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:llfuffyff Jl~epHJ.IX UCC.IJe~oeaHUU ,lly6Ha 

§I. BBEJ[EHHE 

/1 2/ . 
B npe,nhi,nymnx pa6oTax ' · 6hmo·nonyqeHo H nccne-

,noaaHo ypaBHeHHe. ,nmi Koppemlll.HOHHbiX <IJyHKU.HH KBa3HCTa
U.HOHapHOH ( f ) neHrMIOPQBCKOH Typ6yneHTIIOC:rH ,B H30Tep~ 
MH'IeCKOH· nnaJMe .. 

HanoMHHM KpaTKO· ocHoB~hie peJynhTaThi :JTHX pa6oT,, 

. 1 .. MHHMaH qacTh ... ··. Henn~e~Horo .nncnepcno,HifOro ypaa~ 
HeHHH onpe,nenHeT C!JeK'~p Wk ,, a,neiic.TBHTenbHaH- Koppe
nHIJ.HOHH)'IO <lJyHKU.HIO rp (k, w) KBa3HCTaj.lHOHapHOH Typ: 

6yneHTHOCTH~ f 
KoppenHTOP I k , onpe.nenHeMhiH H3 l}lopMyn.hi 

<EeEe*>=lork-k'J /1.1/ k, k k , 

/r.ne. k =I k-+, w I /, MO)I(eT 6biTh npeJlcTaaneH B 'im,ne 

t' e e e 
( 1 1 k = w k ¢ (k ' (i) ) ' 

e 
e wk 

i =-
1 8TT 

/1.2/ 

e e TaK 'ITO. I 1 k dw"" W k • 0Tcro.na nonyiiaeTCH ycnoane 
HOpMHpOBKH ,nmr rp f (k, w) 

. ,~.. r 
J 'P . (k , w ) dw = 1. /1.3/ 

. . 2. llpu .llOC,TaTO'IHQ HH3KOM ypOBHe f ·Typ6yneHTHOCTH 
( W~/nT<k} cJ.;; I k 0 - xapaKTepHoe' aonHOBOe qncno, 
a Wo =I wek dk - nnoTHOCTb :meprHH e ~Typ6y~HTHOCTH, 
de- ,ne6aeBCKHH pa,nnyc 3neKTpOHOB/ cneKTp Wk. <IJaKTH~. 
qecKH: ile 3aancH:T oT im.na::KoppenHI.rH'oHHoii l<pnaon:n MO)I(eT 
6biTh Haii,neif He3a:inlCHMO OT Hee.· . . ; " ,, '" .. . .• ,'. 

3. 



B cnyqae wJ I nT > k~ d; ypaBHeHUH ,IJ;nH crreKTpa Typ- •. 

6yneHTHOCTU U ,Il;llH KOppenHUUOHHOH qJYHKUUU ,IJ;OmKHhi pe-

IIIaThCH COBMeCTHO. f 
3. KoppenHUUOHHaH cPYHKUUH ¢ (k, w) B o6nacTu k < k* 

C XOpOIIIeH TOqHQCThiO arrrrpOKCUMHpyeTCH JlopeHUeBOH KpU-
BOH • 

f. 
¢' (k' y) 

. y (k) 

"'" . ;- (y -y(k )) 2 +( y (k) )~ 
1 

/1.4/ 

r,IJ;e Y=(w/w' 8 )-1 :', y(k'f~· CIIOHTaHHaH qac.Th 'leTbipexnnaJ-
. p . . . ' 

MOHHoro B3aUMO,IJ;eHCTBUH B e,IJ;UHUUaX Wpe , y(k) - 'c,IJ;BUr 

qacTOThi, orrpe,IJ;enHeMhiH KaK TeiinOBhiM ;IJ;BU)f(eHUeM,· TaK 

U UH.IJ:YUUPOBaHHOH qaCThiO: HenuHeHHhiX . B3aUMO,IJ;eHCTBUH. 

Hau6onhrnyro rnuf,uHy, cornacHo 12 I • . · UMetn KoppenH-

UUOHHaH cPYHKUUH cp (k, w ), ··. y. KOTopoii k COOT:BeTCTByeT 

ko -·MaKCUMYMY B CIIeKTpe f -Typ6yneHTHOCTU, T.e. 

wk e I k·=ko = max w f . c yBenuqeHHeM u yMeHLUieHUeM k. III~-
puHa cpp (k, w). MOHOTOHHO. YMeHhiiiaeTCH ~ 'rrpifMepHhiH rpa¢HK 

y ( k) npe;ncTaBneH Ha puc. 1. · 

l\(X) 

(.a.) 
Xo 

. 
..... 

~ .. 
1 X ::; k/1<* 

Puc. 1. llpuMepHLiii rpa¢uK 3aBucuMoCTH rnupuHhifKoppe
nHuuoHHoii cPYHKUUU neHrMiopOBCKUX Kone6aHUH f1 OT 
BOnHoBoro qHcna B U3oTepMuqec·Koii rrna3M:e (T

8
=T; ). 

4 

B o6nacTu k >k * rnupuHa KoppenHUIIOHHoii KpuBoii pe3Ki:>' 

yMeHhiiiaeTCH C pOCTOM k, JipUMepHO B (k /k *) 4 pa3, 

qTo CBH3aHO CO 3HaqUTenhHhlM IIa,IJ;eHUeM 3cPcPekTUBHOCTU 

4-nmi3MOHHhiX B3aHMO,IJ;eHCTBUH IlpU k > k * . 
B cnyqae · Heu3oTep~n{qecKoii nna3Mhi Te. >> T; ,Kor;na 

B03MO)f(H0 pacna,IJ;HOe B3aUMO,IJ;eHC_TBUe neHrMIOpOBCKUX BOllH 

C yqaCTUeM UOHH0-3BYKeBhiX, pe3ynhTaThl MOryT CyiUeCT

BeHHhiM o6pa30M U3MeHUThCH. 

§2. IIOJIY'CJEHHE YPABHEHHJI ,l(JI.JI. 
KOPPEHJiaHOHJiOH C/JYHKaHH 
JIEHTMJOPOBCKHX KOHEEAHHH· 
HEH30TEPMH'CJECKOH IIJIA3Mbi 

. 
liy,IJ;eM HCXO,IJ;HTh U3 U3BeCTHOrO ypaBHeHHH ,Il;llH Typ-

IIOllH neHrMIOpOBCKHX Kone6aHHH 6yneHTHOH qacTH 

Eer=Ee-<Ee> 

. f. . . -+ f T . • • fT -+ • fT -+ 
wE·(w,k)E =-4TT'1(] (w,k)+J (w,k)+ ••• ), 

· k,w 2 3- /2.1/ 
f -+ . . . ~ 

r;ne f (w,k)- nHHeHHhiH TeH3 op ,IJ;H3neKTpHqecKOH IlpOHHUae-

. MOCTH, j 1 T H j }T -COOTBeTCTBeJIHO Typ6yneHTHbie qaCTH 

iOKOB BTOporo H TpeTbero IIOpH,Il;KOB IIO IIOlliO;.fiOCKOllLKY 

B HeH30TepMuqecKoii nnaJMe Te » T; B03MO)f(HO cyiUecT

nonaHHe HOHHO- 3BYKOBhiX ( s) KOne6aHHH H B3aHMO,IJ;eHCTBHe 

HX C neHrMIOpOBCKHMH, B TOKe BTOporo H TpeThero IIOpH,IJ;

Ka j Jr · H i}T · ;non)f(Hhi 6biTh yqTeHLI qneHhi, rrporropuuo

HanhHhie E;r, T.e. 

fT . -+ f Ts Tf 
j ( w,k)=2 I S (k, k1 ,k2 ) Ek Ek dA 
~ 1 2 

dA=o (k-k 1 -k2 ) dk1 dk 2 

fT -+ · T f Ts Ts 
j 3 (w,k)= I !.(k,k1,k2 ,k3 )(Ek Ek E k+ 

1 2 3 

Ts Tf Ts Ts Ts T f ..:rf Ts. Ts 
+ Ek E k Ek + E k Ek Ek - Kk < Ek E k > ) x 

123 12 3 12 3 
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"'· 

X 8(k- k I - kj - k 3 ) dk I dk 2 dk 
3 

· • 

YMHmKaH 12.11 H:a E:! u nnTerpupyH no k :.c yqeroM 3THX 
Bhipa:>KeHnii nony'IHM nocne cTan,napTnoii npoue.nyphi ycpe.n-
HeHHH _no CTaTHCTH'ieCKOMy 8HCaM6mo * . 

Ee(kJ 1! = Brr·i .t Ike I I '(k,ki J ('I! +I; Jdk I -
cu I I 12.21 

e · 2 
IS (k,ki;k2 JI · ·e ·s 

-4TT!i I ·. J k 1 k:? d)l.+ (4-nnaaMOHHaSI 'iacTb ). 
cu £ e ( -k1 -k2 J . I . 

0TCID,na, 06'heJJ:IIHHH HHJJ:YURpOB8HHhie 'iiTeHbi H nepeHOCH HX 
B neByiD·'iaCTh, nony'IHM 

e N e 
( £ (k ) +£ ( k ) ) 1 k 

2 e . . 2 e s 
32 1T 1 I ( I s ( k k ' k ) I I 1 &\ + = -- f ' I 2 k

1 
k

2 (U 2 £ (-k) ·. 

e +I I' ( 2. e re 
k,kpk2 ,k3 JI lki -~. lk 8 (k:"-ki -k2-k3)dkidk2dk3, 

3, . . ' 

. . '8 • . .. . e s r /2.3/ 
t:N(k);;-22..II'(k,k )('1.+1 )dk + , . 
· ... • · · til' · . 1 ki ki · 1 · 

+'/4eTMpexnna3rdo~mi.1r HHfYli.Hp~BaiillaH :"la~Thl. 
,.l .i 

3TO ypaBHeHHe CnpaBe,lJ.ITIIBO. BJJ:8ITH• ·OT l}e30H8HCHOH 
'iaCTOThi (U =CUe ' . B6ITH31I KOTOpoii £ e(-k4

, -cu~) 4- 0. KaK .· 
nOK838HO B /I ,h, JJ:ITH nonyqeHIIH TO'IHOrO ypaimeHHH,. onu

CbiBaiDJUero £Koppe_ry:~UH~HHb~e 3$$eKT~I }36ITH3ll p~30H.aHC,HOH 
ITHHIIH cu 4 cuk , B npaBOH iJ:aCTH /2.31 JJ:OCTaTO'iHO $op
M8ITh~O 38Me~HTh ££(..-k) Ha ££ (-::k) +.t:N(-k)~yqH~biBil;H, 
'ITO £ (-k) = £ * ( k) ,nony'IHM HCKOMOe •ypaBHeHHe: . 

I e = 132rr 2 1 .. , > .· f( Is e(k, k 'k J 12 I e I s dA+ ., . 
k 2 1 e( ') N.( k) 12 . . .. 1 2. . k1 k 2 (U £ k +£ . . . 

* 4-nna3M~HH8H '931CTh" ypaBH~HiiH.j2.2j nonyqaeTCH.ppn 
y'ieTe .TOKOB 1[£ H• 'lJ£.. .·:· :·. . · ,~· ., . ·. · ·' 

6 
'·· 

- 12 I e ·l +I I'( k, ki, k2! k3 J ki k:? 1 e 8 (k..:.k .:..k -k J dk ·ai · dk J. k3 . . I . 2 3 I · 2 · 3 

12.41 
YpaBnenue 12.41 MOJKeT 6hiTh BhiBe,neno 6onee cTpornM 

MeTOJJ:OM, ~~ITO)KeHHhiM B pa6oTe 11 :, .· OJJ:H8KO B.BHJJ:Y ~po
M03.D:KOCTH BhiKIT8JJ:OK Mhl 3JJ:eCb 3TOT BhiBOJJ: He npHBOJJ:HM 
loTnocnTenhno. onpe.nenennii tPYHKUnii S, I' (k, k1 ) n 
- n; I'(k,k

1
,k

2
,k

3
) CM •. pa6oTy 1. 

§3. HCCJIE,l(OBAHHE KOPPEJI.RaHOHHblX 

C/>YHKaHti HEH30TEP.MHT:JECKOH IIJIA3Mbl 

KaK noKa3aHo ULITOB_ H'ieM 
141 

pacna.nnhie B3anMo,neii-' . 
CTBHH f 4 f' +.S, pa3perneHHbie B Heii30TepMII'leCKOH nna3Me, 
npHBOJJ:HT K II3MeHeHHffi cneKTpa f ·Typ6yneHTHOCTH npaK· 
TII'leCKH BO BCeH o6naCTII BOITHOBhiX 'IIIC(""c. 

PaccMoTpnM Bnaq~ne o6nacTh k <-. k* • 3.nech BnnHnne 
pacna,noB Ha cneKTp W k npn O.D:HHaK(:>BOH MOIUHOCTH rene
pau.nn Q' cornacno 14 /, CBO.D:HTCH K yMeHh~eHIIffi OCHOBHoro 
MacrnTa6a Typ6ynenTnocTn n ypoBnH ~nepruu, eMy cooT
BeTCTBYIDIUero. 3TO yMeHbliieHHe MO)KHO OU.eHIITh H3 $op
M)rrrhi 

f.(2) 1 
(2) I ·.max Wk · T v=r 

k 0 = ( Ti t-1 ' . ec I) == ( T. e ) v- ' I 3 . 1 I 
kfiJ Te maxW k . 1 

0 ' . 
. (2) . . e·(2J (1J f(IJ · · · · · · 

r,ne k 0 , W/c II ko , W k OTHOCHTCH COOTBeTCTBeHHO 
K H30TepMH'ieCKOH H Heii30TepMH'ieCKOH nna3Me. Ha~MHHM, 
'iToW£-(k0/k)~ npn k"'>k>k0 · n_maxwf!I)=lf(IIJ , 
maxW · =·W /(2) . · · . · · ko · · 

· KGoMe T8ro, ··aeTp~.nao 'npo'BepnTh, iicironh3YH HBHhi'ii 
BHJJ:·CneKTpOB Wl.(I) H W k 

2
), 'ITO B cnyqae k~), If~>,<<.k * . . 

0
/* w! I~k ·= J * w!(~J a~· = wJ. . . · ·· 

) . 
3ToT ·pe3yiThTaT cne.nyeT· '-raK:>Ke H3 3neMeHTapHhiX 

coo6pa:>KeHnii 6anaaca 3Heprnn, ecim 3Heproco,nep)f(allJ.aH'. 
06ITaCTh HaXO.D:HTCH·rtpH k <<k* • . . 

. 7 ,; 



IlOCKOJlhKY crreKTphi ~ !( 1
) H W~2) 

,n:aiOT, Mhl MO:>Ke M H B cnyqae ~ Te » T. 
TaThl / 2 / 

1 

<!JopMaJihHO COBIIa • 
IIpHMeHHTh pe3yJih· 

1. Cne.n:oBaTenhHO, KoppenHUIIOHHhie yiiinpeHuH BBu,n:y 
UX UHTerpanhHOH 3aBIICUMOCTII OT W£ . ,llJIH CIIeKTpOB 
W~2)n W k'/(1) IIO IIOp.H,n:Ky BeJIU'IUHhl O,llHHaKOBhl rrpu O,llUHa
KOBhiX T u yMeHhlllaiOTCH c poeT OM T e rrpu6nu3UTeJ1hHO . e 
KaK (ljT2 ) • 2. Hau6onhiiiYIO lllupuuy rrpu T » T. IIMeeT 

~ e e 1e 1 
KOppeJIHUIIOHHaH KpiiBaH cp (k, w) IIpll k =k(j, a He k=k52_) 
rpa<!Jm< 3aBUCIIMOCTU KOppeJIHUUOHHOH lllllpUHhl OT k rrpe,n:· 
cTaanenhi ua puc. 2. 

6(l() 

~ 
I ' 

' I ...._ .... _ 
x<l> 

0 
xt" 

0 
----,--, 

VT;./Te X -= -k/ks 
~ 

. e 
Puc. 2. rpa<!JuK 3aBIIcUMOCTU ~ OT y=(k/k*s) B ueu3o-
TepMH'IeCKOH rrna3Me (Te >> T1 ) · B o6nacTu y <'1/TTJ": . 

• 1 e 

Terreph TiepeH:,n:eM K o6nacTn aonnoBLIX 4ncen k >k * 
r,n:e BJIUHHUe HeU30TCPMII4;HOCTU IIJ1a3Mhl MO:>KeT 6LITh BeC.:bMa 
CyiiJ,eCTBeHHhiM lljJH ,n:aJKe orrpe,n:enHIOli.J.UM,. llJ ypaBHCHUH. 

/2.4/ cne.n:yeT, 'ITO _:IIPU Te = T1 rrepBhiH 4neu B Tipa~oH: 
<JaCTU. o6pmuae:rcH B HYJih U BCe KOppeJIHUUOHHhie 3$$eKTLI 
OIIHTL orrpe,n:emtiOTCH 4-rrna3MOHHLIMU B3aUMO,llCHCTBUHMU. 
O,n:HaKo Tipu k >k* ux 3$$eKTUBHOCTL pe3Ko Tia,n:aeT KaK 
(k*/k)4 CM./11. Ecnu JKe IIJ1a3Ma HCU30TepMU'IHa, 
TO Ha<JuHaeT urpaTh ponh TiepBhiH /pacTia,n:nLili/ qneu. 

8 

~ ~. 

~· 

PaccMoTpiiM:,. K _ KaKoM:y Koppen.Hunmm'oMy ynmpeHUIO 
OH MO:>KeT IIpUBeCTH. ~ 3aMCTHM C-pa3y, ~'ITO. B HCH30TCpMII· 
qecKoli rrna3:M:e, KpoMe xapainepuoro BorinoBoro qncna 
k * , IIO.HBn.HeTCH eii.J.e o.n:uo 'IUCJIO ~ k~ = k* ( Te / T

1 
Ji'l . 

. Ecnn k* -, rpy6o ros.opH·, pa3,n:en.HeT o6nacTn, B KOTOphiX 
,llOMIIHIIpy~T JIII6o HH.llYUHpOBaHHOe pacce.HHH~ IIJ1a3¥0HOB 
ua nonax ( k >k ,.) nn6o pacceHnne rrna3MOHOB ,n:pyr ua ,n:pyre 
( k < k * ) , TO . k: OT,lleJI.HeT o6naCTh BOJIHOBhiX 'IHCeJI 
f ·rrna3MOHOB ~k >k% , CIIOC06HhiX pacrra,n:aThCH. C yqacTUeM 
UOHH0-3BYKOBhiX KOJ11~6aHIIH. IJ03TOMY KaK CIICKTp W£ , 
TaK U KOppenHUUOHHhie <!JyHKUIIII cpf (k, w) 6y,n:yT pa3JIU'Illhl 
rrpu 'k 6onhnmx unn MeHhiiiHX k ~. TaK, cornacno 14 I, ,n:nH 
cnyqaJi T » T. ~ crreKTp W £ = canst rrpn k >k-;. n yBe
Jlll'IIIBaeT~.H B

1

' (T /~/ ~ pa3 c· YMtfHhllleHne:~,{' k OT k: .llO 
k * .HaKOHCI.J., rrpn k <k * OH rrepeXO,llUT B 06hi4HhiH CTCIIeHHOH. 

IIocne necno:>KHhiX rrpeo6pa3oBannH: ypaailenne ;2.4/ 
B o6naCTU k >k * MO:>KHO rrjmBeCTH K BII,lly · 

..... 
2 • It k 2~ · e e _ L _k_ 1 __ . H . ~ 2 ; x 

¢ (k' w) W k . :- 2 T ;-rl N 12 k 1. k 2 ... · rrn
0 

e . c +C 

e . . s . s 
xW dk o(w-w1'-w2-J [Wk.:. o(w 2 -~wk ) +· 

k 1 1 _·:· < ' i ' 2 2 

+ w s 
-it 2 

o( w+w: J]o(f -k i ~k2 ) dk~ dw1 dw2 :: 
. 2 ~ ' 

,. 
.~:· 

/3.2/. 

Jiy,n:eM C•UITaTh ·s' H f Typ6yneHTHOCTU U30TpOIIHhlMU: 
, ypaaueuue /3.'lj-· B rrpe.zirronmi<euuu, 'ITO nenuueliHhiH 

C,llBUr qac-fo·Thl u 'ynmpenue · KOppeJI.HUUOHHhiX <!JyHKIJ,HH ,n:o
CTaT04J{O MaJihi, Tal< 'ITO ~~F(k) , y(k)«wpe ~2 d; .-. ·MO· 
JKeT . 6hiTh pellleno MeTo,n:oM rrocne.n:oaaTenLHhiX · rrpn6nn- · 
JKeHun.' B rrepao¥ ~ rrp:R6nnJKenuu B npaaoH: qacTu /3.2/ 
MO>KHo C'IUTaTL. cp (k,w)=o(w-J(k))_ U cf>8 (Jc;eu)=O(W-(J) 8 (k)) 
/3,n:'e'cL wf(k)' U w 8 (k) ··•.:.: pellleHuH·:nuHeHHOrO ,llUCIIepCUOH·. 

uoro ypaanenuH/. IIpu 3TOM rrocne .unTeFpupo:saHHH IIO qac
TOTe UHTerpaJILHOe .' ypaBH,eHHe CBO,llUTCH K IlpOCTOMY UH • 
Tei-pupo_BaHu~. -YCJIOBue/lwN(fc), f(k) <<wp~ k; d/- . • ·_B 

. cuny TipeuMyiiJ,eCTBeHHO .n:u<b<lJepenunanhHoro xapaKTepa· ile-. . . '~-

9 
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JIHHeHHhiX B3aHMO.IJ:eHCTBHH 
co6oii 

rrpu k » k * 
* 

we 
k* 

-·--«k 
n T - * 

0 e 

HJIH 

d
2

• 1T /"T 
e V i e 

Woe 

nT 
0 e 

« k 2 d2 ( k* /- ~ Ti V _Q_ . 
* e k - m. ·r Q 

0 1 e cr 

rrpe.ncTaBnHeT 

/3.3/ 

To iKe ycnosue cna6oii uenuueiiuocTu B 3Heproco.nep
iKa~eii .o6nacTu BOJIHOBhiX queen /s6JIH3H k 0 << k* I ecTh 

e Wo 2 2 
-T «ko d . 
no e e 

/3.4/ 

CpasuuBaH - ux, BH.D:HM, qTo rrpasaH qacTh /3.4/ B 
(k

0
/k* )4 pa3 MeHhiiie /3.3/. Cne.nosaTeJihHO, ucrronh-

30BaTh .IJ:JIH HaXOiK.IJ:eHHH CIIeKTpOB H KOppeJIHUHOHHhiX cPYHK
UHH ypasueHHH Teopuu cna6oli Typ6yneHTHOCTH B o6nacTH 
k> k* MOiKHO .naiKe Tor.na, Kor.na B 3Heproco.nepiKaiUeli · 
o6nacTu ycnosne /3.4/ uapymeuo u Typ6yneHTHOCTh 3.nech 
cquTaTh cna6oii rieni3H. TaKHM o6pa3oM /pa3~e qTo 3a 
HCKJIJOqeHHeM k O OKpeCTHOCTH TOqKH 2 k: /, KOppeJIHUHOH
Hhie 3cPcPeKThl rrpu k > k* clJaKTHqe CKII He 3aBHCHT OT TOrO, 
<i'n) 'rrpoiicxo.nnT· a 3Heproco.nepiKa~eii o6nacTu. · 

·'· B :·.nan!,ueliiueM Y.no6ii'o riepeiiTn K 6e3pa3Mepu};;IM rrepe-
:MeHIIhiM · ... ;. . 

\ 1 ''•? ..... 

it'· ·y=(k!k/JJ.':J' ·!' ·)3.5/'' 

,!J;JIH OThiCKaHHH cP;RKU~H ~ e:(~.~~;: M·h~· ·6~j(e'M n:~~Jlh-
3 OBaTh crreKTpbl :w/ -H w:'' iionyqeHHbie B /.

4 ~ 
f' ~-····~· - •. , ',, ... ~ .• ;: \.:·: •. ····/-;··. 

. · ·x = r k; 1 ·k :J 

-- s ·* HcKJIJOqeune ·cocTaBJIHeT-' ·oKpecTuoc:rh. -r.oqKn k= 2k * · 
-IIIHpHHOH /), k:: ~ o OCHOBHOI?O. aOJIHOB010 qucna .e_. :- Typ~yneli:T
u_qcTu. ~ •. 3Toli ·, oKpecTHOCTH B .~opp~JifiU~H, BIHlc_u-;r BKJI_~.n 
BCH 3Heproco.nep)l(aJUaH o6nacTh. . 

to 

Ecnu MO~HOCTh reuepauuu e -Typ6yneHTHOCTH .no eTa
Toquo aenuKa,TaKqToHenuueiiuoe3aTyxauueuouuo-3ByKo-
BhiX BOJIH 60Jihiiie 3a TyXaHHH. JlaH.nay, T .e. Q > Q = 
=(m /m.f (w n T /12), TO . cr 

e 1 pe 0 e 

s s 
k *wk 

noTe 

= W/ X 2 = 1_ V 2 ( me //2 V Q X 2 ' 
nT 9 rr m. Q 

0 e 1 cr 

B IIpOTHBOIIOJIOiKHOM CJiyqae Q < Q cr 

ksW s 
* k 
nY 

0 e 

a= .t 

s w2 1 . 2 'me . Q 
=--a=-- v- {--)-a 

n T 12 17 mi Q 
0 e cr 

x 2 , x < 1 

4 /3, X> 1 

/3.6/ 

/3.7/ 

CneKTP neHrMIOpOBCKOH Typ6yneHTHOCTH· B .o6onx cnyqaHx, 

ecTeCTBeHHO, O.D:HHaKOB 

s e e 
312 

-

k * W k~ = ~.:_ = _L_ ( me ) V .Q_.' 
'noTe V 2rr mi Qcr 

y 2-1 _/3.8/ 

noTe 

s e 
k* wk 1 
-- =--
nOTe y 2rr 

' . Ti .· .. 
y-.:;;y.:;; 1. 

T 
e 

r-- . . . 
me 3/2 - Q , T e 2 1 

r-J v- [1+(-_ J (1-yJL 
m. ···-Q · ·T. · 

I cr. ' /3.9/ 

YqHThiBaH c.nenauuoe Bhiiiie .3aMeqauue · H npe.nrronaraH 
HepaBeHCTBO /3.3/ BhiiiOJIHeHHhiM; C IIOMO~hlO /3.6/-/3.9/. 
nonyqnM 

cf) ( w ,y J = L v 2 .1.. ( ~ /h 
1 rr rr8m . i 

. i . ~ i· Q '· -s-- V -- X k; V Qcr 

. . s 
1 ' '(y) 

X 

npu Q>Q 

Ice+ (NI2 [1 +( .!~)2(1.:..y)l 
Ti 

cr. 

/3.10/ 

II-:~ 



:.~.~ 

H 
~ (y) -

c/J} (w,y) = L..; 2 ( ~)lh ~ _2 
Brr rr · m1 ks v Q 

.. *; s_ cr I ( ~ + (iv 12 X ' 

/3.11/ 
.1 . 

X ---------. 
T . 2 .. 

npnQ<Qcr. [1-i-(T:) (1-y)] ..• 

B npe.nene MaJihix II · 6oJibiiiHX 
llOJIY'iHTb llpOCThle pa3JIOif_(eHHH· (; (y) 

. 2(1+y) 2 
(; (y) = .L f dx (x -2}( -2y2y2x 

y 2(1-y) ·(y2 +2x)2 

~ (y) =. ~ 2J+Y~x K -2x-2y2j_ 
3 2(1-y) (y 2+2x)2 

1 
X 

II 
'. 

2y ( 2 22 
(;(y) = f ~!_L dx 

o y4 x 

3Ha'ieHHH y 
II l(y )! 

'· 

_) 

1 . .2 .· 2 2 . ::· 2y . 2 2 2 

MO)KHO 

/3.12/ 

/3.'13/ 

~(y) :: f dx (x -2y'.) . 

0 y 
x + :1:;_ f jx -2y ) dx 

3 4 . -· 1 · y X 

B~e.ne.M .fle(k)=ye,(k)/ k* v., -· - 3<b<bei<TuauyiO 6e3-
pa3:MepuyiO. IIIup:Huy·· :Cnei<Tpanhuoii nnuuu neur:M:IOpoacimx 
Kone6auuii,' onpe.nemieMyiO II3 «iJopMyJibl 

.· 
.f : ·I/ +~-P- · 

fl =TT ----

(a€''f;awl ' 

e _¢.· (w,y) 

'k"sv· 
* ·s 

HcnOJib3YH /3.10/-/3.14/, nony'IIIM_ 

.e. . ·e i 'T 2 ~1 m· w *. . 
Ll1 =2[1+(.....£...) (1-yJ]. r m' J ___,_ y2 

T. . e n T . 
. ' ' 0 e · 

"';~·. 

12 

· )a.i4/ 

' 
1/3.15/ 

npu y«l 

. 

:. 

i 
.J 
l r 
l 

I 
I 
I 

. ~ 

(\ 

.r 

.L9 
-;'JI~ 
~~ . .,, 

•l J 
i t,. 
\I 
l 
.1 

~ .. \ 

II 

e e 1 ·· · ·Te . 2 . -1 ll}; 1f2 m 1 W * 2 
2 Ll2=-[1+(-) (1-y)] ( .... ';'.:) [----] y 

.2 T1 .• .. me . me n 0 Te 

. we e 1 . m. . .. * 
Ll =- (-' ) -y y 

1 .3 me no e .. 

. e 
o u w* 2 

llr. =Lr~t [ m;-] 
2 2 ·. me . me nOTe 

•. 

LenL 
y e 

/3.16/ 

npu y«1 

Ppa<iJIIKH 3aBIICIIMOCTH z'l f OT y ,. npe):(CTaBJieHbl Ha 
pHC. 3 II 4 llpH Q<Q cr II, Q > IJ COOTBeTCTBeHHO. 

Hccne.nyeM T·enepb Y3KYIO 'oWnacTb a6nu3u y::. 2. c IIIu
·pnuoii nopH.ni<a y 0 ·=: k/ k :- .• U;J ypaBHeHH1f. /3.2/ cne.ny~T ;: 
'ITO B 3TOH o6naCTH BOJIHOBbiX 'iiiCen B llO):(IIIITerpanbHOM 
Bbipa)KeHHII cy~eCTBeHHbiM MO)KeT OI<a3a TbCH BKJia):( 3Hepro
co.nep)Ka~eii o6nacTu a6nu3u y ::.y0 • ,D;eiicTBIITenhHO, no.n
cTaBnHH Y- =2, au.naM, 'ITO. npn x =2- fl ko no.n IIHTerpan 
BXO):(IIT w 1 B TO'II<e WJ.:r:.2X- = wy 0-. Hcxo.n}l ll3· 3Toro' 
ne rKO OUeHHTb BeJIH'iliHY f:.. f (y :: 2 )': :. : 

Lle(.; m; 1 we-
1~.::r-·- 0 

m· -e yo·nT· 
O•e 

e 
W0 me 3/2 
-->y (-) 

_n0 Te 0 m1 

Ll~ (2) 
:: y mi ·(~i ·]· w! ' . •w. e .. /3.17/ 

m· ' - )2 O" · · e · m Y. ;---T ,· - < y ( m 3/2 -~ 
. e 0 0 . T. . ~) e no ·e" · 0 m • . . i 

·-~. 

Cne.nyeT OTMeTHTh, 'iTo 3TU $opMynhi cnpaae,p;nn:Bhi, ecnu .. 
a6ni13H TO'i~H y .... y~ · cy~~_c-i-ayer :mepro-~o.nep;Kar.QaH o6-
naCTh /KepH /. .lfCXO):(H H3 BII):(&' c.riei<Tpa Tipll y< yO H 
y :: \f T1 /Te H ycnOBIIH CIIIHBKH, ne ri<o ITOJIY'iiiTb . 

e ·· · . e 
~0.· : ;,_ ('T'/T j/2Y .... 2 W ijo • :·~·o·. ec ,, '·. '· 

n T_ - e i 0 T • . . . : .:;" ... o e no . ·- . . . • ·. e /4/ . 
HcnonhJYH <lJopMyny .nnH y 

0 
/eM. . ; cTp. 205/ 

;.;-._ .>. 
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e 
.6.1 

., 
V'TI;r;_• 

I 

i y 

Puc. 3. 3aBuciiMOCTh ~-~ oT y B o6nacTu y > yT. IT npu Q> Q • . 1 e cr 

e 
Ll1 

cl .·~ 
.V·· ,' I. /'T'e. 

... . "~ 

- e 
Puc. 4. 3aBUCHMOCTL ~ 
npu Q<Q cr 

14 

1 

OT y 

: -~ ~ 
t.; 

,. 

':J 

B o6nacTH y>'I/T./1 
. • :. . · 1 e 

I 

7i m 1 3/4 ~ . ~ Q. 1/4 T 1 3/4 Ve n0 Te ~ 
y = (;y- -) (-) (-) ::. (y-) (- ), 
0 e me (U pe Q e (Upe we 

CT * 
-nonyqnM 

e . e 
W0 Te 2 wpe W * 2 --= (-) -(-). 

n T T. . v n T 
Oe 1 e Oe 

£ JlerKO BH.IJ:eTb, t.{TO KepH llpll y ::.y CYU\eCTByeT, eCJIH 
wo > wy e I y = vT.TT- , t.{TO .n:aeT c y!/.eTOM COOTHOllleHHH 

1 e e · · 2 e 
wy IY=VT./r=(Te/Ti ) w* 

ycnoBHe 1 e 

w n T 
---12!!.... > -~ 

v.,; w* 

unu npu Q =Q 
CT 

w · · m 3/2 
-~ > (~L) -+ N 

v · m D 
e e 

> f'n A ( mi 3/2 
. . ;;-). 

e 

/3.18/ 

/3:19/ 

TaKHM .o6pa3oM, · $opMynLI /3.17/. cnpaBe.n:nHBLI npu 
BhlllOJIHeHHH /3.18/, B llpOTHBHOM cnyqae 06JiaCTh Y .=: 2 He·• 
Bhi.IJ:eJieHa no cpaBHeHHIO ~ OCTaJibHOH. 

§4.'- KOPPEJIJII{HH HOHH0"'3BYKOBBIX -KOHEEAHHH 
" ; _,:' . .. , .. • . t';.-- .• .• -... . • ;· / 

3.n:ecb Mbl ou:eHHM ylllupeuue cneKTpanLHLixnunuiiuouuo-
3BYKOBLIX KOJie6aHHH, 06H3a;IUI.O~.o R£ :i13auMO.D:eHCT,BHJp .. C 
nenrMIOPOBCKHMH. KaK noKa3ano BJSf. ylllnpeuue .·:Koppe
JIHU:HOHHhiX ~YHKU:HH ·s - KOJie6aHHH MO~ef pa3pelliHTb pac

na.n:H!J~, .B_3a~~?J?:.eii~:B~1t!., ~~~a .. ;~:-+;~ ~+-~"~ ,_e.9.J,J;H_1 K9_ppenH
u:uo~H~H ._lli:IIPIIH~. ~ .. : .~Pe_~.?~~:~f:liT ~=JennqiJ;HY ~a!l_peiu:eH~!J,. 
Cu#Jc ·1-e·~~··< .. : ·:.·~~' ~,,_ ·~;.-r~~-P ·,··. -- ---~~r} :·. <:·..,.·~~·"' ·.-:-=. -~":;_ -~-.:"': ., 

... ~:z ::· 

· .. ~ B/~>-~a~~~~;pu~~~o~~- ~~~~euue nunuii• s ~Kone6anuiL 
3a ·cqeT H:x B3aHMo.n:eiicTBHH Me:lK,ny co6oii u qacTuu:aMn. · 

{;',; 
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I! 

li r 
!j 
j, 

I! 

.i 
! 

Ypaanenne ,D;JIH 1 s 

norn·n c /2.4/: '. . kw 
MO:IKHO JierKO IIOJIYl:fHTh IIO ana-

s 
I .... 
kw 

-2 
1 
e 

32rr
2 

!cs(c.J,k)+t:N(w,k)! J k;w
1 w2 

J e , I -ss(-k k 1rJI2 riA i?w· . ' 1 '"'2 
. 2 .. 

dA.=o( ~- k
2 

-k)o( w
1 

-w
2 

._w) dk lk
2 

dw 
1

dw
2 

• 
. /4.1/ 

113 :nora ypaanennn MO)KHO ouenHTh rnnpnny i<oppenn-

UHOHHOH tPYHKUHH ¢ s (k, w ) ,UJIH '" O·> 0 H . Q < 0 , COOT-. cr · 
BeTCTBeHHO. 

cr 

e 
s x· w* rn' 

~ (x) = - --. (-1 
) I 

1 . 32 n T - m 
0 e e 

1 1 X< 1 
/4.2/ 

3 
1/x ,x> 1 

s ~2 (x)~ .:S ( :e )~ /4.3/ .. 
i 

Orcro.ua an.uno, l:fTO Koppennunon·nhie yrnnpennn crano

BHTCH BeChMa cymeCTBeHHbiMH rrpn (W*f/n
0
T)-.(m /_rn,). 

. e e 1 
B . 3TOM cny'-iae ·ncqeJaeT IIOHHTHe HOHHO-JBYKOBbiX KOJie-

GaHHH c 1facroroii."w = k v . s s 

§5. OECYic,4EHHE.PE3YJipTATOB 

Koppen.Hunonnhte tlJyn~<:unn ¢e 5(k, w) 
nM:eroT BH.U Jlopenueaoii I<:pHBoii 

. y(ki, -' . 1 . --- '2 
¢ (k, cJ): -;- (- ,_,. ) 2 + (y (k )). .. w- ... k 

e s 
. rrpn w -+wk' 

~ .... 

-~'( ·' 

~·-

;,'r·.-· 
~ ....... 

KoppeJI.HUHOHHhie tPYHKii:HH .un~k~-OBOJIHOBhi~:f ,;I<one6a·

n:Hii'(k'«k~ ), I<:aK_. H B H30TepMnqec:Koii IIJiaJMe (J;,.=T(J ,' 
orrpe,UeJI.HIOTC.H l:feThlpeXIIJia3MOHHhiMH B3aHMO,UeHCTBH.HMH 

/eM. pnc~ 1 H 2/. BBH.UY yMeHhrnenn.H 3tPtPei<:THBHOCTH 3Tnx 

B3aHMO,UeBCTBHB .C pOCTOM ·r e' · KOppeJI.HUHOHHhie lliHpHHhi: 
• ,--:. • .>.~ ! v- <' 

16 

~: 

yMeHhlliaiOTCH IIPOIIOPUHOHaJibHO (1/T; ) . IIpll IIOCTOHHHOH 

MOIUHOCTH renepaUHH Typ6yneHTHOCTII Q • 
B OTJIHl:fHe OT H30TepM~l:feCKOH IIJia3Mhl, r,Ue KOppeJIH

UHOHHbie 3tPtPeKTbl CTaUHOHapHOH JieHrMIOpOBCKOH Typ6yneHT

HOCTH cymecTBeHHbl JIHllib ~ 06JiaCTH fiOJihlliHX tiJaJOBhiX 

CKOPOCTeii e -BOJIH /nnn MaJibiX BOJIHOBbiX qiicen k< k * I 
Vph > 3v e V mi /me , B HeHJOTepMHl:feCKOH (Te_'>> 1;) IIJiaJMe 

KOppeJI.HUHOHHbie lliHpHHhl OCTaiOTCH 3Hal:fHTeJihHbiMH BIIJIOTh 

,UO ,MHHHMaJihHO B03MO)KHhiX Vp~3ve /HJIHk.$f kd /. 
3TO C~.H3aHO C HaJIH'-IlleM pacrra,UHbiX B3aHMO,UeHCTBHH THIIa 

e .... e +·s. 
IlOCKOJihKY pacrra,UHhie B3aHMO,UeHCTBH.H pa3perneHhl Ja-

s ---
KOHaMH coxpaHeHHH ,UJIH BOJIH., y KOTOphiX k> k*=k* y T. /T , 

1 e 
TO B OCHOBHOM OHH BJIHHIOT Ha KOppeJIHUHH. KOpOTKOBOJIHOBhiX 
f-I<:one6annii. . · 

Han6onhrnyro rnnpnny nMeiOT I<:oppennunoHHhie tPYHKUHH 

e -KOJie 6annii c ,UJIHHOB BOJIHhl Ao = (1 I k(~) ), l:fHCJIO KOTOphiX 

MaKCHMaJibHO. 

Ha pnc. 3 n · 4 rrpe.ucraaneHhi · rpatiJni<n JaancnMocrn 

KOppeJIHUHOHHhiX lliHpHH 

e e · . e N2 2 1 
~ =rr¢ (k, w) [(w-w - (u ·) + (y ) 1--

k k k ksv 
* s 

OT BOJIHOBoro l:fHCJia e -KOJie6annii ,UJIH .UBYX Jnaqennii 

MOIUHOCTH renepaUHH JieHrMIOpOBCKOH Typ6yneHTHOCTH 

1) Qe>'Qcr n 2) Oe< Ocr • Bennqnna 0 =Ocr . orrpe-

.uennercn HJ ycnoann paB~HCTBa nnneiinoro n nennneiinoro 

,Uei<:peMeHTOB 3a TyXaHHH IIOHHO- 3 BYKOBhiX BOJIH. 

«<>opMyJihl /3.15/ H /3.16/ IIOKa3hiBaiOT, l:fTO .B rrepBOM 

cnyqae I<:opperrnunonnan rnnpnna rrporropunonanhna I<:Ba,apaT

HOMY KOpHIO, a BO BTOpOM - MOIUHOCTH renepaUHH Q f_ , 

HJIH l:fTO TO )Ke CaMOe 

e e 
~1-W*, 

· e e 2· 
~2- (W* ), 

rnewf-wf ks ...., * - ·s * 
k* 

- IIJIOTHOCTh 3Heprmi, COCpe,UOTOl:feHHaH 

17· 



d' 
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I 

!!._[ 

l 
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!l 
I 
i: 
il 
II 
i! 
!~ 

B _Kone6aHHRX C BOnHOBhiMII '<IHCnaMH k';?:, k: · ... Jf3 <iJopMyn 
/3.15/ n /3.16/ cne,nyeT TaK)Ke, 'liTO npn 

e 
w* m . 
-- > ___!!_. 
ri T m: 

e ' 

/5.1/, 

, e 
Bemi'IHHa /!-.1 (y=l) CTaHOIJHTCR 6onhllle e,nHHHUhl· H ypaa
Henne /3.2/ nepecTaeT 6LITh. cnpaae,nnHBhiM. · B -:noM 
cnyqae MO)KHO nonytiHTh nnlllh ouenKy 6./ 

-e ~- w£ Y2 
.!\ -v-' r---J y, 

1 - m nT 
.e . e 

/5.2/ 

HMeR B BH;D.y, liTO ITpll BblllOnHeHHH/5.1jo(w1 -w2 ~w) 
B R,Upe ypaBHeHHR /3.2/ ;Il.OJI)KHa 6biTh 3aMeHeHa Ha 

z 2 · 1 . e . e 
(1ITT)(l\l[(w -w -w) +!!. )) -:-:-. 3aBHCHMOCTh /!,. OT W* 

1 2 · TTl\ · 

npe,ncTaanena na pnc. 5. 
YlllnpennH KoppenRUHOHHhiX ¢YHKUHH s- Typ6yneHTHOCTn 

!\; H /.\;, B036y)K_naeMOH neHrMIDpOBCKOH, onpe,nenHIDTCR <iJop
MynaMH /4.2fo H /4.3/ H HMeiDT TOT )Ke ITOpR;D.OK BeniiliHHhi, . e {. 
li'fOH-1!.1 n A 2 • . · : . , 

, OueHKH Hennneiinhlx c.nsnros qacJ;OThi, axo.nRmnx B on
pe,D.eneHHe KOppenRUHOHHbiX <iJyHK~HH 

ii ·•·. ReEN(w,k) .
1
·- .-_ 

w =- ------ e. 
k a( er w , kJ ;a w · w = w k 

ripnao,niiT' K. cne.nytomeMy pe3ynLTaTy. Pacna.nnoe B3anMo
.neiicTane. e; -aonH 'co' JHa'lJii:TenbHO OTnHtiaiDIUHMHC.R Bon
HOBbiMH :qiJcnaMH. npnso.iiJif .K He JaBHCRIUeMy OT kc.nanry 

qacTOThi nopR,nKa (wpewJ I nJ;, ), T.e: <IJai<Tn'llecKH K nepe
nopMnpoBKe nnOTHOCTH 'lJHCna 3neKTpOHOB n0 Ha BenH'liHHY 

.On= wl IT e • TaKOH ITOCTORHHbiH C;Il.BHr qacTOThl He BXO;Il.HT 
B pa3HOCTh ypOBHeii 3HeprHH B3aHMO;D.eHCTBYIOIUHX BOnH 
w_ = wkJ -w k

2 
H He BnHReT Ha HX B~a!fMO~eHCTBHe. 

CBR3b BOnH C 6nH3KHMH BOnHOBhiMH 'lJHCnaMH MO)KeT 

np~a_o~~Th ?' .. ;:,l-~_Bnq~!-Qe1~Y O,T } .. _C;Il.BJ!ry 'lJaCTOT~I w: , ~ 
KOTOphiH MO)KHO OUeHHTh KaK 

18; 

e · ·· ·· -e · 
N ·. w*. 'S·. ml.w* 

w . =w -.-=.3k v · -- --·-, 
k pe n T · * · · s · m n T · · 

0 e e 0 e . e . . . 
T .e. TOrO )Ke ITOpR;D.Ka, 'liTO H YlliHpeHHe /1 1 ; COOTBeTCTBeHHO 
nnneiiHaRenonpaaKa, ~BR3aHHaR c TennoBbiM ,nBH)KeHneM, 
eCTh 1'.\w =W k -:- W · • H A e -J k·s ( k )2 _-, · · 

. _ pe uw =-2 *vs ---:s. 
:· . .. : ' k.* 

e . 
llcnonh30Banne B npaaqii qacTn . 
o ( w --we. ) npaBOMO'lJHO, ecnn 

{ _ s e . -

/3.2/¢. (k,w) B .Bn.ne 

1'.\w >wN, k*v 11
1 

(k). · 
k s 

e 
A (u.) 

-e 
11 

b..e 
t 

,} 
2. 

• t, : • t ~ 

1 

' . Yt .... u 

·1··. l ' ·.t ., .. 1 i 

I '·'·· 
I ;_, 

I 
., 

'I :. (:. ·i 

~ .· . . .. . . :.·:.: .. · e,'.. . 
,.,·.·_(m~f~.J '- :~_·:·'(m~(,~~) u.;;·cw~/noTe) 

~ :· ,·.:; .... _ •.;L~ ":..t·l :,i-' .-;,_~;_·,~..! ,:_: .. ~.\;.", . • 

PH'c:· 5~ 3asncn:M·o·cfi. ·:A,L:o-r 3neprnn·-T'yp6yne·Firiloc;·n-~pn 
ITOCTORHHOM 3Ha'lleHHH y·i:::.l ~ '' · .:t . .-•:.·. .,,,, ,. ' '"-" '' 

IIonyqeHHhie pe3ynLTaTLI .crrpaB~MHBhi B TOM cnyqae, 
. ' I '\ : ..- ~ ~ .. • ;._- \. ·. 

Kor,na neHrMIOpOBCKYID H CBH3,aHHYID C fieii IIOHH0-3BYKOBYIO 
Typ6yne-HTHOCTH•\\MQ)KH0 'C_~IIJ;a T,b<-.II3 QTPOilHhiMll ~·_Il;>,OTaJlHO-:
HapHhiMH. ,[(0 ycTaHOBneHIUI _ CTaUtfOHa,pH-O'CTii"\YillHp'e1IH~KOp
penRunonH:cin :·<IJy'iiKJiirti) 'e·-di:'ecTaefrno·"'tiri:I>l'!~~nne·-r()'Ji~·rco-JiH:i.iM 



/CyMMapHbiM/ HHKpeMeHTOM HJIH ~eKpeMeHTOM.r= ~ Y; 
~ ~ I 

yqHTLIBaiOI.QHM npon;ecCbl JIHHeHHOrO H HeJIHHeHHOrO no-

rJIOI.QeHH.H, TpaHCcPOpMali;HH II pacKaqKH KOJie6aHIIif. JTOT 

HHKpeMeHT MO)KeT 3HaqiiTeJILHO npeBOCXO~IITb flOJiyqeHHbie 
BeJIHqHHbl I'J. £ . . . . 

Corn~cno 161
• nerKo MO)KHO on;eHIITL .cKopocTL .II aenii

qiiny. KoppeJI.HUIIOHHoro narpeaa· 3JieKTponoB nenrMropoa

CKIIMII KOJie6aHII.HMH, CB.H3aHHOrO C YillHpeHIIeM ~eJILTa
cPYHKUIIH o ( CrJ -cu £ ) • - .LJ:eiiCTBIITeJILHO, KO 3cPcPIIUIIeHT ~IIcPcPY3IIII 

k £ 
-cu2 

D=~lm J 
nOme 

Wit ¢}(k,cu) dk dcu=: w!e J W£ y£(k)dk _ 

cu-kv n0~ kcu2 +(y(k))2 -v-
pe 

HJIH s 

D=fW£/'J.£(k)dk k*~~. 
k nOtr.e 

OTCIO~a 

dTe s £ £ 
n0 --= m D = k * v8 I'J. W * , dt e · 

HJIII 

8 f f 
n0 Te= n 0T eo+ k*vs I'J. W* t. /5.3/ 

""" ~ 17/ ..:1TO Bhlpa)KeHHe COBna~aeT C Hai!~eHHbiM B :- , eCJIH 

flOJIQ)KHTb 
1: me 
"'~ -. m. 

I 

. 3HaHHe KOppeJI.HUHOHHLIX cPYHKUIIH ll03BOJIHeT: 

1/ CBH3aTb /e~HHCTBeHHbiM o6pa30M/ ee illHpHHy C 

ypoaneM 3HeprHH Typ6ynenTHOCTH H no3TOMY MO)KeT 6LITL 

HCflOJib30BaHO B n;eJIHX ~HarHOCTHKII llJia3Mbl nocpe~CTBOM 

KOppeJIHli;HOHHbiX H3MepeHHH; 

2/ BOCCTaHOBHTb CfleKTp Typ6yJieHTHOCTH llO KOppeJIH

UHOHHOH KpHBOH /eM. ypaBHeHHe /3.2//. 
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