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BoeBOAHH M.A., KoeaneHKO A.A. pq 80 432 

HccneAODBHHe ABYMCPH~X MBf'HHTH~X noneH MOTOAOM 

rapMOHH4eCKOTO BHBnH3B, 3.0npeACnOHHO 4YDCTDH
TenbHOCTH K MBf'HHTHOMy non~ H3MOPHTOnbH~X KBTYWCK 

PaccMaTPHB&~TCR eonpoc~, CBR30HH~e r onpcAencHHCM K03$
$H~HeHTOB 4yBCTBHTenbHO~TH K rapMOHHKOM MBTHHTHOrO nonR H3-
MepHTenbH~X HHAYK~HOHH~X KBTyWE.'K, 0nHCBHO MCTOAHKa, n03BOnR~ 

~aR nOB~CHTb T04HOCTb onpeAenCHHR K03$$H~HOHTOD 4YBCTBHTCnb
HOCTH, OCHOBBHHaR HB HCnOnbSOBaHHH ABHHblX KOnH6pOBKH B AH

nonbHOM H KBaApynonbHOM nOnRX AnR YT04HCHHR f'COMCTpH4CCKHX 
napaMCTpOB KBTYWCK, npHBCAeHbl peaynbTBTbl npaKTH4CCKOf'O HC
nOnb30BaHHR AaHHOH MCTOAHKH Ha npHMCPC HHAYK~HOHHblX H3MepH
TenbHblX KaTyWeK, npCAHB3Ha4CHHblX AnR HCCneAOBBHHR xapaKTCPHC 

THK "'af'HHTHOf'O nonR B AHnOnbHbiX MOf'HHTBX, 

Pa6ora BblnonHeHa B fla6oparopHH BblCOKHX sHeprHH OH~H. 

C~eHMe 06~eAHHeHHoro MHCTMTyTa RAePHWX MccneAOBaHHH . AY6Ha 1980 

Vo~vod;r M.A., Kovalenko A.D. pg 80 432 

Study of Two-Dimensional Magnetic Fields Using 
a Harmonic Analy~~Mathod. 3. nPtPrmin~tinn 

OnpeAeneHHe c s~coKoH T04HOCTb~ senH4HH K03$¢H~HeHTOB 4yBcT

BHTenbHOCTH peanbH~X H3MCpHTenbH~X HHAYK~HOHH~X KaTyweK IHKI 
K Tpe6yeMOMy Ha6opy rapMOHHK Maf'HHTHOrO nonA IMnl ABnAeTCA Bam

HOH 3aA04eH B opraHH3a~HH MarHHTH~X H3MepeHHH, OT ycnewHoro 
peWeHHA KOTOpOH 3aBHCHT B HTOre T04HOCTb H3MepeHHH. 

B AaHHOH pa6oTe paccMaTpHsa~TCA HeKOTOpble MeTOAH4eCKHe so3-

MOmHOCTH nOB~WCHHA T04HOCTH npH OnpeAeneHHH K03~H~HCHTOB 
4YBCTBHTenbHOCTH HK, so36ymAae~x a3HMyTanbHOH cocTaBnA~~eH 
nonA, Ha npHMepe peanbHOH annapaTyp~ 1-1 ycrpo~crs, pa3pa6oTaHH~X 
AnA 3KCnepHMCHTanbHOf'O HCCneAOBaHHA Mn B csepxnpOBOAA~HX Mar

HHTaX THna 110KOHHaA paMa 11 1 1
:' 

AMnnHTYAa n-H rapMOHHKH Mn npH H3MepeHHAX c HHTerpaTopoM 

Momer 6b1Tb BbtpameHa Is cHcTeMe eAHHH~ CHI cneAYIO~HM o6pa3oM * : 

rAe 

r n-1 
Bn (r) = TU nk n ( R 1) 

1 
kn= -------

fwR 1f(K,ll) 

. n, Ill 

/21 

I k n - Ko3¢<I>H~HeHT 4YBCTBI-1TenbHOCTH HK K n -H rapMOHHKe Mn/, 
U 

0 
- aMnnHTyAa n -H rapMOHHKH BbiXOAHOf'O HanpAmeHHA _HHTerpa

TOpa, e' w - npOAOnbHaA AnHHa H 4HCnO BHTKOB HK, R1 -paAH
anbHaA KOOPAHHara ~eHTpa ce4eHHA BHewHe~ o6MOTKH HK, T - no
CTOAHHaA speMCHH HHTerpaTOpa, f(K, n) - <I>YHK~HA, KOHKpeTHbl~ BHA 
H seni-141-1Ha KOTOpO~ onpeAenAIOTCA THnOM KaTyWKH H ee reoMeTpH4eC

KHMH napaMeTpaMH / 2,3/ . 
TaKHM o6pa30M, 3HaA reoMeTp!-14eCKI-1e napaMerp~ HK, MomHo pac

C4!-1TaTb K03<I><I>H~HeHT~ k
0 

1-1 reM caMbiM onpeAen!-1Tb seni-14HHbl B n . 
Ecn~-1 ocy~ecrsnAeTCA npeABapHTenbHaA Kan1-16posKa HK s ycrpo~

crse, reHePHPYIO~eM OTAenbHble rapMOHHKH Mn c 3apaHee I-13BeCTHbiMH 

aMnnHTYAaMI-1, Hanp!-1Mep, B MynbTHnOnbHOH Maf'HHTHOH Mepe IMMMI 1 4 ~ 
TO 

k = _1_ 8 on R 1 n - 1 
n T ·ll -u-- (-a-) 

On 

* Ecn~-1 npOAOnbHaA AnHHa HK 6onbwe AnHHbl MarHI-1Ta, TO 

= Bn· P/fe I Y e - 3$¢eKTI-1BHaA AnHHa MarH!-1Tal. 
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rAe B 0n - aMnnHTYAa OCHOBHO~ rapMOHHKH nonR MMM Ha paAHYCe 
ee MarHHTHO~ anepTypbl a , U On - BbiXOAHOe HanpRJKeHHe HHTe
rpaTopa np~-1 KanH6posKe. 

BenH4HHbl rapMOHHK Mn s cny4ae Hcnonb3oBaHHR OAHO~ H To~ >Ke 
3neKTpOHHO~ annapaTyp~ npH KanH6pOBKe ~K H H3MepeHHRX onpeAe
nRTCR KaK 

U n r n-1 
Bn (r) =Bon -- (-) 

Uon' a 14! 

CpaBHHBaR /1/,/2/ H /3/,/4/, BHAHM, 4TO onpeAeneHHe K03~~H
~HeHTOB 4yBCTBHTenbHOCT~ ~K 'K rapMOHHKaM /1-1 CaMHX rapMOHHK B 
KOHe4HOM HTore/ c Hcnonb3osaHHeM KanH6poBKH s MMM RBnReTcR 
HaH6onee T04HbiM, nOCKOnbKy 1-13 paCCMOTpeHHR HCKnl04aeTCR PRA 
reoMeTpH4eCKHX napaMeTpos HK, HeonpeAeneHHOCTb senH4HHbl KOTOPbiX 
BHOCHT OCHOBHyiO norpeWHOCTb. 

0AHaKo, ecn~-1 R1 I a cy~ecTseHHO MeHbWe eAHHH~bl, To· senH4HHa 
CH rHana U On MOlKeT, Ha4HHaR ~ HeKOTOporo 0 2:_ nc , OKa3aTbCR 
HHlKe YPOBHR WyMOB 3neKTPOHHO~ annapaTypbl, H TeM CaM~M B03MOJK
HOCTH KanH6pOBKH 6YAYT OrpaHI14eHbl. 
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PHc. 1. 3asHCHMOCTb senH4HHbl 
rapMOHHK MarHHTHoro nonR MMM OT 
paAHyca. 

Ha pHc. 1 npeACTaeneHo H3Me
HeHHe aMnnHTYAbl nonR nepBbiX 
4eT~pHaA~aTH rapMOHHK B 3a
BHCHMOCTH OT paAHanbHO~ KO
OPAHHaT~. B Ka4eCTBe MaKcH
ManbHoro nonR B3RTa eenH4HHa 
0,033 T, npHMepHo cooTeeT
cTByiO~aR aMnnHTYAaM 3THX 
rapMOH11K npH r =a .1-1 TOKe 
nHTaHHR I =11 0 A ~nR MMM, 
OnHCaHHOH B pa6oTe 4:3HaR 
B03MOlKHOCTH 3neKTpOHHO~ an
napaTyp~ H npHMepH~e napa
MeTpbl H3MepHTenbHO~ KaTyWKH, 
MOlKHO, nonb3yRCb PHC. 1, 3a
paHee o~eHHTb nc . 

CTpeMneHHe CAenaTb YHH
eepcanbHOH MMM npHBOAHT K 
TOMy, 4TO ee anepTypa Aena
eTcR AOCTaT04HOH AnR nqMe
~eHHR HK HaH6onbwero AHaMeT
pa B COOTBeTCTBHH C nOAne
lKa~HMH HCCneAOBaHHIO MarHHT-

I H~MH 3neMeHTaMH, no3TOMy Ha 
_ npaKTHKe B03HHKaeT CHTya~HR, 

KOrAa R 1 /a= p ropa3AO MeHbWe eAHHH~bl. B 4aCTHOCTH, B HaweM 
cny4ae HMena MeCTO He06XOAHMOCTb KanH6pOBKH KaTyWeK, AnR KOTO-
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PbiX p "' 0,30 , 4TO C y4eTOM OCTanbHbiX ¢aKTOpOB orpaHH4HBa.flo 
B03MOlKHOCTb HX KanH6pOBKH C T04HOCTbiO He XyJKe 10% weCTOH rap

MOHMKOH. 
KaTyWKH npeAH~~Ha4anHCb AnR H3MepeHHR HenHHe~HOCTH MarHMT

Horo nonR H 3¢t!JeK,THBHOi1 AnHHbl AHnOnbHbiX MarHMTOB H npeACTaB
nl'lnH co6oi1 ABe napbl 06MOTOK, nepBaR AnMHOH f g =/595, 0±0, 2/ MM, 
a BTOpaR - f k = /181 ,6±0, 2/ MM, KOHCTPYKTHBHO 3aKpenneHHbiX 
Ha OAHOM KapKace /p~t~c.2/. KonH4eCTBO BHTKOB B KaTyWKaX nepBOH 
napbl wg ==2x250, a BTopo~ Wk=2x300 . KaTyWKH, pacnono>KeHHble 
Ha. MeHbWeM paAHYCe, C~ylKaT AnR KOMneHca~HH 4YBCTBMTenbHOCTH 
K nepBO~ rapMOHH Ke .· 113MepeHHble G nOMO~biO MexaHH4eCKHX H3MepM
TenbHbiX npMcnocoqheHM~ reoMeTpH4eCKHe napaMeTpbl · KaTyweK, yKa"-
3aHHble Ha pHc.3, OKa3anHCb cneAYIO~HMH: 

- -
KOPOTKHe KaTyWKH: Rlk=/22,3±0,4/ MM, R2k=/12,6±0,4/ MM, 
R3 tt' =/10,2±0,4/ MM, R4k·=/1,75±0,4/ MM, 2Bk = 1,9 MM, 
2A k = 4,1 MM; 

AnMHHble KaTyWKM: I! lg= /23,6±0,4/ MM, 
'£i 3g = /12,0±0,4/ MM, R4g = /4,4±0,4/ MM, 
2A g = 3,8 MM. 

R2g= /13,9±0,4/ MM, 
2B g = 1,9 MM, 

P1-1c.2. 06~H~ BHA HHAYK~HOHHbiX KaTyweK. 
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P11c.3. CxeMaT~-t4H~i1 nonepe4H~i1 
paape3 1-13MepHTBI1bHO~ ~K. 

AnR 6onbWHX n OTHOCMTenbHaR 

norpewHOCTb pac4eTHbtX 3Ha4e

HHi1 k n 6y.qeT RPHMBPHO pasHa 

± 1,5%, a norpewHOCTb sse

nH4HHe 8n, onpe.qenReMaR KaK 

88n 8R1 
-- "'n-.-
8n R1 

!51 

B HaWeM npMMepe COCTaBMT 

-20% .QnR n = 1 3. 06ecne!-leHMe 

CYMMapHOi1 norpeWHOCTI-1 M3Me

peHHfl HBnlltHei1HOCTI1 'S_ 1 0 - 4 

Ha pa.Q~~Jyce 0, 9 R m np111 aTOM 

y>Ke HBB031Y\O>KHO. 

AnR 6onee T04Horo onpe.qe

neHMR reoMeTpM4eCKHX napaMeT

pos KaTylUBK 6btm-1 MCROJ1b30Ba

Hbl .QaHHbiB KaJ1H6pOBKIII 8 .QI-1ROJ1 b

HOM 11 KBa.QpynOilbHOM ROJJRX 

MMM. 3¢¢eKTHBHaR pa.q~-tanbHaR 

WHPMHa Ka>K.QOi:i KaTYwKI-1 Haxo

.QMJlaCb KaK 

' rU 01 1 
d.=(---). -

l n 1 8 Wr. 01 
!6/ 

a pa.QMaJlbHbte KOOPAIIIH§.Tbl R 1k, R 3k, R lg ' R 3g ' YCJ10BHO 
o6oaHa4eHHwe 4epe3 (R)., KaK 

l 

- . 1 8 o1 Uo2 
(R) = -d + -- .(--) -a* 

i 2 i 8o2 Uo 1 i 
171 

nony4BHHWB TaKIIIM·O~pa~OM 3Ha4BHI-1R reOMBTpiii4BCKMX napaMeTpOB 

KaTYWBI< MO>KHO ,QOROJ1HMTBJ1 bHO YT04HHT b, BCJll-1 cpaBHHTb paCC41o1TaH-

HbiB BBnlo'I411Hbl K03¢cjJHI.IIIIBHTOB ku C 1113MBPBHHbiMIII np111 1 'S_n 'S_ 6 
s MMM. 0TMBTMM TaKme, 4TO ecn111 aMnn~-tTY.QW .Q~-tnonbHoro 1-1 KBa.Qpy

nonbHoro nonei:i KOHTpOJJMPOBaTb o6pa31.10BWMH KaTyWKaM~-t, TO norpew

HOCTM B onpe.qen~HMM di 1-1 R i MO>KHO yMeHbWMTb. Y4eT OCHOBHbtx 

I-1CT04Hio1KOB norpeWHOCTei1 np~-tBO.QHT B HaWeM cny4ae K OTHOCMTBJlbHWM 

OWM6KaM od i I d i "' ± 0' 15~~ Ill ± 0' 22% ,QilR ,QJ1MHHOR 111 KOpOTKOA Ka

TYWBK COOTBBTCTBBHHO. 

*Bwpa>KeHHe /7/ cnpaBa,QJJMBO, BCJJM MCROJ1b3YBTCR O,QHa 1-1 Ta >KB 

aneKTpOHHaR annapaTypa. 
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3Ha4BHMH pa.q~-taJlbHbiX KOOp.QHHaT, Onpe.qeneHHbte B COOTBBTCTBIIIH 

C 1113J10>KBHHOi1 MBTO.QI-1KOi1, OKa3aJ1MCb CJ1B.QYIOUIHMI1: .QJ1MHI-IbiB l<aTYWKH: 

R 1g =/23,45±0, 15/ Mt4, R 2g= /13,6±0, 15/ MM, Rag= /11,8 ± 

±0,2/ MM, R 4g = /2,0±0,2/ MM; KopoTKHe KaTyWKM: R 1k = 

':. /22,6±0, 15/ MM, R2k = /12,7±0, 15/ MM, R3k =/10,8±0,3/ MM, 

R4k = /1,0±0,3/ MM. 

2.0 1n 

1 
\ 

16 

l2 
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• KopoTKaR KaTywKa 

oAn~-tHHaH 
_,_ 

~ l-L 
I -

Pacc4~-tTaHHwe no 3THM .qaHHWM 

BBJ1k14HHbl k n , a TaKl!<e nony-

4BHHwe 3KCnepMMBHTaJ1bHO npH 

KanH6poaKe s MMM 3Ha4eHHH 

(kn)enpe.QcTasneHbt Ha pHc.4. 

QB I ---
PHc.4. CpasHeHHe pac4eTHWX 

Ill 3KCnepMMBHTa.nbHbiX peaynb

TaTOB: 1 , 3 •- paC4BTHbiB se

JliiiLIMHbl k n .QilR KOPOTKOR 1-1 

.QI1HHHOi1 KaTyweK c Y4BTOM 

BBI11141o1Hbl CB4~HMR 09MOTOK, 
, \ /3 --.. a 

2 - KOpOTKaR KaTyWKa npH 

L- L---.L...---- .___,__ _ __.__ _____ ,__ ------- F m = 0. 
!J H o n 

np111 paC4BTB K03¢¢HI.IMBHTOB 4YBCTBI-1TBilbHOCTI1 ¢YHK1.1MR f(K,ll) 
6panacb B BHAB 

r.Qe 

f(K, n) = (1-K ~ )G 1 -K;(1- K~)G 2 , !8! 

3 

(G) 1,2 = 1 + m~ 1 (F'm) 1,2 ' 

(F m\2 

c2m+1 
n ----

n- 2m 

n-2m. m 
1-(K )1,2 l 
--- .-ll-) -- k =0 
1-(K 1,2 

2k k 2k+1 2(m-k) ( ) 
(-1) C 2m+l (~ ) 1J o 1,2 

0 1,2 

8 A (~0)12 =(-__ -) 12' (ry o ) 1,2 = < R. ) 1.2 
• R1 • 

1 
- - -
R2 

Kl = -_-, 
R 1 

R4 
K2=-=--, 

Ra 

Rs 
Ks=---. 

R 1 

5 



Ko3<l><l>1-11..1HeHTbl F m y41-1TbtBaiOT BI11-1RHI-1e Ha 4yBCT~!"TeJlbHOCTb 
eenl-141-lHbt ce4eHHR 'o6MoTJ<I-1 KaTyweK. Pesyn bTaTbl pac9e,T'a ~ n e cny-
4ae F m=O AilR KOpOTKOi1 KaTywt<H noKaaaHbl Ha p1-1c. 4'' ny'HKTI-ipoM. 

TaKI-1M o6paaoM, I-13JlomeHHaR MeTOAI-1Ka no3BOJ1ReT AOCTaT04HO 
T04HO onpeAeJ11.-1Tb K03$$1-11..1HeHTbl 4yBCTBI-1TeJlbHOCTH, Aame He npOBOAR 
Kanl-16poeKy KaTyweK no 'seeM rapMOHI-1KaM s MMM. KpoMe Toro, 3TI-1M 
cnoco6oM Mbl onpeAenReM /1-1 Ha1-16onee T04HO/ ycpeAHeHHbte no AJ11-1He 
3Ha4eHI-1R 'paAJ.1aJlbHbiX KOOPAI-1HaT 1-1 3$cj)eKTI-1BHYIO Wl-1pi-1Hy KaTyweK, 4TO 
npl-1 HepaBHOMepHO~ HaMOTKe KaTyWeK npaKTH4eCKI-1 HeB03MOmHO CAe
naTb APYri-1MH cnoco6aMI-1. 

B saKJ1104eH!-1e OTMeTJo1M, 4TO pesynbTaTbl AaHHO~ pa60Tbl MoryT 
6b1Tb Ha1-16011ee none3Hbl B CJly4ae onpeAeJleHHR 4YBCTBHTeJlbHOCTI-1 
11TOJ1CTbiX 11 KaTyWeK C He60JlbWI-1MH paAI-1aJlbHbiMH pa3MepaMH, 
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