
OTibIB oqrnllHaJibHOro onnoHeHTa B.n. fpHHHHa o ,uHcceprnllHH 3.l1. Bopo6beaa « .z:i:HHaMH -

Y.eCKHe npolleCCbl B ra30ITbineBblX npOTOnJiaHeTHbIX AHCKax», npe,ucTaBJieHHOH Ha COHCKaHHe 

yY.eHOH CTeneHH AOKTOpa <pH3HKO-MaTeMaTH'-IeCKHX HayK. 

,n:11ccepTal1HH 3,uyap.ua 11:ropeBHYa Bop06besa n0CBHllleHa H3yYeHHIO )].HHaMHYeCKHX 

npOlleCCOB B npOT0nJiaHeTHbIX AHCKax H HX amrnHHIO Ha aKKpellHOHHYIO aKTHBH0CTb MOJIO,llblX 

3Be3.u, Haxo.uHmHxcii Ha cTaAHH 3B0JIIOllHH .uo rnaBHOH nocne.uoaaTeJibH0CTH. I-b tta6n10,uett1111 

H3BeCTHO, 4TO aKKpel(HH aew.ecTBa Ha MOJIO)],ble 3Be3)],bl npOHCXO)],HT BeCbMa HepaBH0MepHO. Ha 

BpeMeHHbIX Macwrn6ax, cpaBHHMblX C nepHO,UOM spaw.eHl1H 3Be3)],bl, HeCTa611JibHOCTb aKKpellHH 

o6ycJIOBJieHa B3aHMO)],eikTBHeM aKKpel(HOHHOro )],HCKa C MarHHTOCcpepoH 3Be3)].bl. npoHCXO)l(JJ,eHHe 

6onee MaCwTa6HbIX co6bJTHH, Ha6JIIO)],aeMblX B 811)],e MOW.HblX BCITbIWeK cpyopoB, CBH3bIBaIOT C 

pe3KHM YCHJieHHeM TeMna aKKpellHH. np11po.ua TaKHX co6hITHH y)Ke )],JIHTeJibHOe speMH npO)],OJI)KaeT 

OCTaBaTbCH npeAMeT0M Q)KHBJieHHhlX )].HCKYCCHH. B )],HCCepTallHH 3.11. Bopo6beaa npeACTaaneH 

HOBhIH B3rJIH)], Ha ny npo6neMy, cornaCHO KOTOpOMY Hecrn6HJihHOCTh npol(ecca aKKpeL1HH Ha 

MOJIO)],ble 3Be3)],hl HBJIHeTCH CJie)],CTBHeM rpaBHTallHOHHOH HeycTOHYHBOCTH H cpparMeHTallHH 

npOTOnJiaHeTHhIX AHCK0B Ha paHHHX CTa)],HHX HX )BOJIIOLIHH. CnoHCOpOM )Toro npol(ecca HBJIHeTCH 

npO)].0JI)KaJOw.eecii Bbina)],eHHe Ha )],HCK 3Be3)],bl sew.ecTBa H3 OCTaTKOB npOT03Be3)],HOro o6JiaKa . 

.n:HccepTaUHH ocpopMJieHa B 811)],e )],OKJia)],a, OCHOBaHH0ro Ha pe3yJihTaTaX 3 5 CTaTeH. OHa 

cocT0HT H3 Bae)],eHHH, wecT11 mas H 3aKJIJOYelnrn:. Bo Bae)],eH1111 AaH no.upo6HhIH o63op TeKyw.ero 

C0CTOHHHH HCCJie)],OBaHHH no (pH3HKe npoTOnnaHeTHbl X )],HCK0B, ccpopMyJIHpOBaHbl l(eJIH 

)],HCcepTaUHH H pe3yJibTaTbl, BbIHOCHMbJe Ha 3aw_1,ny, 0TMeYeHa 11X HOBH3Ha H npaKTH4eCKaH 

3HaYHM0CTb. 

B rnase 2 on11caH <.J11cneHHbIH rnApomrnaMH<.JeCKHH KOMnJieKc FEOSAD (Formation and 

Evolution of Stars and Disks), pa3pa6ornHHhJH aarnpoM )],11cceprnl1HH .unii M0)].enHpoaaHHH 

)],HHaMH4eCKl1X npol(eCCOB B JJ:HCKaX B ABYXMepHOM np116JIH)KeHHl1. 3,uecb 6bIJIO 6hI yMeCTH0 

npHBeCTH HeK0T0pbie no)],p06HOCTH, HanpHMep, KaK YY.HThIBaJiaCb BH3KOCTh npH Y.HCJieHH0M 

peweHHH 3a)],a4H H )],aTb CChinKY Ha HCT0YHHK, 113 K0TOporo 6bJJIH 83HTbl cpyHKUHH Harpesa H 

OXJia)l(JleHHH. 

B pa3Aene 2.2 noKa3aHo, '-ITO 6onee T04HhIH pact.JeT Tennosoro 6anaHca B AByxMepHoH M0)].enH 

)],HCKa, Y4HTbIBaIOW.HH rpa.n:11eHT TeMneparyphl no OCH z , n0HJ1)KaeT TeMneparypy B AHCKe. B 

pe3yJihTaTe yaenHY.HBaeTCH CTeneHb rpaBHTal(HOHHOH HeycTOH4HBOCTH JJ:HCKa H, KaK CJie)],CTBHe, 

KOJIHYeCTBO cryCTK0B, o6pa3ylOW.HXCH B pe3yJibTaTe rpaBHTallHOHHOH cpparM.eHTaUHH. 

B nocne)],yIOW.11X pa3.n:enax r JiaBbl 2 om1caHbl MO)],H(pHKaUHH BblYHCJIHTeJibH0ro KOMnneKca 

FEOSAD, YY.HThIBaIOw.He 3B0JIIOUHIO nb1nesoi1 K0MnoHeHThI AHCKa, HepaaeHCTB0 TeMnepaTypbI 

TTblJIH H fa3a, HaJIH4He B AHCKe MarHHTH0ro nonii, a Ta101<e cpa30Bhie npeapaw.eHHH M0JieKyn co H 

CO] . CpasHeHHe c cyw.ecrny10m11MH cei1t.Jac BhJ4HCJIHTeJihHhIMH K0MTTJieKcaMH .n:pyrnx aaTopoa 

noKa3hIBaeT, '-ITO FEOSAD o6na)],aeT 6onee w11poKHMH B03MO)KH0CTHMH npH H3yY.eHHH 

JJ:HHaMHY.eCKOH )B0JIIOUHH npoTonnaHeTHhlX JJ:HCK0B. 

rnasa 3 TT0CBHW.eHa HCCJie)],0BaHHIO )],HHaMH<.JeCKOH H TenJI0B0H )B0JIIOL(HH JJ:HCK0B, HX 

rpaBHTaUJiOHH0H HeycTOH'-IHBOCTH H cpparMeHTaUl-lH. noKa3aHo, Y.TO rpaBHTallH0HHaH 

cpparMeHT3llHH 3aBHCHT OT Ha<.JaJibHhlX ycnOBHH B )],03Be3.D:HhlX o6JiaKax: '-leM 60JibWe Macca 

npoT03Be3AHoro o6naKa H cKopocTb ero apaw.eHHH, TeM aKTHBHee HJJ:eT npouecc cpparMeHTallHH. 

CTp11 HaY.aJibH0H Macce npoT03Be3AHOro o6naKa nopHAKa l MaCCbJ ConHlla o6pa3y10w.11ecii a 

pe3yJihTaTe rpaBHTaUHOHHOH cpparMeHTal(HH o6beKTbl npe,uCTaBJIHIOT co6oi1 nn0THbJe ra30Bbie 

crycTKH a AHana3oHe Mace OT OAHOH Macchi JOn11Tepa AO 0AH0H )],eCHTOH MaCChI ConHL(a. C 

HCIT0Jih30BaHHeM ynpow.eHH0H M0)],eJIH nocTp0eHbl cneKTPaJihHbie pacnpe)],eJieHHH )HeprnH. 

noKa3aHo, 4T0 MaCCHBHbJe H ropHYHe ra30Bhie cryCTKH M0fYT np0HBJIHTbCH B BH)],e JI0KaJihHhIX 

M3KCHMYM0B B cneKTPaJibHhIX pacnpe.n:eJieHlli!X 3HeprnH Ha ::::: 5 µm. 

11:ccJie)],OBaHa TaK)Ke B03M0)KH0CTb Ha6JIIO)],eHHH ra30BbIX crycTK0B Ha H306p3)KeHHHX 

npOT03Be3JJ:HbIX JJ:HCK0B B Ml1JIJIHMeTp0B0M .u11ana30He. C )TOH L(eJiblO C HCn0Jib30BaHHeM 

nporpaMMHoro Mo,uynii CASA l noCTP0eHbI CHHTeTHY.eCKHe 11306p3)KeHHH AHCKa Ha .n:n11ttax aonH 0.9 
11 1.3 MM. noKa3aHo, Y.TO o.n:ttoro Yaca Ha6JIIOAeHHH Ha HHTepcpepoMeTpe ALMA c yrnoahIM 

pa3peweH11eM 0. 1" )],0CT3T04H0 AJIH o6Hapy)KeHHH fa30BhlX crycTK0B C MaCCOH OT l .SMJ Ha 

op6HTaJibHhIX paCCT0HHlli!X - 800 a.e. B np0T03Be3)],H0M AHCKe, Haxo.uiiw.eMCH Ha paCCT0HHHH 250 
napceK OT ConHL(a. 



• 

B rnaBe 3 o6cy;l()la.JOTCSI TaJOKe pa3Hble no.nXOJlb[ K MO.nem1p0Bam110 TeTTJlOBOH '.3BOJ1IOU1111 

npOTOnJlaHeTHblX Jll1CKOB. fioKa3aHO, 4TO 6a30BaSI MOJleJJb C 0Jl11HaKOBOH TeMneparypoH nbIJJl1 11 ra.Ja 

np11 yYeTe BSl3Koro HarpeBa 11 HarpeBa 113nyYeH11eM 3Be3Jlbl np11ro.nHa .nnsi pewemtsi 6onhw11Hcrna 

Jll1HaMl14eCKl1X 3a,na4. Pa3Jll14IDI B TeMneparype ra3a 11 nb1Jll1 He Bbl3b1Ba.JOT Ka4eCTBeHHblX 

11JMeHeH11H B CTPYKrype .n11cKa, HO 11x H)',KHO Ylfl1TbJBaTh np11 11ccne.n0Bamrn XHM114eCKOH '.3Bon10u1111 

npoTonnaHeTHblX Jl11CKOB 11 oueHKaX 11X MaCCbJ. 

B 4ernepTOH rnaBe npe.ncTaBJleHbl pe3yJlbTaTbl '{11CJieHHOro rl1,LlpOill1HaMl1'-ICCKOro 

MO.nen11poBaH11S1 MOll{HblX BCnbIWeK aKKpeu1111 11 CBeTl1MOCTl1, no.no6HblX BCnblWKaM <pyopoB. 

PacCMOTPeHO TaJOKe BJIIDIHl1e TaKl1X BCnbIWeK Ha XHMl1KO-JlHHaM114eCKYIO '.)B0JllOU11IO Jl11CKa 11 

3Be3Jlbl. 8 .naHHOH Mo.nemt BCnblWKl1 CBeTl1MOCTl1 np011CXOJlSIT B pe3yJJbTaTe npHJlHBHbl X 

pa3pyweHl1H ra30BblX cryCTKOB B OKpeCTHOCTl1 3Be3Jlbl c noc11e.ny10me11 aKKpeu11e11 11X Bemecrna Ha 

3Be3.ny. Pac'!eTbl noKa3blBaJOT, '!TO crycTKl1 <pOpMHPYIOTCSI BO BHeWH11X 0611acrnx Ll.11CKa B npouecce 

rpaB11TaU110HHOH <J:>parMeHTaU1111 11 M11rp11py10T no HanpasneH11IO K 3Be3.ne B pe3yJlbTaTe 

rpaBl1TaU110HHOrO B3a11MOJJ.eHCTBl1SI C .npyrHMl1 crycTKaMH 11 co cn11panbHblMl1 BOJJHaMl1 nJJOTHOCTl1. 

ABTOp .n11cceprnu1111 11Hor.na Ha3bJBaeT '.3TOT npouecc na.neH11eM crycTKa Ha 3Be3.ny, HO Ha caMOM 

.nene '.)TO, .neHCTBl1TeJJbHO, M11rpaUHSI, a He na.neH11e. B npouecce MHrpau1111 crycTKl1 MOryr 

pacna.naTbcsi o6pa3ysi KOJJbUeBbte CTPYKTYPbI, Ha61110.naeMb1e Ha 11306p3)KeHIDIX .n11cKOB B 

cy6Ml1JlJll1MeTpOBOM .n11anaJOHe. 

BcnblWKH Moryr Ha61110.naTbCSI KaK 113011HpOBaHHbJe co6blTl1SI , pa3.neJJeHHble 6oJJbWHM 

HHTepBanOM BpeMeH11, TaK 11 rpynnaMH (KJ1aCTepaM11). TiapaMeTPbf BCnblWeK - cpeJlHSISI 

npo.nom1rnTeJJbHOCTb 11 CBeTHMOCTb - cornacyJOTCSI C .naHHb(M11, no11ylfeHHblMl1 113 Ha6mo.neHl1H 

<pyopoB. Bo BpeMSI TaKl1X BCnbtWeK CBeTl1MOCTb 3Be3JJ.b( yBeJJl1411BaeTCSI B .necSITKl1 H COTHH pa3. 

3To oKa3bIBaeT c1111bHOe B03.ne11cTB11e Ha 110H11Jau110HHY10 CTPYKTYPY OKOJJ03Be3.nHoro .n11cKa. 

fIOCKOJlbKY aKKpeu11si H HCTe4eHHe Bell{eCTBa B BHJJ.e Ll.11CKOBOrO BeTPa 11 Jl)KeTOB TeCHO CBSl3aHbl 

Me)l(J]_y co6oi1, BCnbtWKH aKKpeu110HHOH aKTHBHOCTH Moryr c11JJbHO BJJl1S!Tb Ha cTpyKrypy Jl)KeTOB, 

Bbl3blBaSI nOS1BJJeH11e Ha Hl1X nsiTeH 11 Y3Jl0B. TaKl1M o6pa30M, npe.nJJo:iKeHHaSI aBTOpOM 

rn.npo.n11HaM114eCKaSI MOJJ.eJJb )ll1CKOB Ha paHHl1X '.)Tanax 11X '.3BOJJIOU1111 xopowo cornacyeTCSI C 

Ha61110.naeMblMH y MOJJOJlb[X 06beKTOB Cl1JlbHbIMl1 <J:>11yKryaU11SIMl1 TeMna 11CTe4eHl1SI Bemecrna . 

.naHHaSI MOJleJJb, KaK noKa3aHO .nanee, np11MeH11Ma TaK:iKe K OKOJJ03Be3JJ.HblM )ll1CKaM BOKpyr 

CBepxMaCCl1BHbIX nepBH4HblX 3Be3JJ., o6pa3yl0ll{l1XCSI Ha paHHHX '.3Tanax '.3BOJJIOU1111 BceJJeHHOH, a 

TaJOKe K MOJIOLl.blM MaCCl1BHblM 3Be3.naM ranaKTl1Kl1. 

Hapsi.ny c '.3TOH MOJJ.eJJblO B lfernepToH rnaBe .nnsi noJJHOTbI KapT11ttb1 paccMoTPetta TaK:iKe 

aJlbTepHaTl1BHaSI MOJleJlb BCnbJWeK <pyopos B pe3yJlbTaTe pa3Bl1THSI • MarHl1TO-p0TaUHOHHOH 

HeyCTOH4HBOCTH. fioKa3atto, '!TO Otta TaK:iKe MOn<eT ocymeCTBJlSITbCSI B LI.HCKax MOJlOJlb(X 3Be3Jl 3a 

11CKJ1I04eHHeM MaJlOMaCCHBHblX o6beKTOB, Macca KOTOpbIX MeHbWe 0.28 COJ1He4HblX Mace. 

rnasy 4 3aBepwaeT aHaJ1113 BJ111SIHl1SI BCnhIWeK CBeTHMOCTl1 Ha Ll.11HaM11lfeCKYJO '.)BOJIIOUHIO 

Jl11CKOB. fioKa3aHO, 4TO B c11y4ae MOlllHbl X 11 npo.noJDK11TeJ1bHbl X BCnhIWeK )TO BJ111SIHl1e 0Ka3bIBaeTCSI 

JlOBOJlbHO Cl1JlbHbIM 3a C4eT nOBbIWeHl1SI TeMneparypb! Ll.11CKa, '!TO MO:iKeT 3aTPYLI.H11Tb pa3Bl1THe 

ra30Ll.11HaMH4eCKl1X HeycTOH411BOCTeH. fioKa3aHo TaK:iKe, 4TO r11.npo.n11HaM114eCK11e MO)lem, C 

nepeMeHHOH npOT03Be3JJ.HOH aKKpeu11e11 11 '.3nl130Ll.11lfeCK11M11 BCnhlWKaMH BOCnp0113BOJlSIT 

Ha61110.naeMblH pa36poc 60JIOMeTPl14eCKl1X CBeTHMOCTeH H TeMneparyp npOT03Be3Jl, a TaK:iKe 

3aBl1CHMOCTb 60110MeTP11YeCKOH CBeT11MOCTl1 OT MaCCbl 3Be3)lbl. KpoMe Toro, aKKpeu11si Bemecrna 

npOT03Be3JJ.OH Ha CTaLl.1111 ee <p0pM~posaHl1SI MO:iKeT 06bSICHHTb Ha61110.naeMblH pa36poc CBeTl1MOCTH 

B MOJIOJlblX 3Be3JlHbl X CKOTTJleHHSIX 6e3 KaKOfO-JIH6o 3Ha411TeJ1bHOro pa36poca B HX B03pacTa. 

K '.3TOH rnaBe ecTb He6onhwoe JaMe'iatt11e: aBTop .n11cceprnu1111 11cnoJ1h3yeT 6e3 nosicttett1111 LI.Ba 

pa3Hb!X TepM11Ha, o6o3Ha4a10ll{He OKOJI03Be3JJ.HbJe Jll1CKH MOJIOJlhlX 3Be3.n. B OJlHHX CJIYlfaSIX )TO 

npOT03Be3JlHbJe Jl11CKH, B .npyrnx - npoTonnatteTHbJe. XoTeJIOCb 6bl 'IT06ht aBTOp .n11ccepTaUHH 

nOSICHHJJ, '!eM Bbl3BaH TaKOH .nyanH3M. 

B rnaBe 5 o6cy-,KJJ.aeTCSI BOnpoc O np011CXO)l(J]_eHl1H nnaHeT-rHraHTOB 11 KOp114HeBblX KapJIHKOB B 

KOHTeKCTe paccMaTPHBaeMOH MO.ne1111 JlHHaMH4eCKOH '.3BOJ110UH11 npoTOTTJlaHeTHbl X Jl11CKOB. 

fioKa3aHO, 4TO po;l()leH11e TaKl1X o6beKTOB SIBJISleTCSI ecTeCTBeHHblM CJJeJlCTBl1eM ra30Jl11HaMH4eCKOH 

ttecrn611JJbHOCTH nepmpepHHHblX 0611acTeH Jl11CKOB 11 l1X nocne.n,y10me11 <J:>parMeHTaU1111. YacTb TaKHX 

MaJlOMaCCHBHblX 06beKTOB no11y4aeT CKOpOCTH, npeBbJWa.K)ll{He JJOKaJlbHYIO CKOpOCTb y6erattHSI 11 

nOKH.naeT Cl1CTeMy. 0HH cpopM11py10T MaJlOMaCCHBHOe KpblJJO Ha4aJlbHOH cpyHKU11H Mace. CrycTKH 

C MaCCOH Mettee 15 M .lup pacna.na10TCSI np11 B3aHMOJleHCTBl111 C aKKpeu11p)'IOllll1Ml1 OCTaTKaM11 

npoT03Be3JJ.HOro o6naKa. Mo.nen11posaH11e nOKa3aJ10, '!TO 4aCTb cryCTKOB Ha nep11cpep1111 JlHCKOB 

'.)BOJJIOU110H11pyeT B nnaHeTbI-rnraHTbl 11 KOpH'IHeBble KapJJ11KH C WHpOKl1MH op6HTaMH. TaKHe 



06beKTbl 6hlmt o6HapyiKeHbl B xo.n:e nmtCK0B 3K30nJJaHeT 11 pa3B11TaJI .n:11ccepTaHT0M M0.D.eJJb HX 

Bn0JJHe y6e.n:11TeJ1bHO o6bllCllileT. Mo.n:eJJb He o6bllCllileT cymecTB0BaH11e K0p114HeBblX KapJJ11K0B Ha 

W11p0KHX op611Tax, o6HapyiKeHHblX y 3Be3.n: C MaCCOH < 0.7 Mace COJJHUa. JTO rosop11T O TOM , 4T0 

o6pa3oBaHHe TaKl1X CHCTeM ffY)K,D.aeTCll B H0BblX no.n:xo.n:ax. 

B nocne.n:HeH, wecToH rnase o6cy)K.lJ.aeTCll sonpoc 06 1somou11H OKOJJ03Be3.D.HOH nb11111. 

BaiKHOCTb )Toro sonpoca o6bllCllileTCll .UBYMll o6CTOllTeJJbCTBaMH. Bo-n epBblX. 0b)Jlb ( oco6eHHO 

MeJ1Kall ) llBJllleTcll saiKHei1w11M 11cT0YH11K0M Henpo1paYH0CT11 npornnnaHeTHblX Jll1CKOB, OT KOTOPOH 
3aBl1Cl1T TepMO.D.l1HaM11Ka .D.11CK0B. Bo-BTOpblX, nblJlb llBJllleTCll 0CH0BHblM MaTepHM0M, 113 K0T0poro 

06pa1y10TCll nnaHeTbl 3eMH0H rpynnbl, a TalOKe ll.D.pa n11aHeT-rHraHT0B. KaK 11 8 npe.D.blJlYLUHX 

rnasax, paccMaTp11saeTCll ra300blJJeBOH npoTOnJJaHeTHbJH .D.HCK, no.n:sep)KeHHbl H C11JlbHOH 

rpaBHTaUHOHHOH HeycTOHYHBOCTH 11 cpparMeHTau1111. O.D.Hl1M 113 KJIIOYeBblX napaMeTp0B, BJIHlllOLUHX 

Ha CK0p0CTb yKpynHeHHll nbJJll1H0K. llBJJ.SleTCll ryp6y11eHTHaJI CK0p0CTb. HMeHHO 611aro.n:apll eH, a 

TalOKe o6paTHOMY npoueccy - pa3pyweH11IO nbJJl11H0K np11 CT0JIKH0BeHl1llX - MeJJKaJI nbIJlb M0iKeT 

.U0B0JlbH0 .n:onro coxpalli!TbCll B sepXHl1X CJI0llX np0T0nJJaHeTHblX .D.HCK0B, 0 4eM cs11.n:eTeJ1bCTByIOT 

Ha61110.n:eH11ll OK0Jl03Be3.D.HOH ) KCTHHKUHH y 3Be3.n: rnna ux Ori. B paCCYHTaHHblX MO,D.eJJllX 

ryp6y11eHTHaJI Bll3K0CTH 3aqmKC11posaHa C n0M0lllblO napaMerpa CL illaKypbl 11 CIOHlleBa (np11 CL = 

] 0-2 
). PacYeTbl noKa3aJJH, YT0 .D.HHaMHYeCKaJI HeycTOHYl1B0CTb .D.HCKa npHB0.D.HT K Heo.n:Hopo.n:H0MY 

pacnpe.n:e11eHI1IO nbJJll1. KpynHaJI nblJlb K0HUeHrp11pyeTCll BO BHyrpeHHeH 0611aCTl1 .D:HCKa. 

AHaJJOrH4Hbl M o6pa30M se.n:eT ce6ll nhlJlb BffYTPH fa30nblJJeBblX crycTK0B, 4T0 cnoco6crnyeT 

o6pa30BaHHIO ll.D.pa, 113 K0T0poro MQ)l(eT Bb1paCTl1 nnaHeTa. 

OueH11Ball .n:11cceprnu1110 8 ueJJ0M, Heo6XO.U11MO n0,D.4epKHYTb, 4T0 M0.n:e1111posaH11e 

ra30.n:11HaM114eCKl1X npoueccos B np0T0nJJaHeTHblX .D.HCKaX 0TH0CHTCll K 4HCJJY Ha116011ee CJI0iKHblX 

3a,D.a4 cospeMeHH0H acrpocp11311Kl1, Ha.n: pewett11eM K0T0pblX pa6oTaIOT rpynnbl TeopeTHK0B B pa3HblX 

CTpattax. Pe3yJJbTaTbl, no11yYeHHble .n:11ccepTaHT0M 11 BblHeceHHbJe HM Ha 3aLUHTY, Ha,D.e)KHQ 

o60CHOBaHbl 11 BH0CllT KpynHblH BKJJa.n: 8 pa3BHTl1e )TOH 0611aCTH acrpocp11311KH. Pa6ora 

3.11.Bopo6heBa y.n:osJJeTB0plleT BCeM rpe6osaH11llM, npe,D.bllBJJlleMblM K .UOKT0pCKl1M .n:11ccepTaUl1llM. 

Pe3yJJbTaTbl , nonyYeHHble .n:11ccepTaHT0M, M0ryr 6b1Tb peK0MeH.n:osaHbl .D.Jlll BKJII04eH11ll B yye6Hl1KH 

no acrpocp113HKe 11 Hay4Hble noco611l1 .D.Jlll cry.n:eHT0B 11 acn11paHT0B, 113Y4aIOLU11X npoueCCbl 

3Be3.n:oo6pa30BaHl1ll, a TalOKe .ll.Jlll HCn0JJb30BaHHll B Hay4HblX 11cc11e.n:osaHHllX no )TOH TeMaTHKe, 

np0B0.D.HMblX 8 acTp0H0MH4eCKHX HHCTHTyrax 11 o6cepsaTopHllX P<l). C4HTaIO, 4T0 3.n:yap.n: 

Hropes114 Bopo6heB 6e3yc110BHO 3ac11yiK11saeT np11cyiK.D.eHHll eMy yYettoH cTeneHH .U0KTopa 

q>H3HKO-MaTeMaTH4eCKHX ttayK no cneu11aJJbH0CTH 0 1.03.02 acrpocpH3HKa 11 ;Be3.D.HaJI acrp0H0MHJI. 
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