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B pa6oTa:/ 
1•21 

6biJlO yKaaaHo, 'ITO .uacnepcHOHHoe ypasHeHae .unH sonH, He y .uosne-r-

BOpH!OWHX qepeHKOBCKOMY ycJlOBH!O ( T.e. 
~ ~ -+ • 
k U << W , r.ue k - BOJlHOBOll seKTOp, U - Ha-

npaBJleHHaH CKOpoCTb ny'IKa, «> - 'laCTOTa), B CHCTeMe ny'loK-UJlaSMa MOJKeT HMeTb Hapa

CTa!OWHe BO BpeMeHH peweHBH. npH STOM, KaK OKaaaJlOCb, .ueliCTBHTeJlbHaH 'laCTb qaCTOTbl 

pasHa HyniO (c TO'IHOCTblO .uo Y'IHTbiBaeMbiX 'IJlCHOB s paano>KeHHH TeHaopa .UHsneKTpH'le

CKoll npOHBUaeMOCTH), UOSTOMY B .uanbHellweM HeyCTOlt'IHBOCTH llO.U06HOrO THna Mbl 6y.UeM 

Ha3biBaTb anepHO.UH'IeCKHMB. 

/2/ 
B pa6oTe s JlHHeAHoM npH6JlHJKeHHH 6blnH Hccne.uosaHbl anepHO.UH'IeCKHe HeycToli-

'IHBOCTH .UJl!l CaMbiX pa3JlH'IHbiX 3Ha'leHBlt BeJlH'IBB 1 BXO.UHWBX B 3S.Ila'ly (&a&-TO: CKOpOCTH .. 
ny'IKa u , TeMnepaTyp H nnoTHocTell BOHOB H sneKTpOHOB B nyqKe, H nnaaMe. Te, 11 t. 3. N 1 , t12, .. 
'laCTOTbl cu' H BOJlHOBOrO BeKTOpa k ). 0.UHaKO .UJlSI TOro, 'IT06bl llO.Il'ICpKHYTb xapaKTep 

paccMaTpHBaeMblX HeycTOli'IHBOCTell, CBSI3aHHbiX TOJlbKO C aHB3RTpOnRell !flyHKUBB pacnpe.ue

JleHRSI '18CTHU no CKOpOCTSIM 1 napaMeTpbl Bb!6HpanHCb T8KBM 06p830M, 'IT06b! aHTRSpMBTOBOll 

'laCTblO TeHaopa .UHSJleKTpH'IeCKOll npOHHUaeMOCTH MOJKHO 6b!Jl0 UpeBe6pe'lb, npa STOM yTBep

JK.UaJlOCb, 'ITO paCCMaTpRBBeMble HeyCTOli'IHBOCTH HOC!IT 'IHCTO rH.UpO.IlBHaMH'ICCKHll xapaK

Tep B neJlHKOM onpe.UeJlSI!OTC!I 3pMHTOBOll 'laCTblO TeHaopa .llH3JleKTpR'IeCKOll npoHRUaeMOCTH. 

B CBSI3H c aTHM, ecTeCTBeHHO, 'ITO pacCMOTpeHHbiA THU anepBO.Ilil'leCKHX HeycToA'IRBOCTell 

RMeeT MeCTO B TOM CJlyqae, KOr.ua HanpasneHH8SI CKOpOCTb nyqKa npeBbiWBeT TCilJlOBy!O 

CKOpOCTb XOTSI 6bl O.llHOll H3 KOMUOHeHT CHCTeMbl nyqoK-UJla3Ma. Uenb HaC:!_0_!1Ig<;l_i_pa6o:r_~

)lf£E_!l~_):l_OB£lTb BJlHSIHBe ('iHTH-3pMHTOBOll )'faCT!! TeH30pa_ Jl.ILSJ!t:!KTJ!H'IeCKOll npoHHU8eMOCTH B TOll 

06Jl8CTB 'l8CTOT, BOJlHOBbiX BeKTOpOB H MaKpOCKOilR'leCKRX napaMeTpOB 38.Ua'lR, r.ue cywe

'CTBeHH8 npocTp8HCTBCHHaSI .llBCnepcBH. 0Ka3b!B8eTCH, 'ITO y'leT MHHMOll 'laCTH TeH3opa .UR

SJleKTpH'IeCKOll npOHHUaeMOCTH UpHBO.IlBT K TOMy, 'ITO HeyCTOll'lBBOCTH anepRO.IlR'IeCKOrO 

THna llOSIBJl!I!OTCSI H B TOM CJly'lae, KOr.UB, CKOpOCTb Uy'IK8 MeHbWe TeUJlOBbiX CKOpOCTeil 

BCex KOMilOHeHT CHCTeMbl. npa STOM, O.UHaKO, H3MeHeHHe 3H8Ka y MHHMOil '18CTH TeH30p8 

Onpe.uenHeTC!I UeJlHKOM 3pMHTOBOA 'laCTb!O. 

Bo BTopoll 'ISCTH pa60Tbi onpe.uenSieTcH aaMeHeHae T.CMnepaTypbl H HanpaeneHHoA 

3HeprHH ny'IK8 H UJla3Mbl npH HCCJle.uyeMbiX HCYCTOii'IHBOCTSIXo 06bi'IHblll "KBa3HJlHHeiiHb!ll" 

MeTO.Il (cM/
3-B/) B .uaHHOM cnyqae He npHMeHHM, UOCKOJlbKY .ueliCTBHTeJlbHaSI '18CTb 'iSC

TOTbl w• o6paw¥TCSI s HYJlb. B 
161 

paasRT MeTo.u, noasonSIIOWHll onpe.uenRTb R3MeHeHae 

napaMeTpOB ·~oHa" B peayJlbTaTe p83BHTHSI anepHO.IlH'IeCKhX HeyCTOii'IHBOCTell H UpRMeHH

MbiA B TOM CJly'lae, Kor.ua OTKJlOHeHHe HCXO.IlHb!X napaMeTpOB OT KpHTH'IeCKHX, npH KOTO

pb!X B03HHKaeT HeyCTOlt'IHBOCTb, HeBeJlHKO. B HaCTOHWell pa6oTe Mbl UpRMeHHM STOT MeTO.Il 

K anepHO.IlH'IeCKHM HeyCTOli'IHBOCT!IM, B03HHK8!0WHM npH B3~HIMO.IleliCTBHH ny'IKa C llJ183MOll. 
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I. npH B38HMO.Q9itCTBHH ny'lK8 aapg:H(QHHbiX 'lSCTHU c nnaaMOil B OT,CYTCT8H9 BHemHe

ro· MSrHHTHOrO non!!, KSK 6blnO OTM9'l9HO Bb!W9 0 KpOM9 Sn9KTpOCT8TH'l9CKHX HeyCTOil'lHBOC·

T&A B03MO)KH0 B03HHKHOB9HR9 H9yCTOA'lRBOCTR nonepe'lHbiX 9H9KTpOU8rHHTHbiX BOHH C Bon

HOBbiM B9KTOpOM
0 

nepneH.QRKYH!!pHbiM HanpaaneHHOit CKOpOCTR ny'lKS, nonaraH I c..~ I >> k ; , 
nony'lHM .QHCnepCROHH09 yp8BH9HR9 KOHH9KTRBHbiX .QBH)K9HHit 

rae 

f 
II 

r (r - k2c2) 
11 aa ~ 

1 + ~ 
a. 

2 
4rre _._ r 

k m 
a 

raa = 1 + l: 
4 17 e2 

m 6)2 
k 

a a 

J 

2 
£18 = 0, 

1 a 'a) -- d v 
c..lk - k V X a V X 

a r 1 k v. 
6.1 - k v 

a t<a) .la) .. 
_..:Jl__ - I" ) d V 1 

a v o 
k X X 

v. (a) -+ 

~dv 'u = l: 
a 

4 17. J 
c..lk - k v iJ V X 

X 

( 1.1) 

m c.~ 

a t 
a= 1

1
2- OTHOCRTCH COOTB9TCTB9HHO K ny'lKy R nnaaMe; £ = (k1 0,0t -BOHHOBOil BeKTOp, xapaK-

-+ 
Tepaayro~Ril ~:one6aHRR, c.;t- 'lSCToTa, , u • ( O,O,u). 

ByaeM 'HCKSTb peweHRe aHcnepcHoHHoro ypaaHeHHR ( 1.1) a npeanono)KeHHH, <~To 

I (A) I 2 
: k 2 v (J) 2<< I (A) I a. npl! STOM OK83biB8eTCH, 'ITO 

k T k 

k2 v<llll·>> 
T 

I r 11 1
2 

r 
I r II r aa I 

Nl 

N, 

m u' 
mu 2 + T< 1> TCil 

II - J. 

lc..~kl2 
k2 11.!_« 11 (!,2) 

m 

ecnlf nnOTHOCTb ny'lKS He CHRWKOM npeBOCXOllHT nnOTHOCTb nn83Mbl, nosTOMY B nanbH&it-

W9M MO)KHO orp8HH'lHTbCH HCCH9.QOB8HHeM .QHCnepCHOHHOrO ypaaHeHHH KOmieKTHBHbiX llBH-

)KQHHit, y KOTOpbiX B9KTOp snexTpH'leCKoro nons napannenea 

k. c 2 

~- faa • 0. 
c.; a 

r \,~·~ .. 
u • 

( 1.3) 

8Topoe ypaaHeHae r =0 H~yCTOit'lliBbiX peweHHil He BM9eT1 'ITO anonHe ecTeCTBeHH00 TSK 
' II .. 
Kar< a sToM cny'lae E J. 

.. 
U H ny'lOK HS none BnHHHHH He OK83biBSeT, 

i 

CoxpaHHH B ( 1.3) TonbB:o 'lneHbi
1 

nHHeAHbre no c.;k I It v~01 nony'lHM nns (A) cnenyro-

mee Bbipa)KeHae: 

417 •
2 r ( v1 Vv >< a~01 'lav )dv +k

2c2
+!1

2
+ 0

2 
m II X X 1 2 

4rrr 

k . ( 1.4) 
(Uk - i 

r v 2
( a't< 1}a v

2
) 

Z 0 X v=O 
X 

d vY d v 
11 

m 

{l I H !1
2 

- neHrMIOpOBCKHe 'lSCTOTbl ny'lKS H nn83Mbl COOTBeTCTBeHHO, 

HeycToit'lHBOCTb 803HHK89T npH 

4 2 2 
- ~ J __.!... 

m v 

(I) 

~ d; > k 2
c

2
+!1

2
+ (}

2
• a v 1 2 

YcnoaHe k V T >:> y k Bb!ROnHHeTCH nplf 
X 

4 

-

t ·, l, 

1~ 
·.~.~ 
~·· ·~ 
·~·~ i 

~~.·· " 'j • ~.~ ·~ 

., 

y = 
4rre 

2r _'!.w
2-ifi1 

d; + k 2c 2+ !1 2+ !1 2 
m . Yx 1 ":il «1. 

4rr e 2 ( v; _i._!n_ d ; 

m Vx a v X 

'l8CTHU ny'lK8 HMeeT BHLl EcnH ~YHKUHH pacnpeaeneHHH 

f<ll= m 
li 

·~m- ) e 
211 Tjl 

m ( v.,.Z _ u l! m ( v2 + 2 
2 T

11 2 
~o v Y ) 

0 211 T0 

TO HHKpeMeHT H8p8CT8HHH l 
2 

1 

Y = k ( TJ.o )Y, y--z-
2 mu + ~ 2 2 n1--:cr - k c -

n 2 m u~ TD 
.... 2_ (} 

:..:..L· 
k m 11 

I To 
J. 

H ycnOBHe B036y)I{LleHHH CBOLlHTCH K 

0 2 m u 
2
+ TPr .. , 2 2 

- k 2c 2_ (}I- !12 > 0 , 

~ 
~SKCHMSnbHOe 3HS'leHH9 HHKpeMeHTS .QOCTHraeTCH npH 

H p8BHO 

1 2 d 
k 2 = -- ( g2 m u + 'lj, - o'- (} 2) 

3c2 I T? 1 a 
l. 

Yk max· k ( _!L )~> 2 12' 0
2 

mu \rr,_ n 2 m J v-;- I Tf• •· I - {l~ 
g2 mu2+To 

I 
II 

To .l 

''-
I· 

Ycnoaae k ( Tt )li > > y BblnonHseTcH npH 
m k a nf'- u + ro11 ) _ n2_ 0 2 

Y*=_·_,_'l'l, __ I 2 «1. n: ( m u 2 + r:',) I T0
.L 

B cny'lae, Koraa 'lepea ropH'lyro nnaaMy LlBH)KeTcH ropH'lHil ny'loK aap1 

THU 1 ycnoBHe ( 1.2) CBOllHTCH (a o6nacTH I c.;k I « k v ) K 
T 1,2 

lrul 2 
.. ~ 

I r < I N2 
II 88 

8 HHB:peMeHT HapaCTSHHH 

yk 

R= 

m u2 

mu 2 + 1j1<
1>- T11) 

' T<:}. ~ 
= k ( ~ )li v'-'" f'l Y* 

m 11 1 

m u 
2
+ rfl1~ .Jh.. ~ 

,nr> Nl '1:12) 

mu
2

+ Tft'' +...!h. ( T,t. I) 

·~;:p> N 'J12> 
1 

U2
) « 1 I 

T<l) r 

K T(2.) 
) __ 1_1_ 

1f> 

k
2
c2 + 1 + -~ 

Y*=1-~ N • 
1 

m u2+ ~ 1! _.!!!. ~l · 
IS lfll N Tl<a> 

YcnoaHe k ( T,( I) I m ) » )' BblnOnHHeTCH npH e"f• << 1 ' H 
... k I 

(2) IS 
k ( T .L /m ) >> yk -

(~ 1'1T{''l~>Y* e « 1 • 
I 
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liCTBHH ny'IK8 aapsnKeHHbiX '18CTHU C nna3MOll B OT,CyTCTBHe BHeWHe-

8K 6blnO OTMe'leHO BbiWe, KpOMe sneKTpOCTSTH'IeCKHX HeyCTOii'IHBOC-

·BeHHe HeyCTOii'IHBOCTH nonepe'IHbiX sneKTpOMSrHHTHblX BOnH C son

H.IlRKynSipHbiM aanpasneaaoll cKopocTH ny'<Ka. nonaraSI I"' 1 >> k u, 
ypaBHeHHe KonneKTHBHbiX .llBH)f{eHHll 

r ( - k2c 2) - '2 = 0 
II l 33 ---;;;--2 18 ' 

2 
1 ~)d v + ~ ~~_I_ r 

a m k "' -k v a v a k X X 

4 "e2 a 
+ l: --

a t<a) fa) .. _1_ r, k v. ---!.IL.. - ) d v 
a m 6)2 "' - k v a v o a k 

2 v. 
4 "e r - k vx 

m "' a k 
"'k 

k X X 

caJ .. 
~dv 

iJ y X 

( 1.1) 

. 

BeTCTBeHHO K nyqKy H nna3Me; £ = (k,O,Ot .aonHOBOll BeKTOp, xapaK-.. 
"'t - qacToTa, , u • ( O,O,u ) • 

JlHCnepCHOHHOrO ypaBHeHHSI ( 1.1) B npeanono)f{eHHH·, "'TO k2 yCI»)> 
T 

k 
1

1
• npP. 9TOM OK83biB8eTCSI, 'ITO 

I • u 12 
I 

I•" •aal 
Nl 

N2 

m 0 2 

mu 2 + TC 1J TCIJ 
II - J. 

I "'t I 2 
k2 1l~«l, (1.2) 

m 
e CnHWKOM npeBOCXOLlHT nnOTHOCTb nU83Mbl, nosTOMy B LlSnbHell-

" HccneaosaHHeM aHcnepcHoHHoro yp,asaeHHSI KomieKTHBHbiX .llBH-""'·\ S0. \\ '.\ .1 
sneKTpaqecKoro nons napannenea 

.. 
u • 

k. c 2 

~ - 'aa = 0. (1.3) 
"'2 

HeycTOll'lltBbiX peweHHll He HMeeT, 'ITO snonae ecTeCTBeHH0
1 

TSK .. 
U H ny'IOK Ha none BUHSIHHSI He OK83biB8eT. 

TOUbKO qneHbi1 UHHeliHble no "'k I k v~1 ', nony'<HM LIDS! "' cneay10-

k 
4

"
82 

r ( v 2 Vv }( at 1';av ldv +k 2c 2+0 2

1
+ !1

2

2 
m Z X 0 X 

4"e2 2 2 (I) 2 
- fv(a£;av) dv dv 
m z '0 x vx = o Y 

ny'IK8 H nU83Mbl COOTBeTCTBeHHO. 

3f!HK8eT npH 
(I) 

4 2 2 
-~ [....:!..... 

m v 
X BbiiiOnHHeTCH npH 

at .. 2 2 a 2 
~ dv > k c +0 + 0 • a v , 2 

X 

4 .. 

( 1.4) 

·;\,!: .. 

' . 
·~ 
,I 
~ 

sl• ~~ .. 
',' 'l 1* 
·~ 
~ 8 

i ·~ 
!'~ 

~ j 
•• ~-

f 

y = 
4 2 • a .c •> .. 2 2 2 2 ......'!.! r __.!.~ dv +k c +0 +0 

m . Yx a yx _ 1 2 
2 2 (I) .. 

4 rre r _.l _L!n_ d v 
m Vx a v X 

'18CTHU ny'IK8 HMeeT BHLl Ecna ~YHKUHSI pacn~eaeneHHSI 

(IJ m 
f = ----

li 
___ m_ ) e 

~;: 
2 T 11 

TO HHKpeMeHT H8p8CT8HHSI 2" Tl hT~ 

« 1. 

m(v!+v;) 2 Tr 

0 

r = k<-.2._ >Y.v-z-
2 

2 mu+~ k2 2 "2_ 0 2 
fll-,;r - c- "I· 2 

k m " n 2 m u'4' rn 
H ycnOBHe B036Y*LleHHSI 

~8KCHM8UbHOe 3HaqeHHe 

H p8BHO 

I. 

CBOLlHTCSI K 

2 p 2 n2 mu +Tr _ k2c!t. o 1-
l 'I1 

HHKpeMeHTa LlOCTHraeTCSI npH 

To 
J. 

2 n2 > o . 

k2 =_I_ ( 02 mu2+ 'Ij1 -02-02) 
3c2 I '!'? I 2 

.L 

- k Yk max 
(_:!1.,JK~£ o:-mu!rr1_ 0 2 _ 02 

( 1.5) 

( 1.6) 

( 1. 7) 

--, 

m 3 " Tt;. I 
2 

o 2 .mu2+Tu 
I Tj_ 

., 1.8)j 
\ \P' '"~~ ( :;~ 

''-''' . \, ,._. ;·, 
Ycnosae k ( T~,_ )

10 > > y BbmonHHeTcH npa 
m k 1 nfn u + T",, } - o2- n 2 

Y*•_ .. _l_tl___ I 2 n: ( m u 2 + T;',) I T0.L 
«1. 

B cnyqae, Koraa qepe3 ropH'<YIO nnaaMy LlBH)f{eTcH 

THU, YCUOBHe (1,2) CBOLlHTCSI (a 06n8CTH 16lkl «k V 
T 1,2 

ropH'<Hll nyqoK aapSI)f{aHHbiX qac

) K 

I r ul
2 

= ..!!.t m u2 

I ( ( I N 
II 38 2 

mu 2+ 1j1(
1J- T11J 

8 HHKpeMeHT H8p8CT8HHSI 

>;. 
T(l}, " --..-

= k ( .....:.L. )"' v'-.. FJ Y* 
m " 1 

m u 
2
+ rf,'~ .lk. _nr. 

R= 
.TS.I) N, 'J12l 

2 Tfll 
mu~ +..J!J.. ( T.f_ll 

'dl) N til> 
I 

k2c2 + 1 + ~ 
Y* - 1 - n,a -N, 

1 
m u2+ f. 0 N To Cl J 
~+_2 ---iL_ 

'112) « 1 • 
TCIJ 

.L 

• 

K Tea.) 
) __ ll_ 

'lf' 

Ycnosae k ( T.''' 1m 
.... I<\ 

li '{tlJ N
1 

'l:J.C2J 
) » )' BbiUOnHS!eTCSI npH e Y* « 1 • H 

k I 

c 2) li 
k ( T .L /m } >> yk - npH 

( t 0
' I Tc 2>) K Y* 'I e « J 

~ L I ,, 

5 
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( 1.9) 

( 1.10) 



B o6nacTH '18CTOT l"'t 1 .. << k v.T 1 , 2 .,1 ,ona uaoTepMH'IeCKHX onaaMbi.H•ny'IK8 Mo>K-

HO nonb30B8TbCH cj:lopMynoA (1.10), 38MeltHB B HeA Y* H8 
1 

H COOTBeTCTBeHHO 

k2c 2 + 1 + ~ 
Y* •1-

1 
~ . N1 

a -'" N 'I (2) 
II 2m~ +·IIi+ a 

111) N1 rp> 

e - aa 

2 C1J ' T~~> 
2mu + '!.!!_ + _1!! -----
--T[I) Nl. 1{2) . .:.._ __ 

A= ---lli~--<1_> ____ r<a> r<l> ~ 
(mM) u + T11 + N2 II _ ( ~ 
----:;;;c=rt.,-- -.,-~ ~2) 

1i 1 ~ L 

·< 1.1181 

( 1.11G) 

,B TOM cnyqae, KOI'll8 'IfQ)= T,~a> , soa6ym,oeaae HMeeT MecTo ,om1 c.Konb yi'OllHO ManoA 

Hanpasn&HHOI CKOpOCTH ny'IK81 B TOM 'IHCne R npH u <vTe.lt.2 

2. Bb!Be,lleM ypasHeHHH KB83HnHHeAHOI'O npa6na>KeHHH, npe,OCT8BHM ¢fHHOHIO pacnpe

,oeneHHH '18CTHU no CKOpOCTHM B BH,Ile 

(a) (G) -+ L<O-+ -+ 
f Rf (t,v )+r (r.v,t)

1 
l'lle fa)( t,-;. ) 

0 
- cj:lyHKUHH 

0 I 
(a)~~ 

X8p8KTepB3YIOUl8ll •cpou•, H8 KOTOpOM npOHCXO,IlHT KonneKTHBHble ,llBB>KeHHlj;' f
1 

(r,v,t)' 

OCUHnnspy!OUl8ll B npocTp8HCTBe cj:lyHKUHll 1 X8p8KTe.pH3YIOlU8ll STH KOnneKT,HBHble ,llBH>KeHHH, 

npeJlCT8BHM BCe B&nH'IBH!>I, X8p8KTepH3YIOlUHe KonneKTBBHble ,llBH>K9HHll S BH,Ile: 

(a) . ' (G) lkx 
f • ~ I I ft • 

I k 
+k.c;. ~ • E .... =~'.! I. 

.,.., k 

lkx 
El< e +k.c. I 

Ycpe,oaaM xaaeTit'lecxoe ypasaeaue no ·paccTo$1HHIIM, 6onbiUHM no epasaeHHIO c ,onaaoA 

sonHbl Kone6auaA, y'IHT&IB811 1 

<a> (<0 . (a) 
'ITO <f >=f0 H .<f I >=0(1',1lEl 3H8K < > oaaaqaeT ycpe,o-

t (a) -+ 
aeuae), Tol',oa ,on11 f

0 
( t, v· nony'IHM ypasueaae, 

¢>yRKUHIO t:t) 
I 

H8All&M, 

at:'' 
a t 

.. (a) 
.. .. ·a f · -~ <(E+....!..:[vH])~ >=0. 

m c a v 

pewAII nHR&8pH30B8HHO& KRHeTH'IeCKO& ypasHeRHe 

<a> ~ +..!..[ ;Jt 1 a f<a:> .,t1 - ..., t 
f

1
. a 1 ~ I " c I< ___ o_ e k 

mk ...;_£;a~ 
k 

no,llCT8Bnllll :!ITO"sblp8>K&HB& B (2.1), H8AllE!M 

. <a> <a> 
~ = _a_( o _L!o_ l 
at av

1 
If av 

I 

l',ll& 

6 

(2.1) 

(2.2) 

i I . 

.. 

'· 

\ 

',II 

i' 

1: 
I 

' l 
\. 

011 •' --;;;T 
I I Hk t' 
k~\ 

2 2 
k v •. 

yk2+ k il v'2 

2 2 2 
e -.:-0 = -2 

81 m2 ~ 
~y kvxvz 
k'c2 ky2+k2v2 

0 sa 

2 
e 

"Di2 
I IH~< 12 

~2 yk 

k X 

ocTanbRble xos¢¢auaeHTbl D 
11 

pasHbl aynro. B Bbipa>KeHHRx ( 2.3) yk =-lCllk 

nony'l&HHhtA H3 pew&HHR ,!;lHCnepCHOHHOI'O ypaBH&HHll ( 1.3), 
\• 

C noMOUlbiO (2,2) n&I'KO YCT8HOBHTb COOTHOWeHHSt 

f <Ho d .. __._ v=O 
at ' 

(v ..E...kd;=O 
x at 

( 'IHCnO '18CTHU CO Bp&M&H&M H& MeHR&TCR H cj:lyHKUHII f O OCT8&TCII 'I&T~Ol 

C T&'l&HReM Bp&M8HH), 

!11111 H3MeHeHHII nonep&'IHOA TeMnepaTypbl '18CTHU H3 (2,2) HMe&M 

(a) 
(a) d T.L 

N (i't J ~( 
2 

2 2 ·<a> ... 2 I H Ia k 2 
V +V )~ dv =-_!_I, __ k_Y. ( Yx v, 

X y a t m . k k 2 C 2 k k 2V: ·+ y. 

AaanOI'H'IHO, ,on11 KGM&HeHKst npo,oonbROA T&MnepaTypbl nony'IHM: 

(a)· 

<a> d T11 N ----' 
dt 

<a> 2 af<a:> ... a 
(m(v-u )...:..:!Ldv =2....- I 

• at' m k 

2 

IH~< I 
k. 2 c 2 r., 

2 (al 
k vx v. ( v. - u ) 

(a) .... 

~].dv + 2 
k 2 2 2 

vx + 11. a v. 

(( 

f(f 
0 

!1aMeHeHKe H8npasneHHOA \KOpOCTH '18CTKU onpe,oenlleTCR COOTHOWeHH9M 

(a) 
du 

dt 

(a) (a) -+ 

f(v -u )~ civ . at 

.2 

2 ~ I J..!:!.J_ y 
rrl- tk 2 c 2 k 

k2 y X V W r 2 2 
k:

2 
V X + )\ 

a f 
a 

3H&pi'HH I'&HepHpyeMOI'O npK STOM sneKTpOM81'HHTHOI'Q n0n11 MeHRQTC 

d 

dt 
3,oec;b u s ,oan~eAweM Mbl 

I'D nons, TSK K8Jt· 

I I H " I 2- _1_ I. yk I H k I 2 

8" k 4 17 k 

6y,oeM npeue6pe1'8Tb suepi'KeA nepeMeh 

2 y 2 2 
I Ek I = __ k- I Hk I . 

k 2 c 2 

C noMOLUbiO COOTHOW"'HKA (2.4) - ( 2, 7) nony'IKM 38KOH COXp8H&HHII ~ 

uanpasneHHOI'O ,osK>K8H!lll• TeplleMa>l ny'IKOM, a,oeT aa ysena'(eHKe. Tennos 

K ssepr~H MSI'HKTHOI'O no.~ll, l'eHepupyeMOI'O npK ueycToA'IHBOCTH •. 
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acToT I wk I · .<< k V:T 1 , ~ e,l .z:tn>I .H3oTepMH'IeCKilX una3Mbl. K• ny'IKB Mo>K-

cjlopMynoll ( 1.10), 38MeKilB B Hell Y.. HB 

Y* a I
I 

e - Ha 

k~c ~ ~+1 + N2 
L____ ~ 

2m ua +'llf 0 N2 
·+ --T-:!""1>:-

Nl 

i (2) 
II 

T.,<2> 

2 (I) (2) 

2mu + __ !!!__ + N2 Tu 
T0 ' N --.... ~ R= ___ ~ t 'l. . 

lli 2 --(.-,-------
(mM) u + Tu N~ T~2> T<t> !i 
~-,,--- + -- - ( ----!-J_ 

l N I ----:r:;r ~ 2) 
L 

< 1.118J 

( I.IIG) 

raa 'li""= TSa> , ao36y>K.z:teHKe HMeeT MecTo .z:tn>I CKO!lb yro.z:tHo Manoll 

OCTK 1IY'IK80 B TOM 'IKC!le K npri 
u <vTe.lt,2 

ypBBHeHilSI KB83H!lHHeiiHOI'O DpH6!lii>KeHHSJ, npe.z:tCTBBHM cPfHKUKIO pacllpe

[o CKOpOCTSM B Bll.lle 

:c:O -+ Let)-+ .. 
(t,v )+r

1 
(r,v,t)

1 
fa'ct.-; ) 
0 

- cPYHKUHSJ rae 

•¢oH• 1 HB KOTOpOM npOHCXO.llSJT KO!l!leKTHBHble .llBH>KeHHs,i;' 
(a) ++ 

f (r,v,t) 
I 

npOCTpBHCTBe cPYHKUHSJ, X8p8KTe.pH3YIOIU8SJ 9TH KOMeKT,BBHble .llBH>KSHHS, 1 

BCe Be!lR'IBHbl, xapaKTepH3YIOIUKe KO!l!leKTRBHb19 .llBB>K9HRS e BR.z:te: 

I :t f<ctl tkx 
k k • +k.~' ' E =Yal:t 

• k 

lkx 
Ek e + k.c. I .. 

ecKoe ypaaHeHHe no paccTOAHRsM, 6onbWRM no 
(a) (ctl . (ct) 

CpBBHeHRIO C .ll!lRHOll 

Y'IHTbiBBSJ 0 'ITO <f >=f0 R .<f 
1 

>=O(r.z:te 3HBK 
(a) + 

f0 ( t, v ) nony'IHM ypaBHeHHe, 

< > 03Ha'laeT ycpea-

(a) + + (a) 

~-~ <( E +_1_ [vHJ)~ >= 0. 
at m c av (2. t) 

eM, pewas !lRHeapH30BBHHOe KRHeTR'IeCKOe ypa&HeHHe 
.. 1 .. .. (ct) ..... <a> ~+-[vH ] af l(l<r-"' t > 

f 1 = i __!_ ~ c k -r--o- e k 

m k "' .. - It ~ a ;f 

pa>KeHHe B (2,1 ), HBll.z:teM 

<a> (a) 

~ = _a_( o __L!_g_ l 
at a VI II a v 

I 

(2.2) 

6 

til' 

I 

''/ 
~; ,I '!.1 

·)! 
1\ 

1,1, 

\, 

.. 

D 
II 

e2 

--;;;T 
I~2 
k k 2 c 2 yk 

2 

2 2 
k v z. 

yk2+ k 2 v: 
D =-2 _e_ I 

81 m 2 k 

2 2 
~ Y k YxVz 

k2c2 ky2+k2v2 

~ 
e 

Daa= ~2 I~2 k 2 c 2 yk 

k X 

(2.3) 

OCTB!lbHble KOScPcPRUHeHTbl 1;) II paBHbl Kyme, 8 BblpB>KeHHSX ( 2.3) yk =-i<l)k eCTb HHKpeMeHTI 

nony'I8HHbiJI H3 peweHHS .2RCnepCHOHHOI'O ypaBlieHHSJ ( 1.3), 

C noMolUbiO ( 2.2) nerlto ycTaHOBHTb cooTHoweHRst 

f ~ d~- 0 at ' {v ~d;=O 
x at 

(flRC!lO '18CTHU CO apeMeHeM He MeHSSTCSJ H cPYHKURS f
0 

C T8'1eKR8M Bp9M9HR), 

OCTBeTCS 'leTHOJI OTHOCHTe!lbHO V 
X 

Ll.11s H3MeHeKHS DOD9p8'1KOil TQMDepaTypbl 'IBCTHU H3 (2.2) RMeeM 

(a) (a) 2 (a) 2 2 2 (a) 

N ~= f ~( v'
2
+v) afo d;=-~I..l.!!!ir. { k vx vz ~ d; (2.4) 

dt 2 X )' a t m k k 2 C 2 k k !j il 2 0 

Vx ·+ )'k uVx 

AKB!lOI'R'IKO, .ll!lSJ HSMSKSHHII: UpO.llO!lbHOil TSMUep&Typbl nony'IHM: 

(<0· ' 

N<a)~ = {m 
dt 

2 
<ctl 2 a f <ctJ .. 2 I Hk I 

( v - u ) ___::_:2.._ d v = 2___a_ ! -- )I 
• a t' m k k. 2 c2 k 

+ 2 
2 <a> 

k vx v. ( v. - u ) 

k 2 2 ~ 
vx + lk 

(ct) ... 

~]-dv 
a Yx 

<a> 
{[ f + 

0 

i13MeKeHHe HaupaaneKKOJI CKOpOCTH 'IBCTHU Onpe.z:tent,eTCSJ COOTKOWeKRSM 

(a). 
. du 

dt 

(a) (a) + 

f(v -u )~ch • at 

~ ~ .. 
I J.!!J. y r k2 v X v. 2 ~ d v • 
k k ~ C 2 k k: 2 

V X~ + )\ a V X 

2 e2 

7 

3HeprHS reHepHpyeMOI'O npH 9TOM S!leKTpOMBI'KHTKOI'Q nons MeHSJeTCH DO 38KOHy 

d 

dt 8 
IIH"I2=~!y"IH"I2 

(2.5) 

(2.6) 

(2;7) 
11 k 4 17 1< 

3.z:tet:;b H a aanblieAweM Mbl 6y.z:teM n'peHe6peraTb 9Kepraea nepeMehKoro sneKTPH'IecKo-

ro nons, TBK KBK 

C DOMOWbiO COOTHOWeHKil 

2 y 2 
2 I Ek I - __ k- I Hk I . 

k 2 c:: 2 

(2.4) - ( 2. 7) DO!ly'IRM 38KOK COxpaHeHHS SKeprH_H - 9HeprKS 

HSnpaaneHHOI'O .llBH>KSHHS, TepH9M811 Dy'IKOt,f, H.z:teT Ka YB9DK'l9HH9 TeD!lOBOil SHeprKK 'IBCTilU 

H. SHepra, MarHHTHoro no!ls, reHepHpyeMoro npa HeycToll'lllBOCTH. 

<II 
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I 
!• 
I 
I 
I 
I· 
! 

I " 

I 
a-= 1, 2 

_1_ 
4rr 

<a> (a) ...J.a) (a) (a) ~ 2 

[N (dTJ.+lL.~-..!D)+N ...!.(~ ll+...!._!_IIHI= 
d t d t d t 2 dt 8 , k k 

IH ,~ ~ ~ 2 ~ 4rre ~ 
I ~ [ f! + !l~+ It c +I_ ( 
k lt~c2 I CP"I,~m 

~ ~ (II) 

ltv,.v. aEod; 
I !I i -.-

ltvx+ll. av,. 

(2.8) 

1 • 

2 
nerKO nOK838Tb, qTO k2 Yx v! 

(<q 
a Eo d v 

(a) -+ v. a Eo d v • f ~-
-- y r 

k :~-;;a + Y 2 a v,. a v 
2 2 .la) x k 

- ~ , f y (~ ) d v d v 
k • a v v z:::o y • 

X X 

a n09TOMy 8blp8lK8HHe 8 KB&.ap&THbiX CK06Kax 8 npa80ll 'IBCTH p889HCT88 (2,8) TOlK.Qe

CT89HHO pa8HO Hymo (CM, ( 1,4), 

3. 8, npe.ahl.ayiUeM nyHKTe Mbl nony'IHnH 061UH9 COOTBOTHOlU8HHII KBBallnBHeliHOrO 

npa6nalKeHHH .ana anepao.aa•eca:ax aeycTOI'IR8ocTell ny'IKOsoro Tana. Bepaewca Tenep& a: 

cny'laiO, Kor.aa 'Ia pea xono.aHyiO nnaaMy .Q8BlKeTCa ropa'IBll ny'loK ( T,e. k v T 
1 
>> y k >> It v T~) 

Pemeaae ypa8aeaaa (2.2) .an11 cpyHKIIRR pacnpe.aeneaua 'I&CTRII no CKopocTaM s nyq

/4/ Ke 6y.aeM HCK&Tb cnoco60M, auanorB'IHhiM npe.anol!OlKQBHOMY B pa6oTe • flpH Yx • Y T 

pemaeM ypa8aeaae (2.2) MeTo.aoM nocne.ao8EiTellbH&IX npa6naJKeaall, npe.acTasnaa t<a> 8 sa-· 
<a> <a> -+ <a> -+ (I) -+ o 

.ae f = f (O,v) + 8 f (t, v) , r.ae f (O,v ) onpe.aenaeTCa cooTaomeaaeM ( 1.5). 
0 0 0 0 

a f ~ 
Ilpe.anonaraa I __ o_ I « 1, oony'IRM .ana 8 f 

E 0 
0 

<a> ~ 2 · 2 (a) -+ 
8 f = ....!... I ~ 1 _a_ [ 2 v. _ v.- u 1 - _a_ ( -!.L. 1 1 f ( o, v 1 . ( 3.1 ) 

o 2m k k c 2 a v Tf Ttol a v To v o 
Z X .1. X 

Ilpa v x .. 0 nocne.aaee cnaraeMoe s ( 3.1) CT&HOBHTCa O'leHb 6onblUHM, H ypa8HaHRe ylKe 

H9llb311 pewaT& MeTo.aoM nocneao8aTenbHbiM npa6naJKeaall, B o6nacTH M&nblx v 

HHe (3,2) HylKHO pew&Tb TO'IH0 0 COXp&HSIH liRWb CT&pWRll 'lli9H, 

ypa8He-

npa t .. .. RM99M cne.ayiOIUee ypa8H9HHe .ana IPYHfllHH 8f
00 

0 • 

v2 . 
-r

v 
X 

d ~8£: 
-d-vr-

" 

~ 

-2 __i 
ya 

~ 2 •I oo ~ ~a) -+ ( ) 
- <-•~I J!!.LI )Bf =-.L ~ 3•2 

2 m2 k k~c~ o v~ v1 ~ 

.. 
~ 

d y 
X 

petueaae aT~ro ypasaeaaa eCTb 

CIO &/2 _{QJ .. 
})f = ...!!_ m Yx f ( 0, Y) I I I~ 

o 2.12 . "Ii o vx =o -,. 
2 2 

(avx) <11+-I" (a vx) <II_ I' (3.3) 

r.ae 
v 

~ 2-1 X 2 d 1 3 
~+ = f I+ (a v ) ____i + !-'. __ 'I' (a v'2) 

' a 2 =( 2_!_ I v ) 
-" x v 10 a W .:!: ml k Jc2 c 2 • 

v• 

I.:!'lli( X ) - MO.IlH<j:>HilHpOB&HHbl9 <j:>yHKUHH 6eccena, V*- H8KOTOpaR nOCTORHHSa, 

8 

J. 

·~ 
·';. 
',lR. 

·' 

'~'I 
'I 

~ _,\,.: 

JlliR '!J+(/) H '!'_ ({3) npH {3» 1 HM99M &CHMnTOT~'I9CKH9 pa3liOlK9Hl 

lfl+(fJ):__L[I:t. (j:i)i ~+I+"({J)i (2n+1)1 ]. 
- {j" ~ 0 ~~ ~ - 0 ;'J 2D+l 

nocioaHH&!e B (3.3) B&!6Hpa10TCH T&KHM o6paaoM, 'ITO llpH .aocT&TO'IHO OOllb 

UHSI 8f
0

00 
H3 (3.3) nepexo.aHT 8 OCHOBHOll 'lli9H B (3,1), paBHblll 

a a 2 • 
-•-I~ v. fa){(4v). 
2m k k•c 'I! va 1l 

Y''IHT&IB&II (3.1) a (3.3), nony'IHM .ana IH0 c~oTaoweaae, cnpaseanas 

v ( 0 ~ v,. ~ YTI) f(a)= ~ I 
x 8 o 2m k 

a 
~~_!_I( 2v. -~ da)(O,;)I + 
k ~ c ~ a v. ~ T~ o 

+ 
, v.a<<O.. ' 2 

___l!!_!L_ f ((4v II I I.u (av ) ~-I {a V) < 
..<:1 0 V •0 n X + " X lJ. X 2'1/2 

'YfMeR peWeHH9 ypaBH9HHSI (2.2), MOlK9M Ollpe.aenHTb 0 K&K H3M9HHIOTCSI Hanp 

poeT&, TeMnepaTypbl ( TJ. ,K Tn ) 'I&CTHII ny'IJCa a nnaaMbl a aaepraa rea'pa 

HHTHOrO nona. 

flpH t -+ oo , KOr.aa ·Y -+ 0 HM99M paBeHCTBO 

2 2 
4rr. r ....2._ _l_!g_ a; + Jc2 c 2+ n 2+ n 2 = o . 

I 2 (oo) m Y 
f =f

0
(0,v )+Bf• x 

0 
flo.aCT&BllaSI 

a v,. 
nony'IHM 

2 ... ... 2 2 2 
4rre2 ( _i_ afo (O,v) dv +k c +!1

1 
+ 

m vx a vx 

~ 3 2 
{l + 4rre f~.L ~ d; = 

2 m v a v 
X X 

C nOMOlUbiO COOTHOW9HHA ( 1. 7) H (3.4) nony'IHM cne.ayiOlU99 ypa8H9HI 

rae '11 H 

2 g 
-

3
-ymu+'Iil 

To 
l 

m 
+~ 

2 (HI~ 2 o _e_I_k_ [ 2 mu+T11 
m 2 k k2 c 2 Tf 

w 2 + 2 mu u" 2 2 w 
4 T.1.o (To I m )14 ( ! ~ I I H k I ) 'G = o, 

~ lJ. m k k 2 c 2 

T?, - Ha'l&llbHble fleMnepaTypbl ny'IKa, 

-5/2oo li/2-(z•Z 2 oo ~ 
G ~ z

0 
f I z I e <Y dz f ~_a_ x ·I I_" ( x) ~.; (x)- I 1 

•oo o x!O a X 'lj 

H 
2 

z = 
0 

m u 
2 T~ 

l-fcnOllb3YII Bb!p8lK9HH9 ( 1. 7 ), MO>l<HO nOK838 Tb1 'ITO 

2 1 .... I Hk 1
2 

m 2 I~ =2 e 81l:t 
11 7 k k 2 c 2 y Y. N1 ( m u 2+ T~ ) 

6y.aeM C'IHT8Tb
1 

'ITO 9T8 B9liH'IHH8 Mana no Cp88H9HHIO _c· e.aHHHil9A (aTO n~ 

no.aTeeplK.aaeTcR peayn&TaToM). Tor.aa 8 ypasaeaaa (3,5) MOlKHO npeae6pe 
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~ ~ ~2 2 
+ l4 ~~ J+ N _!_c~ J1+_!_ - 1-I IH 1 = 

d t d t 2. dt 8 17 k k 

2 2 2 2 417e 2 

rl+!l+kc+I_ ( 
1 2 ~t,2m 

2. 2 (11) 

k yx v. ~d; 1 • 
I 2 2 · 

kvx+ll. avx 

(2.8) 

2 2 ca> ~ v. a to d y - f ---- v a vx 

(tq 
a to d v 

a v 

CK06Kax B npaaoA 'laCTH paaeHCTBa ( 2,8) TOlK.!le-

nony'IHnH o6wHe COOTHOTHOUleHHH KB83RnRHeAHOrO 

aeycTOA'IRBOCTeA nyqxoaoro TRna. Bepaeucs Tenepb x 

nna3MY .!lBHlKeTCH ropH'IRA liY'IOK ( T,e, k Y T I>> )' k >> k Y T
2
) 

~yHKUHR pacnpeaeneHHH 'laCTHU !10 CKOpOCTHM B nyq
. /4/ 

npeanonolKeHHoMy a pa6oTe , Ilpa y .. y 
X T 

nocne.!lOBaTenbH&IX npa6nRlK8BHA, llpe.!lCTaBnHH f(a) B BH-· 
(I) + 0 

t
0 

(O,v ) O!lpeaenHeTCII COOTH01U9HR9M ( 1,5), 

<a> I, nony'IRM an11 ll f 
0 

[ 2 v. -
Tf 

v.- u 
Ti( 

a 2 (a) . 
1-- <~ l If co, v ).!3.1) 

a vx TJ: vx o 

CTaHOBRTCH O'leHb 60nblUHM, H ypaBH9HR8 ylKe 

bH&IM npa6nalKeaaa, B o6nacTH Man&IX v ypaaae-

ypaaHeHRe .!lnH ~YHKURR ll f : , 

• 
2 _2._ 

v 3 

oo 2 2t ja> .. 
~ - (_e_I lfu_l >"at .. =-~ ~(3.2) 

d v 2 m 2 k k 2c 2 o v 2 v 2 
X - 1 

O;ll II-!4 
• vx =o (av").P -I (a v 2 )CII I, 

X + ~ X -
(3.3) 

2) d vx + !1, _ 1_ 'I' (a v•2) 
~ ~ + v a 

2 I • 2 ·I 
a 

2 
= ( 2--.!. l: J..!V v ) • 

m2 k k2c2 

HKUKK Beccena, V*- HeKoTopas nocTOHHHSH, 

8 

.,... 

.:·. 

•· 

:1 
'!' 

~' .:' .. 

Ana '1'+(/) H 'I'_ (fl) npH fJ» 1 HMeeM acHM!ITOTH'IecltHe pa3nolKeHKa: 

'I'+ ({3): _I_ [ I;t:. (f:j)~ ~+I+ ({J) I (2n+l)l 1. 
- ,S ~ w o .~as - ~ o [J 2n+t 

( 3.3) B&I6Hpa10TCH TaKKM o6pa30M, 'ITO !I pH .!lOCTaTO'IHO 60nbWKX vx ~yax-floCTOHHH&Ie B 

UKH llf: H3 (3.3) nepeXO.!lHT•B OCHOBHOII 'ln9H B (3,1), paBHbiA 
• ~ 2 + 

-•- ~-~ v. ftO(~v). 
2m k k•c '1'1 v 2 '0 

Y'IHT&Iaaa ( 3.1) H ( 3.3), nony'IHM ana 1'J f
0 

c~oTaoweaae, cnpaaeanaaoe npa nro6&Jx 

Vx ( 0 ~ Yx ~ VTI) 

+ " 

a 
~~!_I[ 2v.- v.-u 1r(0.~)1 + 
k 2 c • a v. ~ T~ o 
MJ(t0.. 2 

~f (O,v)l II. (av)¢1-I 
..o o v •o " x + " 
lJ. X 

l. 

u<ti)= ~ I 
o 2m k 

(3.4) 

2y2 

2 
(a v ) ¢1 

X 

'Vi MeR peW9HHe ypaBH9HHa (2,2) 1 MOll< eM onpe.!lenHTb, KaK H3MeHHIOTCH HanpaaneHHaH CKO

pocTb, TeMnepaTypbl ( Tl ,H Tn ) qacTHU ny'lxa H nna3Mbl H auepraa reuepapyeMoro Mar-

HHTHoro nona. 

flpH 

IloacTaanHH 

417112 

m 

t .. oo , Kor.aa ')' .. 0 HMeeM paBeHCTBO 

2 2 
417 e r -2.. _2..!p_ ci; + Jc 2 c 

2
+ n 2+ n 2 

= o . -- a I • (oo) m y 

f 
0 

= £0 ( 0, Y ) + ll f • 
X Yx 

r v: 
y 

X 

, nony'IKM 

... .. 2 2 2 2 
afo(O,vldv+kc+fl +fl+ 

a v 1 • 
X 

4ae2 J_!." ~ d; = O. 
m y .a v 

X X 

C !IOMOUlbiO COOTHOWeHHA (1.7) H (3,4) !IOny'IHM cne.!lyiOUlee ypaBHeHHe 

2 
3 

g 

Y mu + 'Ijj 
To 

J. 

m +!f' 
2 ~ 2 0 

_e_ :E [Hkl [ 2 mu :Til -1] + 
m2 k k2c2 T,1 

2 ~ 2 
mu +_ -- u ~ ( m e2 I 

(Tf~ Tf7k 

2 14 
!Hki )G=O, 

k 2 c 2 4 Tf 

rae Tf H T:: - aaqan&H&Ie TeMnepaTypbl ny'llta, 'it 

(3.5) 

(3.6) 

•5/2oo 5/2 .. (z .. z 2 oo ~ 
G =z

0 
f lz I e c) dz f ~_a_ x ·I I.lt (x) «~~;(x)-I It (x)<ll_(x) 1(3.7) 

•oo o X~ a X 

H 
2 

z = 
0 

m u 
2 T'l, 

Vlcnonb3ya BblpalKeHHe (I. 7), MOlKHO noxa3a Tb, 'ITO 

2 
2 

/rz. f I Hk 1
2 

m e I~=_]_ 
11 7 k k2c 2 y l4 N1 ( m u 2+ T~ ) 

(3.8) 

By.!leM C'IHTaTb, 'ITO aTa aenH'IHHa Mana no cpaaueauro c· eaanauell (aTo npeanonolKenae 

!IO.!lTBeplK.!laeTca pe3ynbTaTOM), Toraa B ypaBH9HHK (3,5) MOlKHO npeae6pe'lb BTOpblM 

~ ), 
9 



cnaraeMbiM no CpaBHeHHIO C TpeTbHM •. npH :;>TOM .!ln!l :9Hepl"'HH :;oneKTpOM8l"'HHTHOI"'O nons1, 

yCT8H8BflHB810LUel"'OCR K KOHUY p83BHTHR HeycToAqHBOCTH, nonyqHM 

l 2 • • 2 5 5 
_ I I H I = ( L ) _l (_4_ ) ( m u + T~ ) N To y • (3.9) 
817 k k 3 6 G 2 1-1 Tl' I .1. 

Ycnosae ManocTH (3. 7) BbmonHReTCR aa cqeT ManocTH Y • C noMOlllbiO Bbipa)l{eHHA 

(2.4)-(2,6) HaA.aeM, qTo ysenaqeHae nonepeqHoA TennosoA :;oHeprHH :;oneKTpoHos nyqKa ecTb 

N 8 T
0

' = W 3 
I l y 

npO.!lOflbHOA TennosoA :;>Hepl"'HH 

" N 8 'f.I) W 3 
fl 1 II = y 

I I H I 2 

k k 
w 

877 

To 
" m u 2+ T~ 

(l- 2T~ ). 
To 

J. 

VfaMeHeHHe :;>HeprHH HanpasneHHOI"'O .!lBH)I{eHHll onpe.aenlleTCll H3 COOTHOLUeHHll 

N 1 mu8u=-W 6 
2 

m u 

Y m u2 + T1~ 

(3.10) 

(3.11) 

(3.12) 

C DOMOUlbiO (2.4) nel"'KO HaATH, qTO 9Hepl"'Hll, H.!lyLUall Ha ysenHqeHHe nonepeqHOI"'O 

Tennosoro .!lBH)I{eHHR :;oneKTpOHOB nnaaMbl, pasHa 

..l2) 2 2 4 4 2 0 4 0 8 lj = " ( _ ) ( ~ ) ( m u + T11 ) _.:!:!._ T':2Jo y 2. 
T 3 G21-1 mu• mu2 J. (3.13) 

OTCIO.!la BH.!lHO, qTo Harpes nnaaMbl 6y.aeT HeaHaqaTenbHbiM, ecnu HaqanbHall TeMnepaTypa 

nnaaMbl T:) 0 Mana, no:;oTOMy B ypSBHeHHH (3,5) MO)I{HO npeHe6peqb H3MeHeHHeM ¢yHKUHH 

pacnpe.aeneHHll nnaaMbi (qTo H 6bmo c.aenaHo). <l>aKTHqecKH HaCbiUleHHe KOne6aHHA s pac

oMaTpHsaeMoil aa.aaqe npoHCXO.!lHT He npa y = n , a npu y " k v , YqeT :9Toro oocTOliTenb-
k k T2 

CTBa npuse.aeT K nollsneHHIO s ¢opMynax (3.10)- (3.12) cnaraeMbiX, nponopuHoHanbHhiX 

TeMnepaType nnaaMhi, B HacTOliLUeM paccMOTpeHHH Mbi HMH npeHeoperuu. 

4. B cuyqae, Kor.aa qepea ropllqyJO nuaaMy .!lBH)I{eTCll ropllqHll nyqoK aapll)l{eHHbiX 

qacTHU, H HHKpeMe!IT ~ > > k V (HOHbl cqHT8eM XOUO.!lHbiMH), .!lUll H3MeHeHHll TeMnepa-
k Tl,2 

Typbi aneKTpoHOB B nyqKe (a= 1 ) H nnaaMe (a= 2 ) 6y-'eM HMeTb cue.ay!OmHe Bbipa)l{e-

HHR 
(I) 2 

.,<n a T.1 - 3, m u + r,no 
n -- --- II K ' 

d W Y* T.1''o 

(I) d T(l) (1:\:, 
Y. N ___ II= _3_ ( 1-2 ~) K • 

d W Y* T1
1

' 
0 

(4.1) 

N<2J d T,i•> = 3 N 2 T,I2Jo 
--- ----Ko 

d w Y* N I !(.12) • 

<2> d T<•> 3 "I T(2)o 
% N ~I = -- ----=-.:.:_ ( l - 2 --"- ) K • 

dW Y* Nl T12)o 

10 

,. 

~ 

VfaMepeHHe HMnynbCa nyqKa Obpe.aenlleTCll COOTHOW!!HH'eM 

N<l> ~ --__§_ ~ 
d w y• t .. 11 0 

K ' 

r.ae Y* COOTBeTCTByeT MaKCHMaUbHOMY 3HSqeHHIO Y* 
I 

H paBHO 

Y* _ 3_ Y* = 1- ( 1 + ~ )( 
2 I max N 

2 (I) 0 1 

2 ..ill o N T<:il m u + -111 + _2 ~ 

'&!!> . o N T}~l 

_ K .= ( m u ·+ T11 + fu._ 
'!1Il o Nl 

'T:2)o -1 I 

II ) ' Tt•> o 
,llanee p · = m u , 

l 

W, KaK H paHbwe, eCTb aHeprHll sneKTpOMarHHTHoro nonll, V!cnoub3yll pelli 

· (2 .2) s su.ae ( 3.3) H nposo.!lll onepauuu, aaanorHqHble npo.aeuaHHbiM .!lUll c 

1"'0 nyqJta H XOUO.!lHOA nna3Mbl, nouyqHM BMeCTO (3.6) 
2 . 2 (llo T<2l o 2 2 2 2T(tj o 

.1_ 0 ( m u + T. + ..fu __ u_ ) Y* +2m [ 0 m u + II 
3 . t T< I) 0 N 'fl2) 0 I (I) 2 

L 1 J. ( T.L 0
) 

~ 2T(2) o_-t,:2Jo . (2)o5/4 .,; · 
+.0 II .1 )V 2+0 2 Vli(_·_m_)

14
(_:!'L_) r(~)2 1

G' 
2 · ( T}"' 0 ) IS 2 Tp> o T12) o 11 

2 ~ 14 T(t) 0 3/4 •% 
+0 V (_m_) ( 11 ) 2 G 

I 'Iit)O ~ I 
o. 

3.aecb sse.aeHhi o6oaaaqeHHR 

G = G 
I 

5/2 
z 

0 

v 

G 
2 

G 

2 ' _e_ I~. r(x) - 1"'8MM8 -.pyHK~H 
2m2. k-2 c 2 

• d X d . 
= ( ____ x" [I (x) ~+(x)-1 

o X li d X ·!4 !4 
onpe.aemJeTCR l:t>opMyuoil (3.7), B KOTopoil 

( x) 11 _ (x: 

z 
0 

~ 

2' 

·npu pe~eHHH .aucnepcaoaaoro ypasaeHHll Mbl npeae6peraua qneuaMH~ _ 

2 
no cpasaeHHIO c e.aaaaueil, nosToMy, ecuH ( m u 

T<2l 
K 

5/4 <2lo N 2 
) ( T,~. )li < 1 

T(ll o 
.1. 

. li % (1)05/.J . 
TO B ypasHeHHH ( 4,4) qUeHOM f! 2 V ( ~ ) ( --'lli.:.:,......§ MO)I{HO npeHe 

t. 'E(l) 'lillo 214 
npe.anouarall, KaK u paabwl\ ( m v 2 1 'r~•r•r« 1o nouyquM 

HUH 

v2 a I 2 1a <2 > o _, T< 2l
0 

2 < o' 
_e_;I ~=~ T,~. (Gr(~))( 1 +.!!J J. mu+Tn 
2m2 k k2 c 2 3s T<2l 2 N T<2l" 'T(Il 

II 2 11 .L 

.,L !. IH 1
2 

18 
Bu k k = 2 

t-' ( m u• +T< I>} T.£.2>o NT< 2JoJ"'D 
~1 ,. ~+ 2 " r< o . J. 

Ti2lo 

T1~2J
0 

(2)0 
-• Nt TJ. 

( G r (~) )( 1 +- T<2l0 

2 Na " 

m u 2 

----rr 
. npu peweHHH ypasHeHHll (4.4) Mbl npeHeopel"'UH ~ueHOM 2 ____ m 0 2 2To 

~<·r 2 --• 

qTo cnpase.anuso npa 

4 2 T~2lo-Tl2lo 
(2)0 

T1 

..12)9 (1)0 

( 1+...!!.! ~ mu
2
+·T11 ) 

3 

N2 'Jt2l '1Ail0 
Y* « 1 • 

• 0 0 . -~ 
(r(~) G

2
) ( T~,2 l /T~l ) 

e, TaK K~K Y* Mauo, ycuosae (4.6) uerxo BbmonHlleTCll. 

II 
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HHIO C Tp9TbHM, npH :l>TOM .llllSI :l>HeprHH :illl9KTpOMBrHHTHOrO UOllll, 

K KOHUY pB3BHTHII aeyCTOllqHBOCTH, nonyqHM 

2 4 4 2 5 5 
_1_ ;r I Hk I = ( L ) _1 (_4_) ( m u + T,? ) N Tf y • (3.9) 
Srr k 3 6 G 2 14 Tt 1 

) Bb1110llHII9TCSI 38 cqeT MBllOCTH Y , C UOMOlllbiO Bb1pB>K9HHA 

qTo yeenaqeaae nonepeqaoA TennoeoA :;,aeprHH :;,neKTpoaoe nyqxa ecTb 

3 . T(1) = w-' 
1 y k I H I 2 

k k 
w (3.10) 

Srr 
:l>HeprHH 

~~ N 8 'f,,l) = W .2_ T_t ( 1 _ 2 T~ ) • 
1 Y m u 2+ T~ TZ 

(3.11) 

rHH aanpaeneHHOrO .llBH>K9HHSI onpe.aenSI9TCSI H3 COOTHO!ll9HHSI 

2 

N 1 m u 8 u = - W _6_ m u (3,12) 
Y m u2 + T~ 

nerxo aaATH, qTo :;,aeprHSI, a.ayruaSI aa yaenaqeaae nonepeqaoro 

:;,neKTpoaoa nnaaMbl, paaaa 

2 4 4 2 0 4 To 
__2 ) ( -. __ ) ( m u + T11 ) --•- f/Jo y 2, 

3 G2 14 mu 2 mu 2 (3.13) 

arpea nnaaMbt 6y.aeT aeaaaqaTenbHbtM, ecna aaqanbHBSI TeMnepaTypa 

O:i>TOMY B ypilBH9HHH (3,5) MO>KHO npeae6peqb H3M9H9HH9M cpyHKUHH 

•I ( qTO H 6htn0 C.ll9nBHO), cJ>aKTH'I9CKH HBCbllU9HHQ KOne6aHHA B pac-

npOHCXO.lll<T He npa y = fl , a npa y = kv , YqeT sToro o6cTOSITenb-
k k T2 

neHt<JO a ¢opMynax (3.10)- (3.12) cnaraeMbtX, nponopuaoaanbHbiX 

B HBCTOSilU9M pBCCMOTp9HHH Mbl HMH npeae6pernt<, 

.aa qepea rop11qy10 nnaaMy .llBH>KeTcSI ropSiqHA nyqox aapSI>KeHHhiX 

y > > k V ( HOHbl cqHTB9M XOnO.llHbiMH) 0 .anSI H3M9H9HHSI T9M11epa-k T1,2 

qxe (a= 1 ) H nnaaMe (a= 2 ) 6y.aeM HM9Tb cne.ayJO!llHe Bhtpa"'e-

r/Il a T(1) 
__i 

d w 
3, 

Y* 

mu2+ 1'\,l)o 

'J(I)O 
J. 

K ' 

<1> d T<ll <l:b 
%\N ---"= _3_(1-2~) K. 

d W Y* Tl 1l 0 

d2) d r<2l 
__ 1._ 

d w 
3 
Y* 

!~ N< 2> d T~2~ _2 
d W Y* 

• 

N2 

N1 

i,2)o 
II 

10l" 
J. 

K ' 

N2' T( 2lo 
__ (1-2 __ n_)l(. 

N 1 T12l o 

10 

(4.1) 

V!3M91f9HHe HMnynbCa ny'IKll Obpe.aenH&TCSI COOTHOW,HH'eM 

N(l) ~ a-l ~ K I (4.2) 
d w y• t._ll 0 

r.ae · Y* COOTB9TCTBY9T MBKCHMBnbHOMY 3HSqeHHIO Y* 
I 

H pBBHO 

(~) 0 •I 

Y* = _ 3_ Y* =1-(1+~)( 
N 

mu2+ 'f.(' o + ~ !a__ ) (4.3) 
2 I 

2 (1) 0 I 
m u + Tu + !12_ 

111> o N
1 

,llanee p · .. m u , . K.~ ( 

'1'1!' . 0 
'1':2) 0 

II 

r<2> o 
1 

·I 

) ' 
N 

I 
T (2) o. 
~ . 

W, xax H paa~owe, ecTb saeprHH snexTpoMarHHTHoro nonSI, V!cnonb3ySI peweaHe ypaaaea_~SI 

(2.2) a BH.ae (3.3) H npoBO.llSI onepauaH, aaanorHqHbte 'npo.aenaHHbiM .anSI cnyqag ropR'Ie

ro nyqxa H XOnO.llHOA nna3Mb1 1 nonyqaM BM9CTO (3.6) 

2 . 2 (1) 0 T(2) o 2 2 a· 2 T<15 o -Ill o 
L n ( m u + T. + _fu __ ,_,- ) Y* +2m [ " m u + II - !j_ + 
3 1 Tll) 0 N 1 Ti 2) 0 I ( Tl 1) 0 ) 2 

II 2 T(2) 0 of.2lO ' TI2) 0 5/4 •9/. 
+ n " - J. ) v 2+ 0 2 Vli <-· _m_ )

14
{---"-"---) rt~l 2 G + (4.4) 

2 · ( Tia> o) li 2 . Tl2l o T12l o 2 

2 li w T(llo &/4 -w 
+0 V (_m_) (--;;;dlo) 2 G = 0. 

I 'Ii 1) 0 T.L 0 I 

3.aecb eee.aeHhl o6oaaaqeaHSI 

G 
I 

5/2 = G :z 
0 

2 ~ 
·v =_e_ I -~• r (x) - raMMB -cpyHKnHSI, 

2m2· k·2c:2 

d X d . 
G = r -- -- X 14 [ I (x) ~ + ( x) - I 

2 ~ X li d X •~4 l4 
G onpe.aemteTCSI (popMynoll (3,7), B .KOTopoll 

(x) '1> _ (x) ] , 

z = ~--
·npa peri!eaaa .aacnepcaoaaoro ypaeaeHHII Mbl npeae6perana 

0 2 T~l)o 
'lneHBMH~ , T}ll Manb!MH 

2 
no cpaaaeHHJO c e.aHHnuell, nosToMy, ecnH ( m u 

T<2l 
K 

5/4 
) ( 

12>o N 2 Tjll 
~)li< 1 
T<1l 

J. 

TO B ypaBH9HHH (4,4) qneHOM 
li 14 (1)0 5/~ . 

f! 2 V ( ~ ) ( ~_§ MO>KHO npeae6peqb1 1109TOMy, 
I T,(l) Ut) 0 214 

npe.anonara11, ·xax H paHbllle, ( m V 2 I 'r f 2'1'• ~« 1' nonyqaMJI. 

2 2 I 12 18 (2) 0 •4 T(2)? 2 (1)0 (2)" 
v =_e_; I __ H_k~=~ ~ (G r(~)( 1+.!!J J. m u + T, ) ....!!,_ y.c 

2m 2 k k2 c 2 3s T<2l 2 N T<2f T(ll m (4,5) 
II 2 11 .L. 

HnH 

1 ~ I H 12 -... k 218 
8ak 0~=-

N (mu2+T<'>) Tf2l NT(2lo 3 9 

T2'o 
T,p>o 

·4 (2)0 2 (1)0 

( G r (~) ) ( 1 + _!!_! ~ m u + Tn ) Y* a. 
a Na Th2l Tfl> 

1 It ~+ 2 H 

r1° 
. npa peweHHH ypaBH9HHSI {4,4) Mbl 

2 2 r<2>a- r< 2>o 2 
2 __ m n q - J. v 

T.< 2r 2 rt-2>0 
' .L 

npeae6pernH qneaoM 

qTo cnpaae.anaeo npH 9 0 
...C2l 2 (I) a 

(2lo (2)o ( 1+ _!!_! ~ mu + T,, ) 
4 2 T" -T.L Na U2> 'ljplu Y* « 1 • 

~ Tia>o . . ( r(~) Ga) 4( Tl,2>o IT ':'o ) li 

H, TBK K!lK Y* Man~ ycnOBHe (4,6) nerKO Bbli10nHSI9TCH, 

(4.6) 

ll 



en a 

yeT 

YcJi 

(2 •. 

npc, 

Ter1 

OT,: 
i 

nna, 
I 

pa<l 

OM~ 
CT:E(

1 

Tet
1 

qa(l 

TYJI 

HHl 

B&lpMKeHKSI (4.5) Aa!OT eenH'IHHY aHeprHH aneKTpoMarHHTHoro non>! K MOMeHTy 

HaCbllll6HHH, nOSTOMy, HCnOnb3y!l COOTHOW9HHH (4.1) H ( 4,5), MO>KHO HaiiTH /l T (a) H /lP 
z 

K MOMeHTY HaCblllleHHSI, 

5, ¢>opMynbl, nony'leHHble Bb!We (3,9- 3.12, 4,1; 4.2; 4,5), HeCKOnhKO rpOM03AKH, 

noaToMy npeAcTaengeT HHTepec paccMoTpeTb p>!A npocT&IX cnyqaee. 

npa. ABK>KeHHH rop>!'lero nyqKa qepe3 XOnOAHYIO nnasMy MaKCHMBn bHblit HHKpeMeHT 

onpeAenHeTCSI cpopMynoll ( 1.8), as KOTopoll cneAyeT, 'ITO ecna nnoTHOCTb ny'!Ka pasHa 

nnoTHOCTH nna3Mbl, TO AnH BbmonHeHHst HepaeeHcTea yk < < k vT
1
Hy>KHo m u 2 + T0 111. 2T, 

3TO 03Ha'IBeT, 'ITO HanpaeneHH8SI CKOpOCTb ny'IKA MeHbWe HnH TOrO >Ke ROp!!AKS, 'ITO H 

TennOB8H CKOpOCTb aneKTpOHOB B ny'IKe, U < VTI , npH u~ V T I ( T,e, Z O ~ 1) HHTerpan 

e (3. 7) B3>1Tb He yAaeTcR. Ecna u
0 

<< vT 1 ('ITO npaKTK'IeCKH cooTBeTcTeyeT cny'laiO 

8HH30TpORHOrO pacnpeAeneHHH 'IBCTHU no CKOpOCTSIM B ny'IKe), 

To 6/f 
G ~ 0,29( 2-"-) 

m u2 
H cpopMyna (3.9) RpHHKMaeT RpOCTOit BHA 

_1_ 
8tr 

HepaeeHCTeo ..;;_ ~ 
l.i m' 

nepeKpb!BBeTCSI ycnOBHeM 

I I H 1
2 

= 19,8 Y
5 

N T~ 
k ~ I 

I I H k I 1 I k2
cll.<:< 1BblnonHHeTcH npa 

k 
Y<< 1 • B cny'lae paspe>KeHHoro 

(5.1) 
• -2 

Y << 10 , 'ITO 3H8'1HTenbHO 

Ry'IKB II nnOTHOit nn83Mbl 

N
1 

<< N 
2 

('ITO 'IBCTO &MeeT MeCTO) ManoCTb HHKpeMeHTa o6ecne'IHBaeTCR npa 

Rna, ecna T-'•'11 

2 0 

mu +T11 = ~ 

1'! 
npH mu ~Ts.»l 

Nl 
, npa 9TOM HHTerpan B cpopMyne (3, 7) MO>KeT 6b1Tb 

pasno>KeH RO OTHOWeHRIO _!.!!.__, K eenH'IKHB SHeprKK aneKTpOMBrHHTHOrO ROnH K MOMeH
m u 2 

TY HBCblllleHHSI 

2 N 
I 1 H• 1 =45,7( 1-...?. - 1 l N 11' Y

5
• ( 52 ) 

8 1T k 2 N2 I • 

llnR sHa'!feHKll eenK'IKHbl z = ( m u 
2

) ~ ne>K~Kx e npeAenax 0,125-5, 6blnK npoeeAeHbl 
0 2 To' 

•mcneHHble paC'I6Tbl, ¢>OpMyna (5.1 r KMeeT BRA: 

_L I I H I 
2 
= Const N T1 Y 

1 

8rr k k 1 I 
(5.3) 

rAe Const , KIIK BHAHO H3 TB6nHUbl 0 

Const 19,68 2i,03 8,81 22,88 15,18 39,41 36,94 40,52 45,38 

z 
0 

1/8 112 1/4 3/4 3/2 2 3 5 

ne>KKT e npeAenax OT 9 AO 45. 3To roeopHT o TOM, 'ITO nony'leHHoe peweHHe ycTOII'IHBO 

OTHOCHTanbHO H3MeHeHHH Hll'IBnbHOit cpyHKUKH pacnpeAeneHHHo ~ 
'· 

12 
• 

npa ABH>KeHHH ropll'let:'o ny'!Jta 'lepes ropa'lyJO nnasuy e o6nacTB, r 

. a nnoTHOCTH ny'IKB H nn83Mbl CBH34Hbl COOTHOWeHR6M 

1 r<2l .....I1L. I m u I _A-_ << 1. 

BMeCTO, (4,3) HMeeM 

N
2 

mu 2 + T~ 1>-rji> 'f11l 

_1_ 
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I I H k I "' 19, 8 N T.& ( 1+ ___:.:j ( 1+ ~ ) } y, 
8tr k 2 Nt Tlll 

2 2 -I 
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T< 1> ·N ~ 

.1. I L 

CooTHoweaae ( 5.4) nony'leHo a npeAROnO)K6HHH MMOCTR Y , R08TOMY OE 

__!:'..!_ >> 1 • llna STRX cny'laee nony'IHM 

Nl 

2 i 
na6o npa ~« 1, na6o npR 

r<l> 
j 

H 

AHanorR'IHO MO>KHO 

8 1T 

2 
I I H• I = 19,8 (l 
k 

1 .,.. I I 2 --·- Ht = 
8 1T k 

accneAoaaTb cny'laK c 

5 I · • 
+..!!..!) ( m u ,;,_) N 

N, ( l+...fu) T"< llb t ·\'il 
Nl Cil')o 

19 8 (~ m u 2 
)

5 N T :' • 
' N T<l> 2· J. 

2 L 
pa3HblNH DpOAOnbHblMR H DOlle: 

paTfpBMH. 0AHBKO, ecnH ocymecTenHeTCH. cooTRoweaae 

TO as ycnoBHll Y* << 1 

~ 
Nl 

HMeeM 

T <2> -1i,3> 1 
.L >> • 

T}2> 

2 T<2~ T<2 > 
~~~ L If >:::1, 

Til) ~·I T,S_2) 

HO npll peweHHH ypaBHeHRH (4,4) Mbl npeHe6pernR 'IR6~0M 0 MllnbiM no cp• 

WHMHCH npH 

(~ 
T?' 

1/f T(2) 8/1 N I 1 
) ( __ .&_ } - «· 

r<t> N2 
J. 

3TH AB8 HepaBeHCTBII ~01(T H8XOAHTCH B npOTRBope'IHH, HIIRpRMep, KOrA 

<2> T<2l 01 w 
T.L - Jl (~ )K(~) > 1 

Ti2l Til) N I ' 

cneAoaaTenbRo. cpopMyna (4.5) aeaepHa, H npa peweHHH ypaaHeHJJll (4.4) 

BBTb OT6poweHHblll qneH 

2 ·a 
I 

e 2 .,.. I H I 2 
---.... k 

4m 2 
k ~ 

(1)0 
m ) li ( T 11 

Tfi>" 'N I )0 
L L 

1/f 

) G I 

nony'IBIOWHeCH Rpll STOM BblpB>KeHHSI O'leHb ·rpOM03AKR, ROSTOMy npKBOJ 

HX He 6yAeM, 

8 TOM cny'lae, KOrAB Y. << k V , Hy>KHO y'IHTblB8Tb JlBH>KeHHe I 
k Te,l1,2 ., 

TepMR'IeCKOA nnasMbl H ny'IK8 MO>KHO .no.Jib30B8TbCH cpopMyn8MII (4.5) Y'll 

onpeAenHeTCH COOTHOllleHHeM ( 1,J) a), llnH HeH30TepMH'I6CKHX nn83Mbl R 

( Te<a> » Tla>) . 

ti' . -
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eHHII (4,5) t:IBIOT BBflH'IHHY 9HeprHH 9flBKTpOMBrHHTHOro nons K MOMSHTy 

noaToMy, HCnOnb3yll COOTHOWSHHSI (4,!) H (4.5), MO>KHO HBiiTH /JT(a) H IJp 
z 

HBChillleHHH. 

MYflbi, nony'ISHHhiS BbiWS (3,9-3,!2, 4,1; 4,2; 4,5), HSCKOflbKO rpOM03tlKH, 

acTaanHeT HHTepec paccMoTpeTb Plltl npocTI,IX cnyqaea. 

BH>KSHHH ropH'Iero nyqxa 'lepea XOflOtlHYIO nnaaMy M8KCHMMbHblll HHKp9MeHT 

11 <f!opMynoll ( 1.8), Ha xoTopoll cneayeT, 'ITO ecnH nnoTHOCTb nyqxa pasHa 

naaMhl, TO ans BhmonHeHHst HepaaeHcTaa yk < < k v T 
1 
HY>KHo m u 2 + To ;;. 2 T,~. 

T, 'ITO HanpaaneHHBII CKOpOCTb ny'IKA MSHbWe HflH TOro >Ke UOplltlKB, 'ITO H 

opOCTb aneKTpOHOB B ny'!Ke, u < VT I • npH u~ v T I ( T,e. z 0 ·~ I) HHTerpan 

b He yaaeTcll. EcnH "o << vT 1 ('ITO npaxTH'ISCKH cooTBeTCTByeT cnyqa10 

ro pacnpeaeneHHII 'IBCTHn no cxopocTIIM a ny'IKe), 

To S/4 
G = 0,29( 2-"-) 

3,9) npHHKMBeT 
m u2 

npOCTOll BHtl 

_1_ 
817 

m e2 
Tr lii2 

I IH 1
2

= 19,8 Y5 
Nl Tf 

k k_ 

I I H k 12 I k2
c2.<:< 1BblnonHHeTCII npH 

k 

(5.1) 
4 -2 

Y <<10 1 'ITO 3HB'IKT9flbHO 

11 ycnoaHeM Y<< 1 • B cny'lae paspe>KeHHoro nyqxa H nnoTHOll nnaaMbl 

HMSeT MeCTO) M8flOCTb KHKpeMeHTB 06ecne'IHB89TCSI npK 

2 0 
mu +T11 ~ ~ 

Nt 2 'l:! -T'l npH mu:tT~.»1 , npH 3TOM HHTerpan B <flopMyne (3, 7) MO>KST 6b1Tb 

OTHOWSHKIO _:!!L_, H BeflH'IHHB 3HeprHH 3fleKTpOMBrHHTHOrO nOflll K MOMeH
m u 2 

II 

2 N 
I I H k I = 45,7 ( 1 - 2. _I ) N I 'It y 5 

• ( 5.2) 
8 17 k 2 N

2 

A aenH'IHHhl z = ( m u 
2

) ~ nelKBll.lHX a npeaenax 0,125-5, 6blnH npoaeaeHbl 0 2~ I 
C'ISTbl, Cl>opMyna ( 5.1 r HMSeT BHt:I: 

_l_ I I H I 
2 
= Canst N T1 Y 

5 

817 k k I I (5.3) 

KBK BHtlHO H3 TB6flHUhl, 

19,68 21,03 8,81 22,88 15,18 39,41 36,94 40,52 45,38 

1/8 1/4 1/2 3/4 3/2 2 3 5 

enax oT 9 ao 45. 3To roaopHT o ToM, 'ITO nony'leHHoe peweHHe ycToli'IHBo 

K3MeHeHHII HB'lBflbHOll <fJyHKUKH pacnpeaeneHijll, 

12 

# 

,npH ~BHlKBHHH ropR'Ie~o ny'ltta 'lepea ropii'IYJO nnaaMy a o6nacTH, rae y << k v T 1,,. 

. a nnoTHOCTII nyqK8 K nn83Mbl CBII38Hbl COOTHOWBHKBM 

BMeCTO. (4,3) HMeeM 

I T(2) 
_I'L_ I m u I _.~._ << 1 • 

N
2 

mu 2 + TA''-TJ 1> · Tit> 

_1_ 
817 

2 <t>o N 2 5 a 
I I H I = 19, 8 N TJ. ( 1+ ~ ( 1+ ~ ) ) y 
k k a N2 Tlt> 

{5.4) 

2 2 ·I 

Y=~{1+~+ mu ) 
r<t> N ~ 

.1. I L 

CooTHoweHHe (5.4) nony'leHo a 

n116o np11 ~« 1, n~6o npa 
r<t> 

npe,llnOnO)KBHHK MMOCTH Y 1 nOSTOMY OHO cnp8BB.llnHBO' 

J 

~ >> 1 • Jlna STHX cnyqaea nony'IHM cooneTcTaeHHO 
Nt , 

H 817 

2 
; I Hk I = 19,8 {1 

N • 2 5 • 
+ __ I ) ( m u ) N r.._<lll 

N2 (1+~) T,<t> 2 

N I (2 ,o 
19 8 (~ m u 2 

)
5 N T • 

' N T(ll0 2 J. 
2 L 

p83Hb1MB DpO.llODbHbiMH H nonepB'IHbiMH TeMDa-Asanora'IHO MOlKHo 

1 "'I a· I~ ___ .. k 

8 17 k 
IICCne,llOB8Tb cny'IBII C 

paTypaMH. OaHaxo, ecnH ocymecTan·seTCa. cooTHoweHae 

T <2> - t<2> 
J. h >> 1 ' 
~ 
" 

__&_ 
Nt 

TO 11a ycnoa11s Y* << 1 IIMBeM 

m u 2 

·'Iii) 
N, 

N.t 

t12L T~' 
T,S_2> 

>::: 1 ' 

HO npll peweHIIII ypaBHBHIISI (4,4) Mbl DpaHe6pernll 'ID9HOM 1 MBnbiM no Cp8BH9HIIJ0 C OCT8ll-

WIIMIICII npll 

(~ 
T}l' 

1/4 T(2) 8/2 N I 1 ) <--"- ) -«· 
t<t> N2 
J. 

3TH .0.88 HepaBeHCTBB MOryT H8XO,llHTCSI B npOTHBOp9'11111 1 HanpuMep, KOr.llB .. 
T <2> r<'l en ~ 
L- Jl (~)10 (~) > 1 

Ti2> Till Nl ' 

cnenoaaTeni>Ho. <f!opMyna (4.5) HeaepHa, H np11 peweHHH ypaaHBHIIR {4.4) HYlKHO yirHTbl-

BBTb OT6pOU19HHblll qneH 

2 2 2 
'!) ( e '<' !Hkl 

I 4-;;r;~ 
m w r<ll

0 
5/4 

) ( II ) ~ -oo Gl 
.J. '1 

nony'IBIOLUIIBCSI np11 STOM Bblp8lK9HHSI O'l9Hb 'rpOM03.0.KH1 noaTOMY npiiBO.O.HT 3,ll9Cb Mbl 

IIX He 6y.O.BM. 

B TOM cnyq:ae, xorna Y. << k v , HYlKHO y'IHThiBBTb .O.BH)KBHHe HOHoa. · Jlns. Hao-
k Te,11,2 .· "' 

TepMH'Iecxoll nnaaMhJ a ny'IKB MOlKHO nonb3oBBTbCR <fJopMynaMH {4.5) y'IHTb!BaJJ, 'ITO Y* 

onpe,o.enSIBTCSI COOTHOllleHHBM ( 1.118), Jlnll H9H30TepMH'lBCKHX nn83Mbl II ny'IK8 
( Te<a> » T~a)) \ 

~ 

1a· 

,,., 

'.l! 

~. ',; 
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• 

JlBH>K9HH9 HOHOB HBDH9TCSI CY!ll9CTB9HHbiM 0 H B03MOlKHOCTb npHM9H9HHH cj:JopMyDbl (4.5) 

aym.aaeTCH B .aononHHT9DbHOM HCCD9JlOBaHHH. 

B 3aKDIO'I9HHe aaTopbi C'IHTaJOT caoHM npHHTHhiM .aonroM Bblpa3HTb 6naro.aapaoCTb 

B.Vf.BeKcnepy 3a npe.anomeaay10 TeMy, B • .U.Wanapo 3a neHHble coaeTbl, A.A.Pyxa.a3e, 

B.n.Canaay 3a o6cym.aeaae pe3ynbTaToB pa6oTbl, 
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