUBHOCTMW CyuwecTBEeHH
KoppenmpyeTtT C OCHOBHGBIN
N, ® cnnasa, npuM 3TOM Ha
106 TeyeHnsas HabniwpgaetTcsa cCl
80 aMn nunTYyAabl MMNYNbCcOB A
50 ogHocnomHoro (puc. 2, a
Bo3pacTaeT KonumyecrtTB80
40 ab) MMOYyNRBDB AEAYXCNON
20 | (puc.2, 6). Takum o06p
9520 40 60 80 Az OAHOW CTOPOHDL, CNYXWH
. ABUXEHMUSA KPYNHBX AWUCIC
%g?gzggzggqbw?é M, C APYTFTOW CTOPOHDL, K
f dzOMmls d W i O 526 d n MCTOYHUKOM NnoAaBMWXH
BHdztsfr]dzlsIéc(z@(;tscf COOTBETCTBEHHO, HUW3KDO:
HobnMmdsRaBeso
My z0d @0 2

Hl]’q’frjtsg dZdls j tOkzter
MeHnkuH A. T .AHTBEanHoHBbI XB . WM. Q., MmoHuniHax Mg X AAD,.&8MccnepgoBaHue
MexaHW3IMOB pgedopmMauyumMum MU pas3pylweHMs BONOKHMUCTbHLIX KOMMOOS3

amMuclcmniepcnekK TuUuBHbBE MaTef.unanbl, 2025, Ne 10, c. 78
2. CemMauwko H. A., Wnopt B. 1., Maperema BBH.3 KN eapn MeAKr)
MaTepunanoBepgeHuunm. [ +2002M2 3 MaaumMHOCTpPpOEHMNE.
3. MeHkuHun A.T., TepeHTbeB B. ®. , Macnos /1. W. OueHka O°
cTaneh € McnonNnb3OBaHUEM MeTOAOB akKycmAuMubBCcCKOWMHIBRPEOMM
Hayka. 2005. 69 c.
Jefiril{wwrR vsvotnl®Lf1LUORRR
vit v tRUullftl)JSFEMtI)IIJIPN\JIIHIB
rrAitIMR.Rrrd)JIrerI
111 d dzs guof dAs 5 dzcROQY B ,OY ) cesob sy dz g .j 28 BL,Y o5 9

) sMmistseo Odztseo O
MHcT hmpsmvkewrr a mmedn Mn x e ¥ p @ AHEKaTepunuHbypr
Email: pilyugin@imp.uranru

3a nocnepHune pgecATuMuneTund NMONYy4YeHb O06WUPH
obpasoBaHuMAa pgedopMauUMOHHE®XR HMEPECDEWHLIKY Med @amb
nyé6nmkauyuunih npeBblllaeT COTHWU TbhbiCAUY.

AKTyanbHO M3yyvyeHUe noBeageHMHd TyronnasKWX
KOTOpPpbM CywecTBEHHDO MeHDb LWE B cnmny paga TeXHMU
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obpaboTKe. M3yuyeHb CTPHHIBGPHBILEE U GIOIRGICEHIMMN N S
AedopmMayumnmamu npwu KOMHAQTHOIW ¥/eOMn elpanyme ,B bIC O |
paBneH@k2n [ TMNMaHanmbonee TyronnasKMWUX MeTannos
KpucrtannmuyieckoWW,peMWMe,FlkimK-RBX W3 mepeHIa0 CMIMbK pO T
(MMI) mux mcxopagHoro u pedopMMpoOBaAaHHOINIO coOCTOS4

O6bpaboTKy Kak KBapgpartTHBIX, Tak W [AWCKOBBIX
BbiMONHANMN B Kepauumsecggonpxme n3y cBKEHHOT O Tyno.)
HaKoBanbHAX BpuagoxmeHa, TeMme p axT py-@PwWeMEPIE B 6 & 1
TepmMonapoi. MpumMeHANN pAap CTP,YKETHYTr HEBHXD BI@ € T O
AvndppakTOoOMeTpuUIi mMma H@QODPpBXEEHUR CUHXPOTPOHHOM
npocBeYMBaAWWWYW M CKaHUPYyOWYyW 3NeKTPOHHbLE MWK

oébwumm pagn4 mccnepgoBanes X A MEEHOPVBRLMOHHOE |
AnccuMnaTUBHBX MUKPOCTPYKTYP C pa3NMUYHGBIMKU K ack
M HaAaHOKpPWUCTaAaNNAWUTOB, UYTO onpepgpendaeTcsa AUCANOK
MeTanna.

FomMmonormnmyeckasa TemnepaTypaagacpopmMmiopo®daHLA
HavanbHadalTB@pagB8axkepcy2, cox tTlfalbansbsma Ale,gDG Mnp o B
6868, 23 IMa. ®parmMeHTauma CTPYKTYypb | r, Bb3BaA
Be/IWUNMPHA B e TBO p MU P O EPHAIBHE U T € JIK & © H OC0 B BKATHYOPCbT P §
bonbWMMNM yTrnamMm pas3soOpPUEHTUPOBKMU KpucrtannumTtoB

FfomMmonorunyeckKkasd TeEMpepanRnypa pgaeaedgapO0dacTasins
HayvanbHaa TBEéEppocTb Re cocTasRR3Ma 7Mald §dwhaH,HO
SHauvuame goHcar unpegene uniBmumexNeoi nanpleMge néHHO cCcuUwn
nNonNyyeHHoOoe pedopMaAaUUMWOHHOE YNPOYHEHUNUE peHNA
cpeagn 4YMCTbIX MeTannos. Mpn OGonbwoiw pgedopmauy
MUKPOTpPEILWNH, C BbLCOKMUMWU yragamu B3 aUCMHPLAM p a3
pacnpepgeneHnemM NOoO pas3mepam.

FomMmonormnmyeckasa TewvmBa&plagypangepphopard,b/ocTasrn
YacTb o0o6pas3uyuoB W pgpecdopmMumupoBanum ¢ Har’@esoM E
O6bpas3uyub oMBpaboTaHHLBE npwu TemMnepaType ,Bbllwe
COXpaHA/IW ULEeNOCTHOCT®H au NMDF P aBjM3HET/KEDMO M N & T [ O
MU K-p @ MaKpoTpeLwnH. McxopgHasd T B p LBdc T Ml aw
nedgopmMupoBa+HlH2,r0o BMMaB p@3 uax,o®opAa®dpamMa biIX HUXeE
XNafgHONOMKOOegakpby MUK POODPpPpaABEBIQAHO@ERX N DBATIR
NPUIoOTOBNEHNIKW Gonbr ANA 3N€KTPOHHOWNW MUKPOCKDO

Pe3ynpaHaaTlbO T MYHbIleE NOBefgeHWW BONbGhGpama npwu
AaBnewweMm nonydyeHb Ha wMonunbpageHe, C pas3HuMuUuer
MUIOP PEWNH He O6bl1T0O OOHaApPYyXeHo.

B M3YyUyeHHblX MeTannax NBOWHWUKOB nAedopmal
o6bHapyXeHO, 4YTO 06yCcCNnoBNeHO BbLCOKMWUMWU 3 HaUvYeHMN

1l ZOGBH Ocdetufiglsta ebvmecneewaosBaHmem o6opypgoBaHusa LKM
HaHOTEeXHONOKRMMUBMbIXNepPaNeprnanoBlkNNOeBILEDPD» PAE, 6aze YHY
BaMmA-Banpadooo” B UNAB @G MRAKM rocypapcTBeHHOTNo 3ajaHwud
NdM YpO. PAH
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rRef [ SOAR[BWWRI WL LI o113 tfeovft ol ]
frovofJ om NRWROS RY [ 88 [ GeRORCIM [
1ot ¢fr vl RY[H#SRBRYIOL O
. ¢ s o ,f O2 ] to
dnsmuyeckunim dpakynbTeT Yenly, UenabuHCK

Email: popova.a@csuru

MccnepoBaHMe MexXxXaHM3IMOB pocCcTa HaHOMNOpP B MEeT:
4 A NnPpoOrHoO3IMpoOBAaAaHNSA paspyuweHunsd MaTepunanos B
Bo3pgenwcTBMUA, BbICOKOCKOpPOCTHaa pgedopmauyunag) . [
n A. E. Manepa (2015) npepgnaraeT nepcneKkTMWNBHb
TpebyeT rmemaad/avimMe a BNMWAHWA NapamMeTpPpoOB.

Lle nb o pa6orT bl AaBnNAeTcC4d npoBecCcTMU napart
AVndphepeHyumnanbHOrNIo ypaBHeHNA, onunceBawWwer o 9B
KpacHwWwkaaieg a, M onpepennTb KNWYeBble 3aKOHOMEYT
oT:ayBaNbHOTO papgunyca, cKopocTWM AedopmMauyumm
UYANCNEHHOTINIO peweHWsda ypaBHeHMUSd.

Pn€xemMa OTHOCUMTENBHOTO paemMeRyMeHNPaRnyRpngcor @RRIcKRP
CTabmnnumsaumpoBaHHBK papguyc 0N YC THATIL SBK CEHMMP § UK R C M@ 3 e B W e
M3IMeHAwWWee pagumyc mHyRaoTeHwa Rpa/pgw KT MPOBEepPXHOCTMH

1l ZOG B H Otedztsdiylma! BbinonHeHa 3a cueT rpaHTa PRIGO06SIACKOT O

gt d dekls j €Ok '

1. Krasnikov, V.S., Magr, A.E., 2015. Plasticity driven growth of nanovoids and strength of aluminum at high
rate tension: Molecular dynamics simulations and continuum modeling. Int. J. Plast94, 75
doi:10.1016/}.ijplas.2015.06.007.

2. Mayer, A.E., Mayer, P.N., 2020. Straiste dependence of spall strength for solid and molten lead and tin.
Original paper doi:10.1007/s107@20-004408.
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KOHCTpPpYKULMOHHAaA HWMU3IKONeruvmpoBaHHasHeHaeb 0
A cTpouTenbcTBa HedMTerasoBbIX TpybonpoBopgoB
NoBMUAKX KpalhHer o ceBepa. Tpeb6boBaHMUHA K BXO
afgoCTOMNKOINo mMcnonHeHuns ob6A3aTenNnbHO BKIAWYaAt
rmé. pHopwein yYBA3KOCTUN ycTaHaB/AMBawWT NuMb60 1
Tpebunurtenem HenocpeagcTBEHHO NpuW 3akKkase Tpy®o
HUMaAanbHO AONYCTMWUMbBIA ypoBeHb B COOK@&ETcTBMUM
29, 45 NxMNMpmuatctowwsBaabnwgaeTcs pacxoxXageHune p
NblTaAaHMN C [JaHHBMWU NpowMm3lIBOAUTENA [faxe B nNpe,
36poCc 3HaAaYeHUN ypapHOMW BHA3ZKOCTMU T NaBHBM
cnpepeneHdHuns OCTaTOoOYHbIXOKNMWKKHOHKaMP ATKEWHO B 8

onsBoagcTBAa M3 NMCTOBOINO MnNpokKaTa C MNPUMEHE
paBHOMEPHOCTbLI CTPYKTYpb cCcamMoro wmMeTanna ¢c
cTaBngawwem paAna 6ecWOBHbLX Tpy®o. Be teapi®da ¢

HCTPYKTOpPOB nNpeapgcrtTaBnseT UMUHTepec He CTONMb
3KoCTW®, K aKkK NoNyyeHMUe H#HAXpPpWOWDHAUERKHMHID I O e MM
ynkocTtTunu, onpepenswwen xnagocTonNKoCcTb cTanwu

B pab6oTe nNoNyyeHb G(PaKTUBIRTKONET 3 HRAPIEHRAND H Y
MnepaTypax Ha o6pasyax, oOoTO06paHHBLX OT ©6ecu
cTaBKW nocne 3akKankwm ¢ oTnyckom (Tepmoyny
PTWNNW. Ha ocHoOBe 3TMWnX 4 aHHbIX NMoCTpPWEHB C
NMblTaAaHMA Ha ypapHbLW M3rmMbG NpoBOAMAM Ha none
6pa3HbBIM HagpesoM TAYyOMHOWU 2 MM U Bblpe3aHHHDb

MokasaHO, 4yToOoO BCe ob6pas3ub Tpyob KNS3 cTanmw
aCcCTMUWYHOCHW BPpapHwamx3 a-dln@P@ T yvm n(elocn®, £0 4 e
6nwgaetTcsa MUHUMaANbHO [J0nN%Y c Kpwmel e3 HKanuaeqH el o
MOHCTPUPYKWT NONOTrytw yobObBaAawWyw 3aBUCUMOCTHDb
HoOe CHUXEeHNe y [ a pXHooOam T B ST30K/I0b2KPOKC. “HIpwoew @ na c T ”
pexoAgHbX TemMnepaTyp uMUMeeTCd TeHpeHUMa K M
Ka3bBaeT Heob6XoaAMMOCTb B yYyBe/IMYEHHOM KONuUUY

MccnepoBaHMe cTabunbHOCTM pacnpegeiemmns

nocTaB/ileHWe cepunasbHOMN KPUBON XNapHOMOMKDOC
M3KnMe pes3ynbTaTb ANA HUXHEN NONKWU U BO3MOX
npepgenax 2n0Ca5M rAM/pcuvB biXx X NagHONOMKOCTWU KOP |
amgHypapHON BA3KOCT MU .KCVIPWKe, X UCTP eBf, HAEHET e3pHBaausieeH U

Ox/ % vKEV® cocTaBsnaetr 215 ./Pp5v0 sfrxo/Mc My CTaHOBJ/I€HHaAa

T €

MnepaTtypa XpynkocTu pansda Beelx92Cpy 6 mmeetT 60
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Email: csap@mail.ru

MccnepoBaHoO BAMAHWE poNuMKONpaBUNbHOW o06pac
cnnaBsa 39635 M TMmtaHoBOro cnnaBsa BT6 Ha wnx M
TeyeHU4qa. CnnaB 39635 B3AT B OTOXXEeHHOM cocCcTOHA
m reopsyeKkaTaHom cocTodaHuUumMm (r/ k). PMO nonoc HCc
2 MM (cnnawv JFecHasnm BIT6) ocyuwecTtTBANAANUM Ha npewuy
MawnARKU2 5/ 21, oOoWH NpoOXOoOA KOTOpPOWNW coOOTBETCTB

MexaHunyeckunepemBeO/MLT/IMBaAN DM UCNBITAHUU NONHOT
obpasuyua cooTBeTCTBOBAaAnNa TOoONWMHE MNONOCHL) pas,|
5569, KoTOpble Bblpe3anu wvu3 nonoc p[Jo w84nocne
CKkopocTb pgedopmayumn o 6pJussay orBo YcHoOCIToa BUBAWIEAP €0H, MOS0
mcnonb3oBanNwu BUAEO3IKCTEeH3oOMeTPp. YpaBHeHMNSH K
Moaenun $aAd N, ISE@CTUHHOE HanNnpsasxXeHUe, onpepend
YCNOBHOTIO nNpepgesa TeKyyecTB—iibe HAWBH@AC O pras
MCTUHHDBX AdeadroPmBwmupineHT gedopmMayuMOHHOTNIO ynpo

v OB dz. 1. [ irOdduyimMSéd] Moet2MmMlsea® d ktcOs dzj dz
dmyfr sOdzedd dzO tOMlswy jdedd §dzsMSdr GBKLOL Yytse dtL

Cnng CocToO4 Oo, MI s, MI &, YpaBHeHNEe Kpwu

OT xmur 343 486 25,8 S= 7 8&b0%1 .
963 | PNOI=1 322 493 24,3 S= 9 1e6°0 -
PMNOI=3 347 507 25,4 S= 8 462%6 .

r/ «x 988 1119 | 16,9 = 14897 8-

PMNOI=1 992 1122 18,8 = 138°% 9.

BT6| PNM=3 956 1120 | 12,2 = 14872 0-

OT xur 833 937 12,9 = 128%°%° 0-

POMO=1 975 1056 | 13,4 = 12&%3 7.
Mony4yeHHDBIE pe3ynbTaTtThb 0606 LWeHBHb NN ploax6ond o Bl .
(N= 1 nnu 3), COXpaHsmHae TroeocamMsesmBpaeld MBOA/MOSCTBH,0 T O
MexaHuMm4yeckKkwue CBOMCTBaAa cnnasBa 9635 B OT O XXE
ropsyeKkaTaHOM COCTOSAHNUMN., O6 a9TOM TakKkxXe CBWJI:
KO3 dPdpMmumeHTtTOB AedopmMayuMOHHOT O ynpouyHebu a . B

BINAHUE PMO Ha MexXxXaHMmMvyeckKkmume CBOMCTBaA A bonee
Yy C/OBHGBINR npepaen TeKyuyecrTM yBenumuumBaerTcs 60
AedPdopMayUMOHHOTIO YyNPOYHEHNSA CHMUXaeTCcCs NOYTWU B

{ OBlSO o' ff Sdzdzj @M o Gupks @B ¢ O DwizG 003ROPG0D. ¢ - 075
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VP l3zp v R v fepRropay sl rrrl Redd
gvfuosuoUuteust Jf LUl rRICTT G
l1J.t sHOYJor e OWrRaU E todldz, ¢ ¥ tcduide, ) Jlesy S 59 O
HayyoHoop a3 oBaT,e APpABIHOMaAaT @pHmad/osr e X HGAMOBIOIBE K OT O
rocypgapcymsieseponmweBnBepxasglamdbR®ccu A
Email: rodaev1980@mail.ruyurinalexander@yandex.ru

Nep, CKPOUTEMDdHBIPAMEBKIT UMY ecC KO0 Iho 63ncaHgba e T MHOXe
npewunmMy uHeacnTpeu, Me p , nerkKkocTb AO6GbLIYM U MWN3T OTOBI
KAMMaTMnyecKnUM YyCNnoOBUAM, npocToTa CTpouTenbcC
OpnH O NPUPOAHBLINK nNepg MUMeeT U —-PNB KB LWSEHRBAB &H

QD
S

npoYyHoOCTMKU wn dAlnthadmomwero cptramc nNf[pocTpaHeHHbM NO0A4XO
NMPOYHOCTMU nbaa ABNAeTCA ero apmupo@RhHue B
AnNbTepHaTWNUBHBLBM cnocobowm YyNPOUYHEHMNSH Nbpaa

MUKPOCTPYKBIE3pByBe aleaHimfee s, T M APOPUNBbHBIXIOB&GIH MY ac:
CUHTEeTMNYEeCKOrNIo [DBABONAADERREEGBHEMBO Y HDEL TGXAaTMUeE

BCNejgCyTBeMHEEHHUm a3 M @ep G epewH, 4T O Haxoaurt 06b4acC!
COOTHOXeRn-AAaT Bad][6blNO0O ymam®M,0BUYTO NONMUBUHUMNOBEBLIN
MHT NOWDPpYy3eeTp epHoOTcark ga. o6 pasom, npepcrtaBnaeTcsa B
r'MApPpoOdPUNIbHBIM HaAaHOYACTMWLLAIN CMEOKHBIO NB@EAK Yo BH [ B 6 [
yepes3 BoO3dedNepemieywaBepwYONygBA3 M, LEeNb faHH
mccnepoBaHne BMAAHIBEL GO f@EBX & 0B O [ HTObM Hab OCYX aHTau ¢
M BenpepepmMayunu.

Ana nonyyepas TBOMREBX B 0 (i wrjgpoo/vmemie pa B ..fHfmanaso
Mac. % ucnbBE3oBaMonApHONKH wWacmomMmbomomgaeheh®io r
blwe .99 %

O6pas3usITo4Nr o nbaa wmnosergosblX( JIKKO pavmie pomMm
mM3roTaBenuBanu MnNyTeM 3anunBKmacTgBoIpBBWIRAOHBHAOHAH O
nNoONUMBEPMW3I ONMPOBAHHbBIE ApPpYyr OT Apyra S4Yenkun p.
M3TOTOBNEHHBLIX PTOPONNPECONGBIXIN R/MBEBHY KEIB EMBIP O
PF 32L4 NFW (Hiberg, Kntan). O6pddysiC3amonpax

MexaHWUYECKYI NMPOYHOCTHb M3T OTOBI/E€HHBbIX 06
OAHOOCHOTFO CXaTusa C NOCTOSHHOMW CcCKOpPOCPTEL IO A€ (
cepBOruMmapaBNMUYecKOoOih ucnNbTaTeNbHDO MalWnHB M
MpoAayBKOW KaMepb NnapamMum XUAKOTFro as3oTa noapgep

o]

K
7

-15° C, cooTBeTCTBYWYyW TemMnepaType M3T OTOBIE
OTHOCUTENbLHON B@edsocpeka LB CcNnepumMmegr axO6@®@aBa b 4
pnedopmMupoBanum BAONbL pebpa 20 wMMm. Mepoi npotv

NMMKOBOE HaRpaxXxemymepmoBaemMoe MKMW B Xop4ge uCIbI
AvarpamMmMbl « MU HXEeEHe p-HOOTEeH oHcaunTpeagxeepHamaeL, B(s0 )( € ) » .

HanbPla npuvBapeka ow)r,b W3 KOT O pB® M N YBMAHOGH O ¢
MOHOTOHHO BOSp@A@pmgo ageBBMIOasl Z2Zomanas3oHeacuR¥P.N.0, 1
AaNbHeMnweM Yy B @JWmw@EmHNacusaw a He T Hayn TBee/VHNHYbNIH bl
CBSA3aKHBEAp e X OJOMXPYNKOT O K B A4 3/kkoevy 4 warmsg3yared
w=0,0Bmac, % MeHAWOWMNANCAPROGEAMAOR@RAT B MNT ala 3 HaUe
374 +AMIMNa npwun 6 wmac. % [lBC, knonragcar nHeebc/Kmpea JTecHHe HB/
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Ha Pu@pepcrtaBneHagBu@prEarmoacmTennbHas fedo
MatTepuana, caosmp)T B M.d 6B YVMIOKH O Bg@meraBGoO ®BODpPaAcCTa
yBennues vegma a30o0,dea c . %. Tnanka, yencc/myp=0,307 PO a €
TO Anco dlKp x@luemac . , % 6BIB@G 500 4 %. Mpn nepexope OT
K BA3KOMY plKEpHyatewHHwaoia Bo3pacTaTb CuUbHee 3
nnacTtTuMuyeckKkon cocT@ilpmioweie nemypaed3nogaw [BBLVacc . M
Bo3pocnadT» o8 & 28D
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ConocTtasBnsasd NMONYYeHHBble pe3ylnb TROKHO NP QYBL A ;
BblBO.A, UTO BBeAEHNEIBRBAOLCE @QH@EBD®MHHLD NN &«DHUEHT
NMO3BOIHEBUMNTYB/RBIMOA NT b KakK Hear OC YiapToveed O T bB € TIM Y4 U H
OTHOCUTEeNbHOW TarapopMmagmmn. yncg=dr2q 5nb,0d8 MMa,
=0, 3720, 02%, vaollB@an/IKapateTHpay Sikdmed M a
480 2® % cooTBEeTCTBEHHDO.

MpuuynvmHa NoOMEpPRBAOBOALAHOINIO /bja C yBenumyeHr
MBC wmMoxeT ObTbL OOYyC/@GEMOHEAT aAEepgyHIOGUNM.paHMLal
KOHTaKTuUupysa Apyr C Apyrom no cpepgcTtBamM BOSA
cnocobaoBBEAPaTb I NOKMUEK ONTOOIPULMES [ HI S & OC @APOECNTAYT C T B
3epeH, UT O CcnNocomMoemBRBPEeNNY@PpHAB@eHM®D N camMuMm nc
Op TakoTko 3 a cuer Cob6CTBEHHOI NMPOYHOCTMN, o]
Habnwgaembin perpRUD=DPO®mAcC oY, KOrRB€ EON®DSBEOICWEB (
NoKaneBHKXKMepReEBXO3@aAT  TaeT Ha CTONbKO, YT O OHWU
€EeAVWHYIK NPOYHYW W TUOKYHW NONMMEpPHYW CeTb. B
T ONlbpk OH N AL &

1 dizOG B H Ote pBdjlsi'‘so Odzdg HRESOR joGusibyisc s L OH Oded v [ dded Mls j tof
o' Mh jets BSBOL 8o Odzd ¥ | SAFEME20Z560 0 8 j H LIRGURGE)(1IA 13D
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2. N.K. Vasiliev, A.D.C. Pronk, I.N. Shataling.H.M.E. Janssen, R.W.G. Houbé&pld Regions Sence and
Technology, 2015]115,p. 56-63.

3.Y.l. Golovin, A.A. SamodurovA.l. Tyurin, V.V. RodaeyD.Y. Golovin,V.M. Vasyukoy SS.Razlivalova,
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MaTeMawenxkaoH U 4 epxmyWinnb CaH-KeTepObyprocypapcTBEHHLE
YHUBEepIO8dlg CaH-KeTepBygpcusa

Email: rigasti@yandexru

TOYHOCTb OLEHKW NPOYHOCTWUW WU [ONTOBEYHOCTM
oT TOT o, HaCKONbKDO LOCTOBEpPHDO MaTemMaTunuyec
oedopMuMmpoBaHUA 7 noBpeXageHuns MaTepuana B
BROKOTeMNnepaTypHOW nNnons3yyvyecrTwu. KpainHe BaxHO
bnsanmueckune napameTpb MaTepwuana, BXOA4SALWNe B
BHMMAHMWNeE HeobGxoanmo yanenatb KcnepumMeHTa an
BbiICOKOTemMnepaTypHOMN O MO /m3cycueecqtfoB.aHB N J@aB y4YalT
napameTpoB MOge/nnm B 3aBUCUMOCTM OT TemnepartTy
MpepagnoxXeHbl 3aBucumMmMocTH, onuncoBatwWwme BAWSAHM
Bopopogpa Ha napammeTpb MoOAenwu. Monwsiee el B bl
napamMeTpoB CUCTeMbl A8 pa3/UUYHBLIX CchNaaBoOB.

an s onuncaHwuns4 npouyecca BbiCOKOTeMnepaTyp!
Oowm umMmpoBaHHaAas#+ cmcrtema KMHEeTunmyYeckKMUx Yy paBHEé
BpexageHHocTwn [ 1, 2] . MonyuyeHBLB dima NoACTHAOUBEEC K
OBUA pas3pylweHwunsa, npuM KOTOpPOM napamMeTp cn
Tepun [ANNTEeNbHONW NPOYHOCTMN, CNOCOOGHBWN oOnNl
n mccnepoBaHb WU3IMEHEHMWSH napameTposB MO L e.
bITaHWMWHALEenT Kayunu Bogopopga [ 3]. MpeanoXeHbl
cmMmaTpumuBaemMon Mopgenum B 3aBUCUMOCTMU OT Tewm
opofga. TonyyeHHbBe BblpaXeHWHA TOUYHO ONUCBHBA
nn STBA 2@®Md),& p amibic o50Cerp X a upeTmB c41laOnm( ctanb O
eneBor o NOFT®Pc(owsapc A~2Zba-8.7AR1Bb-75FCer Ha OCHOB
ensa) npun pas3nunu4px Tammerp aTObyppaadxo M|, 4 npe g n
MMOCBS3aHHbIX KUHEeTMYEeCKNX3ypasHIEHwMIA nmpsa
BPE€XJEendoH3oBcor/ma e T OoOnNucblBaTb KPpUBbIE ANUTENbHOC
MnepaTypax 7 KOHLeHTpauwusax Bogpopopga, T
€efLNO0OXEeHHOW CUCTEMb KMHETUWYEeCKWUX ypaBHEHMU

o T OO0 O0o

4 W IIO0OWT SOz
O X X QO™ OIS =SS

T DODOWSsSS=sS-CS-09QO0O

y
7

TeopeTumeaoapaR TMUYecCKapda 6DH &Y MU3MBOKC/TTKBY a €T C A B

3ynNbTaThb BHOCST CYylWeCTBEeHHbLIi BKnapg B MexaHt
HTMHYanNnbHOINO pas3pyuweHuns). MpeagnoxXxeHHasa cCcu
ABHEHWUN ANS CKOPOCTU MNON3YyUYOGCBI/IAEMAPAME BIE
n3yyecTb, NOBpexXxpgaemMoCTb U ANUWTEeNbHY NpPpouy
MnepaTypax M KOHUeHTpauumsx Bogopopga, BKIMAY
O pQoOKas3bBaeT YHUBepCcCaNnbHOCTbL CUBBE@Mb.ANREeS3
nee TOYHOTIO ONMUCAHWUSA nNpoueccoB nNonNsyuvecTwu,
poOTekKkatuwmnx B MeTannumuecekux MaTepwuanax "

bilCOKOTeMnepaTypHOW NoON3ydyecTWu.

v d dBkls j tOlskzter
1. A. Arutyunyan R. Arutyunyan R. SaitovaJournal of Physics: Conference Sef620, 14741), 012005.

2. R. SaitovaA. Arutyunyan H. Altenbach Acta Mechanic2024, 235 10). p. 60336055
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3. R. SaitovaA. Arutyunyan Book of abstracts IWPDF 2025 4th International Workshop on Plasticitpaba
and Fracture of Engindag Materials 2025p. 117.

4. National Resarch Institute for MetaldData Sheets on the Elevatédmperature Properties of 0.2 Silicon
Killed steel tubes for boilsrand heat exchangers (STB 4XDeep Data Sheet No. 7B983.

5. National Research Institute for MetalBata Sheets on the Elevat€édmperature Properties of 53r5Mo
Steel Tubes for boilers and heat exchangers (STBAG®8Eep Data Sheet No. 12B988.

6. National Reseah Institute for MetalsData Sheets omé Elevatedlemperature Properties of Nickel based
15.5Cr2.5Ti-0.7AI-1Nb-7Fe Superalloy Bars for Highemperature Servic€reep Data Sheet No. 3P088.

7. A. Arutyunyan R. SaitovaDoklady Physic2024, 68 7), p. 203206.

fIMP 1 RY[vER[BUHU) pOBURNBUO[ @I | 21
Vfef1ofrYrRIOUVRCZRY S
Ru.obkzetsdgy Cth Oteltgo. ¢ stoL defuts o @zd Istedg j o
Yy McKmMdiy fap CHHeBRRTHSRHBIGRIH U YYSHCIKBMEAD C U T € T
2WH C T UPM B TMAVKOWT € IkKypTn ¢ T ¥ S M &8\ H
Email: sgnilya@mail.ru

MHOXeCcCTBO KOHCTPYKLUMWUI BO BCex oTpacnax np

TaAanocTHOI TPpEWNHBINBERAEBTWO KMOKE3I PYMLPHUI
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ocob6boB 3aneuyumBaHunAa pedPekTOB. 3anepeaBRAM N A

o
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N HEeH blr,p eumo Bbl3 bilBaertT NOKAannbHBLBNR Har pes "

WMHB 6€e3 WuX N6pPHEAIPBYKPEVHTMEAN BAH BIO® A M C TBUSA Ha

S IR IW-HOWwwIM™ZOSSsOKE
Ww OO TS Oo0TDT

®D®OOMm®OVT X - d®O O O

LLenbtw pfaHHOVWepaeSOBHWPABMBAHNE YCTanocCTHbIX
pasyax M3 cTann 097MNr2C nytemM UUKAMNYEeCKOTO

w -
D O O

neyeHHH>bX 06pa3LI,OB " mnccneimeaiBaHMeE M310MOB

KNMNUYeCcCKOro HarpyXeHW®SH. PocT o6pa3oBaBuweiic

wecTBYylWNE MeTOAbl pPeMOHTAa pAge@PEeKTHbLX KOHCTPp
He Bcerjga nNPUMEHMWUMEBI. MosaToMy 60ANbWOWK MHT

XHO AOCTMUIHYTbL nNyTem o6paboTkwn pgetTanun WUMT
HHbBIW MeToO4 OCHOBAaAH Ha TOM, YTO BO3AgenNcTBMU:
m Ha pedeKTHbBN ob6Gpaszey NPUBOAMUT K KOHLE.]

M BepwWUHB WU nNnocnepgytuwee cxaonNnblBaHWe Tpewl
Mawwnx HENPGAXEBHMNAETMETUTHb, UTO faHHbBU MeToC

OT O.ECKIWDO XHDICTM NPUMEHEHWUSA [JaHHONW Tex3HaoNnor ni
6X0ANMOCT MK nopgb6opa onTuMManbHOT O pexunma
TAaTOYHBLIN Harpes [ANS pacThnwHabB NIe HHME M@ IT B @ M T L
HUWKHOBEHMWI pas3ndluaxxxenePaw XKaBBCTMWN-38B03HMUEK
LOCTATOYHOW MU3IYUYEHHOCTMW BO3AEeENCTBUA UMNOYNb
XaHMYecCcKWme COPYRATYPY KOHKPETHBLX MaTepumanos.

K OM BblICOKOHI nN1OTHOCTMW, npoBegeHMe MeXaHMu

B kauyecTBe MaTepuana uUccnepoBaHWRn MCNONb3OC

D T

CTAXeHMAa. wéaemepTpeimaAH <€bciIasmmn MNafNbBe np
aneymBaHume TpewumH WecTbl NocnegoBaTeNbHBM
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yCcCTaHOBK e, KOHCTpPYKULUMNA n npuHUuKDN [4p adloTul e K O
3aneymBaHmna ob6Gpas3ub NOpPpEB8EPAXREAHVNES CHABT PHRIBPMBH
Instron M3 nomMb MccnepoBanum € NOMOLWbI pacTpPpoOBOT O

Pe3ynbTaTb MexaHWUUYeCKMUX MCNbITAHMWI npopaew
3aNeyYyeHHBIMN TpeuwnmHamm oTnNAMYyanumcob 6Gonbuwewh N
pacTsMeHMinee BbLCOKMUM nNpepgenomM MNPOYHOCTU U
CpaBHEHWUIW C He3aneyeHHbLM o06pas3LOM. Mccnepgo
XapakTep pa3pyweHUss 3aneyeHHbBX U He3aneuyeHHobl

1 dzOG sH Otgdetyinisted dzj dzls' ftotso j Hj dr Ml the]© @i § O¥%jj i tdat
Mo OteCd d Ctdelstesdzve  AJjdelste® tojojteffdo detsets ddey d ded ted dzc
sjrdduyi MSsets kddeojtemdlsjlsO. RIMMMdzj Hso Odedj o' f sdzdzj dzs o
ormMh jets tsBteOL s Odzdw t sMMd2BO8DenjHjtcOydd ¢litRrRJ{RU[U

gt  idsckls j 6O kZtr
lLPvwend. BPusnmuyeckunme OCHOBSL T o0 pveaaenHimg rhcdsB@ywwe Hina. M

2.Y.Zhoy R. Qin,S. Xiao, G. He, B. Zhoy Reversing effect of electropulsing on damage of 1045. skeel
Mater. Res—2000.— Vol 15, No.5. —P.1056-1061.

3. K.V. Kukudzhanov, E.A. Korznikova, A.V. Chentsov, S.V. Dmitriev A Novel Approach to Determining the
Parameters of Electric Pulse Healing of Fatigue Cracks. Materials LetR926.—Vol. 404.—P. 1395653.

4. AY. Morkina, D.V. Tarov, G.R. Khalikova, A.S. Semenov, P.S. Tatarinov, |.A. Yakushev, S.V. Dmitriev.
Comparison of the Effect of Electroptidty in Copper and Aluminunfacta Universitatis, Series: Mechanical
Engineering—2024.—Vol. 22, No. 4—-P. 615632.
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lore OO« TamMb60BOEG Y jap cyrtBlemHeipuaimeTrRemmBe pxxa B U H a »
2ZOreOBO« TaM60OBOEY japcCcTTeaxeHHBEIiCKMEIpC T ET »
Email: fedorovtsu.tmb@inbox.ru

AMOp dPHbBIE MeTannuuyecknme cnnasBb (AMC), npeagjc
YHWKANbHb MUN MIMMY3EUCKKOM MU CBORAOEBBEAMMW BRYEGRYNOpPA
aTOMHOI C TP Y KuBaycproHiio c fr ] NMOBbLIWEHHOWN KOppo3uo
Koppo3noHHOE nos @Eeaaematel APE M ynencakHmvm wem 4 e C K o1 0
cocTaBa, aTOMHOW CTPYKTYXpU aB ac (AT OPOARER OB &P
cpeffetTaHoBNEeHUE amnxpaspaffeteaB cnnasBoB c o]
KOPPO3MUWOHHOIWU CTONRONBOB KK MBBVEE aynas COBpPEMEHETE
MaTepumanoBepgeHusa, OTKpbBawuei WM pPpoOKMeE nepecr
pa3HOOO6pa3HbBX E@MANTHDBIX 000 T HEWT M T UNK N .

Llensb padomeloBMaHNE MexaHuyeckoro noBepgeH
OCHOBKOOGanbvbAMAIL70 (CaoaFes,720Ni10,46590Mn2,1BoCr1 3) A-MBAT
(Cors 69-€1,0Nl4,73Si7,20MN1 88B2Cr1.49) AUBET (CossaFe 275i513VIN4,0B2Cr1,1)
Bbelp XaHHBX BX TeaBEHEEO0AHbLX pacTBOp KM ckoSCMNy, B a
r opx=005;1,y=05;10;50,1006pasnpene BbAEPXKW pBr apaic T B O
McnNnbiTaHNI Ha pa3pblHHEH, MTION HCek olproctTrbaoN 4B U X € H
MM/ MU H.
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MpomMeHWICCNegOBAaAHMNA no ycTaHOBNEHUWI 3aBMWuC,!
epmanoB OT KOHUEHTDP.&YICWMBHIOBXI@AIWWL X 4@ a&dC TBMP
LeHTpauuMun pojgaHMAga UMeeaMPReECTI@ TEHLISIDICITH,
ManbXx KOHULeH(fPaAMiWSEN)npeaaRn gqop o4YHOCTMN Hes
NNyYynBWwWeTOCRHOCUMTENbHO GOHOBOINIO pacTBOpaA. C
X umccnepyl@melxe gt NM@BOBOCTUN B MaKCuUuManbHBLBX I
ONb3yeMblX B AaHHOM PO o T% OoMrOHKoeCTU Trealb & TOb W
TOAHMNA.
MccnepoBaHma MOPPONOTrMYeCcKUX OCOBeHHOCTEI
o 6e3 BO3geNncTBMUA pacTBOPOB HabnwpaeTcsa XOoO

npoBOXAgaerTcs CKONbXEeHUBRIMNO WA@E&NEBOPA3 AT &K
MCYTCTBYEeT BEeHHBWN y3o0p, HO BeHO3Hasa CTPYKT
6aBneHWNW poagaHuMmpga Kanmsa B pPa3HbIX KOHLEHTDP:

ONn XPpynkwuim.

Mpwn Bo3ageunmcTBuUMN we noyHoOM cpepabl ckoAawBIpaABK :

EWNHB W penbeq, He XapakTepHbe Ana pas3pyl
CTOAHUU. B MCXOAHOM COCTOAHMUM CKON uMUMeeT
AaHWpga Kanwms XxapakTep ckKona MeHseTcs, Hab6

B e p X Hoopcarsuy o0 @ n Ha TopueBoO#W MoBEROME@O@OAMT S
mcrtTannunuecekue o6bpasoBaHMuUA n M3 MEeHEeHMUSH pe
nNykKnocTen. MasmeppagukHpucTannmuecekmnx o6bpasoB:
pbupyetTcsa oT 0,5 MkKHM M8 23 TMKXM .0 63Fp/ae3 MEBHATHHALII T
CTONWT nNnpemmyuwecTBeHHO wn3 Kanusa (12%), K1nc.
eMeHTb cocTaBngawTt okKkono 11%.

Mo BCeWn BMAOMMOCEHNKKOH@E MO BDOPXaBa@T obpasyeTc
eAVMHeHNWE, nNee@aecir acmea wayewbl i 0 K KQofr. Kodams TN K
pexoauT B WeNOoO4YHOW cpepe B oG gyl erHwmTee M1 e p
egywOWNX peakuunmn:

Co-2e “# Co
Co™+40H-e - L0260
xK*+ Coy - CoO
KxCOOs + YH:O - xCEO»*yH 2.

Kpome mapgaonnenbHO MO XeT npoTeKkarThb npouyec
banbTa:

Co?™+ 30H - e -~ Co(OH)s,
Mpu yBeNWYEeHUWUU KOHULEeHTpauumum popgaHuga Kanwus

Takum o6pasom, MOpP@PONOrmMyeckume OCOBEHHOCTV
HoOB@a/kbTa nNocne BO3JgeWCTBMUA WEeNOYHBLIX cCcpeafm
pakTepHoe A4na amMopdMHBLX cnnaBoB CcC o6pas3oBadt
nuns npuBoaunT K CMeHe MexaHWu3IMa pas3pylweH:l

paccnoeHnemMm MaoTBeaApHMae/va Hva onoopeae3p X H Qo WH20 bix N o r o
rmappokcunag&o@eb anbTa
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KSCN; B) 0,05 J sf1+10 & KSCN.
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fsdz Lso OdegdW dzOkzyde" d@3 sBtstczHtso Odzgdj 5 vy v ddisjded 1.t . 1 4 to

gt  idsckls j 6O kZtr
1. A.nM3eld. E. MeapmakKmBAT a nnbl, 3 a kK 20h2e360blec . M3 pacnnasa

2.B. M. Mesnes, C. B. KaHHb KowHo, 4 M H.aH. EWMMBb n HbooBOap, M HM .k @.9 , B A
Baswnnosa, O KBbuncC€Capnuwenumnsa, MexaHunyecKkue nu KOpPpPO3MOH,]
FersP13,6SiagMN2 Vo Cos,He O pr aHmyeck Ll m.a SN&,p. 7&t-nda.

cClritflrtovutdd of gwae It JoRrRIJ 1R
VoY [ DBRrev ol el 3 sRELST LI OLRLS
o1 LU0
6. AjJHBMj joO
BEenropomCK M@ P CHF &BLEVHMHIBMICLCHLEND, O B &y THEM/BEECPKCWMIT € T ,
Benr oPpoocac,u A
Email: fedoseeva@bsuedu.ru

BoicOKOYT Blep oxgmocMuM C T ble cTtTanwnm, B HaCTHOCTMW
nepec €EKTWMWBHDbBMMU MaTepunanammu anA4d 9HepPreTtTumyeck
ycno nax AnnrtenbHOT O BO3,EI.€IZCTBMFI BblICOKMWNX T

n
B
TeMnepaTypb 3akKkainkum pacc MalTopcroBda eyTiCysH LKMarks 3admdeer
YyNPOYHSIWN X a3, ogoHAaKoO BNUAHUE 3TO0TroO T
LONTOBPEeEMEHHYW MNPOYHOCTH npwu nonsyvyecTWu 0C
fJeTanbHOTN GtleaH®NPWRDOT L VGHBBEANABAMMEpPATYpPb 3ack
(105W°C150°C) Ha pgucnepcHOCTDb K2CH 6 0aH UTTAPKMKIED BH
BKAnajg AWCNEepPCUOHHOT O YyNPOUYHEHMUSH B conpoTwus
TemMnepaTtype 650°C.

B kKkauyecTBe cwmalteeipomsaantablnia  BblbpaHa WUWPOKDO n
py 6exorvnenRRll (Fe0,12G38,7CH0,9W~1M0-0,2V-0,07NB-O , 0 5 N, Mac. %
BEblno np@meageHokmnmMa TepMuyec kol 506 gCa mo TlkIns: 0 °3Ca
BO3 4y X) C nocnepgywowmm oTnyckom npum 750°C (3
BbiNONHEeHB npu 650°Cwin AWRdn AHR@EHPEO CHTaAPNYPKATYEP H bl 1 a
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06ecneuyweTaqigLaam n npocBeuyYnmBatwwem M CKaHUpYylWwemn
BK /MY a sga tEB/SID3 .

MoBbIWEHNE TemMnNnepaoDy Kb pOGEmMKSAT apma3 Mepa W
YCTEHUTHOT O 3 epHa ucy p2vsH ag oM adp3p eMikKiovK, D WogaxHOa, K503 M
NAOTHOCTbL AvémPIma@ausadBfec2x10O0T T e mKaipoaTe)smLe
3NMymne 3aKnwyanocb B pUCNepcHOCTN 10&PBECHM
6nwpganacb OUuMOpganbHOeE: pkapcybesoge(neH e m)pag Mméd
nKknme VX (30 Hol)l.50PoC sicedpo3pakmapiokBna 1M cb A pPpen My L
cCTuybl cpegHmm pas3amMepom 20 HMIXC Ha 3omGmwaecMH acd 0pf
0, 06 %. QT 0 VyKa3s3bBaert Ha WnWx 6o0nema MYpPIEH 0 €

a
n
P
H
M
y
il
3 KankK wum.

DO VDO WD

Mpwn KOMHAQTHOIW TeMnepaTtype MOBbLIWEHMUE TewMmn
hena TekydyecTun Ha 40 Mlla, npenvMmMyLuwema BEeEHHDO
aHunsImy. Oppmwmawd®0°C pas3HUMUyaa B n pBay HOME bl H
MansgenWcTBUMA [AUCNOKPMMWAORLSI WWAECCITTMAL, a Ml 4

XeHun-ama KMOD&DP ob6pas3ysl nHOE°n@ mB@EKaAINKMUN Y B ¢
HNW p[foO0 p-a@ppaeHun®PrTe BbN0o CBA3IAHO C pe3kKMU
cTmn MOYBYABEVEMNPUO [0 JT KMNYTERTNGHOECWBMWE 1 C A o
yecrTWu. OpoHaAaKO NpPpW CHWUXEHUU HanNnpaxXeHNSH

OKOW 3aKkaprememc geinameAbHON npoy HOCOT mi ancporB €
cTaBAASTaMITOD pgn4a o6o0onx peakwi MD B € 4 681 TADD NIB3pPyedme
bopmMaumm 1% ocC T gapiasan cosio NBebell eB bHcao K3021% T emMneparT )

O D DT

OSSO0 ®3dx X0
T T 9
O DM w

w
<

TowIo0wWI == 3
O T O XT

KnwoyeBbM (PakToOpCMNPpOBWBEEAHMMWAESCT MU nocne 3
50°C s1BW/oaaIaHBK TBebNnabeHBoEENB)X K a p 6 O H U T prMenpPoeBX OHia O W
agvnunyecom®yo NpPpuMBOAUIO K yBenNunmyeHUWwW UX o0b6be
CMO TSP YHIBH E H@ 8 B O 1 4 I[PO CTOXPEAHMOITGE 3 HayeHWe Ha
pbiBa Ha-3y¥poMlHae. 3B) o6pas3duwddOs06Cn«Kxk apdoameip n |
NYK@PYNHAHMMETSHXE HN ec DIMCawB@E-® 2 1 MlMNa yxe Ha nepe
agonmnm nons3yyecrTwu

O -4 0TI Ok
4o H®H P

AHanwus KMNHeMaicmMifsot MX KapboHnoOpEp@Aaga®, YT
OCTOSCHHHEHY @ PY N HKaAHRWDOD HMUNT PpUnAaoB WKsnNip MK amGByocie ci
€ 3aBUCAT OT T @MICeCaTayBphg Wsralklnadnn—2 - 5430
K#%CcC CcOOTBEeTCTBEHHO. O3DTO O3HayaeT, 4TO B nNp:
mcnepcHoOCTMN das, co3paHHas“ McxopHoOM TepMun
e3ynbTaTtTe NPWU HU3ZKWUX BABMEBXKaANUSBXARBRPBEOAb MUK |
BoNnwuywusA npoTekaerT OAMWHAaKOBO BHEe 3aBUCUMOC
GbACHSEeT MWCYHEe3HOBEeHME NpupocTa ANUTenbHOW n

ocowoTh=zzIa

Takunm o6bmaxam,HMnen TemMnepac YAdEO0°3xCak anrBB O NS
chopmmpoBartThsb G@elpreecevyagmanepc(V, Nb) X B OTNY L
MONOXNTENDbHDLIN TRERIMEKETPATHWE@BK Vi HAa CONPOTUBANEHNE
650°C ¥ MBPEUIC/DKMSHEHIHA XKEeHMNAX 06y C/[OBI/OOTH UE B 01D IH bIH
BbigeneMMkap 6 0HUNT plepEX CCT&#A0AM N eB O A3 YWHWTO o0b6Gecne
BHICOKOEe HanpaueHw& ampiblbad MaccuMuBa paBHOMEPHDO
Mpwn ANUWTEeNbHOMOO TOIBHHIEE T B KO P OYCMTPMO Y W I Oy KX € Hmas
oOoAMHAKOBBL ANnNss 060MX pPeXMmMoB TepMMUYeCcKBDIN o06pPpa
pas3ATMnyYnNih B CTPYKTYypPpe MU UCYHE3HOBEHWNUIW NPUPOCTE
HanpsaXeHnasax.
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[Tfony4dyeHHBLIE pe3synbTartbl nMokKas3bBawT, 4yToO n
aBnaeTrTcsa 3dPPeKTMUBHBM CNOCOOGBOM NOBbLIWEHNA KparT
HO He fAneoT3 BCOy/WLeE CTBEHHO ynywadH jbnpoUMAreasByY OT @b

1l ZOG BH OBdzisdIyl®! BbinonHeHa B paMkax FrocCyaapCTBEHHOT O 3
06 pa3o0BaHNBZWG20p60004. Ne

ref Rt {1 o Rt JJRC1IRC SRLI[URSR JR1WU
[{soARE R1LU[VHRIVJHU? L[V ITOARR U [Y
rearsvd
[.1. YJjtojtfOdetso
TOMCRBAY AP CTBRMHTHBLHAT POMT ¢y HMBRIPTEMEWE CKUA
Email: d_n_ch@mail.ru

MHTeHCUBHOCTMU redHepauywummu COO6CTBEHHBbIX TOYeut

DpDd= g § &, 1)

Dy, Dd=w, %' 8, 2)

uau D_é:WZUSSD_l Ej' (3)
B pAedopMUupyembx MeTannax U cnHEsgsaxsamMasraemDl
BMHTOBBMMU cerMeHTamu, pacuwnpsaWNXXGK agMmelRO K

ANCNOKAaALUMWOHHBIMMU MCTOYHMMIOAMIOCT INT, B@P OB PO 1 & Bl X

cer MeHTax. B -3 ovp 42y ma>1/12,( v, )=5/12; b - moygn b BeKTOpaAa
Biopr epmmahS$n\N - npupaweHwune CABUT OBOIW nnacTtunye

ocywecTB/NSAeMOWN CKOJBPiKemHpemMa YaMH W KraamMie HT paumn
Aedgekkirod@ Tmuna (MeXyB, NMNbaHLIXH @QITID By=SDMP=DPOaHC NN) ;
—cpepaHas nnowapgs, 3ameTaemﬁ)gFB‘f(J,qnchhd’zl)r(alu'lm}oHHb|M|/|
|/|DS=Bf(tf +Gb1’2)rGlb'11—,u,|/|amepr| 30HBt GEBMUCABUTOBOE

HanpaXteHM@RNPAXeHNE CONPOTUBANEHUSA CKOMbXEHMULI

G-Mmoaynb caBura. TMNoporum o6GpasaywTcsa TOANbKO nf
BUHTOBBLMU AUCNOKAUUAMU HEKOMNNAaHAPHBIXX CUCTeE

CerMeHToOB cABUTOoOOOGpasywWNXrigmenok—Tymmape@asHa
NMAOTHOCTbL CABUT 006 mMa3 yNHELPMWIXM €T VPCYR, BEBUILHAIL) 4 B U T a
MakcumanbHasT =B051nw LB and oyueHnsaeTcs, nc x

TOor o, YTO BMUHTOBbLIE Cerl MEHTHB JQBWEal T cndgp ofce I raf
paccT D8HWEF,D,m Ha STOM NyTWmW nepecekKkawTcsda Cc B

nNnoTHOMEEbLwWbONEEe TOUYUHBLIE OLEHKW MOTYyT 6bTbL NoOnN

TOPMOXEHWUUNU BUHTOBLIX CErMeHTOB C nNnoporamu H
l4=kg ™™ 1M ormbéaHuMum STUX CerMeHTOB coOCefHUMM, L

nnowsmsy, Tamw mpejgenax OoAaHOro nopsapgka. cOAaHAaKDO
a, 3HaAaYuUT, U MUHTEHCUBHOCTb TFreHepauUWUWU TOYEUYH bl
M3MEHEHNUS NTOBHBIXC TAM CHJOK Bamim o6b6pas3om, ageks
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reHepauyuuMm ©“U HaAaKONNEeHWMWA TOYeUYHbLIX ped@eKkToB AC
Aancnokauyumuim.
YpaBHeHNUSA KUHEeTUKUN JgedPopMaUMOHHBIX [gedeKTOoer

¢=a3$$'b -whypPec Kivep Kmbge R, 4)

¢, =aw g § o - wbrDye, B K ek We, Wiw,g , ¢y r »H (5
. =a$$ B -whbrDig, KB( Wice D [ wi9°.D, (6)

fo BFELIDSML wh) (2 H¥’B(Dw.c D%t D M, %) (7)

FS AFL DML 48% 'pAClbiwy °). (8)

Cosme«:TﬂﬁmpaMe:mtm@h;éizaTa cnmcrtema pguncdphepeHynant
nNo3BONAEeT TROPRHFAHNBCKMEOTI aBABMUMOBOMK Oppropmal
HEKOTOPbLIX YyCnoBUAX Ae doTlerip oK aKisHan@smome @ ,
HanpsaxeHaki MW NNOTHOCTeNn p[pUCNOKaluie,grekwB . K OB I e
YyPaBHEHNAX UCNONbDBYyR e Ukt & )pvéd ay (KW si—p 0 n 5

C1u C2u CI
107 b 3 {1012
. (@) (b) (© .
10° ¢ 3 110
10°F - {104

0,0 0,4 0,8 a 0,0 0,4 0,8 a0,0 0,4 0,8a

tdmizdsGdasjju ddv dtsdEd(®);Chds OCidt 8Bu;
12 @WH(9). uvBYSOBd EZSOLOd 1 SMfjteddid
BSH| dz d 2 t6OMYY Is

OFRLNWKMOUIO N

OLO | o‘,4 | O‘,8 a 0,0 0,4 0,8 a
t d Mk desq s ks dzs 1 ) dzts SLOp B O 6 28Qdzls 52— A
CtcOjor Al CONflf dodff d3j dzls Odz? dz j —6 © dedzdYtc tB Wdzj

MOWHOCT UK-CDOKTaMNa OTHYOMMIPEHYHB OB 4ANA Toueu-HbX
AedpekkFoe Tuna—guocmokKm®yummn U ApYyrumenocdesdsHHSBIE ][]
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CornacHo pe3ynbTaTamM MOpBeTTHPOBAHKBaAaEPMHMX . N
Cer MEHTOB B3aWMOCBSA3aHb CHNeANWUNMIDOPE 3IBMHT C
cer MeHTOB, yBenmymBaeTtTcsa MNAOTHOCTbL MNOPOT OB
AnedeKkTOB, U4TO NPUBOAUT K MUHTEHCUMPUKAaALUKU aHHMNM
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"MHcTnTyYyT Pusukm
AkagemMunyeckununm, 2/ 4

HauunmoHamcheHbEifOBaTeNbCcKkKuUil ToOMCKUIA TrTocypmpapcTBe
TomMcK, JlepinHa 36

3Ypanbckunuit cdepepameviiesiii yrepBOg o Tlhre 3 HaeHTa Po
EnbyubR2a8po6 2, EkaTtTepuHnobypr, y n. Mwu p a, 4 . 19

Email: sharkee®@ispmsru

N3yuyesaHHaHNe ynbTpaMenko3epHMNa T oME B a H WUME3C) K U
XapakTepwcDlOiHWHOCTMU nedopMayumMoOHHOT O noseje
6nocoBmMecTUMOT O HOAB /K & BIaBOWMBZH oM [ U OAHOOCHDON
KBa3ncTaTMUUYEeCKOM pacTAXeHUn.

Mccneposaaw c o c%)disdINE5ura1d¢55,20; Nb¢39,53; Zr¢5,32;
Fet0,03). Cn na B M3TroOTOB/EH Ha TNAABWUKCMA®O p(aPuwpmcsc nB C
BepxHaa Canpa) . YM3 cocTOAHME B 3arotToBKax
mMetToagom WNA, KOoOTOpbAbBEKEeWEH@BIaKIB®O 60 JMW@TI O0X 040
B pPYUYbeBbXOBRAGEWVRUILM JOopeKkpUucrtannumaauMWOHHBbBM

Mcnonb avesaH, WHOQPaKkKpPac HIONAS TUEe3PMVEOPrEpHaMdsIn UT € M N € |
nonsAa Ha NOBepXHOCTW o6GBpas3uLOB B N p,oKUercocpes g e
No3BONMUA M3yyaTb MNpouyueccsh TegmUTacuGmayMmesia HVHSe,p
npou@aedgepmvMnpoBalPlma cnnasa

Mokas3aHO, UTO KMOMDPMHP @B BN Bben pMeecTCO/BM U A
MHOTFITOXOA4OBOMW NPOKAaAaTKON 06©bé MHOAIC TYdBhj-awtmowr 30 dpa 3
whaAIpMBOALNT K MNOBbLHWEHNIWNEMEXTAMMYEORAREA XAPRAKT
MOAYNnNA yYyAMpPYKagsBBaeT 3HaudyuuTenNbHOEe BIUAHUMUE Ha
pacTaxBpunwn.nepeso Ai€39,5\¢hihdr 88 ay M3 cocTOAHNM Haob
nosBblWleHNe nNnpepgenanpewgegwac nipWkhaokdH.ow airaun
28 %, M CHMUXeHWMe nnactTmyHocTtm Ha 50% wu wmMopay/J
KpynpHmocktT annnmuyeckumm (KKNlogelwWea MM eIl XQHMABRE K N X
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cnnase nocne Nnnaoy MBé ecaie™HmsBrIBEANE & H O C cyobcecTp
YyNPOUYHEHMEePCWMOBMMGBIM YNPOYHEHRMY ewnmpaHsa.HoYacTunNLyaMMU

YcTaHOBNewW@ayYyawmbBOoOMasTane pgedopmMumpoBaHuMa n
cnnaBa A0 UCTeHOHRSH e e hOpWRABWD B SIAEeNEeHNSN,
mpetTenbcTBYET O TOM, 4yarcoT MMNYpPeacKKTOMAY eacekdmo pBMcasty U
ennyeHune BHY TIpeepHeHae p aa3HpeypurevHm.e v Y M3 cnnasBa
BblwueHMe cpepaHeiw TemnepaTypb BC)p aib ocHWIX euHaic
3 dhphnymnmeHTa nedopmaymoHISOM®) Yy N P O YUYCHOEMHPMOAB O XK A4
Ka/lbHbBM pa3ynpoyHeHWeM cnnasa U GopmMuMupoOBaAl
encagmO4aToONn AUCNOKAULUMWOHHOW CcyObCTpPYyKTYypoOoWh un |
PYKCYPEO A eatnwpas3 MNokasaHO, yKrko caoTnpAay KcTnyspaosiia
yans»Hame pgedopmMauummu, rane He npoumcxoanmT U3 M
PopMaULMOHHOIO YNPOYHEHMUNA B 1,5 pa3a MeHbLU
3pyweHunue ob6bpaszyuoB KK cnnaBaoRapamedppmagm
nacTemn-cce TAHYAETMOONR @OMMICO HHOMN CYy O CTPYKTYpPOW.

<
w

OTRh IOYNS X OK O K
O DYA L0000 W®

O6cyxpgatwtca BONPOCBHI, CBSA3aHHbBLE € MexaHMUs
cnnagBasNESZre YM3 um KK cocTOoOAHMAX Npwu paspylieHy

1l ZOG BH Otgidpegls® o f sdzdzj dz0 o t©WOBE OR ctsifkzH Omiss j dzdztsc t
ftosydetsmisd OzsekPis j tedy wdBdteMCSEts ©lsH | dzj dad WFWRWIPRS] 2 S 52
0005.R MMdzj Hso Odedw o' f Sdzdzj dz@r 2O BetStekzHB Odedd Asl ¢1 o1 { v

Bd&ZzZOG BH Otsdats Mls 9 e jHjddd towHAY UMD tdafsd fsdzlsdshiy ) dfj ts léste I
sEMe et foddlsjidduyjmMSsets Edddjfhdlsybdq ©dy Is.dgo d aasd dsts
dimdzj Hse Olsj dz MS et uvBMSBE G isieH O tedfflstod fddasCetss,  kddzdge. j t
] . mStdf.dvik

uf d fdeckls j £ Ok "

1. Sharkeev Yu., Eroshenko A., Legostaeva E., Kexskaya Z., Belyavskaya O., Khimich M., Epple M.,
Prymak O., Sokolova V., Zhu Q., Sun Z., H. Zhang Development of Ultre@ireened and Nanostructured
Bioinert Alloys Based on Titanium, Zirconium and Niobium and Their Microstructure, Mechanical and
Biological Properties // Metal022.V. 12.No.7.P. 1136.

2Basnnos B. TI. MHdpakpacHasa Tepwmor p28@Phsdc.m TensnoBON KOH

ARTRY[HSR[ [f[IMP1RISZ TOY1LVZLLIRC OJI[R
gl ol L) VTt RrR rrRrsffruveffrRYyruwsff [miuly
s.R. 1 jt}mC s tsa@®iR.yh.o s BLX dzd dzO
lypanbckuit rocypeapcyBsesepdénrep, . EkaTepuHOo)
2YpanbcKkuih epgepanbHbil yHuBepcurtret, 1. ExkartTe,

Email: kseniva pereskokova@mail.ru

MPOYHOCTHDBIE XapaKTepuCTUKN TBepabix Ten MOT
cCpeajbl. Mpumepomsa TAKRH® HBAVNRDHB Tageep G awe
MONeKY /sl cpefab NOBepXHOCTbLW TBepporo Tena [ 1]
PebunHpgepom B 1928 1. cadpmer D mMpe[dlo]e.g4 e @oatseBHAHHON €
93TOT 3¢GdmeKT nNpos B KUSHIKCTAIA MHaNN GKOOJ/HETEA KOT/BM 3CK U MU T
NO MONEKYNSApPHOW nNnpupoage. HABANEeHUE CHUXeHUA np
BO3genWcTtTBMeEM XUAKWUX MeTasiNnoB HOCUT Has3BaHUE
(LME) [3].
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B pab6boTe paccmMaTpuBancsa NPoHMIHHA MH&IBAbI IC O (e Jp aKE
McToOro anwMmMHMAa He MeHee 99 %. MnacTtTunmHa cnna
HYTPEeHHNUX HAHaOopewBEBEm@&e O6bLINUM U3ITOTOBNEeHbL 06pa
MMO. 9 MM. JAns cHATWUA o6pas3o0BaBWERGDTHL TP UT Pk
ogaBepranacb NONUPOBKE.

J W wm

Meped McObiTaHMeM O0O6pas3ybl O6O6bINM pa3 genneHbl HE
npepneneHdHund noBepneHmusd ANKOMUHMNS B HOpManbH
o3fpencTBMEM pacnnaB/IeHHOrNo MeTannakung®@pasduyt
annun Ha 20 MWUHYT, a 3atTeM [JONONTHUTENbHO H
aHoOCMUNMW TOHKWUW cnNoW rannmsa, HeobGBXOAWUMBIA ANA
cnblTaHMWA NPOBOAMAMWCBL NO CXeMe OAHOOCHOTO pa

SIT T WO

N3 npaftehpoewm Kp W B blX MO XHO BMUAET b, 4yTo O ¢
IHMUWHWUSA HEe U3ZMEeHHANO0CHb: HabnwgaeTcsa NWHEWHBDI
bopmauyuwuun, a 3aTem, nocne XapakKTepHOTro ne,
acToK, Ha KOTOpPOM Mmeaecuwevagyms . n/OdHaTt e ckas

BeAEeHWI NnacTUWUYHBLIX MaTepuanos. OTnunuyma Haf
K, Yy o06pa3uoB, MNOABEPXEHHDLX BAUWAHWI Tannus
epen nNPwWaHOTIW, a cnNocobMHaGEOR B LERABP @ U WM
3HayeHMAMMU [gng ob6Gpa3yuoB B MUCXOQLHOM COCTOSA
copbuyumm HayumHaT OKas3blBaTb BANMAHMWE ewWwe Ha

X3 q4aI<h o
D ®OT ©9 O £ ® O

JanbHenwee CHUXEeHNe MPOYHOCTHBbIX XapakrTe
NNye OHBIEM THATOPOB HaNpsaXeHWIW M nNnpoueccom .
neryaeTt 3apoxXpeHme MU pPOCT OCHOBHOW Tpewnt
TEeNNWUTHBLBIX TpeLuwnH, nogpTBepxpgaert MAacTMunyH
pynymBaHuMAa Npu 3TO0MOBHeaPXHOQATEW C 6 6 ma3 usac esi B
nnmyecTBAa ManblX TpewuwumH.

X 00O 0 =X
O X 2 oo

AHanmsi noBepxXxXHOCTW M3NO0OMOB O06pas3uyoB NOKas3:
npoyecc nokanumsauwmum pgecdopmaymm, T.e. obGBpas3oB
wemkKm 3amMeTHO OoOmeMIEeANONMOPAGTOBHIBU. MoBeEepXHC
rpynnbe o6pa3yuoB cooTBeTCTBOBAaNna MNNacCcTWUWYHBM
BO3aenWcTBMA rannuma Ha NOBepXHOCTW Habnwpgancs
pas3pyuweHuns. Takumum ob6pa3omMeT BEAP@QKTCERPMNED AaB PN
BA3KOINo Ha XPpynkwui.

1 dzOG B H OtcBlzipMizae T c s 6narogapHocCTb MUHUCTEPCTBY 060p:
dPepepaumm 3a GUHAHCOBYW NOAAEepPXKY Yyepes3 NpoekT TemarTwu
HayuH blX pa6orT HEVWUHBIK ®@PaHNBAT € 1b HbIX opraHusaumni
OCYyWwecTB A OWNX ayuyHbe wnWccrnepoBaHMA 3a CuyeT CpPeacTs

FEUZ-2026:0007).

s MBS dzdlsjteOkkztsr

1. Pebuunpep N. A. foBEepPXHOCTHDLIE HAB/PEBMAYSCINALTNREXCHNIOMEHD
M3b6paHHbBIE TpPpyAabl. M. : Hayk a, 1979, C . 384.

2. Wykumun E. O -TBecCep. MPcKkXumymmas;72.2012, T. 53 Ne 1, C .
3. Mankuu A. WN., Monos O. A. dPnsmnmka MeTanl3®s u mMeTanno
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sdfVfryrud 1o fewr Jlr ¢fSfIRURC
V. ¢. sk¢LOoRMYQw 1 sHf)) Dd dz Iz Csdzdrdz®O 1 jiB ] M BC 59 O
oo 3% desal .22y 02 yjoe
lYpanbckuit rocynapcTBEHHBIW TOPHBLIAN yHUBEepPCUTE:
2YpanbcCKmilnbopiesiie oy HuBepcutTeT, . EkaTepuHbypr
Email: zaytsex@m.ursmuru

B pa6oTte 6bNM nNpoBefeHb MexaHUW4YeCcKUEe MUCHObIT
a O0OCHOBe nNopowKoBAIOxk cwmpaa naokipmMmmmwicsi e{ oT Xur a
eMnepaTtypax 428B p e 30WmuAT anTtoeNny Yy eHbl XapakKTepH bl
3IMeHeHNA MUEPOMBEpPAKADMWMBH BIAaB{MCUMOCTUN BT KOHI
e A 20s.

3HaYeHNMWA MUKDPOT B éMp3a OaC/THIM NYH MOeOBIDaD 30L, QEBD ® @ BURK @ H U
okKcumpa anNnmwMUHUWUA paBHOMepHeEMKBeOVWIOBAE MC MU N
YNCTOINIO OKCcCcMUdac /ae oMm MK HIAP Mo 6TpHavsnuAgBa T y p & 0 0
yBenmuymnsaeT MUKPOTBepanocTb OGTpKa3ry alp,m o emaEpa
250 m 400KoTOpble AOCTAaAaTOUYHbL ANA NMEOMMBHMNA an
bopmMmpoBaHuma npoyHoro KeOp@AUMYecKOro Kapkaca

I =< -

MccnepoBaHMe MUKPOCTPYKTYpPHBCORPp MTICOIR/108RA

obpas3uyax 4YyacTwuUuuUubl OKCMUpa allMMUHWUAG pacnpepgene.
anowMMUHNEBOI MaTpunuyepaKepey nuex abnacTtTein, noant
YyNPOUYHNTeENSd, He OOHapyXeHO. QT 0 noaTBEepXpAgae
(nepemMmewnBaHMNe KOMMNOHEHTOB) M nocnepgywuee X
BbiMO/MHEHbI KOPPEeEKTH®. oOépaaubgemoHEMpnpyyn |
nopuMcToCTGHBb. Mpun yBenumyeHunMm ROABRPEKARBAA ROpPaAaABEL
Hes3HauyYyuTenbHO, YTO CBA3aHO C eCcCTecCcTBEHHbBMU ]
npu nNpeccoB&@HBKCcMOpMNOB®BPUCTOCTbL CTaAaHOBUTCA 3a
ORpPbLITBIE NOpPbLl C pPe3sKUMWU T paHULaAaMU, obpaszoBas
HepocTaTOUYHO An A 3anoNnNHeHNA nycTorT Me XAy
NoBbIWEHHAaA JedPEeKTHOCTHb, Hapaay € ocnabbneHwuneNn
nageHne MUKpPpPOERPEXD@E&T W TPk cmga anmwMUHUSA.
Takum ob6bpasom, MUKPOCTPYKTYPpPHbBIE mMcCcCnepgosa
O4LHOOCHOTIO nNpeccoBaHMWA no3BonAerT nonydyartb a

()

o] r
NNOTHONW MU OLHOPOAHOW CTPYKTYP @MNNB YUEERO KOM €/ A
paBHOMEpPHOCTM pacnpepgeneHdHuns das, MNOTHOCTMW
MUHUMANbHOWN nNnopumcToCTW pJocTuraeTcsa Wwpwocoge
50%. Mpw ®Wcwumpga CcTpyKTypa CcTaHoBuUTCA 6onee f4
Xpyorka, X0T A TBEPAROCTH ocTaéTtcs4 BbICOKOHI 6 1
Kapkacy.

1 dzOG B H OtcBlzipMiza e c s 6narogapHocCTb MUHUCTEPCTBY 06p:
dPepepauumm 3a (GUHAHCOBYKW NOAAEepPXKY Yyepes3 NpoOeRHAbLTEeMAaT!
HayuHblX pa6orT HayuHblX opraHusaumi " o6paszoBaTeNbH
OCYyWecTBNAKWWNX HayuyHble MCCNefoOBaHWS 3a cuYeT CpepncTBs
FEUZ-2026:0007).
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[ .1 . ¢BHEMGEddREEHE.AY. ROLstel).dzsEo . d . dd O d dz" A

MHCcTUTYT PU3INKKW MeTannos WM. M. H. Munxeesa Y|

2PbepepanbHbIi MCCNefOBaAaTOAHMHEKKDAILEOHBPKAP AL Me | |
xmmmnm PAH, r. YUepHOronosk a, Poccusda

Emailabdullina@imp.uranru

M3yueHO BAMWAHNE BHICOKOCKOPOCTHOMW Aedopma
BoMcmERaBOB 0CBu Z20.10Cm (Cudex @WwHM4YecKkKMe CcBONCTBaA
yCNnoBMAX Yy OYagpaHpPBHOOD HO B AIEM @K CNepuUMEHTHL NpPpoOBOA
pbiBHOVWNREAMepeM pgaBnerRideOcoOflaaBrosxo@obrbe fe
3rpy3o4YyHOMW yacTMu BONHBL cxXaTwg092e@Pectl ®TK O
rmcTpauyumsa npodcdmneh ckKopocTu cBOGBOAQHONW nNoOB
MO Wb IO JonnepoBCKOT O n3Imepurtensda ckKkopocrTwMu
3peaneHunl HC. CyomMmnkpokpucrtannmmu@cmam) ( GMK
NyJyeeimmo oM OAMNHaMunyegrooaedorwaHapke@d&yBlaHNns
3pabwTEm HRBOHALWNT @, r.. CHprn dA&E¥Il MaTtTepunanb Ae

ckopocTSnwh @Hmoe~1®a wWecTb MNOPAAKOB BblWe
asmcrtTaTmnmyecKkowm MeTOAe PeksYwih.b T Aipy ®BlR WO ,C T HY
Tepuana npwu OKYTIl oka3s3bBatwT BNUAHMUE B bIC O K
ABWUT a,Bo/pH@BHOA JedopmMauma cxXaTusa w XToegwmmaiparT
pynHokpucT &RHnnremywkomy p(el B GBK cmpo v adpagmwre H T
yacCcTMUWUYHOTo pgedopMauMOHHOTIO CcTapeHWUsZrc B bIQre.ne
AHanvwesnwnaymun CTPYBOWOBIB:N AMHAMUYECKOTH) Npegjge.
AWNHaMumyeckoro npepgena TekydyecTtwn (YY) ¥ 4[UHaL
cnnaBoB LOOAKWI Il naionepa3nunyHGBLBM pexXxunmam no3BOI
AncnepcHOCTMU n fLedeKTHOCTWN Kpucrtannmuieckomn
BHICOKOCKOPOCTHOMY fAedop MwxemaBaHmWK W T@Da 3uEyMee H N
oT KK40POWmkKkm) pago CMKIL.clocnmBeammmp@e T ocnnasba
C\0.03% Zr B 1.9 mn 1. 8Bpd3d, pmrcaymvmélosmaa@y oelm
400 n 450° C, conpoBoOXpgatwuwnecsd pacnapgom nef
BblgeNneHneM HaHO mHaB)MeIEHE Y (0XBOMKAYON T Y XapakTep
ynpyilmacTunuyeckor o nepexopga Bpad. Oy pwo a3Hma/nk¥Kaas. a
OnpepeneH pexXuMm KOMOMHMUPOBAHHOW o06pPpabOTKM:
no3BONSAKWNMR nocnmy/Hamer b CuUCMK. 03 % Zr C BbICOKMUM
XpakKTepuctTmnkamMm v YenmKapOBBEIE@PHOC UESTHD. AMUCNneprunp
cnnasg@. LU% Cr o0TC KXT @asOH ICSMKH e T ONbKO 3HHBYUTENE
Y B 3.7 mn 2.6 pasa, HO W nNpuBOAW K YBER npasz
Takum omGpaysnpoudyHAawwWmnin s dppekT AKYIN coxpaHAaeTcC
yAa@mHWOIHOBOINIO HarpyXeHuda npum CYOMUKPOCEKYHSIOHE

{ OBtSSO o' f 5dzdzj O 2 Jtesd3 QD L& t5f) if GHNAEN ( ceM ROz B@F { ¢
122021000032)d H dz% A RIA [ 01 (0200 FFSG 124820600049

QWO YO ®»O DY W
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1. [ . Y3 tcdatso
MHCTUTYT PU3IUKW NPOYHMMLYU Bu Eva Meapwmaimo ECedn ePHAH:
HauvMoHaNbHBLA UCCMESRMB aT @CHyHaLaip EyTHBWB e pcuTeT, T
SA0O «BHUWMWHM mmkaakha@pe BbouBapan», Mo c K B a
Email: s.akkuzin@ispmsru

OAHMM N3 KANWYeBbX @MakToOpoB, cAepxXuBawwmx
naetTcsda NOTpPpebBHOCTb B KOHCTPYKULWMWOHHBIX MaTerfr
CnaiyMaoHHbBM TpeboBaHUSAM. O6onNo4YKWMW Tennoshblpj
BOTO NMOKONEHMUSH npenmMmMmyuecTBEHHDO M3TreTaBNuE
PTEHCUTHBX cTanehn. OAHAKO O6O0NbWMHCTBO TakHm
e me NiT 80, Nlo, Nb, Al Cu, N u ap.3a Hl@B e geHHOMW pajgwunoa
pa6boTaHHbLe MaTepuanb TpeobylIT XpaHeHNSH 607/
3onacHbLMNU AnNna nepepaboTKMW U NOBTOPHOTNro np
pPpCNeKTMWBHBbIX KOHCTPYKULMWOHHBIX J/M@AaTKIPWMBWDYBE MBI
CTEHUTHbe cTanun, nos3BonNAwWWME CYyLWeEeCcTBEHHDO
TUBHOCTMW MU YMEHbLWMWTb Nepuos NPOMEXYTOUYHOT O

QYW IO W=Z I WM
X< OOD-H3 YO Xm

Pas3paboTaHHBEe paHee ManoakTWUBUPYEMble ayc:
TabunbHOCTYCAYBRMANMMAABTNYECKON pgecdopmMayunm
TPagUWUMWOHHBIMMU XPOMOHMUKENEBLIMNU CcTanamu. B
apmaHTb TakMmx cTanemu c 6onee BblCOKOMW CTaf
epMMYeCcCKONnN cTabunbHOCTIHI NITTEWIXb HIOTAA NBELIL € XK @ N1 a1
oOKas3anu akKTWBHOEe M:Bsgae nee HMEL ex A dOw e aBaH3vbe, O

bI3 blBatlWehn UHTEHCUBHOE .JOXKayMHANBLAMHM €B IR E /e @ Hlag
a3 CyuwecTBEHHO 3aBUCUT OT UCRPAHBroBg83IPYyETY
amMmKax TekKkyuwero asTana wumccnepgpoBaHUM nNnocTaBnel
MMMWYEeCcCKOro cocTaBa CcTanef@rcaopepRrRageaBsnieapsn s
aKXe nNo KOpPPEeKTUPOBKE pPeXMMOB TepMoOMeXaHMy
apobMAHBIX CKONNEHWNn N NOBbLIWEHMWA SKcNnAyaTauuo

X—|><'O_8_UJ:I—|EDOO

b bl N onTnmnMms mpoBaH XUMUYECKMUIN coOCTasB n E

MHAOYKLWOHHOIMW nnasBK MK H OB bli BapuaHrtT Masoack
aycTeHUNT HFe2bMnOCraVATAV-Ta2Si. AnSa nogRAaABAEGBBAUNCBLAEN:
KapbmngoB B 3TOM cocTaBe cCrafu g MeBakKWMRNU OB B
copepxasH8 pasa. Mocne BbiNNnaBKWM O6GBbN nNpoBefgeH
ropsavdyas KoBKa pAans4 NOoONy4yYeHMWA MNNOCKOWN 3aroTvo
noay4dyanm c noMoWwWbw HarpeBaCmuesenepeKCHblapi
nocnepagytwem 3aKkasnkoi B BOAY. Mocne 3TOT C
TepMoOMeEeXaHMUYECKMUX o6bpaboToOK: XxXonopHaa peddgop

pedopmauumm € = 20% ( 3rao pHsgeucakso /iApeKdmo privpaoLxXunosa OrnBp) O Ku
C npepgBapumtenbHbMCH@rpeasaomeHygmogddpd@®@mvmayumm € =
NPOXOAOB C NPOMEXYTOUYHBMNU NofoOrpeBamu)
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OcobeHHOCTMHU MUK p bBe26M-9G&-WTipvblla2SitBa nmC , nocne X
n BTMO mMccnepadiaHLBaMERT ®EO N (P3OM) n MpocB e
9NEeKTPOHHOW MUKpPpOCKONUMN, BKNAWYaa aHanms aundp
(EBSD. aH HEBSDn ok a3 anu, 4yT1T0 B WNWC MMKpPOCTPYKTYpa
AYyCTEHUTHBMN 3 epHammn, copemramNmMmiloONE @i 910K e M@
BbiABNE€HbLB BbCOKAasas NNOTHOCTbL AWCnoKauyuwuim, Aedo
CNOXHble K apeModa T,BiMWaV), XapakTepHbW pa3mMep Aa
cocTaB/ma0e0T H M, npwu 3TOM OTAenNnbHLE yKe X 1 L bl
MUWKPOMETPOB. Boonb rpaHuny 3epeH npewm@PuecTBe
(M=Cr,FeMn). YcTaHOB/MNEHO, YTO YyKa3aHHbBE KapobwupgH bl
BTMO. Mpnm 93TOM XapaKTepHOe ANna npeagbLgyuwnmx Ba
BULOE OKEBKP B MWUKPOCTPYKTYpPpe He OOHapyxXeHO.

Mo pawEBIDMHaAanNM3 a, X0 npumwBoagwnrt K yYyMepeHHOI
CTPYKTYQpP®BI. Mpun 3TOM ABOWHWUKM OTXMUTra B f[aHHO
MccnepoBaHA mMeToagomM T[TIOM nokas3anun, un pyyteor CEHH Y
BbiCOK as NAOTHOCTH®Gb AedopMauymnmoHHBbIX MMWUKPOABO
MUKPOCTPpP WHKATOYIpORL @ IOT C A AedeKT bl ynakoBKMW®, a
AedpopMaUMOHHBIX MUKPOABOWHWUKOB WUNUW NOKaNbHOT C
BblASBNEHbL (QMMaAPWNEeWTHMTa .

T
v

B™MO cnocobcTBYyeT 60Nnee MHTEHCUBHONW dpar me
NMNOTHOCTMW ManoyrioBbIX FTpaHWy. HecwmMoTpa Ha Bbl
obpasytwTca pgedopMayuMOHHbBIE MWUKPOABOMHUKWN U [e
yemM nocne XAcTapwmamaoccomkoBounWn B WC.

PesynbTaTb MCNbTaAaHWUW Ha OAHOOCHOE pacTsaxe
npumBeageHb B Tabn. 1. Mony4yeHHbBE MexaHMUYecCcKHM
nokasaTeneim APYT nX ManoakTUWBUPY E MbIX aycTeH
MmepecknM MBHOCT b npegnobkkeambon®e coOTamaaBB@C M POBAHHI
MPOYHOCTHBbBX WC BlOlEHCAToBN 4o ta ke aBTieiV O .

Tab6bnuwidMe xaHnyeckne cBOMWCTBA ManNoakKTUBUPYEM

Temnepa Npepen mwmelpepgen n OtTHOCMUT
Coctosanne paCTFI)Kp@ P IG/II'Ia 7P ﬁ/ll'la P YyOLNTWHEH
20 248 + 684 + 65,8
McxopHoOe 650 124 + 317 + 41 + 1
700 115 + 265 + 45,5 +
Xonopwas e 20 738+ 47 882+ 22 226+7,7
e = 200 650 376+ 20 424+ 20 12+11
700 363+ 21 402+ 16 16,3+ 1,
BLiCOKOTemn 20 428+ 138 772+ 2 551+ 2,
Nedhopma v 650 287+ 17 354+ 9 28,1+ 3,
700 273+ 15 311+ 6 20+ 1
Takum obpasowm, mccnepgosBaHa MUKPOCTPYKTY
aycTeHMUNT HeZBMNeITraNATiHY-Ta2Sic N oOBbiWEe HHbIM SiegdEXaHWeE
nocne )il n BTMO. MokaszaHO, 4yTO nNPpUMEHEeHMU
obecneynBaeT GopMMUPOBAHMUE OAHOPOAHOUWMCBTpPYKTY
BUAeE «0OPpoOXeK». MeXxaHMWYEeHLXM e C TEB/OWI C TBOA 0 PTAa8BK
cBocTBAaAMMU aHanor oB. [fockKoONbKY MoOAWpUKaUMA
HanpaB/eHa Ha Nnojae€GrTeH e Xasubhiaxe N «rapsod 1 40 B, b
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mccnepoBaHMa TepMUyYyecKONn cTabMWnNnbHOCTU MUKPOC
B Y8&MAX ANNTenbHUMDOBBILepPXKIN Npwu

RMMdzi His0 Oded § o' fdzdzj dzets L O My ls ¢ tcOdzlsl®00802kmfnd 2 MS
https://rscf.ru/project/2219-00802/.

dUf LUsUWHY [Bous T ol rROU[ [ B4 ¢ 1QuAUL,
viftcecrdyr v Ufdd drirzl rmryJ
. sz Iso )l SsHGEtSteB Zdz & OW

MHcT pmBsmvkeuwr a Y p@®@®AHEKaTepuHobypTr
Email: volkov@imp.uranru

MpoBefgeHbB 3KCNepUMEHTHL NO GOYMWOPGCIELDHKLE HD @
(cBepXxcTpyklpnyspkas vammmalH oGUAUCITY/T@&BMEe NMPUNOXEHMUNA B
CXmmatwuweim wmwnm pacTarmBatwweim Harpyskum (pgo 40
NMPOBO/MOYHBIX oOo6pas3yuos 1,5 wMMm. Ana BbBACHEHMUS
cBOWCTBA MCNONb30OBANCSHA PEHTTrIEeHOCTPYKRAY MHbBIA
MeXaHuUnyeckKkmne McnblTaHMA H a pacTsaXeHUe. MpoB.
cBolictTBamMm obpasuyos, ynopsaspouyeHHbBX B CcBOob6GOf
Bbil3blBaeT TMNpeunMylLlwecTBEHHOTfgo cpeaic nyonnoopkseHomuee HKHOOPAO -
BAONb HaMNp aoByeeHHwmoain ncpmmbl (T . e . napannenbHO 0¥
Mp wn MNPUNOXEHUMN pacTAaArmnBawmedn HARPpEYBY UWECR 6 E
pacnonarakwTcsa B NNOCKOCTMW NONEpPEeYHOro cevyeHwu

e
M
B
7
a
7

YcTaHoOBNEeHO, UTO UMU3IMeHeHWEe nNipevawly WEGIT B&H H
MeXxaHMUYecKHne cBOMNCTBA: C yBeNMYeHMUEM CXMUMaLlL
Bo3pacTaert. YBenumuyeHune pacTarmBatwenmn Harpysi
CBOWMCTB, nnacTuMWyHOCTbL ob6OpafjuodlprnpBTeamMOMAaAPpaA
3 phe kT3 yme cT N : npuM ynopAanoYeHUMU nog pacTarwu
obpaseuy yagnumHseTcsA Ha 15, 8 %. Kpome TOT O, Y E
NPMUBOAUT K CHUXEeHWIW B obGBpas3yax CcTeneHUW aToOMH

MpoBepgeHa MaTemMaTuyeckas 0 OrpPpPacdro3TBKOaL H bl X €
3N1eKTpoOCONpPOTUBNEHMNSH npwu Har pese obpasuyuos.
BbICOKOTeMnepaTypHbe dlicaocTw a3ra smc MMXOTBE N C 0 O
da3 o0oBbM npeCpubiGerulmCuwAull b ALAHaAaNM3 NONYyYeHHbLX pe
NMO3BONUNXIWTOH,apyYTO C yBeqimyeHmMem pacTHdar MBaiwl
aTOMHOT O ynopsapgo4dyeHwus EUAuSHK aBO//AID MHavedToavA  CIMOTBAHS Lt
TemMnepaTypb @(Gmas3oBOro npesBpaweHnNa nNopsaAfoK -0ec

[2].

1l izZOG BH OB dzisdIyle! BinonHeyaaBcpBa#@KAGr 003agaHnss MUHOGPHA
YpO MAHMoOonopgexHor o2sapoekta N 07

4 didekls j ©Okter

1.A. 1O. Bonkos, n. O. MoaropbyHCKas, A. M. Mayenos, B. A.
du3unMy e aomMme XReRE,281.H5-69.

2N. OopropbyHcKasa, BlMaAye Kas,a HA, d®ntierBateNksé &echnologies
2025,4, c. 69-78.
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gl ot 1 L rr R RICS ¢ Jupr v U [ [ AZ-Mg-Si,
Ul UsU WY [ BHU] ¢

[ . | BzSsp.Of OC OtE®o H W OdzOMd .j .0 dzd &z dizdizd dzts f dzj’te iz €
R. 4.0Rl) je
"MHcTwWmymmerT a ¥ p @eA H520108E Kk aTep wHIB XpB AN e &S K O,

2YpanbvoegéipaNuuB i pecmbt. B b U BIB2EK aTepwHiGy pr ,
Mwu p 19,

Email: volkova@imp.uranru

B HacToOoduwee BpeMsas BHPORKRBEBNHAPIGE@®BAHUSA K
MCNONb3YyEBHMBIND YK LIMM® X T p aH.CANGOQUTMHBIXE B GIfe & panwiea A bl
Mg-Si3 aHWMG@pPOT 4B &aXMIKXOEe MecCcTOo. XMMM4yeckumnm cocCcrTal
60058 nNnonHocTbi codT #&DATIB.0B/Ra3 el[pHGA A cCcBapka
npodpmna TONWUHONW 6 MM BbINOAHANACbL C UCNONb3C
KUKA KR6O0 HA, MHTEer pupoBaHHOT O c NTSE epObueect
MoWHOCTDb nasepHOT O M3NYyUYyeHUa4qa: 5 BEBrauyamwmKp/e l

3awmnmTtHOT O rasa m.cnonb3oBajsjnancsH4 renunim

MapavMem@@B® pHON CBAYKeICOBE@BRMMHMNE HaA T eoMeTHp
wwp wunpumHy 33TB W Hanmuume pedPeKkTOB. Hawnnyuyuwl
obpaseuy, CBapeHHbINn Npun CcNenyOPURTI OapaMgapaN:

KBT, bokycHOe2p@cmmpsasauwepd@®Oc OB wWmBEZpPKIBaAafEepPXKaA
npwu BKNWYEHHOM, S1axepellos nonydyeHH pOBHBM, |
MakKkpopaged®ekTOB. MnHumumManbHaa wmpumHa 3TB ykKkasbl
TennoeBoO3rjpe MCTBUSA WU BbLCOKYIW KOHULEeHTpauunw 3Hep!

MUKPOCTPYKTYPHBbIN aHanwus BblABWAN YUETKYIW 30
M3 mMepeHNA MUKpPpOTBEPHJOCTM NopTBEepPAMIN KayvecTs
3HaYeHNa c-OHBxTHVmBYIWMEe BBepgm or o B66-80H¥A C TIB/MasB H bl i1
nepexopa TBEéEpAOCTKN MeXAY 30HaMuU cBuUAEeTeNbCcTBY
M OTCYTCTBUWU 30H C pPe3KUM IrpagmeHTOM CBOWCTSB
MexaHMyYecKMWe UCNbITAaHNUA MNOKTDER/OMHE HMAE HHe CIPRA
OCHOBHBIM MeTannomm: KO3 dphpumuyunmeHnt NPoOYHOCTM C
yMeHbWeHUWI nNpoyHocTnm Ha 30%. OTHOCMTeEenbHOEe
yKa3bBaga Ha nNoTepw NnacTUWUYHOCTMWN. PaspywmeHne
noagTBepXjgaeT fnoKkanmisauunmtkw ocnabneHuma MmaTepwuan

1l ZOG BH O dzisisl®! o7 ffsdzdzj 2O o ©WORS OR ctsMkzHOKMiss j dzdzgsE s L !
vtel t o1 .

RfsdvyswoC [ rsut frhifvrlud

¢l dPOLRIRIISLELL N3PV O] ?
¢. ¢ dzdfmj jo

MHCT UphmMB MKPUO 4 HwoMarTe p U a N1 a me .48 a w uoHOR A H

Email: alan@ispmsru

EpoH3O0BbIE NMOKPBLTMNS H a CTanbHBLX aoeTanasx
KOPPO3-MIOHMBHBIX Ccpepjgax, roe TpeobyewcaET a/DHHOIA I
OCHOWMaHT M (PP N KXUCVBOOHAHCLT B Hapewkwe @we OPOH3b Ha CTa
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AaMEHNWTb MacCUWUBHbBEeHabpoORE@DBUE pPeTPOMHOEES KO MI
Xypuwaempmdonor mnyeckunxOpgxHaopia Kr3e pmEga m/Kke M HaHecCeH
OKPbLITUICABOHBE A3 OB aykaes bix p yKIXTodipasa Y MeHbWwaerT
annaBnaemMor o9NeKTpa@HHO J1y4yesBble TEXHOMNOT UM
BICOKO3HEepPretTnmyecknmMmM MeTogamM NOBEPXHOCTHOW O
bICOKMUE ckopocTwH Har pesa BWEe®NX®@aNRMBOHIWM, 3THE
TPYKTYpoOlW noBepxXxHOCTHOrNro cnosa. B ycnoBudax B
OpuMCcCTOCTHDb, bopmMupytwTtcaAa NMNOTHBLIE cnowu c MU T
bIC OK O Aresunenin M MenkKoagmMCcCNnepcHON COTOPCYTKUT ¥y p O
M3HOCOCTOMWKOCTMN NOKPLTMUNR no cpaBHl@wmuio c
NeKTPOHHO NYyyYeBOW HaNMDEAKIDMKEPIOCCNGJLTAC BB ADS |
epeMewnBaHne U ANdphPyspacrROMB@PMPEHTBOBH IBE BrafHai[
TPYKTYpP ©W AMICMEYPHMAHDMHEH,0e4TO0 obecneuymBaeT npwu
POYHOCTN KOMIDPOBMIDBOTLH@CAWBT €N1bHO MOHONMUTHOI

TemM TexXxHONoOrma cTankmBaeTca C pagom npobne
Ton6GyarThbIX 3épeH MTBAHWBM@DPAMDMWM MOCBIBGAC T OYH
€N /1OB AMOKEBWIC O T € bHXa NC/{IaMBA/PSAEKM € PHO A /19 MH.OT OCANno
ecMoTpA Ha 3TMWu OrpaHMyYeHwunsa, 9NEeKTPOHHO Ny
epcneKkTWUBHDbLIN nyThb COF paHimse HT g WIBCKT LAUI(PHIEUBEH (
atTepumanoB C 3afaHHbLM HabopoM a3KcnaAayaTauMWOHH

0)
T
a

S 33T 00300 30031000 W

B naHHOW pab6oTe bpAdMEA® /pukaaweampmaip d a &1 sMma C b
NoANOXKY M2 Xt 8EHmM@id nomMOo uu TOEIXe K OF ATIYTHNeMB O I O
anooMNnTNBHOT O .NHamMaB@BK@ATETELY IBe BVRERA O AN HOUYHBX KEé
TennosnoxXxeHme. TennoBNoOXeHMEe NPWUW HannsaBKe Ba
o 60 MA. YcKkopdwuwee HanpaxeHune cocT-a@@nano 3
MM/ MWH. CTpykTypa HannaB/leHBEGHEHWMATE@pPRZAELEO M
MeToAaMu MeTannor padouu n peHTreHogasoBOT O
m3ImMepsanacb NO BbLCOTEe Kanenb nNpu nomMmowm wMeTOn.

PesynbTaTb MccnepoBaHWW nNnokKas3anum, 4TO nNpwu
GpOHS3a bOpPpMUPYETTPERDYIDW aTyy lONn 0 4, 10 XK U B CBAS3
TennooTBOAOM, a B BepxHeWw YyacTum Kanawm CTPYK
CKOpPOCTb TennooTBOAapaxkam oup MoGBYHANaas BpaHEWIga LY €3H 1 e
TEenNnnNoOBNOXEHMNSH nocnepgoBaTeNnNbIHHOON NABBOWPWMUIWO CX a)
noonNnoOMKKOMO OTr awe HNIO HannaaBnaeM®BrBU Awa TpeaBHao/Ma Muieo.
KOHBEKUMOHHOINIO nNepemMewnBaHs, pacnnaBneHHas
npoyecce Kpuctannmaauyuumm. IDTO0O NPUBETOEHKN KN 3 ME N
K

OnNnypmamge-aszbla YyBREXKBYEHUWI MUKPOTBEepaoOCTN B
t OBISO or fsdzdzj 20 o ©O®RE OR ctMkzHOtmlso j dadzts-B0B40000.H Odzd W R A

ANfTIRUSLTIOLVRE 10V fovtuvsvut 3 1 P JROTT
tolvdsorvof?vdf vuafLILf Ytrwell ol RE
lj dsdgw @ tsod. [ . 2t 8BEOYy o

! UHeTumTyT npo6nem M a L udsivorcurap/o e I sb HYP ARk de g e p ¢
mccnepoBaTenbckuih UeHTP WUHCTUTYT HApPpme&Xxamaoi
Poccuilckoih akagemumm Hayk» (WNWOM PAH), 1. HwuxXH

HauyumoHaNbHBLN KUNNNTRXBHDTIOMNMEECKNUIA YHMUBEepPCUTE
E mail: serti222@yandex.ru
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MosBnNneHMe B TexHONOrmMyeckomhw uLenoyke ob6Gpaf
MHTEeHCUWBHOMN nnacTtunyeckolMm AedopmMayunun ( nI
y/TbpaMe/TK O3 epHUCTble MaTepumanb €C HaHoOpa3 MepHBbII

MnkKkpocCcTpyKTYypa, nNnonNy4dyeHHasd nocne mnna, M O X
pa3MepHbX YPOBHSAKX: Makpo, Me 3 0, MUWKPO U Hatl
nepexojg OT MUKPOCTPYKTYPGICTaPASKERPOMPEIPFRIM
Ao 1 MKM K HaHOCTpPYKTypamM Cc pa3smMepomM MeHee 1

Ana wccnepoBaHMA O6bIN B3AT NPYTOK 4YuMmcToOon |

aAannHon 100 wmMm, B MUCXO[HOM KpPpynHoOKpuUuctTannmye
KOMHaTHepaTgmMa@a U 3aTemM, He nNpoBOAA OTXWUT , H
npecce MapKun RHP 250 ¢ MakKkcuMmmManbHBLM YyCUNTUEM
TemMmnepatrype (pAgo 8 nmnpoxopgoB no MapwpyTy Bc, vy
MUKPOCTPYKTYDPY M3Iyyammmnseg oGpazpes Hoe I e Y&
yeThbipex, wecTWu M BOCbMMU npoxoaoB C mcnonb 3
MHKpockona TESCAN VEGA 1|1 M nNnpocsBeywnHeOwWer o

(JEOL) B cBEeTnoM MU TeMHOM none.

Ha M3MINKpoOCTpPYKTYypeE M e H a o cc/yeoB3 @& Pim e
HenpaBMWNbHOINIO WecTUTFIpPpaHHUWKA WNUNPpUHONW 750 HM

500H ™M, chopmMmpoBaHHbBE nNocne BOCbMWU MU wWecTwW nNp
Cy63epHo B @dGopme pomba guamMetTpom 500 wee wme e
HaHonmnonoc wnpumwonoans@mMHMMEr MEHT e, B ApYyT unx

bpar MmeHTNMpOBAaAaHHaAH CTPYKTYypa (c AnamMeTpom

HaHoO@par MeHTMupoBaHHasa B MecTe [ABOWHOINIO nepec
dbparmvmenTta 90 HM).

Cyb63epHaopme HenpaBUW/bHOT O wecTUTrpaHHNK a
hbpar MeHTOB, KaXAgbil WANPUHON AMORGOL HMU P IBH Ok pB
(ceporo uBef@)jgpBoocBaLBPE@MAr MeHTb pa3mMepom 10
YaCTMWUYHO HaAHOMpE@TPEHTWP@B adHeHNa0r O L B e T a. Kpow
WwecTUT PaHHUK pamepom 750 HM wunumeerT yeTblpe T
(6onbweyr noBble), aVn@ABRHYPHEVEPAPRMHT LS NUHUMN.

. S dd » v
. o - N i
| \ a
. S .

I

a é | §)
tdmezdesS 1. [dCtesMmMstczSIsztce® &BjHd fsMmdzy ( O)

pa6oTb [3], aBToOop oTMeyaeT Yy mMeaun nexhpee UMNNA
3epHa MHOT OFT pPaHHWUK U, y KOTOPpPALIX aBCoeqHap a HvaLH
MHOT OTFT pawmHBMIOyTr noBasn. MoaBNneHNE M3 0T HYTBbIX Bt
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cyb6s3epeH cBA3aHO C aAaKKOMOAALULMOHHBMMN npotuecoc
o6pa3oBaHHbLX NpPWM NEepPBUYHON pexkpucTannausayuwuwun
bopmMbnnao& npoxopgoB PKYODOPasmepwmo50PencTtaBnel

B pe3ynbTaTe NpoBefAeHHOrNo MccnepgoBaHWsS MOy

1. MNWKPOCTPYKTYDPBbI Me anu nocne 6 n 8 npo
npopaboTke BKNnwyaeT cy63epwav B 0GO pHMwe -1p 0OMM® /O IE
HenpaBWANbHOT O wecTUTpPaHHUK A pa3mMepomMm 750 H
dbpar MmeHTOB c HaHomonocoBOMW, NMOTOCOBOW n
CTPYKTYypoO#

2. Mocne dbopmMmpoBaHmu4d TPOWNHBIX CTbKOB
TpaHC®OpPMUWPIYMESTACPA BB BMM A4 e HenpaBWUAbHOINO WeCTUYT

3. Mpwn aHannse MUKPOCTPYKTYPpHbI nocne P K?3

CTPYKTYpPY Ha MUKPOYPOBHE WU NOANYUYUTb CTPYKTYPpP
4. ipoxoagoB PKYIN B NONHOM CeyYyeHMWNUN3 eopoHa 3B, adpap M
poOM60O34ApPOB MHeNpPpABIHPOBX WeCTUTNIPaAaHHWUKOB.

] ZOG sH Otp detstjdsdy' o' ftsdzdzj 2O o WORS OF CEtsMkzHOMmise j dadets @ s
WidzH Odgj dzls Ocdz! dzr 7 dzOkzydz'i? 0@ fffdzf H s § & dads PO2BIARSVAPER2PBE U t
(FFUF-2021-0031).

s dMsS ddlsj cOlkikr

1.Tne&eM. , Kosnos 3. B. , KoHneBa H. A. OcHOBbBl NMnacTMm4yecekKko
®n3ma,roORB0A.

2. YTawes &. 3., Paa6b . WN., Banntos B. A. JedpopmMauyumoHHDOE
MoHOT pacg@rne. : Hay k o e2v0k2t0BS.T e X HoO1or nu,

3. Belyakov A.N., The Physics of Metals and Metallography. 2009, 108, p4880

4 HoBukoB UW.WN. Teopwmsa TepMuyeckon obpaboTkwu mMeTannos.
5. Tyupepos . B., Knm K., UyM.a,k oBap khavA. M. Alle,p eieGae psaB Bl
dunsnmka MeTannos N MeTanAHeEBepeHue. 2022, 123, C. 109"

1O RURf Jwy Tl ([ ¢vWMsf3us f1 A1 Ul ¢ BRR
JrartuvIzARML 1o YUR-U[ ot vl vrRUN |
ltrltozrUmrR [ 0l afay JIuruG1 ¢
1. .s0M jdgf .1 slsitslag.y Oh didzO

lypanbtegéipayysuBédpcurtert
2YpanbT®@®Yi[ap CITEBORMHTHN HYMHYNEBCEKPUCHN T € T
Email: nadkashenk@yandexru

CnoHTaHHBIEe (nNpun oxnaxpgeHunn) Ma-par e HOI4 K H ble
my B TMUTaHe UM cnnaBaxaoaH®&IM-HKIK) o ®H ocBrien,a BlaaK X
nNpoTeKawT C ApPKO BblpaXeHHbMUWpOoOpR3I@damalfiuH ¢apno
2).CywecTBEHHON OCOOEHHOCTbLIK MUKPOKUHEeTUKN MM
pocCTTag € ™ b H bl X KpucTtannos MapTeHCWUTa. 2T a 0C
AWNHaMuuyeckoin T,eopmm3 MdlawpwBelh dpocT MapTeHCMUTa
BO/JTHOBbLIM nNpoyeccom, Hecywumm noporosytw Agecdo
AedopmMayunmm obecneyvyyyBpemTBRA BEeEARpPARKPA@BHOBECHbII
Mpuuyem, rnaBHbM o0o06pa3oM CcCTeneHb HepaBHOBEeCHH(

noTeHUWaename XpasdHOW o0o6GBNnacTum Ha cTafwd, 6biCcTp
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NeKTPOHHEBbIE COCTOSAHMNSA, aKTWBHDbBPEA C B O NIMOEKHe & pbla L &
pocTpaHCTBEe KB a33MnBye/PbXCHOOBC TBR G/ M 3pra 3 4 € 1 A 10 WKn X
acefneHHbBIX COCT B+WH)( B JOCH®@BHOM O 601blWOE KO
MeeTCSa, ecC /1 B—NCOOBCETPOXAHHONCAT siHXa O 6 na gawT ceqmaboim g

axoaAarTcsAd B npmemMne Mo M anA4d 3aceneHuMmd MHT epBa
a-y £ 0-01.52 9 B.

PacueTb 9Heprum B npubsa7ThxkeAnKwasHWBAEKW®N 8BA:
B reHepauuvids-noempEUAOCTEeN conocTaBUMb C nno

I =X I 1300

BpunnwasHa. Kak nokaszaHo B [3, 4], Mseepoaa@a@a coO
MIMT oT KOHUeHTpPpauwuwu nernNpyrwownmnx 3 nNemMeHTOB [OCT
lea- M | keMs+Ts/2, (2)
ragke—nocToAHHaa bBe3viamwaaity € $€30/ICETKOTAPHOMHIIO B, Yy 4y acT
B npouecca-cacreosemmii. UVNMEHWHIDE GBTEBIMHHWE aB@BwmICo T
OT TemnepaTypb T, tH0E IMN POYTI LKMOXH LISE/HETMPEaHUTNONB :
Fs( Ta)=Ts( J+Ts(a), Ts( ) e&keTaq, 3)
raole(f o6bycnoBneHO paccedHMWEM SHa@O BBi@GikKaxX nemy e
yuynTtbeiBaTb pBOO6OmBHAENSA). Mpwn BBege-§yHpulMmcpeaHE

6e3zpas3smMepHbXx nleReveimiikXeFM-"f=pHa nno€kKbtcrywnu

KOHULEeHTpPpaLuUWnOHHOMW 3 aB uMsu@)o C ma X HToe MO @ p actTyya BIN T b
MeagNnNeHHONIo MW3MEeHeHWHA HepaBHOBECHbBX AJo6aBOK K
npunm opgHoBpemeHHbBXu)MIMeHdamdonNnee TUNUYEeH Bap.l

npwu Bo3pacTwHUKaK, Hanpunwmep, ogHa uns3 oOnTwNM
nnockd®dTYy @BapgpaeTcss COOTHOWEHNEM
1-r' =24 (T') 4)

MockoNbKyYy TMmMme@BO®UWYy(ABbCOKOTeMNnep@aTypPHBN)
Xxenes-ea UMIB B Tut@WPC)6nmM3kayuecTBEe HauvyalbHOW TC

1, °C
900
800 -camy
700
600
500
400
300
200
100

0 2 4 6 8 10 12 14 16

t d flzidtsded v 3tkdzj ¢ d te 2 éd2j iy deB {5 &34 | tc Oliwintf iz Gsoddsm0 dzO

TutTaHna Ha((TnR'okckoecamnacHO [ 3, 41 , BoiOGMpanunmce
nosBONsAeT 3afjgaTmpamaTapr@H: -y alsiyXker2/50K.Tor g a,
BbiObupas, cornacHo [ 8] , 3NEeKTPOHWIAEI MOMENT Y
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I

Cyuye Tolm 630arnoo /1 Bok-B 10 TN T 8MH@O0 L, @ € C @ P OBBOASHMIOK H O
3amMevnaome HeamaMdTyla KoTopoe MOXHO yyecTb B MO[

Pa3syvedmga/jBapu a e d/ukatka 4 a /I9b/HEAKAT PO H H a A
KOHQUT yTNaTLAVevB N S EBEP LT aHOB/TE@HHOI.
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t. efsdz hddAdnwOtcOdzy J G L ,d L Wddztsts 1OF O dzts o
MecToOo pPrdBGOBRE «YAMYPTCKUNKW TocypapCTBEHHBIN YyHMN
Email: rodionkonsh@yandexru

Me T o A bl N ASBEVKETHPHOOX U MU Y € C K O W obpaboTkKwn Ma
MUKpPpOAYT OBOE (MOOY newTponasmeerrae ece (dIKOY AU P
npumeHsatwTCcCA AnNAa @GopMuMpoBaHWMA BLCOKOTBEpPAbX K
mMmetTannax (Al Mg , Ti , Zr) [ 1] . CocTtaBbl 3nek
cnabowenouyHbXx pd@TBamaeEex BC kKpHe@TBEe OCHOBbB WUC
NaOH. kaBuecTBE nneHkKkoob6pasoBaTenei NPUMEHAIT

MaKkKcumManbHYIO TBepaocTGL, doc dartbl, Aatwnwne
bnocosmMecTMMOCTbL. BaxXxHO OoTMEeTWTbL, 4TO CTanb.b
mnm N3O MBTCYTCTBUA Oamb @PHEBIOQ MTK KW fagaH,0 AH O MY
BMEeCTO pocTa AUW3INeKTpPUKa; obpasytwwmnecs OKC
o6bnapgpakwT nNANoOXoWn apresunei, a uUMKIMmyeckKkune Ten.
TpeLwmnH bl.

MepcnekKTMUWBHBIM HanpaB/ieHWEM fONnan oonbbp3aobBoarHKne
HaHOCEKYHAHBX MWMNOYI/bCOB. Mpum S9TOM nopgasBnsgerT
HaHOCEKYHA]bl 9NEeKTPOXMMMYECKMNE peacxuyunm He
«KXO0ONOAHbLIA» MakKponpoyuecc C /NOKafnbHOW nNnas3mMolu
MMNNTaAaHTNPWMK,0TOPON MUOHB pas3rOHAKWTCSHA [AO0O 9Hepr
MmMnanaHTauumm, a ypapHble BO/JITHbBI TeHepupymwrT 4w
avdodpys3snn.
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MpepanaraemMbli MeTOA4 OCHOBAH Ha MNepexopge o
XN AKOM O06bemMe K 3KJOEHKTTPPOOICUTPayTEMVHOEMCYK O MY p acC M bl/fl1 € H |
reHepauyuuvmein NoOKanNnbHBX MUKpPpONMTa3MEeHHbBLX KaHa/nos
BKNnNwyaeT B CcebSsa:

1. Cun
p a

2. NCTOUYBHHNKXKOK OT O NOCTOAHHOT € OH a&mBp 5 X eTH/AO X(nbr&

cTemMa N8 NepBUYHONO MexaHuMm4yeckKkoro pacn
3
T
nontwc (aHOA) KOTOPOro nNopgKNwWYeH K cumcrteme
a
T
a

MepoM He 6onee 100 MKM.

(KkaTokp)obpabaTbhBaemon pgetTanum n3 cTtanunm 40X,

3. Yc
CT

poMcTBO ANdA HarpeBa MnNOANOXKMW, noagpaenpx
nn Ha ypoBHe 200 °C agnda npepagoTBpaweHunsd

dn3mnmka npouecca B O6beMe MeX3NEKTPOAHOT O |

anNeKTpornmnapoagmMmHamMmyeckKkor o pacnblneHNA (2rgp)
S3NeKTPMUYECKOM MNONe HDE@EOo MCCXIAPVETH UIeH TPEAHCCTVBBO P U T € Nl
KPUTMNUYECKOMY pocTy MNOTHOCTM MOBEPXHOCTHOT
HeycTohnumBocTuU Panea nepBuUUYHAaA Kanna [JpoouMmTc
noTeHULMaAanNn Ha OCTPbX KPOMKAaXx (OPYeETH K AO K1a NiHbeH bl
KOPOHHBIWA pa3pa, YaCTWUUYHO MUWOHU3ZUPYHWWUA OKDPY X

Mpu nopgnetTe 3apaXeHHOW MUKpPpOKaANAWU K Harpe:
peanuni3yetca 3@dppekT JleligeHdppocTa: HUXHSAA 4Yac

HaHOpa3MepHY0 muproy.as3BeyeogaoBue cxXxaTunusa Me X3
MUKPOHHBIX 3HAYeEeHUN HanNnpAXeEeHHOCTb 3NnNeKTpuuec
rasoBoi @asbl. Bckumnawwmim MumKkposasop npoobumea
ONWCKpPEeTHbEe KOPOTKOXUBYILWNE MWMKKIPOAIKIEAMB/ME HBI WIET YK
PpONM XMWAKOFNO MUKpPO3INeKTpopga.

B TOYKE npnmeAa3KMN MMHNKponsigsa3MeHHOT O KaHana
B3anMnmMoOCBAS3aHHDBbBIX npouyeccos:.

s5CO0dz dz" 2 bjtedzdemMMepaTyd@: B HaHoOoOMacWT abHC
MI HOBEHHDO A 0 €3T0n0r0a eBbCc. b @ @ @ TemMnepaTypHBW

=
—

anpaBnNeHHOCTb NOTOKAa NONOXUTEeNbHOYyapsxe
nas3MoOli NOANOXKY.

obecneyunmBaerT CKauykoobpasHG®bi pocT K03 dhduL
OObeMHbBLIX TepmMumuyecKkunux pecdopmaymni

7T 1 dz0L &3sa dd3d yd MS d 2k o M mjacHsSed=]TL b MMUKpPpOKanNA WU n
MITHOBEHHYI TepMMyYeCcKYwW guMccounamwMRapPHBEHE
KOMNOHEHTOB W pajgukKkanos, CKOPOCTb NOT /10 LE
Bbllwle, 4YeM Yy MONEKYNAPHbLBX T a3o0B.

T Cdzj CIstetsq jctajndptHip: e MOCTOSAHHOE none obecneuy
H

n

Bei6op cT1Tanm 40X B KayecTBe MuUWeHNW o06yCNOB
(~1%) . Xpowm BbiCTynaem M OALHOBNML O HMpr PNyaO WK M )
bnkcumpywowmm BHegpawwmmnmcsas as3oT U yrnep\Nh)a B BM
YTO rFTrapaHpPpBRPYOEe MNOBbLWEHNE MUKPOTBEPORLOCTU U U
cnoa 6e3 HeobGXOAQWMWMOCTMW nNpoBefgeHUMA nNnocneppgytwe

Mcnonb3oBaHMMe KnaccunmyecekKkmx CMnanmkKartTHDbIX

n
cxemme HeBO-3BMOXHOOpaBB®BAHMSA AWN3PKTMP UCHORICEKO i1 N

n n
hnpc
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TeMnepaTtype 200 °C. ChopmynumupoBaHb Tpeb6boBaH

MONMHOCTbLI NeTyyYymmM MU pacnapgaTtbcd B nnas3mMe UCK
M ras3oobpa3HECaPRYKTBH (H

MpepnoOXeHHbBIW -NAAPUMBBABAOCTINMETCH DBOPEe KT UBHOC
39KOHOMMUYECKM LOCTYNHOUW anbTepHaTunuBOW BakKyy
ynpoyHeHUS4d ctTaneim. npwu 3TOM T nyb6okasd avddy
ycKoOpeHMA YyacTwuy B aTtTmoc@hpepe, a 3a CUET MUK
y oawannu. KoHTponb, reomMetTpunm unu ¢Gas3oBOro cocCT
nNPpMUMEHEHNEM MeTO/.OoB onTMmyeckom CNeKTpPOCK
CKaHunupytwuwei n npocBe4YynBatwweim 39NTeKTPOHHOMN

MUKpPOTBEpPAOCTHN NO BuMKkkepcy Ha KOCbX wWnudgasx.

o dsfgzd s j 6Ok o'

1. CyMmHoBMWMK pBayrosoe oKcuagmnpoBaHue (Teopwusa, TEeXHOnN
OQKOMET, 2005.

1. "'puropbesB A. ., Wnpsaes A. A. OQnekKkTtTporunagpoavH
sneKkTpoaguncneprupoBaHune xmpgkocTtu (o63op) /| Kwunbeplle
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1.J.s sm3@3Yj .0z " s, ) Odzefdz
lHauvoHamoesblgig 0 B alTOBWT R CAKAW L, a P CYTHBVEBHEH[BIOIN T € T
2WH C T UPMB MKPVO Y HIOMCETTUE P U @ N1 @ MEB .0 B & wm woHOR A H
SHauvoHamaoo/mbeig o B alTOBWTHOAKAMIT € X HYMHIBEE & Man T e T
Email: kosmache@mail.tsuru

CnomcTtble nNoNMMepHbIe KOMNO3MTb Ha OCHOBE
nn WM POKOEe paTCMPHOLXT paRpazasaxa PRBMbILWAeE
eapm gaoe B OOIWDWKTHaOE T(CABY O I wimMiA /Al BB Y 10 WK X

anoB ANS BbLCOKOMNPOYHBLIX KoOMMNnoOo3uWTOB 6na
M NPOYHOCTWUW NPU pPpacTsHaXeHUWWTOINHMBIDTCE Ub +
MyecKMM BO3JAeWCTBUMAM U TepMMyecKon cTabwun
ONb30BaHME B asBumauummu, KOCMMYEeCKON oTpacaHh
MblwWleHAPRPOICHR. MEHEE, HECMOTPSA Ha YHMUKANDbHELE
apatwT HU3KOW XWUMUYECKOI AKTUWBHOCTDb IO, B bl
AKOW NOBEPXHOCTbLKW, 4Y4TO NpendATCcCTBYEeT CcO03p4a
MMEepPHOI MaTpuuei. MosTomy, 4YTOOBbI ycunmnm
MnMoaoelnWcTBUENOHKaMaT paHwaL e TP@byeTca npegsapy
epxHOE3n AB |

ansa MOAWMGUKAaAUKMN NOBEPXHOCTMN BO/MTOKOH Tpaag
nopagxoAabl: XMMUYEeCKOE Bo3agenmwcTBMUE, o6bpaboTKy
hbopMupoBaHME HaAaHOCTIWYKTIy.p4 .H all @/o8B efRHHRQICPTE K 0
PeakuUuMOHHOCNOCOOHBX ®MYHKUWMOHANbHBLX T pynn wun/l u
MTOre 3amMeTHO ynydywaeT MexgasHoe B3aublopgencrT
XmmMnuyeckas MeBwWhOWKWaEHOWSB aHHDLBINIP avweoOTXKM MABe g0HE 3
c e
n T
n 0

W 3O 03O0 XwWw=Z21TO
T OO
O DT <
XT = <
OS%S

OwWwWOoOSoSOoOmo O =
WY OD® 30332043350

oXpaHs+
pOYHOC
OBEepXH

TCA Hagonro, nNpuMm 3TOM CylWwecTBEHHO nNoO
b T paHWULUb pas3gena nNpwu CcAoBUT e. OaoHal
CTHbBIW CcNOW BOMOKHaAa, CHMW3MNB €ero Mex
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npuBecTMw K BbiJ€NeHNW XUMMUYECKMUX BelwecrTB, ‘
Mnas3mMeHHas MoaAuMdpMKaAaUMA nNMWeHaAa SB3TUX HepgocTarTk
XUMUYECKUX WU3ISMEeHeHUim, BKNwyas akKTuBauUuW NOB
NONSAPHBX (QMYHKUMADHayBe@BX4YEePUEe wWepoxoBaTocTu 6
MEXaHMWUYEeCKUX CBOWCTB BONOKHa U 6e3 Bpepga Ans

B pQLaHHOW pab6boTe nNnpepactTaBNneHb pe3ynbTartbl

o6paboTKwWU BO/MTOKOH H a npumepe BO3aelhcTBMUSA i
B®AYWHOW nNnNnas3Mbl HM3KOTIO pgaB/leHMUA Ha CTPYKTY
cBoMWcTBaA cnomcToro KOMNO3MUTHOTO MaTepuana
nonunopeHmneHcynobgpumpga (MNdC)

Ha pundygeaxkasgprHEpn KN 3 aHBAUNCPUSIMKOECHTUUA N PGS BADK C /1 O €
KOMMNDOBIBT OT OB J/leHHWRA?B /BmsmHABaoMWpW a 6 0T K M n6reas3 wHoelle 0
cCMeweHBM AHO UMTO, BOTMEWWWO®P adOa X MO NB HTUE3UKEOH OE [
30 MUWHYT 3HaweavegBpoalid@BfoBsenTmuynmnocb p[Jo 30,
YyTO Ha 55 %c daB1H enedpoacscUHoeND ovp3a @ 0D 0 a B € /LOK Hlar Mlla)
Mpu ob6pABoOakKeoC Pe pHOW B OB3 ATYEUHHEOHIN en N6a 3MEOKIY H 4 N
caABmoMnoyBR®BEAMNYMIACSH po 42,614 MM a, 4yToO Ha 8
KoMno3uMToM M3 HeobpaboTaHHOro MaTepwuana

& 50 -
=
-
S
°N i
Q25 —be3 o06pa
i —ABIN
T, —BMNHA
0 0,2 0,4 0,6
CmeweHwUeE, M M

{ d MEdfsEy s o Ov ftetsydasils: dz20 MHeadce € sl
fted tOL dzd ydzr = I JAOQARS®B tcOB SISC d

B pa6oTe yCMawoBpeIWM@HeHNE BO3AYWHON NnasMe
K MNOBbLIWEHWI MNPOYHOCTHBLBIX X apBHkar eQpAECWITN KN K [Daual 1o 5B
YCTaHOBNEeHO TMNOBbIWEHNE WepoxoBaTOCTU nNoOBepKX.l
0O6pabopTk NBTTEORMK@ 6 NlofaeTCcsa YyBenumuyueHUe COAepXaHy
nNoBepXHOCTAT®BOODREOEBOCTBYET MNOBbLLWEHWI YPOBHS
XUMMUYECKOIW [KIOeMITIDIH eMHOrNeMepa K apaMuMWagHOMY BOANO

RMMdzj Hs0Odzed] o' fsdzdzgj dets ft.ed YSHHjEYC] I BeteORRBRT ttOLodls
(1tedste2GI®B), ftesjCls -~ 2.5.4.25 [].
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2.L. Zhao, W. Liu, M. Xu [et al.], Plasma Processes and Polymers, 26196.

3. S. Jethva, F. Bhabhor, C. Patil [et g//hcuum 2023, 215, 112313.
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'HauyunoHamaoa/mbigig o B alTOBWTER CAKAW L, @ P CYT HBEBHEHBLIGIN T € T
2WH C T UPMB MKPVO 4 HIOMCETTME P U @ N1 @ MEB .0 B & wm woHOR A H
Email: kosmache@mail.tsuru

PeweHune 3apgauwu K 0 H/TrpooBNpAe X gleeHPHe &K CT THD C TImp U
MONUMEPHbIX KOMMNO3MNULMWNOHHBIX MHAET Nep/VHAETHOHBbBI X { K aTKka
apMMUPOBAHHBbIX AN WHHB MM n HenpepbBHbBMMU B O Nl
MatTpumuyuamMn/ ceBA3yroOWMNMN Ha OCHOBE CYNEPKOHCTPYHE
MOHMWT OP WHYTKaT y LHO i LenocTHOCTM m3pgenui n 3 F
MCNONb3O0OBAaHMUSA COBpPEeMeHHblX AMmar HocTMUYECKMUX
apMupoBaHHBE TMNONMMEPHbLE KOMNO3UTH NO- onpea4j
OpraHM3oBaHHbLBMMN, 4yTo TpebyeT OWpuBmMBORE®MMAE VI
AedekTOB, B TOM 4YymMmcne KOMOWMHMPOBAHHDGBIX, cpep

[1,2.

w

NPOMbBIWANEHHOM Hepas3pyuwawuwem KOHTpone Ta
XecTBO MeTOon OB, pas3AMnyawnUmxcs YYyBCTBMUT
BASeMpeXiBarli, gocTtTynom K obbekTam 7 cn
MAOWHOCTM B 3aBUCUMOCTM 0T cocTasBa, Te
nosWWroBpec K PEHTTI eHOBHL&pMaM3 paa@aeaa gDOSH
MMePpHbIX KOMNO3MUTOB CBSA33BAaHKPIUTME@RBLCK HT G aB®
da 3 HblX 7 ME)XC 10 e B blX rpaHuny. MocKkKoOnNbKY é
MMy Wwle CTBEHHO 1”3 TaAaKMWX T paHny, n X KOHTpPO
mM3IBopgCcCTBE 7 no BCe# K /THoyapHe WG/H[EsImel ) B
nnyaTaeroioecCHBOIXP YT ON CT O p@Heslhe KNTPOOCBKeOANENHMN U 3 [ €
n X KOMNO3UTOB B YC/NOBMWAX NPUANOXeEeHNSH, H a
PHbLX BO3AgeWCTBMUI, TakXe akKTyansap; mMmapae 3
KpbiTue pfedeKkTOoBe BHUHIN eyifEal@HKbl X NMAODEBaML € H U i
poneun Mm) , T ack m oGonbwon pasmep ([0 enpq
TAXEHHOCTb O060BbBeKTOB UX copgeép.xallumxs (@b nmp wm
ONb30BaHWE LUPPOBLIX CUCTEMPEO@RTODEHOBEKRNR Y
acTyw HA9BNseTcs €eAUWHCTBEHHbBLM HafAgeXHbM Ccno
Tponsa.

T T
n o

OCP=X"XOOMXSZO

X WSO 41w 3XI WS
O OT O™ Y XTOT D®OOO

T £ 30

MoMMMO peweHMsS 3agaydynm nNnoumckKka ORNTMMaANnbHBbBX |
bibopa a9Heprwun, Kcnosnuyunu, POKYCHDOB) ,pacc
TyanbHbM ABAAeTCH paspaboTka 3¢@®@eKTUNnBHBbIX
cTob6paboT KM pagnorpad@unyecckmx CHWUMK OB, noc
rpy3ok (B Ccnyyae HEeBO3MOXHOCTW ee YyBenuduye
OTHOWEHMWE HEWINHOa3/B/oWysSMe T A NS NONMMEPHbLX KoMmn
nyyaTb KOHTpacTHbEe M3obpaxeHns . YAnydyweHuwue
TeM nNnNOBbWEHMWA NPOCTPAHCTBEHHOINIO MU 3Heprert
OBHEe 4YyacToO TpebyeT G@E/eypwmmx . 3 BT praoT XBep eBvpeeHws

< JdJ3o0 T 39—
T<KOO0OY®YOXWD™
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MeToaOB UMPpOBOW O06pPpabOTKWMW cnaboKOHTpPACTHHLbX
3HaAaYNTeEeNbHO NOBLICUTbL MUX KayecTBO [Jaxd¢d.npu wuc

B paHHOW paboTe O6blTa NOCTaB/enH@ n30aBapaeuas epHavs|
B BOJIOGXKPOMWHPOO BAHHbLIX MNONUMMEPHbLX KoMmno3unmTtTax C
OCHOBE PEHTMTE@MHYBEXDHDI HDARBRKOBODDPA 3a cuer no
pagnorpapPuyecknmMx CHUMKOB.

MpepnoXeHO UCNOMPABOBAPH a MIEAVBOOMBLD il THOTYHO C T U
ANA Bblge/TeHMWA Mal oK O HETHITArCer HHObIXp &0GDUBOEKETHOBBX MHAaX . P
peanbHbX CHWMKaAaX (Eao3vaiBOaBMuraolByn nm enrookaa 3 an 3 ope K -
BblA€eNeHNN BUBCIKKIXIA (lcpoCcTpaHLCTRéEmMR@MNOBACBOTM®NA |
MeTPA3IBBOHTIT PYSHTHOCTMW CcNnepyenmp engaizovHLu mar Eewip Hebian

BblgeNneHns KPNYRABKIAPOCTPAaHCTBEHHONOOBH@QKTOB OMH
PEHTT eHOT paMBOOP@RKIEH N A X . YMeHbWEHNE KONMYECTHB
CHUMK aXx 6 bl N o Har N9 4HO NMpogep NMBIK C TCEYEIKWIE aHx q

NoKa3aB WU X OCCMI&)LB,Q-II-OWIIG 3Hepl'eTI/I‘-IeBCKOﬁOpCOOHcyTaIBIII]IHII
NPOCTpPaHCTDBEHHDBIX 4yacTOT.

tjLEd 5Or B' &z §tdkzyjdr o ©ORSOR of § sddzj dzd" csflzH Otef
"~ F S \R0250021.
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1. wjdizykl sk®dOtj o

MHcTUTYT DUusm kmMp meRMmbh,n ExaTtepunHbébypr, y n. C.

{1

2ZUHCTHUT T M3 NMKMUN n O4YyHOCTMN n MarTe manoBegeHMN:
y Y
2/4

E-mail: kuryshew1912@mail.com

AooVNTUBHOE TMNPDMEB BOPEGC RBMAME GHE@3 JOCHOBe LU
obbekTa uMAM pJAeTanwnm nNnyTemM MNOCNANOWHOT O o]
ABNsAeTCSH mMeTopha agAWTUBHOINO AYTlroBOT O
Manufacturing, WA AM) C npuivlecGleseBpapk yaop @jus
MaTepumanoB, N8 KOTOpbX pa3pabaTbBawtTcda agamu
OAHO M3 OCHOBHBX MecCT. AKTUMUBHO npumwgHhioT pas3
Mg-Zn-Cu wn ap. [ 2] . Tack, B HegaBHEeM BpPpeMeHU O6bl
(MapkdFAZEOC2024984cucTe Mbl -Zn-Blg-ReNieZe g H BA KAIT 0 p bl
Xenes3o ABNAeTcsAa He BpPefgHOW nNnpumMechblo, a ner unf
Hnkenem oMdNpadpa@k@GmKayB TakXe nNpakKTMmyecKU He

nNoNoOXMTenNnbH@rsnKkae®wmMMBaThb, a Hanumuiune 3IBTEKTM
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cBoWcTBaA. Kpome Tor o, -Mg&ykZnm OCHN NsaB/biIA ECTUCCAT € I
YyNPOUYHAEMbBIM. CnnaB mMoOXeT ©ObITb MCNONb30OBAH K:;
CoOCTOAHMUM, YTO pacuwupesiwra orbolacp &B HG HUW K1 PU ME bl
AedopMUPpYyeEeMb MU cnnasammMmu TnUna B95, A7075. E
npMBNEeKAaTeEe/IbHBLBM AnA mMcnonb3o0oBaHMA B apontun
agAUWTUMWBHOM AYyTOBOM NPOBONOYHOM BbhilpalWmnmseaHUN.

MeTtTopgpom WAAM c N pUMMRERIHEHBIEMH apio O DK Un , NnpoBO /S
cnnaBa AZG6NF, npum TOKe OT 80 A M ckKkopocCcTM
anonTUNBHO BblpaweHb AeTanmn B BWULAe TOHKOIW C1
nonyyeHnsd NATOTHOT O o6pasuyua (NNOTHOCLHbLN>9 9 %)
peXMm CHUHTESa, obecneynBawWMin onpepenéHHbe [
napameTposB HannasBKMW. MeToAOM rmagopocTaTtunyecek
NNOTHOCTbL pAeTanemn, NONYy4YeHHDBNM GRo CRKYGPRBMMAMD
CornacHm DalHHMBIECKOIMU MeTannor paddguu B npouec
pacnnasa npomcxoaunrt obpas3oBaHUe B bl PABFK 1 € H H bl X
(AlsMg2Zny n AlF M (MgZmy c T abuunbHOMBR+ABaGNIK)T MKIMHTepMeTa
KOTOpPbLIX pacnonar aWraHM 4B MGAI e @QMEaHOMU LD W/ MK BH
®daszoBbli PCA noagTtBeppawunn, 4yTO0 AU PppakuyuKHAHHbBIE M
AlgFeNi, MgZnn EioMg.. Mo pes3synbTatamM POM ycTaHOBNEHOC
MakKpocTpPpyKTypy WAAM cnnaBOBWK MOMCETHPTY KUTEYTPKYY,l0 a3 C

BHYTpPUW TpekoB GopmMupyetTcs paucnepcHas pas.l
ctTon6uyaTtbMUu 3 EpPpHaAaMN, pacTywMmmum B 3 0He Tepmmwu
rpaHuuy.

Ctonb6yaTbx 3ep+d wxKpw HHaie-DE HAE R MBYWK TY DY T
pasmepomM ~ 1 MKM, TOrga «Kak BHYTpPU TPekKkoOB
paBHOOCHOE 3epHlod pvek3vme pBoemp X~H nle0 yacTwn pgeTanem
KPYNMNHONW MUKPOCTPYKTYPOW NO CpPaBHEHWNUIKW C HUXHI
MWK POCYyTppay KTTpaH UL MeXAy TpekamMmw UM nonocamMm Ha
BANmaHuma Zr n ScC Ha CTpykKTypoobpasoBaHUe HMUK
TeBepaANAAMBMKANTMHA B NAUTOM COCTOAHMUWMW cocTaBuia
yeM Y BblcCOoOKpapadyB®5mucmocne 3akKkankwu.

PaborTa BbilmO/THEHaAaA B paMKax rocyagapcTtTBeHHOT O 3ajgaHwnms

v ddeckls j tQlskzter
1. K. Treutler, applied sciences 2021, £18619.

2.A.A. Batch. Technicadcience2022, 17¢. 8.
3..Altbenoexeopm®rr icmx aBthog4.c. 7-26.

p1vRYJutLIRC frmodrRY[HSRM R sttt 1R
gl o)l [Ooqg 1 R[LIZM vl [ o) [
rJ . Jtemstlzr Odzs(C.,f J ehsder tod dzj o MC d 2

TONbATTUHCKMUR rocygapcTaBEeHHBIe fYBABEPGIC K&,
nporpeccuBmaXx nmex TonbaTTun, Poccwusd

Email: d.mersor@tltsu.ru
MarHuim aBnseTcsa OAHMUM N3 Haumbonee ner kKwMx
pacnpocTpaHEeH H a 3emne. BonbwmMHCTBO npoMblw
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apaboT B

OMNO3WLUUA HaAa OCHOBE MarHuga cTpeMUTenbHO pa
pMMeHeHMEM B MegumuumHe B KauyecTBe MaTepuana
MOnnAnaHTaTOB. T WM HWMEI} K@&kALCTaBWUWTEeNb MeTannos
rpaHMYeHH

HM3oTponwusA MeXaHMWMYEeCKMUX CcBOMNCTSB n npob6nemmb
eKCcCTypupoBaHume mMarHUMWEBKNXMOTOMAB®BK MBX napeoduoepcnve
bpaboTOoOK ewe 6o0nee ycumnmBaeT aHU3OTpPONUIK UX

O 49 ©O = 13XT

LLlenbt HacTOALWeIMw pab6oTb 6b10 yCTaHOBI/IEHMWE
PPO3MOHHBLIX XapaKTepUCTUK MaAar HMeBbIX HXI/1aBoOB
bdopMaULMOHHBIX 06paboTOoOK HaZXlpmvepepC MEI N W B H C
navExl, o06nalROGas O .

Bpe3y Nk H @G & HEAHOUIATO LI Y UCENHELN Y 10 I ® BOHEEBE/ N b T @ T bl .

O X
o O

1). AHN3 OT XQOMWPSHO 3 NOB G BIMABH N ECHIbIXA BOTBO,M N C, /1 €
AVuunHEBEKmWZIlonpege Tse&kTao® peXxnony pabdbpmkartax,
PY KKITO/TPDEEP M K U NDVD3BVEKHOOT M 4 @ @QTCHBOTLD pjoalBvbli @ H U Me 10T
BHOMpAEGDpe Aleco®rmle@oyny GabBuraamaEy Yyha X6 o Nb we
PPO3KOHHINEEE Taja@®T e BT, OpPBIE0 O Ta@PAOaE 3 W C HOU
MeHT aBapAEMIE 71,0 C KIOCCPrsby e K A M acHA/TDRIAMN nmonepevyHoe
YyemolkoOBRMNAWALNOCBEECT O MBHH elp M KKyoesck KBo/i )
ajpkKkmu;

OooxTOZ=
OoDT O

2).BTemxony dha b gwrazdism WZ3l, Bk oTOpBRX L P PROTIGAO €
ONWNY ei@TCBIEMTLD PBlaXB Ha 6 N0 A RHTECPAA BHO PMA@pP AP e AT € H U e
ObeRmMHVN3IOTROPPO3 NOBGIBLIXP B E /T KOMAIT € KBC/HUBHAVH U € M
TEKCUMYRBBAW PaxX® o NbWOBRYEeCEBBBITI) MEBAMNX TPOYEYHOE
pacnon oKeyHLNEEOEUNKH) P O 3 U OCHTHOYWKXMOPCOT AbO J/ICLEHUYbEXH M WIT K O B
MTNCTMOMBOCOOET BHHRMIP P cHeMD./1 LHIAEC B W G EPEAKC N N1 a E eV,
Me HEHaUYBMMIOATHIEC HWPOLD P O 3 UCOTHOHAYKKIE GATHLA 3 O D P O N U

[@ BN

3. Bnurtomw,cTpy/aun pMorBoACHBHEO/MO Y4 € B @ H 0 scH1W sazX 18
Yy C J1 O BNHPbENT @€ K Y YOE/IGHTH A /JHOHIbMKa N p a B e @O I MRpIMAIL T S X e H U 1
Bl, 4. paBaimueempBeXaTnmgnykasaenexwomaodnwgaerTcs
SHAaYNTAQAWMB T MOBHBKYMN /10 XKaiHH @yBcKoc. T o 6 o1inld K
SHaAaUYgKRKMDBHPE ATROIKAY UNEepCarknT UMHEBE K TMA &FHOBN BP & 3 T U Y H bl X
HapnaB/TeHMApP@MMeHIakar py X@THnu.megw® T HoOLPpEAE N A
TEKYUEOCTTHO CU T § AFHER@NY H WIBO ANEEBRMAHCTQPNIPOEHMUN €
BUKrr opaM@dAK aATHKMa3. 0 T D PR ARG IAY UTBDUWT AN bIT 3 BCMMA T N €
O6paxOIEBMZELB P a3 Y4 HHIXN P a B JTIEPHAKK AT XA G B © X W CBT/IBAYTEOTM
cocTOoOMmHIONC BNKYy MepeHIHIa@AO O WX CTPY AN POBAHMHBIKMK I
MaKCWMZgJMBRA @ ANAPeoBK 10 € & n 1o K B1lkK

Pab6ebwaonmedaH a H cnooggqaie B i @nep o @3%18-006360M
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LJaHHas+ paborTa npepacTaB1s0e0TUN E O 630alK O K P HIE R M

BONKWUMUKN 3 EPEHHOW CTPYKTYPpPb OAHOPaAa3HbLX MeTa
peHMemM C nepemewmBaHumem (CTN).

KnwyuesBbM npewmexHyHeooloBlAdm nadspgsisHSYOaparktep
pouyecca cBapkwu. 2T o0 N o 3 B O /IGAIEETM , © 3COBEMBAATHLH bl )
puctannunsauyuunetm MeTanna n 3 pacnnasa W4, K aK
BICOKONPOYHbBLIX COefUWHEeEHWNn pgaxe K3 MaTepunanoet
rPaHMYEeHHO cBapuBaemMbiMnu (B NepBYyW o4vyepengb V
aKkegaTRaBHaEXHONOrMa obnapgpaeTtT OFpPOMHBM npaeck
epBYyl o4yepepggsb, B TPaHCNOPTHOI MHAOYCTpPpUMN.
3roOTOBNE€HNSA BHEWHMWUX TONNMUBHBLX 6GAKOB KOMMUUYE
BICOKOCKOPOCTHMXAD®BE N @B,TOMODBN Nen.

CnepgpyeT nNojAaye@mMK HBYCTEBX, MHTOXN OM U C/TEHHBIX3TORBTOV

O6NaecCTMBE@/I0OXHbBIX MaTepumanoBeguyYecKkuUx npooénem, |
npocToro nepe6opa pexummMoB. Ana nonyuyeHusa M

Ow w3

oOow =

c

P
M

eboX 0O A M MO SACHOE MNOHWMAHMWE MUKPOCTPYKTYPHBIX i

OCHOBHOMW Lenbtw AaHHOW pa6orT bl AaBnNAeTcC4 n
GUuWecTBEHHOCTWN K 3TOW BaAaXHOW Tewme.

Cnmynauywuasa npoyecca C T N3 nneaviceHET HCOTr BOO M M OKACeHTenY
okKma@a.a 4TO TemnepaTypa B 30He CBapHOTNOo uwBa
OMO/TOTrMYeCcCKOW TemMnepaTypb nNnaBNeHNSH. C apy
edpopmaumm mMoxeT pgocTwuratb 35 epgunHuny. Takunmwm
peHNs, CTNTnreoeMHoima BOIWEH b 6oNbWyw nNnAonacTuuyec
BICOKOIW TemMnepaType. JaHHOe coyeTaHUe € BbIC
poTekKkaHMWe B MaTepuane npouecca [guUuHaMM4yYecCcKOLMU

Takmum ob6pas3omM, npepgcrtTaBsaeTcCsa HUHEONCETCEONO GIpPTao3rt

pouecca B pas3/IM4HBLIX MeTannumuyueckux MaTepwumana
aTepunanos 6blNn BblO6paHb 4YuMCTOEe Xeneso (1. e
BICOKOW 9Heprumenm pgedexkrtTa ynakoBkwu, 3DQ¥Y)c ayec
THOCUTENbHO HMU3KOW IAMB( TM. eMa rrHemKecBabrio HcansribaHsbl i

Ha ocHoBe pe3ynbTaTos, NMONy4YeHHBX B Xo0p4e
OKas3aHO, 4YToO

(1) ®opmMmpoBaHMe 3epeHHON CTPYKTYypb B X004
N1 O XHpPIOLY gc C, KOTOpbIAN MOXeT BKAwYaTb B cebq
ekKpucrtTannumsauuio. Mpeob6bnagaHme TOro wnunwu NH
atTepunana.
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(2) Npwm CTMN KybuyeckMx MeTannosB C OTHOCMUT
pOoONb B 39BONKWUUWUUNMPEPODCHpREMEBEBAUMA. [LaHHDBWR
cBA3aH C OYeHb O6ONbWMMKM p[JecdopMayumamum B Xofae

(3) Npwmy CWTHIMEeR BN T0B C OTHOCWUTENbHO HW3KOWN

B 3BoO/wOU NN MUKPOCTPYKTYPpHbI nrpaert npep
PekpucTangse 3 asyaipoocHHbl WK bopmMmMmpytrTCA no Me X aH
«A3blKOB». Pekxpucrtannmnsauma conpoBoOXfaeTcsa WUt
OT XWNT a.

( 4) Mpwn CTn reKcar oHa/nbHBbIX MeTannos, B
bdopmMupoBaHMme 3epeHHOWNW CBPYKLYERHN TKEUET aoBaBAl
TEeKCTYPpH®b. O6bpas3oBaHMe OYeHb OCTROXEeT e EeCT VP bl

YaCTMUUYHOW KOHBepreHUWUU KpucTtannorpadpumuecekmnx

A TWO-STEP APPROACH FOR DIFFERENTIATING d-FERRITE AND
MARTENSITE IN STEELSUSING EBSD

S.1. Borisov, P.D. Dolzhenko, I.S. Nikitin, A.A. Kalinenko, |.S. Zuiko,
S.Yu. Mironov

Belgorod National Research University, Belgorod 308015, Russia
Email S-72mail.ru

In this study, atwo-step approach was proposed fibre partitioning of thed-
ferrite/martensite dugdhase microstructures produced dutasgr powder bed fusion {RBF)
of 17-4 PHmartensiticsteel. This methot based orelectron backscatter diffractioEBSD)
techniqueand involved a twdactor data filtration according tbé distinct differences between
thed-ferrite and martensite in stored energy and grain size. The stored energy within the phases
was evaluated employing a-salled image quality index, i.e., the EBSD metric characterizing
the sharpness of the Kikuchi bds in digitized diffraction patterndt was found the
microstructure partitioning based on the stored energy only was not entirely effective. This
observation was attributed to the high residual stresses, which were presumably produced
within the d-ferrite phase due to an extremely high cooling rate during BB process. In
contrast, the secorstep partitioning on the basis of the grain size difference betweeah the
ferrite and martensite was found to be effectoredistinguishing these phases.

Therefore, it was concluded that the elaborated approached is effective for differentiating
d-ferrite from martensite in the complex microstructures produced in steels

The work was supported by the government assignment FZ20260 0 0 5 “Devel opment of
foundations for optimization of selective laser melting and subsequent heat treatment of preefgtaemmng
martensitic steel*4 PH” , Mi ni stry of Science and Higher Educat:i

works were conducted usingileri pment of the Joint Research Center «T
State National Research University.
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Poccwusa, r. ToMcCK, np. TeHWNHa, 40, 634050

TOMCKUIA TOCYAaAapPCTBEHPMGWT @pXmEie KW IypB®pcUTeEeT,
Poccwuasa, r. ToMCK, nn. ConaHasga, 2, 634003

Email: aliskanik@mail.ru

MoHHaa wumMnAonaHTauwms ABNsSseTcs 33PPeKTUBHBLM M

KOHCTPYKUMUWOHHBIX W MHCTPYMEHTANbHbBX MaTepunano
cocTasBa M -qraT3poyBKOTTYOP HOC O C T O A HMUA MOBEPXHOCTH.I
obpabembBa MWOHHBM XONPYOUUKOO M.M 3 BECTHO, 4yToO npwu
BO3genWcTtTBuMKM Ha MaTepwunan, Kaknm daBngeTtTca Mo
BO3HUWUKAKWT TrTpajguMeHTHbBe CTPYKTYypb. B cnydyae no
yganeHmsa OT TNO0OBeM@MYIHAHTONW Tw3 MEHPRKTTOS , pas3 Mep bl
cyb63epeH M uMuX opraHmsauyuma. OfLHOBPEMEHHO TakX
npummMecein. BcnepgpctBuMe 93T0ro B IFTrpajgueHTHBX CTPp
M3IMEeHAWTCA OJ3KcNnAyaTauVMOHAKIEE XIOAPKVKTEPOLEHDENDL
TBEepPpAOCTb, BHYTPEHHWNUE HaNnpaxXxeHwmwsa u np.

B kKkauyuecTBEe MUWeEeHM ANA wUuMnnaHTauuMuKM MWOHAMMU
TEXHWYEeCKMU ymcrtor 60, T uHraaxHoag asnugnEekii BT 1cy 6 MUK po
( CMK) cocTodaHuUK. dyeEmuwxopovkmprmoeTasHmmAn yeck or o ( C
3arotToBKawm TeXHUu4YeckKHmU ynmcrtoro TUTAaHa 6 bl N
MHOTFTOKpaTHOrIrapegeo@@apeaocoBaHue) B Cco4YyeTaHw
KonmnmuyuecTtTBO nNpeccoBaHWMN COCT aBBaHIWISO MNapevB AKTabX 4 oTmve
ocTaBanacehb NMOCTOAHHOW, H O npwu nepexopge oT
YyMeHbWanach.b cCTyneHuyawo0)KB CGwoppeabe oé€HOPpmMa
npeccoBaHum cochOfdelnaBenpt@Ha pedopmMayumu npl
npeccwBawwieTasIIG)N®B. (ADOwn KaxXxgpom nocnepgytwuwem n
noBoOoOpauyune.anh peasYOMHHMH@ HAKONMANEHHON norapwudom
coctTaBnane e =6 ,|ls2r.éndphetc meBaHMsAg 3aroTOBKW TUTa
MHOT OX O/ O0BKOOWI MBp OXKYaUbeBblX Bankax MNpPpW KOMHATH
HakonneHHONW pgedcdopmMauwmum NpuM nNpokKkaTKe cocTaBn4
B aTvMeOca@epoHa npu KSepepamawpe TPy Typa nocne
npepctTaBnana cobeHTwBbiZE@Pmakr, 506 maggaddBine no
MKM) U npaaobbsL4#BMMKM) pas3mepamun.

An s mnMnnaHTaumm MOHaMM HUKens 6blna mcno
Bepcwus MOHHOT O MSC. TROWH, H U K3 T oMpeavay a X apakTepunusy
3ar pA3HEeHNSHa VPOOHOHYOKITOA MIMY Y3Kpao 3MM M K aTojogepxaTen
M3BNEeYeHNAa.

MoHHaAas+ MmmMnnaHTayuwuaA nosogunaceb Takumum o060p
OTHOCWUTENbHO 3epeH N T @Dl B a rcmanesBeeH  Brlelp n e
npoagoONbHOMY pa3Mepy 3 epHa.

MmMmnnaHTauuns4a Mpoadomaaodgepe aproHa Hpwu T el

yCKOpSAWWEM HaknBp, s MeMHouTH 05c0T 1 T O KMA/ M0 MPpac OT O H K ¢
60CM OT -OMMOTHAIHYOE CK O I OKCTO®MMUNGHHwWdIHIMOMOR ndcHO
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NAOTHOCTMW WOHHOTO TOKaAa WH UCKPEENAH, € 1iC K30apposiCATHLO C H a1
cocTaBnxog EM¢,)36T0 ecTb BpPpeMsas 3KCNO3WULMUM COCT
y4yeTOM CHWUXEHMUA WUOHHOTO TOKa B TnNpouLecce UM
AaNnoOMWHMNEBOTNO KaTofjga BaKYyMHON [O/EFai]n BH €8V eHTa0 |
YyBEeNnYeHUSn.

H
y

MccnepoBaHWAa, npoBepgeHHbe MeToMHomw FCIMK noi
COCTOSAHMUMW NO Mepe ypjpganeHusa ofT NMOBEPXHOCTW
MaTepumana opmMupyeTtTcsa rpagumeHTHasas CTpykTypa,
OKCUWAOHBN —N/oHIA@T APOBAHHbLHIC NTOMOIC, UB MEeNbUYeHHOMN
CTPYKTYQPOD®H @& MCXOOQAHOW 3€epPeHHONW CTPpyKTypomn.

c

OKcCuMupagHBHEITOORBNONW, obpasoBaBwWMnCca B pes3yn
(@bchnpeccoBaHuMa U nocnepaywlledy dCc )OTUWKUIM @H HIQIM 1BV B
nos3@iwt'MlontcMonwmMHA JaHHOT O C 10 sH MCO ClipaoBB/esaeeTH HB:
mMmetToagom [IIOM mccnepgpoBaHMda nokKasanwu, YT O B NE
pas3mMep KOTOPBbLX HIM. nEbe/Bobl LWyaeTTa HAdiig e HNiym ve o da 3
BMO OTAE€NbHO pacnoNoXeHHbLX 4yacTwuy (HaHO3epe
OCHOBY MNNEeHKMN.

MoHwmMer npoBaHHBIN cpaqiieMm nmeer TONMUWNHY P
MMnnaHTayumMsa NPUBOAMT K U3IMENbYeEeHWUI 3 epeHHOoIl

OpAHaAaKO, BpPY@HOGM eHOgEenNmTb [ paail bA BOMSAQHRUIES/HCHRX M aeTf
cnoflMak Xxe BUMBHOL,NO0O@T® MNPUCYTCTBYWT 3epHa [ABYX
cBobOOAgHbBIE OT AMcnNnoKauuwuhw WU 3 epHa, BHYTPU KOTOQ

bopmMbKak nokaszan agundpakynmoHHbmMETiaH8nn p-oreOpUua n
3epad c yacTTHNizamMmmacTuMnuyub nNnNnacTuMmHYaToOm o p Mbl
MHTepmeTanniNpMeidn ofgd@Mmbl MOM TakxXe ObINTOYRCTAHOBI
ha3Tliz, easwuxca BRMITpPpB T@APEH?2 NPUCYTCTBYWT Y
MHTepMe FaAMNnmn aglacTuniMNisphpassrom cnoe obnapgawTt pas.
pacnonaratwTcsa cnydyalhHbM o6pas3owm

Boino ycTaHOBNEeHO, 4yTo rnyb6buHa cnogeTtT3 B M
400 Hm ndd®W'vpeiewWmbopdponorumyeckm 3TOT CNOW nopj
Bd epBblX, ycTaHOBNEeHDO, YUTO MOHHAaAA wWUMNOANaHTauwM

CTPYKTYBpTbO.p bBXO, a3 oBbIW cocCcTaB B cnoe 3 TakKoi
aBsAseTCsa-TipasrakxXe npucyTcTBY TiNiamHTiENE. p M@pria N3 ma Ml
bopmMa yyacTuy M MUX pacnonoxeHume B Ccnoe 3 Takx
aons.

Chon ¢ MCXOOLHOW 3 €epeHHOIR’ OoCTIBETKCTTYBPYOBUT  NMOC/X
COCTOSHMN.I Kmoaes artTor o, Ha MUukpaumdpakLMUOHON Kaj
NPUCYTCTBYKT TaelNbKO pednecxcobobl

B paborTe MCCTPROBAB®® O € cocToOoOdaHMKE rp
MOagMnPUUUMPOBAHHBIX -Cnee€bMETOdB A0 BOE=MOMA MK M) ,
MONYYEBHHOCMIOBMAX UMUMODNaHTaUMKM MOHAMU HUKen4a.

YcTaHoOBNeHO, YT O He3aBUCMUMO OT AO0O3bl WUMNIN
yeTbipex T paguEeHTHBX CNoes. YcTaHOBNEeHO, 4T
aMOp@@HYWO nNNANEeHKY, cogepxauytw oKcuagb TUTaHa,

BTOPUYHBEe BblgendiHTiNmsuHAiICO papaemepom o 30 HM.
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MoOHHada mMMNnAonaHTauua NPUBOHEMET K P @ BCA/MOPAY RUD YCP/MO35ik
C U3MEeNb4YeHHON 3epeHHON CTPYKTYDPpOIOT, WNBNOBLIN C

Ti2Ni, npuodpemva ghacTumMy MU MUX pacnooOXeHMUe B cnoe
t OBtslsO o fsdzdzj dz0 o ttOd3C OnR CsmMEzHOMIse j dzdetsets L OHO
SBKOL S OdedW { SMMd2ME 52 -20260Q008.0ydd (lsjBOG -~ FEMN

srsevwe ¢ rruevl 1 JuuRef [ @m
LOV/RYLIFR OJRRUfUSUBULL RAMY [ ] 3IMm
ltrltozr1RrE
0.t JHIS Y f.f 5B Ot op.) o dzO
lYpanbachemwigpajymmsie pemomepsOpes3ungPedbr.aENnb L WHa,

rEk art e p vPHoGycpurs,

2WHc T upmB vkewr a ¥ p @BA H,E K a T eyppuPHYEC C 1 A
Email: a.a.redikultsev@urfu.ru

O HacToAwWeK Dy ®DpiemamauyYa® n MeT aNYylOBE&HECEH/MEIH 10 C
3aKOHOMepHOCTEen dopMMpoBaHMUA TeKCTYypb ©n ee
MaTepmpmaxXx TPYKTYPHBX U (a3 oBbX NpeBpaweHmnsax,
NONYyYeHNSaS -TEPYFERKYPPHR COCTOSAHUIN, obecneyunsBatlL
MX 3KcnnAnyaTtTauUuWOHHBLX CBOWCTB, nné6o ocHoBOW A
HOBbLIX TeXxNONEPODBHABOACT

S3Haynmoe BNUAHMUE Ha bopmMuposaHwue TEeKCTY
MEeX3 epeHHbDBEe T paHNLbl. OpnmMeHTUMPOBKKN ABYX cCcoOCe
cCTeneHW ONPeELSNENT SIKHTETPE BMPIN K, BIY ME X AY HWU MW [fenaa e
HenopgsBMWXB/BWM aineenep N ATMHOANOXKON» ANA 3apoXAeHns
3apoagbwa pekpBcHarcgTwIayugwmn . pabote aHanImMmi3 Mexa
TEKCTQYBPDHI3 aHHbI c Me X3 epBpaEA-BMOHCpTaHWpLOABVAaNH, H a
MeTannumuyeckmx mMaTemnaBiddl] poa 3folBkbip @ H I & mae1an
TEeXHONoOrmMyeckKkunMx 9Tanax UX nNpomsBOACTBaA.

TekcTypHas Hacmpens c B e BB BIE T bl [pExBYPLAOEUH N A X o
cnepomBaawyreepogmncToinn HaBw oOnéelr zME0 B(a(HWVHaocic .c 7%
~ 1,7, Nb ~ 0,05 ke Mot Helw3 @O&XHbDEC TR b M @
pPpMOMEXaHMWUYEeCKON KOHFIMEGRIY.Ayevob ng@epaGaT BM Ma
3HbBIX CTPYKTYpPHBRACDPDCXaAaBHWaAaWWBATIr OTOBKMKW Cc ©Oe
OBUWNACHONTHNTeNnbHaa Tepmwmuecec KB yp@ambpaéomeayu
NHOMBPMWMEHCUTHaAaET MEeRNPYR@AEWPEATePpWM CHPOPPUTHAaSH

PYKTYpa. HeszaBucmmMo OT CTPYKTYpPHOW cocTas
KTpe MeXKpPpUCTaNnNUTHBX T paHUuy BCcer gmx huk cwu
Hinuy, KOTOPp bl cooTBeTCTBYET Bbino/jfHO&ECY MO O
3KOCKY pawemBoaBilde cMOTpsa Ha nonHytw a3 oBYytW nep
HbIX CTPYKTYPHBIX cocCcTaBAngwWMUX MNPUMU KOMHATHDO
TeKCcCTypabnmagRreEE&BEeHHaa TeKCTYpHXAEN HBAKET e 4
oOXAeHnsghaaelBeIA GpaHUWLE C BbLCO®ae BHempayda MmOC K
bl aBTOMaAaTM4YeCKBbLBBROJAAGOBASA E€pPpAMMULA Ha K
Bpa@emmea K Jt0OpoMVEYH TyarLymym pua33 on 0O THOT O Habop:e
oy Op W e HV(GMap30bB,K am@p a3 oBaHHBMMNU Nneuk-Yra aT H bl M
Bpaueonur.ak Xxe nNPUBOLMIO3IMOMABEEMY  PUBEMY POBO

JZIQWXTOTOOIIIT HZS
T DODT QO D®DYITTCT 10T OYD®SO
W s 0

DX O W
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hbopMupoBaHUIWDATKETK CaTYWSIHT alLLMOHHOIWK CCTBYIB 1 0 GKHOAVCTHOE

Hayanom peanusauum a3 o0BbIX nNpeBpaweHUnn, K aKk
cneuyunmanbHBbIX rpaHumuyax WK E3 npmegEIAB/NLEHHDLBX
Cxemmyeckoe N3MORaK@BBMARCTYPHON HacnepcTBEeH
Oouk-Yruk-Oouklm p € B p &@LKe o Kap3nacH.o 1 , 6

I I 1II v

.aav h Y-Y .Y .u

{ sty sdddlsj &' &ZOw sjtedduj MSOY SBLOBGIKS O fil
MRj BgOduj M) dLsBEOY  ddi HdashQ dafiasdg® dis jf Gehyls |
ornyB( peyftcjoteO®n jddwi (B)

yowe MnpoglewopHe T OKODGR &M CT K bopmup

Y P H bl X COCTOSAHMUMHNYPE sEPEBeBI®BALAETHN I ,0

"

s

Ha

pyK-T
ounc X X Npu oxnaxpef@pwnccechagesdm)yShmBai ckop
ex ¢ X ANna c-freBdpass BO OGBHbBAPEY/MEEHHNBbA X3 aOM € T H bl
m Mopao rmyefPkMec paBpismuma&a 3T0 nNpu nwbbIX CK
MeXagoy o-'n) -Paasmm ab nwpgaeTc A TO4Y e bBopm &PpBEE N €
npocmewerTcCH4 yeTKas Kpucrtannorpapmueckas H a
(a) ->Bnme g @mag ue HunsaXx nocane Harpesa Wu oXnaxpge
BnmsocrTsb MCXOMAHBbIX n TepMuyeckKHwu 06paboTaHHDbI:
3apoXpeHMeEeM HOBOWN @(aB3bbUMeRX AWM PMES MY O XKSRAPONKY,EHMNE
no OC bwprepca npowu oaAMT Ha Haumbonee Kpucrta
MEeX3 EepeHHBX T paHWMNLU puctannor-pamerneBs Km 006Ky

cnenp
EEET
opas
nyuda
ono

a
c
(

X
K

K cneuyuvanbHpeWaNRN PUKEXxXEmE LEOOPRAKEWMSHIT Y PHOIMNU
2, 6

HacNneaACTBRPEHAODARPMEH.

T 930°C,0.54

o

t de2asgtedd Ui NSOV SetdEENDO( B ZPo BR ZBOId U ME &
B OGO IsjChbskztedats? dzOMkzNofE o j et DE@n ff dad v O (B

1l ZOGBHOcdas t)lse posanne BoIMONHEHO 3a cueT 41P0A683, a Pocc v
https://rscf.ru/project/28.9-00683/

s MEEf s j Okt
1. Lobanov M. L., Pyshmintsev I. Y., Urtsev V. N., Danilov S. V., Urtsev N. V., Redikultsev A. A. Physics of
Metals and Metallography. 2019. 120, Is. 12.P. 11801186.

2. Yarkov V. Yu., Pastukhov V. |., Zorina M. A., Soloveva S. V.dReltsev A. A., Lobanov M. L. // Physics of
Metals and Metallographp024.V. 125.1s. 10.P. 11361147.
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Vo RrRUYEOBLVOC SLrce)f? AftIRUSIOLVRC CYLR

guvfusuvul & wUI LT OV RAGR R JIf RES[R[BT O[] [ o m
] . 4 OtcOW Odzts o

MHcTnTYyT npob6nem MawmnbciHpperapagPAH, Hwu XH

Email: gf.sarafanov@yandex.ru

B HacToswenhn paboTe paccmMaTpuBawTcsa npouye

nexawnme B OCHOBe o6pasoBaHUWUA A4YeUCTON CTPYyK:
HeycTtTohnumsocTbtilo [ 1] B 4 W C O K acLmeogHoHBOaMH Ma&eH cua MabH
HenNnMHeMWNHON wMopgenun QOPMUPOBAHMAN CIHIEKMT GITXA JIC/TapX
KOTOpbX cyb6b3epeHHaa CTPYyKTypa pas3BuBaeTcsd #
ANHAMUKMN ancnokauun Cc yyueTom n X nokanbHOT
B3aummopeunua wumetwTt Bupg [1]:
%J’diV(JaH%"”) = Fa(ra), (1)
Ja(r)=ra(r)Va- Mr a(r)é ﬁc(rl)DWac(rl' rydr', (2
Cc
JZT () =-Mr (DA fc(r)G(r-r)dr. 3)
Cc

3ped/p -—-nocTOoOdAHHaAgd cocTaBngdiwwasA ckopocTWu il
HanpsaXeHUEeH , BT eTH/EHMKDONCbTHE MoH6aN;0 L BUXHOCTbL LUCOK
NMAOCKOCTAX a&Xo-mp)ie@ewICsg,; onpejgenaowmm Hanpasner
B cucrteme CEIQAGMOWUH ;- dyHKUNA Tpap@,- rae
ABYyXwmadcHaa KoppenauyWgHHaHe@pPymBywm,pyr oro B3apy

Ancnok &ry)i+- HennmHemhmHas Py HKUWMSA, onpepenaemMasd
Ancnokauwuim.

MccnepoBaHMme c unc Fe3Vbl NyppoaBBOHAEMHTICIIr {pLUHA. C y mma p
M3O6bITOUWFHIQAN. NNOTHOCTMU AncnokKkauwunin. OTkypa Ch
HeycTOMNYMBOCTMU OfHIOTrE, |p=)oT BOJST ACEOTCCTSO ABHBUMHAO TH € H N €

_ 8pe(1- n) ase 62

r>r 4
=T S50 @)
HenumHenHbe pewemHEBHAN G AN XH@A NONYUYUTb C-
MeToagom [ 2] B MOAOBOM nNnpeagcTtaB/leHUU, B pes3yn
N
r(r)=ro+2ro@ [Acogkyr +f,)+Cyco2(kyr +f )] (5)
n=1
M M3O6BLITOYHOWMW NNOTHOCTW AUCNOKaUWIN
N
L(r) = lcalAsin(kpr +f,)+Cpsin2(kr +f )], (6)

n=1
raobl —uyunMcno pPaBHEWX CUCTEeM CKONbXeHWUSA npu gedo
OAHON NNAFKOCIEH)AMNANTY LA OCHOBHOIW HeyCcTOWYMUE

nopﬂpQgﬂAﬁ,—alvlnnMTy,qbl Manbx BaZFyxawwmx MoAa,
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Mpouecc dopsmnpoOdBACTON CTPYKTYypb o0o0b6Yycnosne

CMNCTEM CKONbXeHWSAH. PaccmMoTpumM coOrsacHO peLlwe
ANncnokKauMNFE2 mpoacTelnwni TuUnNn A4yeuncrTOoOMl AV C/MOKal
poMbunyeckumn (punc.mup)o.saGmp MTYIPX acaarAmMmn, nepen
B3aAaMMHO nNepneHAOUKYNTAPHBX CUCT>®MAX. €KOBAXKBHUN S
TOYKM bndpyprkauyumm, Kor pga anccumnaTtusBHasd avncn
KOHTpPAacTHBbIWR BUAL. B pesyneARAI@LNAPOLEBCEOB O
ANCNOKAUMWOHHBIX CTEHOK B MakKcumMymax U3O6bITOYH
bopmMupyetrca cuctemMa cybrpaHuy, npepgcTtTasBinsgwua
et > 5. 4 + j—
4—4—4~4—4—+¢4—4—4‘4—4—4
4 L
i ‘ L
1-—|-—|-r+f|-+$|-f|-f|-‘ i
L ‘ I'-
€L T ke
L
L

T O W £ T
O -H 0 =9

uf

] T n
e T B WA R
J T L

tdfm. 1. 11 ddoBdud mM¢ow wyidmls s deEsiddzf Is z t6 ©
HgfMdsSoyd2 d jj HdMdsSOoydodsdss, §tej Hi

Mpn nNpopaoONXeHUW nNNnacTUYyecKOWn pedopmayunm

3opueHTauunw cy6rpaHuy. YBenumyeHue pasopuet
Cno paAuwcnokKkauuii onpepenesMHygBENBHAKIAS pPROY
ergpa npeo6napaeT B AUCCUNATUBHOW CTPYKTYDPp

pykTypa pas3pywaerTcs. OcTaBuwunecs Ancnokauyyv
BHOBECHbBN "Kapkac" cyb63epeHHOW CTPYKTYDPpH.

B nonumkpucrtanmaXHOB KPYyRBEXT&pPpUCTannumrTax T
SHMKHOBEHMNE SAYeunUCTbX CTPYKTYyp. B atTomM cnyu
395TOMY Ha TrpaHuue npu dopmMmpoBaHUNM A4YeuncTomn
CTMWUYHBIX ANCKANHaAaUWNI 4 e pIeVOCY KKMUMHXaCUAN U 3 HHAaK O B .f
nakcupywTtT, nocpepcitTBoM oObpas3oBaHuUusa ob6bopBatx
C noswununin HacTosawWwe#m pab6boThb B MOHOKPMUCTar
mcTannurtax (kor pga pa3Menp A4yeecxk cyuwecTBEeEH
pa3oBaBpaHHBYXO3 A4eecxk npoTekaerT no cnepapytol
pMupyerTcs AWHaAMMW4YyecCcKas aAyeunmcrTas AWNCoK
pakTepumayeTcsa CyYyMMapHONW MU NU3OBITOYHOW NANOTH
ANCCUMNATUBHON AYEUCTONMTTHPHWEITY PEH BY OHOWISA CIT 3
OTHOCTM BO3HMUKAIT npouyecchl NONMUTOHM3aAUMKMN
NOYrnoBbIX T paHWU C JdanNnbHelhweWhnw 3BONKWUMEN C)

na.
{ OBBlO o' fisdzdzj 20 ftod G HH ey C) [ SMEHRE3NY e 2Ok ydats
§MsS ddlsj cOlkisr

l.CapadcdaHos . &./ /] WN32025 LEKMIB, €415c.939868.4 mn 0 hpn 3 nk a
2. HakenH. SynergeticsSpringer 1978.
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VIRITVIO VRS oy Joufr ol rmlzRt [ 28 W3
VI fresadorct el /ol sr

1. utsBtsdBd.0h j tojimMCsd . ¢ O " HYRO G4 . ORIS?] j o

MucTwRumM HoBe@MeBUMEOpPKYYD&B/Ab OK @ ORMHMEAN 1 C K O I
akKapg ey

2ypanbdegéipays HBlé pucwerReeTp Bloreos u Po B N b LU H a
Email: natashasobole@list.ru

Ha OOO «3aBopag cBapQ@BiexXs /vMasreckpansa n@@nacTb,
M3TOTOBJ/ITEHDbL ONbLITHbBIE COCTHEH eMIP OEHCGEWB-amMmMaEB O
Ni-Mo-CUNc copgepxXxaHumem as3oTa 6o0onee THHEWpHo GeI@nNe
da 3 0B bl cocTas HannaBnNeHHOT O MeTanmpaHedelan o6
BbIMONNHEeEHa MHOTIOCNOWHAQA  [CYBraopBKaad C TH/AHM /TBB K @K O nap
cTammnnacTtTunuH pgynhernmswoiacTaAauenhn paboTb HSBUN
BO3MOXME@ODWMbL3O0OBAaHNUA pas3paboOTaHHBLX nNpucapgouyH
nas3epHOW HannasBKMW.

Pa6oTb NOoO nas3epHOMUHmENpPpOHBIOTG NBPRPBBANUHOM K (
ocHoBe naszsdmaTtTaApEO66MeBbLIN BOMNOKOHHbBLIA MOWHOCTHU LI
KR6OHA. MepBblit pabamnbl 3aknwyancda B nopgbope pexwu
(MOWHOCTbL /a3epHOT O M3 Ny yYPpMHaMeE B BRKMHDOA T bN AH HIE
MOBEpPXHO COTOME C N eouUTUCBYaTKZUIMBXM € T peuwnmH Kak B Hanmnnas
30He cnnaBnNneHUSa C OCTHOBHEM MIAEKEEOM/DEBR e HIric y M e
cnosamu.

Mo nNnopo6GpaHHBM pexumam ©O6bl1a BbNOJTHEHAaA MH
(bakTuMmueckm agaonTMNBHaAH#H TeXHoONnor na npamor o .

geTtanein Tuna «cTeHKa». CHPOPMUPOBAG HIBIE@C MK €M
pPpaBHOMEPHDBM pacnpepgeneHunem CBOWCTB no ceuy
MUKPOCTPYKTYPHI, MEXAHWUUYECKNUX U KOPPO3MOHHDBIX

MOTYT O6bITb MCNONb3O0OBAHbL ANS Na3epHbX aagAauWTUB

RfMMdzj Hise Oded j 9" ff sdzdgjOdzts|{ U@ d 2Mr.6itse 5 ¢ @@z YlER0658 W tsdzH O
(https:/irscf.ru/project/’24192 0059/ ) d 1 tOodlsjdzt Mlso ©® weo jtoHdso ME B2 B dZC

SRITURSOAJTST QAR VI uefu ] JT T RRC
Aosul Lt ohrREet ¢4 L] [ aa I3/modl mCu-Co
vl .o BZBOYY 9

MHcT upmwmvkenmr a mmdesHMne e ¥a ® AHEK a T e p PHOGCYCpUTiA,C K a 4
bepepaymunsga

Email: tolmache@imp.uranru

MccnepoBaHa KUHEeTUKMaH Ay L a@mOpPEMAHNDOBHO hopMm
nepecbille HHbIX TBEepAblXx PKaocOTaBGMTOTEE M@K T EPHIC M e A B
CMEWNBAEMOCTbHLI KOMAWHEPT B @R UNSPXN. Nc X ®piMmMe CoO

B3ATb B Tpex COOTHOLWEMBaIFIK . U TN MK CCEDKOENIBAFNEAOHMIHEOMV
MexaHMU4YecKOeE cnnasnedHune KOMN®Me L0 B B bI€ @K LYeMC
O aB /e Hwmpweym efi e MB bit @ K U M ) 4 aldnoetHompeovma3,0 506 o0poT OB
HaKkoBar/sbHMU BEpupgxmeHa. CTPYKTYpPpHBIE M3 MEeHEeHMN
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cnnaBsneHunemm, oueHMBanum MeTOp[oOMI aKekKlee HOBR B @B @K O
BNmaHunwe pedopmauyummnm Ha B wucal /exoeB ePIAMIox BB apa3 p WL
pocTERaMInNYAgE@GEOPMAL NN ME XA OIRaEATOBEO P e HU € Ko6ay
MaTpuue Ha OCHOBe wMefawn, COLEPHBDOHX@BIAMEIE 8 C P aB ME
OKP 1 yBenuMmuyYeHMa MUKPOUCKAXEHWUNH Kpucrtannuye
BenNnMmyeHmem pgonnm KobanbTa B pgedopMmpyemMon CMm
blpaXeHbl. CkaHunpytwwaa 3NeKTPOHHAaAsA MWKMPOCKOIMMU
mamerTpy, onoopkaas3uaan a  UN30MBEEHPEXHHIBDEC [ WML RHIENOS HOOTP O L H O T C
B @838 KNO@r omMa Noi J&«@d@dPpMAYURCKUNUX PIYOTVIKAOPMIYT B O /1 b WK X

enNnMuynHax pBRbopmagey. nonydyaS8DH O OpDEOBZ AT €14

OBepxXHOCTMU cKona. Takwue @dGpakTorpadpuueckume #u
eXxXaHMnyeckor o mEewewamumMBaodmadboTKax. Mpun 6GO0ANb
6paboTKax, no Mepe HacbllWweHMUA nepemMewn B at
acnpepgpeneHnsa KOMMNOHEHTOB No o06bemMy ddopmMupyt
ehopMaLUNOHHBM —-UIMEHEHBIMKWEN HI@MAEBEME O

€ XvayHe C KCOMMHOT, € 34&TOoOr /1 a C Y € TCCHAM Xe H n e mo cOKoPM uMm Cc K a X e H
pucTannnyeck oOigq H OPPeOLIEHT OKCUT. b XpynkKkoro M3 noma

aBHOMEpPHOM pacnpepgeneHumnm no obvemMy obpasuya

MCTeEMBl. MepE XBMEX&KT CK@®bACHATbBCA pAfAedopmMayumnmoH
amMoro TBepaporo pacTtBOpaAa.

1l ZOGBH OtcdptafisPra BoINONHeHa B pamMkax rocygapcTBEeHHOTO
YpO PAH, C mcnonb3oBaHMEM obGopyaoBaHMA ULUiAneMamBHIKE N
MaTepuanor» MNOEM YpO PAH.

OO0 T XzZhoTOoOZT3Wxh o<

gufusuvutl1 30 6wl rsuz Yt
UL (1R R RI1J8U BUO[ RS EL
1 st 3VRCIR

(. MOtcOdzy j %9 MPAC Otsad . . zZdsBCtso O

'YamMypTcKkuiAi rocypgpapcTBeHHbBIH yHuBepcuteT, WNxerl
2ZAHCTUT WM dwesTa N1 1o BMwmeaima MY gx aPtAeHo, u HG. y p T

MpepcTaBneHO onmncaHune MUKPOCTPYKTYPbI no
KepaMMYyeCKMUMM NOKPLITUAMMU, MNONYyYEeHHDBMU BbLCOKDO
nas3epHbM M3NyyYyeHnemwm. MpuneepageHD POOMHDBEAHHIE
CTPYK-HYBIKOTBUTENbHBDbIX MEeXaHMnyYecekK™x CBOMNCTSB
TPpMOOTEXHMYECKUNUX CBOWUCTB) NOBepxXHOCTeWnw, nony

Ha ocHoBaHuun pesynbTtatoB [I3M n P®P3C ycrTaH
Mar HMgO wu O K cwiagpar a H I a Mn O H a cTeneHb amMop u
NMOBEPXHOCTWN NPUW Na3epHOM KOPOTKOUMNYAbCHOM
3aBMCUMOCTM CTPYKTYpPb OT cOCTaBa KepaMumueck k.
mccnepoBaH4 MUKPOTBEPAOCTaMAT BB KM P HHAEADMN G pou H
TpMOGOTEXHMYECKUX CBOUCTB.

YTOUYUHEH MeXxXxaHWU3IM nepexoga K CBEPXHU3IKOMY
NOKPBLTMUNA A[ABYX KnaccoB: cBepxTBepAble NOKPbLTMU
AHTUWQPPMUKLNUOHHGLBIE NOKPbLTMSA Ha pegROKeHaoKkmajga
«3cTa@eTHOT 0» MexaHus3mMma, OO6ObACHS AW A LOCTMN,
TpeHuma (0,02) 6e3 nogayYyum cmMa3KMU B 30HY TpewH.]
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cnoa wMa@O0nameWdepnp Hayvyanom UCNbBITAaHWUNM. Kniwo4yeBblM
(e a aBnNnsgserTca obpasoBaHMe cneunmanbHBX TpPpKUBO

«dcTaheTHBN» MexaHM3IM BKAlYaeT chnepgywwme

XeMOCOPOUMOHHONW akKTuMBaAULMUKN XUPHBLIX KMcnoTtT (89KO
TPUOBOXUMUYECKON, TRERAROPOPPRALIMNKPOKOHTAKTHOM
peakxkumnmu obpasoBaHuA cCBepxcmas3blBawwnx nneH:a
CBEPXHMU3KOINIo TpeHMUda B TeyvyeHUe NYyTW TpeHUda O
BTOPUUYHBIN Tpuoéocnomn, o6Navy@awioi geaOATR OMN &®f
cConpoTuUBNEHUEM caoBury, COBMECTHDO C XeMOoCOop
obecneynBaeT NerKoe CKOJ/IbXeHMUE Ha Me30YpPOBHE
MOKPHLTMNII cnyxart MCTOYHUKOM, obecneynBawWmm
AedpommaunoBepxXxHOCTMU, 4yToO n obbAcCcHAEeT 3 ppe k
6e3bl3HOCHOCT MU (M3HOCA pAguUcKa UM KOHTpTena He
M3MepeHMWN), onNnumcaHHbEe B cTaTbe [1].

g dmdsckls j tOIskzter

l.MakapoB A.B., XapaHxeBckuih, ECB66pn€ppoid. B. AlpclMm&xeane
TpeHwuns M3HOCa C€C peanunmsauyuuvnen adhdpekTa 6G€3bIBHOCH

7 ocTwu
CTanbHOW MOBEepPXHOCTUN BMUCMYT 6l DOINMVIDOGMitdl2W251BHB 4) . 2025

gutuvsuvutd R [ RUOSRY[{yRs{gucu? w1 [ ¢l [1 R
s{dfVY{ryrufT ¢ Jur Ll frrRr

R. 1. m&mnE Ow ¢ s H iz dzdzd dzP O3 [ts.tedy . dztsrediz  dzO
1. 1. 1 O%CHhdgd % Ooddz n

MHecTTYT OU3INKKM MeTannos UM. M. H. MnxeeBa Y|
Pepewprabni MccnepoBaTenNnbCKUN LEHTP Npo6Aem XMUN
xmmmnm PAH, r. YUepHOronosk a, Poccusa

SMMHC T BBICTO KMoeTpeaMT Y PHO W 3 nekTpoxumuum YpO PAH, r.

Email: khomskay@imp.uranru

M3yyueHO BAMWAHME pUCNEePCHOCTW U pfemweRMHOCT
nerMpoBaHHOI M YO (02 aviea &l Kian K O H M A, T paphema, n
yrnepoagHbMMm HaHOTpPpYyOGBKamMum Ha CONPOTUBEHUE Bt

pas3pyuweHunto. CyomMurpOKPWVMMdK ) mmARIpPOEPUCTaNnamnMmyeck
CTpyKTypa ¢ @22 m6 p-g5m D3 BVpKHVA, copTwBaTepranarn, 6
NoNnNyyeHa MeTOoOAOM OWBHPMMOBOK OFT O NpledKwad®BaHMA

pa3paboTaHHBNMVNBTMAPAL OTAMUYNTEeNbHOW ASBAIGI@GIKKCHKOC
KOMOMHMPOBAHHOE BO3AEeMWCTBUE BbICOK O CYKIJOAPPOHCOT H O I
BONMH@EOPMaLUN cxaTunsg | LllorRaesBepaType L2pyKTypcC
Meaun BIEWK OoCKop*elthomethbPppwadmwicexoant 3a cueT 3
noBToOpAwWMXCSA nNpoyeccoB (MparmeHTayuumn, AWHaM
AWHAMMUYECKOI peklpBocmaa/Bmexapp@aeg po3s aHUe npwu /
HepaBHOBeCHOY UMK ncxxppgpurt B pe3ynbTaTtTe npouye
yacTMWUYHOT O pfgedopemaiuan ccH BokIrje neeHane M WRaAHOYacTwMy

Mccnepomanasny €@OMWXVTABT € P M B /ICOYBO MUK POCEKYHAH
M anaa3ioHIET e NbH &I P YWIKH/O BHRAT D pa K, Mer A p O L, eCICBY I O
nnacT W YAeecdroopr MOM PYOPBAA3HPUYSILCEOHMNVPSS X B B M € H EeCHHIEMMM O C T 1
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MaTepunapd aBNBROTEY KT FPpeBIOXGHXKaTmma3 p axed.ua
OAnHamMnuyetka)depaaHOET&P ME/TOIR ANYYETTPCBAr U C TP &K, U U
Ha3 blBa“eMTblkKO /SbBH/EXHIPM' T P aXe@emAy NbpeBMeygpapapaor o
cXaT@asacBoOBoOp@EioOBepXHOEREA) ANAn 0Ny Y eMHHNGHO P M L 1 1
KO/TNnYecCTBRHMHKWLIXE PMETTWEKBBHOBKOCKOpOMOMOPEUMNPIOBAHWS
pas3pyLlwEHa/AY 3bMXPp Y@L U alB OBOMN OHMTPBBRLIE@SNP U
SKCnNepuwWeHBTENTHPWSB O 4 BNBOB BYAARHOKaATMHAaB/IEeHNEM
A7-7T0TMackopoge pop MAKHIX 1P clcHenpeprRBRABTPaAULUEDN
npoduatwampoccTOMOogreedpxabpasuismpmomMmomas epHOT O
40N N ep ovB3CMKEOPrOR © P YWIBARIM Me W WEp &M epa D @e wEHHEd] e
TOUYUHUSME PEHOIPCBDIOOMOGBPREP XHOETaBmpae F a _3wT./Haa
OCHOB@HWIAMMNOAY YHEeBOBNOBBXPUGRAUNPpEe[jemEMDBMET P bl
yLaBHoIHOBAQr py Xga B A eyHaaep HCOH a7 Ma K C U M adlkbH@EGIC T b
CBOOOMBPRHOCEKDP @ETO p MMBEI@EIK O TPABRAY WEAeHMOM ; a
TakXe paxaparRraeppoysH®@Pas3 4 0OB: AUHAMUYECKUN 0N
FvoroHwmed ,( MHaAaMMYecKNn YperoeTIK D BKNEGRCMBPOYHOCT

OnpepgpeneHo, UT M e e C MmequaEeReabiecrowmne -Cmnasb C
CuZr c CMK cT1pMKTWKWRM)FCNOBBAX yagapHOTNo cxXarTWu:
yenunuegmneg ® 1.8-2.8 n 1.8-3.7 pasa, cooTBET
KpynHokpucrtannmuyeckumm (3K&KHO ccocoOpasmemaH OeTw
cneuyundpmnueckKkoi HepaBHOBECHOLMW’ n AedekKTHOMN |
BHICOKOCKOPOCTHBbIX npoueccoB d@parmvMeHTauum. Ta
OKYTl coxpaHseTcsa B 3KCT BeEOMAa/OL HObl XH ayr coiyokBeHmMxa Y A&

YCTaHEOHBO U TO U3 MenbyeHWe 0B3dp Za emonOKefak MIU0 (g o
CMK cocTtodH@AMKM) Symenmnwyameadr 9onm 1.8 pasa, H
er @Bocl. 4 pas3a. Mocnepgytwwmne otTxumurm npum 400 wu

nepechoblilwe HHIOIMMO TpEAEC TBOpPa C Bblige-BeHMpMuZRADaCI
NMO3BONAIKWT YBE/NIUNUYNTDbL -KAPAKITELPUNICAMX NN ¢/ MOX T Hma B
MoBULIC K¥TLD o p o BaHHAa NI K a . YcTaHOB/TeHO, 4T O Agucnh
cnnas@l0%WCGrHe T 03/HLAKYOM T € N b H @ OeNe WREWMBA. 7 pas, H
npmeBoagnrtT K aip®BB bllueSH n@adEraMmyeHNe OTKONbHOMN npo
bopmMupoBaHumem npwu OKYTIT CcTpyKTYQPp®H, COCTOSLWe |
ANncnepcHbBX 3epeH C NpevMMaursLUEBEYHAOBHEBpPAaAaBpEpasBe
cnocobcTBYyEeT 3aTpygHeHUWI pocTa MUKPOTPELWNH
pas3pyueHucaipaBHeHNI corcoxapmanm KI5

Mokas3aHO, UYTO MUKpBAWABKaBERPIHRZAEBP MWH O |
630 pgo 70CnMMdlKYMo mnkpoTBepoO (Cudd2 &NEK) K o mn C
noBblWaeTcCHd ao 1400 MMa, T. e. cTaHoOBMUTCA E

MUWKPOTBEPRAOCTbI MUCXO0OAHONW nNnutoh KK CcTPYyKTYDPpH
MeaAWn p[JaHHbBA nNoka3saTef@Bh dCocTEBEMEEFEODPp M pas aH
OKYI wmMeTannoB U cnjaBOB nNnpouMmcxoagut 3a cuyerT
YyNPOYHORPRBRBAENEHO, 4T O OKYT NNTbIX Me O H bl X K
MUWKpoAgoOObasBk@G.Mn2 (Ma O.0%) rpacdeHa wu MOAagundomuyumpo
yrnepogaHieomvp Y6 k amum (0. 002 wmac .0%mYB n4n@o pas ak
nispB 4182 pa3a, COOTBETCTBEHHO, NO CpPaBHEHWUW C

MoOBbLIWEHHbBIA YyPOBEHbL MeX aHMKEBTXBXB CB OKIC M MBO U
cpaBHeHuWuMeEe[bGMKE 83 aH C ynpoyHeHunuewm, obycnoe
HaHovYyacTuny BZopwixCikpp3 B Cunnasax B npouyuecce Al
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MHcTUTYT PU3IUKU MoDEOLYODOMEeKpPOETEMPYETYPHOE |
YdPnmckoro ddepepanbHOro mccnepoBaTtTenbCcKOro ue

2YPUMCKUIA yHUBEePCUTET HaYKWU U TEXHONOT U
Email: churakovaaa@mail.ru

MapTeHCUTHbBE nNpeBpaweHwusa, B TOM 4Yymcne B C
M3MeHeHNeM OO6BEMaA PYyacTEBOTKHAWLNXT upad3 MelHeHUAa M
Hapaagy € Apyrmumum ocobeHHOCTSAMWU nNpeBpaweHnmn,
B MeXPa3HoO#H@DOMPpaAMUAaAaX nNnpeBpawawwmxcsa ¢das, Y
HeobGpaTuUuMbX Kpuctannorpadumnueckunux pedcdekToB (
dhasze) [ 2] . JaHHbBE O KOPPO3UMUOHHBLIX XapakTepwuc
OAHKM CUYMTaROTT WHIMKHEAN MO A HOBPEMEHHO MW NerkKko Kop
Koppo3unwu, cpaBHMBAA €ero aHTUKOpPPOBMOHBARBNTB
HHKenumpga TwWUTaHa O0OT Koppo3uwn, ocobeHHO /O0Ka
MOBEPXHOCTWN BHewWHeroT@ANAaRa;NNéaKMN NOBTHUEOB U
CTPpYKTYype w©n ¢dha30oBOMY CcOCTaBy OKCWUAHBIA cnom
HnkKkenumpa TuUuTaHa UM TemM O6/1MXKe OH NO KOPPO3UOHEF
cnnasamM Ha ero ocHose [ 3]. OQNB8KEPOHOMTDPWKE
TMUTaHa W HUKeNnNsas B aHOAHOW NNEHKEe cCcywecTBYIT
CNOXHOTIO Oklemgangaunrt@béaapyxXeHo, YTO CTpPYKTypa
noTeHUMWanax 6nun3kKa K aHaktTapyyfumay. npdmc BBIm™aAEK
mcgyoeBaHMAa Koppos3sunum cnnasoB Ti Ni C pas3HOW CT|
BbiABNMNE€HbB CcXo0ACTBa U pa3NuMuymsa KOPPO3UOHHBIX CB
MapTEHCUTHOM COCTOSAHMAX Cc pa3nMnyYHOM MUKPO
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mccnepgoBaHunihpopmagwePm@eecKknNx BO3IAeWCTBUN Ha
3NEeKTPOXUMMUYECKMNE CBOWCTBaAa HnkKenupga TUTaH:
MapTEeHCUTHOM n aAayCTeHUWUTHOM COCTOAHMUEAX. B

mccnepoBaHMUW KOPPO3UN-CHIPK &ITW JEABT/METHaEH aE XCo AX M 3B
pasnunyuasA KOPPO3MOHHBIX CBOWCTB HnkKenumpga TWNT.
COCTOSAHULY PYKY¥MPoin. Takum obpasom, NnpakTMunWye -l
BNMAHMA pfedopmMayumMm Ha KOPPO3IMOHHbBIE WU 31eKTpPO
TuUTaHa -CTpPpYM3 ypol B MapTeHCUTHOM n aycTeH,
mccnepoBaHMe HanpaB/eHO Ha MU3y4yeHUEe CTPYKTYDp
COCTOSAHMEAX nocne 3NEeKTPOXUMMYECKMNUNX KOoOppos3.l
mccnepgoBaHUSa C IHEKMTIHbI € BOoNKEBMEMOM €T WM A N PU K O ME
TemMnepaTtType CTpPpYKTypgwawyica eHummMma@NisG2Clp OI&m kK ©ii

MapTeHcuTta B19’ . Ana dGopmumpoBaHmda TBEPAHJOTO

npeagbICTOPUMN NONyyepmwKxamasapumama oOOmMaEgTnNn T O0OM
°C) B BOpy. Tlocne 3akankwn ob6pas3ub 6GbNAa nNnpoBe
paBHOKaHa/NlbHOIO YyrnanoBOIro npeccoBaHMWA nNo wMap.l
CTPYKTYpPHbBEe uMccnepoBaHUWSA biXO puacsnuboTea HMOIC NNEp OKB M X
pacTpoOBOM 3/TeEKTPOHHOM MUKPDHODTEKloWi.e QCHPEOWYY JEr
ycKopawuemm HanpaXeHUMN 20 kB T ek T@apaonbl3aman
39NeKTPOXMMMUYECKONW Koppo3unumum onpepensgnam-c MNoOMm
ranbBaaH-@PXT &BD/IUMHC» B pexXuMmMe JIMHEMWHOW pa3BEPTEK
MB/ ¢c B BOAHOM paSOBB opree KNpO@IXmmmHeckon a4yenk
pabouyuero 9nekxTpoga W Q9neKkTpopga CcpaBHeHUA 3
3N1eKTpoga CpaBHWe HMTHA HMACANPOT/HbbBO BXamopcep e 6 p A H bl

BCNOMOTlTaTeNbHbBM 23NeKTPOAOM CAYXWNIT cTanbHOM

Mm3Iyyanum T paBUMEeTPUYECKUM MeTOALOM,; o6bpasub Bt
HSOyB TeuyueHMe mMecsdaLua. ®a3 0BT ICOKTBRBK MM COIEEDSB
Rigaku Ultima IV.B K py nH O3 e p H U 6dBoM3 HCanu/mareeen b HiblX K O P p O :
nNoBpPeXAeHUR He HabnwogaeTtcAa; NPOAYKTbB KOPPOS:
NMONYYEeHHOM c NOMOLWbIK WHBEPTUPOBAHHOTN MWKDP

OCTOSAHMUM HabGBnNnwpawTCcs 3HaUYUTEe/NbHbe KOPPO3WUOI
3MEepPp KOTOPbIX COCTaBNsAe€T HECKOINb kKgNisidBl K PO ME -

c
p a

KPYNHO3EPHUCTOM n ynNnbTpamMenKO3epHUCTOM coc
KOPPO3IMNOHHEGH@AAPAB3IEYPYNHO3IEPHUCTOM cnnasee 6071€
ynbTpamMe/ KO3 epHUCTOM. Ha CcHuMuMKax MNOBEepPXHOCT
obpas3uya HabnwgaeTcsd K O -p- pro/BynNO00OHKHMOEE  MPOoAaP3 3y ELLHEVHSAN ¢
AvamMeTpa n rny 6 MmHbl, P aoCBMNEOP/IXOHKOECHTHMLI € C Nnsica B B ¢ € iH
MUKPOCTPYKTYDPbI ynbTpamMe/nK0O3epHUCTOT O cnnas
nocneagcTtTBUA npoBeéHHblX KOPPO3MOHHBIX MCNBbITE
o6bpasuya. PeHTreHoMasoBbim aHanmi3 cnnaBxB Ti Ni

npouyueccoB a3 0BbLIA coOoOCTaB cnjsaBa U3IMeHHAeTCSH,
TiNi — TiNiH 1,4, B ynbTpamMenkos3sepHMUCTOM COCTOSAHUMU O
rmapunpaga Bbllwe, 4yeM B KPYNHO3EPHUCTOM. 9T 0 Xxa
MapTeHCMEAawB@M obGmbLEMHAasa [0S BblWe, 4YeM B aycTeH
obpasuye ile) KOPPO3MOHHBbIX mccnepgoBaHMIN’ aycrTe
ynbTpaMenKoO3epHUCTOM COCTOSAHUN OO6BBEMHAZA pJond
cnnaBe B ayCTeHIWODODHER® GCOEPPOIHMIWOMWMHOCTOEK, MmocKkKaQa
KonumyecTBO LedekTOoOB no CpaBHeHWW ¢ MapTeH:(
COBOKYNHOCTW NONYyYeHHbBE JaHHbEe 0 BAIUAHUWNU CTC{[
3epHa, MOXHO NPeagnoONOXUTb,MTOKPBITAYCBREKMBMPY H
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NéHKammun nnA cnnaeartoldiHNin. B NMYyMBe € HHble
NeKTPOXUMUMUYECKOI KOppo3uwu nokKasanwu a
KOPPO3IUWOHHOW cpepe.
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MHCcTUTYT PU3IUKU MOCDEOYLODOMEKPDE OFPMBERYIRBHNE |
YdPnmckoro dcdepepanbHOro mccnepoBaTtTenbCcKOro ue

2YPUMCKUIA YyHUBEePCUTET HaYKWU U TEXHONOT U
Email: churakovaaa@mail.ru

CnnaBbl C NaMATbil QGOPMb WNPOKO UCNONb3YIT
MaTepnamo pa3/IMYHbIX OTpacnsax MNPOMbIWIEGHHOCTMW.

nnasBbl C namMaTbtil dopmb ¢le3B o aBikbB M® K H KM H

GpaTHOM MapTEeHCWUTHOM nNpeBpaweHuUum. Kpom

yacTHOCTMN, pas3nNnunyHbMMN HaydHbMN rpynn
eMneparTtypbl n BpeMeHMU M3oTepMMyYeckKkoro
acnpepgeneHune s3Nialdaman sdeamela HTMie MeTO040B M
PKYI, KBAO v ap.) nosBoONAeT YMeHbWNTH

poBoauMAnunucb Ha cnnaBe Ti Ni Cc BbCOKMUM

OO wm<—oTT dHwozIxTo=z-H30
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OBbIWEHMUSH MPOYHOCTHBIX n byHe BT ODNB/IbHBUXKA ETES
epMOouUK NYUPdlg almegblgy wne MEasafnpBaHIUTao nnop u
apTeHCUTHOM npeBpaweHunnm (MIM) ob6GpasywTca Auc

e TOT

MKensa BO3MOXHO cCcTapeHUueNiszC KBOBTIDEP/bEEH NTe 8K X4ea C B /i
BomctTBa. OcCco6GeHHOCTM CTpYKTypoob6paszoBaHWMUsa n

amu

0T X
oaown gl
pas3ME

NbTpaMenKo3epHWUCTOMW (YM3) nnu HaHOKpuUucTana~”
ANAHNMA CcTapeHUs Ha MUKPOCTipNiK T pyl p e g BCaBpowiTCE
epMOLULUKINPOBAHNEM npeacrtaBnaer MHTepec, n
3HOCOCTOWKOCTM MaTepuana aABnNnsAeTcCA BecbMa

copepxe
Tpe HNA B Aunanas3oHe TemndplaTt.y.p50D50.B .gOIHYy Cb T
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obpaboTKMW NpoucCcxXxXopguUT TeHepauuma MU HaKoNnneHwune
ynmcna uUWKKiSoBT &kkakn BB YM3lMNcomegomamcummMmanbHOTI O M
OTXNTIa BHEMVMAMABOT EeMNepaTypPHOIro “U BbCOKOTeMNe
LONONHUTENIbHbLIA POCT NNOBOHDLE MG GMOITOKAK, MW bl aB
Y M3 COCTH@sbHIK aeTC A BblgeneHwue yacTuy CcTapeH:
OT XulaeH Hble, NONYAREBBIPHBCEKPM COCTOAHWUMU, MNOKAaA:
OCK npuw npamMoM MapTeHCUTHOM nNpeBpaweHMNN nNoAEB
nmek . HanpoTtwus, npwu obpaTHOM MapTEeHCUTHDO
HOOTEepMUYECKIMUI numk , KOTOPp®bI CBABARAT YCPHBIO3
ycTeHUWTHON das3bl B2 m3 mMapTeHCUTHOW dasdb B1lCE
00 uUMKNANOB Habnwpgpancsg nNUK OT MNPOMEXYTOUYHOM
peBpaweHNNn n CHMUXeHUEe TemMnepaTyps Maploenewurt
aBepweHuMmMma nwawa o0 KonmyecrTBa UWMKIANOB Habntiwog
3MeHeHNUA TemMneparTypbl, BKnAwyaa HebBONbWOE CH
peBpauweHnmeMnM paTypblOOE®HMAHO A NP B P aweTHaIK XK e
OBblIWeEeHMUE T eKMDMHeupaa st W @ MbIo mpeBs)(aMye Havyana ob6pa
peBpalg@dHnBcnegcrTBuer OK/plasmiEpK e MB@ T HBIX nNpeBpa
TPYKTYypeEe nocne 25 @ n eugnyKoLpesr o HMN3KoTeMnepart
NbTpaMenKkos3epHwWZGowgecwqeasmessovem b Ti 3 Nio4 .
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2PTY MUP3A
Email: yuri1939@inbox.ru

MocpepcTBOM aHanunsa paga dKTdhepnmeHT ays
cpepHeyrnepopaguctblxFeOc,78a5n eGmombage aAa@aBa 4TO npwu
MapTeHCUTHOM nNpeBpaweHNU, npun 3akKkanke U3 ay (
mmMmeeT MeCTO aHoOManbHO O6bCTpPpOe ANPPY3IMOHHOE T
TBepAaor o pacTtBopa B aTtTmMocd@epb Ha agucnokauwusad
MapTeHCUMTHOM CcABUTre NO WUWPUHE peek, B bl3 blB alto
peek ¢d&) mmop@3oBaHMe B HUX BbLICOKOW Mycaoff HocTwM

U
[ J
®J .

n

BnepsBble onpepgeneH KoadphnumeHnrt Aoy 3 unu j

MapTeHCcCuUuTa NpPpUW MapTeHCUTHOM nNpesp adaye HKNWOMH LBA WU H
(MChpespallen Bdml) , Yrd M@apHA4KOB nNnpesBbWaeT U3BE
Koadhpnmyumenta agnddysumun yrnepopga KTdepse wertok ee cresp
nNpM MapTEHCUTHOM nNpeBpawWeHuMmn wnvwmMeeT MecTO aH
O4eBUAHO, O6YCNOBNEHMWEBO BBITIPKOIC K @ ES & T M@ =
MapTEHCUTHOM CABMUT €. MokasaHO, 4yTo nepepa
M30TepMMUUYeEeCKOW BbigepXKe 3akKa/lleHHOro cnnasa T
KosdpdpuumeHToMmMD an@dycerth, (6NM3KUM K awieBRIOTHDO
Kosdphpmyumnmenta agnddpys3sumun yrnepopga B peweTKke dep

Mok asaHO, YyTO TBepAbIn pacTBOpP yrnepopga B
PTEHCUTHOM npesBpauweddTd) (mMmpueTemMoOBPRAXREPAX~0
ABNATHRUS HPOomME PpPeCbWeHHBM (Ha HeEeCKONbKO nNc
BbiNageHUt LeMEeHTHNTa (ecnmnm He yyunTtbeiBarThb H ¢
HanpsaXeHHGBbHW pacTBOp HaXx o@dsTE)cei BBe Cp B H 0’ce/TaMMb
atTmMocopepamMumu (B OTHOLWEHNMU C3/AK pPaEeTNAINHBR Ay IA/UNECHI00XK aa
Ha AWCNOKauwWmikw aTOMHOMW ANAUWHB 3gecb Ha nNnopsapgo
KotTTpennoBckunumum aTtTmocohepamn 2& ens/igge HmEXWwAAE
paBHOBEeCUMU C HanNnpAXeHHBM pacTBOPOM C KOHLEHT

==
Q

Mokas3 a&Hi&caobpa3HOCTHLb MCNONb30OBaHUA NONMyuY.
pesynbTaTtosB 4 n s MHTepnpeTauum M3 BEeCTHBbIX 4 a
AN PPYy3IMNOHHOM nepepacnpepgeneHumn ocBobGoaguBwer
KoTrTTpennoBckwue aTmMoc cde p bl HE MBIXU C AL NKIXMHER °
TemMnepaType) NepAMUTHBLX CcTansqax, a Takxe pans4
npegoTBpawWeHnUNnm 3aMegNeHHOrNoO XPYynKOro pas3pyuwe
n 3 AYyCTEHUTHOINIoO COCTOSAHMUA M BblagepxXaHmbXx 0Op
cpe@ayrnepoaguncTbix cTanax nocpea@dgBEo M oTnycka

v MBS dzdlsj teObkzter
1. 0. C. HeuvaeBc 704745 2008, 178,
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lor AOY BO «Yp®Y umumMeHM nepBoro lMNpesungeHta Poc:
2AO «MVMHCTUTYT peakTOPHLX MaTepuanos»
Email: ssolovevB0@gmail.com

CBepXHMN3KOWBWMVMKP®IETadp-o B a lnterstitfal Free Steelc T a n b
cBobogHada oOT a )T 0OWDeB ABBHEEULEPHEHBMMIMKG NN aCT MY HOCTDb
BA3KolFrtesmnn copgepxatT He 6onee 0,006 wmac. % Y
TUTaHOM WU VEgMEBEMA 3 bIBaHWAd OCTaTO4YHOTNIO yrnepogjga
BBICOKON TeMTepUERTYIBE HEMALCHOKIWD®OHOCTN K TLNYyO6OKC
TpagMnuMoOHHBLIA cnocob6 o06pabOTKWMW XO0OMTOoOAHOKAaAT aAHDOI
BbimnaBKY, ropaddylio Tpm@KIEHKE , X O(nXTiQH y 606 umpmo K a
o6bxXaTumem B O W an aBpoeHKep MOCTT abnSnMupBoakBFiseI bl p e 3 Yy N b T a
XONOAHON MppHAaApK@UCT annorpadmuececkas TEeKCTyp
NONYyYeHMUMaA BbLCOKOKAaAa4YeCcTBEHHPWOT avwiur3aa. U nioo ¢ben g
CHNake TBe pHlOCY /AYuwdo p My &MOKUCNHA BTHY T PEEHAMP AR H U

YCTP@H Py KTYy@eAHOMWIPLpHOCT

AKcmnanbHaa TekKcTypa € ocbiw <111>, napannej/
ABNAeTCA MpoeaNbHOW TepoaaypoinnopeepBaermomMa I |
[1]. OaHHBaas® 0 Pa nmMocBSALWeEHa mccnepoBaHWKW MWUKPOCT
cocTodaHMA B ripcotTMbMI eH HIO@ N b NOoONyyeHUa UHGPODPN
v 3 mKEOX aHUM Y ECKMNX CBOWCTB 3a CYeT ODMUEOCIWAEAL.L
onepauunin.

Mocne rn MUKPOCTHREANYN@PROAEBAANTMO TONWNHE
MMOBEPXHOCTHBIX Cnosdax NNcToOBOT O npokarta

10,5 MKM, pucyHok 1~ allh, 0a MKeM,T ppawicbyHHOOIK 4la c6
okaTanwomBemerdopmayumm 83 % NPUBERGALWKHEOPMH P :
AYNTEeNnNbHO BLTAHYTbBX @MEPPUTHDBX 3epeH Cc Xxap
pMOWR, pBic yOpoekKL HMM e pas3mMepb AePoOpPpMUPOBAHHBbBIX
HTpanbHbLX 06nmcMKANK) (kKOoplp BAMpP Yy0OT2,C COOTBETC]
ropsyeKkaTaHHOMN’ nromagcwe . ncCapy K PPpanol Bcein T
pakTepusyerTtcsd OAHOPOAHBMMU PpaBHOOCHGbBLMMN 3er
mnoenmaunmtTenbHo 1A, 4 MKM, pucyHok 1
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Mocne rn T @KHA@TIWM[BH bl @ nCc NEyHKIWBA H pane npeje )
pueHT ayunim ( ®PT1O0 L, eFHOTKpaasnab/H, bl X Cnosax npokaTta H
EKCTYPHbBMU K@WMMAaH € HlT1d00 W} € H112}$1302,p GyeH 0 K 2

.MOBEPXHOCTHbLE X@APAKTEPVEWPRC PakkTRMMHHBIX KOM
{110}<001>—{120}<001>, {110}<112>-{110}<111>, {114}<22 1 > , punucyHoOoK 2 B,
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B r
t dmMzdsEC dshis Bk D@ ffadsiigizih dzj dzdzr = fij toj H § dzts
fomdy 1§ smdzj T hhndzg 1
KbumcTtannor paegmcieXa@asa NaBepPXHOCTHOIW n U eH:
XONOoOAHOKaTaHHOW MNoNnNocCb COCTOMWUT n3 OAHNUX N
KoOMNoOBBERMRTpPaAaNnbHON ob6GBNacCcTW Nyuyle BhHPPHEYH OXKP 12
A, MmQB&8pXHOCSF{#ldwllZ>pm& yHOK 2 X, 3
Kpuctannorpadgumueckas TekKcTypa nocne PO n
npakTUUYeCKW , OpwmcyeaoHDiod T ALEANA M3 CYylWeCcTBEHHDO
opuneHTtTauyunin #Hlbdbheri{Znlalélbrxl 10 >, KoTopble C Yyue
O6pas3ylT K KYOWA/DEHHERHTOYO Nee OnaronpuAflHytw gna W

@»m

=P

n

n M

{ Mz disEsds ydw S ted s Odzds ¢ to G loudzdn SHsD sty € diy Ishzdgj o

fitejH] O jJ fesdLotHmMisoO o odHj Mmjuddd?2 At
C): PP}, Byj dilqwd;, of,soq riddMmisyjydabslj (o] ter desils

d,itS{, eoMmw IstidhQddBsdz'dz,Hddy twWOMh dqWtcseoCd Mmj yj dzd
odHO M 11 thdtsede -~ tstcdJ dzls Oy d ?tc joh jolgfSrdj +{ dzj o3
Mokas3aHO, 4YTO W 3CVMIEPHYEKHTMYEep HToerkee TCYPTHTOO M M UTHE P € [ ¢

MOX®BITb OOBACHEHEKCTYYPHDYIpH®BCNEeACTBEHHOCTODbLIO
ABNAKTCA pa3opumeHRZByfmwR]dnumusknme K Z3 U

MccnepoBaHwNne BbIMO/THEHO 3a cuerT rpaHT-2900688 c CcuMiicKDO
https//rscf.ru/project/2519-00683/
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s MBS dzdlsj 6Ok isr

1. MIO.MbIWUMUHY RBOYHEHNE NUCTOBLIX CTanemhn AN Xo0nNnojgHOTr o ddo
Bo AMB 2004, 159 c.

2. A. A. Peaouvnkynbuyues, M. A. 3opunHROoNnbB.c Ny v@a® HYIXO0 B ,p al
CTPYKTYPHBX M (a3 oBbX nNpeBpaweHmax B MeTannax un cn.
MeTannoBegeHue U TepmMmuyeckasn -@lbpaboTka mMeTannoB 202

IFfTRCVRARStdrdrodfsruifrt furpsvtovsvotuy
Rul Jsauvsl gufs [ C1ut ) rRg U1 ]ECrCuFeNi

. ng Hskisof scdthtmal ZC Odzgso g O2Yjod jo Ol so
IHNTMUCUNOeHnHDRIAMOCKHEINAIOPOCC U A
WAHMP AHleHnHOp@idmekiMoc KEB4Poccus
Email: sashol2221998@nail.ru

BHICOKOSHTPONUWMHLBIE cnnas. bl (B3C) CUCTEMBb
3HayMTeNbHOE BHMUMaHWe 6GnNnaropgapsa YHUKaAaNbHOMY
XopoweluW NNacBUWBEEBDN menaog®npoclo@gHeOmaAMXapaKTe
OrpaHMYeHHOTW B3auWuMHOI pacTBOPMUMOCTbLI KOMNO

CMeweHMUA Me 4 u c Xxenesowm, Kob6banbToM n XPpor
KoHconunpgauyuunmBOPBi@e K6kOhMHOAaAaNbBAURBRYH @ACT N AR R P M
pacTBOpa C O6pas3maaduiemB HIoBIy X M a TLKK L bl , obepHé
BTOpMYHEA GasbBBEeEOTWe a3 0BOEe pacc/qioeHne, C OAH

LOCTMUXEHMNE CBEPXBbLICOKMUX MPOYHOCTMW®MKE TX aPEATK L €
Mmcnonb3oBaHO ANa ynBpax@penmanegBpHACNTPpaAaBMpPaHeHH.:
noBblWeHNIW XapakTepumcTtuk BI3C Ha ocHoOopeaTle ar i
MUKPONermpoBaHma wManblMunm pgobGaBkKaMW HemMeTannwu
yrnepoaza. QT n@obABK M BepLOpPacCTBOPHOM®I yynpou
bopmMmpoBarThb OV @R eeC HLHELIER apOMKIM M o6pa3bBas
KOMNNekKcHOEe BNMWSAHMWE HBAVWGHPEK MYIEBYOWMOOBBDET B A [
Ha npoueccb @Ga3006pa3 O0B@MHMNIIAY Y eMCEKXVAEH NH BT X MTeEe U
CoCr CuFeNi B HacToOofdAwWwWee BpemMda MU3YyYeHO He B NoO
HacToOAWero MccnepoBaHMsa.

Lle nb o LaHHOM paborT bl ABNANOCH ycTaHoOBNE
MUWKpoagob6baBoKk 6opa (B 4w agnoa 310 HAET . KYO)H We H T plaeLpwoif &
Ha @Ga3o0BbLIN coOCTaB, MWUKPOCTPYKTYpPY, MexaHMUuyec
mM3runobe n pacTaXeHNN, NMnAacTMWYHOCTHb) 7 T
(M3HOCOCTONKOCT b, Ko3dhhmumeHrt TpeHwHplamB3IC
NOPOWKOBOW MeTannyprumum. 3IDKCcNnepuMeHTanNnbHO ycCT

yrnepoga He HapyuwaeT -6appyBOYVipWBYRKIMasdao3jjiao € &R
+dasza TITUK2 6w, oewvpoBIEDUBOAUNT K bopmMMpoOBAaAHMUID
ler np o Bra/JHeNPEO 4\ M, He3aBUWCUMO OT ero copgepxat
Kapbmmpenmyuwec pBeHAO TEK Xe, B 3aBUCKUMOCTMU OT
KapoboHutgiCgadN) .Cr Mpwu 3TOM Kapouwugsl MnmetwT CVy
pacnonarawTcsa npeunmMy weeEHB evHbaHKOp N, I piar W ulaong T 3B¢
LAaHHBMW NpocCcBeuYnmBawuWwelnn SMEPK TEPDS M ESHUTAR HEOJBWIAR KH @M N
o6bpasoBaHue 60Bun AaTHOKIK apa/BobK aCTM3 OBAaHHOW Npenmyl
3épeH. BaXHO OTMeTWUTGHb, YT O B MNyproiueepcocie  UYMAECXT aH
pacTBOpsAaeTcda B MeTannumuecwXioaAMaAT BU LJe,evp T oIMAO P
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PAaBHOMEPHO pPBCMPEPHEARDBHXB ABAOAMEPRPAKTIbIX CY 6N
yacTuuy.

NernpoBaHne yrnepopgom npumBoagnmT K KBBAMHOTOHH
Ma pna 6as3oBoro cnnaBa po 3,56 TIMNa, npeapen
pepena NPoOYHOCTM nNpu pacTtaxeHum (c 730 MMNa
TaBa ¢ 1% C). Mpun 3TOM HabnwpaeTcHa CMeHE
Wi, M ocBMU L EeTeNbCcCTBYET NOAB/MEHIEAKTOO P AGUG X
MOB BeNMyYeHMe ocTaToOvyHON pgedopmMauummum pgo 2
poBaHMUMU yrnepopgowm obbACHAeTCA KOMMNINEK (
YHEeHMWEM 3a CUETKpEKapOayHaeM MN@pTHWMUL , 3 8@eH
pamMenko3epHUCTONW CTPYKTypb (cpepgHuninh pas
aBngdgetr 620 HM) . B otTnnune o1 yrnepapga, 6
Ba [MBMNC pgob6GaBneHUMU O, 0Heama%un TBe nb abiitp
HocTunu (po 740 MMNa) n HecyuwelambeweeecymBeaAl
OKTT B B eQooepRa@ @ T U rnapent CKIo H U e H ¥0p,a2u nax. 9., 1X o T 4

HOCTMW NpWU pacTAXeHUNW cHUuXaeTcda A[APKo-600

acT-46%, neaT® yKas3bBaeT Ha KayecTBeHHOEe U3
€ nNoBblWeHMWE NAAaCTUYHOCTU, BEPOATHO, <CB4AS3
n
B
6

n nogaB/leHUNEM CKNTOHHOCTWU K MHT epK
XAaKeaocrmadhpeecK AHMmB NppUHOBIM@aT aeT B.93KMWII
ee BbCOKUX cCbhbazpXeHnmpowwpar{ OBHOBbL B
mnsrmnbée pgo 1630 MlMa) 3a CU4YéT pgucnep:
O4HAakKoOo NnNnacTMWYUYHOCTIbC AN pand , B29%65m 3 PP P MAPOBAHNS
NPOTAXEHHON O6GOpPMAHONW CEeTKW NO rpaHumyam 3 EpeH

90" W OO0 I00K<SSsS®mO O
- TooD LD L£sHH40SsSo0 =X
o
-

TOTYOTH/LT WOSI®WNO
SmeWO-B-OOOU"O_‘:wO

TpnbéonorumueckKkmne MCNbITAMAL T Y K€Xe Ma Biddic TR P KR C
Harpyska 2 H) nokasanwu, UTO KO3MHUOoaeHB YPEE
ovanasonw®, 900, 6W cnab6o 3aBucurt oT cocTaBa.
LeMOHCTpPpUPYyeT BbpaXeHHYW UYHYBCTBUTENbHOCTbL K
CnnaBoOBRIEr pOBAHHbLIXXaAaYAKMEPDHA M, XOpowas BocCHN
MUHUMANbHBMHHBPUNMSHOC AOoCTUuraetr (BHmaHMeans Gad
cnnasa wwmw,(1H--M)0 ana cnnasa ¢ 1% C nocne T
conocTaBMMO C M3IHOCOCTOWMKOCTbLI MCXOAHOT O Hen

F
(

HabnwgaeTcsa 8 p KMO HBObTpPOaHXHEaHsH a3fda BHIEC M MO C T b . NMpun ™
(0050, 1 aT. % B) unu3HoC -PEIME (8BHo 3vp a ¢ TOaer ™ MRAT bIHEO €
gocturaetca npu 0,5 at. % B, r e >vws f BHHe M H H BT O

KoppenunpyeTt ¢ noBwBeABROgATEBIMBE pagAcCTBpPCHIPMo  y |

AanNbHeWMweM yYyBeNMYEeHUU copepxrxammsBHoOB ppaT aeT 04
34, PM¥O H-®mr ®WXpynuyumBaHMA CTPYKTYPbL U BbKPaALWL
npaAapesHn Takmum obpasom, N p O BOE3ABEOH/HALKET  U3CaCK/VIEHOYOUBTE
yrnepoapg ABNSYyeHMBE p baOmELHE@Y oUW e I pnob6aBkKkoO#W, 0 6 ¢
OLHOBpPEMEHHOE MOBbLIWEHMUNE NMPOYHOCTMN, TBEPAOCT
M3HOCOCTOMNKOCTWN B3C CoCr CuFeNi . bBop, Hanpo
ynpasie@RadAsO@OMYHOCTMN U NPT NMaowX MK o+))2eHTpaud
aTt. %) focTuraertcs4d aHoOManbHO BbiCOKasa -AnanacTn:
MUWHMUMAaANbHAaHA M3HOCOCTOMNKOCTH®b. O6 a HanpaBne
npakTunyYecKNnimn MHTepec OAEONMHAC T BABABHRBHALWERLBIC OKE OB A |
cnnasoB, npefgHa3HaYeHHbBX AnAa paboTb B YyCnoBMU

1 ZOG sH Otedgsls : t OBBISO o' fsdzdej 20 fHted W dJdzOdemtseo 52

(f ot S 5910148 2) .

90



fimorryrue@gagdsuvvl gefsf 01 ol [ 1l3ms
g4l [ ¢1 JCOCrCu &NIiRRMOT J T TROJ S &y
. ng HskIsof scdththe § O2 Y d 2C Odgso d j 9 OF 5o
IHNTMUCUNOeHnHDRIA MO CKHEINIOPOCC U A
WAHMP AHleHnHOpPp@idnmekTMoc KEIB34Poccus
Email: sashol2221998@nail.ru

BbICOKOSHTpPONUMMNHBS TON Kai@K C( BADAO) OKOMNDOHEHT
copepXawnmx He MeHee NATUW OCHOBHBX 23N%MeHTOB
KoTopble QoOpMUpPpYyHT NMpenmy UpeACbTEB € Bl & © T BOOAPHBD (h@ 3 Hi i
Kpunucrtannumuyueckunmu peweTKamMmmn. Cpepgwu H U1 X 0 C C
rpaHeUlLeHTpPUPOBAaHHOIM Kybunueckoin (ruK) pewertTK
mccnepgpoBaTenem coyeTaHuewm BhCOK@OAMOORpAOBDBDAT
ne dop ma y n oHeHgoer ol n oB 2 C o6ycnoBaeHbl Lenbm p A
TBepAoOpacTBOPHbI M ay NMPCOKYaHKEEHHUMEAM pueslwle T K U, 3 pde K T
CKONbXeHMUSA, a Takxe, B 3aBucmMmMocCTMU 0T C C
ABOWHUKOBAHMNSA ( TWI P) nnwu MapgmPegHCuHuiHaemoTIpHe
3HaYnTeNnNnbHbBN nNporpecc B NOHMMaAHUW 3 aKOHOMEpH
cmcrtem, Takux kKak CoCr FeMnNi , ocTaeTcda MHOXe
ponwn OTAeNlbHbLX NerMpyrwwnx 3 1eMeHTOB, ®@IKob6eHH
pacTBOPMUMOCTbLI MU CKNOHHOCTbLI K cerperauwum.
CoCr CuFeNi , rane MeAb J[JEeEMOHCTpPUPYET NONOXUTEDN
Kob6banbTOM ©“U XpPOMOM, YTO MNPUBOANT K TepmMopgwu
pacTBOpa. altp/yp axe wMmedpcooprovuakaoupnkino CBB8G Fe Ni - ( B blwe
800° C) npomcxoaunrt pacnajg -gga3 06 pEGHEBERAHWUE M Mgl
obeapHeHHONW MepagbbomaBaW (R 3w W(o@Guw oe BpPpemMs B
OTCYyTCTBOBAa/N OAHO3HAY HBMO D TEBTEOTP IHWBH BID NPaDILhl 0 P!
«cnabbM 3BeEeHOMD», MHUNLULUUPpYROWNM nNpexpespemMeHH
cnocobcTBYyeT MNOBbWEHNWIK NagacTuyHocTtTu. Paspeuwe
TONbLKO ANsS QpyHAaMeHTaNnbHOINIo NOAMBAEGUAH@Eedhopm
nNpakTMWUYeCcCKOro NPUMEHEeHUNA.

MapannenbHO C 3TUM, B3C CUCTEMHB CoCr C
nepcnexKkTUBHAHd aflbTepHaTuMBa TpagUuUuMWOHHBLM CBA
TEenNAoONPOBOAAUWWMXHHKBOXMNTOM3MERWMAOREBRTY Pb BEpAYEer O
TUNWNYHBLIE aonsa npon3BoOoAgCTB ad8s0-H0MaC3) H 0T © O BUIH Q1A poy
pexunmmamu KoOHcoOnNnupagaumum O aHHblX cnnasBoOB. Ot
mM3HococToOoOWKOCTb (Hanpumumep, p[gob6aBneHume 5 aT. %
Ha 23 %) m TeHMIOacTHIphhgyT T BUE Me 4w obecnewy
TennonpoBOAHOCTb CBA3KMU, YTO BaxXHO ANd O0TBO
Hanmuunme CUNbHBX KapbupoobpaszosaTenenn (Cr, Fe
(Co, Ni, Fe) co3p0aeT3§0NMOBAACONBEAAXBMAABMABE OMDO
Kap©o6wn omHoeor O e B, KOTOp®ble TeopeTnyeckKHwU 4 0 /1XH bl
KonmyecTBeHHAasa OULEeHKa 3TO0OW apgresunn, ocobeHH
NMPOMBbIWUWAEHHbBMN CBA3KaAaMM, 0O He/[aBsHROETTcoy TET 8MeiH

HamgeXH bl

X MeToOAfO0OB NPSAMbBX U3IMEpPEHMWI.

lenbto paHHONW paboThb ABNSseTCHA yCTaHOBNEeHMUE

da 3 0B blil

cocCcTasb, MeXaHMWYeEeCKMUNEe cBOMWCTBaA n
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CoCr Cux FeNi , a BTKUKSBKEPD BIWLIAHIAKL B YHOCT, enneHunHd
anmMals OMABXaOXTY WMeEeHBFI ToaNTMa3 HbIX KOMMNDO3 WLWOHHBIX

ChnaBbl CoCr Cux FeNi (c copepxaHumuem Cu oT
MeTogamMmu NMOpPOLWKOBOIW mMeTannypruwnm, BKJ/TIOY aoLWm |
ropsyee npeccC OeBHATHAWEb. H 03 KYCCNTEapHUOMB N € HO, 4T O nNpea:
Fr’ymatpumye CoCr FeNi cocTagRAngaer 8oexnéoMUéElpunr

cBOMWCTB pgocTuUraerTc Al On pawr . Yo A ecpskaaisin MCHE W cCBUC T p 1 p
npepen npoyHocTtu npu)Pachhmekiemmommnn @dw 80awdba K o
bopmMmpyetTcsd CTPYKTYpPa C MWUHNMalMWLRHLaM bl K 0 JUN Y €
AedopmMaumnMoOHHOE noBefgeHNBIM KOKBKPOD@ABIMY efTldIg mp
pacTtTBOoOpMAMW aKo yBe/lMYyeHUEe cofepxXaHWda MB@EN BbLW
pocT oO6beMHRhazw ITMpPUBOAMNT K MOHOTOHHOMY CH
XapakTelppmrcurmkbe 3T 0N 30abWP 8 O KbEEP AIOMOULL KO N P A M bl X
McnNnblTaHWN Ha pacTsaAXeHMEe B NpocBeynmsBawwem 3ne
co cneyunaneseaomy p a i tKR2L K Bonpekwu pacnpocTp
npegonoOTOXEeHNIDO O XpPynkocTwWw T paHuy pas3pgena ga
npomcxoaunTt HE UK MNUKZHmpamc K-pmac T 1aglnyme e N aii
dhasbl IFTUKZeHHO KPpPYynNHBEe 3epedaMawmrekgmmmn AmB e Ko 6 H |
noKkanunsauyunu AedopmMauunmnm, BbiCTynatwT B KadyecT
M3 MepeHHaa nNoKanbHasda NMPOYHOCTbL Takux4dsvmopgeneo
MMa, 4TO 3HaAaYMTEe/IbHO HWUXE NPOYHOCTWU KOMMNAKTH
Cul2l. Takum ob6pa3omM, C pPOCTOM KOHLEeHTpauumm wmMme
cBA3aHO C yBe/IMyeHMWeEM [ONU KPYNHBIX, Aedopmi
nedopmvMauyumhbKk®dapeH KoTOpble CTaHOBATCHA «cnabbMm

Mp un bopmMMpOBAWMIIA Ico Mapmm@ a3 oMLK 2 HAP POTT N B

NMONOXUTEeNbHYW ponb. B npouecce ropsyero npec
cerperuvpyeT K T patwaumyea3 pa3 Déd/pa3yaBMINKAT T UNYHYH
NpPpOCNONKa CANYy XuUT SPPeK TUBHBIMHA QL V GIGpYe 710 0 1B K B M a
KaTanumiTunuyeckyw rpacpurtmsayntio anmasa nopng pennc
orpaHmuymBaeT U3IOBITOUHOE Ob6Opas3GEBaHKKLHOBRN XLBHON
XpomMa. KonnuectTBeHHasa oULeHKa apfr e3 KWao/HWao3h, np
BbiGITHEHHAasa C MCNONb30OBaHMWEM pas3papPpacanKenunpa
namvmeneimn, Bbipe3aHHbBLX HenocpepcTBeHHO W3 06n0a:
MMa( B-1@ pa3 BblWe, 4YeM AnA C Fa[BlJbaopierb X 0CBOYg 3 XKAP

pas3pysme HB KOMNO3KNUTE C BOCBARRB EC TIBPEAHHHCK P U B D & .
pas3pyusedagse NLUKa He no T pYawpwaBeiepagjerea.per aymne
MHXeHEPEAMNL PpapgeBN&ROHTpPpONUpY EeEdpaes: Bbi@EKRHB &I0
HOBble BO3SMOXHOCTUW NTHRNMNMAGBHAAHKDMMEOBAMOSB, C O\ ¢
aAgre3snMoOHHYW NPOYHOCTbL U MNOBbLIWEHHYW BA3KOCTHb
warom ANng co3pgaHuma 6onee 3adPPeKTUBHOINIO U [ONT

1 ZOG sH Otedzsmis t OBtslISO or f sdzdzj 202 e & d dzOHzizs 5B W
(ftetsj C 910148 2) .
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1. S. Mukanov et al, Materials 2023, 16 (3), 1178.
2. P.A. Loginov et al, Journal of Materials Science 2065,14936-14941.
3. P.A. Loginov et al, Diamond & Related Materi2@25, 151, 111849.
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g4 SydqwdonuB nyueckada MexaHUWKa mMaTepunar

fdrefri Lo R vituvg i osuoRrY s s 10A]
vyruosff Aoy fl3am lirltézrire R T 11T VZ)
VI {JrSt RO [RYpus ] s{IfTV[I1RUL C¢lRS[[ R

rdfomefybr 1 {st3vrR[E
l.1t. 10EshicdsddzBs: sdetsa. {sB3OdaEs O Oteyj dzl ts
"MHCTUTYT GU3INUKU NPOYHOCTMW U MaTepunanoBefeHU:
2ToMCKMUIA rTocypgapcTBeHHbLIN yHuBepcurtet, ToMmMcCK
Email: vbalokhono@ispms.ru

MokpbiTME NonyyeHo npu 900°C B aproHe us3 Tj
nopgnoxke Ti Ni [ 1] . MeTtTopgom EBSD wmn3yuyeHa nonit
« Ti—-Ni 4,-Ni ©», nocTpoOeHa nNMNKcenbHas MOAgenb non
opmneHT&GUaeAM B cOoO3JaHa BokwMeHEHaAaA KeH& wH@na AB
yuyunmTboiBawwasa ynpyryw n nnaxrte®Heckyto aHus3oTpon

BC+IPF 4GB+ PB B:

-
i y ® “ {
2o Shep Sre 0 02Mm ’ I . BJ

{dkzdss 1. [tdj dsoydsddzor ¢ Otsls D Haud Sjte d fils
EBSDO dzO e n®fsls o j Isflse ¥ h OfC fgsisdz’j d® " z0® O tls Oo Jn Gtod 4
C fs dzj-udigsdj dzls dzOw B H j dz

MpoBegeHbl pacuyeér bl HPNaK3/TT OPBY 3 Kpaa C -1 X8 ECHIHYaaT Kae
OnNuMKpuMcTannanMyecKkKoOoOm CTPYKTYPb C YUYETOM ynpy:
MTaHa, nnacrtunyeckor o #NZZrLHmMmaA3 BY UCEHOMES NBO K@ GIor

O K Pp bl¥ WiANi2 n TiMNMp.oBepgeH nocnepgoBaTeNbHblI cpa
anpsMXeeHdHoop MM POBAaHHOT O COCTOSAHMUSA NpW pacTsaxe
onunkpucrTannnyelpoeic JrsE@ECI EYB@AK.OTOPbIX NORAPLTNE
mnTtTaHa pedopmupmBepsamy pig\Ng2ATeatkekxe ynpyr oe. Bo
pacuympeomeycKkaeTca U Qa3 oBbWA Nepexon B HWUKEenNWN/]E
TidNi2c noe nNOKPbLTUSA.

- O3 xT 13- 3

BbiasBNeHO, U4TO NnacTWyeRTXI®0o AKe YeeHVee) a nQreqlee
HanpsXEeHoOp MU POBAHHOTIO COCTOSAHWUS B nNe[J/HEXK €
MEXaHW3Mb 3apPpoXAeHUus " pacnpocTpaHeHUS ha

nnactunmyeckKkas pfedOpMAaROWMBD KPbIFT MM, NpPpU edHKMTMN B H O |
MANM cxXaTunuum,eT CTOBY,OCHTIBY nNnocne pa3rpy3kKunm B HMU
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OCTaTOUYHbLNNREAPDHMBIFWA NN I N T paHULB pas3gena Me X/
M NoOaNOXKON, epBlakke@BBICYRY B J10/4/10 XK e .

Mpun AJAanbHelaemwmn HRPREY 3 K U HauynMHaeTC4 pasp
nNocTaHOBKEe 3afjauyn cnxipymep@spymedne® ypeyc 0O,
LOCTMUXEHMUMN HanpsaxXeHUi KpMNi upoarRepunise pag ipy bl
3afgaBancd nNo MHTeHcuUBHOCfRWREnNnacTuueckoln pgedo
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YcTaHOBNANEeHO, 4YTO nNpu cxXaTum B CcNoe MNOKDPHbHIT
BAONb HanpaB/feHWUS CXaTvHepnaeHOPKMY NPFAIPCHTON Xie & M |
NPUNOXeEeHNA HAT PY3KMU. B ycnoBumsaAx cxaTtwua pas;

MHTEeHCMWBHO.

t OBBISO o' fsdzdzj 20 9 ©LOMRE OR ctsmikzH Otefis2036Md8 @ 1JOH ®d&d c OrZA
vp ltedtstedlsjls 2030.
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MeTannokepaMmyeckume KOMMNO3IUTbL WU NOKPbLTMNS,
CThblO, M3HOCOCTOWUKOCTbLIK W [ONTOBEYHOCTE
npoMblwaneHHOCTHN [ 1]. KoMno3MWuyumMoHHBIE Ma
YPHOW HEeOAHOPOAHOCTH®LbIO, KoTopas o006ycCcnoe
a (-OmDK @K e -4 acCcMrauTLpbm»i)a, a T akKXe pas3HMULE
€ECKMX CBOMWCTB KOMMNOHeHTOB (ynpyrwunme mMoAj
or o pacuwBdeimMBmM WHe @RHOQPOAHbIX rpaHwuy P
Tpauum HanpsaXeHUNR, KOTOopble nNpuBoOoOagAT K
anunsauunmn Nnnnpedpopeakion B mMaTtTpuye, 4yTo

XA €eBpeMeHHOI notTepun HigpOHHYCTN 3 KEQepume H-
nepgoBaHMAMMW BaxXHYyW ponb uUrpaeT pas3paboTk
bBIM y4YyeToOM T paHMUL pas3/jéEpameHeceHMac X M X e o i X
genen nNo3BONAeT aHanNnuaunmpoBaTb nNpouecchb BC
HUeHTpaunim HanpsasxXxeHuUm B obObemMe wMaTepumana

TPYyAOHUTENbHO, @ BO MHOrTrumx 3cnyyvyasasx HeBO3MOX
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PaccMoTpeH BeampodbemMBOMmMABONM YacTuy Kapb©ol
TannokepamMmyecKkKoro NOKPbLTMA Ha NOKanumsayuMWkK
cne oxXxXnaxpeHuwus 7 pas3pyuweHune yacTunuy npwu
CCMOTpPEHB TpPU MOLENbHbLE CTPYRXadyPwlL CK ppeavsHIW
beMHasda pona 4Yaérlb¥h k.8 tTGmBpiyWkeTTy p2a6 K OMN 03 U T O
CNOXHYW GopMy 4YyacTuy B SHABHOM BuUuge. Moagenupo
mepapxmyeckom CTPYKTYpPb B AUHAMUYECKOWU MNOCT:
npropaMMHOM nNnakeTe WABADWSHpbxwyEemmuueHUMNn o06beEeM
KepaMMmyecKkMx YyacTuWuy B KOMNO3UTEe MNONOXMUTENbH
yBenumuumnseaerTcs. Mpwn Manom paccTOoOSAHUM Me Xay
pacTAarmnBawiwme Hanpewemusa nocne oxaaxpmg

{ OB A S daligiCHGE@&BNEZ H Otcmis © f Aedaflefes [{ ¢ (FWRW20260003)d tets 6 tc O d3d3”
vl bted stc RB3P.Is

4 didekls j €Ol kter

1.Samal P., Vundavilli P.R., Meher A., Mahapatra M.8hurnal of Manufacturing Process282Q 59, pp. 131+
152.

2. Kim M.-K., Fang Y., Kim J., Kim T., Zhang Y., Jeong W., Suhr J., Metals, 2023113658
3. Balokhonov R., Zemlianov A., Gatiyatullina D., Romanova V., Metals, 2023, 13, pp. 724.
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Bnaropgaps4a BbICOKOM YyOENbHON-YyNpPODPE@EHOBGEN
Tannokepamumuyeckmune KOMNO3MWLWNOHHDGBLIE MaTepua
WMHOCTpPOEHUMN, SHepreTmKkKe MU aBMaAaKOCMUYECKDO
KpbTMW®S YyNy4yYD®DHWK OCMI3bHOC EBO PPO3UOHHYIO CTOWK
BEPXHOCTHbBLX CNnoeB MaTepuana. HecmMoTpsa Ha
TakwTCca BONPOCHL MNPOYHOCTWU MU [JONTOBEYHOCTMHU
expe BCcer o, C Tewm, 4yTo KHOOM MoogBam3 THEO 1 O GC/TT apy &K ko
pakTepusyemMon Hanumuumem TrpaHWLy pas3gena pasi
3pyweHnme nNopfObGBHBLX CMCTeM B paMKaXx MaKpoCK
weHuMme cnepyeTtT uMcKaTb B paMKaX MHOKaAQWPRBHEE
Tepunuanos. M3BecTHO, 4 T O -Hr epoafHHMOLPLD A &I3X 4 emlaaT €|
3blBatT KOHULUEeHTpauunow HanpsaxXeHUWR, nokanwnsall
cnepytwuee 3apoxXxpgeHue MUKpoaedeKTOB 7 TP
npaXeHnn un peapppMAHHMHUAIXBOBNACTAX, cpeagwn npo
TepMOMEXaHMWYECKUNUX CBOMWCTBAX KOHTAKTWUPYHOLWN X
we HanpsaxXeHWA, pas3BuMmBawwmecsa BOAM3IW T paHUL

B HacT O Apuaebiio T e mccnepagyertTcsd GdopMMpPpOBXaHMUE v

SO

Takxe nocne pas HblX cTeneHeti AedopmMaluyunu

ueccob @GQOpPMUPOBAHUS OCTATOUYHBLIX HaANpPSsSXeHMUI

TMLaAaX UCNONb3o0OBanNcsa Kputepuinh paspyweHuns,

S LT CO0OIT T30 T T

WO YoYDL D®YOT O X
O30 Mm®30 30 =2

oOTO0OBNEeHNHA KOMNDO3UMWTOB Bo3pacTaHlwT.
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1. A. Sankhla, an&. Patel, Advances in Materials and Reesing Technologieg021, 8(1), p. 122.

23emvngABoBaTtTyamnudda YT ar aB.R,dlb ma pHiHi, Hun k o 1€408, P 0 m a HBoAB, a
BanoxRBR®B3 N4y auedadMe x2028,L8pal03-116.
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nNpAXeHWUN B MeTannokepamMmuyecknUx KOMNDO3UTaH
3MEPOM ynpouHsSwWMUX YacTuuy. OcTaTOUUHble HanNp

naxpgeHus c MO CUTEELC/KOULMI M H aMre[XyaXKe H 1 e M MeTan
MO3MTOB C OAHOBPEMEHHBM Y4YeTOM pas3pylleH:

el JlansAT MmUC C NegoOBaHWUA NPOLECCPBEBHBAPOKEBRHKH S

PAXEHHOTIO COCTOSAHMNA. OAVvHaMuuyeckunme KpaesB ble
MEeHTOB B nporpamMmMHOM KOoOMNO/ieKCcCe ABAQUS/ E»
TUHpadXLgA®TCA B ob6NnacTtax O06bBbEeMHOT OB ADAIGLT 4 Xe
paBneHunda cxaTtTua u nepne@HyBIK/YWMHAEHWE M Cab pean
T Uy n YyMEHbBWEeEHNEM n X pas3MewaT pagea T/
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KOMMO3MUMOHHGBIE MapTse pPBAbACTIObK 00MITya rcoqQaqo T H O WWEe H M 0 T
WMPOKO MNPMMEHSKWTCSHS B aBuMaKoOCMMUUYecKOmn, aBTOM
oTpaa@poMblwneHHocTn [ 1]. CnnaBbl Ha OCHOBe an
M3HONC KOPPO3NOHHO IOAC DOIAK @ @ B bsH OBlibl CNOPKOOHIH oycarenn 4 B
NnepcnekKTMUBHBIMU KOHCTPYKLWOHHBMNU MaTepuanamu,

0
OB Ha pas3HbLX MacwTabHbBX ypoBHAX [ 3]
-

B
KOH
HOB
per
cue
e um

SALHEOPE B €11 € H O -3UKUCCI/IEEPHUHMOE H T @ b H O € nC
pHoOCTel QAOAed@opMMpPOBAHMA UM pas3pylweHUs
3KCNepuMeHTa anbHbX [ aHHbIX co3pgaHa \
spHasa dQopMa T paHWW pyaascarewiipa MMEeCBBIYYN T MI B
X B [anesiH owic cBNveqAeE0.B AaHMU S MNPOLECCOB 3apox,
B YaGBWB&NPUMEPOM paspylweHuns, KOTOPp b
OFo HaAanNpPpAXeHHOTIO COCTOSHUAUMEBRBEMUNY EC
IX 93/1eMeHTOB B MNpOrpamMMHOM KOMN/IeKce
HMS 4YyacTuy Kapbupga TuTaHa nNpu cxaTwumu
tTcss B o6nacTtTsaXx O06bEMHOTNO pacTsaXeHMUS
EHNWNSH AT KEgakTep pacTpeckuBaHus yac:
oBaHUM KayecTBEeHHDO " KOnNMmuyecTBEHEF
MEeHTaNnbHO HabGnNwpaemMoMy pacnpefgeneHdunita
THOCTMWU BbGOpPpAa KpPpUTepuUsa @adp YHURENHPUISK €H H P
ns.
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f oSG tc ®gdste d s te PB3P.Is

a4 dfdeckls j tOlszter
1.Yu J,, ZhangS., Heliyon, 2024, 10p. €38866.

23emvngABoBaTtTuaTyllnrar aB.R,dlb ma pHiHi, Hun k o 1I€408, P 0 m a HBoAB, a
BanoxRRoO®B3 1y aveiBadm e x2828 LEpal03-116.

3.Y. Ding, Q. Lu, F., Lu, andX. Zhang, Materials & Desigr2022,216, p. 110554.

TpaHCNOPTHOT OO cpepcTtBa. MeTannokepaMunyecekHmu
mepapxmyececkHmu OpraHmM3 oBaHHOI CTPpYyKTYypoOimn,
KPMBONUHEHMHWLIX papmena U CcywecTBEHHbBM pas3nunuwmu
MaTpwmygenonHuTtena (mMoaynum ynpyrocrTwu, MPOYHOC
rpaHm pa3fjfena BO3HMWKAaAaWT KOHUeHTpauum Hanpsax
Tpewun B 4YacTuuax e cK®KWa quesdolpma Lmma cBT UMa T p U U
npuywu M nNnpexpeBpeMeHHONW nNoTepun NPOYHOCTMU MU
KoMMNO TOB B SABHOM BWuAae No3BONAET NONYYUYUTDb
KoMmMno T
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YHuBepcuT € HAEMOpPpOGYDpPT , Poccusa

ZAHCTUTYT npo6nem MAaunRieomBemeEeWHmra, PPAHG Cc 1 A

3Sao Do University, Chi Linh city, Hai Duong,jét Nam

‘PN 3 UTKEOX HM Y EeCKUIN MHCTUTYTCamw.e TR.pB.y pllg pPe cRAMHI,
Email: m.y.qutkin@gmail.com

PaspaboTka MU mccnepgposaHunue (khplfpopanpywecropH
OCHOBHbBLIX BHaBp&BN@HMBXHONOT UM n ebpicamn eokaTaMPBAH bl
OWMMUKANbHBM ,puxmwecmegeMmeMaHnyYecKkunm, cHRBUCTB
3pabaTtTbBawTCca ANA NPUMEHEeHMUA B pPas3NUUYHDBIX C
MHUMNMUAaNbHO HOBBbLIMMU Py HICUMXHRaIMb H b Y] , X aKpo:
LOCTMUXWMUMB NPU UCNONMNb30BaAaHUNU OOBEMHBX MaTep
OAHOPOAHBIE NONynpoBOAHWMWKOBBLIE HHK EAaHBTKOGBOBK @M U
ckamnm (KAO) wm KkBaHOHMBbMUNNWDHKETAMMaHEKMgeounTe K
nepevyHoe a&KelyecHomeB cHlk, CTOPOH OK@3»xaspaANWARepI
KpumcrtannmuecKkunux peuweTeraszxHHMHKIRBPY MM nxe 0B pIMoaH LE
npAXeHNA HeCCOODBEODMDBITRERBAHPPMBLUN NN MHIABI@SEKE HU
Cyuwei®@M™MBgeHM3I MeHeHNID Gusny@ckipy r @ib o ad O 0 HHIM.
pegeneHHbX YMCO/TTOYBTU 1 P € JIoAHKUC M p OB aT b nyTtTewm 06
COOTBEeTCTBMA, NOAB/EeHMUE KOTOPbLIX BepeTtT K Ae
ogHOpPOAAMX MHIlCTppoammwdPRTWMHYeRasenen, OMNMWC bIE
NPpASKEe HIB COOTBETCTBMUMX NP EMEX THAGMMBIO o 1 M a pasrfr
pyrumx wmMopenen KO wm KT B coctTaBe Takwux HIM.

OSD®DDdT 9L T W

KX IIITOXIWIXhITIITOTZ=X
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9 9 @ @ 3

B ALOoOKnNnape paccMOTpeH 06 wWwmimn noagxoA K p a
ECMMMETDPMUYHBDBIX KT B K PHAETOKAOH O P B [1 @ WM B H HHbIT, B [ 3
eMEeEHTOM ANdA nNoCTpoeHWA peweHun pagna KO un K
HK WM AnnaTtTauunoHHLBR A WVCK B ynpyrom UWunNMH)/
anntTmyeckKkume BblpaXeHNMa OA45. Han @A a®E TNEOAIeEEHIbl U
pyrve wvM@hen KTKB Bupe uwunuH/A[Pla, KkoddlewicHao n L
eydyeHHOT[8. Pweaue agma ynpyr nx nomewk auT asmep bini
TerpanbHoOoW dGopwme, NPUTOAHOW ANS [AaNnNbHEeWLWE
CneHHOT O saulcccvieenooBBaaHHMO 3 K paH U pywwee BAUAHUE
Ha ynpyrwuwe nonda wn 3Heprwwn 040, K4 wvw KT. Mo K
HanpsaXeHuUn wn s3Heprum KT, KoragaHMX oppa@RaKYYC bD HC
LOBO/NMNbHO Ccnabo-—egen Ap eameepsT vime pesbliwaeT ~10 %.

TL=E<<Ko®H40O0
OSITO3IIT 0SS0
@ " D 7=

Mokas3aHO, 4YTO rTwMmapocTaTuMuyYecKOoOe HaNnpsaAxXeHMNe
Tpwu BKNKYEeHUInR, K a K B 6GecKoOHeuYHOM cpepge
HUEeHTpPpUMpPpOBAaHO Ha IdHEB 6ToQaUHKOENX ,N OHBaEUMPGXOH/ECET U6 N U
n KT. BHyTpu KT rwmppocTaTtunmyeckKkoe HanpsdaxeH
Y

MccnepoBaHO BAMAHME pa3MbToCcTu T pafdumy KO
Mokas3aHO, 4TO pa3MbTWUe T paHWUL BefgeT K CHMUXEH
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HaligeHa 3 Hoerpor vysn pnyarpoHr o B3 aumopgencteusa KA,
paHee 3ddpekT nNnpurtaxeHuma K] c MNokaasaalpyeiH TOL H
3TO0ro sdpdpekTa onpepgensdgeTcsa OTHOWEHWEM TOAWNI
HM.

MonNnyyYyeHHbBEe pPe3yNbTANS TEYGKATUNWOWEHIOBOMN N3 YYE
penakcauMWOHHBX NpouyueccoB B HeoAHOPOAHDLX HIT,

cerperauvun npumeceih mnum nytTem o@GpasoBaHuUusS au

[ 5C ZOH f 5106 MElOERLdDRdz 0 ' § t5dzdzj dzd W ¢ ts fiptigfrstg) fiidsfiplsj od@itztsdz @iz SLAO H D dzgl
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B pabomccneagyemvop P NoANYEeHNPUMTHONA CWOBCTPpPY
Hblx Hlammwpmake HBBG3 HNK WNX B pe3ynbTtaTte T
BB Uase,popmMaly noHHBbI OT K NUK cnnaBa Al Si
BHOT O nasepgHcno Bcnyaswelugmosp MM pyerTca
yeckasa, -HEPp@HO@POHHTAFHEHKEBIPYKTYpPa, K 1110
FABIIAKEW CTHE PBMUYUYHOTN O adlBM@ K 7 RKYaSPOKKAPCYOHe HCH
copepxfAHceoemermpOR@AMACYyO3cecgOMIRIBHOTP LK
YyecCKNnmMM TepMUTHBEX & Mawnsa oy C 100 0B @ NA s @ Bl & HIlK €
PAXeHUW. BanmaHune olipanavyHBX XARPRAREIAEPHI4e o
egBEpMIA NOCNefYyOUWeDC HaAE PO SIKE i@ [ BA3BHIEZWHT O T

CTPaHOT PAKHI@ e [ e /M H UPD ,/INDIE FMaME @ Topi33k T y p

UncneHHboli aHanwns BbiNOJ/ HE3HN e NHeaH T KX O BMO [ &
CTPOEHHDBbIX NO QAAaHHbBM 31€KTPOHHONW MMUKPOCKOT
punaHTtTa MOpPp®hOoONOrMn -SBEEAPTEDP LIS Ca@HIB U a anys cerT
oTBeTCTBYlLWNE P/A&B 3NN H HIrvp4]. 3AopHENKMaH 1 € B a A MaTp
MCHBRRPYIN@A C THAVEO@K TbKy NpoUYymepas @y Luew®Nn@a K ack
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KpeMHuMmncopgepxawaa ¢Gasza BefgéTtT ceba ynpyro. T ¢
Buage oBnwar pesa U oxnaxpgeHndaG/i@@ocnpomnmssBoasa WU X

Mokas3aHO, 4YTO NPW OXNnaxpeHuUuun BCcHAnepgcTBUe |
pacwumpeHunAd anowMnNHNMA n KpeMHMU4 bopmMmpytrTCA
ocTaTo@ampea Hliepionfild c Ne 3 aBepleHVBda HHeAp Mol If P IO §F P 0 @ H
bopmMmmpyertcasa ycTonuymBeoe none 0 A& TPOWH HIXYY K H @A p

onpepenaert K aKkK BeENUWUYUNHY, TAXT alr OHXaAnpPASKXTeeHpn N p a
HenpepboBBR&A T ILUYETCbK aBAbIN O NHAET PONb XECTKOINo Ka
gedpmMaumnmio anmwMMUHMEBDLIX HAYeek, Y T O ONCPTUABT OOAUUHTbI MK

HanpsXeHMWSAM M BbipaXeHHOW He o AMHQIPEdIJaHE(CLTBM CUTXO WP

9BTEKTMUYEETPKE@IM N3 yeTCHA YacTMmuyHaa penakcaumnms H;
nAnacTuWyecK i eqeEDPHIATLO0, aulTiooM UTHMKAB O A M T K CH M Xe |
m 6onee OQHOPOAHOMY pacnpepgeneHuntw, 6NM3IKOMY
HakonneHne nNnnacTunyeckoihn pgedopmaumm B nNpouye
conocTaBWUMbIM A1 06enx MOpKhONOHIOW BKAHA@ET BH®E
nepBsbli uukKn oxnaxgeHunsa, Tre@Mya ewi@mKe Nnacpamy
BTOPUUYUHYWXapawmbep nokanusag@aBucmerpo pmayumMmop o
9BTEKTMYECKOT O K a pHKeancpacHDMIBEHT R & J @ M 16 C KKMQMH akK a p K a
pacnpepeneH a3 HBbOXO /Tbp avHeMUPan B HY T PU OT P aMMB & /HIH bl X
C pPEepbLBMNCIBT KKHUKHIT pUupyeTcsa B Y3KUX &bnacTtsiax
Mok as3aHO, YT O CcGOpMMPOBaAHHIB g 0 QoaKTaa3TbOBYaHKBTE
onpepgenswuwee BAUAHMUE Ha Npe dorpovca/LenayHHBUREEVH M K
HarpyxXeHuwu. Nx 3 ddexT 39KBUBANEeHTEH npeaBap
MaTepuana, YTO MNPUWBOAWUT K MNOBbLIWEHUIW nNnpepgen
anmMMHMNEBOW MaTpuUuUubl U OAHOBPEMEHHOMY CHMUXEI
o6bpm3omMaTepuman nocne TepMOLUMUKIUPOBAHMUA Haxof[
YT O yCcCKOpsSseT pas3BUTUE NoKanusauumm pgedcdopmMauyunm

MoKka3aHOKKpPWOET pPWMKTYpa KOHTpPpoONupyeT xapakrT
pepbLIBUCTOW 9BTEKTMUYECKON CceTWu TIpMEIUDVBHALH H B & p
nacTtumyeckoin pecdopmaumm M NO Mepe HarlpyxXeH
pewnHy. [ONnsa omaREd pGIEICE DXMapakTepHO 3apoXaeHHu
TEHOK 9BTE€KC UHRXC/KOMY IClRWTM pacnpocTpaHeHWeEM
TpaekKTOpP@RAWMUHT NpPWw ITTOMIO TEG@HOMBA3 BETB/NEHHB MU
HeoOAHOPOAHOTNO HaAaNPSsXEHHOINO COCTOSHWUS W NOBblLU

O 4 3 3

ok a3 aHO, 4YyTOoO pJAedopMauUMOHHBIA OTKNWK cCcNnnas
CNC onpe AceonBsoeKTYENAHLEMHMMOEPMP O NCOYT Go3ied H O M MU K PO C T P Y K -
TepMmyecknx ocTaTlbpegaMeophOpAKXEHANIBTEKTUNYECK
YPOBEHD n pacnpepageneHune HanpsaXeHUWn, Me X aH
AedopmMauunmn n cueHapwuwu pa3pyuweHwusa. Yueéer 3TMH
ycnesBuagna agekKkBaTHOINIO NPOrHO3IMpPpOBAaAaHMA MeXaHMU
ynpaB/ieHUda xXxapakTepucitumukamMum afgaomTuBHO U3TOTO

1l izZOG BH Otedztsdiylsa! BbinonHena B pamMkax rocyfgapcCTBEHHOT O 3
FWRW-20260003.
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MHCcTUMTYT GU3INMKU NPoOoYHMWMLU Bu EnMCOTIaPpiuirg /8 0TBOEMICEKH 1
TOMCKMWIA nmonmTexHMYyecKkuUin yHuBepcutet, ToMmcKk
STomMckuii rocygpapcTBeHHb# yHuBepcuTtetr, Tomck

E-mail: mochalova ed@ispms.ru

B nocnepgHa&gpvwipveBVHIbie T EeXHO/OTUN NOAWMYUAN U
6 nar osatacpMy N CBSOBVMDAKMEO C T BOBNE€HUWA U3 geNuilm C€NoXH
[1] . BaoBhgopsBpep@meHa dpKaGBRRHONOTIMIN apfgAUWTUBHOT O
MEannNnunmuyeckKkmMx MaTepumanos.

OCHOBHOM NPpo@OaTATIT 1 TEXHONOT MPORARIAFOL®BB A
ANIOMNUNHMWEBBIE EBMABT C APUBGMCIBETBOTB OB aAaHHOCB AR POT H
«napamme F@PTIp YAKIm g R a HKuMYee ccBBao».c TMofenmnmpoBaHuUue 4yac:
onTMMM3auMKnIio napameTopcoHB a HAlNl, Hak oTopaner nu no [
Nnpwe HewMEenblTEePHOT 0O AUHPET HPO®BEA HIVEDI @@ T B BAM[ MO XH
YU @HOTIBMXKH bIX ()a KOTOOHPMOMB U 3 K O T OHpabHX CcATBAYBKeTTyCpAa C /1 0

Llenb pab6oTb 3akKkint3DaceTTpeysk T/ P ¢ O DPANKOUT P ABIBINT
METOAUWKWN TeHepauuUNW MOAENbHbBX CTPYKTYpP cnnasBc
nnacrtTunyeckKoOo Aedopnaign v®» T D@ & 3 [OIBLAGITHECBM ME HT a nb
NoyyeHHbBEe B paMKax nNpoeKkTa CAQUAXMBICROOAT WA G
cnnasa (Pwuc. 1).

H
7

Si

t dmkz ddsCmfly tod d3j dels Odz! dz" § dL 5B tc Oy jCdajvdsdedojlojtLelay] ¢
My zOo O, dLGEBIstso dzj dedetsdSs OHHIsdode” d3 MY
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an4a MOAenupoBaHUSA TRPAXME@PQHbBKXp eMapga 1 edibl N P
egytowmnin anroputm paidNonks Bla npeppieam MoecTHaOMB

cnepumeHTanbHOEOPBCN3IRADPDAXKORPpALEOBMWBBRIEHIL WP T 0 Y
ceypuEaxofBaneespmgiaHna O0ObéMaAa HRBHMIEKOT OPDIPIP.
CTUMLB CcO3pawTCcAa NNOCKOCTM C 3CKM3IaMU CXOXe
YyMeHbWeHHbBX pa3dmepax (Pmc. 26). MNocne 6bI1O0
no, rpaHunuyamu KOoOTOpoOTro ABNAIWTC A choenaHH
KWiKor e NTbHOM 3Tane AAS CT NaXWBsBaH UHp MOMCETHPSAOETTLL Ay
epaunma «CkpyrneHnume» (Puc. 2T1 ) . OcTanbHBLBE L
OT Xe anropwutm. [Tlo MmTOory paboThb nonydvyaem T
cnepyvomanoBOa YyacTuy B CcO60pKYAbaqusCAB Bogumnnac

MonyyeHHaa wMopaenb 6GypeT wuMcnonb3oBaTbCcs A
KomMnosuTta U e€ro CcCBOWCTEB.
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UaabunHlCamyigapcYmepepbianed®Pnckys
Email: vaskrasnikov@gmail.com

B HacTosauwem pa6orTe MeTohOM MONEeKYNapHO
XaHM4yYyeckKkoe noBegeHWUE N O MKMW CPraas/NMWUIHEOCIK OrT €00 |
OCTpPaHCTBEHHBM pacnpepgeneHmem. B kKauyecTBeE
CTeMb C OALHOW NMOPON M CUCTeMb C MHOOKRK TBOM
faBanucoe B GopmMe TPEXOCHBDBX aMMIMMDAOYWELEB,CO
BONANO BOCMNPOM3IBOAWUTbL WUPOKUWN CNEKTP Feom
pearnbHbX MaTepunanos. B cnydyae MHOT O
npefgeneHne nNop NOALUYMUHANOCHL JIOFTHOPMAsbHOM
OBWa@ COB@SA NepekpbTMA nop. Ana ob6ecnevyeHn
ynbTaToB L1189 KaXAOro 3HayYyeHMUs nopucrtocTw
burypaumim KakK € OOQHOW NOpPONn pa3nuMuUYHbBX GO ]

Oxo<ThIIooaz=z
OCOO0OMDMOYWIOOST O

T I W30 XN WwWww

O6pas3ub NOABwWpPp@EXWMMaAM THEPOPMUPOBAHMA: BCeE
CTAXEHUWW WU YUCTOMY CABUTY. AHanuM3 npoBanmc
exage BCero KpPpWUTUHHa@C KTNaeK Xiea NPHAIKEHMTIP Y K TY P H bl
pMucTtTocThb, HecdepMUYHOCTDb MNOPTYMP HBIXT MTNATOBM O
3ynbTaTaM uccnepgoBaHMWA YyCTaHOB/AEHbB KOJMTWUYE
nNpsXeHWW OT NOPUCTOCTMU ANS BCeX TPEX pPexunm

T

n

"

N I T 3330
WY D®OT O

naeTtcs o, YTO MexaHWMuyYecKOe nNoBegeHMUEe CcUCT
6nmnms3 Ko K OBeAgeHWNWw cumcrTemb C OAHOW O3KBUBaAanNe
nopucrtocT JaHHBWN BbLBOA CBUAoeTenNnbCcTBYeT O B
O4HOMNOPOBbIX Mo aenei an s OULEeHKWN NMPOYHOCTH
NOANUKPUCTaAaNNMuyueckoOMO AmMATaAaBAaHBE mMOPOCTOCTWN.
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Email: vaskrasnikov@gmail.com

AHanuns nnuTepaTypHbBIX AfaHHLX MNoKas3an”n, yT O |
rpaHunMub 3 epeH (r3) pas3snNuymoil OoCypYylT yppabB OB U @
OcHOBbBBafACb Ha 3TOM dackKkTe, ObINTO NPUHATO pe L
yLenbHOMW aHeprunmn r3 Ha MeXIaIRKITHICICK O ® T KIJDIBK
ATOMUCTUNUNYECKUX CUCTEM. Boin peanwnsoBaw anrop
pacuyéTa yapenbHOW SHeprumum T3 ¢ pas3snNMUyYHOW CTPp
nporpamMMHBIX NnakeTtToBbbAtW ncsoks ma HLbA MM3P SH. a K n OHa wu
pasopuneHTayumn>85aHakdqr.om®r® ) , >6la (10.38°), >
BpaweHwayrnanom 4°, >41la (12. 689K akKzbg ﬂ(ﬂ3 6u. M8C7 o)
anowoMmHMA, Tak UM oA cuUCTeM C cerpermpoBaHHOMN
1.25 po 15% arT.

Mokas3aHO, 4yTo0o O6o0nbweyrnosble 3 ¢ pas3nNnuMmyHoO
3HayYWbBIANbL pa3bpoc KpUTUYECKMUNX HanpsXeHUNn
pasnunyawwunxca Ao 3 pas. B cnyuyaes3 H@a@awImwTye /NOHB I
MEHbUWAHaAaMMeHbWaa Be/iMyYyMHA HaNpdagXeHUda akKTuBauwu
HaK/iloHa B 4MUWCTOM akKiagyMm HZXNMO cMica apma a=2180® a , Hal
MMa paona4a >261a. On A 6oNbwWeyr 10BbIX r3 HaKJ/iIoHa
nepBOHAaAa4Ya/IlbHON aKT#BPOHKK ampbaocBEAHM@c NI [ 3 Cc B
ansa Ma/noyT mIOBPBIXLU WA r3. Mepexop Oay T r O @BwIMEe Y T
conpoBOXAaeTcCcsa NoOoOCTeneHHbLM yBe/lMYeHNEM [JONMN
B KOTOpPbLX Habnwpaetrcda wMmurpauywna T 3. Ana T paH
TeHAEeHUMNA K NOHWUWXEHUIW KPUTUYECKOrNro HanpsaxeHm
G oblleyr 10Bble 3 BpaweHuwa [eMOHCTpUpPpOBANNMU 60
COBUTIOBbBIX HanpsaXeHUWR. B umcTtbix cumcrtemax A[n4
npoyecc Murpauyuwum T3, akKTuBuUupytwwmmnc npuw cpas
3TOT NpoyeccoOwOMawyABCTBBITENbHOCTbLI K TONnonor
OB UNXYLUeicsa r3 npuBoaunT K eeé TOPMOXEeHMWNIo "
nNpocKanb3bBaHWI NAUMO60 MUCNYCKAaAHWIW pPeweéTouyHbX
SHayYyeHNWAaMUn 3Heprunm I3 pgemMocKapPpwmPywWaAHBE PHDK pRA

akTuBauumMm nNNnacTUUYHOCTMHU.
BBegeHne aToMOB MeaguWw peanmsaoBaHoO B CNoWl TO

c HOpPpManbHbBLM pacnpepjgeneHunem, 4yToO cornacyert
BBeageHne Megmnm NpuBOAUNNO K KIYUWEETKIELH HIOMIYP TS H
10% arT. Cu KpunurtTunyeckKkmne HanpasaxeHwuad 0da pMihap.o B

MakcunmManbHbBW 3dPPeKT ynpouyHeHUs HabGnwwgancsa 4J
roe pgukcumpoBancsa pPOCT KPUTMUYECKUX HaOPGBKEeHUNR
mMeanm Ha [I'3 osdpexkTMBHO nopgasnsgaer MX MUT paywmu
nnNacTUWYHOCTW. Mpn BBHCOKMWX KOHUeHTpauumax (10
MUT paumnoHHBbIX npouyeccos, n OCHOBHBIM MeXaHIM:
NPOCKAanAb3blBaNne,KcCTTpeMayed bix HanpaxeHnunnm ([0
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ynpoyuHeHnmsa I3 nm oO66bBEMHOrNro TBEPAHKOro pacTBOpaA
3HaAaYeHNWNW NPOYHOCTM U HaAaNPHAXeHUA TeuyeHUNSH. Mp
BBeageHMe TP aTtToMoOB MePWMTIMMHIEEX DU TO K adiH /A MK H MG
K ero MOHUXEHNKW NO Mepe pocTa KOHUEeHTpauumwu
obnervyeHnmeM BO3HMUKHOBEHWA AUCNOKauWR: MCTOUYH
BO6AM3IN TpaHWL, copgepxawme aToOMb Mefgwn.

Mpu pacTaxXxeHWPwHUweTie B 5@ mMBegeHne TP megwu
Ka3bBaeT BANUWAHWUA Ha BEe/IMYMUHY HanNnpAaXeHUNRN N M
HuUeHTpauumm Meagunm Ha 3 X5 B3aumopgenmcTBUEe AU
nepcTBUMEe TOPMOXEHWMWA pHAICCT/BOKpaL U Wl N CTTMEIERLS X a A
OM NONMHOCTbLIW COCpepoTayYymBaeTcda BHYTpPHU 3Epe
pas3oBaHUeM nNepeTaxXekKk WM nocnejgywuwmm pas3pyuwe
AN B KOHUeHTpauumm 5% Ha ncmayHWKLAEHM eX &5 N0 TKIAM
3akpenneHme 3 epHOTrpaHMWUYHBLIX AUCNOKauumm aTo
XaHuM3Ma OTpblBa 3EpewH.

Z O =Z0WwW=XO
™o+ 0o

D

MonydyeHHbBe pe3ynNnbTaTb aTOMUCTUWYECKOTO MOJ
KYCCTBEHHONWN HEeWPOHHOW cCceTHOKRVIHEYyanwmiKommwnB G )
K onpepgensgwowmne COOTHOWeMMSAC TANWE C 8 D N O & HIMGAB
HOKpUCTaAannunuyieckor o anlMUHWSA. MHTerpaynma WU
ctTuy (SPH) nos3sBonuMmna KOpPpPEeKTHO BoOCnpousBec
okKpucTtTannbe, copgepxawnme wunckKknwuymtenbHo 3 wun
cnoKkauumamMum, XapakKTepusyrwTCcCsa HaUMMeHbWUM Yypoc
AN Ha T1TpaHUULax U B O0O6bBbEMEe noBblWaeT CABUT (
MakcuManbHbBW OHMHEBHANHbL AYWIC@FE MUIaeTCcsd B cucrtemax,
6nokunpoBku 3 cerperauyumnmein MU TOPMOXeHMUA AUCNO

t OBBISO or ftsdzdzgj dz©@  tod §-BEHRGOJUcY S J (1A, CtOdzls 24

Z I LI XS
O =T YO

VIRfrveL R fruolreo RYJrtrire Rt Jul(t
fLlrefrt LI o RrRrR [ 1L oeztduh HdL m
tdrtvzr1 R YEtR JfJfYr3m trrrREOM [ JL1 A
1o01tuvrr1 R sfreuvtusArRf113Mm [ourtROS
C.1. 102 ydqdzmhcOoOw, 41 .1. J OotedCtso
MY mmenwn M. B. JTloMOHOCOB a

Email georgdavrikov@yandexru

CoBpemMeHHbenNacCcyoeAOBAaMHOrIO pas3pyuweHnda Tec
BEPOATHOCTHMEX a®UIBRKE U X cCBOWCTB MaTepuanos
LONT OBEUYHOCTb. OoHWN MU n3 MeTOo/AOoB Takmux n
MUKpOTBepAROCTNM No Buxkkepcy. B yljomaatgwe @ ®IT by K
KonumyecTtTBa MU3IMepeanwMMKH KP B OB 6-p4g20 g/algla u2 0c2tda n e |
36IMr2cC [ 2, 3] npwu CUMMETPUYHOM oceBOM Harp
npejgenbHbM COCT OAMamAMM aMIPIOE®@ Pe K THOCT MU MO XHO
COOTBET COBpPpEeJfeNneHHOE 3HayYeHwMne DB MO dice m 10 5 MW K
BbipaxXeH@wm: Gw Owe TTOw Qw, rfOd9 - nepBOHauyanbHa
MUKpPpOTBEeEPW O@WEbL-TEeKYylUlee 3HauyYyeHUe MUKPOTBEPAO
, YUMeNUuUURAOOBEMUKPOTBEPAOCTL NO Makpopa®BpylueH.y
Tack, Hanpumwmep, no OnNbTHBbBTE 24 asHaHPLOMK AL /HM OC U/ apBa
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nedekTOoOB HawaypypeseowEl)BeTCcTBYET OTHOCUTENDb
MUKpPOTBEDH OTmafe' Mduv, o6Gpas3oBaHUI WU POATY MMU
YPOBE@B )M WB U, pas3BUTUIO HepacnpoCcTpaHSAWUWNUXC A
(B3 ypoB@HMNGLUR iy, o6paszoBaHUWIO U POCTY pacnpocTop
B cCpepgHewMm, 0413 Weppoas ‘Eda PP L, 3apoXgeHNWID Makpori
Makpopas3p YileyHpoas 65 i bp . OAna 36T&MmMmyYy YyeHb 61UK3K
3HaYeHNA, @ pemEaOMOyJpOBHSA COOTBEeTCTBYEeT MU3MELE
QoM TIM® U, 2T 0 Yy p-COBM A brd , 31 0 -mo 4y p 0@ eTBIp .

Mo ™Mopgenun ycCcTano-CTIPHYXITO PM&DC WOT PRB3 AN IC IbISB a 10T
pefgenawnwme cod@ywouemnpagmmesgeneHna BepoarT
ToOpasd npepagcTaBnaeTc-divMarmmeprear oppoyduoie 6&@pT @
pORPEBbLIE MHOIOLWMWKNOBOW ycTanocTwWw paBHOWNW Be
ek THacPunc. l(a) -THRAa NCOOPBRKERABUNHMO /nECDPRK T D B -
pacyeTHbBEe KpWUBbLIE ycTanocTW NTOU PrHSbTEN JIYMPHONBUH §
OTBEeTCTBYWNMMN undgppamn) n Kpunsas ycTanoc:H
Huasa) no Mopgenwu, KOTOpble XOpoOWO COOTBEeTCTHB
M6bl)nc Hal(P6) pgna ctanm 377N2C npopgeMOHCTpPMUP
MBbLIET aNJoOCTMHN no Tpewm YPOBHAM LedeKTHOCT
oTBeTCTBYKOWNMU ULNnhppamMn) M KpumuBag ycTanocrt.l
nnowHasa NWUHNSA) no wMopgenwu, KoTopble [Jopowo
NAOWHBE TPpEBYK ®3ILB A& TA) 90 & CYCTMOO TP/€ H H bpXn BMIZET € p U
TanocTwu no YPOBHAM LedeKTHOCTWN cooTBET
KPOTBEPLOXBIMNNAEIATOMCNNOO Tb30BAaTb [AaHHbLBE UW3MePp
pepeneHMmsa 6a30BbX XapakKTepuCcTUK MoOLenwu.
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Bo BTOpo#hn YacTum pabGoOThb COO TMHDILEHMWMMM EVTOPIVEWIHA

OGMNOYHBIX Har pyXeHwuim. MpeacTasndawT c-fi4 2p en3 ycrrbarnant
25C PN CUMMETPUYUHBIX HAaATlT PYyXeHU4ax, cocToOAaAWMX I
aMmnantTyagamMum UM 4yYymcnamum ULUWUKMNOB, yaAoBNnNeTBOpPUTE

AmNns pes3synNbTaTOoOB2LAOKABBGIBARTSY CTDNMBYXO610UL
y 6 bIB atoue i aMnnuTymnol yBe nmuyunBaeap amB/eHwBoE Y ¢

HarpyXeHuem nNpu Mak tHakamppmaelcaMBABNEAMOCTb [
nocnepgoBaTeMODKEHMIA _RpMmM ANTYA. Mpwn Har pyXeH.]
MaKCuManbHbBMMU 3HaAaYeHUamu aMnnuntTyapmn: B CNny\u:
LONTOBEeYHOCTb MeHbWe B cpepgHem o 6 pas3, U M:
Ao 10% No cpaBHEHWKW C BO3paHKaKAGBRUMNIM N4 GG/MIMOTBAET Y HI
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cCnydasdax c BO3pacTatwuweim amMnnNuTtTypapolw Tpex6nou
npakTunyeckm coBnapgatwrT c Kpunusol ycTtTanocTwu
amMmnnuTtypapoim, B CNnyyaax ¢ ybbBawwenm amMnautypmgc
cCpepaH 00 Oo
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R1OJRY[ a3 ¢uuvrRY L J@P3I] R RCIOSI [ m][T
JiJ1zr v Emarsuogil ot farorfddorcef ?
dr.f 02 ] to

UenAaAOMHCEYI@apC CYTHBIEBHEH®IGIN T € T

Email: maye@csuru

aMnupmyeckunme wMoagenum nnacTUUMHOCTMN, Mcnonbs3
ANA NOBepXMETCAUMY TOWWHUPYIWT B .TNapkavkeT UVHOEOCEK/MUX Nppa
B npumemHe BWMNCNUTENbBLO HIOPPBRMEWBH OFT paHMWYEeHH
npumMeHumocTun. Haumbonee pacnpocTHagHBHHON aABANSA

t d mizdaste d d§Pkitc O i yde® @ dztizd o ts M j Iskjsai it s W d dzd to ts 9 O dzdzts

5B tc Od @d2* d3d dzdnjf ey Edz0 y Gsdf fivle | d€ Astdy] (| Gpezgisin)s s W dzd §
5B tc Of taff® s to thfitsldzc © t2P akad i .

KoTopasd WM pPpoKO npunmeaTLAMEeTHC H bl B B ®Cee HDX wupoao

nNPpuUuKNagHbBbU 3INMHEPELK.M OOGBOCHOBAHHbBLIE MOAE€nNUW, YUUT
cuctemb pagedekToB " n X aBONWUUI B npouecc
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YyHUBEPCANbHDBMMU M onuceiBatwT COOTBEROT BOYHIMLMN €
BbBIUMNCAUTENbHO 3aTpaTHbL, UYBT OM HIKETHPEYPAHHOSE TN puaxk Trmpk

an4a LOCTMUXEHMNH KoMnpoMMcca MeXpay BblYWCI
PnsnmyeG@®mHOBAaHHON yHUBepcanbHOCTbLI Npepgnar ae
a MMeEeHHDO MOJgenb 06006 UEHHBbIX AedekTOoB, KoTop
CTPYKTWPHYEcpmx Mopgennelm nNnNnacTMUUYHOCTMWN, HO He Kk
npepnaraeTtT 6onee npocTtToe onumcaHune. Mopgenb 06
anwoMmmHmesoro cnnasa 7075 ¢ nomMowbw ™MeTOpfga |
e pbopMA.uMloMM MO STTTOIIr HedppaceTeBasas MoAgenb Nnac
CKyccTBeHHas HelpoOHHaAS4 ceThb ( MHC) o0b6yuyac
3KcnepumMeHTaNbHbE -AkEOPVEA L HAN MAd XEMHeepnposa
6o6WEeHHBX Aed@eKTOB NPWU TMNOBDLILWEHHbBWKAa eECTKCOS O L JT sH |
ocnponsBefeHNAa nNNacTUOECKEOTIO MPAdCGHWWadKa AB
npyrasa 4 eaduoapwai@msHiboc ne o6ydvyeHuma WMHC nnacTtu
MOXeT nNpPpUMeHATbCHA [ANA OoOnNuMUcCaHUAa AUHaAMUWUYEeCKON
MOge/ObWOWBHHBIX AedeKTOB WU HeWwpoceTeBas) Bepwu
3KcnepuMMeHTaNbHbBX AJaHHBX (TecTb Tewnwnopa p[ANs
uunnunHABp B TpexmMepHBbLE pacuyerT bl ANHAMUYECKDOLMN
6eccCeTOoOYHDBIM YUCNEeHHbM omemqadsPEYplAakeMH HBPRAC WHE
npuBeageH Ha pucyHkKke 1

RiMMMdzi Hse Oz firdzj @z Myd Is {t simd2 M tse s dz0O z y dzts-£990684% 5 dzH O,
https://rscf.ru/project/2419-00684/.
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Dynamics 20255(1), p.6.

5. E.S.Rodionov, V.G Lupanov, N.A.Gracheva, P.NMayer, A.E. MayerMetals 202212(2), p.264.
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11.1] 02 jotg.[] O2 jrto, ¢t SH d sdats o
UenAaAO6MHCEYI@apCYTHBIEBHEH®BIGIN T € T
Email: polina.nik@mail.ru

AnsnToamMmn3 aumew poaBpabpaboTrxayHnoODBbLIUEes annnmsa N
HEeobXO0OA4NMMO Ypia ITEIHTHIbIEX OMOOQQTERTEETNC T B & XOHUM X O T M Y € C K |
npouecPceo3Ba.KWO@ pPOBOXgaeTc4 nnacTunyeckKOoOIW nedgop

MaTepunana, NpuWueomsaoweamT pry X0 B p a JI@BHHUIEHNE CKOP
CBSAs3aHHOW ¢ HUM CKoOpocCcTwun pgedopmMayuumum oOrpaHm
SMONMPUYECKNUX MoOpgenem nnacTMUYHOCTM, aHaANWUTMNUY ¢
BenNmynmHon pecdopmaynmm, CKoOpoCTbMaTgeMpopeaan u

Knaccumuyeckmnx IMNMUpPUYECKMUX MOoaenei Hanobonb Le
npakTunke nonyuynmnna&KkywmidgebondlekomHicpaeimroli ob6nacThblio
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TOM 4YuMC/le nNpuU BbLCOKOCKOPOCTHOIK pedopmMaymum
AeNMacCTUYHOCTUN U pas3pylwleHns, SBHO YyuUuuTbiBal
MX HakKonfneHuwue B nNnpouecce pgedqopmMayunm.

O us 5us

Ly von Mises stress i_,v

Ommw m0.4

von Mises stress
Omm 0.4 Ommo 0.4

5 . - N 3 R n
i ~ % -
5 Xg’:z:-w - iR n-m—-mmﬁ;::: . “.gm;,-;;ﬂ‘é =

L., vonMisesstress L.~ vonMisesstress t, von Mises stress
Omm 0.4 Omm 0.4 Y Ommw 0.4
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Hawmin s ONUWUCAaHNAOWMIMAAMBI @G ECKOMWN oedopmMauyu
CnNnokKkaumoHHaAaHs MOJgenb MO AETIBY HOTaTMuULe Ha bl XT a 14>
ccMaTpuBawwasas 93BONKWULWMWI CYMMaApPHOW NJOTHOCTM
Tanna M ee BAMWAHMUE HaAa KUHETUXYHAaAMPEXE@HEBIE KO
McaHMa pas3pyweHMms wmMmcnonb3dyeTcsda MOLEeNnNb Hak.
dbopmauyum 7 ee nocnepgytwuwer o MeXaHWUYeCKOT O
cTArmMBawWmMxx U CcABUT OBbIX [HanMapemMmmiin n a@teymyl
3pymwa nNnapamMeTpu3oBaHbL WU BepudumnuumupoBaHb 4r
NoNb30BaHMEM 3KCNepuUMEeHTRIAPHDBNKEB|LWM MM B HXA K P A -
cnepumeHTanMda@asecgeHBEBINIOpPpAa ANSA Knaccuuyeck.y
NVUHAPOB) . UncnawebnmMbMe Ha 5y mp e s eSfee)>ome pHoO e
fennpoBaHWe npouyuecca @pes3epoBaHUWUA npu pas.
cYyeTOoOB NpuBepfeH Ha pucyHke 1.

RMMdzj Hse Ot iizdzj @z Myd Is { smMmd2 ME sSG6 s dz0O k2 y dzts-£990684) 5 dzH O,
https://rscf.ru/poject/2419-00684/.
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. 4§ J Blzvdets g Olsd W Is Féiziiad fzD - °da.t.0 % d y&d =
(1. syode O

'MH c T upmB MNKPWO 4 HOMCATTE P U @ /1 @ MEB .0 B & wm woHOR A H

Ha uym o Hamat/biei 0 B ald 8 0 K KW a p CYTHB/EBHEHBIGIN T e T
SHauvoHamoo/mbeis 0 B ald 8 0 KIKWIMIT € X HYHIBEE & MAGN T e T
Email: zemalek99@spmsru

KOMNO3UWULMOHHBIE MaTe@BAaB/THMDONOBEHBWIOT OHepPT e
MaKOCMO@APRPRB|XODMANPpOMDBLWI/LEHRGE@TCI®HNE KOMNO3UTHOT C
Bblwaert TBEHHLOOTHEOIMKOILTHDb NoBep X HOIGOIMHIEX 1 C /1 0
ar OEM@EAKON yaeNbHM@A@LKLTOPp NCHI®OIBIBYETCSHA B Kawue
Mn o J243F a KOMNO3MUUMOHHGEBIE MaTepwunanbl nMewT E
OOHOPOAHOCTHSDb, 06y CNOBIJ/IEeHHPAao3 NHaHHOW MOE MM arc pLLET H
KXe pas3nuMmumemM MexXxaHMYeCKWUX CBOWCTB MaTpwuuy
aHuLy pas3pgena MeXnay MaTpuuyeim n yacTtuuyamm
NnpAaXeHWN, KOTOp®ble npmBoagAaT K 3apoXgeHUK
ncar 4y ec O @ Maguen v B . MYI@OM U 1€ M0 XX H O I K OCMINPOY3KUTTYOpPBbI 1
OKPbITUIK B MNAOB3HBOOM1 SABRUTHED B 1§ 4 DA BMEEIXKSAE HM 3 Ma X e o |
OMMNO3NTOB Ha pas3HbX 4Ma Buw THaabCHTLDXA LYe 1 0 BpHasioxo T [e
aKkKoOHOMepHOCTM! NoKanunsawaiym un N c XlapaxKw eip pea
OMMNO3CNTMIOBMHIUIKCHI € HHOT 0O MlyedmampioiBeaCHKMmMsae. K@ a e B bl e
ar pyxXeHwuwu pveauTaekpTMcasyiOMBE TO A O M K PRE W IR E ME & T (
ABAQUS/Explicit Ana MoagenumpoBaHWMUA MeXaHMWYYe bK3oyrear CHT K J
ynpyronnacTtTunyYecKRPHp O(MOHISSHBENXWHE PAFM® A e nnpoBaHMe
nMpoueccoOB 3apoXheHMUsaA MU pacnpocTpaHeHUA Tpelwn
Kpuntepuma pas3pylweHwusa, KOTOpPpbIA yuyumTtTbiBaert BWUA
MaTepuana

tOBSISO o' fsdzdej dz2O © twWOMRBE OR cEtsfMkzH OteMmise j dABREEA3dL OH O dad W
ftescteOBRR jud L) Ed Stedlsjls 2030
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1. A. Sankhla, an#&. Patel, Advances in Materials and Ressing Technologies 2021(B), p. 1-22.
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2.C. Bnagpgekkoneli., Ble TpdB &8epkackh.BM.ayuBN10B, MeTannoxgameHune 1 T
obpaboTka MeT.bmgRoB 2023, 1, <c
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4.Y. Ding, Q. Lu, F., Lu, andX. Zhang, Materials & Design 202216, p. 110554.
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PLRYJut JLRCV I RNy v [ L1,
RYLJu T rrhdrd{ferfrsorIvartrd41d
gl [ ¢l r1RC
Il . fzro$dz.) dMOK) ot Odzsr Bdesd s B3O dzels 9 O
Muc T upms Koo 4 HwloMCaTTE P U @ /1 @ RE .0 B & w woHOR A H
2Ha 0o H ama m/biei 0 B alTOBWT LR CaKAWIfl, a P CYT HBVEBHEHBIGAN T e T

Email mukhin@ispms.ru

CenekTunBHOE nNa3epHoOe cnnasneeéwneBwedBNo@)o BAB N

aaAVWTUBHOTNIO K@EOWMLIBOMGCMBAPT@BANBATbL MeTannuu
CNOXHOMW reomMeTpuun ¢ BLICOKOW TOYHOCTIE® U M
mMaTepuanos, MOMY4YeHHBbX JaHHBM <cnoco6owm, X ¢
mnepapxmuyeckoh CTPYKTYDH, cyuwecTBRAHOP MATI/DIBY ¢

MOMTYYeHHMWCTONpbME OB@AAWMWMMN OHHDBX BT €BWGmMOIGHID.T N K3
r"aBHbLXa /BANITAMB PO N DB G BCIHEBI CA YCTaHOBNEHUWE B3e&
napameTpamMm npouyecca, bopmMupyemMonm CTPYKTYPOIL
(npaiga ey kay @iadirk

On A MaTepuanosB, NONYYEHHDBXNTOMMKPMTWM aCAICY e
CTPYK KYpga®pas dbopMMpYyeTacnam T 8 K Cpreaslyb/HbOTraaToep O C T a
pencrteunem HanpaB/IeHHOT O TennoBoOro NMoTOKa.
bop MM PMOB BHHIPAXEHHOW Kpuctannorpagpuueckomn Tek:
pa3/TnyYHOM opuneHTauyuunei 3epeH n 3HaAaYNTEenNnbH
JonNnoONHNTENeHYN®CTb BHOCWUT HEOALHOpPOHIAOGPHOBRBE@&DP
OTAE€NbHbBX TpPpekKkoB, [ AMee ¥HAAYo NUEeqHATEPT aC b HOHEABCYT VAMVIMBED K
TPekKknos pas3mMepy 3epeHi. B nREes3oypmbeTHaTTaEL M M AT epuna
NPOCTpPAHCTBEHHDO HEOLHOPOLHDBKEOT MR X @ H NOHNEepCex meen A

CTPYKTYPpPOMaHcCaLH a8 H/ HL)XO B H A X

LLenbtw HacToOoOsWek ApvECCcTR® J9BAMME BAUAHUA KpWU
opumeHtTauumm un MopdPoONOr MM 3 epeHHOW CTPYKTYDPpHSH,
N0 K anbdHIbOee KUT M BHble ynpyrluekexTaapienkopeea p A B S M@ N C T e
aHMmsoTponmnmu Ha OCHOBEe YNCTELHMHDE OK MMXO ACLIHMHPDIB al
npuoénuxeH rwle baXdian j8la

Bbl m NocCT MODELIELBAB,H O YyYNTbIBatwWme MOpdonor ni
Kpuncrtannorpapnueckmne oOopueHTayumMm 3 epeH. B Let
UncneHHoe MOQ@QEHMPOHB@AMHMVEpaAaXBPRE&AIEP HBIZOIDRE NP aB /N
(scan direction), BD (build directiony TD (transverse directon)i poB O 44BN OC b
nporpamMMHOM K owMMOme g gApaquaToAd@YU S binm@cpMOTpeHb Tp
MaTepumana C pa3NMyYHOK caMe®@edTbaon bavH 3MBNEOMTHRMOAN) U 1
MccneposaHo HAC HaoBRRe@AeMEM K @u®BEKWWIN Myr ocT U .
Hapaay C 4UWCNEHHbBM MBOBRMEIJIHPEOHBER HA R &1 OTBIWIWE C K N e
ocCHOBRP®O6nNUMRe W rPrealt eXanan.n a

YCTaAaHOB/EHO, 4TO CTeneHb aHM3 0CTOPromaicvo BCayHLHe
UMNCNEHHBX M aHANUTUUYECKWUX Ppe3ynbTaToOB: HaAUOG
CUNbHO aHMW3OTPpPOANHUT OTOCINRA B AKMNANA aNnloMUHUS
MokasaHO, yTCOO COD@EYAAY MaB MNepuoguuyYeckKNUW pacnor
pasiHW i TeKEMBD@M,T K BHIPAKEYHMHIWINNX XapakTepwu
TaKkKXe K NOSAB/EHMWI ayKceTMUYeCcKOro OTKANMKAaa B C
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BbLICOKOAHMU3O0OTPONHBLIX MaTtTepumasnos. MToNny4yeHHEBbIEe
onpepgensawwWyt pPonb MWMUKPUCTTRYIKITOV PHAIM 4 € C K 0 H
bopmMupyemon B npouyuecce CNC, B GopmMupoBaHuUmMm 3

RMMdzi His0 Oded § 9" f 5dzdzj dzts L O fmMud s G e Odzls O -19p0BSG,Nd 2 MC B¢
https://rscf.ru/project/2619-00357/
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1. NMi.cafes, E. C. Eme nb s9A4 dimoaey, L.BSU/A. PPPwmatbh@Bia,Xx 0 HOB, « CT
MexXxaHMWYecKkKne Mopgennm MaTepumanoB, U3ITOTOBJ/EHHBX CeNekxkTM
36t( 0o630p) », dusmyeckasa mMebmexaHumka, 2025, 28 (3), c.
2.J.Ahao, L. Sun, P. Ji et al., “The effect of scanning
of M2052 alloy manufactured by selective | aser mel tir
27, p. 70847093.

3. E. Kréhepuoung “8ereel astischen Konstanten des Vielkr

Zeitschrift for PH&si k, 1958, 151, p. 504
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[ djlstBBo 5y ls CHulz ¢ L OMded®yS d 2
d. [ssdzi Mz ts g @ BOHzts ©

MucTtmpyoyttmeammnios PAGIanAKe Te p By pC Uy A
2CaH-KeTepbympooKMaiX HWH LK & pitienTTiReam 1 KPoor coc, 1 A
YHnuBepUUN@ErHKReTepBygpcus=

Email: petrov d a@ipmeru

HanpaxeHwuasa HecoOTBeTCTBMWA ( HH) ABNAKTCA
onpepgensdwwnx CTPYKTYpPYy MU CBOWUCTBaAa Kpucrtannmuu
penakcauuma HH MoxXxeT npuMuBecCTW K BraHNEOH eqHUPEM TMC

yawe BCero, pAgucnokauwmimm HecooTBeTcTBMA (AH) [
byHKUMOHANbBHBIE CBOWCTBA pas3HOOOGpPa3HBLX HaHOT e
TEXHONOIMM MUX CUHTES3a, 3ajadya onpepjgeneHuns
CTAaHOBMUTCSHA 4Ype3BbYaMHO aKTyanbHOWN.

QPphPpeK TMBHBLBM noaAXoA4OM K 3T O 3ajgauve y Xe
MMEHEeHNWE MeXaHUWKW CNNOWHOW cpeppgb Cc pedexkrT
pyrocrtTwu [ 2] . AHanunrtunuyeckKkmne ynpyrwune MO 4 e
BPCalbHOCTG®bIO, Harnaa4HOCTbI Ppes3ynbTaToB n
HOBHBIM OlFrpaHuUWYMmTenemM TakKkKoro noagxopga saBAdAEer
aAaNNTNYEeCKNUX peweHMWW Teopunm ynpyrocTtwuw agnsa T
o6eHHO O CprapCcocim o TP @ H U 1 HeCUuMMETPMUYHBbIX Tpe.
Hhurypaummn, roe aHanumITMmyecKoe pelweHWe C 10X
yyaax yYyMecTHO ob6paTumuTbCca K pas3nNuWyYHbM npubn

OX ook O
0O IT O IO

B HacToOAwWeM pJgoKkKnapge paccMOTpeH nNpuobaM>XEeHH
TeopeTmnmyYecKkKHMUX Moaenei c NPAMOANUHENHBIMMN OH.
paccMaTpuBaeTcsa BONPOC O BO3MOXHOCTW o6paso
pa3gena B ABYyX®GasHOI HaHo4yacTuye (puc. la).
penakcauyunmu ABNAGITHOMN OHEYPEHME <M T e Mbp:n Manu:
aHaAaNMWNTMNUYEeCKOrNo peweHMAa B blp aWeoIMHeO A3N84N WMC3aMTebH eBH
BMage M Cc ero nomMowbw onpepennmTb KPUTUYEeCKMUE
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3TO0OrNro MCNONb30OBAaHO M3BEBTHAB®X (paBBRHXeuYagOoRMOaR
HegaBHO NONy4YeHHOEe pelweHWe AnNsS AguUcCcNoKauuum B

Bcnyyae oOoTCyTCTBMUSA nNnoaxoAaswero T OTOBOT OO
OuUeHKa BEe/NUWYUHB U3MEHEeHUSA SHepr Uumn:

L

DW °f B, (D dl, 1)

mekoopnmm@m& NUHWUW LANE np RBoW(I-m,3MMeHeHNe 3HePp
H eAMHmuy ANWHB) B CcUcTemMe, npeagcTaBagaWe
pwn 16) ¢ TakumM Xe nonepeyvyHbM Ccedy=moenste M, K a
O cBOOOAHHONY ARBOEBHBMUW TOpUaAMU. Takaa BCI
eT nnockKkomn, YTO NO3BONMUT BOCNONb3O0OBaThbCA
auJ. Ana pByxdgasHOW 4vyacTuybl, M3 ob6paxeHHOIMU’
eT ABYXCNOWHAaAasd HRHMOMPAOBOMOKA AL IKCe impOmoa. 16
ee B [ 5] . Ha puc. 2 npepgcTasBI/lieHbl 3 Hatv
CUYUMTAaHHBIE KakK C NOMOLWbK TOYHbLIX PpPewWeHUNn pfgIJ
6nmxeHHON dQopmynse (1). Mpunob/TWOXMMHIOH ME [ E]LH K
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OTHOCUTEeNbHasa MNOlrTpewHOCTb HeBenNUKa. C yuerToO
bopmMylmbl N(pegnoXeHHbBW MeTopn MOXeT cTaTb 3ddeckK:
KPUMUTMNUYECKUNUX napamMeTpoB TpPpexXMepHbBX HaHoOreTtepo

t OBtslSO MHj ZOdZO © ©ORBEOR orf fdzdej dedv cEtsffkzH OteMmise j dedels @ 5
SBtOL 5o Odzd™ { 5MMd2MEBR 2G40 EBFAVT R F OB t vR .
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5. AO.A. MeTpopSlsHMOH drytTermflets ftesydssimisd : o8B trsdchQ I
CtsdeW jtoj deydd, (100 pPfddgrirtERAZ@PDABEPpTr : WETY. 202 c. 1

IfTROVRI T Ot MREf Ut vssLU @ JTSREL] OLRE
readtfoArRivitfefd?rAd@at o) Admr Rur I
RY LSl rwvdisr ¢l rozpws ol &6
[ 1 dMOklj.of zrdde . § Ozsr Bdesd s BOdes o O
Muc T upmBnkpvo 4 HwloMarTVe p U a N o M .08 & w uoioR A H
Hauv ewawic c Ne [ 0B alTOBWTH CAKAWIL, a P CYTHBVEBHEHBIGAIN T e T

Email: pisare@ispmsru

He pekawwa a cTanbL awanpkemr c 81 G epcnekKTUNBHLBM M
WMPOKOINOoO cnekTpa NPOMbIW/IEHHBX NpRAPMeHBE@WNHBMA
n KOPPO3MOHHBM xPaap3aBkuttempen ca g g @ MU B H bl X TexHOono

CeneKkTuUBHOTOO nNnasepHOT O cnnasieHNA (cnc) , C
nNpUMEHEHMNA. B oTnunune oT TpaaguLUyNOAHHBIXT AMOETT O
co3jaBaThb Xg@maoMe PN COXPaHeHn, a B pape C

MeXaHNnmyeckKm™mMmX n 3 KCcnnyatTauWWOHHIBIX XapakKTepuncTtTMmu
[1-3).

Corndlcd,o ynyvyweHmne mMexaHMmuyecKMmMXx IxcapsakarHeop u c
c GopMuMupoBaHMUEM CRONKHCWPURPHEPXEKIMNWBecCcNnpoOLeCCE
CTPYKTYPHBINR YyPOBEHDb BHOCMUT BKiapg B pedopwm
ycTaHOB/eHNWE ponun OBICMBES/BUAH,EBX DYN@ROMHHOMNO B.agauyei
yCT aleHBIEA MY 10 B3VMENK@EYB MBEOroMacypaleRnAHDI MHENKM
pnedopmaunun, BO3HUKawwmmm B CJIC cTtanm 316

HacTodauwas« paboTa nocBAWeEHa mccnepoBaHM
AedopMauyuMOHHOT O penbeda Ha MNoBelpxHOPDUE OO ¢
OAHOOCHOTIO pacTsaXeHwWsa. bblnwue,n 3cr ooTpoMBENHETHabL, LaeBlie
TpekoB BAONb n nonepexk HanpaB/eHMUSA pacT 4
mccnepgoBanacb MeToOAoOpPMACTKEBHAKWIKN N3 NeBBSEFPOHBB ( a
npoyecce HarpyxxeHumsa penbed nNOBEPXHOCTWU perv
Ae@pmayunm MeTOLOM KOHTAaAaKTHOW npodumanomeTpumn.

JaHHbBIeE O Mopdonormm W Kpucrtannorpadpumuecekoa
MeTOEBBSmMIMcnonb30BanuCchb AN %3 TEMET H TOH GHiMAM IKEDIHIEOHEH O
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MOAeNnNVMpOBaHMWE TNPOBOAMNOCDHL B paMXTamk KJuBIMTYaEITIKC
(aHT n. crystal plasticity) B OBWECMOBHEGB BH U
npor pa mwmakaABAQUS/EXplicit.

OxmnpaeTcsa, UT OB3Y A IVMOW@BHBY HWEOKanmnsauyumem nn
Aoedopmayuun, MHOT OMa C UBTBACO/HIDNIEE D@y M T ly D@ HWIH our 0
NOoO3BOODMYYNUTbL 6GO0Nee nopgegep M a MM EMETB/HENOT U B H O
M3T OT OB/ EHHBIX MeTannom. paowhHere HBHUMAHMIEY N A
AedopMal o HHIOPW pHear b HBUMO B b M 1 O N eTppeekk o/Ba 3 € [
YoaHoBNnNeHa <CcBA3b MexXAy mMopdonorwuen pedopmald
CTPYKTYypoOW MaTepwuana, bopmMupytuweincas npwu cnh
3KCNnepuMMeHTaNnbHOTNIO, 4YMCNAEHHONo WU cTaTuncTuyec

RMMdz Hiso Oded § 9" § tsdzdzj dats L O 2 Judzts 6 ¢t O dls @zH1PP0BT.Md 2 B S 6
https://rscf.ru/project/26L9-00357/

gt d fdeckls j £ Ok "

1.L. Liu, Q. Ding, Yu. Zhong J. Zou, Y .-L. Chiu, J. Li, Z. Zhang, Q. Yu, Zh. Shevaterials Today2018, 21
(4), p. 354361.

2.Zh. Sun, X. Tan, Sh.B. Tor, Ch.K. ChidPG Asia Materials2018, 10 (4), p. 12136.

3AM.MncagEEkEvMe nb gBBAOB@ava HABAH 0 plb@yIP.P.Eanox,dneByYecKas
Me 3 0Me x282528%), p. 5-21.

gf1roé 1R [ Jlrruchug ruf ]l o] ST RLURC,
AfTITRtULVISZRMEC ST TBOUT Juyr 1 B GyRy
gl [ ¢ 1A)-Sil2

R INJYSRr.f syod2de 0) j disdzqets g Ols d W Is Eézdzd dzO
[ 1 dMOt] o
"MHCTUTYT GU3IUNKKM NnpoyHMaT 1 Bu EMEOTIapiuia /e oTBOEMICEKH U
TOMCKUWUW nNONUTEXHMYEeCKMUN yHumuBepcurtetr, ToMCK
STOMCKMUNA TOCynaRETBaRALN TYHMIC K

E-mail: ivashov ir@ispms.ru

Bnar opaopoireygn B ob6nacTu apgLuT B HBIX3 MERKHHOO N1 0 T
co3pgaHUs M3 garemmetct paxerowrwoim GopMbl, 4YTO BOCT
oTpacngax noOivibjlunge@mwsy oW a aMerTomBe N pounABoOLCTBa
cMmcrTemarTmu 3 mpoopBaaxH b[ 2B, @BG@ G C M @EpP FHAXK XPBOP MU P OBAHMNE
CBOWNCTB anmOMUHUNBEEACSIBMKDBMMOBO 3 MTOB Ha WUX OCHOB

KnwoyeBoi@ MO@AGBMIOMNH N E BBBX SCEUNSEAEBT C HPU B NEQTEDRMN
Moagenwu, CBsSA3blBatwuei napame Tppybk Ty p 9 EMC L @€ B an o J
KomMnblTepHoOe MD@EB 0/PDOET HIYPEeopLoeCcCTCU B @ MMM M a Tak
yuyecrK T Opbl, BAMAWWMNE Ha NOoOBejeHWeNnNeBgakipe ana,
KoTopblx 3ab6lpyagaHeHo [ 4

Lle obg aHHOW pafiaescs rpEXaME@HKIX [ e JE e s
AaNKOMUHMNA, QOPMUPY OWWXYHSTE BIOPMM a3a/AeMKT TMPBCHHOHVIO M P O U 3 B
anlMNHUEEBMWMHNEBOTOANENNABAT N XKEHNSA CHBOOHWS3ORBAABHI
SKEpUMEeHTanbHO npoanwkKk4yaexH H 51 0 eBK T a Poccuiickoro
OEeEHOPpWTTHB)HYaP bl agauntTmnuBHoro cnnasa (Puc. 1)
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{ dMiz ddsSMlj ted d3j dzls Odz! dztsj dL 58 6O jOdrF jd3dhdgddgrotas] Is dz
Ctoj dzdzd j o 56 & L figtfisde@eead@iz jSdedimtipdigipte O H H Yt | D B¢

Ana co3paHnma TPEXMEPHbLIX MOAgeNnen @QEAHTgENNET OB
BOTMaTu3unmpoBaHHOT o Sohddorkssk mHp @ B 1 & B1 & 3KcnepunmMmeH
300paxXeHMMHC OBLIBRENME BKBIMT Y P 3ar oToBKM CTBOI
eomMeTpuyéPurocahesey B 6a30BOIW NNOCKOCTWNU Cc03[
ena, o6bpas3oBaHHOTINIO BpaweHNEWNECKIZ3 & ) B 0 KTpKT
reHepumpoBaHa BeTBb, coeguMmHAawwaa CcTBON U OT
poBepgeHa oyire@mamamvmaKene» p[fNA co3gaHuma Tpex
ereamnm (Puc. 2 1). Mocne wu3Ha4yadPmLHasL 303Tr1, 0 1BA
eé pas3smMewéH cTBON 60nNnbWero pasmepa (Puc. 2
MIWHWN e yacTwmn reciMeTipoH@EM® X oGpas3oBasince B C
Kpyrosoii wmMaccus». B KOHUue AnAa crnamdBaHmnA
pnmvmeesre@pauyuna «Ckpyrnedvwume» (Puc. 2 x). Ha oc
Weé HEeCKONbKO uMaeanm3 NpoOBAHMBIKT YMObL, € N1 N T gexe
oBTOpsawwasas @GopmMy a3KcnepumeHTalbHO Habnwpaewmw

tdimzdese 2. ClOffr BsHj dzdtese Odegdw Istey rhdjp tpdets?2 d
ff tcts ¢ tc EotigityPrks

Takum obpasowm, 6blNnn CO3 p4aHbl TPEXMEPHLE

Pe3ynb T aorbl paaabHOHT b 6y Ay T BOB@MAL B3 @B arHebp MQ M2 X a H
Moagenem, onNuCbBakwWNX NAacCTWNY EBK VKK TAeideocpkMar LoN H
AlSi-12. Ha OCHOBE C O3/ aMe ¥ aH VCUTEPCYKKUTXY p Mriopaoesneesjie H 6 y
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MHOT OYPOBHEBGDLIN -BAHMB/pM IAB/IEE BEWIXY NOKaNbH-8iX CcBOI
cnnaBa Ha pa3zHbX MacwTabax

t OBBISO o' fsdzdzj dz0 o ©OMRE O cStsMikzHOtmise | 2U2BGES] L OH Odzd W
ftesetcOBBB vlv d vjiuv lwdstedlsjls 2030.

s dMsC ddlsj tOlkisr

1. A. B. YUy maesckuii, A. A. A.ypB.aH®dmwnunrKnorC. GOc uBl.os®oip Ty H
M. CeMeHuUYYK, E. A. Cnpopos, tO. B. KywHapes, A. A. b
Konypad@msnyeckasa mMe3oMelBaHuMKa 2025, 28, C . 97

2. Z.Zhu, Z. Hu, H. L. Seet, T. Liu, W. Liao, U. Ramurty, S.M.L. Nai, International Journal of Machine Tools
and Manufacture 2023, 190, p48.

3. Y. Shi, S. Gong, H. Xu, G. Yang, J. Qiao, Z. Wang, J. Zhang, B. Qi, Journal of Manufacturing Processes 2023,
101, p. 386431.

4. M. Taheri Andani, M. Ghodrati, M.RKaramoozRavari, R. Mirzaeifar, J. Ni, Materials Science and
Engineering A 2020, 799, p. 65664.

5 A. B. 3emMNnAaHOB, 4 . 4. FratTmaTtTynnuHa, B. P. YTAraHoBa
P. P. BanoxoHOB, Pns3smyeckasdlemes omexaHmnka 2023, 26, c

6. P. P. BanoxoHOB, B. A. PomaHoOoOBa, A. B. 3emMnaHos, 4.
BanoxoHOB, A. C. KynbkoB, E. M. ObIMHMN YLD, du3smyeckasa Me:
Judv oI R[RYOAKREB[ RRUU[ T [ 1RMEPR [ B

eu o[ Juevisfiw] [Br] ¢surpffi1 1 SR1I[UVRY[HSRHE

VLrm{v ot R 8 0] 45)

1 & aj dzs Is'g oz0.) j Istétse
MucTtTmpyowomaeammniHos PAHanAKe Te p By pPC U A
2CaH-KeTepbympoacykmaip cyrBleHeipOim i-RaTe pBygpcyi
Email: sng@ipmeru

MporHo3sMWpoBaHWEe CTabBUIM3ALUOHHOIO COCTOSAE
rpyXeHum ocTaéTcsa KNwuyeBOlW 3apgauvyein MexaHMUK
CTOSsHMUE onpepgpenaeT MnNnpucnocob6iaemMocTb MarTe
efoTHBMPEA g CTANOCTHOTNIO pas3pylweHus. OgoHAaKoO ¢
McoBawWasas UUKJIMYECKYW npucnocobansasewmorcCTb B
NOULWKNOBOTO [A-QOf KMXL WMW/POBDAICYTCTBYET.

2 0130 T
Q O30T 0O O

Mpncnocob6bnsaemocThb MaTepuana peasivarIEX C A
HanpsaXeHWNsaXx, NpeBbliWaWM X npeagen TeKydyecT
npumcnocobnAaemMocTb C HaKoONnNneHWeM AguUCNnoKauwui.
ynpyras npucnocob6naemMocTHb, cBSA3aHHas“ c 06
penakcauunem MUKPIOHAB @ I X exHavpia. K T «@un Cc T N K O I A B N
ULMKNANYecCKONn cTabunmszayuunmu, Korga pedopmumponBa
rmcrTepesunca C NOCTOSAHHOW aMNnANUTYy[aONn M paccewu
npucnocob6nAaemMOCT®b) WMPpMUHaAXmMeaT NmMagTai@HORBMADC 5B |
OFrpaHMUYEHNWA KNacCUUYEeCKUX TeopuUh NMAacCTMUUYHOCTM

B HacToOSSWeEM MCCNEeOoBaHMWKWK NTHRMMEIHREK Al e mMaoKaxXe

OCHOBAHHBIN HaA UHTBPRMEHIH OGT MOPKIRYIMHOM pPeflakca
nnacTUWUYHOCTWU. He BUBeHHO NN oTiX®@EAT MYEeCKOoONn pamMke
nepexoAHbBX W CcTabuWunNuM3ampoBaAaHHBX OTKAWKOB. Mert
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mctopunm pedopMUpPpoOBAaAHNUS napamMeTpb MaTepwuana.

MHKYGaUMWOHHOE BpewMmMs. MokasaHa T OMMMHE/IET/bb HI i 4
aedopmMaymnm, npuM KoToOpoOlk MaTepuman npucnocao,.
NMpeBbliWwaltuWwn M cTaTnuyeckui npeaen TeKyuyecTWu,

AnedopMMpPOBAHMA C MUHUMANbLHOWK WUMPUHONK nNneTnu T

MOCKONbKY Knaccumuyeck ke NoKX @ble pypsos 8XK0 H>8 05501
SMOUPUYECKUMN, npepgnoxeHa HoOoOBasd KOMOMHMpPOBaA
BoOCCTaHaB/AMBaeT KpPpUBYKW ycTanocTwWmw Ha OCHOBE
Moaoenb UWHTerpupyeTtT pefnakKcaLuWMWOHHDBROBP®WEE®I WA (
(ypaBHeHMNe —P aKéaouraHHooBBaa) |, nos3BoONnNAA«A YHUPUuUumnpoB
ycTanocTHEBbIEe XapakTepucTukwu oT ManouumkKknoBOT
MpeuumMywecTBOM ABAAeTCHA aBTOMaAaTMyecKoOoe NOCTPoO
M KpPpWUBOIM Oyec3T aHleoocbrxmo A M MOCTU B SMNUPUYEeCKONW no,

Ha npumepe cTtannm 20 (c ob6bobweHmMemM Ha cCcTan

paspyweHns npeob6napgaeT nNAacFeay® CXM/FEb MMNIBHIIMN /MW
B NMPOMEXYTOUYHOM AMaAanNna3oOHEeNARBAONaAXKNLYSANOBAOE W B
nporpeccupoBaHMEM MNOBPEeXOAEHUIWN. MpeanoxXxeHHas
6 a3 0B blX KOHCTAaHT 7 npeagocTtaBnaer MHXeHeparl

JoNnNr oeevyHoOCTMN CTanbHDLbLX KOMNDOHEHTOB npwu CNnNoXH

1 zOGistOmMilsOs 5lsO© o § tsdzdej dz0 fted FoHHjteySj [ ddzdfmisj teiflse C
t sMMd2 M2 A j HjIROYFHPOOB)E 6 O dzls  ~ .

uf  MABKl j 6Okt
1. N. Selyuting Yu.V. Petroy Materialsphysicsandmechanic025, 53(2), c. 1-12.

IfTrRevm tf L1100 AWgRL O RY [ 1 [
vlitogrJuemRus 2103 [yl JuwRU {1

gl [ ¢llous 16
1J.1 OteS EZNddudat O d derR B.Y j toj f Qldgsetcj 2 ¢1d dzO
4. | OL steljideo02 H j @28 d Ya.d " dPdz

ldbepepaneemid 0B alTeccHMPOO R B MY 4 epNK3OWIMIB N LU H C K O
XN MRAHA24324 e p H O I ON/POOBCKIaE, m B HLOPBOaC C U 4
2hbepepamecyy ap COTOBIEKHEHYOHED € X Heaylenc T upmys ™ K 1
npo4yHwwartme puanamf€aunalHOR A H20990T o mcippoCcnekKkT
AKkapgpewmvmn /R xmadin s

SRHY I
1 { d

Email: garkushi@ficp.acru

MonNnydyeHb HOBbLE 3KCNepuUMMeHTAaAaNbHbEe fJaHHbLBE O
BT16 mnocne TepMoob6paboTKwWu NOoO pPas3NTUUYHBIM pexu

TepMoobGpaboTKwu, obecney cEaBIBN K apAKITYEPUILET UK MO
AencTBMAa B3IpbBa uWAKN BBACCCOIKEOOCOKBEGAPHANCET HCEBLORAVCYT [Ba pBa
CYOMUKPOCEKYHAHOM AnmanasoHeE ANunTenbHOCTEIW

nedopMupoBaHcan pwmeiempea TilcOdl B YBCO/VIOHBOVBSIOND YHK/ESRAD H O
MCNbITYeMblX. olb3pMaesspieoBrn s OCHOBbLIBAKTCHA Ha TOM g
ANHaAMUKa BO/MHOB bIX B3aunmopageihcTBMUI onpepnensto
COCTOSHMUSA BelWwWecTBa, MNpoLecCCaMHNEN My rpeam/payalreHy
MaTepuane
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MccneyiyemunTaHx B T ITGAI-MoD4W COTTEHMOBE M B 618 O KO N P O Y H bl M
ABYX a3 HbM (ang)y ymemecamBaasy,. —BXe & 0 ¥a3;3TMa+5.2; V
—44; Fe—-0.11.4n 1 mccnepoBaHU4a BANMaHuma Gas3oBOro c
BO/JTHOBBbLIX M poOL ecrcaoB/ cThnenpaven vneocaksoelp o0 6 p-Bl6 oM KI@ N O
oTxXnr C(788gepxKka 2 4Yaca, 2eKkapKugeeoico e WIEHGBGS
(3akanka cnnasa B Bopge oOoT 780°C,) —T3axeHke 0|
cnnaBa B BdaebmrepTF@mvHAlepaTypHbin AgmanasoH 06
BblOHCa y4yeTOM OTCYTCTBMUA MUHTEHCUBHOTNIO pocCcTa 3¢

On A MCNbITaHMMIA B yCnoBMW®uAaXx OLHOMEpPHOTO
nnockonapannenbHbe o6pas3ub B BULEe AWUCKOB TOJ
39 NeKTpoapo3ieo HAHRGTBAO c TBIAR CKOCTDb Har pyXeHwusa 6 bl
HanpaBneHWiw NpokKkaTKnN. OJHOMEPHbLE UMNDynbCb ya
nnacTMWH ns3 anowMnuHuma-O At wkopebBr@o BAVOO M/
MakcumManbHOEe HanpsaxXeHWMe cmKaersmbmuansl 03 KLAON elpiham e H
yhapHWUKOB Bapbuposanwu oT 0. 2 ho 2.5 MM . \Y,
nHeBMaTuyeckKOMRS Oy ckraa/HWOBXKmMM M0 MM M C N OMO Wb 10
npoyecce HarpyxeHwnwsa perumcrtpupoBanum cudpocThb
obpasuos nNnas3epHbLM AON/NTEepoOBCKUM n3ImMepumnrtenemm
BpeMeHHOEe pRGpeweHwW®@Cc 1b M3 WégeHUN cKopocTu 3

1 dzOG tsH Ots dadzdnii'f tcso Oded j t€OBEIST : { OBSlSO or  sdzdej dzO@ f tod |
Oz ydetse s W s dzielaB Ol UAistf | gz Hiso Odzed ] o dzdwdzdw Isj 3 j tcOlskzter
Zof tew y jdzgdw Isjyddedw IsdlsOdetse ™ n -t dztliis 5158 A3 {f 2z ¢ tis E2ERSAEY do dlzts fiztc 1
00899(https://rscf.ru/project/2529-008D)/).

IR RISII[TOUQidBRL QS RY[ HIRY T[]
vlitovygJermRus [ 210 [y JewRUud J 1 3IMm
g} [ ¢) IRu v [ H-Al-Mo-V

1J.1 Ot Epdide Oo g . ¢y jtoj f Odeso
lr16d?20ddzpOL ste datso

bepepameBr@goBajtecHMPoOmBMY Y eJMK3OMMMIE 4 U LM HCKOW
XN MRAHLA424324 e p H O I ONJPOOBCKIE, W B HLOPBOEC C U A

Email: garkushi@ficp.acru

MonyyeHb HOBbLE 3KCNepUMEHTAaANbHbLE AaHHbLE O
BT16 uu BT22 npwWC KwWBVHHLAET HHOHIX QMO ‘@BM@e mnepaTypa
MpepgcTaBneHb pes3ynbTaTb U3IMEPEHWUN 3BONKLUUM
cXaTtTumda Ha paccTodHMAax o1 0.4 pgo 4.5 wMM. Mo
nNpeagBeCTHWKOB U CKOPOCTWU CXABRMBHB TEHRLEPATY
CKOPOCTHbBLIE 3aBUCUMOCTMN HaNpaAxXeHUAa TeHl@®Hua B
cl. MonyyeHb HOBbLIe pgaHHbe 06 OTKOMNbHOW nNpo
MOBbLIWEHHBLX TemMnepaTypax.

N3 yuyewmwainepaTypHblX 3aBUCUMOCPHRIUP OBAMHMAOT U B
paspyweHUw MeTannosB MNPW BLCOKUX CKOpOCTAX |,
OCHOBHbBE 3aKOHOMEpPHOCTU MOe@OoEACARBREHGSE U YILECTOMPXN
CBOWCTB B CYOMUKPOCEKYHAHOM JAuanas3oHe ANUTeE
nedopmMupdBsabcAdaPpoBOAgATCA B  YBCOVIOHBOMBSIOND Y YK BHEADI I O
MCNbITYEeMblX. olbspMaesspleorBM A OCHOBbLIBATCA Ha TOM
AMHaAaMWUKa BOJMHOBBIX B3aumMopgewWwcTBUN onpegensio
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COCTOSHUSA BelWecTBa, TMPREKEOC &M & &1YdO MW PR HAYALE H |
MaTepuane

Mccnepyemwmble TWUT aH bl BT1@i-Al-Mo-V BoTT2H20 C I M C ST € MKb
BbICOKOINEP®BWYHKHM 3 HblM ( odHiR) wunccm/bereBaaHM.i B Yy C/NOBMU S
ygapHOTro HarpyxXeHus nnockonapanneoidHbles o6b6bpas
Bbilpe3anwmu Ha 3nNeKTpoap-@2@oHHbMCeDamke HAPTPRX
nepneHAVKYyNnNapHa HanpaBneHWIW MNpPpoKaTKMN. OgoHOW

reHepumpoBanuce yaapom -01n&TOT MAHK O Ip 8BEL206MT o T B
MakcumManbHeRVMNaHaOoBaAKMN B 3KcnepwWméelatTax T omeln A
yAapHWKOB Bapbupboasammum Me T aOH.M2e pgooc y we Cc T BNANOC
nHeBMaTmuyeckon -50ctrmaoBseodpomlN5O0 MM . B npowuwy,e
perncrtTpumpoBanun CKOPOCTb agBuatea@paxBOHOOgADEP
LONNepoBCKUM uM3IMepurtenem ckKopocTwu VI SHACR [ 4],

TOYHOCTbL U3 Mepw/HUhh cKopocTwn 3

1 dzZOG B H Ots daigdnildn’d ctso Odzd ] ©OBBIST : { OBBISO orf f Sdzdzj dz0 § tod |
Ok ydes e ts W ts dzelaB Ogll YAt j fdhdgizj Hso Odedj] o dzdW dedw Isj B j tOlskzter
O oWy jdedw Isjyddedy IsdlsOdzser n -t dzs 518 3 2@ ¢ tsE2EFHEY dbdlzts fiztc 1
00899(https://rscf.ru/project/25829-00899/)

IMTOR[ Jul ERBt JoUul LUsUVRUHIZ  BHUdBUOG[ R
20m2 2edft@ eIt 3ILIMf orrr1LrRR
0.0.s 2C z¢Pde@ .f O2 MEBOH RS ] o
lypanbrceawyigapcri@eEyiMie pEwva eap PHEYycmra,

2ypanbdegéipay s HBlé pucwerAeerp BIOreos n P tha H .
EnbuEH@&T ep uPHOGCyCpUr

Email: kuklina@m.uesmuru

Ctransb Mapku 20X2IN2CHMA gaBngaeTcHd HU3KOYT NE
WM pokK o npumMeHsaeTCH4 B yCc/noBM®SAX akcnnanyaTtauum
M3HOCOCTOMWKOCTMNU KN C THaHGKX/T bXHabpxa KarkecprmcytranTtka L nGag H un
hbakTOpoOB, BAMAKWWNX Ha CcBOWCTBAa JaHHOW cTanwu
bopmMmpyeTcsa B npouecce TepMmyeckonm ob6paboTkKwmu

C Mo MO Wb 10 aHannmsa onnartTomMeTpuyecKkKUXx O at
HenpephbBHOTMe MMaeyppaai B & Cc T aB N N aAcktd®dt, 1A B 1@ eT 852, 5

HenpepbBHOe oOXnaxXpgpeHwme ocyuweclr,B5n.eHD °BC/MMUH

Mpn oxnaxpgeHunnm B AmMOAMN.A500EBpaa 3 DB MRE IPTRVWP a ue H
npoMcxom®Pa o O3 HauvyaerT, 4T O [MAoKeEH UMMP VB 3paavcecaMIaeTHPHY
cTannm He peanunsyetTca AUNPPY3IUNOHHOE nNpeBpaweHwmM
ayctTeHMTa HauyuumHaeTcda nNpu [JOCTATOYMHO HU3KMNMX
o6bnacTtum NPOMEXYTOYHOrNo U“U cABUTOBOMpAWEEa® N
nepeoxnaxXpgeHHOT O aycTeHMUTa HauyuuMHaeTCH npwu
330..430 °C n conpoBoOXpaeTcCH4 OTK/TOHEeHuUem OT
obpa3uyuoB OT TemMnepaTypbl.

Mpun ckopocTu oxnakkpredHamada)d MEAMEAMHOTr o np
HabntwopgaeTcsA B AnanasoHe TemMneparTyp 435..36
npeBpatweHmnsa. Mpwn TeMneparTtype HUXe 365 °C
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npeBpaweHws, KoOTOpoe 3aBepuwaeTclHpunpwuk oTpeoOM T en
oxnaxpgpeHna( ARc AR ampbeBagNsa Mef/leHHOrNo npespa
npeBpaweHne cpal3y HauymMHaeTCsds MUHTEHCUBHO, npv
npeBpaweHnda HabnwpaeTcsa nNpuM TemMnepaType HWUXe

0,025 0,025
0,02 0,02
0,015 0,015
S o001 5 0,01
o o
© 0,005 T 0,005
0 0
100 200 300 400 100 200 300 400
Tevmneparypa, Tevneparypa,
a 6

tdmMizdzsS 1 [ JOCEOBB L Osadmddsmisd fftetsc
fsissw dadets 2 MC stotsfijldd 5t AdzOBR dided/ e d dz

MccnepgowBi&pa c Tapy KaJyp 20X2IT20dBAp[enH O m3Imep
TBepuooccTie HenpepbBHOINO OX/laXheHUWA CO CKOpPpOC:™

Mocne HenNpPepbLIBHOIO OX/NaXAEMURPOOTPYRDPYPELE

(pMcIHa@nwpgapeamy e GERP&HAMB) 1 H M XEB7MWHO6Ee nHNT .
CpefgHee 3Ha4yYeHMUEe TBEepAOCTM AaHHOWMocTNEyY KTY
HenpepbobBHOINO OXJlaXA€e€HMUA CO CK®DPloCAameayaehwms ilC/
(pMReO) coCcTONUT N3 HEeOOHMERHIOE NP EET BlAT a . Cpe
3 Hau

eHne TBepAaoOCTMW AJAaHHOW CTPYKTYypPb cocCTaBwUAN

a 5]
tdmiedss 2. [dCtesMistekzClsktO MisOdd 20m2 ] -
mMetstesMiE1s 5 A/ 1d2d d&izd dzs

Mpn Yy BEUICUKYOEPHOUC T M O X Na XA eHunsa TBEepAaocCTb WUCCIE
(puc.c3yBenNR@YEeHNUEM CKOPOCTU OXnNnaxpeHwmsa p[ond
6eliHNTaa) YyMeHbwaeTcC8a, a pgona ©6Gonee TBepAabix
MapTeHCYBEeNuMYMBaeTCSa.
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t dfMkdsS 3 10odmddsmls: IsojteHtshisd MlsOdd :
tsn dzOY H j dad W

YCTaHOBINEHbL KpMTMUyYeckKkmue TOYK M npu- Har pe
eBpawepnscochaBnaer 787,5 °C, a T eémreparTyr
2,.PatCprpoxe@axXxnHHOrNIo aycrtTeHMnTa HayuHaeTCHA
npoTekaeT NO nNpoMeXyToyHoOMY (6eNHICTwmoumy) |
NP@Ep MEBTEWHEKOTOPOE MOIPUSHWINOEA.OM CKOPOCTMU OX]J
épapocTob NMOBO LIWAENNCUsIe H B A K o &1 GBREeEHbBIXBEPADb
CTaB/(AHNMHXM A O6GEeMNHNT, MapTeHCUuT) .
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[ .1 JHBH[A]JHBlcss PIsjtcRBa,o0 HSE (i smis d €
MMET YpQ PEAXHARTepuHOYDPT, Poccwus
Email: elarisd 00@mail.ru

B pa6bote npoBepgeHo KomnnekNdvinO¢ BmawsegeBan
no-noapetwldaTkKee KOHLUeHS pamammsnv e;xcoOH/AAN b 4 B e wBamk a m
Fe cooTBeTCcCTBeWHWO0,10x=BCcES5 MBYUYEeHHDbIE MaHT aHM
NepoBCKMTONOAZOOBHYW KpwuUcT as/PonmuHeac/Kuyuan ec TBp YHKIUTXY pW
TpexBaneHTHOTIMNW'B MAKE @@ T, a UK XIBCKE@IMKAO A CTPYKTYVY
Ha3blBaemaleneapo Bk 1 oo y(C /10 B /1 e HH b pyorvior pasneaiy enHovHe
Mn. N3 MeHemwMiey e MO YXSCCEKOMA C T B MaHTIT aHWTOB B 3Hawu
cCBA3aHO C MO XKWdIKTawmer™H elcbk[b 2. cMpymemgpune cTpy
LOTWUT aHeATCCTSM U HbBIM 3 aMe We H U e-M oygpHaeflpsv a A .OM/HIBAIT IH O B
T eMNe pracTXyopaeH bl i NdEInOpraMeBaCTO O THOM@ P& RE T POB 3 /1€ MeH
AYye kMY HOe AN 0-Aac3KbEA Xe HHPO@nN DO p AR BbHBRANG PR X T a
AT CoOOTHO WEpMaMNE T P OB aMeuge H H bl X M\aoHsBagesnCg onB
Ndo.ssBao.1sMnooFep10Osx apa kK T e pHOO AN Mo @GiepaH30bl 0O cBUgeTenbCcT
O CHATWUN uBC KamweSHMAWe Hne Yy &Nd*ruvmo HeBaf#icB 6 0 N b WU M

(V)

OHHBIM PEOQVUBCOHMAON HBITXKPYBE/TMNYEHNIKW CPBEHET O |
-AoapeweTKe, C APYroin CTOPOHBL K MNOBGLItIeHUNO C
‘M -BBoapeulameele H-a onpe iBeatckten MnY u o B aReh
KXe nNpuBOoOagUT K nNepepacnpepgieiekiQy B a0&BRMHMO |
3ynetaTte 3TMUX BMUAOB 3amMeleHnsas ywedimwwaertcs
OTBETCTBEHHO, cTeneHb MCKaxeHwus CTPYKTY
chepoBaHa C NOMOLWbI CKadHWpYy Ko amM aBHITeaK H PTO H H
eepneaPyHeoJyHAVMA R pBCTYNW K TYRER TONT n 3 3epeH H
pMba&.MEe WBPpUNBOYRMEHKWUMREA3 MEpPAa 3epe”dnm MT @gainomwe
bchbepeHyumanbHOMW CKaHupytuwe i KalopumMeTpunwu
HTT eH oy praagimaiB N1 € H AVNaoacDab NTIELKHPOUCETE 8 R T Y € C K (
PYKTYPb MaHT aipmMT oBBaO edgmMmmaMHIemp aoy Al 00 C.
McxoaHBIW MaHTaHut OhpOBBaRaeamnadD@PE CoPB 3 amve wert
MaHrlIaHurTax pas3pyuweHune opburtanbHOTI®a MOD3PHABIXHAQ
M3MEeHeHUNEeEM XUMMUYEeCKOT O cocTasBa npwu 3amMelweH
TemMnepMaypRTHbBE ODBGAKLHTBT CA BAWAHUEM 3BOAKKUMN
CTPYKTYPpPbLB nNpu 3amMelweHNU, NP KOTOPOMW CHMUXEHI
TeMnepartyrHbBbI XManrepre X 0 40 B .

t OBtslsO o' fsdzdej dzgO 5 | sSMizH OteMise j dzdets Bz L OHOded® R[ [ U
Asl AdWBOdz

4 dfdekls j €Ok ter

1. Arun Kumar S.M., G.Srinivasa Reddy, B.G. Hegde, S.Anandh Jesuraj, Mdnggish AbhishekBhaisare
David Laroze M. ManjunathaThipperudrappd., J. Solid StateChem,2026,359,125905.

2. B. Sudakshina, B. Arun, K. Devi Chandrasekhar, H.D. Yang, M. Vasundhara, Phys. B.: Cond.2048er
539 14-20.
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J . JHBAH AJHBSGEI D sSdMpsaklsj tRsSe,.0 HBE ¢ 3B 9
[ . My Spdlstse O
WMET ¥YpO PAH, ExaTtepuHbypr, Poccwusa
Email: elarisd 00@mail.ru

ABolVmEa@ o BIRKMNGOG( r R-e1aHT QHMEIC N e KN aBelmea N
KOTepeMOHgEeWPHTIPEpECHbBIeE Pu3IMnMyeckme cBohcTBAaA, Ta
AnsnektTprnyeckasasn npMan wnwaeamocchsr AIpMe HWMOEMH aT H O i
TeMnepaBYPE ble NepoBCKNUTHL C -NymEgxedbnepgamdm r
MOHOK I/ UHTHOWIK TyppacTtpaHCpg®HHoOWMNp P2/nr[d.. ) Ux
PyHKUMOHANbHBIE CBOMWCTBA 0N pERMpmegMe BEIBKBGRW HBIY P H
COTl 1ac 0 B/aCHKHAbKMVEVB P A MR HMIITMaMSBDploBN o p A A BY € AW @ OH OB
ComMn.Ina HanNnpas//leHHTOMDT EMHaT/EBE HeobXoaMMO BblSA
CTPYKTYyPOpX4oCBaoHIILAT BEALBEMMNCOOsUY Y BCTBUTENbHB K pa
cnoBuam npLblogpopHMmMsmBmpamMmeTpoB UM MeTOAOB CMU
CTPYMEHTOM ANBpeEeSa@abeHimEdx@ LUBMOWCTB 3TUX MaTe
ekKTpa WX nNpumMeHeHMWa. B Hawehn paboTe -npoBe]
TpaTNelomoTBepagodpameroo@moB N2 )y HTIEMaCo@bwa asyos
PYKTYPHBIEe XapakKTepUCTUKN,XNNMIEPAMNUKHE@E K NCCO C TG
BEPXHOCKW®MMH altpHw i TemMneparType napameTpbl 3
pas3uyos oTnNuMnYyarwTCH B npepgenax ownobkwn B blY I
mnBoanMT K ¢GasoBOMY nepexopagy R2m MOHODKMMMHHDIADb
CTPYKTYypeR3b.TemnepprTypa Hadyana nepexojga Bapbwup
obpasuya. Ana o6pa3suya, NONyYyYeHHOTo MeTohgOoOM Ne
463K, opaBoagny4vYyeHHOr o metTogomMm N2 TemnepaTypa ¢t
obna@amewes kKeMnapaXZYPK 3acdukcmMmpoBaHHBN nNnepexopn
yepe3d o0o6pa3oBaHMUE nNnepexopgHOW ob6GBNachaHHBBE KOT

030 I 0 =X

T OO0 4 =x3zx

PEHTTI Ee@HOBCKOI PoTO0O3NeKTKRSHHOMOBEPNEHKHOPDB K OO @
MOKas3hprBTAAGOTX U MU Y € C K30/Iee NCEOHCTTOOBA HBM e0 6 pa3 Lax, MNpPpUT O
cnocobamMu, cywecTBEeHHO He pa3/inmyaerTcs.

t OBtslsO o' ftsdzdej dzO s | sMizH OtMise j dzdets Bz L OHOded® R[ [ U
£s) Ad@BOd

g  fidskls j e Oz ter
1.H.Chang Y. Gaq F. Liu, Y. Liu, H. Zhy, Y. Yun, J. Alloya Compd, 2017, 690, 44.

2.B. Orayech, |. Urcelaylabarria,G. A. Lopez, O. Fabelo, A. Faik, J. M. IgartiZalton Transact2015 44,
13867.

3. R.l. Dass, J.B. Goodenough, Phys. Rev. B.2@6033014401
4.D. Yang, T. Yang, Y. Chen, Y.iang, Y. Liu, J. Mater. Sci2019, 54, 6026037
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.. e ey 'wdoslesd wj.ddd dz
0.1 . YEdOjeMme

MHCTUTYT PU3INUKKW NPoOYHOCTU KU MaOrePpMHa nNoBegeHu:
HN ToMCKMUIN NONMTEXHUYECKUIW yYyHUBepCcUTET

Email: svm 70@ispmsru

Me 4 H ble CnnasBb MAHPOTKOA NP UNTPUOBOTEXHUYECKNUX
BbICOKOMW T en /1 oMnKpoOmBPOQA3HVDQCHT HAO 1A cToMmkKkocCcTMN, O4HaKkK
skcnnanyaTtauum n X orpaHumuymseatlT CpaBHUTE/NIbHO
M3HOCOCTOMWKOCTH®b. B cBA3MN c 3T NM C GasKa aHB/HKD
MeAHOMATPpPMWUHbIX KOMMNO3 MWL MWNOHHBIX MaTeQpURaAOBaA, |
coyeTaeTcsa C ynpouyHswweinw dasoin Takune wMaTep
TPpeHWA, NOAWMNHWUKOBBIX Y310BOMHG@PYUMXK HY 6B/ bKe
oOCTaéTcesuedHMecmMmpPoYHOTrNro Mex®dasHOTO
MPOYHOCTMUN N [BFacTMUYHOCTMU

B3aunmopagemnc

MepcneKTUBHBLM cnocobowm nonydvyeHMHd TaKMX M
9 NEKTPyHIEE® O € agaonTtTunBHOE npomssBoacTBO, n
MHOTIT OKOMIMOW € KKTOHVLINED 3 U L N OHHBbIE 3ar ot oBkK#wu 3 a C

l
L
MeTannumuecekwux NpPpoOBONOK B BaB AR K TPJAGCHTEIEA B MY, |

agAVWTNBHOMY nopaouépopBaeyCcAa BO3IMOXHOCTbL Nonyu
PYHKULMO-ARAABEHWUEOBHTHBbBIX [8,4.71 & pwn xomHOHBA A nepemMewnsBart
o6bpaboTkKa, B CBOWW oyuepengsb, AaBnNAeTCS4 3 e
MOBEPXHOCTHBbIX KOMNO3MTOB n nosBonsaer MoeE
M3HOCOCTOMWKOCTbL W ppYyrme cBoOUWCTBA NOBEePXHOCT
MaTepuana
B HacTOAaWwelMw pab6borTe npoBegeHO CpaBHeHMNE

KOMNO3MWLMUWOHHBIX CUCTEM Ha O0CHOB gcodh/amMIEeHMWEBVO I |
neyaTtum B B aflOHYO%pEATCAIpIAIBAA K OMMNOHEHTa: N i n 06
HMNKenesowW pob6baBke cpgIamMdMi c Cua®@M K T eprmw3 yeTC A
pPpacTBOPUMOCTbLI KOMMNOHEHTOB B XN O0KOM n TB @,
HenpepboBHOTrospepaex NppcTBOpPOB, YTO nNoTeHUWan
Nyywyw COBMECTMUMOCTbL C MeaH-€ic oMlaeTPpK/AIGIEEIA N B 6 O ¢ P
dhaszon Llenbt paboTb daBNgnacb OLEeHKa BNUWAHMUNA
PPUKLNOHHOI nepemMewnBatuelm o6bpaboTKwWu (®MO)
NMPOYHOCTUNU U OTHOCWUTENbHOEe yaANWUHEHUNE.

O6pasub cucTLMb BRPAMUNI 6 bl N NPQIB/Ci/RHYbIH OM €0T
3NekKTPyHE®BOr o agAuWTUBHOIO nNpowmsBoOoOagCTBA MU WUC
oMo, nocne oAgHOro npoxoga ®MNO wn nocne TpPpEeEx
MCcCNnonNb30OBaHbLB PpaHee NoNyyvyeHHbLRe +nalH@G%eO6 X1 9cHOC
aHanor nerww¥EH®BOX MexaHMnNyeckKkmue cBoMncTBaA onpeapge
pacTaxeHN.

ana cune e mapH 10%Ni ppMKLUOHHAS4 nepemMelLwn B atoLWs
npmBoaunuT K OAHOBPEMEHHOMY TMNOBbLWEHNI MNPOYHOC
npoxopga npepagen Tekymoe c3r8n9 sBMIBap,a cnTpaeeaqréd & 1 m2pRaiy B @ (
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MMa, a OTHOCWUWTEenNbHOEe yANUWHEHUWEe He CHuxaeTcaAa,
Mocne Tpéx npoxopoB 3dPdpekT C TosQHOCBTMTT case TH adnléB8o Nl
o —692 Mla, a OTHOCUTemgbsRRe@e YOI MHOOM N eT aBkOM3MD al
CpaBHeEeHMNWO C MCXOAHBIM COCTOAHMUEM TPEXKpPAaATHaFs
npmmMepHO Ha 87 %, —nnppyenvgeep/H on pHoay H300c%, M a nNJacTUYHDO

Ana cunictw@e/mBd + 10% O06and®dADR Wesp U3 MEHE@H M AY XS O I
B MCXOAHOM COCTOSAHWUW JaHHbBW MaTepuman wnumeerT 6
C HMKenbcopgepxauwer RIQAn MHAab@d@E0MMNa . Mocne @M
TeKkyyYyecTUn TakKxXe BoO3pacTaerT: po 411 MINla nocne
n pxoo A O B . OpHaxko 3TO conpoBoOoOXpgaerTcsa cyuwecrTB
OTHOCWUTENbHOE yAONUHEHMNE yMeHbWwWaeTC4a C 28, 7¢
cocTtaBngaert 17, 1% nocne TpPpEéx NMPpoXop[oB. Cn
obecneuyunBaerT bonee EHWMQ K MHIO TMNoprepjeeH M ymaeryeae [e
cnocobHOCTb MaTepuana nocne oMNO.

CpaBHeHMe ABYX CcucTtTemM nNnokKas3bBaerT, 4YTO MnNoc
1t f P9+ 10% NigemMmoHCcCTpuUupyert 6onee 6naronpusaTHBb
CBOWMCTB: NMPWU HEeCKOI/IbKWe CMIEVH bMNuUE MC MPpEeedimo Te Kbp
O6 X19H9T (418 npotwmuB 460 MMNa) oHa ob6Gecneywus
(692 npoTtuB 675 MMa) mn 6Gonee 4YewmM QAOBYKpaTHDO
yonumHeHnumtw (39 npoTtwus 17, 1%). Takd@de pmeB& Qe H.I
XUMUYEeCKON cCOoOBMeMRAMTPOUCUEBY Mopmn@PweBaHmem 60ne
Ni-TBEppgoro pacTBOpaAa n 0 -CCIECYOTACETPBMAELM X K EBCKT/IKHNUXE

cnocobcTBYWOWNX paHHEen NOKanNwus3 auvau ba e dlonpam aLyvaw
JOOGaBKW Hwrep OCYHBHSE3 a H O Cc npuc@rha B BIN eV UT3BMEEPSALOYNE |

CTPYKTYPpPb npu &Moo, OAHAaKO Takaa Qgasa oagHoOBpE

Takumum obpasowm, MoKas3aHoOoO, YTO nNpW OAMHAKOB
HUHKenbcoagepxXauwas cucrtemaemooborpe edlNOPPeHKETTUBERH I
MNPOYHOCTWU n nnacTuMWYHOCT WU, yemM <cucTemMa C K O
nepcnekTuUuBHbMBCOOGELOHMAerm 1 0% Ni ftsmdz ISty »
MonyyeHHbe pe3ynNnbTaTb CBUAETENbCTBWHREN@BODEGPC
pob6aBkn pna dGopMUMpoOBAaAHMUSA MpPouYHBbIX n nnacTwuny
MOBEPXHOCTHBLX CNOEB Ha OCHOBEe alNlMMUHUEBOW Of
AanbHehnwer o mccnepgoBaHMsA CTPYKTYPbI, 3nemMeH

XapakTepunor vbkp AMtET e m
RiNfdzj Hso OdedJ o' f sdzdzj dzts ff toed W-Poiidimtso 52 YSHHjtY CJ (1A ~
s dmMs¢ dzdlsj tOlskzter

1. A. Cheremnov, AZykova, N Savchenket al., Journal of Materials Engineering and PerformaP@25,
34,p. 4267+4292

2. AV. Chumaevskii, D.A. Gurianov, IS. Osipovich, et al., Physical Mesomechanaf?6, 29, p. 15381.
3. K. OsipovichK. KalashnikovA. Chumaevskii et al., Metals 2023, 13279

4. V. Sharma, UPrakash, B.V. MKumar, Journal of Materials Processing Technolog915, 224, p117-134.
5. V.M. Semenchuk, A.V. Chumaevskii, N.V. Semenchuk, Russian Physics J#2088]| 68, p1409-1417.
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MHCcTUTYT PM3ImnmkKkum npoyHocTwnm unu MaOrePpAMHaA noBepgeHNS
Email: svm 70@spmsru

AnNOMMH-Mm@aBDaHUeBble OPOH32b) (MBp MM.eH.A OB AMIREA A
paboTawuwmx B arpeccmwmBsHBbIX XNappeaoahie p Hiaowyxy e |
a

AOWTUBHBLMU MeTogaMW, KOPPO3MOHHAS CTOMUKOCTH
Uumkna dGopMUMpPOBAHMUSA CTPYKTYypPb (TennoB/OXeHMUE,
TEepPpMOULUMKABL), NOCKONbKY (a3 oBas HeORHE@M®AAHOCT

CKNOHHOCTbL K NnNoOoOKanum3oOBaHHOW Koppo3umnm.-2CpaBHM
A n s npom® N @ yiaeyxr Topsdd 4 A1 (un NPOBGNEKAPIYHIEB® OT O
ONANT apggortop®w 3 BORA@TRBRAHTPO/TUPYEMOM TenJnoBI/0XE

Llenb pafemaxcb@ BB 1N A HMUE TeQAHAW oT/WANT (1

TENnNOB/NOXEHNUNSA Ha KOPPO3L2OoOBHYIPE@EONWMMUT W P pALR
(3,5% NacCl), M ychaslioBME b NECAPYHBY PRG NTUYUNNA |
noBefgeHUU.

B kKkayuecTBe o0oO6ObekTa agne/apfmEMAHW ABHA,GC B0/ /I0b 300
BEpAMEZ9 O6pasuyub uM3rotrTaBnumBanun agautWEIAHIMWM npo
OQNARIpN HEeCKONbKUX YPOBHAX T e ndgnoopsMmidaed-W-Wa, pac
/ (10p04Ax/ MmmM)U, — Hramiep s XEHMeEeW,—CKOoOpaeEpre Me We HN s .

PaccmMaTtTpuan@tadid 7p e Kiwoveem a4l 1 n )N AMN ThK Xe
MUHUMaAaNbHO AocTunQO®blell xp avpvaBAT 2141 OX/ MM
O0C6paB/EAYNTKDPPO3INOHHBIE MCNbITaAaHWA BbinOoAHAAKM B 3
TEHUMNOCTADAECKITOPOTLP ® I cxemMe —fipacewnmin odpart
TpPanexkTppadm 1 , anekTpoMg/ ap&BheHulhepep n3mMm
mcTpumpoBasnanm notTeHuyuman pas3soOMKHYTOW uyenwu, 3
apumsayumiw CO CKOpoOCT® btped,as5 owmbBp/Egr.erAkan K p B
cUynmTbIBAannM nonapusailRyoHHIGe COAIMEEXoTaBBUEEHHIHAE C
po3unm HOpMMpPOBAaAaIWM NO MNAowWagwm OSKCNOHWUPOBE
THOC Tecob. THOOKNRGO THU T ENbHO OLEeHUWBa/Te nmp a BIVON eTpp
Cbl, yapenbHasa nNnoTepsa Macchbl, CKOPOCTb KOpPPO
ne wmMmcnbTaHNRa( uvePE/BEITHOA TMILOB P EXAEeHun), a
M nNnocne KOpPpPO3IUW MeTOLOM peHTreHoddaszoBOTrO

o=z ax0©T 30 X 3
OO0 YT O0O®OM®OOo
OO0 0T O3S

YCTaAaHOBNEHOpP, yTTONYOPEBHE MeTOaoM IDOAATI, b €
COKYW KOPPO3MOHHYIW C T oolokpoacsTdsd W ilo @ma&EB H3EHAM
pakTepHbloMesH22 LIDA e MEKA] =336 468 MKA/ cwm?) , 6one
ayRH(67782 KkOmM) , MeHOIUEN YyMmaE G, e =m/2( 82 - 4 )
Hblwas CcCKopocCcT+Hl8k dppuavd mw e b Alnlso ©NAAI6 ntogaerT
PPO3MNOHHDONlcorBOBIWWEBRLOTEEN; 2 omMA3BL 8, 61 MRA/ cm?)
nxaeTtc a2, 055 =ROM®,5 ap oc3Kroup oycBTeb/1 KHYoMpES e 15C M MA 0 0 3,4
Me4yeHo, 4TO CHUMUXeHMWNE TEenNn/noBNOXeEeHMUS npune
PPO3MOHHON cToOoWWkKocTwnM aAgna 33AAMN (ob6bpasey 334A
NNOBNOXEPMBEHOXfaeTCcd yxyapweHnmem (obpasey 3

T

4HxX 000 XZTWXD
MO-ToOo®dIW®
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MUKpPpOCTpP-¥YWasByppsld aHanuns nokasan, 4yTo KO
npenmyuwecTBeHHO-paxdA@Qupld noBagpm@aHpPlbaM 3@PEH, K UTC
pPpa3BUTUNI MeXKpUCTannMTHOW KoOppoO3IwWum w”nU PpPoOCTY
mcnoTRagmma 3SLATMN c oc+a B/la ewK M5 G-7n6iD EGUBAITMMK m. Tloc
Koppo3auunm dpukcumpyeTcahagMeHsbBoamsme-HgenkesPo6oaHOI
fJeanioMKaygu) , a Takxe opgazepxamwe x Cu@lo/n@u
XapakTepHblX 4N 4 Me [ H blX cnnasoB B XNOpW[L
39NeKTPOXUMMUYECKOWNW MU T paBUMETPUYECKON OLEeHOK
CBA3bLWIMBXAYNOPOCTbIO KOP@AEMHM: r =0, 96R

TexHoOonor uns4 Q40ATM ( WAAM) obecneyunBaer 6on
CTOMKOCTb-2 BBAM3,95% NacCcCl no CpaBHeHMUI Cc cy
39NeKTPOXMMMUYECKUNUX MU BEeCcCOBbLIX NokaszaTenemn. Bn
noBejgeHWe pas3nnyaeord aAna BAXPMINgPRAEEeBUNETONKDO
ona OAARypwaerT, UT O OTpaxXaeT pas3snumuyuma TepwMmwu
CTPYKTYpPpb. OnpepenawowmmM MeXaHW3IMOM pas3pylweHwu
B-ha 3 bl no rpaHumuyanm 3épeH c PXxDPPOIBAM Me

AeantoMUHUNPUKaALNN.

RMMMdzi Hiso Odzd p &wORE @Ej sz H OteMmise j dzdzgse s L OH Odzd W R dzfl
GOl jtedOdso jHjdd" vdBdEMSBEE tslsH j g BHRWROP6EINT d 2 S 52 OF OH
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BKJ/IIOM@HAOHAESHPp a 3 P Y LKAQOHUe[T @ 9 »

IR vmRILfIrtovquegodsd I rLRE
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MHCT MhmMB MKPWO 4 HwoMarTme p u a 1 @ R @ amuC OP AH, T o mMcC K
Email: bsa@ispmsru

B ycnoBunmAax MHTEeHCUMUBHOT O pa3BuUNTNMA aBWnack

gOCTpOUTEenNbHOIW oOoTpacneil MNPOMbIWJAEHHOCTM
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cnepoBaHue pacnpyeEkcoPBNKEHWOSTT HY NBM & @ @ B 80/10/V1abXLU O €
KMmA MEPABITMASA NOHATDbL NOBegeHWUE KOHCI
on ob6paboTKe MU O0b6OpaboOTKe pagaBleHUEM
cCywecTBEeHHDO 3aBucurt oT TemMnepartTy

M3y4dyeHNUA MOECMTEEp a A [y K H X 4 €3CaKBUMXC N X

B cBSA3M C S9TUM LeNnNbi HacTosawelh paboThb SBAAS

XHMYeCcKOr o a/wnNMhHwmes ©MecHoegee pXxAa,HImemac. %) ¢
M. Takoi BblbODp MaTepuana mccnepgoBaHMIU
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nelTarTe
MnepaTypHoOowmT MHAaR pE&EK&EBAEHOBPEMEHHO C peruncrTpa
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BewnsaHWA.

43U Me XAy CTagAMWMHOCTbLI KpUBOMW nnacTunyeck
cnpocTpaHeHNA YNbTPa3BYKOBbLMOBODAH HA HPBKMBA

acTmyeckoro T1TeyeHua (pAMONDEaAaHHUOBHOMDEPRAOWNP

o@papaisMme pamMu p a3s®@4 eNiMm YympaxCamMATrm® anwu
NbHOI MIaluB15i» o | mPcrTmm HH @ ctBOpoOCTHE

n A Mpons3BOAUNHIKAC b C K30apPnoACCTbU Ny3/vbeTHpPEA 3 B Y

nacb KakK OTHOWEeHWEe ANAUHbB NYTW BOIJHDEBI
rHana Ha nNpuUueMHbBIW Npeobpa3oBaTENDEVNDEABAEDEE
MeHeHMUune NMATOTHOCTMU (drederaxgropmnpoBaerBX ApPDLyf
aAaBHEHMUI c n x MCXOOHBIM cocToOoOdHMUEM onpepe

CUHXPOHHAR 3anuceb gfar prasMve PRaipiig XaH pS e e B

YyCTIXKYEBE@MH MO3BOABA&MW CIMOWIOYCYTMMUT b CK O POC T MU
bTpasByka 0T BenunuWB bl vo 618 ) xKe ddgiovaamms
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O UTO NOHMUXEHMNE TemnepaTypb NPUBOAUT K YyBeE
pPpakKTep W3 MeHE/HMNEGIB CCKKMOXP OKEAT/MH PC POCTOM O0O6uWwel
YyeCTBEHHDO NOJgO6HBM B mccnepyemMowMm TeMnenp:
eHblWEeHNWEeE CKOPOCTWU ynNbTpasByka C pocToM 06u
NblTAaHMN CcCBSA3AaHO C YBEeNVWHaAHMIPSIKEROMKMANWWBIX NP K
CTOM NNOTHOCTW Ancnokauumnm B Alnp dHaédaiceoa aama ¢



yBennyeHwue CKOpoCTM paneeBCKMUX BO/MH Ha 3 ak
ALedopmMayunmm cBA3aHO C GopMuMmpoBaHMeM Wenkun ob6P

Bo3Hunukawwasa nNpeicMBBDBOMOBPEEKALEHHOCTHb, MHT
HenpepbobBHBNW nNnpouyuecc ob6paszoBaHMA, pocTa U B3a
yposmpamM@Tp noBpex@genBaom M BuLge OTHOWEeHMNUA W
MaTepuana Ap K uvcodf.AH@IN VB /T QNWAIBKBBIOTMIEIPN /1O WHOC T
npouecce pacTsaXeHUds nNnokKkasan, UT O pas3ynnoTHE
PaHHUX CcTajgumax nnacTunyeckon pgedopmMayulvmke UCC
KakK CKOpPOCTb pacnpocTpaHeHUsaS ynpyruvmwenwsBwonH B

NNOTHOCTMW CpeaAndbl, TO BEe€/IMYUHY OTHOCUTENbHOTO
YyNboTpaWEBwmOKHO TaKXe Bbpa3nTb 4Yepegs= MgpepmeTp
AVVo.YCTaHOBNEHDO, Nna@ aMEFPAM MOBPIERKARP HEEAMA Te

y{@ anmas3 HblX T eMwiesikpmaaypli Hblil, X@@AKGRPPY OWNA CO
AedopmMayumMmoHHOT ofloymEeHHeHUTseMnepaTypb nNpuBoOA!
NnpoYyHoONCaTPpMa MEe T pa MNOBIlpeXAeHHOCTM

Takum obpasom, B paboagreeHOBApB XAQHBQROMBD XD 6
Al aKycTuuyeckmnm MeToaoOM B yCcnoBwusaX ctTaTunue
TeMnepaTypHOM JKIHMTEeEPBMETHTCA /JABHHOOB /1 € H H bl € 3aKOHDO
M3MEHEeHNI nNnNapamMeTpa NOBPEXOEHHOCTTVe XMoMryyeTc KGOLHT
Anar HOCCTMCKTMIO A HM A HBMPBIAMbIMAE a/lflosb n cnnasoB
nnacTtunmuyeckunum pgedopmMaymnmsam.

MccnepoBsBaHMe BbBNOMTHEHO B pamMkKax T ocynaRwew-20e260606.r o 3 apga

g d dBkls j €Ok '

1.Tpysnn P., Onbbaym 4., Unk Y. YnbTpa3BWwupeblé&9OMET oAbl
2. BnanTtep M. C., Fronosuu WN. C. , Fdenoadmmy eCe. KAa 8,  CUINELKUTHP 0/
MeTannunyeckunmx mMaTepunanos. M. MW A. 1994.

3. MypaBbes B.B., 3ye /. b., Komapos K. /. CkopocTb 3
Hawgk 1996.

4 . A. A. Xnbi6os, A. N. Yr no-#0. JedekToOoCKONnMUSA. 2021, 7,

5. bpumpnanpgep W. H. AnNloMMHMNEBDBE CcnJjasbl. JedopmMunupyemble
6 . 3yeB N. b., BapaHHunukoBa C. A., Nynes A.T. (Oh) Makpo
HBocumbupcck: Hayka. 2018.

by RYJuotflvdY S {Jfduezrt (VRGOS L2011 3m
gl rRLU1 RN [ |ReSe
. Y BLEBAL Ju' s Ofs.dfVWIsQsokd) dzj L dzgj o O

Ypanbcknin depgepanbHb yHMUBepCcuUuTEeT UMEeHU nNneps
MEHMWM, TuH@&yx@mmepPoccwusa

Email: stepamozgovyki@urfu.ru

NMpupoAHBLA MUHeAtlavalitedFeSeB@amma @GoiBaeT CTeXxXUNOME
M copepxXuTtT B cebe HekKoTopoe KonumyecFeSep aApyr |
LaHHDBR MUHEPan obpasyeTcs B rmgpoTrtepmMansbH
Kpumcrtannusauumm HepegKKW cAayyaum YacTWUUYHOT O 3aw
mMeTannosB. Takum ob6paszom, MEeMSemFgMSB0BEBRBAT b C
M-3dmeTann@lmsmemanosn, COCTOAWNX N3 HECKONbKMUX
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ABNAaeTcsa TennoBoOe paclLupeHume npumecHon ddas
TennoBoro pacuwmpeHmuns npueBoasaT K BO3HMWKHOB
pacTpecKuWBaAaHWI NPU U3 MEHeEeHWMBIA X HLHM eEamp@csa M Tsal
TBEPAOCTbL MNpuUMeCcHOW das3bl. Ecnu TBepaocTb T
OCHOBHOWM, TO BO3HWUKAeT psA CnoXHGIGT edit om mu B
na6opaToOpHbLIX YyCNOBMUSAX NOoONy4yawT aHanorum MUHE,|
COTaBOM.

B noaHHOW pa6oTe O6bAU BbP ALl eFeSe, MssNipdS§g Y e Hbl M
FessCnsSe, FessTiosSe, FessChhsSee. MOHOKpPUCTanabl NOAYyYeHb MOAIL
MeTOBRBPMAXMEHA B CTal VB HEAZPKHYOWM I [PABIMHHBIXe [ B O i H
aMny.nakpuctannorpadgunuyeckasas OpPUEHTUWPOBKA MOHO
Naya Ha oTpaxXxeHwune. MoBepgeHMe TennosoOTr o0 pa:
avnart o Blelr5p0e0 RHP komMn-8HNWKU UBVKO (dAnoHwusa) B
TemMneparTyp oT 80 pK3 mwpwHesDX@ nkKoTr padrnuyueckmnx H a
MnKkpoTBepAaOCTb MU3IMepsanacbiMa MWUKPOTBepAOMETD)p

B xope pab6boTb O6bNO0O ycTaHOB/MEHO, 4yTO BO B
aHMs3oTponNuMA TensoBOTNO pacuwunpawmn an enppive HYL3MMK ey PletH
eEeNYTO OBDJYyCHMOMUCTON CTPYKTYPON S3TUX cCcOepUHEH.]
Hanmbonee cuUWNbHO nNnpoAaABnAaefcecHLSOPK, TEMOaTBRETTE
TemMnepaType Mar HUTHOT O ynopagodyeHus 4 aHHblX
FCpoHAaWBeebHaas npu TeMiUpp3BK,pek dledd@mie cooOTBEeTCT

POHOHHOMY BKNapgy, JaeT OTK J1 OMHaer HHAMET OBy NTOE AL, MBI 1
obnadhpwm. TemneparTypals C HI4eKET BlEMH¥XE 10 ponNb Haywu
Mar HMTHas=4 HTpPpONMUSA n ObMeHHOE B3aHmMOABUCTE
pa3HOHaNpaB/NeHAHFZOBIADb PaapdiTOE@REeTE869 [JONONHUTENbH
NOHUXEHNN TemMnepaowpapy @e B 410 H bR WEPEMA  NI0GHINEMKETH, U U
TeMnepartgpkba ppealc Wi @keTX®&. OTKNOHEeHMUE 6 b0 0
TeMnepaTypmoBTRaAaFWE@ NbHOIo ob6bbeliakgeaaneBegew
XapakTepHO an A coefgMuHEHWNIN c cywecTBeHHOMW
Mar HMUToOCTpPpUKLUETN. B 3aBucmumocTuMm OT 3 amMeluwatwe
caMmx 3 HaudyeHWNHaX. HanpmwepaToMmCHE NXXB0€e3 8 amMa e
npmBoaunuT K YMEHDBLWEHMNLI CNOHTAHHOIW o6bemMHOM
OTKNOHeHMUA OT 3dledGlaa) [ poOpan veroam coXxX paHsaAeTCH
HabniwagpaetTcsa AONONHWUWTEeNbHOEe 06 bFyRa 0o3agekT &1 e
atTom&eun CrnpuBognrt K e we 6onNbwemMy YyMEeHBbLILWEeHMUH
Mar HUTOCTPUKLUNMN. Mpun 3amMeweHme aTomMamMum KoOan
Mar HUTOCTPUKULUNMN B oOTnumuyunme OfT 3amMeueHwus aTo
coxpaHdgaeTce. aBamMamMmepHATUMTAaHaAa NpuUBOAMUT K cyuwect
Mar HUTOCTPUKLUNUN U OTKNO HleHormel @ A3 BExctioie HlepHimHa
npakTuMnyeckKkn He HabnwpaeTcCsa.

B coegan FesMusSex( M- Ti, Cr, Co, Ni) aHanor MYHO cyuwec
aHW3 0T proeMmwio B OT O pacwumpeHwunsd HabnwgaeTcsd aH
MOHOKpuUukeBammm@anb KpPpWUCTannoaMMagpyoureBCcekpoaimo carwsm n o E
cocCT aB400H¥, TB @ 0 N Cc~3I0CHNV. bBonee BbCOKAaaA TMEIPEQTOCT b
6 bITb CGMEBOAYHHAO 0 B 8 DEMOT HIDbIX FeB8SeB e B nNloeAixpar oHaNnbHa
CTpYykFeSepaB a CTPYKTYPHBX OCO6eHHOCTENn M OTCYyTC
3HauynTensHWOHVIAR T BaMe Wwe H F@eSekanenaesb U XPOM He
K M3MEHEeHWI TBEeEROOGTHAaARMIPaB/ OHIHID. B T0 Bpewmsd
TUTaAaHOM TBepACCY REe BTEOGIHBLHWCHMAEDP\AICT B eqT o xgmaHeHMNn
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TBepAaocTMnas@goypod@OklMpn 3amMmeweHuMm KobanbToOM T
ocaicoxpaHaeTcCa4a, TOT O aW®Baok3 pTaBcerpa@Psid. TAb0 B L, O /N1b O C

M3 MeHeHNSH B dbeppunma FeiSETTHEONWI O B @ P P O TpMaHCeW U p e
MeXaHMWYecCKWXp B@BE@ UL@EKEBNKe 3 aa MaBde T an1/10B MEeHbLWer C
6oNnbwer o pagunyc g as3HBYMOIDBH@HBIHMNE M KaTMWuoHHBbIX
M3MEHEHUNOMHMEXPACCTOSAHUN MU KpUcTannumueckor o

{ OBslO o' fsdzdzj O ftod Y ddzOdMtses? §oHHjteyCj [ ddadflsjt
(j RO -FOBBORLA) &

g d dBckls j 6Ok tor

1. W. Uytenbogaardt, E. A. Julius, Tables for Microscopic Identification of Ore Mfndr@s1.c. 216217.

so¢fRrRItSIsd RIS TRUL]?1 B dReU[ [ I 10
Il dsfrv13m a2t 1 flaesrm trzruls (1t
PfJ oy R 11 oYt 1 RrREBT At oARE R Uw( ]
strR{L[113Mm vde] [IRCM

[ ¢ 8h @, MOBd fiRtsok . e j dud o

AHOO BO «CKONKOBCKMWIN MHGODOUW MUY, HAlHHIT p U T eTxel
MaTepumanos, 121205, Mo c Kk B a, bBonbwonw 6GyNnbBAaAp,

Email: Diana.Roshka@skoltech.ru, O.Khamisov@skoltech.ru, l.Sergeichev@skoltech.ru

dkcnnyaTtauma KOMNO3WUTHLX MaTepumanoB B ycCcnao
by H 4 amMe Wima JIPbUHCBLK a M U O6byCcCnoB/NEeHHBMN nNepexonom
Xpynkoe COCTOfAHMNE npwu KPUMOT €HHBbIX TeMneparTypg
BHYTPEHHMUX Hasnap 9 X § WY@ @ T BME3H H O 1 pas3HNL b K023 dd
eMnepaTypHOT O pacLwnpeH®O K OKOOT MBMeOT HCET HBTECHBH. bl X [1 /K50 |
aboTawwmnmx B CTO/Ib arpeccuMuBHbBX cCcpepgax, KpWnT |
NPepbIBHOIO MOHMUTOpPWUHIAa CTPYKTYPHOW HEeNOCT.
TUMUYEeCKNe [JaTuynmkmu Ha OCHOBE® Opapsr oBarRaMmy p
amMgT=pLy2i5m) JAaTUYUNKUN UHTerpupyrwTca BHYTPb MaT
O JaéT BO3IMOXHOCTbL MU3IMepAaTb NapamMeTpb He T
0gx. [Ha pmpregmHxTaB/ieHa cCcXxemMa TepMOMeXxaHMUUYeECK

O LBl oxTo H
b B B~ B ¢ )

B KMaAa®TC KOM noaxopne K KanmbpoBKeE ONTOBO It
OKOHHBIX O6parroBckux pewéTok (BBP) npepagno.
MTOM pPe3O0OHAHCHOW ANUWHAR) BATHMBMEeDPDRAEMK&E pap
MnepBmypoinge do ppmAhalmeadie pgonyuweHunue BbiTekaerT
HumMnosB pab6boTb BBP. Ho B peanbHbLX WUCNbLTAaHI
OT b ho KpPpUOT €HHBIX 3HayYyeHuUm, yKa3aHHas4 3
akTep, YUTO fAenaeT TNPUMEHEeHae HKe/KaoopPVe XK ET CHKbIOM
T oS wWwew pab6borTe M bl oTcTynaem oT Hero "
cnepumeHTanbHbEe JaHHbBEe NONMHOMMUANBbHOMK QYHK
XAY ANWHOW BONHB WU pgedopmMauumen (unnu Temnenp

OT 3OS M® W 3

ZOIXWa~0w
® X 99 30T 411a O
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B pes3ynbTarte paborT bl M bl nonyuyunmnmn dy HK L
3KcCnepuMMeHTAaNbHbBIX fJaHHBX B BUAEe NONHABMA, TpE
‘) QHOaHHas4A HenunHeMnHaa pob6aBka nNYWBENIANE QYKHEK
3aBUCUMOCTHDb 6es pUCKOB nepeobydyeHwnsa. Ha p Vv
pe3ynbTaTb annpokKcumaumum GYyHKULMKUKN.

gt d fdeckls j £ Ok "

1. MatveenkoV. P. etal. Temperature and strain registration by fioggic strain sensor in the polymer compesit
materials manufacturing //International Journal of Smart and Nano Mater2048.—T . —Ne. -Z. -19M0

2. Christiansen A. J. et al. Characterization of optical fiber at cryogenic temperatures //Optical Components and
Materials XX.— SPIE, 2023-T . 1 2@ 1 7-178.64] Liang, S., Wang, Z., Wang, P. et al. The Improvement

of Temperature Sensitivity by Eliminating the Thermal Stress at the Interface of Fiber Bragg Ghagings

Exp Tech67, 596601 (2024).

JArt1v8¢d sd1Ar1uvt9ARR v d2RrRY RBRPR[ I RO OMm
RIR L ft1v3am 1 Jtfrom 1 Rm Cf[rsutRrRY]
VYt 1 JrrRI{JHUR
1.1 sdLddz

YHuBepcuTeT HaykKum un TexHonorumm MUCUC
Email: mstrange@list.ru

3ajavya OULeHKW KOHUeHTpauwunm pedcdekTOoB (Tpel
MaTepumanax WU TOPHBLX Nopogax NO UX NapamMeTpanw
npoBOAMMOCTbL U T. 4. ) cCoXxpaHseT CBOKW akKTyar
Teopwuasa, KoTopaa no3BonAana 6Gb NO KOMNDNekKcy
KOHL €eHAT pTapuemtim H B MaTepuane U OULEHWUTDbL ero 61w
AJOoOKnape npepnaraeTcsda nNoagxXxoph, OCHOBAHHBW Ha T
cCpeajbl. OaovH ns3 KOMNOHEHTOB OTOoOXpgecTBnNnaAertTcA
APpYFFONTpewnHamm plen3okpoa MM AMY akWMNMMUCA NO CBOUM

TpewunHso (nNopbl) o6napatwT NPakTMUUYEeCKNU HYIE
anonNHeHb BO3JAYXOM, " OUYeHb BbiCOKOI (Ha
POBOAMWMOCTbLI, €C/JIM OHWU 3anofTHeH®O PA.CTHBOP OMT |
paiHMX CcnNnyyaeB MNPOBOAWUMOCTb [ABYXKOMMNOHEHTH
OMOWbI YNCNEHHONO 3KCNEPUMEHTa.
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MpepnoxeH wMeTopn pJAo6aBneHuMdA eAMWHUYHOT O BK.
AndphepeHyunanbHOE ypaBHeHMUE, OMMO BIB & louUgepee [ Bla B
KOHLUeHTpauuUun BKAKWYEHUIN. MpepackKkasaHMa 3TOTN O N
MeToaa 3dPdhek TEMAHON ppegpBbitaTamMMm UYUUCNEHHOT O
COMSOLMultiphysicsNMpeanoXeHHbLN MeTOoA NOKa3bBaeT nNpew
EMAW nos3sBonAeT onNnwMucbiBaTb NPOBOAMMOCTSbL Cpejbl
3HaAaYMTEeNbHBLX KOHUEeHTpauumim, nNnpu nNpeBbLIWEHNUN KO

PesynbTaTtb ANnA TOHKIkK wmpieawcHpbemppeiBhe KaenKbl NBO P
sfdms¢ dzdIlsj tcOlskzter

1.Cn3snmu NoBAmumMOgar reonormMyeckKkonn cpepgb C nnockKkonapanne
Ne8 , -81. 79

2.Cuszun N. E. TeopeTunMmyecKoe MW YuUcCnNneHHOEe MOpge/NupoBaHMUEe
Fr'MAB, 202 356. N5, c. 43
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dbrR.UB o dzls dtc] dzS. st ORGBH Htethh. dz09. ¢. v tedds, 1. 1. ¢
TamoboBcokKcWwii,apCTBEHHbBIN YHUuBepcCuUrT.e TT anmmbeaHan, [P oPc. c
Email: tyurinalexander@yandex.ru

B nocnepgpHee BpewMa npu pas3paboTKe HOBbLIX Ma
BHUMaAaHNE YyAeNnNABRTOALIMI PVTEOEWOMNOT 1 A0OMI O M O M IYPWE MKILIHN
MaTepuanawm. Q9T 0 06YyCNnoOBNE€HO WUX BbLCOKMWUMWU 3KCT
npeagcTaBUT eNbHGBUWKIN C3 PETHMMA ABANAKTCHA ApPeBecCHb
NnpepacTaB/OSOKIT NPUPOAHBIE OWOJMOTMAWEEPUKAME K M MNCO/BOU
MynbTuUuMacwWT abHOMN mnepapxumuyueckoim CTPYKTYypoO#W [
ApeBecUHbB onpepgenawT BCe MHOroob6paswne ee C
6GMmonormyecekmnx, X muu.e c ¥ U X K 1N bHmLe [clBoWcTBA 0
CnMbo3;oBaTb ApeBecCUHY U ee NPpOoOM3IBOAHbBLIE KakK B
MNoOXeHNAX (CTpouTenNbHbLIE WU OTHE€NOYHbBIE MaTe

p bl, Gmyenbaer iy, | Cnunyecx, MY 3 blKanbHIP,X TwasC Tpy Me
3BYVUBRAEBMHRANpPpaBA/XeH( 4 NA W3ITOTOB/AEHUWA nNbes3oane
TYNKOB, OYUCTEKM n onpecHeHN4H BOAEBbI, Xpat

paHuMpoOBaHNA BLEeZP.9TMZX] )nLpuBo xeHNAX K aKkK npa
XaHM4yeckmne cBohcTBaAa MNKWPYWX NMOIMTBOWCHGE& MU O W
pegena®@aumaimo HeCMOTPSA HaICOOMBbBPOIBAMTBOANND C
CbMa Ma/io MWHGoOpMaAauUMM NO paccaoO@@FyIep o Boa HBMOENV
XaHWYeCKMNXHT/POEBWEDP PPO BH N,X a ™aA KNKSOXMA3HM a M

bopmMmpoBaHumda [fpeBEeCUHBbB Ha pPasHBIXMITKPEGRpMmYDP
OM (GWSWXHWMYeCcCKNe CcBOWCTBA PpPas3/IMYHBIX NoOopoAa
aBUNO [®BCYTY8THGM H O U 3NHOBAYPUOTOEH/IOb,H O MEe H b e eM XB H U M a
NbTcwmabHbM NWCCOoepmOemwHWasBwB anMmMoOCBA3IN C ee C
3HbBIX MepapXxMunyeHCakHmo WRWMPMWIpPXa K(THMecKun OoTCcyTcC
HpopmMaumsa nNpu MccnepgpoBaHUNM ob6GBPas3ULOB OAHON n

134

H

I_

ST ZI0URZWOoOZWhoHas
VDT A DO®D®O®ODXVDY DT


mailto:tyurinalexander@yandex.ru

c MPUMEHEWME MX OfH ICLXOXMET O LUK 7 noagXo4oOB.

MYy TbTMUMacC WT a OMHplee] CHIOABYOSG BlaTO4Y HO O6OO0O/NbWON MHTeEDPp
obuwenrpooyecca QPOpPpMMUPOBAHMUA MaKpOMexXxaHMUUYEeCKUX
OT A €NbHblIX 3N1eMeHTOB CTPYKTYPBRT GHHH bIKX g 0BAHEIHO K O
cocTaB /g xMmNKHaOYgp 0 BeHb) O pa3mMepa paga T 0/

3710 onpepenserT uenb pa6orT bl, KoTopas
MYynbTuUMaAacWT abHbX UEMRKAMHUNBIERHLKM XPILBWOKWICT TB AP EBE
OT HBAMAK-POBbLAB/NEHUU HANUUYUSA B HUX Ppa3 MepHbX
BO3MOXHbBX MWUKPOMEXAHW3IMOB NoOKaNnbHOTFo pagedopmMu

B KayecTBe O6beKTOB mccnepgoBaHMs4 6 blaN
peagcTaBuTennm papga XBOWHBX W NUCkKaieesaabiex nopo
O netTHero BO3pacTaPinucsylestrat . g 6 bBK3H O/IBEETHHHEAr 10 B 0 3
epewy-Queisrobur 90 neTHer gPBPapaeciT@bilAM NOMYyYYeH
: co cnunnos LepeBbes n 3 ULHVMHCKHIECH N NEeCHBDA
TamMmboBckasa ob6bnacTb, Poccusa) . Ana npoBefgeHMNM:
NaXHoCTMU 8% u noagBeprannmce MeXaHuUu4dyYeckKOoIm w
npopawmMBIM@OBaNnbHOrIo KomMnnekca (Buhler, USA)
pa¥goO®Ib30BaNuM CKaHWUpPpYWUWA 3 0HAOB-BigitalMmn k poc
strument s, USA) . MonyyeHHbBIe nNocne o6paboTk
He npesBbAWBNUNHMNR.500NnA aHanumi3a MUKPOCTPYKTYDPp

—OE W —~T £ ©3
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&

CKaHunpytwowunn wmmepogatwmblif CO3M) Tescan Vega 3 (
Ana aToOoro nposBoagwnnm p,OI'IOI'IHI/ITerIbHle noagr oT OB
MOBEPXHOCTHOINIO CcnodA pApeBeCWUHb TONWWMHON B H
mMoMOLWM CcaHHOT O MUKDPOT onmedicth Gerrdaay). 4004 M PFM ( Pf

Ana onpepeneHnsa Mynb-meaxmmaBuwaabwkwux GBEEMNEDB
nNPUMEHSANMN MET, OOMKMWMpDPp OMMEBKP OMNHAEeHTFIMIPJOBAHUAK pBPT Y
TecTupoBaHusa [ 6, 12] ¢ mcnonb30BaHWEM HaAaHOMWUH
CWA)Gxu00 (MTS Nanolnstrument ssA3CQUA) St TBep@nrm,o M
M ck-pecmwepaHIGkerHeagopio (cob6bcTBeHHasa pas3paboTka |

B pe3dynbTaTe O9KCNEPUMEHTANbHbBMEXKQGME BT K &K

cBoncTtB (-T.Bennq@mY/Fp, KOHHMEeKC NNacCTUYHOCTMU, WUHAE
npoBefgeHO UX KapTupoBaHuwue ANA [LpPpEeHOC WMHAK PpPa 3 H
MonyyeHb pajgunanbHbEe 3aBUCUMUMOCTW pacnpepgesedH,|
obHapyxXxeHa uX nNepnMoOAVMEBOBRAB, HKAKWNXI,pUT &OK HaC
BbICOKMUX Har pyskax. Mpwu 3TOM: MWUHWUWMBA b H ble !
COOTBETCTBYWT CBOHAEWIB amO 3-DHEIp&BIEE M HbI, a rI pé
M3MEHEHNUIN NOKaMEXKHHMUYBPBIMKO CBOIMWCTB COoOBXRKapgatrT
Koneu —GRw T3&WHWKM nepexudWNmp®iBecunHBRBHNTKPEAWB aHO, L
aHanns pagunanbHblX 3aBWC UWEOXCATHMWMY €T & KX N1 bCHBIKI C D
CNYXWTb OCHOBOMW HOBOT 0O GReMT oygcaT aBHLOSBRIVEEHHAMA UMXP a
( wwn p WGRLL XeTagEHOBON p &W gWwmleMum a8 HIYERHD MBbiS B N e H O
Hannune P3O BANntWrepmowkHrs MeHTMUPOBAHWW-AB MAaKMPaO3 0 H
OHM 3akKnwyawTCHa B CyULEeCTPEEROM YNy Ewwblpaen e
3TO B X o0pAe 3f@)s umcomwsobcateenim Tb HeCKONbKO (A0 Tpe

M

Mokas3aHO, 4T 0 ho p ruid300 BHEMT NOHOE HHMENC K O N1b K MIE&X H BVIMA &6 Te g1 ¢
npumep#aA0 pad4 (B 3aBUNCUMOCIPWBETEHN TR PMODAK T UIBH
aHammnenpepgeneHbo akT P NPOHELEE OMBA PIOMEATIbHOT 0 [
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Ha OCHOBAHUM MONYUYeHHblX [ aHHblX NpeanoxXeH bl
nokanbHOTro gedopMMpoBaAaHMA Ha Ppas3HbLX a3Tanax
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. R. ANOlrlzdzdzddz, ¢. (. [ O2]ts
Uendab6uMHCKMUN Tocypap HeBieitOHMHIC Ky, H PROECTUMAT €T,
Email: fatkhullin.a.i@csu.ru

MpepcTaBnawwWee CcywecTBEeHHbBW Hay4yYHbBW M nNpa
KONMMUYecCTBEHHBbIX n KaudyecTBEeHHblX XapakTepucrTmu
MUKPOCTPpPY KRTAyBMEC,M MBC T U oT 3apgadun, MOXeT Tpe
MaWMWHHBIX pacyeToB UAU NPAMOro 4YenoBeyecKOTroO
nogxojga XOpoOwWO 3apekKkoMeHagoOBAanNM cebs MCKYCC:"
onuMcolBawTCA pe3ynbTaThb HEMPPMEAHBBIKN AC eTEIP TKO Y @ BI
OTKONbHOWMW MNPOYHOCTWNUW MU nNpeobBnapgatwwero Tuna I
COCTOSAHMA KpucTtanna anwMUHWUAG NO: (1) n3ob6pa
AndcgpakTtorpamMmme. B KayecTBeEe MCTOYHUK A 4 n s
BANMAgaULMOHHOTIO HaboOpOB BbCT YAIVAHIANM UPHERSCYKI/UBXT aprabl
[ 1], BbIMOMTHEHHbBIX C nNnomMowbtiw Kopga LAMMPS [ 2]
3apgadye- uBlo)bpaxeHwus MO/TeKYNnNAapHOIMW’ CTPYKTYDP b
KpMUcTannosB a oNMVbHEN AN, 0 pPUAECHKTPpaoUCEMHM M e T P MY HO MY N a |
onpepeneHuns a3z oBOTr O cocTaBa nNoO aTOMHOMY LL
ondgpakTorpammbl 3TuUuxXx Kpuctannos. O6paboTka pe
KOHBepCUA MONMEKYNAPHOW CT PEYHKUTSY pibl B B G pma K ™ ol
BbimonHANacb C nNomMowbiow nporpamMmb OVI TO [ 4]
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Mcnonb3oBaHWe HelhpoceTelh, COCTOSAWMX MUCKII0
KMX 3ajgpavyax HepauumoHanbHO: BMecTe C pocCT
enmMuynBaeTcs BblYM®BAUNTEAI3LHMEKIA IOT /T OYKCH/DACBTM S 4 N A
o6nema MoOXeT O6bTb HUBENUPOBAHHA BBejgeHUWEM
cnepoBatTenNbHOCTb Cyb6aMCKpPEeTM3aALMOHHBIX U

PPEKTUPYE MBIX napamMeTpoB [ 5] . Tacksaa c apX
peobGydyeHunem, ocyuwecTtBAASA KOHTpPOANbL 3a pas
NHOCBSA3HYW 4YacThb, NPUYEBM XORET MOEO Y M € H ol A B UTaa/

mobpetTawT CBOWUCTBO BbAEeNATb CcylwecTBEeHHSbBEe
Tanun umnsobpakeH@aVWHOMTOYEeTEe O3HayaeT MNOBbLIWEH

Tooaox<oOgx A
ODT O MdMOOT W QLY

CBeprToyHasa ceTb, mcnonb3oBaBwWasacaBpnsK pac:
X0 [4HBIM O aHHBbBM npumMmeHsanNnacsh.b TEXHUKIQAN C M OKY CC
obpaxXeHWUIN yBeNUUYEeHO 3abfuam PpRaKa e H A Ml B[
baBneHunewm wy Mma c HOpManbHBM pacnpepenedHwu
anvmpaumMmoHHoOM Habope nokKkasanwu, 4yTOo B o0b6ewnx
GyyeHb onpepgenaATb OCHOBHOW Twun pgedo@mMu oB aH
95 %; jaBneHune oOoOTKONMa C¢c MarT. oxmpaHnunem / CT
norpewHocTn nopapgka 0.03 / 0.025 cooTBEeTCTBE

1l ZOGBHOgdwSHSO or fsdzdzj 20 L O My ls { smmd?2 MOEE8E, dz0 kz y dats
https://rscf.ru/project/2419-00684/.
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HUOURUBURY [ MPR[ODSU[ T REBRIR O
PSUVHURY [ H4S[EUGRIRERRTIT[1URT J
J 11 &1 AHeMnSi
YyjtodzW j oL,0 ftsdzZC o sO.LOted?desd stzE 9 O 1 . ¢ .
1CaHKeTepbyprckuin FTocypnapc €aleerrmespid YYWH 1, B ePpoccucTMEA

I
1 RR

2MHcTuTyYyT MNpob6nem Mawvndlesepéypa, PRAEHccGaHKT

SCaHKeTepbyprckuii FocygapcTBEeHHU N’ TexHoONOTr u”
yHuBepcut-Bleyepéagpry Poccwusd

Email: e.chernyaev@spburu

PaccmMoTTpa@HBMCTMNYECKNE CMAMAKMTOBP NCKTWMXKTMM Y € C K O
A3)pKU MHAEHTNpP OB akxALBWNMI-EWPSa20Y-DB 4 HE ( madC Nn. %)
ocne uUUKAMNYecRBRO prHadepaya KIBOA Ma 1b HOT OnaxH @ N p A X
800MMac 4vyacTeh0di,. 3 pes3ynbTaTe UCNObTaAaHUN 06pP:
2022 TbHCAY UWUKNOB. AOna curHanos ADJ, nonyuyeHd
obpasuyuax, BbUMCNAAKM chnepgywwme cTaTtTuUucTmMmyeckKkmue
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MTEeNbHOC MOHYT@®EGHIOGCBE N, pacnpepeneHms no Ben
pcTa. Mocne NPUMEHEHMUS OKOHHOT O npeoo6p
eKTpanbHYIO MANOTHOCTHLb MOWHOCTW, Me auadH:
hbopMaUMOHHYW pas3MepHOCTHb Cneckx T/psA N BOH@H K 1 N
XOXecTW CUTHAaNOB UCNONb3O0BANWU pas3nnMmyatlly

BCeXx CWUrHanoB Bbigensnum HaumbGonee npepcTas
JaBnsatwue e GONbWNHCTBO CUrHanos. Ana Cpat
NbiTAHHBMX POUbKHGIX o6pasuyax, oTMeuyanum nNoOMAO0X
HOBHOW T pynnbl Ha MNNOCKOCTSAX C —-BA@QMAmmaT a
rHana,—pamBeverpHsO cTb CARBMROpPpaHHaAasmepa@mnoTa. I[p
CTpPpoOeHMsA nNnokaszaH Ha pwuc. 1.
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{ MEsS OCtEOBBO oMt Hj dj ™ Mdc dOdss d
"Cdz) BAEOC SOd dzOY ©OL &) edesMmis! MY j S lstsC

MpoBegeHHLbEe mccnepoBaHH nokasanw, 4T oO
XapakTepucrtukamwu CUrHanos A3 gaBnsawTCHA CYMM
MeaVMaHMAacCTOTa cnekTpa W ppakKkTanbHasa pa3MepHC
He ypanocb YCTAHOBMWTb 3aKOHOMEpPHOCTb €ero u3l
o6bpa3uyuos. CpaBHeHMWE I3TUX XapaKTepucrTuk, non
o6bpasuyax, TNOOKA&3 apeo3,ynsrtarte MCNbITaHMI npowucX
CYyMMapHOT Bapuauum CUurHanos, bpakTanbHOI p
CNeKTpPOB.

{ OBSkO o' § sdzdzj O f tod W d dAOjdnste B2 to of fipt 5 ¢ tie 3 & 1§ ) bzt HOQIE fils o
Edzdo jtemdlsjlsO (ftesjCls 116636233) .
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1. ¢ JBPdz JezH! j daC o] tclsdn j o O

CaHKeTepObOympaocKmaip cyrBleHedplim a e@o9934r Ca H-K T
MeTepByNpPBEpPC UHTERAT/E9K a A

Email: y.sudekov@yandexru

MpepcTaB/eH MeTOph CNeKTpPpanbHOINIoO aHanusa K
OLO/NTbHBLIX BONBIepPpUHBA3IEPHOM BO3OYyXAaeHUN f
HUKHOBEHMUWA [{MEB3POeMKGAJaBEAMIOIRCETTVP ¥ K L M O H H bIXp UMa T e p
smeeagadcT Akl HM eHepayunma akKyCcTUUYECKUX UMOY TS
yacToTampuhh HO B p © MEETHIAQ MMP O L, eTcedianl O B bl AoebnpeaH3nLso B .
CxemMa aKcnepunmMeHTI PRI A PWEHAH G BK
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NocTaBka nasepHOTro un3teyuEem a5 e AL/ NEB H 0 C 1
ocyuwecTtB/nanacehob c noMouwbt onTuwedeomMc T B LUK
MMNYNbCOB NPOAO/NbHLOCYLWLWEOTPABMMEIKIbBGOKEPAMU
fgaTyUNHD@MITOUM G BMMK OT OpP bl B bl pyera/m-45¢ kiH ammopa B 1€ H 1 10
Nonsgapwus,aLwivous K N HELHM/D/Vd/ e ®a @ Y60eMIl KB a3 ncrtaTtunyeck
pacTAaXeHMe cCcTaHAapPTHLBX mMNnockKMuKX 06 pas3wmB C
npoBoOoOagMANOCH H a mcnoT MARWKAG-XB OBMampuue KBMHaAT
TemMnepaoypepowigeadopmMnupommam/HmmaH ©Bwm/ MUOH . N3 MmeHet
TemMneparTypb TQOPIaA3PLUPOBEL /IKOOCH> ND3 W \H W ERIK A CABC VTH30VMOYH H O
KamMepoi ThSEB Mm@ CAcM 4y ac T oPreosily n 50 & 1 bl sKcnepume
mcncegoBaHmm wmeagum M1 wn yrneXinactwumkKka nNpuBedeHbl
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v d ¥ d usdy yid dzdzts 2@ O §Buody dztafO DM ls d yn dipsde@ds) L s H |
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BeoagaTtTca napamvmeT ph+-AMciB PR A&MABOGGEP @Y HbX BO/J
[2, paccuymMTaHHUEEKKS§PK NNHbaH30HIN LITATOCT HOC TN MOLWHOCTM
AHanuns @mapamaeaD@EmoBepXgaeT YYBCTBUTENbHOCTbL Me
AedopmMmpoBaHua v ,Tvanatva KMkKeT epanbamnmpa e T C A Hepat
npoyeccos MmoBPpie Whaeawnsc MB a gx¥a H H bl X o6bpas3uyuos.
noBpexgaemMocTtTun obpasyuoB mMeagum M1 3 yrnennacTtwu
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t d k3@ s yf Hdte § 3 H Of teirEstih B fdsls W x4 fij) B $tots s
H W st d3d o A0@3dd a3e gic OasjyH dl( Of tesH SdBT a5 f J 6]

9 5 dzds'B)tg, Ole qyeizj §f dz@ Wfstd € KOs dei das {fj J, tc p tedizdz] ) .

MpepacTaB/AeHHBbNR MeTOoOA oMaAaPHPMWMEBIA HHEDIT [0S XE o
o6bpeo3sx MeTannoB M KOMNO3IUTOB dABNAeTcsd nNepcrne
COCTOAHMUSH KOHCTPYKLMWOHHBIX MaTepumasnos. Oanbt
HanpaB/ileHO Ha MNOBbIWEHMWE TOYHOCTMU U3ZIMEepPEeHNIN,
pacwnpeHne ©6Gas3b mpmMEEmMemyeNBlejwaT e oTMeTUT b, t
MeToAMKaAa NOoO3BONAEeT mMccnepoBaTb He TONbKO Hak
n npwu KOHTpONne TennoBblgeneHnmda paert MHPoOpPpMa
6banaHca B npouf@cce pacTa9xXeHuUs

v dfdeckls j tOlskztsr
1.10. BCy o b e, @wn e BTKBae p & e r2@24,66, c. 310-315

2A. B. KawTtaHOoOB, n. B. MeTpos, XypH&BN TexHuMmyeckon Gusunk

36. A. 3numMunH, 0. B. CyaobeHKOB, C. A. Ue p T-28dLe B a , dusnmka T
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o1 1 rRULTGDTILUSUULYT lersCE o) [ (LA SR
RYfrir1e®etvsvuRBOV L1 fefuvodlo
Ilillsllllltlvb*lld)JHPRHU[I(ZOCFFeNiA'(:)
(0.1 2lsd dgss.p. P Odzr ¢ d dzO
NMMALW p ®AH,EK aT e p PHGCYycpUrs,
Email: tuevaevgeny@mail.ru

BoicokmomponuimmHbele cnnaBb ( B3C) cncrtemb CoCr F

nepcnekTWNUBHELINR Knacc MaTepunanos, 6naropgaps
TepMMmyeckoOlMm cTabunbHOCTMN n KOPPO3UMOHHOM cCT
CMcrtTemMb 3akKnwyaeTcsa BpXaoHW e 4ar/oQM UIHIME H AMAO XH @,
MoOpdgonormem CTPYKTYPHBX cocTaBnswwnmx wun ¢as3os
mccnepgpoBaHoO BANUWSAHUWUE TepMuyeckonmw obpaboTKnMm u
cTeneHb o06XaTwus 10% n 20% Ha MaHIbHXN THIbLUBRA BCOBB
cnctemb CoCr FeNi ANMOx p3 &dxowo g, By, 3raly,mA) .npu Terl
1000°C npumuBOAUT K HE3HaUYUNTENbHOMY CHWUXEeHUIWO |
YMeHb WelHsmensaerTc s cnepctTBuMeM penakKkcauyumn BHYT
npuMBOA K YyMEHbIWEHNI MarHuToOynpyroim SHeprunn,
LOMEHHBIX CTEeHOK. YMeHblLeHMEe HaMar HMYeHHOCTMU
nepepacnpepgeneHunem nNnokKanbHOTO XMMMUYEeCKOT O
cywecTBOBAaBLWME /10K auyebHHbbee 0aduaMecnTHMW, e MO GO0 THaM K e J1 e |
MOBOLILWEHHBbLM Mar HUTHbIM MOMEHTOM, CHMUXatwTC A E
romoreHumsayunm. QT 0 NpPpUMBOAUT K YMEHbLWEHNIW CP:¢
06wen HaMar HWUYeHHOCTWU HacblilWeHMUSA. MpwmmnupganbH
NPOKaAaTKOW HaMarHMYEeHHOCTb HAacbWeHMA cnnasBoOB
npm BapbupoOoOBaHWUNM cTeneHn pecdcdopmayumn, 4YTO CBI
cocTaBa MA T ® p cannaa.B a CoCr FeNi Al O, 8 nocne n.
NpoKaTKOMbGEO obkamemsa €=10% n €=20% HabnwgaerT
Ha 33% M 48% CcCOOTBETCTBEHHO NO CpPaBHEHUWW C U
cnnaBsa CoCrFeNi Al'l nnacTtuuyeckaa pedopmMayuns
POCTY KO3pPUWUTMWUBHOIME =CL/¥l uH aH al 121298 %1 prmpn € =2 0 %
MCXOOHBIM COCTOAHMEM Nnocne oTxXura. TNpun pgedopm
ecThb yBeninyeHwune AOonwu Me X3 epeHHblX rpaHunuy, $
OBUXeEeHNA Agucnokauminm B cnnaBeHUWag1cepBHY §RA
cnnas. B TO0O Xe Bpewmsda rpaHuMub 3epeH ABNAKNTC
0 O0OMEHH bIX rpaHuny. Takumw obpasowm, YMEHDILWEHMN
NPOTAXEeHHOCTM! rpaHunuy) n yBenmuyeHdHue NMNOTHO
BO3paCTaHWBIMKBOPUURMMUBHON CcuUAb, a TakKkxe 3Haue
PasHuuya B MHTEHCUBHOCTWU M3 MEeHEeHNA K0o3ap
CoCr FeNi AT 0,8 n CoCrFeNi Al'l o6bAacHAeTCHda pas
OUK das3b B cnnaBax. CnnaB 93 KaB upaar3oam HO0Or/1I0b LCEO CMTaar

OUK @¢as3b no cpaBHeHNWIW C cCcCOCTaBOM C MEeHbWWUM C

YcTaHoBNeHa npsaMas B3 aMWNM®B®B AC3 bH aKMaIVHIVEUCET HBHA
MaKcCuManbHOM NMPUMTOXEHHOM none, a Takxe c
MUKPOTBEPAOCTHLBKHOW KadpUhutTwullokaszaHa NPUHUKUNMN
MCNONb30OBAHWUSA MATlTHUTHBLX MnNapamMeTpoB (KO3PUMKNT
MaKCuUMManNnbHOM TMNPUNOXEHHOM none) B KauyuecTB
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peKkomMeHgauywnim no NPUMEHEHMWUI MeTOAOBT PMAITAHNT
MHOTIT OKOMMNOHEHTHBIX cnnaBoB cuctemMb CoCr FeNi Al

RifMdzj Hso Odzd ] of tsczdzj dgs L O Mmujls Mtej HME2D0 6 BDE O) ot My
o' fsdzdzj dzd d teOBBIST BM dzs M sdz' L so Odets tsBStckzHBSo Odedj Asd
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g4J S YydMobn eorBrapH M e CTPYKTYPb WU CBOWC
KOHCTPYKUMWOHHBIX MaTepuanosB»

To

I'JRC1UR[ Jirvwtriicr4d ot
frovofouvrtrROf O 1O (1

n. P. AXMeTWnH

(L1001 L1 91R
gl [BoUl O

MCKWUW ToOCypapcTBEHHbBN yHUBepcCcuTEeET

E-mail;: Akhmetshin.Ir@gmail.com
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MeTaem@waJ /BT O KOHCTPYKUMUKM C€C onpepenneHHONn T e
eMEeHTb KOTOpPOWN coCcTOAT M3 O06BLIHHOT O MaTepwua
Tepuman meTamMaTepumana MoOXeT O6bITb /HObBM, K n
BUCUMOCTMUNpPOOTM 3IM®OTETTBA WU YyCNOBUN 3KcnayarTal
34aHb oA peanus3auuMm HeOoOOBbBIYHBIX CBOWCTB, Y
Tepunanax. K Takumum cBoOMWcTBaM OTHOCATCHA oT
YKC@IT2Zhk L)NOCOOHOCTbL CKpPpyuUunuBaTE®dl nNnppecienoBdos
CTK[6, T b nporpanNvw.pyBmMopoecBegHune r1o0oabl O6bICT )|
LWBHOM nNnpomumsBoOACTBE MU [Apyrmx mmeTopgax npoc
bEeKTOB BHEeC 3HauyYuWTeNbHbLW BKNapg B CcOBepllweH
TamaTepumanoB. CnepoBaTenbHO, o0o6nacTb WUCCIE
YyYUHble pafotm staHb6BNnee TNyO6GOKMUMU, L[EMOHCTP
MMEHEeEHWNSA.

C Tex nop, Kak KoHUuenuwusa XupanbHbLX aykcer
M nes3wccnepagosBdldla AedrRegmBaTeNbCKUN UHTepec
cCToaHka . pXUpa/BHHWOCCTBLOM CTBO nNpepmMeTa He Ha

pPpKanbHOE oTpaxeHMNe. XnpanbHble MeTamMaTepu.
arogapa CBOEeMY VYHUKaAaNbHOMY MexaHWU3IMYy gedqo
alweHmne y3noB U NIAITKeEPopMaomed. oCypaymBOBYET
panbHBbIX MeTH®aTmre3 n &K/A0KEL.0T O MeTamaTepuana

Mm3ImMatTmyeckmim obpasey c POBHbBLMMU (rpovacH.a mh a)
3BONTAKWT 3TO0, NOCKONbKY COCpPOET HNdD)amMemrX K §
eekKk cTpoutTca obpaspamc. M eyevnamaTo@Dwasza b 0p
6on cTporo nepumnogunyeckKkune CTPYKTYP®bI. Ncecr
ek TOB (npeob6bpas3oBaHNn) H a MexaHunu4yeckKkoe

Tawatneap ocTawTcsa nunuwb.llpegraeanByOine Tpa@arT b
3BONAKWT CcyYymTaTtTb ToONnoOnNormyeckme npeobdGpas3o0BEeE
CTUXeHMA TpebByemMbXx CBOWMCTB MeTamMaTepuanosB.

OnpepeneHne -AHRAQIOMPAVKMEOHOHBE HHOT 0O COCP @A WOB B P ¢
oLuecce O[QHOOCHOTIO HAaArpyXeHUWUHA MNPOBOAUAUN ME
TeMaTunyeckastd Mogenb A[ANA peweHuMmsA mnocTasBnet
bhepeHUMaAaNnbHBX ypaBHEHMUN MexXaHWUKW CNNOLWHOI
BHOBeCHWOAUe HUGoTKown Aansa onpepgeneHuns pedopmMme
pepenawuwme cooTHoOowWeHuda (3akKkoH Tyka)

PaccmMaTtpunusasd TpexMepHEble o6 pasuybl MeXxaHMuu
MTbiBaTb BCe O0CO0 06 eKHaHpokcarcyn MEXT acMmrapryekptmyapisa. C T p O
TeaAMaROTOpPbLIA ABNAETCA-MBABSDAPOECEKLIME UC BENIBMIKBO
MHMManun cnepybouRne iMooy e mwm 9 0HOMdaK o0 PphrnumeHT
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MyaccoHa. JaHHBE 3SHavYyeHNd NnpuMMeHEBR@BEBTBBREA M
MeTamMaTepumanoB B3&BMedlell HeT®O®MeHMHayYyeHNN ynp
reomMeTpumn MaKpPOCTPYKTYypb MeTamMaTepuana.

Ai\

1L

&

:g_

tdmMezdese 1. 1 tMmstesjdedy BBKLOL YO dL & IsO
B) tBtOLjY dqL &BilsOBOIsjtced OdzO, 9)

CuntaerTcs¥HaanpoeaabBBepXOZAaas NMA/BOTCCKAO TTOP U3 OH T
Ha BepXHeli rpaHm obpasuya 3afjaerTcs CMelWweHMUE
HanpaB/eHWW YyaoOnM cooTBeTCTBYET cxXaTtTwniw ob6pasdU
OrpaHMyYeHmne mnepemMeweHUn no aHnpeam oGpamuyuaHgwuo
931eMeHTOB CTPYKTYypb MeTamMaTepunuana) 3afjgaHb CB

MexaHMU4YeEeCKMNI TeTpaxuparsnbHbi MeTamaTepuan

3 (hdPe K TOM «H-ACTKpPyy#HeNHBMaeH n e » . B paccmMaTpuBaeMblX
M3IMEHEHNEBOTOT®A B 3aBUCUMOCTM oT TBnonor u
pe3ynbTaTe nNpoOBefgEeHHbBX wWccnepgposBaHUR O6GbNO 3a
MUHMUMaANbHBX 3HaYeHWN OTKNOHEHWUW BepwWUH BepXxH
Mpn ToOonNnonormMmyeckumxHopembpamaBaepumaracBgONb OC
aPUuKMN MUHUMANbHBIX WU MaKCUMaNbHBLX 3 HayYeHMU.I

c

H

H

T

r

T

Q -
O\ T

cuyuwuc QT 0 3amMe4@HMOZ A NAT 00 6EMYXC /MOOCBE/ME HO K O H C
o6eH

pyuwe
Bn1unA4

(@)

OCTbI XWUpPpaJbHBLX CTPYKTYgPKNW ®aK BRNBARET
me CUMUMMETPUYHOT O BpalWeHWMA BepXHEN T¢[
b Ha MnNnonepe4yHOeE ceyeHUe o6bpas3uyua B '
onorunmuyeckKkoe npeobpa3oBaHNe, TO ecTb H
aMaTefmacieaMMEe T PUYUYHO BbICOKMX 3HaudYeHUN H
onorunyeckKkune pydbe P ABIAC/AE MOBMHE AP ATb TOTMNOIJ
TONbKO anaA LOCTMUXeEeHMNA onpejerseHHblX 3 H.
yymBaHume», HO U ANS yBemunolEpwsiu@as/aA @QHIEAX alH
paMyl cBfA3aHa C 3d@PekTOoOM BpauweHuwsa obpasuys
0B as peakxKxuwuas 6ynpner HUuXe. CnpaBepgnuso
HOHanpaB/IeHHBIM BpaweHunem OCKHOHBIHEKAT N PHy SOCLLYMLX
cobobmeTcamaTepmnana obecneymBaeTcsa BepTUKAaAanNb
annenbHO OCW HAaAT PYXeHMNSH.

RiNffdzj Hseo Odedj o' ftsdzdzj dets fted HtsSHHjtey ] 1 totsctcORBB tOL
Eddojtemdisj sO -7 @3 Ged)stedlsjls

b I B |

JSoToOITOITA=AHAazITo0
OOV S99 X D®DOD®OO D

T O W 3 OT
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0. 4. [QtWPse } Odzso

AO «OKBM AdpuKaHTOB », HnxHuih HoBropoaga, Poccwu
E-mail: beschero@okbmnnov.ru

Tennoo6bmMeHHOE 0C600BpPYEAVOSHBISRIHBUKET O P H bl X ycTaHOBO
PYHKULMOHUMPpYET BMMHTRYEOOBHSISIX TEPpMORAEMTHBIB KN
o6bycnoBaeHHBbIX BbICOKOYAaCTOTHBMMU TepMoOony nbcauy
npueBogAT K peannsaymnmu pa3sTMUYHHBMN MBRAH@A MBPB
BO3A4eWCTBUU TemnepaTypHbX nNynbcauumim B KOHCT
BO3AIWHROBDP EWKY] €84 TEEIPYMEDT a 10 C T H bKXO TTOPRELYRIOHL,e CC € CBO €
AaNbHeMNWer B0 PrEA@BMBBETUTIN HiIe T OITEOE ®P a6 0T OLC NBOOG@HO -
HapyuweHMntw 6eT3ackmmamc HHO@PTAB @M, MOBbLIWLEHMWA TOYHOCTM
HaKoOnNneHWS yCT aelHOUCUAT HBbl XK ONHOCBTPPEYXKAL M O HH bIX MaTepun.

TeMneparTypH bsXB /MsyenTbCCAAKIBAGIA B M A 0 1 .

BAO «OKBM Adg@punKaHT 0B » Npoa 3upia 64youtcasHeaH HMIEr TOO 3 K (
nosBONAKWWaAA NPOBOLMHB €EBOBBRMOPBUMAKWWMEAC KMNX HaTl
pe/PCHBE XapakKTepucTtTunMaT oqpooaquyti@BaHal AH &P YN o a4Xo
KOTOPOM YUC/ITE€HHbBMNW MeTOfJaMW C nNPUMeHeHUEM C
«CBA3aHHasa» 3ajaya:— T«eTNeno Anopr onBASPAHED/ITYTKBAK € H H O
nedopmMumpoBaHne emoapeeokgpewsl.oChHBC)

Ana o6opypoBaHMsea, pa6boTatwwer o B yCcCnaoBMWAX
npueBogAT K BO3AelWCTBUI cToxacTMWyeckoro
noTpeboBanocb pfabHelwee coOBepweHCTBOBAaHME MU

C L e /peeHiie H M A A BMIoECH HO NA O3 QK BAVMp Kk aH T ooBAPM TN P OB
3KcnepummMeHTaNnbHbEe uMUccnepgoBaHMA BHaHIcIYe wpma n bMH. C
Anekceega&Hpe 4 ns MOAenNnunpoBaHMUHA TepMoOoLUMUK
3KcCnNnepuMMeHTaNnbHbLX MoOAenenhn chAyyYalhwBMKaITKLMBIE P :
KOHCTPYKTWUBHDBIE peweHMNAa AaHBOEO®C T REEHIETAOM B & @ a
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BO3MOXHOCTMN cMogenupoBarThb CNOXHBbINR npoyecec
pMonynbcauyuwui B CTEeHkKe MCNbITYI® @B X T COBOEPAH HILXO
M3MEPEHUN I/KICHIERYP UMEBHHEX NO HAarlrpyXeHHOCTW Tem

—
@D

B pe3synbTarte npoBeéegeHHBblX dKCcCNnNepumMmeHT a/nb H bl

-LaHHbe 0 eReMM/E@HOTYIWT €19 &TNB00THOEK OCBM € We H 1 A
-0 aHHDbE 0 HAaG(PEHAPKEHHOB a HH O M COCTOSHMUM
3KCMNepwu weHT awiobaHe N e 1 npwu CNyd4yamHblX Tepmouwm
BO3HMKAKKWMX B 30HE CMeWwWeHWMA NOTOKOB C pas3nnu
-4 aHHBbE 06 ycTanocTHOW [JONTOBEeYHOCTWN cTa
CAyyYyalhHbX TEPMOUMUKINYECKMNUX HATPY30KENeMDYT MO
pa3nNnunyHoOMW TemnepaTypon.

Ana cpaBHeHUWA pe3ynbTaToOB 3KCINepumvBdBHTaa C |
MOgenb 3KcNnepuMMeHTanbHOrNro ob6pa3suya. MpoBepgeH
Moagenwu, a no —-pxacpes w Hi4ECy eBp yyrconio BBHOy n p g c o a N a
mMocTaHOBK ax. MonyyeHHbBIe pe3ynbTaTb pacuyeTa |
aHanusa MX C 3KcCNnepuUuMeHTaAaNbHbBMWU fJaHHBMN.

Mo pesynbTaTtam pac4yeTOB HAC npoBepjgeH
KcnepuMmmMeHTanbHOro ob6bpasuyua nNnpu PpPEBFeAnyNIBRIALQ®
C nomMowbt pas3paboTaHHbBX B AO «OKBM AdpukaHTO

YynTtboBasg pe3synbTaTb pac4yeTosB n KOHTpoO~NnA
nNoBPeXAeHUR B MaTep bBX/INO AED/IR C D @IpimMe R P/aXBl 6 A€ H b
MeTannorpa@pnuecKkweT gL egogaB@RANAN [OCTOBE |
OLEeHKMN AONT OBEeYHOCT W, O /NOOT/WMyMCENHEHEMEeO I a0 MwMET /OIIP
TepMoycTanocTu B KOHCOQPOYpYmMOBAMWIXA MRY epuanax

YRe[ (L1 HLf LAV RYOARE T L4 L1 O] P18
ltfzrl sl [rRuvBSM [T [T RUPM:[ ]
stostlfdrol R L1 &LROKNA
0. f dHojHCRIR Otcls d t&di tshots 3y J°akC g 2Is ' hd dz
lUenTpaaspBingpognHEMVWTKCE XYik 0BCKOT O
MO CKOBacBKWIAALL M B HEB B FRT, MO HIRGI G MO B ayTHAM/BLECPKCWIT € T )
SOOXAYPMOPO»

Email: khomchenkoanta@yandexru

MonwnmepHBLE KOMMNDO3WNWLWOHHEBIE MaTepwuanbl ( MK
aBumacTtTpoeHuUumnm 6Gn1ar ogmapras anctpeoRiAHMD CyTOME /UMb HKBEM T K O C T
HN3Kas- MESDKC M@PIOM HOCT b n YWYyBCTBUTENbHOCTHDb K
orpaHmyumBanmT n x McCnonb30OBaHME. OownH n 3 3
yhapoCcTOWKOpPTRAIrOHannbHas npownsKa («stitchi
LONONHWUTENbHbBIE CBA3UWM MexXAy cnedvmu,B npaeGiaTe T
BbIMO/THEHO 9KIKLAI/e®OHW M@ HTalbHOEe CpaBHeHMUe natTu T
Dyneema SK75, Vectran T150,-G&ass, SGI| as s) NPUMEHUNUTENbHDO K
KPMUBONUHEWHBM NaHensam. floka3aHO, 4MTO HRpPOLWNBEK
30%, émvpumHanmnydywmne pes3ynbTaTtb (CHUXeHMUe Ha 1:
naHenbw) AJAaéT NONM3ITUNEeHOBOEe BONOKHO Dyneema
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OpHaKO B YNOMSAHYTBX MuMcCccCnepoBaHMAX -APOLWUNBI
6annoYHbBIMN 3NeMEeHBaAamRAPPBEMMPWM MN T OMBIMAGD pacT s
HENUWHREMPYIr OMY 3BKOMNOCTMN OCEeBON LCUNHOBRI3 O Y @R
nokKkanbHOT O B3aumopgemcTBMUA HUTN c MaTpuuye
MUKPOMEXAaHUYECKNUX NapamMeTpPpoOB Ha MaKpoOypoOBEeHBDb
Mepe wuUcCNONb3@BAMbOVNEB@EOPRETBAX BOMOKHa (aunammMe
anpresuna) And npepgpckKkasaHua nNoBefgeHUWA KOHCTPYK

B HacTOAwWwemn paborTe npepnaraeTcs -Swadey ofo0no
MOAenupoBaHMWSH c MCNONb30BaHWEM npepcrTaBuT
(RVE-Represent ati ve Vol aumet éml egreema )b Holl®nbMe 3 0C
aHannmMmsa 30Hb NPOWMBKWU NONYYUTb T OMOTEHU3INPO
MakKpomMopgenwu (Moagndbnmwmp@B aBBBIACTHB@r eg8 N0 éB,
XECTKOC T3ba B U3CAMKMDOHC T UT ppealpukHpbbl TOATS YOCTVOI NS0 3 B O AU T N
bnsmyueckunm oOb6GOCHOBaAaWMPREAINBAPABT PRICCUEEAKN KOHCTDPY
npor pamMmMHOT QS-IXYONWAI,neckocxapaHA A BbLYUCNUTENbHYIW 3

PaccmMaTpuBaeTcs par MeHT cnouncrt ¢+tA5890f K o MM O 3
45/0/(0/+45/90/964 5/ 0 ) = ] , —T 8wWadTSeC vH6/8 1 3 ) , nepececxae
OPTOroHaNAbHOMU NPpowWNBKMU. Bapbupytrtcsa T UM bl E
npefenbHbBM YCUNAPMWMT IO WMDE/YHTHRMA.  MBICOCTOHMO C Tb N p o U
npuHnvaag 8xiB .Wewn b -RWEN3NaAA KaX[or o Tmna BOMNOK
AeTanbHwyaogedld 3/1eMeHTapHONW d4Yenlnkwu, B K JIHOY a 0L
NPOWMBKMKU M KOT €31 O0HHWBET pmwHITae p dneeix el offidBeres 1 p a
DYNA cos3pméneab3BPDuenkn pa-aoeaipauomMma A2aAmM2ax¥taT@) .
Moagenumpyetca O0O6bEMHbMU 3nemMeHTamm (SOLI D) c¢
KpuTepunmamu ,puarsbp YNMUEBRGHHBIBKKKE OO BEMHBMM 3 NeMeHTal

ycnoemgpumoagmyeckKkmne Ha OOKOBBDLBX T paHAETKYWMUTMHU
npownmBoK. Ha BepxXxXHeW MU HUXHEeN T paHAX 3apjalTc
HarpyxeHuma (OTpPpbIB, CABUT) .

ltocsosHWIsw Isted Isdf O ZOdz dz" = dMmf " lsOdzed 2 :

dtls
— BolTar ns aH(pud-oubt k oK e MTNMN cCcMewaeTCcsa BepT UK
yn)

9
H
mnna conpoTuuBTI&@MpPMmBaReF

c cC nnegom) ( wa uynavaor
(TpeHune) .

— Mode | (HopManbHBW OTPpPBLB) : pacKpbTunue Me)
HUT Db IO.

— Mode 1|1 (nnockum cpapBwur) : cABUT CNoéBsB.

1t jLikzd OO®R odlskzOd d i dhfrlkodd?2 sf
OO®j st 18 wsts @t dzd

—~MoagudguuumpoBaHHANA KPpUTUUYeEe gkaBGiced HEPT UA pasj

L

- 3KOH MocTa {fbasuwgumgcimwycunama B HUTU OT
—MNMonpaBoOYHbBIE KO3IMPPUUMEHTHB K NPOYHOCTMU U XE
ltejddizh j Mise O {fdgid Is1=HEOEO d3ts 2

T AadLdyd MmC oOw tsB s{Ndzisd O dpdetsafiyls! H 0 i reomMmeTpumn
NOKaNbHOTO NOBPEeEXAEHMWSA MaTpwuLybl,

11 Jtc] detsipdFdzsmisu e HHble SPdPe kK TUNBHELBE napamert
cnonb30BaHb B nNWb6-BXYNAMakpomopgenax LS
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Toudzedyddedd o' ydmdzdlsp dze dze pos PG @BK pOoMOLeNnb |
Ha nopagkun O6GbicTpee geTanbHOW RVE, 4TO No3BON
M3 MNMKMHieogHOPOAHOMN NNOTHOCTbLI NPOWNUBKM.

11 0tcO0OiB] steduyud MSdJ —monpfHin) H Ba Pdzg P 0 ByaaTeb/ib A M @M€
MaCICPYOWNBKMN, TUN BH/MBXK H1D pOTD CMOBFTLHN X 3 KCNEepuUumMm

MpeagnoxeeomuldimcnonbRBRUEBR &M AMMGEaeac N ey nBaeT O6anadH
TOYHOCTGbL IO onmcaHwus b3 unkwn pa3pyuweHuns " B
HeobGXxoaunmoiMm 4N 4 PKaoCVHNEOT3aM T P BI R J1 bKHOBHXC T P Y K L U A c
Np LB K.O I

g d dBkls j 6Ok o'

1. Tan K.T., Watanabe N., lwahori Y. Impact damage resistance, response, and mechanisms of laminated
composites reinforced by throughickness stitching // International Journal of Damage Mecha2id,vol. 21,
p. 51-80.

2. Moo B A. A. MonunmepHBLBE KOMNO3MWLNUOHHEBbIE MaTepwunanbl F
NoBbIWEHHOW ypgpapocToWhkocTbtl [/ Aspmlalum ac.Hikdble, mMaTepuanb #u

3. MeaBepgckwnuin A. ., MapTupocosB M. ., XO0OMYeHHbDX A. B. ,
nnacTUWUHB MU NaHenNu nNpPpU OPTOroOoHaNnbHOM apMMUpoOBAaAaHWUKU pasnu
aBMauMmMoHHOTre(mHTaGwaymwal. npuHATa K nybnanumkKkauyuunm) .

4. Carti é D.D.R., Il rving P.E. Effect of r dteriimpactand f i b
performance of CFRP // Composites Part A. 20@2,33,p, 483-493.

5.Mohamed G., Allegri G., Yasaee M., Hallett S.R. Cohesive element formulatioipfioidelamination bridging
in fibre reinforced laminates // International Journal of Spolicand Structures.2017. DOI:
10.1016j.ijsolstr.2017.05.037.

gflrtzrrevl 1o R vymy ] JLIRR vl ¢l srR
trzruofs 1¢ Jfervflr ¢olu][IPurR hrd)MrRlRRFR
gl ARO[ P21 Z3m vl ot JyYy13m 11 [Arwaw ]l
R.1. 1d4BLJJdJoO®, o¢.f. Adej2mcd?

dr AOY BO «YpdY wmnmMeHU nermmsobr.ad.n peenssmymyedHa™a Poc c
Email:i.n.zebzeev@urfu.ru

KauecTBO M3TOTOBNEHUA XapPpoTPYOHBLIX KOT/NOB E

HagEXHOCTbLI CBapHbLX-TPY6ERAAEHWOICK@PpyOblabic A4 mn

BbIMONMHSAEMHLE&NO0HHGALMBPYUYHY 10, yacTo XxXapakTepmus
reomMmeTpumn M Hanumuumem pecdekToB (noppesdsbl, Ha.
BANNWAHMWEM 4YeJsioBeYeycckroarno ¢ a T ccpsaa p W kK a, Henso
napameTposB, 3aBUCUMOCTbIO OTOKWBeaAm npaovamupu.aB
noBblWeHNE 3PPeKTMBHOCTMN CBapkKum 3a CUYET aBTO
CBaAapoO4YHbLX NpouLeccosB.

KOHCTpYyKULMUSAS XapoTpyOGHOro KoTna BKAOKWYaeT [
Tpy6bHOW pfoOcCcKe TpPpyobb NpPpUMBaAapPUBOIOKROS 03 AMOLMIAILL O,

MaccuBHOW pgeTanu (TonwmHowmw pgo 16 mMm). Ha 3apg
TEXHMYEeCKN npouwe, OAHAKO NpPWUW PYUYHOM WUCHOINH¢
Heypob6HOW NoO3e, 4TO BepéT K ObCTpPpONW ycTanoctT

lna aBTomMaTus3aluunWm npouecca pas3paboTaHa ycCT
X3» (Pwnc. 1)
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X3 Engineering
=

PABOYNE NAPAMETPRI

AVAMETP TPYSH 56 -
NEPEXNECT 22 -

IAAEPKKA BPALIEHI | @

SAAEPNKA B KOWUE WBA | 8.5

CKOPOCTE CBAPKM

BRAIDHATE CBAPKY | Bnn n

tdmMezdzs¢ 1. uvMsOdzse $ O tsteBdIlsOdz! dzts? Mo Ote

YcTaHOBK a OCHaluweHa cneumnmanbHOMN CBapou4yYHO
Bpopa3béMmMoM, YT O NOo3PplauUbsHaemly [TOBKWFERMMEHTHIO M@ € C
onyasTtomMaTy. LUaHrosbih 3axXxumum obecneymBaeT Ha
ecdopmMaymnm., MexaHMWYeEeCKUNHN NPUXUM WaAaTYHHOT O T
openkun npum nepexope OT Tpyobb KHDBYO®3BOWA®E
acTpamBaTb MNONOXEeHWNUE TOpPenkKuWn ANS CTblKOBBbIX
oeaguVMHEeHNRN. MpuBOAHaASH yacTb BbiNONHEeHa Ha ¢
OAWMNHUWKOBBLIA y3en M npamo3ybytw nepepgavy, L
6ecnevyeTtHBIERH HCoollb cpa3 paboTkun obecneyumBaeT aBTO
CXopHOeE MONOXEeHMUEe 7 HanmOMMHAHMH 0 pernamme
cywecTtBnaeTrTca 4yepes CEHCOpPHbBIN 3KpaH 1 dGuns
NeMeHTb YyCTAaHOBKW BONMYW UT OD&HKH BIT bIC B @& T H bl M

WoOoOs0O30xT "I 3o

BHeaopeHnme ycTaHOBKW Ha npowmsBopgcTBEe And C
SPPeKTUBHOCTb: BpemMs oagHor-b60cpefdBGecnmapadaEpa

’-J..' —— T T e -

- YA g

tdmedese 2. [ OCttsh dzdW% Mo OQtedesets Misj H d dzj
namgaTpoB WBa Y e Hpbausn, N casd 6Bp 88k %Uc HIW3 MIeHsSe ec 06 5 %
ANnAa cBapku 3anopnumuo 6e3 dGpe3epoBKU Heobxopf
Puc. 2 npepgcrtaBieH gparMeHT Makpownwuddga coeagn
AYyT n: nepHouMnen akBOIPp H A N puUCcCyTCTBYEeT, HO ero rnyowu
HafgéXHoro cnnaBneHMsas C MaCCUBHOW [JOCKOWN.
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CpaBHUWUTEeNbHbBE MUCNbITaHMA, nNpoBeféHHbBE Ha O0C¢
nnacTtTuMmHa TonwmHon 10 wmMm, CO8lNDPEMMp ABMAYNK WH bl |
ras Ar+t+COGos3BOoINAN OLEHUTDbL TPU PpPpexumuma cBapk:!
MHOXecCcTBO OpPbLI3T WU nNnopAgpesbl, MMNYNbCHBIA pPexum,
NPMBOAMT K HeponycTUMbIM HannAnbiBaM BHYTpPb Tpyo®o
npoAaBAeHMA. TONbKO peXuUM «rny6bokoro nponnasin
oTcyTcTBUE fJedPeKTOB MU MUHMUMaATbHOE BpemMaA cBap

Ta6bnunuya 1. Pe3synbTaTtTb CpaBHUTENbHbBX UWCOLT

Hab6bniwgaembe pgedecxTbl
Pexnm C
MIG/MAG Han nblg
Bpbi3arwm Mo apes3b B p e mek,
(BHYTDP
KOpPOTKas MHOT O ecTb (3 HerT 32
MMNYNbCHY HET HeT ecTb 35
«T Ny 6OKOE
MUWHUManNb HeT HeT 27
nponnasine

Takumum ob6bpas3omM, KoMNnnNnekT pas3paboTaHHON ycCTa
peXnmMmMmoM CcCBapkun «rnybéokoe npemaaBnrzamawy (Pace
cBapkun Tpyo6 ¢ BbeTOM, Ob6ecneuyumBas [ABYKparTHb
C PYUYHOWNW cCcBapKoOW. Ana c¢cBapku 3anopgnmuyuo 6es3
peXum T nNy6oKOro nponnaB/ileHNA, BHB@ PPEMNM K &8K
Pnc. 2 wnu Tabn. 1) He TrapaHTupywT TpebyemMoro

s dMBsC ddlsj 6Ok isr

l.YcTaHoOBKa opbutanbHOMN cBapkum Tpyob6 B TPyOGHBE A[OCKHM
EkaTepuHbypr: O00 «WUkc Tpu VNHXMUHUPUHT ». 2024. 45 ¢c.

refiact1r3ar slfsevl osdRyursiam
frvofovrtref L
1. B OL Odzyj ot@ - Qtc &ha.R dz!f d de'. -
MHcTtTuTtyTt pusunmkunm mMetannos YpO PAH wuwm. M. H. \Y
Email: Kazantsevéll@mail.ru

Hanbéonee nepcaexammpBamwmwmeay asr M 3B1BngeTcaA B O3
NONYyYeHUe WBNIEPCOMBOLKKH 0 1 ndoaip MR T € p WDaC/DOBO W B HY T p e
apXnTeKkTyN@PDOPLIE He MOryTtT OesmepcobayumeRnRpBond®BAA
TakuMmM MaTepumanam MOXHO OTHEeCTMU KOHCTEPYKLMO
HeOoO6blY4HBMM MEeEXaHUWUYEeCKUMMU cBocTBaAMU: HY NE
oTpuyaTtTenbHBbM KOs dphpmyumeHntom MyaccoHa, BbiCO
Mcnonb3o0BaHMWE KOHCTPYKLMWOHHBIX MeTamMaTepunano
co3jgaHuMAa pgeTanen KEOHCOPY&RGMHX BN P@BUIUMHMEHHOCT N
Ana peTanein 6ecnNUNOTHBLX CUCTeEeM. Paspab6oTka
MPOYHOCTUNU, HU3IKOINIO Beca, I3KONOTFTMUYHOCTM.
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B AOoOKnape npoBefgeHDO CpaBHUTEeNbHOE MCccie
KOHCTpPYKUUWOHHbBIXaMmagepeoeraunB M T MMCAnm TYWKB@AHMKA
Mopgenem C pas3nunyHbM p V& C3 MVICE SPHO 3VION BPAOUN €peakm M 1 il 0 N
SOLIDWORKS.NMpouwuecc MopgenunmpoBaHMWA Obl1 BbIMOMHEH C
obecnevyeHwnsd KNS &EHSmnOMRM T HOT.OMO A @ A 1 PEGCBXAAHTUM € M
npoBoAMNOCbL C MWCNONb3O0OBaHUMUEeM MoAayneunw «MexaH
MOoOAe numpoBaHMeE », Korga Har pysxka, AedopmMauma wu
BoiABANeHbB KpMTMUYEeCKMNE MecTa fAvYyeumcThBKapgxRamarte
BAMNABpagMepan SATMEMERE BHYTpPEeHHeNn Ba@aXIoT erkorsyepble Haber
npouecce AeddpmVayKe Ha NMOT NOLWEeHWNEAUNANT HBIKY €
CTPYKTYypax

t OBtSlsO o' ff sdzdzj dzO259FV1IPAes Clskz 1 A

tovyrovtéul rIRICLUOIPNur L1 0L RY

VilyrJeprmor rRypuasfaftorllovrc

Reb [ 21 1 oURrtYr S o RrRY [ UfslRiM [ [ B
readtdrt 1 o R [{

t
s. ¢ sdzdfdz,\[-tc4 HO b BL didz,d 5 dzts
AOKKDB Mdpp n kK aHrTHoBo>BT op oA
Email: lonin ka@okbm.nnov.ru

Mpwn NPOEeKTUupoOBaHUM n 060CHOB QMHEeNAUK T O P B H K O
ycTaHoBOKO A(BRY)r atower oc 4 BbLICOKOTeMNEepadyepmHOA
NoNy4yYyeHUEe [aHHbBX O-MEXEBERRBANABEA KBX PEHBHICOTPY KL WO
MaTepuUlBa OBy BTIT&HO@ blil CPOK KoOmyxm6lis B 60NbWNMHCT
oOTCyTCTBEMmT 3TO0TO Heob6bxoagumo mccneposarThb M i
KOHCTppa@Goeamatwwmnx npun TemMnepaTypax, B bl3 blB a 0 LU
nonsyvyecTwu.

MpoBegeHMEe HaTypRBIXIMENMbAQHY@MBCIOER@ETaBmME =

BbLICOKOMN CTOMMOCTMU, 3HauYNnTenNnbHOTW NPOAONXNTE
pa3pyweHnsa BAEMERY ®MBbl.0 olpoyanToBMYH MOAN 9 p e we Hun a |
MCNOWTbCGAP a3 NUNUYHEBIE nap aeaHD [IHMHCECEK HIHEO 1 aKcTpan-d

OCHOBE&HHAH BMaTeMaTMNUYUeCKUX Mopgenax pedPopmMupoBaH
3KCNepunMMeEHT andBKHoIIME IlaMaikiMa TIb HbIe MCCNepgoBaHUA
AO «OKBM AdpukaHTOoB» npoBoasiNSARONEBG21ncnbiTaTen

Mpwn NpoBeAEeHNWKCHMETAITRH/HDOWIN MU  NvacpraowesT 3pYVKHTECCSK |
Me TbD, OCHOBAaHHbBEe Ha -MpamBeipa n(Ago PlalpeccarHday -y K d o P H

Ap waKw Hhp2]. Boi6op MeTOKIGN S@MBMEHTTAa OWMBONIYCB aHOI

MEeEXaHMW3MOB HaKON/eHNWA MNHOBHX XMEHAPN B &>X0 HITIT P YK
0 "YO6 1 b (2)

Ha OCHOBAaHMWMU Np o B eOdIEPHEHOLEXT H B GAKT KH C2 3T HO LB € 3 Hau

ONUNTENbHLMEXUMBMEKOBCKMNX XapakKTepucTunk MaTepwua
pabolfipww.Bepka apgekBaTHOCTUM 3IBKLCONPEAPHNHVLEXH TMAENTbOHADO BO N
napamMeTpoB anNNPOKCUMAULMUOHHBIX 3aBUCUMOCTen np
nMewEan 3KCcCNepuUMeHTanbHOMN MH GO pIvaaMmMpa3pneayw
3KCNepuMeHT anb HbIX K P WB blX 3aBUCUMOCTMUN SsBPEeEME
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OAHOOCHOTO pacTHAXeHMWHA NpPpWUW HeKOTOpPbX 6asoBblX
KPpMBOW ANUTENbHOW NPOYHOCTMU

C Mcnonb3pEaRBPHHOEONM R 8 K ME D K O 9 1€M@ HM HAeein
MaTeMaTMnUu4yYeCKMUX Mode/dfaHian mede pMnN MOEEHWLA N 03 Y
( bopmyna 2)), YyUNTbBAaWMX TBRNMOMEBRIAGME IRICE® €
MOLEeNuPOBaHMUE eHPODPMVIPEOHBHMHHOT O COCTOHAHUA KOHCT

- .07, (2)

Mcnonb3o0oBaHHLE MeTOAbl U TEXHOMNOT WIE TMIO HBO N5
NMPOYHOCTbHL 06O OMPO/MBOBEIHAMIELEPTYQ C A BbiCOKOTemMnepart

g d dBckls j 6Ok tor

1 CanyHoB B. T. MporHosnmpoBaHMWe nNonsyvyecTu U ANAUTENbHO
YyebHOe nocobue. M.-136UVNAY MUON, 2015
2 LLlepcurkeo B c. A., ApwakyHwu A. . YUepapeeBao/lnBor Mes oo
ONNTEeNbHOMNW NPOYHOCTM MeTa—11198®BN0940493po6neMb| nNpoyHOCTMN.
PV J 3z Rlrv{tfrifuvsruosvuolifzar Y1 RO
s{fewuv ] RrRev I LBORuUr [ JRU[] 71 3Mm
s oy ey vl t ol rURCLAL 0L R
gvfusvot L1101 Hpewra RIS T Sfert v L1 s

HUOIrRR{TCYBE [sPUSR
1. sotsMSsfizd yjaf. ph Odetse O
HUNUKYypuaT ik il HVIK MdIpomeTen»
Email: npk3@xcrismru

Om nucTtoBoro npok@a®avmmoawnyanb®8d pas3paborT
pexXunmos npokarTkwu, obecneynBawUwmx bopmMuposal
3arorToBkun Haumbonee OLHOPOALHOW CTPYKTYpPb HAa B
npokarT«kKMWu, nonHoBTAWCTPeBXNXODBAAUWeBdBONACT N, YTO nNQ
3Tanax nepepjgesa COXpPaHUTb ee ONTUMaANbHYI KOEF
MeXaHUunyYeckKkmMx cBOMNCTSB no CeyeHUIW TOTOBOTO r
3aknw4yaerTcCH B TOM, 4yToO Yy e pyHCOnBoaBs M A X T aHfaumst O |
epaBHOMepHOCT-aethepmapaoypHR napamMeTfdBUNO C
Fr'PaHUYEHNI no MX-38aMHELWOXBDZAHMMI C TMIB cob6bnwpge
ocnepywuwmMmx 4YMcTOBOW cTagumum U oxXxnaxpgeHuwda, uUT
OYee M nNpoTekKkaHuMa npouyeccoB AUHamMmyeckon (/)
CP) n pocTa 3epHa. Mpwn 3TOM, pa3pabaThblBac
UYMNTbiBaThb BO3MOXHOCTHDb MCNONb30OBAaHMWSH pas3nunuyt
YALOCTPOMUTENb H blXWWUXT as/iHeany, U TOK/AL3HIBEA KB T M S HMU e Ha I

TPYKTYypooOMpemxsesdwHna 5 .y
Lle nb 1o pab6orT bl aBnNAeTCAa NoBblIWEe-BE@BRHNT AFOGPO
N MHOEOEAN H MMTAHDOT € HC U T H O 1A CTPYKTYpPb 3a cuer
B €

KTYypoo6 pdraz3oeBd@aH3vnes mBp vy NpouMsBOACT TONCTO
CTPOUTENbHBX Mapok cTanwu

OO0 —~oO30 T
£ 0o

(elNe)}
< =4 o
T =
o T

an4a mccnepgoBaHNaMa@uc/TMa N B bl GOPNASH ICY A OCTPOEHMUS
poyHO85S MpgoeT1T960 MIMa no IFTOCT P 52927 wMapradHuyo
XPOMHMWUEKE N biAMOKITMNDMEHWIBIOA Ner mpoBaHWsas C Bapb/
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MUKPONEermpoBaHmMa Huobwuewm, BaHajgumem UM TWUTaHRC
3HaAaYeHNWAX yrnepogHor o 3K B WB3EU ewma cac cCEEOT BA4 qauia.N

Ana oULeHKMW BO3MOXHOCTMWN KypivpcatBal/e/HMm3Aa LNMpUo LBe CBCh
cTanax BO BpemMsa UM mnocne pgedopmMauyumum Ha 4YepH
BbIMONHEHbB 3KCNepWMEeHTbL NpPpW O[JHOKPAaAaTHOW pfgeddo
6blo BbIMO/MTHEHO MeTOoOAOoM O4HOKpPpaTHOTO mn3oTep
fnedpapgmmrzel. TemnepaTygadacgaopiMabuOAiWw CD B pesy)
mccnepoBaHMsa NO XapaKTepHOMY nNUKYLeHQOpPMaKeHy i
onpepenanoces 3HauyYeHUeE J O pHE coGBxooia N Me o pawasa, N H
MccnepoBaHne NGRHOWHIOIOMBTLIO AOM penakcauymnu Han |
Aedopwmvamiampub TpoBanacb oT 900 pmgo 1150 °C ¢ waro
AedopmMa@aBuapab ueEpoBanacb B 3aBUCUMOCYKH UB opre xyacTcaaT
mccnepoBaHMa ONPa&DE /DA /BIAGE PHEHEHIIM ATOTIe MNepaTypt
TR TeMnepaTypacda@dPup RO wWWPW O MNKM BbiWe Heé BO
Ha 4YepHOBOW cTaguwn ropsayenn nNpokKaTKMU.

Mocne onpepeneHuns FrPaHMWUYHBIX YCNOBMUI nMpoT

BbIMO/MHEHO wReNTROQAO AMWPOBAHNE YyepHOBOW cTangm
NOACTYXNBAHUSA. BEoinnvm onpo6boBaHbB TPW cueHapwusa,
peXunmb npwu ropavyei npokKkarTKke Ha pas3nNnunuyHbIX y
3arotTo0BK U, B HanmbonbLwei cTemgiiple oT NHIHKaGOLVEXH
AedopmMayumn: B Y, Ya v Y TONWUHBL NpoKaTbBaeMo

npokaTta TonwumHow 100 wmmM wm3 cnaba TONWMHONM 3.
MOgenumpoBaHMUNSA Oblfa nNpoBejeHa oOULeHKa cTenewH.!
qoepumnum Ha YepHOBON cTapgunmu. C nomMmowbtiw MeTOA.
HKa 4OV PRPATMAA/AOKBOBAHHOT O MaTtepuana,

Xoao®xMm|a XBpemsa MexagedopMayuwMOHHOW naysbl. C

pPpAXeHUWN OblakK al pPROBEMEKHRO COTUME HW B pPeMeHW 3 aBeE
MEXYTOYHOT O NOACTYXWNUBAHMUSH nmocne YyepHOB
ONHUWTEenNnbHO O6OblNa NpoBejgeHa OLeHKa BO3MOXHDO
6a BO BpeMsa NPOMEXYTOUYHOTaAX ndD@@G yk@saBwm@o
MManbHOTIO pPexXuma YEepHOBOW cTapgum T opAvYen
HKW QGopMupyemMonmn CTPYKTYpPb B MUCNbTaHHBX 06

=]
()

-4 30 30 O

coolxmaITao
EO3s o 9T E

MccnepoBaHMMe npoueccos p € K pMUMCUTT aasL/MUO3HaHLIOVEN
AennpoBaHMe MHOT ONPOX@AHDP@AOKAEBEHMOBDAOBOTD @
OFTroPyHKUMNOHaAaNbHOM nNnacTtomMe3IHMG»2e,c KD M3 K /M HILE
NbWOW TOYHOCT Db B O C RAPEOMO3IPBMEACLITUMO HTHELMEN €ypPCaUTr O0yBPUHSAO
M
M

T o= L
® O xTO

BepCUBHDO cTaHe [6]. MccnepoBaHpmelago@med pee
DIL 805meTO0pfmO TEpPpMMUMYEeCKOrNro TpaBneHmMa B BaKyyM
o6bpa3 OB BbLNONMHEHbLB Ha CBeTOBOM MeTannorpadgunuy
W ABYNydyYyeBOM CKaHupywowem MMKkpockone «TESCAN
AV dp akbupraut HOO paccesdaHHbBX 9NnNeKkTpoHoB EBSD.

BboimONHEHHLbIE mccnepoBaHH MOo3BOAUNNU o
bopmMaumMOHHBIE ycnoBuA PGoOpMMPOBAHKMA MeNnkKos3e
HOBAaAaHUWUN KOMMNJNEeKCHbBIX MCCNnepgoBaHMUihpapek pboiTian
ojBeeH a OLeHKa BO3MOXHOCTMW MUCNONb3O0OBaHMUA pas3,)
3KoyrnepoagumcTbx cTanenm [Ana cypocTpoeHUA,

npokaTte Haumbonee oNTUMANbHBINA KOMNDAEKC MeXaHyV
BbLICOKOTEMNepaTay p HNOPMO K acrikauj u MUHUMUINPpYOLWNE

I 00
ST O O®
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ayCTeHUTHON CTPYKTYPpPb no BCel TONWNHE nnec
CYAOCTPOMUTENbHBLIX CcTaneih WMPOKOTNIO MaAapPoO4YHOTO ¢

f d dBkls j tOlskzter
1.H. . Kon®layummenomBnyeckunelldE OaIEaeHT. 11863192,

2CtenadHos . 1., MyHTUH A. B., OQdbpoM. N. Mlegakyygpuas s ATB.
3.E. A. -Qromyn, 0. ACT B AMAN e7d-78.

4. E. SobotkaJ. Kreycag R. KahlenbergA. Jacob E. Kozeschnik E. PovoderKaradeniz Metals 2023, 13, 884.

5.J. J Jonad. Weiss, Metals Scienc&979,13, p. 238245.

6.A. Opbiwe,MlB@BEecTUA BbICWNX YyuyeobHbX 3a2E7HEHNE McPB)HRP HaAaa MerT

IRITOAR] 1138 JIsfor 1 aAdy[luvd TeAlpls rR[ 7
JAr1s¢ [ v ] DBIRRMD C MLIP

[ . N.jltdgds f.OSd 2y detgeOL 3 9 O
MucTnTyT PGU3IUKWU MeTannosB UMeHU M. H. Mn x e e B .
ZAHCTMTYT BbiCOKOTEeMNnepaTypHOW anNekKTpoOXumMumum Y,
S MHcTuUTyYyT MeTannyprunryYyp®okRaAmMa ExkaTepuHbyp

CnnaBb cuAtemgpelcTaBAalT 3HaUYUTeNbHbBW Np:
aBMmauyuwoOHLHMAMMHeCcKON oTpacnum O6GnaropadpPsa7 noHAMKEHH
BLICOKOWNW yAenbHOW NpoyHocTKU. KnwuyueBytlw ponb B
BuMubpauveHA®E B CBOOGOAHYW 3Hepruiw TTenbmronbly
POHOHHONW nNnopgCUMCTEMBI.

B pab6boTe npoBejgeHa KoNnNumyecTBEeHHas oOLeHKa
paccmMaTpuBarwTca ynopsajgoyeHHasa -caPYROPPAODOHH
SQS4 u e 1 gpacial Quasirandom structurg . B pamkax DF-PBH)VAS P,
mcnonb3oBaHMeM nakeTtTa Phonopy MeTOQOM KOHeEWN
ancnepcunoHHEBbBenoPS Burie BnMEpauunoBi(R0K) nawWh3QBo nu =
MoNy4dyeHHbBEe f[aHHbBE C /1Yy XaHra NaMT3aan OTHEHPOMIO ABMaH3aOMM Y RJT A
pas3HOCL NGFTS) Mexapy ynopAagodYyeHHbBM UM pas3ynopsa,

MccnepoBaHa NPUMEDIBVMOE@HB bIXMa MI& KRG O MH bl X n
(apxunutexkTtypa DeePMD) K a K -paa/cHTEEr pmHvia TMM/BSbl- K YA MVHbI
cepxbdAd4yeek. I[loka3aHO, 4TO paccCMOTpPEeHHbLE NoTe
Anan abooaD OF OAHAaKDO NMONOXeHUS4d XapakTepucTMWNU\yYEe
3aMeTHO OoOTKNnopeaeloycwT ®TO®WFTB KauecTBEe OCHOBHDO
NPUHATA WHMEHNOETa/bb H bl Xyviblp ad@TO)C.T ellio TASSH LM anb Bepwud
no He3aBUWCUMbM beHUYUMapKam: NMAOTHOCTAM, <N
KosdppmumeHnTtam camogundpdysmm unu pagumanbHbLM GQYyH

pe3synbTaTtTb QGopMUpPpYyIHT p eePMOpOHHOHHWHID T 6 a 3o p M A A U :
KOHMPUTYyp-aBRYABPAAgOYEeHHAIXx cucTtemax Ti

154



JIReURY [ ®sRUS T BLoUl J[1SRICO[ 1 Rm
Zo113MRu] [ sdOARBASSt REU O] Juding [ ? 5
[JreJRrRt IOV REURY JHUR

1 - .09 § dsdzOm te s d3ts o
HULkKkKypuyaTOBCKWMMNY T »

u

o U
I

Email: n.savcking@yandexru

BpabopennnxaHO&B8TEMUCT IAYIE OIUDICN P & @ A 18 B bl X
C Me wa Hgmbeexn 0 KBaDUKiI p 1 ¢ T glucanxo.Knoaycntmp g e Bla C C M4 € C K O /A
CI/ICT&:MI-DI‘II:)K@LEHK/KFDVICTaB'IK'IED(BpﬂIaI'IpaBI'IBHI/,ﬂ,B’ICI'IOKaLI,VIVI
onpeperapphce,nnoc KoKOT/bb X @MHPITH, B € K B@OP I &kpcaa B 0 i

AVWCNOKamn JNA0NT N MU 3KAPUMCUT a N T ICT QYK ITXN 0 € P X a N X

4 W C N O K/acuimowl, b 3 M 8 & OWPEINEE K Y JAsmHviaik v n nioc T pa @ a m bl
ANropnNoOomMaAp @NiCBHl O KEaleManT a K Bael2%Cr, ccogepxa&rmnem
COOTBETCTHB ¥ uaMmcKkTaaPUmB8 263bl NMO Ny YKEPHabE B IbI@ 1 O KNa L U U

A BEAN L aie Lla HiH KX O KAIIa K ,4TOW Ma C /1 0 loaLpleif, e/ JT eMuabK 4 Y

B e K T obpxopM evpsTvaH 1 M KKaol, Wim.8 ¢ erx1 N g B C /1 0 KMaoucnyim T a H bl
6apdlap e paccKao p @® MbK eHMCAIN o KAUAeR a K Kec ne papghe ik T

T OP MO MIEBHADKIEOHAVCST O IB@ B ACH 1& /TN ‘BU ENL D@ U M e @ R bl iOPB

C,O.

t OB®IsB" dzO o' ftsdzdzj dzO ) dMmMitsdz Lso Oded j 5 B tStckzHBO OdzdW yj |

BsH] zdteso Odzdwy d GBtOBBISEd HOddz ¢ MM e SOk Zs G DIs &
ddzmisdlskzlse, http://ckp.nrcki.rul/

YRe[ 1130 fJdreJrR AftIrRt IOV RC [ s
Of ST RLIR[IZM &1 [ ¢l dm

]l . pOter yjor sqzgmBM.s slstsa dy.ddzetgoe. ,hter h jdzlmC d 2,
4. b dztso Odzts o

Cnoéunpceaygap CcCuHBERWHHTbPIWaHVUBHEE B @K Y 3 He LU K
Email: sarychevvd@mail.ru

MHT epec N KpaveogiHen 10 ocaXxXxaeHumsd 3 HayYynNnTEenbHO B

MpoagonxawTca wUccnepoBaHus, HanpaB/leHHble Ha
cocTaBa MoAaefnein cTapeHuma cnnasoB ANA MNPOTH
NAOTHOCTWU, MOP®GMONOruUMNU WEELPBBRBHB TBEPHO®MME HHIT

MoagxoAab ANA BU3Iyanusauumum oOocaxKpesesnan MopeEgeT ans )
Kapno (KMK), das3oBoro nona un uwnBaenepda ( KWIN)

KnHetTunubMowK@ap/ioB nsseTcC s MO WH bl M BblYNCNUTENEL
OCHOBAHHBM Ha CcTOXacCcTMUWUYeCcCKOM MOAgenNumupoBaHUMN
cumcrtemax, YTO No3BONAET M3yyaTb nNnpoueccsou Cc 6
K aKk anpdpysnsa, 3apoXxgeHume HOBOI a3 bl wu pocT
BEPOATHOCTHDBMENXEBYEXOLANAHNAMMU CUCTEMBI, 4yToO
3 PPEeKTNUBHLBM aon4a MOoOAenunpoBaHA LONTr oBpeMeHH
cCucT @ maYo aToMapHbLM I KvpoeueenHIPEOMB. & H U € , npoBepge
K (500° C) c HOMUHANIYO®A yWoAMPEL erHpTr PMELMOEHIC T P U P
aToMapHGLBE npouyeccbl, npusBoOaSdLWNe K 8 dY0 X4 e Hu
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MoeHTMdDULMPOBAHHbBIE KnacTepb nNocneaoBdY®NbHO

ykasbBawlee Ha ynopsaFoy aH M0 CPRTEMMHKITEY PRaHla Y C t
npeBbIWAanNnM KPUTUYECKUN pa3Mep 3apoxXxgeHUs, UYTO
Mcnonb3oBaHUE MCKYCCTBEHHDO BbiCOK O KOHLEeHT
MacwTabunupoBaHMeEM BpeMeHM oKaszanocb 3 @PPeKTMBH
[ ONT OC P OKYPHOBCXT PWVK T Y PHBIX U3 MEHEeHMUI.

MeTopa ®Gas3oBOTOpHIWOAAO3IBONAET YyuyuTbiBaTb @Gop
MopdonorumMm YyacTwnuy B npoyuecce @Mas3 oBbLIX Nepexoops
ha3 @mOIeBOr o MOAEeNUMpPOBaASBWWS BBMO ™ YA RPYY CUT T U L,

C Mcnonb30BaHMUEM NONY HEABHOrNO cnekKkTpanbHOT
ypaBHeEeHWan Kmapimpa -matAarnaHa

K WN MO XeT youmaxmeaHibe , BKNnWYyatwlee MHOT OMa
peHOCa, Takne Kak OLHOBpPpRWMEeHHO®eaBAPOXME HAQ
aXxageHme B MaTpuue ¢ HepaCGeaiwmBpebB MO DM@ O he M @
eapeHnn nKkKoVMNimeme g M BbIOOP WUMPUHDB AYenlnkHnu

ToOpble ob6ecnevyaT CcTaldmAbHVMEKPEI@ON DO BKaAPKAK.T
cTnmy ©n 6GO0ONbLWOTNrO KoOoONmyecTtTBa YacTwuuy, KOTOpE
OMe XYy TOK BpeKWEWNHMQ/[BaeNprxepH THIe CTa b M IbHOCT U, e
eMkKn U KMUHEeTUKNW CcuUucTemMb NPUBOLUT K C/AUNLWKDOI
MEHEHMWI HeaMeHHOMW BFPr e . TpaAMWUMOHHO 3Ta np
TuMM3laumMm napamMeTpoB MOLJesIMm B COOTBEeTCTBM
WMXx npeagBapuMTenbHBLX pacyeTax pe3ynbTaTtT 3 as
MPOC O CXOAUMOCTMUN [PERHHOCAT KOME@ PYEMEBIHOHWN T KOP
Kca 06 9KBMUBA/IEHTHOCTMW YyCTOMWMYMBOCTN U CXOL
Knagpe nNnpumBOoOagATCSHd CepuUun pLAPUWEBOB YRPK WD &3 BRER
ra M 9KCcCNnepumMeHTAaNbHO OMepHesgge.n AT CAa AuMmanaso

DO YO®YIWLT®YOTITOOM

El SDwITOoOSsSMY3dL XwO3

BTopoinw BaxXHOW npoo6nkKWNoBA NIHIOAT Op €KaoIwin3 0aHUENHNT H bl X
ABNAETCHA KOPPEKTHOE p@mTpeapmec/jecHmed ec kK @pid cytanc T U U
oOocCaXpeHHOW B pa3baBnNeHHOW OMHapHOW cuUucTeme,

pocTa MoxXemaGBRTH®BO GopMyne, B KOTOpPYK BXOAWUT
nervpywwero sneMeHTa Ha TrpaHuue paspgena cde,
(wi). 3OTa BenNumuYuHa onpepgemnoAectcHia:ypaBHeHunem T
o g
i o HBbA .
2B P

rpey —-paBHOBeCHasdA KOHUEeHTpauumsa pacTBOPEHH
MTOCKOW T paHVBLHee ppran3sa ed/a I pya-tw el ppHaidig eos/bab,e M 4 a
f,Y-Ta3zoBaa noé&YrogpmagpuHammyeckKkasa TemwmepaTyp
mccnepoBaTtenenw wmcnonb3oBaauMm I3TOT MnNnopgxoAnd, H 8
3aBUCUMOCTHb PyHKUMKM pacnpepgeneHmsa oOoT papgwunyc
3(ppexkTa He aHanusIumpoBasachb. B pabote [ 2] npv
Oo6bsACHITWT TeMm, 4yToO mMcnonb3yeTcA ynpouweHHas
mcnonobBygreesdobuwee BblpaxXxeHoumrcoaheknmeme DPumé&d® craun g

AP i R\ I g w

O | |—- wl I
P 0 o b ® b Y'Y S

B pap@8fenpepgnaraeTtcsa pewaTb 93T0 ypaBHeHMUE
BbLIUNCAUTENbHbBN anroputm. Mbl npeagnoxunum npuoén
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C Mcnonb3oBaHUEM PKHKTIppoansp laeH 2 T a s COOTH

W w0 @ Torpa nopevm 6pe@méHwMme ANA pPpaBHOBECHOIW
NMOBEPXHOCTMU YyacTULb MOXHO 3anumcaTtb Kak:
. p . -
@ -0 ® o
o

3T 0 MNOBBOUTHWBTUNYNHY NOABNTEHUSA HEMOHOTOHHOMWM
pacnpeagd@newongie nu KWN CcKOpOXTaA®BUCMOGIT QAT a4@ & a M @3
PpaBHOBECHYI KWHLUIDKOFaoOpaa Bede Kk Flao Mlco@Heac ap e 3 K

M3 MeHSsaAeTCH npu Ma N bl X r, Bbl3 blB asd cxaTtune un|
npocTpaHCTBEe pajgunmycos. 3T 0 nNnpuBOAUT K nNokKan
A vnaa 3 0 H a X pagnouycos 7 NOoAB/NEHMUI B AJDYNHOK/IUHAMMT € 1 |
pacnpepgeneHdHus. Takum o6bpasowm, HEMOHOTOHHOC
0OCoOb6GEeHHOCTAMM YUCNEHHON cxXxeMb, a (PU3IMNYEeCKOLN

yepe3s YyTOUYHEHHOe-TOWMEO®M@HNne TFTunb66Ca

M3 pas3paboTaHHBX NOAXOALOB MNOCTPOEHHL anropy
BbISBNEHNWA 3aKOHOMepHOCTEe-hpadopmmpoBaBmaBartT @y k
MeXxaHuUuyeckmnx cB o La-MBMgeAI-CHMo-Mge M-ExMn-MgISc ¢
po6askamm Sc, Zr, Hf

1l ZOG BH OB tEd)lSiseo Odedj o' fsdzdaj dets L O Mujls ¢ DO, t sifd?2
https://ias.rscf.ru/user/doc/a.w.p.2024.92.legacy/188542.

uf d deckls j £ Ok "

1. J.Z. Zhao, Q.L. Wang, H.L. Li, J. He, Metallurgical and Materials Transacti@®l.A 42¢. 3169-3178.
2. Q.L. Wang, H.R. Liu, Metallurgical and Materials Transactions A 2024;.2876-2082.

fLrol RS OARMOVRY U DU 8 U RAIN
VI JewgrmyrRYy [ asdl [ ¢IRe3%S
[ . BOYS 2 [/.cBOdetso

Ypanbvhegepaysus dpicwne@ Blopes n Pedbi TBN b U MHa,
Ek aT e p vPHGycpurs,

Email: daniil.sackii@mail.ru

OaHMM M3 cCcnNoco6oB MNOBbLWEHUA MeXxaHUWUYECKDHMU
ABNAETCS WUCNONb30BaHMe [ ucen ecpnéeasBrap @as P a b M e [
NANOTHOCTM pacnpepfaeneHdHus yacTuL ABNAeTC S
Heo6XO04KnMblX PYHKLMUOHAIMb H bIX " MEeXaHMUUYecKkKHUX
MaTepuana.

YnpaBneHwue A AaHHbBMM napamMeTpamMmwu amcnepcH
MPUMEHPEAH3W/EM Y HOT O pofAda OTXWUTF 0B : npu onpepenet
XMMUYECKOro cocTaBa BTOPbLX Qas3, -ANPOOCUTCEXNTOEAHVHTO en
pacTBOpPEeHMWE MeNnkKkux U pPoOCT KPYNHBLBIX.

Tack, KoarynaupaMN npactTmwBWwWCOKOTEeMNnepaTypHO
3NEeKTPOETERKMHM aHUW3OTPONHOMN cTanm AaBnAeTCHd o]
obpa3zoBaHMuUA BblpaXeHHOIW’ Kpuctannorpadpmyeckol
Ffocca), oTBevyawwem 3a BbLICOKMUE MAlrHUTHbLE CBOW
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PasnunuHble 3Tanbl K Oa7ae sy end ukiosa r3ayenpiaeyHn, 1 34aapcory
da 3 paHee paccmMaTpuBanumcesb aBToOopamwu pab6orT [
NvndowrQyae 3 oBa paHee He nNpumMeHANocb AAMO@mMPOTr HO:

M30OTEPMUUYECKOM OTXUT €. B CcBOW ouepegmw, B
MOAEeNUWpPOBAHMUS npouecca Koarynsuuwu HUTpPUAOB
napab6onNMyeckKkoM 3akoHe. CpaBHeHMUe pocTa YyactT

ANdPPYy3IMOHHBIMN nNnpouLeccamMum U Koarynauumemw npegc
napamMeTpoB yapHEBXIe@ad mwWexaHMUYeCcKUuMn u” Ay HKL
cnnasoB.

Lenbto pab6orT bl ABNANOCHL MOgenupoBANHNe n |
KOHTpPONMpyemMoro kKoarynauuvemn u gudcddysvmeihn npwu

B KayecTBeEe MaTepunana AnAa AMowmenmm/pazad a AU A

XMMMUYecKUW cocTtaB IDAC, WMp@QwIBYLBMEM aMT YHNBREY
hns yacTuubl HadvYanbHOTO pas3mMepa 27 HM. Ycno
OT XKUT a: TemMnepatypa T=900° C, BpemMsa BblgepxXKHwu

Ha OCHOBE ypasHeesa [12ppwucyudao p My nM poBaHbl

yBenumyeHwusda AnNdPPYy3MOHHOT O nyTwu aToOMOB anwmun

NOCTOAHHOW TemMnepaTypoiWn. YpaBHeHunue (1) onwuct

npwM yBeNTUWYeHNUN BpPpeMeHUN -@CoeaanaaecaH:o Teopuun Jivmduwn
O 0 PO+t 1)

r plemlo—coo0oOTBEeTCTBEHHO, KOHEUYHBbBIWN M BavanbHE

Ko3a dpdhnumneHtT andpysnn HaumeHee NOABUXHKGIo B C
KOTOpPpbN paccuynTepaeyga MKyl acemaaypaBHeHto App
-BpemMsa npouyecca.

YpaBHeHMUE (2) npunmeHaeTcsHd An A pacuyerTa
KOHTpOAMpPpYyeMOro napab6onmuyeckumm 3aKoHoOM [ 7]:
0 0 Yot (2)
u
N 450
=
400 = =]ln pwZnesos

12345678 9101112131415161718192021222324252627282930
It gv, Mmj¢
t dMkdesC 1 wtcOQodzj dzgdj ttsMisO HIWW kL dtsdzdztsc ts
dLlsjtedsdu MEsd3 slsydej f§t5 t6OL dzdyde &3 &3
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Ha pucyHkKke 1 np
aToMOB anmowMnHMA n
MexaHuUu3I MamMm.

ACTaB/NeHb pe3ynbTaTb cpa
7 M30TEPMUYECKOMYHBIMKNUT €

PesynbTaTb CpaBHUTENbHOT O aHanwusa pocTa
Pas3/TnyHBM MexXxXaHuW3IMaM [LJeMOHCTpPUPYIWT 3amMepgne
Koarynauumunm +Coedlaghwypyy CBOKW OYepenb YyBenuyeH
cornacHo omrpmEYPOBIAKMEeHY (Aundpdhpysunsa), npoTtekKkaerT

1 ZOG tsH OtcdEB)flEdi co Odedj o' §sdzdaj dets L O Myl dW06HEEO Mo
https://rscf.ru/project/2519-00683/

gt g deckls j © Ok tr

1. A. A. Redikultsev, M. L. Lobanov, M. A. Zorin®,. D. Satskii, Metal Science and Heat Treatmert025.—
V.67.—1s. 34.—P. 147152,

2. nNndodowny M. M., Cneszos B. B. XypHan 2kd®é@B.BER2 anbHOI
479-482c.

3. Wang, QL., Xiong, H. A Metall Mater Trans A 52, 498896 (2021). https://doi.org/10.1007/s116BA1-
06443x

4 . O . O . Caukunn, A. A. Peaounkynbuesn, M. n. No6aHOB. A
cTaneih M cnnaBOB HoBocubupcek: HoBocubupcku@. rocyaga
529534.— EDN RGMEVM.

5. O . a. Caukwuimn, A. A. Peankynbues, pdepalna F20062a5H 0 B O
EkxkaTepuHnoypr: M3 pgpaTenbQ. .k W2OR.EDMIGTUMMNYY p", 2025,

6 . M. n. NNo6aHOB, A. A. Peagnxog nib aymwwe rhd. Bo¥ocp a3 @plamar.ga R
EkaTepunHoey@rypais p2wam .c.

7M. N. Jlo6aHOB, M. A. 3opw¥wpa.sa.,Ewar®h.vaeH.oypr: W3 g

vyvlueuvslrup[?21{ueu? Jtuofuoifl13m 1] duwu
g JulrteuvrcfrR s 1Ll 3zrrodetprfdot
I . ¢. Rj sk, 24 dfQcerd.dz [ OlsdtetsMiso
lore0y BO «MAW (HWNY) , r. Mo c Kk B a, Poccwusa
NAO «A9koBneB», . MockBa, Poccus
Email: smagin ei@mail.ru

B HacToS4qALuWwee BPEMHTEHETUMIBECO@ALNBHEMPEHNE
KOMMNDOS3MULMWOHHBIX MaTepunanos (MK M) B OTBEeTCTHB
pas3nunyHbX MAaWMHOCTPOUTENDbHBbBIX 391eMeHTOB K OH
npmMmeHAaTbLCA W 3amMewaTtrb TpPpagUULWMWOHHO UCNONbL3Y
cn/paB OgHako npwu npoekKTMUWPOBAHUKM cCcnepgyeT yumnu
WMpoKOMY BHepagpeHutw ITKM. Bo MHOrumx oTpacnsax
pas3nunyHble T U BbI 60NTO0BbIX cCoefgUHEHNIN opTtoT
KOHCTPYKTUBHBMNU 3 N1 €MeHX aovaie g W EH /el ,H aK g Ky XIMEHaHBbl
B 3aWMWUWEHHBX 30HaAX WU BU3YyaNlbHO OOHaApPYyXUTb N
MHTE@HCUBHOCTM He BCer ga BO3 MOXHDO, 4TO B
pacTpecKkuBaHMiwo n pacc/nlOeHNK UCNOoONb3yY@®MOT O |
MECTHOW M o6WENn NPOYHOCTWU KOHCTPYKULUWMUKM B LenNno

Ans aHanumsa NPOYHOCTWU OAHOCPE3IHONO COEAUH
oTpaXaTb OCHOBHbBLE KOHCTPYKTMWUBHbBLIE pelweHns.
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ONONHMWTENbHBIE 3KcNnepumwmeHT a/mbaHwl el OICCROLIETDOB&A H |
OCT P -25061758,8 T OQRD1333THDC2ZO0P556KB800aAb Nno3BONA
a3NMMYHble BapumuaHTb KOHLEeHTpPaTOpPOB HaNpgaXeHMU
TBepcTunw [1], npdaAMbBX OTBepcTUNn, a TaKKe agei
cxarTtunasa.

On A yyerTa BNNAHMUSA nnockocaAml5Scprepagyse md OE
pa3iMyHbBIE CXeMbl HarpyxeHwmsa obpasuyua no MeToORmq)
OnNnMcaHHOMY B FRR@AT , P B5 6076%0 3 1 e peanusyeTcasq
COCTOAHMEE BBCPASmMAT MBAKWWNX/ CXMUMaAaKWNX HaNp g
HanpaXeHUWW B nNnNnacTuUuHEe U CMUHAKWET O HanpsaXeHMU
3KcnepummMeHTanbHasa oOocHacTKa MU ob6pas3ub, YycTaHO

- Is€ O d tBt@aidy’s fdeedd dQ\Rdipls fijdd dzos h j 2
bL &G, flsOdatse dzj dzdz’ § o dMmyr lsOlsj dz delzé gON

Mo pe3ynbTaTtTaM UCNbTaHWN, peann3yrwnWwWmx KOowm
ecywemnmw cnocobHOCTMWU: nonoceb C oOTBepcTwUEM, c
MATMWA W NHpaorxpoyassouke,m nokas3aHa oOoOO6HOBNeHHasa 06N
yeToOM TuWunNna coefuMHeHWA B KOHcCcTpykuun [ 3],
penexa, HanNnuMuma 3e€eHKOBKW, MOMeEeHTa 3arTs§aXKMn.

KO

JaHHBLIK nNoAaxoAa HaAa nNpumMepe M3IyyaeMOro OPpT
9NOKAHONW MaAaTpuUUb U BbLCOKOMOAY/NbHOTO BOMOKH
yrnennacTtumkKka) nNo3BOAAE€T OULEHUWTb UYYyBCTBUTENbH

+27800
> 600
1]
¢« ..400
o .7 dH
o >200 —o— _ac _h "~ tx
°o c 0
<= ©.200 0 100 200 300 400 xsooq)o 600 —— _ac h*tx
2
q,-4oo.=' o
n

-600
"”’ch'Y’(e*'Yma'th'Yz :._.*

t dMmi.{ R2zOMIs! dzj Mkh j2 Mt dshisd M HJdj ddWw
HOdzdz" = Hted t©WOL dzde e’ = Isj d3f § 6Ol

MOBObLIWEHHOIW TeMneparTtype (Puc. 2) . Ha PUCYHHK

pe3ynbTarThb WepnascTTagweriH:n eT .c1 He3 ano/IHEMHABME OT B €

NPoOXoAasuei H a-ropgyHsokcopiie,3 Hbe3-cwxaTwme, cT.He3 anonH
oTBEepCcCTUNE M.

160



s MES jd&OE G

1. Hecywasa cnocob6GHOCTb OPTOTPONHBLX NAACTWUH C NPAMbMU
B. A. Bectsak, M. n. MapTtupocoB [—R2025lpTo 6 Be/mE.Na-il26.8 HoCc T u”
180.—DOI 10.32326/18149146202587-2-168-180.— EDN WTAUBK.

2. Bectak B. A., MapTtupocos M. WN. , CmarunuH E. WN. OueHka H
CBOOBOAHBLIMWU U HATrpyXeHHbMU oTBepcTUuamMuM [/ Tpyas MAW. 2
https://trudymai.ru/publications.php?ID=186879
3. BacunbeB B. BykMeiawmBK & OMIIOHGMUE-MOHHNMaLMADED PORG B €,
272 c.
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10O UTHUAY Cc he M@a» H UprooR goCc c 1 A

2Ypanbdeameéipayl s KBl & pucweTReaTp Blopreos n Pow waHE N b LM H a ,
rEk art e p uvPHoGycpurs,

S MarHuToOroppcypapcTexHmsgcemmBie pamiTe MHocosa,
rMar HuUT oR cocpccks,

Email: n.urtsev@ausferr.ru

TpebyeMbli Y P GMBEEXHEbH P18 T K K X cBOMWCTSB NnnNcrToB
YyO6HBX CcTaneumw pocTUraeTcd 3a CUY-6® I HPOTPHWBMYP O E
PYKTYPp B npouyecce KOHT Annp §pabZa T KTUeAA MO M ¢
OrHO3MpPOBaAaHNUA U ynpaBNewmeDOREOQYNMODY BHENMb C &
3 0B blX npeBpaweHunnm, peanun3ywwnmxcsa [B84. ycnos
HactToAawaa paboTa nNnocBAWeHa ONUWCAHWIW KUHETMUK
HA3KOoONnermpoBaHHONW cTanun 05T 2 ME xnaoH uddeMapw T H O MYy

Ana wmwccnepoBaHMA npouLeccoB pacnapga aycTeH
eanmsoBaHa KOHCTpPYyKuUunma nab6opaédfrlopwm om o srementow
KCcCnepuMMeHTORB MOK WK ET INK|a 0 BpaaHCUNKA 4 a aycTeHUTa
cywecTtBNnAnyagnmeaaos8elp r a ne&@ nNBPLOMESPBYOKA MW T U O X aXgeH
NOCKMUMMU noTokKamm BO3gyXa. LJaBneHne B nHEe
apbumpoBanu B 3aBUWCWUMOXIMaXMEEHIOPARYKWMaMTA0 VMH aF P[EIB @
ONWUWH oOpazlsp@eANM3O0OBaAaTHL PeEXMUMb OXNaxXpeHuns
becneyMmBWMMNM pacnajg aycTeHuMTa Kak no qeppwurt

O -4 w330 T

MHTEeHCUWBHOCTGSHb oxnageHwapakaepmaoOB®@ N | Mmoc
aXOOoOEWUMB BeAMUYUNMHDA YyAeNbHAss MOWHOCTbL Tenno

oTBOAgAWero Tenno OT "g-OTbeemiriae pnaerTygsesl av e TBatn/nkar, ,
HacToAWero MccnegoBaHNs DRERIBRKXBEHON A66 NPUMK BT B M

—Bapowepmam oT1T 10 pgo 520 Bt/ (kr-°C).

=

Mokas3wH®, 419 ChNydyas HenNnpepbBHONO O0XaaxgjeH
o6bpa3uy0B BbHUKBXMDPIEGYWM@PWBAaAaHHON cTanun O05TM2MbB
npumBoasaAwWer o K dop MP)poBeapwie ieBup eHinadwmHrearra 6 e i H
(BH) 3aBucumumMocCcT®b MaccoBOl O)gononm B pemEw®pao 1p ac
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annpokcummMumpyeTcd KUWHeTUnYecCKAmaH da mAasepHauvamm n - K
( K4OMA)

0 p Q °; (1)
npu @op mwup o(BPavkck. Mn § Y wa s annpokKCU WA Uavpsg, L Op A UT a
bdopmMupoBaHum Bepxpeou o 6eNHNTa

MonyyeHb 3aBUCUMOCTWU CcKoOpocTelh GopmMy)poBaHDM

OT 3HaMemwmiccoBOiW gO0NAanaydrebBBta BbBH, cooTBeTC
— ¢0Qd» O 10, 2
— ppwQ " oI F, (3)
— ¢0Q-dH O D . 4)
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Fos
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0
0 2 4 6 8 10 12

e JKCTICPHMEHTATbHAA KpHBad = = Ammpoxcumamna KJIMA

t dMEzdgs@MLOH ObkMmisj ddlsO §t ¥ Peddqddysdlis @ &33O0 dgED d&
SBEO®OEN jesmw W, jtedlsO sls stejdjdd d Jjj Offct

B BULAE per peccunoHHBbIX NWNHEIWHBbIX ypaBHeHM
KosdppnueHn To@dpameTpa MUHTeHEeMBBODLEfKMr oxylaxXageHu

Q mnmps mRTMYT (5)
Q mnitpe— mrppo (6)
Q. mngpe ot Ypo (7)

C pocTOM nNapamMeTpa UH{FEIBABEBBT MK O DPPK] R b
MM nQ-ysennuusawrtca, 4yTo npumBoOANT K NMOoBbLLWEH
cooTBeTC,(3BBMWMIHaO eHZMBHOCTb OXNaXAgeHWsda, —xapakrTe
onpepenseT KakK MexXxaHW3IM pacnaja aycTeHuTa, T

pacnapga (o, 6B, BH) .

RMMdzj His50 Odzd § 9" ff 5dzdzj dzts LO Mmudls G tc O dzls-09-0068& MM d 2 MC
https://rscf.ru/project/2519-00683/.

v dfdeckls j tOlszter
1.H. B. Weugeas,202pNe 1 026-30.

2.NMblwuMnHyes W. 1O, ,COpwxHoygp aMMA.cBoWcTBaAa CcTanen pgna wmar
2019C. 242.
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¢1¢Im1rsivit@1\/\1t/\131 1t1¢1RYrHsRM
guvtuvsuvmg) i rRAY VL JURs @Y [ [27 b
I'3YRuU[ RU[ I?lliur/\%(iq)rd”l 1d1g] vy ¢ 81

1 N

Il . djntdgel, jto] Lfdzjdle B OFtsodue dH dzv to
PreOBYOTTryml.. RBepxadgamdb®sc c un A
Email: gwertl009@mail.ru

Mm aHankeBeNMHBTI OKOMMNDOaNHThwBX aklomw 601ee
cocCcTaB/),8MANXBATPYLHUTECABEKIOAPWMICR an ndgnaB3eH@K n X
Nnpak TamKoep,XHMbUeaVMBOLI YA P MU P OB R & b THAM B MUN W KELBXA,3 @ H H bl X
Me X /Ayo 6 kip,m c T a Nl abupeag @pgp)a r Me HHTAaXBIOEL. 1O XH Aen 6o p
0606 Wa wmeEred LNVOE/KONBIKXYO HIAT C M a TCOMCBTERTOVHY T 0 A BLY 10
M H O ryviaxc TpeaiB,[ e /N B & il IU3eoiN, sMIE IKSE Y T O pHblavpMy LI a1em e (e
Har peexanaxglemHmrborpgemadlak cB ¢Binave@anebaepHaTUBHO
nogxXHepabxopompanMmMHODPHUGHE ANHSODEID AHTYAaT U BT UK Y
HU3 KmMexmnepa(Tnyppya X TR /MU 9 HIMWALE T O M H1baxp /1 pO H O H®O B )
MHOT OYacCBEMHHMBMI eBICT/BaEAVMH a TIRIMX € MBOBMOXKXHOCT b IO
coDnacoBapy s ap/gall bMHOLBVE [ ECHIWIEANB MMBX], & /1 b H eHlalrepve B € ,
ynpyronnacnpedepmam wmw3 py welippmatompegcrtaBnsaeTc
MNPUHUUNIBAKBIBIGNT M Ma0BHKWO aHWOoep P DPY K T YCpBbD 6 0 A, H bI M
BblOOpWM haHezaBUCMOTEKPMILTaNIMPpesKwoOMapepumnanos.
Takxepia3s r paynsnkayp aiOHUHXO HOSB@BA N O T H MNP P a M| xid 4
LONXEWNTbEaKWEL NOCPeACTaSEaHM@EKa T O 121851 )8Head 4 H O M
NpoLuec @aPen O We B apiWnaaHpra N /1 ep/labCHIBRBTGANT U P 0 Bl ad e HIE Xa X
(BowmncuHar padhmnueckKpuilepe ) H@ED CTOW TBOIWPT 410 XEHNN
UMCcCneHHIOroopanNMBbe ANPEQaBENANOEX OMMOMBO 1b 3 Y DM X C A
MOLENUPCEPH KM B Hamep PHBRYO PIr aH UCUNECCTREYK € T O M
BO3 MOXMBG OO OK O MIM OXH/EMAUTUHEOCTEGOO T @B @Y € Y MO b @ Tapa 01 0
NOTEHBBAMMOJKMAEBETPNABTRAHEOERKHMUNTHM MUBMARLUNLE C C a X .
MoMUMP OT P aBVbMHHUOC /1 Y TUEICbBHPOAO @WTCE/ We C T EOMOTaT A B 1€ H U
pacuyeTgRHEHH BIX KCNepu wmemimoap a T YPPeH3byMIb T@QT @ @Mb H O
OULEeHUVWBRIEITILANUN TCIUDKHaEAA T 6 p MTIR& 4 N1 a BaDI3 TMW K H/ B &/
ONTUMNXD@AapanT@ABHEMNE U AP eNHaNcic UBEOHH bl X
anbpTepHaIvBA@RAAA) .

Anpeann3adipmay e el /@ubin pe gNakKe B PICEUNNP aiM N H bl
(cpepacssaf@ghon) B KayecBTb BN C TUT@CIH GIM&XaTOMHOT O
KONNEKTBBHNIOMOJ SMIAITORIWLSSE CIBRP/HMBIEE € H LPDAHHEIW HK nep
(Aapsa3nunweBanNAneRrs EM&) e N AHVIPOPH @i ¢ T eOMOMI3 6 p a H
NpomMmblwAn eHHWAIB A 225 (at.wt. Fe73.5%, Ni-25%, Cr-1.5%)cnapamMeTpamu
NOTEHLUNAMMGBT BO B IIMH ENDIA TMYCPr OB XHPMaKCOMB@ D M 3 B @ MM N C A
10000 BMpTYyamMaKaman nockcpepc TlBKalMBP MCL H af B Yy X
BbWHC NUT eyld/H@pKa 6 X e96H pIx L, e ¢ dntelpkeomPiatinum8268.NMp a T o M
paboF@nakakiaor paHMnyaermBRbIPIEPXO L e C  BPARNUPOBAHHbIX
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OOPANHAETTHILEXXEB G pejcCc MNBEgpMWT NeNMpBGOD ®@MMUPIBE &KW A
pouecc¢oippaoxm 3 BMIIaA6IICTBOBAH@EMOMPMOPBERAYYaWhHOT O
acnpe gkeolcepHpRARRE M)e /g M HIELDEN O C T a B AGH/EMCTHH OHOT paMmMa \
ONydyeHHagMmppak ToRE@TI pBaIXT p AHDEBONAN Ay 6 HOaN) A

MOp (oibixa BuBEPAOMET @80B T WA AMON, e HUN BATIATWC T MY ECK
BblOorpakban M i b X130 hpa M MOHBT e pN O TP O BAMEE GHK U N e
acnpepaca/oaolopIoTM Ma R b 8 P wBedHp p e NGI98anewiH n ) .

T /9 O30T 3 X

Mpwn B e [ evHOHOAeAT bCHODSP K @y N O P A [, OCUTEPHYHKOTYiYHPMBB € p C @ /1 b H O
MUMNTUpBEEGM,abaT mype O o POH MM, P 0OaBVROHPUdRE D 11 & BYBY € T a
ek T BPEMBEANMPaAaUYRH AXOBKME XKaToOMBanmo 4 &MHETTB MU A .
BpeMR®sIB aNl MO/ @iac TVBOuKEd BITNLP O U 3 E8 4 F B i C T BMOBRYH/VSE M
cncrtTeMuaxpogHawWOoOMapameaax,T U4 edcykaregin pe e naTbcC A
NONYNPOBOAMPXINB@WHMPMICT APOAX NEOPAOHBMUREPOC X E Mbl
O9BMarakxenoc TamBmeHaNdinaiee pEwmme 1 e c 0 0EOppaaVsKHaoX
NnpuHLHEaN pege TewnB eadtMMERA A 2By)k.a 3 apia@WMem HmDHXMO [ €
MOT UTNONb3PRATIH@E@ABHEbIEPHBIXT eHLOBaPOBT AAB/EHNSA
MaTepuMHUprEAT afpAGB KOMNOH@AAQAKDE e TOCTSP a H N YUIEOH 1 €
peaKO3eMaUNEAMBHEHMI CY TBEHPBAKAD KA NTHHEEP BT OCTO0P T a
YyacTBUe NWXK O pPretHMGINT KO HBAGI3 MOSKHOM N O P T 1 [BA B &l#H-U €
PYNNBICKOMBEYIBBHbN X p a H SOTTCASE /IObTE O e Me B N @ B/K e
UNTHLBBRMDMBHAGPAaONAKHUBIKNK HEG,PpCKOPREMRET.y nbTarTt
POMPRAOPY DC UPYHRK LWL J8BAPCMUMAT e KB TCHLO B Meaye H
e n30Teecpkwigqe Qo pMa UL MeB g BIRFAONIP e [ efimesHn 4 e ¢ KM K ¢ N
MHTEe3 PP @R’ B ¥ Rap@A MenTopbosBA CVHEEXHA HIMB GVA B JIOEOH3MOSH H O T O
MK&Z&,NO3MNUTMEMO P@ AY Y a WTHBXPHB C Nne BHBIA,BAEeRATMUCT UK A
acnpepaemeEemMMRAOr odhampp bHwITRezkagelic T BIeBamDs
NaBNRan@pumEK@PMITAaNARKO6O3I HAN@ANT B RHDY ML NN
cpeappei@prMpmw.r paMmMeniGpuumMme GAKE €CT NP OBBOA3HVI®DDKTH U
bopMmnpoamaeapepBa@aidT €Mba [l a HHTOOIMHOIMB ecoOB @B N OpPpLUMER
MCXO[OKHOBMXMT O HEe HT .

J00oc 30 T 30 7

RLU[TITALTTILARSL 3T tfAree3z 1T tR [JoOryrt{
J1101 Jus R RM J[JRC1TRI 19 uvlYy1 1 fuwu? [1
1HU¢UIY13M1¢1tCrr1RB ViR [lrefrt L

. r. AjHEIsEAC dittdae . R. ?Ctej M Cts
lor 0y BO « CGaAMMNTO,marp.a, Yyn. Monopgorsappaeicekas

2CamvMapckuin dpunuman SreyYH odusumuyeckor M430MAHCTUTYT :
rCamapa, -GagodHaos,0 4. 221

E-ma idhstdtve62 @gmail.com

MeTopagoM KOHeUYHbBXK Opear@&/meHaoaH 0 onpepenedHune
HanpsaxeHuin (OH) npwu na33epHdd nmBa PN 6P &8 GIalT
nNPpOrpamMMHOM AANIXYE Be U @ el waLB-DYNA. Pacuemnasp oBoOj
7
K

CNoNb30BaHMeEM 3KCNepuUMEHT ANb HbIX [ aHHBIX,
OHCTPYKUWOSHINH M ] ¢ T caHeBpmoare e O WAGSAX L& NG

Mpna3ep@PAOGTOOTHKK X pfeTaneim nNpu AOCTUXEHUN y
6pas3uya NPONCXOAUT AaBAeHWEPaXaparTepoHroo 414 C
akpennéHHbBMW T paHUuLaAaMK, YyTOoO obecpPOTRBEA®NSA H
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AaHHOT O MpPCKOTIGX.Y OSHeprms OTPaXeHHON BOIMAHbGI
npeHebpeub 6€e3 nNoTepwn TOUYHOC M oggHoa/KA3ear, OB U G
M pacnpocTpaHseTcs B chneagywowuinm cnonm mMaTepwuman
pac4yeTHOT O BpPpeMeHMU n MCKNWYEeHUHA BNUSAHMNSA 7
onpepeneHune OH, K aK npasuno, Mcnonb3ywTCA

Moagepmb [ 2

CytTpaccmMaTpunuBaeMOro noagra@gaxs3saTpPaBHBAVMNA BBl
OTpaxeHmasp H blX BONH npwu MOAENUNPX B ITHUNMY WrRY D B ait
oTAMYyawwemncsa TONWUNMHWNRTHGIAP M pamMTOEMI KHEBHAR B aHHI 1 L,

Kak 3TO0 pfeHmiéiwtmp MBOANT K OTpPpaXeHWNKWWCY@aapHKbX
Mogenuw, KakK HWUXHeW, TakK MU CTEeHOK BOKPYTF nAaTH

Mopgenun npepgctaBnanunm cob6oiw napasfa0kbmein wmin e [ bl
2028 15MM, pas3b6uMTble HaMKOn maz B8 mem T O .achikb)H owa o Tpra €
MOogenu C 3afaHHbBMU T PaAaHUUYHBIMWU YC/TOBUAMU. B bl n
obpaboTkKa npwu ONUTEeH® H O C THAA hai-M Bk cPA n AT HOCT
MOWHOCTMN nasepisMFBTAMB /JpyaBHIOWME PHO pacnpepeneti
nATWMARapa C AUMewMp O M arks TkHask 3C K 0poOCThb pedopwmall

Piiw [3,ana pacuéTa 6bna ucno AKeyskoesdHlad Mopagenb [

0 6 p 6e p Y (1)
MopgenupoBaHuWe 3BlpoOBOILUWHHBEHBEMECTO -XNABOGHEHbLIX
(AaBHOTro W HeodMPp@reg)eHWADT oA NPBHXOXA4eHMA Yyaa)j
mcnonb3oBancsg MeTon BA3KOCODGa@inmpy .o Bl Mddmio
ycTaHoBABal M , YTO NO3BO/ITN/TO NOT@EmMIT D B bLIT[DIKBDE C
cmcrtTemMy K CcTaTuMyecCcCKOMY paBHOBecCcHUIW 6e3 3HauyuT
pedopmvmdelaKé. B OTOMCYTNGHBRBRE OECKOHEUHbLIX 3/1eMm
MOJdened pegzay/ib T aOTTbI MY aOWMecC s MONYPEHWHBIKT aJ@Br

MCCNEea/osBNIT. CnepoBaTenbHO, yAapHbe B,Or/ABHKbI, oT
MNnnM wnHaJe, BAMAKWT OHN omcr/og o/B¥@. 3Bl apesiyimbTarTe
ycTaHOBNEeHDO, YTO yAapHada BOMANHAaAa NpPpW 3@MYyXaHUL

Gnarogapsa wHewyllwopgBEeMe BAWSA HWEA POHTbPX& MESGIFHYWUKb T a T
pacuy@H anocne JNYOToeRRWWEbwMM 3 4e o6 paTHYWO KapTUHY
ToONnWwWW Hwain (Hac.6) .

Ana cpaBHeHWUA pe3ynbTaToOB, NONYYEHHbLX nNpwu
pPpacocTMp e HHGBIXRR3 ® pe3ynbTaToOB MOAgennMmpoBaHUa NPV
6ecCKOHeUYHbX TrTpaHuy [1] OHobpmac BRIOEN@AA@RHBEM3IMN M
rnaBHOrNoO H, ipAaKemmdpag 3akKknwyaeTcsda B TOM, T
TEH3OPHLBHE®TOMOKO ONpPpefgenNnuUTb T NaBHbLEe HanNmps§ax
(L), nNnpomMe: )TUYUHWHMH U, ANB HIWOEXH0N TOUKEe MaTepua.
rnrnaBHOEe HanpsaXeHWe NPUM 3TOM XapaKTepusyerT Hze

pacTAr mnseatkwue e HanpaBJ/1eHMUWE.
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t dimiz2esCt OMYf tej H jdzj dedj d3d ded 3O dz! dzts G 31 dBAzO 0 dzlS G
sBOL Yytse § siozagj 6 vif s RFOWOEEDA B) tcO RIS d3tigs s OL Y C
(e)OL 3 t¢ S E2BAGR @) A0ed dsj dzj dzd j &5 dzj SlsteOy Os h d7 Gt

Mpu aHanumse MOEIEYIMLPTOABTACHBA S B JYICSTHAVHED B © B @ X € H H b

rpaHuny pacuyeTHOW ob6GnacTywpaep ODElx BB O O Basseg ap e 3
ycnoBuin HeoTpaxatwuwunx ecpamigy bomowar i es) npwunea
BONH, UTOTRBEHEHBBaRMaEOHN B npefemiRxg. B5 Mmanom 06p:
npenmMmyuecTBEHHO H.&Ha®bea )y akeduipeikpTa HM@INEC KO B € Y4 H bl M U
rabapumrtamMum Moagenkapywemork @3 WOPB LULAACYETHL, UHTE
BONH W ee BNMAHWE Ha pacnpepeneHume OH cnep:
HanpaBNeHNWU pacnpocTpaHeMMmMs ypapHOW BONHL Me

g d dBkls j €Ok '

1. R.J.KiSwh, DMe tSali g1 12@aL611.6 .

2. GBIl abi , M. R. Valaisler sB Mahmif rZ0M6EXN B8i8-82 Pr ocess.

3. J.uZ. KKuoY, ZY.aldig,Axclt.a Ma2t0elbOB a p B-2 8944 .

4.G. BRohnWohHtook 0P n?. Symp. on BRI-ADs.A®MBEES43H4arg.ue, N

s{fiy?25uvrftffrrfRrRtLITOGLR[ SR1I[URSR

Jitor )l orvre 3Lt medpl BWAR G 11 [

toeuv) [t Juoy JUFes 1t RICT CVIRIIYUIG
f{Jtrsvfctids TRLOSRSR

11 .Addzd ff fts19.0dzd déxs o

LleHT paRBNMHIKLC 1€ 0B aUTHEC/THACEKPVUIIRIT a N Ny PT U 1
nvmA. ThhapgwmMpagkBagcuasa

Email: variafilippova@yandexru
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PaccmaTtpusaeTcs4 nocTpoeHNe KOMNbIT EepHOIW
HPpRPUCTANNUTHOW cCcerper aHam NOTBp aHBIRIBAHGINM,MP & M T Bl
CHOB@AGHa&H paccMoOTpeHUwU Kpuctanna cocToAWMM |
acnonoxXewHHbX aT@QMHHBIX OKODHKEYUE Y poar TpagunuyumnMmoH:LE
OCTPOEHNA KOMNbLKWT K[PHMEX amajeaecic,MmarpasaeTcs
mcno oTnenMesagaTwyMoBpPe ANONOXEeHMUA, YTO pacc
opitnapu BbIXOAEe M3 o0o6bema Ha WI, cCBA3aHO C
AaBHOMEpPHOM pacnpegenneHmeXByp ®obas@MaE ) |® aT OBV
pucTannunmuecaimiCc bpeealeeTTckse B bip aXxe ghiw @ nyy A(12)), Ancan
acyeTa HBpewmeoabGxdgnmMolipnaToOBMYOo LdPITAR NPUT PAHU
a UWHTepKpuctTannAuUTHYwW rpaHuyy (W) npwn 3apgaH

SE. +
= - Lexgra TM52 1 RND) (1),
n é u
2N %32 €E! +nE, @
= No N*a expec "5 2 1 (RND) @),

(NoNCgo- (Neiw NC.))°De6 & KT

ra@nepnosg PMNemémwer;, yunmcno atomoB B WNpmmcTanni

onnyecTBOOAacomDa8 Ha WI, KOTOpoOoOe MeEH®&DBA BC
TOMOB W3 nNpur p&HE-YoHOObE MG @/Aa CKTOMH; L € T @ a Q@ BT &;T C
'se NCoy-ymcno aTtTomoB, npunmweguwmnmx Ha WIl, 3a B|

epeckotkmmb/a>?gna OlikkiacToTa KonebaHuUilm artoma

anpaBNea@uee KoONMyecTBO NPUT PAHWMWMEHBIHKO 60 6WIKACCIT (
0 oEalDi) - AV PPy 3 MOHHBIE X afhaxHepmies NGB 3ALLKIT oMe
eweTK-6B, apaccuyuMmTaHHBLBIE Ha OCHOBE mapHbIX

3ammMoagencTBMA.

OuepepHogamg omme ol onpepensetrcsas B 3HABMCUMO
T OMOOGBbLE ME , nMewwunin MUHIHVA DHOMMEEH BRI EeAN e AT
TOMOMI HXOTOPpPbLIN UMeeT MUHMUNMAIMNLMHLYEOM E3€H € PH aMnid 0OC
OABWUXEH. MeToOAOM MO /1 ECKCYYMATPbHBOAIO T 4 A H aHVDMBKbME — ppaa
OOppavaHrTaoTMs8a W er 0 6 nunxa i ulleorcan eo KIPTyo eoH unsp oes olfiN. T
bBIT O4HOCTM obmMeHa ¢ TEPpMOVKH@®MIPMEESIKB@AIE T T 9 Y K I
MEHbWeHMWE cBOOGOAHIMIU SHeprumm TTmoebéca (

AEs = ASs T <0 3),

r n&cM 3 MeHeHne aHepruum W, onpepensemon kal
TOMGBEMNeEp aFgy@ame He HNnNe a3HTpoOonNnwuum. Ecnwnm ycnoswu
pnwepgwmnin Ha WI aTomM BO3BpawaeTcsa Ha WUCXO0AQH
0 3 M@OKHb obmMeHa 3TOTO o6bbeMHOT O atTomMa ¢C Jile
o3pacTaHWUA UX 3HayeHUWUN 3Hepruum HpascHbemMwWdr o
ToMa, nepewepguwer o (nnwn He nepewepguwer o) H a
CTanNbHbBX, a [AICAA HHed Boo espHpuMeyHee ((2) . Takum 06 |
ObeMHbBX aTOMOB NOCTWMEHHOL AAPOEBYA A EMT T, € ME H |

O6buwee Bpems cerperumpoBaHWsas onpepgensetrcs Kakck
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Ha Pmnc. 2 (a, 6) npeacTasB/leHbl MONMYUYeHH.
MOALenNnunpoBaHMUSA nr cer perk0b001Sam. %P npma pa@EIBJH:
TemMnepaTypamMunyeuwoOdnep BbIgepXKU, KOTOp®ble
3KcnepuMmmMeHTaNbHbBMU JaHHbBMU [ 1]. B ywacTtHOCTM®N,

MHKYOGayuMOHHOT O nepunopja n cywecTtTBOBaHMUEeE pas
npenMMmywecTBEHHOTIo ob6orauweHuna Wd-FepacTBOPEHHGBbBM

v d dBkls j tOlskzter
1. Filippova V.P., Blinova E.N., Glezer A.M., and others // Materials Physics and Mechanics38048 p. 90-

fouvrf ouvrypufsfrrrf RULI O RY
sttfdrRUVOGSRY[HORMN [ vitufll] ¢ 1 JAI-Cu-Mn
1S . vyddeBoadp.u j ) desah,icr b demSufl2s sdetse Odzts o

dIr 6B OBYO' Cun 6 1 precokcwyiin a p CUT BB B WHCH TbIpAiy aH/VbBHELPIHIO B® K'Y 3 H e I K
Poccwuas

Email: Slava2101996l@yandexru

()

CnnaBb cAC€CFHdVBLANTTIK) (antOMMNHNMEBBLINR, BIG@IPMOCTO
BoOCTpeboBaHHbB 3a CUYE€T coOYyeTaHWsa BLCOKOMN Npot
M KOPPO3IUOHHOW CTOMKOCTbLI. JaHHbLEe cBOWCTBA O

T-hba 3 bl JCleMNzAlopm@aKeONNPOBaAaHKRHEMMURANKN 3 apoxXpigeH
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paHke M3yfdAAaygyeNewWHOro peweHMWa [JaHHON 3apgauwmu
npoBeCTMW pacyeT TepMOAVHAAHCYUMT K MX ON ABAME T T GIB
LAaHHOW paboTbhl.

Ana eé [AOo0CTUXeHMaEC TOGBPIM aIPOHBaENIVEHE C K U X N apaMe
AlI-Cu-MnB ToOM 4YucneCwMnuveectiongalpthal ¢ M cnonb30BaHMUE
A aHHMatCalcm 3 unal2loyHuMK

Pacu®dmaHpgapTHOI 9Heprumn FrM@6cApPOBWEMBLIX A 3 |
cCTaHpapTHON Celghadp@p m@n a n

O Y ® Q'Y&Y Iy gy gy vy (1)

PacuyuéT oHepr#mweéEPmdooa plaldk Bopa (anwMuMmHMEBaA:
nNo cTaHgapTHoOMY dopupm@Reay CALPHAD

0 O 0 O 2)
rp6® —sneprua yncliwm@'-pempcna, NgeanbHOIO CME
G*-aHeprumuda M36LITOYHOINO CcMeweHwunsa, [Ox.

Ana paoadedpmarn [ MblGweMnznpasvee H aeT c(@ dopmyna
‘0trélo  cfo O 0O b 6tYIQu (3)

r oe ‘O -3sHeprunma ITnobca-desem Cwa 6iOblHKa 9
—aHepruave o bdddese (cTabmnbHaa dPasza TOEM KOMHa
—oHeprua vapddBoa HKa3@ ; 0t Y-oHepr pas3 ooBba H U A 1 M
Al20CweMns.

XMMuuyeckasas ABUXYylWaAasas cuNa oNpefepacacess MBE O

Mexay kacaTerl®OHeliToukepunBOoBTaBa MAMEUW QWU 3 Ha
cTexMomMeTpuyeckoM cocTaBe. M Op/MOOXMTHEA/MBHH 0EEC K Y\
BO3MOXHOCTb BbifeneHunsa ddasbl.

Takunum oGEpPB®eE BLINONHEHO cuUMcTemMaTumyecKoe C
6a3 pAgaHHbBX aAxeMecrnopeMeHMAtenbHO-ha36106P a3 0EaH IMI
Pas3paboTaH nNporpamMMHbBIA WMWHCTPpPY MeaHrRT 4MB/MSIKYyaABETAO M a

1l ZOG BH O@dasArplsilo Banmne BoinonHeHOo 3a cueT No 21800064, Poccuii
https://rscf.ru/project/24.9-00064/

g d deckls j €Ok &'

1. Belov N. A., Korotkova N. O., kopyan T. K., Tsydenov K. A. Simultaneous increase of electrical
conductivity and hardness of-Al.5 wt.% Mn alloy by addition of 1.5 wt.% Cu and 0.5 wt.% Zr // Metals.
2019Vol . 9. N 12. P. 1246.

2. Do, H. S., Moon, J., Kim, H. S., & Lee, B. J. A thermodgnic description of the ACu-Fe-Mn system for
an immiscible mediurentropy alloy design //Calphad2020.—T. 71.— C. 101995.
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4] SyYydkwCrt7JpoeHmnme M NPOYHOCTbL T OPHBKX

{ wsllviv{feuvr PiNdaIm s rrRIUOfRYLHES ][]
tédr1tvzr1RrRI
. 1. rrOBSC3,0B,.5p

®rbOY BO «Ypanbckunuuw rocypapcEranaepMHOYPPHDBU Yy
Email.zhabkoa@mail.ru

Kak wn3BecTHO, Moaynb cnapga, MCNONb3yeMbl
ANHAMUWKe, CUNbHO 3aBACUCTOTEPAIVMEEO®BNDHpPEABC T
TO ecThb 60NbWe XapakTepusyert ycnoBwus Har p
ygapoonacHoOCTb nopopag, B o6bwem cnyvyae, 6ygaem

AWNHaMuMyeckomnmw cdopme nNpu XecTRoMNnpeaagpyxXemunmock &
CKNOHHOCTWU [ OP HbIX nopojag K OWNHaAaMUWUYeCKOoOMY p a
OTHOWEHNWE YyAeNbHbLX AUWHAaMUYEeCKONW MW NONHOWU 3 HE

_2 EDycgy si(y -)j Edsi"” cos §i0 Y -

P 2C sinytdy (1 -)nf siny t¢f y(l #ef )}
raoé— [AVHaAMWuYeenchkHaasd YA HepommMmas yaenbHas NUHE
E- Moaynb ynpyDQeTw rODOpPp @MAEB,BOPOTaj] 3NgMOHT a

BHYyTpeHHeds[ Fp@3imecTb MakKCMManbHOIO [ /1aBHOTO
MPOYHOCTN W nNpepgene ynegyyocoartTHyHegmappeeorHa, naA
MaKCMUManNnbHOTNIO T /NaBHOTO HanNpsasXeHWsS M yrna Hack

rfmaBHOMY HanpaXeHUWW wa pipedemer mppuawaann (
Ko3a(dphdpmumeHT NponopuLUMOHANBHOCTMW NPWU UCNBITAaHUMN

Hanb6bonee ypgpapoonacHasa pgrolfem& CouT BI@eaa D /1\ad j/ad
mll nopopa He <cnocobHa K OAVWHapmbeopoama Npo
3pywaerTcs oT pacTAar neatkWwmx HanpsaxXeHWIi np
TOMYMBOCTb, HO NPMU MAT KOM P €)X NBE [HANGHT apMyVHHEEHCK
Xnme,p-d, npmm ecTb Korgpa B ob6bemMe nopoagb ume
HaMMWyeckoim MW cTaTMUu4yecKOW aHeprumm, ABNAeTCH
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Ana pocTOBEPHOT O

onpepeneHuns

3 HadyeHnsA4d nok

ctTabunnomMeTpmuyeckunmx UCNbITaAaHUIM C OTCeUYKON npeg
CBOIMW oyuepepgsb, 3aBucAar oT cTeneHwM 6GoOKOBOT O
HanpaxeBha) 4, MHOTMX ypgapoonacHbBX MeCcTOpPOXA
mMop He nNpoBejeHb W UMewTCHA NAUWb pe3ynabTaThb n
TOTr o, B O MHOT WX Cnydyasax 4axe He ycTaHaB/un
BHYTPEHHEro TpeHMUSA.

B nepBbmMuR@wmMUN [N1A DYMPpEKAO/1BHOKLMNO0ONb30BaThbCA
(puc. 1) mMAW NPUHATDbL HEKOTOpPOEe cpepHee 3Hauye
KayecTBe npumMepa, nNpusBepneH pacyeT nokaszaTensa
K Hem yJapaM MeCcTOPOXOEHUR. MopobGHBIW pacuer
MECTOpPOXAEHUIN.

VHOtests] OMdetsmis! ctede 7 fstetsH daj Stslstster 7 ( Iz

E1 j’ C! SC)I’ Sp’ Dy’ p
MopoAa FNgr pagMiaMMaMMar pa Dy 8.4 P
I sdz wkHddCO [SkwBt! MEd2 (1 Bte
dkzdz WdHdzOw tef 545| 41 | 18 7% | 75 | 05 0,75 0,95
[ dJHdMIsOwY twkH(739| 41 | 19 97 | 9,2 | 05 0,97 1,21
Porosukwu 69,2 | 36 26 81 | 11,7| 0,5 0,99 1,33
] OB BHidEzj tod IS ' 71 | 38 | 26 | 124 | 12,7| 0,5 0,87 1,14
f sHO BHAz J
BkpanneHHbe | 706]| 37 21 | 103 |119| 0,5 1,16 1,52
g0t

J Misdzgw € 286 | 35 | 156 110 | 89 | 0,5 0,74 0,92
14 tctstf Oo dzts o
e j dngetsr § BOM
M3BecTHAKMN 33,3| 35 | 12,2| 77 7,7 | 0,5 1,10 1,38
MfeTponaB/10BC .
cepble, ©Oypble
6pekK4yYunmeBumaH bl
6peK4YnmpoBaAHH.
RL 9 J Mmisy(Sedf B)| 399 36 | 17 | 125 | 93 | 0,5 0,88 11
s § d3tipftc" §
Mopdupurte ce| 221| 33 |20,1| 127 | 12,7| 05 0,52 0,64
cepble NNOTHbI
1 seWdtedlIsr-mJstg ¢ 20,7| 33 | 13,3| 85 | 94 | 0,5 0,73 0,91
) dL d3j dzaj ded W d3q
9o jlstej dz' §,
skzW¥sctcOo j dzd Is
1 s¢Mmdls dzj 3Ote¢ 246 | 34 | 16,1| 78 | 13,3| 05 0,67 0,83
COds4 ded misr 2
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1 8CMdls dzj 3Oty 15 | 34 | 75| 43 | 52 | 0,6 0,87 1,3
Bokcunut mMapkwuil 14 33 4,1 25 2,7 | 0,6 1,6 2,4
(HeypapoonacH
ONbITOM)
bBokcwut ™Mapkwuij 60| 3 | 63| 20 | 0,8 | 0,6 0,45 0,67
(Heypapoonac:
ONbTOM)
1 8CMdls CttOMmdz] 65 | 38 | 20 | 152 0,4 1,04 1,04
dzy 3OS d 2
(HOdzdz" § R. [ .
g ojtesyjmMyuodhnss] o MssesyH]
IsteW dtedIsT 130 | 53 103 0,5 0,59 0,74
OAnopwurt bl 120 | 50 140 0,45| 0,51 0,57
M3 BEeCcCTHAK 100 | 42 76 0,55 1,35 1,86
MpaMOpPMU3O0OBaAH.
f Ocdzj IsqIsT 110 | 53 100 0,5 0,52 0,65
RLOJMmisdaw € 90 | 40 140 0,45| 0,75 0,84
BtcOBRstcd L 59 O dal
CK apH bl 200 | 48 80 0,5 1,72 2,15
M punpnTtbl 140 | 53 208 0,4 0,32 0,32
Mar HeTuUT bl 130 | 45 97 0,5 1,14 1,42
| BlesB ZOGBHOIME 5] d3d MIststeSY H J
I seWdtedlIsT 100 | 40 134 0,5 0,87 1,09
4dJ dzd Is” 90 | 43 110 0,5 0,79 0,99
CK apH bl 70 | 51 115 0,5 0,34 0,42
f Ocdzj IsqIsT 80 | 43 119 0,5 0,65 0,81
T st s &) Misstetsy Hj dad J
Mopdupurt sl 60 | 30 | 21 | 110| 29 | 0,45| 1,66 1,87
skeWwr fsteW¥dtedl 90 | 40 | 23 | 106 | 11 | 0,45| 1,06 1,19
CneHnNT b 50 | 46 | 24 | 143 | 24 | 045| 0,33 0,38
g4 ¢ Otsdz 50 | 46 | 15 | 110 | 14 | 0,45| 0,53 0,6
M3BecTHAKMN 40 30 7 68 11 | 0,55| 3,32 4,57
Porosukwu 90 | 45 | 40 | 160 | 27 | 0,45| 0,40 0,44
Mar HeTwuT bl 90 22 23 | 100 | 35 | 0,45| 3,89 4,37
[dBYNddmSs] o&jMiststetsy ] ded
i setsoads d 80 | 43 130 0,45| 0,59 0,67
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4 COtcdzr BJLWGEY 90 | 39 122 0,45| 0,91 1,02
[ Ocdzj s IsT 100 | 44 80 05| 1,13 1,41
[ Mis® ded demMC 5 3j Miststetsy v ded J
g4 ¢ Otsdz 60 | 38 120 0,5 0,65 0,82
Mwn p o kncneaHr 1 o Kk | 56 | 35 183 0,45| 047 0,53
i setsoads d 5 | 31 150 0,45| 0,75 0,85
Mar HeTUT bl 65 33 80 0,5 1,4 1,75
1l jtojLsoamMCd?2 tkzHdzd ¢
Pypa (rpaHwuntdq 25 35 20 | 140 | 20 | 0,45 0,50 0,57
Manonpo4dyHbe | 17 28 4 45 8 0,6 2,84 4,26
MpwHble BMeUWwaKw 25 35 20 | 140 20 | 0,45| 0,50 0,57
skCdmozdytstets
NMionut ™M/ 3 61 | 43 | 54 | 251 | 9,2 | 0,3 0,24 0,18
Ypturt cpl 3 69 | 42 | 44 | 195| 82 | 0,4 0,36 0,36
MaTHMcTaa py/) 30 46 19 8 | 23| 05 0,25 0,32
1t $ydw Of Olsq¢ 80 | 41 | 34 | 132 | 51 | 0,45| 0,59 0,66
] zOIsts d3Wprinte tiz
teHO fwisded mls( 68 | 42 | 21 92 | 3.8 | 05 0,74 0,93
BOMMd o dzOW
YpTunut mMaccuBiy 92 40 37 | 159 | 82 | 04 0,67 0,67
t dmytstetedIs- dzy 64 | 39 | 24 | 100 | 53 | 0,5 0,79 0,98
fdqtesC My dztso ™ 2
Nyaspnurt 77 39 | 41 | 277 | 9,2 | 0,3 0,55 0,42
ssOh 90O
o f OlsdfjsW j dzd dztse| 46 | 31 | 42 | 86 | 2,8 | 0,55| 0,59 0,82
tclzH T
OB 1 T bl 72 | 31 | 58 | 222 | 7,2 | 0,35| 0,67 0,59
ViclsdIsr 75 | 29 | 55 | 193 | 93 | 04 0,85 0,85
NMiAonwurt el 84 | 29 | 69 | 224 | 128| 0,35| 0,76 0,67
[jdr sj2cdlsT 126 | 31 | 44 | 272| 12 | 0,3 | 1,55 1,16
['YJLSOLGOdz
MepgHasa pypga 39 | 35| 27 | 180 | 14 | 04 0,58 0,58
[ jHdpge dzytso Ow| 57 | 35 | 32 | 200| 14 | 0,4 0,72 0,72
g jtr2 BJLtWGEH( 55 35| 30 | 203| 10 | 04 0,74 0,74
f4Myuodz ¢
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KpacHbin aneB]| 36 30 19 45 0,6 11 1,65
gt 2 §JMmMmyoOdz 53 | 35 | 35 | 120 0,5 0,61 0,76
stcOMmdzr 2  jfmy( 40 | 31 | 25 | 90 0,5 0,87 1,08
KpacHbh cnaHg¢ 50 | 36 | 14 70 | 1,6 | 0,55| 1,33 1,83
102MCd2 L {s

MepagHbn n cepi 70 35 12 | 118 | 6,5 | 0,5 2,35 2,9
KonyepgaHt
Mopdouput nnaitn 65 30 | 16,5 73 | 11,8| 0,5 2,29 2,87
Onabas 64 | 29 | 30 | 87 | 89 | 05 1,33 1,66
skeWtsetej Sydd t 57 | 37 | 20 | 75 8 0,5 0,99 1,23
MeMmMls o O
KBapuesamnumnto|l 52 33 12 44 | 7,5 | 0,6 2,03 3,04
cnaHewu
XnopksapuyeBbll 47 | 40 8 31 | 49 | 0,6 1,59 2,39
KeBapuurt (mMeT{ 65 34 12 70 7 0,5 2,36 2,95
3aknapgka 5 36 | 1,5 0,4 1,25 1,25

1 BoeuwsyoOdzd dzm S s d3j Miststetsy H § dzd §
MUK + LK 108 | 50 | 30,8| 139 | 209 | 0,4 0,38 0,38
[ jsOMsBOIdIsT 58 | 43 | 20,7|816(|179| 05 0,59 0,74
tdsdzdlstseo ™ | 56 | 38 | 24,8| 90,3 | 25,7| 0,5 0,72 0,90
fstol dtor
BasanbToOBbIE 72 48 | 30,0| 133 | 23,5| 0,4 0,32 0,32
nopaoupmunr bl
Anab6asoBble 67 47 | 31,5] 145 | 255| 04 0,31 0,31
nopaoupmunr bl
Frab6epmopunTtdbl 68 | 49 | 37,3 | 157 | 28,3| 0,4 0,22 0,22
1 OLOdz IsT 945|335|56,6| 219 | 30 | 0,4 0,76 0,76
t EHO 105 | 346|554 | 215 | 20 | 0,4 0,79 0,79
r d OB OL 82 |30,2| 538|192 | 31 | 04 0,87 0,87
Tydbe 6as3anbTt(797|387|40,3| 162 | 26 | 0,4 0,60 0,60
PUONUTOBOT O (
Bpekuun 6asza)90,7| 42 | 370| 157 | 26 | 04 0,56 0,56
cocTaBa

Spddzj 2 detsj] 3j Miststetsy H j dad §

JaunTt bl 59 | 39 | 30 | 86 8 0,5 0,06 0,07
AHOoe-BaADNT bl 142 | 39 | 42,5| 120 | 10 | 0,5 0,10 0,12
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Bas3anbT bl 6,5 39 26 82 7 0,5 0,07 0,09

Cnumnurtel 4.6 38 16 53 6 0,55 0,09 0,13

Py A4 bl 6,3 | 32 | 18 63 | 7,5 | 055 0,18 0,24

MeTacomMaTunTtTb | 53 36 | 17,5| 55 55 | 0,55 0,11 0,16

BbimOMHEHHGBLIIA pacuerT nopgTBepxpgaerT NoBblWweH
MecTOpOXAeHUWH BPaKTMUYeCKUW CKNOHHBIX K T OPHbBIM Y

gt d deckls j © Ok tr

1.A. B. Baiepa na crWix MOEEG@LITUA U KPUTEPUUW CKAOHHOCTMU T OF
paspywrH®jolsdw okzL o 2, J|dsB6ARMRA). ) Iz tc dzOdz

2. A. B. Xa b6k o, MexaHUMWKa pas3pylweHMUA TOPHBX NOPOA WU PpE&
MOHOT padwusa, Ek-a odd wH 6 ¥2EXB5 .d1.3 g

3. MporHos W nNnpepoTBpawWeHNe TOPHBX yapgapoB Ha-MiyagHMKaAX
M3-po ATH,-3T99¢€.

T IrTRY[H®REF[SURjIUY[ |1 BOf USUUR 3
gl [soaylft13mftfrtrr1v]?2uvp®Y Ol RY[ BHSRM
Il {1rresdguvlRrRE

1 - Uvtej @sse yjo
MHcT mmpyymowemn ne0oCHB®R®EmMa K ageh.B Ma nb HuPKAOH a
Email noe& @mail.ru

Llenbto NMPOBOAMWNMBIX NcCCNeE@gRBEHBWEe PpHEeTIAeE C KO
3PPeK TMBHOCTMKN OMy pboeB3BOPNKA CPHaOGCOTTY, CHUXEe H U e BpefH:
OKpyXawwytw cpepgy, YynyudyweHune KayvecTBa pgpobneH

AKTyanbHOCTHSDb mccnepgoBaHMIM cBfA3aHa -CcC Hen
ONOrMYyeckKkKMXx YyYyCNnNoBMUN pa3paboOTKKM MecToOpoOXpagert
60T X MmMoymMeKwMHTax, B YCNTOBUAX KpaWHer o CeE
MEHeEeHMUe ycnosuim paszpaboTkKwu MeCTOpPOXAOEeHUIMN’
MNNeKCHOM OLU EeHKWU MOes3HblX n BpPpeaHblX ae
XHONOT MYECKMX pelweHN T euAe CKK MK PYET/HBIXK AT 0@
obeHHOCTeW TpebGBoOBaAaHMUN K payumoHaAaNbHOW CTen:t
4 0B MHepanbHOTO CbipbA.

WO H4Xx<OT ™
SOMDO W®» M
Z TOoOXzIIT

ansa npoBefgeHNS KOMMAEKCHBbIX mccnepoBaHMI
NnblTaTeNbHbLIN CTeHA] ANA 6 e3a0ibaHGHKO BB PrbiBHBIE
NOANWUT OHE. MeToaMKa KOMNDNEKCHbBX WMccnepgosa
p bIB a npeagycmaTpuBaerT NnpMUMeEHEHNE KOMMNO3MWNL
pbiBaeMbXx cpeaj, mcnoelTaTenNbHOrNo CcTeHpga, 060
AMCBBIWPSHIBAa WU NapamMeTpPpoOB B3IPbLIBHOINO WwWymma, a T
pumMeHeHMEeM MeToOpf[a SERH SmaokhedrartiwleHydwodyoamiciyy . an s

OnNyyeHMNs KONMYEeCTBEHHbBIX XapaKTepucTMWuKk "
oay Nnb, BbinOoOMATWUIRE K ABRTOOpPaboTKy unM3o0b6paxeHwm
Kanom M pacuyéTtT [JoONeBOro pacnpepgeneHuns nNokKas

D W wL O

EZ3I3RhW®IS
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MeToauka uMccnepoBaHuim pgpobsaswero genVWceTBUA B
MMUYEeCKNUX BO3JgeWNCTBUN Ha T OpPHbLIE NOpPEHXKL nNpenqj
eneHn npepgpaspylweHmnsd n M3 MEeHEeHMNSH AHN3O0OTpP
HOMWPOBAHMA U ONTUYECKON MUKPOCKONUMN. OTpa
CNEeHHOTr o MOAen BPHBRIANHAMHSM AM eBT30pMBM a T biIX X apakT
3PYWEHNUTNOPOPRHBIX OHCTPYKULUUN 3apsasagoB U KUHE"
CCTOSAHMA A0 3apsAga Ha MUHTEHCUMBHOCTbL nNnpepagpa
MONO3UWULUMUWOHHBIX MOpAgefnemnWw T OPHBLIX NOoOpoA B pasn

XTT £ wo X
O 9 ®» X0 4 =

MpoBepageHoO conocTaBNneHNEOpPARBOEN T APBHXOCITC
mcrtTannochobpb4a C npumMeHeHMWEM HaAHOWHAEHTWNPOB
ameTpomM oT 5 MM ago 15 wmMm, mccnepoBaHma npo

M M 4 o 50 MM . PesynbTart bl NpoBe/,e HOH bl X nc
aynTtTenbHOM BIUAHUMU MacwtabHOT O akTOpa H
OYyHOCTWN.

Jw DR X
T T OST

B xope NOANMUINIOHHBIX MU UYUCTEHHBX UCCNepoBaHMUI
epBble NMONYyYeHb MNONMWHOMMUHANbHbLE 3aBUCUMOCTMU
poRC) PoT cKkopocTwW pgeToOHaAauUMM 3apagoB U pac/
TaAaHOB/Ie€HbL 3aBUCMUMOCTWUW BAUAHMA paccTOoOdAHUA
3YyNbTUPY WM cpepHenn BexkTOp PBC, BblaB M4l
MXeHUs ceicMaeRCEKBRANO® Ba Maccus I OpP HbIX no
opocTWu AeTOoOHauunmn HabnwogaeTtcsda HepaBHOMEpPH
cTpeMymMaMn, YyKa3bBawWMUMMM Ha MNOBbLWEHHYI 4YyB
p bl B 310 nopyepkKkuBaerT H € J1 VPH eNiMH y B0 3 PrbpBIMpact
uwe cTBOM n ee nor nouweHwuA HEeEOoOAHOPOAHGBIM M 8
mnmnBaeTcHa B TpewmHoBAaATbLX Maccwuseax, rge npec
KXe BaXHoe paccedgHWe SHeprmm Ha CTPYKTYPHH®b

A< TWWOOTKIW
YW OD®WXRXIO®OO
W H DO T

BO3 MOXHble C (peepcbk O M@ a KNTPMUM € H e H U A pe3ynbTar
cuMumMocCcTMN KO3 (hphbrmumeHT OB 3NacTMUYHOCTMU CKO|
€EBblX TEXHONOINIMYeckKkKunUx @GaKkToOpoB NO3BONAIWT

MMUYEeCKOTO BO3agencTBMA B 3 P bl BOGHBO.M 1 YOETCOK Y HI O
KTMUBHOCTbL UM 6e30nMacHOCTb OTKPBbBTbBX T OPHBDb
B3 P blBH bIX onepaumnm. Pas3pa6boTrtaHHas MeTOoOAO
efoBaHUIM npepocTaBNAT HOBBIEe BO3 MOXHOCT
KTMBHOCOmMacwHMOCO®R3 nNpPpoOMBbBIWAEHHBbIX B3 pblBOB

pacnpepgeneHnemw SHepr unun, yNnydyweHwmus Apoo6
TUBHOINIO BO3AEeMWCTBUA Ha OKpyxXawwyw cpegy
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R.M .1 Zdzdhdg.s s yOdzts o

MHcTUTYT npobnemM KOMNNEKCHOINIO OCBOeHUWUSA HeAap
r. Mo c K B a, Poccwus

Email kochanov@mail.ru

CocTOoOsSHMUE npeagpaspyleanpea g, rToBbi3BaHHOE 3
MEXaHWY,ET/KMAKMMP O U MM VI N b/THBIMUM K AVNBDNMILEHTK BMIA MU
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cooTBeTCTBYeT HayYyalbHOW cTajgunm 3BOANKWULUU BHYT
Ha LAaHHOM aTane BO3 MOXHDO o p MU P O B aHHUMSIE, npo
poedopmMayuma MU nepeopumeHTauma OTA€eNbHBX 3épeH,
MUKPOAedpeKTOB, a TaKXe MW3IMeHeHMNUEe CBOWMWCTB MU

o6béma [d]op oAbl

BonHoBoOoe npepj

paspyweHne wurpaeT KNWARBY p
pPHOT O nponsBOACTBaA

r o COXpaHHOCTM U e HHBbIX K
pas3pyuweHunmn, NPOrHO3IMPOBAHUN PUANbLTPALUUOHHBIX V
4o cTaHpapTHOTO KayecTBEHHOT O pas3mMepa. B
COCTOSHME NpPpoYmewmpBAasnNpp@APRAPAMUYHBIX TUuNax A[UHA
y O, a BHDO1 H O B bl X H aHrepryesnknaoxe OM B O3 A€W CTBUMU M O W H bl X
MMNYyNbCOB HaAHOCEKYHAHOW ANUTEeNnNbHOCTMN.

[ jJIstsHT dmmdzfla B89 dzdy"ys e H 1 A MOpPpdOoONOoTr nuwu n ae
MCNONb3 0B aHA KKPOOMCIK/IOENKNCY eMc K U X MeT O A4O0OB: pacTpoBas
(P3IM) , -cCAur JoavieHao A MUKpoOCKoONM®USA, onTtTunyeckKkasd n
CKaHunpytwuwasA MUKPOCKONMUSA. BHYyTpeHHSASA CTPYKT
PEHTrIEeHOBCKOMN KOMNbKTEPHOWNW MUKpPOTOMOTpadguwu.

KniwoyesbIMagmeeckKkunmm AonNn R/GBe-rameav nesToB/P e H NI
MOBEePXHOCTMN P@EEBHBXUIE HIOSP O AB K NI0B e pbiéier MmeHT auym
mM3obpaxeHMn no uyuBetToBbLIM KaHanamwm (Red, Gr eer
TpewumH ©WU T paHWLY 3EépeH, a BI M@ M anTendserkprooBBa HIHM € /1 @
M3MEHEHNAM SApPKOCTW U CBA3ZIHOCTW NuUKcenenm, a
(wnmpunHa pacKpbTWuUSA", npoT(spMECHRGB-ama/iMn30pPVEHP AH !
CYyObeKTMUBMU3M BMU3YyanbHOI OLULEeHKWU n neaBonNAaAerT
o6bpaszQEBbLX NMEmME@& pa3HbLX TUNOB BO3AEWNCTBUN.

fdLEzd LOl'ocTaBneHne O aHHDBX -aMBKIM@BGE@K OB W M B UV
egywomwme obuwme xapakTepHbe OCOOGBEHHOCTFMU QopN
NHOBOM WU 9/TeKTPOMAlTHUTHOMMMWMHUINWI/bICHDOM BOJB I
CKpPpbTMNA MMUKpPOTpeHlnu 8B aroHoaTabBonieae ~x0a,p2a K T € p H a
CKpbl2-84a miCwo.r nagcaHHoH bim P O M, no AT BCeepr MIEEHHT HabLM € i (
NbWMHCTBO MUKPOTpPEeWMH wnUMenunm XapakTtTep Tpeuw
pagopmumpoBaHng pgedpekKkToB B ULenoM He Habnwpga

dtcOQodzgdIlsj dz' dgr 2 0OdzOdzd L.MNlp dff §f t3 gB PGBV dBdo¥3 g e i1 ¢

X OOTT ®m O
O O ®» O O

BHOBb OOpas3oBaHHbBE TpeuWwWMWHbB pacnpocTpaHSANUCDH
(TpaHCKpPUCTaAaNNANTHO@®BHPRABPY DOKIAS)HB HRGB b K yTIp € 018
BHYTpPM 3épeH c pPpe3Kum nepenapgom A plkpowuc T u n
BLICOKOBO/NbTHOM MMNYNbCHOM BO3geWcTBMUM oOT ME
MMWHEepPanbHBLX KOMNNANEKCOB: TPpewmHb BO3IHMUKAaANK U
(MHTepKpweEeT apiainpWHWeaunann3 RGB3Bonun~N KonmuecrtT
pacKpbTune MUHepPpaAabHbBX CPOCTKOB NO WU3IMEHEHMUW
YcCTaHOBNEHO, 4TO Ha TpaekKToOpWUI pacnpocTpaHEeH
OKas3bBaeT HanNnumume MKKPOFRERMOAECHDI ACHWMAAPW RPIaMM R
B nNpumner awwmx 3 0Hax.

1 OC dz¢ yjKdadujn nek cHoOe nNpuMeHeHUWE Me-ROGAGHE 3 MUK
POMiz3ob6paxeHUm nNoBepxXxXHOCTMWN pas3pyuweHnsd no3BC(

TpeuwmnH bl H a cTagunu npeppaspywuammAT HbLIW asige
MHTEePKPUCTAaNAUTHBAN MexXxaHW3Mbl, KONMWYECTBEHHDO
conocTtTaBnATb sdbdhaHOBOrYWLaMHO 3 N1 eKTpPpoOMaAarlr HUT HC
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BoO3ageuhWcTBMUMN. MpeapnoXeHHBHW NMOAXOA OTKpPpbIBaeT B
aHaNM3IaBMAMNEPBOEC KONUNYeEeCKNXITNEAAHIOKEXY NEN 3 agawmax e
reomMmex aHUKM.

3. OpueHTaums (no anuHe)
0

1. UcxopHbI POM 2. RGB AHanu3 (1.11%)

t dmkzdasEmlis Khgdsdels § sd ud MEt5d) dLBBELOYjddd, dBJlsdte
ftso jteRdetsiisd c®HQded RO Y tsfp Y dstszj o 52 N Ol d Co Ote
dzddzdd ( BICEOBHE & RdRESBBHROZdL O (B), (9)

uf d deckls j £ Ok "

1.BUKT Cpqleg Ko vAa HIOR. eldle X R O HQ@PMN 3 N Y eMEIBD M € XM IO U K0 P OCBUHCET BEbMX.
MopoenunpoxaHreg@APMR AT XE®WMBEOR4 C 412-413.

2.GonzaleR.C., WoodsR.E. Digital ImageProcessing-4th ed N.Y.: Pearson2018. 1024.

gutuvsuvut mdpt dsvrtrRewvrR [ Jr JHUR
g (SsSURIVHEWLS (YL WRE( VLI RIRDPO
11 {agtam

rJd.Jryodfdzf] - yOcddz@ Odzs R s dats o
lHauvoHamMwmH/BIEI] 0 B alTOBWTHKR CAKAWIAT B WHHIB epCcuUuT erT
TOMCROBAYy JapCaBeHTHeHITYOMT ¢/ HMBRIPCUTET
Email: lychagin@mail.tsuru

Hnskaa KOoOHUueHTpPpauuwa B nNpupope pepKkKosemMent
pnenaertT LOObBIYUWM HKEBHICMPHOUK N p U paspaboTKke Me
o6bbemMa B ToxXxe BpemMsa MOXeT npepgcrtTaBnATb WUHT
npoaykTa npu pgobblye Apyrumx wmeTtannosB. [Npu o060¢C
ctTajgune BnAetTcsHa noAaG/DETHBK au CbBPMEI HIWEr e LPYS |
M3 Menb Ma [JO HYXHOTO pas3mMepa WU ycTpaHeHMUe
MCcCXopaH Cblpb 1. B cBA3M ¢ 9TMM Ha cTapgumn
ob6or auwe A aKTyafnbHOIMN 3 afaruesiH biskB JIMIEETTOCASO BP an33pB:
MMUHeEepan : copgepxXawnmx mnNones3Hble KOMMNOHEHTSH B
MOXeT n ACTaBNaATb MUHTepec ANS BTOPUYUHONW nep
KoMbunHatoB. CTpyKTypHasad 4Y4YYyBCTBMWUTE /MELEH @UITbEH ONie T
atTTecTauuMMm MNUCXOOQHOTNTO CbipbA WU oOoNpepeneHnsa pes:
BHewHee BO3fgelWcTBUMe. [JaHHbBW noagxopn TpebyeT a

O £ =scH X

T O I O
M W SO0OITNXM

O6bekTOM wnUcCCNnepfoOBaHMUSH LaHHOWN pab6éoThb ABANSA
MecToOpoXmevmHimsa g@n EHunceldickoro Kpsaxa, npeacTat
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nUpaAapPCEeHONUWPUTOBONW acygopapywer. oPypmperneHnNe H
MeTacoMaTUT &8 aaTKWODMBMABbLIA coCcTaBa C€CO 3Ha4uurtT
cofgepXaHWUNn 3TUX MUHeWsa NTOaBK 0 IC Tragapons, H arspaeeqinecHn a r
3Tanhbl: 3Tan pa3pyweHuMma BMewatwuwem mnopoagdl, 3
CPOCTKOB C ApPYTITMUuMMU MUHepanamu, 3Tan oTAeTeHMU
Onsa OULEeHKMU XxXapakTepa rpaHuy MBXACYT PMK A § P & BIE
mccnepgpoBaHMa MeTOAOM CKaHupywowen 3NeKTPOHHO
Andpakunen o6bpaTHO OT paxewHHbX 3N1eKTpPOHOB.
MUWHepanoB O6b10 M3yyYyeHO MEeTOAOM KOMMNbITEpPHOI
pa3feneHRENIOBNHIEDO pPEHTTIEHOBCKOW MNNOTHOCTMU. iy
9NeKTPOHHOW NNOTHOCTMW MCNONb30OBAaiNU MaccOoBbll
PEeHTreHOBCKOro uM3nyyeHuma. PacuyeTHbe 3HauyYeHNsd
B Tabnuuye.

v OB dzdi @ MY fsddls dzts fls ok dzj 6O dzso  d3j Miststetsy H j dzd W

XU MUY EcCKas Pacué|{MaccoBH/IMHENHE
MMHepaJ(MAeanM3MpOBHﬂ0TH Ko3dhdhbniuk oa pdhpnl
(/c ®) (pv/f,r)q(p,Hem
Xnoput|( Mg, Fe) s Al ( A272 = 31 = 825
KBapy Si O, 2,65 34,45 91,20
Bunotut |K(Mg, Fe) s (Al|2734 m47,8 m129,0
CepnmuyunlKAI 2 (Al Si 3 0429 57,22 165,90
MnppoTIiFex:;S 4,6-4,7 ~110 ~510
ApceHol FeAsS 6,0-6,2 ~130 ~800
O6bpawaerT H a cebs BHMUMAaAaHMNeE 6onee B bIC OK
PeHHOEBCKOT O M3NyyeHUNH4 CYnb ®UAHbIX MUWHepanos.
m3obpaxeHwue PY A4HbIX MUWHepanos, npocneagunrtTeb n
MOp@OoONormMiow M OLEHUTb XapakKTep CPOCTKOB 3é&peH
K aKkK CaMOCTOATE/IbTHAKE WK PKPDE&TRAM, C apceHonup
apceHonupuTa MMewWT TabnurtuyarTylto, a TakKkxe dyT/
nmewtT paitmgpmi, B ganunHy-lnpm. wu@prmnmecODpdAHHO BC
MeTacoMaTunuTax OKONo KBapuLueBbXMYBBRUNNC arHapm
apceHonupuTa nokKkasa”n, YTO OH OTHOCMUTCA nNO (
apceHonupuTynoegapapmmnpaboTb A. M. Cas3oHOBaAa

yyacTKy «OnummMnumapga 2» no AgaHHbM paboTbwe E. A.

ans Ol e HprUle Hpasi3 N p u MEeEXaHMWYEeCKOM Bo3 el
Kpumctannorpadg@uueckmnmih aHanus nNnNnocKoOCTenhw cnasaH
3N1eKTPOHOB WU TeopeTMYyecKOW NPOYHOCTU Haa CAOABMU
X

nopurta M cepumuyuunmTa no ccnoaBAeHpHUDECHTHUbI M{ On0slo}Cc Knopcur AN
HanpaxeHunn <1 Mla. Ha 39TOM STane MOXHO HabInkg
BMeUWatwwemnw nopoaybl. ApceHonNnupunuTtT Xo0Tsa U ob6napgac
{101} n {001}, oAgHaAakKo HYXHO n p UOICOTKAMBT MbM O @ 4 €eCH
pas3pyweHunem camMoOro KpwuwcTtanna. MosaToMy ero p:
Apob6neHwusa. B cBA3mM ¢ Tewm, 4YTO apceHonmupuT T
TpebyeTcsda cpaBHeHUWUEe UX nNpepenoB NPOYHOCTMWU. E
ckatTme, TO B YCNOBMUAX J/TOKaAaNbHOINO pacTaXeHNA
MxBa CKMOHHOCTM K Xpynkomy paspyuweHutw. [NNMpwn pa
BaXHO yuyumtbBaTb MUCXOAHYW TpewWuMHHOBATOCTbL Nop
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Ha TpeTbeM 3Tane OTLEXaGKIOB a:MP BKHIGOHIEBHMTAIA HCE
pa3fenaATb CPOCTKMW KakK CcoOefUWHeHWUE apceHonwupwu
(MenkKumx MUHepanos) MNnn MUHepanos, Haxopgswmx
LaHHOM cnydyae obpawaerT Ha cebsa dhakT pasn
pacmMaTpuBaeMb MU CTPYKTYPHbBIMU eonHMLAMMNM. 06
BKAKYEHNAMN, K aKk npaBuio, He HabnwpaetTcs.
apceHonunpuTa, MU MMeeT 3aMeTHbBE NOpPpb MeXAyYy 4a
OHa He CcOoO3JaeTEeBHYdAPEPOB XHIXMOPAUXEHMNA BHYTPU N
cnyyae pas3BUTMUA MarmctTpanbHOW TpewumHb BHYTP.]
MOXeT oOKa3bBaTb BJ/IWSAHWE Ha TpaekToOoOpuUuw Tpeuwn

Hanpumenp, raneHurT, MNMe NI akKHpWMIC TEpAaABARR (IMe ek
Noao6HO BHEWHMUM CpPOCTKaAaAM. B 9aToM <cnyvae at
OT paxXeHHblX 3N1eKTPOHOB nos3Bonsert AaThb Kpwuec
MeXda3 HOI rpaHuL bl " OULEHUTH CKNTOHHOCTSb T |

Me X3 epyeHHOaMKpa3s HOMY) UMUNKM BHYTpPU3EepeHHOMY pas
cnyxXaT HaAayYy4YHOW OCHOBOW AnNdA ceneKkTWUBHOrNOoO paspj

1 ZOG BH Otedzistds ! B zOcsH OteWls Motsdn Stddzje [ . ¢. 17" tew detso bz

LO ftojHsMsOoyrj ddaf§ tBH®OEIBoCE HA&v dhfdjHss Odd2 d ftd
OdzOdzd L ©.

a4 dfdeckls j tOlskzter

1. A.®la3o0HOB, c. 4. Knpwk, C. A. Cun#daHos, m 4ap.
2. A. M. CaszoHOB, E. A. 3BATr nHa, C. A. CuiBkr aHoB w©n 4p.
3. E.A. Naumov et al., Geoscience Frontiers 2025, 16, 101953.

, MnHuep

Clrt1rvmRA rores [$PHL [ 1 J R L1 1L RY
1Lotvzr1rRe Sy JepRtL 3T LTLER
[RL O RY[HESRIINT 3II1dd1rrseuvlRrRR

R{.2df 5o M d?2
bepepameeyy gap cOTORIEKHEHYHED € X [HEAHY K &/

MHcT mmpymwemn e OCHBOREmMaKageHnBlenbHMK OB a
Poccuimxeamimm yPko c ctMOsiC K B a

Email: iv_ev@mail.ru

OAna AMHaAaMMUYEeCKUX U B3IPbLIBHBLIX 3ajgay reomexadt
MOMEHTAa AOCTUXEBHRAMPOWMPE@@GEWDL B O HHOO MM NOOMPMOCAALH U €
nepexopga MHTECKDK DU T OCTOAHMA K /OKAaAM3OBAHHOM!
n nepeHoOCYy pa3pylweHHOI MacC bl. B aTom CB.
MOAMWMpUMUMpPOBAHHBIA MeTOoO[ CcCRpaRewmpwmsBsaHBOWME ¢ BI
KnHeThuTap Bdlppans OonNmMeaBROBOHCOCTOSAHMA HapyweHU

ropHbBIX nNOpoOA. Takaa nNoOoe@dy @EORIAN K @ O O TIBHEETPCI TEBTYVE
nognuTtTkKka npoyecca, CcTaguWunWnHbBIA nepexopn, GopmMup
Me Xnay NOBPEeEXLEHHOCT®LbIO, XeCTKOCTbHKBE MVELMPOMHDO

pacyeTHOW CcXxXeMmMe.

KnwyueBbM S5paBeMTOM T eOMORAQAWNYESIBKIAIETCSHA BH
nepemea@Haado p, XapakTepusyiwuwasd cTeneHb akKTmn
pa3pyuweHnsO. 1 Mpmpupepqa HaxoguTcs4 B npakTunyec:t
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LOKpPpUTOMY eCKCTOSAMp@ppea/pm3 oBaHa akKTUWUBHAS*H cTapg!l
perpapaunenin CcCBOUCTB U BO3ZMOXHONW nNnoTepen cnno
BHeWHMWM nNnepeknwyartenem, a 9BONWULMWOHHBM 3 akKkoH

— Op 'O & & 00 p Ohm 'O ph & [ A@h.

30ecb0b6006WEeHHBIN pgpanBREP I OoN&EE®@MEpPa,me T p bl
MHUNLMUNMUPOBAHNUA WU HeNnuHeMmnHPOo rCoo rppoacHTViay, U Ba 0 M H &M H T
mcuyepnaHunemw peR y m@aa e cCTBRENBIT. Mcnonb3oBaThbCH
HanpaAXeHHOrNo cCOCTOAHWA, yAaenbHasa a3aHeprua ped
AedoopmMauyunin, paBneHMWe rasa MNKM MUX B3IBelWeHHaAas

bBecceTo4yHad nar paHxvweesTao JPa n[2] pnockncowimazLyvesr ¢ A |
BbWC NTUTenNnbHasa GopmMa 3TOol KUHeGwkOm.3 0AB2 ©BPOHN
COOTHOWEHMA UMUMewT BMUA

& oa b mw oiQwh 66 B —d6ow ,” Baow,

— B& — — o Oh f o i.

NaBneaom@enenserTcs ypaBHeHUEeM ¢ oOBCbIOOPAaHHMHSAO, i [
NPOUYHOCTHOW MOAEenNnbi ANSA XPpPYynNXoibl .n NMB K3BE 3KIKHE
MeEXaHMWYeEeCKMUMNU CcBOWCTBAaAaMM 3agaeTcsa Agerpapgaumno

00 Op | MO &p | kO « p |
PncyHok 1 nokasbBaert, UTO TpaekToOpua paspy
KakpesynbTart nNnokKkanbHOTOO MPOBIHIODEHHOT 03 H eqprad

nepepacnpepgeneHns HanpaxeHuuim M pocrTa

I 48 \ % T
B 7 \ 4

~

t dMzded g e % o S OWeEw j A H 20 SHdssMdsdE My O
stcj h ddes?2: Mtsf sMisOo dzj degdj € Otclslgtslalz (tc@)L
Odz Isjtedz@lsdo dzr B uddzj dgdz’ B 16O

3T 0 nNpuvuHUMNMANBLHO OT/NAMYaeT nNnpepgnaraemyt n
noaxonaa, rone ycnoBue nNpPpoOYHOCTMU dukcumpyeT To
onunceBaeT ero -BpemepaAayoOmMagHanuns3 al

an4a 3apgau B3PbBHOT O BoO34enWncTBMUA pac4yeTHa
MMNYNbCHOW 3Heprumun, ypaBHeHMNEM COCTOAHMUSA nNf
LaBneHunewm B 3apagHom nonocTwu, KOHTaKTHGBIM
BO3MOXHOCTbLI (QOpMU DOOEEHDBIKA NHGEPXHEeeTeria.B /1 8 R A
nNo3BONAEeT BECTWU CKBO3HON [flddeseTne@@TEIPOX HRARC
akKkTuMWBHasa 30Ha, pagvnanbHbEe TpeLwmndtHebl, 30Ha pAapo
bopmMupyrwTca B Tekyuwemn KOHPUTypauumum pacuyerTHblX
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MoNnyyYyeHHbBE TecCcTOBbLE [FTaEHROLN GIMOLITPBOEBPANKHIHALIAT

METDHENAETCHA BbLYUCINUTENbHON OCHOBOW 3HepretTwunu
60nbWNX pnedopmMauywnii, nNnokKanunmsoBaHHOT O pas3pyu
pa3pyweHHONW wMaccb 6e3 anpumopHOTro 3ajaHua Te
KnHetTunmuyeck uMmoOyyp@asacmreeimemmaeT @GUI3INYECKYIW UHTepn”
MHWLUWWP OyBCaKHOMPEe H H-slia cplay@ HM e . Bepudpumkauma nposBoO
BM3IYyanbHOMY cCcOBRnajeHWw TpelwunH, HW FRMSrEo nkoo n
KOHTPO/JIbHbBEMM.BENTUYNH

Takunwm obpasowm, npeagnoXeHHas MHTerpaumuns

cTo/hiapBEPmMEBOANT pacuyeT peakKkuumum mmMaccumBa H

PbIBHOE, Bo3AeWcTBME OT ONMUCAaHUA MOMEHTaA p.

0O pa3BuUTUBRAU3 HAYH®M@HOMWDO B COrgacoBaHWUKW NOpPO
ONWUMOHHONON epeeMEHTHOWHONW NarpaHXeBOW AUCKDP:
ccMaTpuBaTb aKTWUBHYW 30HY Kak pes3ynbTaT pa
npeanoONOXeHUE.

g f d fdsdls j Het@ls

1. 1. Lee E.H., Tarver C.M. Phenomenological model of shock initiation in heterogeneous explosives // Physics
of Fluids.1980.Vol. 23, No. 12. P. 2362372. DOI: 10.1063/1.862940.
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3. Trofimov V. A., Efremovtsev N. N., Shipovskii . E. Features and Some Results of the SPH Method Application
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YpanvrOemepaNvuBepEwaeep Poocycpura

Email: grokd7@mail.ru

Bonpocb noBepgeHUSH BewecTBa BHEe3eMHOTO np
BO34E€e/OTCPBHAKT YR /BbHCBSA3MU c nEoGmamMmmnenecneuy
acTepomemHaociH O C T MMAB HNEPMW/BMB HM I MU CTT MAO MIDE DIE B ID ¢
CUCTedI8sB.€ CTHO, UTO XapakTepkK HGaBe@y Wee HWGoIC MMpure C
NMPOCTRPpPaNHPCUT BEQ P MO XE€ HU UB MEENH@O MnagOBOC hPepe unawu
MOBEPXHOCTb ONpefe/GIemMETAY HO@ERBKEMEN BXXEP KT &g N C
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Ha pQaHHBAE MemeopUTHbL nNpepacTaBnsAswT co6oih 60.
na6opaToOpHbLX MUcchNnepoBaHWW NO cpaBHeHWW C Be
3emMniw B paMKax pas3nuny HOOXH akkaC MY YHEACYKUYVHXO MM WICKCT Veip.
MEXAHMWYECKNUX CBOHNCHBMPAHWMEBRBICIKTI@EOBAHMNA 1
ctTaBa WU CTPYKTYypb MeTeoOpUTHONo BewecTBa
XaHUKWN pas3spylwleHns nNpakKTUYeCKWU He nNpoBOAMAO
XaHMUYECKMUX XapakTepucTmuKHaaXx CIKTyuYee Hoab priaps il OB (
OTOPBIRBRY BBTADCATCSHA K MEXAaHWUYECKMUM UCNbITAaHUSA

Iz=z0O0
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Bo BpemMAa nponeta aTtTmoc@depb O60NbWMHCTBO MEe
OfA feNcTBUEM a3apoBLICOMILY e1C KX axmwe.pyllox pas3y
aTMOC (e pyo nPeyeu saexrycus ANGPRO 4 H 6—€ B B O 3dppexk TUBH
exaHnueckas MPOYHOCTHD oTpaxaerT TO, K aKkK 1
poAMHaAaMMNYEeCKOMYHal&BI/MAH WK OMN NPOYHOCTMKU 3 HAaAY
HaYeHUWUN MexXxaHMUYeCIOMY YeapaKT apmavopaTopmnax T
XatTume ”N pATT am@cwmrabHOe pacxoxXxpgeHune o06bBACH
eTeopEoampLliPEIBECTAaB/NANT CO60MN EPHIXK bIRO K& YA MN LWUE
KOHTak T e Dionorphositekpwa RymgumBennu[l)m nmopunuc T ble Tene:
POHMW3AaHHDBIE MWUKPOT P eKuymoHvaeM NE TME ONPYOCKHr JOLT apviak3. p y wa ko
Hanpsa>XeaMmdpxa CBTbASMLEBH@ eH eM, C @a TMP® YHOCTb Ha pa
nopsaamaock HuXe N p[23).4yBHbDICOT M M OHKaa 3 @AE@D/T U @HProoy HID T e
TeopmommomBXxoae B aTmMocohepy oT 0i 1dpoaor mMiepHUTVaELpU
] MO CpPpARBE@BMMDO YG OCT U Ha pacTAaxXeHuWe anA z
TeomkO@B® Mn&pomMaBpPOBWROCTbL O6ONBLWOINO MeTeopo
HEeHMWI C TN PpouYHMNO TGTE NoedHpHa3MIla0o B aX @ H§ ib T @EE N e
KaMeHHblX Ten nexwu+05 B]. ANm@me @sromneo 05,010 MUHEDP :
OOGHaApPyXeHHbBX PBS5MmeTmPOPpMMmAX U3 HUX UMelwT MWK P C
MeTtToagOM HaHOVMHpOPELABPDOBRHMNMAKPOTBEpPAOCTbL nNno By
MUWHepanoB Xene36GlwxcmwmenkcapwmmaxB@Pas XOHAPUTOB |
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O63oppe3ynbTaTosB nab6opaTiopaobiKO K eVBeEMEPPUETHONBIA
nepumnogmwbaeoBMBIONBAEP@GTNVEREe NOosABAeHRABA}. B bIX 48
MnoHepckKMUe pa6boThb B 3TOM o6bnacTwu 6blNun B bl O
MeTeopunuTam ABHenewm A. A. (Xxenes3HbE MeTeopurT
30TKMUHBIM W. T. ( Camelgip ume pHaime B0)6.3 op O6bI1  Ccaen
Ckpun[BlMEkK nocneegweete3 OoBpppl NOCBAUWEHb KakK AaHHBbM
pas3pyneiMeopmnTOB BO Bpemsa npo[RoxareaHKn am upeepseysn t
nabopaToOpHbLIX WrIITaAumamRZy e di0oKE T N YBBAETHAPCSN b
yeToblpfldwxnu napas|[ &d] c pkaBBAH3EMHCUTHR TCM 4 € K M MI T B @ M A M O M

B pLaHHOM o0630pe Takxe npoyHapHBXY p @ B & BIB a H
npuamMaTmMmyYecCcKUX o6@pamBaH3biMO BH aga pé¢3 0M B UHTEBpPpBanNe
[I5;napamMeTpoOB CcTaTWNyecCK OHIO CUT OO/MKHOACMING &BEECKRYEMCTTTBPaE |
pas3HBbX [lP]moncooBG e HHOCTUW paspyuweHns MU MoJenumpoBa
MeTeopurta [HeE pBEHBHBIOK OT K O/ b HOIM P AP DPBHG/CHVOMB O
Har pywk@7lhmas empMm@gennpoBaHnNe paspywmTenbHOTO

B3 phbiBa 3@a 4YHLbLE T UMbl MeTeopuToB [ 18] . Hauno6or
CONPOTUBNEHNA yJapHbBM Harpys3KkaM BblABJ/IeHb Yy a
CTPYKTYypoWh, cchopmMmpoBaBlWwWeEeNncHaA NO TUNY HUXHET O

1l iZOG BH OtcPdgts M)isd BLiNONHeHa nNpue PMHAMCOBOPBTBID L HQY XK U
06pasoBaHusa FERD-20260808.a Neo
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JaHHaa paboTa HanmnpaBfneHa Ha WMW3yyeHUe O0CO
HanpsaxXeHUI B MaTepuanax pas3nNnnyHoOr o reHesmuc
M3yuyueHa Mopdonoruma TpewumH B nopopgax pasHOTO
3yc,epneHTUHNTA, BpapasaeHMnppyrmartrepumanammu,
Xpynkoe ¥ BA3KOe N edmpeopnvieamphsaxy D6pagaos n
YTO ObOWMM ABNAeTCSHA He3HauyuTenbHasna -@eHwpmauywm
KPMUBYIK MOMXMHOI MAXPOB@T.b Tnapkaomio T 1 n nosefgeHMsa O
Xpynkwmimn, YTO CBOWCTBEHHO TBepagbLIM Tenam € K
oponor unsd KOTOP blX 6n1mn3kKa K XpPynkKkomy Tpa
ATBepxXpaeT 3TOT BbBOJA. PBPeasbBpem@aA BaT OpMB6

Situ mcnelTaHMga Ha nNW3rmb nNnokKkaszanwn, YyTO0 TP
MEHT NOAB/NEeHUWA TpewmHa nepecekaeT BbITHYTYH

NnoMaHONW TpaekKTopuwU. LONOANHMWT eeNbUHYLEH 1 W03 Tened
P WHBbI, HO He K ero pacnapgy Ha 4YacTWu. Beper
e wun H B MeTannax. OnacHble TPpewnHb B ropH
PNEeHAOUKYNAPHO HanNnpaBNeHUWIW pacTHAXeHNSH. N x
CKpbTnua ncoelcbr aspapgycos. lWn puHa TPpeLWwnH bl 3 a
bopmMaumm Ha pJaHHOM yyacTkKke. CpaBHeHMe Cc Tp
nnuyne obwero B UX Mopdosnorwmum: TpaekTopwusd
eeT JTOMaHHBA NpPpOMPpMECOWCTOGIREPOBRAKE UIBP aACAT MIB LUK X
CANUBWUXCA nopoob6pasHBbX TpeLwmH. To ecThb
6nwgaeTcsd OTK/OHEeHWE OT XPYynNnKoOro noBepfgeHUNSH

IISIRMOTI-HAEIZT—3Z
DD VDOYDODT SO0 SO

Hannuwne nnacTunyecKOIW 30HB nNnepep TPpewnHOo
3pyweHuna. OpHakbbemHHROOD@pa@asyaxBlr OpHbLIX Nop
MX nNnNnoxouWw pedopmMmpyemMocTn. 3apaya pewaerT
MOLWbLKW ONTMWYECKOrNo MUKPOCKOTNa, pab6boTawwer o
ewnHb Habnwpanucb B Y TOHEeMHWaW WCATTEg/UBAHICA MTe}
TOHKMUX o6bpa3suyax CepneHTUHUTa n amManm 3y
Tepmanos nNoKas3bBaeT, UH4TO YyTOHeHWE NOpPOALIHdL
nee MenkomM Macuwtabe, 4yeM MUKPOCKONMUYECKHMN
a3bBaeT nopoob6bpasHaa GopmMa TpewmHoOoNnon[oobHBbX
0 B MO/JeEeNnbHbIX MaTepuanax akTuBunupyertcsHd o
NnpAXeHNNR. Ero BKnapg B noBepfpeHue nNnopLoAb MH
CTpecKunBr@ae MEm OB & a1HDe opoAab npwu 3rnbe B N
pepenaetTcsa KOoOBaNneHTHO XUMUYECKDO CBA3bIW M
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APpYTrToih CTOPOHBI, ero BAWSHWE [OCTATOYHO Benw
nopoagax, BbLINAgePOCKOAINUBRBTIKOIM Wacumrlbe.

BoipaxaerTcs4d 6naropapHOCT®Sb MnHucrtepcTBY obpaszoBaHwm
PUHaAaHCOBY NOAgAEpPXKY 4Yyepes3 nNpPpoOekKT TemMaTUWKWU HaAYUYHbBIX MU
paboT Hay4YHbLIX oOpraHmsayuwmu N bl@ QUE & D 0 BOAOTPEA/BLOHBLAXH M G P I aOHCUY3LLE
Hay4yYHble mccnepoBaHMag 3a cyYeT cpepacTtTB Ge 2626000k HoTr 0o 6104
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lPoccuitckuitr aKoHOMMUYEeCKNUHN yHusepcuteT um. [ |
2O XMMUUYECKOW DU3IUKU UM. H. H. CemeHoBa PAH
SAO «Kumpckasna apmbpurka» MmMPodcusa, TBepckas 06n.
“MHCTUTYT BGUOXUMUYECKON POU3IUKMN UM. H. M. 3mMaH)

E-mail: aolkhow/2@yandexru

Mcnonb3oBaHMe paga nNpPpupoAaHEKB 1Mo UuNREOOE), H i
AN NONUMONOYHOW KWUCNOT b, co3jaeT [JONONHWUTE
ONOKOHHBIX MU MaATPUUYHBIX CcUCTEeM N8 3KOJJTOT NY
MOCOBMECTUMBT MW OAHOBPEMEHHO NPOABNANAKWT CBOW
e 3 06 p a3 omBYaHHbMXS  MMPOKAY]K.T O BPM 6 UMLN N A P HblE MaTpul
Gpa3oBaHHLE NMONYYeHHbBMMU HaHOBO/MTOKHAaAMM, CO:
Bob6boagHOW Murpauyuumm wn nponunmpepaumunm KneToK B
TPYKTYpP, M, COOTBETCT B ETHEH 0Op,a LIOMOOEHCHNOEEY VCBPaOKATC TBBbL
XMWBbBM TKaHaM opradHumama [ 3]. OHM aKTUBHO
oOoceHCOpOB, HaHOMOMAAbLTPOB, ANSA paHeBOW Tepan
M coO3JaHUWN NPONTOHTI NPOBAHHBIX U BAREOBHIRACTHE
BpeMeHHOW 6GuMmonorummu v MeguuunHue [ 4].
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B poknapjge ap avcocpMjpoT/ipoerHM i M NPUHU MU N B POPMUPOB
YKTIYPIM MeE PR BIX aH blX BO/JTOKHUCTO LIREHHWAXT e MIB&AO0B
KTpodopmMoOBaHMSH H a ocHOBE K P VKT e@T1UW e ¢/ KOUL
na pnmBBImaopokcmnmbyTmuparta, nonwmwmaack TPvagcac,MOIT @ Je !
p OC bl MOAWMUKaALU KM 3T UNX nonmmepos nonuns
annokomnnekcammu TeTpadeHunnnopdpmpuHa, Avn
aHa W KPBOMHMWSN o plbespmbn /1HOAMC T O A-Me3iy YypeaHGIEeT BB N1 U A H
YKTYP b yNbTpaTOHKMUNX BONOKOH nroe H a MO P
epunanos

Zo0oHdzZzZwWw3wo
QQ 4 =X D®O O 3 -
T 4433 0T

On s nNonyyeHwus BO/MOKOH rotToBunAM dbopmMOBOUYLE
7

Yy

KOHULeHTpauyune FlbhonmMmaepo®»n. 7hpoBOmamme C nomMO
na6opaToOpHOI yCcCTaHOBKMW®, cocToOsdwWweln n3 CTekKnn:
nNoagBOAMUTCA 3NeKTpPpMYyecKOoOe HanpaxXxeHume U MeTani/
bopmMmpyetTca kKanng, TpaHcopmumpywwadacsa B CTpy
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JaHHBI@NTMMEPbL XO0OpPOWO T UAPONU3YITCESLbIB WTMOB

pAenaertT n x H ensaam e ¢i o1 MBIk N 4 9 KONNOoOOmao @& X ma rbéaee3vobl
mM3penunum op[HODPaS3 oBYgYyOT NPPANCMCEMIOCETHPMEAH. bl O C H O B H bl €
HeTKaHblX BOMTOKHMWUCT bIX BHeTePmaomMOBINMBAOB 0CHGE
nporpamMMupyemMor o BbICBOOOXAEHMUSA nekapcrTB,
MaTepwuanbl, 9KONOT MY HBLIE bnopgerpagupyemmMsble
MHXeHepun, bnopesopbupyemMbe uUMAOAaAaHTaAT b, 3au
pas3 /Ny HHE De HHIaA3. Bynpet nNnpoaHanum3sIuMpoBaHO BNUSA
MaTepuanos Ha KOMNNEeKC 3KcnAayaTauWnoHHBbIX
BOMNTOKOH Ha nponundgepayuntio MOAENbHbBX XWUBbLX Knert

OcHOBHOVWB agOQeAafge O6ypeT cpaoeyimHY H@EO 63paaB3nMocBMam

NMPWPOABLIL € HIT P aKLOVHY HU3KOMONEKYNSpPHBbIX "

bpakpacHas cnekTpocKkonwus, CKaHicmylloIBasm
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nmMepa npu GQOPMMUPOBAHMUM BONOKHA NO TEeXHONO

AndpunkatfpeenegoBaHnsa N poL e CcBCOOIBO K OB U CUTCAN/D/TIb33¢
MN N1 e K C P HQTUPHYaKMINYyY € C K U X MeTonoB aHanwnsa: ane
30HaHC, PEHTIEeHOCTPYKTYPHBNW aHanunsz, aundodep

KpocKkKonwus. EHybjl Yy T3 a BMMPCWBMEOAPEBI X PEKOT§aTaymo
AapakKTEePOGUT WHLMNPOBAHHBX BO/NOKHUWEMEXKXAHMABEEC P MU A
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