3AKJIIOYEHUE SKCHEPTHOI KOMUCCHH
110 3ammTe quccepranuy boposaunoi Haransu [1aBnoBHE Ha TeMy
«PABPABOTKA CIIOCOBA YIIPABJIEHUS COPBIIMOHHON
AKTHBHOCTBIO HAHOTYBVJISIPHBIX MATEPUAJIOB JIJISI CO3TAHUS
CEHCOPHBIX HAHOYCTPOMCTB»,
IIPEICTaBICHHONW HAa COMCKAHKUE YUYEHOU cTereHH 1o crnenuantbHocT 01.04.10 — «Dusuka
ITOJIYIIPOBOAHUKOBY U cocTosiBiielics B HUTY « MUCuC» 16.12.2019 r.

Huccepranus mnpuHsATa K 3amute JluccepramuonusiM coBetoM HUTY «MHCuC»
16.09.2019 r., mpotokoa Ne 11.

Huccepranus  BeiosiHeHa B DenepaibHOM — TOCYJIAPCTBEHHOM — ABTOHOMHOM
00pa3zoBaTenbHOM yUYPEXKIAECHUM BbICIIero obOpazoBanust "Bosrorpajckuil rocynapcTBeHHBIH
yruBepeuter", MUHHCTEPCTBO 00pazoBanus U Hayku Poccuiickoit denepariu.

Hay4HbIii KOHCYJIBTaHT — JOKTOP TEXHUYECKUX HaYK, Ipodeccop, 3aciyKeHHBIH AesSTelb
Hayku P® Koxwuros Jlep BacmmbeBuu — mpodeccop xadempsr TexHomornum Mmarepuaios
JIEKTPOHUKH MHCTUTYTa HOBBIX MaTepUAIOB U HAHOTEXHOJIOT A,

OkcnepTHass Komuccusi yTBepxkieHa JluccepraimponusiM coBetoMm HUTY «MUCuC»
(16.09.2019 r., mpotoxon Ne 11) B cocrase:

1. Myxun Cepreil FIBaHOBHY — JOKTOpP (hHU3MKO-MaTeMaTHYECKUX HayK, Ipodeccop,
3aBefyroluii Kadenpoit TeopeTnyeckoit GU3NKK U KBaHTOBBIX TexHOI0rHi HUTY « MUCuCy;

2 Koctnmun Bramumup ['puropbeBud — MOKTOp (PH3UKO-MAaTEMAaTHUECKHX HAYK,
npodeccop, 3aBenyomui Kageapoii TeXHOIOTHHE MaTepraioB d1eKTpoHuku HUTY «MUCuCn;

3. [Tanuna Jlapuca BnaguMmupoBHA — JOKTOp (HUIUKO-MATEMATHUECKHX HAYK,
npodeccop, npodeccop Kadeaps! TEXHOIOTHH MaTepraios a1ekTporukd HUTY «MUCuCy;

4. Xosaino Bnanumup BacunpeBuu — 1OKTOp (H3MKO-MaTeMaTHYECKUX HAyK,
JOLEHT, BEAYIUMH HAy4YHBIA COTPYAHHMK Kaeapsl (YHKIHMOHAIBHBIX HAHOCHCTEM H
BbICOKOTEMIIEpaTypHBIX MaTepuanoB HUTY «MUCuCy;

5. Hbsukos [laBen HukomaeBud — DOKTOp XUMHUECKHX HayK, IMpodheccop, riIaBHbIN
HAy4YHBIH COTPYIHUK Ja0OpaTOpHM KBAaHTOBOW XUMHM WHCTUTyTa OOINEH M HEOPraHU4eCKOH
xumun uM. H.C. Kypnakosa PAH;

6. IlepsxoB Bacummit VBaHOBHY — JOKTOp TEXHHUYECKHX HayK, mpodeccop,
npodeccop Kadenpbl HHTErPAIbHONM  JJEKTPOHHKM M MHKpocHcTeM  (DenepambHOro
roCy/IapCTBEHHOTO aBTOHOMHOTO OOpPa30BaTEIBHOrO YUPEXKIEHUs BBICIIErO O0OPa30BaHMS
«HanuoHanpHBIH HMCCIIENOBATENbCKAN YHUBEPCUTET «MOCKOBCKHN HHCTHTYT 3JIEKTPOHHOMN
TEXHUKUY;

7 ®opm IlaBen AmnaTombeBHY — JOKTOp (GH3UKO-MAaTEMaTHUECKUX HaYK,
npodeccop, IVABHBINH y4eHBI ceKpeTaph HalMOHAIBLHOrO HCCIEI0BATENFCKOrO ILEHTPa
«KypuaToBcKkui HHCTHTYTY.

B xauectBe Benmymel oprammzanmmu  yrBepkaeH CapaTOBCKMH — HAlMOHAJIBHBIHA
UCCIIEI0BATENBCKHM rocy 1apcTBeHHBIN yHUBepcuTeT nMenu H.I'. UepHbIeBckoro.

DKCIepTHasT KOMHCCHS OTMEYAeT, YTO Ha OCHOBAHHUM BBIIOJHEHHBIX COHCKATEIeM
HCCIEIOBAHWHN:

1. TeopGTI/I‘{CCKI/I " 3KCIICPUMEHTAJIBHO JOKa3aHO, YTO BO3MOXXHO HACBILIEHHUE ITOJIOCTU

HeMOIM(HUIMPOBAHHBIX  yriaepoaubix  Hanotpy6oxk (VHT) u  VHT, mnoBepxHOCTHO-
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MOIU(HIMPOBAHHBIX 3aMELIAIOIUMK aToMaMu 00pa, aTOMaMH JIETKUX H IIEPEXOIHBIX METAIIOB
3a CYET BHYTPEHHEH COPOIMOHHOM aKTHBHOCTH TYOYJSIDHBIX CTPYKTYP ¢ 00Opa3soBaHHEM Tak
Ha3bIBAEMBIX "KBAHTOBBIX HAHOMPOBOIOB", TIPHYEM CTPYKTYpHOE MOAU(DUIMPOBAHKE
YTIIEPOTHOM TOBEPXHOCTH 3aMELIAIOIMMU aToMaMH Oopa BIIMSET Ha COPOLUOHHYIO aKTHBHOCTE
HaHoTpybok. Takxke ycTaHOBieHO, 4TO Takoe Moauduumposanne YHT atomamm Gopa c
obpasoBanueM TyOynsipHbIX cucTeM Tuma BC; u BC croco6CTBYeT YCHIEHHIO BHeIIHeH u
BHYTpCHHEH COpOMMOHHON akTHBHOCTM YHT B OTHOIIEHHMH ra30(asHeIX M METAIIMYECKUX
atoMoB (BOZOpOA, KHCIOpOJa, XJopa, (TOpa, aTOMOB IIEJIOYHBIX METAILIOB), IIPU ITOM
3aMeIIaloNIe aTOMbl O0€CIEYUBAIOT CTaOUWIBHOCTH (HOpPMBI TyOyjeHa IPH COPOLHOHHBIX
IIPOIECCAX.

2. Jloka3aHo, 4TO CTPYKTYpHOE MOIUGUIMPOBAHHE T'EKCArOHATLHOH OGOpHOIM
HaHOTPYOKH ¢ 00pa3oBaHUEM TPHAHTYJIIPHOTO BHJA MOBEPXHOCTH WM ¢ 00pa3oBaHKeM abda-
CTPYKTYPHPOBAHOI'O BHJA MIOBEPXHOCTH IOBBIIIAET €€ COPOIUOHHYIO aKTUBHOCTE B OTHOIIEHUH
aTOMOB BOZOpOAa, Kuciopona, ¢propa u xmopa. IIpeackazana BO3MOMKHOCTH CYyIIECTBOBAHHS
TMIPOTOHHOM MPOBOJMMOCTH IIpU 0OpaszoBaHuu MoHa H' B mporecce ajacopOLHEHE aTOMApHOro
BOJIOPOJIa HA IIOBEPXHOCTH HAHOTPYOOK B OOPHBIX HAaHOTPYOKax

3. HWsyuena copOuuMOHHAS aKTHBHOCTH OOPOHHTPHIHBIX HAHOTPYOOK, ABIAIONIHXCS
cilyyaeM MOAU(QHUUPOBAHHUS OGOPHBIX I'€KCArOHATBHBIX TYOYJIE€HOB IyTEM 3aMEHBI IOJOBHUHEI
atoMoB 0opa Ha aTOMbI a30Ta, B OTHOINEHWH ra3o(asHBIX aTOMOB M BBHIABICHBI Hamboiee
BEPOSITHBIC CIIOCOOBI OPUEHTALMH aACOPOMPYIOIUXCSI aTOMOB OTHOCHTENBHO IIOBEPXHOCTH
HaHOTPYOOK.

4. MHccmenosano BIMSHHE TIPAHHYHOIO  MOIU(DHIMPOBAHUA  MOTYOECKOHEUHBIX
YTJIEPOIHBIX, OOPOYIJIEpOAHBIX KM OOPOHHTPHIHBIX HAHOTPYOOK, BBITIOJHEHHOTO AaTOMaMH
KHCIIOPOZA ¥  PAa3IMYHBIMH  (YHKIMOHAIBHBIMH TPYNIAMH, HA IIPOLECCHl BHEIPEHHS
aTOMapHOTO0 M MOJICKYJISIPHOIO BOZOPOJA B IIOJOCTH HAHOTPYD, a TaK)Ke Ha yBEIHYECHUE
CCHCOPHOM aKTHBHOCTH TAKMX HAHOCHCTEM B OTHOIIIEHHH ATOMOB M HOHOB IIEJIOYHBIX METAIIIOB
(xamust, ymTHs W Hatpus). llomyuwmBmime B pesyibTare IPAHUYHOTO MOIM(UIMPOBAHHS
IIOJIyIPOBOJHMUKOBBIE CEHCOPHBIE CHCTEMBl MOTYT OBITh HCIOJIL30BAHBl i1 CO3MAHHUS
BBICOKOYYBCTBUTEIBHBIX 30HIIOB, KOTOPBIE MOTYT BBICTYIIATh B KAaueCTBE OCTPHs KAHTHUIIHBEPA
aTOMHO-CUJIOBOT'O MHKPOCKOTIA.

5. IlpemnoxkeHsl ¥ H3y4EHBl MEXAHH3MbI I[OBEPXHOCTHOIO MOAM(HULEPOBAHHS
OIHOCJIOWHBIX YIIEPOJHBIX M OOPOYITIEPOAHBIX HAHOTPYOOK KapOOKCHIBHOM M aMHHHOM
IpynnamMy, IO3BOJISIOIIME CO31aTh IOJIYNPOBOJHUKOBBIE HAHOTYOYIISIPHBIE CEHCOPHBIE
CHCTEMBI, HOCHTEJIEM 3apsi/ia B KOTOPBIX BEICTYIAET 3JIEKTPOH, IIOCTABISIEMBIN IPUCOEAMHEHHON
(GyHKIMOHATBHOHM Tpynmoi, o6amaronue BBHICOKOM YyBCTBHTEIBHOCTBIO K aTOMaM H HOHAM
IETTOYHBIX METAIUIOB. TeopeTHyecku MpescKa3aHa BOSMOXKHOCTE CO3IAHUS CEHCOPHOIO 30Ha
Ha OCHOBE OOpOHMTPHIHBIX HAHOTPYOOK, IOBEPXHOCTH KOTOPHIX MOAM(HIMPOBAHA
(QYHKIHMOHATBHBIMUA ~ AMHHOTPYIION, — LHAHOTPYIIOH, KapOOKCHUIBLHOM,  TIMIPOKCHIBHOI
rpylnaMHy U TpyIIION alMIXJIOPHIOB.

6. TeopeTHueckn M 3KCHEPUMEHTAIBHO [0Ka3aHa BBICOKas COpPOLMOHHAS aKTHBHOCTD
YIII€POIHBIX HAHOTPYOOK B OTHOLIEHHH TKENBIX CIIHPTOB, YTO MOXKET OBITH HCIIOJIB30BAHO IPH
CO3JaHHH CCHCOPHBIX YCTPOMCTB, YyBCTBUTEIBHBIX K HATHYHIO OPTaHHUECKUX MOJIEKYIL.

7. TIpe/yIoKeHBl ¥ H3YYeHBI CIIOCOOBI ¥ MEXaHU3MBI CTPYKTYPHOTO MOJU(DHIMPOBAHHS
YIJIEPOTHBIX HAHOTPYOOK HEKOTOPBIMH IONHMEPaMH MIPH IPUCOEINHEHUH K ToBepxHocTH YHT
TOJTMMEPHBIX 3BCHBCB U OT/JEIBHBIX MOHOMEPOB, MO3BOJIAIOIIUE YTBEPXKIATh, YTO MOLOOHBIE

2



croco6sl HAchILEHUs MoBepxHOCTH YHT monmmepaMu IPHBOJAT K CO3MAHUIO CTPYKTYPHO-
MOIM(UIMPOBAHHBIX HAHOTYOYJIAPHBIX CHCTEM, KOTOpBIE HCIOIB3YOTCA IIpH CO3JAHHH
3JIEMEHTOB CEHCOPHBIX YCTPOHCTB, B TOM YHCIIE, FA30BBIX CCHCOPOB.

8. HYTGM TCOpeTI/I‘{CCKOFO u 3KCHepI/IM€HTaJII>HOFO aHaJiu3a 3II€KTpOHpOBO,Z[HOCTH
MOJIMMEPHBIX HAHOCHCTEM cocraBa «momuMeTmamerakputar — VYHT»  jmokasamo, uTo
MOAU(PUITUPOBAHUE AUIICKTPHICCKOrO IMOJIUMEpPA yTIE€POIHBIMU HAHOTPYOKaMM HPHUBOJUT K
CO3MAHMIO HOBOTO KOMITO3UIIMOHHOIO Marepuana, oOO0JaJarollero  IMOJIyIMpOBOISIIAMU
CBOMCTBaMHU.

TeopeTrdeckas 3HAYUMOCTD HCCIIEJOBaHUSA 000CHOBAHA TEM, UTO:

° JJOKazaHa BHCIIHASI KW BHYTPCHHIA COp6HI/IOHHa$I AKTUBHOCTH YTJICPOIHBIX,
GOpOYIIIEPONHBIX, OOPHBIX U OOPOHHTPHIHBIX HAHOTPYOOK B OTHOLICHHM aTOMOB M HOHOB
METAJIOB, aTOMOB ra30BO (a3bl, a TAKXKEe OPraHMYECKUX MOJICKYJI, B TOM YHCJIE [10JIMMEPOB U
OTHENBbHBIX ~MOHOMEPHBIX  3BEHbEB, IpHYeM Moauduuuposanue  Crpykrypsl YHT
3aMelNaomUMK aToMaM# Oopa B a30Ta yCUIMBAET 3Ty aKTHBHOCTB;

. M3ydeHbl MEXAHM3Mbl TIPaHHYHOIO U IIOBEPXHOCTHOTO MOIHM(pUIMPOBAHUS
YIJIEPOAHBIX, OOPOYIJIEPONHBIX M OOPOHHTPHAHBIX HAHOTPYOOK HEKOTOPBIMH M3BECTHBIMH
(QYHKIHOHATBHBIMA TPYNIIAMA W BBIIBIEHBl OCOOEHHOCTH CEHCOPHOIO B3aHMOZCHCTBHA
TOMYYMBIIMXCS CHCTEM C aTOMaMH H HOHAMH IIEJOYHBIX META/UIOB, OOCCICYHBAIOLICTO
CO3[JaHME  BBLICOKOUYBCTBHTEIBHBIX  XHMHYECKH  AKTHBHBIX ~ 30HJOB  MHOIOpa3’oBOro
UCII0JIb30BAHU,

° PacKpBITBI HEKOTOpble HETPHBUAIBHBIC 3aKOHOMCPHOCTH IpOLEcca MHIDaHH
IIPOTOHA 110 BHEIIHEH MOBEPXHOCTH GOPHBIX HAHOTPYOOK.

. H3JI0KEHBI TPEINOI0KEHHS, IO3BOJIAIONIME ONPENCTHUTh IEPCIEeKTUBHOCTh
IPEMEHEHHs] CTPYKTYPHO-, TPAHAYHO- M IOBEPXHOCTHO-MOM(HUIMPOBAHHBIX HAHOTPYOOK B
KadecTBE OJJIEMEHTOB  (30HIOB) CEHCOPHBIX  YCTPOWCTB, IIO3BOJIIIOIIHX  ONpPENCIATH
MHKPOKOJIMYECTBA BELIECTBA, a TAK)KE OTACIBHBIC aTOMBI U HOHBIL.

3HaueHHe IIOJIyUEHHBIX COWCKATeJeM pe3yJbTaTOB MCCIEIOBAaHMs Ul TPAKTHKH
HOATBEPXKIACTCS TEM, UTO:

L IIPOAEMOHCTPUPOBAHA BO3MOXXHOCTH 3aIl10JIHCHU A II0JIOCTH YIIIE€POOHBIX
HAHOTPYOOK aTOMaMH META/LIOB, YTO IIPHBEAET K CO3/IAHHIO TaK Ha3bIBAEMbBIX HAHONIPOBOIOB HA
UX OCHOBE;

. CO31aHbl MOJIENTH CEHCOPHEIX 30HIOB Ha OCHOBE TPaHHMYHO-MOIU(DUIMPOBAHHBIX
HAaHOTYOYJISIPHBIX CHCTEM, KOTOPBIE MOTYT BBICTYIIAaTh B KAYECTBE OCTPHS KaHTUIIMBEPA aTOMHO-
CHJIOBOTO MMKPOCKOIA, YYBCTBHTEIBHOIO K IIPHCYTCTBHIO CBEPXMAJIBIX KOJHYCCTB BEIICCTB
BILIOTH JI0 €IHHUYHBIX aTOMOB;

. CO3JJaHBl MOJIENIM [OBEPXHOCTHO-MOJH(DUIIMPOBAHHBIX HAHOTYO Y ISAPHBIX CUCTEM,
KOTOPEIE ~ MOTYT  HCIOJB30BarbCs B CEHCOPHBIX ~ HAHOYCTPOWMCTBaX B BHIE
BBICOKOYYBCTBUTEIBHBIX IJIACTHH IS OOHAPYKEHUSA U MAECHTU(DHKALUK BELIECTB;

# SKCIIEPUMEHTATPHO  MOATBEPXKAEHA  BBICOKAas  COpONHOHHAS!  aKTHBHOCTD
YTJIEPOIHBIX HAHOTPYGOK B OTHOLICHHH TSDKEIBIX CIIUPTOB, YTO MOKET OBITH HCIOIB30BaHO IPHU
CO3JaHMH CEHCOPHBIX YCTPOWCTB, YyBCTBHTEJIBHBIX K HAIMYMIO B CpelaX OpraHHYeCKHX
MOJIEKY T,



o IPEICTABICHB PEKOMEH ALK [0 MPUMEHCHHUIO CTPYKTYPHO-, TIOBEPXHOCTHO- H
FpaHI/I'-IHO-MOIII/I(bI/IHI/IpOBaHHLIX HaHOTY6YH$IpHI>IX CHUCTEM JUI PA3IMYHBIX ITPAKTHICCKUX 3agaqd
[0 BBISBJICHUIO aTOMOB ¥ MOJIEKYJ B BEHIECTBAX, HAXONAIIMXCS B JKUAKOM M [3a30BOM
COCTOSIHUH;

. YCTAHOBJIEH (aKT WM3MEHEHHS IIPOBOJAIIETO COCTOSHHs —MOJKMEpa IIpH
HACBIIEHHH €r0 YIJIEPOIHBIME HAHOTPYOKaMH OT AHIJIECKTPHYECKOTO 0 MOIYIPOBOIHHKOBOIO,
YTO IO3BOJIACT pPaCUIMPHUTDH C(pepbl NPHUMCHCHHA ITOJIMMCPHBIX KOMIIO3HUTHBIX MaTepuajioB,
nonupoBaHHbIX YHT.

OHCHKa JOCTOBEPHOCTH PE3YJIbTATOB UCCICAOBAHUSI BBRIIBHIIAL

o BHIODAHBl  afieKBaTHBIE (DH3UYECKHE MOJENM M COOJIONCHBI  TpeeIibl
IPYMEHMMOCTH HUCIIOJB3yEMBIX ITOAXO0I0B U NPUOIKEHHH;

E IpPMMEHEHBl COBPEMEHHBIE U ampOOUPOBAHHEIE METOIBI  KOMIBIOTEPHOTO
MOJICTTUPOBAHHS;

o BBIBOJBI ~ HCCIICAOBAHHA  COMJACYIOTCS €  OCHOBHBIMH  (DHU3HMYECKHUMHU
3aKOHOMEPHOCTSIMU;

o PAJl TOJNYYEHHBIX PAaCYETHBIX DPE3yIbTaTOB COBIANAET € IKCICPHMEHTaTbHBIMH

pe3yIbTaTaMHu, B TOM YHCIIE, PaHee OMyOIMKOBAaHHBIME B OTEYECTBEHHOM H 3apyOeKHON MeyaTH;

. IO OKCIEPUMEHTAIBHBIX — HCCJICNOBAaHMH  pe3ynbTaTbl — MOJAYYeHBI — Ha
cepTH(GUINPOBAaHHOM 00OpYIOBaHHU, HMeLEMcs B BoirorpagckoM rocynapcTBEHHOM
YHUBEPCUTETE.

JIuuHBIi BKJIAJ COMCKATeNls COCTOMT B TOM, 4YTO pE3yJbTaThbl, H3JOXKEHHBIE B
JUCCEPTAIUM, TMOJIYUCHBl aBTOPOM JIMYHO. ABTOpY NpPUHA/UISKHUT IIOCTAHOBKA 3a7ad B
GonpmMHECTBE pabotr. OTmenpHBIE pPe3yNbTaThl HCCIENOBaHMA O0CYKIAMUCh C HAayYHBIM
xoHcynsTanToM mpodeccopom JI.B. KoxuToBEIM M COaBTOpaMu CTaTEH.

Couckarenb mnpeactaBuyi 37 OIMyOJMKOBaHHBIX pPabOT B PEUCH3UPYEMBIX Hay4YHBIX
M3JAHUSAX U3 IepedHs, yTBepxkaeHHoro Munobpaayku Poccuu, 21 omy6nukoBanHyio paboTy B
W3IAHUAX, MHAEKCUPYEMBIX B HayKoMmeTpuueckux Oaszax manHbIXx Web of Science, Scopus, 1
Monorpaduro. Obwit nepedens myonuxanui — 118.

[Tynkr 2.6 IlonokeHWsT NPHUCYXKACHHS YUEHOH CTENEHH KaHAuIara HayK, y4CHOH
crenenu nokropa Hayk HUTY «MUCuC» conckareneMm y4eHOH CTCIICHH HE HApyIIEH.

Muccepranus boposuunoit H.I1. cooTBeTcTBYyeT KpuTepusM 1. 2 [lonoxenus o mopsake
npucyxnenust ydenslx crenened 8 HUTY «MHCuCy, tak Kak IPOBEICHHBIE HCCIICIOBAHUA
MOXXKHO KIacCH(HIMpPOBATh KAaK KpYNHOE HAydHOe JOCTHKEHHE B o0nacTd (QU3HKH
TOJTYIIPOBOIHKKOB, PA3BUBAIOIIEe HOBOE HAYYHOE HAIPABJIEHHUE II0 CO3JaHUIO HOBBIX YCTPOUCTB
HAHOYJIEKTPOHHUKA W  IOJYIPOBOJHHKOBOM TEXHHKH Ha OCHOBE MOIU(PUIMPOBAHHBIX
HaHOTYOYISAPHBIX CTPYKTyp. [lomydeHHBle B paboTe pe3yibTaThl MMEIOT BAXHOE HAy4yHOE
3HAYEHHUE U ABJISIOTCS MMEPCIIEKTUBHBIMHU B PEIICHHH IIPAKTHYCCKUX 3a1a4.

DKcHepTHAas KOMHCCHsS TPHHSIA peIIeHHe O BO3MOXHOCTH mpucyxaenus H.IL
BOpO3HUHON yYeHOW CTemeHH MOKTOpa (U3MKO-MAaTEMATHYECKAX HAyK II0 CIENHalbHOCTH
01.04.10 — «®u3uKa MOITyIPOBOJHUKOBY.



[Ipu mpoBeIeHHH TaiHOIO TOIOCOBAHMUS DKCIIEPTHAS KOMUCCHS B KOJIMIECTBE 7 4eIOBEK,
y4aCcTBOBABIINX B 3aC€IaHHU, U3 7 YeNOBEK, BXOJAIUX B COCTAB KOMHUCCHH, IIPOTOJIOCOBATIA: 32
-7, IpoTUB - 0, HEIEHCTBUTENBHBIX OrOJIIETEHEH - 0.

[Ipencenarens DKCIEPTHON KOMUCCHH ‘ % B.I". Koctamma



