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Pa6~Td B~OOA~~Hd B Ja60PdTOPWW CBePXB~COKWX 3HePrW~ 

06be~WHeHHOrO WHCT~Tyya'R~epH~~~W~CAeAO~dH~~. Ay6Ha. 

.. 
o•~uwaAbH~e onnoHeHT~: 

' 
~OK TOP .W3~KO-MdTeMdT~4eCKWX HdYK ', 

npo•eccop 

~OKTOP ·~3~KO-MdTeMdTLo14eCKL<1X HdYK, 

npo•eccop 

'·, " 
~OKTOP ·~3~KO-MdTeMaT~4eCK~X HdYK, 

npo~Peccop 

Be~y•ee HdY4Ho-~cc.JJe~oeaTe.JJbCKoe Y4pem~eHwe: 

EUKOBCKIAI.il 

lOp~~ A.JJeKceeew4 

.D.MIATPIAEBCKitllil 

B~ta.JJ~~ neTpoe~4 

nPECHS1KOB· 

.JleOH~A neTPOBL<14 

IAHCTWTYT. RJlePHO~ .• 1<1.31<1KW MM. f .lti.Ey~Kepa_CO PAH, Hoeocw6WPCK 

/ 

3a~wT~·~w~cepTauww cocTo~TCR 1993 ro~a 
e 4acoe Ha 3aCeAaHww Cneuwa.JJW3WPOBdHHoro coeeTa .4~047.01.03 

OPW .Jla60PdTOPL<11<1 R~epH~X npo6.JJeM 06be~WHeHHOro WHCTWTYTd RAePH~X 

wcc.JJe~oeatiw~, r .AY6Ha MocKo.ecKo~ o6.JJacT~·. 

C A~CCePTdUWe~ MOmHO 03HdKOML<1TbCR B 6~6.JIWOTeKe 01t1S11t1. 

AeTope•epaT pa3oc.JJaH 1993 ro~a. 

Y4e~~~ ceKPeTaPb CneuwaAW3WPOBaHHoro coeeTa 

A.IP.-M.H.-

·-

odTYCOB 10 • .4. 

(_ 

OE)w.as=:i xap~t:<;r.epiAcT.:...it:<a p;3-E5oTbl _ 

TeMo~ -- naHH_o~ n~o~'ccepTau~o~w RB.JIRIOTCR . TeopeTW4ecKwe 
I 

wcc.JJenoeaHL:~R w 
1 

MaTeMaT~o~4e~Koe Mo.ne.JJ~o~poeaH~o~e IPL<131<14eCKL<1X 

npoueccoB .· CB~3dHHbiX C 06Pd30BdH_Lo1eM· L4 HdKOn.JieHLoleM Lo10HOB_ B 

,1<1CT04HLo1KdX MHQr03dPRJ1HbiXcWOHOB. 

AK!Vd.JJbHOCTb pa5orbl 1 

f .iJa~HO~ tlPL<141<1HO~ C03JldHL<1R 1<1 \L<IHTeHCWBHOrO Pd3BL<1H1R B Te4eHWL<1 

nOC.JieJtHWX .10 .- 20 .JJeT Lo1CT04HL<1KOB MHOro3apRJ1HbiX Lo10HOB RBL<I.JIOCb 
' " ' " • I , 

-noRB.JJeH~o~e eo· MHor~o~x, ci"paHax MWPa · ~o~cc.JJenoeare.JJbCKL<IX U.eHTPOB no 
" • • < - ' (. • • • 

IPL<13~Ke C YCKOPJHe.JJRML<1 . ·. 1<1 HaKo'nwTe.JJRML-1 
I 

.Jito66ro YCKOPL<1Ie.JibHOrO 

RJlePHO~ L<IOHOB. 

L<IOHOB; B -·.3UeKTIABHoc_rt, pa5orbl KOMO.JIBKCd 

.3Hd4~re . .JibHO~ -creneH~<~ onpene.JJRercR era nePBbiM 3BeHOM - L<IOHHbiM' 
I . . 

· WCT04HIAKOM. 8 nOC.JIBJlHL-18 . rOJlbl WCT04HL<1KL<1 . MHOro3apRJ1HbiX ' L<IOHOB 

ycneWHO Lo1CnOJtb3YIOTCR TaKme Jl.JIR pa~AW4H~X Lo1CCAEiJlOBaHL<1~,. no· 

aroMHo~ IP~<~3~Ke. r·.JJai3HbiML<1. noKa3areJi~i.-t~o~ pa6ort>l ~oHHblx .11cro4H~<~Koe 
CJtYit!dT 3dPRJ10BOe pacnpeJte.Jie.Hiole 1<1. ~o~ineHCL<IBHOCib L<IOHOB L<I.JIIL i.-toHHbl~ · 

. ' - ' 

TOK Hd B~~OJIB 1<13. 1<1CT04HL<1Kd. 

': ·~B HdCIORUJ,ee BPeMR B. ~wpe. cyw,ecreyeT HeCKO.JibKO OCHOBHbiX· IWO!JB 

-w~T04HWKOB, B KOTOPbiX. C ycneX~M :no~y~aiOT· MHOr03dPRJ1Hble L4 

BbiCOK03dPRJ1Hbl_e-: wo~bl·. K ~:r'~M 'wcr04HWK~M orHo~RTc~ wcro4HWK~ Ha 

3.JieKTPOHHO-UWK.JIO,TPOHHOM Pe30HdHCe (ECR) ," 3.JieKIPO.HHO- .JIY4eBble 
'.. - , ·- . . , ·r·-....._. . : • , 

~o~cro4HWKiA · (EBIS) w pa3Hoe~o~nHocrb EBIS ::..JJeKTP.OHHo,-. ny4KoeaR 

WOHH\'!R .JIOBYWKd . (EBIT)·. B 'ol4~11 B HdCTORiu.ee epeMR. C03~aeTCR HOBbl~ 
rwn "wriHHoro wcro4H~Ka ERIS,. ocHoeaHHbl~ Ha no.JJy4eHww woHoEI e 

~e.JJRIWBWCICKMX ;.JieKIPOHHbiX KO.JibUdX. . . ·.·:. 

nePBble: .ECR Lo1CT04HWKL<1 . 6b1AL<1 COOPYitleHbl 'Ha • OCHOBe OIKPbiibiX 

MdrHL<1THbiX .JIOBYWeK ~Jiw repMO~JlBPHQr'o CWHTe3a: eo -~paHUL-11<1 rpynno~ 
Jeller " e _ re~MaH~w non pyKoeoncTeoM Wiesemann:- e · ~a4a.JJe 

. . . . . - \ . . 
ceMwnecRTblx- ronoe. Ce~4ac- :.Tor rwn wcT04HL<1Ka MHoro3aPRJ1HbiX 

1<1DHOB i:Ta.JJ caMbiM pacnpcrpaHeHHbiM e Mwpe w Haw6o.Jiee wcn'of1b3YeMbiM 

e. Ka4el:ree- WHit!eKropa, e ycKopwre.JJI-1 .·1<10HOB,. e. TOM~ 4~o~c.JJe B· CERN 
., · .. · ·. I : ,'. . 

(Wee~uapwR), GANIL (IPPaHuwS!), GSI. (fepMaHWR) ~ ,np ~- K HacioR~eMY 
- ....... '· . . ' . . . . .. . -. . ' \ 

epeMeHI-1 y111e OKO.JJO .nRrw.necRTI-1 ECR wcro4HWKOB. pa6oTatoT e necRTKax 

HdY4~~X he~IPOB pa3Hb1X CTP~~: B 1992 ro,ny B .Jid60PBTOPWL<1 ~Jl~PHbiX 
peaKi.J.I<i~ 014'>114 6bi.JI ycnewH; ~cyw,ecTB.JieH·3anycK ~CT04HL<1Ka.DECRIS-14 
(Dubna ECR Ion. So~rce _with 14.·5GHz) ~ 

3.JJeKTPOHHO 

E • .IL.D.oH.UOM e 

-, .JJY4eeo~ Mera.n· na.JJy4e!"L<1R' 1<10HOB. 5biJI, npen.JJoH!eH 

1967r. B .B.y5He. noc.JJe ,' COOPYIII~HL<IR B 0145111 nepBbiX 
j,c• 

\ 
~.i' 
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pa6oYero. eew.ecrea ,· : .CHI>!HCeHI>!tO · 1-1x norepi:, 1-1 yee.IIML!eHl-110. · epeMeHl-1 

*1>13H~ B lo!CT04Hio!Ke 1>1, CJieaoeaTeJibHO; ~BJI~eTC~ nPl-141>1Hri~ n~B~WeHI>I~ . I . . . , . . 

. '3iiP~aHOCTI>I 1>1 3Hd4~TeJibHoro' YBeJIIo!4eHM~ B~X04ii MHOr03iiP~aH~X 

1-!0HOB. 

3: AHaJII-!Tl-14e~K"';_;l-1 MeroaaMl-1 •W _41-!CJJeHH~M MOaeJII-!POBdHWeM Hd' 
J . _,. '. . '•' '· , .. 

DCHOBe. _MeT04ii ~pynH~X .~iiCTWU _npoeeaeH~ MCCJieaOBd~W~ tYHKUWW 

. pacnpeaeJieHW~ MHOr03dP~4H~X.,MOHOB B ~JieKTPOHH~X ny4KdX 1.-i TOHKL1X 

KO~~UdX, B pe3Y~bT~Te KOTOP~X~ / 
eneps~e 

JMHOr03dP~4HbiX 

H~~.lleHbl • C!dUI..iOHdPH~e tYHKUL11-1 pacnpeae.lleHL1~ 

n'p"' 
1 

' noc.lle.lloeare.ilb~O~ 
raycCOBCKri~ n.IIOTHOCTbiO B 

lo!OHOB, 06Pd3YIOW.l-1XC~ 1 

1.10HL13dUL11-i L10HOB B ~JieKTPOHHbiX nY4KdX C . :~ . . ' 

c_e4eHL11.1; 

onpe.lleJieHbl , 3dBL1CL1MOCTM;' , c'pe./iHeKBd4PdTM4H~X nonepe4HbiX 

Pii3MePOB W fii30Bb1X 06beM~B L10H~~X KOMnOHeH~ -:~T 3dP~~a I!IOH~B Ill 

· enepe~e ·nOKd~dHO', ·. 4ro' B ~JieKTPOHH~X.., _ny4KdX 'C' rayC"COBO~ 
f1~0THOCTb~~. e._ ~-e4eHL1L1 \T~ eeJIL141>1H~ . ~6~eatOT.c pocroM:. 3dPSt.lla. 

3Hd41o!TeJibHO 6biCTpee.4eM·B nY4KdX C nOCTO~HHO~ n.IIOTHOCTbiO •• 

1!13~4eHo · i~3Me'~eH·l~e · • np·ocTP~HCT~eHHoro pacnpeae.lleHI!I~ •. 
·r . . . . ,._. ' 

noTeHUL1dJid ~Jie.KTPM4eCKOrO nOJI~ . B ! ~JieKTPOHHO~ I ny4Ke npl!l 

HdKOn.lleHI>I~ I!IOHOB: I \; ,',,• 

4~ Ha ocHciee ..ierona no.IIHbiX 'i..toMeHroe( tYHKUWI!I 
. '·.r '. ~~-,· ., -~ . ' ,· 

.nposeaeHbl' ·reoperw4eCKI-ie:. 1-!CCJie.llOBaHI-i~ npouecca 

pacnpeneiteHL-is'i 

HdKOnJieH.l~~ .1>1 

· ycKoPeHI-1~ 1 ·~olios· e peJI~r~swcrcKI-ix ~·JieKrPoHtiblx 
~ ' . 

KOJibUdX; B 

'pe3YJibTdTe KOTOP~X: . 

- 'enePBble nofiy4eHbl . CWC~eMbi' lypaBHeHW~ a.11~ MOMeHTOB' BTOPOrO 

OOP~.IlKd• ;peJI~i~~WCTCKI-iX ~JieKTPO~H~X KOJieU C' Y4eTOM 

C!-!HXPOT~OHHO·r~· . · W3JI~4eHI-i~ ~JieKTPO~OB\ . L1X , pacce~H~~- Hd .. 

HaKo'nJieHHblx IWHi:ix · w tia4dJibi-loro npoaoJibHoro · a3totMY'I"aJI~Horo 

3flePce rw4ec'Koro pa36poca ·~JieK rpoHoe ; . . . . 

noJIY4eHbl,..,. ypasHeHw!:l, · onl-icbleatOw,l-ie ·a'wHaMI!IKY HaKon.JleHI-1~; "' 

· _Ka.IIJieKi-l!leHofo ·YcKopeHw~ · woHoe s MHoroKoM~otieHTHblx -~JieKTPOHH.o'-
~OHHI>IX _kOJibUdX ; 

_: · ilpoeeJieHo 4WCJieHHoe MoJieJII!IPOBaHIAe npouecc6e HaKonJieHIII~ w 
• • ~ ' I ' -~ . • 

YCKOPeHI4~ 140HOB B KOJIJieKTI-iBHOM YCKOP14TeJie · . 'T~ItleJibiX .1-iOHOB ~-
.• ' . .• - - ! -1 ' .1 -

Pe3YJibTdTbl KOTOPOrO HdX?a~TC~ B COr.JldCI-11-i C npoeeaeHHbiML1 

~KcnepwMeHTdMiil ·Ha npoTOTI-ine KO~JieKTI-iBHOro YCKOPI4TeJI~- T~ltleJibiX 

·_ .*bHOB (KYH1) 1-i • lo!Cn~Jib30BdJIWCb ~Pill npoeK TWPOBdHI-11.1 . 1-1 C03.1ldHJAi.t' 

1<Y Tlr1-20 e O~Sl~ • ' 

'5. OpeaJIOJIIeH, cnoco5, .3dlli,Lotlll,eHHbl~ aBTOPCKI4M -cewnereJibCTBOM, 
• ' '~ • f 

. .liOOOJIHI>ITe.JibHOr·o Y,MeHbllleHI-1~ . Pii414YCd peJI~TWBIACTCKI!IX ~JieKTPOHHbiX 

4. 
t' 

·,, 

)·· --··' .,_. 

'':···.J 
;' "-

:1 / :.) ·.-' 

'· 
·. /. 

.I ·, t ,,. 

nyreM c~;aa~~~ ~Ha 
\. ,l 

KOJI.eU '3d· C~eT . Cl-iHXPOTPOHHOro·. 1!13JIY4eHI!I~, 

KOHe4HbiX paai!IYCdX CltldTI!I~ pacnpeaeJieHI!I~ MdrHI!ITHOrO nOJI~ C 
~ ' \ . \. • ! -

nOK;d3dTeJieM Cnd)ld 6JIIii3KI!IM K: e)li.1H.Iii.Ue. 

a:! npeaJIOitleH MeT04, 3dUI,WW,eHHbl~ dBTOPCKI!IM.·CBI!IaeTeJibCTBO~~ 
' . ' . ~ . -

YCKOPeH!1~ I!IOHOB1 8. ~J1e'5-TPOHHbiX .KOJibUdX, ,' OTJII!I4;;tiOW.I!IIitC~ TeM ';JTO 
' ' '"""' . ~OHbl YCKOP~IOTC~ no OKPYIIIHOCTI!I ~JieKTPOHHOrO KOJibUd 3d •C4eT 

aeLil_crel-1~ CI!IJlbl Kop~oJiwca ·8 • re~eHI!IIil"_ · epeMeHI!I cltlarw~ KOJib·ua. e 
KOJIJieKTW8HOM,~~KOPIIITe.lle I!IOHOB: 

. . ' 7. - OpoeeaeH ·dHdJII!I3 npouecco8- npl!l 4.111-!Te.llbHOM YJlePHCdHI!I~ 
. . . . . . . / 

peJI~TI!IBI-iCTCKI!IX, :lJieKTPOHHbiX" KOJieU '• C. ~IIIOHdMW, 8 pe3YJibTdTe 
'\ . . ' . ' ' :'. ·_ -. ' .' ' ' " . ·' ' 

KOTOporo Bnep8ble nOKd3dHO, 4TO .PeJI~TI-iBI!ICTCKOe ~JieKTPOHHOe 
, \- . ,. . ' . .. -' ' - ' :._ . . ' ~ 

KOJibUO; G. _IIIOHdMI-t _ MOIHeT. cyw,eCTB08dTl:> 'He 60.11ee 100ms B MdrHI!ITHOiit 

CI!ICTeMe · Ko.:ll.lleKTL-iBH.oro YCKOPI!ITeJI~, a .. OCHOBHbiMI!I qJaKTOPdMI!I, 
' ' .. : ',' .. ' \ ' . / . ~ . .. . ;. . . : 
cOrPdHI!I4WB~IOW,WMI!I epeM~ ltllii3Hiil ~JieKTPOHHbiX KOJieU 8 KYT~.-~BJI~IOTC~ 

norep111. • "~Heprl!llil peJI~T~Biii~TCKI!I~ ~JieKTPOHOB • K~JI~U~ Hd · 

'ci!IHXPO-TPOH~Oe tA3Jly4eHl~ '1-t ··pa~ce~HI-ie ,3JIElKTPOHOB Ha HdKOnJteHHbiX 
. ' . '.. ' -

~~~H~x •. nP~8oa~w.L-te i yeeJ1~4e~l!ltO nonepe4HbiX Pii3Mepoe ~JieKTPOHHoro 

, 8.· · BblnoJIHeHo 'tiii3W·iecKoe o6ocHosaHI!Ie, · npoeKTa O~Sl~<. ERIS . 
• ., . '. '. • '· ' .· . • j: 

(~JieKTPOHHO- KOJibUeBOrO WOHI!I3dTOPd) Ha OCHOI:ie 1 MonePHW3WPOBdHHO~-. -. ·' . .. ' . ; . . ' .. 

Mariiw:r~o~ f_~creMbl KY.H1 ;~. ue'JibtO_ Koroporo. fBJI~er.c~. no~y4eHIIIe 
BbiCOK03dP~JlHbiX fAOHOB a·JI~ . npoeeneHI!I~ I!ICCJieJtOBdHW~: ·no ·f~3WKe 

• • • ".,, ' ' .f •, • ' ' I - \ t , . • r'--, 

~~eKTPOHHO~ 060JI04Kiil . WOHOB. _ B pe3YJibTdTe .• PedJII!I3dUI-iW . nepepro 

~rana npoeKTa ERIS,- PyKoeoawre.lleM .Koropo_ro ~BJI~erc~ al!lccepraHr·, 

npo'e~ilet-la peKOHCT.PYKUI!I~ ' MarHI!ITH~Iit cwcreMbl KYTW w noJI~4eH~' 
~neKTPbl JIWHW~- K« l-1 ,K~. peHTreHoeckoro, W3JIY4eH~~ KPWnTOHd !Iii 

. K,c_~~H,OHd npL.i ya'epHCaH,Iill-1 ~JieKTPOHHOro· KOJibUd 8 T~';leHI!IIil 30 ms: 

. 9~ npoeeneHbl: ieoper!-14ecKI!Ie IIICCJien'oeaHI!I~ · npouecca .ll.JIIIIT_e.llbHoro 

yjepltldH~~·:BbiCOK03dP~~H~~ 
pe3YAbTdTe KOTOPbiX: 

I!IOH08 ~ . ~JieKTPOH~OM 

I : ,· ~/' 
. . . 

\ 

ny4Ke · EBIS; e 
. ~ ' . 

_ - enepsble nOKd3dHO, · 4TO ynpyrwe. KY~OHOBCKI!Ie · CTOAKHOBeHI!I~ 

1-iOHOB; npi!IBOJl~W.I!Ie K ycraHoe.JieHI!ItO · .6oJII:::iUMdliOBCKO~ fYHKUI!IIil 

· pacnpeaeJleHW~-' I!IOHOB, . MOrYT .SlBJI~TbC~ ··ocHOBHO~ -.npi!I4WHO~ WX 

'•, 

;Hd41!1Te.llbHblx norepb ~Pill · .iiAwTeJibHOM ynepHCaH~Iil -· woHoe e EBIS 111 • 
- l ' . ·' ._- -~ " 

EBIT; 
.. 

i• 

onpeneJieHbl" OC05eHHOCTI!I npi!IMeH'eHW-~ ... MeToaa -..;· I!IOHHOrO 

OXJidlllaeHI!I~ B. ,:EBIS, . Ill 
. ' 

EBIT 'n.Jl~ np_eno repaw,eHw~ norepb . 

B~COK03dPSl4HblX ~OHOB; 

npen.11o111eH Meroa I!IOHHoro oxJialtlne.HI!I~ T~ltleJibiX I!IOHOB B EBIS 
\, ~-

\ 1' 

' . .. ,_ 
-·\. 5 
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I. 
>,', 

Heripep~BH~M nOTO~riM' AerK~X ~OHOB lA • onpe~eAeH~ 1 Heo6xo~I1M~e: 
! ,_ '., '• ' ) ' ' < 

napaMeTp~ CT~~~- AerK~X 1 ~0HOB ~A~ 

~OHOB 'a ~CT04H~Ke KP~OH-2. 
OXAd_lll~eH11~ 'B~COK03dP~.IlH~X';· 

10. · .Ha. OCHOBe. PdCCMOTPeH~,Sl ynpyrJAx 11 Heynpyr~x 

B3d~MO.IleliiCTBI11it 11 CTOJlKHOBeH~Iit .. 3dP~IIIeHH~X 4dCT11U 
1
6. nAd3Me ,fa 

TdKII!e KAdCCIA4eCK~X . noTePb ~3 OTKP~TOiit ·, .Mdr~·~THOiit. AOBYWK~, 
..- . . .... 

Pd3Pd60TdH~ •OCHOBHble ·noAOII!eH~~ . np~HU~n~dAbHO HOBOiit MO.IleA~ 

HaKon~eH~~ ~ y~ePII!dH~~ ~OHOB B ECR.~CT04HWKax;·co3.1ld~l1e.~oTopolil 
n03BOA~AO: . 

- BneP8ble Hdli!T~ fll.IA3W::,eCKOe 06b~CHeHlile ~BAeHI11it ,"gaz, mixing:· 11 
. ' ·' f . " . , ' ' ' ' , . . . . ' " : r ~ . 

"pulse regime"~ wcnoA,b3YeMbiX . .llA~ · YBeA~4eH~~ BO MHOro Pd3 8biXO.Ild 
• • '•. • ; ,'' • • ;'' • ' \ ·\' • r : 

MHOr03dP~.IlHbiX, WO'HOB, B 60AbW~HCTBe CYW.eCT8YIOW.liiX. ECR·.WCT04HI1KOB; 
·' . :· ·I .·. ·. i.• \ '· , ·. • · •; • .. '· . . 

npe.llAOII!~Tb H08bla nepcneKT~8Hbllit MeTO.Il· YBeA~4eH11~. 8biXO~d, 
' . ·. ,. . . . . ·, ., ' ' 

MH0~03dP~.IlHbiX, 

OXJidlll.ll!":Hiot~.. B 

~OHO~, OCH08dHHbllif·. · Hd ';- 11Cn<i_A.b3<)BdHiot11 , . lotOHHOrO ) . 

1-tMnYAbCHOM peHclotMe '· Pd60Tb1'1·'. c .YMeHbWeHHOCt 

.llA~TeAbHOCTbiO ~MnYAbca ~-tOHHoro. Toi<a: · H'a 8hlxci.ne ~3. ECR liiCT04Hl!IKa ~ 
.... . . . ' . . ~ . .. . \ '. -" .. 

no3BOA~IOW.Iot~ ·pac4~Tb1BdTb .Ha noAY4eH11e l!IOH08~ Kr30+,_ IotA~. ~OHOB 

Pb~0+ C·.TOKOM .110 0.1+0.3 mA np!A .llAWreAbHOCT~ lotMnYAbCd OKOJHJ. 
_' l· '. <' : ' ·-. • !, ·, • . ' . 

0;3_ ms; . ·. . .. , <' I' 

-:·Pd3PdoOTdTb MeTO.Ilbl' Iii aArQP~TMbl 4~CAeHHOrO Mo.JieAiotPOB.dH~~ 
• ·.• i < '.. ., •• ,'• ••• ·.: t .· ' 

OCHOBHbiX nPOUeCC08~ C8~3dHHbiX. C. o5Pd30BdHioteM: ~ HdKOnAeHl!leM 
'J • • •• ' • ,, • ' ., ' • t •• 

l!IO.H08·; e·'pa3Aiot4Hbix pell!lotMaxpa5oTbl ECR' L-fc.T04Hl!IKOB ;· 8 ·TOM '-ililcAe' 

. 8nepeble . .llA~ cMecelit .. r'a3o~ 1o1 8 \.ci~."HaM~4ec~o~ peit!l!IMe; · . ' :. 

BblnO~HiATb '··4~CAeHHOe .MO~eM.jPOBdH~'e· np'oueccoe (HaK'onAeHiot~' 
1-tOHOB '.B ECR ·L-tC,T04HiotK,aX, pe3YAbTd'Tbi. KOTOPorp. ~MeiOT.', xopciwee 
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4ePe3 TaK ·Ha3biBa_eMbllit litOHiit3dUiitOHHbllit 4!aK TOP:' 

:1.' _1,_ .. - E . :1. 
J't'i.· -k=l. c;'k ' :. ( 

, I 

r~e j: n V ~ nAOTHOCT~ TOKd,3AeKTPOHOB. 

I· 

_, 

- I 

(4) 

e·e· . . . ' !' . r.. • '. . . 

O~HaKo, HeCMOTP~ Ha TO 4TO 3Ha4e~lit~ (3) ~~tA~~t ·(4) _MeHbwe 4eM 
,,;· 

(2). lit X litCnOAb30BdHiite. ·nPiit 'OUeHKe BPeMeHiit litOHiit3dUiitlit 

MHoro3aPSI~HbiX litOHOB ·6oJiee onpae~afio~. T. K. peaAbHO cyw.ecTeyer 

ueAbllit · p~~ npo~eccoe 3aMe:.UASIIOW.IItX lolA lit ~rpaHiit~·litBatOW.IitX pocr 'litOH~oro 
. . '· . . 

3dPSI~a B. litCT04HiitKe~ ,He Y4TeHHbiX nplit BbiBO~e (2). K ~rlitM· 
' • • '.· .... : /. f 

npoueCCdM 1:1, nePBYIO 04epe~b OTHOC~TCSI. lltOHHble noTePW, KOrOPble 

t.iorYT 6~Tb. Bbi3BaHbl :pa.3A~~t4HbiMiit 'npw-i~~ttiaMw,· al: ~ai<.lfle nepe3aP~nK.'a 
HelitTPdAbHbiX dTOMOE3 litAiit, MO,AeKYJI , ocraT04HOrO ra3a, KOr~Pble· 

' . . ' ' . . ~ 

.H~Iit36elfl~O.·. ri~~CYTCTBYIOT B. ,lit~fO~HiitKe, \Hd HdKOn~eHHbiX 
MHOr03dPSI~·HbiX LkoHdX /8; 1g/~ • . ·' 

' • : • • '! ~ ; ' • • '.. . . ' • ' ' . .~ : •• .. • ·'- 1 • ; ' ' •• 

Ha OCHOBe 1Ce4eHiitlit·litOHiit3dUiitllt 3AeKTPOHHbiM y~aPOM lit nepe3dPSI~KIIt 

He~TP 1dAOB ' Hd MHOr03dPSI~HbiX · litOHdX H1alit~~HO ., r.pe6oBaHlAe Hd. 

nAOTHOCTb HeliiTPdJIOB, nplit KOTOPrilit nepe3dPSI~KOiit B litCT04HiitKe M~lflHO 
' ' ~ : ' ' > ' •' I ' 

~~eHe6~e4~~· 
. ,. ' /---p,_-

\ ~~·<< 5 n .\/ E-E-:-
n . • :1. .. .. 

3~ec·b n 41itCJ10 3AeKTPOHOB 

I I , 
--~ 

·3 
l. ' 

/ 
Ha .BHewHelit 

/ .. (5) . 

o6oA04Ke_·~~toHa,_ i - :.,ero 
. . \•_ . ' .\ . . 

·3apS1~~ A ,- aTOMHaSI Macca;. Ei. .--.:~HePrlitSI ~~taHoe;. E.,. - 3HePr1-!SI' 

\ 
~~eKrPOHOB; !

0
- no~eHU~dA litriHiit3~U~lA HelitrP~AOB; 

· · AHaJIIit3 ocHOBHbiX ripoue,ccoe · s litOHHblx· litCT04HiitKax /2,?;.19,23, 

31/' no3BOJIIitA C~OPMYJIIitPOBdTb B ,lllitCC'epTaUiitlit YCAOBIItSI <l-teo6XO,IllitMble . ' . . ' ,. . .. 
~JISI o6pa30Bd~~SI MHOr03dPSI,IlHbiX-~O~OB B litOHHbiX lit6r04HiitKdX: 

• '1 . . ' • 

· L 3HeprlitSI ·, ~AeK rPOHOB . · ,llOJI.IflHd 6blrb . •OOJibWe no.Te.HUiitdJid 

lit0HIIt3~UIItlit ~OHOB !pe6Y~MOiit .;dPSI.Il~OC~M~ . , . 

2. 'Jio.iJ!fleH . 6bl rb '. o6ecne4eH ljlaK TOP litOHIIt3dUiitllt ' onpe,neJI~eMbllit 

l!loPMYAolit (4); " 
3. nJIOTHOCTb .HelitTPdJIOB ',noJIIflHd' 6biTb -no _BD3MOIHHOCTL-i. MeHb,We-.. 

A.IISI; - oueHK~\· .nonycrlitMOiit 
' . . . - . . ~ . 

HelitrpaAOB M.Oifler 6b1Tb nJ!OrHOC1'11t 

MCnojb3riBaHO YCAOBiite (5). 
' • f' • 

' , BTOPd>! 'rJ)dBd \l 
\\ 

8TOPdSI , r JldB~ HOCIItT , MeTO:Oiit4~CKL-flit xaPdK rep. fl~PB,bllit naparPd4! 

~ rAdBbl nOCBSIW.eH 4!YHKUiitllt pacnpe~eJieH~~tSI lltOHOB 05Pd3YIOW.IItXCSI B 
• . . ' j ~ .. . : :- . ... • • ' ' ' . : '' . : . 

ny4Kax · o- .~aeHoMePHbiM lit rayccoscK~~tM PdC!lPe.neAeHiiteM. nJIOTHOCTiit 

3JieKTPOH_OB B Ce4eHIItlit ·/10;11,12~19/.; 

'-10;-

\. 

. I 

'I 

',I 

'-
·' 

/ 

·. i 

'"/ 
'!'.r.' /· ,· 

i 
--\ ,· 

Crau~~tOHdPHdSI 4!YHKUiitSI -~acnpe~eJieHiit~, MOifleT 6blrb 

TOJibK_O ( ~r 

lltOHIIt3dUIItllt_ 

lltHTerpaAOB . ,llBiitlfleHIItSI. Kaltl,nbllit. lltOH Melfl,llY .. 

MOifleT-· litMeTb ,llBd litHTerPdAd ,liB lit Ill e H lit_SI 

lllYHKUwelit 

d~Tdfot1,1. 

'MOMeHT 

--- , . 
KOJIJIM4eCrBd ,llB~~tlfleHHSI. orHOC~~treAbHO OC~~t-nY4Kd, M~ lit~ eCJIIit ·. M!i 

1
npeHe6pelfleM , ynpyrHMiit CTOAKHOBeHIItSIMIIt Melfl,llY dKTdMM lit0HIIt3dUIIt~ • 

~ . . . ' \ '-
~OAHYIO 3Heprlit~ E 'KOJIJie5aTeJibHoro .llBiitlfleHiitSI/B:n6TeHUiitdA~Ho~ ~Me . . . . 1.. . . • . . ' 

3dPSI.Ild. nY4Kd. 

B 3rlitx . YCAOBHSIX /10/ craUiitOHdPHble -~YHKUL•I-1' 

panpe,neAeH~~tSI lltOHOB 'B 

noAy4eHbl 

~d30BOM npocrpaHCTB~ KOOP,IllitHdr r H 

.CKOPOCTelit· V 16 · 3JieKTPOHHOM ny4Ke C. TdYCCOBCKOiit . . ' . '-..._ ' : 
nJIOTHOCrbl0. 1 6 

3dPSI,IlHOC~H -~ ce4eHiitlit. np~~t ·nocAe.nosaTeAbHOM · nep·exo.ne ~~toHOB lit3 

' " ,3dPSI,IlHOCTb: 

f 
:1. 

='_AM __ expf-'-(r2 + v 2 /t>J2 )/2a2) o(M...,). · 
.. n:a2 .. ,'"' :~ . . : . . . , i. 1.. - , " 

:1.' :1. 
~ ' 

(S} 

r.ne .·a;~·~ cpe~HeKB~.IlPdTiit4Hble nonepe4Hble noJiypajMePbl ·MOHHbiX 

KoMnoHeHT, \•1:1.-" 4a.cTtna, KoAe5aH~~tlit: i - 3aPSI.IlHbl·x ~~to Hoe ~a: np.-1e 

3JieKTPOHOB, . . ·' 

~pe~HeKBd~PdT~4Hble nonepe4Hble Pd3~epbl .lit 'CKOPOCr~~t litOHHbl~ 
. '~~tHrerp~p~eaH~~teM .c 4!YHKU~elit pacnpe.ne.11e111itq 

nci. eceMY npocrpaH.CTBy KOOP
1

.1llit!i?T lit CKOPOC relit: . . 

KOMnOHeHr HdXO.IlSI r CSI_· 

( 6) 

~2 -=:a2/i; 
· .. :1. •. l. 

' r \ 

_ u 2 = a 2w2 := a 2w2 = const· · (8) 
- :1. . • :1. ':1. ' l. l. . , .. . ' ' ' . . 

3Tiit•Bb1PdlfleHIItSI n03BOJISI~r·onpe,neAHrb 3,,eKrlitBHbllit ~a30Bbllit 06beMf 

,liAS!• -~OHOB .-

.. . / "· ·.. . --- ' 1\ ... 
Fi. = a~''':1.·= a~c·J~/V~l. ·.; .. · , , (9), 

CraulitoHapHaS~ 4!YHKUiitSI. pacnpe.neJI'eH~~tS~.· litO HOB · ( 6). ~~t · 3dBiitc~~tt.1ocr~~t 

(7) :__ (9) ·cnpaee.nl!litebl, Kor.na nPiit o5pa3oeaH~~~t · Kalfl.no~ HoeoCr 

3dPSI,IlHOc'flit ljl'yHKUiitSI p_a:cnp,e,ne'Jie~~~tSI' npe,nbl,n'yw,elit 3dPSI,IlHOCrlit: MeHS~e'rc~ 

MdJIO. TaKiite )ICAOBiitSI MOrYT BblnOJIHSirbCSI,. !idnPiitMePi .B CAY4de 

cyw,eCTBOBdHIItSI 3Hd41itTeAbHOrO nOCT.OSIHHOrO -'np~~t-TOKd HOBbiX lltOHOB L-f3 

HelitTPdAbHO~o' ra3a'. TeM He MBHee. y4e'r .. HePdBHOMePHO'Iit n.llorfiocrlit B 
\ . .• . . 

ce4eHHIIt j nY4Kd nplit nOCJie,llOBaTeJibHOM .HdKOnAeH~~tlit litOHHbiX 

1 3dPSI,IlHOCrelit nPiitBO,IllltT K' TOMY, · 4TO cpe,nHeKBd.llPdr~~t4Hble Pd3MePti 

litOHHbiX KOMnOHeHT, YMeHb'WdiOTCSI 3aMerHO iJbiCTpee', 4eM 8 ny4~dX C 

nocTOSIH~olit · nAOTHocrbiO 3AeKrPOH~B- . O.nHoBPeMeHHO na.natOT H 
. / \ I' . , . . 

34!4!eKTWBH~~-'a30Bble OobeMbl: 3r~ pe3~JibTdrbl HdWJIIIt no,nrBePifl.lleHH~ 

B TPeTbeM naparpa4!e. B_pe3YJibraTe MO,Ilei~~tPOBdHIItSI Me~O,IlOM KpYnHbl~ 

4dCTIItU. 
I , 

Bo Bropo~ \ naparpa~e. H3JIOifleHbl · OCHOBHble nOJIOitleHIItSI Me.ro.na 

11 ·,, 

.~ 



I 

fiO.~HbiX MOMeHTOB •YHKUiollol panpe.a'e.lleHiols:l 

4aCTioiU. /1,4/. 3TOT 

a· 3a.aa4ax .. o .Ll«HaM&o~Ke 

OY4KOB 3aPs:lllleHHbiX Mero.a · obl.ll pa3pa5iJTa~ B 

OWSllil, no .a ~YKOB,O.LICT.Boi-1 3; .A .nepe~t>wreiAH~. np~o~ ·:.~o~cc.~e.aoBaHli«, ny4KOB · 

3aP!;;IIIeHHbl X 4d.C TloiU; OC06eHHO B. CJIY4d.e - lAC T04HIAKOB MHOrO 3d.Ps:l.LlHbiX 

UOHOB,; OC.HOBHOIA' ~Hrepec npeitcTaB.IIs:lioT ycpe.aHe~Hble xapaK repl<!~ TIAKIA 
'· ' ' ·,· ' ' • ' ' • , •• ; ,. 1 

ny4Ka, Td.Kl<!e Kd.K CPe.LlHs:ls;l CKOPOCTb, CPe.LlHeKBd..LlPd.TIA4Hble Pd.3MePbl, 
. ' . , , . ,' - , ', I , . . . 

reMneparypa l-1 r:.a •. f.llaBHaSI 3a.Lla4a Mero.aa MOMeHr.oB -: ·.aarb 
• ' i ' • ~ \ 

.:'oKP<;lll.eHHOe (no cp~aBHeHioiiO c .. ypaBHeHIAs:IMIA B.11acoBa) on~~tcaHl<!e 

Jli/IHd.M~KLt OY4.KOB; 003BO.IIs:IIOII,ee B ·ro · ltle BPeMs:l npoc.lle.LliiiTb OCHOBHble 

~loi31A4eCKiole 3d.KOHOMePHOCTiol. 

c' B /4/ no.lly4eHbl. .llloiHeaPl43~BaHHble 
1 

ypaBHeHioiSI · .LlBIIIItleHiols:l. B. 

· Ul4.11l4H.LIPIII4e~KOIA , CIIICTeMe KOOP.Lllll~d.T C y4eTOM CIIIHXPOTPOHHOro \ 

III3JIY4eHioiSl. pe.JI~TiitBIIICTCKl4X . ~JieKTPOHOB ,·. 'IIIX pacces:IHIIIs:l Ha 

-Hat<onAeHHblx · 111oH·~x' · ,1o1 ' Ha~·aJ.t.Hor~. npo.aollb,Horo ; a31AMYTa.llbHorci 
' . j ·-~ ' ' i '. '. < ·, 

3HePrer~o~4ecKoro pa36poca ~.lleKTPOHOB. YpaBHeHIIIs:l .LlBIIIItleHioiSl-

.IIICOO.ilb.3YIOTC,si nPIII BbiBO.Lle' CIIICTeMbl ypaBH,eHIIIIA ~As;! MOMetHOB \BTOP·O~O 
, nOPSIJlKd. ··d 'Y4eTOM .. YKd.3d.HHbiX BbiWe 3qlefi~KTO~'- np~o~ 1113MeHeHIIISIX 

I J ' • ' • 'J ' I, • ! ' ' ~ ~ ' ' ' ' j • - ' • 

~HeprloiK ~JieKTPOHOB, TO.JibKO BC.IIe.LICTBIAIA CIIIHXPOTPOHHOrO 1113.11Y4eHioiSl, 

.no.lly,4eHa . c~o~creMa: ypaeHe~l41'4 • . on~CbiBatOw,as:~. poeT nonepe4Hor.o. 
t . '·. ' ,, .. ' • • . ' . •' ,,, 

t;a3oBor.a·· 'oobeMa ~JieKTPOHHoro K:o.llbUa : 3a 'c4er pacceS~HIIIs:~ 
;JleKrc:ioi1oB •. · Koropas;~ ·. np111 'orcyrc'rBl-1~ ·p:acc~SlHIIISl'. nepexo.a~o~r- B 

", t " • • ' r' >' ~' ' ' "-' •' i < \ 

CIACTeMY d.LllllaoaTIA4eCKl4X loiHBaP!AaHTOB. Qnpe.ae.lleHO 1113MeHeH!Ae 
- ' .•· ' ' . ' ,_' . ' ..• , ' • J 

nPO.LlOJibHOrO. 3HepreTIII4e.cKor,o pa35POCa 3JieKTPOHOB B ~.lleKTPOHHO-

_l-!OHHOM K'DAbUe ,' Bb13BdHHO!";O CIIIHXPOTPOHHblM .1113.11Y4eHiolet1·-· 

. no.IIY4eHa. i .\ c~~r.ei.ta ypaBHeHIAiit •.•.. OOIACtiBaiOW,d.s;l. .' loi3MeHeHiole 

cpe,llHeKBaJlpaTIII4HbiX 1 pa3MePoB ~.lleK~Po~HoiA "' IA6HHOIA KoMnoHeHr np~ 
' . . . . ' ' ' ·.' . ' . ' . . j '' . 

!i<l.KOn.lleHIAIA .. i-tOHOB -B' ~.lleKTPOHHbiX · OY4Kd.X lA KOJibUd.X .. nepeMeHHOrO 
I ' • ,' .,1 , ' 
o6beMa. Blllnq.IIHeH . pac4eT -a.atAa6artA~ecKoro 

. . \ ·, , . ,· . , , I . ~ 

v.oHHoro ··KoJibUa. ··\ B a.are3arope nporortAna 
. ' • I 

OCTaT04HOro· ra3ci '. (a30Ta); 

Cltld.TIAs;l ~JieKTPOHHO-
' . 

KYH1 B, •, arMocq,epe 
I 

Ha OCHOBe 

YPaBHeHtAs:l .LlJis:l 

Mero.aa MoMeH"roB • CIIYHKUWIA pacnpe.aeJJeHIASl no.lly4eHbl 

OTHOCIATe.llbH~X noJJ~PIA3aU~Iit lA, cp'e.aHeKBa.ilpaiiA~Hbl~. ' 

pa3MePOB .. · MHOrOKOMOOHeHTHbiX , ~JieKTPOHHO-IAOHHbiX- i KOJieU,. np!A , l.fx 
' ' . ' ' l' 

. -KOJIJI,eKTIABHOM YCKOPeHIAIA .. B -~JieKHJW:jeCKIAX. lA MarHIATHbiX nOJis:IX /9/. 
"ic TdHOBJieHO • 4T.O 'nptA pac4eTdX Heo6xo.QioiMO Y41o1Tbi·BaTb. pea.JibHO·e. 

. Pdcnpe.aeJietitAe ·tAO HOB.· no 3aps;~.a~ocrs:~M. B ', 4acrHoc'rtA • HaJIIA4tAe IAOHOB ' 

· v.;, ocr~T04Horo ~a3a _ Blllno.I.HeH1 pac4er. ycKopeHIAs:~ ·tAo HoB KceHoHa B 

t1P1ACYTCTB141A · IAOHOB a30Td B ,cna.a·a-IOW,BM Ma~HIATHOM 'no~e OPOTOTiolna. 
. . •' .. I . 

K'IH1. peJYJibrarbl Koroporo nPl4BeJleHbl Ha · p~o~c ~J /9/., PaccMorpeHo' 

.Ited. C.IIY4dSl: 

KP1o4Btie -- 1 COOTBeTCTBYIOT. ~JieKTPOHHbiM. KO.IIbUaM 

1.2 
"~ 

\· ,_ 

c· . 41ACJIOM 

··~--

! 
.-"'-

.6 X , 1010 .lA IAOHOB 5 X 1012 , 4~CJIOM IAOHOB KC~HOHa ~JieKTPOHOB 

d30Td 4 1X 10i1_ . 

KPIABble 2 -,41ACJIO ~JieKTPOHOB. 1013 ; IAOHOB KCeHOHa 

IAOHOB d30Td.'- 2.5 X 1011 • 

5 X 10J.0. . . 
• Ha. piAc. 1 npe.acra.BJieHbl Ha6op ~Heprt..itA · E IAOHaMIA Ha • HYK.IIOH lA 

.orHoweHtAe CYt.:tMaPHbiX Mace ~JI~KTPOHHoro. ··t.-1 · IADHHoro, K.o.11eu. lL B 

CJIY4de 1 ~JJeKTPtA4eCKoe · cno.11e·, C03.LlaBaeMoe ~JieKTPOHaMiol, 

He,IIOCTd.T04HO • .Ll.JISI YCKOPeHIAs:l ~ BCeX IAOHHbiX !3d.PSl.LlHOCTeiA , lA 

Ma:IJ'o3aPs:l.LlHble IAOHbl Xe TePs:IIOTCSl B. npouei::ce ·ycKOPeHIAs:l. CpeJlHrAIA 

3aps:~'.a IAOHO·B· ;KCeHOHa B KOJibUe. PdBeH '13 lA no reps;~ nepBbiX .Lle~s:IJ:IA, 
o_rHoctAreJII:>~o· MaJio4tAcJJeHHbiX Japs:~.aH_oc-Telil; J1e; np~BO.LIIAT K. 3aMeTHbi.M· 

IA3M~He~tAs:~M napaMerpoB Kd~bUa- j 

Ha PIAC .1 nePBbiX .aBa cKa4Koo6pa3Hblx ·IA3MeHeHtAs:~ 3arpy3KIA KO.Ilt:>ua· 

f orpaltlaiO'T norepi-1 10 ~- .11 .3aps:~,!(HOCTeiA- B pe3YJibTar-e. ~ror'6 ~- a 
"i. Td.Kitle nocreniHHOrO YMeHbWeHWs:l Be.ayw,ero MarHIATHOrO OOJis:l • 

... 

J ~JieKTPOHHOe KOJI.bUO YBeJIIA41A.BdeTCs:l B. Pd3Mepa.x', lA_ reps:~er.cs;~ _60JibWOe 

41ACAO. IAOHOB . C ·· 3d.Ps:l.LlHOCTbiO 12. :3ro OPIABOJliAT K peSKOMY .POCTY ., ,'· . ' 

·aKctAaJibHbiX pa3MepoB ~JieKTPDHHOIA i<oMnoHeHrbl· lA pa3pyweH1AIO Bcero · 
,~· • . • ' ' - .• I • -__ •. ' ' I (' ' . _.' . ,. i 

KOJibUd. Ha OCHOBe 41ACJieHHOrO ~KcneptAMeHTd..nOKd.3clHO /9/, 4TO .LlJis:l 

KOMOaKTHOrO . YCKOPeHIASl ~JieK'TPOHHbiX KOJieU C.· TSlltleJibiMW •loiOHaMIA, 

t1eo6'xo.ritAMOe pac4eTHOe 41ACJIO ~JIBKTPOHOB .LIOJII!IHO elbiTb 60JJee ' 5 X 

10:L~ nptA c~w.ecr~oBaBwlolx , B KYTW yc-~O-PRIO.W.IAX .. no.11s:~x lA .aaBJieHIAW 
, . . . . ·. . . I . I . 

OCTdT04HOtO raJa:- ' 

-~ B r~erbeM naparpaefle Bi~~olit r~aBbl IA3~0*eHbi ocHOBbl Mero.aa 
- .. ' . ' 

KPYOHbiX .4dCTioiU:Iol pe3YJibTdfbl MaTeMaTtA4eCKOrO ,MO,IleJIIAPOBdHIASl ~TIAM 

'MeTo.i!OM npouecca. Hd.KOOJieHIAR MHOr03d.Ps:l.LlHbiX loiOHOB B ~JieKTPOHHbiX \ 

ny4KdX-/11,12,13,1~·:is;.- 1 , . ;, . 
,·MeTO.Ll KPYnHbiX 4d.CTIAU~,IIeJJa.er B03MO*HbiM paCCMOTPeTb, ,lleTdJibHble ~ 

xapaK reptACTIAKIA · ny4KOB, IA3Y41ATb ~fYHKU~W Pd.COP~.Lle.lleHIAs:l · 4d.CTIAU: lA . . ;. . . ' . ' - . - -

WX IA3MeHe,HIAs:l' npiA -nepexo.ae iloHOB IA3 3d.PSl.LlHOCTk B 3-d.PSl.llHOCTb, 

y4ecib. HeJitAHeiAHOCTb. co6CTBeHHbiX no.lleiA ~JieK,TPOHOB- ,3ror MeTO.Ll 
t • '·I '. . ' . 

Hd.XO.LlloiT OPIAMeHeHIAe B 3d..Lld.4d.X CBs:l3d.HHbiX c-' . .LlBIA*eHi-leM CnJIOWHOiit 

_CnJIOWHbiX cpeil lA B CPe.Llbl 0 B TOM .41ACJie B ~JieKTPO.LliAHd.MIAKe 

MO.Lle~IAPOBd.HIAIA .ny4K,OB 3dPSlltleHHbiX ';ldCTIAU • 

B MeroJie KPYnHbiX .lfaCTIAU B Ha4a:JI.bHt.iiA. MOM.eHT ct~a3oBbliA 06beM 
' . - . ' ,.J ( ·. - - ' . ' 

Kd.lii.LlOro: KOMOOHeHTd. dHCaM6JIR · Pa361o1Ba_eTCs:l Ha HeKO!OPOe, KOJIIII4eCTBO 

HenepeceKdiOW,IAXCSl ~JieMeHTaPHbiX·· 06beMOB. (s:14eeK); lot - .LlBIA~BHIAe 
Ka*.LlOrO · Td.KOrO 06beMa OTOIII.LleCTBJISleTCs:l C .LlBIAitleH_IAeM KaKOIA-Jil-160 

: O.LIHOIA era 4dCTioiUbl C CYMMaPHbiMIA 3aPSl.LlOM lA MaC COlA. noJIY4d.eMble 

Td.Kl4M o6pa30M MO.LleJibHble 4d.CTl4Ubl ~d.3b1Bd.IOT KPYOHbiMIA.4dCTioiUd.~IA- . 
- ~ . .t 

MeTO.LlOM KPYOHbiX :4aCTIAU npo'Be.aeHo MaTeMaTIA4eCKOe 

·'' 1.3 



l 
I 

t2S~ I' 

~c.-~ 
• < ' '. 

6, 
~ 

tOO 

15 

jO 

>5 

~ '. 

.. ,¥)) 
E;;;;;;;! ~ 

u 0,6 

0,5 

ZJJ g:4 
0,3 

... 0.2 

0,1 

\' 

15 ~'' ~ 20 

.P~c .L M3MeHeH14SJ \ycKOP~HlUlero 
MarH~THoro ·noJT~ · B, . 3Hepr~~ 
~OHOB B npouecce YCKOPeH~~ E 14 
noJTHOtA 3arPY3K~ .KOJlbUd f..f, 

~ P~G.2: M3MeHeH~e cpea~e~eaapa
,T~4H~x Pd3MePOB ~OHH~X KOMnO~ 
HeHT B 3dB~C~MOCT~ ,OT . 3ap~aa 
~OHOB: (0o03H. CM~. B·TeKCT.e).'. . 

MoaeJT~POBat-iwe npouecca- HaKonJTeH~~ ~' nepexo.ria' ~3 3dP~aHoc·T~ B' 
I . ' j • ' • I ' . ' ' . ' ·, 

3dP~aHOCTb . i-tO HOB. B 3JteKTPOHH~X ny4Kax' /11,12,14/. MccJieaoeaHbl' 

awH~M~Ka IPYHKU~IA · pac~peael!eH~~ ;3AeKrpotioe ~. ~otioe ;: a raK , 111e 
:, ·, •. ' \ . r .• ' \' , ;• ' , I·,. ,'•, 

CYMMaPHOrO; noreHUI4~Jta '3~eKTpl44eCKOro,. noJT~ e· 3dBI4C~~OCT~· OT. 

3aP~aoeoiA HeiATPdJ11..13dUI4~ 3JJeK TPO,HOB HdKOnJTe.HH~M~. ~OHdM~. 

Cci5cre~HH~e · . noJT~; ... co3aa6ae~~~ . !=lacnpeaeJTeH~~M~ "3aP~IIIe.HH~x 
4dCT~U, ~·axoa~rc~ peweHHeM' ~a ceTKe ypaeH~H~~ ~ ny'acc'oHa. 

c ~cnoJTb'3oeaH~eM ~ero'.na KPYnHb.x ~~cr~u. obi~~ w3y4eHa aL<fHa'Mwt<a 

MOMeHTOB BTOPOrO nOP~AKd wdHO~ B ;aB~C~MOCT~ ~T ~~ 3dP~~H~CT14'~ 
npoMoA~JT~poeaH~ IP;HKu~~· pacnpeaeJTeHw~ (6r ~ • 3ae'~cwMocr~ . (7) 

{9),·.,noJTy4eHH~e e nep~oM. nop~rpa~Pe i-3TOIA r11ae~· 110,i21~ .AJT~ 
n~eacTaBJTeH~~ : Kcl~AOtA ~OHHOtA 3'qP~aHOCTI4 ~CnOJTb,30BaJTOCb no. 1000 . 

' ' • ,, I_' :. . · ... -·' , 1
,: : I ,· 

4aCT~U. I. npe~.lin?JtaraJTOCb; lHO , ~ll~KTPOHbl . e'• ··ce4eH14,1-i , nY4Kd,, 

pacnpeaeJTeHbi no 'rayccoscKo~y 3aKOHY •· · · .B . 3T~x. pac4erax 

co3aaeaeM~e ,~oHaM~ noJT~ 'He y4i1l-bleaJT~cb ' •. '. 
P,ac4eT~ i5biJTH·~~I)OJ1HeH_~·AJ1~ ;{eyx ·-c·Jty4aee, B· nePBOM (CJTY4a!A 

~ "a"•), ,COOTBeTCTBYHJUleM YCJTOB~·~M n~~'j KOTopbix' 5~Jta HalilaeHa !pyHKU14~: .. . . - ' . . ' 

PacnpeaeJTeH~~ (6), npe,anoJTar?JTOCb', ·4ro np~, o5pa3oeaHwi.1 Hoe~x 

~oHoe, tYHKU~~ pacnpeaeJTeH~~ npea~ayaelil .. 3aP~aHocr~ ocraerc~ 

~3MeHeHwe · IP~HKU1414 He~3MeHiioiA: B' c.ily4a~. "b" · y4wrbiBaJTocb 

p.:icnpeaeJT.eH~~. , . 

Ha P14C .2 .·£.13ofipa~eHO ~3MeHeH~e OTHOWeHH~ cpeat-ieKBaap·aT~4H~X 
Pa3Mep~B ~OHOB . i-Tblil. 3~P~aHOCT14, K CPeA1:1eKea'aparl-i4HbiM··pa3MepaM 

3~eK TPOHHOrO .\ 'ny4Ka &:1./a.,. Ha. 3tOM 'p~CYHKe KPI-!Ba~ npoeeaeHa 

4ePe3 T04KH, HdtAAeHHble no fOPMYJldM (7J aJT~ rayCCOBOtA nJJOTHOCTH 

\ .· \ . ~ \ 

\-· 

·, :t.A. 

-·i ' 

;_;. 
'.!I,.., 

: '•, ~ 
! '-<-

~JieKTPOHHOrO OY4Ka • P~aoM· T04KaM~ · HdHeCeHbl Pe3YJ!bTdTbl 

. ~.~~cJieHHorci pac1.1era. a.it~ _cJTy4aee· "a ·• ~~ "b", · 

o ro4HOCT~ 4·~cJieHHbiX · B~41-1CJTeH~Iit · MOIIIHO cya.L.lrb ·no pac4eTdM. 

·npouecca Hai<onJTeH~~ ~oHOB· e · 3JteKrp.oHHOM ny4Ke c nocro~HH.olit'· 
nJTOTHI?CTbHl. Pe3YJ1bTdT~ 3T14X PdC4eTOB . (050.3Hd4eHbl KPeCTdMl-1 tfd 

PI4C .2) OTJ1144diOTC~. He oOJTee 4eM Hd 1-2% ~OT 143BeCTHbiX T04HbiX 

3Ha4eH~.Iit, ··n·p·eacTdBJTeHHbiX: C·OJIOlUHbiM~- KP~BbiMLol 2. 

3ror ·4~CJTeHHbliA pac4eT LotMeer :eecbMa_ xopowee· corJTac~o~e ::; 
'• < 'I 

: OOJIY':leHHOtA MOAeJibHOtA IPYHKU~e!A, 'pacnp'eAeJTeHl-1~- (6) _1-1,, 'C oaHO~ 

CT.OPOHbl no.i:neep111aaer ee peaJibHOCTb,- d. C apyro!A .- aeMOHCTPIAPY~T' 
B03MOII!HOCTI4 MeToaa KPYnHbiX ,4dCT~U. 

1PeTbl3 r.11aea 

Tperbi rJTaea -··nocB~UleHa'.HaKonJTeH~IO ~OHOB e p~~s:iriiet..tcl-ct<w)( 
3JieKtPOHHblx- ,-. KOJibUax. . B . . _ nePBOM naparpate~ 143JTO!IIeHbl ·ocHoBH~e 

' ' 

1-!0HOB;- ~JteKTPOHHbiMl~ KOJibUdM~ · B KOJTJTeKTI-IBHO~ ' ' 

OPI-IHULoiObl, ycKppeH~~ 

;~CKOPI-!TeJTe ~:KPdTKO on~Cd~O ero YCTPOtACTBO. 

·, B 3roM- naparpa~e npeall~llleH ·raKIIIe Meroa ycKopeH~~- ecrpe4,..,,.. 
'J . < \ '·'' ' '-!.' •• · • ' J \. 

· ~OHHbiX '. OY4KOB ·3d CLleT' CMJlbl KdPI40JI!oica'· npw tOPMI-IPOBdHIAt1 
. . - I' . • , , ~ ' : - ' 

·~JteKTPOH~OrO ~OAbUd B KOJTJTeKTI-IBHOM yckOPI-!TeJTe /16,34/, .Afl9 • 
• • t'• . ' '. / ~ 

3TOrO B ~JteKTPOHOe KOJlbUO HH!IIeKTI-IPYIOTC~ HdBCTPe4y apyr APyry· no·. 

. ~d~dT~JlbHOiil :· aea OY4Kd lHelilrpaJTbHbiX, dTOMOB~ 'B .Pe3YJ1bT.~Te 
i-loH~~dUl-1~. OoPd3YHJTC~ 140H~,- K_O;OPble 3a,xea:rb1BdiOTC~ '3JteK,TPli!4eCKl~M 

~ • > \ 

. ·noll eM 3JteKTPO.HOB Hd Kpyr·OBYHJ : Op6MTY. npw , CllldT~I~ .. ~JteK TPOHHOrO-

'WdHOB BbiOOJTH~eTC~ '3aKOH . coxpaHeHl~~ ci6oSUle~Horo 
KOJ1JI~4eCTBd ABI-IIIIeH~~-- B 

._ .· ' \ . / \ 

3JI8KTPOHHbiX KOJlbUdX. -KOJTJTeKT~BHOro' 

'YCK9~1-1TeJI~ lMeXdH~LleCK~~- MOMeHT HdMHh~o npeBbiWdeJ BKJTaa bT 
MarHWTHOrO noJT~. ,' no3TOMY ~ np\-i CllldTI4~ . 3JteK TPOHHOrO .'KO.I!bUe 

• . t ' . ". . -

CKOPOCTb ._BPdUlaiOUli-IXC~ ~OHOB B03PdCTdeT OoPdTHO nponOPUHOHdJlbHQ 

paa~ycy 'KOAbUa. PaC4eTHbiM nyTeM f10Ka3dH0,_''4TO Hd KOHe4H0M 
_, ' I -

paawyce 3~eKTPOHHOrO KOJlbUd 3Hepr~~ 1-iOHOB d30Td _ MOII!eT aOCT\4'-:lt:o 
' ' ' 

218keV~ aproHa ,.:. 109keV, K
1

CeHoHa .,.- 85keV 1-1 CB~HUd - 73keV. n~ti 
/, F •· ' ' • • ' 

. YCKOPeHH~, ABYX BCTPe4HbiX ny4KOB dTHOC~TeJTbHd~ 3HePriA~. 1-!0HOE 

• '6yaeT,· COOTBeTCTBeHHO B.- LleTbiPe Pa3d , 60JibWe ~ nOJIYYd8Mo'l 

CBeT~MOCTb AO 4 1030(cm2s).:.1- /34/. 

Bo ~ropoM-naparpate 143Y4eHbl OC06eH!iOCTl1 HdKOnJTeHl~~. ~OHOB e 

pe~~T~BI-ICTC~I-IX 3JteKTPOHHbiX KOJ!bUdX C ~3MeH~IO~I-I~tAC~ BO BPeMeH~A 

Pd3MePdM14. npoeeaeH 4~CJieHHbltA PdC4eT HdKOnJTeH~JI l10HOB d30Td ,. 

aproHd, KPWnTOHd, KCeHO~d ~ YPdHd B 3JteK:TPOHHbiX ,,KOJlbUdX 

~5. 

\ 



_,,-, ,'!' 

KOJIJie_K;HIBHo~o YCKOPW~T e.11~: · w'oHoe · /2,3·, 5:~ 8/ .. · Onpe~eJieH BKJid.ll 

WOH-WOHHbiX. W WOH-dTQMHbiX npouecCOB · npw_ HdKOnAeHWW , WOHOB 
' , ' I ',_ - ' ' 

/2,3,8/·. noJIYYeHbl nPOCTble IPOPMYJibl, n03BOJI~IOW,We C .llOCTdT0.4HOiil_ 

T04HOCTbiO 5e3 -~~nOJib~OBdHW~ 38M onpe,neJI~T~·- o6w,ee' 4~CJIO W 

c~e.QHWiil ~ap~,n WOHPB npw .IPOP~~POBdHH~ ~JieKTPOHHO- WO~~~X K~JieU B 

~OJIJieKTHBHOM YCKOPWT~Jie /3( .. ;. . . -' 

B ~a4ecrae npw~epa.Mom~o n~~aecrw Pe3YJibTdTbl 4HCJieHHOro pac-
• ' ' • ' • • I • ' 1 

· 4eTa no HdKOnJieHW~ WOHOB. Xe H. U :H3 WMnY.IlbCHOiil CTPYH HeliiTPdJib-

~OrO ra3a .llJIHTeJibHOCTbiO 0~25Mc .• npw 
1
cmaTHW 3JieKTPO.HHO~~ KOJib,Ud B 

a~M~c~epe oe~dTO~Horo ra3~ (d30~d) a'·K~M~P~ kYTK~20 ~~/, 05w,~~ 
• , . '!' . '"·--.:. ' 

apeM~ cmarw~ · KOJit:iua. coeraBMlJIO 1 :2.5Mc , . noeJJe ,·,4ero· pa3Mepbl " . ' . . . . . " 
KOJibUd e4HTdJIHeb • noeTO~HHbiMW. npe,nnOJJdrdJJOeb, 4TO WeT04HHK 

Hd4HHaer pa50TdTb: npw ·t. z 1. 75MC w .npw Pd.llHY~-e KOJibUd R = 5eM. 
' '' ., •' • • • I 

OeHOBHble, pe'3YJibTdTbl . 3THX pae4eTOB npwae,neHbl . Hd ·pwe.: 3; r 

CnJIOWHbie · K,P«Bble eooraercrey10r , N = . 1013 , · ~YHKTWPHble .:_ 'N .= 
, 5x10l.:;!. Ha 3TD_M pHCYHKe. W305pameHo., IA3MeHeHHe cpe,llHero 3dP~.n'a 
{<fOHOB Z _ d30Td, K_ce~oHa H YPdHd B · 3JieKTPOHHOM 1\.0JibUe ~ Bw,li~o ~ 4TO 

epeJIHWCI 3dP~n Z eW~bHO' 3aawewr ,or 4~eJJa 3JieKTPOHOB B KOJibUe. , 

B · rpel-~elil· Yaer~ 'rperbelil :rJJaBbl,. npoaHaJI~3wpo~aH~ ;oc~o~Hble. 
' ,' '. .• ., '' ,· ' ' .- • ' ;· '! . . :. ' \ \ '' ' 

':OPOUeCebl OrPdHIA4WBdiOW,We BPeM~ mH3HW peJI~TWBHCTeKHX 3JieKTPOHHbiX 

, KO~e~ e HOHdMW .• noKd3dHO, 4TO I{ HHM, OTHOC~rcS:i /7, i5, 17:,'19/:· . 

' a/: florepw 3'HePrHW, PeJI~Tw·a~CTCKWX •. -3JieKT,POHOB' KOJibUa Ha 
c~HXPOTPOHHoe' ~3JIY4eHwe. . .. 

' 

b/.•Paece~HHe ~JieKTPOHOB I 
Hd HdKOnJI~HHbl~ HOHdX IA.eB~3dHH~Iil C 

' ,· ; \' - . ', .· ., ' 
;:> TI4M POeT MdJibiX Pd3MePOB 3JieK TPOHHoro. KOJibUd. · 1, • 

c/. HeliiTPdJIH3dUIA~ eo5CTBeHHOro 3ap~,na' 3JieKTPOHHoro lK~JibUd 
•t ' .-'' ·:· '' •.• ' ·,. ·.,' ·- \. r - • 

05Pd3YIOW.HM!Ae~ WOHdMH.W3 OeTdT04HOro ra3a. 

·d;. Orri.aHw4eHw~ Ha MaKcHMaJJbHbiCI 3ap~'.n· woHoa·~ .- Bbi3BaHHoe. wx 

I• 
'·• 

• \ j •' •• , ' '·. ,. '· ' ' 

nepe3dP~.llKOiil CcHeliiTPdJidMH OeTdT04HOro ra3a, 

YCTdHOBJieH~O-, 4T.O ·. nepe4HeJieHHble' npw41-1Hbl orpaHw4waaior 'BPeM~--
'' ' ' ,. . ;, ' ' . '· . ' 

~~>W3Hw ::.JieK TPOHHo-woHHbiX. KoJJeu KYH1 .-HHrepaaJioM . 50~100ms, a- raK 

ll{€ HdKJid.llbiBdfoT meCTKWe tpe60Bd~H~ Ha· BdKYYMHble YCJIOBL-i~ 'a .KdMepe 

a.t:r~aJar.opa (KOMnp,eec'opa) ./15/. B · 3Twx' YCJIOBW~x i MaKeHMdJib~brlil 
3dP~A ~OHOB hpw .ncieT~~HHbiX pa~Mepax KOJibUd oueHwaaerc~ .llJJ~ 
«CeHoHa KaK i .= 44 + 46 H .ll~~ YPdHd .i =. 70 + 76. 

00JIY4eH~e HO~O~ 5oJiee BbiCOkWX 3dP~.llHOCT~CI 'rpe5yer 
' . . . ' ' ' "- .· . . . I ; 

3t<taYwteJibHoro yaeJJw4eH~~ · nJiotHoerw 3JieKTPOHHbiX ·Ko11eu. O.nHaKo, 
. \ ' ' . . . . . ' ' 

-.UaJiuHei'twee- yMeHbWeHwe .. ;Pa.nwyca KOJibUa·. 3a eYer YBeJIH4eHH~ 
1-IH,ll;KUWH MdrHWTHOrO noJI·~ Or~aH.H4eHO ' B03M~fflHO~T~MH MdrH~THOCI 

' . . . . . . ·' . 
C~CTeM~. .·' 

B /6,33/ 
I • 

6b1AO ·n~e.UJIOffleHO WCnOJib30BdTb C~ 3JieKTPOHOB ,Ha 

16 '·} 

,. 

I 

~ 
'J, 

iJ 

.l 

'/, 

·:j 

. ' 

. 'Ja 

fJ .. 
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Pwe.3. ~3MeHeHwe epeAHero 3a
P~.na WOHOB d30Td, kceHOHd' H 
YPdHd B 3dBHeHMOeTH .OT BPeMeHH 
B 3JieK~POHHOM KOJibUe KOJIJieKTH
BHOrO YeKOPHTeJI~. (0503Hd4eHH~ 
eM. B·TeKcre): · 

... , 
--.~ o_. 11 20 ~ 
P~~~4. CpaaHwre~bHble 3aawcw~ 

MqCTW BbiXO.Ud WOHOB Xe OT sap~
. .llHOCTW .,llA~ 3JieKTPOHHO-KOAbUe
Boro wero4Hw~a ERIS; wcro4H«Ka 
HOHOB Hd' 3JieK TPOHHO-:-UHKJIOTPOH
HOM pe3oHaflee ECR w ·3JieKTPOH
HO-JIY4eaoro WeT04H~Ka EBIS. 

KOHe4HbiX 'pa.nwyeax eitla w~ KOJibUa,• .llJI~ YMeHbWeHH~ ·· -Ha4aJibHor,o 

MOMeHTd 3JieKTPOHOB ' lA ,llOnOJI~HTe;bHOro cm'arw·~ 3JieKTPOH,HOro, 

KOJibUd ·' -Ja c8er c~·~ pa.nwye '3JieK TPOHHOro: KOJibUd R. MeH~er'e~ 'KdK: ,. 
t dR · 1 R .. dE ' I 

= - --
n E dt (10) 

dt . '.1' 

Co3.uaaa~ B KOHUe . cmarw~'· HeO,llHOPO.llHOe. no Pd.llHYCY. MdrHHTHOe 

no.11e . e noKa3atelleM ~na.na ' ri 5JIW3KHM t<: ~·~wHwue; MOmHo npw · 

· o.r:~oc~r,eJibHO tiefsoJJbwwx ~orep~x. 3~~prww .,3JJeKTPOHoe KOJibUa Ha :c~ 
-nOJI~4HTb ·3Hd4HTeJib~Oe YMeHbWeHHe ·~5o5w,eHHOro MOMeHJd Ms W 

KOHe4.HOro Pd.llHYe,a R. ·AonOJIHHTeJibHOe 'emarwe KOJibUd 'nP.OWCXO,llHT C: 
YM~HbW~~HeM ~Heprww 3Jie~TPOH~B. 3TO eHHffldeT TP~5~e~oe. 
MdKCHMdJibHOe 3Hd4eHwe HH.llYKUHH MdrHWTHOrO 0011~ Hd MdJIOM Paiwyce 

. ' ,, .• i ' .. 

KOJibUd. 1 

·.·~biJIO npoae.ueHO ~OOTBeTeTBYIOW,ee Ma~eMaTH4~CKOe 'MO,lleJJHPOBdHHe 
. . ' ·<' . . .·. . . ,· .· . '. ·.' ' ' . . ·- '' 

W Pd3Pd50TdHd CHCJeMa . .llO~OJIHHTeJibHOrO CmdTIA~· lA ,llJI~TeJibHOrO 

y.uepm'aHwsi 3JieKTPOttHOro .KOJibUd /6,1(/. nocJie YMeHbWeHH~··Pd~WYCd ' ' . . . . . . .. ·\ 
~ueK TPOH~_oro' KOJibUd · e.n_aoe (.no , R z 2~m) e MarHHTHOM no.11e c 

noKa3ateJieM ena.na . n ~ · 1·, ·3JieKTPOH_Hoe · ·Ko.iJbuo, _.nonailaJio e 

·MarHi-ITHOe no.11e Me.n~eHHO . ~nd,lldiO.W,ee eo' BPeMeH·~ C, 'no·eTO~HHO"' 

3dTY~dHH~ 't' z 50ms. · B ··pe3YJibTare yMeHbWeHwe ~H.llYKUWH Mdrt!rATHoro 
\ . '· .'' . ' 

OOJI~ KOMneHCHPOBdJIO ,YMeHbWeHwe pa_Jl,IAYCd _3JieKTPOHHOro KOJI-bUd .3a 

17 
'• 



---\ ,,. 

. -. ' . 'i 

·I 
f, 

\' 

C4eT C~ W Pd3Mep~ KOAbUd pcTdBdAWCb npw6AW3WTeAbHO nocTO~HH~MWB 

Te4eHwe 40 - 50ms:. 

3TM npe,llAOIHeHM~ AerJJM B-' OCHOBY_ npoeTQ. 3AeKTPOHHO'-KOAbUeBQ'r{) 

MC-T04HMKd MOHOB ERIS, peailM3dUM~' KOToporo o~Aa ,Hd4dTd 'e 1991-

ro.nY s Oobe.nwHeHHOM WHCTWTYTe ~.nePH~X wcc.Ji~~6~aHwlil-s ,Ay6~~-, ' - ' ~ ' ' . ' . ' 

B • 4eTBePTOM na~arpa'e co.nePIHWTc~ 'w~w4ecKoe' o6ocHOB~Hwe . . . . . . . 

npoeKTa ERIS · (::>JJeKTPOHHo..::KOAbUesoro, woHHM3aTopa), ueAbto 

KO.TOPOrO ~BA~eTC~ nOJIY4eHMe ~-tHOr03dP~.IIH~X ' · MOHOB ,llA~ 
' ' 

MCCAeiosdHWiil no 'M3WKe ::>AeKTPOHHolil· Oo0A04KM MOHOB• MeTO,IldMW-

peHTreHOBCKOJil cneK TPOCKOO.WMW /7 ,15,'17 ~18, 19,20, 32/.' 

B Ka4ecTse- wcT04HWKa s~coKo3~P~.IIH~x ~oHos Ha ycTa~osKe ERIS. 
. - . ' 

npe,llOOJiaraeTC~ MCnOAb30BdHWe ::>AeKTp~HH~X KOAe~-~~napaMeTPdMM:, 
4MCAO ::>AekTPOHOB - ~~ 5 -~ 1012: . 

. ·. e . 
60AbWOiil pa.n~yc - :R -L 8 +- 2'~2_:__cm; • 
MaA~e pa.nwyc~_ (cpe.nHeKsa.npaTM4H~e) .-.a. ;.; L0mm, · \ ·, ~ 

. . . , ~ r,z. :, 
peA~TWBHCTCKHiil ,d~TO~ a3HMYTdJibHOrO BPd~eHM~ ::>AeKTPOHOB - ¥~10, 

. ,llJIHTeAbHHOCTb cy~eCTBOBdHH~ . KOJibUd OT._ ~d4dJid' 'OPM.MPOBdH~R - _.: 

60- + 100ma', s_: TOM :4~CAe Ha' MaAI:ilx._pa.nwycax - 40 -+ 80ms. · · 

3arpy3K'a _ .• OobeM~ ~OAbUd ,ll03~P08BHH.~MH n~P!fH~MI< He_qTPdAOB 

HCCAe,llyeMoro ::>AeMeHTa•n03BOAH~ nyTeM OOCAe~OB~TeJibHOJil'woHH3dUHH 

::>~eKTPOHH~M :Y.napoM noAy4aTb w HdKdrlJIM8aT.bB KOAb~e woH~ 8~COKHX 
: 3BP~.IIHOCTeJil· OT Xe30+ .110 ·. Xe60+ M o'T U44:- io. U82~ KOAJIH4eCTBof>1 .11~ 

- . . -. . ' ·- . I ._ --- ; - . ' 
. 1010 MOHOB. B · UWKAe. ' 1 ' .-

1 
I \ . ' ' . . ' '. , -

Pewato~HM npewMy~eCT80M -~03,1ldB~eMOiil YCTdHOB~H, KdK MCT04HHKd 

MHOr03dP~~H~X MOHOB. Kd4eCTBeHHO .HOBOro· T~na; B CPd8He~M~; ~~ 
. / ' .. ' 

CY~BCTBYtoW._HMiit -: &.-iCT04H~KdMH,. ~BJI~IOTC~ OTHOCMTeAbHO : B~COK_a~. 
HHTeHCHBHQCTb MHOr03dP~.IIH~X HOHOB (.110 101~ 8 UMKAe) npaKTW4eCKH 

· AI06~ro ::>AeMeHTd ·nep~O.IlH4ElCKOiil '. TdoAHU~, ·.a: TdKitle B03M~~HOCTb' 
' .. ,, . • ·, l" ' ' . ·.' ' .. · ' ' .' 

HCCJie,llOBdHW~ j;8PeMeHHOrO.' Pd3BHTH~ . HOHH3dUHW dTOtoiOB: nocJie 
·., ,; . . . " . - I ! . 

ocHa~eHw~ ERIS ·KPHCTaAA~.IlH,PaKUHOHH~M cneKTPOMeTPOM e~coKoro 

Pd3PeWeHW~ MO,Itlel o~Tb 'C03,1l8H ~CCJie,llOB~TeAb~KWiil Ko..:.n~eKC .IIJI~ 
• . " . ; ! . • \ ' • 

H3Y4eHH~ rAY60KOWOHH3HPOBdHH~X COCTO~HWiil WOHOB., 

Ha PH~ .4 H306paJHeH p~c4e'rH~Iil· B~XO.Il HOHOB Xe W_3 ERIS! B 

cpa8HeHww c wcTo4HWKaMw MHoro3aP~.IIH~x woHoe EGR w EBis /20/. 
. • . ' .. ' . • :, t ' 

B 1991-1992· 6~JI B OC~OBHOM .3asepwe~.·· ~8P8~1i! ~Tan 

PeKOHCTPYKUHH . KYTH ,e ycTaHOBK·Y. ERIS. EbiA · CKOHCTPYHPOBaH w 
, . • .. ' - ' I 

M3rOTOBJieH · H08~1i!, 8dPHdHT 'MdrHHTH.Oii! _.; CHCTeM~ CltldTH~. B .• xo.ne. 

nepa~x. ::>KCrlBPHMeHTOB 6~AW. 3dPerHCTPHPOBaH~ cneKTP~ M3AY4eHw~~. 
JIHHH~ Ko:· w•K,a WOHO·B. 'Kr W Xe H3 ::>Jiei{HHI_HHOr_o, KOAbUd C _Pd.IIIAY~OM 
OKOJIO 4.5Cm B Te4eHwe BPeMeHW Y.llePHI~HW~ 30+40ms /32/~. . 

r 

t' 

., 

.,· 

'/ 

I !· 

1\ . ' 
· YereepTag rJJaea 

_ 11e''rsepTa~·- rAaea .Ue•AHKOM ciT . .IlaHa M3Y4eHMIO npouecco8 ·,. e 
~~eKTPOHHO-. AY4e8~x ~CTOYHHKax EBI? w:· ::>JJeKTPOHHo- ·nY4Kos~x 

wo~H~~ ~oeywKax EBIT. B nep8oM naparpa'e KPBTKO onwcaH~·n~~Hu~n 
~~lii~TBH~ ~ ~OHCTP~KU~~ ~Eli. . . . . 

' Bo 8 TOP OM naparpa~e H~ ocHoee · ::>KcnepwMeHTdJibHoro MaTeP~aJia · 
PdCCMOTPeH~ . ~6pa~OBdHWe 
~JI~KTP~H~aM·n~~Ke EBrs: 

W HdKOnAeH·~e 8~C OK0_38P~.IIH~ X I-10HOB 6 

'B · · ·rperbeM naparpa,e· paccMOTPeH~ TeopeT~4ecK·we ·eonpoc~. . ...... ., ' 

o6pa3osaHwe 1-1 HaKonAeHwe ··_e~co~o3ap>~.llH~x HOHOB a .. ::;.JJ·e·K TPOHH'ow 

nYljKe _EEls •.. 

HHTeHC~BH~e MO~H~e nOTep~ ~BJI~ffiTC~ O,llHOii! M3 1 0CH08H~X,OP06AeM 
B03H~Kato~HX npw Pd60Te'EBIS.· no~yYeHH~e OUeHKK BPeMeHW nP~MOro 
Hd["Peea IAOH08 B' Pe3YAbTare. ynp'yroro pacce~HH~ 1 ::>AeKTPOHOB 

06b~~H~IOT ·. cy~eCT8YIO~!'Ie HOHHbie • noTepw TOAbKO OT4dCTH /2l,25>; 

· PeaJI:bH~e YMe~bWeHwe 41ACAd B~COK038P~.IlH~X HOHOB. 'npo~CXCJJ:tWf 
ropa~.n~ 6~CTPei~ .L 

B ,;·JI,BKTPOHHO~HOHH~X· ny4Kax nPOHCXO.Il~T. He -TOAbKO ::>JJeK TPOHHo-· 
' '' ' ,, . 

HOHHbie' ·ynpyrwe · CTOAKH08eHW~ :_j HO ~·- CTOAKHOBeH~~ MOHOB :Mel!l,ny ': · 
' •. ' . j • "\' - ' 

C060ii!. npw4e~~:~aCTOTd CTOJIKH08eHHii!'~oHOB .llPYr C ,llpyro~ ropa3,1lG 
. . . ' . ' ' I ' ' 

e~we ,_· 4_eM Meltl.nY ::>AeKrpo'HaMw ' w wbHaM~ ~ XapaKTePHoe sperve>~ 
• . ' ' l 

CTOJIK~oBeHwlii<'Melti.IIY HOHHaMrit -~ ycraH08JieHw~ PdBH08eCHOA 'YHKij~M 
pacnp~.ne~eHH~ ' EOAbUMdHd~ no ~~eprw~M .4dCTHU. · oKa3~Baerc'~ 

OTHOCWTeJibHO oyeHb' MdJI~M, OC06eHHO .llA~ .BbiCOK03dP~.IIH~X ~OHOB 
1 

8 
' . . . . . ' ' . . .. .. .·· . ,· .. \. 

CHAY HW3KOii! ::>Heprww, HOHOB B ::>JieKTPOHH~X ny4KdX .EElS. Hanp~Mep ,· 
.IIJI~ woiioe Xe-60~ _e · ,:->.R'eKrPOHHOM. nY4Ke c napaMeTPdMW 

CO~J~eTcieyto~~MY WCT04HHKY ~PHOH~i nOAY4~H~ ~~i~{0~6~ /21,25/. 

. Pacnpe.neJJeHwe EOAbUMaHa. H~eeT Ty 'xapaKTePHYIO • oc·o6eHHOCTb:; 
I • ' • 

. 4TO .na'~t~e _npw cpe.n'Heli!. ::>Heprww HAH :rer .. mepa·ryp·e. HoHoe T~:-ropa3,nc 
MeHi:.w~lil., 4eM .rpaHH4Ha~ ::>Heprw~. wotios ~ nY4Ke E , 8~er.na 

. . , ,. , ·''. ,. . . ,·· .. , . . m . 
i: cy~eCTBYeT XOT~- 6~ -. He60JibWtle 4~CAO HOH08 i1Ni C ::>Heprwelil 8~1!Je 

4eM E . "TdKI-I·e HOH~:- TeP~IOTC~ H3 'ilY4Ka· •. <!JyHKUH~ pacnpe.neAe>il.l>l 

.noJiy4a~T · OrAM4we oT'-pachpe.ne~eHw~ EoJJi>UMaHa ~- nepecTaer·s~rt> 
cTau~-toHapHolil .• O.n_H.aKo·, 3a epe·M~. i:lt ~-· '~'u.• .. CTOAKHOBeHw~ 4dCTHu 

.nnPH80.Il~T:· :K nepepacnpe.neAeHwto ·· ::>Heprww. Meltl.ny 4acTL-iuaMIA ~~ 

BOCT_dH08.i&SHHrO. BH,Ila. 'YHKUHW :Pdc.npe,lleAeHH~ HOH08. -8 nY4Ke. On>!Tb 
·. • • • ., r • ' ... 

n0~8A~IOTC~ WOH~- c· ·-::>Hepr!AeA • .B~We Em' KOTOP~e CH08d YXO,Il~T L-13 
n·Y4Kd M T. ,ll. ,. 

B /30/ 6~JJa Halil.neHa cKopocTb HOHH~x noTepb 8~3BdHH~x :->Tt-~ML-1 
npouecca~"!.: 
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B Ta6.JIIAUe np~otee.QeHbl_ 3Ha4eHIASI x_apaKTe'ptioro BPeMeHI.i. (B CeK ~-) 
. - ' ' ' ~ 

B03~1otKHOBeHIASI IAOHHbiX noTePb :'t :t: B 3aBIACIAM~CH1 OT OTHOWeHI-t~. T ~/Em 
.Q.JISI 140HOB, aprOHd; KpllinTOHa, KCeH'OHa lA ypatia /30/. . . . ' .. · 1 

•• , \, ~ ,' • _,.I '"?/ i / , 

Pe3Y.JibTaTbl _np~Be.QeHHble B Ta6.JIIAUe. · nOK~3b1BatOT',. 4TO '.QaJKe np111 

TeMnepa:rype I-tO HOB B . 5, - 10 Pd3 ·MeHbWe 4eM rpaHIA4HaSI···3Hepr~otSI ' 

"'OHOB B ny4Ke·, np~ot ~peMeHI-t Y.QePIKclHIAR B ''Je4eHIAiot HeCKO.Jib~IAX 
'ceKYH.Il 60.Jib,WdSI 4aCTb lAO HOB 'OKa3biBdeTC~. \ noTePSIHHOiit' 1113 OY4Kd. 

Aono.!IH~-tre.JibHbllit Harpee .'IAOHOB. 3.JieKTPOHaM~-t · -TO.JibKO · yc~o~.JIIABaer 3TOT -< 

3••eKT.. TeM caMbiM, · y4er_ _pea.JibHoro .,3KcnoHei·n'u~o~a.JibHOro· 

pacnpe.Qe.JieHIASI 

\ynpyrlotX . IAOHHbiX 

I-tO HOB no '3Hepr~otSIM, • B03HiotKatOULero .B · pe3Y.JibTaTe 
' . , .. , ~t· I· , : . , . , . 

. ctO~KHOBe~lot~ B~ny4~e, 06bSICHSieT Ha6~tO.QaeMble 
e 3.!JeKTPOHHO- .. .Jiy~eeblx· ~o~c:ro4H.IAKax:· • A.!ISI noTeP~-t lotOHo'B 

·t . ' 
npe.QOTBPaW,eHI-tSI 140':1HbiX, nO"fePb B. Te4eHiotiA epeMeHiot y.QepJKaHiotSI ~I-tO HOB 

.a EBIS 111 • EBIT; ·· cocTaB.JISitOW.IAe. · KaK ripae~:no. 'ceKYH.Ilbt. · M~o~Hyrbl .. • 111 
·-..,.· •• - ' _· ' '< • '\ ' 

.lldlle 4aCbl, t-teo6XO.QIAMO nO.II.QepJK~otBaTb· .. TeMnepa:rypy I-tO HOB. B 
. . . . . . I·· . .··, - . , -. . , . -· . . t 

14CT04HiotKe •Ha YPOBHe _,.MeHee '_4eM E /20 - E•·/25. C._3TOiit Ue.JibiO MOJKeT· 
._. 

7 
.· ~··· ._ • m ,_. ,., m., .I •. . , 

_.6b1Tb IA3nOJib30BaHO IAOHHOe. O,XJialtl,lleH~ote (30/~. '• . ·. . . . 

'B -/35/' enepeble .6~.!10 npe,ll.JIOIKeHo.· ~cnO.Jib30BaTb: .IAOHbl ~~3KOiit 
3dPSI.QHOCTiot .Q.JISI OX.JidHI.QeHI-tSI TS!Hiellbix MHOr03aPSI.IIHbiX ~OHO,B C Ue.JibiO 

npeJlOTBPaW.eHI-tSI. ~-t.* . nOTePb 1113, 3.JI~KTPOHHOrO ·ny4Ka :< E( ·EBIS. 3TOT 

MeTO.Il~ B · HaCTOSIULee ,epeMSI C ycneXOM ·. ~otCnO.Jib3YeTCSI. B pa3.JIIot4Hb1X 
• .. , . , , \' • . I 

YCTdHOBKaX 3TOrO · T~otna. no3,nHee; aHa . .JIOriA4HO,e npe,n.JIOitleHI-t.e 6lii.JIO 

-IACflO.Jib30BaHo .Q.JISI· yMeHbWeHIASI.'noTePb ·BbiCOK03ap!ii.QHblx IAOHOB 6 EBIT, 

: ~P.IAHU~-tn .nelitc:re~o~~ KoToppro flJitA3oK K' EBIS· •. ·· .. . 

,.. Cyrb Me:ro.Qa · LlioHHoro oX.Jialtl~eH~o~SI' /21.25,35/ 3aKJJt04aeTi:SI e TOM,: 
. . r .. - . . _. .• -
4TO •B 3.JieKTPOHHbllit ny40K, B KOTOPOM y,nepHI~otBatOTCSI TSIItle.Jible 

.B.biCOK03d~SI.QHble .1-tOHbl, BBO.QsiT .JierKI-te IAOHbl C .Hiot3KiotMiot 3dPSI.QHOCTSIMIA "·--· 

Ynpyr111.e: CTO.JIK,HOBeH~-tSI ~-tO HOB _c .Pa3Hb1MI-t ·3c!iPSI.QaMIA 1-t Mac caM~ .llp~r c 
~ . . . . . ' 

·.QpyroM· np~otBO,IlSIT K. YCTaHOB.JieHIAIO paBHOBeCHbiX pacnpe,ne.JieHI-tlit . .Q.JISI. 
, ' - i . . . - . ' 

-KdM,IlOrO T~otna lotOHHOB B OT.Qe.JibHOCTiot lot, '4TO 'caMOe BaiKHOe, K 
. • - : . ' ·. . ,- •. i ,. ' . ' ' . '' ' ; J 

PdBHOBeCI-tiO_ Meiii.QY.BCeMIA lotOHHbiMIA KOMnOHeHTaMI-t ·c O.QIAHaKOBOiit, 06111.elit 

20, 

·; ··\ \ .. 
,/ 

.Q.JISI ecex, cpe.1111e,lit 3Hepr'~otelit 1-t.JIIot Tet~.m~paTypolit. KaK _6bi.Jio-.nO.!IY4eHo, 

xapaKTeP'Hoe · epeMSJ ycraHOB.JieH~-tSJ paeHoeecHoro ·pacnpe,ne.JieH~-tSI IAOHOB. 

lotMeeT MlotKPOCeKYHJIHbllit MaCWTa6 BP8M8HIA .Q.JISI '3.JI8KTPOHHbiX nY4KOB 

EBIS. 

lA MHOr03aPSI.UHble 
\. . . 

lot 0 Hbl , 1-tMeSI O.UiotHdKOBYIO 

TO IKe epeMSJ ~o~MetOT .I pa3Hble rpaH~-t4Hble 3Hepr~o~IA. 

M~.!lo3aPSJ.11Hble 
reMnepa;rypy. 'e 

. ' . ' ' 

rpaHIA4H~e 3HepriA~ IAOHOB B·nOT8HUIIia.JibHOiit S!Me 3.JI8KTPOHHO~O ny4Ka 

nponopu~o~oHa.JibHbl · ~o~x ·3aPSJ.nY. C.!l,e.Qoeare~bHO ;' Iii ·yc·.JIOBIASI noTePb, ~o~. 

epeMeHa 1Kiot3HIA .11.!1? pa3HbiX·. IAOHOB: ~a3.JIIA4Hbl. / JlerKIAe Ma.JI03aPSI.QMbl.e 

IAQHbl Jtil!ieyT B nY4Ke Md.JIO · iA 6b1CTPO ·. T8PSIIOTCSI. · ~ eC.JIIA.· Hd4a.JibHaSI 
1 

3_Hepr~otSI Ma.JI03aPSI.QHbiX IAOHO.B 6bi.Jid .. M8HbW8 3HePrlotlot , MHOr03aPSI.QHbiX 

I-tO OB, TO e•pe~~.JibTaTe CTO.JIKHOBe~~otlit lA nepepacnpe.Qe.JieHIASI 3Hepr~lit 
,__ .. 

Ma 03aPSI.UHble: .• lotOHbl 
1 

• HarpeBa!!JTCSI lot · YXO.QSIT • 1113 ny4Ka. · lA .IIlA 

IACndPSIIOTbC~.- TePSISICb lot3 .JIOBYWKiA ·Ma.JIO;aPSI.QHble lotOHbl YHOCSIT C 

c'o6.olit, ·;3Hep'r~o~IO, . d. MHOr03.aPSI.UHb18 ~OHbl o~altl,na~TCSI . lot lAX BPeMSI 
' . ' ~ ~ . 

ltllot3Hiot ,B'.OY4Ke B03PdCTae";. \ 

.A.!IW .TUI'"O,' 4T06bl nO.Q.Q8PHIIABaT~. cpe,nH!OIO 3HePrlotiO TS!Iti8.JibiX I-tO HOB - .. ' . . . ' . - . . 
Hd .. ,HIA3KOM .. YPOBHe .lot hOCTOSIHHO OTBO.UIATb 

n~~o6peTaeMYtO . tAoti'aMIA e pe3,Y.JI~Tare 
iu0:o6xO.UIAM .. 

1
flOCTOSIHHbllit· np~otTOK .JierKI-tX IAOHOB 

lot3 lotCT04H.IAKa 3Hepr~otl0, 

Harpeea 3.JI8KTPOHaMiot, 
, . . I ' 

il..JISI o~alti.QeH~-tR. B 3TOM 

C.JIY4ae .B ~CT04HIAKe YCTdHOBiotTCSI paB~OBe~~e, YC.JIOBIASI KOTOPOrO 

6Y.Il.YT 3as~:~cerb 'oT 3aPSJ.QHodi-L.. -lA· c~opcicrtA np~ToKa .~~·erK~x ~o~otioe. 
I ' . ': .. ,_. ' .. , . ' . ·. : . , 

YctaHoe~o~ew~o~ecS~ napaMeTPbl'',no.JIHIHbl onpe,ne.JISITbCSI.YCAOBMSIMI:I 6a.JiaHca 

~.JISI ~lotCA~ lA nO.JIHOiit ~Hepr~otlot BC~X T~nOB ~OHOB B ny4~e. 
· •. Ha • octioee ·. ,Ta6.!11AUbl l e. i30/ · noKa3a_Ho, ,4TO ~.!lSI . -~o.Q,nepHiaH,IA~ 
~eMneparypbl TS!Itle.!ltllx BbiCOKo3aPSI.UHbiX: IAOHoe Ha Heci6xo.!l~Mo ·H~-t3KOM. · 

·ypoeHe ·c ueAblfi npe.Qore'paw.eHIASI ~o~x 1 noTePb ~-t3 ~.JieKTPOHHoro nY4Ka 

EBIS np111 .QAIATe~bHOM y.QepHiaHIAIA · Heo6xo.QIA~O- : ~o~cno.!lb3oeaTb IAOHbl 

.Jief:klil~ ~-3'.JieMeHTO~. C aTOMHOiit MaC~Qiit B 20 _: 25 pa3 M~HbiUe MdCCbl 
.· '. j. ' .· .·· .• '_' . ' . 

~o~oHoe pa6o4ero ~ew.ecTea. .· . -

' 4_ereep:rblci ,naparpacp n~cBSIULeH • EBIT •. OntAcaHbl 'npiAHUIAn .nelitcre~o~SI, 
P83Y~b~aTbl paC48TO~ lot 1-tC~.Jie.QOBdHiotlit -~0 HaKOn.JieHiotiO BbiCOK03aPSI.QHbiX 

1-tOHOB B·EBIT: 
I 

. nzu:.a.a. r .8 a e a 

B nS~Tolit r.11aee · .1113Y4dtOTcSI· • ~o~cro4HMKI-t .. ~o~oHoe Ha ·3.JieKTPOHHO-

UI-tK.JIOTPOHHO~ pe3oHaHce. B nepeoM· naparpacpe l-t3.JIOitleH' hP~-tHU~-tn 

,nel.4c':re~otSI; K.PBTKO onii!CaHbr YCTPOiitCTBO· ~·· OCHOBHble napdt-feTPill .· 3TOrO 
I . ', • . • ~ 

CaMOrri pacnocrpaHeHOrO TIAna· ~CT04HiotKd MHOr03pPSiil.HbiX IIIOHOB". 

Bo ' BTOPOM , naparpa•e pa.CCMOTPeHa. MO.U8Ab. HaKOnJieHiotSI lot 

' 21 
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y~ePffldH~~ ~OHOB e ECR ~CT04H~Ka~ /2~,31/
B' .~3y4eHHbiX · Bblwe .. ·~cro4H~Kd:x ~- ERIS, 

',/ 

CYW,eCTBOBdTb 

EBIS ~ EBIT 'MoryJ 

norep~ ~OHOB, KOTOPble ~BA~~TC~ HemeAaTeAbH~M 
" • , , ' I !., 

~dKTOPOM ~ c H~M~ Heo6xo~~Mo 5oporbc~ • .- Oco6eHHOCTb~ ,· ECR 
' ~CT04H~KOB ~BA~eTC~ HenpepbiBHble , .. YCTdHOB~BwiAec~ . . . no rep~ ~OHOB. 

BPeM~ ·Y,llePffldH~~-. ~OHOB,. 't' ~' • a . TdKffle i ~X 'noTOK .Hd BbiXO,lle ~3 

or· ~CT04H~Kd, onpe~eA~~TC~ TOAbKO CKOPOCTb~ ~OH~biX 'norepb; 

epeMeH~ lti~3H~· "1.. 3ae~c~r. 3a·p~~6eoe pacnpe~eAeH~e ~OHOB · e. 

~CT04H~Ke •· 003TOMY · npo6AeMa ,y)lePffldH~~- ~- norepb ~OHOB ~B.iJ~eTc~ 
. . . ' 

O.!IHO~ ~3 caMblx-rAaBHblx .llA~ ECR ~cro~H~Koe. 

Mo~eAb tiaKonAeH~~ · ~ y.nepltlaH~~ ~OHOB e ECR ~CT04H~Kax /29,'31/' 
' ' • ' • . ,. • ' / I ' ' • ·.. • 

O.CHOB_dHd Hd PdCMOTPeH~~ ynpyr~x ~ Heynpyr~.X B3d~MO)le~CTB~~ ~ 

CTOAKHO~eH~~ ~a~~ltleHHbiX 4dCT~U _B nAd3Me, ~ TdK .ffle KAdCC~4eCK~X 

ncirepb ~3 OTICPbiT6Ci MarH~THO~ Jioeyw:~-
'3AeK-.T~OHbl- ~ 'ECR ~cro4H~Ka'x > ~Me~w.~e .e pe3YAbraie·. 'Harpeea ·B4 

. . . I ' ' .•. < . ' • 
no A eM OTHOCt-fTeAbHO BbiCOKY~ /' 3Hepr~~, y)leplti~Bd~TC~ . C~AbHbiM ., 
BHeWH~M :~arH~THbl~. no~ eM · :c . ~arH~THbiM~ · · npo6KaM~ Hd KOH~dX 

~oeywK~- -~OH~, y KOTDPblx·3Hepr~~. 3Hd4~TeAbHO MeHbwe, ~cnblrblea~r: 
~HTeH~~BHble ynpyr~e ' CTOA~HOBeti~~ .. ~ B M~rH!HHOM . noA,e, 

COxPdH~~TC~ XYitle :~:B. PeSYAbTaTe Bo3·H~Kd~-~~X, B Hd4dllbHbiCi: MOMeHT. 

~OHHbiX 'no:repb; . 8" nJ1<?3Me no~BJI~eTC~. · He60JlbWOiil . OTP~UdTeJibHbiCi 
noreHU~dA ,'•. K~r'op~Ci peryJI~pyer CKOPOCTb YXO~d- ~OHOB iA reM cai:ibiM 

• • • ' • \ • -. • • ' • ~ • ' • ' •• _,. • : - ""' .: f 

COxPdli~eT B UeAOM He~TPdJibHOCTb < nAd3Mbl •. HHTeHC~BHble, ynpyr~e 

eJa~t.io~eCicre~~ ~em~y't..foiiaM~•np~~o.li~T .Z·ro':ly, 4,roy ecex ~oHoe, 
'BHe3dBtACIAMOCTIA OT 3dP~~a ~~· ~ MdCCbl', . YCTdHdBAIABaeTC~ e)l~Hd~1 
reMnepary~a ~ pacn~e.neAeH~e- no 3Hepr~S1~, 6JI'I>i3i<oe K pae~cieecHOMY· . -· ,, •) \- . 

pacnpe.neAeHL>i~ EoAbUMdHa. ,no3TOMY • .-.' ~OHbl,' . ~Me~w.~e : Pd3HY~ 
3dP~.IlHOCTb~'HO O.lliAHdKOBY~ CPe,llH~~ 3Hepr!A~, ~Me~T Pd3HY~ BbiCOTY 

'ncJTeHUtAdA-~Hor~ j 5ap-bepa' -P-d3HOe epeM~ ,lti~3HM ~· Pd3HY~ ~epo~THOCTb I 
'. '' ,. ' - : ' . . . ' . ' . ' :, . . ' ·~ . ' 

5b1Tb norep~HbiM~ IA3 noTeHUIAdA~HO~ ~Mbl .IA·y~TIA l-13 ~CTO~WIAKd.· 

H~ -.. OCHOBe · 3T~~ M~,lleJIIA 6tJiJIW C~OPMY~IAPOBdHbl ·, TP~ rAdBHbiX 

npil,HUIAna y~epmaHiA~. ~OHOB B ndreHul-iaAbH~~ AO~YWK!! ECR I~C;~4HIAKd 
-/31/;. 

-1') .• £iOHbl :c BbiCOK~MI-1 3dP~.IldMI-1 ~Me~T 60Jib.Wee BPeM~ lti~3H~ lA ~M 

TPY.IlHee noKIAHYTb IACT04HIAK. 

2)~ 3ap~joe9e pacnpe.neAeH~e ~OHOB Hd. BbiXO.Ile IA3 IACT04H~K? 

IAMeeT CPe.llHIA~ 3dp~j H~ltle 4eM BH~TPIA IAOHHO~ JIOBYWKIA. 

3) ;. YMeHbWeH!Ae . TeMnepaT,YPbl IAAIA CPe,llHe~: 3Hepr!A~ IAOHOB B 

IA.CT04HIAKe,.yeeAIA41ABdeT I--IX BPeM!'I lti1A3HIA B .AOBYWKe ,·qa Cfte.llOBdTeAbHO 

nptAeo'Jlt-ir K 'yeeAIA4eH!oi~. cpe.nHero 3dP~.na, 

Co3~aHHa~ Mo.ne.itt, no3BOJIIAJia He TOAbKO npoeecriA reopeTIA4ecKoe 
. . . , - I • 

'~ ~.....:... , 
22 /' 

··. 

·: 

\ 

,. < 

,l-13Y4eHl-1e. npoueCCOB CB!'13dHH~X C nOAY4eHIAeM 'l--IOHOB B 06b14Hbl)( 

Pelti~Max· .Pa6oTbl ECR l-1CT04HIAKOB, HO 1-1· enepeble H?~TIA •~31<14eCKoe, 

06b!'ICHeHl-1e 

3Hd4l-1TeAbHOrO 

-~ npoeecTIA MdTeMdTl-14eCKOe MO.IleJII<IPOBdHI<I€ ' 

OXAdffl)leH~e) ~ B 

";21,25,29~31/-
ECR ~CT04Hl-1Kd l-10HOB 

Bo , BTOPOM ~aparpa~e noAy4eHbl 

3dP!'I.IlHOCT,e~ B dAre5pa~4eCKOCi ~OPMe 

YPdBHeHl-11'1 6dAdHCd 

.llA!'I CTdUIAOHdPHOrO 

I<IOHHbl lC 

p.eliii.!Ma_ 

pa60Tb1· ECR 'l-1CT04HIAKd ~ -B ~~f.epe~Ul--ldAbHO~ ~OPMe .llA~ 
McTe~dTIA4eCKOrO on~caH~~'~ nepeioa~~x npoueccoe. -P~3Pa6ora~~ 
MeTO,Ilbl t41ACAeHHOrO peweHIAS'l HeAI~He~H~X iure6pal-14eCKIAX YPdBHeHl-1~-

~AI'! .. MdTeMcTl-14eCK~ro 'MO,IleAIAP,OBdHl-11'1
1 

\ .n~oueCCOB, . HdKOOAeH!AI'I lA. 

nOAY4.eHIA!'I _~OHOB B · .ECR I~CT04HL+KOB B. CTdT~4eCKl-1X · peltll~MdX ~ B, TOM 

4l-1CAe. lA JlA~ CMeceCi Pd3M14Hb1X ra3oe·. ·/22,23,24;26/. 4l-1.CAeHHOe'. 
' ' . . . , . • I 

pew.eHIA·e .lll-1~·epeHUl-1dAbHbiX ··, YPdBHeH~~ 6aAa~ca 6b1AO IACnOAb30BdHO 

.llAI'I . MO,IleA~POBdHi.-1'!'1 ,lllAHdMIA~eC~IAX- .. npoue~COB, '~B 4d_C;HOCTIA 
. , • I ~ : 

~o~MnYAbCHoro peltiiAMa pa5orbl ECR. l-1CT04HL<1KOB /27,28,29;31/. 

Opoee.neti pac.4e; JdPI'I.IlOBbiX . pa6npe.n~~eHl-1L1. t~oHoe,·· .llA!'I ECRIS e. 

·. Textt1A4ecK.o~ YH~aepc~rer~ ,:~ ~APE3AEH. (ipPf·) /22:,2S/. 1-1 DECRIS-14 

(J~P OH~H) j23,24/" 
. \. •, . ~ . 
T~eT~~ 'napi~pa~ noce!'l~eH npo5Ju~Me nOAY4~Hl-1!'1 Mtioro3i::!PI'I.l1Hb1X 

'IAOHOB B ECR 'l-1CT04Hl-1KdX- IA3AOI!IeHbl 1 ~l-13l-14eCK~e'. 'nPl-1Htf~nbl npo-. ~ . ' 

ue'ccoe gas mixing . (IAOHHor·o · a·xJJalll.neHI.!I'I ). ~ ~<~MnYAbCHoro · Peltll-1Md 

. pa60Tbl EC:R' ,HCT04HL<1K~~ :· Wl--IPOKO IACnOJib3YeMbiX .·JlJl~ 3Hd41ATeJib.HOro 

ye~~IA4eH~~ Bbl~o.na MHoro3aP~.Il~blx: IAO~oe.~ I 
B Kd4eCTBe rlpiAMep~ H

1
d P~~. ·.· .5 .1:4 Pl--IC'. 6 OPIABe.lleHbl PdC4eTHble. 

- 3dP!'I.IlOBtie· pacnpe.neAeH~~'~' ~<~oHoe KPl--lnToHa BHYTPI.! l-1CT04H~Ka lA Ha 

. BbiXO,Ile '~3 Hero· npiA Pd3HbiX OTHOWeHl--I!'IX. 4l-1CAd l--IOHOB KPIAnTOHd 11 

d30Td, KOTOPbiCi ~cnOAb30B?AC!'I .llAI'I OXAdJII.lleHL:i~ '/31/. Pa~4~Tbl 5b1AI-1 

eblnoAHelibl .llAI'I ECR · wcro'-IHIAKa T!Ana' MINIMAFIOS. · Ope.nnoJiaraJIOCb, 

4TO 3AeKTPOHbl. i.!Me~T TeMneparypy.'T.: 5000 eV·~ nJIOTH~CTb n = 
2X1012cm-:-3 ;· · Ha- 3TIAX PL1CYHKdX l-1CnOJib30BdHbl 'o603Hd4eHl-1!'1: ·. 1 "',_ 

4~CTI,!~ KP~nTOH; 2 ·-. 75%. ~OHHOro 3dP!'I.Ilc /KPWnTOH~--- ~ 25% d~OTd; ,3· 

50% KPl--lnTOHd lA 50%· d30Td; 4 - 33% .KPl--lnTOHd lA 67% d30Td,. 

Pac4eTbl nOKd3dAL<1, LITO .ll06dBfteHl-1e·-. B nAd3MY 

a'3ora ;M-eHbwaer· reMneparypy ~·aHoe c ·.16 eV ~o 3 

CPe.llHI-1~ 3dP~.Il- l--IOHOB KPl--lnTOHd Cl .7 ao 28. B TO 

IAC.T04H'i1Ka I.!OHOB, 

eV w yee~l-14l-1Baer 

ffle· BPeM!'I, BbiXO.!l ' ' . 
MHOr03dP~.IlHbiX l--IOHOB 

CT~neH~ KcK.B CdMOCi 

c TeOPl--le~, XOPOWI? 

. IA3 l-1CT04HIA.Kd Y_BeJI~4~BdeTC!'I. _HO He B TdKOt1 

AoeywKe. Ha ~~c. 5 lA p~c. 6, e· cooreeTCTBI<I~ 
B~.llHO Pd3AINL<1e '6 · 3dPI'I.Il0BbiX pacnpeJleAeHW>IX 

23' 
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. Pi.tc .5. Pac4'e;.Hoe 3aPR.noeoe • Plitc-.6. · Pac4er'Hoe 3aPR.noeoe 
pacnpe,neJieHiite OJIOTHOCTiit. , litOH.OB pacnpe,ne.JieHiil.e-' OJIOTHOCTiit'TOKa ·j· 
KPiitOTOHa n B JIOraplit~Miit4eCKOM -~: litOHOB KPiitOTOHa B. JIOra~lit~Miit4eC
MaCIIITafie 1B ECR litCT04HiitKe npl<i , . · KOM Macwrafie Ha· Bblxo.ne lit3 . ECR 
.Pd3JI144HbiX ·•QTHOCiitTeJibHbiX KOH..:'' litCT04HiitKa np pa3J1.144HbiX ·oTHO
UeHTPaUiit~X 140HOBI KPiitOTOHa .lit. •CI4TeJibHbiXKO UeHTPdU14RX litOHOB 
d30Ta.' (0fl03H, CM. B ·· TeKCTe)' . KPiitOTOHa· lit a OTa. (0fl03H. .CM: 

· ···· :a-,TeKcTe) •. , · : ... 

" I -.·. 1 "'-.. 
I-10Hoe BHYTPiit JIOBYW~Iit lit· Ha ,Bblxo.ne lit3· litCT_o4H~Ka. · 3ro . pa3JII441ite 

OCOfieHHO' 'CiitJibHO .QJIR' OXJidllt.QeHHbiX · litO HOB_._· 3TOT, ,BalltHbllA pe3~JibTdT 

06bRCHReTCR' .TeM, 4TO MHorq_3aPR.QHble litOHbl: · i Hd;KO.QRTC~ Ha···.nHec' 

noreHu~aJibHolil ~Mbl, 
'·nOKIIt,na~T litCT04~14K~ 

litMeiOT 50J1bWee epeMR 111143Hiit. lit ·no~TOMY •CTPY.QOM 
\ ' y \ • 

Ha OCHOBe ~TOrO. MOHIHO paCClji4TbiBBTb - 3Ha414TeJibHO yeeJIIit41itTb 

BbiXO,n MHOr03BPR.QHbiX litOHOB 143 ,ECR litCT04H14Ka ,.': ec.JIIit lit3BJie4b. •. 143 

OOTeHUiitBJibHO'Iil JIOBYWKiit. B .~Jia3Me' HaKOOJieHHble MHOr03apSi,nHble litOHbl. 

O.nHI4M 1.13' TaKI.1x Mero.noe RBll~ercR 1.1MOYJibCHbllil • peHtlitM pa5oTbl · ECR 

lo!CT04H1.1KB. 

. KpaTKOB~eM'eHHOe. yeeJII.14eHI.1e. Bbi:XO.Qa MHOr03aPR.nHbiX I<IOHOB MOHteT. 

fHIITb · 'no'Jiy4eHO, ecJIL4 5y,neT CHRT y,neplt!1.1BdiO~i.tlil , litOHbl rlOTeHUI<IaJI 

OJia3Mbl~ Tor.na' HaKOOJieHHble 140Hbl. BbiOJie~HYTbC~ ·143·· I<ICT04H14Ka 1<1 

3<i1PSI.noeoe pacnpe,neJieHLote litMOYJibca > I<IO.HHoro TaKa · 5y.ner 
. ' .· 

. <;COT.BeTCTBOBBTb. TOMY,: pacnpe,neJieHI<IIO ,, KOTOPOe . I<IMeJII<I: lo!OHbl BHYTPI<I 
, ' ·,, ....._ ' • ,. _,.....,. r---- . ' . 

JIOBYIIIKiit. 3ro iii . ~<~MeeT ·Mecr·o np~<~ BbiKJ1104eHI<II<I B4c·, __ tiarpeea 
'- ' ' ~.- _. . _":'--~--~ .. . 

/,. 

.'.· 
. ' 

/ 

•; 

'I 

·/ 

P14c·~ 7 .. 
. . \' 

Pac4eTHaR epeMeHHa~ 
3aBI<ICI<IMOCTb'. ·B JIOrapf.1~MI44eCKOM 
MaCWTa5e .nJIR OJIOTHOCTiit TOKa '140HOB 

:·Kr4+ K~l-0+ Krl.e+· , Kr22-+:' ·~-~· 
CYMM~PHOlA n1oTHOCTI<I ;OKa . BCex 
3a~R.QHOCTelil ~PI<IOTOHa B I<IMOYJibCHOM 
pelt!litMe '.QJ1R ,ECR I<ICT04HI<!Ka;' , · 

\. 

3JleKTPOHHo'lil KOMOOHeHTbl: B .I<IMOYJlbCHOM .pellll<l.;_lll pa50Tbl litCT04HI'IKB. 

np14 o~rbleaH~>~~>~ 3JieKr~oHoa,. ~>~_Hre~clitaHocrb ~<~x cro.AK~u)a~H~~~Iil- c 

~>~OHaM~<~ '{.I i.le~~t.nY,' co5olil eo:.wa.craer~ oH~>~ ·. 4'aw.e n·ona.QaiOT .·a KOHYC 

norepb · .. ·Lot_ 'TePRIOTCR : ~'~? ~>~c'ro:~~>~Ka. 7 YMeHbWeH~e .. 41it.cJI~ _3JieKTPOHOB 

.Bbl3blaaer _Ha~yweHIIte 3aPR.noeoro .fiaJiaHca e·nJ1a3Me lit lit34e~HoBeH~~te 

1 OTPIAtiareJibHOro. :noT~HU~>~aJia, _ . HaKonAeHHble · litOHbl nepecraiOT 
' -· 

/Y.QePIIII<IBBTbC~ 1<1 YXO.QRT 1'13, I<ICT04HlAKa. ·xapaK:repHoe e'peMR. pa3BWTI'IR 
·- !' ' ' ' 

3Toro. npouecca·onpe.neA~erc~ ~KOP~~TbiO nore~b ~JieKrpotioe; ~<~MeeT. 
• '. • ., i • • \ 

BeJ11<!41<1HY 5JIIit3KY~ ~O~PeMeHi.t lt!~3HI<I 3JieKTPOHOB ~ I<ICT04HI'!Ke ~. 1<1, 

B. 3aBI<IC~MOCTI'I · OT .. riapaMeTPOB . OJ1a3Mbl ~. 05bi4HO HaXO.QiitTCR B npe,n;JidX 
. . . ' , ' , . . , . , I 

OT 300MKC . .no lMC., i . 
' • ·• ' I 

Ha P~>~C. 7 /31/ B peallbHOM MaCWTafie BPeMeHIA OPI<!Be,neHbl ' 

pac4eTHble·.- 143MeHeHiitR r·oKa. ·litO HOB K~4+, Krl-0 7,. Krl.e+, Kt:22+ 1.1 

'cyMMBPHbllA TOK. BCex. 3apd,nHOCTelil Kpl<lnioHa OOCJie BbiKJII04eHI'IR 

Harpee::,. -~JieKTPOHOB. 3nt. PBC4eTbl' fl~JIW. n.poee,neH~, ,UJIR I'ICT04HI<!Ka 
' • • • " 1 

T~otna MINIMAFIOS. . 

noJiy~e~Hble B ,UI'ICCe~TaUI<II'I pe3Y~bTaTbl 414CJleHHOrO MO,UeJI~POBdHI'I~ 
Ha ocHoee_ co3.naHHolil ·Mo.neA~>~· npoueccoe 

' . ' ' ~~ 

IAoiiHoro OXJialt!,neHI<IR ' 1.1 

·- IAMnYJibCHOrO peHt~>~Ma B I'!MeiOT H-e TOJibKO ECR. I<IC'N:i4H\<!KaX r· -
Ka4eCTBeHHOe, HO lit; KOJIJ11<!4eCTBeHHOe· COrJIBCI<Ie C MHOr041'1CJieHHbiM14 

~KCne~~MeH;~~bH~Mi 'P~3~JlbTa1aMI.1 OOJIY~eHHbiMI'I Ei peaJibHbiX ECR 
I 
\ 



\ 

( 

IACT04HIAKaX; B · flO.IIbWIAH-C~B€!. ~3 K~TOPbiX. peryjJ~;~pHO- IACnO.IIb3YKlTC!;!. ::-TIA 

3 ~~eKTbl 4.11!;1 yee.IIIA4eHIA!;l BbiX04a MHOr03aP!;l4HbiX IAOHOB. 

KpoMe B~K.IIKJ4eHIA!i 84 Harpeea :3JieKTPOHOB; MoryT ·cyw.eCTBOBaTb 

.• aPYriAe ... CnOC05bl no~y4eHIA!;l ~MnY.IIbC~B _ MHOr03aP~4HbiX _.1-iOHOB . /31/. 
A.11~;~ 3roro ndcraro4HO ~a3PYWIATb cirp~~t~~Te.llb~YKlcnor~HUIAa.llbHbiKl :~;~My, 
yaePI!!IABaKlW.YKl IAOHbl. 3TO . ~OtHeT obi.Tb i cn~~aHO, .. ~anPIAMep, 
KPaTKOBPeMeHHbiM cti~;~r~~teM onHo.lit IA3 ~arHIATH~·x. npofioK~, · ynePtHIABaKlw.we •••. 

3 JieKTPOHbl IA.IIIA ·nyTeM .. ,IAHI!!ek~IAIA B P,ao04YKl 30HY IACT04HIAKd 

He5o.llbworo· OY4Ka ·nO.IIOIHIATeJlbHbiX lAO HOB.· KOTOPbllit CHIAMeT-

OTPIAUdTe.llbHYKl noTeH~IAd.II~HYKl !;IM~~yneP~IABdKlW.YKl HdKOO.IIeHHble IAOHbl. 

npiA4eM, BO BTOPOM C.IIY4ae;· 4JliATe.llbHOCT~ IAMnY.IIbCa. IAOHOB IAj 

fioeywKIA' 5J.ner ~npe,ne.II!;!Tbci /i-te BP~Metiei-1 norep~ ,3.11eKTPOHOB.,·IA3 
~ - ' ~ ' ' ' . ' 

IACT04H_IAKa, a BPe":feHeM_ ceo5o.n~oro pa3.11e_ra ·IAOHHolit •· KoMnaH~HTbl ' .. 

KOTOPd!;!.MOIHeL COCTdB.II!;!Tb BCero ,nec~TKIA MIAKPOCeKYH.U IA.3TO MOIHeT 

npiABeCTIA. K YMeHbWeHIAKl ,U.JIIATe.JibHOCTIA IAMnY.IIbCa .IAOH~oro 

COOTBeTCTBeHHOMY YBe.lll!i4eHIAKl · ero. aMn.IIIATY.Ubl. ··• 

.TOKa• lA 
I 

,' . • • • : •' • • • :-·., .· '« : • • •• • 

B /31/-noKa3aHo, 4TO ec.IIIA.IACnO.IIb30BaTb:IAOHHoe oX.IIaJH.neHIAe :.n11~;~ 

c.ne~~tra ; 3ap~;~,noeoro · • panpe,ne.lleH~~' BHYTPl~ . 'l.icro4HIAKa · e 

Bbi~OKO~ap~;~,nHyiO O~.lldCTb lA B He~KOJlbKO Pd3 YMeH~WIATb BPeM!;l 

Pd3PYW'eHIA!;l.· :· OOTeH~IAd.llbHOiit'' !;!Mbl BH;~Pl~ i<lcT04HIAK~, •·. TO · MO:lt!~'ci 
. ' . . . • ' • . • • . l • •·. ' ' .' ~ •• \ •• : ~ • ' -' '. • / 

Ha,Ue!;!TbC!;l nO.IIY41ATb ~-- OPIA .,U.IIIATe.llbHOCTIA IAMny'.llbCd OKO.IIO .0.3Mc 1 IAOHbl 

Kr30 + lA~~; B03MOH!HO, . IAOHbl Pb40+/ C . T9~0M ,no c. 0::1 + 0. 3mA Ha 

Bbi~O,ne IA3. IA~T04HIAK~~ TOKOiit ~elt!IAM' ~~oo+bl ~O~lt!~~: o~~b O~eHb 
- •· j • • ( •• • • •• ~ •• 

BbiiArPbiWHbiM, OC.Oo,eHHO OPIA ~COO.IIb30BdHIAIA .ECR IACTOYHIAKa B Ka4eCTBe. 

IAHJHe.Kfopa e ycKOPIATeJliA ·lA. HaKo~~~tr~·.IIIA 'r~;~;eJl·bl;/ L-iot1oe·~ e roM 41Ac.~e 
B YCKOPI!iTeJlbHOM. KOMn.lleKce CERN.'/ 

• • • • l 

/ 

. '- \ .. ,. ·. . ... · . . ·'. . .·· . : ' .. ·.· I 
B 3aKJJ!QYeHHe c~OP.MYJ!l~Pcieali~ 1 oc~oBHble pe•3Y,IIb~a~bl .nMccepra~IAIA: 

. . .· . ·. . ·' . ( ·:--- ' ,· . ·. . .. . . ', . -;:.! 
1.. Pa3PaoOTdHbl OCHOBHble nO.JIOJHeHIA!;l KIAHeTIA4eCKOiit TeOPIAIA 

HaKon.lleHIA~. lA. noJiy4eHIA!;l MHoro3ap~;~ . .n'H~x. lA eb.coKb3~p~;~,nHbiX: L-ioHOB B. 
i ', ' . . . ·. . ' . (, ..... · ' ' . '. ~ . . 

IAOHHbiX '1ACT04HIAKdX, OCHOBdHHbiX Ha, OOC.IIe40BaTe.llbHOIA, IAOHIA3d~IAIA 

IAOHOB -~.lleKTPOHHbiM y,napoM B Te.4eHIAIA BpeMeHIA y)lepitfaHIA~ IAQHOB B·-
. ' . \ 
IACT04HIAKe. no.IIY4eHHble ·pe3Y.IIbr'arbl no3eo~~.llt:t·. enepeble · e· .e,n-~HOM 
no.nxo.ne 'npoeeCTIA · reciP~TIA4e~~IAe ;IAc~~e.noeaHIA!;l .lA MaTeMaTIA4ecKoe 

MO,UeJliA~oeaHIAe .~3IA4~CKIAX n~o~~CC~~. CB~3dHHbiX C Oo~a;ri~a~IAeM ; 
' \ ' . . 

HdK n.lleHIAeM IAO_HOB e~MHOrO-KOMnOHeHTHbiX ~-~eKTPOHHO-IAOHHbiX ny4KdX 

3Jle T~OH~O.:..IIy4eBbJX IACT04.HIAKOB, KO.IIbUax ·3.JieKTPOHHO-KOjjb~eeoro 
liiOHIA3dTOPa '~~t · rop~;~4elit nJla3Me IACT04HIAKOB IAOHOB Hd'. 3.11eKTPOHHO-· 

UIAK.IIorpoHHoM pe3ciHaH·c~. npe.nJJolt!eHbl lA 'o5cicHcfeaHbl o5~~~te. M~ro.n~>~. 
YBe.IIIA4e~IA!;l BbiXO,Ud MHOf03ap~;~,n~biX IAOHOB ~3HMM. 
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.. . , 

2. :Ha OCHOBe dHd.IIIA3d 

··: .. 

ce4eH~~tlit HeynpyriAx 

·) 

I 
CTO.IIKHOBeHIAiit·: 

onpe,neJJeHbl BePO!;!THOCTIA OCHOBHbiX npo~eCCOB Mem,ny Pd3Aiii4HbiMIA' 

KOMnoHeHTdMIA B 3~eKTPOHHO-~OHHbiX ~Y4KdX lA n.lla3Me· MMH •. noKa3·a~o, 
4TO. ,UOMIAtjiAPYKlUJ,IAM ,npo~eCCOM !;IB.II!;l.eTC!;! nOC.IIe,UOBaTe.llbHd!;l IAOH1!13a~IAs::l 

~.lleKTPOHHbiM Y.UdPOM IAOHOB, OoPa'3YKlW.IAXC!;! 'IA3 Helit.TPdJlbHbiX dTOM,OB. 

. HalitneHbl. YC.IIOBIA!;l, · 'nPIA KOTOPbiX nepe3ap~;~,nKa Helitrpa.JibHbiX aT,OM!JB lA 

·. MOJleKY.II Ha. itoi-tax oKa3bleaer aHa41ATe . .llbHoe B.IIIA!;IHIAe Ha • n~o~ecc 
HdKOnAeHH!;l i IAOHO,B . lA MOJHeT orpaHIA41ABdTb npeaeJlbHO,UOCTIAMIIAMble 

.3Ha4eHIA!;l itoH~blx ~ap~;~nHocrelit e MMM., 

3. OnpeneJJ~Ha· PO.IIb ynpyrHX; KY..JlOHOBCKIAX CT.C!jjKHOBeHIAiit ,MeJH,ny • 

3·ap~;~JHeHHbiMIA: 4dCTIA~dMIA Ef·. MMM. Halit.neHbl c,KopoCTIA Harpeea IAOHOB 
\ . . \ ... ·· ' ' 

·.3.11eK rpoHaMIA lA · nepepacnpe.ne.lleHIA!;l 
'• • ' ! .. • 

3HepriAIA ' MeJH,ny ·~a3AIA4Hb1MIA 
IAOHHbiMIA· KOMnOHEHTaMI-1. . BnePBble noKa3aHo, YTO ynpyrl.!e 

CTO.IIKHOBeHIA!;l B_IAOHHbiX IACT04HIAKdX !;IBJl!;IIOTC!;! nPIA41AHOiit 1YCTdHOBJ!eHIAs::l 

paeHoeecH·oro ~acnpe,neJletiL-1~;~. Eo.llb~MaHa no 3Hepr'IA~;~M ~~totioe c o5w.eet · 

..;TeMnep~TYPOiit .U.II~ BCeX. IAO~HbiX KOMnOHeHT. . • 

4. 'CoeMeCTH~ c. ·E . .AAoH~OM,-~nepsble npe,n.11o1Het1o 1A q,'I-!JIA4eCKI-1 

o~ocHoeaHo. oxJl.aiH.n~HIAe ·MHoro3aP~.ll~blx. IA~Ho_e, e · EBIS•.MaJ!o3ap~;~,nHbiM!Ii 
•IAOHd~IA . ..JlerKIAX•3.JieMeHT9B,C ~e.llbi0~3Ha41ATe.llbHO~O~~HIA~eHIA!;l _nOTepb ~ 

• yee.~~~t4eHIA~· ablxo.na ~3 ' ~~tci-o4.HIAKa MHoro3ap~;~.riHblx: lAO Hoe' •• Ho1111oe 
'. • • J "' ' ' • 

ox.Jt'aiH,neHIAe HdW.IIO ycneuiHOe .. , npiAM.eHeHIAe B ,npyriAX TIAnax IAOHHbiX 

IACT,04HIAK~B lA e:. H~C~O!;!W.e~··BP~M!;l' CTd.IIO CdMbi.M 3HeKTIABHbiM.IA WIAP~KO 
nPIAMeH!;leMbiM 1 Bt MIAPe, CnOCOoOM ,3Hd41ATe.llbHOrO YBe.IIIA4eHIA!;l BbiXO,Ud 

' MH~ro3ap~;~,nHb.x ~~to~oe it.11~;~ KEns; EBiT lA ECR ~~t~ro4~~~tKoe ~~toHoe·. 

. 5. · Bn~pebl~ 
. ' ' . 

Halit,neHbl CTaUIAOHdPHble,. 'YHr<~IAIA pacnpe,ne.lleHIA!;l 

MHOI'03dP!;l.UHbiX. 'IAOHOB. npw nOC.IIe,UOBaTeJlbHOiit IAOHIA3d~IAIA' IAOHOB B 

·_3.11eKTPOHHbiX·. nY4Kax'·,. C ·' rayccOBCKOiit. n.IIOTH.OC,TbKl B Ce4eHIAIA;. 
: , . . I . . ' 

AHaJl~TIA4eCKIAMIA MeTO,UdMIA lA B ~e3y.llbTdTe 41AC.IIeHHOro MO,Ue.IIIA~~BdH~!;l 

nOKd3dHO, 4TO B TdKIA~ ny4KaM CPe.riH~KBa,npaTH4Hble ~O~epe4H~e\, 
Pd3M~Pbi-IAOHHbiX KOMrtOHeHT ydbiBaiOT o~C~~ee C~POCTOM 3ap~;~,na IAOHOB~· 

.4eM·B .3.11eKTPOHHbiX ny4KdX.C nOCTO!;!HHOiit n.IIOTHOCTbKl B Ce4eHIAIA.> 
\ •• . 1 ·.··' .· . 

·..,_6. Ha. OCHOBe MeTo,na nO.IIHbiX MOMeHTOB .• 'YHK~IAIA pacnp'e,neJJeHIA~ 

··• no.lly4eHbl c~~tcieMbl ypaeHeJiiAH, on~~tcbleaKlW.IAe' .lliAHaMIAKY ~at<.on.lleHIA>< 
IAOHOB B MHOrOKOMnOHeHTHbiX 3.11eKTP,OHHO-IAOHHbiX, n)/.4KdX lA TOHKIA~ 

KO.IIb~ax, .·p' TdK JH_e KO.II.IIeKTIABHOro \YCKOPeHIA!;l MHOrOKOMnOHeHTHoro 

3.11eKTPOHHO.:_~OHHOrO 'KO.IIb~a. , npe,U.JIOI!!eHbi CnOCOo ,nonO.IIHL-fTe.llbHOro 
! . . 

YMeHbWeHIA!;l Pd3MePOB 3JleKTPOHHbiX KOJle~ 3a C4e! CIAHXPOTPOHt!Or:o,, . . 
Te4e~IAIA BPeMeHIA CIHdTiils::l YCKOPeHIA!;l .IAOHOB B Mero.n IA3AY4e.HIA!;l ·lA 

3.11eK rpoltHriro KO.IIbU_a. B ·.KOJl.lleKTIABHOM·, YCKOPIATeJle lAO HOB 3d ~4eT. 

'. 

.. 

I. 



' > 

.aei4CTBLHl CIAJ!bl KDPIAOA!'!C_a.' npos~.aeti'o-. 41ACJie'HHOe MO,lleJIIAPDBdH_IAe 

npoueccos 

YCKOPlHeJie 

. ' ' ' 
,HdKOnJieHIAs:l lA 

Ts:lltleJibiX IAOHOB. 

YCK10PeH~f~ · IAOHOB ·• B 

Pe3YJibTdTbl 'pac4eTos 

·KaJIJieK TwsHoM 

HdXO,lls:lTCs:l_ ·:. B 

cor JldCIAIA c npose.aeHHbiMIA .3KcnePtAMeHTdMIA ·· Ha·· npoToTwne KYH1· w· 
. I - . . . . . . - . . - ' • 

. wcnOftb30BdJIIACb npw npoeKTIAPOBdHIAIA "'- C03.lldHIAIA KYTVI-20 s .0145!14,' 

7. Ha ocHose Teope~w~ecKoro•aHaJI~3a npciuecco~ np~ .llJIIA~~JI~HOM/ 
y.aePHidHIAIA 'peJis:~TwswcTcKwx· 3JieK TPOHHblx · KDJieu · c woHaMw o'npe.aeJieHbl 

OCHOBHble .IPaKTO~bl .<orpaHIA41ABdiOW.~e· BPeMs:l ~IA3HIA 3JieKT.POH.HbiX- KOJieU 

KYT14 lA. OOKd3dHo'; 4TO peJls:lTIABIACTCKOe 3JieKTPOHHOe KOJibUO IViomeT 

cyUI,eCTBOBdTb · .llO - .100ms lA·. '5b1Tb ': IACOOJib30BdHO . ,llJls:l OOJIY4e_HIAS'l 

MHOr03dPs:l.llHbiX ~OHOB • B' MO~ePHIA31APOBdHHO~. MdrH~-THOH CIACTeMe. , 

KOJIJleKTIABHOro YCKOPIATeJis:l. Bbi~OJI~·eHo <ll1A~~4eCKOe OGOCHOBaHL.ie '· 

; 

npoeKTa .0145114 ERIS. (3JieKTPO~Ho:-t<o.fib~esoCI' 'riloH~3aToP);· .. UeJI~to 
. - . ' ' . " . . - . ,. . . . ..,_ 

KDTOPOrO s:lBJis:leTCs:l_nOJIY4eH!Ae BbiCOK03dPs:l.llHbiXc.IAOHOB ,llJls:l npose,lleHIAs:l 1 

IACCJie,llOBdHIACI no 'IPIA31AKe . 3JieK TPOHHOCI ' 050Jl04KIA IA_OHOB. -Ha4aTa 

pe~JliA3dUIAs:l ~p_oeKTa,~_ER~s··IA· OOJIY4e~bl nep~Bblec cpe_KTPbl -Jl~HHCI_K,;-w ·K~ 
:, npiA peHTreHOBCKOM L-13JIY4eHWL-1 KPL-InTOHd, 1-1 · KCeHOHd' IA3. '3'JieKTPOHHOro . 
. I . . • , . . 

KOJibUd'. J.: 
: 

... :· \ '. ·.". ·,,' , {: •'. . ., ' . ' . 

8~ lt13Y4eH: npouecc -.llJIWTeJibHOrO. YJlePitldHL-Is:l MHOr03dPs:l.llHbiX L-IOHOB 
j • ., • . .. . ·, •: \ .'- ~ ' •• • ., \ _: ' . I ' ""·. . .' ' . : t • 

s EBIS. -Bnepsble. noKa3aHo ,. 4TO ynpyrwe,, KYJIOHOBCKwe cToJIKHoseHMs:l 
'. v ; ,·. ' • ! < '. ~·- -·-: .. ._. -.-.•.. ·, ' -' •. ' ... _,-'. '·-, --- .. 

IAOHOB MOryT s:lBJis:lTbCs:l OCHOBHOCI ' nPIA41-1HOCI 3Hd4L-!TeJibHbl~ L-IOHHbiX 

. noTePb. B EBIS' w onpe.ae:neHbl 'oco5eHHOCTIA; npwMeHe~L-!s:l . '~OH_HOro. 
' . . 4- I . ' ' ' ' ' ~--' - t 

OXJld~.lleH~~ .llJls:l·~X npe,llOTBPdW.eHL-1~. npe):lJI~Hte~ HOB~H MeTO.ll HOHHOrO 
. . / ,! i. '' . . ' . ' . 

oxJlalll.aeHw~ i~111eJ1bl~ woHo_s_ 6 EBIS :HenpepblsHbiM_ ~oToKoM JlerKwx_ 

.Hotiofl 1-1 onpe'.aeJieHbl He05XO.lli-1Mble napaMeTPbl CTPYI-1 JlerKwx' L-IOHOB .llJI~' 
. ' { ·' \ '.. '. ,, --~- ' ,"". ; . /'· ' .- ·: 

oxAam.aeHM~'BbiCOK03aP~.llHbiX:WOHos B· wcT04HMKe KPI40H~2; . . \·~ .... - ~ . ' . .. 

9. Ha OCHOB~ PdCMOTP~HL4s:l ynpyrwk H Heyn'pyrMX. s3a~M6".ae~CTBrACI 
·.1-l CTO~~H~BeHiACI~ . 3dP~HteHH,biX\ 4dCTM'U · .. B . rlJI~3i.le ~ a TdK tHe 

KJ!d~CM4BCKMX. OOTePb 1-13 · OTKPbiTO~ MdrHWTHOCI· JIOBYWKL-1;. P~3Pd50TdHd 
MO.QeJib HaK'onJieHM~ w YJlepm.aHL!I~ woHoB .· s ,ECR wcT.04HMKax ~- Co3~aHHa~ 
MO,lleJib' 003BOJIIAJid He ~OJibKO OPOBBCTW·~~~OPeTH~ecK6e M3Y4e~~~ 

·npoueccoa ca~3dH!ibiX c noAy4e~weM
1

WoHoe s'o5bi4H~xpetHMMax pa6orbl. 

ECR ,MCTO~HHKOB, 'HO 1-1 snepsble _HaCITM IPIA3~4ecKoe_: o5b~CHeHwe, --~~ 
. .· . . - . - . ' . . . ~ ... ' / ./ 

nposecTM MdTBMdTW4eCKOe MO.lleJIWPOBdHWe 3Hd4tHeJibHOrO YBeJIH4eHIA~ ' 
. \· . . . ~ ' . ' ' ' - .. 

tibiXo,a'a ,MHOr03dP!;lJlHbiX . WOHOB npw MCOOJib30BdHMl~ CMeceCI : JlerKMX. lA 

HlJKeJibiX 3JI~M~H;OB .. · (WOHHOB OX.Jidlll,lleHMe) H. B . MMOYJibCHOM, .PeHIWMe 

Pa5oTbl ECR L1CT04HMKa · .MoHos _ .. 'npe.a.JioiHeH . HOBblr.:i ·. nepcneKTMBHbiCI 

Cnoto5 YBBJIL-14eHW~ Bbi~O.lld MHOr03dP~.llHbiX MOHO~ OPLII MCOOJib30BdHHM 

ECR ~CT04HMKa a '~a4ecrse wH_ItleKTopa s, YCKOP~T~JIW 1-1 tiaKonwTeJIIA 

- \ 
I - . 
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\Ts:llliBAbiX MOHOB,'B TOM 4MCJie B.YCKOPMTeJibHOM KOM~JieKce CERN • 

: 10.- npe,llJIOH!e.Hbl·· ,HOBble· MeTO,llbl L-1, dJirOPIATMbl- PdC4eTa 3dPs:l,IIOBb1?< 

pacnpe.QeJJeHMCI, no3BOJis:ltoW.we MOJleJiiAposaTb ocHOBHble npoueccbl s ECR 

MCTO~HL!IKe_ B CTdTIA4eCKOM W .llWH~MM4eCKOM peiHMMdX. Pe3YAbTdTbl· 

.4WCAeHtjOrO MO,lleJJMPOBdHWs:l MMeiOT xopowee Kd4eCTBeHHOe 1-1 
KOJIJI~4e'cTBeHHOe c~r JldC e no: 3dPs:l.llOBOMY pacnpeJjeJJeHMIO- H BeJIIA4L!IHe· 

liiOHHoro' To~a_. Ha. Bblxo.~;~ lil3 •. ECR MCT04HMK·os, a TaKHie speMeHHOMY 

Pd3BMTL!IIO OPOUeCCOB ~Jis;~ MMOYJib~Horo PelllliLMd pa50Tblj C MMeiOW.MMWCs:l 

3KGnePMMeHTdJibHbiMW JldHHbiMliL, nOJIY4eHHbiMM B Be,llYUI.liL!< HdY4HbiX 

ueHTPdX. npose.aeH pac4eT 3dP~.llOBbiX pacnpe.aeJieHMCI liLOHOB .llJJH ECRIS 

a TexHM4eGKoM YHlllsepcwTeTe ._ r .APE3.D.EH (CI!Pr) w DECRrS-14- (JISIP 

0145!14·)- .·, . / 

. OcHJBHble pe3YAbTa·Tj, onv5A!AKOBaHb! e_ c.ne.nytow.!Ax pa5o±ax-

: L CaMoco~ JJacosatiHas:~ 3a.lla4a . o · .llBlilltleHww 

3JI~tAncowilaJJbH,bix. crycTKOB 4dCT1AU'.' 3 ~A :nepeJJbWTElCIH·, 

"npenPliLHT 014SII4 P9_:10488, .8.y5Ha,; l977,· 12c.; 

~Till~ .T :48, 197B;. cc. 249::_253. . . 

• . I 

3dP~~eHHblk 

f.A.IDMP~OB •.. 

2. Pac4e.T np~uecca H~KOfl.lleHW~ · WOHOB ~ 3ft,eKTPOHHb1X' OY4Kd,X C 
. ,·.\ \'• : '·.: '\ . , ; • I·· '', . ' ' 

Y4eTDM IAOH-IAOHHbiX B3dliLMO,IIei4CTBMCI. 3.A.nepeJib~TeCIH, f • .ll.WliLPKO~~-

npenp'L!IH"f 0115!1t1 P9..:_11412, AyfiHa, 1978, llc.; 

lKT$' T-.49",- 1979~· cc. lS.,..23. . . 
, ,·. i• I I •. l 

.. 3. 0 HdKOOJieHL!IIil WOHOB B_ 3JieK TPOHHbiX KOJibUd'X. , f • .ll.IDWPKOB ., 

npen~liLHT 'Ovt5!14 P9-l2055,. Ay5Ha, '1979, llc.; < · 
'\, ' • . ' ' ' I 

lKT$, T.49,· 1979, •CC •. 1471-1475 • 

4. MeTOJl .MOMetjTOf71 B .llMHdMWKe KO:"bUeBbiX : OY4KOB 3dP~ItleHHbiX 
4dCTWU. H.io.Ka3aPMHOB,, 3~A.nepe.iL'bWTeCIH, .r: . .ll.IDMPKOB. lKT$_, 50, 

1980. cc.' 549-546. . '·, - . . .. ' , . .. _. .. I 
5: 0 HdKOOJJeHWW T~H!eJibiX liiOHOB ·B ~JieKTPOHHbiX. KOJI~Ua~ 

KOJJJieKTMBH.Oro , , YCKOPliLTeJISL 3 ~A .nepeJibWT~CIH,. 'r ~Ji .IDMPKO.B. 
' \. I . ,• . . ' . ~ I . . . ; ' ,, ~ 

Coo5ur.eHwe 0145!14 9-80:-124; .lly5Ha, 1980, 6c. 

6. 0- s'o3MOIH~'ocTliL. yseJIM4ei·Hi~ · 3cP41eKT~BHOCI ycKOPS!tow:eCI ciAAbi/B 

. YCKOPW TeJJ~X c. 3JieK TPOHHbiML-1 ·· KOJibUdMIA. B .C·~AAeKCdH.llPOB ,' 
'3 ~A .nepeAbWTec.'ti ~ B .n .CapaH'ues' r ".8.-.WWPKOB. Coo5ur.eHwe Olt1SII-1 

' . i / • . 

P9-81-20, .lly5Ha, 1981; 6c. _ . . f . _ 

7. Ion-Ion Collisions in Electron' Ion .Rings.· E.Perelstein, 
' ' ' ' . ~ . ' ! ' t ' ' ' • 

G. Shirkov. ·Proceedings of Intern. Seminar on High Ion-Atom 
. . •' , - . " ' . I 

Collision Processes;· Hungary, 198l, ·p.207-210. [in English]. 

B. 0 H~KonJJeHliLW MHOr03dP!;lJlHbiX IAOH.OB B · :>AeKTPOHHbiX KOJibUdX 

KOA~eKTiiiBHOro YCKQPWTeJI~. 3.·A .nepeJlblBTeLitH,. 'r . .8. .IDIAPKOB. B 
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·~ .... -·, 

K'H. :T~YJit::l · coaew.atitA~ no npo5JJeMaM KOJJJJeKTIABHoro ~erona 
ycKoPeHIA~ • .D.y5Ha, o~SH1, .n.9::..82-664, 1982, cc. 31j33: . 

g~ Pac4eT · YCKOPeHIA~ MHOrOKOMnOHeHTHt::IX ~JieKTPOHHO~ IAOHHt::IX 
·, ' '! . ' ' 

KoJJeu. H.IO •. Ka3aPtAHoa, .3.A·.nepe.JJbwreC1H, f . .D..UitAPKOB. B i<H::TPYJit::l 
coaew,aH·w~ no npb5JJeMaM i<ciJJJJeK TIABHciro Mero:Oa ycKop'eHtA~. Ay5Ha ,' 

O~SH-1, .D.9-82.:.664; 1982; cc. 62-65. ' /. 

HL :0 !IJ~HKUIA~ pacnpeJteJJeHtA~· ·--:tAo HoB. : 3 .A :hepefibwteC1H, 
' . .\ ,· .. ' .. 

f .A.UIIAPKOB. npenptAHT. O~SI~ P9-82-526, ·AY5Ha,. 1982, l1c ... 

11.' Mo}leJIIAPOBaHtAe npouecca -HaKOnJJeHiA~ l~OHOB. B ~JieKTPOHHt::IX 

ny4KaX- 3 .'A .ne'peJJtiwTeC1H... B .Ql ~llleauoa. r . .D. .UiiAPKOB. l-1 E .r .llll-1~08-
. ' ' . . . 

npenpiAHT. O~SIVI P9.:_82-'532, .D.y5Ha.~ 1982,. 11c.; 

~TQl T~54,.1984; cc. 270-2~8.: { 

12. Mone~IAPbB.aHtAe. HaKOnJJeHIA~ lAO HOB· B. ·~JieK.TPOHHt::IX. nY4Kax' 

3 ~A .nepeJJbWTelitH •. B .Ql.llle~UOB, r 7.D. ,UIIAPKOB: l-1 E .f..llliAH.OB'.: B KH': 
' TPYJlt::l VIII· Bcecoto3Horci COBeUJ,aHIA~' no 'YCKOPIATeJI~M 3ap~lt!eHHt::IX 
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