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HHTepec K npo6neMe YCTOH4HBOCTH AB~*eHHR aapR~eHH~X 4aCTH~ 

B AHnonbHOM nane B~a~BaeTCR B OCH08HOM TeM, 4TO AHHaMH4eCKaR 
CHCTeMa 4aCTH~a - AHnonbHoe none RBnReTCR cpaBHHTenbHO npOCTOH 
MOAenb~ AnR HaY4eHHR RBneHHR xaoT~aaqHH HenHHeHH~X Kone6aHHH 
/nepeXOAa perynRpH~x Kone6aHHH B xaOTH4eCKHe//l~ PerynHPY~HM 
napaMeTpOM B 3TOH MOAenH RBnReTCR napaMeTp aAHa6aTH4HOCTH 

3pc
X = --..-- < 1,

Ze Bo M 

rAe Bo - MarHHTHoe none B MeA~aHHoH nnocKqcTH, M - AHnonbH~H 

MOMeHT, p - HMnynbc 4açTH~~, Za - ee 3neKTp~4ecKHH aapRA. EcnH 
4acTHU~ RBnR~TCR 3axBa4eHH~MH, T.e. HX TpaeKTopHH $~HHTH~, TO 
xapaKTep ABH*eHH~ ~ COOTBeTCTBeHH0 MeTOA~ on~caH~R 5YAYT COBep
weHHO pa3n~4H~MH B aaBHCHMoCTH OT X . 

npH OTHOCHTenbHO Man~x 3Ha4eHHRX napaMeTpa aAHa6aTH4HOCTH 
(X «1) ABH~eHHe 4acT~~ 6YAeT xapaKTepH30BaTbc~ 'TpeMR aAHa6a
TH4eCKHMH HHBapHaHTaMH /op6HTanbH~M MarHHTH~M MOMeHTOM p, npo
AonbH~M H nOToKOB~M HHBapHaHTaMH/·/2/. B 3TOM cnY4ae npH HanH4HH 
aKc~anbHOH CHMMeTpHH BoaMO~HO ~e4Hoe YAep~aHHe 4aCTH~~ 1,3/ . 

C YBen~4eHHeM X npoHcxoAHT nonHoe HnH 4acT~4Hoe pa3PyweHHe 
aAHa6aTH4eCKHX HHTerpanOB ASHmeHHR, nepecTaeT pa60TaTb aAHa6a
TH4eCKoe /APeH$OBoe/ np~6nHmeHHe. Ha nepeAHHH nnaH B~cTyna~T 

cToxacTH4ecK~e ~BneHHR, CBRaaHH~e c B03HHKHoBeHHeM HenHHeHH~x 

pe30HaHcOB MemAY Kone5aHHRMH 4acTH~~ no pa3HblM CTeneHRM CBo6oA~. 

CToxaCTHaa~HR TpaeKTopHH 4aCTH~~ npo~cxoAHT cornaCHoi/4/ nPH 

X ::: 0,23 sin ao + 0,05, O,3 ~ sín aO ~ 0,8, 

rAe aO - nHT4-yron /yron Me~AY BeKTopoM CKOpOCTH H MarkHTH~M 

nonex Bo /. 
BpeMR YAepmaHHR TaKHX 4acTH~ onpeAenReTcR BpeMeHeM AocTHme

HHR KOHyca nOTepb Hn~ BepoRTHoCTb~ nonaAaHH~ B Hero. npemAe 
4eM nonaCTb B KOHYC noTepb, 4acTH~a ycneBaeT cOBepwHTb BAonb 
BeAy~eH canoaoã nHHHH MHoro noonons sux Kone6aHHH ~3 oAHoro 
nonywapHR B APyroe. 06~4HO npeAnonaraeTcR, 4TO $opMyn~ aAHa5a
TH4eCKoro npH6nHmeHHR AocTaTo4Ho xopowo npeAcKa3blBa~T nonomeHHe 
T04KH oTpameH~R 4acTHU~ npH oAHoKpaTHoM npoxomAeHHH MeAHaHHoH 
nnOCKOCTH. B CSR3H C 3THM HHTepecHo B~RCHHTb, HaCKonbKO cnpa
eeAnHBo 3TO Aony~eHHe B o6nacTH cToxacTH4ecKoH HeYCTOH4HBOCTH 
H KaKoaa aaBHcHMocTb KOHyca nOTepb OT napaMeTpa X· ECTeCTBeHHO, 
4TO nOAo6HaR aaAa4a He ~MeeT nonHoro aHanHTH4eCKoro peweHHR, 
Heo6xoAHMO npHBne~aTb 1-13HcneHHble _M-eTOAbl. 

I t8~~CÀnl~<' .u.~ki HllC"t'h'TYl \ 
ft f111~M~~K E;U~ ..EI?~nR1md I 
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B AaHHO~ paôore c nOMOl1\blO TpaeKTOpHOrO C'"IeTB I4CCIleAYIOTCR i \' 
rAe


oc06eHHOCTH ABHmeHHR '"IaCTI4~ B AHnOnbHOM H AemOPM~pOBQHHOM nonRX ;,
 
/AHnOIlb + 'OAHOpOAHOe none , aHTHnapanneIlbHOe B / npH 0,2 , X ~ 1.
 . 

t/J =. (3 j2sin2 a )'\ 1~ s.in2ao -ln~s!,nap.Qe<t>opMHpoBaHHoe AHnOIlbHoe none aCCOI.(HHpyeTcR c 
O 
AenpeccHo~ nOIlR i ,.	 -,1), X ~ 1.o	 osma Cosaou 151 oBO BpeMR MarHI4TH~X B03My~eHHH . 

Ha /3/ cnenye r , 4TO npa ao ~ 5° 14 X $ O, 15 npaKTH4eCKH' MomHO 
rOBOpl4Tb O COXpaHeHI4H MarHI4THOrO MOMeHTa npl4 OAHOM npOAonbHOM

TPAEKTOPH~~ C4ET B .QHnonbHOM nonE 
Ka4aHHH. Ilonar'aa B /3/ 8..p./p. = i, HaHAeM Ben14414HY Xl' npH KOTOpOH 
~aCTH~a paeHOBepORTHO npH06peTaeT ~a nonynePHOA npOAOIlbHblX OC

.QBHmeHHe 4aCTH~bl onacaaanocs aHanOr144HO 11.1 ypaBHeHHeM Jlopex
4HIlIlRQHI:1 npoaaaonssae 3Ha4eHHR 8..p.//LO B I4HTepsane O :5 8..p.//Lo ::; 1: 

~a B AeKapToBo~ CHCTeMe KOQPAHHaT. Ha4aIlbH~e ycnoBHR /ycnOBHR
 
HHmeKI.(HHI 3aAaBaIlHCb B MeAHaHHoH nIlOCKOCTI4 (z = O) 14 onpeAeIlRnHCb
 0.2 + 7.5. 1O-3a o
 
CKOpOCTblO Vo. n HT4 - y r IlOM ao' IlapMopoBCKOH $a30H 4aCTH~bl ~o /yr
 X	 - 14/

1 - 1 + In cos ~o .; In <I>110M MemAY BeKTopaMH V.l. H RO ' rne V.l. - nepneHAHKYIlRpHaR KOMnO

HeHTa BeKTopa 'CKOPOCTH K MarHI4THOMY nOIl~ BO I. Ha4aIlbHO~ $a3e
 

rAecPO	 = O COOTBeTCTBOBaIla T04Ka RO (xO • O) •
 
Bo epeMR ABHmeHI4R 4aCTI4~~ onpeAeIlRIlOCb H3MeHeHHe $a3bl, nHT4
 <I> = 0.37(1~ -,sin2ao)(co~aosinao)-1, 5~, aO $,70°. 

yrIla 14 B~4HCIlRIlOCb paCCTORHHe AO T04K14 oTpameHHR InoeopoTal R m
H COOTBeTCTBYlOU\ee norte B m = B (Rm) . 

ECIlH ~o~ 60°, TO BTOpblM 4neHOM B 3HaMeHaTene /4/ MomHO npeHe6
npH MaIl~X 3Ha4eHHRX napaMeTpa aA14aGaTH4HOCT14 (X S ~l)ABHmeHl4e 

pe4b.
4aCTHI.(~ OnHC~BaeTCR B paMKax TeOpl4H ApeR$OBoro npH6nl4meHI4R. 

Hepervnapaue H3MeHeHHR p. AOIl)f(HbI npl4BOAHTb K Ksa3HcIlY4aHHblM 
B 3TOM CnY4ae npl4 onpeAeIleHHI4 paCCTORHI4R Rm • WHPOT~ T04KH OT

H3MeHeHHRM ao ' cf>O.ll~1 H CMel1\eHHRM T04eK OTpa)l{eHI4R R npl4 MHOrOmpameHHR Àm lyroIl, OTC4HTbIBaeMbl~ OT MeAHaHHO~ nIlOCKOCTI4/ 14 nOIlR 
KpaTH~X npOAOIlbHblX KOIle6aHHRX 4aCTHI.(b1. nOA 4aCTH~eR, CIleAYABm HCXOART 143 oGlqeH3SeCTHblX CooTHoweHHR ./61 
paGoTe: / lI, nO,Qpa3YMesaeM npOTOH, XOTR 3TO He RSIlRerCR npHH~H
nl4aIlbH~M, nOcKOnbKY BCe 4aCT144b1 C OAI4HaKOBblM napaMeTpOM·)( H HaBm = BO sin -2ao ' R m = RO cos 2À m , 
4aIlbHblMH YCIlOBI4RMH ABI4>KYTCR no I4AeHTH4HblM npocTpaHCTBeHH~M TpaeK~ 

/11 TOpHRM. Xap~KTep ABI4>KeHHR 4aCTI4I.(~ B 3aSHCHMOCT14 OT Ha4aIlbH~Xsin 2 Go = cos 6 À (4 -'3cos 2 À m')-~, m
vrIlOB~X XapaKTepl4CTI4K aO' epO H napaserpa X H306pa>KeH Ha pHC. 1 

• -3 
rAe nOKa3aHbI T14n144Hble H3MeHeHHR paCCTO~HHR Rm AO T04eK OTpa>Kerne BO = 0,312 Rü :3, RO H R m H3MepRIOTcR B paAl4ycax 3eMnH. npH 
HI4~ B 3aS~CI4MOcTI4 OT ,4Hcna OC4I4nIl~~HH n H HCXOAHblX AaHHblX. Cny3TOM KOHYC nOTepb, KaK 3TO cIleAyeT 143 /1/, pácnoIlomeH B I4HTep

saIle "'laR c X =, 0,55 RsnReTCR HIln~Crpa~HeR RBHoxaOTH4eCKoro nOBeAe
HI4R Rm c H3MeHeH14eM n. C4eT npeKpalqanCR, KorAa T04Ka OTpa>KeH~R 

4aCTH4bl OK~3b1SanaCb Ha paCCTORHI4H R $ 1. npH X ::. O, 14 /KpHBaR 1,o s sin ao $ [( 4 RO -, 3 ) R~] 114 m121 PHc.1/ T04KH OTpameHHR BC~AY IlemaT BGIlH3H Rm = 1 H HX KOIleGaHI4R 
B MaCWTa6e pHCYHKa npeHe6pe>KHMO Manbl.14 He aaBHCHT OT $a3~ ~O 14 napaMeTpa X. 

B AaIlbHeHweM Hac GYAYT I4HTepecosaTb YCIlOBH~ RSHoro HapyweHI4R 
Ape~4>osoro npH6IlHmeHHR yme npH OAHOM npOAOnbHOM KoneGaHI4H 4ac
TH~bl, KorAa npOHCX<?AHT nOJlHOe pa3pyweHHe nepaor-o aAJ..1aGaTH4ecKoro 

PHc.l. H9MeHeHHe Rm B gaBHCHMDCTHHHBapHaHTa (~p.1p. _ f), H coonfoweHHR /1/ ti /2/ TepRIOT cany , 
DT n AflH npOTOHa c E = 600 M3B414cIleHHble 04 e HKH H3MeHeHHR MarHHTHoro MOMeHTa p. = Vl/2B npo
npa HHJKeK~HH c Ro = 1,5 /X=·0,14/BOAHnHCb paHee B paGoTeJ7~ rAe nOKa3aHO, 4TO BeIlH4HHa ~p. nPH 
/KPHBaH .1 / H RO = 3 /X ~'0,55/OAHOM npoxomAeHHH MemAY ABYMR T04KaMH OTpameHHR AOCTaT04Ho xo

powo'onHC~BaeTCR 4>opMynoR . /KpH;Bb1e 2-4/. I - ao = 0,57; epo = 
= 140°; 2 - ao = 0,07; ~o = 40°; 1 
3 - ao = 0,07; 4>0 = 140°; 4~'=-?' 74\14.-~i!12ao!coscPo exp I.«. 30/(ao)J,	 131 ao	 = 0,57; <$0 = 40°.p. sm2a	 )(0 n 
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PHc.2. 3aBHCHMOCTb Rm OT paCCTOHRm 
HHH ~o TO~KH H~eK~1I RO , ao 
II 90 npII 3HeprHII rrpoTOHa E 

600 MgB. ao == 0,57: 1 - 90 = o, 
2 - 90 = 11; ao = 0,07: 3 90='7"" 

= 140°, 4 - 90 == 40°; 5 - Rm = 
3 = Ro cos 2 À m-

Bm,Rm2 
Bo . 

4 

\.1ft 2p 2,5 3,0 3,5 Ro. 

.. \ . 
. \
 

PHc.3. 3aBHCHMOCTb Bm/BO - • '. 2
 

5 
. .\ 

H R m - x OT aO II 90 npa Ro 3 .......
=
 

II E = 600 M3B. 1 - B m/BO =sin-2aO; •\ • ..<,
2' j. "I.. )( X )C.~ )( x ~~ 
2, 2 ~ - 90 = 40°; 3, 3 ~ - 90 = 2t-~\XXXX)C.X)( xx,1~ = 140°; 4,4~ - 90 = 110°. .. '\x '''>'1./ 

'xx 3')()( / • \x )( )( • 
\ xxx 14' ",,-. : • 

xl' , , , , I 5 , 7'>t 

O 20 40 60 0(0 
I 

KaK HapywaeTcR np~ 3TOM COOTBeTCTB~e /1/ Me~AY n~T4-yrnoM 

~ w~poToR T04K~ OTpameH~R, B~AHO ~3 p~c.2. ~nR cpaBHeH~R $YHK~HR 

Rm (Ro , ao ,epo ) np'~BeAeHa B aA~a6aT~4ecKoM np~5n~)KeH~~ /Kp~ BaR 5 
Ha p~c.2/. np~ ao ;::: 32,66°, Ha"'~HaR C R = 2, nORBnReTCR 3aBH
CHMOCTb R m OT <l>a3b1. np~ AaI.1bHeRweM YBenH4eH~~ RO Ha6nlOAaeTCR 
cyurecr seauoe OTn~4~e OT ApeR<t>oeoro np~61l~)KeH~R. np~ aO:: 4° 
npOH~KalO~aR cnoc06HOCTb 4aCT~~bl BAonb nOllR pe3KO naAaeT; T04K~ 

OTpameHII1R BCIOAY AllR Ro > 2 pacnonoxeau HaA norIloU\alOll\lI1M 3k:paHoM, 
B TO epeMR KaK B COOTBeTCTB~~ C aA~a6aT~4eCK~M np~61l~meH~eM 

OH~ AOJ1>KHbl 6b1Tb nOA 3KpaHOM Ha rJly6~He R ro :=: 0,21 IHa p~C. 2 Be
1l~4~+ia R m (Ro ,ao = 4o)He noxaaaua/'. OCHosHm1 BbIBOA, BbITeKalOll\~~ 143 
AaHHblX puc . 2, ,COCTOI4T 'B TOM, 4TO norepa YCTO~4~BOCT~ AB~»<eH~R 

AOll>KHa np~BoA~Tb K HaKOnneH~1O 4aCT~~ C ManblM~ ~CXOAHblM~ SHa4e
H~RM~ ao. TaK KaK, cornaCHO puc . 1, 4acT~u,bl sce >Ke AOCT~raIOT 

Rm 5 1, TO eCTeCTseHHO O)l{~AaTb Hall~4~R BMeCTO KOHyca nOTepb /2/ 
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PHc.4. KOHYC nOTepb npH aARaõaTH~eCKOM 

H CToxaCTH~eCKOM ~B~eHHH. 

lI4enH B n~T4-yrnax a Q (Ru '90,E),4ep~3 KO
Top~e np~~c~oA~T YTe4Ka 4aCT~~. 

Ha cy~ecTBosaH~e Il\en~ YKa3~BaIOT pe
3ynbTaTbI C4eTa Rm ~ Bm/B o B '3aBI4C~
MOCT~ OT aO AIlR paSJl~4HblX <l>as 90 np~ 

3aAaHHO~ Ben~4~He Ro ~ 3Hepr~~ E, npeA
CTaBneHHble Ha p~c.3. B 3aB~C~MOCT~ OT 
ao Ha6nlOAaeTcR aHOMallbHOe no cpaBMeHHIO 
c APe~<I>OBblM np~6n~meH~eM nOBeAeH~e 4ac
T~~b1. TaK, Hanp~Mep, 4acT~~a, ~HmeKT~

pOBaHHaR c 90 = 40°, OTpamaeTCR B6n~3~ 
MeA~aHHoR nnOCKOCT~ He3aB~CHMO OT Ha

4allbHOrO n~T4-yrna. B cnY4ae ~HmeK~~~ c napaMeTpaM~ 90 = 110° 
~ 20::;, ao S 40 ° 4aCT~~b1 coaay OKaSblBalOTCR B KOHYC.e noreps . Ta
K~M 06paSOM, TpaA~~~OHHoe npeACTaBlleH~e O KOHyce nOTepb /21 
KaK 061laCTH, HenocpeAcTaeHHO np~neralO~e~ K seKTOPY 80 , B~AOHS
MeHReTCR np~ nepexoAe K CToxaCTH4eCKOMy pemHMY. Ka~eCTBeHHoe 

npenc raaneaae 06 3TOM nae'r PI4C.4, rAe V a - CKOpOCTb 4aCT~~b' 

np~ YCToR4~BOM laA~a6aT~4ecKoM/ AB~meH~~, VCT - np~ CToxaCT~4e

CKoR HeYCTo~4~BOCT~ ~ a COOTBeTcTByeT KOHYCY nOTepb. B aA~an 
6aT~4eCKOM CllY4ae HanpaBllRIO~e~ AnR 06pa3Y~ll\eR Va RBllReTCR OK
pymHocTb, n03TOMY an He 3aB~C~T OT ~a3~ 4aCT~~bl. CToxaCT~4eCKaR 

HeycTo~4~BOCTb np~BoA~T K saB~C~MOCT~ a OT 90- npH 3TOM Han 
npaBllRlOll\eR RBllReTCR 3aMKHYTaR Kp~BaR npO~SBOJ1bHO~ $OpMbl. 

601lee nOAPo6Hble TpaeKTopH~e Bbl4~cneHHR 3Ha4eH~~ ao ,90 
AllR 3aAaHHblX Ro ~ E. npH KOTOpblX auncnase'rca YCIlOB~e R c. 1,ro 
nOKa3~BaIOT, 4TO KOHYC nOTepb RBllReTCR CllQmHO~ $YHK~He~ Bcex 
napaMeTpOB A~HaM~4eCKO~ C~CTeMbl. B Ka4eCTBe np~Mepa Ha p~c.5 

np~BeAeHbl B nnocxocr« (ao, 90 ) paaaepa ~ .$opMa xoayca no reps 
AllR paaaux Ro • Bce BHeWHl4e T'04K~ no OTHoweH~1O K KPHBblM 1..6 
/p~c. 5/ COOTBeTCTBYIOT R ro > 1. BHyTpeHH~e T04K~ - Rm < 1, Ha caM~X 

KP~B~X Rro = 1. H3 p~CYHKa BI4AHO, 4TO np~ saAaHHOM E 4eM 601lb
we Ro 1~1l~ X /, TeM MeHbwe nnouians xoayca no'reps . Ecna npa 
OC4~1l1lR~~RX 4acT~u,~ MemAY sepKanbH~M~ T04KaM~ OHa np~06peTaeT 

1l106~e p~BHOBepORTH~e 3Ha4eH~R aO ~ 90,TO BepORTHOCTb nOTep~ 

sa nOllynep~oA npOAOllbH~X KOlle6aH~~ 6YAeT onpeAe~RTbCR OTHOC~

TellbHO~ AOJ1eR TeneCHOrO yrlla, saHRToro KOHYCOM nOTepb, T.e. 
Bell~4~HO~ e = 2.6.a6.9/ 11 2 /AllR KP~BbIX 3-6 p~c.5 3TO COCTaBllReT 
-3· 10-2 / . ClleAOaaTellbHO, 4eM 601lbWe X, TeM B~we $aKTOp HaKon
lleH~R -rac ruu , ~ OHM ycneaanr Ha Ro > 2 COBepW~Tb 'B cpenue« Ae
CRTK~ Ka4aH~M Ao nonaAaH~R B KOHYC nOTepb. 

3aBHc~MoCTb pâ3Mepa KOHyca nOTepb OT Ro ~ E np~ nOCTORH
HOM X nOKasaHa Ha p~c.6. B~AHO, 4TO c YBell~4eH~eM Ro ~, COOT
BeTcTBeHHo, YMeHbweH~eM E Bell~4~Ha e nanaer , a $aKTop uaxon

5 



o(. oc PHc.7. KOHYC noTepb B rrpOCTpaH
40· CTBe Rm, a , ~ npa X :: 0,98 

30 'tó -
/ Ro = 4, E = 600 MsB/. 

20 Rm 
ia 30 

40 60 80 100 f20 f40 160
0 'P 20' , , , , , If I 

PHC.S. TIono~eHHe H ~pNa KOHYca
 
rrOTepb B nnOCKOCTH (a,~) rrpH 80 100 120 140· 'f
 li
pa3nH~HbIX Ro AnH upOTOHa c E = PHc.6. 3aBHCHMOCTb KOHyca 
= 600 MgB. TOQKaM a,~, pacnono no-repu OT Ro H E npa X ::::,0,553. 
~eHHbW rro~ ,KPHBOH 1 H BHYTPH 1 - Ro = 3; E ;::: 600 M3B; 2 -
OBanOB 2-6, COOTBeTCTBYIOT Rm < 1. Ro z: 4, 13, E = 200 M3B; 3 -
BHe 3THX oõrrac reã 3HaQeHHH 'R > 1. Ro == 5,9S, E = 50 M3B. m
1 ~X~,O,246 /RO= 2/; 2
X-=-, O, 298 / RO = 2 t 2/;, 3
 
X = 0,416 /RO = 2,6/; 4
 
X ::;,0,553 /Ro = 3/; 5
 
X=,O,64 /Ro = 3,23/; 6 
X ~;0,98 /Ro = 4/.
 

neH~R paCTeT. TaK~M 06pa30M, Ha OCHOBaH~~ AaHH~X p~c.5 ~ 6 
MomHO CAenaTb BblBOA o TOM, 4TO 4eM 3Hepr~~Hee ~aCT~U~ ~ 4e~ 

Aanbwe HaXO~RTCR ~X Ape~~OB~e 060n04K~ Ro ' TeM 3~~eKT~BHee AnR 
H~X·MexaH~3M 3an~paH~R. 

TpeXMepHoe ~306pameH~e KOHyca nOTepb Al1R 4aCTHoro cnY4aR
 
ICM. KP~BY~ 6, p~c.51 np~BeAeHO Ha p~c.7. TaKaR BOPOHKo06pa3

HaR ~opMa CTOKa 4aCT~~ B03H~KaeT np~ X ~0,3.
 

Bce CKa3aHHoe ~MeeT OTHoweH~e TonbKO K 3aXBa4eHH~M 4aCT~~aM
 
c ~~H~TH~M~ TpaeKTop~RM~. Ecn~
 

~>~!rB 151Z -' R2 3 I 

o t
TO 4aCT~~b1 CTal"lOBRTCR nponeTHbIM~, \-1, ~X ABIiI)I(eH~e npo~CXOA~T no
 
wTepMepOBCKI4M op6~TaM ICM., Hanp.:~8/ I. B 3TOM, Cl1Y4ae He06xOA~MO
 
eue Y4~TbIBaTb B03MO>KHOCTb nonaAaH~R aexropa CKOPOCT~ 4aCT~~~ 1:
 
He TonbKO B K9HYc nOTepb, MO ~ B 1 0 KHa " , 4epe3 KOTopble OHa MO

>KeT Y~T~ Ha 6eCKOHe4HOCTb. B Hawy 3aAa4Y He BxoA~no ~ccneAOBa-'
 
H~ê ~H~~H~THoro AB~>KeH~R 106 3TOM CM~/8/ I, HO B cnY4ae c p~c.5
 

oTMeT~M, 4TO ~H~~H~THoe AB~meH~e B03H~Kano np~Ro= 4, Hanp~Mep~
 
AnR ~o ::; 20°, 60 ~~ ~:'900; ~o = t600, 84~, ao s. 90 0 

, ao = 63°;
 
~o = 170°, 75 s:: ao ~ 90°, 60 s. ao ~; 690• T~ml4Hble np~Mepbl paa

6 
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80 1200 

'f 
PHc.8. BRAW TpaeKTopHH B 3a

~ BRCHMOCTH OT 90 npa Ro = 4, 
E = 600 MsB H aO = 88°. 1 
~o = O, ·2 - ~o = 10 0

, 3 
epO = 2(fJ, 4 - ~o = 30 °. 

-5 
PHc.9. ~HHTHaa TpaeKTopHH 
AJIH Ro = 4, E c: 600 MgB, 
ao = 43°, epO = 1150, ~ COOTBeT
crave-r Rm~: 1. 

.............
 

"'''Z \z'
· \ 1
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BHc.IO. To ~ê~ ~TO " Ha pHc.9, 
HO npa ao = ~9Q R ef>O = 124°. 
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PHc.l l. HH$HHHTHbIe TpaeKTOpHH 
,l1,JIH RO = 4, E = 600 M3B H cPO = 
20°. l.-'ao=600,2-ao=63°. 

n~4H~X B~AoB AB~meH~R B nnoc
KOCT~ (x,y) np~BeAeH~ Ha p~c.8-11. 

C4eT npoBoA~ncR cneAY~~~M 06pa
30M. 6pan~Cb Ha4anbH~e ycnoB~R 

B KOHyce nOTepb, COOTBeTcTBy~~~e 

KP~BO~ 6 Ip~co5/~ 3aTeM npoc4~
T~BanaCb TpaeKTop~R c 06paTHMM 
waroM no BpeMeH~ AO Tex nop, nOKa 
He B~nonHRnOCb COoTHoweH~e R < 1 
TaKaR np04eAypa n03Bom~eT no--: . 
CTpO~Tb TpaeKTOp~~ 4acT~4~, 

npeAwecTBY~~y~ ee nonaAaH~~ 

B KOHYC nOTepb. Ha p~c.8-102 
T04Ka Ro I x = 4, y = DI RBnReTCR, 

TaK~M 06pa30M, c 'OAHO~ CTOPOH~ T04KO~ ~HmeK4MM AnR 06paTHoro xo
na 4aCT~4bf IAB~meH~e B "npournoe",", c APyro~ - <p~HanbHO~ T04KO~ 
Ha MeA~aHHo~ riIlOCKOCT~ AnfJ IlnpRMoroll AB~meH~R 4aCT~4b1 c noaepx
HOCT~ 3KpaHa IR = li AO nonaAaH~R B KOHYC nOTepb I Ro = 4/. Aanb
HeHW~~ nyTb OT MeA~aHHO~ nnOCKOCT~ AO norno~a~mero 3KpaHa He 
nOKa3aH. TOT me nOAxoA ~cnonb30BaH ~ AIlR ~H~~H~TH~X TpaeKTop~~. 
P~CYHK~ nOKa3b1BaKlT, cxonsxo noonons aux Kone6aH~i:1 ~n~ 060POTOB 
BOKpyr ue-rrpa A~nonR ycneaaor coaepurar s 4acT~4bl no 3aMKHYTblM 
~nM HeorpaH~4eHH~M TpaeKTopMRM, npemAe 4eM norIloT~TbCR ~nM Bbli:1
T~ BO BHeWHee npocTpaHcTBo. HCKn~4eH~eM RBnReTCR TpaeKTop~R 4 
Ip~c.8/, AnR KOTopoi:1 Bbl4ep4eH OA~H ~3 16 060POTOB. 3a BpeMR ra
paH~~poBaHHoro C4eTa He YAanOCb B~~T~ Ha <P~HanbHbli:1 Y4aCToK Tpa
eKTOp~~ o • • XOTR Ha4anbHblH n~T4-yron M õonsuroã , ~CXOAHble ycnosaa 
/x -=-. 0,98; ao = 88°1 YAOBneTBopRKlT Kp~Tep~~ CToxaCT~4HOC"'~. 
Aei:1cTB~TeIlbHo, YCIlOB~eM CToxaCT~4eCKO~ HeYCTO~4HBOCT~ RBnReT-
CR /1/ 

k =.O,8x-1 14 -;sin~: -l + 1,,:44Jm.~:exp(_ ..ª,YL:) > 1. 
COSa sin 3 a X -

HeTPYAHO y6eAHTbcR B c06n~AeHM~ 3Toro KpMTepMR M B AaHHOM cny
4ae. BMAMMO, cMTya4~R c TpaeKToPMei:1 4 IpMC.81 OTpamaeT ~aKT 
cnoxuoã ~epapX~4eCKO~ CTPYKTypbl CToxaCTM4eCKO~ 06IlaCT~. 

n~6onblTHo OTMeTMTb, 4TO rpaHH4Y 151 MemAY AeYMR BMAaMM TpaeK
TOP~H MOml:tO nonY4HTb H H3 BblpameHHR AnR !ip./,.,.. Y4HTbI8aR, 4TO 
D.p.I,.,. =: 2ctga!ia" H3 \t)opMynbl 131 np~ a ~ "12 6YAeM' HMeTb 

V2/X -:2
!ia - (COSa) • 

8 

OTCIOAa cneayer : !i a = O npH X < y2/2 H !i a == 00 npM X > v2/2. CBR3b 
MemAY pc H X HMeeT B~A 

X ~. 5,04 '10-2 aõpc, 161 

rAe pc ~3MepReTCR B r3B. npHpaBHHBaR 161 BenM4MHe v2/2, nOIlY4MM 
pc z. 14, 1IRÕ r3B, 4TO 6nM3Ko K 3Ha4eHM~ 15/. 3TO RBmleTCR KOC
BeHHblM nOATBepmAeH.MeM npaBMnbHoH 3aB~CMMOCTM BblpameHI;jJ:~ 131 OT 
mtT\.I-yrna a . 

~E$OPMHPOBAHHOE AHnonbHOE nonE 

Jlaõoparopaue 3KcnepHMeHTbl B AMnonbHOH nOBYWKe :/51 noxaaana , 
4TO M3MeHeHMe MarHMTHoro nonR 80 BpeMeHM, Aame ecnM OHO npo~c
XOAMT aA~a6aT~4eCKM ~ 06paTMMO, MomeT npMBOAMTb K He06paTMMblM 
3~eKTaM, HanpMMep, K YMeHbweHM~ MHTeHCMBHOCTM aaXBa4eHHblX 4ac
T~4, 4TO, BMAMMO, CBR3aHO C B03HMKHOBeHMeM MexaHM3Ma CToxaCTM3a
4MM, KOTOPbli:1 M np~BoA~T K He06paTMMOH AMHaMMKe 4aCTM4. B CBR3~ 

C 3THM npeACTaBnReT HHTepec c nOMomb~'4HcneHHbIX MeTOAOB npo
cneAHTb 3a oc06eHHOCTRMH AB~meH~R 4aCT~4 B B03My~eHHoM none. 

OTHOC~TenbHO nonR B03M~eH~R MomHO CAenaTb cneAy~~~e ynpo
~alO~He npeAnonomeH~R. AofiàB04Hoe MarH~THoe none h OAHOpOAHO 
H HanpaBneHO h +t Bo .KpOMe. Toro, nOCKonbKY nrurr ens aoc r s B03My~e

H~R no onpeAeneH~~ 3Ha4~TenbHO 60nbwe nep~OAOB 4~KIl~4eCK~X 

ABHmeH~i:1, TO AonYCT~MO C4~TaTb h He 3aB~CR~~M OT BpeMeH~. 

B ~Tore cYMMapHoe norte 6YAeT OTn~4aTbCR OT A~nonbHoro 11.6.1 

Z-KOMnOHeHTO~, KOTopaR Tenepb np~o6peTaeT BHA 

Bz = ~:( 3 z2... a2 + b R 5 )RO o' 

-1 -3
rAe bo = h Bo Ro . AB~meH~e 4acT~4 B TaKOM Ae<t>opM~poBaHHoM none 
6YAeM xapaxrepwaoàar s ~ onucuaar s no aHanor~~ c A~nonbHbIM. 

npemAe Bcero oTMeT~M, 4TO TpaeKTopH~ B o6o~x nonynpocTpaHcTBax 
OT MeA~aHHo~ nnOCKOCT~ oA~HaKoB~, eçn~ OH~ CAB~HYT~ no ~a3e.1 

I, cPo ~ 17 ± ~ . 
') B 3aB~c~MOCT~ OT Ben~4~HbI bo MeHReTCR He TonbKO aMnn~TYAa 

HeperynRpHMx Kone6aH~H, HO ~ caM BWA TpaeKTop~~. HanomeH~e nonR1 
np~BOAHT K YCHneH~1O cToxaCT~3a41t1~ ~ nOH~meH~1O nopora auxona 
4acT~4 BO BHeWH~1O o6nacTb IyxOA Ha 6ecKoHe4HocTb/. npORBneH~e 

3T~X 3$<peKToB B~AHO ~3 p~c. 12 ICM. TaKme p~c.1/. np~ 3Ha4eH~RX 

R = 3 ~ 3HeprHH npOTOHa E = 600 M3B, 4TO COOTBeTcTByeT p~c. 1o 
IKp~B~e 2-4/~ Bce TpaeKTopHH B A~nonbHOM none Ibo = OI AOIlmH~ 

6blTb <l>~HIi1THbIMH. B Ae$opMi'lpOBaHHoM none I bo = 0,21 nORBnRIOTCR 
HeorpaHH4eHHble TpaeKTOp~~ /Kp~Bble 1'- 3' ,p~c. 1261. Yc~neH~e 

paCKa4K~ T04eK OTpameHHR BAonb nonR OT4eTnHBO B~AHO Ha p~c. 12a, 
rAe Am:t cpaSHeH\lfR np~BeAeHbl R I bo = O; n 1 VI a m 1bo =0,2; n I.m 
3TO me BHAHO ~3 cpaBHeHHR KPHBÓi:1 4 I pac . l/c KP~BOi1 4' Ip~c. 126/.
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PHc.12. R9MeHeHHe R m/ RO , ao , t:PRm . efb, E = 600 MsB/ B 9aBHCHMOCTH 
OT n AnR AHOOJIhHOrO H ~e~opMH
poaaHHoro nOJIH npH b O ~ 0,2 '2J~11

~1 /KPRB~e OÕ09Ha'tle~ mTpHxaMH/. 
a :Ro := 2 Ix ~ 0,246/, ao1 2' a 
~0,57; 1,1'-4.>0=30°;2,2' 


l' 1'';' 2' cPO = 500 
• õ: Ro = 3 /X = 0,553/;
 

I' - ao" = 0,07; t:Po = O; 2' 
ao = 0,07, t:PO = 40°; 3' - ao-= 
== 0,57, cPo = O; 4' -' ao == 0,57, 

4 

t:Po = 40°.3 

2 
J.{~ 

1 
40

0

.4 10 n 
PRc.13. KOHYC nOTeph B nnoc 30 oKOCTH (a, t:P) npR Ro = 3, E 
= 600 M3B R bO = 0,2. BHe.
 

20 1 1 1 1 1 1 , , , , ,
oaana BenH'tIHHa R m > 1. ..
 
80 100 120 140

0 f
 
~3MeHeH~e. reOMeTp~H nonR B~3WBaeT KpOMe YKa3aHH~X 3$$eKTOB 

CMe~eH~e KOHyca nOTepb. Ha npMMepe p~c.13 MomHO CYA~Tb 9 Ben~4~
He cAB~ra, cocTaBm:llC)(qel:1 IcM. KPHBYIO 1, p~c.6/·-100 no t:Po ~ -$ ° 
no ao·nno~aAb OBana /KoMyca nOTepb/ npH 3TOM npaKT~4eCK~ coxpa
HReTCR. CneAOBaTenbHO, BnHAH~e B03M~ao~ero nonR CBOA~TCR, B OC
HOBHOM, K yc~neH~~ MexaHH3Ma nepeMeW~BaH~R, KOTOp~R ~ peryn~pyeT 

BpeMR YAepmaH~R 4aCT~~. BB~AY Toro, 4TO Ae~pMaU~R nonR cnoc06CT
ByeT e~e 60~bweMY HapyweHH~ ycnoB~R Apel:1~oBoro np~6n~*eH~R, ~om

HO rOBop~Tb 06 YMeHbweHH~ nopora 06pesaHHR 3HepreT~4eCKoro 

cnexr pa co CTOpOH~ ManblX 3HeprHH Áiifi '"f'ex 'Lia-CT~l\, KOTOPbte ~H)f(e'KT~
I 
L 

poaaau c nOBepXHOCT~ 3KpàHa (R = 1). 

BblBOAbI 

np~ nepexOAe OT ycnoB~R aA~a6aT~4HocT~ AB~meH~R K cT6xacT~4

HOCT~ KOHYC nOTepb B nnOCKOCT~ (ao ,t:PO)TpaHc$OpM~pyeTcR OT npR

MoR n~H~~ K 3aMKHYToR Kp~BOR., KOHYCbI noreps B BHAe 3aMKHYTblX
 
Kp~B~X 10BanOBI 06pa3YIDTCR np~ 3Ha4eH~RX napaMeTpa aA~a6aT~4


HOCT~ X 2:- 0,3. B TpeXMepHOM npeACTaBneH~~ (R m • ao ,t:Po·) CTOK~
 

AnR 4aCT~~ ~Me~T BOPOHKo06pa3H~R B~A. ECTeCTBeHH~R npeAen 3$

$eKT~BHOCT~ CTOXaCT~4eCKOrO MeXaH~3Ma nOTepb onpeAenReTCR OT
10
 

HOC~TenbHoR AoneR TeneCHoro yrna, 3aHRToro KOHYCOM nOTepb 
Ipa3MepaM~ OBanOB Ha p~c.S/ . 

nepeMeW~BaH~e TpaeKTop~R 3a c4eT CTOXaCT~4eCKoR HeYCToR4~

BOCT~ MomeT np~BoA~Tb K KBa3~3aXBaTY, BpeMeHHOMY YAepmaH~~ 

I 3an~paH~~1 4aCT~l\ B Te4eH~e HeCKonbK~X nponons aux Ka4aH~R 

~n~ 060pOTOB BOKpyr ~CT04H~K~ MarH~THoro nonR. 
B Ae$opM~pOBaHHOM A~nonbHOM none npo~CXOA~T yc~neH~e npo~ec

ca CToxaCT~3au~~ Kone6aH~R 4aCT~~bl. KOHYC nOTepb CMe~aeTCR 

B CTOPOHY 60nbw~x n~T4-yrnoB ~ $a3. BBeAeH~e MarH~THoro B03
My~eH~R MomeT np~BoA~Tb K HapyweH~~ ycnoB~R $~H~THOCT~ AB~me

H~R ~ nORBneH~ID ~H$~H~THbIX TpaeKTop~R. Ae$opMa~~R nonR cnoc06Ha 
Bbl3BaTb yw~peH~e cneKTpa 4aCT~~3HepreT~4eCKoro KBa3~3aXBa4eHH~X 

co	 CTOpOHbl ManblX 3Hepr~R. 
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TEMATMqECKME KATErOPMM llYBnMKAUMA 

OB~E~HEHHOrO MHCTMTYTA ~PHYX 

MCCJIE,ll,OBAHMA 

M~eKc TeMBTMKa 

1, 3KcnepHMeHTanbHa~ ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKa~ ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHa~ HeHTpOHHa~ ~H3HKa 
4. TeopeTH4eCKa~ ~H3HKa HH3KHX 3HeprHH 

5. HaTeMaTHKa 

6. RAePHa~ cneKTpocKonH~ H paAHOXHMH~ 

7. ~H3HKa T~*enwx HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

1 n AaTn .. ;:>TIA<I;:>IIIAQ nf\n;:onnTW'IA ~W'rnPniAWPWT;:>n~wl,l){ 

AaHHWX 

11. Bw4HCnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. XHMH~ 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHH~ TBePAWX Ten H *HAKOcTeH 
~AePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHa~ ~H3HKa ~AepHWX peaK~HH 
npH HH3KHX 3HeprH~X 

16. ~03HMeTpH~ H ~H3HKa 3a~HTW 

17. TeopH~ KOHAeHCHpOBaHHOrO COCTO~HH~ 

18. Hcnonb3osaHHe pe3ynbTaTos H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HccneAOBaHHH 
8 CMe*HWX o6naCT~X HayKH H TeXHHKH 

19. oH~H3HKa 

AMHpxauos H.B. a AP· Pll-86-329 
Oco6euuoCTH ABREeHHB sapRXeHHHX qacT~ 
B MaPHHTHOM none AHfiOnbHOrO THna npH CTOXaCTHqeCKOH 
ueycToftqusoCTH 

Hccn~cs oco6euuocTH noBeAeHHH qacT~ B none MarHaT
uoro AHfiOnH B o6naCTH CTOX8CTaqeCKOH aeyCTOHqHBOCTH, C nOMOmPID 
TpaeKTOPHOPO CqeTa aaAAe]ffii pasMepM H ~OpMa CTOKa qaCTHQ B 38BH 
CHMOCTH OT B~ napaMeTpa 8gH868THqHOCTH. floKasaHo, qTo 
npH CTOX8CTHqeCKOM ABREeHHH B03MO*eH KB89H98XB8T qaCTHQ, HX 
BpeMeHHoe sanupaHHe. ~e~pMaQHH nons Mo*eT BMsMBaTb ymupeHue 
9HepreTaqecKoro cneKTpa KBasusaxsaqeHHMX qacT~ H nepesogHTb 
~THYe TpaeKTOpHH B HH~HHHTHMe, 

Pa6oTa sunonueHa B lla6opaTOPHH B~ucnuTeJThHOH TeXHHKH 
H aBTOMaTusa~ OHHH. 

Coo61JleHBe ~eJUioro IIHCTJIT)'Tll JJAepHI>lX Hccne.D;oBaHHi. Jly6Ha 1986 
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Some Features of the Motion of Charged Particles 
in Magnetic Field of Dipole Configuration 
with Stochastic Instability 

Features of the motion of a particle in the magnetic di
pole field in the region of stochastic instability are inve
stigated. Dimensions and type of the particle drain are deter
mined with the help of trajectory computation depending on the 
value of adiabatic parameters. It is shown that in stochastic 
motion pseude-trapping of particles and their temporal reten
tion are possible. Deformation of the field can cause broade
ning of the energy spectrum of pseudo-trapped particles and 
transfer finite trajectory into infinite. 

The investigation has been performed at the Laboratory 
of Computing Techniques and Automation, JINR. 

Comlnunicaoon of the Joint Institute for Nuclear Research. Dubna 1986 




