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B cna6oclJoKycapyJO~Hx KonL~eBbiX ycKopaTen.Hx 3ap.H
~eHHbiX qaCTH~ HCnOnL3yeTC.H MHOroo6opOTHa.H HH~eK~H.H. 
Ecna 3anonHeHae KaMepbl ycKopaTen.H qacTH~aMH npo
acxo.naT npa co6nJO,neHHH ycnosa.H 

~~-(W~~~~~ \12 const, /1/ 
qBi 

r .ne W i . E 0 • q - :meprH.H HH~eK~HH, 3Hepra.H noKo.H 
H 3ap.H,n ycKop.HeMoB: qacTH~bl, Bi - MarHHTHOe none ycKo
paTen.H BO speM.H HH~eK~HH, TO HaqanLHa.H MrHOBeHHa.H 
paBHOBeCHa.H op6HTa ,nn.H BCeX HH~eKTHpyeMbiX qacTH~ 6y· 
,neT O,IJ;Ha H Ta ~e , l . 

BLinonHeHae 3Toro ycnoBH.H B yeqeHae scero speMeHH 
HH~eK~HH o6ecneqay HaKonneHHe qacTH~ B KaMepe ycKopa
Ten.H C ManbiMH aMnnHTy,naMH 6eTaTpOHHbiX KOne6aHHB. 
KpoMe Toro, npoa3oB:,neT 6onee paBHOMepHoe 3anonHeHae 
qacTH~aMH o6nacTH cenapaTpHCbl, qyo npase,neT K yMeHL
weHHJO MO,nyn.H~HH qacTH~ no nnoTHOCTH npH pa,naanLHO· 
cila30BLIX Kone6aHH.HX. TaKHM o6pa3oM, co6nJO,neHae ycnoBH.H 
/1/ npHBO,IJ;HT K ysenaqeHHIO K03cllclJH~HeHTa 3aXBaTa qacTH~ 
B caHxpoTpOHHLIB pe~HM 12 •31 . H~eK~H.H s KonL~eBLIX 
yCKOpHTen.HX npOHCXO,IJ;HT npH HapaCTaJOI.QeM MarHHTHOM no
ne (Bi ). fi03TOMY BblnOnHeHHe ycnOBH.H nOCTO.HHCTBa op6HTbl 
HH~eKTHpyeMLIX qaCTH~ B CHHXpoclJa30TpOHe Tpe6yeT yse· 
nHqeHH.H 3HeprHH qacTH~ (W i ) no KBa,npaTHqHOMY 3aKOHy . 

Mo.nyn.HTopoM 3Hepraa a~eKTopa caHxpoclJa3oTpoHa 
cny~HT O,IJ;H03a30pHb1B BbiCOKOqaCTOTHbiB /s.q.j pe30HaTOp, 
ycTaHosneHHLIB Ha ~~acTKe aoHonposo.na nocne naHeBHoro 
ycKopaTen.H JIY- 20 4 : H3MeHeHHe 3Hepraa a~eKTHpyeMbiX 
qaCTH~ 3aBHCHT OT BenHJIHHbl clJa3b1 B. q. 3neKTpaqecKOrO 
non.H B MOMeHT npoxo~,neHH.H qacTH~eB: 3a3opa pe3oHaTopa. 
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IlpH H3MeHeHHH $a3bl B.q. llOJIJI pe30HaTopa Ka)K,IJ.biH npe.u.

WeCTBYIOIUHH cryCTOK 3apJI)KeHHhiX qacTHU npOXO,!J,HT 3a3op 

peJoHaTopa npH MeHLWeM JneKTpHqecKoM none, qeM Ka)K

.U.hiH nocne.u.yJOIUHH. B peJynLTaTe cpe,IJ.HJIJI cKopocTb crycT

KOB qacTHU B TeqeHHe HMllYJibCa HH)KeKUHH /400-7600 MKC/ 

B03pacTaeT • .linoK-cxeMa ynpaBneHHJI $aJoii: B.q. non.11 peJo

HaTopa MO.U.YJIJITOpa 3HeprHH CHHXpo$a30TpOHa llpHBe,IJ.eHa 

Ha puc. 1. PyqHaJI cTyneHqaTaJI perynHpOBKa Heo6xo.u.HMa 

,!J,nJI YCTaHOBKH HaqaJibHOH $a3bl. 

HenpepbiBHaJI perynHpoBKa $a3hl npoHCXO.IJ.HT Ja cqeT 

H3MeHeHHJI eMKOCTH p- Il nepeXO,!J,OB ,!J,HO,!J,OB, BXO,IJ.JIIUHX 

B JIHHHIO Ja.u.ep)KKH. HJMeHeHHe eMKOCTH p- n nepexo.u.oB 

ocywecTBJIJieTcJI c noMOIULIO ynpaBnJIJOIUero HanpJI)KeHHJI. 

HcnonLJOBaHHe nHHeii:Ho HapacTarowero HanpJI)KeHHJI B Ka

qecTBe ynpaBJIJIIOwero, KaK JTO 6hlno c.u.enaHo paHLwe 141 

CHH)KaJlO J<l><l>eKTHBHOCTb pa60Tbl MO,IJ.YnJITOpa, TaK KaK npH 

3TOM He y.u.aeTCJI OCYIUeCTBHTb He06XO,!J,HMYIO KBa,IJ.paTHq

HYIO JaBHCHMOCTb yBenHqeHHJI JHeprHH qacTHU oT JIHHeii:

Horo pOCTa Be,IJ.ywero MarHHTHOrO llOJIJI YCKOpHTeJIJI. 

KpoMe Toro, ecnH yqecTL, qTo cywecTByeT HenHHeii:HaJI 

3aBHCHMOCTb H3MeHeHHJI $a3bl B. q. llOJIJI OT BeJIHqHHbl yn

paBJIJIIOIUero HallpJI)KeHHJI H HeJIHHeHHaJI 3aBHCHMOCTb npH

paiUeHHJI 3HeprHH qacTHU npH npOXO)K,IJ.eHHH HMH 3a30pa 

pe30HaTopa OT BeJIHqHHhl$a3bl B.q. HanpJI)KeHHJI, TOCTaHeT 

PeiOHarop Pe)()HQTop 
f---- --- 1------------ --·-h---

Jl\1·20 aefiaH'4CIQ 
,.., 

L1 CTYreH'CTbuJ MoaynRrop !:lcu~uTellb 
~ llKJiQ()pa~ ~!Ubi MOU(HOCTU 

0 +360° 

1 
qlyH~4UOH· 
~eHep(ITOil 

Puc. 1 

4 

.., 

.... 

... 

oqeBH,!J,HOH He06XO,!J,HMOCTb HCllOJIL30BaTb B KaqecTBe HC

TOqHHKa ynpaBJIJIIOIUero HanpJI)KeHHJI $yHKUHOHaJibHOrO reHe

paTopa HapacTaJOwee HanpJI)KeHHe nporpaMMHpyeMoii: $op

Mhl. HeManoBa)KHhiM JIBnJieTcJI H TO o6cTOJITenLCTBO, qTo 

JHeprHJI JIHHeHHOrO YCKOpHTeJIJI 3a BpeMJI HH)KeKUHH MO)Ke1 

HJMeHJITbCJI. KoMneHCaUHIO HJMeHeHHJI JHeprHH JIY- 20 

y,IJ.aeTCJI OCyiUeCTBHTb MO.U.Y~TOpOM JHeprHH 3a cqeT co

OTBeTCTBYIOIUero Bhl6opa $opMbl ynpaBJIJIIOIUero HallpJI)KeHHJI. 

OIIHCAHHE tPYHKl(HOHAJibHOFO FEHEPATOPA 

06bJqHo $yHKUHOHaJibHbiH reHepaTOp COCTOHT H3 onepa

UHOHHOrO YCHJIHTeJIJI, B KOHTyp o6paTHOH CBJ13H KOTOporo 

BKmoqeHa HenHHeii:HaJI uenb 15/ 06IUHM cnoco6oM $opMHpoBa

HHJI $yHKUHH JIBJIJieTCJI KycoqHo-nHHeii:HaJI annpOKCHMaUHJI. 

ToqHoCTb BocnpoHJBe.u.eHHJI <i>YHKUHH JaBHCHT oT qHcna 

annpoKCHMHPY~~Hx npJIMOJIHHeHHhiX oTpe3KOB. B H3BecT

HhiX $yHKUHOHaJibHbiX npeo6pa30BaTeJIJIX B KaqeCTBe HeJIH

HeHHbiX JJieMeHTOB HCllOJib3YIOTCJI nonynpOBO,!J,HHKOBble ,IJ.HO

,!J,bl. 

BonLT-aMnepHaJI xapaKTepHCTHKa ,IJ.Ho.u.a JaBHCHT oT 

TeMnepaTyphl, H 3TO npHBO,!J,HT K H3MeHeHHIO B llOJIO)KeHHH TO

qeK H3JIOMa Ha annpoKCHMHpoBaHHOH KpHBOH. KpoMe Toro, B 

Ka)K,IJ.OH TOqKe H3JIOMa KpHBOH HaqaJibHbiH ypoBeHb H yrJIOBOH 

KOJ<l><l>HUHeHT CJie,IJ.yiOwero OTpeJKa He06XO,!J,HMO onpe,IJ.eJIHTb 

3aHOBO. 

OnHChiBaeMbiH $yHKUHOHanLHLIH reHepaTop nHweH He.u.o

cTaTKOB, CBOHCTBeHHLIX H3BeCTHbiM CXeMaM, H llOJIHOCTLI<' 

y.u.oBneTBOpJieT npe.U.'bJIBJIJieMLIM K HeMy Tpe6oBaHHJIM. 

CTpyKTypHaJI H npHHUHnHanLHaJI cxeMLI reHepaTopa 

npHBe,IJ.eHhl Ha puc. 2 H 3. YcnoBHO MO)KHO npHHJITL, qTo 

reHepaTop COCTOHT H3 .U.BYX qacTeH: CXeMbl ynpaBJieHHJI H 

cxeMhl MYJILTHnneKcopa. 

reHepaTop pa6oTaeT CJie,IJ.yiOIUHM o6pa30M • 

CHHxpoHMnynLc nocTynaeT Ha BXO.IJ.Hhle $opMHpoBaTe

nH I H I I. cl>opMHpoBa Tenb I cocTOHT H3 HHBepTopa 

/,lJ,l.I/ H TpHrrepa illMHTTa /,lJ,I.2 H ,lJ,I.3/
61

H JIBJIJieTCJI 

OCHOBHLIM $opMHpOBaTeneM; $opMHpOBaTeJIL I I, COCTOJIIUHH 

H3 HHBepTOpa /,lJ,.I.4/ H O,!J,HOBH6paTopa /,lJ,2.3 H ,lJ,2.4/ ~? 1 

CJIY)KHT ,!J,JIJI KOHTpOJIJI. 

5 



,
-
-
-
-
~
-
-
-
-
-

1 I I I I I I I I L 
_

_
_

_
_

_
_

 _
 

,-
-

1 I I I I I I 1&
b1

xo
a 

Cx
eM

O 
yn

pa
b/

\e
H

uA
 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
,
 I I I I I I I 

I 
I 

I 
I 

-,_
J 

-
~
-

1 I I I I I I 
_

_
 j 

l I I I I I I I 

L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

_
_

_
_

_
_

_
 _

_
J
 

P
u

c
. 

2 

D
t
•
D
~
,
 D
~
.
D
9
-

M
H 

74
00

; 
D

IO
·M

H
74

10
 

D
5

-
71

t7
1t

, 
D

6,
D

7·
M

H
74

90
 

+
5

,5
8

 

P
u

c
. 

3 



11MnynLC, ci}JopMHpOBaHHLIH TpHrrepOM liiMHTTa, 3a
nyci<aeT O.IJ.HOBH6paTop 3a.IJ.ep)I(I<H I ,l1.2.1 H ,lJ.2.2I, ,IJ,nHTenL
HOCTL HMnynLCa C I<OTOpOrO perynapyeTcg renHnOTOM B 
npe,IJ,enax OT 10 ,IJ,O 1000 M KC. Ja,IJ,HHH I}JpoHT 3TOrO HMnynL
ca qepe3 l}lopMapoBaTenL I,D.3.2I 3anyci<aeT O.IJ.HOBH6paTop 
ynpaBneaag l,lJ.3.3 H ,l).3.4l, ,IJ,nHTenLHOCTL HMITynLCa Ha BLI
XO,IJ,e I<OTOpOrO COCTaBngeT OT 500 ,IJ,O 600 MKC H paBHa 
)J,nHTenLHOCTH HH)I(ei<.UHOHHOrO HMITynLCa. 11MnynLC C O,IJ,HO
BH6paTopa ynpaBneaag ,IJ,aeT pa3perneaae aa BI<mo'leHae 
rea epa Topa c'leTHLIX HMnynLcoB I ,lJ.4I 171 , aa BLIXO.IJ.e I<OTo
poro nogBngeTcg uyr HMnynLCOB c qacToToii, perynapyeMoii 
B npe,IJ,enax OT 600 ,IJ,O 700 KFf.l. 3TOT uyr HMnynLCOB 
nocTynaeT Ha ,IJ,enHTenH 'laCTOTLI ,l).5 H ,l).6 lcoOTBeTCTBeH
HO Ha 4 H 101. 0,1J,HOBpeMeHHO HMnynLC C O,IJ,HOBH6paTOpa 
,IJ,aeT pa3perneaae .IJ.ng pa6oTLI ,IJ,enaTeng qacTOTLI aa ,l1.6 
H I<poMe Toro nocTynaeT aa 2-ro nnaTy - cxeMy MynLTH
nnei<copa, r,IJ,e ynpaBngeT HHTerpaTopoM. 

C BLIXO,IJ,a ,l).6 9 HMnynLCOB nOCTynaiDT Ha C'leT'IHI< 
,l1.7 a aa 2-ro nnaTy IMynLTHnnei<copal ,IJ,ng I<OHTpong. 
C BLIXO,IJ,a C'leT'IHI<a ,l).7 HMnynLCLI nocTynaiDT Ha npe,IJ,Bapa
TenLHLIH ,IJ,ernal}lpaTop I.D.8-,l1.10l 16

: ,lJ.ng c6poca co,IJ,ep)I(HMo
ro C'leT'IHI<a ,l1.7 acnonL3yeTcg caraan c l}lopMapoBaTeng 
c6poca ,l1.3 .1 . 

CxeMa ynpaBneaag BLmonaeaa aa 3neMeHTax TT JI 
174-oii HnH 155-oii cepaiil. ,l).ng CTa6HnLHOH pa60TLI CXeMLI 
ynpaBneaag nHTaHHe I}JopMHpOBaTeneii 0,1J,HOBH6paTOpOB H 
reaepaTopa l,lJ.17 ,lJ.4I ocymecTBngeTCB OT.IJ.enLHO ITO'II<a a, 
puc. 31 oT ,IJ,enaTeneii qacTOTLI, c'leT'IHI<a a ,IJ,ernal}lpaTopa 
ITO'II<a e, puc. 31. B MynLTHnnei<cope npoacxo.IJ.HT l}lopMa
poBaHae He06XO,IJ,HMOH I}JyHI<UHH. 

Kai< BH.IJ.HO H3 puc. 2 H 3, c nnaTLI ynpaBneaag aa nnaTy 
MynLTHnnei<copa nocTynaeT nocne ,IJ,ernal}lpauaa 7 caraanoB 
aa I<IDO'IH ynpaBneaag 1-7-9 110-ii - pe3epBHLiiil, I<oTopLie 
ocymecTBngroT OI<OH'IaTenLHYID ax ,IJ,ernal}lpauaro nyTeM no
napaoro o6be.IJ.HHeaag no 3MHTTepaM a pa3.IJ.eneaag ·no qeT
HOCTH H He'leTHOCTH 161 . KpoMe TOrO ,C nnaTLI ynpaBneuug 
aa MYJILTunnei<cop nocTynaiOT eJ..Ue 3 caraana: 2 caraana 
ITo'II<H g a h I H.IJ.YT aa cxeMy aaanoroBoro cno)l(eaag 
11 TpaH3HCTop MC31 .IJ.ng I<OHTpong, a O.IJ.HH caraan no,IJ,aeT
cg a a I<nroq "11" I 1 TpaH3HCTop M C31, ynpaBngromaii aaa
norOBLIM I<niD'IOM HHTerpa TOpa. 
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MynLTHnnei<cop pa6oTaeT cne.IJ.YIDJUHM o6pa3oM. llpa 
nocTynneHHH caraana ynpaBneaag I<niO'I "11" 3ai<pLIBaeT 
aaanoroBLIH I<niO'I Ha noneBoM TpaH3HCTope T II IKTI1 03KI, 
TeM CaMLIM C03,1J,aeTcg B03MO)I(HOCTL ,IJ,ng pa60TLI MHI<po
CXeMLI AI IMAA 5011 B HHTerpapyromeM pe)I(HMe 18 •91 

0,1J,HOBpeMeHHO HMnynLCLI C I<niO'IeH ynpaBneaag O,IJ,HH 3a 
,IJ,pyrHM nOCTynaiOT Ha 3aTBOpLI noneBLIX TpaH3HCTOpOB, 
BLinonagroJ..UHX ponL aaanoroBLIX I<nroqeii IT 1 -:- T9 118/ I<O
TOpLie,B CBOID O'lepe,IJ,L, no,IJ,aiDT Hanpg)l(eHHe C perynapyro
IUHX 3neMeHTOB lrenanoTLI T1 -"- T91 aa BXO.IJ. HHTerpaTopa. 
Heo6XO,IJ,HMag I}JopMa BLIXO,IJ,HOrO Hanpg)l(eHHg ycTaHaBnHBa
eTcg perynapyiOJ..UHMH 3neMeHTaMH. BLIXO.IJ.Hoe aanpg)l(eHae 
HHTerpaTopa ycanaBaeTcg 6yl}lepHLIM ycanaTeneM A2 
IMAA501I H qepe3 BLIXO,IJ,HOH ycHnHTenL ITpaH3HCTOPLI 
KT605 a KT602I nocTynaeT aa BLIXO.IJ.. 

11CTO'IHHI< OnOpHOrO Hanpg)l(eHHg BLIDOnHeH Ha TpaH-
3HCTope KT602, pa6oTaiOJ..UeM B pe)I(HMe 3MHTTepaoro noB
TopaTeng. 

11cnonL30Baaae BLIXO.IJ.Horo aanpg)l(eHag l}lyHI<UHOHanL
aoro reaepaTopa B I<a'leCTBe ynpaBnsromero MO.IJ.ynsTopoM 
3Hepraa no3Bonano yny'IUIHTL I<a'leCTBO pa6oTLI nocne.IJ.Hero 
H o6ecneqano pe)I(HM HH)I(ei<UHH C ManLIMH aMnnHTy,IJ,aMH 
I<One6aHHH ny'II<a npH 6onLUIOH ,IJ,nHTenLHOCTH HH)I(ei<UHH. 

TEXHHlJECKHE XAPAKTEPHCTHKH FEHEPATOPA 

1. r eaepapoBaaae nro6oii l}lyHI<UHH OTpaua TenLaoii no
ngpHOCTH C nonO)I(HTenLHOH npOH3BO,IJ,HOH. 

2. ,lJ.nHTenLHOCTL reaepapyeMOH 
I}JyHI<UHH 

3. qHcno annpOI<CHMHPYIOIUHX 
3BeHLeB 

4. Mai<CHManLaag aMnnaTy.IJ.a 
BLIXO,IJ,HOrO Hanpg)l(eHHB 

5. ,lJ.aaria3oH perynapoBaaag 
3a,IJ,ep)I(I<H OTHOCHTenLHO 
CHHXpOHMnynLCa 

-
- 300-7-700 MKC 

- 9 

- -10 B 

- 10-:-1000 MKC 

6. JanyCI< reHepaTopa npOHCXO,IJ,HT CHHXpOHMnynLCOM 
nonO)I(HTenLHoii nonBpHOCTH, aMnnHTY.IJ.Oii 3-10 B, .IJ.nHTenL
HOCTLIO 5-7-10 MKC. 
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B JaKmoqeHue aBTOpbi cquTaJOT npBHTHbiM .IJ.OnroM Bhi
paJBTh 6naro.IJ.apHOCTh B.A.llonosy Ja noneJHhle o6cy)I(
.IJ.eHHH, a TaK)I(e TI.H.Iiyii:nosy, A.A.AHaumHy, B.JI.CMHpHo
sy Ja H3rOTOBneHHe B HaCTpOHKY OT,lJ.enhHbiX yJnOB reHe
paTopa. 
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