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B !956 roll,y B.H.BeKCJiep[I1yKaaaJI Ha B08MOlltHOCTI, ocyll{eCTB

J18HHH HOB!iX MeTOll,OB YCKOpeHHH, HCilOJII>8YIDll{HX KOJIJieKTHBHble 

B8aHMOl1,8HCTBHH. B TeqeHHe HeCKOJII,KHX IlOCJiell,HHX JieT 8TH Hll,eH 

ycnemHO paaBHBaIDTCH B TeopeTHqecKOM H 8KcnepHM8HTaJII,HOM IlJiaHe 

CHaqaJia B CCCP[2~ a IlOTOM H B ll,pyrH:X CTpanax MHpa. 

KOJIJI8KTHB 0Tl1,eJia HOBliX M8T0l1.0B YCKOpeHHH OHfill ll,OCTHr 

60JII,moro nporpecca B paaBHTHH KOJ1J18KTHBHOro MeTOll,a ycKopeHHH, 

IlOJiyqHB YCKOpeHHble .,I.. -qacTHIU,l Ha MOll,eJIH KOJIJieKTHBHOro JIHHett

HOrO YCKOPHT8J1H HOHOB. TeM CaMblM 8KcnepHMeHTaJII>HO ll,OKaaaHa 

pa60TOCilOC06HOCTI, HOBoro M8TOl1,a ycKopeHHH. 

J{JIH YCKOpeHHH npOTOHOB HJIH THllteJiinc HOHOB HOBblll MeTOll,OM 

He06XOl1,HMO C08l1,aHHe IlJIOTHoro SJieR!rpOHHOrO crycTKa. B M0l1.8JIH 

KOJIJieKTHBHoro YCKOpHTeJIH HOHOB OJ.IBH B KaqecTBe TaKoro crycTKa 

Bb16paHO KOJII,~O 8JI8KTpOHOB, BpamaIDll{HXCH B uarHHTHOM no11e. J{JIH 

HHllt8K~HH 8J18KTpOHOB HCilOJ1I,8yeTCH HH'JJ.YK~HOHHblit J1JilH8'1HHit YCKOpH

T8J1I, JHY-3000. IlyqoK c TOKOM rooa H SHeprHett I,5 MaB HHllt8KTH

pyeTCH B MHrKOWOKYCHPYIOlllee no11e a~reaaTopa Ha Pa.itHYC 40 CM. 

BKJimqemie HMilYJII>CH!iX none« o6ecneqmiaeT "npouamey" nyqKa H 

ero ll,aJII>Hebee al1,Ha6aTHqecKoe clltaTHe lJ.O pall,eyca 6 cu. 

Ha nepBwc o6opoTax nyqoK HMeeT aJIJIHilTHqecKoe ceqeHHe c no11y

ocHMH B pall,HaJII>HOM HanpaBJ18HHH C/1."' I,6 CM H a1tcHaJ1I,HOM I,2cu. 

B npo~ecce all,Ha6aTHqec1toro clltaTHH npOHCXOlJ.HT yuenI>meHHe ero 

nonepeqnwc paaMepoBf3l 
PacqeTbl no1ta8HBaIDT, qTo npH yqeTe .Jil8MeHeHHH qacTOTbl 

6eTaTpOHHliX KOJie6aHHH, CBH8aHHOit C aaxBaTOM HOHOB H8 reJIHeBOH 

cpell,bl, B KOTOpOit npOHCXOll,JilT ClltaTHe, npH ll,aB~eHHJil P=ro-7MM pT.CT. 

Ha KOHeqHOit CTall,HH ClltaTHH KOJII,~O HMeeT B ceqeHHH paauepbl ~ IMM. 

3 



HsuepeHHH pa]lHaJIJ,Horo ceqeHHB KOJIDUa, CAeJiaHHble B nponecce 

ero BliBOAa HS DOTeHUHMDHOi! mm, DOATB8pJE;!tallT 8TH pacqeTli. 

Ha pHc.5,6 npeACTaBJieHli CHCTeila BHTKOB a,?tresa.Topa 111 uarmIT-

HOe none, cosAaBaewoe aTott CHCTeuo~. KaK BHAHO HS 3THX p111cyH-

KOB, AJIH BliBO'Aa KOJIDUa 111 ero ycKopeHHH He06XOAKMO a]lKa6aTH

qecKll1 'A6~0pMKpOBaTD MarHHTHlill 6apDep - uapymHTD ero CKMMeTpKll 

TaK, qT06li Ha crycTOK 'A6i!CTBOBaJia BliTf'.JIKKBaJOm;aH CKJia B l. .;,.Ha

npaBJieHKK. ;llJIH aToro B onpeAeJieHH!ill YOMeHT C DOIIOll{DIO paspHA

HKKa ( 9)myHTKPYIITCH B111TKH ~ 4,5,6. B pesyJIDTaTe B a]lresaTope 

COSAaeTCH uarH111THOe DOJie ( rpa~HK ero TaKllte npeAcTaBJieH Ha 

p111c.6), rpa]lKeHT KOTOporo B aKCHMDHOM HanpaBJieHll1H COSAaeT 

He06XOAHMyro YCKOPHIOlltYIO CHJIY • Ilpo6Jie11a YAeplltamrn KOHOB 8JI6KT

poHHliM KOJIDUOM npH ycxopeHHll1 HaKJIB]lliBaeT onpe;neJieHHble Tpe6oBa

ll14H Ha rpa){!46HT MarHl4THOrO DOJIH f41. PeryJIHpOBKa rpa]lH8HTa ;ztO

CTll1raeTCH Bli60p011 BpeMeHH BKJIB)qeHHH paspH;nHll1Ka (9) 111 COJieHOH

Aa 7.0suep!4TD JIOKaJIDHlie SHaqeHHH rpa]lH6HTa C BliCOKOll TOqHQCTDB> 

saTPY'AHKT6JIDHO. IloaTOMY npH ycKopeHll1K KOJIDUa CP6'AHKtt rpa]lll16HT 

uarnl4THoro noJIH Iia yqacTKe ycKopeHHH 40cM BHAeplltHBancH _nopHAKa 

IOap/cu. IlpH TaKOM rpa]lHeHTe DOJIH yCKOpeHHe_KOJIDUa MeH~me npe

'A6JlhHOro H DOSBOJIHeT YCKOpl4TD AByxsapHAHlie J_ -qacTHW:I ;no aHep;

rKH 30MaB. KaK CJI6'AY6T KS pacqeTOBf4\ OTHOmeHHe qHc~a YCKO

peHHliX J.. -qacTHU K. nepBOHaqaJIDHO saxBaqeHHliM B DOT6HUKa.Jll,HYB> 

m:y KOJIDUa COCTaBJIHeT 30%. 

YcKopeHHOe KOJihUO, HarpyllteHHOe J._ .;,.qacTHUaM14, nona]laeT Ha 

MHW6HD, npeACTaBJIH!Olll;ylll HS ce6H Me;nHyIO ~OJIDry. MHmeHD CTOHT B 

o6JiacTH CKJihHoro cnaAa uarnnTHoro nona, HO. HenocpeACTB6HHO ne

peA MKW6HDIO noMem;eH ~alltoK,Ha KOTOpbli! BblCalltHBae!rCfl 8JI6KTpOHHaH 

KOMilOHeHTa. 0AHaxo, HS-Sa HepaBHOMepH_OCTH BblCalltll1BaHHH 8JI6KTpOH

HOro KOJIDna npOHCXO:ztHT pasuasblBaHHe 8H6PrHll1 J.-qacTHU B CTOpOHY 
60JihWKX 8Hepridi. 
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JtiIH perzcTpanH111 nyilxa- :·.L '-tiacT111n H onpeAeneHHH ero= oc

BOBHlix: mipaweTpOB 6blJill npHMeHeHa KeTO'AHKa HsilepeHHH HaBeAeHHOl 

aKTHBHOCTH
0

HS:MeAHOit MHllleHH.·9Ta aKTHBlilOCTDHBJIHeTCH pesyJI:6-

TaTou· BSamiojieitcTBHH YCKOpeHHWC. MD~-qacTHU c H;ztpaMH di 63, 

~" 65 • OCHOBHble MepHlie peaKUHH, ll'AYJltHe Ha Ke.ltH~: ·CJieAYIOlll;He: 

C'u 63 (~i,) Ga'6 T1; 2=9;4qac~ (J,' 3/J,2h) {;.q's-Tr;2=I511HJI. 

Cu ,s-[.1.,,,.,) G:a. 68 - Ti;2= 70 IIHH. C.. 6s(J. ,i 11 ) · tier '7 T1; 2= 78 llac. · 

HaH60Jiee YA06Hlill HSOTOIIOM ;nJIH perl!CTpaQHH j-:esnyqeHHH HBJIH;..-: 

eTCH HSOTOil Gct 66, y-cneKTp KOToporo co;nepxHT ABe HHTeJICHBHlie 

JIHHHH 5II KSB HI040 KSB. IlocKOJIDKO HSMepeHKft npOBOAKJIHCD qe

pes 4 -t 5 qac. nocJie 06JiyqeHJ.fH, TO BKJIB]l OT 'APYI'HX KaHaJIOB 

peaKUKK B JIHBKD 5II KSB 6yAeT ueauaq111TeJieB Hs-sa uanoro nepuo

;na noJiypacna;na ().a 68, Co. 65• [sJ 

Ilo6oqBol peaKn:eel Ha M8'AH HBJIBeTCH BSaWIOAelCTBHe TOpuos

HOro HSJiyqeBHH aJieKTpOHOB c H;npallH Ui 63 H C. 65 • Ilopor (pOTO

fi'A8PHOl peaKUHH Ha (« 65cr, 11 ) II Man. J{JIH OUeHKH BJIHHHHH BliXO

){a HSOTODOB HS 8TKX peaKUHl 6HJIO npoBe;neHO o6JiyqeHHe KeAHOH 

IIHWeBH ROJII,UOK sneKTpOHOB B IIOKeHT HX uaKCWlaJIDHOro cxaTHH. 

B raMMa-cneKTpe OT STOI MHmeHH B HHTepecymm;KX Hae aHepreTHqecKKX 

AH&Da30BIX 8KTHBHOCTD OTCYTCTByeT. TaKHM 06paso11, no HSYepe

HHHII f ~ cneKTpOB OT MeAHOii ~OJIDrH IIOEHO CY'AHTD 06 SHeprHH H 

qHcne J... qacTHQ, DaA81llllKX Ha MKmeHD. 

BliJIH npoBe;neHli oneHKH a(p<fleKTHBBOCTK perHCTpauHH J -qacTHU 

no STOMY HSOTony. 0HH DOKaSaJIH, qTo IIOEHO perHCTpHpOB8TD DOTOKH 

J.. -qacTHU c q:ecJIOII ,¼_ 7 5•108 H SHeprHett F;_ "7 IO Lf::rn. 

;llJIH onpe;neJieHHH napaweTpOB nyqKa J. -qacTHU 6blJIH IlOCTaBJieHbl 
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IIHlll8HH Ha pacCTOfiHHH 40 CM OT 118]:tHaHHOi! llJl,OCKOCTH. MHmeHli 

C]:t8JlaHn Ha6opHOi1H35118'AHblX H aJ1JJJ1HHH8BblX WOJII,r. TOJllllHHa 

Me]:tHOi! womrH I2 Mr/0112, TOJllllHHa 8JillMHHH8BOit WOJII,rH 5,4 u.r/cM.2• 

CnyCTfi 4 ~ 5 qacoB llOCJle o6nyqeHHfi npOHSBO]:tHJIOCI>.HBllepeaHe 

aKTHBHOCTH wonI>r Ha CIUIHTHJIJIHUHOHHOM cneKTpo11eTpe. Ha pHc. I 

npe~CTaBneH llORHHR r- Cil8KTp, Ha pHC. 2-4 
npe'ACT8BJl8HH OCHOBHHe napaMeTpli cneKTpOMeTpa, aaBHCIDIOCTI, 

3~KTHBHOCTH perHCTpa~H !-KBaHTOB OT 3HeprHH H xan:uopoBoq

HaR npRMa.R ' 

t -cneKTP CO'A8PlKHT 'AB8 JIHHHH C aHeprHHMH SII KSB H 

I040 KSB. IlpOH3BO'AHJIOCI, Jri3118peHHe nepHO;lla nonypacna'Aa STOit 

aKTHBHOCTH, KOTOpoe ;l{aeT SHaqeHHe Tr12= 9 qac. ~Jiff HSMepeHHfi 

SHeprHH 6NJIO npOHSB8'A8HO H3MepeHHe aKTHBHOCTH no CJIOHII. Pe-

3YJII,TaTN HB11epeHHit npe,1:tcTaBJ18Hli Ha PHO. 7 • 0TCID'Aa BH'AHO, 

qTO MaKCHMaJII>Hfil1 BblXO'A npHXO]:tHTCH Ha 4 118,1:tHYID @OJII>ry. HcnOJII,SYH 

pesyJII,TaTN paeiOT /6,7/ H peayJII>TaTli OC>JlyqeHHfi Taxoi! xe 

CTOnKH womr Ha UHKJIOTPOHe Y-200 ]a6opaTopHH fi]:tepHblX peaKUHit> 

6NJJB npoHaBeieHH oueHKH aaeprHH na'AaIDmHX l-qacTHU. 8TH ouea

KH 'ABDT saaqeaHe [J.- = (29±6) MaB. 

IlorpemHOCTI, B onpe,1:teJleHHH aHeprHH oeiyCJIOBJleHa OW!dC>KOll 

HSllepeHHfi TOJllllHHli 118]:tHblX @OJII>r, KOTOpaH COOTBeTCTByeT IO%,H 

HeToqaoCTI,ID B onpe]:teJleHHH IlOJIOXeHHfi vaKCHMyMa B @YHKUHH B08-

6y)l'A8HHH. 

8HaH aaeprHID J._ -qacTHU, IIOlKHO no BblXO'AY HSOTOna Ha 4 

@OJII>re onpe]:teJIHTI, HHTerpaJJI>Hlii! IlOTOK IlSAaIDmHX J -qacuu, no 

@OPMYJle 

Jl,,l.. 
;Vo (I) 

----
(f /J., h) J/~'J, J 
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\ 
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. ,, 
; 

·~ 

'. 

I 

r 

rie Jv'o - qr,,:0310 8KTHBHblX fi'A8P Crcl 66 B aaqaJ1I,Hfil1 110118HT Bpe11eaH, 

/JA~ - q■CJIO fi'A8P 11Hm8HH Ha 0,1:tHH 0112• 
j' H>-, 

,I .... , .... . e. 
/Ve = -;t. c£ (1- e-M ... 3"") (2) 

s ,-, -nJ10m8'AI> no c»OTOilH,Kall; 

-;/!.. 

E!. 

- a6COJIDTHfil1 KBaHTOBliit BliXO'A; 

- 8~KTHBHOCTI, perHCTp8UHH KB8HTOB; 

{l"j - BpeMH OT KOHUa OC>JiyqeHHH AO HaqaJia H3MepeH~H_; 

-l. .. ,... - Bpellfi HSMepeHHH; 

>--. - noc;OHHHaH pac~aAa (;q 66 • 

BNqHCJ18HHfi ]:taIDT HaM B~JlffqHHy HHTerpaJJI>HOro nOTOKa J_ -qacTHU 

NJ. ~ 5•I09• 

OmHC>Ka B onpe]:teJieHHH qHcJla J. -qacTHU B OCHOBHOII onpe

'A8Jlfi8TCH omH61toi! B H3MepeHHH aaeprHH J. -qacTHU 20% H TonmHHli 

118]:tHOit MHWOHH IO%. TaKHM 0Cipaao11, IlOTOK l-qacTHit onpe,1:teneH 

/V d-. = ( 5 .± I,5 ) •I09 . 

IlpoBe]:teHHlie axcnepHMeHTli H H3MepeHHH no1taaaJIH HaJIJl[qHe YCKO

peHHblX j__ -qacTHU H, Tell CaMW, O]:tH03Haqao 'AOitaSaJIH npHHUH

llH8JII,HJD BOSMOlKHOCTI, KOJIJieKTHBHoro MeTO'Aa ycxopeHHH. 

B aa1tnmqeaHe aBTOpli npHHOCHT 6JiaroiapHOCTI, Bce11 COTPY'AHH

KaM OT,1:tena, IlpHHHMaBmHM yqacTHe B npoBe]:teHHH axcnepHMeHTOB 

H oeicyllt,'lteHHH peSJJII>TaToB, B ocoeieHHOCTH: PameBCKOit A.A., 

Xa6apoBy_B.C., KoxyxoBy H.B., HBaHOBy H.H., IlepemmTeitay a.A., 

Py6HHY H.B., IlpetaeHAop<py B.A.,a TaKJKe CDTPY'AHHKaM ]HP 
OraaecHHy D.U. H maucyT'AHHOBY A.T. 
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