
/ 

. 
I 

/ 

06bED.HHEHiibll1 H.HCTHTYT 51D.EPHbiX HCCJlED.OBAHVt~ 
' - . 

Jla6oparopmt BbiCOJ<HX 3Hepntit 

/ 

B.r. MaxaHbKoB' 

' . 

I 

-
" B3AVIMO.Ll.EMCTBVIE 

CKOMnEHCVIPOBAHHOrO nYt.IKA 
3A.P~DKEHHbiX . t.IACTVIU C nnA3MOM 

( 

I 

/ 

/ 

' 

.... 
I 

/ . 

/ 
I 
.LJ.y6Ha 1962 I'O.ll 

910 

' , 

. 1 

t.3 v· -

' I 

- l 



B.r. MaxaHbKOB 

B3AVIMOAEVICTBVIE 
CKOMnEHCVIPOBAHHOrO nYY.KA 

3AP.tDKEHHbiX Y.ACTVIU C nJIA3MO J/J 

9 10 



Hlf'leHHOrO nyqKa 3 a psDKeHHhlX q 8C TifU C CKOMTieHCH p OB8HHbiM 3apSIAOM , ABif)KyWerOCfl 

B MarHHTOBKTHBHOH nn83Me c p enSJTHBHC TCKOH cKopoCTbiO ~ ~ f B0 • Ylccne.o.y JO TCSI .. 
BOI1H b l 1 p acn pOCTp a HSI IOWHeCSJ BAOil b BHeWHero M8rHHTHOrO TIOTISI B0 . , npli ycnOBifli 1 

rwr.o. a TennOB hiM ABii)KeHHeM q ac THU MO)KHO npeHe 6pe qb• 

§ 1. B a acTOHweii p a6oTe Mhi cne.o.yeM o6weMy MeTOAy Hccn e .o.oBaH H SJ 3 n e KTpo-

M8rHHTHblX BOTIH B CliCTeMe, COCTOSIWeH li3 a eorpaHHqeHHOrO nyqKa 3a pSJ )Ke HH b iX q a c-

/lf 
Tliu H noKoH weiicH nna3Mhl (eM., a a rrpH Mep, ). KaK H3BeC THO, crreKTp 3neKTpo-

MarHHTHhlX K One68HiiA B TaKol CHCTeMe OIIHCWB8eTCSI AliCn e pCiiOHHhlM ypaBHeHHeM: 

0, ( 1.1 ) 

.. 
rne w li k CYTb qaCTQTa H BOTIHOB08 B e KTOp 1 8 

qeCKOH n pOHHU aeMOC Tif CHCTeMbi. .. 
Ypa BH eHHe ( 1.1) CBSI3biB8eT BemrqlfHhi w If k EcnH HaiineaHa SJ c noMOW b!Q 

p eweHHSI 3TOrO ypaBHeHHSI qaCTOT8 

Tm w > 0, TO KOne68HHSI CT8HOBSITCSI H 8p8CTaJOWHMH BO BpeMeHH, a COC TOSIHii e 

CI!CTeM b! 

npeP.e6peraSI CTOTIKHOBeHHSIMH qac THU, TeH30p AH 3 IleKTpHq eC KOH npo-

HHUaeMOCTH CliCTeMb! MQ)K HQ 3 8IIHC8Tb B BHAe: 

f ( w k) = l 2J(w k ) + flJ ( w k) -o 
If ' If ' If ' If 

( 1.2) 

(1) _, 

r.o.e (If (w, k)- TeH30p AH3neKTpHq ecKOH npOHHUaeMOCTif IIOKOSIWeHCSI III183Mhl, 8 

(1) ... 
fl/ (w, k) - TeH3 0p Alf3IleKTpHqeCK08 IIpOHHU8eMOCTH nyqKa, ilBH )KylU e rOCSI B llOTIL 

_, 
B Hewaero MarHHTHOro ·llOTISI B0 • B brp a)KeH He nnSI 

llOMOlllbiO npeo6p830B8HHSI JlopeHua ATISI TITIOTHOCTH 

cClJ(w, k) 
If 

IIJ ( Ct.\ k ) MO)KHQ c 
If 121 

TOKa H 3apSin a 

f3. +o . 
II I If ( 1.3 ) 

3necb c(l)(w~ k)- T eH3op 
1-!11 

Ali3neKTpHqe CKOH npOHHU8eMOCTH rryqKa B C06CTBeHHOH 

ClfCTeMe KOOpAHH8T 1 w H T('- qaC T OTa If BOTIHOB OH BeKTOp B 3T08 C HCTeMe 1 a a
1

1l 

H f3 HMeJO T BHA: 
II/ 



r.oe 

4 

a1 "'8
1 

+ _!!_L
2
uiJ.-_ (y-1) + y 

(1 (1 u ~ w 

{3, =~8 -
V i W Vf 

~ (y - l ) + y k11 U I 
u2 

y = 

k' =k +(y -1)~ i: k ... -w Y +1 
u2=r= 

w' = y(w-;;k). 

w 

( 1.4) 

( 1.5) 

Cne.oyeT 38MeTHTbt 'ITO n p H nepexo.oe K na6opaTOpHoa CHCTeMe KOOp.O HHBT, CBH38HHOtt 

C OOKOHI.U9ACH OJ183MOA 0 npeo6pa3yeTCH T8K)!(e H 118pMOpOBCK8H '18CTOT8 f2 8 =~0. 1 me 
a HMeHHO f2' "'y f2 • fleHrMJOpOBCK8H )!(e '18CTOT8 W "'V 411 filN • npH 8TOM He npe-

e e Oe m 

o6pa3yeTCH, T8K K8K N' = y N 
e e 

a m'= ·ym B pe3ynbTaTe w' = w 
Oe Oe 

f:O.OCT8 BJIHH ( 1.2) B ( 1.1 ), OOJIY'IHM .OHCnepCHOHHOe ypaBHeHHe 8JleKTpOM8rHHT-

HI\ 

Ml 

VI 

'1 8 

HJl 

BO 

ME 

Hh!X BOJIHo CK 

§ 2. Pac<:::MOTpHM BH8'181le cnyqatt, Kor.oa OTCYTCTByeT BHeWHee MBrHHTHOe none, 

B == 0 • B npe.oene .OBYX)!(I1.0KOCTHoi!: r11.opo.oHH8MHKH ( KOTopaH cnpaae.onRa a B o6n ac ­
o 

TH '18CTOT w>>kve ;l t KOr.Oa T90110Bb!M .OBH)!(eHHeM '18CTHU MO)!(HO npeHe6pe'!b) TeH-

30pbl !(1)'(w',0) H !(2) (w,O) .OH8rOH81lbHbl 0 npH 8TOM liS cpopMyn (1.3) H (1.4) nony-
IJ IJ 

qaeM: 

... , ':1 2 2 k 
l'>(w k)==(/'>(w 0)-1)[ w o -(y2·1)Ut~L + /Ut~t ku +yw' k,u, + u, I]. 
IJ ' ' WT" IJ U U ~ W 2 ( 2.1) 

AHcnepcROHHoe ypaaHeHHe (1.1) B paccMaTpHsaeMOM cnyqae pacna.oaeTCH Ha 

.OB8 ypaBHeHHH 1 O.OHO R3 KOTOpblX HB•lHeTCH 8H8110rOM nonepe'IHblX BOJIH, 8 .opyroe -

8H8110rOM np0.001lbHhiX B OJIH B OJ183M9 0 nepaoe H3 HI1X 

2 , 2 , 
k 2 -~[p>(w,O)+~( p> (w ' ,0 )-1)] = 0 

c2 w2 
(2.2) 

(y 

BO 

01 

Bb 
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H MeeT JIHW b TllKH e p e WeHHSI w ( k) 
1 KOTOpbte COOT Be T C T B Y IO T 38TyXll!OlllHM ::meKTpo · -

I l l 
M BrH H TH WM KO Ji e 6 8 HHSIM CHCT eM W • 8TOpOe ypaBHe HH e HMe eT BMQ: 

( 2.3 ) 

J/1ccneayeM 6 o nee TIOQp06HO 8 TO yp8BHeHI1e. npH U < < C H3 ypaaHeH1151 ( 2.3) nony-

(2 . 4) 

HJIH, TIOQCT8BJI51SI B bip8)!{e HI1 SI Q JISI /1) ':' ( (2) ' 

(2 .5 ) 

BO JIHWb IIpl1 CKO pOC T SlX TIY'lK 8 U , 60Jibllli1 X '!eM T E' TIJIOBbJe CKOpOCTH 'l 8CT11U B CI1CTe -

... 
B o6nacTH 'l 8CTOT w >> k u , K o raa cpa3oB a Sl cK o pocTb npoaonbHbi x aon H 6onbwe 

CKOpOCTI1 nyqKa, y paBHeH H e (2.5) OTIHCb!B8eT HeH 8 p 8 CT8 10llllile BO BpeMe HH KOne6M!IH I 

(1) (2) . 
( y'le T MH11MbiX 'l8CTeH ( Iii ( np11BOQHT K 3 llTYX8HHIO 8 TH X BOJlH) • 

nn11 'l 8C T OT 

• ) ... 
W ,; k U CyllleCTByiOT p ewe HHSl, COOTBeTCTBYIOWHe H8p8 CT810WHM 

BO BpeMeHH KOJie6BHHSlM C HCTeMhl o 

P e w e HHSl ypasHe HHSl (2.5) B o6n a cTH 'l 8 CTOT 
... ... 

W << k U HMeiO T • BHQ ; 

... .. 
w = _:l:- k" w 2oe (2 . 6) 

vW i1 J 2:._: -;, 2 
tOe 

0TCIOQ8 BI1QH O , 'ITO npH 
-+ -) 2 2 

( k U) < w
106 

COCTOSIHJ1e CHC T eMbl HeyCTOll 'JH BO . nonyqeH HO e 

B bipa)!{e HHe cnpaaean11Bo npH N « N 
2e l e 

B o6paTHOM n peaenbHOM cny 'l ae , Kora a N << N ,H3 ypaaHeHnH ( 2.5 ) HMeeM: 
le 2• 

co = k ~ + ___ w_z_aa__ __ 

Jl-~ 
( k ... ;)2 

(2.7 ) 
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OTKy LHl Cneaye T, 'iTO ITpH 
.. -+ 2 2 

(k U) < w200 KOne6 a HHS'I B CHCT8Me 6yD.yT H.:lp8CTa!OWHMH 

BO BpeMeHH. 

CywecTByeT ewe OD.H8 o6naCT b He f CTOii'IHBOCTH COCTO S'IH HS'I CHCTeMbl npH ni06b!X 

3 H8 '18HUS'IX N1 0 H N2e a H1.1eHHO, o6naCTb W < <: <u20 ., npH 3TOM 

.. ~ 1 + . N 
W ~ U k - 1 \ / - - ;L.e 
~-

l e 

(2.8) 

1 + N 
2e .. .. --;- - - y,-_-

u k < < w \ 1 I -+ - -'.:.J...e.--
20e N BbJpa)l<eHHe (2.8) cn p aaeD.n HBO , KOrD.a 

2e 

To'IHoe peweHHe ypaaHeHHS'I ( 2.5) MO)I(HO n o ny'i llTb D.ns:l OD.HH8KOBblX llnOTHOCTel! 
r: - ;: 

(HnH 1 " <• . , I ). B 3TOM cny q ae 3f!Me-3 neKTpOHOB B ITY'IKe H nna3Me, N , . ~ N2• 

HOH 

.. 
u k ) 

W = W - - -- yp8BHeHHe ( 2.5 npt!BOD.HTCS'I K 6HKB 8D.p8TH OMy ypanHeHH IO 
I 2 

2 
w 

( w _ n ) 2 
1 2 

+ w2 
w .._ ...u.Jt._~) - 1 ~ 0 --(- - -.ltL 

1 2 ' 

peweHHe KOTOpOI"'O HMeeT BHD.: 

..... ~ . 2 -+r 1 
w = Y: u k ± \ w + (ukJ ± w ~~ 

Oe ---q oeV woe -t U (2.9) 

Vi3 3TO!"'O Bb!p8:-l<eH!HI BHD.HO , 'ITO rrpH ~ k < 2 w 
Oo 

KOne68 HHH B CHCTeMe CT8HOBHTCS'I 

HDpaCT810WHMH BO BpeMeHH , a COCTOS'IHHe CHCTeMbl - HeyC TOI!'IHB b!M, 

4aCTO paCCM8TpHBa!OT rrna3My, a KOTOpOH Bee 3neKTpOH hl HMe!OT HeKOTOpy !O aa ­

!IpaaneHHy!O CKOpOCTb OTHOCHTenbHO HOHOa. CTpOrO l"'OBOps:! 0 a 3TOM cnyqae a CHCTeMe 

HMeeTCS'I TOK H HeOD.HOpOD.HOe Ma !"'HHTHOe none, fi03TOMy rrpHM eH S'ITb ITOHS'ITHe D.H3neKTpa· 

'ieCKOA rrpOHHU8eMOCTH HeKOppeKTHO. 0D.HaKO a onpeD.eneHHhlX yc nOBHS'IX MarHHTHhlM 

noneM MO)I(HO npeHe6pe'lb (Han pHMep, rrp11 He60ITbWHX CKOpOCTS'IX rryqKa 3neKTpOHOa 

KOHe'IHOI"'O p8D.Hyca). npH 3TOM D.HCnepCHOHHOe ypaaHeHHe aneKTpOMDI"'HHTHhlX KOne-

6aHHA npHHHM8eT aaD.: 
w 2 w 2 

1- CJ.• - 01 
(w-uf) 2 w 2 

= 0. 

B o6naCTH qacTOT W > > ; f 3TO yp a BHeHHe, K8K H ypaaHeHHe ( 2.5)) HMeeT ITHW b .. ~ 

T8KHe peweHHS'I, KOTOpbie COOTaeTCTBy!OT He3aTyXa!OWHM KOne6 aHHS'IM. npH W << U k 

nonyqaeM 
2 

(o) = 
w2 

- w ] / (il k-+) 2 ) 
fll 

(2.1 0 ) 
Oe 

H, ' 

T8K 

np, 

'IHB 

6on 

6bl 

Mar 

'ITO 

H8B. 

Kat 

cny 

B o 

KOnE 

3D. E 
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11, ecnH 
-+ .... ~ 2 

(UK) ( CU 0 T O KOne 6 aHHH C TSHOBHTC H Hl!l p S C TS !O l U H M B O Bp8M 8 HH. n e rK O HSIITH 
Oe 

T8K )K8 pewe HHH 3 TOrO yp8BH 8 HHH B o6n BCTH 'i 8 C T OT • VIMeeM 

( 2. 11 ) 

3TOMy peWeH H!0 1 C T8 H OBHTC SI aey c T oi\ -

'iHB hiMH, 

npHB8 DeHH Oe 3D8Cb paCCMOTpeHHe Cnp a aeanHBO TOnbKO npH CKOpOCTSI X ny'iK8 1 

6on b WH X 110 Cp8 BH 8 HH!O C TennOBbiMH CKOpOCTSIMH 'i 8 CTHU B CH C T eMe , MO>K H O 6binO 

6hi 11pOB8 CTH HCCne DOB8 HHe anSI MHO>K 8 CTB 8 p83nH'iHhiX cnyqaeB B036y>K D e HHH 3n8 KT po~ 

M8rHHTHhiX KOne6 8 HHH npH y'ie Te Tennoaoro DBH>KeHHSI '1 8 CTHU, 0 D H 8 K0 1 BBHD Y T u ro , 

I l l 
'iTO 3 TO HC Cn e aOB8 HH8 6bin0 11pOBeD 8 HO B pSiae p a 60T (eM,, H 8 11pHMe p, ) , Mbl OC T 8 -

H 8 BnH B 8 TbCSI 3 D 8 Cb H 8 HlfX He 6yae M, 

P a c CM OTpH M Tenepb cny'I B H penSITifBH C TCKIIX CK O p OC TeH ny'iK8 1 K o r a a U/ c - l . 

K a K 11 Bbtwe , T e nnoB bi M D B H >Ke H HeM 'i 8 CTHU n p e H e 6peraeM, T,e, cv > > k v 11 • • B 3TO M 

cny q a e y p aB H8 HH e (2,3) npHHHM 8 8T BHD: 

1-. 
( 2.12 ) 

22 -+-+ 2 
ku-(ku) 

(L) c 

2 2 

Wz o e W 2 o e 

( (L) - u it )2 
= 0 · 

B o6na cTH 'I B CTOT C. >>> k-+ U 3TO yp 8 BH8Hif e 011J.!C b!B8 eT HeH 8 p 8 CT8!0 WH 8 BO apeM e HH 

Kone6aHHSI. B o6pa THO M npeaenbHOM cnyq a e, Koraa 
-+ r:' . 

cu < < u /( , n o nyqaeM 

( 2.1 3) 

B -~~j_k r1 >h 2 c 2 + w,_~_w]J _!'_ r:!_~~Jo..l~~!! ~ : (k .. _r1) 2
-'-) __ _ 

( k iJ >.2 - w 2 I y 2 
lOe 
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B brpa>Ke Hwe ( 2.13) npw nocTaTO'iHO 5onbwon nnoTHOCTH sneKTpO HOB a ny'iKe N >> N 
Je 2e 

M0)K 8 T C T 8Tb KOMIIneKCHbiM, 'iTO COOTB8TCTByeT ii 8 p8CT810ll!HM K One58HHHM nn83Mbl, 

npll u/ c -·0 3T O Bbrpa)Ke HHe nepeXOLlH T B (2.6), 

11pHBeLleM T8K>Ke p eweHHe ypaBHeHHH ( 2,12) B Cny'iae Man oil: nnOTHOCTH 'i 8C THU 

N << N r-+22 2 B ny'iKe , KOr !18 le 2e 2 2 (k1 U 2.( K U )w,o. W 20e 
-+ _, 2 2 + w ) w + -~--.,..- 2 ( k 2 _ (k u) + W!Oe /oe ~ -+ (It d )2 c _,_, c 2 c y 

w = k u± ---

• VlMeeM 

( 2.14) 

J ( k2 - ( iFili+ 
c2 wlo. +w z,~ ) ( 1- .. w;,-1 

c2 (u ) 

2 ...... 2 
ki3 3Toro Bbrpa)Ke H HH BHLlHO, 'iTO npH W200 > ( k U) 'i8CTOT8 CT8HOBHTCH KOMnneKCHOJ%, 

a COCTOHHH e CHC T eMbl - HeyCTOit'iHBbiM. 8 3TOM cny'iae, Korna 'i8CTOT8 KOne6aHHJ% 

MHOrO MeHbWe neHrMIOpOBCKOJ% 'i8CTOTbl sneKTpOHOB B nna3Me ( w « w
100 

IlpHHHM 8 eT BHLl: 

) peweHHe 

_, /Ci1...Jil2+ (uk2-(uf)2)(w~0• +w~a. / y_2_)_ 

w 2 
u !(+ iw w y 2 k 2 1 2 2 

-~--- - JOe 10o _ __ C +w ,a. +w 200 __ ___ ___ _ 

w 2 ;.., 2 + (:) 2 
JOe 20e 

w= 
( 2.15) 

B npenene u / c -+0 Bblp8>K8HH H (2,14) H (2,15) nepeXO.OHT COOTBeTCTBeHHO B (2,7) 

H (2 ,8) , 

.LlnH HarnSILlHOCTH p 8CCMOTpHM BOnHbi, p acnpOCTp8 HHIOll{H e CSI BLlOnb IIY'iK8 lttt ii. 

Torn a ypaaH e HHe (2.12) p acnanaeTcH, KaK H B HepenHTHBHCTCKOM cny'iae, Ha nsa 

ypaBHeHHH1 OLl HO H3 K OTOpb!X C OOTB e TCTByeT H€H8p8CT810WHM BO BpeMeHH KO,,e 5 8 HHHM, 

HBriHIOlllHMCH aHanoroM nonepe'iHhix Kone5 aHHll s nna3Me , npyroe HMeeT BHLl: 

2 2 2 
1-~ w,a.~ ~ o 

w2 (w - uk) • ( 2.16) 

3 T o ypasHeHHe OTnH'i3eTCH OT HepenHTHBHCTCKOrO ypABHeHHH (2,5) T e M, 'iTO B TpeTb-

eM 'lneHe IlpHC yTCTByeT 

(2 .7), (2.8) 
2 

w 
/O o 

Ha 

IOWIIX o5naC THX 'i8CTOT: 

MHQ)KHTenb l/y 2 
j Il03TOMy

1 
38MeHHB B Bbipa>KeHHHX ( 2.6), 

1 2 
w I y 1 rrony'iHM peweHrie ypasH eHH H ( 2.16) s cooTseTc T s y-toe 

H, H 

Mo} 

y2 : 

0TCI 

cny'l 

58HH 

sneK 

penS! 

'ieCK 

cny'l 

neM, 

BL101 

KOTO 

a a 

nneK 



» N 
• 1e 

lMbl, 

-! 8C TiiU 

2.14) 

Holt, 

weHHe 

2.15) 

• 7) 

tt u. 
a a 

HliHM, 

.16) 

) ' 

9 

, w << uk 
( 2.17) 

, W - Uk 

H, !1aKOHeU 1 

w uk 
1 ± i _ 1_ ..;---l!.u 

y N2e 
(2.18) 

1 + _ 1_ !!1L 
Y N2e 

paccMoTpeJb eme 

w1 0e 

cnyqaH ynbTpapenHTiiBiiCTCKiiX CKOpOCTeH nyqKa, KOr~a 
w2 

_-=..:20o-:::e- .npli STOM HMeeM li3 (2.16) 
w2 

H 

2 I 2 
w!Qe y ) • 

(w -uk )
2 

20e 

( 2.19) 

0TCIO~a cne,ayeT, qTO ecnli pa3HOCTb ( W 200 - uk ) He oqeHb Mana (TonbKO B STOM 

cnyqae npHMeHHMO nonyqeHHoe BbrpameHHe) 1 TO anHSIHHe nyqKa Ha npo.uonbHhie Kone-

6aHHH B . TaKOfi CliCTeMe npeHe6pe»<HMO Mano. 

KaK 6bin0 yme OTMeqeHO paHee, MO»<HO paCCMOTpeTb nna3My 1 B KOTOpOlt BCe 

sneKTpOHbl HMeiOT HeKOTOpyiO HanpaaneHHyiO CKOpOCTb OTHOCHTenbHO liOHOB, 8 cnyqae 

penHTiiBiiCTCKHX CKOpOCTeH sneKTpOHOB HCCne.uo~aHHe C llOMOPlbiO llOHHTHH .[lHSneKTpH­

qeCKOH npOHHUaeMOCTH CT8HOBHTCH eme 6onee HeKOppeKTHb!M 1 TaK KaK Tpy~HO B STOM 

cnyqae rOBOpliTb 0 ManbiX TOKaX li 0 npeHe6pemeHHH HeO.[lHOpO.UHbiM MarHHTHbiM no-

.[lnH cnyqaeB, KOr.Ua STO MO»<HO c.uenaTb .[lnH BOnH, pacnpOCTp8HHIOlllliXCSI 

l -

KOTOpoe B o6naCTii 'l8CTOT 

a B o6naCTH 'l8CTOT W - U k 
2 w2 

nneKCHbiMii npH ( u k ) > ~ y 2 

2 I 2 
woe Y 

2 
__ w__,o ... l

2
=--_ ~ 0 > 

w (w - u k J' 

w << uk HMeeT peweHHH 
2 w 

1 -

W ~ U k;!: wo./Y :3TH peweHHH 

2 ..j 1 - w 2 l ui 2 
( U k ) > W 2 coenaeTCTBeHHO, 

01 

(2.20) 

2 
WOI 

w2 1y2u2k2 
Oe 

HBnHIOTCH K OM-
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§ 3. npH HB!!HqHH M8rHHTHOrO IlO!IH KO!JHqeCTBO HeyCTQ~qHBOCTe~ 3H8qHTe!lbHO 

noBbiwaeTcH. EcTecTaeHHO O:>K.Hll8T b noHaneHHH HeycToHqHabiX peweHH r1 a Tex o6nac-
' ... 

(I) ( ' k ' ) (2) ( k'"') 
THX cneKTpa, rlle 8HTH3pMHTOBCKHe qaCTH TeH30pOB fll W ' H fll . W , • npeHe-

6pe)KHMO MB!Ibi no cpaaHeHHIO c spMHTOBC KHMH. Hac 6y lleT HHTepecoaaTb »3 3TH X 

o6nacTelt TO!IbKO TBKBH o6naCTb cneKTpa KO!!e6BHHH, ll!IH KOTOpOH Te!l!IOBb!M llBH )Ke-

HHeM qacTH:U a nna3Me H nyqKe MO)KHO npeHe6peqb, T.e. l w ± 0. [, w>> k 
(t/ e,l 

v • 
e,l 

B 3TOM cnyqae TeH30pbi £
11 

(w', o ) H £
11 

(W, o ) H:MeiOT BHll: 

(2) 
f 1 

- ig(2) 0 
(t/ . (t/ 

f 
1 

-zg 0 

(2) (Ct.\ 0) = 
f IJ 

i/2) (2) 
f I 0 /

1/(w', 0)= / i/1
;' 

I} 

o/ 
f 

I 
0 l 

rlle 

0 0 

' /1)= 1-
1 

(2) 

(2 

2 
wiOe 

-

2 
W 2 ol 

w'2- 0'2 
I 

£(2;= 1- w2 a..__ - w~al 
I 2 n2 2 n2 

W - He W - ~! 1 

( I ) 
g 

2 ' 
W !Oe Q e 

w' ( w'2 
- f'';l 

2 ' 
C<j 01 P, 1 

w' ( rl 2- o;~ ' 

0 0 f~l)) 

' 2 
((1) ~1-~ 

2 w' 2 

(2) 
f = l-

2 

(2) 

wb 
w2 

2 
W 20e !.1 e g 

w(w~) 

( 3.1) 

( 3.2) 

2 

w201 °1 
--:;r;:?..:--\11) 

.[lnH f!CC!IellOBBHHH llHCilepCH:OHHOrO ypBBHe HH:H ( 1.1) Hy)KHO npHpD!HISITb K Hymo 

o npelle!IH:Te!lb cnellyiOUleA MaTpHUbi. 
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2
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-kk + iG 
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2 k2 k -82- 2 

-k2b +i(3kl 

-k b + if3k 
I 2 

( 3. 3) 

- k2 b - i {3 k I 

D33 ' 
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rllE 
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HbU 

CSI 

CH 

Mar 

BTO 
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llYI< 



bHO 

i nac-

npeHe-

KX 

! )!(e-

l ) 

( 3.2) 

Hymo 

( 3.3) 

11 

( 3.4) 

ra.e 2 

0 ~ /~(1) '' 
c 

(2) 

(1) ;: (I -1. 

B o6rueM cnyqae a To ypasHeHHe He y a.aeTcs paaa.enHTb Ha a.sa , HO a.ns psa. a qacT­

HblX cnyqaes 3TO MO)!(HO ca.enaTb. PaccMOTpHM, HanpHMep, sonHbll p acnpocTpaHHIOUIHe­

cs sa.onb M a rHHTHoro nons, T.e. k.J. ~ 0 • B aTOM cnyqae ypasHe HHe ( 3.4) pacnaa.aeT~ 

CSI H8 Ll.B8, OD.HO H3 KOTOpblX HM e eT T8 KOit )!( e BHD., KaK H 8 OTCyTCTBHH BHelUHero 

M8rHHTHOrO nonS! ( 2.16) H 6hinO HCCneD.OB8HO B § 2. noaTOMy OCT81)TCSI HCCneD.OB8Tb 

BTOpoe ypasHe HHe1 KOTOpOe HMeeT BHD.: 

(3.5) 

B o6aacTH '18CTOT w << 0. H w'<< n~ H3 y pas HeHHSI (3.5) MO)!(HO nony'IH1'b cne-
l l 

D.y10ruee 
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2 k 2 w - ----cr w2 
yr-

AI 

(w-uk)2 ~o 
2 ' VAl 

peweHHeM KOTOpOrO SIBJISieTCSI 

2 + '2 1/1 

w ~ k u vAl - v .. , v~~ L v.., + v,; - t?J 
y2 + V' 2 
AI AI 

( 3.6) 

B , 
r.ae ~~= - --0 - - 811h¢BeHOBCK8Sl CKOpOCTb nJI83MbJ 1 1!1 ~I - 8Jib¢BeHOBCK8Sl CKOpOCTb 

v'4rrN M 
ny'IK8 , I 

Vl3 3TOro Bblp8)!(eHHSI Bli.llH0 1 'ITO npH u2 > V'2 +V2 
AI AI 

'18CTOT8 W MO)!(eT CT8Tb 

KOMnJieKCHOH, 8 o5paTHOM npe.aene W >> f2 1 H w' >..> f2'1 ypaaHeHHe (3,5) npHBO.llHTCSI 

K BH.llY 

2 2 2 2 

c 2k 2-w 2 +w w2ot +w W2o1 
w+O, w+0 1 

+(w-u k) [ Wzoe 
w- uk + n 

+ W101 jdl 
w - u k + n < 3.1) 

I • 
EcnH w -n. , noJIO)!(HM w- P.t ~ TJ ; Tor.aa nony'IHM: 

TJ ~ 'h 
u k (c

2
k 2 - 0~ + w~):;: ntw: ± J[u k (c2k2-f2,2+ w:) ±.O,w~ + 80~ wJ 0 ,uk )1 

( 3.8) 
2 ) 

c k 2
- 0 2 +w 2 -20 uk 

t 0 e 

r.ae 
w2 ~ w2 + cJ 

0 lOt 20e 

0TC!O.ll8 BH.llHO, 'ITO ypaaHeHHe (3.5) B 05JI8CTH I w I - In I KOMnJieKCHb!X peweHHlt He 
t 

HM e eT, PacCMOTpHM ewe O.llHY o5nacTb 'l8CTOT, Kor.aa w - u k :!: n •• nony'IHM 

Bb!p8)!(eHHe .llJlSI TJ~w-uk+rl .• .. 
TJ = 'h 

uk (c
2
k 2-s2+w 2)±0 w 2'1'J[uk(c2k 2-s2+w 2):r n w2]~8(uk) 2(uk :-n -Tn~w 2 

e o 0 - - ___!_ _ _ :.1Jie, 

s 2 + 2 s uk 

r.ae 
s ~ uk±P,, 

-c2k2 -w2 
0 

2 ~ w2 + w2 
"b lOt 20e 

(3.9) 

Vl3 3Toro Bbipa)!(eHHSI cne.ayeT, 'ITO TOJibY.O a cnyqae a!fOM 8JibHOro :acjxpeKT a Donilne p a 

B03 M0)!(HQ B035y)!(.llet'!He BOJIH, AH8JIOrH'lHbllt pe3yJibT8T .llJlSI HepeJISITHBHCTCKifX CKOpo­

/3/ 
cTeA ny'!Ka 5biJI nonyqeH a pa5oTax CTenaHoaa K,K. H KHueHKO A.B. H /1\ ene3nsr-

Koaa 8,8.14/. 

80JIHbl 1 pacnpocTp8HSI!OWHeCSI B.llOJlb M8rHHTHOrO nor.H, B cnyqae peJISITHBHCTCKHX 

CKOpOCTelt ny'IK8 .llOCT8TO'IHO M8JIOlt f!JIOTHOCTH ( T,e, .llJlSI M8Jlb!X W ) 1 .llBH)!(yWerOCSI 
lOt 

no .a yrnoM K MarHHTHOMy non10, 5biJIH Hccne.aoaanbi 8,8, )K ene3HSIKOBbiM / 5/. 



( 3,6) 

.OpOCTb 

T8Tb 

ll!TCSI 

) 
( 3. 7) 

(3,8) 

! M 

( 3.9) 

Ir~nepa 

KOpo-
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B epHeMC SI K ypasHemuo ( 3,4), B HepenSiraaacTCKOM rrpea ene u/ c < < 1 3TO ypaaHe~ 

Hlllf 

rae 

1 
- w 
~ 

An 
4 

+ Bn 
1 

+ C ~ 0 

+lc' -1 )~ 
I n "' 

( 3.10) 

k c 

w 

"" 131, / 4/ , / 6/ 
-.:>TO ypaaHeHae 6bmo accneaoaaHo a pSiae pa6or , rro:3ToMy 6onee rroapo6-

HO H8 HeM Mbl OCT8ii8BillfB8T bCSI 3AeCb He 6yaeM, 

B 38Kn~qeHae aarop n paHocar 

38 IIOMOWb B pa6oTe, 

rny6oKy~ 6naroaapHOCTb 

n H T e p 8 T y p a 
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