
OT3bIB o$uqua.nbHoro orrroHenTa

Ha Ancceprarlnrc Ha corrcKaHrre yvenofi crerreHrr

KaHArIAara Qns nrco-MareMar[qecnux HayK Jlrrcarc IO;rn u BuralreBH br

Ha reMy: <<PaAuaIluonHo-Su3nrlecKue acrreKTbr paArroHyKJrrrAHofi repanun>>

ro c[euuaJrbHocrr.r 03.01.01 - <<Palno6uo.norns>>

Bo BceM MI{pe orrlernl4Bo npocMarpl4Baercr ycrofi.runax reH.qeHrlull

yBenIrtIeHLI-s rpuMeHeHI4r paguoQapMrperaparoB (P@il) Anr Ar4arHocrr4Kra u

Tepanr4r4 pa3nllqHblx sa6oresanuiT, qeJIoBeKa, rJraBHbrM o6pasou oHKoJrorlrqecKux

14 cepAeqHo-cocyAllcrblx. B cnxsu c srr{M Bonpocbr rroBbrrrreHHx sQ$exrlrBHocrr4

KJII4HnqecKoro I4crloJlb3oBa:rrufl. POII, Borrpocbr olrr4Mr{3arlr{r{ sKcnnyaraueiu

paALIoHyKJII4AHbrx reHeparopoB craHoBrrc.fl BecbMa aKTyaJrbHbrMr4. Kpoue roro

upesnu.raftuo BantHbIM .aBJltrorcfl npo6leuu, Kacaroquect yMeHbrueHr4t

paguoiuo,[oruIqecKllx nocJleAcrenfi npr4MeHeHtrfi pa1vronyKnr,rAHofi. repannu, n
rIacTHOcTrI yMeHbIxeHurI Ao3bI oOnfreHLIrI rrarllreHTa nyreM olTLIMrI3ar{LIH

pexl{MoB SJIIOIIpOBAHLTfl paAr{OHyKJTEAHbTX feHepaTOpOB, AO3LrMeTpHqeCKOrO

nnaullpoBaHyrfl. paArroHyKnu4Hofi Teparrvrkr, yMeHbrxennr o6lyr{eHr..rr [epcoHaJra H

HaceJIeHLIf,, oKpyx(aloulero naIII4eHTa upu aiu6yJraropHoM JrerreHlrv, orrrr4Mkr3ar{rarr

cucTeM orrr4cTKlr xorAKlrx paAuoaKTllBHbrx

paAr.roHyKnrz4nofi T epaTrLM.

B cssgll c orrlM nu6op o6teKroe ltccneAoBankrfl. B AuccepraqNoHnofi pa6ore

Jllrcarc IO.B., B Koropofi uccre4oB€urrrcb Borrpocbr o6ecne.renr4fr pailuaquoHuofi

6esonacHocrl4 u yMeHbllrenufl paguo6uo.rrorlrrrecKux rrocJre4crnufi uplrMeHeHr{.rr

paAI4oHyKJIll4Hofi Tepartl,rra, kr axTyaJrbHocrb us6panuofi TeMbr HLrKaKoro

COMHCHPI' HC BbI3bIBAIOT.

,{ncceprarlr4oHna{ pa6ora Jlucax }O.B. cocror{r krs BBeAeHrrr, o6sopa

OTXONOB OT,IIEJICHI4f,X

nl4Teparypbl, pe3yJlbraroB u r4x o6cyNgeHufl, 3aKJrroqeHr4fl. B 4racceprar{Lrra Her



rJraBbI <SrccnepnMeHT€urbHafl. 'l.aarb) B TpaALIIIEoHHoM ee [peAcraBJleHupl, rITo

o6ycnonneHo crrerlnsuroft pa6orrr. B eseAeHvrvr npvrBeAeH pa3Ael <<MeroAoJIorLIl

r4ccneAoBaHvrfl>>, B KoTopoM yK€BaHo, lrTo ocHoBHbIe pe3ynbTaTbl, IIpeAcTaBJIeHHbIe

n pa6ore, [onyqeHbr c noMorqbro aJrropr{TMoB MareMarl{rlecKoro MoAenupoBauufi.

c LlcrroJrb3oBaHueM MeroAa Monre-KapJro, peaJlla3oBaHHoro B rlporpaMuHoft cpeAe

MCNP; KrI,IHuqecKat SKCrrepHMeHTaJIbHat aIIpo0arILT-rI pe3ynbraroB

MarepnanrrpeaJrn3oBblB€ulacb Ha ocHoBe AaHHrIX O@3KT-rorvrorpaQnu.

Ar.rccepraur4?r Lr3JromeHbr Ha lI4 crpaH[qax MaIIrLIHorILIcHoro reKcra. Cnucor

Jrr,rreparypbl BKnlo.raer 1 2 8 HaHMeHoB a:euit.

Bo BBeAeHr4r.r o6ocHonana aKTyulJrbHocrb Al{ccepraquouuofi pa6oru,

c$opuyn?rpoBaHbr rlenb kr 3a4a'tk1 Haf{Hat HoBrI3Ha u upaKTurlecKa.f, vI

Te op eTLIq e cKat 3HarlllMo cTb, MeToAoJIo fHtr I4C C JIeAOB AHVrfi .

B uepeofi rJraBe <O6sop Jr?rreparypbD) orlrcaHbl o6rqze TpIIHIILITIII vr

ocHoBHbre HarrpaBneHrrr paAuoHyKJrraAuoft Teparrwr, paccMorpeHbl ocHOBHbIe

PO[I u pa4vroHyKJrnAbr, npuMeHfleMble B reMaroJlorvvr u oHKoJIoflIu, ocHoBbI

KJrrlHtrrrecr<ofi srcnryararlnv paA?roHyKJI?IAHbIX reHeparopoB, Ao3LTMerpl,lqecKoe

rrJraHlrpoBalvre ra o6ecneqeH?re paALIoHyKnuAHofi Tepailvru, o6sop KTLIHIIvecKLIX

pexr{MoB paAr{onyKJrraAsoft Teparrr4n, rIprIBeAeHbI peKoMeHAaWu rro

ofpaHnqeHr4lo [peAeJIbHo ,4orrycTL4Mbrx Ao3 LI MeTOAIIKI4 OIIpeAeJIeHI{-fl BeJILIqIIHbI

ocraror{Hofi arrznHocr?r B TeJre rrallr4eHTa, npuBeAeHbl ocHoBnrre tpe6oBaHnfl. Lr

MeTOAbr pacqeTa cHcTeM oqr{cTKll paALIoaKTLIBHbIX OTXOAOB B OTAeneHI{flX

paAuOHyKJIuAnofi Teparun. llpreeAegHrre nllTeparypuble AaHHbIe

cBlrAerenbcrBylor o6 epy,4Iallull aBTopa B I43)nraeuofi uvr npo6leue.

HayuHan HoBrI3Ha Al{ccepraUuonnofi pa6oru Jlucarc IO.B. orpaxeHa B

ocHoBHbrx pe3ynbrarax pa6oru, [prrBeAeHHbIX B 5-ru HIaBax AI4ccepraIIuE:

hasa2 <<llosbrureHr4e eQ$errunHocrr{ KJII,IHLIqecKoro uclloJlb3oBanr4fl

paAlrol{yKJrlrAHbrx feHepaTopoB Ha ocHoBe olTI4MI43aIILlI4 peXI4Ma SIIOIIpOBA}II{fl>>,

fnaea 3 <<Mero4 Monre-Kapno MoAenr4poBaHvTA B Ao3llMerprrlecKoM

nnaHrdpoBalur4 paAldoHyKnnAnofi TeparIIlLT), fnana 4 <<PaAuaquoHHo-



frlfl4eHl4rrecKLre 14 Ao3rrMeTpl4qecKlre acIreKTbI 3KCTpaBa3aJIbHOrO BBeAeHn.'I

TepaneBTr4qecKl{x P@lI), fnasa 5 <<Onruirau3arJus. crrcreMbl oqLIcrKkI )KI4AKLIX

paAuoaKTr4BHbrx orxoAoB B orAeJreHr4r{ paAuoHyKruAnofi Tepalu}D), flana 6

<<O6ocnoBaHLre Bo3MomHocrrl avr6ynaropHoro neqeHlrs B paALIoHyKllzAHoft

Tepaluu>).

flepnax qacrb pe3ynbraron u o6cy)KAeHr4t rlocBtrrleHa perreHnro npo6leurt

rroBbrrrreHlrrr e$SerrnBuocrr4 KluHlrr{ecKoro LlcrroJrb3oBanvrfl. paALIoHyKnLIAHbIX

reHeparopon. Jlrrcarc IO.B. rpeAno)Kvrna paccqlrrbrBarb rrpeABapvreJlbHyrc Aary

tocrllTuulvrgaTJvrvr [arILreHTa LI AnrlTenbHocrb ero upe6bIBaHE B KJII4HIIKe, vrobrr

Ha ocHoBe rpe6yevrofi axrnsHocrLr BBoALrMoro PQII orrrlrMlr3'lpoBarb npeueHnofi

pexr{M snro}rpoBaHkrs, paAr,roHyKnu,qHoro reHeparopa. Anx [poBeAeHut III{Kna

pacqeroB BpeMeHr{ sJrrolrpoBanLrfl, paALroHyKJrr4AHoro reHeparopa Jlrrcax IO.B.

paspa6orala [polpaMMHoe npunoxeHr{e c ucrroJrb3oBaHr4eM xzst(a

nporpaMMLrpoBaHurr C Sharp (C#), rro3BoJrrroulee oIrrLIMLI3LIpoBarb pexl4M

gnror{poBaHkrfl, oALrHHaArIarv wau6oJree ucnonb3yeMbrx B KrI4HI,IrIecrofi npaKT}IKe

paAr4oHyKJrr4AHbrx reHeparopoB. Pa:pa6ora:n:nafl. Jlrrcar IO.B. rporpaMMa

rro3BoJuer r{cKJrroqLrrb rroJryreHue [arIueHToM .rpesvrepnofi BeJIHqLIHbI

aKTT4BHOCT?r AOqepHefO paALrOHyKrrLrAA rrpu 9JTTOLIpOBAHVTVT paAUOHyKILIAHOTO

reHeparopa, qro raKxe rro3BoJrf,er ug6exarb norepro Sparquu repaneBTlaqecKoro

P(D|I.

Bropax, ocHoBuaf,, rracrb pe3yJrbraroB 14 o6cyN4eHux nocBflIrleHa

paspa6orr<e MoAeJrLr Ao3lrMerplrqecKoro rrJraHupoBalrtvrs. paAlroHyKruAuofi

Tepaltldl4, yq[TbrBarorqefi uepcoH€ulbHbre oco6enHocrl4 rIaIIHeHTa, MaKcHM€uIbHo

AOCTOB€pHyIO OIIeHKy IIOTIOIII€HHbIX AO3 KaK B IIaTOJIOTIITIOCKI/IX oqarax, TaK LI B

BEJII4TI?IHbI

r43JIyqeHut

3.qopoBbrx cr4creMax opraH?r3Ma. flpu co3AaHlrra MoAeJI?I AIrfl orIpeAeneHLIrI

HaKorrJreHnofi arcruBHocrkr P@il u ortreHKe paccefllnvrs u rIorJIoIrIeHHt

B reJre rarlLreHra Jlrrcar IO.B. nu6pana MeroA Monre-KapJlo,

pearlr3oBannrrfi B crrequarrr4suponaHnofi npolpaMMe MCNP-4C2. Pa:pa6orae

MeTOArrKy OIIeHKI,I BeIr4qLlHbI HaKOrrJreHHOI4 B OTIyXOIeBOM Oalafe aKTEBHOCTII,

Jlsrcar IO.B. npoBena KrzHlrrrecKyro alpo6aquro paspa6oraHHofi MeToAtIKLI I4



cpaBuraJra nonyqeHHbre pe3yJrbrarbr c nureparypHbrMlr AaHHbrMlr. ErIrto

ycTaHoBJreHo, qTo pacqeTHbre r4 JrprTepaTypHbre AaHHbre xopoluo cornacyroTcr, qTo

rro3BoJrrer Jlrrcar IO.B. yrBepxAarb o rroBbrrrreHrrn roqHocrlr Ao3rrMerprrqecKoro

lIJlaHr/rpoBaHkrfl. paAlroHyKruAnofi Tepalr4r4 lrpr4 I4crroJrb3oBaHr,ru pazpa6orannofi

MeTOALIKI4 OUeHKLI OIIafOBbIX AO3.

Tpemx qacrb pe3ynbraroB Lr o6cyx4eHlrr rocBlruleHa Ao3lrMerplrqecKoMy

MoAenr4poBaHr,rro sKcTpaBa3arluu paAUoHyKnHAHbIX [pe[apaToB u or{eHKe

BbrpaxeHHocrlr ryqeBbrx pearcqufi B o6racru 3KcrpaBa3€urbHoro BBeAeHHt

TeparreBrr/HecKrrx P@II' Ha ocHoBe B-z:nyvarerefi. Mo4enupoBaHHe

ocyulecrBJr.flJrocb MeroAoM Monre-Kapno, peanr,r3oBaHHoM B rrpolpaMMHoM

npoAyKre MCNP4c2. B pa6ore Jlrrcar IO.B. 6un crenepupoBaH eneuenrHufi

cocraB AepMaJrbHoro cJror, xoropufi zMLTTHpyer oqar sKcrpaB€L3arJvrn P@n

TeparreBTprrrecKofo Ha3HaqeHpr-{ B rr4rroAepM€urbHoM cJroe vr paccuurarta

rrorJrorrleHHar Ao3a B AepMaJrbHoM cJroe AJrr cJreAyroqux P@lI, ucrroJrb3yeMbrx B

rcrunrrecKofi rrpaKrrrKer'oY-"6puryMoMa6rzyrceraH, t"I-MI6f, t3tl-fioA"A

'rlarpzrfl, 
tnY-*nopz4 (neporrHo, Ar4cceprasr oruu6 cfl, Lr Aonx{eH 6rrm P@lI na

ocHoBe
tnst). VcranoereHo, rrro oKcrpaBa:!€urbHoe BBeAeHI{e Pqpil Ha ocHoBa tnY

He rrplrBoAr4T K cepbe3HbrM nyqeBbrM rroBpexAeHr4-{M B o6nacru

oKcrpaBa3ar!krr4.3r<crpanas€urbHoe BBeAeHLre [pelaparoB Ha ocHoBe 
t"I npuno4rar

yxe K 3HaqrlTerbHo 6onee cepbe3HbrM noBpexAeHlrrrM, nplr gKcrpaBil3ilrrbHoM

BBC.IICHLII4
e o Y -u6p^ryrr,r o vr a6TuyKc eraH a na6nro.uarorcs MaKcr4MaJrbHo

Bbrpor(eHHbre nfreBbre noBpex(Aennfl. Koxcnbrx rroKpoBoB. Tarzu o6pasou,

Jlrrcar IO.B. BnepBbre 6sua rpeAJroxreHa MeroALrKa pacqera Ao3 BHyrpeHHero

o6lyrenux Koxr4 AJrfl Ao3nMerpr4rrecKoro MoAenr{poBalus, gKcrpaBa3arJvrLr

TeparreBTuqecKlrx P(D|I Ha ocHoBe B-uenyrarerefi c qenbro cBoeBpeMeHHoro

rrpeKpalqellr4fl BBeAeHr4rr rrauueHTy I{HbeKIILTLT v yMeHbrrreHr,lfl TeM caMbrM

JroKaJrbHofi ryree ofi uarpysrc v ilpu paAr4oHyKrn4nofi T ep anvu.

(tns.)



9erneprax qacrb pe3yJrbraroB 14 o6cyx4eHIax nocBtlrdeHa cneqH$zre

npoeKTlrpoBaHrrs u $ynxquoHupoBaHr4{ cnerlKaH€urprcarJvru B orAeneHul4

paAr{oHyKlraAnofi Tepalur4. Jlrrcar< IO.B. Ha ocHoBanlau AaHHIIX no HaKorIJIeHI4ro

Lr pacrraAy paAZoHyKnLrAoB B xr4AKrrx paAuoaKrr4BHbIX oTXoAax, crpyKrypbl

p€BpaooraJra[oToKa rrarl]reHToB B oTAeneHr4I{ paAI4oHyKJILTAHOI4 TepAnnU

MareMarLrqecKyro MoAeJrb nocTyrrneHr4r paALIoaKTTIBHbIX

cnerlKaHaJrpr3arlun. Pa:pa6oraH:nafl MATCMATUqECKAf, MO.IIEJIb

ooecreq?rTb cooTBeTcTBr4e copacblBaeMblx paALIoaKTLIBHbIX

xos.f,ficrsenHo-6rrroByro .KaHaJrlr3arlurc HopMarlrBHbrM rpe6onanuxvr vr Mo)Ker

6rrrr ncrroJrb3oBaHa rrpv [poeKTlrpoBaHrlr{ clerlKaHarru3arJvrv KaK BHoBb

crporrqlrxc,rr orAerenufi paguoHyKnlrAnoft repanvrr4, TaK v npv olrrllMrl3auuu yxe

SyurqnoHrapyrou{ux orAerenufi .

HarcoHeq ) rrflTas. qacrb pe3ynbraroB kr o6cyx4enux nocnruldna

ooocHoBaHrrro Bo3MolnHocTrr reqeHzr [arlrreHToB B aMoyJraTopHoM pex[Me rrpl4

rlcnoJrb3oBaHvrvr P@il Ha ocHoBe pa3nr4qHbrx paALroHyKJrrrAoB Ia co6rroAenufl rrpvr

raKoM JrerreHnrr rpe6onaHvfi HPE. ,{ur eroro Jlrrcar IO.B. npoBeJra pacqerHoe

peaJru3arl vr paAr4oHyKJrr,lAHokt Tepaluur,rccJreAoBalJkre Kpr4TeplreB

rrcrroJrb3oBaHr4eM ABaArIaTr4 oAHoro 9-V- u BocbMr{ ct-B-y-u:nyqarorlr4x

paALroHyKJrrrAoB, c$opunpoB€LJra cqeHaprafi B3a?rMoAeitcrsux HaceJreHLIr c

laqueHToM nocJre BBeAeHuf, euy P@il, cvrO4ervrpoBura reoMerplllo BHeIxHero

o6nyrenzr KoHTaKTupForrIux c rarlreHToM JrLrrI: cQopnazpoB€ura €urrop?ITM

pacqera Aogoeofi Harpy3Klr Ha mo4efi, oKpyxanqux 6omnoro, lpoBena

cpaBHeHlre paccqlrraHHbrx r4 Jrr{TeparypHbrx AaHHbrx. llo pesynbraraM pacqeroB 14

r4ccJreAoBarwrfi Jlsrcar IO.B. o6ocnoeana Bo3Moxuocrb rrpoBeAeHr{rl

arrn6ynaropHoMpaAuor{yKJruAnofi Tepan:r:,z^ [arIneHToB B

r4crroJrb3oBanuvr P@n Ha ocHoBe pa3rlrqHbrx pa,qlroHyKJI?IAoB, 3a

r4crroJrb3oBa;rtLTA 
tttln v 131I npu [eqeHr,ru au$SepeHqupoBaHHoro paKa

oTXO.4OB B

II03BOJI'ET

orxoAoB B

pex{rrMe rrplr

UCKTIOqCHUCM

rrILrroBHAHofi xeresu ([Pil{xt)



HayrHrre pe3yJrbrarbr Aracceprarll{oHHofi pa6ortr JIoIcar IO.B. .nBJlslorcf

AOCTOBepHbIMLI rI HOBbIMH.

IlparcrnuecKafl BHaqrrMocrr. Pa^:pa6oranHas MeroAlIKa oIIeHKI4 BeJII4qLIHbI

aKTr4BHocrr4 P@|I B [aroJrorr4qecKoM orlare AJIS Ao3uMerputlecKoro

nnaHr{poBa1vrfl. paru.,roHyKnuAsofi Tepanvv npolxJla yclelrlHyro KTI4HI{qecKyIo

anpo6aquro s ra6oparopuu paAr{olr3orounofi ArlarHocrIaru HMZII oHKoJIonIIl

trM. H.H. Eloxnna M3 P@. ,{pyrue pe3ynbrarbl pa6oru (upe4noxeHHrrft

rpurepuft orrrrrMrr3arl Vv pe)KVMa gJrroupoBaHurl paAuoHyKJII,IAHbIX reHeparopoB,

pacqer pe€urlr3arlvrvr Kypca PHT n arvr6ylaropHoM pexrlMe, pacqer MoITIHoQTIa

craHrlun oqLrcrKu XPO) 6y4yr oocrpe6oBaHbl KJII{H?IKaMH, ocyqecrBJI.f,IoIrIIrtMI4

p aALroHyKnuAHyIo rep aru{rc.

,{uccepraqux u anropeSepar AocraroqHo xopouo

Aerope$epar cooTBercTByeT coAep)KaHI4Io AuccepTaI\un. Pa6ora

HAYIIHbIM'3bIKOM XOPOUIC|O YPOBHS.

flo 4aHHofi Ar4cceprarluonnofi pa6ore cneAyer cAeJlarb cJleAyrou[{e

3aMeqaHl4t:

- B nr4TeparypHoM o6sope orllcaHo orreHb MHoro p€t3HbIX o6t€unsIx TeM I{

HalpaBneHufi, no, TeM He MeHee, nr.rreparypuslfi o6gop He noABoALIT K I{enu

pa6oru LI I{3 Hero He BbITeKaIor 3aAaqnvccne4oBanufl;

- pa6ora rrocBrrrleHa paccMoTpeHl{a

paAlroHyKnuAHofi Tepanwu, a B Tperbefi rrraee orrllcaHa KJIrIHuaIecKat alpooaqru

- s ,ra6nmle 11 Al4ccepral{uu vr n ra6nuqe 2 asrope$epara rpLIBeAeHbI

?ICXOAHbIe AaHHbIe pe3yJrbrarbl Monre-KapJlo MoAenupor,anvrr

3KcrpaBa3aJrbHoro BBeAeHHT pa4rao$apMrrpenaparu 
tnY-*nopnaa. Ho nsnectuo,

Ll3JIOXteHbI.

J
HAI]LICAHA

pa3nLIqHblx acneKToB

upe4raraeuofi MeroAI4KI{ u

JrLrTepaTypHbIMLI AaHHbIMH

AHaTHOCTI4qeCKI,IM;

npHBoArrrc{ cpaBHeHLIe pe3yrlbTaroB pacrlera c

AJrr t"I-MIBG. Sror rpenapar tBrl'erct

rrro urrpufi - 89 frBnrflercfl, cra6nltHblM ?I3ororloM.



Buecre c reM, yKa3aHHbre 3aMeqaHHt He yM€LnrrcT 3Haqr4MOCTr4

Ancceprarlr4oHHoro r4ccneloBaHufl. Araccepra[us orBer{aer rpe6onaHarna,

ycraHoBneHHbIM IVIocxoecxl4ivl rocyAapcrBeHHbrM yHHBepcHTeroM HMeHr4

M.B. JlovoHocona K pa6orala noao6soro pola. CoAepxanue ilvaaeprarJ11

coorBercrByer nacropry cnellHanbHocrH 03.01.01 <<Paluo6uoJrofr4r)) (no

Qu:zxo-uareMar'LrecK,M Hayrana), a raKxe KpHTepHrM, onpeAeneHHbrM nn. 2.1-

2.5 floroxeHzq o rrpucy)r(A eHr4v yqeHbrx creneuefi B Mocxoncrotr

FocyAapcrBeHHoM yHHBepcHrere hMeHn M.B. JlonaoHocoBa, a raKxe o$opvleua,
cofJracHo npanoxceHHrM }lb 5, 6 floroxeuus o AHcceprarrHoHHoM coBere

MocxoncKoro rocyAapcrBeHHo ro yHr4 Bepcr4Tera r4MeHrz M. B. Jlovosocona.

Taxnu o6pasorul, concKareJrb Jlrrcax lOnns Burarnesua 3acnyxr4Baer

rlpucyx.4euns. yvenofi crereHz KaHAHAara Su:uro-HrareMarr4r{ecKr4x Hayr( 11o

cneur4anbHocrr4 03.01 .01 - <<Paruo6uororr4q)). J

OSuquanrHsrfi orrroHeHr:

AOKTOp XHMHr{eCKI4X HayK,

AHpeKTop rro r4HHoBaqnousor,i AerrenbHocru, AHper(un,
AO (HI4OXkl uv.II.fl. KapnoBa))

[y$nor BlaAulrup Po6eproBur{

Kouraxrubre naHHbre:

rer.: 7(9 I 0)5 I 6-00-49, e-mail: duflot@karpovipc.ru

c neuua;rrHocrb, rro Koropofi o$ u uraan bHbrM orr rroHeHToM

3arq[ueHa Ar4CCepTa]0.ufl:
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Alpec Mecra pa6orur:
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