KaTtacTtpodumnyeckme cobbiTna B
DOTOMNJSIaHETHbLIX ANCKaX U UX

T.B. JlemunpoBa
Kpbimckasa actpodunsnyeckana oocepsaropua PAH



» HD 135344B, Cazzoletti et al., 2018 HD 143006, Perez et al., 2018

Band 4: 155 GHz/1.9 mm

J
D
]
-
D
n
P

1
0.0 -0.2 -0.4
Offset R.A. ["']




RXJ 1615, Avenhaus et al., 2018 HD 163296, Huang et al., 2018




HD 169142

Elias 24

HD 97048

RU Lup

GW Lup

- -




Jdackson & Wyatt 2012; Genda et al. 2015b



Mogaenb

50 25 25 o0 /75 100
AU

-75

-100

Mw=4 - 1025 [,
Ve = 50+50 Mm/c



[lapameTpbl Ancka

75 [

50 [

25 -

2100 L. . L

100 75 50 25 0 25 50 75
AU

10

-5
-10

-100

-75

(Dutrey et al. 1994; Chiang & Goldreich 1997; Dullemond & Dominik 2004).



YpaBHEHUA ons Nbinv 1 Ang rasa

dpg
a0 TV leeve) = 0
0
%"’V'(pdvd) = 0,

ov
o (a—f + Vg - va) = pVo+ K(vqg —vy) — VB, + Fy,

I

ov
Pd (8_; T Vg - VVd) = pgV— K(vq - Vg),

Pd

tstnp Cs pg

P=c*(R)p, K =



Ap(7) = / A@)N

M eTO,D, S P H (Lucy,1977; Gingold & Monaghan, 1977)

CrnaxxeHHoe 3Ha4vYeHue

)W (7 — Z; h)dZ

Appo nHtepnonauuun

W=—2

1 —1.5¢°+0.75¢°.
0.25(2 — q)3,

0,

CBoucTtBa sgpa

1

wh

/W@>fmmf:1
lim W (7 — & h) = §(F — )

h

—0

h — gnuHa crnaXxuBaHusA
g=r/h

0<g<1,
l=qg<2.

q> 2,

WHTepnonsiuMoOHHaA cymma

A(7;
> 20w
i n'( ! J )
I'Ipowsao,qHaﬂ

VAs(7) = Z

Mop,enMpOBaHMe rasa
GADGET-2 (Springel, 2010)

AS(-*_;) — — ?_;. h)

- h)

J‘

http://www.mpa-garching.mpg.de/gadget/

moaudpukauma Jemnaoosa (2016)
MoaoenupoBaHue Nbinu
Laibe & Price (2014)


http://www.mpa-garching.mpg.de/gadget/
http://www.mpa-garching.mpg.de/gadget/
http://www.mpa-garching.mpg.de/gadget/

Pe3ynbTaThl pacyeToB

= 40P

T

0 -25

-50

-75

=10P

T

-25

-75

=0.5P

T

=5P

50 75

0

-25

25 50 75 -100

0

50 75

25

-50

25

-50

-75

100

n
~

501

25¢

-50f

-75¢

nv

75+

50

-75+

-100

-100



N300pakeHuns

(RADMC-3D http://www.ita.uni-heidelberg.de/~dullemond/software/radmc-3d/)

I T T
40 - 4
1
20 L 4
oL 4
0.8
-20 L o
0.6
-40 | g
)
<
40 -
0.4
20 - d
oL qd 0.2
-20 - o
0
-40 |
1 | | | 1 1 L 1 L L | 1 1




THE ASTROPHYSICAL JOURNAL LETTERS, 887:L15 (4dpp), 2019 December 10

© 2019. The American Astronomical Society. All rights reserved.

https: / /doi.org /10.3847/2041-8213 /ab59¢e()

CrossMark

Catastrophic Events in Protoplanetary Disks and Their Observational Manifestations

Tatiana V. Demidova'

and Vladimir P. Grinin™">

! Crimean Astrophysical Observatory, Nauchny, rimea, Russia; proximal @list.ru
% Pulkovo Observatory of the Russian Academy of Sciences, Pulkovskoje Avenue 65, St. Petersburg, Russia
“V.V. Sobolev Astronomical Institute, St. Petersburg University, Petrodvorets, St. Petersburg, Russia
Received 2019 August 26, revised 2019 November 18; accepted 2019 November 21; published 2019 December 10

Abstract

Observations of protoplanetary disks with high angular resolution using an ALMA interferometer showed that
ring-shaped structures are often visible in their images. indicating strong disturbances in the disks. The mechanisms
of their formation are vividly discussed in the literature. This article shows that the formation of such structures can
be the result of destructive collisions of large bodies (planetesimals and planetary embryos) accompanied by the
formation of a large number of dust particles, and the subsequent evolution of a cloud of dust formed in this way.

Unified Astronomy Thesaurus concepts: Protoplanetary disks (1300); Planetary system formation (1257);

Hydrodynamical simulations (767)

1. Introduction

One of the most interesting results obtained using ALMA and
VLT is the detection of substructures on images of proto-

planetary disks observed with high angular resolution (see, e.g..
s Daaal-al At al AT T Asranlhasiae At ol ANTO. D asentss At al

obliquity of Uranus is also connected with the giant impact (e.g.,
Slattery et al. 1992).

It 1s obvious that the collisions of such large bodies, which
result in the formation of a dust cloud, should be accompanied
by flashes in the infrared region of the spectrum. In this



ObocHoBaHMe moaenu

[TnaHeTa MOXeT crnocobcTBoBaTL BbIOPOCY nnaHeTe3mnmanemn Ha nepudepuio
(Batygin & Morbidelli, 2013; Morrison & Malhotra, 2015).

CTonkHOBEHME NMnaHeTe3nmarnemn eCTeCTBEHHbIN NMPoLEecc And NPOoTonnaHeTHbIX UCKOB
(Meng et al., 2014; Genda et al., 2015);

HaudanbHaa macca CTOSKHYBLUMXCS Ten MOXeT ObITb B 10 pa3 MeHbLUEe MacCbl CryCcTKa;
CobbiTna B ConHe4vHon cucteme: obpasosaHue JlyHol (Cameron & Ward, 1976),

obpasoBaHue cuctemsbl [nyToH-XapoH (Canup 2005, Stern et al., 2006), HakrnoHeHWe ocu
YpaHa (Slattery et al. 1992);



