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l1BamKeBHq C • .A:. 
MO.JlYJil1PJ'IOII\IDC KaT~ 
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HHCT~' llllCpHLIX HCCIICIIOBaHHH, Jly6Ha, 19% 

B lllHpOKOAHanaJOHHbiX S~,~J.epHbiX MarnuTOMeTpax B 3aBHCHMOCTH OT senn

tfHHbi H HeO)UIOpOAHOCTH H3Mep.HeMOro HOJI.SI HOJie3HO HMeTJ, pa3Hble KaT}'lllKH, 

MOAynupyromue 3TO none [1]: Hu)Ke AaeTc.H pactieT 3THX KaT}'llleK c 'yqeToM HeKo

TOpbiX OC06eHHOCTeH llX npuMeHeHH.SI B MarnHTOMeTpax; IJpu 3TOM HMeeTC.SI B 

BHAY TUn MarHUTOMeTpa, B KOTOpOM UCnOJib3YIOTC.SI BbiH)I)K,Il.eHHa.SI npeueCCll.SI .HAep 

pa6otiero semecTBa u MOAynupyiOmee none 6oJibllle lllHpHHbi curnana S~,~J.epHoro 
MarnuTHoro pe3oHaHca [2,3]. 

B JianLHeiillleM paccMaTpHBaiOTC.SI KaTYlllKH B BMe KopoTKoro Kp)Tnoro cone

HOHAa CO cneAyiOIUHMH reOMeTpHtieCKHMH napaMeTpaMH: D H d - COOTBeTCTBeH

HO BHelllHHH n BHYTpeHHHH AHaMeTp coneHOHAa; h - ero · BbiCOTa (ATIHHa). B Ka

tieCTBe HCXOAHOro HCnOJib3yeTC.SI B3.SITOe H3 (2] Bblpa)KeHUe ATI.SI MarHHTHOfO nOJI.SI 

B UeHTpe KaTylllKH, KOTOpOe B npHH.SITbiX 0603HatfeHH.SIX 3anHCb!BaeTC.SI TaK: 

J.tlW D+" v2+h
2 

B = -- In --F"===;r==;o= 

D-d d+...f d 2 +h2 ' 
(1) 

me l!o - MarHHTHa.H nocTo.HHHa.H; I - TOK B KaTylllKe; w - '!ucno BHTKOB Ka

TYlllKH. 

B .HAepHLix MarnuToMeTpax MOAYJIHpyiOmne KaTYlllKH o6LitiHO nnTaiOTC.H cu

HycouAaJILHbiM TOKOM HH3KOH tfaCTOTbl (qame BCero 50 fu), n03TOMY B pactieTaX 

HHAYKTHBHoe conpoTnBJieHne KaTYlllKH He )"'HTLmaeTc.H. Ecnn B (1) TOK Bbipa3HTb 

qepe3 UK - 3cpcpeKTHBHOe Hanp.H)KeHne tia KaTYlllKe u RK - conpomBJieH~e npo-

BOAa, KOTOpblM HaMOTaHa KaT)'lUKa, TO aMHJIHT)'Aa MOAYJIHpyromero nOJI.SI 

BM 
1,41J.t0U d

2 D+" D
2

+h
2 

K n I 
2p(D2 - d 2) n d + ...J d 2 + h2 · 

(2) 

B 3TOM Bbipa)KeHHH d
0 

- AHaMeTp npoBoAa; p - YAeJILHoe conpoTuBJieHue Ma

Tepnana npoBoAa. 

Ilpn 3anncu (2) ncnoJib30BaJIUCb · H3BeCTHbie Bbipa)KeHu.H: R = pi / S ; l = 
K n n n 

.=nw(D+d)/2; S =7td 2 /4. B 3THX paBeHCTBax l - AJIHHa npoBOAa n3 pactieTa·c· 
n n n 

no cpeAHeMy paAuycy KaT)'lllKu; S - cetieHue npoBOAa. 
n 

MoAynupyromne KaT}'lllKH pacnonaraiOTC.SI B AaTtiUKe MarnHTOMeTpa, no3TOMY 

npn ATIHHHOM Ka~ene, COeAHH.SIIOll(eM AaTtfliK C OCTaJibHOH tfaCTbiO npu6opa, HaAO 

~u-.. ~.~·~.~jt~ryr, 
: ~()15iotx: tKc ntauild 

tsn&JlHSTEKA 
""'--~ ~-



~. 

)"'HTbiBaTb RnK - conpOTHBJieHHe npOBO)J.OB B Ka6eJJe, no KOTOpbiM no.u.aeTC51 nu

TaiOIUee KaTywKH Hanp51xeHue. C yqeTOM :noro conpoTuBJieHH51 u npu Hanp51-

xeHHH Ha BXO)J.e Ka6eJJ51 U O 

BhlpaxeHue 

RK 

uo 
u- R k- nK 

1+
RK 

.... ; 

k
3 

ph(D2 
- d 2) 

d4 
n 

(3) 

(4) 

me k - KOStPqJHUHeHT 3anOJIHeHH51 BHTKOB B KaTywKe, 
3 

HeTpy.IJ.HO nOn)"'HTb H3 

paBeHCTB, ucnonb30BaHHhiX npu 3anucu (2), u OlJeBH.IJ.Horo BhipaxeHH51 w = 
= k

3
h(D- d) /2d;. 

ilocne nO)J.CTaHOBKH (3) B (2) C )"'eTOM (4) B OKOHlJaTeJJbHOM BH)J.e 

1,41~0u0 D+~ D2 +h2 

B - · In ---.=======,-

M- [ 2 2 d
2
R l d+~ d 2

+h
2 

2 
D -d n nK 

p d2 +~ 
n 3 

BM, KaK ¢YHKUH51 d
0

, nMeeT MaKCHMYM npu 

--.1/ k ph(v2- d 2)' 
d = v~3 ---------

n R 
nK 

unu, nHalJe roBop51, npu RK = R
0

K. B STOM cnyqae MaKCHManbHa51 aMnnury.u.a 

1,41~0u0 ~ k3h 

4 p(d -d 2)R 
B 

M MaKC. 

nK 

D+~ D2 +h2 

In . d + ~ d 2 + h2 . 

(5) 

(6) 

(7) 

'Hanp51XeHue uo orpaHHlJeHO CBepxy MOIUHOCTbiO p = U2 I R ' pacceuBaeMOH 
K K K 

B KaryiiiKe. 0Tcro.u.a c yqeTOM (3) npu R = R u .u.onycTnMoii P .u.onxHo Bhmon-
K OK K 

H51TbC51 COOTHOilleHHe 

UO $2 ...J PKRnK· (8) 

Ecnl1 B MarnnToMeTpe paJHhie KaryiiiKH nuTaiOTC51 O.IJ.HHM Hanp51xeHm!M u npu 

:3TOM KaKa51-TO KaTywKa )J.OnXHa C03)J.aBaTb no BOJMOXHOCTH 6onhiiiOe none, TO 

2 

0 

j 

:1 
J 
' 

i 
H\
·J~ ,, 

8., X 1 o-•. Tn 
180 ··--·-···-------·· ---"'--·-·-· • 

160 
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0 _-~. _ _._ _ _L__.__-..~...~ 

0. I 0.15 0.2 0.25 0.3 0.35 

dn, IAIA 

BenwmHhi D, h u U
0 

Ha.u.o ClJHTaTb. 3a,naHHhiMH. 0Hu .u.onxHhl 6h1Th MaKCHMaJih

HhJMH, HaCKOnhKO <ITO n03BOn51IOT ra6apHTbl ,lJ.aTlJHKa (06bJlJHO He6onhiiiHe) H .U.O

nyCTHMa51 P . B STOM cnyqae c HeKOTOpblM d nonyquTh .u.pyrue Tpe6yeMbJe B · 
_K . M 

MOXHO, TOnbKO Bb16paB COOTBeTCTBYIOIUHe d
0

• 

BbJ6upaTh no.u.xo.lJ.,Simue d u d
0 

y.u.o6Ho, nMe51 B Bn.u.e rpa¢uKoB Ha6op JaBu

cuMOCTeii BM OT d
0 

npu pa3HhJX d. Ha pHCYHKe noKaJaHbl 3TH JaBucuMOCTH .IJ.Il51 
0 

n51TH 3HalJeHHH d (B MHnnuMeTpax). J1MeHHO OHH HCnOnh30BaJIHCb npu H3roTOB-

neHHH ~tO.u.ynupyiOIUHX KaTyiiieK ,ll.ll51 O.U.HOro H3 MarHHTOMeTpOB. fpatPHKH COOT

BeTCTBYIOT D = 15 MM, h = 7 MM, k = 0,6, R = 3,7 OM, U0 = 2,7 B (P = 0,5 BT). 
3 OK K 

llocne H3rOTOBneHH51 KaTyiiieK C d = 12 MM H pa3HbiMH d HX none H3Mep51nOCb n 

c noMOIUhiO sneKTpOHHoro napaMarnnTHoro peJoHaHca. Ehmo ycTaHoBJieHo, 'ITO 

H3MepeHHhie non51 HeMHOrO MeHbllle paClJeTHbJX. ilpHlJHHaMH STOro MOiyr 6h1Tb 

HeTOlJHOCTH paclJeTHOH ¢opMynhl~ U3roTOBJieHH51 KaryrneK, U3MepeHU51 non51. 
AnanuJ npn'IHH He .IJ.eJJanc51, TaK KaK pacxox.u.eHu51 paclJeTHhJX u nJMepeHHhJX 

BeJJHlJUH He npeBblrnanu npu6nnJHTeJJhHO I 0%. TaKne pacxox.u.eHH51 B .u.anHOM 

npHMeHeHHH KaryrneK He HMeloT cymecTBeHHOro 3HalJeHH51. 

0 3 



8 3aKJIIO'leHHe aBTOp HCKpeHHe 6narO.L{apHT KOnnery 8.8.KaJIHHH'leHKO, BHH
MaTenbHO npo'IHTasrnero pyKonHCb H c.L{enasrnero none3Hbie 3aMe'laHH~. 

JlaHHbie pac'leTbl H HX npHMeHeHHe ~BJI~JOTC~ 'laCTbJO pa60T no npoeKTY fo
cyAapcTBeHHOH HaY4HO-TeXHH'leCKOH nporpaMMbl. «cl>yH.L{aMeHTaJibH~ MeTpO

norH~». 
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11sarnKeBH'l C.A. 
Pac'leT Mo.llynHpyiOIUH~ Marn.HTHoe none KaTyrneK 

- • JI)I~ ~.L{epHbl)(- MarHHTOMeTpOB 
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· Coo6meHHe 06Dell~HeHHOfO. HHCTliTyra llllepHbiX HCC 
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Ivashkevich S.A .. 
Design of Modulating M~gnetic Field Coils 

for Nuclear. Magnetometers 

The coils are considered in the form of short rot 

.. of the meas_!!red magnetic field whe~ used in nuclear I 

and graphs presented allow determination of the ere 
specified par~meters gf ihe coils' or vice versa . 

. The investigation has been performed at the Lab 
JINR. . . 
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