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AreeB A.l1. H ap. 9 - 9363 

CBepxnpoBoas:nuHe H KpHoreHHhie ycTpoH:cTBa ycKopmomelt ceKilHH 

KOnneKTHBHOrO yCKOpHTenH 

OpHBOilHTCH o6ocaoBaHHe Bhi6opa cBepxnpoBOilHIIlHX 3neMeHTOB (peaoaa

TopoB, coneHOHilOB) ycKOpH~Illelt CeKUHH KOnneKTHBHOrO ycKOpHTenH 

( KOnbueTpoaa} H aaao onHcaHHe 3THX 3neMeHTOB. PaccMoTpeHhl oco6eaao

CTH pe<PpH>KepaTOpHOH CHCTeMhl oxnaJKileHHH yanOB KOnbUeTpOH8. 0pHBelleHhl 

ll8HHble 0 Tpe6yeMOH CTpyKType MSrHHTHOro nonH H HCnOnb3yeMOH CHCTeMe 

MarHHTOMeTpHHo 

Pa60T8 BbJnOnHeHa B 0Taene HOBbiX MeTOilOB yCKOpeHHH 0115111. 

flpenpMHT 06'be,llMHeHHOro MHCTMT)'Ta Jl,llepHbiX MCCJie,llOBaHMl 

,ll,y6Ha 1975 

1 . BeeoeHue 

' 
B 06'be.U.HHeHHOM HHCTHTyTe Jl.!J.epHbiX HCCneJJ.OBaHHH 

B TeqeHHe HeCKOnhKHX neT Be.U.yTCJI pa60Tbl no C03.U.aHHID 

yCKOpJIIOII.{HX CHCTeM KOnneKTHBHOrO yCKOpHTenJI HOHOB / l ,2 / , 

B TOM qucne KpHoreHHOH BblCOKoqacTOTHOH ce~HH jycTa

HOBKa "Konh:UeTpOH" 13•41 j . 3aBeprneHbl OCHOBHble MOH

Ta)KHbie pa60Tbl Ha KOnb:UeTpOHe; B HaCTOJIII.{ee BpeMJI 

npOBO.!J.JITCJI noy3nOBhie H KOMnneKCHbie HCnbiTaHHJI H C yqe

TOM pe3ynbTaTOB 3THX HCnbiTaHHH - MOJJ.epHH3a:UHJI OT.U.enb ~ 
HbiX 3neMeHTOB. 

B KonL:ueTpoHe co3.naeTCJI nHnoo6pa3Hoe MarHHTHoe 

none c MaKCHManLHhiM 3HaqeHHeM Bo =2 T H 5 -:-lOo/o - Hoii 

Mo.nynHUHeii I puc. 1/. Ha yqacTKax HapacTaHHJI /no z j 
MarHHTHoro nonJI pacnono)KeHLI UHnHH.U.pHqecKHe pe 30Ha TO

phi C OTBepCTHJIMH no OCH .U.nJI npOXO.U.a yCKOpHeMhiX crycT

KOB qacTHU. B pe3oHaTopax B036y)K.u.aeTCH BhiCOKoqacToT

HOe 3neKTpOMarHHTHOe none C npOJJ.OnbHblM KOMnOHeHTOM 

3neKTpHqecKoro nonH. Pe3oHaTopbi npe.nHa3HaqeHLI .nn.11 

ycKopeHHJI 3neKTpOHHhiX crycTKOB, y.u.ep)KHBaJOII.{HX BHYTPH 

ce6Jl HeKOTOpoe KOnHqeCTBO HOHOB - KOHeqHblX 06'heKTOB 

ycKopeHHJI * . 3neKTPOHHblH crycToK npe.u.cTaBnHeT co6oB: 

KOnh:UO Bpall{aJOII.{HXCJI 3neKTpOHOB, .!J.BHraroll{eecH H YCKOpJle

MOe pe30HaTopaMH B.U.Onh OCH Bpall{eHH.Il. IJpo.u.onbHOe CTa-

* Ka)KJJ.biH HOH, y,nep)KHBaeMhiH KynOHOBCKHMH CHnaMH 

BHYTPH 3neKTpOHHOro cryCTKa H YCKOp.lleMblH BMeCTe CO 
crycTKOM, JJ.OR)KeH npHo6peTaTh 3Hepruro, 6onLrnyro, qeM 

nro6oH H3 3neKTpOHOB, BO CTOnhKO pa3, BO CKOnbKO pa3 
Macca nOKOJI HOHa 6onbllie "3$$eKTHBHOH" MaCChi nOKO.Il 
3neKTpoHa/ l , 2 / . B 3TOM u.neH KonneKTHBHoro MeTo.na ycKo
peHHJI. 
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Puc. 1. KapmuHa pacnpeoeAeHUJI MazHumHozo noAJI 6 KOAb" 
14empoHe jpa3Mepbl yKa3aHbl 6 MM/. Hao zpa(/JuKoM B (z) 
cxeMamu~ecKu noKa3aHbl c6epxnpo600JIJ11Ue coAeHouobl'upe· 
30Hamopbl: 1 - coAeHouo CIIC- 600, 2 - zpaoueHmHble coAe
HOUObl, 3 - pe3oHamopbl c zeAue6biMU 6aHHaMu. 

UHOHapHOe MarHHTHOe IIOJie HeOOXO.IJ;HMO .IJ;JIH IIO.IJ;,IJ;ep~HHH 

Bpa~aTeJILHoro .IJ;BH~eHHH 3Jiei<TPOHOB. IIpocTpaHCTBeHHaH 

MO.IJ;YJIHUHH MarHHTHOrO IIOJIH /rny6HHa I<OTOpOB 3a,IJ;aeTCH 

B 3aBHCHMOCTH OT Bbi60pa rrapaMeTpO;B 3Jiei<TpOHHbiX I<OJieU/ 

II03BOJIHeT peryJIHpOBaTl. COOTHOWeHHe Me~.n;y IIOCTyiiaTeJib" 

HbiM HMIIYJILCOM H Bpa~aTeJibHbiM MOMeHTOM I<OJlbl{a. liJia· 

ro.n;apx 3TOMY, o6ecrreqHBaeTCH orrpe.n;eneHHaH "rrnaBHOCTb" 

rrpO.D;OJILHOrO YCI<OpeHHJI cryCTI<OB. 

OcHOBHbie 3JieMeHTbi cei<UHH - cBepxrrpoBO.IJ;H~He cone

HOH.IJ;bi, CBepxnpOBO.IJ;HIUHe pe30HaTOpbl H CHCTeMbl XOJIO.IJ;O" 

o6ecneqeHHH /I<pHoreHHbie CHCTeMbi/. ,l];JIHHa Cei<I{HH- 3 M, 

o~H.n;aeMaJI 3HeprHH yci<opeHHbiX npoToHOB - 400 M3B. 

2. C6epxnpo600JIU1Ue pe3oHamopbl 

Cei<UHH co.n;ep~HT 4 cBepxnpoBO.IJ;HIUHX pe3oHaTopa UH" 

JIHH.D;pHqeci<oro THIIa jf = 500 MF14/. Pa6oqei rroBepx-

HOCTLIO pe 30Ha TOpOB HBJIHeTCH TOHI<aH IIJieHI<a H3 CBepx • 

IIpOBO.IJ;HHI<a 2- ro po.n;a, HaHeCeHHaH Ha .IJ;Be CHMMeTplf1.IHble 

Me.IJ;Hble IIOJIOBHHI<H I<8.)f(.IJ;Oro pe 30Ha Topa I puc. 2,3/. IIpH

MeHeHHe cBepxrrpoBO.IJ;HHI<a 2- ro, a He 1- ro po.n;a o6ycnoB

JieHo TeM, qTo pe30HaTOpbl I<OJILI{eTpOHa HaXO.IJ;HTCH BO 

BHewHeM MarHHTHOM none 2 T. HaHeceHHe rrneHI<H rrpoH3-

Puc. 2. IloAo6uHa 14UAUHopu~ecKozo pe3oHamopa 
C HU06uil· 1fiUifaH060U nAeHKOU. 
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Puc. 3. PeaoHamopHo- MOOYAbHblll yaeA KOAbllempoHa. Ha 
nepeoHeM nAaHe - o8a peaoHamopa 8 c6opKe c 08YMJI 
MOOYAJIMU. BbacmynaJOfiiUU 8nepeo noAbiU l#UAUHOP- ~epuocmam 
c aaKAJO'ieHHbiM 8 HeM zpaoueH111HbiM coAeHouooM. MeoHble 
nAaC1/IUHbl, OX80111bi80101JIU€ MOOYAU U pacnoAOJIC€HHbl€ M€JICOY 
pe30H01110paMU, o6ecne'iU8010111 M€XOHU'i€CKY10 JIC€C1/IKOC1/Ib 
pe3oHamopHo- MOOYAbHOZO Y3Aa. Ha aaoHeM nAaHe- KOAbl#e
mpoH c ~epuocmamoM CIIC- 600, noozomo8AeHHbiU OAJI 8Ka111bl-
8aHUJI co6paHHOZO pe30H01110pHO-MOOYAbHOZO Y3Aa. 
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BO.IUITCB. a KaMepe HanblneHHB/5/ npH aaKyyMe 10-7 Top. 
CKopocTL KOH,neHca:u;HH - 0,3 MKM/MUH. B HaCTOBIUee 
apeMB npHMeHBeTcB noKpbiTHe H3 Nb- Ti, B ,naJILHeiimeM 
npe,nnonaraeTCB HCnonL30BaHHe noKpbiTHH H3 ,npyrHX Ma
TepHanoB. 

Ha OCHOBaHHH OI.J;eHOK, c,nenaHHbiX C nOMOli.J;LIO .IJ;BYX
)KH.IJ;KOCTHoii Mo,nenH ,nnB cnnaaa Nb- Ti -50, npHae,neHHoe 
3Ha'leHHe noBepXHOCTHOrO COnpOTHBneHHB B OTCYTCTBHe 
BHemHero MarHHTHOrO nonB nonyqaeTCJI paBHbiM 2•10-7 Ha 
qacToTe 500 MT14. CooTBeTCTBYIOIUHe 3Ha'leHHB <IJaKTopa 
yny'lllleHHB ,no6pOTHOCTH /no OTHOmeHHIO K TennOBOMY peJO· 
HaTopyj paBHbi j275jd05 . 

HanH'IHe nOCTOJIHHOrO MarHHTHOrO nonB, Cyli.J;eCTBeHHO 
npeaLJmaJOIUero KpHTH'IecKoe none Hc 1 , .IJ;OJI)KHO yaenH'IHTL 
noaepxHOCTHoe conpoTHBneHHe R s, no3TOMY ,naHHLIH cnyqa:H 
noTpe6oaan npoae,neHHB cne:u;HanLHLIX Hccne.noaaHHH. 

HcnonLJOBaHHe caepxnpoao.nBIUHX peJoHaTopoa B ceK
UHH o6ycnOBneHO TeM, 'ITO ,na)Ke npH ,no6pOTHOCTBX pe30Ha
TOpOB Q- 107 710 S 3Ha'IHTenLHO CHH)KaeTCB HMnynLCHaJI 
MOII.J;HOCTL nHTaiOII.J;HX reHepaTOpOB Q-1, T.e. 3Ha'IHTeJILHO 
ynpoii.J;aeTcB H y,nemeanBeTcB CHCTeMa Bq nHTaHHB. Ho 
npH yKa3aHHLIX ,no6pOTHOCTBX TennOBLie noTepH B pe30Ha
TOpax eli.J;e ,IJ;OCTaTO'IHO BenHKH, 'ITO BLIH~,naeT pa6oTaTL 
B HMnynLCHOM pe)KHMe /HHTepaan BpeMeHH Me)K,IJ;y noCTy
naiOII.J;HMH nocne.noaaTenLHO ycKopBeMLIMH 3neKTpoHHLIMH 
KOnL:u;aMH r = 5 c/. HaH6onee 6naronpHBTHLIH cnyqaii, 
Kor.na Q > 10 9, T .K. Tor.na B03MO)KeH nepexo.n Ha HenpepLia
HLIH pe)KHM pa6oTLI peJoHaTopoa I r = 0,01 cj. 

3. C8epxnpo800JifiiUe coAeHoUObl 

MarHHTHoe none KonL:u;eTpoHa coJ,naeTCB caepxnpoao
.IJ;JIIUHMH I.J;HnHH.IJ;pH'Ie~KHMH coneHOH,naMH. 0CHOBHOH cone
HOH,IJ; /CIIC-600/, OXBaTLIBaiOII.J;HH pe30HaTOpLI, HMeeT BHyT
peHHHH ,IJ;HaMeTp 60 CM, ,nnHHY 240 CM H C03,IJ;aeT B :u;eHTpe 
none HanpB)KeHHOCTLIO 2 T /eM. ma611. 1/. Tpe6yeMaB o.n
Hopo,nHOCTL nonB Ha pa,nHyce 5 CM COCTaBnBeT 0, 15~. )J;nB 
HaMOTKH COneHOH,na HCnOnL30BaHa WHHa ,IJ;JIHHOH 3 KM, ceqe
HHeM 5x2,5 MM 2/cM. 1110611. 2/. 06MOTKa CO,nep)KHT 'leTLipe 
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CIO 

Ta6nHua 1 
OeHOBHbie napaMeTpbi eaepxnpOBOll£Imero eoneHOHlla CITC-600 H KoppeKTHPYIOWHX 

KaTymeK CITC-170 

CITC-600 CITC-170 

MarHHTHoe none B ueHrpe B0 [ T 1 2 0+0,23 

BHyTpeHHHH llHaMeTp o6MOTKH (eM) 59,6 17 

Hapy)I{HbiH llHaMeTp (eM) 62,4 20,2+-20,8 

llJIHHa (eM) 235,2 1,65 

P a6o•mH TOK (A) 2440 0+50 

flnoTHOeTb TOK8 B 06MOTKe 
2 

(A/eM ) 1,14.10 
4 

Of-1,3.10 
4 

3anaeeHHa£I 9HeprH£I (ll)K) 1,06.10 
6 

175 

HHllYKTHBHOeTb (fH) 0,357 0,14 

MaKeHMaJibHa£1 3anaeeH.Ha£I aHeprH£I 
6 

(npH 2,75 KA) (ll)K) 1,35.10 

Ta6nHua 2 

flapaMeTpbi WHHbi H npoBolla, HenoJlb30BaHHoro npH .HaMOTKe CITC-600 H CITC-170 

Pa3Mepbi ee'!e.HH£1 (MM) 
MaTepHaJI eBepxnpoBOllHHKa 

MaTepHaJI M.aTpHUhi 
llHaMeTp )KHJlbi ( MKM) 
K OJIH'!ec TBO )KHJI 

0THOrueHHe ee'!eHHH MellH H CBepxnpOBOllHHKa 
llJ ar eKpyTKH )KHJl ( MM) 

0THOWeHHe ylleJlbHbiX COllpOTHBJieHHH MellH 

p300K I plO K 
BHll H30Jl£!UHH 

3JieKTPH'IeCK8£! npO'IHOCTb H30Jl£!UHH B )I{HllKOM 
reJIHH (KB) 
P 83Mep Ce'!eHH £! C H30Jl£IUHeH ( MM) 

CITC-600 CITC-170 

5 X 2,5 tl0,5 
HH06HH-THT8H HH06Hit-50% TH-

Ta.Ha 
Mellb Mellb 

60 65 
1500 19 

2 : 1 3 : 1 
35 30 

135 36 

llaa CJI0£1 CTeKJIO- 06MOTKa JlaB
BOJlOKH8 B 9llOKCH.Qe C8HOBbiM BQ

JlOKHOM B llB8 
CJI0£1 

1,6 
5,3 X 2,8 tS0,62+0,69 



()/WUJitU,rA•-petppii~/}QTQ 

Q•21tOim 

Puc. 4. JipUHflunua/l&HaJI cxeMa cucmeM&I KpuocmamupoeaHUJI 
KOil&flempoHa. 
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CllOJI WHH, H30llHpOBaHHbiX .u;pyr OT .u;pyra H OT KapKaca 
HeeKOllbKHMH CllOJIMH naaeaHOBOB nneHKH. 

,l(nJI eo3.u;aHHJI cnen;HanLHoii "rpa.u;HeHTHoB:" KOHWHrypa
UHH MarHHTHoro nonJI /eM. puc. 1/ Me)K.u;y pe3oHaTopaMH 
pa3MeiD;eHbl 6 rpynn eoneHOH.u;OB. Ka)K.u;aJI rpynna /Mo.u;ynL/ 
eo.u;ep)KHT 16 KaTyWeK e BHyTpeHHHM ,ZJ;HaMeTpOM 17 CM 

/eM. ma611. 1/. KaTyWKH HaBHTbl H3 npoao.u;a .u;HaMeTpoM 
0,5 MM /eM. 1110611. 2/. IlpOBO,ll; H30llHpOBaH ,li;BYMJI enOJIMH 
naBCaHOBOH HHTH, Me)K,ZJ;y CllOJIMH 06MOTKH pa3MeiD;eHO no 
ifeeKOllbKY cnoeB naBeaHOBOH nneHKH. ,l(nHHa npOBO,ZJ;a B o.u;
HOH KaTywKe paBHa 400 M. Bee 96 KaTyweK o6ecneqeHbl 
He3aBHCHMbiM nHTaHHeM, KOTOpoe nO,ZJ;BO,li;HTeJI qepe3 weeTb 
KOMnneKCHbiX TOKOBbiX BBO,li;OB. 

4. OxllaJICOeHue u KpuocmamupoeaHue KOil&ijempoHa 

CHCTeMa KPHOeTaTHpOBaHHJI KOllLD;eTpOHa KpaTKO onH
CaHa B /

41
. IlpHHD;HnHallbHaJI exeMa, no KOTOpOH KOnLD;eTpOH 

pa6oTan .u;o HaCTOJIID;ero apeMeHH, npe.u;eTaaneHa Ha puc. 4. 
renHB: e)KHMaeTe.a: .u;o 30 am KOMnpeecopoM K npOH3BO.u;H
TenbHOeTLIO 1200 HM3/ttac H no.u;aeTe.a: B ,ZJ;eTaH.u;epHbiH 
O)KH)KHTenL xono.u;onpoH3BO.u;HTenLHoeTLIO 240 Bm /B pe4JpH
)KepaTopHOM pe)KHMe/. BeHTHnH D1 H D2 cny)KaT .u;n.a: yeKo
peHHJI npouecea oxna)K.u;eHHJI. Ilo.u;po6Ho pa6oTa O)KH)KHTen.a: 
B pa3nHqHbiX pe)KHMaX paCeMOTpeHa B /6/. )KH,ZJ;KHH renri 
TpaHcnopTHpyeTCJI B npoMe)KyToqHbiH coey.u; /IIC/, H3 KO
Toporo eaMOTeKOM noeTynaeT B HH)KHHe TOqKH KpHOeTaTOB 
c eoneHoH.u;aMH CIIC H B pe3oHaTop. ra3oo6pa3HbiH renri 
npH TeMnepaType 4,5K B03BpaiD;aeTe.a: qaeTHqHo B O)KH)KH
TenL, qaeTHqHO H,ZJ;eT Ha OXlla)K,ZJ;eHHe TOKOBbiX BBO,li;OB CO
neHOH,li;OB. 

5. CucmeM&I 3/leKmponumaHUJI u 36aKyaijuu 3Hepzuu 

IlpHHUHnHanLHaJI 3neKTpHqecKa.a: cxeMa paceMaTpHBae
MbiX eHeTeM npHBe.u;eHa Ha puc. 5. liblnO npe.u;yeMOTpeHO 
.u;Ba HCTOqHHKa nHTaHHJI .u;nR CIIC-600 H wecTL weeTHa.u;
n;aTHKaHanLHLIX - .u;nJI CIIC-170. 
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OcHOBHOH HCTO"'HHK nHTaHHH o6MOTKH CIIC-600 npe.u.
cTaBnHeT co6o:H cra6HnH3HpoBaHHbiH HCTQ"'HHK roxa CHT-
320cY7<co6paHHbiH no cxeMe aBToperynHpoBaHHH c orpH
:u;aTenLHOH o6paTHOH CBH3LIO no TOKY H nocne,IJ,OBaTenLHbiM 
BKniOl.feHHeM perynHPYIOll\ero 3neMeHTa. CHnoBaH qacTL 
HCTOl.fHHKa COCTOHT H3 npOMbiWneHHOrO BblnpHMHTenLHOrO 
arperara BAKr -12/6-3200 H perynHPYIOll\ero 3neMeHTa 
/TPT/ Ha TpaH3HCTOpax II210. ,lJ;aTl.fHKOM TOKa Cll}')KHT 
H3MepHTenLHbiH MaHraHHHOBLIH WYHT. HCTO"'HHK TOKa 
CHT-3200 o6ecnel.fHBaer B Harpy3Ke nnaBHoe perynHpo
BaH:IIe H CTa6HllLHOCTL TOKa ,IJ,O 1o-3 /npH TOKaX 6onee 1 KA/. 

B Kal.feCTBe pe3epBHOrO HCTOl.fHHKa nHTaHHH H ,IJ,llH nep
BLIX BBOJJ.OB roxa B o6MOTKY CIIC-600, a TaiOKe .u.nH Hc
nbiTaHHH TOKOBBO,IJ,OB H npo6HbiX KaTyWeK HCnOllL30BaH 
MOTop- reHeparop THna AHr c He3a~HCHMbiM B036y)l(.u.e
HHeM. THpHcropHaH cxeMa Bo36y)I(JJ.eHHH AHr no3BonHeT 
nonyl.fHTL TOKH ,IJ,O 5 KA CO CTa6HnLHOCTLIO He Xy)l(e 1 o-3 

npH H3MeHeHHH OMHl.feCKOH Harpy3KH reHepaTopa Ha ±100/o. 
IlleCTHa,IJ,IJ;aTHKaHanLHble CTa6HllH3HpOBaHHble HCTO"'HH· 

KH HIT -16 I puc. 6/ o6ecnel.fHBaiOT TOK B o6Morxax CIIC-
170 .u.o 100 A co cra6HnLHOCTLIO nyqwe 10-3 , ycraBKY 
roxa c TO"'HOCTLIO 0,1 Ha ypoBHe ~50 A, aBTOMaTHl.feCKHH 
BBO,IJ, TOKa C He06XO,IJ,HMOH CKOpOCTLIO. 

Puc. 5. llpUHijunuaA&HaJI 3AeKmput.tecKaJI cxeMa numaHU.R u ~ 
38aKyaijUU 3Hepzuu U3 ceepxnpoeOOJIUIUX COA€HOU008 KOAb· 
ijempoHa. Allr - azpezam HU3KoeoA&111H&zu zaA&eaHut.tecKuu 
/Momop- zeHepamop/; OBF - o6MomKa eo36yJICOeHUJI zeHepa
mopa; .5YT - 6AoK ynpaeAeHUJI mupucmopaMu; CB - ceAeHo
e&zu e&znpJIMU111eAb muna KB-1 /9A, 78 B/; HIP - wyHmoeou 
peocmam /9A; 20,7 OM/; TPT - mpaH3ucmopHbJU pezyAJ111IOP 
moKa ,0-':-3000 A; BAKF - e&znpRMumeA&HbJU azpezam KpeM
Huee&zu zaA&eaHut.tecKuu; AB-45 - aemoMamut.tecKuii eo3-
oywH&Ju 8bJKAK>t.tameAb; AFllM - MOOepHU3UpoeaHHbJU ae-
1110Ma111 zaweHUJI noAJI; R 1 , R 2 - coomeemcmeeHHO 3aJIIU1TIHOe 
u zacumeA&Hoe conpomueAeHUJI U3 noAOCbJ X181l9T; Mcp, 
Mcm, Mc3 , M cc - e3aUMHbJe uHOyKmueHocmu o6Monu 
CllC- 600 U C001118e111C1118eHHO KOH111ypoe pe30HQ1110p08, MeOHbJX 
111et.teK, a3omHozo 3KpaHa u o6MomoK CllC-170; Hll-16 -
UC1110t.tHUK 3AeKmponumaHUJI MOOyAeu c CllC-1 70; me -
wyHm U3MepumeAbHblu cyxou /75 MB/; T):(T - cma6uAu3u
poeaHH&zii Oa111t.tUK 1TIOKa; .5YC - 6AOK ynpaeAeHUJI U cma6UAU· 
3QijUU. 
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YKa3aHHax ToqHoCTb ycTaHOBKH TOKa o6ecneqasaeTcx 
npHMeHeHHeM B OnOpHbiX HCTOqHHKaX MH<>roofiopOTHbiX no· 
TeHlJ,HOMeTpOB. 

ITpe,IJ;ycMoTpeHo .IJ;Ba cnoco6a 3BaKyau,HH 3HeprHH H3 
CITC-600: 

1/ KOMMyTaiJ,HX TOKa OC}'IIJ,eCTBJIXeTCX aBTOMaTaqeCKHM 
BbiKmoqaTeneM Tuna AB45-1/6000, a nornOiu,eHHe 3HeprHH
aKTHBHbiM conpoTHBJieHHeM R 2 = 0,2 OM; 

2/ IPYHKU.HH KOMMyTaTopa TOKa H nornoTHTenx 3HeprHH 
COBMeiiJ,eHbl B O,II;HOM annapa Te- aBTOMa Te raweHHX nOJIX 
AriTM, cHafi)KeHHOM 6blcTpo.IJ;eiicTBYJOIIJ,HM HH.IJ;YKU.HOHHo
.IJ;HHaMaqecKHM npHBO,IJ;OM /B/ H ,IJ;yroraCHTeJibHOH peweTKOH 
C 16 npoMe)KyTKaMH. 

Cne,IJ;yeT OTMeTHTh, qTo npu 3BaKyau,ua Ha AriTM 
BeJIHqHHa HanpX)KeHHX 3BaKyaiJ,HH (U 3 ) MO)KeT H3MeHXTbC.H 
3a cqeT BKmoqeHH.H B pa6oTy pa311HqHoro qacna npoMe)KyT
KOB .IJ;yroracaTeJibHoii peweTKH AriTM. 

P3 

Rtf 
I~ 

B UOH 6Y~C, 
cnc-t70 

Puc. 6. fl>yHKliUOHaAbHaR cxeMa ucJtot~HUKoe HII-16-100. 
B - ebznpRMUJteAb, P3 - pezyAupyeMblii 3AeMeHJt, HOH -
UC1110'1HUK onopHOZO HanpR:W:eHUJI, .EYC • 6AOK ynpaeAeHUJI 
u cma6uAu3at~uu, T ,4T - mepMocJtaJtupoeaHHblii oamt~uK mo
Ka, R5 - 6aAAaCJtHoe conpomueAeHue. 
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B KaqecTBe ,IJ;aTqaKa cpblaa a cxeMe 3aiiJ,HTbl CITC-600 
npe.IJ;nonaraeTc.H ucnoJib30BaTb 6JioK, co6paHHbiH no cxeMe 
"MOCTHKa" I puc. 5/. 

3allJ,HTa KaTyWeK CITC ·170 OC}'IIJ,eCTBJI.HeTC.H noCTO.HHHO 
no,IJ;KJ110qeHHbiMH K HX KOHIJ,aM aKTHBHbiMH COnpOTHBJieHH.HMH 
R3= 0,3 OM, 3allJ,HTa CHT oT nepeHanp.H)KeHHii co cTopoHbl 
CITC-600 npu 3BaKyau,uxx 3HeprHH - c noMOllJ,biO u.enH 
OT CHJIOBbiX .IJ;HO.IJ;OB H aKTHBHoro conpoTHBJieHH.H R 1 = 
= 0,004 OM. 

Ha puc. 5 CTeneHb MarHHTHOH CB.H3H CITC-600 c pa3· 
JIHqHbiMH KOHTypaMH, a TOM qacne c CITC-170, ycnoBHO 
0603HaqeHa pacqeTHbiMH j/9(cTp. 290/ K03<}lcllHIJ,HeHTaMH 
B3aHMHOH HH,IJ;yKIJ,HH /M/. C yqeTOM 3THX K03<}lcllHIJ,HeHTOB 
6biJIH npoH3Be.IJ;eHbl pacqeTbl Ha 3BM nepexo.IJ;HbiX npou,ec
coa a ocHOBHbiX MarHHTHo-cax3aHHbiX c CITC-600 KOH· 
rypax, npoacxo.IJ;.HIIJ,HX npB 3BaKyau,HH 3HeprHH. QeJib pac
qeToB - onpe,IJ;eJieHHe aeJIHqHH TOKOB, Mexaaaqecxux ycu
JIHH, TeMnepaTyp Harpeaa H ,IJ;oneii 3HeprHH, Bbi,IJ;enxeMbiX 

B OT,IJ;eJibHbiX KOHTypax, B OCHOBHOM 06Jia,IJ;aiOIIJ,HX BbiCOKOH 
3JieKTponpoao,IJ;HOCTbiO. OcHOBHble ,IJ;On}'IIJ,eHH.H, npHH.HTble 
a pacqeTax: a TeqeHHe acero nepexo,IJ;Horo npou,ecca oT
cyTcTayeT TenJIOOT,IJ;aqa OT paCCMaTpHBaeMbiX KOHTYPOB 
B )KH,II;KHH reJIHH; He yqHTbiBaeTC.H TenJI006MeH Me)K,IJ;y 
pacqeTHblMH KOHTypaMH; HOpMaJibHa.H 30Ha /npH pacqeTe 
pe)KHMOB CO CpbiBOM CBepxnpOBO,IJ;.HIIJ,ero COCTO.HHH.H COJie· 
HOH.IJ;a/ pacnpocTpaH.HeTC.H MrHoBeHHO no aceii .IJ;JIHHe o6-
MOTKH; nJIOTHOCTb TOKa no ceqeHHIO BCeX paCCMaTpHBaeMblX 

KOHTypoa O.IJ;HHaKoaa. 
AnropHTM pacqeTa npe.IJ;CTaBJI.HeT co6oii peweHHe cu

cTeMbl ,IJ;H4J4JepeHIJ,HaJibHbiX ypaBHeHHH, Bblpa)KeHHbiX ,IJ;JI.H 
paccMaTpaaaeMbiX KOHTypoa qepe3 3JieMeHTbl o6paTHoii 
MaTpHll,bl onpe,IJ;eJIHTeJI.H, COCTaBJieHHOrO H3 BeJIHqHH HH,IJ;yK
TBBBOCTeH B B3aBMHOH BH.IJ;YKU.BB KOHTypoB. CBCTeMa ypaa· 
HeHHH pemaeTC.H OTHOCBTeJibHO TOKOB KOHTypOB MeTO,IJ;OM 
PyHre- KyTTa, 3aTeM .onpe,IJ;eJI.HIOTC.H TennoBbi,IJ;eneHB.H B npu
pocTbl TeMnepaTypbl KOHTYPOB B KOHIJ,e Ka)K,IJ;OrO B3 Bbl· 
6paHHbiX BHTepBaJIOB BpeMeHB. 

Ha puc. 7 npuae,IJ;eHbl pe3yJibTaTbl pacqeTa Ha 3BM 
nepeXO,IJ;HbiX npou,eCCOB npB 3BaKyaiJ,BB 3HeprBB B3 CITC· 
600 Ha R2 = 0,2 OM B Ha AriTM npB HaqaJibHOM ToKe 
10 = 2,5 KA /6e3 cpbiBa caepxnpoao,IJ;.HIIJ,ero cocTO.HHB.H co-

15 



"' :; . .. 
..::: 

ii 
~ ~ 

l~- ~ S! 

1~ ! J l ·;.· ~ § 

I >-=~~ ~ ~ lil w c 
~--e 8 le !i! ~ ..., i_ <.' .. 

a 0 n~~ 
~ !:! § '. 

~~ 
~ 

0 

i n ~ §! 

16 

~ 

~ 

~ 

I 

~ 
I 

lit 

~ 

~ . 
&!!. .., 

.... :::s >< 
~:a 
S::;z: 

'0 
Cl)~ 

0~ u 
U)o( 
~~ 
:::s-CI) 
0-o 

~~ 
><~ "' -~ .0:1" 

~~ 
~u 
~0 
~0 
s::'O 

I 

~~ 
~u 
~(") 

:::s 
~:::s .O:::s 
;z:(\j 

~~ 
:1" ;z: • 
Ur,Cll 
c:s 0 
~:::SQ. 

:::so 
•:til! 

<:> "'c:s c:s 
~;z: 

• :.::0 Uc:sr, 
:::SCI)~ 
~C'?Q, 

r 

j 

JieHOH,D;al. Pac'leTHbiH BapHaHT MarHHTHOB CHCTeMbl co

,D;ep)l(aJI, KpoMe o6MOTKH CITC-600, ei.Qe ,D;Ba MaCCHBHbiX 

Me,D;HLIX KOJIL:Ua, COOTBeTCTBYIOI.QHX :UHJIHH,D;pH'IeCKHM 'laCT.HM 

,D;Byx pe3oHaTopoa I no3. 1 Ha 3CKH3e puc. 71. Cnnoumble 

KpHBble - 3aBHCHMOCTH OT BpeMeHH COOTBeTCTBeHHO TOKa 

B 06MOTKe CllC 111, TOKa B Ka)I(,LI;OM H3 pe30HaTOpHLIX 

Kone:u 121, H3MeHeHH.H TeMnepaTypLI BHenmero conpoTHB

neHH.H R 2 131 H pe3oHaTopHLIX Kone:u 141, a TaK)I(e 3HeprHH, 

BLI,D;eJIHBWeHC11 B R 2 151 H Ka)I(,D;OM H3 pe30HaTOpHLIX KOJie:U 

161. llyHKTHpHa.a: KpHBaH 17 I - pac'leTHoe H3MeHeHHe TOKa 

B o6MOTKe CITC-600 npH 3BaKya:nHH 3HeprHH c noMOI.QLIO 

aaToMaTa raweHH.a: non.a: ArllM-16 lnpH o,D;HHaKOBLIX Ha

qaJILHLIX ycnoaH.a:x c npe,D;LI,D;YI.QHM pac'leTHbiM pe)I(HMOMI. 

B o6oHx cnyqaxx npHH.HTO, 'ITO MaKCHMaJILHoe Hanp.a:)l(e

HHe Ha KOH:UaX COJieHOH,D;a He ,LI;OJI)I(HO npeBLIWaTL 600 B, 
npH'IeM npH 3BaKya:UHH Ha ArllM -16 Hanp.H)I(eHHe Ha KOH

:nax coneHoH,D;a B Te'leHHe acero nepexo,D;Horo npo:uecca 

u3= Const.3a C'leT 3TOro 3Ha'IHTeJILHO yMeHLwaeTC.H npo

,D;OJI)I(HTeJILHOCTL npo:necca 3BaKya:UHH: TaK, pac'leTHOe Bpe

M.H 3BaKya:nHH IJJ.o I =0,1 Io I npH 10 = 2,5 KA Ha ArllM-16 

cocTaBJIHeT 0,95 c, aHa R0 = 0,2 OM paBHO 2,7 c. 

6. Pact.tem u MemoouKa U3MepeHUJI Ma2HU111Hozo noAJI 
KOAbij€1/IPOHa 

)l;JI.H KOHCTPYKTHBHO Bbi6paHHLIX KOH$HrypaUHH 06MOTOK 

H 3a,D;aHHOH TOnorpaclJHH MarHHTHOrO nOJI.H paCCqHTblaaJIHCL 

TOKH B OCHOBHOM H rpa,D;HeHTHOM COJieHOH,D;aX /
4 ,lO/. llpH 

3TOM pewanacL TaK Ha3LIBaeMa.a: o6paTHa11 3a,D;a'la MarHH

TOCTaTHKH. )l;JI.H npoBepKH TO'IHOCTH paC'IeTa no HaH,D;eH

HbiM 3Ha'leHH.HM TOKOB BHOBb HaXO,D;HJIOCh MarHHTHOe none. 

HH)I(e npHBO,D;.HTC11 OCHOBHble clJopMyJILI ,D;JI11 pac'leTa nOJI.H 

no 3a,D;aHHOMY B COJieHOH,D;e CllC- 600 3Ha'leHHIO TOKa. 

CxeMaTH'IecKoe H306pa)l(eHHe MarHHTHoii CHCTeMLI co

neHOH,D;a CITC-600 npe,D;cTaaneHo Ha puc. 8. 
CeK:UHH, noKa3aHHble Ha puc. 8, cocTaBJI.HIOT e,D;HHLiii 

COJieHOH,D;, HaMaTLIBaeMLIH O,D;HOH WHHOH; npoMe)l(yTKH Me)I(,D;y 

ceK:UH11MH HCnOJIL3YJOTC11 ,D;JI11 pa3Mei.QeHH11 BbiCOKO'IaCTOTHbiX 

BBO,D;OB B pe30HaTOpbl. HCKa)l(eHHe MarHHTHOrO nOJI.H He

CYI.QeCTBeHHO. llpoBaJILI MarHHTHOrO nOJI-11 OT COJieHOH,D;a 
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CIIC-600" H3- 3a npoMe)KyTKa Me)K,IJ;Y ceKUH.HMH no,IJ;ne)KaT 

KOMneHCaD;HH C nOMOID;biO rpa,D;HeHTHblX coneHOH,IJ;OB; 3TO 

BTOpOe Ha3Ha'leHHe rpa,D;HeHTHblX coneHOH,IJ;OB /nOMHMO co-

3,IJ;aHH.H 3a,IJ;aHHOH npOCTpaHCTBeHHOH MO,IJ;yn.HD;HH nonH/. 

TeopeTH'IeCKHe 3Ha'leHHH none:H B COOTBeTCTBYJOI.IUIX 

TO'IKaX paCC'IHTbiBanHCb Ha 3BM. llpH 3TOM none B TO'IKe 

c KOOp,D;HHaTaMH r, z onpe,D;enHnocb no <llopMyne 

z2i R2i 

Bz(r,z) = j .:£ f f Gz (r, z ,r',z ') dr'dz', /1/ 
p=l Z . R 

li li 
r,IJ;e N - 'IHcno ceKn;Hii: B coneHOH,IJ;e; 1 - nnoTHOCTb TOKa 

B coneHOH,IJ;e; 

. I w c 
J =--. s 

/2/ 

I - TOK OT HCTO'IHHKa; W - 'IHCnO BHTKOB B O,IJ;HOH CeKD;HH 

coneHOH,IJ;a; S - nnoiD;a,IJ;b nonepe'IHOrO Ce'leHHH O,IJ;HOH CeK· 

D;HH; r ', Z'; r , Z • KOOp,IJ;HHaTbl COOTBeTCTBeHHO TOKOHecy

ID;eH H pac'leTHOH TO'IeK; z li ; z2i ; R li ; R2i - COOTBeT

CTBeHHO npO,D;OnbHble H pa,D;HanbHble rpaHHD;bl i - OH CeKUHH 

/eM. puc. 8/; Gz(r,z,r' ,z')- <iiYHKD;HH rpHHa, KOTOpaH ,IJ;nH 

npO,D;OnbHOH COCTaBnHIO~eH nonH B aKCHanbHO- CHMMeTpH'I

HOB CHCTeMe HMeeT BH,IJ; ll/ 

G (r,z,r',z')= k [K r'
2
-r

2
-(z'-zfE] z + • /3/ 

y(r'+r)2+(z'-z)2 (r'-r)
2
+(z'-zf ' 

r,IJ;e K H E- cooTBeTCTBeHHO nonHble 3nnHnTH'IeCKHe HH

Terpanbi nepBoro H BToporo po,D;a OT Mo,IJ;ynH x, 

x2 = 4rr' , 
(r '+r)2 +(z'-z)2 

/4/ 

k - K031l>cPHUHeHT, 3a~HCHID;HH OT CHCTeMbl e,IJ;HHHD;, ,IJ;nH CH

CTeMbl CH BenH'IHHak = 2.10-
5

. 

H3MepeHHH MarHHTHblX none:H npoBOAHnHCb MHoroKa

HanbHblM XOnnoBCKHM MarHHTOMeTpOM, np06HHK C ,IJ;aT'IH

KOM Xonna pacnonarancH B cnen;HanbHOH ronoBKe. KoTopaH 

6blna TennoH30nHpoBaHa oT Kopnyca KpHOCTaTa CIIC-600. 

KpoMe TOrO, 'ITO npo6HHK HMen HH,IJ;HBH,IJ;yanbHYIO CHCTeMy 
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TepMOCTa6HJIH3all;HH, C Hapy)I(HOH CTOpOHbl OH 06.IJ;yBaJICJI 
IIOTOKOM B03.IJ;yxa KOMHaTHOH TeMneyarypbl. C flOMOIII;biC 
MOTOpHoro npHao.na ronoaKa Morna nepeMelll;aTbCB a.nonb 
ocH coneHoH,na or o,nHoro ero KpaJI .no ,npyroro. Hcnonb
JyeMbiH .narqHK Xonna pacnonarancJI Ha paccTOBHHH -3 CM 
OT OCH COJieHOH,IJ;a H MOr flOBOpaqHBaTbCJI Ha 360 °. H3-
MeHBJiaCb Z - COCTaBJIJIIOIII;aJI MarHHTHOrO IIOJIJI COJieHOH,IJ;a. 

B MarHHTOMerpe 6biJIH HcnoJib30BaHbi .narqHKH Xonna 
H3 aHTHMOHH,IJ;a HH,I:(HJI /l2/, KOTOpble HMeiOT pa3Mep qya
CTBHTeJibHOH 06JiaCTH 1,60x0,5o/o 0,13 MM 3 qyBCTBHTeJib
HOCTbiO 10

2 
MB/TnpH HOMHHaJibHOM TOKe flHTaHHJI 100 MA, 

TeMnepa TYPHhlii: Ko 3!l>!I>Hn;HeHT HarrpJI)I(eHHB 3 .,n .c. Xonna 
0,01o/o/ K H JIHHeHHOCTb xapaKTepHCTHKH 0,1o/o B ,nHanaJoHe 
noneii: .no 2,5 T. Pe3yJibTaTbi H3MepeHHB perHcTpHpoaaJIHCb 
C IIOMOIII;biO UH4Jpoaoro BOJibTMeTpa, TOqHOCTb KOTOporo 
nyqme 0,01o/o, H neqaraJIHCb Ha 6yMa)I(HOH neHTe. 

MarHHTOMeTp no3BOJIBeT nocne npe,naapHTeJibHoro rrpo
rpeaa npoao,nHTb H3MepeHHB MarHHTHbiX noneii: a ,nHana3oHe 
,!:(0 2,5 T C OTHOCHTeJibHOH TOqHOCTbiO Jiyqme 0,02o/o. A6-
COJIIOTHbie 3HaqeHHB nonJI onpe,neJIBIOTCB c roqHOCTbiO 0,1o/o, 
JIH6o 6onee roqHo no rpa,nyHpoaoqHbiM KPHBhiM. 
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