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MECHANISMS FOR FORMING THE INHOMOGENEQOUS 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 heterogencous 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 carly stages of the planctary 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 planctary nebulae are binary stellar systems. The processes of mass exchange
between stellar components can also lead to the formation of an inhomogencous 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 heterogencous structures.
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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]. Modemn 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 planectary
nebulac. According to the model, the hot high-velocity wind of the central star interacts with matter
¢jected 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 inhomogencous 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 planctary nebulae and a spectrogram of all the
stars evolving from the Asymptotic branch of the red giants to the stage of planctary ncbulac 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 nebulac. 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 nebulac 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 ¢jection 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 planctary 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 moder 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 planectary
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 planctary 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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TLTAHETAPJIBIK TYMAHJIA PABIH BIPKEJIKI
KYPBLIBIMBIH KAJIBIITACTBIPY MEXAHA3M/IEPT

AnnHoTarus. TDiaHeTapIIbIK TyMaHapIarbl Ta3iplH Oipkelki GelliHyl KeITereH arbiHaap, IIoOYJJIep JKOHEe TaIBIKTAp
TypiHae KepiHenai. | eTeporeHai KYphUIBIMHBIH erKei-Terkeinepi KeHeHTUIeH, JKeTKUTIKTI JaMbIFaH 00BeKTUIep/ie FaHa eMec,
COHBIMEH Karap JUHAMHUKAIHIK skac 1000 jKBUIIAH acaThIH JKac BIKIaM KaObIKTapia Jia kKesnece . IlmaHeTapibik Ty MaHAap (bIH
SBONIOIISICHIHEIH epTe Ke3eHIepine GipTeKTUTIKTI KATBIITACTHIPY Maceeci COHFBI KbUIIAPhI ©3eKTi GOMbIT TabhTaabl. MyMKiH
GONMAThIH TeTIrl PETIHAE OPTANBIK *KYIABI3IBIH KbUIIAMIBIFB JKOFAPHl KbUIIAMIBIKTHL KelMH Oasy, Gipak KYIITi KeliH
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aCepiHeH «KBI3BUT» THI'aHT Ke3eHIH e MbFapbUIFaH 3aTIeH o3apa dpeKeTTecyi KapacThIphlIaanl. Byl karmaiifa ®yIap3aap MeH
D100y IIap b Taiiia GOTybl JKYIBI3AbI JKeIMEH JKYPETIH COKKBI TOIKBIHIAPHIHBIH acepiHeH oTeni. KelfGip ITTaHeTalbIK
TYMaH/apJarsl OPTATbIK KO37ep €Ki KYLABI3IbIK >Kyhie GONBIT TalhUtajpl. JKYIIBI3IBIH Kypamjaac OGONiKTepi apachIHIarbl
JKarmait amMacy TporiecTepi GipKenki eMec KaGhIK KYPhUIHIMBIH KaTbIITaCTHIPYFa SKeITyl MYMKIH.

Ochl Makaiajia IAHeTATbIK TYMaHAaP/Ibl 3epTTey IUH 3aMaHayy 9JICTePiHiH, COHBIH iIMIHe FAPBITITHIK TeIECKOITaPIAFhI
Gabikay IbIH, GipKenki eMec KYPBUIBIMAApPIbIH Taiifa GoTyblHa YCHIHBUFAaH MEXaHU3MJICPAIH MBHANGUIFEL MEH THIMILTITIH
Garanayra MyMKIHIK GepeTiH HOTHKEEPiH KapacThIpaMbI3

Tyiiin ce3ep: IaHETAPIHIK TYMAHIBIKTAD, KAOBIKITAHBH KYPHUILIMBIH KaTbIITACTHIPY MeXaHU3MIEPi,

JLA. ITaBnoBa, JL.H. KongparbeBa
Actpodmudeckuii Mnctutyt nm Oecerkopa, Ammvatsl, Kazaxctan

MEXAHMW3MbI ®OPMHUPOBAHUA }IEOZ[}IOPOZ[PIQﬁ CTPYKTYPbI
IUTIAHETAPHBIX TYMAHHOCTEU

AnnoTanus. HeoHopomHOe paciipesielieHye ra3a B INTaHETapHbIX TyMAHHOCTSX IIPOSBIIETCS B HOpME MHOTOUHCIIEHHBIX
JPKeTOB, 700yl M BOJOKOH. Jleram HEOJHOPOJHONW CTPYKTYPhl OOHapy’KeHbl HE TONBKO B IIPOTSHKEHHBIX, JOCTATOUHO
IIPOSBOIOIOHUPOBABIIMX OOBEKTaX, HO M B MOJOJBIX KOMIIAKTHBIX O0O0JOUKaX, JUHAMUYECKHMII BO3pacT KOTOPHIX HE
npessimaer 1000 net. TIpo6iaema GopMupoBaHysl HEOTHOPOTHOCTH Ha PAHHMUX ATallax SBOTIOIWHM INIAHETAPHBIX TYMaHHOCTEH
SIBIISIETCS aKTyallbHOM Ha IIPOTSHKEHUH IIOCIIEIHUX JIeT. B KauecTBe BO3ZMOKHOTO MEXaHU3Ma paccMaTpHBaeTCs B3auMoJeHCTBYE
TOPSIUETO BBICOKOCKOPOCTHOTO BETPa IIEHTPATBHON 3BE3/IbI ¢ BEIECTBOM, BHIOPOIIEHHBIM HA CTaJIUH «KPAcHOT0» TUTaHTa II0]
JieficTBHEM MEUICHHOTO, HO MOIIHOIO BeTpa. B 3ToM ciyuae oOpazoBaHHE JKETOB M ITIOOYN IIPOMCXOJUT IIOJ JIeHCTBHEM
VJIApHBIX BOJIH, KOTOPHIE COIIPOBOXIAIOT 3BE3/HBIN BeTep. |[eHTpabHble HCTOUHUKY B HEKOTOPBIX IUIAHETAPHBIX TYMAHHOCTSIX
SIBIISEOTCS TBOWHBIMM 3BE3/HBIMU cHcTeMaMH. lIporiecchl oOMeHa MaccaMd MEXIY 3BE3JTHBIMH KOMIIOHEHTAMH TaKXe MOTY
IPUBOUTH K (GOPMUPOBAHUIO HEOTHOPOIHOM CTPYKTYPBI O0OIOUKH.

B mamHOl paboTe paccMaTpHBAIOTCS PE3YJIHTAThl COBPEMEHHBIX METOJIOB HCCIIETOBAHUN IUIAHETAPHBIX TyMaHHOCTEH,
BKJIFOUasl HaOMIOJIeHMSI Ha KOCMHYECKMX TeNlecKollaX, KOTOpHIE IIO3BOJBIOT OIEHUTh pEalbHOCTh U S(OGEKTHBHOCTH
TIpe/IoIaraeMpIX MEXaHU3MOB 00Pa30BaHMs HEOHOPOIHBIX CTPYKTYD.

KitoueBbie ci10Ba: IU1aHeTapHBIE TYMAHHOCTH, MEXAHU3MBI (POPMUPOBAHUS CTPYKTYPbI 0G0IOUKH.
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