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HoBaR cncreMa CB51311 'laCTOTbi ycKopmourero Hanp>nKeHI!H 

c MarHilTHhiM norre'-t Ha CllHXporpa30TpoHe 011 Hll. (P n3pa6oTKa 

CTpyKTyphl II 8H8Jl1!3 norpeWHOCTeil) 

B pa6ore paccMaTpllBaeT~H npllHUilU nocrpoeHilH npeUil31lOHHOil CllCTeMhl 

CBH31l 'lBCTOTbT ycKopmowero HanpH>KeHilH c ~lllrHilTHhiM norre~1, pearrll30-

B8HHOli Ha CllHXpo<jla3oTpoHe OIIHII B 1976 r. AHaJIH3HpyioTc >1 norpewHOCTII 

OTJl€ilbHbiX 3Jl€M€HTOB CHCTe~tbi. 

CHCTeMa ru6Ka B HacrpoilKe H o6ecne'!HBaer ycKopeHHe KaK npoTOHOB, 

TaK II Slllep. 8hT6paHHhle T€XHII'l€CKHe peweHI!SI IT03BOl1Hl1H of\PCT1€'!HTb IT[ll1 

yCKOpeHI!H BbiCOKyiO CT86!Il1bHOCTb ITOl10>K€HHH ITy'lK8 ITO [l8LIHYCY (::_J MM). 

Pa6ora BbiiTOJIHeHa B Jla6oparopHH BbiCOKHX 3Heprl!li Ol!Hil. 

. llpenpBHT 06'1oeJlBHeHHOrO HHCTBTYT& •.11epHWX HCCneJlOBAHBi. ,lly6H& 1977 
L_ 

© 1977 06'1>eOuHeHHWU UHC•u•y• AOepHt.IX UCCAe006QHUU)1y6Ha 

Pa3pa60TKa npel(H3HOHHOH CHCTeMbl CBH3H qaCTOTbl 

ycKopximu;ero uanpx:>KeHHH c MarHHTHbiM noneM cTana ueo6· 

XO~HMOH B CBH3H C paCWHpeHHeM B03MO:>KHOCTeH HCnOnb· 

30BaHHH CHHXpO~a30TpOHa ~nH YCKOpeHHH nyqKOB H~ep C 

HHTeHCHBHOCTbiD HH:>Ke npe~enOB qyaCTBHTeflbHOCTH HH~yK· 

I.(HOHHblX 3neKTpO~OB. Ilo~~ep:>KaHHe BbiCOKOH CTafiHnbHOCTH 

nono:>KeHHH nyqKa no pa~Hycy oco6euuo aa:>KHO a pe:>KHMax 

Me~neuuoro H 6biCTporo BbiBO~OB nyqKa H3 ycKopHTenx. 

Ilo~o6Hble CHCTeMbifl-7/, npHMeHHeMbie Ha YCKOpHTenxx, 

OfibiqHo ~ononHeHbl ycTpOHCTBaMH aBTOMaTHqeCKOH KOppeK· 

I.(HH qaCTOTbl no HH~OpMal(HH 0 pa~HanbHOM H ~a30BOM no· 

no:>KeHHH nyqKa ycKopxeMbiX qacTHU, qTo no3aonxeT cymecT· 

BeHHO CHH3HTb TpefioBaHHH K HX TOqHOCTH H CTafiHnbHOCTH. 

KpoMe Toro ,Hcnonb30BaHHe TaKHX cHcTeM npH ycKopeHHH 

nyqKOB H~ep C MaflbiMH HHTeHCHBHOCTHMH 3aTpy~HHTenbHO 

H3·3a orpaHHqeHHblX B03MO:>KHOCTeH HaCTpOHKH annapaTypbl 

C BbiCOKOH TOqHOCTbiD H B WHpOKHX npe~enax npH nepexo • 

~aX OT YCKOpeHHH H~ep K ycKopeHHIO npOTOHOB, a TaK:>Ke 

H3 • 3a BflHHHHH ~pyr Ha ~pyra 3neMeHTOB CHCTeMbl npH 

annpOKCHMal(HH HenHHeHHOH ~YHKI.(HH OTpe3KaMH npHMblX. 

P~npa6oTanuax a Jla6opaTopHH BhiCOKHX 3HeprHil H 

3KCnnyaTHpyeMaH Ha CHHXpO~a30TpOHe C HIDnH 1976 ro~a 
HOBaH annapaTypa CBH3H qaCTOTM yCKOpHIDII.(ero Hanpx:>KeHHH 

c MarHHTHblM noneM a ~on:>KHOH Mepe y~oaneTaqpHna npe~'b

xaneHHbiM TpefioBaHHHM H noKa3ana BblCOKHe 3KCnnya Ta • 

I.(HOHHbie KaqeCTBa. 
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1. Tpe6oaaHWI K napaMe111paM cucaeMbl C6.R3U 'iOC1110111bl 
ycKOp.RK>UieZO Hanp.RJICeHUJI C MOZHU111HbiM noAeM 

llpH yCKOpeHBB 3apJI:lKeHHblX 'laCTBU B CBHXpOcilalOTpOHe 

qacToTa ycKOPJIIOmero uanpJI:lKeHB-JI f ~on:lKHa "cne~Tb" 
3a MarHBTHbiM noneM B B COOTBeTCTBBB C B3BeCTHblM 

3aKOHOM CBJI3B 

f=~ 
II 

B 

EOH A 2 2 
...}(--·-) +B 

300p z 

/1/ 

r~e q - KpaTHOCTb yCKOpeHBJI; C - CKOpOCTb CBeTa; 

n - nepBMeTp op6BTbl, paBHbiB ~nx CBHxpo~a30TpOHa OH.HH 

208 M; E OH • 3HeprBJI noKOJI qacTBUbl, npuxo~xmaxcx ua 

O~BH HyKnOH /0,938 M3B/; p - pa~BYC KpBBB3Hbl op6BTbl 

/28 M/; A - MaccoBoe qacno; Z - 3apJ1~ qacTBUbl B e~u

uuuax 3neMeHTapuoro 3apJI~a. 
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Puc. 1. Ce.R3b 'iac1II0111bl ycKop.RK>Uiezo Hanp.RxeHU.R c Maz
HU111HbiM noAeM OAJI npo1110H06 /1/ U OeU111pOH06 /2/. 3 -
nonpaeKa K 3aKOHY ce.R3U f c B OA.R oeuapoHoe npu ycKo
peHuu .ROep. 
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C yqeTOM TOrO, 'ITO HH~eKUHH B CHHXpO~a30TpOH KaK 

~eHTpOHOB H H~ep, TaK H npoTOHOB ocymeCTBnHeTCH llpH 

o~HOM H TOM ~e 3Ha'leHHH MarHHTHoro nonx B i = 0,23 ~erc, 
B COOTBeTCTBHH C ~OpMynOH /1/ Ha pUC. 1 npe~CTaBneHbl 
3aKOHbl CBH3H qaCTOTbl C noneM npH q= 1 ~nH npOTOHOB 

(A/Z=l> u ~eiiTpOHOB (A/Z=2). KaK cne~yeT H3 pucyHKa, npu 

nepexo~e OT yCKOpeHHH npOTOHOB K ycKopeHHID~eHTpOHOB 
Tpe6yeTcx JHa'IHTenbHax nepecTpoiiKa qacTOTbi B npe~enax 

OT 20011/o B Ha'lane yCKOpeHHH ~0 1 11/o B KOHUe. 

fipH YCKOpeHHH, TIOMHMO ~eHTpOHOB ,,J;pyrHX H~ep, y KO· 

TOpbiX A/Z= 2<1 + ~), MO~Ho ucnonb30BaTb 3aKoH CBH3H 

f c B ~nx ~eiiTpouoB: f d = c,b(B). O~HaKo npa 3TOM Tpe-

6yeTCH KOppeKUHH 'laCTOTbl L'if51 , BeJIH'IHHY KOTOpOH HeTpy~

HO nony'IHTb H3 /1/: 

AL11 

fd 

EOH 2 
(2--) 

300p 

E 0 H 2 2 
(2----) + B 

300p 

t\A 

A 
/2/ 

3aBHCHMOCTb 

(2~) 2 
300p 

KaK ~YHKUHH MarHHTHOrO no-

EOII 2 2 
(2---) + B 

300p 

nx noKa3aHa ua puc. 1. 
K TO'IHOCTH H CTa6HJibHOCTH llO~~ep~aHHH CBH3H qac

TOTbl f c noneM B npe~'bHBnHIOTCH ~oBOJibHO ~ecTKHe 

Tpe6oBaHHH, TaK KaK OTKJIOHeHHe 'laCTOTbl OT Tpe6yeMOrO 

3Ha'leHHH B npouecce yCKOpeHHH llpHBO~HT K OTKJIOHeHHIO 

llY'IKa TIO pa~Hycy B COOTBeTCTBHH C Bblpa~eHHeM 

L'lf 1 L'lR 
- = (-- - 1>- /3/ 

f y 2a R ' 

EH u 

y = -- • OTHOWeHHe llOJIHOH 3HeprHH qaCTHUbi, npa-

EOH 
r~e 

XO~HmeHCH Ha O~HH HyKnOH, K 3HeprHH llOKOH HyKnOHa; 
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R - cpe.IJ.HHii pa.IJ.HYC op6HTLI ycKopuTemi, paBHLiii · Er ; 
a - K03~HUHeHT paCWHpeHHB op6HT /.IJ.JIB CHHXpO~a30TpO-
Ha a = 2,56/. t\f 

06biqHO Tpe6yeTCB nO)l,)l,ep)f(aHHe -- CO CTa6Hnb-
-3 -4 f 

HOCTbiO He xy*e 10 7 10 , a a cnyqaBx npoxo)f()l,eHHB 

0 -s 0 -6 qepe3 KpHTHqecKyiO 3HeprHIO )l,a)f(e He Xy)f(e 1 -:-1 . 

~nB cunxpo~a3oTpoua OHJIH, HanpHMep, owu6Ka B qacTo

Te ±1.1 0-
3 

npH60)l.HT K OTKJIOHeHHIO nyqKa no pa)l.Hycy 

±5 CM B Ha'lane YCKOpeHHB H ±3 CM - B KOHUe. XOTB HeCTa-

6HJibHOCTb TaKoro nopB.IJ.Ka ne oKa3LIBaeT cy~ecTaeuuoro 

BJIHBHHB Ha pe)f(HM yCKOpeHHB, OHa CTaHOBHTCB BBHO He)l,O

CTa Toquoii .IJ.nB o6ecne'leHHB pe)f(HMOB Me)l,nenHoro H 6LJcT

poro BhlBO)l,OB nyqKa H3 YCKOpHTenB, r)l,e Tpe6yeTCB CTa-

6HJibHOCTb 'laCTOTbl Jiyqrne qeM ±1.10 - 4 • 

2. cJ>yHKIIUOHQAbHbiU npeo6pa30BQ111eAb 

Ha puc. 2 npe.IJ.cTaaneHa 6noK-cxeMa cucTeMbi CBB3H 

'laCTOTbl C MarHHTHblM noneM. BXO)l,HOB MHOr03JieMeHTHblB 

lfax-s 

HNnyAbC 8o 

ynpa8A111014H6 
HMilYA6Cbl 

I 

Puc. 2. .6AoK- cxeMa cucmeMbl CBJI3U. 1 - B - mauMep; 
2 - peeepCUBHbiU C'lelii'IUK; 3 - 6AOK ~OpMUPOBQHUJI ynpae
AJIIOU4UX UMnyAbCOB; 4 - UH111e2pa111op; 5 - 3QOQIOU4UU zeHe
pamop; K1 , K 2 ••• K n - 3AeKmpoHHble KAIO'IU; 6 - annapa
mypa ynpaBAeHUJI peJKUMQMU ~U3U'IeCKUX 3KCnepUMeH11106. 
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aTTeHIOaTOp, ynpaBnBeMLIB 3JieKTpOHHhlMH KJIIOqaMH, HH

TerpaTOp, B -TaiiMep, peaepcHBHbiB cqeTqHK H 6noK ~op
MHpoaaHHB ynpaBJIBIO~X HMnynbCOB BBJIBIOTCB OCHOBHLIMH 

3neMeHTaMH ~YHKUHOHanbHoro npeo6pa3oBaTenB. Ha BXO.IJ. 

HHTerpaTopa qepe3 ynpaanBeMLIB aTTeHIOaTop no)l,aeTcB Ha

npB)f(eHHe C HH.IJ.YKUHOHHOB KaTyWKH, KOTOpoe nponopuuo

HaJibHO CKOpOCTH H3MeHeHHB HH)l.YKUHH MarHHTHOrO nonB 

a 3a3ope 3neKTpoMarHHia ycKopuTenB. HanpB)f(eHHe Ha BLI

xo)l.e HHTerpaTopa U M ,Mo)l.ynupyiO~ee qacToTy 3a)l,aro~ero 
reHepaTopa, MO)f(eT 6biTb npe.IJ.cTaaneHo B BH.IJ.e 

UM 
AK ·K 

<B-B o>• /4/ 

r)l,e AK - K03~HUHeHT nponopuuonanbHOCTH, 3aBHCB~Hii 
oT napaMeTpoa KaTyWKH; r = r 0 c0 

- nocTOBHHaB apeMeHH 

HHTerpaTopa; K - K03~~HUHeHT nepe.IJ.aqu axo)l.noro aTTe

HIOaTopa; B0 H B - cooTBeTCTBeHno HH.IJ.YKUHB MarnHTHoro 

nOJIB B MOMeHT BKJIIOqeHHB HHTerpaTopa H B HeKOTOpblB 

3a)l,aHHhlB MOMeHT BpeMeHH. 

AHanorH'IHO npHMenBeMoMy ua cepnyxoBCKOM cuuxpo

TpoHe /7/ ~YHKUHOHaJibHhlB npeo6pa30BaTenb BblllOJIHBeT 

)],Be ~YHKUHH. JIBJIBBCb )l,aTqHKOM MarHHTHOrO nOJIB, OH 

O)l,HOBpeMeHHO ~opMHpyeT neo6XO)l.HMYIOHenHHeBHYIO~YHK
UHIO U M = F<B). 0.IJ.HaKo a oT nH'IHe oT ycTpoiicTBa /7 I a 

uaweii annapaType uenHHeiiHaB ~YHKUHB nonyqaeTcB ue 3a 

C'leT yBeJIH'IeHHB nOCTOBHHOB BpeMeHH HHTerpaTopa T no 

Mepe nO)l.KJIIO'IeHHB KOH)l,eHCaTOPOB B o6paTHOB CBB3H npH 

OTKpbiBaHHH )l.HO)l.OB, a 3a cqeT H3MeHeHHB K03~HUHeHTa 
nepe.IJ.a'IH aTTeniOaTopa K npH nooqepe)l.noii pa6oTe KnJOqeii 

B 3JieMeHTaX aTTeHIOaTopa. 

HMnynbCLI c B -TaiiMepa, cne)l.yiO~He )l.pyr 3a )l.pyroM 

C waroM 1 Fc, nepeC'IHTLIBaiOTCB peaepCHBHhlM cqeT'IHKOM, 

KOTOpbiB npH pacTy~eM MarHHTHOM none pa6oTaeT B pe)f(H

Me CJIO)f(eHHJl, a npH Clla)l,aiO~eM - B pe)f(HMe Bhl'IHTaHHB. 

llepeXO)l, OT CJIO)f(eHHB K BLJqHTaHHIO H o6paTHO npOHCXO

)l,HT aaToMaTuqecKH no KOMaH)l,aM c B -TaiiMepa. HH~OpMa
UHJI o 3anonHeHHH cqeTqHKa nocTynaeT ua 6noK ~opMupo
BaHHJI, KOTOphlB Bhlpa6aTLJBaeT Ha CBOHX BhlXO)l,aX HMnynb

Chl, COOTBeTCTBYIO~He onpe)l.eneHHLIM 3HaqeHHBM MarHHT

HOrO nonB. llepBhlB HMnynbC, BKJIIOqaiO~HB nepBhlB KJIIO'I, 
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$opMHpyeTCJI OT "HMnynhCa B 0 ", KOTOphiH, JIBllJIBC.h CTap· 

TOBhiM HMnynhCOM HHTerpaTopa H B·TaiiMepa, "npHBB3aH" 

K MarHHTHOMY nomo 100 rc. BTopoii HMnynhC BhiKmoqaeT 

nepBhiH Kmoq H BKmoqaeT BTOpOH. TpeTHH HMnynhC BhiKmO· 

qaeT BTOpOH Kmoq H BKmoqaeT TpeTHH H T .)).. 

TaKHM o6pa30M, HMnynhChl c 6noKa $opMHpoBaHHJI yn

paBnBIOT nocne.n.oBaTeJihHOCThiO pa60Thi Knroqeii B 3neMeH

Tax aTTeHroaTopa, npHqeM B pe)KHMe pacTyiQero MarHHT· 

Horo nonJI nooqepe.n.HaJI pa6oTa KniOqeii npoHCXO.IJ.HT B npBMoii 

nocne.n.oBaTenhHOCTH, a B pe)KHMe cna.n.aiOIQero nonJI - B 

o6paTHoii. A 
EcnH yqecTh, qTo -~ • K 

T 

TB3Ha BHTerpaTOpa, paBHaH 

eCTh He qTo HHOe, KaK Kpy

JUM 

JB 
TO 3aBHCBMOCTh Ha· 

npB)KeHHJI Ha Bhixo.n.e HHTerpaTopa OT MarHBTHoro nonH 

MO)KHO npe)l.CTaBBTh B BH)l.e 

N auM 
U = ~ (-) <B - B 

1 
) , 

M n= 1 JB n n n-
/5/ 

r.n.e n - HOMep 3neMeHTa aTTeHIOaTopa. EcnH npB pa6oTe 

HeKOToporo 3neMeHTa c HOMepoM N MarHBTuoe none Ha

qHHaeT cna.n.aTh, TO UM uaqBuaeT yMeHhWaThCJI, TaK KaK 

pa3HOCTh (Bn - B n-1) CTaHOBBTCJI OTPHUaTenhHOH. 

Ilooqepe.n.Hoe no.n.KniOqeHHe 3neMeHTOB a TTeuroa Topa KO 

BXO.IJ.Y BHTerpaTopa HapJI.IJ.Y C WBpOKHMB npe.n.enaMB pery

nHpOBOK conpOTHBneHBH B Ka)K)l.OM 3lleMeHTe n03BOJIJieT 

annpoKCBMBPOBa Th HeJIBHeiiuyiO $yHKUHIO U M = F<B) ua Ka)K

)l.OM yqaCTKe KaK C 6onhWeii, TaK H C MeHhWeH KPYTB3HOH 

no cpaBHeHHIO C npe)l.hl.ll.YIQBM yqaCTKOM, B pe3yllhTaTe qe· 

ro CHHMaiOTCJI KaKHe- nH60 OrpaHHqeHHJI Ha $opMy MO)l.YJIB

UHOHHOii xapaKTepHCTHKH 3a)l.aiOIQero reHepaTopa. 

Hcnonh30BaHHe npeUH3HOHHoro HHTerpaTopa c Heo6-

XO.IJ.HMhiM qHCJIOM 3neMeHTOB aTTeHIOaTopa Ha 6a3e BhiCOKO· 

CTa6HnhHhiX pe3HCTOPOB, 6hiCTpO)l.eHCTBYIOIQHX 3lleKTpOHHhiX 

KniOqeii C BhiCOKHMH COnpOTHBlleHHJIMH B 3aKphiTOM COCTOB

HHH H HB3KBMH B OTKPhiTOM npH)l.aeT npeUH3HOHHOCTh $yHK· 

UBOHanhHOMY npeo6pa3oBaTenro B uenoM H o6ecneqHBaeT 

BhiCOKyiO CTa6HJihHOCTh H TOqHOCTh HaCTpOHKH HellHHeHHO 

H3MeHBIOIQerocB HanpJI)KeHHB, MO.IJ.YJIBpyroiQero qacToTy 3a-

8 

)l.aiOIQero reHepaTopa B COOTBeTCTBHB C 3aKOHaMH CBJ13B 

KaK npB YCKOpeHBB JI)l.ep, TaK B npOTOHOB. 

3. 3aoai011#Url zeHepamop 

0CHOBHhle Tpe60BaHBJI, npe)l.'hJIBnBeMhle K 3a)l.aiOIQeMy 

reHepaTOpy, CBO)l.JITCB K peanB3aUB BhiCOKOH CTa6BnhHOCTB 

ero Mo.n.ynJIUBOHHoii xapaKTepBCTBKH /He xy)Ke qeM 1.10-4 1 
H CnOC06HOCTB MO)l.ynBpOBa Th qaCTOTY B )l.Bana30He /0,17 

71,5/ MT~J. Ha ocHoBe aHanB3a B03MO)I(Hhlx cxeM wBpoKo

.IJ.Bana30HHhiX reHepaTopoB, cnoco6HhiX y.n.oBneTBOpBTh 
npe)l.'hJIBlleHHhiM Tpe60BaHBJIM, B OCHOBY pa3pa60TKB 6hlna 

nono)KeHa cxeMa reHepaTopa reTepo)l.BHHoro TBna c qac

TOTHo·Mo.n.ynBpyeMhiM jqMj reHepaTopoM. Mo.n.ynBUBJI qac

TOThl Kone6a TenhHoro KOHTypa qM- reHepa Topa ocyiQecT

BnJieTCJI H3MeHeHBeM eMKOCTH p-n nepeXO)l.OB nonynpOBO)l.· 

HBKOBhiX )l.BO)l.OB, BCnOllh3yeMhiX B KaqeCTBe MO)l.YllBTOpa. 

CBrHan qacTOThl Y3KO.IJ.Bana30HHoro qM- reHepaTopa, 

Mo.n.ynBpyeMoro B )l.Bana3oHe /5,17 6,5/ MT~J npB no.n.aqe 

HanpJI)KeHBJI CMeiQeHHJI Ha )l.BO)l.hl, CMeWBBaeTCJI C CHrHanOM 

KBapueBoro reHepaTopa Ha qacToTe 5 MT~J. H3 cneKTpa 

npeo6pa30BaHHhiX CBrHaJIOB C nOMOIQhiO $BllhTpa HB)KHBX 

qacTOT Bhl)l.enJieTCJI CBrHan C pa3HOCTHOH qaCTOTOH B )l.Ba • 

na3oHe /0,171,5/ MT~J. Mo.n.ynJIUBOHHaJI xapaKTepHCTBKa 

3a)l.aiOIQero reHepa TOpa C HCnOllh30BaHBeM )l.BO)l.OB ,[(813 B Ka • 

qecTBe MO.IJ.YllJITopa noKa3aHa Ha puc. a KaK cne.n.yeT B3 

PHCYHKa, MO.IJ.YllJIUHOHHaJI xapaKTepBCTBKa CBllhHO HenB· 

HeiiHa B ee KPYTB3Ha B3MeHJieTcJI OT 800 KT~J/B B Haqane 

)l.Bana30Ha MO.IJ.YllJIUBB )l.O 50 KT~J/B B KOHUe ero. 

Bcne.n.cTBHe y3oCTB )l.Bana3oHa qM -reHepaTopa a6co

nroTHaB HeCTa6BnhHOCTh qaCTOThl npB6llH3BTellhHO nOCTOJIH· 

Ha. Cne.n.oBaTenhHO, a6conroTHaJI HecTa6BnhHOCTh pa3HocT

Hoii qacTOThl, paBHaH a6coniOTHOH HeCTa6HnhHOCTB qM • re

HepaTopa, TaK)Ke nocTOJIHHa B )l.Bana3oHe /0,171,5 MT~J/. 
O.n.HaKo TaK KaK npouecc npeo6pa3oBaHBJI ocyiQeCTBnBeTCJI 

C nOHB)KeHBeM qaCTOThl, TO OTHOCBTenhHaJI CTa6BllhHOCTh 

pa3HOCTHOH qaCTOThl nOHB)KaeTCJI Bkpa3, r)l.e k- K034JcllB· 

UBeHT reTepO)l.BHaMBPOBaHBB, T.e. B 50 pa3 Ha qaCTOTe 

0,1 MT~J B B 4 pa3a Ha qacToTe 1,5 MT~J. 3To 03Haqa

eT, qTo .n.nJI nonyqeHBJI cTa6HnhHOCTB 3a.n.aiOIQero reHepaTo-
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Puc. 3. MooyAJII.#UOHitaJI xapaKmepucmuKa 3aOG10Uie2o 2eHe
pamopa. 

pa ny•une 'leM 1.10-4 
ua uaqanLHOH qacToTe pa6oqero 

JJ.Hana3oHa 0,1 Mrl.# 4M-reH~J>aTop JJ.OmKeH o6naJJ.aTL cTa-

6unLHOCTbiO nyqrne 'ICM 2.10 . fipH 3TOM CTa6HnbHOCTh no 

)].Hana30HY 6y)].CT B03pacTaTb H Ha 'laCTOTC 1,5 MFI.# COCTa

BHT - 7.10-6 • TaKaH CTa6HnbHOCTb o6ecne'IHBaCTC11 CTa6HnH-

3aUHCH nHTalOJ.UHX 4M- reuepaTop HanpH)I(CHHH H TepMOCTa

THpOBaHHCM BCCX ero 3nCMCHTOB npH CTa6HnbHOCTH TeMne

paTypbl ue xy)l(e ±0,01 o C. 

4. 0 paccmaHoeKe ynpae/lJIIOUIUX uMnyAbcoe 
no MQ2HU111HOMY n0/110 

Ecnu H3BeCTHa «iJYHKUHH UM = F<I3l u ee npoH3BOJJ.Hbie 

npH HCKOTOpOM 3Ha'ICHHH Bn, TO 

2 r 
F<B +L'lBl=F<B )+ L'lBF'<B l+ (L'lBl F"<B )+ .. + (L'lBl Ff<B l. 

n n 1' n 2, n n1 n 
• • l.. 161 

TaK KaK a JJ.CHCTBHTenLHOCTH qneHbi c yaenuqeuueM HOMepa 

6biCTpO y6LIBalOT, TO OTKnOHCHHe annpoKCHMHPYIOIUCH «iJyHK

UHH OT )].CHCTBHTenbHOH COCTaBHT 

10 

~~ 

' 

:I 
\ 

2 
L'lU =F<B +L'lBl-F<B )-~B·F'<B k ~F"<B ). 

M n n n 2 n 
/7/ 

3Ha11 MO)].ynHUHOHHYIO xapaKTepHCTHKY 3a)].alOIUero reHe

paTopa u y'IHTblBaR, 'ITO 

AU ~~-M 
M cJf 

1
, 

H 

iJU M () 2f J 
2 

tJ M (If 2 
F"<Bl= ---.-- + (-) 

(If rJB 2 df 2 rJB 
I' I' 

H3 «iJopMyn 13/, /7 I, 181 u /9/ uaH:JJ.eM 

2(--1- _ (JlJM f 
2 1) ---:-- • - . r\H 

AB~ ±I -~--~-I' __ H 
. ') 

(! lJ M 

r'Jf I' 

') 

(I ~ f 
~--')- t 

rJB ~ 

r! ~ lJ M ( rl f 2 
. 2 -) 
r!f 

1
• (IB 

/8/ 

/9/ 

1/z 
/10/ 

Cne)].yeT 3aMCTHTb, 'ITO B COOTBCTCTBHH C «iJopMynOH 

1101 annpoKCHMaUHH B TO'IKe F =<B±ABl.D.aeT OTKnoueuue 

+ t\R ~ ~ "' - ---
2

- OT )].CHCTBHTCnbHOH '!'YHKUHH B HHTepaane MarHHTHOrO 

non11 2AB. Ha puc. 4npeJJ.CTaaneua 3aBHCHMOCTb 2!\B = ¢(B) 

npH t\R = ±0,5 CM )].nH npOTOHHOro H )].CHTpOHHOrO 3aKo

HOB CB113H f c B IHHTepaan )].0 500 rc xapaKTepeH )].nH 

3aKOHa CB113H Ha nepBOM 3Tane lsCKOpeHHH HJ].Cp B pe)I(HMC 

«iJopcupoaaHHH MarHHTHoro non11 B/ I. 
Kpuawe puc. 4 HBHnHcb ocuoaoH: JJ.nH "paccTaHOBKH" 

HMnynbCOB, ynpaBnHIOJ.UHX pa60TOH KnlO'ICH, no non10. 

B JJ.Hana3oHe 10,16-:-0,51 KFc rnar "paccTaHOBKH" HMnynL

coB paaeH 10 rc. B J].Hana30HaX /0,5-:-1,251 KFC H 

12,6-:-7,21 KFC 3TOT lUar B03pacTaeT B COOTBCTCTBHH C 

KpHBOH 2, a B J].Hana3oHe 11,25-'-2,6/ KFC - C KpHBOH 1. 
,lJ;nH B03MO)I(HOCTH ynpaaneHHH pa)].HanbHbiM nonO)I(CHHCM 

nyqKa B COBMCIUCHHblX pe)I(HMaX 4JH3H'ICCKHX 3KCnepHMeH-

11 



2A8 rc 
2 

W/00 

8110 

600 

4oo 

2110 

JJ Krc 

2 * G 8 TO 12 

Puc. 4. 3aeucuMocm& waza "paccmaHoeKu" ynpaeAJIIOUIUX 
UMnyAbCOB 0111 eeAU'IUHbl MQ2HU1/IH020 nOAJI npu ~R non = 
= ;!:.0,5 CM OAJI 3aKoHoe CBJI3U f u B npu ycKopeHuU npo
moHoe /KpUBQJI 1/ U OeiimpOH06 /KpUBQJI 2/. 

TOB mar paccTaHOBKH HMnynbcoa B .nuana3oHe nonx /7,2 7 
7 12/ KFc npHHHT paBHblM 0,8 KTc. B pe3ynbTaTe 80 :me
MeHTOB annpOKCHMaUHH o6ecnequaaroT HaCTpOHKY 3aKOHOB 
CBH3H KaK llpH YCKOpeHHH llpOTOHOB, TaK H H,nep /B TOM 
qucne H B pe:>KHMe 4JopcupoaaHHH MarHHTHoro nonx/ c oT
KnOHeHHeM nyqKa llO pa,nuycy, He npeBblmaiOIUHM ±0,5 CM 
OT cpe,nHeH op6HTbl. 

5. Tpe6oeaHUJI K cma6uA&Hocmu fPYHKijUOHaA&Hozo 
npeo6pa3oeameAJI 

a/ B- TaHM e p 

HecTa6unbHOCTb mara b B -TaiMepa, paBHax o = ~. 
npHBO,nHT K HeCTa6HnbHOCTH "npHBH3KH" K MarHHTHOMY no
niO HMnynbCOB, ynpaanxroiUHX pa6oTOH Knroqei, a cne.noaa
TenbHO, H K HeCTa6HnbHOCTH MO,nynHpyiOIUero HanpH:>KeHHH 

12 

, ... u 
MB 

80 au 
=0 I. (___2!) 

n+l aB n 
<B -B ) . 

n-1 
/11/ 

n 

B pe3ynbTaTe HecTa6HnbHOCTb qacTOTbi ycKopHIOIUero 
HanpH:>KeHHH COCTaBHT 

ar 8o au 
~f = _r_ ·0! (-M-) (B -B ), 

fl auM n=l aB n n n-1 
/12/ 

r.ne 
ar r 

- KPYTH3Ha Mo,nynxuuoHHOH xapaKTepHCTHKH 
au M 

3a,naroiUero reHepaTopa, xanHIOIUaxcx 4JyHKUHeH Mo,nynupyro-
IUero Hanpx:>KeHHH. 

Ha puc. 5 npe,ncTaaneHa 3aBHCHMOCTb }_.(~) 
o f B 

OT 

MarHHTHoro nonx .nnx ,neiTpOHHoro 3aKoHa CBH3H, paccqu
TaHHaH B COOTBeTCTBHH C Bbipa:>KeHHeM 

1-' 10
6 

rd_ 

"':I s 

it 

3 ::::> .c =- -c===:::J 3 

2 2 

B~ 
o~------z~----~*~----~6~----~B------~l~a------~,z~ 

Puc. 5. IIozpewHocmu <~acmom&z ycKOPJIIOUiezo HanpJIJICeHUJI, 
o6ycAOBAeHHble B - mauMepoM /KPUBQJI 1/, ynpaBAJieMbiM 
ammeHwamopoM /KpueaJI 2/u opeii,PoM KAJO<~eii u uHmezpamo
pa /KpUBQJI 3/, KQK fPYHKijUJI MQ2HU111H020 nOAJI. 
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_!_(~-) 
(j f ll 

ar so au 
_r_.I, (~) (B -B ) 
au n -I aB n n n -I M -

/13/ 

f(B ) 
n 

r.ne f(Bn) Bbl'IHCnReTCR no cllopMyne /1/. 

113 pucyuKa cne.nyeT, 'ITO ecnu .nonycTHTb BKna.n B -
TaHMepa B HeCTafiHnbHOCTb 3aKOHa CBH3H 'IaCTOTbi C noneM 
±1 ,5.10-

5 
B .nuanaJoue MarHHTHoro nonH /3 -;-13/ KTc, TO 

B -TaiiMep .non:>KeH o6na.naTb cTa6unbHOCTbiODOPH.IJ.Ka±5.10-.? 

6/ YnpaanJieMbiH aTTeuroaTop 

Ko3<W>uu.ueuT nepe.naqu aTTeuroaTopa B cooTBeTCTBHH 
co cxeMoii puc. 2 Bbipa:>KaeTCH «PopMynoii 

K = 
n 

r 

r 
n 

+ (1 ~ _r_) 

ro 

/14/ 

r.ne no.n r n no.npa3yMeaaeTCR cyMMapuoe conpOTHBneuue 
pe3HCTOpa H OTKpbiTOrO KniO'Ia. 

HecTafiHnbHOCTb conpoTHBneuuii OTKpbiTbiX H JaKpbiTbiX 
Knroqeif npHBO,IJ,HT K HeCTafiHnbHOCTH K03cPcPHU.HeHTa nepe
,IJ,a'IH aTTeuroaTopa. TaK KaK B Ka:>K.IJ.biH MOMenT apeMeHH 
conpoTHBneuue ~ wyHTHpoaauo conpoTHBneHHHMH acex 
ocTanbHblx 79 JaKpbiTbiX Knroqeii rm, TO uecTafiunbuocTb 
K03cPcPHU.HeHTa nepe,IJ,a'IH COCTaBHT 

"lK 1 .\r r 
__ n "'------- (--n- ~ ~-
K r r r 1 n n n U 

1+ --0+-r-) 

~~). 
rtll 

/15/ 

r r 0 

,lJ;nR yMeHbWeHHH BnHHHHR CODpOTHBneHHH KniO'IeH Ha He
cTa6HnbHOCTb Mo.nynupyrolll,ero uanpR:>KeHHH u.enecoo6pa3uo 

HMeTb fOTKp <<r n <<r lll , r,IJ,e f OTKp- COllpOTHBneHHe OTKpbi
TOrO Knroqa. Ha ocuoae pa3pa6oTauuoro TpaHJHCTopuoro 

14 

Knroqa, ofina.narolll,ero conpoTHBneHHHMH B OTKpbiTOM H Ja
I<pbiTOM COCTOHHHJIX COOTBeTCTBeHHO - 15 OM H ;:::: 1011

0M, 

ueTpy.nuo y.noaneTBOPHTb .nauuoMy ycnoauro npu H3Meueuuu 
fn OT HeCI<Onbi<HX COTeH OM .zio HeCKOnbKHX ,IJ,eCHTKOB 
KHnOOM /pe3HCTOpb1 Tai<HX HOMHHanoB HCDOnb30BaHbi B 
uaweM cPYHKU.HOHanbHOM npeo6pa3oaaTene/. 

JinarO,IJ,apH DO,IJ,,IJ,ep:>KaHHIO KniO'IeBbiX TpaH3HCTOpOB B ofi
naCTH HaCbllll,eHHJI H CTafiHnH3aU,HH ynpaBnHIOIIJ,HX HanpR:>Ke
HHH, ofiecne'IHBaeTCJI DOCTOJIHCTBO COllpOTHBneHHH OTKpbi
TbiX I<nroqeif. HaufionbWHH BKna.n, BHOCHMbiH KniO'IaMH B He
CTafiHnbHOCTb MO,IJ,ynHpyiOlll,ero HanpR:>KeHHH, HMeeT MeCTO 
npu H3MeHeHHH TeMnepaTypbl OKpy:>Karolll,eii cpe.IJ.bl, Kor.na 
OTI<nOHeHHR COllpOTHBneHHH BCeX Knroqeif B OTKpbiTbiX co
CTORHHJIX HMeiOT O,IJ,HH 3HaK. EcnH npe.nnonO:>KHTb, 'ITO OT
HOCHTenbHOe H3MeHeHHe COllpOTHBneHHH r OTKp H f lll B Ja
BHCHMOCTH OT TeMnepaTypbi O,IJ,HOrO DOpR,IJ,Ka, TO npH ,IJ,aH
HbiX napaMeTpax Knroqeif H MaKCHManbHOH BenH'IHHe r 

11 
B 

HeCKOnbKO ,IJ,eCRTKOB KHnOOM 

~r r t\r lll 
_n_ >> _n_ • -- • /16/ 
rn rlll rlll 

HecTafiHnbHOCTb Ko3<W>uu.ueuTa nepe.naqu ynpaanReMoro 
aTTeHIOaTopa npHBO,IJ,HT K HeCTafiHnbHOCTH 'IaCTOTbl YCKOpRIO
Ill,ero HanpR:>KeHHR, KOTOpaR C yqeTOM /1/, /6/, /15/ H /16/ 
6y.neT paaua 

(Jf l' 

\f iJUM RO 
(-) = ----. I. 

f a rm ) n~l 
n 

1 

r r 1 ~ _n_(l + --) 
r r 

0 

iJll 
.\r 'M) (ll -Bn-1). .!:'-(-~n n ·- an 

rn 

/17/ 

~f 
Ha puc. 5 noKaJaua 3aBHCHMOCTb (-f-) a OT MarHHTHoro 

nonH, paCC'IHTaHHaH B COOTBeTCTBHH C Bblpa:>KeHHeM /17/ 
,IJ,nH ,IJ,eHTpOHHOrO 3aKOHa npH HeCTafiHnbHOCTH CODpOTHBne-

~r OTKp 
HHH OTI<pbiTbiX Knroqeii = 1%. HcnbiTaHHH pa3pa6o-

roTKp 
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TaHHbiX KllJO'IeH UOKa3anH, 'ITO H3MeHeHHe HX COllpOTHBne • 

HHH B OTKpbiTbiX COCTOHHHHX He npeBbiWaeT 1 o/o B ,D;Hana30He 

H3MeHeHHH TeMnepa Typbl OKpy)KaiOll\eH cpe,nbl OT 20 ,D;O 

,no 30° C. XapaKTepHO, 'ITO HaH60llbWHe OTKllOHeHHH B qac • 

ToTe HMeiOT MecTo npH B = 0,5 KTc H a KOHUe UHKna yc· 

KOpeHHH H COCTaBllHIOT COOTBeTCTBeHHO 6.10-
6 

H 4,5.10 -
6

• 

Bl 11. H T e r p a T 0 p 

Ha CTa6HllbHOCTb MO,D;ynHpyiOll\ero HanpH)KeHHH OKa3bi· 

BaiOT BllHHHHe ,npe:H<i> BHyTpeHHeH 3)l.C pa6oTaiOll\HX nooqe • 

pe,nHO KlliO'IeH f kn H npHBe,neHHbiH KO BXO,D;y co6CTBeHHbiH 

,npe:H<l> HHTerpaTopa <
11 

• TaKHM o6pa3o~: npHnO)KeHHaH KO 

BXO,D;y HHTerpaTopa HeKOTOpaH 3)l.C ,npeH<i>a fro , paBHaH 

1181 f =fk +< , 
AP n 11 

npHBO,D;HT K OWH6Ke B BblXO,D;HOM HanpH)KeHHH HHTerpaTopa 

<A B-B 0 ~ u - _12._ • ----
MAP- T B , 1191 

a cne,noBaTellbHO, H K OTKllOHeHHIO qaCTOTbl OT Tpe6yeMOrO 

3aKOHa CBH3H 

cJfr 

~f dUM <1!1L • B- BQ_. 1201 (-) = ---- • - • 
f J\P f(B) T B 

XOTH ,npe:H<i> OT,D;ellbHbiX KllJO'IeH MO)KeT 6LITb KaK nono· 

)KHTenbHbiM, TaK H OTpHUaTellbHbiM, HaH60nbwee OTKllOHe· 

HHe qacTOTbi 6y,neT B TOM cnyqae, Kor.na ace KnJO'IH 6y,nyT 

HMeTL ,npe:H<t>,coana,naiOll\HH no JHaKy c co6cTBeHHLIM ,npe:H· 

<l>oM HHTerpaTopa. Ha puc. 5 noKaJaHa JaBHCHMOCTb (/'.flf)Ap 
KaK <i>YHKUHH MarHHTHOrO llOllH ,nnH ,neHTpOHHOrO JaKOHa B 

COOTBeTCTBHH C <i>opMyno:H 1201 npH cAP = 30 MKB laenH· 

'IHHa < AP = ±30 MKB peanHJOBaHa B HaweM <i>YHKUHOHanLHOM 

npeo6pa3oBaTenel. 11.3 pHCYHKa cne,nyeT, 'ITO HaH6onLwaH 

norpewHoCTb B qacToTe Ha6nro.naeTCH npH B = 0,37 KTc 
1~6.10 - 6 I H B KOHUe UHKna ycKopeHHH I- 3.10-6 I. 
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6. 3KcnepuMeHmaAbHble pe3YAbmambr 

HoBaJI CHCTeMa CBJI3H qaCTOTbl yCKOpJIIOll\ero HanpJI)Ke • 

HHJI C MarHHTHbiM noneM 3KCUnyaTHpyeTCJI Ha CHHXpO<i>aJO• 

Tpoue 011Jil1 c HJOnJI 197 6 r. P acnono)KeHHe 6noKoB <i>YHK • 

UHOHanbHOrO npeo6pa30BaTenJI B CTOHKaX llOKa3aHO Ha 

puc. 6. 
B O,D;HOH H3 CTOeK pa3Mell\eHbl HHTerpaTOp H ,D;Ba 6noKa 

ynpaBnJieMoro aTTeuroaTopa, B ,npyroB: CTOii:Ke - 80-Ka

uanLHbiH 6noK <i>opMHpOBaHHJI ynpaBnJIIOIUHX HMnynbCOB, 

Puc. 6. Oo~uu auo annapamypbl ¢YHK~uoHaAbHozo npeo6-
pa3oaa•eAA U ynpa6A€HUA peXUMQMU ¢U3U~€CKOZO 3KCne· 
pUM€H1JIQ. 
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6noK B - TaH:Mepa c pesepcHBHbiM C'ICT'IHKOM H annapa Typa 

ynpasneHHX pe>KHMaMH cPHJH'IeCKHX 3KcnepHMeHTOB. B HH>K

HeH: 'laCTH o6eHX CTOCK Haxo,nXTCX HCTO'IHHKH nHTaHHX 

+5, +12 H ±24 B. 
3a,naiOII.\HH reHepaTop pa3MCII.\CH B OT,nCJlbHOH CTOHKe, 

KOpnyc KOTOpOH no,nKJIIO'ICH K "3CMJie" B TO'IKC JaJeMJICHHX 

HHTerpaTopa. Enaro.napx JaJeMJieHHIO reHepaTopa no "nna

saromeH:" cxeMe, a TaK>Ke HcnonLJOBaHHIO Ha sxo.ne reHepa

Topa .nenHTenx Mo.nynHpyromero Hanpx>KeHHX, .nesHaUHX qac

TOTbl OT cPOHOBbiX COCTaBJIXIOII.\HX CHH>KeHa Ha ,nsa nopX,nKa 

no cpasHeHHIO c ee senH'IHHOH a cTapoH: cHcTeMe csxJH I 4/ 
H He npesocxo,nHT ±2 Til Ha Ha'laJlbHOH 'laCTOTe 100 rij. 
Ha KOHC'IHOH 'laCTOTe 3Ta ,neBHali,HX COOTBCTCTBCHHO B 

15 pa3 MCHbWC. 

B Hox6pe- .neKa6pe 1976 r. no'ITH a Te'leHHe Mecxua 

HenpepbiBHOH pa60Tbl CHHXpOcPaJOTpOHa Ha YCKOpeHHC a -
'laCTHI.I, 6hiJIO npose,neHO H3MepeHHe CTa6HJibHOCTH CBX3H 

f H B a .nsyx HaH6onee xapaKTepHbiX TO'IKax npH B = 
= 680 Tc, r,ne MO>KCT HMCTb MCCTO HaH60JibWaX HCCTa-

6HJlbHOCTb cPYHKI.I,HOHaJlbHOrO npeo6pa30BaTeJIX /eM. puc.5j 
H npH B = 9 KTc. MaKCHMaJILHoe OTKJIOHeHHe a qacTOTe 

YCKOpXIOlll,ero HanpX>KCHHX Ja 3TOT HHTepsaJI BpeMeHH co

CTaBHJIO ±6.10-5 npH B= 680 rc H ±3.10-
5 

npH B = 9 KTc, 
'ITO a nepec'leTe Ha HecTa6HJibHOCTb pa.nHaJibHoro nono

>KeHHX ny'IKa COOTBeTCTByeT ±3 MM npH B = 680 Tc H ±1 MM 
npH B = 9 KFc. 

3aK/l10~€HU€ 

C BBO,nOM B 3KCnnyaTali,HIO HOBOH CHCTeMbl CBX3H ycT

paHeHbl MHOrHe Tpy,nHOCTH, CBX3aHHble C OCyll.\eCTBJieHHeM 

pe>KHMOB Me,nJieHHOrO H 6hiCTpOrO BbiBO,nOB ny'IKa H3 yCKO

PHTCJIX. 06na,nax BbiCOKOH CTa6HJibHOCTbiO, CHCTeMa no-

3BOJ1HJ1a onepaTHBHO H C BbiCOKOH TO'iHOCTbiO npOH3BO,nHTb 

nepeCTpOHKY JaKOHa CBX3H npH nepexo,nax OT ycKopeHHX 

O,nHHX 'laCTHI.I, K yCKOpeHHIO ,npyrHX, a TaK>Ke o6ecne'IHTb 

COBMell.\eHHe B o,nHOM I.I,HKJie H B pa3JIH'IHbiX KOM6HHali,HXX 

pe>KHMOB Me,nJieHHOrO H 6biCTpOrO BbiBO,nOB nyqKa H3 YCKO

pHTCJIX. 
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C nOMOII.(biO HOBOH CHCTeMbl B cl>espane- MapTe 1977 r. 

Ha CHHXPOcPaJOTpOHe ocymeCTBJieHO yCKOpeHHe ny'IKOB x,nep 

yrnepo,na H KHCJIOpo,na MaJIOH HHTeHCHBHOCTH npH nOJIHOM OT

CYTCTBHH HHcPOpMali,HH 0 ny'IKe C HH,nyKI.I,HOHHbiX 3JleKTpo

,nOB H npose,neHbl cPH3H'ieCKHe 3KCnepHMeHTbl. 
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