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O npucyxnenun CapBoTuHy VBany MuxaiinoBuuy, rpaxaanudy P® yueHoll crenenu

KanauJgata XUMHUYCCKUX HAYK.

JHuccepranus  «BbicokosHTponuiiHble  cIutaBel B cucteme  Ti-Zr-V-Nb-Ta-Hf:
0COOEHHOCTH B3aUMOJICHCTBUS ¢ BOJOPOAOM» 10 crienuanbHocTH 1.4.15 Xumus TBepaoro Tema

NPUHATA K 3aluTe AuccepTannoHHbM coBeToM MI'Y 014.8, mporokon Ne 168 ot 29.11.2024.

Couckarens CaBBotuH MBan MuxaitnoBuny 1997 roma poxnenus B 2020 moctymun B
OYHYIO acmupaHtypy Xumuueckoro ¢axyiabrera MI'Y umenn M.B. JlomonocoBa u B 2024

YCIICHIHO OKOHYUII €€.

Couckarens paboTaer MIaIIIMM HaydyHBIM COTPYAHHKOM Kadenpsl XuMHUYECKOH
TEXHOJOTMM M HOBBIX MarepuasioB ®DejepaibHOrO0  rOCYAAPCTBEHHOTO  OHOKETHOTO
00pa30BaTeNbHOTO YYpEXKJEHUsI BBICIIETO 00pa3oBaHus «MOCKOBCKHUN TOCYAapCTBEHHBIN
yauBepcuteT umeHn M.B. JlomoHocoBay. JluccepTanms BbIMONMHEHA HAa Kadenpe XHUMHUECKOM
TEXHOJOTMM M HOBBIX MarepuasioB DejepanibHOro0  TOCYAApCTBEHHOTO  OHOKETHOTO
00pa30BaTeNIbHOTO YUpEXKJIEHUsl BBICIIETO 00pa3oBaHus «MOCKOBCKHUH TOCYAapCTBEHHBIN

yHuBepcuter umeHu M.B. JlomoHocoBay.

Hayunblii pykoBoauTens — NOKTOp xumHueckux Hayk, Knsamkua Cemen Huconosny,
JIOLIEHT, Kadeapa XUMHYECKOM TEXHOJOIMM W  HOBBIX MarepuanoB  ®dejepanbHOIro
roCyJlapCTBEHHOI'O OIO/DKETHOTO 00pa30BaTENbHOTO YYPEXKACHUS BBICHIETO 00pa3oBaHUs

«MOCKOBCKHI rocyaapCcTBeHHBIH yHUBepcuTeT uMeHu M.B. JlomoHnocoBay, mpodeccop.

O(I)I/II_II/IaJ'IBHBIe OIITIOHCHTBI:

Tapacos bopuc IlerpoBuy
JIOKTOp XMMMYECKHX HayK, CTapIIMd Hay4HbId COTpyIHUK, DenepanbHOEe TroCyJapCTBEHHOE

Oro/pKETHOE yUpexaeHHe Hayku DenepaibHbIN UCCIIeI0BATETLCKAN IIEHTP MPOOIeM XUMHUYECKOM



GU3MKKM ¥ MEIUIIMHCKOW XUMHUHU Poccuiickol akaieMuud HayK, PYKOBOJIUTENh KOMILIEKCOM

nabopaTopuii BOLOPOAHOIO MAaTEPHUATIOBEICHUS

I'appuueB Koncrantun CepreeBuy
JlokTOp XMMHYECKUX Hayk, DenepabHOE roCyAapCTBEHHOE OFOIKETHOE YUPEKAECHUE HAYKU
Wucturyra obmeit u Heopranundeckoil xumuu uM. H.C. Kypnakosa Poccuiickoii akageMuu Hayk,

3aBeAYIOIHMi Ja0opaToprel TEPMUIECKOTO aHAIN3a U KaJIOPUMETPHU

Ponun Anexceii OsieroBuu

JlokTop GU3MKO-MaTEMaTUIECKUX HAYK, IOIEHT, DeepanibHOe TOCYIapCTBEHHOE aBTOHOMHOE
o0pa3oBaTelbHOE YUpEexKJACHHUE BhICIIEro ooOpa3zoBanus «HarmoHabHBIN UCCIIEIOBATEILCKHIA
texHonorunueckuit yauepcutet «MHUCHUCy, 3aBenyrommii kadenpoit HaHoMaTepuaioB U
HAHOTEXHOJIOT UM

JaJIA TTOJIOKUTCIIBbHBIC OT3bIBbI HA TUCCEPTALIUIO.

Br1i6op oduuuanbHBIX ONMOHEHTOB OOOCHOBBIBAJICS KOMIETEHTHOCTBIO, @ TaKXKe

HalIu4ucm HY6HHK3HHﬁ B COOTBGTCTBYI-OH_Ieﬁ C(1)epe HCCICOOBAaHMU.

Couckarens umeeT 9 onyOIMKOBaHHBIX pabOT, B TOM YHCJE MO TeME JUCCEepPTalluu S
pabor, w3 HUX 5 craredd, OMyOJMKOBAHHBIX B PEICH3UPYEMBIX HAYYHBIX H3JIAHUSIX,
PEKOMEHIOBAaHHBIX JUIsl 3alMThI B auccepTammoHHoM coBere MI'Y mo cnemmansnoctu 1.4.15

Xumus TBEPAOTO TCIIa XUMHNYCCKUX HAYK.

Hay4yHble cTaTbH, ONYyOJMKOBAHHBbIC B PpeLEH3UPYeMbIX HAYYHBIX JKypHaJjax,

HHIeKCHpPYeMbIX B 0a3ax nanHbix Web of Science, Scopus, RSCI:

1) Zadorozhnyy V.Y., Tomilin I.A., Berdonosova E.A., Gammer C., Zadorozhnyy M.Y .,
Savvotin I.M., Shchetinin I., Zheleznyi M.V., Novikov A.V., Bazlov A.l, Serov M.M,
Milovzorov G.S., Korol A.A., Kato H., Eckert J., Kaloshkin S.D., Klyamkin S.N., Composition
design, synthesis and hydrogen storage ability of multi-principal-component alloy TiVZrNbTa.
/Journal of Alloys and Compounds// 2022 — V. 901 — P. 163638. 0,625 m.11., gons yuactus 25%,
JIF=5,8 (W0S).

2) Savvotin .M., Berdonosova E.A., Korol A.A., Zadorozhnyy V.Y .,
Zadorozhnyy M.Y ., Statnik E.S., Korsynsky A.M., Serov M.M,, Klyamkin S.N.,
Thermochemical analysis of hydrogenation of Pd-containing composite based on TiZrVNbTa
high-entropy alloy / Applied Sciences// 2023 — V. 13 - I. 16 — P. 9052. 0,825 m.11., nost y4actus
50%, JIF=2,5 (WoS).
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https://istina.msu.ru/workers/256331991/
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https://istina.msu.ru/workers/425539142/
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https://istina.msu.ru/workers/1235774/

3) Korol A.A., Zadorozhnyy V.Y., Zadorozhnyy M.Y, Bazlov A.l, Berdonosova E.A.,
Novikov A.V., Kaloshkin S.D., Savvotin .M., Zhelezniy M.V., Stepashkin A.A., Serov M.M.,
Klyamkin S.N., Production of multi-principal-component alloys by pendent-drop melt
extraction. / International Journal of Hydrogen Energy// 2024 — V.54 — P. 161 — 175. 0,9375 .11,
nost yaactust 30%, JIF=8,1 (WoS).

4) Yudin S.N., Volodko S.S., Savvotin I.M., Berdonosova E.A., Klyamkin S.N.,
Bindyug D.V., Zaitsev A.A., Yakushko E.V., Moskovskikh D.O., Zadorozhnyy V.Y.,
Hydrogenation features of TiZrHfNbTa high-entropy alloy produced by calcium-hydride
synthesis / Journal of Alloys and Compounds//2024 — V. 999 — P. 175038. 0,5 mn.n., mons
yuactust 30%, JIF=5,8 (W0S).

5) Savvotin I.M., Berdonosova E.A., Korol A.A., Zadorozhnyy V.Y., Zadorozhnyy
M.Y., Bazlov A.l, Serov M.M., Krysanov N.S., Klyamkin S.N., Evaluation of hydrogen storage
performance of Tig25Zr025Vo1sNbo1sTao, high-entropy alloy using calorimetric technique. /
Journal of Alloys and Compounds // 2024 = V. 1005 — P. 176022. 0,4375 m.i1., 10y y4acTus
60%, JIF=5,8 (W0S).

Ha nucceprammio u aBTOpedepar MOCTYNHIO 3 JOMOJHHUTEIBHBIX OT3bIBA, BCE
MIOJIO’KUTEIBHBIE.

JuccepTanOHHBIM COBET OTMEYaeT, YTO TMPEJACTaBICHHAs JuccepTanus Ha
COMCKaHHWE YYEHOH CTeNmeHM KaHJuJaTa XHUMHUYECKHMX HayK SBISETCS Hay4HO-
KBATH(UKAIMOHHONH paboToil, B KOTOpPOH Ha OCHOBAaHUM BBHIMOJHEHHBIX aBTOPOM
MCCIIeIOBAHUH MOJTYyUCHBI CIEYIONNE PE3yIbTaThI:

1) Ha ocHoBe wmoaenu Mueaembl OIEHEHAa  BO3MOXKHOCTH  OOpa3OBaHMS
MHOTOKOMITOHEHTHBIX TBEPbIX pacTBOpoB B cucteme Ti-Zr-V-Hf-Nb-Ta. DxcnepumenTanbHO
YCTAHOBJIEHO, YTO CIUIaBbl COCTaBOB Tig2Zrp2Vo2NbooTags, Tio2Zr02Vo 15Nbo 15 Tao 15Hfo 15,
Tio25Zr0,25V015Nbg 15 Tag s,  Tio2Zro2VooNbooHfo2 1 Tig2sZro25V0,15Nbg 15 Tao 2, dHTamBIHA
CMEIIIeHNs KOMIIOHEHTOB B KOTOPBIX IO pe3ysbTaTaM MozenupoBaHus cocrasiser oT 0,06 mo
2,27 xJx/Monb, MpH TPUMEHEHHEM >KUIKO(PAa3HbIX M TBEPAO(pa3HBIX METOJOB MOTYT OBITH
NOJYy4YEeHbl B CTAOMIBHOM OJHO(A3HOM COCTOSIHUU C OOBEMHO-IIEHTPUPOBAHHOW KyOMUYECKOU
CTPYKTYpOIl.

2) Wcnonp30oBaHre METOJa KaneldbHOW IKCTPaKIMEl paciiaBa oOecriedynBaeT Hanmbosee
TOMOTEHHOE pacHpesiefieHue KOMIIOHEHTOB TBEPAOro pacTBOpa ¢ MUHUMAIbHOW JEHIPUTHOU
JHMKBALMEH, JOCTIKCHHE MaKCHMAIBHOW BOAOPOJICOPOIMOHHOW eMkocth 10 2 H/M u
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obpatumyto cTpyktypHyro TpaHchopmaruio OLK—TTIK 6e3 obpazoBanus mobOouHbIX ¢a3 B

MPOILIECCe TUAPUPOBAHUS/ IETUAPUPOBAHUSI.

3) Bmepseie mis cmiaBoB cuctembl Ti-Zr-V-Nb-Ta-Hf nokaszano, uyro HaneceHue
KaTaJUTHUYECKU aKTHBHOTO TMajUIaJJUeBOr0 TOKPBITUS TO3BOJSET HCKIIOUUTH  CTaIHIO0
BBICOKOTEMIIEPATYpHOI aKTUBUPYIOLIEH 0O0paOOTKM M MPOBECTU IMOJHOE TUAPUPOBAHME IPU
KOMHATHOW TeMIIEPAType.

4) C wucnomb3oBaHWeM  KamopuMmeTpun TuaHa—KampBe B KOMOWHAmum ¢
BOJIIOMOMETPUUECKUMU  U3MEPEHHSIMH  ONpeesieHbl  TePMOAMHAMHYECKHE  TapaMeTpbl
ruapupoBanus BOC Bo mmMpokoM auama3zoHe KOHIICHTPAIMK BOJOPOAa. DHTAIBIINS a0CcopOIuu
BOJIOpPOJIa 3aBHCHUT OT cTaauu mporecca u cocraBiusier AH=-145...-100 x/[x/mone H; npu
oOpa3oBanuu o-TBepaoro pactsopa, AH=-70 x/x/mons Hy mist a—p ¢a3zoBoro mepexona u
AH=-40...-20 x/[>x/mMoab Hy ipu pacTBOpeHHHU BOOPOIa B B THAPpUIHOM (ase.

5) BriepBeie METO/IOM TUIPHUIHO-KAIBIIUEBOIO CUHTE3a U3 OKCHUIHOTO CHIPhS MOJY4EHbI
BLICOKOBHTpOHHfIHBIG CILIIaBEI TioyzzroyszoyzNbolzTaolz (B3C 5) " Tio,25zr0’25Hfo’25Nbo,25 (B3C
6). Ycranosneno, yro BOC 5 Onaromapst cnennpudeckoil nByx(asHOH CTPYKType COYeTaeT
HU3KYI0O TeMIepaTypy akKTUBAallUM M  BBICOKYIO CKOPOCTh MOTJIONIIEHUS  BOAOPOAA.
OO0pa3zyromuiics TBEpbIl pacTBOp BOJOPOJIa COXPAHSET CBOK CTAOMIBLHOCTH MPU OCTATOYHOM
naBieHun <5¢107° Topp u Temneparype 430 °C, yTo MO3BOJISIET paCCMAaTPUBATh TAHHBIN CILJIaB B
KaueCTBE MEPCIEKTUBHOIO TeTTEpa BOAOPO/A.

Juccepranusi mpeacTaBiIsieT CcOOOHW CaMOCTOSATENBHOE 3aKOHYEHHOE HCCIIEOBAaHUE,
oOnanaromiee BHYTPEHHUM eIUHCTBOM. [lomoskeHusi, BHIHOCUMBIE Ha 3alUTYy, COJIEp>KaT HOBBIC
Hay4YHBIEC PE3YJIbTAThI U CBUACTEILCTBYIOT O JINYHOM BKJIAJIE aBTOpA B HAYKY:

1) TlpumeHeHMe  METOJOB  IYroBOM  IUIABKHM,  KaleJbHOW  JKCTPAKIUHK  paciuiaBa,
MEXaHOXUMHUYECKOTO CHHTE3a MO3BOJISIET CUHTE3UPOBATh OJHO(A3HBIE TBEPJBIE PACTBOPHI C
OL[K CTpYKTypOﬁ IJIs1  COCTaBOB TiO,erO,ZVO,ZNbO,ZTaO,Z, TioyszoszoylsNboy15Tao'15Hfo'15y
Ti0,25Zr0,25V0,15Nbo,15Tao,2, Tiolzzr()’zVo,zNboyszolg, o0agaroImux B COOTBETCTBUU C
MOJIETTBHBIMA TEPMOJMHAMUYECKUMHU pacueTaMu dSHTanbmuen cmemenuss ot 0,06 mo 2,27
k/JIK/MOJTB.

2) Cnoco6 moBepxHOCTHON Moaudukammu BDOC mocpeacTBOM HaHECEHHsT TOHKOCIOWHOTO
KaTaJTUTHYECKH aKTUBHOTO TMAJUTAIMEBOTO TOKPBHITUS TIO3BOJIICT HCKIIOYUTH  CTaJIUIO0
BBICOKOTEMITEPATYPHOH  aKTUBAlUM W  OOECIIEYMBAET  JIOCTI)KCHHE  MaKCHMAaJIbHOM
BOJIOPOJICOPOIIMOHHON €MKOCTH.

3) C ucnonp3oBanueM MHKpokajgopumerpun Tuana-KanbBe moka3aHo, 4To CTaaus 00pa3oBaHUsI

TBEPJIOro pacTBopa npu Bzaumozerictsuu BOC ¢ BogopoaoM siBisercs Hanboee



sK30TepMuuecKkor ¢ TerioBbM 3ddexkrom 100-145 x/x/mons Hp. DHramemust ¢a3oBoro
nepexoaa ot OIIK tBepmoro pactBopa k ['IK ruapumy cocrasnsier okono -70 kJx/mons Hy
cHWXKaercs 1o abcomoTHoW BenmumumHe 10 20-30 x/Dx/mons Hp; mnpu  mocnemyromem
pactBopenuu Bojopoaa B I'TIK-dasze.

4) CmnaB Tig2ZrooHfp2NDg2Tag,, mMoMydeHHBI METOAOM THAPHIHO-KAIBIMEBOTO CHHTE3a,
o0pa3yeT rupul, CTaOMILHBINA B BAaKyyMe 5- 10° Topp. a0 Temueparypsl 430 °C. Temneparypa
akTUBaIMu cruiaBoB Tig 25210 25HTo 25NDg 25 11 Tig 2Zrg 2Hfo 2Nbg 2 Tag » Ha 300-400 °C Hmxe, yem
JUI TPAAULIMOHHO MCIIONb3YEMbIX T€TTEPOB Ha OCHOBE OMHApHBIX CIIaBoB Ti-V, 4To nenaer
WX MEPCHEKTUBHBIMU Il IPUMEHEHHUSI B BAKYYMHBIX MUKPOIJICKTPOMEXAaHUUECKUX CUCTEMaX
(MBMC).

Ha 3acemanum 28 deBpans 2025 roma auccepTallMOHHBIA COBET TPHHSI pEIICHUE

MPUCYIUTH YYEHYIO CTEMEeHb KaHauaaTa XxuMuueckux Hayk CaBBotuny MiBany MuxaiinoBuuy.

[Ipr mpoBeneHWU TaWHOTO TOJOCOBAHMS IHCCEPTALMOHHBIN coBeT B KommyectBe 20

YenoBeK, M3 HUX 9 JOKTOpOB Hayk mo crnenuanbHoctH 1.4.15 Xumus TBepAoro Tena,

y4acTBOBABIIMX B 3acelaHuu, u3 29 4elnoBeK, BXOISAIIUX B COCTaB COBETA, MPOTrOJIOCOBAIM:

«3a» 20, «IIPOTUB» - HECT, ((HeﬂeﬁCTBHTCHLHBIX OIoJIETEHENY - HET

3am. npeacenarens
nuccepraunoHHoro copera MI'Y 014.8

I.X.H., uieH-kopp. PAH E.A. I'ynunun

VYyeHslil ceKpeTapb
JUCCEPTALIMOHHOTO COBETA,

K.X.H. E.A. Epemuna

28.02.2025



