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AMHTPiBa rpnropiq CTenaH0Bnqa Ha AucepTauiMHYp060TY OnpncKa

B0J10AHMnpa cTpyKTypa Ta eneKTpoxiMiHHi

BOAeHbcop6uiMHi maCTHBOCTi CllJ1aBiB AB2 i AB3 y CHCTervmax {La, Pr, Nd, Y}—
(Mg)—{Ni, Co, Mn}», 110AaH0i Ha 3Å06YTT%HayKOBoro cuyneH% AOKTopa

B raJIY3i3HaHb 13 — MexaHiHHa iHxeHepiq 3a cneuiaJ1bHiCTK) 132

MaTepiaJ103HaBcTB0

1. AKTyaJ1bHiCTb TeMH AncepTauiiH0ip060TH

3POCTaHH51qacTKH ajibTePHaTHBHHX/BiAHOBJIEOBaHUX A)KepeJ1 eHeprii P06HTb

3aBAaHHH Hal-cormqeHH% eHeprii Ta Ti 110AaJ1b1110iBizuaqi OAHHM i3 BH3HaqaJ1bHUX

AJI% eHepreTHKH HaÜ6JIH)KLIHX meC51THJ1iTb.BoneHb AK BTOPHHHUiieHepr0HociM

npMBa6moe eHepro€MHicTK) eKonoriLIHicno npoAYKTiB

OKHCHeHHH, npoTe Moro I-IIHpoyce CTPHMy€TbCH TPYÅH01uaMH

KOM11aKTHOFO Ta 6e3neLIHoro 36epiraHH%. Cepen HanBHHX pimeHb HOMiTHe Micue

nocinae YTPHMaHH% BOAHYO y BHEJIAAi060POTHHXMeTanrinpHAiB, 1110

110€AHY}OTb 3HaHHY 06' €MHY KOHueHTpauiK) BOAMO 3i 3maTHiCTK) BiAuaBarru Moro 3a

npHiiH%THux TeM11epaTyp i TMCKiB; ui caMi CIIOJIYKH e p060H0}0 peti0BHH0k0

HeraTHBHHX eneKTPOAiBHiKeJ1b-MeTanoriÅPHAHHX(Ni-MH) aKYMYJ1wropiB.

XapaKTepucTMKH TaKHX IvraTepiaJ1iB HaA3BmqaÜHO HYTJIHBiAO ix CKJ1aAY Ta

6YAOBH, TOMY CTBopeHH51 cr1J1aBiB i3 Harrepen 3anaHHMH BOAeHbCOP6UiMHHMHii
eneKTpoxiMiHHHMH napar•vaeTpaMH 1--1eMO)KJIHBe 6e3 3' ACYBaHHfl 3B' 513KiB Mix

enewreHTHHM 3aMimeHH%M, THFIOM i naparvreTpaMv1 KPHCTaJ1iHH0icTpYKTYIDH Ta

d)YHKui0HaJ1bH0K) 110BeAiHK0k0.PeueH30BaHa AHcepTauiq, y HKiii TaKi 3B' fl3KH

BCTaHOBJ1eHO (I)a3 THIIY AB2 i AB3 y CHCTervrax piAKiCH03eMeJ1bHHii MeTaJ1—

MarHiii—d-MeTaJ1, BiA110Binae Ha ueü 3a11HT, a once, € aKTyaJ1bHOK) 51K y

d)YHAaMeHTaJ1bHOMY,TaK i B IIPHKnaAHOMY acneKTax.

AOCJ1iA)KeHHH BHKOHaHO y Bimini BOAHeBHX TexH0J10riii Ta MaTepiaJ1iB

a-JlbTepHaTHBH0i eHepreTHKH ()i3mco-MexaHiLIHoro iHcTHTYTYiM. F.B. KapneHKa



HAH YKpaiHH B Mexax KiJ1bKOX BiÅOMHVIXi nep)K6yonxeTHux TeM, a 0KpeMHM11-IHKJI

eKcnepHMeHTiB 3 BHBqeHH% HaHonop0111KiB 3AiMcHeH0 y rame-BiTTeH6eP3bKOMY
YHiBepcHTeTi iMeHi MapTiHa JIT0Tepa (Hirweqqvma).

2. 3araJ1bHa xaparaepncrrnrca Ta cTpyKTypa p060TH

AucepTauiY0 1106YA0BaH03a KJ1aCW-1H01-O Bc-ryn, 11'flTb p03AiJ1iB

OCHOBHOFO 3MiCTY, BHCHOBKM Ta nepeJ1iK BHKOPHCTaHHX nxepen. Ii 110BHMii 06cqr

CTaHOBHTb 172 CTOPiHKH(3 HHX OCHOBHHÜ rreKCT — 126 CTOPiHOK), iJIYOCTPaTHBHHii
MaTepiaJ1 npencTaBJ1eH0 45 PHCYHKaMH i 35 rra6JIHU%MH, a oxonmo€

206 HaiiMeHYBaHb.JIoriKa BHKJ1any Ilinnop%AK0BaHa cd)opMYJ1b0BaHiii MeTi.

Y BCTY11iBVIKJ1aneHO 06rpyHTYBaHHA aKrryaJ1bHOCTi, 03HaqeH0 MeTY ii nepeniK

3aBAaHb, BH3HaqeHO 06' eKT i npeÅMeT, CTHCJIO nomaH0 HayKOBY HOBH3HY,

npaKTHHHY 3HaLIY1uicTb, BiAOMOCTi TIPO OC06HCTHM BHeCOK, Ta

ny6J1iKauii aBTopa.

FIepL11Hä P03AiJ1Mae orJ151AOBMÜxapaKTep. Y HbOMY KPHTHLIHO onpa1_1b0BaH0

JliTepaTypy 1110A0 cl)i3Mt1Hmx i MaTepiaJ103HaBqux crroc06iB 36epiraHH% BOAH}O,

P03rJ1%HYT0 6YÅ0BY Ta Aii Ni-MH A)KepeJ1 cTpyMY ii 3iCTaBJ1eHO

KpucTanoxiMiqHi Ta BomeHbcop6uiiiHi xapaKTePMCTHKP1 rilQHA0TBipHnx CIIOJIYK

cTexi0MeTpiü AB5, AB2 i AB3. VliAcyMK0M orJ1flÅY CTaJ10 apryMeHT0BaHe

BHOKpeMJ1eHHA Hemmpimemmx rmrraHb, 1110 BH3HaLIHJ10 Hanp%M 1104aJ1b1110iP060TH.

ApyrHM P03AiJ1npmcBnqeH0 MerrononoriieKcrmepwvreHTY. HaBeÅeH0 cnoc06H

npur0TYBaHHfl 3pa3KiB: eneKTpomyroBe 11J1aBJ1eHHH, TBepA0(ba3He ClliKaHH% rra

xiMiHHe BiAHOBJ1eHHH.OxapaKTepM30BaH0 3aCTOCOBaHi MeTOAH AOCJ1inxeHH51.•

peHTreHiBCbKY AH(bpaKT0MeTpiY0 3 YTOHHeHH51M 3a PiTBeJ1bAOM,

cKZIHyyoqy eneKTPOHHY MiKpocK011iK) 3 JIOKaJ1bHHM MiKpoaHaJ1i30M, peHTreHiBcbKY

Cl)OToeJ1eKTPOHHY cneKTPOCK011iK), 06' €MHHii (MaHOMeTPHHHHii)MeTOA riApYBaHH%,

eneKTpoxiMiHHux BHMiPK)BaHb (UHKJIYBaHHfl,KOM11J1eKCa TaKO)K

BHCOK0111BHAKiCHUüp03pflA, UHKJ1iLIHYBOJIbTaMnePOMeTPi}O

Ta iMIueAaHcHYcneKTpocK011iyo). 06paHi MeTOÅHKH e B3a€MOA0110BHkOBaJ1bHUMH

ga6e311eqYK)Tb HaniÜHiCTb onepxaHux pe3YJ1bTaTiB.



TpeTiü P03AiJ1CTOCY€TbC% nceBA06iHapHHX JIaBeca AB2. ÅJ151TPb0X
cepiü cr1J1aBiB RMgNi4-yCoy (R Pr, BH3HaqeHO 06nacTi

iCHYBaHHHTBePAHX P03LIHHiBi 110KagaH0, 1110 p0311.1upeHHH eneMeHTapH0i KOMiPKH

Ilin yac 3aMimeHb Pr I-la La Ta Ni Ha Co 3Hu»cye TUCK YTBOPeHHH Ta cTa6iJ1i3ye y-

riAIDHÅH3 —6,7 aT. H/d).o. (criJ1aB CKJ1amy

MaKCHMaJ1bHYp03pflAHY €MHiCTb (305 MA •rom/r) criJ1aBY CKJ1amy

Y yeTBepT0MY p03AiJ1i AOCJ1imxeHOHancTpyKTypHi (I)a3H AB3. cmcrreMH

0KpeCJ1eH0 Aiana30H 06'€MiB KOMiPKH (522-535 Å3)

CllPHflTJIMBHii p03p51AH0i€MHOCTi 110Han 350 MAT0A/r, Ta 110Ka3aH0 T103HTMBHY

POJ1b iTpiyo y LI-IBHAKiCHOMYp03p51Åi. HaiiKpa1uv•1ü KOM11POMiCMix Ta

pecypcoM ÅeM0HcTpye cr1J1aB cKJ1amy Ynepme CHCTeMHO

BHBqeHO 6e3MarHi€Bi (baw RxY3-xNi9-yMny, Ae qaCTKOBa 3aMiHa HiKeJIYO MaHraHOM

IliABH1uye p03p51AHY €MHiCTb Maixe YABiqi, cnrmoqm 370 MA •ron/r cnnaBY

cKJ1aAY PrY2Ni8Mn.

Fl'%THii P03AiJ1npucB51qeH0 eneKTPOAHHX MaTepiaJ1iB

HaHOA06aBKaMH nepexiÅHnx MeTaJ1iB. BHBqeH0 HaHor10POLLIKH

onepxaHi xiMi1-1HMM BiAHOBneHHHM, a TaKO)K KOM1103HTH CllJ1aBY La2MgNi9 3

nonaT1€aMH Ni95Pd5 i Ni70Fe30. BCTaHOBJ1eHO, Luo HaHOP03MiPHaCKJ1aAOBa 3HH)Kye

onip nepeHeceHH% 3ap51AY 3YMOBJIYO€ cHHepri3M y CHCTeMi

AO MaKCHMaJ1bHOi p03p51AH0i €MHOCTi 492 MA•rowr(KOMI-103HT 3

Ni70Fe30).

BUCHOBKU CTHCJIO KOPeKTHO Y3araJ1bHmOTb 3406YTi pe3YJ1bTaTH,

Y3F0A)Kyyoqncb i3 MeTOEO Ta 3aBnaHHflMH p060TH.

3. CTyniHb 06rPYHTOBaHOCTiTa HayKOBa I-IOBU3Ha omepmaHnx

pe3YJ1bTaTiB

Cd)0PMYJ1b0BaHi B p060Ti ITOJIO)ICHHA ii BUCHOBKH He CYMHiBiB

momo iXHb0i AOCTOBiPHOCTi,

eKcnePHMeHTaJ1bH1dÜMaTepiaJ1,

OCKiJ1bKH cnmpaYOTbCH Ha Mac111Ta6HHii

OTPHMaHHü Pi3HOMaHiTHHMHMeTOAarv1H



AOCJ1inxeHb: cTpyKTypHMMH, cneKTPOCKor1iHHPIMHTa eneKTpoxiMit1HHMH, 51Ki

OAHiOAHUX. HaMcYTT€BiL11MMHI-IOBMMH pe3YJ1bTaTaMu p060TH e:

3' ACOBaHO 51K xapaKTep i CTY11iHbgaMi11-xeHHA eneMeHTiB 06nacTi

rorvroreHHOCTi cl)a3 JIaBeca AB2 Ta Hallcrrpyycrrypmmx AB3 y AOCJ1iA)KYBaHHX

CHCTewrax, i BU3HaqeHO KpmcrranoxiMiHHi nepenyM0BH nepexony Mix ß- Ta y-

riAPHÅHHMHdja3aMH;

BCTaHOBJ1eHO CIIPHATJIHBHMiHTepBaJ1 06'€MiB enervreHTapH0i KOMiPKHd)a3

AB3 (522-535 Å3) Ta AOBeaeH0 1103HTHBHHM BIIJIHB iTPiK) Ha BHCOK0111BHAKiCHi

p03p%AHi xapaKTepmcrruycu•,

Bliepme cucrreMarruqH0 AOCJ1inxeH0 6e3MarHi€Bi CIIOJIYKH AB3 CKJ1aAY

RxY3-xNi9-yMny, SIKHX 3aMiHa Ni Ha Mn 110Ha21 BABiqi IliABH1-uye p03pAÅHY

€MHICTb;

eKcnePHMeHTaJ1bHO nponeMOHCTPOBt1H0 CHHepreTHHHuM B

KOM1103HTax rinpMA0TBipHoro cnnaBY 3 (l)YHKUiOHaJ1bHHMM HaHononaTKaMU.

OmepxaHi pe3YJ1bTaTH MaK)Tb AK (l)YHmaMeHTaJ1bHY, TaK i IIPHKJ1aAHY

cr1P%MOBaHiCTb.
4. IlpaKT1,1t1He 31-1aqeHHH OTPHMaHHX pe3YJ1bTaTiB

IlpaKTHLIHa Bara p060TM nonnrae nepenyciM y TOMY, 1110 BCTaHOBJ1eHi

3aJ10KHOCTi — cTpyKTypa — AaYOTb 3Mory He eM11ipHHH0, a

uinecnpHM0BaH0 n06upaTH CKJ1aA eneKTPOAHHX i

MaTepiaJ1iB. BHABJ1eHHÜ iHTePBaJ106'€MiB KOMiPKH (I)a3 AB3 MO)Ke cnyryBaTH

ILIBHAKUM opi€HTupoM Flin qac BiA60py nepcneKTHBHHX CKJ1aniB, a 110Ka3aHHü

IHaHOÅ06aBOK (Ni—Pd, Ni—Fe) TIPHMOMOM niÅBH1ueHHH €MHOCTi Ta

CTa6iJ1bHOCTi KOM1103HTHUX eneKTPOAiB. IlpHKJ1aAHY UiHHiCTb MayOTb i

AH(bpaKTorpaMH, HKUMH aBTOP 110110BHHB 6a3Ynam,rx ICDD, a TaKO)K MO)KJIHBiCTb

BHKOPHCTaHH%MaTepiaJ1iB p060TH B HaBqaJ1bHOMY npoueci.

5. 110BHOTa BilKJ1aAY pe3YJ1bTaTiB y Ta oc06ncTHii BI--1eCOK

3A06YBaqa

Pe3YJ1bTarruAHcepTauii BiÅ06paxeH0 y 15 ny6J1iKauinx, cepeÅ SIKHX 6 CTaTeÜ

(3 HUX 5 — y 3apy6i)KHmx BUAaHH51X, 1110 iHneKCYOTbC51y Scopus) i 9 MaTepiaJ1iB Ta



Te3 A0110Bineii Ha HayKOBHX K0H(bepeHuinx pi3Horo piBHfl. 06cqr i HKiCTb

OllPHJIYOAHeHH% pe3YJ1bTaTiB UiJIKOM3aAOBOJ1bHffOTb BHMorm AO npaub 3A06YBaHiB

crryneH% AOKTopa AHU1i3 ny6J1iKauiü i 3MiCTYp060TH CBiAHHTb, Luo

BH3HaqaJ1bHY qaCTHHY ÅOCJ1iA)KeHb pa30M 3 onpa1-UOBaHH%M i Y3araJ1bHeHH%M AaHHX

3406YBaq BHKOHaB OC06HCTO.

6. BiA110BiAHicTb p060TH BCTa1-10BneHHM BHMoraM Ta arcaAeMiqrra

A06poqeCHiCTb

BUKJ1aneHO MOBOK) 3 HUIOKHVIM BHKOPHCTaHH%M

(baxoB0i TepMiH0J10rii, a MaTepiaJ1 cTpyKTypoBaH0 110CJ1iÅOBHO ii 3p03YMiJ10.

B0AH0Hac TelCCT rromeKYAH MiCTHTb 1100AHHOKi OllHCKH rra mpi6Hi

MOBHOCTHJ1iCTUHHi HeTOHHOCTi CYTO rrexHiHHoro xapaKTepy, 1110 110Tpe6Y0Tb nume

pemmcuiMHoro BVmpaBJ1eHH% ii He 3aqinayoTb HayKOBoro 3MiCTY.

p060Tu Biur10BiÅae MHHHHM BHMOraM AO mucepTauiii Ha 3A06YTTAHayKOBoro

cTY11eHfl AOKTopa 03HaK aKameMiHH0i HeA06poqecHOCTi (nnariaTY,

(ba6pmcauii I-IH (IjaJ1bcmd)iKauii pe3YJ1bTaTiB) Ilin qac 03HaMOMJ1eHHH 3 p060TOK) He

BHABJ1eHO.

7. 3aYBameHHH Ta gannTaHHf1 AO ancepTauiiiH0i p060TH

FIOP}IAi3 3araJ10M BUCOKOro OUiHKOK) P060THBBaxaYO 3a 110Tpi6He HaBeCTH

TaKi 3aYBaxeHHfl Ta 3a11ViTaHH%:

1. TeKCTuncepTauii110AeKYAH MiCTUTb TexHiHHi OHHCKH, MOBHOCTHJ1iCTHHHi

HeTOHHOCTi, 110MHJIKH B UHTYBaHH51 JliTeparrypn, 11130Te Ha HayKOBY

BaPTiCTbp060TH BOHM He BIIJIHBmOTb.

2. He 30BCiM 3p03YMiJ10, LILO MaB Ha YBa3iaBTOP, KOJIM BKa3YBaB nop0111K0BY

AH(bpaKL1iK) AK HepyiiHiBHHii MeTOÅ AJ151 ineHTMd)iKauii. AKHM HHHOM

CllJ1aBH TIOMi1UUIHCbB AH(bpaKT0MeTp OTPUMaHH% AHd)paKTorpaM?

3. Ha puc. 3.1 He 6YJ10110Tpe6H HaBOÅHTU ABi ineHTHLIHiAH(bpaKTorpaMH,

AKi BiA110BimaK)Tb 3pa3KaM 3 Mex TBepnoro p03HHHY,

Kpame nopu 3 AH(bpaKTorpaM0Y0 3pa3Ka

PrMgNi2C02 gaMiCTb AHdjpaKTorpaMH PrMgNi4, 51Ka BiAOMa 3 2002

poKY, BapT0 6YJ10HaBeCT1d AH(bpaKTorparvry AJI}I CllJ1aBY



PrMgNiC03, 1110 Bimpuy nano 6 MO)KJIHBiCTb nopiBHHTV1 AHd)pmcuiüHi

KaPTMHH KPVICTaJ1iLIHHXcTpyKTyp SnMgCu4 Ta PuNi3.

4. I_IiKaB06YJ106 11051CHeHH51 pi3Horo 3aMimeHHfl HiKemo

K06aJ1bTOM Ha B0AeHbcop6uiiiHY €MHiCTb Ta p03p51ÅHY €MHiCTb B CllJ1aBax

PrMgNi4-yC0y.

5. B TeKCTi nucepTauii BKa3aHO, 1110 MeTOAOM PiTBeJ1bAa 6YJ10BCTaHOBJ1eHO,

3ÅaTHiCTb rimpvuy Pro,5Lao 5MgNi4H-6 norJIMHarru 6iJ1b111YKiJ1bKiCTb

rimporeHY 3a 3MiH(hO 06'€MY enervmeHTapH0i KOMiPKH, 3HaHHO

aprYMeHT0BaHiLL1e ue 6 BHRJI%AUIO, 51K6H 6YJIHYTOHHeHiKOOPAHHaTH
aTOMiB rimporeHY B cTpyKTypi rinpvmy. AK caMe BH3HaqaJIOCb

aTOMiB riaporeHY y cTpyKTypi Ta 3a110BHeHiCTb r103HL1iii aTOMiB

riAporeHY?

6. Flin qac aHaJ1i3Ype3YJ1bTaTiB eneKTpoxiMiHHoro rimpYBaHH51 CllJ1aBiB

3MiHa xapaxTepucTHKqacT0 110%CHYO€TbCS1YTBopeHHH1v1 pi3HHX CIIOJIYK, 51K

Ha IIPHKJ1aA La(OH)3, Y 203, CIIOJIYK MarHif0, TOUIO. LIH 110BOAHJIOCb X-

nporweHeBe MaTepiaJ1iB eneKTPOAiBHa npeAMeT YTBOPeHHH

3ranaHHX CIIOJIYK?
7. IIPOBeAeHHfl cepii CllJ1aBiB 6YJ10He 30BCiM

AOUiJ1bHHM, OCKiJ1bKH JIV•1L11e CllJ1aB 3 KYE1pyM0M 6YB 51Ki

BUCHOBKH nepen6aqanmcb OTPHMaTH 3 uiei qaCTHHH npoBemeHoro

eKcnepHMeHTY, AKIUO rinpyBajmcb ABOX(ba3HHii rra ABa

3pa3KH? I-le caMe CTOCYCTbCfl rinpyBaHHH

3pa3KiB Nd2MgT9.

8. CllJIEIBiB RxY3-xNi9-yMny OTPH1vraHO OAH0dja3HHX 3pa3KiB. Byno

6 ny»ce uiHH0 npoBeCTH HHX ra30Boro rinpYBaHH51, a He

JIH111e eneKTpoxiMiHHoro.

9. TOMHiCTb BH3HaqeHHfl XiMiHHHX eneMeHTiB MeTOÅarv1H X-r1poMeHeB0i

AH(bpmcuii He nepeBH111Y€ 3 aT.%. HaCKiJ1bKH 06' €KTHBHHM e YTOHHeHHfl

AM(bpaKTorparv1H 3pa3KY Ni99Pd1 ?



IO.He 30BCiM 3P03YMiJ10K) € ineq AOCJ1inxeHHfl KOM1103HTY 3a yqacno

HaHonomaTKY mcoro He HaBeneH0 nonepeAHb0

BCTaHOBJ1eHHX eneKTpoxiMit1Hnx xapaKTepucTHK, AK ue 6YJ103p06neH0

Ni95Pd5.

8. 3araJ1bHi BHCHOBKH Ta ouiHKa P060TH
AucepTauiMHap060Ta B.O. OrrpucKa e 3aBepmeHHM, caMOCTiMHO BHKOHaHHM

AOCJ1iAxeHHflM, 1110 p03B'513ye aKTyaJ1bHe HayKOBO-11PHKJ1aAHe 3aBnaH1-1%

(l)0PMYBaHHfl ninx0ÅiB AO crrpHM0BaHoro CTBOPeHH% BOAeHbaKYMYJIKhOHHX Ta

eneKTPOAHHX MaTepiaJ1iBNi-MH aKYMYJlmopiB Ha OCHOBi cnnaBiB AB2 i AB3 — Ta

MiCTHTb HOBi, Hane)KHO 06rpyHT0BaHi HayKOBi pe3YJ1bTaTH, HKi BHPi3HffOTbCfl

HOBH3HOYO npaKTHHHO}O CllP%MOBaHicno.
3a piBHeM aKTYU1bHOCTi, HOBH3HOK) 06rPYHTOBaHicnope3YJ1bTaTiB,

06cnroM BHKOHaHHX AOCJ1iA)KeHb i IIOBHOTOYO ix OllPVIJIK)AHeHHA nucepTauin

cTpyKTypa Ta eneKTpoxiMiHHi BoneHbcop6uiiiHi BJ1aCTHBOCTi CllJ1aBiB AB2

i AB3 y CHCTervrax {La, Pr, Nd, Y}—(Mg)—{Ni, Co, Mn}» BiA110BiAaeBldMOraM, 1110

no AHcepTauiM Ha 3A06YTT%HayKOBoro cTyneH51 AOKTopa

(30KpeMa IlopAAKY, 3aTBepA)KeHoro 110CTaHOBO}OKa6iHeTYMiHicTpiB YKpaiHH BiA

12.01.2022 Ng 44), a Ti aBTOP, OnpncK B0J10AHMnp OJIeKcaHAPOBHt1, 3acnyroBye

Ha IIPHCYA)KeHHS1 HayKOBoro CTY11eH% A0KTopa B rany3i 3HaHb

13 — MexaHi1-1Ha 3a cneuiaJ1bHicno 132 — MaTepiaJ103HaBcTB0.

Ocl)iuiMHHü OflOHeHT

AOKTOP XiMiHHHX HayK, npod)ecop,

neycaH xiMiHHoro (IjaKYJ1bTeTY

JIbBiBCbKOEO HaniOHU1bHOFO YHiBepcmrreTY

iMeHi IBaHa ØpaH rpmropiü AMVITPIB


