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BeAyrrlero )nrpex,qenr,rr Ha Ar,rcceprarlldro PycrausoAa Argaua Pycrava Ira reMy: <<PageHTI'Ie

MeroAoB onpeAeJrenr,rr [apaMerpoB rrepB]r.nroft qacrnllbl rfir,rpoKoro arMoc$epnoro JrI'IBH-f, rlo

AiurHbrM AeTeKTOpOB 3aprxeHHbrx qacTr,rq BbrcoKoropHbD( ycTaHoBoo)., [peAcTaBneHHyIO K

3arru{Te B Ar,rccepraqnonurrfi coBer 6D.KOA-055 npn @Eglaro-rexH[qecKoM LlHcr]rryre I{M.

c.Y. Y1aaposa Haqnona-nrnofi aKaAeMlru uayr TagxuK[cTaIIa Ha collcrallne yrenoft cTeIIeHIl

KarrArrAara (fusuno-iraareMaruqecrlrx HayK no cneqrraJlbuocrtr 01.04.01 - <flpu6opbl rr MeroAbr

oKcfiepl{Menrzurrnofi Qnsuru>
Arrya.rrruocrb reMbr Ar{ccepraur,rra HecoMHenna. I4syreHue nepBlrtlHbx KocM}rqecKnx

nyreft (IIKD - oAHo ras Qyn4arvreHTarrbHbx HanpaBJleHrtft conperraennofi aclpo$nsurr'I u

tfnsmr,r BbrcoKr{x sneprufi. Macconrfr cocraB fIKJI ,qaer r,rn(popuaqulo An.a noHl'IMarrux

np4poAbr KocMlrqecKoro ra3Jrfrenua. IIpu gHeprrurx Bblr[e 10t5 sB eAI,IHoTBeHHnIM ]lcrot{HnKoM

ru(fopuaqnn ocrarorcr xaparcreplrcrrrKr,I mLIpoKLIx arrvroc$epnrx nnsuefi (IIIAJI),

r{Hr,rq}r?rpoBarrHbD( ertrMr{ qacrr,rqaM[ IIpn nx Bar.IMoAeftcrBlII4 c arMocoepoft 3erraruI.

Conperraennbre Mero,ubr orrpeAeneHr,rr Macclr nepnu.nroft qacrlnlbr no my6nue MaKcI'IIvIyI\da

pa3B[Tr,rr IIIAJI, qrrcJry MrooHoB r{ MHo)r(ecrBeHHocrI,I gneKTpoHHo-$orouuofi r<orr'rnoneHtbl

rroKa3brBaror orpaHlrqenHyro rryBcrBr,rreJrbHocrb [r BbIcoKyIo creneHb Heo[peAen€nnocru, vro

ocJrolKHf,ercr culrnofi 3aBr.rcuMocrblo p$yJlbraroB or nrr6opa MoAeJM aApoHHoro

sgaqNdoAeficrBr,rs. Conoxynuax HeorrpeAenennocrs flpl{ olrpeAeneunu Maccbl nepnra'rrofi

qacrnrlbr ocradrcs Ha ypoBHe 30-40 %. B sroft csssa aKTyaJIeH rIoPIcK HoBbD( [oAXoAoB K

perrreg[ro yKa3aHubx .npo6nerra. Oco6rrfi rrHTepec flpeAcralJlter ]IcrloJlb3oBarr[e

lpocrparrcrBeuno-yfnoBoft crpymypbr MrooHHoft rorrauonenru IIIAJI I4 rlo[xoA, ocnosaHHbul Ha

arraJr[3e (poprrau yrnoBoro pacnpeAeneHr,rr Mroonon. Pa.:pa6orKa raKoro ro'uoAa orBerraer

pemeHI,IIo MHorux llpaArlql{oHHbD( 3aAaq, Ho vt cJryX}rT neo6xoAmurnra gneMeHToM Ant

.ro"rpo"""r ru6pn4nrx gKcrrepr{MeuTaJrbHbx KoMnJIeKcoB HoBoro TIoKoJIeHI'It (ernrouar [poeKT

<IIaI,rnp-XXI>). Aff eroro rpe6yercf, o6reAunenlle MeroAoB tII{cJIeHHoro MoAenl'IpoBarlut'

aHilrr,I3a 3KC[epI'IMeHTaJIbH6X AaIIHbD( I{ OtIT}IMI{3aqI',M napaMeTpoB ycTaIIOBKI{'

B guccepra{r,ru [peAJroxeH ]r peaJr[BoBaH MeroA maccu(puHallu]I nepB]IrrHbx qacrull Ha

ocHoBe anam{3a ([opnru yrnoBoro pacflpeAeneHut Mloouon, ([oprra4pyloqeroct B Ilpoqecce

pa3BlITI,It IIIAJI. B orJII{tILIe oT rpaAI{q}IoHHbD( MeToAoB Aanuml noAXoA I'IcroJlrsyer

lruQopuaquro o rpocTpallcrseHnofi cTpyKrype roroKa MIooIIoB IIIAJI' 3ro no3BoJlfler

MlrHI,IMlI3lIpOBaTb BJII4xHI{9 MOA9JI6HrD( vr KaCK44Hbpr QryrCryaUnft a nonyl}lTb nOsrni

nu(foprr,rauleHbfii IIapaMeTp, tITo [oATBepXAaeT aI$yaJIbHocTb TeMbI AI'IccepTaq]r]I'

Crenenr n3yqeHHOCTu llgg5egyervrOfr TeMbI. I'ICcneAOsaHI'Ie MaCcoBoFO CocTaBa

IIKJI npeacTaBJrreT co6oft oAHy pr3 nan6Onee cJIoxHbIx, a IIOTOMy lI [poAonxpITeJIbItbIX

3aAaq acrpolfrasnKl,I BbIcoKI,Ix sueprnfi. OAnaKo, AaIruufi Bonpoc flo-[pe)Klleuy octaercr

OTKpbITbIM B AlIana3OHe ggepruft sbl11le -10t5 SB. B OCHOBHOM' ll3yqeHbl OCHOBHrIe

r,rcToqHr{Kr,r HeorrpeAeJr€nnocreft, Ho He MeTOAbI }IX [peoAoJIeHE{. floetorvry noeHfi noAxoA,

rrpeAnaraeMsrfi s Ar.IccepTaqvrul, alrMeHHO, [CIIOJIb3OBaHI,Ie ]IHTerpaJIbHbIX XapaKTepI'IcTI'IK

yrJroBOrO pac[peAeJleul,If, MIOOHOB, cnoCO6es BHeCTII gauernrrfi BKJIaA B pemenue

LcHosHofi npo6lertru. flo cytn, paspa6orKa ,UlIccepTaHToM IIoAxoAa' ocHoBaHHoro Ha

yfnoBoft cTpyKType MrooHrroro $poura, npeAcTaBnser co6oft HoBOe Ha[paBJIeHLIe B

o6nacrl,I r3yqeHns ruAJI.



Hay.rnar HoBrlsHa llccneAoBaHl[fl

1. Paspa6oraga HoBar Merogr,rKa peKoHcrpyKIII,IH napaMerpoB flepBllttrrofi qactprrlrr

mlrpoKoro arrraoc$epuofo JrlrBrrt, ocHoBarrHajr Ha MoAenI,IpoBaIIlIu fionepelmoro pacnpeAeJleHllt

r{ BpeMegHoro $ponra 3apflxeHHbx qacrr,rll perurcrpllpyeMbrx cer.sMI,I AerexropoB B ycnoBltflx

BbrcoKoropHbD( ycraHonor. MeroA o6ecneqnBaer [oBbIIrIeHHyro rorrHocrb BoccrarIoBJIeHI'It

grreprr4lr, HarrpaBJreHr4r npnxoAa r,r KoopAlrHaT ocr{ Jr}rBHff rlpr{ sHeprurx Eo > 1 fIsB.

2. Ilpe4noxeH 1r o6ocuosaH nosrfr rnaccn([uqnpyroquft npI,I3HaK AJrfl orIeHKr Maccbl

nepna.Ilrofi tracrlrrlbr Ha ocHoBe r{HTerpaJIbHbD( xapalffepl,Icrl,IK yrJroBoro pacllpeAeneHrlf,

MroorroB, trro rro3BoJrr{iro BrrepBbre peairrl3oBarr ycrofiw,IBoe pa3AeJleH}re tAep no Macce Ha rp}r

rpy11nbr (.nemue, cpeAHr{e, uxerrre) B gHeprerl{tlecKoM Al{ana3oHe 100lIeB - 1 3sB.

3. flora:ana ycrofr.naBocrb paspa6om:rHbD( rlplr3HaroB K nu6opy MoAenI{ aApoHHoI'o

nganrraoAeftcrBLry. Cpanneune rrroAeneft QGSJETO1 n QGSJET-II-04 noKa3aJlo, rrro lr3MeHeHlre

MoAeirlr nplrBoArrr K orKJroHeHrrro Bepof,THocrl,I KJlaccn(fIanaqnouuofi ourn6xra ue 6olee, r{eM Ha

5 Yo,wo noArBepx.qaer yHlrBepcaJrbHocrb MeroAa B paMKil( cylqecrByroullx [oAxoAoB.

4. Buepnue [ocrpoenbr yHlrBepcaJrbHbre Kpurepu]r ruaccu(pmaqun co6uruft,

o6ecne.umarcrque pa3AeJreHEe nporoH-a3or lr a3or-xeJr$o IIp]I oAHoM Ir roM xe nopofoBoM

3HaqeHr,r[ upr,BHaKa, 6es Heo6xoArdMocr]r aAarITaII]t]r noA KoHKperHyIo MoAeJIb I'IJr]r paccrotHl{e

no ocu Jrr,rBHr. 3ro o6ecnewsaer upaxTuqecKylo [pI,IMeHLIMocrb MeroAa B ycnoBl'Ifix

HeorrpeAen€nnocrpr xon([urypauu]I ycraHoBKI'I.

5. Parpa6oranbr peKoMeHAarluu Anfl npoeKTlrpoBttrll{fl BbrcoKoropHbx AereICTopHED(

cr,rcreM, a lIMeHHo orITI4MaJIbHbre paccrof,H[s Ao rpeKepoB (>100 u), yrnoaoe pa3pellreHue (ne

xyxe 0.2o) u nnouaAb MrooHHoro rpeKepa (> 400 u2), neo6xoAIauble Ans peaJII'I3aIIur

rrpeAiroxeHHoro rloAxoAa Ha npaKTI{Ke

TeopernuecKafl 3garrrrMocrb Alrcceprarlraonnofi pa6orrt 3arrroqaercr n paspa6orKe LI

o6ocnoeaHnrr HoBbD( noAXoAoB K arraJrlr3y Atu{HbD( llIAII, HarrpaBneHHED( Ha 6onee rorilroe

BoccrarroBJreHlre [apaMerpoB qacrrubr I]KJI. flpe4noxennar MeroAuKa peKoHcrpyKrlrll4

gHeprlru, HarrpaBJreHrlrr r4 KoopAlrHar ocu IIIAJI ocHoBarla Ha napaMerplr3allllu IIoIIepeqHoFo

pacnpeAeneHl{f, IIJIoTHooTI{ 3ap$KeHHbD( tlacTuq I'I BpeMeHHoro ifponra' 3to nogsontet

frllTbrBarb Qzsnuecxue oco6ennocrra pa3BllTnt KacKaAa B ycJloBl{trx BblcoKoropbt AJrr

pa3nurrHbD( TunoB AeTeKTopHbD( ycTarroBoK.

Bnepnrre paspa6oran lr peanrrcoBaH MeroA rrraccraifmaqulr Maccbl rIepBI'ItIHbx qacrull Ha

ocHoBe aHaJrr,r3a (foprvrrr yrnoBoro pac[peAeneul,Is MIooHos. I'Icnorb3oBarilIe orHoclrreJlsHbD(

rrapaJ\,reTpo r{HTerpzlnoB no yInoBbIM Anana3oHulM vt plx oilroruennfi - 
IIO3BOJUIeT

cyrqecTBegHo SHLI3I4TI BJIIIf,HT(e cncTeMaTI'IqecKI{x [orpemHocTeft, cnlsauubDt c nu6oporra

MoASJII{ a,UpoIIHbx< s3au1,{OAeftCtsgfi. 3rO OTKpbIBaeT Bo3MOxtHOcTB 6onee naAexnOro

BbrAeneglr{ rpFrrr qacTr,u B Ar,rarra3oue eneprnfi 101?- 101s gB 
- 

B KJIIOtIeBOft O6naCrU [epexoAa

oT raJIaKT'ltIecKoIo K BHeranaKTllrtlecKoMy KOMIIOHeHTy KOCMI{tIecKofo }I3nyqeHIIf

Jlpal(rn.recrcan 3HaqrrMOCTb 3aKrroqaercs B BO3MOXCHOCTLI flpsMoro ilpI',IMeHeHI',Is

rrpeAnoxeHHbD( MeroAoB B cocraBe 6yaylqnx BbrcoKoropHbD( sKcrleprrMeHToB Iro per}rcrpalll4rl

IIIAJI, raKlrx KaK ycraHoaKa (IIaMI,Ip-XXb. Paspa6omnHble aJII'OpIrrMbI peKOHCTpyKIIUT lI

ruaccutpurarlulr rro3BOJUrroT rroBblcllTb TormocTb oqeHKI'I gHepruu' HtlIIpaBneHlIt n MaccoBoro

cocraBa nepB14.rnbnr qacrr,rq 6es cyqecrneHHoro yBerutleul4t tMcJIa AereKTopon, o6ecue'rusaror

naAexnoctr lllrTeprlpeTaruu.

florryr.rsHrre p$ynbrarbr Moryr 6rrrr racnoJIb3OBaHbI rlpll [pOeKTHpOBaIr]IU HOBbD(

AeTeKTopHbD(cI,IcTeM,BToMtMcJIeMIooHHbxTpeKepoB,[p}Ico3Aall}lnMeTOAI.IIIeoKI,IXocHoB
Ant aIIaJM3a AaIIHbD( KOCMI,IqeCKI'IX gKCnepIIMeIITOB, a TaKXe A O6paSOnateJIbIIbD( I'I HayrIHbD(

qeJurx Anr noAfoToBKlr cllequaJrlrcToB s o6nacm actpoQnsr'rKl,I BbIcoK]IX SUepruft'

crenenr AOCTOBepHocTH p*yJIbTaTOB. [octoeepuocTb p$yJIbTaToB o6ecnewsaeTct

HgrroJrb3oBzrglreM npoBepegHbrx [pofpaMMHbD( cpeAcrB MoAeirrpoBauI'Ir (GORSIKA, Geant4)'

aKryanbHbrx uoAeleft aApoHHbrx nganrrloAeftcrsrft (QGSJET01, QGSJET-II-04)'



crarlrcrrFrecKr{ 3Haqr,rMbD( Bbr6opoK (He Merree 200-300 co6brrrft Ha KJracc) u repeKpecrHofi

Banr{,uauueft Ha pa3nruHbrx MoAeJrf,x. Ycroft.rueocrr rnacclr([uq4pylou]rx [pI,I3HaKoB

uoArBeplKAeHa cpaBHeHlreM Me)KAy MoAeJrrMr,r u [IoBTopreMocTblo pe3ynbTaToB Ha

He3aBr,rclrMbD( AturHbD(. Cmn4apruar norpemHocrb oIIeHKTI nepoaruocteft ourz6or
xraccu$maqrlr He npeBbrlnaer +0.02

Jln.rnrrft BKJTaA aBTopa. Bxna,q Ar,rcceprarrra B I,I3Jror(eHHbre B Al{ccepraql,I}r p$ynbrarbl
rBrceTcr BecbMa 3HarIETeJrbHbrM, a B HeKOTOpbD( HallpaBneHl{fi - onpeAeJrflIoquna. Bcs

o6pa6orxa r4cKyccrBeHnrm co6rrrufi IIIAJI, olrHMI,I3aqIiIfl aJrropI,ITMoB, rlor{cK I,I onruMI,BaqI,It

Kpr,rrepr,reB or6opa co6rnufi orleHKr,r HeonpeAenennocrefi BoccrarroBJleHlrt [epBLIrrHbD(

napaMerpos nr,rsHefi nrr6op orrr]rMaJrbHbD( [apaMerpoB cerK]r AereKTopoB 3aprxeHHbrx qacrl,Iq

r{ Kp}rrepueB, npoqeAypa oqeHn}r nepn*runofi guepr}rfi BbI[oJIHeHbI JILIqHo aBTopoM.

Ily6;rnnaqn[ no reMe Ancceprarlru. flo pesynrraraM BbmoJIHeHHbD( I{ccireAosaH[ft uo

TeMe4lrcceprarrl*r ouy6maronano 9 [eqarnbrx pa6ot, B ToM trlrcJle: 3 crarrr,I B pelleH3[IpyeMbrx

xypHaJrax, BxoAflrqr,rx B nepetreub BAK npr,r llpesu4enre Pecny6maru TaAxurucran,2 crarblr
B peqeH3ktpyeMbD( )KypHanrx, lrnAeKcltpyeMbD( s 6a3e Aarrubrx Scopus, a raxlre 4 ctaruu s
c6opnurax AoKJraAoB pecny6nnraucKrx H Me)KAyHapoAHbrx ron(fepenquft no KocMI,IqecKI'IM

JryraM ra Sr,rsure BbIcoKlIX sneprr,Ift, qTo AeMoHcTpI,IpyeT I4x BbIcoKIafi aa1r.ilI611X)OBeHb.

flo 4nccepralllu MoxcHo cAeJlarr cJreAyroq[e 3aMerraHrrfl .

1. B 4uccepraulrlr ncnon*yrorcr rorrbKo ABe MoAeJIu pa3Bl,Irns IIIAJI, QGSJET-0l u

QGSJETII-O4, paspa6oranuble oAHtrM aBropoM.

2. B gzcceprarlrrr4 po3brrpbrm IIIAJI rpoBoAnJlct roJrbKo 4nx (furcupoBaulrbrx sneprnfi l,
10 u 100 fIgB, a He c r,rcrroJrb3oBarrlreM crreKTpa IIKJI, qro KarKercs 6onee ecrecrBeuHblM.

3. Ilpra ETeHlru co3Aaercr BnerrarJrenl{e, r{To o6rop B AI,IcceprarI}II{ cJr}rrrlKoM 3arflHyt.

Br-rrrrer,r3roxeHHbre 3aMeqarrrar coBepmenHo He yMaJItIor IIeHHocru 6onsmofi pa6otrr,

BbmoJrnenHoft A. Pycrarraso4a Ha BbrcoKoM HayqHoM ypoBue. Pery.nrrarbrr BbrHocuMbre Ha

3aqrrry, rrpeAcraBJurror nepe4nr,rfi $ponr coBpeMeuHrur actpo([Ll3uqecKux llccneAosaHl4fi.

Penouen4yerra Ar{ccepraunro Pycmrraso4a AtsaMa Pycra.rraa <Pagnnrze MeroAoB

onpeAeJreHr{r uapaMerpoa nepnnunoft qacrr,Iqbr mlapoKoro arrraoc(pepHoro JIr{BHt Iro AtlrrHbrM

AeTeKTOpOB 3aprXeHHbD( rracTr,rq BbrcoKoropHblx ycTaIIoBoK)), KOTOpafl tBJIteTCt garonqennofi

caMocroflTenrnofi HayqHo-r,rccneAoBarenbcKofi pa6oroft, K 3alqlrTe Ha co]IcKar{ue yrenoft

cren'enu KaHAlrgara (fasnro-uareMarrrrecKl,Ix HayK rlo cneq[aJlbHocrl4 01.04.00

Ousura (01.04.01 - <flpn6opbl LI MeroAbI sKcnepllMeHrarlbHofi (pusuru>).

flo yponnro u o6rdMy BbrrroJrHeHnbx lrccneAoBarl,Ifi, crenenu nayruoft HoBrI3Hbr rI

qeHrrocr?r noJryqeHHbrx pe3yJrbraroB Ar{cceprall}rfl yAoBnerBopter rpe6oBaHuma BAK upu

flpesugenre Pecny6nuru TAAxrirKlrcrarr, [peAbtBJIteMbIM K Al{ccepraq}rtM Ha col{cKaHlre

yrenoft crefreHlr KanAlrAara H&fK, a e0 anrop A. P. Pycrarrl3oAa 3acJlyxtlrBaer IrplrcyxleHl'Ifl eMy

yr€nofi cre[eHr,r KaHAr,rAara (fu:uro-uateMarl,IqecKl,Ix HayK no cneq]raJlbHocrl4 01.04.00 -
Olrsura (01.04.01 - <flpu6opbl lI MeroAbI sKcllepl,IMentalrnofi tprasuru>).

Orgrre cocraBI,IJI gas. na6. HAUAVIPAH, s .y' /
A.*.-M.H. 
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