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Bag redaktordan

Ho6rmotli homkarlar,

Azoarbaycan Respublikasinda astronomiya elminin inkisafinda bdyiik xidmstlors
malik, Giinog fizikasi sahosindo tanminmig alim, Baki D&vlot Universitetinin Ast-
rofizika kafedrasinin miidiri, professor Cofor Quluzadonin 80 illik yubileyi qeyd
edilmigdir. AMEA Nosiraddin Tusi adina Samaxi Astrofizika Ressdxanasi ii¢iin
astrofizika sahosindos kadr hazirligi sahosindo Cofor miisllimin rolu ¢ox miihiimdiir.
Onun BDU-un Astrofizika kafedrasinda tedris prosesini dévriin miiasir taloblarins
uygun togkil etmok bacarig, miisllifi oldugu doyorli kitablari, dorslik vo monoqra-
fivalar, praktik astrofizikanin todrisinin homigs Rosadxana vo onun smokdaglar
ilo bilavasite birgo togkili 6z bohrosini vermis, biitév bir astrofiziklor nosli yetigmis-
dir. Samaxi Astrofizika Rosodxanasinda 22 oktyabr 2016-c1 il tarixindo professor
Cofor Quluzadonin 80 illik yubileyine hosr edilmig Beynolxalq konfrans kegirilmig-
dir. Konfransda astrofizikanin bir ¢ox sahslori lizre maragli moruzsler vo miiza-
kirslor olmugdur. Azorbaycan Astronomiya Jurnalinin 2016-c1 ilinin iki némrasi
- Ne2 vo Ne3 - bu konfransin materiallarina hosr edilir. Konfrans materiallar sta-
tusunda olan moaqgalsler muslliflorin toqdim etdiklori formatda, iislub qorunmagla
vo doyigikliklor edilmoadoen cap edilir.

"Azorbaycan Astronomiya jurnali"nin Bag redaktoru,
AMEA-nin miixbir iizvii f.-r.e.d. Namiq Caslilov
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FiZIKA-RIYAZIYYAT ELMLORI DOKTORU,
PROFESSOR COF3R MUSEYIB OGLU QULUZADS

N. 8. Colilov[]

N. Tusi adina Samazi Astrofizika Rosadzanast
Azorbaycan Milli Elmlor Akademiyasi, Baki, Azorbaycan

Cofor Miiseyib oglu Quluzads 1936-c1 ilin avqust aymin 27-ds Azorbaycanin
Tovuz rayonunun Xatinli kendinds kolxozcu ailosinde anadan olmusgdur.

Mboktobdo oxuyarkon Cofor Quluzade biitiin fonnloro eyni miinasibot
bosloyirdi. Holo 7-8-ci siniflordo oxuyarkon geir yazirdi. Onun yazdig: inga yazilar
nimuns kimi rayonun biitiin moktoblorine gonderilirdi. OQdsbiyyat misllimi
ona universitetin filologiya fakiiltosini, tarix miollimi tarix fakiiltesini, idman
miiollimi do idman sahosini toklif edirdilor. Atas: iso, ona corrah olmag moslohot
goriirdii. Moktobdo Nyuton qanunlarini kegdikdon sonra o, goti gorara geldi
universitetin fizika-riyaziyyat fakiiltosine gedocok.

1955-ci ilde Coafor Quluzado Azorbaycan Dovlet Universitetinin fizika-
riyaziyyat fakiiltesinin fizika b6lmesins daxil olur. III kursu bitirdikden sonra onu
diinyanin moghur universitetlorindon birine - Leningrad Dé&vlot Universiteting

" E-mail: namigd@mail.ru
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(indiki Sankt-Peterburq Universitetino) yeni acgilmig “Astrofizika” ixtisasina
koctirtirlor.

O zamanlar S.-Peterburq diinyanin “astronomiya paytaxt1” adlanirdi. Cofor
Quluzads orada bdyiik moaktob kecir. O, dinya gohratli astronomlardan — akade-
mik V. V. Sobolev, akademik A.A. Mixaylov, miixbir Gizvlor — prof. O. A. Melni-
kov, prof. V. A. Krat, prof. M. I. Subbotin, prof. V. A. Dombrovskiy, prof. A. A.
Nikitin, V. G. Qarbatskiy vo bagqalarindan dors almigdir.

Buraxilig dovlet imtahanlarini boyiik miiveffoqiyyetlo veron Cofor Quluzads
Dovlot imtahan komissiyasimn yiiksok qiymotine layiq goriilir. Imtahanin so-
nunda tolobolorin giymotlorini elan edon Dovlot imtahan komissiyasinin sedri prof.
Qorgkov ayrica geyd edir: "Leninqrad Dévlot Universitetinin Dévlot imtahan ko-
missiyasi tolobo Quluzadonin yiiksok hazirhigim xiisusilo qeyd edir."”

Cofor Quluzadonin moshur alim, SSRI EA—nin miixbir iizvii O.A.Melnikovun
rohborliyi altinda yerine yetirdiyi diplom igi biitévliikds ¢apa moslohat goriiliib vo
tolobslorin elmi iglori jurnalinda cap olunub.

Universiteti miiveffoqiyystlo bitirdikden sonra Cofor Quluzads prof O. A. Mel-
nikovun toklifi ilo Leningrad (S.-Peterburq) Universitetinin Astrofizika kafedra-
sinda aspiranturada saxlanilib.

Holo aspiranturada oxudugu miiddotde o, Giinog spektrindo giicli rezonans
Fraunhofer xotlorinin profillorinin morkozi intensivliklorinin nazoriyyodon cox
forqlonmosini, daha dogrusu, sifirdan forqli olmasini izah etmisgdir. O gostormigdir
ki, giiclii Fraunhofer xotlorinin morkozins fluoressensiya vo sopilmonin qeyri-
koherentliyi ilo yanagi, xromosfer emissiyas: da tosir edir. Bu da giiclii Fraunhofer
xotlorinin morkozi intensivliklorinin nozeri gézlonildiyindon xeyli boyiik olmasina
sobob olur.

Aspirantura illorini ¢ox miiveffaqiyystlorle baga vuran Cofor Quluzads 1966-c1
ildo Leningrad Universitetinin elmi gurasinda "Mixtolif intensivlikli Fraunhofer
xotlorinin profillori hagqqinda" adl dissertasiya igini miidafio edir. Dissertasiya isi-
nin opponentlori SSRI Elmlor Akademiyasinmn miixbir iizvii, prof. V.A Krat vo
f.-r.e.d. prof. A.A. Nikitin dissertasiya isino ¢ox yiiksok giymot verirlor.

Miidafiadon sonra Cofor Quluzads Leningrad Universitetinds vo diinyanin ast-
ronomiya morkozi sayilan Pulkovo rosodxanasinda igo dovot almigdir. Lakin 6z
dogma votonine gayitmaga vo orada caligmaga iistiinliik vermigdir.

1968-ci ildon Cofor Quluzads taleyini Baki Dévlot Universiteti (BDU) ilo bag-
lamigdir. O, ilk dofo olaraq BDU-nun Fizika fakiiltesinin molekulyar fizika vo op-
tika kafedrasinin nozdindo Astrofizika laboratoriyas: vo “Astrofizika” ixtisast agmig
vo ilk astrofizik ixtisascilar hazirlamaga baglamigdir. 1975-ci ildo bu ixtisaslagma-
nin osasinda BDU-da ilk dofo olaraq Astrofizika kafedras1 yaradilmigdir.

Hazirda AMEA-nin Samaxi Astrofizika Rasodxanasinda c¢aligan elmi
omokdaglarin boyiik oksoriyyotini “Astrofizika” ixtisasini bitironlor togkil edir.
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Onlarn hamisi Cofor miiellimin tolobolori olmuglar vo Cofor miisllimin tolobosi
olmagla foxr etdiklorini bildirirlor.

Professor Cofor Quluzade BDU- nun fizika fakiiltesindo 1968-69 -cu illordo do-
sent, 1988-1991-ci illords professor ovozi, 1991-ci ildon professor vo 1997-ci ildon
bu giins godsr Astrofizika kafedrasimin miidiri vezifosinds ¢aligir.

1985-ci ilds Cofor Quluzads “Atom spektroskopiyas1” dorsliyini yazmigdir. Bu
dorslik biitiin universitetlorin magistratura pillesindo tadris olunur. Dorslik Tiir-
kiyyenin Istanbul Universitetinds tiirk diline terciime olunmus ve orada todris
olunur.

2004 — cii ildo Cofor Quluzadonin “Klassik astronomiya” dorsliyi capdan ¢i-
xib. Qisa miiddotds bu kitaba béyiik ehtiyac oldugundan 2007- ci ildo onun yeni,
iglonilmig ikinci nogri cap olunub. Respublikanin biitiin universitetlorinde “Klas-
sik astronomiya” kitabi osas dors kitabi kimi tedris olunur. 2012-ci ilde Cofor
Quluzadonin “Giinog fizikast” kitab1 ¢apdan cixmigdir. No rus dilinde, no ingilis
dilinds, no do bagqa dildo belo bir todris kitab1 yoxdur. 2006-c1 ilds rus dilinds
Cofor Quluzadonin “Giinogin Fraunhofer spektri” monoqrafiyas: ¢capdan ¢ixmigdir.

Bunlardan bagqa Cofor Quluzads astronomiya iizro bir ¢ox dors vesaiti yaz-
mugdir: “Nikolay Kopernik vo diinyanin heliosentrik sistemi”, “T'oqvimlorin riyazi
vo astronomik osaslar’” vo s.

“Atom spektroskopiyas1”, “Klassik astronomiya” vo “Giinog fizikas1” kitablar
vo xlsusils rus dilinds yazilmig “Giinesgin Fraunhofer spektri” monoqrafiyas: tokeo
Azorbaycanda yox, onun hiidudlarindan konarda da astronomlarin masaiistii ki-
tablaridir. Cofor Quluzado 200-don ¢ox elmi mogalonin miisllifidir. O, Giinog fizi-
kasi sahasinde bir ¢ox yeni todgiqat iisulunu teklif etmig vo onlar tetbiq olunma-
gdadar.

Onun “Giinsg spektrinds kosilmoz spektr soviyyosinin toyini”, “Giiclii udulma
xotlorinin geniglonmo mexanizmlorinin tohlili”, “Zoif Fraunhofer xotlorinin pro-
fillorinin ince qurulugunun tadqgigi” vo s. tisullarn elm diinyasinda gobul olunmug-
dur.

Prof. Cofor Quluzadoe Fraunhofer xotlorinin inco qurulugunu otrafli todqiq
etmok ii¢iin yeni kemiyyet lisulu vermis vo bir nego yeni fiziki kemiyyoatlor daxil
etmigdir. Onlardan “differensial simmetriya” profilin verilmig dorinliyinds asim-
metriyadan konara ¢ixmani, “inteqral asimmetriya” profilin biitévliikde asimmet-
riyasini, “qaliq asimmetriya” hansi asimmetriyann (bonévsoyi vo ya qirmizi) istiin
oldugunu vo nohayot, “nisbi asimmetriya” inteqral asimmetriyanin profilin ekvi-
valent enliyinin hansi hissosini togkil etdiyini gostorir. Bu {isul avvalki iisullarin
hec birine soykenmir vo onlarin izah eds bilmoediyi bir ¢ox mosslaleri izah etmoyo
imkan verir. Astrofizika adobiyyatina bu tisul “Quluzads tisulu” kimi daxil olmusg-
dur.
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Cofor Quluzadonin aldigy bir cox elmi noticolor K. Allenin Londonda c¢ap
olunmug “Atrofiziki kemiyystlar “ kitabinda, J.L.Tekin Vaginqtonda ¢ap olumusg
“A High — Dispersion Spectral Analysis of the Ball STAR HD 204075 (capri-

”

corni)” monoqrafiyasinda, akademik V.V. Sobolevin “Kurs teoretigeskoy astrofi-
ziki” kursunda vo s. derslik vo monoqrafiyalarda yer almigdir. Cofor Quluzads bir
cox Olkelords beynslxalq konfranslarin togkilat komitoesinin tizvi olmus, iclaslarda
sodrlik etmigdir. O, Respublika daxilinde ¢ixan iki elmi jurnalin vo xaricde ¢i-
xan ¢oxseriyali “Asian Transactions” elmi jurnalinin redaksiya heyotinin {izvii vo
roycisidir.

2009-cu ildo 6lke prezidenti conab Ilham Oliyevin formani ilo Cofor Qulu-
zadoyo “Omokdar miiollim” foxri adi verilmigdir. 2016-ci ilde o, Avropa nosr vo
mediya evinin qizil medahna layiq goériilmiigdiir. 2001-ci ilden Avropa astrono-
miya comiyyetinin {izvi secilmis, SSRI Kosmonavtika federasiyasimn foxri diplo-
muna layiq goriilmiigdiir.

Prof. Cofor Quluzado Fizika vo Astronomiya iizro Respublika koordinasiya
surasinin tizvi, Astrofizika tizro dissertasiya surasinn sodr milavinidir.
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ON THE FULL ASYMMETRY OF THE WHOLE
FRAUNHOFER LINES PROFILES IN SPECTRUM OF
THE SUN

D. M. Kuli-Zade S. G. Mamedov ®
“ Baku State University

b Shamakhy Astrophysical Observatory named after N.Tusi,
Azerbaijan National Academy of Sciences, Baku, Azerbaijan

Quantitative method for the determination of asymmetry of whole Fraunhofer
lines profile in the spectrum of the Sun and stars was proposed. New
dimensional physical unit which is called integral or full asymmetry and
determines asymmetry of whole lines profile was introduced. Full asymmetry
of whole profile and its positive and negative fractions for 21 Fraunhofer lines
of Fel in solar spectrum were defined. It was shown that with the increase of
lines intensity full asymmetry significantly increases.

Keywords: Fraunhofer lines profile — Asymmetry — Full asymmetry

1. INTRODUCTION

Different methods are often used for the description of asymmetry of Fraun-
hofer lines profiles in the spectra of the Sun and stars: asymmetry coefficient,
the third moment of distribution function of lines profiles, bisector - geometric
locus of mid-chord which connects profile points on violet and red wings with
similar intensity and others. However, these methods are not quantitative and
have a descriptive character. This does not allow us to study the dependence of
asymmetry of profiles on atomic and photospheric values which is very impor-
tant for analysis of mechanisms leading to the asymmetry of Fraunhofer lines
pforiles in stellar atmosphere. Besides, for determination of asymmetry of whole
Fraunhofer lines profiles there was no definite value. In the review by Atreshenko
and Gadun [1] this point was especially emphasized: "There is no generally
recognized characteristics for finding statistic dependences of asymmetry of lines

* E-mail: ckulizade@mail.ru
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on, for example, atomic parameters to describe asymmetry of whole profile". In
the Astrophysics Department of the Baku State University a new quantitative
method was developed for investigation of asymmetry of Fraunhofer lines profiles,
where a new physical value which quantitatively determines asymmetry of whole
Fraunhofer lines profiles in the spectra of the Sun and stars, was introduced [2-4].

2. METHOD

The method of determining asymmetry of whole lines profile consists of the
following. One takes two points with similar intensity on violet and red wings
of line profile. Distance differences of these points from center of the profile for
various profile depths are determined as:

I(Ri) = Adyi — AN, (1)

which is a differential asymmetry and determines asymmetry on depth of the
profile. Differential asymmetry d(R;) within the range of lines profile varies in
value and in sign. In other words, within the range of the given line profile violet
asymmetry 6(R) > 0 is repeatedly replaced with red one 6(R) < 0 and vice versa.
Further, the dependence §(R;) on profile depth shown in Fig.1.

In the Fig.1 the dependence §(R;) on R for lines A5367,476A° Fel in the spec-
trum of solar disc center is given. As it is seen, in the range of the given line
profile 6(R), the sign repeatedly changes from §(R) > 0 (violet asymmetry) to
d(R) < 0 (red asymmetry).

A &RJ, mA

-15

Fig. 1. Determination of asymmetry of whole profile.
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Single shaded area which is limited by line dependence 6(R) on R with axis
of abscissa can be expressed by the value

A= [6R)AR= > [6(R)AR + > |6(Ri)|AR;. (2)
i 6(R)>0 4(R)<0

which is called as the integral of full asymmetry and determines the asymmetry
of whole Fraunhofer line profile. This value is determined from observed lines
profiles and measured in mA°.

In the equation (2) the first term determines the positive part

Ar= ) [6(R)IAR;, (3)
O0(R)>0

while the second term determines the negative part

A= )" [6(R)|AR;. (4)

d(R)<0

of the full asymmetry of line profile.

In Fig.1 double shaded area shows the component of summation in deter-
mining the asymmetry of whole Fraunhofer line profile. It should be noted that
full asymmetry and its positive and negative parts are rather small values (sev-
eral mA®). That’s why in such studies it is necessary to select only non-blended
lines with few isotopic shifts and practically free from hyperfine structure. In
this regard it is convenient to use FeV lines of spectral region AA5000 — 7000 A°.
Besides, for this task spectral devices of high spectral dispersion and high reso-
lution must be used. That’s why the study of fine structure of Fraunhofer lines
profiles was started only after using digital double monochromators and Fourier
spectrometers.

3. DETERMINATION OF FULL ASYMMETRY

We determined the asymmetry of a number of whole profiles of Fraunhofer
lines of iron in the spectrum of solar disc center by the abovementioned method.
Digital spectra obtained with the help of Fourier spectrometer of high-resolution
were used [5]. Construction of lines profiles, determination of equivalent widths
W and full or integral asymmetry A were conducted by the program ORIGIN.
Results are given in the Table 1, where in the first column wavelengths of lines
A(A°) are presented, in the second equivalent widths in mA°, in the last three
columns full asymmetry A (mA°) of whole profile and its positive and negative
parts are given, correspondingly.

12
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4. DISCUSSION

Y

-
0 20 40 a0 80 100 120 140 W,mA

Fig. 2. Determination of asymmetry of whole profile.

As it was mentioned in the review by Atrosehnko and Gadun 1|, the method
of bisector does not allow us to study the dependence of asymmetry on atomic
and phorospheric values, but the method of asymmetry coefficient gives the re-
sults which cannot be physically grounded. A number of authors obtained that
with intensity of Fraunhofer lines the asymmetry coefficient which is determined
by central moments of the second and third order, decreases and approaches zero
for rather strong lines:

(5)

We consider that this is a false result related to the description method.

As it is seen from (2), when determining full asymmetry of whole Fraunhofer
line profile, modules of components are summed. Otherwise, inside lines profile
positive and negative parts of asymmetry can compensate each other fully or
partially, and asymmetrical line might seem as symmetrical. Previous methods
cannot take into account the compensation of violet asymmetries in the same
depths of line profile with red asymmetry in other depths. In our method this
condition is taken into account with summing not the components §(R;)A(R;),
but their modules. If asymmetry is related to dynamic processes in the solar
photosphere, then it should influence more strongly on strong lines the formation
of which covers the entire photosphere and chromospheres even partially, than
on weak lines which occur in rather thin layer of photosphere. In Fig.2 the de-
pendence of full asymmetry of whole line profile on equivalent widths of studied

13
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lines is presented. As it is seen, with the increase of lines intensity full asymmetry
clearly and significantly increases, which is expected from physical considerations.
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KELVIN-HELMHOLTZ INSTABILITY IN THE SOLAR
WIND PLASMAS: 16-MOMENTUM FLUID
FORMALISM

R. F. Ismayilli N. 8. Dzhalilov®, B. M. Shergelashvili »%,
S. Poedts ¢, M. Sh. Pirguliyev ¢

@ Shamakhy Astrophysical Observatory named after N.Tusi,
Azerbaijan National Academy of Sciences, Baku, Azerbaijan

b Space Research Institute, Austrian Academy of Sciences, Graz, Austria
¢ Abastumani Astrophysical Observatory at Ilia State University, Tbilisi, Georgia

4 Combinatorial Optomization and Decision Support, KU Leuven campus Kortrik,
E. Sabbelaan 53, 8500 Kortrijk, Belgium

¢ Centre for Mathematical Plasma Astrophysics, Department of Mathematics,
KU Leuven, Leuven, Belgium

We study wave properties and instabilities in a magnetized, anisotropic, colli-
sionless plasma in the fluid approximation using the 16-momentum formalism
[3]. In particular, we investigated equations different from the ideal MHD
equations by including evolution equations for the heat fluxes with different
components along the magnetic field S and in the transverse direction S .
In this work, we studied the Kelvin-Helmholtz instability that occurs in the
contact discontinuity interactions of the slow (350-400 km/s), fast (600-850
km/s) and CME (900-1200 km/s) components of solar wind, taking into
account the pressure anisotropic properties (p1,p)) of the wind plasma. This
instability is investigated by solving the 16-momentum set of equations based
on an assumed geometry.

Keywords: Magnetohydrodynamics (MHD) — Kelvin-Helmholtz instability
(KHI) - Solar wind — 16-momentum transport equation — Collisionless plasma

" E-mail: rajab.ismayilli@gmail.com
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1. INTRODUCTION

The Kelvin-Helmholtz instability (KHI) is one of the most important process
in astrophysics and geophysics. It can occur in the presence of a two (or more)
regions, which are in relative motion. The problem of the KHI of an anisotropic
pressure plasma has been analyzed by several authors (Chandrasekhar [1], Tal-
war [2], etc.). The history of study of the wave instabilities including KHI using
16-momentum fluid formalism began with series works by N. S. Dzhalilov and V.
D. Kuznetsov [3]. In order to examine the KHI in the tangential discontinuity be-
tween collisionless flow regions of different velocities in the solar wind, we use the
fluid approximations of the 16-moments set of the transport equations, guiding
methodology in the paper [3]. In this article we will present simple configuration
of tangential discontinuity with an opportunity to choose some special cases when
parameters of plasmas such as the pressure, density, initial heat fluxes, plasma-
beta and anisotropy obtained physical meaning values. We will discuss the cases
when boundaries of three plasmas are Kelvin-Helmholtz unstable, by including
dimensionless parameter h as ratio of flow speeds, which values provide enough
condition for velocity shear across the interfaces.

2. THE BASIC MHD AND WAVE EQUATIONS

We solved these equations in Cartesian coordinates and considered an equi-
librium state with velocity vg = (0,0, vp.(z)) and magnetic field By = (0,0, By;).
In considered geometry B = (B, By, B:),v = (vg,vy,v;) magnetic field and
mass flow respectively. We also assume that the intial equilibrium state with
non-zero thermal fluxes is homogeneous, i.e. gravitional acceleration is ignored,
g = 0 and the quantities po,p.10,p|jo, Bo, 510,50 are all assumed to be con-
stant. We considered the stability of the system to linear perturbations of
all the physical variables, according to the form f = fo + f/'(z,y,2,t), where
f(z,y,2,t) ~ F(z) expli(kyy + k.z — wt)] . Here, w is the wave frequency and
ky, k. are the wave numbers. We reduced the number of linearized equations gov-
erning the perturbations and obtained a second order differential equation for the
x - component of the magnetic field.

ai (A) 88%) — Ba(z) By =0, (1)

where

_ ﬁAB*
k2B, + k2B

coefficients ag,1,2 and bg 12 are determined as

A(x)
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ap=1-n*, ar=1-2y—an’, ay=1+2ym—1°,

; ) (3)
bo=1-3n", by =2yn(a —2) —2, by =3+ 4yn — 3n°,

where for the basic unperturbed physical parameters(indexes zero are dropped)
were used dimensionless parameters

BQ 2
P dmpy p @
gk 5 S
77_ 77H_ 77J__ 77_’”‘_7J_7
W, pje| pLey

where w,(z) = w — k,Vo(z) is Doppler shifted frequency. We also assume for
k. = kcos0, ky, = ksinf) and after denoting cos?6 = ¢ we can write k, = kv/0
and k, = kv/1—{ Here ¢ is parallel sound speed, § wave propagation angle
relative to magnetic field, a anisotropy parameter, v background heat fluxes pa-
rameter, [ inversely proportional to the plasma beta (5 = 2/8,).

3. DISPERSION RELATION AND SOLUTION

In this work for simplicity we are assuming a step discontinuity function for
velocity profile Vo = Voi(x > 0), Vo = Vpa(z < 0). Substituting this velocity
profile into we can obtain equation with constant coefficients which can be
easily solved. This yield the following solution

B, = Cie™* 4 Che™ =" (5)

here
k; 5* + kgﬁA
B ’

We can require that the found solution must satisfy the boundary conditions

ky = (6)

{povx} =0 (mass flux), (7)
=0

ByB
{Pl"‘ Z Z} =0 (total pressure). (8)
7r
=0

The braces indicate that the terms inside those brackets distinguishes parameters
for the two different flows. For simplicity we use average of velocities
1

w, =k, V(Ve —m), == 9)

Vor + Vo
’ ]\4(‘@:’-7’]1)7

V:
2
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Vf w V ‘/O
V = =, V = —, M: -, m = —.
FTy Ik, c| v

After applying boundary conditions we obtain dispersion relation which is poly-

(10)

nomial equation of order 18 for complex phase velocity Vp:

18
> CuVE=0. (11)
n=0

Due to large expression of Cp,(n = 0..18) we do not include explicitly these coef-
ficients in this paper. The equation has been solved numerically.

In this paper, our main goal is to calculate the growth rate of KHI in an
anisotropic properties. Consequently, to eliminate the plasma instabilities, we as-
sume the conditions of absence firechose and mirror instabilities, besides condition
v = 0. Consider the case where all the anisotropic plasma parameters for both
shear flow are same. Differ only the flow velocities Vi1 # Vpo. It is well known that
the firehose instability occurs when the condition a + 8 < 1 or p| > p1 + 2pmag-

=01 2=05

Fig. 1. The normalized phase velocity Re(Vr) = Re(w/k.V) of waves depends on

ratio of shear velocities h = Vi1 /Voo for given ¢ = cos? values. Here anisotropy

parameters a; = oo = 1.05, the inverse plasma beta 5; = 85 = 0.15, Mach number
M; = My = 8. Branch Re(Vy) = 1 corresponds to KH mode.

4. CONCLUSION

Based on the 16-momentum MHD transfer equations we have considered the
two shear plasma flows along the magnetic field excluding the effect of the gravi-
tational acceleration. It was assumed that both flows are anisotropic and homoge-
neous, excluding heat flow. We obtain the increment of KHI, unlike ordinary case
of hydrodynamic has a maximum and the instability has two threshold. In other
words, KHI occurs within hy < h < hg, where h = V{1 /Via characterizes the shift
between the flow velocities. In future work, we will investigate KHI properties
depending on the anisotropy parameters and heat flux.
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b ITOO «Hnemumym Honocdepos AO «HIKHUT> Pecnybruru Kasaxcman

B pabote nposeaeHo uccnegosanue daykTyaunii paguousnyderus Convua
Ha yactotax f = 1 [Ty w f = 3 My n aHann3npoBaHbl faHHble (nonsipu-
30BaHHble) paguonsnydenust Ha vactotax f = 1;4;9;17 Ty, nonydentbie ¢
NOMOLLBIO CONTHEYHOrO pagmo nonsipumetpa Hobesima (Anonus). O6Hapyxeto,
4yto 3a 1 + 4 AHA [O MOLWHOW CosHeYHOI Benbiwkm (6.5<M<8.7) B paguno-
cnektpax ConHUa yCUIMBAIOTCS HU3KOYACTOTHBLIE MYbCALUMN C XapaKTEpPHbIM
BpemeHeM t, > 35Mun. MeTogamu ppakTanbHOro aHanM3a yCTAHOBJIEHO, YTO
BO BPEMEHHbIX Psifax CYLLEeCTBYET AETEPMUHUPOBAHHLIN XaocC. BbisiBneHo, 4To
AN NATA OOMBLIMX MPOTOHHBLIX CODBITWIA BLINOSMHSAETCS KpuTepuii TaHaka-
JHome (F3/Fg). NMonyyeHo, 4to 13 25 M30/MPOBaHHbLIX CONIHEHYHBIX BCMJIECKOB
17 Bcnbiwek umetoT ouenky 6.5 <M< 8.7. Bce BbileykasaHHble hakTbl gatoT
HaM BO3MOXHOCTb YBE/INYMBATH WHTEPBAJ BPEMEHN NMPEACKa3aHNsA COCTOSHUS
KOCMUYECKONA Norogbl npubnn3nTensHO B ABa pasa.

KniouyeBblie cnoBa: Kocmunyeckas noroga — Pagnounsnyyenns — ®@pakTanbHblii
aHanu3 — Pagnononsipumetpe

" E-mail: shirin.guseyn@gmail.com
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1. BBEAEHUE

Boaee 20 et Hazam B CBABM ¢ OCBOGHMEM KOCMOCA W PA3BUTHEM TEXHOJIO-
TMYECKUX CHUCTEM Ha TOBECTKY JHS BCTaIa MpobJsieMa OIEHKW COCTOSAHWS W BO3-
MOXKHOCTH IIPOTHO3UPOBAHUS IPOIIECCOB B Jt000i obactu resnocdepsr. [lonarue
«KOCMUYECKasi TIOr0/1ay BKJIFOYAET B cebs psiJl SBJACHUN, KOTOPBIe HADIIOIAI0TCS Ha
3emMiie ¥ B OKOJIO3EMHOM ITPOCTPAHCTBE, ONPE/Ie/IsieMble aKTUBHBIMU TTPOIIECCAMY
wa Cogare. M3BecTHO, 9T0 OCHOBHBIMU (DAKTOPAMHE, OMPEIESIIONAMEI KOCMUIIe-
CKYIO TOTOJy, ABJSIOTCS BbIODOCH KOPOHAJIBbHBIX Macc CoJIHIIA U KOPOHAJIbHBIE
«IBIPBI», KOTIa BRICBOOOXK TaeTcs GOILINON MOTOK coaneunoil sueprun o1 CoIHIA
B BUJC JIEKTPOMATHUTHOI'O U3JIYICHUA 1 O6.HaKOB 3aMarHAYeHHON MJ1a3MBbl.

B wnacrogrmiee Bpemsi 00/bII0€ BHUMAHWUE YIE/J9€TCA NU3YyUEHUIO COJTHEIHO-
BEMHBIX CBA3€M W MPOTHO3WPOBAHUIO KOCMHYECKON TOrombl. HecmoTps Ha 3TO,
COIIOCTABJIEHUE COJTHEUHBIX $IBJEHUI C T€OMArHUTHBIMU BO3MYIIEHUAMH OKA3bI-
BAET, UTO HAJEKHOCTH Tpe/cKa3anus He mpesbimaer 40 + 50 mporenrtos [1]. B
CBSI3W C 3TUM, OCODBIN WHTEPEC TPEACTABISET aHAJIN3 COJHEUHBIX JTAHHBIX W BhI-
sIBJIEHAE HOBBIX, IOJXOJSAIINX JIJIsi NPOTHO3UPOBAHUS XaPAKTEPUCTUK, KOTOPBIE
IIOJI?KHBI TMTOBBICATDH 9(PPEKTUBHOCTE IPOTHO3A.

Bcemrecku pagunonsnydennsi CostHIA B PA3IHYHBIX JHATA30HAX JIJIMH BOJTH (Ha-
YHHAsT ¢ CAHTUMETPOBBIX, KOHUYAsl METPOBBIMU), MOTYT CJIY?KHUTH MPEJIUKTOPAMU
BO3MYIIEHNIT B OKPECTHOCTH 3eMJIHu, Hirarogapst pa3HOCTH CKOPOCTEI 3/IEKTPOMAr-
HUTHOW 1 KOpIycKyaspHoit smuccnn Cosrra. JJannbie 0 paanoBemieckax 09eHb
BaKHBI KaK Jjisi ucciaenopanust husuku CoJHITA, TAK U B IPUKJIAJTHOM ACIEKTE
JUisl JMAPHOCTUKY M [IPOIHO3a KOCMUYECKOit noros [2).

QoHOBbIE TOTOKM HAJATEILIOBBIX W SHEPIUYHBIX 3aPsKEHHBIX YACTHI] HA
Comuite u B Tesmocdepe cyrmectByior Beerjga. OcobDEHHO CHIBHOE YCKOPEHUe
TPOTOHOB U APYTUX MOHOB MOYKET MMEThH MECTO BO BPEMA BCIIBIMIEK Ha COHHHQ,
a TakxKe Ha (PpPOHTE pPACIPOCTPaHSIONIelcs yaapHoit BoJiHBI B kKopore CosiHia
v B MexiuianeTnoir cpexe. IIporonnbie coObITus - 9TO OAHO M3 BAKHEHUIINX U
OMACHENNINX IBJEHUN KOCMUYECKON TIOT'0AbI, KOTOPbIEC HY2KAAE€TCHA B TITATEIHHOM
uzyvyenuu. B Hacrosiiiiee BpeMs BBeJieHa NsTUOAJIbHAS TIKAJIA OIEHKH BO3MYIIIe-
Huli, KoTopas Mensiercst oT R1 njs Benbimek 6aaast M 1o R, caMbix MOMIHBIX
BCOBIIMIEK, 0a/in KoTophix > 12.5. Jlaa XapakTepucTuKu COJTHEUHBIX TPOTOHHBIX
COOBITHH B OKOJIO3EMHOM IPOCTPAHCTBE BBEIEHA MATHOAIHLHAS OIEHKA YPOBHA
ITOTOKa, TPOTOHOB 0T S1 ays moToxa mportoHos 10 4/cex-cm?, 10 S5 aaa moTOKa
MPOTOHOB Ha YeThIpe mopsaku Gosbire. Ilox mporao3omM reo3ddEeKTUBHBIX COJI-
HEUYHBIX ABJIEHUH ITOHUMAETCI COBOKYITHOCTH BCE€X BUJOB IIPOTHO30B HA COHHHQ,
COJIHEYHOM BETPE M B OKOJIO3EMHOM IIPOCTPAHCTBE B JIAHHOE BpEMS WM 3a
olpeie/IeHHBIT BpeMeHHON nHTepBaJl.
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2. ICIIOJIbSOBAHHNE 5KCIIEPUMEHTAJIBHBIX JAHHDBIX N X
OBPABOTKA

B pabore ucciieioanb! (paykTyalnn MEKPOBOJIHOBOrO n3aydenus CosHIa HA
vacrorax f = 1 I'Tu u f = 3 I'Tu. B kayecrse Hab/110aTe/IbHOIO MaTepUasia
MBI HCIOJB30BAJIN 25 M30JUPOBAHHBIX COJIHEYHBIX BCIJIECKOB MOIMTHOCTRIO 1 <
M< 3 basna, nabsromasmuxcs B 2010-15 rr. va pajguoreseckorne PT-12 Muctury-
ta Uonocdepnr Peciybuku Kazaxcran. Habumwonenus pannonsiayaenuss CoJyHIA
nposoguiuck ¢ 8% uacos yrpa mo 18%° uacos Beuepa (o MecTHOMY BpeMeHU) pe-
rysgapHo Ha dukcupoBaHHBIX AauHax BoaH 10.7 w 27.8 cm. Illar auckperusaimu
At =5 cex. CoorBercTBytomuii BpeMenHoi psin I;(t) comepuT nHDOPMAIIHIO 3a
ToCeTIOBATENBHOE 7-8 9acoB B CYTKHU, UTO cocTaBigeT ~ 5040 - 5760 3mavennii.
9TO ABJIACTCA BIIOJIHC JOCTATOYHLIM [IJId aHaJIHU3a (bﬂyKTyaLU/H/I U3MEHATIOIMMXCA
C XapakKTepHbIM BpemeHeM t, - B maTepBaje or 10 munyr mxo 60 muayr. Ob6pa-
HoTKa MOJIYUYEHHBIX PAJUOCIEKTPOB € MOMOIIBI0 MeTo10B Hunammuyeckune Pypbe-
Cuexrpol (ADPC) u dpaxranpubix anaanzos (M®PA) 6buin nposejenbl B pabore
13]-

Corpymaauku UBMUPAH (Mocksa, Tpounnk) u Uucturyra Norocdepnr (A
MAaThl) COBMECTHO YCTAHOBUJIM, 9TO J0 HACTOAIIErO MOMEHTA B 24 MUKJIe COTHEY-
HO¥l aKTUBHOCTH, KPOME JIBYX Ha3eMHBIX BO3DPACTAHUN COJHEUYHBIX KOCMHYECKUX
ayuqeit (17 mas 2012 u 6 suBapsa 2014 r.), eme ectb Tpu cobbiTus 27 sHBaps, 7
mapra u 13 mapra 2012 r. [4]. Bce 911 cobbiTust MOXKHO cUUTaTh KAHAMJIATAMY B
Ha3eMHBIE BO3DACTAHUS COJTHEIHBIX jyueit. 27 supapa 2012 1. - mepsoe 6osbimoe
[IPOTOHHOE COOBITHE HAYAJIOCH 23 siHBaps 1mocje Beubimky kjiacca M 8.7. Cobwrrue
npogosKaaock 10 1 despans 2012 r. Caeayromumit MOIMHBINA BCILIECK COJTHEYHOMN
AKTUBHOCTM HaYaJICd 2 Mapra W HpojoJiKaioch 1o 8 - 9 mapra 2012 r. 9 mapra
2012 . mpomzorua BembimKka Kaacca M 6.3, 10 mapra 2012 r. - M 8.4, 11 mapra
Benbinika kjaacca C. 13 mMapra nocsie1oBaJia, MpooJIKUTebHAsT BCIBIIITKA KJIacca
M 7.9, nauaBmasica B 16:35 UT u 3axonuusmasica B 20:46 U'T u Bcubika kracca
C. Kpome Toro, Mbl aHAIN3UPOBAIY JAHHBIE (TTOIAPU30BAHHOTO PAJINON3/TY YeHU ST
Ha vacrotax f = 1;4;9;17 I'l'n), mosydueHHBIE ¢ TOMOIIBIO COTHETHOTO DAIHO-
nonspuMerpa Hobesima (nonuns). dns 0o6paboTky HaMU OBLTH HCIOJIb30BAHBI
JAHHBbIE, B3sThIE ¢ caiita http : //solar.nro.ac.jp. Bpemennoit psam moctpoen ¢
marom guckperudamu At = 1 muryTa. MBI nccaeq0Bain BpeMeHHbIe Psjibl, CBs-
3aHHBIE C FBOJIFONNEH TIATHA (M3MEHEHUE TITOMIA/IN W YBETHICHNE MHTEHCHBHOCTH ),
nmarornero Bemblmky ¢ 5.5 <M< 8.7, a TakKe MPOBEPUIN TATH OOJBINNUX MTPOTOH-
HBIX COOBITHIl Ha TO, YTO KaK BBIIOJHACTCH JJid HUX Kpurepuii Tanaka-DHome
nporoHHocTr cobbiTug. CorylacHo 3TOMY KPUTEPUIO [IPOTOHHbBIE BCIBIIIKU MOI'YT
BO3HUKATH B aKTUBHBIX OBJIACTHAX, Y KOTOPBIX CIIEKTPaJbHAS [JIOTHOCTH IIOTOKA
usjiyuennst Ha BojHe 3 cM Gosbire 10 comneunnix eaunun noroka (Fz > 10 c. e.
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II.), OTHOIIEHNE TOTOKOB Ha BosiHAX 3 u 8 cM Gosbime 1 (F3/Fg > 1) [5].

3. PE3SVYJIBTATBI OBPABOTKHN N1 ETO AHAJIN3

Kax sugno u3 pucll]u[2] nanGosee gacto BeTpevwaTCss IUKU B CIIEKTPAX MOIII-
woctu #Ha vacrore f = 1 I'l'm ¢ xapakrepubiM Bpemenem t, = 10 + 15 muH. u
OJTHOBPEMEHHO TIMKHW C XapaKTEPHBIM BpeMmeHeM t, = 35 + 40 MwuH. yBeanunBa-
I0TCsl B CTOPOHY TOSIBJIEHUsI MOIITHBIX COJTHEYHBIX BCIIBIIIEK, & 3aAMETHAS CBA3b C
BCIBUIKOI 9101 uacrore we obnapyzxena. Ha pucf3| u ] Bunno, uro usmenenune
AMILJTUTYIHBIX CIIEKTPOB paaunodaykTyaruit Ha gactore f = 3 I'T'ip mmeer Gosee
XOPOIIYIO KOPPENAINIO C MOIITHOM COJHeTHOM BCHBIMKON. JIpyruMu caoBamm, Mo
BpPEMEHU B CTOPOHY HACTYILIEHUE BCIBIIIKH MTEPUOJIBI C XAPAKTEPHBIM H3MEHEHHEM
t, = 1025 MuH. ©CYE3aI0T, & MOIITHOCTh XapaKTepHbIM u3Menenuem t, = 35+ 50
MUH. yBesmauBaercd. JIis mHTepIpeTanun moIy9eHHBIX PE3YIbTATOB PACCMOTPe-
JIX OJIUH 13 BO3MOXKHBIX MEXAHU3MOB BOSHUKHOBEHUS OCIIMJLIANINN C XapaKTEPHBIM
BpeMeHeM t, > 35 MUH. B 0OJIACTH COTHEUHBIX TsITeH. MexaHuaM, mpe/1/I0XKeH b
A A .ConoBberom u E.A . Kuprudekom, HA3BIBAETCS MOETBI) MEJKUX COJTHETHBIX
maren [6].

Mgl mpesimoaaraeM, 9T0 IPUAWHA NCIE3HOBEHUS ONPEIeIeHHBIN 9acTh KOPOT-
KUX TMOPSJIKOB IYJIbCAIINN SBJSETCS HOBBIE OCIUJLISIIUN, KOTOPbIE BO3HUKAIOT B
AKTUBUBUDYIONIUXCS 00JACTAX MSITeH U CHOCOOCTBYIOT 3aTyXaHWIO (hJIyKTYaIHil.
Bceieacreue Takoro 3aryxaHus B CIEKTPaX MOITHOCTH HAOIIOMAIOTCH TTUKH, COOT-
BETCTBYIOIINE OCHUJISIIUAM C XapaKTePHbIM BpeMeneM t, > 35 muH [7].

Pesynbrarer 06paboTky u anaan3a paguoduykryammii va gacrotax f = 1 I'T'y
u f = 3 I'l'n mabarogasrmuxest 2010+ 15 rr. #a pajguoreseckomne PT-12 UucturyTa
Nonocdepor Pecnybimkn Kazaxcran v IoJIgpH30BAHHON MHTEHCHBHOCTH IIOTOKA
B juanasonax f = 1;2;4;9;17 I'T'n, mabmonasmuxcs B Hobesima (Snonus) ma
COJTHEYHOM PaJMONOTAPUMETPE TTOKA3AIN, YTO ¢ MOITHOW COJHEYHON BCIIBIIMIKON
MMeeTCs OUeHb XOpolliasgd Koppensdiud. KpomMe 3Toro, ucciieloBaHus BISBUIN, YTO
JTsi TIITH OOJIBIITMX TPOTOHHBIX cOOBITHIT 32 1 + 4 NHS 70 BCIBIIIKYA BBIMTOTHSOT-
ca takxke Kpurepuit Fs5/Frs5 > 1,F35/F9 > 1,F35/F15 > 1, anamoruunsrit
kpurepuio Tanaka-Duome F3/Fg > 1.

4. SAKJIOYEHUE

Ha ocHoBanuM TIPOBE/IEHHBIX UCCIEI0BAHUN U MOJYYEHHBIX KOJUIECTBEHHBIX
OIEHOK, OBL/IN CIIEJIAHBI CAEYIONINE BHIBOJIBI:

1. O6rapykeHo, YTO HADIIOMAEMBIE YIbCAIINE ¢ XapaKTEPHBIMU BpeMeHAMU
u3MeHeHus t,; > 35 MUH. B CAaHTUMETPOBOM JHalia3oHe pasguoussiyderus CoJiH-
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Puc. 2. AMnantygHble cnekTpbl dyKTyauuii ypoBHs curHana Ha dacrore 1 T,
Bropas nonosuna gHsi. Kaxpablii rpacduk npepcraBnsieT coboii CyMMapHbIid CnekTp
3a 25 penb. paduk 4 - peHb scnbiwkn.lpadunkn Huxxke 4 - AHM nepen BCMbILWKONM,

BbllLle - AHW MOCJI€ BCNbILKNA.

Oa MOXKET ABJIATLCA IIapaMETpPOM IIPEACKa3aHHA MOH.[HOﬁ COJIHECYHBIX BCIIBIIIICK

(6.5 <M< 8.7) 3a 1-4 aust 10 COOBITHIA.

2. Brigsiseno, ato 1+ 4 nHS 10 BCHBIIIKA pa3MepHOCTH arTpakTopa =3 +4

BjOXKeHns: — d B CTOPOHY BCIIBIIIKHK yBeaunauBaercs. Huskast onenka-D ozuauaer,

9TO B UCCJIEAYEMBIX BPDEMEHHBIX PALOB CYIIECTBYET JETEPMHUHUPOBAHHBIN Xa0C.
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Nepron, MuH.

Puc. 4. AmMnautyaHbie cnekTpbl bayKTyaLuii ypoBHs curHana Ha 4dactote 3 [TL.

Bropas nonosuHa

aHs. Kaxpgbiii rpacuk npegcrasnsier coboii CyMMapHbIii CNeKTp

3a 25 penb. [paduk 4 - pgenb scnbiwku.lpacukn Huxe 4 - aHW nepepn, BCMbILIKONM,

BbllLle - AHW MOCJsI€ BCNbILWKNA.

3. g naTu GoIBIIX OPOTOHHEIX COOBITHIL 3a 1+ 4 IHA 10 BCHBIIIKHA BHIIOJ-
HATCs Takxke Kpurepuit F35/Fr5 > 1, F35/F1g > 1, F35/F15 > 1, anajorudnsii

kpurepuio Tanaka-

Duome F3/Fg > 1. Takum 06pazom, moaydeHo, 9ro u3 25-u

M30JMPOBAHHLIX COJTHEYHBIX BCILIECKOB 17 BCHBIMEK WMEIOT o1eHKy 6.5 <M< 8.7
6amnos. s IOBBITIEHNsT HAJEZKHOCTU KPATKOBPEMEHHOrO nporuo3a (1 =+ 4 jus)
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COJIHEYHBIX BCIIBIIIIEK HEOOXO/IMMO MCIIOIb30BATh MHMOPMAIIUIO O COCTOAHUU COJI-
HeYHOM 1 reanocdepHoil aKTUBHOCTH, B TOM YHCJIe, U JAHHBIE CETH HEUTPOHHBIX
MOHHUTOPOB. DTO B CBOK 0YEPE[Ib, JaET HAM BO3MOXKHOCTH YBEJIUIUBATD HHTEPBAJ
BPEMEHU MPeICKA3aHNs COCTOTHUS KOCMUYIECKON MOTOAbI TPUOIU3UTEILHO B IBA
paza.

5. BIATOOJAPHOCTD

Amropbl BbIpakamT TIYOOKYIO 0J/IaroapHOCTh pyKoBojacTBy WHeTuTyTa
Nonocdepst 3a jgocryn K HADIIOAATENbHBIM JIAHHBIM, & TAKXK€ COTPYJ/IHHIIE WH-
crutyta Kpaxymosoit O.H. 3a o3HakoMIerre HAC ¢ TaHHBIMA 00 WHTEHCHBHOCTH
COJTHEYHBIX KOCMHUYECKHX Jy4ell, KOTopble OBLIN HOJYyYeHBl Ha MHUDPOBOI ceTH
CTAHIINU HEATPOHHBIX MOHUTOPOB PACIIOJNOKEHHBIX B Ama- Ate.
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Mr O BOJIHbl U HEYCTONYNBOCTU B
AHN3O0TPOMHOWN OABYXKOMMOHEHTHOW
KOCMWYECKOW NJIA3ME

H. C. ,ZI:)fca./zu./zoe C. III. I'yceiinos

HTamazuncras Acmpopusuveckan Obcepsamopus um. H.Tycu,
Hayuonasvhaa Axademus Hayx Asepbaiidocana, Baxy, Asepbatioocan

C npumeHeHnem 16-momeHTHbix MI[] ypaBHeHuii nepeHoca wnccnefoBaHbl
CBOWCTBA MaJibIX KOJ1EDAHMNIA B aHW3OTPOMHON 3/1eKTPOHHO-NPOTOHHOW NJasme.
Ha ocHoBe nonyuyeHHOro Hammn OOLIErO AMCNEPCMOHHOrO ypaBHEHMSI AaHa
KﬂaCCMd)MKaLlMSI BOJIHOBbIX MOA, CXOXEN C KUHETUYECKNMU BbIBOAAMUN B
HN3KOYaCTOTHOM DeccTONKHOBUTENLHOM npubnmxeHun. V13yuensl ceolicTea
LUNAHIOBbIX N 3€PKAJIbHbIX HeyCTOﬁHMBOCTeﬁ B yCNOBUAX OKOJIO3EMHOW Nia3mbl
COJIHEHYHOrO BeTpa.

Kntouesbie cnosa: 16-momenTHble Ml ypaBHeHUS1 — D N€KTPOHHO-NPOTOHHAS
naasma — AHM30TPONHOCTL

1. OCHOBHBIE YPABHEHUA

B kocMMUecKMX yC/IOBHSX OY€HB YACTO BCTPEYAIOTCH CAydan (HAPUMED, B
MEK3BE3JIHOM CpeJie, B KOPOHAX 3B€3]], B aCTpOMU3NIECKUX JUCKAX, B 3BE3/IHBIX
BeTpax, B rejmocdepe u MarauTocdepax IIAHET W Jp.), KOTJa TUIa3Ma CHJIbHO
paspexena u cabo-CTOMKHOBUTEIbHAS. B TaKWX yCIOBUAXK, €CIN MPUCYTCTBYET
BHEIITHEe MATHUTHOE T10J1€, TO T1J1a3Ma CTAHOBUTCS AHU30TPONHON 1 06brananie MITJT
ypaBHEHUSI He TPUMEHUMBI. B TaKuX CUTyaInsX MOMEPEYHbIE U TPOJIOJIbHbBIE KITHE-
TUYECKUE TeMIIePATYPhI (M 3HAUUT JABJICHUsT) PATUIAIOTCS, W [IJIa3Ma CTAHOBHT-
cst HepasHoBecHO#. Kpowme 3T0OT0, BIOH MATHUTHOTO TIOJS BO3HUKAET TEILIOBOM
noToK. Bee atn 3hderThl gBAI0OTCI NCTOIYHUKAMY HEYCTONUINBOCTH ILIa3Mbl |1,
KOTOpBIE B OOBIMHON M30TPOIHON TI/1a3Me BO3HUKATL He MOTYT. Hampumep, kiac-
CHYECKUEe KMHETUYIECKHE TIIAHTOBBIE N 3ePKAJbLHBIE HEYCTOWINBOCTH BO3HUKAIOT
KaK pe3y/ibraT aHmzorpornnn B pasienusx [2]- [5]. Oanako, maxpockommgaeckoe
olrcaHue TMOM0OHBIX SBJIEHUN, KOTOpbIE 00YCJ0BIEHBl HAO/II0aTETbHBIMU (haK-

" E-mail: namigd@mail.ru
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TaMU, CTABUT 3aJIa9y YKUJIKOCTHOI'O OIUCAHUSA JUHAMUKHA OECCTOTKHOBUTETbHOI
m1a3Mbl. BeIBOI Takux ypaBHEHUI! COMPOBOXKIAETCS ¢ HEKOTOPBIMHU TPY/IHOCTS-
mu. OnnH U3 caydaes, KOTIA YAACTC TMTOJYIUTh 3aMKHYTYIO CHCTEMY YDABHEHHIH,
9TO KOTJIA IPeJIoJiaraeTcs, Yro pyHKIMI Paclpe/iesieHns JacTHIl aHn30TPOITHO
HEPABHOBECHOH mra3Mbl O/in3KH K Ou-MakcBetoBekoit [6]. HUI'JI-ypaBuenust sg-
JISTFOTCST TIPOCTEHIIINM TIPUMEPOM Takoro moaxoma [7]. OpHako 9Tn ypaBHeHUs He
Y4auThIBAOT TEILJIOBOIT ITOTOK BAOJIL MAaI'HHUTHOT'O IIOJIA. BOJTee IIOJIHBIMHU ABJIA-
forca 16-momentabie MIJI-ypaBHuenns mepenoca, yInTHIBAIONINE TEILIOBON TOTOK
[8]- [9]. DTn ypaBHeHuUsT mepeHOCA MPUMEHSIUCE [T MOJIEIUPOBAHUST COJTHETHOTO
serpa [10]- [13] u gyist usyuenuss MTI-HeycrofiuuBocTeil B aHU30TPOIHOM 11/1a3Me
[14]- [20|. Oxmaxo, B 3TMX paborax paccMOTpeHa OJHOKOMIIOHEHTHAsi — MOHHAsI
IazMa. JTO YIIPOIIAIee MpUb/INKeHNe JIOCTUTAETCS JOMYIIIEHUEeM XOJIO/IHBIX
amexTpoH, T.e. T, < T;. Posb 3/1eKTPOHOB B 3TOM CJIydae CBOIUTCS TOJBKO K
obecredennio KBa3uHENTPaIBHOCTH T1a3Mbl. OTHAKO, B PEAJbHBIX YCAOBHSIX 9TO
npubIMKEHNe MOYKET BBINOJHATHCI TOJIBKO B CrenuanbHbix yeaosusx [1]. Ha-
[IpUMep, U3MepseMble B COJTHETHOM BeTPE MOHHBIE U DJIEKTPOHHBIE TEMIIEPATY DI
B OCHOBHOM ObIBaIOT ofHOTO TIopsiaka [21]. Kpome sroro, ecim cranoBaTcs cyiie-
cTBEeHHBIMY Y(PPEKTHI, CBI3AHHBIC ¢ TEIJIOBBIM IIOTOKOM, TO YIACTHE SJEKTPOHOB
B TeILIONEPEHOCE BAXKHO U JIOJI2KHO OBITH YUTEHO.

Hnst a copra gactunbl miasmer 16-momenTabie MU ypaBaerus: B ob1enpu-
HATHIX 0D03HAYEHUAX NPEJICTABAIIOTCS B C/ICIYIONIEM BHU/IE:

dgta + padivv =0, (1)
dv Pa| = PalL
Pt LB« (VxB) —I-Z[Vpaj_—f—(B v) (BQB>]:0, 2)
Bow L (BP0 LB v 12 (S0 - Lo ) B VIB =0 (3)
Pol 7 3 al al = 5] =0,
d DPa L —
Bpa. 2 In (B—n) +B-VS. —25,B-VInB =0, (4)
d, (B 3pal Pa|
BSay g | Sgp | + 5B V(=) =o. (5)
d « o al T Pa @
BSui %1 (S‘“> L elg.y (Pt - (ol = Pot) Pty &pip g (6)
dt n2 My n nMe
dB
E—FBdivv—(B'V)v:O7 (7)
divB = 0. 8)
B sTux ypaBHeHHSX % = % +v -V, po = nmg,a = {e,i} n S| n S| aBuaor-

Cel TEIIJIOBBIMU IIOTOKAaMU BAOJIb MAaI'HUTHOTO I10JI¢, BBISBAHHBIMU MTPOJOJIbHBIMU 1
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HONEPEYHBIMA TEILIOBLIME JBUKECHIAMEI 9aCTHUI COPTA, (V.

PaccMOTpHM pacIpOCTpaHeHHe MAJBIX BO3MYIICHHI B OITHOPOJHON aHH30-
TPOTIHOM T1J1a3Me, COCTOSINEH M3 IJEKTPOHOB W MPOTOHOB. lIpedmosarast, 4T0 B
OCHOBHOM COCTOdHUU BCE (bI/ISI/ILIeCKI/Ie BeJIMYMUHBI OAHOPOJHBI W TTOCTOAHHBI TI0
BPEMEHH, U CUUTAas YTO, BCE BO3MYIIEHHBIC BEJIMYAHLI IPEICTABUMEL B BUJE Pas-
noxennss Pypre kKax f = foexp(i(k -r —wt)) (rge amminTyza BO3MYIIEHUS
fo = const), uz cucremsr (1H8) MoxkHO nosyunTs AucnepcronHoe ypashenue. ITo-
JAPOGHBIT BBHIBOJL JINCIIEPCHOHHOIO yPaBHEHWsI TTPeJICTaBIeH B Hameil pabore [22].
BBoagum obosnadenus

. Pal s Pa) , B
p = pi =N, Pa = 79006_1 9004700(”_77/8&_477
Pq Pa TP
collk k S _ S
Na = Zol™ a” cosf,l = cos? 0, Sa| = A,Sal = ol 9)
w Pa||Cal| PalClq
G a 2 Pa L _ z|| 7/1
Yo = =05, 1€ y N = )
o« Pl T Palfal 7,0 cgl  VAe
i i T 1
Aa — m ~ ﬂ’Ae — H 1836 1/} pl“ ’LH = .
Ma Ma Pl Te 7|

31ech Bce He3pa3zMepHBIX BEJIMUYUHBI OTHOCSTCS K OCHOBHOMY COCTOSIHUEO TLTa3MbI,
u 6 - yroj pacupocTpaHeHus BOJHBI OTHOCHTE/IBHO HAMPABICHUI MAaTHUTHOTO
TOJISA, W - 9acToTa Koaebanunii, k - BOJHOBOE YHCJIO.

BozmoxHBI /Ba Bija KosiebaHuil - HeCxKuMaeMble U C2KMMaeMble. B miockocTH,
MEPIEH UK Y/ISIPHON K MATHUTHOMY ITOJIF0 BO3HUKAIOT TPOTOTHUIBI KJIACCUTECKUX
andpenopckux kojebanuit B uzorponuoit MI'JI, koTopbie gBAAIOTCA HECKUMAE-
MbIMU. Jisi HUX IMCIIEPCUOHHOE ypaBHEHWE UMEEeT BUI:

2
w e — 1
dl
B Pa3MEPHUBIX BEJIHMYIUIIaX 3TO COOTBETCBYET K
OJ2—CA]€H 1—471'21% N (].1)
(634

r7e ci = B?/47p - xBagpat aandBEHOBCOl CKOPOCTH. B 9THX KOTe6anusX MOKeT
BO3HUKATH IILJIAHTOBas HEYCTOWYUBOCTH, €CJN YAOBJIETBOPAETCS KPUTEPHUS

Bi + @i + 0o ? < 1+ 1/2%. (12)

Kak BuiHO, ULTAHTOBas HEYCTOHYUBOCTD UCY€3aeT, €C/IU 9JIeKTPOHBI U HOHBI H30-
TPOIHEL, T.e. Yo = 1, ¢; = 1. MakcuMabHbIil HHKPEMEHT HEYCTOHIUBOCTH JOCTH-
raercs Npu napaJjiebHoM pacupocrpanennn (I = 1).
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'B;I/ICHepCI/IOHHOG yYpaBHEHHNE OJId C2ZKUMaEMbIX MO IIPEACTABJIAE€TCA B BUIE!

Urax'? + Uyoz'0 + Uga® + Uga® + Uya* + Upa? + U+

13
+7a Ugz? + Ura™ + Usz® + Usa® + Urz] = 0, )

rae x = 1, 1 a xosdpummentor Uy - Upg ompenenens: 8 pabore [22]. Ipu mme-
pexojie B OJHOKOMIIOHEHTHYIO MOHHYIO ILTa3My, 1) — 00, 00IIee JTUCIepCHOHHOe
ypasrenue (13 mepexoqur B m3BecTHOE ypasreHue [22].

2. BOJIHbBI B BECIIOTOKOBOM PE2XKVME

Jlnst maeHTU(UKANMY BOJTHOBBIX MOJ HCKJIOYNM 5PEKThI, CBA3AHHBIE C
TEeIIOBBIME 1OTOKaMu. I1IycTh v, = 0. Jas mpocrorsl obozmaumm t = 2,

2, 2/.2 7.2
Uy =W / ci”k = [t. Torma ypaBHenme 1D TIPeICTABJISIETCS B BUIE

U12t6 + U10t5 + U8t4 + U6t3 -+ U4t2 + Ust + Uy = 0. (14)

B cay4ae napasiesbHOTO pacpoCTPaHEHUsT BOJTH OTHOCHTEIBHOIO MArHUTHO-
ro moss (I = 1) ypasuenne (14) yaaercs npeactaBuTh B BUIE MHOKUTEJEH:

(t—1) (—¢*t+K%) (Wt —?B — VP + 92 —pe +1) Z=0,  (15)
rie

Z = —p*3 + 3272 4+ 6912 — 18 k%% — 3t + 9 k7P +
+ 3% — 3 K%t — 9%t + 9K (16)

B nepBoe pertenre ¢ = 1 COOTBETCTBYET ME/IJIEHHBIM MOHHO-AKYCTUIECKUM
momam (STA), ang KoToperx w? = C?Hkﬁ. Bropoi#t muoxuTeH (—w2t—i— /12) =0
COOTBETCTBYET MEJJIEHHBIM JIEKTPOHHO-aKycTudeckuM Momam (SFEA), mis koro-
pLIx w? = Cszﬁ. Tperuit MHOXKUTETE B 2t — 2B — Y2+ Y2 — e +1=0
ONKCBHIBAET yCKOPEHHBIE MArHUTO3BYKOBble wMogabl (F'MS), mma  xoropbix
w? = C?Hkﬁ ((pﬂ/Jz + B — % + oo — 1) /b2, KOTOPYI0 MOXKHO TPEICTABATE

Pa| — Pal
B BUmE W’ = cikﬁ 1—47r§ HT . YCKOpeHHBIEe MarHUTO3BYKOBBIE

MOABI TTpT KBaBH—HapaHﬂeﬂbHOl\? PaCIIpOCTPaHECHUN CTAHOBATCA HECKUMACMBIMN
U HEyCTOWYWBBIME (BTOpas I[LIAHTOBas HEYCTONYMBOCTB), a JUCIEPCHOHHOE
ypaBHEHHe CoBIaaer ¢ aabdpaenosckumu (11)).

Yerseprolit MHOXKHUTEb B Z = 0 - s10 Kybmaeckoe ypasnenne. CIOMKHBIX
TOYHBIX (DOPMYJI JIJid pelllennsi KyOu4ueckKoro ypaBHeHUs 3/eCh NPUBOIUTE HE Oy-
nem. Bocmompsyemcs paziozkenneM mo MasoMmy mapamerpy 1/k2 = e < 1. [Iyers
Y% = p. Torma
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Z=—ept [t> —302u+1)t+3(n+3)] +
+3 [pt? — (6p+1)t+3(n+1)] =0. (17)

IIpu € — 0 mosryamm

6u+1i\/(6u+1)2—12(u+1)u
t1g = : (18)
b 2/1/

HJIn

) 6+TH + 24+T”2
W= 5 k- (19)

Baecy meproe pemenne (BepXHUiT 3HAK) ONUCHLIBAET MEJIEHHBIX 3BYKOBBIX MO/
(SS). Dro pererne MOXKHO TIPEJCTABATEL B BH/IE

6+ 7y + (/24 + 7

2(1+m7)) SH

lpu 7y — 1 (msorepmmieckas mmazva) w? = 3c§”kﬁ, a mpm 7| — 00 (XOJIOJ-
HEIE MOHBI) w? = chkﬁ. Bropoe pemienne (HuKHU 3HAK) OMUCHLIBACT OBICTPBIX
HoHHO-aKycTHIecKux Mox (FTA)

6+7 — ,/24—|—7'”2
w? = ciki- (21)

2 i
[Ipn 7-” — 1 (m3oTepMmdecKas TIazMa) w? = Cz||kH7 a mpu 7| — 00 (XOoaHbIe
nonb) w? = 3c? fq k:z‘
Tpetwe pemenne ([17)
1 3 3k
t ~ — e — = —— 22
AR = (22)

9TO COOTBETCTBYET K OBICTPHIM 3JIEKTPOHHO-aKycTHdecknm Mogam (FEA),
w? =3¢ k2.

Takum o00paszoMm, B DECITOTOKOBOM peXHUME TIpHU TapajiiehbHOM pacipo-
cTpaHeHun o00IIee JIUCIEPCUOHHOE YDaBHEHUE nepexoqur B (|15, KOTO-
poe OMHUCHIBAET IIECT MOJ: OBICTPBIX MAarHUTO3BYKOBBIX, MEIEHHBIX 3BYKOBBIX,
BBICTPBIX / MEJIEHHBIX HOHHO-AKYCTUIECKUX U OBICTPBIX / MEJIeHHBIX 9JIEKTPOHHO-
aKycTuueckux Moj. M3 HUX TOJIBKO OBbICTpble MAarHUTO3BYKOBBIE BOJIHBI MOTYT
CTaTh HEYCTONINBBIMU TP BHITIOJTHEHUH YCIOBUA PA3BUTHS ITIJIAHTOBOM HEYCTOM-
YUBOCTH.
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4001 89
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Puc. 1. 3aBucumoctb kBagpaTta ha3oBOil CKOPOCTM PacnpoCTpaHeHUsi BOJIH OT na-

pameTpa yrna pacnpoctpaHeHust | = cos?f) B Cnyd4ae BO3HMKHOBEHUS LUNAHTOBONA

HeYyCTON4YMBOCTH : we = p; = 0.67;8; = 1;9 = 0.5. HeycroiumebimMu cTaHo-

satca (v2), < 0) anbcheerosckme (A) n BeicTpbie MarHuTossykosbie (F'MS) mogei.

Ha nesom pucyrke (a) nokasaHbl 3/1€KTPOHHbLIE AaKyCTUYECKME BOJIHBI, @ HA NMPABOM
pucytke (b) BCe ocTanbHble BOJIHOBbIE BETBU.

ITpn kBasunepreHWKyIsIPHOM pacinpocrpanennu BosH (I — 0) u3 aucnepcu-
oHHrO ypasHeHus ((14) 1yist yCKOPEHHBIX MArHUTO3BYKOBBIX BOJIH HOJIyYeM

w? = k2 (02A + 2C§J_) , (23)

KOTODEKIE SIBJISTIOTCS YCTORUIMBBIME. JIJTst OCTaIBHUX MO Kojebanut w? ~ [ — 0.
B ob1miem cirygae, Korga BOJTHBI PACTTPOCTPAHIIOTCS IO/ TPOU3BOILHBIM YTJIOM
(0 <l < 1) mucrepcroHHOE ypaBHEHUE MO2KHO pemarh dncienHo. Koaddu-
LMEHTHI 9TOI0 yPABHEHUS ABJSIOTCS JEHCTBUTEBHBIMU (DYHKIUSIMU IISITH ITapa-
MEeTPOB: | - mapaMerp yrjia PacipoCTPAHEHUS BOJHBI OTHOCHTE/IHHO HATIPABICHUS
MArHUTHOTO TIOJIsT; [3; - TapaMeTp WHTEHCHBHOCTH MATHUTHOTO TIOJIST; i) - CTENeHb
HEM30TEPMUTHOCTH TLIA3MBI; (D¢ U (p; - CTEIIEHU AaHU30TPOIINH 3JEKTPOHHOI U NOH-
HBIX COCTaB/IgAOmmMX maa3mel. [Ipu Beibope mabopa mapaMerpoB BBIIEIUM CJIy-
Jaii, Korja BO3MOXKHA IIIaHToBas HeycroitunsocTs (ycaosue ((12) Bbimonnsiercs).
Ha pucll] nokazana saBucumocTh KBajJpara HOpMUPOBAHHOI (ha3oBoil CKOpOCTH
vgh ot [. Ecan vgh < 0, TO BOBHUKAET HEYCTONYIMBOCTH. Ha KpPUBBIX yKazaHbl
Ha3BaHWS BOJIHOBBIX MOJI, KOTOPBIE MBI YCTAHOBUJIU JJisI TPOJOJBHOTO PACIPO-
crpanenns. 1lpu 3ananneix na puc[l] mapamerpax ansdsenoeckue Bonusl (A) ms
BCEX YIVIOB CTAHOBATCS HEYCTOWIMBBIMEU (IILTAHTOBAsi HEYCTONYIMBOCTE), & OBICT-

pble MarHuTo3ByKOBble MOJbL (F'MS) craHOBsiTCS HEYCTOHYMBBIMU TOJIBKO IIPH
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y=048 Slow wind FlA y=149 Fast wind

0.02-

V2

2 001

‘2
Voh

-0.01% T T T T
0 0.2 0.4 0.6 0.8 1

Puc. 2. 3aBucnmMoctb kBagpaTa ha30Boli CKOPOCTM PaCnpoOCTPaHEHMs BOSIH OT napa-

MeTpa yrnaa pacnpocTpaHeHus [ = cos’0 B CJlyy4ae BO3HNKHOBEHNS BTOPOIA LUJIAHIOBO

(fh) n 3epkanbHbix (M) HeycTOYMBOCTEN B CONHEYHOM BeTpe. HeycroiiumebiMu cTa-

HOBSITCS ObICTpble MarHnTo3eykoBble (F'M.S) n ObiCTpble MOHHO-aKYCTUYECKIME MO
(FIA).

KBAa3UIIPOIOJBEHOM DPACIPOCTPAHEHNUN (BTOpas IIJAHIOBad HEYCTOanBocTh). 1lo-
por meycroiiauoctu F'M S — mon onpenensercs yeaosuem Uy (1, 1, By, we, i) = 0,
rie dyuknua Uy onpejeseHa B . Jts yeroiauBbix Moz hazoBble CKOPOCTHU
pacmosnaraerca B mopanke, kak A < FMS < STA < FIA< SS < SEA < FEA.

Hpyroit mpuMep BO3HUKHOBEHUsI HEYCTONYUBOCTH TIPU HAKJIOHHOM pPaCIIpo-
CTpaHeHNH BOJIH npuBeeH Ha puc 2B ycioBusx conneanoro serpa O3 3€MHO-
ro opbura. Kak m3BecTHO, mia3ma COJTHEYHOTO BETPA, OCOOEHHO €e MOHHAS KOM-
[OHEHTA, CHJIBHO aHW30TPOIHAs (cM. HanpuMep B [23]).

Kpowme 1oro, cremens aHu30TPONUU @; siBiisiercst QyHKIMER 111a3MeHHOro Oe-
Ta, B = 2/pBi, 1 9Ta 3aBUCUMOCTb JIJIsi MEJIEHHOrO M OBICTPOrO MOTOKA OTINYa-
foTcsd. lcnop3yst 9TH 3aBUCUMOCTH, Mbl PACCUNTAIN UHKPEMEHT HEYCTONUIUBBIX
MoI B cosiHedHOM Berpe. Kak BuIHO, B 060MX KOMIIOHEHTAX BETPA BO3HUKAKOT
HEeyCTONYMBOCTHU OJJMHAKOBOIO TUIIA: HAK/JIOHHAS IILJIAHTOBAst HEYCTOWInBOCTS (fh)
y GBICTPBIX MArHUTO3BYKOBBIX MOgax (F'MS) u sepkanbuas HeycToitansocTs (m)
y OBICTPBIX HOHHO-akycTHIecKux Mogax (F'I1A). OnHako HEyCTOHINBOCTE B M€JI-
JIEHHOM TIOTOKE TOPa3/I0 CUIbHEE 9eM y OBICTPBIX MOTOKAX.
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3. SAKJIFOYEHUE

C OeJbI0 MCCAeA0BaHuA TPUYMHBI BOZHUKHOBCHHA Ha6JIIO,ZLaeMbIX B KOCMU-
veckoit mmasme (kopora COMHIA M 3BE3., COMHEYHBIH U 3BE3JHBIE BETPHI, Mar-
HUTOChEPHl 3eMJIH 1 TIIAHET, Teanocdepa U Ap.) KPYITHOMACIITAGHOH BOJTHOBOM
TypOysieHMr, Mbl PACCMOTPEIN BOJIHOBBIE HEYCTOWYMBOCTA B AHU30TPOITHON O
mopozmoit nazme. [osygentnoe o61iee AUCTIEPCUOHHOE TIOINHOMAANILHOE YPaBHe-
Hue 14-ro nopsijika siBJisiercs 0b600IIeHneM paHee UCCIE0OBAHHOTO OHOKUIKOCT-
HOTO CJydasi Ha JBYXKUJAKOCTHBIA. YUeT 3/JeKTPOHHBIX W MOHHBIX KOMIIOHEHTOB
IJIA3MBl CYIIECTBEHHO YCJIOXKHAET KOHEYHBIA De3yJIbTaT M3-3a8 B3aUMOIACHCTBUA
BOJIHOBBIX BeTBeil obonx kommonenTos. [losydyennoe ypasuenne BkJodaer B cebs
9 PeKThI, CBI3aHHBIE ¢ aHU30TPOIKEH 000MX KOMIIOHEHTOB, & TaKKe 3(hpeKTr
AHM30TPOTHBIX TEILIOBBIX MOTOKOB. [l ympomieHus 3a1a4uu B 3TOi paboTe MBI
AHATU3UPOBAIN JUCIIEPCUOHHOE ypaBHEeHWe 0e3 ydera TeIJIOBBIX MOTOKOB. Jlia
[IPOJIOJIbHOIO PACHPOCTPAHEHUS BOJH OTHOCUTEIBHO MATHUTHOIO T10JIsI BOJIHOBBIE
MOJIBI PA3NEJISIIOTCS U UX JIUCIIEPCHOHHBIE YDABHEHWS TOYHO COBIAJAIT C BOJI-
HOBBIMUW BETBAMM IJICKTPOHHBIX M MOHHBIX KOMIIOHCHTOB, U3BCCTHBIX N3 KUHETU-
TecKoro paccmorpenus. Tlokazamo, ¥To 63 ydera TemIoBOro MOTOKA B TLIa3Me
MOTYT Pa3BUBATBHCS TOJBKO KJIACCHYECKUE IJIAHIOBbIE U 3€PKAaJbHBIE HEYCTOM-
gupocty. llnanroBas HEYCTONYHBOCTD PA3BUBAETCS V aTh(PBEHOBCKUX U KBa3WU-
OIPAOJBbHBIX YCKOPEHHBIX MAaTl'HUTO3BYKOBBIX MOJaX. HpI/IC‘yTCTBI/Ie AHU3O0TPOITHBIX
JIEKTPOHOB CUJIbHO BJIMAET Ha YCJIOBUEC BO3HUKHOBEHWA ITIJIAHTOBOM HeyCTOﬁqH-
soctu. Ecmu Te < T, TO ycTORIMBOCTD ycuymBaercs. B IMpoTHBONOIOKHOM
ciydae Tey > T, ora Heycroitunpocrsb nojas/stercs. OHa 110JIHOCTBIO UCHe3aeT,
ecrm Tey > Tp+7T5). B peanbHBIX yCIOBUSIX, HAIPUMED, B yCJIOBAAX IeTHOCHEPH,
CUTYyaIUsl TPOTUBOIO/I0XKHA, U IIJIAHI'0OBAas HEYCTONIMBOCTE MOXKET PA3BUBATHCS.

BTOpaH KJIaCCUYIEeCKad HeycTOﬁqI/IBOCTb - 9TO CXKUMaeMasdad 3€PKaJibHad
HeycroitunBocTh. OHa pasBUBAETCS TPH KBA3UMONEPETHOM PACTPOCTPAHEHUT
MOHHO-aKyCTUYIECKUX MOJI. BiinsiHue 3/IEKTPOHHOIO KOMIIOHEHTA HAa KPUTEPHH
BO3HUKHOBEHUA 3epKaﬂbHOﬁ HeyCTOI';ILH/IBOCTI/I CYLIECTBEHHOE. B 3aBUCUMOCTH OT
3HaweHust OTHOIeHUs 15 / T,|| mOpOT HEYCTORIMBOCTH CMEIAeTCH.

[Tokazano, uro 06a MOTOKA COJIHEYHOTO BETPa HEYCTONYUBBI OTHOCUTEIHHO
BTOPOTO MIJIAHT'OBOT'O U 3€PKAJIBHBIX HeycTOﬁqHBOCTeﬁ. HOJTyLIeHHbIe pPeE3yIbTAaThL
0ObACHSIIOT TOTO HADJII01aeMOTO (PAKTA, IYTO TyPOYIEHTHOCTEH B MEIIEHHOM BETPE
CUJbHEEe YeM B OBICTPOM BeTpe.
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