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CBEPXDPOBOAHmErO KBAAPYDOnH 



1, C uenb~ C03A8HH~ MOHOrapMOHH4eCKHX MarHHTH~X MynbTHnOnb
H~X CHCTeM np~MoyronbHa~ anepTypa ~BnReTc~ HaH6onee npocTo~ 
AnR peanHsauHH. B HaCTO~~eH pa6oTe npoaeAeH pac4eT ABYMepHoro 
MarHHTHoro non~ caepxnpoBOAA~ero /Cn/ KBaApynonR H noKasaHa 
B03MO~HOCTb C¢QpMHPOB8Tb B UeHTpanbHO~ nnOCKOCTH Cn KBaApynonR 
4HCTO KB8ApynonbHOe none, 

Ha pHc. 1 noKasaHo nonepe4HOe ce4eHHe caepxnpoBOA~~ero KBaA
pynonR-c-np~MoyronbHO~ anepTypoH /nHH3a naHOBCKoro / 1/ j, B Ka-
4eCTBe MeTOA8 paC4eTa B~6paH MeTOA TOKOB~X H306pa~eHHH, a KOM
noHeHT~ non~ BHYTPH anepTyp~ npeACTaan~nHcb s cneAy~eM BHAe: 
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nm ax b nm p. +P.o 2a x 2b 
OCTaJlbHbiX n H m ; p. - Ma rHHTHaR npOHH~aeMOCTb lKeJ1e3a , p. 0 
= 1 - MarHHTHaR npOHH~aeMOCTb BaKyyMa, ~ - Bel1H41o1Ha TOKa B 

npOBOAHHKe C KOOPAHHaTaMH (X O = ~ , y O = TJ) lo1 pa3Mepa MH 

2a x 2 b ; 

xn z2.n · g x + ( 1)
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· ~ . 

Ym =2·m·g + (-l)m · 7J. 
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/5/ 

g x = 4 ,1 eM"' gy = 2 , 05 eM - pa3MePbl nonyanepTYPbl no lKe ne3y. 
Pa3MepHocnt 3Ae cb: H [1 l- 3PCTeAbl, x , y , x , y , a , b 
[eM] . n m 

Ecn~-1 y c TpeMHTb N1 z NY = N K 6ecKoHe4HOCTH H C4HTaTb Ma r-
HHTHYIO npOHH~aeMOCTb B lKeJ1e3e nOCTORHHOH ( p. = CanSt) , TO 
¢opMyJ1bl / 1/ H / 2/ RBJlRIOTCR T0 4HbiM aHaJ1HTH4eCKHM BblpalKeHHe M AllR 
KOMJ10HeHT AByMe p HO r O MarHHTHO rO J10J1R. npH4eM non e C03AaeTCR 
OAHHM npOBOAHHKOM C TOKOM. AJ1R pac4eTa J10 J1R OT M n p OBOAHHKOB 
cneAyeT BblpaiKeHHR I 1 I "' /2/ n p ocyMMHpoea Tb no see M M n p o e oA
HHKaM: 
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PHc. 1. CHHXPOTPOHH biH ceepxnpoBOAR~HH KBaA
DYnOnb C npRMOyrOllb HOH anepTypoH . 
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llx(x,y )-= I H 
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( x,y ), 

1• 1 x. 
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H (x.y )= I Hx l ( x ,y), 
' i-1 • 

rAe Hx.l H H1,1 onpeAellRIOTCR c!lopMyJlaMH /1/ "' /2/ COOT BeT
CTBeHHO . 

/ 6/ 

2. ~OPMYllbl / 1/-/6/ 6 blnH peanHsoeaHbl Ha 3BH CDC-6500 e BHAe 
~OPTPAH - nporpaMMbl QUAOR. 

HccneAo BaHHe HenHHeHHOCTeH nonR npoBOAHllOCb e TepMHHax rap
MOHHK nOJlR. 0TMeTHM, 4TO , 8 CHJlY CHMMeTpHH , KBaApynOJlb , npeA• 
CTa BneHHbiH Ha PHC. 1, He HMeeT CHHYCHbiX K03¢¢H~HeHTOB. PaBHbl 
HYlliO TaK~e ece~THble rapMOHHKH. B CHlly 3Toro , Bb14HCJ1RR Ha 
OKPYlKHOCTH PaAHyca r /e AaHHOH pa60Te npHHHManOCb r = 1 ,5 CM/ 
e ~ T04Kax KOMnOHeHTy nonR H y , MOlKHO annpoKCHMHPOBaTb HY 
rapMOHHKaMH 
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PHc.2. AeTanbHaA CTPYKTypa anepTyp~ H 
TOKOBOH o6MoTKH caepxnpoao~A~ero KBa~
pynonA. 

Hy( t , Ok )= H2 .[1+ 

N, 
I 

n=4 
C0 • cos((n-1)·8k)). 171 

3~ecb N,- npe~enbHoe 4Hcno rapMOHHK; Cn -H0 / H2 ; Hn -
aMnnHTY~~ n -oH rapMOHHKH Ha paAHyce r • ¢lopMyn~ AflA H n -

3TO H3BecTH~e $0PMYn~ GeccenA AnA TPHrOHOMeTpH4eCKOH HHTepno
nA4HH, AnA T04HOCTH B~4HCneHHA aMnnHTYA 11 0 Cy~eCTBeHH~M AB
nAeTCA 4Hcno T04eK NT Ha oKpyli<HOCTH. 4Hcno T04eK NT = 40 

H -5 
~OCTaT04HO AflA B~4HCneHHA n C T04HOCTbl') 5 ' 10 . 

3. Ha pHc.2 noKa3aHa ~eTanbHaA CTpyKTypa anepTyp~ H TOKOBOH 
06MOTKH Cn KBa~pynonA. npH 11COMKHYTOH11 06MOTKe ( d 2 • g y -2 a-8 1; 
dt - gx-4a-82 -8 3), ecnH sa¢lHKCHpoaaTb aenH4HH~ KopnycHoi1 

H30nA4HH 8 1 , 8 2 , a TaKll<e 8 S 1 TO KPOMe OCHOBHOH COCTaBnAIOIJ4eH 
nonA 6y~yT npHCyTCTBOBaTb H B~CWHe ( D = 8,6,8,10 H T.~.) 
rapMOHI1KH. 0TMeTHM 1 4TO s~ecb npH 81 .. 82 .. 8s=0 ace a~cw11e 
rapMOHHKH paaH~ Hynl'). O~HaKo 113 coo6pa11<eH11i1 3neKTPH4ecKoi1 
npo4HOCTH 81 , 8 2 H 8 3 He MoryT 6~Tb MeHbWHMH, 4eM 0,025 eM. 
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PHc.3. AMnnHTY~~ rap
MOHHK, cos~aaaeM~e 

BHTKOM, nepeMe~a~HMCA 
a~onb rpaHH4~ anepTyp~. 

Tenepb, 4T06~ AflA 
11COMKHyTOH11 06MOTKH 
06paTHTb B Hynb XOTA 
6~ nepB~e 113 CD 1 Ha 
npHMep, 4eTBepTyO H 
wecTyn, MOli<HO npHMe
HI1Tb MeTOAHKY KOMneH
Ca411H B~CWHX rapMOHHK. 
AnA 3Toro Hccne~yeTCA 
BKna~ B none OT TOHKO
ro B11TKa, nepeMe~a~e
rocA cHa4ana a~onb ocH 
X , a saTeM no ocH Y • 
Ha pHc.3 noKasaHa sa
BHC~b H2 , H4 , He 
H OTHOWeHHA H e/ H 4 KaK 

npH ¢lHKC11POBaHHOM y , H KOOPAHHaTbl y 
CTpenKoi1 noKa3aHo MecTononoll<eHHe ~onon-

HHTenbHOH Meli<BHTKOBOH npoKna~KH, KOTOpaA KOMneHCHpyeT nepBOHa-
4anbHOe Hot H He • 

B AaHHOH pa6oTe npoae~eHo ~ononHHTenbHOe HCcne~oaaHHe no 
Haxo*~eHHn 6onee npocToro AflA peanHsauHH MeTo~a KOMneHCaUHH 
aosHHKa~Hx Bb1CW11X rapMOHHK. B aapHaHTe 11pasoMKHyToi1" o6MOTKH 
(dt 11 d2 - ¢lHKCHpOBaHbl: d 1 = 3,2 CM, d2 = 116 CM , eCI1H 
3a¢lHKCHPOBaTb Bei1H4HHbl 83 H 81 , a 3aTeM MeHATb 8 2 , TO, KaK 
BH~HO H3 PHC.4, MOli<HO nony4HTb np11 HeKOTOPOM 3Ha4eHHH 82 
C4 = o 1-1 Ce = o. 

HTaK, npH ¢'HKcHpoaaHHOM 83 (a ~aHHOH pa6oTe npHHHManocb 
83 = 0,0250 CM) MOli<HO, nepe6HpaA 8 1 H 8 2 , HaHTH TaKHe 81 .. 82' 

4T06bl C 4 H Ce o6pa~anHcb a Hynb. npH 3TOM 6onee ablcwHe rapMo
HHKH Cs , c10 H T .~. TaKll<e cTpeMAT CA K HyntO. Haii~eHHble 8 1 11 
82 COOTBeTCTBeHHO paBHbl 0,1000 CM H 0,0985 CM, 

4. Hccne~oaaHHe norpewHOCTei1, npHae~eHHoe Ha pHc.4, nosao
nAeT oueHHTb ~onycKH Ha aenH4HHbl 81 H 82 . H3 pHCYHKa BH~H0 1 
4TO ~onycKH Ha 81 H 82 a npeAenax ± 0, 01 CM AaAYT cneAYIIltJ411e 
MaKCHManbHble aei1H411Hbl Cn : 5 
IC4 I = 115·10-4 H ICe I = 3·10-
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PHc . 4. BenH4HHbl en t<aK <I>YHI<~1111 napaMeTpa ~ 2 npH 
cllHKC11pOBaHHbiX ~1 11 ~ 3 ( ~ 3 = Q, 02 5 CM). J!CHpHbiMH nw 
HHAMH BbiAeneHbl AOnyCI<11 0 paBHble + 0,1 MM , Ha eenH411Hbl 
KOpnyCHOH HSOnA~I1H ~ 1 11 5

2 
• 

8 Ta6n . npHBeAe HO 11CCneAOBa HI1e CXOA11MOCTI1 MeTOAa OT 411Cna 
OTpa*eHH~ Nz =Nyu N [eM. <I>OPMYnbl / 1/,/2/,/6/1. no cpa eHeHI1~ 
C en AHnoneM AflA en I<BaApynonA CXOA11MOCT b AflA BenH4HH en 5o
nee 6blcTpaA . Y*e npH N= 4 AOCTHr a eTcA BCA AOCTynHaA / npH 
NT = 40/ T04HOCT b /5· 10-5/ Bbi4HcneHHA eenH4HH en . Ho AnA ebi-
4HcneHHA OCHOBHOH KBaApynOnbHOH COCTaBnA~eH nonA C T04HOCTb~ 
JQ - 4 He06XOAHMO 16 OTpa*eHHH. 

5. B AaHHOH pa6oTe MeTOAOM oTpa*eHHbiX TOKOB pacc4HTaHo ABY
MepHoe MarHHTHoe none caepxnpoBOAA~ero KBaApynonA c npAMoyronb
HOH anepTypoH, npHBeAeHbl pac4eTHble <I>OPMYnbl, KOTOpble peanH30Ba
Hbl e BHAe <I>OPTPAH-nporpaMMbl Ha 3BH CDC-6500. 

e nOMO~bn AaHHOH nporpaMMbl npoBeAeHO HCCneAOBaHHe He
nHHeHHOCTeH nOnA BHYTPH anepTypbl en KBaApynonA. Ha OCHO
BaHHH npoBeAeHHOrO HCCneAOBaHHA nony4eHa I<OHCI>Hrypa~HA 
CBepxnpoBOAA~eH OOMOTKH, Aa~aA 4HCTO KBaApynOnbHOe none BHyT
PH anepTypbl Ha paAHYCe r = 1 , 5 CM. npH 3TOM /eM , pHc.2/ 

' 

o6MOT Ka HMeeT cneAY~~He reoMeTpH4eCKHe napaMeTpbl: 81 = 1 MM, 
82 = 0,985 MM , 83 = 0,25 MM , dl = 3,2 CM 0 d2= 1,6 CM, 
a = 0,1625 CM. 

AaHHoe HCcneAOBaHHe npoBOAHnOCb a paMt<ax nporpaMMbl no cos 
AaHH~ CBepxnpOBOAA~ero CHHXpOTPOHa Ha 1,5 f38 no npOTOHaM121 • 
Ha OCHOBaHHH HaCTOA~ero HCCneAOBaHHA fiblnH H3rOTOBneHbl en I<BaA
pynonH. HsMepeHHA MarHHTHoro nonA B HHX npoBOAATCA. 

Ta6nH~a 

HccneAOBaHHe CXOAHMOCTH BenH4HH G2 H en t<al< <I>YHI<
~H.A 4Hcna oTpa*eHHH N:r =NY= N , NT = 40 , p = oo • 

~ G2.3/A C",% c6,% ca .% 0ro ·% cl2.% 

0 4,6456 -5,362119 0,125022 0, 0291244 -o,004448 01 C:XXH40 

I 7,8150 -o,344909 -o,02249 -Q,CXX)279 -o,cxxxm -o, CXXXXJ9 

2 810033 -o,oi3372 -o,OOI408 0,000144 -o,OOOOI9 -o, CXXXl09 

3 8,0265 -o,000068 -Q1<XX>4I4 01000174 -o,OOOOI8 -o, CXXXXJ9 

4. 8,0342 01000191 -o, 0003?0 0,000176 -o,OOOOI8 -o, CXXXXl9 

5 8,0379 0,000095 -o ,000368 o, oooi?6 -o, oooor8 -O,CXXXl09 

6 8,0401 0,000047 -o, 000368 01000175 -o,oooor8 -o,CXXXXJ9 

7 s ,04I5 0,000025 -o, 000368 o,OOOI75 -o,oooors -o, CXXXXJ9 

8 a,o424 0,000132 -0,000368 0,000175 -o,oooora -o, 000009 

12 a,044I -o,oooooo8 -01000368 01000175 -o,oooor8 -o, OOCXX>9 

16 8,0447 -Q, ()()(XX)3 :..0,000368 o,oooi?s -o,oooora -o. ()()(XX)9 

32 8,0454 0,000004 -<J,000368 0,000175 -o, oooore -o,000009 

64 8,0455 o, CXXl004 -0, 000368 0, 000175 -o, oooor8 -o, 000009 
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