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TapaHTBH H.H. P9 - 11041 
CacreMa K03$$auaearoa naaeAaoro npeo6paaoaaHBH ny~Ka 
38pH)I{eHHbiX ~8CTHU B M8l'HBTHOM AHITOnbHOM 3neMeHTe. 

'iaCTb ffi. AKC88llbHoe ABH)I{eHHe 

llony~eH H860p CHCTeM8TK3BpOB8HHbiX K03$$HUBeHTOB n&HeAHOl'O npe

o6p830B8HBH ny~K8 38pH)I{eHHbiX ~8CTHU AnH 8KCH8nbHOl'O ABH)I{eHBH KX B M8I'

HHTHOM ABITOnbHOM 3neMeHTe. 

naa cnoco6 rpa~a~ecKoro onpeAeneHBH nono)l{eHaA acroqaaKa, npaeM

HHKa H OCHOBHhlX K03¢$HUHeHTOB nHHeAHOl'O npeo6p830B8HHH. 

Pa6ora BbiiTOnHeHa B na6oparopHH S!JlepHbiX peaKilHA OHHH. 

npeup88T 061.e .... enoro DC:T8TyT& QepDU 8C:C:De .. oii&DA. Jly6U 1977 

Tarantin N.I. P9 - 11041 

Coefficient System for Linear Transformation of the 
Beam of Charged Particles by a Magnetic Dipole Element. 
Part In. Axial Motion 

A set of systematized coefficients for linear transformation 
of the beam of charged particles for their axial motion in ~ magne
tic dipole element was obtained. A rule for graphical presentation 
of positions of a source, a collector and main coefficients of li
near transformation is presented. 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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pa oTax bin pa3BHT HOBbiH npaeM onpe.n.eneHHJI 

K034KJIHUHeHTOB npeo6pa30BaHHJI DY'IKa 3apJI)I(eHHbiX 'laCTHl{ 

B MarHHTHOM ,lJ,HDOnbHOM 3neMeHTe H 6bln nony'leH Ha6op 

CHCTeMa TH3HpOBaHHbiX KO 34KJIHUHeHTOB nHHeHHOrO npeo6pa • 

30BaHHJI .n.nJI pa.n.aanbHoro .IJ.BH)I(eHHJI qacTHU a xpoMa TH'Ie

CKOM H KBa3HaXpOMaTH'IeCKOM BapHaHTaX npeo6pa30BaHHJI. 

B HaCTOJIIl{eil cTaTbe 3TOT npaeM pacnpocTpaHeH Ha aK

caanbHoe ,lJ,BH)I(eHHe 3apJI)I(eHHbiX 'laCTHl{ B MarHHTHOM 

,lJ,HDOnbHOM 3neMeHTe ,H nony'leHbl K034KJIHUHeHTbl nHHeHHOrO 

npeo6pa3oBaHHJI .n.nJI aKcaanhHoro .D.BH)I(eHHJI. 

AKCHAJihHOE ,l(BH)I(EHHE 3AP JI)I(EHHOH 
lJACTHl.(M B MAFHHTHOM ,D.HIIOJihHOM 
3JIEMEHTE 

TpaeKTOpHJI aKcaanbHOro .D.BH)I(eHHJI 3apJI)I(eUHoil qa

CTHl{bl B MarHHTHOM ,lJ,HDOnbHOM 3neMeHTe H HCDOnb3yeMble 

B paCCMOTpeHHH BenH'IHHbl npe,lJ,CTaBneHbl Ha puc. J. 
YpaaHeHHe .n.nJI aKcaanbHoro .D.BH)I(eHHJI 3apJI)I(eHHOH 

'laCTHl{bl B MarHHTHOM none B neBOBHHTOBOH CHCTeMe KOOp

,lJ,HHa T HMeeT 061l{HH BH.D. 

mz ~ ~ (vc;63r -vr Bc;b)*. /1/ 

*B HaCTOJIIl{eH pa6oTe HCDOnb3YIOTCJI Te )l(e 0603Ha'fe· 
HBJI, 'ITO H B CTaTbJIX /1.21. 
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HCT04HHK nPvtEMHYIK 

Puc. 1. TpaeKmopuJI aKcua/lbHozo oeuxeHUJI 3apliJKeHHoii 
'IQC111Uf.lbl 13 MQ2HU1/IHOM ounO/IbHOM 3/leMeHme. Cmpe/IKQMU 
YKQ3QHbl Hanpa13/I€HUJI no/IOJKU1/Ie/lbH020 01/IC'le111a Be/IU'IUH. 

Ilocne nO;:J;CTaHOBKH Bblpa)l(eHHH ;:J;TIJI KOMnOHeHTOB pa.D;HaTIL

HO-HeO;:J;HOpO;:J;HOrO, aKCHaTILHO-CHMMeTpH'IHOrO nOTI.II, OpH

Be,D,eHHblX B pa6oTe/ 1 I, H 3aMeHhl npOH3BO;:J;HblX no BpeMeHH 

npOH3BO;:J;HblMH no yrny <p 3TO ypaBHeHHe C TO'IHOCTLIO 

;:J;O nepaoro nop.II;:J;Ka Manhlx qneHOB ( H o 3anHllleTc.ll B 

BB;:J;e 

("+v 2 ( ~o. /2/ 

r;:J;e V ~ \ 1 - a1 • a CMblCTI .D;pyrHX 0603Ha'leHHH ;:J;aH B pa6o

Te /!/ . 0;:J;HO H3 'laCTHbiX pellleHHH ypaBHeHBJI /2/ onpe

;:J;eTIHM, HCXO)];JI H3 yCTIOBHH Ha BXO)];HOH 341«1leKTHBHOH rpaHH

ue MarHHTHOrO non.11. 3TH YCTIOBHJI 6y;:J;yT onpe;:J;eTIJITLCJI 

KOOp.D;HHaTOH BbiXO;:J;a 'laCTHUbl H3 HCTO'IHHKa ( 1 H yrnOM 

/3 1 Me)I(;:J;y TpaeKTOpHeH BbiXO;:J;a 'laCTHUbl H3 BCTO'IHHKa 

B nnOCKOCTLIO XOY H HeKOTOpbiM npeTIOMTieHHeM TpaeKTOpHH 

npH npOXO)I()];eHHH 'laCTHUbl KpaeBOrO MarHHTHOrO nOTIJI. 

1Io3;:J;Hee 6y;:J;eT noKa3aHo, 'ITO aenH'IHHa npenoMneHH.II 

TpaeKTOpHH 'laCTHUbl Ha 34Ml>eKTHBHOH rpaHHUe, onpe;:J;en.lle

MOB COOTHOllleHHeM /1/ pa60Tbl /l/, )];TIJI OCHOBHOrO nOTIJI 

Bz(p.¢ .O),.B
0

(1+a
1
p) c TO'IHOCTLIO ;:J;O nepaoro no

P.II;:J;Ka Manblx qneHOB Bblpa)l(aeTC.II «<lopMynoii: 

~/31""-t1(1(¢ ), 
rp /3/ 

r;:J;e ~(3 1 - pa3HOCTL Me)I(;:J;Y yrnaMH /3 nocne H ;:J;O npo

XO)I(;:J;eHH.II Kpaeaoro non.11, ( 1(¢ r ) - aKcHanLHa.ll xoop

;:J;HHaTa TpaeKTOpHH Ha BXO;:J;HOH 3~eKTHBHOH rpaHHUe npH 

4 

np.IIMOTIHHeHHOM ;:J;BH)I(eHHH 'laCTHUbl )1;0 3«ii«iieKTHBHOH rpa

HHUbl. 

Bhlpa)l(eHHe /3/, cnpaae;:J;nHBoe H ;:J;TI.II O;:J;Hopo.D;Horo Mar

HHTHoro non.11, 6blno anepable nony'leHo B pa6oTax /a, 41 ;:J;TI.II 

3Toro cnyqaJI. AHanorH'IHOe Bblpa)l(eHHe 6blno Haii;:J;eHo 

B pa6oTe /5, )];TI.II pa;:J;HaTILHO-HeO;:J;HOpO.D;HOrO MarHHTHOrO 

nOTIJI, HO npH HeCKOTILKO HHOM onpe.D;eneHHH 341«1leKTHBHOH 

rpaHHUbl. 

rpaHH'IHhle YCTIOBHJI )];TIJI BXO;:J;HOH rpaHHUbl C TO'IHOCTLIO 

.n.o nepaoro nop.II;:J;Ka Manblx aenH'IHH ( 1 H {1 1 (( « 1 , 
f1

1 
« 1 ) 3anHIIIYTCJI B BH;:J;e: ! 

C: 1 <<P I'P > ~ C: 1 + /31 e 1 B 

c:, < <P ) __ c: t + /3 c1- e t ) . 14/ 
1 rp 1 1 1 1 1 

qaCTHoe pellleHHe ypaaHeHH.II /2/, OTBe'laiOll.\ee rpa

HH'IHblM yCTIOBHJIM /4/, eCTL 

c: c <P ) _ c c: + 13 e ) cos v ¢ + 
1 1 1 1 

+.L[-(t +/3 (1-e t )]sinv¢. 
v 11 1 11 

/5/ 

Haii;:J;eM .D;pyroe qacTHoe pellleHHe ypaaHeHH.II /2/ ;:J;TI.II 

'laCTHUbl, npHXO)];.IIll.\eH Ha npHeMHHK B TO'IKY C KOOp.D;HHaTOH 

(2 H nO)]; yrTIOM (32 K nnoCKOCTH xoy. rpaHH'IHble YCTIOBHJI 

Ha BbiXO)];HOH rpaHHUe )];TIJI 3TOH 'laCTHUhl: 

c: Crt> )-( -f3 e H 
2 rp 2 2 2 

c:, c ¢ ) =' t + f3 (1- e t ) . 
2 rp 2 2 2 2 2 /6/ 

ff3 cpaBHeHHJI rpaHH'IHbiX YCTIOBHH /4/ H /6/ )];TIJI aKCH

aTILHOrO )];BH)I(eHHJI 'laCTHUbl H rpaHH'IHbiX YCTIOBHH /6/ H 
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/8/ pa60Tbl I 1 I ~nJI pa~BanLHOrO ~BH:>KeHBJI BH~HO, 'ITO 

HaKnOH rpaHBI.(bl (t i ,i=1,2) ~BllOnLHOrO MarHBTa npOJIBnJieTCJI 

npRMO npoTHBonono:>KHbiM o6pa3oM /34Mt>eKTbl pa3Horo 3Ha

Ka/ B B3MeHeHBB BenB'IHH p' B (' npB npOXO:>K~eHBB 'laCTB

l(eH 34JclleKTBBHOH rpaHBI.(bl MarHBTHOrO nonJI. 

PemeHBe ypaaHeHBJI /2/ c rpaHB'IHbiMH ycnoBBJIMH /6/ 
eCTL 

( 2 (¢)•((
2 

-{1
2

f
2
)cosv(¢-<t>)

_.!_[(2t2+{32(1- P t )lsinv (Ill-¢). 
lJ 2 2 /71 

,lJ.nJI TOrO 'IT06LI HaRTH 3aBHCHMOCTL KOHe'IHLIX KOOp~B
HaT 'laCTHI.(bl ( 2 B {-32 OT Ha'lanLHLIX ( 

1 
B {3

1 
, BOCnOnL3y

eMCJI npHeMOM COBMe~eHBJI ~BYX 'laCTHbiX pemeHBH ypaB

HeHHJI /2/, acnonL30BaBmHMCJI B pa6oTe ill. B pe3ynLTaTe 
3Toro nonyqaeM 

1 n 1 ( (c- --t s )+{3 [r c +-(1-P t )s ]• 
1 1 lJ 11 1 11 lJ 11 1 

~cz,( 1+Zf3f31 )(c 2
- ~ t

2
s

2
) 

_ < n )' ' + nf3 f3 ) r r c + _l. (1- r t ) s
2 1, 1 1 2 2 v 22' H 

( c- v s - t c ) + f3 r -v e s + (1- e t ) c 1 ,., 
1 111 1 11 1f1 

z(Z((
1 

+ Zf3(3 1 )(z~s 2 +t2 c 2 )+ 

+ (B(( 1 + '3{3(3 1) [-vC 
2
s

2 
+ (1- P

2
t
2 

]s
2 

) . /8/ 

B COOTHOlUeHBJIX /8/ npBMeHeHbl 0603Ha'leHBJI S i =Sin v Xi , 

c i aCOSvx i • i-1.2 • Xl - npOH3BOnLHOe 3Ha'leHBe yrna 

<f> • X2 = ¢-x 1 ; ~nR ( 2 B f3 2 BCllOnL30BaHbl npe~CTaB-
neHBJI 

6 

( 2 ,. Z(( 1 + Z(3f31 B {3 2- B( ( 1 + B[Jf31' 

B KOTOpbiX K034JcllBI.(BeHTbl pa3nO:>KeHBJI, TaK :>Ke KaK B B pa3-

no:>KeHHJIX T/ 2 H a 2 B pa6oTe 11 < 0603Ha'leHbl O~HOHMeHHLIMH, 
HO 3arnaBHLIMB 6yKBaMB rpe'leCKOrO ancllaBBTa. 

H3 paaeHCTB /8/ nonyqaeM, npapaBHJIB Ko34JcllBI.(HeHTLI 

npH ( 1 B {31 , ~Be CBCTeMbl, Ka:>K~aJI B3 KOTOpbiX CO~ep:>KBT 
no ~Ba ypaBHeHBJI, CBJI3LIBai011UIX K034JcllHI.(BeHTLI nHHeHHOrO 

npeo6pa30BaHBJI KOOp~BHaT: z, B n,. z {1 B Bf-3 • PemeHBJI 

3THX CHCTeM ypaBHeHBH ~aHbl HB)I(e B ~BYX cllopMaX: 

Z;-- (c 1 - .1.t 1s 1 )[-v P s + (1- P t )c ]-
s lJ 2 2 2 2 2 

1 - c v s 1 + t 1 c 
1

) [ r
2 

c 
2 

+ -~ (1 - r 
2 

t 
2 

) s 
2 
1 ~ 

-(-~ 
I' 

- 2 - v f 2 ) s + r 1 - r ct + t ) 1 c . 
v . 2 1 ~ 

t s 
B7 -(vs +t c )(-c + 2 2) 

<, 111 2--
v 

t s 
-(c --:l.:::..L)(vs +t

2
c

2
)-

1 v 2 

t t 
1 2 

- (---v)s-(t +t )c, 
v 1 2 

/9a/ 

/96/ 

/lOa/ 

/106/ 

Z ~[f c +..L(1-f t )s ][-vf s +(1- P t )c ]+ 
f3 1 1 v 1 1 1 2 2 2 2 2 

+ [ - v r s + c 1 - e t ) c J[ e c + .L (1 - r t ) s l-
1 1 11 1 2 2 v 22 2 

/lla/ 

-r1-(1-ft)(1-f.t )-vf f )S+ 
·v 11 2 2 1 2 

+ r r 
1 

+ r 
2 

- r 
1 
r 

2 
(t 1 + t 2 ) 1 c . /116/ 
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t s 
B/3~ [-vf1 s 1 + (1-f 1 t 1 )c 1 ](c2 - -~) 

- [ e 1 c 1 + : (1 - e 
1 

t 
1 

) s 
1

] c v s 
2 

+ t 
2 

c 
2 

) ,., 

1 
= - [ v e + -- c1 - e t ) t 1 s + [ 1 - e (t + t ) 1 c 1 v 11 2 1 1 2 • 

r)l.e S=Sinu<l> , a C""COSt;Qlc 

/12a/ 

/126/ 

Haii.IJ.eHHLie KoJctxlJH~HeHTLI JIHHeiiHoro rrpeo6paJoBaHHS 

)l.aiOT B03MO)I(HOCTL OIIpe)l.eJIHTL aKCHaJILHLie paJMepLI H 

yrJIOBYIO paCXO)l.HMOCTL IIY'IKa 'laCTHU B IIJIOCKOCTH IlpHeMHH

Ka MarHHTHOrO )l.HIIOJILHOrO 3JieMeHTa, rrapaMeTpLI KOTOpOrO 

BLI6paHLI Ha OCHOBe Tpe60BaHHH K rrpeo6pa30BaHHIO IIY'IKa 

'laCTH~ B pa)l.HaJILHOM Ce'leHHH, SBJISIOll(HXCS, KaK rrpaBHJIO, 

orrpe.IJ.ensJO~HMH. )l.ns JTHX BLI'IHCJieHHH 6onee Y.IJ.06HLI $op

MYJILI /9-12/ B $opMe "6". 

0)l.HaKO O'leHL 'laC TO HapS.IJ.Y C Tpe6yeMLIM rrpeo6pa30-

saHHeM IIY'IKa 'laCTH~ B pa.IJ.HaJILHOM ce'leHHH 6LisaeT HY)I(Ha 

Ta HJIH HHaS TpaHC$OpMa~HS IIY'IKa H B aKCHaJILHOM Ce'leHHH 

)l.JIS IIOJiy'leHHS OIIpe)l.eJieHHOH $opMLI $oKaJILHOrO IISTHa, 

HaiipHMep, CTHrMaTH'IeCKOrO. Tor)l.a B JaBHCHMOCTH OT 

Ha'laJILHLIX aKcHaJILHLIX napaMeTpos rry'IKa Heo6XO.IJ.HMO 

OCyll(eCTBHTL O)l.HH H3 'leTLipex THIIOB paCCMOTpeHHLIX B 

pa6oTe /1/ rrpeo6paJoBaHHH IIY'IKa /"Ja)I(HraTeJILHoe CTeK

no", "TenecKorr", "rrpoeKTop" H "KOH.IJ.eHcop"/. Ka)I(.IJ.LIH HJ 

3THX BH)l.OB rrpeo6paJOBaHHS, )l.JIS KOTOPLIX He06XO)l.HMO pa· 

BeHCTBO HYJIIO O.IJ.Horo HJ Ko3ctxlJH~HeHTOB Zr, , Br, , Z {1 H % , 
MO)I(eT 6LITL OCyll(eCTBJieH, KaK 3TO MO)I(HO BH)l.eTL H3 CTpyK· 

TYPLI JaiiHCH KoJctxlJuuaeHTOB /9-12/ B $opMe "a", .IJ.BYMS 

paJJIH'IHLIMH crroco6aMH. HarrpHMep, .IJ.JIS ocyll(eCTBJieHHS 

IIpeo6pa30BaHHS THIIa "TeJieCKOII", He06XO)l.HMOe paBeHCTBO 

HYJIIO K03ctxlJH~HeH:a B ( MO)I(eT 6LITL IIOJiy'leHO IlpH BLIIIOJI· 

HeHHH HJIH ycnoBHH 

vs + t c • 0 
1 1 1 

H vs2 + t2c2 ~ 0, /13/ 

HJIH YCJIOBHH 

8 

"' 

.. 

t1~_, 0 
c1- -v H t2 8 2 -0. c - -~-

2 v /14/ 

PaJJIH'IHe 3THX YCJIOBHH COCTOHT B TOM, 'ITO YCJIOBHS /13/ 
OTBe'laiOT 'leTHOMy 'IHCJIY /B TOM 'IHCJie ,H HYJIIO/ rrepeceqe • 

HHH TpaeKTOpHB: qacTH~ c Me.IJ.HaHHOH ( ("' 0) rrnocKOCTLJO, 

He C'IHTaS rrepeCe'leHHH B HCTO'IHHKe H Ha IlpHeMHHKe; 

ycnosus /14/ - He'leTHOMY 'IHCJIY rrepece'leHHH. llpu JTOM 

B rrepBOM CJiy'lae VX i > - ~ rr , a BO BTOpOM VX i > 0 , 

i-1.2 . 

3aMeTHM, 'ITO B pa60TaX/1,2 i )l.JIS pa)l.HaJILHOrO )l.BH)I(e· 

HHS 'laCTH~ paCCMaTpHBaJIHCL TOJILKO CIIOC06LI rrpeo6paJO· 

BaHHS ny'IKa 'laCTH~ 6eJ rrepece'leHHS H c O.IJ.HHM rrepece

'leHHeM TpaeKTOpHH 'laCTH~, KOTOpLie, JaMeTHO OTJIH'IaSCL 

O)l.HH OT )l.pyroro )l.HCIIepCHeH H H30XpOHHOCTLIO, )l.aBaJIH 

B03MO)I(HOCTL IIOJIY'IHTL caMLie pa3JIH'IHLie KOM6HHa~HH JIH· 

HeHHLIX xapaKTepHCTHK MarHHTHOrO )l.HIIOJILHOrO 3JieMeHTa. 

fi03TOMy He 6LIJIO He06XO)l.HMOCTH paCCMaTpHBaTL CJiy'laH 

pa.IJ.HaJILHoro rrpeo6paJosaHHS ny'IKa 6onee 'leM c O.IJ.HHM 

IIepeCe'leHHeM, Tpe6yl0ll(HX, KCTaTH CKaJaTL, )l.HIIOJILHLIX 
/ 

MarHHTOB C 60JILWHM yrJIOM OTKJIOHeHHJI. qHCJIO )l(e IIepe-

Ce'leHHH rrpu aKcHaJILHOM .IJ.BH)I(eHHH JaBHCHT OT napaMeTpos 

)l.HIIOJILHOrO MarHHTa, KOTOpLie MOryT 6LITL BLI6paHLI Ha 

OCHOBe Tpe6oBaHHH K pa)l.HaJILHOMy rrpeo6pa30BaHHIOIIY'IKa 

TaK, 'ITO 3TO 'IHCJIO MO)I(eT 6LITL 6onee O)l.HOrO. 

AKcHaJILHLie K03ctxlJH~HeHTLI JIHHeiiHoro rrpeo6paJoBaHHs 

IIY'IKa Japs)l(eHHLIX qacTH~ MarHHTHLIM .IJ.HIIOJILHLIM JJieMeH

TOM )l.aHLI B 111a6/l. 1 H 2. 
PacKpLITHe Heorrpe.IJ.eJieHHOCTeii B BLipa)l(eHHsx .IJ.JIS KOJ$· 

$H~HeHTOB rrpeo6paJOBaHHS IIPH 3Ha'leHHSX r i =0 H cos vx i''"o 
HJIH sin v X ; "'0 )l.aeTCS B ma6/l. 3 H 4. 

llpu v-·a I O.IJ.Hopo.IJ.Hoe none/ Heorrpe.IJ.eneHHOCTL THrra 

g B BLipa)l(eHHSX 111a6/l. 1 H 2 HCKJIIO'IaeTCS IIyTeM CJie • 

s 8 1 X1 
.IJ.YIOll(HX IIO.IJ.CTaHoBoK: -;;·<I> , 82.., x 2 · Ycnosus ocy~ecT-
BJieHHs rrpeo6paJoBaHHH rrpH JTOM HJMeHSIOTCs cne.IJ.yJOll(HM 

s c t . 
o6paJoM: BMecTo _..!..."'_ - 1 

cne.IJ.yeT BJSTL t i ~o , xi -
ci v 

9 



-0 Ta6nwua 1 

Kos~uaeHTbl naaeAaoro npeo6paaoeaaag nyqKa qaCTHU npa qeTHOM qacne nepeceqeaaA TpaeKTOpaA c MeQB8HHoA 
nnocKOCTbJO 

Tan a ycnoeag KoscjMilauaeHTbl 

ocyJUecTBli8HBg 
npeol5paaoeaaag z, a, zf3 3$ 

3a*araTenbHoe cTeKno 

81 It 82 1 1 0 -~ ~ ~ ~ 8 - -------.---(- - 12 ) f2cl c2 c2 f2c I 
vf 

cl " c2 " f 2 2 

TenecKon 

2.-!..!..i-1.2 
..3.. 0 

flc2 f2c1 s ~ -- t ---+-
cl cl c2 " c2 

c. " I 

np08KT0p 

8 1 1 1 _!.a_ -~- ~+-s __ 0 -~ ---(--1 ),i-1.2 
fl c 2 f c ", f f 2cl C i " f i I flc2 2 1 I 2 

KoaQeacop 

8] .!.. 1 82 12 ce f 2cl 8 ...s_ ~ 0 -- ( r. -I ). --- - --
~ 

-
~ 

-
c I " I I c 2 " ct flc2 C I 

Ta6naua 2 

KoscjMilauaeHTbl naaeAaoro npeo6paaoeaaag nyqKa qacTau npa aeq~THOM qacne nepeceqeaaA TpaeKTopaA qacTRu c MeQB8HHoA 
nnOCKOCTbiO 

--

-----------------------------------------------------------------
Tan a ycnoeag 
OCYIU8CTBJI8HBII 
npeo6paaoeaaag 

TenecKon 

C I I I 

s;·-;-· 
npo&KTOp 

KoHQeacop 

1 

l 

0 

C I 1 1 c 2 t 2 82 f 8! 8 
-- -(t --) --- --+-2 __ -
s! " I ft. s2 " sl fls2 -;;r;-

s, 
se 

f2BI 

0 

s, 82 8 
___._ + -- + ---
fa f8 vff 
12 21 12 

KoscjMilauaeHTbl 

zll Bf3 

fest ~ f 8 8 ---- - +~---
82 8 2 f2 s 1 vf

2 

f Is 2 f 2 81 8 -------+- -~ 
81 82 " 82 

0 

0 



Ta6naua S 
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s. 1 1 
mo6oe 3HaqeHae; BMecTo -

1 ~ -( ,- - t i) cneJJ,yeT B3JITL 
c j v f i 

c. t. 
- mo6oe 3HaqeHHe; _ 1 __ 1 npeo6pa3yeTCJI t - 1 i -0-' x. 

1 i I si v 

1 
p, i ~.let. - r > 

• -- V 1 1 ' s i 
npeo6pa3yeTCJI B _l_ + 

X 

1 
B -~ t. 

X· I 
I 

- llJopMyny 1 
+jl~ti 

I R 
HHeM f • _O_ 

t i . 

i 
TOHKOH nHH3bl c liJoKyCHbiM paccToJI· 

KoJ~HUHeHTbl nHHeii:Horo npeo6pa3oBaHHJI nyqKa qacTHU 

MarHHTHbiM JJ,HnOnbHbiM JneMeHTOM npH aKCHanLHOM JJ,BH· 

)l(eHHH, npeJJ,CTaBneHHble liJopMynaMH /9·12/ H B 111a6A. J· 4, 
OTBeqaroT npHHUHny coxpaHeHHJI JneMeHTa nnmuaJJ.H 4Ja3oBoii: 

nnOCKOCTH (- {3 npH npeo6pa30BaHHH BenHqHH ( 1 • {1 1 B 

BenaqHHbl ( 2 , {3 2 , T. e. JJ,eTepMHHaHT Ma TPHUbl JToro nepe

XOJJ,a paBeH eJJ,HHHUe: 

Z B --Z B;-~1 
( {3 {3 s 

<J>opMa Tpe60BaHHH K napaMeTpaM MarHHTHOrO JJ,HfiOnb· 

HOrO JneMeHTa, He06XOJJ,HMbiX JJ,nJI OCyiUeCTBneHHJI TOrO HnH 

HHoro aKcHanLHoro npeo6pa3oBaHHJI nyqKa, no3BOnJieT TaK

*e acnonL30Ba TL rpallJaqecKHH cnoco6 JJ,nJI HaXO)I(JJ,eHHJI 

MeCT nonO)I(eHHJI HCTOqHHKa H npHeMHHKa H OIIpeJJ,eneHHJI 

HeKOTOpbiX KOJ~HUHeHTOB. rpaliJHqecKoe fiOCTpOeHHe JJ,aeTCJI 

ua puc. 2 JJ,nJI MarHHTHoro JJ,HnonLHoro JneMeHTa c npeo6pa-

30BaHHeM nyqKa B aKCHanLHOM ceqeHHH THna "npoeKTOp" 

npH qeTHOM qHcne nepeceqeHHH TpaeKTOpHH qaCTHU C Me· 

JJ,HaHHoii: nnocKOCTLIO. B rpallJaqecKoM nocTpoeHHH HY*HO 

tg( i 
HCfiOnb30BaTb BenHqHHbl 1/L., l/)( H -arctg(----) BMeCTO 

l I V 

COOTBeTCTBYIOIUHX BenHqHH L i, Xi H f i( i-1.2 ). llono· 

)l(eHHe HCTOqHHKa ( L t) H npHeMHHKa (L2 ) npH 3aJJ,aHHbiX 

napaMeTpax JJ,HnonLHoro MarHHTa R 0, v , £ i H Xi onpeJJ,e

nJieTCJI ycnOBHeM, qTO HOpManL K BXOJJ,HOH /BbiXOJJ,HOH/ 

ycnOBHOH J~eKTHBHOH rpaHHUe B TOqKe BXOJJ,a /BbiXOJJ,aj 

rnaBHOH TpaeKTOpHH, HOpManb K paJJ,Hycy·BeKTOpy r npH 
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c 
Puc. 2. Cnoco6 zpat/Jut~ecKozo onpeoeAeHUJf noAoJKeHuii uc
IIIO'IHUKa (L 1) , npueMHUKQ (L 2) U OCHOBHbiX K03t/Jt/JUfiUeHIIIOB 
AUHeUHOZO npeo6pa30BQHUJf ny'IKQ 'IQCIIIUfl B MQZHUIIIHOM 
ounOAbHOM 3AeMeHme OAJf QKCUQAbHOZO OBUJKeHUJf c 'leiiiHbiM 
'IUCAOM nepecet~eHUU lllpaeKIIIOpUJfMU 'IQCIIIUfl MeOUQHHOU nAo· 
CKOCIIIU. KaaOpalllaMu OIIIMe'leHbl npJfMble YZAbl. 

OB OA vL c vL2cl 
Z "' - -- B --- 1 2 

- AE , ----BC. ( OA ' {3 OB ' c 
1 

c 
2 

c/J=x 1 B TOqKe 0 H HOpManb K rnaBHOH TpaeKTOpHH B MeCTe 

pacnono)l(eHHJI HCTOqHHKa /npHeMHHKa. / nepeceKaiOTCJI B 

OJJ.HOii: TOqKe A ( B ).3aMeTHM, qTo ua puc. 2 uacTOJIIUeii: 

pa6oTbl npeJJ,cTaBneuo rpaliJHqecKoe nocTpoeHHe JJ,nJI MarHHT

Horo JJ.HnonLHoro JneMeHTa c TeMH )l(e napaMeTpaMH L, 
1 

, 

R. 0, £ i , x 1 +x2 = 1> H a 1 --0.5(w-v).qTo H ua puc. 2pa6o

Tbl 11/ HnniOcTpHpyiOU(eM rpacllHqecKoe nocTpoeHHe JJ,nJI pa

JJ,HanLHoro JJ,BH)I(eHHJI nyqKa B JJ,HfiOnLHOM JneMeHTe. llpH 

noJJ,rOTOBKe PHCYHKOB noacK napaMeTpoB, YJJ.OBneTBOPJIIOUUIX 

OJJ,HOBpeMeHHO ycnOBHJIM npeo6pa30BaHHJI THna "npoeKTOp" 

KaK B paJJ,HanbHOM, TaK H B aKCHanbHOM ceqeHHJIX nyqKa, 

C fiOMOIUbiO rpatllHqecKoro fiOCTpOeHHJI 3aHJin HeCKOnhKO 
MHHyT. 
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0CHOBHhle KOJ<txl>HUHeHThl npeo6pa30BaHHB HaXO~BTCB 
OB OA 

TaK>Ke H3 JneMeHTOB nocTpoeuus: Z 7 - - --, B "' - --. 
s OA f3 OB 

r c r 1 c 2 
3uaqeuus ---- H 

_.L!, __ _ 
c 1 c 2 

~XO~B~e B Bhlpa*eHHe 

MB B( , 3a~aiOTCB oTpe3KaMH AE H BC. 
rpa~HqeCKOe ITOCTpOeHHe ~JIB aKCHaJibHOrO ~BH*eHHB 

npH ueqeTHOM qucne nepeceqeHHH TpaeKTOpHH C Me~HaHHOH 

nnocKOCTLIO B TaKoii *e Mepe auanoruquo nocTpoeHHIO ~ns 

pa~HaJILHOrO ~BH*eHHB C KBa3HaxpoMaTHqeCKHM CITOC060M 

npeo6pa3oBaHHB /eM. puc. 2 pa6oThl 
121 I. 

IlpH napanneJibHOM XO~e TpaeKTOpHH B aKCHaJibHOM 

ceqeHHH nyqKa ~0 HJIH 3a MarHHTOM TOqKa nepeceqeHHB 

HOpManeii K YCJIOBHOH J<txl>eKTHBHOH rpaHHUe H K pa~Hycy· 

seKTopy r nepeHOCHTCB s 6ecKouequocTL I eM. nocTpoeuue 

ua puc. 2 pa6oThl 121 I. 
IlpH pacqeTe H C03~aHHH MarHHTHhlX ~HITOJibHhlX Jne

MeHTOB Haps~y C napaMeTpaMH nyqKa qacTHU Ha npHeMHHKe 

BeCLMa Ba*HO 3HaTb MaKCHMaJibHhle OTKJIOHeHHB TpaeKTOpHH 

qaCTHU OT rnaBHOH TpaeKTOpHH ITO BCeH ~JIHHe TpaeKTOpHH 

qacTHUhl. HcnonL3yeMhlH s pa6oTax 1 1.21 H B uacTOBll{eii 

CTaTbe MeTO~ paCCMOTpeHHB ~BH*eHHB qacTHU B MarHHTHOM 

~HllOJibHOM JJieMeHTe ll03BOJIBeT nonyqHTb 3HaqeHHB MaKCH· 

MaJibHhlX OTKJIOHeHHH TpaeKTOpHH qacTHU OT rnaBHOH Tpa· 

eKTOpHH, onpe~eJIBIOll{HX BHyTpeHHHe pa3Mephl KaHana ~JIB 

qacTHU. MaKCHMaJibHhle OTKJIOHeHHB 3apB*eHHOH qaCTHUhl OT 

Me~HaHHOH nnocKOCTH, Bhlpa*eHHhle B e~HHHuax IC: 1 Imax 

~ns npeo6pa3osauuii Tuna "3a*HraTenLuoe cTeKno" H "Te

necKon" H B e~HHHuax f11f3tlmax ~ns npeo6pa3oBaHHH 

Tuna "npoeKTop" H "Kou~eucop", npuse~eHhl B ma6A. 5 ~ns 
~BYX BapHaHTOB npeo6pa30BaHHH, COOTBeTCTBeHHO, C qeT· 

HhlM HJIH ueqeTHhlM qucnoM nepeceqeHHH TpaeKTOpHH qaCTHU 

c Me~uauuoii nnocKoCTLIO. TaM *e yKa3aHhl MecTa ~HnonL

uoro MarHHTa ¢max' r~e MaKCHManLHoe oTKnoueuue cny
qaeTCB, H yCJIOBHB npOBBJieHHB MaKCHMaJibHOrO OTKJIOHeHHB 

B yKa3aHHOM MecTe. IlpH r 1=0 H C1=0 HJIH s1 ,.o , HMeiO~X 
MeCTO llpH npeo6pa30BaHHBX THITa "npoeKTOp" H "KOH~eH· 

e1 
cop", 

f1 

s 1 
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pacKphiTHe Heonpe~eneHHOCTeH OTHOWeHHH 

1 
~aeT 

J! 

c1 
H 

Ta6nuua 5 
Harr6onhwrre aKcwanbHhle OTKJIOHBHHH rpaeKroprrA qacrrru 

~ ·Maf'HHTHOM .'lHIIOJibHOM 3JIBMBHTB 

LJeTHOB 'iHCJIO Heqeraoe qacno 

nepeceqeHrrR rrepecetrem~:A 

J (I max I¢ 1 max 
YcnoarrH 

I( I max ¢max 
YcnoarrH 

rrposane- rrposane-
HHH HHH 

1 X. > 0 1.. 77 X> .1L.. 
- X 1 - X 1 ± 2-;:;- j- 2 v 

c1 1 s 1 
i"" 1 '2 i-1.2 

77 
1 0 X < 0 1 0 X <---

1 i 2 v 
liJIU HJIH 

c2 
II> <0 

s2 
Ill i-1 ,2 - x2 --

c 1 s1 

3aMeTHM, qTo ~OpMyJihl ma6/l. 5 Tal<*e npHrO~Hhl )];JIB 

onpe~eneHHB MaKCHMaJibHhlX pa~HaJibHJ.IX OTKJIOHeHHH TpaeK· 

Topuii tracTHU, ecnH BMecTo aKcHanLHhiX napaMeTposucnonL-

3YIOTCB COOTBeTCTBYIOll{He pa~HanLHhle napaMeTphl I P! max' 

1771 ]max 'la1lmax wt/Ji 

3AKJIJOqEHHE 

CHcTeMaTH3aUHB npeo6pa3oBaHHii, npoH3BO~HMhlX Mar

HHTHhlM ~HllOJibHhiM 3JieMeHTOM B pa~HaJILHOM H aKCHaJILHOM 

HanpasneHHBX, a TaK*e BBe~eHHe HOBhiX napaMeTpOB 1/J i H 

X i , i "'1, 2 , - cnaraeMhiX nonuoro yrna OTKJIOHeHHB 

rnaBHOH "tfaCTHUhl B ~BITOJibHOM MarHHTe npH pa~HaJibHOM 

H aKCHaJibHOM ~BH*eHHH, onpe~eJIBeMhiX BXO~HbiMH H Bhl" 

XO~HhiMH napaMeTpaMH MarHHTHOrO ~HllOJibHOrO JJieMeHTa 
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B HOBOM npHeMe paCCMOTpeHHH ero ~eHCTBHB, n03BOnHnH 

cy~eCTBeHHO ynpOCTHTb K03cWiHn;HeHTbl llHHeHHOrO npeo6pa-

30BaHHB nyqKa qaCTHI.J; B MarHHTHOM ~HnOllbHOM 3lleMeHTe, 

CHCTeMaTH3HpOBaTb HX ~OpMy H ynopH~OqHTb BeCb Ha6op 

K03cWiHI.J;HeHTOB. TaK, HanpHMep, CHCTeMa K03cWiHn;HeHTOB 

nuHeuHoro npeo6pa3oBaHHB nyqKa qacTun; a xpoMaTuqecKoM 

MarHHTHOM ~unonbHOM 3neMeHTe /ma6A. 2 pa6oThl 111 I 
CO~ep*HT 24 K03cWiHI.J;HeHTa, H3 KOTOpbiX 4 paBHbl Hynro, 

8 - nonapHO TO*~eCTBeHHbl, 8 - nonapHO B3aHMHO o6paTHbl, 

a OCTanbHble 4 K03cWiHI.J;HeHTa nOCTpOeHbl H3 nOBTOpBW~HX
CB qneHOB. llleCTHa~I.J;aTb K03cWiHn;HeHTOB 3TOH CHCTeMbl 

nOBTOpBWTCB B CHCTeMe llHHeHHbiX K03cWiHn;HeHTOB aKCH

anbHOrO npeo6pa3oBaHHB c qeTHbiM qucnoM nepeceqeHHH 

I ma6A. 1 HaCTOBII.J;eu pa6oTb1/, oTnuqaHcb TOnbKO TeM, qTo 

BMeCTO pa~HallbHbiX napaMeTpOB wl/Ji B HHX HCnOllb3YWTCB 

aKcuanbHble napaMeTpbl v X i . 

AHanorHqHaB CHMMeTpHB H aHanoruqHoe COOTBeTCTBHe 

HMeroT MeCTO ~nB CHCTeM pa~uanbHbiX K03cWiHn;HeHTOB 

nuHeuHoro npeo6pa3oBaHHB nyqKa qacTun; a KBa3uaxpoMa

TuqecKoM MarHHTHOM ~unonbHOM 3neMeHTe I ma6A. 1 pa-

6oTbl 
121 I u aKcuanLHbiX Ko3cWluu;ueHTOB npeo6pa3oBaHHH 

c HeqeTHbiM qucnoM nepeceqeHHH I ma6A. 2 HacToH~eu 

pa60Tb1/. TaKoe *e COOTBeTCTBHe npOBBnBeTCB H ~nB npe

~enbHbiX ~OpM K03cWiHn;HeHTOB, npe~CTaBneHHbiX B ma6A. 3 
pa60Tbl I 

1 
I H B ma6A. 2 pa60Tbl ' 21 , C O~HOH CTOPOHbl, 

H B ma6A. 3 H 4 HaCTOB~eH CTaTbH - C ~pyroH, a TaK*e 

npHBe~eHHbiX B TeKCTaX pa60T ,' 1 •2 / H HaCTOBII.J;eH CTa TbH 
MB w~O H v-0. 

Hau6onLwue pa~uanLHble H aKcuanbHble OTKnoHeHHJI 

TpaeKTOpHH qaCTHI.J; B MarHHTHOM ~HnOnbHOM 3neMeHTe 

Bblpa*aWTCJI TaK*e O~HHaKOBbiM o6pa30M /eM. ma6A. 5 
HaCTOB~eH CTa TbH/. 

Ynpo~eHHOCTb nonHOH CHCTeMbl K03cWiHn;HeHTOB H ycno

BHH npeo6pa3oBaHHB nyqKa qacTun; npoBBnBeTcH eii.J;e a TOM, 

qTo K03cWiun;HeHTLI H ycnoBHH pa~uanbHoro npeo6pa3oBaHHB 

KBa3uaxpoMaTuqecKHM cnoco6oM /ma6A. 1 pa6oTbl /2/ I u 

aKcuanLHoro npeo6pa3oaaHHB c HeqeTHbiM qucnoM nepece

qeHHH I ma6A. 2 HacTOBII.J;eH pa6oTb1/ MoryT 6b1Tb nonyqeHbl 

H3 K03cWiHn;HeHTOB H ycnOBHH pa~uanbHOrO npeo6pa30BaHHJI 

xpoMaTuqecKHM cnoco6oM /ma6A. 2 pa6oTbl /1! I u aKcu-

18 

anLHoro npeo6pa3oaaHHH c qeTHbiM qucnoM nepeceqeHHH 

/ma6A. 1 HaCTOHII.J;eH CTaTLH/ npoCTOH 3aMeHOH 8 1 Ha C; l , 

8 2 Ha -c 2 , c 1 Ha-s 1 u c 2 Ha 8 2 . TaKOH *e 3aMeHoH 

MO*HO BOCnonL30BaTbCB ~nH nepeao~a K03cWiHn;HeHTOBHe

H30XpOHHOCTH /ma6A. 4 pa6oTbl / 1/ H ma6A. 3 pa6oTbl / 2 / I 
H K03cWiHI.J;HeHTOB, onpe~enHWII.J;HX HaH60llbWHe pa~uanbHble 

H aKcuanLHble OTKnoHeHHH I ma6A. 5 HaCTOHII.J;eu pa6oTb1/. 

OTMeqeHHaH noaTopHeMOCTb ~opMbl K03cWiun;ueHTOB no-

3BOnHeT 3anHCb BCeX paCCMOTpeHHbiX 104 K03cWiHn;HeHTOB 

CBeCTH K 3anHCH 33 H nonyqHTb BCe K03cWiHI.J;HeHTbl C no

MO~bro npOCTbiX nO~CTaHOBOK. 

KaK noKa3biBaeT npHKH~oqHoe paccMoTpeHue, ucnonL-
u 6 1121 u 

3yeMbiH B pa OTaX ' . H HaCTOHII.J;eH CTaTbe npHeM onpe-

~eneHHH KOHeqHbiX KOOp~HHa T qaCTHI.J;bl B MarHHTHOM ~H

nonbHOM 3lleMeHTe H CHCTeMaTH3ai.J;HH npeo6pa30BaHHH, 

npOH3BO~HMbiX MarHHTHbiM ~HnOnLHbiM 3lleMeHTOM, ~O~Hbl 

npuaecTH K e~e 6onee cyii.J;eCTBeHHLIM ynpoii.J;eHHHM peweHHH 

ypaBHeHHH ~BH*eHHH qacTHI.J;bl C yqeTOM BTOpOrO H 6onee 

BbiCOKHX nopH~KOB MallbiX BenuquH, a TaK*e CaMHX K03cWiH

I.J;HeHTOB npeo6pa30BaHHB BTOporo H 6onee Bbi<;OKHX no

PH~KOB. 

As Top Bblpa*aeT ucKpeHHIOro 6naro~apHOCTb aKa~e

MHKY r .H.cl>nepoay 3a npe~no*eHHe paCCMOTpeTb BOnpOCbl 

KOMMyTaUHH H MOHOXpOMaTH3ai.J;HH nyqKa qacTHI.J; CTpOHII.J;e

roCH n;uKnoTpoHa Y-400, CTHMynupoaaawee HanucaHue Ha

CTOH~eu CTaTbH H CTaTeH /1, 2 /. 
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