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Kareqpa no anaroMxs, xf,croJrortrfl x eu6pnonorxr, Megnqnxcxt yuunepcnrer - CoQur

ua laceprauuoueH TpyA 3a flprrctx(qane na O6pasonarerHara u HayqHa creneu ,,,{oxrop"

1. O6qo npegcraBfltre f,a trpoqeAypara f, AonropaHra

flpegcranenrur xoMrrJreKr MareprraJrrr Ha KaHflr,rlara e B ctorBercrBr4e c q.n. 69 or frasa II

flpugo6unaue na HayqHr.r creneHr.r or flpanunnr,rrta sa pa3Br,rrr.re Ha axaAer,ruqHlal clclag s lvry-

Bapua or 2018 r. (noclegno r,r3MeHeH H Aonb;raet 2022 r.).

2. Kparx[ 6uorparfruxu gaHHrr 3a AoKTopaHTa

,{-p flen p Br,nvaHoB 3aBr,prrBa MegnquHa a MY-Bapua np* 2003 r. B nepno4a 4o

nocrlrrBaHero cu Ha pa6ora r Kare,{para no aHaroM}rq r.r KrerrqHa 6uo:roraq Ha MY-BapHa npe3

2017 r.,.q-p Br,rqaHon pa6our xaro nenap HlrrepHr{cr B 3BeHa 3a HeorrroxHa rtoMoul Ha HqKorKo

,reqe6Hrl :aseAeuw (2004-2016 r.), cnequa:rnsupa ncaxuarpurr (2005-2009 r.) u rogr.r uacrua

nparrr.rKo no arcynyHrrypa (2012-2014 r.). KapuepHoro pasrurue Ha g-p Br,,rvaxos s cr[epara ua

aHaroMtrrra 3anoqBa [pe3 2016 r. xaro xonopyBaH flpenoAaBaren B Kare,[para no aHanouvrfl v

xrerlqHa 6aorori.u ua MV-Bapua. fo4nHa no-rc,cno, cJre.{ }l3Al,pxaH KoHKypceH rurrr,rr, A-p

Bhlqanos e Ha3HaqeH 3a pe,qoBeH acr.rcreHr B ctrrlara KareApa. flpe: 2018 r. A-p BB,'rqaHoB

3anor{Ba peAoBHa AoKTopaHTypa B KareApara. Cneqtaruocr no aHaroMttfl, xrrcro;ror}r.r 14

rlurororu.q ltaHlrrAarbr nplr,qo6rrBa rryes 2022 r. ,{oxropaurr,r rra4ee anmuficra e:sn. llreH e sa

Eurapcroro aHaroMrrqHo ,4pyxecmo u Eurrapcxu .trexapcxlI cr,Io3.

Peuensls :a OHC ..noxrop"

Ilporfecuona.nro HatrpaBJreHf, e: Me4uqr.+ra

.{oxropcra trporpaMa: Auarouul, xacrolor[s u rluTororu,

Anrop: g-p flemp Crauaron Buvauor

@opua na ,qoxropanrypara: Pegoana $opua

Karegpa: Anarouar rz KrerbqHa 6uonorr.rx, MV ,"flpor[. ,{-p flapacxea CrorHoB" - BapHa

Teua: MO.{EJIHPAIIE }I 3D IIPIIHTI{PAHE HA MOPoOJIOI?IIIHO AOCTOBEPHA
KOCTHA MATPTIIA

Hayvxx prxonoanrern: {oq. g-p CroxH flaalon, gu, MY - Bapna

Aoq. a-p TpfiOoH gepreuxon, 46, MY - BapHa
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3. Axrya.rnocr ua reMarlkara n qe,recr,o6parnocr Ha rrocraBeH[Te rleJrrr ll 3aAaqf,

flpe4craaeurur 4xcepraur.roHeH Tpy.q no cauecrBo e yHHKiureH 3a crpaHara c

paspa6orranero na npo6,reuu s o6,'lacrra 3D npr.rHrr.rpaHero u Moprloloruxra. Tofi npe4crarrrra

croeo6pa:Ha alla.nraMa or H3cJre,qBaHH, BGpxy aHaroMuqns o6exru u rexHr.rqecKu Meroau 3a

c63naBaHe u aHarr,r3 Ha cTpyKrypr, [r opraHH c I,I3K]IIoqHTeJIHo 3HaqeHI.Ie 3a caBpeMeHHoTo HIrBo Ha

flperroaaBaHe, fipeAoneparr.lBHo nraHrrpaHe u pereHepar]IBHara Me,{}Iqr.rsa. Toquoro u:pa6oraane

na *rarepua:ren o6eKT rro KoMnrorbpeu 3D uo4e,r upe3 clreqlraJrlr3lrpaH 3D rpurrep e ctnpeMeHHa

TexHoJIofl,It c MHoxecrBo rrplrJroxelaul. B pa3l,u,ttu orpacJII,I Ha HayKara r,t rexnr,trcara. C rasu

TexHoJroru, Morar aa ce rlspa6oraar o6y u r,rre,THr4 aHaroMr4'rHl I{ TpeHHpoBBqHu MeALIqrrHcKu Ir

xHpypfHqHn MoaeJru 3a rrpeaorrepaTl.IBHo IUIaHIrpaHe, MeALIIIaHcKx I.i HayqeH HHcTpyMeHTapLIyM,

BpeMeHH!l H nocroaHHr.r HMrrJraHTH, eraJroHHH uo4e:ru :a pa:pa6orBaHe Ha Meanr-lr.rHcKl,t

ycrpoficrsa a uayqHu eKcrreprrMeHTr.r, KaKTo t4 tpusuuecxn o6pa:nu $aHrouu KaKTo t MoAeJII,I or

6uononuuep r,r xrlsr.r Knerrcfi - 3D 6r,ronpr.*rrrapaxe.

3a peurasaue ua qeJTra, [ocraBeHa B ,4rrcepraulroHHn r rpya, A-p BGrqaHoB onpeAeJr.f, qerlrpu

T.Hap. ,t 3cJreABaHr,r.f,, c HrKoJrKo nocraBeHu 3araqfl rro Bcrxo or rxx. .{lrcepraumr nol:ra go6pe

no46paua uero4uxa Ha rfcJre.{BaHe, Korro rro3Bo,'urBa flocrr4raHe Ha qeJTra rl [oJryqaBaHe Ha

a.qeKBareH orfoBop Ha 3aaaquTe no oTAeJrHr{Te r.r3creABaHr4rr, nocraBeHH B Al4ceprar{HoHHHr rpyA.

4. Ilo:sasare ua npo6.neua

B nacrorqltr rpyA, AoxropaHTsT npegcranr sagnr6oqeHr,r reoperr{qeH aHaJrHs Ha

npo6:reua c usno:rsBaHem Ha roJrrM 6pofi nnreparypHu r.rsrorrHr,rqu. B mreparypnu-a o6:op

nporuuarar gerafiJrHrrre rro3Harru, Ha g-p fler"rp BrrruaHoB B rrrnpor(ara o6:racr na 3D

TexHororu [ITe .

5. Xapanrepxcrxxa tr orlexr(a Ea Af,cepraqtronEtrfl TpyA

,{ucepraquouHr.u rpya e H3noxeH na 190 crp. }r cr,a}pxa B aocramqeu o6eu ncuqxrl

neo6xoAaus vacru: Br,ee4euue - 4 crp., JlareparypeH o6:op - 61 crp., IJe.n u sagavu - 3 crp.,

Marepua,r r uero.4ll - 32 crp., Pe:ylraru - 31 crp.; O6cr,x.qaue - 22 crp.,Ilseoau I crp.,

flpuHool - I crp. Crpyrcrypara Ia caAtpxaHuero Ha Aaceprarl]roHeH TpyA ca cMlrcnoao .4o6pe

o6ar,psaHu n 6wruucupanu xaro o6eu Ha uu$opuaqn-rra. f.raaulne pa:4e.nn ca $opuylr-rpanu a

:roruxara ua us6paHrrre qeJru H ca aAeKBarHr.r Ha ctABpxaHttero Ha nocraleHr{Te 3aAaqlr.

Jlureparypullr o63op ce orJtt {aBa c.qerafinHocr B aHa.J.ll{3a Ha rr3noJr3BaHr.rre r.r3ToqHr4[tu H

ao6po o6o6lleHue Ha r,r3BecrHr.rre aaHHH no orHorxeHue ua 3D npuurupaHero Hcropr4c, BuAoBe

TexHoJroruu, H3noJr3BaHH Marepvautl4, nocne4saula o6pa6orKa r,r Ap. ,{-p Buruauoa o6o6uaga otr1e

r.BBecrHrrre navuur.r sa uspa6orBaHe Ha ntpBrrqHr.rre 3D r[aiirore, nocJ're.[Barrloro co$ryepuo
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MoAenr,rpaHe, flpr.rHur,rfluTe Ha 6r,ronpr4HTHpaHeTo, IIpIIJIoxeHrrf,Ta Ha 3D npr.rHTr,rpaHuTe o6eKTr.I B

MCAIIIII,IHATA l,l AHATOMI,T'TA.

Karo ocuorHa qeJr Ha rrpeAcraBeHara glrcepraqur, g-p Br,JrqaHoB rrocraB{ c63AaBaHe Ha

CTAHAAPTI43UPAH NO,4XOA OT METOIHKI.I 3A MOAENI,IPAHE, X3PA6OTBAHE U BAJIIIAIIPAHE HA

uop$oloruvHo gocroBepHu MoaenH, KoHTo o'rpa3rBar c BHcoKa crerreH Ha AocroBepHocr

npocrpaHcrBeHuTe, 6rrororuqHa a peHTreHonorlrqHrr cBo[crBa Ha KocrHara r6KaH. Ta:r,l qel,

cnopeA AHcepTaHTa, Moxe aa ce [ocTurHe qpe3 pe[aBaHe Ha qeTxpr{ r,BJreABaH}r{.

1. ClgAasaHe lra MeroAuKa 3a reHepupaHe, uspa6ornaHe, BauruAalu,Lf, Ii KaqecrBeH KoHTpoJr

Ha rr3rpaAeHll qpe3 Tpr.rl43MepeH nerlaT MoAeJIIr, KoI.ITo ,qa oTpa3.f,BaT c BrrcoKa ToqHocT r,r

nperlx3Hocr npocrpancrseHure csoiicrBa Ha Kocrra Karo opraH.

2. feuepupaue, z:pa6oreane H Kr'rHHHqHo npflnoxeHr.re Ha flaqIaerrr-cnequtfuunlr

nepcoHaJrr.r3rlpaHr,r Mo,4eJrx 3a npeaollepaTHBHo IrnaHr,rpaHe Ha cJroxHu opTonealirlHrl onepaquH B

o6nacrra Ha ra3a r{ r,r3cJreABaHe Ha K.rrr,rHr.rqHara rnM et[zracnocr.

3. Cr,sgaeaue Ha Marep,.rrur - 6uoMacrruo sa ercrpy4raparqo 3D [pr.rHrr,rpaHe Ha MarpHrIH,

Koaro npec!3AaBar 6rzoJroruqnure, xr4croJrorltqHa r{ peHTreHonorHqHE csoficrsa Ha rocrra xaro

T'L'KAH

4. Cr:garaue Ha $pBuqecKr{ aHrpoflouopQeu o6pa:eH SaHrou upes VbV Mero.(r{Ka 3a

TpI.IlBMepeH rreqaT rr aHzurrrsr{paHe Ha HefoBaTa peHTfeHo.[orxrrHa AocToBepHocT.

MeroAr.r.rHara qacr Ha rrpoyqBaHEro e ouauelena c 24 $urypu u 4 ra6n*tuu u BKJrroqBa

o,4po6Ho oflucaHr{e Ha r,r3cJreABaHltn Mareppra.n, noJD/qaBaHero Ha 3D t[arloaere, uxnara

uocregnaula o6pa6orra, npoqeca xa nplrH'rlrpaHe tr BanHIHpaHe Ha npoAyKTa, Mero,qr.rre 3a

crarllcrt qecKu aHann3 Ap. Onucaua e npurmepHara ycraHoBKa 3a occrqecrB{BaHe Ha 3a1av.ure

rro qerBbproro r.r3cJreABaHe - rapuaqrlr ua FDM 3D npnHrupauero, Hapevena Voxel by Voxel

(VbV) uero4, npra nomo CT garacer ce npeo6pa3yaa nra r[rasuvecxa o6eKr, Karo 868 BcflKa roqKa

Ha H3rpax(qaHr{{ o6err ce ercrpy,{upa pai}nxqHo KoJrr{qecrBo rIoJIHuep. Ta-:u rexuororar e

paspa6oreHa or HuruQopoc OKa:rrrAr.lc, r43creAoBaren K6M i\,[y - BapHa.

Pesy,rrarure or co6crresoro npoyqBaHe Ha aoxmpaHTa ca npe.qcraleHx B Aocralsqen o6ena

ri ca oHarJ'reAeHx c 18 $urypu u 10 ra6maqu c anar lapaHu AaHHu.

flo nr,peoro or letlr.mr,rpaur,ne v3clre4Barlas ca noKa3aHr,r AalHHrrre or MaHyaJrHH rBMepBaHH,

Ha peanHr.r Kocru or Marepllalr or Kar€4para, 3D Epr,rHTllpaHn MoAeJrH ctc !i 6es repua,rua

KoMneHcaq[, n x3MepBaHr,r{ c Mo.{yn 3a Volume rendering. B ra6,ruqa ca orpa3eHn cpeAHrrre

crofiHocrrl Ha rBMepBaHr,I{Tq rrocJreABaHr{ or u3qucr'rrBaHe Ha crarrrcruqecKr4Te pa3rl{xr u ca

Ha[paBeHu H3Bo,{H 3a roqHocrra Ha r,r3MepBaHt rra x roqHocrra Ha orrreqaraHrare 3D roclHu

MOAeJrr{,
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flo aroporo r43c:reABaHe ca rpegcraBeHr.r KJrr{H}rqHr.I AaHHrr npu naqr{eHTu c aqera6y:rapnu

{paxrypu r.r MeralrHa ocreocuHT$a npe,4uecrBaHa or npeoneparrBHo rrJraHupaHe c aHaroMr.rr{Ho

gocroaepnu 3D npuHl'npaHr4 KocrHr4 MoAeJrH usroreeurz or o6pa3Ho-AuarHocrr4qxme tfaEroae.

[aHuure :a nporuqaHe Ha onepaqurra u nocroneparraBHr,Irl nep]roA npx re3n ITaIIHeHTu ca

cpaBHeHH crc cTaH,{apTHra ofieparHBHrj nporleayp[.

flo rperoro r.rrregBaHe Ar.rcepraHTtT [peAcraB, AaHHu or npr.rJraraHero Ha uo4uQuqupaH

6lrorer sa nprzurupaHe Ha recroBr4 o6exru - xa,rlr6paqlroHHlr KBa,{parrr, ry6 u qlr,rnngr,p, c,roxeH

craQo,rg rz uogel xa XanepcoBa cHcreMa r4 paspa6oraaue Ha MerolxKa 3a xHcroJroruqeH aHaJrr,t3

Ha no,ryuenure o6emlr.

flo veralproro u3cJreABaHe c xoMno3uTeH MaTepr.rztJr, c6Aapxal]l 50olo no:uruleqna

xnce,nraHa (PLA) u 500% repaxornu vacruqu ca r.r:pa6oreHr.r KocrHr.r MoaeJrH - QaHrovu no are

p:BJruqHu MeronHKIt, I(aro npu nrprara o6err, T e H3rpa"aeH czrMo or KoMno3xr PlA/repaxor4 a

npH BTopli, o6err ce pe4yaar eAnH crofi PLA./TepaKora c nocJ'reAoBarelreH cnofi or PLA c

yrecHeHo excrpy.{}ipaHe. flo:ryueuure rocrHrz Molen}r ca crcaHupaxu c CT u o6pzr3r.rre cpaBHeHn c

o6pa3a Ha oparlrHa:rHara Kocr.

[ucrycrlrra pasmexqqa r leraillr noJryqeHlrre pe3yJTrarlt rto pil3rl,rqHuTe x3cJreABaHwI a tn
c6[ocTaB, c aaHHHTe oT csBpeMeHH]tTe nxTepaTypHr,r r,I3ToqHuutr.

HanpareHure x3BoAH no orAerHr.ITe H3creABaHHs ca JlorlrrrHu [, nocJre.qoBarenHr.l.

l. 3D npraurrapaurme KocrHu MoAeJru ca roqeH IrHcrpyMeHT 3a Moptfoloruvulr rl:cne4ranur

u uorar 4a 6r,4ar reHepupaHr.r qpe3 coQryep c orBopeH gocmn. llspa6oreHu or repMonoJrr.rMepr.r

xaro PLA, re noxa3Bar BucoKa EpocrpaHcrBeHa roqHocr Ir He3HaquTe:tra repuaaua geQopMarrfi{.

2. flepcoxa:ru:upaHr.rre 3D xocrHu MoAeJrrl Morar Aa 6r,4ar eSuxacen r.rHcrpyMeHT B

npeAoneparrrBHo nnaHupaHe Ha oproflennqHl,ITe oflepaqlru s o6,'racrra Ha ta3a.

3. B o6lacrra Ha 6r.torrpltrrr.rHra, HaHocrrJrrIxarHr4Te xtrnporcJroBe AeMoHcrprrpar orrHqHH

Sttsuro-xuuuvuu, xrrcroJrofrrqHr.r u perrrreHoJlori.rqHx cBoficrBa r.r Mofar ga 6tgar Qopr\,rzpaH,

ToqHo u HaAexIHo sra Qr,rcuuecxra o6erru cr,c caoxHa rpxrr3MepHa crpyxTypa qpe3

xHxeKrI4 oHHo eKcrpyar.rpaqo 3D npvHflrpaHe.

4. H:pa6oreHnre vpes VbV 3D npr.{HTr.rpane aHTponouop$nn xocrHu rfanroulr rroKa:rBar no-

BHcoKa peHTreHonorprqHa rrJrarHocr or ecrecrBeHara Kocr, no luHeftur.rrr r.ru npot[ul nora:ra

o6nla reHAeHrIHs B piunpeAeneHr4ero na crofigocrure na XayxctlraiilgoBfre eA[Hl.rqu c ra3u Ha

CCTECTBEHATA KOCT.

Br.l6luorpa$urra cuarpxa3Tl 3arraBr,rq Ha rarruuqa. flooevero or rlrrrupaH[Te 3ToqHI,rrIu

ca cr,BpeMeHHH flporl:segeHr,rr, ny6:ulKyBaHI,I rocJleAHure 1 0 roguxrz.
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6. Ilpnnocn tr 3f,arrtrMocr Ea paspa6ornara ra xayrura tr rlpaxTf,Kara

,{r,rceprarmr nocoqBa lrlecr rlpuHoca. Paspa6oreua e Mero.[I{Ka 3a reHepl'rpaHe Ha

aHaroMrrqHrr Moaeru or KT uso6paxeHl4fl I4 TflxHoro lrspa6orrane raro arrponouop$xn 3D

nprrrrrupaHr.r Moaenr.r. If,enara ra c nparntqecKo 3HaqeHue ca 3D [p[HTI'rpaH Te KocrHrr Mo,4eJrIl,

yc[e[IHo Lr3rroJr3BaHH 3a npeAonepaT[rBHo rrJlaHrrpaHe Ha cJroxHI'I opToneal'rtlHl'I o[epaquu.

flpuroxno-reoper[rleH npLIHoc e pa3pa6omanero na uarepual :a 6uonprarmanr c 6uoloruqHra r'r

peHTreuonof rtHl,r caoficrr4 6,nrnrra Ao re3 Ha KocrHara r,sKaH, noAxoAf,IIIo 3a H3pa6ornauero na

cnoxHra rpurlsMepnr,r o6ercu upes nHxel<qlroHHo excrpy,4r'rpaulo 3D flplllrrlrpaue. I{gno:rssaHa e

r.rHoBarrlroHHa Meroauxa ga VbV 3D npnnrupane Ha o6pa:arl tfanrouu, cuuynupaql'I KocrHara

TaKaH, x ca r{3cJleABil}iu rexHrre peHTreHorofl,ltlHu cBoficrBa. cpaBHeHr'I c re3l{ Ha HaruBHara

KOCTHA TAKAH.

7. Ilpeqeuxa xa ny6.nxxaqnnre no Atrcepraqtrof,Etrfl Tpya

,{oxropaumr e npu,roxr.r:r 3 ncnHoreKcroBu rry6r-l,trcu\ttu u 6 yvacru-r ua naq}IoHaJrHI'I

Mex.{yHapoAHrl u qyx(AecrpaHHll Hayuun tfopyuu, cBbp3aHlr c aI{cepraII}IoHHH Tpya.

fly6rulxauurale ca rry6nmcyraHI.r B HauI,toHaJIHo petfepupano cnucauue (n:l) r'r c6opuuqu or

rcou$epeuqura y uac (n=1) H .tyx6uua (n-l ).

8. Jlurno yuacrne rra aoICTopaHTa

Ananu:r.rpafircn q.arocrHoro LI3rorBsHe Ha allcepraulloHHnt rpy,q, Mora ,qa 3aruIloqa, qe

npoBe.{eHoro u3cJle.u,BaHe, rloJryqeHlt pesy:rraru r'r QopuyJIHpaHI{Te [pI'IHocIa ca JII'IqHa 3acJlyfa Ha

4uceprarrra g-p flersp Bbr.raHoB.

9. AnropeQepar

AnropeQepaftr xrM ancepralrrroHHlr-f, TpyA e HanpaBeH cnopeA I'I3IrcKBaHx{Ta I'I orpasrBa B

AocraraqHr{ aerafi,ru ocHoBHme qacrl.I, BKJrIotIpITerHo pe3yrrarrre, nocrlrrHarH B al{ceprallusra.

10. Kpnrxrrx :a6e.:rexxx tr trpetroprxtr

Ynur[uqapaue ua Imfl]IcBaHero Ha pe$epeuqlrrme r 6u6:ruorpa@uxra ua .{ucepralr}IffTa.

3AKIIOIIEHUE

AucepraulroHHucr rpya Ha a-p fler-Lp Crauaror Br':ruaHoB, o3arJIaBeH "Mo,4e,rr-rpaie u 3D

fiprrlrTHpaHe Ha Mop$o:rornuHo AocroBepHa KocTHa Marpl,Illa" cGaspxa HayrlHo-flpl{]IoxHl'l u

npLIJIOXHr,r p$ynTaTI,I, KOr{TO npeACTaBJL[BaT OpI{r[Ha[eH IpI,IHOC B HayKaTa 14 OTrOBapf,T Ha
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BCr,Ir{(Ii II3I,ICKBaHII.S Ha 3aKOHa 3a pa3BHTr.re Ha aKaAeMI.ITIHI.L CTCTaB B Pely6nU(a ESnrapV{

(3PACPE), flparu,rHrrKa 3a npfinaraHe sa 3PACPE a ctorBerHu, Ilpanr.r,ruur< ua MY - Bapua.

Ilpe4craaeHure uffepruru v lncepraurloHHl.I pe3ynrarll HanLJIHo ctorBercrBar Ha

cnequQuuHure u:racrceanrar ua MY - Bapua.

,{ucepraquouulrrr rpya noK{r3Ba, qe AoKTopaHrtT ,{-p fle'I'bp CraMaros Bt rqauoe

rrpurexaBa 3ara;I6ouenu reoperruHu no3HaHH, no rpanlluuoHHl{re L HoBIT HanpaBJIeHLI.f, Ha

aHaroMr,rqHara HayKa r,r aeMoHcrprrpa KaqecrBa r,r yMeHH, 3a caMocrorTeJrHo rlpoBexaaHe Ha

HayqHo rr3cJreABaHe.

llopaAra ropen::roxenoro, y6egeno naBau cBoflTa nonolcamenHaa oqeHr(a 3a npoBe,qeHoro

u3cneaBaHe, npeAcraBeHo or peueH3rrpaHnre rro-rope Aucepraur.roHeH rpya, aaroperfepar,

nocrurHarrr p*ynraru u npltHocr4, u npednazatt na noqumae omo Hayuno crypu da npuct lu
Odpasoaamannama u HayqHa cmenet ,,,\onmop" Ha a-p flertp CraMaror Buruanoo a gorropcxa

lporpaua no AnaroMrll, xucroJroru.fl H qHToJrornr.

15.01.2024 r. PeqengeHr: IIpoQ. a-p Jla:ap ){(e.rIes CJrason, A[t
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