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B Hacrn.sm-1eii pa6oTe paccMaTp1rnaeTc.si: pacnpocTpattem1e :meKTpoMarnHTHhIX 

BOJIH H nepeHOC Tenna B CHCTeMaX, OUTH'IeCKHe CBOHCTBa KOTOpbIX 3aBIIC.!IT OT noJI.si: ' 

u TeMnepaTyphl, a Tennocpmw1ecKue - OT TeMnepaTyphI. IlpouecchI nepeHoca B 

TaKHX CHCTeMax s KBa3HCTauuoHapHOM pe:lKHMe MOryr 6bITh onucaHhl c IlOMOIUhIO 

cne.u.yIOIUHX ypasHeHHH 

(1) 

(2) 

(3) 

. r.u.e E;, H; - BeKTOphl SJieKTpuqeCKOH H MarHHTHOH nanp.si::lKeHHOCTH COOTBeTCTBeH

HO; T. - TeMnepaTypa; k = ro/ c, 0) - qacToTa BOJIHhl, C - CKOpOCTh CBern; X· -
I I 

K03cpcpuuueHT TennonpoBO.U.HOCTH; i - HOMep cpe.U.hl B paccMaTpHBaeMOH CHCTeMe 

(B .U.aJihHeiimeM nonaraeTC.ll, qTO i = 1,2); q.(T.) - IICTOqHIIK Tenna, 3aBIIC.!IIUHH OT 
I I 

_ k .ro"q " , .,, 6 nJIOTHOCTH 3JieKTPOMarHHTHOH 3Heprn11; l' = I - E.. epe3 E. = E . + le . 0 03Haqena 
I C I I I I 

.u.usneKTpuqecKa.si: nponuuaeMOCTh, .u.n.si: KOTopoii B o6meM cnyqae MO:lKHO 3anucaTh 

~=f(rolE, 1). (5) 

Hu:lKe paccMaTpHBaIOTC.ll KaK HeKOTOphie TOqHhie pemeHH.ll .u.aHHOH HeJIHHeHHOH 

CHCTeMhl, TaK H pemeHH.ll, nonyqeHHbie C IICHOJlh30BaHHeM aCHMUTOTHqecKHX MeTO

JJ.OB, scpcpeKTHBHOCTh KOTOphIX JI.Jl.ll onucaHH.ll HeJIIIHeHHhIX cpmuqeCKIIX .si:BJieHIIH ' ' 

aHaJIH3upyeTc.si: B KJiaccuqecKoii MOHorpacpuu H:H.Eoronro6oBa II IO.A.Mmpononh-

cKoro [1]. · 
B pa6ornx [2,3] paccMaTpllBaJIIICh ypaBHeHll.ll (1)-(3) c KBa.u.parnqHhIMII 

I\ 
3aBHCHMOCT.!IMII E.(E.) If C yqeTOM paBeHCTBa TaHreHUHaJihHhIX COCTaBJI.!IIOIUHX BeKT0-

1 I 

pos E u H Ha rpanuue paJJJ.ena .u.n.si: cucTeM: .u.Ba Ky6a c 06m11M ueHTpoM, .u.Ba cooc

HhlX UHJIHHJJ.pa, .U.Be KOHUeHTpuqecKlle ccpepbl, .U.Ba COOCHhIX TOpa. IIpHMepoM TaKOH 

CHCTeMbl MO:lKeT CJIY:lKHTh CIICTeMa, np11po.u.a HeJIIIHeiiHOCTH BHyrpeHHeii H BHenrneii 

o6nacTeii KOTOpoii Pa3JIHqHa (HanpiIMep, onrnqecKII aHH30TPOilllhIH UIIJIHHJJ.p II 

:. fjt)t,ClHii!-:t;',ti.iil i~,~ryt-1 
-I sme3,su;3i 11cc.,ei~;umil 
t .. _..,~viSJlWOT.§!1a _ . 



J, 

' 

ruHl3Ma wrn :lKlf.I(KHii Kpucnum). ELmo noKaJano; '!To cymecTBJIOT peweuu.si cucTe
/\ 

Mbl (1)-(3), YJJ.OBJieTBop.sirow:ue )].ODOJIHHTeribHOMY YCJIOBHIO E. = 0. TTpttBe)].eM 
I 

npuMep TaKOro peweHH.sl .l])UI KOHKpeTHOH CHCTeMbl. ' 
PaCCMOTPHM CHCTeMy, COCTO.IIW:yro H3 JJ.Byx: COOCHbIX UHJIHtt,npOB, " 6yneM nona

raTb, 'ITO E = E(r, z). B 3TOM cnyqae HJ npoeKUHH ypaanettll.ll (1) ua opT E$ uaii,neM 

Ei$ = L r;v>o.M r)v'}..(v) z), 
V 

rne ~v)(S) = C:v
1
)J

1
(s) + C:v

2
)Y

1
(s); V(TJ) = e±Tl, J (s), Y (s) - <pyttKUHH Eecceri.si 

I I I n n 

nepBoro If BTOporo pona nop.H,nKa COOTBeTCTBeHHO; ').., V - KOpHH xapaKTepHCTH'leC

KOro ypaBH(?HH.11; s;> - DOCTO.slHHbie, Onpe)].erI.lleMbie C DOMOW:bIO KpaeBbIX yCJIOBHfi. 

)].Be npyrne npoeKUHH ypaBHeHH.ll (1) npHBO,n.HT K 0)].HOMY H TOMY )Ke Bblpa:lKeHHIO 

Ez =:SJ E/Jr+ K. 

O60JHa'IHM V. = J E. ar. Toma ,IJ)l.sl onpe~erieHH.sl <pyttKUHH V. C yqeTOM YKaJaH-
1 1r I 

HOIO,JJ.ODOJIHITTeribHOro yCJIOBH.ll" (5) IJOJiyqHM ypaBHeHHe · 

( 
av. av. ) , 

f; (I), rl az' ,'a:. Ei$ = 0, (6) 

me B. )].aHHOM cnyqae T !pHKCHpOBaHO. B qacTHOCTH, B cnyqae KBanpaTH'IHOH 
· 4no 

JaBHCHMOCTH f = Eo - I a. I E2 + i ro (me O - npOBO'AHMOCTb, a. - napaMeTp 

HerIHHeiiHOCTH) ypaBHeuue (6) npe)].CTaBJI.sleT co6oii ypaBHeuue faMHJibTOHa DJIOCKO

ro )].BH:lKeHH.sl TO'IKH C noTeHl{HaJlbHOH <pyttKUHeii wi = ½ f.7$: 

me 

Hi + W; = const; 

1 2 2 
Hi= 2 (pi + gi)' 

av. , av. 
I - I 

pi=~. g
1
.~, V'.=V.+K., or oz I I IZ 

E.
0 

· 21to. 
I · • I 

const.=~
2 

+1-::T:7'". 
1 L. I CX, I 0) I CX, I 

I I 

2 

(7) 

\ -, 

I 
.'J'. . 
I 

t. 
l 
l 

'• 

'l 

B o6w:eM cnyqae, npH paCCMOTpeHHH OpTOIOHaJlbHblX CHCTeM KOopnunaT tt 
I\ 

ycnoam1 E = 0 H3 (1) nonyqaroTc.si perneuu.si E = V(j), nplfl1eM <pyHKUH.si (j) onpenem1-

eTc.s1 HJ ypaBHeHH.sl 

1 ro, T h :-. ' h :-. ' h a - O, .( I J_~ J_~ J_~)-
I oX I 2 dX2 3 X3 

me h. - MeTpH'leCKHe K03!p!pHUHeHTbl. 8 'laCTHOCTH, npu pacCMOTpeHHH 
J 

paTlfllHOH JaBHCHMOCTH j(E) ypaBHeHHe (8) HMeeT cnenyrow:uii Btt,n: 

(
n,1,)2 Eo . 41tO 
V,y =g+lroJaT• 

(8) 

KBM-

(9) 

Ypaaueuue (9) npu o'= 0 no <popMe coananaeT c ypaeueuneM siiKOHaJia. Ilpu pac
cMoTpenuu JaBHCHMOCTeii E H H OT neyx KoopnunaT, E = E(xk, x1), H = (xk, x1) HMe-

eT MeCTO peweHHe 

1 av. 1 av 1 
Ek=-h -=,-, E1=-h ~. Em=-h '11, k:t:-1:t:-m, 

k oxk I ox/ m 

rne '11 u V onpenen.siIOTc.si m cnenyIOmttx ypaeneuuii 

_E__ _!i_ aq, + ..E... ~ aq, = 0 
axk him axk ax1 hfm ax1 ' 

1(ro, Tl J_ av , _!_ av _!_)_ 
hk axk h ax ' h - 0. 

I I m 

(10) 

(11) 

CooTBeTCTBeHHO, B cnyqae KBa,npaTH'IHOH 3aBHCHMOCTH f (E) ypaBHeHHe ( 11) .slBJI.sleT
C.sl ypaBHeHHeM faMHJibTOHa DJIOCKOro 'ABH:lKeHH.sl TO'IKH (7), a KOTOpOM noTeHUHMb

Ha.11 <pyHKUH.11 

1 2 1 avi 1 avi 
Wi-

2
h2 q,i "pi- h ax 'gi- h ax . 

m k k I I 

Bo Bcex paCCMO~HHbIX cnyqruix HJ (2) nOJiyqaIOTC.sl rapMOHH'leCKHe peweHH.sl ,IJ)l.sl H. 
PaccMOTpHM ,nMee, KaK HJMeHHTC.sl pewenue npH yqeTe JaBHCHMOCTH 

nusneKTptt'leCKOH npouuuaeMOCTH OT TeMnepaTypbI. B STOM cnyqae <pyHKUHH (j) HJIH 
V onpeneri.siIOTc.si HJ cucTeMbt ypaaueuuii, conep:lKaw:eii ypaeuenue TenJionpoaon
HOCTH H onuo H3 cnenyromux: 

[ 
I 1 a<1>t 1 a<1>t ,. 1 a4>t ) 

f; ro -h -a ,-h ~.-h -a' Ti =O. 
I XI 2 oX2 3 X3 

(8') 

( 

· 1 avi 1 avi 1 , ) · 
f; 0) I hk axk' hi axl 'hm '11;, Ti = 0. 

3 

( 11 ') 



TTocKOJibKY rutOTHOCTb Terutoeoro nOTOKa 3aBHCHT OT KBa,upaTa MOJJ.YJill SJieKTpw1ec

Koro BeKTopa, q. = q .( I E. I 2, 1). TO B ypaeHeH~e TerutonpoBOJJ.HOCTH BOH.11.eT nepe-
, I I I 

MeHHall, JaBHClllllall OT q> HJIH V: 
3 

HJIH 

aq, aq, • 
IE.1 2 = ~ ..!..~~ 

1 .t.., h2 ox. dX. 
j= I j J J 

I 1
2 1 av; av; . 1 av; ~v; 1, • 

E =---+---+-'IJ\1' 
i h2 dX dX h2 dX dX h2 i i . 

kkk 1 l l m 

* v* * l.J:epe3 <l> • • 'I' 3}].eCb o6mHal!eHbl KOMruteKCHO conpll)KeHHbie BeJIH'IHHbl. Pewe-

HHe 3Hal!HTeJibHO ynpomaeTCll, eCJIH yJJ.aeTCll Bbipa3HTb I Ei 12 
nenocpeJJ.cTnenno H3 

ypaeneHHii (8') HJIH (11 '). TaK, JJ.Jill KeppoecKoii 3aBHCHMOCTH JJ.HSJieKTPHl!eCKoii 

npoHHUaeMOCTH OT nOJill B JJ.e<poKyCHp)'lOIUeii cpeJJ.e 

" I . 12 4no. E.(E.)=E.
0
-a. E. +i--1 

I I I I (l) 

(rJJ.e a= a'+ ia", a';:: 0) HenocpeJJ.CTBeHHO H3 YCJIOBHll t(E.) = 0 nonyqHM, l!TO 
· I I 

I 2 · ( I6rt2o~) 2 E.I =a'.E.
0 

I +-
2 2

1 la.I-. 
I I I (l) c I 

· "'iO 
' ' 

TaKHM o6pa30M, nonarall onTHl!eCKHe xapaKTepHCTHKH" H3BeCTHblMH 

cpyHKUHllMH TeMneparypbI, MO)KHO B JJ,aHHOM CJiyqae pewaTb ypaBHeHHe Terutonpo

BOJ].HOCTH He3aBHCHMO OT BToporo ypaBHeHHll CHCTeMbl. OnpeJJ,eJIHB TeMnepaTypy KaK 

cpyHKUHIO KOOpJJ.HHaT, nonyqHM ypaeHeHHe 

I v'q> 12 = v2(x1, x2' X3), (12) 

rJJ,e 

2. ', .. '( 22 ] v (xi' x2, :i3) = a'(7). Eo{7) .1 + I 6rr-o (7) I a. 1-2 
· ·, , . . . · · (l)2E~(7) 1 • 

. . ,•1 - , 

T =· T(x 1Xz-X3). 

YpaBHeHHe (12) B cnyqae JJ,eiicTBHTeJibHoii cpyHKUHH q> coena,uaeT c ypasHeHHeM 

3HKOHaJia B HeOJ].HOpOJJ.HOH cpeJJ,e. TTpH onpeJJ,eneHHH KOMIIOHeHTOB SJieKTpHl!eCKOfO 

BeKTOpa c IIOMOIUblO ypaBHeHHll (11 ') nonyqHM, l!TO nocneJJ,Hee nepeXOJJ,HT s ypaB

HeHHe (7), e KOTOpOM p. H g. onpeJJ,eJieHbl TaK )Ke, KaK H Bblille, a noCTOllHHall H 
I I 

cpyHKUHll W. paBHbl COOTBeTCTBeHHO 
I 

4 

·l 
·I 
i~ 

~) 

' ) 
I 
l 

1 
! ., 

1 
.·1, ~r 

! 

.i 
,! 

j 

0 ,, 

1 2 I ( 2 2 1 2) consti =2v;(To), Wi = 2 v;<TJ-,v;(T;) +,;-'I'; .. 
m 

l.J:epe3 To o603Hal!eHa TeMneparypa, KOTOp)'lO HMeeT CHCTeMa B OTCYTCTBHe pacnpo

'cTpaHeHHll mnyqeHHH. 1-h Bblpa.Y.:eHHll J].JIH wj -CJieJJ.yeT, l!TO B JJ,aHHOM CJiyqae 

IlOTeHUHaJibHall cpyttKUHll onpeJJ,eJilleTCH He TOJlbKO OJI.HOH 113 KOMnOHeHT SJieKTpHlle

CKOfO BeKTopa, HO H xapaKTepoM 3aBHCHMOCTH OIITHl!eCKHX , CBOHCTB CHCTeMbl OT 

TeMneparypbI. lh Bblpa)KeHHll JJ.JI»: W. TaIOKe CJieJJ.yeT, l!TO B OTCYTCTBHe CB»:3H Me)KJJ.y 
• I • ..• 

rpaHHl!HblMH ycJIOBHllMH J].JIH TerutOBOH H SJieKTpOJJ.HHaMHl!eCKOH 3a,uaq 3aBHCHMOCTb 

v2(7) npHBOJJ,HT K H3MeHeHHIO KOMIIOHeHT Ek, El' Toma KaK KOMnOHeHTa. Em He 

H3MeHlleTCH. TaKoro )Ke THIIa pellieHHe MO)KeT B03HHKHYTb npH paccMorpeHHH 

. CHCTeMbl, COJJ.ep)KaIUeii JJ.e<pOIC)'CHJ))'lOIU)'lO np03pal!H)'l0 CpeJJ.Y C HaJip)KeHHbIM 

rpa,aHeHTOM Tei,meparypbl. 8 3TOM _cnyqae" none TeM_neparypbl H3BeCTHO 3apaHee H 

T. CJI)')KlIT ynpaBJilllOIUHM napaMerpOM. 
I ., . :. " ·• . ;.• . . ' 

KilK OTMel!aJI0Ch Bblille, B JJ,aHHOM CJiyqae ypaeHeHHe (4). MO)KHO pemaTb 6e3, 

npeJJ.BapHTeJibHOro onpeJJ.eJieHHH KOMIIOHeHT . 3JieKTpHl!eCKOro BeKTopa. <l>yttK~ 

UHOHaJibHall_3aBHCHMOCTb TeMneparypbI OT KOOpJJ.HHaT o.npeJJ,en»:eTCH 3aBHCHMOCTHMH 

OT' TeMneparypbl 'Terutoeoro HCTOl!HHKa l .(T.) 'H K03cp<pHUHeHTa TerutonpoBOJJ,HOCTII 
· · I I 

i.(T.).· B qaCTHOCrn, .. K~ nOKa3aHO ·, B .• pa6oTe [4] B CJiyqae q.(T.) = 
· I 1. . I I 

' 2 
=q.0 +q.1T.+·q.2T ., :JC-=:JCm perneHHe JJ.,illl TeMneparypb! MO)KeT npeJJ,CTaBHTb CO-

I I I I I I Iv 

.6oii KHOHJJ,aJI~H)'lO BOJIHY 

T;-Til -(Til ~TJmt:;, K,} 
me 

d _ iO 

( 

6'.)C )1 /2 
i - q

1
-z(Ti1 - Ti3) ' 

snq> - cpyttKUIDI 51K06H, T .. - KOpHH Ky6Hl!eCKOro ypaeHeHHll 
u ' 

3 3 qil 2 3q;o 3c'fX;o 
Ti +2-Ti +-1-Ti--2--=0, 

ql"2 i2 ' ql"2 

C. - IlOCTOHHHbie HHTerpupoBaHHll, onpeJJ,en»:eMbie C IlOMOIUblO KpaeBblX YCJIOBHH. 
I . . 

B JJ,aHHOM CJiyqae, KaK STo CJieJJ.YeT H3 (12), Ksa,upaT MOJJ.YAA aMrutHTYJJ.bI sneKrplll!e

CKOro BeKTopa TaIOKe Bblpa)KaeTC»: qepe3 cpyHKUHIO sn (x/ d, K.).·B qacTHOCTH, npu 
I ., 

5 



Bhmmmemm yCJioBHll T.2 = T.
3 

BeJmq11na I E.1 2 onpe,ne.1rneTcll cornacno cne.nyiomefi 
I I I 

cpopMyne 

I Ei 1
2 

= J\a + ~ilch-
2 (:J+ ~;2ch-4 (~} 

r,ne ~ij_- nOCTOllHHbie, BblpIDKaIOll{HeCll qepe3 napaMeTPbI qij' Til' T;2· 

K ,npymM KJiaccaM pewen11fi OTHOCllTCll ac11MnToT11qecK11e peweHHll. On11 Moryr 
6hITh nonyqenhI HJ (1)-(3) nyTeM BBe,neHH.SI Me,nnennofi nepeMennofi kx./ h, r.ne h 

1 
- Mepa HenHHeHHOCTH, 

h = max I (l 11 E 12 [5], h << 1. 
r Ea 

PaccMoTpHM u11n11n,np pa.IUiyca R ., naxo,n.Hm11ficll B KonrnnyanhHOH cpe,ne 
I 

(R2 ➔ 00 ), II BhI,nenHM nanpaBneHHe pacnpOCTpaneHHll BOnHhl B,nonb r. Ey,neM nona-

raTb, qTo o Mana, a E =Ea± a I Ez I 2, Ima= 0,"a > 0 (B qacTHOCTH, 113 paccMoTpenttll 

ananornqnofi minefinofi 3a,naq11 cne,nyeT, qT~ Er= E4' = 0 B cnyqae HOpManbHOI:O 

na,neHHll na UHnHH,np nonllpH30BaHHOH nap_annenbHO ~OCKOCTH xz sneKTp11qecKOH 
BOnHhl [6]). B pa6oTe [7] HaMH nOKaJaHO, qTQ npH c,nenaHHblX ,nonymeHHllX 
acHMOTOTHqecKoe pewe1111e ,nnll Ez (Er - E

41
--; 0 B STOM np116m1)Ke111111) MO)KeT 6b1Th 

nafi,neno c noMOll{hIO cpynKUim 'I', KOTOpa.H onpe,nenlleTCll HJ cne,nyIOmero 11en11nefi-
11oro ypaB11e11H.S1 

r,ne 

- ' 2- ' 
. (a'I' 1 -J 1 a 'I' 1 1 - 1 2 -
l ~+ 2/; 'I' + 2/;2 a(j>2 ± 2 'I' 'I'= 0, 

'P=k(I)~ 'Ph-1, ij>=<J>h-1, l;=k(l)rh2, k(I)=kEa· 
Ea 

IIHTerp11pyeTCll C noMOll{blO JaMeHbl 

'¥='I' a<s)/;-1/2 exp(~+ iµij>)' 

(13) 

YpaB11e1111e (13) 

r,ne µ - nOCTOlllllla.SI. Onpe,nenIIB 'I', MO)KIIO naHTII KOMnonemy Elz' BblpIDKe1111e 

,D;nll KOTOpOH, B qacTHOCTII npII k(l)r >> 1, IIMeeT BH.n 

E1z=-4~ Eo<l-ei4')x 

[

. [ (I) _l_ ~- . (I) + 4~ak(l) k(I)r _1 _]i 
. xexp I k r+ (I) + 4 R1(K+k )- k In (I) - (l)R , 

8/c r Ea k R 8k 

6 

(14) 

tt• :ri r · 
<!o, 

,,~1; 

\' 

r.ne r> 0, Ea - aMTTnHTy.na na,naIOmefi BOnHhl. TTptt BhIBO.ne (14) np116ntt)KeHHO 

yqHThrnanoch KpaeBoe yCJIOBHe E1z(R1) = E2z(R1, r.ne E2z - pewe1111e n11nefinofi Ja

,naq11 B KOHTHnyanhnofi cpe,ne. JJ.annoe pewen11e nonyqeno np11 cp11Kc11poBaHHhlX 
311aqen11.S1x II B npe.nnono)Ke111111, qTo sneKTp11qecKoe none MO)KeT 6bITh paccq11Tano 
no 11x cpe,nHHM (no TeMnepYTYPe) 311aqe11m1M. BMecTe c TeM, ru.1nnnry.na peweHHll . 
(14) He JaBHCHT OT 3THX Ben11qnn. Onpe,nenHB Elz' MO)KIIO pellIHTb ypaBHeHHe Ten-

nonpoBO,ll;HOCTH. YqTeM, qTo BblpIDKenne )1.m1 TennoBOI'O HCToqn11Ka npn Imd = 0 
HMeeT CJie,nyIOll{HH BH.n 

IEl 2 

q = 2kl .1 Ea 12 o(7), 
(15) 

r.ne / - MOll{HOCTb sneKTPOMarHHTHOI'O IICTO'IHIIKa, .neficTByIOmero B CHCTeMe; 0(7) 
_;_ Ben11q1111a, JaBHCllll{a.SI OT O0TnqecKHX xapaKTepHCTHK. Ey,neM npe.nnonaraTb, qTo 
JaBncnMOCTh 0(7) n11nefina: o(7) = ba + b IT. Tor,na pewenne. ,nnll Te~mepaTypbt, 

BHYTPH u11n11n,npa T1(r), nonyqennoe HJ ypaB11en11l! (4), c ycpe,nnennhtM no yrny <I> 

HCToqnnKOM Tenna, nafi,neHHbIM c nOMOll{blO (14)-(15), 6y,neT HMeTb BH.n 

128ba/ 
--, r.ne aa = 1t'X1 

. aa[ 1o<2-ra;;: ) 
Tl= Tk + al Jo<2 ✓al RI) -1 ' (16) 

128bi1 
al=--, Tk - TeMnepaTypbl KOHTIIHyanbHOH cpe,nbl, 

1t'X1 

T2 = Tk = const. Pewenne (16) y,noBneTBOplleT n ycnOBHIO nenpepbIBHOCTII TennOBOro 

nOTOKa na rpa1111ue pa3,nena cpe,n, eCJIII napaMeTpbl RI II / TaKOBbl, qTo cnpaBe,D;nHBO 

yCJI0B11e 
J1(2 ✓a 1R1 ) = 0 

TiocKonhKY Kop1111 ,nannoro ypaB~ennll 1Yi, j = 1,2,3, ... (r.ne· Tl= 2 ✓a 1R 1 ), 
6onbllie COOTBeTCTBYIOll{IIX Kopnefi ypaBHeHHll J o<Tt) = 0, TO ,na)Ke npn 

a
1
R

1 
= Tl~!) BHYTPII unn1111,npa 06.S1JaTenhHO nafi,neTcll TOqKa ra, ,nnll KOTopofi 

Ja(✓alra) = 0. Cne,noBaTenhHO, TeMnepaTypa BHYTPH u11nn11,npa 6y,neT OTKJIOHllTb

Cll OT Tk II B CTOpony yBennqeHHll, II B CTOpony yMeHhllieHIIll. Onpe.nennB T,, 

MO)KHO ,nanee YTOq1111Tb cpaJy E1z. 

Ih npoBe,nennoro Bhtllie ananma CJie,nyeT, qTo B . cttcTeMax B nepeMeHHhIMH 
OnT11qecKHMH II TennocpmnqecKIIMH CBOHCTBaMH M0ryI' HMeTh MeCTO nexapaKTep
Hbie Mll n1111ettHhIX CIICTeM 3tpcpeKTbl, TaKHe KaK B03HHKHOBeHIIe TeMnepaTypHbIX 
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KH0H):{aJlbHbIX B0JIH, He0,UH0p0,UH0e BJIH51HHe TeMnepaTypHoro noJI51. Ha K0Mn0HeHTbl 
::ineKTpHqecKoro BeKTopa H .upyrne. 
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