


B H a c T o R r u e e  sperm n n ~  n o n y s e H m  M H O ~ O ~ ~ P R W I ~ I X  HOHOB n c n o n b -  

3YH)T HCTOllHHKH 3JIeKTpOHHO-JIyqeBbIe (EBIS) H H a  3JIeKTPOHHO-LIHKJ'IO- 

TPOHHOM p e 3 0 H a H C e  (ECR)'~'  . Henae~o  ITpeDJIOXeH H0Bb1fi THll HCTOWWKa 

C 3JIeKTpOHHbIMH KOJIbUaMH (ERIS) . M H O ~ O ~ ~ P F I ~ H ~ I ~  HOHbI HCnOJIb- 

3YIOTCR WrR: nOCJIenyIOrUer0 YCKOpeHUFi B YCKOpHTeJIRX TRXWIbIX HOHOB W I W  

B HCCnenOBaHHIIX no @ H ~ H K ~  ~ J I ~ K T P O H H O ~ ~  O~OJIOYKH CHJIbHOHOHH3WpOBaH- 

HbIX aTOMOB. YCWIHII. H C C J I ~ ~ O B ~ T ~ J ' I ~ ~ ~  HanpaBJleHbI  H a  nOBbIl l leHHe 3 a p R n -  

H O C T ~ ~ ~  H ~ ~ ~ ~ T ~ H c U B H O C T ~ ~ ~  W Y K O B  HOHOB. B EBIS-, ERIS- H ECR- HCTOWU- 

K a x  M H o r o B a p R n H b I e  H O H ~ I  O ~ P ~ ~ Y I O T C R  B p e 3 y n b ~ a ~ e  nocneno~a~ena~ofi 
H O H m a W  3JIeKTpOHHbIM Y n a P O M  B T e W H H e  B p e M e H H  Y n e p X a H W  B 3JIeKT- 

P H H O M  W Y K e  ( ~ 0 J I b u e )  WIH B HaXonRIIlef icR M ~ ~ H H T H O ~ ~  J I O B y u l K e  

ma3 M e .  

3a n o c n e m H e  r o n b I  B o n p o c a M  H O H H ~ ~ U H  H n e p e 3 a p ~ n ~ ~  HOHOB 

6 b m o  n o c B R r u e H o  MHOrO p a 6 o ~  H o ~ ~ o ~ o B / ~ / .  
Y n p y r ~ e  K y n o H o B c m e  cronmioeaan ~ ~ P R X ~ H ~ I X  sacrw B nna3- 

M e  nOCTaTOYH0 XOpOlllO H3JWel-IbI B CBR3H C ~ ~ & T @ M H  no TepMCjqIlepHOMy 

CHHTe3Y, H yXe BOUUIH B Y W ~ ~ H H K H  /'"! B TO Xe B p e M R  3TU BOUpOCbI eUe 
H e  B non~oi i  M e p e  y v r e H b I  npn omcanm n p o u e c c o B  B H C T O Y H H K ~ ~  M H o r o -  

3 a p m b I X  HOHOB. YrleT Y l l p y r H x  C T O J I K H O B ~ H H ~ ~  3aPRH(eHHbIX rlaCTHU, BepO-  

RTHO, MOXeT o G ~ R c H U T ~  HeKOTOPbIe H a 6 J ' I I O n a e ~ b I e  RBJIeHHII H y K a 3 a T b  

W T H  nOBbIllleHHI! ~ @ @ ~ K T H B H O C T H  HOHHbIX HCTOWHKOB. 

P ~ c c ~ R H H ~  3 n e K T p o H H O r O  W s K a  H a  HaKOILIIeHHbIX HOHaX, OCTaTOWOM 

m e  WIH ~eepnoii M H U ~  ~ a e ~  K y B e n m e H m  n o n e p m s b x x  p a 3 M e p o B  n 
3MHTTaHCa W l l K a  . n p H  KYJIOHOBCKHX CTOJIKHOBeHHFIX C WIeKTpOHa- 

MH HOHbI n p k i 0 6 p e ~ a w ~ ~  ~ o ~ o J I H X T ~ J I ~ H ~ I ~ ~  HMrryJIbC. Ha~6onee BepORTHbI 

c r o n m o s e H m  c 6 0 n a m ~ m i  n p m e n b H b I M H  n a p a M e T p a M H  H paccemne 
3JIeKTpOHOB H a  M U I b I e  Y m b I .  B pe3yJIbTaTe  HOHbI yBWIHWB8H)T 3HePl"WK) 

n O l l e p e W b l x  ~ o n e 6 a ~ ~ k  B ~ O T ~ H X @ ~ ~ J I ~ H O ~  R M e  3JIeKTpOHHOrO S a p m a .  

C ~ o p o c r b  u s ~ e p e n m  3~ep1-m E, HOHOB c ~ B P R ~ O M  Z H ~acco i i  AM 
o n p e n m e T c R  ~ 3 : / 3 /  



rne f l  = ve /c ; m , r e  , v e  - Macca ,  ~ n a c c ~ q e c ~ a i i  paakiyc ~ J I ~ K T P O H O B  H 

HX CKOPOCTL, c - C K O ~ C T ~  cBeTa, a, - c p e m e K s a a p a T m b I e  n o n e p e s H b I e  

n o n y p m M e p b I  ~ ~ ~ K T ~ O H H O ~ O  W q K a ,  N - c p e n m R  noromm M O T H O C ~  

3neKTpOHOB. A = 10 + 20 T.H. KYJIOHOBCKH~~ n o r a p H @ ~ ,  ~ ~ B H C R I U U ~ ~  OT 

3HeprHH H MOTHOCTH 3neKTpOHOB H pa3MepOB 3JIeKTPOHHOrO W'IKa.  

W O H ~ I  O ~ P ~ ~ Y H ) T C R  B 3neKTpOHHbIX W' IKaX B pe3yJIbTaTe HOHH3aLWH 

3JIeKTPOHHbIM YnaPOM HeiiTpaJIbHbIx aTOMOB WIH MOneKyJI, n O n W W U X  

B W 4 0 K .  ~ H ~ P ~ H R  OAH03apJlLlHbIX HOHOB OIIpeAaReTCR 3neKTpWINKHM 

nOTeHI.UiaJIOM W 9 K a  B MeCTe pOXJleHUR HOHa H, KaK npaBHJI0, MHOrO 6 o n b -  

Ule 3HeprHH ~ e f i ~ p a J I 0 ~ .  O K ~ ~ ~ I B ~ F I C ~  B l l ~ ~ e H I & i a J I b H ~ f i  RMe W' IKa ,  HOHbI Ha- 

' IHHWT COBepUlaTb K o J ' I ~ ~ ~ H H R  H MOrYT IIOABepraTbCR ~ a ~ 1 b H e f i U l e f i  HOHH- 

3 U H H ,  yBUlH' IHBm C B O ~ ~  3 a P R n  H, CnenOBaTenbHO, 3 H e P r W .  B 3JIeKTPOHHOM 

W ' I K e  panHyCa a C ~ O C T O R H H O ~ ~  nJIOTHOCTbH) B Ce'IeHHH llOTeIiUHaJI 3neKTpH- 

¶eCKOrO nOnR B 38BHCHMOCTH OT PaCCTORHWR: OT OCH r  OllpeAenReTCR KaK 

rne e - s a p ~ p ,  sneKTpoHa .  

Ecnu W'IOK IiMeeT MOTHOCT~, cnaaamuym K K ~ W ,  H a n p m e p ,  pacnpe- 
n e n e H u e  raycca/3/, TO 

B 3JIeKTPOHHOM nY'IKe C ~ ~ ~ C C O B C K O ~ ~  MOTHOCTbH) B CerIeIillEI C p a H R R  

3 ~ e p r m  O u e H m a e r c R  B~J-IWIHHO~~, H e  3 a ~ ~ c ~ w e f i  OT 3apma HOHOB / 3 /  

B e n m m b ~  (4) H (5) IIOJIflt?HbI 6e3 y'IeTa @ ~ K T O P ~  H e f i ~ p a J I k B a r ~ H  3neKT- 

POHHOrO 3 a p R n a  HOHaMH H pX3JIHWIbIX B03MOXHbIX llPOUeCCOB, YBeIlWIHBW- 

3HepI'HH) HOHOB, TaKHX, KaK HLLTpeB 3JIeKTPOHaMH WIH 3JIeKTPOHHO- 

HOHHbIe H ~ ~ C T O ~ ~ W ~ B O C T H .  

B pe3yrraTaTe c ~ o n m o s e ~ a f i  c ~ J I ~ K T ~ O H ~ M H  3 ~ e p r m  HOHOB ynenms- 
BaeTCR, aMMWCynbI  ~one6mafi PaCTyT H MOrYT npeBbICHTb pa3MepbI  3neKT- 

POHHOI'O W'IKa.  B b 1 n o  nOKa3aH0, 9TO B 3TOM C n y W e  HOHbI ~OJI~LLIYKI  4aCTb 

BpeMeHH npOB0-T BHe W' IKa ,  M a n o  BJIHRIoT Ha  3neKTPOHHYH) KOMnOHeH- 

TY W, C ~ 0 ~ 0 U l e f i  CTeneHbKl TO'IHOCTH, MOrYT CrMTaTbCR nOTePHHHbIMH /lo/. 

B Y A ~ M  C'IHTaTb, 'IT0 3HeprHR 

RBnRerCR rpaHHYH0fi &lIR HOHOB. W O H ~ I  C Ei  > E ,p H M m T  a M M H T y n y  

~oJ'Ie6aHkifi  B PaBHOMepHO 3apR)KeHHOM W ' I K e  6orrame er0 pa3MepoB,  a 
B W 9 K e  C ~ ~ Y C C O B C K O ~ ~  MOTHOCTbH) 6 o n b ~ l e ,  'IeM 1,65 a,. 

H a ~ a M ~ s m c b  B 3JIeKTPOHHbIX W'IKaX, HOHbI B ~ W M O ~ ~ ~ ~ C T B ~ I O T  npyr 
C ApyrOM. n y C T b  B W q K e  HMeIoTCR 'IaCTHqbI C MOTHOCTbH) XI,, 3apRAOM 

z1, ~acco i i  AIM H s~eprwefi E l ,  a WcTkiqbI c n 2 ,  Z 2 ,  A2M H E2. Torna 
C K O P O C T ~  H ~ M ~ H ~ H H R  ~ H ~ P ~ H H  E PacTkiu n e p B o r o  c o p T a  B p e 3 y n b ~ a ~ e  

C T O J I K H O B ~ H H ~ ~  C UCTHUaMH BTOpOrO COpTa 

TRTCR B T p X M e P H O e  PaCnpeAWIeHHe M a ~ c B e n n a  C o614efi ~ e ~ n e ~ ~ y p o f i  
WCTW ma oAni-ra~o~oii s~epraefi no TpeM c T e n e m M  c ~ 0 6 0 n b 1  HOHOB 

B c e x  T a n o B .  W O H ~ I  6 o m ~ l e f i  3 ~ e p r m  O C T ~ M Y T ,  a ~enbrueii ~ a r p m ~ c ~ .  
YcJ'IoB~R BO3HHKHOBeHWR: H e y C T 0 f i r M B 0 ~ ~ e f i  H BbI3BaHHbIe 3THM II3MeHeHHR 

3HeprHW KOMnOHeHT W ' I K a  BbIXOART H3 K P Y r a  PaCCMaTPHBaeMbIX 3AeCb 

BOllpOCOB. 

P ~ C C M O T ~ H M  6onee nonpo6so HeCKOnbKO KOHKPeTHbIX CJ'Iy9aeB. 



3. ~JIEICTPOHHO-JTYYEBOR MCTOYHMIC MOHOB 

EBIS ~peACTaBJIHf3T co6ofi nk i~ehb~f i  ~ e ~ e ~ b l ~ ~ b ~ f i  PaBHOMePHO 3 a p R -  

X e ~ ~ b l f i  B Ce'leHUU ~ J ' I ~ K T P o H H ~ I ~ ~  IIylIOK. 

E.A.AOHUOM B WOHU3aTOpe ICPMOH-2, c IUIOTHOCTbIo TOKa A 0  1 KA/CM ? 
3a sperm 5 + 10 c 6bmu n o n y q e H b 1  W O H ~ I  KC "+H ~ e ~ ~ + / l !  OCHOBH~IM He- 

AOCTaTKOM WCTOWHKOB T H m  EBIS, QH BpeMeHH YAepXaHkW B HeCKOnbKO 

CeKyHA, HBnRIoTCR n O T e p H  MHOT03aPSqHbIX WOHOB. B IlyrIKe OCTaeTCR 

10'~- 10'~ OT HaqUlbHOrO qWCna HOHOB. npETYUH0fi n O T e p b  MOXeT CJIYXHTb 

H W p e B  CO CTOPOHbI 3neKTPOHOB. B b l p a l K e ~ W e  (1) AJIH WCTOWHKa KPMOH-2 
(Ee= 20 K ~ B ,  1 = 0,2 A, a = 0,15 MM) AaeT, rITO 38 - 1 C WOHbI KCeHOHa 

YBWIHqHBWT 3HePTHH) BbILUe ~ p a H H q ~ 0 f i  (6) H YXOART H3 nJNKa.  ~ P W B O -  

AHTb K H a r p e B y  HOHOB MOrYT T a K X e  B03HHKWU&le H ~ Y C T O ~ ~ ' M B O C T W .  

O x n a X ~ e H H e  MHOT03aPRAHbIX WOHOB M O X e T  6 b 1 n  OCYUeCTBJIeHO Ily- 

TeM BBeAeHWR B IlyrIOK MUl03aPRAHbIX HOHOB JIerKWX ~ J ' I ~ M ~ H T o B  I / .  

~ H ~ P T H R  WOHOB B W q K e  C ~ Z I B H O M ~ ~ H O ~ ~  IUIOTHOCTbIo B CeqeHKU 3aBWCWT OT 

3 a p H A a  (4) . ICpo~e TOrO, COrJIaCHO ( I ) ,  3neKTPOHbI 6b1c~pee H a r p e B m T  

MHOrO3apHAHbIe HOHbl. B peC3yJIbTaTe C T O J ' I K H O B ~ H H ~ ~  WOHOB pa3HbIX TWnOB 

M e X W  HWMH nPOWCXOAUT BbIpaBHHBaHWe 3~eprWfi. ~ Y C T ~  THXeJ'IbIe HOHbI 

nMeIoT 3 H e p r n I o  E n e r K n e  - E 2. nocne B ~ I ~ ~ B H W E E I H W R  3~eprufi Y C T ~ H O -  

BUTCH 

- 
Ecnu nono6pan s H C n 0  W COPT nermix HOHOB TBKHM, r 1 ~ 0 6 b 1  E > E r p 2 ,  

rge E r p 2  O n p e n m e T c R  n3 (6) , TO nermie W O H ~ I ,  oxnwua T R x e n b I e ,  6 y n y ~  
TepRTbCR 113 nYllKa H YHOCUTb C ~060fi 3 H e P ~ H H ) .  B CTaUOHaPHCIM CJIyrlae 

3HepTHR. TepReMblX HOHOB A O n X H a  6 b 1 ~ b  P a B H a  3 H e p m W ,  n o J ' I y q a e ~ 0 f i  WOHa- 

MU B pe3yJ'IbTaTe H a r p e B a .  O A H O B ~ ~ M ~ H H O  B I lyqOK BBOWTCR HOBbIe nOPUHW 

n e r K I u r  WOHOB c H W B K O ~  s~eprueii AJXR K o M n e H c m  K o n m e c m a  WOHOB, 

YLUenLUUx H 3  W q K a .  n t ? r ~ H e  WOHbI MOrYT 0 6 p a 3 0 B b l ~ a T b ~ H  H 3  OCTaTOWOTO 

ra3a B T P Y ~ K ~  ~pef i@ W q K a  CneUHanbHO nono6pa~soro COCTaBa ki AaB- 

J'IWHR, nu60 BBOAkiTbCH TYAa ~ O P U H R M H  B BHAe HOHOB. 

B 0 3 b ~ e ~  AJXR n P H M e P a  HCTOWHK C n a p a M e T p a M H :  Eg= 70 K ~ B ,  1 = 

=0,5 A, a = 0,10 MM. B b ~ p a l K e ~ H e  (1) nOKa3bIBaeT B p e M H  H a r p e B a  MHOTO- 

3apHAHbIX HOHOB Xe A 0  3~eprUfi BbILUe ~ p a H H Y H 0 f i  (6) M e H e e  1 C. B ~ ~ M R  
BbIpaBHHBaHHR T e M n e p ~ T y p  C HOHIMH, H a q H M e P ,  c3+, COCTaBJIReT - 10 -4C. 

~ P W  AJIUHe Y C K O P H T ~ J I ~ H O #  T P Y ~ K H  1 M H YUCJ'Ie WOHOB KCeHOHa 2 -10 T p e -  

6 y e ~ c ~  K a m b I e  10 MC HHXeKTHpOBaTb 3 10' WOHOB c3+. Ecnn H a r p e e  Xe 
rrpOHCXOAM H e  TOnbKO CO C T O w H b I  3J'IeKTPOHOB, TO rIHCJIO IIOAaBaeMbIX 

WOHOB C~+AOJ'IHMO 6b1Tb COOTBeTCTBpIU,HM 0 6 p a 3 0 ~  YBWIUYeHO. 

Ose~wwo, AIIR o x n a x A e H w f i  WOHOB T R x e n e e  Kr ~au6onee rrpennown- 
T ~ ~ H ~ I M H  RBnuIoTcR H O H ~ I  C, N,O. Bonee nerme H O H ~ I  M e H e e  m T e H c H B H o  

oxnaxqmr T n x e n b I e ,  a %nee T R m e n b r e  HMeIoT r p a H w w y I o  3 ~ e p r ~ 1 0 ,  ~ a n o  
O T J I W q ~ U y I o C R  OT r p a H n w o f i  3HePrHH WOHOB pa6osero B e U W T B a .  

B A y 6 ~ e  H a  YCTaHOBKe mMOH-2 E.A.AOHUOM 6 b l ~ 1 ~  nPOBeAeHb1 nep- 
BbIe  YCneLUHbIe 3KCnePWMeHTbI no OXJ'IaXJJeHHIo WOHOB Kr. B ~ I X O A  HOHOB 

i 
KC YAaJIOCb YBeJIHqUTb n p H M e p H 0  B 10 pa3 / 12/. 

n p e ~ J ' I o X e ~ ~ b 1 f i  MeTOA nO3BOJIWT T a K X e  YMeHbrUHTb 3MHTTaHC I l y q K a  

nosoa, n o n y q a e M b l x  B EBIS. 

4.3JIEKTPOHHO-KOJIbUEBOn MCTOYHMK MOHOB 

B HaCTOHUee B p e M R  p a 3 p a 6 a ~ b 1 ~ a I o ~ c H  n p O e K T b I  HCllOJIb30BaHHR PeJIH- 

THBHCTCKWX 3neKTPOHHbIX K O n e U  KOJ'IJ'IC!KTWBHOrO YCKOPWTeJIR B KaPeCTBe 

WCTOWWKa MHOT03aPRAHbIX HOHOB '3*4/.  B KOJ'IbUaX C rIWCnOM 3JIt?KTPOHOB 

- 5 . 1012, p a ~ u y c o ~  R = 2 CM, a = 0 , l -  0,15 CM 3a sperm - 100 MC 
50+ 

n p e n n o n a r a e T c R  n o n y s a - r b  ~ o H b 1  AO ~e s w c n o M  no l o l o  B same. M~oro-  
3apHAHbIe  HOHbI, Y A e p X U B a e M b I e  3neKTPOHHbIM KOnbUOM, MOrYT B ~ I T ~  HC- 

n O n b 3 0 B a H b I  AJXR W C C J ~ ~ A O B ~ H U ~ ~  no @W3ki~e 3neKTPOHHbIX o6onoserc BbICO- 

KOHOHW3WPOBaHHbIX HOHHbIX COCTORHH~~ MeTOAaMH ~ ~ H T ~ ~ H O B C K O R  CneKT- 

POCKOnWH BbICOKOrO pa3peLUeHHH. O A H ~ K O  eCTeCTBeHHbIe ~one6afim HO- 

HOB B KOJ'IbUe C TOKOM 3neKTPOHOB 1 - 2 KA IIPHBOnXT K AOIUIepoBCKOMy 

Y U L W P e H ~  H3ny ' faeMbIX n H ~ W f i  H CHkiXiMOT TOWOCTb W 3 ~ e p ~ H f i .  ~ J ' I O T H O C T ~  

3 n e ~ ~ p o ~ o e  B CerIeHwi K o n b u a  6 n n 3 ~ a  K p a c n p e n e n e H w I o  raycca. M 3  (3) 
HMeeM CpeAHIoIo KHNeTHqeCKYIo 3HepTHIO HOHOB xeS0+ E = 5,5 10 3B. 
3 ~ e p r m  p a B H o M e p H o  p a c r r p e n e n e H a  M e x q y  ABYMH n o n e p e c m b 1 M n  crrenem- 
MU C B O ~ O A ~ I .  A O I U I ~ P O B C K H ~ ~  CABWT, n p H  ~ a 6 J ' I l O ~ e ~ k i k i  PeHTreHOBCKOrO W 3 -  

J'IyqeHHR KOJ'IbW B IIJIOCKOCTU B e K T O p a  CKOPOCTH WOHOB, AOCTHraeT B e -  

n m H b 1  AE/E k =  vt /c = 0,09%. 3 ~ e p r m  u s n y s e ~ m  nw~Hii K, n Kpl y 
Xe h= 30 K ~ B ,  CJIeAOBaTWIbHO AE - 25 3B, H 3 T 0  n03BOJIReT IIOJ'IyrIaTb 

pa3perue~ne B b I u e ,  s e M  p a 3 ~ u w  B 3 ~ e p 1 - u ~ ~  n u ~ n f i  WOHOB cocemnx s a p f i n -  

~ o c ~ e f i ,  KOTOP~JI pama 50 + 100 3B. n p o ~ e n e ~ u e  w 3 ~ e p e ~ u f i  B H a n p r t e n e -  

HUH, nepneHAHKyJIHpHOM MWIOMY Ce'feHHIo K O n b W ,  n p a K T H q e c K H  HCKJIIoqa- 

e~ gonnepoacmifi cmur. 
C T O ~ K H O B ~ H H ~  HOHOB A p y r  c A p y r o M  ~ ~ U B O A W T  K n e p e p a c n p e n e n e H n I o  

3 H e P r H H  M e m y  TPeMR CTeneHHMU C B O ~ O A ~ I .  & I H  n a p a M e T p O B  3J'IeKTPOHHO- 

ro KOJ'IbU EBIS H W C n a  HOHOB KCeHOHa N i  = l o l o  3 T 0  ~ P O W S O ~ ~ A ~ T  3 d  

B p e M n  - 1 MC. B pe3yna~a~e  u c n e s ~ e ~  H a n p a B n e H n e  H ~ ~ J I I ~ A ~ H H R  6e3 gome- 
pOBCKOr0 CABHra, a M ~ K C H M W I ~ H ~ I ~ ~  CAFIHT YMeHbLUUTCR H a  20%. 

P e a n b ~ 0  B 3J'IeKTPOHHbIX KOnbUaX CYUeCTBYeT UeJIb1fi PRA ITPOUeCCOB, 

rrpWBOARLWX K H a T p B Y  H O H H O ~ ~  KOMnOHeHTbI. ~ O M H M O  C T O ~ K H O B ~ H U ~ ~  C 



3JTeKTpoHaMH, BIIEirrHIie KOTOpbIX 38 B p e M R  a0 100 MC HeBeJIHKO, HaI 'peB HO- 

HOB MOXeT B03HHKaTb H3-38 Pa3BHTEirr B Te'leHHe B p e M e H I i  @OPMHPOB~HHR 

H YnePXaHEirr  KOJlbUa Pa3JIHYHbIX BHnOB H ~ ~ C T O * E ~ B O C T ~ ~ ~ ,  Ha-HMeP, 

nHnOnbHbIX T H w  " 3 ~ e f i ~ a " .  B p e 3 y n b T a T e  VaCTb HOHOB MOXeT 6 b 1 ~ b  nOTepR-  

Ha ~3 K o n b u a ,  a o m a s m H e c R  sano~~nm B c e  3 H e p r e T w e c K o e  n p o c T p m c T B o  B 

~ O T ~ H I & ~ ~ J I ~ H O #  R M e  K O n b W .  B 3TOM CJIyllae C p e Z W l R  3 H e p r m  HOHOB 6 y n e ~  

- 
E = E  r P  / 2  = z N , r , m c 2 / 2 .  

y ~ l a p e ~ ~ e  n o c T n r H e T  B e n a l w I b I  - 100 sB H c n m a e T  H ~ B O ~ M O W M ~ I M  pa3ne- 
neme n m ~ i i  c o c e n H n x  s apm~oc~e i i .  

a J l R  OXJlaXJletlHR TRXeJTbIX M H O r 0 3 8 p m H b I X  HOHOB MOIYT 6 b I ~ b  HC- 

llOJTb3OBaHbI JIerKIie MaJIO3ap-ble HOHbI. ~ Y C T ~  B KOnbUe 10" HOHOB 

xe6'+. Ema I4HXeKTHPOBaTb B H e r 0  8TOMbI reJ'IHR (H3 OCTaTO'IHOrO ra3a B 

B B K Y Y M H O ~ ~  K a M e p e  WIH c n e L W W b ~ 0 f i  c~pye#  H ~ ~ P ~ J I ~ H O ~ O  rma), TO 3a - 100 MKC 0 6 p 8 3 y H ) ~ ~ R  Ii0Hb1 ~ e ~ +  C c~eprkiefi 20 + 30 K ~ B .  ~ H C I I O  HOHOB 

I'eJIHIl MOXHO p e r Y n H p O B a T b  I IapUHWbHbIM naBIIeHHeM reJIHIl  B OCTaT09HOM 

r838 WIH rIJ'IOTHOCTbH) H ,DJHTenbHOCTbH) ~ e f i ~ p W b ~ 0 f i  CTpyH. C O ~ ~ ~ C H O  (7 ) ,  
nps u s a e  H o H o B  rmm 5 10 I ,  3a BpeMFi 10 + 20 M c  a H e p r m  a o H o e  s b r -  

~ ~ B H R T C R  H ~ C T ~ H O B R T C R  c y s e ~ o ~  nepepacnpenenesm M e m y  T p e M R  me- 
n e H R M e  C B O ~ O ~ ~ I ,  25 + 35 K ~ B ,  H YUlHpeHHe YMeHbUlHTCR a0 = 15 3B. 
Ecnu l-JpenIIOJ'IOXUTb B03MQXHOCTb n O T e p b  JTerKliX HOHOB H 3  3JIeKTpOHHOrO 

KOnb&%, TO C ~ O C O ~ O M ,  H3JlOXeHHbIM nJIR EBIS, YnaCTCR OXJIaWiTb T R X e -  

n b I e  H O H ~ I  eue c K n b H e e  a y M e H b m a T b  nonnepo~cmfi cnesr no B ~ H ~ H H  

2 + 5 3B, ' IT0 COOTBeTCTBYeT p83PeUleHHH) K ~ U C T W ~ O - ~ H @ ~ ~ K ~ U O H H ~ I X  

CneKTlWMeTPOB. 

5. MCTOrIHMKM MOHOB 
HA 3nEKTPOHHO-4MKnOTPOHHOM PE30HAHCE 

ECR-HCTO'MHK n p e n c T a B n R e T  c06oii n n m ~ y ,  y n e p m a e M y m  B O T K P ~ I -  

T 0 f i  MB~TIIITHO~~ JIOByUlKe. ~ ~ ~ K T ~ O H H W  KOMnOHeHTa rIJ'Ia3MbI HaI'peBaeTCR 

Bq nOJIeM a0 3~f?prdi B H~CKOJI~KO K ~ B  H YnepXUBaeTCR MaI'HHTHbIMH 

n p 0 6 ~ a ~ k i .  M O H ~ I  n p k i o 6 p e ~ m ~  3HeprHK) B p e 3 y n b T a T e  CTOJ ' IKHOB~HH~~ C 

3IIeKTPOHaMH ( O ~ ~ N H O  HeCKOnbKO 3B) H Me,DJeHHO ~H@@YHWPYIOT M no- 
BYUlKU. P a 3 ~ a R  CKOpOCTb J ~ U @ @ Y ~ H H  3IIeKTPOHOB H HOHOB llpIIBOnHT K no- ,, 
RBneHHH) 3IIeKTpHqeCKOrO 3apma H n 0 T e t l W W a  ll.JImMb1. B ~ ~ M R  YnepX- 
H 3aPRJJHOCTb HOHOB 0IQeneJIRH)TCR nOTeHJJHWOM IUIa3MbI H 31ieprHefi  

/ I S /  
HOHOB . 

B nOCneJJHHe 3-4 rona 6bmo 3KCnepHMeHTanbHO O ~ H ~ P ~ X ~ H O ,  q T 0  

n o 6 a ~ n e ~ ~ e  B ECR-HCTO'MHK n e r K m  HOHOB npmonm K YBeJIHqeHHH) B ~ I X O -  

JJ,a M H O r 0 3 a P R M b I X  HOHOB /13' 14/. ~ P H W H O #  3 T O r 0  M O X e T  CIIYXHTb O ~ M ~ H  

3 ~ e p r H f i  n e r K 0 #  H T R X ~ J I O ~ ~  KOMnOHeHTaMH B pe3yJIbTaTe  YnPYrHX HOH- 

HOHHbIX C T O ~ K H O B ~ H H ~ ~ .  ~ Y C T ~  B IUIa3Me IIpHCYTCTBYH)T HOHbI EBYX T m O B  C 

MaccoBbIMki q k i m a ~ ~  A1 H A 2  H 3 a p m a ~ ~  Z1 H Z 2  ( A 2 <  A ,  , Z 2 < z  ) .  
B COOTBeTCTBHH C (1) J I e r K U e  HOHbI M e N I e H H e e  HarPeBtLH)TCR 3JIeKTpOHaMH, 

HO CTOnKHOBeHHe HOHOB nBYX THnOB IQHBOAIiT K BbIpaBHHBilHHK) 3 ~ e p r H f i  

M e m y  HHMH H OXJlaXJleHHH) T R X ~ J I O ~ ~  KOMnOHeHTbI. n p H  XapaKTepHbIX na- 
p a M e T  ax m a 3 M b I  B ECR-HCTOYHHK~ (n = 10 l 1  + 10 l2 CM -3, n = 10" 
+ 1 0 1 P c ~ - 3 ,  E l  = 10 38, Z1  = 10, Z 2  = 3) M (7) MOWMO n o n y q m b ,  

rIT0 B p e M R  BbIpaBHHBilHHR 3 ~ e p r H f i  HMeeT MHKPOC~KYH)JH~I# M ~ C U T ~ ~  H H a  

HeCKOnbKO n O P R n K O B  MeHbUle X a p a K T e p H O r O  BpeMeHH Y n e p X m E i r r  IUIa3MbI. 

n e r ~ ~ e  HOHbI, 3 a 6 p a ~  3HeprHK) TRXenbIX,  ~ ~ I C T P O  Y X O W T  113 IIOBYUlKH. 

O x n a x n e ~ ~ a R  T m c e n a R  K o M n o H e H T a  m i @ @ y ~ n ~ p y e ~  M e m e H H e e  a ycnesam 
~ a 6 p a ~ b  6 o n b m s i i  3apm. O ~ T H M ~ J I ~ H O ~  OTHOlueHHe 3 a p R n O B  H MaCC HOH- 

HbIX KOMnOHeHT Z 1/z2; A 1 /A2 = 3 + 5. C O B C ~ M  n e r K H e  HOHbI, COrnaCHO 

( 7 ) ,  HMeloT HHSKYH) O W a X J l ~ I Q K l  C ~ O C ~ ~ H O C T ~ ,  a HOHbI 6 n ~ 3 ~ o f i  MaCCbI 

HMeloT 6 n ~ 3 ~ y ~ )  C K O p O m b  n H @ @ y 3 m  n p H  PaBHbIX 3HeprEirrX. C H H X ~ H H ~  

3 H e p r H H  HOHOB pa6osero B e U e C T B a  BbI3bIBaeT YMeHbUleHHe 3HepreTHqeCKO- 

ro pa36poca H ~ M H T T ~ ~ H C ~  Iiomoro n y s K a ,  n o n y s a e M o r o  B E C R - a c ~ o w a ~ a x .  
Ha~6onee nonpo6~oe 3KCnepHMeHTaJIbHOe HCCJIenOBaHHe BnWIHHH 

HOHOB He, 0, N , Ne , Ar npyr H a  npyra 6bmo B b I n o n H e H o  B ronnmnm H a  

ECR-IICTO'MHK~ T e r n  MINIMAFIOS / I3 / .  Bbrno n o n y s e H o ,  B WCTHOCTH, 

 TO WR nonysmkw B ~ I C O K H X  3apm~oc~e f i  Ar  n o 6 a ~ n e ~ ~ e  B m m ~ y  a s o ~ a  
JJ,aeT 6 o n b m n f i  ~ ( # I ~ K T ,  l leM reJIHR. B TO Xe B p e M R ,  n p H  n 0 n y q e H H H  HOHOB 

HeOHa, renkifi OKa3bIBaeT 60muee BnHRHHe. C n p y r 0 f I  CTOPOHbI, no6a~neme 
K n e r K H M  r a 3 a M  'rRXWIbIX 3JIeMeHTOB IQHBOnHT K YMeHbLLleHHKl C p e p H e r O  

s a p ~ n a  ne r~o f i  KoMnoHeHn.1.    TO T a K x e  c o r n a c y e T c R  c ~amefi  M o n e n b I o .  

B RT-ECR-HCTO'IHHK~ M w H r a H c ~ o r o  y ~ ~ ~ e p c ~ ~ e ~ a / 1 4 /  6 b m ~  n o n y q e -  

HbI nilHHbIe, ll03BOJIRH)@Iie C Y n m b  06 YMeHbUleHHH T e M n e P a T Y P b I  HOHOB 

C 11 no 5 3B npki BBeneHIiH HOHOB reJ'IsR, H no 3 3B wki n o 6 a ~ n e ~ ~ ~  m0- 
Ta H KHCnOPOna.  T ~ M  Xe 3aperHCTpHpOBaHO YMeHbUleHHe pas6poca no 
3HeprEirrM IIOJIYBeHHbIX HOHOB Ar  9t IIpH n o 6 a ~ n e ~ ~ ~  B ll.JIa3My KHCnOpOna.  

B 3neKTpOHHO-HOHHbIX n y Y K a x  H ll.JIa3Me Y n p y r O e  CTOJIKHOBeIMe MHO- 

rO3apRJJHbIX HOHOB M e m y  co6o# r O p a 3 n O  HHTeHCHBHee, rIeM M e m Y  3 n e K T -  

P O H H O ~ ~  H H O H H O ~ ~  KOMnOHeHTaMH.  TO CBR3ilHO C BbICOKHM 3 a P R n O M  HOHOB 

H MeHbUlHMH OTHOCHTeJIbHbIMH CKOPOCTRMH nBHXeHEirr TFDKeJIbIX 1IaCTHU. 

~ P H  n O n y q e H H H  MHOr03aPJUlHbIX HOHOB ~ T O ~ ~ B J I ~ H H ~  nerK?iX HOHOB C HH3- 

KHM 3 a P R n O M  n 0 3 B O n R e T  O X n a X n a T b  HOHbI pa6osero B e u e C T B a ,  YBWki'Yki- 



BaTb HX ~ I $ I $ ~ K T z I B H o ~  BpeMR Y n e P r n W I  H Y M e H b W T b  3 H e p ~ e T H r l e ~ &  

pa36poc. 
B CTaTbe H3JIOXeHbI o614~e BOnpOCbI OXJlcuKpeHWI HOHOB. K O H K P ~ T H ~ I ~  

UIyrlaH ~ p e 6 y m T  XeTanbHbIX PaCqeTOB U 3 K ~ n e p H ~ e H T a J I b ~ 0 f i  IXpOBepKli. 

1. Donets E.D. - Phys. Scripta, 1983, v.T3, p.11. 
2. Geller R., Jacquot B. - NIM, 1981, v.184, p.293. 
3. ~epenbur~efin 3.A., Wup K O ~  T.A. - 3'IAA, 1987, T. 18, c. 154; Particles & Nuclei, 

1987, v.18, p.68. 
4. Perelstein F.A., Shirkov G.D. - In: Proc. of Summer School and Int. Symp. on the 

Phys. of Ionized Gases, Saraevo, 1988, p. 148. 
5. Janev R.K., Presnyakov L.P. - Phys. Rep., 1981, v. 70, p.1. 
6. Spitzer L. - Physics of Fully Ionized Gases. Interscience Publishers, New York, 1962. 
7. Longmire C.L. - Elementary Plasma Physics. Interscience Publishers. New York, 1963. 
8. Lee E.P., Cooper R. K. - Particle Acceler., 19 76, v. 7, p.83. 
9. Laslett L.S. - Preprint ERm-218,  LBL, Berkeley, 1972. 

10. 5 ~ ~ 1  K E.B., K y p ~  KO B.M, - ~ ~ # ~ U T O M U H @ O P M ,  MOC KBU, 1987,24 C. 

11. A0Iiey E x . ,  Koe r.4. - A A ~ T O ~ C K O ~  C ~ & ~ T U ~ C T B O  CCCP N01225420. 6 ~ .  
ONnOT3, 1989, N044. 

12. Donets E.D. - In: A bstmcts of Int. Conf. on Ion Sources, Berkeley, 1989, p.4. 
13. Mack M. et al. - In: Contributed Papers of the 7th Workshop on ECR Ion Sources, 

1986, Julich, p. 152. 
14. Antaya T.A. - J. de Physique, 1989, v.50, Colloque C1, p.Cl-707. 
15. Jongen Y. - LC 8001, Unnfer. Catholique de Lonvain (Belgium), 1980. 

U H ~ K O B  r.n. P9-89-600 
Ynpyrue cronKHoBeHufl HOHOB B HCTOWHK~X M H O ~ O ~ ~ ~ I I L I H ~ I X  HOHOB 

P a c c ~ o r p a r b ~  ynpyrue Kynonoscme cronKHoeeHnn 3neKTpoHOB c H O H ~ M H  H HOHOB 

M e w  ~ 0 6 0 R  B 3neKTPOHHblX IlYYKaX H nn113Me. O~OCHOBBHO HCllOnb30BBHHe nerKHx HOHOB 

HMKHX 3apmt io~~eR IUIR O L n m e H m  M H O ~ O ~ ~ P W ~ I X  HOHOB B 3 n e m p o n ~ o - n y v e ~ b ~  HC- 

TOWHKaX (EBIS), 3neKTpoHUO-KOnbUeBsIr HCTOWHKaX (ERIS) H HCTOWHKaX Ha 3neKrpoH- 
n o - w c ~ n o r p o n ~ o ~  paonatice (ECR). Bsenen~e  ManosapRniibix HOHOB B n y v o ~  no3eonm 
ctimHn norepH M H O ~ O ~ ~ P R L W ~ I X  UOHOB B EBIS H nonneposcKoe yuupenne H3nyvem HOHOB B 

ERIS. n p e n n o x e n ~ a ~    on ens n o s s o n ~ m  06rn~cnHrb m r o e  ysennvenue sarxona ~ ~ o r o 3 a -  
pnmbu  HOHOB npu BsenenHH B n n a s ~ y  nerKHx rasoe, 3 a p e r ~ c r p ~ p o s a ~ n o e  B sKcnepnMeH- 
Tax Ha E C R - U C T O ~ H K ~ X .  

Pa6ora ebinonnena B O ~ U ~ H H C T H T ~ C K O M  n a y w o - ~ e r o n u u e c ~ o ~  ornenenun OMRM. 

npqnpmr W a e n w e m o r o  wcrnry ra  mepnsrx H C C ~ ~ ~ O B ~ R .  LIy6nr 1989 

Shirkov G.D. P9-89-600 
Elastic Iona Colliaiona in the Multiply Charged Ion Sources 

Elastic Coulomb electron-ion and ion-ion collieione In electron beam8 and plasma are exa- 
mined. I t  is shown that ireeulting from the collisions with electrons, the lorn energy increases ,. 
h d  they can be lost from the beam, and when different energy ion8 collide, the energy and ' 

temperature alignement take place. The use of low charged light ion8 for th&multiply iona 
cooling in electron beam ion8 eourcee (EBIS), electron ring ion eourcee (ERIS) and electron 
cyclotron reeonance ion eourcee (ECRIS) ie eubetantiated. The injection of low charged ion8 
into the beam will permit to decrease the multiply ion8 lossea in EBIS and the Doppler widen- 
ing of ion8 radiation decreases in ERIS. The p~opoeed model permite to  explain the shbp  in. 
crease of multiply ion8 extraction when we ihject the light gae in plasma, registrated in ex- 
periment~ on ECR nourcee. 

The inveetigation has been performed at the Scientifical-Methodical Division, JINR. 
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