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B B e . A e H H e 

B penHTHBHCTCKHX CHnbHOToqabiX naKnOTpoaax aneKTpoMaraaTaoe none nyqKa 

MOlKeT Bbi3BllTb aaMeaeaae qacTOT cao6oJlHbiX Kone6aaail:, a TaKJKe nepa oAa o 6pa

meaag qacTau, . qTo oco6eaao cywecTaeaao, BBHAY OTCYTCTBHH ~aaoaoa ycToil:qa

BOCTH. 8 na6opaTOpHH HAepHbiX npo6neM 06'beAHHeHHOrO HHCTHTyTa WtepHbiX HCCne

AOB8HHii AnSI 3KCnepHMeHT8UbHDrO H3yqeHHSI BnHSIHHSI npOCTp8HCTBeHHOrO 38pS!A8 Ha 

ABHlKeHHe qaCTHU C03A8eTCSI aneKTpOHH8SI MOAenb UHKnOTpOH8 C lKeCTKOii ~OKYCHpOB-
/1/ KOH • MoAenb npeACT8BUSieT co6oil: H30XpOHHbiH UHKnOTpOH C BHemaeil: HHJKeKUHeii 

H 3BaqeHHSIMH qaCTOT 6eTaTpOHHbiX KOne6aHHH Q z ( l ) = 1, 1; 1,04::;: Q <_ 2. Tipe

AenbH8SI 3HeprHSI Bbl6paaa paBHOii W k = 408,8 KSB, qTO n03BOnHT HCnOnb30B8Tb 

peaoaaacabiii MeTOA BbiBOAa ycKopeaaoro ny~a npa Q , = 2. 

B pa60Te aanoJKeHbi peaynbTaTbi pacqeTaoro H aKcnepaMeHTanbaoro aayqe-

HHSI MarHHTHOrO nonS! TOKOBblX o6MOTOK H HallAeHbl He0 6 XOAKMbie napaMeTp bi BCeX 

aneMeHTOB MarHHT HOll CHCTeMbl COOpylKBSMOrO yCKOpHTeng. 

I . Tpe6oaaHHSI K MaraaT HOMY n omo an eKTp o aaoa MOAena 

u aKnOTp o aa 

MarHHT Hoe n one a n eKTpoa ao.il: MOAena B MeAaaaa oil: n n ocKOCTll ( z • 0) a a Aa-

eTCH Bbipa lKSHHeM 

H ( r, <ll) • H ( r ) ( 1 + t ( r ) Cos ( _r_ - N <ll) ] , 
z N X ( 1) 

CpeAaee MarHHTaoe none H(r) 11: aMnnaTyAa rapMOHHKH HN(r)•tN(r)H(r) 

AnSI napaMe TpoB aneKTpoaaoa M OAena, npaaeAeHHbiX B Ta6nane 1 , a a o 6paJKeabi aa 

3 



pHC. 1. 3TH 3aBHCHMOCTH nony'l e Hbl rryTeM aBSllH3a ypaBBe HH A ABHlKeHHH AnSI aapH

lKeHHb!X 'la CTHU B n one B HAa ( 1) sa OC HOBe 'IHCneHBbi X paC'Ie TOB
1 

npoaene HBbiX Ba 

a n e KTpOBHD-Bbi'IHCnHTeilbBOA MalllHHe (38M). C AOCTSTO'IBOA CTeiieHbJO TO'IBOCTH 

12/ 3 TH 3aBHC HMOCTH MOry T 6b!Tb IIOny'le Hbl H3 Cn enyJOIIlHX IIpH6nHlKeHHblX B b!palKeBHll 

H 
H (r )c 

0 

' (2) 
r r 2 v 1 - ( --) 

r .. 
1-~ 

N* 2 t(r) -= --I ( Q +n) 
N2 II / 2 (3) 

a 

1 - -..!....::~ + _1_ ( ~ ) 2 

2 N2 2 

r(r) -1 -
2 2 

t N t' t2 Nl 
-----[2- + D+r-1 + -----

2(N2-t-n}(l+n) 2(N
2
-1-n) r 4(N 2 -1-nf 

(4) 

E 
rne = 0 

~· a n 11 £ paCC"'HT bJBBIOTCH H3 (2 ) H (3) npa r =1 cornacao·( 5 ). 
0 

T a6naua 

3Hepr!HI yCKOp e HHbiX a n eK TpOHOB 

3 He prHSI H H >Ke KUHH 

P anHyc KOHe'IHOH op6HT bi 

P anayc , coOTBeT CT BYIOIIlH11 6 e cKoHe "'HOH aneprnn 

H a n pH>KeH HOCTb MarHHT Horo nonH a ueHTpe ( r =0) 

H anpSI>K eHHOCT b MarHnT Horo nong na p a nnyce IIH>Ke KUH H 

H a npgx;e nuocT b MarHHTHoro non H Ha KOHe"!HOM p ann yce 

W k = 408,8 K3B 

w .. 5,7Ka a 
H 

r k 100,7 C M 

r.., '= 121,23 C M 

H = 14,06 a 
0 

H(rH)= 14,01 a 

H(r k) =24,45 a 

N = 8 

:t 8 C M 

Ti e piiOAH"'HOCTb CT pyK T ypbl M8I'HIITHOI'O HOH Sl 

P a naanbHbiH lllar CTpy KTy p bi M a rlli! T Horo non SI 

B apa a uHSI n o n SI n a KOHe"'HOM pan a y ce dr I ,062 
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7( , 2) 
4aCTOT8 8KCH8nbHbiX KOne68HHJl: Q ( r ) = 1, 1 -o'.os 

4acToTa pannanhHbiX Kone6aHnll: 1,04~ . Q,::2,0 

2 e V O = 1 ,5 K3B. MaKCBManbHblli Ha6op 3HeprnH 3a o6opOT 

( r/ r ) 2 

00 

n • 

1-(r/r )
2 .. 

+0,20 
npB norryCTHMOM B3MeHeHBH '18CT0Tbl 8KCH8nbHbiX KOne68HHJl: !'J. Q z = -O Q5 nonycK 

aa aeJlR'IHHY 8- oll: rapMOHHKH nonH aa KOHe'IHOM panayce paaea !'J. H' = + 
1

•
6 3 

8 -0,4 3 

,UorrycK H8 aenaqaay cpenaero nonH npa MHKCHMHnbHOM Ha6ope aHepraa 38 

!'J.H -3 
o60pOT 2eV

0
=1,5 K3B COCTHBnHeT H"':t_2,5·10 • npa nonyCTHMOM yaenH'IeHHH 

HMnnHTynbl CB060nHbiX panaanbHbiX KOne6aHHli no 1 CM nepBHH H BTOp851 rapMOHHK8 

BepTHK8nbHOil KOMnOHeHTbl C pOCTOM panuyca He )lOmKH8 npeBbllli8Tb H( l), (0,06-0,25) 3 • 
H H 12 ,=(2,1-0,15) a. TpeTbH rapMOHHKa npH yaenH'IeHHH aMnnHTynb• panHanbHbiX 

• 
Kone6aKiil Ha 20% He nonlKaa npeBbllliHTb H 1 3

) = 0,06 a Ha r - (86 5+0 1) • - , _, CM. 

HHfl no aepTHK8nH 

H H
1 1 ,=0,06 a npH 
r 

H n CpB851 rapMOHHK8 panaanbHOJl: KOMnOHeHTbl nonH nnH CMellle
( 0) 

!'J. z =::_0,3 CM nonlKHbl aaxonHTbCH a npenenax OT H r =::_2,5 3 

( 0) ~ ( I) 
r = 18 CM no H, =::_0,8 3 H H, =0,02 a npH r = 100 eM. 

.UnH ycKopeHHH 3/JeKTpOHOB B HHTepaane panaycoa !'J.r =(18-101) CM 3anaH

aoe MHrHIITHOe none Monenll C Tpe 6ye MbiMH nonyCK8MH JlOnlKHO 6b1Tb C!j>OpMHpOB8HO 

B HHTepaane p8JlHYCOB !'J.r =(17,5 - 104) CM. 3TO CBH38HO C KOH!j>Hryp8UHeJl: p8BHQ

BeCHOH op6HTbl H H8nH'!HeM 8MnnHTynbl CB06onHbiX panHanbHbiX Kone6aHHil. 

fl. Pa3pa50TK8 MarHHTHOJl: CHCTeMhl 3neKTpOHHOJl: MOnenH UHKnOTpOHB 

1. OnpeneneHHe napaMeTpoa rapMOHH'leCKOli 

H KOHUeHTpH'IeCKHX 06MOTOK 

Co3nBHHe Tpe6yeMOH KOH!j>HrypauHH ~HlrHHTHoro nonH 3 neKTpOHHOJ1 MonenH 

UHKflOTpOHH OCyll!eC TBnHe TCH nayMH He3BBHCHMbiMH CHCTeMBMlf 06MOTOK - rapMo-

HII'!eCKOH H KOHU e HTpH'leCKHX. 

,Ung !j>opM!!pOBHHHH Heo6xonaMOrO 38KOH8 BBpHBUHH rapMOHI!'l eC K 8 51 06MOTK8 

MOlKeT 6b1Tb Bb!UOnHeH8 B BHne nnUCKOif TOKOBOH CHCTe Mbl C nepeMe HHOH aenH'IHHOfl 

5 



yrnOBOii npOTSI>KeHHOCTH Me:>I<LIY BHTK8MH 3IIeMeHT 8 nepHOUH'lHOCTH H n e peMe HHblM 'lHC

/ 3 / 
IIOM BHTKOB • 0LIH8KO 3TO npHBOLIV.T K llOSIBIIeHHID B CTpyKType MarHHTHOrO nOIISI 

BbiClliHX rapMOHHK C LIOCT8TO'lHO 60ilblliHMH 8MniiHTYLI8MH, KOTOpble 38MeTHO BllHSIIOT 

na 'laCTOTy aKcnanhHbiX Kone6anni1 . KpoMe Toro, coOTnornenne aMnnHTYLI rapMOHHK 

He OCTa eTCSI llOCTOSIHHblM BLIOilb p 8 LIHyCa, H <jla3LI p 831lH 'lHbiX rapMOHHK He COBIT8-

LI8 10 T n pyr C npyrOM. 3TO npa BOLIHT K HOKOTOpb! M 3 8TpynHe HHSIM npH <jlopMynHpOB8HHH 

Tp e 60BlliiHll K MarHHTHOMy llOillO H 3 H8 'lHTe llbHO ycnO >K HSieT paC'le THble nporpaMMbl 

LlllSI onpeneneHHSI napaMeTpOB MarHHTHOfl CIICT e Mbl . 

B an e KTpoHnor• Monenn unKnoTpona Tp e 6yeMaSJ a aBHCHMOCTh a MnnHTYLibi ocnoB-

HOM rapMOHHKH BLIOilb panHyCa C03LI8eTC51 3 8 C'leT H3MeHOHHSI BepTHK81lbHOrO 3830pa 

/2/ 
2 h Me>KLIY BHTK8MH rapMOHH'l e CKOM 06MOT KH • 3TO ll03BOITSieT Bbi6paTb yron 

Me)I{LIY npHMbiM H o6p8THLIM BHTKOM 3 1le MeHT8 nepHOLIH'lHOCTH nOCTOSIHHblM H paBHblM 

IT 

"N' npH KOTOpOM 8MilllHTYLib l B b iClliHX rapMOHHK OK83 biB8IDTCSI He3H8'IHTOilbHblMH . 

fapMOHH'le CK8SI o6MOTKB np e nCT8 B il110 T C 060J1 CHCTe My LIBYX CHMMeTpH'IHO pacnono-

)l{eHHblX OTHOCHTellbllO c penueil llJIOCKOCTH ycKOpHTOilSI OLIHHO'lHblX npOBOLIHHKOB, yno-

>KeHHbiX no ITHHHHM cnepaneii ApxeMena r = N >. <!> H nyraM oKpy li<HOCTeli RH H Rk 

(pnc. 2). 

MarnnTnoe none eapn a unonnoli o6MOTKH n npennono)l{eHHH , 'ITO TOK npOTeKaeT 

/2/ 
ITO OCeBOli llHHHH llpOBOLIHHKll llll>I llllOC KOCTH Z = Q MO)I{eT 6 b1Tb 3811HC8HO B BHUe 

rne 

H(r, <!>) = NH(r) + N ! H Cos(f3 -mN¢), 
l'tlN m N 

m=l 

H 
mN 

y( A< 1 J + A ( ~ J ) 2 + ( 8: I J + B ( 2 J ) 2 
mN mN ~N ~ N 

B < 1 J ( ~) 
+ B 

mN mN 
{3 mN = arc tg 

A (I J + A !~l 
m N mN 

mN - HOMep rnp~!CHII!Kll, 
(I) 

A 
mN 

• o<t l 
n-, N 

H A< 2 l 
m N 

(6) 

( ~ l 
B - KOMilOH e HTW ~ypbe 

mN 
nOITSI KOHUeHTpH'leCI(ltX H CIJ lt jl::l iihll l JX y 'l.'!C T K OB a n e M <'HTa ll <? (JltOLIH'lHOC TH . 
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\ A~ll) •(-1) 0,4J 

B
111 

m rn/ r 

2 

I 
a 21 2 Rl 2 d :rl 

Sln(m-1 )--1 ~(x +x --r-1)• 
2 - r I I dr 

m 

. d 
Q l(x)+Q l (x)! 

m - I 2 l m -1 2 ·1 

0,4] Q 

Sln(m-2-) 
2 

v' R l 

[ 

Cos m f3 ( r'1 ) ) 

Sin m f3 ( r' ) 
l 

R 
H 

2m 

r ' 

1 r' d 
+-[2(x--)-Q ~.(x)+Q 

1
(x)]! 

- a r d x m-112 m-1 2 

r Sin m f3 ( r ' ) l 
l Cos m f3 ( r ' ) 

dr' 

y r' 

7) 

3aecb 
R H 

f3 ( r') e- + 
1 a 

R r' 
() --"- f3(r')e-• +0 , fJ(r')::=-+ () , a =NX, 
oN' 2 a o a o 

()
0 

- yron M8*llY K8C8T8nhHOH K Cp8llH8H nHHHH sneMeHTB nepHOllHqHQCTH H OChiD 

<I> = 0 B Haqane KOOpllHHBT, a I H a2 - yrnbl 83HMyTanbHbiX yqaCTKOB 1 H 2 

s neMeHTa nepaoaaqsocTH (pac. 2), R 1 e RH , R 
2 

= R k , Q I (x) H _d_ Q I (x) -
m-1 2 dx m-1 2 

- cQ>epnqecKaSJ <i>YHKilHSI ne*asapa II - ro poaa H ee npoa3BOAHBSJ apryMeHTa 

r'2+r2+h2 

2 r' r 

Dpa qHcneHHbJX pacqeTax sa 38M nong no BbJPB*eHHID (7) acnonh3osanach 

HHTerpanbHbi8 npeACTaBneHH!I <j>yHKilHH ne*BHApa H HX npOH3BOllHbiX 

7 

Cos m () 
------:-1 d ()' 

( 2 x - 2 Cos () ) 
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d 
-Q dx m-l/2(x)=(-1) 

rr 

f 
Cos m () 

d (} 
( 2 x -2 Cos() )3

/
2 

nnn 06ecne'l0HIH! He06XOUHMOH TO'lHOCTH war HHTerpHpOB8HHSI 6b!JI Bbt6paH 

~ () = 0,02 panHaH, !'!. r' = 1,5 CM. 3anHCHMOCTb h ( r) 3anaaanacb Ta6;mueft, Bbt6opKa 

U8HHb!X 113 KOTOpOli npOH3BOUHJI8Cb C TlOMO!llb!O KB8Up8TH'lHOil HHTepnOJISIUIIH. 

AH8JIII3 pacqeTOB 8MTlJIBTyUbl II <jla3bl OCHOBHOft rapMOHHKII npoU3BOUIIJICSI no 

OTKJIOH0HIIIO paCC'liiT8HHOrO IlOJISI OT 38U8llHOrO 38KOH8 II CM0lll0HHIO <jla3bl M8KCB

MYM8 OCHOBHOfl rapMOHIIKH {3 (f) OT CpenHeft JIHHJ!H 3 JI0M0HT8 nepiiOU H'lHOCTII 06-

MOTKII COI"'JI8CHO 

p 3 } 
I~H = H -H • 

e e e 

1 r 
t\<1> =-[{3(r)--]. 

s N * 
(8) 

BeJIH'llll!a ToKa rapMOHH'l ecKo ft o6MOTKII = 700 a 6biJI8 Bbt6paHa 1!3 yCJ!OBI!SI 

co3natUISI Heo6xonrrMor1 rny6uar,r oapllaUHn nonS! Ha KOHe'lHbJX panuycax np11 MRHR

M8JibHOM 383ope 2 h mln = 10 CM a 3H8'leHRR yrna 3 1leMeHTa nepaona'lHOCTll a~ rr/ 8. 

3ToT Flbt6op 6r,rn ocymecTBJieH no <jlopMyne A JISI pac'leTa aMnJIHTyn rapMOHHK OT 

6eCKOH0'lHOii CHC T 0Mbl np5IM OJIIIH0HHbi X TOKOB. 

h " O, 8 I e -m-r:;Sin ( m N -

2

-
H (r) = l "' 

mN m A 3'-t' 

(9) 

rue 

;\ 3<jl e 
.;* 

v 1+(~> 2 
r 

4>opMHpOB8HH0 8MT!JlHTYAbl OCHOBHOJ! rapMOHHKl! l!OJI 51 B 38U81!Hh!X nonyCKAX 

BUOJ!b panHyCa OCyllleCTBJI51JJOCb nyTeM Bht6opa H006XOUHMOii 3QBHCHMOCTH h ( r) 

no <jlopMyne ( 9) • 0KOH'l8T0JibHbl0 rrapaMeTpbl r apMOI!H'l0 CKOJ1 06MOTKH 6bJJIII IlOJiy

'l0Hb! nyTeM KOppeKUHH h ( r) !!8 OCHOB8HIIl! paC'lCTOB no QJOpMy JIQM ( 6). p 8C'l0Tbl 

Tl0K838JIH, 'ITO UJISI <jJOpMHpOB8HHSI B8pH8UHII B pa60'l0M I!HTe pB8JI0 panHyCOB H8'l8Jib-

H blii H KOH 0 'll!blii panHyC b l rapMOHI!'l0CKOil 06MOTKII MOI"'YT 6b!Tb llpHHHTbl paBHbiMH 
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R H = 10 CM R R k a 114 CM. B J!;a'l:eCTBe !IpOBO):liiRKa o6MOTKI! 6yneT I!CIIOm.ao

Bal!a M9Jll!851 Tpy61!;8 C )ll!aMeTpOM ell (0,8 X 0,15) CM. 

Ha pHC. 3 IIOKa3amhl pe3yn&TaTW paC'l:eTa OCHOBHOfi rapMORI!KI! !IOIIS! I! OT

JOIORBRRS! ljla3bl MaKCI!MYMB rapMORI!KI! OT cpenaefi ni!RHH S!IeMeHTa IIBpHOJlH'l:HOCTI! 

nn51 OR;OH'l:aTen&aoro Bb16paaaoro npo¢an51 rapMOHH'l:ecKofi o6MOTKH, npaseneaaoro s 

Ta6nane II . Banao, 'ITO OTKnoaei!HS! sapaauaa liOnS! B I!HTepsane PaJlHYCOB ~r a 

={ 18-101) CM Re !Ip9BbiWalOT JlOIIyCTI!MhiX Benl!'l:HH, OIIpenenSieMhiX 31!8'19H1!51MH 

'laC TOT Q • "'1,05 H QE =1,30 ( R;pHBaSI 1). TipJr:. :y'l:eTe xapaKTepa OTKnoaeRRS! ljla3bl 

OCHOBROll rapMOSI!KI! ~ell e Sa KOHe'l:HhiX paJli!YCBX ( f > 90 CM) IIOHBnS!eTCSI Jl<>

IIOnSHT9nhHBSl ¢oKyCHpOBJ!;8 B BepTHKanhHOM HaiipasneHHH, !IpHBO)lSIIDaSI K yMeHbWe

HHIO Tpe6yeMOll aMIInHTYllhl OCHOBSOfi rapMOII.IIKH cornacso 

1'1 H • - N i H _d_ ( l'I<I> ) • 
e 1 d r e (10) 

OneHKH noKaaanH, '!:TO npa Y'l:eTe peanhsoro xapaKTepa OTKnoseaaSI ¢aabi 1'1<1> 
8 
sa-

pHaiiHSl IIOIISI c¢opMHpOBaHa B JlOnyCKaX llO paJlHyCa = 105 CM (KpHBaSl 2). 

Llnsr HIIIIIOCTpanaa MarllliTHOrO liOnS! rapMOHH'I:eCKOfi 06MOTKH Ha pac. 4 IIpH

B9ll9Hbl panaan&Hhie 3aBHCHMOCTH aMIIIIHTYJlhi a ljlaahi 8-o.i!: rapMOHHKH oT y'l:aCTKOB 

sneMei!TB nepHOJlH'I:HOCTI!, 0603Ha'l:eHSbiX ( 1,2) H {3,4) sa pi!C. 2. 0TMeTHM, '!:TO 

MarSHTHOe none a3HMyTanhShiX y'l:aCTKOB 1 H 2 yMeHbwaeT Kpaesoll s¢<l>eKT B aMIIIIH

TyJle H ljla3e CIIHpanbHhiX y'l:aCTKOB 3 H 4 !IpH cyrrepii031!UHI! HX rrone:ll. 

Ha pac. 5 rrpaseneHhi pe3ynbTaThi pac'l:eTa aMIIIIHTYJlhi 11 ¢aahi 24-o:ll rapMOHH

KH IIOIISI rapMOHH.feCKOli 06MOTKH. AMIIIIHTYlla 24-o:ll r apMOSHKH MaKCHMailbHa Ha Ko

He'I:HOM panayce H He IIpeBhiWaeT "' 17% OT OCHOBHOfi. 0neHKH IIOKa3aiiH, '!:TO Hana

'I:He e CTPYKTYpe nonR sToli rapMOHHKH npaKTH'I:eCKH He enHSieT sa llHHaMH'I:eCKHe 

CBOHCTBa op6HT. 

AaaMyTanbHbie y'l:aCTKH 1 a 2 rapMoHa'l:ecKo:ll o6MOTKH aapany c eapaauaeli 

C03lla!OT TaK*e cpenaee MarsHTHoe none, aaeHCHMOCTb KoToporo OT panayca rrpa

eeaesa sa pac. 6 (KpaeaSI 1). Ha STOM *e pHcysKe npaeeneso cpensee MarsaTsoe 

none, KOTOpOe llOil*HO 6b!Tb c¢opMHpoeaHO C IIOMOWb!O 8KCH8IlbH<>-oCHMMeTpH'I:HbiX 

06MOTOK { KpHBaSI 2). 3Ta KpHB8S! IIOIIY'I:9H8 K8K p83110CTb MelKJlY Tpe6yeMblM H3Q

XpOHHhlM 3aKOHOM cpensero nonsr H CyMMOH CpeJlHIIX noneli rapMOHH'I: eCKOH 06MOTKH 

H eepTIIKaiibHOll COCTBBIISIJOWe:ll MarHIITHOrO nOnS! 3eMIIII, KOTOpasr npHHS!Ta paBHOH 

0,5 s. 
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<l>opMRpOBBHHe cpeAHei'O nOnS! B 38):18HHbiX AOiryCKaX ocymeCTBnSinOCb C rro-

Mrnnbro 13 06MOTOK rpy6o~ KOppeKnHR. OrrpeaeneHHe He06XOARMOI'O TOKa B STHX 

o6MOTKax npOH3BOAanocb Ha 38M MeTOAOM HaaMeHbmax KBaapaToB. Y 3nOBbie 'rO'l

KH B pa6o'!eM ARana30He 'paA!lYCOB 6panHCb C HHTepaanOM fl r ~1,0 CM. nnSI Jcny

'lBSI, KOI'Aa MBI'HRT HOe none OTAenbHbiX 06MOTOK annpOKCHMRpOBanOCb noneM BRTK8, 

rpe6yeMbie 3Ha'!eHHSI TOKOB IW 
I 

npaaeaeHbi a Ta6nane III • nonHbie snnHnTR-

'19CKR9 RHTei'panbi · -ro R II -I'O poaa B QJOpMyne MBI'HHTHOI'O nonS! BHTKa onpe-

aenHnHCb c noMOmhro npeacTaBneHHSI HX I'HnepreoMeTpH'IeCKHM pRAOM. B pac'!eTe 

acnonb30Banoch 20 'lneHoB pRAa. OTKnoHeHRSI pacc'!HTaHHoro cpeaHero nonH OT 

rpe6yeMOI'O He npeBbllll8eT aonycKa (KpHBBSI 1 pHC. 7). H a OCHOBBHRH STHX pac

'!eTOB 6binO B bi6paHO Ce'!eHae 06MOTOK npH MBKCHManbHOH nnOTHOCTR TOKa 

2 
l =100 a / eM a Kos<jJ<jJHnHeHTe 3 anonaeHRH, paBHOM 0,3. 06MOTKR NY 1,1 2 a 13 

BbiiTOnHeHbl B BRAe OAHHO'IHbl X Tpy6'18TbiX npOBO):IHRKOB <!> (0,8 X 0,15) CM. n anh-

He~wee YTO'IH9HRe aMnepBRTKOB npOH3BOARnOCb T eM )1{9 Meroi:IOM, HO MBI'HHTHOe 

none paCC'IHT biBanocb C y'leTOM Bbi6paHHbiX pa3MepOB nonepe'IHOI'O Ce'leHRSI. napa-

MeTp noKanH38URH ll , xapaKrepH3yromHll paAHanhHbiH pa3Mep BOKpyr TO'IKH HB-

6nroaeHHH, B KOTopol! Y'IRT biBaeTcsr KOHe'IHOCTb pa3Mepoa o6MOTOK , 6btn npi!HSIT paa

HbiM fl =±.20 CM. npH paC'IeTe MBI'HI!THOI'O nonS! 06MOTOK y3nOBbie TO'IKI! 6btnl! 

Bbi6paHbl paBHbiMH fl. r =1,0 CM R fl r =0,5 CM B ):ll!ana30He p8AI!YCOB ( 18-98) CM H 

(98-108) CM, COOTBeTCTBeHHO. 0KOH'I8TenhHbie napaMeT pbl R 8MnepBI!TKI! I W 
2 

06MOTOK rpy6ofi KOppeKURR, nony'leHHbie H8 OCHOBe STHX paC'IeT OB, npHBeAe Hbl B 

T a6nHue III • BHAHO, 'ITO 3Ha'!eHHSI aMnepBHTKOB o6MOTOK IW 
1 

H IW 
2 

He3HB'IH-

T enbHO OTnR'I8roTCSI APYI' OT Apyra, 8 OTKnOHeHRSI nonS! He npeBbiWaiOT AOnyCK8 

(KpRBaSI 2). nos TOMy BO BC9X aanbHeHlllHX paCCMOTpeHRS!X RCnOnh30BanOCb cpea

Hee none, paCC'IRTaHHOe no QJOpMyne BHTKa. 

nn SI OTKnOHeHI!S! cpeAHei'O nonsr, npeACTaBneHHOI'O Ha pHC. 7 KpRBOH 1, CMellle

/ 4 / 
HRe <jla3bl '!aCTHUbi, paCC'!HTaHHOe no QJOpMyne 

fT 't Eo 
/lljl = arc Sin (- -----

2 f 
e V· r H r 

0 "" 0 H 

t. H(r)rdr) ( 11) 

He npeBbilllaer 1,5 ° np11 Ha6ope SHepi'RR 3a o6opOT 1,<! KSB (pH C. 7), a H3MeHe-

HRe 'laCTOTbl aKCHanbHblX KOne6aHHH Q z , o6ycnoaneHHOe XapaKTepOM 3aBHCI! MOCTH 

cpeanero MarHHTHoro nonS! OT paaHyca He npeBbilllaeT ±.0,01. 

10 



B MSI"'IlHTHOJ!: CHCT8M8 aneKTpOilHOll MOAenH npeAyCMOTpeaa cnerrHaJibHSSI CH

CTeMB 24-x KOHU8HTpH'I8CKHX 06MOTOK - o6MOTOK TOHKOJ!: KOppeKUII.H, npeAH83HS'IeH

H8SI AnSI KOMnSHCSUHH aneKTpOMSI"'IlHTilOI"'O nonSI ny'IXS, CT86RnH38UII.H TOnorpS~II.H 

MarHHTilOI"'O nonSI ana CT86HnH38UHK ~3hl rrponeTa ITy'!Ka OTHOCKT8Jibll0 YCKOpHID

mero npoMe JKyTKa. 3TH o6MOTKK noaaonSIT TaKJKe acrrpaBHTb OIIIK6KK cpeAaero nonSI, 

KOTOp b l e M OI"'YT B 031lHK!lyTb 38 C'IST HSTO'IHOI'Q K31"'0TOBneHKSI aneMSHTOB M SI"'HHT

HOii CHCT8Mbl. Bb16p8HHbl8 napaMeTpbl aTHX 06MOTOK npKB8A8Hbl B Ta6naue IV 

CxeMa ocaoaHhlX aneMeHTOB MSI"'HHTH.oii CHCTSMhr aneKTpoaaol! Monena, ~op

MHPYJOiliKX aapHarraro a cpenaee none, npHBeAeHa aa pac. 8. Tipa rrpoeKTapoaaaaa 

MarllHTHOJ!: c ·acTSMbl MOAS.IIH 6hl/lll UpHHSI.Thl Cli8AYIOIILH8 AOITyCKH liS TO'IIlOCTb J'lbi

IIDnHSilHSI p83liH'IHhiX rrapaMeTpOB aTOii CHCT8Mbl: 

a) B8pH8UHOHH8SI H OAHOBHTK0Bbl8 KOIIU8HTpH'I8CKH8 06MOTKH : t.R =;t.0,02 CM, 

t.h =;t.0,015; 

6) MHOI"'OBHTK0Bb l8 KOHU8HTpH'I8CKH8 06MOTKH : t. R = ;!:.0,15 CM, t. b =;t.0,05 CM. 

OrreHKH MaKCKMSnhHhiX Ollla6oK rronSI rrpH aTax AonycKaX npaBOAHT K aua'IeHHSIM: 

(I) (2) 0) (8) (0) (I) 
H • "'0,3 a, H • =0,35 a, H • =0,1 a, H • =0,25 a, H r =0,8 a, H r =0,25 a. BaAIIO, 

'ITO HSH60nbWYIO onaCIIOCTb AnSI ABHlKSHHSI 'ISCTilU B yCKOpHTene MOlKeT npeACTSB

nSITb nepaaSI 1"'8pMOHHK8 B8pTHK8nbHOii R paAHSnbHOH KOMIIOHSHTbl nonS!, IIOCKOnbKY 

B MSI"'Jl.HTHOll CHCT8M8 MOASnH He npeAyCMOTp8 Hbl TOKOBbl8 06MOTKH AnSI KOppeKUHH 

aTHX l"'SpMOilHK. 

2. 3KCUep HMSHTbl Ha MOASnH 

nnSI HCC.IISAOBSHHll TO'IHOCTH ~OpMHpOBSJl.HSI B8pH8UHH IIOnSI npH I!p8KTH'I8CKOM 

HCIIOnHSHHH l"'apMOHil'ISCKOll 06MOTKH H3 npOBOAHHKS KOHS'If!Ol"'O C8'I8f!HSI 6 binH npo

B8A8Hbl aKCrrepHMSHTbl C nnocKOH rapMOHH'ISCKOM 06MOTKOH I!pH KOa~~HUH8HT8 rro

A 06HSI IIO paAHYCY k =2,23. 

Bapaanaof!HSSI o6MOTKa (pHc. 9) 6brna aarOToaneHa aa Tpy6'IaToro npoBOAHHKa 

cfl ( 0, 7 X 0,15) CM H CMOHTHpOBaHa HS AIOpaneBblX AHCKSX C TO'IIlOCTbiO 

t. h =;t_0,15 CM, t.R =;t_O,l CM, 6cz =;t.0,2°, 6 ~ =;t_0,2 CM. fopH30HT8nbHOCTb ARC-

KOB UpOB8pSU18Cb C liOMOillbiO ypOBHSI. 

MaMepeHHSI aepTHKanbHol!: KOMITOHSHT liOnS! ocyme-

CTBnHnHCb C nOMOillbiO M8l"'HHTOM8Tp0B C nepMannoeBblMH AST'IHKSMH, OTI"'paAyHpo-
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BaHHbiX C TO'lHOCTbiO ±_0,03X, ±_0,00~ 3 B IUrana30He nonel\ ±_100 3 rrpH rpaAHeH
/5/ 

T e 5 a/eM • llaT'lHK MarHHTOMeTpa pacnonarancR aa H3MepaTenbaol\ mTaare 

C TO'lBOCTbiO f'H = :!:_ 0,05 CM, I':J. r =±_0,0t:i CM H I':J. ¢> =±_0,1 °. 
3KcnepaMeBTbi npoaonanacb npa TOKe o6MOTKH 1 =250 a, KOTOpbrl\ ycTaaa-

-3 -4 
BnHBancg C TO'lHOCTbiO ±_2•10 H CTa6anH3HpOaancg C TO'IHOCTbiO ±_5•10 • 

Ha pHc. 10 npaaeneahr aKcnepaMeaTanbBbte a pac'leTHbte pacnpeneneHHSI cpen-

aero nonS!, 8 - ol\ a 24-oii rapMOHHK, a TaKll<e OTKnoaeaae ¢a3hi 8-oii r apMOHHKH OT 
r 

NT npH 3a30pe Me~.[ly npOBO.[lHHKaMH 2 h = 5 ,8 CM B HHTepaane panaycoa 

I':J. r = (27- 51) CM. 0TnH'!He 3KCnep11MeHT81lbHblX 3Ha'leHHM TIOnSI OT paC'leTHbiX, 

nony'leHHbiX no ¢opMynaM (6) Ha patlHycax r :_(R k-2h ), ae npeBhrmaeT 1,·6% 

llnR OCHOBBOli rapMOHHKH H ±_3%- .[lnSI CpenHero nonR. OueHKH no !jJOpMYne ( 10) IIOKa3bl-

aaiOT, 'ITO aecoananeaae OTxnoaeaaii ¢a3 8-oii rapMOHHKH · I':J.¢>
8 

aon~Ho 6hiTb yq-

Te ao npa ¢opMapoaaaaa ocaoaaol\ rapMOHHKH aa KOBe'lRhiX panHycax. Bena'lHHbi 

HH3lllHX rapMOHHK H 
z H H 

r COCTaBnRIOlllHX nonR He npeBbllllBIOT 0,4 3 H 0,03 3, 

coOTaeTCTBeaao. B 3THX axcnepaMeHTax rrpH onpeneneaaa cpenaero nonS! H 
z co-

CTaansnomeii a nepaoli rapMORHKH H r cocTaBnSIIOllleii y'lHThiBanocb MarHHTHoe 

none 3eMnH, COOTBeTCTBYIOlllHe KOMnOBeBTbl KOTOporo paBHbi H ( O 
1=0,41 3 H 

z 
(I) 

H r = 0,15 a (pac. 11). ITpaaeneaa&re Bhillle OTKnOHeHHSI aKcnepaMeHTallbHhiX 31la-

qeaail Iiu.fHi oT pac'leTBbiX MoryT 6hiTb o6bSICHeHhi TO'lHOCTb!O H3rOToaneaag aapaa-

UHOHHOH 06MOTKH H H3MepaTe1lbBOl!: lllTaBrH. 

T aK HM o6pa30M, MO~ao y TaeplK.[laTb, 'ITO Bbt6op napaMeTpOB aapaanaoaaoii 

06MOTKH 3neKTpOHHOM MO.!le.'IH MO~eT 6biTb BbiiiOnHeH no npaBe.[leHHbiM Bbllll9 !jlop-

MynaM (6). 

B bi6op 'lacna H3MepS!eMhtX paBHOCTOffillHX no a3HMYTY (0 - 2") TO'le K 2v 

onpenenS!nCSI Tpe6yeMOM TO'IROCTbiO Bbi.[leneHHSI rapMOHHK nonS! npH MHHHMa1lbHO B03-

MO~HOM qacne 3THX TO'leK. ITpa cTpyKType MaraaT aoro nonS! c nepHO.[lH'lBOCTbiO 

N qacno TO'! ex 2 v ae aon~ao paBH51TbCSI (2m+ 1) N a 2m N H3-3a Tpe6o-

BaHHM K TO'IHOCTH onpeneneHHll Cpei!Hero nonH H OCHOBHOii rapMOHHKH H 6btTb 

llOCTaTO'IHO 601lbillHM npH HCIIOnb30BaHHH npaKTH'IeCKHX MeTOilOB rapMOHH'lCCKOrO 

~I 
aaanH3a 

llnn MaPHHTHOl\ CHCTeMbl aneKTpOHBOl\ MO.[lena rrpa N = 8 H a e "/8 B CTpyK-

-rype nonS! rrpacyTCTByiOT nHlllb He'leTHbie Bb!ClllHe rapMOBHKH·, MaKCHMa1lbHbte 3Ha

'l9HHH KOTOpbiX cocTaanSIIDT H2~ =3,0 a, H 
40

=0,4 a , H 58 =0,06 3 . Tax xaK 3 TH 
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rapMOHHKH npeBbllli810T JlOnyCK H8 CpeJlHee M8I'HHTROe none , 'l.l!CnO H3Mep51eMb!X 

TO'Ie K 2 1-' H e JlOmKHO p8BR51TbC51 24, 40, 56. 

OnpeneneRHe MHHHManbHoro '!Hcna TO'IeK 6 b lnO ocymecTaneHo a Kcne-

p!iMeHT a nbHO Ha Mone nH aapHaUHOHHo>• o6MOT KH . P e 3ynbTaTbl 3 T HX 3KcnepH MeHTOB 

C BeJleHbl B T86/lllUC V , B KOT OpOii llpHBeJleHb l M8KCHM8llbHble OWH6K H CpeJlHero 

nonS! H OCHOBHOlf rapMOHHKH B 38BHCHMOC TH OT 'U!Cna H3MepHeMbi X TO'IeK. 

T a 6 n H U a v 

21-' 30 36 40 45 48 60 72 80 

H211 -H s 0 0 10 :!:_2,8 :!:_6,2 :!:_34,8 :!:_8,0 :!:_2,6 :!:_1,3 :!:_3,5 :!:_2,7 
H 

0 

H2Y_ H 
2 8 e 

10 0,2 8 0,03 0,07 0,05 0, 72 0,06 0,01 0,01 
H a 

H 
8 

TTOll Y' IeH b' npu 2v ~ ISO. Hc. oc u oaa HHH 3 THX aKcnepaMeHTOB 

£\H 
nnSI onpeue neHH 5I CpenHer o nonn H B8pH8UHH C TO'IHOCTblC ---0= + 2,5 • 10-3 

H 

Ho 
ll3M~peHHH H8 MOJlenl! rapMOHH'IeCKOlf 06MOTKH npOBO)ll!nHCb 

£\H +6 4·10-2 
8 - • 2 

--- -1 6·10-
H I ' 

npn 211 = 60. 

3. KoM rr err c au n ~I r o p a30 HT a nbHo ii coc TaBJIH iome>r 

M 8I'HHTH O I'O n on 51 3 e MnH 

B '>•I<'KTPOI!Hh! X UHKn ll 'ICC KHX y cKopHTe nHx c npoc-rpaHCT Beuuo ii B apHauHell Mai' -

HJTT Horo llC'.iHT, U K OT OpblA .HC n OllJ .:o8yiOT C5-! HH3 l~H0 FH?!tYli.lH" <? M a rHHTHbie non51 ( H8CI<Onh-

·~; · .;c~. ·r l) ,r.c .. ·r·:•n) , r onH3 0HTl1 Jl UH:·s~ !:o;-•qunewrn M ar uHTHor o n on5~ 3 eMnH MO >I<eT 

Hfl!I!_~O.'l, Wr.i· 1• GI_,. I ~ 8>K8 1£H l0 3H ~1 KHYTO ii 0}-lt)l~'I'I '}r.-c;<f)Jl b hOM 11<111p8BJ18 HHH. 

?. 
T nK , o 0K p Hi P Ke Ha a neKTpOimofi ~tOJJ <> lli1 Me ( a"nllOI' II ropH 3 0H T anh-

Ha~. K OMII OH8H1' 8 B 8 llii'IIIHOii 0 ,2 3 11p11BOllH i lO K fJ OT eJJ <' ITy'IKil [p 4- fi pa3 ) H8 p a -

! ~ 24 C.'l , C OOTI38TCT ByiOlli8 M Y pa3 JI OC'l'HOMY pe.30llili!Cy C l.lll3<i • Q r - Q z = 1 · 

fTpH KO M Ti eHC8UHil 3TOii KOMTIOHe HTbl nonS! ITOTe pH ITY'IK8 Hi1 Jl81iHOM paUHyCe He Ha6-

/7/ 
niOil8/ll!Cb 
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f10CKOJibKy B 3nOM8H"l'l1DHOii j'.10llt: nn HrrKPOTrOJ£.1 C ~Kc•CTh or: c.~·OI\:/ t:}J~ v1: qac-

TOTa 8KCH8llhHbiX I<Olle6aHHii 6mi3KA E 8UHHHU8 BO l>C8M UHillln30H0 I'', -<•' Oi 

( QZ (r) = 1,1 ) , TO l<OM!18HCCll!l!ll T'OpaGOE'l'ililhi'Oii KOMIT01!8H'l'l• JTO;ll. UG. ,, · •'l ·e.e

C'l'Bli5!TbC5! no aceii o6nac-rH ycKopPI':!>l, Llmr.o.y orpa!Ui'!eHHCJCTH rrpocrp•.!ft.:TP.a, rue 

MOr"'f\ paCJ10Jl8rUTbCH CHCTCMa KO' . )._!CilUUH npH~- E'HeHHe ll•lj.. KA:TYL:.H::~r: fr~J1bM-

/7,8/ '] . 
I'Ol'hlttl Obi!lO nc I~nH)lfCHO~ ho I..UlC'HCaaHs-r nonH o ':1 .. 1cKT}•OHHOJ1 :.10Ltr~Jl.-t J 9.I1 6yn.e1 

OCYIU8CTB.n8H'l C H0~101UbH. ;.riyX. 11},$J:,1..-, .. U.1HeiiHHX .poson T!1KOU C O."lHH8l\Ob~>l;.t ILUIJai·--

netmeM TOIW , pacno!IO)I(e!HII·•x no ourry cTopony OT cpe:tiwfl rrn<>CJCGCTI! (puc:. 1 2a) , 

f1p al.TH 'i0CKOe Bb!TIOlJH8HHe 3TOii Ct!CT8~Ibl K0'-'l18HC8Ul!ll !10Kc:38'10 H& ;.;ac , 12n. f1pu 

yKa3aHHbiX 11a 9TOM pncymw 1wnpm;neHH5!X TOKa a nponoumiKax 1, 2, 3, 4 n E>> 2h 

ropH30HT8!lhHbl8 KOM!JOHeHTl•l llOiTSI H I! 
X 

H y OT CJIC'!'9l'l.!bi .::-H)!!V..C;_.,d[!~'V'J'("H ~..., nHne: 

H h ' ______ , 
h

2
+ (s -x)

2 P+y ]· T 

' ' h•+(s-x)' 

• 0, 1 I 
X 

r - y 
Cos (ore ctg-------1 , Cos (arc ctg -

'· h 2 +(s - x)~ 

h 

( !~) 

r- Y 
[ Cos ( arc ctg ---====-=====- p + y 

+ Cos (arc ctg - l l I , +---- -
h 2+( s+x ) 2 

jh
2
+(s+x)

2 
h 2

+(s + x )
2 

h 
H ~0, 1 II --- -

Y h ~ +(P-y)2 
Cos (arc ctg - _ s - x _ _ l + Cos (arc ct~ 8 + 1 

\ ] 

2 2 
vh +c e-y) \'; 2 +(f - yf 

h 
---- [ Cos (arc ctg 
h 2 + < e + Y '2 

8 
- x ) + Cos ( arc ctg s ... x 

!h 2+ (f + y )2 y1 2 +0+y) 
_) 

C MbiCn rrpHHSITbi X ooooaa>teHHii 11CeH H3 puc. 

P a c'leTbi, BLinOnH e H Hbie rr o 3Tn:~t -!JopMy n aM, rroKa3b!HdlDT, 'iTO upH unpnMCTpax 

CHCT8Mbl 2 h 460 C M , 2s= 220 c:o..t, 2f = 500 c:::v1, C('j C'v1 ='.')0 1 HP -

o n aop o naoc Th H H H 1{0\.1HOHPHT ~~ ;r;~ent 1. ·=-t _~ " y 

lln51 KOM!l8HC8UI!U J"OpHclOHTfiJlbfiOH «O:vtllOfl''tf'!".,, ...... ,,(} -~J u. ~<r .3fl"vt,u ~a-· 

T y wKa llO!I)I(Ha pacrronaraTh <..:H TBK , '!T06bl ee rrpouo.QH11hll 2 " 4 6bi[IH nepneH/lHKy-

nsrpBbi HarrpaaneHHJO MBf'HHTHoro MepHunaHa . 
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3KcnepHM8HT81IbHOe HCCll8AOB8HH8 M8rHHTHOrO nong STOll CHCT8Mbl 6bJnO npo

B8)l8HO npa Kos qxpanaeaTe noao6HH k =2,37. AaaMyTBIIbHbie H3MepeHHH nonH no-

K838llH, qTo npH TOKe B npOBO)lHHK8X = 80 a nepBall rapMOHHKa paaaanbaol! 

KOMUOHeHTbl, o6ycnOBll8HH8ll ropH30HT8JibHOl! COCTaBnmomel! MarHHTHOrO UOllll 3'eMnH 

aenaquaol! 0,15 s, 6b!lla yMSHbllleHa 110 3H8'18HHH 0,02-0,03 s aa Bcex paaaycax 

ann oTb ao r/ s =1. Cpeaaee aaaqeaae aepTHKBllbiiOli KOMnoHeHTbi nonS! KBTYIIIKH no

CTOSIHHO C p81lHYCOM H COCT8BnSI8T -0,2 S, 8 8MllllHTYil8 nepaol! rapMOHHKH B HH-

Tepaane pa6o'lHX paaaycoa aoapaCTaeT c 0,03 no 0,08 s. 

4. KoMU8HC8UHSI HOpManbHOH KOMUOHSHTbl MarHHTHOro 

Tp8KT8 HIIlKSKUHH 

B sneKTpoa aol! ·Moaena UIIIWOTpoaa npeaycMoTpeaa KaK a ayTpeHHSISI, TaK H 

BH81l1Hllll HHlKSKUIIll nyqKa sneKTpOHOB C SHepraeli ~ 5,7 KSB. 8 cnyqae BH81l1Hel! HH

lKSKUHH s neKTpOHbl H3 HCTOqHHK8 ABHlKyTCl! B aepTHKSnbHOM <jlOKyCKpyiOmeM Tp8KT8 

/9/ 
nnKaol! ~ 80 eM • Ocb TpaKTa n e peceKaeT cpeAHJOJO nHHKJO sneMeHTa n epao-

naqaoc TH rapMOHH'ISCKOli 06MOTKH Ha panayce f = 18 CM. llng nepeBOA8 nyqKa B 

Cp8AH JOJO nnOCKOCTb YCKOpKTenSI ( Z =0) Ha panayce HHlK8KllHH npeanonaraeTCSI KC

nonb30B8Tb A8Bl!HOCTOrpanycHb!l! sneKTpOCT8TH'I8CKHli HH<jlneKTOp C paAHYCOM KpH

BH3Hbl p = 4 CM. 

C uenbJO HCCil8AOB8HHll B03)l8HCTBHSI llOllll MarHHTHOH CHCT8Mbl MOASnH Ha ABH-

lKSHHe sneKTpOHOB BAOnb Tp8KT8 6blnH paCC'IHT8Hbl HOpM8llbH8ll 

uaanbHaH H -KOMUOHeHTbJ nong cornacao BbipalKeHHHM: 

H = y'(H* )2 + H2 
n n 

H 
r 

{3 n = arc tg 
H* 

n 

rne 

H * ., ( H < 
0 

l + H< 
1 

l ) Sin a - H.._ Cos a , 
n I: & 'P 

15 



I o l 1 a l 
H 0 1 • ( H • + H • ) Cos a , 

H •Hi a) Sina , 
rpt ¢ 

a • arc Sin 
p- z 

p 

Pacqe T BepTHKanhHOA 
( 0) 

H . • H ropH30HT8nhHOA H ~o l 
!, 

II:OMUOHeHT nons KaTy-

w e K rpy6ol! KOppeltllHH H 83HMYT8llbHbi X yqaCTKOB rap M OHHqecKHX K8TyWeK npoaa

BOa HnCH n o ~OpMynaM BHTKa. 

KoM rroae aTbt MaraaTa oro nonH 
HII l . ' 

I a l 
H cp OT CIIHpanhHbi X y q a CTKOB 

HII l . , 
rap M OHHqe CKHX K8TyWeK onpeaenHnHCb IIO rrpa6nH*9HBbi M ~OpMynaM : 

I 41 
0,4 I 

e ---r:;- Cos N <I> , 

i a cjJ 

( 8) 
H ., --.,.--

~ 0,4 I 
- t!JSinNct>.Sin~ot, e . 

-;ta'<P 

Hl'l., ---
• 
I a l 

Hct> 

j ,, 

0~ e- ~cjl Sin N <I> 

~ 34> 
Cos lot, 

l (14) 

rae ( paBHO h + Z H h - Z AnH Bepxael! H BH * Bel! K aTyWKH COOTBe TCTB9HHO, 

p p-z r 
<I> • 2 arc Sin [ -- Sin ( src Cos --- ) l , ll = arc tg -~- • 

2 r p Nl\ 
Ha pac. 13 npaBeaeHbt peaynbTaTht pacqeTa KOMrroae HT nons1 H

11
(z) a H

1
(z). 

AnH rrapaMeTpOB MarHJITHOJ! CHCTeMbl MOAena, llpHBeAeHHbiX B T a6nHU8X U H III , 

B rrpBM Onaa e l!aoll qac Ta TpaKTa a opManbHaH KOMrroae aTa rr onH H n aarrp aBneaa 

n o paaaycy r , a B o 6naCTII B btCOT !<. z = (0-4) CM aa6moaaeTC H OT Knoaeaa e Hn 

OT p ami y c a , AOCTHra iOmee 6{3,=60° , OrreHKH n oKaa anH, qTQ HOpM8nbH8 H KOMIIOHeHT a 

rron B H (z) 
n 

n pHBeAeT K n onaoll n OTe p e rryqKa B T p aKT e . 

.llnH K OMne HC81lHH HOpM anbHOll KOMnOHe HTbl non S! M O*eT 6biTb HCilOnb30B8H8 

CHCTeMa 4-x rrapann enbHbiX TOKOBbiX llpOBOAHHKOB, paCCMOTpeHHbiX Bbtwe, PacqeTbl 

nOK83biB8IOT, 'ITO llpH Bht6ope paCCTOHHI!ll Me*AY llpOBOAHHK8MH 2 S = 2 CM , 

2 h = 11,3 CM , An i! He 2f = 40 CM , T OKe B !Ip0BOAHHK8X 50 a II paCCTOH-

HHH OT cpe aaell nnOCKOCTH AO TOK OBOJ! CHCTe~bl 8 CM KOMIT OHe HTa H, 6 yae T 

B OCHOBHOM CKOMneHCI!pOBaHa BAOnb llpHMOni!HeliHOll 'IBCTH T paKTa ( p a c . 13), 
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8 pal!oHe BH¢neKTOpa B03A9l!CTBH9 HOpM8HbHOH KOMITOH9HTbl MBrHBTHOrO nons H8 

ny~OK 6yneT CKOMil9HCBpOB8HO aneKTpOCT8TB~9CKBM rroneM. 

nns accnenoaaaas B03MYW9HBA nons B cpenHeA rrnocKOCTB ycKopaTens OT aToA 

CHCT9Mbl 6binB npOB9A9Hbl B3MepeHH S nonS! OT KBTYWKB, Bb!ITOJJH9HHOH B ITOnHOM M8CW-

( Dl l ( Dl l 
Ta6e. Pe3yHbT8Tbi aaMepeaal! H • ( r) a H r ( r) KOMnoHeHT nonH rrpaaeneHbi aa 

pHC. 11. nns KOMIT9HC8LlHH nepBOH rapMOHHKH panaanbHOit KOMnOH9HTbl H( I)"' 0,1 a 
r 

M0l'YT 6biTb HCnOHb30B8Hbl ABe T8KH9 K8TYWKH 1 pacnonO)I(9HHbi9 CHMMeTpH'lHO OTHo-

CHT9nhHO cpenHeH nnoCKOCTH yCKOpHTenH. npa 3TOM aH3WHe rapMOHBKB B9pTHK81lb

HOl! KOMITOHeHTbl nonsr He npeBbiCSIT 0,05 a Ha panayce HHM9KilRH, 

3 a K n ID q e H a e 

J.1ccnenoaaHHH, npOB9Il9HHbl9 B pa60Te, IT03BOnHnH peWHTb BOITpOCbi, CBS38HHbl9 

C paapa60TKOH BCeX aneMeHTOB MarHHTHOH CHCT9Mbl aneKTpOHHOH MOnena IlHKnOTpOH8 

C )1(9CTKOH ~OKyCHpOBKOH: 

1. Onpenene!Ihl napaMeTpbl rapMOIIH'l9CKOH 06MOTKH H 06MOTOK rpy60H KOppeK

IlHH, noaaonHrowae coanaTh Tpe6yeMbil! aaxoa aapaanaa a cpenaero nons a aanaHHbiX 

nonycKax. 

2. 3KcnepaMeHTanhHO nonTaepMneHbi peaynhTaTbi pac'leTa aapaa!lBH nons rapMo

HB'leCKoA 06MOTKH B Cny'lae npOBOAHHKa KOH9'1HOrO C9'l9HHSI. 

3. Paapa60TaHO ycTpOitCTBO KOMil9HCa!lHH ropH30HTanbHOH KOMITOH9HTbl MarHHT

HOrO nons 3 eMna. 

4. Paapa60T8HO yCTpOHCTBO KOMne!ICallHH HOpManhHOl! KOMITOH9HTbl nons Mar

HHTHOH CHCT9Mbl yCKOpBTens B IIpS!MOl!BHel!Hoit 'laCTB TpaKTa HH)I(9KilHH aneKTpOHOB. 
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