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I 1-51 
1. B cepHH pa6oT . HCcnenoaanocb aos6y>Kll9HHe nnasMeHHhiX H say-

KOBhiX BOJ1H npH pacnpOCTpaHeHHH B nn·asMe HHTSHCHBHOrO ny'!Ka nonepe'I­

Hb!X BOJ1H. Ebll11i Bb!SICHeHbl YCJ10BHSI 1 npH Bb!ITOJ1HSHHH KOTOpb!X HHT9HCHB- . 

Hhii!: ny'IOK nonepe'IHhiX aonH HCnbiTbiBaeT aHoMani.Hoe nornomeHHe acnen-

CTBH9 reaepaUHH nna3M9HHb!X H 3BYKOBbiX BOJ1H~ 

. · I 1-41 
EeccTonKHOBHTenbHbii!: npenen , Korna aos6y>KnaroTcSI Kone6aHHSI 1 

'18CT0Tbl KOTOpb!X MHOrO 60J1blli9 '18CTOT napHbiX coynapeHHi!: '18CTHU 1 npen­

CT8BJ1SI9T HHTepec llllSI HHTepnpeTaUHH 9KcnepHM9HTOB no 8HOM8J1bHOMy 

nornomeanro BhiCOKo'laCTOTHhix (B. 'I.) nonei!: B nnasMe, Ha6nronaeMoMy B ce-

16-81 .• 
pHH pa60T 1 TOrlla KaK B036y>Kll9HHe aKyCTH'ISCKHX .BOJ1H 1 '18CTOTbl K0-

151 
'l'ophiX MHoro MeHbme 'laCTOT napHbiX coynapeani!: cymecTBeHHo nnSI asa-

nMoneficTBHSI nasepoB c nnasMofi n. B npoueccax c.osnaHHSI nnasMbi nasepa-

191 1101 
Mn. Bnpo'leM aaanns, npoaeneHHbii!: B ,noKasan, 'ITO n B aKcnepnMeHTax . 

no B38HMOll9i!:CTBHIO C nna3M,Ofi 8HOM8J1bH8SI 6ecCTOJ1KHOBIIT911bH8SI llHCCHna-
. , . . · I 111 

UHSI SH8'1HTSJ1bH8 H 38M9THO· npeBOCXOllHT o6bi'IHy!O .:U>KoyneBy •. 

CnenyeT cpasy oroaopHTbCSI1 'ITO o aos6y>Kneann nnasMeHHhiX n aKy­

cTH'IeCKHX BO.lJH HMeeT CMb!CJl roBOpHTb J1Hllib B TOM cny'lae, Korna H911H­

HefiH09 H3M9H9HH9 llHCnepCHOHHbiX CBOfiC;.B nna3Mbl. (noll B03ll9i!:CTBH9M 

e.<r. Kone6aanil:) B o6nacTn ti:acToT, rne cyruecTByJOT TaKne aonHhr, aecbMa 

Mano. MaTeMaTH'IecKn aTo Bhrpa>KaeTcSI B TOM, 'ITo aenHaei!:Hbre nonpaBKH 
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K '18CTOTe LIOn:lKHbl 6b!Th MHOPO MeHhll!b '18CTOT riJ183MeHHbiX (aKyCTH'IeC­

KHX) Kone6aHnfi. MccneLIOBanne 6eccTonKHOBHTenhHhlX neycTOfi'IHBocTefi1 

HMe!OIIJHX MeCT01 KOrLia yKaSaHHOe YCJlOBHe He BbliiOJlHeHO ( HHTeHCHBHOCTh 
/4/ . 

IIy'IK8 IIOIIepe'IHbiX BOJlH LIOCT8TO'IHO BeJlHKa) 1 IIpOBe):teHO B • BMeCTe 
. /5/ 

C TeM B pa6oTe 6biJlO IIOK838H01 'ITO ):taJKe IIpH OTHOCHTeJlhHO HHSKHX 

sa:aqeHHSIX HHTeHCHBHOCTH IIOIIepe'!HbiX BOJlH J:tHCIIepCHOHH.bie CBOfiC:TBa .IIJ183-

Mbl B o6nacTH '!8CTb!X KyJlOHOBCKHX coynapeHiifi ( IIpH W << V e ) MeHSIIOT-

. /5/ 
CSI Cyll!eCTBeHHbiM o6pasoM. 0nHaKO MeTOJ:t1 IIpHMeHeHHb!H B 1 He IIOSBO-' 

JlSIJl HCCJleLIOB8Th TaKHe 3tfltPeKTbi. lienh H8CTOSill!efi pa60Tbl - 06061IJHTh pe-

. .. /5/ A, . • . . 
3YJlhT8Tbl 1 HCIIOJlh3YSI · IIOJly't'eHOMeHOJlOPH'IeCKHtl MeTO):t HCCJle):tOB8HHSI 

HH3KO'I8CTOTHbiX (H.'I.) ):tHCIIepCHOHHblX' CBOHCTB IIJ183Mbl IIpH H8Jlll'IHH B Hefi 

x/ 
LIOCTaTO'IHO HHTeHCHBHOPO IIOIIepe'!HOPO HSJly'IeHHSI 

KaK yJKe OTMe'I8JlOCh Bb!llle 1 B IIOCJle):tHHe POJ:tbl IIQSIBHJlOCh 60Jlhll!O.e 

• . . /13/ 
KOJlH'IeCTBO 3KCIIepHMeHTOB IIO B38HMOJ:te!1CTBHIO nasepa C Bell!eCTBOM •. 

B 3Tnx 3KcnepnMeHTax, 6naronapSI 6onhlllofi KonuenTpaunn 'lacTnu, qacToTa 

• . . ( 1013 1014) 
II8pHblX coynapeHHH V e BeCbMa Bb!COKa "' + 1 II03TOMY B03-

6yJKLI8eMbie B · T8KOfi IIJ183Me "HH3KO'I8CTOTHbie" KOJle6aHHSI ( PHIIepsByK) OT-

HOCSITCSI K aKyCTH'IeCKOfi BeTBH1 HX 'I8CTOTbl w MeHbll!e Ve 1 V 1 ( v e 

- 'I8CTOTa IIapHblX coynapeHHfi 3JleKTpOHOB C 3JleKTpOH8MH H HOH8MH 1 

v 1 - noHoB npyr c LlpyroM) • 

. B CBSISH C 3THMH 3KCIIepHMeHT8MH IIpencTaBnSieT HHTepec ·HCCJle):tOB8Tb 
I 

B. 'I. HeycTOfi'IHBOCTH II pi! W << V e , VI B YCJlOBHSIX, Korna IIY'iOK IIOIIe-. 

pe'!Hb!X BOJlH Cyll!eCTBeHHO MeHSieT ):tHCIIepCHOHHbie CBOfiCTBa IIJ183Mbl H, CJle­

ltOB8TenbH01 6eCCMb!CJle!IHb!M CT8HOBIITCSI IIOHSITHe aKyCTH'IeCKHX Kone6anntl. 

x/ HeycTOtl'IHBOCTH nnasMbi c neHrMIOPOBCKotl Typ6yneHTHOCThiD 6b!Jlll 

HCCJleLIOB8Hbl B/ 12/ • 
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·. B )lani:.HeliweM aes)le npemwnaraeTcSJ, -'ITO 

W In T « I. 
0 e { 1.1) 

2 
3JleCb W.= E I 4 77 - nnoTHOCTb ~Hepriiir a.q. IrsnyqeHIISJ, n

0 
Te - nnoTHOCTb 

Tennoaoli aaepriiir aneKTpoaoa nnaSMhi. Ycnoaire ( 1.1). SJBns:IeTcSJ aeo6xo-

JliiMbiM npH npHMeHeHHii usnaraeMoro HH)Ke MeTOJla. 

2. B .JlanbHeliweM Hac 6yJlyT liHTepecoaaTb HHSKoqacTOTHbie Jllicnep-

CliOHHbie CBO!iCTBa nnaSMbi B npHC.YTCTBiili JlOCTaTO"'HO liHTeHCHBHoro Bo"'o 

lisnyqeHHS'Io LlnSi · SToro Heo6XOJlliM.O HaliTH nliHe!iHbi!i OTKi:!HK TaKO!i CliCTeMbi 

Ha cna6oe aosMymeHue (unu BHewHee none). Meioll nonyqeHuSI JllianeKT­

puqecKoli npoauuaeMoCTH "HecnoKoliHoA" ( cna6oTyp6yne.HTHoli) nna3Mbi
0

-... 
f ( W, k .' ~ ) , OCHOBaHHbi!i Ha ·ucnonbSOBaHirli KliHeTH"'eCKOrO ypaBHeHHSI

0 114-16/ . 
6bin pa3BHT B pa6oTaX • 0JlHaKo, KaK npaauno, pacq~Tbi, CBSI3aHHbie 

C KHHeTH"'eCKHM ypaBHeHHeM, JlOBOnbHO rpoM03JlKH 0 B TO BpeMSI KaK MHOrlie 

tPH31i"!eCKHe 9<j:J<j:JeKTbi B nnaSMe' XOpOWO onHCbiBaiOTCSI. rHJlpOJlliHaMHqecKHMii 

ypaBHeHHSIMH. Cyr~:. npeJlnaraeMoro M_eToJla uccneJloBaHHSI. JlHcnepciroHHhiX 
. . . -~ 

CBOiiCTB 'HeCnOKO!iHofi" nna3Mbl. B onpeJleneHHOfi H~q. o6naCTii COCTOHT 

B HaXO)K)leHHH. rHJlpOJlliHaMH"!eCKHX ypaBHeHiifi, a)leKBaTHO OnliCbiBBIOWHX 

.... 
. STH CBOfiCTBa. flocne STOI"' 3a)laqa nony_qeHHSI c (w , k, W ) CBOJlliTCSJ 

K COBMeCTHOMy peWeHH~ Hali)leHHOii CHCTeMbi ypaBHeHHfi li ypaBHeHHfi rliJlpO­

JlliHaMHKii JlnSI Bo "'o KOne6aHHfi. 

CxeMa peweaug BbirnSIJlHT _cneJlyiOWHM o6pasoM •. Pas6uaaeM none 

a nnasMe ~a JlBe ~acTu ::.. BhiCoKo"'acToTnyiO { Typ6ynenTnyiO) E T u pery­

nRpnyiO HH3KoiJ:acT.DTHYIO E R TaK, 'ITO < E >== _ ER , a E T = E.:... < E > 

( 3JleCb snaK < > oanaqaeT' ycpeJlJieHHe no CTaTHCTH~ecKoMy . aHcaM6n~). 

xl - . 
3JleCb H JIH)Ke Ilo_"'~ Kone6aHHSI HMeiOT "!aCTOTy, 3Jia"!HTenbHO MeJibWYIO 

qacTOTbi _ Bo "'o li3nyqeJIHSI.· 
I :·;, 
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ITpn: aT,OM ET n: CBSISaHHhie .c. Hell: aenn:tJHHhi MoryT. 6biTb onn:caHbi ypa!3He-

HHSIMH 6eccoyaapHTenbHOll: Be 'lo I"HJlpOJlHHaMHKH 

ane d' ... 
= 0, -- + IV n v 

( 2.1) a t e e 

... .... av .:. ... 
"'_e_E ~+(V~ )V a t e e m 

e 

n: ypaBHeHHSIMH MaKcaenna. 0aHaKo 1 nocKonhKY Bhmn:ca.IIHbie ypaBHeHHSI He­

nn:Hell:Hhi, OHM coaep)I{8T KaK Typ6yneHTHbie 1 TaK H' perynSipHbie cjJyHKilHH 

V, n , E • IToaTOMY ( 2.1) . MO)I{H() CHMBOJIH'leCKH 38IIHC8Tb KaK 

->T T ->T-> a a ->a · 
M

1
(E ,n ,V ,.E ,n ,V )=0, ( 2.2) 

rae M1 ·- aenn:aell:Hbill: onep!lTop, c>npeaenSieMbill:. n:s.cn:cTeMbi (2.1). Jlanee 

cne)ly~T II011Y'lHTb I"HJlPOJlHH8MH'leCKHe ypaBHeHHSI 1 KOTOpb!e OIIHCbiB810T ;CIIe-. 

un:cjJn:_t~ecKn:e caoll:cTaa H. 'I. Kone6amrll: •. Hanpn:Mep, anSJ: n:ccneJ:~oBa}!HSI H. 'I. Ko-

ne6aHHll: c qacToTaMH w << v e 
aeo6xoan:Mo ytJHTbiBaTb. an:ccn:naTn:BHbie · 

qneHbl ( IIOJlp06HOCTH CM. HH)I{e) • ITyCTb COOTBeTCTBYIOIIIHil:' Henn:Hell:Hbill: one­

paTOp ecTh M 2 

->a a ->a -> T T ->T 
M(E,n ,V ,E ,n ,V ),O, 

2 
( 2.3) 

.,,: 

EyaeM ctJn:TaTb an:sKotJaCTOTHbie aosMymeHHSI ·cna6_hiMH. Tenepb .saaaqa cae­

nacb K H8XQ)I{)leHHIO. 11HHell:HOI"O pellleHHSI CHCTeMbl ypaBHeHHll: ( 2.2) H ( 2.3) · 
a . 

OTHOCHTellbHO cna6oro II011SI E • JlnSI 9TOI"O cneayeT· BCe · HCKOMbie 

cjJyHKilHH KaK perynSipHbie, TaK H X80TH'leCKHe ( Typ6yneHTHbte) ,;pa3nO)I{HTb 
a . : ·1,·• .. 

a pSIJl no aMnnn:Tyae cna6oro perynSipHoro nong E H ocTaBHTb qneHbi 

He Bhillle nn:aell:Horo, T.e. 

6 
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.· 
T "'(0) "' (I) 

E =E +E 

T ""(0) .. (1) 
n = n + n ·, ( 2.4) 

-> T ;;t (0) ;;: (I) 
v .. v +V I 

... ... ... ... 
E"' (0) 

1 0
""(0) 

1 
y"" (0) 

rJle aemPIHHhi He· 38BHCSIT OT ER ' a E(l) ,n<l)' y<O-.' 
. R 

- nponopuHoHanbHhi E 

noJlCTaBnSISI (2.4) B (2.2) H (2.3) H Y'IHTbiBaSI, 'ITO 

T · . R 
E =E + E · 

T R 
n =n + n 

T R 
' V =V + V 

R· 
. B nHHeiiHoM no E 

a 
-> R R R 

divE =477e (n -n ) 
e I 

( 2.5) 

npoHHuaeMOCTb "'HecnoKoiiHoii" nnaaMhi B o6nacTH HH~KHX qacToT:. HH*e 

Mhi npoHnmocTpHpyeM Hano)l(eHHhiii: Me Toll Ha npHMepe soa6y)I(JleHHSI. KBa­

aHaKycTH'leCKHX Kone6aHHfi ny'!KOM nonepe'!HhiX BOnH. 

3. nycTb qepe3 nna3MY. npOXOJlHT CKOnnHMHpOB8HHhiH ny'IOK nonepeq-

HbiX BOnll Jl0CT8TO'IHO BbiCOKO.H 'l8CTOThi CU 1 >> CU • nony'IHM JlHaneKTpH-
t p,e 

qecKyro npoHHuaeMOCTb TaKOH nna3Mhl· B o6naCTH 'l8CTOT: 

l k v - cu l « 11 (a = e, i ). 
· Ta a. 

( 3.1)' 

' . I 12, 17 I . . M. ( ET ER) KaK HaaecTHO , ., B aToM cnyqae onepaTopy 
2 

, c TO'IHOCTbro 

II e I (L) pe COOTBeTCTByeT CHCTeMa' ypaBHeHHfi, 'aanHC8HllaSI B KOMnoHeHT8X 

·xfn · (32) ,. pH nony'leHHH CHCT(lMbi · .. • Mbi OrpaHH'IHnHCb .'IneHaMH He Bbillle 

BToporo riopSIJlK8 no E • 'ITO COOTBeTCTByeT Y'l~TY· H8HHH3lllero. no 

(W T/n T ) · BKnaJla a. '~• :~~any'leHHSI ( noJlpo6Hee eM .I 15, 161). 
0 e . 
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2 2 

k VT · R R ' 2 R e R 
(-i w +i ___ e_ )V =-0.51.v U -1.71 ikv T /T +- E 

. w ke e k 1lo ke oe m k 
e 

2 n· 
Tke R . R ( 

3 kv 2 

-- iw + 3 16 Te 2 . ---
v 

e 

+ Bv)-- =- ikV 
T ke 

oe 
-0.71 ikU k 

R 
Tkt 

+ Bv ---+ 
T. 

oe " 

... ... . 
. m v ., (O > "' ( n· 

+ ._L.!.,_ f < V 'V > 8 (k - k 
1 

- k 
2 

) d k
1 
d k 

2 T . k I k 2 
oe 

R 
k2 2 k2 v 2 . T 

VTI Tl R 2 kl 2 
(-iw+ 1.28--- + i ---- )V =- ikv - + 0.71 ikv 

w kl Tl T Tl 

+ 0.51 
me 
-v 
m

1 
e 

VI , of 

uR 
k 

R 

~Ek m, 

2. 2 
k v TR 

R 

Tk.; 
.....:.._+ 

Tot 

( 3 • 
--· w + 3.9 --!.'+ az- >-~~ 

TR 
ke me 

. 2 

{3.2) 

VI Tol 

R 
-ikV 

kl + Bv ...,..--, Bv = 3 -- v 
of m 1. e 

... ... ... 
3necb U = V e- VI 

... 
w H k - qacTOT8 H BOnHOBOH B9KTOp ,H.q. KOne-

6'aHHii 1 VT! 1 VTe - TeiinOBbie CKOpOCTH ~OHOB H aneKTpOHOB COOTB9TCTBeH; 

H01 OCTanhHbie o603HaqeHHH o6IUeiipHHHTbl9o 

KpoMe Toro, 

... 

~ (O) i e v ==­
k m 

e 

.:(0) 
Ek 

- ... -. 
w (k), 

{ 3.3) 

. a W ( k) - peUieHHe nHH9HHOI'O nHcrrepCHOHHOI'O ypaBH9HHSI ·B. q. KO.rie6aHHii:1 

T.e. 
... -----

( ) _,. 2 . 2 2 "'k 
W k = y W pe + k C = ·:·<;• 
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.. 6 v .. <o -.TO bi HatiTH B9llH'I~IHY. k 1 BXOJlSIIUYlO BO BTopoe H3 ypaBH9HHii 

( 3.2), aeo6xoJlHMO nuHeapuaoBSTb cHcTeMy ( 2.1) no E ~ H pemHTb ee · 

COBMeCTHO C ypaBH9HH9M 
2 (t) 2 

DpH aToM 

(k- -.ldcu k 
I . 2 I ' 

c 

k' R .. f- V , V (O)a(k -k'-k' )dk'dk' {3.4) 
cu' k e , I I I 

k'l,f3 . 

DoJlCTSBllSISI (3.3) H (3.5) B CHCT9MY (3.2) H pernasr ee COBM9CTHO C ypaB­

x/ 
H9HH9M . aER R 

-=-4rrj 
a t 

llOllY'IHM )lH9ll9KTpH'19CKYlO npOHHU89MOCTb nna3Mbi 1 npOHH3biB89MOii ny'IKOM 

• nonepe~HbiX aona, 

L -> T m Ct>2 Ct>2 
€ (cu,k,W )= 1+i-e -~.+ i~-

ml Ct> I KCU Ct> KCU 

me A Ct>' 
1- e e {3 

ml A~cu 1 
1 +f3 

( 3.5) 
e 

rne 

( 3.6) 
ik

2 
v A e 

2 
cu 

2 

{3 =-'- ___ e __ e -- pe 

. 16 lr 2m 2 Ct> K. ~ 0 
e e. ~ 

-> -> T 
dcu ....... =cu ( k 

1 
)-·cu(k 'ckh. N ,.. - qucno KBaHTOB nonepe'IHbiX Bona, 

k,k 1 k 1 2 . . . . • 

onpenensreMoe ua cooTaorneHHii NT = ..:.._ ;...,-~ cu 2 
E ( cu ,k ) I I ET I ; 

It 2 a I I I -> -> 
I 2 cu I cuI cu =Ct>(k ) k I 

1 

x/3 . · ~ 6 · necb Mbi npennonaraeM H. '~• Kone aausr · npononbHbiMH. 
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. 22 22 22. 22 .. 
kvTI K VTI k VTI \,~ k VTI OV OV . 

w =-iw+ 1---+ 1.28-- + ---- (0.71-- )(I+-) 
I w VI nl Tal n e n I .n I ' 

2 2 2 2 
k VTe k VTe OV 

w =-iw+i + 1.71 (I+--), 
e w n n 

e I 

3 
n =-- 1 w + ov 

I 2 

k2v 2 
+ 3.9 --.!..! 

' v 
I 

k2 2 

n 3 <> • '1 vTe =- -iw +uv +3. 6--.:..::.. 
e 2 v 

e 

( ov) 
2 

----n;-· 
2 2 

OV k vTe 1 me 1 1 . me 1 
K= 1 +(0.51 V + 1.71(0.71- -) ---)(- + - -}= 1 +a (- + -- --), 

e Q f2 W m W I w m .w 
I e e . I e I I 

A 
e 

m a ov 
= 1.71+-e -(1+--), 

ml WI .fll 
A ov a · ov 

=0.71- -- -0+ -). 
I n w n. 

I e 1 

4. '4T05br :rrccneaoBaTh a:rrcrrepc:rroHHbie cBoikTBa rrna3Mbi B rrpncyT-

L -> T 
CTBRR rry'IK8 B, 'I, R3ny'I8HRSI 1 YLI05HO ypaBH8HUe f ( W , k, W ) 38ITUC8Tb 

B cneayromeM . BULle: 

L+f3 =0. 

3aecb· 
m w 

L=l+ e e 

m
1
w 

2 • . 2 
, ik v .. O+ov/0 1 )wpe 
f3 =-- ...., 

8rr
2 

ml wn .. w 1477 "o 

w 2 
(-E.!:) f 

WI 

,OCTanhHble 0503H8'I8HUSI CM, ( 3, 7), 

10 

.... T T 

d_k1 (N.2_
1
-NJt

1
_Jt 

w-~w,.. ,.. 
k , k I 

( 4.1). 

( 4.2) 

(4,3) 



npHp8BHHB8H B8nlPIHHy .L K Hymo, nony'IHM perneHH51 llHCll8pCHOHHOro 
. /18/ 

ypaBH8HHH "CllOKOli:Hofi', •.nna3Mbl 

---
Hw'=kv y~(l+T") 

e · Tl· 3 Tt 

B o6paTHOM npeJlene. 

PasnaraH ljlyHKUHIO ~w... B PHil no JL nerKo .npoBepHTh, 'ITO 
k, Jt I k I ' 

oHa o6pamaeTCH B Hynh npH (B npeHe6peme~HH qneHaMH nop51JlKa v 2 I c 2 ), 
' .... s 

... ... k 
x 1 =COS ( k k I ) ;, ~' 

I 

( 4.4) 

a ljlyHKUHH ~W - COOTB8TCTB8HHO npH 
it, It I+ It 

X ,; COS (k k ) = :- ~. 
2 I 2k 

( 4.5) 

I 

k 
TaK KaK B HarneM paccMOTpemm k << 1 , To yrnht, onpeJlenHeMbte 

I ~ 
(4,4) If (4,5), 6nH3Kif K TT /2 1 T,e, B8nH:<IHH8 {3 CT8HOBHTCH 

.. ll0CT8TO'IHO 6onbllJOli: nHllJb JlnH B03MYIU8HHfi1 pacnpOCTp8H5110lUHXC51 llO'ITH 

x/ 
nepneHilHKynHpHo ny'IKY nonepe'IHhiX BonH • nycTh pacTBop yrnoB (T,e, pac-

XOilHMOCTh) ny'IK8 nonepe'IHbiX BOnH 6yll8T Man H paBeH ~ 0 , TOrlla Jln51 

Kone6aHHH 1 y KOTOpb!X, 

k 
- » ~e 
k I 

(4.6) 

xl · 
0TMeTrrM, 'ITO aTo YTBepmlleHrre, CTporo roBopH, cnpaBellnHBo 

BbmonuenrrH ewe OllHoro ycnoBHH w << k c 

11 



-i 

n pacnpocTpaHsuolllnxcSI no.rt yrnoM, onpe.rtenSieM?IM H3. ( 4.4), K cpe.rtHeMy 

BOnHOBOMy BeKTOpy B.-'1. ll3ny"'eHHSI k 1 o , OCHOBHOit ~Kna.rt B riO.[lllHTer-

panbHOe Bbtpa)KeHne ( 4.3) 6y.rteT .tiasaTb nepBhifi "!neH. . 

.nnSI IW3MymeHHH1 BOnHOBb!9 "'llCna KOTOpb!X Y.rtOBneTBOpS!loT ·HepaBeH-

CTBy, o6pa'I'HOMY ( 4,6) 

k I 

-«tl.O 
2k ' 

I 

(4~7) 

no.rtHHTerpanbHoe Bhipa)KeHne B if>opMyne ( 4.3) MO)KHO nepenncaTb B BHile 

(k-+ aNJI ) 
~--~a~~ ~ 
w..:.1~ ' g 

g 

kl 
---c 
- kl 

( T,K, 
' (U 

k I » --...£! ) ' 
c 

a HHTerpnposaHne no yrnaM sec'Tn B npe.rtenax ..!!.. - tl 0/ 2 .rto .!... + !}. 0/2; 
. . -+ 2 2 _ . x/' 

nonaraSI ocb z Hanpa8neHHott B.rtonb k • Dpn sToM HeTpy.rtHo nonyqn:!" -

-+ -+ 

f 
dk 1 (k-ca~) ak---1 

'(U- k v 
g 

=- k2 c f dkl 
kl 

: 0- cos 
2
0 )N J I 

---------= 
- 2 

( (U-. k c cos 0 ) . ' 

3 dk W T 
=-8rr f . I kl 3 2 2 2 --

8 71 W T(( 2 · 
k

1
c [(w/kc) -(M/2)~---;;;- w/kc) -(M/2)2]"-:-1 

I 

(4.8) 

PaccMoTpnM BHatiane Kone6aHnSI, y.rtosneTBopmomne ycnosnro ( 4.6). 

Dpn sTOM if>opMyna ( 4,3) ecTb 

x/ Dpn nHTerpnposaHnn no yrnaM .npe.rtnonaranoch, "'TO pacnpe:.Uene;.. 
Hne B. 'I. ll3ny'leHHSI B yK838HHOM llHTepsane /}.0 -H30TpOriHO, , 

-1_2 

-~........-__~-·-----.---"'-----



n 

II pH 

{3 

2 '2 
ik ~e (I +Dv/0 1 ) w pe 

8172m wn w, 4no 
I ~ 

-> T 
w 2 dk 1 Nk' 

- ( -lU' l I -----L 
w w-L'lw_. _. 

k kt 

Ecnn, KpOMe Toro, w >> k e L'1 e . • TO B ycnoBHSIX 

wv 
e 

"' . I me 
k2 v2 

---1:..!: -

>> ov' k v 
Tl 

v·w 
e pe 

WT 
/3=1--

6 m1 

{ W pc )3 ---w2 w2 w 
I 

2 
I v w w 3 wT {3 = __ ~ _e _P ..!:_ ( -2.: ) 

I2,6 m1 w 3 w . --T ' . "o e 
I 

n T 
0 e 

Hcnonbaysr 8TH Bbipa)KeHnnsr, na ypanHeHnsr ( 4.1) nony'IHM 

w4 = - .!._ ~ k 
2 

v 
2 

v (J) 

6 m 1 Te e pe 

w 3 WT 
(~) 

n T 
0 e 

B nepnoM cnyqae, H 

BO· BTOpOM. 

W .T 

n T. 
0 e 

( 4.9) 

(4.10) 

( 4.11) 

Ha ljJopMyn ( 4.10), (4.11) n ycnonnfi nx npnMeHnMocTn cneayeT, 

'ITO ~Y'IOK IIOIIepe'IHb!X. BOnH C 38ll~H~b!M y~nOBb!M paa6pOCOM L'1 0 H HH-

. TeHcnnHocTbiO W T noa6y)KaaeT Kone6aHHH c HHKpeMeHTOM ( 4.10), 

· ecnn nx nonHonoe qncno ne)KHT B HHTepnane kP >1k > k0 , rae 
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m cu ·" · t/6 cu t/2 T t/6 
k =(-e_P_e_) (~) (-W-) ~.!!..., 
P ml II cu n T v 

e I · 0 e Te 

( 4 .. 12) 

k 0 ~k 1 L\O. ( 4.13) 

Ha (4.10) BHaHo Ta~*e• ~To c yBenH~eHHeM k HHKpeMeHT pacTeT 

H UpH k > k.P BbtxoaHT aa nnaTo, rae BenH~HHa ero 

' 
OUeHHBaeTCSI H3 

ljlopMynbt. ( 4.12). MaKCHMan&Hbtfi yrnoBofi p~a6poc L\0 , .npH KoTopoM 

cnpaBeanHBbt nony~eHHbte: peay:n&TaTbt1 MO*eT 6btTb oueijeH c noMOIIlbiO ae- · 

paBeHCTBa k
2 

v 
2 

/11 >> cu >> k c L\0 HnH 
Te · e 

L\0 « 
v 

Te --. ( 4.14) 
c 

npH HapyllieHHH STOI'O ycnOBHSI HHTei'pHpOB8HHe UO ~I'naM B ljlopMyne. 

( 4.9) aon*HO. 6btTb npoBeaeao 6onee TmaTen&Ho · ( c y~~TOM Bb)~e.Ta B To~..; 

Ke L\cu-+-+ "'0 ), oaHaKO nony~atomHeCSI UpH STOM HHKpeMeHTbl 3H8~HTenbHO 
k k I 

MeH&llie .( 4.11): 

3 TT me 
cu =----kv 11 cu 

6 m1 Te e pe 

2 TT me 
i----cu 
12,6 ml 

2 
II CU 

!.__E! 

kcL\ 0 

v. cu 3 
~(-E.!.) · 2 2 11 8v 
cL\0 cu

1 

T k V ' ) . !__, CUll ·» Te e (4.15 e noTe 

cu 3 
(~) 

"'t 

WT 
---, 

n T ' 
0 e 

k 2 v2 /v »cu >>811. 
.Te e 

PaccMoTpHM1 aaKoaeu, Boa6y*.lleHHe ny~KOM nonepe~HbiX Bona, .HH3KO'!ac­

TOTHbiX. anHHHOBOnHOBb!X KOne6aHHH1 y KOTOpb!X k < k O = k 
1
£\ 0. .Hcnonb3YSI 

ljlopMyny ( 4.8) t H3 ypaBHeHHSI ( 4.1) MO*HO nony'IHTb 
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npH 

j me k42·2 
=- --- v . c v 

6 m e Te 
I 

w 4 WT 
(__!!!_) 

w 
I 

. n -T, 
0 e 

' 2 2 
w»kv fv. I 8v 1 kcL'l.8 1 W 

" · Te · e 

k 2 v2 / "' v .>w>uv 1 

Te e 

m v 2 w 4 2 2 WT 
_e -~(--pe_) (--) __ • lw .. mt · 12

1
6 w 

1 
L'l.8 n T 

0 e 

YpasaeaHe ( 4,17) HMeeT aeycTCJii'lHBbJe perneHHSI 1 ecnn 

2 ' v 2 w 4 'WT 1 
(tJ.8) < ( _e_) ( ~-) -- -- •. 

kv w n T 31 16 
Te I 0 e 

ITycTb Tenepb tJ. 8>::.-:vTt /c
1 

Torna H3 (4.17) 6yneM nMeTb 

---------
2 1 2 1 ' 

w =-w +- \/w 4 +4w 2 w 2 

'2 *-2 * ·*"' 

w >> w* .. 

.. w1,2 =± w* I w3,4 =+ iw, ecnH w .,-<< w * 

(4,16) 

( 4.17) 

( 4,18) 

<' 
CpaBHHBaSI senH'lHHbi HHKpeMeHTOB aeyc:roii'lHBhiX pern~inrii. nnSI ypas-

aeaHii (4,16) H (4,17) 1 nerKO flOK838Tb 1 'ITO HMeeT MeCTO CHTY8UHSI 1 Oflll­

. C8HH8SI Bb!llle /lnSI ( 4,}0) H ( 4,1}) 1 O/lH8KO Tenepb 



,-~ . 

· m c 2 116 w 2la 
k ~(-"--) (~) 

P m v 2 w 
I Te I 

WT 116 v 
(-·-· ) '_ ... 

nOTe 
(4.20). 

v 
Te 

B aaKnro'feHne HacTosrmero rraparpa!fJa 'aaMeTHM 1 'ITO H.'f •. BoaMymeHnsr 

C . k < k0 HJ1,1eiOT HanoonhlllHH HHKpeMeHT1 ecnH OHH pacrrpOCTp8HSIIOTCSI 

IIOll y:rnoM () =-!f.,- -f'l(). nenCTBHTenbHO 1 IlpH 8TOM BM9CTO BenH'fHHbl 

[( w 2 f'l() 2 -1 ' ) w w -1 
-k-) -(-)] B !fJopMyne (4.8 oylleM HM9Tb (-.(--f'l())] 

c 2 , kc kc 

floaToMy· B cnyqae w > kc l'l () peaynbTBTbi coBrranaroT c rrony'feHHhiMH 

paHee1 a rrpn w < kc l'l () ·HHKpeMeHThi yBenH'fHBaiOTcsr B (kc t,.() 1 w) 

paa. KpoMe Toro Bbtpa)!{eHne ~nsr f3 lnpnBeneHHoe ·B rryHKTe 3 1 crrpaBennn-. 

BO ansr IIy'fKa IIC)rrepe'l:Hb!X BOnH1 BOnHOBbl9 BeKTOpb! KOTOpb!X YllOB1l9TBOpSI-

lOT ycnOBHIO 

k1 < V e IV Te • 

EcnH )1{9 8TO ycnoBHe HapyrneHQ 1 TO B Bbipa:>KeHHH llnSI f3 IIOSIBf!SI9TCH 

6onbrnoll: Koa¢¢nuneHT BHlla k2 v 2 I v 2 
I Te e 

1 II08TOMY BO BC9X IIony'feHHhlX 

Bb!IU9 !fJopMyf!aX llOCTBTO'fHO •BM9CTO W T . H8IIHC8Tb ( k .V 
I Te 

2 
lv )W T 

e 

KpaTKHe BhiBOllhi 

1. B paooTe ncnonbaoBaH rrony¢eHoMeHonornqecKnll: rronxon K nccne­

llOBaHHIO H. 'f. llHCIIepCHOHHbiX CBOHCTB cnaooTypoyneHTHOll Ilf!83Mbl. 3TOT 

rronxon rrponnnrocTpnpoBancSJ aa rrpnMepe B030Y)!{ll9HHSI rry'l:KoM norrepe'l:HhiX 

BOfiH ( H8IIpHMep1 , naaepoM) H.'f. B03My!ij9HHH1 'fBCTOTbl KOTOpb!X 3H8'fH­

T9flbHO M9HbiUe 'f8CTOT IIapHbiX COyllapeHHll 'fBCTHUo 
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2. LfacTOTbi rry'!Ka rrorrepe'IHbiX Bonn rrpenrroriaram!Ch nocTaTO'lHO 

BbiCOKHMH w 
1 

"' k1 c >>wpe • Ka~ H3BeCTH0 1 B · aToM cny'lae·· CKopocTh .il)Koyri.e­

BOM rroTepn aneprnn ( nerrocpen~TBeHno 3a C'leT rrapHbiX coynapenntl:) MO)KeT 

6btTh ouenena H3 cpopMynbt: 

- B paccMo'I'pennoM naMH rrpnMepe, 6naronapSI B036y)KnenHJO n~ 'I. B03-

MymenHtl:, CKOpOCTh nHCCHITaUHH anepi'HH B,'l, BOnH M0)1{9T 3Ha'lHTenhHO 
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