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Oepen~wTeHH 3.A. , ~PKOB r.n. 9·80· 124 

0 HaKOnneHHH T~•enwx HOHOB a 3neKTpoHHWX KOn~~ax 
KOMeKTH~OrO YCKOPHTen~ 

Pa ccMOTpeHO H3MeHeHHe nonepe-.HWX pa3Mepoa 3n eKTpoH
HOr o KOn~~a OPM pacce~HHM 3/leKTpoHOa Ha Ha KOMeHHWX 
HOHax H HeHTP&n~HWX aTOMaX. 0oKa3aHO, '4TO pacce~HMe OPM
BO,AMT K y a enH'4eHHIO pa3Mepoa KOn~~· OPM H8KOMeHHH HOHOB 
T~enwx 3neMeHToa H3 ocTaTo-.HOro ra3a a KaMepe aAre 3aTopa. 
npoaeAeHa O~eHKa ~KTHBHOCTH pa6oTW MMnyn~CHOrO HCT0'4-
HMKa HeHTpan~HWX aTOMOB npH H8K0nn8HMH HOHOa . npoH3BeAeH 
pac..eT HaKOMeH~UL, MQOoOO& Ja ~,....., CTpyH a 

npoTol1 2384/ 2- 80 fiP • :»HOB OHJlH. 
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1ccumulat ion 
o L t he -

B nocneAHHe ABa r o Aa 6Yn npoe eAeH P-"A ycnewH~x 3 Kc n e pHMeH 
TOB n o YCKOpeHHO HOHOB pa3nH4H~X r aSOB annoTb AO Xe Ha n~TO
THne KOnne KTHBHOr O ycKOpHTenR TR*en~x HOH08 /KYTH/ OH~H I •21 • 

n pH pa6oTe KYTH HaKonneHHe HOH0 8 Ar' Kr H Xe npoHCXOAHno, KaK 
n pa8Hno , HS HMnynbCHOH CTPYH HeHTpan bH~X a TOM08 r aSOAHHaMH-
4eCKOr O 11CT0 4HHKa / fnH/ . Ecn H Ha KOM e HHe HOHOB rasoo6paSH~X 
3 n e Me HT08 8 n pHHUHne 803MO* HO H3 OCTaT0 4HOrO r a s a B Ka Me p e 
a Are3aTOpa , TO AflR nony4eHHR HOHOB Ta KHX 3n e MeHTOB, KaK Cu, 
Pb , U H T . A. , Tpe6yeTcR cTpyHH~H HCT0 4HHK HeHTpanbH~x a TOM08 
3THX 3neMeHT0 8 . 

nnR 3~KTH8HOH pa60T~ HCT04HHKa H MHHHManbHOr O YXYAWeHHR 
Ba KyyMa 8 KaMepe YCKOPHTenR He0 6 XOAHMO 8np~CKH8aTb HMnynbCHYO 
CTpyo HeHTpanb~X a TOM08 B C*aTOe KOnbUO . 

n pH Ha KOMeHHH HOH08 8 3neKTPOHH~X KOnbuax npHXOAHTCR Y4H
T~BaTb B03MO*HOCTb yeenH4eHHR nonepe4Ho ro ~asoaoro o6DeMa 
KOnbUa 3 a C4eT pacc eRHHR 3neKTpoHOB Ha OCTaT0 4HOM rase H Ha 
KOMeHH~X HOHaX /S/ . 3neKTpoH~ KOnb4a pacceHBaOTCR rnaB~M o6-
pa30 M Ha RApax HOHOB H aTOMOB, H e e nH4HHa pacceRHHR nponop
UHOHanbHa sapRAY RApa. 6es y4eTa pas6poc a 3neKTpoH08 no npo
AOnbH~M 3 He prHRM, aHanorH4H0 141 , MO•Ho no ny4HTb AnR yeenH4e HHR 

~3080ro o61oeMa 

d 2 dE r,z 

dt == -d (yw rza r z t • • 
> == _ Y_s , 

w r, z 
/ I / 

rAe y - penATH 8HCTCKHH ~aKTop 3neKTpOH08 , a r H a z - CPeAHe
K8aApaTH4H~e nonypasMep~ KOnbua B paAHanbHOM H a KcHan bHOM Ha
n paaneHHRX, W r H w,. - 4aCTOT~ Co6CTBeHH~X KOne6aHHH 3neKTpo
H08 . nnR OOCTORHHOH MOTHOCTH H COBnaAeHHR paSMe poe Ce4eHHH 
3ne KTPOHHbiX H HOHHbiX KOneu HHTerpan CTOnKHOBe HHR 
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R - 6 o nbWOH paAHYC KOnbua; Z , N I H NO - COOT a eTCTBeHHO 
CPeAHHH sapRA H O~ee 4HCno HOHOB, 4HCn o HeHTpanbHbiX aTOMOB 
B KOnbue . 3 aMeTHM, 4TO AHaMeTp Kpyra C OOCTORHHOH nnOTHOCTbO 
d - 4a . npH 1 2 » z 2 
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r !c3(N 1 + N 0 ) 1(1 + 1) 137 y 
s = 2 ln-us · 

4"ar a 1 Ry I 
EcnH HaKOMeHHe HOHOB npOHCXOAHT 113 OCTaT04HOrO rasa nnoT
HOCTbO n0 BO apeM~ ¢oPMHP08aHH~ KOnb~ a , TO CYMMapHOe 4HCno 
HeHTpanbH~X aTOM08 11 HOHOB 8 KOnb~e O~eHHBaeTC~ 8enH4HHOH 

N 1 + N 0 = ~ 0N e ct + V ) n 0 , 

rAe <70 - nOnHOe Ce4eHHe HOHH3a~HH Hei1TpanbH~X MOneKyn /aTOM08/ 
3neKTpOHH~M YAapoM, N, - 4Hcno 3neKTPOHoa 8 Konb~e. 

H3 /1/ MOlKHO HaHTH OTHOCHTenbHOe y 8enH4eHHe paSMepD8 KOn b
~a sa C4eT pacce~HH.R 3neKTpoH08: 

a' j t; 
r,z = .........!,:! 

a r ,z E~ .z 

Eo =yowo 
r, z r, z 8 o 2 

r , s ' 
• j E~.z 

yw r,z 
a r,z 

E = E 0 + J ').£ dt . 
r , z r,z c.J 

r,z 

np11 paC4eTaX 11 O~eHKaX 6yAeM HCnOnbSOBaTb 4HCneHH~e SHa4e
HH .R aenH4HH, npH6nHSHTenbHO COOT8eTCTBY~He napaMeTpaM KYTH 
OH.RH 1 61: a Ha4ane c•aTH.R KOnb~a (t .. Q) R 0 

.. 35 CM, y 0 =4 ,2 , 
a ~ = a ~ = 0, 9 e M, N e = 10 13 

; a KOH~e ClKaTH~ I t = 2, 5 MKC/ 
R =3, 5 eM, y =38, ar = • ,.= 0 ,1 CM • .an~ yKa3aHHIIIX napaMeTpoa /npH 
~eM 8peMeHH lKHSHH KOnb~a 3 MC/ npH HaKOntleHHH HOH08 Xe HS 
ocTaT04HOro rasa nony4aeM 

Sj.lc yS n 0 J ---dt ,. __ ' 
o wr,z 11 r,z 

rAe vr.z = R wr,z/c. 
B KonneKTH8H~X ycKOPHTenRx 3~eKTH8HIIIM R8nReTcR ycKopeHHe 

3neKTpOHHIIIX KOne~ C $aKTOPOM HeHTpanHSa~HH ! = 0,1.;. 0,3 . .llJlR Ta
KHX ! C y4eTOM C06CT8eHH~X none.:i HOH08 ll r H liZ MaJ10 MeH.ROTC.R 
8 npo~ecce ClKaTH.R KOnb~a 8 KYTI-1 OH.RH 11 cocTa8n.RoT ~~ ~=0,8-il,9; 
~~~=0 , 170,2. B 3TOM cny4ae npH AaeneHHH Xe e KaMepe aAresa
Topa 5.10-9 Top Ez 803pacTaeT npH5nHSHTenbHO Ha 50% H COOT
BeTCT8eHHO az- Ha 25%. 

EcnH HaKOnneHHe HOH08 npOHCXOAHT HS HMnynbCHOH CTPYH He~T
panbHOrO rasa, TO 05l.llee 411CnO HaKannH8aeM~X 11HYlKH~X11 HOH08 
8 KOnb~e nocne OKOH4aHH.R CTPYH OCTaeTC.R nOCTO.RHH~M. B 3TOM 
cny4ae o6pasy~HeC.R HS 0CTaT04HOrO rasa HOH~ HMeOT { < 10 H K 
Y8enH4eHI10 paSMep08 npaKTI14eCKH He npHBOA.RT, TOrAa 

S = 3 · 10 4 N . I 
2 

I 

2 

Bpe~, II Te4eHHe KOTOporo MOMHO YAePlKH88Tb KOnb~O C HOH8M11 
6es 3aMeTHOro yaenH4eHH~ 4>aaoaoro o6~eMa KOnb~a. AO~HO 6wTb 
paBHIIIM 

t « 
1018 

121 
N 12 

i 11 
YcnoaHe /2/ All.A Xe (I - 54) npHN 1 · 10 AaeT t « 30 Me; An.R U(I - 92) 
np11 N 1 = 5 ·1 0 10 - t « 25 MC . KpoMe Toro, npH HaKonneHHH HOHOa 
113 CTpyH, AnHT8nbHOCT b KOTOPOH 3Ha4HTenbHO MeHbWe ~ero ape
MeHH HaKOntleHHA, ·OOCTOAHHOe otip830 B8HHe MaJ1038PAAHWX HOHOB 
113 HeH TpanbHWX 8TOMOII He npoHCXOAHT, no3TOMY npaKTH4eCKH OT
CyTCTIIYOT HOHW, 3aPAA KOTOpiiiX 3 Ha4HTenbHO MeHbWe CpeAHero 
3aP~Aa HOHOB B KOnb~e 8 AaHHIIIH MOMeHT, H 3TO npHIIOAHT K yMeHb
WeHHO AHcnepCHH no 38P~AaM 181• 0TCOA8 8HAHO, 4TO H8KOnneHHe 
HOHOB 8 3neKTPOHHWX KOnb~ax KonneKTHBHOrO YCKOPHTenA npeAn04-
THTenbHee H3 HMnynbCHOH CTPYH, 4eM H3 OCT8T04HOro ra3a . 

npH pa6oTe HCT04HHK8 HeHTpanbHWX aTOMOII 48CTb 8TOMOB He 
ycneaaer HOHH3Hpo&aTbCA HnH npoxOAHT MHMO H HeHa6e•HO yxyA
waeT aaKyyM 8 K8Mepe ycKOPI1TeJ1A , Ho*HO BlleCTH CpeAHOO ~Hy t 
c ao60AHOro npo6era Hei1TpanbHo r o aTOMa a KOnb~e . AnA KOnb~a 
o6~eMOM V H CKOpQCTH CTPYH U 

t = Vu/u0 N,c. 

Ecn11 HCT0 4HHK AaeT aKcHanbHO CHMMeTpH4Hyo ,HenpepwaHyo no 
a 3HMYTY cTpyo co cpeAHeH MOTHOCTbO n0 , paAHanbHOH WHPHHOH d~4a , 
AnHTenbHOCTbiO t, TO o6ilee 4MC.no 8TOMOII , He 88XII84eHHMX KOnbqOM, 
npH6nH•eHHO MO*HO c~TaTb paaHWM 

._tj !T& 
N - 2trRun0 r (d- 4ae ) . 

np11 6onee Cno*HOH reOMeTPHH HCT04HH Ka, HMeQLllero, HanpHMep, 
HeCKOnbKO 0 TAeJ1bHWX CTPYH, 4HCJ10N O~eHHBaeTCA TaK*e 6e3 
oco6oro TPYAa. OTCIOAa BHAHO, 4TO An" noa~weHH.R 3¢¢eKTH BHOCTH 
pa6oTIII HCT04HHKa HeHTpan bHWe 8TOMW AOfl*HW no4TH nOnHOCT biO 3a
x&aTW8aTbC~ B KOnbqO, 4To6w He YXYAW8Tb 118KYYM B KaMepe 8A
resa Topa; c APYroi1 cTopoH~, An" yMeH bWeHHA nonepe4HWX pasMe
poa HOHHOH KOMnoHeHTIII KOnb~a cneAYeT o6ecne~Tb paBHOBepO~T
HOe o6pasoaaHHe HOHOB no ce4eHHO KOnb~a 17~ T.e. ocna6neHHe 
nOTOKa Hei1Tpan bHIIIX a TOMOB AOnlKHO 6111Tb He60nbWHM, 3TH Tpe6o8a
HH~ B~nonH~OTC.R npH f- 4a. Ha116onee OOTHM8nbHIIIM ~BJ1.ReTC~ Hc
T04HHK, y KOToporo d« 4a 11 sa apeM.R Aei1cTBH.R CTPYH 6onbwoi1 
paAHYC KOnb~a R OCTaeTC.R noCTO~riiiM HnH MeH.ReTC.R Ha aenH4HHY 
L\R < 4a. TorAa N =2rTRun 0 rd(l -e "• ). Ecn11 d~4a, TO Tpe6y
eTc.R d = LlR + 4a . BaKyyM 8 aAreaaTope yxyAWaeTc.R c no8biiJeHH
eM ~HKnH4HOCTH pa6oT~ YCKOPHTen.R. TaK, raH npoTOTHna KYTH 
AaeT cTpyo aToMOe Xe c AHaMeTpOM d = 1 eM H cKopocT bO u ., 
'" 3 ·1 0 4 CM ·c-1 /8~ npH yCKOpeHHH HOHOB Xe Heo6xOAHMO HMeTb 
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N 1- 1011 • EcnH CTPYR nonaAaeT 8 aneKTPOHHoe KOI1b~a c R = 5 CM, 
a .. 0,1 CM, TO t .. 0,3 . B 3TOM cny~ae N .. 3,0-10 11• 061>eM aAre-
3aTopa -10~cM3. TaKHM o6pa3oM, npH pa6oTe ycKOpHTenR c ~acTo
TOH 50 f~ aaKyyM a KaMepe aAresaTopa yxyAWaeTCR 3a c~eT pa-
6oTw fAH Ha 4 -1{)-~ Top·c-1.AnR nony~eHHA HeHTPanbHWX aToMOa U 
Heo6XOAHM HCT04HHK APyroro THna, HaOpHMep, nna3MeHHwH / 9 / , 

CKOpoCT b CTPYH KOTOporo J-2 - 10 5 CM•C-1. B 3TOM cny~ae 1 » a 
H, XOTR Alll'l 3arpy3KH K011b~a Heo6XOAHMO MeHbWee K011H~eCTIW 
HOH08, BaKyyM ~*eT YXYAWaTbCJII ~e 6wcTpee. 3HaR ~KTHBHOCTb 
H Tpe6yeMOe 4MC110 HOHOB AllA OnTHMaJibHoH sarpy3l<H 311et<TpoHHWX 
Kone~. MO*Ho onpeAe11HTb Heo6xOAHMOe 4HC110 aToMOa, nocTyna~ee 
8 Te~eHHe OAHOrO HMOY11bCa 8 KaMepy aAre3aTOpa. 4HC11eKHwH pac
~eM HaKonneHHII HOHOB Xe H U npo&OAH11CII AllJII HMOY111tCHOM CTPYH 

JV1HTe11bHOCTbiO 0, 25 MC npH HaJ1H4HH OCTaTO~HOrO ra3a (N 2 ) 
a KaMepe KYTH. Heo6xOAHNO OTMeTHTb, 4TO npH y~Te a pac4eTax 
HOHHOH ~KYCHpo8KH K011bl.la npH HaKonneHHH HOHOB /7/ nony~aiOTCJII 
3Ha~HTe11bHO MeHbWHe 3Ha4eHHR nonepe4HOf"O Ce4eHHJII KOI11t4a no 
c paaHeHHIO C H3MePeHHWMH Ha npOTOTHne KYn1 l 10,1l( no-BHAHMOMy, 
C~eCTByiOT KaKHe-TO Hey4TeHHWe 3¢¢eKTW /HanpKMep, KOrepeHTHWe 
HeycToH~H80CTH/, KOMOeHCHpy~He yMeHbWeHHe Ma11WX paSMepoa 
KOnb~a 3a c~eT HOHHOro sapRAa. no 3Too npH~HHe pac~Tw npoao
~H11HCb 6e3 y"'eTa Co6CT8eHHWX 00/leH 311eKTpOHHO rO H HOHHOrO 
K011b~a H C~HTaJ10Cb, ~TO ar "'a z =R/ 40 , 3TO npH611H3HTel1bHO CO
OTBeTCTByeT H3MepeHHWM 3Ha~eHHJIIM. He paCCMaTpH8a11HCb TaK*e 
HOH-HOHHWe 83aHMOAeHCTBHJII, TaK KaK, COrnacHo / 12/ , OHH Hecy~ecT-
8eHHW npH HaKOI111eHHH Tll*ellWX HOHOB. O~ee 8PeMR C*aTHA KOI1b4a 
-2,5 MC, Aanee pasMepw C4HTanHCb nocTORHHWMH. HcTO~HHK 
Ha~HHaeT pa6oTaTb npH t =1,75 MC, 8 paMKaX npHHIITOH M0Ae11H 
pac~eTHOe ~HC.I10 \o10H08 npOOOPI.IHOHa11bHO ofiuleMy "'lo1C11Y HeHTPa11bHWX 
aTOM08 H3 HCTO~HKa Nuo· npH napaMeTpax CTPYH HCTO~HHKa, npH
BeAeHHbiX awwe , 4lo1Cno HOHOB Xe N 1 = 0,3 N uc npH N

8 
= 1 0 13 

H N1 = 0,21Nuc OPH N 8=5·10 12.AnR ypaHa N 1 =0,19N 0 0 npH Ne= 
= 10 13 H N1 =0 ,12Nuc npH N 8 = 5 ·1 0 12 • 8 pac~eTax Hcnonb-

308a11HCb Ce~eHHR 311eKTpOHHOH HOHHSa~HH, nony~H BWHeCJII 8 pe3ynb
TaTe CllO*eHHA Ce~eHHH O*e-HOH143a~H14 143 pa60TW/1 31c Ce~eHI4JIIMH 
npJIIMOH HOHI43a~HH 143 pa60Tb1 1 141.Ce~eHHJII A80HHOH HOHH3a~HH HCOORb-
308aHW H3 1 14~ 4HC110 HOH08 a30Ta npH Aa8neHHH OCTaTO~HOrO ra3a 
5 ·1 0-9 Top COCTa8nReT 2,1.10 11 OPH t = 2,5 MC; 3,4 ·10 11 npH 
t = 5 MC All"' N 8 = 10 18 H 1 , 1 ·1 0 11 npH t = 2, 5 MC; 2, 0 · 1 0 11 npH 
t = 5 MC AllR Ne= 5. 1012 . 0cH08HWe pes ynbTaTW pac~eT08 npH8eAeHW 
Ha puc.l H 2 . CnnowHwe KPH8We COOTBeTCT8yiOT N8 = 10 13 , nyHKTHp
HWe -N 8= 5·10 12 .Ha puc. l H306pa*eHO H3MeHeHHe cpeAHe ro 3aPAAa 
140H08 Z a30Ta, KCeHOHa H ypaHa 8 311eKTPOHHOM KOI1 b~e. BHAHO, 
~TO CpeAHHH 3apAA Z CHnbHO 3a8HC14T OT ~14CJ1a 311eKTpoH08 8 KOI1b-
4e. Ha puc. 2 npeACTa8neHO 143MeHeHHe AHCnepCHH HOH08 no 3apA
AaM. AHcnepc HA AllA HOH08 a3oTa He npH 8eAeHa , T.K. AllA ee 8w-
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FUc.l. HSMeHeHHe cpeAHero 3a
PRAa HOHOB a30Ta, KCeHOHa H 
ypaHa 8 311eKTPOHHOM KOI1b~e 

FUc.2. HaMeHeHHe AH CnepcHH 
HOHOB ~CeHOHa H ypaHa no 
3apAAaM 8 311eKTpoHHOM K011b~e 

a npouecce HaKonneHHA. a npouecce HaKOnneHHA. 

~HC11eHHA Heo6XOAHMO y~I4TW8aTb HOH-HOHHble 83a14MOAeHCTBHA . TaKHe 
pac~eTw 6wnH npoAenaHw 8 pa6o Te / 15/ . 

XapaKTep HSMeHeHHA A14CilepCHH HOH0 8 no 3aPAAaM AnA TR*e11b1X 
311eMeHT08 CBJ113aH C CHilbHOH 3a8HCHMOCTbiO 0011HOrO Ce~eHHR HOHH-
3a~HH OT HOMepa 311eKTpoHHOH 060110~KH aTOMa, 

B saKniO~eHHe a8TOpw awp4*aiOT 6naroAaPHOCTb 6 .A.WecTaKo8y 
3a ~eHHble o6CY*AeHHA. 
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