
353<» 

OEoE.LlvtHEHHbl J.1 
J.1HCTJ.1TY.T 
.H.LlEPH blX 

VfCCnE.LlOBAH J.1 Yt 
.Lly6Ha 

•• 
i = "' a 
! :a • 
I -· 1-• .. 
~ 

P9 - 3394 - 2 

\ 

B.r. MaxaHbKos, B.H. UbiTosuq 

KY JlOHOBCKME COY ,li;APEH"H 'lACTI1U. 

8 TYPBYJlEHTHOA llJlA3ME 



I.(') 

P9 - 3394 · 2 

s.r. MaxaHbKos, B.H. llbiTOBH'I 

KY JIOI-{OBCI01E COY MPEIDffi 1JACTI1U 

B TYPBYJIEHTHOA ITJIA3ME 

Harrpaaneao a )1(3 T<!l 

, . . _,. ~ .. ~- .; r • 
I ' 

-~ ~ ~ :_-__ _:~ .. .;:__ 



B nocnenaee BpeMg liHTeHCH B HO pa3pa6aTbiBanacb T e opag aenaaeiiaoro B3aaMo-

( / 1,2,3 / ) B 
6 JleiiCTBHg BOnH B Typ 6yneHTHOii nna3Me CM. • 9 THX pa OTHX BnHHHHe Ky-

nOHOBCKHX coynapeHHii 'IHCTHU HH He nHHeiiHOe B38HMO)leiiCTBHe He HCCne)lOBanOCb o 

HacTorunag pa6oT a CTHBHT uenbiD BOCITOnHHTb 3TOT npo6eno 

CnenyeT C CHMOI'O Haqana OT M9THTb , 'ITO KynoHOBCKHe coynapenag B T yp6y-

neHTHOii nna3Me MOI'YT 6b!Tb CyiUeCTBeHHbl, JlB)Ke e CnH B nHH9HHOM npH6nHll<9HHH 

HX BnHgHHe npeae6pe)KHMO Manoo 3TO CBg3aHO C TeM 06CTOHTe nbC T BOM , 'ITO B He-

nHH9HHOM paccegHHH Y'IHCTBy~T BHpTyanbaag BOnHa, '18CTOT8 KOTOpOii gBngeTCg 

p83HOCTbiD 'IHCTOT JlBYX B38HMOJleHCTBYIDIUHX BOna H MO)KeT 6biTb MeHblll9 s!j>!j>eKTHB-

HOii 'IHCTOTbl coynapeHHii v a!j> , TOI'Jla KHK 'I8CTOT8 K8)KJlOH H3 BOna 3HH'IHTenb-

HO 60nb1Ue V s!j>• ,llng neHI'MIDpOBCKHX KOne6aHBH T HKHH p83HOCTb OC06eHHO Mana 

npa 6onbmax !j>a30BbiX CKOpocTgx, 

w =w _,_, '" 3 (~l2o "'oe 
~ 2 = 2"' Oe v vcf> = k. v =v 

Te 

Te 

BMeCT e c TeM npouecc aenaaeiiaoro pacceaaa g, yBena'IHBag v , npBBOJlHT 

K yMeHbWeHHID W 
0 B CBg3H c 9 TH M MO)KHO O)KHJlHTb, 'ITO H938BHCHMO OT Ha'Ianb-

aoro cneKTpa Kone6aaaii , c neKTpanhaag n e p eKa'IKa n epeBeneT ax B Ty o6naCTb 

x) 
BOnHOBbiX 'IHCen, I'Jle coynapeaog CyllleCTBeHHbl o npa 9TOM eCTeCTBeHHO B03HH-

KaeT Bonpoc o TOMJ MoryT na coynapeaag H3MeHBTb aanpaBneaae cneKTpanbaoii 

nepeKa'IKHo K aK H3BecTao, B Typ6yneHTHOii )KHJlKOCTH MacmTa6 nynhcauaii yMeHb-

waeTCg, 'ITO JlHHMeTpanbHO npOT.HBOITOnQ)KHO CHTyBUHH, HMeiDIUeii M9CTO B 

x) OnaaKo, KaK noKa3biBaeT nocnenyromaii aaano3, KpoMe KpHTepag w_ << v !j> , 

ana pgna cnyqaeB B03HHKaeT T HK)Ke KpHT epaii k._vTa<~ (Toe o "'s!j> >w lvorfv~ ). 

Ilng nanhHeiiwero cymecTBeaao, 'ITO o6a aepaBeHCTBa 'l:a'IHHHIDT B biiT OTt f!gTbCg npa 

60nbWHX V !j>' 
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6eccTOI1KKOBHTel1bHOJ1 Typ6yne HTHoii ni183Me. 3necb , onnaKo , HYlKHO OTMeTHTb, 'ITO 

lli1H omtcanHoro Bhlllle H ei1HHeliHoro B3aHMonei1CTBHH B TII183Me B o6118CTb qaCTbiX 

coynap e HHH nonanaeT 11Hlllb BHpTy 811bH8H B011H8, B TO BpeMH K8K B lKHilKOCTH - BC e 

B38 HMOileH C 'l'Il YIOlUHe T yp6y l1 e HTHble nyl1hC8UHH, no3 TOMY IlOTipOC 0 H8Tip8BI1 e HHH H 

HHTeHCI1BHOCTI1 c n eKTpa11bHoil nepeKa'IKI1 Tpe6yeT cneuHal1buoro 11CCI1enoaaHHH. npo-

BeAeHHblil 8BT Op8Mii 8 11811113 H& OCHOBe MOile l1hHb1X HHTe rpa110B COyllapeH11H TIOK8-

3 h!BaeT, 'ITO HI!TeHC11BHOCTb 11 H811p8BI1eHHe nepeKB'IKH MOlKeT 11 3MeHI1TbCH, Olli18K O 

- /5/ /5/ 
flC3YI1bT 8T 38B HCHT OT Bb16p8HHOH MOilei1H lli1H s toss -'II1eH8 • B 6nlnO TBKlKe 

OTMe 'Iei!O, 'ITO COyAapeHHH MOPYT 113MeHHTb lli1CTiepc110HHble CBOHCTBB B38HMOI!eli -

CTDY!Olli i1X D011H np11 1130TpOTIHOH T yp6yl1eHTHOCT!i. 

B uacTomueii pa6oTe paccMaTp11naeTC51 3 81la'Ia o n e i1HHeHHOM B3811MOAe HCTBI111 

B TIOI1HOCTb !O !!OHI13Hp0B8HHOH TII183Me 118 OCHODe 11HTe rpa118 COYil8peHHH B <jlopMe 

/6/ 
naHA8Y • CneayeT OTMeTI1 Tb, 'ITO nonyqeHHbl e pe3yl1bT8T b1 MOry T 11MeTb T8KlKe 

npH110~<e HU51 K DOTipocy B3811MOAeiiC T BH51 BOIJH B TII10THOii TII183M8 , H811pHMep, TII183Me 

.. ,., 17 I 
Toe p aoro Ten8 HI1H nna3Me I!CKpw, c o3AaaaeMOH a ~oKyce 1183ep8 • 

§ 1. 06llJHe COOTHOllleHI1 H 

.[11151 C l186o3aTyxa !Ollii1X BOI1H uei111HSHHble a <jl<jle KTbl B npa61111lKeHHn c11a6ol1 T yp-

6ynenTHOCTH onpeAenmOTCH KOMTIOHeHT 8MI1 Hei111H 8 HHOPO TOK8 

j ~2 ) ( k) = f S I J £ ( k , k I , k 2 ) E k 
1 

j E k
2 

f 5 ( k - k 1- k 2 ) d k I d k 2 
( 1.1) 

j (a) ( k) = f I. n ( k , k , k , lc. l E E e E 5 ( k- k - k - k ) d k d k d k 
I I j t o I 2 3 k I j k 

2 
k 

3
s I 2 3 I 2 

EyaeM C'fHT8Th, 6e3 orpaHH'IeHHH o6mnocTH, 'ITO <jlyHKUI1H S llf 

YllOBI1eTBOpH10 T CIJellY IO!lleMy YCI10BI110 CliMMeTp1111 : 

11 I. IJI'.. 

s ljf ( k 'k I ' k 2 ) = s If; ( k' k 2 'k I ) ' L l jf. ( k' k I 'k 2 'k 3 ) = L lj .e ( k' k I ' k a ' k 2 ) • ( 1.2) 

YpaaHeHa51 l\1at<cael1118 c yqeTOM \1.1), a TBKlK e o6ht'IHoro 11HHeliHoro TOKa, 

nocn e ycpenneHHH 110 C T8THC'J'Ii'IeCKOMY 8HC8M61110 Typ6yneHTHblX TIYI1hC8UHli 11pi1BO-

IlHT K Hei1HHeHHOMy ypaaHeHI110 lli1H KB81lp8TOB 8MTII111 T Yil 11011eli npOil011bHbiX 

x) 
BOI1H 

x) 3necb Mbl npeHe6per8eM a¢<jleKTBMI1 p8CCeSIHI1H qepe3 B11pTyal1hHYIO none-

pe'IHJ'IO B 011HY, T8K K8K 06bl'IHO OHH CyWeCTBeHHbl 1!1151 TII183Mbl TIO'ITH pe11HTHBHCT

CKHX TeMnepaTyp/2/. 

4 



0 0 0 2 1<11 I< lj ( < E I (I< I) E J (I< 2 ) > - I E (I< I) I s (I< I+ I< 2) __ 1<_2 __ 

I 

aaecb F. 
0

- nonS! nepsoro npu6nu}l{eHuSI), 

• (I<) I E o (I< ) 12 o I E o 12 f a I E o I 2 + 
k k k 1 k 1 

I< I- k2 )d I< I dk 2 • 

rae 
( 1.4) 

B npeae6pe}l{eHHH coyaapeHHSIMH a k k 
1 

onucbtsaeT a !jl¢eKTbi HHAyuuposaHHLIX pacna-

aos II IIH!IYUHpOB8HHOrO pacceSIHHH, a {3 k k k - a!jl¢eKTbl CDOHT8HHbiX pacnaaos. 
I 2 

flp11 y'leTe coyaapeauH. , cTporo rosopH, T aKoe aeneaue ae npaBOMO'IHO. Ha116on ee 

npocTyro lj>opMy ypasHenue ( 1.3) npHo6peT aeT s TOM cny'lae, Koraa pacnanbi aa -

npemeHbi 38KOH8MH COXpaHeHHSl, H8DpHMep, !IllS! lleHrMIOpOBCKHX BOllH. flpu 3 T OM 

ypasaea11e (1.3) HMeeT BHU HenuaeH.aoro aHcnepcHoaaoro ypasaeHHSI. flonpaBKH K 

'18CTOT e neHrMIOpOBCKHX BOnH Manbi B CHny cna6o.i1. HenHHefi H OCTH, D03 TOMY 

.. (U I~I«I. 
(Uk 

J1eHCTBHTenbH851 II MHH M851 '18CTII <U 
onpenenSIIOT COOTBe T CT BeHHO UHCnepCI!OllHLle 

CBOHCTB8 II IIHTeHCIIBHOCTb cneKTpanbHOH nepeKa'IKH B38HMO.[IeHCTBYIOillHX BOnH. 0T-

M;-
MeTHM 3UeCb, 'ITO npH UOCT8TO'IHO 6onb WHX Vljl >>vTe V - m- UHCn epCHSl BOnH OllpC-

e 
nenSieTCSI nepsbiM 'lneaos B ypasaeHHH ( 1.4), BKnan BToporo qneaa Man BBHUY 6onL-

WIIX 3Ha'leHH H • '-:iTo K8CaeTCS1 MHIIMOH '18CTH <U , TO H81160nee acjJ<fleKTH BHL!M , 

6 ea Y'IeTa coynapeHHH, HBnH CTCH pacCeHHHe Ha HOH8X, OnpenenHeMoe BTOpbiM qne 

HOM yp8BHeHHSI ( 1.4), KOTOpbiH OTII!CbiB8eT HenuHeHHOe pacceSIHHe, 8 + , - BXOU SI

Il!ee s ( 1.4), onucbrsaeT supTyanbHYIO npoaollhHyiO sonay, o KOTopoH. rosopunocb 

BbiWe, K aK HeTpyUHO DOK838Tb, B OTCyTCTBHe COJ!18p eHHH BTOpOH 'llleH B ( 1.4) MO >K-

HO 38DHC8Tb B BH.[Ie 

Orc10aa cneayeT, 'ITO T8K KaK lm ., .. S ( cu _ -1 .. 
v 

( 1.5) 

, TO ( 1.4), .[leHCTBHTenb HO 

onHCbiBaeT pacceSIHI!e Ha HOHax. Hy}I{HO OTMeTHTb, 'ITO BKnaa HOHOB n S 
1

•
2 

11 L 

OK83b!BileTC51 npeHe6pe}I{HMO M8nhiM, T8K K8K 3 TH QJY H KUHH CO.[Iep}I{8T BbiCOKyiO CTe

DeHb M8CCbJ IIOHOB B 3H8MeHaTene. C y'leTOM CoynapeHHii K8pTHHa H3MeHS!eT C51 



cnenyJOIURM o6pa3oM: ROH-ROHHbJe coynapemHI BHOCHT BKnan a ' 1 11 I' 12 
, 3JJB K-

TpoH-IIOHHbJe II 3JleKTpOH- 3JleKTpOHH b!e COynapeHli51 1!3MeH51IOT tPYHKUliH ~ H 5 

§ 2. 061UIIe Bblp8)KeHI!51 U J151 HeJJHHeHHbiX TOK OB !In83Mbl 

BcnencTBRC Toro, qTo qacToTa H aonHoaoli aeKTop nHillb BRpTyanbHOli aonHbi 

nonanaeT B o6naCTb qaCT b!X coynapeHRH, UJ151 H8XO)KUeHR51 HeJJRHeliHblX IIOJJ51pH3ye

MOCTei1 S(k_,kl ,-1<2 ),5 (1<1,1<2 ,1< _)~(I< 1•1< 2'k 1,-k 2),~(kl'k2,-k 2'1<1),(1<_=1<lk2) 

Heo6xonHMO Rcnonb30BaTb Hoawli KRHeTHKO-rRnponRHBMIIqecKHli nonxon. EcnR ace 

qaCTOTbl H8XOll5ITC51 B o6naCTli qaCTbiX coynapeHHH, TO UJ151 H8XO)KU B H!i51 KOMIIOHBHT 

HenHHeHHbiX TOKOB MOlKHO IIOJlb30B8TbC51 li3BBCTHbiMH rHUpOllHH8MifqBCKliMii ypaBHB-

Hli>!Mii (eM. 
/ 10 / . 

) • Cnyqali, Korna 'IaCTOTbi acex aona 6onbllle 3tjJ!jleKTIIBHOH qacTOTbl 

coynapeHRli, 
11,2/ 

B HacTOHIUee apeMH xoporno a3yqeH ( CM. ) • OnHaKo o6a 3TH Me-

TOUa HenpRrOUHbl llJl>l HBillliX ueneli. 3neCb Mbl !i3JlO)KRM KRHeTliKO-r11UpOUHH8MII-

4eCKHll IIOUXOU, II03BOJ1HJO!llliH BbiqJ1CJ151Tb KOMIIOHeHTbl HeJJI!HeMHbiX TOKOD D cnyqae, 

Korna 

lw - k vTal <<v3¢ << l wl,2-kl,2vTal 'a=e,i. (2.1) 

npOI!JlJl!OCTpHpyeM 3TOT MeTOll Ha npHMBpe pacqeTa HeJJRHeHHOM IIOJ1H~H3yeMOCTII 

S(k _,kl ,-k2l. Pa3JJO)KI!M ¢Y~KllliJO pacnpeneneHHH no CTyneHHM 3neKT~I!qecKoro 

rronH £a£ 0+r0+ f2> + r< 3'+ ... . KliHBTI!qecKoe ypaaHeHI!B nnH 
(t) 

KOMliOHeHT ¢ypb e £ k 

c y4eTOM IIHTerpana CTOJlKHOBeHI!H IIM~eT Bllll 
ct dr > 

. ....,..., (1) ea ~ 
-d w -kvlf ak + --m-Ek I< c £ ak( 1,0) +Iak (0,1), 

a 
(2 .2) 

.... ( 2) ea 11 arci~2 
-i(w-kv)f +--<JE (-- ----

ak ma kl kl av .. 
) 5 ( k -I< I - I< 2) d k I d k 2 = 

(2 .3) 

= I a k ( ?. ,0) + I a k ( 1,1 ) + I a k ( 0,2 ) , 

.. (2) 

1 .. (8) ea lei arak 
-i(w- v)f = ----JE ( -- -~)5(1<-1< -k )dl< dk + 

a k ma k 1 1< I av I 2 I 2 

(2.4) 

+ I a k ( 3,0) + I a k ( 2 , 1l + I a k ( 1 , 2) + I a k ( 0 , 3) . 
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3aecb I a = ~'Iaa' , a • e , i 
; 8 1aa'• 

1aa'•- a I l Tv-;-

V __ I_(w 8 
IJ w8 IJ 

m ' a 

w w ) • 
I 

161 6epeM n ~opMe nauaay 

~ala<Y"l 
m a av I (2.5) 

l (m, n) 03HB'IB9T, 'ITO B HHTerpane CTOnKHOB9UHH BM9CTO I ( V) HylKHO 6paTb 

lij,) ( v) , a BM9CTO I( v/-l"' ( v ') , I k (m, o) 9CTb KOMllOU9HTa <l>ypbe ~YHKUHH I (m, D)· 

B TOM cny'lae, Koraa w 
COBnaaaeT C 'IBCTOTOH Typ6yneHTHbiX nynbCBUHM, HHTe-

rpan CTOnKuoneuali MOlKeT 6biTb y'ITen no o6bi'IHOil Teopuu noaMymennfi. Ypanneuue, 

B KOTOpOM W paaHa pa3HOCTH 'laCTOT Typ6yneHTHbJX nynhCaUHil, HyJKHO pemaTb 

. /9/ ) 
MeToAoM, cxoaHbiM c MeToaoM 3ncKoca • Ypaanenue (2.2 anSI naxolKaenHSI 

S(k_,k 1,-k 2 ) B HepBOM npn6nHlK9 HHH HM99T pemenne 

I (I) m

Ok 

__ i _e_E...;k::._ ___ ( k 
m (w -t;f) . 

ac 
_ __;o::..•"--) . (2.7) 

noaCTBBJJSISI 3TO BblpalKeuue B npany!O 'IBCTb (2.2)' Y'ITeM nonpaBKH nopSiaKa 
" 18 / 
~<<I • Y'leT 3 THX nonpanoK neo6xoauM, TBK KBK cornacno (1.4) nennnefinoe 

B38HMOaeilCTBHe OnpeaenSieTCSI CHMMeTpH'IHOH KOM6HHBUHefi S( k~ k I • -~ )+S(k _, -~ ,k 
1
), 

a KOTopoil BKnaa (2. 7) HMeeT OTHOCHTenbHbril nopSIAOK (w _ / w 
0

) , a nonpaaoK - no-

11HTerpnpySI (2. 7) c y'leTOM nonpaBO'IHbiX 'lne-

noa nony'IHM cneay!OIUee BblpalKeuue anSI TOKa aneKTponoa nepnoro nopSiaKa: 

L - KynononcKail norapH~M. 

L n 
0 

m 2 v 8 
To 

(2.8) 

Pewenue ypaauenuSI (2.3) n nepnoM npu6nHlKeHHH aonlKHO o6pamaTb a nynb 

HHTerpan CTOJJKHOB9HHH. 8biAenuM B HHTerpane CTOJJKHOB9HHH HaH60JJbWHe 'IJ19Hbl
0 

a OCTBnbHble nepeneceM B neay10 'laCTb (2.3), KOTOpy!O 6yaeM Y'IHTblBBTb no TeOpHH 

aoaMymeuna. OcaonnbiMB 'IJJeHaMB n HHTerpane CTOnKHoaenaa SIBJJSI!OTCSI 

I 0 0 ( 0,2) + I • 
0 

( 2 ,0) + I • 
1 

( 2, 0). 
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8 npene 6pelKeHHH 'InenaMH nopsmKa ( m • I m 
1 

) « I 

l ke l( 2,0) a 
2 trno e

4 a 
-,----V 

m 2 av lj 
o I 

a (2) 
f k 

( v) a 
v j 

(2 .9) 

a lkoJ(0,2) npene6pe)I<HMO Marro nOTOMy, 'ITO COAeplKHT !(2) I 
tk .. -;; • 113 (2.9) 

YA06uo BbiAemrTb ManbrH qnen 

8 I (2,0) • 
k o I 

4tr L e 4 f (~) 

m2 v 2 v 8 
To 

J (v .. (2.10) ~ · ) f (2) 
ok 

( v .. ') d ~/ 

x) 
H nepeneCTH ero B neByro 'IaCTb TorAa ypaBne nHe nyneBoro npH6nHlKeHHH HMeeT 

BHA 

I koo(2,0) + (2,o>- sr (2 ,o > =o. 
kol 

(0. 2) + 
koo kol 

(2.11) 

npoCTOH HOACTaHOBKOH MO>I<HO y6eAHTbCH, 'ITO ypaBHeHHID ( 3.10) YAOBrre TBOpHeT 

tjlyHKllHSl 

(2) :v~2) 3 
2 T (2) 

f (2)0 = f I~ + v 
- 2(1- l--k-1. ek 00 no v 2 3 v 2 T To To 

(2 .12) 

rAe 

.. ) 2 (2) 
n(2) = f 1(2)0 d ; ; y(2l =-1- f ~ 1(2)0 d V"; T(2 =-~--f~1(2)0d ~- ~T 

k k k n
0 

k k 3 00 2 k n 0 (2.13) 

f 0 0 a ( n 
0 

I v ; 
0 

( 2 IT) a/2 ) ex p (- v
2

1 2v;.
0

), 

n 0 • T0 - HeB03My!lle i!Hble nnoTnocTb H T eMnepaTypa nna3Mbi . <l>yHKllRH (2.12) npe A

CTaBnneT nepBbiH '!nett pa3nO>KeHHH pa3HOCTH ABYX MaKCBennOBCKHX tjlyHKllHH 

I .. .. 2 
f (2)0 = n ( m 0 ) 3 2ex (- (v - v ) m ) _a ( m 

" 2tr T p 2 T _ • 0 2tr T . 
2 312 m v ) , 

exp (- 2 To (2.14) 

= J ( f 0 0 + f (2)0 ) d ~ (2)0 .. .. I (2) m v 
2 

.. 
V =f(I 00 +f )v dv ;T =af(f00 +f ')Tdv. (2.1 5 ) 

x) 0THOCHTerrbHblll nopstAOK (2.10) ( w - lk V To) , B 'I eM MOlKHO y6eAHT bCH, HC

n onb3yH peaynbTaTbl pernennn ypaBneHHst (2.3). 

8 



TaK KBK B (2.12) He BXOAHT MOMeHTbl <jlyHKUHH pacrrpeaeneHHH x) 
rr e paoro rr o p HAKa 

TO CHCTeMa YPBBHeHHM, rronyqaiOlllHXCSI II pH yqeTe MBIIOM nea01i 'IBCTH (2.3), CIWhHO 

OTilH'IBeTCH OT rHApOAHHBMH'IeCICHX 

HHH !liTH MOMeHTOB <jlyHKUHH { ~2) 

ABIOT C MOM e HTBMH <jlyHKUHH l ~)O 

YPBBH e HHM. VI HTerpapy H ( 2.3), rrony'IHM ypaBHe

/ 9 / (K OTOpbie, KBK H B MeTOAe 3HCKOra , COBIIB-

rae 

3 
2 

) : 

. (2) 
-1 W n a - n (k ... y(2)) 

k • 

8 (k -

... ... ... 
Rkafm v[ (2,0)dv 

• elk 

HBITHeTCH BHBITOrOM CHilbl TpeHHH Iii TepMOCHilbl B 06bi'IHOM rHApOAHHBMHKe, 

m 
~ { ( 2) 

ek 

aaanoroM aneKTpoaHoro noToKa Tenna. H3- aa coyaapeaali 

k 
(2) 

"ae k ~ ) - _!_ k v 2 ) { (2) 
3 a e k 

BHBIIOPOM 3IleKTpOHHOM BH3KOCTH. 

... 
06biqao, KpoMe q 

m v ~ ... 
Q ~J ~ l 0 1(2)dv 

H R 
, B npaByiO 'IBCTb (2.18) BXOAHT BeiTH'HIHB 

BbipaJKaiOmaH BbiAeneaae Tenna B arreKTpoaax 

(2.16) 

(2.17) 

(2.18) 

(2.19) 

(2.20) 

(2.21) 

BCITeACTBHe HX CTOIIKHOBeHHM C HOHBMH. C TO'IHOCThiO !10 'IIleHOB rrepaoro IlOpSIAKB 
(2) m 0 (2) 

no l k ' Q a - --- v T k n o e m
1 

e 

(2.18) - (2 . 18) , HBM HyJKHO B (2 .20), (2.2 1) Bblp83HTh 

• ,UrrSI TOrO , 'IT06bi 38MKHYTh CHCT eMy ypaaHeHHM 

X) HeTpyAHO IIOKB3BTb, 'ITO e cna B (2 .1 5) f=foo +{(I)+ { ( 2) , TO (2 .1 4 ) He 

Y AOBIIeTBOpHeT (2.11) . CnpaaeAII.HBO .H 6orree o6mee YTBepJKAeH.He. n106aH <jlyHKU.HH 

l <
2

>
0

, coaepJKamaH MOMeHTbi nepaoro nopSIAKa, He MO)I<eT yaosneTaopSITh ypaaae
.\IHIO (2.11). 

(2) 
{ k qepe3 HCKOMble 
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B e llt.PUIHb l n<:>. V ~2 ) H T~2). PacCMOTpHM nonHoe ypaBH9HHe anSI 
(2) 

I C y'! e TOM MB-

ll b iX qne HoB, n e peHeCeHHbiX B neByJO qacTb (2 .3). To rna B neBoi! qaCTH npa6na-

li<9 HHO rrona rae M f ~2 > = f c:>o cor nacHo (2.12), a B npaBoi! 'IBCTH Y'~TeM ManyJO rro-

rrpaBKY K f (:)
9 

, KOTOp y iO Yll06HO 11p9llCT8BHTb B BHll9 I (:l=f2~~~ 00<!J ( f OO <IJ « 1(~)~. 
8 p e 3yllbT8Te ll9B8 H '!BCTb HCKOMOI'O yp8BH9HHS! CTBHOBHTCSI p8BHOH 

2 
( 2) - 8 <v'~'~l v 5 Tk ~ -+ 

+ (3y.;- _..:::..IJ>_ I) 11 1 00 ! <--,--- ~) -- i(k v) + 
2v T e Te v 8 • v 

T' 

(2.22) 
1 ... ... v {j Q 3 V \'" I V J 

+---(R'v)+---(W -A l--- --"-A;
1
(a8 + b . ll 

n T 2v 3 lj IJ 4 c:u I J v 2 
0 e Te Te 

. • k II k 2J I II 
A ~ le f E E --(1-i --l8(k-k 1 -k 2)dk 

1 
dk 2 (2.23) 

IJ m2 v2 kl k2 klk2 c:u2 c:u 
To 

A 0 =A 
II II +A Jl 

2 
----a-811 A IJ (2.24) 

(2) 
w = i k v 

I J I k I + i k v ' 2
' - -

2
- i ( k v .. (

2
) 

I k I 3 k ) ' (2.25) 

i e 
. 

k II k 21 ~8 (k - k -k ) dk dk A' = f E k Ek IJ 2 2 k 1 k 2 w2 1 2 1 2 
rn e v Te I 2 

2 
(2.26) 

TiocnenHHi! qneH (2.22) nony'leH aa lee(!,!) B H9M a H b - I'pOM03llKH9 tjlyHK-

UHH OT Y = ( V y2 VTl ' KOTOpbte COCT 8BllS!!OT B9llH'IHHy l10pS!llK8 9llHHHUbl npa y • I . 

3neCb B blp8)!{9 HH9 llllS! a H b H9 l1pHBOllHTCSI, T8K K8K B CHlly a ., b ., I 
k2v2 

B 9 Cb YKB 3 8HHblH 'lll9H HM99T OTHOCHT9llbHbiH 110pS!llOK _1_ max (c:u , - Te) <<I 
II - II . . 

(eM . HH)!{e), H HM Mbt rrpeHe6peraeM. B cany CHMMeTpH38UHH A 11 no k 1 H k 2 

n e pBbiH 'lll9H (2.23) M8ll no Cp8BH9HH!O CO BTOpbiM (., ~- ) , KOTOpbiH HM99T 

II • 
110pS!llOK --..:...JL_ A II H B T9X )1{9 llp9lliiOl10)!{eHHS!X M0)!{9T 6 b iTb OT6poweH(II (y ,.1),.11 ) w 

0 
II e 

3aMeTHM, 'ITO 'll19Hbl, COll9P)!{BlllH9 A II H A ;j , HM910T xapaKTep IIOllp8BOK K T 9 H-

2 0py CKopoCTH CllBHI'OB W 11 , CBSI38HHbiX c HBl1H'IH9M rronet1 Ek , E k • B 3TOM 
I 2 

rrpH6llH)!{9HHH K8K ll9B8SI , TBK H Ilp8B8S! 'l8CTH ypBBH 9 HHS! (2 .3) 11pH06peTB!OT CTBH-

• . . 1101 
napTHbiH BHll, acrronh30BBHHbti! , HanpaMep , B pa6oTe EparHHCKoro • Hcnonh-

ayg pe3yllhT8Tbl 3TOH pa60Tbl, Mbl M0)!{9M H811HC8Tb BM9CTO (2.18- 2.21): 
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"R k m n v o,stv .. ':' -0 ,71 in k T(2) 
(2.27) • 0 0 k • 

.. v (2) 
- 3,16 

.. T(2l noTe 
(2.28) q = 0,71 n T i k 

0 k k m v . . 
k ,(2) =- 0,73 

noTe 
k IV (2.29) {3 a{3 v. 8 a{3 

l1CUO{lb3YH paBeHCTB8 (2.27)- (2.29), a TBK )I(e (2.8) B CHCTeMe ypaBHeHHH (2.16)

(2.19), nony'lHM HCKOM biH npO/lOnbHbiH TOK 

j(2) = en 
k 

.. (2) .. 

v k- k 

8(k-kl-k2) dk 

nn. 

3TOT peaynhT8T BblnHC8H C TO'lHOCTb!O *max ( W 

k2 v 2 
- Te 

v . 
n =-iw + 0,51 v + i 

n a- _3- i w 3 16 "• 2 _+ . 

2 2 
k.- v Te 

w_ 
(I -2,96 

iw _ 
-~-). n. 

(2.30) 

d k 
2 

(2.31) 

(2.32) 

0 
.QnH OUeHKH UOp51/lK8 OT6pOWeHHb!X qneHOB llOCT8TO'lHO yqeCTb ,HaUpHMep, Aa{3, 

TBK KBK OCTanbHble qneHbl KMeJOT TOT )l(e nop5!1loK. B cany Toro, 'ITO TeH30pHbie 

CBO!l:CTB8 A 
0
a {3 coananaJOT c TeHaopHhiMH caolicTBaMH W a{3 , y<JeT A 0af3 npaae-

/leT nHWb K TOMy, 'lTO B (2.29) BOfineT Waf3 -A"a(3 BMeCTO Wa{3• 0TCIO/l8 BMeCTO 

(2.30) nony<JHM 

, (2) a J 
\_ Ek 

n
0
l k_l e8 v 

--"---'=------- I o. 11 • 
m2 w 2 Q --n:- -• 0. 

(2.33) 

l1a (2.33) cnenyeT, <JTo peaynhTaT (2.30) cnpaaennaa npa BhJUQnHeHHH HepaaeHCTBa 

3 . 
--IW 

2 
+ 3,16 

1.1 

k 2 v 2 
_ _..::;:-_,_T.._o_ ~« V 

v • (2.34) 



!13 (2.30) cneayeT HCKOMOe Bbip8)1{eHHe ang S ( k _, k I ,-k 2 ) : 

( . I k -I n o e 
8 

I, 71 v 0 5 k. _, k. I , - k 
2 

) ~ I _;__...:___:...._ _ _:._ __ :.._ 

m2 w 2 n n 
e oe e 

(kl k2) 

k I k 2 

(2.35) 

06paTHMCH K H8XO)I{AeHHIO 5 (k 1,k 2 ,k _) B aTOM cnyqae B ypasHeHHH (2 .2) 

HHTe rpan CTOnKHOBe HHH HBnHeTCH orrpeaenHIOlliHM. 11crronb3YH MeTOA 3HCKOra BMeCTO 

(2.2), C'IHT8H k = k rrony'lHM CHCTeMy rHApOAHH8MH'ieCKHX ypaBHeHHii, KOTOpble 

B ~ypbe-rrpeacTasneHHH HMe JOT BHA 

-iw 
(I) 

n 
ek 

+ ik .. (1). v,_ n - 0 
(I) .. ~1)1 

-iw_n 1,_+ik._v,_ n = 0, 
0 

-iw (I) (I) . < lle ( l E ~+ R (IJ 
m n y< lle -- i k ( n T k + T • n • k l -I k _l'l rr a f3 k - + en o k_ IIi. j k- a(2 36) e o k_a -a o e - - fJ • 

-iw 
(1)1 (I) (I) (1)1 

m n V aik (n T +To l-ik Qrr l'l(k)-enE 
I 0 k_ a -<Z 0 I k _ I I k_ -fJ at-> - o k 

k _--.;:;-:..a~ _ R (I) 

li<_l k_a 

--t-iw (I) 
noTek_+noT 

-+ -+(l)e 
i ( k v l = 

• - k 

.... (l)o 
i k_ q k_ 

3 . (!) 
---IW D T + D T i( t v<IH 1 =-it ;(I>• 

rae 

2 0 lk- 0 

R(l) =-0,5 I 
k_ 

m n v 
• 0 • 

- k - k 

(V(I)e- v(l)l l -071 D i k 
k_ k_ • 0 .. 

q k 07lnT cv11 '"-v 11
'

1 
l-316 ' o e k k ' 

n 0 T 8 

q+<lll __ 3 ,9 n 0T 1 i~ 
k_ m 1 v 1 

T(l) 
I k' 

m v . . 
T (I) 

• k_ 

i k T(l) ··-
,o> e 

af3 -- 0,73 
D T ( 1). (I). 2 .... 

o • ( i k -a V k . t:l + i k -{3 V lk a - -
3

- 1 lr. 
v - ~ -

..(l)e 8 l 
v._ af3 ' 

(I) I 
rr af3 =-0,96 n • T I i ( k V(J)I + k V(l)l - _2_ k .. V (I) I 

v -a k-{3 -{3 k_a 3 - k 8 af3 l . 
I 

(2.37) 

Jlng Toro, 'IT06bl 6btnH cnpaBeAnHBbl ypaBHeHHH (2.36) C ITOCTOHHHblMH T 0 H T 1 1 

aeo6xoAHMO, 'lT06ht ns6o qacToTa w_ 6htna 6onbwe o6paTaoro speMeBH pen a Kca

' , ns6o 'lT06ht rrna3Ma 6htna H30TepMH'leCKOfi ( T • = T 1) • 
m 

UHH TeMrrepaTyp --•- v 
m • I 

Pewag CHCTeMy (2.36), (2.37). rrony'IHM 
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rae 

e E k 

m K w 

K a I + (0,51 v 

({.) m- i ((.) 
I 

+ 

+ i 

+ 1,22 

·--
2
-i w _+ 3,9 

k: v ~e 
n. 

(I-

y<lla 
k 

><---+ 
w. 

__ i :::w ____ ) • 

n. 

m I 

.. .. (I) a 
k- y k_ 

__ 1_, 
WI 

(2.38) 

(2.39) 

(2.40) 

i (iJ

nl -1,28 ~+0,71 i~ ~). (2.41) 
v T 1 n. 

2 ... 3 
m 1 v Tl 

. (2.42) 

C !IOM O lllb !O (:.!.38) MOlKHO HBHTH KBK 5( k I ' k 
2

, k _) , TBK H liHHe i\HyiO llH 3IIeKTpaq e -

C K yro rrp o u a uaeMOC Tb f ( k _ ) 111183Mbl. i1MeeM 

((I< ) = + i 
4 11 n e ( VI) 0 - Y (I )I) 

-----~o ___ k~-~-k=---~ I + 

w -"k 
W ~ e ------+ i (2.43) 

KW W
8 

x) C a p yr oi\ C TOp OH hr, rrp e u e 6p e rag HHTe rpanoM coyaa p e mt i\ e (2.3) 
1 

rron y 'IHM 

. ( 2 ) 

J k l )8(klk '-k2)dk 'd k 2 .. 

(2.44) 

B (2.44) rrp e He 6pera eTC H aorrrrne poecKaMa rrorrpa eK a MH K w 
1 • Vlx yqe T 

!IpH BOilffT K MB!I b! M liO!IpaBKBM OTHOC ffT e !IbHOro !IOp511lKB 

u e uai\ (2.36) H (2.38) rrony'IHM 

, (2) 

J k l 
__ i_e,_,

3
_n...;:0'-- J --:(_k_t.,..k_~_)_ I k _ I 

m~ k 1 k~ 

113 rrepnhrx ypae-

x) 
B llB HHOM cnyqae llOCTaTo'IHo orpaHH'IIITbCH 3 TffM rrpH6IIHlKeHH e M e OTIIH'IHe 

OT p a cqe T a S( k_, k 1 • -lc 2) , Koraa ffHTe rpan coy aapeHHII Heo6xoaaMo Y 'IffThiBBTb e 

rr epBOM liOP 511lKe T e OpHff B03M yiU e HHl!. 3TO 51BIIHe T C H C!IellCTBHe M TOrO, 'ITO B He-

•,H He ll HOM B 38H M OI!eHCTBI!I! ( 1,4) CH M MeTpH38UHH 11 0 k I k 
2 

B S ( k 
1 

, k ~, k ) 
OT Cy T CTByeT, 
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T.e. RCKOM8H s~ eCTb 

S
2

(k 1 ,k 2 , k ) : 

3 ... ... .... 
ie n 0 J k_\(k 1 k~) 

k 1 k 2 m:W08 KW
8 

w_ 
(2.46) 

3. 06paTHMC5l B K Bbi'IRCTieHHIO ~(k 1 ,k~,k 1 ,-k~)+~(k 1 ,k 2 ,-k 2 , k 1 ). 

npeae6pcraSI normnepoaCKHMH rronpaaKaMH H HHTe rpanoM coynapeHHii B (2.4), 

HMeeM 

~ ~ 

j (3) = e J ~ f (3
) d :; 

e 2 k: k 1 a fk ... 
~ --fF: -.--(---a~-Jil(k-k 1 - k_)dk 1 dk_dv ~ 

k k k me k 1 lW k k 1 v 

i e 2 (k k .. ) 
J 1 F. n (

2
) 8 ( k - k - k ) d k d k 

1 k_i (k k1l <~> 
- ---f noV k Ek 

i e 

m
8

W k k I k l k- I - - I m 0 w kk 1 w_ - (Z.41J 

X /l (k - k
1
-k _) Jk 1 dk_ s 

J;_ \(~;1 ) Ek .<~>8(k - k - k 
ie J k k J k- I 

m ~ w_ 1 . 
RTIH, HCTIOT!b3Y5! (2.30): 

) d k d k 
I 

4 ... .... ... .... ... ... .... .... 
. (a: 1,71 v •" 0 e J (k2kall k2 + kall k- < 1 1 ( kk 1)/l(k-kril;"~ (2 4l:l) 
J ~ 

3 
F:kE k F:k dk 1dk 2 dk 3 ... 

k m.wo. I 2 8w 2 k k l(w - w )k k O (k + k ) n (k +k) 
oe 1 2 3 2 S e 2 S 

3aMeTHM, qTO l!CKOM85! CyMM8 ~(k 1 , k 2 ,k 1
. - k

2
) + ~( k 1 ,k 2 , - k 2 ,k 1 ) 

npencTaanSieT co6oii Botpa)Ke HH e , CHMMeTpH30Banaoe no HaneKcaM 2,3, qTo onpa anhi

aaeT HCTIOTib30B8I{Ife (2.30) , Tlpll non yqefli!H KOTOpOrO YK838HHOe CBOiicTBO CHMM e T

pH II 6wno CyWeCTBeHHWM o6pa30M I!CnOnb30B8H~ 

Via (2.48) rronyq11M 

• (2.48) 
w 
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§ 3. CneKTpanbHaH nepeKa"'!Ka cna6brx neHrM!OpOBCKHX 

Typ6y neHTHb!X nynbCaUHH 

By!leM npe !lnonaraTb, "'ITO, c O!lHOil CTopoHbi, HHTe HCHBHOC Tb n e HPM!Opoac rmx 

nynbCaUHil HaCTOnbKO Mana, 'ITO B3MeHeHHeM HX JlHCne pCHOHHb!X CBOl\cTB H3-3a 

x ) 
H e nHHeHHb!X B3aBMOJleiiCTBHil MO)KHO npeHe6pe'lb, C Jlpyroil C TOpOHbl - HaCTOnbKO 

BenBKa, "'ITO XapaKT e pHb! H HHKpeMeHT c n e KTp a nbHOli n epeKa'!.Kll MHOPO 6onbllle "
0 

TepMHH wcna6bre n e HrMrop oBCKH e nynbCaUHH w ynoTpe6nHeTCH a JlanbHeilllleM a 3 T OM 

3 
v~(k.~-k.2) 

CMbrcne. llnH cna6r..rx aonH w_" 2 _:rL:::.l. w • CneKTpanbHaH nepeKa'!Ka 
oo 

onpeJlenSieTC!I MHHMOli qaCTbiO ( 1.4) 

Pile 

8 rr i 
sl <~< .k 1 ·.,...1<2 ls2<k.l,k.2 , k.- l l. 

Vlcnonb3YSI (2 .35), (2.46), (2.43), (2.49), MO)KHO nony"'IHTb 

... ... 2 
( k 1 k. 2 ) 1,71 " 

0 
k 2_ e 2 

--~~----~~------<1-

UJ 0 .k. ? k. ~ UJ n n m 

f (k.-) -I 

f ( k. ) 

(3.1) 

(3.2) 

(3.3) 

nepBb!il qneH (3.3) COOTBeTCTByeT BKnaJly TOKa TpeTbeli CTeneHH llO n0n10, a BTOpOH 

qneH - BTOpoli CTeneHB, f (k._) = f 
0
(k._) + f 1(k._) + I • EcnB npeHe6peqb HOHHb!M 

cnaraeMbiM B t , TO npll f 0 ;>> I npOHCXOJlHT nonHaSI KOMlleHCaUHII 3THX BKna-

!lOB. nonyqeHHblli 3¢¢eKT KOMneHCaUHll aHanOPH'IeH KOMlleHCaUHH HenHHeliHOPO H KOM

/ 2/ 
llTOHOBCKOPO pacceSIHHSI B 6eCCTOnKHOBHTenbHOM cnyqae 06naCTb npHMeHBMOCT!I 

(3.3) CornaCHO (2.1), TaK KaK UJ « k- VTa • HMeeT BHJl 

x) 
nornomeH!Ie naHJlay neHPM!OpOBCKHX BOnH C"'!HTaeM 3KCllOHeHUHanbHO Ma-

nbiM, nornomeHHe )Ke H3-3a CTOnKHOBeHHil HMeeT llOp!IJlOK 1/ 
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B cHny 3THX aepaBeHCTB <jla30Bhie cKopoCTH BOJIH nocTaTO'IHO BeJIHKH H nonnnepoB

CKHe nonpaBKH B (3.3) npeae6pelKHMO MaJibi B cpaBHeHHH c HOHHhiM BKnanoM. Torna 

~ ()<I' )<2 ) m- j 

2 2 
( k I 1<2 ) I, 71 v 0 k _ e f I (k j 

"'o•k~l<~m:w_nn.f (k_l 

(3.5) 

B ycnOBHHX w _<< l<_v TI , T .e. UOCT8TO'IHO 60llbWHX Ql830BhiX CKOpOCTeil, eCJIH 

nony'lHM npH 

max 

w 

( v 2 

y-+ ~ 
k I 

f 

v 
I 

_ 11_I __ » _T_I_ ~ 
Woe Te mi 

w ) >> "
2 

v - >> v 
Te 

I_ a 
IE-+I2 a- IE-+ 12 

k I t k I 

v 2 w 
.. ... 

- T I (I< I k 2 ) 0,69 . 

T• 

"t~ 

1 Er~ 1 

VI I k_\2T .(I +i--f!-? "2I"~ u m 
0 e . 

.. 
dl<2 

v 2 
Te 

HepaBeHCTBO (3.7) 
5 m I 

(T
0

/T 1 l«-,;r-BblllOJIH51eTC51, eCJIH 

(3.6) 

(3.7) 

(3.8) 

, 'ITO BCei'U8 HMeeT 

MeCTO nnH H30TepMH'IeCKOH nna3Mhi T • = T I 
• 

nonqepKHeM, 'ITO T8KlKe , K8K H B 

/2/ 
OTCyTCTBHe coynapeaHil , nepeK8'!K8 HUeT B CTOpOHY y~eHbWeHH51 '!8CTOT Typ6y-

neHTHhlX .nynbC8UHil. 3 aMeTHM , 'ITO Heo6XOUHMbiM ycnOBHeM np051BJieHH51 HeJIHHell:ao-

1'0 B3aHMoneilcTBHH (3.8) sBnHeTCH y k >> v • • Y'IHThiBBH, 'ITO T • ae MOlKeT 

.. v w "1ii'j""' w 
CHJibHO OTJIH'I8TbCH OT T I , noJiy'IHM npH T 0 <;. T I Y'" V 

0 
V y --- ----, 

W --m- • "t noTe e me noTe 
T.e. aeo6xonHMO --T- > y • . Bonpoc B TOM, MOlKeT nH H3MeHeHHe 

no e m I 
UHCnepCHH npH T8KHX HHTeHCHBHOCTSDC 6hiTb M8JibiM, Tpe6yeT CneUH81lbHOI'O paCCMOT-

peHHH ( § 5). B npyroM npenellbHOM cnyqae, Korna (3.6) BhmonHeHo, HO (3.7) 

HapyweHO, 8 HMeHHO; 

~«k2 2 << v ~ v w v v 
oe m - To . I Tl 

I (3.9) 
HMeeM .. .. 2 I E k~ F d k 2 

y ..... wo" 
f (k I I<~) w_v:O,J2 

k I "; I<; " 4 v 4 4"n 0 T
0

(1 + 2._ _I!_)~ (3.10) 
- Te 3 T • 
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B a T OM cnyqae HanpaaneHne cneKTpa nbHOH nepeKa '!KH cooTBeT cTayeT yaennqe

HHIO '!aCTOT ryp6yneHTHbiX nyJibCaUHH. 06naCTb, B KOTOpOH (3.8) HMeeT MeCTO , HC

qeaaeT, ecnn HapywaeTCS! (3.6) . TaKHM o6paaoM , anSI Toro, 'IT06bi (3.10) HM eno 

MeCTO , He06XO/:lHMO BbinOJIH e HHe (3,6) C XOpOWHM 3anaCOM . nnS! TOf'O, qT06bi oue · 

HHTb BbinOJIHHMOCTb (3.6), yao6HO 3aOHCaT b 3TO HepaBeHCTBO B apyrOH cjlopMe , BBD

AS! qncno aneKTpOHOB B ae6aeBCKOH ccjlepe 

No~ 
w 00 

II 

T o r aa BMeCTO (3.6 ) HMeeM 

T o/2 
I « N <« ( --L- ) 

D T 1 

__ m--'1- )y, • 
m 

(3.11) 

(3.12) 

nnS! H30TepMHqeCKOH nna3Mbl T • "' T 1 nnoT HOCTb nnaaMbi aon)[{Ha 6bJTb aocTaToq-

HO 60nbWOH, a ee T eMnepaTypa Man OM. nnS! T 
0 

>> T 1 yCJIOBHe (3.12) BbinOJIHS!eTCS! 

npn 3Ha'!HT enb HO MeHbWHX T eMnepaT ypax H 6 onbWHX n n oTHOC TS!X. CneKTpanbHaSI n epe

KaqKa npeBa JIHpyeT Ha/:l JIHHelfHbiM 3aT yXaHHeM , eCJIH BbinOJIHeHO 

_ _ w.___ > k:. v ~. 
(3 .13) 

P accMOTpH M T e nepb He nnH eHHoe a3aH MOAeHCTBHe B ycnoBH RX HepaaeHCTBa, o6paTHo-

ro (3.6) 
II --·-w oo 

11MeeM 

T1 
« 
~ 

me 

m 1 

l l7_14m. v ~. o + ~r k>: 
• 

00p!!AOK HHKpeMeHTa (3.1 5) eCTb 

w ve v l _m_1_ y .. ---11 
n T • I k_l 2 v2 m • 0 • To 

cneaoaaTenbHO , y > II npn 

2 2 
N .2!._ w > ~ 

mo "'o• » 
n T v2 m 1 II II D T 1 

0 . . 

(3.1 4) 

(3 . 15) 

2 
v To 

v2 
(3.1 6) 

OTMeTHM, 'ITO cjlopMynbJ, nonyqeH Hbie B nacTosuueM naparpacjle cnpaaeanHBbi H a T OM 

cny'!ae, KOraa Y'IH Tb!BaeTCS! H3MeHeHHe AHCnepCHH BOJIH H3-38 HeJIHHeMHblX B3aHMO-

AeUCTB HM, 
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2 2 

§ 4. VisMeHeHHe .QHCIIepCHH rreRI'MlOpOBCKHX BOIIH IIpH W _ << 
k. _ V Te 

-.,-.-

Hapg.ny c H3MeHeHHeM crreKTparrbHOH rrepeKa'IKH coy.napeHHH MoryT cymecTaea

HO H3MeHHTb CIIeKTpbl rreHI'MlOpOBCKHX BOIIR .QOCTBTO'JHO 60IIbWHX ljla30BbiX CKOpOC-

Teil. nortp8BK8 K 'IBCTOTe rreHI'MlOpOBCKHX BOIIR 8 W k HMeeT BH.Q 

T a K K & K 

8w it 
I 

~ .... 2 .... 
~ Re J k (Jr. 1 , lr. ~ ) I Ek I d lr. 2 2 

lr. 2 v 2 
W << - Te 

v 
e 

r.Qe W - pa3HOC Tb 'IBCTOT rreHI'MlOpOBCKHX BOIIR C yqeTOM (5.1), TO 

8wk ~-Woe J 
I 

2 ... ... 2 ~ ... 
1,71 v. (k I lr. 2) I E Jt, I d Jr. 2 

2 2 Tl 2 2 
Jr._ vT• (I +f-T-llr. 1 Jr. 2 4rrn 0 T • 

• 

(4.1) 

(4.2) 

(4.3 ) 

5 
3.nec b f = --r- II pH BhliiOIIHeHHH ' ( 3.6) H =1 IIpH BbliiOIIHeHHH RepaBeHCTBB, o6-

p a TtiOI'O ( 3.6). nopH.QOK 8w Jr. 
I 

MO~eT cyme CTBeHHO H3Me HHTbCH 

v: w 
eCTb 8wk aW 00 X ~ --- C y'leTOM 8wk 

k_ Te noTe 
pa3HOCTb 'IBCTOT Typ6yneHTRblX rryrrbCB!lHH W 

H3 K OTopoil .. abma.nae T 6onbwoil qrrea w o • , • .. ~ v ;. v; w 
cu_-w: +8w~ -WJt2 -8 cu.; • Woe +lil08 k!v:fe ---n;T 

0TC JO.Q8 CIIe.QyeT, 'ITh H3Me~eHRe .QHCIIepCHH H3-38 HeiiHHeHHOCTH cymeCTBeRRO rrpa 

w 
n T 

0 • 

C .np y roll CTOpOHbl , B CHrry ( 4.2) 

w 
n T 

0 

> 
Jr.' • VTe 

w v 
oe 

• 4 
lr._v To 

« -----3-
wo e v e 

QqeBH.QHO, 'ITO B 6esrpaHH'IHOH III183Me BCer.Qa MO~HO Hai!TH TBKHe MBIIbie Jr. , 

(4.4) 

(4.5) 

.QIIH KOTOpblX 

_ w __ « t 
n T 

(4.4) BbmonaeHo. B orpaaaqeaaol! nnasMe lr.mln"' + H B CHIIY 

HMGeM 
0 • 

v 4 << a 4 w 2 v 2 , 
Te oe 

'ITO, BOo6me I'OBOpH, TBK~e MO~eT BbliiOIIHHTbCH. 3aMeTRM, 'ITO pe3yrrbT8Thl, 

rrony'leHHble B § 3, crrpaae.nnHBbl rrpH 
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\\ « 
~ 

• k Y Te 

2 2 
W oe ll e 

(4.6) 

3 T O HepaBeHCT BO HBXO.QHTCH B npOTHBOpe'!HH C (3.13), 'ITO YKB3b!BBeT Ha TO, 'ITO 

.Qpo5neHHe MBCiliTB60B Typ6yne HTHOCTII , OnHCbiBBeMOe (3. 10), MO )!{eT B03:IHKHYTb 

nHillh Ha <jloHe 6onee HHTeHCHBHoro npouecca HX nornouieHHn H3 - 3a coyaapeHHJ:i. 

Y'!TeM aanee H3MeHeHHe .QucnepcHH BOnH B (3.10). B cHny Toro, 'ITO Bwk o6pa THo 

k 
., 

nponOpUHOHBnhHO , 3 H8K W _ coanaaaeT c 3HBKOM k 1 - k 2 • 3 TO nOK83biB8eT, 

'ITO (3 . 10) OnHC b!BBeT nepeKB 'lKY, npHBO.QHillyJO T 8Kll<e K Ap06neHHJO MBCilJT a6os T y p -

6yneHTHOCTH. f1pH BbiiTOnHeHHH ( 4.5) nony'IH M 

y .. "' ( __ w __ l2 
oe n T 

0 • 

3 TOT IIHI<peMe HT 60nbllle 1/ 

5 
II 

e 

k 6 v 6 
Te 

k 2 v ~. 

(4.7) 

CosMeCT HO c ( 4.5) ABeT 11 
0 
<< k _ v To 

H npOTHBOpe'!HT ( 3.4) . 3TO On HTb- TBKH 

YKB3biBaeT Ha To, 'ITO apo6neHHe MBCiliTa6oa T yp6yneHTHOCTH npoHcxo.QHT aa <jloHe 

6onee HHTeHCHBHOrO npouecca HX .QHCCHnBUHH. 3aMeTHM, 'ITO (4.6) 
He npOTHBO-

pe 'lHT ycnoBH !O npHMeH!fMOCTH ( 3.8), OAHBKO ecna aHcnepcHn onpeaenneT cn HenH

neJ:iHbiM B38HMOaeliCTB!feM, T . e . BbiiTOnHeHo. ( 4.4) , ( 4.5), TO llnSI OUeHKH lfHTeHCHBHO-

e Ta cneKTpanba o ii nepeKa'lKH cneayeT B (3.8) "'- .. 
3BMe HHTb HB W 

.. y a 

'ITO 6onbllle II npH 

w 
----> 

o T 
0 • 

( IV 

T no . 

<U II 
oe • 

)2 2 v: 
Woe 

k ~ v 4 
Te Ill 

T - • __ _ T_1 (I+ _ _ _ I) 

T
0 

T
0 

m I 

V. T 5/< T 
( --"--) (I+ __L ) ' 

T 1 T
0 

(4.8) 

(4 .9) 

B 3 TO M cnyqae CUeK T panbHBSI nepeKB'lKB UpO!fCXOlllfT B C TOpOHy yKpynHeHHH MBCiliTB-

60B Typ6yneHTHOCTa . OaaaKd conocTaBnHSI ycnosaH ( 4 .9) H ( 4 .5) , s aaHM, 'ITO 

B3BifMOileiicTBHe ( 4.8) B03MOll<Ho nHillb Ha <jloH e lfHTeHCHB Horo 3aTyxaHan. AHanorH'l 

Ho B Tex )!{e npeanono)!{eHaHx, 'ITO a anSI ( 4.8), nonyqaeM oueHKY .QnSl HenaHeJ:iHoro 

lfHKpeMeHT B (3 .1 5) 

KOTOpblli npeBOCXO.QHT II npH 
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w 
T > 

u 0 • 

3 3 
k v m 

- To (--~-) 
W II 2 m 

oe e e (4.11) 

14 
Tl ~ T I 2 

(-T-) (I+ -T-), . 
C0110CT8Bn51fl ycnOBHfl (3.16), ( 4.5) , (3.14)

1 
nony'IHM, 'ITO OUeHK8 ( 4.11) C11p8BeA1IH

B8 npH Bbll101IH e HHH HepaBeHCTB 

lc:~v~ 0 W __ ..:.;:;._> ---> 
2 2 

k. _vTe me 

Woe"! noTe ml "• vi 

Tl 

T• 

m • 

m I 

» 11l me -->---. (4.12) 
W oe m l 

KOTOpble npoTHBOpe'IHBbi. TaKHM o6paaoM, B3BHMOAel1cTBIHI, npoTeKaiOmae B ycno
k.~ v fe 

<< , B0061Ue f'OBOpH, He MOf'YT 11pHBeCTH K 38MeTHOMy HCK8lKeHH!O BIISIX W . 
pacnpeaeneHHfl aaeprHH no cneKTpy . 

TO 

§ 6. llucnepCHSI B Cl1eKTp81IbH8SI nepeK8'1K8 

Typ6yneHTHOCTH ( W _ >> 

npH H81IH'IHH HHTeHCHBHOH 

k~ vf0 ) 

v . 
0TMeTHM, 'ITO aToT cnyqaw npeacTaMHeT naa60llhlllHH HHTepec. Ecna 

~«(~)~ 
m I T 1 

2 2 
k _ VTe << W 

Tl 
«k k H v 

To 
v 

y kl =- f 
2-. ~ 2 44 T 

.E it2 \ (k 1k 2) 31w 00 k_vTe(1,85+~l dk
2 

4 IT 0 0 T. k ~ k ~ (U ~ v. ( 2,14 + T I IT. ) 2 

MaMeneaae cneKTpa 
x) 

nynbCBUHH onpe)lellf!eTCSI ypaBHe HHeM 

8wlt
1 

aw 
00 

1
2 .. ... 2 2 2 .... f \ E ~ ( k 1 k 2 ) 3,84 k _ v To d k 2 

2 2 2 ( ___!,j_ 4rrn 0 T 0 kt k2 w_ 2,14 + T. ) 

(5.1) 

(5.2) 

(5.3) 

CneayeT aaMeTHTh, 'ITO 11p8Bble '18CTH (5.2) H (5.3) 
0

11peACT8BliSI!OT co6ow MHHMYIO 

H AeHCTBHTellhHY!O '18CTH AHCnepCHOHHOf'O ypaBHeHHSI nonpaBOK K '18CTOTe ll~Hf'M!OpOB

CKHX KOne6aHHli H3-38 HeliHHelil!biX B38HMOAeHCTBHll. Ma YCIIOBHSI (5.1) BI!AHO, 'ITO 

x) Ypasaeaae, cosnaaaiOmee c (5.3), MOJKeT 6b1Th nony'leHo KBK aacnepca

oaaoe nng 31leKTpii'IeCKOf'O 1101111 cna6biX BOIIH, B036YlKA8eMbiX HHTeHCHBHOil Typ6y

lleHTHOCTb!O (!jla3bl Cll86LIX BOIIH 11pOH3B01IbHb!), 3TO 38Me'I8HHe OTHOCIITCSI KO BCeM 

paCCMOTpeHHbiM JlHCnepCHOHHbiM COOTHOWeHHf!M. 

2C 



MHHMBSI 'lBCTb 9TOI'O ypBBHeHHSI Mana riO CpaBHeHHIO C )leHCTBHTenbHOH, B peWeHI!SI 

ypaaHeHI!H, nonyqarowerocg 1!3 (5.3) 

Ow tl =woe J 
(5.4) 

I 1
2 .. ~ 2 

E~ 3,84(k 1 k 2 ) 

B006We f'OBOpSI, KOMrrneKCHbi, If MHI!Mble '!aCT!! 3TI!X peWeHI!H, KaK Bl!)lHO 1!3 caMOI'O 

BRaa (6.4), nopSiaKa aeiicTBI!TenbHbiX. B 3TOM cnyqae OTBeTCTBeHHbiM 3B nenHHeii

HYIO HeyCTOfl'lHBOCTb, npHBO!lSIWYIO K ClleKTpanbHOII nepeKa'IKe, 6yayT peWeHHSI (5,4). 

B caSI31! c TeM, 'ITO peweHI!e ypaaHeHIISI \5.4) 3aTpyaHHT enbHO, Mbi orpaHI!'lHMCSI 

ero KB'leCTBeHHblM HCCneaOBaHI!eM, ri03BOnHIOWI!M nony'lHTb OUeHKI! xapaKTepHbiX 

BpeMeH H Bbl SICHI!Tb HanpaaneHne npoueCCB nepeKB'!KI!. llonyCTHM, 'ITO cneKTp WYMOB 

cocpeaoTo'!eH a HeKoii o6nacTI! aonHOBbiX 'li!Cen a6nH3H k
2 

';;, k 
20 

• PaccMoTpHM aHa'!a 

ne npeaenbHbiH cnyqaii k 1>>k 20 • Toraa (5.4) a npeanono>KeHHH 8wrt >>8w It 
I 2 

( 8w -+ ) 
8 
=- w k 

2 
v 

2 
3 84 f 

kt oe 1 Te ' 

t/a 
I ,36 w 2/3 2/8 

----'
0
"-,

0
:::---. k v [J 

( 2,14 + __J}_)I /8 I To 
To 

t/a 
J. 

(5.5) 

(5.6) 

KaK Bl!!lHO (5.6) 8 w k\ pacTeT c pocToM k 1 'ITO onpaaaLIBaeT aonyweHHe 

8wk-+
1 
» 8 w it 

2 
npl! k 1 » k 2 OueHKa I!HKpeMeHTa (5 .6) npH T • "' T 1 !!MeeT 

BH!l 

y "'w 
oo 

k I v To 2/8 IV 
__ w;___.:..;:. ) ( -n--::T::---

oe o e 

t/3 

3aMeTRM, 'lT.O aeiiCTBHTeiibHBS! 'l8CTb 8w Jtl HMeeT nop51!lOK MHI!MOH '!BCTH H, 

T8KHM o6pa30M, npOCTpaHC T BeHHaSI )lHCnepC!!SI neHI'M!OpOBCKHX KOne6aHHH IlO'lTH 

IlOnHOCTb!O CBH3BHB C HX HenRHefli!OH HeyCTOH'lHBOCTb!O. 3aMeTHM T 8K>Ke , 'ITO (5.2) 

aaeT OUeHKY Heni!HeHHOI'O I!HKpeMeHT8, o6ycnoaneHHOI'O MHHMOfl 'lBCTb!O B !lHCnep

CHOHHOM COOTHOWeHHI! ('ITO aHaiiOI'H'lHO KHHeTI!'l eCKOH HeycTOH'lHBOCTH B IIHHeft-

k 2 2 
Hofi TeopHH) H, cneaoaaTenbHo,y'D vH. B c11ny >Ke (5. 1) l!W_ .. y,y'«y. 

v. 
T.e, B paMKBX HCXO!lHblX npeanoiiO>KCHHH (5.1), *KHHeTH'!eCKOII" HeyCTOH'lHBOCTblO 

MOlKHO npeHe6pe'lb. YcnoaHe (5.1) BbtnOIIHSieTCSI, ecnH 
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2 
V Tl 

--2 
v 

To 

k v Tl 

w 
» w » 

n T 
(5.7) 

oe 

Cne nyeT oco6o rronq e pKHYTb, qTo ycnoeae ManocTa coynape aafi B naaaoM cnyqae 

He HBnHeTCH OI"'j)81fHqHB8 10ll!HM, T8K K8K ITpH y « v T8KlKe B03HHK8e T "HenH-. 
HeM H8H UHCCHIT8 THBH8 H He yCTOfiqHBOCTb". llefiCTBHTenbHO, nnH yqeTa ITOI"'nOll! e HHH 

ne HI"'MIOj)OBCKHX BOnH H3-38 c o ynapeHHM UOCT8TQqflQ neByiO qaCTb (5.3) 3 8Me HHTb 

a a 8w ~ + 
~ I "e , a rrpa 8w >> 8w 

k I k 2 
rronyq.HM AnSI H8j)8CT8101Uer'O KOpH H 

yk l 

~ !,39klvTo [ Woef \ E ka\2(k'lk'2)2dk'2 JY, (58) 
= lm u w... = 1l --- • · 

k I (2 ,14 + -T ) Y, v o 4 rr n T k 2
1 

k 2 
8 

o e 2 

fipH 3TOM BMeCTO (5.7) RMeeM 

2 
k 2 v 2 W V e V Tl 

___ T:..:e;_ « « --- ---:--r- . 
V W oe no T e Woe v Te 

PaccMOTp.HM T e nepb 8w 
k I 

« 8w 
k 2 

Torna aa (5.4) rronyqaM 

Bw,.. aw 
k I 

f 
1 E 1 \ 2 d r 3,84 < r 1 )2 

1r. 
2 

v 
2 

2 2 1 ~ - T e 

4 7T n T 
0 

2 2 T 2 
k 1 1r. 2 (2,14 + --fL-l! 8w k ... ) 

• 2 

(5.9) 

(5.10) 

Oue aaeaH 8 w k a a (5.10) a rronc TaBnsHI B (5.2), Mbi rronyqaeM npoTaeope qae c 

acxonHhiMH npeanonoJKeHRSIMH . TaKRM o6paaoM , eo ece li accnenoeaauoli o6nacTH 

cneKTpanbH8H n e peKa qKa H,[leT B CTOpOHy Ap06neHRH M8Cll!T860B Typ6yneHTHOCTH. 

§ 6. 06cyJKAeHRe p e aynbT8TOB 

fionBe ASI HTOI"' nponenaHHOMY 8H8nH3YlOT MeTHM, qTO HCCnenOB8HH8SI o6naCTb 

6htna orpaaaqeaa ycnOBHHMH v • >> lr. _ v Te V I >> k- VTI a TaKJKe 

W _ << k _ V Tl , W _ << k _ V Te . Y! MeHHO B o6naCTH W _ << k _ V Tl aenaaeiiHbie 

B38HMOUeMCTBHSl 6eCCTOnKHOBRTenbHOM nna3Mbl SIBnSIIOTCSI H8H60nee CRnbHbiMH . 3THM 

orrpenensreTCH RHTe pec K yKaaauaofi o6nacTa B cnyqae uanaqag coynapeuail . BMecTe 

C T e M acnonbaoea u u o e ycnoeae w _ << lr. _ v Tl He SIBnHeTCH ITj)HHUHITH8nbH biM, H 

H3 ITOny"'!ef!HbiX 06ll!RX <jlop Myn He TpyU HO H8 MTH T8 KlKe KOHKp e THbi e Bblpa lKeHHH nnH 

a e naaellabiX eaaa Mo neiiCTBRSI rrpa w _ >> k _ v Tl . K paTKO pe310MH p yeM peaynbT8 Tbi: 
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I. 06Hapy )Keuo, '<TO paHee pac cMaTpHoaawaHCH a 6eccoy napHT e iTbHOii rrna3Me 

CITeKTpa!TbHaH nepeKa'lKa HDITHe T C H 'laCTHblM ClJyqaeM 6onee o6weii HelTHHe iiHOH He

YCTOH'lHBOCTH. TaKaH neycToii'lH B OCTb MmKeT HOCHTh KaK KHHeTH'l e CKHJ!, TaK H 

rHnponHHaMH'leCKHii xapaKTep. B nepaoM cny'<ae OHa onpene nHe TCH MHHMOii 'laCTbiO 

fielTHJieHJIOI'O llHCnepCHOHJIOI'O ypaaHeHHH, a BO BTOpOM cnyqae - e ro neJ1CTBHTelTb

HOH 'laCTbiO. 

2. KaK H a ITHHeiiuoA TeopHH 1 HHKpeMeHTW KHHeTH'leCKHX HeycTOH'<HBOCTei,KaK 

rrpaaHno, MeHhme HHKpeMe HTOB rHnponanaMH'leCKHX HeycToii'lKBoc:-eA. B q a CTHOCTH, 

lT03TOMy, KaK lTOKa3an aJialTH3
1 

H e lTHHe iiHble KHHeTH'IeCKH e HCyC TOH'lHBOCTH B ycno

BHHX 'laCTbiX coynapeHH11 lllTH BHpTyaiTbH biX BOITH 06b l'!HO 3anaa.~e Hbl lTHH e MHblM 3a-

3 . H e nHHeiiHBH rHnponHHBMH'<e CKaH H e ycToii'lHBOCTh nponanHeTCH a wHpoKoii 

06ITaCTii lTBpaMeTpOB ll!Ta3Mbl H lTpHB OllHT K Ka'l e CTB C fiH O HOBOMY 3cp<jle KTy: IT p 0 H C X 0-

ll H T H 3 M e II e fl He H a 11 p a BITe H H H C 11 e K T p a IT b H 0 ii 11 e p e K a q K H • 3TO HMe-

eT MeCTO B 06!TaCTH <jla30BblX CKOpOCTeli . 

~<P v - >> No . 
Te (6.1) 

npaKTH'lCCKH BO BCeli HCCITCllOBaHHOli o6naCTH Cl1eKTpB!ThJia!1 11 Cpei<a'lKa 11pHBOllHT 

K npo6ne HHIO MaCWTa6oa Typ6yneHTHb lX 11Y!ThCaUHM. 

4. HenHJieliHaH rHnponaHaMH'l e CKaH HeycToli'lHBOCTh pa3aaaaeTCH a a TOM 

cnyqae, KOI'lla ee HHKpeMeHTb l MJIOI'O MeHbWe '!aCTOTbl coynapeHHM. 3TO 11pHB0llHT 

K HOBOMY Ba~<HOMy BbiBOllY, COCTaHWCMy B TOM, '!TO B 06JJaCTH 11pHMC HHMOCTH 

(5. JQ) 3aTyXaHHe JJeHI'MIOpOBCKHX BO!TH H3-3a CoynapeHHH OTCYTCTByeT H 11pH mo6bJX, 

n alKe O'!eHb 'laCTblX coynapeHHHX HMeeT MeCTO HCJlHHeiiHaH llHCCHI1aTHBHaH HeyCTOM-

'!HBOCTb. 

5. 06bi'!Hoe neneHHe nenaHeliHbiX B3aHMoneiicTBH ii na pac11anHb1e H 11poueCCbl 

annyuapoaanHoro pacceHHHH T e pHeT CMbiCIT. BMeCTe c TeM a <><P<Pe K T ax cneK Tpanh

noii 11epeKB'!KH MOI'yT 11pOHBITHTbC!1 xapaKTepHble pe30H8HCHbJe 3q,<jleKTbl, COOTBeT

CTBYIOWHe o6pameHHIO B Hy!Th 3HaMeHaT e!TH (3.5). EcnH 

lm i ( k 1 , k 
2 

) ., lm ~I a<, <k > + • 1 <~< ». I w_ • - - (6.2) 
iTT 

f (k ) + f (k) 
e - 1 -

TO T aKHe 11pOUeCCbl CBH3aHbl C 06paWeHHeM B HY!Tb <jlyHKUHH fpHHB BU pTyanbHOM 

BOITHbl H , cnenOBBTe!TbHO, aHalTOI'H'!Hbl 11pOUeCCaM, B KOTOpb!X ITe HI'MIOpOBCKHe BOJJHbl 
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pacnaAaiOTCSI aa HH3KO'laCTOTHbie. CooTBeTCTBYIOIUHi! 'lnea (6.2) OIIHCbiBaeT 
1
cneAo

BaTenhHO, cneKTpanbHYIO nepeKa'lKY n earMIOpOBCKHX Bona H3 - 3a HX pacrraAOB aa 

3ByKOBbie B OnH bi , HaXOASIIUHeCSI B o6naCTH 'laCTbiX COyAapeHHH WI << 

peAenSieMbie AHCnepCHOHHbiM ypaBaeaaeM 

v ,v 
e I 

a orr-

( k _l + < ! ( k- ) c 0 . 
(6.3) 

0TMeTHM, 'ITO KaK CIIeKTp "cTOnKHOBHTenbHOrO" 3ByKa nna3Mbl, TaK H CIIeK-

TpanhHaSI n e peKa"!Ka H 3 - 3a p acnaUOB neHPMIOpOBCKHX BOnH Ha TaKOi! 3BYK MOlKeT 

6bi Th nerKo nonyqeaa c IIOMOlllhiO pe3ynhTaTOB (2.43), (3.5). B TaKOM npouecce 

nepeK a'lKH w = k v H no IIOpSIUKY w- a k - v Tl • Hcnonh30BaHHOe BbiiU e ycnOBHe 

w_ << k~ vTi ae HOCHT npHHUHIIHanbaoro xapaKTepa. HeTpynao BbirrHCaTh TaKlKe cjlop-

Mynbi nnSI H 3MeHeHHSI UHCIIepCHH If CIIeKTpanhHOH nepeKa'lKH IIpH W _ = i< V • H 

w _>> k_ v Tl • OnaaKo ycnOBHe w _ << k _ v Te SIBnSieTCSI BeCbMa CyiUeCTB e HHbiM, 

T. e. npH ero aapymeHHH BeCh pac'leT AOnlKeH 6biTh cnenaa 3aaoBo pa3BHTbiM BhiiUe 

MeTOAOM, II pH 9TOM cnenyeT pemaTb (2.11) 6e3 BbiAeneHHSI qnesa (2.10), KOTOpbiH 

B 9TH X ycnoBHSIX ylKe a e Man. HapyweaH e ycnoBHSI w _ << k _ v Te , ecTeCTBeaao, B03-

MOJKHO nHWh B TOM cnyq ae , ecnH HenHHeHHOe H3MeHeHH e llH CrrepCHH n eHPMIOpOBCKHX 

Bona BeChMa BenHKO. 

H aKoa e u, rrpH T e >> T I CyiUeCTByeT WHpOKaSI o6naCTb 3Ha'leHHH BOnHOBbiX 

'lHCen Typ6y neHTHbiX nynbCaUHi!J AnSI KOTOpbllt 

v « k . v 
Te VI >> I< v 

Tl (6.4) 

B a TO M c nyqa e MOlKHO Bocrronh30BaThCSI H3BeCTHbiMH BbipalKeHI!SIMH nnSI S 1 H 52 

6eCCTOnKHOBHT enhHOH nna3Mbl, a AnSI <I (I<_) senH'lHHOH (2.43). nonyqeHHbii! acjl

cpeKT H3MeHeHHSI HanpasneHHSI CIIeKTpanhHOH IIepeKa'lKH HMeeT BalKHOe 3Ha'leHHe 

C TO'IKH 3peHHSI MHOPHX BOIIpOCOB, B 'laCTHOCTH, B npo6neMe 9cpcpeKTHBHOCTH Typ6y

neHTHOPO HarpeBa nna3Mbl, acpcpeKTHBHOCTH B3aHMOUei!CTBHSI IIY'IKOB C nna3MOH H np. 

noMHMO 9 THX BOIIpOCOB, CBSI3aHHbiX C pa3H006pa3Hb!MH IIpHnOlKeHHSIMH 06HapylKeHHOPO 

acpcpe KTa H3MeHeHHSI CIIeKTpanbHOH rrepeKa'lKH, cnenyeT o6paTHTh BHHMaHHe Ha TO, 'ITO 

ysenH'leHHe HHTe HCHBHOCTH rrepeKa'lKH Ha Manbie w_ , AnSI KOTOp biX cnenyeT yqa-

TbiBaTb coynapeHHSI, MO lKeT H3MeHHTh 06IUHe OUeHKH 9cpcpeKTHBHOCTH HenHHei!HbiX 

B3aHMOAelfCTBH H . 

24 



!.Qo-

l-

3) 

p-

03-

!X 

) 

!JHTepaT ypa 

I. E . E . KaaoMuea. Bonpocbt TeOpHH nnaaMbt, T. 4, M., ATOMHaaaT 
1

1964. 

2 . B.H 0 UHTOBII'i. Y<PH' Jill., 435 ( 1966). 

3 . A . A . f aneen, B.H. K apnMaH, P.3. Caraeea. HaepH. CHHTea. §., 20 (1965). 

4. !J .Ll . !JaHaay, E.M . !lmjJwHu. Mex. crrnowH. cpea. fHTTJJ, 1954. 

5 . B .r. MaxaHhKoo, B.H. UbtTOBH'<. :>KT<!>,XX;.;Yn,N98, 1967. 

G. A.Ll. !Jauaay. )l(3 T<P, L 203 (1937). 

7.C.JJ. M auaenbwTaM, n.n. n awHHHH, A.M.npoxopoa Hap. :>K3T<P, 11., 2003 (1964). 

8 . B.JJ. CHnHH , A.A. Pyxaaae. 3neKTpoMarHHTHbte caoficTaa IInB3Mbi H rrnaaMo-
noao6l!btX cpea. ATOMHaaaT, 1961. 

9. C. Y enMeH, T. Kaymurr. M aTeMaTHqecKaH TeopHH Heoal!opoanbtx r aaoa. M.

1

HJJ, 1960. 

10. C.H. EparHHCKHfi. Bonpocbt TeopHH rrna3Mbt, T. 1, M., ATOMHaaaT, 19o3 . 

25 

PyKOIIHCb rrocTyrrHna a HaaaTenbcKafi oTaen 
15 HIOHH 1967 r. 


