
pg- 3'1K 

B 1J1 

OfibBAMHBHHbiM 
MHCTMTYT 
RABPHbiX 

MCCJIBADB8HMM 

AYfiHa 

P9-89-348 

,A.A.Bac~nbeB, B.n.aM~Tp~eBcK~~~ ~.A.Wenaes 

aBYXnY~KOBW~ HE~TPOHHW~ rEHEPATOP 

HanpasneHo Ha Me~AyHapOAHOe cose~aH~e 
no ~~KnOTpoHaM ~ ~X np~MeHeH~~. 6ex~He, 4CCP, 
Ma~. 1989 

.1989 

-\-



BBE/1EHHE 

PaccMaTpHaaeTCR aoaMomHoCTb paapa60TKH He~TPOHHOro reHepa
Topa Ha ocHoae RAepHbiX peaKu,Ht1 /n.ma dt , dd I a pemHMax saaHMo
Aei1cTs~tt>l ABYX nonyTHbiX ny4KOB /aHanorH4HbiX BCTpe4HbiM/, ABH}f{y

~HXCR 8 OAHOM HanpaaneHHH, C OTHOCHTeilbHOi1 CKOPOCTb~, COOTBeT
CTBy~~et1 3HeprHH MaKCHMailbHOrO Ce4eHHR RAepHOrO B3aHMOAei1CTBHR. 
KHHeTH4eCKaR 3HeprHR ny4KOB Bb16HpaeTCR H3 YCilOBHi1 He3Ha4HTenb

HOrO POCTa cpeAHeKBaApaTH4HOi1 aMnilHTYAbl KOile6aHHi1 nY4KOB, CBR-
3aHHOrO c KYilOHOBCKHM pacceRHHeM ny4Ka Ha ny4Ke, a mecTKO~oKy

CHPY~~eH MarHHTHOi1 CHCTeMe. 

1. PACCE~HHE HA OCTAT04HOM rA3E KAMEPbl 

OcHOBHbiM 3$4JeKTOM, orpaHH4HBai01.11HM apeMR >KH3HH U.HPKYilHPYIOI.l.le

ro ny4Ka /KaK peilRTHBHCTCKHX, TaK H HepenRTHBHCTCKHX 3HeprHi1~ 
RBilReTCR KynoHOBCKOe paCC€RHH€ Ha OCTaT04HOM raae KaMep~. Ce-
46HHe KynOHOBCKOrO paCC6RHHR Ha MaJlbl€ yrnbl OnHCb!BaeTCR $)pMy
JlOilf I 11 

a /1/ 

r~e e, p,V - COOTB6TCTB6HHO 3apR~, HMnynbC H CKOpOCTb pacceH
eaeMOJi! 4acTHU.bl, Z e - aapR~ pacceHBaiOw.ero aToMa, 

/2/ 

rge :\= n , a= 5,3·10-9 Z 113 /cM/- paAHYC pacceHBaJOUlero aTO
p 

Ma, 1i 1 ,05·10-27 3pr·c. 
8 MarHHTHo~ CTPYKType co cpeAHHM paAHYCOM R " mecTKOCTbJO Q 

CP6AH6KBaApaTH4H~H POCT aMnJlHTY~~ 6eTaTpOHH~X KOJle6aHHH, CBR-
3aHHb!H C KYnOHOBCKHM pacceRHH€M, OnP6A6JlR€TCR Yl3 BbiPa>KeHH.A 

13/ 
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2 q, .. 
IJ In-- - cpe.QHeKsa,qpan-14HbiH yron pacceRHHR 4a-m1n ()_ 

min 
CTH~bl, N- 4Hcno pacceHsa~~HX aTOMOB s 1 cM 3 , f- npo5er 4a-

CTH4bl B OCTaT04HOM raae, Omax 
X -13 1/3 a' aA = 1,6·10 A /eM/
A 

paAHYC pacceHea~~ero RApa. 
HaKna.QbiBaR orpaHH4eHHR Ha ysenH4eHHe cpeAHeKsa.QpaTH4HoH aM-

nnHTYA~ 6eTaTpOHH~X KOne6aHHH fv'<b!l, = 1 CM/, nerKO nony4HTb 
BpeMR mH3HH ny4Ka 8 TaKOM pemHMe: 

t ;4; 

2. PACCE~HHE nY4KA HA nY4KE 

Oco6eHHOCTbiO KynoHoscKoro pac·ceRHHR ny4Ka Ha ny4Ke npH OT
HOCHTeilbHoH CKOPOCTH V0 RBilReTCR H3MeHeHHe yrna O,QHOKpaTHOro 

L'>PJ. 
pacceRHHR (L'>IJ = --) e <l>oPMYne Pesep<t>opAa: 

p 

2 
M = 2Ze 

pv0 b 

rAe b - npH4eilbHOe paCCTORHHe. 

/51 

B aToM cny4ae nonHoe ce4eHHe KYilOHoscKoro pacceRHHR nony-
4aeTcR H3 ypaBHeHHR 

4TO npHBO,QHT K ¢opMyne, aHanorH4HoH /1/: 

a 
41TZ 

2 e 4 

p2v21J 2 
0 min 

!61 

171 

B KOTOpOH OTHOCHTeJlbHaR CKOpDCTb VO He COBna,qaeT CO CKOPOCTbiO 

pacceHsaeMoH 4aCTH~~, a 8min /2/ cooTseTcTayeT ~nHHe eonH~ 
B CHCTeMe KOOP~HHaT OAHOro H3 ny4KOB /T.e. COOTBeTCTByeT CKO
POCTH vo I. 

npH ~HKCHPOBaHH~X 3Ha4eHHRX OTHOCHTenbHOH CKOPOCTH ABYX ny4-
KOB Ce4eHHe KYnOHOBCKOrO pacceRHHR yMeHbWaeTCR KaK -1/p 2. 

2 



3. RaEPHOE B3AHMOaE~CTBHE aBYX nY4KOB 

Ha <l>OPMYllbl /4/ Henocpe,qcTeeHHO cne,qyeT, 4TO epeMs:t }1(!113HI-1 

ny4KOB B 3a,qaHHOC1 MarHHTH0\.1 CTPYKType (R , Qz, Q r) MO>t<eT 6b1Tb 

nOily4eHO AOCTaT04HO 6oflbWHM, npH MaJlOio1 nflOTHOCTH 

ocTaT04Horo raaa a KaMepe (N) • 
OcHOBH~M 3¢¢eKTOM, orpaHH4HBa~~I-1M epeMR >t<H3HH ny4Ka a pe>t<H

Me nepMOAI-14eCKH nepeceKaiOLI\HXCR ,qeyx nyi.IKOB /nonyTHbli1 pe>KI-1M, 

aHanorH4Hbli1 pe>K!t!MY CO BCTPe4HbiMII1 ny\.IKaMI-1/, 6y,qeT KYJlOHOBCKoe 

pacceRHHe nY4Ka Ha ny4Ke. 
0603Hal.laft p n, p T COOTBeTCTBeHHO nilOTHOCTio1 11JlerKord1 1-1 1'rfD:<eJlo

roll ny4KOB, nony4~t~M BbiXOA fl,qepHoro eaaHMOAei1rcTeHR (a A) Ha A11"1-

He E npH nonepe4HOM ce4eHHH s: 

!8! 

no aHanori-1H co acTpe4HbiMI-1 ny4KaMH eenH41-1Ha L = p0 pTv 0 £s Ra
JUteTc.A ceen1MOCTbJO A11R pe>tU1Ma nonyTHbiX ny4KOB, To eCTb 

4. nPEaEnbHbiE nnoTHOCTH nY4KOB 
B MArHHTHbiX CTPYKTYPAX 

/9/ 

np~.-1 paBHOMepHOM SanOilHeH\.11\.11 nyYKOM BaKYYMHOili KaMepbl OCHOBHbi

MH 3$¢eKTaMH, onpeAe!lR~~HMH npeAeilbHY~ nilOTHOCTb, RBilR~TCR, 

KaK H3BeCTHO, nonepe4Hble 3¢¢eKTbl, CBR3aHHble C nilOTHOCTb~ 3apR

Aa. 
npvt 3aAaHH0171 nonepeYHoili >KeCTKOCTH Q /rAe Q =min Q r' Qz I 

npeAeJlbHaR nilOTHOCTb ny4Ka onpeAe!lReTCR 143 B~pameH&.-1R 

p /10/ 

rAe y = E/E 0, ~Q - Aonycn·1Mblt1 CABY1r 4aCTOT 6eTaTPoHHbiX Kone6a

HHili Me>KAY pesoHaHCHbiMI.-1 3Ha4eHHRM14 4aCToT, H- HanpR>KeHHOCTb no

IlR Ha 38MKHYTO!Ii op6HTe. 

npH ¢vtKCVIPOB8HHOt1 Am1He 38MKHYTOili op6HTbl fo 

8rr2Q t.Q y3,132Eo 
p ----. /11 I 
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5. MArHHTHbiE CTPYKTYPbl 
an~ ~aEPHOrO B3AHMOaE~CTBH~ nY4KOB 

~nR ny4KOB, YAOBneTBOPR~~Hx ycnoBH~ /11/, a¢$eKTHBHOe RAep
Hoe B3aHMOAea:1CTBHe B03MOmHO TOilbKO npH AOnOilHHTeilbHOM YCilOBHH 

rAe f K- An1·1Ha npo6era, COOTBeTCTBYIOW.aR KYJlOHOBCKOMY 

Ae~CTBHIO ny4KOB, npa.1 3aAaHHoa:1 senHl.IHHe ~ , f .A = 

AilHHa R,QepHoro npo6era 11nerKoro 11 ny4Ka a 11T R>KefloM 11 • 
no aHa!lOCHH C /3/ npH ycnOBHH £ K = f R nony4HM 

..E...r_ a --, 
Pn 

/12/ 

B38HM0-

1 ---

/13/ 

rAe a- Ce4eHHe KYilOHOBCKOrO pacceRHHR nY4Ka Ha ny4Ke /7/, 
e2 . 

a < > - cpeAHee 3Ha4eHHe KB8APaTa yrna pacceRHHR ny4Ka Ha ny4-
Ke. 

Ha /13/ cneAyeT, 4TO AilR Taro, 4To6~ Ha RAepHoH AI1HHe aM
n~a 6eTaTPOHH~X KOJle6aHHa:1 He yseJ1H4HBaJlaCb 60JlbWe, 4eM 
'1/ <b2 > = 1 CM, MarHHTHaR CTPYKTypa A01l>KHa YAOBJleTBOPfHb ycno
BHIO 

CM. 

6. 3HEPrH~ 4ACTHU an~ aBYXnY4KOBOrO 
HE~TPOHHOrO rEHEPATOPA 

/14/ 

Ce4eH~-tR RAePHbiX saaHMOAeilrcTaHH /HanpHMep dt, dd I, KaK Ha
eecTHo121, HMe~T peaoHaHCH~~ xapaKTep c nonywHpHHoH IAnR a~ 
~ const/ 100~200 K36 npH MaKCHManbHOM 3Ha4eHHH Ce4eHHR OKOnO 

100-400 K3B, n03TOMY CKOpoCTH 4aCTH~ B ny4KaX AOnmH~ Mano OT
nH4aTbCR APYr OT APYra, T.e. Hx KHHeTH4eCKHe 3HeprHH 

~--, 
115/ 
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rAe En, ET- 3Hepr~~ noKOR nerKoH ~ TRmenoH 4aCT~4. 0TKnoHeH~e 
B HepenRT~BHCTCKOM npH61lH>KBHHH OT OTHOWBHHR I 15/ np~ t!W n = · 
= 200~500 K38 OnPBABilRBTCR B CHCTBMB KOOPAHHaT, CBR3aHHOH C TR-
menoH 4aCT~4eH: 

!'.Wn ET WT -2J~ En 
l +-

ET 
/16/ 

wn En wn wn 

/17/ 

3HepreTH4eCK~H paa6poc 4aCTH4 a nY4Kax He AonmeH npee~waTb 
nonywHpHH~ peaoHaHcHoH KpHeoH AflR e~6paHHoH RAepHoH peaK4HH. 

7. 4HCnEHHbl~ nPHMEP /WI PEAKLjl111 (d, t) 

PaccMoTPHM opHeHTHpoe04H~e napaMeTp~ HeHTpoHHoro reHepaTo
pa, 6a3HPYIOW,erocR Ha npHH4Hne nonyTHbiX ny4KOB. 

EcnH 3HeprHR ABHTOHHoro ny4Ka W n = 90 MaB, To aHeprHR ny4Ka 
Tp~THR H3 I 15/ W T = 135 MaB /He CKOppeKTHposaHHaR no ycnoBHIO 
/17//. YsenH4BHHe aHeprHH cs~we YKaaaHH~x aHa4eHHH npHBBABT 
K TPYAHOCTRM no pea11H3a4HH 3HBpreTH4BCKoro paa6poca B ny4KB 
/nonywHpHHa peaoHaHCHOH KP~BOH, KoTopaR AilR (d, t) peaK4HH pas
Ha ±100 K3B/. 

0CHOBHbiM ~¢eKTOM, orpaHH4HBaiOW,HM epeMR mH3H~ nY4KOB /npH 
BaKYYMB ~10- MM.pT.CT./, 6YABT KYilOHOBCKOB paCCBRH~B ny4Ka 
Ha ny4KB, KOTOPOB onpBABilRBTCR H3 ypaBHBHHR /7/. npH pa3J1H4HH 
B 3HeprHRX ABHTOHHOrO H TpHTHBBOro ny4KOB -200 K38 {3 O = 

vo -4 
= -= 0,015, 0..1n= 1 ,32·10 . 

c 
.QJlR ABHTOHHoro nY4Ka Wn = 90 MaB' {3 =0 '31 H pc =9' 77. 1 o-4 

apr. 
npH 3THX napaMBTPaX U = 1 ,9•1 o-lg CM 2 • 

An~ nony4eH~R OAHOro RAePHoro npo6era npH ce4eHHH oR = 
= 8-10 - 24 

CM 
2 ~OJllKHO YAOBJlBTBOPRTbCR YCilOBHB /14/. 

Be1lH4HHa <0 > = 20 e!ln = 3 ,5· 10 -? 
npeAnonaraR, 4TO nnoTHOCTb AeHTOHHoro ny4Ka 8 4eT~pe paaa 

B~we TPHTHeBoro p = 4p , nony4HM COOTHOWeHHe AflR meCTKOCTH n T · 
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MarHHTHOH CTPYKTYPbl R = 31 ~. rAe R - cpeAHHH paAHYC Ae>iTOHHo
ro ny4Ka /e CM/. 8 TaKoH CHCTeMe 803MOmHa peanH384HR meCTKO
CTH Q = 3 ,8 npH R = 11] ,8 CM, 4TO COOTBeTCTByeT AJH1He BOJ1Hbl 

6eTaTpoHHbiX Kone6aHH>1: 2~R = 194,7 CM. TaKaR >KeCTKOCTb npHH-

4HnHal1bHO peaJ1H3yeMa AllR MalloanepTypH~X CHCTeM /2~4 CM/, OAHa
KO noTpe6yeTCR paapa6oTKa cne4HallbH~ ceepxnposoAR~Hx 11HH3 
H npHMeHeHHe FFAG-cTPYKTYPbl /3/. CpeAHRR HanpRmeHHOCTb MarHI-1T
Horo nonR AllR Ae~TOHHoro ny4Ka a 3TOM cny4ae 6yAeT pasHa H = 

1 ,72 Tn. 
npeAellbHaR nllOTHOCTb AeHTOHHoro ny4Ka npH ~Q = 0,3 H3 /11/: 

p ~ 2,4.10 11 1/cMS. 

CseTHMOCTb ABYX HaKonHTeJlbHbiX Kone4 npH nonepe4HDM ce4eHHH 
ny4KOB 4x4 CM H AilHHe npRMOJlHHeHHoro Y48CTK8 -300 CM pasHa 

L = 0, 31 · 1 085 -2 -1 
CM ·C 

Bb1XDA He>iTpoHos npH TaKo>i cseTHMOCTH Y = 2,4·10 11 
n/c. 

CpeAHRR 3HeprHR HeHTpoHa a nY4Ke cocTasnReT 45 MaB npH MaK
CHMallbHOM yrnoBOM pa3Mepe ±0,3 paA. 

3AKJ110YEHHE 

napaMeTpbl, npHBeAeHHble B '·U-ICJleHHOM npHMepe, HMeiOT YIJlJliOCTpa
TYIBH~H xapaKTep H He onTHMH3HpoeaH~. Uenb pa6oT~ - o6paTHTb 
BH~MaHHe Ha B03MOmHOCTYI HCnOJlb30BaHHR ABYX ny4KOB Al1R C03AaHHR 
HeHTpoHH~x reHepaTopoe H orpaH~4eH~R Ha HX napaMeTp~. KaK BHA
Ho, BeJlH4HHa HeHTPOHHOro nOTOKa nony4aeTCR CpaBHHTeJlbHO He60Jlb
woH. AnR yeeJlH4eHHR HeHTpoHHoro e~xoAa o6DeM aoH~ eaaHMOAeHcT
BHR ~onmeH 6~Tb yeel1H4eH, npH 3TOM noTpe6yeTCR coa~aHHe 6onee 
CHJlbHOT04H~X YCKOPHTeJleH-HHmeKTOPOB ~JlR HaKOnHTenbH~X Koneu 
H peweHHe pR~a ~pyrHx eonpocoe /KOHCTPYKUHR y4aCTKoB MarHHT
HOCi CHCTeMbl, nPHM~KaiOli.\HX K 30He B3aHMO~eHCTBHR, pa~HaUHOHHaR 
CTOCiKOCTb KOMnOHeHTOB CYICTeM~, OnTHMH3aU~R napaMeTpOB Yl AP./. 

ABTOPbl B~pamaiOT 6naroAaPHOCTb n.M .OHHll.\eHKO aa LteHHbte 3aMe-
4aHHR Yl o6cymAeHHR. 
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