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OT3bIB BEAYIIEN OPTAHU3ALIMU
Ha jucceprainonuyto padory [punmucnosa Ouera Hukosaesnya
«CHHTE3 KOMIO3HIHOHHBIX MATEPHAJIOB HA OCHOBE KAPOM/I0B XPOMAa ¢ IPHMEHEHHEM
NpeABAPHTEIBHOI MEXAHOAKTHBALIHID),
[Pe/ACTaBICHHYIO Ha COUCKAHUE YYEHOM CTEIEeHH KaH/n/aTa TEXHUYeCKUX HAyK [0 CIeUUaIbHOCTH

05.16.06 — IlopomkoBas METAJUTYPrust U KOMIIO3UIIMOHHBIC MATEPUATIEI

AKTYAIBHOCTH PaboThl.
[TopomkoBast MeTajuryprusi  npejcrapisier codoit  ojgHy w3  Haubogee 3ppexKTHBHBIX

TEXHOJIOTHI MOJYUYEHUS! TBEP/bIX CILIABOB U a0Pa3MBHOCTOHKHX (KOMIIO3MIIMOHHBIX) MAaTE€pPUAJIOB, B
KOTOPBIX [VTABHBIMH 3JI€MEHTAMH MUKPOCTPYKTYPBI ABJIAKOTCA META/IMUecKas MaTpuia u KapOuHble
(asbl, U, B 4acTHOCTH, KapOu/bl xpoma. TpaiulMOHHbIA crnocod NMPOU3BOACTBA KapOWJAOB Xpoma
3aKII10YaeTes B HarpeBaHMM CMeCH IOPOUIKOB OKCeHla Xpoma ¢ caxeil 1o temnepatyp 14001800 C u
JUIMTENIbHYIO  BBIJEPKKY (20+40 wyacop) npu BeICOKOH Temieparype. HM3pecTHo Takxke, uTo

«AKTHBHOCTL» MOPOMIKOB IIPH B3aUMOACHCTBUH MOJKHO CYIICCTBCHHO YBCIHYHUTD, CCJIH NMOABEPIHYTL



MNOPOUIKKA MEXaHMUECKOMY MOMOJY B IIApoBOH MenbHHIE (cM.. Hampumep, A.E. [erysun. ®usuka
cnekanusi. M.: Hayka, 1984). Ilostomy HaM mpeacTaBiseTcss akTVaIbHOM Tema AMCCEpPTALHOHHOMN
padotsl [TpunucHora O. H., koTopast Hanpag/ieHa HA Pa3BUTHE HAYUHBIX OCHOB M pa3zpaboTKy criocoba
nojaydeHus Beicuiero kapouga xpoma Cr3Cy ¢ HM3KUM NOTpedJIeHHEM PHEPIUH M MAJILIM BpPEMEHEM

CHHTE3a B PE3YJILTATE NPEABAPUTEIILHOH MEXaHOAKTHBALMK CMECH MOPOIIKOB XPOMa M YIIEPo/1a.

Crpykrypa 1 00bEM JIHCCEPTATIHH.

Hucceprauust lpunucHosa O.H. coctouT M3 3 11aB, BBIBOJOB, CITHCKA MCIIOIB30BAHHBIX
MCTOUHHKOB M npunoxkenus A. O0ném aucceprannu — 98 crpanuit. 31 tabmua v 10 pucynkos. Crivcok
MCIIOJIb30BAHHOMN JIMTEPATYPhI COAEPKUT 73 HAMMEHOBAHMUSL.

B nepsoi cnaee (AaHATUTHYECKUH 0030p JUTEpaTYphl) OMMCAHBI CHOCOOLI MOMYYEHHA KapOHUIOB
Xpoma, ux npumenenune. OrMedeno, yTo Hauboliee PacipoCTpPaHEeHHbIH Crocod NnoayyeHus: Kapduios
XpoMa — B3aUMOJICHCTBHEC OKCHJIA € CaXeH. DTOT METO/l, a TaKikKe ﬁonyqennc KapOHJIOB XpoMa M3
3JEMEHTOB, TpeOyIOT HarpeBaHus 710 BelcokuX Temreparyp 1400+1800°C, naurensHoi BUICPIKKH U
CJIOKHOTO annapaTypHoro oQpopmiueHus.

OtmedeHo, uTo BeIcIIHT KapOua xpoma Cr3C o0najaeT BRICOKONH TeMIepaTypoi IiaBlieHus,
TBEPJAOCTHH), COXPAHAIOMIEHCS [IPU BBICOKUX TEMIEPATYpax, BBICOKOH XHMUUYECKOH CTOMKOCTBIO IO
OTHOIIEHHK) K Pa3/IMYHbIM XHMUYECKUM peareHTam, CTOHKOCThIO IPOTUB OKUC/ICHHUS, U IPUMEHSETCS
JUISl M3TOTOBIEHUS TBEP/IBIX CIUIABOB M adPa3uBHOCTONKUX MAaTEPHAIIOB.

Kapouapl Cr;C: u CryC; mpuMeHSIOTCS KaK KaTanmu3aTophl B IIpolleccax OpraHndeckoro
CUHTE3a, MCMOIL3YIOTCS U1l M3TOTOBICHHA (UIALTPOB, JAeTaneil HacocoB, comen A ToJadn
arpecCUBHbBIX KUIKOCTEH H ra3os.

Mmes MetauiMyeckuit XapakTep HNPOBOAMMOCTH M Majbli TeMIeparypHbiil kod(duument
uleKkTpoconpoTusicHus, kapou1 xpoma CraCs npuMeHsieTes B KayecTBE KOMIIOHEHTA NOCTOSHHBIX
HU3KOOMHBIX CONpOTHRICHHI, pabotaomux npu Temieparypax 300+400°C ¢ MakcuManbHbIMU
3HAYEHUSAMH conpoTusiieHus 5+50 om.

Ha ocHoBe auTepaTypHbIX JIAHHBIX [MOKa3aHa NMEPCHEKTHBHOCTh UCIIOJIB30BAHMS TTPE/IBAPUTE IbHOMN
MEXAHOAKTUBALIMM JUI CHHTE3a KapOM/10B METAIUIOB, 000OCHOBAHBI M C(OPMYIMPOBAHB! LE/b U 33/1a4u
MCCIICI0BAHHA.

Bo emopoir crace IPUBOJATCA MApKH MCXO/IHBIX MATEPUANIOB (IIOPOIIKOB XpoMa W YIJIEpoja) U
OIMMCaHNE METOJUK JKCIEPUMEHTOB M HCMOIL30BAHHOIO odopyosanus. s wcclie0BaH|A BIWSHHE
JUTMTENIBHOCTH MEXaHOAKTUBALIMK Ha TPOLECChl CTPYKTYpPO- U (a3000pa3oBaHUd. HA BEJIMYMHY
YAeAbHOI NOBEPXHOCTH H TeruloBblAenenue cmec Cr-C B nmpolecce MeXaHOCHHTE3a U MOCTIEIYIOUIETO
HACPEeBA  AKTUBUPOBAHHOI  cMecH  aBTOpOM  OBLUIM  MPHUMEHEHbI  Pa3IM4HBIE  COBPEMEHHBIC

SKCHCPUMECHTANLHBLIC MCTOAbBI HCCICAOBAHHA. HAIPUMED, CKaHHPYIOMad SACKTPOHHad MHUKPOCKOITHA,



pentrenodha3osblii aHaN3, U3MEpeHne yIeibHOH nosepxHoctH MetoaoMm BT, auddepennnansio-
Tepmuueckuit ananusz (JITA).

B mpemvell cigee NPeACTABIACHBl PE3YALTATHL  MCCAELOBAHHA (DA30BBIX M CTPYKTYPHBIX
[peBpalleHuil Ipyu MexaHoakTuBaluu 1 okure eMecu Cr-C. M3ydueHo BiIMsSHUE NPOJIOJDKHTENBHOCTH
mexaHoaktuBauuu ot 9 g0 43 muH cmecu Cr-C npu coortHomenun Cr:C=6.,52 no macce npu
coOTHOMEeHusx mapel: Martepuan (M) 20:1 u 40:1 Ha yJ1edbHYIO TOBEPXHOCTh, SHEPTHIO OTKPHITOMH
MOBEPXHOCTH, pazMep W CTPYKTYpY yvacTuil. OnpejelieHa teMieparypa Haqasia pzaumoieictsus Cr ¢
C nocne mMexaHooOpabOTKM M BBICOKOCKOPOCTHOH Tepmoodpadorku jo 1000°C. Onenena januna
JuQQY3NOHHOTO  TYTH  yIilepoJa B XPOME [pM  MEXaHOaKTHBALHH W  BBICOKOCKOPOCTHOH
TepmoodpadoTke g0 1000°C, a Takke TermIoBbie HPPEKTH IK30TCPMHUUCCKUX PeaKIHi.

ABTOPOM TIPEACTABICHBI PE3YNLTATHI DKCIICPUMEHTOB IO ONPEIEICHHIO ONTUMATILHOTO BPEeMEHH
MEXaHOAKTHBALMM JIs crocoda nojayvenus Boicwero xapouga xpoma CriCs CTEXMOMETPUYECKOIO
COCTaBa CO CHMKEHUEM TEMIIEPATYPBl M BDEMEHH CHHTE3A.

VeTaHORIEHB  OCOOGHHOCTH — MEXAHOXMMHYECKOTO M BBICOKOTEMIEPATYPHOro,  [ocie
MexaHoo0padoTku, cuntesa cmec Cr-C B 3aBUCHMOCTH OT JUTMTENILHOCTH MEXaHOAKTHBALIHH.

C DoMoIBI AIEKTPOHHOMUKPOCKOIMYECKUX CHUMKOB OOHApYXKEHA CIOUCTasl CTPYKTYpa,
COCTOSII@ASL W3 YePeAYIOIUXCs CJ0eB OelIbIX 4YacTHULl XpoMa M 0ojee cepblx (B 3aBHCHMOCTH OT
COJIEpKaHHsl B HUX YIJIepo/ia) Pa3HOTHITHBIX KapOWJOB BIUIOTH JIO YEPHBIX MPOCIOEK OCTATOYHOMN
caxku. ToNUMHBL TPOCIOEK Pa3MUHbIX KOMIIOHEHTOB B CIOMCTON cTpyKkTYpe coctasisier 100-300am.

B sarcnovenuy cpopMynrpoBaHbl 00IIKE BLIBOIEI MO padoTe.

Hay4Hasi HOBH3HA HCCI€T0BAHHS H MOJYYE€HHBIX Pe3y.IbTATOB.

OTMETUM HECKOJILKO HOBBIX HAy4dHBIX pe3yJIbTATOB, MOJIYUEHHBLIX B o0cyxaaeMoil pabore u
UMEIOUIUX BaXKHOE 3HAueHue. Bo-mepBbIX. aBTOPOM MPOBEACHO OPHUTHHAILHOE W CHCTEMaTHYECKOe
HCCIICIOBAHUE CTPYKTYPBI IOPOIIKOB-KOHITIAMEPATOB Ha Pa3HBIX CTaJHAX [OMOJIa B [ApOBOI
MEIBHHUIE W OODHAPYHKEHBI CHOMUCTBIE CTPYKTYPBI, COCTOAIIME H3 HEPEAYIOUIMXCS CJOER XpoMma,
OCTATOUHOH CaKH W Pa3sHOTUIHBIX Kapdbuyor xpoma. [lokazano, uTto (opMHpOBaAHHE CJIOHCTOMH
CTPYKTYPBI OKa3bIBACT CYIIECTBEHHOE BIMSHUE Ha KUHETHKY IIpolecca CUHTe3a KapOHIoB Kak
HETIOCPE/ICTRBEHHO MPH MEXAHOCHHTE3€e, TAK U IPH MOCIEIYIONIEM HAIPERBE.

Bo-BTOpBIX, H3Y4eHO BIUSHUE TEXHOJIOTMYECKMX (akTopoB IMomojla B I[LIaHeTapHO
HEHTPOOEKHONH MeJIbHUIE (MPOJIOIKUTENILHOCTH MexaHoakTuBauuu ot 9 jno 43 muuyt cmecu Cr-C
npu cootHomeHnn Cr:C=6,52 1o macce npu COOTHOMIEHUAX wapbl: Martepuan (u:m) 20:1 u  40:1)
Ha Y/AC/IBHYIO [OBEPXHOCTh, JHEPTHID OTKPBHITOH MNOBEPXHOCTH., pasMep M CTPYKTYPY YacTHIL
ITosyueHnble 3HAYCHUS TAPAMETPOR MOTYT OBITH HCMONBL3OBAHLI MPH MPOMBIIIIEHHOM OCBOCHUH

TEXHOJOTHHA IMTPOU3BOJACTBA MTOPOUIKOB KapﬁHI{DB Xpoma.



B-TpeTbuX, NpOBEACHBl OLEHKH 3amacacMoil SHepruu IpH IOMOJIE YHCTOIO XpoMa B
IUIAHETAPHOI LEeHTpOoOEKHOH MeNbHHLE, MaKCUMaIbHAs 3aracaeMas Heprus coCcTaBIseT OKOMo |
nr 9

KJDK/MOJIb, 4TO XapakTepHO /Uis MeTamioB. B rpadwure npu yueibHo#t noeepxHoctd 500 M/

zanacaercs J0 30 g/lx/mons. [lpeanonaraercs, uto npu noMone cMecel xpoma M rpadgura dolibmas

IHEPrUsl MOKET BBIIEIATHCA JIMIIb B MPOLECCe XUMHUYECKOTO B3aUMOJIEHCTRHS XpoMa ¢ YIUIEPOJAOM ¢

OGpﬁ?OBaH HEM Kap6l’lil08 XpoMa, a HeE 34 CHCT HAKOILIICHUA ,JC[I)CKTOB PEIIETKN.

O00CHOBAHHOCTD H JOCTOBEPHOCTE OCHOBHBIX MOJIOKeHHA H PE3YAbLTATOB JUCCEPTAUHM HE
BBI3BIBAKOT COMHEHMH H MOATBCPACIAIOTCA  MCITOJB30BAHUEM  COBPEMEHHBIX METOA0B  TIPOBEJICHUA
JKCIEPHMEHTOB M PACcUCTOB, OCHOBAHHLIX Ha XOPOIIEM MTOHUMAHUU (GU3UKH JI((Y3MOHHBIX TPOIIECCOR B

TeTEPOTCHHOM CTPYKTYPE CILIIABOB.

IlpakTHYecKas 3HAYHMOCTH PadoThI.

IlpakTuyeckas 3HAYMMOCTL JMCCEPTALMU 3aKIFOYAETCS B pa3padoTKe ONBITHOH TEXHOJOIMHH
MOPOUIKOBOM  MeTalulypruu JuUiss CuUHTe3a Bbiciiero kapdbuaa xpoma Cr3C2 M yernemsom
MOIYTIPOMBIIIICHHOM ONpPOOOBAHUKM €r0 B KAUECTBE NOKPLITHs, HAHECCHHOIO MNICKTPOHUCKPOBBIM
METO/IOM, € IIPUMEHEHMEM [PEIABAPUTEILHON MEXAaHOAKTHBAIMH CMECH MOPOIIKOB Xpoma C
YIIIEPOAOM M TOCIEAYIOUIEH BBICOKOTEMIEPATYPHOH 00padOTKOM, ¢ LEenbio MOBBILCHUS CPOKa
CJIY’KOBI TOBEPXHOCTHOTO €104 TPYOBI CIIMBHOTO VCTPOHCTBA KOBIIA.

Ha cnocod nomywenus Boicmero kapduaa xpoma Cr;C: Ha OCHOBE NHpeaBapHTEILHOM
MEXaHOAKTHBALUH CMECH MOPOLIKOB XpOMa ¢ YIJIEPOJOM M MOCHEAYIONIET0 BEICOKOTEMIIEPATYPHOIO
HarpeBa rno:yueH nateHt Poccuiickoil @enepanuu.

PesynbTarhl JaHHON# padoThl NpeAcTaBIsAIOT HHTEpeC ANd  COTPYIHUKOB I[PEANPHSTHH,
CHENHATM3MPYIOIUXCS Ha pa3padoTKe TeXHOIOTHIH TMOPOIIKOBOM MeTaTyprud ¥ TPOW3BO/ICTRE U3
TIOPOIIKOB KOMITO3MIIMOHHBIX MaTepHaloB. OCOOEHHO ¢ MpuMeHeHueMm Kapouaor xpoma: QAQ
«Komnosut», BHUAM. IIAO «Tymauepmer», OO0 «Hurmarek», 000 «Peamerypain, 00O
«CTparernueckue MeTaulbl», a TAKKe B BY3axX IIpH IOJACOTOBKE 0aKanaBpoB W MarucTpoOB IO
HanpariaeHuaM 150400 «Metannyprus» u 150100 «MaTepuanoBeeHAE U TSXHOJIOTUH MATCPHATIOBY.

Juccepranmonnasi 3amucka W apTopedepaT B 1eloM O(OPMJIEHBI B COOTBETCTBHH C
JAeiicTByOIIMMHE  TpeDoBaHUAMU. ABTOpedepar M nydlukauuu B pedeprpyeMblx TeXHHUECKHX

U3JaHUAX MTOJHOCTBIO 0TPAKAIOT CoAeP:KaHNe THCCEPTAlMOHHON padoThl.

3aMeuanus 1o AuccepTANHOHHOI padoTe.
1. Haspanue nucceprannoHHOIl padoThl couckatens «CHHTE3 KOMROZUWUONIBIX MAMEPUIos Ha
OCHOBE KapOMJIOB XpoMa ¢ NPUMEHEHHEM NPEABAPUTENBEHON MEXaHOAKTHBAIMHY (BBLIEIEHO

KYPCHMBOM HaMH) He BIOJHE COOTBETCTBYET cojepxkaHuio paborbl. Ha nam B3risag, Oonee



npueMiaeMbiM ObLT0 Obl Ha3BaHHEe THHA «CHHTE3 MOPOIIKOB KapOUI0B XPOMa ¢ NPUMEHEHHEM
[peaBapuTe/ibHON MexaHoakTHBaluu». Clouctas CTPYKTYpa, KOTOPYIO HadIIk01a1 aBTop IpH
MOMOJIE CMECH MOPONIKOB MeTaINIMYeckoro XpoMa W rpaduTta, BO3MOMKHO, W SIBISICTCH
npoodpa3oM  Oy/AYIIEro KOMIIO3MIMOHHOTO MaTepHaia, HO TOJIbKO HE B paMKax

pe/IcTaBIeHHON K 3aiuTe padoThl.

S

Hexoropeie 0cOOEHHOCTH METO/I0JI0OIMH [IPOBEACHUA OUCHOK JU(P(PYIHOHHBIX XapaKTePUCTHK
B «MEXaHOAKTHBHPOBAHHLIX» 00BEKTAX BBI3BIBAIOT ¥ HAac BO3payKeHUsl. Hampumep, 17t OLEeHKH
AU PY3MOHHOTO NYTH YIIepoaa B XpoMe, ¢Tp. 51 auccepTalmoOHHON 3aMMCKH, UCMONL30BAHE
«paBHOBECHBIC» (TaOMMUHBIC, MOIYUCHHBIC HA TLIATEMLHO IOJTOTOBJICHHBIX, OTOMIKEHHBIX
00beKTax) 3HAYEHUS SHEPIrUM akTHRALMH JMGDYIUU U [PEI3KCIOHEHIIMAITBHOIO MHOKHUTEISL.
Jlasiee aHaJIOTHYHBIA 10/IX0/l MCHOJIB30RAH NpU OlleHKe JAU(PY3HOHHOR NPOHUIAEMOCTH
JeeKkToB — JMCIOKAlMH W rpaHuil 3epeH, cTp. 52-54. OjHako M3BECTHO, YTO IPH
MJIacTHUeCcKoi JedopManiy 1e(eKTbl MOTYT MEPEX0/IUTh B «<HEPABHOBECHOE» COCTOSIHUE, H UX
au(dy3noHHas TPOHHULIAEMOCTh MOKET BO3pacTaTh Ha MOPAAKH BEJIWUUHBI (cM., HanpumMep L.
Kornelyuk et al. Enhancement of diffusion in deformation-induced non-equilibrium grain
boundaries. Phil. Mag. 1998, v.77, No 2, p. 465-474). [Ipn mMexaHOaKTHBAIIMH MOPOIIKOB B
pabore apropa JedopMaLMOHHBbIE YCJIOBUA ObUIM elle Dosiee IKECTKMMM, YeM B YKAa3aHHOI
HaM¥ pabote, ¥ 3TOT (PAKTOP HEOOXOAMMO OBLIO YUUTHIBATL NPH NpoBeIeHHH TP HY3HOHHBIX
OLICHOK.

ITo TEKCTY JHUCCepTallii MOMKHO TaK K€ CIACIATh Psil MEJIKHX 3£LME![{aHI/Iﬁ, KOTOpPLIC 0CODEHHO

(OS]

MPOSIBHTHCH Ha cTp. 18:

- B METO/IMKE HKCIIEPUMEHTOB HE IPUBEJAECHBI XUMHYCCKUIH aHATU3 W IPAHYJIOMETPHUYECKHI cocTaB
HUCXO/IHBIX ITOPOLLIKOB XpOMa U YITIepoa;

- B OMWCAHUM MCCICAOBAHMS MEXAHMYECKOTO aKTUBMPOBAHUS MCXOIHOH MMXTLI HE SICHO, HMENOCh
1 BOAOOXIaKAcHHE DapadaHOB MEILHULIBI TPH MTPOBEACHUN MEXaHOAKTUBALIUH.

- HenonstHo, kakum o0paszom Obul BeIOpPaH PEKUM HEHTPOCTPEMUTENBHOTO YCKOPEHHUS 110 OCH
Oapabana — 25g 1 moyeMy HTOT PEKUM HE BAPbHPOBAIICS.

JakaoueHue.

B uenom auecepraumonnas padora llpunucnoa O.H. npexacrasisieT coboll 3aKOHUYEHHOE
MCCIeI0Banie, BRIMTOJHCHHOE Ha BBICOKOM HAyYHO-TEXHHUYECKOM YpoBHe. OTMeueHHbBIE HEJ0CTATKH
HE MEHSIOT [OJOKHTEIBHYID OIEHKY W HaY4YHO-TIPAKTHUECKYI0 3HAYHMOCTh Pe3yNbTaToB,
nonyueHHbIX [[punucnoseiv O.H.

Takum o0pa3zoM. jaMccepTallMOHHAs padoTa OTBEYAET MPEAbABIAEMbIM K JUCCEPTALIHSAM
KPHUTEPHSIM, YCTAHOBJIEHHBIM B [1. 9 «l1010KeHHs» O IPUCYK/IEHHH YUYEHBIX CTEIEHEH, YTBEPK/IEHHOM

Ilocranosicnuem npasutensetsa PP or 24 centadps 2013 r. Ne 842, u  CcOOTBETCTBYET



cnenpanbHocTh 05.16.06 — «IlopolkoBasi METAJLUTYprusi U KOMIIO3ULIMOHHBIE MAaTEPUAJIBI», & €€ aBTOP

[TpunucaoB O.H. 3acoy’KuBaeT IPUCYXkKIEHUS €My YUEHON CTENEHM KaHAKuAaTa TEXHUYECKUX HayK.
Jluccepranmonnas padora [IpunucuoBa O.H. Obuta 3aciymaHa u oOCyKJeHa Ha 3aceJaHUU

HTC OAO «Komnosutr» 10 HostOpst 2015 roma (mpotokosn Ne3 ot 10.10.2015r.). TekcT oT3bIBa

BeIYIIIel OpraHu3alii YTBEPK/IEH €INHOIIACHO.

JIMPEKTOp UHCTUTYTA HOBBIX METAJLTyPrU4E€CKUX

texHosioruit OAO «KoMno3um» B.H. byrpum
Yuenstit cekpetaps HTC

OAO «KoMno3ut», 10KTOp

¢u3.-mMat. HayK, npodeccop /\/\ uy/\ — .M. PazymoBcKkuit

byrpum Bukrop Hukonaesuu

JIOJDKHOCTB: IMPEKTOP MHCTUTYTAa HOBBIX MeTaTyprudeckux texnojoruii OAO «Kommosut»
Anpec OAO «Komnosur»: [Tnonepcekas yi1., 1. 4, r. Kopones, Mockosckas o6nacts, Poccus, 141070
Pa6ounii Tenedon: (495) 513-22-11

Anpec paboueii 37ekTpoHHO# mouThl: info@kompozit-mv.ru

PasymoBckuii Uropp MuxaiiioBuy

JloskHOCTh: [ 1aBHBIM Hay4dHBIH cOTpyAHUK — cekpeTapp HTC

Anpec OAO «Komnosury: [Tnonepcekas yi1., 1. 4, r. Kopones, Mockosckas o6nacts, Poccus, 141070
Pabouwnii Tenedon: (495) 513-21-24

Agnipec paboueii 31eKTpoHHOM MouThl: info@kompozit-mv.ru

HauanbHuK oTI€e1a KaapoB N.H. Kanucras
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