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liiCCJleAOBaHHe npOCTpaHCTBeHHbiX pacnpeAeJleHHH MarHHTHbiX no­
JleH c noMO~b~ TepMocTaTHpoeaHHbiX npeo6pa3oeaTenei1 Xonna no-
3BOJl~eT npOH3BOAHTb T04e4Hble H3MepeHH~ C norpeWHOCTb~ He 60Jlb-

-3 /1/ 
we 10 • 0AHaKo TepMOCTaTHpoeaHHe npeo6pa3oBaTenei1 Xonna 
npHBOAHT K noTepe OAHOrO 1-13 HX OCHOBHbiX npeHMy~eCTB 

MaJlbiX pa3MepoB AaT4HKOB MarHHTHOrO nOll~, n03BOJl~~~HX HCCJleAO­
BaTb MarHHTHble nOJl~ B He60JlbWHX 06"beMaX. 

B pa6oTe /2/ noKa3aHo, KaK, He np1-16era~ K TepMocTaTHpoeaHH~, 
H3rOTOBHTb AaT4HK MarHHTHOrO non~ Ha OCHOBe ABYX npeo6pa30Ba­
TeJleH XOJlJla, C nOMO~b~ KOTOporo MOmHO TaKme B 60JlbWOH CTeneHH 
yMeHbWHTb norpeWHOCTH H3MepeHHH. 

B TaKoM AaT4HKe MarHHTHoro non~ OAHH H3 npeo6pa3oBaTenei1 
Xonna ~BJl~eTc~ H3MepHTeJlbHbiM, BTopoi1, ycTaHoeneHHbiH HenOABHm­
HO B HeKOTOpOH T04Ke MarHHTHOro nOll~, MOHHTOpHbiM, C noKa3a­

HH~MH KOTOporo cpaBHHBa~TC~ nOKa3aHH~ H3MepHTeJlbHOrO npeo6pa-
30BaTeJl~. 

B CJly4ae npOCTpaHCTBeHHOrO HCCJleAOBaHH~ MarHHTHOrO nOJl~ 

~enecoo6pa3Hee HCnOJlb30BaTb /no coo6pameHH~M 3KOHOMHH epeMeHH 
H 3aTpaT 3JleKTp03HeprHH/ BMeCTO OAHOrO H3MepHTeJlbHOrO npeoC~a-
30BaTeJl~ j-KOMnOHeHTHbl~ /All~ OAHOBpeMeHHOro H3MepeHHH lp~x 

KoMnoHeHT MarHHTHoro non~ - B x, B y, B z I HeTepMOCTaTHpoeaH­
HbiH AaT4HK MarHHTHOrO noll~. 

B HaCTO~~eM C006~eHHH noKa3aHa KOHCTPYK~H~ H npHBeAeHbl Tex­
HH4eCKHe xapaKTepHCTHKH 3Toro AaT4HKa; AaHa o~eHKa norpewHo­
CTH KaK npH OTHOCHTeJlbHOM, TaK H npH 06bi4HOM MeTOAe H3MepeHHH. 

KOHCTPYKUI1~ AAT411KA 

AaT4HK HHAYK~HH MarHHTHoro non~ npeAcTaen~eT co6oi1 6noK H3 
Tpex cTaHAaPTHbiX npeo6pa3oBaTenei1 Xonna, pa3Me~eHHbiX Ha Ky6HKe 
H3 HeMarHHTHoro MaTepHana c pa3MepaMH /8x8x8/ MM 3. 

HoMepa OAHH04HbiX npeo6pa3oBaTeJle11 /ycnoBHble/ - 2435 /H3Me­
p~eT OCHOBHY~ KOMnOHeHTY MarHHTHoro non~/, 2453, 2434. 

npeo6pa30BaTeJlH pacnOJlOmeH~ Ha Ky6HKe BO B3aHMHO nepneHAH­
KYJl~pHbiX nnocKocT~x. PaccTO~HH~ MemAY ~eHTpaMH HX aKTHBHbiX no­
eepxHOCTei1 - 2 MM. nepneHAHKYJl~pHOCTb MemAY aKTHBHbiMH noeepx­
HOCT~MH npeo6pa3oBaTenei1 cocTaen~eT 90 °+3 '. 6noK npeo6pa3oea­
Tenei1 Xonna noMe~eH e Kopnyc All~ 3a~HTbi-OT MexaHH4eCKHX noepem­
AeHHH. PaaMepbl AaT4HKa - I 16x 16x23/ MM 3 . 

06~HH BHA AaT4HKa noKa3aH Ha PHCYHKe. 
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TpexKoMrroHeHTHhrn HeTepMocTa­

THpoBaHHhlli ~aT~HK HH~YK~HH Mar­

HHTHOrO ITOnR /~nR CpaBHeHHH 

pasMepoB PR~OM C ~aT~HKOM ITOKa-

3aHa CITH~Ka/, 

OUEHKA norPEWHOCTH H3MEPEHHA 
nPOCTPAHCTBEHHOfO PACnPE~EnEHH~ HH~YKUHH MAfHHTHOfO non~ 

a/ norpeWHOCTb np~ OTHOC~TenbH~X ~3MepeH~RX 

HanpR>KeH~e Ha BbiXO,Qe npeo6paaosaTenR Xonna s o6111eM cny1.1ae 
3aB~C~T OT HeCKOnbK~X nepeMeHH~X: 

U x = f 1 (B, ~ t, a), 

Ux - HanpR>KeH~e Xonna, B- ~HAYK~~R MarH~THoro nonR, i - TOK 
soa6ym,QeH~R npeo6paaosaTenR, t - TeMnepaTypa npeo6paaosaTenR, 
a - yron Me>KaY BeKTOOOM ~HnVKU~~ M~rH~THOrn nnnR R ~ 

K nnocKOCT~ npeo6paaosaTenR. 
Hn~ B cny4ae OTHOC~TenbH~X ~3MepeH~H: 

UXH k1BH 
¢ f 2 (B, i, t, a), 

UxM k2BM 

'"fnnM~n ... "' 

/1/ 

U x H - HanpR>KeH~e X anna ~31-'lep~TenbHoro ,QaT4~Ka, U x M- HanpR­
>KeH~e Xonna ,QaT4~Ka MOH~Topa, BH' BM- ~HAYK~~~ MarH~THoro 
nonR, COOTBeTCTBY~Ill~e HanpR>KeH~RA Xonna ~3Mep~TenbHOrO ~ MOH~­
TOpHoro ,QaT4~KOB, k 1 , k 2 - Ben~4~Hbl, XapaKTep~3Y~Ill~e 4YBCTB~­

renbHOCTb npeo6pa3oBaTeneH; np~ ManbiX ~3MeHeH~RX ~H,QYK~~~ B RB­
nR~TCR KOHCTaHTaMK .. 

A6con~THaR norpewHOCTb cornacHo /1/ ~MeeT B~A 

a¢ a.+. . a.+. a.+. 
11¢ = -11B + ..::.:t:../11 + ~!1t + ~Aa. 

aB ai at aa /2/ 

B COOTBeTCTB~~ C /2/ OTHOC~TenbHaR cpe,QHeKBa,QpaT~4HaR OW~6Ka 

11¢ = 1. v< a¢ AB) 2 :-c-a¢ ;i~2-:-( a¢-~;>~~ cJi~a) 7. 
¢ ¢ aB ai at aa /3/ 

YpasHeH~e /3/ He nonHOCTb~ onpe,QenReT OTHOC~TenbHY~ cpe,QHeKBa,Q­
paT~4HY~ OW~6Ky OT,QenbHOrO ~3MepeH~R, TaK KaK He Y4~TWBaeT Ha­
npR>KeH~e wyMos npeo6paaosaTenfl 11m ~ Knacc T04HOCT~ np~6opa 11np• 

2 

"" 

p• 

l> 

, 

~3MepRIOIJ1ero Hanpfi>KeH~e U X . nonHOe Bblpa>KeH~e ,QnR O~eHK~ cpe,QHe­
KBa,QpaT~4HOH norpeWHOCT~ ~MeeT B~,Q: 

~ = l..v c22-t-..B) 2 + c22-11i) 2 + (~At) 2 + <a¢ 11a) 2 + (11 ) 2+(11 ) 2 . 
¢ ¢ ¢ ai at aa Ul np 

/4/ 
PaccMOTP~M cnaraeMwe nO,QKOpeHHoro swpameH~fl ypasHeH~R /4/. 

norpeWHOCTb, CBfl3aHHaR C BpeMeHHOH HeCTa6~nbHOCTb~ 

~3MepReMOro nonR. np~ ~CnOnb30BaH~~ MeTO,Qa OTHOC~TenbH~X 
~aMepeH~H npe,QnonaraeTcR, 4TO Manble OTKnoHeH~R /He 6onee He­
CKOnbK~x npo~eHTOB/ a6coniOTHOrO 3Ha4eH~R ~H,QYK~~~ MarH~THOrO 
non~ lSI OT ycTaHosneHHoro 3Ha4eH~R He sn~R~T Ha npocTpaHCTBeH­
Hoe pacnpe,QeneH~e ~onR B ~3MepReMOM o6ceMe, TO eCTb Hanpasne­
H~e BeKTopa nonR B B n1060H T04Ke npOCTpaHCTBa He ~3MeHReTCR 
np~ ~sMeHeH~~ Mo,QynR IBI Ha ManyiO sen~4~Hy. no3TOMy paseHcTso 

UxH K1BH 
¢(B) =·- = = const 

UxM K2BM 

OCTaeTCR He~3MeHH~M np~ ManbiX OTKnOHeH~RX ~H,QyK~~~ OT ycTaHQB­
neHHOH sen~4~H~ ~. cne,QosaTenbHo, 

-~L!1B = o. 
a a 

3To npe,QnonomeH~e HaM~ nposepeHo 3Kcnep~MeHTanbHO s npe,Qenax 
T04HOCT~ ~3MepeH~H 1 . 1 0 -S . 

norpeWHOCTb, CBR3aHHaR C BpeMeHHOH HeCTa6~nbHOCTbiO 
TOKa B036Y>K,QeH~R ,QaT4~Ka, no TOKY B036y>K,QeH~R i npeo6pa-
30BaTen~ ~3Mep~TenbHbiH ~ MOH~TOpHbiH BKnl04a~TCR nocne,QOBaTenbHO, 
a TaK KaK 3aB~C~MOCTb Hanpf!>KeH~R Xonna OT TOKa B036y>K,QeH~R 

mo'IHeHHaR 131 , TO np~ i = var ¢(i)= const, OTKYAa 

2!k.M = o. 
ai 

norpeWHOCTb, o6ycnosneHHaR ~3MeHeH~eM TeMnepaTyp~ 
,QaT 4 ~ K a . Hcnonb3YR TeMnepaTypH~H K03<I><I>~~~eHT 3~C X anna y, 
3aB~C~MOCTb HanpR>KeH~R Xonna OT TeMnepaTYPbl ,QaT4~Ka t MO>KHO 
aan~caTb s B~,Qe 

U x = Dxo + yUxo·t. /51 

3,QeCb Uxo - HanpR>KeH~e x~nna np~ HeKOTOPOH Ha4anbHOH TeMne­
paType. np~H~MaR y = const, 4TO cnpase,Qn~so ,Qnfl ~HTepsana TeM­
nepaTyp =: 50°C 131, ~MeeM: 

UxH UxHo+ YH · Dx~to· t 
¢(t) =-- = -- -. 

UxM UxMo+YM" UXMO ·t 
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11JU1 

UX110 
¢(t) = -----

1 + y 11 •t 

u XMO 
1-13 /6/ nony4aeM: 

1 + YM .t 

A 
0 xl1o yl1-yM A 

o.¢ = --- •o.t. 
UXMO (1- YM·t) 2 

!6! 

171 

1-13 /7 I o4eB11AHO, 4TO ~¢ TeM MeHbwe, 
11 np11 y 11 - YM"' 0 

4eM MeHbWe pa3HOCTb y
11

-yM' 

_£.cL~t = o. 
at 

Bee TPI1 npeo6pa3oBaTellH Xo1111a 3-KoMnoHeHTHoro HeTepMocTaTI1po­
BaHHoro AaT411Ka 11HAYK1.11111 MarHI1THOro nOilH 11Me10T y

11 
(1,2,3) - y ~ 

~0, 0003, 11 n03TOMy OWI16Ka OT KOJle6aHI1H TeMnepaTypbl npeo6pa3oaa­
TeJleH a a~weyKa3aHHOM 11HTepaane He 6yAeT npea~waTb 7,5 .10-5. 

norpeWHOCTb, CBH3aHHaH C HecoanaAeHI1eM HOpMaJ111 
K nllOCKOCTI1 AaT411Ka C HanpaBJleHI1eM MarHI1THOrO nOJlH. 
MOHI1TOPH~H AaT411K mecTKO Kpeni1TCH B 11CCJleAyeMOM 06beMe MarHI1T­
Horo nonH /nonomeHI1e ero eo apeMH 113MepeHI1A He MeHHeTcH/. no3-
ToMy 3AeCb OW11QKY 113MepeHI1H 11HAYK1.11111 nOilH MOmHO xapaKTepi130-
BaTb TOJlbKO OTKJlOHeHI1eM HOpMaJ111 K nJlOCKOCTI1 113Mepi1TeJlbHOro 
AaT411Ka OT HanpaBJleHI1H BeKTOpa MarHI1THOH 11HAYK1.11111 - yrJlOM a. 

EC1111 113MepHeMoe 3Ha4eHI1e Uv.~(n) = TT::;; u•a~· f'n«~ /:-:;::: ,:;;:; 

nylljeHI111, 4TO a = 1° I, To, npi1H11MaH aepOHTHoe OTKilOHeHI1e ~a = 
~a, 11MeeM: 

auxl1 
-. -1'1a = U x 11 max · sina ·~a = U x 11 rna · 0,0175 · 0,087 
~ X 

= 1,5·10 - 4 
· U x 11 max 

To ecTb owi16Ka He npea~waeT 1,5 ·10-4 • 
npl1 113rOTOBJleHI111 npei.II13110HHOro npl1cnoco6neHI1H AllH KpenneHI1H 

11 nepeMetqeHI1H AaT411Ka MOmHO nOJlY411Tb 6o11ee T04HbiH pe3yJlbTaT. 

B1111HH11e ypoBHH wyMoa npeo6pa3oaaTellH. AnH npeo6pa-
30BaTeneA 113 aHTI1MOHI1Aa 11HA11H /113 KOTOp~X 113rOTOBJleH~ npeo6pa-
30BaTeJ111 3-KoMnoHeHTHOrO AaT411Ka/ ypoBeHb $IlYKTya1.11111 OCTaT04-
HOro HanpHmeHI1H Xonna ~U ill paaeH 0,1 MKB 151 . CneAoBaTellbHo, 
np11 4YBCTBI1TellbHOCTI1 AaT411Ka ~ ::1 0 MKB/r c 11 11HAYK1.11111 Ma rH11THo­
ro nOilH B =10 rc OTHOCI1TeJlbHaH norpeWHOCTb 6yAeT pasHa: 

~u ill I 13 o.111o -3 ~ = ---· --- = ------:; 10 
ill B 10 

np11 B=1000 rc ~ill=J0-5 • 

4 

\ 
J 

) 

np11 113MepeHI111 CI1JlbH~X MarHI1THbiX noneA BJ111HHI1e WYMOB npe­
o6pa30B3TelleA Ha T04HOCTb 113MepeHI1H MOmHO He Y411T~BaTb. 

norpeWHOCTb, BHOCI1MaH 113Mepi1TeJlbH~M np1160p0M, 113-
Mepi1TeJlbH~e np1160p~ /1.111$POBble BOJlbTMeTpbl/, 11CnOJlb3yeM~e AllH 
113MepeHI1A HanpHmeHI1A Xo1111a c noMOlllbiO 3-KoMnoHeHTHoro AaT411Ka 
MarHI1THOrO nOilH, 11MeiOT KJlaCC T04HOCTI1 0,01%. 

01.1eH11BaH no nony4eHH~M 3Ha4eHI1HM OTAellbH~x norpewHocTeA 
o6~qy10 CpeAHeKBaApaT114HYIO norpeWHOCTb, 11MeeM 

-4 ~¢ < 2 ·10 . -- -¢ 

6/ norpewHOCTb npl1 npHMOM 113MepeHI111 /OAHI1M AaT411KOM XOJllla/ 

0THOCI1TellbHaH norpewHOCTb 113MepeHI1H npocTpaHCTBeHHoro pac­
npeAelleHI1H 11HAYKLI1111 MarHI1THOrO nOilH OAHI1M AaT411KOM AaeTCH Bbl­
pameHI1eM 

~U X 1 aU X 2 aUx 2 aUx 2 aUx 2 2 2 
- = --v <~~B) + (--~i) +(-M) +(-~a) +(~ ill) + (~ np ) 
U x U x aB ai at aa 

Pac4eT AllH OTHOCI1TeJlbHOH norpeWHOCTI1 B AaHHOM Clly4ae /aHa­
IlOri14HO npeA~AYllleMy/ AaeT 

~Ux -3 
-- = (0,6 +0,7)·10 . 

Ux 

B/ norpeWHOCTb 113MepeHI1H, o6yCilOBJleHHaH nllaHapH~M 3$$eKTOM 
npeo6pa3oaaTeneA Xonna 

nnaHapHbiH 3$$eKT npeo6pa2oBaTelleA XOJlJla 141
, ycTaHOBileHH~X 

Ha 3-KOMnoHeHTHOM AaT411Ke 11HAYK41111 MarH11THOrO nOilH, 113MepHJlCH 
npl1 B z = B p=8230 rc I Bz 11 B p - COOTBeTCTBeHHO nepneHAI1-
KYilHPH~A 11 napanJleJlbH~H K nllOCKOCTI1 AaT411Ka BeKTOp~ MarHI1THOH 
11HAYK1.11111/. nony4eH~ CJleAYKllll11e pe3yJlbTaT~: 

a/ N'2435 
Uxp 
(-- . 100%) -1..-4 0 = 0,057% u '1'- 5 

Xz 

Ux P 
(--· 100%) 0 = 0,026%, 

Ux z ¢=45 
6/ N'2453 

a/ N'2434 
Uxp 

(-- . 100%) :; 0,036% . 
Ux z ¢=45o 
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Uxp , Uxz - HanpR~eH~R Xonna, coorsercrsy~~~e ~HAYK~~RM Bp 
~ Bz, ¢- yron Me~AY HanpasneH~eM TOKa sos6y~AeH~R npeo6pa­
sosarenR ~ BeKTOPOM B~KaK B~AHO, nnaHapH~A 3¢¢eKT BCeX Tpex 
npeo6pasosareneA 3-KoMnoHeHTHoro AaT4~Ka 04eHb Man. Ow~6Ka 
B ~3MepeH~Rx ~HAYK~~~ MarH~THoro nonR, o6ycnosneHHaR nnaHap­
HbiM 3¢¢eKTOM, a caMOM He6naronp~RTHOM cny4ae I c/J = 45 o AnR scex 
Tpex npeo6pasosareneA ~ BeKTop B HanpasneH noA yrnoM 45° K 
nnocKOCTRM TaK~e scex rpex npeo6pasosareneA/ He npes~waer 
0,07%. np~ ~3MepeH~~ cpaBH~renbHO OAHOPOAH~x noneA /KorAa oc­
HOBHaR COCTaBnR~~aR MarH~THOrO nonR OTKnOHReTCR OT HOpMan~ K 
nnOCKOCT~ ~3MepR~~ero ee npeo6pa30BaTenR He 6onee 4eM Ha 20°/ 
ow~6Ka, o6ycnosneHHaR nnaHapH~M 3¢¢eKTOM, B03H~Ka~~~M np~ ~3-
MepeH~~ MOAYnR seKropa ~HAYK~~~ MarH~THoro nonR B, He 6yAeT 
npeBbiWaTb /0,02-:-0,03%/. 

3AKJ1104EHI1E 

Ha OCHOBaH~~ npOBeAeHH~X pac4eTOB ~ 3KCnep~MeHTOB HeTepMo­
CTaT~POBaHHbiA 3-KoMnOHeHTH~A AaT4~K ~HAYK~~~ MarH~THOro nonfl 
MO~eT np~MeHRTbCR np~ npOCTpaHCTBeHH~X ~3MepeH~RX MarH~TH~X 

noneA n~6biX T~nOB MarH~TOB, Me~non~CHble paCCTORH~R KOTOpbiX He 
MeHee /4+5/ CM, C T04HOCTb~, AOCTaT04HOA AnR MHOr~x ¢~3~4e­
CK~X 3KCnep~MeHTOB. 
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AonrHH C.A. H AP· 13-82-37 
H3MepeHHe npocTpaHCTBeHHWX MarHHTHwx noneH 
C nOMO~bO HeTepMOCTaTHPOBaHHWX npeo6pa30BaTeneH , Xonna 

Ha OCHOBaHHH npoBeAeHHWX pac4eTOB H 3KCnepHMeHTOB H3rOTOBneH HeTepMo­
CTaTHPOBaHHWH 3-KOMnOHeHTHWH AaT4HK HHAYK4HH MarHHTHOrO nOnA Ha OCHOBe CTaH 
AaPTHWX npeo6pa3oaaTeneH Xonna. C noMO~bO 3Toro AaT4HKa norpewHOCTb T04e4-· 
HWX H3MepeHHH MO*eT 6WTb yMeHbWeHa npH OTHOCHTenbHOM MeTOAe AO 2 ·10-4 H npH 
npAMOM MeTOAe AO 7 -10-4. npeo6pa3oaaTenH Xonna T~aTenbHO noA6HpanHCb no 
CBOHM XapaKTepHCTHKaM /B OCHOBHOM no MHHHManbHOH aenH4HHe nnaHapHOrO 3~­
¢eKTa, a TaK*e MHHHManbHOH BenH4HHe H 6nH30CTH TeMnepaTypHWX K03~H4HeHTOB 
3AC Xonna/, 4eM B 3Ha4HTenbHOH CTeneHH o6~ACHAeTcA· nony4eHHaA BWCOKaA T04-
HOCTb. HeTepMOCTaTHPOBaHHWH 3-KOMnOHeHTHWH AaT4HK HHAYK4HH MarHHTHOrO nOnA 
MO*eT npHMeHATbCA npH npOCTpaHCTBeHHWX HCCneAOBaHHAX MarHHTHWX noneH no6wx 
THnOB MarHHTOB, Me*nOnOCHWe paCCTOAHHA KOTOpWX He MeHbWe /4+5/ CM. 

Pa6oTa awnonHeHa B na6opaTopHH BWCOKHX 3HeprHH OH~H. 

C~eHMe . 06~AMHeHHOrO MHCTHTyTa AAePHWX MCCneAOaaHMH. AY6Ha 1982 

Dolgij S. A. et al. 
Measurement of Space Magnetic Fields Using Non-Stabilized 
in Temperature Hall Generators 

13-82-37 

Based on the calculations and the experiments carried out, a 3-compo­
nent (for simultaneous measurement of Bx, By and B. components of magnetic 
field induction) sensor non-stabilized in temperature has been made using 
standard Hall generators. T~~cror of point measurements can be decreased, 
by means of this sensor, to 2 -10-4 using a relative method and to 7.10-4 
by a direct method. When making the sensor, Hall generators were thoroughly 
chosen according to their characteristics: mainly, minimal value of planar 
Hall effect, minimal value and closeness of temperature factors of Hall 
e.m.f. This sensor can be used for space studies of magnetic fields of any 
type magnets the interpolar distances of which are no less than (4+5) em. 

The investigation has been performed at the Laboratory of High 
Energies, JINR. 
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