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ABSTRACT 

W* tnvaatfgata on a aimpla laoaal of parUctaa to» a illaurata apaetni i 

an influanca of atoehaattc InatabHttjr of partida atotton on tha nanUnaar 

banda" damping. Wo '•how lhal aa long aa parttciaa trajectory In tha epae-

trua to atochaettcafly untahla (at tha boat raaonancaa undar conatdoraUon), 

diffusion of particlaa ttkea plac*. W t dlacuaa tha influanoe of thto eflact 

on uauafty auppoeed nunllnaar Landau machaniaa and briefly tha poaathfllty 

of heating In thia reglmt> in tha b o a i - p i a a i a experlaeflt» 
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1. INTRODUCTION 

Аа feBowe from «to Btorafciro (е .* . from Ptffl V. et «U 19*9| Soldi HC. Sunk* P . 

1967), largo ampMaide M Sold to generated In beam plaama experiment, Tho mechaniem of 

Mo abairpllaw hae not у и boon mMc\miMy dartaodi tho efcmUer problem exteta aloo In other 

pleam* phenomena. II M O M that paramttrlc Inotabittttoa could bo tho reaeon (Kalnor S. ot 

at* 197a)| novortholooB thoro ara otffl othar mechaideme that could bo taken into tho c e o -

The proaent paper dlacvaaoa tho abeorptton cauaod by tho roaonant interaction on 

titotal wo auppoaa a plaaaiB wfthout magnetootatlr Held and the epeewwa in which the ro 

aonant mechaniem coneidorod learta (due to nonttneartttoa), to the eUchaettc Inetabillty of 

parade a. 

2. NONLINEAR LANDAU DAMPING FOR WAVES ОГ THE SAME TYPE; 

POSSIBILITY ОГ THE E Г ГЕСТ ОГ MIXING 

In experiment (Piffl V. et a t , 1971| Seidl M.. Sunk* P„ 1967) two typee of wavee 

wore Identtfled - the wavea wtth u) > (dc. which follow approximately the upper hybrid 

frequency (Л, • kj*-* t\% *nd the w«v«e with CO 4. cO^ cd~ i U . The temperature of 

plaama ( Ю ~* 40 к Ví ) la tea еошЯ for aVecrptlon due to linear Landau damping and 

alee for trapping of piaama parttclea into the wave (Daweon Ш , Sharmy R, 1968). We 

aha! not atocuaa already mentfoned (Kelner S„ at a t , 1972) parametric Inetabilitlea wtth 

mobile tone, which lead to the generation of wave* with lower pheee velocity. 

Boeaueo the Landau damping ae weO е е the effect of trapped particle* do not count 

the effect of the nonlinear La паем damping can be dlecueeed for thermal veloeJtiee 

with kra wavee U3t k. •**• * \ • «̂ * *** * Р»шаа with the email thermal velocity we 

can thua expect an effect cauaed by the particle reeonanee en the boat frequency of two 

wavea. 

However, M foOewa fr*a tho thaary ( е . * Taytovleh V.N„ ОТО) that In the Interaction 

of the aame qrpe of wave* through the nonanear Landau aeehanlam the energy tranaport 

apeoere only wMhln the apeetrum toward lower froouoncioa. Tree la aauaed by the eymmet-

ry proporHoo of the aaattorlng eoetOcferw of the wave. 

Let ua try to reinterpret the damping meehahlem on beat» by including thla eyatem 

kdo ее eaSed mixing eywtoma. A t N to ahown in (ZaalavaleJ QMm 1970) , time eeve loe-
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3, NONUNEAR SYSTEMS WITH 

Recently» а сапаИагаЫа I n t r a at haa been 

peciaky in connection wkh quoeMono of 

tavakU G.M* l » 7 0 ) ; aeveraj oMeeta are 

epeaMona of plaa-na phyelce» 

The author introducea aa * baelc wo del Mta 

nal forcea» Lat ua hava a 

•o tha • i 

Í 

to lna 

In Iha Said of еж»аг-

in iha aooraaMta» " 

ectkn angle 

where 3 lo the action correeponding to Mia angle ЪГ*\ЬЦЦ . ba» ua have, farther, 

an ojrtomal force «сале en thia uerMatnr m the farai of puUee and let Mia corree» 

p ending canonical eauaHon far tha Mae change of J a* Via 

«nora I ia the perlo* of puU«e. Deftne the 

where J l = - = r - «Ml A J la «ha Marin)— change of J In tha <f-t 

• # > > / be fwaUed. Then, ona can «haw ( far tha proof eee Tefcwekl j « Д С , 1970) 

for Мама ť>> 'C^where T ^ , la denned ay 

С-(2Л^ЛГ/4 

«ha particle ototo can be deecHbed uef-g Mia pietiatiBHy dtokkjaHui» nmaMoii { i p , ^ ^ ) 

Щ.1Л » • • • 

1 <f|;i)f«««0 

eaMefrtng M M Г*ккег-р|епск aUtualan 

Wo ahaft ehew that under 
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of peraatoo In Ma vetoctty 

(а* «oiptoto enatogy to the rtatoalon tottatod by a atoewaaHc ftofct) 

of parMetoe healing. In In* following, wa detoradne еопаевеа* 

can be conotdarert to bt * eytoei with arising. •*' 

•Ma рмгроаа tot ua a i m i i tha itjni—lie of a partial* In too wave* and in th* 

«. DYHAMICS ОГ A PARTICLE IN TWO WAVBS 

A apoitoiM w e u r o r t "агаРу appear* wfthin th* region between two laaawig modal* -

- th* caaa of on* leading wav* wan tore* ampMtiirt» end a lower aid* band and th* с а м 

of a rectangular >p*ctnim. In order that wa can u** th* perturbation method for both model*, 

a pert*/ different analytical apparatoa muat be appUedi thi* i* d**crfb*d in tha foaowing 

chaptora 4.1 and 4*2. 

4Л Partial* Пуп—Ига in tha court* of wavaa with 

& . £ . . £g'C£, ;fe/axy 

Flrat, conalner th* Interaction of too wavaa with potonUala (Д and ( Д with 

/ V*.! ^•< / У< / ' < n a c o r r * * P ° n d i n a HaaiHonian of a particle la 

where. In one rt*»*n*ional caae 

Lat ua introduce the Mowing notation 

Wa can thua expreea the Haarittonian ( l ) in the coordinate a y la» moving wtth the velc— 

c l y 1 ^ « ^/k1 •" * a *»гж 

ae - # , *• e # , (2) 
where „ / , / j 

е.*,» -f с<*(лу + «íť+v). 
Tha motion given by t*»# HamOtonian (3) can be aotved by яаапа of tha perlurba-

Hon antiodj Bator* doing aa tot ua partonr th* eanonlaal tranafonaaMon into In* action-

-angle «oordinatoa and axpraaa 3C0 in the cyclic form, Denoto tether 
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<ý.-{ (.Ux.) 

В io tee tetel eatetteel tetenil of Мао • • • • • < ktee; wo hovo 

we 

(Гог tho ооко о( 

. bot MO denote ^í • -*- • д. 

whoro /á io Integer. StaOterly, II luoboo Мм* tho VOJMO A»- / W i w o n Iho UOMOJ С 

Моя of Iho nonMnoar lonon» anwnlng 

*a 

Гог рмгроооо of моо 1я Iho farther aoeM of opootrooi tet uo 

HojoUtenton (1 ) now wttb iP^ ~J <A0 . tot wo 

f 7 ; 1mk> >>JL*> • 
Thou, «#aln Iho nrtoopn appropriate for Iho роНнгоаИоя eetetten to peootHa If wo Ira 

dx тч teno ooerdfcnetee into Iho orate* looteg together wMh ono of wavee. wonoNnt ** т т ' <iA 

í-~i~t3Q.s wo hove 

aiK In «to eotton-onete ooordinoteo (whoro wo uoo £> * kfQ%J ) 

H'j^til%-JL (р10с<*«гг-л.%,с<* (.x,w+«t >p) 

4) \fM% 2.a Лги ( # • ) , whoro * * n ( T £ " ) »• ЛеоЫ function of or«ument ^ 
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%rb.k1Q%-k1i-^t/ ^'JQ 'bil 

awjojaa (S) «lv«o tho notdwaar roaonancoo to. tho aocond арргожоаоМощ horo 

•е *22L ь *— м м * _ > (4). 

5. CHOICE OF THE SPECTRUMf THE RESONANT MOTION AS THE MIXING PROCESS 

In BOOM plooao ожроПаоЫа (aoo 0 4 . PUB V„ 197Ц Soldi M. Sunk* P„ (1967) tho 

authora ••aaucod In I M I pho*»o alwayo tho apoctrua of aoa» oOoctlvo width. Вооомоо 

of aore ojctonoivo appaaaltona tot uo obeorve ofleet of two tjrpoo of npoctra (apoctrua as 

Ať , deflnod M foBowing). 

Lot m Orot otiMtjr tho oBeet of Iho allowing modol of tho apoctrw» lot tho eontroi 

opocwva Mno (loading wovo) hoo tho aapIHMd» E^ , tho old* lino» hovo tho oapBtudo 

£ £ and tot tho boot* of Iho oido Unoo together wBh loading wavo form vory donao ro-

oonant ohuchuo around Ihoraal vetocay 1/f. . Lot «a ouppooo that l t \ « i . N-le.\4t.j, 

N la tho nuaber of dlocroto Unoo. Hence, undor Ihooo circuaotancoo tho porturba-

tton aoBiod can bo uaod. Tho HoaWcnlon of a parBele undor Iho inOuoneo of thla apectrua 

(further ероцама of Iho type <V ) In the fora (2) la 

N 

# • i V1- cay -ež-<*iíz<y*-«it + <ťi) 
of J win bo In tho Brat opproxlaoMon 

rfjw - « ^'-u-b/'^W**^^ 
The abovo ииоЫоа! «вмеВэп and tho rooonant condition give lna aonotonlc growth of 

j . Proa tho onttro gpoatma of rooonanooo lot ua eonaMar only tho boolo nonlinear 

U. + a£- liO • 0 . 
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—*= • -5-L • — - -ď<. Y «ha • •ac t of higher her» ante «мааиЫоа (and 

iihir reaonencee) ia weaker than tha k » j i i n i of haata tenaa» И Ш и а м k m alao higiar raaonancaa) ie waakar than tha k-waence of haata tenaa» H»glnlk»g 

foregoing, we gat stronger cmiiHUun for 

Thua, let ua retain in tha гекмапп far 
•Л a. 

W< ** dl 
J*t ^«V - ^ * » i 

с -, - ^ ^ l~(^t «.* •« -i-rX**J 
whara tha right hand aida ia the а%ав of hermenlea wtth tha eaeic daflerenea U b 

Wa uaa tha laat relation far rtikinaiaattia of tha atochaattaity condition. Tha notion of 

a particla wUI be atachaattcaily unetabe» if tha boat interaction of two wavaa eauaea емек 

•MIXÍBMIM chang* kt tha action Д 7 that a aáawa tana она change of éJ т а м poaaibla 

tha parMala tranaition to other reaonant beat*. Tha following inequality swat hold 

(due to the reaonant interaction of one roaanan» аатакааМоп the parHcki goaa through tha 

whole aartaa of other raaonancaa). A t foaewe froai the above exeoaJaon the Егавмеаеу 

(*) ia given by 

and it ia - apart of intenaity of tha leading wave - alao tha function of particle energy. 

The velocity of a particla and warn alao the frequency CO vary during the interaction. The 

intenaity of the leading wow* appeere in Ю already in tha «eruth approxkaation. 

Tha analogy with tha nonlinear oecUUtor in the field of periodical íT-puleee requl-

rea that the effect of the apectrua on tha particlea aan realty be approximated in auah 

forn (apparently, tha requirement la not neceeeary for the existence of etocheattcttyj h o 

wever, the model waa aotved only for «Ma caae) . 

A a it la ahown In (ZaelavekM C M * 1970) (and aa It faBowa simply from the pro-

parka a af tha Fourier eeriea) the spectrum of N diearete Knee In the dtetanee Jh , 

with the conatant amplitude and in the limit / v - * * © in the tkae picture) ia equivalent to r e -

peated d-pulsea with the period 7~* -jr- . Гог «ntte N the width of parHaular 

pulaea ia &t ~ (Л/uLJ . Vn our caae the Inequality 

Л/Л »ъ>нс, 
muat hold, where V ^ ia tha circular frequency of the noftlnoar nstmwtnr A a w * neve 

seen, the frequency W ^ ^ o f the unperturbed system ( p a i W t and leading, wave) la, In 

the coordinate system of the wave, (0 ' -JKf • l M " * в*"» awvsrmt Hrpkial panunetam 

Гог й>1 - v ,s ,10 9 e*c" 1 , - j r - - 2 ,2 .Ю~ 2 т and Afr~10tV with E.~ iO*V/i" »*»• 
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tJ ta UJ m 9.3ЛО*ее.~1» lor E^ — Ю*А»*ш « t «at ťJ - e . i . lO^aac" 1 . 

of p a r a » « t r a v t Mate require appiuJUmateb/ 

ТЫв to, ef свмгм, rather etreng requtreMnfc Ьесамее Л/.Л. ~ AU*ff ( Ů « W » i . tha 

width of tha apecwiaa) we than neceeeerUy require 2 f i U w / » А Л , . Tha requi

rement w S ba MBUed aora eaafly for k t 1^. 2 1 £» . However, horo already tha eflect 

of ebeorptton af ana wave (Deweea U t , Shanny R . 196e) plave a rola being aore ineerw 

afve than tha beat effect. 

A caaa whan tha fárat or eecond wave appaara In vary ahort regular pulaaa ia nea

rer to tha require aunt. Nevertheleaa it аееша that mora attainable ia tha caae when the 

velocity of particle la amdutotedt thia happens e.g, lor the Motion of particle* in the magne-

tic mirror ayate i (froai another point of view diecuaeed in (Jaeger P. at aL, 1 9 7 2 ) ) . 

ta t M euppoee we can in emrilar way approach the / " - f o r . of interaction (tha pro-

ceaa can be at leaat queaiergodic). The a» que nee of О -pulaes exactly correeponda to 

the equation (в ) with ——. — — Jm. - conab. Ý.« f - con*. The Brat 

«V 1 F 1+ф * dfoon could be eetlafled In a narrow apectruat bands aoete dMDculttee arrow due to tha a e -

cond LuniMMun. Becauee T t • * • rather accidental ( I f one eoea not know the generation 

taw of ape etna») and reatat rather in aoate atodulation of tha aequence of J -pulaea, eome 

of thla effect to neceeeary. We took the extreme caaa wtth tha tone ^ ( - / ) 

S~(jt ~ / m I ) • Becauae wa need for tha datei mi nation of ЭС only maximal change of 

Д J . eauaaa into change no аШсиШее. The periodicity only changaa in tha following 

the expression K.A 3 ^ i n the diffualon coefficient. 

Then we can vary essfiy determine tha change A 3 

4)Г,1 F J+p Л 

Prom a eeaple cairn gallon It foUowa that the change of U) ia given by 

Than, according. deflnJMon of wa have л'73 л 'ч% f \u at? лг f-1 ' 
In thla way «toe Hie basic parameter of tha mixing procaaa - tha time of correlation 

daaay - to 

^•2 . (# .Л .^#Г , *>>/f 



- ÍO -

Now. consider th* opectrua of the type & , deOned a» Soaowa. Let tré» 

ha* a rectangle envelop* wMh conetent inpHhide at еЛ lines end. tot 

neighbouring «podral lino» to lib . Гс vie enlMllon we uoo wto e»e< 

aooel - aallon of a porticto within two wave* o< the »e*> 

Still bofor* deteraUwnen of C^, a * « • nenHon «too Inter» ttlun aocheaea of thit» 

•odel. Wo и м iho analogy wan the ateJng prooooo at toe Into re ctlnn of wire* wave» 

(ZaataveMI GJ4 . 19TO). bo* the НачШ-nUa of todtvhtnal wave* be expreaeea In the 

action - angto coordinate» and let their frequency be dependent on 

й^)1"'/- NJL~* 
(ú^ |» tho ftequency of the к -th nonlaser oecfJator. /V I* the 

ouaty IntoracUng group» of wave» and Л J^ 1» tho 

A -th wave due to the reeonant «ctton of all wave» troai the •pedrum •attefytng the 

rcaonant condition (Ú, • AJ^ *-0«, ' k. *к^+ к.л . We can formally deecrbo the inter, 

action by the rlaauVonlan 

Vint elv»» tho energy of Interaction between mode». Then, the »jotea of three wave* in

teraction lone» nixing eyeton and th» dlatrlbutton function of wave» •aggfy the Гоккег-

-Planck equation and ha» thue flHhulen character. 

We nee» to expreaa the tetel HaaOtoolan of partietoe and wave» a* a «yctea of 

bounded nonlinear oeclUotore In the fora ( • ) . Pin ding analog*»» roeowawt condition*, t» 

model .if mixing for three - wave proeeee oan be u»*d far Interaction of parHcto» and 

wave» for opectrun 

We ahaB In Chapt.7. dtecwt» dovolopaent *f to» what» wave-particle eyetea* now 

wo content with onto giving a eondMen when the paiKeJe • alien In a given eyeteei of 

wave» I» atoehaatic Therefore, we need to follow onto- the change of velocity of partlcl**. 

A» it 1» known, juet the nonlinear band»» d—iplna, I» often «eaoldored mm m three-

•wave procea* (with • virtual third wave i»a«n*»ay mteraeMiig w*h • •rHelia). Thue, let 

it» deecribe the pantele in the ceeeateate» •alien angle In aeooreenee wfth Chapt, 4, 

wNh Эю Heailtonlan in the coordinate oyaton of one wave* «Ml a a r i — e * I» «w 

lude *f the epeetrun (according (в) ) (о) 

and with the frequency aubetentially пшяШтшг 
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Ksret» to ouch • way that Ко adjoining Mnoo 

Г к*-к4 
whom -t(jp lo the I h o f l velocsy of paractos. In o given 

change of A J of the perttato wMh rooonont Ihonool velocsy. A t long OO 

whofo l i b to the corroapundlng dtocrotono— and / V «ho meebor of elmulUneouaty reeo-

nant IntoiatHitg palro of waves wtth a given parttelo, the particle motion can be coneWe-

rod to bo stochastic 

The following aaiiolay general? beldo 

lili *ltoCxu, - x J « A - 4 * tVf -k<<i . 
tat our case» the angular Iroqiiency of a nonlinear oacfflator can be expreeeed ao 

and Kw Inoqtialy 

must bo satisfied. Thlo to ftiMBod to* the system with particloa with eufficienuy omaU -V^. 

and with euftlcienay wide spectrum. Satisfying the obové conditions, could bo almply 

determined, Uoing HaauUonlan ( в ) , considering boat rooonancoe and their harmonico and 

Hero the Brat awe deecrlbee the l a d that particloa oee bealdoo the boat reeonance for 

baaie distance of two Мг-ь líh iurther aoquonco of harmonice /naL. The second sum 

expreaaoo that In the basic boat reeonanee could act not only one couple of wave* but 

a largo amount of corresponding resonant в — blnetiona (approximately aloo Л / ) , 

Wo can take rather uniform distribution of phases • T r i m » • Using again the same 

con aide ration as for tits spectrum ď , oxpossing 

and oonsHorlng Jj (jf>i) $i, ^ J / ( f ) X we have 

we got 
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The corresponding vafem of X -« -а 

.+ J^ i —- 2 1 Л/ 

The tiiatinetfon from the módo! of apectrum Л / I * no* therefore only formal, to Км 

CU ihe baate line fora» • 

wflh Ihoir reeonancea» The conditions of the Modal require rather wide apectnaat however, 

far the preeent от cannot say that tMa to the necessary condition lor esietenoe at do> 

chaatlc*y. 

In the model ЛГ the unperturbed velocity V ^ is taken as a motion with poaalbm 

nonlinear leaiureat by Inereaaine velocity the particle can go over to another reeonant 

beat. Ртов the point of view of realisation, the model /fc 1% of courae, moro accetabls. 

OÍ courae, tor higher accuracy of approximation both modele approach each other. 

6. ESTIMATION OP ABSORPTION RATE 

In Chapt. 5 we have derived the Ume of decay of the correlation for two Undo of 

discrete apeetrum. Lot ua now have a look at ehangee of ene«-*y of partidea. In thla 

Cnapt, wo auppoae the apectrum to bo atatlonary wwh constant energy. Thua, «In© from 

the energetical point of view the problem la not ooM conolatant. In Chapt, 7 we dlseuee 

eenaoojuenciaa of tola approximation and aoma more general aapecta of thie form of kwer-

Aa faOowo from the analyala of a. sing ayr*eme, the ргоЬеЫШу of appearanae of a 

paracle with velocity V (or the attribution amotion 4( V, t) ) ean be deaertbod by 

trie dlffuaion equaUot fZaalavaluj C M * 1970) 

04- a,* Lr^^' Sir J 

For eimplicity wa denote the paraaetera subject to diffusion by ЛГ i in general tMa ean 

be any coordinate of the phaee apace. The diffusion coefflcient la gained ( * a In the caee 

of etochaatfc acceleration) 

D C v - ) - | / U i ^ ) 
where AV" la the Increasing of ЛГ during two subsequent "eeUislone* and T id the 

Í.TT 
mean "colUsion" period. In our caae wa taka Г - — * - (hero alao £ 1 , 4 С ) and AW 

mm the increaee or W duiiitf, «he <T-pulse. A t long aa the aeeainaa шел ba aarmldered 

to be denae ao that partieiea praaiiealiy In every atata ean finde a oorraaponding reso-
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ne reeonent dtSeaton co • • • l i n t can ba uaed (Krtin U, 19*9) 

whara A U j ^ i a Ilia wi—lenea change of - V In lha Mate č~(i -**Т) . 

In the prevtuae l a a w a l o n «a have atudled the dynealca ai a pamata wWt tha action 

variable J t therefore a t need lna bivaraa trmnafonaaMon 3 ~* AT . 

In eec. 5 • * derived A J far paaalwg a particle through one a -pule* henee, lna 
-Г %W -1 

increaae in Mata / * —r— . Donating a corresponding change of tha coordinate Л. J 
« t have tor D-. 

Since for tha epectrua of tna type OJ we have 

and for the type A-

coneldarlng (he raauHa of Chapt в we have dUTuaion coefficient for tha apectrum AS 

SlariUrty for the apectnaa of the type Jr 

^'"ÍTVZA- ^"<> * ^ " *•'-'• 
Bocaueo of the rttfnialun form of tha equation tha ehanea of tha longitudinal energy 

dQ. 
j . ;• la given by 

<**•}! dv "* dv 

U we eonalder JJy. not depending on energy (thta, of couree, la approxfaaatien far 1)л/. 

both AJ ans <2* era fwnetiena af м а м average velocity) we have, under «teual eonver-

/мпь, ir -Л- -• о • -lůn*, vd -*• 0 

far tha veloefty af аЬмгаНеи Им Mowing staple relation 

- » . Д Г А Ч . . Ж 

whara /<V la « * • eertlau atwaHy, The tetej Inaraaae In Им аама approxbaaflon la 

До? 'J^nm At 
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(vaJtday at D - ««net Htr e l V n y i m on irmVnmw»/ wMo ape am ana •ppriatnaUte II 

is eufflcJent if J)^ CfMt w a c*ver «to eaeumsd «OAK Inaraaaa of W I M M M ) . 

For the coo* of narrow n i i r t w bond and groalor thermal v* lo*ay ono Пае 

that th» nenahear reeonancee cover a, amited voteagy Interval of dtabr№wa*n tmnsttent IneWe 

thla Interval haa tho motion of paraalea «eamlun «heraeter. Aeiuidtng (Taatevalra C M . 

1970) tha parttama are In thia Interval rattier ctoaed ( « a * ouppoaMLjn conalata In tt» la 

dement al difference of th * character af th* partial* moaen b w U t and rudami» of 

layer). U further D(v) 1» constant in thia Interval tha conaeawanc* af dmteeion I» tha 

plateau-tike form of the diatribution function. T h * limit «mount of abaereed oaorgr ( far ata-

tionary apectrum) la then 

A a ft concrete caae of the above mentioned enalyaie we now consider a peaaibttMy 

of ab*orpti*n at the discrete spectrum of wavea In tha ranee of parameters «tea* to expe-

riment (PUD V. ot aL, 197 i ) . A direct comparison of reeunaa with eaporlaanC* could be 

done, nevertheleaa, only carefully; a * we have already mentioned, we have not sufficient 

experimental picture of the spectrum; parametere of our modele are therefore choeen rat

her ad hec - especially Л ^ , Further dMBcuay arte** worn *ar not eslfcenalataat achate*. 

We are therefore unable to jMdg* to what degree the ианаПу o a a l d a r i i Integral prapor' 

we* of nonlinear íandau damping ar* changed by moan* at dtecaaaad m»chaate*i aome 

poeaible changaa a r * manaenad In Chapt» ?« Tfcua, w* a mat therefor* ceaaMer that par» 

Mel* heating cetaa be really covered (том •»* ересалав snargy dm* lo I n * * * eaaate* Ж 

ne» so, wo can wahou» fall only atat* th* change of t h * behaviour af 

due to dlacuaaad mechamlamt our n-jaterlcal raaatte are then omte v*a> 

of Mi* rat* at the beginning of t h * Uwaractloa, 

A * w* have a**n from the diecueelon of the etoeheatielty ttwdt, from tha point of view 

ol calculation effort it ia mor* advantageou* to uao th* apectrum ^ - t here, for sufficien

tly amall /ÚL. the atochaaUclt/ condition U *atisfl*d sail for not to* wml* apectrum. Wo 

take therefore the diffusion coefficient DO*/ * " • **JL *" the torm 

Lot th* original velocity diatribution of pleame partlclee bo ď -fUnattenal and let th* 

apectrum he sufficiently broad so that for auapeeed mean thermal apr*ad du* lo abaorptlon 

th* diffusion coefficient can be taken a* a conatant. Than, th* Increase of parttales ener-

«y in Urn* A t 1 . - « P l y , lvan by „ ^ ^ ^ ^ ^ 



Now, lat ua ahooaa, according ( P M at ak 1971; Jungwirth and Sunk* 1973) fegowlng pá

trat * t ~ 2.10**parm«loofr.3, ^ . «.«.lo'eec""1, k't - i . » . !© 2 »" 1 ! 

Л/ lO . to «ha labia tha rei of Calcutta*» of temperature increasing Л Т are given 

groupa of parametera £/ Ы ~ . Ц ^ la equal to the total energy danela/ ef 

liasaum. Wffjgf la an aaaeeatbte energy density aad la defined as Й^ , с с . 

- Щм'^кш! * Щ(*4 eoriaepemda to tha stochastic instability limit Л. - 4 . A t 

la here damned l ) aa a New &Í4 of absorption of tha energy ^m.cc u 2) could be 

considered aa a constant, and 2) aa a tkae ^^i ы absorption of the half of the aceee -

stble «aargy. If wavea and reeonant parUalaa fora eonaervattva system. Both ů.t1/t_ giva, 

of course, only rough estimation of heating rata. Л T la accessible inareaaing of tempera-

br A t . 
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In aaattoned experimente the interaction Мша la lO sec . Initial temperature of plas

ma waa б eV and estimated inereaaing of temperature in the range of several eV. The ma

ximum amplituda of eingle wave waa cca Ю V/m and the width of the apectrum after a 

breaking of alngle wave —f- up to 10%. Tha apectrum covera with beat reaonancea the 

range of aaveral tena of eV of plaama thermal velocity. The «attmation of apectrum energy 

ia dUHculb Lat ua «uppoae that 'he apectrun energy approximately equate to the maximum 

energy of the alngle wavei then thle corresponds to the density of energy W~ 3.10~*j/m^ 

We aaa that for thla total energy tha Interaction la unsufficiently alow 

already mentioned, imperfection of our model consists in rather artificial choice of 

and can be overcome by better knowledge of spectrum genealogy. Our formulae can give 

only fallowing mora general conclusion, ц we 1лке aa experimental value a w , - and apectrum 

widthД <*/<•*пЛ, than for given lvt#t andACJ more eubtile structure of spectrum 4r gives 

greater К and J). 

7. CONSEQUENCES ОГ STOCHASTIC INSTABILITIES POR ENERGY TRANSFER IN 

THE REGIME OP NONLINEAR LANDAU DAMPING 

TIM now we here dlecuaeed a caaa of stationary spectrum. Such not selfceneletent 

madel can ganerally describe only tha character of particle motion, but net change* In 

eneryy. N la well known (e .g , Ott ano Dum 1971) that tor two wavea and parttelea with 

resonant Intsrastten veloalty («J f t-6> f.) " V ( ^ « . - £ f ) Integral extota { U^ la wave energy) 



- ! • -

Рог J tó. -CO. \ <Z< CO i * • m0>n • • * « * of wweractlen conaiata therefore in « и щ у 

between toro wavaei an analogy ia v a M far apeatrua (Taytovftch 19a?). 

Tha t * ага м а * poaaMMNee of everaoalng true aevere геев «Man. The 

in n©n-eoneervat*v*y of Iha еуваа. Thle can happen Ш mm wave a wah т м 

laval are вНВ (eeded by aeana Ы external drlvar ( a ^ . In Ъе»а pl«i • • МегаеМоа, If Iha 

wavaa aia nonHnaary Ballad and whara - In a final valuae « la Iha energy attt aupaVad 

by Пи baaa) . 

The ncond роееШШу appeare In dUtarbaMon of M» raaananl condlHan (M the partic

le toaeracte war. «ore than hra wavaa). Thia could be ceueed by ceMalena and in oar 

caaa by t ^ , • Thta aaaullwa caWatana frequency corraaponda la Iha dp cay of partic

le-pnaee correlation* cauaed by nananaary eaacla, and ia a coaplitaait lunette* at tha 

total apeetrua region, В la tharafara not poaaihle a» dtacuaa Iha dynaali a af are wavaa. 

foralng beat, in auch laolatea fora. mm, «.g. la (OH and Ома. 197l ) deecriptlon. Šach 

coapUceted nonllnaar problan áxtonda farther tha a la of otir papar. NobrUhatandlng. eloaa-

ly related ia the next approach, giving eoae general Irdoiaalluna. 

Tha further - and intonating - poaaibfltty exlata. If ww can Iha whole eyetea (wavaa 

and raaonant particlee) regard mm a ayalaa with mixing and If individual wavaa f ro* the 

apectrua could be formally rwpraaented by mmmnm of nonlinear oecUtetora. Lat ua axpraaa 

the total Henlltonian in aetton-anglee in fora 

whara two Oral auaa at tha right aide repreaent energy of wavaa, raap. parUelea and two 

laat terma give tha interaction energy between wavaa and between wavaa and partlelee.if 

la valid, whara A J^ , re*p. A J » ia tha aaxbaua change of Jp , reap. Jp due 

la the raaonant interaction, the whole ayataa ia poeeible ragara mm «yetem wHh mixing) 

each eyatem can overgo Into tha Rayleigh-Jeene dlatribubon in energlea* Ona third of 

wave energy can than evargo into particle», 

We believe that a combination of theae effecta ia nmmrmmt to tha experiment (probably 

Iha lire! caaa ia moat important) t than wa can conalder our numerical aatiaatlon mm a good 

ona at laaal for the baglnnlng of tha interaction. 

Am pHfav Rw%v irwtv 22» эт# ( u m ) 
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а. сомсыжюн 

We haw* dtacwaaed tne aHeal of boat гаипмсм on «ho abaorpnon of wave energy 

in parwale» (the M d i M i M of nonlinear Landau damping) in the atochaaac InatabHity r e -

glmo. Wo haw* ahow* that In еиеиМа chaaan apeetrMa the notion of parNeloa he* - due 

te the etaehaeUc JnaMhUny - rtfualan character. Suppoelng etaaenarjr apectrum thJa roauMa 

in munotoaona btareaaina, of particle energy. ***» anargaal* conaIda raněna In tna aelfcen-

•latent и м arc nor* i fnn Mi « • have alacwaaé the oftoct Ы eftecttve roBlalona and of 

amang • * * » • whole ayatem (wove and reeonant particle a) on tha energetic balance. A a 

• я аррИааИои w» have aellnalid the abaorpMon by aeana of dlecnaeod nechaní an for 

hean-plaana experancat» Our eetlmatioa for parameter» from experiment give lower healing 

rata than M геачИе froai neaawemeat» nevertheleaa it preadaea for larger amplitude apec-

trum a o n Int naive ebaorpMen. In any caae tha mechanlam under conaideration raquiraa • 

- due to uaed model* and approKbmaUoaa - mora detailed atudy and the generalization 

tor the aoU - conelatent case. 
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