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“BnJinB ynopsiiKyBaHHs 1e(eKTHOI CTPYKTYPU HA TPAHCIOPTHI
BJIACTHBOCTI 3MIIIAHUX KPHCTATIB”

MO/IaHy Ha 3M00yTTSI HAYKOBOTO CTYMEHS TOKTOpa (Pi3MKO-MaTeMaTHIHUX
Hayk 3a cneniaibHicTio 01.04.07 — di3uka TBEpIOTO TijNa

HMucepramiitna pob6ora T.M. PagueHka BUKOHaHa B aKTyalbHIN
obyiacTi JOCHIIKEHb BIUIMBY PI3HOMaHITHUX AeGEKTIB Ha TPaHCIOPTHI
BJIACTUBOCTI rpadeHy, a TakoX TepeadauyeHHI0 MOXKIMBUX BIIOPSIKOBAHUX
PO3MOJUTIB aTOMIB 3aMIIlIEHHS] Ta BTUIEHHS Ha BY3JlaX 1 MIKBY3JOBHHaX
reKCaroHajbHOI TIpaTku rpadeny. [lepmii nBa po3aiiu Aucepramii
MPUCBSIYEHO BUBYCHHIO BIACTUBOCTEH 3MIIIAHUX KPUCTATIB.

BBaxarbcs, mo, koau A0 2024 poky 3rigHO 3akoHy Mypa
HaIIBIPOBITHUKOBI TEXHOJIOT1I JOCATHYTh XapaKTEPHOTO po3Mipy B 7 HM,
€MHUM MatepiajiaM Uil IXHbOI peasizailii, iMOBIpHO, cTaHe rpadeH. Takox
rpadeH BxKe 3aCTOCOBYETHCS Y METPOJIOTii y HOBUX JICHIEBUIMX CTaHIAapTax
ornopy. OqHuUM 3 HaBaXJIMUBIIKMX (DAKTOPIB JJISl IIUX 3aCTOCYBAHb € CaMe
PO3YMIHHSI ME€XaHI13MYy BUHUKHEHHS Ta BIUIMBY PI3HOMaHITHUX J1e(EeKTiB Ha
BIACTUBOCTI Tpadeny. Ciia BiA3HAYWTH, 10, HA CHOTOAHIIIHINA MOMEHT,
JOMIHAHTHE JKepeso 0e3mopsiaKy, M0 OOMEXye SKICTh TPAaHCHOPTHUX Ta
ONTUYHHUX BIACTUBOCTEH rpadeHy, Bce Iie He BCTAHOBJIEHE. 3 OIJIsAIy Ha IIg,
TeMaTHKa Jaucepraniiinoi podotu Paguenka T.M. €, 6€3yMOBHO, BaXKJIUBOIO 1
aKTyaJIbHOIO.

Hucepranis Paguenka T. M. ckiagaeTbest 31 BCTYIy, IIECTH PO3ILTIB
(ornAmOBOTO, TBOX MPHUCBIYCHUX 3MIIIAHUM KpHUCTalaM 1 TpboX -- Tpadeny),
BHCHOBKIB Ta JIBOX JIOJIaTKIB.

[lepruii po3ain gucepTallli Mae OTJIsIOBUNA XapakTep 1 CKIAaeThCs 3
ABOX MiAPO3AUIIB. Y TEpIIOMY OINISIHYTO JITepaTypHI JaHl IIOAO
Kpuctamiyaux 30D CTPyKTyp 3a BUCOKHX THUCKIB 1 Temmeparyp. Y Ipyromy
OiApo3auT  posrisiaaeTeess 2D rpadeHoBa (rekcaroHajgbHa) TIpaTka 31
CTPYKTYpHUMU Je(eKTaMu y Hii: TOUKOBHUMH (JOMIIIKOBI aTOMH/agaTOMH,
BaKaHCIi Ta 1XHI KOMIUIEKCH) 1 JIHIHHUMH (TPOTSHKHI: HAHOOPHMKi, aTOMOBI
CXOAMHKHM 4M Tepacu). BiH HamucaHuil Jqyke BIAJO 1 Ja€ MOBHE YSBICHHS
PO KPYT 3a7a4, pO3MNIAHYTHX y JUCEPTAaLii.

VY HacTynmHOMY, APYroMy pO3ZIisli PO3IIISIHYTO BIOPSIKYBaHHS
HI1JIBHONAKOBAaHUX CTOMIB. 30KpeMa, BUBEACHO OJTHOYACTHHKOBI
HMOBIpHICHI (PyHKIIIT pO3NOaLTY aTOMIB Y (Haa)CTPyKTypl THIy D019 Ha
ocHoBi ['TIII-rpaTku, 1110 yMOXIMBUIIO MO30yTHCS HasIBHOI B JIiTEpaTypi



HEOJIHO3HAYHOCTI 11010 IXHBOTO BUTIIAY. UHCENbHO OLIIHEHO MapaMeTpu
MDKXATOMHUX B3a€MO/I1H (BJIaCHI 3HAYEHHS MATPUII €HEPriil «3MillIaHH:») Ta
nependadeHo yactuHy (a3oBoi aiarpamu g cromy Ti—Al.

VY TpeTboMy pO3iii JOCIIKEHO BIUIUB TUCKY Ha (Tepe)po3moaia
atomiB y nripHonakoBanux (I'LIK- 1 ['IIII-) cromax. 3okpema, mokasaHo,
110, KOJIM 3aJIeKHICTh 00’ €My CTOMY BiJ MapaMmeTpa JajJeKoro aTOMHOTO
MOPSAJIKY € CYTTEBOIO, TO 31 3MIHOIO THCKY 3MIHIOETHCS HE JIUIIIE
TEeMIIepaTypa Mepexony NopsA0k—0e3nopsaoK, a if CTpUOOK mapamerpa
JAJIEKOTO TIOPSIKY: BIH MO SIK 301IbITyBaTUCSA (H00ITal0uH IEBHOTO
TPaHUYHOTO 3HAYEHHS ), TaK 1 3SMEHIIYBATHCS, 3AJICIKHO BiJ] 3HAKIB
MOJIETTbHUX MapaMeTpiB.

VY yerBepTOMY pO3A1l MOOYAOBAHO CTATUCTUYHO-TEPMOAMHAMIUHY
Ta KIHETUYHY MOJIE1 YIOPSIKYBAaHHS aTOMIB 3aMIIIIEHHS Ta BTIJICHHS Y
reKcaroHajibHiM (rpad)eHOBIM) IpaTill 3 ypaxXyBaHHSIM SIK KOPOTKOCSIKHHX,
TaK 1 peaTiCTUYHIIINX JAICKOCS)KHUX MDKaTOMHHMX B3aeMO/Iiid. BuzHaueHo
JUJISTHKY 3HAY€Hb CHEPTETUYHUX IMapaMeTPiB, 10 BIANOBIIAIOTH CTA0ILHUM
(HaI)CTpYKTYypaMm Ha rpad)eHOBINA OCHOBI.

Y m’daromy po3auil po3rNIAAEThCAd  BXKE CIEKTPOHHUN, a He
mudy3iiHAN, SK y TONMEpeaHiX po3/iaax, TpaHcnopT y rpadenHi. ABTOp
JOCTIIKY€E BIUTUB HA HHOTO PI3HOMAHITHUX MPOCTOPOBUX KOHQIrypamiid Ta
pisHMX THIiB TO4KOBHX AedekTiB. Moro enekTpOTpaHCIOPTHI BIACTHBOCTI
pO3paxoByBaIMCS Ha OCHOBI HecramioHapHoro mertoxy Ky6o-IpinByna B
OpsIMOMY TPOCTOPI, KOJIA €JIEKTPOIMPOBIAHICTh BHU3HAYAETHCS 3 YACOBOI
JUHAMIKM XBWJIbOBOTO TakeTy. Taka METOHOJOris OXOIUIIE BCl TpH
(CamicTuunui, AUdy31iMHUIA 1 JIOKaTi3alliHUN) TPAHCIOPTHI PEXKUMHU Ta €
00YHUCITIOBAIbHO-€()EKTUBHOIO, JO3BOJISIIOYM  BUKOHYBATH KOMII FOTE€pHI
pO3paxyHKH mJisi TpaQeHOBUX CHUCTEM, HAOIMKEHUX JIO PEaTiCTHYHUX.
PosrnsnyTi B aucepranii rpadeHoOBi 3pa3ku MICTHIU 1,7 MiJIbIIOHIB BY31iB,
1110 BiamoBigae o ~ 210 x 210 HMZ, a MaKCUMaJIbH1 po3Mipu csiraiu ~ 500
x 500 M (10 10 MinbiioniB By3miB). /s nopisusnus, y pobomi 2015 poky
iHwux agmopie posmip 3pasky eice 6ye 94 um’ (3.6 MinpspaiB By3iis). Taki
BENUKI POIMIPU MOICIUBL Yepe3 me, o aKmuuHo po32isa0AEMbCsl CUcmemda
eeKmMpPOHIB, 5K He 83AEMOOTIOMb.

OcraHHIf, TIOCTUI PO3IIA MPUCBIYEHO BIUIUBY OpIEHTALIMHOL
kopessii giHiMHauX (1D) nedexTiB Ha eNeKTPOHHUM TpaHCIOPT Yy rpadeHi.
Takox pO3rIsHYTO BHUIAIOK, KOJM OJHOYAcHO mpucyTHi sk 0D, Tak i 1D
tumiB nedekrtiB. Iloka3zaHo, 10 y BUNAIKy HAasSBHOCTI B rpad)eHi, OKpiM
TOYKOBHUX Je(eKTiB, IIe W JHIMHUX (HAHOOPMKIB, aTOMOBHX CXOJWHOK
1/a00 Tepac), MOXKe, OKpIM 3MIHU BUIJISAIY €JICKTPOHHO-KOHIIEHTPAIHOT



3QJIEKHOCTI MPOBIAHOCTI, BUSBISITUCS Pl HOBUX €(EKTIB: ITiBUIIYBATUCS
€JIEKTPOTPOBIAHICTD Y ACKUIbKA pa3iB 32 HASIBHOCTI OPIEHTALIAHOT KOPESIIil
JIHIMHUX Je(EKTIB Yu B COTHI pa3iB y BUMNAIKY II€ W YHNOPSIKYBaHHS
TOYKOBHX, MTOCHJIFOBATUCS aHI130TPOITIS €JIEKTPOIPOBITHOCTI Ta MPOTHUIIS UH,
HABIIAKW, CIPHUSHHS EJICKTPOHHO-IIPKOBINA acHUMETpli, Ky CHPUYUHSIIOTH
ToukoBl Jnedexktn. Crnio ocobauso GiO3HaUUMU AKMYAIbHICMb UYbO2O
po30iny, 6o came maki Oeghekmu BUHUKAIOMb ) OEAKUX 3PA3KAX epaAPeHy, AKi
3apaz  Hamazaromvcs  BUKOPUCMOBY8AMU Y  CMAHOAPMAX Onopy 3
BUKOPUCMAHHAM K8AHMO0B020 edhekmy Xoaia.

[ToBepTatounch M0 3arajbHOI OINIHKM JUCEPTAIii, MIIKPECIIo, IO
pe3yNbTaTH, MOJIOXKECHHSI Ta BUCHOBKU € HAYKOBO OOTPYHTOBAHUMH 1, 3 TOUKH
30py JOCTOBIPHOCTI, BEJIHMKA iXHS YaCTHHA HE BHKJIMKAE CyMHIBY. (OCHOBHI
HAyKOBI pPe3yJbTaTH XapaKTePU3YIOThCS HEOOXIMHOI HOBHU3HOI. BHecok
aBTOpa B OTpPUMaHI peE3ylbTaTH OOTOBOPIOETHCS, ajie MAEsKi MOMEHTH
BUMAaraloTh YTOUHEHHS (mpo ue nami). Pesynpratu B mMOBHIA Mipi
omyOJIIKOBaHI B HAYKOBHUX CIelliaiizoBaHuX BuAaHHAX. OCOOJMBO BiJ3HAUY,
0 cepea HUX € MmyOmikamii y TakuX BHCOKOPEUTHHTOBHUX >KypHalax, siK
Physical Review B ta Solid State Communications. Ilig gac miarotoBku
BIZTYKY s 3HAXOAMB IIUTYBAHHS ITUX POOIT Y HOBUX MPENPUHTAX.

[Tonoxenuss aBTropedepary i aucepramii imeHtuyHi. Cama nuceprais 1
aBTOpedepar BiMoOBiAat0Th BcTaHOBIEHNM BUMoraMm BAK Ykpainu.

Bigsznavarouu Benukuil oOCAT MPOBEICHMX JOCTIHKEHb 1 KBamihiKOBaHUMA
BUKJAJ pe3yJbTaTiB, MNOTPIOHO 3ayBa)KUTH, IO JUCEpTallisl Mae psj
HEJIOJIKIB, 5Kl 3aCIyTOBYIOTh HA 0OTOBOpPEHHSI.

Posmounemo 3 3ayBakeHb, 110 MAIOTh OLTBII 3araIbHUN XapakTep.

1. ¥V nucepranii BHKOPHUCTAaHO pE3yJNbTaTH, $KI TAaKOX YBIAIUIA B
HEIIIOJIABHO  3aXUIIEHY (26 xomTHsa, 2015 p.) KaHIUIATCHKY
nucepramito [.B. CaransnoBa  EnekrpornpoBigHIiCTh TpadeHy 3
PI3HUMH PO3MOIIaMU Je(EKTIB 3aMIIICHHS Ta aJICOPOOBAHUX aTOMIB".
3okpema, 1ie nyobmikamiss T.M. Radchenko, V.A. Tatarenko, 1.Yu.
Sagalianov, Yu.l. Prylutskyy, Phys. Lett. A 378, 2270 (2014), sika
BiMOBiae po6oTi 27 31 CNUCKY OIMYyOJIKOBaHUX TIpallb aBTopedepary
T.M. Paguenka. Takox, 1e m'asth pooiT, a came 16, 22, 24, 28 Tta 30,
muToBaHi B aBTOopedepatax o000x auceptamii. [.B. CaransHos,
(baKTHYHO, € YIHEM IHUCEepPTaHTa. TOMY BBOKA€ETHCA, IO PE3YIbTATH, SIKi
OJIEpP’KaHO B IIUX CHUIBHUX CTATTAX, MOXKYTh OYyTH BUKOPUCTaHI B 000X



aucepranisfx. Xoda 0coOMCTU BHECOK 3/100yBava AETaabHO MOSICHEHO
B Jucepralii Ta aBropedepari, mpore BapTo Oyno O OiibIll KOHKPETHO
MOSICHUTH, SIKI cCamMe pPe3yJbTaTH YBIHIUIM B KaHAUJATCHKY JUCEPTAIliI0
[.B. CaransiHoBa, a sKki - B 1oKTOpchKy T.M. Pamguenka.

2. Y n'stomy po3aiii mpyu 0OroBOpEeHHI T'YCTUHU CTaHIB y TpadeHi BapTo
Oys0 6 HaBeCTH TOYHHMM aHATITUYHUN PE3yNbTaT, OJIepKaHUU y poOOTI
J. P. Hobson and W. A. Nierenberg, Phys. Rev. 89, 662 (1953) nns
BUMAJIKY YHMCTOrO TpadeHy, ajne 3 ypaxyBaHHSM 30HHOI CTPYKTYpH
rpadeHy y HaOamkKeHHI HauOmmwkumx cycimiB. lleil Bupa3 MiCTUTh
cuHrynspHocti BaH XoBanpu E= +utaE= +3u.

Ha Puc. 5.4 6 (cmabkuii nenpTa-moai0OHui MOTEHIaT) MU 0a4uMo,

mo Ha Kpasx 30HU (E = + 3u) € ocumnsnii, ki BOUYEBUAD € apTHPAKTOM
obuncnenns. Taki x ocmmwsnii 3Haxoaumo Ha Puc. 5.13 a. bymno 6
O0a’kaHO MOJATKOBO JOCIIAWTH, SK Ha II OCHWIALII BIUIMBAE 3MiHA
po3mipy cuctemu. Toai 6 BHCHOBOK MPO peajibHI OCHUIIAIIT TYCTHHH
ctaHiB Ha Puc. 5.4 11 5.4 e nns Bunanaky Benukoi koHreHTparrii (1/8)
JToMIIOK OyB OW OUIbII apryMeHTOBaHUM. Lle muTaHHS Mpo OCHMIISAIT
cTocyeThest Takox Puc. 5.8 6.

Hemo Oinpiry yBary Oyino O BapTo 3BEpHYTH Ha PO3MHUTTS
cuHryssipHocteil BaH XoBa npu E = =+ u. Tak Bonu npucytHi Ha Puc.
5.4 a (BUIAJIOK CUJIBHOTO JIEJIbTA-MOIIOHOT0 TOTEHIlIANY), ajieé CUIILHO
PO3MHUTI Ha THIIMX MaHeNsIX 1boro pucyHky. Hampuknan, na Puc. 5.4 6
(cmabkmii  nmenpTa-mOMIOHWUN  TOTEHINaN)  PO3MUTTS  BUIJISIAE
cnabkimum. Y Toit xe 4dac, y poooti [260] (S. Yuan, H. De Raedt,and
M. 1. Katsnelson, Phys. Rev. B 82, 115448 (2010)), ne Buxopuctano
Maibke Taki K YHMCENbHI METOAM, CHHIYJISIpHOCTI BaH XoOBa
PO3MUBAIOTKCS, aJI€ HE HACTIIILKH CHIIBHO.

Bimznauy, 0o meBHy AMCKYCIIO MPO PO3MUTTS CHUHTYJISIPHOCTI BaH
XoBa y BUNaAKy mnoteHmiana ["aycca st B3aeMofii 3 JOMIIIKaMU Ha
Puc. 5.4 B 11 Bce x Baajgocs 3HaTH Ha c. 170 aucepTarti.

3. Ane HaWOUIbII CEepPHO3HUM 3ayBKCHHSIM 5 BBaXKal0 HACTYIMHE. Y
poOOTI MOCHIIKYIOTBCSI TPAHCIOPTHI BJIACTUBOCTI JJII TAaK 3BaHOTO
"BIOPSIIKOBAHOTO pO3TalllyBaHHs JOMIIIOK" (IUB., Hanpukias, Puc. 3 B
aBTopedepari, a Takox Puc. 5.4 1 ta 5.4 ¢ (s DOS), Puc. 5.8 6 (s
DOS), Puc. 5.9 n ta Puc. 5.9 e (audy3iiiHicTh Ta TPOBIIHICTH), Puc.
5.15 (mpoBigHICTB) y TeKCTI aucepTartii). Takox € Puc. 5.6 1 - 5.6 €,
SIK1 BIAMOBIIAFOTH JEMIO 1HMIINH Moeni. [IpuauBuBIIMCEH, HATPUKIIA, 10
Puc. 59 r (a6o mo Puc. 5.12), MoxHa 3pO3ymiTH, IO TIif
BIIOPAJKOBAHUM PpO3TAlIyBaHHSM aJaTOMIB aBTOpP YITKO pO3yMi€e
nepionyHy HAACTPYKTYPY 3 OOHUM atoMoM HitporeHy y mpuUMITHBHIM
eJeMeHTapHIi Komipii. SkOu cuctema Oylia HECKIHUCHOK, TO MOYHA
Oyno © 3actocyBaTu Teopemy bioxa Ta HaBITh 3HAaWTH PO3B'SI30K



aHamituyHo. Y Poznimi 12 kmacuyHoro migpyuHuka AmkpodTa Ta
Mepwmina "®izuka TBepaoro Tiia" MOACHIOETHCA, IO y MEPIOJUYHIHN
IpaTii pPO3CIIOBAJIbHUX IIEHTPIB  XBWIS PO3MOBCIOIKYEThCA 0€3
3aTyXaHHS 3aBJSKM KOTEPEHTHIN KOHCTPYKTHUBHIM i1HTepQepeHuii
poscissHux  xBWJb. OCKUIBKM B IIbOMY pPO3IUII  JUCepTalii He
PO3TIISAIAIOTECS  1HINI JKEpesa 3aTyXaHHs, Takl K eJIeKTpOH-(HOHOHHA
B3a€EMOJiE a00 B3aeEMOMisl MIDK €JEKTpOHAMHM, TO JOCJIKCHHS
SJIIEKTPUYHOTO OTIOPY JUISI IIHOTO BHUITAJIKY HE MAE CEHCY. 3PO3YMLIIO, 110
YHCENbHO 3aTyXaHHS MOXKE€ BHHUKATH 4Yepe3 CKIHUEHHICTh PO3Mipy
CUCTEMH, a TaKOX uepe3 Te, IO JACSIKe 3aTyXaHHS BBOJUTHCA
0e3nocepelHbO B UYMCEJIbHI PO3paxyHKH. Y TaKOMY BHIAJKy Tpeda
Oyno O DOCHIIUTH, SIK PO3MIp CHUCTEMH Ta II€ JTOJATKOBE 3aTyXaHHS
BIUIMBAIOTh Ha OJIepKaHi pe3yabTaTH. be3yMoBHO, 1€ 3ayBaKeHHS
CTOCYETbCS TUIBKHU '"BIOPAAKOBAHOTO PO3TAIIyBaHHS IOMIIIOK" 1 HE
JiHCHE JUTsl BUMIAAKY, KOJIA JOMIIIIKH PO3TAlIOBaH1 HEBIIOPSIAKOBAHO.

4. TlopiBHAHHA 3 excniepuMeHToM y Pozmini 5.5 BUrisgae HeqOCTaTHIM.
Came yepe3 BaXXJIMBICTH IIbOTO MOMEHTY B JucCepTallito 0yyno 6 BapTo
BKJIFOUUTH O1IbIlI€ EKCIEPUMEHTAIIBHUX JaHUX Ta MPSMUX MOPIBHAHD 3
HUMU. TakoXX pO3CIAIHHS Ha JOMINIKAX HE € €IUHUM JKEPEIOoM
pPO3CISIHHSI, 110 BIUIMBAa€E Ha eJNeKTpuyHU omip. bymno 0 Baprto
MpUHAWMHI 3raJlaTi BIUIUB PiruiiB (OpHKiB) HA MOBEPXHI TpadeHy, poiab
eIEKTPOH-(QOHOHHOT Ta €IEKTPOH-EIEKTPOHHOT B3aEMOTIH.

5. HemocratHio yBary B pOOOTI MPHUAUICHO TOCIIHKEHHIO PEXKUMY
nokamzamii. ¥ po6oti (c. 161) Bin3HauaeThes, 1o came Audy3iitHoMy
pPEeXXHUMYy TPHUCBSIYEHO TOJOBHY yBary. [Ipore, 3HOBY X Taku, s
NEePEeBIPKU HAIIHHOCTI METOly MEBHY yBary Oyso O BapTO MPUCBITUTU
BIATBOPEHHIO BIOMHUX YHCEIBbHUX pE3yJbTaTiB, SIKI OylH oJepKaHi
IHITUMH aBTOpaMH came y pexuMi Jiokamzaiii. Lle 3poduno 6 OiabIn
HaJIHHUMU pe3yJIbTaTH, OJCpP)KaHI y PpEeXHUMi, KOJU MPOBIAHICTh
6nusbka 10 2 e*/h.

6. Y poOOTi 3yCTpiuarOThCS JIHTBICTUYHI HETOYHOCTI. YCIOIHU Takl
TepMiHM K  bosbiimanoBoro", ' bopHoBomy" (c.8), "JlipakoBa Touka",
"T'aminbroHisH", "depmiiBa eHepris" Ta 1H. HAIKCaHI 3 BEJMKOI
JITEPH, IO BIAMOBITA€ aHTTIHCHKOMY MPABOIUCY.

Hagepeni 3ayBakeHHsSI MOKYTh OyTH BpaxoBaHI MMPHU MOJAJbIINH poOOTI
aBTOpa. BOoHM He BIIIMBAIOTH HA 3arajbHy MO3UTUBHY OI[IHKY POOOTH.



BpaxoByrouu akTyalbHICTh 00paHOi TeMH, 3HAUHUI 00CIT BUKOHAHUX
JOCTiKeHb, HAYKOBY LIHHICTh Ta OOIPYHTOBaHICTh OTPAMaHHUX Pe3yJIbTaTiB
i piBeHp ix ampoOauii, BBaxaro, mo auceptauis T. M. Paguenko “Bruus
yIoOpsaKyBaHHS Je(heKTHOI CTPYKTypd  Ha TpPaHCIOPTHI BIACTHBOCTI
3MillIaHUX KPHUCTaNiB” HiNKOM BianoBimae BciMm BuMoram MOH VYkpainu
II0I0 JOKTOPCHKUX JucepTauli, a ii aBTop Tapac Muxaiinosuu Pagdenko
3aCJIyroBy€ Ha MPHUCYIKEHHS HOMy HayKOBOIO CTyIEHS HOKTopa (i3HKO-
MaTeMaTHYHHX Hayk 3a crerianpHicTio 01.04.07 — ¢i3uka TBepaoro Tija.
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