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AxMaHOBa n.H. H np. P9 - 10621 

MarHHToMeTpHqecKag annaparypa nng KonneKTHBHoro ycKopKreng 
3apB*eHHWX qaCTHU 

PaccMaTpHeaercg MeTOilHKa H annaparypa nng H3MepeHHB crauuonapuw' 
H HMnynbCHbiX MarnuTHbiX noneA co cno•HhiM pacnpeneneuueM B npocrpan
cree H epeMenu. MarHHTOMerp nng H3MepeHHB Mrgosennwx auaqenaA Mar
HHTHhlx noneA llO +,2,5 T C TO'IROCTblO ny'!We 10- BCUQnb3yeTCSI B R3Me

peHHBX Ha KOnneKTHBHOM YCKOpHTene Ha nHHHH C 38M. npaseneHbl T8KlKe 
MarHHTOMeTp Jlng H3MepeHHB KOpOTKHX no )lnHTenbHOCTH ( MKC) HMnynbCHblX 
MarHHTHWX nonefi H MarHHTOMeTp nng H3MepeHHB CT8UHOH8pHWX nonefi, 

Pa6ora Bhmonueua e Ornene HOBhiX Meronoe ycKopeHHB OHRH. 

fipeDpHBT 06'1oeJl)IBeHHOrO HHCTHTyT& a,lle_pHWil HCC.Ile,llo .... l • JlYCSH& 1977 

Akhmanova L.N. et al. 

Magnetometric Equipment for Collective 
Charged Particle Accelerators 

P9 - 10621 

The technique and equipment for measurement of 
stationary and pulsed magnetic fields with a complex 
time and space distribution is considered. A magnetome
ter intended for measurement of instantaneous values 
of magnetic fields up to 2.5 T with the accuracy better 
than lo-3 is used at collective accelerator on-line 
with computer. There were considered also the magne
tometer for short (~s) pulsed magnetic field measure
ments and the magnetometer for stationary field measure
ments. 

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

Preprint of the Joint Institute for Nuclear Research. DubDa 19'17 
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CoJ,IJ,aHue KonneKTHBHoro ycKopurenH /I-4, 17 I craBHT 

crreuu~uqecKue rpe6oBaHHH K MarHHTOMerpuqecKoH anna

parype, KOTOpa.!l HCllOllh3yeTC.!l .Il,ll.!l H3MepeHH.!l H ~OpMH

poBaHH.!l MarHHTHhiX ITOneH BO BCeX OCHOBHhiX ero yJnax 

/cunyH.IJ., a,IJ,reJarop, KOnhuerpoH/, H B PH.IJ.e ,IJ,pyrux 3K

crrepuMeHranhHhiX ycraHOBOK. IIonyqeHue cunhHOTOqHoro 

rryqKa 3lleKTpOHOB ManoH .Il,llHTenhHOCTH, ~OpMHpOBaHHe H 

C*aTHe 3lleKTpOHHOrO KOllhUa, BhlBO.Il, H YCKOpeHHe KOllhUa 

C HOHHhiM HarronHeHHeM - BCe 3TH llPOUeCChl B KonneKTHB

HOM YCKOpHTene OCyll.{eCTBll.!IIOTC.!l C HCllOllh30BaHHeM COOT

BeTCTBYIOIUHX MarHHTHhiX rroneH. Heo6xo,IJ,HMo H3MepHTh 

llOll.!l, a qacTO H HX rpa,IJ,HeHThl, KaK CTaUHOHapHbie, TaK 

H rrepeMeHHO-HMrrynhCHhie. BenuqHHhl MarHHTHhiX rroneH 

ne*aT o6wqHo B .IJ.HarraJoHe 0,01-2,5 T, a ,IJ,nHTenhHOCTH 

HMITynhCHhiX rroneH - OT MC .Il,O MKC. KonuqecTBO H3MepeHHH 

ITO,IJ,qac .Il,OCTHraeT 6onee ,IJ,eC.!ITKOB ThiC.!lq 3HaqeHHH, TaK 

KaK H3MepeHH.!l llpOBO,IJ,.!ITC.!l B .Il,OCTaToqHo 6onhWHX rrpo

CTpaHCTBax, a TaK*e BO BpeMeHH /HallpHMep, rrpH H3Mepe

HHH H ~OpMHpOBaHHH ll- TpaeKTOpHH C*HMaeMoro 3neKT

poHHoro KOnhua B a,IJ,reJaTope YTH 191;. Ilo3TOMY HY*Ha 

MaKCHManhHa.!l aBTOMaTH3a.UH.!l pa60Thl H3MepHTenhHOH an

rrapaTyphl, CHCTeM MeXaHuqecKoro llpHBO,IJ,a ,IJ,aTqHKOB H 

B03MO*HOCTh HX pa60Thl Ha llHHHH C 3BM C uenhiO 6onee 

orrepaTHBHOrO ynpasneHH.!l anrrapaTypoH H COOTBeTCTBYIOIUeH 

06pa60TKH pe3ynbTaTOB H3MepeHHH H rrpe,IJ,CTaBneHH.!l HX 

B Y.IJ.06HOH ~opMe. 0,IJ,HaKo B PH.IJ.e cnyqaes npu cpaBHHTenh

HO He6onhwux KonuqecTsax H3MepeHHH annapaTypa .IJ.Oll*Ha 

~YHKUHOHHpOBa Th B aBTOHOMHOM pe*HMe C pyqHhiM ynpaB

neHHeM. 
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HapJI.IJ.Y c 3THM, HanpHMep, B a.u.re3aTope H KonLueTpo

He, Tpe6yeTCJI TO'IHOCTL onpe,IJ,eneHBJI OTHOCBTenLHLIX B 

a6COniOTHLIX 3Ha'leHBB MarHBTHLIX nonei IBKniO'IaJI BX 

MrHOBeHHLie 3Ha'leHBJI B pa3HLie MOMeHTLI BpeMeHHI ,IJ,O 

IO,F0,01I~, a BX rpa,IJ,BeHTOB - .IJ.O 1~. 
C y'leTOM yKa3aHHLIX BLIWe Tpe6oBaHBB 6Lina C03,IJ,aHa 

COOTBeTCTBYIOIUaJI MarHBTOMeTpB'IeCKaJI annapaTypa. HaB-

6onee WBpOKOe npBMeHeHBe Hamna MeTO,!J,BKa B3MepeHBJI 

MrHOBeHHLIX 3HaqeHBB MarHBTHLIX nonei. 3Ta MeTO,!J,BKa 

,!J,OCTaTO'IHO YHBBepcanLHa, TaK KaK n03BOnJieT B3MepJITL 

npocTpaHCTBeHHLie B apeMeHHLie pacnpe.u.eneHHJI nepeMeHHo

BMnynLCHLIX MarHBTHLIX nonei B BX rpa,IJ,BeHTOB, KaK B 

KOM6BHaUBB BX CO CTaUBOHapHLIMB, npB BpeMeHHOB npB· 

BJI3Ke B3MepBTenJI K KaKOMy-nB60 MOMeHTY ,!J,BHaMB'IeCKOrO 

npouecca. Bo3MO~HOCTL B3MepeHBJI cTausoHapHLIX nonei 

npB TaKOB MeTO,!J,BKe BeCLMa ynpOIUaeT npoBe,IJ,eHBe BLICOKO· 

TO'IHOB KanB6poBKB annapaTypLI no JIMP-B3MepBTemo B 

o.u.Hopo.IJ.HOM cTa6BnLHOM cTausoHapHOM none. TaKBM o6-

pa3oM, 3Ta MeTO,IJ,BKa MO~eT o6ecne'IBTL BLICOKYID OTHO

CBTenLHYID B a6COniOTHYID TO'IHOCTL B3MepeHBB. fipB ManLIX 

3Ha'leHBJIX "MrHOBeHHOCTB" B3MepeHBB B BLICOKOB CTa-

6BnLHOCTB BpeMeHHOB npBBJI3KB 3Ta MeTO,!J,BKa o6ecneqs

BaeT xopomee apeMeHHoe pa3pemeHBe, a nps HanH'IBB 

3~eKTBBHOrO no,IJ,aBneHBJI BH.IJ.YKUBOHHLIX HaDO,!J,OK B anna

paType - yaenB'IeHBe TO'IHOCTH B3MepeHBJI 6onee 6LICTpo

nepeMeHHLIX nonei. 

B npaKTBKe MarHBTHLIX B3MepeHBi Ha KonneKTBBHOM 

ycKopBTene HamnB npsMeHeHBe B .u.pyrse 6onee orpaHB'IeH

HLie MeTO,IJ,BKB B3MepeHBJI MarHBTHLIX nonei - 3TO MeTO,IJ, 

c npeo6pa3oaauseM qacTOTHoro cneKTpa B3MepJieMoro csr

Hana ,IJ,nJI O'leHL 6LICTpLIX BMnynLCHLIX nonei, a TaK~e 

CBCTeMa MHOrOKaHanLHOrO B3MepeHBJI CTaUBOHapHLIX Mar

HBTHLIX nonei B BX rpa,IJ,BeHTOB C nOBLIWeHHOB TO'IHOCTLID. 

Bee paCCMOTpeHHLie HB~e MarHBJ"OMeTpLI, OCHOBaHHLie 

Ha pa3HLIX MeTO,!J,BKaX, 06'Le,IJ,BHeHLI TeM, 'ITO B Ka'leCTBe 

MarHBTO'IYBCTBBTenLHOrO 3neMeHTa ,!J,HJI HBX BLI6paH ,IJ,aT

'IBK Xonna IJJ.XI. Ero B3BeCTHoe 6wcTpo.u.eicTBBe, Manwe 

pa3MepLI, 'IYBCTBBTenLHOCTL K HanpasneHHID MarHBTHOrO 

nonJI, pafioTa B WBpOKOM ,IJ,Bana30He nonei B ,!J,OCTBrHyTaJI 

B nocne,IJ,Hee BpeMJI BLICOKaJI CTa6BnLHOCTL napaMeTpOB -
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,IJ,enaiOT lJ.X OC06eHHO He06XO,IJ,BMLIM ,IJ,n.ll yKa3aHHLIX MeTo

,!J,BK. Haufionee BLICOKOTO'IHLie lJ.X B3 aHTHMOHB,IJ,a BH,IJ,BJI /5/, 
KOTOpLie TenepL y HaC BCnOnL3YIDTCJI, HMeiOT pa3Mep 

1 ,6x0,5x13 MM. Bxo.u.Hoe H BLIXO.IJ.Hoe · conpoTBBneHBJI 

-2 OM, 'IYBCTBBTenLHOCTL --10 2MB/T nps HOMBHanLHOM 

TOKe nsTaHBJI 100 MA, TKH .u.aT'IBKa Xonna MeHee 

0,01~1 C. llBHeBHOCTL xapaKTepBCTBKB JJ.X B ,IJ,Bana30He 

nonei .u.o 2,5 T .u.ocTBraeT - 0,1~. 
llpBMeHeHBe B MarHBTOMeTpax COBpeMeHHLIX BHTerpanL

HLIX onepausoHHLIX ycsnsTenei IHanpBMep, IYT401I c .u.s<l>

<l>epeHUBanLHLIM BXO,IJ,OM n03BOnBnO nony'IBTL WBpOKOnonoc

HLie, CTa6BnLHLie B nHHeBHLJe B3MepBTenLHLie KaHanLJ. 

Ha puc. 1 npe.u.cTaaneHa 6noK-cxeMa o.u.Horo B3Meps

TenLHoro KaHana MarHBTOMeTpa .u.n.11 B3MepeHBJI MrHoBeH

HLIX 3Ha'leHBi nonei MHX-2 16~TaK KaK 'IYBCTBBTenLHOCTL 

lJ.X OTHOCBTenLHO Mana, TO, 'IT06LJ CHB3BTL norpeWHOCTL 

B3MepeHBJI B3·3a HaBO,!J,OK, ,IJ,pei<i>a B WYMOB ycBnBTenJI B 

B3MepBTenLHOM KaHane, 'IYBCTBBTenLHOCTL lJ.X nOBLIWeHa 

,!J,O -10 
3 MB/T 3a C'leT nBTaHBJI ero BMnynLCHLIM TOKOM 

c r -10 MKC a c aMnnBTY.IJ.OB 11 ~ 21 A, npeBLimaroiUei B 

10+20 pa3 HOMBHanLHLIB TOK, orpaHB'IeHHLIB neperpeBOM 

JJ.X / 6
{KpoMe Toro, .u.n.11 no.u.asneHBJI pa3nB'IHoro BB.IJ.a Haao

.IJ.OK B ,IJ,pei<i>a B B3MepBTenLHOM KaHane eiUe npBMeHeHLJ 

fiB<i>Bn.llpHaJI CKpyTKa B yKna,IJ,Ka nO,IJ,BO,!J,OB K lJ.X, pa3HLie 

3KpaHLI, aKTBBHLie B naCCBBHLie <i>BnLTpLI, CXeMHLie cnoco-

6LI. 

fiBTaHBe lJ.X OCyiUeCTBnJieTCJI OT BCTO'IHBKa nOCTOJIH· 

HOrO TOKa CO CTa6BnLHOCTLID, nyqmei 0,01~, KOTOpLIB 

no.u.coe,IJ,BHeH K axo.u.y JJ.X qepe3 KOH.IJ.eHcaTop C,a napan

nenLHO BLIXO.D.Y BCTO'IHBKa nO,IJ,KniD'IeH TpaH3BCTOpHLIB TO

KOBLIB KniD'I, 3anspaiDIUBBCJI Ha BpeMJI nBTaHBJI lJ.X BMnynL

COM Mo.u.ynJIUBB OT xpoHB3aTopa. KoH,IJ,eHcaTop C npe.u.oxpa

HJieT lJ.X OT ,IJ,nBTenLHOrO npoTeKaHBJI 'lepe3 Hero nOBLIWeH

HOrO TOKa B o6ecne'IBBaeT Hynesoi Ha'lanLHLii TOK qepe3 

lJ.X, XOTJI Ha Kmo'le eCTL OCTaTO'IHOe HanpJI~eHBe /19/. 
qacToTa noaTopeHBJI BMnynLcoa B03MO~Ha .u.o -1 KFfl. 
3anycKaiDIUBi BMnynLc I puc. 11 ~ecTKO npBBJI3aH no 

apeMeHB K B3Mep.ReMOMY BMnynLcy MarHBTHoro non.11 I puc.2, 
a B 61. fipB aBTOHOMHOB pa6oTe MarHBTOMeTpa <i>opMBpO

BaTenL awpa6aTwsaeT BMnynLCLI pa3oaoro nycKa B nepso

.IJ.B'IeCKBe c 'laCTOTOB 50 rfl. HMnynLCLI c <l>opMBPOBaTenJI 
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Puc. 2. BpeMeHHble ouazpaMMbl MQ2HUmoMempa MHX-2. 

3a.IJ.ep)I(HBaJOTCJI ua apeMJI t3 I puc. 2,el a 6noKe ~H4Jpoaoii 
ynpaanJieMoii apy•IHyro HJIH OT 3BM 3a.IJ.ep)I(KH c waroM 
0,1 MKC H o6ecneqHaaroT H3MepeHHJI noneii a pa3HLie Mo
MeHTLI apeMeHH. 3a)J.ep)l(aHHLIB HMITYJibC ITOCTynaeT B xpOHH-
3aTOp. Ou 3anycKaeT nepaLiii O.IJ.HOBH6paTop, BLipa6aTLIBaro
UUIB HMnynLc MO.IJ.YJIJI~HH I puc.2z/ c .IJ.JIHTeJILHOCTLIO r , 
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H BTopo:H o~Hoau6paTop, Bblpa6aTLIBaiOll.\HH HMnynLc I puc.2ol 
~nHTenLHOCTLIO - 0,9r. Ilocne~HHH cna~oM 3anycKaeT Tpe
-ru:H o~HOBH6paTop, o6ecne'IHBaJOll.\HH cTpo6-HMnynLc 
I puc. 2el ~nHTenLHOCTLJO < 0,1 r. 

H3MepHeMbiH HMnynLc c ,D;X nocne ycuneHHH nona~aeT 
Ha axo~ perHCTPHPYIOI.I.\ero aHanoro-~u<lJpoaoro npeo6pa3o
BaTenH I AU.III I puc. 11. MoMeHT H3MepeHHH onpe~enHeT
C.Il CTpo6- HMnynbCOM, nono:>KeHHe KOTOpOrO COOTBeTCT • 
ayeT KOHe'IHOH qacTH H3MepHeMoro HMnynLca I puc. 2xl, 
r~e lleT nepexo~HbiX npo~eccoa. MrHoBeHHoe 3Ha'leHHe 
Ia npe~enax 1 MKcl H3Mep.lleMoro cHrHana perHcTpupyeT
c.ll B ~H<lJpoBOM BH~e B 6noKe Al.J.Il C 1024 KaHanaMH, 
HMeiOll.\ero BbiXO~ Ha 3BM. 

HcTO'IHHK perynupyeMoro onopHoro HanpH:>KeHHH no3ao
nHeT 3a~aaaTL Ha axo~e perucTpaTopa pa3nH'IHLie ypoBHH 
H nonHpHOCTH CMell.\eHHH lnbe~eCTanal. 3TO ~aeT B03-
MO:>KHOCTb pa6oTaTb MarHHTOMeTpy B pa3llH'IHbiX pe:>KH· 
MaX - nOBbllllaTb pa3pellleHHe perHCTpaTopa, H3MeHHTb 
~Hana3oH H3MepHeMbiX none:H, H3Mep.IITL nono:>KHTenLHble, 
oTpH~aTenLHble H Manble MarHHTHLie nonH. 

MarHHTOMeTp MHX-2 HMeeT ~Ba H3MepuTenLHbiX Ka
Hana, KOTOpble <lJyHK~HOHHPYIOT CaMOCTOHTenbHO C OT~enL· 
HbiMH ~nH a~re 3a TOpa H CHllYH~a npo6HHKaMH H B KOM6H • 
Ha~HH - ~nH H3MepeHHH rpa~HeHTOB none:H co cne~uanL
HbiMH npo6HHKaMH. B npo6HHKax ,D;X MoryT·noaopa'IHBaTL· 
CH Ha 90°.B cnyqae H3MepeHHH rpa~HeHTOB OCyll.\eCTBnHeTCJI 
cne~yJOll.\aH CXeMa coe~HHeHHH ~BYX ,lJ;X H H3MepHTenLHbiX 
KaHanoa /8/ I puc. 31. 06a ,D;X nuTaiOTCH nocne~oaa TenLHO 
OT O~HOrO CTa6HllH3aTopa TOKa, 'ITO cnoco6CTByeT nOBblllle· 
HHIO TO'IHOCTH H3MepeHHH. CornacoaaHHe no nocToHHHOMY 
TOKY BbiXO~HbiX ~ene:H ,lJ;X peanH3yeTCJI ~BYMH YCHllHTenH • 
MH C ~H<lJ<llepeH~HallbHbiMH BXO~aMH, KOTOpble He'lyBCTBH· 
TellbHbl K CHH<iJa3HbiM CHrHanaM H n03BOllHIOT nerKO BblpaB· 
HHBaTb 'IYBCTBHTenLHOCTb KaHanoB. CHrHan rpa~HeHTa Mar· 
HHTHOrO nonH, B KOTOpOM pacnono:>KeHbl ,lJ;X C HHTepaanoM 
B 1 cM, nonyqaeTCH npH noMOll.\H ~ononHHTenLHoro ycu
nHTenH OY 3• 

Bee npo6HHKH c ,ll;X coe~HHHIOTCH c axo~HbiMH 6noKa
MH Ka6eneM ~nHHOH ~0 10 M, a BXO~Hble 6nOKH COe~B
HHIOTCH Ka6eneM 50 M C perBCTpa~BOHHO·ynpaBnHIOll.\BMB 
6noKaMB, KOTOpble BblnOnHeHbl B COBMell.\eHHOM CTaH~apTe 
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Puc. 3. Ynpo~eHHaR cxeMa U3MepeHUR zpaoueHmoe Maz
HUMHbiX noAeil e MHX u e MIIX. 

BHIIIHJI- KAMAK c B03MO:>KHOCTLIO BKnro'leHBH B cacTeMy 
3BM M-6000. 

,D;aana30H B3MepHeMbiX none:H I c 6 no~~aana3oHaMBI -
~0 2,5 T. 061.I.\YIO OTHOCBTellbHYIO norpeWHOCTb B3MepeHBH 
MarHHTHbiX none:H B x , ~nJI MHX- 2 MO)KHO o~eHBTL no 
cne~YIDll.\e:H <lJopMyne: 

10-
3 

100 
0 = (0,05 + - + ~~--)%. 111 

OT H B X N KX ± N K CM 

IlepBble ~Be COCTaBllHIOll.\Be DoTH onpe~enHJOTCJI B OCHOBHOM 
TeMnepaTypHbiMB B3MeHeHBJIMB napaMeTpOB ,lJ;X, CTa6Bnb· 
HOCTLJO TOKa naTaHBJI ,ll;X, ~pe:H<lJoM a wyMoM ycanaTene:H. 
YKa3aHHble 3Ha'leHBH ~OCTBraroTCH nocne nporpeaa npa-
6opa B B BHTepBane B3MeHeHBH BHeWHeH TeMnepaTypbl 
<±5 °C. Ilocne~HHJI COCTaBnJIJOll.\aH HBnHeTCJI norpeWHOCTbiO 
~BcKpeTHOCTH AIUI. 0Ha yMeHLwaeTCH B ~Ba pa3a npa 
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BBe)l,eHHH OTpH:u;a TenbHOrO CMell.\eHHJI Ha BXO)l,e Al].Il -
N = U 15 r-.i B. To'IHble aenH'IHHbl a6comoTHblX 3Ha'leuuil 

KCM CM 

MarHHTHblX noneH HaXO)l,JITCJI no rpa)l.yHpOBO'IHblM rpa4Ju
KaM unu Ta6nu:u;aM, a npu pa6oTe Ha nHHHH c 3BM nocne.D.
HHe BBO)l.JITCJI B naMJITb 3BM. 

TaK KaK 06bl'IHO CHCTeMa HMnynbCHOrO nHTaHHJI KaTy
WeK pa3nH'IHblX MarHHTHblX CHCTeM yCI<OpHTenJI He)l,OCTa
TO'IHO CTa6HnbHa, TO )l,nJI CHH~eHHJI BnHJIHHJI 3TOH HeCTa-
6HnbHOCTH Ha TO'IHOCTb H3MepeHHJI pacnpe)l.eneHHJI noneil 
nu6o yaenH'IHBaiOT CTaTHCTHKY H3MepeHHH, nu6o C no
MOII.\biO BTOporo KaHana OCyll.\eCTBnJIIOT OTHOCHTenbHble H3-
MepeHHJI, nu6o H3MepJIIOT Henocpe.IJ.CTBeHHO rpa)l.ueuT no

nJI, KOr)l.a 3TO )l,OnyCTHMO. Ilocne)l.HHH pe~HM )l,aeT .D.O-
nonHHTenbHOe npeHMYII.\eCTBO no TO'IHOCTH H3MepeHHH 

R as 
/HanpuMep, onpe)l.eneHue n=- -

8 
T- - noi<a3aTenJI cna)l.a 

z R 
nonJI B a)l,re3aTopel B CBJI3H C norpeWHOCTJIMH MeXaHH
'IeCKOH ycTaHOBKH npo6HHI<a B npOCTpaHCTBe. 

Hy~Ho 3aMeTHTb, 'ITO npu CHJITHH npocTpaucTBeHHblX 
pacnpe.IJ.eneHHH MarHHTHblX noneil qacTo TO'IHOCTb MexaHu
qecxoro npHBOJJ.a npo6uuxa onpe)l.enJieT .D.OCTHraeMyro TO'I
HOCTb H3MepeHHJI TOnorpa4JHH nonJI. Il03TOMY B pJI)l.e cny
qaeB npHXO)l,HTCJI C03)l,aBaTb BeCbMa rpOM03)l,I<He MeXaHH
'IeCI<He CHCTeMbl C aBTOMaTH3HpOBaHHblM ynpaaneHHeM, 
'IT06bl o6ecne'IHTb Tpe6yeMble TO'IHOCTb H CI<OpOCTb H3Me
peuuil. Tax,6hlno npoae)l.euo HecxonbKO ceaHcoa H3Mepeuuil 
H 4JopMHpOBaHHJI MarHHTHOrO nonJI Ha nHHHH C 3BM B CHCTe
Me c~a THJI Jnei<TpOHHOro I<Onb:u;a B a)l,re 3a TOpe YCI<OpHTenJI 
TJI~enblx uouoa 191 c ucnonb30BaHHeM MHX-2 u cne:u;uanb
HOH CHCTeMbl aBTOMaTH3HpOBaHHOrO npHBO)l,a I10I,3BM pe
rHCTpHpOBana H 3a)l,aBana pe~HM H3MepeHHJI - HO)l,)l,Hana30H 
C Kanu6pOBO'IHOH Ta6nu:u;eil, KOOp)l.HHaTbl )l,aT'IHI<a, BpeMJI 
3a)l.ep~KH t 3 , CTaTHCTHKY H3MepeHHH, napaMeTpbl noneil, 
Ko3414Ju:u;ueuT cna.D.a u pacne'laTblBana aero uu4JopMa:u;uro B 
BH)l,e Ta6nu:u;. B pe3ynbTaTe MHOrO)l,HeBHblX H3MepeHHH 6blnO 
c4JopMupoBaHO Hy~uoe MarHHTHoe none a)l,re3aTopa YTH. 

KpoMe Toro, B npo:u;ecce npe)l.BapuTenbHbiX 3KcnepuMeH
TanbHbiX pa6oT no C03.D.aHHIO a)l.re 3a Topa c noMOIUbJO MHX- 2 
npoBe.D.eHbl uccne.IJ.OBaHHJI 3KpaHupoBaHHJI nepeMeHHoro Mar-

10 

HHTHoro nonJI npoBO.D.JIIUHMH 3KpauaMH I 11 <u3MepeHHJI ucxa
~eHHH HMnynbCHblX MarHHTHblX noneH B KaMepe a)l,re3aTo
pa17 I u JJ.pyrue 1121. 

Ilocne.D.YJOIUee ycoaepweHCTBOBauue MaruuToMeTpa1
13

•
18

1 
CHH3Hno norpewuocTb H3MepeHHJI 1131. Bo-nepBbiX, 6blno 
npaKTH'IeCKH ycTpaHeHo BnHJIHHe TeMnepaTypuoro u ape
MeHHoro )l.peH~ ycHnHTeneil, 'ITO CHH~aeT COOTBeTCTByro
IUHe Tpe6oaaHHJI I< ycunuTemiM, oco6eHHO npu H3MepeHHJIX 
B .D.Hana3oue Manblx MarHHTHbiX noneil. Bo-BTOpblx, ocy
IUeCTBneuo 3Ha'IHTenbHOe no)l.aBneHHe pa3nH'IHblX HaBO)l,OK 
B H3MepuTenbHOM KaHane B nonoce .D.O 10 Krfl. KpoMe Toro, 
6blna aBTOMaTH3HpOBaHa ycTaHOBI<a H CTa6HnH3HpOBaHO 
BblXO)l,HOe CMeiUeHHe H3MepHTenbHOrO Tpai<Ta. Ha puc. 46 
noi<a3aHa cxeMa ycoaepweucTBOBauuoro H3MepuTenbuoro 
KaHAna C OXBaTOM BblXO)l,HOrO yCHJIHTenJI OTpH:u;aTenbHOH 
3ana3)l,blBaJOIUeH o6paTHOH CBJI3bl0 113, 18I,KOTOpaJI He BnHJI
eT Ha H3MepJieMbiH curHan H Ha qacToTy ero noBTopeHHJI, 
a BblnonuJieT yxa3aHuble BbiWe 4JyHx:u;uu. B cxeMy BBe.D.eHbl 
ycHnHTenH Y 4 B Y S B nBHHJI 3a)l.ep~KB JI3 Ha BpeMJI, 6onb
wee r , KOTOpoe paBHO 4 MKC. C nOMOI.UbiO Y 5 cpaBHHBaiOTCJI 
BblXO)l,HOe CMell.\eHBe U CM B3MepBTenbHOrO KaHana /Y 1 , 
Y

2
, Y

3 
I a onopHoe perynapyeMoe uanpJI~euae U0n.Caruan 

OWB6KH 'lepe3 JI3 nocTynaeT Ha HeBHBepCHbiH BXO)l, Y 4 , 
BblXO)l, KOTOporo nO)l,KnJO'IeH I< BHBepCHOMY BXO.D.Y Y 3 . Ta
KBM o6pa30M, OCyiUeCTBnJieTCJI o6paTHaJI CBJI3b )l,nJI no)l,
)l,ep~aHBJI UcM , paBHblM U 0n . KoJcWJa:u;aeHT cTa6ana3a:u;uu 
3TOrO ycTpOHCTBa 6onee 1000 B )l,Hana30He 'laCTOT )l,O 
200 r11, ~~>200 npu 1 Krfl u -5 npu 10 Krfl. UcwcTauaa
naaaeTcJI Bpy'IHYIO BnB aBTOMaTB'IeCKB OT 3BM no WBHaM 
3anaca B npe.IJ.enax ±5 B. CTaTB'Ieci<aJI owa6xa perynapoBa
HBJI ycTpaHJieTCJI BBe)l,eHBeM CBJI3B Me~y Uon B BHBepc
HbiM BXOJJ.OM Y 4 qepe3 .D.enBTenb R10-R 1 r Caruan o6paTHOH 
CBJI3B 3a.D.ep~au ua apeMll, 6onbwee r, B ua'IBHaeT Bo3-
.D.eilcTBOBaTb ua UH3 ,xor.D.a B3Mepeuae nocne.D.Hero 3axou
qeuo I puc. 4al. 

)KenaTenbHO nOBblWeHBe 6blCTpO)l.eHCTBBJI o6paTHOH CBJI-
38 .D.JIJI pacwapeHBJI .D.Bana3oua qacToT B3MepJieMbiX noneil 
CBbiWe 10 Krfl B )l.nJI CH~eHBJI Tpe60BaHBB I< npBMeHJie
MblM B B3MepBTenbHOM xauane cnoco6aM no,u.aBneHBJI Ha
BO.D.OK. 3TO B03MO~HO 3a C'leT yMeHbWeHBJI BenB'IBHbl 
r(t3) B BBe)l,eHBJI I<OppeK:Q;BB. 
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JinOKH HOBOH BhiXO~HOH 'laCTH MarHHTOMeTpa BhiHOn
HeHW B cTaH~apTe KAMAK H MoryT pa6oTaTb KaK B aBTo
HOMHOM pe>KHMe, TaK H Ha nHHHH C 3BM. ,lJ.n.11 CHWKeHHJI 
norpeWHOCTH OT ~HCKpeTHOCTH perHCTpaTopa pa3pa6oTaH 
ALUI Ha 4096 KaHanoB. C BBe~eHHeM TepMocTa6HnHJa~HH 
,lJ.X B npo6HHKe OTHOCHTem,HaJI TO'IHOCTb H3MepeHHJI 
/MHX-3/ ~OCTHrHeT -2 74.10-4 ~n.ll MarHHTHbiX noneii 
cBwwe 0,02 T B ~HanaJoHe qacTOT ~o 10 KFIJ. 

)J.n.ll KOppeK~BH TpaeKTOpBB 3neKTpOHHOro ny'IKa B yc
KOpBTene scnonLJYIOTC.II BMnynbCHble MarHBTHwe nonJI I- ~o 
0,05 T/ c ~nBTenLHOCTJIMB B cllpoHTaMB ~o ~oneB: MKC. 

,lJ.nJI B3MepeHBJI TaKHX noneii: Hy:>KeH WBpOKOHOnOCHhiB Mar
HBTOMeTp, HO CO cpaBHHTenbHO HeBbiCOKOB TO'IHOCTbiO. 
HaB60nbWBe norpeWHOCTB B H3MepeHHJI J~eCb BHOCJIT HH
~YK~HOHHble HaBO~KB, ycTpaHeHHe BnBJIHBJI KOTOpbiX H ~o
CTBraeTCJI B pa3pa6oTaHHOM y HaC MaKeTe WHpOKOHonoc
HOrO xonnoBcKoro MarHBTOMeTpa /IUXM/ c nonocoB: ~o 
10 MF~J. B HeM ocymecTBneH MeTo~/14/ cMemeHHJI qac
TOTHoro cneKTpa HJMepJieMoro cBrHana B B. '1. o6naCTb 
nocpe~CTBOM BBe~eHHJI BCHOMOraTenbHOH Hecymeii: 'laCTOTbl, 
KOTOpaJI 3Ha'IHTenbHO npeBbiWaeT BepXHIOIO rpaHH'IHYIO 'laC
TOTY CHeKTpa CBrHana B HOMeX, a peanHJyeTCJI npB HBTa
HBB )J.X TOKOM C 'laCTOTOB 50 MF~J. C HOMOIUbiO )J.X, 
JIBnJiromerocJI npeo6paJoBaTeneM, cMemaeTc.ll qacToTHWB 
CHeKTp CBrHana, TOr~a KaK cneKTp HOMeXB He BJMeHJieTCJI 
B CBrHan HOMeXB nerKO OTcllBnbTpOBbiBaeTCJI. 

JinoK- cxeMa IUXM -1 noKaJaHa Ha puc. 5. llBTaeTCJI 
,D.X oT Ja~aromero reHepaTopa qepeJ ycsnBTenb MOIUHOCTH 
ToKa 0,1 A, 50 MF~J. HJMepJieMbiB csrHan c Bwxo~a ,D.X 
oT MarHBTHoro nonJI B Mo~ynspoBaH c qacToToii 50 MF~J. 
~BnbTp BhiCOKBX 'laCTOT He nponycKaeT CBrHanoB BH~yK
~OHHbiX HaBO~OK Ha )J.X B HO~BO~JIIUBe HpOBO~a, a Hecy
IUaJI 'laCTOTa C 60KOBOB nonOCOB 'laCTOT OT CBrHana npo
XO~JIT qepe3 3TOT B ~ononHBTenbHhiB HOnOCOBOH cllanbTphl 
Ha Bxo~ ~BcllcllepeH~BanbHOro B.'l. ycsnsTenJI. Pa~oqac
TOTHhiB csrHan nocne nonocoBoro /50 760/ MFil ycsna
Ten.ll HOCTynaeT Ha aMnnHTy~HhiB ~eTeKTOp, C KOTOporo 
cBrHan, no~o6Hwii BMnynLcy nonJI B, perHcTpBpyeTCJI Ha 
3Kpaue oc~snnorpaclla c naMJITbiO. To'IBOCTb HJMepeHHJI 
nonJI B B~BanaJOHe~o/0,0270,05/T~ocTBraeT /5710/~. 
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Puc. 5 . .5/loK- cxe..wa wupoKonoAocHozo xoAA06CKozo ..wazHu
mo..wempa HIXM-1. 

MarHHTOMeTp MO)I(eT H3MepJITL H nOCTOJIHHLie MarHHTHLie 
nonJI H I<anH6poBaTLCJI C HX llOMOIULlO. fipHMeHHB ,IJ,OllOn
HHTenLHO B I<a'leCTBe perHCTpaTopa AlJ.fi, MO)I(HO 3aMeTHO 
llOBLICHTL TO'IHOCTL H3MepeHHJI. 

B caepxnpoBO.D.JirneB: B.'l. cei<IJ;HH I<onnei<THBHoro yci<o
PHTenJI /I<onL:u;eTpoH/ I 2• 1 5, 161 HcnonL3yeTcJI cTa:u;HoHapHoe 
llHnoo6pa3HOe MarHHTHOe no.Jie C Mai<CHManLHLIM 3Ha'leHH
eM -2 T H c 57100/o-HoB: Mo,IJ,ynJI:u;HeB: Ha ,IJ,nHHe -2 M c 
nepHO,IJ,OM 45 CM. fione nO,IJ,,D,ep)I(HBaeT BparnaTenLHOe ,IJ,BH
)I(eHHe 3nei<TpOHOB B yci<opJieMoM I<OnL:u;e H "nnaBHOCTL" 
npo,IJ,onLHoro yci<opeHHJI 3THX I<one:u;. H3MepeHHe H <lJop
MHpoaaHHe HY)I(HOro nonJI npoBO,IJ,HTCJI B IJ;eHTpanLHOH Tpy6e 
I<OnLIJ;eTpOHa B,IJ,OnL ero OCH Ha pa,IJ,Hycax ,IJ,O 5 CM. ~nJI 
H3MepeHHJI 3Toro nonJI co3,IJ,aH cne:u;HanLHLIH xonnoaci<HH 
MarHHTOMeTp /MllX/ C TpeMJI H3MepHTenLHLIMH H O,IJ,HHM 
rpa,D,HeHTHLIM I<aHanaMH cornacHo ynpomeHHOH cxeMe Ha 
puc. 3. BLI6HpaJI O.D.HY H3 nap H3MepHTenLHLIX I<aHanoa, 
MO)I(HO H3MepJITL rpa,D,HeHT llOnJI nH60 B,IJ,OnL OCH I<OnL:u;e
TpOHa, nH6o no pa,D,Hycy. 

llpo6HHI< c ~X pacnonaraeTCJI B nepe,D,BH)I(HOH ronoa
I<e, I<OTOpaJI TennOH30nHpOBaHa OT I<Opnyca I<pHOCTa Ta I<OnL
:u;eTpoHa. KpoMe TOnl, npo6HHI< HMeeT HH.D.HBH,IJ,yanLHYIO 
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CHCTeMy TepMOCTa6HnH3aiJ;HH C TO'IHOCTLIO ±0,1°C, a C 
Hapy)I(HOH CTOpOHLI OH o6,IJ,yaaeTCJI llOTOI<OM B03,IJ,yxa I<OM
HaTHOH TeMnepaTypLI. C llQMOIULIO MOTOpHOrO npHBO,IJ,a 
npo6HHI< nepe,D,BHraeTcJI no ocH H noaopa'IHBaeTCJI Ha 360 ° . 

W3MepHTenLHaJI cxeMa MarHHTOMeTpa TepMOCTa6HnH3H
poaaHa, TOI< nHTaHHJI ~X/- 0,1 A/ CTa6HnH3HpOBaH C TO'I
HOCTLIO, nyqmeH 0,01~. 0TC'IeT noi<a3aHHH npOH3BO,Il,HTCJI 
no :o;H<lJpOBOMY BOnLTMeTpy, TO'IHOCTL I<OTOpOrO nyqme 
0,01~, Henocpe,D,CTBeHHO a e,IJ,HHil:u;ax nonJI c nocne.D.YIDIUHM 
BLIXO,IJ,OM Ha :u;H<lJpone'laTL. MllX nocne npe,D,aapHTenLHoro 
nporpeBa o6ecne'IHBaeT H3MepeHHJI llOCTOJIHHLIX MarHHTHLIX 
noneH ,IJ,O -2,5 T C OTHOCHTenLHOH TO'IHOCTLIO, nyqmeB: 
-0,02~. A6coniOTHLie 3Ha'leHHJI noneB: onpe,D,enJIIOTCJI c 
TO'IHOCTLIO -0,1 ~ nH60 6onee TO'IHO no rpa,D,yHpOBO'IHLIM 
I<pHBLIM, I<OTOpLie nony'leHLI npH I<anH6pOBI<e no JIM P 
MarHHTOMeTpy. fipoBe,IJ,eHO HeCI<OnLI<O ceaHCOB H3MepeHHH 
Ha I<OnL:u;eTpoHe 115,161. 

B nepexo,IJ,HOH o6nacTH Me)I(.D.Y a,IJ,re3aTopoM H I<onL:u;e
TpOHOM, a Tai<)I(e B cnyqae YCI<OpHTenJI TJI)I(enLIX HOHOB, 
Me)I(,IJ,Y BLIXO,IJ,HOH CTyneHLIO 06MOTI<H a,IJ,re 3a TOpa H CBepx
npoBO.D.JirneB: yci<opJIIOrneB: cei<:u;HeB: 117 I npoxo)I(,IJ,eHHe 3nei<T
pOHHOrO I<OnL:u;a nO,IJ,,IJ,ep)I(HBaeTCJI I<OM6HHa:u;HeH HMnynLCHO
ro H cTa:u;HoHapHoro MarHHTHLIX noneB:. B 3TOM cnyqae 
H3MepeHHe H <lJopMHpoaaHHe Tpe6yeMoro pacnpe,IJ,eneHHJI nonJI 
npoH3BO.D.HTCJI MarHH'I:OMeTpoM THna MWX. 
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