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Excitation of transverse and longitudinal thermomagnetic.waves in anisotropic

conducting media in the presence of a temperaturegradient VT without an external

magnetic field.H

In anisotropic conducting media, the excited thermomagnetic waves at different orientations of the magnetic
field and temperature gradient significantly depend on the direction of the anisotropic medium. Theoretical

calculations of the electrical conductivity tensor Ty depending on the frequency of the thermomagnetic

wave are of scientific interest. In this theoretical work; the frequencies of the thermomagnetic wave at
K|l VT and at kK L VT were found, and'it was proven that at longitudinal (K || VT ) and at transverse
( K LVT ) the direction of the frequency and growth rate of these waves depends differently on the external

magnetic field. The work theoretically studies the conditions for the excitation of thermomagnetic waves. It is
indicated that the directions of external fields play a significant role in the appearance of growing waves in

the sample. It is shown"that, depending on the value of the electrical conductivity tensor Tik »

thermomagnetic wayes are excited in the longitudinal (i.e. k I ?T) and transverse (i.e.IZ J_ﬁT)

directions., The frequenties of these thermomagnetic waves in both the longitudinal and transverse directions
have been‘calculated. The'growth rates of these waves are determined by the values of the inverse electrical

conductivity tensor Tik - It has been proven that the excited wave is mainly of a thermomagnetic nature. In
theory, the dispersion equation obtained is of algebraically high powers relative to the oscillation frequency.
The dispersion equation in both cases (longitudinal K | VT and transverse K L VT) contains terms in
which there are thermomagnetic frequencies in a low degree of frequency. It has been proven that if the value
of the'electrical conductivity tensor Tik is the same, then the propagation frequencies of thermomagnetic

waves are different. The theory is constructed without an external magnetic field H 0= 0. In the presence

of an external magnetic field, the conditions for the excitation of thermomagnetic waves, and of course the
conditions for their growth, will change significantly.

Keywords: frequency, increment, thermomagnetic waves, transverse waves, longitudinal waves, growth,
electrical conductivity tensor, inverse tensor.

Introduction

In works [1-4] it was proven that hydrodynamic movements in a plasma in which there is a constant
temperature gradient give rise to a magnetic field. In this case, the plasma has oscillatory properties that are
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noticeably different from ordinary plasma. In such a plasma, thermomagnetic waves are excited, in which
only the magnetic field oscillates. In the presence of an external magnetic field, the wave vector of thermo-
magnetic waves is perpendicular to the magnetic field or lies in the plane /,vT. The speed of thermomag-
netic waves is comparable to the speed of sound and the speed of the Alfvén wave. The temperature gradient
does not depend on time or coordinates. The Larmor frequency of charge carriers is less than the frequency
of their collisions, i.e.
Qr<<1,Q=ﬂ. (1)
mc
It has been suggested that magnetic fields exist for explaining the production of cosmic rays and cosmic
radio waves. Such fields are based on both the Fermi’s statistical mechanism for the acceleration of charged
particles and bremsstrahlung at radio frequency by relativistic electrons.
However, the mechanism by which sufficiently strong magnetic fields can be created remains‘unclear.
In [1] it is shown that hydrodynamic motion in a nonequilibrium plasma, in which the existence of‘aitemper-
ature gradient leads to the formation of magnetic fields. Under such conditions, ions arisesfor which the\Lar-
mor frequency of ions is comparable to the oscillation frequency. An increase in parametric,resonance and,
possibly, resonant acceleration of ions is realized. In sufficiently weak acoustic waves, parametric resonance
occurs for electrons. In a hot plasma with high radiation pressure, much stronger magnetic fields arise in a

turbulent nonequilibrium plasma. In [1] it is shown that plasma with a temperature gradient VT has oscilla-
tory properties that differ from normal plasma. In the absence of an external magnetic:field and hydrodynam-
ic motion, transverse “thermomagnetic” waves are possible in the plasma. Magnetic field oscillations occur
in them. If there is a constant external magnetic field H, then the wave vector‘of the thermomagnetic wave
must be perpendicular to it.

In addition, the Alfvén wave is split up into “hydrothermomagnetie” waves in which the vectors v and
H are perpendicular to VT . The spectrum of magnetic sound waves can be modified. The speed of propaga-
tion of the thermomagnetic waves is comparable to the'velocity of sound and velocity of the Alfvén wave.

In this work, the magnetic fields are divided.as follows, H »=H ,  +H/ .

0*H 0 OE'
Umkzﬁ_ka_g[(u_FuT_u_us)HLw]:Ckg ”
oH’ O*H’ 6 ,

atl —Umkzﬁ—k%[(l)‘i'u-r —U)HL]:O.

Here u, is speed of sound,propagation, v,, is magnetic viscosity, from the solutions of these equations
_ cTAVINTK] kv, cosé +v,VInT siné

H : 3
. ke (U —U; —0, COSE +U,) ®)
At condition®@(§)&<US U+ u,
2
-V, Tc(o
Hp=-A—-| 2 4
T2 e s(sj )

was obtained.
Showing estimates relate to the case v, <<s and A<<L are valid at v,=s and A~L.

Q~Nao/ln under a condition Q~S/ A~ w. Oscillation and Lamor frequencies can be equal in sound waves.
It can likely produce in strong magnetic fields. For |V, |>u—u; +uy| (Ju—u; +uy<s) H, can be

large than Qi . The magnetic fields excited by these processes can be amplified further by of the magnetic

field lines.
In [1] the damping of the turbulence that arises from the conversion of part of the energy of turbu-
lence into magnetic energy was estimated. Then for frequency
Q, =eH, /mc>v (5)
was obtained.
In the hydrodynamic movements, in this work the oscillation frequency
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a)(k)zé[,Ma)f\ + 0l + o, J (6)

(a)2 - 00, — a),i){a)4 —o’w, - w2k2(52 + Ui)-i—

was obtained
()
+ olk?s%o; +k20, (K[uy, )]+ 020} =0.
The second factor in (7) is the frequencies of the magnetic sound waves determines at o, =0[2]. At
conditions @, << @, << @, or @; < @, ®, < w? /@, the solution is @ =+, and the roots are ® ~ @,

2 i
=~ a)A/a)T . For large radiation pressure

o, | N [M
R 1 8)
. LnVym

| is the mean free path of the electrons and N is the number of protons in a unit volume.

In rarefied plasma radiation pressure of the gas and the interaction of electrons with photons is
much stronger than Coulomb scattering. The Compton scattering predominates_over bremsstrahlung

and its corresponding inverse process for electron collisions [3]. The velogity Uin (7) is increased

1)

roughly by N/n times. If N/n is so large that the velocities s and™ Up are, much smaller than

(ului)%.
In the presence of an electric field £, a temperature gradient®¥Z =const , a gradient of charge carrier
concentrations Vn and hydrodynamic movements with speed 9(g.t), the electric current density has the

form
j=of* +o'|E*A |- aViT —a[VTH]
T

~ |9 9)
E* = E+M+—@,e >0.
c en
The definition £ from the vector equation (9) is reduced to solving the vector equation
% = a{ﬁﬂ (10)
From (10) .
(6%)=(ba),x- m[BaHB[Bxﬂ
At b? <<l,
E- _["L'J_Af[wﬁh £ ot -
c dro
co' TV (1)
- 02 [rotI:L I:|]+——p+AVT
dro cC p

was obtained.
To obtain expression (11), Maxwell's equation rotH :477[ fwas used. Here A :% , A':@ :
(o2

o is the electrical conductivity coefficient, A is the differential thermopower, A’ is the Nerst-
Ettinizhausen effect coefficient. Substituting (10) into the equation %ﬁz—crotlg, we obtain an equation
e

containing H andVT. It was proven in [1-2] that at kLH'a thermomagnetic wave with a frequency is
excited

O = —cA'KVT. (12)
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In anisotropic media with an electronic type of charge carriers, an increasing thermomagnetic wave is
excited under certain conditions. Analytical formulas are found for the frequency and for the increment of
this wave. The analytical formulas for the tensor of electrical conductivity of the medium are indicated in the
form of a table. A formula is found for the ratios of the temperature gradient [5].

In [6] using the Kinetic equation for a nonequilibrium process, analytical values of the critical electric
field are obtained without an external magnetic field. The estimate of this critical electric field is consistent
with Gunn's experiment in which energy is emitted from the sample.

[7] is proved that in anisotropic conducting media of electric type of charge carriers, different waves of
a thermomagnetic nature are excited. With the longitudinal Kk || VT and transverse k L VT orientation of
the wave vector relative to the temperature gradient, waves of a thermomagnetic nature with different fre-
guencies and increments are excited.

From the conclusions [8], it follows that in anisotropic conducting media, it is possible to.excite'a num-
ber of thermomagnetic waves with frequency frequencies. However, at present, there,are no experimental
data on thermomagnetic waves in the public domain. In [8] frequency is three times lessdhan‘the frequency
of thermomagnetic waves in plasma (i.e., than the frequency w; ).

In this theoretical work, we will prove

- to determine the frequencies of thermomagnetic waves, when the wave' vector. of thermomagnetic

waves is directed along the temperature gradient IZ|| VT (longitudinal wave);

- to prove that at IZ|| VT (longitudinal wave) and at KLVT (transverse wave) thermomagnetic waves
can grow (instability).

The growth rate of the thermomagnetic wave differed significantlyat k | VT andatk L VT .

Materials and Methods
In the presence of a temperature gradient and an external magnetic field in an isotropic solid, the total
electric field [4] has the form:
€ =g+ o]+ (A + A+ ATOTA ] A(FTH)A.
X
In an anisotropic solid, all coefficients,in equation (13) are tensors. Then for an anisotropic solid body
(13) will have the form:

ﬁ:gmm+hﬁkﬁk+qdﬂﬂﬁk+Mk§i+AmﬁTHL+A&®THFk. (14)

Here j; is the tensor of the reciprocal value of the ohmic resistance g, L , Ay is the differential
Oik
thermopower, Aj, isitheaNerist-Ettinizhausen coefficient [8-9]. We will consider an external magnetic field
H, =0 in an anisotrepicsolid. Then in equation (14) the terms containing ¢}, ¢, A} equal to zero. Then for
our problem the systemrof equations has the form

Ei’ =Gik 11: + A;k |_§TH Jk

rote’ = — 19 (15)
c ot

rotH':4—”f'+la£.
c c ot

Let us assume that all variables have the character of a monochromatic wave. Then from (15)
Ei = Gik Jk + Ak [VTH ]k

) =

(16)

was obtained.
From joint solution (16) for the electric field tensor we obtain the equation
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2 2 22

Ei’ - él‘jza)gik( E,)Kk i = 472(;) ‘
Ak (o MK (ror e

I (GTE K, —T'(kVT)Ek

SikEk *
(17)

was obtained.
The solution of equation (17) is generally impossible, and therefore we will consider excitations of
thermomagnetic waves in both the transverse and longitudinal directions. To determine the direction of the

wave vector K , you need to choose a coordinate system.

Results and Discussion

Transverse thermomagnetic waves kLVT

At K LVT coordinate system
k; %0, k, =k; =0, klﬂz(WT)zo,a—Tio,a—Tw. (18)
0%y Xy OXq

With this choice from (17)

El = [A§i|k|kk +Bgj + CA i E)Eé
w OX

k

e 5 E S Lati=Kk
'=5 E! S, = _ 19
i ik =k ik 0’ at o k ( )
) 0 21,2
Ao ic ,B:I(a) —Ck)
drw iy 70}
was obtained.
Let's denote
CA; oT
ow = Agy kK, +Bg; + I K —. (20)
@  OX
From (19)
o . o . w* —c%k?
(21 =4—g11,</>12 =1Q6, +—=,03=1Q63, Q=——
T w Ao
i . .
P = 4—w§21v€022 =106, +@,¢23 =1Q6,3 (21)
T w
iw . .
P31 =4—§311¢732 =1Q63 +&:¢33 =1Q¢3;
va W

was obtained.
Substituting (21) into (19), we got follow dispersion equation in tensor form

|(¢’|k _5ik) =0 (22)
or
P31P1,Pr3 T PP Pr3 +

+ ((Pn - 1)((/’22 - l)((/’ss - 1) -

(23)
~ VP13 ((022 - 1) -
~ P3P (¢’11 - 1) ~ PnPr2 ((033 - 1) =0
was obtained.
Dispersion equation (23) taking into account (21) has the form
5
Z:uia)i +Uu, =0. (24)
i=1
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The fifth degree relative to the purity of vibrations of equation (24) has a very complex form. Simplify-
ing equation (24) requires a lot of mathematical approximations. However, equation (24) is easily simplified

depending on the tensor g;, .
If
C12 =613 =622 = G623 =632 =633
S11 =62 = Gar
The dispersion equation has the form:

i[ﬂ"‘gzz)wz +[%(a)13 + @, _a’zz)_l}a)"'
T

(25)

(26)
+ Wy + W33 ———— 65, =0.
27
Substituting for frequency
=0y +iy, y << @,.
We can get from (26) next two equation for definition @, and
1

1 S
ngg _EQWOV_E(WB t+w, _a’zz)V_

— Wy + Wy, + 53 =0

(27)

1 » 1 S
sy + Sy + (a)13 + 05 WOy )a)o -
A7 27 A (28)

From (28)

1 c’k?
y=—cat +-(w, + w, — O — ——2. (29)

A A 2
Substituting (29) into (27)

1 1
—ga)(f 2 (a)13 + o, _a)zz{ ga)g +
A Ar

c’k’s |
27

9
+ 4_ (w13 i+ @ — Wy )a’o - (30)
T
=@+ W, + gy =0.
Vid

From (30) is'shown, at @y, =w3+@,, 6 =—F—.
2(6022 + a’as)

Thus realpart of frequency of thermomagnetic wave is
@y = 2(wzz + W3 ) (31)
Substituting (31) into (29)

1 1 c%k?
7’:5(&’22+a’33)—— (32)

2 wy + w33
was obtained.
From (32) it is shown wave with frequency (31) will rise is

0y, + (033 >> CK.
Longitudinal thermomagnetic wave k || VT
At condition k || VT axis can be chosen like
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oT
k =k, ky =k; =0, ﬂ=£:o,klﬂ¢o T L0, Z—=0. (33)
X, OXg 0% 0%,y 0%,

At this choose, tensors ¢, are

%) . ,
(Zi 4_§11’ ¢, =100, +£’¢13 IQg); + ]
/A (0] (0]
iw . 17
Py = 4—9'21,(022 =1Qg¢,, +£’¢23 1Q6,; + Lo (34)
JT (4] (4]
iw ) w )
P31 = ——Ga1, Pz = 10265, +i’¢33 =1Q6,; +—
A 10}

Substituting (34) into (23) we got follow dispersion equation

L (CaGaias + s )0+~ (GG + CuGan )0 +
_W 31521523 31513532 _W 11522 11533

i i
+ 3 (§31§21§23 + 2g31g13g32)(:2k2 +_(§11 +S +§33)+
64r A

1
16 A 7 (§11§33 + 2?319'13)}0 +|: 6472'3 (gllgzz + gllg33)czk2 =1+ (35)
. iczk 1
++—2 (gll _g21) w— 7 $3161363,C ?k*= 22 ~G33 |~
4 64r
64 — 2 0;C ’k (§11§33 +§13§31) w,, =0.

Solving (24) in general is difficult and almost.impossible, so we choose the following value. The ten-
sors have the same values in all directions ¢, , then from(35)

X* +167ix® + (24877 + 127,56 IX? +

36
+647r3i(—1+i a)zzgjx—a)zzgzo (30)
2r
® = ckgx
ckg <<1
was obtained.
Assuming x =, +ix,;, X, <0 and separating real and imaginary parts in (36), we got
X — 487X, — 487’ X; — 247 ,,6X X, +
37)
+647° “’szf X, + 647z3x1 —w,c =0
AXSX, +167%3 — 9677 X X, +127@,0KE — 38)

—647°x, —327%w,,c%, = 0.
From (37-38) it is shown, at x, >>1 thermomagnetic wave doesn’t exist. Thermomagnetic waves exist
at X, <<1 (26-27)

— 24710,,6X X, + 327 @,ycXy + 647°X, — w,,c = 0. (39)
Then we got
— 967X X, —647°X, —327° w,,c%, = 0. (40)
Xo=— a2 Xy Xp < ia’zzg
From (40) 27 4 was obtained.
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Substituting into (39) values of imaginary and real part of the frequency are

y _27z
173
2r 1
=—— (42)
w 2 w
vy =22 2T Y2

2r 3 3

From (41) it is shown, wave with frequency a, = —% is growing.

&—%.B_gzwﬂg <<1

@, 3 27 2rx (42)

0,,G << 271

Conclusion

Thus, thermomagnetic waves with different frequencies are excited in anisotropies€onducting media.
These waves can be longitudinal k || VT and transverse k L VT . Condition {31)is one of the practically
possible conditions for solving systems of equations (27-28) in anisotropic.media. The conditions we chose

proved that the propagation of thermomagnetic waves significantly depends ontthe chosen directions. These
directions are different for transverse and longitudinal thermomagnetic,waves. The characteristic dispersion

equations for transverse thermomagnetic waves KLVT (30),and for longitudinal thermomagnetic waves

IZ|| VT (35) under other selected conditions ¢ and k, can change.significantly. We studied transverse and
longitudinal thermomagnetic waves in specific values of the tensors ¢ and k . The work theoretically studies

the conditions for the excitation of thermomagnetic, waves. The excited wave is increasing. The directions of
external fields play a significant role in creating growing waves. Thermomagnetic waves are excited in the
longitudinal and transverse directions depending on the'value of the inverse conductivity tensor and the fre-
guencies of these thermomagnetic waves werg calculated in both the longitudinal directions and the trans-

verse directions. The growth increments of these waves are determined. In both cases (longitudinal IZ|| VT

and transverse K L VT ) the, thermomagnetic frequencies are low. With the small value of the electrical
conductivity tensor, the frequeney of propagation of thermomagnetic waves is different. The theory is con-
structed at conditions H, = O, ire. without an external magnetic field.

Thus, the excitation of dongitudinal k || VT and transverse k L VT thermomagnetic waves in aniso-

tropic conducting media occurs in selected directions in the media. To experimentally observe thermomag-
netic waves, it is sufficient to'measure the conductivity of the medium in various directions.
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3.P. I'acanos, IIL.I". Xanunosa, P.K. Mycradaesa

ChIPpTKBI MATHHUT 6PICi 7KOK TeMIepaTypa rpaueHTi 00JIFaH Keé3/e
AHU30TPONTHI 6TKI3TIlI OPTA/AA KOJ/IeHEH KIHe OOHIbIK TEPMOMATHUTTIK
TOJKbIHAAPAbIH KO3Ybl

AHM30TPONTH! OTKI3TIII OpTajdapa MarHUT epici MEH TeMIepaTypa I'PaIueHTiHiH OpTY P OaFbITTapbIHIAFbI
KO3FaJlFaH TEPMOMAarHUTTIK TOJIKBIHAAP aHM3OTPOITHI OPTAHBIH OarbIThIHA aiTapiibIKTai Boyenni. Tepmo-
MAarHUTTIK TOJKBIHHBIH JXHiNiriHe OalIaHBICTHI 3JIEKTP OTKI3TIIITIK TEH30PHIHBIH TEOPHAIBIK ecenTeynepi

FBUIBIMHU KbI3BIFYIIBLTBIK TYABIPabl. Makanana TONKbIHHEIH skHiMikTepi Ta0brameoinex (K || VT ) sxone
KOJCHEH (k 1 VT ) GarpITTapaarkl OYJI TOJIKBIHAAP/IBIH KHULUTIKTEPi MEHNOCY. KbULIAMIBIFBI CHIPTKBI Mar-
HHUT ©piciHe OpTYpii Toyennal OoNaTBIHBI TOJNEJeHIl. ABTOpJAp TEPMOMArHUTTIK TOJKBIHAAPABIH KO3Y

JKaFIalIapblH TCOPUSIIBIK TYPFBIIAaH 3epTTeai. YJIrige ocin Kele KaTKAH\TOIKBIHAAPIBIH Maiiaa 0omybIHIa
CBIPTKBI ©pICTEpIiH OAFBITHI MaHbI3/IbI POJT ATKAPATHIHBL KOPCETIITeH. DJICKTP OTKI3TIMITIK TCH30PBIHBIH Mo-

HiHe GaiIaHBICTB TEPMOMATHUTTIK ToNKbIHAap 60itbiK (sEHN Ky|| VT ) xone xonnenen (srmm K L VT)

TOJIKBIHBIK OaFbITTa KO3FaJaThIHBI aHBIKTaIFaH, \OChl TEPMOMATHUTTIK TOJKBIHAAP/IBIH JKULTIKTEPi OOMIBIK
JKOHE KeJIeHeH OarbITTa J1a ecenTeli. by ToNKeHEapAbIH OCY KbUIIaMABIFBI Kepi JIEKTP OTKI3TIIITIK TeH-

3OPBIHBIH Oy MOH/IepiMEH aHbIKTanambl. Ko3FaH TOMKBIHHBIH TaONFaThl OOMBIHIIA HETi3iHEH TepMOMATHHT-
TiK eKeHi JonenneH . TeopusIblk TYpFbIIaH alblHFaH TUCTIEPCHs TEHJIEYl TepOeric KULTIriHe KaThICTHI all-
reOpaibIK YIKeH KyaTTapra ue. JucuepCHsiblK TeHICYAIH eKi xKarnaiibiaga (OOMIbIK k | VT xone KeJze-
HEH K LVT GarbpITTap) TEPMOMArHUTTIK XKUUTIKTEp TOMEH JXKUUTIKTEe O0NaThiH Mymenepai kaMmTuabl. Erep

ANIEKTP OTKI3TIIITIK TEH30PBIHBIH MoH| Tik Oipneii 6oJica, TEPMOMArHUTTIK TOJKBIHAAPABIH Tapaly JKUITIK-

Tepi opTyp:ti OonaThIHB! nadenneHal. H 0= O TeopusCHl CHIPTKBI MAaTHHUT OPICIiHCI3 KypacThIpbutFa. ChIp-

TKbI MarHUT ©pici OOJFAH >KaFmalila TEPMOMArHUTTIK TOJNKBIHIAPABIH KO3y MIAPTTAPhI KOHE OJIAPIABIH 6CY
Karailnapsl aiiTapIbIKTae3repei.

Kinm ce3dep: KUK, 6Cy, TEPMOMATHUTTIK TOJKBIHIAP, KOJACHEH TOJNKBIHIAP, OOMIBIK TOJNKBIHIAP, OcCy,
9NIEKTP OTKIZEIIITIK TEH30PbI, Kepi TEH30D.

9.P. Tl'acanos, 1.I'. Xanumnoga, P.K. Mycradaena

Bor;ﬁymzle}me MONMECPECYHBIX U MPOAOJBbHBIX TCPMOMAIrHUTHBIX BOJIH
B AaHU30TPOIIHBIX MPOBOAAIIUX CPEIaxX IMPH HAJINIUU TEMIIEPATYPHOT'0 rPaiUEeHTA
0e3 BHEIIHEr0 MATHUTHOI'O MOJIS

B AHU30TPONHBIX IMPOBOAAIIUX CpEeAax BO36y)KIIaeMLIe TEPMOMATHUTHBIC BOJIHBI IPU PA3JIMIHBIX OPUCHTA-
OUAX MAarHuTHOI'O NOJIA U IrpaJU€HTa TEMIIEPATYPhbl CYHICCTBEHHO 3aBUCAT OT HAIPABJICHUSA aHH30TpOHHOI71

cpeztbl. HayuHbiii HHTEPEC NPEACTABISIOT TEOPETHYECKHE PACHETHI TEH30PA SIEKTPONPOBOIHOCTH Oy B 3a-
BUCHMOCTH OT YaCTOThI TEPMOMArHUTHOH BOJHBL B HacTosmleil cTaThe GbUTM HaiiEHBl YAaCTOTH TEpMOMAr-
HUTHOM BOJIHBI M 0Ka3aHo, uTo npu npogonsHoM (K || VT ) u nonepeunom (K L VT ) manpasnennsx ga-

CTOTBI U CKOPOCTH POCTA 3TUX BOJIH IMO-PA3HOMY 3aBUCAT OT BHCIIHETO MAarHUTHOI'O MOJIA. ABTOpaMI/I TEOope-
TUYECKH HUCCIICA0BAaHbl YCIOBUA BO36y)KZ[eHI/I$[ TEPMOMATHUTHBIX BOJIH. YKaSaHO, YTO HaIIpaBJICHUEC BHCIIHUX
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E.R. Hasanov, Sh.G. Khalilova, R.K. Mustafayeva

ToNeil UrpaeT CyIECTBEHHYIO POJib B BOSHHKHOBEHHMH PAcTyIIUX BOJH B oOpasie. Iloka3aHo, 4To B 3aBUCH-
MOCTHU OT 3HAYEHHs TEH30pa 3JIEKTPONPOBOJHOCTH TEPMOMArHUTHBIE BOJIHBI BO30Y)KAAIOTCS B MPOJOIBHOM

(to ects K || VT ) u momepeurom (1o ecte K L VT ) HanpaBnennsax BogHbL PaccauTaHbl 9acTOTHI 3THX
TEPMOMATHHTHBIX BOJH KaK B IPOJIOJIBHOM, TaK U B IIONEPEYHOM HamparieHun. CKOPOCTh POCTa 3THX BOIH

olpenensieTcs 3HAYCHUSIMH 0OpPAaTHOTO TEH30pa 3JICKTPOIPOBOAHOCTH Tik - JlokazaHo, 4To BO30y)Xmaemas

BOJIHA MMeEET NPEUMYLIECTBEHHO TEPMOMAarHUTHYIO NMPUPOLy. TeopeTHuecku MOTydeHHOE AUCIEPCHOHHOE
ypaBHEHHE MMeeT anreOpandeckd OOJbIINe CTEIIeHH OTHOCHTENBHO YacTOTHI KoyieGaHus. JlucnepcnoHHOE
ypaBHenne B oboux ciydasx (mpopoisHoM K || VT wu nonmepeunom k L VT manpapnenusx) comepxur
YJIEHBI, B KOTOPBIX NMPUCYTCTBYIOT TEPMOMATrHUTHBIE YaCTOThl B HU3KON CTEMEHM 4acTOThl. J[oKazaHO, 4YTO

€CJIM 3HA4YC€HUE TEH30pa JIJICKTPOIIPOBOAHOCTHU UIk OIMHAKOBOEC, TO 4aCTOTHI PACIIPOCTPAHEHUA TE€pMOMar-

HHUTHBIX BOJIH Pa3iIM4HBL. Teopus mocTpoeHa Oe3 BHENIHEro MarHUTHOTO moist H 0= 0. Ilpn nammanu

BHCIIHETO MAarHuTHOTO IIOJISL YCIIOBUSL BO36y)KH€HI/I$I TEPMOMArumMTHBIX BOJIH U, KOHEYHO, YCJIOBHA UX POCTaA
CYHICCTBEHHO MCHAIOTCHA.

Knrouegvie crnosa: dactorta, pupalieHie, TPMOMATHUTHBIC BOJIHBI, ITONIEPEYHBIC BOJHBI, TPOAGIIbHBIC BOJI-
HBI, POCT, TEH30P IEKTPOIPOBOIHOCTH, OOPATHBIIT TEH30P.
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