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§l.·B Be A e H II e 

Xopowo 113BeCTH01 'ITO aneKTpoMarHIITHble CBOikTBa nna3Mbl CyiUeCTBeHHO 

3aBIICSIT OT Taro, K KaKoit oonaCTII xapaKTepHbiX Ilna3MeHHblX 'JaCTOT npll-

x/ 
aannelKIIT paccMaTpiiBaeMaSI qacToTa KoneoaHIIil • B aeaoaMymeaaoi! nnaaMe 

XapaKTepJibiMII 'laCTOTaMII SIB1lSIIOTCSI nna3MeJIIIbie+ - aneKTpOIIIIaSI II IIOHJiaSI1 

· I 1 2 3/ · 
UIIK1lOTpOIIIIO-rllopiiAIIbie1 Apei!<jloBbie II APo 'laCTOTbl 

1 1 
• B AOCTaTO'IIIO 

nnoTHOil nnaaMe, KpoMe Taro, noRBnRJOTCSI eme qacTOTbi napJibiX coynapea111t 

'laCTIIU • V e - aneKTpOJI-aneKTpOHHbiX II aneKTpOH-IIOHHbU~ II VI 11011-IIOH­

IIblXo npll aTOM ecTeCTBeJIHO, 'ITO npll nepeXOAe B OonaCTb '!aCTOT, MeHb­

WIIX '!aCTOTbl napHblX COynapeHIIll: 'laCTIIU1 lliiCnepCIIOHHbie CBOilCTBa nna3Mbl 

3Ha'IIITenbHO MeHSIIOTCSI ( B03MOlKHO nOSIBneHIIe HOBblX BIIAOB JieyCTOii:'IIIBOCTell: 

) /4,5/ 
H np. • 

B Typ5yneJITHOil nnaaMe, KpoMe nepe'IHcneHJibiX BbiWe xapaKTepHbiX 

'l8CTOT1 noSIB1lSIIOTCSI HOBbie, CBSI3aHJibie C a<jl<jleKTIIBHblMII TypoyneHTHblMH CO-

. ygapeJIHSIMH 'laCTHU II nna3MOHOB Me)KJly Coooil:. npH aTOM OKa3biBaeTCSI 1 'ITO 

AaJKe B ycnOBHSIX cnaooll: TypoyneHTHOCTII 1 KOrna OTIIOCIITenbH8SI nnOTIIOCTb 

w 
aaeprHII , aaKniO'leHHOit B nynbcauHRX, aeaenHKa -· -- <<I ( n 0 T • ·- nnoT-

no T e 
HOCTb Tennoaolt aaepr11H nna3Mbi),. 'laCTOTbi Typ5yJ'!eHTHbiX coynapeJIHil v a<P 

MoryT Ob!Tb AOCTaTO'IHO 001lbWHMII1 OCOoeHHO ecn11 pa3BIITa BbiCOKO'IaCTOTHaSI 

x/ 
3necb H a nanbaell:weM non TepMIIHOM, aneKrpoMarHHTHbie caoll:cTBa 

nna3Mbl Mbl oyAeM nOHHMaTb 1l11Hei!Hblli OTK1l11K nna3Mbl Ha npOH3B01lbJIOe 

cna6oe aneKTpoMarJIIITJioe none. 
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/6 7/ 
(HaiipHMep1 neHI'M!OpOBCKilll) TypfiyneHTHOCTb 

1 
• 8TH '18CTOTbl MOI'YT fibiTb 

cpaBHHMbl nnH llalKe 3Ha'IHTeni>HO rrpeBOCXOilHTb '18CTOTY rrapHbiX COyllapeHHli 

'!aCTHU,. EcTeCTBeHHO rrpelliiOnOlKHTb 1 'ITO llHCIIepCHOHHble CBOHCTBa cna6o-

Typ6yneHTHOH rrna3Mbl B ofinaCTH '18CTOT1 MeHbWHX V S<jl1 MOI'YT 3Ha'IHTenb-

HO OTnH'IaTbCSI OT 'CIIOKOHHOll' IIn83Mbl1 B KOTOpOli He B036ylKlleHbl KOnneK- . 

TiiBHble CTeiieHH CBOfiOllbJ,. Ecnn K TOMY lKe V ~ >> V 
a't' e 

TO IIna3My MOlKHO 

paccMaTpnBaTb KaK 6eccoyllapnTenbHYIO B o6nacTn 

v. << w « va¢ . ( 1.1) 

llnSI H30TpOIIHOH II OllHOpOilHOli rrna3Mbi TaKoe nccnellOBaHne fibinO rrpo-

/9 10/ /6/ . . 
BelleHO B 

1 
( CM, T8KlKe ) • B STHX lKe pa60T8X fibinO o6HapylKeH01 

'ITO Kone6aHHSI THIIa HOHH0-3BYKOBbiX ( B H81130TepM!!'IeCKOH II1183Me T e >> T I 

B IIpHCYTCTBHH ¢oHa @HI'M!OpOBCKIIX BOnH CTaHOBSITCSI HeyCTOli'IIIBbiMH1 II 

6~n HalilleH KpHTepHli B03HllKHOB8HHSI STOll HeyCTOH'IIIBOCTH 

we v2 
> 12 __ T_e_ •. 

( v~ )2 

( 1.2) 

.nOTe 

/11-121 
HaKoHeu, B pa6oTax ·6bm rrpetwo>KeH o6wnll MeTOil nccnello-

·BaHHli llHCIIepCHOHlibiX C"BOHC':J'B rrna3Mbl B ofinaCTH '!aCTOT MeHbWHX MaKCH­

ManbHOll qacTOTbl Typ6yneHTHbiX co_ynapeHnlix/. OllHaKo BbiiiierrpnllelleHIIbie 

x/ . . 
31leCb cnellyeT OTMeTHTb1 'ITO B¢¢eKTHBHbiX '18CTOT COyllapeHHH B 

ll,8llCTBHTenbHOCTH."6ecKOHe'!Hblll PSIIl VI • v2 ,v3 ... • 'ITO.. cooweTCTByeT 

paanolKeHHIO Slllpa HHTerpanbHOI'O ypaBHeHHSI IIO rrapaMeTpy ~<< l • 

0 B03MOlKHOCTl! cyMMHpOB8HHSI ~TOI'O ps!lla II 0 IIpellenaX IIpHM8HHMOCTH 

TaKOI'O pa3nOlK8HHSI CMJ13/, 31l8Cb Mbl· fiylleM paCCMaTpHBaTb cny'lafi 

V :.; v >> V II V » w >> V 
1 e · 2 e 2 

4 

pa6oTbl Kacanncb nnwb 6eccoyllapnTenbHoli rrnaaMhl1 T.e.· KOrlla BbiiiO 

HepaBeHCTBO ( 1,1) • BMeCTe c' TeM B IIIIOTHOli II1183Me ( C031laBaeMoli, 

. /14/ 
Mep

1 
naaepoM ) '18CTOTa rrapHbiX coyllapeHnll v • MOlKeT 6b1Tb 

15 -1 
B81IHKa (10 CeK ) 1 KpOMe TOI'O B aCTpo¢H3H'!eCKHX YCIIOBHSIX IIp81lC 

HHTepeC B036y>KileHHSI lliiHHHOBOIIHOBbiX HH3KO'IaCTOTHbiX ( H,'!,) Konefi 

PaccMoTpHM cny'!all, KOI'Ila 

v2 << w << v v a<fJ maxJ e • 

B § 2 MeTOilOM1 aHanorn'IHbiM pa3BHTOMY B/11-12/ rrony'leHo 

llnSI IIpOilOnbHOli '!aCTH Heni!HeliHoli lli!SneKTp!!'!eCKOll IIpOHI!UaeMOCTH 

f ... f 
6yneHTHOli rrnaaMbi < (w,k, W l B o6iiacTH '!aCTOT ( 1.3). Opn 

f f /15/ 
qeHHH f (w , 1, W ) IICIIOnb30B8nHCb peaynbT8Tbl pafiOTbl 1 B KC 

6~na HalilleHa OTHOCHTenbHO IIpOCTaSI CIICTeMa I'HilPOilHH8MH'!eCKIIX y 

llaiOWaSI all8KB8TH08 OIII!CaHHe HennHeliHbiX SIBneHHfi B rrna3Me B HH'I 

weli Hac o6nacTH '!acToT, 
f ... f 

B §3 nccnellyeTCSI llHCrrepcnoHHoe ypaBHeHI!e. c (w, k, W l = o 

lleHbl KpHTepHH HeyCTOH'IHBOCTH II HHKpeMeHTbl HapacTaHHSI KonefiaHE 

aKyCTII'I8CKHX1 IIOny'leHbl HOBble HennHefiHble BeTBH Kone6aHHH1 KOTO] 

paCCMaTpHBaTbCSI K8K 'BTOpoli' 3BYK B raae IIna3MOHOB, 

HaKoHeu, B §4 HalilleHbi rrpellenbi rrpnMeHHMOCTll rrony'leHHbiX p 

I 

§2, Heni!HeliHaSI llHaneKTpn'!eCKaSI rrpoHnuaeMoCTb 

rrnaaMbi 

fiOCKOnbKY H8C HHTepeCyiOT aneKTpOM8I'HIITHbl8 CBOHCTBa Cnafi 

x/ '· 
HOH (KB8311CTaUI!OHapHOH) • rrna3~bl 1 fiylleM IICK8Tb ni!HefiHblll OTKIII 

rrna3Mbi Ha HeKoTopoe cna6oe perynSipHoe aneKTpn'!ecKoe none ER, 

6bma. ,rrony'leHa CUCTeMa I'Hil.POilHHaMH'I8CKHX ypaBHeHHlt1 BeCbMa Ylll 

lln"SI llanbHeliwnx Bbi'!HcneH!!li, TaM >Ke 6bmO rroKaaaao, 'ITO c llOCTa 

x/ 0 KBa3HCTaUHOHapHbiX CII8KTpaX cnafioTypfiyneHTHOli rrna3Mbl 
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qacToTbJ MoryT obiTb 

napHbiX coy.Qapeanli 

CBOHCTBa cnaoo-

acjl' MoryT 3H8'IHTenb-

130ylK.QeHbl KonneK- · 

TO nna3My MOlKHO 

( 1.1) 

e.Qoeanne obmo npo­

obmo OoHapylKeHo, 

mil nnasMe T. » T 1 

eycTOH'IHBb!MH, H 

TH 

( 1.2) 

Hi! MeTo.Q nccne.Qo-

r MeHbWHX MaKCH-

OT coy.QapeHHH B 
0 .. C001jfeTCTByeT 
py ~«!. 
: npHMeHHMOCTH 
t~eaTb cnyqal! 

paooTbi Kacanncb nnwb oeccoy.QapnTenbHoi! nnas~bi, T.e; Kor.Qa Bbmonaeao 

aepaBeHCTBO ( 1.1); BMecTe c· TeM B nnoTHoli nnasMe (cos.QaBaeMol!, aanpn-
. /14/ 

Mep, nasepoM ) '!8CTOT8 napHb!X coy.QapeHHH V e MOlKeT ob!Tb .QOBOnbHO • 
15 -1 

BennKa (10 ceK ), KpoMe Toro B acTpo¢nsnqecKHX ycnoBHSIX npe.QCTaBnstJOT 

HHTepec B03oylK.QeHHSI .Qn!!HHOBOnHOBb!X HH3KO'I8CTOTHbiX ( Ho'Io) KOneoaHHHo 

PaccMoTpHM cnyqal!, Kor.Qa 

"2 << w <<II Ve • a<P maxJ 

(1.3) 

/11-12/ 
B § 2 MeTo.QoM, ananorH'IHbiM pa3BHTOMY B 0 nony'IeHO Bb!palKeHHe 

.Qnn npo.QonbHol! qacTH nennnel!nol! .QHsneKTpH'IeCKol! nponnuaeMOCTH cnaooTyp-
e ... e 

oyneHTHOH nna3Mbl £ (w,k, W ) B Ooi:JaCTH '!8CTOT ( 1.3). npn nony-
f 1 e 1151 • 

qeHHH £ (w , , W ) HCnonb30BanHCb pesynbT8Tbl paoOTbl , B KOTOpOH 

ohlna Hai!.QeHa OTHOCHTenbHO npOCTaSI CHCTeMa rH.QpO.QHHaMH'!eCKHX ypaeHeHHH0 

.Qaroman a.QeKeaTHoe onncanne nennnei!HbiX nenennl! e nnasMe e HHTepecyro­

mel! H8C oonaCTH '!8CTOTo 
e ... e 

B §3 nccne.QyeTcst .QHcnepcnoHHoe ypaenenne. c (w, k, W l = o n'nal!-

.QeHbl KpHTepHH HeyCTOH'IHBOCTH H HHKpeMeHTbl HapacTaHHSI KOneoaHHH THna 

aKyCTH'!eCKHX, nony'IeHbl HOBble HenHHeHHbJe BeTBH KOneoaHHH, KOTOpb!e MOryT 

paCCMaTpHBaTbCSI KaK 'BTOpoi!' 3BYK B rase nna3MOHOBo 

HaKoHeu, B §4 nai!.QeHbl npe.Qenbi npnMeHHMOCTH nonyqeHHbiX pesynbTaToe. 

§2. Hennnel!aan .QHSneKTpnqecKast nponuuaeMOCTb 

nna3Mbl 

nocKonbKY HaC HHTepecyJOT sneKTpOMarHHTHbJe CBOHCTBa cnaooTypoyneHT-
. ~ . 

HOH (KBa3HCTaUHOHapHoi!) nna3Mbl , oy.QeM HCKaTb nHHeHHb!H OTKnHK TaKOJi 

nna3Mbi na HeKoTopoe cn:ooe p.erynnpnoe sneKTpnqecKoe none E R• · a1151 

obma nonyqena cncTeMa rn.Q·po.QHHaMH'IeCKHX ypaenenni!, eecbMa y.Qoonast 

.Qnst .QanbHei!wnx Bbi'!Hcnennli. TaM lKe obmo noKasano, 'ITO c .QOCTaTO'IHOli 

x/ /17/ 
0 KBa3HCT8UHOHapHb!X cneKTpax cnaooTypoyneHTHOH nna3Mbl CMo o 
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TO'IHOCThiO B~'I-- Typ5yneHTHOCTh (a)leCb Mbl ee 5yJleM C'IHTSTh neHI'MIOpOBCKoJ!) 

MO~eT 5hlTh OnHCSHS ypaBHeHHHMH.5eccOyJl8pHTenhHOJ! I'HllpOJlHHSMHKH 

an. 
---+ div n V = 0 
at 

... 
av.+ v V> v 
at 

a .H.'I. none cnenyromHMH ypaeaeannMn: 

an 
e an v 

e ... 
=-E 

m 

---+ __ •:..._.:..• = 0, 

at 
an, an, v, 

----+ 0 
at at at 

a ... a anT 
m n [--+(V --l]V =---"-"-- ~-en Ea+Ra e e at e a r... e. a ax 

a 
ax. e 

a 

a ... .:~ . 
m n [--+ ( V1 .....11:;-l ] V 

I I at " ar l,a 

an 1 T 1 _ a1Tta8 
=- --- ax 

axa a 
+en E -R 

I a ·a 

av 3 a ... a 
-n <-+ V --lT 
2 e at e at e 

a ... a ... ea 
+n T --V =---q -IT R--- + Q 

e e ... e ar e ·~ a 
ar X f3 

a a ... a a ... ·a ... avw 
-n (--+ V --lT +n T --V =- --q -IT R --- + Q

1 2 I at . I at I I I a1 I a-: I l,at-' ax {3 . 

( 2.1) 

(2.2) 

(2.3) 

( 2.4) 

(2.5) 

( 2.6) 

(2. 7) 

... ... ... 
I'Jle R=Ru +RT R u - cnna TpeHnH, R T -TepMocnna n aaanorn'IHO 

q e = q'h + q"T 

UHH, Te ,T1 

u 
... 

=·V 
e 

... 
-VI' me' ml M8CCbl1 n

0 
, n I - KOHUeHTpa-

TeMnepaTypbl sneKTpOHOB H HOHOB 0 COOTB9TCTBeHHO. 

6 

... ... 
RU ~- 0,51m

0
n

0
V

0 
U 

... 
ecnn BenH'IHHS U COOTBeTCTByeT Ho'l 

... ... ... 
, ecnn U HHHM H RU = -.m

0
n 

0
v 

0
U COOTBeTCTByeT Bo'Io KOne5aHH 

... aT. 
R -0,71 n --

T e at 

q" 
T 

n T a 
3,16 -•--•- -- T 

m V 
e e 

at 

... ... 
q e ~ 0,71 n T U , 

u 

m 

... n,T, aT, 
q =- 3,9 __.__._ _._ 

I m
1 
VI at ' 

o =-<mil -Q 
e I 

Q =3-"-n v (T -T l, 
l m

1 
e e e 1 

·11" =-073 n•T•w<•> 
a{3 • v. a{3 

IT I ,:,_ 0 96 n; T I (I) 
af3 ' -..,-w a{3 

I 

w 
a{3 
~+ 

ax f3 
av " 

..::..:.JL - 0 af3 3 
ax a 

2 av 
-at· 

8 COOTBeTCTBHH C HSWel! 38Jl8'Iell .paano~HM BCe HCKOMbie !jlyi 

XSOTH'IeCKHe ( Typ5yneHTHble) 1 TSK H perynHpHhle B pHil no aMnnHTJ 

perynnpaoro nonH E R n ocTaBnM qneHbt ne Bbtwe nnael!aoro. Be 

romne o5oaaaqeann 

... 
(aAeCh & 

.. 
, n 'V 

.,. ...,R -+ 
E .. E + @ 

R "" n =n + n 
... 

,.. .. R • 
V =V + V, 

... ... 

- cyTl> cpeAnne aaaqeHHH !jlyaKunil E , n , V 

TH'IeCKOMY aacaM5~ro),5y)leM HM9Th 

7 
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eM C'IHTBTb neHI'M!OpOBCKol!) 

HOI! I'HApOAHHBMHKH 

.. 
VI 
--=0 .. 
r 

·en E + R 
e a a 

en E -R 
I a a 

(2.1) 

(2.2) 

(2.3) 

( 2.4) 

(2.5) 

( 2.6) 

(2. 7) 

!pMOCHna II BHanOI'H'IHO 

lo n 
0 

, n I - KOHUeHTpa-

COOTBeTCTBGHHO. 1 
•l 
! 

.. .. .. 
Ru '=- 0,5lm

0 
n • v • U ecnH BenH'IHHB U COOTBeTCTByeT Ho'lo Kone6a-.. .. 

HHSIM H R = - m n V U U ' e e e 

.. 
• ecna u COOTBeTCTByeT Bo'lo Kone6aHHSIM 

... aT. 
R ,._ 0,71 n ---

T e a1 ' 

q" =- 3,16 n•T• .E._ T 
T m V at 

e e 

... .. 
q • 0,71 n T U 

U e 

m 
o =-<mil-o . 

e I 
Q

1 
=3-"- n v 

mt e e 
(T -T l, 

e I 

w 
afJ 

I n; T I (I) 
11 i:-0,96-v--Wa{J 

a{J I 

av 
at"" 

(2.8) 

B COOTB8TCTBHH C HBWef!: 38AB'!el! pa3nOlKHM BCe HCKOMbie <jlyHKUHH KBK 

xaoTH'!eCKHe ( Typ6yneHTHbie), TaK H perynHpHbie B pSIA no aMnnHTyae cna6oro 

perynHpHoro nonH E R H ocTaBHM '!neHbi He BbiWe naHel!Horo. BBoASI cneny­

rowae o6oaHa'!eHHSI 

... 
(anecb & , ; 

.. .. 
,v 

R ,. 
n I!!D + n .. 
_.., _.R • 
V =V + V, 

... .. 
. - cyTb cpenHHe 3Ha'!eHHSI <jlyHKUHl! E , n , V 

TH'IeCKOMy BHC8M6~10); 6yaeM HMeTb 

7 

(2.9) 

no CT8THC-



rAe BeiiH'IHHbl &, (O) , n (O), 

-nponopUHOHBIIbHbl E R 

.. .. (0) .. (I) 

& =& + & 

.. ..(0) .. (I) 
n = n + n 

" ., (0) "'(I) 
V=V +V 1 

H 
"'(0) 
v 

( 2.10) 

He 38BHCRT OT E R , a @("~) ;;'(!)' V (I) 

TIOACTBBHM p83IIOlKeHHH ( 2.9) H ( 2.10) B ypaBHeHHR ( 2.1) -( 2~ 7) H OCT a-

BHM IIHWb IIHHeHHbie no E R 'llleHblo TipH 9TOM ypaBHeHHR Hyneaoro. nopRAKB 

no E R BbiiiOIIHHIOTCR1 TBK K8K no npettiiOIIOlKeHHIO Typ6yneHTHOCTb nna3Mbl 

KB83HCTaunouapHa. Ypaaneune (2.6) rrpHBOAHT K cna6oMy coyAapHTenbHOMy 

/16/ 
HarpeBy 111183Mbl 1 KOTOpb!H MOlKHO y'leCTb B 8AHa6aTH'IeCKOM llpH611HJKeHHH

1 

eCIIH BbiiiOIIHeHbl HepaBeHCTBa 

HIIH 

Jl w 
e << 1 

w n T 
0 e 

_I_« 1 
rut 

( 2.11) 

(?.12) 

eCIIH ( 2. 11 ) He BbiiiOIIHeHOo B YCIIOBHRX ( 2. 11). TeMrrepaTypa 
'r((l) 

e BXOAHT 

B ypaBHeHHR1 IIHHeliHbie no E R KBK noCTORHHbiH napaMeTp. B yCIIOBHRX 

( 2.12) TeMrrepaTypbl yJKe RBIIHIOTCR . MeAneHHO H3MeHRIOWeliCR iflyHKUHeli Bpe-

MeHH1 B006We rOBOpR1 nponopUHOHBIIbHOH W , 1109TOMy BeiiH'IHHa T!O) 38BHCHT 

OT MOMeHTB ycTaHOBIIeHHR KB83HCTBUHOHBpHOCTHo 

BepHeMCH K CHCTeMe ,ypaanennli, nHHeliHbiX no E R • KaK 6bmo yJKe 

OTMe'leHO BO BBeAeHHH1 Mbl 6yAeM paCCMaTpHB8Tb Typ6yneHTHble COyAapeHHR 

IIHWb HH3Wero liOpRAKa no 9HeprHH Typ6ylleJIT~OCTH W , 1109TOMy B ypaB-

8 

. . ~-· ·. . 
. "g 

HeHHHX ( 2.1) -( 2.2) MOlKHO OCT8BBTb nBHeitHble 110 &, •meHbl, a ll 

ypaBHeHHit AIIH Ho'lo KOne6aHHit (2.3)-(2.7) yAeplKHB8Tb. 'lneHbl BTOp 

Ka no&, HIIH y . TipH 9TOM ltnH 41ypbe-KOMIIOHeHT HCKOMbiX cjl 

nony'IHM: 

(-iw + . JVR 
"1 ke 

R TR 
e -0,5lv Uk -1,7lik.v 2 ~- ..S- E R 

e Te T m k w 

_ k.2v2 TR 
(-!..iw+3,16 __ T_e+3~v )....:...1!;2. "'-ik.VR -0,71 ik UR + 

2 v m e T ke k 
e I oe 

m TR m v =s !IS 
+3-"-v _k_l ____ ._._f<v <O>v 0 '>o(k-k 1-k 2ldk 1dk 2 

m e T T k I k2 
l oe oe 

k2 v2 k 2 v 2 TR R 
(-iw;,l,28--T-I +i--T-1 JVR "'-iki _k_l_+0,7lkv 2 Tke +0,51~1.1 

11 w kl Tl T Tl T m • 
1 ol ol l. 

+ ~E R 
m k 

3 k
2 

v 
2 

m 
(--iru +3,9 __ T_I + 3--A.v 

2 · m 
Ill I 

3AeCb 

~(0) e 

k me 

TR m 
)......!d.-=-ik V R+ 3-"-v 

T kl ml 
ol 

R 
T ke • 

To I 

-><o> 
<& kl 
~,-

It 

"'(I) 

v "' k 

k' (kk'l "' . 
-...---f-t---!-vR v<0

'o<k -k'-k' ldk' dk''. 
k~II(w,k) w; k'2 k;_ k; I 2 I 2 
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( 2.10) 

~ HyneBoro.nopHAKa 

6yneHTHOCTb nna3Mbl 

y coynapHTenbHOMy 

'H'leCKOM npu6nHlKeHHH1 

( 2.11) 

( ?.12) 

Typa 
,.<o> 

e BXOliHT 

1MeTp, B ycnoBHHX 

omeltcll ljlyHKUHelt npe­

nenH'lHHa T~0> aaBHCHT 

KaK 6btno ylKe 

·neHTHble coynapeHHll 

IIOSTOMy B ypaB-

1 
I 
I 

HeHHllX ( 2,1) -( 2,2) MO)I{HO OCT8BHTb nHHeltHble no /j; 'lneHblo a B CHCTeMe 

ypaBHeHHlt nnH H. q, Kone6aHHlt ( 2,3) -( 2, 7) ynep)I{HB8Tb. qneHbt BToporo nopHli-

Ka no /j; HnH V • npH STOM llnll cllypbe-KoMnOHeHT HCKOMbiX ljlyHKUHlt 

nony'lHM: 

(-iw + 'i 
R 2 TR 

c -0,5lv
8 

Uk -1,7lik.v ----"--- ..S-ER 
Te T m k 

oe 

- k2 v 2 TR 
(-!!..iw+3,16--T-•+3~v )....:...11.!1. "'-ikVR -0,7likUR + 

2 J.l e m I e ·Toe ke k 

m TR m v Ql t:s 

+ 3-"-v _k_l_ - -"-"- f < V (O) V (I) > o ( k-k 1 - k 21 d k 1 d k 2 
m e T T kl k2 

l oe oe 

3necb 

"'(I) 
v = k 

e ~(0) 
k me~,· 

Jt 

.... 
k' (kk ') 

-~---!-~-· __ 2_va "'v<o>o<k -k'-k' ldk~ dk''. 
·n. ... , k, k ' k' 1 2 1 2 

k ( (w,k) WI 2 I .2 

9 

( 2,13) 

( 2.14) 

( 2,16) 

( 2,17) 

( 2,18) 



rronyqaeTcR B peaynbTaTe pellieHHR nuneapuaoaaHHbiX no E R ypaBHeHHfi 

( 2.1) J ( 2.2) COBMeCTHO C 

div & = 4" e ( n -n ) • 
e I 

( 2.19) 

Ilo.ncTaBm!SI (2.17) 1 ( 2.18) B ( 2.14) H pemaR ITOITY'IHBUJYIOCSI CHCTeMy COB-

MeCTHO C 

a1;R ->R 
--=- 4"i 
at 

( 2.20) 

rrony'IHM npo.nonbHYIO 'IaCTb Henunefinoro Tenaopa .nusneKTpH'IecKofi nponu-

uaeMOCTH rrna3Mbi: 

2 
H -> W 

£ (w , k) = 1 + i --
0

-
6

-

ru K (JJ 

1- m AI we {3 
m1 Aetilf + . me ,_ 

1 + f3 m 
i 

w 1 K W 

WI 

? 2 k2 2 2 2 2 2 
k'v,TI vTI k vTI T k ~TI [j 

=- i<u + i--+ 1,28--- + --- --.2: __ (0,71-~)(l + 

w " I {) 1 T ol {) e {) 1 

w =-iru 

k2v2 
+ i __ T_e_+ 1,71 

w 

k
2 

v 
2 

Bv 
~(I+--) 

n n
1 

n = _1._. k
2 

v
2 

1 2 ·tw + Bv + 3,9 __ T_I_ 
VI 

n _ 3 . k
2 

v 
2 

2 
e --2tW +Bv + 3,16 ~ (8v) " ---{)-; 

I 

Bv =3~ v 
m 

I 

~) 
nl 

( 2.21) 

( 2.22) 

( 2.23) 

( 2.24) 

( 2.25) 

I 

.l 

t 
r! 
i 

't 

.I 
~~~ 
·I~ 
lit 

I 
·~ 
)I 

(l 
~\ 
t 
tl' 

K = 1 + (0,51 V 
8 k2v2. 1 

+1,71(0,71-~)~)( ...L+ ~--) 
n n w m w 

I e e I I 

m 8v Bv k 2
v 

2 

A = 1,71 +--"- _L_ ( 1 + - )(0,51 v + 1,71 (0,71- --' ) --L:...) 
e mw n e n n 

I . I I 

4 

A
1
.=0,71- ~ 

nl 
- 1-0 + ~)(0,51 v 
w n e 

e I 

Bv k2 v·2 
+ 1,71(0,71- --) __ Te) 

n
1 

n 

f3=-

v = 
g 

KO 

aw it 
ar 

e 
... CJNk ... 

ik2 v A e 2 ... ... ... r < k --:;.J.._ > 
<k <k -k > ak... ... 

e e f I I dk 
->-> I 

w 8"2 m2 w k~\1-"1 1 \2 w -k vg e 6 

e 
- rpynnoaaR CKopocTb Bo'Io Kone6anufi, N-> 

kr 

MOHOB, KOTOpoe MOJKeT 6b!Tb OITpe.nene,no e 
H3 COOTHOUJeHHli W = f W f 

§3. HuaKO'IaCTOTHbie cneKTpbl cna6oTyp6yneHTHofi 

rrmi3Mbi 

PaccMoTpHM a.necb .nucnepcuonnoe ypaanenue 

H ... e 
£ (w,k ,W ,)=0. 

BbiUJe 6bmo OTMe'IeHo, 'ITO ero pemenue cnpaae.nnuao a o6nacTH 1 

« v , (a= e,il. KpoMe Toro, a uenRX nony'IeHHR o6oapHMbiX peaynh 
e . 

uenecoo6paano sTy o6naCTb paa6HTb na necKOITbKO 6onee MenKHX c 

onpe.nenReMbiX HepaaencTaaMH 

10 11 L .. 



ypaaaemilt 

( 2.19) 

:llBWyJOCli CHCTeMy COB-

( 2,20) 

:sneKTpn'lecKoli npoan-

( 2.21) ,. --. 

( 2.22) 

( 2,23) 

(2.24) 

( 2,25) 

~1f 
!f 
'"' 

\I 

' 

K ""I + (0,5lv 

8v ov k 2v 2 
A

0
.,J,71 +~_L_(l+-H0,5lv +1,71(0,71---'l ~~ 

m WI . 0 I e 01 0 

4 
01/ k2 V·2 

- 1- (I+ ~)(0,5lv 
W 0 e 

e I 

+ 1,71(0,71- --)--T•) 
0

1 
0 

0 

f 

(k aNk ... 

(k (k -k rr --=..!....) 

f I I 
ak ... 

dk ...... I 
k:lt-"1112 

(U - k v 
g 

{3 = - ~-___::_____::__ __ _ 

f 

<:2.26) 

I< 2,27) 

( 2,28) 

( 2,29) 

v = 
g 

- rpynnoaall CKOpocTb B,'l, Kone6aann, N... - qncno nnaa-
kl 

f f ... 
W =feu N_...dk, 

K'l . k I I 
MOHOB, KOTOpoe MOlKeT 6b1Tb onpeAene,Ho H3 COOTHOWeHHli 

§3, HnaKo'laCTOTHble cneKTPhl cna6oTyp6yneHTHofi 

nmi3Mbl 

PaccMoTpnM 3Aecb Ancnepcnoaaoe ypaaaeane 

H ... f 
£ (w,k ,W ,)=0. ( 3,1) 

BbiWe 6binO oTMe'leHo, 'ITO ero peweHne cnpaaeAnnao a o6nacTn I w- k v I<< 
. · Ta 

<< v ,(a.,e,il. KpoMe Toro, a uenliX nony'leHnli q6oapnMbiX peaynbTaToa 

uenecoo6paaao sTy o6nacTb paa6HTb aa aecKonbKo 6onee MenKnx o6nacTeli, 

onpeAenlleMbiX aepaaeHCTBaMn 

11 

.• 



1) Bv » w »kv (3.2) 
Te 

2) w <<kv Bv, J<2vio (3.3) 
Te v 

1<2 v·2 

3) Te liv« w « k v (3.4) --. v To . r 

k 2 v 2 

4) Bv « w « kv . ~ (3.5) 
Te v 

k2 v 2 

5) Te 
Bv. 13.6) ---<<w << kv 

v Te 

noaqepKHeM 3Aecb, qTo B npeaene cna6on HennHefiHocTn cymecTBoBann 

u /18/ 
n111Ilb aBe BeTBR Kone6aHnn, pa31leneHl!bie o6nacTbiO cnnbHoro nornomeHnH : 

k 2 v 2 

BbiCOKOqaCTOTHBSI W < 
1<2 v 2 

To 11 HR3KOqacTOTH8SI W > ___ T_e_. J:1 B TOM, 

v 

n B apyroM cnyqae BennqnHa w 
s 

v 
, e --T--

Morna 6biTb oueHeHa KaK w ., v y(l +...a.). 
TI T 

i 

KaK Mbl yBRARM B aanbHefillleM, B Cna6oTyp6yneHTHOH nna3Me MOI'yT IIOS!BnS!Tb­

CSI COBepllleHHO HOBbie BeTB11 Kone6aH11H (B TOM qncne TRIIa "BTOporo" 3ByKa), 

KOTOpbie B OIIpeaeneHl!biX ycnOB11SIX CTBHOBSITCSI HeycTofiqRBbiM11o 

B uep~on o6nacT11 (3.2) pellleHne ancrrepcnoHHoro ypaB~eH11SI (3.1) B 

ycnOBRSIX 

ecTb 

wf kvTe ~ 
--»--
n T 

0 o 
v 

e 

w 5 = ik4 
v 

4 
llv 

Te 

m 
e 

wf 

n 0 T • 

(3. 7) 

(3.8) 

B npeaen,e, o6paTHOM ( 3. 7), pellleHim B paccMaTp11BaeMoA o6nacT11 He cymecTBY-

eT. 

12 

Bo BTopoA o6nacTn ( 3.3) pellleHRSI ( 3.1) cymecTBYIOT nnlllb npn 1 

ManoM ypoBHe neHI'MIOpOBCKOH Typ6yneHTHOCTII (11 v > v y ~) 
ljl Te m 

m 2 T, 2 
(-"-) (....:L) 

m T 
I e 

wf m 2 «- « (--"-) 
n T 
0, e ml 

w 3 =- ik
2 

v 
2 v 

Te 0 

wf 
-;;-:r. 

0 e 

I 

06paT11MCSI Terrepb K HBH6onee 11HTepeCHbiM ( C .ToqKn 3peHRSI Bennq11Hb 
' . 

KpeMeHTa) pellleHRSIM . ARCIIepCROHHOI'O ypaBHeH11SI ( 3.1) o .LlnSI 9TOI'O pll 

pRM o6nacTb ( 3.5) o 3aMeTRM nonyTH01 qTO 11MeHHO B 9TOH o6naCTH cy 

eT n11HeHH8SI 'BbiCOKOqaCTOTH8SI' aKyCTI!qecKaSI BeTBb co = kv y(T0 +. 
Ti T 

I 
YpaBHeHI!e 11MeeT BIIA: 

4 2 2 5 To 2 2 • 2 To 
w - k v (- - --) w - k v -- 0,24 

Ti 3 ~ Tl T 1 

OTCIOA8 

w2 

T 
2 2(.2_ +--L) 

lr: 'fr1 3 T1 + y 
2 4 

J<2 y2 
Tl 

wf 
-- v2 
nT 

0 o 

= 0. 

T 
rJ .....2... 0,24 

wf 

Tl n -T 
0 e 

HeTpyaHo BI!AeTb, qTo 113 (3.12) rronyqaJOTCSI ni!HefiHbfe pellleHI!SI 

aocTaToqHo Manon w f . 

13 



(3.2) 

(3.3) 

(3.4) 

( 3.5) 

\3.6) 

i aenaaefiaocTH cymecTBOBanH 

1181. 
:TbiO CH!IbHoro rrornoweHHl! • 

k 2 v 2 

rQTH8ll {J) > ___ T_e • H B TOM, 

II 

biTb oneaeaa 
e --T-

K8K {J) ,.v y(l+..a.). 
Tl T 

I 

BHTHOM II!I83Me MOI'yT IIOl!B!Il!Tb­

qacne THrra 'BToporo" aByKa); 

HeycTofiqHBb!Mllo 

·CHOHHOI'O ypaBHeHHl! ( 3.1) B 

(3.7) 

(3.8) 

tTpHBaeMoli o6nacTH He cymecTBy-

Bo BTopoli o6naCTH (3.3) peweHHl! (3.1) cymecTBYIOT rrHWb npa BeCbMa 

Man OM ypOBHe neHI'MIOpQBCKOii Typ6yneHTHOCTH ( H v > v y ~) 
ljl Te m

1 

m 2 2 
(-•-) (..:5...) 

m T (3.9) 
I e 

--. 
n'I' 

( 3.10) 

0 e 

06paTHMCll Terrepb K HaH6onee HHTepeCHbiM ( C TOqKH 3!JeHHl! BenHqllHbl HH­

Kp.eMeHTa) peweHHl!M. IlHCnepCHOHHOI'O ypaBHeHHll (3.1). nnll 3TOI'O paCCMOT­

pHM 06!ISCTb ( 3.5) • 3aMeTHM IIOIIYTHO, qTQ HMeHHO B 3TOM 06!ISCTH cymec:rBy-

eT IIHHefiHal! 'BbiCOKOqacTOTHSll' SKYCTHqecKSl! BeTBb {J) ~ kv y ( Te + _5_) 
Tl T 3 · 

YpaBHeaae HMeeT BHn: 

OTCIOI18 

:!:. v' 
2 

wf 
--112 
nT 

0 e 

I 

( 3.11) 

( :::.12) 

HeTpynao BHAeTb, qTo H3 ( 3.12) nonyqaiOTCll nHHeliHb1e peweUHll npu 

IlOCTSTQqHQ MSIIOl! W f . 

13 



-, 

Ecnn 

f 
_w_ > 

n T 
0 

k 2v 2 

Te 
v2 

e 

m ~ 2 
_._(.§... -- + 1) = 
m 1 3 T

8 

we <v> 
_k_P_ 

n T 
0 e 

(3.13) 

TO paC~M8TpHBaeMI,Ie KOne6aHHH (3.12) CTaHOBHTCH HeycToftqiiBbiMH0 IIpH 

STOM HHKpeMeHT STOA HeyCTOliqHBOCTH ecTb_: 

Y = kv 
Te 

11 t/2 m W t/4 <-·-·-) (__!. __ ) 
m n T 

I 0 kv 
Te 

( 3.14) 

CpaBHHM nonyqaromHecs peaynbTaTbi c ·aenuaeliHhiMH xone6aHHHMH oec­

cTonxaoanTen&aoA cna6oTyp6yneHTHoA nna3Mhr. 

Kax naaecTHo, B cnyqae w >> v • ypaaaeane, aaanor11qaoe ( 3.11), 
/6/ x/ 

npll kv <w < kv . II MeeT BII.Q 
Tl Te 

w4 
-w

2 
(w

2 
+"-'

2 
)-(w

2 
-w

2 
lw

2 
=0 * s :::::: * s 

< 3.15) 

"-'2·=k2v2 
* g 

w2 3 wf-"2 
= 4 -:-:-· 

0 

H HeycToftqHBhle peweHHH B03HHK8IDT IIpH 

w f 12 ---> 
n T 

0 e 

v2 m W f 
--I.!==--·-= kp 

v~ m1 n 0 T e 
(3.16)' 

x/s/13/noxaaaao, qTo ypaaaea11e (3.15) cnpaBe.QniiBO nRWb B aecbMa 

yaxoll o6nacTH cjlaaoai>rx cxopocTell nearMropoacxnx sona 

ml 
v"' <3v y-. 

'+' Te m 
e 

14 

! 

CpaBHHBaH (3.16) H (3.13), BH.QIIM, qTo aoaoyJK.QeHHe aenRHe 

aKyCTnqeCKHX Kone68HIIfi B03MOlKHO IIpH ropa3.QO MeHbWHX SHeprHH' 

neHTHOCTH 

1<2 v 2 wf (v) 
kp 

_w_f_ _ ---'T'-e- « 1 • 

kp 

KpoMe Toro, IIOCKOIIbKy W f ( v) 
kp 

v2 

rrponopunoaanbHO 
2 

k. .Qm 

Bbte KOne6aHHH CT8HOBHTCH HeyCTOliqlfBbiMH IIpH OTHOCHTeiibHO MeHl 

Peweane ( 3.14) orpaalfqeao cne.r:~yroweli o6itacTbiO. H3MeHeHHH aenn• 

" m we t/6 "• m 
...:...( --· ---) « k « -- <--1 

wf t/2 
--) 

v m nT v m 
Te 1 0 e Te nT 

0 e 

e 
W (v) wf , m t/2 T 9/2 

kp < ---<(~) (....!:....) • 
n T n T mt .Ti 

0 e 0 e 

H axoaeu, · peweHRH ypaaaen11H ( 3.1) B o6nacTHX ( 3.6), ( 3.4) 

CTBeHHO nepeXO.QHT .Qpyr B .Qpyra IIpll 113MeHeHIIII qacTOTbi OT ~ < /'iJ 

W > OV . II COBII8.Q810T C ( 3.8) 

5 4 
"-' = ik v 

Te 
ov 

e 
w 

n
0 

T
0 

llpH STOM .QOIIlKHO BbliiOIIHHTbCH HepaBeHCTBO 

wf m 2 
--> (-'"- ). 
n T m 

0 e 

15 



e <v l 
<p 

T' (3,13) 
I e 

reg HeycTOit'IHBbiMH, npn 

( 3, 14) 

IeilHbiMH KOne6aHHSIMH 6ec-

tHe, ananorH'!Hoe (3,11), 

0 

< 3, 15) 

( 3. 1 6)' 

IBe.QnHBO nHlll& B BeC&Ma 

aona 

CpaBHHB8SI (3,16) H (3,13), BH.QHM, 'ITO B036yJK.QeHHe HenHHeliH&IX 

8KyCTH'IeCKHX Kone6aHHll B03MOlKHO npH ropa3.QO MeH&lllHX aHeprHSIX Typ6y-

neHTHOCTH 

wf (vl 
kp -;r-
kp 

__ T.::..;;;.e_ << 1 .. ( 3, 1 7) 
v2 

KpoMe Toro, nocKon&Ky w e ( v l nponopunonan&Ho k ~ llnHHHHOBonno'-
kp 

Bbie KOne6aHHSI CT8HOBSITCSI HeycTOli'IHBbiMH npn OTHOCHTen&HO MeH&lllHX Wf • 

Pemenue ( 3,14) orpaHH'IeHo cneayromell o6iiacT&IO. H3MeHeHHS! aenn'!HH k , W f 

v m w e 1/6 ve m l we t/2 
~(-8 

--) «k « --<-- -l 
v ml nOTe v m n T 
Te Te 0 e (3.18) 

( 3, 1 9) 

HaKoHeu, ·pemeHHSI ypaBHeiiHS! (3,1) B o6nacTSIX (3,6), (3,4) nenocpe.Q-

CTBeiiHO nepexo.QSIT .Qpyr B llpyra npH H3MeHeHHH '18CTOTbl OT cu < ov K 

cu>ov, H C0Bfl8.Q8IOT C (3,8) 

4 
v 

Te 
ov 

e 
w 

npH 9TOM .QOnlKHO BbinOnHSIT&CSI IIepaBeHCTBO 

15 

(3,20) 

( 3,21) 



I· ., 

....._ 

§4, KpaTKHe BbiBOnbl 

~biWenpHBeneHHoe HCCIIenoBaHHe H03BOIISieT cnenaTb CIIenyiOII!He BbiBOnbio 

. 1." nucn~pCHOHHble CBOi!CTBa CIIa5oTyp5yneHTHOi! II1Ia3Mbl B 051IaCTH 

w .« •v (KaK II B 5eccoynapHTellbHOM Clly'lae) MOryT KOpeHHb!M o5pa30M 
e 

OTIII!'IaTbCSI OT TaKOBbiX B OTCYTCTBIIe 'Typ5yiieHTHOCTH, 

2, Heni!Hei!Hb!e neycTOi!'II!BOCTII B paCCMaTpi!BaeMoil o5naCTI! IIOSIBIISIIOT-

CSI npH OTHOCHTellbHO MaiiOM ( B CpaaneHI!H' CO CIIy'laeM W > v e 

Typ5yneHTHOCTII ( CMo <jlopMylly ( 3,17).) •· 

) ypoane 

3. npu aanaHHOM ypOBHe Typ5yneHTHOCTII wf 
0 I!MeeTCSI HeKOTOpOe 

Kpi!TH'IeCKOe 3Ha'leHIIe BOIIHOBOro BeKTOpa k0 , onpenenHeMoro neBoil 'laCTblO 

HepaaeHCTBa ( 3,18) o PaCKS'IKa KOIIe5anl!il C k < k
0 

OIIHCbiBaeTCSI <jlopMynoil 

( 3,20), a npu k > k 0 - ¢opMynoi! ( 3,14), orrpenenHIOWeil MaKCHMallbHI>iil 

IIHKpeMeHT, ECIIII _W __ < ( ~ )2
, TO peweHI!SI HeiiHHei!noro nucnepCI!OHHOrO 

n T ml 
ypaBHeHHSI ( 3,1) I!M

0
e:K5T BHn ( 3,10), 

H -+ f 
4, npu IIOIIy'leHHH Bb!palKeHI!SI f (w , k, W ) Mbl Y'IIITbiBaiiH ·'IIIeHbl 

III!Wb nepBO~O I!OpS!nKa IIO SHeprllll Typ5yneHTHOCTII W f , OIIyCKaSI 'IIIeHbl 

5onee Bb!COKOi! CTerreHI!, nony'IIIM YCIIOBI!SI 0 Hpl! KOTOpb!X CIIpaBeniiHBO TaKoe 
I 121 

paccMoTpenl!e, CornacHo , Typ5yneHTHbiMII coynapeHI!SIMII, rrponopnl!onanb-

Hb!MI! BTOpoi! II 5onee CTeneHSIM wf , MOlKHO npene5pe'lb0 eCIIII BbliiOIIHeHO. 

HepaseHcTao 

k . 
-lw -kv l»w 
k g cor 

( 4,1) 

I 

3necb w 
cor 

- neilCTBI!TellbHaSI 'ISCTb Heiii!HeilHOi! IIOIIpaBKII K '18CTOTe0 

CBSI3aHHOil C Helli!Hei!Hb!MH Baai!MOnei!cTBIISIMI! III!HrMIOpOBCKIIX BOIIH, MaKCII-

MallbHYIO BeiiH'IHHy w 
cor !!MeeT np11 v ~ > v V m I m 1 'i' Te e 

wf 
w '=W ( 4,2) 

cor noTe 

16 

noncTaBIISISI (4,2) B (4,1), HQIIY'IHM·, 'ITO HpH k <k~ (peweHI!e Bill 

(3,20)) nOHOIIHI!TellbHb!X orpaHI!'IeHI!i! He B03HIIKaeT
0 

a B 051IaCTH k <J 
0 (nnH peweHI!SI (3.14)) I!MeeM 

v w 2 2 
.J!L>( ~) (mel 
v Te v 

e 
m 

I 

5, YCIIOBI!e rrpeHe5pelKI!MOCTI! 'IIIeHOB "' W2 
11 5onee B paccMaTp 

MOM cnyqae w << v 
e He IIpi!BOnHT- K 3Ha'II!TellbHOMy COKpameHHIO o5; 

Hpi!MeHI!MOCTI! HOIIy'leHHblX peayllbTaTOB0 B OTIIII'II!e OT 5eccoynapi!Tellbl 

rrpenena, rne Heo5xoni!Mo Y'IIITbiBaTb Typ5yneHTHbie coynapeHI!SI 5onee 
I 

aa IICKIIIO'IeHI!eM yaKoi! o5nacTI! napaMeTpoa 
COKIIX I!OpSinKOB no wf 

B aaKIIIO'IeHI!e aBTOpbi BbipalKaiOT 5naronapnoCTb B,HJ.lbiTOBI!'Iy ac: 

05CyJKneHI!e HOCTaHOBKI! aana'll! II.HOIIy'leHHbiX peayllbTaTOB, 

n II T e p a T y p a 

1. B.n.CI!nlln, A.A,Pyxanae, '3neKTpoMarHI!THbie caoi!cTaa rrnaaMbi 11 n. 

· rrono5HbiX cpen", ATOMI!anaT, MocKBa, 1961. 

2, A,J1,Ax11eaep, J1,A,AXI!eaep, P,B,nonoBI!H, A.f,CI!TeHKO, K,H,CTerraHo 

'KonneKTI!BHbie Kone5aHI!SI B rrnaaMe', AToMI!anaT, MocKBa, 1964, 
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caenaTb cneayJOWHe BhiBOAhi. 

:THOll nna3Mbl B o6naCTH 

:) MOryT KOpeHHblM 06pa30M 

'HOCTH, 

JHBaeMol! o6naCTH llOliBns!JOT-

) ypOBHe 

HMeeTCll HeKOTOpoe 

onpeaenlleMoro neBol! qacTbJO 

'o OllHCbiBaeTCll l)>opMynol! 

oenliJOWel! MaKCHManbHbll! 

HennHel!Horo ancnepcnoHaoro 

Mbl yqHTbiBanH qneHbl 

:TH onycKall qneHbi 

I KOTOpblX cnpaBeAnllBO TaKOe 

>yaapeHnliMH1 nponopunoHanb­

lHe6peqb1 ecnn BbmonHeHo. 

(4.1) 

Hol! nonpaBKH K qacToTe, 

rHrMJOpoBcKnx BOnH. MaKcn­

n .I m 1 

(4.2) 

noacTaBnllll (4,2) B (4,1), nonyqnM·, qTo npn k <k
0 ( peweHne BHAa 

(3.20)) aononHnTenbHbiX orpaHnqeHnl! He BoaHnKaeT, a B o6nacTn k <k < k 

(anll peweanll ( 3.14)) HMeeM 0 max 

(4.2) 

5, YcnoBHe npeHe6pe;>KHMOCTH qneaoB ~ w2 
n 6onee B paccMaTpHBae-

MOM crryqae w << "'. He rrpHBOAHT-K 3HaqnTenbHOMY COKpaweHHJO o6naCTH 

npnMeHHMOCTH nonyqeHHhiX peaynbTaToB, B oTnnqne OT 6eccoyaapnTenbHoro 

npeaena, rae Heo6xoanMo yqnTbiBaTb Typ6yneHTHhie coyaapeHHll 6onee Bbi-

f . /13/x/ COKHX nopliAKOB no W , aa llCKnJOqeHneM Y3KOl! o6rraCTH napaMeTpOB • 

B aaKnJOqeHne aBTOpbi Bbipa;>KaJOT 6naroaapHOCTb B.HJ.lbiTOBnqy ac 

o6cy;>KAaHne nocTaHoBKH aaaaqn H. nonyqeHHhiX peaynbTaToB, 
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