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TeopH51 HennHef!HbiX B38HMoneffcTBHfi B rrnaaMe B H8CT0511Jlee speM51 paa

/11 
pa6oTaHa BeCbM8 110Upo6HO 1 OUH8K0 1 UO CH X ITOp He p8CCM8TpHB81THCb 

a<P<jleKTbl B38HMOUefiCTBH51 Kone6aHHff C <L> >> f.l 

napeHHff) C KOne6af!H51MH 1 01151 KOTOpblX <L> << f,l 

f,l - '18CTOT8 rrapHbiX coy -

pOECKHX KOne6aHHil C HH 3 KO'I8CTOTHblMH 11pUCT8BITST e T OC06biH HHTepec , T8K K8K 

/2 ;jf 
TaKoe B3anMoneffcTBHe nccnenyeTcH B pHne aKcrrepnMeHTOB • • HloKe rron-

po6Ho paCCMOTpeH ITpnMep B38HMOUel\CTBH51 ITeHf'MJOpOBCKHX H 8KyCTH'IeCKI!X 

BOITH B ITOITHOCTbiO HOHH3HpOB8HHOH 111183Me : p8CCM8TpHB8eTC51 B036ylKUeHHe 

8KYCTH'IeC KHX BOITH neHrM!OpOBCKHMH, 3aecb H B Jl81ThHeHWeM TepMHH • aKyCTH 

qecK851 BOITHa" OTHOCHTC51 K 3~YKOBbiM-BOITH8M 1 '18CTOT8 KOTOpbiX MeHbille 'IBC-

TOT COynapeHHH 31TeKTpOHOB C HOH8MH H HOH- HOHHhlX CTOITKHO BeHHA v
1

. 

BHa'lane Mbi KpaTKO OCT8HOBHMC51 Ha nHHeil!IbiX caoAcTaax aKyCTH'IeCKHX 

BOn H . 

§ }, llncrrep~HOHHbie CBOHC T B8 8KYCTH'IeCKHX BOITH 

Ecnn qac T oTa 3BYKOBbiX Bonn Menbwe '18CTOT rrapHbiX coyaapennff 'lac -

TH U <L> 
0 << f.l I TO CITeKTp T8KHX BOITH orrpeaen51eTC51 f'HJlpOJlHH8MH 'IeCKHMH 

/ 4/ . 
ypaBHe HH51MH Jl1151 IT1183Mbl 1 H CC ITeJlOB8 HHbiMH 1 H811pJIMiil p 1 B • 0 6 0 3 II8 '1HM '1epe3 

f.l" H v 1 COOT BeTCTBeHIIO '18C T O T bl CoyaapeHH H 3 1Te KTp OH OB H HOHOB CO B CeMH 

ocTanhHbi M H qacTnuaMH rrnaaMbi , C ymec T Be HHo , 'I T O B o6n acTH 

3 



max( OJ" , k. vTe )<< v., 
( 1. I) 

max ( OJ • , k • v T 1 ) << y 1 

3BYKOBW8 K0/1868HH H MoryT cyu1eCTBOB8Tb u a H30TepMH'18CKoii rrna3Me . TaK 

KllK OJ
0 ~ k 0 V T 1 1 TO JllHl BhinOJ1H8111lll ycnomrti ( 1.)) }lOCT8TO'IKO I 'IT06b! 

k0 vTe <<v., OJ"<<111 
( 1.2) 

EcnH ( T • I T 1 ) > 1, TO nepaoe H3 ycnoauti ( 1.2) 6onee >KeCTKoe . Y'IHT biBall , 

'ITO DOJlHOB08 'IHC/10 k 0 B orp8HH'I8HHOH IlJ183M8 p83Mepa a Ilp8BOCXOAHT 

aenH1.fJ..-IHY 
_L 

a MOlKHO IlOJlY'IHTb 0Pp8HH'I8HH8 H8 p83M8p CHCT8Mbl 

a>> r 
0 

N 
0 

, 
( 1.3) 

rne r ~ 
D 

VTe 
- ne6aeacKHft pannyc nna3Mbi , a N 0 ~ (0J 0 ., I "'• )-"roro >Ke 

(i) 0 e 

nopllAK8, 'ITO H 'IH C/10 '1 <1 CTHU B c cpepe neoaeBCKOro panHyca , N " n ( v I w ) 3 
D o Te 0 e 

( nO - ll/10TIIOCTb ll/183MbC ). 

nony•{8HII08 COOTHOW8HH8 ( 1.3) B YCilOBHilX , '18C TO BCTp8'18JO!UHXCil B 

13 - 3 8cM 
3Kcnepi! MeHTe , BbtllOJ1Hil8TC>T . HanpHMep, npu n

0
" 10 eM , vTe .,)Q ~; 

-3 4 
r D"' J0 CM ; N0 .,JO , llOJlY'IHM a » 10 CM. 

3TO 3 H8 '1HT, 'ITO A8lK8 B H30T 8pM H'I8CKOW ll/183M8 MOPYT pacnpOCTpa 

HilTbCSI H B036y>KA8TbCil 3BYKOBbl8 KOJ1868HHil . no-BHAHMOMy, B036y>KA8HH8 

/2/ 
T a Koro 3 ByK a Ha6nJOAanocb B p11ne 3KcnepHM8HTOB (eM., HanpuMep

1 
) • B 

H8CTOillU88 B p8Mil B8AYTCSI 3 KCil8pHM8HTbl, B KOTOpblX HCC/18Jly8TCil H8/1HH8il -

/2,3/ 
H08 B3811MOA8WCTBH8 3BYKOBbiX BOJlH C ApyrHMH Tllll8MH KOne6aHHti IlJ183Mbl 

B MecTe c TeM Teopull HennHeiiHoro aaauMoneiicTanSJ aKycTH'IeCKII X aonH oTcyT

cTayeT. llucnepCHOHHbl8 CBOilCTB8 "cT0/1KHOBHT8J1bHOPO" 3BYK8 B H30TpOII -

HOii llll83M8 nerKO MOryT 6b!Tb H CC1l8AOB8Hbl C IlOMO!UbJO AH31l8KTpli•I8CKOW 

npOHHU88M OC TH llJlt13Mbl B 06118CTH '18C TbiX coynapeHH H, llOJ1Y'I88MOH H3 ypaB

/4/ 
HeHH t1 p116oTbi • B rronH oCTbJO H OHn3n ponaH Hoil nnA3Me HMeeM: 

1 

rAe 

H 

1<•1+(0,51 y 

" 

< • 

k 
+ 1.22-

f 

OJ =-I cu + i -
" 

k2 v2 
"'1 E-i.OJ+ i __ .,._1{ 1-

(i) 

C =-__!_ iw + 8 + 3,16 
" 2 

{' ~ -21.., +8+ 3,9 
l 2 

L - KynoHOBCKHii nor. 



( I. I) 

aoTepMII'IeCKoil nnaaMe. TaK 

.I) AOCTBTO'IHO I 'IT06bi 

( 1. 2) 

1ee "'ecTKoe . Y'I>ITbiBa SJ, 

pa3Mepa 8 npeBOCXOAHT 

p83Mep CHC T eMbl 

( 1.3) 

1, a N0 = ( cu
0 8 

I Y
8 

)...troro "'e 

IH yea , N ,. n ( v 1 "' ) 3 
0 0 Te 0 e 

'IBCTO BCTpe'IBIOlUHXCSI B 

13 -3 8cM 
~ 10 CM , V T e ti 10 ~; 

l 3Me MoryT pacnpocTpa 

IHAHMOMy , B036y)f{AeHHe 

/ 2/ 
(eM., HanpHMep

1 
) • B 

~x uccneAyeTCSI HenHHe~

lBMli KOne6aHHtl l1IT83M~ 2• 31 • 
H llKYCTI!'JeCKIIX BOITH OT CyT

I Oro" 3ByK a B 1!30Tpon -

Hu fi , nony'laeMo~ H3 ypaa-

ll:JMe HMeeM : 

rAe 

H 

K • 1 + (0, 51 Y 
e 

(<)2 

€ c: i --~o_e_ 
e 

w2 
f 1 = i __ _,_0"-1-

][2 v 2 

{' = - .2_ i cu + 8 + 3, 9 __ __,_T1:... 
1 2 

" 1 

m., 
1> = 3--y 

m e 
1 

L - KynoHoacKH~ norapu~M. 

5 

m., 

e4 n L 

e4 n L 
0 

) . 

( 1.4) 

( 1.5) 

( 1.6) • 



npHBeAeM COeKTpbl KOne68Hl1fi cu: Jl AeKpeMeHTbl 38TYX8HJISI y: 
CTOOKIIOBHTeObHOI'O 3BYK8 B o6rueM cnyqae HeJJ30TepMJJ'IeCKOH 0083Mbl ( OpH 

3 TO M T MO)KeT 6bJTb K8K 6onbllle TBK "' MeHbllle T 1 ) • EcnH «} "' >> k2 k 2 
, 

e ' k e a Te 

TO 

w • • k v 
It a a, v - v a Te 

j 130_ 

y: ~ ye + y 1 

k 2 v2 

., 
m;, 

m -1 
VTl V~ 

3 

k 2 v 2 

( 1.8) 

( 1.9) -o.~ Te ~ 0,9 Tl 
ye . Y, ---

"' 11 
e 1 

rae m - M8CC8 30eKTpoHa, m l - M8CC8 JIOHa. e 

B o6paTHOM npeaenbHOM cnyqa e 

CU
11 = k v 
k • • 

Y
8 
~ 0,16 

m 
e __ ., 

m 
1 

e 

V
8 

a VTe 
m. 5 Tl 5 T 

v'--(1 +---l = v v' - + ___L_ 
m 3 T ,.1 3 T 

1 e 1 

. 
yk=y. + y 1 

1,92 + 0,64 

• yl 

5 Te 
-+--

3 T 1 

Te 

T 
1 

k2 2 
v 1 

Ill 

( 1.10) 

( 1.11) 

' Y'IJJTbl B1l Tb p83nfi'IHe Me>KA Y TeMnepaTypaMH 31IeKTpOHOB Jl JIOHOB MO>KHO 

nJtUtb B TOM cnyqae , KOrAa IIHTepecyJOillll e H8C '18CTOTbl lWH IIHKpeMeHTbl npe-

BOC XOASIT o6pa THOe BpeMSI Bhlp8BHHBflllllSI Te~mepaTyp aneKTpOIIOB II IIOROB 

H 3 - 3<1 coynapennii 
m 

rs -r:- "e 
1 

( <jlopMynbl ( 1.10) - ( 1.11) ). B o6paTHOM 

npe nenbHOM C Jly'lae MO>KHO ll c nonb::JoaaTb <jlopMynbl ( 1.10) - ( 1.11), nouaraSJ 

B HHX Te = T1 KpoMe Toro OTMeTHM, 'ITO B Y3KOii o6nacnt c..o"v a" 2 
v

2 
t. e ,.e 

6 

AeKpeMeHT 38TYX8HJISI 

3BYKOBb iX BOOH ( 1.8) I 

Hbl 3BYKOBblX KOn e6aHP. 

A • .. rl 

T,e. ( 1.10) uMeeT M e < 

a ( 1.8) npu 

r N <' D D 

l.JacTOT8 3BYK OB 

A= r 

0TCIOA8 BHAHO, 'ITO B 

TeMnepaTypbl T e Jl 

B o6nacTu ( 1.1· 

nnaaMe MO>t<eT npeao 

T 
rDNDy

'I 



rxaHHR 

OR rrna3Mbl ( npH 

'nH c.t v » k
2 i 2 

• 
t. • • T e 

( 1. 8 ) 

( 1.9) 

( 1.10) 

( 1. 11) 

B Jl HOHOB MOlKHO 

IIHKpe~<eHTbl npe-

OIIOB II IIOHOB 

B o6paTHOM 

( I. 11), noaar a g 

Tll c..o•v "' k 2 v2 
k e T e 

JleKpeMeHT 38TYX8HHSI 3ByKa ITOpSIIlK8 ero '18CTOTbl . 06naCTH CymeCTBOB8HHSI 

3BYKOBblX BOJJH ( 1.8 ) H ( 1.10 ) ne>KaT ITO o6e CTOpOHbl OT KpHTH'IeCKOH BOJJ-

Hbl aByKOBbiX Kone6aHirii A* = --
1
-, rne 

k* 

T . e . ( 1.10) HMeeT MeCTO IT pH 

a ( 1.8) npH 

a»A» r 0 N 0 

4aCTOTa 3ByKOBblX BOJJH ( 1. 10) npeBOCXOilHT BeJJH'IHHY ~II 
m 1 • 

( 1.1 2) 

( 1.13) 

( 1. 1 4) 

npH 

( 1.15) 

0TCIOI18 BHilHO, 'ITO BblflOJJHeHlle ( 1. 13) llOCT8TO'IHO llJJSI TOrO , 'IT06bl C'IKT8Tb 

TeMnepaTypbl T • H T 1 B qacToTe 3BYKOBblX aona paanH'IHbiMB. 

B o6nacTH ( 1.14 ) qacToTa 3ByKOBbiX Kone6aHHii B HeHaoTepMH'IeCKOH 

~ 
m, 

ITJJ83Me MO>KeT npeBOCXOilHTb , 
• 

JJHIUb npH 

t
0 

N 
0 

y ~ » A » r 
0 

N 
0 

y 
T m . . 

7 

( 1.16) 



npH HeBblnOIIHeH HH ( 1.16) fl ll83MY HY>KHO C'IHT8Tb H30TepMH'IeCK OH T. = Tl . 

§2. Y paeneHH <I nn<~ HenHneAnoro B38HMonelicTBII<I 

neHrMIDpOBCKHX H aKyCTH'IeCKHX BOIIH 

EyneM ucxonHTb H3 ypaeneHHSJ 

a 
at ; E z - 4" J S( k , k 1 , k 2 ) E t

1 
Ek

2 
o (k - k 1 -k2 )o(w-w 

1
-w

2
) • 

_ .. 
( 2.1) 

..., _ _ l (kr -rut) 
d k d w dk 1 dru 1 d k 2 d ru 2 e 

'; - IIHHeHHbl H HHTerpanbHblH onepaTop OH:omeK TpH'IeCKOH 1IpOHHU8eMOC TH, 

nocKOIIbKY H8C 6yneT HHTepeCOB8Tb T OIIbKO B38HMOOeHCTBHe 8KYCTH -

<JeCKHX ( S) H neHrMIDpOBCKHX ( f ) BOIIH, BbliiHllleM OTOellbHO ypaeneHHSI 

nn<~ E f H E • none Ax/ 

a " f P. • e q k'-;' - cu t ) 
-r E ~ - 8 ~r f S ( k, k 

1
, k

2
) E k E k e o( k -k

1
-k

2
) dk dk 

1 
dk

2 at 1 

( 2.2) 

a • P. P. ti"kr--rut) 
E ~ -4" fS(k,k 1 ,k 2)Ek Eke o(k-k

1
-k

2 
)dkdk 1 dk 2 1 2 

( 2. 3 ) -- ( at 

k ! k, ru I . 

npencTaen<~<~ none e anne 

~- t 
l( k r - Re ru "t I ) -

E ~ f E1 ( t ) e d k , ( 2.4 ) 

flOIIY'IHM BMeCTO (2 ,2 ) H (2 .3) 

x/ npH IIOIIy'leH HH ypaBHeHHH ( 2. 2 ) H ( 2, 3 ) KpOMe CBMOOeliC T BHSI 6bi1IH 

onynJeHbi 'llleHbl , ne ynoeneTeop<~IDmHe ycnoBHID k - k 1 - k 2 c 0. 

8 

P. _]_ _ __ a_) 
( Re w"k - i a t 

P. 
l (w

1
-Rewt

1
) r

1 
l (o 

• ·e e 

.... 1 -

S( k ,w 1+w 2 ; k l'wl; I 

1 a 
( Re w! 

2
- Tat 

p 
I(w-Rewk l r + I(G 

. e e 

. :s(k
2

, w+w
1 

;k_ 

nycTb Re J; 
r /Re • (w, k ) = 0 , 

ypaeneHH<I R e£• ( w, 

PaccMoTpHM en 

He yt.tHTbiB8Tb , H , Cnl 

nponwuaeMOCTH. 0 ec 

rOBOpHTb IIHllib B TOt 

KHM B38HMOOeiiCTBHe 

He BbliiOIIHeHO , TO II(: 

CBOiiCTB IIII83Mbl HB 

He KacaeMc<~ . B coo· 

Re £( Re "' t , k ) = 0 



TBH SI 

I) 
( 2. 1) 

Oil llpOHHU8eMOCT H . 

neifCTBHe 8KYCTH -

2nbHO ypllBHeHHSI 

,) dkdk dk 
. 1 2 

( 2. 2) 

) dk dk 1 d k 2 
(2. 3 ) 

(2.4) 

8MOneifCTBHSI 6blnH 

k 2 c 0 ' 

• ·e 

~ 1 a f ~ 1 a -f 2 
(Re w~-- -.- ) f (Rew~-- - , k)E"f(t) c -- f dr 1 dr 2 • 

• i a t k I at lrr 

• 
l(w 2 - R "Wf 2) r2 

e e 

• 1 a • • 1 a .... • 1 
( R e w-. - - - ) t ( R e w... _ ,-- , k ) F.,. ( t) = - f d r d r 

k 2 I at "2 I at 2 t 2 lrr 1 

f l(w-Rew! 1 r 
' k e +t<wcRew_-r

1
lr 1 • e 

(2. 5) 

nycTb Re J; eCTb peweHHe nHHeifHoro W<CnepcHOHHOro yoaBHeHHSI 

- ..! r / Ret (w, k ) = 0 , a R e "'< 
2 

ecTb pewefme nHHei1Horo nHcnepcHoHHoro 

ypaBHeHHSI Ret" ( w , ! ) = 0 . 

PaccMoTpHM cnyqatl , Korna B38HMonei\cTBHe s s H ff sonH MO>KHO 

He Y'HfTbiBBTb , w, cnenoaaTenbHO , CY:HTBTh, l.JTO fp M r 
8 

ecTb nHHei!Hble 

11pOHHU8eMOCTH. 0 B036y>KneHHH H B38HMoneifCTBHH II S BOnll MO>KHO 

rOBOpHTb nHWb B TOM cny•Iae , Korna 11011p8BKH K 'I8CTOTe , CBSI38HHble C T8 -

KHM B3aHMonetlcTsHeM , Manb• B cpasHeHHH c 'IBCTOToil . Ecnn 3To ycnosne 

He BblllOnHeHo, TO rrponcxonHT cywecTBeHHoe n3MeHeHHe nncnepcnoHHblX 

CBOHCTB nna3Mbl H8 p8CCM8TpHB8eMbi X 'I8CTOT 8X. 3necb Mbl 9TOrO cny'IBSI 

He KacaeMCSI . 8 C00TBeTCTBl1H CO CK838HHblM B neBOM 'I8CTH ( 2. 5 ), ( 2. 6) 

H _1_ I a Eu I « Re ~ 
Eu at k 

9 



B neno li qacTH ( 2.5) ( 2.6) Y'ITeM nnmb rrepBbiil 'lnea paanolKeHHH no 

1 a F' . 
Ma n oMy rra p a M e T py (I --=:JJ' --I/ Re ~) , u c f , s. 

r.- at ~< 

B rrpano li 'IB CTH, p acKn a Jlbi BB II no ...!J_ 
t 

H ~ , nerKO BHJleTb0 'ITO 
t 

n orrpano 'IHhie qneHbi T a Koro paanolKe HHII HMeiOT BHJl 

a E~ (t l as a Et 
S Et 

2 8 ' ( f<l - "'t' ) • -i -1,.:_ ~ --=--=-:...a.. , 
1 at I I a(<) -al 1 at 

in~" u • 
T , e . HMei<>T OT HOCHTe nbHbi li rro p HJlOK M a nocTB (---IE Re"'l ) . at 

Y'le T 3 THX q n e ao n n n panoii 'IB CTB ( 2.5) B ( 2,6) 6yJJeT rrpenbJmeaneM 

TO'IHOCTR npn ncrronbayeMoM paano lKeann. Y 'IHTbiBB SI B bi m enan olKe uao e, nony-

'IHM npn6nnlKeHHbili BHJl ypanaennli (2.5 ) ,(2.6). 

s,. 
f ~ 

a f)E-(t)=- aR e rf(-., k) l . Rt>~ ( _ + Yt' t p "'"" •-~: at Re w! aru 

t • -.--. f f1' (t) Ef (t)B(k -·1-1<2). 
1 2 

( 2. 7) 

- t - t ~ t Re(wf-~ -..,.f Jt -. 
. : s (k,Re(~ + w! ) ; k ,Re~ ; k Rec...! ) e 1 2 dk

1
d! 

•I • 2 I t I 2 - t 2 2 

4,. 
( .3_ +.,; )E~ 2 (t)=- aRer• (...,,t2) at t 2 

f l - ~ ... 
fE•t(t)E .. t(t) B(k-k -k )· 

- 1 I 2 

• Re"'k I • 
2 a .... ru= Re CtJk 

2 ( 2.8 ) 

r r • · -. f g - f ":- f ~ Re!c.Jf+~-cu-- )t _, · S(k 2 ,Re( c.> ~+ cu~ );k,Rew~;-k 1 ,+Rew- )e 1 lt2 dk d! . 
" "I i k1 I 

n y cTb HMeeT CSI JlOCTBTO'IHO JIHTeRCHBHhlii IJB KeT f - BOIJH, rne k 
0
-cpCJl 

Hee BO! IIIOBOe quc no yKaa auuoro naKeTa . E yJJeM HHTepecoaan,c g n n c nepcn ... .... 
OHH hi M COOTHOilleHite M Jlllll S - BOIJ H, >JMeiOUUIX k = k O • n pu 3TOM JIOIJaraeM , ...... 
' ITO HeK TOp k O !_ k a He IIp HHBJl!IelKlJT K 'IHCn y BOIJHOBbi X IWK TOpOB ~UJTeH -

CJHIHOJ'O fl3 K e T a , T , e , OTHOCHTCSI K C:ta6bl~! neHr!>;;opOBCKliM BOIJ!lfiM, 8 npa -

to . 

no li q a c T n YIJBBHean s 

c nnbHO li nonH bi E~ 0 

k 

( a • • 
-at + Yr l E~ <t l 

2 2 

... f ~ 
I<, Re w -r; -I< 1 , + Re 

• :ex 

Y panae av.e ( 2,1 

f !> F.! e -

y .. ".. f 
k Re ru~ 

a'" 

.. . , 
k~e~2 · 

B rrpaso il q ac-r 

a B n e no li :.. B cpan1 

qeann (2.10) a e ncr 

onpe n e n e ao TaK, 'ITO 

HHTe HCHBHOJ'O IJHK! 

BCeM 3 HR 'Ie HHSI M k 2 



· , nerKO BH!IeTb, 'ITO 

(1 • IE Re""C ) • 

) 6 yneT n peawweaueM 

1 • -- ... ~ (t) Ef (t)8(k -k -k2). 
• 1 2 I 

( 2. 7) 

1 t .... ..,. .... 
~( t) E .. ( t ) 8 (k -a: -k ) • 

-k 1 I 2 

( 2.8) 

f - oonH, r ne lr 0 -cpcn-

aecOBaTbCll n Hcnepcu-

0 • npu 3TOM nonaraeM, 

•BbiX RPKTOpOB JtHTeH -

>Cr<..ltM uonnnM .. B npa -

BOil 'i8CTH YP.BBHeHHll ( 2.8) Torna conepJKHTCll IIpOH3BeneHHll BMIIIIHTY!Ibl 

CHIIbHOil BOIIHbl E~ OJ H8 8MIIIIHTY!IY cna6ol! ( 0603H8'JaeMol! 8 Ef ) • 

( a • • 
~a + y,.. > E~ (t) 

t k 2 2 

4rr "Y f f 
JS(k 2,Re(r.~"t +wt ) 

.. 1 
(co, li2)1 1\. • 

Q)- ·~ 2 k 2 

• a • 
Recur -- Re' 

2 aco 

' f f • ... ... • . exp I -I Re ( co.,. +co .... - -w_ ) t I d k dkt . 
k -k1 1: 2 

YpaaHe HHe (2.7) noaaonlleT onpenenHTb no 

f f 8rr -. f • ~ f 
y~ 8EtE-----~--------fS(k,Re(cur +Ch );k 1, Reeuf 

f a r ... 1 1:2 
Re co~ Re € ( co , It~ co a Re c.J· aw ~ 

.. • fc o 1. • f P • 
k Re~ )E-. tt)Et (t)exp!IRe(c.>"t-~ -co-r )tl ,, 
~- 2 t 1 2 1 2 

( 2.10) 

B rrpaooll qacTH Mbl npeae6pernH BKnanoM 8 Ef B Cp8BHeHHH C 

a a neaoll :.. B cpaaHeHHH c aaTyxaaueM aonHhl. nonqepKaeM, 'ITo npH nony... 
>JeHHH ( 2.10) He HCIIOIIb30B8IIOCb IIpenrronoJKeHHe 0 TOM, 'ITO k t 

0 

orrpeaeneHo TaK, 'ITO lr 0 J:. k 0 He IIpHHB!IneJKHT K 'IHCny BOIIHOBbiX BeKTOpOB 
..... 

HHTeHCHBHOrO naKeTa. HHTe rpHpOB8HHe no k
2 

B (2.10) npOH3BO!IHTCll no 

seeM aHa >JeHHliM k 2 • EnHHCTBeHHoe npennonoJKeHHe - B ManoCTH ET - no-
2 
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' 

3BOmleT npeHe6peqb qne H8MH1 KB8llp8TH"!HblMH no MBnOMy napaMeT py. nonCT 8B

n5151 (2.10) B (2. 9 ), n ony"'H M 

( a " l ~"<) 4(4~t l 2 
dk 1 dk{ e10 , 

- + y .. t - ---- f [E (t)]* at k 2 1 · 
2 • a • ... Y 1 

Re w.. - Re t ( w , k ) I R a k + k 
k 

2 
aw 2 w~ e "' t 

2 
I 2 

f.,, • p f • • l 
·E1 ,(t) E -r +t -t•exp{IRe( w .. - w !.+"'~ -~ +k -~' )t • 

I 2 I I ~ i t. 2 I I 

... f p -. ... 0 - f 
. S(k

2
,Re( "'1 +t-""r ) ; k + k , Re "' ~ +! ; -k 1 • -Re ~ 

- I I 2 I 2 I ( 2.11) 

e a e ... ... 
Re "' .. _.., -. - Re t ( w , k + k ) I f 

k + k a c.J I 2 w ~ Re c.J_. 1 
I 2 k I +· 

' ... ... f • )· .. ' p · . S(k
1
+k

2
, Re( wr • +w- .. ..,, ,k

1
,Rew1 • 

I k2+kl-kl I 

....... ..... ... . ) 
; k 2 + k 1 -k ; , Re w- - -~' · 

k I + k2 1 

nonyqeHHoe ypaaHeHHe rrpHronHo nn51 pacqeTa 3cpcpeKTa oT 6ecKoHe"!~o 

y3Koro HaKaTa f - aonH 

f f - ... P* ... ... 
Ek(t) z E (t)B(k-k )+E (t)8(k+k

0
). 

( 2.12) 

T orna ypaaHeHHe ( 2.12) npH npe H e6pe)Ke HHH 6biC T po ocu HnnH pyiOIUHMH qne Ha -

MH HMeeT BHll 

_a_ In E~ (t) + y! c 

at k2 k2 

4(4")
2

1 Ef(t) 1
2 

Re c.1 
2 

a 
Re t • (w, ~2)1cu• Rewl 

2 
aw 

12 

• 

-9 f .. 9 
S(k , Re( "'k" + "t - "-t' . I 2 o 2 c 

e a 
Yro +12Re "'to +k 2 aw Rt 

• ... f ... 
+ c.J-. ) ; k

0
, Rew-e ; k

2
, Re "" 

k 2 k 0 

. :s (k -k 
2 ( 

3 ¢¢eKT HenHH eHHC 

CTByeT HenHHeHHOMY BC 

I a • 0 x/ 
at ln £r I«"' "' 

2 k 2 
6onhUJHM H He MO)KeT e 

none HHTeHCHBHoro rraK 

eCTeCTBeHHB nn51 HHTeH 

paCKB"'KB, KOTOp8S! ITO"! ' 

na y~ << w 0 , .YK838HHl 
0 

( 2,) 3 ), ecnH HHTeHCHBt 

"'TO HenHHeHHblM B38HM 

6pe"!b HB HB"'BnhHOH CT 

caeTc51 l'f B3aHMoneHc 

C T B H e MO)KeT 6b!Tb cyu 

Ho TaKoe B3aHMoneHCT 

neHCT BHIO cna6b!X H CH 

/51 
38HO 8BT Op8MH B , H 

W << 11 , II 
- e 1 

B UJ H pOK C 

x/ 
B rrpo T HBHOM c, 

CMbiCna . 



' napaMeTpy. noaCTaB-

ftol 
[E't (t))* · 

I 

)t I · 

e 
">t' __ I __ • ; 

I + "t 2 

(2.11) 

KT8 OT 6eCKOHe'!~O 

) . (2.12) 

mnnHpyiOWIIMM '!neHa-

3¢<jleKT Heni!Hei!HOI'O B3811MOAei!CTBI!SI 0 Olii!CbiB8eMbiH ( 2.13), COOTBeT

CTByeT Heni!Hel!HOMY B036yJKJleHI!YJ aKyCTII'-JeCKIIX Kone6aHirll . B c11ny 

a • 0 xi 
la·t ln Et I<< w~ nony'!MM, 'ITO HenMHellHbil! MHKpeMeHT He MoJKeT 6biTb 

2 k 2 

60nbWIIM 11 He MOJKeT 6hiCTpO MeHSITbCSI BO BpeMeHH. 3TO 03H8'!8eT, 'ITO 

none MHTeHci!BHoro naKeTa MeHSJeTCSI JlOCT8TO'IHO MenneHHO . TaKaS! CI!TyauMSJ 

ecTeCTBeHH8 AnSI HHTeHCJ.IBHblX BOnH B ycnOBIISIX, KOI'A8 AnSI HIIX MMeeT MeCTO 

p8CK8'!K8, KOTOp8S1 !IO'ITII !IOnHOCTbiO KOMlleHCHpyeT HX 38TYX8HHe , T.e. KOI'

/:18 y~ << W a, .YK838HHble OI'p8HII'IeHMSI OnpeJlenSIIOT o6naCTb npMMeHMMOCTII 
0 

( 2.13), ecnl! J.IHTeHCJ.IBHbie BOnHbl HMeiOT BeCbM8 y3KI!i! C!leKTp, 3aMeTIIM , 

'ITO Heni!Hei!HbiM B3811MOJlel!cTBI!eM S - BOnH MeJKAY co6ol! MOJKHO npeHe -

6pe'!b H8 H8'18nbHOH CT8Jlllll HeyCTOH'!J.IBOCTH, Olii!CbiBaeMOH . ( 2.13) • 4TO Ka -

caeTCSI l1f B38HMOAelfCTBIISI, TO lip!! !IOny'!eHI!H ( 2.13) T8KOe B38HMOAeli -

CTBHe MOJKeT 6biTb cywecBeHHbiM nlllllb B ypaBHeHI!II AnSI cna6biX BOnH. 

Ho TaKoe B3811MOAelicTBI!e , nMHeliHoe !10 oE . (;y}leT COOTBeTCTBOB8Tb B3811MO-

nelicTBIIIO cna6brx 11 cl!nhHhiX Bonn , nnSJ KOTOphrx w << v , v . KaK noKa -
iSi - e 1 

38 HO 8BTOp8MII B , HenMHeliHbie J.IHKpeMeHTbl nepeK8'1KH B ycnOBHSIX 

w << 118 , 11 1 B WIIPOKOM IIHTepaane napaMeTpOB MeHbWe Yt . 

xi B npoTIIBHOM cnyqae !IOHSITIJe aKyCTM'!eCKMX Kone6armll He MMeeT 

CMbJCna. 
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PaccMoTpHM Tenepb cnyqaA nocToquo wupoKoro cneKTpa qacToT neur

MJOpoBCKHX Bono, !jlaaht KOTOpbtX s!BnSIJOTCSI cnyqai!HbiMH. Mo>KHO onSITb-TaKH 

BblnenHTb o6naCTb 1 B KOTOpoi! HMeJOTCSI HHTeHCHBHbie f - BOnHbl 1 H 06naCTH 1 

B KoTOpbiX HMeJOTCSI cna6bte f - BonHht. OcTaBnSISI numb nuueAHbie no cna6biM 

f - BOnHaM qneHbl 1 Heo6XOllHMO B ( 2.9) HapS!llY C BblfiHCaHHbiMH qneHaMH 
f (0) ft 0) 

yqeCTb qneHbt THna E; (t) Et
1 

(t) . OnuaKo npH ycpenueuuu c noMOmhJO 

!jlopMynhi 

fc • ft ftol -<E .. 01 (t)E .. 0 tt)>eiP: .. (t)lao(k-k) 
k k 1 t 1 

( 2.14) 

nonyqHM nononHHTenbHbii! HCTOqHHK s - Bona, nponopuuouanbHbti! o ( k 2 ) • 

Ecnu HHTepecoBaTbCSI s - BOnHaMH c k 2 ~ 0, To HCKOMbti! peaynbTaT MO>KeT 

6btTb nonyqeH nyTeM ycpenHeHHSI ( 2.11) c noMomhJO ( 2.14). YpaBueuue HMeeT 

BHll 

2 • 

( __ a + y! > Ei <t> E 

at t 2 2 Re 

4 < 4lr > Er < t > 
2 J dk 

"'i _a_ t•(cu, t2 >1 . -it ~ 1 
2 iJcu cu 2 • ·· k 

2 

.. t f."'"-?.! .. S(k 1 , Re(cuk +1 -cur ), 11 1 +t 2 ,Re "'t +t 
f ; -k 1 , - Re cur 1 

1 2 l l 2 

t t 
y,. ... Rec.>y +~ 
1t1+t2 1 2 

a 
--t a..., 

.. .,. I . t ... 
(...,, k 1 + li 2 ) ..., - Re c.> "t 

1 
+ k 

2 

I Ef~ol(t) 12 
1 

' t -Jt t t .,. t .,. • 
·S( +t ,Re(c..t +c.>-; );li 1 ,Rewt ;li2 ,Rec.>r ). 

1 2 1 2 1 2 

14 

( 2.15) 

~ 

J 

. I 
1 

Pe3ynbTaTbi 1 no 

nonyqaJOTCSI H3 ( 2.13 : 

Bb!COKHX aBTOMaTHqec 

MeHeHHe f - BOnH B 

Boo6we roBopS1 1 ecnu 

lliHpOKOM HHTepaane E 

0cTaHOBHMCSI TE 

B3aHMonei!CTBHSI ff

nnSJ f - Bono cymecT 

npeBOCXOllHT HX norn< 

llOMHHHpyeT. 

nycTb HenHHeiiH 

panbHYJO nepeKaqKy a 

rnomeHHSI. nycTb nan 

auaquT, qTo B o6nac1 

CKOMneHCHpoBaHO OTT 

o6nacTH rrornomeHHSI < 

cneKTpanhnoi! nepeKa' 

cneKTp f - BOnH CTal 

MenneHHbiM H3MeHeHH 

B ( 2.,5) H pacKnanbtB. 

t f f 
Rewr t (Re "'t. 

1 .. 
---JS(k,cu

1
i 

lrr 

t 
, 1Cw 2-R•"f 2

1' 2 ezpi!Re • •e 



o crreKTpa qacToT neHr

IH. MOJKHO onSITb-T8KH 

- BOnHbi, H o6n8CTH, 

Wh nHHeiiHbte no cna6btM 

BbliTHC8HHbiMH qneH8MH 

ycpeJlHeHHH C ITOMOWhiO 

(2.14) 

JUHOH8nbHbll\ 8 ( k 
2 

) • 

bli! peaynhT8T MOlKeT 

2.14). YpaBHeHHe HMeeT 

f 
. Re '""r 

1 . . 

rl+12 
( 2.15) 

,Re • ) . 
C&) ~ 2 

:I 

, t 
J 

PeaynhT8Tbi, nonyqaeMbie C noMOWbiO ( 2.15) , CXOUHbl C TeMH, KOTOpbie 

nony'i810TCSI H3 ( 2.13). 3TO H nOHSITHO, T.K. JlnSI HH3KHX 'i8CTOT B03Jlei\CTBHe 

BbtCOKHX aBTOMBTH'ieCKH ycpeJlHSieTCSI no BbtCOKoll qacToTe. MellneHHoe Ha

MeHeHHe f - BOnH B paCCM8TpHB8eMOM cnyqae WHpOKOrO cneKTp8 B03MOlKHO, 

B006we rOBOpSI, ecnH KOMneHC8UHSI p8CK8'iKH H 38TYX8HHSI HMeeT MeCTO B 

wHpOI(QM HHTepBane BeKTOpOB k I • 

OcTaHOBHMCSI Tenepb Ha cnyqae, Korna xapaKTepHoe epeMSI HenHHeAHoro 

eaaHMOJlellcTBHSI ft- BOnH MeHbWe, HelKenH 1'$- eonH. EyneM C'iHT8Tb, 'ITO 

JlnSI f - BOnH cyweCTByeT o6naCTb reHep8UHH, B KOTOpOI\ paCK8'iK8 KOne6aHHA 

npeBOCXOJlHT HX nornoweHHe, H o6naCTb 'nornoweHHSI', B KOTOpol\ 38TyX8HHe 

UOMHHHpyeT. 

nycTh uenHHellHble 31jxjleKTbl ft- B38HMOJlellCTBHSI ocymeCTBnSIIOT cneKT-

panbHYIO nepeK8'iKY 3HeprHH t - eonH H3 o6nacTH reHepanHH B o6nacTb no-

rnoweHHSI. nycTb JlBnee pacnpe}leneHHe f - BOnH CTBnO CT8UHOH8pHblM. 3TO 

3H8'iHT, 'iTO B o6naCTH reHep8UHH rrpeBb!WeHHe p8CK8'iKH H8Jl 38TYX8HHeM 

CKOMITeHCHpOB8HO OTTOKOM Kone6aHHH H3-38 crreKTpanbHOll rrepeK8'iKH, 8 B 

o6naCTB nornoweHBSI 38TYX8HBe KOne6aHBH KOMITeHCHpyeTCSI HX ITpHTOKOM H3-38 

crreKTpanhHOA rrepeKa'iKH. TaKHM o6paaoM, B OTCyTCTBHe fs B38HMoner<cTBHSI 

crreKTP t- aonH cTauHoHapeH. HanH'iHe fs B38HMoneliCTBHSI npHBOUHT K 

MenneHHblM uaMeHeHHSIM 3Toro crreKTpa . Y'iHTbiB8SI ff aE' , , 
B (2.5) u pacKnanbtB8SI no ( -- / E Re .., .. ), · rrony'IHM at ~ · 

-B38HMOUei!CTBHe 

r , r ..,. r a r "? 
Recut£ (Recu-.,K)Et(t)--cut (cu,k)j f 

t at CU•Recut 
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1 ... - ... ., r r r 
+ -- f I (k, w 1 +w 2 + w 3 ; k 1,w 1 ; k 2 , w 2 ; k 3 ,w 3 ) Ef (t+ r 1) E~ (t+r2 ) Er (t +r )• 

l1r I 2 3 3 

r ~ r 
• exp I l(w,- Re "\" ) r I I exp I I (w2- Re wt ) r 21 exp I I( "'3- Re wr )r 31 d r I d r 2 d.; 3 • 

I ·2 3 

( 2.1 6 ) 

. r r e e .. - .. .. .. .... rl' 
• . exp I iRe( "'t -cuy -w 1 -w\" ) t 18 (k -k 1 -k 2 -k 3 )dw 1 dk 1 dw2 dk 2 dw 3dx3 + 

I 2 3 

2 ... .,. _. f f l(w
1

-Rew1 )r 
+-

1 
JS(k,w 1 +w 2 ;k 1,w 1 ;k 2 ,w 2)E~ft+r 1 )~(t+r 2 )e k1 1, 

IT I 2 

• :exp I I ( w - Re ...,.,.k• ) r I exp I I Re ( w•kf - w~ - J.. ) t 1 • ; 
2 2 2 1 2 

... ~_. """" -to 
• 8 (k- k 

1 
- k 

2 
)d w 1 d k 1 dw 2 d k 2 d r 1 d r 2 

3necb 
r 

Re w1 He rrpenrrona r aeTCSI p a BHbiM p eme HH !O n HHei1Ho r o y pa BHe HHSI If 

6yneT Bbi6paHo B nanbHei1me M, YM HO>KHM (2.16) Ha E~, (t+r) H y c penHHM 

110 8HC8M6n!O n eHrM!OpOBCKHX rry nbC8 Uif H 

( 2.17) 
f r• -lwr 

< Et(t) E~' (t+r) > = fWl,k',w (t) e d w 

nony'IH M 

16 

iL Re f r 
at '\'."k',~tl+ < . ~t u 

a a; w / (..., 

• JW.. dw 'dk' dk ~ ·\';' 12 2 2dK 
1' , w a r ... aw (Ll t ( w. ~ 

- 2w ', k 
2 

, Re w~ - w ' ; k , 
2 

.. r e 
S(k, Re~,+ Re~.+ Re 

+4~r 1 2 

r r 
(Rewt, + Re~,-

I 2 

. ..., .. ..... , f · .s ( k + k , Re "'k ,+ Re 6 
I 2 

1 

• :exp I I Re ( wl- 6 
k 

- K. c . c 3a MeHoi1 ( k ~ 

4 
+ . 

a r .. · r 
1-w t (w, k) I w= Re w t aw 

• :~ .. ( t+ r 
2 

) exp I I ( w 2 - I 
k-kl 



(2.16) 

- J.) t l . : 
1 k 2 

ITHHeliHOrO ypBBHeHHH H 

:~, ( t + r) H ycpe.QHHM 

( 2.17) 

w . 

. a RewJ ( f ( Re rut ; ~ ) 
l-a· t vt"k,tt)+<~- --------

• ,ell a f ... ~ 

Re "'t •€ t ( Re 4,, 1 ') 
---------)~1' (t)= 
_g_ f* < 1 'l I · f ' '"' 

a-w ( (w,k)l ruaRew .. 
"' k 

dw'dk' dk dt' W .. , ~ ' 

aw w ( ru, c:..~Re<A>f' 

2 2 1 -k 2 'k 2' cu 1' f p , 
= f~--;· 12--. ----------- [I I(k, Re~, +Re~· + Re rut -ru _ , 

I' ,ru a f .._ f 1 2 2 
- Ill ( ( W • k ) I ru c Ro "'1 aru 

-2ru', k 2 , Re w~ 
2 
-w'; k Re ru~; + Re wJ; + Re wt

2 
- w-2ru '; -k 

2
, -Rewf 

2 
+ru ')+ 

... f f ~ 1-. f f .. f 
S(k, Re~ ,+ Re(<}c9,+ Re cu-. -w -2w ', k; + k' , Re wr•+Recur,- 'w-w '; k Re"'t -w ') 

•I k2 k2 2 1 2 2 2 
+4"------~~--~7-----~------~----~--------~~~--------~--

( Re ~ , + Re ~, - w -ru ') (( Re ~, + Re ~, - w- w '; 1 1 + k 2 ) 
I 2 I 2 

... ... f ~ ' ... , f ... f 
.:s(k; +k',Re~·+ Re~·-('1-w ;k 1 ,-ru+Rewr ;k 2 ,-w'+Rec.JI' )]. 2 

1 2 I 2 (2.18) 

. :exp I!Re(w1-J., -wl -w!. )t lli (k-k' -k -k')-
k .. , I ~ 2 k S I 2 2 

- K.c. c 3BMeHoli ( k ~ k ') l + 

4 
+ --~---------------a f .. . 

l-eu( (w, k)lw=Rewl aru k 
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4 
*(1! ' f ... k f ' ...,. ' -li ,s a , Re~,-·((), 1 ,Re(t)r -w , k-

1
, 

I'"' k I 
fw .. -+ . k,k 

a r• .. 
1 

t 
1- w t (w • k ') cu=Ro "'!' aw 

f f' •• f f. 
Rew~,- - Re ~ + w - w) E-; '-~ (t+ r 2 ) exp I -1 Re (cu..,- w.,. -wr '-~ 

k kl 1 k El 1 
l t I . 

• : exp I -I ( w '- w - Re W..:, .. + Re w~ ,- Re cJ ) r I 
· k -k I t k 1 2 

l"k 
1 

dcu' d r 

nonyqeHHOe ypaBHeHHe HMeeT AOBOnbHO rpOM03AKHii BHA. 0AH8KO AnH 

H8lllHX ueneii AOCT8TO'tHO npH6nHlKeHHOrO pemeHHH 3TOrO ypaBHeHHSl, OllH-

Cb!B8JOlllero M8nbJe H3MeHeHHSI KOppenHUHli neHrMJOpOBCKHX BOnH flOA BnHSJ

HHeM cna6bJX aKycTH'teCKHX Kone6aHHii. EcnH aKyCTH'teCKHe Kone6aHHii oTcyT-

C TByJOT, TO, COrnaCHO cnenaHHOMy npennonolKeHHJO, cneKTp neHrMIOpOBCKHX 

nynbC8UHli CT8UHOHapeH H OAHOpoAeH. 3TO 3H8'tHT, 'ITO Wt ,t', CU He J8BHCHT 

OT BpeMeHH H HMeeT BRA 

Wi' -t, =I r:.. 1
2 

8(k -k') , .. ,cu k,cu • 

( 2.19) 

nepBbJii <tneu neaoii qacTH ( 2.18) o6pawaeTcH B Hynh, a BTopol< <tneH 

KOMileHCHpyeTCSI nepBbiM qneHOM npaBOli 't8CTH ( 2.18) 0 OIIHCb!BaiOIUHM HeiiHHeli-· 

HOe ff B38HMOAeiiCTBRe. 3 aMeTHM 0 'ITO ecnH BBeCT H HennHei!HyJO 1Ip0RHU8e-

f /5/ 
MOCTb 8 f k J K8K 3TO 6 b JnO CAenaHO B 0 TO MOlKHO 06'beAHHHTb o6a YK8-

38 HHbiX qneHa H 38flHC8 Tb T8KOe ypaBHeHRe B «!lopMe 

f 
Re w~ 

a t ... 
-wt (cu, k)J f acu w~ Recut 

f f ... f I f ( Re W-+ , k ) + 8 t ( Re 
k H 

18 

f 
w• 

k 
, k) I- o. ( 2.20) 

B cRny OTMe'teHH 

pemeHHe ( 2.20) .l!On>KH( 

poAHHBMH'tecKoii HenRH• 

H3BOnhHoli. B w6epeM e 

PaccMoTpHM TenE 

uuii npu HanH'tHH cna61 

"k, k,' cu 6yAeT, B006 

ylKe He HMeeT Mec Ta. 

y<tTeM To o6cTOHTenbc· 

noaTOMY flOACT8BHM B 

(2.19). 

EyAeM T8KlKe 

MeHHeT KOppenHUHH nHI 

3KBHBaneHTHO TOMy, 't7 

He6onbmoe 'tHcno 'pea• 

B 06bl'tHbi X paCH8.l!HbiX 

't e Ta llOATBepnHT 3TO n 

nynhcaunii, KoppenSJUIIH 

BbiH KOppenHTOp w"ti. i 
•pe30H8HCHbiX

1 
BOnH. ( 

f - BOnH 'tneHbl 0 Mbl 

W -t' t w • npeHef: 
2' 2' 

B W -1, 1' , Mano J 
2' 2'(t) 

CTBHH MHOrO 60nbllle X 

3ynhT8Te ff - B38HM01 

BeCbM8 ManaH AOnH 3H 

Hbl), MOlKHo aanncaTh: 

w - , -
-k2 ,k2,(j 

noACT8Bfl5151 (2. 21) B 11 

'ITO k ; = k: ; e:.p I i Re ( 



) r I 
2 

ik dw' d r 
I 

~o31lKHit san. OnnaKo nnSI 

3Toro ypaBHeHHSI , OITH -

~pOBCKHX BOITH ITOil BIIHSI-

~TH "'eCKHe Kone6aHHH OTCYT-

~, CITeKTp nenrMIOpOBCKHX 

' l..J:TO Wt:,k',cu He J8BHCHT 

( 2.19) 

:SI B HYIIb, a BTOpOH 

!.18), OITBCbiBBIOWBM HeiTHnel!-· 

:TH nenuueilnyiO npoHHuae

dOlKHO 06oellHHHTb o6a yKa-

lMe 

Re 
(2. 20) 

B cany OTMeqeaaoil BbiWe cTauaoaapnocTH Typ6 ynenTHbiX f - nynbcauHil 

peWeHHe ( 2, 20) llOIIlKHO 6b1Tb neilCTBHTeiTbHO KBK lliiSI KHHeTH"'eCKOil, T8K If rHil

pOilHHBMH"'eCKOli aenaaeilaoil nepeKa"'KH . llo cHx nop eenH"'HHa Rew~ 6hma npo

H3BOIIbHOi!. B b16epeM ee B BHile YCTOH"'HBOro peweHHH ypaBHeHHSI ( 2. 20) . 

PaccMoTpHM Tenepb, KaK H3MeHHT CSI cneKTp Typ6ynenTHbiX f - nynbca -

uait npH aanH"'HB cna6biX S - BOnH, 3aMeTHM, "'TO B 3TOM cnyqae KOppenHTOp 

6yneT, BOo6me rOBOpSI , 3aBHCe Tb OT BpeMeHB, 8 COOTHOWeHHe ( 2. 19) 

ylt<e ae HMeeT MeCTa. 'JT06bi HBHTH SIBHOe Bblp8lKeHHe lliiSI TBKOH 3aBHCHMOCTII 

yqTeM TO o6CTOSITellbCTBO, "'TO no npeniTOIIOlKeHHIO aMITIIHTYila S - BOIIH M ana . 

no3TOMY noncTaBHM B nocnennae naa qnena ypasnenHSI ( 2. 18) cooTHourenue 

( 2. 19) . 

5yneM TaKlKe ITpennonaraTb, 'ITO Baai!MOileHCTBHe C S -BOIIHaMH H3-

MeRSieT KoppenSIUHH nHWb ue6onbworo qucna - eonn. TaKoe npennonolKeuae 

3KBHB81IeHTHO TOMy, 'ITO C S - BOIIHaMH ~KTJIBHO B3811MOileHCTByeT IIHUJb 

ne60IIbUJOe 'IIICIIO 'pe30BaHCHbiX' f - BOIIH(aHaiiOrH"'HO TOMy, "'TO HMeeT MeCTO 

B o6bi"'HbiX pacnannhiX npoueccax). KaK Mbi yBIIIlHM nulKe, peaynhTaTbi pac

qeTa llOilTBepn>IT 3TO npennonolKeHH e . no3TOMY B ypaeneHIIH lliiSI TOH q acTn 

IIYIIbC8UIIii, KOppeiiSIUIIH KOTOpbiX cyweCTBeHHO 113MeHSIIOTCSI S - BOITHaMH, nep-

BbiH KOppeiiSITOp Wti,t ', W COOTBeTCTByeT paCCMaTpHBaeMOMy MaiTOMy 'IHCIIY 

'pe30H8HCIIbiX' BOITH, 0cTaBITSISI ITHWb ITHHeihibie no 3 TOMY ManoMy "'HCITY 

- BOIIB 'IITeHbi, Mbl MOlKeM BO BTOpOM KOppeiTSITOpe (t - BaaHMOileiiC TBHH 

w :t' ... ' 
- 2, k 2' lt) 

npeue6pe"'b HMH. C"!HTaSI , 'ITO OTKITOHeHHe OT CTaUHOHapHOCTll 

B W .. ' .... • Marro B CHIIy TOrO, "'TO xapaKTepnoe BpeMSI f S - B38HMOileli--t 2 ,t2,Cil 

CTBHSI MHOrO 60IIbWe xapaKTepuoro BpeMeBH CITeKTp81IbHOO nepeKa'IKB B pe-

3yllbTaTe ff - B38HMOilei!CTBHSI B 8MITIIBTYilbl S - BOIIR Mallbl ( IT03TOMy ITHWb 

BeCbMa MallaSI llOITSI 3HeprHB , - BOIIB MOlKeT Tpauc<ltopMHpOBBTbCSI B s - BOII

Rbl), MOlKHO aanncaTh: 

( 2.21) 

noncTaBIISISI ( 2.21) B nepBhlii 'IlleR ITpasoii 'laC Til ( 2.18), MOlKHO ITOIIY'IIITb, 

'ITO k'1 =k; expliRe(.J.-wt - w! -wi. )t I= 1 n, naKoneu, 
-k t 1 l 2 k 2 
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u W• , ... , = w~ ... , . 
k 1 , lr: , (I) It ,k ,!U 

3TO IT03BOnH e T 06beOHHHTb H e iTHHe HHbte H- q n eHbt co BTOpbtM c nara -

eMblM B n eBOH 'I B CTH ( 2.1 8 ), 38 ITHCB B HX B BHOe 

f ... 
• f f k) o f(Recu ... , k)) ... 

Re cu1 <( ( Re cu;, + (H k - k . c . (k~k' ) I w1.! ', cu, 
( 2. 22 ) 

a f """ 1 f -. - cu l ( w • k ) w ~ R e w-: 
acu 

f n p H ' t l!M Ot H orrpe nenHeTC H cne KTpoM p aBHoBe CH blX T y p6yne HTHb l X rr y n b ca -

UHi1. 8 C l!ITY ( 2.20) B b !ITH CBHHO e B b tpa )!{eHH e ( 2. 22 ) p l'. B HO HynJO. 

Corna cHo B b JW e Hano)!{e H H OMy, npH6ITH )!{eHHOe ypaaH e HH e ( 2.1 8 ) MO)!{HO 

38 ITHCBT h B B HOe 

4 
( t )- . ... I 

a W• 7. ' w a f ( Ctl ' k ) I c R e ~ - k, . , i ~wt w at aw 

2 f f • ) I l l: .. • I exp I i Re("'" - r.a·-c.>-r -l ' t • k ,w -~1: ~ k 

' fS(k,Re w~rw+w ; k', Re w~, - w;k -k ',w.) exp li ( w -Rew;~,) r I • 
k 2 • • 2 • -· 2 

• E ~ ... ( 4 expl i Re ( f f • 
k-k ' t+ r ) dr d •-• w1 - "'k ' - cu..- .. , )t I 

2 2 ~ 2 - • -· 

(2. 23 ) 

a P* 1 ') I i -. - w ( ( W , w = Re w t ' 
aw 

2 

fl E1,w' I · 

.. f ... p ..,. .. f f • 
• S * ( k ' , Re ~,- cu ; k , Re wk - w ' ; k ' - k , Re w1 ' - Re "'k + w ' -"' ) E-; _ k ' ( t + r 2 ) • 

· 'exp I i ( w ' - w + Re cu l-"1, + Re w!• - Re w; ) r 2 1 d w ' d r 2 • 
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06paTHMCH T e rre pb K y p a 

Y cpenHHH a To y paBF 

'IHM 

a a <-+ r-: at 2 

. 
E-o (t )~ -

• 2 
Re o 

... p 1 · :s ( k 2 , Re w 1 - Re w •' 
I 

. :expl -iRe ( 

ll nH nanbHei:!wero D E 

t, a HHTe rpanbt ¢ ypbe 

. 
E! (t) = f•Ek f! 

k 2 2 

-1!' I 
e 

11 3 ( 2. 23 ), ( 2. 24 ) nony •ra 

w-: , ~ ', cv,r.-= 

• 
Brr E!-'k' ,fl+Re 

.. f .. 
S(k,Re cu-r+ O-w; k' , Rec. 

. .. ----------
_a_w t f ( w, 
acu 

S* ( ~ ', Re w~ , -cu; 
k . , _______ _ 

a 
acu 



qn e Hbi co BTOpbiM c nara -

( 2.22) 
w~ ... , 

t , k t CLI J 

X Typ6yne HTH biX nynbCB -

pl'.BHO Hy n JO. 

ypaanenue ( 2.18) MOlKHO 

2 £ e • ltl exp I I Re(cu,-wt·-cu.r..l' · 

I i ( w - Re w .. " •• ) r 
2 

l • 
2 k -k 

(2.23) 

t. 

·; ) r 
2 
I d w ' d r 2 • 

06paTHMC<J Te ne pb K y pBBHeHHIO lln<I S - BOnH ( 2.6). 

Ycpenn<I<I aTo ypaanenue no ancaM6nJO n e nrMJOpOBCKHX nynhcauufi nony-

( a a • 
- + y.. ) E... ( t) = -----,------------at t 2 k 2 

411 
r o(k-k -k >· 

I 2 
s a -Re w... -- t • {...,, k ) I • 

k 
2 

a W 2 W = R e w ~ 
2 

( 2. 24 ) 
'S ( ... k R p R j .... k R P. '· -ok ' R f ) W ( t ) •· 2 , ew1- ewk•;, e~-w ,- ,w- e w-o .... , • 

I • I t 1 k,t
1

,w 

. :expi-!Re(w~-w~ -w .. )tldkdk
1 

dw'. 
k k I k 2 

iln<I nanhHe Awer o a na n uaa yno6 no paanolKH Th aenH'IH Hw , aaauc~wue OT 

t, B HHTer panbt <P yphe 

( 2. 25 ) 

VI a ( 2.23), ( 2.24) nony qaeM naa anre6pauqecKtf X ypaan e HHSI 

8 E! .... n f f • 17 
k -k , u + Re c.ur - Re w~, - fle cuk -t'' 

wt,:·.~r.= ----------------~~P'--------------------~ 

. .. ------------------------------------------------
.. f ... f ...... f f 

S (k, Re "'1 + 0- w ; k ', Re w t • - w ; k -k ', [) + Re "'k Re~.) 

a £ .. e 
--- w t ( w' k ) I .w = Re w• aw k 

2 

ll:-r,w-0 I • (2.26) 

e -.. P .. • .,. P e S*(~ ', Re w;, -w; li, Re wk- w + 0, k -li, Rew-:·-Rewk-0) . , _____________________________________________ ___ 
a 

aw 

2 1 



~ 

4rr . ~ - ~ . . .... p f ... f 
fS(k2 ,Rewt-Rei'Uf_~ 2;k, Rewk'-

(-!O+yt2 )Ek2,D _J_w • "(w ,k2)1w-Rewk2 

aw 
(2.27) 

-w';k -~ w'-Re f .. )w.... .. , f • J.dr dw' 
2 ' "-r-t.

2 
t,t.-t. 2,w ,fl+Rew.-+Recu~ - Re ... 

k-k2 .2 k 

nonc TasnSJSJ (2. 26) s (2. 27) ,nonyqaeM HenuHeiiHoe nucnepcuoHHoe ypasHekue 

nnSJ s- sonH: 

2i(4rr)2 

-iO+yr =- a "(w, k )wzReW!

2 

J-~-
ik dw' 2 II E• ... 'I . 1r. -t

2
,w 

f • 
0 + Re(w.. .. +fU;! 

k -·2 • 2 -"'"") k 
... I ' • 2 ·-- Wl 

aw 

S ( k, Re J ... + Re w r -w ' + 0 ; k-k 
2 

, Re w ~ ~ -w ' ; k2 Re w! + ·0 ) 
• k-k2 2 ·-·2 k2 

a f - 1 r _ w l ( w • k ) w = Re ~ 
qOJ (2.28) 

2 

f f • '-0 I f ... , R • I Ek, Re~-R·"'l~2R•wr/w . • :s* (k-kl' Rer.Jk_"k 2-w '; k, Re"'k-"k 2 + ewt' 

a f .. _ 1· f 
- w £ (w, k-k) wQ 11.ewk"-"t aw 2 

'""* • .. r , ... f -1 "? p 
-w '+f); -k 

2
, -Recur 

2
-f!) I S(k

2
, Re wk'- Re wk' -t/ k, Re "'f -w ; 2 -K, -Rewf -1

2
+w') 

B nony~eHHOM ypasneHHH ecTb HeCKOnbKO M8nbiX napaMeTpos. 3aMe -

THM, 4TO p83HOCTb 

(2.29 ) 

ll w = Re ( w £. ... +eo;; - w~ ) ·-·2 .2 . 
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MO>KeT 6biTb 6nH3KOii K HYRI 

HHSJ :;meprHH nnSJ pacnana m 

OUH8KO, non~epKHYTb, ~TO C 

He nHHeeH. K aK y>Ke 6b!RO 01 

P. 

npH 3TOM (2. 28) onHCbiB8e1 

lm
~ 

lJacToTa w ; sxonmnag 

speMeHH cneKTpanbHOii nepe 

pSI aToMy, paanaraR ypasHel 

cywecT senno ynpoCTHTb. B 

nony~HM 

2 
2(4rd 

. ! -= 1 

P.+t yk2 j!_w•"(w,lc ) lw=R 
aw 

' 12 I 1:1. t<w +w 

, .. -; , _ t 
_i._wf (w,k-k) w- R•"' k"-1 il<U 

t , Re ~ +0) S(t , Re <Ut- Re 
lt2 2 

npH nony'leHHR ypaBHel 

CTBO, ~TO B paCCM8TpHBae.MI 

l-t2 , Re"'~-"k-(,J '; 'f 2 , Re w~ 
2 I 

.,. s 
-li 2 , - Re<Ur~ - ill. 'ITO Hena< 

HenHHeAHbiX UORS!pH3yeMOCTE 



• J.dk' dw ' • - Re .. 
; 2 t 

( 2.27) 

e nacn epCHOHHoe ypaBHeHHe 

-cu ' ; k 
I 2 

Rew!. +0) 
t 2 

-----

(2.28) 

, ... , . 
-w ; k, Recu-. .. +Rewk 

2 k -k 2 

M81Tbl X n apaMeTpOB. 3aMe -

(2.29 ) 
• 

MO>KeT 6b!Tb 61!H3KOii K HYnJO /!:; W ., 0, 'ITO COOT BeTCTByeT 38KOHy coxpane -

HHSI 3Heprnn nnsr pacnana neHrMJOpOBCKoii B011Hbi na aKyCTH'IeCKyJO. CnenyeT , 

OllH8KO, 110/l 'lepKHYTb, 'ITO cneKTp neHrM!OpOBCKHX B011H npH 3TOM CylllE>CTOeHJIO 

nennneeH. KaK y>Ke 6binO OT Me'leHo panee, Hac 6yncT HHTepecooaTh cny<tflii 

P. « !'J."' . (2.30) 

npn 3TOM ( 2. 28) OI!HCbiBaeT KHReTH'IeCKHe p8CI181lHble HeyCTOH'IIIBOCTII , 

lm-1-~-l~r8(6w). 
!!.w 

4acToTa w: sxonsrwag B ypasaeune ( 2.28), nMeeT nopsrnoK xapaKTepHoro 

npeMeHH cneKTpanbHOA nepeKa'IKit, cnenoBaTenbuo, w ' >> P., w~. Enm'ona 

psr 3TOMy, paanarasr ypaBuenne ( 2. 28) no M811b!M napaMeTpaM, MO>KHO ero 

cywecTBeHRo ynpocTHTb. B npene6pe>KeHHII qneuaMJI nopsrnKa 

nony'IHM "'o 

. ..i_ w l • (w, k >I aw w =Rewl2 

I 'Et. """' +"' • I 
2 

----------1 S(k, Re ..,t I -w ';1-1
2

, Re "'~-1 - w'; 
a r .. ~ •- 2 2 

-wE (w k-k >1. t aw ' R ~ tilE ecok'-t.
2 

H --,, 

"' 

( 2.31) 

npn nonyqeHHn ypasaeaag (2.31} 6hl1!o acnonb3osauo TO o6cTosrTenb
... , 

CTBO, 'ITO B paccMaTpaaaeMOM aaMSJ npHoJIH>KeHHH S ( k , Re w( -k - w ' ; 
l-t2 , Rew~-!-w '; f 2 ,Re "'~ + P.) = s•(t-t

2
,Re -.t,..,. - w ';t, Re..j._ k' -~ '; 

2 2 ~-2 - 2 
.. s 6 • -k~ . - Hew~~- n). 'ITO uenocpencTBeRHO cneAyeT 83 0 UlHX Bblpa>KeHHH nnsr 

HenaaeAabiX nonsrpaayeMOCTeft BToporo nopRnKa no non10. 
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4 

8 bi iTH W€M 3U€Cb tPYHKUJHI S I (k_, k I , - k2 ) H S
2

(k I' k 2, k _)B SI BHOM BHne151: 

3necb 

.... ... .... 
1,71 v., n

0 
eJ I k_l ·(k 1k 2

) 

sl (k_,kl. -k2)= 1 -------------
m:O(k_)O.,(k_)w~ .. k 1 k 2 

..... ..... -J 

n e 
3 I k I ( k 1 k2 ) 

0 -

s (k l'k 2 ,k_) = i 2 w (lc ) K. Jc, k2 
2 m.cu

1
w _ • -

k 2 2 
- V T e cu_. 

e- aapSin aneK Tp o na,O(k_)cO,Slv
0 

+i (l-2,96i-- ) 
"'- n" .... ... .. 

( 2.3 2) 

(2. 33 ) 

H 

w _ acu 1 - w 2 ,k _ =k 1 - k 2 llnSJ nallblle~wero ynpomeHHSI nennneilnoro 
k 

nncnepcHOIIHOro ypaBHeHHSl ( 2. 31) 6yneM npennonarakb, 'ITO + << 1 . P aa -

naraSJ ( 2.31 ) c ToqnocTbiO no nepsoro nopSinKa no T H ncnonb3YSI <jlop-

Mynbl (2.32) - (2. 33) , nerKo nony'UITL 

(4,. )2 . •' 0 + i Yt" = " • ( r ) L. = fie w r 2 
2 ~ CU f (&), 2 -

iJcu 

2 
... ' 2 I E-. ' I -d k d"' 1 1 E... •I -

1
, t.w+cu r ----- t,w 

P. +l\ cu 

......... 
k,k-k 2 2 

2 8 ) 
1 71 v D e ( , e 0 

( 2. 34) 

... a 12 
- ( k -:;r ) I E t IU ' 

2 (JJ[ ' 
m 4 v 2 K.fi(k )0 (k )C'U

0
2 (Recu-t-.-.., ') 

• Te - e - e ~~>-k2 

§3. J.iccnenosanue HeKoTOpblX qacTHblX cnyqaes 

K aK 6blno OTMeqeao B § 1, cymecT BYIOT nse o6nacTn npoapaqaocTH nnR 

aKycTH'I€CKHX Kone6aHBR, paanenennble o6nacTbiO cnnbHoro nornomeHHSJ. llanb-

24 

ne~wee ynpomenne 

KH X KOne6aHH~ B 0 

~8CTOTHOil'(w V · - . 
CHOHHO€ yp8BH€HH€ 

0 + 1 y~ (2 ) =~ 0,27 
t 2 

I I 
3necb w,. •= 

tw 4rr n 
MIOpOBCKHX KOne6a 

B npenene 

OnHCbiB8eT KHHeTJ-f1 

y(2)= 0,27 

Ecnn y(2) >y: 
t 2 

8 KYCTll~€CKHX KOnE 

eM. VI a Bbrpa)l{eHHf 

38BHCHT OT 3H8K8 

CTBO 

x/ 
non~epKH€1 

y « W • 
uen ' 



( 2.32) 

(2.33) 

{ 2 

"'-· 
II ( 1-2,96 i--n- ) 

e 

npoweHH51 HenHHefiHoro 
k 

'8Th, 'ITO ~ << 1 . PH.3 -
k2 

-k-- n Hc nonh3Y51 <jJop-

I ~... -1 2 
- I E~ A ' 12 

-k ,(I) 1:. ucu+Cd 

( Re w-+ t -w ') 
t- 2 

cny>~aea 

(2.34) 

5naCT D npoapB'IHOCTH Un51 

HnhHoro nornotneaH9. llanb-

T 
I 

I 

Hefirnee ynpomeHHe ( 2.34) CB513aHo c HccnenoaaJmeM aoa6y}f(nemw aKyCTHLfec 

KHX Kone6aHHfi B o6nacTHX npoapa4HOCTH. B nepaofi o6nacTI! - 'BbJCO KO-

48CTOTHOi!' (w II << k 2 v 2 ) 
- • 2 Te 

nony•utM cneny10mee HenHHeilHoe nHcnep -

CHOHHOe ypaBHeHHe aKyCTHLfeCKHX BOnH 

2 • 
11

6 
T 

1 
_

1 
/'1. w + Re "'1 

(2) a~ 0,27 w ---(1+5/3 --) fdf dw ____ ____..__ Q .( 3.1) 
oek2v2 T,. D+6.w 

2 Te 

3nech w,. , = 
kw 4tr n 0 T e 

- OTHOCHTenbH851 cne KTpanbH851 nnOTHOCTb neHr -

MIOpOBCKHX KOne68HHil , y~ (2) 
2 

onpEtJ.enHeTC51 <jJopMynofi ( 1.9). 

B npenene !1 << 6. w , KBK y}f(e 6binO OTMeqeHO Bb!llle , ypaBHeHHe 

Ofli!Cb! BBeT KHHeTH4eCKY10 pacnanHylO HeyCTOI\4HBOC Tb IIHKpeMeHTOM 

112 

y(2)= 0,27tr w __ ___.o:__ <)J l fd~dwQo(6.w) 
0 & 2 2 2 

k 2 V T e 

(3 . I) 

(3.2) 

x/ 
EcnH y(2) >y: (2) , TO aaTyxaHHe HnH paCKB'lKB "Bb!COK048CTOTHbiX. 

k 2 
BKyCTI!LfeCKHX KOiJ.e6aHHil 6yneT onpenen51TbC51 HennHeHHb!M B38HMOnei!CTBH-

eM. VI a Bbipa}f(eHH51 (3.2) cnenyeT, 4TO a naK n enH Heilnoro HHKpeMeHTa y (2) 

38BIIC HT OT 3H8K8 Bb! p8}f(eHH51 

Q=(k2 alw ... 
IT k ·"' 

(3.3) 

x/ 
nonqepK HeM e we paa , 4TO np11 3TOM non}f(HO BbmonHHThC51 n epaBeH -

CTBO v 
• nen 

<< wi 
2 
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H npH Q < Q ypaBHeHH e ( 3,2) O l!HCbiB8e T B036y)f(neHHe • B b!COKO'IBC T O T Hbi X" 

aKyCTH'IeCKHX K o n e6HHI1 R n eHrM IOpOBCKH MH, A Hanor H'IHO MO)f(HO non y'IH T b nH -

cnepCHOHHOe ypaBHeHH e BO B T OpOl! o6n aCTH npo3p8 '1HOC T H 0 "HH3KO 'I8CTO T HOil" 

w v >> k 2 v T2 
OnHaKo aenH'IHHa S 

1 
S 

2 
B 3TOM cnyqae ( c 6onbwoi! - e 2 e 

xl 
CTeneHblO TO'IHOCTH ) HBl!HeTCH MHHMOi! t l!03TOMy ypBBHeHHe BHll8 ( 3 ,) ) 

OflMCbTBaeT Hem<HeiiHyiO neiic T BHTenbHYIO nonpaaKy K 'IBCTOTe 8 w . EcnH 

B S 1 S 2 y'leCTb Ma n yiO neiiCTBHTenbHYIO 'IBCTb , TO l!O~IBl!HeTCH cna6aH 

H enHHei1HaH HeycTOii'IHBOCTb, OnnaKo H3 ycnoBHH y (1 ) >y1(1) cnenyeT, 

'ITO /) W > W.: T , e, ll0l!)f(H0 l!pOHCXOllHTb CHl!bHOe H3MeHeHHe llHCnepCHOHHblX 
~ k ' 

CBOlfCTB l!l!83Mbl H8 '18CTOTe W:, KOTopoe He MO)f(eT 6b!Tb Om!C8HO B p8MK8X 

paccMaTpHaaeMoro MeTona . B epHeMcH K ypaaHeHHIO ( 2.1 3 ) 11 HccnenyeM ao3 -

6y)f(lleHHe aKyCTH'IeCKHX Kone6aHHil Y3KHM naKeToM neHrMIOpOBCKHX aonH , 

Vlcnonb3YH <jJopMynht ( 2,32) - ( 2,33 ') H npe He6peraH MBl!biMH 'lneHaMH no -

w 0. 
pHnKa 

wf 
l!OITY'IHM B nepBOH "HH3KO'I8CTOTHOii" 06l!8CTH pacnpOC Tpa -

B eHHSi BKYCTH'teCKHX KOne6aHHil 

f 2 

v w 3 3, 42 _a_ ln E i ( t l + Y~ 
2 

= ~ ~ 
(IE I / 4 tr n

0
T

0
) 

at 2 k 4 v 4 
2 Te 

• a • c ,.. 
1 Re w,. -- Re E w, k ) s 

~ 2 a w 2 w: R e w f 

k .. o + k 2 • ko 2 e r 
·I( l Cw! +t - "'k- ) - ( 

lk 0 +k
2

lk 0 o 2 o lko - k21ko 

.. .. k L ' 1 ) I . k - k 2 , o )2 ( W '" - w1 _ k 
0 k 0 0 2 

OTc10na npH k 2 « k 0 cnenyeT 

_a_ ln E t ( t l + Y~ 1. 62 w" 
"• a t 2 2 5 ., 

1 + 3 --:r: n T 
0 e 

x/ 0THOWeJ!He 

Res s 
1 2 

y~ ( 1 ) 

Im s 
1 

s 
2 

' ~ (1) 
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2 

(3,4) 

I 

1...... 

KaK y)f(e 6btnO oTMe'leHo 

w ~ , no 6onbwe 
k 2 

Yj 

maxi 0, 16 ~ 
m, 

B HH3KO'IBCTOT HOll o6nac 

CTBHTel!bH8H non'paaKa 

§4 , 06cy 

CnenyeT nonqepKHY 

HMOOefiCTBHH , 

I ) B o - nepBbtX, reE 

38BHCeTb OT KOppel!HUHH 

nH'IaeT paccMoTpeHHwe : 

yTaep)f(neHHe cnenyeT ~~~ 

rH'IH hlM 6eccoynapHTenb. 

a . 
qneH THnal'iw a;; I E:,w l' 
TOTHhlX Kone6aHHll MO)f(e 

- BOl!H OT 'IBCTOThl 

apeMeHn nayx KoppenHPl 

2) KHHeTH'!eCKaH f 

lm =- i 17 

0+ "" w 
)f(eT B03HHKYTb T'HllPOlll 

HaKo, cornacH o cnenaHH~ 

HB HMeTb MeCTO l!H llib ~ 

HIIH He06XOlliiMO , 'IT06bl 

mecT ao a an awneneHHwll 

nepeKpwaaeTCH C OCHOB. 

llOl!)f(eH HMeTb IIHTeHCHB 

II T'HllPOllHH8MH'!eCK8H H 



•nBHHB 
0

BhlCOKO'IaCTOTHWX" 

rH'IHO MO.HO nony'IHTb llH -

aTOM cnyqae (c 6onbwofi 

Y ypaBHBHHe BHDa (3 , !) 

Ky K qacToTe li w. EcnH 

rb, TO IIOHBTIHB TCH cna6aH 

y(l )>yi( l ) cnenyeT , 

e HaMeHSHHB llHCIIepCHOHHWX 

~BT 6w Tb OIIH Ca HO B paMKaX 

10 ( 2.13) H HccnenyeM Boa -

~ TIBHI'M!OpOBCKHX BOTIH , 

·rag MaTiblMH 'ITIBHaMH no -

THo u " o6nacTH pacnpocTpa -

2 
I 4rr n T ) 

0 • 

:e , • (w, k ) I 
2 w= Re 

- "'t -1 ) I · 
0 

• "'r 
2 

( 3.4) 

KaK y•e 6bin0 OTMB 'IBHO Bb!We , HHKpBMBHT ( 3,4) aon•eH 6biTb MHOI'O MBHbW9 

w ~ t no 6onbwe 
k 2 

Y?- ' II03TOMY 
2 

m 
max! 0,16 --• 11 

ml • 
I < 

I Ep \2 
· --- « 

kv . (3 ,5) 

4rr n 
0 
T 

0 
v. 

8 HHaKO'IaCTOT HOA o6naCTH 0 TaK •e KaK H paaee , OCHOBHOA HBTIHBTCH neA-

CTBHTBTibHaH non"paBKa K 'IaCTOTB "'" k 2 

§4 , 06cymneane peaynbTaToB 

Cnea yeT noa'IBpKHYTb pHn oco6eHHocTea paccMoTpeHHbiX a¢1j>eKTOB Baa -

HMOilBf{CTBHH , 

I ) Bo - nepBbiX, reaepauHH aKycTH'IBCKHX Kone6aana MomeT cyruecTBBHHo 

3aBHCBTb OT KOppenHUHH Bb!COKO'IBCTOTHb!X KOne6aHHA, 'ITO cyiUBCTBBHHO OT

nH'IaBT paccMOTpeHHbre BaaHMoaeAcTBHH oT 6eccoyaapnTenbHbiX. CaenaHHoe 

( ) .. a 2 
yTBepmaeane c nenyeT na 2,34 . HapHny c qneHoM ( k

2
ff ) I E:,wl ,aH a no-

rH'IHbiM 6eccoynapHTBnbHOA reHepaUHH 1 M OmeT BOaHHKHYTb npH tJ. w << W ' 

a 12 qneH TJma 6.w -a;:; I E ~ ,w .TaKHM o6paaoM , reHepauHH nnH aaTyxaHHe HH3KO'!ac -

TOTHbiX Kone6aHHA MOmBT aaBHCBTb OT aaBHCHMOCTH KOppenHUHOHHOA lj>yHKUHH 

- BOnH OT 'I8CT0Tbl ( HTIH B 06bJ'IHOM rrpeacTaBnBHHH) OT OTHOCHTBnbHOI'O 

BpeMeHH nsyx KoppenHpyJOIUHX rronea , 

2 ) KHHBTH'IBCK8H HByCTOA'IHBOCTb BOaH HK89T IIpH () << tJ.(J) 1 KOI'IlB 

lm =-irr5(6.w) . H apHay c aTHM, cornacao ( 2.34 ) 1 MO-

.eT B03HHKYTb rHapoaHHaMH'I9CK8H HByCTOA'IH BOCTb , KDraa 6. "' << n. Oa

HaK·o, cornacHo caenaHHbJM rrpearronomeHHHM , yKaaaHHa H HeycToA'IHBOCTb aonm

Ha H MBTb MBCTO nHWb nnH He6onbWOA aonH BOnH, noaTOMY anH ee IIpOHBne 

HHH HB06XOAHMO , 'IT06bl H8pHAY C HHTBHCHBHblM CT8UHOHapHbiM lj>OHOM cy -

WBCTBO Ban BblllBnBHH bJA IIy'IOK nBHI'MJOpOBCKHX BOnH , CIISKTp KOTOpOrO HB 

nepeKpwsaeTcH c o c aoBHWM crreKTpoM . TaKoA rry'IoK neHrMJOpoBCKHX BOnH 

aonmeH HMSTb IIHTBHCHBHOCTb 0 MHOI'O MSHb lliYJO HHTBHCH BHOC T H OCHOBHOI'O lj>o Ha , 

H I'HllpODHHBMH'IBCKBH HByCTOA'IHBOCTb OIIHCbiBBBT reHepaUHJO HH3KO'I8CTOTHblX 
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BOI!H TOI!bKO 3TI!M DY'IOKM, 3aMeTHM KCTaTH, 'ITO TBKHe ny'IKH BOI!H MoryT 

pean bHO B03HHKOTb B cnyqae HeyCTOA'IHBOCTH ITY'IKOB nonepe'IHhl X BODH B 
/ 1,6/ 

nna3Me 

3) nonqepKHeM, 'ITO B036ymne HH e HH3KO'IaCTOTHhlX KOne6aHHA neHr -

M!OpOBCKHMH HMeeT aHanorHJO DY'IKOBOA HeyCTOA'I~!BOCTH 38pHmeHHb!X qaCTHU 
17,81 

B nna3 Me , Ha 3Ty aHanorHJO o6pa1nanocb BHHMaHHe B pa6oTa x • Momao 

C'IHTaTb , 'ITO B03HHKHOBe HHe CTaUHOH8pHhlX CITeKTpOB Typ6yneHTHOCTH npH 

B036ymu e HHH ee , HanpHMep, ny'IKOBOA HeyCTO A'IHBOCTb !O npOHC XOnHT B HeCKOI!b

KO 3Ta noa: I) B03 6ymneHHe neHrM!OpOBCKHX Kone6aHHA rry'IKOM i 2) B036ym

n e HH e neHrMJOpOBCKHMH Kone6aHHHMH HOHH03BYKOBbJX npH T 
0 

>> T
1

; 3) B03-

6ymneHHe aKyCTH'IeCKHX KOne6aHHA HOHH03BYKOBblMH H neHrMJOpOBCKHMH, 

n ocnenmrM 3TanoM 3Toro npouecca B nna3Me c 6onbumMH pa3MepaMH 

6e3 MarHHTHoro nonH acerna nonmBhl 6hlTh aKycTH'I ecKne Kone6aHHH , non-

qe pKHe M e we p83 , 'ITO aKyCTH'IeCKHe KOne6aHHH , o6nanaH CaMOA HH3KOA 

B03 MOmHoA qacToToA, cy wecTBYJOT B n106oA nna3Me ( H npH T 
0 

c T 
1 

) • 

TaKHM o6pa3oM, OKOH'I aTenhHhlA cTauHoHapHhlA crreKTp Typ6yneHTHOCTH non -

~<0 H BKI!JO'IaTb pa3BHTYIO 8KyCTH'I8CKyJO Typ6y neHTHOCTb, 
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