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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of News of
NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index demonstrates
our dedication to providing the most relevant and influential content of chemical sciences to our
community.

Kasakcmar Pecriybniukacbkl ¥nmmbiK fbliibiM akademusicbl «KP ¥FA Xabapnapbl. @u3ukasibik-
MamemMamukarsblK Cepusicbl» fbifibiMU XypHanbiHelH Web of Science-miH xaHanaHraH Hyckachl
Emerging Sources Citation Index-me uHOekcmeryee KabbindaHaaHbiH xabapnaldel. by
uHOekcmery 6apbicbiHOa Clarivate Analytics komnaHusicsl XXypHasndbl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoaHe the Arts & Humanities Citation Index-ke
Kabbinday meacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmoprap, bacnawsinap
MeH MeKkemeriepee KoHmeHm mepeHOiai MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. Xumus
JK9HEe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabIK YWiH eH
e3eKkmi xxeHe bedendi xumusinbIK fbibiMOap bolibiHwa KOoHmeHmke adandbiabiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIlt XypHan «M3eecmusi HAH PK. Cepusi gpusuko-mamemamuyec-
Kasi» 6bii npuHsam dns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMoOmpeHUs
komnaHuel Clarivate Analytics dnsa danbHelwez0 npuHaImMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npednazaem kadecmeo u anybuHy KoHmeHma Ons uccriedoeamersnel, asmopos,
u3damened u y4ypexoeHul. Bkro-yeHue Ussecmuss HAH PK e Emerging Sources Citation Index
deMoHCmpupyem Hawly rnpueepxeHHOCMb K Haubornee akmyasnbHOMY U 811USSIMeibHOMY KOHMeHmy
10 XumMu4yeckum Haykam 05 Haule2o coobujecmea.




bac peapakrop:
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I'naBHbIl pegakToOp:
MYTAHOB TI'aiumkaup MyTanoBH4, JOKTOp TEXHHUECKUX Hayk, mpodeccop, akagemuk HAH PK,
1.0. TeHepaIbHOro aupekTopa « MHcTHTyTa MHQOPMALMOHHBIX U BRIYHCIUTENBHBIX TexHoiorui» KH MOH
PK (Anmatsi, Kazaxctan) H=5

PepakunonHasi KoJIerus:
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HAH benapycu (Munck, benapycs) H=2
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TUTUHSAHY Hon MuxaiijoBu4, TOKTOp (U3UKO-MaTeMaTHYeCKHX HAyK, aKaJeMHK, MPE3HIICHT
Axkanemuu HayK MonnoBbl, Texunueckuii ynusepcuteT Mongossl (Kumnnes, Mongosa) H=42
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HAH PK, Kazaxcrancko-bputanckuit rexunueckuii yausepcuteT (Anmarsl, Kazaxcran) H=10
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HAIlMOHAJILHBINA YHUBEPCUTET UM. anb-Dapadu (Anmarsl, Kazaxcran) H=12
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HAHOCTPYKTYpHUPOBaHHBIX MarepuanoB (Pum, Utanus) H=26
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JI.A. MlecrakoBal, A.W. Kenxkedexona?
'Actpodusnuecknii uacTHTYT M. B.I'. ®ecenkona, Anmatel, Kasaxcran
Kazaxckuii HannoHanpHbIH YuusepcureT uM. anb-DPapadu, Anmarsl, Kazaxcran

e-mail: shest1952@mail.ru, akm_74 _08@mail.ru
CYBJINMMAIIUA IBIJIEBBIX YACTHII BEJIN3U BEJIOI'O KAPJINKA G29-38

Annorauus. [IpoBemeHBl pacueTsl TemmeparypHoro OamaHca W OpPOMTalIbHOM 3BOIIOLUHU
CHUJIMKATHBIX W TPa(UTOBBIX MBUIEBBIX YAaCTHI[ B 00JIACTH CyOJMManuu OKojio Oenoro kapimka (G29-38.
Temn cyOnumanmu (MCTiapeHus) 3aJaeTcs TeMIepaTypoil HarpeBa MbUICBBIX YACTHUI] B 3aBUCHMOCTH OT
paccTosiHUS 10 3BE3/bl, TapaMETPOB MaTepHaa U paanycoB NBUIMHOK B mpenenax oT 0.01 mo 100 mxm.
VY4uThIBAJIOCH BIWSHHUE AaBIeHUS paavamuu ¥ 3dexra topmoxkenus lloiiHTuHra-Pobeprcona na
OUHAMHUKY IbIM. B pacdérax mnpeamonaraercs, 4TO 4YacTHIBI CPBIBAIOTCS C POAMTENIBCKUX Tell,
JBIDKYILUXCS TI0 KPYTOBBIM OpOUTaM.

Hamm pacuérel mokasany, 4To rpaHysbl MOI'YT 00pa30oBaTh Pe3Kyr0 TpaHully 00J1acTH CyOIMMaluu
Ha ONpEAETIEHHOM PAacCTOSHUM OT 3BE3Abl B 3aBUCHMOCTH OT Marepuana dactull. Eciu okoso 3Be31bl C
napamerpamu, onm3kumu k G29-38, npeobi1agaroT CUITMKATHBIC YaCTHIBI, TO BHYTPECHHSS TPaHHIIA 30HBI
CyOIMManuny Ui KpYIHBIX TpaHysl paguycaMu S > 5 MKM o0pa3yeTcsi Ha pacCTOSHUH OKOJO 45 Rstar =
0.6Rsyn. Manple cmmmkaTHBIE YacTHIBI pamgpycamu S < 0.1 MKM He MOTYT MpUONHM3UTHCS K 3Be37c Ha
paccrosiane Ommke 300Rswr = 4Ran u3-3a ObicTporo wucnapenus. Ecnmu mpeobnagaror rpaduTHO-
KapOOHOBBIE YAaCTHILIBI, TO TPAHUIIA 30HBI CYOJIMMAIUK AJIs 9acTHL paguycamu S > (0.2 MKM BO3MOKHa Ha
paccrostHuH 0KOJIO 12.5 Rgstar = 0.16 Rsun. KapOoHnoBbIe wacTuiet paguycamu S < (0.1 MKM ncnapsroTces 3a
npenenamu paccrosHus 0.6Rsn. Ecmm cormacHo Rearch (2009) temmeparypa meum T = 950K, T0
HaOIrolaeMasl 4acTh MBUICBOTO O0JiaKa (JMCKa) COOTBETCTBYET PACCTOSIHUIO OT 3Be37bl OKOJIO 1Rgun, TIE
MOTYT CYyILIECTBOBATh TOJBKO KPYIHBIC CHJIMKATHBIE YACTHULBI paanycaMd S > 5 MKM WM KapOOHOBBIC
paguycamu S > 0.5 MKM.

KaroueBble cjioBa: Oemblil KapivK, IUCK 00JIOMKOB, CyOIuMaIus (McrapeHne), JTMHAMHUKA TTBUIEBBIX
3€peH.

BBenenue. benpie xapnuku (BK) sSBisSioTCS KOHEWHOW cTamueil SBOIIONUN OONBITMHCTBA 3BE3]
I'amaktuku ¢ maccamu ot 0.07 mo 5—-12 macc Connna, yto coctasiasgeT oT 95 1o 97% ot Bcex 3Be3[
Ianaxtuky [1]. [Ipenmonaraercs, 4To mepe; TeM Kak cTaTh OEIBIMU KapJIMKaMH 3BE3]IbI IPOXOJISAT CTAIHIIO
KpacHOTO THUTaHTa W COPACHIBAIOT 3HAYUTEIBHYIO YacCTh CBOCH MACChI, MOMYTHO YHHUYTOXas OCHOBHYIO
9acTh CBOCH IUIAHETHOM CUCTEMBI, €CIM TaKOBas MMeeTCs. TeM He MeHee, CYIIeCTBYIOT JTOKa3aTelhCTBa
HaJM4Us TUIAHETaPHBIX OCTATKOB BOKPYT 3THX 3Be311. B wactHOCTH, opsinka 25% BbK mokaspiBaroT Hanuuue
JTUHAHA MeTauioB B nx armocdepax|1,2,3,4]. Kpome toro, nopsaka 4% BK npossisror Hanmmgre n30bITKa
usnyuyenust B uHppakpacuoit (MK) odnactu cnekrpa [5,6,1]. OtoT dakt, Hapsay ¢ pesynbratamu MK
CHEKTPOCKOIHH, TOKA3bIBAOIIUMHU HAIUYNE JIMHUN CHJIMKATOB, WUHTEPIPETUPYETCS OOJIBIIMHCTBOM
uccleoBaTeNeil Kak WHOUKATOp AaKTUBHOM aKKpEUU MbUIM OT acTepoMIOB WM KoMeT [5,6,7].
Hccnenosanne bK ¢ mpu3zHakamu 3arpsS3HeHAS MeTaJTIaMH 0COOCHHO HHTEPECHO, ITOCKOIBKY, CKOpPEe BCETO
Haire CoJIHIe 0KHIaeT MMEHHO Takoe OyyIiee.

B mocnenHee necsaTuneTre MPOM3OMIENT 3HAYUTENBHBIM MPOTPECC B HM3YYEHUHM AK30ILUIAHETHBIX
cucteM, Omaromapst TakuMm mpoektam, kak CoRot, Kepler, GAIA, TESS. OTKppITO MHOTO IUTAHET KakK Y
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3Be3] rnaBHOW mociepoBarenbHOcTH (I'T1) Tak ¥ y HEKOTOPBIX MPO3BOJIIOMMOHMPOBABLIMX 3Be3d. B
yacTHOCTH B Karajore Gaia Data Release 2 (DR2) [8] mmeercs HECKOJIBKO ThIcsd KaHmuaaToB B BK. B
pabore [9] coobmaercs, 9To U3 aHanm3a HaOmomeHnid muccnu GAIA obHapyxkeno 524 BK B mpenmenax
401K, y KOTOPBIX B CTIEKTpe OOHAPYKEHBI JINHUH IIEIOYHBIX METAJUIOB U IPYTHX TSHKEJIBIX IJIEMEHTOB.

B pabore [10] noknansiBaercst 0 uccienoBanuu 124 OelbIX KapiMKOB B CPETHEM MK JMAIa30HE C
MIOMOIIBI0 KOCMUYECKOT0 TEIECKOIIA SpitZer ¢ UCTIONb30BaHueM N300paxeHui iras. I30BITKY UK N3ITy4eHUs
U3-3a MPUCYTCTBUSI OKOJIO3BE3/IHOW MBUIH BBISBUIIN y 4-X KapJjHMKOB, BKIIoYas zz psc = wd 2326+049 =
giclas 29-38 = g29-38, koTOpBIil ABISETCS MEPBBIM OCIIBIM KapJIMKOM TaKOro poja. MCros3ys ONTHYecKH
TOJICTYIO, TEOMETPHYECKH TOHKYIO MOJIENb AUCKa, B padore [10] momyueHo, 4To BHYTpEeHHHUE Kpasi AUCKa
okouto g 29-38 Haxomsarcs Ha pacctossHur > 0.1- 0.2 sy 0T 3Be3151, a BHEMTHUE Kpast nucka Ha = 0,3-0,6 rsyn.
Coracuo [5], g 29-38 ob6mamaer AByMs TIIaBHBIMH HaOJIF0JaeMbIMU ITPU3HAKAMH TPUCYTCTBUS BHEITHETO
BEILECTBA, TPUIEM H30BITOK UK U3ITydeHHs y OK g29-38 siBiisieTcs caMbIM BBICOKMM U3 BCEX M3BECTHBIX OK,
a obmiue ¢GoTochepHbIX METANIOB TAaKXKe SIBJISETCS OJHUM M3 CaMbIX BBICOKHX. lIpaponuTens riaBHOM
MoCJIeTOBaTENBHOCTH 229-38, BeposTHO, OBLI 3BE3/101 a C Maccor ~3,1Msol.

CornacHo nanneiM Habmroaenui [ 5], MK n30s1Tok snepruu B criektpe G29-38 ocobeHHO BbIenseTcst
BOKpYT /UIMH BOJH 4,5 MKM # 9-11 MKM. ABTOpPBI OTHOCAT KOHTHUHYYM MEXAy 3-6 MKM aMopdHOi
YIIIEpOAHOM MbUTH, a o0macTh 9-11 MKM NPUCYTCTBUIO CHIMKATHBIX MaTepuanoB. JleTaiabHBIN aHaIN3
MHUHEPaJIOrMYeCKOro U XMMHUYECKOT0 COCTaBa YacTHIl IBUIM OKOJI0 Oenoro kapnuka G 29-38 BbINOJIHEH B
pabore [6] ¢ wucmonp3oBanueM MK cmektpa ot 1 mo 35 Mxm. CraemaH BBIBOA, UYTO Haumbosee
pactpocTpaHeHHBIMA MUHepaitaMu BOKpYT (G29-38 saBistroTcst aMOp(HBIA yIiepox W pasIudHOTO poja
CHJIMKAThI, KOTOpBIE TIpeo0IalaloT BO BHELTHEM O0JIaKe.

Ilenbto Hallero MccieoBaHUs SIBISETCA MOIEIUPOBAHUE MEPEXOIHBIX MPOLIECCOB MEXIY ABYMS
HaOJIFOTaeMBIMA TIPU3HAKaMHU Ha TpuMmepe 3Be3nbl (G29-38. BymyT BBIMOTHEHBI pacdéTsl OpOHUTANTBHOMN
9BOJTIOLIMY MBIJIEBBIX YaCTHUI] M3 BHEIITHETO MBUIEBOTO 00J1aKa, 00ecTie rBaroIIre akKKpeLnIo 3TOT0 BeIECTBA
Ha IOBEPXHOCTh 3BE3[bl, BCIEACTBHE YETO MPOHUCXOAUT oOOoTramieHue aTMoc(epbl 3BE3ABI TKEIBIMH
3JIEMEHTaMH — METaJUIaMH.

IMapamertpsr 3Be3abl B3ATH w3 paboTel [10]: Temmeparypa moBepxHocTH Terf = 11600K, macca
M=0.56Msun 1 pamuyc Rstar = 0.013Rsun.

W3zBecTHO, uTo Oemnbrii kapnuk G29-38 oTHOCHTCA K Kiaccy DAV, 1o TuIy mepeMeHHOCTH K 3BE3/1aM
tuma ZZ Ceti. Kpome Toro, cormacuo [10] ero MoxxHO Xapakrepu3oBath kak bK tuma DAZd (dusty), uro
o3HauaeT kapyuk (D) ¢ BomopoaHsiii atMocdepoii (A) ¢ mpucyrcTueM MetauioB (Z). Jlo6aeka d (dusty)
03Ha4yaeT NPUCYTCTBUE TBLITH.

Hcxoanble naHuble. /{15 pacyeToB OpOUTAIBHON 3BOIONNY MBIICBBIX YaCTUIl BEIOPAHBI ABA THIIA
MaTepHaioB, KOTOPbIE MPUCYTCTBYIOT B MEK3BE3THON cpejie: CHIIMKATHBIN U rpaduToBINA. V3 cHIMKaTHBIX
MaTepualioB MBI BBIOpanmy 0a3aimbT, Kak HamOoiee YAOBJICTBOPSIOMNN HAOMIOJEHUSIM B OOJNAaCcTH
cyormumarun okojio Comama [11, 12]. [TogpobHoe o6ocHOBaHWE BRIOOpA 3TOTO MaTepraia JaHO B paboTe
[13]. Jnst pacueToB ncmapeHus 3aaeTcsa TeMI CyOIuMaIiy, KOTOPBIH 3aBUCUT OT TEMIIEPATypPhbl TPAHYIIbI.
TemmnepaTypa, B CBOIO OUYepe/b, 3aBUCUT OT pa3MEpOB YaCTHIl, MaTepHala, U3 KOTOPOrO OHU COCTOSIT, U
paccTOSHUS 10 3BE3bI.

[Ipenmonaraercs, 9To MBUIMHKKA HMEIOT (HopMy Imapa W OJHOPOAHBI MO COCTaBy. PaccMoTpeH
Juana3oH paaunycoB yacTul (S) oT 0.01mkM 1o 100mkM. B pacuerax ucnonb3oBana teopust Mu [14,15], B
KOTOPOW HCIONIB3yeTCs anredpa KOMIUIEKCHBIX 4rcel. J[aHHbIe 1a00paTOPHBIX U3MEPEHUH KOMILIEKCHBIX
uHaekcoB pedpaxiur M(A)=n(1)+ik(1) nus uareppana mmH BomH oT A1 = 0.0075 MKM 10 A2 = 50 MKM B3STHI
cornacHo [16,17] ans 6a3anera u [18] nns rpadura.

[Napamerpsl MaTepuana 6a3ansTa U rpaduTa 1 KOHCTAHTHI IS PACYETOB HCIIAPEHHUS YACTHII CBEICHBI
B Tabmure 1. Temm cyOmmmanmm paccuuThiBaeTcsl coriacHo [19]. ng wmccrmenoBaHus OpOHUTANBHON
9BOJIIOIMH TTBUIEBBIX YaCTHII MBI BEIOpau 3Be3y ZZ Psc = G29-38 ¢ nmpu3HakaMy PUCYTCTBUS BHEIIHETO
BemtecTBa. [lapametpsl 3Be3ab1 G29-38 mpunstel cornmacHo [10]: Rsar= 0.013 Ren, Mwd = 0.56 Mo, Tesr =
11600 K.
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Pacuérbl mo Teopuu Mu. Teopuss Mu onuceiBaeT B3aMMOJICHCTBUE DIICKTPOMATHUTHBIX BOJH C
YaCTUI[AMH MaJIBIX Pa3MepoOB C XapaKTePHBIM MAcIITa0OM, CPAaBHUMBIM C JUTHHOW BOJIHEL. Bce pacderst
MPOBEJICHBI 0 KOMITBIOTEPHBIM KOJaM, COCTaBJICHHBIM COTNIacHO [14] W TIIATENFHO MPOBEPEHBI IO
M3BECTHBIM OITyOJIMKOBAaHHBIM 0Opasiam pacueros [14,15].

PesynbraTel pacuéToB 1o Teopur MU 3aBUCAT TOJIBKO OT CBOMCTB MaTepuaia U pa3MepoB 4acTUILl U
HE 3aBHCAT OT IapaMmeTpoB 3Be3nbl. J[ns pacuéroB TemmoBoro OanaHca HCIONB3YIOTCSA 3(dexTrBHBIE
daktopsr moryomeHus (Qaps), @ I pacuéToB OPOUTAIBHON IBONIONHH (PAKTOPHI CBETOBOTO JTABJICHUS
(Qpre). Pesynbrarsl pacuetoB (hakTopoB moriomeHus Qaps, onpenenstomux Hadbmomaemsiii MK criektp
3BE3/Ibl B 3aBUCUMOCTH OT JUIMHBI BOJHBI, JUIS YacTUI] Oa3anbra W TpaduTa pPa3IUYHBIX PATUYCOB
MpUBEACHBI HA PUCYHKaxX | u 2.

W3 pucynkoB 1 u 2 BUAHO, YTO (DaKTOPBI MOTJIOMIEHHS AJIS PA3TUYHBIX Pa3MEPOB YaCTHUI[ CHIIBHO
Pas3IMvaloTCsl MEXAY CO00i 1 M3MEHSIOTCS Ha HECKOJIBKO MOPSIKOB BEIUYUHBI B 3aBUCUMOCTH OT JJIHHBI
BOoJIHEL. Ha pucyHke 1 BBIIENSAIOTCS MaKCUMYMBI BOIH3H JIHH BoIH 10 MKM 1 20 MKM, XapaKkTepHBIE s
UK smuccun cunmukatoB. Y dacTuil rpadura (PUCYHOK 2) JIOKaTU3alnus MaKCHMYMOB CHJIBHO MEHSETCS B
3aBHCUMOCTU OT pa3MepoB yacTuil. BemuunHbl Qaps IS 3THMX MaTepuUajoB IPU S — oo BeayT cels mo-
pasHomy. B ciyuae 6azanbra Qas — 1 MpU yBETUYEHUU paauyca 4acTUIbl (PUCYHOK 1), a IS 4acTuil
rpaduTa (pUCYHOK 2) Takoe IMOBEIECHHE HE XapaKTepHO. B cyMMapHOM 3HAaYeHWH IOTEPH DHEPTHUHU B
cBeToBOM My4Ke (Qext = Qapst Qsca) TP IPOXOXKIESHUH €0 OKOJIO YaCTHUIIBI TpadhuTa OONBIIYIO POJIb UTPACT
¢daxrop paccessHus Qsca. Hammpumep, ans gactunbl paguycom S=100Mkm BenmuuHa Qaps = 0.17238 U Qsca
=1.9678, uto B cymme cocTaBisieT Qext = 2.1402.
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Pucynoxk 1 - @axropsr morsorneHust Qaps A YacTHI] 6a3anbTa pasiIHdHBIX Paanycos (S),
yKa3aHHBIX B MUKPOMETpPax
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Pucynok 2 - ®akropsl noromieHust Qaps 15 yacTHil rpaduTa pasinuHbIX PagnycoB (S),
YKa3aHHBIX B MUKPOMETpax
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Hab6nronaemsriii y 3Be3ab1 G29-38 u3obirok UK n3nydenus B o6xact A = 4.5 MKM, KOTOPBI aBTOPBI
paboTHI [5] OTHOCAT K YacTHLIAM YTJICPOJHOM MBUTH, MOXKET OBITh 00ECIICUeH YaCTHIIAMU PAJUYCOM OKOJIO
0.7 MKM (pUCYHOK 2).

TensoBoii 6asanc M ucnapenme yactuu. /g pacdera TemmepaTyphl NMBUIMHOK HCIOIB3YeTCS
€CTECTBEHHOE (PU3MUECKOE YCIOBHE TEIJIOBOIO PABHOBECHS: MOTJIONIAEMasi SHEPTHs IOJDKHA OBITh paBHA
U3IIy4aeMOi SHEPIHH IUTI0C MOTEpH Ha ucnapeHue. Vcnonp3oBaHa KMHETHYeCKast Teopus ra3oB. CBoiicTBa
MarepuaioB cobpansl mo manueM [19, 20, 21] ams GasanbTa ¢ HCIIOAB30BAHHEM JAaHHBIX Tadmui [22].
Jaunnbie 1o rpadury B3sThI U3 [18].

TABJIMIIA 1 - CBOMCTBA MATEPHUAJIOB, UCITIOJIb30BAHHBIE B PACYETAX

BEWECTBO | & | K H Pm [To |HL10%| C; Cs(HL)
r/em® spr/v | mmn/em? K | mx/mon | (To,Hyy
Gasampr  |2.7 | 67.0(7.12e10(1.07e14 |2284|79.2 10.915 |24928.3
rpadur  |1.95 |12.0 |7.27e11|4.31e16|3373]|144.9 |13.5129|45579.12

Bce nanHBIC mocnie mepecdera M JIONOJHEHMs CBEIEHbI B Tabmuiy 1. Mertox pacyéra TEIIOBOro
Oamanca onmcan Hamu B [13]. B Tabmume 1 gaHo: J — IUIOTHOCTH MaTepuania, (& — MOJIEKYIISPHBII BeC B
a.e.M. H — maTeHTHast TeIUI0Ta Ha €IMHUILY MAcChl HJIH YJeIbHasl TEIIOTa mapoodpasoBanus. [lepecunTarh
H(opr/r) B Hi(mx/Monekyna) nerko u3 oueBHaHOro cootHomenus: Hi= (Hx10?) (umy) = 1.66057 x 10°
IuH, Pm = 1330 exp[H./(KTo)] mmm/cm?, orcioma To = HU/[KIN(Pw/1330)]. Temn cy6mumarum
paccunThIBaeTCs cormacuo [19]:

ds _ 0.0408 ., [u

— = L~ cMm/cek, (D)
dt o T
g
rae Ty — TeMIieparypa NbUTHHKH, P- JaBlIeHUe HACKHIIEHHBIX MTapOB.
JI7ist BBIYKMCIICHUSI TABJICHUS HACBICHHBIX MapoB P, ot kotoporo 3aBucur ds/dt, ciyxur dpopmyna:
Ig(P) = C2 — Cs/Ty, ¢ koadpdurmenramu C; u Cs, npuBeeHHbIME B Tabiuie 1, Tae P BeIpakeHO B TOpax.
Ha pucyHke 3 mpeacTaBlieHO paclpeleleHue TeMmIepaTyp 0a3albTOBBIX YACTHI[ C PACCTOSHHEM
OTHOCHUTEIRHO 3Be3mbl (G29-38. W3 pucyHKa 3 BHIHO, YTO PEaIbHBIE TEMITEPATyPhl YaCcTHUIl PaiyCaMu
MeHbIne 100 MKM Ha OOJIBIIMX PACCTOSHUSX OT 3Be3/bl, MPEBhIMAIIMX 15Rs~ 0.2 Ryn mpeBocxomsaT
TEMIIepaTyphl, MOJTyUYEeHHBIC B YepHOTEIbHOM mpubmmxenun (bb — mtpuxoBast munus). Bo BHyTpeHHe#H
30He, Ommke 15Rgar OT 3BE3/BI, TeMIepaTyphl BCEX YACTHIl 3HAYUTEIHHO HI)KE YEPHOTENBHBIX, YTO
00BSICHSIETCS OXJTKICHUEM 3a CUET MCTIAPSHMS.

4 N\
—white dwarf G29-38, basalt
0.01
. 0.1
3
v 1
>
E % 10
] 100
Q *
£ - bb
)
\_ distance (star radii) )

Pucynok 3 - Temneparypa gactur 6azansra paguycamu 0.01, 0.1, 1, 10, 100 MKM B 3aBUCHMOCTH OT
paccrostaus 10 38e3161 ¢ Terr = 11600K, bb — ueproe Temo
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white dwarf G29-38, graphite
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Pucynok 4 - Temnieparypa gactun rpaduta paguycamu 0.01, 0.1, 1, 10 MKM B 3aBHCHMOCTH OT
paccrosiaust 70 38e37b1 ¢ Ters = 11600K , bb — ueproe Terno

AHanornyHble pacu€Thl TeMIepaTypsl, NMPOBEACHHbIE I TPadUTOBBIX dYacTHIl (pUCYHOK 4),
MOKAa3aJll HECKOJBKO MHBIE pe3yibTaThl. [lOHWKEHHE TeMrepaTypbl TpadUTOBBIX YacTHI[ Ha OIU3KUX
paccrosiHusIX 0T 3Be3/1bI (< 10Rstar) BEIpaXkeHO HE TakK CHIIBHO, KaK Uit 0a3aIbTOBBIX YacTHII (PUCYHOK 3) U
Ha TOBEPXHOCTH 3BE€3/Ibl OHM HMEIOT Temreparypsl HemHoro Bbimie 4000K, B TO Bpems, kak Bce
6azanproBble yacTubl xojogHee 3500K. Ha Goipmux paccTOSHUAX OT 3Be3Abl, MPEBHIIAOMUX SRstar,
(pucyHOK 4) rpaUTOBBIE YaCTHIBI MUKPOHHBIX Pa3MepoB OT |MKM U BBIIE NOKa3bIBAIOT YEPHOTEIbHBIC
TEMIEPaTypPBI, IPH ITOM CYyOMUKPOHHBIE YacTUIlbl pagrmycamu S =0.01, 0.1MKM MMOKa3bIBaIOT TEMIIEPATYPbI
BBIIIIE YEPHOTEIbHOM.

CgertoBoe naBjenue. Pacuer cpenHero ¢axTopa pagvalOHHOTO JAaBJICHHS M OTHOLICHUS CHIIBI
JaBJICHUS K cHIe TATOTeHHs B=Fpre/Fgray IPOBOIMIICS B 3aBHCUMOCTH OT paJinyca MBUTMHKA. DTH MapaMeTphl
HE 3aBHUCAT OT PACCTOSHUS 10 3Be31bl. MeTo/ pacuéTa CBETOBOTO AaBJICHHUS ONMCaH HaMu B padote [13] u
Ooree panHUX paboTax, omyOiaukoBaHHbIX B M3Bectusix HAH PK [23].

G29-38
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Pucynok 5 - OTHOIIICHHUE JAaBJICHUS paJUalliK K CUJIE TATOTCHUS B 3aBUCUMOCTH OT PAJMyCOB YaCTHII,
bas - 6azanst, graph — rpadur.

Kak BUIHO U3 pUCYHKaA 5, MAaKCUMYM CBC€TOBOTO AAaBJICHUA NPUXOJUTCA HA Cy6MI/IKpOHHI>IC YacTUIkbI.
Fpa(bI/ITOBBIG YaCTUIbI CUJIBHEC MMOABCPIKCHBI CBETOBOMY aBJICHUIO.

OpouTanbHasi 3BOJIONUSI. AJTOPUTM pacueTa OpOUTAILHON 3BOJIOIMK ONMKUCAaH HaMu paHee [13,
23]. B nmanHOl paboTe MBI IPEIIOIAracM, YTO YaCTHUIIbI, COPBABIIUECS C POJUTEIBCKOTO TEla, TBUKYTCS
MO KPYroBbIM opOutam. OpOHTabHAS SBOIIOIHS YACTHIL 32BUCUT OT UCXOJJHOTO CTAPTOBOTO PACCTOSHUS 1
HAYaJbHOTO pajuyca 4acTull. V3-3a u3MeHEeHHs COOTHOIICHUS CHJI IO MEPE MCIIAPCHUS YaCTHIIBI e¢ OpOuTa
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MOCTOSIHHO MeHsieTcs. Ha pucynke 6 mpuBeneH nmpumep opOMTalIbHOM BOJIIOLMUHM YaCTUIBI paguycoM |
MKM, CTapTyIOLIeH C KpYTOBOM OPOUTHI C Pa3HBIX PACCTOSIHUIN OT 3BE3/BI.

G29-38, s=1mkm, cuauKart
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Pucynok 6 - OpOurtanbHas 3BOMIOLUS YacTUI] 0a3alibTa PaguycoM S = 1 MKM,
ctapToBble paccTOSHUS 95Rstar M 100 Ritar

Pacuersl mokaszanu (pucyHOK 6), 4TO HCXOJHasl KpyroBas opouta aedopMupyercs, mpruodperaet
HEOOJBIYIO SJUTMITHYHOCTh U3-32 JISHCTBUS CBETOBOTO JIABJICHUS.

G29-38, s=1mkm, cunuKaT
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Pucynok 7 - M3MeHeHue pa3mMepoB 4acTHIl 6a3zajibTa paiuycoM S = | MKM B TIpollecce UCTIapeHNs,
ctapToBbie paccTosHUS: 95 Rstar (depHast muuust) 1 100 Rstar (KpacHast TuHUS)

W3 pucyHKa 7 BUIHO, 9TO TEMI UCTIAPEHHS YAaCTUIIBI 3aBUCHT OT CTAPTOBOTO PacCcTOSHUA. Paszmiane
Temreparyp Ha paccTosHUIAX 95Rswr 1 100Rstr kaxercs HebonpmmM: 1171K u 1126K cooTBeTCTBEHHO, HO
IpH 9TOM TeMi ucrapeHus ds/dt u3mMeHsieTcst moYTH Ha TOPSIIOK BEMHYUHBL. VICX0/1s U3 3TUX COOOpakeHu i,
JUTSL YaCTHIBI PAINyCcOM | MKM, HaxoAsmIeics B CBOOOHOM JBIKCHUH Ha KPyroBOH OpOHTE, MBI CHHTaEM
BHYTpPEHHEH IpaHMIIeH 30HbI CYOIUMAIUU BETHUUHY 96Rstar, OTydeHHYIO ¢ O0sIee nanékoro crapTa (KOHeI|
KpacHO JIMHUM Ha PUCYHKax 6 u 7).
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BHYTPEHHMWE rpaHKybl obnacti cybnumagmm, G29-38
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PucyHok 8 - PaccTostHus OT 3Be311bI BHYTPEHHUX TPaHUL] 001acTH CyOIMMaIMy YacTHLl 06a3zajisTa 1
rpadura npu cBOOOJHOM IBIKEHHUH 110 KPYTOBBIM OpOUTaM

Kak BumHO U3 pucyHKa 8 KpynHbIE CHIMKATHBIE YacTUIIBI paxuycamu S >10 MKM HcHapsioTcs Ha
paccrosausx (40-50) Rstar = (0.52-0.65)Rsun. Masbie wacTuipl paguycamu S < 0.1MKM Taxke 00pasyroT
HEKYIO TPaHUITly 00JIaCTH CYOJIMMAaIIAN M UCTIAPSIOTCS Ha paccTOsTHUN OKOJI0 330 Rstar = 4,3 Rsun. Ilockombky
€IMHOW TpaHWIbl BHYTPEHHEW 30HBI CyOIMMAIIMH TS YACTUI] BCEX Pa3MEpOB HE CYIIECTBYET, OYEBUIHO,
YTO YEPHOTENbHOE MPUONIMKEHHUE [T TOMCKa BHYTPEHHEH rPaHULbI 30HBI CyOIMMAIMK MBIICBBIX YaCTHUIL
HeIocTaTo4HO. YacTHubl, ABUXKYIIUECS IO KPYTOBBIM OpOMTaM, HAUMHAIOT UCHAPSATHCS MPH AOCTHKEHUH
temnepatyp npessimaomux 1130K. AktuBHOE ncnapeHue mpoucxoaut npu temmeparypax 1300-1500K,
MOCJIe Yero YacTUIBl MOCIe MHOTOAHEBHOW SBOJIIOIMU HA KPYTOBBIX OpPOMTaX MPaKTHMYECKH MIHOBEHHO
ucnapstorcs (pUcCyHoOK 7).

IloBenenne gacTui co CBOWCTBaMU rpa)uTa CHIIBHO OTIMYAETCS OT CHIIMKATOB.

Bo-nepBbIX, BCe 4aCTUIBI, BKIFOUAS YaCTHIIBI MAJIBIX CYOMHKPOHHBIX pa3MEPOB, HCHIAPSIOTCS BHYTPH
paccrosiauit 60 Rstar =~ 0.78 Rsun.

Bo-Broprix, HaOdronaercs AOBOJIBHO UYETKas CTAOMIM3aLUsl TPAHULB! TOJHOTO HCIAPEHUS s
gacTuIl paguycamu S > 0.2 MKM Ha paccTOSTHUU OKoJIo 12.5 15~ 0.16 Rgun.

B — Tperpux, yacTHUIBl HAYMHAIOT HCIAPATHCS MPH JOCTHXKEHHWM OoJliee BBICOKMX TEMIIEPaTyp
npesbimaromux 1820K. AktuBHOE HcnapeHue npoucxodut npu Temneparypax 2000-2200K, nocie yero
JaCTHIIHI TPAKTHICCKH MTHOBEHHO HCTIAPSIOTCS IPH TeMItepaTrypax, omm3kux k 2500-2800K.

HMuckyccus. Hamm pacuérel mokasanu, 94TO MBUIb, TOKUAAIONIAS POJUTEIHCKUE Tella ¢ KPYTOBBIX
OpOUT, IO JOCTHKEHUH 00IaCTH CyOIUMAIINN MOKET 00pa30BEIBATh PE3KHUE TPAHUIIBI TIOJTHOTO HCITAPEHUS
Ha OTIPE/ICTIEHHBIX PACCTOSHUAX OT 3BE3/IbI B 3aBUCHMOCTH OT MaTepHalia YacTHIl.

Ecnu oxoso 3Be3nsl ¢ mapamerpamu, 6muskumu Kk G29-38 npeobnafaloT CHIIMKaTHBIE YaCTHIIBL, TO
Ha paccTostHIH 0KOJIO 0.6 Rsun OT 3BE316I MOTYT cymiecTBOBaTh M30bITKH MK m3mydeHus ¢ Temmneparypoi
okoiso 1200K-1300K, u Ha paccTosgHuu okoso 12.5 Rstar = 0.16 Rsun ¢ TeMnepatypoit okono 2500-2800K,
ecnmu mpeoOmafarT rpadUTHO-KapOOHOBBIE dYacTHUBI. Takue W30BITKH H3IyYeHHS MOTYT CTaTbh
HAOIIOJJAeMBIMH, €CIIM BHEIIHSS 30HAa ONTHYECKH TOHKAas M HE MOXET JKPaHHPOBaTh H3ITydeHUE
BHYTPCHHHX 00J1acTei.

[ockonbky y 3Be3np1 G29-38 dakTruecku HabIIOIaeTCs MBLTL ¢ O0Jiee HU3KOH Temrieparypoii: 290-
890K [5], mu60o 950K [6], TO 3TO MOXKET OBITH JOMOJHUTEIBHBIM CBHUICTCIHCTBOM HAIHMUYHS BHEITHETO
ONTUYECKH TOJICTOTO JAUCKA WM TUIOTHOM 00OJIOYKH, SIKPAHUPYIOIEH BHYTPEHHIOI 00JIacTh CyOIMMaIiuu
TBUTH.

B pabore [10] B Tabnuue 1 mpuBeneHsl gaHHbIE A7 4-X OeNbIX KapiaukoB, BKiaouas (G29-38. B
npennonoxeHun Tsy = 2000K B 3T0i paboTe B 4epHOTENHHOM NpUOIMKEHHH JJaHa olleHKa Rsunps = 0.18
Rsun, uTO 11 paauyca 3Be31bl Rsar = 0.013 Rgyn maét Benuunny Rapes = 13.8 Rstar. Y IUBUTENIBHO, YTO 3TH
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NpUOTU3UTEIbHBIE OLEHKH MNPAaKTHUECKH COBIAAAIOT C HAUIMMU pacu€TaMd Uil 4acTul rpadura
pamuycamu S > 0.2 MKM, Ui KOTOPBIX COIJIACHO HAIIMM pacuéTaM IMOJy4YeHA MOBOJBHO UETKas
CTAOMITH3AITIS TPAHUITBI ITOTHOT'O UCIIAPEHUS Ha pacCTOSHUH OKOJIO 12.5 Rstar = 0.16 Rgyn.

Habmomaemsiii y 3Be3apl G29-38 u30biTok m3nydenust B MK obmactu Ha A = 4.5 MKM, KOTOPBIit
aBTOPBI Pa0OTHI [5] OTHOCAT K YaCTHILIaM YTIEPOAHOH IBUIH, MOXKET OBITh 00ECIIeYeH YaCTUIIAMH PaJnyCOM
oxo1o 0.7 MKM (PUCYHOK 2).

Harmmm pacuérsl cornacyrorces ¢ yTBepKIeHHEM, TaHHBIM B [6], 4TO BHELTHIE YaCTH MBIJIEBOrO 00J1aka
WM JucKa okoJo 3Be3apl G29-38 MoryT cocToATh u3 cunukaToB. [lo HammMm pacuéraMm 10 pacCTOSHUMN
0K0110 50 Rstar MOTYT IPOHHUKATH TOJIBKO HAMOOJEE KPYITHBIEC YacTHIBI paguycamu 10-100 MKM, CHITUKATHBIE
YacTUITBI CYOMHUKPOHHBIX pa3MepoB wucmapsroTcs 3a mnpeaenamMu 30HBI 300 Rsar. Ilockonmbky Bce
paccMOTpeHHBIE HaMH YacTHIIbI, HaXOAIIKecs Ha KPyTroBeIX opOutax, pamumycamu oT 0.01 mo 100 mxm
noJBep:keHsl neiictuio 3¢ dexra [loliHTHHTa-PoOEpTCOHA, TO OHM MOCTETIEHHO B TEYCHHUE HECKOJIBKHX JIET
BBINAJAIOT Ha 3Be3dy. B 3ToM ciyuae ansl mojaaepkaHMsA IBUIEBOTO oOsiaka TpeOyeTcss HCTOYHUK,
MOJIIUTHIBAIONINN TTBUIBI0 OKPECTHOCTH 3Be3Jlbl. Kak MUHHUMYM 3TO MOXET OBITh JTUCK OOJIOMKOB, Kak
aHaJor nosica actepou1oB B CONHEUHON cUCTeMe, HOPOKIAIOIINH 30IMaKanbHy0 bk, Cam 1o cebe gakxt
cyuiectBoBaHusl bK, cOXpaHMBIINX OCTAaTKU IUIAHETHOW CHUCTEMBI, YJUBHUTEICH U TOBOPUT O TOM, YTO B
JKU3HU 3BE3/bI TIEPHOJ] TOTEPH MAacCChl Iociie cOpoca 00O0JIOYKH 3aKaHYMBAETCS W HACTyMaeT BpeMs
«coOupaTh KAMHM», HAKOTIMBLIMECS B MEX3BE3IHON Cpefie Ha MOTPaHUYHBIX TEPPUTOPHUIX MEXKIY 3BE3IaMH
U B cBOeoOpa3HbIx obnakax Oopra.

PaboTa BrImostHEeHA TipH TToAIepkke rpanTa Ne AP08956243 Munuctepera O6pa3oBanus n Hayku
Pecny6mmxu Kazaxcran.
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2 on-®apabu ateiaaars Kasak YaTTeIK YHuBepcuTeTi, AnmMathl, Kasakcran
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G29-38 AK EPTEJKEILII 2KYJIIbI3IbIH ATHAJIACBIHIAFBI
TO3AH/bI BOJIIIEKTEPAIH, CYBJIUMALMSIAHYbBI

AnHoranmms. G29-38 ak eprexeiini ®KyJIIbI3bIH aiiHaIaChIHAFbl CYOIMMAITUs aiiMarbIHa CUITHKAT
JKOHE TpauT TO3aHABI OOIIIEKTEpiHIH TeMIepaTypalblK Tere-TeHAIrT MEH OpOUTAIBIK 3BOJIOLHSCHI
ecenrenai. CyOnmumarnus (OyiaHy) KapKbIHBI KYJIIbI3Fa IEHIHT1 KalIBIKTHIKKA, MaTepUal apaMeTpiepine
toyenai paauycrapel 0.01-men 100 MKM-re aeiiHrI apajbIKTarbl TO3aHIbI OOJIIEKTEPIiH KbI3ABIPY
TEMIEpaTypachl apKbLIbl aHBIKTANAAbI. T03aHabl O6JIIEKTIH IMHAMUKACHIHA PaJHAlUsl KBICHIMbI JKOHE
[oitaTHT-P0oOepTCcOH Texkey addekriciHiH acepi eckepinai. Ecenrteynepae OedmiekTeplliH MIBIFY KO3l
JIOHTeNIeK OpOuTaIapMeH KO3FaJbII )KYPreH JIeHeNep aen 00KaHa bl

bizniy ecenTeynepimis TO3aHABI OOIICKTEP IIH MaTepraIblHa OalIaHbICThI XKYJIABI3IAH Oenrii Oip
KAIIBIKTBIKTa CYOJIMMAIVsl aliMarbIHBIH aliKbIH [IEKapachlH Kypa ajJaTbIHABIFBIH KepceTTi. Erep G29-38-re
rmapaMeTpiepi JKaKbIH JKYJIIBI3ABIH JKaHBIHIA CHJIMKAT OeimiekTepi OackiM 0Oojica, OHIA CyOIUMAaITus
aliMarbIHBIH 11K [IeKapackl paANychl S > 5 MKM OOJaTBHIH YJIKEH TO3aHABI OeJIIeKTep YIIiH IMIamMaMeH
45Rstar = 0.6Rsun KamIBIKTHIKTA Taiina Oonaapl. Pagmycer S < 0.1 MKM KillTKEHTal CHJIMKAT OeMIIeKTepi Te3
OynanaTeHIBIKTaH, KYIABI3Fa 300Rstar = 4Rsun )KaKbIH KaIBIKTHIKTAH XKaKbIHAH anMaiiael. Erep rpadut-
KapOoH OenmiekTepi OackM 0Oojica, OHAA CyOIMMAaIUs alMarbIHBIH IIeKapachl pagumychl S > (0.2 MM
Oemmektep yuriH mamaMeH 12.5 Rgar = 0.16 Rsun KambsikTeikTa O0nybl MyMKiH. Paamycer S < 0.1 MM
OomareiH kapOoH Oemmiektepi 0.6 Rgn KambIKThIFIHAH ThIC OyiaHein keremi. Erep Rearch (2009)
MoJTiMeTTepi OoibIHIIIA TO3a B! OemIeKTiH Temmeparypacskl T = 950K Oorica, oHIa GaifiKanaTelH TO3AHIBI

— 163 ——


mailto:shest1952@mail.ru
mailto:akm_74_08@mail.ru

News of the National Academy of sciences of the Republic of Kazakhstan

OYITTHIH (IUCKIHIH) O6JIir )KyJIbI31aH mamMaMeH 1Ry KalbIKThIKKA COliKec Kesei, OHIa Paauychl S > 5
MKM KapOOH HeMece paauychl S > 0.5 MKM ipi cHITMKaT OeJIeKkTepi FaHa eMip cype alajbl.

Tyiiin ce3mep: ak eprexeiin, To3aHAbl AWCKI, cyOmmMmarus (OymaHy), TO3aHIBI OeIIIEKTep
IMHAMHUKACEL.

L.1. Shestakova!, A.l. Kenzhebekova?
'Fesenkov Astrophysical Institute, Almaty, Kazakhstan
?Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: shest1952@mail.ru, akm_74 _08@mail.ru

SUBLIMATION OF DUST PARTICLES NEAR THE WHITE DWARF G29-38

Abstact. The temperature balance and orbital evolution of silicate and graphite dust particles in the
sublimation region near the white dwarf G29-38 are calculated. The rate of sublimation (evaporation) is set
by the heating temperature of the dust particles, depending on the distance to the star, the material parameters
and the radii of the dust particles in the range from 0.01 to 100 microns. The influence of radiation pressure
and the Poynting-Robertson braking effect on the dust dynamics was taken into account. The calculations
assume that the particles break off from the parent bodies moving in circular orbits.

Our calculations have shown that the granules can form a sharp boundary of the sublimation region
at a certain distance from the star, depending on the particle material. If silicate particles predominate near
a star with parameters close to G29-38, then the inner boundary of the sublimation zone for large granules
with radii s > 5 mkm is formed at a distance of about 45 Rstar ~ 0.6 Rsun. Small silicate particles with radii s
< 0.1 mkm cannot approach the star at a distance closer than 300Rswr = 4 Rsun due to rapid evaporation. If
graphite-carbon particles predominate, then the boundary of the sublimation zone for particles with radii s
> 0.2 mkm is possible at a distance of about 12.5 Rsar = 0.16 Rsun. Carbon particles with radii s < 0.1 mkm
evaporate beyond a distance of 0.6 Rsn. If, according to Rearch (2009), the dust temperature is T = 950K,
then the observed part of the dust cloud (disk) corresponds to a distance from the star of about 1Rsun, Where
only large silicate particles with radii s > 5 microns or carbon particles with radii s > 0.5 microns can exist.

Key words: white dwarf, debris disk, sublimation (evaporation), dynamics of dust grains.

Information about authors:

Shestakova Lyubov Illarionovna, candidate of physico-mathematical science, Fesenkov
Astrophysical Institute, Almaty, Kazakhstan; shest1952@mail.ru; https://orcid.org/0000-0002-2223-5332

Kenzhebekova Akmaral Igilikkyzy, PhD student, Al-Farabi Kazakh National University, Almaty,
Kazakhstan; akm_74_08@mail.ru; https://orcid.org/0000-0003-0223-0216

REFERENCES

[1] Veras D. (2016) Post-main-sequence planetary system evolution, R. Soc. Open sci. 3: 150571.
http://dx.doi.org/10.1098/rs0s.150571

[2] Xu S., Jura M., Koester D., Klein B., Zuckerman B. (2014) Elemental Compositions of Two
Extrasolar Rocky Planetesimals, The Astrophysical Journal, 783: 79-95. http://dx.doi.org/10.1088/0004-
637X/783/2/79

[3] Jura M., Xu S. (2013) Extrasolar refractory-dominated planetesimals: an assessment, The
Astronomical Journal, 145:30 -37. http://dx.doi.org/10.1088/0004-6256/145/2/30

[4] Jura M., Young E.D. (2014) Extrasolar cosmochemistry, Annu. Rev. Earth Planet Sci., 42:45—
67. doi:10.1146/annurev-earth-060313-054740.

[5] Reach W.T., Kuchner M.J., von Hippel T. et al. (2005) The Dust Cloud around the White
Dwarf G29-38, The Astrophysical Journal, 635: L161-164.

—— 164 ——


mailto:shest1952@mail.ru
mailto:akm_74_08@mail.ru
https://www.scopus.com/redirect.uri?url=https://orcid.org/0000-0003-0223-0216&authorId=57209322823&origin=AuthorProfile&orcId=0000-0003-0223-0216&category=orcidLink%22
http://dx.doi.org/10.1098/rsos.150571
http://dx.doi.org/10.1088/0004-637X/783/2/79
http://dx.doi.org/10.1088/0004-637X/783/2/79
http://dx.doi.org/10.1088/0004-6256/145/2/30

ISSN 1991-346X Series physico-mathematical. 3. 2021

[6] Reach W.T., Lisse C., von Hippel T., Mullally F. (2009) The dust cloud around the white dwarf
g 29-38. Il. Spectrum from 5 to 40 xm and mid-infrared photometric variability, The Astrophysical Journal,
693:697-712. http://dx.doi.org/10.1088/0004-637X/693/1/697

[7] Redfield S., Farihi J., Cauley P.W. et al. (2017) Spectroscopic Evolution of Disintegrating
Planetesimals: Minute to Month Variability in the Circumstellar Gas Associated with WD 1145+017, The
Astrophysical Journal, 839:42-53. https://doi.org/10.3847/1538-4357/aa68a0

[8] Gaia Data Release 2 (DR2) https://www.cosmos.esa.int/web/gaia/dr2

[9] Hollands M.A., Tremblay P.E., Gansicke B.T. et al. (2021) Alkali metals in white dwarf
atmospheres as tracers of ancient planetary crusts, Nature Astronomy, 25. https://d0i:10.1038/s41550-020-
01296-7

[10] von Hippel T., Kuchner M.J., Kilic M. et al. (2007) The new class of dusty daz white dwarfs ,
The Astrophysical Journal, 662:544-551. https://doi:10.1086/518108

[11] Shestakova L.I., Demchenko B.I. (2016) Results of Observations of the dust distribution in the
F-corona of the Sun, Solar System Research, 50:143 — 160. http://doi:10.1134/S0038094616020040

[12] Shestakova L.1., Demchenko B.1. (2018) Orbital Evolution of Dust Particles in the Sublimation
Zone near the Sun, Solar System Research, 52:153-167. https://d0i:10.1134/S0038094618010082

[13] Shestakova L.I., Demchenko B.I., Serebryanskiy A.V. (2019) On the orbital evolution of dust
grains in the sublimation region around WD1145+017, Monthly Notices of the Royal Astronomical Society,
487:3935-3945. https://doi.org/10.1093/mnras/stz1598

[14] Boren C.F, Hafmen D.R. (1983) Absorption and Scattering of Light by Small Particles. John
Wiley & Sons Inc., USA. ISBN: 978047129340

[15] Matsumura M., Seki M. (1985) Polarization Efficiency and Phase Function, Calculated on the
Basis of the Mie Theory, The Science Reports of the Tohoku University, Eighth Series, 6: 11-48.
https://ui.adsabs.harvard.edu/#abs/1985SRToh...6...11M/abstract

[16] Lamy P.L. (1978) Optical properties of silicates in the far ultraviolet, Icarus.,34: 68-75.
https://doi:10.1016/0019-1035(78)90126-4

[17] Pollack J.B., Toon O.B., Khare B.N. (1973) Optical properties of some terrestrial rocks and
glasses, Icarus, 19: 372-389. https://doi:10.1016/0019-1035(73)90115-2

[18] Draine B.T. (1985) Tabulated optical properties of graphite and silicate grains, Ap.J.S, 57:587-
594. https:/ /d0i:10.1086/191016

[19] Lamy P.L. (1974b) Interaction of interplanetary dust grains with the solar radiation field,
Astron. Astrophys.. 35: 197-207. https://ui.adsabs.harvard.edu/#abs/1974A&A....35..197L /abstract

[20] Lamy P.L. (1974a) The Dynamics of Circum-solar Dust Grains, Astron. Astrophys.,33: 191-
194. https://ui.adsabs.harvard.edu/#abs/1974A&A....33..191L /abstract

[21] Mukai T., Yamamoto T. (1979) A Model of the Circumsolar Dust Cloud, Publications of the
Astronomical Society of Japan, 31: 585-596.
https://ui.adsabs.harvard.edu/#abs/1979PASJ...31..585M/abstract

[22] Kobayashi H., Kimura H., Watanabe S. et al. (2011) Sublimation temperature of circumstellar
dust particles and its importance for dust ring formation, Earth, Planets and Space, 63: 1067-1075.
https://doi: 10.5047/eps.2011.03.012

[23] Shestakova L.I, Demchenko B.l. (2013) Orbital Evolution of Dust Particles in the field of
sublimation near solar-type stars, News of NAS RK, Series of physical and mathematical, [l1zvestija NAN
RK, serija fisicheskaja i matematicheskaja],5:77-87. http://physics-mathematics.kz/index.php/en/chive
ISSN 1991-346X (in Russ.)

JIUTEPATYPA
[1] Veras D. (2016) Post-main-sequence planetary system evolution, R. Soc. Open sci. 3:
150571. http://dx.doi.org/10.1098/rs0s.150571

— 165 ——


http://dx.doi.org/10.1088/0004-637X/693/1/697
https://doi.org/10.3847/1538-4357/aa68a0
https://www.cosmos.esa.int/web/gaia/dr2
https://ui.adsabs.harvard.edu/link_gateway/2021NatAs.tmp...25H/doi:10.1038/s41550-020-01296-7
https://ui.adsabs.harvard.edu/link_gateway/2021NatAs.tmp...25H/doi:10.1038/s41550-020-01296-7
https://doi:10.1086/518108
http://doi:10.1134/S0038094616020040
https://doi:10.1134/S0038094618010082
https://doi.org/10.1093/mnras/stz1598
https://ui.adsabs.harvard.edu/#abs/1985SRToh...6...11M/abstract
https://doi:10.1016/0019-1035(78)90126-4
https://doi:10.1016/0019-1035(73)90115-2
https://ui.adsabs.harvard.edu/link_gateway/1985ApJS...57..587D/doi:10.1086/191016
https://ui.adsabs.harvard.edu/#abs/1974A&A....35..197L/abstract
https://ui.adsabs.harvard.edu/#abs/1974A&A....33..191L/abstract
https://ui.adsabs.harvard.edu/#abs/1979PASJ...31..585M/abstract
https://ui.adsabs.harvard.edu/#abs/2011EP&S...63.1067K/abstract
https://ui.adsabs.harvard.edu/#abs/2011EP&S...63.1067K/abstract
http://physics-mathematics.kz/index.php/en/chive
http://dx.doi.org/10.1098/rsos.150571

News of the National Academy of sciences of the Republic of Kazakhstan

[2] Xu S., Jura M., Koester D., Klein B., Zuckerman B. (2014) Elemental Compositions of Two
Extrasolar Rocky Planetesimals, The Astrophysical Journal, 783: 79-95. http://dx.doi.org/10.1088/0004-
637X/783/2/79

[3] Jura M., Xu S. (2013) Extrasolar refractory-dominated planetesimals: an assessment, The
Astronomical Journal, 145:30 -37. http://dx.doi.org/10.1088/0004-6256/145/2/30

[4] Jura M., Young E.D. (2014) Extrasolar cosmochemistry, Annu. Rev. Earth Planet Sci., 42:45-
67. doi:10.1146/annurev-earth-060313-054740.

[5] Reach W.T., Kuchner M.J., von Hippel T. et al. (2005) The Dust Cloud around the White
Dwarf G29-38, The Astrophysical Journal, 635: L161-164.

[6] Reach W.T., Lisse C., von Hippel T., Mullally F. (2009) The dust cloud around the white dwarf
g 29-38. Il. Spectrum from 5 to 40 um and mid-infrared photometric variability, The Astrophysical Journal,
693:697-712. http://dx.doi.org/10.1088/0004-637X/693/1/697

[7] Redfield S., Farihi J., Cauley P.W. et al. (2017) Spectroscopic Evolution of Disintegrating
Planetesimals: Minute to Month Variability in the Circumstellar Gas Associated with WD 1145+017, The
Astrophysical Journal, 839:42-53. https://doi.org/10.3847/1538-4357/aa68a0

[8] Gaia Data Release 2 (DR2) https://www.cosmos.esa.int/web/gaia/dr2

[9] Hollands M.A., Tremblay P.E., Gansicke B.T. et al. (2021) Alkali metals in white dwarf
atmospheres as tracers of ancient planetary crusts, Nature Astronomy, 25. https://doi:10.1038/s41550-020-
01296-7

[10] von Hippel T., Kuchner M.J., Kilic M. et al. (2007) The new class of dusty daz white dwarfs ,
The Astrophysical Journal, 662:544-551. https://doi:10.1086/518108

[11] Shestakova L.1., Demchenko B.I. (2016) Results of Observations of the dust distribution in the
F-corona of the Sun, Solar System Research, 50:143 — 160. http://doi:10.1134/S0038094616020040

[12] Shestakova L.I., Demchenko B.I. (2018) Orbital Evolution of Dust Particles in the Sublimation
Zone near the Sun, Solar System Research, 52:153-167. https://doi:10.1134/S0038094618010082

[13] Shestakova L.1., Demchenko B.I., Serebryanskiy A.V. (2019) On the orbital evolution of dust
grains in the sublimation region around WD1145+017, Monthly Notices of the Royal Astronomical Society,
487:3935-3945. https://doi.org/10.1093/mnras/stz1598

[14] Boren C.F, Hafmen D.R. (1983) Absorption and Scattering of Light by Small Particles. John
Wiley & Sons Inc., USA. ISBN: 978047129340

[15] Matsumura M., Seki M. (1985) Polarization Efficiency and Phase Function, Calculated on the
Basis of the Mie Theory, The Science Reports of the Tohoku University, Eighth Series, 6: 11-48.
https://ui.adsabs.harvard.edu/#abs/1985SRToh...6...11M/abstract

[16] Lamy P.L. (1978) Optical properties of silicates in the far ultraviolet, Icarus.,34: 68-75.
https://doi:10.1016/0019-1035(78)90126-4

[17] Pollack J.B., Toon O.B., Khare B.N. (1973) Optical properties of some terrestrial rocks and
glasses, Icarus, 19: 372-389. https://d0i:10.1016/0019-1035(73)90115-2

[18] Draine B.T. (1985) Tabulated optical properties of graphite and silicate grains, Ap.J.S, 57:587-
594. https:/ /d0i:10.1086/191016

[19] Lamy P.L. (1974b) Interaction of interplanetary dust grains with the solar radiation field,
Astron. Astrophys.. 35: 197-207. https://ui.adsabs.harvard.edu/#abs/1974A&A....35..197L/abstract

[20] Lamy P.L. (1974a) The Dynamics of Circum-solar Dust Grains, Astron. Astrophys.,33: 191-194.
https://ui.adsabs.harvard.edu/#abs/1974A&A....33..191L /abstract

[21] Mukai T., Yamamoto T. (1979) A Model of the Circumsolar Dust Cloud, Publications of the
Astronomical Society of Japan, 31: 585-596. https://ui.adsabs.harvard.edu/#abs/1979PASJ...31..585M/abstract

[22] Kobayashi H., Kimura H., Watanabe S. et al. (2011) Sublimation temperature of circumstellar dust
particles and its importance for dust ring formation, Earth, Planets and Space, 63: 1067-1075.
https://doi: 10.5047/eps.2011.03.012

[23] Shestakova L.I, Demchenko B.l. (2013) Orbital Evolution of Dust Particles in the field of sublimation
near solar-type stars, News of NAS RK, Series of physical and mathematical, [Izvestija NAN RK, serija fisicheskaja i
matematicheskaja],5:77-87. http://physics-mathematics.kz/index.php/en/chive ISSN 1991-346X (in Russ.)

— 166 ——


http://dx.doi.org/10.1088/0004-637X/783/2/79
http://dx.doi.org/10.1088/0004-637X/783/2/79
http://dx.doi.org/10.1088/0004-6256/145/2/30
http://dx.doi.org/10.1088/0004-637X/693/1/697
https://doi.org/10.3847/1538-4357/aa68a0
https://www.cosmos.esa.int/web/gaia/dr2
https://ui.adsabs.harvard.edu/link_gateway/2021NatAs.tmp...25H/doi:10.1038/s41550-020-01296-7
https://ui.adsabs.harvard.edu/link_gateway/2021NatAs.tmp...25H/doi:10.1038/s41550-020-01296-7
https://doi:10.1086/518108
http://doi:10.1134/S0038094616020040
https://doi:10.1134/S0038094618010082
https://doi.org/10.1093/mnras/stz1598
https://ui.adsabs.harvard.edu/#abs/1985SRToh...6...11M/abstract
https://doi:10.1016/0019-1035(78)90126-4
https://doi:10.1016/0019-1035(73)90115-2
https://ui.adsabs.harvard.edu/link_gateway/1985ApJS...57..587D/doi:10.1086/191016
https://ui.adsabs.harvard.edu/#abs/1974A&A....35..197L/abstract
https://ui.adsabs.harvard.edu/#abs/1974A&A....33..191L/abstract
https://ui.adsabs.harvard.edu/#abs/1979PASJ...31..585M/abstract
https://ui.adsabs.harvard.edu/#abs/2011EP&S...63.1067K/abstract
https://ui.adsabs.harvard.edu/#abs/2011EP&S...63.1067K/abstract
http://physics-mathematics.kz/index.php/en/chive

ISSN 1991-346X Series physico-mathematical. 3. 2021

MA3MYHBI-COJAEP KAHHUE-CONTENTS

Axmemos b.C., Hypanbaii K.
JJOTCTHUKA XOHE KOJIIK AKAJJEMUSICbIHbIH MBICAJIBIHA ITEPCOHAJIbI
BACKAPY KE3IHJEI'T AEPEKTEPAI TAJIAAY AJITOPUTMI........ooiiiiiieiii e 6

Askarova A.S., Bolegenova S.A., Nugymanova A.O., Bolegenova S.A., Gabitova Z.Kh.

NUMERICAL SIMULATION OF HEAT AND MASS TRANSFER PROCESSES DURING

THE COMBUSTION OF SOLID FUEL OF DIFFERENT MOISTURE IN COMBUSTION
CHAMBERS OF POWER PLANTS ..ottt ettt abe e 12

Bauyrzhan G.B., Yesmakhanova K.R., Yerzhanov K.K.
SOLITON GEOMETRY USING THE LAX PAIR OF ISOMONODROMIC DEFORMATION............. 20

Baishemirov Zh, Kasenov S., Askerbekova J., Beibitkyzy A.
NUMERICAL SOLUTION OF THE INVERSE PROBLEM FOR THE ACOUSTIC EQUATION......cocoeerererrrernens 26

JDicymazynosa K.H., Ceticembaesa M.M., Illanenos E.O.
HNCCJIEJOBAHME ITPOIIECCA YBETAHU S DJIEKTPOHOB HA OCHOBE
DODOEKTUBHOI'O JUHAMMYECKOI'O ITOTEHILHAIIA. ...ttt 33

Henuciok 3.K., Atimanosa I' K., llomwerosa C.A., Pesa U.B., Kpyzos M.A.
CIHEKTPAJIBHBIE U POTOMETPUYECKUE NCCJIENOBAHNS
CEUD®EPTOBCKOU I'AJTAKTUKI NGC 5548.......ccoociiiiiiieieiee et 40

Yeskendirova Y.V.
ABOUT STABILITY OF DIFFERENCE DYNAMIC SYSTEMS (DDS)
ON THE FIRST APPROACH. ..ottt ettt e ettt e e e e e ettt e e e e ee ettt eeeeese e reeeesaanrnereeensanas 50

Uemanvinosa @.b., Uemavivinos I'.1., Hoepgaoea Cr.
Ob YUETE PEJIAKCAIIMOHHBIX CBOUCTB MVYJIbTU®A3HBIX CUCTEM

I[MTPU TUAPABJIMYECKOM PACUYETE TPYBOITPOBOJIOB........cctiiiiiiiiiiiiiiiiiice e 58
Ibraimova A.T.

EVOLUTION EQUATIONS OF THE RESTRICTED THREE-BODY PROBLEM

WITH VARIABLE MASSES. ... .ottt et e e e e et e e et e e et e e et e e et e e ree e e e s e e neeeeenaneeen 65

Kondratyeva L.N., Reva L.V., Krugov M.A., Aimanova G.K., Kim V.Y.
SPECTRAL AND PHOTOMETRIC STUDY OF SOME WOLF-RAYET STARS......cooocoviiieiriee e, 75

Munacany I'.C. Munacsany T.M., Tomozoe B.M.

OIIEHKA BO3MOXHOI'O PASBUTHA BBICOKOOHEPT'MYHOI'O T AMMA-U3JTYUYEHW A
BCIIBIIIEK B 23 IIUKJIE HA OCHOBE HCITOJIb30OBAHUS XAPAKTEPUCTHUK

COJIHEYHBIX BCIIBIILIEK B 24 ITUKJIE AKTUBHOCTH........coooiiiiiiiiieiiie e 85

Mananbaesa A.b., Esimbek J., Anumeasunosa H 111, Kvizeapuna M.T., Amamypam A.B.
N22 ITAH KOIIPIIIKTEPI JKAHBIHJATEI XXAC X¥JIIbI3 OBBEKTIJIEPIH AHBIKTAY ........... 96

Munenubaes M.[oic., Moipzabaesa A.O. .
EKI BEUCTALIMOHAP JIEHEHIH UII'EPUIMEJII-AMHAJIMAJIBI KO3FAJIBICHL...........ccovennnee. 106

— 181 ——



News of the National Academy of sciences of the Republic of Kazakhstan

Omaposa I'T., Omaposa K.T., Omapos 1.T.
K OBPATHOU 3AJJAUE HEBECHOU MEXAHUK.........ccoiiiiiiiieiieie e 113

Tereshchenko V. M.
SPECTROPHOTOMETRIC STANDARDS 8™ 10™. IV.
THE STARS-STANDARDS ALONG +61 PARALLEL......ooieeeeee oottt se e s 121

Temirbekov A., Malgazhdarov Y., Tleulessova A., Temirbekova L.
FICTITIOUS DOMAIN METHOD FOR THE NAVIER-STOKES EQUATIONS...........ccooviieiieeies 128

Tenxooca A.H., Kyrvooicabexos A.b.
VYPAH KEH OPBLIHAAPBIHAAFBI ITPOLUECCTEPAI I[TAPAJIJIEJIb
BAFJTAPJIAMAY APKDBIJIBI MOJEJIBIIEY ....ociiiiiiiii ettt stae e st e e an 138

Filippov V.A., Vdovichenko V.D., Karimov A.M., Lysenko P.G., Teifel V.G.,
COMPARATIVE ANALYSIS OF THE BEHAVIOR OF WEAK ABSORPTION BANDS
OF AMMONIA AT 552 AND 645 NM IN THE SPECTRUM OF JUPITER........cccovvrvreiieeieeieienen, 148

Illecmakosa JIL.U., Kenowebexosea A. M.
CYBJIIMMALIYSA TTIBIJIEBBIX YACTUI BBJIM3U BEJIOTI'O KAPJIMKA G29-38.......ccocievieeiieeeieee 156

Yurin D., Kalambay M., Ibraimova A., Mahmet H., Makukov M.
TWISTED COSMIC WEB AS THE ORIGIN OF SPIRAL STRUCTURE

IN DISK GALAXIES ... oottt bttt et b b nn et en et n e 167
FAJIBIM/IbI ECKE AJTY - [TAMSATU YUYEHBIX — MEMORY OF SCIENTISTS

IeHHATUNA CEPTEEBUY MIHACSTHIL. ... veeiveresereesteeesseeessseassseesseessessssessssessssesssessnsesassessnsesssssnessnsessnsesssessnns 179
OMMaHYHIT SIKOBIEBUY BUIBKOBHCKHM. ........oiuiiiiiiiiiiiie ittt s s 180

—— 182 ——



ISSN 1991-346X Series physico-mathematical. 3. 2021

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), and
follows the COPE  Flowcharts for Resolving Cases of  Suspected  Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works which
are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen in such a
way that there is no conflict of interests with respect to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote publication
of corrections, clarifications, retractions and apologies when needed. The acceptance of a paper
automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

(ITpaBuiia oopmiIeHHUS CTATBU TSI Ty OJIMKAIIMU B KYpHAJIe CMOTPETh Ha calTax:

www:nauka-nanrk.kz
http://physics-mathematics.kz/index.php/en/archive
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Pemaxropsr: M.C. Axmemosa, PJK. Mp3abaesa, /[.C. Anenos
Bepctka Ha kommbroTepe B.C. 3uxupbaesa

IMoxnucano B neyats 12.06.2021.
dopmat 60x881/8. Bymara ocetnas. [leuars — puzorpad.
11 .. Tupax 300. 3aka3 3.

Hayuonanvnas akademus nayk PK
050010, Armame, ya. llesuenxo, 28, m. 272-13-18, 272-13-19


http://www.elsevier.com/publishingethics
http://www.elsevier.com/journal-authors/ethics
http://www.elsevier.com/postingpolicy
http://publicationethics.org/files/u2/New_Code.pdf
http://www.elsevier.com/editors/plagdetect
http://physics-mathematics.kz/index.php/en/archive

	журнал физмат редколлегия
	Физика-математика №3 2021
	Thus, the problem of isomonodromic deformation using the Lax pair to find the soliton geometry was considered. As a result, the Gaussian curvature and the mean curvature were found in this paper. The most important result here is the first and second ...
	Acknowledgements
	Information about authors:
	[1] Piran T., (2005) The physics of gamma-ray bursts. Reviews of Modern Physics. Vol. 76(4). P. 1143–1210. https://doi.org/10.1103/RevModPhys.76.1143
	[2] Mann G., (2015) Energetic electrons generated during solar flares. Journal of Plasma Physics. Vol. 81(06). P. 475810601.  https://doi.org/10.1017/s0022377815001166
	https://doi.org/10.22323/1.236.0253
	[4] Beloplotov D. B., Lomaev M. I., Sorokin D. A., Tarasenko V. F. (2019) Streamer breakdown with runaway electrons forming diffuse discharges in an inhomogeneous electric field. Russian Physics Journal, Vol. 62(7). P. 1171-1180. https://doi.org/10.10...
	[5] Dwyer J. R., Smith D. M., Hazelton B. J., Grefenstette B. W., Kelley N. A., Lowell A. W., Schaal M. M., Rassoul H. K. (2015) Positron clouds within thunderstorms. Journal of Plasma Physics. Vol. 81(4). P. 475810405. https://doi.org/10.1017/S002237...
	[6] Boozer A. H., (2012) Theory of tokamak disruptions. Physics of plasmas. Vol. 19(5). P. 058101. https://doi.org/10.1063/1.3703327
	[7] Hollmann E. M., Aleynikov P. B., Fulop T., Humphreys D. A., Izzo V. A., Lehnen M., Lukash V. E., Papp G., Pautasso G., SaintLaurent F., Snipes J. A., (2015) Status of research toward the ITER disruption mitigation system. Physics of Plasmas. Vol 2...
	[8] Schnell M., Sävert A., Uschmann I., Jansen O., Kaluza M. C., Spielmann C., (2015) Characterization and application of hard x-ray betatron radiation generated by relativistic electrons from a laser-wakefield accelerator. Journal of Plasma Physics. ...
	[9] Rusby D. R., Wilson L. A., Gray R. J., Dance R. J., Butler N. M. H., MacLellan D. A., Scott G. G., Bagnoud V., Zielbauer B., McKenna P., Neely D., () Measurement of the angle, temperature and flux of fast electrons emitted from intense laser–solid...
	[10] Giovanelly R.G., (1949) XVII Electron energies resulting from an electric field in a highly ionized gas. The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science. Vol. 40(301). P. 206-214. https://doi.org/10.1080/1478644490...
	[11] Dreicer H., (1959) Electron and ion runaway in a fully ionized gas I. Physical Review. Vol. 115(2), P. 238-249. https://doi.org/10.1103/PhysRev.115.238
	[12] Dreicer H., (1960) Electron and ion runaway in a fully ionized gas II. Physical Review. Vol. 117(2), P. 329-342. https://doi.org/10.1103/PhysRev.117.329
	[13] Rosenbluth M., Putvinski S., (1997) Theory for avalanche of runaway electrons in tokamaks. Nuclear Fusion. Vol. 37(10). P. 1355-1362. https://doi.org/10.1088/0029-5515/37/10/I03
	[14] Jayakumar R., Fleischmann H., Zweben S., (1993) Collisional avalanche exponentiation of runaway electrons in electrified plasmas. Physics Letters A. Vol. 172(6). P. 447-451. https://doi.org/10.1016/0375-9601(93)90237-T
	[4] Edelson R.,   Gelbord J.,   Horne K.,  et al. (2015). Space telescope and optical reverberation mapping project. II. Swiff and HST reverberation mapping of the accretion disk of NGC 5548. II. Swift data (Edelson+, 2015). ApJ, 806:129. (in Eng).
	[6] Home K., De Rosa G., Peterson B., et al. (2021)  Space Telescope and Optical Reverberation Mapping Project. IX. Velocity-Delay Maps for Broad Emission Lines in NGC 5548, Ap J 907:76. DOI: 10.3847/1538-4357/abce60. (in Eng).


	REFERENCES
	[4]Edelson R.,   Gelbord J.,   Horne K.,  et al. (2015). Space telescope and optical reverberation mapping project. II. Swiff and HST reverberation mapping of the accretion disk of NGC 5548. II. Swift data (Edelson+, 2015). ApJ, 806:129. (in Eng).
	[6] Home K., De Rosa G., Peterson B., et al. (2021)  Space Telescope and Optical Reverberation Mapping Project. IX. Velocity-Delay Maps for Broad Emission Lines in NGC 5548, Ap J 907:76. DOI: 10.3847/1538-4357/abce60. (in Eng).

	[1] Hirschi  R., Meynet G.,  Maeder A. (2005) Stellar evolution with rotation and magnetic fields. III. The interplay of circulation and dynamo . A&A, 440: 581-588. DOI: 10.1051/0004-6361:20053261 (in Eng).
	[2] Crowther P.   (2007)  Physical properties of Wolf-Rayet stars. Annual. Rev. A&A,  45: 177-220.DOI: 10.1146/annurev.astro.45.051806.110615. (in Eng).

	[7] Bozis G. , Ichiarogou S. Boundary curves for families of planar orbits// Celest. Mech. 1994. Vol.57. N.4. P. 371-385.
	[8] Bozis G. Family boundary curves for autonomous dynamical system//Celest.Mech. 1994. Vol.60. P.161-172.
	[13] Howard J.E., Meiss J.D.  Straight line orbits in Hamiltonian flows // Celest.Mech. 2009. Vol.105
	[26] Puel F.R Potentials having two orthogonal families of curves as trajectories// Celest.Mech. 1999. Vol.74. P.199-210.
	[27]  Szebehely V. On the determination of the potential by satellite observations//Rend.Fac.Sci. Univ.Cagliari. 1974.Vol.44. Suppl.31.
	[7] Bozis G. , Ichiarogou S. Boundary curves for families of planar orbits// Celest. Mech. 1994. Vol.57. N.4. P. 371-385.
	[8] Bozis G. Family boundary curves for autonomous dynamical system//Celest.Mech. 1994. Vol.60. P.161-172.
	[13] Howard J.E., Meiss J.D.  Straight line orbits in Hamiltonian flows // Celest.Mech. 2009. Vol.105
	[26] Puel F.R Potentials having two orthogonal families of curves as trajectories// Celest.Mech. 1999. Vol.74. P.199-210.
	[27]  Szebehely V. On the determination of the potential by satellite observations//Rend.Fac.Sci. Univ.Cagliari. 1974.Vol.44. Suppl.31.
	5-сурет. Концентрация таралуының 3D көріністері, t=100 тәулік: а) сұйық фазадағы пайдалы компонент, b) қатты фазадағы пайдалы компонент, c) реагент.
	Алынған 3D көріністерден пайдалы компонент концентрацияларының таралуларын көруге болады,  суреттерде кен орындарындарындағы пайдалы компоненттерді толық өндіруге әсерін тигізетін борсу аймақтарының бар екендігі көрсетілген.
	Параллель есептеулер алгоритмі әртүрлі процесс санымен әртүрлі іске қосулармен тексерілді. Бастапқы облыстағы нүктелер саны 360×180×180 құрады. Процесс саны өскен сайын, оған бөлінген нүктелер саны азаяды, яғни есептеу уақытын азайтуға мүмкіндік беред...
	1-кесте:
	Эллиптикалық теңдеуді (1) әртүрлі процесс санымен есептеу уақыты 7 суретте көрсетілген:
	6-сурет. Ағымға арналған эллиптикалық теңдеуді әртүрлі процесс санымен есептеу уақыты.
	Есептеу уақытының процесс санына байланысты ерекшелігі айнымалылардың есептеуіш машинаның оперативті жадысының орналасуына байланысты болады. Берілген жұмыста процесс санын көбейту арқылы есептеу байланысы есептеу уақытын өте жақсы азайтқанын көруге б...
	[8] Gaia Data Release 2 (DR2)  https://www.cosmos.esa.int/web/gaia/dr2
	[8] Gaia Data Release 2 (DR2)  https://www.cosmos.esa.int/web/gaia/dr2
	Abstract. The origin of spiral arms is one of the intriguing problems of modern galactic dynamics. Despite decades of research and routine reproducibility in computer simulations, the phenomenon of the spiral arms in disk galaxies remains not fully un...
	1. Introduction. Two-thirds of all galaxies in the Universe are disk galaxies. One of the most conspicuous properties of disk galaxies is the presence of spiral density perturbations, known as spiral arms. The geometry of spiral structures is very div...
	3. Discussion
	4. Conclusion. We presented in bare outlines our theory of spiral arms formation in self-gravitating n-body disk systems. This theory explains the spirals as an interplay between cellular structure formation under the influence of residual forces (wit...
	Information about authors:
	REFERENCES


