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Pac4eT napaMeTpoe CHCTeMbl pacT.RmKH ny4Ka 
ycTaHOBKH "ct>" npH noMO~H CH-aneKTPOAa 

YeenH4eHHe AilHTenbHOCTH HMnynbca npoTOHHoro ny4Ka 
CHilbHOT04HOrO $a30TpOHa 011RI1 npeAnOnaraeTC.R OCy~eCTBil.RTb 
npH nOMO~H AOnOJlHHTeJlbHOH YCKOp.R~~eH CHCTeM~ - CH-3JleKTpo
Aa. Uenb~ pa6oT~ .RBil.RilC.R e~6op onTHMailbH~X napaMeTpoe CHC
TeM~ paCT.RmKH ny4Ka, 11CCileAOBaHHe npOBOAHilOCb nyTeM 
4HcneHHoro MOAenHpoeaHH.R Ha 38M npo~ecca pacT.RmKH, B~6paH

Hble napaMeTp~ CHCTeMbl COrnacoeaHbl C YCKOPHTeJlbH~MH pemH
MaMH H YCilOBH.RMH BHeWHero BbiBOAa ny4Ka. Ha~AeHbl pemHMa 
paCT.RmKH, o6ecne4HBa~~He 100%-Hy~ 3ct>c!>eKTHBHOCTb pa60Tbl 
CHCTeM~ npH MHHHMaJlbHOM Hanp.RmeHHH Ha CH-3JleKTPOAe. 

Pa6oTa e~nonHeHa B Ila6opaTOpHH .RAepH~x npo6neM 011RI1. 

CoofiWeHHe 06bellHHeHHOrO KHCTKTYT8 SlllepHblX KCCnellOB8HKll, .UyfiHa 1979 

Vorozhtsov S.B., Dmitrievsky V.P., 
Zaplatin N.L. pg - 12882 

Calculation of the C-Electrode Beam Stretching 
System for the JINR Phasotron 

Secondary accelerating system, C-electrode, will be 
used for producing long proton pulses of the high current 
JINR phasotron. The purpose of this paper is calculation 
of the optimal beam stretching system parameters. The re
sults of the computer simulation of the beam stretching 
process for the high current phasotron are given. The 
parameters of the beam stretching system are chosen in 
accordance with the acceleration modes and the beam extrac 
tion conditions. The beam stretching regimes with 100% 
efficiency and minimum C-electrode voltage are found. 

The investigation has been performed at the 
Laboratory of Nuclear Problems, JINR. 
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[ .. YeenH4eHHe AJlHTeilbHOCTH HMnynbca npoTOHHoro ny4Ka CHilbHO
T04HOro ct>a3oTpoHa 011.fH1 /ycTaHOBKa "ct>"j / 11 npeAnonaraeTc.R 
ocy~eCTBJl.RTb npH nOMO~H AOnOilHHTeJlbHO~ YCKOP.R~~e~ CHCTeM~ -
CH-aneKTPOAa~l . Pac4eT napaMeTpoe CHCTeM~ pacT.RmKH ny4Ka npo
BOAHilC.R OnHCaHH~M B pa6oTe~/ MeTOAOM, 06~a.R CXeMa yCKOpH
TeJlbHOH KaMep~ ycTaHOBKH 11$11 C yKa3aHHeM eepO.RTHOrO pacno
nomeHH.R CH-aneKTPOAa npHBeAeHa Ha PHC. 1. 

PE~I1M~ YCKOPEHI1~ 

nY4KA 
OnTHMailbHa.R pa6oTa CHCTeMbl 
pacT.RmKH npeAnonaraeT corna
coeaHHe ee napaMeTpoe c ct>a3o

B~M ABHmeHHeM ny4Ka nOA KOHTPOileM OCHOBHOH ycKOp.R~eH CHC
TeM~ - AYaHTa. 4acTOTHa.R nporpaMMa AYaHTa, H3MepeHHa.R Ha 
MaKeTe eapHaTopa; npeACTaBJleHa Ha pHc. 2. MacwTa6 epeMeHH 
Ha 3TOM pHCYHKe onpeAeil.RilC.R 3aAaHHeM BpeMeHH ycKopeHH.A 
rycK .. 1,04 MC H pa604HM AHana30HOM 4aCTOT fo=18,20-14,41 Mr~. 
BpeM.R ycKopeHH.A cornacHo /1/ HaXOAHilOCb HCXOA.R H3 MaKCHManb
Horo 3Ha4eHH.R cpeAHeH HHTeHCHBHOCTH ny4Ka, 3aBHC.R~eH OT 
epeMeHH era 3axeaTa, H pa3Mepa ct>a30BOH nno~aAH cenapaTpHc 
AYaHTa A bD e ~eHTpe ycKOPHTen.R. BBHAY HMe~eroc.R 3anaca 
no HHmHeH H eepxHeH 4aCTOTe AYaHTHOH nporpaM~ pa604HH XOA 
COCTaBn.ReT .. 56% nepHOAa MOAYil.R~HH, Pac4eT $a30BOH nn~aAH 
cenapaTpHC~ B 3aBHCHMOCTH OT paAHyca npH Hanp.RmeHHH Ha AYaH
Te Vmrr50 KB /pHc. 3/ noKa3an, .4TO AJl.R 3KcnepHMeHTailbHOH 
4aCTOT~ f0 3Kcn(t) Ha6n~AaeTC.R ¥MeHbWeHHe $a30BOH nno~aAH 
e 30He R=1 ,5 M, 4TO npHBOAHT K noTep.RM 4aCTH~. CpaeHeHHe 
cenapaTpHC AJl.A ~eHTpa YCKOpHTeJl.R /1/ H Ail.R /2/ MHHHMyMa 
AbDmin = 300 MaB· HC npHBeAeHo Ha 3TOM me PHCYHKe. KoppeK~H.R 
4aCTOTHOH nporpaMM~ AJl.A nony4eHH.A A bD = A boo = 4 70 MaB- HC 
onpeAen.Rnacb nyTeM peweHH.R AHct>ct>epeH~HanbHoro ypaeHeHH.R nep
eoro nop.RAKa /4/ : 

d R2 t/J1 (R, t) 
-(-) = __... __ ' 
dt 2 t/1 2 (R) 

/1/ 
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PHc. 1. CxeMa ycKOPHTenbHOi1 KaMepbl ycTaHOBKH 11 ~11 • 
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PHc. 2. 4acTOTHaR 
nporpaMMa AYaHTa. 

• 

rAe 

·'· = f - cos¢so~W · K. f2 '~-'1 D-- mD D 
E /2/ 

R - 3HepreTH4eCKHi1 paAHYC 4aCTH4~ /M/, ~Wm0 - MaKCHManbH~i1 
Ha6op 3HeprHH 3a o6opoT /36/, E- nonHaR 3HeprHR /36/, 
¢ 80- paeHoeecHaR ~a3a, onpeAenReMaR H3 ycnoBHR A bD=const, 

1 df0 2rr 2 3 E 0 2 
t/J =- -=(-) f r<- --) n-1], /3/ 

2 R dR c D BRc 

B - cpeAHee MarHHTHOe none (T) 

n =_g_ ~ 
B dR' 

C - CKOpOCTb CBeTa /M/C/. 
npH B~4HcneHHH 4aCTOTbl o6pa1J!eHHR 4aCTH4 H napaMeTpa K 

C4HTanOCb, 4TO paBHOBeCHaR op6HTa Mana OTnH4aeTCR OT KpyrOBOH. 
Pe3ynbTaT~ pac4eTa onTHManbHOi1 4aCTOTHoi1 nporpaMM~ fDonT!0 
npH Abo= 470 M36·HC npeACTaeneH~ Ha pHc. 2. 

npH HeH3MeHHOH 4aCTOTHOH nporpaMMe AYaHTa HCKn~4eHHR ¢a-
30B~X noTepb 4aCTH4 e pai1oHe R = 1,5 eM MOmHo A06HTbCR 3a 
C4eT eapbHpOBaHHR HanpRmeHHR VmD TaKHM o6pa30M, 4T06~ 

Ab0 =AbDmin300 M36.Hc eo seeM AHana3oHe ycKo~eHHR. TexHH-
4eCKH 3TO OCyiJ!eCTSnReTCR npH nOMOIJ!H 6biCTPOAeHCTBY~I!Iero npo
rpaMMHpyeMOro MOAYnRTopa aeToreHepaTopa ycKOpHTenR ~1 • TaKoi1 
pemHM pa6oT~ o6ecne4HBaeT MHHHManbHY~ noTpe6nReMy~ B,4, MOIJ!
HOCTb npH 3aAaHHOH HHTeHCHBHOCTH BHyTpeHHero ny4Ka npOTOHOB. 
Tpe6yeMoe 3Ha4eHHe vmD HaXOAHTCR HCXOAR 1-13 peweHHR ypaBHe
HHR 141 

-- c1 
A =C yV ·a(-), 

bDmin 2 mD Vmo 

rAe 
Ef0 

-- , c =- ~-- 2 
1 2K · fD 

c = ___ 8__ E 
2 "3/2 . r-vK", 

D 

/4/ 

/51 

a(cos¢ )- HOpManH30BaHHaR nnoll!aAb cenapaTpHCbl. Pe3ynbTaT 
4HcneH~~ Vmo no ypaeHeHH~ /4/ c waroM no epeMeHH 

Bbl-

~t = 57,6 MKC npeACTaeneH Ha PHC.4. 

5 



1.00 

Q2 

I'J.W..,$I) 
(MlB) 

10 

Vm0 =50 KB 

2009'' 

Al'lo 

300(0.1 I 1 ""-.l.../ I 1 

0 Q5 1.0 1.5 2.0 2.5 t R!M l 

RK 
PHc. 3. napaMeTp~ ~asoeoro ABH~eHH~ B AYaHTe. 

nepBOHa4anbHWH sanycK CHnbHOT04HOro ~a30TpOHa npeAnO
naraeTC~ OCy~eCTBn~Tb npH nOHH~eHHOH HHTeHCHBHOCTH YCKOpeH
HbiX 4aCTH4 I "' 10 MKA BMecTo nnaHHpyeMoA I .. 50 MKA. ,lln~ 
o6ecne4eHH~ TaKOrO pe~HMa He06XOAHMO HaHTH 3aBHCHMOCTb 
v n(t) An~ AbD "'100 M3B·HC. npH 3TOM npeAnonaraeTc~. 4TO 
A]jl~ 3aAaHHOH 4aCTOTbl MOAyn~4HH AYaHTHOH nporpaMMbl fMOA"' 543 r4 
HHTeHCHBHOCTb ny4Ka np~MO nponOP4HOHanbHa BenH4HHe Oa30BOH 
nno~aAH cenapaTpHCbl AbD .Ha pHc. 4 npeACTaeneHa saeHCHMOCTb 
VmD(t) An~ 3TOro pe~HMa. 

Ta6nH4a 

Pe~HM 

YCKOpeHH~ 1 2 3 
-
AbD 

/M3B · HC/ 100 300 470 

fn fD 3KCII. fD 3KCII . f OIIT • 

V mD /KB/ 19-37 7.5-50 14,7-50 

I /MKA/ 10 30 50 

--
6 

• 

VHo 
<K~L-~~:_:::__p:~Ooo:::::::;::-----tJ.t =57.6 MKC 

470 ~bB · HC 
40 

M3B·HC 

101 I I I I I 

0 Q5 1.0 1.5 2.0 2.5 t R(M) 
RK 

PHC. 4. MOAYn~4H~ Hanp~~eHH~ Ha AYaHTe. 

TaK~M o6pa3oM, MO~Ho B~AenHTb . TPH pe~HMa ycKopeHH~ ny4Ka 
npH nOM~H OCHOBHOH YCKOp~~eH CHCTe~ /Ta6n. 1/. Pe3KOe 
yMeHbWeHHe VmD e6nH3H R=RK An~ 2-ro H 3-ro pe~HMOB CB~3aHO 
C npHH~TOH CXeMOH paCT~~KH ny4Ka, 0 4eM 6yAeT CKa3aHO HH~e. 

CI1CTEMA BbiBO,llA nY4KA 
11 CI1-3JlEKTPO,ll 

Pac4eT napaMeTpoe CHCTeM~ pac
T~~KH AOn~eH 6~Tb cornacoeaH 
c ycnoeH~MH pereHepaTHBHoro 

BWBOAa 4aCTH4 H3 KaMep~ YCKOPHTen~ ~.7/, Ha PHC. 5 npeACTae
neHa cxeMa e3aHMHoro pacnono~eHH~ o6eHx CHCTeM. B T04Ke 
MHHHMyMa paBHOBeCHOH Op6HTW ycnOBHO noKa3aHW paAHanbHWe 
H a3HMYTanbH~e pa3Mep~ ny4Ka An~ pa3nH4HWX pe~HMOB YCKOpeHH~ 
B Ha4anbH~H MOMeHT CH~TH~ Hanp~~eHH~ VmD AYaHTa. B np04eCce 
pereHepaTHBHOH pacKa4KH paAHanbHa~ HeyCTOH4HBOCTb HaCTynaeT 
B nepey~ 04epeAb An~ 4aCTH4, HMe~HX MaKCHManbHY~ aMnnHTYAY 
Ha4anbH~X CB060AH~X KOne6aHHH ArQmax· npH 3TOM OHH AOCTH
ra~T 3HeprHH Wmax, paBHOBeCHa~ op6HTa KOTOpOH H306pa~eHa 
Ha pHC. 5. no3TOMY AO Ha4ana paCT~~KH 3HeprH~ 4aCTH4, Haxo
A~~HXC~ B MaKCHMyMe ~a30B~X KOne6aHHH no 3HeprHH, He AOn~Ha 
npee~waTb Wmax BO H36e~aHHe no~eneHH~ HMnynbCa ManoA AnH
TenbHOCTH Ha BXOAe B~BOAHOrO KaHana. no pesynbTaTaM paC4eTa 
pereHepaTHBHoro B~BOAa ny4Ka 6wna nony4eHa saeHCHMOCTb e~-
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2.75 
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255 
0 I Ocb I<AMEPbl 100 200 300 

P~c. 5. CxeMa C~CTeM pacT~mK~ ~ B~BOAa ny4Ka. n1, n2- npo6-
H~K~, 1 - Abo=10Q M3B· He, 2 -Abo=300 M3B·Hc, i 0 ... o, 3 -
Abo = 470 M3B He, fo ... o, P, R , R2 - eoa6yA~Tenb, pereHepaTop, 
BTOpo,::, pereHepaTop, 3MCK - 3neKTpOMarH~THa~ CeK~~~ KaHana. 

I}N' 

Aromox 

P~c. 6. PacnpeAeneH~e 
4acT~~ no 3Hepr~~ B aa
B~C~MOCT~ OT aMnn~TYA~ 
CB060AH~X KOne6aH~~: 

1 - K MOMeHTY Ha4ana 
pereHepaT~BHO~ pacKa4-
K~, 2 - B T04Ke pa
A~anbHO~ HeyCT0~4~BOCT~. 

BOAHO~ 3Hepr~~ 4aCT~~ OT ~CXOAHO~ paA~anbHO~ aMnn~TYA~ ArO 
/p~c. 6/ , OTKYAa cneAyeT, 4TO wmax = 671,8 M3B. TaK~M o6pa30M, 
Bee 4acT~~~ B A~anaaoHe Ha4anbH~x aMnn~TYA Ar0 =0-Aromax 
~ B MaKC~MyMe <J>a30B~X KOnefiaH~~ no 3Hepr~~ nonaAYT B B~BOA-

8 

• 

fo6p 
(Mfl.l) 

P~c. 7. 3ae~c~MOCTb 4aCTOT~ 
o6pa~eH~~ OT 3Hepr~~ 4acT~~. 

14.6 

I 
I 
I 
I 

1~3 I 
650 660 670 I W(HJB) 

I 

Wmax 

HO,::, KaHan C pa36pOCOM no 3Hepr~~ f't.W f3 = 4,2 M36. 3TO COOTBeT
CTByeT cornacHo p~c . 7 A~anaaoHy 4aCTOT c~-3neKTPOAa M f3 = 
=30 Kf~. Kp~ea~ aae~c~MOCT~ 4aCTOT~ o6pa~eH~~ fo6p OT 
3Hepr~~ 4acT~~. np~BeAeHHa~ Ha p~c. 7, nony4eHa nyTeM 4~c
neHHoro ~HTerp~poeaH~~ ypaeHeH~,::, AB~meH~~ 4acT~~ B MarH~THOM 
none MOAen~ MarH~THO,::, C~CTeM~ ycTaHOBK~ 11

<1>11
• 

CyMMapH~,::, 4aCTOTH~,::, A~ana30H c~-3neKTPOAa aaB~C~T OT pem~

Ma ycKopeH~~ ~ pacT~mK~ ~ onpeAen~eTc~ no <J>opMyne 

M c =Mf3+M<P, /6/ 

rAe f't.fq>- aae~c~T OT nonypaaMepa Wmq>c·HecTa~~oHapHO~ cena
paTp~c~ C~-3neKTPOAa B Ha4anbH~~ MOMeHT AOYCKOpeH~~. 

nepeXOA OT 3Hepr~~ K 4aCTOTe np0~3BOA~TC~ B COOTBeTCTB~~ 
c p~c. 7. 

PaA~anbH~~ paaMep c~-3neKTPOAa HaXOA~Tc~ cornacHo p~c. 5 
no <J>opMyne 

f't.R = f't.R0, 0-+ 2/'t.R +2/'t.R rtv.+A +f't.Rw +he , c , 11 . p.o m 't"' rom ax H 171 

rAe 2/'t. Rm <Pc - paA~anbHbl~ paaMep HecTa~~oHapHo~ cenapaTp~c~ 
C~-3neKTPOAa, Ben~4~Ha KOTOporo 3aB~C~T OT pem~Ma pacT~mK~, 

f't.RwH - paA~anbHbl~ A~anaaoH HacTpo~K~ n~H~~ Hyneeoro non~ 
B036YA~Ten~ ~ pereHepaTopa Ha COOTBeTCTBY~Y~ paBHOBeCHY~ 
op6~TY B A~anaaoHe 3Hepr~~ WH = 666,8 M36 :g M36, f't.R WH = 
= 1,1 eM, 2h c- anepTypa C~-3neKTPOAa no oc~ Z. OcTanbH~e 
o6oaHa4eH~~ ~CH~ ~3 p~c. 5. 

9 



PaAHanbHOe nonomeHHe 3aAHe~ eTeHKH CH-3neKTPOAa onpeAe
nHnOeb orH6a~~e~ ny4Ka aa OAHH o6opoT AO nonaAaHHH s KaHan, 
RcK= 2,745 M. A3HMyTanbHOe nonomeHHe eHeTeM~ paeTHmKH aasH
eeno OT HanH4HH esOfiOAHOrO npoeTpaHeTSa S KaMepe yeKOpHTenH, 
npH4eM a3HMyTanbH~~ pa3Mep eHeTeM~ fi~n S~fipaH ~0c=60° He
XOAH H3 Tpe6osaHH~ s.4. nHTaHHH CH-3neKTPOAa. 

BepTHKanbHaH anepTypa CH-3neKTPOAa s~4HenHnaeb no ¢oopMyne 

2hc =2i~Z. mB1 +2IZBr I, !8! 

rAe 2I~ZmB I - MaKeHManbH~~ paaMep ny4Ka no oeH Z s T04Ke 
paAHanbHO~ HeyeT0~4HSOeTH I "'3 eM/, IZBr 1- HeKameHHe MeAHaH
HO~ nnOeKOeTH yeKOpHTenH 3a e4eT paAHanbHO~ KOMnOHeHT~ MarHHT
HOrO nonH. Bo3My~eHHe MeAHaHHO~ nnoeKoeTH onpeAenHnoeb no 
<J>opMyne 

RSrH RBr 

z Br = fi. Q ~ + ---------- /9/ 2 2 
B · Q z(N -1 - n) 

rAe: Br - a3HMyTanbHO-epeAHHH eOeTaSnH~~aH paAHanbHO~ KOMnO
HeHTbl nonH /"' 5 re, <J>aKTH4eeKH 3Ta senH4HHa no yenOSHHM eHe
TeM~ s~SOAa AOnmHa 6~Tb MHoro MeHbwe/, BrH- N - rapMOHHKa 
3TO~ KOMnOHeHT~ IN = 4 ' B rH - 10 ret' Q z - 4aeTOTa aKeHanb
H~X eso6oAHbiX . Kone6aHH~ ( .. 0,23). B o6naeTH paenonomeHHH CH-
3neKTPOAa /R "'2,65 M/ HMeeM n .. 0,15; 8=1,62 T /pHe. 8/. 
8 KOHe4HOM HTOre nony4HM 2hc "'6,6 eM. 

aiT1~x 

1.611U70 
2.60 

10 

2.65 

n 

0.~ PHe. 8. MarHHTHOe none 
2.70R(M) S 30He S~BOAa ny4Ka. 

• 

PElKHMbl PACT~lKKH nY4KA 8 eOOTSeTeTSHH e TpeMH pemH-
MaMH yeKopeHHH ny4Ka 6~nH pae

eMOTpeH~ TpH pemHMa ero paeTHmKH npH HCnOnb30SaHHH MeTOAHKH 
pae4eTa, H3nomeHHO~ S / a / • 8 Ka4eeTSe OeHOSHO~ 3aAa4H paeeMaT
pHsanOeb HanH4He nonHoro nepeaaxsaTa ny4Ka CH-3neKTPOAOM npH 
MHHHManbHO S03MOmHOM S.4. HanpHmeHHH Vmc H MHHHManbHOM 
H3MeHeHHH yenosH~ yeKopeHHH ny4Ka s AYaHTe. 

A.nH cny4aH A bD = 1 00 M3B •He 6~n Sbl6paH pemHM nepeaaxsaTa 
H3 npeASapHTenbHO OeTaHOsneHHOro ny4Ka /nnOn/. 8 eOOTSeTeT
SHH e pHe. 9 onpeAenHneH HeOfiXOAHM~~ MaKeHManbH~~ Hafiop 
3HeprHH 3a OfiOpOT S eHeTeMe paeTHmKH. BoapaeTaHHe K MOMeHTY 
nepeaaxsaTa <J>aaoso~ nno~aAH, 3aHHTO~ ny4KOM, AO 3Ha4eHHH 
AH .. 350 M3B·He esH3aHo e paenpeAeneHHeM 4aeTH~ no seeM <J>a-

3aM S AHana30He (0 .;.2rr) npH OTeyTeTSHH HanpHmeHHH Ha AYaHTe, 
a TaKme e ysenH4eHHeM 3HepreTH4eeKoro pa3Mepa ny4Ka ~W H 
npH KOHe4HOM speMeHH CHHTHH HanpHmeHHH AYaHTa 2r ~ 30 MKe. 
Ha pHe. 10 npeAeTasneHbl aasHeHMOeTH 3<1><!>eKTHSHOCTH nepeaaxsa
Ta c, CASHra ny4Ka no 3HeprHH ~W CA aa speMH 2~r H senH4HHbl 
~WH OT speMeHH eHHTHH Vmo npH ~Wmc= 13,4 K38. 8 Ha4anbHbl~ 
MOMeHT eHHTHH HanpHmeHHH AYaHTa paSHOSeeHaH 3HeprHH ny4Ka 
pasHa (Wmax-~WCA).no3TOMY Ha pHe. 5 AnH 1-ro pemHMa paeTHm
KH ny40K paenonomeH HHme op6HT~ c 3HeprHe~ W max· OeHOSH~e 
napaMeTp~ 3Toro pemHMa npeAeTasneH~ s Ta6n. 2 H 3. 4aeTOT
HaH nporpaMMa CH-3neKTPOAa e4HTanaeb nHHe~Ho~ no-speMeHH. 
npeAnOnaranoeb, 4TO AnHTenbHOeTb paeTHHYTOrO HMnynbea eoeTa
SHT 95% nepHOAa MOAYnH~HH 4aeTOTbl. HaKnoH 4aeTOTHO~ nporpaM
Mbl HaXOAHneH HeXOAH H3 4aeTOTHOro AHana30Ha CH-3neKTPOAa. 

npH A bD = 300 M3B. He' w mqD = 3 '9 M3B npHMeHeHHe pemHMa 
paeTHmKH nn0n npHseno fibl eornaeHO pHe. 9 K HeOfiXOAHMOeTH 
HMeTb Ha CH-3neKTPOAe ~Wmc > 30 K38, T.K. S 3TOM eny4ae 

6Ww. 
(1(~8) 

30 

20 
PHC. 9. remHM~ paeTHmKH: 
1 - nnon, 2 - ncAn, 

10 r 0 ... o, 3 - ncAn, 

f D -+ O' CD onT.'· 

0 500 AH 
(M38·Hcl 
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£(%)J AW(M
3
8) AWmc = 13.4 K3B 

AWcg 

P~c. 10. 3ae~c~MOCTb napa
MeTpoe ocTaHoeneHHoro 
ny4Ka OT epeMeH~ CH.AT~.A 

Hanp.A~eH~.A AYaHTa. 

50 

1o 
(Mf~) 

15 

fn 

2ht'min 

P~c. 11. ~3MeHeH~e 
AYaHTHOH 4aCTOTHOH npo
rpaMMbl An.R pe~~Ma nC,Qn. 
1 - ~CXOAHa.A fD :3KCn~t), 
2 - onT~ManbHa.A f 0 om. (t), 
~ - f 0 (t) AnR nc,an np~ 
f D -+ 0 • 4 - f D (t) 
AnR nC,Qn ~ fD onT. (t) · 

I I C I ., 

140.5 1D f- + 1.5 t(MC) 

$a30Ba.A nno~aAb OCTaHoeneHHOro ny4Ka COCTaB~T AH~540 M3B·HC. 
C APYrOH cTopoH~, AnR pe~~Ma nepe3axeaTa ~3 cenapaTp~c~ 
AYaHTHOH nporpaMM~ ;nc,an; cornacHo~/ ~MeeT MeCTO c ~ 80% 
BB~AY pa3n~4H~X $OpM cenapaTp~c AYaHTa ~ C~-3neKTPOAa. ,lln.A 
ycTpaHeH~R 3roro HeAOCTaTKa 6~no npeAno~eHo pa6oTaTb e pe~~
Me nC,Qn npH fo -+0. ,llnR 3THX ~eneH HY~Ha M0AH$~Ka~H.A 4aCTOT
HOH nporpaMM~ AYaHTa nOA06Ho TOMy, KaK 3TO noKa3aHo Ha 
PHC. 11. ~3MeHeHHe 4aCTOTHOH nporpaM~ AYaHTa conpoeo~Aa
eTc.A COOTBeTCTBY~~~M H3MeHeHHeM Hanp.A~eHH.A Ha AYaHTe B CO
OTBeTCTBHH C PHC. 12. 

~3 3Toro PHCYHKa Ta~e B~AHa cTeneHb cornacoeaH~R $QpM 
cenapaTpHc AYaHTa H CH-3neKTPOAa. nepexoA H3 OAHOH ycKop.A~
~eH CHCTeM~ B APYrY~ npOHCXOA~T 6e3 ~3MeHeHH.A paBHOBeCHOH 
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Ta6nH~a 2 

MoMeHT CH.ATHR V mD 

napaMeTp Pe~HM~ nnon nc.an, r 0-. o nc.an, i 0 ... o 
pacT.A~K~ foonT. 

nno~aAb cenapaTpHc~, 

AbrfM3B · HC/ 100 302 473 

Hanp.A~eHHe Ha AYaHTe, 
Vmo/KB/ 19 7,5 14,7 

Pa3Mep cenapaTpHc~ 
2xWmcpD /M3B/ 2x2,7 2x3,9 2x5,8 

coscj>80 0,70 0' 10 0,05 

W8 /M3B/ 661,5 668,2 666,4 

fso /Mf~/ 14,507 14,459 14,469 

fsD /Mf~/MC/ -2,77 -0' 15 -0' 15 

Ta6n~~a 3 

Ha4ano ycKopeHH.A CH-3neKTPOAOM 

napaMeTp Pe~HM~ nnon 
pacT.A~K~ 

nno~aAb cenapaTpHc~, 370 
Abc/M3B·Hc/ 

MaKCHManbH~H Ha6op 3HeprH~ 
3a o6opoT, ~W me /K3B/ 15,6 

Pa3Mep cenapaTpHc~, 
2 x Wmcpc /M3B/ 2x4,4 

coscf>sc 0,02 

W8 /M3B/ 667,5 

fsc/Mf~/ 14,46 7 

f8 c /Mf~/Mc/ -0,034 

PaA~anbH~H pa3Mep 
cenapaTpHc~,2~RmcpC /eM/ 2x0,96 

nc.an, 
in ... o 

305 

11 

2x3,6 

0,03 

668,2 

14' 459 

-0,032 

2x0,80 

nc.an, in ... o 
f DOnT · 

467 

24 

2x5,4 

0,01 

666,4 

14,469 

-0,039 

2x1,20 

13 



3HeprHH ny4Ka, 4TO H OTMe4eHO Ha PHC. 5 ero COOTBeTCTBy~
~HM nonomeHHeM. MOAH$HKa4H~ npeAnomeHHoro eapHaHTa pemHMa 
nCAn B cpaBHeHHH C OnHCaHHbiM paHee ;a; 3aKn~4aeTC~ B HHOH 
3aBHCHMOCHf V me OT BpeMeHH /pHC. 12/. KpoMe TOrO, B Te4eHHe 
nepe3axeaTa ny4Ka 2~r 4acToTa CH-3neKTPOAa nocTO~HHa, T.e. 
f e = 0. napaMeTpbl AaHHOrO pemHMa pacT~mKH npHBeAeHbl B Ta6n. 2 
H 3, BO BTOpOH KOnOHKe. 
-An~ Abo= 470 M3B·HC npeAnaraeTc~ Hcnonb30BaTb TOT me ea

pHaHT nCAn /3a HCKn~4eHHeM TOro, 4TO OCHOBHa~ yCKOp~~~a~ 
cHcTeMa HMeeT onTHManbHYIO 4acTOTHYIO nporpaMMy f 0 onT (t) I. 
napaMeTpbl 3TOrO pemHMa TaKme npHBeAeHbl B Ta6n. 2 H 3, MOAH
$H Kai..IH~ 4aCTOTbl f D .- Ha PHC. 11 . Heo6XOAHMOe H3MeHeHHe V mD 

nOKa3aHO Ha PHC. 4. 

BbiBOAbl no pe3ynbTaTaM pac4eTa pa3nH4-
HbiX pemHMOB paCT~mKH ny4Ka 

6blnH onpeAeneHbl TeXHH4eCKHe napaMeTpbl CH-3neKTPOAa, KOTOpble 
npeACTaBneHbl B Ta6n. 4. nyTeM 4HCneHHOrO MOAenHpOBaHH~ npo-
4eCCa nepexoAa ny4Ka H3 AYaHTa e CH-3neKTPOA 6blno noKa3aHo, 
4TO npH yKa3aHHbiX napaMeTpax HMeeT MeCTO 100%-Ha~ 3$$eKTHB
HOCTb 3Toro npo4ecca eo ecex pemHMax pacT~mKH. 

ABTOPbl 6~arOAaP~T n.M.OHH~eHKO, A.A.\na3oea, n.T.WHwn~H
HHKOBa, E.H.3annaTHHa 3a o6cymAeHHe OTAenbHbiX eonpocoe. 

Vm hcB 
30 

20 

10 -m 

Q! I I i I ' 1.0 I ... •""' I • .., I .a._ 

t .. toz 

PHC. 12. PemHM pacT~mK~ ncAn npH f D ... 0. 
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Ta6nH4a 4 

napaMeTpbl CH-3neKTPOAa 

napaMeTp 

nonoca 4acTOT, ~f e 
PaAHanbHbiH pa3Mep, ~n c 

A3HMyTanbHbiH pa3Mep, ~8 e 
BepTHKanbHa~ anepTypa, 2h e 
MaKCHManbHOe Hanp~meHHe, V me 

PaAHanbHOe nonomeHHe 
4acToTa nepe3axeaTa, f 0 

CTa6HnbHOCTb 4aCTOTbl 
nepe3axeaTa OT 4HKna K 4HKny 

m1TEPATYPA 

3Ha4eHHe napaMeTpa 

60-70 Kr4 
17,6 CM 
60 ° 
6,6 CM 
11+24 KB 
2,5f9-2,745 M 

-4o Kr4 
14,467 Mr'-~+120 Kr4 
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