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M a xaHbKOB B.r., llbiTOBH'I B.H. P9-3980 

HenHHeliHaSI reHepauHH nnaaMeHHblX BOnH ny'IKOM nonepe'!HhlX 

BOnH, V, 

B p a 6oTe HccneAOBBHbl HeycTOli'IHBOCTH ny'IKB s neKTpoMarHHTHhiX BonH 

OTHOCHTenbHO B036YJKAeHHSI BKyCTH'!eCKHX KOne6aHHli nna3Mbl, 'IBCTOTbl KOTO

pblX MHOrO MeHbWe 'IBCTOTbl napHblX coynapeHHli 'IBCTHU, noK838HO, 'ITO MOryT 

B036YJKA8TbCSI ABB THfl8 BKYCTH'!eCKHX KOne6aHHli, 

OpenpHHT 06beAHHeHHoro HHCTH"cyTa JI.QepHbiX HCCJie,QOBaHHJl. 

,lbrooa, 1968. 

Makhan'kov V.G., Tsytovich V.N. P9-3980 

Non-Linear Generation of the Plasma Waves by the 
Transverse Wave Beam. V. 

Unstability of the electromagnetic wave beam with respect to 
the excitation of the acoustic vibrations of · plasma has been inves
tigated. The frequencies of the latter are a lot smaller than the 
frequency of the pair particle collisions. It is shown that two 
types of the acoustic vibrations can be excited, 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1968 
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§ 1. B a en e H H e 

B npenhtllYUlHX pa6oTaxl l-4 / ( eM. T aK>Ke/5, 6/ ) 3 T OJ1 cep1111 G t>IIJO nccne-

UOB8HO B036y>KUCHHe TIY4 KOM 3 IJeKTpOM8P HIITH NX BOIJH K8K BNCOK04t.lCT OTH N X, 

T aK H IIH3K048CTOTH blX KOIJe68HH H ( B 'l8C T HOCTH, HOH03DYKOBblX B HeH30Tep-

MH4eCKoii n naaMe ( T • >> T 1 ). Ebtno rr oKaaa uo, 4TO aoa6y>Kneu 11 e ooa-

MO>KHO H B yCIJODlHIX , KOPJl8 He iJHHeH HbiH HHKpeMeHT MllOPO MellblUe Illll!eii 

II OPO aa Tyxa HII!i!( HenHueilHo -nn ccHnaTHBHa51 ueycTOH4HBOC Tb /4/ ). PaccMOTpe-

HHe rrono6 HhlX Heyc Toil4HBOC Teii rrpHBll e K aeT a nocnennee apeM51 RHtn1nnu e a 

CB513H C pa3H006pa3Hb1MH 3 KCT!epHMCHTf iMH, B KOTOpb!X H CCIJe nyeTC51 B3 A IIMO

UeilcTBHe n aaepoa c rrnaaMoii (eM. Harrp./7,81 ), H npH uccnenoon!Htll IJI'tae puoii 

HCKpbl/9,10/ , 0 6t.t'IHO TlpH 3TOM KOHUeHTp81U151 flll83Mbl UOC T 8 T 0 4HO BbiC OK ll 

n.,IQ19_1Q20CM-3, v 
Te 

14 -1 
H, c n enoa.1 T e nbuo, w

0 
... 2.10 ce K 

'18CTOT& n apHblX 3 IIeKTpOHHblX coynapeHHH HMeeT TI O IJ51LIOK 

v . Lw oe 12 -1 
10 ceK , 

10 -1 
a HOHHbtX v

1 
., 3 .10 ceK • CKopocTb BbtpaauuaaHH51 T eMn e paTy p 3 H e K1"1J O HOB 

H HOHOB U I1 51 BOUOpOUB ltMeeT 110p51UOK 

nna3 Mb1 ., HMe JOLUM e l.J BC TOTbl Mf?HbUie Ve , VI O THOCSITCSl K a KyCT i f 'lerKOil 

aeTBH, KOTOp851 MO>K e T cymeCTBOBBTb H n plt T0 = T1 • 

H8KO , 06tUHOCTH p8UH 1 Mhl He 6yJleM npennonarHTb TI OClleJl Hee p tti3C II C TBO 

BhtnOIIHCHHLtM. C'!liTt.l Tb T eMnepaTypbt 3IJeKTftO HOB " ltouoo paa mt '"'"'M" " n po-

3 



ueccax aoa6y~neuuH aKycTuqecKHX Kone6auHii uenecoo6paauo a TOM cnyqae. 

KOrna HenHHeiiHWH HHKpeMeHT reuepaUHH KOne6aHHH npeBOCXOJlHT CKOpOC Tb 

BbtpaBHHBaHHSI TeMnepaTyp .. _!!a_ v B aToM cnyqae MO~Ho npennono~HTb , 
m 1 e 

'ITO B036y~neuue aKyCTH'leCKHX KOne6aHHH MO~eT npHBeCTH K aHOMaTibHOMy 

paaorpeay aneKTpO HOB H HOHOB, CBSI3aHHOMY C paanH'lHOH a<jJ<!JeKTHBHOCTb~ 

nornomeHHH HMH aKyCTH'leCKHX KOne6aHHH H, cnenoaaTenbHO , K OTTIH'lH~ T 
8 

H Tl xi 

HacToHmaH pa6oTa nocaHmeua uccnenoaaHH~ a<jJ<jJeKTOB aoa6y~neHHH 

aKyCTH'leCKHX BOTIH ( s ) B nnaaMe ny'lKOM aneKTpOMarHHTHb!X BOTIH ( t ). 

B ell BbtwecKaaauuoe yKa3btBaeT Ha To , 'lTD a ycnoBHHX nnoTHOii nnaa 

Mbt/9,10/ WHpOKHH JlHana30H coynapeHHH 'laCTOT KOne6aHHH ee COOTBeT

CTByeT o6nacTH 'laCTbiX coynapeuuii , Korna KonneKTHBHbte Kone6aHHH nna3Mbl 

HBnH~TCH aKyCTH'leCKHMH . Bonpoc o aoa6y~neHHH runepaayKa a ~HilKHX H 

TBepJlbiX Tenax paCCMaTpHBaTICH BO MHOrHX pa6oTax ( nepaaH B 3TOM Ha 

npaBneHHH _; II / ). B oTnH'lHe oTI II I, B KOTopoii 6btn HCnonbaoaaH ¢euoMeuo -

norH'leCKHii nonxon B nnaaMe npu onHcaHHH uenHHeiiuoro aaaHMoneiicTBHH 1 

MO~HO HaHTH HBHbte Bbtpa~eHHH JlTIH HHKpeMeHTOB B036y~neHHH aKyCTH'leCKHX 

Kone6aHHH • .QpyrHM cywecTaeHHbtM oTnH'lHeM uacToHweii pa60Tbt oT/ 11 I HB

nHeTCH y'l8 T TOrO 06CTOHTeTibCTBa , 'ITO ny'lOK aneKTpOMarHHTHhlX BOTIH 

npencTaanHeT co6oft ua6op aonH c paanH'lHblMH I< H w, a He oTnenbHY~ 

MOHOXpOMaTH'leCKY~ BOnHy. HaKOHeu, anecb BbiHBneHbl HOBbie HenHHeiiHbte 

JlHCCHTiaTHBHbte HeyCTOli'lHBOCTH, KOTOpbte B03MO~Hbl , eCnH HHKpeMeHTbl 

reHepaUHH MHOrO MeHbWe TIHHeHHWX JleKpeMeHTOB 3aTyxaHHH BOTIH. 

Boa6y~neuue aKyCTH'leCKHX Kone6aHHH B nnaaMe MO~eT HMeTb aa~uoe 

3Ha'leHHe JlTIH TIOHHMaHHH ee <jJH3H'leCKOrO COCTOHHHH B ycnOBHHX na-

aep HOH HCKpw. TaKo e COCTOHHHe MO~HO Ha3BaTb Typ6yneHTHhlM o .UHCCHna

UHH Typ6yneHTHOCTH MO~eT 6b1Tb CBH3aHa C a<jJ<jJeKTaMH cneKTpanbHOH nepe 

Ka'lKH Kone6aHHii a o6nacTb HX HHTeHCHBHoro nornoweHHH. B naHHOM cnyqae 

nornoweuHe Kone6auHi\ o6ycnoaneHo napHbtMH coynapeHHHMH 'laOTHu, T . e. 

CBH3aHO C npoueccaMH BH3KOCTH H TennonpOBOilHOCTH . 3TH npoueCCbl JlHC -

x/ 0TMeTHM , 'lTD TIOJl06Hb!H 3<jJ¢eKT B03MO~eH nHWb npH B036y:>KJleHHH 

BbiCOI<O'laCTOTHOH BeTBH s - KOne6aHHH ( nonpo6Hee CM, HH~e) • 

4 

CHTiaUHH MoryT npHB€ 

KOTOphtii cnenyeT ua:; 

<jJeKTbt o6bt'lHoro non 

'ITO xapaKTepHoe ape 

neHTHOCTH onpenenstT. 

nornomeuHe aenuKo , 

TaKHM o6paaoM, o T) 

cnyqae, Korna xapaK1 

o6naCTb nornomeuuH 

norno meHHH a6nH3H o 

3anaqeii Hayqel£ 

B03HHKHYTb B ycnOBH! 

I) HccnenoaaHH< 

2) HCCneJlOBaHHf 

6auuii B o6naCTb norJ 

3) onpeneneuue 

4) uccnenoaaHH 

Typ6yneHTHOCTH (pace 

cneKTpanbHWX nHHHHX 

npo6neM H nocamqeua 

'lHTenbHO npo6neMbt a 

~wHe llTISI HOH03BYKDI 

HOCTH, nonpo6uo o6cy 

§2. Cne 

HX B 

OpH uccnenoaau1 

aoaaTb B~pa~eHHe nn 

x/ 
3aMeTHM, KCTB 

ymupeuue cneKTpanbHl 

TaKoe ymHpeHHe o6ycT 

B036y~neHHbiX KOne6aJ 



6pa3HO B TOM cnyqae. 

>eBOCXOUHT CKOpOCTb 

MOJKHO npennonOJKHTb, 

BeCTH K BHOMafibHOMY 

·enbHO, K OTfiH'IH!O T 
0 

eKTOB B036y>t<.OeHHSI 

HHTHblX BOfiH ( t). 

DOBHSIX DfiOTHOH nnaa-

5auuli ee cooTBeT -

Hbte Kone6aHHSI nnaaMbl 

epaByKa B JKHUKHX H 

nepBBSI B 3TOM Ha 

HCDOfib30BaH <jleHOMBHO-

JrO B38HMOUBHCTBHSI I 

6y>t<UB HHSI aKyCT H'IBCKHX 

e A pa60Tbl OTI 11 / SIB-

:JMarHH TH biX BOfiH 

W, a HB OTUBfibHylO 

BCml HHKpBMBHTbl 

3BTyX8HHSI BOfiH, 

MOlKBT HMBTb BalKHOB 

lSI B ycnOBHSIX na-

yneHTH bJM , llnccnna-

rn cneKTpanbHOii nepe

•HHSI, B naH HOM cnyqae 

peHHSIMH 'IBOTHU, T.e. 

3TH npoueccw nne-

lib npH B036y>t<UeHHH 

A. HH>Ke) o 

CHDBUHH MOryT npHBeCTH K HBrpeBy Dfi83Mblo 3<!xl>eKTHBHOCTb TaKoro HBrpeBB, 

KOTOpbiH cnenyeT Ha3BBTb Typ6yneHTHbiM, MO>KeT HBMHOrO npeBOCXOUHTb acjl 

<jleKTbl o6bt'IHoro nornomeuuSJ aoa6y>KUaeMbiX Kone6auuli. 3To CBSJaauo c TeM, 

'ITO xapaKTepuoe apeMSJ nornomeuuSJ Kone6auuli 6yneT npu paaBHToli Typ6y

neHTHOCTH onpenenSJTbCSJ BpeMeueM nepeKa'IKH Kone6auull B o6naCTb, rue ux 

nornomeuue BenuKo , a ue aaTyxauueM Kone6auuli B o6nacru ux aoa6y>Kneuun. 

TaKHM o6paaoM, o Typ6ynenTROM uarpeae HMeeT CMbtcn roaopHTb B TOM 

cnyqae, Korna xapaKTepuoe apeMSJ cneKTpanbHOii nepeKa'IKH Kone6auuli B 

o6nacTb nornomeuHSJ cymecTaeuuo MeHbwe xapaKTepuoro apeMeuu nuueliHoro 

nornomeHHSJ a6nuaH o6nacTH reuepauuH. 

3ana'leli H3y'leHHSI Typ6yneHTHOrO COCTOSIHHSI Dfi83Mbl, KOTOpoe MO>KeT 

B03HHKHYTb B YCfiOBHSIX, HBDpHMep,/9,1011 SIBnSieTCSI! 

I) uccnenoBBHHe ~eKTOB reuepauuu Kone6auuli; 

2) uccnenoaauue uenuueliHbiX 3<jJ<jleKTOB cneKTpanbHoli nepeKa'IKH Kone-

6auuli B o6nacTb nornomeHHSJ ; 

3) onpeneneuue cneKTpa CTBUHOHBpHOH Typ6yneHTIIOCTlf; 

4) HCCfiBUOBBHHe 3<jJ.peKTOB, K KOTOpblM MO>KeT npiiBeCT • IIBnii'llle 

Typ6yneRTHOCTH ( pacceSJHHe BOfiH Ha Typ6yneHTH biX nynbCB UHSIX, ywupeuue 

cneKTpanbHbiX nHHHiixl H T. n . ) . 06cy>KUBHH!O nepaoli 113 nepe qucneHHbiX 

npo6neM H DOCBSI!JleHa HaCTOSIIUBSI pa6oTa . 3necb Mbl 6yneM KllCBTbCSI JICKniO

'II!TenbHO npo6neMbl aKyCTH'IBCKOH Typ6yneHTHOCTH, T.K, 3<fxj>eKThl , B03HHKA

JOIUI!e UIISI HOH03ByKOBOH H BbiCOKO'IaCTOTHOH ( neHrMJOpOBCKOii) Typ6yneJJT

HOCTH, nonpo611o o6cy>Knenbt B npenwnymux pa6oTax I l-41. 

§2. CneKTpbl aKyCTH'IeCKHX Kone6aHHii H aepoSITHOCT>I 

HX B036y>KneHHSI 3JieKTpOMarHHTHbiMH BOIIHBMH 

OpH uccnenoBBHHH cneKTpoB aKyCTll'leCKHX Kone6aul!A MO>KHO >~cnonb-

30BaTb Bblpa>Keuue nnSJ nuaneKTpH'IecKoi! npouuuaeMOCTH nna3Mbt B o6nacTH 

I 191 
X 3aMeTHM , KCTBTH, 'ITO B 3KCIIepHMeHTBX Ha6nJOUBfiOCb BHOMBfibiiOe 

ywupenne cneKTpanbHbiX nHHHH, 'ITO noaaonSieT ( ecnu npennonoJKHTb, 'ITO 

TBKOe ywHpeHHe o6ycnoBneHO Typ6yneHTHOCTbJO) OUeHHTb HIJTeHCHBHOCTb 

aoa6y>KUeHHbiX Kone6auni!. 
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tiineHHoe a! 12/. M br 

HOrO ypaBHBHIISI, 

» ~v ) 
m I • ' 

( 2.1) 

- ) 
( 2 . 2) 

(2.3) 

(2.4) 

<< ~ 11 , noaTOMY 
• · 

( 2.5) 

(2.6) 

( 2.7) 

3 necb W s - neilCTBiiTBilbHBSI 'IBCTb 'IBCTOTbJ BKyCTII'IBCKH X KOil86BHII i1 , 

Ollp8/l81lSIIOlUBSI IIX llHCnepCIIIO, Y
0 

li y 1 - COOTBBTC T BBI!HO ,ll8Kp8M8HTbl 3BTy

XBHIISI 113 - 38 n ap HbiX Coynape llll il HB 3 /lBKTpOHBX 11 IIOHB X . 'laC T OT bl 'HH3KO'IDC 

TOTHhiX' BKyCTII'IBCKIIX KOne6a1111il, KBK npBBHilO , M8HbUJ8 CKOpOCTii BblpBBIJHBB 

HHSI TBMnepaTyp, II ll0 3 TOMy B ( 2.6), ( 2. 7) T 
0 

• T I o 

HM e SJ B BllllY B nanbHeilweM n pHno)J{e HH e pe3ynhTBTOB K/9,10/ , 6yneM 

C'IIITBTb 'IBCTOTY 3/lBKT pOMBrHHTH biX BOilH CyUJBCTBBHHO npeBOCXOilHlliBil nna3M811 -

HYIO 'IBCTOTy 
oe 

npH BHB/lll38 HBilliHBilHbiX B3BHMO/l8HCTBIIH 3/lBKTpOM B riH!THbiX BO/lll C 

BKyCTH'I BCKHM II H81lb3SI , CTporo rOBOpH, IICilOilb30BBTb MBTO/l BBpOSITHOCTeil . 

3TO CBSI3BHO C T BM , 'ITO B 06naCTH 'IBCTb!X coynapeHHH , KOrllB 0/lHB 113 B3a -

HMO/lBHCTBylOlUHX 'IBCTO T YllOBilB T BOpHeT HepaBeHCTBBM w << v 
0 

, vI 

B HB ilHHBHH bl X B3BIIMO/l8HCTBII SIX npOIICXO/lHT 'IBC T b iH 06MBH 3 HeprHeil C 'IBCTI!

UBMH nna3Mbt . Mo)J{HO npw 3 TO M C T poro noKa3aTb , 'ITO nwtub cyMMa 3Hepruil 

'IBCTHU H aonH SJBnSJeT cn coxpa HSJtOlll eilcn aenH'IIfHOtl . HenuHeiiHbte ypaBHeHtHt , 

Olli!CbiBBIOUJI!B B 3 BIIMO/l8HCT BII8 3 /lBKTpOMarHHTHblX 11 BKyCTH'IBCKHX bOilH , /l01l)J{ -

Hbl 6bJTb n ony'IB ll bl nyTeM H81lOCp8/lCTB8HHOrO yCp8/lH8HHSI lfCXO/lHblX HBilHHBHHhiX 

ypaBHBHH ii TaK , KBK 3TO 6btno cnenaHo a! 12, 15/. B pe3ynhT a Te Mbi nony'IHM , 

'ITO ypaBHBHHB llllH B036y)J{Il8HJISI BKyCTII'IBCKHX BOilH 3 /lBKTpOMRrHHTHbiMIJ IJMB

B T rpOpMy , COBilBilBIOlllYIO C TOH, KOTOpBS! 6biilB llOilY'IBHB a/4/ 113 BBpOS!THOCT -

H bt X coo6pa)J{BH it ii : 

w 

.. .... ... t t 
I d I< 1 u ( k , k 1 ) ( N t - N Jt _ k .. ) 

-------! ----------------------~-----~------( 2 77 ) 4 
w'-~w ... 

11" o k I 
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( 2.8 ) 

- He -
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tlw -....,. • Re w
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k, k I k k I 
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PB'!H blX BOilH 

+ wl -1 
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N .. 

k I - 'llfCilO KBDIITOB n o n e -

x / n pH nO.'Iy'IBHHH ( 2.8) Mbl llp8He6pernll '-lll 8 HBMH rtOp>IIlKA w./fl1 
,TBK 

KBK B HCXO/lHOM ypaOHB IIHH BMBCTO :'1; - N;. _ k.. 6bill0 
t t I I 

n'k1 , nki-'k 
N.. . N.., _.., 

n~ ,. kl n • •, • 0 

k 1-k ~ 

7 



Bbipa>KeHHe nnst u Ck , "k 1 l B naHHOM cnyqae He S1BI!S1eTCS1 K03~H -

UHeHTOM OpH sepOS1THOCTH pacnana, OUHaKO, O'ieBHUHO, HrpaeT TY >Ke pOI!b, 

<f>opMa/lbHO >Ke TO 06CTOS1Te/lbCTBO, 'ITO u ( k-+, k1 ) He S1B/ll1eTCI1 BepOS1THOCTbiD, 

OTpa>KaeTCI1 B TOM, 'ITO 3Ta Be /lH'iHHa Bbipa>KaeTCSl He qepe3 KBanpaT MOUY/111 

He/lHHeHHOPO TOKa 5 , a qepe3 npOH3BeneHHe UBYX He/lHHe•iHblX TOKOB 5 1 5 2 J 

H MO>KeT 6biTb KOM/1/leKCHOH ( onpene neHHe 5 I H 5 2 CMJ 12/ • Pa3/lH'IHe Me>K-

ny 51 
H 5 2 CBI13aHO C TeM, 'iTO B 5 1 ( k ... _, k-+ 1 , k-+2 ) nepBbili apry-

M e HT COOTBeTCTByeT HH3KOH qaCTOTe W << 11
8 

, Ill • a B 52 - BTOpOli H/!H Tpe

Tllii). B oTcyTcTBHe qaCTbiX coynapeHHli cymecTsyeT yHHBepc a nbHal1 CBI13b 

MelKUY Be/lH'iHHaMH THna 5 I H 52 KOT0p811 fi03BO/ll1eT B bipa3HTb pe3yllb -

TaT qepe3 I 51 1
2 H/!H I 5

2
12 l 1 T.e. <j>aKTH'IeCKH u CBI13aHo c sepo11THOCTb iD. 

B >IHTepecyiDmeM Hac 3necb cnyqae OTHOI!leHne nelicTBHTe/lbHoti H MHHMOli 

qaCTH senH'IHHbi 5
1 

5
2 

Mo>KeT 6biTb pa31lH'iHbiM. B q a cTHOCTH, OHO pa3-

llH'IHO B yC/lOBHI1X ( 2.1) ( U/111 3ByKa ( 2.2)) H B YCI!OBHI1X ( 2.5) ( U/111 3BYK8 

( 2.6)) • noaTOMy Mbl OTUellbHO BblfiHI!l e M pe3y/lbTBT, KOTOpbiH nonyqa eTCI1 U/111 

D ( "k , "k I )• u 
1

( k, k 
1

) B YCI!OBHI1X ( 2.1) H u•u
2

(k. ... ,k'
1

l 

BHI1X (2.5)(cM. npHI!OlKe HH e ) 

2 2 4 8 

(2rrl v w w ... 
U t • 0,27 ° 00 

k ( I + 
2 2 

k Y T .. fl D 0 T e (1 + ~21.) 
3 Tc 

2 • 
... .. 1,71(2rrl v w 

u 
2 

( k, k 
1 
). i e oe 

8 Q~ 0 t... .. 4 rrn
0 

T 
k k - k e 

t I 

<k.\,1< ... , -112 

--:-...:,._...;.._......,... l 
k~lk ... ,-tl 2 n.! nt_. ~ 

•• k .- k 

... ... ... 2 
(It ,l<t-k l 

0+ l ... 2 .... ... - . 

", I~<, -~< I 

B y c n o -

( 2.9) 

( 2.10) 

Re u 
Cymec T seHHO, 'ITO B n e pBOM cnyqae ---- >> I , a so BTopoM - Ha

lmu 

o 6opoT. MHHMOCTb u 2 
TeCHO C BI138H8 C UliCC II /laTHBHbiMH npoueCCBMH 

n ru~ pe Ba nna3Mbl B .. 1.f. noneM. 

8 

§3. Jilccne, 

'BbiCOKQq 

06ma11 TeOpH11 HCC 

Ha s/4/, B qaCTHOCTH, 

/!O/lb3yeM pe3yllbTaTbl § 

'BbJCOKO'IaCTOTHbiX' ( W 
8 

poMaPHHTHblX BO/!B ( {l t_ 
k 

}, npHnep>KHBai1Cb 

w 

at 
3necb W - Bbipa>KeHE 

w 

et fl 
w • T 

m DO 11:2 > 

c - CKOpOCTb CBeTa 

o6meM cnyqae HMeeT s 

J: 2CI 
I 

a o6pamenne s HYilh ~' 

X 



, nrpaeT TY >Ke ponb. 

He HBITHeTCH BepOHTHOCTbiD, 

· qepea KaanpaT Monynu 

HeiTHHe"HhlX TOKOB S 1S 2 , 

c M./121. Paa rrH4He Me>K

.. 2 l nepBbiH apry-

B S2 - BTOpOH HITH Tpe-

yHHBepcarr bHBH CBH3b 

CBH38 HO C sepOHTHOCTbiD. 

'BHTerrbBOfl n MHHMOH 

~aCTHOCTH , OHO paa-

BHHX ( 2.5) (nrrH 3 BYK8 

KOTOpb!H rronyq aeTCH UITH 

B y cno -

, ) 
( 2. 9) 

l. ( 2.10) 

> I , a BO BTOpOM - Ha -

THBHbiMH npo u eCCBMH 

§3. Mccnenoeauue uennuenuoro aoa6y>Kneuuu 

• Bb!COKO'J8CTOTHblX
11 

BKyCTH'JeCKHX KOne6aHHli 

06mau Teopuu uccnenoBBHHH ypaaueuHH auna (2.8) 6bin8 paCCMOTpe-

H8 a/4/, B 'JBCTHOCTH, HB rrpHMepe HOR03BYKOBbiX Korre6aHHii. 3necb Mhl HC

ITOITb3yeM peaynbTBThi §2 pa6oTw/4/, 'JT06bi npoauanuauposaTb aoa6y>Kneuuu 

• BbiCOKO'J8CTOTHb!X" ( 6.1 a >> ._..!!!.a_ V e . m, aKyCTH'JeCKHX Kone6aHHH ny4KOM aneKT-

pOM8I'HHTHblX BOITR ( 0 t_. >> 6.1 ). 
x 

1 
oe 

1. npunep>KHBBHCb o6o3H8'JeHHH/4/, H3 ( 2.9) ITOITY'IHM 

at 
W (l) a 

v 

2 
1,08 V 

8 W at 

3nech 
at 

W - Bb!pB>KeHHe 6eCCTOITKHOBHTenbHOH TeopHH 

Wet • 11 
T 

m . 

6.1 

c - cKopocTh caeTa B BaKyyMe. YcnoBHe o6pameHHH B uynh 

o6meM cnyqae HMeeT sun (a npe ue6pe>KeHHH qneua MH nopunKa 

x
1 

:scos(k ,k
1 

)= 

a o6pameHHe B HYITh 1\w-+ -+ -+ COOTBeTCTBeHHO naeTCH <t'opMynofi 

X 
2 

". "t +" 

9 

k 

2k I 

(3.1) 

(3.2) 

B 

(3.3) 

( 3.4) 



EcnH 

It 

It 

21t 1 
» 

v 
s 

c 
( 3.5) 

(npH 3 TOM T. MOlKeT 6biTb T 8KlKe H MBnbiM), TO yrnbl 0
1 

• arccosx
1 

H 
I 

02 -arccosx 2 MOryT 6biTb cywecTBeHHO paanH'IH biMH . OpH lc221t
1 

3 TH 

yrnbi npOTHBOnOnOlKHblo 003TOMy, ecnH yrnOB851 paCXO!IHMOCTb ny'IK8 none 

It 
pe'!HbiX BOnH MeHblUe --, TO yrnbi , nnH KOTOpbiX ~"'tit Mano, He 

21cl I 
MOryT COBn8!18Tb C yrnBMH , !ln51 KOTOpbiX ~ W-t j/ + ~j/ 

' I 
Mano . Bo36YlK-

!18TbC51 n0 3 TOMy 6y!lyT BOnHbl C k < 21c I , pacnpOCTp8H51JOIUHeC51 non y r

nOM I 0 I < f-.KalK!IOMY It COOTBeTCTByeT cpenHHil yron, onpenenHeMbiil 

COOT HOWe HHeM ( 3.3) 0 • arc cos _k__ C'!HTB H x - x 1 << I npH It •2 k 
21tt 

HnH npoH3BOnbH bie x- X I UpH It << 2 It I , HMeeM 

~"'ilk .. , cit ( x -x 1 ) • 
(3.6) 

0TCJO!IB cnenye T, 'ITO npH 8 x • ( x - x 
1 

l > .2_ 
c 

( HnH, 'ITO TO lKe CBMOe, 

M> ...::4..l 
c 

~ • ( ~w,. .. 
~ k I 

. >CtJ .. , 
max k 

H B03HHK8eT KHHeTH'IeCKBH H eyCTOit-

'IHBOCTb C HHKpeMeHTOM, OUeHHBaeMbiM UO ljJopMyne 

2 
71 1,08 "• 

y(ll--8 s_n.)lc2v2 
(I+ 3 Te Te 

w\ 

n 0 T
8 

v __.._ 
c cos 0 

w 3 
(--!!!.. ) 

n\ 
I 

cu oe' 
(3.7) 

rne w t - nonHa51 nnoTHOCTb 3HeprHH ny'!Ka . CpaeHeHHe ( 3. 7) c HHKpeMeHTOM 

6eCC TOnKHOBHTenbHOII TeopHH nOK83biB8eT, 'ITO (3.7) CO!IeplKHT !IOnOnHH-

TenbHbll\ 6onbWO fi MHOlKHTenb 
2/ 2 2 • 

"• It v Te • O n HaKo ycnoene y (I) <<w , 

HBnHJOweecH Heo6xo!IHMbiM ycno e HeM npnMeHHMOC TH Hcn onb 3yeMoro n onxo-

na , nOK83biB aeT, . 'ITO HHKpeMe HT Y (I) MeHbWe HHKpeMeHTB B036ylK!IeHH51 

10 

HOHHoro 3ByKa. Y cnoeHe 

HHTeHCHBHOC T51X W \ x/ 

Y 'IH T biB851 , 'ITO y 

KO n ony'IHTb O!IHO H3 He 

KOTOpOrO B03MOlKHO B03f 

6aHHII : 

HnH 

wt 
I»--> 

llo To 

m 

m! 

w 8 v 
( --2!.. ) ___.;... 

0\ C Cos 
I 

H 3 nocnenHer0 coOTHO W 

(~ 
nt 

I 

00!I'IepKHeM , 'ITO p8CCM 

KHX KOne6 8 HHII (ecnH H< 

x/ 
3TO 3 H8'1HT, 'IT< 

Mbl npOHCXO!IHT npH OT~ 

<jJeKTOB B o6naCTH '18CT! 

( 0 COOTBeTCTBYJOIUHX 3 4 

HHH CM. /4 ,1 7/. 
' 



(3. 5) 

nht 8 1 • arc cos x 1 H 

lHMOCTb ny"!KB none -

X Mano, He 

Marro. Boa6ylK-

B HSIIOUJHeCSI non yr-

on, onpenenSieMbiil 

« npH It •2 It I 

(3 .6) 

:H, "'TO TO lKe CBMOe, 

CHHeTH"!eCKBSI HeyCTOJl-

"'oe' 
(3.7) 

! (3,7) C HHKpeMeHTOM 

oneplKHT nononHH-

IIOBHe )' (1) « W 
0 

, 

nonbayeMoro nonxo

IeHTa B036ylKneHHSI 

HOHHor o aayKa. Y cnoaHe y ( 1) << "' ! 
k 

HHTeHCHBHOCTSIX W t x/ 

Y 'JHTbiBBSI , 'ITO y(ll > r:o>. 

BbliiOIIHHMO npH 3HB'IHTeiibHO MeHblllHX 

a no3TOMy H aenHttHHht ~ v ner
m l e• 

KO nony'IHTb OllHO H3 He06XOllHMbiX HepaBeHCTB HB Wt npH BbiilOIIHeHHH 

KOTOporo B03MOlKHO B036YlKlleHHe "BbiCOKO"'BCTOTHbiX" BKyCTH'JeCKHX KOne-

6aHHil : 

v w 
0 00 

HIIH 

w 8 v 
( --.2!... ) ___,;..__ ..:..t. » 

n• ccos8 m 
I 

Ha nocnenHer0 cooTHOUJeHHSI cnenyeT 

w ' ( __ o_o_ ) » 
n• 

I 

m • 

c cos e n\ s 5 T1 --- (-- ) (1 +--- ) 
v w 3 T 

v w 
0 

k 
- k-. 

I 

oo 0 

ltv 

» --· w 
00 

(3 .8) 

(3 .9) 

nonqepKHeM, "'TO pBCCMBTpHBBTb B38HMOnellCTBHe nonepe"!Hb!X H BKYCTH"!eC -

KHX Kone6aHHil ( ecnH He npennonaraTb, "'TO cneKTp t .- aonH CTBUHOHB-

x / 3TO 3 HB"'HT, "'TO KOpeHHOe H3MeHeHHe HH 3 K0"18CTOTHblX CBOi!CTB nna 3-

M bl npOHCXOllHT npH OTHOCHTenbHO MBilblX IV t • H ccnenOB8HHe nono6Hb!X 3 tP

cjleKTOB B o6naCTH '18CTblX COynapeHHil BbiXOllHT 38 paMKH HBCTOSIUJell pa60Tbl 

( 0 COOTBeTCTBYIOlllHX 3 <jJ<jleKT8X lliiSI "' B CTOT1 60IJblllHX '1 8 CTOT napHblX coyna p e 

HHI!CM. /4,17/. 
' 

I I 



peH) Ha ocHoBe ypaBHeHHsr ( 2.8) , CTporo roBopsr , cnpaBe.nnHBO npH 

t 
Y .. 

kt 
•V 

0 

~ 

(w 001 ntl ) << "' •• It v . x~ . U03TOMY .!lOnlKHO BbrnOnHSITb CSI 

cne.nyJOmee HepaBeHCTBO ! 

lt~~»v~ ( w /O t l4
• 

s • o e l 
( 3. 10) 

ConocTaBnsrsr (3, 10) c (3. 9), HMeeM 

1<2 v~ It 
I » __ T_ o_ » ( 3.1 1) .. Itt ~~~ 

TaKHM o6paaoM, paccMoTpeHaasr KHHeTHqecKasr HeycToAqHBocTb c HHKpe-

M e HTOM ( 3 , 7) Cyll!eCTByeT nHillb .!lnSI .!lOCTBTQqHQ .!lnHHHbiX s - BOnH, y KO

( _ It_ ) << I ( npaKTHqecKH .nonlKHa no.nqHHSITbCSI ycnoBHIO ( KpoMe TOphi X 
Itt 

(3.8)) 

T1 r/2 1t4 v~ 
( - - ) --

0
- cos 

Te 6Joi': 

Ot a m K t 
O< --~- l ( -t ) « - "- « 

6Joe m, noTe 

lt~v~ !lt • 
---·cos 0( -- ) 
~~~ "' 

• oe 

It 

It I 

(3.12) 

3.neCb1 nO-BH.!lHMOMy, uenecoo6pa3HO OTMeTHTb, qTQ ycnOBHSI It v Te<< V 
0 

h 
• m 

w .. >> --0
- V orpaHHqHB810T 

k m 1 • 

s -Bonn HepaBeHCTBBMH 

m K V 
k -< - "- > - 0- <k< 

min 
ml v 

To 

" --·-
v 

To 

o6naCTb BQ3!1;10lKHhlX BOnHOBblX qHcen 

It 
min 

(3.13) 

x / 
3anHC aHHO e ycnOBHe He06XO.!lHMO .!ln>l TOI'O , qT06hl B pe30HaHCHhiX 

3 H a M e HaTensrx ( 2.8) MOlKHO 6blnO He yqHTbiB8Tb 3aTyXBHIISI nonepeqHbiX 

BonH. O.nHaKo .nnsr Taro, qTo6bJ Typ6yne HTHbiA HarpeB Mer npeeocxo.nHTb 

HBrpeB H3 -3a COY.!l!l peHHf< (.!llKOynHeB Harpee), Heo6XO.!lllMO BbtnOnHeHHe 

He pa eeHC TBa y ( ll >> y~ , qTo srBnsreTcsr 6onee >t<eCTKlJM Tpe6oeaHHeM, 

T,K , HH 3 KoqaCTOTHble CBOHCTBa nna3Mbl He MeHSIIOTCSI KOpeHHbiM o6pa30JI.-t, 

ecnH y (I l « w 

12 

I 
j 

' 

Cne.nyeT aaMeTH 

MBKCHMBneH .!lnSI It •It 

y (I) 
max 

t 

YcnoBHe y (I)> y .. 
k I 

wt 

n 0 T • 

EcnH It noJ 
min 

qTo He npOTHBOpeqHT 

118/ 
B TepMHHOnOI'HH 

'nnaaMeHHoro' nonsr) 

KOTOpblX Typ6yneBTHhl 

PaccMoTpeaHasr 

CTBeHHO B03MOlKHOHo 

v 
~ 0 « __.! , TO B03BHK 

c 
TOM, KOTOphi M MOlKHO 

y(l)-
I 

2{2 
" ---S 

It .. 

TaKasr HeycToiiqHBOCTl 



npaBeAnHBO npH 

f AOn>KHO BbinOnH!ITbC!I 

(3.10) 

(3.1 I) 

ueycTOA'IHBOCTb C HHKpe-

~HHbiX s - BOnH, y KO

oCSI ycnOBHIO ( KpOMe 

. n t • k 

.!.cosO(--) (3.12) 
w 

oe k I 

'ITO YCflOBH!I k v Te<< II e 

MOlKHbiX BOflHOBbiX 'IHCen 

(3.13) 

IT06bl B pe30H8HCHbiX 

3aTyxaHHII nonepe'IHbiX 

B MOP npeBOCXOAIITb 

XOAIIMO BbiHOrrHelll!e 

rKIIM Tpe6oaanaeM, 

:11 KOpeHHbiM o6pa30~1, 

,, 

I 

' 

CneAyeT 3aMeTHTb, 'ITO HHKpeMeHT ( 3. 7) pacTeT c yMeubwenHeM k 11 

MBKCHManeH AnSI k • kmln • noACTBBn!l!l k 
min B ( 3. 7), nony'IHM oueuKy 

y (1) 
max 

t 
Ycnoaa e y (I)> y .. 

k I 

wt 

n 0 T • 

~~ 
m nT 

0 e 
c cos{} 

w a 
(___::__) 

nt 
I 

npao6peTaeT BHA 

t 
m .... v nl 

» --· --· -·-ml w c c;;-. 
oe oe 

min 
fiOACTBBHTb B (3.12), TO Ecna 

oe 

'ITO ue npoTHBope'IHT ( 3.136). 1-'ITaK, AalKe npa ( W t f n T ) "-< ~ 
0 • IDI 

118/ 

(3.13a) 

(3.136) 

( T.e. 

B TepMHHOnOrHH , KOPAS none aneKTpOMarHRTHbiX BOnH MHOPO MeHbiDe 

'nna3Meuuoro ' nonR) cymecTayeT wupoKa!l o6nacTb 3Ba'leanA 
. t " . AnSI 

KOTOpbiX Typ6yneBTHbiH BarpeB AOMRBHpyeT Ha.ll AlKOyneBblM , 

PaccMOTpeouaR KHBeTB'IeCKaR oeycToii'IHBOCTb (3.7) oe RBnReTcH e.nao

CTBeuuo B03MOlKBOii. EcnH yrnoaoii pa36poc ny'IKa t -Bono AOCTa TO'IBO Man 

v 

ft..(} << __.!,TO B03HHKaeT PH.IlpOAHBaMH'IeCKaH HeycTOli'IBBOCTb C HHKpeMeB
C 

TOM, KOTOpbi M MOlKBO OUeHHTb no <jlopMyne (cM.f4/): 

y(l)-
e 

~(I+~ _2)_)--li (~) 
k.. 3 T w 

Te oe 

TaKaS! aeycToA'IHBOCTb B03HHKaeT npH 

13 

w 
oe 

( 3.14) 



. 
m 3 cu! k 4v " w 1 Ti ~ m 2 

max I (--0
-) __ k; --T"--(-1 (--"- ) ; 

. 
( cuo"\4 Wll m

0 
k~v: w,! cl:iO ~ 

"""{1T - --;_,--k-(--1 N~l« 
1 Woe m l (&.) oe CU a V a D m w 114 w Te 

I oe e oe 

t CU oe 8 
__ w_ < --~t l 

<< DoT. n I 

. 
w .. 8 

« <--k- ) 
w oe 

ml 

(3.15) 

~ me 
N --· -

D m I 

B03MO*H8 T8K*e aenHHeHH8SI UHCCHnBTHBHBSI HeyCTOHqHBOCTb, KOTOpaR HMeeT 

oueaKyx/ 

y (1) -

II Y.o --
1 • ml 1 ml --=-·- <-J <1+ - v-

y6 k v m 2 m 
Te 0 

~ ~ 
k v To • ~~~ 

• 

-1 w a w' 
(_.,S.•J w ---(3.1 6) nt o• n T 

I 0 e 

x/ . 
3necb H nanee npoBeneHHOe pBCCMOTpeHHe UHCCHnBTHBHbiX HeyCTOH-

qHBOCTeH B ycnOBHSIX 
k~ v~ 

---.;.: y 
II. 

~« 
m. 

cnpaee}lnaeo , ecnH KpoMe (3. 18) , (3.28), (3.32) nnoTHOCTb aaeprHH nyqKa 

aneKTpOMBrHHTHblX BOnH ynoeneTBOpS!eT HepaBeHCTBy 

W t m
0 --- «-- . 

n 0T • m 1 

KOTOpOe B03HHKBeT H3 ycnOBHSI M8nOC TH H3MeHeHHSI TeMnepaTypbl nna3Mbl 

B peaynbTBTe ll*Oyneea Harpeea. npH 3TOM, HanpHMep, UnSI (3 .1 8) npaBaSI 

qaCTb UOn*H8 6b1Tb 38MeHeHa H8 

Wt m k VTe --;;;-" 
-- « --A min 11; --v-·-
noT. m1 "• m1 

a (3,17) -Ha 

n\ 8 
<-- l 

(U 
oe 

l. 
ND 

mw 1 11 w8 m 
6.0« --! ~ min 1--·; --•- ( ..;......2.! l y --L. l 

m1 kc N0 kvT• 0\ m1 

14 

H B03HHK8eT B H30TepMM 

R nnOTHOCTb 3HeprHH W t 

BHSIM: 

fl(J < m. 

kcl:iO k~v; 
max 11; ---0

-(-
w ~~~ 

00 

m 

« --2._ max I --
0
- ; 

ND ml 

'Bb!COKOqacTOTHble' s -1 

nyqKy I - Bona, ne eoa6y 

qaCTbiO BenMqHHbl S IS~ , 

PaccMOTpHM Tenepi 

ne, o6paTHOM ( 3.5): 

k 

kl 
<< 

B aTOM cnyqae x 1 H x 2 

Tenepb (o6oanaqeane141) 

6.~ . 
w .. 

k 

6.1 . 
w .. 

k 

B ycnoBHSJX MJ » ~ 
c 

y(1)- " 
(h) 



(3.15) 

'IHBOCTb, KOTOp8S1 HMeeT 

-1 "' a w t 

-l (~0) (U ---(3.16) . nt oo n T 
1 0 o 

CCHnBTHBHhlX HeyCTOA-

oTHOCTb 3HeprHH ny'IK8 

eMnepaTypbt nna3Mbl 

~p, /lnll (3 .18) npaBall 

I. 
D 

H B03HHKaeT B uaoTepMHqecKol! nnaaMe, ecnu yrnoBaH pacxo/lHMOCTb 1'10 

H nnOTHOCTb 3HeprHH W t ny'IK8 I -BOnH nO/l'IHHSIIQTCSI cneJlyJO!IIHM ycno -
BHHM: 

v 
1'1 0 <max I -•' 

c 

« _2_,_ max 1-m-"-,; __ k_'v......:;~'-'0-
ND ml ~4 

v --·-kc (3.17) 

(3.18) 

"BbtCOKO'IBCTOTHble• s - BOnHb1 1 pacnpOCTp8HSIIO!IIHeCSI nOll TynbtM yrnoM K 

ny'IKY I - BOnH, He B036Y*Ilfi!OTCSI (no KpaJ!HeJ! M e pe B npene6pe*eHHH MHHMOJ! 

'IBCTbiO BenH'IHHbl S 1 52 , eM. OpHno*eHHe). 

PaccMoTpHM Tenepb B036Y*IleHHe "BbtCOKO'IBCTOTHbrx• s -Bonn B npelle -

ne, 06paTHOM (3.5): 

v (3.1 9) 

« --·-
e 

k e >> "' 
I oo 

B 3TOM cnyqae X I H X 2 BeCbMa 6nH3KH llpyr K /lpyry. n erKo nony'!HTb 

Tenepb (o6oaHa'!eHHe/4/) 

B ycnoBHSIX 

. 
(U ... 

k 

1'11 k c k e 
--+ 2 ·---2--{{ x - x l+ 

8 k v 8 1 
CIJk 1 e (IJk 

k --k-,-·l. (3.20) 

... 
1'10 »_._ 

c MO*eT B03HHK8Tb KHHeTI1'!eCK8SI HeyCTOH'IHBOCTb 

(3.21) 

15 



HHKpeMeHT KOTOpOi! MO>Ke T 6biTb OUeHeH ITO <l>opMyne 

~ 4 

y(ll::: w:( v 
e w 

lt~v~ 
l(--o•_) 

k nt 
Te I 

npH 3 TOM 1 K8K H pauee , 

W : > y (1 l > max I y 
0 

(1 l; 
k k .. 

t w 1 --·---
"o T~ (6.6)~ 

m 
--•-v 

m • 

( 3.22) 

EcnH _It_ «6.0« 
It, 

v 
--!-,TO 

c 
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