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OT3bIB BEAYIIENA OPTAHU3ALIMU
Ha JiuccepTalMoHnyto paboty ManakoBoit Onberu CepreeBHbl
«/Ilncnepcnonno-reepaermue CBC- maTepHa/ibl HAa 0OCHOBE IBOHHBIX KAPOU/I0B
(Ti,Zr)C u (Ti,Nb)C u ux npumMeHeHHe B TEXHOIOTHAX JIEKTPOHCKPOBOIoO
JIerHpPOBAHHA»,
NpeJICTaBICHHYIO Ha COMCKaHKWE YYCHON CTENeHH KaHuaaTa TeXHHYeCKMX Ha-
yk 1o cnenuanbHocT 05.16.06 — ITopomikoBast MeTaIyprust ¥ KOMIO3UIHOHHBIE

MaTepHalbl

AKTyaJ‘leO.CTb TeMbl JIHCCEPTAIUH

Pa3paboTka HOBBIX COCTABOB MaTepHasOB JJISi MHOI'OKOMITOHEHTHBIX (yHK-
HMOHANBHBIX MOKpITHI (M®II), npumMeHstommMXcs sl 3alMThl TOBEPXHOCTH M3/Ie-
JIMA ¥ MHCTPYMEHTA, SIBJISETCS aKTyallbHOHN 3anaveil. Ogquum u3 3¢ dexTuBHBIX CIIo-
coboB HaneceHuss MODII sBnsiercs TeXHONOTHUS DJIEKTPOUCKPOBOIO JIErMPOBAHUS

(DWJI). TloxpsiTusi, momyudaemble B mnpouecce DUJI, UMEIOT BBICOKYIO MPOYHOCTh
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CLIEIJIEHUS] C OCHOBOM (J1eTaliblo) U 00ecrnevyuBarOT BbICOKUN YPOBEHb JKCIITyaTallu-
OHHBIX CBOWCTB.

[Tonyuenue anexTponHbix maTepuanoB cucreM Ti—Zr—C-csizka u Ti—Nb-C-
CBs3Ka TPYJHO OCYIIECTBUTH B paMKax TPAAUIHMOHHBIX TEXHOJOTHH MOPOIIKOBOM
METaJTypruu ¥ TpeOyeT NpuBJIeUeHUs HOBBLIX MOJIX0/I0B M METOJ0B. AJIbTEpHATHBOM
TEXHOJIOTHSAM TEYHOT'0 CHHTEe3a U CTEeKaHUs CIYXKUT caMOopaclpOoCTPaHIIOUIUHACS BbI-
cokotemnepatypubli cuHTe3 (CBC), OCHOBaHHBIH Ha MCIOJIL30BAHHUU BHYTpeHHEH
HEPruu XUMUYECKOIr0 B3aMMOJICHCTBHUS UCXOAHBIX peareHToB. [IpoBenenue B 0/1HOM
ycraHoBke cHadasa CBC, a 3aTem CHUIOBOTO YIJIOTHEHHUS TOPSIYMX MPOAYKTOB CHHTE-
3a (TexHonoruss CBC- koMnakTupoBaHus) MO3BOJMSET B OAHY CTAIUIO MOJIy4YaTh KOM-
MaKTHBIE 3arOTOBKM M3 MaTEpUAOB HA OCHOBE TYrOIJIAaBKUX COEIUHEHUH C BBICOKOM
CTEMEeHbI0O XUMHYECKOM YACTOTHI B T€UEHUE HECKOJIBKMX CEKYH/I.

Jlns s dexTuBHOro ynpaBieHHs CTPYKTYpOH M CBOWCTBAMHU TaKUX MaTepHa-
1oB, nojiydaemeix Mmerogom CBC, HeoOxoauMo poBeCTU Hccliel0BaHUe 3aKOHOMep-
HOCTEH ¥ MeXaHU3MOB TOpeHHUsl, mpoleccoB (ha3o- U CTpyKTypooOpa3oBaHus B BOJIHE
ropenus. Ha cerogHsimHuil JeHb JOCTATOYHO XOPOIIO HU3Y4YEHBI JUCHEPCHUOHHO-
tBepaetoime CBC- marepuansl cucrem Ti-Cr-C u Ti-Mo-C ¢ meramnuueckoil cBs3-
KOH, HO JUI8 NMOHMMaHUsA oO0uied KapTUHbI CHHTE3a MHOTOKOMIIOHEHTHBIX CHUCTEM
TiC—Me'V'V'-CBmKa, HeoOXO0/IMMO M3Y4YUTh CILIaBbl, JIETHPOBAHHbIE 3JIEMEHTAMH HE
tosnbko VI, Ho u IV-V rpymni.

Pa3paboTka HOBBIX COCTaBOB KOMITO3MIMOHHBIX AMCIEPCHOHHO-TBEPACIOIINX
3JIEKTPOJIOB MO3BOJIHUT MOJIY4YaTh MOKPBITUS C MOBBILIEHHON )Kapo- U U3HOCOCTOMKO-
CTHIO TPU CPaBHYTEIHLHO HEBBICOKOW TOJIIMHE M 1IepoxoBartocTu. MccinenoBanue
KMHETHKM Maccollepenoca u onpezenenue pexuma DI aBinsioTcs akTyalbHbIMU 3a-
JTa4aMu JUIS T0Jy4eHHU sl BBICOKOKaUYeCTBEHHBIX MOKPBITUM.

Ha ocHOBaHMM H3J0XXKEHHOTO TeMa JIuccepTallMoHHON padoThl ManakoBoii
Oneru CepreeBunl «Jlucnepcuonno-teepaetomme CBC- martepuansl Ha OCHOBe
nBoitabix kap6uaoB (T1,Zr)C u (Ti,Nb)C u ux npuMeHeHue B TEXHOJIOTHAX SIIEKTPO-
HCKPOBOTO JIETUPOBAHUS» IMPEACTABISAETCS aKTyalbHOW M MMEET BAXHOE 3HAYEeHHE

JUIs Hayku W npakTuku. Jluccepraumonnas pabora Manakosoit O.C. oTHOCcHTCS K
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MPUOPUTETHOMY HaIpaBJIEHUIO Hayku M TexHonoruit Poccuiickoit Menepaiunu, cBsi-
3aHHOMY C CO3/laHUEM KepaMHYeCKUX KOMITO3UIIMOHHBIX MAaTEPHAIIOB.

HoBu3Ha ucciie10BaHHI U NOJYYeHHBIX Pe3y/ibTATOB, BbIBOJOB H PEKO-
MeH/JaluH

Haubonee BaxkHble pe3ynbTarhl JAUCCEPTALMOHHOW paboOThl, HECOMHEHHO,
MPECTABIISIOT HAYYHYIO HOBH3HY.

Ha ocHOBaHMM 3KCIIEpUMEHTOB BBIIBUHYTA Hay4YHas TMIIOTE3a O CTAAUIHOCTH
nporekanuu peakuuii npu CBC cunrese coequnenuii B cucreme Ti—Zr—C-cBs3ka npu
BapbUPOBAHUHU coJepKanus Zr U CBA3KU. B npojaykTax cuHTes3a ¢ copepkanueM Zr >
11 % 3epHa nepecelllieHHOTO TBEPAOro pacTBopa Ha ocHoBe kapOuaa turtana (T1,Zr)C
00pasyloTcs yXKe B 30HE TOPEHHs; B 30HE JIOTOPAHUs TPOUCXOUT POCT 3€PeH U yac-
THYHBIM pacnaj IepechllleHHoro TBepjaoro pactsopa Ha ase ¢assl (Ti1,Zr)C wu
(Zr,Ti)C, a B cBsizke oOpa3syeTcs HHTepMeTaJUIMAHAs mpocioiika ¢aser Jlaseca
(N1,Co)(Ti,Zr), (npu 5 % cBaszku) unu ¢aszer Ti(Ni,Co) (npu 20 u 30 % csizku). ITo-
Ka3aHo, 4To BakyyMHbIH OTKUT 1pu 900 °C B TeyeHue 4 yacoB MpoOaAYKTOB CHHTE3a
cucrembl Ti—Zr—C-cBsi3ka ¢ cogepxanueM Zr > 11 % mnoBblaeT creneHb TBEpAOpac-
TBOPHBIX IIpEBpallleHUii, B pe3ybTaTe Yero yBeJIHMUMBaeTCs KOHUeHTpauus da3bl HA
ocHoBe Kapouaa nupkonus (Zr,T1)C, a B cnnasax ¢ coaepxkanuem Zr > 22 % noMuMo
dassr Ti(Ni,Co) Beigensiercst unrepmeramug ZrCo, ¢ pasmepom vactui, Menee 100
HM.

Jlnst cucrembl Ti—-Nb—C-cBsizka yCTaHOBIIEH MEXaHM3M M CTaIMHHOCTH XMMU-
YeCKMX IpeBpalleHHil B BOJIHE ropeHusl cMeceid, COCTOSIIUN B TOM, YTO TepechilleH-
ueiii TBepabIi pacreop (Ti,Nb)C obpasyercs B 30He qoropanus, npu 3ToM KapOou/-
HbIE 3epHA UMEIOT XapaKTepHYIO KOJBIEBYIO CTPYKTYPY C IMOBBIIIEHHOW KOHIIEHTpa-
uueit Hnodus Ha nepudepun 3eped. Bakyymuniii omxur npu 8§50 °C B Teuenune 1 yaca
MPOAYKTOB CHHTE3a NpPH COAEPKAHUU CBSA3KU 5% MPUBOIUT K BBIJICJICHUIO N30BITOY-
Hoit ¢aser B- (Ti,Nb), a npu 30% cBszku - HaHOpa3MmepHbIX (ha3z NbCo,, Ni;NbAl,
Ni,NbAl.

BhIsSIBIEHO MOJIOKHUTEIbHOE BIUSHHE BaKYyMHOTO OTXKHIa MPOAYKTOB CHHTE3a

Ha YPO3MOHHYIO CIOCOOHOCTH pa3paboTaHHBIX MaTepHalloB B Jlyre paspsia UM-
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MyJIbCHOrO 3JIEKTPOMCKPOBOro Ipoliecca U CKOPOCTb (POPMUPOBAHUS TMOKPBITHI Ha
NOJIJIOKKAX M3 CTaJId U TATAHOBOTO CIIJIaBa.

Hay4nast HOBU3HA MccleIOBAaHUI U MOJIYYEHHBIX PE3YJIbTATOB MOJIHOCTBIO OT-
paXkeHa B BBIBOJAX JMCCEPTALMH U PEKOMEHJAU /I TPAKTHKH.

3HAYMMOCTB /15l HAYKH M NIPOM3BO/ICTBA NMOJYYeHHBIX Pe3y/ibTATOB

[Tomy4yeHHble pe3ynbTaThl IPEACTABISAIOT IPOYHYIO OCHOBY IS MOCIIELYIONINX
nccnenoBanuit B obnactu nosyuenus Meto oM CBC cl0)HBIX MHOIOKOMIIOHEHTHBIX
MOPOINKOBBIX CHUCTEM C 3JIEMEHTaMH, UMEIOIIMMH CYIIECTBEHHO pa3jIMYyHbIC TeMIIe-
paTypsl MIaBICHUS, YTO COOCTBEHHO U SBISETCS NMpHU3HAKOM (yHIaMEHTalbHOU pa-
0otsl. [IpakTHUeckas 3HAUUMOCTD JUCCEPTAIlMU TaK )Ke OYeBH/IHA, MOCKOJIbKY pa3pa-
OoTaHHbIE JMCIIEPCUOHHO-TBEP/ICIOIINE IIEKTPOIHBIE MaTepHallbl MPOLILIH ONpodo-
BaHue Ha npeanpusTusax: OAO «YpanbCkuil HAyYHO-TEXHOJOTHYECKHH KOMILIEKC)
(r. Huxnuuii Tarun), OOO «butac» (r. Camapa), OOO «TpaHcnopTHbIe HIararoiue
cucTeMbl» (r. MockBa).

Crenenb 000CHOBAHHOCTH H /IOCTOBEPHOCTH KaXkKJA0T0 HAYYHOIO MOJI0Ke-
HHUSA

Kaxoe HayuyHoe 10JI0)KeHUe, COCTaBIsoIIee HAayYHYI0 HOBU3HY, JIOCTOBEPHO
YCTaHOBJIEHO B 3KCIIEPUMEHTAX, KOTOPbIE BHIOJHEHBI HA COBpeMeHHOM 000py10Ba-
HUHM. DTH Hay4yHbIE MMOJIOKEHHUS BBITEKAIOT U M3 HAYUYHBIX FHIIOTE3 U pa3paboTaHHBIX
MoJIesieii, Ha OCHOBAHHMH JKCIIEpUMEHTAJLHBIX JJaHHbIX. bojee Toro, nmosxy4yeHHbie pe-
3yJIbTaThl COIACYIOTCS C U3BECTHBIMH B JIUTEpAType pe3ylibTaTaMH, MpealecTBYyO-
MMM JJaHHOMY Hay4dyHOMY HccienoBaHuto. Creayer ocob0 OTMETUTh, YTO UCCIIE0-
Banus B o0nactu CBC ClIOKHBI M TPYIOEMKH BCJIEACTBUHE CJIOKHOCTH KOHTPOJIS ITO-
ro mpoiecca, MpoTeKalollero 6pIcTpo U B 3aKpbITOH cucreme. JlocToBepHOCTH YKCITE-
PUMEHTAIBHBIX JTAHHBIX 000CHOBaHA MPUMEHEHHEM CTATUCTUUYECKUX METOA0B oOpa-
OOTKH pe3yJbTaTOB IKCIEPHMEHTOB, a Tak)Ke HMCI0JIb30BaHUEM COBPEMEHHOTO cep-
TUGUIUPOBAHHOTO 000PYI0BaHHUS.

CooTBeTcTBHE PadOTHI TPEOOBAHUAM, NPEABABISAEMbIM K JHCCEPTALHAM

BeinosiHensl Bee TpeGoBaHus mnpeabsiBiseMble K aucceprauusM. [logpodno

MPOBEJIEH JINTEPATYPHBIH 0030p BCeX 3HAYMMBIX MyOIMKAIMH, OTHOCSIIUXCS K 3a-
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JlaHHO# TeMe nuccepTauuu. IIpoBeneH aHanu3 3TUX NMyOJMKalMid, TPaBUIIBHO ycTa-
HOBJIEHBI 3a/1a4M UCCIIe0OBaHMsl, BEIOpaHbl HCCleyeMble COCTaBbl U METOMBI UX HC-
cleIoBaHUs. DKCIepUMEHTalbHbIE pe3ylbTaThl MPEACTABIEHbl YETKO, KaK B BHJIE
rpadbukoB u Gororpaduii CTPyKTYyp, TaK U TEKCTa UX ONMchIBarouiero. Pabora namu-
caHa IpaMOTHBIM s3bIKOM. Jluccepramus u aBropedepar copepxar TpeOyemblie pas-
JIeBl ¥ COOTBETCTBYIOT APYT APYTY.

OcHoBHbBIE IOCTOMHCTBA U HEIOCTATKH 110 COAEPKAHHIO JUCCEPTALHHA

Oco6o ciielyeT OTMETUTH BBICOKHI Hay4Hbl ypoBeHb paboThl. Bee yenemnbie
Hay4yHble TIIOJO’KEHUs] OTMEYeHBl BbIlle., 3HAaueHWEe BBIMOJHEHHON JUCCepTaluy
00JIBIII0E, TOCKOJIBKY TTO3BOJIMIIA BRIMOIHUTE Psifi HAYYHBIX IPOEKTOB.

3ameyaHus Mo AHCCEPTALHOHHON pabdoTe

1. B HacTosiee BpeMs COCTOSIHHE MOBEPXHOCTU HE XapaKTEpU3yeTcs KIaccoM
yucToTh! (cTp. 98, 126). EcTh noHATHE 1IEpPOXOBATOCTh U €€ KOJIMYECTBEHHAs OICHKA
o napamerpam R, u R..

2. 3asBieHo, uto s nporecca DUJI onTuManbHBIMU ABIISIIOTCS 3JIEKTpoab! ¢ 30
% cBs3kn. OmHAKO BO3MOXKHBI Clydad, Korja 5 % CBS3KM B COCTaBe 3JIEKTPOIAHOTO
MmaTepuaia OyaeT 10CTaToqHoO.

3. M3 monydeHHBIX pe3yJbTATOB BUAHA aKTHBHAs pPOJIb CBSI3KM B MCCIIEyEMbIX
nporieccax. Ho aBTop ncnons30Bai TONBKO OJMH cocTaB cBs3KU. [loaTomy, He MOHAT-
HO, OYJIYT JIM BBITIOJHSTHCS YCTAHOBICHHBIE aBTOPOM 3aKOHOMEPHOCTH [P MCITOJIB30-
BAHUMU CBSI3KM UHOI'O COCTaBa.

He mnoHATHO, TOYeMy JBa XHUMHYECKH aKTHUBHBIX KOMIIOHEHTAa CBS3KH
(amoMUHUN U xpPM_) HUKaK He TIposiBUIM cebsi B HMCCIeAyeMbIX Tpoleccax M He
obHapyxensl B npoaykrax CBC.

4. ABTOpOM IPOBE/IEHbI HCCIIeI0BaHNs BIUSHUS COOTHOIIEHUH THTaHA U LIMPKO-
HUs, a TAK)KE TUTaHA HUOOMS, HO He MCCIe/IOBaHbl OTKJIOHEHUS COAepKaHus yriepoaa
OT CTEXUOMETPUUYECKOTO.

5. B tabn. 13 guccepTanuu B HUXKHEH CTpOKE CyMMa BECOBBIX IPOLEHTOB KOM-

noHeHToB He paBHa 100%
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JlaHHO# TeMe nuccepTauuu. [IpoBeneH aHanu3 3TUX nyOJaMKaluMid, MpaBUIBHO yCTa-
HOBJIEHBI 3a/1aud UCCIE0BaHus, BEIOpaHbl HCCIEyeMble COCTaBbl U METOMBI UX HC-
Clie/IoBaHUs. DKCIepUMEHTallbHble pe3ylbTaThl MpPEACTaBIE€Hbl YETKO, KaK B BHJIE
rpadukoB u Gororpaduii CTPyKTYyp, TaK U TeKcTa UX onuceiBarouiero. Pabora namnu-
caHa IpaMOTHBIM s3bIKOM. Jluccepranus u aBropedepar copepxaTr TpeOyembie pas-
JIeNbl ¥ COOTBETCTBYIOT APYT APYTY.

OcHOBHBIE IOCTOHHCTBA U HEIOCTATKH 110 COAePKAHUIO JHCCEPTALHH

Oco6o creyeT OTMETUTh BBICOKHMH Hay4Hbl ypoBeHb paboThl. Bee ycnemnbie
HayyHble TIOJOKEHUS] OTMeYeHbl BbIlle. 3HAaueHWEe BBIMOJHEHHON JUcCepTaluu
0oJIBIIIOE, TOCKOJIBKY TTO3BOJIMIIA BBIMOIHUTE Pl HAYYHBIX IPOEKTOB.

3amMeuaHus Mo AUccepTALHOHHOM paboTe

1. B HacTosiiee BpeMsi COCTOSIHUE TOBEPXHOCTH HE XapaKTepU3yeTcs KiaccoM
yucToThl (cTp. 98, 126). EcTh nonATHE m1epoX0BaTOCTh U €€ KOJIMYECTBEHHAs OlCHKA
o napamerpam R, u R..

2. 3asBieHo, uto s nporecca DMJI onTuManbHBIMU ABISIIOTCS 3J1€KTpob! ¢ 30
% cBasku. OHAKO BO3MOXKHBI Ciy4aH, Korja 5 % CBS3KM B COCTaBe JJIEKTPOIHOIO
Matepuasia OyZeT 10CTaTO4YHO.

3. W3 monydeHHBIX pe3yJbTATOB BHJHA aKTHBHAs POJIb CBSI3KM B MCCIIEYyEMbIX
nporeccax. Ho aBTop ucrnosb30Bai TOIBKO OJMH cocTaB CBs3KH. [losTomy, He moHAT-
HO, OYJIyT JIM BBITIOJHATHCS YCTAHOBICHHBIE aBTOPOM 3aKOHOMEPHOCTH IPH UCII0JIB30-
BaHWM CBSI3KM HHOI'O COCTaBa.

He noHsATHO, moyeMy JBa XHMMHYECKM aKTHUBHBIX KOMIIOHEHTa CBS3KH
(amOMUHUN U xp.oM) HUKAK He MpOosiIBIIM cedsi B MCClIe/lyeMbIX Ipoleccax ¥ He
obHapyxensbl B mpogaykrax CBC.

4. ABTOPOM IpOBEEHBI UCCIEI0BAHUSI BIIMSHUS COOTHOIIEHUH THTaHa U IMPKO-
HMS, a TAK)Ke TUTaHa HUOOUS, HO He MCClle[]JoBaHbl OTKIIOHEHHS COAEPXKaHUs yriepoa
OT CTEXHOMETPHUYECKOTO.

5. B Tabn. 13 aucceprauuu B HUXKHEHW CTPOKE CyMMa BECOBBIX IPOLEHTOB KOM-

noHeHToB He paBHa 100%



3akaovenue

B nenom, HecMOTpsi Ha OTMEUEHHbIE 3aMeYaHMUs, NPeJICTABIEHHAS JIMCCepTallus
BBINIOJIHEHA HAa BBICOKOM HAyYHO-TEXHUYECKOM ypOBHE M IpejcTaBisieT coboil 3a-
KOHYEHHYIO Hay4YHO- KBAIM(UKAIMOHHYIO paboTy.

PesynbpraTel AuccepTaliMOHHON paboThl, BHIHOCHMbIE Ha 3alIMTY, IPOILIH all-
pobanuio Ha 15 Hay4YHO-TEXHMUYECKUX KOH(EpPEeHIHUAX, ONMyOJINKOBaHbl B 4 CTAThIX B
KypHaiax u3 nepeuns BAK. Aropedepar nomHOCTBIO OTpakaeT cojepKaHue Jiuc-
ceprauuu. Pe3ynprarsl quccepTauMOHHONW pabOThl MOT'YT OBITH MCITOJIL30BaHbl B 00-
JIACTH TOJIyYEeHUs KapOCTOWKHUX TUICHOK NpH pa3paboTKe MepCrHeKTHBHBIX H3ZICNINi
aBUALlMOHHOH ITPOMBIIIIEHHOCTH.

YuuThiBasg aKkTyaJlbHOCTb BBINOJHEHHBIX HMCCIIEOBAaHUI, MMEIOIIYIOCS Hay4-
HYIO HOBHM3HY M IPAaKTHYECKYIO 3HAUMMOCTh pe3yJIbTaTOB, CYUTAEM, UTO TMpe/ICcTaB-
JIeHHas JuccepTalyoHHas paboTra yaoBlIeTBOpsieT BceM TpeboBaHusM [lonoxenus o
MPUCYXKICHUU YUEHBIX CTEleHel, B TOM uucie 1. 9, yreepxkjaeHHoro IlocranoBneHu-
eM npasutesnbeTBa PO ot 24 centabps 2013 r. Ne 842, a ee aBTop, Manakosa Oubra
CepreeBHa, 3aciyKMBaeT NPUCYK/JCHUS YYEHOW CTElNeHW KaHIuaaTa TeXHHUYEeCKHX
Hayk 1o crneruanbioctu 05.16.06 — «ITopomikoBasi MeTauTyprust ¥ KOMIO3UIHOHHBIE
MaTepUalbi».

OT3pIB NpUHAT Ha paclIMpeHHOM 3acefanuu kadeapsl «MetaioBeaeHue,
MOPOIIKOBAss MeTa/ulyprus, HaHomarepuais» U HWuxeneproro wnentpa CBC
Camapckoro rocyaapCcTBEHHOIO TEXHMYECKOrO0 YHUBEpPCUTETa [0 pe3ysibTaTam
obcyxenus qucceprauun Manakosoit O.C. 23 centsiOps 2015 roaa, nporokon Ne 1/2.

L]
3aB. kadeapoit «MeraoBeieHue,
MOPOLIKOBAsi METAJLTYPrusi, HAaHOMaTepHalIbIy,
mupextop Unxenepuoro neatpa CBC Camapckoro
rocyJapCTBEHHOI0 TEXHUYECKOr0 YHUBEpCUTETa
1.¢.-M.H., npodeccop AmocoB Anekcanap [lerpoBuy
Tenedon: (846) 242-28-89. E-mail:

egundor@yandex.ru.
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rOCy/IapCTBEHHOT0 TEXHUYECKOr0 YHUBEPCUTETA

K.T.H., CT. [Iperno/iaBaTeb 2 Turosa Onus Bnagumuposna
Tenedon: (846) 278-43-69. E-mail:

titova600(@mail.ru.

DenepanbHoe rocynapcTBeHHOe OrojpkeTHOe 00pa3oBaTelbHOE YUpexKIeHHEe
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