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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 2.35x106 K and a luminosity of 2 • 1030 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.  
 

REFERENCES 
 
[1] Kwok S. Morphological Structures of Planetary Nebulae// PASA. 2010. V. 27. P. 174. DOI: 10.1071/AS09027. 
[2] Sahai R., Morris M., Contreras C., Claussen M. Understanding the immediate progenitors of planetary nebulae// IAUS . 

2012. V. 283. P. 180.DOI: 10.1017/S1743921312010915. 
[3] Sahai R., Morrs M., Villars G. Young planetary nebulae: Hubble space telescope imaging and a new morphological 

classification system//AJ. 2011. V.141. P.134. DOI: 10.1088/0004-6256/141/4/134. 
[4] Bright S., De Marco O., Chesneau O., et al. Observing Compact Disks Inside Pre-Planetary Nebulae with the Very 

Large Telescope Interferometer// AAS. 2012. V.283. P. 115..DOI: 10.1017/S1743921312010800. 
[5] Velázquez P., Raga A., Riera A., et al. Multipolar young planetary nebulae modelled as a precessing and orbiting jet 

with time-dependent ejection velocity// MNRAS. 2012. V. 419. P. 3529. DOI: 10.1111/j.1365-2966.2011.19991. 
[6] Miszalski B., Boffin H., Corradi R. Carbon dwarf wearing a Necklace: first proof of accretion in a post-common-

envelope binary central star of a planetary nebula with jets// MNRAS . 2013. V. 428. L39. DOI: 10.1093/mnrasl/sls011. 
[7] Gledhill T. M.; Forde, K. P. A fast bipolar H2 outflow from IRAS 16342-3814: an old star reliving its youth // MNRAS. 

2012. V. 421. – P. 346. DOI: 10.1111/j.1365-2966.2011.20309.x. 
[8] Guillén, P., Vázquez R., Miranda L., et al. Multiple outflows in the planetary nebula NGC 6058// MNRAS. 2013. V. 

432. P. 2676. DOI: 10.1093/mnras/stt612. 
[9] Kwok S. From red giants to planetary nebulae// ApJ. 1982. V. 258. P. 280. 
[10] Griet C, Van de Steene Herschel observations of planetary nebulae//Proceedings IAU Symp. 2016. No 323. DOI: 

10.1017/S1743921317001971. 
[11] Hsia C., Chau W., Zhang Y., et al. Hubble Space telescope observations and geometric models of compact multipolar 

planetary nebulae// ApJ. 2014. V. 787. P. 25. doi: 
10.1088/0004-637X/787/1/25 
[12] Ottl S., Kimeswenger S., Zilstra A. Ionization structure of multiple-shell planetary nebulae. NGC 2438 // A&A. 2014. 

V. 565. P. 87. DOI: 10.1051/0004-6361/201323205. 
[13] Aller A., Miranda L., Olguin L., et al. On the Origin of Morphological Structures of Planetary Nebulae // MNRAS. 

2015. V. 446. P.317. DOI: 0.1093/mnras/stu2106. 
[14] Ruizi N., Guerrero M. Physical structure of the planetary nebula NGC 3242 from the hot bubble to the nebular 

envelope// AJ. 2011. V. 142. - P.91. DOI: 10.1088/0004-6256/142/3/91. 
[15] Jacoby G. Unusual structure of the planetary nebulae Abell 30 and Abell78//PASP, 1979, V. 91, P. 754. 
[16] Guerrero M., Ruiz N., Hamann W., et al. Rebirth of X-Ray emission from the born-again planetary nebula A30// ApJ. 

2012. V. 755. P. 129. DOI: 10.1016/j.icarus.2012.09.025. 
[17] Akras S., Gon D., Low-ionization structures in planetary nebulae. Physical, kinematic and excitation properties// 

MNRAS. 2016. V. 455. P. 930. DOI: 10.1093/mnras/stv2139. 
[18] Hillwig T., Jacoby G., Jones D., et al. Binarity in the central stars of planetary nebulae and its relation to stellar 

evolution// ASPC. 2017. No 509. 
 

 
УДК 524.386 

Л.А. Павлова, Л.Н. Кондратьева 
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ПЛАНЕТАРЛЫҚ ТУМАНДАРДЫҢ БІРКЕЛКІ 
ҚҰРЫЛЫМЫН ҚАЛЫПТАСТЫРУ МЕХАНИЗМДЕРІ 

 
Аннотация. Планетарлық тумандардағы газдың біркелкі бөлінуі көптеген ағындар, глобулдер жəне талшықтар 

түрінде көрінеді. Гетерогенді құрылымның егжей-тегжейлері кеңейтілген, жеткілікті дамыған объектілерде ғана емес, 
сонымен қатар динамикалық жас 1000 жылдан асатын жас ықшам қабықтарда да кездеседі. Планетарлық тумандардың 
эволюциясының ерте кезеңдерінде біртектілікті қалыптастыру мəселесі соңғы жылдары өзекті болып табылады. Мүмкін 
болатын тетігі ретінде орталық жұлдыздың жылдамдығы жоғары жылдамдықты желдің баяу, бірақ күшті желдің 
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əсерінен «қызыл» гигант кезеңінде шығарылған затпен өзара əрекеттесуі қарастырылады. Бұл жағдайда жұлдыздар мен 
глобулдардың пайда болуы жұлдызды желмен жүретін соққы толқындарының əсерінен өтеді. Кейбір планеталық 
тумандардағы орталық көздер екі жұлдыздық жүйе болып табылады. Жұлдыздың құрамдас бөліктері арасындағы 
жаппай алмасу процестері біркелкі емес қабық құрылымын қалыптастыруға əкелуі мүмкін. 

Осы мақалада планеталық тумандарды зерттеудің заманауи əдістерінің, соның ішінде ғарыштық телескоптардағы 
байқаудың, біркелкі емес құрылымдардың пайда болуына ұсынылған механизмдердің шынайылығы мен тиімділігін 
бағалауға мүмкіндік беретін нəтижелерін қарастырамыз 
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МЕХАНИЗМЫ ФОРМИРОВАНИЯ НЕОДНОРОДНОЙ СТРУКТУРЫ 

ПЛАНЕТАРНЫХ ТУМАННОСТЕЙ 
 
Аннотация. Неоднородное распределение газа в планетарных туманностях проявляется в форме многочисленных 

джетов, глобул и волокон. Детали неоднородной структуры обнаружены не только в протяженных, достаточно 
проэволюционировавших объектах, но и в молодых компактных оболочках, динамический возраст которых не 
превышает 1000 лет. Проблема формирования неоднородности на ранних этапах эволюции планетарных туманностей 
является актуальной на протяжении последних лет. В качестве возможного механизма рассматривается взаимодействие 
горячего высокоскоростного ветра центральной звезды с веществом, выброшенным на стадии «красного» гиганта под 
действием медленного, но мощного ветра. В этом случае образование джетов и глобул происходит под действием 
ударных волн, которые сопровождают звездный ветер. Центральные источники в некоторых планетарных туманностях 
являются двойными звездными системами. Процессы обмена массами между звездными компонентами также могу 
приводить к формированию неоднородной структуры оболочки.  

В данной работе рассматриваются результаты современных методов исследований планетарных туманностей, 
включая наблюдения на космических телескопах, которые позволяют оценить реальность и эффективность 
предполагаемых механизмов образования неоднородных структур.  
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