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B ycKOpHTemiX, OCHOBa.HHbiX Ha KOJllleKTHBHOM npHHI.I,HIIe, 
BbiBO)J, :meKTpOHHO·HOHHOrO KOnbl.l,a H3 a,IJ,re3aTopa OCyJ.lleCT· 
Bn.lleTC.ll B cna,IJ,aiOII.{eM aKCHanhHO ·CHMMeTpH'IHOM MaOIHTHOM 
nOJ]e/1/. llpn noM :meprnH apama.fenhnoro ,IJ,BHmeHHH 
:meKTpOHOB nepeXO)J,HT B llOCTynaTenhHOe.,IJ,BH)KeHHe, H I<Onbl.I,O 
npno6peTaeT ycKopenne; nponopunonanbnoe nenn•mue ,rpa
,IJ,HeHTa cpe)J.Hero MarHHTHoro nonH B z • )J.n.ll npe.D.o:rapame
HH.ll OTpbiBa HOHOB OT 3neKTpOHHOrO I<Onbl.l,a He06XO)J,HMO, 
'IT06bi npno6peTaeMoe ycKopenne ne npeBbilll~O npe,IJ,enhHO 
,IJ,OnycTHMOrO, I<OTOpoe npH 3a,IJ,aHHblX napaMeTpaX KOnbl.l,a 
npono,pl.I,HOHanhHO Z/ A I z - ,Jap.li,Il,HOHa c iiTOMHblM aecoM 
A/ !2 I . B To , me apeM:H . .D.n~ 3cPcPeKTHBHocTn yci< op,emu• 

rpa,IJ,HeHT cpe,IJ,nero MarnnTiwro non.ll ,IJ,onmen 6biTh 6nH30I< 
K .npe,IJ,enhHOMY. HanpnMep, npu ycKopeHHH a ~ qacTHI.I, 3nei<T ~· 
pOHHbiM I<Onhl.I,OM rpa,IJ,HeHT cpe)J,Hero MarHHTHOrO nom! BbJ· 
,IJ,epmnaancH -10 3/cM npn aenH'IHHe aKcnanhHOH cocTao- · 
nHIOmeH: HH.D.YI<UHH M:arnnTnoro· rionH. B z = 8 K3

131
. <l>op -. 

MHpOBaHHe TaKHX rpa,IJ,HeHTOB CBH3aHO C TeXHH'leCKHMH Tpy,IJ,
HOCT.liMH. KpoMe TOrO, npH ycKopeHHH pa3nH'IHblX HOHOB 
B03HHKaer neo6xo,IJ,HMOCTh H3MenemtH rpa,IJ,nenia cpe,IJ,nero 
MarHHTHOrO non.ll, _'ITO CBH3aHO C nepei:J.eni<aMH MarHHTHOH 

cucTeMhi a,IJ,reJaTopa. 
lloCKOnhKY B aKCHanhHO·CHMMeTpH'IHOM MarHHTHOM none 

aBz 2 
"'7fZ" = - r 8 r 

r,IJ,e B 
r 

- pa,IJ,nanhHa.ll cocTaBn.liiOII.{a.ll aei<-

Top a HH.D.YKI.I,HH MarHHTHC>_I,"O:,fiOn.ll, TO H3MeHeHHe rpa,IJ,He HT OB 
cpe,IJ,Hero MarnnTnoro non» na Ja,IJ,aHHOM pa,IJ,nyce ocymecT
anHeTC . .ll H3MenenneM Br .KpoMe Toro, B aweJa'tope Mar:. 
HHTHOe none MeH.lleTC.ll BO apeMeHH. llo:}TOMY MO)l<HO yMeHb· 
.uinT~ .. ,l_3eJTIJ'IHHY,;l3 ~ ;.6ej. 3~Mer_nor(? H3MeHeHH·H.B_z BBe,IJ,e-
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• HHeM ·a a,IJ;re3aTop MeTannHlJeCKOH Tpy6hi, OCh KOTOpOH COB
na,IJ;aeT c MarunTuoii OChiO a,IJ;re3aTopa, a pa,IJ;nyc - MeHLrne 
pa,IJ;nyca KOnhua. Ha noaepxuocTH npoBO,II;Hil\eii MeTarrnnqe,
CKoii . Tpy6hi HOpManhHaH KOMnoueuTa .BeKTOpa HH,IJ;yKl{HH 
nepeMeHHoro MarHHTHOrO nonH OTCYTCTByeT, TaK 'ITO ecnH 
pa,IJ;HyC KOnhl{a He3HalJHTenhHO OTnHtJaeTCH OT pa,IJ;Hyca Tpy-
6hi, TO nponcxo,IJ;HT 3aMeTuoe H3Meueune Br . H3MeHHH co
OTHOIUeHHe Me:>K,IJ;Y pa,IJ;nycoM Tpy6LI u pa,IJ;nycoM KonLna 
/'ITO nerKo ·c,IJ;enaTh, H3MeHHH, uanpnMep, Bz I,· MO:>KHO 
u·3MeHHTh aennqnuy B r ua pa,IJ;nyce KOnhl{a. He3HatJHTenL
uoe yaennqeune B z acne,IJ;CTBHe yMeHhiiieHHH HH,IJ;YKTHBHOCTH 
KaTyrneK, C03,IJ;aiOil\HX nepeMeuuoe MarunTuoe none, ne rKo 
KOMlleHCHpyeTCH yMeHiiiiieHHeM TOKa. 

)J;nH npoaepKH 3qxpeKTHBHOCTH H3MeueHHH B r c noMOil{hiO 
MeTarrnHlJeCKOH Tpy6hi 6hiJia C06paua cne,nyiOuiaH YCTaHOBKa. 

Buernuee nepeMeuuoe MarnHTHoe none c onpe,IJ;eneHHLIM 
rpa,IJ;HeHTOM C03,IJ;aBanOCh ConeHOH,IJ;OM, HaMOTaHHhJM Ha yce
~eHHOM KOHyce iJhiCOTOH h, H MaiihiM pa,IJ;HYCOM a C yrnoM 
npH BepiiiHHe 2a. IlpH nnOTJIOH HaMOTKe coneHOH,IJ;a npOBO,IJ;OM 
Manoro CetJeHHH BeKTOpHhlll noTeHl{Han MarHHTHOrO llOnH 
HMeeT TOnhKO a3HMyTanhHYIO KOMllOHeHTY A e H palieu 
CYMMe COOTBeTCT.BYIOil\HX KOMITOHeHT OT Ka:>K,IJ;oro BHTKa 
C TOKOM 

c N . - k2 
A =tl_ 2 l yrm [(1- ---'.!!)K-E], 

0 c m=I ~ r 2 /1/ 

r.ne N - qucno BHTKOB coneuou.na; K H E - nonHI.Ie 3JIJ1Hn
THlJeCKHe HHTerparrhi nepaoro H BToporo po.na apryMeuTa 

2 4t rm 
km=~ ---

{r+r 'f +(z..:..z )2 ' 
m m 

r =a+ i tga 
m m 

m-1 z =-h. 
m :N~l 

/2/ 

rioM:e'cni:M BHYTPh co.rieuou.na :MeiannnqecKyiO Tpy6y 
pa.z:tHYCOM b C TOniiUiHOH CTCHOK, MHoro 6onhrneii "r.tiy6ifin.I 
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npouuKnoaeHHH" auernuero laipe:Me.HHoro MarnuT.uoro nonH; 
C03,IJ;aaaeMoro coneHOH,IJ;OM·. Ecnu B KalJeCTBe Tpy6hi ucnonh· 
3yeTCH ":Me'farrn C 6onhiiiOH npOBO,IJ;HMOCThlO; -TO MO:>KHO npe- .,_ .. 

· ue6petih 3tPtPeKTaMH, CBH3aHHhiMH C K:ouelJiioii npOBOAHMOCThlO 
CTeHOK Tpy6hi, H ClJHTaTh, '{TO Ha ee llOBepXHOCTH BhinOnHH
IOTCH rpaHHlJHhie': YCllOB.HH. ,D;nH H.z:(eanhHOrO npOBO~HHKa. 
B 3TOM cnyqae none ·u3o6pa:>KeHHH nuueiiuoro Kpyroaoro· 
TOKa pa,D;Hyca f(n, noMell\.eHHOrO B . nnOCKOCTH Zm, · eCTh: 

. (rm ) 
H 4J r '. oo . z...:..zm KI au . b r 

A = - -- ( ""'7 j f cos ( -. ·-u) . I ( -u) K (..:..;... u)du ·. 
. Om c . a 0 . a . K ( .E_ u) I a I a ' 

I a. . /3/ 

r,IJ;e In H Kn- MO,IJ;HtPHnupoaauuhle dJyiiKl{HH EeccenH nepaor:o 
u TpeTLero po,D;a. Ilonuoe none H3o6pa:>KeHHH nonyqaeTcH 
cy:MMnpoaauneM noneii, onpe,D;enHeMhiX dJopMynoii '/3/, OT 
acex N BHTKOB coneHOH,IJ;a. ,D;nH KOMnOHeHT HH,IJ;yKIJ;HH cyM:-
Mapuoro nonH HMeeM: ' 

2(~-Zni) . . . r ~+ r 2 +(Z-~mf 
· · (-K + · · · E)-

ry(r.ft: )2+(Z-Z r· ( r..:...r )
2
-i:(z--:z )

2 

. N 
B =l_ I [ 

r C m=1 

4r m oo 

-::-r f a o 

· m · · m m .. ·· m 

K {!!b) 
si~ (z: zm u) . 

1 
a b · I I ( ~ u )K 1 ( ~ u) u du) ; 

KI{-u) 
a /4/ 

J .. N ·2 2 ·• 2 
B z=-.:. I [ 2 (K . rm-r -(z;zm) .· . 

c ... m=I • + .· . _E 
. V (r+r )2 +(Z-Z )2 .. (r-r. ) 

2 
+(Z-Z l 

)+'· 

. m m m m 

r 
. 4r'' eo z-z· K1(~u) . b. ·· ·:.. · · ··.· m m a r · 

+ -;2 J co~(-a-u) b 11 (a-u)K0 (a-u)udu); r >_b. 
. . . . ·Kl(au). .. . .. 

. ;·' .i" 

Bi>mo"nueuui.J:e pacqthhi .nnH coneuou.n~cc na:PaMefpaM:ii a::::: 
=18 'eM~·.: h ='60' eM, N··= 60 6umKoa;• tga· •='0,1; n·oKa3hiBaror'; 
'!To i3MaKcHMy:Me B~ ·ua 3a.naHHoMpa):(uyce· B ~ =o~·nplit{eM 
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nenuqmm Br(z) c Tpy6oii CB.H3'aua c B~ (z) · 6e3 Tpy6LI 
B6JIH3H MaKCHMyMa B z cne~yiOI.QHM cooTHOIIIenueM 

B r ( z) ;; ( 1 -· ( ~ ) 
2 

) B : ( z) . 151 

IlpH COOTHOIIIeHHH b/r:;:0,9 BeJIH'IHHa pa~HaJihHOH co-. 
• I • -

CTaBJI.HIOI.Qeii BeKTOpa HH~}'KUHH MarHHTHOrO HOJI.H H3MeH.HeT~ 
C.H, npH6JIH3HTeJihHO, B ll.HTh pa3 C BBe~eHHeM MeTaJIJIHqe
CKOH Tpy6hi. 

I13MepeHHe HMllYJihCHOro MarHHTHOro llOJI.H llpOBO~HJIOCh 
C llOMOI.QhlO XOJIJIOBCKOrO HMllYJihCHOro MarHHTOMeTpa 
MI1X-1, pa3pa6oTanuoro B OHMY 011.5111/4/. linoK-cxeMa 
MarHHTOMeTpa npe~cTanneua ua puc. 1. 

MarnuToMeTp BKJIIO'IaeT ~Be ocnoBnhie qacTH. BxoMa.H 
H3MepHTeJihHMI lJaCTh COCTOHT H3 6JIOKOB YCHJIHTt!neii, 6JIOKa 
MO~YJI.HTOpa, CTa6HJIJI3aTopa TOKa llHTaHHH ~aT'IHKa XoJIJia 

. I JJ.XI u HCTO'InHKOB nuTanuH ~JIH 3TH X 6noKoB. 3Ta qacTh 
MI1X -1 coe~HHHeTCH Ka6eneM c H3MepnTeJihUoii IIITanroif 
npHMoyroJILHoro ceqennH, B Konue KOTopoif pacnono:>KeH 
,D,aT"'HK Xonna, nnocKOCTh KoToporo ycTanannunaeTcH nep
neu~uKynHpno OCH IIITanrH HJIH B~OJih nee. 

. · PerncTpauuonno-ynpaBJIHIOI.QaH 'IaCTh npu6opa coe~une
na C BXO~noif H3MepHTeJihnoif lJaCThlO 50-MeTpOBhiM Ka6ene M 
H npu neo6xo~HMOCTH BhiHOCHTCH B ~pyroe MecTo. B 3TY 
lJaCTh 'MI1X -1 BXO~HT. 6JIOK lPOPMHpOBaHHH H xponHpOBaHHH 
HMnynLcon, 6noK npeMennoif 3a~ep:>KKH, 6noK ananoro-uuliJ
ponoro npeo6pa3oBaTeJI.H I AU.lll, 6noK nuTaHHH. 

B KaqecTBe MarnnTo'IyBcTBHTenLnoro 3JieMeHTa ucnonL-
30BaJICH JJ.X Tuna X-511., HMeiOI.QHH pa3Mephi 'IYBCTBHTenL
noif o6nacTu lx1x0,2 MM, TKH ,· 0,03o/ol° C, HOMHnruthHhiH 
TOK nnTanuH "" 100 MA H qyBCTBHTeJILnocTh "" 10 MKB/Fc. 

/J.JJH CnH:>KenHH HMllYJihCnhiX HaBO~OK H llOBhiiiieHHH TO'I
HOCTH. H3MepeHHH llpHMenen MeTo~ HMllYJihCHOrO nHTanHH 

· ~aT'IHKa Xonna cTa6HJihHhlM TOKOM, BeJIH quua KOToporo 
llpH6JIH3HTeJihnO B 10 pa3 npeBhiiiiaeT HOMHnaJihnhlH. 

113MepeHHH npoH3BO~HTCH npu no~aqe nneiiiiiero cunxpo
HMnynLca HJIH Iia)KaTuu ·i<uonKH pa3oBoro · ny(Ka ua 6noKe 
ynpanneHHH. MoMenT H3MepeHH.H OTHOCHTenhno cunxpo
HMnynLca 3a~aeTcH c noMoi.QhiO 6no:Ka 3a.n.ep:>KKH; co6cTneu
uo H3MepeHHe llpOHCXO~HT 3a, BpeMH MeHee 'I(!M 1 MKCeK • . 
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PerucTpanuH H3MepHeMoro MarHHTHoro. nonH npoli3BO~HTCH 
no aHanoro-nu<iJponoMy npeo6pa3oBaTemo THna ·LRS Mo~enL 

' .. , ' 
2430 HMelOll{ero 256 KaHaJIOB H HH~HKanHIO B ~BOHtrnOM i<o~e. 
Toq}IOCTh.H3MepeHHH B OCHOBHOM onpe~emieTCH qHCJIOM Ka

HrutOB AQII :H nne~eHHeM cociTBeTcTBYlOll{HX nLe~ecTanon 
np:ii. pa3HhiX ypOBHHX H3MepHeMLIX ManiHTiiLIX none if. BeJIH
quifa o6ll{eii oi'IiocliTenLHoii norpelliHocTH lnMepemiH Mar
HuhiLrx noiieii npu Kol\ma THoii TeMnepaType 22±3 ° C nocne 
tiaconoro riporpena He IIpeBbiiUaeT ±_O,io/o, ±0,5 rc, ±1 :Ka
Han. 

113MepeHHH MarHHTHhiX noneii npOBO~HJIHCh npH COOTHO
WeHHH blr =0,9. CHHMaiincL 3aBHCHMOCTh Bz (z) Ha BLIGpair-. 
HOM pa~:Hyce H Haxo~ifncH M:iu<cnMyM Bz • B 3Toii Toq:Ke 
no MHHHMYMY noKa3aHHH ycTaHaBJIHBaJICH ~aTqHK ~JIH H3Me
peHHH B , a 3a TeM CHHManacL 3aBHCHMOCTL B (z); 3Kcne
PHMeHTa~LHhie KPHBhie ~JIH B r (z) . npHBe~eHhl rHa puc. 2. 
H3MepeHHoe 3Hatwfiue B (z) IiecKOJILKo OTJIHqaeTcH OT 
pacqenioro acne ~CTBHe ~an hi X ypoBHeii B ·r /ripu6irn3H
TeJihHO Hec:KonhKo ~eCHTKOB 3/ :Ha yponHe 6orii.IUoro 3Ha
tieHHH Bz /ripu6JIH3HTenLHo 1200 3/ kcBH3aHHhiX c 3THM 
Tpy~HOCTeii ycTaHOBKH ~aTqifKa ~JIH H3MepeHHH B r. II03TO
MY H3MepeHHoe 3Haqem{e B r ecTh cyMMa ieopeTH4ec:Koro 
B r H Manoii .do6aBKH a B (a« 1), CBH3aHHOH c HeTOlJHOCT hlo 
ycniHo:BrieiiiiH .tiaTtlliKa. llocKonLKy :B6JIH3:H MaKcu:MyMa Bz 
nenuquHa L\ B. I L\ z . He npenblwana 0,02 3/cM, To 
( L\Br I L\z)RaMzepe~. ""(L\Bf/ L\ z) reop •. XapaKTep H3MeHeHHH 

B r ( z) 6JIH30K K JIHHeiiHoMy; no3T9MY no yrny HaKJIOHa 
HaXO~IIJICH rpa~HeHT Br, KOTOphiH COCTaBJIHJI 2,6 3/CM ~JIH 
noJIH 6e3 Tpyfibl H 0,5 3/CM ~mi noiiH C Tpy6oii, qTo COOT
BeTCTByeT O)I(H~aeMoMy 3qxpeKTY. 
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