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C oroer€na .flpo cJraB a ArexcaH4poBr,rrra

<@ opvrl4poBaHl4e MeroAoM 6rtcrpofi repvro o 6p a6orKr,r 5 apr epHbrx cJro eB
,unr KpeMHI,IeBbIX AI4o.qoB Lllorrxv c ynyqrreHHofi eneproeS$eKTHBHocrbFo)),
npeIcraBJIeHHyIo Ha coucKaHr4e yueHofi crerreHr4 IoKTopa rexHr4r{ecKrrx HayK

ro cneql4aJlbHocrra 05 .21 .01 - Tnepgbrenbnafl.3neKrpoHr4Ka, paAuo3neKrpoHHbre
KoMnoHeHrbI, MI4Kpo- I4 HaHooneKTpoHIzKa, npa6opbr Ha KBaHToBbrx s$Sexrax

3xcneprvr3a Al4cceprarJnvr I4 aBrope$epara Conoesdsa fl.A. npoBoAnrracb B
coorBercrBnvr c rpe6oBaHl4sMz'llonoxeHut o npucyxAeHr4r4 yr{eHbrx creneueft u
npucBo eHvrvr yuensrx snauwi1 yrBepxAeHHoro YKasoNd llpeazgeHra Pecny6 rrkrnr4
Eenapycb or 17.11.2004 J\Ll 560 (e peA. Yxasa llpesra4eHra Pecuy6nr4Ku Benapycr
or 02.06.2022 }le 1 90), ̂  z florox eHvrfl, o coBere rro 3arrlr4re Auccep raguir,,
yrBep)KAeHHoro rloeraHoBrIeHr4eM Brtcurefi arrecraqzouuofi KoMr4cczr4
Pecuy6rvrKvr Eenapycr or 22.02.2005 J\e 19 (n peA. llocrasoBJreHr4;r BAK or
19.08,2022 ] \92)

CooreercrBl{e coAepxanufl Arlcceprallr{H 3aqBrennofi cilerlnaJrbHocru
H oTpacJrH HayKH

AHarus coAep)K aHvrfl, rl4ccep rarrvru no3Bor.fler KoHcrarr,rpoBarb ee
coorBercrBr4e crreuuaJrbHocrr{ 05.27 .01 TBepAOTeJrbHas 3neKTpoHHKa,
paAI4 o3neKTpoHHbIe KoMrIoHeHTbI, MHKpo- v HaHogJreKTpoHvrKa, npu6oprr Ha
KBaHToBbIX eQQexrax corJlacHo nacnopry gaHnofi crerlr4aJrbHocrr4 (llpnxas
Brtcurefi arrecralll4oHHofi rouuccvvr Pecny6rrvKu Eenapycr or I nrapra 2023 r.
Jt& 45) n vacru cneAyroulr4x o6lacrefi, ucctregonauufi:

n. 3.2 $usuuecKl4e vr rexHl4rrecKl4e acleKTbr laogu$vrKarJvrvr uztrenufi, v
npu6opon;

r. 3.3 Su:u-recKue vr MareMarur{ecKr4e MoAerrr4 uzgenuir, ycrpoficrn v
TexHoJIOfI4rIeCKr,IX npOUeCCOB, B TOM qI4CIe An.f, CHCTeM aBTOMarI43I,rpOBaHHOfO

npoeKTHpoBaHr4,rr;



n. 3 .4 - SyHxquoHaJrbHbre r4 3Kcrnyarallr4oHHble xapaKrepuervrKr vr3lenufi,

vr ycrpoftcrB, BKJIFoqa.g KaqecrBo, AontoBerlHocrb, Ha,{ex(Hocrb H crofrrocrr K

BHerrrHr4M Bo3AeficrnuflM, a rarcKe eS$exruBHocrb I4x npI4MeHeHnfl, B TexHI4Ke.

llocxonbKy BbrrIoJIHeHHbre vecne4oBaHvrfl, cBq3aHbI c rexHI4tIecKI4MI{

acrreKTaMr4 co3ratnfl., $yHxqzoHlzpoB aHvrs, v vo4I,rQvrKarJvrv rBepAorerlbHblx

uzyetuit MHKpo- vr HaHo3JIeKTpoHvrKH, a raKxe c [pI4MeHeHI4eM vrx B HayKe vr

TexHr.{Ke, To [peIcraBJreHH afl, p,vrccepraulz.n coorBercrByer rexHuqecxofi orpacnl4

HAVK.

HayvHslfr BKJTaA coucKareJlf l B pa:pa6orKy HayuHofr npo6leMbl c

OUEHKOH EfO 3HAIIHMOCTI4

B 4zcceprarJvrv o6o6ilIeHbr pe3ynbrarbl pa6or, BbIiloJIHeHHbIX

HerrocpeAcrBeHHo CoroerdstrNa fl,.A. 14 HanpaBrIeHHbIX Ha paspa6orKy HoBbIX

rexHoJrorr4qecKr4x rrpoueccoB $oprr,rupoBaHI4.n 6srcrpofi repMoo6pa6orrofi

6aptepHbrx croeB c 3aIaHHbrMr4 ceofrcrBaMu l.nfl co3IaHHt KpeMHHeBbIX ALIoAoB

llJorrrvr c ynyr{rueHHofi eueproeS$eKrnBHocrbto.

Hayunrtfr BKna.q corzcKareJrf, 3aKJlFor{aercs B onpeAeIreHnr4 HanpaBlreHr4fl. v

rrocraHoBKe 3aAar{ r4ccneAoeaHlafi, BbI6ope ycnonufi npoBeA eHkrfl,

3KcnepnMeHTaJrbHbrx pa6or, MeroAoB I43yr{eHHq csoftcre nonyqaeMblx

KoHTaKTHbrx cr4creM, r4HTepnperautrvr vr aHalrv3e nonyr{eHHblx pe3ynbraroB. llo.u

pyKoBoAcrBoM Coronsdsa fl.4. +r npu ero HeIIocpeAcrBeHHoM yuacruu

BbrrroJrHeHbr ocHoBHbre 3Kcrrepr4MeHTaJIbHbIe HccJIeAoBaHvrfl, paspa6orana Sz:I4Ko-
MATCMATHI{ECKA.'I MOAENb HAIPCBA KPCMHIICBbIX IIJIACTI4H, YCTAHOBIICHbI

orrrr,rMaJrbHbre rexHoJrorr4qecKl4e pexHMbI SoprraupoBaHl{,f, 6aprepHblx cJIoeB Anfl

.{I4onoB II lorrru.

Brrcoxas 3HarruMocrb Hayr{Horo BKnaAa col4cKarerl-f, noATBep)I(Aaercs 82

rrer{arHblMz pa6oranrr,r B ToM rII,Icre I uouorpa$raefi, 17 crarbflMvr,

coorBercrByloqvrMr4 rryHKTy 19 llonoxeHnfl o npHcyx(AeHHI4 yr{eHbIX creueuefi pt

npucBo eHvTvr HayqHbrx :eauufi, 8 crarbf,Ml4 B ApyrHX HayqHbIX vr34aHnflx, 2I

crarsefi B Marepr4aJrax HayrrHbIX xouQepeuqufi, 17 re3I,IcaMI4 AoI(naAoB Ha

HayqHbrx xou$epeHlluxx, 18 uareuraMl4 Ha uso6pereHn,tl.

KoHrcperHbre HayqHbre pe3yJrbrarbl, 3a Koropble coucKareJlro Mo?Ker

6rtrr [pucy?KAeHa HcKoMar yrreHafl crerleHb

fr,rcceprar\Hfl, Coroerdna fl,.A. npeAcraBJlfler co6ofi 3aKoHr{eHHoe,

JrofHrIecKH oSocuoBaHHoe u BbrrIoJIHeHHoe Ha BbIcoKoM Hayr{HoM ypoBHe

r4ccneAoBaHl4e c npHMeHeHr4eM coBpeMeHHbIX 3KCrIepI4MeHTaIIbHbIX MeTOAOB.

AHanzg coAep)KaHnfl, Ir4cceprarJuv rlo3BoJl.ser cAenarb BbIBoA o roM, rITo

colrcKareJno Corosreny -f,.A. Moxer 6rtrr npl4cyxAeHa yrreHa.fl crerleHb AoKropa
rexHr4r{ecKr,rx HayK rro cnerluarrbHocru 05.27 .0I - TuepAorenbHafl, oneKTpoHI4Ka,

paAr4ooneKTpoHHbre KoMrroHeHTbI, MI4Kpo- H HaHo3JIeKTpoHkrKa, npra6oprr Ha

KBaHroBbrx s$Serrax 3a KoHrlenryanbHoe pa3BI4rI4e aKryanbHoro HayrlHoro

HanpaB JreHHfl, <QorouHbre rexHorroruu p.nfl co3laHu.fl MI4Kpo3neKrpoHHbIX

cTpyKryp) u nonyqeHHe npHHuHrrr4aJrbHo HoBbIX pe3ynbraroB, coBoKyrlHocrb

Koropbrx .rrBllqercf, KpynHbrM AocrH)KeHI4eM B o6racru MI4Kp03neKTpoHHKH,

BKJITOqATOIIIHX:



1. Paspa6oraHHyro Qusraro-MareMarurrecKyro MoAenb HarpeBa
BbrcoKonerupoBaHHbrx KpeMHHeBbrx nJracrr4u, o6ryqaeMbrx c o6parsofi cropoHbr
HeKofepeHTHbrM IroroKoM H3nyqeHkrs. rocrosusofi [JrorHocra MorqHo crv,
ocHoBaHHaf, Ha ypaBHeunvr Hecralluouapuofi TenJlonpoBoAHocrr4, Koropar [pr4
oneKrpu.Iecrcofi MoIrIHo crvr I4crotlHvrKa I43nyrreHvrfl, or 7 00 Ao 27 00 Br u
rosSSzuI4eHTe ee upeo6pa3oBaHl,I.f, B rlnorHocrb MorqHocru noroKa r43nyqennfl,
5,16' 10-' cM-' rporHo3r4pyer r43MeHeHI4e reMrreparypbr KpeMHr4eeofi ilracrvrHbr or
Haqarlbuofi Ao 960 "C c orKJIoHeHI,IeM MeHee 2,5 oA, qro [o3BoJr.f,er ynpaBrr.flTb
reMneparypHo-BpeMeHHbrMr4 napaMerpaMH nonyilpoBoAHHK0Bbrx crpyKryp
npoqeccos 6srcrpofi repMoo 6pa6orxu

2. YcrasoBrleHHble 3aKoHoMepHocrl4 crpyKrypHo-$a3oBbrx r43MeHesui,t B
cncreMe CrlSi rpv 6rrcrpofi repnroo6pa6orKe 3a - 7 c sexorepeHrHbrM rroroKoM
I43[yqeHLrfl. lrocro.flHuofi MorrlHocru co cropoHbr KpeMHH.fl B aruoc$epe Nz,
3aKrroqarorrluec.rl B o6pasoBaHvrr4 rlpv reMneparype or 400.{o 450 oC cJros CrSi2 c
pa3MepaMvl KpI4craJIJII4qecKHX , 3ep€H or 200 Ao 500 HM u BoJrHoo6pa:Hofi
vrop$onorzefr roBepxHocrr4, o6ycnosreHHofi feHepauuefi saraHcufi 3a cqer
e$Sexra KupxeuAana v HX nocne.qyrcqefi 4e$opnrarluoHHo-crr4MynnpoBassofi
Ir4$Qyzueir., a B 4uana3oHe reMneparyp or 450 Ao 550 oC - e $opl,rapoBaHr4r.r
crJlaxeHHoro Ml4Kpopense$a rpaHHIIbI CrSi2/Si, xapaKrepr43yloqeficq errcorofi
6apsepa lllorrrra N 0,61 B, r{To. rIo3BoJI.rIer co3AaBarb 6aprepHbre cJron c
yireluuenHofi e 1,4 paza rJlorHocrbFo npqMoro roKa ro cpaBHeHr4ro c 6apsepoM
Mo/Si.

3. Brlssresurtfi MexaHI{3M SopnarapoBaHu.f, 6aprepHbrx cJroeB Enfl AHoAoB
lllorrxu c yMeHbIxeHI4eM 40.1,15 pa3a ilp.rlMoro Hanp.fl)r(eHvrfl, rro cpaBHeHulo c
rr,rorIa6AeHoBblM 6apreponr rocpeAcrBoM 6srcrpofi repMoo6paSorxu clrcreMbr
Ni/Si HMnynbcoM HeKorepeHrHoro I43rtyqeHlafl, rrocro.rrssofi MouIHo ern,
Bbl3blBaloqefi npv HarpeBe Ao reMrreparypbr or 400 lo 450 oC sa -7 c B cpeAe Nz
o6pasoBaHue B pe3yrlbrbre Sasouux repexoAoB Ni-+Ni2Si+NiSi crpyKrypHo-
oAHopoAHofo cJIo{ v crJlaxesuofi rpaHI4ubl pa3Aena NiSi/Si c yMeHbrxeuHofi
rrJrorHocrbro 4e$exroB r4 Bbrcoroia 6apsepa [lorrKr4 - 0,63 B.

4. 3aperzcrpupoBaHHbre 3aKoHoMepHocrr4 r43MeHe:euit KoHraKrHo-
6aprepHrx cnoficrs cI4 creMbl Ni-Pt-V/Si npr4 oSlyueHuu 14 MnyrrbcoM
HeKorepeHTHofo H3nyqeHu.rr rocroflgsofi MoIrIHo crvr, 3aKrFoqarcrur4ec.f, B ToM, rITo

ee HarpeB B reMrleparypHoM 1nana3oHe or 450 ao 500 "C 3a - 7 c B cpe4e N2
rIo3BoJI.tIer nonyr{arb 6aprepHble crlou l.nfl AHoAoB lllorrru c pacrxr4peHHbrM
TeMneparypHblM AHana3oHoM oKcnnyarar\krvr 3a crrer Qoprr,rrapoBaHuq B pe3ynbrare
nocrleAoBareJlbHocrpl Qasonux nepexoAoB Ni-tNi2Si+NiSi cJroeB NiSi,
coAep)KaITIHX aroMbr Pt, HHKopropr4poBaHHbre B 3apoAbrrrrr4 pacryruefi Sasrr
cnlrvrrJu4a Ha paHHr4x erap.vrflx QopnarapoBaHr4.rr c cerpera\uefr PtSi Ha
Mex3epeHHbIX fpaHr4rlax, BKJrroqa.rr rpaHr4rly pa3Aena c KpeMHHeM, qTo

o6ycnoBJll4Baer SopnarrpoBaHr4e KoHraKroB c Bbrcoroia 6apuepa ILIorrKr{ - 0,71 B.
5. YcraHoBJIeHHbIe 3aKoHoMepHocru BJrHflHufl, HarpeBa cr4crenarr Ni-V/Pt/Si

c rolulunofi crlof, Ni-V or 20 Ao 40 HM vr cJros Pt -40 HM r4MnynbcoM
HeKofepeHrHoro I43nyLreHvrfl, rrocro.rrnHofi MoruHocrz Io reMneparypbr 550 oC ga -

7 c s cpeAe N2, 3€rKftoqaroxlHecq n Sopnu4poBaHuu 6apbepHbrx cJroeB An'_ Ar4oAoB



lUorrxz pacruupeHHoro reMrleparypHoro 4narra3oHa sKcnny ararJvrvr c
yMeHbrxeHHeM Ao 1,1 8 pa.:,a npsMoro Hailp,fl)K eHvrfl. rro cpaBHeHr,rro c PtSi/Si
6apreponr, nonyqeHHblM cralluonapuofi repMoo6pa6orxofi, rrro o6ycnoBJreHo
cHHTe3oM B pe3ynbrare [ocneAoBareJlbHocrrz Sasonrrx [epexoloB
PtSi+NiSi--NixPtvSi crpyKrypHo oAHopoAHoro cJro.s co crJraxeusofi
ruopSonoruefi 14 yMeHrrueHuofi gecpexrHocrbro rpaHprqbr pa3Aerra NixPtvSi/Si, B
xoropofi yBerurreHr4e roJrrrlaHbr rIrIeHKI4 Ni-V or 20 Ao 40 HM npnBoAr4r K
yMeHbrxeHuro Bbrcorbt 6aprepa lLIorrKH c 0,83 Io 0,80 B.

PercoueHAarIHH no rrpaKTHqecKoMy HcrroJrb3oBaHHro pe3yJrbraroB

AHCCepTarIulr
llpegcraBJreHHbre B racceprallploHnofi pa6ore pe3ynbrarbr Moryr Srrrs

peKoMeHAoBaHbr K r,rcrolrb3oBaHl4lo Ha ilpeAflpvflT:aflx 3neKTposnofr
frpoMbrrrrJreHHocrr4 npr,r co3AaHr4I4 KoHTaKTHIIX crpyKTyp uzgetwit 3neKTpouuofi
TCXHI4KI,l.

Pa:pa6oraHHbre rexHoJrorl4rlecKI4e lrpoqeccbr nonyqeHvrfl, KoHTaKTHo-
6aprepHbrx cJroeB, c$opnrrapoBaHHrrx Srtcrpoff repMoo6pa6orxofi, I.nfl co3AaHz.fl

AHoAoB Lllorrru v SoptrrupoBaHlz.rl oMurrecKl4x KoHraKToB c HcrroJrb3oBaHueM
po6oru3upoBaHnofi ycraHoBKr4 rrorxryqnofi 6srcrpofi repMoo6pa6orxu
ilonynpoBoAHprKoBbrx rIJIacrI4H (yBTO III4T 1 801) BHeApeHbr B cepufiHoe
rrpou3BoAcrBo ronyilpoBoAHHKoBbIX nprz6opoB H HHrefpaJrbHbrx cxeM n Sunraane
<<TpaHsHcrop)) OAO (I4HTE|PAI)) -ynpaBn-nrorua.s KoMraHHq xonrl4Hra
(I4HTE|PAf). IlpelnoxeHHar Sz:raxo-MareMarurrecKar MoAenb reMrreparypbl
HarpeBa BbrcoKonerupoBaHHbrx KpeMHHeBbIX rrJracraH, o6ryuaeMbrx c oSparuoli
cropoHbl HeKorepeHTHbIM floroKoM H3ltyqeHvrfl, rrocro.snuofi [rorHo srvr)
HcrroJrb3oBaHa B MeroAr4Ke rpaAyl4poBKLI ycraHoBoK 6srcrpofi TepMHr{ecxofi
o6pa6orKr4 Molenefi (yBTO III4T 1801> a <YETO m4T 1802), r43foroBrreHHbrx
OOO <llepcneKTnBHbre r,rHHoBaur4oHHble rexHoJrorprr,r)), r{To no3Borrr4Jro co3.qarb B
yKa3aHHbrx ycTaHoBKax cHcTeMbr ynpaBJleHr4s HafpeBoM noAJro)KeK c 3aIaHHbrMr4
reMnep arypHo - BpeM eHHbrMr4 rrap aMerp aMr4.

3aMe.raHHq rro Ar{ccepra rIHH
1. B rJraBe 2 npu orrvrcaHvru MeroAHK 3JreKrpoQrasaqecKr4x r43Mepeuuit, He

yr(a3 aH br rrorperuHo crr4 H3M ep euufi B oJr br-aMrrepHbrx xap aKTepucrr4K.
2. B reKcre Aucceprarrvu He yKa3aHa npr4pora 4eSexron Ha rpaHauax

pa3Aena cunvrJvr1 xpenrHzfi n^nfl r4ccneAoBaHHbrx cHcTeM, a raruKe He AaHa
OUCHKA I4X IIJIOTHOCTH.

3. llpta r4ccneAoBaHr4-f,x crpyKrypHo-$a3oBbrx csoficrs v 3JreMeHrHoro
cocTaBa He IIpHBeAeHo 3KCnepI4MeHTarIbHOe [OATBep)KAeHHe CefperArJkrfl, rrrraTHHbl
Ha rpaHl,rqe c KpeMHr.reM rocJre 6srcrpofi repnroo6pa6orKu cr4creMsr Ni-Pt-V/Si.

4 . P ac'rer xo: $ SuqzeHra npeo6p a: on aHvrfl 3neKrpr4rre cKofi naouluocrH n aMr
HarpeBa B rrJrorHocrb MoruHocru rroroKa H3nyr{eHvrs. npoBoAr4Irefl, 6eg yr{era
clleKTparrHofi 3aBvrcvrMocru xoeS SzrIr4eHTa orpa)Ke HVfl. r43nyqe HLrfl, or
noBepxHocTa ilJr acTHHbr.

5. B reKcre Al4ccepra\avr 14 aBTopeSepara B KaqecrBe eAr4Hr.rubr p{3MepeHvrfl.

reMreparypbr Hcrrorrb3yercfl rpaAyc I-{enscra" (oC) BMecro Keruszna (K).
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Tenr He MeHee, npr4BeAeHHbIe 3aMeqaHvrfl, He 3arparzBaror ocHoBHbrx
noJroxeuuit v BbrBoAoB, coAepx{aqr4xctr B Ar4cceprarJvrvr, v He cHr4)KaFor ee
HayqHofi , npaxrr,IqecKofi , ercoHoMr4rrecxofi 14 collr4arrsofi 3Har{HMo crz.

CooreeTcTBue uay'ruofi nnaluQHKaIIHH coucKaTeJlfl yueuofi cTerleHut
Ha KOTopyrc oH rrpeTeHAyeT

ConorcyrrHocrb npeAcraBJreHHbIX HoBbrx AocroBepHbrx v HayqHo
o6ocHoBaHHbrx pe3ynbraroB, noArBep)KleHHbrx HayrrHbrMr4 ny6nrzrarlnfll.r.u B
peueH3r4pyeMbrx xypHanax, H AoKna.qaMV IIo TeMe AHcceprarJvrv Ha HayrrHbrx
ronQepeHur{,rrx, apryMeHTHpoBaHHbIX BIIBoAoB, HcrroJrb3yeMbrx MeroroB
accnel osaHuir, v r,rHTepnperarJkru nonyqeHHblx pe3ynbraroB, Kar{ecrBeHHoro
oSopnrneHvrfl, Ar4cceprarJvru Lr anropeQepara B coorBererBr4r c rpe6onaH:zfll.r;z
BAK Eenapycu no3BoJrser cAerrarb BbIBoA o roM, r{ro HayLrHafl, rnanrz$vKarJnfl,
coHcKareJr.rr Coroereea -f,pocrana ArercaHApoBr4qa coorBercrByer yueuofr
crerreHr4 loKropa rexHurrecKr4x HayK rro cneuuaJrbHocra 05.27 .01
Tnep,uoreJlbHat 3neKTpoHHKa, pa!I4o3neKTpoHHbre KoMrIoHeHTbI, MHKpo- 14
HaHooJreKrpoHvrKa, npz6opbr Ha KBaHroBbrx s$Sexrax.

.{uccepral1:as, Corogrena fl.4. <@opvrupoBaHHe MeroAoM 6rrcrpofi
repMoo6pa6orxu 6aprepHbrx cJroeB Anfl KpeMHHeBbrx AHoIoB lllorrrz c
ynyqueusofi 3HeprosQSeru4BHocrbro)) qBr-f,ercf caMocro.rrreJrbHo BbrrrorrHessofi
14 3aKoHrrenuofi HayuHofi pa6orofi, .u coorBercrByer BceM rpe6on a:auflM BAK
.benapycH, I]peAb.rrBJrreMbrM IHccepTaIII4sM Ha concKaHr4e yrreHoH cTerreHr4

AoKropa Hayr(.
Orsrrs orrrouupyrouefi opraHH3ar\vrvr, rroAroroeneFrutrfi oKcneproM,

AoKTopoM TexHr4rrecKr4x HayK BorarupeBbrM lOpaevr Bna.qziunpoBHr{eM,
HasHarIeHHbrM rrpr4Ka3oM or 30.10.2024 J\|q 32, paccMorpeH u yrBepxAeH Ha
pacrxr4peHHoM HayrrHoM ceMrrHape fO (HIIIJ HAH BenapycH rro
MarepHaJroBeAeHHFo)) (uporoKoJr or 27 uos6px 2024 r. J\e 7), Ha KoropoM
col{cKareJlb Corosree^ fl,.A. Bblcryrlun c IoKnaAoM. Ha 3ace1.aHwvr
rrpr4cyTcrBoBaJrr4:

Bcero 27 qerloBeK, vr3 HHX 5 AoKTopoB HayK v 13 RaHALrAaroB HayK.
Pesyrrrrarbl orKpblToro roJlocoBaHlas, rrpr4cyrcrBoBaBruux Ha 3ace raHvrvr, Koropbre
I4MerOT yUeUrte cTerIeHH :

((3a)) - 18, ((rporl4B)) - Her, ((Bo3Aepx(aBlxr4xcr)) - Her.

flpe4ceAarenb HayrrHoro ceMr.{ :napa,
3aBeAyroilIufi na6oparopuefi ,
KaH.qr4Aar Qz:uKo-M areM arr4rrecKux HayK C;. /2//"5/]?::f.C. punr cxuit/ /\__-

3xcnepr,
rrraBHbrfi Hayuusrfi corpyAHr4K,
AOKTOp TeXHLTqeCKHX HayK

Cexperapb HayqHoro ceMr,rHapa,
Belyuzfi nayunsrfr corpyAHr4K,
K aHAI4Aar S zs r,rKo-M areM arl4rre cKI4x

7n*",*' IO.B. EorarbrpeB

HayK .B. Paarorr


