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Anexceanpoa B.C. a np. P9 - 11663 

~opMHpOBeHHe MerHHTHOrO nona YCKOpa~meA MarHHTHOA 
CHCT8MN npOTOTHDe xonneKTHBHOro YCKOp&Tena Ta~~nNx HOHOB 

H3no~eaw pe3yn&TaTbl cjlopMapoae&aa HMnyn&caoro Mer&HTaoro nona 
ycxopa~meA MerHHTHoA cacTeMbl npoToTane xonnexTaaaoro ycxopaTena 
TK*enNx ao&oB. flpoaeneao R3Mepeaao pecnpeneneaaa MaraaTaoro nona ae 

1 aBz 
)"'acTxe ycxopeHHL 0T&ocaTen&HNA rpenHeHT B --az- 6na30it x pac"'eT-

-3 -1 z 
BONy B COCTeBnBeT B Cp8J:IH8M 4,5•10 CM · J.iccnenoBeHBe 3eBHCHMOCTH 
pacnpenene&aa M8rHBTBOrO nona He BNBOJ:IBOM y"'eCTKe OT. napaMeTpOB Mar
BIITHOA CHCT8Mbl B MonenHpOB8H118 npouecce BbiBOJ:Ie aneltTpOHHO"-HOHHOrO 
XOn&Ue He y"!eCTOK yCKOpeHBa no3BonRDO BN6peT& pe~HM, B KOTOpOM rpa
llB8RTN &e npeawme~T pac"'eTHbiX npeaen&ao .~:~onycTHMNX 3He"!eHaA. He B&I
BOilHOM y"'aCTKe Dp0H3B81l8Hbl H3MepeHBa 83HMyTen&HbiX HeODHOpOilHOCTeA 
NArHBTHOrO nona H HCita~eHHA, BN3b1Ba8MNX aneMeHTeMH KOHCTpyKUHH yc
ltOpBTenSI. 8biSIBneH XapeKTep HCKe~eHHA, BHOCRMbiX pa30Mit&yTbiM coneHOH
IlOM B MarHBTBoe none B MeaaaaaoA nnocxocTH JteMepbl ycxop&Tena. Onpe
aeneBbl nepeMeTPbl xoppeltTHpy~mero coneaoaaa. flpuaoaaTca onaca&ae 
ycTeHOBitH ana ~opMHposa&HB H H3Mepe&HSI MerHHTHoro nona H B3MepaTen&
aoA annepaTYpbl. 

Coo6meaae 06~allBB8BBOro 8BCTRTyT8 aaepHbiX accneaoaaaaA. ay6aa 1978 

Ale:xandrov V.S. et at. . P9 - 11663 
Formation of the Magnetic Field of the Accelerating 
Magnetic System for the Heavy Ion Collective Accelerator 
Prototype 

The results of the pulse magnetic field formation of the accelerating 
magnetic system for the heavy ion collective accelerator prototype are 
presented. Magnetic field distributio~ in the acceleration region is 
measured. The relative gradient f-~ is close to the calculated 

z 
one and equals 4.5. 10 -3 sm -1. The investigation of the dependence 
of magnetic field distribution in the roll-out region on the magnetic sys
tem parameters and simulation of the electron-ion ring· roll...:OUt 
allowed to find a regime in which gradients do not exceed the cal
culated maximum permissible values. Azimuthal inhomOgeneity and 
the influence of accelerator construction elements are estimated. 
Particularities of the magnetic field median plane distortions caused 
by the solenoid are determined and correcting solenoid parameters 
are chosen. A set up for the formation and measurement of magne
tic field and the measurement techniques are described. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1978 

© 1978 06•eaaseBBbl8 aBCTilf"YT SIJiepBbl:JC accne.aosasail D.y6sa 

BBE,l(EHHE 

B npoTOTHne KonneKTHBHoro ycKopHTenB TB~enwx Ho

HOB /KYTH/ 111 HCnonh3yeTCB MarHHTHWH cnoco6 ycKopeHHB 

3neKTPOHHO-HOHHWX Konen;. MarHHTHoe none coJ.D.aeTcB 

YCKOpBIOII.I;eH MarHHTHOH CHCTeMOH, paCC'IHTaHHOH B pa6o

Te121 H COCTOB~eii: H3 KaTyilleK nocne)l.HeH /III/ CTyneHH 

C~aTHB H BWBO)l.HOrO coneHOH)l.a C HepaBHOMepHOH nnoT

HOCThiO HaMOTKH I puc. 1/. MarHHTHaB cHcTeMa o6ecne

'IHBaeT c,KaTHe 3neKTpOHHOrO KOnh:u;a OT pa)l.Hyca 9 + 11 CM 

)l.O KOHe'IHOrO pa)l.Hyca - 4 CM; Me)l.neHHWH BWBO)l. KOnh:u;a, 

Harpy~eHHoro HOHaMH, Ha Ha'lano yqacTKa ycKopeHHB / z = 
= 7+18 eM/ H ycKopeHHe ero a nHHeii:Ho cna)l.aJO~eM none 

coneHOH)l.a )l.O Z ~ 82 CM. BWBO)l. KOnh:u;a npOHCXO)l.HT B 

MarHHTHOH noTeH:u;HanLHOH BMe. CMet:u;eHHe MarHHTHOH 

BMhi H yMeHLmeuHe noTeH:u;HanLHoro 6apbepa B uanpaane

HHH BhiBO)l.a )l.OCTHraeTCB nyTeM illYHTHpOBaHHB O)l.HOH H3 

KaTymeK I I I cTyneHH. BpeMB BhiBO.D.a cocTaBnBeT -0,5 Me. 
113MeHeHHeM MarHHTHOrO nonB 3a BpeMB YCKOpeHHB 

I- 10 -? cj Ha <iJHKCHpoaaHHOM pa)l.Hyce MO~Ho npeHe6pe'lh. 

B Ja)l.a'IH MarHHTHhiX H3MepeHHH BXO.D.Hno: 

a/ HJMepeHHe pacnpe)l.eneHHB MarHHTHoro nonx B ( z) z 
Ha yqacTKe YCKOpeHHH jpaC'IeTHWe 3Ha'leHHB rpa)l.HeHTOB 

aBziBzaz "" /5+6/10- 3 CM- 1 12lj; 
6/ Hccne)l.oBaHHe JaBHCHMOCTH pacnpe.D.eneHHB B z ( z ) 

Ha BhiBO)l.HOM yqacTKe OT napaMeTpOB MarHHTHOH CHCTeMbl 

H Bhi6op pe~HMa BWBO)l.a, B KOTOpOM rpa)l.HeHTW He npe

BhiillaiOT paC'IeTHWX; 

B/ H3MepeHHe H KoppeKI.I;HB HCKa~eHHH Me)l.HaHHOH nnoc

KOCTH MarHHTHOrO nonH, BHOCHMWX nonBMH BHXpeBWX TO

KOB, HH.IJ.Yl.I;HpOBaHHhiX B pa30MKHYTOM coneHOH)l.e; 
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r / BbHIBneHHe aJHMyTanbHbiX HeO,IJ;Hopo,IJ;HOCTe:H Ha Bbi
BO.IJ;HOM yqacTKe; 

.IJ;/ OD;eHKa BnHXHHX 3neMeHTOB KOHCTpyKD;HH Ha MarHHT
Hoe none . 

OcHOBHOH o6'beM H3MepeHHH BbinOnHeH npu 20cfo-HbiX 
Hanpg)KeHHXX CHCTeMbl nHTaHHX. 0KOHqaTenbHaJI npoBepKa 
npoBo,IJ;Hnacb npu nonHbiX HanpH)KeHHHX. 

H3MEPHTEJibHAJI AIIIIAPATYPA 

H3MepeHHH pacnpe,IJ;eneHHH BO BpeMeHH H npocTpaHCTBe 
MrHOBeHHbiX 3HaqeHHH HMnynbCHbiX MarHHTHbiX none:H yc
KopxroiD;e:H cucTeMbl KYTH npoBO.IJ;HnHcb c noMOID;biO xon
noBcKoro MarHHTOMeTpa' MHX- 2 131 . B H3MepeHHHX Bnep
Bble 6bln HCnOnb30BaH HOBbiH 6noK BbiXO,!J;HOrO ycHnHTenH 
MH MHX-2 c oTpuu;aTenbHOH JanaJ.IJ;biBaJOID;e:H o6paTHOH 
CBJI3bl0 /4/. 3TO ycoBepmeHCTBOBaHHe n03BOnHnO aBTOMa
TH3HpOBaTb ycTaHOBKY BbiXO,IJ;HOrO CMeiD;eHHJI npH pa3nHq
HbiX pe)KHMaX pa60Tbl MarHHTOMeTpa, yCTpaHHTb norpew
HOCTb H3MepeHHJI OT .IJ;pe:H~a ycHnHTeneH H 3HaquTenbHO 
nO,IJ;aBHTb HH.IJ;YKD;HOHHbie H CeTeBble HaBO,IJ;KH B nonoce qac
TOT ,IJ;O 10 KTij B H3MepHTenbHOM KaHane, qTQ cyiD;eCTBeH
HO ynpocTHno pa6oTy annapaTypbi B6nH3H ycKopuTenH npu 
BbiCOKOM ypoBHe noMex. AnnapaTypHaH norpewHOCTb HJ
MepeHHH onpe,IJ;enHnacb pa3pH.IJ;HOCTbJO u;u~poBoro perucT
paTopa H COCTaBnHna -0,1cfo. 

YcTaHOBKa ,IJ;aTqHKa MarHHToMeTpa B Ja,IJ;aHHYJO ToqKy 
H3MepHeMoro o6'beMa ocyiD;eCTBnxnacb cneu;uanbHbiM Mexa
HHqecKHM ycTpOHCTBOM C MOTOpHbiM npHBO,IJ;OM - KOOp.IJ;H
HaTOPOM. Koop.IJ;HHaTop o6ecneqHBaeT nepeMeiD;eHHe ,IJ;aTqH
Ka B BbiBO.IJ;HOM naTpy6Ke a,IJ;reJaTopa KYTH /npu ~HKcu
poBaHHOM pa,IJ;Hyce 4,5 CM/ no a3HMYTY B ,IJ;Hana30He ¢ = 
= 30+350°c waroM 1°H no ocu z - B npe.IJ;enax 0+1125 MM 

c waroM nepeMeiD;euux 0,1 MM. BpeMH nonHoro npoxo)K
.IJ;eHHH ,IJ;Hana30Ha no Z paBHO 9 MUH, no ¢ - 30 C. 

IIepeMeiD;eHHe Koop.IJ;HHaTopa no z H ¢ npoHJBO.IJ;HTCH 
C nOMOID;blO MeCTHOH HnH ,IJ;HCTaHD;HOHHOH 3neKTpOHHOH CHC
TeMbl ynpaBneHHJI. CxeMa O.IJ;Horo KaHana ynpaBneHHH noKa
JaHa Ha puc. 2. Bxo,IJ;Ho:H 6noK H ero 6noK nuTaHHH JaKpen
neHbl Ha OCHOBaHHH KOOp,ll;HHaTopa. IIpHBO,IJ;HOH ,IJ;BHraTenb 

5 



I~ 
I! 
I~ 
"' I~ 
I~ 
L 

6 

... -
~ "f 

. r ··~ ''! h; 
~ 
~ 

~ 

ii2 ~ h "' d:i ':I )(~ ~ 0 
~~ ~ & + • () Ill 
• ~ ro "' ;:s 
r--- ---~ --l :z: 

I rr-, .. ~~ 

I 
I 

II 

N 
0 
~ 
0 :.: 
;:s 
;r 
Ill 
0 
'0 

~ 
~ 
;:s 
:z: 
~ 
)II 
0 
~ 
0 
s::: 

~ ;:s 
:z: 
~ 

~ 
<n 
0 

~ ...., 

0 
N 
0 
:z: 

I '-i 5 ;:s 

I i ~ 
I 

Q 0 
"' Ill 

I ~- v 
..;§ ~ 

I·~ 
.. <> 

!-:'~ II g. ~ I :;--+1-lj~-.J~Lf'~ · ~L ~-(l 5 
{. J Ill.~ 
)..,.( I ~ . 

!' a u 
• I lc: :s 
<ll~ 

IMC 1601 BI<JllO'IaeTCJI ,I(JIJI DpJIMOrO HJIH o6paTHOrO ,I(BH
:>KeHHJI qepe 3 COOTBeTCTBYIOll\He I<OHUeBble Bbii<niO'Ia TeJIH 
K 1 u K 2 . orpaHH'IHBaiOIUHe nepeMeiUeHHJI .na T'IHI<a, u qepe 3 
TpaH3HCTOpbi T2 , T5 uno T 3 , T 6 .IIocne.nHue ynpaanHIOT
CH qepe3 HHBepTopw M1 nu6o I<niO'IaMu K

3 
l"anepe.n", "Ha-

3a.n"l u K 4 1"nyci<"I npu MeCTHOM ynpaaneHHH, nu6o 
,I(HCTaHI.(HOHHO CHrHanaMH H3 BbiXO,I(HOrO 6JIOI<a. )J,nJI pe
rucTpauuu I<onuqecTaa o6opoToB .nauraTenH lunu nepeMell\e
HHJI ,I(aT'IHI<al Ha ero OCH yCTaHOBJieH ,I(HCI< C OI<HaMH 
18 OI<OH .nm1 I<oop,nuHa Tbi z , 3 OI<Ha .nnH ¢ I, qepe 3 I<OTO
pbie naMna Jl1 JacaequaaeT <l>oToTpaHJHCTop T 1.lfMnynhCbi 
c Tt<l>OPMHPYIOTCJI TpurrepoM lllMHTTa IT4 , T 7 , T 8 I 
u qepe3 TpaHJHCTOpbi T 9 , T1c1f Bblxo,nHoil 6noi< nocTynaroT 
Ha BXO,I( C'leT'IHI<a. 

Bwxo,nHoil 6noi< pacnonaraeTcJI Ha paccTOJIHHH .no 50 M 

B COOTBeTCTBYIOll\eM I<peHTe BMeCTe C .I(BYMJI CTaH,napTHbiMH 
'le Tblpe xpa3 pH.I(HbiMH .ne c JITH'IHbiMH peae pcHBHbiMH cqe T'IH
I<aMu, pa3pa6oTaHHbiMH a OR <I> OHMY. Bee 6noi<H Bhmon
HeHbi B cTaH,napTe KAMAK. Ilpu py'IHOM 3a,naHHH I<oop.nu
HaTbi IHanpuMep, z I Ha:>KuMalOTCJI HY:>KHbie I<naauwu 16-
I<OHTai<THoro I<JIIO'Ia K 7 , COOTBeTCTBYIOll\He B ,I(BOH'IHO
.necHTH'IHOM I<o,ne 3Ha'leHHIO z. Ilpu Ha:>KaTHH I<Honi<u K 5 
l"nyci<"I c noMOIUbiO M 2, M 3 <l>opMHPYIOTCJI Tpe6yeMbie 
CHrHaJibl Ha WHHax F16 , B , sl , pl HJIH p2 . a qepe3 
M 5 + M 8 no wuHaM JHa'leHue I<oop,nuHa Tbl JanHCbiBaeTCJI a 
perucTpe naMJITH peaepcuaHoro cqeT'IHI<a. Ecnu Tei<yll\ee 
3Ha'leHHe C'leT'IHI<a He paBHO 3a,I(aHHOMy, TO Ha O,I(HOM H3 
.I(BYX BbiXO,I(OB C'leT'IHI<a +Z HJIH - Z nOJIBJIJleTCJI CHrHaJI, 
BI<JIIO'IaiOIUHH qepe3 M

4
, T

12
+T15 npHMoe unu o6paTHoe 

nepeMeiUeHHe ,naT'IHI<a. Ha BXO,I( C'leT'IHI<a nOCTynaiOT HM
nynhCbl .no Tex nop, noi<a Tei<yiUee u Ja,naHHoe JHa'leHHJI 
cqeT'IHI<a He cpaBHHIOTCJI, nocne qero OTI<niOl.JaeTcJI curHan 
.I(BH:>KeHHJI. Ilpu pa6oTe Ha JIHHHH C 3BM 3anHCb Tpe6yeMOH 
I<OOp.I(HHaTbl no W -wuHaM OCyll\eCTBJIJleTCJI OT 3BM co
rnaCHO nporpaMMe H3MepeHuil. HaqanbHoe nono:>KeHHe ,naT
'IHI<a HH,I(HI.(HpyeTCJI naMnOH JI2 npH cpafiaTbiBaHHH I<OHI.J;e
BOrO Bhii<JIIOl.JaTenH K 2 . 

0CHOBHOH BI<na,n B norpeWHOCTb H3MepeHHH BHOCHJIH 
OTI<noHeHHJI aMnnuTy,n TOI<OB a I<aTywi<ax I I I cTyne'Hu u 
COJieHOH,I(e OT HOMHHaJibHbiX. KOHTpOJib TOI<OB npOH3BO,I(HJI· 
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CH C ITOMOmbro UH~pOBhlX 3neKTpOHHhlX 6nOKOB, o6ecneqH· 
BaiOIUHX OTHOCHTenbHyro TOqHOCTb ycTaHOBKH aMITllHTYA 
He xy:>Ke 4.10-3. 

~nn oueHKH pe3ynLTHpyromeu norpeWHOCTH 6Mna npo
ue,neHa cepHB: H3 100 H3MepeHHH npH ~HKCHpOBaHHOM no
no:>KeHHH _.J.laTqHKa. Cpe,nHeKaa,npaTaqHaH owa6Ka cocTaann
na 5· 10 T Ha ypoaHe 0,28 T. IlpH H3MepeHHHX B Ka:>K
,no:H. TOqKe npOH3BOAHllOCb 4 OTcqeTa. 

PE3YJihTATbl H3MEPEHHH 

1. H3MepeHue pacnpeoeAeHuii Bz(z). 
Bbl6op e&leooHozo pexuMa MazHumHoil cucmeMbl. 

KoH~Hrypauan MarHHTHoro nonn Ha BhlBOAHOM yqacTKe 
onpe,nenneTcH cne,nyromHMH napaMeTpaMH MarHHTHOH cac

TeMLI: 
1/ cooTHoweHHeM Hanpn:>KeHHH I I I cTyneHH H coneHoH-

.na U3 H UC ; 
2/ MOMeHTOM apeMeHH WYHTHpOBKH t Ill , KOTOpbiH BllHH

eT Ha COOTHOWeHHe TOKOB B KaTyWKaX I I I CTyneHH; 
3/ MOMeHTOM BpeMeHH BKniOqeHHH COneHOH,na tC · 
Pacnpe,neneHHe MarHHTHoro nonn Ha yqacTKe ycKope

HHH onpe,nenneTCH B OCHOBHOM nHHeHHOH ITllOTHOCTbro TOKa 

a coneHoa.ne. 
IlpH Bhl60pe pe:>KHMOB pa60Thl MarHHTHOH CHCTeMhl yqa

TbiBanHCb cne,nyromue ucxo,nHLie Tpe6oaaHHH: 
a/ paccornacoaaHHe MaKCHMYMOB TOKOB a coneHou.ne 

H I I I cTyneHH He ,non:>KHO npeahlwa Tb 50 M Kc; 
6/ HMa B pacnpe,neneHHH B z (z) AOn:>KHa CHHMa TbCH B 

MOMeHT apeMeHH, 6nH3KHH K MaKCHMYMY MarHHTHOrO ITOllH 
(t MaKe ); 

a/ npH apeMeHax t <t MaKe a pacnpe,neneHHH Bz(z) Ha 
BbiBOAHOM yqacTKe ,non:>KeH npHCYTCTBOBaTb HpKO Bhlpa:>KeH
HbiH MHHHMYM, HHaqe ycKopeHHe MO:>KeT HaqHHaTbCH npH 
CllHIIJKOM 60nbWHX rpa,nHeHTaX MarHHTHOrO ITOllH. 

113MepeHHJI: npOBOAHllHCL npH pacqeTHhlX 3HaqeHHJI:X 
Hanpn:>KeHHH Ha HaKOITHTenbHhlX eMKOCTJI:X CHCTeMhl ITHTa· 

8 

HHH. MoMeHTbl BpeMeHH BKnroqeHHH CTyneHeH 6binH Bbi-
6paHhl H3 pacqeTOB / 5 / H 3KCnepHMeHTOB ITO ~OpMHpOBaHHIO 
3neKTPOHHhlX Koneu a a,nre3aTope KYTM 161 . CoaMemeHHe 
MaKCHMYMOB TOKOB III cTyneHH H coneHoH,na npoH3Bo,nu
nocb nyTeM H3MeHeHHH te . IlpH ITOHCKe BhlBOAHOrO pe:>KH
Ma uapbHpouanacL tIll H U e . Pacnpe,neneHHH B z< z) CHH
Manucb Ha pa,nuyce 4,5 CM ,nnn Tpex MOMeHTOB apeMeHH: 

tMaKe , t MaKe - 100 MKC H tMaKe - 200 MKC, KOTO· 
pbiM Ha rpa~HKaX COOTBeTCTBYIOT HH,neKChl 1,2,3. 

OcHOBHhle pe3ynLTaThl H3MepeHHH npe,ncTaaneHhl Ha 
puc. 3-6. KpHBhle puc. 3-5 nonyqeHhl npH 20o/o-HLIX Ha
npn:>KeHHHX CHCTeMhl ITHTaHHH MarHHTHOrO ITOnH, KpHBbie 
puc. 6 - npa nonHhlX. 

Ha puc. 3 noKa3aHo pacnpe,neneHHe MarHHTHoro nonn 

s •. T, 
:3,5 

.30 

.2S 

.20 

.15 

.10 

.OS 

• Ill 211 

-R 

JO ., so IO 7() lo Ill Ill 
0

' 

Puc. 3. PacnpeoeAeHUJI MazHumHozo noAJI Bz(z) Ha eceii 
OAUHe YCKopumeAJI OAJI mpex MOMeH11t06 epeMeHU: t1 
= J ,7 MC /1/, t2 = 1,6 MC /2/, t3 = 1,5 MC /3/, De 
= 2,5 KB. 

Bz<z) 
qeHHJI:X 
+ 300 

Ha BCeH AllHHe YCKOpHTenH npH pacqeTHhlX 3Ha· 
till- t 3 + 340 MKC H U e = 2,5 KB (te"" t 3 + 

MKC, t Cl = 950 MKC, U 3 ':" 4,5 KB). 0THOCHTenbHhle 
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rpa,IJ,HeHTLI MarHHTHOrO TIOn.ll B HHTepaane Z = 30 +70 CM 
COCTaBnJIIOT (3+ 6).10-3 CM - 1 , B HHTepaane Z = 9+30 CM 
.IJ.OCTHraiOT (1+2)·10:-2 cM- 1 (puc. 3, Kpuaa.ll I). 

Puc. 4 HnniOcTpHpyeT 3aBHCHMOCTb pacnpe,IJ,eneHHii B (z) z 
Ha BLIBO,!J,HOM yqaCTKe OT t Ill TipH cPHKCHpOBaHHOM U C. 

C yaenHl.feHHeM tIll oT t 3 + 340 M KC I puc. 461 .IJ.O t 3 + 
+ 390 MKC I puc. 4al JIMa B pacnpe,IJ,eneHHH B z(Z) He 

CHHMaeTc.ll H He C.IJ.BHraeTc.ll ,IJ,anLUie z "" 4 CM I puc. 4al. 
YMeHLUieHHe t Ill a HeKoTopLix npe,IJ,enax npHBO.IJ.HT K TOMY, 

"'TO CHJITHe JIMLI TipOHCXO,IJ,HT ,IJ,O MaKCHMyMa MarHHTHOrO 

non.ll IKpHBa.ll 2, puc. 4el. 

... ~ 

.35 L 1 i I 

.30 I '-J - ='--F"'- ......... 1 

.25 I I I I I ........._31J 
0 5 tO 15 20 Cl'l 

a
1

• r 
.35 

[\ 

.30 

., 
.25 

.20 
0 

' _./ 

t--
..... __....--. 

" 
5 10 

' 
i 

_, 

' t'-.3 i! 
IS 20 Cl'l 

Puc. 4. PacnpeoeAeHUJI B (z) Ha BhiBOOHOM y~acmKe 
npu tru= t 3 + 390 MKC jaj, t lU = t 3 + 340 MKC /6/, 
till"" t 3 + 300 MKC jej OAJI mpex MOMeHmOB epeMeHU -
t1 , t2 , t3. Uc = 2,5 KB. 

10-

I 

' 

I 
1 

3aBHCHMOCTb pacnpe,IJ,eneHHJI MarHHTHOrO TIOn.ll BLIBO,IJ,· 

HOrO yl.JaCTKa OT HaTip.ll)l(eHHJI Ha coneHOH,IJ,e ,IJ,eMOHCTpH

pyeTCJI puc. 5. KpHBLie A, .li, B cooTaeTCTBYIOT U c , yae

nHl.feHHOMY COOTBeTCTBeHHO Ha 3, 6 H 90/o TIO cpaBHeHHIO 

C U C , puc. 3 (till= t 3 + 300 MKC). rpa,IJ,HeHTLI MarHHT

HOrO TIOn.ll B HHTepaane Z = 15+30 CM yMeHbUieHLI ,IJ,O 

5.l0- 3 cM-1 IKPHBbie .lil H B1l, B HHTepaane Z = 9.;-14 CM 
,lJ,OCTHraiOT ( 8-':- 9) ·10 - 3 cM - 1

. 
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Puc. 5. PacnpeoeAeHUJI Bz (z) Ha BbiBOOHOM y~acmKe 
npu U c, paBHOM 2,57 KB /A/; 2,65 KB /E/; 2,72 KB 
/B/ OAJI MOMeHmOB epeMeHU tl , t2 , t3. till'"' t 3 + 300 MKC. 

Pe3ynbTaTLI, npe,IJ,cTaaneHHLie Ha puc. 6, nonyl.feHLI npH 

nonHLIX Hanp.ll)l(eHHJIX, KpHBLie A1 - A3 - a pe)I(HMe: 

U 3 = 22,5 KB, U c = 12,5 KB, tc = t 3 + 300 MKC, till = 
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Puc. 6. PacnpeOe/leHUJI B z(z) Ha ebzeoOHOM yt.tacmKe 
npu noiiHbiX Hanp.RJKeHUJIX numaHUJI: U 3 = 22,5 KB, p c = 
= 12,5 KB /KpUeble A/; u3 = 22,5 KB, Uc = 13,0 KB 
/Kpuebze E/ OIIJI mpex MOMeHmoe epeMeHu t1 , t2 , t3 
tc•t 3 +300MKC, tm•t 3 +320MKC. 

t 3 + 320 MKc; KpHBLie Ji1- Ji3cooTBeTCTBYIOT Uc= 13 KB. 
Pe:>KHM, COOTBeTCTBYIOIUHH KpHBbiM Ji puc. 6, 6b1JI peKO

MeH,IJ;OBaH ,II;JI.H 3KCnepHMeHTOB llO YCKOpeHHIO 3JieKTpOHHO· 

HOHHLIX KOJie~ B npoTOTHne KYTH. 

)J;JIH H3yqeHH.H B03MO:>KHOCTH yMeHbWeHH.H rpa,IJ;HeHTOB 

B HHTepBaJie Z = 9 +14 CM npo~eCC BbiBO,IJ;a 3JieKTpOHHOro 

KOJILIJ;a H3 KaMepbl a,IJ;re3aTopa MO,IJ;eJIHpOBaJIC.H Ha 3BM. 

Ha puc. 7 noKa3aHLI pacnpe,IJ;eneHHH rpa,D;HeHTOB MarHBT

uoro llOJI.H B MOMeHT CH.HTH.H .HMbl ,IJ;JI.H Tpex 3HaqeHHH 

U c /10; 11 u 12,5 KB/ npu pa3JIBqHbJX tm. PucyHKY 7a 
COOTBeTCTBYIOT MaKCBMaJibHO ,IJ;OllyCTHMble 3HaqeHH.H tlll , 

llpH KOTOpbiX eme B03MO:>KHO CH.HTHe .HMbl: t 3 + 390 MKC 
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Puc. 7. Pact.temHble pacnpeOe/leHUJI a Bz/ a z e MOMeHm 
CH.Rmu.R JIMbl 0/IJI pa3/IUt.tHbiX Uc npu MaKcUMallbHbiX tm 
/a/, npU tlll , yMeHbWeHHbiX Ha 20 MKC /6/ U Ha 60 MKC, 
/e/. 

(U c = 10 KB), t 3 + 370 MKC (11 KB) H t 3 + 350 MKC 
( 12,5 KB ). KpHBLie puc. 76 nonyqeHLI npu t m , yMeHLweu

HLIX Ha 20 MKC, pUC. 7e • Ha 60 MKC OT MaKCHMaJILHbiX. 

HJ puc. 7 BH.D;HO, qTo B JaBHCHMOCTH oT BLI6opa Uc u 

till CH.HTHe .HMbl MO:>KeT npOHCXO,IJ;HTb B ,IJ;BYX TOqKaX: 

Z "' 7 CM H Z "' 18 CM. (B TOqKe CH.HTH.H .HMbl rpa,D;HeHT 

paBeH 0) • llepBOMY CJiyqaiO ( Z "' 7 CM) COOTBeTCTBYIOT 

60JibWHe 3HaqeHH.H tIll H rpa,D;HeHTOB B6JIH3H 12 CM. 
llpuqeM, BeJiuquua MaKCHMaJibHbiX rpa,D;HeHTOB OKa3biBa

eTC.H KpHTHqHOH K TOqHOCTH Bb16opa t c H U c . llyHKTHpOM 

Ha puc. 7 noKaJaHLI rpa,D;HeHTLI ,IJ;JIH t c , HJMeueuuoro Ha 

40 MKC. CH.HTHe HMLI npoucxo.D;HT B6JIH3H MaKCHMyMa Mar

HHTHoro llOJI.H tMaKC . llpH yMeHbWeHHH till Ha 20+40 MKC 
OT MaKCHMaJibHO ,IJ;OllyCTHMOrO CH.HTHe .HMbl npOHCXO,II;HT 3a 

50+100 MKC ,IJ;O t MaKe . 

BTopo:ii cnyqa:ii peanuJyeTcH npu yMeHLWeHHH t m ua 

50+60 MKC OT MaKCHMaJibHO ,IJ;OllYCTHMbiX 3HaqeHHH H xa

paKTepH3yeTC.H TeM, qTo .HMa C,IJ;BHraeTC.H Ja 06JiaCTb 60Jib· 

WHX rpa,D;HeHTOB. llpHl.leM, pe:>KHM OKa3biBaeTC.H YCTOHqHBbiM 

K BJMeHeHBHM tc B npe,D;enax 100 MKC u Uc B npe,D;enax 

10 +20o/o. llpH nepeXO,IJ;e B 3TOT pe:>KHM llpH yMeHbWeHHH 
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till MOMeHT CHHTHH HMbl CKaqKOM CJJ.BHraeTCH 3a MaKCHMYM 

MarHHTHoro nonH npu6nH3HTenbHO Ha 100 MKC. 

B 3KcnepuMeHTax Ha npoTOTHne KYT.H 17 / Ha6mo.n.anucb 

o6a pe~HMa BhlBOJJ.a. llpH yCKOpeHHH HOHOB HCnOJib30Ban

CH nepBbiH pe~HM, nOCKOJibKY B HeM y.n.anOCb HaH6onee 

npOCTO yCTpaHHTb a3HMyTaJibHYW HeO.D.HOPO.D.HOCTb MarHHT

HOrO nonH Ha BhlBOJJ.HOM yqacTKe. 

2. H3MepeHUe UCKQJKeHUU, 8HOCUMblX COAeHOUOOM. 

KoppeK~UJI noAoJKeHUJI MeouaHHoii nAoc~eocmu 

MQ2HUIIIH020 nOAJI. 

l1CKa~eHHH HMnynbCHOrO MarHHTHOrO nOJIH MHOrOBHT

KOBbiMH pa30MKHYTbiMH Ka TYIIIKaMH, pacnono~eHHhlMH .D.O

CTaToqHO 6JIH3KO K Me.LJ.HaHHOH nnOCKOCTH KaMepbi, Bhl3hlBa

WT pa3nHqHoro po.n.a HeycToifqHBOCTH 3JieKTpOHHOrO KOJib

n.a /8-11(B y3KOH MeTannuqecKoH. KaMepe a.n.re3aTopa Hau-

6onee onaCHbiM HBJIHeTCH KOrepeHTHOe CMell.{eHHe KOJibiJ.a 

Ha CTeHKY, KOTOpOe Bbl3biBaeTCH CHJiaMH 3apHJJ.OBbiX H30-

6pa~eHHH npu Hecoana.n.eHHH Me.n.uaHHhlX nnocKocTeH. Mar

HHTHoro nonH H KaMepbi 1121 . 

C.u.aur Me.n.uaHHOH nnocKOCTH MarHHTHoro nonH npouc

XOJJ.HT 3a cqeT noneif. BHXpeBbiX TOKOB, HH.D.YIJ.HpOBaHHbiX 

B BHTKax coneHou.n.a. AMnnHTy.n.a u ~a3a TOKOB onpe.n.eng

WTCH ~OBOJJ.HMOCTbW H pa3MepaMH ceqeHHH npOBO.D.HH

Ka 
19

•
11 

. 

.HcnOJib30BaHHe MHOrO~HJibHOrO Ka6enH, npOBO.D.HMOCTb 

KOTOporo .D.JIH BHXpeBhlX TOKOB CHH~eHa no cpaBHeHHro CO 

CnJIOIIIHhlM npOBOJJ.HHKOM 3a cqeT nepeXOJJ.HhlX COnpOTHB

neHHH Me~.u.y ~unaMu, oKa3anocb He3~eKTHBHbiM. B 3Kcne

PHMeHTaX no H3yqeHHW JJ.HHaMHKH 3JieKTpOHHOrO KOJibiJ.a/10/ 

Ha6nro.n.aJIOCh pa3pyiiieHHe KOJibiJ.a, KOTOpoe npOHCXO.D.HJIO 

nocne 3axaaTa nyqKa MarHHTHbiM noneM. 

B H3MepeHHHX CHHManucb 3aBHCHMOCTH Bz(z) B o6-

nacTH r =I 10 .:..351 eM, z =I- 2+ 21 eM B HHTepaane 0+ 1 ,4 M c. 

AKCHaJibHOe CMeiiJ.eHHe HMbl MarHHTHOrO nonH B JJ.Hana30-

He r = 25+35 CM .D.OCTHrano no nopH.D.KY BenHqHHhl 1 CM. 

,!J;nH KOMneHcan.uu cMeiiJ.eHHH ucnonb 30BancH .u.ayxcnoH.

HbiH KoppeKTHPYJOIUHH coneHOH.D. I puc. II co acTpeqHbiM 

14 

HanpaaneHHeM HaMOTKH BO BHyTpeHHeM H BHeiiiHeM CJIOHX. 

reoMeTpuqecKue pa3Mepw coneHou.n.a: BHyTpeHHHH, BHeiii

HHH pa.D.HYChl H JJ.JIHHa - COOTBeTCTBOBaJIH pa3MepaM BhlBOJJ.

HOrO coneHou.u.a. KonuqecTBO H ceqeHHe BHTKOB 6wnu Bbi-

6paHbi TaKHM o6pa30M, qT06bi nOCTOHHHaH BpeMeHH rk 

KoppeKTHpyroiiJ.ero coneHou.n.a npeBbiiiiana xapaKTepHoe ape

MH nepeXOJJ.HbiX npon.eCCOB (- 0,5 Ml
111

) B BHTKaX BhlBO.D.

HOrO coneHou.n.a. llpu 40 BHTKax Ka6enH ceqeHHeM 50 MM 2 

HHJJ.YKTHBHOCTb H COn~OTHBJieHHe COCTaBJIHJIH COOTBeTCT

BeHHO 20 MKF u 10-OM (rk- 2 Mc).Bapuan.uu nocToHu

HOH apeMeHH, aMnnHTY.D.bi KoppeKTHPYJOIIJ.ero nonH H ero 

pacnpe.n.eneHHH OCyll.{eCTBJIHJIHCb nyTeM H3MeHeHHH BenH

qHHbl IIIYHTHPYJOIIJ.ero cnou conpoTHBneHHH Rw H nono~eHHH 

KoppeKTHPYWIIJ.ero coneHou.u.a. 
l13MepeHHH noKa3aJIH, qTo nonHOCTbW KOMneHCHpOBaTb 

HCKa~eHHH BO BCeM JJ.Hana30He pa.LJ.HYCOB He y.u.aeTCH. 

3TO CBH3aHO C pa3JIHqHHMH B pacnpe.n.eneHHH HH.D.YIJ.Hpo

BaHHbiX TOKOB: O.D.HOPO.D.HbiM no .D.JIHHe B KOppeKTHpyroiiJ.eM 

coneHou.n.e u cooTBeTcTayroiiJ.eM pacnpe.n.eneHHJO B z (z) -

B BhlBO.D.HOM. ,!J;nH 3KCnepHMeHTOB C nyqKOM 6hlJIH peKOMeH

JJ.OBaHbl cne.n.YJOIIJ.He 3HaqeHHH: Rw $ 1 OM, nono~eHHe 
n.eHTpa Koppei<THpyroll.{ero coneHou.u.a z k = -47 CM. 

Pe3ynLTaTbi cepuu 3KcnepuMeHTOB no H3yqeHuro .D.HHa

MHKH 3JieKTpOHHbiX KOnen.1101 noKa3aJIH npaBHJibHOCTb Bhl-

6opa napaMeTpoa KoppeKTHPYJOIIJ.ero coneHoH.n.a. 

3. A3uMymaAbH&Je U3MepeHUJI 

B npon.ecce BbiBo.n.a noKa3aTenb cna.n.a MarHHTHoro 

nonH MeHB:eT 3HaK. llpH 3TOM B03HHKaeT n.enLIH pe30HaHC 

vr .. 1 I vr - qacToTa pa.n.uanLHLIX Kone6aHHH/, KOTOPLIH 

npH HanHqHH a3HMyTaJibHOH HeO.D.HOPO.D.HOCTH MarHHTHOro 

nonH BLI3hlBaeT pa.u.uanLHLIH .n.peH:~ n.eHTpa 3neKTPOHHoro 

KonLn.a. CornacHo 113! .n.nH Toro qTo6LI .u.peH.~ He npeawrnan 

1 MM, He06XO.D.HMO HMeTb aMnJIHTY.D.Y nepBOH rapMOHHKH 

B03MYIIJ.eHHH MarHHTHoro nonH, He npeawrnaJOIIJ.YW 10-4 B z. 

B 3KcnepHMeHTax no awao.u.y H ycKopeHHIO 3JieKTPOHHhlX 

Konen. a a.u.re3aTope KYT.H ua6n10.n.anocL OTKnoueuue n.euT

pa KOJibiJ.a OT OCH ycKOpHTenH -1,5 CM/lO:qTo yKa3biBa.JIO 
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Ha HanH'IBe a3BMyTanLHOH HeO~HOpO~HOCTB, 6onLIIIeH 
qeM 10-3Bz-

H3MepeHHH MarHHTHoro nonH Ha BLIBO~HOM yqacTKe 
npoao~HnBcb Ha 'leTLipex a3HMyTax <P : 30°, 120°, 210° 
B 300 ° /oTHOCBTenLHO aepTHKanu/. CHHManBcb 3aaucu
MOCTB Bz(z) Ha pa~ByCe 4,5 CM npB t, paBHOM tMaKe , 
t MaKe - 100 MKC B t MaKe- 200 MKC. Ha puc. 8 noKa3aHbl 
COOTBeTCTBYIOII.\Be KpHBble ~nH Tpex 3Ha'leHBH a3BMyTa. 
H3 pucyHKa BH~Ho, 'ITO OTKnoHeHBH MarHHTHoro nonH oT 
a3BMyTanbHOH CBMMeTpHH ~OCTHraiOT ±5-10-3. 
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Puc. 8. PacnpeoeAeHU.R B z(Z) Ha 6bi600HOM y'laCmKe 
OAR mpex aHa'leHuii aauMyma: 120 °/A/, 210°/Ii/, 300°/B/-
6 MOMeHIIfbl epeMeHU t1 , t2 , t3. 
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llocne yMeHLIIIeHHH aMnnHTY~hl rapMOHHKB B pe3ynL· 
TaTe noaopoTa o~HOH H3 KaTyiiieK I I I cTyneHB OTHocu
TenLHO OCH Ha 180° BenH'IBHa ~peii4Ja 6Lma yMeHLIIIeHa 
~0 -1,5 MM 

1101
. 

4. BAU.RHUe 3AeMeH1/f06 KOHCIIfpyKijUU YC1WPU11feA.R 

3aBBCBMOCTB MarHBTHOrO nonH OT BpeMeHB CHHManHCb 
Ha OCH ycKOPBTenH: none I I I CTyneHH - B TO'IKe z zO, co
neHOB~a • B TO'IKaX Z = 30 H 60 CM. H3MepeHBH npOBO~B
nBCb npu pa3~enLHOM BKmo'leHBB I I I cTyneHH B coneHoB
~a. Ha ocu KaMepLI noMell.\anHCb nooqepe~Ho cne~yiOII.\Be 

3neMeHTLI: 
a/ Tpy6LI B3 Hep:>Kaaeroll.\eH cTanH XI8H9T /TOnll.\HHa 

CTeHKB - 1 MM/, cnnOIIIHaH H KOM6BHHpOBaHHaH, C IIIeCTbiO 
npO~OnbHbiMB pa3pe3aMB OT Z = ·25 CM ~0 Z = 35 CMj 

6/ BCTaBKH TBna "6enB'Ibe KOneco" B3 35 Me~HbiX 
CTPYH /~BaMeTp cTpyHLI - 1 MM/ H IIIeCTB Me~HLIX nonoc 
/TOnll.\HHa - 1 MM, IIIBpBHa • 30 MM/ C Hapy:>KHbiM ~BaMeT • 
pOM 72 MM. 

Hau6onee 3aMeTHLie oTnH'IBH aMnnHTY~hl B 4Ja3LI Mar
HHTHoro nonH Ha6niO~anucL B cnyqae Hepa3pe3aHHOH Tpy6LI 
B3 Hep:>KaaeiOII.\eH cTanu I puc. 9/. O~HaKo aenH'IHHhl 3TBx 
oTKnoHeHBH I -10/o/, ecnH yqecTb HX BKna~ B cyMMapHoe 
MarHBTHOe none, He MOryT OKa3aTb Cyll.\eCTBeHHOrO BnHH" 
HHH Ha napaMeTpbi 3neKTpOHHOrO KOnbl.{a. 

H3MepeHHe anHHHHH Me~HOH Tpy6LI /Hapy:>KHLIH ~BaMeTp -
32 MM, TOnll.\HHa CTeHKH - 2 MM/ Ha MarHHTHOe none Ha 
pa~uyce 4,5 cM TaK:>Ke noKa3ano ero He3Ha'IBTenLHOCTL 
I puc. 10, IIITpBXOBLie KpBBLie - MarHBTHoe none B npucyT
CTBBH Tpy6LI/. 

H3MepeHBH pacnpe~eneHBH MarHBTHoro nonH a~onL 

acero TpaKTa ycKopeHBH noKa3ano, 'ITO npBMeHeHBe KOM· 
6BHBpOBaHHOH Tpy6hl He:>Kena TenLHO B3 • 3a 3aMeTHOrO 
yMeHLIIIeHBH rpa~BeHTOB a6nB3B CTLIKa. KaK cne~yeT B3 
Kpuaoii 1 puc. 3, rpa~BeHThl B BHTepaane z = 40+60 CM 

COCTaBnHIOT npB6nB3BTenbHO (2+3) .10-
3
CM -

1
, 'ITO B~BOe 

MeHLWe pac'leTHbiX 3Ha'leHBH. 
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Puc. 9. 3a6ucuMocmu Bz(t) III cmyneHu 6 mo~Ke r =0, 
z,., 0 /A/ U COAeHOUOa 6 mo~Ke r = 0, Z = 60 CM /Ii/; 
KPU6ble 1 - 6Hympu cnAOWHOU mpy6bl U3 HepJICa6e101J1eU cmaAU, 
KPU6ble 2 - 6e3 mpy6&1. 
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Puc. 10. PacnpeoeAeHue B (z) Ha 6bi600HOM y~acmKe 
Ha pac)uyce 4,5 CM npu HQAU~zUU MeOHOU mpy6bl C HapyJICHbiM 
ouaMempoM 3,2 CM u moAUIUHOU cmeHKU 0,2 CM /wmpuxo6&1e 
KpU6ble/ u 6e3 mpy6&a /cnAOWHble KPU6ble/ OAJI mpex MOMeH
mo6 6peMeHu t1 , t2 , t3 . 

3AKJIIO IJEHHE 

B peJynLTaTe MarHHTHbiX HJMepeHHii ycTaHosneHo cne

.l1.YIO~ee. 

rpa)).HeHTbl MarHHTHoro non.H a B I B az Ha yqacTKe z z 
YCKOpeHH.H COOTBeTCTBYIOT pacqeTHbiM H COCTaBn.HIOT B 

Cpe)),HeM- 4,5 •10-S CM-l. 
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BapbHPYB MOMeHTbl BpeMeHH WYHTHpOBOK tIll B npe.n;e

nax t 3 + ( 280+ 340) M KC H HanpB:>KeHHB Ha coneHoH.n;e 

Uc B npe.n;enax (12,5""-13,5) KB B Bb16paHHOM pe:>KHMe, MO:>KHO 

Y.IJ;OBneTBOpHTb Tpe6yeMbiM ycnOBHJIM BbiBO.IJ;a. 

):(nB KOMneHCaUHH HCKa:>KeHHH, BHOCHMbiX B MarHHTHOe 

none 06MOTKOH BbiBO.IJ;HOrO ConeHOH.IJ;a, B .IJ;Hana30He pa.n;Hy

COB 25+36 CM MO:iKHO HCnOnb30BaTb naCCHBHhlH KOppeKTH

PYIOIUHH coneHoH.n;. 

BnHBHHeM «PoKycupyromux 3neMeHTOB H yKa3aHHhlX BbiWe 

3neMeHTOB KOHCTPYKUHH Ha MarHHTHOe none /H napaMeTpbl 

3neKTpOHHOrO KOnbUa/ B KOHUe C:>KaTHJI MO:iKHO npeHe6peqb. 

ABTOphl cquTaroT npHBTHbiM .nonroM no6naro.n;apHTb 

H.B.KnoKOBa 3a KOHCTPYKTOpCKy10npopa6oTKY MexaHHqec

Koro npHBO.IJ;a np06HHKa MarHHTOMeTpa, a TaK:>Ke JJ.B.KOMO

ropoBy H ):(.A.CMonHHa Ja npe.n;ocTaBneHHe 6noKoB peaep

CHBHhlX cqeTqHKOB. 
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