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OnaoA I3 ocaoBa~x aanaq npa paapa6oTXe can&HoToqa~x yc~opaTeneA Tana Me30HHYX 

~86pHI HBnH9TCH B~A qacTHn H3 ~aMep~ ycKOpHTena. 

Ill B pa6oTe noxaaaao, qTO npa BBeneHHH aa ~oaeqa~x panHycax penaTHBHCTC~oro 
121 

UH~nOTpOH8 Ha 3HeprH~ npoTOHOB 700 N\aB qeTBOpTOA rapMOHHKH B CTpyKTypy M8I'HHT-

HOI'O nona aa6n~naeTCa peaoaaacaaa pac~a~a paAHan&HYX Kone6aHHA, ~oTOpy~ MOJKHO HC

nonh3oBBTb nna B~CO~oa<j>qleltTHBHOI'O BYBOA8 qacTan. nna 31tCDOp11MOBT8nbROI'O aayqeaaa 

STOI'O MeTOA8 B~BOAa B na6opaTOp11R IIJIOpB~X npo6neM CBpOHTHpGB8118 R COOpylKaeTCH 

sneltTpoaaaa Monen& penBTHBHCTCKoro naxnoTpoaa (3N\PU) c ~o~anaeaToM nono6aa 

K- 8,1964. N\onen& npencTasnaeT co6oA sneKTpoaa~A nHKnoTpoB aa aaepra~ 880 xaB 

fJ • 0,819) 0 COOTBeTCTBY~IIlY~ aaepi'IIR BpOTOBOB 700 N\as. 

HaCTORJilaB pa6oTa nOCBRIIlOBa paapa60TKe MarBHTBOA CHCTeMY 3N\Pll. nna ~OpMHpo

BaHBR M8I'HRTBOI'O nona B MOAOUB HCnonb3~TCH TOKOB~e CHCTeMMe Ha OCHOBe BpOBeAOB

H~X pacqeTOB BY6paBM napaMeTpbl BCOX 06MOTOK 0 ltOTOpMe D03BOnRT o6ecneqaTb H30XpOB

BOe ycJtopeaae, a TaJtJKe coanaTb ycnoBBH peaoaaacaoA pacxa~11 panaan&a~x xone6aHHA 

Qr = 2,0) aa npenen&HMX panaycax. 3JtcnepaMeaTan&aoe aay'leaae ycnoBHA peaoaaucuoA 

pacxa'IJtH aa Monena noasonaT onpenenHTh a<j>qleJtTHBHOCTb npennoJKeaaoro MeTona BYBona 

ny~a H3 penHTHBHCTCKOI'O UHitnOTpOH8e 

1. Tpe6oBaaaa K MarBRTHOMY non~ 3N\PU 

N\arHHTHoe none aneltTpoaaoA Monena B nnocJtOCTH cHMMeTpaa Z • 0 HMeeT BHA: 

(1) 

B N - panaan&HMA mar H nepHOAH'IBOCTb CTpYJtTYP~ MarHHTHOI'O nona. 
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P8AR~nbBM8 38BRCBMOCTR B30XpDBBOrO CpOAB8ro DODR H(r) R Tpe6yeMoi! B8pRaDRR 

• (r) p8CC'IJITMB8nac:t. Do <jlopMyn8M 

H(r) • 
H • r(r) _o __ _ 

v' 1- [ ..!:!..W.. ]-~-

N~l 2 t(r)•r ( Q0 +n )• 

r .. 

1-~ 

(2) 

(8) 

rAe r(r) xap8ETepa3yeT R3M88888e cpeA8ero p8ARYC8 p8BBoBecaoll op6RTbt • MOlKeT 6~o~T:t. 
/8/ 

Dp8ACT8BnOB8 cneAy~mRM o6p830M 

T8 

•2 N2 2 2 
r(r)•l- [2- +n+rL]+ • N 

2(N 2 -1-n)(l+n) 2(N 2 -1-n) • 4(N 2 -1-n) 2 

B DepBOM DpR6nRlK8BRR senB'IRHbl n 

r(r) 
1 

ODpeAelismac& R3 (2), {8) npa 

, 
' n 

r(r) • 1: 

( ..L )2 
n= __ r_ .. _ 

1-(..!_ )2 
n '= 2r~ 2 

---- n 
r3 ... 

• t' , B806XOABMbl8 ADR p8C'l8-

•'= • [n•-_lr_ •2] 
2(Q2+n) N2JI.2 . 

~DR COXp8B88RR noCTORBCTB8 'l8CTOTbl 8ECR8DbBblX Jtone688RII B Dpouecce YCEOp8BRR 

DpR p8C'I8T8 BapBAURB nona DO <jlopMyne (8) B8DR'IR88 nOE838TOnR nona npRHRM8n8Cb p8BHOII 

rne 

.!!1!1.. r 2 r 2 (r) 
r (r) + ---;r-

oo 
n= 

2 2 
1 - r • r (r) 

r 
00 

2 • 2 
r'(r)=- t {[2.!..-n• N -2(1+n) 1·[2- N

2 
+n+rLJ+ 

2(N 2 -1-n)(1+n) • (N 2-1-a)(l+n) 2(N 2-l-n) • 

2 2 2 ' e' 
•" t' •' _ n' N I+ N t (!.... + ) 

+n+r7+T(
1
-rT) T(N 2 -1-n'JI 2(N 2 -1-n)i • N 2 -1-n 

•"= --·-
Q2+n . 

, , .. ,, a , 
f£2 ,n t £ 

1-[-(Q +n) -a l+.....----(1+2r-)l 
t t • .t. N2j(2 t 

n"=~(2r~-3) 
r n 

~ . . 

nna n8paMeTpOB yCEOPRTeng, npBB8)l8BBbiX B T86DJIIl8 I, 38BRCRMOCTR 

pacc'IJIT8B8bl8 no <jlopMyn8M ( 2) R (8), noE838Biol 88 pac, 1 (xpRBble I 

R (4) xapaxTOpB3y~ OTnR'IR8 CpeASero nona B B8pRaDRR OT DpRBO)l88Bhl~ 

BRR BDRHBB8M BapRaDRR 118 <jlopMy 38NXByTOII op6RTbl, 3TR OTDR'Uia Cp8BB 

R AOnlKBbl 6blTb ~TOBbl DpR <jlopMRpOB8BRR DonH, 

nna Bbl6p8HBOro 3B8'l8BRR AQ.• ! 0,09 AODYCE 88 BenR'IJIBy Ba] 

Dona 118 XOB8'180N paARyCe p8Bell ! 0,07 8. nonycE 88 B8nR'!RBY Cp8AB8rc 

M8nbBOM B86ope 8118prRB 38 o6opOT 2eV o • 1,5 ESB COCT8BDR8T ~ 215,1 

Pe30B8BCBble ycnoBHR 118 xoae'!HOM p8A&yce c03A8~R 38 C'litT BISel 
III 

Moaau, B aTOM cny'l88 JlnR nona BRJl8 

H • (r,<ll )= H(r) [ 1+tNSin(tJN- N<ll)+tN/tSla (~;1- -fell] 

3BeprHR ycEOp8BBblX aneXTpDBOB 

3aeprRR BBlK8XnRR 

P8ARYC R8>K8EDRR 

T86nan8 

P8JlHyc Jtoae'!Holl op6HTbl 
Eo 

P8JlByc, COOTB8TCTBy~m•ll 6ecxoae'!Holl saeprHB roo= eHo 

H8npa>KeH80CT& H3oxpoaaoro M8rBRTBoro nona B ueaTpe 

H8npalKeaaoCTJ. M8raaTaoro nona 118 p8nHyce BHlK&KnBR 

H8npaJKeaaocT& M8rBRTaoro nona 88 xoHe'!BOM p8nayce 

qBCnO 8n8M8BTOB nepROJlR'IHOCTR 

ll8p8M8Tp Cllllp8nB a= Nll 

B8pB8uaa nonR H8 xoae'!HoM p8nayce 

q8CTOT8 8KCR8n&HblX xon~68BBII 

q8CTOT8 p8DR8n&BblX Jtoneo8HBII 

N\8xCBM8n&Bhlll a86op saeprau 38 o6opoT 

'!8CTOTbt 6eT8Tpo8BblX xone68BRII onpe)lenRnac:t. uo <jlopuyn8M 

wt • sse 

W H• 5,4 
r H • 1:8, 

r t • 101 

roo - 12~ 

Ho • 18, 

H(rH)x18,87 

H(rt) • 28, 

N • 8 

~- 2,4 

t(rt) • 0,2 

Q.- 0,8 

1,0 

2eV0 • 1,5 

417 Si 417 v'-
CosrrQ,=Cos!!!....;A _..i!!_ ny A, Bt +B~ N r N 3 • I r ar 

VA r .• 1- 16 A 
7• 
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aaoxpoaaoro cponaero nons H(r) • TpeoyeMol aapaanax 

H
0 

• r(r) 
(2) 

v' 1- [ ..!:.!lll.. ) 2 

·~ 

'-I(Q!+n)• 

1- 1+n (3) 

cpenaoro panayca paaaoaecaolt op6RTbi B MOJKeT 6YTb 
3/ 

2 N 2 2 2 
• 2- +n+rL]+ < N 

2(N 2 -1-o) < 4(N 2-1-o) 2 

n ' n B <' , B800XOQBMb18 QnH p8C'I8-

npH r(r)al: 

, 2r
2 

n = oo 2 -- n 
r3 

•' c < ( n' _...1!_ < 2) 
2(Q2+n) N2Jl2 . 

axcaanbBbiX Kone6aaalt a npo~ecce ycKopeaaa 

~opMyne (3) aenR'IHHa noKaaaTens nons npRBHManacb paaaoa 

.!!1!2... 
r (r) 

r 2 r 2 (r) 
+---.--

r!, 

2 2 
1-•·r(r) 

r 
~ 

' 2 
I 1[2!...-o' N -2(1+n) 1•[2 2 • 

~+n+r'-l+ 
n)( 1 + o ) • ( N 2 -1 - o )( 1 +n) 2(N 2 -1-o) • 

2 
2 2 , , 

o' N I N t (!... + n ) 
.,... 2 'f + )2 f z "(N -1-n 2(N 2 -1-n N -1-o 

, .. ,, ~ , 
£ 2 , n f £ 
-(Q +n) -o l+-..----(1+2r-)1 
< • '- N2Jl2 t 

=~(2r~-3) 
r n 

4 

• 

.nns napaMeTpoa ycKopaTeml, npBaeneaablx B Taona~e I, aaaacBMocTR H(r) H t(r) , 

p8CC'IHT8BBY9 no ~pMynaM (2)a(8) 0 nOK838BY aa pRe, 1 (KpHBble 1 R 2). KpRBbi& (8) 

a (4) xapaxTepaayiDT oTnR'I~o cpenaero nons • aapaanaa oT np&aeneaRYX npa npeaeopeJKe

••• BnRSBR8M BapR&nBR B8 ~OpMy 3aMKBy70ft opoRTbl, 3TH OTnR'IH>I Cp8BBBMhl C QonyCK8MR 

• AOnJKBbl Ob!Tb Y'JT&B.bl npR ~opMBpOBaBBR nons • 

.nn>l Bh!Op8HBOro 3B8'19BRR 

nons aa KOB&'IBOM p&Qayce paaea ~ 

Nan~>aoM aa6ope 9BeprxR aa ooopoT 

~Q.• ! 0,09 AODYCK Ba B&nB'IRBy B8pR&nRR 

0,07 9 • .nonycK aa aena'IRHY cpenaero nons 
-8 2 e V o • I ,5 K 98 COCT8BnH9T ~ 2,5,10 • 

MarRBTBoro 

npR ""BXCH-

PeaOB8RCBb19 yCnOBRR R8 KOB&'IBOM p8QHYC8 C03Q8IDTCS 38 C'I8T BB8Q8B.BB 4-oft rap
/J/ MOBRKB., B STOM CnY'Ja& AnR nons BRAS 

H • (r,<l>) = H(r)[ 1+< NSio(,8N- N<l>)+tN/tSia (~;1-1'-<1> ) 

Taon•~a 

Saepraa ycKopeRRhlX aneKTpoaoa 

Saepras BBJKeKnaa 

PSQRYC HBJKOKDRR 

Panayc KOB8'1BOit opoRTbl 

PSQRyc, COOTB8TCTBy~mRI 08CKOB8'1BOft 9B8prRR 

Hanp>IJKeaaocTb Raoxpoaaoro MarB.BTBo~o non>1 B 

Eo 
too=--

eHo 
~OBTpe 

HanpsJKeaaocTb MaraRTBoro nons aa panRyce HBJK&K~RR 

HanpsJKeaaocTb MarHRTBoro nons aa KOB&'IBOM panayce 

qacno 9n8M8BTOB nepROQH'IBOCTH 

napaMeTp CDRpanB a= NJl 

BapRa~R>I nons aa KOH&'IBoM panayce 

q8CTOT8 8KCRSnbBbiX KOneoaB.Bit 

qaCToTa panaan~>Bhlx Koneoaaaa 

NiaKcHManbBhllt aaoop 9Bepraa aa ooopoT 

'18CTOThl 6eTaTpoHBhlX Koneoaaalt onpenensnRcb no ~opMynaM 

Co 
4rr 

4 
Si 4rr -

s-N Q =Cos...!!..-~"~" 477 o.....-y'A r Nvn,-- A r 
N 3 VA 

r 

5 

W k • 880 K8B 

W H'" 5,45 K9B 
r H • f8,0 CM 

rk • 101,7cM 

r 00 • I24,J89 CM 

Ho • I8,78 9 

H(rH)=l3,87 9 

H(rk) • 28,89 9 

N • 8 

Jl • 2,409 CM 

t(rk) .. 0,278 

Q • -.. 0,3 ! 0,09 

I,OII$Q, -s_ I,8 

2eV0 • I,5 K9B 

B
2 

B2 
I r+ 2r 

1-#.-A r 
N 

(5) 



Q,o ' Q.o 

npa 

npaseneaa&IMR B 

4 -Sin ....!!..yA • - 4, __ N,__ __ 
Cos~ Q - Cos~v'A.- N s ..fA 

N • • 

2< r I R'l I I 

2 I 
B.._+ B18 

to 
1-~A. 

N 

A •Q! • 
4 ,.. 4 2< 1 < 4 r ,s 

• + ("''3 .P.L 
N -4(1+n) [N"-4(1+n)]2 '"'•- 2 )Cos(2f3 4-fj 1 ) 

2 
2<4<1r I fj'l 

B u·• 4 rfj~ Cosfj 4- N2 _
4

(
1

+n) ((:3'8 +-/ )Cos(,8 8 -,8 4) 

Btr •< 4 rf:3'4 Slnf3 4-

2< • r2 fj'l 
Nl- 4'(1+n) (,8',2 +-T )Sin (fJ,-{3 4) (6) 

I ,2 
2 2< 4 r f3 4 

A.-Q.o+ Nl-4(1+n) 
2 

2 3 3 
··•4r s fj' 

[N 2 -4(1+n)]2 <fJ; -+)Cos(2,8 4-,8 1 ). 

a .. 
2 I 

2< • r 2 fJ; 
•-< 4 r,8'4 Cosf3 4+ 4 1 (,8~ +,--)Cos(fj 8 -fj 4 

N 2 -4(1+n) 
) . 

2 
I . 

• • r ,8'2 
B 2a •-• 4 r,8'4 Sin fJ 4 + 

4 • 2 4 
Nl-4(1+n) (fJ; +-.. -)Sin({JB-,84) 

- qaCTOThl 6eTaTpoHBhlX xone6aBBA npa • 4 - o. 
r 

f3e·2f34·T 
Ill 

pa6oTe, 

Bhlp8li<QHBSI (5) B (6) COBUB.QBIOT C cjlopMyRBMB JlJIB qaCTOT, 

Jlna aaMeaeBBa qacTOTbl Q, • 1,8 no aaa'leau Q , • 2,0 aa xoaeqaoM panayce 

MB.IiBMBRbHOQ 388qe&Be qQTBepTOII rapMOHBKB COOTBQTCTByeT CllBBry ljlaa 8-{3
4

-{J a·t 
a npa ,8, R' 1 

.-,..4-T paBHO • 4 - o.042. Bseneaae '18TBepTOII r8pMOHB;KB 1JpBBO-

llBT K BQKOTOpoMy ysenB'l6HBIO Q 
0 

, qT() llORlltHO 6b1Tb yqTeHO npB ljlopMBpOB8HRR OCHOB-

ROA r8pMOBBKB non!l. 

6 

• 

<l>opMapos8HBe MaraaTaoro nona 3MPU 

<l>opMRpOBSBBe M8rBRTBOro HORB 3MPU OCylll8CTBnaeTca C HOMOIIlbiO en 

TOKOBbiX 06MOTOK (pac, 2), 

1, 06MOTKB nna C03118HRa OCBOBHOII rapMOHRKB M8rHRTHOro nona, 

2. Kon&nes&te o6MoTKR rpy6oA xoppeKilBB. 

3. Kon&nes&te o6Mona TOaxoA xoppeKilaa. 

4, 06MOTK8 nna KOMH8BC81lBB z:one68HRA 8MHRBTYI1b1 R ljlaa&I OCBOBBOII 

5, 06MOTK8 nna C03118HBll 4-oft rapMOHBKB, 

6. 06MOTK8 nna z:oppeKnRR OCHOBHOA rapMOHBKB. 

06MOTK8 nna C03118HBSI OCHOBHOII rapMOHBKB M8rHRTHOrO nona Hp811CT81 

CRCTeMy llBYX CBMMeTpaqao p8CROROli<6HRbiX OTHOCRTen&HO Z • 0 OllBHO'lBbl 

( f1l 8 x 1,5 MM), ynoll<e&HbiX no naaBBM cnapanell ApxaM8118 r- Njl<t R 11 

Tell a8 p8.0:BYC8X RH• f0,0 CM B Rk • 114,0 CM, Yron M8ll<liY HpBMbiM 

HpOBO.O:HBKOM SR6M8HT8 nepBOilB'lHOCTR 06MOTKB BBnaeTca IIOCTOaBHbiM B p~BJ 

BepTBKSn&H&III 3830p Meli(Jl:y npOBOI1HBK8MH 2h(r) R3M8HSieTCII B COOTBeTCT 

HRSIMR K X8p8KTepy 38BBCBMOCTll B8pB81lBB OT p8.0:HYC8, B STOM Cny'18e, B 0~ 

68 cjlopMRpOBSHBII 38KOH8 fa ( r) , IIpR KOTOpOM B3MeaaeTCII yron Meli(Jl:y Hpl 

/4/ 
HbiMR Hp080liHRK8MR HpR IIROCKRX B8pB81!BOHHbiX 06MOTK8X , B M&rBBTHOM 

RII6TCII 38MQTH&IX BbiCIIlBX r8pMOHBit, 3TO 6onee T()qao MOI16nBpyeT M8rBBTBO 

nony'leBaoe 88 MOI18nB M8rBBTHOII CBCTQMbl penBTRBRCTCKOro llHKROTpOH8/
5f, 

npellB8pBT8RbHOe onpeneneaae U8p8M8TpoB 06MOTKR !tpOH3BO.O:BROCb DO 1 

p8C'l6T8 8MitRRTY.O: r8pMOHBK OT 6ecz:oaeqaoft CRCT8Mbl npaMonaaeiiRbiX DpoBOi 

rne 

h o &I -mr....., a 
H (r)-~·e ""'·Sin(mNT) 

mN mli.sljl 

- ( 
m • 1,2,3 ••. , j( sljl - ---.-==-=-

v' 1+ ( Njt ) I 
P8c'leT M8rHBTaoro nonB B8pa8nadkaoA 06MOTKR npOB3BO.O:RnCa 88 OCHO 

C8Bap8 B npe.o:nonoll<eBBa, 'ITO TOK npoTett8eT no ocesoll nBBBR npOB011HBK8. 

ne SRQMQHT8 nepROilRqHOCTR o6MOTKB B DROCKOCTR Z • 0 MOJI<QT 6b1Tb 38H! 

H(r,<l>) • H(r)+ I H m' Cos( fJ -m<l>) 
m•l m 

2 -·~ 

Hm•v'(Ami+Aml) +(Bmi+Bm2) 

fJm•arctg 
Bmi+Bm2 

Am1+Am2 

7 

. } 
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417- 417 
Q. • Cos Tv' A.- N3 

SinkyA. 
N 

.,fA . 
2 2 

Br. + B 1 • 

16 
1-7.1'Aa 

N 

2 2 ,2 2 3 
• 4 r fj 4 2• 8• 4 r "''' 

rO - + ( ,3 ...!::.L 
N 2 -4(1+n) [N"-4(1+n)J2 fJ,- 2 )Cos(2fj 4 -fj 8 ) 

2 
2•, •8r 2 fj'2 

< 4 rfj~ Cosfj 4 - N"- 4(l+n) ((3'1 +-/ )Cos(fj 8 -fj 4 ) 

<4 rfj'4 Sinfj 4 -

2 fj' 2 

2< 4 • 8 r (fJ'e2 + T ) Sin (fj 8- fj 4 ) • 
N2-4(1+n) (6) 

2 ,2 
2 2< 4 r fj 4 

•O + N 2 _ 4 (1+ n) 

2 2 s s 
f 8 f 4 r s fj' 

[N 2-4(1+n)]• <fJ; -+)Cos(2fj 4 -fj 8), 

2 2 
2• • r 2 p; =-• 4 rfj'4 Cosfj 4 + 

4 8 (fj~ +-r-)Cos(fj 8-fj 4 ), 
N2 -4(1+n) 

2• • r • 2 fj' 
2 

--• rfj' Sin fj + 
4 8 (fj 8' +-

4
4 

) Sin (fj -fj ) 
'" • 4 • N2-4(l+n) e 4 

Tbl 6eTaTpOBBb!X KOne6aBHII npH ( 4- o. 
r 

•=T 
Ill 

Bhlpa~eBHSI (5) H (8) COBna~aiDT C ~pMynaMH AnSI qaCTOT, 

CTOTbl Q r • 1,8 ~0 3B8'1e.IUUI Q r • 2,0 Ba KOBeqBOM pa~Hyce 

qeTBepTOI! rapMOHHKH COOTBeTCTByeT CllBHry ljla3 8afj
4

-fj at 
paBBO • 4 • 0,042. Bse~eaae 'leTBepTOII rapMoa..,:a npuso-

H'leHHIO Q • , 'ITO llOnlltRO 6MTh yqTeBO npH ljJopMHpoBaBBH OCBOB-

8 

.. 

<l>opMHposaaue MaraaTaoro nons 3MPU 

<l>opMHpOBai.IHe Mari.IBTBOro nang 3MPU ocymeCTBnSeTCS C noMO!llbiO cneayJODXHX CHCTeM 

TOKOBb!X 06MOTOK (p,HC, 2), 

I. 06MOTB:a AnSI coa~ai.IBSI ocaosaoll rapMoBBKH MaraaTaoro nons. 

2. Kon&n&Bb!e o6MoTKB rpy6ol! KoppeB:IlBH, 

a. Kon&neBbie o6MOTKH TOBB:Oll KOPp8KilBH. 

4, 06MOTB:a ansr KOMneacanHB Kone6aBBl! aMnnHTYilbl B ljla3bl OCHOBBOII rapMOIJHKH, 

5, 06MOTK8 ~ng C031l8BHSI 4-ol! rapMOHHKH, 

6, 06MOTK8 ~ng KOppeK!lBH OCBOBBOI! rapMOHHKH, 

06MOTK8 ~nSJ C03~8BHSI OCBOBBOI! rapMOBHKB MarBHTBOrO nons npeacTaBnSJeT co6oll 

CBCTeMy IIBYX CHMMeTpB'IIIO pacnonoJKeHBblX OTBOCHTen&BO Z • 0 OllHBO'IHbiX npOBOIIBBKOB 

( Ill 8 x 1,5 MM), ynoJKeHRMX no nHRHSIM cnupanell ApxaMe~a r • Nil <I> H ayraM oxpylKaoc-

Tell aa pa~uycax RH• 10,0 CM H Rk • 114,0 CM, Yron Me~y npSIMbtM H o6paTBMM 

npOBO~BBKOM sneMe!IT8 nepHOIIH'IBOCTH 06MOTKB SIBnSI&TCS llOCTOSIRHbiM H paBBbiM Qm..!L • 
N 

BepTBKan&Bhlll 3830p Me~y npoBO~BHK8MB 2h(r) H3MeBSJeTCSJ B COOTBeTCTBHB C Tpe6osa-

BHHMB X xapaKTepy 38BHCHMOCTH BapBil.llBB OT paaayca, B STOM Cl!y'!ae, B OTnB'IHe OT CDOC0-

6a ljJcpMBpOBaHBS.I 38KOBa •a (r), npa KOTOpOM H3MeBSJeTCSI yron Me~y llpSIMblMB B o6paT-
/4/ 

RbiMH DpOBO~K8MH DpB nnOCKBX BapH81lHOBBhlX 06MOTK8X , B M8rRBTROM none Be llOliB-

nli&TCll aaMeTBbiX Bbtcmax rapMoaux. 3TO 6onee TOqao Moaenapye'l' Maraa'l'aoe none PU, 

15! nony'I&RBOe Ba MO~ena MarBBTBOI! CBCTeMbl penSTHBBCTCKOrQ llHXnOTpoaa , 

npe~B8pH'I'en&H08 ODpeae~eHHe napaMeTpoB 06MOTKB llpOB3BOIIBnOCb DO ljJOpMynaM ~nll 
paC'!eTa 8Mnna'l'y~ rapMOBHK 0'1' 6ecKOBe'IBOII CBCTeMbl npSIMOnBaeiiBMX DpoBO~BHKOB 

rae 

h 
0 &I -mr_., a 

H (r)·~·e ""'·Sin(mN-
2

) 
mN mt.sljl (7) 

.II> 

l( 

~ sljJ - --.--=;;;; .... ==--m • 1.2,8 ••. , 
v'1+(~)2 

PacqeT MaraB'!'aoro nonsr sapaanadBaoll o6MOTKB npoaaso~ancs aa ocaose aaxoaa Sao-

Casapa B npe~nonoJKeBHB, 'ITO TOX npo-rexaeT no ocesol! nHI.IBB npoBO~RBxa. MaraBTaoe no-

ne sneMeB'I'8 nepHOIIB'IBOCTH 06MOTKH B nnOCKOCTH z = 0 MOJKeT 6MTb aanacaao B BH~e 

.. 
H(r,<l>) = H(r)+ .. ~ 

1 
H ,.• Cos( fJ,. -mel>) 

2 2 
H,.•y(A,. 1 +A,. 2) +(B., 1+B., 2 ) 

fJ,.=arctg 
B., 1 +B., 2 
Ami +Am2 

7 
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rne m• 1,2,3 ••• - HoMep r8pMoHHKK, Amt, Bmt H Am2, Bma- KOMnoseHTbl <l>ypJ>e 

nona KOHne&Tp&qeeKHX H enapani>HbiX yq8eTKOB aneMeRT8 nepHOIIHqHOeTR0 

( l 2 2R dx d 
Ami 0,+1 Sin(ma/2) I 1 1_1(x2+x __ 1 r-1)•-Q _J.x

1
)+Qm-Y.(x

1
)1 

=(-1) r:- --m-- ~~at-:;"" r 1 1 dr dx
1 

m 
B rryr vRt 
ml 

[

CosmJ3(r' )] 

SlnmJ3(r'
1

1

) , 

(

Amj 0,4I s· =(-1)- lD 
rr.Jt 

Bm2 

Rt 2m · 1 r' d 
( m a/2) f I-, Qm_y,(x)Cos m,B (r') ±a[ 2(x --;-) • dX Qm_.,(x)+ 

RH r 

~Sin m/3 (r'j dr' 
+Qm~(x)]]. T 

CosmJ3(r') 
RH R. ' 

3neel> {J{r; )•-;;-+80 --fi , J3(r'2 )·-:-+80 , J3(r')•-';+8 0 

8 
0 

- yron MelKJly K8eaTen~oaol! Ji: epenael! nHHRR MeMe&Ta nepaonaqaoeTa a oe1>10 <I> • 0 

B aaqane KOOpllHH8T 0 Qm"""'X) -c!jlepaqeeKaa tPYHKllRa neJK8HIIP8 IJ -ro pona apryMeHT8 

r'2 +r 2 + b 2 
y- . 

2r' r 
nna rapMOH&qeeKoi! o6MOTKR0 eoeToamel! H3 N aneMeHTOB nepROIIR'IHOeTB0 MSrHRTROe 

DOne eonepJKRT TOni>KO r8pMOHRKR.Kp8TRble N , Benaq&Ra 8MDnRTYII KOTOpblX B N pa3 

6on~ome 8MDnBTyn eooTseTeTByiOmax rapMOHHK nna onsoro aneMeHTa nepaonaqaoeTR. npa 

" a=w 8MDnHTYII8 oeROBROil rapMOHHKH M8KeHM8ni>H8 0 8 Bee 2m N -r8pMOHHKR 

paBRbl ayn10. 

0KoHqaTeni>Hbli! npo!jJHnl> B8pH8llHOHHOi! 06MOTKR b{r) npa TOKe I 8 • 220 a, npuse-

nea&&Ill B Ta6nH1le 2, nonyqes aa oeaose paeqeTa nona no !jlopMyne (8) sa anEiKTpoaao-B&I

quenaTen~oaol! Mamuae (3BM). 

Ha pRe, 3 (KpBBble 1 B 4) H306palK8HO OTKnoaeaae tP83bl ~¢N=.l[JlCr)-..L. ]-.L 
N N « 2N 

B OTitnOH8HBe 8MDnHTYllbl OeHOBHOil rapMOHBKB OT Tpe6yeMOil llnll BHTepBana paAByeOB 

~r • (80 f. 103) eM, BHIIHO, qTO OTKnOR8HBll HM810T KOne6aTenJ>Hblil xapaKTep, 31jM!leKTBB

R08 OTKnOHeHBe aMnnBTYllbl oeHOBROi! rapMOHHKH OT Tpe6yeMoil, nonyqeBHOe DpB yqeTe Xa

paKTepa sasaeuMoeTB !jla3bl oT panayea,aaxoAUTCll B npenenax nonyeKoB (Kpusall 5). Onaa

Ko llnll 6onee Toqaoro MonenUp0B8HUll IIBHSMUKB ABUlK8HBll qaeTUll B 30He BbiBOA8 penaTUBBeT

eJtoro llUKnOTpoH8 aeo6XOABMO yeTpaBUTI> KOne6aTenbHblil X8p8KTep 8MDnUTyllbl U ~83bl OeHOB

HOi! rapMOHUKH B 3MP!l. 

K:one68HUll aMDnUTyllbl U !jla3bl OeBOBHOi! rapMOHUKR o6yenosne&bl Kp88BbiM aljM!leJtTOM H8 

8 

• 

Jtoaeqa&Ix panHycax. B enyqae aeorpaHB'IeH&oll: npoTHJKeaaoeTa sapuallBOsa 

panuyey ( 0 - oo ) aMnnRTy/18 oeBOBROII rapMOBBKR ( A ) onpeAenR8TCR 

h(r),a ee ~838 a-~ ,none KOHe'!HOII: 06MOT~ ( 0 - Rt ) MOJKRO np 

ne 

C ·Cos (/3- Ncl>) .. A • Cos (a- Ncl>)- B • Cos(y- N<l>) 

rne B H y -&MDnRTyAa B !jla38 OeBOBBOi! rapMOBRitU nons AnR OlSMOTI 

!lpOTIIlK8BHOeTR Rt- .. ). TaK KaK H8 Koseqablx pa6oqax p8.QHyeax E 

A a2 
2 

C·A-BCos(a-y)+.,...-S!n (a-y) 
~ A2 

B 1 B a 
fJ •a +-x- S!n(a-y) +Til Sln2(a-y) 

Bunso, ~o s nepsoM npa6naJKeBRH np• 

6aTeni>BOMy xapaKTepy no6asKu e ora6a10muMu 

(a-y)-r Bnuasae xpaa e1 

B u f s aMnnRTyl:le 

CTB9BBO. 

KoMneaeanaa Kone6aaal! MoJKeT 6b1Tb npoa3senesa nyTeM sse~:~e••• s 

TeMy 3MPU nononHUT8nbHOi! 06MOTKU. TaKaa KOMneaeanROHB4ll o6MOT1t4 Ml 

nonse&a B BR/:18 Kpyrosoro npOBOI:IHBKa, aneNeHTbl ltOTOporo e 83BMYT4~0I 

; paenonoJK8Hbl Ra pa3nBqBbiX BbleOTaX OT MellBaBHOil nnoeJtoeTR (puc, : 

6opa TOK8 B 83BMYTanbBOro ·nonoJKeBBH STOI 06MOTKH MOlKRO .IIOCT8TOqBO TO' 

pOBaTI> KOne6aTeni>Rblil X8p8KT8p aMnn&Tyl:lbl R ~43bl OCBOBHOI rapMOlfRKB, Po 

n03BllBB nonel! OeROBBOI R KOMneRCSllUOBBOil o6MOTOK MOJK8T 6b1Tb np_eAeT8B 

8B8noruqsoil ( IO). BTop&te .}neabl paanoJKeaall, B&IpaJKaiOmae KoppeK'I'RPYIOme 

KOMneHeBpyiOmeil 06MOTKB R8 aMnnUTYAY B rpanue&T $a3bl OeROBROil rapMOHI 

Hbi &8 puc, 3 (KpBB&te 6,3). Banso, qTo npa Bb16p8RBbiX napaMeTpax xoMne! 

MOTKB ( RH • 120,5 CM, h 1 • 17,5 CMi R t • 121,5 CM, b I • 32 C 

I 8 • 136 A) Jtone6aaaa 6ynyT eymeeTseaao crnaJKeHbl. Ha puc. 5 npBse 

Hb18 B8nBqBBbJ OTKnOReHBa ~43bl OCHOBHOil r8pMORBitB OT ~83bl enapana B er 

(KpBBble 1 R 2), 8 T8KJKe OTKnOR8RHe 4MDnBTyllbl rapMORHKR OT Tpe6yeNOII: 

UAe8ni>HOil !jlaae, KpBB4ll 4 nOK83biBaeT aojKjleB:THBROe OTKnoaeaae aMnnRTyl:lbl 

npR yqeTe H8CitOMn8RCBpoBABROrO OTitnOBeRHH ~83bl0 eOOTBeTCTByiOmero ltpR! 

MOeTb q8CTOT ·6eTATpoBRbiX KOne6aHBII OT panayea, p4CC'IBT8RHblX DO xspaKTC 

noxaaaTenliM yp8BH8BBll MaTJ>e ~:~na nony'leBBbiX xap8KTepBCTBit nonll u H30XF 

cpe~:~sero nons 1 npBse~:~ea8 B8 puc. 8 (xpus&te 1 B 3). 113 aroro pReyKKa BRA 
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ep rapMOHHKH1 
Aml 1 Bml H Am2 1 Bm 2- KOMDOS8STbi ¢lypJ.e 

CDHpanbSbiX yqacTKOB aneMeSTa nepUOAU'ISOCTH, 

) 2 1 2 Rl 2 dx I d 
I~t-(x1 +x 1 -d-r-0·-d Q u(x 1 )+Q ,(x )I 

1.=1 ,YRl r r x1 m-n. m-n 1 [

Cosmfl(r• )] 

Slnmfl(r'
1

1 

) , 

Rt 2m , 1 r'· d 
in~ ma/2) fi--;-Qm-~(x)Cosmp(r) ±a[ 2(x --;-)·d'i"Qm-~(x)+ 

RH t 

tin mfl(r'j ~ 
J. y , 

Cosmfl(r') r ' 
, R, • .L 

lo-{ • fl(r2>·-:-+(Jo • fl(r )• 8 +Oo 

:aTenbSOli K cpeAHeli DHSRH sneM8HT8 D8pHOAH'IHOCTR R OCbiO ~ = 0 

m-'Jx) -cljlepR'18CKaR ljlyHKilRR ne)KaSApa Il -ro pona apryMeaTa 

OOMOTKR 1 COCTORlll8ll R3 N aneMeHTOB nepROilR'IHOCTH, MarsaTsoe 

apMOHRKR 
0

Kp8THbl8 N , BenH'IRHa aMnDRTYll KOTOpbiX B N pas 

.eTCTBYIOlllHX rapMOHHK llnR OAHOrO 8D8M8HTa nepUOilH'IHOCTHo npa 

a OCSOBHOli rapMOHHKH MaKCHMaDJ.H81 a Bee 2m N -rapMOHHKH 

oljJHnb BapHallHOHHOI! OOMOTKR h(r) npR TOKe I a • 220 a, npRBe

Dy'I8H sa OCHOB8 paC'I8Ta nona no ljlopMyne (8) Ha sneKTpOHHO-Bbi

BM). 

1 H 4) R300paJKeHO OTKnOH8HR8 ljla3bl M>N =..!.[,tHr) -.L. ]-...L. 
N ~ « 2N 

.1 OCHOBHOli rapMOHHKH OT Tpe6yeMOlt llnH HHTepBana paAHyCOB 

BHAHO, 'ITO OTKnoaeHHR RMeiOT Kone6aTenJ.Hblll xapaKTep. 3¢¢eKTRB

Ilbi OCHOBHOli rapMOHRKR OT Tpe6yeMOII1 nony'I8Rl!Oe npU yqeTe Xa-

3bl OT panayca, SaXOAHTCR B npenenax AOnyCKOB ( KpHBaH 5) o 0naa

OA8DHpOBaHRR llUS8MHKR llBR)KeBHR '18CTUil B 30S8 BbiBOAa penRTHBHCT

yCTpaHUTb Kone6aT8DbSbllt XapaKT8p aMDDBTYilbi U ljla3bl OCHOB-

Abl H ljla3bl OCHOBUOI! rapMOSHKU o6ycnOBn8Hbl KpaeBbiM aojlljleKTOM Ha 

8 

• 

KOBe'IBbiX panuyca~ B cn:y'lae aeorpaBB'Ieaaoa npoTHMeaaocTB BapuanBoaaoll o6MOTKB no 

panuycy ( 0 - oo ) AMDnBTyAa OCBOBBOII rapMOBBKU ( A ) ODpeAenlleTCsr 3ABUCBMOCTJ.JO 

h(r),a ee ljlaaa al.t ,none KOBe'IIIOI OOMOTKB ( 0- Rt ) MOlKJIO Dp81lCTaBBTJ. !I BR

Ae 

rAe B • y 

DpOTRlKeBBOCTB 

C • Cos (fl- Nell)• A • Cos (a- Nell)- B • Cos(y- Nell) . (9) 

-&MnnBTyllA B ljlasa OCBOBBOII rapMOBBKU DOnH llnR OOMOTKB panBanaROlt 

Rt- .. ) • Tall: KaK sa KoB&'IBbiX pa6o'IBX pan•:rcax B « A • TO 

A B1 
2 

C·A-BCos(a-y)+...--Sin (a-y) 
~ A2 

2 

fJ •a +.; Sln(a-y) +t~ Sln2(a-y) 

(I 0) 

Banao, 'ITO B nepBOM npB6nK)Kea•• np• 

6aTenJ.BoMy xapaKTepy no6aBKH c ora6a!OlllBMH 

(a-y)-r BDUSIBBe Kpall CBOAHTCll K I:One-

8 R t B aMDnBTylle H ljlase OOOTBeT-

CTB8BBOe 

KoMneacanasr Kone6aBBII MOJKeT ObiTJ. npoKsseneaa nyTeM BBenesBll B MarBHTBYIO c•c

TeMy 3MPU AODODSUT8DbSOlt QOMOTKB, TaKAR KOMDeSCBilBOBSaR OOMOTKa MOJKeT ObiTJ. Bbl

nonsesa B BHile xpyroBOrO DpOBOASHK8 1 sneMeHTbl KOTOporo C 83HM:yTanJ.BOft DpOTliJKeHBOCTbiO 

f paCDODOJK8Sbl Sa pa3DH'ISbiX Bb!COT8X OT M81lHaBBOI! DDOCKOCTR (pH Co 2,4), nyTeM Bbl-

6opa TOKa B 83HMYT8nbHOro DOnOJK8SHll STOlt OOMOTKH MO)KBO llOCTaTO'ISO TO'IBO CKOMneBcB

pOBBTb KOne6aTenbSbiA xapaxTep aMDnBTyllbl H ljlasbl OCSOBHOII rapMOBBKUo Pesyn&TaT cynep

D03RilHR nonelt OCHOBBOII U KOMD8BCB.DHOBBOII OOMOTOK MOJK8T ObiTJ. npellCTaBn8B ljlopMynoft, 
;j, 

aaanoruqaoll ( 10). BTopbie qnesbl paanolKesasr, BbipalKa!Omae KoppexnpyiOmee AellcTBRe nonsr 

KOMneBCHpyJOlll8ll OOMOTKU Sa aMDnUTYilY B rpAilHeST ljla3bl OCSOBHOII rapMOBRKH1 DpeACTaBne

Sbl Sa pUC, 8 (xpHBbl8 6,8). BUAH01 'ITO npu Bb16paSSbiX napaMeTpax KOMDeSCB.DBOSBOII 06-

MOTKU ( RH • 120,5 CM 1 h 1 • 17,5 CMj R t • 121,5 CM, h 2 • 82 CMj 

Is 186 A) xone6aBKR 6yAyT cymecTBesso crnalKeSbl. Ha puc. 5 npaBeAeBbl OKOB'IaTenJ.-

Sb18 B8nU'IRHbl OTKDOB8HHR ljl&3bl OCHOBROII rapMOliHKH OT ljlasbl CDRpanu B ero rp&AU8ST8 

(KpHBbl8 1 H 2), 8 T8KlK8 OTKnOBeSKe &MDnRTyllbl rapMOBHKB OT Tpe6yeMOII (KpBBAB 8) DpB 

RAean&aoll ljlase. Kpusaa 4 noxa3biBB.eT ~exTussoe oTxnosesue aMDnRTyAbl 8-oll rapMOSHKU 

npu y'leTe HeCKOMDeBCBpoBaBBOrO OTKnOli8BHR ljl&3bl1 COOTBeTCTBYIOlllero KpUBOII 1, 3aBRCB

MOCTb 'I&CTOT 6eTaTpoSSbiX KOne6aBBII OT panayca, p8CC'IUT8BSbiX DO xapaKTepHCTH'I8CKBM 

noKa3aTenaM ypaBBeBBB MaTJ.e ana nony'leBBblx xapaxTepucTBK nona u uaoxpoaaoro aaxoaa 
I 

cpaauero DOnH,~RB8AeBa sa puc. 6 (xpBBbi8 1 U 8). Hs 9TOro pucysxa BHAB00 'ITO Ba KO-

9 



B8"lBYX panBycax 3~PU qaCTOTW CB060AB~ xone6aBBI 6nB3XB X 3Ba"l8~ "laCTOT B pe

/3/ 
IIHTBBBCTCXOM ABXIIOTPOB8 

npll <jlopMBpoB8BllB Mar.llBTBOrO DOIIH BBna (4) xapaXT8p aaBBCJlMOCTJl aMilnBTYAY 4~1 
rapMOBBKI OT paAByca AOruK8Jl 6WTb Bhl6paB TaXBM, qT06hl SODa neiCTBBH B&nBB8IBOro pe-

aoaauca Q1, • 8/4 8axonnnac• aCSnllaB xo8e"lnoro pan•yca ycxopBT8nB rl: • 101,7 eM. 

.nns BYDOnseBBR eTOro yciiOBBH MaXCBMyM aMDnBTYAY 4~1 rapMO.IIIIItB AOIIZ8JI BaXO~B 

na paAByCe r.:l' rk , a CDaA aMDnBTYAbl B o6nacTit M8BI>IIIBX p8AByCOB AOIDK8B 6YTit AOCTA-

TO"liiO p831tBMo 

.nn11 coxpaaenaR Q
8 

• COIIst a aone neiCTBBB 4~1 rapMOJll[XB naoCSxonaMo rwea~t-

mBTb aMilnllTYAY 8-ol rapMOBBXll. 

.nns coanaHB!I 4-ol .a xoppexnaB 8~1 rapMoHBx B a~PU cnyzaT nae nnocxae rapMo

:IIB"lecxae o6MoTxa. PacnonoJKeHBe oCSMoTOX B MarHBTlloA cacT&Me MO.Il84B nou38Jlo aa pac. 2 

B 4, a BX oapaMeTpbl DpRB8.1leBW B Ta61IBD8' 8. PaAllMbBall npoTilliC8BBOCTit 8TB'lt oCSMOTOX B 

BX nonoliCeBJle OTBOCBT81IbBO XOB8"lBOro paCSoqero p8.1lllY~ onp8,11.8nHnBCit B OCBOBBOM TpeCSo

B8BllBMB X xapaxTepy aaBRCBMOCTel OT panayca aMilUTYAY 4~1 rapMOBBXB B neoCSXO.IlllMOI 

xoppeXIlBB ~~ rapMOBUBo 

CpenBRe nanaa aneMeSToB nepaonR"lBOCTll STBX oCSMoTox BSM&BBmTCB no aaaoay CJlBPA

nB ApXBMeAa C OAB88XOBWMH oapaM&TpaMH : 8 4 • 8 I • 12 CMo npx eTOM aaBBCHMOCTb tjlasy 

MaXCBMYMA rapMOBHX nonR OT p8ABYC8 61IB3X8 X Tpe6yeMol. YrnOBY8 npoTllliC8BHOCTB M8Z-, 
!I.Y llp!IMWM B o6paT8WM BBTXOM 8n8M8HTa D8pBO!I.B."lHOCTll 06MOTOJI: Bhl6p8BY paBBYMB T • 
t COOTB8TCTB8BBOo npa T8J:OM Bb160p8 B p83nOliC8BBSllt nonel B pl!A <l>yplt8 BpBCyTCTBymT 

T01Ibli:O B8"l8TBhl8 rapMOBRI:B OTBOCBT81IbHO llepBO!I.8 CTpyJ:Typhl 8TBX o6MOTOI:o 3TO !1.8eT B03-

MOliCBOCTb B3M8BHTb 8MBIIBTY.D.Y 4~1 rapMOHBKI B8 B3M8BIIll OCBOBBymo AsBMyTa1IbB08 nono-

' JKeHBe o6wona, tjlopMapymmeA 4-ym rapM08BJ:Y ', aw!SBpanoc• Tall:, qTOC5hl oCSecneQn aa pa-

6oqeM p8.1lBYC8 f k ODTBM81Ib8bll tjlaaOBbll C,II.BBr 13 4 -13 a • f • AsBMyT81Ib808 DOIIOliC8-

BR8 J:Opp81:TBpymmel o!SMOTXB onp8,11.81IRIIOCb B3 yCIIOBBR M8XCBM&nbBOI J:OppeXIlBB 8Mil4BTy.llY 

OCBOB80I rapMO.IIIIItB B MB8BMMbiiOrO BCXaJKe8BB ee tjla3Yo 

.nn11 Oli:OB"l8Te1IbBO Bbl6paB8YX napaMeTpoB p8.D.B&nbBAR saBBCBMOCTb AMMBTY.Ilhl B OT-
r 

J:II0888BB tjlaaw 4~1 B 8-ol rapM08Bll: nona OT B,II.881Ib80I tjlaabl OC80B801 rapMOBBI:B HI 
npe.llCT&Bn8HY 8& pBCo 7. 3aa"l8HBB TOJI:OB 14 • 55 8 B 18 • -17 8 88XO.IlBIIBClo 8& OCBO-

B8 pac"leTa "l&CTOT Q, • Q • no <jlopMynaM (5) • (6). Peay1IbT8Thl pacqeTa '18CTOT 

npBB8.D.8Bhl 88 pRe. 6. KpBawe I • 8 xapaJ:TepBaymT "laCTOTbl cBOCSO.Il.IIYX xoneCSaBRI .11.ns cny

'1811, J:Or,ll8 B CTpyJ:Type M8X'8BT80ro nons npBCyTCTBY8T TOnbli:O OCBOB88ll rapMOBBI:8o Pa

.D.B8nb8AB 38BRCBMOCTit B8pB&nBB B OTXIIOB8BBB tji&3Y ,II.IIB eTOrO B8p88BT8 npBB8,11.8Ba 88 TOM 

liCe pacyue (J:pBBhle 6 • 9). np~ ase.D.eBRB a cTpYJI:TYPY nons 4-oa rapMO.IIIIItB • 8eo6xo

.llllMol xoppei[I[BB OCBOBBOI rapM08BJI:B X8p81:T8pBCTBKR M8r8BTBOrO nonll np8,11.CT8Bn8Rhl XpB-

awMB 7,8 • 10. B aTOM cnyqae paccqaT&BBbl& anaqenall Q, • Q 
8 

BSOC5p8liC8BY ~JI-BYMB 
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'\ t;· .. ·• . I~ 
. '•/;:,: 

2 • 4. Ba,llao, q'!'O a aone nelcTBna 4-oa rapMqnaxa qacToTa axcaanbHhiJ 

eTCH npali:TB"l8CXB nocTOSBBOI, 8 "laCTOTa pa,D.B&nbBbiX xone6aaal BoapacT 

noro aaaqeBB!I Q r • 2 Ha XOH8"lBOM pa60'I8M pa,II.Byce fk • 101,7 C!l.! 

3hiB88T X8p8XT8p Q a npB f 4 • 0 B f a , COOTB8TCTBYIOIII8A XpBBO~ 

npHBe.lleHHNX Cny'la!IX p8C'IeTbl 'laCTOT KOne6aaBI ppOBOABnKcb B npe.11.nono 

BOCTB Cpe.D.Bero N&rBBTHOro DOIIH, 38BBCBMOCTb XOTOporo OT panayca npe, 

I aa pac. I. 

npB pem&HBB 38,1la'IB ~OpMBpOBSHHH H30XpOHHOrO MarBBTBoro nons B 

cpenaee MarnTaoe none oT acex rapMOHB'Iecxax o6MoTox, a TaxJKe BepT: 

x/ 
IIBmiitym MarB.BTHOrO DOnll 38MnH • 0TMeTBM, q'!'O npB B3M8HeHBB O.llB0Bp1 

Ka H 83BMyTan&Boro nonOlK8BBH rapMOHK'I8CKBX 06MOTOK Ba nonnepKOA8 a: 

nBTY.D.bl B ~a3hl rapMOBBX OCT8DTCH aenaMeBBbiMK, B TO Bp8MS KaK Cp8,D.B 

SHaKo noaTOMy OXOB~8TenbH08 onpeaeneaae 83BMyTanbBOro ROnOJK&BBB raJ 

ToE npowaao.D.Bnocb npB tjlopMHpOBSBBB cpe.D.aero MarBBTBoro nona. Cpeate 

KOTOpoe Beo6XOABMO 6binO C~OpMHpOBATb C noMOIIIbD 13 06MOTOK rpy6oft 

aae,D.eaaw 4-oa rapMoHBKB a 6ea aee noxaaaao aa pac. 8 KpBBhlMB 3 • 2 

3TH OCT8TO'IBhle nona COOTBeTCTBYIDT p83BOCTB Tpe6yeMoro B30XpOBHOro 

nons 

Tepa 

r.11.e lk - TOK B k -o6MOTKe rpy6ol Kopp8KQHHo npa p8C'IeTe MarBBTH 

anpoxcaMapoaanRcb nonaMa onnaoqawx BBTKOB, npoxonamax a nenTpe ceqe 

Heo6xonBMhle aMnepBHTKB o!SMOTOK .D.na <jlopMBposaaaa nona B aa,D.aBHbiX ,~~., 

aanac• M8TO.IlOM BaHM8BbWBX KBa.llpaTOB H8 aB~. Pacnpenenenae 8MnepBB 

ana .D.ayx paccMaTpasaeMbiX aapaaBTOB npaae.D.eno a Ta6nBQe 4. Benaqana 

paBBa 1,186 B 1,200 .llnS 2 B 3 KpKBOA OCTaTO"lBOrO nonR COOTBeTCTBeBBO, 

CyBKe RpKBeneHbl (KpBBbl8 4 B 5) OTKnOHeHBS CpeAHero nons OT peaOBaHCI 

·-B8BKS anaqaTenbHO MeHbWe AOnycxa, noaTOMy Be MOryT Bbi3BaTb 38MeTBO 

ra "l8CTBB OTBOCKT&nbBO B."l. H&npaJKeHBS. BoaMOJKBbie OWB6KB B Cp8AB8M 

B8BHbi8 B8TO"lHOCTaMB MarBBTBOil CKCTeMbi,MoryT 6b!Tb CKOMR8HCBpOB8Bbl 

xx/ 
TOK TOHKOA xoppeKQBB • PacnonoJKenae aTHx K&Tymex aao6paJKeao na pa 

MeTpbi yxaaaBbi B Ta6nane 5. 

x/ 
B pacqeTax none aeMnB 6blno npuaaTo paBHbiM 0,5 a. 

xx/ 8TH 06MOTKB 6yayT T8KJKe HCnOnb30B8TbCa nna CTa!SBnnsauKB ~ 
BBTHoro nona, na6o nns cTa6anaaauau <Paabi nponeTa ycxoparomero anexTp< 
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cB060Jl)lbiX ltOne6aaBII 6nB31tB It 3JI8'1811JDD( 'IACTO'I' B pe-

nonH BBAa (4) xapalt'l'ep 38BBCRMOC'I'R aMJliDI'I'yAiol 4-oll 

6bl'l'b Bbl6paa TaltBM, 'I'I'OI5bl 30Ba A8IIC'I'BRH B8IDIB8IIll:oro pe

B6liH3R KOHe'IBOro paAByca ycltOPB'I'8IDI rt • 101,7 CU. 

ycnOBH>I MaKCHMyM aNilliK'I'yAbl 4-oll rapMOBBitR AOIIliC8.8 BaXOAB'I'ItCH 

a cnaA aMIUIB'I'yAhl B o6naC'I'b M&llhmRX PAAByCOB Jl0.llJI(8B 15w'l'Jo AOC'I'a-

Q. • Coost B aoae Aellc'I'BHSI 4-oll rapMO.BBKR B80ISXOABMO ywen,-

rapMOBHKHo 

KOppeXUBB 8-oll rapMOHBK B 3N\Pll CnylKA'I' AB8 llnOCKR8 roapwo

o6MOTOK B MAriiB'I'KOII CHC'I'eMe MOA811K llOU3AIIO aa pRC. 2 

a Ta6nBil&' 3. P aARanbaa• npoT•lK&IIKOC'l'Jo 8'1'Bx oiSMO'I'Oit • 

KOKe'IBOro pa6o'lero p8AHYc8 Ollp8A811111!BC. B OCIIOB.BOM TpeiSo

paAByca aMnnB'I'yAiol 4-oll rapMOBBitR H B801SXOABMOI 

nepBOAH'IKOC'I'B 8'1'HX OISMO'I'OK BSMeBB~ no aa•oBT CllBpa

napaMeTpaMB : a 4 • a 
8 

• I2 cu. ITpR 9TOM 38BHCRMOC'I'Io tllaaw 

non>~ oT paAayca 6nB3Xa x TpeiSyeNol. Yrnoawe npo'I'Hllt&IIBOCTR wellt-

BBTKOM 9li8Me&Ta nepBOAB'IBOC'I'B OISWOTOK Bb16paaw paBBWMR t R 

TaXOM Bb16ope B pa3l!OlK9BBSIX 1101181 B PBA 47P.. npRCYTCTBy~ 
nepBOAa CTpyJtTypbl 8'1'BX o6MOTOX, 3To Aa8'1' 803-

4-olt rapMOHBKB 88 B3M9BSISI OCBOBIITIOe A3RMTT8llbll09 nono

' 
4-yJO rapMoaax,..,abi6Bpanocb Tal:, 'ITOISbl oiSecne'IB'I'Io aa pa-

tila30Bbllt CABBr f3 4 -{3 8 • f . MBMy'tam.aoe nonolKe-

onpeAen>~nocb 83 ycnOBBSI M8KCBM8m.IIOit KOppeKJlBB 8MnnB'I'yAiol 

MRHBManbHOro BCK8lK9BRSI ee tjla3blo 

Bb16pa!lawx napaMeTpoB paAB&m.llaSI 38BBCBMOCTb 8MnnBTYAW • OT-

8-oll rapMOHRK llOliH OT HAaam.Holl tjla3bl OCBOBIIOI rapMOBBKH ~i 

7. 3&a'!aHBH TOKOB I 4 • 55 a H I 8 • -I7 8 118ltOARliBC. B8 OCBO-

B Q • no tjlopMynaM (5) • (6), Pe3ym.TaTw pac'leTa 'I&CTO'I' 

KpBBble I a S xapaxTepH3TJOT 'I&C'I'OTbl cao6ouwx xone6anl AD cny

MaraaTaoro DOnS! llpBCTTCTBy&T TOllbKO OCBOB88B rapMOIIRK8, Pa

BapR&IlRR R OTKliOBaBRSI tjla31o1 AliSI 8TOro B8pR8B'I'8 npBB8A8B8 H8 TOM 

9), ITp~ BB9AeaHR B CTpyKTYPT liOnS! 4-olt rapMODKR R aeo6xo-

rapMOBBKB xapax'l'epBCTBKH uaraRTaoro nou npeAcTaaneaw KPR-

Cny'laa p8CC'IBT8HHbla 3Ba'I9HRSI Q, • Q 0 B30ISpalKaBiol XpRBbiMR 

10 
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2 • 4. BBABo, 'ITo B 30Be AaltcTBHH 4-olt rapMoBBKB 'lacToTa axcHanbHblX xone6aaalt ocTa-

9TCB npaJ:TR'Iecxu nocToasaolt, a 'l8CTOTa paAH&llbBblX xone6aaHI! Bo3pacTaeT 110 peaoaaac-

aoro 3Ba'leBaB • Q r • 2 aa xoae'IBOM pa6o'leM paABTce 

3h1Ba8'1' MpaxTep Q• llpB l 4 • 0 II 
rt • 10I, 7 eM. KpaBaH 5 noxa-

• 8 , cooTBeTcTBYIOmei! XpBBoi! 7. Bo acex Bblme 

llpBBeAeBBWX Cny'18SIX pac'leTbl '18CTOT Kone6aBRit fiPOBOARliHCb B npeAROliOlKeBHH H30Xpoa

HOC'I'R Cp8ABaro MarBH'I'BOro IIOnH, 3aBHCHMOCTb KOToporo 0'1' paAByca llp9J1CTaaneoa KPHBOit 
I 88 PBC. I. 

ITpa pemeoaa 3aAa'IH .opMapoaaoBSI H3oxpooaoro MaraaTaoro non11 oeo6xoAaMo yqecTb 

CpeAaee MarHBTB08 none OT BCeX rapMOBH'IeCKHX 06MO'I'OK
1 

a TaXlKe BepTBXanbByiO COC'I'aB-
x/ 

nliiOiltTJO MaruTooro nonB 38Mna • 0TMeTaM, 'I'I'O npa H3MeoeoaH OABoapeMeaao 3Baxa To-

xa B 83HMyT8nblloro llOnOlK8BRll rapMOBB'IecKRX 06MOTOK Ba DOnnepBOAa RX CTPYJtTYPbl aMn

nHTYAbl R .a3bl rapMOBBK OCT8JOTCSI BeR3MeHHblMB0 B TO Bp8MH xax Cp8ABee none MeBHeT 

3Bax. ITosToMy OltOB'IaTenbaoe onpe11eneaae a3HMyTanbaoro nonolKeua rapMOHH'Iecxax o6Mo

TOX llpOB3BOAHnocb npa tjlopMRpoBaBHB cpe11aero MarBBTBoro nona. CpeABee MarBaT.aoe none, 

KOTOpoe aeo6xoABMO 6blllo c•opMapoaaTb c noMombJO IS o6MoTox rpy6oi! xoppeKJlaa npa 

BBeAeBBH 4-olt rapMOBBitB B 6e3 Bee DOK838BO Ba pac, 8 KpBBblMH 3 B 2 COOTBeTCTBeBao. 

3TH OCTaTO'IBble llOliSI COOTBeTCTBTIOT pa3BOCTR Tpe6yeMoro B30XpOBHoro llOl!SI H cpeABaro 
llOn>l 

cooTBeTCTBYJOmax rapMOBR'Ieoxax o6MoTox a nonH 3eMna. KpaTepaeM Bbl6o2a xapax-

l: I I I OCTaTo'IHOro DOnll liBnHliOCb ycnoBHe 6nB30CTH It eABKHUe OTBomeaaa q • ~ t 

It - ToK B k -o6MoTxe rpy6olt xoppexuaa. ITpa pac'leTe MarBBTHble nonH o6MOTOK 

Tepa 

rAe k k 

81lpOKCHMBpOB8liHCb llOliSIMB OABHO'IBblX BRTKOB, DpOXOAIIIltHX B UeBTpe C&'leHHSI KaTymxa. 

Heo6xoABMble aMnepBHTKH o6MoTox AnSI tilopMapoBaBBH non11 B 3aAaBHblX Aonycxax pacc'IBTbi

Banacb MeTOAOM BaHMSBbWHX KBaApaTOB H8 3BM. PacnpeJleneHBe 8MDepBHTKOB (JW
2 

B IW
1

) 

Allll AByX paccMaTpHBaeMbiX BapBSBToB DpBBe}leao B Ta6nBJle 4. BenH'IHBa q 
npa 8TOM 

paaaa I,I86 R I,200 Allll 2 R 8 KpHBolt OCT8TO'IBOro llOliH COOTBeTCTBeHao. Ha STOM lKe pH

CyHKe DpHB9AeHbl (KpRBble 4 H 5) OTKliOBeBBH cpeAaero nf>ns OT pe30BaHCBoro. 3TH OTKno

HeBHSI 3Ba'IHT9llbBO MeBbWe AODYCKa, llOSToMy Be MoryT Bbi3BaTb 3aMeTaoro .a30BOI'O CABH

ra '18CTBJl OTBOCHTel!bBO B.q. HanpSIJKeHHII. Bo3MOlKBbl9 OWB6KB B cpeABeM none 3N\Pll, Bbl3-

BaBHble BeTO'IHOCTliMH MarHHTHOi! CHCTeMbi,MOI'YT 6b!Tb CKOMDeBCHpoBaBbl CBCTeMolt 06Mo-
xx/ 

ToK TOBKOit KoppeKilHB • PacnonoJKeRHe STHx xaTywex B3o6paJKeao aa puc. 2, a ax napa-

MeTpbl YJt83aHbl B Ta6nHUe 5, 

x/ 
B pac'leTax none 3eMna 6blno npBHHTo paBHhlM 0,5 s. 

xx/ 

3TH 06MOTKR 6yAyT TaltlKe HCDOllb30B8TbCSI AliSI CTa6aaaaaUHH TODOrpa.BH Mar
BRTHoro ll0llll1 1111:60 Allll CTa6BnB3aUHB .a3bi nponeTa YCKOpiiiOiltero 3li9KTpOAB Dy'IKOM, 
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3 a K n ro ~ e H H e 

Ha oeaoae pae~eToB, onaeaHHblX B Aa&aoll paooTe, onpeAeneHbl napaMeTpbl aeex sne

MeHTOB MarHHTHOll eHeTeMblo nono>KeHHble B oeHOBY npoeKTHpOBaHHSI aneKTpOHHOII MOAenH 

penSITHBHeTeKOrO llHKnOTpoHa. 

Tpe6yeMaSI xoa4JarypallHSI MarHHTHoro nonS! <jlopMHpyeTCSI e noMOIIlloJO TOKOBbiX eaeTeM 

( BllpRallHOHHble il aKeHanhHO-cHMMeTpH~Hble 06MOTKH). 

B pa6oTe npeAno>KeB a<jl<jleKTHBBbill enoeo6 KOMneseaAHH xone6asaA aMnnRTYilbl H <jlaabl 

aapRSilHH, o6yenosneSBb1X KOHe~HOll pa,llHanhHOll npOTSI>KeHHOeThlO BapHallHOHHOII o6MOTKHo 

MarBRTHOe none 3MPU e<jlopMHpOBaHO AnSI llBYX pe>KHMOB pa60Tbl yeKOPHTens, onpe,lle-

nHeMbiX 3Ha~eHHeM ~aeTOTbl pa,llHanhHblX Kone6aHHll Sa KOBe~OM pa6o~eM pa,llRyee Q, •1,8 

B Q r • 2,0. nepeXOil OT nepBOrO pe>KHMa KO B':NpOMy oeymeeTBnSieTell nyTeM BKniD~eHHll 

o6MOT0Ko e031lBJOmHX 4-yJO rapMOHHK~H He3HB~HTeJihHOll KOppeK,IlHH MBrHRTHOrO nOJISI nep-

aoro peJKHMa. 

Co31l8HHe aneKTpOBHOll MO,IlenH noaBOnHT )leTBnhBO HeenellOBBTh H onpeAenRTh a<jl<jleKTRB

HOeTh npe,llJIOJKeHHOrO pe30BaHeBOrO MeTO)lB BbiBOil8 ~aeTHil H3 penHTHBHeTeKOrO llBKnOTpOHao 

nelleTByiDmBSI MOAen&, KpOMe Toro, )laeT B03MO>KHOeTh 9KenepRMeHT8JihHO H3Y~HTh se

nHHeliHble a<jl<jleKTbl B PU, ,lleTanhHO aeenenoaaHHbie ~HenetiHbiMH MeTOilBMH aa 3BM. 

ABTOpbr Bbrpa>KBIDT 6naroAapsoeT& B.B. Kon&re aa noMOJIIh B npoaeneHHH asanaaa pe

ayn&TaTOB <jlopMHpOBBBHSI nonSio 

n a T e p a T y p a 

I. B.n. nMHTpHeBeKHII, B.B. Kon&ra, H.l1. flonyMOPilBHHOBa. rlpenpHHT OHHH, P-1981, 

ny6Ha, 1965. 

2. A.A. rnaaoB, IO.H. nesseoa, B.n. nJKenenoB H llP· Tpyllbl Me>KilyBaponsoA KOH<!JepeHilHH 
no yeJtopaTensM, 1988 ,ny6aa M., ATOMRallaT, 1964, eTp. 547. 

3. B.B. Kon&ra. naeeepTanKll, nHfl OHHH, ny6aa 1965. 

4. J .A. Martin, R.S.Livingston, J .E.Mann. Proc. Inter. Conf. on High Energy Accelerators, Brookhaben, 355, 1961. 

5. B.n. nMRTpHeBCKHA, H.n. 3annBTHH, B.C. Pbr6anKo, n.A. CapKHeHH. TpyllHbl Me>KAyHa
POilHOll KOH<jlepeHnHH no yeKopaTenliM,1963,ny6H8. M., ATOMH31l8T1 1964, eTp. 556. 

.. 

PyKonae& noeTynana B aanaTen&eKall oTAen 
2 aaryeTa 1966 r. 
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T a 6 n • n a 2 

npo<jlBnh BllpB81lBOBHOll o6MOTKB 

r (eM) h (.cw) r (ew) h (cw) r (eM) h (eM) r (eM) h (ew) r (cw) h 

IO 

II 

12 

IJ 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 

26 

27 

I 5,00 

5,00 

5,00 

5,00 

5,00 

5,02 

5,10 

5,28 

5,43 

5,58 

5, 7I 

5,83 

28 

29 
j: 

i! 30 

1131 
'\32 
fl 
!i 33 
" 34 

35 

36 

. 37 
li 
~ 38 
'· 
" 39 

5,94 40 

6,05 41 

6,14 42 

6,26 43 

6,36 1•4 

6,'*5 45 

6,54 

6,63 

6,70 

6, 77 

6,83 

6,90 

6,95 

6,99 

7,03 

7,07 

7,10 

7,13 

7,16 

I 7,19 

7,?1 

7,23 

7,25 

7~6 

'46 

47 

48 

49 

50 

51 

52 

53 

i 54 
I 

55 

56 

57 

58 

59 

60 

61 

62 

63 

7,28 

7,30 

7,32 

r 64 
I 65 
I 

66 

7,33 67 

7,35 68 

7,36 ! 69 

7,36 70 

7,37 I 71 

7,38 72 

7,38 73 

7,38 i 74 

7,38 .· 75. 

7,38 

7,38 

7,37 

7,36 

7,35 

76 

77 

78 

79 

80 

7,35 il 81 
Ta6nBna 

7,33 

7,32 

7,31 

7,29 

7,28 

7,26 

7,25 

7,22 
7 20 I: 
' 

7,17 

7,15 

7,12 

7,09 

7,07 

7,04 

7,02 

6,99 

6,96 
3 

82 

83 

64 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

6,9 

6,8 

6,S 

6,8 

6,7 

6, 'i 

6, 'i 

6,€ 

6,€ 

6, ~ 

6, ~ 

6,1 

6,~ 

6,: 
6,: 
6,: 
6,. 

6,1 

flapaMeTpbl rapMOBHqeeKHX 06MOTOK 

napaMeTpbl 

BapaallROBHaSI o6MoTKa 

nepHOilH~HOeTh N 

napaMeTp enapana a 8 

YrnoBaSI npoTsJKessoeTh aneMeHTB 

nepHOilH~HOeTH a 

Haqan&Bblll H Koseqs&rll pallaye 

( RH- Rk ) 

3sl 

( 10,0 - 114,C 
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3 a K n ro q e a a e 

OIII!CaHHbiX II }laHHOli pafioTe, OI!p9Jl9Jl9Bhl rrapaMeTphl BC8X 9lle

II0110>K9HHbi9 B OCHOBY Iip08KTI!pOB8HHII 9Jl8KTpOHHOft MOJl9JlH 

MarHHTHOrO II01111 ljlopMHpyeTCII C IIOMOIIUoiO TOKOBbiX CHCTeM 

o6MOTKH). 

cnoco6 KOMI19HCarrHH K01186aHHII aMIIIIRTYJlbl R ljla3hl 

KOH9qHOli panHanbHOli I1pOTH>K9HHOCTbiO llapRaiiROHHOli o6MOTKRo 

8MPU cljlopMHpOB8HO 111111 JlByX pe>KRMOil pa60Tbl YCKOpHTBJIH, onpene

paJli!BJlbHbiX Kone6aaalt aa KoaeqaoM pa6oqeM panayce Q, • 1,8 

nepBOrO pe>KHMa KO B~poMy OCym8CTBJlii8TCII nyTeM BKJIJOqeHHH 

rapMOHHKy, H HB3HaqRT9JlbHOli KOpp8KIIIIH MarHRTHOrO IIOJlll nep-

Monena no3aonHT neTan&ao accnenoaaTb a onpenenRTb sljlljlexTRB

MeTOna BhiBO}la qacTRII H3 peJIHTHBHCTCKOrO IIRKJlOTpOHa. 

Kp0M9 Toro, nacT B03MO>KHOCTb 9KCI19pRM9HT811bHO R3yqRTb He

neTaJibHO accnenoaaaHbie qacneiiHbiMH MeTonaMa aa 8BM. 

6naronapaocTb B.B. Konbre 3a noMOJllb B nposeneaaa aaanR3a pe-

n n T e p a T y p a 

B.B. Kon&ra, H.H. flonyMopnsHaosa. flpenpHHT 011.Hl1, P-1981, 

.Ueancos, B.IT • .U>Kenenos 11 np. Tpynbi Me>KJlyHaponaolt KoaljlepeanHa 
1963 ,.Uy6aa M., ATOMR3JlaT, 1964, CTp. 547. 

n.Hn Ol1.H11, .Lly6aa 1965. 

J .E.Mann. Proc. Inter. Conf. on High Energy Accelerators, Brookhaben, 355, 1961. 

H.n. 3arrnaTHH, B.c. PbJ6anKo, n.A. CapRHCIIH. TpyJlHbl Me)I(Jlyaa
no ycKopaTen>IM,1963,.Uy6aa. M., ATOMR3JlaT, 1964, cTp. 558. 

PyKonnc& nocTynana B asnaTenbCKHlt oTnen 
2 asrycTa 1966 r. 
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T a 6 n R n a 2 

flpoljlHllb B8pR8IIIIOHHOlt 06MOTKR 

r (eM) h (.cw) r (pw) h (cw) r (cw) h (cw) r (cw) h (cw) r (cw) h (cw) r (cw) h (cwl 

10 I 5,00 28 6,54 . 46 7,28 r 64 7,33 
1 

82 6, 93 1100 5,98 

II 5,oo . 29 · 6,63 · 47 7,30 1 65 7,32 i 83 6,89 jror 5,90 

12 5,00 li 30 6, 70 ! 48 7,32 i 66 7,31 64 6,86 ii02 5,83 

13 5,oo jj3r 6, 77 ; 49 7,33 ' 67 7,29 85 6,83 !ro3 .5, 75 

14 5,00 1132 6,83 ' 50 7,35 68 7,28 86 6, 79 104 5,66 
!I 

IS 5,02 'i 33 6,90 51 7,36 I 69 7,26 87 6, 74 105 5,57 
1! ' 

I6 5,10 j34 6,95 52 7,36 70 7,25 88 6,70 106 5,48 
I 

17 5,28 35 6,99 53 7,37 7I 7,22 89 6,65 107 5;38 

18 5,43 \ 36 7,03 i 54 7,38 72 7,20 90 6,60 108 5,29 

19 5,58 l 37 7,07 55 7,38 73 7,17 91 6,55 109 I 5,19 
•· 

20 5, 7I ~ 38 7,10 56 7,38 i 74 7,15 92 6,50 IIO! 5,10 

21 5,83 i 39 7,13 i 57 7,38 I' 75 7,12 93 6,43 I III i 5,03 

22 5,94 : 40 7,16 58 7,38 1 76 7,09 1 94 6,37 jn2 . 5,or 

23 6,05 ' 41 I 7,19' 59 7,38 77 7,07 I 95. 6,:~I li II3 5,00 
1 l I 24 6,14 I 42 7 ,?I 60 7,3'1 : 78 7,04 I 96 6,25 II4 : 5,00 

25 6,26 i 43 ' 7,23 61 7,36 j 79 ' 7,021 97 6,19 

26 6,36 i 1!4 7,25 62 7,35 I 80 I 6,9~ I 98 i 6,12 

27 6,1!5 : 45 7,26 63 7,35 I 81 I 6,'96 I 99 6,05 
Ta6n11na 3 

flapaMeTphl rapMOBHqecKHX 06MOTOK 

rr a p a M e T p bi 3aaqeaaH 

I 2 

Bapaanaoaaa11 o6MoTKa 

flepaonaqaocTb N 8 

19 272 CM flapaMeTp cnapana &8 • 

Yrnoaa11 npoTH>KeaaocTb aneMeHTa 
22 5

o 
nepHOJlRqHOCTH a t 

1 Haqan&Hhllt ll Koaeqabtlt panayc ( IO 
0 114 

O) 
• I R _ R ) , - , CM 

) H k 
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I 

Maaauam.Bhlll a MaKcauan&B&lll aaaop 2h 

ToK o5MOTKH I 8 
«<>aaoB&dl CIIBHr OfiMOTKH N (} O 

II Kouneacauaoaaal! ooMOTKa 

OepHOIIH'IBOCTb N 

OapaMeTp CIIHpanH &
8 

YrnoBall npOTl!~eaaocTb aneMeHTa nepHOIIH'IHOCTB a 

Haqan&Hblll H KOHe'IBblll paJIBYC ( R H- Rk) 

Maauuan&Bblil a MaKCHMan&Hbiii aaaop 2 h 

ToK o6MOTKH I 8 

«<>aaOBblll CIIBBr OOMOTKH NI'J
0 

Ill 0f5MOTKa )lrrll C03JlaHHll 4-oJI rapMOHHKH 

OepHOJlH'IHOCTb N 

OapaMeTp cnapana a 4 

YrnoBall npoTll~eHHOCTb aneMeHTa nepHOJlH'IHOCTH a 

Ha'lan&H&Ill H KOHe'IH&Ill paJluyc 

3aaop 2h 

Tox o5MoTKB 14 

«<>aaOBblll CJlBBr OOMOTKH NI'J
0 

RH- Rk 

IV 06MOTKa KoppeK!XHB OCHOBHOII rapMOHHKH 

nepaoJlH'IHocT& N 
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0,0968 

8 

12,0 CM 

22,5° 

(99, 7 - 107, 7) CM 

16 CM 

-17 a 

-0,9280 

Ta5naua 4 

napaMeTpbl ofiMOTOK rpyooll' KOppeKilHH 
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4,75 

50 

15 

78,0 

80,0 

4,2 

I~, 75 

50 

16 

82 

84 

4,: 
4,' 

50 

l_: ------------------------



I!KCHManbHbiii 3a30p 2h 

N0
0 

:meMeHTa nepHOilH'IHOCTB a 

( RH-Rk) 

H 

aneM9HTa nepHOJlH'IHOCTH a 

N80 

3n9M9HTa nepHOJlH'IHOCTB a 

RH- Rk 

N80 

14 

• 

2 

( 10,0 - 14, 76) CM 

220 a 
0 

8 

22,5° 

( 120,5 - 121,5) CM 
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PHc. 2. CxeMa pacnonoJKeHHSI TOKOBbiX o6MoTOK MoAenn. 

2 
dr:!Jef0(pai1) ~<P.~ Nl{..,J 

2,0 o.z 

~5 0,1 

f,O 0 

0,5 -at 

-az 
0 

80 90 ffO 7.(~"') 

0,3 

a; 
t.H1{3) 

0,2 

0,1 
Ql=0,39 

Qil =0.30 
0 

80 'Z(c") 

-cv 



-00 

' 

a; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L 

~Clls'0~pa4) 
2,0 

~5 

1,0 

0,5 

0 
80 

0,3 

4H8 t~J 

0,2 

O,f 

0 
80 

-o,f 

-o.z 

2 

~~~~~~~~~~~~~~~~~~~~ 
t l J ~ 5 6 1 a 9 w u ~ ~ ~ ~ $ " m ~ N ~ 

-- -- -- -- -- -- -- -- -- -- 3 
-- ...l:..Q_ 

Pac. 2. CxeMa pacnono>KeHHSI TOKOBhiX o6MOTOK MO.!lena. 
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Puc. 3. 0TKnoHeHHil aunnuTyJlbl u 4Ja3bl 8-oa rapMOHBKB OT rpe6yeMbiX aaaqea•A. 
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PHc. 4. CxeMa aaeMyTanbaoro pacnonoJKeHHH B aanpasnea&H Toxos rapMOHH'Iecxax o6MoTox. 
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