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PaccMoTpeHY ypaBHeH:m1 ~asoBYX Kone6aHHM crycTKOB qacTHD; .__ 
ycxopHmmero Hanpazea:im B pesoaaTopax~ Iloxaaaaa BOsMoaaocTD ocy­
mecTBneHIDI HHZeKin!H 6es nepexo;n;aoro peamra B peaoHaTopax, o<iec­
neqHBammaa coxpaHeHHe 6on»moro HHZeKTHPOBaHHoro TOKa. 

The equations of the phase oscillations of the bunch of 
particles and of the ac~elerating voltage in the cavities are 
considered. It is shown the possibility for the realization of 
the injection without the transient conditions in the cavities 
providing the preservation of more injected current. 

, 

' 

I 

I.BLIBo;n; ypaBHeHmt 

PaCCMOTPHM cxeuy (pmc.I) HH;!IYKTHBHOR CBHSH pesoHaTopa c ~•;n;e­
POJI. 3;n;ecDJ.p- BHyTpeaHee conpoTHBJieHe:e reaepaTopa Ur , IlPHHHToe 
paBHYM BOJIHOBOMy conpOTKBJieHJD> ~~epa, IlHTaDmero pesoHaTop; 
lct,;Cc~ - HH,'ll;yKTHBHOCTL IIeT.IH CBHSB H KOJIIleHCHpymmaH ee eJIKOCTD; 
l.oi Coi Yo -::nrnHBaJieHTHb16 na.paMeTpb! pesoHaTopa Ha OCHOllHOR Mo;n;e 
xone6aHrut, M - ll3811D1Haa HH,'ll;yKTHBHOCTL n~TJIH CllH3B H pesoHaTopa. 

HanpH:iteHe:e Ha pesoHaTope Up ( no;zt KOTop1i1M w Ciy ;zr,e11 noHHuan 
Hanpaxeae:e Ha ero euxocTH) H aanpazeHHe Ha neTJie CllHSH Uc& onHCY­
BaeTCH ypallH6Hlr'IHMH 

•. • 2 2 .• 

Up+2JoUp+W Up+uJ MCci,Uclb= 0 (I) 
.. . 2 2 .. 2 
Llclb"' 2cl.ce, l.L,11, + W Uclb + W M C0 Up = W Ur , 

r;n;e 2 ~ o = r. /L
0 

= W / Q 0 

pesoaaTopa; 
- saTyXaHKe K ;zt06pOTHOCTL 

2d.c~ =.Pcp/l.cq, -=W/Qc~ 
KOHTypa CBHSH; 

- SaTYJcaHBe H ;ztOCipoTHOCTL 

3 
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W2_ 1/1 c = 1/ - t...cf, cf, (lo Co - co6cTBeHHaH qacToTa peaoHaTopa 
H KOHTypa CBH3lll. 

1iCKJIJJtIHB H3 (I) BeJlllllll'IHY Uce. ;nJIH Up noJiy1nu.1 ypaBHeHHe 

(1-w"Mac,,co) UP+ 2(cAo + cAcP.) Up +2(u.f+2doo(ce.} LLp + 

+ 2w2(d..o +d.ce,) Up+ W
4 U,, = -WltMCce,Ur. 

(2) 

Ilo;ncTaBlllB Up::: exp f Ai ) nOJiytIHJI xapaKTepHCTllltieCKOe 
ypaBHeHHe 

( A2 +2cf..o'A +wa) (11 2 
+2ot.",, ~ + u/) = :f A 

4
, 

r;nfl J = u./Macce. C0 • 

(3) 

IlpH J=O A cooTBeTCTByeT co6cTBeHHHM qacToTau KOHTypoB npx 
OTCYTCTBHH CBfl3lll Mez;ny HHMlll. IlpHlleM STH SHatieHlllH }\ = )\. 0 B Ka­
tieCTBe KOpHelt HyJieBoro npH6Jlr.meHHH ](JIJI ~ :f= 0 ~ T. e. 

"z. 2 
f\ 01 +2c:J-o 1\,1 + W = 0 U A:

2
+2d...ce, A0 /W

2 
= 0, (4) 

B cJ1e;ny1Jine11 npH6J1HJteHHH /I = A 
0 

+ A 1 1e /\ 1 << /\. o 

TaK uo l\ 2 = A; + 2 A. /\. 1 . 
Ilo;ncTaB'HB l\ = Ao+ .i\ 1 l!J ( !J} , yqHTHBaa (4) non:yqmr 

A1{1}: ~:1J/4 [(Ao1 +Jo)(~cf. -tJo)- }A~ 1 

f-1(2) =-~~c ~/4[(!102+d.ce}(cAc,-d.o} +j A:,i). 
(5) 

Ilo,ncTaBrurn B (5) SHatieHlllH fi. 01 u A.,2 
tIJleHallH cl.ce, /w < 1 ; \l(0 / W <:< 1 
nepen1r1meM (5)B BH;ne: 

:\ --~ 
''1(1) - 4 o{c& 

-~ ~1(2) - /./ ol.c&. 

HS (4) H npeHe6peraa 
~ auatieHHI J' << / 

j 

1 

' 

Tor;na B nepB011 npH6J1HllteHllllll 

a ~ 

~ - - ~ 1 -~ + , W . A - - .J ~ + l W 
'''1) - O\o 4 o(ce, - l. I /I (a) - Vlcf. + 4 <f.'C, - (6) 

Ilplll o6&tIHOM yCJIOBl/ll/I paBeHCTBa co6CTB8HH&X H BHOCHMNX conpo­
TlllBJl6HHlt KOHTYPOB, COOTB0TCTBy~mero nepe;naqe MaKCHllaJlbHOlt MOm-
HOCTH B peaoHaTop lllMeeM J' = 4d.od..c!b/w 2 m saTyxaHme peaoHaTopa 
y;nBalllBaeTC.ft. TaK KaK o(c~ » cl.. 0 I TO nepeXO,lJ;Hlillt pe:El/IM B 

KOHTYpe CB.ft3H aaTyxaeT HaMHOI'O paHbme, tieM B pesoHaTope lll HM 
MOJCHO npeHe6pAtib, eCJll/I noTeplll qaCTl/I~ B YCKOPHTeJie rrpomcxo;nHT aa 
60J1ee ;nJIMTeJI:&Hoe BpeMR. 0T6pac&BaHMe Kopnelt A (e/ rroaBOJIHeT rre­
peliTm OT cxeUH pmc.I K O](l/IHQqHQMy KOJle6aTeJlbHOMY KOHTYPY c rron­
paBJl6HHI:illl aaTyxaumeM. BJ1lllflHHe nyqKa y;no6Ho yqecTb KaK no;nKJintre­
HHe reHepaTopa TOKa, HaBO](!llJIOI'O IIytIKOM B pesoHaTope. AMrrJIHTy,n;a 
STOI'O renepaTopa He 38BHCHT OT paCCTPOHKH peaoHaTopa H onpe,n;e­
Jlfl6TCfl TOKOM nyqKa H \[>Opllolt cryCTKOB. HanplllK6HHe Ha aaaope pe­
SOHaTopa (Ha eMKOCTl/I c. ) onpe;neJifleTCll ypaBHeHHeM 

Up+2d..Up+W
2
Up=2d.w[VH.Si.n(Wrl-lf}-t{Si.nwrt J. (?) 

3;necb Vr llllleeT CMHCJI aMMHTYAH, BOs6yx;nae11ott B pesoHaTope BHew­
HHM reHepaTopo:u npH pesoHaHce lll rrpH \./H ::. O; VH - aMnJIHTy;na ,Ha-
:ee;neHHafl rryqKou rrpe pesoHaHce lll npe V. = O 

r 

(V" = 2 R ... In M , 

r;ne Rw -myHTo:eoe corrpoTHBJieHHe peaottaTopa, Tn -Tore nyq1m trac­
THn; ,M-cIJaKTop BpeMeHH npoJieTa) 'l.p .:(j?asa n;eHTpa TlllKeCTH CI'YCTICOB 
qacTmn;, onpe;neJIHeuaH ypaBHeHHeu ~aaoB1i1x KOJie6aHllltt. B ypaBHeHH.ftX 
\[laaOB&X KOJle6aHllllt' KaK HS:BeCTHO' traCTOTa <J ycpe,n;HfleTCfl ,noaTOMy 
y,n;o6Ho OT MrHoBeHHhlX BeJI!41lHH Up nepeliTH K 11 Me;nJieHHh!M11 BeJ1MtIM-
HaJ1 - aMJIHTy,n;e H \[lase' IlOJIOJCl/IB Up = Vp ( t) cos [ wr i. + e ( t J J . 
IIO](CTaBi'JB Llp H ee npOH3BO](HHe B (7) 1 CtIHTaH e "" <f.... \i; /V. "'cJ.. 
H npeHe6perafl qJieHaJ4H d../w npe:ee;neu ( 7) K BH,n;y p P • 

l 
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{ 

Vp +d.. Vp=c/... Vrcos e- d... VH Cos (e + lf) 

Vp (e -Aw)=-o'-VrSLn S+c:J.VttSi.n(8""lf} J 

(8) 

r;tte D.W=W-Wri (Aw >0 ,ecn11co6cHeHHaH11ac!0Ta 
pesoHaTopa 60JIDme 11acTOTH reHepaTopa). 

IloJIOZml ;lt.1IH npoCTOTH, 11!0 ycKopeHBe ocy•ec!BJifteTCft O;ltHlll ~ 
soHaTopou. IPasa reHepa!opa TOKa nyua t.Urf.-f=q,]c.Jndt ,rJte 
q, KpaTHOCTl> pa;ttBO'llaCTOTH1 a Wn ..qaC!OTa OC5pa111eH1UI Crycnao l(~ 
~epeH~BPYft STO COOTHomeHHe IIOJIY'lllDI 

~:::: wr -ci. wn = q.w.Sd.Jn At/~ / 
r;ttec..ls - 11acTO!a o6pa~eHBH-PaBHOBeCHOI qacTHIU>I, 

cl_... - 110CTOftHHatl MalllllHH, 

~ t - OTKJIOHeH111e 8Hepr111111 cryCTKa OT paBHOB6CHOI. 

(9) 

IlpBpOC! SHeprHB crycTKa aa BpeMH OJtHOro oCSopoTa MO:IBO sanz -
caT:& B BBJte 

clt/cii = e\ M cos (wri-<J.. f w0 d.t + 6) ) 
.s (IO) 

B npe;ttnOJIOZeHHH, 11!0 cryOTOK npB t = 0 HaXO;ltZ!l!CH B cepe;itHBe pe-
30H8Topa. 

Mxz d~ = eVe M cos (lf + e )· 
clt Ts. 

(II) 

C11B!aH npHpOCT aHeprBZ pa:eHo:eecHol 11acTB~ fl t~ag. sa)t&HHOI 
:eeJIWlHHOI, onpe;tteJIHeMoR POCTOM uarHHTHOro IIOJIJI BO :epeKeH11,ypa:a­
HeHB11 ;ltJIH £!. i • l{l MOZHO sanzcaT:& 

eVPM cos(lf+B)-Ab3a8. 
Ts T,s 

2514c:L.... 4 t 
Ts t 

{ 

At:: 

lf = 

(I2) 

r 

• 

•' ; 

C.CHlla ypaBBe&d (B,I2) DODOC'ftll Oil9CKB&H no:ae;iteBBe BUJt­
'lllUI Vp I e I ,:itJ I lf ec.111 sa nepi!Ol Bolio iIBZ8KHpyeTCR JilllllD OJtllB 

. crycTOK (T.eo npn OJtHOo6opOTHOI meK~BB Ba op6zTe CSy;u;e! 4 
crycTKOB)o 

Ecxz aa O;ltllH nep11o;it Bolio BBZeKTHpyeTCR rt cryCTKOB, TO ypaB­
H8BIUI (8,12) nepenzmyTCH B BBJte: 

/(:rt 

VP +cJ,. VP-:. c:J. VrCos S-d.. Z. VHK co~ (c9 +fK ) , 
k.:d 

Vp(B-.1w )= -<{VrSi.n6+~f~ VHK Si.n(G+lfic), 

A~ = eVPM cos.(w +e)- At.3ag , (I3) 
K T& lK ~ 

lp _ 21fq,J_.--4 Ai,. 
K - T$ t 

HanOMHBll, 11'1'0 Jil.l8Cl> Ha'llaJI:&Haft waaa reaepaTopa paBHa HYJD>, 
lfK - waaa IIPOX0Zl8HBR .,~"ao CryC!Ka qepes pe30HaTop, O'l'C'llJITHBa­
eK&ft O! wasH re~epa!opa~ (9 ~80Bidt yrOJI aanpHZeHJlll B peSOHaTO­
pe, OTC'llB!l!HBaeMHI OT waaH reaepaTopa, TaK 'llTO wasa C1'1'CTK8 1 O!­
C1111THB88Maft OT KaKCBMyMa Up paBHa 4> {( = lf ... + e 

Ilox cryCTitOK MOZHO IIOHHll8U !8.De He cryCTKll, a OT1(eJIDHH8 
qaCTJllitH~ !l!Or)ta CylOIBpoBaHHe He06XO.llUIO pacnpocTpaHH!l> Ha BCe HH­
Z8KTBpye111i1e 11acTHitH, a BeJI111111~a VH,. 6y;u;eT nponopnnoBaJIDHa nnp­
xyxzpy~eMY TORY 01UIOR 11aCTHWito 

YpaBHeBHR (I3) aHaJiof'BqHH COO'l'BeTCTBYJl~Hlf ypaBHeHBHJ.I pa60TH[I] 

TI.YCTOR'llBBOCTD KOrepeHTHlilX wasoBYX KOJie6aHidt. 

]lJift no:ayqeHHft yCJIOBHI YCTOl'llBBOCTH pacCMOTpHll CJiy'llait KOr.la 
YCKOPft8TCH 0.lHH crycToK. KOJie6JID~BICH KaK ~eJioe BOKpyr paBHOBec­
HOI waaH. Ilpm.1eJ.1 B K8118CTBe paBHOB8CBHX/ SH8118HHH ;aeJIB'lllH V,,S' j 

S5 ; 4>s B YCTaHOBHBM6UCH peZHJl6o 9TH B8JIH'CIHH!il onpe;1t8JIJDlTCH BS 
(8,I2)' ecmt: ll01lOZHTD V'p = e =. 0 • Tor;ita 

7 
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<::/... vps = d-. Yr Cos e.s - cJ... VHC05 (es+ fs}. 

AW~.s: o( v;. Si.n e.s - cJ... VHSi.n ( e., + lf ..r). 
eVP.6 Mcos(8s + tfs J- A t~a9 = 0 

lp == 0 

/ 

(14) 

PaCCllOTPPIM MaJILle OTKJIOH0HHH BeJIHtlHH \/_ 8 l D OT 
Pl I I paBHOBec HH ' 

T • e • IlOJ!OllClllM 

VP ::. \/p,s + LI 

lf = fs + tF 
e :: es + 'l 

(1~< "pf> 

cf><< i 
tz. << 1 

IlpeHe6peraH qJieH011 t { t H B:Se'AH o6oaHaqeHlllH 

.Q~ = 2'.if<{,~e.M VP~Si.n <Ps/~af..,s i f.s= e~+ 'fs 
:s JIHHeaHoM npHOJillllt8HHlll no;nyqmr QBCTeuy ypaBHeHHI 

{ 

efy + S2: p = .Q:( V~s d.;J f.s -'t_) 
~ /V,,s.+d.IJ /~s + tlW~ = d.. VH.S't~ cf>s · ¢ /VP0 

'1 +d..ri_-b.wiJ'/Vps - d..V"Co.sp.s ·p/Vps . 
l1CKJIJJllaH '1,1.9' Pl IlO'ACTaBHB ¢ =exp f /lt . .Jlo 3 
xapaKTepHcT111qecKoe ypa:sHeH111e 

;\
4

+2p?i..!>+(1+rn2 +p') ?1
2
+2pll +p2 +m

2
+0 = O 

r.ne p =d../52.0 j m-=-4w/.f2.0 ; r= pm~/Vp5Si.np.s. 

(IS) 

(I6) 

llOJIYUll 

(I?) 

;llJIH Bh!COKo;n:oopoTHhlX ycKOPHDlllHX C111CTe11(ti:anpH11ep, EpeBaHCKoro 
CPlHxpO'l'POHa) napaMeTp p <:<: 1) IIOSTOuy KOPHlll (I?) 6Y'A8M HCKaT:& B 
Blll'Ae pasJio~eHlllH no p • 

8 

Hyxe:soe npH6JIBllt8HHe, B KOTOPOll llS nonaraeu p=O, 'ABeT KOpeHb 
~., onpeJte1IJ1e1ml cooTHomeHHell 

A:= - 1~m2 
:t f ~ (1 +m•1y- 4(rne+ 0m)'. (IS) 

I! 
KoJ1e6aHKH, oqe:sJO'AHO, ycTolqHBLI, ecxH A0 OTPH~aTeJibHO. Heyc-

TOllllHBOC'l'b B ayJieBOll npH6JimteHHH BOSBHKaeT B 'ABYX cnyqasx: 

a) ecJ111 ~ ( 1+rna )2 
- 4 { m2 + ~ J' > 1 +ma. ,uo uoet HJleTi. 

uecTO npH Aw < 0 I I al > m a ~ 

6) eCJIH 4 ( m2 + 0) > ( 1 + m 2
} 

2 ~ 'ITO BOSJIOZHO IIPH 

6W>0 LL 0>(1;m2t a 
B nepBOll npm6n:aeHHH ( p :f: O, pa = 0 , pl\, = t\, = 0 } 

f\::."l\.o+'/1.1 / "/\,<</lo 

/\ 1 ::: - p ( 1 + ~=} / 1 + me+ 2 lo.0
2 

• (I9) 

nonOJIHHTeJlbHOe paCCllOTpeHHe 1CTOlqH:SOCTH :S nep:sou npm6nmte­
HHB Heo6XO'AHllO XHlllll npH TaKHX SHalleHHHX ~ •m KOTopwe ~!lJ>T yc­
'l'OAqn:soc'!'b B HyJieBOJI npz6n111teBHH. HeyC!OlllHBOC'l'b B nepBOll npH-
6mmesu BOSHHKaeT, ecx11 }\1 > O 

STo oeet Mecto, ecn 

1-rn2 :t.Yl1-ma) 2 
- 4a 

. ± V( 1 - m')2 - !., a I 

< 0. (20) 

AHaJIH8 B'l'Oro HepaBeHCT:Sa npBBOXll! K ycxoBJlll BeyctolqJJBQC'l'I 

~> o. 
(2I) 

Oco6wl cxyqalt 2 A; +m2+ ~ ::. o COO!Be'!'CTBYeT Be:JIHqHBe 

a""(1-m2
)

2 /2 
seyctoltqH:Bocu. 

, t.e. ~ :> 0 ~ B atou cny11ae Taae Dea. 

9 



Pea~MlllPYH MOEHO CKaaaTb! 

I. Ilplll AW /Si.nl,>0B03Hll!K0.6T HBYCTOttllllllOCT:D KOrepeB'l'HlilX q)a-

30Jlh!X KOJie6aHrut - H63UBll!C l/l.1.10 OT B6JIHtIHH!il TOKa ny•rna. 

2.. Il.plll Aw/SLn<j,
1
,<0Ko;woaHV!fl ycToilqll!Bh! npH Bh!IlOJIHeHHH ycJio-

BUH 

! LH.J I VH 
~ > VpsSin P.s (22) 

8TO OOCTOHTe~CTBO 03HaqaeT, 11TO no Mepe yBeJ!J.'llleJllUI TOKa ny11Ka 

Heo6xo)(IDIO yBeJIHllll!Tb Ill paccTpOilKY pe3oHaTopa. 

3. Ilpl'l b.W==O 0" 0 T3K '!!:TO pe30H3TOp He OKa3h!BaeT BJlll!HHIDi 

Ha KOrepeHTHh!e qiaaOBh!e KOJ1e6aH111H. 

ill. Ilepexo;n;Hhltt pexm&. 

EcJm aMmrnTy;n;a Ill qiasa renepa.Topa He 11o;n;yJIHpym9l'I, TO npH HH­

~eKnllllll qacT~U B03Hll!KaeT nepexo;n;Hliltt peXHM, npH KOTOPOll aMilJIHTy­

)(U Yp y11eHbmaeTCll O'l' H6KOTOpOrO HaqaJ!bHOrO 3Hati:emm l/p (0) p;oVp·S 

a qiaaa H311e1~eTCR OT ~ ( o} ;zto BeJ1Hti:1uw Els [ 2 J • B nepexoJJ;­

HOM pe:uu.ie \/p -::/=- 0 , B ef:. 0 • 8To o6cToHTeJI:LCTBO npll!BOJl.HT K ;n;e­

,popMaUHll! YCTOillli-IBOtl o6JiaCTi! qJa30BhlX KOJie6aHrut H K IlOTepe l'JH:S6K­

TlllPOil8HH!iX crycTKOB. YpaBH6HllllI ( I3) pemaJilfC:L HaMH Ha 9BM 
11 "Pa3.11aH-3" ;11Jlll ti:lllCJJa crycTKOB ri "' { 3, 5, 21 • CrycToK Cti:l'JTSJIClI 

l10TCp:1liHhUI npll! A t, K ~ ~ t~on . 
PaccqJ/lTb!BaJioc:& OT 30 ;n,o IOO + 150 o6opoTOB. 

_J ~ -1 5 
IlplT (7\ '::. 2,26·10 eek i AW =O i .1 t3c19: 2· 10 ;J.0; 

C. f.,~ori =- ±: 2,5 ·10s .3 b i l} :: 96 i t,s = 50 Me{j i 

T5 -=0,723Mc.ek j cl.M:: 0,0415, 

B pex1111 ycKopeHM aaxBaTh!BaJIOCb CT o;n;Horo ;n,o 'l'pex crycTKOB c 

061111/lM TOJ\OM 4-8 tna., 
Ilepexo;n; OT 11., = 21 ( CJiy-qatt EpeBaHCKOro Cll!HXpOTPOHa) K n = 3 
(o~H;n,aeuoe ql/lcJio crycTKOB npH HaJIHti:Hlll qonnepa - rpynnHpoBaTeJIH 

Ha ti:acToTe ycKopeHll!lI Ha Bxo;n;e JIHHettHoro ycKopn'l'eJllI) cymecTBeH­

ttoro yBe.'!Hti:eHHlI TOKa He ,11a.'I. 

IO 

1 
1 

I 

., 
,,, 

'j I 

IlpH pe3KOll yBeJIHll8HHH HHX6KTll!POBaHHOro 'l'OKa B ycKopeHHH He 

OCTBBBJIOCD Hiil O;ztHoro crycTKa. 

06paTHllCH K ypaBH6HH!ill (8,12). IlycT:r:. HHXeKnHH O;ztHoro cryCTKa 

ocy111ecTJIJ!H6TCH B M0116HT Bpell6Hlll t = o. 
EcJIH, Hanpll!11ep AW= O, mo. @(o} ;c. 0, a Vp(O}>Vps 
Ha nepBOM o6opoTe, Oti:6Bl/l;!lHO Vp I'! e 6y]JyT OT.1IH113T:r:.Cl'I OT HY.1lli. 

1ITO npoHaoi\;n;eT, ecm1 BhI6pan B Ka11ecTBe Ha11a1IbHhlX c11e;ztyllI11He yc­

JIOBHa: 

VP ( ()} ::: V p.s j G { 0} :::. G 6 i f ( 0} = fs ; A ti ( 0} :: 0 ? (24) 

QqcBl/l;n,Ho, qTO B 3TOM cnyqae nyqoK c nepBoro xe o6opoTa nona;n,aeT 

B CTal.{HOHap Hbllt pelKlllM. TaK 'iTO nepexo;n,Hbllt pe:um OTCyTCTByeT. 

TalHIM o6pa30V:, CCJll'l HS'iaJI:&HblllH ycJIOBMllH CllCTeW (8,12) l'IB­

Jl!IDTCH ,\'CJIOBHl'I (24), aMIIJlHTy.11a H qiaaa ycKOPfilllllero HanpJIEeHHlI oc­
Ta~TCH IlOCTOllnH~Ulll, a cryCTOK He l'JCI!h!Tb!BaeT KorepeHTmiX ~aSOBfIX 

KOJieClaHHii. 

Ilo-Blll;n,H11011y, cymecTByeT HeCKOJibKO cnoco6oB peaJIHaanHH HaqaJib­

HNX ycJIOBl/ln (24); a;n,ec:& IW paccMOTpHM cnoco6, npH KOTOPOll no;n,-

6op G(o} ocymecTBJilleTca aa cqeT npe;ztBapHTeJibHoa (;n,o HHxeKnHH) 

paccTpO~Klll peaoHaTopa, a no;n,6op Vp(o) - aa cti:eT HapacTaHID'! Ha­

npJilKCHIDI Ha pe30H3.TOpe' Blil3.llUHHOro BKJID116Hl/l6M (:no 11HllteKnHlll) re-

HepaTopa Vr (p11c.2) 

Ecirn B (8) noJJolltll!T:& VH =- 0 , noJiyti:Hll ypB.BHeHHH, ontich!BSJJmHe 

ttapacTaHll!e ttanpHllteHll!lI Vp nocne :SKJIIJ'iCHll!lI renepaTopa Vr , HO 

llO HHllieKnlll.i c rycnrnB. Hx YOJlHO Jlll!Heap11!30Ban' eCJil/l BBeCTH HOBhle 

nepeMeHHl:le 

X :::-VP Co.::, cY i J = Vµ Sl.n 0 i 

{

:}: +c}..~- -6.u.JX:: 0 

x + r;J... x + o. 0J ~ = ""· v; 
B MOMeHT Bpe11e1rn i 0. c­
yCJIOBWIX [VP ( 0) =- 0 l. 

O<t < ~ (25) 

, peaeHt1e11 (25) nplll HyJieBhlX Ha11aJibHh!X 

RBJllIDTCH ~yHKnlllH 

II 



o/.. i? \/, [ - J..~ Ac.:> -o(C- ] :X.~= d.. 2 +-ArW 2 1-e co.sAw'C'+Te .St.n.a.c.u'C 

"-f. ::: d.
2 Vr c~ (1- iJ..~ co.e:..A wt)-e ~:sl.n Au.ft 1. ~ 

Ot; c.(2+.c:!.<..02 rJ.. 

(26) 

IlocJie 111HaeKnHH ypaBHeHHH ( 8) ~ nepeueHHHX X =. V,, Cos (9 
'j:::: VpSLn e nplllo6pe'fSl>'.f Bl/llt: I 

':J +cJ.'{ - AWX =- o<.VH.Si.nf 

x + d.X +AW 'f ,,. <:J.. vr - o4. VH Cosf. 
(27) 

q'l'O ;nae'l' B paBHOBeCHOll (yc'.faHOBHBmeKCH) CJIYqae 

'f .s = '{,5Sin 6)S c::. ;2~~wi? [vr-V11 Co.sf.s + ~ \IH Si.nfs-] 

o(.AW [ d.. ( ~ · lO 1 (28
) x.s = vp& Co~ e5 = d.._2.+Ac...Ji? .;w Vr - VH Co.sfsr VlfSln ls . 

Heo6xo;nHMble npH no;n,6ope aaqanHHx ycnoBd BenaqHHH b.w, ~ onpe­

;neJilUl'l'CH ms paBeHC'l'B X 5 = Xi- ; Y 5 -=- 'J't' • 
IlpHCOe;IJ;lllHHH K STHll paBeHC'fBaK (14) nonyqJIJI ClllC'1'6llY ypaBHeHHI 

vr coe,(95 = VH Co.s "'5 + v ps 

'{Si.n e5 -= VH $i.n 4> 5 + Ao(.CU Vps 
r/ • .'c ~ 

ri- Co.saw'C ::. V. Cos. lf 5 

-o<l!- r e Si.n~w'C- = - ....Y't!_ Si.n 4J 
Vr s 

(29) 

e. V'iis H C.Ot!> cP5 = A t~'il 

noaBQmmlll'llX Blit11HCJillITi t!.W, ~, <95 , ~, vp5 npH sa;naHH!ilX 

Ps ' ACJ3<tS 1 VH • 
IlpH no;n,6ope HaqaJI:&BHx ycJIOBlllit AuJ -::/::. o 'II Yoae'f 

OKaaau.ca:' qTO ycJIOBHe yc'l'oitqHBOCTH (22) He BHilOJIHf!e.TCH. 

B 5'.fOK CJIYqae saxBaqeHHHI B ycKOpeHllle cryCTOK OKaaeTCH noTepHH-

HHll. 

12 

,, 

ByqHCJilllli B:OpeH:& CE'l'eMH (29) t KOTOpaH CBe;neTCH K O;IJ;HO!q YPaB· 
H6Hllll (30) t 6CJilll HCKJil)qffH HeHSBeCTHHe (; 

1 
$ 

5 
J V,: 

~=­C.p 

p 
•QJl,ci~ -a-

fn (Pa+- Q a ) 

r;ne fa=:. V,,s/~ j < == _J;t;.w/:1.. j 

P = fJS'c.rt />4 - Z cos fJ.s j Q = 1.f. f?J Co.s <fi.s +- 'l. Si.n Ps . 
PaCCYO'l'PHM HSlll60Jiee l/lH'.fepecHI:ll cnyqaA 601IDfill!X TOKOB, 

KOTopou f.J < 1. 

IlOJIOl:KB f.>"' 0 B lfYJl6BOK npH6JIDeHHlll nonyu:u ypaBHeHHe 

zoen( P2 
... Qa) = -2 pa.i.d:~ 6 = 0, i 

OTKy;zi;a en ( 1+2~o Si.n 1'
5 

+- z:) :. 0 

HCKOWI KopeH:D ~o= - 2S~n Ps 
B cxe;nyilJlleM np11611neHHH Z ::: x

0 
~ Z 

1 / 
2. 2. 

Ilpeue6peraa 11xeuaum p 
1 

< 1 •.• 

z = _ .J2. ( 2<bs -s<.n 2¢.r } 
1 2 Sina Ps I 

H 

z:, <<- zo 
UOJIY'l!HM 

TSK q'fo Z = -[25i.np5 +-f'{24;;-Si.n2<fi.s}/2Sina<Js ]. 

Ilo;neJIHB (22) Ha (32) IlOJiy'l!HY 

/i!/:i~on / ~ 2Si.n
2 p

5 

(30) 

IIPH 

(3I) 

(32) 

(33) 

I3 



YcJIOBHe ycTohDOCTB coB11ecTHJ10 c S'!Hll pemenn, ecxx tJ.s ~:ff/ 4. 
Ha11B 6ux DpoBell;eB DpoBepaqmrl pacqeT saXBata qactmt B pez1111 yc­
KOpeHHR DP• nox6ope HaqaJII>mi:x ycnoBBR cornacBo (29)~ BJDI sax­
BaqeH TOK B I30ma. np• (Aw/d..) = 52.,~6 j 1s=11/Lt; 

1::!. fi~on:::. :!: 2,5· 105 3(,; A t.1aa = 2·10
5 
3~. 

noD;yCKB B8 !OqHOC!~ DOll;60pa ~c..), C B T.n. CT8HOBH!CS 60JI88 
zecTKHllH no 11epe yBe.llJ1118BJUI !OKS~ Bex•qmuaThieBH8!CH B mzpoKOK 
;io1anasoue, y11eHH8HC~ no xepe yBeJIBUHBll toKB.. OT11eH11 TaKze, 
11!0 8KCnOH8BJ.lB8JII>IUIR 88KOB B08paC!8HIUI \,f>(i) noc:ae llKJDl'l8HU 
Vr Be 06H88'8JieH; BazHO t qTOCS& KPBBaH v,, ( t.) DPll CllOell B08-
pac!8BHJI npoxo;i1;Jm11 11epea TOl!KY VP ( t J = Vps 

IY.nox6op &a118.Jll>BJJX ycxoJJBI npm uecKOJll.KHX 
JIJIZ8KTBPOB811HSX crycTK8X. 

Pacc11atpBllancs cny11al n=3. OlleBHlHO HeBoauoZHo noJ1;06pa!I> 
HaqanHHe ycJIOBlilH !8K t 11T06Y :ztJIH llC8X CI'fCTKOB lp,. ,., At .. = 0. 
F.cJill cpelftd crycTOK DpBBHft sa It8HTP HZecH, !O lJIH Hero llOZ­
HO no;11;0CSpan 8H ycJIOB HR' O]J;JIS.KO XB8 KpaitBBX (jy1J:Y! ~ IIIil!HBaH 

KOJieCSSHHH no lf u t::. b : YpaBBens ( I3) , sami:caumi:e :ztJIH 
JIBBelHoro IijlB6."IHZeBllJI (118.Jllile OTKJIOH8HKH OT paBHOll8CWI) noxasu­
lllm'f, 'ITO KOJieCSaHJIH xpaRHHX CI'fCTKOB JolOZHO ll88JDIHO CKOMD8HCKPO­
:sau, ecxx u 11a0Tom ctporo OlHHaKOBH, a can 1to.n:e6amm paBHH 
DO a11I1JIHT;yll;e B npo!BB~SIUI. TaKas llOJIH8H KOllneuCallJIH B08110ZB8, 
ecxm DOT8HllH8Jll.Hall Hiia ~aaOBHX Ko.n:e6aHBR CHMlleTpllNB8 OTHOCHTe.m.­
HO <is t 'ITO llOZ8T HJI~ 118CTO, ecJIB 6b!O~ ::.o J a.. it :51/e.. 

I4 

Ha 9BI CSHJIB paCC'IH!8HR BapBaB!Y c cyuuapBHM TOKOll ~pex crycT -
KOB ID,40,80 II I30 mo ~ npz <fts = :ff/ 2. 
Bo Bcex :aapnaH!SX Bee TPH HHZeKTHpoBaHBRX crycTK8 coxpaHHJIHCD. 
Ha pHc .3 npne;n:eH cnyqal In= I32 mQ ~ 
PeaJIHS8.J.llllR pe:soa .a {7 3 a.s = o :aoa11oaHa, ecnn HBZeKJ.lHH 
npOHBBO;ztll!CH B uarHHTHOe none COOTB8TCTByD~ee aHeprHH JIBZeK­
ItBH, HO npx HyJieBOI npoHSBO]l;HOI noJIH. MOlJ.n:HllHOHHaJi KPHBaH 

(HSlleHeHHe \/~ DO ItBKJIY ycxopeHHft) Be ;ztOJIZHa H118Tb CJIBllKOM 60J1b­

mol npoxsBo;n:Hol, T.K.np• 5'1'011-Moryt-notepHTbCH cua11axa xpalHme,a 
aaTeu H It8HTpaJll>HR£1 cryCTKH. OiteHKS CKOpOCTB HSlleHeHJlfl KO;J11JIS­

llBOHHOI KpHBol, ;ll;OD;yCKOB npn fl,. =3,5, a !aKZe ;n:pyrne cnoco6H 
no;n:6opa Haqan~HHx ycnoBHI 6Y'/IY! npousBe;ztelUl B ;ztaJll.Helme11. 

B SaKJD)qeBBe nepe11zcxJ01 ycxoBBH, Heo6xoJ1;1111He lJIH ocy•ecTBJie­
HHS aax:aan :rmaexupoBaBHHX crycTKOB 6ea nepexo~oro pezoa, 
oCSecDe'llDISD••e coxpaueuxe 60J11>moro 11BJCeK!llJ)OB8.KHOro TOKa Dy1UC8. 

I.Han!4'1Be npe;lBapHTeJll.Horo rpynnxpo:aaHll!I Ba qacToTe ycxope­
HJIH, o6ecDe11BllaJ>Jtee llBE8KJ.lBll HeCKOllKBX no ll08110ZHOCTJI O;ztHHSKO­
BSX cryCTKOBe 

2.B08JIOZBOCTD ynpaBJI8HIUI qacTO!Ol.YCKOPJlll•ero BaDpHaeHllH 
(HJIB COCSCTB8HBOI qac!OTOI pesoHaTopa) B B8'18.Jl8 J.l]IKJl8. llepexo~ 
K ao1111B~HOI qacTOTe ycxopeHBS ;ztOJizeB !SY!lo DO BOSMOZBOC!H 
ILll8BHliDlo 

S.BOBHOZBOC!~ ,.8'8JII>HOro no;n:6opa. 110118B!8 BKJD)q8HJIH B.q~ 
uanpsmeHa, onepezu•ero 11011eBT uaeKJ.lHH. 

4.0cy•ecT:axeBne llBZ8Kll•• np• BYJieBol npoxsJJo;zt11ol 11al'H11Tuoro 
non ( lJIH ucxa crycTKo:s ,.. I)~ 

1 
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