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t.IncneHHbie nccneaoBaHI!.II no sBonrounn cneKTpoB 
neHI'M!OpOBCKHX BOnH B Typ6yneHTHOli nnaaMe 

P9 - 6432 

11ccneayeTC.11( qncneaao)noBeAeHne Bci BpeMeHn · pa3nH'IHbiX H30TponHbiX 
naKeTOB neHI'M!OpOBCKHX .BOnH npa,KTH'I9CKH BO BCell: o6naCTH BOnJiOBbiX 'IHCen 
k , Y'ITeHbi nnmh npoueccbi naayunpoBaHKoro pacce.IIHH.II Kone6anuli Ha qac

.Tnuax nna3Mbi n. nna3Mon-nna3MOHH~Ie B38HMOAelicTBH.II, B paccMorpeHHbiX 
cny'la.llx B03Momna nepeKa'IKa·sneprnn 'lepe3 cncTeMy caTennnTOB n AH$~3H
onnoe cnon3anne naKeTa.' nna3Moa-nna3MOHHbie B3anMoaell:cTBH.II ycKop.IIIOT 
ABnmeane naKeTa B cTopony ManbiX k , a TaKme H3MeH.IIIOT ero $opMy. npn
BeAeHbi COOTBeTCTBY!OWHe I'pa$HKH, 

Coo6~eHHe 06beAHHeHHoro HHCTHTyTa .H,l:lepHbiX HCCJie,[loBaHHU 
,lzy6Ha, 1972 

Getmanov B.S., Makhankov V .G., Shchinov B.G •. 

··. Numerical Investigations of Evolution o£ 
I,angmuir Wave Spectra in Turbulent Plasma 

P9 - 6432 

The behaviour in time of different isotropic packets 
of the Langmuir waves is numerically investigated practi
cally in all the region of the wave numbers k. •The proces
ses of induced scattering of oscillations on plasma ions 
and plasmon-plasmon interactions are taken into account. 
In the considered cases the energy transfer is possible 
through a set of satellites an&·the diffusion packet 
drift. Plasmon-plasmon interactions accelerate the packet 
motion to small k and also change its form. The corres
ponding graphs are presented. 

Communications of the Joint Institute for Nuclear Research. 
Dubna, 1972 
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§ I • BBE;nEHlm 

· HacTOH~H pa6ota 

qmc~eHHOKY HOOH6~0B8H 

BYe ~e ·pa6o!s aToro. 

MDPOBOKO~ TypOyneHTHC 

Te/2/ KOppenHIUiOHH~e q 

OTKpYTYII Bonpoc 0 ~HH 

R, OH6~0B8T6HDHO,_O·B 

0!8UHOH8pHOA Typ6yneB 

ripe~OTSBRHDT OSIIOCTOE 

naKeToB Bona B nnasue 

~HWW6p6HIUi8!DBHIIH ypa 

HH6 BX B60DUa SaTpy~E 

pa6oTax no TeopHH ?n~ 

KB H KaqeoTB6HHY6 pac 

npoueooa aBonmumB /3; 
KBHI'cena H ·Py~aKo:Ba I 

· HOOR6~0B8TD SBO!DUHD 

Bym 0 H~UHpO:BSHHYU 

Hoe 060YQ6HB6 STOA ] 

HYKH 6y~eT o~enaao HI 

3~60D.H8 OOHO:Be 

TYB8DD16.r.o awcl>eKTY HHi 

H 4-nna3MOHHYX . :BS81 



§ I • BBE,llEHHE 

Hao:roa~a padota HBnae:roa npo~onzeaHeu qHKna pado:r no 

qHcn;eHHOMY H~one~oBaHHJO imasMeaaol :rypCiyneHTHOOTH /I •21 ~ . Uep- · 

BYe ~e pa<50TY a:roro ~Hitna ClYnH nocBa~eHY yo:raHOBHBmeitoa near.

liDPOBcxoll :rypelyJieHTHOCTH.B/I/ClllJI paCCllHT8H ee cnelt:rp,a B paelo

:re/2/xoppeJia~OHHYe ¢YHK~H :rypelyJieHTHYX nonell.O~aaxo oc:raBanca 

OTKpYTllM BOnpoo 0 ~HHaMHK6 YCT8HOBJI6HHH OT8~HOH8pHNX oneKTpOB 

H, one~OB8T6JI~BO, 0 BJIHHHHH Haqan~HYX YOJIOBHtl Ha BH~ oneKTpa 

OT8~HOH8pHOft Typ<5yneHTHOCTH. KpoMe TOro, 3BOJim~HOHHll6 a~aqH 

npe~CT8BJIHIOT 08MOOTOHT6JI~HYlt HHTepec. neftCTBHT6JibHO, SBOJIIO~H 

naxe:roB BOJIH B nnasue onBollBae:roa onozHYuH BeJIHBeitawH HHTerp<r 

~~~epeauaan~BYUH ypaBHeHHHUH~ nos:rouy aaanH:rHqeoxoe Hccne~oBa

HHe IX B6C~Ua aa:rpy~HeHO~ no H8CTOH~ero BpeMeHH B paanHqHY:X: 

pa<5o:ra:x: no :reopHH ?na<5o:rypdynea:raol nnasuu npHBo~a:roa JIHmD ouea

KH H Kaqeo:rBesaue paoc~eHHH o xapax:repe (:roqaee,:rea~eHUHH) 

npo~ecca aBoJIJO~HB /3,4,5/ • S~ec~ cne~e:r o:rue:rHT~ pado:ry 

KHHI'cena H·Py~aKoBa 161, B xo:ropoit ~enae:rca nonllTKa aaaJIH:rHqecKH 

· HCCJI6~0B8T~ SBOJIDUHD naxe:ra neHrUDpOBCKHX BOJIH B nnaaue, CBH88H

HYD 0 H~~HpoBaHHYU pacceHHH6U KOne<5aHHit Ha HOHax. Bonee no~pod

aoe OClc~eBHe STOft paelOTY H Cp8BH6HH6 ee pesyn~T8TOB 0 qHCJI6H

HYMH dy~eT c~enaao HHKe. 

S~eo~ Ha OOHOBe KHH6THqeoxoro ypaBHeHHH ~JIH nnaaUOHOB, yqH

TYBam~ero ~eKTY HB~~HpOB8HHOrO pacceHHBH BOJIH H8 HOH8X nnaSMY 

H 4-TIJI83MOHHYX . B88HU0~6ltCTBHit~ qzoneHHO paOOUOTpeHH HaBClonee 
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HHT6p6CHN6 aa~a~H 3BO~D~HH paa~H~HNX aaqa~bHNX rraK6TOB·~6HrKD

p0ll(lKHXBO~H. B § 2 06cyz~a6TCH ITOCTaHOBKa S~a~H H JI6TO~ UC

~6HHOrO paclleTa. Hcc~e~eTca allo~m~HH aaqam>rlHX HaoTpOITHNX rraxe-. 
' ~ . ' ' 1 

TOll llO~H llC~6~CTllH6 HH~~HpollaHHoro paCC6HHHH HX Ha i HOHaX ruzas-

MH •. 3£) 06cyx~aeTCH BOnpoc 0 ll03MOZHOCTH ll03H~KHOll6H~H ~lly:xypOllHe..;· 
Boro COCTOHHHH /

6
/ • B § 3 BH~HC1I6HH .H 06Cyllt~amTCH iapaKTep HH

Kp6.M6HTOll 4-mra3MOHHWC B3aHM0~6~CTllHif H HX BK~a~ ll 3llO~D~I) 
naR6TOB. 

§ 2. SBOJIDJ.niH HAqAJlbHhiX IIAKETOB J!EHiliDPOBCKHX 
BOJlH BCJIE,l!CTBHE HH,l!YWfllOBAHHOrO PACCEHirnH 

HX HA HOHAX IIJIAanl 

Kax noxaaullamT npocTue xaqecTBeaaue coo6paxeaHa (cM./5/)~ 
HaH6o~ee 6UCTpHM H6~HH6ifHHM np0~6CCOM, CllH3aHHHJI C HH~~pOllaHHHJI 
paCC6HHH6M llO~H Ha ~aCTH~ax ~a3MH 1ll 06~aCTH .K>k* HB~H6TCH npo

~ecc, npHllO~H~H~ K HSOTponHaa~HH pacnpe~e~eHHH BO~H no yr~aM. B 

CllHSH 0 3THJI ll .z~a~bH6ifW6.M 1m 6y~eu HHTepecollaT:&CH HCC~6,l!OBaHH6JI 

3llO~IO~HH H30TponHHX cneKTpOll BO~H, ,l!1IH KOTOpHX W ( k, t) aaBBOHT 

~HWb OT MO~~H BO~HOBOrO B6KTOpa k H Bp6M6HH. B 3TOM c~yqae 
HCKOMaH \PYHK~Hfi W ( k t) Y.l!Oll~6TBOpH6T ypaBH6HHIO 

. ' 

0~ W(x,!}=-' W(X/1:) ja (X,X'1JW\X1, 'C)dx1; (2.I) 

3£) 8TOT peay~bTaT npe~CTaBRR6T 0C06Hif HHTepeo B OBH3H 0 ITpOBO.l!H
~HMHOH B HaCTOH~ee Bp6MH SKOn6pHM6HTaMH no aaanorHl!HOif np061I6M6 
(r.XapbKOB) [?]' . 
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r. (x r.J- -10 ffii' (X~ ' 
{)( ' '- l( X Xt) 

x eX P {- 1. [Lr~ rx_z-
. 2 2 'V. lx -

Wo = 4JT fw (k, t 
~ - ~r / .-.-X ~ k ve W,oe , ' ~ 

BBe.l!ell, xpoue ! 

K - Jllj., w . 
II- ,.rz pe. ., re 

KaK JI3B6CTHO ( C 

q~eaa, OBHaaHHoro o : 

B H,l!po HHTerpan:&Horo 

H HJI IIOZHO npeae6peq' 

~I> HatlaJibHHX naxeToJ 

paaeHHe .l!1IH Q B qll 

BTopoe xapaxrep1 

B61IHUHH. Q (K,K1), I 

K >>Kif ~YHK~H Q 

Boex aaaqeaBI .k1 · 

noaTOMY B o6naoTH K: 
.l!B~peH~Ha~:&HHI no ~ 

•) S!o npe.z~no~oaeaHe ! 
HYX peayn:&TaTOB, Bl 
"o.z~aorop6ux11 Hallam 
Beo:&Ma yaxa. 



1 sa~aiiH H MeTo~·qHo

lP.])dHX HSOTpOnHUX naRe

lHHH HX Ha HOHaX nnaa

lSHHKHOBeHHH ~ByxypOBHe•· 

:yz~aDTOH xapaKTep HH

HX BKRa~ B SBORDqHD 

., 
\ 

HniDPOBCW 
oro PACCEflHHff 

006paxeHHH (OM./5/)~ 
a,aHHUM 0 HH~qHpOBaHHNM 

~H .K >kif HBJIHeTOH npo

mHH BORH no yrJiaM. B 

)BaTI>OH HCCJie~oBaHHeM 

)pl:lX W (k, t) aaBHCHT 

lMeHH. B aToM cnyqae 

rpaBHeHHIO 

(2.!) 

pee B CBHSH C npOBO~H
no aHaJIOrHIIHOI·np06JieMe 

. -.I 
.. 

I 

I 

I 

Q (x :t.)= _10 ff.ji' (X h )2. .3 'lft (x 2
- x,z) x 

• • 1.( x x. 21/i 1 x- x1 1 (2.2) 

x exp {-1..[3 r~~z-x]JJ2} 
2 2 71./x-x~J 

Wo =4JT j W (k,t) K2 dK 

X-k'lfe/wpe , 'C=fo Wpe(W/no'Te).t, W(x;t:):W(K,t)jt~k/. 

K _ 3lfu 
11- ,.,-z Wpe 

ITt 

KaK JI8B60THO (OM., HanpHuep,/B/), B 06JiaCTJI K << 1(,. BKJI~ 
IIJI6Ha, CBHBaHHOrO 0 JIH~qHpO:SaHHI:lM p8006HHH6M BOJIH Ha 8JI6KTpoHaX, 

B ~pO HHTerpaJII>HOrO ypaBH6HJIH (2.!) OKaSHBa8TOH B601>Ma llanHU 

H Bu.uozao npeaec>pe111>. B ~an»Helmeu ua c>y~eu paccuaTpHBaTh a:soJID

lUID Ha'laJII>HI:lX naxeTo:s, Jioxa.riHao:saaHI:lx npH k. << K u· , noaTouy :su

pazeaae ~H Q B ~OPMYJI6 (2.2) He CO~epZHT BKJI~a SJI6KTPOHOB K). 

BTopoe xapaKTepaoe aaaqeaJie I<* , KaK one;ztyeT Ha onpe~eneHBH 

B8JIJIIIJIHH Q (K,K1) t pa3;zt6JIH6T o6naoTio BOJIHOBHX IIHC6JI Ba ;zt:se: npH 

K >> K~t ~YBKIUIH G. aKcnosaHIUiaJII>Bo y6u:saeT o pocTou K ~JIH 
I/(- K~ I K :scex SBalleBHI K1 Be Y;ztOBJI6TBOPHD~BX YCJIOB~D K ~ ~ • 

fiOSTOMY B 06JiaO'fll K >). l<>t SBOJIDnHH naRaTa BOJIH ~ODHa HOCHTD 

~•wwapeaqHani>BHI no K xapaxTep, a nepeKallxa aaeprHH no oneKTpy 

•> 9!o npe;ztnonozeaHe ~aRTHIIeOKH ae orpaHHIIHBaeT o6~HOCTH nonyqea
aux peayJII>TaTOB, BO :SCHROM CJiyqa~~JIH BO;ztOpO;ztHOI nnaaMH Jl 
11 0JtHorop6ux" aaqani>HI:lX · naKeTo:s, nooxonKy o6nacTh K,.. <K < KJJ 
:seo:Lua yaxa. 
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~;zteT BCTaclJeTHNU o6paaou 13 t4t8/. B OClJiaCTH k ?;. K1 BBOJIIliUUI 

ODHCHBaeTCH ~HTerpaJI:&HNM ypa.BH6HH6M (2.1)~ 

B pa6oTef6/ 6HJio. oTMeqeao, llTo, ecma aaqan:&~hllt naK~T nelir

IIIOpOBCRHX BOJIH JIOKaJIHSOBaH npH K >> 1<. 1 H 1111186T B6C:&IIa KpYfb16 

KpaH (TaR tiTO en ~»:1.' a . WK.T -: cneKTpB.JI])HaH _fiJIO!HOCT:& Ten

JIOBbiX (\I>OHOBbiX) \I>JIYKTYa!Uflt), TO B peayJIDTaTe ::IBOHil~H B MecTe 

118KCHIIYUa HHKp611EUtTa BOSHHKaeT BTOpOlt ;ltOBOJII>HO ySKHlt naKeT, B 

aaeprHH nepexat~HBaeTcH Ha nepBoro naxeTa BO BTopoa.B ;ztan:&lfeAmell 

K8pTHHa DOBTOpH6TCHo !BTOpbl H83B8JIH TaKOA npo~ecc nepeJtaqxoA 

qepe3-CHOT611Y caT6JIJIHTOB (HJIH ;ztByxypOBH8BOlt nepeKatiKOA). 

Kpo11e Toro, B/4/ H 16/ ClhiJIO yxaaaao, llTO ecJIH li6BYI \I>po~ 
mHpOKoro D8R8Ta ;ltOOT8TOqHo KpyTolt, TO SBOllllUHH DPHBO;ltHT K cyseHHil 

aaqan:&aoro naKeTa. llpH a~oM B 141 6hlno nonyqeao RBaalloTaiUtoHapaoe 

CO~TOHHHe, B93HlUt8IO~ee. B peayJI:&TaTe TaKOit SB()JIIlUHB C DpHBJieqeHII6U 

4-nna3MOHHbiX BSaHMO;zteAOTBHA, npeDHTOTBYil~X HeorpaaHqeHHOUY. 

· cyxeHHil o~eRTpa BOJIH. B I 6 I npH onpe;zteneHHhiX. ycnoBHHX ClhiJia 11 B 

aTou onyqae nonyqeaa ;ztByxypoBHeBaH nepexaqxa K). 

Dpe;ztcTaBJIHeT HHTepeo HccJie;ztoBaT:& xapaRTep o.rpaaoc»opMaUHII 

cneRTpoB BOJIH npH paanHqHbJX aaqan:&HhiX ;ztaHHhiX xonaqeoTBeaao. Bonee 

TOro, TaROS HCCJI6;ztOBaHH6 DOSBOJIH'f B mHpOKB:X · npe;zteJiaX BbiHCHHT:&, 

88BHOHT JIB oy~eCTB6HHO BH;lt CD6KTpa CT8UHOHapaoa JISHrllllpOBOKOA 

Typ6yJieHTHOCTH OT xapaKTapa Ha'IaJI:&HbiX BOSyY~eHHA. 

.. · 
1£) Ec'feCTBSHHO, uo ;ztJIH aororo np11 uaJIHX_ k,, ,D;OJl:IHa npHcyororBo-

BaTD 3HeprHSl, XOrll ypOBellD ee H OtieHL MaJio I <: .,- •• 

.-: ... \., 
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EHJiH · Bil6paau .· an 

DOOTaBJI6HHOit.Sa;ztaqe~ 

(a,) naK8T B01Ifi C 

(5) naKeT BoJIH' c 

(t) naKeT BOJIH C 

llapaMeTpu · ;ztJIH. cq~Ta · 

ac'fpOifJH3HtieOKHX nPHJI 

...... - '· 0·10;· w . Vre - "''o ) nT . 

-COO!B6TCTBYillllR8 

BOJIH npe;ztOT8BJI6H.bi'.H8 

T.e. Ror:zta k.,--.; k.*• 

k - o , qTo cne;ztye 

HHTerpan:&aoro ypaBHe 

c5JIHE6HHO B BH,D;e 

G.. "-. KL:K 
K* 

B cnyqaax (o) H 

poBaaaoro paoceaHHH 

H SKODOH8HUH81I:&HO (K 

TaKoit llH;zt HHKp8116HTO: 

naKeTOB B0.7IH. TaR, B , 
\. 

Cly;zteT HOOHT:& ;ztH~ySH 

J£) llo;zto6HNit peayJI:&Ta~ 
uepm.tx naxeToB :Bo; 



k ?:- K * SB OJIJ)ItHH 

aqan:&H~A naxer JieHr

aer :aec:&ua xpyr~e 

rrDHaH DJIOTHOCT:& Ten-

SBOJIJ)IUIH _ B uecre .. 

~o yaKHI naxer, B 

Bropol. B .ztaJI:&Helnieu 
I 

J~ecc nepeKa'IRol 

!Iepexaqxolt). 

l 6CJIH JI6B~A ~pORT 

IH npHBO;ltHT K cyzeHHJ) 

1~0 RBaSHCTaitHOHapHOe 

l.liilltHH C npHBJI6'18HB6M 

~ HeorpaHH'I6HHOMy . 

YCJIOBHHX 6~Jia H B 

*) .. 
~ep rpaac!PopMa~u 

KOXH'Iecr:aeaao. Bonae 

rpe.ztenax B~HCHHT:&, · 

rol JI6HI'MmpOBCKOI 

:HHlt. 

OJlXHa .• IIpHCYTCTBO-

i 

i 

EuJiH B~6paHH cJie;~tym~ae aaqaJI:&HHe .ztaHH~e B OOOTB6TCTBHH 0 

nocTaBJieaaoH aa.ztaqeH (cu. pHd. I): 

(a,) naxer BOliH c l1k ~ k. H Ko ·':>>' k,. 
(8) naKeT BOJIH C llk«k. H k 0 >> k,.. - YSKHA 

(t,) DaK6TBOJIHC llk~ko H k.~2k,.. ~IIIHpOKHit. 

llapaMeTpH ;!tJI.II cqera 6HJIH BSHTH, KaK H B pa60Te /I~ C yt~e'l:O:U: 
ac'rpO~H3HqecKHX npKJIOZeHHR: 

~e =~1 8·10+) ~ = -f0-6 
Wpe. =5,6·1J; Te. = T;.. 

COOTB6TCTBYID~He aaqaJI:&~e HHKP6:U:6~TH TpaHc!Pop~a~HH naKeTOB 

BOJIH npe.ztora:anea~ aa pHo. · 2. Ha aero BH.ztao; qro :a oJiyqae (8) , 

T • e • KOI',1ta k o "' k * , Ha qaJI:&H~li HHKp6M6HT HM66T MaKciHyYM npH 

k -+ 0 , qro CJI6;lty6T TaKJKe HS aHaJIHTHqeoKOI'O :BI>IpaJK6HHH ;ltJIH 1'1;ltpa 

HHT6I'paJI:&HOI'O ypa:BH6HHH Q · ( k 
1 

Ko) , KOTOpOe MOXHO aanHCaT:& npH·•-

6liHJK6HHO B BH;lt8 

(l "" K.;*K· exp {-J. ('(·k-: Y} , 

B OJiyqaHX (OJ H (a) , T.e. npH l<o >>K., HHKP6M6HT HH.ztYitH

poBaHHOI'O pao06HHH.II HM66T UaKOHMYM B6JIH3B li6BOI'O Kpaa DaK8Ta BOJIH 

H SKODOH6HitHali:&HO (KaR e -i:.('f!,)"' ) 0Tp6MHTOH K HYJIJ) npH K--:-0 *) 

Taxol BH.zt HHKpeuearoB onpe.ztenaer .ztaJI:&Reltmym a:aonm~HJ> aaqan:&~x· 

naKeTOB BOJIH. TaR, B. cnyqae cBJ ecreorBeHH~ oxH.ztar:&, qro nepelta'IKa 

6y.zteT aooHT:& .ztH~yaHOHH~A xapaxrep, a ~earp naxera nocreneaao 

JE) fiO.zt06HI>Ilt peayJI:&TaT ;ltJI.II HHKp8U6HT~ B 06JiaOTH I< o >> K• . ;ltJI.II O;ltHD

M6pHHX naK8TOB BOJIH noxyqea B / 6/ (CU. pHO • 2) • 
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OM611(8T:LOH B 06JW.OT1> MSIWX k • B OTJnfqHe OT (8) B cnyqaax (a) 

H (b) KapTHHa COB6plli6HHO HHSH. TaK, 60JIH aaqaJII:.Hhlit naKeT BOJIH 

~ooTaToqao yaoK (cJiyqaif (OJ), sBoJim~HH aa aaqaJI:r:.aou STane uozeT 

HOCHTI:. ~ByxypOBH6BUl xapaKTep B COOTB6TOTBHH C peayJII:.T8TaMH / 6/ 

llpH ~ooTaToquo mHpOKOM aaqaJI:r:.aou naKeTe o KPYThiM JieBUM ~pOHTou, 

K8K YK83aHO B / 4/ , B03MO:IHO OOCiHpaHHO ero B yaKym JIHHHI) BCiJIH3H 

JIOBOrO Kpaa H ~aJII:.Helwaa 3BOJII)UHH, 8H8JIOrHqHaH cnyqam (or}. 

CooTBeTcTBYDII(He peayJI:r:.TaThl qHcJieaaux pacqeTOB npHBe~eau 

Ha pHc. 3 o..,O, t . 
KaK BH~HO H3 PHC. 3S,sBOJII)UHH ~elCTBHTOJII:.HO HOCHT ~H~epeH

~HaJII:.HUft xapaKTep, npHBO~HT Ha H6KOTOpoe Bpeua K OCipa30B8HHD fiJia

TO H yWHpeBHD Cfi6KTpa; npH ~aJII:.Helmeu ~~HZOHHH U6HTpa TH:I60TH· 

naKeTa B OTOpOHY MaJWX K HHKp6M6HT HH.ztY~HpOBaHHOrO pacceHBHH 

YM6HI:.maeTCH, a ~BHX6HH6 naKeTa aaue~JIH6TOH 1 npH 3TOM naKeT BOnH 

cyxHBaeTca, H npH K o - 0 't K aoHMnTOTHqeoKiil cTpeMHTca K HY:nm. 

B 5TOit OCiJI8CTH OTSHOBHTCH B6CI:.Ma cy~eCTB6HHhiMH 4-uJia3MOHHhl8 

BaaHMo~eUcTBHH (cu. cJie,ztymii(Hl naparpa~). 

06cy~HM Tenep:r, peayJII:.TaThl qHCJI6HHhiX HCCJie~OBSHHl ~JIR onyqaa(6l 

B COOTB6TCTBHH of~/ ~JIH B03HHKHOB6HHH ~yxypOBH6BOit nepeKaq-

. KH ~OJIJCHO 6hiTI:. BhlfiOJIH6HO (KpOMe Ko >) K ) YOJIOBHe fn (W(KPJ/Wf.K ))~t 
ll05TOMY 6UJIH Bhl6paHU CJie~ymii(He aaqaJI:r:.HUO ~aHBU8 Ko/K.~ 7 + 8, 

ln ( ~r( (:~ )-40 + 50, qTo COOTB6TCTBY6T COOTHOiliOBHD M6:1.ztY ypOBH6M 

saeprHH B ueaTpe naKeTa H aa ero XBOCTax nop~xa ro20. PeaJI:r:.ao, 

B IDHaaqecKHX ycJIOBHax paauocT:r:. ypoBHel ae uoxeT npeBumaT:r:. ~JIH 

c.na6oTyp6yJieHTHol nJiaaw N JJ - qacJia qacTHI.l :a ~eiSaeBcKol 

8 

....,__ 

l 

CIDepe K). Q6yqao B Jia< 

npe)(tmax I o + I oS, a ·J 

rol2 + rol4• llpH Bhi6I 

TaKHM o6paaou, BH~ Ha~ 

peaJII:.HhiM WHSHqecKHM .l(E 

qHTI:. 6oJiee apKoe npoRE 

Ma:UHH. 

Ha npHBe,l(eHHhiX rJ 

H~eT cJie~ym~u o6paao~ 

ll(aeTca waKTHqecKH B JIE 

BpeMa npOHCXO~HT npeHN 

MSKCHMyMa HHKp6M6HTa 

rHa HS aaqan:r:.aoro naKe 

aym mHpHHy AK ""' 0.5 K. 

qHB86TOH Ha 5 nOpfl,1(KOB 

T8 OM611(86TOH BJI6BO H 0 

paaou, yonoBHH ~na noB 

paaOBaBmHIOH naKeT M6,1( 

qHT6JIDHO CYZKBSHOI:. B n 

H~eT CJia6aa, ue~neaao : 

Baaaaa npHuepao B o6Jia, 

6hloTpee, qe.1 HaKapJIHBaJ 
\ 

06p830B8HHH HOBOrO CSTI 

~HT B pa£toa t("" 3K*, c; 

KJ STo oBaaauo c Tell, 1 

a YOJIOBHe OJia6ol TY] 



IT rB J. B cny'laHX . r a.J 
H8'l8RhH~M naKeT BORH 

Ha'lan»Hou aTane uo~er 

HH C peayn»TaTaUH /G/ • 

KPYTHU neBUU WPOHTOU, 

B yaKym RHHHD B6RH3H 

IIHaH c.nyqam ( rJ") • 

pacqeToB npHBe~eH~ 

~en»Ho HOCHT ~H~epea

>eun K o6paaoBaHHil nna

IHHH 1{6H'l'pa TRJCeC!H · 

>OBaHHoro pacceHHHfl . 

, 'npH STOU naHeT BORH 

iCKH CTpeMHTCfl K HYJtllo 

:~UH 4;IJia3MOHHH8 

~yxypOBHeBOI nepexaq

CJIOBH6 fn (W(K~J/Wj.K J)>t 

HJIU8 Ko /K* ~ 7 + 8, 

HomeHHil ue~~ yp6BH6M 

PH.'ItKa rrJ.0• Pean»Ho, 

oxa'l' npeBuma'l'~ ~na 

CTHI{ :1 Jt81SaeBOKOI 

cwepe M). 06uquo B na6opaTOpHhlX SKCnepHM6HTaX ND KOJie6neTCfl B 

npe]tenax 10 + Iff 1 a B aCTPOWH3HqecKHX YCROBHHX ND llOllteT ClUTh 

I oi2 ... I al4• llpH BUClpaHHhlX HaUH napaueorpax N lJ "'I o8 .. I o9• 

TaKHU OC5paaou1 BHJt Haqan»Horo naHeora, XOTH H He COOTB6TCTBY8T 

pean»HhlM WHSH'lecKHM ~aHauu, o~HaKo qenecoo6paaeH, 'loroe5u o6ecne

'lHT» 6onee apRoe npoHBneaHe paccuaorpeBaeuoro npouecca orpaHcwop
MaiU'IH. 

Ha npHBe~eHHhlX rpaweHoB (cu. pHc. 36) BH,llHo, qoro nportecc 

K~eT cne,llym~u oe5paaou: nepBoHa'lan»HhlM naReT cyxKBaeorca, npeBpa

maeorca waKTH'l6CKH B RHHH~ 1 He C,llBHraHCh no OCH K • B 3'1'0 llt6 

Bp6Mfl npOHCXO,llHT npeHuymeCTB6HH06 HaRannHB8HH6 SHeprHH B o6naCTH 

uaKCHMyMa HHKpeueaora 1< M • .1lanee nportecc y6ucorpaeTcH, H anep

rHH Ha Ha'laJI~Horo naxeora nepeKa'lHBaeorca BO BTopoM, Huero~M Roueq

uym mHp!IIHY ilK "" 0.5 KJf , a ypoBeH» aaeprHH aa XBocore cneBa yBenH

'lHBaeorcn Ha 5 llOpH,llKOB. K STOyY MOil6H'l'y BpeueHH MaKCHyYU HHHpeMeH

Ta CM6m86TCH BJI6BO H CTaHOBIIITCH MeHee HpKO BhlpallteHHhlMoTaKHM 06- . 

paaou, ycJIOBHH .llRH noBoropeHHH aororo aBneHHH yxy,llmamorcn. HHOB» o6-

paaoBaBmHMcH naKeT ue)tneaao cuemaeorca B coropouy uanux K , ueaHa

qHTe~uo cy~KBaHo» B nporteoce ,llBH~eHHH. BeBee .llBHzymerooH naKeora 

H,lleor ona6aa, ue,llneuuo aapacTaiOmaH "caorenm'ITHaH BOnHa", noKanH~o

Bauaaa npHuepHO B OClJiaCTH /(H • 0,llHaKO OU6~6HH6 naKeora npOHOXO,llHT 

6htO'l'pee, '1611 HaKannHBaHHe SHepriiiH B S'l'OA BORH6 1 H606XO)t!IIU06 ,llRH 

o6paaoBaHHH HOBoro caTennHora. HaRoHert, ROr,lla rteHTp naReTa npHxo

JtHT B paAoH K"" 3K, , OJieBa OT OCHOBHoro nOHBJIHeTOH nepeRphlBam~AOfl 

M) S'l'o CBfl3aHO 0 Tell, 'ITO ypoBeH~ Tenno~htX WnYKTY8IU'IA W,.(K} :::nN~e , 
a yonoBHe ona6o! Type5yneHTHOOTH ~-<. i . OTom,lla W /Wr < N D • 



.o HHU mHpOKHH naKaT 0 11U6HTpou Tmt60Tl:t11 B k ~ Z.ZK* , UO COOT

B6TOTByaT li8KCHJIYUY npaBolt ttaCTH y'paBH6HHH (2.!) H He COBU8,1t86T 

c K H. ~ ]lanee HAeT OAHOBpeueaHaR nepeKattKa aaeprHH, Ha ·"yaK oro" 

naK~Ta B WHpOKHti 0 O)tHOBpeuaHHlill HX Cll61!l6HH6.M K I(*" • B peayn:&

TaTe pacnp6;!!6JI6HH6 5H6pl'HH HM66T BH,lt, aHaJIOI'HttHLiti CJiyttal> (8 J,. H 

· SBOJII>UHH H,1t6T TaR ze, KaK ~ CJiyttae· (8 ), 
EoJIH HattaJI:&HLIH naK6T )tOCTaTOttHO WHpOK (cnyttait (aJ ), TO 

SBOJII>UHH npHBO)tHT K Oi:iCTpouy 61'0 cyzeHH~ *~ l'l auepi'HH JIOK8JIH3Y-

6TCR BOJIHSH JieBoro Kpafi HattaJI:&HOI'O cneKTpa. TaKHU o6paaou, W 

npHXO)tHM K YCJIOBHHU, U0,1t00HliM paccMOTpaHHLIU B cnyttae (o) • Be~ . 

BliW6H8JIO:I6HHOe 'U08BOJIH6T 0,1t6JiaTl> BLIBO)t 0 TOM, qTO TpaHCqJOpMaU~IR 

ailepi'HH JI6HI'UI>pOBOKHX KOJie6aHd B peayJIDTaTe HX lriH)tYIUfpOBSHHOI'O 
. . 

paCC6HHHH Ha HOHaX onpe)t6JIH6TCH .ltBYUH 0,1tHOBp6K6HHO lrl)tY~MI npouec-

caMH: AH!lJlllyaHOHHliU "cnonaaaHeu" H o6paaoBaHHeu caTaJIJIHTOB. DpH 

STOU B paCCMOTp6HHliX HaUH npHMapax ;!!Hlll!lJY3HOHH06 11 0UOJI3aHH6 11 OTa

HOBHTOH onpe,1teJifii)IIlHM nocJie nepBoit ze nepeKattKH ttepea OHOTe.uy 

OaTaJIJIHTOB. 
. ~ 

B npouecce ctteTa HHTerpan aBOJII>IUtH '(j[J lA! (K) dK=O, oooneT-

CTBYillllHii SaKOHy OOXpaH6HHH SH6pl'HH npH paccaHHHH nyJI:&C8UHit Ha 

ttaCTHUax;coxpaHHJIOH 0 TOttHOCT:&I> ,lt0'5%. 

lf) Ha ttTO Bll6pBli61 no-BH,ltHUOMY ,61iJIO o6pal!l6HO BHHM8HH6 B padOTe /.lf./., 
. ' .~ ~ ., " . ' . 

1 :~ ,.: ' !,· 

·10 

"· 

! 

\ 

§ 3. BJIIDIIUfE 1 

HA 3BOJIDl 

S)teo:& Mli Hoene~ 

;ll6itCTBHH Ha SBOJII)Uiofl) 

Iiaparpawe. Ida TeopeTI 

RH~e OT8HOBHTOH OYI!l6~ 

B aTOM cnyttae pacripei 

HO npe;llUOJiai'aT:& H30T] 

Bomie · TOI'O~ OOI'JI80HO 

)tOBOJii.HO npOH3BOJI:&HOl 

peayJIDTaTe SBOJII)Uioflrl l 

qJOpuy. C ,ltOOT8TOttHOM 

TOttHOCTl>l) ee UOZHO ~ 
-(,{IC-C 

HHHUH THUa -Qe 

.BLIJI Bi:idpaH Hatta; 

w·(xJ =·Jr 

YpaBHeHHe, onzo1 

B OOJiaOTH K 6 1<. * 

'aW(x,;:)~v W(X'C)+'t 
'()'t. 03. 1 .· .• 'f 

= w (x, r) j a4\(x,x, 
0 

• W (Xz, 7:)W ( XJ,'C) t 

- x:w (x;r.J WCx1,1:) 
, .··_:If' .. · ..••• • 

.. ). ~- ·,) .~ ~· ·.t:.' ··)~ 

. '~ . ;, ~ 

.'l •'.' 



I<.~Z.ZK*, 'II!O·COOT-. . 
(2.I) H He COBnB,llaet 

a aaeprHH HB ·;,yaHoro11 

' .. 
e.M x· K ~ • B peayn:r.-

I:'H'IIHI>II cnyqaD (8 ), . H 

[ cnyqait (aJ ·), TO 

H SHeprHH 1IOH81IH5Y-
' ) 

TaHHM o6paaou, Ml>l 

l3 cnyqae (I} ·• Bee · 

1, q:ro :rpaac«,Popuan~H 
I H:X: HH,1crn~r!pOB8HHOrO 

~MeHHO H~mHMI nponec

eM ca:renJIHTOB. llpH 

HOe 11 Cfl0Jl88HHe 11 CTa

KH qepea CHCTeMy 

~(K)dK=O, COOTBeT

.IiHI/lH nyn:r.canHit Ha 

; ·' . 

. ·:, 

' ~ : 

BHHYSHHe B pa60Te ~.':l-/: : 
. ·, .. , .. ··, 

'V I. 

I 
! 
I 
I. 

..... 
I 

.! 

§ 3. BHHHHHE qETHPExrrnA3MOHHHX B3AKMOnEnCTB~n 
HA 3BOHDUHD ITAKETOB nEHrMDPOBCKHX BOnH . . 

3~ec:r. Ml>l HCCJie~eM, K8K B1IHHIDT fi1I88MOH-n1I88MOHHI>Ie B88HMO

~eitCTBHH HS 8B01II>qHD H8'1181I:&HHX naKeTOB 1 OnHCSHHYID B npe~u~~eM 

naparpa~. Pia TeopeTH'IIeCKHX OUeHOK /S,S/ C1Ie~eT, qTo TaKOe l31IIIl

HHHe CTSHOBHTCH cymec:rBeHHUM, KOr~a naKeT H8XO~HTOH CJieBa OT K~. 
~ . . ) 

B STOY cnyqae pacnpe~eneHHe SHeprHH 1I6HrYDpOBCKH:X: K01I66aH!Ilit.YOE

HO npe~nonaraT:I. HSOTpOnHUM /S/, ecnH OHH BOSHHKSDT npH I<'» K* • 

BoJiee Toro, cornacao npe~~>~~meuy naparpa«,P~uaqan:r.aue naKeTI>I BO~H 

~oBoJI:bHo npoHaBon:r.aoro u~a, s~aBaeuue B o6JiaCTH J< >> K* , B 

pesyJIDTaTe 8B01IDqHH npHHIIIYSDT npH K~ Ki «,PaKTHqecKH CT8H,1t8p1!HYD 

WOPMy • C ~OCTSTOqHoit ,-~VI.Ii HSmHX ueneit ( Cll. H88B8HHe naparpa«,Pa) 

TO'IIHOCT:r.ll ee IIOJ:HO annpoxcHKHpoBan"rayccono~o6HI>IYH11 pacnpe~ene-
-tc~<~r.>e ~t(~.:-K.)!· . 

HHHIIH THna Qf ; . ax" e , c 6o11:r.ou paa6pocou. 

Bl>ln BN6pan uaqan:r.asit naKeT BH~a 

W•(x) _.'£!!_,~ .t. -12(x-tJ 2 

- 2s r :1r x e (3.1) 

YpaBHeHBe, onzcsBa~>mee aBonDnHD uaqan:r.aoro naKeTa (3.I), 

B 061IaCTH . K 6 K * HYeeT BH~ /IO/ • 
'dw(x.1:) : · · 
'()'t. = ~3 W (X,'C) + '(, W(x,r;)= R-t (X,t:) t- R2 (X,'l:) = 

= W (x,r) j a~ (x,x,J Wrx,,7:Jdx, + j&2 (x,x,,xz,.rJ) {x2W<;1,rJ·. 
0 

• W(xz,t)W(KJ,'l") t-x:W(X,'Z'JWCrz;z;)W(..tJ,7:J (3.2) 

~ x:w (x.,~Jlf}~•!1)W(xJ,r:)- xJ W(x,-cJ W(x1 ,!JW(Yz,-c >} , 

.••• ! • ~ ~-

II 
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r,1le { r z 2 z z 2 xz ~ 7] 01 =: M-X 2Jcx' ;rx .fJ(x.-x) + r :r I B(x-x.)J 

e(x)= {I np~ X> 0 
0 npl'I X ~ 0 

(3.3) 

{
<'(z z t z)[( 2 2)~ s- z 2)2 J Q =A ox+)(, -x. -x.. x.-x. x, (xt-.J.xz) + (X~-x .. x, 

z. 2 x 2x~ x: x~ 5{X 2-Xn3 '1 ' 15 tx2- K~) (3 .4) 

• (-Sx" + :J.I1X
2
Xf - ~JX r) + J~;(622X,'~J2Sxrxl+61.tx/XVtiO.fX')]}. 

3,1lec:o 

x~x1 

XK1<XzX'J 1 X>X1•Ecn~ XK1<XzX'J ,aoX~X1 ,TO 

• ECJII'l xx. >Xz X.J ' Xz ;>XJ ' TO Xz+==X 'x.--- XJ 

ecn~ XX1>Xz.Y.,, )'z <X.J , TO X X.1 , X1 Xz; 
_ 2s ,r;;::o _ rr vl _, · 

A 1 - 2 ., r 2 J/ , A 2 - .32 1J! 10 K 
~ BBe,1leHu6eapaaMepHue rrepeMeHH!ie: W(x,'l);;:nrW(K,t)fo', 

/( 3k7ft w t -6 
X=v- =----:J: , 1:=~100 10 (rrapaMeTp!i IJJiaaM!i npelKHHe). 

'-* Wpe v. 

CneKTpaJI:&HyJO nnoTHOCT:& aHeprl'l~ W ( 1<, -t) a.ztec:o Y.1l06Ho 

3a,1laBaT:&, Halt l'l B /IO{Ha ypaBHeHHH -
Wo=JwcK,t)d1<:, 

0 

r.zte Wo - IJOJIHafl IJJIOTHOCT:& SHepri'll'l BOJIH, COXpaHHJO~aHCff 

rrpl'l SBOJIIO~l'l~ B OTCYTCTBH~ norno~eH~ff ~ ll0,1llta1JICI'l. ]erKO npOBe

pl'IT:&, 11TO 
""' J W, ' . w (x,'r:)dx =- nr ·10 = {. 
0 . 

MeTO~I'IKa 11l'!cneHH!iX pacqeTOB 6nHaKa K HcnoJI:oaoBaHHol B. rrpe

.ztbl.lly~eu rraparpawe. Oc:& ~ paa6HTa Ha IOO paBH!iX HHTepBanoB. qX6H 

~?. a~ecL yllte rrpo~HTerpHpoBaH rro yrJiau (cu./10/). Cne;o;yeT OTMeTwr:o, 

11TO. BKna,1l qeT!ipeXnJia3MOHH!iX B3al'!MO,ll6ilCTBHJ.1 R.1 (X ,'1;) Ofil'ICb(BaeTCH 

B6C:&Ma rpOM03,llKHM B!ipalK6Hl'leU ~ Tpe6yeT cy~eCTB6HHO 60JI:&me uamHH-

12 

'· 

l 

1 
I.' 

Horo BpeMeHH, nos~ 

aoBaHa npocTaH pa< 

ocy~ecTBnHncH,Bo-r 

11HH!i Wo , BO-B~ 

f R~tx:z:) d x = f R2 (X, 

IJ0,1lHHTerpan:&HliX Bb 

MaueHHnac:o Ha ..;.. I 

116M Ha 10-B H s 
BenH11HH!i HHTerpanc 

( £11> i ). 

Ha pHc. 4 npll 
ow .. 

Hoi! 'Of" ( R 1 ) 

BpeMeHH 'i = 3 (rs 
oKaaliBaeTcH Bec:oua 

naKeTa 6!icTpo cuen 

C116T nepeKa1JKH Ha 

Banca qneH Rt (x,X 

Ha pHc. Sa n,I: 

B UOM6HT 1: =4 ( 

R.t(X,lf) • BH,1lHO, 

e~e uano. 
I 

Teu ae KeHee, 

BliB0.1l o xapaKTepe 

BO~ *)~ ·HanH11H6 .1l 

*1 B o6nacTH cnpaB 
Toqao 6ox:omolt rr 
paHIN6HHOYY cyz 
npe,1lli;D;YIIlero nap 



·x] -x1lx: 
"0' 2

- K:J 

(3.3) 

(3 .4) 

' t HO X"' X1 , TO 

l:'z:;::=x , Xt--- XJ 

1 Xz 

) = nJ<.; W( K,t) 10 ', 
JiaSM!i npelltHHe). 

3~60:& Y~OOHO 

HH 1 COXpaHHID~aHCH 

~Ka~R. ]erKo npoEe-

HCUOJI:&30BaHHOil B. np6-

,paBH!iX HHf6pBaJIOB. qJI6H 

l/). Cn6~Y6T OTMeTHTb, 

i R 1 (x ;r;) omiCL~BaeTcfi 

\6CTB6HHO 00111>1116 MalliHH-

HOI'O Bp6M6HR 1 nOSTOMY ~RH npORSBO~HOH ~ OnHTb o~na RCfl0Rb-

30BaHa npocTaH paSHOOTHaH CXeMa. KOHTpORb sa TOIIHOCTbiD Cli6Ta 

OCYIIl6CTBRHHCH,EO-nepB~X, KaK R paHee, npoBepKOH COXpaH6HRH B6HR

IIHH!i Wo , BO-BTOp!ix, npoBepnnocb BblnOnHeHRe paBeHcTB 

fR4(X,'Z:) dx = fRz{X,7:)dy =0 , cne~yiDmRX HS aHTRCHMM6TpRIIHOCTH 

nO~HHTerpanbHbiX BlipalieHRil. K KOHuy cqeTa (1: ~-II{} IIOpMa Wo 

HSMeHHnacb ua "'"' I,S%, BenHIIRHa f R1 dx oTnRqanacb OT Hynn ueHee, 

qey Ha ro-8 
H s R2dx < ro-3• PesynbTaTN (rpaqmHH WYHKI.lHil H 

BenHqHHH HHTerpanoB) B!i~aBanMcb qepes Kax~!ie 50 maroB no t 

( L11> i ). 

Ha pMc. 4 npHBe~eHli rpaqmKH g)yHKI.lHH W (x, 'C) 11 ee rtpoHSBo~-

aoil %¥ ( R 1 ) B tlOM6~Tli BpeYeHH 7: = O,I ,3. ]lo MOM6HTa 

BpeMeHH 'l: = 3 (rso maroB no 'r) qnea R2 (X,"C) B ypaBHeHHH (3.2) 

OKaSbiBaeTCH B6CbMa ManbiM H HM MOEHO np6He6p6qb. ilpH STOM l.l6HTp 

naKeTa 6blcTpo cuemaeTcfi BneBo oT X 0 ~ I.I ~o Xo =0.6, sa 

cqeT nepeKaliKH Ha Hoaax. HaqHHafi co ISI-ro ruara,B ypaDHeHHH yqRTbi

Bancfi qnea R2. (X,'t). 

Ha pHo. Sa npRile~eHbl rpai])RKH~ W'(X/l), R1 (Y, r,) H R2 (x,?:) 

B uoMeHT tt =4 (200 maroD), a aa pHc. 56 - oT~enbHO l])yHICI.lHfi 

R. 2. (X, lf) • BH~Ho, qTo MRfiHHe qeTupexnnaaMOHH!iX DSaHuo~e"i!cTBHil 
eme YaJio. 

TeM He Y6Hee, HCXO~ll HS BH~a g)yHKI.lHH R~ (X, II) , UOlltHO C~enaTb 

B!iBO~ 0 xapaKTepe 5TOI'O IlJIHHHHH Ha 5Il01IIDI.lRID cneKTpa H6HI'MIDp0IlCKMX 

BOJIH ~)~ HaJIHIIMe ~BYX I'OpOOB no 006HM CTOpOHaM OT l.l6HTpa naKeTa 

3E) B o6JiacrH cnpaBa or /(,f IIJiasuon-nnasMoaaoe paocefiHHe npH ~ocra
ToqHo oonbmol nnoTHOCTH sueprHH uoaer nHmb npenHTCTBOBaT:& Heor
paHH~Jeaaouy cyze&HD naKeta, ocTaBJIHfi cnpaBe~JIHB!iMI pesyJI:&TaT!i 
npeJtH~mero naparpawa. · 

13 



H npo:siuia B pa~OHO U6HTpa ;ztOJillHO npHBO;ztHT:& .K ymHpeHHil cneKTpa. 

B OClJiaCTH X o "' 0.6 STOT npoi(ecc :S CHJIY. ero ~aJIOCTH no;zta:SJIH6TCH 

nepeKaliKOI Ha HOHaX, SWW6KTH:SHO ;zt6JI81l~HX naKeT ClOJiee YSKHM, a 

aunJIHTY:ztY B U6HTpe ClOJI:&mel. 

PHc. 6 TO lite, qTo .H pHC. 5~ npH 1: =7, a X-.::: 0.32. 3;ztec:& 

wopua KpHBOI R2(t~) CTaJia yllte .UeHee CHMM6TpHqHol (JIOBHi rop6 

· B!-1me npa:soro) t noSTOMY qefblpexnJiaSMOHHhl6 BSaiU40;zt6iiCTBHH1 Jil8M6HHH 

:SH;zt cneKTpa, CM6~81lT ere U6HTP :SJIOBO.B OClJiaCT:& MSJihlX K CO :see 

6onee :soapacTall~el awweKTHBHOCT:&Il. PHc.7_HJIJII)CTpHpyeT .STO YTB6pll-

;zt6HH6:.nplil ~=II HHeeu Xo =0.14, B TO :speMH KaR napaJIJI6JI:&Hhlit 

Cll6T ~R2 (X,'i)-=0 ;ztaeT npH '"C =II · k'o =0.22,, uo~oaaaqaeT 

YB6JIH'116HH6 o6~el CKOpOCTJil nepeKallKHaa cqeT nJI88YOH-nJia3MOHHOro 

pacceHHHH. 

Ha pHc. a npe;ztcTa:sxeHhl rpawHKH W (X,'C)) R,(x,r,), R.~ (X/T:) 

H R.(x)"" R,(x) -t R.dx) npH 'C =13, KOr;zta Xo =0,07, T.e. 

U6HTp naK6Ta HaXO;ztHTCH B TOllKe, r;zte oornacHO / 2/ npH ;ztOnOJIHHTOJI:&-

.HHX npe;ztnOJIOll6HHHX 0 norJIO~OHHH nJiaSMOHOB H nOCTOHHCTB6.MSKCHN8JI:&

HOI aunJIHTy;ztH cnaKTpa Typ6yJI6HTHOC~T:& CTSHOBHTCH KBSBHOTSUHOHapHOlt 

(T.e. ~1.<:<(t., W)max). B paccMa'fpHB86JIOM HSMH cxyqae TPaHCWOPMSUHH 

naKeTa 6ea norxo~eHHH ( Ve. .. o) H no;ztKallKH, uecuoTpH Ha TO, liTO 
. . . ' . ~ 

cneKTp W (x) K MOMOBTY 't =13 H C U6HTPOM B Xo =Q, 07 HM66T 

'W~PMY t B6C:&Ma ClJIHSKYil K wopue K:S88HCT8UHOHapaoro C~6KTpa ,pa.ClOTH/
2

/ t 
' ' . . ' ' ' . ~. . . . 

8]30JlllUHH ere H6 npeKpaJIIS.OTC!J. '9TOT, W8KT yKaBHBaOT H8 TO, 'l'fO .!m!L 
, .•... '. J' . •· ·· ... ·... . 

npHHHTbiX npel!nOXOll6HHHX1 ;ztaze C yqeTOU 'l6THp6XMaSMOHHbiX :S.SaHHD-

;zteitcT~H~ JI~Cl~ BOBC6 He. cy~e·CT~yeT CTSUH~~apHO~~ ·C~CTO~HH, JIHCsO 

· .. olio :soaH~K.a~T hpl K~· · ,· B.~O:&IIa· 6JIHSKOM ~ uix~ (.i'l~~~!>iE~T 6LJT~~ its- .. 

.. . ~~~~H~CH xa~~irep llpOitS~~~titt'' ~ ~ ··~:S~~~HHtiJ>o,: .iiJiaB~OH-1IJlaSUOHHHM . 

pacceRHHeu, o;ztHaKo noKa TOH;zteHUHH K TaKOJIY HSMtmeHHD ie o6:UapyEeHo). 
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PHC. 4. 8BOJIIO~Iifl C!IeKTpa C Ak-ko~k,. t-BOJIH .. V.J(x~'t) B pesyJI:&TaTE 

HX pacceaHHH Ha HOH8X llJl83M~ 11 qeTupeXflJ183MOHHNX B381i~ 

MO){eHCTBH£1 ( 't' = 0, 1, 3 ) 

3 \}./(x;r:) 
Rt<~> 
Ra(•) 

-1 

1.5" 

a. 

6 

-5 

PRe. 5. rpaciJRKii I!JYHK~Rl! W(x,'C)' R1(x,'t),Rl(x,'t) B 

MO!IeHT BpeMeHH 't' =- Lt • 
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npH't' = II 
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-1 

't = 13 
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O.S' 

Q. -1 

PHc. 8~ Blll:zt <IJyHKJ:lPlti Wtx:r:.), R~lX,'t),H~<x;t) B MOMeH~ 
Bpeuealll ~ = I3. 

R<>e:) 

a 

PHc. 9. BH:zt <IJYHK~rdt W('x,'t), R,(x,'t), Rl(X,'t) K KOH~y 
cqe~a 't' = I4. 
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