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A b s t r a c t 

(l'IC method), whiqh continue 
n tho development of non­
wl. th Initial p11.r nmntcr o 

... /r! > f Kol".i_)" ' . 
t. tho omivornl 1111 ( tho p ,.oc.ooo 

i , - . p -
... ) or tho wave on the 

I.Ju t. 1 C>il , whio h in tl l1c t o Lho exei tntion of the 
I 11.1 d, 1 enclo to the 8 eneration of the short 

l o11g Lh modon. The trappin8 of plasma electrons by these 
motlen l ends to the dampin8 of the modes·and to the heating 
of electrons. The heating absorbes not more than 20% of the 
Langmuir wave energy, bu\; the effective electron temperature 
increases 5-10 times. The trapping of electrons by the initial 
La.'lgmuir wave leads to the formation of the tail of the acce­
lerated electrons and absorbes the main part of the Langmuir 
wave energy. 

HEY'CT~'Cll1BOCT!> H 3ATYXAHHE JrnllWJPO:OOOO BO.llH 
EOJIHllOlt AMIUIHTY.Illi. HAI'PEB SJIEIO'POHOB 

H. c. ~0JIDHHKOBa. E. II. MaTO'llRBH 

AHHOTAUHR 

IlpoBe.zteHH tntCJiemme 9KCIIepHMeHTH (MeTO.It tlaCTm::t B Jl'leihtax) 
!IO l!CCJie,ztOBaHHJ) Hemmeihmx JieBI'MllpoBCKHX BOJIH 60JIDlllO:lt m.mJDI'l'Y.ltll 
c napaMe-rpaMll Eo2/8nnT~ I-Ia2; E..2/&11nT -,..? 10-~ /(ko r~J2 ; 

Eo/8n11T ;> 77;> {k.rof , IIpO.ItOJl1!8DllHe pa60TY (If • 

lbKaSSHO, ~O Ha B03?.\YDl8JDIJI IllIOTHOCT.H, 003.ItaBaeMOM IIOJieM 
BOJIHH, .1UteT KOHB8pcl!JI BOJIHH ( IIPOiteCc £'/<e +Sk, -- tk .. ±} k,. t 

j3 = I, 2, 3 ••• ) , 'ITO npimo,ItHT K reaepai:tHH ROpoTKOBOJIHOBHX raP­
MoHHK. :3axBaT 9JieKTpoHOB Ima3Mll ST.HMH rapvomuaum !IpllBO,ItHT K JIX 

3aTyxamm H Harpe:By 9Jl8KTpoHOB. :3qxpeKTJIBHM T8MII8pa'.l'YP8- aJieKTpo­
HOB B03paCTaeT B 5-IO pa3, XOTJI Ral'peB IIOrJioniaeT Be 60Jiee 2D.' 
9HeprHH BOJIBH. O;u;Ho:apeMeHBO pa3Bl!lla8TCJI 38XBaT 9JI8KTpOHOB OCHOB­
HOI BOJIHO:lt, KOTOpeft !IpllBO,ItHT K o6pa30:eamD> XBOCTa 6HCTPHX 9JI8K­
TpoHOB JI IIDrJIODleH.111) OCBOBHO:lt ,ItOJIH 9Heprmt BOJIBH. 



Pauee BaMH 6wm n:poBa.n;eHH 1DICJieHHHe axcnepmaeHTH no llCCJl&­

.ItOBaWDl HeycToit1nmocu JI 38TYX8Hl!R O.ztHOMepHl:ilX JI0HI'M11pOBCRHX BOJIH 

B lllllpOROM .zoranasoae IIapaMeTpoB /I-31. Fa.!Io ll0Ra38HO, 'ITO OCHOB­

BHMlil n:po~eccmm JlBJlJD>TCs MO.ztY~OHHaJi aeyciroi!:qnocn, KOHBepclls 

JI0HnlllpOBCROI BOJIH!i H ee raI14omm Ha BOSl(yllteHllSJX IIJIOTHOCTll (npo-
• ~ecc t!.ke.+Sk: .._ ~* e. ~ ;sl<, · , 13 = I,2,3 ••• ), 38XB8.T 3JieitTpOHOB 

BOJIHOI H ee rap!IOHHK8Mll. IW!o nOlta38HO, 'ITO B 06.JiacTH Ha'lBJII>Hl:ilX 

napaMe'l'poB BOJIHli E,, ~8lin T > Kora. Ha6.m:utaeTC8 KOJLJI.aIIC - pa3BHT.lfe 

UO.ztYJUIIUIOHHOI HeycToit1nmocTH He llP.llBO.ztHT R o6pa30Bamlll COJIHTOHa, 

HO n:po.ztomraeTcs .zto Tex nop, noRa Re Ha'l.lfHaeTCJI SSJtBaT aJieRTpoHoB 

rapuommmm BOJIH!i. YcxopeHHe saxBa'lemmx aJieitTpOHOB npHBO.ztHT x 
IIOrJI0111emm JiJM:ll 3Heprz.H IlOJIH H It 38Ty.X8HHI) nOJIS. Bo BCex CJIY'l8J'lX , 
ltpolle CJJY'lSeB O'tem. 60JJJ.1111IX 8MIIJIHTY.n £0 2/&llnT >> t :> 10-?rko t;;)1 

38XB8TllBaeTCJI H YCKOpJi8TC.fl .ItO 60JIDllUDC CROpoCTel He6o.m.moe 'l.l!CJIO 

3JieRTpoHOB, Ta.K 'ITO y ®'mu:om pacnpa.n;eJieHH.fl no CROpocTRM o6pasy­

llTC.fl XBOCTH. ClcHOBHa.fl MaCCa 9JieKTpoHOB IIpa.K'l'H'leCKH He norJIOlll8eT 
9HeprIDI. 

HacTOSllll8.fl pa6oTa JmJIJieTCs npo,JtOJmeHHeM pa6o'l'H /I ,21. MH pac­

CMaTPBBae11 S.Itec:r. CJlY1IWI BOJIH 6onmol SllWDITY.IOi £ 02 » f
7 

.f{L}>:i , 
£. 2 l'?7 1, 2 &r;nT (Ko fd 

•/gq17 T ~ M -:> I A:o rd). B 8TllX CJ.1Y'l8mC HeROTOpas "lae'l':r. aaepr1111 

norJIOlll8eTCJ! OCHOBHOI llSCCOft 8JieitTPOHOB, 'l'l'O IIpBllO)tllT R HX Ba.I'pe­

:sy. B BaCTOSl(el pa6o'l'e MH Ylte.J.IEM OCHOBHOe BHllMBHJle narpe:sy. 06 -
111ee OIIHcaHHe paSBJl'l'HJ! HeYC'fOA'llmoC'l'H, ROHBepcmr H 38XB8Ta B 8TJIX 

CJIY"l8JtlC npHBe.zteHO B pa60Te /II JI O'l"laCTH 121. HaCTO~ pa60Ta 

llPlDIHRaeT 'l'mtze K pa60Te 141, B KO'l'Opol HCCJie.ztOBaJICJ! HarpeB 9Jie:tv­

TpoROB IIJia3MH np.11 ReyCTol1DloocTH JieBI'Ml>poBCKllX BOJDI B R80.ztHOpo.zt­

ROI WJ"aSlle C ROpoTKOB0.1ROBHllH C.IUzy"COlf.It8JU>BHMlil BOSMYDieHHam UJIOT­
ROC'l'H (110HRO-SByROBlDOI BOJDWm). 

B 'l.l!CJieRRHX axcuep&eRTax CMeTo.zt 'laCT~ B aqelxax) paccMa'l'­

PBBaJiaC:r. O.ItHOMepaas CHCTeMa c nepllO.ztH'leCltl!MliI rpaH.ll'lRHMH ycJIOBllsr­

llJI • .lt1Is 9JieKTpoHOB II .llOROB 38WtBaJIOC:r. llaltCBeJIJIOBCROe paCnpe.iteJie­

H.lle no cxopoc'l'JDI c OTHomeHHeM TeMIIepa'l'YP 7; I r.: =30 11 oTRomeRH­

eu MaCC h/rn = ro2
• B Ha"Q'IUl'T.HHA MOMeHT Bper.reu 38JV3MJIOC:r. PaB­

ROMepaoe no ,!tJIHHe pacnpa.n;eJieR.lle HOROB Ii, ( x) ::::0 II BOSM;yllleH.lle 

UJIOTHOCTH 3Jielt'l'poHOB he ( .x ) • COO'l'BeTCTBYD!lee Remmelaol 

(YKPl"leHHol) JieBrMDpoBCROI BOJIRe, 'ITO COOTBeTCTBYeT sa.n;amm 4-5 
rapUORHlt BOJIRH c o.zumaxo:smm <iBSOBHMll CROpoCTJDl!il. .aimaa BOJIRH 
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OCHOBRO:I!: raI140RHRH ). 1 sa.n;aeTCs pa:BHOI .ItJIHRe CllC'l'eMH .;;( • 'l'alt 

'!TO ROMep rapw>RHIG! ,,v., = ..y~ ,v = ~ i'.A 4-' .ItJIH Ree ~ =I. Ha­
'laJI:r.HHe napm.seTpH BOJIHH np.11Be.n:eHH B 'l'a6~e l (:ayye~ CJIY'Ul­
eB Ta lite, 'ITO B pa6oTe /II). 

Ta6.!IHIIa I 

-' /rd = 100; '4/vr = 16; krct = 6,3.Io-2; (k.rct/= 3,9.I0-3 

Qny"qait l-l l-2 l-3 I-4 l-5 l-6 
£' 

0 30,l '70,4 193,6 252 350 626 
£0 :t;g,,-r; T 0,3 l,6 II IS 36 II5 

fo.f/foe 25 I2 4,5 4 4 2,5 

m I: 2 .:: 4-1me
2 

E ROPMJqX>BaHO Ha BeJill'UIHY 4. • T.. - _L • w = -- • 
e' Toi . ' oe. - W-o .., ' o.z. /n ' 

Hae 6Y7IYT lmTepeco:san CJIY'Ul.11 I-3 - I-6, B KOTopm: Ha6Jm,Ita­

eTcsr aarpeB aJieKTpoHOB WiasMH (B CJIY"tJaJDC l:...I, l-2 aarpe:sa npaiv­

TnecK11 ReT). B pa60Te /II IIpoaBaJIHSl!poBaHa Cpa:BRll'l'eJII.HaJI POJI:r. 

pa3HHX n:po~ecCOB B 3THX CJIY'l8J'lX· IloRa38RO, 'ITO MO,TtY~ORHaSI He­

YCTO:l!:1DIBOCT:& 38,Ir.BHHO:I!: BOJIHH HrPaeT saMe'l'HYJ) PO.lil> TOJI:&RO Ha ua­
'laJI:&Ho:I!: CTa.ztW{ B CJIY'I8.SIX I-3, I-4, T.x. ys,e np11 He60JI&lllol aMIIJIH­

TY.ne r aI140RHK Ha'lHHaeTCJI sax:Ba.T &JieKTpoHOB IIJiaSMH. Hs-sa nepece­

'teHHsr o6JracTe:I!: saxBaTa B saxBaTe yqacTBY~'l' II OCHOBHa.fl BOJIRa, 'l'aR 

'ITO aJieKTpoHH ycxopS>TCJI .ItO 60JI:r.lllllX CROpoCTe:I!:. IIpemmu!mtHX <fBso­

BYD CROpoCT:& BOJIHH. B CJJY'l8.RX I-5, I-6 saxBa'l' OCHOBHOI BOJIROI 

Ha'lJIHaeTCsr c caMOro aa'l8Jia H Hrpae'l' onpa.n;eJISDXll.YJ) poJI:&. B a'l'.llx 

CJ1Y'l8J'lX SaxBaTHBaeTCJ! SaMeTHoe '!HCJIO aJieRTPQROB ( ~ 4 H 20% OT 

06111ero '!HCJia a.11eRTPOROB B CJJY'{aJ'JX I-5 H I-6). 3axBa'lemme aJieRi-

TpoHH ycitopmoTCSI .ItO cxopoc'l'el ~ Vq, ~ Q r.;.;:- • HO It uarpe:sy 9JIE5-

TpoHOB saxBaT OCHOBHOI BOJIROI }!e IIpRBO.D:HT. . . -
B _:p_a6oTe /II 6Wio .noxa.SaHo, 'l'l'O BO .Bcex OJIY"'laJ'lX CY111eCTBeH­

HYl> pOJm .HrpaeT 1t0HBepc.11s BOJIHH H ee rapr.«>HHK Ba BOS~eRHgX 

It7IOTHOCTHe 
~ -· 

· IW!o - noI{aSEiHO~ 'l'l'O B CJ.IY'{ae BoJIH 6om.mol aMIL7IHTYltH BH,It B03-

Qlllem6.l IIJlO'l!ltocn B ocuo:saoM onpe.z(eJISreTCsr Bos~emrer. xoaoB no­

JieM "BOJIBK. &.ro lloJie Ol'UILRO BOSt.(ylllae'l' HoRH; 'l'l'O IIpllBO.n;HT K 6HC'l'- ( 

poiq;. poc1'1 ·BOSl(yi(e!UISI lUOTBOCTH. B ~ I-3 - l-6 8'1'0 BOS!q­

iqeime &l lfeCROJI&RO IIJiasuemmx nepHo.n:oB JJ;OC'l'Hrae'l' BeJDf!DIHH 
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n/ n 0 ~ O,I, npz :icoropol ROHBepcza sa:se.D;oMo CYlllecTBemm. (B Ta6-

JD1Ite I npHBe.D;eHH W>MeH'l'H BpElleHJI to. 1 , KOr.ita .D;OCTzrae'l'CSI 

ii/I? .. = o,I). HSMeBeime pacupe.D;eJiemlJJ JIOJIB: EfX ) JI( paSBll'l'Jle 

B031G111eBJ!UI MOTBOCTJI Ji IX) B CJJY'IB.JllC I-3 JI I-6 JIOR:a38BO Ba 

P.llc.Ia,6. B ue.mmelHol BOJIBe BOSM;YllleBllre MOTBOC'l'.11 3JieKTpoBOB 

Hllee'.l' Bl!l,It mm.a (P.llc. Ia,6, t =D). Bo3BQllleBllre MOTBOCTJI JIOBOB 

np.llMepHO llOBTOpseT cfK>IUY n:. e ( )( ) t 'ITO IIPllrBO.D:JilT R o6paso:sa-

BJD) ll!HpOKOI BIIBJtl![HH JI( mma B paitoBe x ~ IOO rd. . ~ x - 0 

(P.llc.I). 3a BpeKll ~ IO-IS Toe (J10BBHI ILm3MeBJnift Jiep.110.D; 

7;4 - 10 Toe ) B031(}'D(eBllre WlO'l'BOCTJI BO BIIa.JUIBe .D;OCTBI'aeT flB.RCJl­

MaJILBOI BeJIJAHHH ;l:../ ;z., ~ D,4-0,5, a MaICCmeJI&BOe BoSM;Ylllemte 

B mme MOTBOCTJI - BeJIJifllllBH n/l"z.. ~ I-2. C Te'leBHeM BpeMeBJI 

mat cy.gaeroa, 'l'l'O SKBJ1Ba.1IeBTBo reue~ 60Jiee :icopoTROBOJIHOBHX 

rapye>BllR WIO'l'HOCTB U>Hc.2 a-r, CJie:ttTp n,., (IV) ). CTPYRTYJlB 
r7:(x } IIOMIBI> Ha'laJII>HOro BOSIQllleJD!JI JIOJIEll BOJIBH OJipe.D;eJUreTCSI 

Ta.De .D;elCTBJIEll lIOQepo11:>TOpaol CJIJIH IIP• ~.lti'mmmt BO.mm sa cqer 
MO.D;Y~OBRol HeJ'C'l'O~CTJiI .K1lll KOHBepcn. 3TO IIPBB<>.D:Jil'l' It poc­

'rY' 6oJiee MeJIKOMa.Corra6ma BII8,JtJIH lIJlOTBOCT.11. 

PoCT BOSl(}'Il(eBllA WIO'!'BOCTJI npHBO.D;lilT ·K ycxopemm KOHBepclitlit 

.11esnmpoBCR11X BO.JIB. KoHBepcu upIIBO.ltBT R reae~ IIP.RMHX 
( v ¢- ,v / 0 ) B o6paTHHX ( v; < 0 ) rai-omm JieHI'MIJpOBCKHX 

:som c BOJIBOBm.m BeKTOp81111i k."' = k ~ :r ft I<; (uouep raIMOmnt 
,v = !Ve ± f> ¥,· ) • B KOHBepcD yq8CTBYJ)1' BCe rap.romnm BOJlHH B 

BOs~em111 WIOTHOCH. 3'1'0 IIPllBOltft K BOa6YJr,D;emm mzpo:icoro cnex­

Tpa rapyomm ItOHBepcJm, npne11 c Te11eBBeM BPeMeHH Ha'lllH8ilT reae­

pBpO:sarri.c.11 6oJiee B 60Jiee JU>poTEOBOJDtOBHe rapuomnt.11 (P.llc. 2 a-r, 
CJie:ttTp £ ,.., (A/) ). 

I'alllOBIUtB BOHBepc1111 lDlel>T AJIJIBH BOJIB 11 qasoBHe CKOpoC'l'H 

3Ha1iJITeJ!r>HO Yem.me, 'leM OCHOBHa.$1 BO.ma, Tax 'ITO omr llOI'Y'f saxBa­

THBan SJielt'l'pOBH IJJiaSMS npn SBa1iJITe.m.ao Mem.mHX aJlllJillTY.D;a. Pas­
Brrze 38.XBaTa OCROBHOI BOJIHOI JI rapY>mnaum KOHBepcmr MODO npo­
CJie,JtBTI. no qasoBHM 11JIOC1tocTma aJielt'l'poBOB CPHc.3, CJJY'WI I-3 11 

I-6). lfs P.lfc.3 Blll,1l;H0 9 'ITO Ba Ba'IBJU>HOI CTa,Jtlitlit Oupe.D;eJISllli[M JIBJVI­

eTCSI saxBa'l' SJieltTpoBOB OCBOBHOI BOJIBOI. Ycxopeue saxBa'IBBBBX 

a.neKTpoHOB JipHBO.D;JilT lt 38TYX8HBJ) BOJIHH. lJacn 9JI8it'rpoHOB BHXO.D;JilT 

HS sa:.tBaTa CO CROpoCTJYI, JipeBOCX~aqBMll ifaSOB,YJ> CitOpocTia BOJIBH. 

C rre'leH11e11 BpeMeHR ORH ouepEmall'l' o6.mcTI., B KOTopol 6HlIJll SaxBa­
'lemi:,11 saJIOJDIJDl'f Bepxlllll) 118.CT:& qasoBOI WlOCltOC'l'Jt. lJacT:& 38XB8.'leH-
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HHX BOJIROit 3Jl0KTPOHOB OC'?aeTC.11 B o6JJaCTK aaXBaTa H BalUIB8eT TOP­

MOSllr'rl>CSI (P11c.3a-H, 1/ro~ - 2-3). )JpBOJII>HO 6HCTPO Ha'lllrHae'l'CJ! sa­

XBaT a.neKTPOHOB rapr&:lmn<aMH ItOHBepcn - o6paTHHMH BOJIHaMK (P.llc. 

3a, i:/ r,,ev 5; PHc.3e, "'YToe - I). C Te'leHHeM BpeMeHH npo$!'.BJI.li­
eTC.li saxBa.T 60Jiee KOPO'l'KOBOJIHOBHMB' rapMOmmaMP! - npm.mMH JI( o6-
paTHHMH BOJIH8MJ1I JI( Ha qasoBOA IJJIOCKOCTH MOJKHO Bl!l,IteT:& xapaKTepHHe 

CTPYKTYPH B 06.IIacTH nOJIOl!UITeJr&HWC H OTP.HnaTeJI&HHX cKOpocTeA. 

(PHc.36, 9r
0
.,-10 ; PHc.3K,JI, f:/ r,,e ~ 4-5). Co. BpelleHeM 

rapMOHllrRH aaTYXBJ)T,CTPYJtTYPH pa3MeonmaJ)TCSI, BOSmraaJ)T 60Jiee KO­

pOTKOBOJIHOBHe CTPYKTYPH (PHc.313, ~/Toe - 19; PHc.3M, i,;?;;e~ B). 
Omt B CBOll O'!epe.D;:& paSMeanmallTC.11 U>Hc.3H, .t/ r,,< ~ I6), TaK '!TO 

B o6JI.aCTH MaJIHX cKOpoCTel SJleKTpoHH pacnpe.D;eJUD>TC.11 no qiasoBoit 

IJJIOCKOCTllr. saIIOJIWm IIYCTOTH (PHc. 3r ,o i/ Toe - 50). lllllrpHHa o6JIB.C­

TH CKOpoCTeit, sanOJIHeHHOit SJieKTpoHaMH , SHa'lllrTeJILHO BOSpaCTaeT no 

cpaBHeHHll c Ha'!8Jl:&Hoit (cpaBHH qiasomie IJJIOCKOCTH B aa'!B.!Ie JI( KOH-

~e). 

~ pacnpe.D;eJieHlll.11 3JleK'rpOHOB JIO CKOPOCTS& B pa3HWC KO­
Op.ItHHa'l'ax .D;JI.11 CJlY'laeB I-2 - I-6 B t/ ;;,e ~ 50 np!llBe.D;eHH Ha 

PHc.4a-B. Kp!llBHe ffv) /lo (o} ( fa (o) - Ba'IMl>HaSI q,y&RnHSI pac­

Jipe.D;eJiemra) xapaKTepK3YIJ'l' o6d B~ WSHKD)lH pacn:pe.tte.n:eHlllJI. JJora­

pu<fNir'recltllre KOOp.ItHHaTH (PHc.4a) nOSBOJIJil)T xopomo OJillrCaT:& XBOCTH , 

.mmefmHe (P.llc.46) - o6JI.acn MaJIHX oKOpocTel. KpJllBHe f(vJ / f{o) 
(P.llc.4B) xapaKTepKSYJ)T H3MeBemte a@leK'?HBHOI TeMJiepaTypH. 

CpaBHeHHe WSma:t111t pacnpe.D;eJiemtSI B pasHHX CJlY'lMX (Pl!c.4a) 

noitastmaeT, '!TO MSKCHMSJil>HafI CKOpOCT:& SJleKTpoHOB BOspacTaerr c 

pocoroM aMIJJmTY.ItH BOJIHH, .D;OCTBI'M B CJIY'IMX I-3 - I-6 v"7Q_.~3Q..60 vT 
(BaIIOMHHY, '!TO ifa39Ba.sI cxopocn BOJIHH v "' = I6 VT ). B c.nyqa­
IlX I-3 - I - 6 <llYma:tl1H pacnpe.D;e.n:emr.11 uecBMMeTpz'IHH, O.D;Ha.RO, Bcer­

.D;a yumpeHH H B o6.na.CTllr O'rpJilllj:lTeJI&HSX CROPOCTeit. IlocKOJil>Iey' o6paT-

HHe BOJIHLI c Vq, ,v <: 0 MOI'Y'l' BOS6~T:&C.li TOJil>JCO B pesyJI:&TaTe 

KOHBepclD! , 3TOT ife.KT IIO,It'fBepllr.D;aeT ee CYI11eCTBeHHY1> pOJII>. Ha P.llc. 

46 Bl!l,ItHO, '!TO ~ pacnpe.D;e.neHWI CWII>HO YeHSBlTCSI JI( B o6JI.aCTH 

ue60Jll>lllHX cxopocTeft. PHc.4B noitasimaeT, 'ITO \fll'HRnIDI pacnpe.tteJie­

HHSI CWII>HO ymHpJDlTC.11 no cpamtemm c Ha'la.JI:&HOit lI 38MeTHO OTJillr'la­

MCSI 0'1' MaRCBeJIJIOBCKlIX. 

By;D;eM xapa.KTep.11soooT:& aarpeB aaeprzel cf W>, , KOTOPYD no­

rJioT.wm aJleK'l'poHH co CitOpoCTSIMH, JiegaJqilMH B :mrrepBaJie, COOTBeT­

CTBYDiteM ypoBHD I ( v) / I { o ) ~ 0, I. 3Heprl!ll, cooTBeTCTBY'J>lllYJ) 
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ypomm f(v) / j(o).c:. O,I.oy.zteM aammaTI> aHeprHel XBOCTOB t Wt • 
HarpeB MOl!HO xapaRTepHSOBaT:& aqxpeltTHBHOI TeMJiepaTypol, onpe.zte­
JieHHol IIO O'l'HOmeHHll filHPBHH f { v) III f. ( v) Ha HeKOTOpoM ypoB­
He. lloCKOJI&ll'Y qlyH:itnIDI pacnpe.zteJieHHJI OTJIK"IalOTCJI 0'1' MaltCBeJIJIOBCKHX, 
OY.IteM xapaxTepHSOBaT!> HX ~YMJI TeMIIepaTypaMH, onpe.zteJieHHHMH Ha 
pas:ewc ypoBHJIX: Te (Vr) - Ha ypc>BHe f(v)/j(o) = 0,6, COOTBeT­
CTBYDJl0M N!JI MaltCBeJIJIOBCKOI f { v) .llJHTepBaJJY CKOpoCTel ± v T t 

H Te (1,WT)- Ha ypoBHe f{v)/f{O) = 0,24, COOTBeTCTBYDJl6M 
mtTepBaJJY ±I,? V; • OTMeTHM, 'iTO HeKOTopWt Bl<Jla,D; B YfilHPeH.llJe 
~ pacnpe.zteJieH.llJJI .ztaeT B03MY111eHKe cxopocTei aJielt'l'poHOB oc­
TaTo'l!HHM IIOJieM. 0.ztHaKO YlllHPeHllie HS-3a OCTaTO'iHOro IIOJIJI .II 9Hep­
rl!JI BOSP.\VllteH.llJJI HeBeJIHIGI. CpaBHeH.llJe Ha'iaJI&HOI ~H pacnpe.zte-
JieHHJI f" (v) III fo ( v) t YJllltPeHHO:I!: IIO.zt .ztelCTBHeM OCTaTO'iHO-
ro IIOJIH, IIORa3W3aeT t 'l'l'O "napasHTHa.Jt' aqxpeltT.HBHM TeMIIepa-rypa. 
He npeBlilllaeT - I ,I-I ,3 Te 

0 
ll! TOJI&ItO B CJIY'Ule I-6 .ztOCT.HraeT 

BeJlH'UIH!i - I , 9 Te 0
• F.cJIH npe.ztIIOJial'aTI> , 'iTO aHeprzg BOSP.\VllteH.lla 

paBHa HSBeCTHOI HaM aa:eprmi OCTaTO'iHOro IIOJIJI, TO OKaSHBaeTCJI, 
'iTO oHa He npeBmuaeT I0-15% OT aa:epr1u1 HaI'PeBa S' ~ • 

3HeprHJ1 aarpe:aa, aa:epr.t1a XBOCTOB, a Taiate aa:eprHa, nor.no­
iqeHHB..lr .llOHaMH t We: • B 38.BllICHMOCT.ll OT Ha'iaJI:&HOI 9Hepro BOJI­
ml Ea "-/tTTn T IIOI<asami Ha P.llc.5a-B, 9qxpelt'l'HBHB.a TeMIIepaTypa -
a:a P.llc.5r. Ms PHc.5a,5r BJmHo, 'l'l'O aHepr.HH aarpeBa .11 aqxpelt'l'HB­
a:aa Tewepa-rypa. paCTYT c poC'l'OM 9Hepru BOJIHS .II B 5-roPfd>eBNllla­
ID'l' Ha118JI:&H!le We 

0 
l! Te 

0 

• 0.ztHaitO aa:eprHa XBOCTOB pacTe'l' ropaa.zto 
OHC'l'pee (P.llc.56). Hs P.llc.5B B~o. 'i'l'O BO BCex CJJ:y"l8.JJX OCHOBHM 
,l{OJIJi aHeprH.H BOJIHH IIOI'JIOlllaeTca XBOCT&m .H TOJI:&ltO HeOoJI:&maa 'tJB.c:m., 
He npeBOCXO~ 20% aa:eprl!ll!, IIOTepmmoa BOJIHOii Ww (CJIY'Iait 
I-3), H,ll;eT Ha HarpeB. 3To a:ey.l{HBHTeJIDHO, T.K. npH aaxBa'l'e a.nex­
Tpoa:oB OCHOBHOI BOJIHO!_OHll! ycitOpJm>Tca .ItO O'ieHD OOJI:&mHX cxopoc­
Tel, IIOI'JIOlllM 60JI:&lllyYO 3Heprl!Kl. 3HeprHa, IIOI'JIOll!eHHSJI HOH&m, rum 
BJIUJ;HO HS P.llc.5a,:B, BO BCeX CJIY'IaSIX HeBeJIHxa. 

TaKHM o6pasoM, nplil B38.HMO.ztelcTBHH c nnaaMol .neHI'Ml>poBCKHX 
BOJIH 60JI:&moit aMn1IHTY.!\H aa6JmutaeTca sarpeB a.nelt'l'poHoB nnaaw. Me­
xaHK3M HarpeBa 38.It.7Ill'i8.e'l'CJi B saxBa.Te 9JI6lt'l'p0HOB rapMomm.m.m:, RO­
TOpHe BOS6:yJB;ItaJD'l'CSI IIPH KOHBepcHH JieHI'Ml)poBCKOI BOJIHH Ha BOSP.\Vllte­
HHJDC IIJIOTHOCTH, cos~ CaMOI BOJIHoit. Ilpw HarpeBe 3Heprlila oc­
HOBHOI MaCCH 3JI0K'l'pOHOB BOSpaCTaeT B HeCKOJI:&KO pas. 0.ztHaKO TOJI:&-
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KO HeSHa'i.llJ'l'e.n:&Ha.a ,){OJI.fl 9Hepl'HH, IIOTepmmol BOJIHOil, JIUJ;eT Ha Ha­

rpeB. OcHOBHaJI .l{OJIJI aaepro norJIOJ118.e'l'ca ycxopeHHHM!II a.nelt'l'poHa­

MH - XBOCTaMllI <liYH~ pacnpe.zteJieHll!a. 

Pa.Hee B pa6oTe /4/ BCCJie.l{oBaJiac:& HeyCTO:A'iBB<>CT:& .neHI'MllpoB­
clGIX BOJIH B Heo.ztHOpo,ItHol IIJiaSMe c KOPOTKOBOJIHOBHllH B03MY111eHHBMH 
IIJIOTHOCTH. :EWio IIORB.SaHO, 'iTO B Tex CJJY'UUIX, KOr.zta CYll!eCTBeHHYD 
poJI:& JIII'paeT KOHBepcll!a JieHI'MllPOBCKOit BOJIHH Ha 9TlllX BOSMYDleH.llJJDC, 
Ha6.mutaeTCJI a:arpeB OCHOBHOI MB.OCH 3JieRTpoHOB. .l.LOJIJI aHeprn BOJI­
HH, KOTOPM norJIOJll8.eTCSI HarpeBOM, 3aBJiICHT OT napaMe'l'pOB BOSMY-
111eHHJi IIJIOTHOCTH H BospacTaeT c YBeJIH'leHHeM ii I 11 ,, • Ilp.H a:eKO'l'O­
pux napaMeTpax npaKTJil'ieCKH BC.fl 9HeprH.a: BOJIHH norJI()Jll8.eTCa OCHOB­
HOit MaCCOi aJieK'l'pOHOB, a XBOCTH qlyHRnlm pacnpe.l{eJieHll!a He o6pa­

SYJ)TCa. 

Mu JiICCJie.l{oBaJIH paHee /I-5/ a:eycToit'iHBocT:& o,ItHoMepma: .neHl'­
MIJPOBCKHX BOJIH B O.ztHOpo.l{HOI H Heo.l{Hopo,ItHOI nnaSMe B filHPOitOM ,l{Ha­
nasoHe napaMe'l'pOB BOJIHH H BOSMYDleHJila JlJIOTHOCTlil. PesyJI:&TaTH 9THX 
'i.HCJieHHHX axcnepmaeHTOB H HaCTOSllqel paOOTH nomSllBBl>T, 'llTO K Ha­
rpe:sy 3JI0K'l'p<>HOB DJI83MH npHBO.l{HT e.l{JiIHCTBeHHHI M8."t8HliI3M - ROHBep­
CliIJi JieHrMIOPOBCKlllX BOJIH Ha ,l{OCTaTO'IllO KOpoTKOBOJIHOBHX B03MY1l1eH11I­
mc JlJIOTHOCTH. OTH BOSP.\VllteH.llSI MOryT 6HT:& s~ 0 caMOro Ha'iaJia 
Rm!! MOI'YT paSBHBaT:&CSI B pesyJI:&TaTe BO~eHHa HOHOB no.neM BOJIHH 
JiIJIH noH.l{epoMOTOpHOft CHJIOI npH MO.DY~OHHOA H0YCTOl'iHBOCTH. KoH­
BepcHH Ha KOPOTKOBOJIHOBHX BOSP.\VllteH.llJDC IIJIOTHOCTlil ki » ke npno­
.ztHT K CKa'iK006pasHOMY HSMeHewm BOJIHOBOro BeltTOpa k"' = k e. ± f k, • 
TaK 'iTO <flasOBHe cxopoCTH ra:i;uowm KOHBepcllH CHJIDHO OTJIJiI'l81l'?CSI 
OT qasoBOI CKOpOCTH BOJIHH. F.cJIH v q, N ,l{OCTaTO'iHO MaJIH 

( Vcp N :::-- 2- 3 v;). saXBaT mm sJieKTpoHOB IIJiaSMH npHBO.JtHT K Ha­

rpe:sy. 

B OTJIJrme OT 3TOI'O,np.H 140.DY~OHHOI HeycTOit'iHBOCTH H KOH­
BepcH.llJ Ha A1IJiIHHOBOJIHOBHX BOSMYJlleHHJ:OC IIJIOTHOCTH BOSOYJr.nSDTCJI rap­
MOHHKH C OJIHSKHMl!! BOJIHOBIDll! BeKTOpaYllI Iii cpaSOBBMH CKOpOCTRMH 1 

6JI.llJSKHMH K V.p BOJIHH. I'ap.IOHHIGI 0 B03pacTaJJIUOOI f< ,v BOs6~­
l>TCJi noCJie.ztOBaTeJI:&BO BO BpeMeHH H ycneBal>T HapaCTK ,l{O OOJl:&lllllX 
aMIIJillITY.zt,npeir.Ite 11eM Ba'iHeTCSI sax:Ba'l' aJielt'l'poHOB. IlpJiI 9TOM J/IX 06-
Jia.CTH saxoo.Ta nepeceKSl>'l'ca. IIoaTOMY sax:Ba'ieHHHe sJieRTpoHH cpasy 
ycxop.llll'l'Ca .ltO OOJl:&lllllX 01t0po0Tel, Ta.K 'i'l'O sa:x:BaT ,naae He6oJIDmoro 
'IHCJia aJieRTpoHoB npHBOM'l' K nor.no111emm SHa'i.llJ'l'e.n:&Hol aaeprD. 
B peSYJI:&TaTe IIOJie saTYXSeT, a y ~ pacnpe.l{eJieHHSI no CKOpoc­
TBM o6pasyeTCSI XBOCT 6HCTpllX a.neKTpoHOB. 
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Ilo.ztm1CH K PHCYBKBM 

Piie.I. Pacnpe.IJ;eJieIUie nOJIJI El£/ ( )<) H B03M.V111emu1 IUIOTBOC'l'K 
Ii /no { X) B pa3HHe MOMeHTli Bper.teBH. 

PKc.2. 

a. C1IyqaA I-3, 6. CJJY"181 I-6. 
i =O, IIYlllt'l'HP - Ha'laJI:&BOe B03M.VllleHlle IIJlu'l'BOCTK 
aJieKTPOBOB Ji:_ e ( x.) • ""'/ n ,., 

CneR'l'p rap.1omm IIOJUI t: / E,, .( ( ;t) K WIOTBOCTB' -;::;- ( ;tj . 
'/ rto k' = ) ....\.....,. 

a,6. CJryqait I-3, ro/Toe = 4,9 H 8. 

B,r. ~ I-6, ~Toe = 4 H 9. 

PKc.3. ~soBHe IIJiocxocTH aJieR'l'poBoB B pa3m.te MOMeBTH BpeMeHll • 
a-r. CJryqait I-3; .IJ:-O. CJJY"l8l I-6. 

PKc.4. ~ pacnpe.D;eJieHWI 3JieKTpOHOB no c1<0pocTm.<1. 

CJJY'J8H I-2 - I-6, ;!-/ Toe ~ 50. 

a. f/v) I J,, to) - JiorapB~ecKaS uma.na. 

6. / (v)/ i t O/ - JUIHebasi: DIRBJI.a. 

B. f I V ) /;I. U, - .mmetmaJi: ll!RaJiao 

IJYHK'l'HP - Ha1J8JI:&HM ~H pacnpe.IJ;eJI8HllH f () (v) . 
PKc.5. 3aBBCHMOOT:& OT Ba'JaJlbHol aHepru BOJIHH aaeprm1 aarpeoo 

t W /w ( £ 0 
2
/ .8 rr n. T ) B TeMIIepaTy:pH aJieKTJ)OHOB 

Te / r; (EaJgJTnT,2 CJiyqail I-2 - I-6. 

a,6. S'w/ We 0 
; We 

0 

- HaimJI:&HBJI aHeprHSI aJieKTJ)OHOB 
nn:am.m;· 

B. b'W/ Ww ; W'w - aaeprrur, noTepmmM BOJIHoit. 

r. ~ / Te 0 
; Te 0 

- Ha'tlaJl:&HaSl TeMIIepaTY:i;>a aJieKTpOHOB 
wmsw. 

9 



1-1 
0 

H 
H 

1- 3 

f:~0Ea~:v~B 
(t=J CJ C=:J -" A ~ EJCJCJ V~\ CJ 

·IO 50 100 SO 50 50 50 100 X / r.i 

0 so 100 ~ so 50 SO . f00 X/r, 

Plitc.Ia 

1-6 
.!.. •O 1 3.5 5.5 7.5 

t_~E3BBBB 
~_</\ BBBE:21 

o 50 100 50 50 50 50 100 X/ r, 

*-I~ It> t9 '7 SD 

_:r .. ~BBB 
o :io 100 50 50 50 50 100 x / r~ 

PKc.I6 



GJ 

ur 
' .. ... 

11.1 

0 

OJr 

r.r I 
~ ..... 

I, 
0.1 

0 

10 
N 

10 
N 

l/T;,.,=4.9 
1-3 

~ 

Ill 

0 

Pllc.2a 

42r ~ f!T;,e = 8 
t-3 . 

c 
,.\ 
IC 111 I~ 

10 

0.11 II • l 

I ~~ 

30 0 10 

Pltc.26 

I2 

~ 
N 

~ 
N 

Q~, 

-.. .... 
}-
lu 

0 10 
N 

O.~r 

-. 
I~ 

.... 

" .. ..... 

I ~ 

0 10 
N 

t;Toe =Lj 

f- 6 

30 

c 
:i,\ 
le 

PHc.2B 

'!roe= 9 
1-6 

0 
c: 

"'' le 

30 

PHc.2i' 

I3 

0.1 

o.os 

0 10 30 
N 

o." 

a.as 

0 IO 30 
N 



v, 

30 

20 

0 

20 

..... 
or:. 

~ 
30 .. 

.,:I 

-20 

lO 

..... 
(11 

VAf 

60 .. :;---~ 

-20 

20 

f-3 •,r. -5 

... 

40 60 

Pl!c.3a 

f·J 
'1T--·f9 

.. 

Pl!c.3B 

40 

1-6 
'Ir,.• O . ., 

60 

Pl!c.3,tt 

f-6 
0---2 

60 

PHc.3a 

.. . , 

80 ~r4 

60 X/r. 

X/r• 

'{(,T 

30 

20 

ID 

0 

-10 

20 

V/\y 

30 

20 

10 

0 

-10 

20 

20 

(-j 
f,,,,_ .. fO 

·' •i' ' 

'10 60 

PHc.36 

f - J 
0: .. · 50 

10 60 

Pl4c.3r 

f-6 
t/r- - f 

:. · 
" 

i .. .. 

80 X/r,, 

f,O X/rd 

-20

01;;;;;:1:::iH!HH:::::::::: :::::::::::::::. """ .,,;··"·:. 
~ ... ·· 

'1v,. 
60 

-20 

20 ·~-----:40-:-~~-"!'60::-~~-B-O~~x-~-.-

Pl!c.3e 

20 40 60 

Pl4c.3s 



...... 
en 

II~ 

60 

-20 

VNr 

·20 

:: ... 

-20 .· . 

20 

20 

20 

··::= .. ::: ... , ...... . 

40 60 l!;O X/r,, 

Pltc . 3H 
1-6 

~r..-f 

40 60 110 X/r, 

PHc. 3.JI 

·.:. 

40 60 60 X/r, 

Pao.3H 

60 

-20 

20 

%,. 

-20 

20 

-20 

20 

f-6 
t/r.-. 4 

40 

'tO 

1- 6 
'lr-·50 

40 60 

PHc.3o 

· .. , .... 

60 60 Xfr. 

60 80 X/ra 

&O 



~IT\ 
1-4 

..2 r I t-50 ......, I I 
I .T. I I 

O' 
.:+:>• 

~J,\~ f-). (10-2
! 

.± - 60 Toe 
'I 
I 
I 

10-2 J I I 

I I 
I 
I 
I 
I 

~ -20 0 I 20 40 
I 
I 
I 
I 
I 
I 

-20 ·tO 0 10 20 
' /ti , I f-5 

f..-so 
PHc. 4a J i Ii 1 Puc. 4a 

f-3 
.t. - 50 
r.~ 

1 
20 'tO -20 0 

f fl\ l I 

10·2: : 

I 

1-6 

I I 

..t...50 

I I 

r .. 

I I 
I I 
I I 
I I 

. 
:20 ·10 0 10 20 

-20 0 20 40 V/vr 60 

I8 I9 



< 

' $ 

JM/J,(O) ------------
-----------

------ f(V)/f,(O) ---e ------
--------- /(V)//,(O) 

e -------_, 
-- 1---+-~+-----+---+--j-~·+---+-~+--~ ---------------------

~ 
Q . 

- - _ Jlvl/1,IDl --"==......___ 

I r--- ------ J(v)/J.(~ ---
-.~ 

------------



< 

' :: 

------

-----------------
-----------

----------?:: ______ _ 

------ --------

~ 
0 . 

J(V)//(ol 

' .. 



:;o 

<>QI 

~ 

~ 
2.0 

&wh 

10 

0 

'(--· -----· sw, 

0 50 100 2 T 150 
E0 /8lln 

PKc.Sa 

400 

o~., 

~ ..., 
200 

/. 
_,,;.• 

0 50 100 150 
f!IBrrnT 

PKc.56 

24 

1. 
f 1\ . ./--·-------. S"Wt 

~ 
VO 

lO 

o., 
1-, 
...... 

10 

0 

0.5 

.'\ 
/ -..___ • swh 
o~---· ·sw, 
0 50 100 ISO 

E:/81ftJT 

Pac.SB 

-~~ T,.(V,) 

50 100 150 
· E;/airnr 

Pac.Sr 

25 


