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ACCELERATOR AND STORAGE RING INTENSITY EFFECTS 

CONNECTED WITH LIENARD-VICHERT PARTICLE FIELDS 

The particle self-action due to the collective field is on• 

of the essential effects restricting the increase of the beam 

intensity in accelerators and storage rings at high energies. 

Usually, when analyzing these phenomena, the particle trajec-

tories are assumed rectilinear, and the rectilinear current 

continuity apr .·oximation is used. In this work the equal-time I 

pattern of field for the circling ultrarelativistic particle 

is cleared up. The region of fields with high ~ -dependence 

( 0 -region), where 0 is the particle Lorentz factor, is 

shown. The conditions of coherent addition of 0 -region 

fields as well as the quantity and existence time of such a 

superposition are considered. The condition enabling averag­

ing of the beam current, under which the suppression of syn­

chrotron radiation takes place, as well as the condition of 

compensation violation of the Lorentz magnetic and electrical 

components are found. The obtained results show that it is 

necessary to take into account the curvature of a particle 

trajectory a,nd the beam di~creteness when calculating inten­

sity effects for most of current accelerators and storage 

rings. 
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© £.peeGHCICUU fllUJIUlfCCICUU UHCTUTJIT• 1980 

0,D,HHM H3 CyI!l0CTB0HHblX acpf>eKTOB, OI'p8.HH'IDIB81llllHX nOBbAlleHHe 

HHT0HCHBHOCTH nyqKOB YCKOPHTeneA H HaKODHTeneA npH 6oHblJIHX 3He~ 

I'HSOC qacTH~. 11BJ1Jl0TC11 C8MOP,elkTBHe nyqKa HJIH B3a.HMHOe BJIHRHHe 

)J.Byx nyqKOB, o6yCHOBJI0HHOe KOHH0KTHBHhlM noneM. 06bNHO nprt aHa­

JIH3e 3THX RBJieHKA TpaeKTOpKH 'IW.CTH~ C'ID!Tall'l' np.RMOHHHeAHblMH,llTO 

nprtB0,11,HT. B - qacTHOCTH' K H3B0CTHOA KOMIIeHC~H 3HeKTpHll0CKOA H 

MaI'HHTHOlt KOMl10H0HT CHJI!il Jlope~. IlpH 3TOM npe,u,nonaraeTCR, llTO 

noCKOHbKY TOllKa Ha6JI1>p,eHH11 noJIJl HaxO,D,HTCR Ha paCCTORHHH 8 OT 

TpaeKTOpHH MHOI'O MeHbllleM ee pa,D,Hyca Iq>HBH3Hli R 1 TO CYJlle-

CTBeHHblM AJIR TaKOA KOMil0HC~H H3M0HeHHeM HanpaBJieHHR CKOpOCTH 

qacTH~ aa BpeWI aanaa,11,1i1BaHHR CHI'HMa Moimo npeHe6peq&. MoJKHo 

noKaaaTb, llTO nprt lf--c • v - CKOpoCTb qacTH~. YCHOBHeM 

TaJCOI'O npH6JIHllteHHR 11eMeTc11 MMOCTb eeHHllHHli ( o / R ) '6 2 , rp,e 

~ - JlOpetll.\ <PaK'l'Op qacTH~ H yqTeHO' llTO KOMIIeHC~R nportc:-:.- ,..y.iT 

npH yrnax noeopoTa HanpaeneHHR CKOpOCTH M0HblllHX 'Q- 1 
fl:pH 

6oH&mHX sHeprH.llX BeHH1.IHHa ( o / R ) 0 i MOlleT 6b1Tb He •1.dJloA ,11.ruti ' 

IqlH aHatmTeH&HblX R H MMHX o . TaK, Harn '1Mep, AJI1I 3, 

TpoH-n03HTpOHHblX HaKOilKTeneA Ti.ma LE p [Il 6ZI.4.I05 'R ~ 
H nprt 6 ~ 2. ro·-4 C;M ( qTo COOTBeTCTBJeT Cpe,D,HeyY paCC'l'O ·· .;: 
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Me-.il.Y 11acTMI.\8MH nyqKa) nonyqHM ( o / R) 0 ~ ~ IO. T8.KMM o6pa­

s ow1Mhl MMeeM RBHOe H8,p}'lll6HMe KOM116HClll\HM M8.I'HJ.1THOA H 3Jl6KTpM­

qecKOA KOMilOHCHT CMJlbl JlOpeffl\8., QTO BaJIHO 3HaTb npM 8JiaJIH3e ,11,M­

HBMt!KM TIJ'!Ka. Ha CaMOM p,ene HaJIOJteHMe yCJ1ollHneTca e111e M M3Me­

hL:.iMeM CB.MOR BCJIMQMHbl noneR B CHJIY Heo6X0,11,HMOCTH yqeTa ycKope­

rU1J1 "4ac•mq . flocJ1e,D,OBS.TeJ1bHWt yqeT 3TOl'O o6CTORT0JlbCTBa npH 

60Jlblltl1X 3Haqernrnx ~ MOllteT npHBeCTH H Ha CSMOM ,11,e11e rq:>H BO-

)J,MT K CYll\0 CTBE!HHblM OTJIHQH.RM nOJlft 118.CTHQN, ,11,BHll.YllleAcn no OJqlYJlt­

HOCTM, ,11,8.Jl(e )J,OCTS.TOQHO 60JlbWOl'O pa,IJ,Kyca, OT nOJIH IlpftMOJIHHe AHO 

,D,BHJ!tYU18ACJ1 c TOA lite CKOpOCTbE qacTHQbl. 

,D,pyrHM, QaCTO IlpMM0HJ16MblM npH pacqeTax ,11,MHSMHKH nyqxa B 

yCKOpHT8JIJ1X H HS.KOnMTeJUIX ,D,OIIYll\eHMeM,ftBJlfteTCR npM6JIHllteHHoe 

npe p,cTasneHMe o ttenpepblBHOCTH TOKa [2] . YcnosMeM cnpase,IJ,JIH­

s oc-n1 3TOr'O npH6JIHll6HHJ1 ,D,JUl np.RMOJIHHeAHOl'O TOKa RBJlfteTCft Ma­

JlOCTb paccTOHHHA M6'11<1JY qacT~ nyqKa no cpaBH8HM~ c nonepeq-
r 1/~ .1/3 r 

HblM p aaMe.poM nyqKa B ero CHCTeMe noKon u~ >> ~ J-4 "'° On. . 

r,a.e Ox - pa,D,KMbHblA pasMep nyqKa c IlJIOTHOCTbE l.laCTHl\J".BBMAY 

Cyu.\eCTBeHHl:IX OTJIHllHA npH 60J1bWMX aHepr11.ax CTPYKTypbl noAA J.\HP­

KYJlHPYJOlllero 38,pJl,ll,8. OT noJlft IlpflMOJIHHeAHO ,ll,BHl!YllleAcJ1 qacTHQbl, 

ne.peKphlTMe noneA COC0,D,HMX qacTHQ nyqKa B03HHKaeT npM yCJIOBHH ) 

Cyu.\0CTBeHHO OTJIHQSlllll0MCJ1 OT Bblll10f1PHB0,D,0HHOl'O. 

YKaaa.HHble coo6paJ1eHMJ1 HaBO.D.RT Ha MblCJlb o Heo6xo,11,MMOCTH 

6onee aKKypaTHOl'O K nocJle,D,OBaTeJlbHOl'O yqeTa 38.Il8.3,11.b1BaHKJ1 npK 

pacl.leTax noneA QBCTKQ, ,ll,BKaYlllHXCJ1 B KOJlbQ0BblX YCKOpKT0JlftX K 

11aKOill1TeJiruc. 

B p,aHHoA pa6oTe BblftCHfleTCR O,D,HOBpeMeHHaJI Ka.pTKHa noAA 

,ll)lfl YJlbTpa.peJIJ1THBY.CTCKOA qacTKL\l>I, ,ll,BHllYlll0ACH no TpaeKTOpHK ) 

~"~3KOA K OKPYJ!tHOCTM. IlOJIJ'l0HHl:ile 4><>PMYJlbl n03BOJinET Bbl,D,eJIHTb 

.4 

p,se xa.paKTepHble o6nacTH aaBHCHMOCTM noneA 11 CHJibl RopeHqa OT 

~ : 06J1aCTb CHJlbHOA Q -saBHCHMOCTM ( ~ -06J1aCTb) H 06-

JlaCTb, B KOTOpoA noJIB H CHJla RopeHqa He 3aBMCJ1T OT 0 
HaR,D,eHO YCJIOBHe, ,a.onycK~ee yc,pe,D,HeHHe TOKa nyqKa H OTM848HO, 

4T0 IlpM ero BbUIOJIHeHMH IlPOHCXO,ll,MT IlO,D,aBJ18HHe CHHxpOT,POHHOl'O 

H3JlJ'l8HHH nytma. HaA,11,eHo Ta!Olte yc.JIOB;.{O Ha.p}'llleHHH KOMne1-1'.!:11,., 

Mar'HHTHOA H 3Jl8KT,PKll0CKOR KOMIIOHeHT CHJlbl RopeHqa, COC'l'aBJJJiB­

we~ OCHOBY ,D,JUl pacqeTOB 3qif>eKTOB HHTeHCllBHOCTH B COB,PeMeHHb;" 

60JlbWHX KOJlbQ9BblX YCKO,PHT8Jl.flX H HaKOnHTeJlRX. Ha IlpHMepe MO,D.e­

JIH TOKa qacTHQ, 3KBH)J,HCT8.HTHO ,D.BKlKYll\HXCJ1 no 0,D,HOA H TOA ~e QK­

,PylltHOCTH, BLIJICH.RCTCR HeJIHHeAHaJi saBHCHMOCTb aippeKTOB HHT8HCHB­

HOCTH OT IIa.paMeT.pa N / 0
3 

, r,11,e N ,_ q11cno qacTHI.:i B KOJihqe, 

PaccMaTpHBallTCR YCJIOBHR KOI'epeHTHOl'O CJ10JK0HHJ1 IlOJie£\ a - o6Jiac­

TeA paaHblX qacTHq, a TaKllte BeJIHllHHa H s.peMH TaKoR cynepnoa11-

QHH. 06C~81lTCR BOSMOllHble IlpHMeHeHHR 3THX noneA, B qacTHOCTH, 

,ll,Jlfl 3KCnepHMeHTSJibHOR ,D.eMOHCT,PaqHH Ka,pTHHbl noJlfl B 0 - 06JlaCTH t 

HCnOJib30BB.HHJ1 noJieA Q - 06JlaCTH ,D,JUl nonyqeHHR 60JlblllHX Harqm-

~8HHOCTea 3Jl0KTpHtieCKOl'O IIOJIJ1. 

110JIR H CHJla Jlo.peHqa. 0,D,HOB.peMeHH.Yx> KB.pT»Hy IlOJlR B 38JJ.8.H­

H~ MO.l.f8HT BpeMeHH to MOllHO IlOJIYtlHTb. pewaJI ypasHeHHe aa­

Il8.3,ll,h!BaIDIJ1. ,ll,JIR IlOTe~SJIOB JlHeHa.pa-&:xe.pTa [3•4]. flpe,n.cTaB­

JIJ1lOT HHTepec nOJlfl Ha paccTOaHHmc, MHOI'O M8HbWHX pa,n.11yca KpHB1'13• 

Hhl TpaeKTO,PJ!H. IlpH 3TOM ypasHeHHe aana3,ll.blB8.HHJi UOlUiO pewaTb Me· 

TO,D.OM nocxe,11,osaTeJibHblX np116J1HJKeH11R.Hyxesoe npH6JIHieHHe peweHMR 

3Toro ypaBH0HHH onpe,11,eAAeTca anre6pe.HqecKHM ypasHeHMeM qeTse:p­

Toro nopR,D,Ka. 

,, ~ i 3 2 ~ x2 

x. •3(0 - f )x -.3ct>X +Li <P - Li ( R2 + 
~' Ri)::o ~ (I) 
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QTO COOTBSTCTByeT npH6JIH~eHHoR 38M9He TpaeKTOpHH conpHKaCSJ0-

111eRc.11 K tteR B MOMeHT t 0 OJ<pYJKHOCTbK> pa,D)lyca R • 3,11,ecb 

<P yrnoaoe OTKJIOHeHHe TOQKH Ha6JWAeHHR OT qacTHl\bJ (yroJI OT-

CQHTNBaeTC.R BACJlb CKOpOCTH qaCTHL\lil), x H ~ - pa,JJ,HaJtbH09 

vi BepTHKa.JlbHOe OTKJIOH9HIUi TOqKH Ha6JWA9HllJ.R OT o.p6wrli. HeH3B9C'l'• 

HM x CB1!3aHa c 3aTIB.3,IJ,lilBB.lllqMM MOMeHTOM BpeMeHH t 
¢ -Ji c ( t -t 0 )/ R = 2 X , ~ C - Cl<OPQCTb qacTHi..tbl. Ilo,u.cTaHOBKa X 

B ~pyYJIN ,ll,JlI1 noneR 1103BOJIHeT Bbl,!1,SJll!Tb o6JiaCTb CHJlbHOR 0 -aa-

BHCHMOCTH c WHpKHoR 3TOi.l o6nacTM ,.._, R / ~ ~ K se.pTMKaJih-

HblM paaMepoM ,...., .J 2. x R' (l'- 1 
• 3KCTpeMaJtbHNe aHalleHHR noneR 

pacnono~eHN Ha JlllHHH 

A-, ( 3/2 -r=- 2x/R) /3, 2=0, (2) 

- -
a6;rn3;· 1<0Topoa ane1<T.p11Jqec1<oe E H MarHMTHoe H noM HMell'l' 

BH,V. 

E _ ~J2r:: 4 /B._ -~ e (¢) H =-(f e, (cf>)) e?:. . 
- R ~ ~...;, l 1 ... 'l~)~ 1 

I (3) 

l',V.€ e, \ <{: ·) - ~.J.l'H l1l!HUJ1 ESKTOp B,V.OJlb pa,JJ,Myca, -e 3 - B,11,0Jlb 

ocH l . llapa.r.teorp tl_ onpe,n.eJI.fleTCR qepea yrnoaoe OTKJIOHeHHe 

5 (\' -?:. TOqJ<H Ha6JUO,U,eHIMi OT JIHHl1H· 3KCTpeMaJibHHX no.neR nocpep.­

CT IlOM ypaBHemrn 

~ 
11 +..3'1. - 6~:. 0 (4) 

MHO:K111't:Jlb(1-7.')/ ( 1+ti_a)~ B ~pwy.ne (3) HM99T TIOJIOllHT0JlbH!iR aK.C• 

T.pt:!M,YM lijjK ti. "' 5 :. 0 11 )J,Bll OTpHL\llT9JlbHblX 3KCTlJ0MyMa flPH 
?> -?. 'l:. ! {2 (yl'JlOBOe lJ'l' lClOHeHl-le s ~ -: ! 5 / 3 ..(2: 0 ) . IloJIJI 
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ha JIMffii~ (2) B 'Z7 ~a3 60JlhillC no.neR Ha JIHHHRX 7 = ± ~ • 

Ilo.1' .. H B ~ - o6nac'l:'H B o ?:. ( 2. X / R ) 3/ 2 .paa npeaocxo,i:vrr noJin 

II,pRMOJUiHelhiO ,D,BH~YJllerocn ::>8.pR,JJ,a Ha TOM lite paCCTOSIHRH OT Iiel'O. 

Hai1~eu OTHomeHae I 3HepI'K"i IlO.ilR B ~ -OCiJiaCTH, f'eEe­

p;qiye~ .. "~ 38.pR,l!,OM npH JJ;BIDltemm B,D,OY.b C€KTopa c YI'JIOM 0 , KO 

apu.•(;'!-1'! ITpOXOlltP,eH;lJl 38J)ll,U,OM ceKTopa: 

I"'e4 H~oa/5irn.'c.?., C5) 

r1J,e Hr,:: m.c' 0 /e R - Bhe!IIHee M<.H'HHTHoe no.Ile. B:1,ll,Ho, w:o 

nony4eHHOe BblP&Mel!He OY.anuaaeTCSl nO~R,ll,Ka nOJIHO~ HHT9HC~BHOCT~ 
r5 1 

Mt'I'P-'1THOl'O~M03HOro ~l:lJl.y-o.IeHHSl ~ J 

BHe ~ -06.nacT•1 JJ.1lR a.119itTtJHtrecRo::'o no11n ltMeeM: 

4 ~ r . ,t. --f- ) 
°" )-21:.::.'+') e,ftt- +2 R< - ' ,'+'1 

- J:-::: 
3¢f3 e, ( ¢) + e. ! U'<P) -~3 • ¢> o, 

o '-- l ,, · A 
- i ;-~[ "- ~ ;.a ct)~) -.. ) 'f'X - i!X -I <j) (2Ra-2.R"a - 2 e, (¢ + R ea(<!>)t R2 e?>]; 

'" 
r;i.e 2 2 ( ¢>) -e,v;i-1Hv.trn.hln '!'C.'lI'eHiµ:M:cHhi.11 aeKTop. 

J;i.'i Marmrr:~oru nCJl'l no.ll)<n<..1.1: 

( 

" 

(6) 

cf> <O, 

~ -~........ . \ 
?. 12~-1:>.¢) -i:: . ·,'ct'>; r1·-1 ~ R ,~. " H 

- 5 
3R<pa e;:.(¢) .. 2(.34>f-~·e-?>. f; > 0, 

e · : 2 ~2 . ., xi - . 2c/> - ,f. l! 2 x '+' -; l ~ h.~ e ,( 1>) t . R e 2 ( 'P) + (2K~ + 2R~ - T) e?,]) 
(7} 

cp <. 0 

.=i.aeCT110 . tlTO a urRY.0ID!Hei1HWX .'!,J-'t.iY.8..'C C,YlqCCTByeT KO~ille!lca-

'f1'Ust aJ!e CIW~ K MaJ':',>!T:'O~ KOlmuHe:'iT CJU:li .i"lc.per!~a. fio.ntU'M, 

!i't'IJ YI'OJ); ~ ~'JVIY Ba!r,paE.'l.E:HHEMJll CKOpOCT""R '1laCTl1U~,HaX0,IV1J:111XCB. ha 

.., 

~ ------



0,11.HOM K TOM l!e p8.,11,Hyce ~ Q - 1 , tta.R,a.eu corJiacHo (6) K (?) 

CKJIY ]opeHUa B BH,D,e 

4 , -! ( 3 <t> f e1 ( ¢) + 2 ( 3 ¢ f 3 ea ( ¢) 
I· F -ez. -

¢-'[-<Pe,(¢)+~ e2 (¢)], 

th> 0) 2;. 0, 
'f (8) 

¢ -< o., l:: o. 

BH,11.Ho, t1To noJiy-qeHHoe Bblpal!eHHe He co,a.eplf(KT MHOJKHTeJUi 0 
-I? 

KOTOpl>Gl KMeeTCR B BblPB.llteHHK ,ll,JUi CKJibl ]opeHUa paBHOMepHO H npR­

MOJIHHeRHO ,ll,BK)f(J'lqerocn 3ap.R,D,a, tlTO cyiqeCTB0HHO npK BNtlKCJieHMH 

C,ll,BKPOB 6eTaTpOHHblX tlaCTOT. 

PeayJibTffPYJJl!lYXl CHJIY Jlo:peHQa F.i. el ( 4>) + F11 e, ( <P) ,,a.eR­

CTBYJllllYD Ha OIJ):iy H3 tlaCTKQ MO,ll,€JlbHOI'O TOKa, COCTomnero K3 

CKCTeMl:i IV t1aCTH~, ~BKl!YJqHXCR 3KBK,D.HCTaHTHo no oKpYJKHOCTK, 

MOJ!HO BbNMCJIHTb c KCnOJib30BaHH0M MeTo~a CYMMKPORlliiKR fl.JiaHa. 

IlOJiytleHHNR pe3yJibTaT MOlltliO npe,a.cTaBHTb B BK,D,e p.R,D,a no CTene -
-a 

H.llM ~ 

U..1., 11 
00 

(n) * -21\. 

F.l ·": o L. F.1., 11 ( N) n , 
t\.•O 

(9) 

r,11.e U...1.: 3 • a.,; :. 4 , N ,. N / '6 ?> • AtlaJIHa KO~Hl\HeHTOB .. 
p.R,IJ,a ( 9) naK8.3b!BaeT, tl'.J'O npH fl ""' 1 J F .1. , 11 aaav.cRT OT 

N CYJ!\eCTBeHHo HeJIKHeAHl:.iM o6paaoN [61 . 
Bb!RCHHM ycJIOBKJt, npK KOTOpblX ttatUU1aeTCR nepelQ'.lblTKe ~ -06-

JI&CTeR 11acTKQ peaJibttoro ny-qKa. Cet1eHKe 0 -o6JiaCTH, nepneH,IJ,H­

KyJUq>Hoe K pa,u,Kycy. Ha paCCTORHMK x OT op6HTbl ·11MeeT IlJI0-
1/a ~h -Ii 

11\liAb ,...., ( 2 x ) R o . EcJIK Ha BHewHef.! t no p8.,11,Hycy) rpaHH-

Qe nytlKa 3TK C0tlCHHR nepe!Q'.lb!B!Ul'l'CR, TO 

R 

8/3 -~/3 - I 
cS x >> & K ::. (( JA R (IO) 

tlTO COCTaBJIR0T IQ'.lHTepKA HenpepblBHOC'l'H TOKa. HanpKNep, µ,IIR 

npoeKTa ttaKonHTeJin EPCilli3 [?] • IlJIOTHOCTb t1aCTK~ B KOTopoM 

"' 5,2.I010cM-3 • <S .. = 0,2 CM, npaBM qacTb (IO) ,...., I CM,T.e. 

JqlHTepHR Henpepb!BHOCTH He BliIIOJIHR8TCR H ,ll,OJll!CHa 6b!Tb cyiqecTBeH­

Ha HeJIHHeRHM aaBHCHMOCTb 3qif>eKTOB HHTeHCKBHOCTK OT tlHCJia qac­

TMQ. AHaJlorKtlHHlt peayJibTaT noJIYl.(aeTca H ,11,lUl ,a.pyrHx aJieKTpoH­

HblX yCKOpKTeJieR H HaKOilHT0JleR (,a.eRCTBYllll\HX H npoeKTffPYeMb!X) 

CM.Ta6J1l), 

KaK !51mo noKaaatto swe, aHeprKJt H3JiytleHHa qacT~ cocpe,a.o­

Tat1eHa B ee ~ -o6JiaCTH. OTCll,11.a, IYO IQ'.la.AHeA Mepe Katl0CTBeH-

HO. HCHO. tlTO nepeKpblTHe ~ - o6JiaCTeA J)8.3HbIX qaCTKQ ,IJ,OJIJ!HO 

npHBO,ll,KTb K no,a.aBJieHHll H3JlyqeHIUI nyqKa (BCIIOMHHM, tlTO ttenpe­

pb!BHb!R KOJibQeBOR TOK He H3~yqaeT). TaKHM o6paaoM.JqlHTepHA He­

npepblDHOCTH TOKa IlytlKa 0,11.HOBpeMeHHO RBJIReTCR JqlHTepHeM IIO,ll,aB­

JieHKR HSJiyqeHHR rtyqKa, KOTOpoe nponapQHOHaJibHO tlHCJIY t1aCTHQ 

TOJlbKO p,o TaKKX n.naTHacTeR, npK KaTapbOC ox/ 6'" .,,, ~ < < 1 
lfa Ta4:iJ1HQ1>1 I BH,ll,HO, liTO 3TO nop,asneHHe npc ilCX0,11,KT TOJibKO 

,II.JUI npoToHHoro HaKOnKTeJIH YHK • 

PacCMoTpHM yeAoB~e KJ!a ccH'IHOCTK noJieA flYllKa. CorAacHo [a] 
1/z. -2 

noJie KB8.3HIU1accHllHo, eCAK E >> ( 1i. c. ) ( c At ) , r,a.e 

µ,IIR n - o6JiaCTH Ha,D,O IlOJIOlltHTb c f:j, t '-J RI~ ?> • HcnO.'Ib-

/ 
l/z. 2 

aya ( 3), nepenHllleM aTo yCJIOBKe a BK,D,e ( 8 ol. R cS ><) >> 0 
r,a.e cJ.. :::. e.2. /ti. c . IlO,D,CTaHOBKa aHatleHHA &)<) R, ~ AM 

p8.3IDNHblX YCKOpHTeJieA H HaKOilHTeJieR IlOKQSliBae1', qTo YCJlOBHe 
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KBa3HKJlaCCH\IHOCTK JJ,Jlft DOJleA 0 -o6JiacTH He BblIIOJlHSteTCSt. T. e. 

,ll,JIH OilHCaHHSt B38.HMO,JJ,eACTBHfl QaCTHQ c DOJlflMH Q -o6xacTeA T.pe-

6yeTCii npHMeHeHHe MeTO,JJ,OB KBaHTOBOA aJieKTpO,D,HHBMHKH. HaA,JJ,eM 

orpaHHQeHHe Ha o6naCTb npHMeHHMOCTH KJlaCCiN:eCKOro paCCMOTp0HHR 

qHe ~ -o6JiaCTH, r,JJ,e DOJlii OT pa3Hb1X qacTHQ CKJla,D.b!BSllTCii. 

.11cnoJib3YR r JiaBHblA qJieH B ( 6) , noJiarB.R c Ll t ""' R cp H 

yqHTblBB.ii, QTO B 3TOA o6JiaCTH tlHCJlO qaCTHQ cp N / 2 5f » 1. HaJ%JJ,eM 

¢>> 3s;,,3i !J/1; d..-3/8 N • .,;,, 
(II) 

Iqm N "- ro13 IlOJlyqHM cp >> ro-8 • OTO 03HaqaeT. QTO o6JiaCTb 

a3HMyTaJibHblX ,ll,JIHH, B KOTOpoA MOJIHO HCDOJlb30BaTb KJlaCCJCtleCKHe 

~O,PMy.Jlbl (3), (6), (?), (8), a TaKJte He yqHTb!BaTb BJIHiiHHe CTeHOK 

Ka.Mepbl, 3aKJlJltieHa B npe,JJ,eJirut 10-4 CM + d , I',JJ,e q - pa3Mep 

aaxyywioA KBMep1>1, R ""' 104 cu. 

KorepeHTHoe cnollteHHe none A B o -o6nacT.RX. 

YcnoaHe KJiaccHtlHOCTH noJUI a 0 - o6nacTmc: MOlleT y,JJ,oB.neTso­

pRTbca, eCJIH npOKCXO,ll,HT KOrepeHTHOe CJlOllteHKe 3TKX noneA OT rJ 
qacTKQ, r,JJ,e 

N>>~ 2 (6x/8cJ. R) 112
• (12) 

HanpHMep, ,n,.aa R "' 5.I02 
CM, ~ ~ 5.I08 

, ox - O,I CM, npaaan 

qacTb (12) pasHa I.46.106• 

Ha-aa Muo.A WffPHHbl 11 BhlCOTlil y,JJ,o6Ho on11c1i1aaTb 0 - o<SJiaCTb 

OTHOCIATellbHO HeKOTOpoA JIMHHH, Qe•HKOM CO,JJ,epll8.ll\eAo.11 B He~ • Ta­

KOJi JlHHKeA .HBJilleTCR '6 -CTIHpaJtb - reoMeTpHtieCKOe MeCTO TOqex 

0,D,HODPBM-3HHOI'O npH6blTH.H CKl'HSJIOB, HCI!YiqBHHblX qacTMQeA no Kaca-

TCJ!bHOi-1 K K{JYI'OBO~ TpaeKTOPKH. (\ -CTI:ilp8Jlb MOZHO 38Jl,aTb IIB,pa-

IO 

MeTpHtiecfill: qepea YI'OJI 3Ma3,IJ,b1BaHHR e > 0 

x= R(v1+62/~a-1), <P=-8+a:r.c.tcrr(G/f>). 
(13) 

YcJIOBHa noJiyqeHHR KorepeHTHOCTH K3JlyqeHHa HecKOJlbKHX qac­

THq 3aKJil)qaeTC.f! B CJle,11YD11eM: I) B o6JiaCTJI HaelJW,JJ,eHHR Q -crrnpa· 

JlH nepeceKBJJTC.R. 2). HMell'l' o6JzyX> KaCaTeJibHyIJ, 3) CHrHaJibl OT 

pa3HblX tiaCTHQ ,JJ,OCTHI'B.JlT o6JiaCTH Ha6Jlll,JJ,eHH.f! 0,D,HOBpeMeHHO.Bb16-

paB QHJIHH,JJ,pHQeCKyIJ CHCTeMy KOO,P,ll,HHaT c HaQaJIOM B TOQKe nepece­

qeHHR ~ -CilH.paJteA J( DOJl.f!PHOH OCbll, OpTOI'OH8.JlbHOH K HX o6uieA 

xacaTeJibHOA, naf;!,n.eM o6IqyJ> tfiopMy.lly ,ll,JIR KOI'epeHTHblX TpaeKTO,PHH 

qacTHl~ H JIHHHH 6 • Ha KOTO,POA ,JJ,OJIJ!Hbl ClblTb pacnoJIOEeHbl 

QaCTHQbl nyqKa B MOMeHT ape11eHH Ha6Jlll,JJ,eHHR npH BblilOJIHeHHH yc.110-

BHA KOrepeHTHOCTK: 

, , e J ,, 2 f = [ e + 2 R ( 1- co~ ~) - 2 R s i. n.. t , 

8- t R . - a.:i: .. c ~ J.l ( . ~ , .. , ~ + Q.t.. C Sl h. 
R (1- co~-¥) 

Jl 

(14) 

I.pH H3MeHeHHIC ~ OT HYJUI ,JJ,O 2 51 IlOJl.R.pHble KOOp,D,HHaTbl _f 

K e ODHCblBaJ>T TpaeKTO,PHE ,JJ,BHllteHH.R QaCTHQl>I, HCTIYCKaJJllleA CHI'­

Ha.JI npH If = 0 H Haxo,11,RD1eAcn Ha paccTORHHH E OT TOtiKH Ha6JIJJ,JJ,e-

H)IR, II.pH t =):ie/ R , ypaaHeHHe (14) onHc1>1aaeT JlHHHi> 6 a 

ClapaMe'l'pH'CleCKOM BH,JJ,e, 0 < e < co CM .pHC, !. 

IlycTb Ha JIHHHH 6 pacnoJiollteHo N 'laCTHQ·. PaccTORHHe 

ne.psoA H N -o~ ,JJ,O nepecetieHKR ~ -CilH.paJieA o6osHaqHM qepea 

..P1 H JN ' .P1 < ...PN • B cJtyqae R ~-<!« J; ' ~ << R 
no~yqHM paa11ep x o6iacTH KOrepeHTHOCTH, nonepetiH~ no OTHO­

weHHE K ee ,JJ,BH.~eHKI>, B BH'Ae 

. li 



x :: R?>/,. P. !/If .f 1/4 ( 0 1/i - D 1/2 )- 1/2 - 3/2 
1 N Jt.J J1 0 ' ( 15) 

06nacTb. KorepeHTHOCTK onpe,D,eJieHa KaK ne.peceqeHHe Q' -o6nacTeA 

acex N \iaCTKI.\. lllr.tpHHa o6JiaCTH .. KorepeHTHOCTH (paaMe.p B,IJ.OJib ee 

ADHJleHH.R) rv RI '6' ?> • BepTHK8.JlbHblH paaMep"" J 2.f', R. ~ -1 
.Paa.rut­

t{He CKO.pocTeA ,JJ,BHllteHH.R ~ -cnr.tpaJleA npHBO,ll,HT K TOMYt lfl'O 3a 

B.p('M.R t K 0,. ycJIOBH.R KOI'e.peHTHOCTH Ha.pywllllTC.R: 

t ~ RS/4 ( 0 112_ 0 1/a)- 1/~ -1 .3/2. 
Kor .) "' J 1 C ~ . 

( 16) 

IToJI.R B o6nacTH Kore.peHTHOCTH no no.p.RP.KY BeJIJNHHli onpe,JJ,eJI.RllTC.R 

cpo.pMyJicA ( 3) t yYHOllteHHOA Ha /\/ npH x "" .f" 
IlpHMeHeH~e KOre.peHTHblX noneR. Ilpe,D,JIOllteHHl:iA Blilllle MeTOA KOI'e­

peHTHOI'O Ha.JIOllteHH.R noneA Q - o6nacTeA no3BOJI.ReT yBeJIHqHTh .pa­

,ll.liaJlbHbiR pa3Mep crycTKa B ~ '.!> pa.a no c.pasHeHHll c Tew lite .pa.a -

MepoM, Heo6xO,D,HMblM ,D,JI.R noJiyt{0HH.R KOI'e.peHTHOI'O CHHXPOT.pOHHOI'O 

K3Jlyt{eHH.R. Teu C8.Mb!M ocna6JI.ReTC.R T.pe6oaattHe Ha nJIOTHOCTb qac­

THI.\. l\poMe TOI'01 HHTeHCHBHOCTb H3JlytieHH.R nyt{Ka OT /\/ t{aCTHI.\, 

ABH~YJl1HXCH no Kore.peHTHHM TpaeKTopHRM B N pas 60J1bme HeKore­

f6HTHoro c~ttxpoT.poHHoro H3JIY\ieHH.R. TaKoe yaeJIHQeHHe uolleT 

6HT b npoBepeHO 3KCnepHMeHTB.JlbHO ,11,JI.R nO,[\TB6pll\Jl.6IDH! Ka.pTHHli! 

no n.R B ~ -o6JtaCTH. 3TO yBeJmqeHHe, K.pOMe HCnOJlb30BaHH.R B Tp8.­

,';11UJ10H!frJX o6nacT.RX npHMeHeHH.R CHHJq>OTpOHHOI'O H3Jlyt{eHH.!i [
9

] ' 

n03BOJIHeT, npH BblilOJIHeHHK yCJIOBH.R KJiaCCHQHOCTK nOJI.R (12 ) ' no­

JiytrnTb KorepeHTHoe KJiaccJNecKoe none c ,D,JIHHOA BOJIHli ,.., R/~ 3 

38.MeTKM, qTo a 3TOA BOJIHe Me)J,JleHHa.R tiaCTMl.\a c waccoA M npH­

o6pcTaeT aHepnm 

12 

' 4e ' €M= J,.., oN 'tM (!?) 

I',IJ.e q.,.,= eH~ 'tM/rr.c 2 
• 't.M:. e

2
/ Mc 2 • B Be!lleCTBe 

Ha tlS.CTHl.\Y ,JJ,eACTByeT TaJOite none KOI'epeHTHOI'O H3JtyqeHH.R 3Jl6K­

TpOHOB Be!lleCTBa, B0JllftlHHa KOTOpOI'O C.p8.BHHMa c Ila,ll.aDllMM nonew. 

Teu He Mettee ,D,JI.R r.py61:D{ 04eKoK nepe,D.aQH aHeprMH Me,D,JleHHOA qac 

TH4e 6yAeM IlOJlb30B8.TbC.R il>o.PMYJIOH (I?). V.3uepeHHe 3TOH 3He.pr1 

6b1Jlo 6H 3KCnepHMetlTaJlbHblM IlO,IJ.TBepl!l',D.6HHeM Ka.pTHHbl IlOJIR ~ -

JIUCT.11, 

KaK O,ll.HO .113 ~03MOJlHblX npaKTHqecKHX npHMeHeHKK o~eH~ ' Ha­

npHMep, B03MOJKH0Cmb HHH4f,tr.tpOBWiK.R ,1J.eHTep.11R-TpHTHeBvl'( (~T) CHH­

Te3a B .paccMaT.pHBS.eMb!X KorepeHTHblX nOJl.RX. ~T-CHHTe3 c HHep4f,t­

aJihHl:DIJ y,1J.e.pllt8HHeM OCY!lleCTBHM, eCJIH Tei.mepaTypa HOHHllfl KOMilOHeH­

Thl MHWeHH ~ k T "' ro4 :-i i3 . 11 pa3Mepli MMllleHH > e p ,ll.JIKHbl 

.RAepHoro npo6era. ITepe,IJ.WiHa.R O,ll.HOMY 3JleKTpOHY ~HweHH 3HeprHR 

E.e ,D.OJIJllHa 6b1Tb ~ KT E.e Hax0,11)1'fC.R H3 cpopwyJlbl (I?) 

c 38MeHoA M - tn. • 3a.pWiee oqeBH,ll.HO, qTo ~cnoJlh30BaHHe Kore­

.peHTHbIX noieH )J,Jla ~eneR ~T-cHHTe~~ HMeeT CNblCJI TOJlbKO B CJlytiae, 

ecJIH 3HeprH.R no.1111 B o6nacTH KorepeHTHOCTH G K:or "-' t·J-t me a 

- 3HeprKH IIY'lKa. BbiqHciftB c DOMO!llhll il>oPMYJI ,ll.Jla ~83M6poB 06J1aCTH 

xorepeHTHOCTH c KO r K ytiHTliBM cooTttowemie E. e "' KT , lfOlltHO 

BbtP83HTb QHCio t1aCTH4 nyt{Ka qepe3 reoMeTpHqecY~e 118lJaMeTpbl 

.P1 K 5' ti H TewnepaTypy KT : 

if N ::: .'.ij'Z 
f, ?J/, KT )%. 

'Le.f>J
1
/z (1-.J9,;..P,/_ ) ( mcl!. 
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YCJIOtll/Je yc,pe;'.,Hf~l!>IR, B cnyqae yqeTa K.pHBH3Hh'. T~aeKTOpHR qacTHl.\. 



0 -- ----~ 

-, 
'~.A1 

6 

\ 
I 

Pi.ic. I 

IlO,!UlYlCb It PMCYHKY 

PHc.I Kore.peHTHble TpaexTo.pHH. Hao6.pal[eHbl ABe xorepeHTH~e 
TpaeKTO.pHH A, B, H A 2 e,2 • rAe A, • A

2 
- TOQKH 

Tp8.0KTO,PHH OTKyAa HClJYCKall'l'CI! CHrH8Jlbl no KacaTeJibHblM 

K TpaeKTO,PHRM. 0 - TOtlKa ne.pecet1eHH11 ~ -CUMp8JleH. 

CHrH8Jlb11 :.1 cnY!lleHH~e c xorepeHTHblX Tpae:KTop11t!, ,D,OCT11ran1 

TOtlKH B OAffH 11 TOT llle MOM0HT B.peMeHH t 0 • 

B1 • B~ - To11xH J<p11soR 6 - ao.no•enH11 qacTHQ, ABH­

J11YU1Hxc11 no Kore.peHTHb!M TpaeKTO,PHllM, B MOMeHT s.peMeHHto. 
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