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1. 1'13aeCTHO, 'ITO CneKTp bl Typ6yneHTHOCTH ITll83Mbl OnpeJ:telliDOTCS! H H

TeHCHBHOCTbiO Tpa a cc!JopMai.<HH B J:tOllb cneKT p a T y p6yneHTHb iX rrynhCBUHH , B03 -

/ l/ 
6yJKaaeMb iX H3-3a aeycTOH'IHBOCTH nna 3Mbi • EcnH Typ6yneHTHOCTb SIB-

llS!eTCS! KB83HCT8UHOHapHOH 1 H xapaKTepaoe BpeMS! cyme CTBOB8HHSI CTB-

UHOH8pHOH Typ6yneHTHOCTH MHOI'O 6onbme 'IBCTOT napHbiX COyJlapeHliH, TO 

B38HMOJ:teHCTBHe Typ6yneHTHhlX nynbCBUHH MOJKeT aeCbM8 cymeCTBeHHO 38-

/2/ 
BHCeTb oT napHb iX coynapenHii qacTHU. B nan pac'teT 3¢¢eKTHBHOCTH 

T8KHX B3BHMOJ:teHCTBHH B ycnOBHKX, KOI'J:ta pa3HOCTb '18CTOT J:IBYX B3BHM o-

J:teHCTBYJOWHX nynbCBUBH MHOI'O 60llbllle ~ V 
ml e m e' m I -COOTBeTC T-

BeHHO M8CCbl 3lleKTpOHOB H HOHOB, ITll8 3M8 ITOllHOCTbJO HOHH3Hp0B8H8, V • -

qacToTa coynapeHHii 3neKTpOHOB c 3neK TpOHBMH H HOHBMH nn.n3Mhl). Eonee 

/2/ 
TO'IHO Heo6XOJ:tHMble KpHTepHH DpHMeHHMOCTH pe3ynbT8TOB onpeaenmoT-

CSI cneayiOWHM o6paaoM 
x) 

2 

I» I cu I - 1»2 I » { 1) 

x) 
HapymeHRe nepaoro sa ycnoaHH {1) ae npHBOJ:tHT K cymecTaeHHOMY 

H3MeHeHHJO pe3ynbTBTOB /2/, OCT8BllSJSI HX cnpaaeJ:tllBBbiMH DO DOpSUlKY Be

llH'IHHbl. 

3 



lie11b HBCTOSIIIleH pafiOTbl - 8H81Ill3 He1IHHeiiHblX B38HMOJleHCTBHH H 

xapaxrepHblX speMeH cnexrpa11bHblX nepexaqex B ycnoBH51X 1 xoraa ( 1) 

Hapymeao. B STHX yC1IOBH51X KHHeTHqeCKOe B036y:lKJleHHe HH3KoqaCTOTHbiX 

K01Ie68HHH BbiCOKOqacTOTHbiMH (H3-38 npoJleCCOB THI18 p8Cil8LlHbiX)OK83biB8-

eTCSI HeB03MO)I<HblM 1 8 rHJlPOJlHHSMHqeCKOe B036y)I<JleHHe B03HHKaeT B ycno

BHSIX oqeah yaxHx cnexTpoB BbiCoxoqacToTHbiX xone6aHHii. Oaaaxo B s roii 

06118CTH qaCTOT B03MO)KeH HOBbli!: cneuH<j>HqecKHA BHJl HeyCTOi!:qHBOCTH 1 CBSI-

38HHblH c LlHCCHUBTHBHblM . xapaxrepoM npouecca. 

B ornHqHe or nepexaqex BbiCOKO'IaCTOTHbiX sona B ycnoBHSIX ( 1) pac-

CM8TpHB8eMble HH)Ke cneKTp811bHble nepexaqKH SIBJISIIOTCSI LlHCCHI18THBHblMH 1 

T.e. JleHCTBHTe1lbHble He1IHHeHHble nonpaBKH K '18CTOTe MOryT 6biTb cymecT-

B eHHO MeHbille MHHMblX IIOilp8BOK. 

2 . nocK01IhKy B HHTepecyiOUieH H8 C 06118CTH Tell1IOBOe LlBH)KeHH e qac

THil CK83biB8eTCSI 11Hillb H8 cneKTpaX "'SCTOT Typ6yneHTHblX lly11bC811Hii 1 HO 

He H8 HX B38HMOJleHCTBHH 1 OK83blB8eTCSI B03M0)1<Hb!M HCII01lb30B8Tb JlB y X-

/3/ 
)KHJlKOCTHbJe rHLlPOLlHH8MHqecKHe ypaBHeHHSI Ll1ISI 011HC8HHSI T8KOrO B38-

H M OJleHCTBHSI. npH STOM Mbl IIOK8)Ke M 1 qTO rHJlp0JlHH8MH"!eCKHe ypaBHeHHSI 

/ 2 / 
1103B01ISIIOT II01IY'IHTb pe3y11bT8Tbl B YC1IOBHSIX ( 1) 1 eC1IH CHny TpeHHSI 

MelKLlY 31IeKTpOH8MH H HOH8MH Ll1ISI B biCOKOqacTOTHbiX K01Ie6aHHi!: C'IHT8 Tb 

p a BHOi!: - m n v if .. . .. 
.. 

BMeCTO -r0,51 m n V U . . .. 
nocneaHee nerKO IIOHSITb 1 eC1IH yqeCTb 1 'ITO K03¢¢HUHeHT 0 151 B03HH-

KaeT 1IHUib B yC1IOBHSIX "18CTbiX COyJlapeHHi!: <~ << v .. 1 TOrJl8 K8K B 

yC1IOBHSIX cna6biX coyaapeHHH ( ~ >> V
8 HerrocpeJlCTBeHHblll: paC"'eT CH1lbl .. 

TpeHHSI aaer - m ., n., v., U • BbmucaaaaSI HH>Ke cucTeMa ypaBHeHHH 1 y"'H-

Tb!B810UI8SI 3TO 06CTOSITe11bCTB0 1 MOlKeT paCCM8TpHB8TbCSI K8K II01Iy<j>eHOMe

H01IOrPI"!eCK8SI. 060CHOB8HHOCTb ee HCI101Ib30B8HHSI IIOLlTBeplKJl8eTCSI KHH e 

/2/ 
MaTH"'eCKHM pacqeroM • B bmHilleM s ry CHCT e My 
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waf3 ~ 
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ax/3 

!.:!.JL - 8 a {3 ax a 

2 
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a .. 
--V 
at tl3) 

BenH'IHHhi v., H II I -xapaKTepHb!e 'I8CTOTbl coy.napeHHH aneKTpOHOB 

H HOHOB C OCTanbHhlMH 'I8CTHU8MH ( aneKTpOH8MH H HOH8MH) nna3Mbl 1 38BH

l 
CSUUHe H3BeCTHblM o6pa30M OT ee TeMnepaTypbl ("' --:;:;r:; ) H nnOTHOCTH. 

Ta 

J.1cnonb3yeM BbliTHC8HHyJO CHCTeMy ypaBHeHHH .Qn51 HCCne.QOB8HHSI HenH-

B 41TDee~ 
HeHHblX B38HMO.QeHCTBHH nynbC8UHH BblCOKHX 'I8CTOT W•W >.;. Woe•y--....:.-

m., 

B aenHHeiiHhiX non51pH3yeMOCT51X nna3Mhi 6yneM Y'IHThiBaTb qneHhi, conep-

;>K8lllHe He Bblllle 'IeM BTOpy!o CTeneHb WB 
B 3HaMeHaTene. Pa3nO;>KHM see 

BenH'IHHhi no cTeneH51M aneKTpH'IeCKoro nong BnnoTb no qneaoB TpeTbero 

nop51JlK8 no E ("' F. 8 

v = l v (j) v (j) "' ( E )l l D 
(j) (j) 

.. (E) l ; ; DO •D 0 + ; D 

J=l 

l T (J) T<l> .. (r. ) l 
(14) 

T =To + ; 
l 

3necb DO ~ < D > T 0 = < T > -cpeJIHee 3H8'!eHHe TeMnepaTyph! H nnoT-

HOCTH B Typ6yneHTHOH nna3Me. J.1cnonb30B8Tb pa3nO;>KeHHe ( 14) MO;>KHO, 

ecnH B~nonaea~ aepaBeHCTBa 

D(j) -. Do 

TO> 
-T- ... «1 

0 • 

0TMeTHM cpa3y 1 'ITO H8nH'!He BblCOKO'I8CTOTHblX Typ6yneHTHb!X nynhC81IHH 

CK83blB8eTC51 H8 ycpeJIHeHHOH QJYHKUHH pacnpe]leneHH51 '!8CTHU nna3Mbl H 

/ 4/ 
npHBOJlHT K TaK H83biBaeMOMY cTonKHOBHTenhHOMY aarpeBy • YpaBHeHHe 

]ln5!. H3MeHeHH51 cpe]lHeH T eMnepaTypbl nna3Mbl B 30He BblCOKO'I8CTOTHblX 

u /4 / 
nynhC8UH11 aaanorH'IHO HCnOnb30B8HHOMy B .Qn5!. HarpeBa MOH0XpOM8Ta-

'!eCKOH BOnHOH 
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141 b 
Cornacuo ,(sTo cne.uyeT TaK)Ke H3 \15), (16)) 3a apeMSI r-- TeM-

"• 
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m I 

w 
--;-:r« 1' 

• e 

• 3a Bp9MSI r _., t • ~ 1 
m II"" 

e • 

Cpe,UHHX T9Mll9paTyp 9 n9KTpOHOB H HOHOB Bb!XO,UHT Ha nnaTO 

pa3HOCTh 

<T e > -<TI > 

<T.> 

, a TeMnepaTypa HOHOB yBetiHqHTCSI Ha 

-
3m n T 

e e 

6-T W ( woe ):1 (ml / me) 
m w 8 :1 E:l 

• 0603HaqHM~n T (--) aW •---£.; 

_,.-- - n 0 T8 
--;;r-;; m • w P "" I oe 

r .ue E P -TaK aa3biBae Moe nna3Meuuoe none, w 
p -ero nnoTHOCTh 

saeprHH. TaKHM o6pa30M, ecna , TO s¢¢eKTOM uarpeaa aneK-

TpOHOB H HOHOB MO)KHO npeue6peqb. EcnH nna3M8 cna60 HOHH3Hp0B8H8, TO 

CTOnKHOB9HHSI HOHOB C H9~TpanaMH MOryT He ll03BOnHTb HM llO.UHSITb T9M-

nepaTypy ,UOCTBTOqHO Bb!COKO H TOr,Ua TeMnepaTypy HOHOB MO)KHO CqHT8Tb 

llOCTOSIHHO~ H paBHO~ T , a TeMnepaTypy 9neKTpOHOB, eCnH r >> r 1 

paauo~ T ( 1 + _w_ ) Dpa w >> w P aMeeM T. >> T 1 B Ta-
WP 

KO~ CHCTeMe B03MO)KeH 9cp<jleKTHBHbl~ Typ6yneHTHbl~ uarpeB 3a cqeT HenH

/5/ 
ueRuoro B036y)K.U9HHH HOHHoro 3ByKa 

BepueMCSI K cacTeMe ypaBHeHHH (2)-(6). Hai1.ueM ee peweuae .l.WSI 

V ( 1) , n (1), T(l) , llpH llOMOllrH KOTOpbiX MO)KHO onpe.ue-

nHTb uenaue~HyiO nonHpH3yeMOCTh BToporo nopSI,UKa no non10 51 (lt,lt 1 ,It :1 ), 

onpe.uenSieMylO paB9HCTBOM 

7 



H ·a 
j • fS (lt,lt ,It )E 

It 1 1 2 "t 
8 

E 8 ( It-It 
1 
-It 

2 
) d It 

1 
d It 

2 
• 

":~ ( 17) 

OueHHM qne Hbi, sxo.uruuHe B ypa sHe HH e rrep e Hoca HMIIyllbca. TaK KBK 

llJISI HaXOll(lleHHSI 5 t H e 0 6 XOllHMO 3H8Tb V (1) 1 n (I) 
1 

T(l) , COOT-

BeTCTBYIOillHe Bbl COKOfi' 'i8CTOTe W B TO, Bbi6p8CbiB8SI llHCCHII8THBIIbJe 

'iJie H b l llJISI Bb!COKOH '18CTOTbl , M O )I( HO IIOJIY'IHTb 

(1) 

n Itt • no 

(1) 
~c., v 

Itt 

w 1 

v< n 
kl 

= -i ~ 
m w, 

(I) 2 
T =

kl 3 

(I) 

1,11 T0 It 1 v" 
WI 

( 18) 

3.uecb, rrpocTOTbl pa.aH, none Ek C'llfT8eM rrpO.UOJibHbiM. l1CII01Ib3YSI (18), 
.... <,> a <t> <'> 

HeTpy.UHO 

YneH 

IIOK838Tb, 'ITO 

_a_ nO> T (t) 

cyMMa m.,n0 (V., --... -lvea +en Ea•O. a, Ell 
H3 ( }8) MO)I(eT 6bJTb OUeHeH K8K .. -- , 

Q)4 a xa • .. 

H II03TOMY HM MO)I(HO rrpeHe6pe%. A HanorH'lHbiM o6pa30M H3 a I a xa 

no.,Toe 
llOnlKHbl 6hiTb B b i6porneHbl BCe 'lJie Hbi , 38 HCKJIIO'leHHeM -0,73 -

II T e Oft ... 

1 

"•af3 
w<•><ll> 

af3' 

8 oeJIH'lHIJY CHJ!bl TpeHHSI He06XOllHMO C'lHT8Tb p8BHOH R "'- ·m • noelle • 

0 51 tfll> - 0 71 _L T <2> 
• • 'b.i a1 .. • To'lHO TaKHM )l(e o6pa30M MoryT 6btTb one-

HeHbl 'lJieHbl B ypaBHeHHH rrepeHOC8 3HeprHH 

en a ... <o 
n• T0.,at V 

q ':. 0,71 n T 
e oe oe 

2 
E 

8 w, 

+(2) 3 16 
tT - ' 

en a <n 
V --T"' at 

2 

~; 
w~ 

noe Toe ~· T(ll) 
m.,ve T

0
., at e 

n T(l) _j_ V (l)• 
oe .. a,. 

o .. -

.. t, - (, 3m 
T ( T<2 > (ll) v (I) v(l) =-(R U )---•-n II -T 1 l=m.n

08
11

8
Toe 

m oe • oe e • • I 

TBK K8K ' 
(I) I (1) ml 

(V V ) •-
• I m .. 

8 

Ell 
a~ a 

I 

) 



.. 

(1) 
HaKoHeu, "aa{3 

avo> 
eel 

II 
e 

Q 
e SIBnsreTCSI ManbiM llpH k V Te <<11 e 

OueHHBasr aaanorHqHbiM o6paaoM qneHbi, BxonruuHe B ypaBHeaHe nepeHoca 

nnsr HOHOB, nonyqHM OKOHqaTenhHO ypaBHeHHSI nnsr ll0llp8BOK BTOpOrO nopsrn

Ka no E • 

T(2) 

(-iw + 
J<2 v

2 
(2) (2) 2 ke 

__ cu_.T ... e'-)Vke --0,51 11
8

Uk -1,71 ikvT.-.-T--

L2 2 m 
3 &. VTe 

(- - leu + 3,16 --..:..:::- + 3 -•-·11 
(:1) 

)~ 
2 II e m

1 
e T 

oe 

(2) 

m, Tkl 1 J (I) (1) 
+3--v--+mll-- V V dA, 

"\ • To e e To k1 k2 

oe 

(2) (2) 
... - iJcVk• -0.11 ilt uk 

d A..8(1t-1t 1 -~)dk1 dk 2 ; 

k-11 ,cui 

2 2 (2) (2) 

k
2 

V
2

1 It YTI (·:n 2 Tkl 2 Tke IDe <2> 
(-leu + 1,28 __ T_... .+ i---) V •-iltv -- + 0,71 ikvTI- + 0,51-11 U k 

11 1 cu kl Tl T ol T ol m 
1 

e 

T(2) 

II ) __ k_l_ :a - iJc V(2
)+ 3~ II 

e T ol kl m 1 • 

Pemasr sTy CHCTeMy, nonyuM 

(2) 

v 
ke 

(2) 

v kl -

(1) · (1) 

ikll JV·k Vk dA 
e 1 2 ____ _.:.._...,_ ___ A • 

K 1 {l e1 ""te1 

3necb BBen~-Hbi o6oaaaqeHHSI 

9 

T (2) 
ke 

T ol 

(19) 

+ 

(20) 

(21) 

(22) 

(23) 



kll .,tJ 
k

lly 2 ll 2 ,.,2 

cu •-icu +I Tl ·+ 1 28 
11 cu • 

k vTI Toe k Tl 811 811 
+ --- -(0,71--}(1 + -> 

0 11 T ol {} e1 {} 11 0 11 

.1'1 

Ill 

k ll .,:a 
cu • -i cu + I ~ + 1,71 

el 

kll ., ·ll 
' Te 811. 0+-

cu n.1 0u 

0 
3 kllv

2 

11 •- -
2
- icu +811 + 3,9 Tl 

II 
I 

'0 3 kllv
2 

e1 •- 2 ·lcu +Bv + 3,16 Te {8v)ll II ----; 

m 
811-3--8

-11 

K • 1 + { 0,51 II 
1 • 

• n u 

2 
811 klly T 1 m 

+ 1,71 { 0,71 - - )---· )( -- + ---.L 
Ou n el cu e1 m 

ml • 

1 

Wit 

ll ll 
m 1 811 8v k vT 

A -1,71+-L-(1+--H0,51v +1,71{0,71---) 8
) 

• ml cu 11 011 • n 11 0 e1 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

ll 
8v 1 811 8v k 11 "Te ( 31 ) 

A • 0,71---- Ot --}{0,51v +1,71(0,71---) --· } • 
1 n11 w. 1 0 11 • n

11 
n., 

Y!CKOM09 Bblp8.lK9HH9 ll1ISI 5 1 IIM99T BH!l 

J(_!l) (1) '/ - A 
( ) ( (ll) '(ll)) kv8 Vk Vk d" Ek Ek )( A 8 m• 1 , 

S k,k ,k •en V -V •-en I 1 II 1 :1 --+---. (32) 
1 1 ll 0 ke kl 0 w m c:u 

m 

DpH w » 3 -·- J.l k v e ' Tl 
m 1 i21 

TOpbiH Obl11 rrony'leH B 

Ha cnyqali cu < 3 ....!!!L. 11 
ml • 

HeJIHHeHHhiH TOK S 2 

K {l e1 I II 
I e1 

peaynbTaT (32) connaaaeT c TeM, Ko
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/2/ 
HMeeT ~OpMaJJbHO TOT *e BHA, "'TO H B 

(34) 

(35) 

rAe, OAHBKO, K , CU el orrpeAenSieTCSI !jlopMynaMH (25)-(29). HaKoHeu, He-

JJHHeiiHbiii TOK TpeTbero IIOpS!AKa CBSI38H C TOKOM BTOpOro IIOpSIAK8 COOTH0-

/2/ 
IIIeHHeM, H8liAeHHbiM B • 

3. npHBeAeM IlpHMep paC"!eTa CIIeKTp8JJbHb!X rrepeKa"!eK neHrMIOpOBCKHX 

BOJJH 0 eCJJH p83HOCTb HX "18CTOT Mel!biiie 
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o I I 0 m
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oo I 2 e el el 
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II 

(36) 

HaH6onee a~cpeKTHBHbiM ·oKa3biBaeTcSI B3aHMoae.HcTBHe aonH, pa3HOCTb "'ac-

TOT KOTOpbiX 6JJH3Ka K CKOpOCTH 3BYKOBbiX KOJJe6aHHH 
- ,,-1-0-

w - V k. v Tl ' 
• 3 

6. lk _; 12 2 
w -w 

8 
1 2 v Te 6.w- w 

----- < ; I ---·-
6.w v • 

»y 
8 (37) 

6.w = w - w 
I 2 -p83HOCTb "18CTOT B38HMOJleHCTBYIOIIIHX BOJJH. nony-

"'HM OUeHKy 
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(39) 

¢lop Myna ( 39) IIOK83biB8eT, 'ITO T8KHe B38HMOJlei!:CTBHR O'leHb a$¢eK

TRBHbl. 0JlH8KO IlpH HCIIOJ1b30B8HHH aToro COOTHOWeHHR He06XOJlHMO HMeTb 

B BRllY, 'ITO 1 ) w 
-;-T << 

m. 

ml 
H '2) B38HMOJleiiCTBYIOT HHTeH-

0 " m 
CRBHO 11Hlllh BQnHbi, HMeiOIUHe O'leHh 61I.ll3KHe '18CTOTbl ( !1w • W << --•- II ). 

• m " 

¢1aKTH'lec'KH CIIeKTpbl neHrM IOpOBCKHX KOne68HHi!: B Typ6yneHTHOii II1183Me 

MOf'yT 6b!Tb 3H8'lHTeJibHO 6onee WHpOKHMH. DoaTOMY 3JleCb pe'lb HJleT 06 

11 I 
'acTa$eTHoi!:' nepeKa'IKe (eM. ). 

4. PaccMOTpHM s Ka'leCTBe npyroro npHMepa B03MO*HOCTb pacnana 

BbiCOKO'l8CTOTHbiX B01IH ( H8IIpHMep, naaepHbiX IIOIIepe'IHbJX BQnH B yC1IOBH
m 

mt naaep11oi!: HCKpbx) ga HH3KO'laCTOTHbUi ~BYK w << --•-v . He-
• m I • 

Tpynno nposepHTb, 'ITO nucnepCROHHOe ypasnegae, orurcbrBaiOmee TaKoi!: 

v /5,6/ 
npouecc, HMeeT CT8HJl8pTHbiH BHJl 

w, + i Y e • - _1__ J U ( k • k l ) ii l (N t - I N t 12 
k (2rr)4 kt kl -k ) 

(40) 

w ' + 6-w k k 
1 

+ iB 

3necb fU, -He1IHHeii:HaR IIOIIpaBK8 K '18CTOTe 3ByKOBbiX K01le6aHHii 
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+ Re w" 
k 

U(k,k 
1

) 

06bl"'HO smnSUOU18SICSI BepOSITHOCTbiO p8CCM8TpHB8eMOI'O p8CIT8JlHOI'O nponec

C8 (s 6eccoyJlapaTenhHOM cny"'ae), B Jl8RHOM cnyqae nponopnHoaarroaa 

ITpOH3Be)leRHIO HenHRel!:HblX ITOnS!pHayeMOCTeH S I H S 2 

06biqao KHHeTH"!eCK8SI HenHHeHH8SI HeyCTOH"'HBOCTb B03HHK8eT, KOI')l8 

!':l.w~' ... >w' 
k kl 

/5,6/ 
( CM. . ) H ITOJlHHTei'p8nbHOe Bblp8)!{eHHe npo-

ITOpUHOH8nbHO - i rr 8 ( !':J. Ql .. 
1t k 1 

. B cnyqae ecnH w : < :: v., 

H3 (32) H (35) cne)lyeT 

U(k,k ): 
1 (42) 

k2 y2 
-- .Te-. 

v., w-! 
ilpH nonyqeHHH ( 42) Mbl OT6p8CbiB8nH Manbie, qneHbl ITOpSIJlK8 

CneJlOBaTenbHO, 

y" 
k .. ---

Im U ( k , k 1 ) w~ 
, noaTOMy B036y)KJleHHe HH3KQ-

qaCTOTHblX 8KyCTHqeCKHX KOne6aHHH, CBSI38HHOe C p8Cll8JlHblM B38HMO)leH-

CTBHeM ( ':, - i TT 8 (.~w-+,.. ) ) , HeB03M0)!{H0 ( CM_IB/). 

!':J.wk r1 + i 8 k k 1 

Ecna nyqoK nonepeqHbiX sona HMeeT HeKHH paa6poc no "'SCTOTSM !':J. w 

, TO nyCTb npH H3MeHeHHH k 1 B YK838H-

Hb!X HHTepsanax M8KCHM8nbHQe 3H8"1eHHe eCTb !':J. t • a 
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max (!!!. (1)-o ,.. ~ ) • !!!. "
2 k. k l + I< 

• CooTBeTCTBYIOlllHe MHHHMallbHbJe aaaqe-

HHSI 0603H8'UIM 81 8:1 • E C1IH 8 l • !!!. l H 8
2

, {).
3 

6o1Ibrne 

Re w k" 1 TO B03HHKaeT paCCM8TpHB8eMblA HOBbiH BH!l He1IHH6HHOH 

JlHCCHnBTHBHOH HeycTOH'IHBOCTH. 

nycTb 8
3

, 1!!.
2 

> 8
1

,1!!.
1 , TOr!la t n t > <tln ... k -n~- ""k-t 

I l I 

~ ... ... 2 

4 
1,71 II e Woe 

, ·y• =-i 2 T I 

( kl. It ,-It) 

0+ f!21t -"112).. Nkt 
l l dk l 

w +t t 8(2~r) 41Tno" 

111111 

• 
w' + iyk 

i 1,7lv., cu!., I dkN~ I 
l kl 

8(2 .IT) 41TnoT" 

n-. n.. .. 1 !!!. n i! 
k 1 k

1
-k al 

... 8(; (k ) 
It -::T-.1 

a1t1 

{).{} ... 
kl 

utr > - 1 .. 
-(J. 

( {).{}.. ) 2 
kl 

npR 8 2 • {).2 .. 8,, {). I k,»k. 

c1Ml~t 
'>I 

(43) 

(44) 

<PopMynbi ( 43) a ( 44) noaeonmoT oneHRTb HHKpeMeHTbl aenaae.lfaoro 

B036y)!(JleHHSI HH3KO'I8CTOTHbJX BKyCTH'IecKHX B01IH1 pacnpOCTp8HSIIOlllB.XCR 

non ocTpbiM yrnoM K nyqxy norrepe'IHbiX eon H. ·oneaxa no cpopMyne ( 43) 

k y 
JlaeT ( --- » -•- ) 

2 k I c 

Y<JHTbiBBSI, 'ITO 

W W 3 II 
y .. --2!.-(~) --L. 

16 n t k c 

v ~cu8 

" ml k 

n >y > yk 

KOTOpblX B03M0)!(H0 B036Y*AeHHE' ( 45): 
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w ----. 
n 0 T., (45) 

IIOny'IHM YC110BHSI1 IIpH 



m 
I • --. 

m l 

k •. 

... • 

cu cu a w 
I > ---2... < ----!!.. > ---> 

k c {}' 

Aaanorx'IHO MoryT 6biTb nony'lellbi oneaxH xa ( 44). 

fl H T e p a T y p a 

k ~ y ~ 
Te 
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