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HcnoJILlyeMLIB c 1970 ro.D;a .D;BYX3TanHLIB pe)I(JIM CHH

xpoTpouuoro ycxopeHHJI .D;eiiTpouoB H a -qacTHU ua CHHxpo-

4Ja3oTpoue OHJIH /1/ Tpe6oaan .D;JIJI o6ecne'leHHJI MaKCHManL

uoro 3aXBaTa ITY'IKa BO BTOpOB 3Tan YCKOpeHHJI H MHHHMaJIL

HhiX noTep& npH nepexo,IJ;e OT nepaoro 3Tana KO BTopoMy /2-5/ 
cpaBHHTeJibHO CJIO)KHOrO ynpaBJieHHJI 'laCTOTOB, 4Ja30B H aMn

JIHTy.D;oii ycxopJiromero uanpJI)KeHHJI. 

B OKTJI6pe 1974 r. Ha CHHXpo4Ja30TpoHe OHJIH 6LIJI Bnep

BLie OCyiiJ;eCTBJieH 0)1;H03TallHLIB pe)KHM yCKOpeHHJI ,IJ;eBTpOHOB 

H a - 'laCTHIJ; 6naro,IJ;apJI HCITOJib30BaHHIO HH)KeKTOpa JIY- 20 
)J;JIJI YCKOpeHBJI ,IJ;eBTpOHOB H a -qaCTHIJ;, 'ITO npHBeJIO K HeKo

TOpOMY Cy)KeHHIO .D;BHaMH'IeCKOrO ,IJ;Hana30Ha MO.D;YJIJIIJ;HH 'laC

TOT.bl ycxop.Hromero B. q_ nonJI acne.D;CTBHe noBLIWeHHJI 3Hep

rHB HH)KeKTBpyeMLIX JI.D;ep, a TaK)Ke 6naro,IJ;apJI peweuHIO 

3a,IJ;a'l, CBJI3aHHLIX C paCWHpeHHeM qaCTOTHOrO ,IJ;Hana30Ha 

3a.D;aromero reuepaTopa, uacTpoiixoB: 3axoua ynpaaneHHJI 

'laCTOTOB YCKOpJIIOIIJ;ero ITOJIJI B O.D;H03TallHOM pe)I(JIMe H HC

cne.D;oBaHHJIM B03MO)KHOCTeii ycxopJiromeB: B. q_ CHCTeMLI 

C TO'IKH 3peHHJI llOJiy'leHBJI He06XO)J;HMOB aMITJIHTY.D;LI YCKO

pJiromero uanpJI)KeHBJI B 3a.D;aHHOM .D;Hana3oHe qacToT. 

B pa6oTe paccMaTpHaaroTcJI aonpocLI, CBJI3aHHLie c ocy

mecTaneuueM O.D;H03Tanuoro pe)KHMa ycxopeHHJI .D;eiiTpouoa 

H a-'laCTHIJ;, H npBBO.D;JITCJI 3KCITepHMeHTaJibHLie pe3yn&

TaTLI. 

1. ){uanaaoH MOOYA.RfiUU <~acmombl ycKop.RJOJ~~ezo 
Hanp.RxeHu.R e pexuMe ooHoamanHozo ycKopeHU.R 

3aKOH CBJI3H Me)K)J;y 'laCTOTOB yCKOpJIIOIIJ;ero HanpJI)KeHBJI 

H MarHHTHLIM noneM .D;JIJI CHHxpo<iJaloTpoua OHJIH BLipa)Ka

eTCJI H3BeCTHLIM COOTHOWeHHeM 
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1,44qH 
f 

111 
v 1,25( ~ )2 

+ H 
2 

r.IJ;e f - qacToTa ycKopJiromero HanpJI:>KeHHJI I MFll/; H -
HanpJI:>KeHHOCTL MarHHTHoro nonJI I K31; q - KpaTHOCTL 

ycKopeHHJI; A - MaccoBoe qHcno JI.D;pa; Z - 3apJI.IJ; JI.D;pa 

B e.IJ;IiHHI.\aX 3neMeHTapHoro 3apJI,JJ;a. 

~Hana30H MO,IJ;ynJII.\HH qaCTOTLI B COOTBeTCTBHH C l!>op

Mynoii: 111 onpe.D;enJieTcJI 3HaqeHHJIMH MarHHTHoro nonJI 

npH HH:>KeKI.\HH "H :'H MaKCHManLHLIM noneM CHHXpol!>a30TpO-
1 

Ha "H ".B CBOIO oqepe,IJ;L BenHqHHa nonJI H . 3aBHCHT OT m= 1 
COpTa yCKOpJieMLIX qaCTHI.\ H HX 3HeprHH npH HH:>KeKI.\HH 

B COOTBeTCTBHH C COOTHOWeHHeM 

H. 
1 

A 
z 

y2\\ iH • EOH 

ro<lRo 
121 

IWiH - KHHeTHqecKaJI 3HeprHJI HH:>KeKTHpyeMLIX B CHHXpo

li>a30TPOH JI.D;ep, npHXO.D;JII.QaJICJI Ha O.IJ;HH HyKnoH; E 0 H- 3Hep

rHJI noKOJI HyKnoHa; R 0 - pa,IJ;Hyc 1.\eHTpanLHoii: op6HTLI ycKo

pHTenJII. 

YqHTLIBaJI, qTo ycKopeHHe .IJ;eii:TpOHO' ' a -qaCTHI.\ B 

HH:>KeKTOpe JIY- 20 TaK :>Ke, KaK H B JIY-9M I , OCyi.QeCTBnJI<.! 

eTCJI B pe:>KHMe BTOpoii: Kpa THOCTH H 3HeprHJI qaCTHI.\ Ha Bid

xo,IJ;e H3 JIY yMeHLwaeTcJI c 20 M3B .D;nJI npoToHOB .IJ;O 

5 M3B/HYKAOH .D;nJI JI.IJ;ep, HeTpy.D;HO 3aMeTHTL, qTo nepexo.IJ; 

OT yCKOpeHHJI npOTOHOB (A/Z = 1) K YCKOpeHHIO JI.D;ep (A/Z=2) 
He conpoBo:>K,IJ;aeTcJI H3MeHeHHeM 3HaqeHHJI MarHHTHoro nonJI 

npH HH:>KeKI.\HH. 

B COOTBeTCTBHH C l!>opMynaMH 111 H 121 annapaTypa 

BhiCOKOqacTOTHOrO nHTaHHJI CHHXpol!>a30TpOHa B pe:>KHMe 

O.D;H03TanHoro ycKopeHHJI JI.IJ;ep npH q =1 .IJ;On:>KHa nepeKpLI

BaTL .IJ;Hana3oH oT 150 KFt~.D;O 1,42 MFt~, qTo B - 1,3 pa3a 

6onLwe no cpaBHeHHIO c .IJ;Hana30HOM qacToT npH ycKopeHHH 

npoToHOB c HH:>KeKTopoM JIY-9M 10,2-:-1,44 MFll/ /11/. 
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2. 3aOa10JIIUU zeHepamop 

3a,IJ;a1011Uiii: qacTOTHO-MO.IJ;ynHpyeMLIH reHepaTOp, JIBnJIIO

I.QHHCJI O.IJ;HHM H3 OCHOBHLIX 3neMeHTOB B CHCTeMe ynpaBneHHJI 

qaCTOTOH YCKOpJIIOI.Qero HanpJI:>KeHHJI, HMeeT ,IJ;Hana30H MO-

,IJ;ynJII.\HH 10,15-:-1,51 MFt~ 16 1. qacn • .IJ;Hana3oHareHepaTo

pa, 10,1570,21 MFt~, OTBO.IJ;HTCJI Ha "ycnoKoeHHe" nepexo.IJ;

Horo npOI.\eCCa B MO,IJ;ynJII.\HH qacTOTLI, BLI3BaHHOrO HaqanOM 

MO.IJ;ynJII.\HH H He JIBnJIIOI.QerOCJI pa6oqHM ,IJ;Hana30HOM qacTOT. 

~nHTenLHOCTL nepexo.IJ;Horo npol\ecca, o6ycnoBneHHaJI 

napaMeTpaMH reHepaTopa, KaK noKa3an OnLIT, 3aBHCHT OT 

CKOpOCTH MO.IJ;ynJII.\HH H yMeHLWaeTCJI npaKTHqecKH nponop-

1.\HOHanLHO yMeHLWeHHIO CKOpOCTH, KOTOpyro MO:>KHO onpe.D;e

nHTLI npo.D;H4KlJepeHI.\HPOBaB ypaBHeHHe I 11 

df 

dt 

1,8qH 

[ 1,25( ~ ) 2 
+ H 2] 3/2 

131 

r,IJ;e H - cKopocTL HapacTaHHJI MarHHTHOro nonJI I K3/cl, 
npHMepHO nOCTOJIHHaJI B 1.\HKne H paBHaJI 4 K3/c. 

KaK cne,IJ;yeT H3 131, MaKCHManLHaJI cKopocTL Mo.IJ;ynJII.\HH 

qaCTOTLI HMeeT MeCTO B Haqane CHHXpOTPOHHOrO YCKOpeHHJI 

H npH nepexo,IJ;e OT YCKOpeHHJI npOTOHOB K YCKOpeHHIO JI.D;ep 

yMeHLwaeTCJI c 5 .IJ;O 2,5 MFt~/c. Bcne.IJ;CTBHe 3Toro oTBe

.IJ;eHHoe Ha "ycnoKoeHHe" nepexo.IJ;Horo npol\ecca npH ycKo

peHHH npOTOHOB BpeMJI, paBHOe 10 MC, MO:>KeT 6LITL yMeHL

WeHO npH ycKopeHHH JI.D;ep .IJ;O 5 MC H "3anac" no qacToTe Ha 

nepeXO.IJ;HLIH npOI.\eCC MO:>KeT 6LITL CHH:>KeH C 50 .IJ;O 12,5 KFt~. 
H3rOTOBneHHaJI Ha OCHOBe l!>eppHTa C MarHHTHOH npOHHI.\a

eMOCTLIO f1 = 2000 HH.IJ;YKTHBHOCTL KOne6aTenLHOrO KOH

Typa 3a,IJ;aromero reHepaTopa no3BOnHna nonyqHTL nepeKpLI

THe no qaCTOTe, paBHOe 14, Ha OCHOBaHHH qero HaqanLHaJI 

qacToTa 3a.IJ;aromero reHepaTopa 6Lina c 3anacoM npHHJITa 

paBHoii: 125 xr,. 
Ha puc. 1 noKa3aHa 3aBHCHMOCTL KpyTH3HLI Mo.IJ;ynJII.\HOH

Hoii: xapaKTepHCTHKH 3a.IJ;al011\ero reHepaTopa Ha ocHoBe 

l!>eppHTa C f1 = 2000 B li>YHKI.\HH qacTOTLI no ,IJ;Hana30HY. 

HenocTOJIHCTBO KPYTH3HLI no .IJ;Hana30HY I CM. pucyHoKI, 
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HaKJia,IJ;biBaeT ,IJ;OllOJIHHTeJibHble Tpe60BaHHJI Ha 41YHKIJ,HOHaJib

HbiH npeo6pa30BaTeJib, KOTOpbiH B COBOKYllHOCTH C 3a,IJ;aiOIIJ,HM 

reHepaTopow ,IJ;oiDKeH o6ecne'IHTb Heo6xo.IJ;HMoe ynpaBJieHHe 

'laCTOTOH YCKOpJIIOmero HanpJI~eHHJI B pe~Me O,IJ;H03Tan

HOrO yCKOpeHHJI. 

5~ 
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Puc. 1. 3aeucuMocmb Kpymu3Hbl MOOYA.RfiUOHHOiJ xapaKme
pucmuKu 3aOa10~ezo zeHepamopa 6 tjyHKfiUU 'IQC11101/Ibl no Oua
na30Hy. 

3. tPyHKfiUOHaAbHbiU npeo6pa3oeameAb 

~YHKU.HOHaJibHbiH npeo6pa30BaTeJib npe,IJ;Ha3Ha'leH ,IJ;JIJI 

4lopMHpOBaHHJI HeJIHHeHHOH 3aBHCHMOCTH BbiXO,IJ;HOrO HanpJI

~eHHJI, MO.IJ;YJIHpyromero 'laCTOTY 3a,IJ;aromero reHepaTopa, 

oT BXO.IJ;Horo HanpJI~eHHJI, nponopu,HoHaJILHoro HanpJI~eH

HOCTH MarHHTHOrO llOJIJI CHHXpo4la30TpOHa. Ha puc. 2 npe,IJ;

CTaBJieHa 6noK- cxewa annapaTypw CBJI3H we~y "f" H "H ': 
Ha BXO.IJ; HHTerpaTopa "2" /HHTerpaTop npe.IJ;cTaBJIJieT co

Goii ycHJIHTeJib nocTOJIHHoro ToKa, oxBa'leHHblii eMKOCTHOii 

o6paTHOH CBJ13bl0/ llOCTynaeT HanpJI~eHHe C HHTerpaTOpHOH 

6 

~ 
2 3 -UHY 4 

~ 

=F(H) 7 •u,. 6 

Puc. 2. EAoK- cxeMa annapamypbl ce.113u Mexoy "f" u "H ". 
1 - uHmezpamopHa.R KamywKa; 2 - uHmezpamop; 3 - HeAuHeiJ
HbiU ycUAumeAb; 4 - OUOOHble OAOKU; 5- oooaeO'IHbiU ycu
AU1/IeAb; 6 - CYMMUPYIO~UU yCUAU1/IeAb; 7- 3aOaiO~UU zeHe
pamop; 8 - OAOK KOppeKfiUU. 

Ka TYWKH "1", nponopU,HOHaJibHOe CKOpOCTH H3MeHeHHJI Mar

HHTHoro non.11 B pa6o'leii anepType ycKopHTeJIJI. HanpJI~eHHe 
Ha BbiXO,IJ;e HHTerpaTopa "UHHT" OllHCbiBaeTCJI Bblpa~e

HHeM: 

U 11HT =k f Hdt"' k<H-H 0), /4/ 
to 

r,IJ;e k - K03414lHU.HeHT nponopU,HOHaJibHOCTH, onpe,IJ;eJIJieMbiH 

napaMeTpaMH KaTymKH, BXO,IJ;HOrO ,IJ;eJIHTeJIJI H llOCTOJIHHOH 

BpeMeHH HHTerpaTopa H paBHbiH ,IJ;JIJI pe~Ma yCKOpeHHJI 

npoToHoB _15,8 B/K3; H
0

- 3Ha'leHHe warHHTHoro non.11 

B MOMeHT BpeMeHH "t0',c KOTOpOrO Ha'IHHaeTCJI npou,ecc 

HHTerpHpOBaHHJI. 
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HanpJDKeHHe C BLIXO~a HHTerpaTopa no~aeTCJI Ha liJYHK

U:HOHanLHLIB npeo6pa30BaTenL, COCTOJIIUHB H3 HenHHe:iiuoro 

YCHnHTenJI "3" /ycHnHTenJI nOCTOJIHHOrO TOI<a, OXBa'leHHOrO 

HenHHeBHOB o6pa THOB CBJI3L10/, ~enaJOIUero nepaoe npH6nH

)l(eHHe K Tpe6yeMOB HenHHeBHOB 3aBHCHMOCTH C nOMOIULIO 

annpoKCHMaU:HH KpHao:ii oTpe3KaMH npJIMLix, ~HO~HLIX 6noKoB 

"4" ,JIBnJIIOIUHXCJI HenHHeBHOB o6paTHOB CBJI3L10~06aBO'IHOrO 
ycHnHTenJI "5" ,H ycHnHTenJI "6'~ cyMMHPYJOIUero BLIXO~HLie 
uanpJI)I(eHHJI uenHHe:iiuoro H ~o6aaoquoro ycHnHTene:ii. C no

MOIULIO ~HO~HLIX 6nOKOB OCYIUeCTBnJieTCJI TO'IHaJI HaCTpOBKa 
Tpe6yeMOB liJyHKU:HOHanLHOB 3aBHCHMOCTH. 

HanpJI)I(eHHe c BLIXO~a lilYHKU:HOHanLHoro npeo6pa3oaa

TenJI "UM"Mo~ynHpyeT qacToTy 3a~aroiUero reuepaTopa "7", 
KOTOpaJI /ecnH C'IHTaTL B nepBOM npH6nH)I(eHHH, 'ITO Kpy

TH3Ha MO~ynJIU:HOHHOB xapaKTepHCTHKH nOCTOJIHHa/ MO)I(eT 

6LITL onpe~eneHa B COOTBeTCTBHH C BLipa)l(eHHeM 

f = f 0 +SUM , /5/ 

r~e f 0 - uaqanLHaJI qacToTa 3a~aroiUero reuepaTopa, npH

HJITaJI paauo:ii 125 KF11; S - KPYTH3Ha Mo~ynJIU:HOHHo:ii xa

paKTepHCTHKH reHepaTopa C y'leTOM BXO~HOrO ~enHTenJI, 
paauaJI -9 KFt~/B. 

Cne~yeT OTMeTHTL, 'ITO 3Ha'leHHe MarHHTHoro nonJI, 

c KOToporo Ha'IHHaeTcJI npou:ecc HHTerpHpoaaHHJI fa cne

~oaaTenLHO, H Ha'lano MO~ynJIU:HH 'laCTOTLI/ H Ha'lanLHaJI 

'laCTOTa reHepaTOpa ~OJI)I(HLI HaXO~HTLCJI B CTpOrOM fOOT· 

BeTCTBHH c liJopMyno:ii /1/. Y'IHTLIBaJI, 'ITO H5« 1,25<-z ) 2 , 
Ha OCHOBaHHH liJopMynLI /1/ HMeeM 

H = 0,7~. A 
o q z . fo' /6/ 

r~e no-npe)I(HeMy H 0 - a K3, a f 0 - a MFfl. 
0TC10~a cne~yeT, 'ITO npH BLI6paHHOM 3Ha'leHHH "f ~'ne

pexo~ OT YCKOpeHHJI npOTOHOB (A/Z = 1) K yCKOpeHHIO 

JI~ep <A/Z = 2) Tpe6yeT yaenH'IeHHJI H 0 B 2 pa3a. B qacT

HOCTH, npH f 0 = 125 KF11 H q =1 uMn BKnJO'IeHHJI HHTerpa

Topa ~OJI)I(eH 6LITL ua none H 0P = 97 3 npH ycKopeHHH npo

TOHOB H H OJI = 194 3 - npH yCKOpeHHH JI~ep. 
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3aBHCHMOCTL BLIXO~HOrO HanpJI)I(eHHJI liJyHKU:HOHanLHOrO 

npeo6pa3oBaTenJI oT axo~uoro ~JI o6ecne11eHHJI Tpe6yeMoi 
CBJI3H Me~y "f" H "H"MO)I(HO nony'IHTL, pewaJI COBMeCTHO 

ypaaHeHHJI /1/, /4/ H /5/: 

u = 
M 

1,44q<H 0 + 
u 

11HT 

k 

A 2 ui1HT 2 
Sy 1,25(-) + <H0 + --) z k 

fo 

s /7/ 

EcnH npH nepexo~e OT ycKopeHHJI npoTOHOB K ycKope

HHIO JI~ep yMeHLWHTL "k"a 2 pa3a, TO H3 ypaaueHHJI /7 I 
C y'leTOM /6/ cne~yeT, 'ITO HenHHeiHaJI 3aBHCHMOCTL BLIXO~

HOrO HanpJI)I(eHHJI liJyHKU:HOHanLHOrO npeo6pa30BaTenJI OT 

BXO~HOrO OKa3LIBaeTCJI O~HHaKOBOB KaK npH yCKOpeHHH 

npOTOHOB, Tal< H JI~ep H npH q =1 OnHCLIBaeTCJI COOTHOWe

HHeM 

u = M 

UI1HT 
1,44(0,097 + ---

kp 

Sy 1,25 + ( 0,097 + 
u 
~)2 

kp 

fo 

s 
/8/ 

r~e k - K03414JHU:HeHT nponOpU:HOHanLHOCTH Me~y MarHHT

HLIM rtoneM H BLIXO~HbiM HanpJI)I(eHHeM HHTerpaTopa npH 

ycKopeHHH npoTOHOB, paBHLii - 15,8 B/K3; f 0 H S - co

OTBeTCTBeHHO a MF11 H MFt~/B. 
Hcxo~JI H3 BLIWeH3no)l(eHHoro, ~nJI o~H03Tanuoro pe

)I(HMa yCKOpeHHJI ~e:iiTpOHOB H a -qacTHU: MLI HCnOnL30BanH 

annapaTypy CBJI3H Me~y "f"H "H ~t; nOMOIULIO KOTOpO:ii o6ec

ne'IHBanCJI pe)I(HM yCKOpeHHJI npOTOHOB. IlpH nepexo~e K 

YCKOpeHHIO ~e:iiTpOHOB H a -qaCTHU: yMeHLWanOCL B 2 pa3a 

HanpJI)I(eHHe C HHTerpaTOpHOB KaTywKH 6naro~apJI HCnonL-

30BaHH10 ~eJIHTenJI R 
1

, R
2 

/eM. puc. 2/ ua axo~e HHTerpaTopa 

H CMeiUanaCL "npHBJI3Ka" HMnynLca BKJIIO'IeHHJI HHTerpa Topa 

ua none -194 3. KpoMe Toro, ~JI yMeHLweHHJI anHJIHHJI 
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HenHHeHHOCTH MO~ynH~HOHHOH xapaKTepHCTHKH reHeparopa 
Ha TOqHOCTL HaCTpOHKH 3aKOHa CBH3H, B OC06eHHOCTH, Ha 
HaqanLHOM yqacrKe ycKopeHHJI 6Lma paJpa6oraHa H B ~anL
HeHrneM ucnonL30BaHa cxeMa KoppeK~HH "8" I puc. 21. 

HcnonL30BaHue cxeMLI KoppeK~HH, BKmoqaroll.leHc.ll 
B paHOHe nepBoro H3nOMa MO~ynH~HOHHOH xapaKTepHCTHKH 
reHeparopa, COBMeCTHO C peryJiupOBKaMH B ~HO~HLIX 6no
KaX n03BOnHnO o6ecneqHTL HaCTpOHKy 3aKOHa ynpaBneHHH 
qacTOTOH B pe:>KHMe O~H03TanHoro YCKOpeHHH ~eHTpOHOB 
H a·qaCTH~ B npe~enax ±0,2o/o, qro COOTBeTCTByeT OTKnO· 
HeHHIO nyqKa no pa~uycy He 6onee ±10 CM. 

4. YcKOPJIIOU#aJI cucmeMa 

Mo~ynupyeMLIH no qacrore curHan c Ja~aiOII.lero reHe
paropa no~aeTCH Ha BOCLMHKaCKa~HLIH lliHpOKOnOnOCHLIH 
ycunurenL. BLIXO~HOH KacKa~ 3Toro ycunuren.11 co~ep:>KHT 
pe30HaHCHLIH KOne6arenLHLIH KOHTyp, COCTOHII.lHH H3 eM· 
KOCTH ycKopHIOII.lero JneKrpo~a H KOHTYPHOH nHHHH, Janon
HeHHOH $eppuroM, HH~YKTHBHOCTL KoropoH H3MeHHeTc.ll 
no~MarHuquBaiOII.lHM TOKOM. 3ror KOHTYP o6ecnequBaer 
Heo6xo~HMYIO aMnnury~y ycKopHIOII.lero HanpH:>KeHHH nuwL 
B ~uanaJoHe Mo~ynH~HH qacTOTLI I 0,2 - 1,441 MFf.#. 

PacwupeHue qacrorHoro ~uanaJoHa ycKopHIOII.leH cuc
TeMLI nocpe~CTBOM 3aMeHLI $eppHTa C 6onee BblCOKOH Mar
HHTHOH npoHH~aeMOCTLIO rpe6yer onpe~eneHHLIX Marepua
nLHLIX Jarpar H BpeMeHH Ha ee peKoHcrpyK~HIO. YMeHL
rneHHe HH:>KHeH qacroTLI ~uanaJoHa ~o 0,15 MFl# nocpe~cT
BOM no~KnroqeHHH K YCKOpHIOII.leMy 3neKTpO~y ~ononHHTenL
HOB eMKOCTH npuao~HT K nponop~uoHanLHOMY CHH:>KeHHIO 
aepxHeH qacroTLI ~uanaJoHa ~o 1,08 MFl#, B pe3ynLrare 
qero MaKCHManLHO ~OCTH:>KHMaH 3HeprHH H~ep B O~H03Tan
HOM pe:>KHMe ycKopeHHH, paaHaH -0,5 T3B/HYKAOH, co
craBHT HeMHOrHM 6onee 10o/o OT B03MO:>KHOCTeH CHHXpo
$a30TpOHa. 

B CBH3H C 3THM 6Lin npHHHT nyTL, OCHOBaHHLIH Ha HC· 
cne~OBaHHH B03MO:>KHOCTeH nonyqeHHH He06XO~HMOrO YCKO· 
pHIOII.lero HanpH:>KeHHH Ha paCCTpOeHHOM KOHType YCKOpHIO· 
ll.leH CHCTeMLI. KOHTYP BLIXO~HOrO KaCKa~a, pa60TaiOII.lero 
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I 

B pe:>KHMe Knacca "C': HMeH cpaBHHTenLHO HH3KY10 ~o6por
HOCTL, cnoco6eH BLI~enHTL rapMOHHKH OT BXO~HOrO CHr· 
Hana. 

Ha puc. 3 npe~cTaBneHa $opMa KPHBOH BhlCOKoqacror
Horo HanpH:>KeHHH Ha KOHType, HaCTpOeHHOM Ha qacTOTY 
-200 Krl#, npu no~aqe Ha axo~ wupoKononocHoro ycunu
renH CHrHana c qacTOTOH 150 Krf.#. rapMOHuqecKHHaHanH3 
KpHBOH pUC. 3a npHBO~HT K cne~yiOII.leMy BLipa:>KeHHIO: 

U = U
01 

[sin¢+ 0,415sin (2 ¢ -124°) + 0,075 sin (3 ¢ -87°)]. 191 

3~ecL U 01 = 12 KB - aMnnury~a nepBoH rapMOHHKH; ¢ -
$a3a HanpH:>KeHHH Ha ycKopHIOII.leM 3neKTpo~e. 

Ha 3TOM :>Ke pucyHKe B cooraeTCTBHH c $opMynoH 191 
BLiqepqeHLI I, II H III rapMOHHKH. KpHBOH puc. 3a coor
Bercrayror 34>li>eKTHBHOe YCKOPHIOII.lee HanpH:>KeHHe H ero 
rapMOHHKH, H306pa:>KeHHLie Ha pUC. 36 Ha OCHOBaHHH BLipa
:>KeHHH * 

V = V
01 

[cos¢+ 0,83cos(2¢ -124°)+0,225cos<3¢-87"!], 1101 

r~e V01 = 2,2 KB - aMnnury~a I rapMOHHKH ycKopHIOII.lero 
HanpH:>KeHHH. 

3HeprHH, npuo6peraeMaH qacru~eH Ja o~HH o6opor, 
MO:>KeT 6LITL onpe~eneHa H3 ypaBHeHHH /8/ 

L).E o 
300R

0
TI • 

---H 
c 

1111 

IR O - pa~HYC ~eHTpanLHOH op6HTLI YCKOpHTenH, paBHLIH 
28 M; c - CKOpOCTL CBeTal. 

YqurLIBaH, qro H npu HH:>KeK~HH cocraBnHeT 3,56 K3/c, 
H3 1111 HMeeM L).E 0 = 2,07 K3B. CpaBHHBaH nonyqeHHLIH 

*CoorHoweHue Me:>K~Y V0 H UQ~nH ~BYX3a3opHoro ycKopH
IOII.lero JneKrpo~a BLipa:>KaeTCH qJopMynoH /7 I 

V 0/U o"' 2sin rrq i
1 

, 

r~e £ - ~nHHa 3neKTpO~a no XO~y nyqKa, paBHaH 6,1 M; 
Il - nepHMeTp op6HTLI YCKOpHTenH, paBHLIH 208 M. 
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UL.aJ 
20 

-2 

!..10-2 

Wol ~~~~ 

Puc. 3. 4>opMbl Hanp.RJKeHu.R Ha ycKop.RIOf4eM 3AeKmpooe 
/"a"/, 3(x/JeKmueHozo ycKop.RIOU~ezo Hanp.RJKeHU.R /"6" I u 
OUazpaMMQ f/xl3060ZO 06UJICeHUJI 'IQCmUij /"e "/, xapaKmepHble 
OA.R ooHo3manHozo peJKuMa ycKopeHu.R .Roep. 
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pe3yJILTaT C ypaBHeHHeM /10/, HeTpy.IJ;HO BH.IJ;eTL, 'ITO, 

ecnH 6w B yci<opJiroiQeM HanpJI)KeHHH oTCYTCTBosanH I I H 

I I I rapMOHHI<H, TO npH HaJIHlfHH JIHIUL o.n;Ho:H nepso:H rap

MOHHI<H C aMnJIHTY.IJ;OH V or= 2,2 KB YCI<OpeHHe OI<a3aJIOCL 

6LI npai<THlfeCI<H HeB03M0)KHLIM, Tal< I<ai< npH Tai<OM HanpJI· 

)KeHHH nolfTH HClfe3aeT o6nacTL 4la3oso:H ycToBlfHBOCTH. 

HaJIHlfHe BTopo:H /B oco6eHHOCTH/ H TpeTLeB: rapMOHHI<, 

llOMHMO nepBOH, llpH .IJ;aHHOM <i>a30BOM COOTHOWeHHH Me)K,ll;y 

HHMH npHBO.IJ;JIT I< TO My, 'ITO 34><l>ei<THBHOe YCI<OpJIIOIQee 

HanpJI)KeHHe B -1,5 pa3a npeBLIWaeT BeJIHlfHHY, npH I<OTOpOH 

HClfe3aeT o6nacTL ycTOBlfHBOCTH, scne.n;cTBHe qero co-

3.IJ;aroTCJI He06XO,li;HMLie YCJIOBHJI .IJ;JIJI YCI<OpeHHJI JI.IJ;ep B 

O,li;H03TallHOM pe)KHMe. 

5. 4>a3oeoe oeuJKeHue 01acmuij npu HaAU'IUU 
zapMOHUK 6 YCKOp.RIOiqeM Hanp.RJICeHUU 

fipH HaJIHlfHH B yCI<OpJIIOIQeM HanpJI)KeHHH /nOMHMO 

nepso:H rapMOHHI<H c aMnJIHTy.n;o:H V or I BTopo:H H TpeTLe:H 

rapMoHHI< c aMnnHTy.n;aMH Von H V0m, c.n;BHHYTLix oTHocH

TeJILHo nepso:H Ha yrnw a 2 H a3 , 4la3osoe ypaBHeHHe /8/npH

HHMaeT BH,ll; 

AE ..!_( H d.rl. ZeV 
dt -- • -'~'-) _ [ or w~ KF dt 2 71- cos¢+ 

ZeV Oil 

2rr 
cos(2¢+a 2) + 

/12/ 

Ze Vom cos <3¢ + a 3)] 
+ 2rr 

L\E o . 
=-~, 

3.n;ecL EH- nonHaJI 3HeprHJI JI.n;pa, npHxo.n;JIIQaJicJI Ha o.n;HH 

Hyi<noH; A - Maccosoe lfHcno JI.n;pa; Z - 3apJI.n; JI.n;pa B e.n;H

HHnax 3neMeHTapHoro 3apJI.n;a; w 0 - I<pyrosaJI qacToTa 

n 1 L 
YCI<OPJIIOIQero HanpJI)KeHHJI; K=1+--·- ;F=1- ---

1-n {3 2 ll[n+ {3 2<I-n)] 

n - noi<a3aTenL cna.n;a MarHHTHoro nonJI no pa.n;Hycy; 

13 



{3 • OTHOeHTenLHaJI eKOpOeTL JI,ZJ;pa; L - eyMMapHaJI ,ZJ;nHHa 
llpJIMOnHHeBHLIX npoMe>KyTKOB; ll · nepHMeTp op6HTLI, cp -
~3a yeKopJiromero nonJI. 

YMHO>KHB see 'IJieHLI ypasHeHHJI /12/ Ha 

d • • d ¢2 E H 
TLIBaJI, 'ITO -(cp) cp = -)(-) H --

dt dt 2 w2 KF 
0 

d¢ 
T' 8 Y'IH-

H3MeHJieTeJI 

Me,ZJ;neHHO, noene HHTerpaposaHHJI nony'IHM 

V · V AE 
j:_=v e'bi KF ~[siiJP+..!:...J!!lsin<2¢+¥t-..!:. omsin<3¢-ta3)-~C], 
w 0 rrE H A 2 V01 3 V01 eV01 

/13/ 

r,ZJ;e C - noeTOJIHHaJI HHTerpaposaHHJI. 
IloeTOJIHHaJI HHTerpaposaHHJI "C "onpe,ZJ;enJieT nono>KeHHe 

~30BLIX TpaeKTOpHii H,B qaeTHOeTH, ,ll;nJI eenapaTpHeLI 
wo>KeT 6LITL onpe,ZJ;eneHa H3 ene,ZJ;yrom&x eoo6pa>KeHHii. 
CHa'lana onpe,ZJ;enJieTeJI HepasHoseeHaJI ~3a ¢ 1 H3 yeno
BHJI, 'ITO 

eV
01 

cos¢ 
1 

+ eV
0

II cos(2¢
1
+a

2
)+eV0111cos<3¢1 +a3)-llE0=0, 

/14/ 

a 3aTeM Ccen H3 yenoBHJI, 'ITO 
~3e ¢ 1 , T.e. 

_l_=o 
wo 

npH Haii,ZJ;eHHOB 

v v 
sin¢ +...!.. _Q!!_ sin (2¢

1 
+a )+ .!_ ___Q!!!_ sin <3¢

1 
+a3)-

1 2 v 01 2 3 v 01 /15/ 

!lEo 
--¢ +C eV 1 cen = 0 · 

01 

Ha puc. 3e noKa3aHLI o6naeTL ~3osoii yeToii'IHBOeTH 
H «l!a30BLie TpaeKTOpHH 'laeTHD;, OKa3aBWHXeJI 3a ee npe,ZJ;e • 
naMH, paee'IHTaHHLie Ha OeHOBaHHH ypaBHeHHJI /13/ ,ZJ;nJI 
HMeromeroeJI eo,ZJ;ep>KaHHJI rapMOHHK B yeKopJIIOII\eM HanpJI· 
>KeHHH B eOOTBeTeTBHH e /10/. KaK ene,ZJ;yeT H3 pHeyHKa, 

14 

o6naeTL yeToii'lasoeTH aweeT ~3osyro npoTJI>KeHHOeTL 01co· 
no 100 o H no pa,li;Hyey nepeKpLisaeT oKono nonosHHLI 
anepTypw. Ilpa y3KOM eneKTpe HH>KeKTHpyeworo ny'IKa 
3axsa T B eHHXPOTpOHHLIR pe>KHM MO>KeT eoeTaBBTL He 6onee 
-25~. HuTepeeHo OTMeTHTL, 'ITO s npou;eeee ciK>pwuposauaJI 
6aH'Ieii npH 3aXBaTe B eHHXpOTpOHHLIH pe>KHM 'laeTHD;LI, 
OKa3aBWHeeJI B o6naeTH ~3 240·360° /eM. pucyHOK/, 
3a,ZJ;ep>KHsaroTeJI B esoew ~3osow ,ZJ;BB>KeHHB ua nepsow 
nepao,ZJ;e ~30BLIX Kone6aHHii H nona,ZJ;aiOT 3a npe,ZJ;eJILI 
pa6oqeii o6naeTH ropa3,ZJ;O U03,li;Hee 'laeTHD;, 3aHHMaromax 
o6naeTL ~3 120-200 o • Ilo:nowy Ha nepsow nepao,ZJ;e eHHx
poTpOHHLIX KOne6aHHH ,li;OJDKHLI Ha6mo,ZJ;aTLeJI ,li;Ba ny'IKa, 
O,li;HH H3 KOTOPLIX npHHa,ZJ;ne>KHT o6naeTH ~3 yeTOR'I~BOrO 
yeKopeHHJI /10-110° I, a ,ZJ;pyroli - o6naeTB ~3 HeyeToi
'IHBoro yeKopeHHJI /240-360°/. 

6. 3Kcnepu.weHIIIaAbHbre peayAt.•a•t.r 

Iloene npe,ZJ;sapaTenLHoii HaeTpoii:Ku pae'leTuoro 3aKoua 
eBJI3H Me>K,ZJ;y "f"H 'H'1>LinO nerKO OeYmeeTBneHO yeKOpeHHe 
,ZJ;eii:TpOHOB, a 3aTeM H a •qaeTHD; B O,li;H03TaUHOM pe>KHMe 
,li;O MaKeHManLHOB 3HeprHH eHHXp0~30TpOHa 

I- 4,5 raB/HYKAoH/. 
Heene,ZJ;OBaHHe Ha'lanLHoro .yqaeTKa yeKopeHHJI /BeKmo

'laJI yqaeTOK «l!opMHpOBaHHJI ny'IKa npa 3aXBaTe B eBHXpo
TpOHHLIB pe>KHM/ ,li;O 20 MC jqepe3 20 MC 'laeTOTa yeKO· 
pJiromero HanpJI>KeHHJI ,ZJ;oeTaraeT 200 KT11, 'ITo eooTBeTeT
syeT Ha'lanLHOB pe30HaHeHOB 'laeTOTe KOHTypa yeKOpJIIOII\eB 
eHeTeMLI/, llOKa3ano, 'ITO e TO'IKH 3peHHJI UOTepL BHTeH· 
eHBHOeTH Ha 3TOM yqaeTKe pe>KHM O,li;HO:nanHOrO yeKOpeHHJI 
,ZJ;eii:TpOHOB npaKTH'IeeKH HH'IeM He OTnH'IaeTeJI OT 06LI'IHOrO 
pe>KHMa yeKopeHHJI npOTOHOB. JIBHO BLipa>KeHHLIX llOTepL 
ny'IKa, o6yenosneHHLIX H3MeHeHHeM eo,ZJ;ep>KaHHJI rapMOHHK 
B yeKOpJIIOII\eM HanpJI>KeHHH,He Ha6mo,ZJ;anOeL. 

Ha puc. 4 npe,ZJ;eTasneHLI oenannorpaMMLI earuana 
DY'IKa e llHKan • 3neKTpO,ZJ;a H BLieOKO'IaeTOTHOrO HanpJI>KeHHJI 
e yeKOpJIIOII\ero 3neKTpO,ZJ;a B pa3nH'IHLie MOMeHTial BpeMeHH 
OT Ha'lana yeKopeHHJI *. KaK BHAHO H3 oenannorpaww "a" -

*11aKan-3neKTPOA paenono>KeH Ha npJIMOnHHeiHoM npo
Me>KyTKe, KOTOpLiii e,ZJ;BHHYT Ha yron rr/2 /B eTopOHY OTeTa· 
BaHHJI/ OTHOeHTenLHO yeKOpJIIOII\ero 3neKTpO,ZJ;a. 
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"r", B nponecce 3aXBaTa nyqxa B CHHXpOTpOHHhiH pe>KHM 

/Ha nepBOH MHJIJIHCeKyH,ne YCKOpeHH.H/ Ha6mo,naiOTC.H .IJ;Ba 

cryCTKa, H3 KOTOpbiX O.IJ;HH HC'Ie3aeT npaKTH'IeCKH K750MKC 
OT Ha'lana ycxopeHH.H. Ha 3TOM oTpe3Ke apeMeHH l!>opMa 

B. q. Hanp.a:>KeHH.H npaKTH'IeCKH He H3MeH.a:eTC.H, a yaeJIH'IH

BaeTC.H JIHlllb HeCKOJibKO aMllJIHTy,na. IlpH ,naJibHeHmeM yc

KOpeHHH B HHTepBaJie /1-10/ MC/OCJlHJIJIOrpaMMhl ",n"- "3"/ 

H3MeH.a:eTC.H l!>opMa B. q. Hanp.a:>KeHH.H, yaeJIH'IHBaeTc.H ero 

aMllJIHTy,na H npaKTH'IeCKH He H3MeH.HeTC.H l!>opMa CHrHaJia 

nyqxa. 

rapMOHH'IeCKHH aHaJIH3 B.q. Hanp.a:>KeHH.H no OCJlHJIJIO

rpaMMaM puc. 4noKa3aJI, 'ITO OTHOWeHHe U OII/U01 Ha nepBOH 

MHJIJIHCeKyH,ne, paBHOe - 45~, yMeHbWaeTC.H llOCTeneHHO K 

10 ..we .no _12~. AMnJIHTy,na TpeTLeii rapMOHHKH H3MeH.a:eTc.H 

He3Ha'IHTeJibHO. TaKOe >Ke COOTHOWeHHe Me>K,IJ;y aMllJIHTy,na

MH rapMOHHK COXpaH.HeTC.H H K 20 MC YCKOpeHH.H, a H3MeH.H· 

IOTC.H JIHWb HX l!>a30Bble COOTHOWeHH.H. IlpoBe,neHHble HCCJie

.IJ;OBaHH.H llOKa3aJIH B03MO>KHOCTb OCylJleCTBJieHH.H O.IJ;H03Tan

HOrO pe>KHMa YCKOpeHH.H ,neii:TpOHOB H a - 'laCTHJl C HCllOJib-

30BaHHeM HMeiOIJleHC.H yCKOp.HIOIJleH CHCTeMhl H Ha,IJ;e>KHble 

3Kcnnya TallHOHHhle xapaKTepHCTHKH 3Toro MeTo,na ycxope

HH.H. 

3aKA10'l€HUe 

BHe,npeHHe o,nH03TanHoro pe>KHMa ycxopeHH.H .neii:TpOHOB 

H a - 'laCTHil CH.HJIO MHOrHe CJIO>KHOCTH B HaCTpOHKe, KOTOpble 

B .IJ;BYX3TallHOM pe>KHMe 6hiJIH o6yCJIOBJieHhl He06XO.IJ;HMOCTbiO 

nony'leHH.H MaKCHMaJibHoro 3axaaTa nyqxa Ha BTopoM 3Tane 

YCKOpeHH.H H MHHHMaJibHhiX llOTepb npH nepexo,ne MarHHTHOrO 

llOJI.H OT llOCTO.HHHOrO K pacTylJleMy. 0Tnana He06XO.IJ;HMOCTb 

B "CTOJie" MarHHTHOrO llOJI.H, cpaBHHTeJibHO CJIO>KHOM ynpaB

JieHHH aMnJIHTy,noii H 4la3oii ycxop.HIOIJlero Hanp.a:>KeHH.H, B oco-

6eHHOCTH npH nepexo,ne OT nepaoro 3Tana KO BTOpOMY. 

0.IJ;H03TallHhiH pe>KHM YCKOpeHH.H ,neii:TpOHOB H a -qacTHil 

OKa3aJIC.H npOCTbiM B HaCTpOHKe, Ha,IJ;e>KHhiM B pa6oTe, H 

npaKTH'IeCKH HH'IeM He OTJIH'IaeTC.H OT 06bi'IHOrO pe>KHMa 

ycxopeHH.H npoTOHOB. BMecTe c TeM nepexo.n Ha o,nH03Tan

Hhlii pe>KHM YCKOpeHH.H ll03BOJIHJI B HeCKOJibKO pa3 yBeJIH'IHTb 
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Puc. 4. OCI#UAAOZpaMMW cuzHaAa ny'lKa c nuKan- 3AeK•poc>a 
/aepXHUU AY'l/ U 6biCOKO'lQCJIOJIHOZO HanpJIJICeHUJI C YCKO· 
p.IIJOII#ezo 3AeK•pooa a pa3AU'lHWe ..wo..weH•r.• o• Ha'laAa ycKo
peHuJI: a - 100 MKC,6- 230MKC,6- 400MKC,Z- 750MKC, 
0 - 1,2 MC, e - 3,1 MC:, JIC- 5 MC, 3 - 10 MC /MaCIUJia6 
OAJI B. q. Hanp.IIJKeHUJI - 10 KB/KA/. 
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HHTeHCHBHOCTb ny'IKOB ,D.eiiTpOHOB H a- 'laCTHil no cpaBHeHHIO 

C ,D.BYX3TafiHhlM pe>KHMOM ycKopeHHJI. 
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