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Boe80AHH M.A., Ko8aneHKO A.~., 4epHHK08 B.H. P13 - 12897 

4eT~pexceK~HOHHa~ KaTywKa C OAHOPOAH~M MarHHTH~M 
non eM 

PaCC4HTaHa H H3rOT08neHa CHCTeMa, ~OpMHpy~~a~ MarHHT
HOe none C HeOAHOPOAHOCTb~ -1 •10-5 8 o6oeMe, 6nH3KOM K 
c~epH4eCKOMy c paAHYCOM 40 MM. Pa6o4a~ 8enH4HHa HHAYK~HH 
MarHHTHOro non~ MOmeT AOCTHraTb 5·10-3 T 8 CTaTH4eCKOM pe
mHMe H 0,1 T- 8 AHHaMH4eCKOM. KaTywKa COCTOHT H3 ABYX nap 
CeK~H~, nepea~ paAHYCOM 200 MM, BTOpa~ - 97,54 MM, H KOnH-
4eCTBOM 8HTK08 676 H 169 COOTBeTCTBeHHO. PaCCTO~HHe MemAY 
CeK~H~MH nepeo~ nap~ COCTaBn~eT 140 MM, MemAY CeK~H~MH 
BTOpo~ - 269,5 MM. npH8eAeH~ 3KCnepHMeHTanbHble pe3ynbTaT~ 
no onpeAeneHH~ rpaHH~ KOHTYPOB 3aAaHHO~ HeOAHOPOAHOCTH Mar
HHTHOrO non~, ~OpMHpyeMoro 8 pa3nH4HbiX pemHMaX nHTaHH~ CeK
~H~. YcTpo~CT80 Hcnonb3yeTc~ An~ KanH6po8KH pa3nH4H~x npe
o6pa3oBaTene~ MarHHTHoro non~ 8 AHana3oHe Man~x H cpeAHHX 
BenH4HH HHAYK~HH. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~COKHX 3HeprH~ OH~H. 

Coo6tUeHHe 06beJlHHeHHOro HHCTHTYTS l!JlepHbiX HCCneJJOBSHHI!. ily6Ha 1979 

Voevodin M.A., Kovalenko A.D., Chernikov V.I. P13- 12897 

Four-Section Coil with a Uniform Magnetic Field 

The system of generation of a uniform magnetic field 
with errors of about 10-5 in sphere of 40 mm radius is 
described. Operational value of field induction may be 
equal to 5·10-3 T in statics and 10-1 T under pulse regime. 
The coil consists of two pairs of sections, the first has 
middle radius of 200 mm and the second - 97.54 mm, the 
number of turns in sections are 676 and 169, respectively. 
Longitudinal distance between sections of the first pair 
is 140 mm and for the other pair it is equal to 269.5 mm. 
Experimental results associated with equal field error 
contour determinations are given. The system is used for 
calibrating different sensitive elements in the region 
of small and middle values of field inductions. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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~~ ~PMHPOBaHH~ OAHOPOAHbiX MarHHTHbiX none~ WHPOKO HC
nonb3YIOT 6e3mene3Hble CHCTeMbl, KOTOpble o6ecne4Hea~T HaH6onee 
B~COKYIO T04HOCTb BOCnpOH3BeAeHH~ 3Ha4eHH~ MarHHTHO~ HHAYK
~HH, 3aAaHHyiO BenH4HHY HeOAHOPOAHOCTH non~, CTa6HnbHOCTb 
xapaKTepHCTHK H YA06H~~ AOCTyn K pa604eMy npOCTpaHCTBy. 

B nHTepaType l l-3 / OnHCaH P~A CHCTeM, COCTO~~HX H3 
KOnb~eBbiX H MHOroyronbHbiX KaTYWeK, coneHOHA08, a TaKme KOM-
6HHa~HH KaTyweK H coneHOHAOB. PaccMaTpH8aiOTC~ KaK Hepeanb
H~e CHCTeM~ /6eCKOHe4HO TOHKHe BHTKH/, TaK H peanbH~e 
YCTPO~CTBa, COCTO~~He H3 06MOTOK 3Ha4HTenbH~X nonepe4H~X 
pa3Mepoe. 

HaH6onee npOCTa~ H H3BeCTHa~ CHCTeMa, ~OpMHpyiO~a~ BbiCOKo
OAHOPOAHOe MarHHTHOe none, - 3TO KaTyWKH fenbMronb~a, co
CTO~~He H3 ABYX COOCHbiX napannenbHbiX 06MOTOK, pacnonomeHHbiX 
Ha onpeAeneHHOM paccTo~HHH APYr oT APYra. B cny4ae KpyroBbiX 
o6MOTOK /a npH6nHmeHHH TOHKHX KaTyWeK/ AOnmHO BblnOnH~TbC~ 
COOTHOWeHHe a= 0.5Ro, rAe 2 a - paCCTO~HHe MemAY KaTyWKaMH, 
Ro - cpeAHH~ HX paAHyc. PaCC4HTaHbl TaKme KaTyWKH renbM-
ronb~a KBaApaTHO~ H np~MoyronbHO~ ~OpM. 

KaTyWKH renbMronb~a ~Bn~IOTC~ CHCTeMo~ 4eTBepToro nop~A
Ka, T .e. 

X 4 
( - (R). 

0 
rAe ( =oH / H - 3aAaHHa~ HeOAHOPOAHOCTb non~, x - nHHe~Hbl~ 
nonypa3Mep o6naCTH 3aAaHHO~ HeOAHOPOAHOCTH. 

EcnH, HanpHMep, HaAo c03AaTb none c HeOAHOPOAHOCTbiO 
( ~ 10-5 a o6nacTH c nH He~H~M pasMepoM 2x = 20 cM, TO noTpe-
6yiOTC~ KaTyWKH paAHYCOM R O, 170 CM. 

~CHO, 4TO An~ ~pMHPOBaHH~ none~ C BbiCOKO~ CTeneHb~ 
OAHOPOAHOCTH 8 6onbwe~ o6naCTH cneAYeT npHMeH~Tb CHCTeMbl 
wecToro, BOCbMOrO H T.A. nop~AKOB. CHCTeMO~ BOCbMOrO nop~

Ka ~Bn~eTC~, HanpHMep, CHCTeMa, COCTO~~a~ H3 ABYX nap COOC
HO pacnonomeHH~X CeK~HA /o6MOTOK/, HMe~~HX o6~y10 nnoCKOCTb 
CHMMeTpHH. 
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MArHHTHOE nonE CHCTEM~ H3 4ET~PEX CEKUH~ 

Ha p~c. 1 noKa3aHo B3a~MHoe pacnonomeH~e ceK~~H. 06o3Ha-
4~M 4epe3 (R,@,~)- C$ep~4eCK~e, a 4epe3 (Z,P,~)- ~~nHHAPH-
4eCKHe KOOPAHHaT~ T04KH Q, B KOTOPOH H~eM 3Ha4eHHe MarHHT
HOro nOnR, a 4epe3 (r,8,cp) H (z,p,cp)- COOTBeTCTBeHHO C$e
PH4eCKHe H ~HnHHAPH4eCKHe KOOPAHHaT~ T04KH S - HCT04HHKa 
nonR. 

KoMnoHeHT~ MarHHTHoro nonR e ~eHTpanbHOH 30He nap~ Kpyro
BbiX CeK~HH MOmHO npeACTaBHTb B BHAe / 5/ : 

n 

HP(R,S)~- ~ -
1
- [ .!_Hz<Z ,O)]z 

0 
.Rn sin®. P '(cos@) 

n=-0 (n+1 )! dZ n ~ n ~ . 
oo 1 n n 

Hz(R,®)= I- [-d-Hz(Z,O)]z 0 .R P (cos®), 
nuO n! dZ n = n 

rAe . 2 oo 2m 
H (Z,0)=0.4rriw J!.m....:.Q_ I. (~) P' (cos®), 

Z r m=O r 2 m+l 

~ (cos@),P ~ - nonHHOM~ nemaHApa ~ HX npOH3BOAHble. 

1-R napa ceK~HH 

napa ceK~HH 

s2 

01 

02 

Z;:i 

/OQI:! R 
IMQI=P 

PV~c. 1. CxeMa pacnonomeHVIR ceK~~H VI xapaKTepH~e pa3Mep~. 

4 

/1/ 

nocne HaxomAeHHR npoH3BOAH~x Hz (Z,O) no Z H noAcTaHoBKH 

e /1/ nony4HM: oo • 

28 2
m ~ 

Hz(R,9)=0.4rriw ~ ~(..R) P' (cosO).p (cos@) 
m=-0 r r 2m+l 2m 

oo sin28 R 2m Pim+l (cosO) 
Hp(R,9)=-0.4rriw ~ --(-) --------sin@.p' (cos@) 

m=O r r 2m +1 2m · • 

/2/ 
none CHCTeMbl H3 ABYX nap CeK~HH, HMeiO~HX 061JtYIO nnOCKOCTb 

CHMMeTpHH Z =<l, nony4aeTCR nyTeM CyMMHPOBaHHR noneH OT KamAOH 
H3 nap KaTyweK, T.e. 

2 R 2m ~ Hz(P,®) = 0.4rr i I. ~ Cm (-) P (cos®), 
m=O n=l n ron 2m 

oo 2 2m · " 
HP(R,9)=-0.4rri ~ I. C (~) sm@ P

2 
(cos®) 

m:O n=l mn r on 2m+1 m 

/3/ 

rAe 

Cmn = Wn sin
2

8on P' (cosO ), 
2m+l on ron /4/ 

wn - 4VIcno BVITKOB, n- 4~cno nap ceK~VIH, 

KaX. MarHVITHOe none B ~eHTpe CVICTeMbl: 
- TOK B 06MOT-

2 . 2e 
HZ(0,0)=0.4rrii w ~on 

n=l n ron /51 

a OTI<JlOHeHVIe BenVI4VIHbl npOAOnbHOH COCTaBnRIO~eH OT ee 3Ha4eHHR 
B ~eHTpe CVICTe~ 6yAeT: 

oo 2 2m 
~Hz=- ~ I. C (lL) f2 (cos@). /6/ 

m=l n=l mn ron m 

noA 3aAaHHOH HeOAHOPOAHOCTbiO nonR nOApa3yMeeaeTCR BenH4VIHa 

1 2 2 1/2 
E=Hz(O,O)(~Hz+Hp) . 171 

AnR VIAeanbHOH 
3 2 

CVICTe~ BOCbMOro nOPRAKa B~nonHReTCR ycnOBVIe 

}; I. c 
m=l n=l mn 

_1_=0, 
r2m 

on 
/8/ 

VICXOAR Vl3 KOTOporo, nony4aeM AnR ~Hz VI Hp cneAyiO~VIe B~pa
meHVIR: 
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2 

R 8 R 10 ~ ~Hz= I. [C 4n(-) P8 (cos®)+C5 (-) P10 (cos®)+ ••• ] 
n=l ron n ron 

2 C 4n 8 C5n 10 
H P =- ~ [--(....!L) sin®. P8 (cos®)+--( ...!L..) sin@. P{0 (cos®)+.J. 

n-1 9 r0 n 11 r
0

n 

191 

napaMeTPbl CHCTeMbl onpeAeJlR~TCR 1-13 ypaBHeHHR /8/. 06bi4HO 

npHHHMa~T r01- 1/sin 2 801 , T. e. paAHYC BHyTpeHHeH napbl CeK~HH 
p 01 = 0 1-1, KpoMe Toro, w 1 =1. OcTailbHble aenH4HHbl Bblpa>Ka-

~TCR B BHAe OTHOWeHHR K pOl 1-1 W l • 

nocne 3aAaHHR reoMeTpH4eCKHX xapaKTepHCTHK, nOJ1b3YRCb 

/7/-/9/, onpeAeilReM rpaHH~bl KOHTypoa 3aAaHHOH HeOAHOPOAHOCTH: 

R/pOl :R=f(zOl'€). 

Ha OCHOBaHHH H3JlO>KeHHOH MeTOAHKH 6biJ10 paCC4HTaHO HeCKOJlb

KO CHCTeM BOCbMOrO nopRAKa, npeAHa3Ha4eHHbiX AJlR <)lopMHpOBaHHR 

MarHHTHOrO nonR C HanpR>KeHHOCTb~ Hz(O,Q),. 50 3 H 06JlaCTb~ 

HeOAHOPOAHOCTH oH,. 10-5 pa3MepoM 2R"" 100 MM. B npHH~Hne 
yKa3aHHbiM ycnoBHRM YAOBJleTaopReT 6ec4H cneHHoe MHo>KecT so 

aapHaHTOB, HO no ycnoBHRM 3KcnnyaTa~HH a HaweM cny4ae Heo6-

XOAHMO, 4T06bl paCCTORHHe Me>KAY BHyTpeHHeH napoi1 KaTyWeK 

6biJ10 ~ 100 MM. ECJlH npHHRTb Z = 70,00 MM, TO OCTaJlbHble 

reoMeTpH4eCKHe xapaKTepHCTHKH 6YAYT*: r02 = 97,54 MM, r 01 
= 200,0 M, z 02= 134,75 MM, Wl /w2 =4,0. 

PaccMoTpHM Tenepb <)laKTOpbl, YXYAWa~~He OAHOPOAHOCTb MarHHT

Horo nonR B peanbHOM YCTPOHCTBe. 

1. 0TKI10HeHHe CPeAHHX paAHYCOB KaTyWeK H HX npOAOilbHOe 

CMe~eHHe OTHOCHTeilbHO nnoCKOCTH Z=O. EcnH AOnyCTHTb COKpa

~eHHe pa3Mepa o6naCTH 3aAaHHOH HeOAHOPOAHOCTH Ha 10% 3a 

C4eT yKa3aHHbiX norpeWHOCTeH, TO nony4aeM CileAY~~y~ O~eHKY: 

~ai/ai ~ ~2,4. 10-4 ,rAe ai- HOMHHanbHbiH pa3Mep. 

TaKHM o6pa3oM, AJ1R Hawero ycTpoi1cTaa: ~r01::; ~0 ,05 MM, 

~r 02 ..S: 2:_0,025 MM, ~ZOl ~~0,02 MM, ~z 02 ~ 0,035 MM. 

2. HeCOOCHOCTb KaTyWeK H nepeKOCbl HX nilOCKOCTeH OTHOCH

TeJlbHO nnOCKOCTH Z =0. C y4eTOM AOnycKOB Ha OTKilOHeHHe reo

MeTpH4eCKHX pa3Mepoa nony4aeM: 

a/ BeJ1H4HHa CMe~eHHR ~eHTPOB KaTyWeK OTHOCHTeJlbHO npo

AOilbHOH OCH He AOil>KHa npeBbiWaTb 0 1,2 ::; ~0 ,015 MM; 

6/ AOnyCTHMble yrnOBble OTKilOHeHHR nnOCKOCTeH KaTyWeK OT

HOCHTeJ1bHO nnOCKOCTH CHMMeTpHH y1 ..S: ± 25 :' y 2 ::; ± 0.25 '. 
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* np~-1 paBHbiX TOKax B OTAeilbHbiX ceK~HRX KaTyWKI-1. 
\ 

~~ 

3. HcKa>KeHHR MarHHTHoro nonR, o6ycnoeneHHble HenonHoi1 

KOMneHca~Hei1 nOJlR TOKOnOABOAOB B peaJlbHOH KOHCTPYK~HH 6YAYT 

TeM MeHbWe, 4eM 60J1bWe BHTKOB B CeK~HRX KaTyWKH. AJ1R paCCMaT

pHBaeMOrO Cily4aR KOJ1H4eCTBO BHTKOB B CeK~HRX 6onbwero AHa

MeTpa cneAyeT 6paTb He MeHbwe 600. 

4. HcKa>KeHHR MarHHTHoro nonR MoryT 6b1Tb Bb13BaHbl HanH4HeM 

86111-131-1 o6pa3~0BOH MarHHTHOH Mepbl <)leppoMarHHTHbiX MaTepHaJlOB. 

O~eHKa noKa3biBaeT, 4TO OTAeJlbHble <)leppoMarHHTHble MaTepHailbl 

AOil>KHbl 6b1Tb YAaneHbl OT ycTpoi1cTaa Ha paccTORHHe lOb I b -
xapaKTepHbiH pa3Mep <)leppoMarHeTHKa/. 

HcXOAR H3 orpaHH4eHHi1 Ha Be11H4HHY MarHHTHoro nonR 1-1 Tpe-

6yeMoro COOTHOWeHHR aMnep-BHTKOB, onpeAeJlReM He06XOAHMOe 

KOJ1H4eCTBO BHTKOB B KaTyWKax: w 1 =676, W2=169*. J.1, HaKOHe~, 
npHHHMaR AOnyCTHMY~ nnOTHOCTb TOKa B npoBOAHHKe j= 2,5 A/MM~ 
Bbi4HCJ1ReM AHaMeTp npOBOAa AJ1R HaMOTKH KaTyWeK: d "" 0,8 MM. 

KOHCTPYKUH~ 4-CEKUHOHHO~ KATYWKH 

KapKac KaTyWKH H3roToaneH 1-13 nneKcHrnacoaoro 6noKa. Aae 

napbl ceK~Hi1, c03Aa~~He MarHHTHoe none, pa3Me~eHbl a na3ax 

Ce4eHHRMH 20,04x20,04 MM2 1-1 10,02x10,02 MM2, H3rOTOBJ1eHHbiX 

C BbiCOKOH T04HOCTb~ Ha TOKapHOM CTaHKe C OAHOH ycTaHOBKH. 

B KapKace BblnonHeHbl ABa B3aHMHo-nepneHAHKYil~PHbiX ~HI1HHAPH-

4eCKHX KaHaJla AHaMeTpOM 110 MM, KOTOPble Cily>KaT AJ1R pa3Me~e

HHR HCCileAyeMbiX o6pa3~0B B pa6o4eH o6JlaCTH KaTyWKI-1. npeAYCMOT

peHa B03MOlKHOCTb pa3Me~eHHR B ~eHTpailbHOH 06JlaCTH nOABHlKHOrO 

CTOJlHKa AJ1R ycTaHOBKI-1 Ha HeM HCCJleAyeMbiX AaT4HKOB. 06MOTKH 

BbJnOJlHeHbl 1-13 MeAHOrO npOBOAa n3B-2 AHaMeTpOM 0,8 MM. BHTKH 

06MOTKH npH>KHMa~TCR K KapKacy BKJleeHHbiMH no a3HMYTY BKJlaAbl

waMH 1-13 oprcTeKJla. KoH~bl Ka>KAOH ceK~HH cKpy4eHbl Me>KAY co6oi1 

1-1 MaKCHManbHO YAaneHbl OT KaTyWKH. Mo>KHO ocy~ecTBilRTb KaK 

nocneAOBaTenbHoe, TaK 1-1 napannenbHOe BKI1~4eHHe o6MOTOK. Ka

TYWKa 6b1Jla 3aKpb1Ta 3aUIHTHbiMH KOnnaKaMH, KOTOpble OAHOBpeMeHHO 

CI1y>KaT OCHOBaHHeM KOHCTpyK~HH. 06!111-lH BHA KaTyWKH, He 3aKpbi

TOH KonnaKaMH, noKa3aH Ha p1-1c. 2. 

3KCnEPJ.1MEHTAnbHA~ nPOBEPKA 

J.1ccneAOBaHHe OAHOPOAHOCTI-1 MarHHTHOrO nonR npoBOAHilOCb 

HHAYK~HOHHbiM MarHHTOMeTpOM / 6 / C AaT4HKOM MaRTHHKOBOrO THna. 

MarHHTOMeTp o6ecne4HBaJ1 T04HOCTb OTHOCHTeJlbHbiX H3MepeHHH He 

* npH BCeX Ha3BaHHbiX napaMeTpax MarHHTHaR HHAYK~HR 
B ~eHTpe HMeeT Be11H4HHY 8(0,0)=4.02 .lQ-3 

i (T). 
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P~c. 2. 06~~A B~A KaTywK~ 6ea aa~~TH~x KonnaKoe. 

oH 

;Yt4J];Jft\ii I 
oH 

PcM 
~~~--~~~~m~--8~~6--~4---z~-o~~z--~4---6~~8--~~o--~~~~~~· 

P~c. 3. HeOAHOPOAHOCTb MarH~THoro nonH no oc~ KaTywK~: 1,2,3-
napannenbHOe, 4 - nocnegoeaTenbHOe BKn~4eH~e o6MOTOK. 
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xy>Ke 10-
4 

· PeaynbTaTbl ~3MepeH~A, OTHOCH~~eCH K MeA~aHHOA 
noeepxHOCT~ c~cTeM~, np~BeAeH~ Ha p~c. 3. Kp~e~e 1,2,3 
COOTBeTCTBY~T pe>K~MY napannenbHOro n~TaH~H CeK~~A, a Kp~

BaH 4,- nocneAOBaTenbHOMy . 
6onbWaH HeOAHOPOAHOCTb MarH~THOrO nonH np~ napannenbHOM 

BKn~4eH~~ CeK~~A 06"'bHCHHeTCH TeM, 4TO Ben~4~H~ ~MnynbCHbiX 

TOKOB B CeK~~HX ycTaHaBn~ean~Cb paBH~M~ n~Wb C T04HOCTb~ 
- 5%. DAHaKo ~ e 3TOM cny4ae nyTeM noA6opa een~4~H TOKOB 
BO BHeWH~X CeK~~HX MO>KHO Cy~eCTBeHHO yMeHbW~Tb HeOAHOPOA
HOCTb B pa6o4eA o6naCT~ yCTpOACTBa /Kp~BaH 3/. napannenbHOe 
BKn~4eH~e CeK~~A MOl'.<eT 6b1Tb peKoMeHAOBaHO gnH n~TaH~H Ka
TYWK~ OT H~3KOBOnbTHOrO ~CT04H~Ka B ~enHX yeen~4eH~H MarH~T
HOrO nonH np~ nOH~>KeHHOM Tpe6oeaH~~ K Ben~4~He HeOAHOPOA
HOCT~. 

Ha~MeHbwaH HeOAHOPOAHOCTb MarH~THoro nonH e 6onbweM 
o6"'beMe pa6o4ero npocTpaHcTea cooTBeTCTByeT nocneAoBaTenbHo
MY BKn~4eH~~ CeK~~A /Kp~BaH 4/. 

ToK e 3Kcnep~MeHTax ~aMepHnCH ~~¢poe~M eonbTMeTpoM 
~1513, o6ecne4~Ba~~~M OTHOC~TenbHY~ T04HOCTb ~3MepeH~H 
1 ·10-4, ~ noKaSaH~H MarH~TOMeTpa np~eog~n~Cb K OAHOMY 3Ha-
4eH~~ TOKa. 

HecMOTPH Ha TO, 4TO ~cnonbayeMaH annapaTypa He noaeonHna 
HenocpeACTBeHHO onpeAen~Tb paSMep o6naCT~ C HeOAHOPOAHOCTb~ 
MeHbWe, 4eM 10-4, MO>KHO, cneAYH MeTOA~Ke, ~ano>KeHHOA B pa-
6oTe / 2/ , onpeAen~Tb 3TY rpaH~~y, ~CXOAH ~3 3KCnep~MeHTanbHO 
nony4eHHOrO paaMepa o6nacT~ C ~SBeCTHOA HeOAHOPOAHOCTb~, 
nonbSyHCb COOTHOWeH~eM: 

R =R 0 c~FA. 
X f 0 

rAe Ro- paaMep o6nacT~ ~aeecTHoA HeOAHOPOAHOCT~ Eo;· ( x -
HeOAHOPOAHOCTb, paaMep o6naCT~ KOTOpoA Mbl XOT~M onpeAen~Tb, 

.\ - nopHAOK c~cTeM~ ¢opM~poeaH~H nonH. 
AnR nocneAOBaTenbHoro coeA~HeH~H o6MOTOK nony4aeM: He

OAHOPOAHOCTb 10-4 orpaH~4eHa paaMepoM 5,6 CM, a HeOAHOPOA
HOCTb 10-o - paaMepOM 4,1 CM, 4TO np~MepHO Ha 20 % MeHbWe 
pac4eTHbiX . 

Pacxo>KAeH~e MO>KHO o6"'bHCH~Tb 6onbw~M~ peanbH~M~ norpewHo
CTHM~ ~SrOTOBneH~H KaTyWK~ no cpaBHeH~~ C SaAaHH~M~. 

On~caHHaH MarH~THaH c~cTeMa ~cnonbaoeanacb gnH Kan~6poeK~ 

ranbeaHoMarH~TopeKoM6~Ha~~OHHbiX npeo6paaoeaTeneA 17 1 , a TaK>Ke 
gnH onpeAeneH~H 4yBCTB~TenbHOCT~ KBa~;nonbHOrO ~HAYK~~OH
HOrO AaT4~Ka K A~nOnbHOA KOMnOHeHTe · 0Ha MO>KeT 6b1Tb 
peKoMeHAOBaHa TaK>Ke AnH Kan~6poeK~ APYr~x T~noe npeo6paao
eaTeneA sen~ 4~Hbl MarH~THoro nonH e 3neKTP~4ecK~A c~ rHan, 
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pa6oTa~~~x e o6nacT~ Man~x MarH~TH~x none~, Hanp~Mep, 

~epp030HAOB, MarH~TOTpaH3~CTOpOB, MarH~TOA~OAOB, MarH~TO

ynpaBnl'leMbiX KOHTaKTOB, a TaK>Ke Afll'l HaCTPO~K~ rpaA~eHTOMeT

poe, pa6oTa~~~x Ha cpeAH~x ~HAYK~~l'lx MarH~THoro nonl'l. 
nyTeM ~HBepT~poBaH~l'l TOKa B 06MOTKaX KaTyWK~ nerKO 

onpeAenl'leTCl'l en~l'lH~e MarH~THoro nonl'l 3eMn~ Ha ~ccneAye~~ 
npeo6paaoeaTenb. KaTywKa no3eonl'leT C03AaBaTb KaK cTa~~o
HapHoe MarH~THOe none Ben~4~HO~ AD 60 3, TaK ~ A~HaM~4eCKOe 
CO CKOpOCTb~ HapacTaH~l'l 50 K3/c np~ MaKC~MaflbHO~ een~4~He 
1 K3. 

B 3aKn~4eH~e aeTOPbl Bblpa>Ka~T 6naroAaPHOCTb Il.n.3~HOBbe
ey 3a ~HTepec K pa6oTe ~ none3Hwe o6cy>KAeH~l'l, a TaK>Ke 
B.H.Ky3He~oey ~ A.A.AHaw~HY 3a y4acT~e e ~3roToeneH~~ Ka
TywK~. 
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