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OT3bIB BEAYIIEN OPTAHU3ALIMA
Ha [UcCepTalMoHHY0 paboTy LlpapinbLioBa JMuTpus 30purroeBra
«CHHTE3, CTPYKTYpa U 2JIEKTPOXUMUYECKHE CBOHCTBA HIOOUHCOAepKAIIX
AHOMHBIX MATEPHAIIOB JUIS TUTHUH-HOHHBIX aKKyMYJIITOPOBY, IPEICTABICHHYIO Ha
COUCKaHMeE yIEeHOM CTeleH! KaHIuaaTa XMMIIEeCKHX HayK TI0 CTIEIHalbHOCTH

1.4.15. Xumus TBEpLAOIO Tela.

[Tepexoq OT WCKONAEMbIX HCTOYHUKOB SHEPrUM K BO300HOBJIIEMBIM
MCTOYHMKAM OHEpPrHM SBISETCS aKTyanbHOHM 3ajadell B 00nacTu MHPOBOM
SHEpreTHKH. Bo300HOBIsEMblE MCTOYHMKM OHEPIMM HETOCTOAHHBI BO BPEMEHH,
[IOSTOMY IIHPOKO MPOBOJUITCS Pa3pabOTKK TEXHOJIOIMH HAKOIUIEHWMS U XpaHCHHS
SNEKTPOIHEPTHH, B YaCTHOCTH aKKyMyJSTOPHBIX TEXHOJOTHH. B pamkax 3TOro
HaIpaBlICHUs] aKTyaJbHOM 3a1a4eil sBIACTCA pa3paboTKa HOBBIX JJIEKTPOJHBIX
MaTepUaJIOB JUIS IUTHH-NOHHBIX aKKyMYJSTOPOB.

Iluccepraruonnas pabora JI.3. IlpisInbuioBa IIOCBANIEHa CHHTE3Y U
JCCIIE/OBAHMIO HHOOMMCOMEPIKAIINX CIOKHBIX OKCH/OB. B KauecTe 00BEKTOB
uccienosanus BbIopansl TiNbyO7, TipNbjOy9 1 FeNb; 0,9, KaKk NepcrneKTUBHbIE
aHOMHbIE MaTEpHAIbI IS IUTUH-HOHHBIX aKKyMYJIATOPOB.

ChopmynupoBaHHas  aBTOpOM  HeJb AMCCEPTANIMOHHOH  paGoThI
3aKIo4YaeTcs B pa3paboTKe MeXaHM4eCKd CTUMYJIMPOBAaHHOIO TBEP0(Ha3HOTO

CHUHTE3a HPIO6I/II>1COIL€I))K8.IHHX aHOJHBIX MaTepHajioB, KOMIIJICKCHOC (1)I/I3I/IKO-
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XAMHYECKOE HCCIIeIOBaHNe X CTPYKTYPHO-MOP(OIOTHIECKUX 51
SNEKTPOXHMMUYECKMX CBOMCTB M MOUCK IyTed HX MOIU(HUIMPOBAHUS UL
YIYYINEHHWs OJEKTPOXMMHYECKUMX XapakTepUCTUK. JIIs JOCTIDKEHHA LeyH
JUCCEPTALMOHHOM paboThl aBTOPOM ObIIM c(HOPMYIUPOBAHBI CICAYIOIIHE 3a4a4u:
1) pa3spaboTKa METOJMKH MEXaHHYECKH CTUMYJIHPOBAaHHOIO TBepAO(}a3HOro
cunresa TiNb,O,, TiNb¢Oz 1 FeNb;Oo9; 2) mccienoBaHie KpUCTALIMIECKON
CTPYKTYpsl M MOP(OJIOTMH IOMy4eHHBIX MPOJAYKTOB; 3) HCCIeOBaHUE
snexrpoxumudeckux  cBoictB  TiNb,O7, TiaNbjgOx u FeNb;;0,9 mpu
IUKIAPOBAHWA B JIATHEBBIX INONysderkax; 4) wu3y4YeHUe IIOBEPXHOCTHOTO
mozuduiuposanus TiNb,O;, TiNbigOy m FeNb; Oy yriepomom ¢ nenbio
[TOBBIIIEHHS] MOIHOCTHBIX XapaKTEPHCTUK M CTaOMIBHOCTU IMKIMPOBAHHUS; 5)
WCCIEeOBaHMe BIHSHUS TPUPOAsl KaTtuoHHOW mozpemeTrkd TiNb,O; s
JOIIUPOBaHUs aTOMaMHU V> Ha 21eKTpOXMMHUYECKHE CBOMCTBA; 6) MCCIEN0BaHUE
SEKTPOXUMHYECKHX CBOUCTB psifa cocTaBoB Fe Tl NbigxO29 B 3aBUCHMOCTH OT
COJIepXKaHUS JKeJe3a.

Hayuynasi HoOBH3HA oxapaiKTemeBaHa CIIEIYIOIIMMH  ITOJOXECHHUAMM.
Pa3paboTaH MeTOJ] MEXaHUYECKH CTUMYJIMPOBAHHOIO TBepAO(}a3HOro CUHTE3a
anomHbIXx Matepuanos TiNb,Os, Ti;NbigOy 1 FeNb;;O29, KOTOPBIH OTIHYAETCA OT
TPAJMIIMOHHOTO TBepAO}a3HOr0 METOa YMEHBIICHHOH NIMTETbHOCTHIO (4 gaca
BMecTo 12-24 wyacoB). IlpemioxeH MeTOA IONYyYeHHs KOMIIO3UIHOHHBIX
matepuanoB TiNb,O7/C, TipNbi¢O./C 1 FeNb;;0,9/C myTem aucreprupoBaHus
YECTOTO HPOAYKTa C YIJIEPOJHOM caxel B IUIAHETapHOU 1apOBOW MEJBHUILIE.
BriepBele NPOBEJEHO CPaBHHUTENBHOE WCCIENO0BAaHUE BIHMAHMA TPUPOJIBI JBYX
noxpemretok  TiNb,O; ansg JIONMpOBaHMS aTOMaMM AVald (Ti;—xV:NbO; u
TiNb, ,V,O7) Ha 3JIeKTPOXHMMHMYECKME CBOMCTBA B JIMTHEBBIX oIy sTuerKax.
[loka3aHo, 9YTO YIydIlEHHE OJIEKTPOXUMHUYECKMX CBOMCTB JOCTUIACTCS IS
obpasuoB cocraBa Ti;«VNb,O;, B TO BpemMs Kak B Ciydac TiNb,_ V04
JOTIMPOBAHKME HE OKA3bIBAaeT CYIIECTBEHHOrO BIUSHHSA Ha JJICKTPOXHUMHUYECKUC
cBoiicTBa. McclemoBaHa 3aBUCHMOCTh DJEKTPOXMMHUYECKMX CBOWCTB psifa

coctaBoB  Fe,Tiy o NbjgxO2 OT - comepxaHust kenesa. Ilokazano, 4TO
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MIPOMEXYTOYHBIE COCTaBbI JEMOHCTPUPYIOT JydIlne MOIITHOCTHBIE
XapaKTEPUCTHUKH, 110 cpaBHEHHUIO € TiNb1¢Oy9 1 FeNb;;019.

TeopeTuyeckasi ¥ NPAKTHYECKasi 3HAYHMOCTH pabOTHI 3aKIIOYaeTCs B
BO3MOXKHOCTHU TIPUMEHEHHUs UCClieoBaHHBIX coequHenud TiNb,Os, Ti,Nb;¢O29 1
FeNb;;O,y B KauecTBe AKTUBHOW COCTABISIOIIEH aHONOB [UIs JIMTUH-MOHHBIX
aKKyMYJIATOpOB. Pa3spaboTanHblil B paboTe METO]] CHHTE3a MOXKET OBITh IPUMEHUM
TIPY U3YYEHUS! APYTUX HUOOMHCOAEPKAIIMX aHOHBIX MAaTEPUATIOB.

JIOCTOBEPHOCTb TIOJNYYCHHBIX DE3yIbTaTOB O0ECIeYUBACTCS, ITIABHBIM
06pa3oM, BOCIPOM3BOIAMMOCTBIO —JKCIIEPUMEHTAIbHBIX ~JaHHBIX, & TaKkxke
COIJIACOBAHHOCTBIO PE3yJHTAaTOB, IOJTYyYCHHBIX KOMILIEKCOM (PH3UKO-XUMUYECKUX
METOJOB HMCCJEJOBaHMs, a TaKkkKe COIJJaCMeM C  OKCIIePUMEHTAIBHBIMU
pe3yJbTaTaMM JPyI'HX aBTOPOB.

OueHKa CoaepKaHus AHCCePTALMH, €€ 3aBePIIeHHOCTH:

Hucceprarms Lpyipimsuiosa J1.3. usnoxena Ha 154 cTpaHUIax, COAEPKUT i
TabnuI ¥ 95 PUCYHKOB U BKIIOYAET BBEIEHWE, TPH IJIABBI, 3aKIOYEHUEC, CIIHCOK
COKpAII[eHUN U YCIOBHBIX 0603Haqeﬁnﬁ, ¥ CIIUCOK JIATEPATyphl, cofepxammi 351
HaMEHOBaHUE.

BBeieHHEe COJIEPKUT OOOCHOBAaHME aKTyaJbHOCTH TEMBI MCCIENOBAHMS,
CTEIleHb ee pa3pabOTaHHOCTH, IeNlb M 3a/a4d, OTpakaeT HaydHYI HOBHU3HY,
TEOPETHUECKYIO M MPAKTHIECKYI0 3HAYUMOCTb PabOThI, OIUCHIBAET METOAOJIOTHIO
¥ METOJbI KCCIIEIOBAHMS, IPUBOAUT TIOJIOKEHHUSI, BEIHOCHMBIE Ha 3aIIUTY; CTCIICHb
JOCTOBEPHOCTH PE3yJIbTATOB U alpOOaIliio pe3ynbTaToB.

[lepBasi IJaBa SBISAETCS JUTEPATYPHBIM 0030pOM, KOTOPHIA COCTOUT W3
mectd pasaenos. [IepBblii paszen ONKMCHIBACT IPHHIKIT paboThl TUTUN-MOHHOIO
akkymynstopa (JIMA) ¥ NpuBOIWT OIpPEACNEHUS TEPMUHOB (XapaKTepHuCTHK),
MCIIONB3yeMBIX s ormcaHus cBodicts JIMA. Bo BTOpoM pasjerne mpHBeleHa
KITacCU(UKAIMs M3BECTHBIX B JIATEPAType AHOAHBIX MaTepHalioB A JIMA ¢
yKa3aHMEM IpPEeUMyILEeCTB M HEeJOCTAaTKOB JUI KaXIOH IpYIIbI aHOJOB. 3aTeM
pasfiel COCpefOTauyMBaeT BHHMMaHWE Ha MHTEPKAJAIMOHHBIC aHOJPBL BEIOOD

KOTOPBIX OTpaHW4YeH YIJIEPOJHBIMH MaTepHallaMd W OKCHIaMH T % " Nv'B
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TPEThEM pa3iesibl MOJPOOHO ONKCAHBl CBOMCTBA aHOAHBIX MaTepPHAOB Ha OCHOBE
okcugoB Ti m Nb. B uerBepTOM paziene pacCMOTPEHBl METOJLI CHHTE3a
57IeKTPOJHBIX MaTepUaioB. B msaToM paseie nepedrclieHsl CIIOCOObI Yy YIIeHUs
SIEKTPOXUMUYECKHX CBOMCTB HHOOMICOAEpXallMX COoelAuHeHui. B  mrectom
paszzielic Ha OCHOBAHWH aHANN3a JIUTepaTyphbl BRIOpaHbl HaubOoJee MEPCIEKTUBHbIE
aHonHble MaTepuanbl coctaBa TiNbyO; u Ti;Nb;¢Oy9. O60cHOBaH BEIOOP KATHOHOB
VTS IOITUPOBAHUS 3TUX COEIUHEHUN.

Bropasi riaBa CONEPXKHUT OIMKCaHKUe SKCIIePHMMEHTaIbHON YacTu paboTsl. B
Hell omucaHbl METONMKHM CHHTE3a M MOIUMDUIIMPOBAHUS HCCIENYEMBIX aHOIHBIX
MaTepUaoB, [IEpeYnCIIeHbI IPUMEHseMble B paboTe QPU3MKO-XUMHUYECKHE METO/IBI
aHaNIM3a C yKa3aHWEM HCIIOJb3yeMOro 00OpyJOBaHMS W YCIIOBHH TMPOBEICHHUS
skcreprMenTa. [IprBeIeHO ONMCaHUE UCIIOIb3YEMBIX PACUETHBIX METOJIOB.

Tperbsi riaBa CONCPXXUT pe3yNIbTAaThl MUCCIEIOBAHMS U COCTOMT U3 TPEX
pasgenos. IlepBbiif pa3zen IMOCBANIEH HCCIENOBAHUIO YCIOBHH MEXaHHYECKH
CTMMYJIHMPOBAHHOIO TBEPAO()A3HOTO CHUHTE3a M DIIEKTPOXMMHUYECKHX CBOHCTB
TiNb,O;. OT™MeyeHo, 4TOo npenBapﬁTenLHaﬂ MexaHudeckass o0paboTka MO3BOJISET
CHHU3UTH BpeMs CTajuu OTxura n10 4 4 npotuB 12-36 4 B TpaJUIHOHHOM
TBep0(ha3HOM MeTOIe, U3BECTHOM B uTepaType. OnTHMaIbHbIC YCIOBHS CUHTE3a
BIIOCJIEACTBMM OBLIM IPUMEHEHBl Ui CHHTE3a OCTaJbHBIX HCCIEeIyeMBbIX
coefMHEeHul. ABTOpOM OBUT MPEUIOKEH METOJ IMOJyYeHHs] KOMIO3UIHOHHOIO
marepuana TiNb,O/C nytem nucnepruposanus roroporo TiNb,Oy ¢ yrieponom B
IJIaHEeTapHOM IIapoBOi MeNbHHUIIE. Bo BTOPOM pasjielie peICTaBICHbl Pe3YIbTaThI
WcCIeoBaHUS  onekTpoxummdeckux — cBoiictB  TiNb,O,;,  momupoBaHHOTO
kationamu V°'. HccienoBaHO BIUSHHE BHIOOpA KATHOHHOM IOAPENIEeTKH It
nonupoBanus TiNb,O; (TNO) xaTtnoHamMu LV (Tij—xVxNbyO7 u TiNb, (V(O7) Ha
3IEKTPOXMMHUYECKHME CBOWCTBA B JIMTHEBBIX IMoOJysdeiikax. IlokasaHo, dYTO
yiIydlIeHHe >ITeKTPOXUMUYECKAX CBOWCTB JOCTHIAeTCs TONBKO s 00pasloB
cocraa Ti;yViNb,O;. B TperheM pasfene IPEACTaBICHbl Pe3yJbTaThl

uccnenoBaHus  cepum  coctaBoB  FeyTip o)Nbig+yOy9.  Tlokasano,  4ToO



npomexxyTounbiii  coctaB  FegsTiNbigsOx ~ AEMOHCTpUPYET — YIyHIICHHBIC
MOIIHOCTHBIE XapaKTEPUCTUKH, IT0 CPABHEHHUIO C Ti,Nb¢O29 1 FeNb;Op9.

3aK/0ueHHe CONEP)KUT OCHOBHBIE PE3yNBTaThl, BBIBOJBI M INEPCIEKTHBbI
nanpHeneld pa3paboTKi TEMBI.

Takum o6pasoM, mucceprauust Llpipmbuiosa JIMuTpust 30pHrToeBuva
«CHHTe3, CTPYKTypa M DJIEKTPOXMMHYECKHE CBOMCTBA HHOOHICONEPXalIiX
AHONHBIX MATEPHAOB U  JIATHM-MOHHBIX  aKKyMyJATOpOB»  SBJISCTCH
OPUIMHAIBHBIM U 3aBEPIIEHHBIM HayYHBIM UCCIIEIOBAHHEM.

ABTopedepaT  TOJHOCTBIO  OTpaKaeT  COJepXKaHWe  JIMCCepTalUH.
[lonyueHHBIE Pe3yJIbTATHl U BBIBOIBI JOCTATOYHO IIMPOKO OCBEIICHBI B IIEHaTH U
anpoOGHpPOBaHbl Ha BCEPOCCUMCKUX U MEXIYHAPOIHBIX xoHGbepeHIsIX. OCHOBHOE
coziepkaHie paboTsl IpeacTaBieHo B 10 myOnuKanusax, B TOM YHUCIe 4 craThsix B
pelleH3MpyeMbIX ~ HAydHBIX OKypHalax U H3JaHMAX, WMHICKCHPYEMbIX B
MeXIyHapoaHbIX 6a3ax nanHbx Web of Science u Scopus, 5 Te3ucax AOKIal0B U
MaTepHaax BCEPOCCUNCKUX M MEXAyHapOIAHbIX KOHGpepeHIUH, ¥ 1 maTeHre.

Bonpochl 1 3amMe4yaHHs N0 p'aGOTe:

1. Heckonbko HeymadHOW (pa3oi sBIsSETCd MNpENIoXeHne Ha  CTp. 88
«[TonydeHHble 00pasLbl SBIAIOTCS ONHOGA3HBIMM, Ha JuGpaKTorpaMMax
OTCYTCTBOBaNM pe(IIEKCHl IPUMECHBIX (a3» IO OTHOUIEHHIO K KOMIIO3UTY €
yraepogom TNO/C.

2. MoxxHO 1M Ha OcHOBe Iu(depeHIraNbHbIX KPUBBIX HUKIMPOBAHUSA OLCHUTH
npefielbl MHTePKASLUN/IEUHTEPKAILSILIUN JIATASL B obpaszisl TNO, TNO-BM #u
TNO/C (Pucynoxk 3.8, ctp. 92)?

3. YeM MOXXHO OOBSICHUTH HaJWYME NapaMarHUTHBIX LEHTPOB B TiNb,_, V.0~
(x=0,01) pu roMOBaIEHTHOM 3aMelICHUN Nb>* nonamu V2

4. TIoHWKeHWe TIONSAPU3ANUA TIPY LUKIMPOBAHMA O0Opa3LOB TNO-VIT u TNO-
V1IN 06BsicHSIETCS yBeNHUIeHreM 00beMa JIEMEHTapHOH SYeHKU IPH HeOOoJIBIION
KOHIleHTpanuu BaHamus (ctp. 106). MoxHO 1M Hapsimy C OSTHM bakTopoM
OOBACHUTh yMEHBIIEHHE IMONAPU3ALAN HaIMIMEM IapaMarHATHBIX LCHTPOB, H,

KakK CJIEACTBHUE, YBECIINICHUEM BHCKTpOHHOﬁ MIPOBOAUMOCTH 3THX o6pa3u0B?



[lepeuriciieHHBle  BONPOCHI W 3aMEYaHUS HE  CHIDKAIOT oO1en
TIOJIOKUTEIGHOM OLIEHKM JUCCEPTAIMY, BBINOJIHEHHOW Ha BBICOKOM HAyYHOM
YpOBHE.

Iuccepranmonnas pa6ora LlpimeimsuioBa JI.3. «CHHTE3, CTpYKTypa |
31eKTPOXMMHUYECKIE CBOMCTBA HUOOUMCOJIEPKALINX AHOAHBIX MAaTEPHANOB UL
TATHH-HOHHBIX aKKyMyJIITOPOB» COOTBETCTBYET NACIOPTy crenuansHocTy 1.4.15.
Xumust TBEPAOTO TeNa 110 HalpaBlIeHIsIM UcciefioBanui «Pa3paboTka U co3/aHue
METO/OB CHHTe3a TBepAO(a3HBIX COeAMHEHMH M Marepuanos» (m. 1 macmopra
crienuanbHocTH), «VI3ydeHue IPOCTPAHCTBEHHOIO U 3JIEKTPOHHOIO CTPOCHHUS
TBepHO(A3HBIX COENMHEHUH M MaTepuaioB» (M. 5 INacmopTa CIEINAEHOCTH),
«/3ydeHne NMHAMUKHA U AUQQy3un MOJICKyJI, HOHOB M aTOMOB B TBepAO(a3HBIX
COEJIMHEHMAX U MaTrepuanax» (I. 6 macrnopra CHELMaIbHOCTH), «YCTaHOBJICHHE
3aKOHOMEPHOCTEH «COCTaB — CTIPYKTypa — CBOMCTBO» [l TBepA0(a3zHbIX
coeMHeHui ¥ MarepuanoB» (m. 7 macmopra cHenuanbHocTH), «3ydeHue
BIMSHUS YCIOBUM CHMHTe3a, XMMHYECKOro ¥ ()asoBOro COCTaBa, a TaKxke
TeMIIEpaTyphl, [NaBIIEHHUS, o6nyqem/m ¥ JpyruX BHEIIHUX BO3JEHCTBUU Ha
XUMHUECKHE W XUMHKO-(U3MUYECKHE MHKPO- M MAKPOCKONMYECKHE CBOMCTBA
TBepIO(A3HBIX COeMMHeHHl ¥ MaTepuanosy (1. 8 macmopra CIEITHAIEHOCTH),
«KBaHTOBO-XMMHYECKOEe OINMCAHUE M TNpeICKa3aHHe CTPOEHHs U CBOWCTB
TBepA0(a3HBIX COeMHeHN 1 KoMmo3uuui» (1. 11 macropra CIEIMAIEHOCTH),

Jlucceprarus Llpineimsuiosa JI.3. oTBedaeT TpeOOBaHHAM II. 9-10, 13-14
«[lonoxkeHnst O  TPUCYKAEHHH  y4YEHBIX  CTENEeHeW»,  yTBEPXKIEHHOIO
[Tocranosnenuem Ne 842 IMpasutensctsa Poccuiickoit @eepanyu ot 24 CeHTSIOPS
2013 roza (¢ m3MeHeHHsAMH, yTBepxKaeHHBIME IlocranosieHueM IIpaBuTensCTBa
Poccuiickoii ®emepammu or 20 mapta 2021 r. Ne 426), Kak Hay4HO-
KBaMTM(HUKAIMOHHAsT paboTa, B KOTOPOW Ha OCHOBAHMH BBIMOJHCHHBIX aBTOPOM
yccienoBannit B 00jacT¥ XMMUK TBEPAOro Teja peIleHa aKTyalbHas 3aja4a,
WMeIoIIasl 3HAYeHHE Ul Pa3BUTHS HayUHBIX U NMPUKIAJHBIX aCIEKTOB MOTY1CHHUA
AHOIHBIX MAaTEpHaJOB [UI JIMTHH-MOHHBIX AaKKyMyJATOpPOB, a ¢€ aBTop,

LIbIapIneioB  JIMuTpuii  30pUITOEBHMY, 3aCIy’KMBAET MPUCYXACHUA yUYEeHOU
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CTelleHM KaHIWIaTa XUMHMYECKMX Hayk Mo crnenuansHoctd 1.4.15 — XUMHA
TBEPAOro Tena.

Or3slB 0 guccepranuu Llpimsibuioa  JI.3.  cOCTaBiieH  KaHIMIATOM
XMMHYECKHX HayK, 3aMECTUTENIEM AMPEKTOpa MO Hay4dHOM pabore JICOHHTOBHIM
N.A. Pa6oTa o6cyx/eHa, a OT3BIB 3aciyllaH M OJ00peH Ha HayYHOM CEMMHApe
naboparopun woHuku TBeproro tena ®I'BYH MHcTuTyTa XMMHMU TBEPAOrO Teia
Ypaneckoro oTzeieHus Poccuiickol akamemud Hayk 29 okTsiOpst 2025 r,

nportokon Ne 08/25.

3aMecTHTeNlh JUPEKTOPa 10 Hay4HOH paborTe,

ok %///,szg;o

IMToanuce Jleonnnosa Uinbu ApKanbepnqa YZOCTOBEPSAIO

KaHIAIAT XUMHUYECKUX HAyK JleounnoB Unbsi ApkagpeBud

Yuensrii cexperaps UXTT YpQ.
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KonTtakTHas wHGOpMAaLHS:

®efepanbHOE rOCYIapCTBEHHOE OFO/DKETHOE YUPEKIEHUE HayKH MHCTUTYT XUMHUHU
TBEPJIOTO Teja Y pajabCKOTO OTACIICHUS Poccuiickoii akaieMUH HayK.

ITouroBslit aapec: 620077, Exarepunbypr, yi. [leppomaiickas, 1. gl

Tenedon: +7 (343) 374-52-19.

Ajipec SIeKTPOHHOM MOUTH: secretary(@ihim.uran.ru



