ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKAIEMUACBIHBIH

OJIb-OAPABU ATBIHJIATBI
KA3AK YJITTBIK YHUBEPCUTETIHIH

XABAPJJAPBI

N3BECTUA NEWS

HAILIMOHAJIBHOM AKAJIEMUM HAYK OF THE NATIONAL ACADEMY OF SCIENCES
PECITYBJIMKU KA3SAXCTAH OF THE REPUBLIC OF KAZAKHSTAN
KA3AXCKUI HAIITMUOHAJIBHBIN AL-FARABI KAZAKH
YHUBEPCUTET UMEHU AJIb-OAPABU NATIONAL UNIVERSITY

OU3UKA-MATEMATHUKA CEPUSACHI
L 4

CEPUSA PUZUKO-MATEMATHUYECKAA

AJIMATBIL, KP ¥TA

¢
PHYSICO-MATHEMATICAL SERIES

3 (319)

MAMBIP — MAYCBIM 2018 .
MAM — UIOHbB 2018 r.
MAY - JUNE 2018

1963 XKbUIJIbIH KAHTAP AVIBIHAH IIbIFA BACTAFAH
U3JJAETCSA C SSIHBAPA 1963 T'OA
PUBLISHED SINCE JANUARY 1963

KBbUIBIHA 6 PET IIBIFAIBI

BBIXOAUT 6 PA3 B I'O/1
PUBLISHED 6 TIMES A YEAR

AJIMATBI, HAH PK ALMATY, NAS RK



bac peagakTopsl
¢.-m.r.1., mpod., KP ¥FA akagemuri F.M. MyraHoB

Pemakxunusg ankachsl:

Kymaningaes A.C. mpoo., akanemuk (Kazakcran)
Kaabmenos T.L. mpod., akagemuk (Kazakcran)
Kanrtaen JK.111. mpod., kopp.-mymreci (Kazakcram)
Owmipoaes Y.Y. mpod. kopp.-mymieci (Kazakcran)
KycinoB M.A. npod. (Kazakcran)

Kymaoaes /I.C. npod. (Kazakcran)

AcanoBa A.T. npod. (Kazakcran)

Bomxkae K.A. PhD noxrops! (Ka3akcran)
Cyparan /1. xopp.-mymeci (Kazakcran)

Quevedo Hernando npod. (Mekcuka),
JxynymanaueB B.J. npod. (KeipreicTan)
BumneBckuii U.H. mpod., akagemuk (YkpanHa)
KoaneB A.M. ipoc., akamemuk (YkpanHa)
MuxaneBu4 A.A. ipod., akagemuk (bemopyc)
Mamaes A. npod., akagemuk (O3ipOaiixkan)
Taxu6aeB H.2K. npod., akanemuk (Kazakcran), 6ac pen. operHOacapbl
Turunsny U. npod., akagemuk (Monmosa)

«KP ¥T'A Xaoapaapel. ®U3HKa-MaTeMaTHKAJIBIK CEPUACHI».
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Menmrikrenytri: «Ka3akctan PecryOnukaceiHblH ¥ ITTHIK FUTBIM akageMusicel» PKB (AnMaTs! K.)
Kazakctan pecmyOnukacslHblH MOoIEHHET IEH akmapaT MHHHCTPIITIHIH AKIapaT JKOHE MyparaT KOMHTETiHZE
01.06.2006 . 6epinren Ne5543-)K mep3iMIik 6achUIbIM TipKeyiHE KOMBLTY Typallbl KyolliK

Mep3imuiniri: XbuibiHa 6 per.
Tupaxsr: 300 nanHa.

Penakuusueig Mmekermxaiibl: 050010, Anmartsl K., IlleBuenko keur., 28, 219 6ei., 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk.kz / physics-mathematics.kz

© Kazaxcran PecrryOiamnkachIHbIH ¥ATTHIK FRUIBIM aKaaeMusichbl, 2018

TunorpadusHbslg Mekerkaiibl: «Apyna» XK, Anmarsr k., Myparbaesa ker., 75.



I'maBHBIH penakTop
0.¢.-M.H., ipod. akanemuk HAH PK I''M. MyrtanoB

Pe,Z[aKLII/IOHHaH KOJIICTH A:

JoxymanuiasaaeB A.C. npod., akanemuk (Kazaxcran)
Kansmenos T.111. mpod., akanemuk (Kazaxcran)
Kanraes K. 1. pod., wr.-kopp. (Kazaxcran)
Ymupo6aen Y.Y. npod. wri.-kopp. (Kazaxcran)
Kycynos M.A. mpog. (Kazaxcran)

xxymabaeB 11.C. mpod. (Kazaxcran)

AcanoBa A.T. mpod. (Kazaxcran)

Bomkaes K.A. nokrop PhD (Ka3axcran)

Cyparan /1. un.-xopp. (Kazaxcran)

Quevedo Hernando npod. (Mekcuka),
Jxynymaaues B.J. npod. (Ksipreiscran)
Bumnesckuii U.H. mpod., akanemuk (YkpanHa)
Koanes A.M. nipod., akanemuk (YkpanHa)
Muxanesuu A.A. pod., akanemuk (benapycs)
MMamaes A. npod., akagemuk (Azepbaiimxan)
Taxku6aeB H.)K. npod., akanemuk (Kazaxcran), 3am. ri1. pe.
Turunsany U. npoo., akagemux (Mongosa)

«H3BecTuss HAH PK. Cepusi pusuko-maTemaTuieckasm.
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Cob6crBennnk: POO «HammonansHas akagemus Hayk PecryOnukn Kazaxcram» (r. AiaMatsr)
CBUIIETENILCTBO O TIOCTAHOBKE HA Y4eT MEPHOJIMYECKOro nedaTHoro u3nanus B Komurere mHbOpManuy 1 apXuBOB
MuHucTepcTBa KynbTypbl 1 uHpopManuu Pecniyonuku Kazaxcran Ne5543-2K, seigannoe 01.06.2006 .

Ilepuonu4HoCTh: 6 pas B rof.
Tupax: 300 5x3eMILISIPOB.

Anpec pegakuuu: 050010, T. Anmmarsr, yi. llleBuenko, 28, kom. 219, 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk kz / physics-mathematics.kz

© HanmonansHas akagemus Hayk PecyOnuku Kazaxcran, 2018

Anpec Tunorpaduu: UIT «Apynay, r. Anmarsl, yi. Myparoaesa, 75.




Editorinchief
doctor of physics and mathematics, professor, academician of NAS RK G.M. Mutanov

Editorial board:

Dzhumadildayev A.S. prof., academician (Kazakhstan)
Kalmenov T.Sh. prof., academician (Kazakhstan)
Zhantayev Zh.Sh. prof., corr. member. (Kazakhstan)
Umirbayev U.U. prof. corr. member. (Kazakhstan)
Zhusupov ML.A. prof. (Kazakhstan)

Dzhumabayev D.S. prof. (Kazakhstan)

Asanova A.T. prof. (Kazakhstan)

Boshkayev K.A. PhD (Kazakhstan)

Suragan D. corr. member. (Kazakhstan)

Quevedo Hernando prof. (Mexico),

Dzhunushaliyev V.D. prof. (Kyrgyzstan)

Vishnevskyi I.N. prof., academician (Ukraine)
Kovalev A.M. prof., academician (Ukraine)
Mikhalevich A.A. prof., academician (Belarus)
Pashayev A. prof., academician (Azerbaijan)
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief.
Tiginyanu L. prof., academician (Moldova)

News of the National Academy of Sciences of the Republic of Kazakhstan. Physical-mathematical series.
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)
The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 5543-XK, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
www:nauka-nanrk.kz / physics-mathematics.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2018

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty




ISSN 1991-346X Cepusa pusuxo-wamemamuyeckas. Ne 3. 2018

NEWS

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 3, Number 319 (2018), 63 — 66

UDC 524.386
L.A. Pavlova, L.N. Kondratyeva

Fesenkov Astrophysical Institute, Almaty, Kazakhstan

E mail: lapavlovad44@mail.ru, lu_kondr@mail.ru

MECHANISMS FOR FORMING THE INHOMOGENEOUS STRUCTURE
OF PLANETARY NEBULAE

Abstract. The inhomogeneous distribution of gas in planetary nebulae manifests in the form of numerous jets,
globules and filaments. Details of the heterogeneous structure are found not only in extended, sufficiently evolved
objects, but also in young compact objects which dynamic age does not exceed 1000 years. The problem of the
formation of heterogeneity in the early stages of the planetary nebulae evolution is relevant recent years. The
interaction of the hot fast wind of the central star with the substance ejected at the stage of the "red" giant under the
influence of a slow but powerful wind, is considered as a possible mechanism. In this case, the formation of jets and
globules occurs under the shock waves that accompany the stellar wind.

The central sources in some planetary nebulae are binary stellar systems. The processes of mass exchange
between stellar components can also lead to the formation of an inhomogeneous shell structure.

In this paper, we consider the results of modern methods for studying planetary nebulae, including observations
on space telescopes, which allow to evaluate the reality and effectiveness of the proposed mechanisms for the
formation of heterogeneous structures.

Key words: planetary nebulae, mechanisms of forming the inhomogeneous structures.

Introduction The inhomogeneous structure of planetary nebulae is the subject of study by theorists
and experimenters. It was assumed that polar jets, large-scale globules and bipolar structures are formed
by the interaction of the residual stellar wind of the red giant and the hot wind of the central star.
However, the study of a large group of young objects, shows that envelopes with a dynamic age <2000
years already exhibit a complete set of inhomogeneities found in large nebulae [1]. Thus, it turns out that
inhomogeneities are formed at even earlier stages of the evolution of planetary nebulae, at a low central
star temperature and before the appearance of a fast stellar wind.

Recent years, the search and analysis of inhomogeneities in the structure of young planetary nebulae
have become a favorite topic of many researchers [2-8]. An assumption was made about the role of the
accretion disk as a source of bipolar emissions [4,5]. Modern observations of planetary nebulae on space
telescopes, obtained with high resolution, give new information for the creation of new models describing
the formation and evolution of these objects.

In 1983 San Kwok [6] proposed a model of interacting winds to explain the structure of planetary
nebulae. According to the model, the hot high-velocity wind of the central star interacts with matter
ejected at the "red" giant stage. As a result, the outer boundary of the shell is formed. The details of the
inhomogeneity in the distribution of gas in the nebula, namely jets, globules, possibly arise due to shock
waves, which in turn are the source of radiation in the X-ray region.

In some cases, the inhomogeneous structure of the nebula is formed due to the mass exchange
processes between the components of the binary stellar system in the center of the nebula. By now,
nebulae with double central sources are 12-15% of their total number.

Zones of low ionization are found in images of many planetary nebulae. The gas in these zones has
the same electronic temperature as the neighboring regions, but a low electron density. Modern methods
of observation show that shock ionization "works" in the low-excitation zones, while the main envelope is
ionized by ultraviolet quanta of the central source.
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The results of modern observations on space telescopes

Photometric and spectral observations in the far infrared and submillimetric spectral ranges were
carried out on the Herschel space telescope. Images of 18 planetary nebulae and a spectrogram of all the
stars evolving from the Asymptotic branch of the red giants to the stage of planetary nebulae were
obtained [10]. The obtained data allow, among other things, to assess the physical state and chemical
composition of matter in the vicinity of the studied objects.

Images obtained with high resolution on the Hubble telescope have great importance for the study of
the structure of nebulae. Thus, observations of ten compact planetary nebulae, which were carried out on
this telescope, allow to discover for the first time numerous fine details of an inhomogeneous structure:
arcs, two-dimensional rings, tori and halo [11]. Obtained data lead to the suggestion that such
heterogeneous structures are inherent in most planetary nebulae and are formed in the early stages of
evolution. Assuming that the cause of the formation of inhomogeneities can be the interaction of the early
wind of the red giant and the later wind of the central star, the authors note that there must be several
stages of fast stellar wind, different in duration and in direction. Such assumption is useful for explanation
of the observed age difference between structural details within a single shell [12, 13].

So-called "hot bubbles" - central cavities filled with hot gas, are observed in many planetary nebulae
[14]. They are formed under the action of a fast shock heated stellar wind. The stellar wind pushes out the
substance thrown out at the stage of the red giant. Such zones should be "visible" in the X-ray range.
Indeed, observations of the NGC 3234 nebula, performed on the XMM-Newton telescope, recorded soft
diffuse X-Ray radiation with a temperature of 2.35x10° K and a luminosity of 2 + 10°° erg / sec (for D =
0.55 kpc), which is formed in a hot bubble. An analysis of the chemical composition of plasma - the
source of diffuse X-ray in different nebulae indicates that it is actually created by a hot stellar wind, but
traces of the residual gas of the cold envelope are still present. Perhaps, these are dense features formed in
collimating flows or filaments, formed during additional ejection of gaseous fragments from the central
star. Hard X-ray radiation coming from the central star, can be created by coronal emission from the
invisible component of a binary star or by a shock wave arising in a fast stellar wind.

A fairly rare event in the evolution of planetary nebulae - a repeated ejection of the envelope, is
recorded in two objects. The old, highly evolved nebula A30 became famous after a dense shell of a new
generation, practically devoid of hydrogen, was discovered near its central star [15]. Estimates of its
dynamic age: 850 = 200 years are obtained from a change in the angular size, the known velocity of
expansion, and distance [16]. The complex structure of this new envelope is clearly visible on the images
obtained with the Hubble telescope. Numerous jets indicate the movement of gas fragments from the
center to the periphery. The X-ray radiation of an object can be divided into two components: a point
source in the central star direction and an extended source corresponding to the position of the new
envelope. The interaction of the modern stellar wind with the material of the secondary shell leads to
shock heating of the plasma, which becomes the source of diffuse X-ray radiation. The origin of the X-ray
radiation from the central star is still unclear.

Low - ionization zones in the form of globules are observed on the images of many planetary
nebulae, including those obtained on the Hubble telescope. Studies have shown that the gas in these zones
has the same electronic temperature as the neighboring regions, but a low electron density. Modern
methods of observation made it possible to establish that the shock ionization mechanism "works" in the
low-excitation zones, while the main envelope is ionized by ultraviolet quanta from a central source [17].

An analysis of the latest data obtained for the central stars of planetary nebulae in different spectral
ranges, was carried out in [18]. Studies show that about 12-15% of the central stars, (according to some
estimates, up to 30%), are binary systems. The orbital periods for these close binary systems are generally
less than one day. A correlation between the central source binarity (the position of the orbital plane) and
the spatial orientation of the envelope is traced. The interaction between the components of the central
stellar system can lead to formation of bipolar shapes, as well as to the appearance of additional structural
inhomogeneities.

Conclusions
The problem of the heterogeneous structure of planetary nebulae, even in the early stages of
evolution, is very urgent and requires its solution. The corresponding mechanisms responsible for the
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formation of inhomogeneities should be taken into account for the creation of more advanced models of
real objects. One such mechanism is the interaction of hot and cold stellar winds, which is confirmed by
observations in the X-ray range. Moreover, in order to explain the presence in the nebula of globules and
jets of different ages, a pulsating mode of the fast stellar wind operation is proposed. It has also been
established that nebulae with the binary central stars may differ in the shape and chemical composition of
the envelope. Also, it is quite possible that their evolution is somewhat different from the evolution of the
remaining planetary nebulae.

The work was supported by the funding program BR05236322 of the Ministry of Education and
Science of the Republic of Kazakhstan.
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«B.I'.®ecenxoB ateiHaarsl Actpodusuka nacTUTyTEDy EXIIC, Anmarer, Kazakcran

IVIAHETAPJIBIK TYMAHJAPABIH BIPKEJIKI
KY¥YPbBLJIBIMBIH KAJIBIIITACTBIPY MEXAHU3MIEPI

AnHoTamms. [Inanerapiblk TyMaHAapAarbl ras3blH Oipkeski OelliHyi KeNTereH arblHIap, rJ00YyJep JKOHE TaNIIbIKTap
TypiHze KepiHeni. I'eTeporeHai KypbUIBIMHBIH eTKeH-Terkeinepi KeHeUTIreH, )KeTKUTIKTI JaMbIFaH OOBEeKTIepie FaHa eMec,
COHBIMEH KaTap TUHaMHUKaIbIK >kac 1000 KpU1oaH acaThH Kac BIKIIaM KaOBIKTapaa aa keszgeceni. [lmaHeTapipIKk TyMaHAApIbIH
SBOJIIOLMSCHIHBIH epTe Ke3eHAepiHae OipTeKTLTIKTI KaJIbIITacTRIPY Macelieci COHFBI KbUIAaphl ©3¢KTi O0JIbn TabblTansl. MyMKiH
OOJIATBIH TETIri peTiHAe OPTANBIK >KYIIBI3IBIH JKbUIJAMIBIFBI JKOFAphl JKBIIIAMIBIKTEI JKeNmiH Oasy, Oipak KYIITI >KeJmiH
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9CepiHEH «KbI3bLI» THI'AHT KE3CHIH/E IIbIFapbUIFaH 3aTIICH ©3apa dpeKeTTecyi KapacThIpblulaabl. by xarnaiina xynns3nap MeH
rnoOynaapaslH Haiaa OOMyBl KYJIABI3IABI JKEIMEH JKYPETiH COKKBI TOJNKBIHIAPBIHBIH ocepiHeH erexi. Keiibip miaHeTanbk
TyMaHAapIarsl OPTAJBbIK KO3Aep €Ki KYIABI3IABIK Kyiie Oompim TaObuianmel. JKYIABIBABIH Kypampaac OelikTepi apachIHIAFbI
JKarmai anMacy nporectepi 6ipkenki eMec KaObIK KYPBUIBIMBIH KaJbIITACTHIPYFa 9KEITyl MYMKIH.

Ochl MaKanajia IIaHEeTAIBIK TyMaHJap.bl 3epTTEeyAiH 3aMaHayH OMICTEpPiHIH, COHBIH IMIIH/AE FAPBIMTHIK TeISCKONTAPIaFrhl
OaiikayIblH, OipKeIKi eMec KYpPbUIBIMAAPbIH Maliaa OojyblHA YCHIHBUIFAH MEXaHM3MICPAIH NIBIHAWBLUIBIFEI MEH THIMILUTIITiH
Oarayayra MyMKIiH/IK O€peTiH HOTIKEJIepiH KapacThIpaMbI3

TyiiiH ce3/ep: MIaHEeTapIBIK TYMAaH/IBIKTAP, KaOBIKIIAHBIH KYPbUIBIMBIH KaJIbINTACTBIPY MEXaHU3MIEPI,

JI.A. [1aBaoBa, JI.H. KonapatseBa
Actpodusnueckuit UnctutyT nm DecenkoBa, Anmarsl, Kazaxcran

MEXAHHM3MbI ®OPMUAPOBAHMS HEOJHOPOTHOM CTPYKTYPBI
IJIAHETAPHBIX TYMAHHOCTEWM

AnHoTanus. HeoxHopogHoe pacipesenieHne raza B IIAHETApHBIX TYMAHHOCTSIX MPOSIBISIETCS B ()OPME MHOTOYMCIIEHHBIX
JDKETOB, TJIOOYJN W BOJNOKOH. JleTamn HEOJHOPOAHOH CTPYKTYphI OOHAapy>K€HbI HE TOIBKO B MPOTSDKEHHBIX, JOCTATOYHO
MPOYBOJIIOIMOHUPOBABIINX OOBEKTaX, HO M B MOJOABIX KOMIIAKTHBIX O0O0OJIOYKAax, JUHAMHYECKHII BO3pacT KOTOPHIX HE
npessimaer 1000 ner. IIpobnema hopMupoBaHKS HEOIHOPOAHOCTH HA PAHHUX JTallaX HBOJIOIMH IDIAHETApHBIX TyMaHHOCTEH
SIBJIICTCS. aKTYalbHON Ha MPOTSHKEHUM IOCIIEHUX JIeT. B kauecTBe BO3ZMOXHOIO MEXaHU3Ma PacCMaTpUBAETCS B3aUMOJICHCTBHE
rOpsiero BBICOKOCKOPOCTHOTO BETpa LIEHTPaJIbHON 3BE31bl C BEIIECTBOM, BHIOPOIICHHBIM Ha CTa[JHU «KPAaCHOT0» T'HIaHTa 0]
JEWCTBUEM MEJUICHHOTO, HO MOIIHOTO BeTpa. B 3ToM cimydae oOpa3oBaHHMe MXKETOB M IJIOOYJ MPOUCXOAUT IOJ JIEHCTBHEM
yAapHBIX BOJH, KOTOPBIE COMPOBOXKIAIOT 3Be3HBIN BeTep. LIeHTpanbHble HCTOYHUKH B HEKOTOPBIX TIAHETAPHBIX TYMaHHOCTSIX
SIBISIOTCS JBOMHBIMH 3BE3IHBIMH cHcTeMaMH. [Ipomecchl oOMeHa MaccaMM MEXIy 3BE3THBIMH KOMIIOHEHTAMH TaKKe MOTY
HMPUBOAUTE K (OPMUPOBAHHIO HEOTHOPOIHOM CTPYKTYPHI 000I0UKH.

B mannoii paGore paccMaTpHBarOTCSl pe3yJbTaThl COBPEMEHHBIX METONOB HCCIIENOBAaHMI IUIAaHETAPHBIX TYMaHHOCTEH,
BKJIOYAss HAONIONCHUS HAa KOCMHYECKHX TEJIECKONaX, KOTOpBIC IIO3BOJISIIOT OLECHUTH pPEATbHOCTh M I(P(HEKTUBHOCTH
HpearoiaraéMbIX MEXaHH3MOB 00pa30BaHMsl HEOJHOPOIHBIX CTPYKTYP.

KnroueBrble cj10Ba: IulaHETapHBIC TYMAHHOCTH, MEXaHH3MBI (POPMHUPOBAHUS CTPYKTYPBI 000IOUKH.
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Pavlova L.A.- Doctor of Physical and Mathematical Sciences, Fesenkov Astrophysical Institute, lapavlova44@mail.ru;
Kondratyeva L.N. - Doctor of Physical and Mathematical Sciences, Fesenkov Astrophysical Institute. lu_kondr@mail.ru
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