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npoTOHH~H CHHXPOTpOH H~B3 Ha 3HeprH~ 70 r3B /Y-70/ npeAnO
naraeTCR HCnODb30BaTb B Ka4eCTBe HHmeKTOpa YCKOpHTCDbHO-HaKOnH
TCDbHOrO KOMnneKca /YHK/ 11•3/, npH 3TOM HHTeHCHBHOCTb Y-70 nocne 
BBOAa B ClPOH fiycTepa/4/ nnaHHpyeTCR noB~CHTb AO 5·1013 npo
TOHOB/~HKD /ToK ny4Ka lo = 1,6 A/. TaK KaK 4acToT~ ycKopR~~Hx 
noneH Y-70 11 YHK paanH4H~, ny4oK 6yAeT npeABapHTenbHO neperpyn
nHpoe~BaTbCR e Y-70 Ha 4acToTe 200 Mr~. paeHoH 4acToTe ycKOPR~
~ero nonR YHK. npH 3TOM 3Ha4HTenbHO ocna6nR~TCR Tpe6osaHHR 
K ycKOPR~eH CHcTeMe YHK no cpaeHeHH~ c eapHaHTOM neperpynnH
poBKH ny4Ka e YHK. BamHo TaKme, 4To HeHa6emH~e npH neperpynnH
poeKe noTepH 4aCTH~ fiYAYT npoHCXOAHTb e Y-70, e peaynbTaTe 4ero 
secbMa 4YBCTBHTenbHoe K noTepRM KpHoreHHOe o6opyAoBaHHe YHK 
fiyAeT nOABepraTbCR MCHbWHM paAHa~HOHHbiM Harpy3KaM. 

npo~ecc neperpynnHpOBKH COCTOHT 113 HCCKODbKHX 3TanoB, BKn~-

4a~~HX aAHafiaTH4CCKH~ 3aXBaT npeABapHTCDbHO pa3rpynnHpoBaHHoro 
ny4Ka, OTCCHBaHHe He3aXBa4eHH~X 4aCTH~, COKpa~eHHe $a30BOH npo
TRmeHHOCTH cryCTKOB H cornacoBaHHe HX $OPMbl Ha $a30BO~ nnOCKO
CTH c $a3oB~MH TpaeKTOPHRMH YACP>:<HBa~~ero HanpRmeHHR YHK. Ha 
PHC. 1 npHBCAeHa /cnnoWHaR DHHHR/ AHarpaMMa H3MCHCHHR 3$$eKTHB
Horo ycKOPRIOIIlero HanpRmeHI1R Uc , o6ecne4HBa~ero 3aAaHHbl~ pem11M 
neperpynnl1pOBKH, H noKa3aH~ npi1MepH~e ADI1TCDbHOCTH KamAOrO 3Ta
na. H3 AHarpaMM~ BHAHO, 4TO ~HKn pa6oT~ cTaH~HH neperpynnl1poe
KH COCT011T 113 ABYX cy~eCTBCHHO pa3DH4H~X pemHMOB: KBa311Henpe
pbiBHOrO (a- e) ADI1TCDbHOCTb~ ~ 0, 2-;-0, 3 C H 11MnynbCHOrO (e -f)
-150 MKC. EcTeCTBCHHO n03TOMy pa3ACDI1Tb CHCTeMy 84 nHTaHHR yc
KOPRIO~ea/! cTaHlli1H 11 ocy~ecTBnRTb 3TH pemi1Mbl pa3HbiMI1 B4 reHepa
TopaMI1. OcHOBHoe BHI1MaH11e B AaHHo~ pa6oTe YAeneHo paccMoTpeHH~ 
KBa311Henpep~BHoro pemHMa. 

BBI1AY fionbWO~ BCDH4HH~ MaKC11MaDbHOrO YCKOPRIO~ero HanpRmeHHR 
npHMCHCHI1C OTHOCHTCDbHO HI13KOAOfipOTHbiX pe30HaTOpOB, KaK 
B llEPHe 'o', rAe MaKC11ManbHoe HanpRmeHHe e -2,573 paaa HHme, no
Tpe6yeT B4 MO~HOCTI1 -2 MBT B KBa311Henpep~BHOM pemHMC. no3TOMY 
pa3yMH~M npeACTaBDRCTCR HCnODb30BaHHC B~COKOAOfipoTH~X pe30Ha
TOpOB. npH 3TOM, OAHaKO, B03paCTaeT Harpy3Ka YCKOpR~~e~ CI1CTCMbl 
ny4KOM, npHBOAR~aR K paCCTpOHKC pe30HaTopOB, npH4CM Beni14HHa 
pacCTpO~KH MCHRCTCR B Wl1p0KHX npeAenax B TC4CHI1e ljHKna pafiOTbl 
CTaHlj1111, 4TO AenaeT HCB03MOmH~M ee KOMneHCa~H~ C nOMO~biO no
CTORHHO~ paCCTpOHKH pe30HaTOpOB, KaK 3TO npeADOmeHO, Hanpi1Mep, 
s !6, 7!. Pa6oTa ycKOPRIO~e~ cHcTeM~ e ycnosHRX nepeMeHHOH Harpya
KH ny4KOM paccMoTpeHa a 181. AHanori14Hoe paccMoTpeHHe MomHo npo
BeCTI1 11 AnR cTaH41111 nepeaaxeaTa ny4Ka B Y-70, c y4eTOM ee oco-
6eHHocTeal!. 

AnR 3Toro eocnonbayeMcR 3KBI1BaneHTHoal! cxeMo~ peaoHaTopa, 
HarpymeHHOro ny4KOM /8/ /pl1c.2/. ny40K npeACTasneH reHepaTOpOM 
TOKa l 11 = 11 ~ e-ic/>s, rAe ~ - BpeMRnponeTHbiH K03$$H~HeHT pe30Ha
Topa, 1 1 - aMnDHTYAa nepBOH rapMOHHKH TaKa ny4Ka, c,f> 

8 
- CHHX

pOHHaR $a3a, KOTOpaR B TC4CHHC fiODbWC~ 4aCTH ljHKna pafiOTbl CTaH-
41111 paBHa 90° 11 n11Wb npH OTCCI1BaHI1H He3aXBa4eHH~X 4aCTH~ c,f> s"' 88°, 
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PHc.l. AHarpaMMa H3MeHeHHH 3~eK
THBHoro yCKOpHID~ero HarrpH~eHHH 
Ue H paccTpOHKH ycKopHID~eH 
CHCTeMbi rryqKQM g 1 B TeqeHHe IJ;HKJla 
pa60Tbl CTaHIJ;HH rreperpyrrrrHpOBKH, 

l.Yo 1 k. 
,... I 

Y.x• 
I 

Yo : C L 
PHc.2. 3KBHBaneHTHaH cxeMa pe-lt. 
30Ha Top a YCKOPHID~eH CHCTeMbi, , 

I 
I 
I 

Harpy~eHHoro rryqKoM. 

no3TOMY B AaJTbHeHWeM AJTR npOCTOT~ 6yAeM nonaraTb ¢
8 

= 90°, TO 
ecTb C4HTaTb, 4TO ny40K He noTpe6nReT aKTHBHOH MO~HOCTH. TorAa 
nonHaR npOBOAHMOCTb CHCTeMbl pe30HaTop-ny40K /Pn/ CO CTOpOHbl 
aa~HMOB 1-1 cxeM~ 

YBX ~ G [ 1 t j(B I G -g) l ~ G + jB , 
lll p W llX llX /1/ 

rAe Gill~ 1/RW H Bp = wC- 1/wL- aKTHBHaR H peaKTHBHaR COCTaBJTRIO-
IIILAP nnAQf"\MLt,.,Af'lrTLt no.., ....... L-J~'Tr.n..... v ............. n...+..Aooo• ...... •·- ............... -·~·· 

r---··-·-r--~ ·~ .... -"t""t"'''-'1''_.,,, ,,.._.•t-'J'-~''"' tJ'-..:lVMOIUIJd fS, 

paBH~~ OTHOWeHHIO nepBOH rapMOHHKH TOKa ny4Ka /c y4eTQM BpeMR
nponeTHOrO K03(j>(j>HL.1HeHTa/ K TOKY I w~ Up/ R w• npoTeKaiO~eMy 4epe 3 
WYHTOBOe conpOTHBJTeHHe Rill HaCTpOeHHOro peaoHaTopa, HMeeT BHA 

g 
uP uc /2/ 

rAe up = uc I (rn - HanpR~eHHe Ha OAHOM peaoHaTope, m - 4HCJ10 
pe3oHaTopos, ry ~ 11 /1 0 - OTHOCHTeJTbHaR aMnnHTYAa nepsoH rap
MOHHKH TOKa ny4Ka, KOTOPYIO MO~HO HaHTH, 3HaR (j>yHKL.IHIO pacnpeAe-

neHHR 4aCTH4 Ha $a30BOH nnocKoCTH. BenH4HHa B /G ~ 20_ flw 8 /11 
p w -ow 

XapaKTepH3YeT C06CTBeHHYIO paccTpOHKY pe30HaTopa B eAHHHL.laX era 
pe3oHaHCHbiX nonoc I Q 0 - A06poTHOCTb peaoHaTopa/, a g - pac
cTpo~KY pe3oHaTopa ny4KOM B Tex ~e eAHHHL.laX. AHarpaMMa H3Me
HeHvtR senHll>IH !!: 1 = g/m npH (2 R w = 5 MOM H ry, cooTeeTc TByiO~eH 
paBHOMepHOMy Ha4aJ1bHOMy pacnpeAeJTeHHIO 4aCTH4 Ha (j>a30BOH nJTOCKQ
CTH, npHBeAeHa Ha PHC. 1 /WTpHxnyHKTHpHaR JlHHHR/, OTKYAa BHAHO, 
4TO B CJ1y4ae BbiCOKOA06pOTHbiX pe30HaTOpOB paCCTpOHKa MeHReTCR 
B Te4eHvte L.1HKJ1a pa6oT~ CTaHLIHH Ha BeJ1H4HHY -10·rnpe30HaHCH~X 
nonoc peaoHaTopa. CKopoCTb H3MeHeHHR peaoHaHCHOH 4aCTOT~ CHCTe
Mbl PrJ AOCTHraeT senH4HH- 200-m Mf4/c /T04Ka e, pHc.1/. 

nocKOJTbKY onepaTHBHo nepecTpavtsaTb 4acToTy peaoHaTopa s Ta
KHX WHPOKHX npeAenax H C TaKOH CKOPOCTbiO BeCbMa CJ10mHo, peao
HaTOp HMeeT nOCTORHHYIO pacCTPOHKY g 0 = B /Gill, TaK 4TO CHCTeMa 
Pn s Te4eHvte 6onbweH 4aCTH ~HKna paccTpgeHa H HacTpoeHa nvtwb 
s OAHOH T04Ke - T04Ke cornacosaHHR npH g = g 0• B TaKOM me pe
~HMe nnaHHpyeTcR pa6oTa ycKOPR~Hx cTaH~HH YHK 18•91• 4To6~ Hc
KJ1104HTb BJTHRHHe OTpa~eHHOH M~HOCTH Ha pa6oTy reHepaTopa, nH
TaHHe peaoHaTopos ocy~ecTBnReTCR nonapHo 4epea ABO~HOH corna
coeaHHbiH T -MocT 181 /4HCno peaoHaTopos rn - 4eTHoe/. Ha pvtc. 2 
AflR npocTOTbl noKa3aHo npRMoe noAKJT104eHHe nepeAa~eH nHHHH K aa
mHMaM 1-1 cxeMbl. B peanbHOM cny1.1ae nHHHR CBR3aHa c peaoHaTopaMH 
npvt nOM~H HeKOToporo YCTpOHCTBa CBR3H, KOTOpoe MOmHO npeACTa
BHTb B BHAe HAeanbHOrO TpaHC(j>OpMaTopa C K03¢$HL.1HeHTOM TpaHC(j>op
Ma~HH k : 1/lO?aAeCb k < 1, B CJ1y4ae HHAYKTHBHOH CBR3H k 
= wMQ0 /RW,rAe M- K03~H~HeHT B3aHMHOH HHAYK4HH neTnH CBR3H 
H peaoHaTopa/. B 3TOM cny4ae BXOAHaR nposoEHMoCTb cvtcTeMbl Pn 
TpaHc(j>opMHpyeTcR cneAYIOIIIHM o6paaoM: Y8x. ~ Y8x.fk 2 • 

AnA o6ecnel.feHHR aaAaHHOH senH4HHbl HanpRmeHHR Uc s pe3oHa
Topbl HaAO BBeCTH CYMMapHyiO M~HOCTb p c = U:/ :zw, rAe Z W ~ rnRW( 2 -
3¢$eKTHBHOe WYHTOBOe COnpOTHBJ1eHHe yCKOPAIO~eH CHCTeMbl, onpeAe
JlR~ee M~HOCTb noTepb s peaoHaTopax npvt AaHHOM Uc c y4eTOM 
4HCJ1a pe30HaTOpOB IU H speMRnponeTHOrO K03(j><J>H~HeHTa (. npvt 
3TOM C yl.feTOM OTpameHHR OT BXOAOB B pe30HaTOpbl He06XOAHMa BXOA
HaR MOIIIHOCTb 

PC 
PBX = • ' ;:: ' I> • /3/ 

~- 11 I 

rAe I'= {Yo-YHx)/(Y0 +Yux.> - K03<I><I>vt~HeHT oTpall<eHHR e ce4eHHH 
1-1 3KBHBaneHTHOH cxeMbl, a Y0 - sonHosaR npoBOAHMOCTb nepeAaD
~eH JTHHHH. BBOAR K03<1><!>H~HeHT CBR3H nepeAaiOIIIeH J1HHHH C pe30Ha
TOPOM b- Y0 k 2/C1u- nony4HM 

(b-1 )2 (go-g)2 
p = p [1 + + ]. 

fiX, c 4b 4b 
/4/ 

BTopo~ 4J1eH B /4/ npeACTaBJTReT co6oH MO~HOCTb, OTpall<eHHYIO OT 
BXOAOB 8 peaoHaTOpbl H3-3a OTJ1H4HR CBR31o1 OT 11 KpHTH4eCKOH 11 (b f. l ), 
a TpeTio'IH - MO~HOCTb, OTpall<eHHyn B peay!lbTaTe paCCTpOHKH CHCTe
Mbl. 113 /4/ BHAHO, 4TO B peli<HMe 11nepeCBR3H 11 (b >}) CYMMapHaR 
OTpa~eHHaR MO~HOCTb MOll<eT OKa3aTbCR MeHbWe, 4eM npH 11 KpHTH4e
CK0~11 CBR3H. 061>eAHHHB nepsble ABa 4J1eHa, nepenHWeM /4/ B BHAe 

2 
+ < go-g ) 1. !51 

b + l 

OTKYAa CJ1eAyeT, 4TO yeeJ1H4eHvte b 3KBHBaJ1eHTHO yMeHbUJeHHIO pac
CTPO~KH CHCTeMbl. 3TO CBR3aHo C TeM, 4TO C pOCTOM b yMeHbWaeTCR 
Harpyll<eHHaR A06pOTHOCTb YCKOpR~eH CHCTeMbl QH ~ Qof(b + l) 
H, COOTBeTCTBeHHO, pacTeT WHpHHa ee pe30HaHCHOH nonOCbl. B pe-
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3YJlbTaTe, 'xoT.R a6COJliOTHa.R paCCTPOHKa !:J.w/w He MeH.ReTC.R, ee OT-

' g 2Q llw HOCHTeJlbHa.R eeJlH4!.1Ha g = -- = • --, I-13MepeHHa.R B eAHHH"'aX 
b+ 1 H W 

pe30HaHCH~X noJlOC CHCTe~, yMeHbWaeTC.R. ~H3!.14eCKH 3TO 03Ha4aeT, 
4TO C POCTOM CB.R31-1 yBeJlH4HBaeTC.R npOBOAHMOCTb pe30HaTopa CO CTo
poH~ nY4Ka, paaHa.R All.R MOCTOBOH cxeM~ 181 Y0 =Y0 k 2 + Gw+iBp = 
= 0 W (b + l) + j8 p, H yMeHbl!JaeTC.R Hanp.R>KeHHe, HaBOAHMOe ny4KOM 
8 pe30HaTope, 4TO paBHOCHJlbHO yMeHbWeHH~ Harpy3KI-1 pe30HaTopa 
ny4KOM. 

TaKHM o6paaoM, eapbHPY.R aenH4HHY CB.R3H b, Ha4allbHY~ pac
CTPOHKY peaoHaTopa g 0 H 3~~eKTHBHOe WYHTOBOe conpOTHBJleHHe 
Z , MO>KHO ~eH.RTb BHA 3aBHCHMOCTH PBX OT U c B Te4eHHe 1_\HKJla 
pa~oT~ cTaHI_\HH H MaKCHMaJlbHOe 3Ha4eHHe BXOAHOH M~HOCTH P8 x

0
• 

npH 3TOM >KeJlaTeJlbHO COXpaHHTb MOHOTOHHOCTb 3TOH 3aBHCI-1MOCTI-1, 
4T06bl o6ner4HTb ynpaaneHHe Hanp.R>KeHHeM nyTeM H3MeHeHH.R P

8
x: 

PHc.3. 3aaHCHMOCTH MaKCHMaiTbHoro 3Ha~eHHH 
BXO,!l;HOH MOIIIHOCTH p BXo B KBa3HHenpepbiBHOM 
pe~Me H npep;enbHOPO 3Ha~eHHH WYHTOBOPO 
conpOTHBJleHHH YCKilpHJOIIIeH CHCTeMbl Zw 

0 
OT 

BenH~HHbl K0:3clJqmu;HeHTa CBH3H b nepep;a10111eH 
JlHHHH C pe30HaTOpOM, 

noACTaBJl.R.R B~pa>KeHHe /2/ OJl.R ~ 1-1 go 

a /5/, nony4HM aaaHCHMOCTb P8x.oTU~: 
u~(b + 1)

2 zu/J De 2 
p = ---- + --["1 - -1/(U )] 

BX • 8Z b 8b 0 U 0 e 
m 

/6/ 

rAe 11 0 1-1 Uo - 3Ha4eHH.R 11 H Ue a T04Ke co
rnacoaaHH.R, a BHA ~yHKI_\1-11-1 1/(U e) 3aBHCHT OT 

Ha4aJlbHOro pacnpeAeJleHH.R 4aCTHI_\ Ha ~a30BOH nJlOCKOCTH. MHHHMH3a
I_\I-1.R BeJlH4HH~ pBXo B KBa3HHenpep~BHOM pe>KHMe C OAHOBpeMeHH~M B~
nOJlHeHHeM YCJIOBH.R MOHOTOHHOCTI-1 aaBHCHMOCTI-1 Pax. OT Ue npHBOAHT 

5 10 

K CJleAY~~HM pe3yJlbTaTaM.0nTHMaJlbHa.R T04Ka COrJlaCOBaHH.R CHCTeMbl 
npaKTH4eCKH cOOTBeTCTByeT MaKCHMaJlbHOMy Hanp.R>KeHH~ Ue= 1 MB/To4-

Ke e, pHc.1/. YCJlOBHe MOHOTOHHOCTH H3MeHeHH.R Pax. HaKJlaA~BaeT 
OrpaHH4eHHe Ha BeJlH4HHY Z W' KOTOpa.R He AOJl>KHa npeB~WaTb npe
AeJlbHOrO 3Ha4eHH.R Z w =A (b + 1 ), rAe KOHCTaHTa A aaBHCHT OT 

0 
TOKa nY4Ka, T04KH cornacoaaHH.R H BHAa ~yHKI_\HH 11(U

0
). 8eJlH4HHY 

MaKCHMYMa BXOAHOH M~HOCTH Pax MO>KHO npeACTaeHTb npH Zw 
= Z w 0 a BHAe Pax 0 = A' (1 + 1/b) , ~Ae K034>Q>HI.\HeHT A' 3aBHCHT oT 
Tex >Ke napaMeTpoa, 4TO 1-1 A. YMeHbWeHHe P8x

0 
c poe TOM b 

/npH6JlH3HTeJlbHO BABOe np1.1 b >> l I o6o.RCH.ReTc.R TeM, 4To c poe
TOM b pacTeT Z Wo H, CJleAOBaTeJlbHO, MOlKHO noa~WaTb Z W, He 
Hapywa.R ycnoaH.R M~HOTOHHOCTH H3MeHeHH.R Pax.• Ha pHc.3 npHae
AeH~ aaBHCHMOCTH Psx

0 
H Zw 0 oT b npH onTHMaJlbHOH T04Ke co-

4 

·) 

l 

7 

rnacoBaHH.R, HOMHHaJlbHOM TOKe ny4Ka 10 = 1,6 A H 71(U
0
), COOT

BeTCTBy~eH paBHOMepHOMy Ha4aJlbHOMy pacnpeAeJleHH~ 4aCTHI_\ Ha 
<PaaoaoA nnocKOCTH. B peanbHOM cny4ae Z w He MO>KeT npeBbiWaTb 
HeKOTOPOH BeJlH4HH~ Zw , 3aBHC.R~eH OT THna pe30HaTOpOB H HX 

MAX 
4Hcna. TaK, HanpHMep, a cny4ae I_\HJlHHAPH4ecKHX peaoHaTopoa 

w H 1111 c naTpy6KaMH, paapa6aT~aaeM~X AJl.R ycKOP.R~HX CTaH~HH Y K , 
npH ABYX peaoHaTopax Zw = /10,6-;-11,8/ MOM. TorAa Ha pHc.3 

MAX 
H ycnoBH.R Z w

0
= ZwMAX nony4aeM onTHMaJlbHY~ aenH4HHY Koa~~H-

1.\HeHTa CB.R3H boUT,: 67] H COOTBeTCTBY~~ee 3Ha4eHHe P8 x 
0 
= 1 00 KBT. 

npH H3MeHeHHH ToKa ny4Ka Io H aaaHCHMOCTH 71(U0 ) MeH.R~Tc.R ae-
11H4HH~ OnTHMaJlbHOH paCCTpOHKH peaoHaTOPOB gO H OnTHMaJlbHOrO 
K03~~HI_\HeHT a CB.R3H bOUT npH B~6paHHOM Z W • 

npeAbiAy~ee paCCMOTpeHHe npoBeAeHO B npH6JlH>KeHHH 3aAaHHOrO 
3aKOHa H3MeHeHH.R nepBOH rapMOHHKH TOKa ny4Ka. 0HO cnpaBeAJlHBO 
B KBa3HHenpepbiBHOM pe>KHMe, KOrAa H3MeHeHHe Hanp.R>KeHH.R U c npo
HCXOAHT MeAJleHHO no cpaBHeHH~ C nepHOAOM ~a30B~X KOJlefiaHHH 
H TaK>Ke MeAJleHHO MeH.R~TC.R pa3Mepbl H KOH~Hrypai_\H.R cryCTKa Ha 
~a30BOH nnoCKOCTH. 

OTAeJlbHoro paccMoTpeHH.R Tpe6yeT BKJ1~4eHHe Ha4aJlbHoro Hanp.R
>KeHH.R, KOTOpoe npOHCXOAHT 6~CTpo, 4TO npHBOAHT K B03fiY)t(AeHH~ 
KorepeHTH~x ~aaoa~x Kone6aHH.::i 112/ H Bbl3~eaeT Kone6aHH.R nepao.::i 
rapMOHHKH TOKa ny4Ka H paCCTpOHKH CHCTeM~ Pn.3TOT npOI_\eCC HCCJle
AOBaJlC.R 4HCJleHHo,nyTeM peweHH.R ypaeHeHHH ~aaoeoro ABH>KeHH.R AJl.R 
hnnl-t!!n!"'"l:_"' ~~~~"::·:::,'~::: ~~~~,'~~~::;i--101-" "10\.. t ¥14, J.ldl..IIIJt!~t::JleHHbiX B Ha4aJlbHbl~ 
MOMeHT Ha ~a30BOH nJlOCKOCTH no onpeAeJleHHOMy 3aKOHy. 

Pac4eT~ noKaaanH, 4TO xapaKTep Kone6aHHH nepeo.::i rapMoHHKH 
TOKa H paccTpOHKH g 3aBHCHT OT Ha4aJlbHOH ~YHK~HH pacnpeAene
HH.R 4aCTHI_\ Ha ~a30BOH nJlOCKOCTH, BeJlH4HH~ Ha4aJlbHOrO CKa4Ka 
Hanp.R>KeHH.R H TeMna ero AaJlbHeHWero paCTa. npH4eM KOJlefiaHH.R g 
He HC4e3a~T noJlHOCTb~ Aa>Ke npH pocTe Hanp.R>KeHH.R Ha4HHa.R C HYJl.R, 
3To CB.R3aHO C TeM, 4TO npH MallbiX U c 3aBHCHMOC Tb 11(U 0) B aAHa-
6aTH4eCKOM pe>KHMe 6JlH3Ka K JlHHeHHOH H npH 11-+0 H U c-+ 0 ae
JlH4HHa CTai_\HOHapHOH pacCTpOHKH g- 11/U c OKa3~BaeTC.R KOHe4HOH. 
TorAa KaK npH a~Kn~4eHHOM Hanp.R>KeHHI-1 g = 0. B peaynbTaTe Aa>Ke 
npH ManoM Ha4aJlbHOM H3MeHeHHH U0 cTai.\HOHapHoe 3Ha4eHHe g 
MeH.ReTC.R CKa4KOM, 4TO H npHBOAHT K 803HHKHOBeHH~ KOJlefiaHHH 
paccTpOHKH. 

Ha pHc.4a npHBeAeH~ KpHBble H3MeHeHH.R OTHOCHTeJlbHOH paccTpo.::i
KI-1 g All.R CJly4a.R MeAJleHHOrO HapacTaHH.R Hanp.R>KeHH.R CO CKOpOCTb~ 
100 B/o6opoT /1 o6opoT -5 MKc/. CnnowH~e KPHBble cooTBeTcTBY~T 
HapaCTaHH~ Hanp.R>KeHH.R C HYJl.R, a nyHKTHPHble - Ha4aJlbHOMy CKa4Ky 
Hanp.R>KeHH.R 50 KB. KpHa~e 1 pacC4HTaH~ All.R paaHoMepHoro Ha4anb
Horo pacnpeAeneHH.R 4aCTH~ no HMnynbcaM, a KpHBble 2 - All.R 
11KOJloKonoo6paaHoro'' pacnpeAeJleHH.R. BHAHO, 4TO Ha4allbH~H cKa4oK 
Hanp.R>KeHH.R aaMeTHo yeenH4HBaeT Kone6aHH.R paccTpoAKH. Ha pHc.46 
npHBeAeH~ aHanorH4H~e KPHBble All.R KaaaHaAHa6aTH4ecKoro aaxea-
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Ta/13/,KoTop~H npOHCXOAHT 3a BpeMR nopRAKa nepHOAa Man~x ~a30B~X 
KOne6aHHH In- 300 o6opoToBI. nocne 3TOro HanpR~eHHe poena CO 
cKopocTbO 500 Blo6opoT H npH n = 1500 AOCTHrano 1 HB. B 3TOM 
cny4ae, KorAa TeMn pacTa HanpRmeHHR npH aaxeaTe cocTaBnReT 
-1 KBio6opoT, enHRHHe Ha4anbHoro cKa4Ka HeaHa4HTenbHO H Kone-
6aHHR paccTpoHKH MeHbwe, 4eM npH aAHa6aTH4eCKOM aaxeaTe. Bee 
KPHB~e pHc.4 HOPMHpOBaH~ Ha 3Ha4eHHe paccTpOHKH g B KOH~e 
KBa3HHenpep~BHOrO pe~HMa le T04Ke e, pHc.11 npH paBHOMepHOM 
Ha4anbHOM pacnpeAeneHHH 4acTH~ no HMnynbcaM. 

5 9 
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Pnc.4. H3MeHeHne OTHOCHTenbHO~ pac
cTpoftKH CHCTeMbl g nocne BKniO'IeiiHH 
YCKOpH~ero HanpH~eHHH: ---
HapacTaHne HanpH~eHHH C IIYJIH, 

- Hal.!anbHblft CK3'10K HanpH
meHHH - 50 KB. KpHBhle I - paauo

----:--:-----=-=----~-:-:-:-::-'-"' Mepnoe Ha'lan&Hoe pacnpep;eneune 
5QQ 1000 1500 l.!aCTHll no HMnynbCaM, KpHBbJe 2 -

11 KonoKonoo6pa3Hoe" pacnpep;enenue, 
a- Mep;neHHoe HapacTaHHe HanpHmeHHH /100 B/o6opoT/; 6 - KBa~n
ap;ua6aTH'!ecKHH 3axaaT 1131 /-I •:B/o6opoT/. 

B 3THX pac4eTax He npoeoAHnocb ycpeAHeHHe nepeoH rapMOHHKH 
TOKa ny4Ka no BCeM crYCTKaM, npOXOAR~HM YCKOPR~HH 3a30p B Te-
4eHHe o6opoTa npH HeCKOnbKO OTnH4a~HXCR 3Ha4eHHRX HanpR>:<eHHR · 
TaKoe ycpeAHeHHe MomeT npHeecTH K yMeHbWeHHO Kone6aHHH paccTpoH
KH npH MeAneHHOM HapacTaHHH HanpRmeHHR C HynR, OAHaKO BnHRHHe 
Ha4anbHOrO CKa4Ka HanpRmeHHR OCTaHeTCR. 

Kone6aHHR paccTpoHKH npHBOART K TOMY, 4TO AnA nOAAepmaHHR 
3aAaHHOrO 3aKOHa U e He06XOAHMO MeHRTb Psx, B COOTBeTCTBHH 
c H3MeHeHHRMH g, npH4eM AHanaaoH H3MeHeHHR Pax. yMeHbwaeTcR 
C pOCTOM b. npH 3TOM Ha y4aCTKe 3aXBaTa HapywaeTCR MOHOTOHHOCTb 
H3MeHeHHR PBX , OAHaKO nOCKOnbKY KOne6aHHR 7J VI g 3AeCb CBR3a
H~ c eo36ymAe~HeM KorepeHTH~x ~aaoe~x Kone6aHHH H o6naAa~T 
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HHep~HOHHOCTbO no OTHOWeHHO K H3MeHeHHO U
6

, TO 3TO He AOflmHO 
aaTPYAHRTb ynpaeneHHe U e c noMO~bO P8 x.• 

TaKHM o6paaoM, AnR o6ecne4eHHR KBa3HHenpep~eHoro pemHMa pa-
6oT~ CTaH~HH neperpynnHpOBKH npH HCnOnb30BaHHH ABYX ~HflHHAPH-

4eCKHX peaoHaTopoe /11/, aanHT~eae~x no MOCTOBOH cxeMe, H npH 
COOTBeTCTBYO~eM nOA6ope eenH4HH~ HX paccTpOHKH H CBR3H C nepe
Aao~eH nHHHeH Heo6XOAHMa eenH4HHa 84 M~HoCTH PHen ~ 100 KBT. 

8 aaKn104eHHe KpaTKO paccMOTPHM eoaMomHble nyTH o~y~ecTeneHHR 
HMnynbcHoro pemnMa I e-C, pnc.11, KOrAa HanpRmeHne yeenH4HBaeT
CR CKa4KOM AO 3 M8 C ~pOHTOM r¢ ~ 50 MKC H AnHTenbHOCTbO HM
nynbca -150 MKC. AnR 3TOH ~enn MomHo, HanpHMep, HcnonbaoeaTb 
Apyryo napy peaoHaTopos, napaMeTp~ KoTop~x lwyHTosoe conpoTns
neHne, paCCTpOHKa, K03~~H~HeHT CBR3HI noA06paH~ TaKHM o6pa30M, 
4T06~ MHHHMH3HPOBaTb B6flH4HHY HMnynbCHOH 84 M~HOCTH pKMn; 
8 3TOM cny4ae, OAHaKo, B03HHKaeT PRA TPYAHOCTeH, cBR3aHHbiX 
C pa3M~eHHeM AOnonHHT6flbHOH napbl pe30HaTOPOB H WYHTHPOBaHHeM 
OAHOH H3 nap pe3oHaTopoB Ha speMR, KOrAa pa6oTaeT APYraR napa. 
no3TOMY ~enecoo6pa3HO,BHAHMO,OCy~eCTBnRTb HMnynbCH~H pemHM,HC
nonb3YR Te me pe30HaTOP~, 4TO H B KBa3HHenpephlBHOM pemnMe. 

npn yKa3aHHbiX B~We 3Ha4eHHRX Zw, bonT. H paccTpOHKe' cooT
BeTCTBYO~eH T04Ke COrnacosaHHR B KOH~e KBa3HHenpep~BHOrO pemH
Ma, Tpe6yeMaR BenH4HHa HMnynbCHOH MO~HOCTH COCTaBnReT pKMll~ 
= 4 M8T. Ee MOmHo cy~ecTseHHO yMeHbWHTb aa C4eT H3MeHeHnR pac
CTpol:iKH cncTeM~, ysenH4HBaR npH 3TOM PHenp.• TaK, ecnn AOny
CH1Tb ysenn4eHHe PHenp. AO 200 K8T, To P 11Mn. YMeHbwaeTcR AO 
: , C, ;;:::; o , :::; (JC.3YJit> 1 d I c 1-\UIIUJIHVII cJ lb HUH rpynnVIpOBKVI ny4Ka nocne 
BKn~4eHHR HMnynbCHOrO HanpRmeHHR BenH4HHa paccTpOHKH YCKOPR~
~eH CHCTeM~ ny4KOM MeHReTCR, H Tpe6yeMaR BenH4HHa pKMn. K KOH
~y HMnynbca yMeHbWaeTCR Ha 20-30% HflH npH TOM me ypOBHe MO~Ho
CTVI 6yAeT COOTBeTCTBeHHO B03pnCTaTb HanpRmeHHe Ha pe30HaTopax. 

CneAOBaTenbHO, so3MOmH~ ABa sapnaHTa cncTeMbl 84 nnTaHHR. 
8 nepsoM cny4ae Heo6XOAHMO nMeTb PHenp~ 100 K8T H P11Mn:' 4 M8T, 
a so BTopoM - PHenp."'200 K8T H P11 Mn':" 1 ,b M8T. 8o BTopoM sapnaHTe 
Tpe6yeMy~ senH4HHY P 11Mn. MomHo o6ecne4HTb c aanacoM I~ 2 M81:/ 
OAHVIM HMnynbCHblM reHepaTOPOM IHanpHMep Ha naMne nl-4261, HO 
npH 3TOM He06XOAHMO YABOeHHe MO~HOCTH reHepaTopa B KBa3HHenpe
p~BHOM pemnMe. 8 nepsoM me sapnaHTe Tpe6yeTCR cnomeHne MO~HOCTH 
ABYX HMnYnbCH~X reHepaTOpOB. 

Ecnn TOK ny4Ka 111 oKaa~saeTCR MeHbwe HOMHHanbHoro 3Ha4eHHR 
lo = 1 ,6 A, TO BO BTOPOM BapHaHTe npH HeH3MeHHOH HaCTPOHKe CHC
T6Mhl PHenp. yMeHbwaeTcR, a P11 Mn. soapacTaeT. 8 nepsoM ~e sapHaH
Te soapac T a~T o6e senH4HHbl. HanpnMep, npn In= 0, 751 0 B nepsoM 
sapnaHTe P Henp. = 147 K8T n P 11 Mn.= 4,77 M8T, a so BTopoM -
PHenp. = 109 K8T H P 11Mn.= 1,93 ~18T. KorAa me 111 =0,510 , TO 
B nepBOM cny4ae P Henp. = 290 K8T H P KM!I. = 5, 7 M8T, a BO BTo
poM- PHenp.= 114 K8T H P11Mn.= 2,24 M8T. TaKHM o6paaoM, so 
BTOPOM BapHaHTe CHCTeMa 84 nHTaHHR o6ecne4HBaeT pa60TY CTdH~HH 
6e3 nOACTpOHKH YCKOPR~~eH CHCTeMbl npH YMeHbWeHHH TOKa ny4Ka 
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AO - 0,710 , i-orAa KaK e nepeoM npH H3MeHeHHH TOKa nY4Ka Heo6xo
AHMa nocTORHHaR nOACTpOHKa YCKOPR~~eH CHCTeM~, 4T06~ OHa 6~na 
cornacoeaHa e KOH~e KBa3HHenpep~BHoro pemHMa. 

EcnH HOMHHanbH~H TOK ny4Ka B Y-70 OKameTCR MeHbWe npoeKT
HOro, TO Tpe6oeaHHR K M~HOCTH 84 reHepaTOPOB 6YAYT ocna6neH~. 
TaK, npH 10 = 1,2 A /75% oT npoeKTHoro/, noA6HpaA, KaK 6~no 
OnHcaHO B~We, eenH4HHY onTHManbHOH CBR3H booT. 1-1 paCCTpOHKY 
CHcTeM~ g0 , nony4aeM .P uenp!' 100 K8T 1-1 PHMn ... 2 M8T. np~-1 MeHb
wHx 10 eenH4HH~ PHenp. 1-1 PHMn, e~e yMeHbWaTcA. 

$poHT HMnynbcHoro HanpRmeHHR onpeAenReTCR eenH4HHOH Harpy
meHHOH A06pOTHOCTH pe30HaTopoB YCKOPR~eH CHCTeM~ QH = Q0/ (b+l ). 
AnR peaoHaTopoe, onHcaHH~x e 1 111, Q 0 = 63500, 4TO np~-1 b .. 677 
AaeT Q H = 800079000. TorAa nOCTORHHaR epeMeHI-1 CHCTeM~ 
r=12 714 MKC, 4TO o6ecne4HBaeT Tpe6yeMy~ BenH4HHY $pOHTa HMnynbc
HOrO HanpnmeHHR. 
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PyKonHCb nocTynHna B H3AaTenbCKHH OTAen 
14 AeKa6pn 1983 roAa. 

KyaHe~oa A.6. M AP· 
0 pe*MMaX pa60TW CTaH~MM neperpynnHpo8KH 
HHTeHCH8HOrO npoTOHHOro ny4Ka 8 CHHXpoTpOHe Y-70 

P9-83-836 

PaCCMOTpeHa pa6oTa yCKOPR~eH CHCTeMW CTaH~HM neperpynnMp08KM ny4Ka 
Ha 4acToTe 200 Hr~ 8 CMHxpoTpoHe Y-70 8 ycno8HRX cHnbHOH nepeMeHHOH peaK
TH8HOH Harpy3KH ny4KOM. nHTaHHe pe30HaTop08 YCKOPR~eH CHCTeMW OC~eCT8nR
eTCR 4epea T -MocT. UHKn pa6oTw cTaH~HH cocTOHT Ha A8YX paanH4HWX pe•H
M08: K8a3MHenpepW8HOrO H MMnynbCHOrO. noKa3aHO, 4TO COOT8eTCT8Y~HM 8W-
6opOM WYHT080rO COnpOTH8neHHR CHCTeMW, ee paCCTPOHKH H KO~H~HeHTa C8R3H 
nepeAa~eH nHHHH C peaoHaTopOM MO*HO onTHMH3Hp08aTb 8enH4HHY B4 M~HOCTH, 
Tpe6yeMOH AnA nHTaHHR CHCTeMW. PaCCMOTpeHW A8a 8apHaHTa. B nep80M Tpe6ye
MaR M~HOCTb B4 nHTaHHR cocTa8nReT 100 KBT 8 Henpepw8HOM pe*HMe H 4 HBT 
8 HMnynbCHOM, a 80 8TOPOM - 200 KBT H 1 ,6 HBT COOT8eTCT8eHHO. 4HcneHHO 
HCcneA08aHW KOne6aHHR paccTpOHKH YCKOPR~eH CHCTeMw, C8R3aHHWe C 8036Y*Ae
HHeM KOrepeHTHWX ~a308WX KOne6aHHH 4aCTH~ npM 8Kn~4eHMH Ha4anbHOrO YCKO
PR~ero HanpR*eHMR. 

Pa6oTa 8wnonHeHa 8 0TAene Hoawx MeToAoa ycKopeHHR OHRH. 

Kuznetsov A.B. et al. 
On Operation Regimes of U-70 Synchrotron Intense Proton 
Beam Rebunching Station 

P9-83-836 

The U-70 synchrotron 200 MHz RF-system operation under a strong vari
able of reactive beam loading is considered. RF cavities are supplied via 
T-brldge. The station operation regime consists of two different parts -
the quasicontinuous and pulsed ones. It is shown that by a proper choice 
of the Impedance of RF accelerating system, Its detunlng and coefficient 
of coup! ing the feeder line with cavity it Is possible to optimize the 
value of required RF power supply. Two variants are considered. In the 
first variant the required RF power supply is 100 kW In the continuous 
regime and 4 MW In the pulsed regime, in the second one - 200 kW and 
1.6 HW, respectively. Acceleration system detuning oscillations due to 
coherent phase particle oscillations at accelerating voltage initial swit
ching are numerically investigated. 

The Investigation has been performed at the Department of New 
Acceleration Methods, JINR. 
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