OT3bIB
OpHIHAILHOTO ONIIIOHEHTA HA IMCCEPTAHOHHYIO pabdory Hryen Xour Buera
"Pa3paboTka 0CHOB TEXHOJOIMHH CHHTE3a HAHOKOMIO3HTA Ag/moNHaKpUIOHHTPUIT
npu UK-narpese', npeacraBiieHHyI0 Ha coMCKaHHe YIEHOI cTeneHn KaHAuAaTa
TEXHHYECKHX HayK Mo cnenuaabHocTsaM 05.27.06 — "Texunosorns u o6opyaoBanue
A1t MPOH3BOJCTBA MOJYNIPOBOTHHKOB, MATEPHAJIOB H NPHGOPOB 3J1EKTPOHHO

TexXHuku'

B nwmccepranmonHoil pabore Hryen Xonr Buera QaxTudecku peub HAET O
HOJIy9eHUN METANTIOHAHOIHEHHBIX KOMIIO3UTOB. JTa 00JaCTh MCTOPUYECKH BO3HMKIA
OTHOBPEMEHHO C 00JIACTHIO XMMHHM TOJIUMEPOB B 60 rogax XX BeKka U 110 CeroHSIIHErO
BPEMCHM  HC  yTpaTHja HAayYyHOro M IPAaKTHYECKOro HHTepeca. JIByXdasHsie
METAJUIONONUMEPBI O0JANAIOT PANOM IEHHBIX (H3UKO-XUMHUYECKUX M MEXAHMIECKHUX
CBOHCTB. OHH LIMPOKO NIPUMEHSIOTCS B PA3HYHBIX COBPEMEHHBIX BBICOKOTEXHOIOIMIHBIX
00JIACTAX IPOMBIILIEHHOCTH, KOTOPBIE YKa3aHbI B IUCCEPTAIIUH.

Haubornee pacnpocTpaHeHHBIME METOIAMH TIONyYEHUS TIOJTUMEPOB, HAIOJHEHHBIX
MeTallllaMH, ABIAIOTCA: 1 - MeXaHHMYecKoe CMEIIMBaHHe IIOPOIIKOB METAIoB C
HOPOIIKaMH TMOJTUMEPOB; 2 — BBICOKOAUCIICPCHBIE IOPOMIKH METAUIOB CMEIIHBAIOTCS C
KUAKAMHA  HEOTBEPIKIACHHBIMM [IONIMMEPAMH; 3 — KOArymIAlUs CyCIEH3WH IOpOIIKOB
METAJIJIOB B PACTBOPaX TEPMOILIACTHYHBIX CMOJI U JIp.

Bce Metozbl cmerBanus yepes pacToBOp UMEIOT Psij| CYILLECTBEHHBIX HEIOCTATKOB.
I'TaBHBIMH U3 HUX ABIAIOTCS: HEPABHOMEPHOE PACIIPENICHUE TBEPJIBIX YaCTHIL] B MaTpPHIIE,
UX pasjintiHas BEMIMHA U HAIMYMEe Ha TIOBEPXHOCTU METAUTHYECKUX YACTHI] OKCHIHBIX
NIE€HOK. HecMOTps Ha MHOXECTBO METOJOB YMEHBIICHUS M NPEIOTBPALLEHNAS] ITHUX
IPOLECCOB B OONBUIMHCTBE U3 HUX OHU OCTAIOTCS HETPEOOIEHHBIMH.

IlpumenEnnblil B paboTe MeTOZ CHHTE3a HAHOKOMIIO3MTA Ag/NoNMaKpUIOHUTPHI

(ITAH) ¢ momomyro MK-Harpesa MMIIEH 3TUX HEIOCTATKOB H IIO3TOMY €T0 UCCIIeIOBAaHHE U

pa3pa60TI<a ABIIAIOTCH AKTYaJbHBIMH H NEPCICKTHBHLIMH.



Heabio auccepranuonnoi padorsl Hryen Xonr Buera sieusack paszpabortka
Hay4JHBIX M TEXHOJOTHYECKHX OCHOB CHHTe3a HaHOKoMIo3uToB Ag/TTAH npu UK-
Harpese [IAH B Marepumanax JUil COGIMHEHHS O3JIEMEHTOB OJIEKTPOHHBIX
yCTpOﬁCTB.

st moctkenus Uenu JUCCEPTaHTOM ObLIM IIOCTABIEHBl U PEIeHb
CHENYIOIINE 3aiaUH

- M3YYHUTHb KHHETHUKY ¥ MEXaHM3M XUMUYECKHX MPEeBpaIleHui B KOMIIO3UTE
Ha ocHoBe IIAH u AgNO; B 3aBHCHMOCTH OT TeMIepaTypbl W KOHILEHTPAIHH
conert AgNQOs;

- M3YYUTb BIIMSHUS COAEPIKAHMs aTOMOB a30Ta, BOJOPOJA, KUCIOPOAa B
TepmoobpaborannoM ITAH Ha cTabHinbHOCTD XUMHYECKOH cTpyKTypsl mpu WK-
Harpe€Be C MOMOIIBIO MONYIMIIMPUIECKON KBAaHTOBO-XUMHUUYECKOH pacueTHOU
cxembl MNDO  (MomubuIMpOBaHHOTO  MpeHeOpekeHHs  JBYXaTOMHBIM
[IEPEKPBIBAHUEM );

- HUCCIENOBAaThH BO3MOXXHOCTh OOpa30BaHHMS HAHOYACTHIL] Ag B ITIAH B
auanasoHe remieparyp 100+300 °C ¢ nomolpio TepMOTHHAMUYECKHAX PACYETOB;

- U3YYUThH 3aBUCHMOCTH CBOMCTB (CTPYKTYPBI, MOP(MOIOrHH, XUMUIECKOTO
CoCTaBa, YJICIbHOW 3JIEKTPOIPOBOAHOCTH, (ha30BOro cocraBa) HAHOKOMIIO3UTA
Ag/TIAH ot ycnosuit MK-marpeBa (temiepaTypsl, kKoHieHTparmun coma AgNO;,
ckopoct MK-HarpeBa, Bpemennm Bbiiepxku mpu HMK-marpese) ¢ melnsio
KOHTPOJIUPYEMOTO CHHTE3a MaTepuaa ¢ 3aJaHHBIMUA CBOMCTBAMU;

- pa3paboTaTh OCHOBBI ~TEXHOJOrMM HaHokomnosuta Ag/TIAH ¢
KOHTPOJHMPYEMBIMH CBOMCTBAMU HAa OCHOBE PE3YJIbTaTOB MCCIECIOBAHUS KUHETUKU
U MeXaHum3Ma HpeBpamieHuit B HaHoxkommnosuTe Ag/IIAH mnpu WK-marpese,
CTPYKTYDBI, JJIEKTPOPU3NICCKUX U (PU3HKO-XMUMUYECKHX CBOHCTB HAHOKOMITO3MTA
Ag/TIAH; .

- paspaboTath Ha ocHOBe HaHokommnozuta Ag/[TAH wmarepnar s

COCOUHCHUS DJIEMEHTOB DJICKTPOHHBIX YCTpOﬁCTB.



BceectopoHHMI aHamU3 CyIIECTBYIOUINX METOJIOB CHHTE3a KOMIIO3UTOB Ha
ocHoBe JacTull Ag (riaBa 1) ¢ ucroap30BaHUEM XUMHUYECKUX (DOTOMHHUIIUATOPOB,
Y-00sydeHus, oOIydeHUsI PTYTHOM JaMIOW W Jp. B Pa3IWYHBIX MATPHIIAX IaeT
IIPAKTUYECKU TIOJIHOE IIPEICTaBICHHE O COBPEMEHHOM COCTOSHHUH BOIIPOCa,
IIOCTABJIEHHOI'O B IUccepTalii. TeM caMbiM 00OCHOBBIBAIOTCSI OCHOBHBIE (DH3UKO-
XUMUYECKUE TMOAXOABl K SKCIEPUMEHTaM, KOTOpPBIE HCIIONB3YIOTCS B paboTe, H
YBEIMYMBAETCS] HAIJIAJHOCTh ¥ OPUTHHAIBHOCTH TMONYYeHHBIX pPE3yJIBTATOB.
Bmecte ¢ oTuM, NpefCTaBiseTcs BaXKHBIM B BBIBOZAX INaBbl | JaTh 4veTkoe
nepeyrcieHie (PU3MKO-XUMHUYECKUX W TEeXHOJIOTHYeckuXx mnpeumyinects MK-
HarpeBa A cuHTesupyeMmoro kommnosuta Ag/IIAH. Tem Gonee, uro UK-narpes
yKe IpUMEHSICS paHee IS aHAJOTHIHBIX IeJIe.

B skcneprMeHTanbHBIX IM1aBaxX 2 ¥ 3 MOXXHO OTMETUTH CIEAYIOIIHe BaKHbBIE
pe3yNbTaTHI.

1. BriepBsle ¢ TOMOIIBIO MOJEIUPOBAHUS CTPYKTYPBl TEPMOOOPAOOTaHHOI'O
ITAH (TIIAH) c¢ wucnons3oBaHMEM MOJENH MOJEKYJSIPHOTO KiacTepa H
aJalTUBHOW KBAaHTOBO — XUMHUYECKOU monmysmmupuueckod cxeMbl MNDO Opuin
IIOJIy4eHbl 3HAUEHWS OHEPrHMM CBSI3U, MJIUHBI CBSI3H, BAICHTHBIX YIJIOB H
JIOKanbHOro 3apsna aromoB 1 TIIAH u ux 3aBUCUMOCTH OT COAEpIKaHUsI aTOMOB
N, H u O. D11 pe3ynpTaThl OATBEPXICHBI SKCIIEPUMEHTAIBHO MeTofgamu PODC,
O 1 K — cIeKTpOCKOIIHH.

2. Jlanee B nmucceprauuy nogpoOHO (i 3 ) u3ydaroTcs (a3oBBIA COCTaB
(PDA), ctpykrypa (COM), coctaB nmoBepxHoctu (PO®IC), onTuueckue CBOMCTBA,
KMHETHKAa XUMHUYecKux npespamenuil B cucteme Ag/ITAH/ IIMO®A (i 3.1.5) u
np (1. 3.1.6-3.11) mpu MK-nmarpese.

JTO MO3BOJIUIO:

YCTaHOBUTb XHMHMUYECKHE pEaKIUHd BOCCTAHOBICHHUS Ag HEKOTOPHIMH

razoobpasueiMu npoaykramu nectpykuuu [TAH (H, H,, CO);
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BBIOpaTh ONTHMAJHblE TeMIneparypsl pasznoxenus [IAH ¢ pasnudabiv
copepxanueM AgNO; (5, 10, 15, 20, 80 % macc) u ¢ yu€ToM U3MEHEHHUS pasMePOB
YacTUll, KOTOpbIE HE MpeBBIIAtOT 30HM;

YCTAaHOBUTHb COOTHOILIEHUS KpUCTAIMYeCKOM u amodopHo#t ¢a3 B
KOMITIO3UTE U B acTUlax Ag;

YCTAaHOBHUTHL YyMEHbIIEHHE YyaenbHoro comnporusnenue B TIIAH mnpu
yBelIMUeHUH Temreparypbl HarpeBa oT 600 no 750°C (tabn. 3.9) xommosuTa ¢
BO3pacTaHueM conepxkaHuusg Ag ot 5 go 15% macc., a Takke yBeJlMYCHHE
3JIEKTPONIPOBOAHOCTH OT 2,94 no 12,37 Cwm/cM mpu yBeTMUEeHHH KOHIECHTPAIHMH
MeTajljia B TeX JKe mpenenax u Jip.

3. B pesynbrare npennoxxeH MexaHusm pasznoxenus [TAH u oGpazoBanme
HaHOMETpoBBIX vacTul] Ag mnox nedcteuem WK-marpesa, cocrosmmit w3 psiaa
HapaJlIeNIbHBIX U IOCJIEN0BATENbHBIX TOMOTHHBIX U T€TEPOTEHHBIX XHMHYECKUX
peakiuii ipu 80°C (cTp. 96).

4. Ha oCHOBe TpEICTABIEHHBIX pe3yJIbTaTOB  aHAIM3a KUHETHKH,
MEXaHW3Ma pPEeaKUWWd IIPEBpalleHUs] B KOMIIO3UTE, PE3yIbTaTOB MCCIIENOBAHHUS
CTPYKTYpBL, (HU3NYECKMX M XHMUYECKMX CBOHCTB B IMpOIlecCEe CHHTE3a
na"oxommnosuta Ag/IIAH npu nomomu WK-narpeBa ITAH Obuta paspaborana
TEXHOJIOTUYECKasl CXeMa ero CHHTe3a

Ora TexXHOJIOTMYecKas CXeMa B CBOIO Ouepenpb Jierja B OCHOBY BBIOOpa
ONTUMAJIBHBIX CTaguil CHUHTe3a HAHOKOTIO3HTA Ag/TIAH wu wux pexuMosB:
temueparypsl, Bpemenu MK-marpesa u np (tabum. 4.1). Tem campiM.akTHUeCKH
Oblla  pellleHa IIOCTaBJCHHAs 3adada CO3JaHus (HU3UKO-XUMHUYECKMX OCHOB
TEXHOJIOTMH CUHTe3a HaHokommo3uTa Ag/ITAH.

JlOCTOBEPHOCTH PEe3yJIbTaTOB, MOMYUYEHHBIX C HCIIOJIB30BaHUHEM Ooiee 15
COBPEMEHHBIX  METOJIOB  HCCJIENOBaHUS, HE  BBbI3BIBAET COMHEHHH U
IIOATBEPXKAAETCS B3aUMOJONOJIHAIOIIMMYU SKCIEPUMEHTAIbHBIMU JaHHBIMU. He
BBI3BIBAET COMHEHUU U OOOCHOBAHHOCTH BBIBOJIOB M MOJIOKEHHMH, BRIHOCHMBIX Ha

3aIIUTY.



Lenblit psn pe3yapTaToB, MOMYyYEHHBIX B AUCCEPTAIMOHHON pabore Hryen
XoHr Buera, HECOMHEHHO 00J1alacT HAYYHOH HOBH3HOI:

- BIIEPBBIE TEOPETHUYECKU U DKCIIEPUMEHTAIBHO 00OCHOBaH CII0CO0 CHHTE3a
HaHOYacTHLl Ag B MOJUAKPWIOHHUTPWIE C TOMOMIIBIO (DU3HKO-XHMHUECKUX
npoueccos B kommosute AgNO;/TIAH mnon nefictBuem WK-Harpesa Ha
aBTOMAaTU3UPOBAHHBIX ycTaHOBKax «Poton» u «QHC-P610CP» (Hoy-Xay Ne33-
249-2013 OUC);

- BIIEPBBIE C MIOMOILBIO MOIYIMIIMPUUECKON pacueTHOr cxeMbl MNDO st
CTPYKTYpsI TepmooOpadboTanHoro [TAH ycranoBieHo, 4To yBenndeHune atoMoB N,
H u O ymenpmaer tepmocrabunbHOcTh ITAH. Bnumstaue aromoB N u O Ha
TEPMOCTAaOMUIIBHOCTh ~ CTPYKTYphl ~ IOJIMMEpa W pe3yiabTaThl  pacdera
OKCIIEPUMEHTAIILHO IOATBEPXKIAEHBI C momolibio MeTosioB POIC, Oxe- u UK-
CIEKTPOCKOIIHH;

- BIIEPBbIE HA OCHOBE M3Yy4EHHs KHHETHKM U MeXaHHW3Ma 0Opa3oBaHUS IPH
WK-narpese nanodactuny Ag B ITAH, comepxariem AgNQOs;, yCTAHOBIEHO, YTO

.
nectpykuusi  komrosuta AgNOs/[IAH mHaummaercs mnpum  70°C, xotopas

XapaKTePU3yeTCsl JIMMUTUPYIOUeH KuHetndeckod cramueit (E, =94 x]lx/monp),
pacmagoM KoMILIeKca Ag[CN]QNO3 u Beienennem H, u CO, CIIOCOOCTBYIOIITUM

BOCCTaHOBJICHUIO HOHOB Ag" 1 06pa30BaHMIO HAHOYACTHI] Ag ¢ PasMepOM OKOJIO
20 HM.

Cnenyer o0co00 OTMETUTh UYETKYIO JIOTHKY TIOCTPOEHHsS paboTBl U
B3aMMOCBS3b PELIAEMBbIX 3a/1a4, BBITEKAIONIUX IPYT U3 Apyra. Ito odecreunBaeT
yOEINTENBHOCTh U MOCJIEAO0BATEILHOCTh PE3YNbTATOB, HX JOCTOBEPHOCTH H
BHYTPEHHEE CTPYKTYPHOE eUHCTBO PabOTHI.

Becbma cyniecTBEHHOW TMOJIOKUTENBHON OTIMYMTEILHON 0COOEHHOCTHIO
IIPUMEHEHHOrO0 B paboTe MeTona CHHTe3a KOMIIO3UTA SIBISETCS OTCYTCTBHE B
MOMEHT CHHTE€3a KOHTaKTa TBEPIBIX YacTUIl ¢ aTMOC(Eepol U KHUIKOH Cpeow.
XHUMHUUYECKHE peaklUWMHd BOCCTAHOBICHUS HWOHOB Ag MpOoTeKaloT B o0ObeMe

JECTPYKTYPHUPYEMOTO MOJIUMEpPa.ITO cpazy peliaeT MHOTHEe NTPoOIeMbl, a UMEHHO:
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Ha TIOBEPXHOCTH 3apOJBINIEH YacTHIl HE 00pa3yroTcs OKCHHBIE ieHKH Ag,0,
BO3MOXKHEIE — Tuaparel  AgOH; HHUBETUpPYIOTCS  TPOIECCHl  CMayuBaHUA
MOBEPXHOCTH YAaCTHMIl; YBEIMYUBAETCS ONHOPOIHOCTH pa3Mepa YacTHIl MMEHHO
HaHOMETPOBOT'O YPOBHS, PACTyIIMX M3 pa3psDKaeMbIX HOHOB Agt; OTCYCTBYIOT
IpOOJIEMBI arperainy 9acTUIl U IpyTHe.

JanbHelinee pa3sBUTHE MeTOJa MOXET WITH, HalpuMep B HalpaBIeHUH
WCIIOJIB30BaHus Y3 KojeOaHUN pa3IMuHON MOITHOCTH I/IV anuarensHocTH. [pu aTom
OynyT yMeHbIUaTbcs AU(P(y3UOHHBIE OrpaHUYEHUs B paclpeleieHHre YacTHI 110
opbemy ITAH u yBenuduBaTbCS KOJNHUYECTBO 30POJBIIIEH OIHOBPEMEHHO C
YMEHBIIEHHEM BPEMEHH 3apOABIIIE00pa30BaHuUs, a TAKXKe BO3PACTET BO3ZMOKHOCTh
IOIy4eHUss KOHLEHTPUPOBAaHHBIX 10 cepebpy kommosuiuid. Ilocmenuss
pPEKOMeHIaNMs NpsMO Coryacyercs ¢ paszienoM 3.4 muccepTaruu, Tie IoKa3aHo,
4TO yBenuueHue KonueHTpanun AgNOs B ucxognom kommnosute ot Ag20/TTAH mo
Ag80/ITAH 3amennser ckopocTh 00pa3oBaHWs dacTUll Ag, NPUBOAUT K

BO3PACTaHMIO TEMIIEPATYPHI U YBEIUYEHHUIO BPEMEHU UX 00pa30BaHHUSI.

Huccepranus xopomo odopmiieHa, COAEPKUT HEOOXOAMMOE KOJIUYECTBO
UJUTIOCTPATUBHOIO  Marepuajla, COOTBETCTBYIOIIETO OONBIIMM W MAajbIM

SKCIICPUMEHTAJIbHBIM PEIICHUAM.

ApropedpepaT B IOJHOM Mepe OTpaXaeT OCHOBHOE COJIEp)KaHhe
JUCCepTaIUU.

Konuyectso myOnukanuii mo MaTepuaiaM JIUCCEPTALUH MPENCTABISETCS
JIOCTaTOYHBIM.

HecmoTps Ha o4eBUIHBIE JOCTOMHCTBA JAMCCEPTAMOHHON paboThl, OHA HE
JIMIIIeHa HeJOCTATKOB.

1. He mano 4eTkoro ompeneneHus, B 4eM 3aKJIIOYAETCS CHHEPreTHYeCKU
spdexr B mpespamenusx B I[IAH mnpu WK-narpese. Hampmep, ¢ yderom
OOIIENPUHATOTO €ro MOHUMaHUs, TaHHOM B KHure W.IIpuroxxuna u N.Crenrepca

“Iopsanox u3 xaoca”. M. KouKnura. 2005. 296 c.



2. Ilpu oOmupHOM >KCTIEpUMEHTAIEHOM MaTepualie BBIBOJIbI 10 TIaBaM 2 U
3 [aHbl OYEHb CKYyJHO M HE Pa3BEPHYTO, YTO MACKUPYET MOHUMAHHWE YaCTHBIX
pe3yInbTaToOB, MX CONOCTABISIEMOCTH B COBOKYNHOCTH M CO3JaeT TPYIHOCTH
0000IIAOLIET0 XapaKTepa, BhI3bIBas HEOOXOMUMOCTh MHOTOKPATHOIO 00palleH s
K TEKCTY.

3. K HegocraTkaM HM3I05KEHUST MOXKHO OTHECTH: MHOTOYHUCIICHHBIE TIOBTOPEI
B juccepranuu (cTp.25 W np.) u aBropedepare; Ha puc. 1.10 Ha xpuBOoi 6 He
ykazaHsl D- u G-nMKY; HEMOHATHBIN CTHIIB B IIEPBOM ab3arie Ha cTp.27; ommbka B
IYHKTYallu¥ B IIOCJIENIHUEM NPEUIOKEHUH BTOporo adpama Ha ctp 30 McKaxaer
ero CMBICIT; Hey/JauHO BBIOpAaHHOE CIIOBO ‘BBITOJHBIE” B IIEPBOM U BTOPOM ab3arax
Ha CTp. 6, TIe yMECTHO CKa3aTh ‘[IEHHbIE WK ‘xapakTepusle’; Tabmuua 2.7 (cTp.
50) ozarmasnena «®azoBsrit coctaB TITAH mpu T> 200°C», B TO Bpems Kak B
TEKCTE ee WHTEpIpeTanuss UAET KaK 3Ha4yeHUs MapameTpoB (a3oBOro CoCTasa
TITAH, nonydeHHble “Ipu yBeTHUEHHWH TUTETbHOCTH 00aydenus mpu 200°C;
OTCYTCTBHE Kopepduunenta 2 B ypaBHenuu 3.20 ctp 65.

Kak cnenyer U3 TekcTa JuccepTaluy, O] NPAKTHYECKHM NMPHMEHEeHHeM
€€ pe3yNbTaToB CJEeAyeT IOHUMATh [IEPBOHAYAIBHYIO ampoOaluio MOJyYeHHBIX
npu 280°C coenuuennit Trna Mo-(Ag/nonumep)-Mo u Si-(Ag80/TTAH)-Mo s
JUOJHBIX CTPYKTYP. DTO TpeOyeT NaabHEHIIero pa3BUTHsI.

ChenanHple 3aMeuyaHWsi He 3aTPardBalOT  OCHOBHBIX  3aIMIIAEMBIX
pe3yNbTaToOB U MOJIOXKEHUHM U HE CHUKAIOT HAyYHOW W TIPAKTUYECKOW 3HAYUMOCTH
nuccepraimoHHou padotel Hryen Xour Buera.

Ilo marepmanam auccepTanuu OnmyONUKoBaHO 14 HaydHBIX paboT, B TOM
qyuciae 5 crared B KypHalaX, pekoMmeHaoBaHHBIX BAK mo cmemmansHoctu, 8
cTaTel B COOpHHMKAaX MaTepUalloB U JOKJIAT0B MEXIyHAPOIHbIX KoH(epeHuid. 1o
TeMe aucceprauuy nony4yeHo 1 Hoy-Xay U akT o npuMeHeHuH.

Takim 00pa3oM, MOXHO ClenaTh 3aKjFOYeHHe, YTO MO CBOeH Hay4YHOM
HOBHU3HE U IPAKTUYECKON 3HAUMMOCTHU JIUCCEPTAIUS COOTBETCTBYET TPEeOOBAHUSIM

BAK P® cornmacHo n. 9 «llonmoxenuss o NPUCYKACHUU YUYEHBIX CTEIEHEH»,
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YTBEPKIECHHBIX ITocTaHoBieHUeM IlpaButenscrBa PO m. 23 (Ne 842, or 24
cents0ps 2013 1.), a ee aBTop Hryen Xour Buer, 3acinyKuBaeT NpUCYKACHHS MY
Y4EHOHU CTEIEeHU KaHAWAaTa TeXHUYECKUX HayK mo crenwanbHoctu 05.27.06 -
«Texnomorus u  o0OOpynoOBaHWME [JIsI  MPOU3BOJACTBA  IONYIPOBOIHUKOB,

MaTEPHAJIOB U IPUOOPOB INEKTPOHHON TEXHUKNY.
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