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o$iqifiuoro orloHeHra Ha Al{ceprar{ifiuy po6ory faruunnx MupiI-Oneruu Muxufinienu

ooBu.[ue cKJraAy ra mop{olori i nonepxHi Ha Sirr.rrco-xinriqHi n,racrusocri
amop$Hux cnraeiB cucreM Fes2Nb2Br+Rez (Re * y, Gd,Tb, Dy),', no4auoi ua

sEoSyrrx HayKoBofo cryleHq I(aHAHAara xi r,a i.,rHr{x HayK :a cneqi arlni crro
02.00.04 - gi:rivHa xinais

Bi4cyruicrb AanbHboro BnoprAKyBaHH.s aroNaie y ari,top$uax MeraJri.{Hax cnJraBax
(AMC) o6ynaonnrce cyKyr{Hicrt nrexaHivuzx, xopo:ifinux, uarHirHr4x ra eneKrp.ur11H2x
BJlacraBocrefi eiANaiHunx ei4 xpucrari'{Hax aHa.norin, Auop$ui Merani.{ui cnriaeu Ha
ocHoei Fe sacrocoBylorbc.s rplr BI{po6HHqrBi nprzcrpoiB AJr.s 3rrr4TyBaH Hfl Ta 3anuey
inSopiraaqii, uarHirotvterpie, cep4evHHxiB rpaucQopvaropin, eneKrporHrrx ra
KoHcrpyKqifturzx naarepiairie. Beluxa yBara croro4ui upn4irxe.rrcx Aoc,riANesrirc
o6'euuux xapaKTepl4crnK anaop$Hux cnranin, rri na:Haqarorb ix npaxru.rgy qiHHic6.
BorHo'{ac eKc[nyarar]is raKl4x uarepianin nepe4Salrae KoHraKr ig pi:Horuauirs4uu
arpecl{BHaMl4 cepeAoBHlrlaMa, ToMy BaXJTI4BHM e AocliAXeHHt crpyKTypg, cKJraAy,
nrop$onorii ra xopo:ifiHoi crifixocri nonepxrii AMC. 3Hauu-s rpo rroBepxueei 111apu
AO3BOJi.fle He JIAITe BcraHoBI4TA B3aeMO3B',r3OK CTpyKTypa-Sylona-BJracrr4Bocri, ale fr
qi"rrecnpxuoBaHo :trifrcuronarz ix rrao4rasixauiro Enfl AocrrgeHH.s KparrIHX
eKcnnyaraqifr nzx xap aKTepncrr4K.

oAHula is axtyanbHl4x npodnerr,t cyqacHoro l,tarepialro3HaBoTBa e rroruyK HSBHX
iraarepianiB trn-s eneKrpoAie ra xararisaropin, xxi 5 uarlr po3BhHyry noBepxHrc ra
BI4coKy xoposifrHy criilr<icrl. llepcneKraBHl{Mn e AMC Ha ocHoBi sarisa is Ao6aexaMi{
6opy, Hio6iro ra pi4xo:eMeJlbHux ereuesrin. Tor,ay Mera r{Hceprarrifinoi po6oru, xxa
rloJlflra€ y :'xcyeaHHlo BrrJlHBy eneMerlTHoro cKnaAy ra vopQonorii noeepxHi :pa:xin
auop$Hnx MerarreBHx crrrranin cncrervr Fes2Nb2ll laRe2 (R.: y, Gd, Tb, Dy) Ha ix
$ ienro-xi ui.{ni BJracrr4Bocri e a nrya.,,r b }roru H a yKo Bo ro u p o6,reM o }o.

n
Ant peanl3allll IocraBJleHI4x y po6ori 3aBAaHb Aoc:riAxeuux 5y,ro 3aarocoBaHo

pisuouaHirsi ueroAz rocriir)KeHHf: peHTreHo4zSpaxuifinufi. MeroA, aroMHo-ognoBy
iuit<pocxoniro, eHeproAl{cuepcifrHrzfi ir,rixpoaHanis Ta cKanyrorrrz eneKTpoHHy
uixpocxonilo, eultiprcnanHx ttixpornepAocri :a Bir<epconr, 4usepeHqianrHy cKaHyroqy
Kanopl4Merpiro, eneKTpoxinriuuy iune4aucHy c[eKTpocxouiro, xpoHorrorenqiouer pix ta
qnxri'{ua BoJlbraMrepoverpiro. Baxop wcraw.tit nadip eKc[epHMeHTaJrbHr4x N4erotrie e
4ocraruina l:nfl AocrrHeHHr nocrasrenoi Merr4 Ta csiA.rarb rlpo Br,rcoKy HayKoBy
xealii $i xaqiro Mapii-Onenr.i Mnxafr,ri nHa.

Arryanruic* trpoBeAeHltx 4oc.uil1>i<eHl ni4reepr]Kyerbefl 1.r4M, ,ro BoHrI
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BI4KoHyBaJIHcb Ha KaSeApi Si:auHoi ra xoloi4uoi xilaii lreincrxoro HauioHarrbHoro
yuinepcarery iueui IeaHa @pauxa y paMKax 4epN5rc4)Kerr{rrx FrayKoBo-4ocni4Hrax
TeM: "O6'euni Ta crpiuxoni auop$ui crrJraBr4 Ha ocHoei sari:a, reroeaHi d-
eJIeMeHraMI4, qK ocHOBa HOBHX nrarepialie" (J\]b Aepxpeecrpauii 0115u003263, 2015-
2016 pp'), "HasoKovtno':rarHi ra HaHocrpyKrypoBar{i cacrenaa s xara,Tirwl.llllMr4
BrIacrI4BocrrMH" (J\b aep>xpeecrpall i i  01 1711001235, 2017-2019 pp.), "@isnro-xinri.s

SopnayeauH-fl \aarHiTHHX rracrepin, ixnift BTJTHB r{a Bnacranocri avop6Hnx cn,nanin,
rleroBaHl4x uepexi4Huvu ra pi4rcicno:eMeJrF,Hr4Mz MeraraMrl" (N Aepxpe€crpauii
01 1 7U001236,2017 -2019 pp.).

Hayrcoea HoBr{3Ha orpr4MaHr{x B Ar40epraqifrHift poSori pe3ynbrarin norxrae y
HacTynHoMy:

- Brrepue irpoBeleHo AocJli4>xeuux BnnHBy cKnaly ra rraop$olorii noeepxHi
na Sisrzxo-xiNaiqHi BJracrrrBocri anaopSnrx 

"nnaeis 
cacreira Fes2Nb2ByaRe2 (Re: y,

Gd, Tb, DY);
- BIIepue BnBrreHo 3aKoHonaipuocri BIInr{By rrpl{pollu pi4xicllo:eMeJrbHoro

eneMeHTy Ha reMileparypHy craSinlsicrb ra xiHeruxy rcpllcra,'lisarlil lociriANeHux
AMC, [oKa3aHo,,u]o trpouec rcpaclani:aqii urzx cllapin uicru.rl 4ni cra4ii, grr-
nepruoi ig .flKI'IX xapaKrepHo 4noeanaipnafr picr HaHoKpr4crarie y arraop6nifi
varpraqi;

- BcraHoBreHo, Iqo rIpI4 saNaiui 2 ar. o/o Fe y AMC FesaNb2BsH?2 ar. % Re
ui4nurqye renaueparypi HaHoKpl4crari:ariii ,Ha 1 10 oC ra s6i:rlurye eHepriro
axrHeauii y 2-2,5 pa3v, npl{ IIboMy raKox 3pocrae xoposifiHa criftxicrb rK y
nuxiguor,ry, TaK i y ni4naneHoMy crarii;

- Brepue AoctlirNeHo r'aop$olorirc uonepxui AMC cncreM Fes2Nb2Br+Rez
(Re : Y, Gd, Tb, Dy) MeroAoM aroMHo-arinoeoi vrirpocxonii, rroKa3aHo, 1qo
neryBaHHs Re sdinlruye uopc'rxicrb noBepxHi src pe3ynbrar crpyKrypHr4x :uiH ra
B[icoKoTeM[epaTypHof o AooKt{cFreHHr ;

- Brleplue BI4{BJleFIo, uJo neryBar-rHq Re :6innurye naixpornep4icrl
AocliAxeHHx AMC, a eirnar 3a reMreparypn HaHoKpr4crarisaqii 3MeHrrrye
pisHraqro ]\aexaHi'iHlax eracrl4eocrefi xonraxruoi Ta goeHiruHnoi rroBeDXoHb
auop$urax crpiuox;

Bileprue :Aificueno aupoSauiro AMC clrcreM Fes2Nb2Br+Rez (Re: y, Gd,
Tb' Dy) y rxocri eJreKrpoKararisaropin peaxqii eraAireHHx
BoHr4 e eneKTpoAaMr4 rpzeanoi Aii, HaHocrpyKTypyBaHH{
rrpr4BotrHTs Io niler4[IeHH_s ix nurovoi uonepxui.

BOAHTO, [OKa3aHO, II{O

oAepxaHZX cnranie
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{ocroeipuicrs orpLIMaHI{x pery,rr,rarie niAreepAxyerbcfl: rro-rep1IIe,
cyxynHicrro eKc[epIrMeHTanbHLIX tue'ro4ie, xxi Syno B]rKop]rcraHo Anr AocflrHeHH.rr
MerI4 Al{ceprallifrHoi poSorz; rro-Apyre, auarisol,t, cr4creMarusaqierc Ta y3afanbHeHH.rrM
orpuMaHI'IX AaHHX, a raKo)K nori.{Hicr}o ra Si:rzuHoro oSrpyuronaHicrro orpqMaHr{x
nHcHonxin; [o-Tpere, nySlixaqi.sNan orpr{MaHHX pe3ynbrarin y HayKoBr4x B1.;LaHHflx,
Iqo iHEexcyrotcx HayKoMerpl4qnuMr,r lasaMw Web o1' Science ra Scopus, ix
aupo6aqielo Ha HayKoBHX xoHsepeurlixx pi:uoro pinHr,

flpaxruvHa :uaqlrn'ricrr orpuMarrux pesy.nrralie Br{3Halraerbcr, B rtepruy
qepfy, THM, IrIo 3a reMolo 4ncepraqii orpl4MaHo [areHT VrcpaiHrz Ha nnuaxi4.
orpruaHi pesyllrarvr Molxyrb Maru BaxJrr{Be 3Har{eHHtr Enfl po3rxrrpeHH-fl
nnpodurzqrBa HoBHx nupodin s anaopdlur4x ra HaHoKpr4c:rari.{Hux cnraein. Anpo$aqi-r
HaHoKprlcrari'{uux cnranis Ha HayKono-napodnwrift Sipui TOB "MEJITA" roKa3a,ra,
[{o AocniANeui crnaBl4 e nepcreKTI{BI-II4Mt{ irtx $opnayBaHH{ 3axr4eHr4x Kopo3ocrifircux
noxparrie Ant rpyHroo6podHoi rexsixv ra eneKrpoAin eu4irieHr-r.r BorHro. Moxsa
ni4lrirnrn, u{o pe3ynbraru orpurraaHi rpr4 Br4KoHaHHi 4Hcepraqifiuoi podoru
BnpoBaAXylorbc{ y uae'{amHufr trPouec ni4roronxu naaricrpie Fra xiui-ruoiray ra

Sisz'fironay Saxy"rrtrerax ,Ilneiscnrcoro HaqioHalbHoro yninepcnrery inaeHi IeaHa
@pauxa.

{ncepraqifrua po6ora cKnaAaerbcr 3 Bel.yry la 3 pos4ilin, crncnrzfi s\aicr .f,KHX
noJrflfae B HacTyrrHoMy.

V ecryni odrpyuroBaHo aKryanbHicm Aacepr?[ifrHoi poSorn, BH3Har{eFro Mery ra
IIocraBJleHo 3aBAaHI-rq AocniAXteHHq, cdloprrayrboBaHo HayKoBy HoBH3Hy ra npaKTHr{He
3HarieHH.fl oTpr{MaHux pe3ynbTaTl B.

B repluoMy po:4ini HaBeAeHo orn-sA rireparypnax AaHr4x 3a reMorc
Al{cepralliftuoi poSora: 3aranbHy xapaKrepr4crr4Ky AMC Ha ocFroBi Fe, oco6lil3ocri ix
arouHoi 6y4oen ra rtopSonorii uoeepxui, repnriuHy cra6ilnnicrn ra xiHernxy
xpucrani:aqii. llpoaualisoeaHo Brrrrr4B eKnaAy (npupota ocHoBHoro Merany ra
nerylorrl4x 4o6aeox) ra rraopQo,roriro noeepxHi Ha rcopo:iilHy criftxicrr,
ener(TpoKararirn.{Hi, rr,raruirni ra naexaHiqu i nnacrnnocr.i AMC.

B apyroMy po:ai, ' l i  onucaHo MeroA orpr4MaHH.a avop0up{x Mera,uiqHnx cnraeie
FesaNb2Bla, Fes2Nb2Br+Rez (Re : Y, Gd, Tb, Dy) cniHinrynaHg.f,M eiAnoeiAHrax
posnlanin' Haeereua KoporKa xapaKTep uarr4Ka eKc[epr{MeHTarbHr4x ueroAin, nxi 6y wt
nuxopucraui Anfl 4ocliANeHut crpyKTypr4, nropSonorii Ta eJreMeHTHoro cKnaAy
noeepxHi, l'iixpornepAocri, xoposifiHoi crifrrocri, oKHcHo-ni4Hoeunx npoueciB Ha
nonepxui.

B rperlon'ry por4i,ri npe4craereui peiynrrarn AocrirxeHHr aronauoi crpyKrypr4
orpHMaHHX AMC peHTrel{oanSpaxuifrHurt MeroAoM. lIoKasaHO Brrrrr{B ner-yrorrnx



KoMrIoHeHriB Ha repMir{Hy cra6ilruicm ra xiHeruxy xpucrani:aqii arraop$Hr.rx
cnraeie. Ha ocH,oei pe:ynrrarin ACK oS.rracreHo eHeprii axrHnauii npoqecin
HaHoKpl{cra:risaqii AMC. I-Iaee4euo pe3yrbrar6 4ocli4x<eHHx xoHrarrHoi ra
eoeHiuJHroi nonepxHi nuxi4Httx ra ni4nareHux curaeie MeroAaMr.r aroMHo-ozroeoi
H'tixpocxouii, cxauylo.roi e:rexrpoHuoi naixpocxouii ra eHeproAr4cnepcifiuoro
iuixpoaHanisy. lloxagauo BTIJIzB neryBaHH-s ra repMi,rHoi oSpoSxu ua nrixpornepAicri,
ra rpaHurlro reKyqocri AMC. BcraHosJ'reHo, u{o crr,TaB Fes2Nb2B ,qDyz uae Hafirpaui
MexaHtr{Hi sracrl4eocri .

Mero4auIa uuxJri'{Hoi eo,rnrarraneponaerpii 'L'a eJrer(Tpoxinai.rHoi inane4aucHoi
c[eKTpouronii [poBeAerro l]oc,'riAx<enru oKr4aHo-Billr{oeFrrax npoqecin Ha noeepxHi
enxi4uax ra eiAnareHnx AMC Ha ocHoBi Fe y BoIITTHX po3LrnHax NaCl ra I(OFI. Ha
ocHosi orpHMaHHX pesyllrarie Bcral-IoBrreHo, ulo JTefyBaHH.rr pi4rcicnoseMeJrbHrrMr4
erleMeHraMu s6iruurye Kopo3iituy criftxicru: TaxoN 6yno po3paxoBauo xoe$iqieHru y
pieHxHui Te$enx KaroAHoro slaAireHn.f, BoAHro Anfl Aocni4>xeHux curasie.

3oyeauceHHfl no po6ori.

1. lna ui4reep,uxeHH.s anaop$uocri o,qepxaHrrx curaeis 6yno Br{KoprrcraHo
peHrreHorpa$iuuafi MeroA. llpore xnfl BcraHoBJreHHfl o4Ho:Hauuoi ni4cyruocri
HaHoKpHcrari'{Hoi Qasa y 3araproBaHnx crpivrcax Saxrauo 6y,ro AoAarKoBo
BI4KopIrcrarH npocnivyruqy eneKrpoHFry Haixpocxorriro. Heo6xilno'raKolr 3ayBa>Kvrrvr,
ulo auopSHifr Sasi y 3araproBaHnx crrraBax eiAnoBiAae ue ri"irr,Kr4 ralo B Mexax 20 :

35-55o, a Becb rcyroenff trianasoH eraspaxropaM Ha piac.3.l.
2. Auaniz Syurcqii pa4ialrnofo po3no4i:ry aroirain (@PPA), po3paxoBaHoi is ^aHWX
perreHoAra$paxuifrHoro AocniANeuHs AMC, A03Borrxe Bcrar_roBrrru is BncoKolo
cryniuulo 4ocroeipuocri JII4IUe uaft6inrru ivonipHy uix<arovuy ni4craur ra
KoopAlrHauifiHe rII4cJIo 5es pos4ireHH-s Harvnv viNarorurur4x rap. Are Haeirb y uboMy
BI4naAKy Heo6xiAHo 6parw Ao yBarri noxuSxa eKclepr{Mer{ry. Bnxopnc-rauui4 y poSori
auali:, sxt'tit IIo3BonlrB Bcrar-{oBr{Tu BKnaAa pi:Hnx aroMHHX r1ap y @ppA, He Aae
oAHo3HaqHI4x pesylrrarie. ttts oqiHrcn napqialnnax er,ra4in Heo6xilso Sylo
BHKOPHCTATI4 MOACIIIOBAHH' CTPYKTYPA ANAOP$HHX CNIAEiN.

3'Heo6xiauo ro.qcHl4rl4 3HaqFIy BiAH,tirrnicrr, (ao 20 nopr4rcin) laiN 3HaqeHHsMrI
r{acroruoro $arcropy Ift (rci.nnrcicrr, qenrpiB Kpr4cra,'ri:auii) (ra6r.3.9) y AMC B
3aJrexHocri eia ix cxnaAy.
4,Iz gucepraqifiuoi po5ou4 He3po3yntino: po:uo4in rirrxocri 3epeH :a po:iraipanrz
6yno orpl{MaHo rilrxu Ann olniei 4iraura nonepxui cnranin, qr4 orpuuaHufi
pe3ynbrar (przc.3'l8 ra 3.19) e pe3ynbraroM yoepe/{HeHFrf, no Aexirsxox pisHux
l i rqHrcax

5. Ha cr'65 BKa3yerbcr, IUo xiHern.{Hi saneNnocri Ha pzc.3.6-3.8 BKa3yrorb Ha uepurafr
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noptAoK peaKllii yTBoperlHt HaltoKpl4craniB cr-Fe. flpo're He gKa3ar-ro rra ocHoei sxux
AaHI4x 6yno BoraHoBJIeno $opvyBaHHrr caMe qiei uanorprzcralivrroi Sa:n.
6 .  V  r a S n H r l r r x  3 . 1  -  3 . 4 , 3 . 9 , 3 . 1 0 ,  3 . 1 6 . 3 . 1 9 , 3 . 2 1 - 3 . 2 3 , 3 . 2 5 - 3 . 2 7  u e  e x a 3 a H i  n o x n d x a
orpHMaHHX BerHr{uH. 3 inuroro 6oxy pe3ynbrarrr y ra6lnqrx 3.11, 3,.I2 ra 3.13
Hane4eHi 3 HaAnHIxKoBolo ro.rHiclo, Fre3Baxaloqlr Ha 3aAeKnapoBaHy y ni4lHcax
noxn6xy t 5 oh.

7. fncepraqis uanveala ra o$opl,rJreHa Ha xopouor,ty pinr-ri, o4nax sycrpivarorrcr
Aesxi reprr,tiHo:rori'IHi Ta crnricrn.{Hi o[rrcKn. Hanpizxla4, 11o reKcry 4acepraqii
sycrpivaerbcfl rIo3HarIelIHq reMlreparypr{ {K y Ke,rtniuax, TaK i y rpa4ycax I-{e:rrcis. I-Ia
cr.4 norpi6uo exasyBarl4 "3MiHa eHrponii", a He "en'rpouix". I-Ieo6xiAr-ro nucarr{, 1qo y
avopQnifr crpyKrypi ni4cyrur "tpaucrsuiitna caverpix", a He "xovipra" (ua cr. l5).
Ha q.25:airaicrr "Auraxopo:ifrna rpnnrcicri," rcpalqe BlKr{Barr4 "Kopo:ifrna crifrric6".
PacyHox 1.4 rr,ticrarl noxnSKI4 Macut'ra5y nncol[oBepxHi arvrop$uofo crrrTaBy.

BHcroereui saynaNeHH{ xoAFII4M LTHHoM He Brrr'raBarorb Ha 3afaJrbHulZ eucoxufr
Hayxoeuft pineul Azceprallifinoi po6oria, HoBr43Hy i Aocronipuicru encHoexin ra ii
npaKTHr{Hy uiHllicrr.

3aranr,u? ouiHKa po6oru. 3aralov, rr4ceprarliftHa po6ora f,anurrcx Mapii_
Oleua MuxafrnieHIa e cepfrosuHu HayKoBHM AocriANeHr{.f,M, rKe npacBrqeHe
a'-acynaHuro BnnI4By cKnaAy, naop$o,rorii nonepxui ra repr,ai.rHoi odpodxn r-ra Sisrzxo-
xiirai.{Hi BrracruBocri auop$rrrx crranin Fes2Nb2B;aRe2 (Re: y, Gd, 1'b, Dy).

Ycniurr-ie eupiureHHfl rrocraBJreHoi n poSo'ri Me.fr4 Ta 3aB/IaHt AOClirqNer-rH.fl craJro
MOXJrr4Br4M 3aBA-SKH KOMnJTeKCHOMy ni4XO4y 3 Br4Kopr,rcr.aHHflM Ui:rOrO pfl{y
eKc[epI4MeHTaJrbHI{x naero4in. Orpruaui pe:yltrarv ra :poSneHi B[rcHoBKr4 e
Itoliuuanlu, B3aeMoy3roAXeIIHMI4 Ta Moxyrb 6ytw anxopacraHi anr po3rxr4peHl1s
oSnacri 3acrocyBaHHf, Ta troKparueHHr eKc[nyararlifinnx xapaKTepr4crr4K AMC Ha
ocHoei Fe.

Pesyllrarra po6oru roBHolo nripolo BnKnaneFri s 6 crarrrx, ony6lixoBaHr{x B
uepio4ravurax SaxoBvrx BvrraHHtx, m 13 re3ax upoSinr,ur{x HayKonHx xousepeuqiff
pisHoro pinua. 3a reMoro 4ncepraqii orpuMarro [areHT Vxpaiuu Ha uaHaxi4.
Aerope0epar rroBui crro ei4o6paNae sN,r i cr Ar4ceprari i fi u oI pod ora.

Beaxalo, uo Auaepraqifina po6o.ra ,,Bn,rnB cKjraAy .ra mopQo,rorii noeepxHi na

Sislrno-xin'ri ' tui BJlacruBocri amopQuux crr.rrasin cucreM Fes2Nb2B*Rez (Re = y,

GdrTbo Dy)" -f,K 3a odcsror,t rlpoBeAelrr4x 7-1oc;ri4rxeur, ix aKTyanbHicrrc Ta
[paKTHr{HoIo 3Harl}ll,tictto, rax i sa pinHena iurepnper:aqii, auanisy ra y3aranbHeHH-s
orpHMaHHX pesynnrarin i apo6neunx eacHosxis, nonHicrn eilnopilae BuMoraM
<flopxgxy npI4cyA)KeHH.s HayKoBHX cryueni"n>, 3arBepAxeHoro rrocraHoBoro KMy
Jt567 nia 24.07.2013 p. si svir-raMlr, BHeceHlrMH sriAuo s flocragoBolo KMy ,\'e 656



s iA 19.08.2015 p. ra  J \b  l l59 n ie  30.12.2015 p. , , ,  a  i i  anrop
M uxu iln i6 H a 3ae nyroBye npz c yll^er-r Hs HayKo Bor.o cryn eH,
sa cueqialtnicrro 02.00.04 - diislr.rna xivis.
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fauunnx Mupia-Onena

KaH/lr4Aara xi rrai.rnnx HayK

OQiqiftr-ufi ononenr

AorIeHr xa$e4pa Sisuvnoi xirr,lii
KuiecrKoro uaqiouaJlbHoro yuinepcurery
iir,ieni Tapaca Lllee.{euxa, A.x.Fr., AoueHT

20 rpannx 2A19 poKy

llianrnc A.X.H., AoueHra Poixa O.C. :acni4vyro
B.{eHrafr ceKp erap HayKo B o -tro cl i Auo i q,acruuu
KuiecrKoro naui ouaJibHoro yni nepu.rrery
iueui Tapacalllen.{eHxa, r.S.n., AorIeHr
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