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TpaA11eHT MarHI1THoro nonR e cna6o(j,oKyc11pylo!Q11x KOilbl.leBbiX 
ycKOpi1Te11RX, onpeAe11R~~I1H Be1111411Hy noKa3aTe11R HeOAHOPOAHOCTI1 
MarHI1THOro nOilR /Mn/ "n", <IJOpMI1pyeTCR B 60I1bW11HCTBe CI1y4a.es 
HaKilOHOM non~cde. TaK, AI1R CI1HXpo<IJa30TpOHa HaKilOH nosepXHOCTI1 
nori~ca, onpeAeil_ReMbiH Bblpa>KeHI1eM: 

2a '== arctg· (2hn/R 0 ) . 

I 2h - BbiCOTa 3a3opa Ha paeHosecHOH op611Te . R0 I, coc-rasnReT 
9,3·10""3 paA 111• . · 

Ha1111411e PRA<i <!JaKTopos, TaKHx·, KaK A11HaM11Ka poeT a TOKa eo3-
6y>KAeHI1R B 06MOTKaX MarHI1Ta, Ha1111411e rpaA11eHTa OCTaT04HOro 
MarHI1THOrO nOilR·B 3a3opeMarHI1Ta, MeXaHI14eCK11e.HeT04HOCTI1 np11 
113rOTOBI1eHI111 nOiliOCOB, npi1BOA11T I< OTI<IlOHeHI110 rpaAHeHTa ()T pac-
4eTHOH Be1111411Hbl. AilR 1<0ppe1<1.11111 "n ", 'l<aK npa811110, 11Cn011b3YIOT. 
npOBOAH111<H c TOKOM' pacnono>KeHHble 861111311 nosepx~-tocnf noiriOCOB 

,- 1· '; ' 

MarHHTa. . 
B AaHHOH pa6oTe 113rio>KeHa MeTOA11Ka pac4eTa 11 onpeAeneHbl se-

1111411Hbl OilTI1Ma11bHbiX TOKOB 1<0ppe1<1.11111 npHMeHI1'Te11bHO I< CI1HXpO<!Ja:-
30TPOHY nB3 QI.UIH. . . . 

Ha p11c.l nol<a3aHo nonepe4HOe ce4eHI1e KaMepbl C11HXpo<IJa3oTpo---- '~ . . ' . ( 

Ha C pacnOI10>KeHHbiMI1 BHYTPI1 Hee I<Oppei<TI1py10~11MI1 npOBOAH11KaMI1. 
npoBOAH111<11 YCilOBHO pa3Ae11eHbl. Ha Tpl1 rpynnbl: LleHTpailbHYIO /1/, 

C nOMO~biOI<OTOpOH 3<1l<!Jei<T~BHO·I<Oppei<TI1pyeTCR Be1111411Ha I<BaApy
nOil.bHOH cocTaeriRIO~eH Mn, 11 ABe Kpaesble /II/, pery1111PYIO~I1e ceK
cTynonbHyio CoCTaBilRIO~IOMn. 

·x 

n. 

®6~rmer:~~·U li..:icnrryT \ 
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Pac.2. repMeTpH.!I JlOJliOCOB H To

KOB npa pactJeTe rpagaeaTa Mar-

HHTHOro flOJl.!I MeTOAOM aepKaJlhHhlX 

OTpruKeHHH, 

---· 11 -------- \ ~ P toBI /lllf4~'111111LL . 
J.J.ft (uat/((1~110 ;;~ • B. peweH. 1-11-1 aa,qa41-1 MOJKHO Sbl,qe-

. I.a. 1 nHTb cne,qy10~1-1e 3TanbJ: 
-Zcl.---·-· -·- T·-. ·--x. 1. Pac4eT aenH4HHbl. rpa,qHeHTa 

TTh))) (DNo . ,t . nOJlR OT O,QHOrO npOBO,QHHKa H OT 
i)//)Jf!PJ/If)t}IJ j ~7/ rpynnbl npOSO,QHHKOB BO BCeH pa-

otH IN Jit/17/ . . . 
-.... 1- ·~ 6o4eH 0611acnt KaMepbl YCKOPI-1Te11R ................... . 

·-........_., tozs I 
o:---..... . 

· to fiB ·-.......~Lza 
£,,& .......... _ ...... 

C y4eTOM peanbHbiX KOOp,QHHaT npo

BO,QHHKOB, COCTaBJlRIO~HX pa6o4yl0 
OfiMOTKy, 

2. Onpe,qeJleHHe se11H41-1Hbl TOKa 

. ,qnR tteHTpanbHOH rpynm1 npoao,q-

HHKOB npH HX nOCJ1e,QOBaTeJ1bHOM nO,QK11104eHI-1~ K O,QHOMy HCT04HHKY 
nHTaHHR. 

3. Onpe,qeJleHHe OnTHMaJ1bHOH BeiU14HHbl TOKOB B OT,QeJlbHbiX npo

BOAHHKax, peryllHPYIOlllHX CeKCTynOJlbHyiO HeOAHOj)O,QHOCTb -Mn. 
tlnR pac4eTa rpa,qHeA-Ta· Mn fiblll Hcnonb3oeaH aHanorH4Ho1 21 Me

TOA 3epKallbHbiX OTpaJKeHHJ.i. no11e, C03,QaaaeMOe npOBOAHHKaMH IKaK 
npAMbiMH ~ · Ta~ H o6paTHbiMHI, 'a ·pa6o4eti o6nacn1 ycKopHTenR npe,q

cTaanRnocb B BHAe CyMMbl noneJ.i, C03AaBaeMbiX 3THMH TOKaM!-1 H co-

BOKynHOCTbiO HX MHOrOKpaTHbiX 3epKallbHbiX OTpaJKeHHH B nOJ110CaX 

MarHHTa.' Pac4eTbl npOBOAHilHCb B npeAnOilOlKeHHH 6ecK,OHe4HO TOHKHX 
npOBOAHHKOB. 

Ha PHC.2 npHBeAeHa KapTHHa OTpalKeHHH AllR ,QBYX CHMMeTpH4HbiX 

OTHOCHTeiibHo MeAHaHHOH noaepXHOCTI-1 TOKOB /i 8 1>1 i.H I B nnoc

KOCTH, nepneHAHKYilRpHOJ.i op6HTe 4aCTHLt B YCKOpHTene. 

tlnR TaKoti napbl BHTKoa c npRMbiMH /i 8 H i" I 1o1 o6paTHbiMH 

I i 08 H i 0 H I npoaoJ:lHI-!KaMH ;oKH ~-t. HX OTpa)l(eHHR a paccMaTpHaae

MOH nnocKocTH.pacnonaraiOTCR.cHMMeTpH4Ho no OKPYlKHOCTH c J.leHT;.. 

. POM B BepWHHe yrna ~.: .. 06~ee 4HCJ1Q. OTpa>KeHl-!H ,QJ1A J101110COB CHHXpo-

<tJaaoTpOHa coc-raanReT 2N ·= rr/a =. S82. .. ·OAHaKo, .KaK noKaaanH 

4HCileHHble paC4eTbl, MaKCHMallbH~R norpeWHOCTb H~ npeBbiWaeT 10-4, 
ecmt orpaHl14HTbCR 4HC110M OTpalKeHHH 2N =·100~· ;.. . . .• 

BenH4HHa rpaAHeHTa Mn pacc4HTbiBa11acb Al1R ,qayx Ha6opoa Hcxo,q-
Hblx ,QaHHbiX. . . 

B nepaoM cny4ae: a.= 0, d = 2,75 eM ~ .paccTORHlie npoao,qHHKa 

AO nOJliOCa; Zn =±17,25 .. -c:M,,Xn = 0- KOOp,QHHaTbl npo,BOAHHKOB C TO

KOM; Z0 n = _:t17 ,25 CM, x 0 n = 100 CM .... 'KoOpAHHaTbl o6paTHbiX npoao,q
HHKOB, 

/2 

•'f 

\ 
';, 
' 

I l 
} 

,j 

,·J 
I 

·a • .,-•,,::A · ·· PHc ~ 3. CeMeficTBo · xpilahix. 'G(x) ,. 
---·.'· 

fH 

fO. 

75 
{ :, 

5.(} 

25 

tJHeJleHHa.!I AJl.!I pa3JlHlJHhlX Z 

npa nocneAoBaTeJlhHOM BKJliOqe-

. BbNHCJieHHh!X: AJHI. pa9J1HtJHbix · Z 

!. /l :- z=·0~75 c~; 2 :-. z = 

fl 

:;: A 75 CM~ 3 .;; z = K '75 CM' ' . . . , .. - "' , 
4 - z = 8~ 75 cz-f; 5 - z = 
= Jl CM;6,-i,;, 1J CM/. 

HHH npoBOAHHKOii Fl ••• r4.. ..: 

I I - z = 0, 7 ~ eM; 2 - z = r 
= 6,75 eM; 3 -Z= 8,75 eM; 

4 - Z = 9, 75: eMj 5 - Z 

I J eM; 6 - Z = 13 CM/. 

np~o~ 3TOM BblpalKeHI-te AJl.R·rpaAHeH.Ta Mn OAHOH napbl npOBOAHI-!KOB 
MOlKHO. npeACTaBHTb B cneAYIO~eM BWAe: . 

·' \ ' ·' 2 . . . 2 
x - [ 2(n-1) (Zn+ d) +(Z n -z}J · · . ·aH &{)o 

'G(x,z) = _z =0,2il I . . .. · . 2. 2 
OX n=l (x 2 +(2(n;_l){Zn+d)+(Zn -z})_ } 

+ 

2 . .. . '2 . 2 ..• '·.'. . 2 
50 x -[2(n-:-1)(Zn+dl+(Zn+ z)l. _50 x -[Zn+Z+2nd+2zn(n'7l)l .. · 

+ I · +I · . ... . . . . + 
n= 1 -[ x 2+(2(n;_l)(Zn-+d) + (zn+ z)) 2 } 2 n.= 1 [x 2 ~ (zfi+ z~-2nd+ Zz~.(n-1))2] 2 

2 . ·.. . 2 
50 x -(zn-Z+2nd+2zn(n-t)) 

+ I . . . . . . 
n=l [ x 2 +(Zn- z -t 2nd+ 2iri(n-1))2 J2 . 

/1/ 

Ha . PHC·. 3. noKa3alio' CeMeHCTBO aaBHCHMOCTeH ~G~ f( X. z) ~ Bbl\.jli.CJleH

HbfX no /1/ .Q11.R lli.ecTl1 3Ha4eHI1H z. 
Ha pwc. 4 npe,qcTaBJleHa · aaaHCI1MOCTb 'G= f( x, z), paccttHTaHHa.R 

AJl.R CJ1y4aR, -KOrAa ofiMOTKa, 113MeHRIOI!Ia.R Berot411HY r'paAHetna tiD, 
COCTOHT H3 lleTblpex IIj)OBO,QHHKOB./rl.~rr4/:c TOKOM lA. BHAH.O, 

1 
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4TO' ~poi,.lSBOAHble '-'n, a' o6:0ac't~ X< 15 eM 1-1 Z = +] 0 eM MaJlbl; · '• 
a AeHCTBI-ie npoBOAHHKPB . 3i<E!He'aJ1eH-;HO AeHeTBHJO no'aepXHOeTHbiX 
TOKOB C rlOeTORHHOH tlilO,THOeTbtO, , 

npi-1 i ~I > 10 'eM B paen'pef.IE!netil-11-1 "n, Ha4HHaeT npORBilRTbeR 
anHRHHe Ka>KAoro npoaoAHHKa BOTAenbHoeTH, o6yenoaneHHoe yMeHti-, 
wetmeM '06naeTH AeHCTBHil. no'x 1-1 60ilbWOH aerlH4HHOH npOH3BOAHOH 
aHz/az /pHe.3/. i . 

AllR perynHpOBaHHR eeKeTynOilbHOH KOMnOHeHTbi:Mn e nOMO~bJO 
2-H rpynnbl npOBOAHHKOB Heo6XOA~MO 6b1110 ·no 3aAaHHOH IlHHeHHOH 
aaaHeHMOeTH (a= ax) onpef.lellHTb aenH4HHI>i TOKoa a~ o6MOTKe II. , 

8 3TOM eny4ae Henonb3oaanHeb eneAYJO~He AaHHbte.; . ' 

2a = 9,3·10-3 paA; d = 0; 2N=100;1! =1000i ·; ! 

Xnt= 22,5 ,eM; Xn2 = 33,5 eM; Xn 3 = 43,_5·~eMj Xn4 = 53,5 eMj 
XnS = 61 eM, . ' 

":< .. '-:<.,•' 
Onpef.lelleHHe Be11H41-1Hbl 1-1 HanpaaneHHR TOka B 'BHTKaX no 3aAaHHO

MY rpaf.IHeHTY ~m RBilReTeR_ o6paTHOH aaAa4eH MarHHToeTaTHKH. TaJ;< 
~aK KOI1H4eeTBO npOBOAHHKOB /0603Ha4HM ero M/, KOT6pbiMI-1. KOppeK~ 
.THpyeTeR . rpaf.IHeHT, He. npeBbiWaeT AeeR.TI-1, -~0. B 3TOM eny4ae o6-
paTHyiO aaAa4y· MO>KHO pewaTb MeTOAOM HaHMeHb.WHX KBaf.lpaTo~ /MHK/ 
6ea perynRpHaattHH. · · . ' · . : , (' . 

MHHHMI-13Hpy10~HH <flYHK!tHOHall B HaWeM eny4ae 6yAeT .HM~Tb BHf\ 
- ·. k ·. '· 
•' ~ . 2 

·p = -~ [x. -·a(x., zj = const)] , /21 
; j= 1 J J . 

rAe G( Xj ~ z1 = Corrst) - rpaf.IHeHT OT eyMMbl npOBOAHHKOB B TeKyllleH 
TOYKe, X j Ha. _IlHHI-11-1 Zj ;= COilSt,_ a J.1MeHHO:_ 

M . ,Jo· .\,U ~-.. • 

·a(xj ,zj =const) = ~ im'am(xj ,zj,xm,zm), /3/ 
.. · ,_. m=l · - _ .. l. 

am - rpa.QI<iei-fi' Mn o;: m =-ro npoBOf.IHH.Ka, . k - KOI1H4eeJ'BO T04eK, 
· a KOTOpbtx Bbi4HenReTCR ··a,' ·i m·:. TOK s m-oM npoBOAHHKe. 

noA60p TOKOB npOBOAHileR no npOrpaMMe, HanHeaHHOH Ha <flOpT-
P~Hei, .c .. HenOilb30BaHi--ieM nporpaMMbl / 3/.. · .; ' • · .! ' 

,: ·- •.·7Bem14HHa ToKoa "" orp·ame~HH · ohpe.Qeilimaei>· no pei<yppeHTHOMY 
eool-'i-lciLli~HHIO:,' ~ ' ' • ' . . - . . I f . 

• . p. -1 
1 =1 ---

,: n+l n p.+1 _ .. 
. '--. t 

/npl-1 3TOM 3HaKH TOKOB 4epeAYJOTeR/. 

/4/ 

BenH4HHa rpaAHeHTa a(x, z) _OT M npOB9AHHKOB 
. . -· . -. ~. ~ . . ;:1 t '::- • • . • \ ' ~ •. 

onpeAenReTeR no <flopMyne 
e y4eTOM-yrna a .. ' ' . _ .. , ... ' 

r-· . .... _r· ... 
,.,-:_ ., 

, M . N 
11
-i n:._t' . -_ .··· \ . ··. l_---~·~··. 

a(x,z)=·0,4 ~ 1m-~ (__..._) cos(2n-1)al(-2 - +-2-)-+ 
- m':".l .. n=l p·+ 1 ; · · :• f ah ·fHn ·;, ,,._--

4' 

i 
il 

i 
\. 

(~ 
1 

·i 
J~ 
. r 

I 
I 

· - -, · r ·, ·f· __ -__ ,,~ 

+ 2(x-xjn )[(RP +X) -(R~:J:-x~)_s.Qs(2n -1)a]( -.4---.+-~-)1 /5/.-~ 
1 f . · " .. , · f All . f HII 

;;.,. 
" 

3Aeeb ;,f_ 

/ 

2 :,; • . . 2: : ' . 2 . 
fAn =[(RP +X)-(Rp+·xn;)cos(2n-1)a} +[z-"(Rp+xrr)sin(2n:-1)a] ·, 

. ; '. : .,.. • "j 

2 . /' . . 2 ,,· ' . . ,· . ' 2-•.. 
f nn =[ (Rp + x) -(Rp .+ xm) cos(2n-;-1)a] +[ z +(Rp + xm) sin(2n-1)a] , 

R = h/a, p .·-.. 
Xm- KOOPAHH~Ta m -ro npOBOAHHKa. 

nony4eHH~e:' pe3yllbTaTe pae4eTa OnTHMallbHble Be111-141-1Hbl TOKOB 
npHse,i:jeHbt a Tafim1tte. 

JlnR 3TH X 3Ha4eHHH TOKOB • 3aBHeHMOeTb 'G = f(x, z) OKaaanaeb 
"•6nH3KO~ -:~. IlHHeHHOH' B o6naeTH z :s. +4 CM ··/pHe.5,' KpH.BaR 1/. 
H3MepRR. Be111-14f.1Hbl TOKOB B npOBOAHHKaX npH eoxpa~ HaHAeHHbiX 
eOOTHOWeHHH Me>KAY HHMI-1, MOlKHO B WHpOKHX npef.lellaX perynHpOBaTb 
senH4HHY eeKeTynonbHOH KOMnoHeHT~ Mn yeKOPHTenR. Ha p1-1e.6 
npeAeTaaneHbl 3KenepHMeHTallbHble 3aBHei..JMoeTH a;, f(X, Z), npoBOAHHKI-1 
e KOOpf.IHHaTaMH Xn = -1 , 5 eM 1-1: iz n' = .:t_ 17,5 eM 3anHTbtBanHeb HM
nyllbeHbiM TOKOM 30 A. He6onbWHe H3.MeHeHHR a xoAe KPHBbtX o6iRe~ 
HRIOTeR pa3111-14HbiMH KOOpf.IHHaTaMH- o6paTHbiX npOBOAHHKOB. H3MepeHHR 
npOBOAI-1111-ieb B nnoeKoeTH.Z = 0, 75 eM HHAYK4ltiOHHbiM MarHHTOMeT
poM/4/ e HenOilb30BaHHeM AaT4H~a; 4yBeTBH.TellbHOrO K KBaf.lpynonb
HOH KOMnoHeHTe Mn

161
:Ha p1-1e.1 npeA~TaaneHbl aKenepHMeHTanbHble 

3aBHe~MOeTH 'G=f(x), H3Mepeiiiible ~ pa3111-14HbiX no BbleOTe IlllOe
KOeTRX f.IIlR npOBOAHHKOB, HMeiO~~X KOOPAHHa'Tbl Xn = -1,5 eM, X0 n = 
= -100 eM.JlnR epaaHeHHR' lia_3i-ot.t >Ke· pHeyHKe nyHKTHpHbtMH nHHHRMH 

Ta6nm~a 

... t 
i~:. 1 

6 

~:/ s 

I 

G;}o-J rcA., 

-'/; . . 4 
llor-tep KoopAHitaTa Bemi'lHHa . 3 
npOBOAHIIKa X /cr-t/ - >TaKa /A/! z 

r5 
r6 
r7 
rs 
rio 

I 
.-;;; . 1 

22~5' 
33,5· 
43;5: 

.. 53,5· 
61 ,a···:_· 

0,767 
0~492-h 

0,902 
r·, r9 
3,56 

~: :' .. 

t.RC>t 
::10 __ zo-i_lD: .IOJ,:_·so eo 

Pnc. 5. 3aBHCHM9CTb 'G(x), Bbl~nc-
. iieiiiiii.11. ·wut Tpex 3HaqeHiiii z 

/l -,z"; 0,75 cr-t; z.- z .;a', 75 cr-t; 
'3 -z~·9,75 CM/ npH ~BeAeHHH 
c~KcTynonbHOH KoMnoHe~Tbi .. MII 
c noMo~bli?, JipoBOAIIHKOB JI. rpynnhl • 

• ') l •. ; I_ ... 
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PHc.6. 3KcnepHMeHTattb-
~ .. - ... "'. 
HbJe· · . . SaBHCHMOCTH 
'G(x) 1 z ,;,. o; 75 eM, ripH pag

JlH'lHh!X KoopAJiHaT~ o6-
paTHoro npQBO~HHKa c_ 

ToKoM .. /1 .- x0n = + wo eM; 

2 - x 0 n =-100 eM; 3 -
x0 ·n=:-73 eM; 4 - x 0n 
=- +73 CM/. 

15 

/0 

OS 

3'< .32 JO za 26 24 zz zo "' 16 "' 12 tO' a 6 4 z~J. 6 s ((J 12 fit 16 16 zo 22 zt; i!6J~ eM 

6 

p. 

'6 21i 22-z(rtll!i7< 

·PHc;..7. CeMeiicTBa ::JKcnepHMeHTa.m;HbJX KpHBbiX 'P(x); · Hg

MepeHHbJX Ha pasJIH'lHhlX z. ll - :& = 0 ~ 7 5 . eM; 2 :... z 
= 2,.75 CMi 3- Z= 4,75 CM; 4- z' = 6,75 CMi 5-
z.= 8,75' CM; 6 .- Z = 9~75 CM/ npH XoiJ =.-lOQ. CM, H. 

· pa.ctteTHble KPHBble, cooTB eTCTB~e z = 0,. 7 5 eM _ {7/ It 

Z = 6-,75 CM'/KpHBaH 8/. 

H306pa>KeHbl pac4eTHble KpHBble, COClTBeTCTBYIOutHe Z= 0, 75 CM /KpH
BaR 7/ H Z = 6, 75_, CM /KpHBaR 8/. 

H3 PHCYHKa BH~Ho AOCTaT04HO xopowee.cornacoeaHHe pac4eTHbiX 
H 3KCnepHMeHTanbHbiX ~aHHbiX. 

CneAyei" TaK>Ke QTMeTHTb, 4TO H3nox<eHHaR MeTOAHKa Mo>KeT 6btTb 
HCnOnb30BaHa He TOnbKO npl-1 peweHHH 3aAa4H KOppeK~HH rpaAHeHTa 
Mn YCKOpJ.1TenR C 1.1enbl0. paCWHpeHHR pa6o4es:i 30Hb! KaMepbl YCKOp.HTe
nR Ha ManblX ypOBHRX MarHHTHOs:i HHAYKLIHH ,' .HO H npH Bb16ope OnTH
ManbHbiX ycnOBHH pe30HaHCHOrO BbiBO~a ny4Ka H3 KaMepbl CHHXpo<IJa-
30TpoHa. 
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