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BBe.n;eHHe 

B pa6oTe 11] npe.nJiomeH 3Kcnep1rneHT no nccJieJlOBaHmo noJIJipn30BaHm,1:x napa

MeTpOB B 6nHapm,1x peaKIIHHX pom.nemrn cTpaHHIJX qacrnn 1rp -+ K A(E) Ha ycKo

pnTeJie HT9ct>. BamHM poJib B 3TOM 3KcnepnMeHTe OTBOJllITCH MarHnTJ, K KOTopoMy 

npeJl'bHBJIJIIOTCH CJie.nyrom;ne Tpe6oBaHnH: Bo-nepBbIX, OH JlOJ!lKeH 6bITb llOJIJipn:3yrom;nM 

II IIMeTb JlJIH 3Toro cnennaJ!bHble HaROHeqnmm n, BO-BTOpbIX, OJlHOBpeMeHHO HBJIJITbCH 

,cneKTpoMeTpnqecRnM. C neJibIO yMeHbllieHIIII qmnaHCOBb!X 3aTpaT Ha C03,llanne 9KC

nepnMenTaJibHOtl yCTanoBKn npe.11nonaraeTcH Mo.11ncpnnnpoBaTb yme cym;ecTByrom;ntl 

.nnnoJI&Hbltl MarHHT TpexMeTpoBoro MarunTHoro cneKTpoMeTpa (2]. Ha pnc. I npe.11-

Pnc. I. O611111ii n1m 06MnTK11 11 1/2 cHMMCTpH<tnnH '!aCTL 

ManmTonponnna TpcxMeTponoro ManmTnoro cneKTp0MC· 

Tpa 

CTaBJieHJ>i o6mntl BII.ll o6MOTIUI H CHMMCTpn•rnan 'IIIC'fb MllfllHTOITpOBO}la 3TOro }lHllOJIJI. 

Ero ra6apHTHble pa3MepbI C yqernM }lJ!llI!bl o6MOTHH - 3, 4 X 1. !} X 4 M3 (umpJ!Ha X 

BblcoTa x nnnna), ero pa6o•mll 061,eM -- 1 x 0. ,') Y :l M3 , Xap,nnepnotl oco6eHHOCTbIO 

MarHIITa JIBJIJICTCJI TaKme naJJH'HIC !llCJJdl B 1lcpx11rn 'lilCTII MilflllITOTlpOBO.lla. Marnn• 

TOilpOBO}l IJ3roTOBJieH ll3 JJHCTOBOtl CTilJJII irap,m ('T-3, :3aBIICHMOCTb cpyHKIIHH µ OT 

MOJl)'JII! BeKTopa B .11n11 3Toll wiprm cnum rrpc}lnannena 1111 pnc. 2. 
CornacHO ycJIOBHJIM 3Kcncpm1e11ra, ll{('JlilT('JlbllO, 'IT06h! o6JJaCTI, OllHOpOJlHOCTH 

llOJIJI II l: 

1) 

2) 

B llCHTpaJJbHOlt 'IIICTII HMeJJa 061,eM JI(' M('JI('(' 0, 8 X o. 8 X o. 8 M3 C BeJIH'IHHOlt 

IlOJIJI B 10 Krc ± 10% ; 

MC}RJlY HaROHC'IHIIHairn, ITf)l'Jllli\31Iil'ICl1111,IMII ]VIR IIOJJllpll:lillHIII MHllleHH, HMeJia 

CJIC.l(ylOlllllC pa3MCpbl: J!jO X (i2 X 2:iO ~n,1 ( nrnp1111a X BT,lroTa X JtJl!IHa) H 

BeJJHtU{Ila IIOJIJI B ,lTOtl o6JJaCTII COCTilBJlf!Jlil 23 1d 'c ±!i J'c. 
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P11c. 2. 3aBIICHMOCTb ql)'HKllHII µ OT M0/IY-11.ll BeKT0pa fj 
.U.11.ll cra1m MapKH CT-3 

IlocTpoenne KOMilb!OTepnoil: MO;teJIH TaKoil: CJIOlKHOli MarHIITHOli CllCTCMbl npe,1\

IlOJiaraeT npoBe.neHne HeCKOJibKHX cepnil: HHTeHCl!BHIJX paC'IeTOB JIJIH peIIIeHHH llBY

MepHIJX ll TpexMepHIJX HCJIHHCHHbIX 3a.naq MarHHTOCTaTIIKll, a TaKlRC ,l\JIJI peIIICHllH 

TpexMepHbIX o6paTHbIX 3a.naq C D;eJ!b!O IIOJiy<IeHllJI OIITHMaJJhHOil: KOHcpnrypannn Ma

rHHTOllpOBOJla ll crren;naJibHIJX HaKOHe'lHHKOB. 

Pe3yJihTaTbI IlOCTpoeHHJI KOMilbIOTepHb!X MO,l\eJieil: OCHOBHhlX BapnaHTOB npoeKTHpy

eMoro MarHHTa 6e3 IIOJIJipH3YIOID;HX HaKOHe'lHHKOB npeJlCTaBJieHbI B HaCTOJIID;efi pa6oTe. 

IlpHBCJlCM KpaTKO co.nepJKaHHe rry6JIHKan1rn no pa3,l\CJiaM. 

B rrepBOM pa3,l\eJie npHBO,l\HTCH KpaTKOe OIIHCaHne MeTOJlllKH IIOCTpoeHHH KOM

IlbIOTepHbIX MO)l;eJieil:. cl>opMyJinpyeTCH KpaeBaJI 3aJla'Ia JlJIH CHCTeMbI ,1ncpcpepeHD;IIaJih

HbIX ypaBHeHHil: B 'JaCTHb!X rrpoH3BOJ1HhlX, COCTOJIID;aJI ll3 Tpex.MepHbIX KBa3llJIUHe.itHoro 

ll JIHHeil:Horo ypaBHeHni1, npllBO,l\HTCH JlllCKpeTll30BaHHaJI C IIO.MOID;b!O MeTOJla KOHe'I

HIJX 3JICMCHTOB CJJCTeMa HCJIJJUeil:~IJX aJire6panqecKIIX ypaBHCHllH. ,Ua!OTCH CCIJJIKII 

Ha 6onee no.npo6Hoe onucanne MeTO,IHRn, 

BTopoil: pa3JleJI IIOCBJIID;eH IIOCTpoeHIIIO KOMIIbIOTepHoil: M0,1em1 o6MOTKJJ npoeKTII

pyeMoro MarHllTa. ,UJIJI 3TOro llCIIOJih30BaJIIICh .naHHble ll3MepeHHi1 MarHHTHoro IIOJIJI 

cym;ecTBYI01IJ;ero TpexMeTpoBoro MarnnTHoro crreKTpoMeTpa. 

TpeTHR pa3ii;eJI IIOCBJIIIJ;CH MOJleJin:poBaHHIO OCHOBHIJX MOJlllq_mKaun:ii MarHnTa 6e3 

IlOJIJipll3YIOIIJ;IIX HaKOHe'lHHKOB. PaccMaTpHBaeTCH )];Ba BapnaHTa, Kor.na paccTOJIHllH 

Mem.ny IlOJIIOCaMH COCTaBJIJICT 0,8 M ll 1 M. l1oKa3aHO IlOBet(eHne MarmiTHoro 110JIJI B 

rrorrepe'IHOM Ce'leHllll ll BJlOJlh OCH .MarHIITa, YKa.3bIBa!OTCJI 06nacn1, r,l\e IIMeeT MCCTO 

Heo6XOJlHMaJI OJlHOpO,l\HOCTb IlOJIJI. 

B 3aKJJIO'JeHne cpopMynnpy.IOTCH OCHOBHble pe3yJJhTaThl. 

Ilpe.nnoJiaraeTCH, 'ITO BO BT<:>pyro qacTb pa60TIJ BOit.l(yT 1)e3yJihTaThl peIIIemrn 06-

paTHIJX 3a.natt no cpopMHPO:itaHHIS 8H'l'HMat.llSHOH U8HE1n1Pypan;1rn MarHnTa. 

ib\t .U,u:i.,-8-'A t;.,.."nryt I 
U(JtiWX ltCffl~ad 

6MsntrOTEHA , 
. ·- . --------



1 MeTO~HRa IIOCTpoeHHJI ROMIIbIOTepHOH MO~eJIH 

MarHHTa 

::ha MeTo,zurna IIO)q)06Ho ormcaHa B pa6oTax (3,4,5]. C noMOll\bIO MeTo,na I<oHe•1-

HbIX SJieMeHTOB penraeTCH KpaeBaJI 3a,na11a ,!J;JIJI ,!J;BYX CKaJIJJpHbIX noTeHIUiaJIOB ( 11 7/, 

KOTopue BBO.n;RTCH corJiacHo qiopMyJiaM (6]: H = -V( B 3amnrneJ1101t qieppmrnrne

TlIK0M 06JiaCTlI !}F lI .H = -VT/+ jjS -B o6JiaCTH !}A, He co,nepJKall\efi MarHHTHbIX 

MaTep:rraJioB, 3,nec1, H - nanpR.lRennocTI> Marmnnoro noJIJI. BeRTop jjs Bbl'IHCJIReTcJJ 

no 3aRony B:rro-CaBapa: 

- 5 1 J - I H (P) = - J x V-d!lQ, 
411" RPQ 

Os 

r.n;e !ls - o6JiaCTI,, 3aHHMaeMaJI o6MOTR01t, j - 3a.n;aHHbI1t BeKT0p IlJI0TH0CTH T0Ka, RPQ 

- pacCTOJ!Hlle MeJK.n;y Tff'lRaMH p H Q. IloTeHI~HaJibl ( II T/ HaXO,!J;RTCJJ nyTeM pemeHHJI 

cJie.n;yIOme.tt RpaeBoii 3a,na11n: 

V •(µVe)= 0 B !}F, V; V71 = 0 B·nA (I) 
c ycJIOBHJJMH Ha rpaHnue r pa3,neJia cpe.n; : 

µ(oe/on) = 871/fJn - ii· H5
, ( = T/ + 71 8 , •. (2) 

H YCJIOBHeM T/ = 0 Ha ,Z{OCTaT0'IH0 y,naJieHH0.ii or MarHHTHOfi cpe,nbl rpanuue. <l>yHKIIHJI 

Jl = µ(jV(I) -H3BecTua, 1 $ µ. $ Jl $ µ*, r.ne Jl• n Jt*- H3BecTnble KOHCTaHTbl. 

IloTeHI~llaJI 718 
Bbl'IHCJIJieTCH no q>opMyJie 

71
8

(P) = 718 (Q) - 1: H!dt. (3) 

OTMeTHM, 'ITO BeRT0pa B1 = -µVe, Hi= -Ve, B2 = H2 = -V11 + jjs y,noBJieTB0-

PJJIOT HepaBeHCTBaM (7]: 

11:lB;I ::; 2µ*11:liil, !':lB·. !':lH-- > IH·l2 1 t _ I , (4) 

- -(1) -(2) - -(1) -(2) 
r.ne !':lB;_ = B; - B; , !':lH; = H; - H; , i = l, 2. Bepxune nn,neKcbl 1 n 2 
03Ha11a10T, 'ITO llCil0JII,3JIOTCH .l{Ba pa3Jill'IHbIX 3Ha'1eHHJI BeKT0p0B. 

Y111ITbIBa11 HepaBeHCTBa (4), H3 TeopHH CHJihHO-MOHOTOHHbIX onepaTopoB (uarrpH

Mep, (8]) cne.n;yer, 'ITO o6o6menHoe penren:rre cq>opMJJIHpOBaHHott KpaeBott 3a,na11:rr (1)
(2) cymecTBYeT H e,l{llHCTBeHHO; a R0He'1H0-3JieMeHTHble annp0RCHMaIIHII CX0,Z{RTCJI R 

o6o6meHHOMY penreHHIO. 

.ll:JIJI ,l{llCRpeTH3a:a;n:rr HenpephlBHOtt 3a,na11n B Ra11ecTBe K0He'!HbIX SJieMeHT0B IICn0JII,-

3JIOTCJI BbIIIJRJlble 111ecTnrpaHHHRH C JIHHe1tHJ,IMH 6a3HCHbIMH q>JHRIIHJIMH Nj' Il03TOMY 

HeH3BeCTHble 3Ha'!eHHJI IIOTeHHHaJI0B ( lI 7/ HJUYTCH B BH,Z{e: 

((P) = E; (;N;(P), B flF, 71(P) = E; 11;N;(P), B flA. 

· .:r .... · 4 

.· .. ~,_:,?'"!~ .• 

,,,. f~ 

Ilo,ncTaBJIJIJI 3Ha•1eHHJI norenunaJIOB B TaKOM BH,Z{e B 060611wm1y10 cjio1n1ym1poBKY 

upaeBofi 3a,na11u II y11nTbIBaJJ ycJI0BHJJ Ha rpaunuax. no,,_Pia<'ll nrcreMy He,11rnefim,1x 

aJire6pan11ecunx ypaBnemrtl: 

I: (j j 1iv Nj•V Nidn + I: (j J v.vj. vNjdn + I: 'Ii J vxj. v.,>m = 
P1efir Or P,er 0 A P,en., n_, 

= -! NJi. H8 dS' + E <PJ J "vX;. "v.Y;dfi. 
r P,er 0 A 

j = L ... ,ilt. 

B Kam,noM SJieMeHTe <lJYHRIIHJJ Jl c•mraeTCJJ noCTOJJHHOH, f'e apry~renr Bhl'IIIC,1JleTCJJ 

B ueHTpe 3JieMeura. IloJiy<1eH11y10 11emmefi11y10 cuneMy c pa3pe;i;e1111oli liaTpnuetl 

MO}HHO 3anncaTb B BH.n;e: 

F(Jt)U = f, Jl = Jl(ll). 

.ll:JIJJ ee pe111emrn ncnon1,3yercJJ cne,nyIOIIIaJI nrepauuo1111a11 cx<'~1a: 

ttn+l - Un ( r;, f) Fn....:..:...:....:..... __ = - i~11u" - .. 
Tn 

II= 0.1. .... 

r.ne u0 , F0 , Tu -3a,nanu. Ha KaH<.n;oM mare nrepa1u10u11oro 11po1wcca pemaerc11 JIII· 

neapn30BaHHaJI CHCTeMa ypaBneuu:il MeT0,!l;0M HeJIOJIII0l'0 pa:1;10i1i<'IIl!ll Xonecn;oro C 

conp11H<e11nmm1 rpa.n;neuraMn [9]. flapa~wrp T,, E (O, J] ttu611p,H.'TCJ1 a;iarn11ttno B 

3aBHCllM0CTH OT noae.n;emrn q>y1mum1 JI [3]. 
Onncannue MeTO,!J;bl peaJIH30BaHhl B H0MIIJleHc<> 11porpaMM ?\ISFE:lD. Horopwil co· 

BeplIIeHCTByeTCJI no Mepe Hi\H0ilJiemrn 0llblTi\ ero IICU0Jib:!OBi\llllJI. B CBJl311 C HIBi 

on,eTIIM eme 0,!J;IIH aJiropllTM 11cnoJib30Bi\Jll[/I cjJOJHIYJibl (:3), l,0TO(>hlii 110:rno;11wr -➔ liOII0-

MllTI, rrpoueccopnoe BpeMJI rrpn Bhl'IHCJiemm noTeHl{Hi\Jia 1/ C :ia;1a111101i T0'III0CTblO . 

.D:JIR CTan.napTHbIX BII.l(0B o6MOTOH n0Be,nc11ue K0MIT0Ht'HTIJ 110;111 II" 3apa11ec 113HCCTH0. 

IloJih3JJ!Ch 3THM, M0JKH0 3a,naBaTb TaHne 11a11paBJiel111J1 JIIITl'l'(>IIJHlllilllll/1, IIJJII JiOTOJlhlX 

a.n;anTHBJible Bhl'IIICJieHllJI 110 q>opMyJie (3) Tpe6y10T MHlllniaJll,110<' •111c;10 apncjHICTU'Ie

CKHX onepanntt. 

2 IlocTpoeHHe ROMilbIOTepHoH Mo~eJIH o6MOTRH 

IIpe.n;noJiaraeTCJI, 'ITO B Mi\rHHTt' '.JHCll<'JHIMeflTilJ!bHOii ycnlllOllHH 6y1wr IICIIOJII,· 

30BaThCJI o6MOTHa cymecTBYIOll\CI'0 J{IIII0Jlbll0!'O Mill'lll!Ta TJJC.'X~l<'TJ)OH0l'0 ~1ar111rrnoro 

cneRTp0MCTpa, npn 3T0M BepXHJIJI II HHJKJIJIJI n0JI0Bllllhl ofo!OTHII 6ynyT pa:IIIC'C<'IIIJ Iii\ 

0,8 M HJIH na 1 M. Ilo3TOMY ,!J;JIJI nocTpoeHHJI HOMTil,IOT<'jlHOit 110}\t':III ofoJOTHII ('C· 

TeCTBeHHo' Y'IIITbIBaTI, cymecTBYIOII\HC .n;auuble MarmITHbIX 1131\l('J)('JIJl!i. 1,1:nlf'JJCIIJIO(' 

MarHUTH0e noJie M0)l{J!Q TaR}l{e UCII0J!h30BaTb ,Z{JIJI np0Hep1m JUIII0J[hJI0li CIBUll'T(>llll M0-

.nmpn11:npyeMoro MarHnTa. 

.LJ:aJiee BBC,!J;eM JieByIO .n;eKapToBy npmroyron1,11y10 CIICH'MY i;oop;umaT, H HOTO(>0ii 

ocb OX nanpaanena a,noJib ocn Marmua, aeprnuan1,11a11 ocb OZ cottnan,wT c 11anpa1rnc-

11neM OCHOBHOtl H0MII0HCHThl MarnHTH0I'0 JI0JIJI B l\l'HTpaJJhIIOti •1acrn. /lan!IJ.I<' MarHHT-
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HLIX ll3Mepeun:tt HMe!OTCH Ha rpaunn:ax ll BHYTPll npHMOYfOJJbHOfO napaJJJJe,'Iemme.ua 

II= {(x; y; z): -0, 5M $ x $ 3, 54M; IYI $ 0, ,b,1; 0, 18M $ :: $ 0, 48M}. 

UeHTPY MarHnTa cooTBeTCTBYeT ToqRa c Roop.unHaTa~rn {:r; y; ::) = (2, 02; O; 0, 2.5) {Bee 

B MeTpax). ilHJlYRU:llH ll3MepeHHOfO IlOJIH B O)lHOpO.!lHOit ero tJaCTJI COCiaBJIHeT Bo=l6, i 
Rfc. .ll:JIH y.uo6cTBa pa60TLI C )laHHLIMll ll3Mepemdt 6y.ueM HClIOJib30BaTb CJJe.nymmntt 

q>aRT. BHe MarHHTHOJ:i cpe.ur,r KOMnOHeHTLI MarHHTIIOfO noJIH jj HBJIHIOTCH rapMOHll

qecRllMll <i>YHRl{llHMll ll no3TOMY O)lH03Haquo onpe.ueJJHIOTCJI BHYTPH rrapaJJJJeJJennne.n.a 

II no 3HaqeHnHM Ha ero rpaHnn:ax. To,rnocTh BoccTaHoBJJemrn 3Ha<Iemrfi nonH BHY

Tpn ofrbeMa 3aBIICllT OT TOqHOCTH BOCnOJIHeHIIH KOMnoneHT nO,'IH 11a rpa11nn:ax rrapaJI

JJeJJen11ne.ua 11 or Mero.ua BocciaHOBJiemrn ( CM., Harrpn:Mep, [10]). Tio3TOMY rne.uyeT 

OJRH)laTb, qro MHHHMaJJbHLie n MaKCHMaJJbHLie 3Ha'!eHIIJI 011rn60K 6y.!l._VT HMeHHO Ha rpa

Hnn:ax napaJJJJeJJennne.ua II . 
.ll:JIH npoBepKII CHMMeTpll'IHOCTH cymecTBYJOmero Marmna llCIIOJlb30BamICh )laH

HLie, BOCCTaHOBJJeHHLie na OCHOBe MarHHTHLIX ll3Mepenult Ha pnc: 3a)-3B) H3o6pa

JReHLI KycoqHO-IlOCTOHHHLie 3Ha'!eHHH MO)lyJJeli BOCCTaHOBJJeHoro IlOJIH, a TaKme HX pa3-

Hlll{a .6. )lJIH nap nJIOCKOCTefi y = o, 48M n y = -0, 48M, { z = 0. 48M; -0, 48M $ y $ 0} 

n {z = 0,48M;0 $ y $ 0,48M}, {z = 0,02M;-0,48M $ y $ O} H {:: = 0,02M;0 $ 
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5 

15 

10 

5 

~Ollt\uSJ 

-r=: 
0.6 
0.4 
0.2 

0 

0.2 -0.5 0 0.5 l 1.5 2 

0 
Distribution for y•-0.48 m 

0.2 -0.5 0 0.5 1 1.5 2 

0 
Distribution for y=0.48 m ....... ,= 

~(m ). ~~ RfR, I , ~llftlll~~ 
0.2 -0.5 0 0.5 1 1.5 2 

0 
Distrib~tion of differ~nce 

Puc. 3a. IIpoBepKa CllMMerpH'IHOCTlf MO.IlYJlll BOCCTaHqB1IeHHOro nOJJll .IlJlll 
IJJIOCKOCTCH y=-0,48M n y=0,48M . . . 

6 

15 

10 

5 ---1···· 

15 

10 

5 

t.lBl(KGs) 

0.2 

0.2 

-0.5 O 0.5 
0 

Distribution for z•0.48 m. Oiy 

-0.5 O 0.5 
0 

Distribution for z=0.48 m, yl!O 

~jl __ :: ... :~_::~ld···· ... ~ ··;:.::::::····· ·· ... ··: 

0.2 -g.5 o o.5 
Distribution of difference 

Puc. 36. IIposepKa CHMMCTpH'IHOCTH MOA)'Jlll BOCCTaHOB1ICHHOfO lIOJJll .IlJlll 

IJJIOCKOCTeil: { Z = 0, 48M; -0, 48M:s; y :s; 0} H { Z = 0, 48M; 0 :s; Y :s; 

0,48M} 

y :s 0, 48M} cooTBeTCTBeHHO. l13 3THX pncyHKOB MOJRHO c,neJJaTh BhIBO.!l O TOM, qTQ 

o6MOTRa n MarHllTOnpoBO)l c ,nocTaToqHofi TOqHOCThlO o6JJa)laJOT CllMMeTpHeit OTHOCH

TeJJbHO nJJOCROCTll y = 0, npH 3TOM MaRCHMaJJhHM ornn:6Ra B ClIMMeTplIH ,nocnrraeT 4 

% OT BeJJIItJHHhI Bo. 
.ll:aJJee ecTeCTBeHHO npe,!llIOJIOJRlITh, lJTO n:eHTpaJibHbie qaCTlI o6MOTKH MOJRHO reo-

MeTpaqecRH npe,ncTaBHTh npHMOyroJJbHbIMil npH3MaMn co CTopoHaMH, napaJJJJeJJbHbIMil 

OCHM BBe,nennofi CllCTeMbI ROOp,!llIHaT. By,neM TaKJRe npe.unoJJaraTb, '!TO MarHHTOilpOBO.!l 

npe,!lCTaBJIHeT co6ofi ll30Tp0IlHhifi MarHHTHbifi MaTepuaJJ C MarmITHhIMlI xapaRTepHCTll-

RaMli CT-3. 
06hilJHO )lJJH ,L\IlilOJibHhIX MarHHTOB 6e3 menett B MarHHTOilJ)OBO,L\e C ananornqHbIMll 

paaMepaMH anepTyphI .!lJIH onncaHHH IlOBe,neHHH MarHHTHOfO IlOJIH B n:enTpaJihHOfi qa

CTII 1ICilOJib3YIOT )lByMepnoe npu6m1JReH1Ie, nonarM KOMITOHeHTY rroJJH, HanpaBJieHHYJO 

B,D;OJib OCH Marn11Ta, paBHYJO HYJIJO. .ll:JJH Marmna, HMeJOmero menn B Mafil!ITOilpO

BO.!le (pHc.1), TaRJRe Mo»Zuo BLI6paTb nonepeqHOe cetJeHHe, 6JIH3ROe R n:eHTpy II Ilpll 

9TOM ,LIOCTaTOlJHO y,L\aJieHHOe OT menett TaK, 'ITO B,, ::,::: o. B Ra'!eCTBe TaKoro ce'leHHH 

BbI6paaa IlJIOCROCTb X = 1, 8M. MaKCHMaJihHOe 3Haqemie ROMilOHeHThI" Bx I Bo B 3TOll 

7 



15 

10 

5 

~::r 
0.2 

0 

0.2 -0.5 0 0.5 
0 

Distribution for z-0.02 m, 0:!ay 

0.2 -0.5 O 0.5 
0 

Distribution for z=0.02 m, y:la0 

-

0.2 -0.5 O 0.5 
0 

Distribution of difference 

PHc. 3B. IlpoeepKa CIIMMerpH'IHOc-m MO.D;YJUI BOCCTaHOBIIeHHOro llOJill ,nJill 

IJJlOCKOCTeii { Z = 0, 02Mj -0, 48M::; y ::; 0} H { Z = 0, 02Mj O ::; y ::; 
0,48M} 

IIJIOCKOCTH COCTaBJIHeT 0, 7 %. Ha pnc. 4 rrpe.n;CTaBJieHh! .n;aHHhle, BOCCTaHOBJieHHh!e 
Ha OCHOBe MarHHTHIJX H3MepeHHli; a Tam«e IIOJiyqeHHhle C IIOMOIIU,IO .n;ByMepHhlX pac
qeTOB. B Ta6Jim~e 1 .na nmpopMa.n;nH rrpnBe.n;eHa B n:mppax, qepe3 Li o6o3HaqeHa 
OTHOCHTeJII,HM onrn6Ka: -

Li= IB:lM. - B_tc"·I . 100%/16, 7Krc 

TipH .n;»yMepHOM MO.D;eJIHpOBaHHH IIJIOTHOCTb TORa 3a,n;aeTCH paBHOli Jo =290,87 A/cM2, 
IIOJIHhlli TOK » aTOM cJiyqae paBeH 683,537 KA. lfa Ta6JIHIIhl BH.D;HO, qTQ MaKCHMaJILHM 
OTHOCHTeJII,HM onrn6Ka COCTaBJIHeT 1,64 %, a MHHHMaJILHM - 0,01 %. RoMIIOHeHTa 

IlOJIH By npHHHMaeT B paccMaTpHBaeMh!X TOqKaX He6oJILilIHe 3HaqeHHH, KOTOph!e orpa
HHqeHh! 1,04%. 

Tio pe3ym,TaTaM .n;»yMepnoro Mo,n;eJinpoBaHHH MOJRHO c.n;eJiaTL Bh!B0.1l, qTO Bh!6pan
HM reoMeTpH'IeCRM MO,n;eJIL o6MOTRH .n;ocTaToqHo xopolllo OIIHCIJBaeT o6MOTKY cyll(e
CTBYIOJIIero MarHHTa B ero n;eHTpaJILHOH qaCTH. 

HeKOTOph!e. pa3JIHqlrn MeJR.n;y l(aHHh!MH, IIOJiyqeHHhlMH B pe3yJILTaTe MO.D;eJIHpo
BaHHH H .n;aHHhlMH, BOCCTaHOBJieHHh!MH Ha OCHOBe MarHHTHh!X lI3MepeHHii, MOJRHO 
o6t.HCHHTb CJie.D;yIOJIIHMH rrp11q11HaMH. Bo-rrepBhlX, peaJILHM ROHCTPYKIIHH o6MOTRH 

8 

HaMHOro CJIOJRHee KOMilbIOTepH0:11: Mo.n;eJIH, 3,ZJ;eCL me CJie,n;yer OTMeTHTb He,ZJ;OCTaTOqHO 
TOqHh!e reoMeTpHqecKHe pa3Mephl, KOTOphle HCIIOJih30BaJIHCb ,n;JIH OIIHCaHHe o6MOTKH. 
Bo-BTOphlX, peaJILHM KOHCTpyKIIHH .MarHHTOIIpOBO.n;a, co6paHHOro 113 6JIOKOB JIHCTOBOli 
CTaJIH, TaKme HaMHoro CJIOIBHee HCIIOJIL3YeMo:11: MO.D;eJIH. RpoMe Toro, rrpn IIOCTpoeHHH 

TafinHQa 1: CpaBHeHHe 3KCIIepHMeHTanbHh!X H pacqeTHhlX ,ZlaHHh!X B TOqKaX 

IIJIOCKOCTll X = 1, 8 M 

Roop-
.1lHHaThl 

(y;z) 
(CM) 

(0;48) 

(10;48) 

(20;48) 
(30;48) 

(40;48) 

(48;48) 

(48;40) 

(48;30) 

Roop-
Bz(Gs) Bz(Gs) Li .n;1man,1 B,(Gs) 

lhMepe- PacqeT (%) (y;z) ll3Mepe-
HHH (CM) HHJI 

16973,0 16694,5 1,64 (0;2) 16584,2 

16948,1 16694,7 1,50 (10;2) 16586,5 
16945,4 16695,6 1,47 (20;2) 16610,7 

16914,8 16696,9 1,29 (30;2) 16657,9 

16879,2 16698,6 1,07 ( 40;2) 16748,5 

16850,6 16700,9 0,89 (48;2) 16821,0 

16776,7 16706,2 0,42 ( 48;10) 16771,5 

16680,1 16712,0 0,19 ( 48;20) 16709,7 

B'z(T) 
2.25 

1.75 

1.5 

1.25 

0.75 

o.5 

0.25 

·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-•-0 
·······················O 

2D calculation : 
Z•2,48cm 

Z • 10. 40cm 

Z • 20, 30cm 

Experimental data : 

O -Z•30,40,41cm 

C. ·-Z•2,10,20cm 

0 S ,o 15 20 25 JO 35 •• 50 

Bz(Gs) 
PacqeT 

16694,5 

16694,7 

16695,6 
16696,9 

16698,6 

16700,9 

16706,2 

16712,0 

Y(Cm) 

PHc. 4. Pe3YJlbTaTbl cpiiHCHHll rnaimoii K0MII0HCHTLI 

IIOJIJI, BOCCTaH0RllCHH0H Ha OCH0BC MarHHTHLIX HlMCpeHHii 

B IJJIOCl:OCTH x=l,81,1, H IIOll)"ICHHOii C no1,1omb10 JlB)'MCp

HLIX pac'ICT0II. B! = B, + O, 1 • k, k = 0, 1, 2 

9 

Li 
(%) 

0,66 

0,65 
0,51 
0,23 

0,30 

0,71 

0,39 

0,01 



M0.ZJ;eJIH MarHHTorrpoao.n;a B03M0JKHIJ 6LJJIH HeT0'IH0CTH B 0IIHcamm reoMeTpHH meneJt. 

B-TpeTiHx, B BH.zlY .n;ocTaTO'IH0 cJioJKHolt reoMeTpnn aepxHett •rac.TH MarmnorrpoBo.Zla 

H .ZlOBOJibHO CHJlbHLJX H3MeHeHHlt B rroae.n;eHHH KOMIIOHe~T IIOJifl_ BHJTJ?ll rn;eJieii H ~ 
o6JiaCTflX, OKpyma10mnx 3TH rn;eJin, B03M0lKH,a He.n;ocTaT0'IHO TO'IHan armpoKCHMaunn 

HCROMOfO peUiemrn. Bee 3TH npH'IlIHhl, B IlpHHUHITe, ycTpaHIIMhl rrocpe.zi:crnoM 6oJiee 

T0'IH0ro ytJeTa oco6eHHOCTeJt MarHHTHOli ClICTeMhl n Il0CTpoeHHfl 6onee a.n;eKBaTHOli 

annpoKCHMaUHH lICKOMoro peUieHHJ[. 

3 Mo,ri;eJIHpOBaHHe IlOJIR npoeHTHpyeMoro 

rHHTa 6e3 IlOJIJipH3YIOinHX HaHOHe-qHHHOB 

Ma-

O6mHtt Bll.Zl npoeKTnpyeMoro MarHHTa 6ea IIOJIJlplI3YIOI1(HX HaKOHe'IHlIKOB lI3o6pa

JKeH Ha pHc. 5. ITpe.n;rronaraeTcH, 'ITO MarHHTorrpoB0.Zl rrpe.n;cTaBJIJleT co6oJt H30-

PHc. 5. 06ir1~1I Bll,J.l>~~OeKTl!pyeMo~ Mtmnrr~ 6eJ nom1-
pH3YJOUJ;HX HaK0IIC'll!HK0B 

TpOUHYIO MarHHTHYIO cpe.ny H BepXHJlJ[ qaCTb MafHlITOIIJ)OBO,Zla He HMeeT Il.(eJieit Y'IH

ThlBaH 3TH npe,nIIOJIOJKeHHH, C .llOCTaTO'IHOtt TO'IHOCTblO MOJKHO C'IlITaTb, 'ITO rrpoeKTH

pyeMh!tl Maf!IHT HMeeT Tpll IIJIOCK0CTH ClIMMeTpHH, TO eCTb rrpH MO.n:ennpoBaHHH .n:o

CTaTO'IHO paccMaTpnBaTb 1/8 qaCTb MarHHTOrrpo;·o.zia •. L(JIH y,no6cTBa BBe.neM rrpaBylO 

.n;eKapTOBY rrpHMOyroJibHYIO ClICTeMy KOOp.ZlHHaT, B KOTOJ)Oli 0Cb ox HanpaBJieHa B.ll0Jlb 

OCH Marmna, BepTnKaJibHM OCb oz COBIT~,naeT C HarrpaBJieirn:eM OCHOBHOH HOMlI0-

HeHThl MarHHTHoro IlOJIJ[ B ueHTpaJibHOtt qaCTH, UeHTPY Marmna COOTBeTcTByeT TO'IKa 

c l(O0p.Zlll:HaTaMH x = y = z = 0. B Ha'leCTBe xapaHTepucTHl(H 0.ZJ:H0P0.ZlH0CTH II0JIJ[ B 

IIJIOCl(OCTH x=0 6y,neM HClIOJib30BaTb BeKTOP 0°: 
e0 (y; z) = (B(O; Yi z) - B(O; 0; 0)). 100%/1.B(O; 0; 0)I, 

a .ZlJIJl xapaKTepncnrnn H3MeHHeMOCTH _ITOJIJ[ Kai( .q)yHHUHH OT l(00p.ZllIHaThl X 6y,neM 

lICil0Jib30BaTb BeKTOp ex: · 
ex(y; z) = (E(x; 'Yi z) - B(O; y; ~)) · 1Q0%/IB(O; 0;'0)1. 
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/if( 
I, 
\ ,\ 

! 

I 
\1 

Z(cm) 

160 

140 

120 

100 

80 

20 

20 40 60 80 100 120 140 · 160 

Distribution of I B l(Gs) 

180 200 
Y(cm) 

232~5-2. I 156~4.2 I 8123.11 I 552.075 
27050.7 19-479.7 11908.6 4337.59 

Puc. 6. JlB)'MepHLiii pac'!eT. Pacnpe)leJieuue no.1UJ Ml! 

nepnoro napuauTa MarnuTa 

ITocHOJlbl(Y TopueBh!e qacTH o6MOTl(H n MafHHTOilp0BO.lla .Zl0CTaT0'IH0 y,naJieHbl OT 

ueHTpaJibHOfO ceqeHHJl MafHHTa IlJI0CKOCTblO x=0, TO .ZlJIJl onncaHHJl noBe.n;eHHJ[ Il0JIJ[ 

B 3TOM cetJeHHH MOJKHO lIClIOJib30BaTb .llBYMepHoe npn6JIH)l(eHne. Ha pnc. 6, 7 H30-

6pa)l(eHhl pacrrpe,neJieHHJl MarHHTHOfO lIOJIJl, rroJiy'leIIHhle B peayJibTaTe .ZlByMepHoro 

pacqeTa, B 1/4 CHMMeTpH'IHOH qacTH lIJIOCK0CTH .ZlJIJl .ZlBYX BapnaHTOB rrpoeHTHpye-

Z(cm) 
180 

160 

140 

120 

100 

80 

,o 

40 

20 

0 20 40 60 80 100 120 140 160 ,180 800) 
Distribution of I B l(Gs) Y cm 

I ' r : i : i : 22387.J 15046.4.. 770!1,.J9 364,435 
26057.8 18716.8 11375.9 4034.91 

c. I. )-1,BYMepHuli pacqeT. PacnpeJ{eJiem1e noJIJI· 
)t)ISl BTOJ)OOO B~pnail~a MarHHTll 
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Moro MarmITa. IlepBI.r:lt COOTBeTCTByer cJiy'laIO, Kor.na paCCTOJIHIIe Melli,n;y IIOJIIOCaMII 

MarHHTa cocTaBJIJieT 0,8 M, BTopo:lt - 1 M. .UJIJI 3THX pac'!eTOB HCIIOJI1,30BaJiac1, O,n;Ha 

H Ta JI{e IIJIOTHOCTI, TOKa Jo, .npyrHe xapaKTepHhle BeJIH'lllHhl rrpnBe,ZleHhl B Ta6JIHUe 

2. KaK IIOKa3aHO Ha pncyHKax 6,7, MaKCHMaJibHhle 3Ha'!eHHH MO,n;JJIJI IIOJIJI ,ZlOCTHra

IOTCH B yrnoBo:l!: '!aCTH IIOJIIOCa MarHHTOIIpOBO,Zla, rrpnJieraIOIUeii K o6MOTKe. Ilo.npo6-

Hoe IIOBe,ZleHHe rJiaBHO:l!: KOMIIOHeHThl IIOJIJI .ZlJIJI paccMaTpnBaeMhlX BapnaHTOB MarHnTa 

rrpe.ncTaBJieHO Ha pHc. 8,9. J,fa pHCJHKOB BH,llHO, 'ITO BeJIH'IHHa IIOJIJI B 10Krc±10% 

o6ecrre'IHBaeTCH B o6nacTH {lvl $ 0,3M;lzl $ 0,38M} ,nJIJI rrepBoro BapnaHTa n B 

o6nacTH {IYI $ 0,25M; lzl $ 0,4M} .nJIJI BToporo Bapn:aHTa. 

2.5 

2.25 

1.75 

1 . 5 ~ 

1.25--.:Ji O O O d O ---,,.._ 

0.75 

0.5 

0.25 

o--=+--,--~~~,......,,.,----,--,--,----,---,---~..-r-,----,---.--rf= 
20 40 60 80 100 

Y(Cm) 

Pnc. 8. CpanHCHHC .llB}'MCpHblX (JIHHl!H) n TpexMepHLIX 

(MapKepLI) paC'le-rOB maBHOli KOMIIOHCHTbl IIOJUI ,VUI nep

BOro BapnaHTa MarnHTa. B{ = B,+o, 1 •k, k = o, 1,2,3,4 

Ta6mn.:ta:2 

PaccTOHHHe Ilone BKJia,Zl o6MOT- BKna.n llieJie-

Mem,n;y IloJIHhl:lt B ueHTpe Kll B II◊Jie 3a B IIOJie 

IIOJIIOCaMH TOK (KA) MarHHTa ·,. B ueHTpe B ueHTpe 

(M) (Krc) MarHHTa (%) MarmITa (%) 

0,8 683,537 10,57 23 77 

1 683,537 8,326 26 74 

Ha cne,n;yrom:eM 3Tarre .ZlJIJI paccMaTpn:BaeMhlX Bapn:aHTOB rrpoeKTnpyeMoro MarHHTa 

npOBO,ZlHJIOCI, Mo,nemi:po;eaHn:e TpexMepHoro TIOJIJI. CpaBHeHHe pe3JJibTaTOB TpexMep

HhlX H .ZlBYMepm.ix pac'leTOB rrpn 0,ZlHHaKOBO:lt IIJIOTHOCTH TOKa 290,87 A/cM
2 

IlOKa-

12 

2.5 
B'z(T) 

2.25 

2 

1.75 

I 5 

1.25 

I 

0.75 

0.5 

0.25 

0 

20 40 60 

i>. 
t 
,:,m 

~]~' r: I>~ ·::::--.. ,~ ,.-:---.._ « 

80 lO(l 
Y(Cm) 

HC. ~paBHCHHC JlBYMCpHLIX (JIHHHH) H TpCXMep-

HblX (MapKepbl) pacqe-roe maBHOII KOMIIOHCHTbl no.TUI JIN! 

BTOporo BapHaH_Ta MafHHTa. B! = B, + 0, 1 · k, k = 
0, t, 2,3, 4,5 

3IiIBaIOT ( CM. pnc.8,9), 'ITO OHH ,ZlOCTaTO'IHO xoporno cornacyIOTCII H HX pa:mnua no 

OTHOlllCHIIIO K IIOJIIO B ueHTpe COOTBeTCTBYIOIUero Bapua11Ta 11armna 11axo,n1-ITCJI B CJie

,n;yIOJUIIX rrpe.nenax: 0, 25% $ f:lBy/Bo S _2, 2%; 2, ~7% $ ~13:f 80 :S 2. 8% - JVIJI 

rrepBoro. BapnaHTaj 0, 11 % $ !:lBy/ B0 S 2, 39%: l. 19% :S ::.Bj B0 S l. 8% - JlJIH 

BTOporo BapnaHTa MafHI!Ta. 8TOT pe3yJII,TaT IIBJIHCTCJI BilOJIHe y.noBJICTBOJ>llTf',1bllhIM na 

.naHHOtt CTamm llCCJie,ZlOBanntt o6JiaCTJI O]lHOpO,ZlHOCTII TIOJIJI. OnwntM, '!TO ;1p1rnero 

COBila]leHIIJI Bcer.n,a MOJI{HO .no6HTbCH nyTeM cryJUCIUIJI CCTHI-I s TJ>t'XW':'J)llh!X pac<[eTaX. 

IlpnBe.neM pe3yJJ1,TaT11 Mo.ne.imposanu11 :rpexMepnoro 11aru11Tuoro 11on11 .nn11 nep

Boro BapnaHTa MafHHTa. ra6'apHTHhle pa3MCphl MafHIITa C Y'IC'T01I .l\JIIU!hl 06MOTiill 

B 3TOM CJIJ'!ae CJIC,n;JIOJUIIe: 3,4 x_ 2, 7 X 4 M3 (nrnpuna X Bb!COTa ~ .nmma). Ero 

pa60'IH:l!: ofrLeM COCTaBJIJieT 2 X 0, 8 X 3 113. BeJIH'IIIIIa IIOJIH B nenrpe paa11a 10,28 
Kfc. B IIOBe,nemrn Bcex Tpex HOMilOHeHT ITOJIJI MOIBHO Bh!JiemITb HeHOTOphl{' 3aHOHO

MepHOCTH. Bo-nepBhlX, CJie,n;yeT OTMCTHTb, 'ITO Kml;IOHel!Thl BC!;TOJ>OB 0'"(y; .:) IIJ)HIIH

MaIOT He60Jil,IIIHe 3Ha'ICHIIJI B o6JJacTJI {(;r;y;z): J.rl $ h1;lvl :s O,fo1;l.:I :s o.:38M}. 

.UJIJI nepaott KOMnoHeHThl MaKcnMaJihHOe 3Ha•1e11ne mai·l0;1 $ :J. 2%, .nn11 wropofi -

maxl0il $ 1, 1 %, .ZlJIJI TpeThett -ma.i:10~1 $ 3, 03%. Bo-Brnpux. Hminoneurn :noro 

BCKTopa cyIUeCTBCHHO B03pacTa!OT Ha KpaIO Marmrra npn I, 25 :s .r :s 2 M. On1enrn 

TaKJKe, 'ITO KOMilOHeHTa B,, Malla npn -lM $ J" $ h1 II He ripeBOCXO.IJ;lIT 0,2 HI'c, 

'ITO COCTaBJIJieT ~ 2 % no OTHOllieHIIIO K ue11TpaJJhHOM.}' nomo. Ha pnc. 10 IIOHa3aIIO 

IlOBe,neHne OCHOBHOtt HOMilOHeHThl n9;111 B,ZlOJlh OCH ox BIIYTJJII 1 /8 CHMMCTJ)ll'll!Otl •ta

CTH anepryphl npoeHTHPY~Moro Mar~HTa ua BLI.IJ;CJICHHhIX HJ>HBJ,IX /lJIJI :iirn•r<'irnfi y=O: 

0,35M; 0,5M, a TaK}KC 0,7 M. Ha pnc. ·11 IlOHa3aHO TIOBe.nem-1<' Hmrno11e11T1d IIOJIH Bv· 
KaK Bll,llHO U3 npnae,neHHhlX pncyH110ll, Tpe6yeMaJI OJlIIOJ)O/UIOCTh ltOJJII B l.lfiIT(>aJibHOfi 

'!aCTJI npoeHTHpyeMoro MarHHTa 6yneT onpe.neJIJITJ,('JI IlOBC'JlPIIJll'M nom, a IIJIOCliOCTH 
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2 

1.5 

0.5 

0 0 

2 

1.5 

0.5 

0 0 

50 100 
Y•Ocm. 

50 100 
Y = 50cm, 

150 200 
X(Cm) 

150 200 
X(Cm) 

2 

1.5 t ~\ 
...... ~~··. " ! 

0.5 

50 100 
Y = 35 cm, 

B'z{T) 

0.75 

0.5 

0.25 l 
0 0 

I I 

50 100 
Y = 70 cm. 

--::~i 
-~j 

150 ~00 
X(Cm) 

··u! 
_:..I 

150 cOO 
X(Cn,) 

C; -z-ocm. D -Z-10cm, O -;- Z • 20 cm, 

1' - Z - 30 cm, ■ - Z = 38 cm, 

~c. 10. Ilose.nem1e rnaaHoil: KOMIIOHeHTbl noIDI B; = Bz + 0, 1 · k, k = 
0, 1, 2, 3, 4 npn pa3HblX JHatJeHHllX z B ruIOCKOCTIIX y=O; O,35M; O,5M; O,7M 

.!lJI.ll nepsoro Bapmmra Manmra 

OYZ. Bee K0MII0HeHThl rroJIH y,n;osnernopRIOT Heo6xo,n;nMhIM ycnoBIIRM o,nHopo,nH0CTII B 

o6nacTn {(x;y;z): lxl $ lMj IYI $ 0,3M; lzl $ 0,38M}. 
C.nenaeM aHaJIIl3 II0JiyqeHHhIX pe3yJihTaT0B pacqeT0B TpexMepHoro IIOJIR .UJIR BTO

poro Bapn:aHTa MafHHTa. BhICOTa MafHHTa B 3TOM Bapn:aHTe paBHa 2,9 M. B 3TOM 

cnyqae .UJIH Toro, qTo6hl BeJin:qnHa IIOJIR B ueHTpe 6hIJia ~ 10 Kfc, IIJI0THOCTh TOKa 

Ja,naercR paBH0fi 363,68 A/cM2, rroJIHhlfi TOK rrpu 3TOM cocTaBJIReT 854,6,55 KA. IIoBe

,neHne KOMIIOHeHT IIOJIR HMeeT xapaKTepHhle oco6eHHOCTH, aHaJIOfll'IHhle rrpe,nhl,nym;eMy 

BapnaHTy. B o6'beMe {(x; y; z) : lxl $ lM; IYI $ 0, 5M; lzl $ 0, 48M} ,nJIR rrepBhIX 

KOMIIOHeHT BeKTopoB 0"(y;z) nMeeM maxl0;1 $ 4,8% rrpn z $ 40CM n: maxl0;1 $ 
5, 6% rrpn z = 48CM, ,[(JIR BT0phIX - maxl0~1 $ 1, 1 % rrpn: z $ 40cM n: maxl0~1 $ 
2, 3% rrpn z = 48cM, ,nJIH TpeTbHX KOMII0HeHT maxl0;I $ 4, 5%. MaKcnMaJibHOe 

JHaqeHne B,, npH -lM 5 x 5 lM He npesocxo,nHT 5,6 %. Ha pHc. 12 rroKaJaHo 

rroae,n;eHHe° K0MII0HeHThl II0JIR Bz B,[(0Jib OCH ox BHYTPH 1/8 CHMMeTpnqHofi qacTH 

anepTyphl na Bhl,neneHHhIX KpHBhIX ,n;JIR 3Haqenntt y=0; 0,35M; 0,5M; 0, 7 M. Ha pnc. 13 

npe.n;cTaBJieHO IlOBe.n;eHHe K0Mil0HeHThl IlOJIR B11 Ha TeX me KpllBbIX. Ifo npuae,neHHhIX 

pncyHK0B BH,[(H0, 'ITO Bee R0MII0HeHThl Il0JIR y,n;oBJieTBOpR!OT neo6xo,nHMbIM ycJIOBHRM 

o,D;Hopo.n;HocTH B o6naCTH {(x;y;z): lxl $ lM; IYI $ 0,25M; lzl $ 0,4M}. 
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0 
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-0.6 

-0.6 I 
-1 

-1.2 

-1.4 L.C-'-'-'-'--'-L.L~~-W.-'-'...WW....L, 

0 50 100 150 200 
Y = 50 cm, X(Cm) 

6 - Z - 0 cm, 

D - z = 10cm, 

O -Z = 20cm, 

1' - Z = 30 cm, 

■ - Z = 36 cm. 

Puc. 11. Ilose.a;em1e KOMIIoHeHThI noIDI BJ = B11 -0, 1- k, k = 0, 1, 2, 3, 4 
npn pa3HI,JX 3HatJeHHJIX z B IIJIOCKOCTllX y=0,35M; O,5M; O,7M Ml! nepsoro 
sapnattra Manmra 

CpaBHeHne OCH0BHhIX pe3JJihTaTOB, II0JIJ'IeHHhIX rrpn M0.UeJIHpoBaHnn .nayx Bapn
aHT0B rrpoeKnpyeMoro MarHHTa, oTpaJReHo B Ta6nnu;e 3. 

Ta6Juni:a 3: CpaaHeHne .n:BYX aapnaHT0B npoeKTnpyeMoro MarHnTa 

PaccTORHne IlJIOTHOCTb Ilone O6JiaCTh max max max 
Mem.n;y TORa B 0,D;Hopo.n;H0CTH 10;1 10~1 10;1 

II0JIIOCaMH (A/cM2
) u;eHTpe Il0JIR (%) (%) (%) 

(M) (Kfc) 

lxl $ lM 
0,8 290,87 10,28 IYI $ 0,3M ') ') 1,1 3,0 -'., .... 

lzl < 0,38M 

lxl $ lM 
1 363,68 9,95 IYI $ 0,25M 4,2 1,1 4,5 

lzl $ 0,4M 
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Pile. 12. 1Ioee)lem:1e rnaeHoii KOMnoHeHTbI nollil B; = B, + 0, 1 • k, k = 
0, 1, 2, 3, 4, 5 rrpn pa3Hb!X 3Ha'leHIU:IX z B IJJIOeKOeTlIX y=O; 0,35M; 0,5M; 
0,7M )I.JUI BTOporo eapnaHTa Manmrn 

4 3aRJIIO'C{eHHe 

B HaeTOHIIJ;efi pa6oTe )laHo RpaTROe orrncaHHe MeTO)lHRH H IIORa3aHo ee HCIIOJ!h30Ba

Hne )llIJI IlOCTpoeHnJI ROMilhIOTepHofi MO)leJin MarHnTa B rrpoeRTnpyeMOM 3RCIIepnMeHTe 

c rroJIJipn3oBaHHofi MnIIJeHbIO Ha ycmipnTeJie HT8<'I>. 

Ilo pe3yJihTaTaM pa60ThI MOJRHO C)leJiaTb CJie)lJIOmne OCHOBHh!e Bh!BO)lhl. 

Ilpn IlOCTpOeHnn MO)leJin o6MOTRil IlCIIOJ1b30BaJIIlCb )laHHble II3MepeHnfi MarHHTHOro 

IIOJIH )lJIJI cymecTBYIOmero MarnnTa, ROTOpb!il: 6y)leT MOJlHCplll.(HpOBaTbCH. IloKa3aHo, 

'ITO B IIJIOCROCTn, 6JIH3ROU R I(eHTpaJibHOMY norrepe'IHOMY ce'leHHIO MarHHTa, pa3HII.I(a 

MeJR)ly paC'leTHhlM IlOJieM II. IlOJieM, BOCCTaHOBJieHb!M C IICIIOJib30BaHil.el\l )laHHhlX II3Me
peHnfi, He rrpeBOCXO,AllT 1,64 % . 

.ll:JIJI IlOCTpoeHII.JI ROMIIbIOTepHofi MO)leJIII. npoeRTil.pyeMoro MarHHTa 6e3 IIOJI1IpH3Y

IOmnx HaROHe'IHilROB Bb!IIOJIHeHbl JlByMepnhle H TpexMepnb!e pac•1eTbl. PacCMOTpeHbl 

)lBa BapnaHTa MarHHTa. B o6onx CJIY'IMX IIORa3aHO YJlOBJieTBOJ)HTeJibHOe cornacoea

HHe pe3yJibTaTOB JlByMepHb!X H TpexMepHb!X pac•1eTOB. 

KaR IlORa3aJin pe3yJibTaTbl MO)leJinpoBaHHJI, Tpe6yeMaH BeJill'IHHa MarHHTHoro IIOJIJI 
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Pile. 13. IIoBe)leHue KOMIIOHeHTbl nollil Et = By -0, l • k, k_ = ,o, l,·2,.3, 4 · 
npu pa3Hb!X 3Ha'leHH.l!X z B IJJIOeKOCT.l!X y=0,35M; 0,5M; 0,7M )I.JUI BTOporo 
BapuaHTa ManIHTa. 

B 10Rfe ±10% JlJIH nepeoro BapnanTa o6ecrre•meaeTcn B 06JiacT11. {lxl $ lM; IYI $ 
0,3M; lzl $ 0,38M}, a JlJIH BToporo - B 06JiaCTJ1 {lxl $ lM; IYI $ 0,25M; lzl $ 0,4M}. 

BTopyIO 'laCTb pa6oTh! rrpe)llIOJiaraeTcn IIOCBJITHTb IIOCTpOeHHIO ROMIIhIOTepnon MO

)leJIH rrpoeKTHpyeMoro MarHII.Ta C y'leTOM OIITUMaJibHOI'O pacrroJIOJReHUH IIOJIJipH3YIO

mnx HaKOHC'IHilKOB, a TaKJRe c 6onee IUHpOKOit o6JiaCTb!O O)lHOpO)lHOCTH IlOJIJI e l(eH
TpaJibHOit qacTH MaI'HHTa. 

AeTOpLI 6naro)lapHLI H.B.KnpnnqunKoey 3a HHTepec K pa6oTe. lfacT1, aeTo-

poB 6Jiaro)lapHa PoccnttcKoMy lpOHJlY <pyH,n:aMeHTaJibHhlX IICCJie)lOBaHHtt 3a IIOMepJRKY 
(rpaun,1 N 97-02-16765, N 98-01-00190). 
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.[{aBJienmrn P.l1_. H .up. 
KoMIIbJOTepnrui MO.[leJib MarttHTa .zm~ rrpoeKTa 3KCnepttMeHTa 
C IIOJI~pH30BaHHOH MHIIIeHb!O B I1T3<l> . 
PacqeT OCHOBHblX BapttaHTOB 6e3 IIOJI~pH3YJOIUHX HaKoneqHHKOB 

Pl 1-98-351 

.[{ano KpaTKOe OIIHCaHHe MeTO.UHKH H IIOKa3aHO ee rrpHMeHeHHe .zm~ IIOCTpoeHH~ 
KOMnhJOTepHOH MO.[leJIH MarnHTa B rrpoeKTHpyeMOM 3KCIIepttMeHTe C IIOJI~pH30BaH
HOH MHIIIeHb!O Ha ycKOpHTeJie I1T3Cll. B rrepByJO l!aCTb pa60Tbl BOWJIH pe3yJibTaTbl 
MO.[leJIHpOBaHH~ .UBYX OCHOBHblX BapttaHTOB rrpoeKTHpyeMoro MarnHTa 6e3 rron~pmy
lOIUHX HaKOHeqHHKOB. BbIIIOJIHeHbl .UBYMepHbie H TpexMepHbie pacqeTbl. I1ccne.uo
BaHbl 0611acTH O.UHOPO.LIHOCTH IIOJI~ C rpe6yeMOH BeJIHqHHOH B 10 Kfc ± 10% B 
pa6oqeii qacTH MarnttTa. 

Pa6oTa BblIIOJIHeHa B Jla6opaTOpHH BblqHCJIHTeJibHOH TeXHHKH H aBTOMaTH3aUHH 
omrn. 

Coo6mem1e 061,e/{HHeHHOro HHCTHT)'Ta imepHblX HCCJJe)lOBaHHii. Jly6ua, 1998 

Davletshin R.I. et al. 
Computing Model of the Magnet for Project of Experiment 
with Polarized Target in ITEP. 
Computation of the Basic Variants without Polarizing Tips 

Pl 1-98-351 

Brief description of the methods has been done and their application for 
construction of computing model for projected experiment with polarized target on 
the ITEP accelerator has been shown. Part I of the paper includes the results of the 
modelling two variants of projected magnet without polarizing tips. Two- and 
three-dimensional computations have been carried out. Field homogeneity regions 
with the required magnitude IO kGs ± I 0% within part of the magnet were analyzed. 

The investigation has been performed at the Laboratory of Computing 
Techniques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna, 1998 


