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Ilpo611eua npOCTP8HCTBCHHOro 38PH.li8 H 1$l!eKTOB, Bll31lBaeUl:lX HM B 

8HCaUCiJIHX 38PHlltCIIHllX ll8CTH!t, HBJIHeTCH o;n11ott H3 1teHTpaJ11>HllX B COB

peueHHOtt YCKOpHTCJIJ,HOtt q)H3HKe H TCXHHKe~ .nsa acneKTa 3T0£1 npoClne

Ull CBll38Hl:l C rJ18BH!lUH HanpaBJleHHHMH paaBHTHH H HCCJle;nosaHHtt YCKO

pHTeJiett. Ilep:Bllit OTHOCHTCH K KJ18CCHqecKOMY HanpasneHH~ H 38HHMaeT 

HCCJ1e,nosaTeJ1ett .naBHO - 8TO acI)cI)eKTll C06CTBellHl:lX. 3JleKTpouarHHTlll:lX 

llOJlett llYllKa npH llOBl:llDCHHII llllTeHCHBHOCTH YCKOPHTeJiett OCi!lllllOro THna. 

B 3TOM CJiytiae npocTpaHCTBCllHlltt aapH;n BllCTynaeT KaK nouexa, 1$l!eK~ 

Tll, CBH38HHl:le C UHM, orpaHHllHB8filT HHTCHCHBHOCTI> YCKOpllTeJ1ett H cse

THMOCTI, H8KOIIHTCJll>lll:1X YCT8HOBOK. 3a nocne;na11e ro;nu H8KOllJICH 60JIJ,

rnolt OllllT B paspa6o~m:i ueTb;itOB KOuneHC81tllH STIIX 3~lqleKTOB Ha OCHOBe 

,neTaJll>HOro HsytieHIIH HX K8K B TeopeTl!tieCKOU, T8K H skcnep11uel:iian:r,

llOY riJiaHax., COOTBSTCTBCHllO Ha UHOrHX YCT8HOBK8X .ztOCTHI'HYT'u peKop.n

Hlle llOK838TCJIH·llOHHTCHCHBHOC'l'H yciopHeMHX nytIKOB, 'IITO HMeeT 

orpouHoe sl!atieHHEi :'AJIH paSBIITHH H,nepuott q)ll3HKH H pH;na T6XHHllCCKHX 

llpHJIOllt8HH£1. 

,llpyrott acneKT npoe5JieYu 60.n:r,moro npocTpancTseuHoro sapH;na CBH- , 

38H C pa3BHTH8Y HOB!lX,H.ztett B yCKOPHTCJIJ,HOtt q)H3HKe, ';nasw11x aaqano 

npHlll.(HllH8Jll>HO HOBOYY HanpaBJieHHI) B, Hett 1 8 HUCHHO, 11pHH1tllnau 

KOJIJieKTHBHoro ycKopeHHH. 

STO HanpaBJieHHe Hero pa3BHTHe TCCHO CBH88HO C HYCll8MH 

coseTCKHX q)l!3HKOB r.H.By;zi;Kepa, B.H.BeKcnepa H H.B.¢>attll6epra, eme 

s 1956 npe;nnoxHBIDHX HCCKOJIJ,KO sapH8HTOB KOJlJICKfHBllOro ( KorepeHT-

Horo) ycKopeHHH*). . 

B 3TOY HOBOY HanpaBJieHHH npocTp8HCTBClllll:llt aapH;n H llOJIH, HU Bll-

8HB88We I Bl:1CTYII81l'l' B HHOY Ka'lleCTB8, He:ateJIH B KJI8 CCH'IICCKOY Ha-

npaBJiemm: ;noCTHlltCHH8, ClOJll,WOtt sem111HHU npocTpaHCTBCIIHOro sapH;na 

H µoneit,• C'.HHl,l ·C_BH88HHWC H HCllOJll>Syelll:lX ;nJ!ll ycKopeHHH H y;neplE8HHH" 

sapmtemwx:,tiaCTHlt Toro ,xe HJIH ;npyroro copra. HBJIHeTCH rJiaBHOtt 

1teJ11>D YeTo.na,. Ilp~ 3TOY, KOHC'IIHO,' OCT8!lTCll B CHJie H spe;nme aqicl)eK- · 

TH ClOJll>lllOJ,'O npOC'l'P8HCTBCHHoro aapH',na I KOTOpble npeTIHTCTBYll'l' BHllOJI-, 

Hemm ocaoBH!lx uenel nfileioro .ueTo;na. -ycKopeaHH: · .n;ocTnemm 

!t) r.H.:Sy;nKep. :' 'Proc. tsymp. CERN ..!.• 68, 1956; AS,lr9, 1956. 
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aHaquTeJlbHOro YCKOPHIDmero nonn ( T6Mna Ha6opa aHeprHH YCKOpfi6MblX 
qaCTHU)ll 60JlbWOlt HHTeHCllBHOCTll ny~a. 9TH 8!MleKTbl HM6IDT TY lite npu
POJU', qro u OTKpume H uayqaeuue npu paaBHTHH KnaccuqecKHX ycKo

puTenelt H B HCCJ16;1lOB8HHfiX no y;nepJKamuo H HarpeBy nnoTHOlt nnaaMbl 
B YCT8HOBK8X T6pMOH;zt6pHoro CHHTeaa. 

B CBOID oqepe;ztb,P88BHTH6 HOBblX M6TO;ztOB ycKopeHHfi ;nano uomlfillt 
TonqoK uayqeHHID Bcelt rrpo6neMu 6on1woro rrpocTpaHCTBeHHoro aapH:zta. 

TaKHM o6paaoM, B08HHKJ18 HOBaH 06nacT1 Wll8HKH, B o6meu BH;zte 
88KJIIDqaIDmaHCH B coa;naHHH, y;nepl!taHHll ll YCKOp6Hllll ycToltqllBblX 
aHcaM6nelt aapmKeHHblX qacTHU c 6on1won nJIOTHocuID aapH:zta. Crreuu1p11-
qeCKHMH oco6eHHOCTHMll 3TOlt o6nacTH fiBJIHIDTCH rrpHHUHITH8Jl1HO cymecT
B8HHble peJIHTHBHCTCKH8 3WW6KTbl H orpoMHbl8 KB88HCT81.U10HapHll8 
3Jl6KTPOMarHHTHbl6 nonn, Ha WOHe KOTOpblX paaurpbIB8IDTCfi KB88HCT8TH
qecKH6 H :ztHHaMHqecmrn rrpoueccbl, ynpaBJIHIDUIHe 11liill8H1IDu aHcau6nelt 
aapHJK6HHblX qacTHU. 

3HaqeHH6 3TOlt npo6JI6Mbl H6 ucqepnb1B88TCH JIHW1 M6TO;zt8MH YCKO
peHHH, nOCKOJlbKY llOJIY"i6.llli6 ROMIIaKTHWC aap1DKemmx H RI!a8HHElliTp8Jll>
HHX cryCTRO:B H ynpaBJI8lllI6 HX naproaeTpaMH npe,ItCTaBJimOT 6om.moil mr
Tepec ]!Jlfi npo6JI6Mbl YTC ( ynpaBJIH6MOro T6PMOfi;zt6pHoro CllHTeaa ), 
pa;ztHOipH8HKH H PH:zta ;ztpyrux HOBblX o6nacTelt HayKH H T6XHHKH. 

.l!HccepTaUHfi nocBnmeHa Borrpocau T60PHH paBHOB6CHbIX ( KB88H
CT8UHOHapHblX) COCTOfiHHlt aHCaM6Jielt aapHllt6HHblX qacTHU, HX ycTolt
qllBOCTH, a TaIOKe npHM8H6HHfiM nonyqeHHblX peayJlbT8TOB B YCKOPMT6Jlb-t 
HOit T6XHHK6 B o60HX yKaaaHHblX Bh!me acneKTax. 

Ilpex;ne BCero noHCHHM, qTo HM66TCH B BH:ztY no:zt T6PMHH8MH paB
HOB6CH06 COCTOHHH8 H ero YCToltquBOCTbo IlyCT1 B 88;zt8HHllX BH6lllHHX 
ITOJlfiX paccuaTpHB86TCH KOHipHrypaUHfi aapfillt6HHblX qaCTHU ( aHCaM6Jlb) 
C aa;ztaHHblMH napaueTpaMH ( nJIOTHOCTb aapH:zta H TOKa, reOMBTpHqe
CKll6 pa3M6Pbl HAP•). Tor;na CT8BHTCH BOllpoc: B03MOJKHa JIH TaKafi 
KOHWHrypaUHH B rrpHHUHne, T.e. 6y;ztyT Jill qacTUUbl, COCTaBJIHIDmHO aH
cau6Jib, COB6PW8Tb ;ztBHJK6HHH B aa;naHHblX rpaHHuax(c y,I6TOM, KOHeqHo, 
coa;ztaBa6MblX HMH caMHMHllO~Elli).EcJIH TaKaH KOHipHrypaUHH OK83blB86T
CH B yKaaaHHOM CMblCJ16 B03MOJKHOlt, TO Ubl 6y;neM rOBOPHT1, qTo cy
l!l6CTBY6T ;zt8HH06 paBHOB6CH06 ( CT8UHOHapH08 HJIH BOo6me KB83H
CT8UHOH8PH06 ) COCTOfiHHB CHCT6Ubl aapmK6HHblX qacTHU. IloCJie 3TOro 
Ha;no nocTaBHT1 ;npyrott Borrpoc: 6y;zteT nu ara KOH1purypauun ycTottqu
BOll, T.e. H6 pa30B1IDTCH JIH B Hell C TeqeHHeu Bp6M6HH 6blCTplr!e KOJI
Jl6KTHBHbl6 ;ztHHauuqeCKH6 npoueccbl, KOTOpble JIH60 IlOJIHOCTbDpaapywaree. 
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JIH60 nepeBS:ztYT ee B ;npyroe, ;nellCTBRT6JlbHO paBHOB6CH06 COCTOHHHB. 
B llOJIHOM o6~ewe, C yqeTOM BC6X B03MOZHl:IX nyTett ;ztHHauuqecKoro paa
BHTHH,TaKafi aa;naqa H606blqallHO CJIOXHa H,no-mmm,iOMY, MOX6T 6b1Tb 
pemena B HCRJIDqRTBJlbHO pe;ztKHX cnyqanx. Mu 6y;neu CJ16;ztOB8Tb 06bl~O 
npHHRMaeuoll npoue;nype - HCCJ18;ztOB8Tb BQ3UOlltHbl6 qaCTHble ;ztHH8UHqe
CKH6 npoueccu, ;nanee npaBHJibHOCTb nonyqeHH!il cyx;neaull H oueHOK 
CB6PHTb C :ztaHHblMH 8KCllBPHMeHTa. 

B nepnott, H8H60JI1WBtt, qacTH l rJIBBbl ;ztHccepTaUHH uayqeHO paBHO
:B6CH6 3Jl6KTpOH-HOHHOro crycTKa B BH;zte TOHKoro 38Pfill8HHOro KOJI1U8 
C TOKOM BO BH6WHHX MBrHHTHblX IlOJIHX, HUeD~UX aHaqffT6JlbHYE COCTaB
JIHEDtYE, napaJIJI6JlbHYE Bpa~aT6JlbHOtt peJIHTHBHCTCKOtt CKOpOCTH 3Jl6KT
poHOB /I-4/. Taxoe o6paaoB~HH6 HrpaeT ~YH;zt8U6HT8Jl1HYE pOJib B 
KOJlbUBBOU KOJIJ16KTHBHOM U6TO;zt6 YCKOP6HHH, npe;ztJIOJK6HHOM B.H.BeKCJie
pow.*) 

MeTo;nou cauocornecoBaHHoro nonH onpe;neneHbl o6nacTH WHHHTHoro 
;ztBHZ6HHfi qacTRU B KOJlbU6 B npBCYTCTBHH 6on1moro npocTpaHCTB6HHoro 
aepH;zta. IlOMHMO 06blqHott o6nacTH paBHOB6CHH, COOTBeTCTBYD~ett BapH
aHTY cna6oll ~OKYCHPOBKH B KOJlbU6BblX YCKOPHT6JIHX, Hatt;neHa HOB8fi 
o6nacn paB~OB6CHfi ( WHHHTHOCTH ;ztBHX611Hfi HJIH orpeHuqeHHblX KOJie6a
HHll qacTHU ), ]!Jlfi KOTOpott xapaKTBPBH 6on1mott npOCTpaHCTB6HHblll 
aapH;zt KOJibUeBoro nyqKa. 

B 3THX YCJIOBHHX onpe;zteJieHbl uanue paauepbl KOJI1Ua B 38BHCHMOCTH 
OT HaqaJibHblX ycnoBHll H Hanpfill6HHOCTH BH6WHHX uarHHTHblX nonell, :BO
o6me roBopa, a;ztHa6aTuqecKH uaueHnmmuxca co Bpeue11eu. IloKaaaHo, 
qTQ npR ;ztOCT8TOqHo 60JI1WO~ B6JIHqffH6 88HMYT8JlbHOll COCT8BJIHD~en 
uarHHTHoro nona wanue paauepu nonepeqHoro ceqeHHH 1ton1ua ;norron
HHTeJibHO yuea1maDTCfi. Ilo;npo6HO paccuoTpeHa BTOpBfi o6JI8CT1 paBHO
B6CHH, KOTOpaH pea.,msyeTca:, Hanpuuep, npH ;ztBHX6HHH KOJ11Ua K8K 
uenoro C llpOH8BOJlbHOtt CKOPOCTbE B;ztOJlb OCH uarHHTHoro IlOJlfi. Onpe
;zteJieHbl rpaHHUbl 3TOll o6JI8CTH paBHOB6CHfi H ycTaHOBJ16Hbl cne;nymmue 
KpHTepHH H,r - ~OKYCHPOBKH ;zt:BHllY~6J;'OCfi peJIHTHBHCTCKOro KOJI1Ua. 
( y;nepzanua ero norrepeqma paawepo:e ) : 

J-/ 1 .I r,\/Vc'2_2 
J > - 113 >H) .!'.- < ~L o.1. a (l) 
Hz ll'~ - :i ll ! I ' ~: 8 c.J. 2 1 

't' C. 

JE) B.H.BeKcnep u :ztP• Tpy,lU,I lY MeZ;ztYHapo;nnon KOH1pepeHUHH no ycKo
puTenau, Kau6pu;ns, CTp. 289, 196~; AS, 24, 317, 1968. 
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8,11ec1, o~ = o-tJ:r'lz. - pel'IHTHBHCTCKHil ipaKTOp nocTyna-
Tel'lbHOro ,llBHJteHllH KOl'II,U8, 

v=Ye ::/{.R.·::2 - ipaKTOP Ey,I1Kepa,11l'IH 11noroHH1:di 8JI8KTPOH11 , 

r;:_ = (t-t3~JY.z - pel'IHTHBHCTCKHll ip8KTOP BP8~8Tel'lliHOrO ;ltBHJt6Hlut 

8JleKTPOHOB B CHCTeMe noKOfl KOl'lliUa, 

, I e.l-ly . ' - ef/2 .Q- Yw z+tJ}..,..?- 1 , ;,. I 
i:.vr = mcKI,; ' C.VJ.< mcJ1ol 1 :_ H ' :<..,i,t 71? - 'll8CTOT8 11CB0-

60;ltHblX KOJ'le6aHH1i SJteKTPOHOB;' a- cpe;ztmill paauep nonepellnor~ ce-qe
HHH KOJ'II,U8 ( B CHCTeue nOKOll KOJ'II,U8 ). 

naJ'lee paccUOTpeH npaKTH'lleCKH B8JtHHll CJ'lyqall paBHOBeCHH TOPOH
;It8l'll,HOro ny-qi<a B uarHHTHOM none, 11ueii~e11 nepeueuay10 no aaHMYTY 

)-l~(uH~J COCT8Bl'IH!OIJIYD /5,6/. Hall;zteHH B<W?eKTB CJt8THH paBHOBecnon 
op6HTU H yCRJiemm pa;ItHal'lliHOll ~OKYCHPOBKH B T8KOll MYl'l»THllOJ'II,HOll 
uarHHTHOll llOJ'le, C08;It8HHOM CHCTeuon npoBO;ItHHKOB C TOKOH, pacnono
lll:eHHHX na ~l'IHH;ztpuqecxon llOBepXHOCTll, OXB8TlilB8!0~en 06:r,eu, B KOTO

POM ;ItBHEeTCH SJ'leKTpOHHOe KOl'lliUO C nOl'IHMH. 
q8CTOT8 CB060;ztHHX P8;ItH8J'II,HWC KOJ'le6aHllll OK88UBaeTCH paBHOll 

½ :: l{_ tJ" = wH It+ ,-!/:;;z' i (2) 

r;zte r y;ztOBJ'leTBOpHeT ypaBHBHHD 

(3) 
9eq"' p,; (:1.~,c2){i.-+2i<2-}' 

p .... = ~ 
1 
~= 3/vr- ; /-Im, J-1 i!: - aunl'IHTY ,1lbl 11yn1,Tl:lnon1,Horo H oceBoro 

uarHHTHhlX IlOJ'lelt; ~ , v~ - oceBaH H 83l:IUYT8Jil,H8H cpe,n1me CKOpo
CTH SJieKTPOHOB. TaKl:IY o6paaou, ;ItOCT8TO'llHO CHJ'II,HOe YYl'll>THllOJ'lI,HOe 
uarHHTnoe nol'le o6na,naeT sa11eTHUM secTKowoxycupyD!!UiM H ueHTp1:1pym-
1111:111 KOJ'II,UO ,nellCTBHBII H npenHTCTByeT-p88BHTl11l KOrepBHTHUX cue111ea11n 
op6HT 'll8CTl:IU, OTHOCH'l'BJII,HO KOTOphlX 'ADl:IE8Hl:le ·B O'AHOpO;ztHOY uarHHT
HOU nol'le, Boo6111e roBOpH, HeycTOll'llHBO·( oco66HHO npl:I B38IDIO'A6ttCT
Bl:ll:I 3l'l6KTPOHOB C HOWillM KOMIIOHeHTOM cryCTKa ). Eme 0,1lHO B8XHOe 
Cl'l8'ACTBl:le: B uyl'II,Tl:lnOJII,HOY uarHHTHOII none aqiqieKUlBH8H uacca Bpa-
11181lll!RXCH 3l'l8KTPOHOB YeHHBT 3H8K np1:1 11aueHeHHH HX SHeprHH H nepexo
,ne ee -qepea neKOTOPYll B8l'll:l'lll4HY, 8H8l'IOrHllHYD KPl:ITl:l'lleCKOll sneprHH 
B ~eCTKO~OKyc1:1py10~1:1x YCKOPHTel'IHX, ,!lnH HellO'ABHXHoro KaK uel'loe 
KOJ'll>U8 acp~eKTHBHaH uacca H KPHTHtl8CK8fl aHeprl'IH paBHU: 
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- f 2.- Jh , ~,,=me v.f.+-'/, . , (4) 

8TO 3H8'1fflT, B 'll8CTHOC;x;, 'llTO npH SHeprHH, uea1,men EKp, ~~eKTHB
HSH 11acca nOl'IOJIHTel'II,H8 H HeyCTOll'llHBOCTl, OTPHUaTel'lliHOll uaccu B006-
~e He MOJteT BOSHHKffYTI,. 

Bo BTOpoii "W.CTH I rJiaBH (CM.§ 7) lI3ytI8H CJryqail 
caMOqlOKYCRIJyDI!leroca: paBHOB8CHOI'O COCTOmm.R: MOll{HOro M8KTp0H-
-140HHOro ny'llKa (# > 1.) npHUOl'lllHellHOll KOHqJHry pa~H. B STOii B8lEHOM 
;ItJ!ff KOJ'll'leKTHBHOll lil,It80JIOI'lm cny'llae Kyl'IOHOBCKOe pacTal'IKHB8HHe SJ'leKT
pOHOB KOMneHCHpyeTCH He BHeWHHUH 3l'l6KTPOM8rHHTHUUH nol'IHUH, a no
neu HOHOB. XapaKTepHoll oco6eHHOCTbD peweHHOll sa;zta'llH HBl'IHeTCH cauo
cornacoBaHHOe paccuoTpeHHe He TOJ'lbKO sneKTPOHHOro, HO 11 HOHHOro 
KOMnoHeHTOB. B pesyJ'II,TaTe OK838l'IOCI,, 'llTO CHl'll,HOTO'llHl:,lll nyqoK 
B,1l8l'll1 OT HHllHero npe,nena paBHOBeCl1H ( ~· > ½f :z. ) HU88T 8JI8KTPOH-
HHll KOMnOHeHT, pesKo H80,1lHOp0,1lHHll no Ce'lleHHD, a BOJ'lHSH Hero HUeeT 
Tpy6'1l8TYD CTPYKTypy. Hall,neHU YCl'IOBHH paBHOB8CHH llY'llK8 npH npOHS
BOJ'll,HHX \It. H ¥ B pauKaX KHHeTH'lleCKOlt uo,nel'IH C peSKllUH rpaHl'lll8UH 
nyua ( 110,nel'II, Kan'llHHCKOro-Bna;ItHWPCKOro, HpKOBoro*~. IlOK838HO, 
'llTO npH pesKO Heo,nHopo,1lHOU pacnpe;zteneHHH Ill'IOTHOCTH SJ'leKTPOHOB no 
Ce'lleHl:ID Hl:IKHHll npe;ztel'l paBHOB8CHH 1:1ueeT TaKoll BH,n: 

G'i I (5) 
G"& = ~ ... %. 

r,ne mc.1(/M paBHO pa6oTe nona, 38TP8'18HHOll npH C08,ll8Hl1H fiY'lllta 1 

6;,~ - l'IHHellHhle nnoTHOCTH l:IOHOB 11 8JleKTPOHOB B fiY'llKe. 
Il rnaBa ;ztHccepTaUHl:I co,11ep:atHT pemeHl:le pa,na aa;zta'll no npo6J'leue 

YCTOll'llHBOCTH SJ'leKTPOH-l:IOHHWC 8HC8UOJ'Iell. BHHU8Hl:le Y'AeJieHO ,nByu xa
paKTepHHM HeyCTOll'llHBOCTHU, KOTOphle, KaK llOK838l'l onuT, HMBDT Baz
HOe 3Hat1eH1:1e: H8YCTOfiimBOCTll KOl'II>UeBoro ny'llKa pel'IHTHBHCTCKl:IX 
MeKTPOHOB B uarlll!THOY none, CBSISWIHOtt C Cl:IHXpOTpOHHhlW H3l'IY'll8Hl1eU 

(~8ll;IIOHH8SI H8YCTOfiimBoCTI, HS KJIB.Cca Iq)O,ItOJll,HUJC HeycTOiitmlloCTeii 
TOP014,1l8l'lbHHX !Iyt{KOB!H HeycTOtt'lllUlOCTH ,ItByxKOMIIOHeHTHOro JIY'IKB., 
BHSBaHHOtt B38HUHUUl4 nonepellHUUH KOJie6aHl:IHUH a~eKTpOHHOro H HOHHOro 
ROMIIOH8H'l'OB nyt1Ka •. 

B § 8 pacctmTaHO HSJIY"l8lilI8 KOJII,!ii peJIHTHBHCTCIWX S~eKTpOHOB, 

,1lBl:IXYllleroca B,1l0l'll, OCH YeTal'll'IH'leCKOll Tpy6u,B npH6l'IHEelU!l:I 38'A8HHOro 
TOKS /8/ 11 noKaaaHa BOSYOllHOCTI, 8qlq)6KTHBHOro B38l:IU0,1lellcTBl:IH 
2) 0.U.Ran'llHHCKHtt, B.B.Bl'la'AHYHPCKHll. Tpy;ItU uex,nyHapo,nH.KOH~. no 

ycKop, le He Ba ,cTp.274,1959;0.HpKOBoll,lKT~, 36,c.988 ,1966. 
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KOHI>UeBoro TOKa C noneM.HBnyqeHIDI, B peayn:r,TaTe qero BOSHHKaeT 
pa;11l'laUl'lOHHaH HeycTottq1rnocT1,, 11Me10maa 1,rnoro .o6ll\l'IX qepT c npo;11on:r,
Hl,1Mll HeycTollqllBOCTHMl'l KOHI>U8Bh!X nytJKOB, l'lSYqeHHblX B TeOpHl'l YCKO
PHTenett*), B TOM qecne C HeycTottlll'IBOCTLIO OTpHUBTenLHOtt Maccu. OT
nuqee COCTOHT B TOM, qTo B03Hl'IKHOB8Hl'l8 pa;llRaUHOHHOtt HeycTottqHBOC
TH He aaBHCllT OT ~HaKa ~eKTl'lBHOtt MaCCbl BPamaIOll\l'IXCH qaCTHU H co
npOBOX;llaeTCfl MomHblM CRHXPOTpOHHHM l'l8HyqeHH8M, KOTopoe OTnuqaeTCfl 
OT HBnyqeHHH O;llHOro aneKTPOH8 Ha qiaKTOp 

$n,1-1 :ol.,,2 t1 2 
, (6) 

r;11e ti - HOMep uanyqaeMoit rapMOHHKl'l ,( w = IL !J:!.. ) , I{ - nonHoe 
qucno aneKTPOHOB :a crycTKe, o/.,. :. (G',.G:oel ,.. r.iZ'Jfl~HUHH IIJIOTHOCTH Ha 

n.- oit rapMOHHK8,6"=g- nHH0itHafl IIJIOTHOCTL aapfl;ll8 B,nyqKe. 9TO 
0 4'1iK. 

o6CTOHTeHLCTBO npHBO;llRT K TOMY, qTo npO;llOHLHbltt HMne;llaHC CBfl31'l 
nyqKa C OKpyxeHl'l8M B cnyqae pa;llltaUHOHHOtt HeycTottqHBOCTH in,eeT 
6onLmy10 BemeCTB8HHYIO qaCTL, CBHSaHHYIO C uanyqeHl'leM,H COOTB8TCT
B8HHO B03HHK8t>T 6on:r,ume HHltpeMeHTbl Ha r11;11po;11HH8J.1HqecKOll CTS;llHH 
paSBHTl'lfl HeycTottqHBOCTH, a TaIOKe 6on:r,moe aHaqeHHe KPHTHqecKoro 
paa6poca qaCTHU nyqKa no 3Hepruu, npu KOTOPOM npoHCXO;llHT cpb!B 
HeYCTOttlll'IBOCTH ( B Rl'lHettHOM npu6nHX8HHH ). 

B ;llRCcepTaUHH paaBl'lTa H8HHH8llHafl T80PHH pa;11H8UHOHHOll Hey
CTOttqHBOCTH /9,IO/ B namHOM qacTHOM cnyqae, KOr;11a KOHLUO H8XO;llHT
Cfl B CB060;llHOM npocTpaHCTBe. Bb!qHcneH HMne;11aHC KOHI>Ua ;llnfl 3Toro 
cnyqaH /ID/, OH paBeH npH n.<<tf{= (i- v-i~f½: 

Z ~ lj,rfl(c . I)) - - a,,..,..,or'L' 
" e . 

(7) 

r;11e 
O,.-:::: 0, 26 nY-?. = 1/3 €,._ . 

B ·HenuHettHOtt TeopHH y;11aeTCH nOCTPOHT:b aHaHHTHqecKHit annapaT Ha 

rH;llPO:zlHHaMHqecKOit CT8;llHl'l paaBHTHH HeycToitqHBOCTH l'l B6Hl'l3H nopor~ 
KOr;lla HeycTottqHBOCTL Bb!XO;llRT Ha KB83HCTaUHOH8PHb!tt peJKHM. OueHeHbl 
MaKCHMaHl>Hble ypoBHH B086YX'A8HHb!X nonett H yMeHLlli8HHe HHKpeMeHTOB 
nHHellHOtt TeopHH B ycnOBHHX pa3BHThlX KOJie6amrl1. B § 12 noKaaaHo, 
qTo HeycTollqHBOCTL Ha KOHeqHott CT8;llRH MOX0T npuo6peTaTL xapaKTep 
11 B3Pb!BHOll11 t KOr;lla aHe prmI qimoKTyauutt pa CTeT ;110 00 aa KOHeqHbltt 
npoMexyTOK BpeMeHH. 

*) A.A.KonoMrnc1rnM, A.H.Jlede;llen. A9,1, 549, 1959; 
C.Nielsen,A.Sessler, K.Symon; In Proc.Intern.Conf.High En.Accel., 
Geneva,1959, p.2J9. 
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B O;llHOMO;llOBOM npu6nuxeHHH HeHHHettHoe ypanHemrn ;llHll 3Heprim KO
ne6aHHll lA/;. HeycTottq.rnott MO'Abl uMeeT BH'A 

'"")w.. I) -w: ,. r2 rr -~On "= ol.,.,. rv,, ' ( 8 ) 

r'Ae On - nuHettHhltt HHKpeMeHT, dM onpe;11en!leTCll qioHo:aoit ifJYHKUHett 
pacnpe;lleneHl'l!l. 0Ka8b!B88TCH, qTo 'AHH rna;llKllX 4JYHKUHit pacnpe;lleneHHH 
THna raycca H JlopeHUa o<,,,.::>O ' qTo l'l npHBO;llRT K BSpbIBHOMY 
xapaKTepy npouecca paaBHTHH HeycTottq1rnoCTl'l. Ha 3TOtt CTa;llllH H8Hll

HettHbltt C;llBllr qaCTOThl MOXeT npllBO'AllTL Kee 6b!CTpott cTa6llHH381.(llll. 

]lJJH Bb!HCH8HHH o6paTHOro BHHHHH!l pacTymux Kone6aHHit Ha qiyHKl.(1'110 
pacnpe;lleneHllll qacTHU B § 13 Bb!BO;llllTCll ypaBH8HHe Tllna KBaSHHllHett
HOll ;llHqlqJY31lll H 06cyx;11a10TC!l H8KOT0pb!e MeTO;llb! yqeTa KOppenllUHOHHb!X 
aqiqieKTOB H sqiqieKTllBHOti HeHHHe!AHOtt ttpa 8Ma3KH 11 pe 30HaHCOB _Q: nw , 

,J - ~aCTOTa o6pameHHH qaCTllU, J2 - qacToTa B08MymeHHH. B6nH31l 
pe30HaHca fl: hW HCilOH:b30B8H M8TO'A UOCJJ6;llOB8TeH:r,HOrO yqeTa 
HeJJHH8WHOCTH ;IIHH cJJyqafl CWHl>HOtt CB!l31l BOJJH H qacTllU*), 1tor;11a He 
npo:ao;11HTCH pasnoxeH11e no aHepr11u Kone6aHllti. YcTaHo:aneH BH~ Hen11-
uettHoro ~11cnepC1lOHHOro ypaBHeHIDI, 11;llHaneKTpHqecKOH npOHllU88MOCTH 11 

nyqKa, a TaKll\8 Hatt;11eH KOSqlqlllUHeHT KBaSHHllHefiHoti 'AHW4lY81lll. 9Ta CH
CTeMa COBM8CTHO pemaeMblX -ypa:aHeHllH OilHCb!BaeT MSMeHeHHe l'lHKpeMeHTOB 
11 WYHKUHH pacnpe;11ene HHH qacTHU :a npouecce HapacTa11uH Kone6auutt 
:a6n11au nopora (IJ',,.:<!Wl•nw) H 11MeeT cne:z1Y10t!\lli1 Bll'A: 

~-''])1!0. 
"at "''oW '1w ' · 

3 
"( . 1)n~~ . :J)=L fi,rCc5(ll-"nwfr•e- J~,,c/J2; 

" a p (, . ,r. ,k- 7\ ~otJfl .7 
~.an : i +jnr1f!t2:Le·t~L-IIWJ'".V" YJJt:JdW=O;. 

( 9 ) 

. . . 'cw ' ' ot.:jf6 ,:JA ~Z,.. 
B CBHSH c, TeM, qTo aHan11Tl'lqecKall TeOpllll ne MomeT npocne;11HTI> :aec:r, .. 
'AHHBMl'lqecK~tt npouecc pas:a11TllH;HeycTo»q11:aocT11 ( :a npoMell\yToqHott 06-
nacTH Aw< c,w"f'. , OTCYTCTBY.eT KaKott-n1160 Manbltt napaMeTp ) , nocTaB
neHa aa:z1aqa 'AHll qHCneunoro 11ccne;110:aaHllH 3BOHIOl.(llll BOSMymeHlltt B. KO
repeHTHOtt tJacTH cneKTpa ( n. <: IO ) 11 npo:ae;lleuo cpaBHeH11e aHanu
T11qecicon TeOpHll C 'lllCH8HHb!LlH paC'lCT8Mll H 3KCil8pHl.!8HTOM. 9TO cpaB
HeHHe Il03BOH!leT YTBeplll'Aa,n, qTQ OCHOBHL!e qepTb! pasBllTllH HeycToiqu-

*) A .ill .Py;llaKoB, B.H .llbITo:auq. IlpenpmiT 4>1'1AH N~ 28, MocK:aa, , 1970. 
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BOOTH Ha6nro,naJIHCI, B 3RCnepHM8HTaX C peJIHTHBHCTCKHMH KO~I>UaMH* ). 
.llHiiai.ni1rncKaH KapTl!Ha pa3BHT.llfl _iieyCT0!1tIHBOCTH nepBOHatraJII>HO 

MOHOXpoMaTHtieCKHX KOJII>UeBIJX nytIKOB xapaKTep11syeTCH 6hlCTPIJM yBe
JllltI8HHe!J aneprv.u Kone6a1111!1 u paa6poca tracTHU B nytIKe no tracToTaM 
o6pameHHH, tITO IJOllteT npHBO,l\llTI, K pa.zu1anI>HOMY paa6yxaHH!O KOJieU 1,1, 
KaK cne,nCTBl!e, yMeHiiiueHH!O coa,naBaeMotl B KOJII>UeBOU KOJIJI8KTHBHOM 
MeTo,ne noTeHUHaJII>HOil HMH nonH npocTpaHCTBeHHOro aapH,na 3JI8KTpo
HOB KOJII>Ua, llCilOJII,3yeMon ,ll]Ifl ycKopeHHH llOHOB, 

B CBH3ll C 3Tll!J BaJKHoe 3HatreHHe HMe!OT nOHCKl,I M8TO,l\OB CTa6HJIH3a
Ullll 11eycTOtltIHBOCTll H yMeHiillleHne a¢qleKTa ee BJIHHHIIH Ha napaueTpbl 
TOpon,naJII>Hh!X nytrKOB, 

B § 15 Il rnaBhl BhltIHCJieH npo,nOJII,Hhltl HMne,naHC KOJII>Ua Uellt,ny. 
MeTaJIJIHtieCKHMH IlJIOCKOCTHMll /II,12/ ll noKaaaHo, tITO npn 6JIH3KOMpaC
IIOJI0'1t8Hlm KOJll,IJ,a 0TH0CHT8Jll,H0 M8TaJlJia m.me,n;aHc,a O Hl:!M mmpeMeHTli H 
KpllTlltI8CKllil paa6poc uoryT .6blT:& CHJi:r,HO YM8HI,Ill8Hhl: 

ZJ ::- -z t.t. 1/d I (I.< 7iR. • (IO) I 
z l n,½ . . . 
•f,ttll> lf.1. -,re,. 2~ 2 

3,necii d - paccTOHHHe KOJII>Ua ,no 1.1eTanna. Ilpu /..1. «i ,nocTHraeT-
CH 3HatIHTeJII,HHi1 aq,iqieKT no.naBJI8HHH. 11eyCTOi-ltIHBOCTH, KOTOphltt IlO,ll
TBepE,lleH 3KOII8pmlleHTaJII,HO: coa.naHHe KOJieu O 60JII,IllOtl IIJIOTHOCTI,!O 
B03MOlltHO JIHllJI, npu YC1!0Blll,I aj)~eKTl,IBHOil 3KPBHHPOBKl,I .BOJIHO.Bh!X 
none ti *) • . . 

B paa,nene IT-B paccuoTpeH uexaHH3M 110,nan11eH1,1H Ha n1,1iiettHoil 

CTa,n1,11,1 HeyCTOHtillBOCTH THna 11 3M8ilKH 11 .llBYXKOMl10H8HTHOro nytIK8 llpH 
11anollteHHH n11eru11ero 1.1arHHTHoro nonH, napannenI>Horo nepe11oc11oll 

CKOpOCTll 3Jl8KTPOHOB /I~, I4/., .1lOKB3aHO, tITO npu onpe,neJieHHOil .B8JIH

tIHHe U HeyCTOiltIHBOOTI, B3al,IMHhlX nonepetrHblX KOJI66aHHil 1,!0HOB 1,1 
3JI8KTPOHOB B TOPOH,l\aJII,HOU H JIHHet!HOM nytIKaX cph!BB8TOH. B peayJII>Ta
T8 aHan1,1THt1eoKoro uccne,nonaHHa n tJJ,!CneHHoro perue1rna anre6pa1,1t1e

CKoro ,nncnepc1,10HHoro ypanHeHHH 8-ro nopH,llKB onpe,lleneHhl HO.Bbl~ rpa
HHUhl o6naCTl,I ycTotltIHBOCTH ,ll]Ifl ,l\l,lllOnI>HOtl ( H8H60JI88 onaCHOil) MO,l\hl 

( ~ = l) ,l\Jlfi TOpOll,l\BJII,HOro nytrKa 3Jl8KTPOHOB ll l,IOHOB B 83HMyTanii
HOU uarHHTHOM none. 

*)A.Faltens e.a. In Proc.IX Intern.Conf.High En.Accel.,Stanford, 
Calif., 1974, p.226; 
c.Andelfinger e .a. B RH. "Tpy,ItU IY BoeooDBH. OOBeIII• no ycKop. 
aap."<IacT.".T.l, M., "Hayita", 1975, c.71; 
B.Il.Capa.HI{eB H )U). OIDfil P9-I0054, .I{,v6HB., 1976. 
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JlJIH nHHet!HOro 3Jl8KTpOH-HOHHOro nyttKa ycTaHoBJieHa CBfl3I, Mellt,ny 
MaKCHManii11on 11JIOTHOCTI,!O qaCTl,lU B nytrKe H HanpHJKe l!HOCTI,!O CTaChmu-

3Hpyromero MarHHTHoro nonH: 

H ~ /'Z>. . 
C.T > fe.2 -Je . 

3,necii 1-/ B , , J° - B AkM,. , / =·!Ji.. ne.. 
UHH aapH:zla ny 1rna 110HaMu c aapH,nou eZ , 

(II) 

- cTene11:r, 11efiTpanuaa
>.. - ,ll]IllHa BOJIHhl B03-

Myll(el!HH, ~~(lee - CKOpOCTI, 3JleKTPOIIOB B nyqKe. 
PeayJIMaThl, nonytreHHh!e B .l\BYX nepBblX rJiaBaX ,nuccepTaUllH, HC

nonii3Y!OTCH B rn.lll 11p11 paCCMOTpe1111n HeKDTOph!X KOHKpeTHblX B03MOllt
Hh!X BBpl1a!ITOB KOnneKTl1BHOro YCROP8Hl1H. Ecn11 B rna.Be I 6hln0 1,13yt1e
HO B.!U!HHHe aaHMyTanI>HOro MarH\l!THOro nonH Ha Manhle paaMephl KOniiua 
\II TeM caMblM Ha Benuq1,1Hy aj)tpeICTllBHOro ycKopmomero nonH, TO Te
nepii BblfICH8HO, KBK npol1cxo,nnT ycKopemrn KOniiua KaK uenoro B cna
,narol!leM n,nonii 0011 H2 nOJie npu Hip 10 ~ OKaah!BaeTca, qTo aaKoH 
H3M8H6Hl1H 60JII,illOrO pa,nl,lyca KOniiua H nocTynaTeJII>HOil 8Hepru11 KOJII,-
ua TpaHC(J?OpMHpyeTC.fI TaKHM o6pa 30M, tITO npH 1-1.,.f.t. :. 0, 2 + 0, 3 MOJK-

'/hi!o 
HO BbmonHHTI, ycJIOBHe nOCTOHHCTBa 60JII,lliOro pa;uuyca' a C Hl1M l,l pa-
,n11aJII,HOro Manora paaMepa/I,I6/. 

IlpH 8TOM l13-3a IlOHBJieHHH Z- - COCTBBJlfi!Oll(ei:\ CllJlbl JlopeHua 
f.. = "'Ua J-l'f npo11cxo,nHT orpaHuqeHHhltl nepeBo,n BpamaTenii11ol1 aHep-

rHH aneKTpO!IOB .B nocTynaTenI>HY!O 3Heprllfil KOnI>UeBoro crycTK8 KaK 
uenoro B OTJil,lq11e OT 06hJq11oi1 CX8Mhl ycKopeHHH KOniiua B MarHl,lTHOM 110-
Jie ,. Kor.na Gyc,,.-1-12 1,1 a¢qleKTHBHOCTii ycKopeHHH 6hlcTpo na,naeT, a 
pocT reoMeTp11qeCKl,lX paaMepoB KOniiua aaTpy,nHHeT KOHTpOnI, KOJineKTHB

Hh!X npouecco.B \II lpOKYCl1POBKY KOJII>Ua. 
Bee oco6eHHOCTl1 none,neHHfi K01II>Ue.Boro crycTKa B BHHTOBOM Mar

Hl,ITHOM none cyMMHPY!OTCH B npe,nnOlK8HHl1 npHHUl1nHanI>HOH oxeMhl YCKO
pnTena l-!OHOB /I6,I7/. KOTOphli:\ MOlltHO paCCM8TPHBaTii, K8K npe,nyoKO
pnTenii- RHllteKTOp Koneu C HOH8M\ll, nosnonHIOll(Hl1 6e3 cneUHa1II>HblX BH6ill
Hl1X nonen nony,tIHTI, ycKopeH11hle K01II>Ua C penHTHBHCTCKl1M nocTynaTenii

Hh!M ,l\BHllt!)H\11,eM ( t1. ': 2 ) • 
06cyllt,neHhl oco6eHHOCTll l,l npel1MY!lleCTBa TaKOi-1 cxeMhl no cpaBH8Hll!O 
o6menpHHHTol1 cxeMon ycKopeHHH Koneu B MarHl1THOM none. 
Kpoue yllte ynoMHHYTOH HeH3M8llHOCTH paaMepoB crycTKa H~'\t"'-OTM8TllM npo
CTOTY tpOpMllpoBaHHH fl.. - TpaeKTOpl1H B MarHl1THOM none a,nreaaTopa, 
o6xo~a onacm,1x peaoHaHco.B, B T,q. npH uanycKe uoHoB, J:teCTKoe 
ueHTPl1POBaHHe KOJII>na npH BhlBO,l\e 1,13 6ot1K006paa11oro nona B YCKOpH
TeJIIillY!O ceKUH!O U srprpe1tTIIBHOe a1tprumpo:aam1e B01IH0Bb!X nonen B 
K08KCllaJII>HOtl ceKUUII YCIW p11TeJIH. 
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ft! IZl 

K"41(C.BAlr. 
ICAMfPA 

Cant11ou'i> cttaiJa101J1elo 
/tfQZHUmHOZO f!OJ!I( 

Pim, I 
llpl1Hl\llITl18JIJ,H8H cxeMa KOJIJICKTl1BHOro 
YCKOPl1TCJIH C Bl1HTOBblM MarHl1THbIM 

ITOJieM, 

B § 20 113JIOJKeHbl qi11311qecK11e acneKTbl 11,1te11 Cl1JIJ,HOTOt!HOro YCKOpl1TCJIH 

110HOB C 11CITOJIJ,30B8Hl1CM MO'AYJIH1\lll1 nJIOTHOCTl1 B Tpy6ti8TOM 3JICKTpOH

HOM nytiKe /I8/, Tip11 3TOM B e'A1,IHHI.\Y npeMCHH C03,lt8CTCH eyr 60JIJ,lliOro 

t!l1CJI8 3JICKTpOH!lblX crycTKOB ( ,ltO I03 -t I04 B CCK ), nJIOTHOCTJ, 

aJieKTPOHOB B KOTOpbIX ,ltOCTHraeT 1012 
3JI/cM3 ll YCKOPHIDmlle llOHbl nOJISi

- B8JllI1mH ~o I013/CM,B crycTKWC nyTeM 'lffiC'l'ITTlloro nepeBo~a noCTyIIa::.. 

TeJil,HOil .aHeprmi BO BpalllaTeJWiym B o6xacTJt peaxo H80,ItHOp0,ItHOI'O B 

npoCTpalICTBe MaI'lllITHOro llOJIII (xacne}coa~aeTCSI CJIB.60peJISITHBRCTCK08 

BpalllaTeJIJ,HOe ~BIDKeHIIe 8JI8KTp0HOB, OMe!'tialO~ee B~B.'t!R '.qiopMlq)O:aamm,' 
qJOKYCllpOBKll cryCTKOB 11 60 p1,6bl C pa BJlllt!HblMll ireycTOtttillBOCTHMll •. 

06ocHoBaH pH.it npem.1ymecTB aTott uoAmfMKa111111 KOJIJICKTHBHoro · 

KOJIJ,UeBoro MCTO,lta yciwpeHllH, xapaKTepnayIDmettcH, ii'JaCTHOCTH, ua;.;, 

JiblMl1 3H8t!6Hl1HMH OCHOBHblX xapaKT6PHblX napaM8TpOB .. Ye ll t.L· ( JlllHeti.:'.. 

Hafl llJIOTHOCTJ, 3JI8KTPOHOB 1,1· 3Heprl1H mt" BpamBTEJJIJ,HOI'O ,1tB11:1temui), 

t!TO noaBOJIHeT OTHOCHT6JIJ,HO. yMepeHHblMH CTa TlltieCKm.rn· 1.1arHHTHblMii no

JIHMH JKCCTKO CT86llJill3HpOB8TJ, napaL!CTpbl cryCTKOB~ B .TOM 'll!Cne ny

T8M no,1taBJICHHH onacm,ix KOJIJICKTHBHHX ,nHH8MHtleCKHX npoueccoB. • 

rJiaBHhlM npem.1ymeCTBOM MCTO;zta CJie,rjeT Ct!HT8TI, llbICOKYID HHTCHCHB

HOCTJ, ITYllK8 YCKOPH8MblX HOHOB, noCKOJIJ,KY YCKOPHTCJIJ, TaKoro Tllij8 

,1tonycKaeT pelltllM pa60Tbl BITROTJ, ,ltO HenpepblBHoro. 
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Ilocne,nHflfl tiaCTJ, ill rJI8Bbl co,1tepJKHT y,1tapHblH M6X8Hll~M ycKopeHllH, 

npe;ztJIOlKCHHbllt BeKCJiepoM eme B 1956 r. ( CM, CCblJIKY Ha c.I). 

B 1963 r. B.M.BeKCJiepou 6uJia Bbl,1tB11HyTa MO;ztHqJHKaUHH MeTo;na sa 

CtleT npe;ztB8PllTCJIJ,HOro YCKOp6HllH JierKoro crycTKa, KOTopaH JIClKl1T B 

OCHOBe pacqeTOB, Bb!ITOJIHeHI!hlX aBTOPOM no npe;ztJIOlKCHllID BeKCJiepa /I9/ 

ll npe,1tcTaBJieHHblX B ;zt8HHOti pa6oTe. 

PaCCMOTp6H8 Kl1HCM8Tl1K8 I'! ;ztl'IH8MHK8 coy;napeHl'!H 38PHlKCHHhlX peJIH

THBHCTCKHX crycTKOB H 060CHOB8Hbl YCJIOBl'IH ynpyroro xapaKTepa 

CTOJIKHOBeHl'JH cryCTKOB I'! y,nepJK8Hllfl l'IOHOB B JierKOM cryCTKe, Ilpl'I Bbl

nOJIHCHl'll'I YCJIOBHH ynpyrOCTl'I coy;napeHHfl TfllKCJiorb ll JI6rKoro 38PHlKCH

HblX cryCTKOB aneprllfl JierKoro crycTKa nocJie CTOJIKHOBCHHH MOlKCT co

CT8BJIHTJ,: 
~·· 2 C 

fz = 2M1c a. O,TH , (I2) 
. ' ' 0 

a;neci, M,. - Macca JierKoro crycTKa, 't, - peJIHTHBHCTCKHlt qiaKTop 

;ztBHJKeH11H THJKeiioro crycTKa (M, »M~¥,,..) , t."1>< = cJ_¼~.. - pem1-

THBHCTCKHli .qiaKTOP ;ztmilK6HllH nerKoro crycTKa B CllCTeMe-ueHTpa Mace 

Ha 6eCKOHeqaocTH, i; - H8tl8JIJ,~tl peJIHTHBHCTCKHti qJ8KTOP npe;ztBapH

T6JIJ,HO YCKopeHHOro Jie rKoro cry CT Ka, JlJIH ocymecTBJie HHH ajlq)eKTHB

Horo y,itapHoro MexaHHaMa ycKopeliiia Heo6xo;ztHMo coa;naHHe B Tet1eHHe 

BP6MCHH •. > ro-7 CCR KOMriaKTHblX 38PfllKCHHblX crycTKOB C qncJIOM 

3JICKTpCi'liOB HC J.ie11e_e I016, RpaTKO paCCMOTpeHbl B03MOlKHblC BapH8HTbl . 

C03,1t8HHH T8KHX crycTKOB ll 011emiHhl ne'pcneKTllBbl y;napHoro MCTO;zta 

ycxopeH~H, KOTOp~n B npnHµnne 'uoJKeT OK838TJ,CH O;ztHHM ll3 B8lKHblX 

nyTeri .P83BHTHH KOJIJICKTHBHblX 'MeTO,ltOB ycKopeHHH B 06JI8CTJ, 60,JlJ,lliHX 

SHeprntt ycmipHewx ·qaCTllll~ ' 

. B nOCJIC,1tHel1, IY, rJiaBe npe;ztCT8BJICHl1 peayJIJ,T8Tbl TCopeTnqeCKHX 

HCCJI8,1tOB8Hlltt ITO npo6Jie!Je noBbllliCIU!H -~HTeHCHBHOCTH npOTOHHOrO .. 

nyqKa cnHxpog'JaaoTpoHa omm (C~) iID-:24.( B ~mcne·p~MeHTani,Holi 
~ }. '· . • _ • • 1 ' I t _ 

pa6oTe no ycoBeprueHCTBOB8HHID c~ BblHCHHJIOCl>, qTo B8lKHYID pOJIJ, B 

no:ebimeHHll HHTCHCHBHOCTH yc1top1rnlib~o B c~ nytim1 11rpaeT npocTpaHCT-

B~·iliruM aapH;zt H 6op:&6ii C aqxlJeKT!fMH, Bhl3blB8CMNM.ll HM B ;ztllH8Ml1KC . 

nyt1Ka,' ' · · · · ' 

B §§ 24 H 25 113JIOJKeHa MCTO.ilHKa p1foqeTa C;ztBHra tlaCTOT HeKo're

peHTHblX KOJie6aHHli t!aCTl111 B KOHKp6THblX YCJIOBHHX CHHXPOqJ830TpOH8, 

llaBeCTHaH 11eTo'A1,IKa o6o6meHa Ha·. cJiyt1alt Heo;ztHopo;nuocTn nyqia KaK · 

no aam,yTy, TaK !Ii no nonepeqHouy ceqe_Hmo, a .TaKJKe Ha c.n:yqa.tt co-: .. 

nsMeJ)l!Mocm no~epe~ pasMepoB nyima c BUcoToil·ItaMepu, · 
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KOHKpeTHble pacqeTbl npoBBAeHbl AJIH MOABJIH cryCTKa, B KOTOpOM 

IlJIOTHOCTI, 38PHA8 B nonepeqnon IlJIOCKOCTH (x.~) MBHHBTCH norayc
COBOMY 38KOHY, a no a3miyTy - K8.K H9KOTOPWI aJII'e6p8H'I9CKWl i_pyHK-

r.urn: 
()- ( 7. JL :r

2 
Z ) - Jo 1-'{)l'f/Yz e- ~•- 7/tlz_ (I3) 

AHaJlli3 H3MeneHHtl CABHra qacTOT npn P8AH8JII,HO-q)830Bb!X KOJie6a
Hl'IHX A8JI B03MOJKHOCTI, nblqHCJIHTI, A OJI IO pe 30Ha HCHblX qacTHU B nyqKe 

60JII,1!10tl JIIHTBHCHBIIOCTLI, yqacTBYIOll\HX B B036YlltABHJIIH A8HHoro pe30H8H
ca 113-38 KYJIOHOBCKOro CABJllra qacTOT. 

B npH6JIHllt6HJIIH M8Jlb!X P8Al18JII,HO-q)830BUX KOJie6anHtl COOTBBTCTBYIO-
U\8fl llJOPMYJia nMeeT BUA: ./ _ 

NoV !)11 "' li, -=-. - ~-~ (14) 
N 1.vvS 'fs v1-~ctJrs' . 

3Aec:r, N - nonnoe qJ11cJio qacTJIIU B crycTKe, M.v - qncno qacTnu n 
neHTP8JII,HOtl qacTH crycTKa, M8KCHM8JII,Hbltl CABHr qacTOT KOTOpb!XAV 
60JII,1!16 CABHra ;110 IlOJIOCbl paCCM8TPJIIB86MOro pe30Hanca, ~ - M8KCH
Man:r,noe W830BOe OTKJIOHeHHe qacTHU, y KOTOpb!X KYJIOHOBCKHH CABHr 
qacTOT paBeH HeKOTOpOMY 38MHIIOMY 3HaqeHHIO AV:A~~J=!Ai,AV..~ 1 

~
5 

- cnHxponnaa q)asa. ~opuyna (14) cnpane;llJinna npn ~ < l. 
IlonyqenHble pacqeTHble pe3yJII,T8Tbl JIICilQJII,3YIOTCfi B § 26 ;llJifi Bb!HCHBHHH 
MBX8HH3M8 n0Tep1, qacTHU Ha naqan1>IIOtl CT8AHH YCKOpeIIHH B c~ npH 
qucne qac~nn n 3axnaTe AO 3~1012 p/nun ( cu. AJ11arpaMMY qacToT 
Ha pnc~ 2). B peayn1>TaTe anann3a KOHKpeTHb!X HennnetlHblx pe3onancon 
CBH3JII CABJI8Hbl Bb!BOAU O CYU\BCTBBHHOtl pOJIH YMBHl>W8HHfi 8MilJIHTY'A ~ 

P8AH8Jil>Hb!X 6eTaTpO!IHb!X KOJie6anntl npn MHOroo6opOTHOH JIIHlit8KUHH B c~, 
a TaKJKe neo6XOAUMOCTH KOMil6HC8UJIIH KOHKPBTHb!X rapMomm. ~I,8 
HCK8llt6HHl.1 MarHHTHoro IlOJlff ll CMHXPOq)830TPOHe. Ilpone;11enHble yconep-
1!18HCTBOB8HHH HHllt8KTOpa*) H CHCTBMU .1toppe.1tnnn MarHHTHoro IlOJiff1B£) 
Il03BOJIHJIH B cepnn 8KCnepHMBHTOB IlO'AHfiTI, HHTBHCHBHOCTl, nyqKa npo
'l'OHOB AO l,5•IOl2 p/HMil. Ilpn 8TOM 6HJili nonyqeHJ:l npfIMble ;IIOK838-
TBJI:&CTB8 cymecTneunol.1 ponn npocTpancTBBHHoro 38PHAa nyqKa B _pe3"." 
KOM YCHJIBHJIIH Tei.ma n0Tep1, qacTHU B uaqan:r,m,itt nepHOA nocne q)OpMH
poBaHHfi crycTKa B cenapaTpHce n KaqecTnem~o noATB~PlltA8Hbl Teope
Tnqemrne Bb!BOAbl. 

*) IO • .Zl.Ee3uort1x 11 AP• Coo6meHne mmlI 9~II765, .Zly6na,· 1978. · 
**) M.A .Boenomrn, H.A.KopyKon. Coo6men11e omm 9-73!8 ,1973; 

M.A.BoeBOAHH n ;11p. Coo6memie omm 9-9625, .Zly6na, 1976. · 
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P11c.2 • .Zlnarpauua qacToT c11nxpoq)aa0Tpona: 
11 0" - pa6oqafi TOqKa npn HYJIBBOtl HHTBHCl1BHOCTH, 
A 11 -"- -"- npnW3axn.= 3•I012 P /nun. ( t =O), 
A1 

- -"- -"- npnf.laaxn.= 3.lon_.,_ (t = 
= 100 MC), 
AQ - TO llte C yqeTOM MB;IIJIBHHUX IlOTep:& qaCTHU AO 
100 MC,' 
B - pa6oqaa Toq.1ta npn N 3axn. = 1,1.1013 Pjnun. 

C yqeTOM 8THX A8HHUX B ;11an1>Hetll!leU 6HJIH npone;11eHbl OnI,ITU C nyqKQM 
oqen:r, 6on1,wott HHTBHCHBHOCTl1 ( CBUI!le 1013 p B SaXBaTe ), npH 8TOM 

.K 100 MCeK ycKopeHWI HHTBHCHBHOCTI, npoTOHIIOro nyqKa 6b!Jla coxpane

Ha Ha Y,POBH8 4, 5• 1012 P /m.m. B IIOCJI~eM, 27, naparpaq>e rJI.aBH pac
CMOT pena ;IIHH8MHK8 nyq.Ita T8KOtl 6on:owon HHTBHCHBHOCTl1, npone;11ena 
onenKa noa.1.101KnocTH npoxoJK;11eHHH napaMeTpnqecKoro peaouanca ~:..i 
H CAenan BHBO;ll O B03MOlKHOH M8KCHM8JI:&HOH HHTBHCHBHOCTJII IIyima. 

2 

CHHXpOq)aaoTpOHa Oliffi'I ( n~H aneprHH HHlltBKUHH 20 MaB), KOTOpaa MO
lKBT COCT8BJIHTI, l ♦ 2•l0l P/HMil. 
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OCHOBHHE PE3YJ!hTA'Thl ,lU'ICCEPrAUHH 

UEJih ;na1moli pa6oThl aaKJI10"l!anac1, B pewemu,1 pH.na np11Hu.mrnan1,Hh!x 
BOnpocoB paBHOBeCJ/lH J/l ycTOli"llJ/lBOCTJ/l nnoTHhlX aneKTPOH-ROHHb!X aHCaM6-
neli C TeM, \lT06bl 1rnnon1,aoBaTJ, 3TR peayn1,TaTbl .nnH ou.eHKR B03MOl!t
HOCTei1 Kalt pH.na HOBblX MeTO;ll.OB ycKopeHJ/lH, TaK H ,IJ;y6HeHCKOro CHHXpO
q_jaaoTpoHa C TO"l!Kll apemm nOBbllllemm HHT€HCJ/lBHOCTH yCKOpHeMUX B HeM 
ny"l!KOB. HayqeHRe ail_JweKTOB 6on1,rnoro npocTpaHCTBeHHoro aapH;u.a R 
ynpaBneHRe RMJ/l HBnHe TCH 0;1\HOl1 J/l3 u.eHTpanl>HhlX npo6neM COBpeMeHHOit 
ycKo p11Ten1,Hoi1 q_jnaJ/lKJ/l 11 Texm11m. B aToM cocToHT n AKTYAJih_HOOTh 

TEMh!. 

HAYl:!HAfl HOBH3HA. PaaBHTa .CbMOCOrnacoBaHHaH TeOpHH paBHOBeCHOro 

COCTOHHJ/lH aneKTpOHHoro KOJll>U.a c 60JIJ,lliJ/lM o6~eMHhlM aapH,nOM BOBHennrnx 

MarHHTHllX TIOJLHX C a3:J/lMYTaJil,HOi1 COCTaBJmlOll19i1 H Ha ee OCHOBe,a TaElK9 
Ha OCHOBe pemeHIDI p.H,ll;a npo6~eM ycTofi"llBOCTH 3Toro COCTO.f!HHJI H3Y'{9Hll 

HeKOTOpble HOBble BapHaHThl KOnneKTJ/lBHOro ycitopemm HOHOB Ha cpaBHJ/l
TeJil>HO He60Jll,lliYIO aHeprJ/lIO ( .no BeJIJ/l\lJ/lHhl nopH;u.Ka· I raB), KOTOpble, 

110-~0MY,MOryT o6ecne\lJ/lTJ, Bb!COKYIO HHTeHCHBHOCTJ, IlOTOKa J/lOHOB. 
no TeMe aq_j(jieKTOB 6on1,rnoro npoCTpaHCTBeHHoro aapH;u.a B HOBhlX MeTO
;u.ax YCKOp€HHH aBTopoM nonyqeuo 3 aBTOpCKHX CBJ/l;neTeJIJ,CTBa. 

Paapa6oTaH3 TeopJ/lH KYJIOHOBCKoro c;nBHra "llaCTOT HeKorepeHTHblX 
Kone6aHHi1 \laCTHU. B CHHXPOTpOHax c Y"ll8TOM Heo;u.Hopo;u.HOCTJ/l IlJ!OTHOCTH 
aapH;u.a B ycitopeHHOM cryCTKe, KOTOpaH n03BOJ!HJ!a ou.eHHTJ, ;ll.OJIIO pe-
30H8HCHhlX "llaCTJl!U., a TaKJKe pOJIJ, paaiJJ/l"l!HhlX p630H8HCOB B WOPMHpOBa
HJ/lJ/l npou.ccca noTepL npH ycKopeHJ/lJ/l HHTeHCllBHblX IlY"llKOB. BbICKa3aHhl 
coo6palKe HllH O B03MOl!\HOli M8KCllMaJ!J,HOi1 J/lHTel!CliBI!OCTJ/l JJY"IKOB 

c:imxpoTpOHOB. 

TIPAKffll!ECl{Afl U111lHOCTh perne mrux Te opeTJ/l"lleCKJ/lX npo6ne1.1 aaitnroqa
eTCH B o6oCHOBaHJ/lH Jl!CnOJIJ,30BaHJ/lH IlJIOTHhIX peJIHTJ/lBJ/lCTCKJ.iX ny"l!KOB 
aapHJKeHHblX qacTJ/lU. B BJ/l;ll.e KOJil>U.eBhlX crycTKOB, jJ OCHOBHOM naxo;u.H
lliJ/lXCH BO BHelliHJ/lX aneKTPOMarHJ/lTHblX nonHx, JKeCTKO ynpaBJIHIOlliJ/lX napa
MeTpaMJ/l crycTKOB H peryJIJ/lPYIOlliJ/lX HYl!\HblM o6paaoM npoHBJ16HJ/lH ()OJIJ,lliO
ro npocTpaHCTBeHnoro aapH;u.a, ;nJIH KOJ!JieKTJ/lBHblX MeTO;ll.OB ycKopeHJ/lH. 
MoryT ()hITL H ;npyrJ/le KOHKpeTHhle npJ/lJIOlKeHllH paaBJ/lTOi1 B ;ll.J/lCCepTaU.J/lJ/l 

TeOpJ/lJ/l KOJ!JieKTJ/lBHblX ~eKTOB. 
PerneHRe aa;u.a"ll no· HeKorepeHTHOMY KYJIOH9BCKOMY c.nBnry \l8CTOT B 

KOH!tpeTHl,lX ycnOBJ/lHX CJ,!HXPOwaaoTpoHa B TBCHOit CBH3J/l C :)KcnepnMeH
T8JlJ,HblMJ/l J/lCCJ!e;ll.OBammMJ/l cnoco6cTBOBaJIO cyrnecTB6HHOMY Il0Bbllli€HJ/ll0 
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HHTeHCJ/lBHOCTJ/l npOTOHHOro ny"l!Ka CJ/lHXpoq_jasoTpona-]io 8Ha\leH111:t, 

60JIJ,lliHX 1012 PjHMn. MOJKHO BhlpaaJ/lTJ, yBepeHHOCTJ,, \!TO ;u.an1,nen
mee paaBH~He H ycoBeprneHCTBOBaHJ/le CHHXpoq_jaaoTpOHa O~HH Ha 3TOM 
nyTH TIPHBe,neT Kerne 6onee HHTepeCHhlM peayn1,TaTaM npn ycKopeHHH 
He TOnliKO npOTOHOB 1 HOH ]ipyrHX \l8CTHU.o 

CTp,YKTypa 8BTOpewepaTa aHaJIOrH"l!Ha CTpyKType ]iHCCepTaU.HH. 
06rnntt o6~eM pa60Th1- 276 CTpaHHU, H3 °HJ/lx·11 CTpaHHU c ,J/lJIJIIOCTpau.n
HMH J/l IO CTpaHHU JIJ/lTepaTypmlX CCblJIOK. Ha116onee cymecTBeHHhie pe-
3YJIJ,T8Thl ;!iOKJI8]iblBannc1, Ha Mel!t;liyHapo;nHblX KOHwepeHIJ.HHX no ycKopnTe
JIHIJ ( 1967 1 1969 J/l 1977 r.r. ) t Ha BC6COID3Hl:DC KOHWepeHUJ/lHX TIO 
YCKOpHTeJIHM ( 1968, 1970, 1974 Id_ 1976 rr), a TaKJKe Ha BC6COID3IWX 
CJ/lMn03HYM8X no KOJIJieKTJ/lBHblM MeTo,naM ycKopeHJ/lH (1972 H 1976 r.). 
OCHOBHhle pe3,YJII,T8Thl ,nHccepTaUHJ/l ony6nHKOBaHbl B cne'A,YIOlliJ/lX pa6oTax: 
l. A .r .BOH\l-OCMOnOBCKHli. 3apHJKe HHOe peJIHTJ/lBHCTCKOe KOJII,IJ.O aneKT

pOHOB B BJ/lHTOBOM MarHHTHOM none, IT~. 1971, 41, c. 1345; 
OHHH P9-5299, ,lly6ua, 1970. 

2. A .r .BoHq-OcMonoBcKHtt. 3aMe"llaHHe o H, - qioKycHpoBKe ;nBHlltYrneroca 

peJIHTHBHCTCKoro KOn1,ua, J!IT~,1973,~,c.176I;OWfil P9-692I,I973. 
3. A.r.BoHq-OcMOnOBCKHtt. A.nHa6aTH\leCKJ/le npou.eccbl B BJ/lHTOBOM 

MarHJ/lTHOM none. iT~,I972,~,c.2272;0IDlli P9-6463, Jiy6Ha,1972. 
4. A .r .BOH\l-OCMOnOBCKHtt. 0 CJK8TJ/lll J/l ycKopeHHH aneKTPOHHOro KOJII,

u.a B BJ/lHTOBOM MarHHTHOM none, B KH~CJ/lMil03HYM no KOnneKTJ/lBHhlM 
MeTo.nau ycKopeHHH. ,lly6Ha, !972,]{9-6707,cTp.27. 

5. A.r.BoH\l-OCMOnOBCKHtt, B.H.l{aHHnOB. YcTpOitCTBO 'AJIH ycKopemm 
aneKTPOHHoro Kon1,~a, ABT.CBH;u.. CCCP N! 519070 OT 5.YTI.1974, 
Bronn. OHTIOT3, 1977, ~ 29, c.253. 

6. A .r .BOH\l-OCMOnOBCKJ/lit, B.H .l{aHHnOB. 06 ~eKTe CJKaTlm op6HT B 
Myn1,THnonI,HOM MarHHTHOM none. JKT~, 1977, 47, c. 510; 
OHHH P9-9886, ,lly6Ha, 1976. 

7. A.r.BoH\l-OCMOnOBCKHtt, fil.C.CypOBU.eB. 0 CTaU.HOHapHOM COCTOHHHH 
aapHlKeHHOrOCSMOqx)ltYCHpyJlllleroca: nyqKa c 6oJII,ffiHM TOKOM. KT~ 
1972, 42, c.3. ; CMHH P9-5857, ,lly6Ha, 1971. 

8 • A .r .BOH\l-OcuonoBCKHtt, K.A .PerneTHJ/lKOBa. CHHXPOTpOHHOe Hany1teHne 
penHTUBHCTCKJ/lX aapH,nOB B MeTann11qecKofi Tpy6e~ Olliili P9-3415, 

.lly6Ha, 1967. 
9. A.r .BOH\l-OCMOnOBCKHtt, B.H .UhlTOBJ/l"ll. HennHeiiHBH TBOpHH p8,l\H8-

U.J/lOHHl:IX HeycTOii"llHBOCTei1 penHTHBHCTCKHX KOn!JU.6BblX Il,Y"l!KOB. Tpy
]ibl ~HAR, 1973, 66, c.144 • 
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IO. A.r.EoHq-OcuonoB?Knll, E.II~!n.zi;KoB, B.r.MaxaHhKoB, B.H~ll.HToBHq, 
E.r.lll,HHOB. qHcneH!ll,lll aHaHH8 HenHHellHoll CT8;!1.HH paaBHTl,UI pa~-
8UHOHHOll HeycTollqHBOCTH penHTHBHCTCKHX aneKTpOHHhlX Konen, 
OfiUIB P9-5622, ]ly6Ha, I97I; Plasma Phys. I973, 15, p.2II; 
B Kl!: Tp. TI BcecOID8H.COBemaaHH no ycKopHT8IlfiM, ''HayRa", 
M., 1972, T.I, c.228. 

II. A.r.EoHq-0cMOHOBCKH!1. HeKOTOphle 3qlW8KThl 3KP8Hl1POB8Hllfi npu 
CJKaTllll KOilhUa OKOHO MeTannuqeCKHX noBepXHOCTell. B ruI: Cl!M

noa. no KonneKTHBHhlM MeTop;a1.1 ycKopemrn, ]ly6Ha, I972, 
'JJ9-6707, C .46 • 

I2. A.r.EoHq-0cMOHOBCKH!1. BnHHHHe MeTannuqeCKHX nnoCKOCTell Ha 

YCTOilqHBOCTh l1 WOKYCllpOBKY KOilhU8 peHHTHBHCTCKHX M8KTPOHOB, 
OMffi!. P9-63I8, lljr6Ha, I972. 

, I3. A.r.EoHq-Oc1.1ononcKull, K.A.PeweTHHKoBa, O cTa6unuaaUHH Hey
CTollquBocTH Tllna aMeilKH ABYXKOMnoHeHTHoro penHTHBHCTCitoro 
KOilDUa 83HMYT8HD!ll,IM MarHHTHhlM noneM, !T~, I972, 42, c.987; 
OMHH P9-6I36, ]ly6Ha 1 I97I. 

I4. A.r.EoHq-Qc1.1onoBCKHll. 0 CBfi3l1 M8lK'AY nnOTHOCThID qacTHU B 
aneKTpOH-HOHHhlX nyqKax l1 npop;onhHhlM MarHHT!ll,IM none1.1. !T~, 
I976, i§., c.1604; OHHH P9-8379, ]ly6Ha, I974. 

IS. A.r.EoHq-Oc1.1onoBCKl1!1, Cnoco6 YCKOpeHHH aneKTpOHHOro KOilhUa. 
ABTopcKoe CBn;u.eTenhCTBO CCCP le 409402 OT 4.II.1972. E10Jin. 
OHIIOTS, I975, ~ 25, c.I92. 

I6. A.r.EoHq-QcuonoBCKHll. YcTpOliCTBO ;u.nH \IJOpMHPOB8HHH l1 ycKope
Hllfl aneKTPOHHOro KOilbU8 C l10H8Ml1, ABTOPCKOe CBH;u.eTeHhCTBO 
CCCP ~ 4I6909 OT 4,II,I972, EIOJin. OHIIOTS, I974, ~ 7. 

I7. A.r.EoHq-Oc1.1ononcK11ll, B.A.Ilpeliaett;u.o~, K.A.PeweTHHKOBa, 
IIpHMeHeHHH 83HMYT8IlnHOro MarHHTHOro nona B KOnneKTHBHOM 
YCKOpHTene HOHOB; Ollffi!. P9-6930, ]ly6Ha. I973. 

IS. A.r.Eottq-Oc1.1onoBcKHll, C.H.nonn, CnnnHOToqHhlll ycKopuTenh 
HOHOB cpep;HHX atteprHll c nonHhlM aneKTpOHHhlM nyqK01.1; TpyJi;hl 
X MeJKp;yHaPO'AHOli KoHqiepe BUHR no ycKopuTenHM, Ce pnyxoB, I977; 
AS, 1978, .:t.2., c.354. 

19. A.r.Eoaq-Oc1.1onoBCKHli, 0 'Al1H8MHKe CTOilKHOBeHHH 38PfilK6HHhlX 
crycTKOB B CBH3l1 C Y'A8PHhlM MexaHH3MOM ycKopeHHH, AS, I97I, 
31, c.127; OllHH P9-5I79, ]lyoaa, 1970, 

20. ID.n.Eesttorux, A.r.Eoaq-OcMonoBCKHll, M.A.BoeB0,1\HH, ].TI.3HHOBn
eB, 0 noBhlWeHHH llHTeUCHBHOCTll nyqKa, YCKopeHHoro B CHHXpo
qiaaoTpOHe OHHM. OMflll, q.I, P9-9II5, ]lyoHa, 1975. 
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21. Te ~e 8BT0phl. 0 noBhlWeHHll llHTeHCHBHOCTH ny~a, YCKOP6HHOro B 
Cl1HXp0~830TpoHe OHHH; Ollffi!. q,II, P9-9I20, ]lyoHa. 

22. ID.n.Eeaaornx, A .r .EoHq-Qc1.1onoBcKHli, M,A ,BoeBo;u.nH, ],!I,3nHoneB, 
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