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AKTYyaJIbHOCTh TeMbl THCCEPTALHH

ITOKpHITHS HA OCHOBE HHTPH/IOB MEPEXOAHBIX METAIUIOB IIMPOKO HCTIONBIYOTC
JUTS 3AIMTHl PA3IMYHEIX JeTalell U MeXaHW3MOB, PabOTalONIMX B yCIOBUAX BBICOKMX
(pPUKIMOHHBIX HArpy30K. biaronaps BEICOKOH TBEPAOCTH, TEpMUYECKOH CTabUIBHOCTH
W CTOMKOCTH K OKHCIEHWIO IIAPOKOE PaclpOCTPaHCHHE NONYTHIIA KOMNO3MIMHA Ha
ocrose cuctemst Ti-Al-N. OJHaxo, CIMHONANBHEIH pacniaj TBepaoro pactsopa Ti-Al-
N, npoucxopsmmii npu Temmeparypax 900 °C u BBillle, IPUBOAUT K PE3KOMY
CHIDKSHHIO TBEPHOCTH ¥ M3HOCOCTOMKOCTH NAHHBIX IOKPBITUE, 4TO B COBOKYIHOCTH C
MX HEJIOCTATOYHO BBICOKOH TPELIMHOCTOMKOCTBIO ~OOYCIIOBIMBACT  CHIDKCHHAC
JOJITOBEYHOCTH M HAJEXHOCTH HHCTPYMEHTOB U KOHCTpyKUmi. IByMsi OCHOBHBIMH
croco6aMu yIydIIeH s CBOHCTB MOKPHITHH Ha OCHOBE CHCTEMBI Ti-Al-N sBIAIOTCA HX
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MHOTOCIIOMHBIX KOMIIO3uLMM. B TO Xe BpeMs, H3BECTHO, 4YTO KOHLICHTPalHi
JErHpyIoluX TpPUMECEH M apXUTEKTypa MHOTOCJIOMHBIX KOMITO3ULIUMA OKa3bIBAIOT
CYIIECTBEHHOE BIMAHHE Ha KIFOYCBHIC XapaKTCPHCTHKH HOKpEITHH. B CBA3M C 3THM
TIPOBE/ICHHE SKCIEPUMEHTATBHBIX UCCICNOBAHUH BIMAHUS CONCPXKAHMA JICTHPYHOIIHNX
npuMeceii B HOKPHITHAX Ha ocHOBe cucTeMbl Ti-Al-N, a Taloke KOnu1ecTBa, TONIHHEL A
XEMUYECKOTO COCTaBa OTHCHBHBIX CJIOEB B MHOIOCJIOMHBIX KOMIIOSMIMSX Ha HX
CTPYKTYpY, (HU3MKO-MEXaHHYECKME ¥  TPHOOIOrHIECKUe CBOMiCTBa  SABIAETCSH

aKTyaJbHOH 3aJa4e.

OneHKa CTPYKTYPbI M COAEPIKAHUS JHCCEPTANMH

JluccepTalioHHas paboTa COCTOMT U3 BBEICHMS, NATH IJaB, OCHOBHBIX BEIBOJIOB
o pabote u criucka auTepatTypsl. ColepiKaHue U3I0XKEHO Ha 163 cTpaHuLax, BKIIOYas
96 pucyHKoB, 20 Tabnui 1 crycka u3 213 6ubnuorpadguyecKux CCHUIOK.

Bo BBeXeHHH OOOCHOBaHA AKTYalbHOCTh TEMbI HCCISIOBAHHWs, OIHCaHa €€
pa3paboTaHHOCTh, CHOPMYNMPOBAHBI LEMM M 3ahady, [okasaHa TCOpeTIecKad
3HAYAMOCTh M IpaKTHYeckas IIEHHOCTb paboThl, a TaKKe OIMCAHBI METOZBI
yccnenoBanns. TaiKe NpeIcTaBlIeHB] NOJNOXEHNUs, BEIHOCUMBIE HA 3alIUTY, OTMEUCHA
JIOCTOBEPHOCTH TIOJyYEHHBIX Pe3yIbTaTOB U JIMIHbIH BKIIAJ] COMCKATEIL.

B nepBoii riase IpecTapieH 0630p U aHAIM3 TUTEPATYPHBIX NAHHBIX II0 TEME
muccepTaEi. PaccMOTpeHbl GU3MYeCKie MEXaHU3MBI, JIeXallie B OCHOBE yJIyIICHIT
xapakTepuctuk MokpeiTuéi TiN myreM MX JIETHpPOBaHHSL Al, a TaKxe HNPUYHHBEI
cHImKeHHs TpemmHocTodkocTy mokpeitud Ti-Al-N m, B pesynsrare, BBLBICHA
HeoOXOMMMOCTh JAIbHEHIIEro YIy4IIeHus uX cpoiicte. OnucaHo BIUAHUE
JIETUPYIOWMX TpUMeced 3aMeleHus Ha CTPYKTypy H cBoficTBa nokpeitait Ti-Al-N,
Cpeld KOTOPBIX 0cOo0O€ BHHMaHHE YHACJICHO Ta, xak HauboNee TNepCIIeKTUBHOMY
SNEMEHTY VIS YIYUIIEHHs XapaKTepHCTHK 3TUX MOKPHITHH. PaccMOTpeHO BiUsHUE
HEMETa/UIMIecKUX 3JIEMEHTOB Ha MUKPOCTPYKTYpPY HOKDBITHE Ha OCHOBE CHCTEMBI Ti-
Al-N. OmucaHo BIMSHAE MHOTOCHORHON apXHUTEKTYPhl, COCTOSIIEN U3 YEePEeNyrOIIMXCs

KepaMUAYJCCKUX N MeTaJIMYECKHUX CJIOEB, Ha KIIIOUEBBIC XapaKTCPHCTHKHA IIOKpLITHﬁ Ha



OCHOBE HHTPHIOB IEPEXOJHBIX MeTaioB. Ha OCHOBaHMHM JHUTEPATYPHOTO ob3opa
copMynEpoBaHa ek PaboThl M MOCTABIICHBI 3a/1a91 HCCIIEIOBAHMS.

Bo BTOpOi TIJaBe OMMCAHbl VCIONb3yeMble B paboTe MaTepuaibl, METOMEI
TIOArOTOBKM M MCCIIENOBaHUSA 00pa3LoB.

B Tperbeii riaBe IpeNCTaBIEHbl pe3yNbTAaThl HCCICNOBAHMA H3MCHEHH
CIPYKTYpbI, PU3HKO-MEXaHIYECKMX ¥ TPUOOIOTHIECKHIX XapaKTePHCTUK nokpsiTuit Ti-
xyAlTayN Tnpd U3SMEHEHWH y OT 0 mo 0,65. YcraHOBIEHO HOBBIIICHHE BS3KOCTH
paspyllieHHs NOKpBITHHE C pocToM cozepxanus Ta BCHEACTBHE yBEIMYCHUS
METAJTMIHOCTH MEXaTOMHOM CBS3U. DBEIIBIEHA CBA3b MEXAY CHIKCHHEM
M3HOCOCTOMKOCTH HCCIIENOBAHHBIX IOKPBITUH NpU YBEIWYEHHH ) ¢ MU3MEHCHHEM HX
BHYTpEHHEH MHKPOCTPYKTYpHL IIpensioxeH crnoco0d MOBBIIECHHS H3HOCOCTOMKOCTH
nokpertuii Ti-Al-Ta-N 3a cueT HOJaBIeHMs pPOCTa CTONOYATBHIX 3E€PeH IyTeM HX
JIOTIONHATETHHOTO IETHPOBaHHUs KPEMHHEM 1 CO3/aHKA MHOTOCTIONHON apXUTEKTYPBI.

B uersepToif ryiaBe IpPUBENCHBl pe3yNbTaThl MCCICAOBAHUA  BIIMIHNA
comepkaHus Si Ha CTPYKTYpY ¥ CBOMCTBA MOKPHITHH Tiixy-2AlxTaySiN Ipu U3MEHEHH
z or 0 mo 0,30. YcraHoBieH MexaHusM GOpMHpOBaHMS JAByX(asHoW amopdHO-
HAHOKPYICTAJUIMMECKON CTPYKTYPSI IOKPBITHH ¢ pocToM Si. BELIBIEHA CBA3L MEXIY
MHKPOCTPYKTYPOU ¥ (H3UKO-MEXaHMIECKUMU CBOHCTBAMU HCCIIEI0BAHHBIX TIOKPBITUH.
IIpencTaBieHa TpexCTajuiiHas 3aBHCHMOCTH TBEPIAOCTH IOKPHITHH Tijx-yzAlxTaySi;N
or z. TlokasaHa NPUHIMNHATGHAS BO3MOXHOCTH IIOBBINIEHUS W3HOCOCTOHKOCTH
mokpertuit Ti-Al-Ta-N HOCPEICTBOM MX JTETHPOBaHUs S1, ¥ YCTaHOBICHEL duzuuecKue
MEXAHI3MBI, OTBETCTBEHHBIC 33 PA3NMYHEIN XapakTep MX W3HAIIMBAHWA HA TBEPAOH H
MSATKOM ITOJIOMKKaX.

B msiToii rjaBe MCCIEIOBAaHO BIHSHUE TONIIHMHEI, KOJIHYECTBA U XUMHYECKOTO
COCTaB OTMENBHEIX CIIOEB, a TakXkKe CTIPYKTYpPhl TPaHHI] paszena B MHOTOCIONHBIX
TIOKPBITHSIX, COCTOSIIMX U3 YePeAyIOIUXCs KepaMUIECKHX ¥ METAINYECKUX CII0CB, Ha
ux ¢usuKo-MexaHudeckue cpodcrsa. [lokazaHa  BO3MOXHOCTH — IOBBIICHHA
TPENIMHOCTOMKOCTY TOKPBITHM Ha OCHOBE CHCTEMBI Ti-Al-N myTem BBeJ€HHS B HHX

METAJIIMYEeCKHUX CJIIOEB 34 CUET CHHXCHHA CKOPOCTH BBICBOOOKICHUA SHEPTHH



fedOpMalK TIpE PacTpOCTPaHEHHWH TPEIIMH BIIyOb IOKDBITHH. VYcTaHOBIEHO, 4TO
ONTHMaNbHag TONIMHA METAIMIECKUX CIOEB 3aBUCHT OT I'COMETPHM IMPHIIOKCHHUA
HArpy3KH K ompejensercs GamaHCcoM MeXAYy CHIKCHHEM CKOPOCTH BBICBOOOXKICHUS
SHEpTMH NpY PACTPOCTPaHEHHH TPELIMH Yepe3 MeTALIMIECKUE CIION 1 YMCHBIICHAEM
Hecyled CIIocoGHOCTH CHCTEMBI HOKphITHE/MOMIoKKa. IloxasaHo, 4TO HalIU4He
mubGy3HEIX TPaBUI pasfiela MeXAy KepaMHYCCKHMH W METAUIMYECKHUMH CIOSMH
06yCIIOBIMBAET MOBBIIIEHNE H3HOCOCTOMKOCTH IOKpHITHIA Ha ocHOBe cuctembl Ti-Al-N
BCneficTBHE 6ojiee BBICOKOM aire3uu MEXIy CIOSMH.

B 3axnioyennn cHOpMyJIUPOBaHEI OCHOBHBIE BEIBOJBI, CIEAYIOINME K3 aHANIN3A

MIOJIyUEHHBIX B paboTe pe3yIbTaTOB.

HoBH3HA pe3yJIbTATOB JHCCEPTANMOHHON PaGoThI

BriepBhie MPOBEIEHO KOMILIEKCHOE OKCIIEPHMEHTAIIbHOE HCCTIEJ0BAaHNE BIMSAHUS
comepxanns Ta B mokpsITuax TiixyAlLTa,N Ha ux QyHKIMOHANBHBIE CBOHCTBA B
nuanazose y ot 0 npo 0,65. BeisBieHa 3aBHCHMOCTh OCTATOYHBIX COKUMAFOIIMAX
HANpsOKEHUM B MOKPHITHAX OT coiepanus Ta. Brepsbie METOAOM MArHETpOHHOIO
pacTblieHHsi [ONy4YEHBl ISTAKOMIOHCHTHBIC —MOKPBITHS Ti1xyzAlTa,Si;N, u
YCTAHOBJICH MEXaHW3M BIMSHUA CONCPIKAHHA Si Ha HUX MHKPOCTPYKTYPY,
MexaHudeckue H Tpubosormueckue cpoicrea. [IoxazaHO ONpENENSOIee BIIMAHAC
MUKpPOCTPYKTYPB! [JaHHBIX TMOKPBITHH Ha MX KIIOYEBBIC XapaKTCPUCTHKH. [Tytem
aHaIK3a CKOPOCTH BBICBOOOXICHHS DHEPIUH ,uetbopmaunn' M Hecylle# CrocoOHOCTH
CHCTEMBI TTOKPBITHE/TIO/IOXKKA OOOCHOBaH INOAXOA K ONTHMH3ALMH aPXHTEKTYpPhI
MHOTOCJIOMHBIX MOKpBITHI Ha ocHoBe cucTeMbl Ti-Al-N. YcraHOBIEHa B3aMMOCBA3B
MEXAY CTPYKTYpOW TIpaHMI] pasfielia MeXHy OTIACIbHBIMH CIOAMH H CBOMCTBaMU

MHOTOCTIONHBIX HOKpEITHY Ha ocHOBe cucTeMbl Ti-Al-N.

Teoperuueckasi 4 MPaKTHYECKas 3HAYHMOCTD NOJIy4€HHBIX Pe3yJIbTaTOB
Teopemuueckas 3HAYUMOCMb TIPOBENEHHBIX WCCIEJIOBAHUN 3aKII0YacTCs B

paCIIMpeHMH  TOHWMaHMS  MEXaHW3MOB  JAedopmalud ¥ PaspyIICHH



MHOTOKOMIIOHEHTHBIX ¥ MHOTOCHOMHBIX ITOKpHITHA Ha OcHoBe cucTeMbl Ti-Al-N.
TlonydeHHBIE pE3yJbTATHl CIOCOOCTBYIOT —HAKOIUICHHMIO — HOBOH uHopManuy,
HEoGXOMMOil JUIsi TIPOTHO3MPOBAHMS KITIOYEBBIX CBOMCTB 3AIMTHBIX MOKPHITHH HA
OCHOBE HHTPHZOB IIEPEXOIHBIX METAIUIOB U MOTYT CTaTb OCHOBOH JUIA pa3paboTku
GoJiee TOYHBIX TEOPETUYECKUX MOJIENeH.

Ipaxmuyeckas 3Hayumocmb TIONYYEHHBIX pPe3yNbTaTOB 3aKIOYacTcs B
MONYYEHHH OKCIIEPUMEHTAIbHBIX JaHHBIX, HAa OCHOBE KOTOPBIX MOTYT OBITH
pa3paGoTaHEl HOBBIE TEXHOJIOTHYECKHE MIPOLECCH] I HAHECEHUS 3aIUTHBIX TIOKPBITHH
MeTOZOM MAarHETPOHHOTO pacmbuierns. IlonydeHHble B paboTe MOKPHITHS MOTYT OBITH
HCIONB30BaHbl  JUIs  BHEJApeHHs  HAa  NPENNpUATHAX  ABHaKOCMHYECKOH,

06pabaThIBatOIIel, MEIUIMHCKOH B ApYTUX 0bnacTeil NpOMBIILIEHHOCTH.

JlocTOBEPHOCTH Pe3y/ibTaTOB H 000CHOBAHHOCTh BLIBOAOB
JIOCTOBEPHOCTE ~ pE3yNbTaTOB MCCIENOBaHMS 00ecredeHa KOPPEKTHOCTHIO
MIOCTaHOBKHU 3a/1a4, IpUMEHEHHEM anpoOMpOBaHHEIX COBPEMEHHBIX
SKCHEPUMEHTAIBHBIX METOIOB MCCIENOBaHMA, a TaKXKe COrlacueM IOIyHCHHbIX
Pe3yIBTATOB C UMEIOMAMHECS SKCIIEPUMEHTAIBHBIMY ¥ TEOPETHIECKUMH JaHHBIMHU.
OcCHOBHBIE BBIBOIBI JIHMCCEPTALlMOHHON pabOTBl H3JIOXKEHB B  CTaThiX,

OnyO0JIMKOBAHHEIX B PEIIEH3UPYEMBIX HAYYHBIX XyPHalaX, PEKOMEHAOBAHHBIX BAK.

CooTBeTcTBHE Pe3yIbTATOB JHCCEPTANMH HACHOPTY CHEUHAIbHOCTH

JluccepranMonHas pabora II0 IlenW, 3ajadaM, METOdaM HCCIe[OBaHMNA,
CONIeP)KAaHMIO, HAyYHOW HOBU3HE M MNPAKTUYECKOW 3HAYHMOCTH COOTBETCTBYET II. 1
nacnopra crnenpansHocTd 1.3.8. @u3nuKa KOHACHCHPOBAHHOIO COCTOSHHA (puzuko-
MaTeMaTHYecKyue HayKu).

Anpobanus paboTsl

Pa6ota [OCTaTOMHO Xopomio ampobupoBaHa. PesynbraTel JUCCEpTalUd

TOKNABIBANKCE ¥ 0GCYKIaIMCh HA MHOTUX MEXIyHapOAHEIX KoH(eperimsx. [Io Teme

JHUCCEpTALMM OIYOJIUKOBaHO 12 medaTHhIX paboT B POCCHHCKAX H 3apyOeIKHBIX



KypHaJax, U3 HUX 2 B XKypHanax u3 cnucka BAK, 8 B M3lanusAX NEpBOTO U BTOPOTO
KBApTHIS, MHIEKCUpyeMBIX B 6asax naHHeix Web of Science m Scopus, a Takke 2
CTaThU B W3/IaHUK YETBEPTOro KBapTHIIA.

ABTopedepar NONHOCTHIO OTPAXKAET COAEpPIKAHNe AUCCePTallii U COOTBETCTBYCT
OCHOBHBIM ee monoxeHwsM. CrIpykrypa asropedepatra u OQOpMIEHHE €ro

CTPYKTYPHBIX 3/IeMeHTOB BhinonHeHo cormacHo ['OCT P 7.0.11-2011.

B KxayecTBe 3aMeudaHMii N0 JMCCEPTANMOHHOW padoTe MOXKHO OTMETHTH
cjaeaylomiee:

1. B rnase.3 mOKa3aHO, YTO (UIUKO-MEXAHWUECKME M TPHUOOJIOTHYECKHE
XapaKTEPHUCTHKY TOKPHITHI Ha OCHOBe CHCTeMBI Ti-Al-N CyIIECTBEHHO 3aBHMCAT OT
comepxanus Ta. MOXHO IpPEAONOXUTE, YTO CBOMCTBA ITOKPBITHH Ti-Al-Ta-Si-N
Takke OyJayT MCHBITHIBATH CHUIBHBIE M3MEHEHMS NpPH BapbUPOBAHMH KOHIECHTPAILMH
raprana. OnEaKko B IVaBe 4 TpHUBENEHH Pe3yNbTaThl UcclefoBanuii mokpeituii Ti-Al-
Ta-Si-N mumms ¢ oaEiM GUKCHPOBaHHBIM 3HaueHWeM copepxanus Ta (5 ar.%), BHIGOp
KOTOPOT'0 HUKaK He 000CHOBaH.

2. B maBe 5 OTICYTCTBYIOT pe3yJbTAaThl HCCIENOBaHHS BHYTpEHHeH
MUKPOCTPYKTYPH! MHOTOCTONHBIX NOKpsITHii Ti-Al-N/TiAl MeTofom npocBedrBaromei
3NEKTPOHHONM MUKpOCKOmHH. VccnenopaHue CTPYKTYphl TpaHMI] pasiena MexnIy
KEPaMHYeCKUMH ¥ META/UIMYECKMMH CHOSMM B JaHHBIX MOKDBITHAX Moria Obl
JIOTIOJIHUTH MOJIENb, B PAMKaX KOTOpOil OOBICHAETCS MOBBILICHHE TPEIMHHOCTOHKOCTH
IIOKPBITHH.

3. B miase 5 B umcie OpodHX paccMartpusarorcs ase cucteMsl Ti-Al-N/TiAl n
Ti-Al-Ta-N/TiAl. B mepBoM ciydae MeTaUIMYECKHE CIIOH MMEIOT KPUCTAIIHYECKYIO
CTPYKTYpY, TOTH2 Kak BO BTOPOM CJydae CIOH — aMOpGHEE. Onnako B pabote
OTCYTCTBYET OOBACHEHHE NAHHOIO Pa3IHYIHs.

4. Cremyer OTMETHTb, YTO 3allUTHBIE IIOKPHITHS YacTo HCIOJIB3YIOTCS B
NpUMEHEHUSIX, KOTOphle MpeJNoNaraloT MX OKCIMyaTalWio MpPH IOBBIIIEHHbIX

TeMnepaTypax. [103TOMy WX BaXXHBEIMH XapaKTepUCTHKaMH SBIAIOTCH TEPMUYECKas



CTaOMIIBHOCTE M CTOMKOCTH K OKHCICHHIO. B TO Xe BpeEMsA B paGOTe OTCYTCTBYIOT
Pe3yNbpTaThl HCCICAOBAHWA JAHHBIX ITapaMETPOB.
C,HGH&HHBIG 3aMedaHusi, OOHaKoO, HE CHHXarT OGHJ,YIO MOJIOXKHUTEIBHYH) OLIEHKY

paboThl, ee HAY4YHYIO U MPAKTHYECKYIO 3Ha9UMOCTb.

3axioueHne N0 AHCCePTANUH

VkazaHHBIE 3aMeYaHKsI He CHIXKAIOT OOIIYIO ITOJIOKUTENBHYIO OLIEHKY OCHOBHBIX
PE3yNETATOB pabOTHl M UMEIOT JUCKYCCHOHHBIN XapaKTep.

Huccepraumonnas pabora KyssmumuoBa Epremms JImurpueBuya sBISAETCH
3aKOHYEHHBIM HAyJYHBIM FWCCIEOBaHHEM, BBINOJHEHHBIM HA aKTyalbHYIO TEMy Ha
BEICOKOM HAay4YHOM YpOBHE. B Hell COIEpXUTCA pelleHue psafa aKTyallbHBIX 3aaad,
BHOCAIOMX CYIIECTBEHHBIA BKJIaJ B Ppa3BUTHE TEOPETHYECKUX INPEACTABICHHN O
GHU3MYECKHX MEXaHHU3Max, JIEeXAllMX B OCHOBE H3MCHEHHA KIIOYEBEIX CBOKCTB
IOKpHITUM Ha ocHOBe cucteMbl Ti-Al-N mpu ux JermpoBaHHM U (DOPMUPOBAHHHA
MHOTOCJIOMHOM apXUTEKTYpHl, a Takke O MeToJaX CO37@HMs HOBBIX 3allUTHBIX
MIOKPBITHH, 00/1afaroIKX ITOBBIILIEHHOH H3HOCOCTORKOCTEIO.

ITo ypoBHIO pemaeMbIX 3aa4, HAYYHOW HOBH3HE, TEOPETHYECKOM W
IpaKTUYeCKOH 3HAYMMOCTH, O0BEMY IONyYEHHBIX pEe3yibTarToB JHCCEPTALIHOHHAS
paboTa «3aKOHOMEPHOCTH U3MEHEHUS CTPYKTYPHI, MEXaHMYECKUX U TPUOOJOrHIECKUX
CBOMCTB MOHOJIUTHBIX M MHOTOCIIOMHBIX TIOKPBHITHH Ha ocHOBe cucteMsl Ti-Al-N npu
ux jierupoBanuu Ta u Si» ynoBneTBopseT BceM TpeboBanusaM min. 9-14 «llonoxenus o
NPUCYXKICHAN YUEHBIX cTemeHei», yreepxkaeHHoro Ilocranopnenvem [IpaBurenbcTBa
Poccuiickoit ®@enepanun ot 24.09.2013 Ne 842 (B akTyansHOH pejaKiliy), a €€ aBTop —
Ky3zemunos Esrenmii [(MUTpHeBHY — 3aCIy)KHBaeT NPHUCYXIECHHs YYEHOW CTEneHH
KaHIUOaTa (U3UKO-MaTeMATHYeCKuX HayK 1o cremuansHoctTH 1.3.8. ®usmka

KOHACHCHPOBAHHOI'O COCTOAHUA.

JuccepranoHHas pabora Ky3smuHOBa Esrenus Jmutpuesnya

«3aKOHOMEPHOCTH M3MEHEHHUS CTPYKTYPEI, MEXaHMYECKHUX U TPHOOIOrMIECKHX CBOUCTB



MOHOJIMTHBIX ¥ MHOTOCIOMHBIX IIOKpHITUM Ha ocHoBe cucTeMbl Ti-Al-N mpu ux
nerupoBannu Ta u Si» paccMorpera u obcyxnena B IMET PAH Ha COBMECTHOM
KOJLTOKBHyMe COTpyAHuKoB JIaGopaTopuu MPOYHOCTH U MITACTHYHOCTH METaIHIECKIX
¥ KOMIO3MIMOHHBIX  MaTephanoB W  HaHomarepuwanoB u  JlaGoparopuu
KOHCTPYKIMOHHBIX cTasneif u cmnaBoB (30 oxrsbps 2025 r., mpOTOKON Ne2). Ot3biB

COCTABJIEH Ha OCHOBAaHMH JMcCepTaluH, aBropedepara m myGnukauwmii Ky3pMHHOBA

E.JL
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