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BBE,l!EHHE 

B CBJl3B c npe,Ano:>1CeHHblMB B nocne,Aeee epeMJI MHoro

qecneeHblMB npeMeHeHBJIMB pen.llTBBBCTCKBX .3neKTPOHHblX 

nyqKOB B03HBK&eT He06XO,ABMOCTb B3yqeHBJI BX BH:>ICeKUBB 

B Tp&HCDOPTBPOBKB. 

)J.n• CBilbHOTOqHblX penJITBBBCTCKBX 3neKTPOHHblX :ry11-

KOB c seneqeHol TOK& 6onbWe KpBTB'leCKOro, I kp = m9c· {Jy= 
= 1.7 .10 4 t3 y [a], napMOpOBCKBB pa,ABYC 3IleKTPOHOB nyqKa 

B co6CTBeHHOM M&rHBTHOM none MeHbWe pa,AByca ny11Ka, 

qTO MO:>ICeT npeseCTB K HeB03MO:>ICHOCTB TpaecnopTBPOBKB 

T&KBX nyqKOB B B&KyyMe. 

YKa3aHHOI npo6neMbl He B03HBKaeT, ecne ny110K npo

XOABT qepe3 DilOTHYIO nna3MY /BnH ra3, BOHH3HpyeMblB npe 

npoXO:>IC,AeHBB nyqKa/ 121. ff3y11eHBe ABH&MBKH TOpMO:>ICeHB.11 

CBilbHOToqewx nyqKOB B DilOTHOB nna3Me B&:>ICHO ,AilJI BblJIC • 

HeHBJI B03MO:>ICHOCTB BX Tp&HCDOPTBPOBKB ea 6onbWBe pac -

CTOJIHBJI /eanpBMep, npB 38MKHYTOM ABB:>ICeHHB B KonneKTHB

HWX ycKOpBTeilJIX/. 
3Ta 3&,Aaqa BeCbMa aKTyanbHa T&K:>ICe B CBJl3B c B,Aeeii 

BCD0Ilb30B&HBJI crycTKOB ;i'Il.llTBBBCTCKBX 3neKTPOHOB ,An.II 

3a:>1CeraHBJ1 peaKuee YTC • Ope 3TOM Hae6oni.weii eeTe

pec npe,ACT&BnJllOT sonpocw HH:>ICeKUHH H TpaHcnopTHPO~KB 

B DilOTHOI nna3Me Ha KOpOTKHe paCCTOJIHB.11 HaeoceKyH,AHblX 

crycTKOB penJITHBBCTCKHX 3IleKTPOHOB. 

KaK e3eecTHO /l ,2 /, npe HH:>ICeKuee e nnoTHYIO nna,3MY 

pen.llTBBBCTCKOro nyqKa 3IleKTPOHOB c xapaKTepHblM spe -

MeHeM eapacTaHB.11 TOK8T ,MeHbWHM ,qeM CKHHOBOe 477 aril c 
2 

/ r 0 - pa.ABYC nyqKa, a - npoBOAHMOCTb nna3MW/ ,scne,A

CTBBe 38KOHa BHAYKUBH cl>apa,Ae.11 B nna3Me B03HBKaeT 06-

3 
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pa TH.blH TOK j , = - j . H3 - 3a AHCCHDaUHB :noro TOKa 
B03HHKaeT pe3ynLTepy10mee MarHBTHoe none lip, cl>oKyce
pyromee DY'fOK H npBBOAJimee K cyiuecTBOBaHBIO paBHOBec
H.blX B paAeanLHOM HanpaeneHBH ero COCTOJIHHH. ,Il;HCCBDaUBJI 
o6paTHoro TOKa B nna3Me c KOHeqHoii DpOBOAHMOCTLIO u 
/KOTOpaJI MO:>KeT 6.blTL o6ycnoeneHa KaK napH.blMB CTOnKHO
BeHBJIMB u . ' TaK H KonneKTHBH.blMB 3cW>eKTaMe / 3/ /, npe-

e1 E , I BOAHT K DOJIBneHHIO DOnJI z = n ec u' TOPM03JIIUero eH-
>KeKTBpyeM.ble 3neKTPOH.bl nyqxa /n, - KOHUeHTpaueJI 3neKT
pOHOB B nyqxe/. 

ff3yqeHBIO 3Toro MexaHH3Ma TOpMO:>KeHHJI 3neKTPOHOB 
DY'fKa B nnoTHoii nna3Me I n 'In << 1 , n - KOHUeHTpaueJI 
3neKTPOHOB nna3MLI/ AnJI cnyqag a= uei =a0 ( T /T

0
) 3i'2 no

CBJimeHa AaHHaJI pa6oTa /TOpMO:>KeHHeM 3neKTPOHOB oyqxa 
ecneACTBBe HX napHLIX CTOnKHOBeHHH c HOHaMB nna3M.bl 
6yAeM npeHe6peraTL/. 

§1. AHa11u111u'lecKoe ucc11eooeaHue ouHaMuKu 
lllOpMOJICeHU.JI ny'lKa 

PaccMOTPHM OAHOMepHyJO 3aAaqy, KOrAa Bee BenHqeHLI 
3aBBCJIT OT KOOPAHHaTLI x BAOnb HanpaaneHBJI HH)ICeKUBH 
B He 3aBHCJIT OT paAHyca r. TaKaJI 6e3rpaHHqHaJI DO r 
3aAaqa HMeeT peanLHLiii CMLicn, ecne0fec H¢dr/c H3-
MeHJieTcJI, B OCHOBHOM, B6ne3H paAeanLHOH rpaHHULI oyq-

• Ka, e BHYTPH MarHHTHoro KaHana, rAe none H¢ Mano, 
Bee napaMeTpLI DOCTOJIHHLI DO paAHycy. 

....... 
Ilpe npoxo:>KAeHHB nyqxa no nna3Me AHCCHnaueJI ao3-

Hexa10mero o6paTHoro TOKa npHBOAHT K A:>Koyneey Harpeay 
nna3Mhl B H3MeHeHBIO ee DPOBOABMOCTH DO 3aKOHY 

5 t 
U=U (1 + - f 0 2 0 

j '2 dt, )~/5 /1/ 
uo nOTO 

Uo 'n 0 ' T 0 - DPOBOABMOCTL' KOHUeHTpaueJI B TeMnepa Typa 
DJJa3MLI AO BXO>KAeHHJI B Hee ny~Ka. 

,Il;JJJI nonyqeHBJI DPOCTLIX aHanHTHqecKHX peweHHii 6yAeM 
cqeTaTL Macey 3JJeKTpOHOB nyqKa me DOCTOJIHHOB. ToKOBYIO 
CKOPOCTb JneKTPOHOB nyqxa npeMeM paBHOH c • 
PaccMoTpeM cHaqana 3aAaqy B paMKax "xonOAHoB:" rH.JJ.po-
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AHHaMBKB, npeHe6peraJI HaqanLH.blM pa36pocoM cKopocTeii 
3neKTPOHOB J:J npeADOnaraJI' qTo OH He BO 3HBKaeT B Aam.eeii
meM. YcnoeeJI, ripH xoTopwx 3TO npeAnonmKeHHe cnpaBeA
nHeo, 6YAYT nonyqeH.bl HH>Ke. 

IIpH CAenaHHLIX npeAnono>KeHHJIX TOpMo>KeHHe HH>KeKTe
pyeMoro crycTKa ODHC.blBaeTCJI ypaBHeHBJIMH ABH:>KeHBJI H He

pa3phlBHOCTH: 

d v (d v d v ) E 2 I m--=m-+v- =-e =-nee.a 
dt dt dx 

an + 2.,Ln....!l_ = o. 
at ax 

/2/ 

3AeCL B B AanLH~iimeM n - KOHUeHTpaueJI 3neKTPOHOB 
crycTKa, v - CKOpOCTL 3neKTPOHOB B CHCTeMe KOOPABHaT, 
rAe HeDOABH:>KeH "XBOCT" crycTKa /"XBOCT" crycTKa He 
HCDLITLIBaeT AeBCTBHJI TOpM03Hmero JneKTpeqecxoro nonJI, 

T.K. E z - n /. 
IIepeiiAeM B ypaeHeHHJIX /2/ K narpau>KeBLIM nepeMeH -

HhlM: dz= ndx' TaK qTo z max =1 h dx = N - DOJJHOe qecno 
:meKTPOHOB cryCTKa AJJBHbf 0 ·L Ha eABHHUY DJJOIUa,lJ.H. 
BBeAeM 6e3pa3MepHLie nepeMeHHLie: 

- - - ·L - I t=t/r, v=v/c, n =-n, Z=Z N, 
N 

( L= er ) . 

YpaeueueJI nepenumyTcJI B BHAe /qepTa B AanLneiimeM 

onycKaeTcJI/: 

-2.!! + n2 ..£.!.. .. 0 
at az 

I -3/5 
2-:J.. = - A n (1 +B f n dz ) /3/ 
at z 

l 3/5 
u .. u (1 + B J n dz) . 

0 z. 

3AeCb BBeAeHLI o6o3HaqeHBJI 6e3pa3MepHLIX napaMeT

poe: 

m u
0
c 

5 e 2 N 2 
Bs---·---

2 u 
0
n 

0 
T

0 
r 

A= e2N 
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B o6IQeM cnyqae 1<apTHHa TeqeHHJI onpe,11,enJieTCJI 3Ha
qeHHJIMH A, B, d>opMoii crycTI<a n ( x) H TenJIOBbIM pa36po
coM B MOMeHT HH>KeI<UHH. 

Hccne,11,yeM CHaqana cnyqaii B = 0, 1<or,11,a nporpeBa nna3-
Mbl He npOHCX0,11,HT. liy,11,eM HCI<aTL peweHHe B pa3,11,eJIJ110-
IQHXCJI nepeMeHHbIX: 

v='V(z)v(t), n=N(z)77(t). 

Tor,11,a H3 CHCTeMbl /3/ nonyqHM: 

d'V 1 d77 
N-=-----"'a 

dz rr v dt I 

N 1 dv /4/ 
-=- - --=a 
V A77 dt 2 

r.ne a I H a1 - I<OHCTaHTbl. 
PeweHHe /3/ npH MaJibIX r B 3TOM cnyqae npHMeT BB.II.: 

2 -
n = 2 ( 1 + sign ( dn I dz ) A t ) v I z I 

v=-2vlzlt. 
/5/ 

TaKaJI 1<apTHHa TeqeHHJI peaJIH3yeTcJI, HanpHMep, 1<or,11,a 
HaqaJILHbIH crycTOI< HMeeT d>opMy TpeyroJILHHI<a n ( t = 0) = 

~ x u = -- • - , T. e. TOK nyq1<a pacTeT HJIH na.naeT no JIHHe&-
·L ·L 

HOMY 3aI<oHy. 

PeweHHe /5/ cnpaBe,11,nHBO, no1<a At 2 « 1 ; HO npH 
3TOM I<OHUeHTpauHJI MeHJieTCJI Mano H CMeiueHHe qacTHUW, 
HMelOIQeii B Ha qaJILHbIH MOMeHT I<OOp,11,HHa TY x 0 , paBHO 

t 2 Xo 
s = I v dt =: -At rz ~<-L 'T. e. .ned>opMaUHJI crycTI<a TOJILI<O 

0 ' 

HaqanacL. QqeaH,11,Ho, ee xapa1<TepHoe epeMJI t - 1 I ...;T. 
EcnH d>opMa crycTI<a n (x) Ta1<0Ba, qTo nepeceqeHHJI 

TpaeI<TOpHii He npOHCX0,11,HT' TO .ned>opMaUHIO cryCTI<a B npo-

6 

,, 

uecce ero TOpMO>KeHHJI MO>KHO npocne,nHTL, npH6JIH>KeHHO 
pa36HB ero Ha yqacTI<H c IlOCTOJIHHOH npOH3BO,ll;HOH dn/dx 
,lJ;nJI 1<a>K,noro Ta1<oro yqacTI<a cnpaBe.nnuuo aeToMo,nenLHoe 
peweHHe cHcTeMbl / 4/. 

B 1<aqecTee npHMepa paccMOTPHM crycToK B d>opMe 
paBHOCTOPOHHero TpeyroJILHHKa, "cI<neeHHoro" H3 .nsyx 
npJIMoyrOJILHbIX TpeyroJILHHI<OB. 

B npouecce TOpMo>KeHHJI nepe,nHHii TpeyronLHHK 6y,neT 
paCTJirHBaTLCJI, a 3a,ll;HHH - C>KHMaTLCJI; o6a OHH 6y,nyT 
OCTaBaTLCJI TpeyrOJILHHKaMH. IloCKOJILKY IlJIOTHOCTL B ne
pe,nHeM TpeyroJILHHKe yMeHLWaeTCJI no cpaBHeHHIO c Ha
qaJILHOH, a B 3a,nHeM - yBeJIHqHeaeTCJI, TO O'leBH,ll;~O, qTo 
TOpMo>KeHHe 3a,nHero TpeyroJILHHKa 6y,neT CHJILHee H, Ta
I<HM o6pa30M, no JIHHHH "CKJieHKH" npOH30H,ll;eT pa3pLIB. 

,lJ;JIJI peaJILHbIX crycTKOB 3TO 03Ha'laeT' 'ITO cyIQeCTByeT 
TeH,IJ,eHUHJI I< IlOHH>KeHHIO IlJIOTHOCTH B Tex MeCTax Ha'laJIL
HOro crycTKa, r.ne pe3I<O yMeHLwaeTc.11 dn/dx . B onHcau
HOM Bblwe npHMepe Tennoeoe .IJ.BH>KenHe 6y,neT, oqeeH.nno, 
"3aMa3bIBaTL" o6pa3ylOIQYIOCJI IQeJIL H, TaI<HM o6pa30M, 
pa3pLIBa crycTKa Ha .nea B .neiiCTBHTeJILHOCTH He npoHcxo
,11,BT ,11,a>Ke e cnyqae crycTI<a, HM.e101Qero H3JIOM n( x ). 

Jler1<0 noHJITL, qTo npH B = 0 Heo6xo,nHMoe H 
,11,ocTaToqHoe ycnoBHe nepece'lenu.11 Tpae1<TopHii, 1<0Topoe 
HY>KHO .IJ.JIJI npHMeHHMOCTB "xono.nuoii" rH,npo,11,unaMHI<H, Mo
>KeT 6blTL cd>opMynHpoeauo 1<aK Tpe6oeauHe ueeo3pacTaHHJ1 

dn I dx. d 
PaccMoTpHM xeocToeoii TpeyroJILHHI< crycTI<a( Tx > 0). 

Bee,11,eM eenHqHuy y =77 (0)/ 17 (t) /o6paTnoe ynnoTueuHe/. 

B 

H3 cecTeMLI /4/ nony'IHM 

d2 
y _Y = -2A /6/ 

dt 2 

dy 
V=y'Zdt ~~ 

·L dt 
/7/ 

d ~-

"PeweHee" ypaeueuHJI /6/ _Y_ = -y-4Afny noKa3bleaeT, 
dt 

qTO npH npOH3BOJILHO MaJIOM 3a,naHHOM y CKOPOCTL v ny-
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TeM Bbl6opa ,D;ocTaTO'IHO Manoro 3Ha11eHHJl napaMeTpa A 
MO>KeT 6b1TL C,D;enaHa CKOJIL yro,D;HO Manoii. 

IlOHJlTHO, 'ITO 

- XO XO 
s =vz (y( t)-y(O)) = r< y(t)-1 >-- - L" IlpH y(t)->0 

Ycnouue !vi<< 1 , 011eBH,D;HO, 3KBHBaneH..!..HO ycnoamo 

y-::4'ATny«l, KOTOpoe npH yfny-1 ,D;aeT yA«l /T.e. 

upeMJl CTJlrHBaHHJl ,D;O 3a,D;aHHOH IlJIOTHOCTH t - l/yA MHOro 

6onLwe BpeMeHH HH>KeKUHH/. 

CT.&rHBaHHe crycTKa K ero KOHUY c noTepeii 3HeprHH 

nop.H,D;Ka Ha11anLHOH B03MO>KHO H 3a BpeMJl nop.H,D;Ka BpeMeHH 

HH>KeKUHH ( t - 1), HO OHO He OilHCblBaeTCJl nony11eHHblM pewe

HHeM, IlOCKOJILKY TOKOBaJl CKOPOCTL 6blna npHHJlTa paBHOH 

CKOPOCTH crycTKa. 

EcnH OTHOCHTeJILHaJl CKOpOCTL He Mana, ypaBHeHHe 

,D;BH>KeHHJl HMeeT BH,D; 

~=--An(l+v) 
at 

H nepeMeHHble He pa3,IJ;eJIJllOTCJl. Il03TOMY ,D;a>Ke B H,D;eanH3H-

. poBaHHOH nocTaHOBKe /TpeyronLHLIH npoci>HJIL cryCTKa, OT

cyTCTBHe Tennoaoro pa36poca/ CTJlrHBaHHJl B IlJIOCKOCTL 

He npoHCXO,D;HT /T.K. peweHHe BblXO,D;HT 3a paMKH npHMeHH

MOCTH I vi« 1 /. 
OTMeTHM, 11To npu TOpMo>KeHHH y11acTKa crycTKa no

CTOJlHHoii IlJIOTHOCTH OH He HCilblTLIBaeT ,D;ecl>opMaUBH /no

CKOJILKY ace 11aCTHUbl TOPM03JlTCJl O,D;HHaKOBO/. 

PaccMoTpHM KpaTKO cny11aii B -/: 0. IlpH MOJUHOM Ha

rpe.Be ( B '>> 1) MO>KHO npeHe6pe11L e,D;HHHUeii B cl>opMyne 

/1/ /TaKoe npeue6pe>KeHHe HenpauoMepHo ,D;JIJl "ronouLI" 

crycTKa/ H IlblTaTLCJl HCKaTL peweHHe B pa3,D;eJIJllOIUHXCJl 

nepeMeHHLIX. H3 ycnoBHJl pa3,D;eneHHJI nony11HM 

d I -3/5 
N - ( N ( f N dz ) ) == a 

1
a 

dz z 2 

I 
'V(z)"" -

1 
N ( f N dz)-

315 
/8/ 

a 2 z 

H ,D;JIJI BpeMeHHblX COMHO>KHTeneii 
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' 

i 
·1 
i,\, 

\11 

'/: 

I
\' 
l 
'I 
I 
I~ 

Ii 
1\'1 

!1 

11 
\' 
! 

f 
I 

If l, 

'" 

I\ 
f 

v =-1-#-
al t ' 

2 
2/5 i....L ,,.-A Ba la2 · 

y dt 2 /9/ 

IlporpeB nna3Mbl npoXO,ll;JIUUIM no Heii ny11KOM npHBO,D;HT 

K ocna6neHHIO TOpMO>KeHHJI "3a,D;HHX" 3JieKTpOHOB,no cpaa

HeHHIO c "nepe,D;HHMH"' 'ITO MO)KeT npHBeCTH K nepece11eHHIO 

TpaeKTOpHH 3JieKTPOHOB Tex cryCTKOB, y KOTOpbIX npH 

B = O Tennoaoro pa36poca He B03HHKano. 

OcTaHOBHMCJI KpaTKO Ha cny11ae y /.: 1. H3 4>opMynhl 

d(yv) y-y 
= y 3 npH ycnOBHH c << 1 nony'IHM 

dv ~ 
Y'·- y v =y

3 
(v-v ) (y , v = c - peJ1J1THBHCTCKHH 4>aKTOP 

c c c . c c 
H CKOpOCTL qacTHU KOHUa crycTKa/. 

IlepeXO,D;JI OT nepeMeHHblX x, t K nepeMeHHblM x ~x-v t' c 
t'=t' BBO,ll;HM v OTH. =V-Vc H nony11aeM ,ll;JIJI v OTH.CHCTeMy, 

OTJIH'lalOD.lYIOCJI OT HCCile,D;oBaHHOH BhlWe /2/ JlHWL 

MHO>KHTeneM y - 3 B npauo:ii 11aCTH ypaBHeHHJI ,ll;BIDKeHHJI. 
c 

IlpH y ·>> 1 IlO,D;,D;aeTCJI aHaJIHTH'leCKOMY HCCJle,D;o-

BaHHIO TOJILKO pe>KHM Me,D;neHHOro CTJirHBaHHJI /Kor,D;a /j,y/y 
Mano/, T.K. 

yv - y Ve y-y c ' 1 c 
v-vc= c · -c---·-«--. 

y3 y y2 y2 
{' c c c 

Ta1<oe a,D;Ha6aTH11ecKoe TOpMO)KCHHe npHBO,ll;HT K Manoi 

OTHOCHrenLHOii noTepe :rneprHH ( L\ y / y « 1) ; ,D;e4>opMa 2 
UHH cryCTKa npoHCXO,I\HT npH 3TOM 3a BpeMeHa t-c/v oTa;'>Yc· 

y CJIOBHC t .... __ l ___ >> y 2 MO)ICHO nepenuca TL B BH,D;e 
c 

y A(y c) 
3 - -

(A(y ) =A/y ) : yA «l/yy . 
c c c 

§2. t/ucAeHHoe MooeAupoeaHue Ha 3BM 

AHanHTH11ecKH y,D;aeTCJI uccne,D;oBaTL nuwL 11acTHble, 

XOTJI H Ba)ICHhle, cny11aH TOpMO)KeHHJI crycTKOB. )J.nJI u3y-

11eHHJl ,ll;HHaMHKH TOpMO)KeHHJI cryCTKa B 06UleM cny11ae 6hln 

npHMeHeH MeTO,ll; MO,D;enHpOBaHHJI c IlOMOll\LIO yKpynHeHHblX 

'laCTHU. 

9 



IlpB 3TOM OTpe30K, 3aHBMaeM:t.IH crycTK-OM, ,neJIBJICJI 
Ham 0Tpe3KOB /m:: 100 B 6oJILWBHCTBe pac'leTOB/ BBKruK
.noM OTpe3Ke B Ha'laJILHldH MOMeHT IlOMemanoci. k/m qac-
THU (k»>m' k=10 3 +4~10 4 ).H3MeHeHBe n(x) MO,neJIBpoaa-
JIOCL H3MeHeHBeM "3apJ1,na" yKpynHeHHLIX 'laCTBU - "naJIOK". 
B "nanKH" 6L1JIH ecTecTaeHHLIM o6pa30M 06'1.e.z:i;HHeH:t.1 qac
TBU:t.I, HMelOll.(He B Ha'laJILHLIH MOMeHT 0,Z(BHaKOBlde Koop.na
HaTld B CKOPOCTH /TaKHe "naJIKH" OKa31dBaIOTCJI BeCLMa 
y .no6HLIMB ,Z(JIJI rpaci>H'leCKOro H306pa)l(eHBJI .necl>opMaUHB 
crycTKa/. ~JIJI Ka)l(.noii "naJIKH" pewanoci. ypaaHeHBe ,naa
)l(eHHJI; DJIOTHOCTL, BXO,D;Jlll.(aJI B npaay10 'laCTL ypaaHeHBJI 
,D;BH)l(eHBJI, Blal'lHCJIJIJiaCL CYMMHpoaaHHeM B 0Tpe3Ke pa3-
6BeHBJI. 

IlpH cl>opMaJILHOM ee,neHHH C'leTa MOryT B03HHKaTL 
Heci>H3H'leCKHe 3cl>cl>eKTLI, CBJl3aHHlale c HenpaBHJILHLIM no.n
C'leTOM DJIOTHOCTH B o6naCTJIX 60JILWHX rpa,nHeHTOB H pa3-
p:t.1BOB DJIOTHOCTH~ B KOHKpeTH:t.IX 3a.z:i;aqax JTH Tpy,nHOCTH 
Heo6xo,nHMO o6xo.z:i;HTL, HCDOJIL3yJI, B 'laCTHOCTB, aHaJie
TH'leCKHe peweHHJI. 

c DOMOD.(LIO 'lBCJieHHOro MO,nenepoaaHHJI HCCJie,noBaHa 
,n.eHaMBKa c rycTKoe npe A =0,01 , B = 1 ; 10 /pacc'lHTLIBancJI 
y'lacToK crycTKa c neueiiHo y61a1aa10ll.(eii KOHUeHTpaueeii 
- xeocToaoii Tpeyroni.ueK/. Ha puc. J H3o6pa)l(eHld TpaeK
Topee 'laCTHU; BH,D;HO, 'ITO c HeKOTOporo MOMeHTa Ha~L,,1a
eTCJI nepeceqeuue TpaeKTopaii, XOTJI B cnyqae B = 0 OHO 
He B03HHKaeT. 

Ha 3BM Mo.nenepoaanaci. TaK)l(e crycTKH c Ha'laJILH:t.IM 
TeDJIOBWM pa36poCOM, HMelOIUHe cl>opMy paBHOCTOpOHHero 
TJM:yroJILHHKa I .nnJI JToro a Ha'laJILH:t.18 MOMeHT coaMell.(a
naci. .naa 0.Z(HHaKOB:t.IX crycTKa/ c "Me'leH:t.IMB 'laCTHUaMH"' 
BMeIOll.(He OTHOCHTeJILHYIO CKOpOCTL .,\ v = 0.01 . 

Ilpoee.nenHwe pac'leT:t.1 no.nTeep)l(,nalOT aHaJIHTH'leCKBe 
BLIBO.Z(ld' c.nenaHHlale ,Z(JIJI' JToro CJiy'laJI B § 1. TenJIOBOB 
pa36poc ocTaaancJI nopJI,n;Ka Ha'lani.Horo ( ~ v = 0.01 + 0.03 ). 

liLIJia paccMoTpeHa .neHaMHKa "xono,nHoro" crycTKa 
raycCOBCKOH cl>opMld. 3BOJIIOUHJI TaKoro crycTKa H306pruKe
Ha Ha puc. 2. KaK nerKO DOHJITL H3 paccy)l(,neHBB § 1, B TOM 
MecTe crycTKa, r.ne npa t .. o 61a1n nepera6 n(x) 

d 20 , Ha'lHHaeTCJI cHaqana crymeHHe qacTBU, 
(-(t= 0)=0) 

dx2 
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a JaTeM rrepece11euHe Tpae1CTopHii. Brrepe,11; awpwaaeTCJI 
"Jl3LIK"' B CBOIO 011epe,11;L, HMelOIQHH "Jl3Ll'IKOBYIO" CTPYKTy-
PY, - IIPOBCXO,ll;HT "rrpoll(eJIKHBaHHe" cryCTKa. ' 

Cne,11;yeT OTMeTHTL, 'ITO BOJHHKaioll(ee rrepece11eHHe 
TpaeKTopuii npHBe,11;eT K B036y)l(,ll;CHHIO ,11;ayxnoT0Koaoii ny11Ko
aoii ueyCTOH'IHBOCTH. 

B JaKnio11euHe aaTop awpa)l(aeT rny6oKyio 6naro,ll;apuocTL 
JI.H.Py,11;aK0By Ja py1eoao,11;CTBO awnonueuueM ,ll;aHHoii pa-
6oToii, E.II.::>Ku,ll;ICOBY u B.r .MaxaHLKoay Ja o6cy)l(JleHHe 
pe3yJILTaTOB. 

Jlu•epa111ypa 

1. W.H.Bennett, T.G.Roberts. Plasma Physics, 10, 381 (1968). 
2. A.A.HeaHOB, JI.H.PyoaKOB. )J(3T<IJ, 58, 1332 /1970/. 
3. JI.H.PyoaKOB. )J(3T<IJ, 59, 2091 /1970/. 
4. F. Winterberg. Phys.Rev., 1'79, 212 (1968) . 

PyICOIIBCL DOCTYDHJia B H3,ll;aTeJILCKHB OT,ll;CJI 
22 Ma JI 197 4 ro,ll;a. 

13 


