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OBUWI XAPAKTEPHCTHKA PABOT!i 

.AltTYaJILHOCTL np06Jie.MH. ,llJia pemeH:M pa3Jl.H'IHI:{ 
llpmt11a,ltHliX 3a.D;a'l Tpe6y171'CJJ HHT6HCHBH!i6 ny'IKH Ti 
HHe ro,Itll llOJIY'lHJI 3Ha'IHT6JILHOe paSBHTHe O.D;HH H3 
- ycttopeHHe HOHOB BJI6KTpOHHiiMH KOJILUaMH. 3TOT I 

PJMY1116CTB B CpaBH6Hlm C Tpa.D;HUHOHHHMH M8TO.D;aMH : 
KOJIJI6KTHBHOM YCKOpHTeJie TJJMeJIHX HOHOB (KYTH) C 
Mil MOZHO YCKOpJJTL C BHCOKHM T8Mll0M Ha6opa BHep: 
HOHOB npaKTH'I6CKH JID6HX BJieMeHTOB BllJIOTb .D;O C~ 
Toro KY'I'H, B OTJIHtmH OT .n;pyrRX ycKOpii!TeJiel, He 
HCTO~IIIlta HOHOB - HOH!i o6pasyDTCJJ Henocpe.D;CTBe: 
uax 1113 ueiTpan:r:.uoro rasa B KBMepe ycxopHTeJIJJ. 

llpH npoeKTHpoBaHHH H coa.n;aHHH KYTH ueo6xo.D;III 
KH BJI6RTpOHHD-HOHHHX KOJI8U Ha BCeX 3Tanax HX if> 
HHJJ. Oco6oe sHa'leHHe HMeDT napaMeTpH HOHHoro n 
'IHCJIO HOHOB, :ax cpe.D;HIIII aaPJI.lt,pacnpe.n;eJieHHe no 
nH.1J pacnpe.n;eJieHIIIJJ OT.D;6JILHHX HOHHHX sapJJ.D;HOCTe:lt 
iflopMHpOBaHIIIJJ H ycttopeH:M BJI6KTpOHHD-HOHHHX KOJI 
ltOpHTeJIJJ. llpoUeCCH H8KODJI6HHH B BJI6RTpOHHHX KO 
poHHHX llY'litaX JIHHeiHHx KOJIJI6RTHBHHX yCKOpHTeJie 
HCTO~HROB npoXO~T aHaJIOrH'IHO. B .D;HccepTauHOH 
TeopeTB'I6CROe HCCJI8.D;OBaHH6 llpoU6CCOB HaKOnJieHH 

KOJILUWC H DY'litaX• 
lleJIL pa6oTH. UeJILD pa60TH JJBJIJJeTc.a: HayqeHHe 

H ycttopeHHJJ HOHOB pa3Jl.H'IHHX BJieMeHTOB B BJI6KTp 
aTOMHHX CTOJIKHOBeHHI Ha HaKOnJieHHe,OCHOBHHX XB 
BJieKTpOHHOI ltOMnOH6HT B ifla30BOM npocTpaHCTBe H 
HOCTB ilOJIY'l6HBJJ MHOrosa~ HOHOB B 3JI6RTpOH 

Harqa83 HOBB3Ba. B .D;HCCepTanKB BnepBHe npoE 
MBTH'IeCKHI aHanB3 nponecCOB HaKOnJI6HBJJ H YCROp 
HHX lt04LDaX ltanR9KTJIBHOrO YCltOpBTeJIJJ. 

B pa6oTe nonyqeHH Taxae CJie~e HOBHe pes 
'18T HaKOnxeHBJJ BOHOB pa8XB'IHHX 8JI8M8HTOB H3 OC 
pe YCROpBT~ H cnenKaJILHOI CTpYB HeiTP6JILHOrc 
HB ~pMJJpO.B8BJIJI BJI8lt'l'poHBD-HOHBOro K04Lna B J0 
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OBli!AII XAPA.KTEPHCTHRA P.ABOTH 

AKTYanLHOCTL npo6HeMH. ~ pemeHEH pas~HUX ili~aMeHTaHLHHX H 
np~ S~aq Tpe6yDTCH HHTeHCHBHHe nyqKH TRXe~X HOHOB. B ITOCH9~
HH8 ro~ n~HH SHaqHT9HLHOe paSBHTHe 0~ HS K~9KTHBHHX M9TO~OB 
- YCKOpeHHe HOHOB BH8KTpOHHHMH KOHLUaMH. 3TOT M9TO~ HM99T ~ npe
RMYm9CTB B CpaBHeHHH C T~UHOHHHMR M9TO~BMR·YCKOp9HHH HOHOB. Ha 
K0~9KTHBHOM YCKOpHT9H9 TRXe~ HOHOB (KYTH) C B~eKTpOHHHMH KOHLUa
MH MOEHO:yCKOpaTL C BHCOKHM T9MnOM Ha6opa BH9prHH HHT9HCHBHHe.ny~H 
HOHOB ITpaKTWI9CKH JDD6HX B~eMeHTOB BIT~OT.D ~0 CaMHX THJKe~ • KpoMe 
Toro KY'TII, B OT~quH oT ~yrmc ycKopHTeHeii, He Tpe6yeT oT~eH:r:.Horo . 
HCTOqaHKa HOHOB. - HOHH o6pasylOTCH H9ITOCpe~CTB9HHO B e~eKTpOHHHX KO~L
uax us HeiTp~:r:.Horo rasa B RaMepe·ycKopHTeHff. 

ilpH Op09KTHpOBaHHH H COS~HH KYTll He06XO~O SHaT:r, xapaKT9pHCTH
KH ·aHeRTpOHHD-HOHHHX·KOHeU Ha BC9X BTanax.HX /liOpMHpOBaHHR H yCKOpe
HHR. 0co6oe SHaqeHne HM910T napaMeTpH HOHHOrO rryqKa, TO ecT.D 06111ee 
qHCJIO HOHOB, me cpe)U!HI sapJI,~t,pacnpe~eHeHne rro sap~aM,a TaiOKe qJJHK
uan pacnpe~e~eHHR OT~e~HUX HOHHUX sap~OCTeii B TeqeHHH.BpeMeHH 
iliapMHpOBaHHH H YCROpeHEH BH9RTpOHHD-HOHHHX KDH9U H Ha BHXO~e HS yc
ROpHTeHff. flPOU9CCH HaKOIT~eHHa• B BH9KTpOHHHX KO~uax KYTH H B B~eKT
pOHHHX ITyqKBX HHHeiHUX K~9RTHBHHX ycKopn'Te~eii H 9~9KTpOHHQ-~8BHX 
HCTOqaHRQB npOXO)t!IT aH~OrWIHO. B ~ccepTaU}lOHHOI pa6oTe·npoBe~eHO 
TeopeTHli9CROe HCCJI9~0BaHH9 npouecCOB HaKO~eHHH HOHOB B B~9RTPOHHHX 

\ 
Ko~uax n rryqKaX. 

fie~:r, pa60TH. ije~D pa60TH HBnH9TCH HSyq9HH9 ~aMHKH.HaKO~eHHH 
H ycxopeHHH.HOHOB pas~HUX BH9M9HTOB B.9~9KTpOHHHX KDHLuax,~He 
aTOMHHX CTonKHOBeHHI Ha HaKOn~eHHe,OCHOBHHX xapaKTepHCTHR HOHHHX.H 
e~eKTpoHHol xOMOoHeHT B iliasoBoM npocTpaHcTBe :e: Hcc~eioaaa~e Bos~o~-

. HOCTH n~eHBH. MHOrosa~ HOHOB B 9~9KTpOHHUX KDHLuax KYTH. 
Halqa88 HOBBSHa. B ~ccepTauBH'B09pBH9 npoBe~eH no~o6HUI·H CHCTe

MaTJI'IeCKd aHaDS npOU9CCOB HaKO~eHHH H ycltopelU'll{';HOHOB B 9~9K'l'pOH
HHX KOHLQaX K~9K'l'BBHOro yCKOpBTena. 

B pa60'1'9 nOHyqeHH T8D9 CJI9.ztYIII!B9 HOBHe pesyHLTaTH: npoBe~eH pac
qeT HaKOn!9HBH BOHOB pas~ B~9M8H'l'OB HS OCTaToqaoro rasa B KaMe
pe YCROPBT~ B cneUHanLHOI CTpYB HeiTpanLHOro rasa B TeqeHHH BpeMe-

. I 

HB /liOpMiJl)OBQHlU[ ~eRTpOHHo-:e:oHHoro, KDHLUa :B KYTH ; onpe~MeH, BM~ 
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HOH-HOHHHX CTO~HOBeHnfi B npouecc HaKOn~eHHH HOHOB; npe~OEeH HOBHi 
CDOC06 YM6Hbill6HHH pasMepOB 3~eKTpOHHOrO KOnn~ sa C'leT CHHXpOTpOBHD
ro ns~qeuHH,KOTopuii ncno~bsoBaH npn pacqeTe ~esaTopa HYTH, ~pMH
pyromero 3~6KTpOHHD-HOHHHe K~b~, DOSBO~e nOBHCHTb TeMTI YCKOpe
HHH B DHTb pas ; DOKasaHa BOSMOXHOCTb n~eHRff,MHOrosa~ HOHOB 
TRXe~x a~eMeHTOB B a~eKTpouHHX K~b~ RYTH ; ycTaHoaneuo,'ITo ~K
THBBHe ~SOBUe 06~eMH HOHHHX KOMDOH6HT B a~eKTpOBHHX nyqKaX H Konn
~ y6HBaiDT C pOCTOM Sa~a HOHOB, H~eBH CTauHOHapHUe ~~R pac
rrpe~e~eHHa HOHOB rrpll llX HaKonneHHn B 3~eKTpOHHHX nyqKaX C rayCCOBC
KOH llnOTHOCTbiD B ceqeunn, C DOMOmbiD MeTO~OB KpyDHHX 'IaCTHU ll MOMeH
TOB ~YHKUHH pacnpe~e~eunR nsyqeuo HaKonneune nouoB uecKonnKnx sa~
uocTeH B a~eKTpOHHHX rryqKaX n Ko~uax; rrpoBe~eHo qnc~euuoe MO~exnpo
Baune ycRopeHIVI nouoB B npoToTnne KYTM 0~ c ncnonnsoBaHneM n~qeu
uoii B ~nccepTaunn cncTeMH ypaBueuni ~ ~oK~HHX ueuTpoB Mace n 
cpe~HeKB~aTnqHHX pasMepOB MHOrOKOMITOH6HTHOrO a~eKTpOHHQ-HOHHOrO 
KO~I>ua. 

llpaKTnqecRaR U6HHOCTb, Pesy~bTaTH pacqeTOB DO HaKOn~eHMID ROHOB, 
ll3~0EeHHUe B ~nccepTauHM, HCDO~bSOB~Cb npn aH~Se 3RCrrepnMeHTOB 
no YCKOpeHHID HOHOB H ~narHOCTHKe a~eKTpOHH<l7-,llOHHHX K~eu ITO CHHXPD
TpOHHOMJ n TOpMOSHOMY ns~qeunro ua npoToTnne HYTH.O~ ,a TaRXe npn 
npoeKTnpoBaunn. KYTH-20 - nHXeKTopa ycKopnTennuoro KO~eKca THEe~ 
HOHOB 0~. 

'llpe~OEeHHHH.CDOC06 DOBHlli6HHH D~OTHOCTH 3~6KTpOBHHX KO~eU MOEeT 
CRyXHTI> ocuoBoi ~ cos~auHR KYTM c yBe~nqeHuo! B uecK~I>Ko·pas ~ 
~eKTMBHOit YCK0psm!16R. mmoJ.i ll ~ RCnO~bSOBaHHH 3~6KTpOBHD-HOHHUX KD
~eu KO~~eKTllBHOrO YCKOpHTe~ B Ka'IJeCTBe HCTOlJHllKa MHOrosap~ HOHOB, 

Paspa6oTaHHHe.B ~nccepTaunn MeTo~KH npHMeHHMH npll pacqeTax npo
ueccoB HaKOD~eHHH HOHOB B ~eKTpOHHHX DYqKaX H K~I>Uax B pas~nqHUX 
06~aCTRX YCKOpnTe~I>HOH TeXHHKH, 

Anpo6agna pa6oTu. Pesy~I>TaTu·pa6oTu ~o~~~cb n ny6~o~cb 
B ·. Tpy~ MeJK,eyHapo~oro ceMHHapa no· noH1aTol.nmM npoueccaM cTo~oBe
HH_R npll BUCOKnx 3HeprHRX B )le6peueHe (BHP, !98!·r.), Ha CoBeU~aHiriH no 
rrpo6~eMaM RO~eKTHBHOrO MeTO~a YCKOpeHHH B Jly6He (!982 r,) Ha Ylli Bce-

_CODsHOM COBemaHHll DO yCKOPHTe~ BapREeHHHX 'IJaCTHU B llpOTBHHO (!982}, 
~o~~BMHCb ua cer.umapax OHMY 11 .lifiii. Olliill, ~HAll nM.IT.H.Jie6e~eBa , 
HT~ (MOCKBa} H liT~ AH YCCP (!WeB). , , , 

ITy6~nKaU¥n. OcuoBHHe pesynnTaTu,Bome~ne B ~ccepTaunro,oTpaxeBH B 
I2 neqaTHHX pa6oTax n nso6peTeunn n ony6~KOBaBH B "EYPHMe TexHnqec
Koit ~HSHKH", B Tpy~ COBemaHnfi, B B~e npenpHHTOB, ll C006meHn! Ollirn:.' 

06MM pa6oTu. )lliccepTauna ns~oxeHa ua !20 cTpaHnuax. MaiiiHHoimcHoro 
T6KCTa R ~CTpnpyeTCR 27 pHCyHKaMH Ha 2! CTpaHHUe R 0~0~ Ta6nXuei. 
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Pa6oTa COCTOHT HS. BBe~eHHH, lJ6THpex r~aB,s~qemllt,npH~OEeHHR H 
CDHCKa HCDOJib39BaHHOJ.i ~TepaTypH HS 98 HanMeHomiHnfi, , . 

CO)lEPll{AHHE PAEOTH 
Bo BBeneHHH HS~OEeBH OCHOBBHe npHHUHDU KO~eKTHBHOrO M6TO~ YCKO

. peHHH HOHOB ~eKTpOHHUMH K~b~, np}lBe~eHU xapaKTepBHe napaMeTpU 
' ) 

3~eKTpOHHD-HOHHHX KO~eu B KO~eKTEBHHX YCKOpHTe~ ,JtaqepTBeHHO pac-
CMOTpeHU npoueCCH o6paSOBaHnR H HaKOn~eHHH HOHOB B a~eKTpOHHHX nyq
Kax n Konnuax H c~pMJxnpOBaBH oc~OBHUe npo6Jrer.w:,ncc~e~eMile ·B ~c
cepTaunn. 

B nepBoit r~aBe paccMaTpnBaeTCR npouecc uaRon~eHHH.HOHOB B Te'Ie
Hnn BpeMeHH ~pMnpOBaHHH a~eKTpOHHQ-HOHHOrO KO~I>Ua B ItO~eKTMBHOM 
YCKOpHTe~e. I 

YCKOPaeMHe HOBH 06pasyiDTCR B p'esynnTaTe HOHHSaUHH a~eKTpOHIIUM 
y~apOM HeiTpMOB (HeHTpMbHHX aTOMOB ~H MO~eKy~) BHYTPH Konnua. 
HeitTpMU DOD~aiDT B KO~bUO HS OCTaToquoro rasa B Ra.Mepe YCKOpHTe~. 
~H HS cneUHMbHOH raSQBOH CTpyH,BDpUCKHBaeMOH B KO~bUO.ll~OEnTe~b
HO SaPflEeHHUe HOHU OI<aSHBaroTCR' B DOTeHUHMbHOii m~e OTpHUaTe~I>HOrO .. 
-sapR~a. a~eKTpOHOB.H DO~e~OBaTe~bHO HOHHSHpyiDTCR B pesy~I>TaTe CTO~K-
HOBeHnit C a~eKTpOHaMH, HaKan~BaRCb B a~eKTpOHHOM K~l>I~e HOHH BSaH-
MO~eJ.iCTByiDT ~yr C ~pyrOM, . 1 

B o6meM C~yqae,npouecc HaKOD~6HHR HOHOB 113 H6HTpMl>HO~O rasa B 
a~eKTpOHHOM KO~I>Ue H~H Dyqite onHCHBaeTCR CHCTeMOH He~:HUeHHHX ~~e
peHUHMl>HHX ypaBueuRi,yqnTHBaromea·~ce BH~ ~exaTOMHHX ·aJreKTp~uuux 
nepexo~oB. llpn pac'IeTax Heo6xo~HMO yqnTHBaTI> TO~I>KO Te .nepexo~, Ko
Topue BHOCJiT peMbHHH B~~ B npouecc .HaKOfineHHH HOHOB, ., 

B ~HCCepTauHH DOKa3aHO,qTo OCHOBHHM npouecCOM B 3~eKTpOBHD-HOHHOM 
KO~l>Ue,npH D~OTUO~TRX a~eKTpOHOB <: I014 CM-3 ,~eTCH HOHHSauHfl 
UeHTpMOB H HOHOB a~eKTpOHHHM y~apoM, llpH pac'IeTax HaKOfineHHH HOHOB 
TRX~X a~eMeHTOB He06XO~O yqHTUBaTl> TaiCEe ~yxxpaTHyiD HOHHSannm• 
B ~e c~aeB BaxiiYID p~l> HrpaiDT HOH-HOHBHe npoueccu, llpn CJmeCT
BYIIIIRX' napaMeTpax a~eKTpoHHo-HoHHux Ko~eu ( -qnc~o·. a~eKTpoHo:sM ::::rrol3, 
pa.nHyC ft:::: 3,5 CM , ~e· pasMepuct:::: 2 MM) HWl:6~I>myro BepORTHOCTb 
HMeeT npouecc nepesap~ nouoB ~yr Ha ~yre ~n Ha ue!TpMax.ITepe
sa~ HOHOB Ha OCTaTOqHQM rase B KaMepe YCKOpHTe~ npeOHTCTByeT 
o6pasOBaHRD DO~OCTbD HOHRSMpOBaHHHX HOHOB TR%e~ a~eMeHTOB ripH 
~Te~I>HOM y~epzaunn a~eKTpoHHo-HOHHHX K~eu B KYTH. 

BHn~eH pacqeT HaKO~eHHR HOHOB asOTa,aproua,KpHDTOHa H KC6HOHa 
Hs aTMOC~pH COOTBeTCTBY~HX rasOB ~ KaMepe YCKOpHTe~. Ha'pHc.I 
DpHBe~eHO pacqeTHOe RsMeHeHRe lJR~a ROHOB aBOTa B Te'IeHHH BpeMeHR 
~p~OBaHRll a~eKTpOHHoro. Konn~ B npoTOT>me KYTII - · 2 Me ~ pas.;.. 



Jmtrimx siJaqeHlfl ~eHHH · ocTaTo~oro rasa · B KaMepe ycxopHTeM. Sa
ue~eHHe CROpoCTil HaKOnHeHHH HOHOB npH ir = I.2 - I~3-MC COOTBeT
CTByeT cpe~eMY sa~ HOHOB oxono e~~ H BHsBaHo HX nepesa~
xoit JI;Pyr Ha JI;Pyre. lJyHKTitpHHe .KpHBHe COOTB8TCTBYJlT pacqeTaM 6es yqe
Ta HOH-HOHBHX BSaHMO~eiCTBRI. Ha pHc.I, TSXEe npHBe~eHO HSMeHeHHe 
cpe~ero panmyca a~eRTPOHHoro RanD~. 
no.nyqe8H aHBJiifTR'!ecKHe BHPSJleHHH )tJlil CJ?e.JI.Hero aap~I.D;a H o611!ero til!cM 
HOHOB B a~eKTpOHHHX nyqKaX H RQXbUaX nepeueHHOrO o6$eMa,RO~pHe 
OOSBonaDT paClJHTHBaTh HaKOnHeHHe KOHOB Cpe.JI,HHX H T~ aneMeHTOB 
C TO~OCTI>D ~0 HeCKO~RHX npo~eHTOB He npH6erSR R rpOMOS~ ByqHc
~eHHHM Ha 38M. B pesy~TaTe paclJeTOB noxasaHO,lJTO,npil lJHC~e a~exTpo-, 
HOB ~= Ioi3 B opopMHpOBaHHOM a~eKTPOHHo-HOHHOM KODD~e cpe.JI,HRI 
sa~ HOHOB asoTa paneH 5 , aproHa- 7, KpHnToHa- II H xceuoHa ~rs. 

YCTaHO~eHO,'ITO npH HaKOnHeHHH HOHOB TRZexax S~eMeHTOB ~eTCH 
CYII!eCTBeH~ pacceJIHHe a~eXTpOHOB Ha HOHaX. HanpHMep,npH HaKOnHeHHH 
HOHOB HS aTMOC~pH RCeHOHa B RaMepe ycKOpHTe~,nonepe~ aKCH~
HHi!: ~sonHI 06$eM a~exTpOHHoro nyqxa yne~eTCR B I.5-2 pasa sa_ 
ClJeTpaCCeJIHHII a~eRTpOHOB Ha HeiT~HOM RC8HOHe zero HOHax.3arpys
KY a~eKTpOHHOrO KO~I>~a THXe~ HOHBMH npe~nO'ITHTe~HO npoBO~Th HS 
OTHOCHTe~HO KOpOTKOi!: CTpyH Hei!:TpMI>HWC aTOMOB,BnpHCRHBae.MHX B ~OCTa
TO'IHOI CTeneHH_CEaTOe K~~O C noc~e~el HX o6~KOI B Te'IeHHH He 
MeHee 0.5 * I.O MC. ~nonHeH pacqeT HaKOnHeHHH HOHOB RCeHOHa H ypa
Ha HS HMIIY~CHOil CTpYH B npoT.OTHne . KYTH arum •. 

B TeTJeHHH Hecxo~RHX ~eT Ha npoTOTHne KYTH OHHH npoBo~ci> axc
nepHMeHTH no ycxopeHHD noHOB aaoTa. llpH-~c~e a~eKTpOHonM;.. roi3 , 
~C~O llOHOB B KO~I>~e COCTaBJlRJ.lO .I'll{·= 5• IOII. llpH ycKOpeHHH HOHli l!Me-

. Jm Ha6op a~eprHH 4 MaB/M.HYKnOH. . 
llpOBe~eHO CpaBHeHHe pacqeTOB no HaKOnHeHllD HOHOB B aneKTpOHBHX 

KO~~ C 3KCnepHMeHTaMH no ycxopeHKD HOHOB Ha npOTOTHne KY'l'H, C 
peay~TaTaMH ~arHOCTl!KH a~eKTpOHHQ-HOHHHX Kane~ no TOpMOSHOyY HS~
TJeHHD H c ~aHHHMH no o6HapyxeHHOMY aa npoTOTHne · KYTH a@ieKTY. ymitpe
HHII yr~onoro pacnpe~e~eHHH CHHXPOTpoHHoro za~eHHI! a~exTpoHHoro 
K~~tia npH HaKOnHeHHH B HeM HOHOB. Peay~TaTH pacqeTOB HSXO~CR B 
XOpomeM COrMCHH C axcnepHMeHT~HHMH ~HHHMH. 

BTOpaR r~aBa ~ccepT~ OOCBRII!eHa HCC~e~OBaHHD BOSMOKHOOTel 
OOBHmeHHH ~KTHBHOCTH R~eKTHBHOrO YCKOpHTe~ C S~eKTPQHHHMK 
KO~~ H HCOO~SOBaHHSi a~eKTpOHHHX Kane~ K1TH B RalJeCTBe HCTOquH-
Ita MHOrOSapii.D;BHX HOHOB. . • 

~eKTHBHOCTI> K~eRTHBHOrO MeTO~a ycxopeHHSi B 3Ha~Te~HOI CTe
neHH onpe~e~eTca Ha6opoM aHeprKH·ycxopaewa: KOHOB Ha e~~e·~ 
ycxopHTe~. lloBHCHTI> MaRc~HHI Teun ycxopeHila MOEBO TPeMH nyTHMH: 
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PRe. I 
~c a~eKTpoHHoro KODD~a· 

H ~~QHOHOB.B HeM~ 
p;lSJm'IHllX aHaTJeHHit ~aBJieHHH 
ocTaToTJHoro rasa ~ xaMepe 

YCKOp.liTeJISI. 

'PHc.2 
CHCT9Ma ~ono~TenbHOrO 
nO~THH a~eKTpoHHOro KO~I>

~a.KYTH • 

PHc.3 
HaxonneHHe MHoroaapH.I(HHX 
ROHOB XC9HOHa H Yp;lHa B 
a~eKTpoHHHX xon~ax KYTif. 
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a) yBennqeHHeM qnc~a a~eRTpOHOB B RO~ue; 6)yMeH~WeHHeM pasMepOB 
·a~eRTpoHHoro ko~~ua; B) yBe~~eHHeM sapana ycKopeHHHX noHoB. 
~eCTBYromaff.ROHCTPJKURff H MarHHTHafl CHCTeMa anresaTopa (ROMnpeccopa) 
npoToTnna KYTH nosBoRHeT ~PMHPOBaT~ a~eRTPOHHUe R~~ua c qn~oM· 
a~eRTpoHoB ~~I.5·Io~3• CRopocT~ pacTa epe~ero sapana HOHOB saBH
eHT-OT n~OTHOCT>I a~ei<TpOHHoro I<o~ua. noaTOMY .IVIJI noBblllleHIDI MaRCH-· 
~~HO - BOSMOXHOrO TeMDa yei<opeHHH,ODTHM~HUM H~eTCH HaKO~eHHe 
MHorosa~HX HOHOB e O~HOBpeMeHHUM yMeH~eHHeM pasMepOB a~ei<TpOHHQ

- . HOHHOrO I<O~Ua. B I<OHUe e:ataTHH B I<OMeKTHl3HHX yeKOpHTe~ BOSpa-
/ eTaiDT noTepH 3HeprHH a~eKTpOHOB E Ha eHHxpOTpOHHOe :z~qeHRe. EcRH 
~BHeWHHe MarHHTHHe noRH DOeTOHHHUe BO BpeMeHH, TO p~e KO~~ua 
yMeH~maeTCH no saKoHy: dR. - J. J £ /( 

(1t - T-'"n. (;R" T: 
r~e n. - noKasaTe~ en~ MarmiTHoro noM. 
B npOTOTHne MYTH Ha KOHeqHux 3Tanax e:ataTHH It- 0 H OTHOCHTe~~HUe 
noTepH 3HeprHH H yMeH~WeHHe ~Ca 3~eKTpOHHOrO R~Ua sa eqeT eHHX
poTpOHHOrO H3~eHHH pasHH Me~ eo6oft H COeTaanRIDT 2~3%. CKOpOeTb 
yMeH~eHHH ~yea B nOCTOHHHOM BO BpeMeHH MarHHTHOM n~e yBe~JiqHTCH 
B ~eCHTKH pas,eeRH noKasaTe~~ en~a MarHHTHoro noM BH6paT~ 6RH3KHM 
K e~nue. _~onO~HTe~bHOe e:ataTHe KO~bUa npOHCXO~HT e JMel!bWeHHeM 
SHeprHH a~eKTPOHOB,nOSTOMY B KOHUe e:ataTHH He Tpe6yeTCH 60~HX SHa
qeHiift HH~H MarHHTHOrO noM B RaMepe yeKOpHTeM. O~oBpeMeHHO 
·yMeH~aiDTCH ManHe pasMepu a~eKTpOHHoro Ko~ua sa eqeT p~auHOHHoro 
,o~eHHH n MOryT HBxa~HBaT~eH MHorosapanHUe HOHH THE~~ a~eMeH

TOB. Bano~HeH pacqeT eHCTeMU e:ataTHH a~eRTpOHHOrO KO~Ua e Heno~so
BaHHeM p~naunoHHHX ~eKTOB,npHMeHETe~~Ho K npoToTnny MYTH n HYTM
~20. CJieTeMa eoeTOHT HS ~yx KaTymeR ~on~ETe~HOrO no~:ataTHH (~) 
no 20 BHTKOB B K~oft e HepaBHOMepHoft n~oTHOCT~ro HaMOTKH (pne.2), 
o6eeneqRBaromHX e:ataTHe·a~eKTpOHHOrO KO~~ua,~pMHpOBaHHO~O B eymeeT
BYICille:ii MarHHTHOH eHCTeMe,B MarHHTHOM no~e,6RHSKOM K noeTOHHHOMJ B 
TeqeHHe npnMepHo 6 MC, ~o R = I. 9 eM H noe~e~I<Ii1d BHBO~ Ko~ua B 
eymeeTBy~Hft yeKopnTe~~HH:ii TpaKT npoTOTnna MYTH. 3a BpeMH ~on~
Te~Horo no~THH epe~Ji! sapan THEe~ HOHOB DOBbllllaeTCH B 2~3 pasa 
H ~OeTHraeT ,IVIJI HOHOB KeeHOHa BeRHqHHU + 46, ypaHa + 72 • _MaKeHMaHb
HHe SHaqeHHH TOKa _ B !\nil He npeBHIIlaiDT I0 KA., HH~H MarHHTHOro nOM . 

,, .B KaMepe yeKopnTeM - 30 KS, noKasaTeM en~a J,mrHHTHoro nOJill - 0, 97 •. 
lloKasaHo,qTo B ~ono~HHTe~~HO e:ataTOM a~eKTpOHHOM Ko~ue sa IOO MC MOX
HO'no~HT~ HOHH )(e48+ ll (T 84+ (pne.3). 

OcHOBHHM ~Topolli,orpaH~HB~ epe~Hft sapan npn ~Te~HOM Ha
Kon~eHHH HOHOB,HBMeTCH HX nepesa~ Ha HeiiTpM~HOM rase· B KaMepe 
yeKOpHTeM.B eBOID oqepe~ BpeMa Xli3HH a~eRTpOHHOrO Koihua e HOHaMH 
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OrpaH~eHOYBeRHqeHHeM nonepeqHHX <lJaSOBHX 06'bElMOB ·aieKTpOHHOro KO~
ua sa. eqeT paeceHHHH :meKTpOHOB Ha HaKO~eHH!lX . HOHax H HeHTpMHSa- ' 
uneii a~eKTpOHHoro sapana HOHaMH ns ocTaToqHoro rasa B Kar.!epe yeKopn- · 
TeRR. flPH q:ze~e THXEl~ HOHOB ~IO•IOIO H ~a~eHHH OCTaToqHoro rasa . 
2"!0-9 TOp MOEHO:y~epXHBaT~ a~eKTpOHHOe K~UO B TeqeHHH BpeMeHH 
,... IOO !lie. 

B rpeTbeH r~e ~eeepTaUHH nee~e~eTCH ~KUHH pacnpe~e~eHHH 
HOHOB B ~eKTpOHHHX nyqKaX• Pesy~TaTH nepBHX nsyx r~aB_no~qeHU"B 
npe~~OXeHRH 0 paBHOMepHOH ~OTHOeTH H eoBn~~X paSMepax S~eKT
pOHHOH H HOHHOH ROMDOHeHT B K~ue. 3TO npH6~HXeHHe HBMeTCH Bno~e 
y~o~eTBOpHTe~HHM npn onpe~e~eHHH o6mero q11c~a H epe~Hero sapsma 
HOHOB. _O~aKo,ye~OBHH KOMeKTHBHOrO yeKOpeHHH HOHOB B 3~eKTpOHHUX 
KO~bUax H e~bHOTOqHUX 3~eKTpOHHHX nyqKax,napaMeTpH 3~eKTpOHHQ-~
qeBHX HeTOqHJiKOB HOHOB B SHaqnTe~bHOH eTeneHH saBHCHT OT pacnpe~e~e
HRli no ~OTHOeTHM H eKOpOCTHM HaKOnReHHHX HOHOB. B~ ~yHKUHH pacnpe
~e~eHHH HOHOB onpe~eMeTCH npapH~eM ~OTHOCTH 3~eKTpOHHOrO nyqKa,a· 
TaKlKe eo6eTBeHHUMH S~eKTpOMarHHTHUMH DOJIJIMH S~eKTpOHOB H HOHOB. 

· _B SToii r~aBe Bee pesy~~TaTu no~q~HH .IVIJI ~HHeiiHux a~eKTpOHHUX 

DJqROB,HO OHH.enpaBe~HBU H ,IVIJI ~OeTaTOqHO TOHKHX S~eKTpOHHHX KO~eu, 
KOr~a ~eKTaMH,eBH3aHHUMH e KpHBHSHOH MOXHO npeHe6peq~. ' . 

PaeeMOTpeHo HaKon~eHHe HOHOB B a~eitTpOHHOM nyqKe c noeTORHHOft 
n~OTHOCThiD.-~ e~qaH,KOr~ eo6eTBeHHUMH nOMMH HOHOB MOl!UIO npeHe-
6peqb, neno~syJI SaKOH eoxpaHeHHH aueprn~ n BHpH~Hyro ~eopeMJ,Ha:ii
~eHU epe~e~aTJiqHUe pasMepu H eKOpOeTH HOHOB B SaBHCHMOCT~ OT 
sap~oeT:a. Jl,1rll ~ei:iHHX eo6eTI3eHHHX no~eft a~eKTpommro nyqKa ·no~
qeHo eoBn~eHHe e HSBeeTHUMH paHee pesy~~TaTaMH Rac~eTTa (!973 r.). 
HalneHU aeeHMTOTHKH epe~eKB~aTHqH~ pasMepOB,eKOpOeTeH_H-~eK
THBHUX <lJaSOBHX 06'beMOB HOHHUX KOMnOHeHT ,IVIJI HOHOB BHeOROi:i sap~oe
TH • Cpe~e~THqHUe pasMepu y6HBaiDT e pOeTOM sapana Z , KaK. . . 

'Z- ~ 1 epe~e~aTHqHHe eKOpOeTH paeTyT ,KaK :i! !II{ , sqxpeKTHBHlle 
~SOBUe 06~eMH yBeXHqHBmHe1>,npHMepH0 1 Ha 13%, OeTaiDTeJI noeTORHHHMH. 
Ha pHe.4 H ·5 e~OWHUMH KpHBUMH no~ HOMepOM 2 npHBe~eHll SaBHeHMOeTH 
OTHOCHTe~~HHX epe~e~T}IqHUX pasMepOB H <lJaSOBHX Od'beMOB HOHHHX_ 
KOMUOHeHT OT sapana_B 3~eKTPOHHUX DyqKSX e nOCTORHHOi D~OTHOeT~ro. 

Pe~HUe a~eKTPOHHlle ~.KaK n ~He orpaH:atteHHHe _B np_ocTpaH
eTBe paenpe~e~eH:rul qaeTHU; He HMeiDT pe3KHX rpaHHU H noeTORHHHX ~or-,. 
HOeTel •.. 3JxeKTpOHIDd' nytiOK,Haxo,ItlnilH!eH B ~eiHUX BHemHHX a~eKTpOMar
HHTHUX.nonHX,Me~eHHO Me~CR sa xapaKTepHlle BpeMeHa HaKO~eHHR 
.HOHOB H nepHO~OB a~eKTpOHHHX,K~e6aHHI,HMeeT eTauHOHapHOe rayee~Be
KOe paenpe~e~eHHe ~OTHOCTH B eetteHHH. 

B a~eKTPOHHOM nyqxe e HepaBHOMepHOI ~OTHOeT1>ID BepOOTHOeTb HOHH
\ 
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, Sanml 3a.BliCRT OT p3,Iti!YCa. HoHH,i!M9Ditli9 pa3HYJl SHepnm,a CJI~OBaTeJil>HO 

11 a.MriJmT/J.IY KOJie6a.mrli ,ID.!SilT pa3Jm1mYD BepOHTHOCT:& 6HT:& li0Hll3l!pOBaHHH

MR ,ttaiibme.UoHH c HliSKo! aHepntef!,coBeplllillltHe ~DeHlle B ·tleHTpe ~. 
m.!ellT 60Jiee BHCOKYJO B9po.l1THOCT:& U0~9PI'HYTJ>C.l1 ROHll3aitllll,11eM liOHH C 

60JI:&mon SHeprRe!,npoBo~e sHa11RTen:&Hoe BpeMR,Ha_xpaD ny11Ka,r,ne ·nnoT

HOCT:& aieKTpoHOB H9BBXHKa.ll03TOMY Cp~ 3H9prBH ~ofl_HOBOi sa~
HOCTll HID!te ,119M ;rr.7li1 3JI_9KTpOHHOro ny"'Ka C UOCTO.f!HHOfl UXOTHOCT:&Il., COOTB9T

CTBeHHO MeH:&me cpe,li;HeKBa,ttpaTR11HH9 pa3M9pH R CROpoCTli~B np~OJIOllt9HIDI 

0 MaJIOCTll C06CTB9HHHX nOJief! ROHOB,JiliHef!HOCTH UOJief!, 3JI9KTpOHOB B JleHT

pe ny"llta,r,D;e COB9pllallT ~liillteHHe liOHH, 11 npeHe6pelmMO Ma.JIOM MOM9HTOM 

K0JIH119CTBa ,li;BID!t9HHJ1 liOHOB Mt' OTHOCliTeJI:&HO JleHTpa ny-«ma;BU9PBH9 Hafl.Ite

HH CT~OHapmte !liYHil:ltliii pactq)e,D;eJieHIDI ;rr.7li1 JI116o! saps;mrOCTR liOHOB, o6-
pa3~XCJ1 B 3JI9KTpOHHOM nyqK9 C rayccOBCKO! llXOTHOCT:&Il 

J~:: Ji::: w;r exp{- E~Mdi!wi) tf{lvf.p) (I) 

r,D;e E.M H (A)a noJIHasl :meprRH ROHa c sap!I,li;OM Z •, ero Macca H 11ac

TOTa KOJie6a.mrli; Qi! -cpe,li;HeKBa,ttpaTl'I'IHHft pa,D;llyC i! -BOlt HOHHO! 

KOMnOH9HTH. ~ pacnp~eJieHHH (I) COOTB9TCTByeT llXOTHOCT:& liOHOB 

B C9119HliH ~ (p e-xp {- '2.'l-/£a~) 
. ~~. -.vlff . a .. "2. (2) 

::lTO pacnp~eJI9Hll9 HM99T OC06eHHOCT:& B JleHTpe ny11Ka, TIOJ1BJI9Hll9 KOTOpo! 

CBJ13aHO C TeM, 11TO npll BHBO,D;9 He 6:wm_'Y11TeHH CROpoCTll Hef!TpaJIOB K 

C06CTB9HHH9 UOJIJI liOHOB; ~ 
ll0JIY119IDUlJ!' qij'HKr(lU{ pacnp~eJieHHH (I) liM9ElT MOMeHTH BTOporo TIOp!I,li;

Ra, KOTOpHe COOTBSTCTBYJlT cpe,D;HeKBa,D;paTlfllHHM pa3M9paM 11 CROpoCTHM! 

ai=af/2.; u~"'==a:tJl=altvl=cohst ;' ai=Qe/12.' 
r,D;e. Qe -Cpe,D;HeKBa,I!;paT1111HHft Jla,II;KYC 3JI9RTpOHHOro ny11Xa. ~9RTHBHW 

qiasoBHit 06'I>eM ROHOB fi=tl~ {(.a ::Q/ Ws.//E.' .• llo.nyqemme Sa.BliCKMOCTK 

npne,D;eHH Ha pac.4 11 5 CnJIOmHHMll RpHBHMH TIO,ll; HOM9poM I. 
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]J.1u{ npOBSpKR no.nyqeHHHX COOTHOmeHllfl 6WIO ripoB~9HO 11RCJI9HH09 MO,D;6-

JI11POBaHll9 • I\aJr,Jiyll ROHHYJD Saps;IUIOCT:& npe,D;CTa.BJ!JiiO !000 npo6HHX liOHOB, 

KOTOpHe o6pa30BHBanRC:& H ~HraJIHC:& B aJISKTpOHHOM ny11R9 C raycCOBCRO! 

nJIOTHOCT:&Il,B COOTB9TCTB~X 1eft peaJI:&HHX HeJIKHeMxux UOJIHX. PesyJI:&Ta

TH npe,D;CTa.BJielm Ha pRc.4 lf 5 To'maMB:. Pac11eTH 6:wm BHnOJIHeml ;rr.7li1 ~yx 
CJIY11aeB.B TI9PBOM (c.iry11a! " a. ") ,COOTB9TCTBymteM YCJIOBliHM, i:IpR ROTOpHX 

Hait,D;eHa !liYn~ pacnpe,D;eJI9HRJ1 (I) ,npe,JOIOJUU'aJIOC:&, 11TO npa o6paSOBamm 

itO:SHX liOHOB !liYH~ pacnp~eJieHIDI npe.IOOtYllleit sap!I,D;HOCTll OCTa9TCJ1 He

li3MeHHOit. B CJiy'lae "6" Y'iHTHBaJioc:& RsMeHeHiie ~ pacnpe,D;eJieHR.Il. 

::lTII pac11eTH MO,ll;emrpyi)T ~a .Iql8!mD: CJIY'iM HaROnJI9IDDI liOHOB B peaJI:&HHX 

8J:I9KTpoHHHX UY'iRaX. llpa HaROnnemm liOHOB liS OCTaT011Horo rasa, ROr,D;a 
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c~eCTByeT llOCTORHHHH.llpHTOK HOBHX HOHOB H3 H8HTpanOB,npOHCXO~e 
npoueccu 6JIH3KH K Cl.liJ'IaiO " a.. ". C .zwyroii c_TopoH!l, nponecc, o6paaoBaHJm 
:HOHOB .· B KOJIJieKTHBHOM YCKOpHTeJie H3 KOpOTKOH HMnyJI:&eHOH CTpyH HeHT
paJibHOrO raaa H llOCJie~ RX ~TeJibHaR o6~Ka B BJieKTpOHHOM KCJii
ue,npH6JIHlKaeTC.fl K CJIY'IaiO "6". 

0 TO~HOCTH B~HCJieHHH MOEHO CY~Tb llO pac~eTaM npouecca HaKOnJie
HHR HOHOB B aJieKTpOHHOM llJ'IKe c nocTORHHo! nJIOTHOCTL~ .(o6oaHa~eHH 
KpeCTaMll Ha pHc.4 H 5 ) •. HeKOTOpoe OTJIH~He nanyqeHH!lX COOTHOmeH~ 
~ rayCCOBCKOH ll.JIOTHOCTH BJieKTpOHHOrO ny~a,OT peayJILTaTOB ~HCJieH
H!lX pac~eTOB, B OC06eHHOCTH ~ nepBHX ~Byx aap~HOCTeii HOHOB,CBR3a
HO C npe~OJIOE8HHeM 0 JIHHeHHOCTH llOJieH SJieKTpOHOB npH BHBO~e ~YHKUHH 

· pacnp~,n;eJieHHR (I). 

BoaMOEHOCTH ~eKTHBHoro HcnoJILaoBaHHR coopyJKaeMoro KYTH-20 B Ka
~ecTBe H~eKTOpa T~eJIOHOHHOrO CHHXpOTpoHa (TliC) B 3Ha~HTeJILHOH CTe
neH:H onpe~eJIRIDTC.fl Be~H~HOH ~eKTHBHOrO 3M:HTTaHca HOHHOro llJ'IKa.llo
JIY~eHHHe peayJibTaT!l noaBOJIRIDT C~eJiaTb B!lB0~ 0 ~TO M:HHHManLHOe B03MO~
HOe 3Ha~eHHe 3M:HTTaHCa nyqxa :HOHOB (J 25+ ,no KpaiiHen Mepe B~BOe 
MeHbme,~eM aTo npe~noJiaranocb paHee ~ aJieKTpOHHoro KOJ!bUa c nocTo
RHHOH nJIOTHOCTbiD B Ce~eH:HH :H He npeBOCXO~T BeJIH~:HHH 0,41f"Mp~.CM. 
3To o6JierqaeT TpaHcnopT:HpOBKY H H~eKU:Hro HOHHoro ilJ'IKa B THC. Uay~e
no BJIHRH.He noJieft HOHOB Ha ~YHKU:HH pacnpe~eJieHHR HOHOB .11 3JieKTpOHOB. · 
B peayJibTaTe aHaJIHaa aaBHCitMOCTeii co6cTBeHH!lX noJieft HOHOB H aJieKT
poHOB OT p~Hyca.H ~HCJieHHOrO M0~8JIHpOBaHHR nOKa3aHO,~TO llOJIR HOHOB 
He 0Ka3!lBaJOT CYllleCTBeHHOrO BJIHRHHR Ha MH~eHHe ~aCTHU B riy~e np:H 
~TOpe aa~OBOit HeftTpaJIH3auHH 3JieKTpOHHOrO aa~a f!£. 0,2 • 

MeTo~oM KpynHllX ~aCTHU npoBe~eHo MO~eJIHpoBaHne npoueccoB HaKon
JieHI!fl HOHOB B 3JieKTpOHH!lX ny~ax. liay~eHO H3MeHeHHe noTeHU.Hana 
SJieKTp.H~eCKOrO llOJIR B 3aBHCID~OCT.H OT aa~OBOH HeiiTpanH38Ull.H 3JieKT

·POHOB HaKOnJieHHHM:H HOHaM:H. HccJie~oBaHa ~HHaMHKa ~ pacnpe~eJie
HHR SJieKTpOHOB H HOHOB B 3aBHCHMOCTH OT ~TOpa HefiTpaJIH38UllH .H 
np.HBe~eHH tPa30B!le nopTpeTH SJieKTpOHOB H HOHOB. PaCCMOTpeHH .H3MeHe
H.HR Cpe~eKBa.ztpaT.H~llX paaMepoB .H CKOpOCTefi 3JI8KTpOHHOH H H8CKOJib
KRX .HOHH!lX KOMnOHeHT np.H HaKOnJieHHH HOHOB B 3JieKTpOHH!lX ~Kax npH 
HX paaHOI BHemHel ~KJCHpOBKe,a'T~e ilOTepH HOHOB B H8HTpaJIB30BaH
HllX. no aap!!,lzy ~. 

qeTBepTaa rJiaBa noc~eHa HCCJie~oBaHHID ~aMHKH cpe~eKBa.ztpa
TKqHHX paaMepoB 3JI8KTpOHHQ-HOHH!lX KOJieU npn HaKOllJ18HHH H YCKOpeHHH 
HOHOD. flPH HCCJie~OBaHHH ~OB 38p.f!X8HH!lX ~aCTHU B 60JILmHHCTBe CJIY
~eB ~· OCHOBHOit HHTepec npe~CTSarumT ycpe,ItHeHHHe X8paKT8pHCTHKH tzyq

Ra,TaKHe KaK cpe,ItHRR CKOpOCTL,cpe~eKBa.ztpaT~e pa3M8pll,3MHTTaHC, 
TeMUepaTypa H T.~. MeTO~ nOJIHHX MOM8HTOB ~YHKUBH pacnpe~eJieH.HR, 
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paaBHTllfi aa noCJie~ne·ro~ B WH3HKe llJ'IKOB aa~eHH!lX ~aCTHU,noaBo-
JIReT noJIY'Ian Bee BTH Be.JimHHH H npn ~HcJieHHHx pac~eTax no cprunteHnro 
C M8TO~OM Kp~ ~aCTHU Tpe6yeT 3Ha~HT8J!bHO MeHLillHX peCyPCOB 3BM •. ' 

ilp.H BpeMeH.H 3H3H.H peJIRTHBHCTCKHX 3JI8KTpOHH!lX KOJieU I~IOQ MC cy~ 
IqeCTBeHHHM:H CTaHOBRTCR noTepH . Ha c.HHXpOTpOHHOe H3JIY'I8H.He H paCCeR
HHe 3JI8KTpOHOB Ha HaKOnJieHH!lX HOH~ H OCTaTO~HOM raae. 

B ~ccepTaunn noJIY'IeHH JimieapnaoBaHHHe ypaBHen:rui MIDKeHHR B uz
JIHB.lW.H~ecKoii CHCTeMe KOOp~aT C_J'IeTOM yKa3aHH!lX ~KTOB H Ha~aJ!b
HOrO npO~OJ!bHOrO a3HMJTa.libHOrO 3HepreT~eCKOrO paa6poca BJieKTpOHOB. 
YpaBHeHHR MDeH:M HcnoJILayiDTca npH B!lBO~e . cncTeM!l ypaBHe~ · ~ Mo-

.MeHTOB BTOporo no~ C J'IeTOM 6eTaTpOHH!lX. KOJI86aHd,aHepreT~eCKQ
ropaa6poca,pacCeRHHR 3JieKTpOHOB nS HaKOllJ18HH!lX HOHax H OCTaTO~HOM 
raae H PaJurauHOHH!lX ~KTOB.· llpn naMeHeHMX aneprHn.aJieKTPOHOB.TOO-. 
KO BCJie~cTBHH c:HHXpoTpoHHoro nanyqeH:HR,nOJIY'IeHa cHcTeM8 ypaBHeHd, 
oUHcuBammaa poeT nonepe~or6 ~aoBoro o6~eMa aJieKTpoHHoro KOJ!bua aa 

~ . l . ' ' ~ - ' • • 

C~eT paCCeRHHR 3JI8KTpOHOB,KOTOpaH OpH OTCYTCTBHH paCC8RHHR,nepeXO~T 
' B CHCT8MJ.~a6aT~8CKHX HHBap.HaHTOB., Onpe~eJie¥0 H3MeHeHHe npO~OJ!b~ 
~Oro 3HepreTH~eCKOro paa6poca 3JI8KTpOHOB B SJieKTpOHHQ-HOHHOM KOJ!bU8~ 
B!l3BaHHOro_ CHHXpOTpOHHHM H3JIY~eH.HeM. , 

rr6ny~eHa CRCTeMa ypaBHeHHA,onHCllB~aH HSMeHeH.He cpe~eKB~aTH~
HllX paaMepon aJieKTpOHHol H HOHHHX KOMnOHeHT npH HaKOUJieHiiin HOHOB_B 
3JI8KTpOHHllX ~Kax H KOJILU8X. Onpe~eJieHH ycpe~eHHHe·~aCTOTll.KOJie6a
Hd ~aCTHU npH HaKOnJI8HHH B 3JI8KTpOHH!lX 'llJ'IK8X C raycCOBCKOH nJIOTHQ
CTbiD HOHOB C WYHKU:Hel pacnpe~eJieH.HR B~a (I). lloKaSaHO,~TO B!lCOKaH 
llJIOTHOCTb HOHOB B U8HTpe llJ'IKa,B HeKOTOpllX CJIY'IaRX,HanpHMep~ KOr~a 
cpe~d aap~·.HOHOB.6JIH30K K e~HHUe,aHatiHTe:'lLHO nOB!lillaeT pO.lib HOH
-HOHHllX nponecCOB npn HaKOOJieHHH HOHOB. 

BllnOJIHElH pactieT ~a6aT.HtieCKOrO Cl!taTHR 3JI8KTpOHHO-HOHHOro KOJ!bU8 
B ~eaaTope npOTOTHOa RYTM B aTMOC~epe OCTaTO~Horo raaa (aaoTa). 

Hay~eHH HeKOTOp!le BOnpOC!l,CBR3aHHHe C KOJIJieKTHBH!lM yCKOpe~:HeM 
8JieKTpoHHo-noHHHX KOJien. YcTanoBieno,~To npn pac~eTax Heo6xo~o 
y~THBaTL pea.libHOe pacnpe~eJieHHe HOHOB no 3ap~ocTRM, B ~acTHOCTH. 
ripHCYTCTBHe HOHOBH3 OCTaTO~HOrO raaa. ~eHH YCJIOBHJI~npH KOTOpllX' 
noTepa nnamnx HOHHHX aap~ocTel npHBO~T :K nocTeneiiHoMY yxy,n;meHHID 
napaMeTpOB SJieKTpOHHOI KOMOOHeHTU H Cp!ley KOMnaKTHOro .JCK~peH:HR BJie
KTpOHHD-HOHHOro KOJibUa. lloKa3aHO,~TO MaKCHMaJibHo-~onycTHMR~ TeMn yc
KOpeH:HR Heo6xo~o onpe~eJIRTb He ~ cpe~ero aap~a HOHOB B ROJIL~e 
a ~ BemnHH . z = 2 -IE u ; . r~e u, - cpe~eKB~T~oe oTK.Jio-
nenHe, aap~ocTeil iroHOB oT z . . . 

Ha ocnoBe MeTo~a MOMeHTOB WY'HKU:HH pacnpe~eJieH:rui noJIY'I.eH.u yprume-
, ' -.... - I 

HHR ~ OTHOCHT8JibH!lX nOJIRpH3anHft H cpe~eKB~aT~ paaMepOB MHQ-
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roKOMIIOHeHTHllX SJieKTpOHHG-HOHHllX KOJie~,npn HX YCKOpeHHH B SJieKTpH
qecKZX H ·MarHHTHllX DOJIRX. BHnoJIHeH pacqeT YCKOpeHRff HOHOB KCeHOHa.B 
'npncyTCTBHH .HOHOB asoTa B Clla,I{aKllleM MarHHTHOM DOJie npOTOTHna KY'TI!, 
pesyJIDTaTu KoToporo npHBe~eHH Ha pnc.6. PaccMOTpeH~ ~a cJIYqaH. 
KpHBlle ! COOTBeTCTBYDT SJieKTpOHHllM KOJIL~aM C qncJIOM 3JieKT£0HOB 
5·roi2 , qzcJIOM noHoB KceHoHa 6·roiO n noHoB asoTa 4·ro1 .KpHBue 2 
- qHCJIO SJieRTpOHOB !013, HOHOB KCeHOHa - 5•IQI0, HOHOB aSOTa 
2.5·ro11• Ha pnc.6 npe~cTaBJieHH Hadop aHeprnn E HOHaMH Ha HYKJIOH 
H OTHOilleHHe _cyMMapHHX Mace SJieKTpOHHoro H HOHHOro KOJie~ l .B CJIY
qae I aJieKTpnqecKoe noJie,cos~BaeMoe aJieKTpOHaMH,He~ocTaToqHo ~ 
ycKopeHWI· Be ex HOHHHX sap.ll~OcTeii n MaJIOSa~e noHH X e TepmoTC.Il 
B npo~ecce ycKopeHRH. Cpe~HH sap~ HOHOB KCeHOHa B KOJib~e paBeH !3 
H DOTepH nepBllX ~eBHTH,OTHOCHTeJibHO MaJIOqllCJieHHliX sa~HOCTel, He 
lliJllBO~HT K SaMeTH!:lM llSMeHeHMM napaMeTpOB KOJib~a. Ha pnc.6 nepB~ __ 
~a cKaqioodpasHux HSMeHeHRH sarpyaKn OTpaxaDT noTepn IO H II aap~
HOCTeA. BpeayJIDTaTe aToro,a TaKZe nocTeneHHoro YMeHbmeHHH Be~ero 
MarHHTHOro noJia,SJieKTpOHHOe KOJI~O yBeJIHqnBaeTCH B paaMepax,H Tep.ll
eTCH 60JibillOe qncJIO HOHOB C sap~HOCTbiD !2. 3TO npHBO~T K pe3KOMy 
pOCTJ aKCHaJibHllX paaMepOB SJieKTpOHHoa KOMDOHeHTH H paapymeHHID BCero 
KOJIL~a. ~ KOMIIaKTHOrO yCKOpeHHH SJieKTpOHHllX KOJie~ C.TH~JII:lMH HG
HaMH B c~ecTBy~x.noJIRX Ha npoToTnne KYTH Heo6xo~RMoe pacqeTHoe 
qHCJIO SJieKTpOHi:>B ~OJilKHO 6IJ:Tb 60Jiee 5• !OI2, 

B npHJIOXeHHH co~ep~TCH .KpaTKOe onncaHHe nporpaMMH,MO~eJIHpy~ea 
C llOMOmbiD MeTO~a KpynHHx qaCTll~ npo~eCC HaKOnJieHHH HOHOB B SJieKT
pOHHliX nyqKax. ITpe~o~eHu aJiropnT~lli paccTaHOBKH qacT~ B qeTupex
MepHOM ~aoBoM npocTpaHCTBe B cooTBeTCTBHH c aa,I{aHHoii wYH~en pac
npe~eJieHHH n Mo~eJIHpOBaHHH o6paaOBaHHH n nepexo~a ns aa~HOCTH B 
aap~OCTb llOHOB ll HOH-HOHHllX CTOJIKHOBeHHH. ilpllBe~eH TeKCT nporpaM
MU Ha HSHKe ijiopTpaH. 

OCHOBiruE PESYJihTATii PAEOTii 

!. flPOBe~eHO TeopeTnqecKOe HCCJie~OBaHHe HaKOnJieHHH HOHOB B 3JI8KT
pOHHliX. nyqKax H KOJID~ax. HayqeHH ~aMHKa HaKOnJieHHH llOHOB pasJinq
HHX SJieMeHTOB,BJIHHHHe aTOMHllX CT.OJIKHOBeHtm Ha HaKOnJieHHe H OCHOBHll8 
xapaKTepHCTHKH HOHHOrO H SJI8KTpOHHOro llJqJtOB B ~30BOM llpOCTpaHCTBe. 
Peay~bTaTH HCCJie~OBaHHI HCDOJibSOBaJIHCb ~ aHaJIHSa 3KCnepHM8HTOB Ha 
K0JIJI8KT~BHOM JCKOpHTeJie T~eJIHi HOHOB OHHH H npn npoeKTHpOBaHHll HH
llteKTopa ycKopHTeJIDHoro KOMIIJieKca THllteJillX HOHO,B OHHM - K.Y'TII-20. 

2. BwoJIHeH pacqeT HaKOnJieHHH noHoB na ocTaToqHoro rasa n HM
rr.1JibCHOI cTpyn npn WOPMHpOBaHHH aJieKTpOHHo-noHHoro KOJIL~a B KOJIJieK-

, . ' ' ... 
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THBHoM ycKopnTeJie THllteJillX noHoB. ITo~eHo xopomee corJiacHe no qzcJIY 
HSXOnJieHHUX HOHOB.H HX cpe~eMy aap~ C 3KCnepnMeHTaMH no ycKOpe
HHD HOHOB aaoTa H ~arHOCTHKe SJieKTpOHHQ-HOHHHX KOJie~ Ha npOTOTllne 
~~ B!lpa60TaHll Tpe60BaHRff K ~TeJibHOCTH,ITJIOTHOCTH H reoMeTpHH . 
CTpyn nMnyJibCHOro HCTO~HKa HeiTpaJibHllX aTOMOB HHXeKTOpa YKTH OllRH-
-KY'l'H - 20. . . .. . ' i 

3. HayqeHo BJ!RffHHe BaanMo~elcTBHH noHoB c notiaMR 11 HeiTpaJibHUM ·. 
raaoM npH WCPMHpOBaHHH aJieKTpoHHo-noHHHX KOJie~ KOJIJieKTHBHoro ycKopn
TeJia ROHOB. B PEl3YJibTSTe qzCJieHHHX pacqeTOB flOKa3aHO, qTO nepesap~
Ka HOHOB HeCROJibRO YMeHbmaeT HX ~cnepcHD no aap~aM·H Hec~eCTBeH
HO BJIHHeT Ha HX ope~ SaJlH,I( R qncJIO npll HaKOnJieHHH cpe~HX' H THllte
JillX aJieMeHTOB B sJieKTpoHH~ KOJibnax KYTH. . 

4. rrpe~OllteH HOBHA cnoco6 JMeHbmeHHH paaMepoB aJieKTpOHHliX KOJie~ 
sa cqeT H8KOrepeHTHOrO CHHXpOTpOHHOrO HS~eHHH C O~OBpeMeHHUM Ha
KOITJieHHeM B HHX MHOrosap~X HOHOB nyTeM COS~aHHH Ha KOHeqHHX pa
~Cax ClltaTHH SJieKTpOHHOrO KOJ!b~ MarHHTHOrO llOJIH C llOKaSaTeJieM cna
~a 6JIHSKRM R e~H~e. ITpoBe~eH pacqeT ~esaTopa KYTH;wcpMHpyDmero 
SJieRTpOHHO.;,HOHHlie KOJib~ C napaM6TpaMH,nOSBOJIJn01l11004 yBeJIH'!HBaTi· T_eMII 
ycxopeHRff B nHTb pas. 

5. HCCJie~OBaHa BOSMOlltHOCTb HCllOJILSOBaHHH SJieRTPOHHHX KOJien KYTH 
B KaqecTBe RCTOqHHKa MHOrosa~X HOHOB •. YCTaHOBJieHO,qTO OCHOBHIJ:MH 
WaKTOpaMH,orpaHHqH~ cpe~zA Sa~ npz ~TeJibHOM HaKOITJieHHH 
ROHOB B SJieKTpOHHliX KOJibnax,HBJiaeTCH HX nepesap~a Ha HeiTpSJILHOM 
rase B KaMepe ycRopnTeJIH H.JBeJIH'leHne nonepeqHHx pasMepoB KOJID~·sa 
cqeT pacceHHHR SJieKTpOHOB Ha HaKOITJieHHliX HOHax. ilOKa3aHO~qTo B ~o
llOJIHHTeJibHO ClltaTOM sa cqeT CHHXpOTpoHHOro HS~eHHH SJi:'eRTpOHHOM . 1 

KOJID~e C p~COM 2 OM, B03MOXHO Sa !00 MC npz ~aBJieHHll OCTaToqHoro 
rasa B RSMepe YCKOpHTeJIH M6Hbme 2•!0-S Top nOJiyqRTb HOHH RCeHOHa CO 
cpe~HM sa~oM +48 H ROHH ypaua co cpe~iM · sap~oM + 84. · · 

6. YcTaHoBJieHo,qTo ~KTHBHHe ~SOBHe od~eMH HOHHHX ROMnoHeHT 
ydHBaDT C pOCTOM aa~ HOHOB B SJieRTpOHHHX nyqKax. BnepBHS noKaaa.o;; ., 
HO, qTO OpH .MBJiHx. WaKTOpax aa~OBOA HeiTpaJIHS~ f ~ 0 I 2 SJieRTpOH.;. 
HOrO nfq}ta C rayCCOBOI llJIOTHOCTj,D B ceqeHHH cpe~eKBa,I{paTH~e pas
Mep!l HOHHHX KOMnOHeHT YMeHbillaDTCH c· pOCTOM Sa~a ir dHCTpee qeM-
z-Sf{ , KaK STO cqHTaJIOCb pauee ·. ~ paBHOMepHO sapsmeHHHX. nyqKOB, 

HalneHH COOTBSTCTB~S CTaqHOHapHHe ~~ pacnpe~eJieHHH.llonyqeHO, 
qTQ Sa C~eT raYOCOBCROra pacnpe~e~SHHH a!SKTpOHOB MBHHMaXDHHI.~soBUI 
od~eM ROHHoro nyqKa ~20 ~axzeH OHTL He MeHee qeM ~6e MSHLme, 
qeM npe~no~araJIOCL ~ paBHOMSpHOA ITJIOTHOCTH SJISKTpOHOB,qTo o6Jier
qaeT ero TpaHCnOpTEpOBicy' • 

?. HccJie~OBaHO BJIHHHHS HSJIHHeiHocTR codcTBSHHHX noneA BJISRTpoHOB 
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n noaon aa ~nmeane n ~YHKURID pacnpe~e~eana noaon. lloKasaao,qTo ae
~naefiaocTb s~eKTpnqecKHX no~en raycconcKoro pacnp~~e~eHHR s~eKTpOHOB 

. npaxTnqecKH·He:~RaeT aa ~YH~ID pacnpe~e~eHHH HOHOB. Hsyqeao nsMe
ueune. OOTSHUHaJia 3~SKTpHqecKoro OOJI!I B SaBHCHMOCTl'l OT,Sap;mOBOH 
HSHTpMHSaQnl'l a~eKTpOHOB HaKOn~eHHHMH HOHaMl'l. lloKaSaHo,qTo npn~0,2 
nc~eune a~eKTpoHHHX no~ea uesuaqnTe~bHo, n MOEHo npeae6peqb co6cT-
BeHHHMH noJI!IMl'l noaon. · 

8. C OOMOmPID MSTO~a KpynHHX qacT~ npoBe~eHO qnc~eHHoe MO~e~o-
' BaHne nponeccon B MHoroKOMnOHeHTHHX a~eKTpOHHo-HOHHf:lX nyqKax. Cos-

~aH ~OpHTM HaqaJibHOfi paCCTaHOBKH qaCTl'IU B qeTHpeXMepHOM !fJaSOBOM 
npOCTpaHCTBe B COOTBBTCTBl'IH C S~HOfi ~RUBe! pacnpe~e~eHRa.Pas
pa6oTaH aJiropHTM nosno~:zfi HMMl'!TnponaTb o6pasonaune n nepexo~ ns 
SapanHOCTl'l B sapanHOCTb l'IOHOB, a TaRXe HOH-HOHHUe OpOUBCCbl, 

9. llo~eHa CHCTeMa ypaBHBHl'ltt,onpe~e~~ ~SMSHSHl'le B~ BpeMBHl'l 
cpe~eKB~Tnqaux pasMepon nonepequoro ceqeal'!R s~eKTpOHHoro K~bna 
C yqeTOM Cl'IHXpOTpOHHoro HS~qeHl'!R 3~SKTpOHOB H paQCBHHIDI a~eKTpOHOB 
Ha HaKOn~emrinc HOHax H HefiTpaJibHOM rase B KaMepe YCKOpHTeJIJI,Hafi.nBHbl 
~Ha6aT:zqecKHe HHBapHaHTbl STOtt CHCTBMH,Onl'!Cbi~He.HSMBHBHHB BO Bpe
MBHH cpe~eKB~aTWIHfnC paSMSpOB B OOCTOHHHOM BHBlliHBM MarHl'ITHOM no
~e npH OTCYTCTBHH pacceHHHR a~eKTpOHOB. 

' IO. II~qeuu ypanueunJI, ~npe~eJJ.IlKIIIHe nsMeHeHne · no npeMeHn cpe~u.e
KB~aTHqaux pasMepOB MHOrOKOMnOHSHTHbiX a~eKTpOHHO-l'IOHHbiX nyqKOB 
npH uaxo~eHHl'l noaon B aReKTpouHHx nyqKaX c raycconoft n~oTHOCTLro.c 
yqeTOM HOHHOrO Kepaa. llOKaSaHo,qTQ BblCOKaJI ~OTHOCTb HOHOB B USHTpe 
nyqKa,B HSKOTOpbiX c~qaJIX,YJlS~WIHBaST·BKJi~ HOH-HOHHbiX nepesapanoK 
B nponecc HaKo~eHHJI noaon npHMepao B ~ecJITb pas. 

: II. Ha ocaone Mero~a MOMSH~OB ~KUHH pacnpe~e~eHHJI no~qeHH 
ypaBHBHl'!R,OOHCHnammHS HSMeHBHHJI BO BpeMBHH KOOp~aT ~OKBRbHbiX 
neHTpOB MaCC H cpe~eKB~aTH~X pasMepOB MHOrOKOMnOHSHTHOrO 9~SKT
pOHHQ-HOHHOro KO~na npH ero YCKOpeHHH B 9JIBKTpWISCKOM H MarHHTHOM 
.no~e. lloKasaao,qTo npn Mo~e~onaazn nponeccon ycKopeaMJI Heo6xo~
MO yqHTHBaTb peaJ!bHOe pacnpe~e~eHHe HOHOB. no sap;maM H MaCCaM. Haa
~eHH yCJIOBMR paspymeHHJI aJieKTpoaao-HOHHoro KOJibUa n cpHna ycKopeHHJI 
npH ITOTSp!IX HOHHbiX sapanHOCTeft B 60Jibllinx ycKOPJl!lltRX ITOJI!IX, 

.flPone~ea pacqeT ycKopeHHJI noaon Kceaoaa B-npHcyTCTBHH HOHOB aso
Ta B cri~eM MarHHTHOM n~e npoTOTHna KYTH. lloKasaao,qTo ycKope
HHe TKESJIHX HOHOB Ha npOTOTHne K1TH BOSMOXHO npH qzc~e 9JISKTpOHOB 
·B KOJibne M ":J,5• 1oi2 • ' 

OcHOBHHe pesy~TaTH,HSJIOXeHHHe B ~ccepTanHH,ony6JIHKoBaHH B CJie
.eyD!lHX pa6oTa.x: 
I •, a. A. llepeJibiDTeAH. r. Jt.lllHpKOB. CaMocorJiaCOBaHHM ' s~aqa 0' ~HXBHl'IH 

14 

'l 

/ --' I 

SapJIXeHHHX 9MHITC0~8JlbHHX CryCTKOB qacT~. -ollill1, 'P9-10468, Jly6Ha,, 
1977,~,1978,48,c.249-253 • 

. 2. o.A.llepe~llJTSHH, r.Jt.llinpKOB. PacqeT nponecca HaKOn~eHIDI HOHOB 
B S~SKTpOHHbiX ~ C yqeTOM HOH-HOHHHX BSaHMo~efiCTBHH, 0llill1, 
P9-114I2, Jly6Ha,1978,R~,1979,49,c.19-23. 

3. T.Jl.illnpKOB~ 0 HaKOnJieHHH HOHOB B a~eKTpOHHHX KOJibUax. OHflH 
P9-I2055, Jty6ua, I978 ; JirN; I979, 49,c.147I-1475. 

'· 

4. S.A.llepe~mTefiH, r.Jt.illnpKOB. 0 HaKOnJieHHH T~e~x HOHOB B 
S~eKTpOHHHX KOJibUax KOMBKTHBHOrO yCKOpHTeJIJI. OHHfl, 9-8~124, Jly6Ha, 
I980. . 

5.-H.IO.KasapHHOB 1 o.A:llepeJILllJTeil:H, r.,U.illnpKOB, MeTO~ MOMSHTOB B 
~aMHKe KO~bUBBHX nyqKOB sapJIXSHHHX qacT~. ~. 1980,50,c.549-556. 

6. B.C.~eKCaH~OB, a.A.llepe~mTeftH, B.ll.Capaunen, r.Jt.lliHpKOB. 
o nosMOXHOCTH yneJIHqeuna ~eKTHBHofi ycKopJIIDmeft en~ n ycKopnTeJI!Ix 
c sJieKTpOHHHMH K~bUaMl'l. OHHH, P9-81-2D,Jty6aa,1981. 

7. E._A.'Perelshtein, G.D.Shirkov. Ion-ion Collisions in Electron
Ion Rings. Proc.Internation Seminar on High-Energy Ion-Atom 
Collisions, Debrecen, Hungary, 1981,p.207-210. 

8. H.IO.KasapHHOB, S.A.llepe~bllJTeiH, r • .u.rnnpKOB. PacqeT ycKopeHHR 
MHOrOKOMnOHBHTHHX 9JISKTpOHHQ-HOHHtnC KOJISU. B KH: Tpy~ COBemaHHH no 
npo6~eMaM KOMeKTHBHoro MeTo~a ycKopeHIDI, OHHH, P9-82-664,Jty6ua, 
1982, c.62-65. 

9. 3.A. llepe~mTeftH, r .,U.illnpKOB, 0 HaKOMSHHH 'MHOrosapanHHX HOHOB 
B 9JISKTpOElHbiX KOJibUax KoineKTHBHOro ycKOpHTSJI!I, B KH: Tpy~ COBema
Hl'!R no npo6~eMaM KOJIJISKTHBHOrO MSTO~a YCKOpeHHJI.OHflH , P9-82-664,. 
Jty6aa, 1982, c.31-33. 

10. S.A.llepeJibllJTBHH, r.,U.llinpKOB. 0 ~YH~H pacnpe~e~eHIDI HOHOB B 
sJieKTpOHHHX-~ax. OHHH, P9-82-526, Jty6aa, 1982. · · 

II. 3.A.llepe~bll1Teil:H, B.~.illSBUOB, r.Jt.illnpKOB, E;r.l!lnaoB, Mo~e~OBa
HHe npouecca uaKo~eHHJI noaon n,s~eKTpOHHHX·nyqxax. OHHH,P9-82-532, 
Jly6Ha,1982. 

12. a.A.llepe~mTeil:H, B.~.illeBUOB, r.,U.ITWpKOB,,E.r.l!lnHOB. Mo~e~o
BaHHe HaKOn~eHHJI HOHOB B 9JIBKTpOHHHX nyqKax. B KH: AHHOTanHH ~OMa
~OB Yill Bcecmosuoro conemauHR no ycKopnTe~ sapilxeHHHx qacT~,nPoT-
nn'Ho, I982,c.130. ' · _ . ' · 

13. B.C.MeKC~OB, B.II.Capaunen, r.Jt.IIlHpKOB. Cnoco6 ~pMHpOBaHHJI 
9JIBKTpOHHHX KOJISU BHCOKOft nJIOTHOCTH H YCTpOfiCTBO ~ ero OC]mSCT~e
Hl'!R. ABTopcKoe CBH,ll;eTe~cTBO 1i 797537 .E:rwm. OHITOT3, 1981, 00, c. 255 • 

PyKonHCL TIOCTynRna B HS~TeJIDCKl'lfi OT~eJI ' 
18 HOJI6pJI 1982 ro~. 

15 


