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TapaHTHH H.H. P9 - 11039 

CHCTeMa Koa¢¢HUHeHTOB nHneuuoro rrpeo6paaoaaHHH rryqKa 

38pli>KeHHblX qaCTHU B MBrHHTHOM llHITOnbHOM aneMeHTe. 

4acTb I. Pat:tHam.uoe llBH)KeHHe. XpoMaTHqecKHll crroco6 

nonyqeu Ha6op CHCTeMBTH3HpOBBHHbiX K094xjlHUHeHTOB nHHeHHOrO 

rrpeo6p830BBHHH rryqKa 38pH)KeHHbiX qaCTHU AnH pBilHBnbHOrO llBH)KeHHH HX 

B XpOMBTHqeCKOM MBrHHTHOM llHITOnbHOM aneMeHTe, 

nan cnoco6 rpa~HqecKoro onpeAeneHHH rrono*eHHH HCTOqHHKa, rrpHeM

HHKB H OCHOBHblX KOalfxj!HUHeHTOB nHHeHHOrO rrpeo6p830BBHHH. 

Pa6oTa Bhmonueua B na6opBTOpHH HAepHLIX peaKUHH OlHU1. 

flpenpBBT 0Ci1.e,llBBeBBOro UCTBTYTA aAepBWI BCCJJeAOB&BBI • .lJ.y6B& 1977 

Tarantin N,I, P9- 11039 
Coefficient System for Linear Transformation of the Beam 
of Charged Particles by a Magnetic Dipole Element. 
Part I. Radial Motion, Chr·omatic Method 

A set of systematized coefficients for linear transformation 
of the beam of charged particles for radial motion of particles 
In a chromatic magnetic dipole element was obtained, A rule 
for graphical presentation of positions of a source, a collector 
and main coefficients for linear transformation is presented, 

The investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 
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BBE,4EHHE 

B uacTOJIIQee apeMJI .u.nJI <llopMHpoaaHHJI H auanH3a nyq

KOB 3apJI:lKeHHbiX 'laCTHU npHMeHJIIOTC.Il pa3nH'IHble MarHHT

Hble CHCTeMbl, B KOTOpbiX WHpOKO HCnOnb3YIOTCJI ,IJ.HnOnb

Hble MarHHTbl ,IJ.nJI OTKnOHeHHJI H <iloKyCHpOBKH ny'IKa 'lac

THU, pa3,IJ.eneHHJI 'laCTHU no MaCCaM, CKOpOCTJIM H 3apJI

,IJ.aM, pa3rpynnHpOBKH cryCTKOB 'laCTHU, o6ecne'leHHJI H30-

xpOHHOCTH nponeTa qacTHU. B H3BeCTHbiX MeTo.u.ax pac'leTa 

,IJ.eHCTBHJI ,IJ.HnOnbHbiX MarHHTOB HCnOnb3YIOTCJI OTHOCHTenb

HO CnO:lKHble Bblpa:lKeHH.Il ,IJ.nJI K03<ll<iiHUHeHTOB npeo6pa30Ba

HHJI ny'IKa qacTHU H rpoM03.IJ.KHe npHeMbl pac'leTa. B qacT

HOCTH, B O,IJ.HOH H3 <iiYH.II.aMeHTanbHbiX MOHOrpa<iiHH no 3TOMY 

aonpocy I 1/ npeo6pa3oBaHHe ny'IKa ua yqacTKe cHcTeMbl 

c .u.HnonbHbiM MarHHTOM oT Kpoccoaepa .u.o Kpoccoaepa nyq

Ka paccMaTpHaaeTcJI KaK nocne.u.oaaTenbHOCTb npeo6pa3o

aaHHH, OTBe'lalOIQHX CB060.II.HOMY OT MarHHTHOrO nonJI npo

Me:lKyTKY, ,IJ.eHCTBHJIM Kpaeaoro MarHHTHOrO nonJI, KnHHO

BH.IJ.Horo MaruHTa, ceKTopuoro MaruHTa H .u.anee npe.u.wecT

BYIOIQHX CeKTOpHOMY MarHHTY 3neMeHTOB, HO B o6pa THOM 

nopJI,IJ.Ke. llpH TaKOM MeTO,IJ.e paCCMOTpeHHJI TepJieTCJI Ha

rnJI,IJ.HOCTb, O'leHb Ba:lKHaJI Ha Ha'lanbHOM 3Tane Bbl6opa H 

npHKH,IJ.O'IHOrO pac'leTa CHCTeMbl, H 3aTpy,IJ.HJieTCJI TO'IHbiH 

paC'IeT MarHHTHOH CHCTeMbi, OC06eHHO B BbiCOKHX npH6nH

:lKeHHJIX H ,IJ.a:lKe B cnyqae HCnOnb30BaHHJI 3neKTpOHHblX 

Bbi'IHCnHTenbHbiX MaWHH. ll03TOMY Ka:lKyTCJI uenecoo6pa3-

HbiMH nonbiTKH, HanpaaneHHble Ha ynpoiQeHHe H noHCKH 

uarnJI.u.uoro npe.u.cTaaneHHJI Ko3<ll<i~HuHeHTOB npeo6pa3oaa

HHJI, ae.u.yiQHe K o6ner'leHHIO Bbl6opa H pac'leTa 3neMeHTOB 

MarHHTHOH CHCTeMbl ,IJ.nJI <ilopMHpOBaHHJI H auanH3a ny'IKa 

3apJI:lKeHHbiX 'laCTHU. 
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B CBJI3H C BblllieH3nO)KeHHbiM B HaCTOJill\eH pa6oTe 6blna 

llpOBe~eHa CHCTeMaTH3aUHJI npeo6pa30BaHHH llY'IKa 'IaCTHU, 
llpOH3BO~HMbiX ~HllOnbHbiM MarHHTOM, B 3aBHCHMOCTH OT 

HaqanbHbiX napaMeTpOB llY'IKa H Ha3Ha'IeHHJI ~HllOnhHOrO 

MaruuTa. B pa6oTe 6blnH npuMeHeHbl HOBble napaMeTpbi, 
xapai<TepH3YIOII.{He MarHHTHbiH ~HllOnhHbiH 3neMeHT B HOBOM, 

6onee npocToM npueMe paccMoTpeHHJI ero ~eilcTBHJI. Cuc

TeMaTH3aUHJI npeo6pa30BaHHH, npOH3BO~HMbiX ~HllOnbHbiM 
MarHHTOM, H BBe~eHHe HOBhiX napaMeTpOB llpHBenH K MeHee 

CnO)KHbiM H 6onee CHCTeMaTH3HpOBaHHbiM Bblpa)KeHHJIM ~nJI 
K03cWluuueuToB nuueuuoro npeo6pa3oBaHHJI ny'IKa 3apJI)KeH

HbiX 'IaCTHU B MarHHTHOM ~HllOnhHOM 3neMeHTe. 3TH K03dJ

dJHUHeHThi, a TaK)Ke ycnosuJI, ueo6xo~HMhie ~nJI ocymecT

sneHHJI Toro unu uuoro Tuna npeo6pa3oBaHHJI, HMeiOT 

uarnJI~Hoe rpadJuqecKoe npe~cTasneuue, o6nerqa10mee Bhi-

6op H paC'IeT 3neMeHTOB MarHHTHOH CHCTeMbl Ha Ha'Ianb
HOM 3Tane. 

B uacToJimeH: pa6oTe nony'IeH Ha6op Ko34MtluuueHTOB 

nuHeiluoro npeo6pa3oBaHHJI ~nJI pa~uanhHoro ~BH)KeHHJI 
3apJI)KeHHbiX 'IaCTHU B cnyqae xpoMaTH'IecKoro cnoco6a 

npeo6pa3oBaHHJI. ~anLHeillliee paccMoTpeHHe nposo~HTCJI 
B nocne~yiOmux pa6oTax. 

1. PA,l(HAJTbHOE ,l(BH)I(EHHE 3APJI)I(EHHOH 
qACT~hl B MAFHHTHOM ,l(HIIOJibHOM 
3JIEMEHTE 

MarHHTHbiH ~unonhHbiH 3neMeHT, BKniO'IaiOIUHH B ce6JI 
C06CTBeHHO ~HllOnbHbiH MarHHT H ~Ba npOMe)KyTKa 6e3 

MarHHTHoro nonJI OT HCTO'IHHKa /unu Kpoccosepa/ ~o 

BXO~HOH rpaHHUbl MarHHTa H OT BbiXO~HOH rpaHHUhl ~0 
npueMHHKa /unu cne~yiOmero Kpoccosepa/, npe~cTasneH 
ua puc. 1. TaM )Ke npuse~eHbl TpaKTOPHJI 3apJI)KeHHOH 'Iac

THUbl u npHHJITble o6o3Ha'IeHHJI. B o6nacTH nonJI ~unonhuoro 
MarHHTa HCllOnh3yeTCll UHnHH~pH'IeCKall neBOBHHTOBaJI CHC

TeMa KOOp~HHaT C OChiO Z, COBna~aiOII.{eH C OChiO CHMMeT

pHH MarHHTHoro nonJI. 0Tc'IeT a3HMyTanhHoro yrna ¢ se

~eTCJI OT pa~uyca-seKTopa r, npoxo~Jimero 'Iepe3 TO'IKY 

nepece'IeHHJI rnaBHOH TpaeKTOpHH 'IaCTHUbl H BXO~HOH 3dJ-
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Puc. 1. TpaeKmopu.R paoua/lbHozo oeuJKeHU.R 3ap.RJKeHHoil 
'lacmUIIbl a MaZHUmHoM ouno/lbHOM 3/leMeHme. CmpeAKaMu 
YKa3aHbl Hanpae/leHu.R noAoJKume/lbHozo Ollfc'lema ee/lU'lUH. 

d>eKTHBHOH rpaHHUbi ~unonhHoro MarHHTa. B cso6o~HbiX OT 

MarHHTHoro nonJI o6nacTJIX ucnonb3YIOTCJI ~eKapTOBbl cuc

TeMbl Koo.P~HHaT c Ha'IanoM B TO'IKax nepece'IeHHJI nnoc

KOCTeH HCTO'IHHKa H npHeMHHKa C rnaBHOH TpaeKTOpHeH 

'IaCTHU.hl. Ocu Z 3THX CHCTeM HanpasneHbl B CTOpOHy 

'IHTaTenJI, TaK )Ke KaK H OCh Z UHnHH~pH'IeCKOH CHCTeMbl. 

34MtleKTHBHble BXO~HaJI H BbiXO~HaJI rpaHHUbl ~HllOnh
HOrO MarHHTa C pa~HanbHO- HeO~HOpO~HbiM aKCHanbHO- CHM

MeTpH'IHbiM noneM onpe~eneHbl COOTHOIIIeHHeM 

cbo 

9 f'P ( P) = ¢ 1 + J 
¢1 

E z (p,<b, 0) 

B ( ) d¢, 
z p 

/1/ 

r~e p=(r- R ~/ R 0 - OTHOCHTenbHOe OTKnOHeHHe pa~uanh
HOH KOOp~HHa Thl OT rnaBHOH TpaeKTOPHH r = R 

0 
, cf> r (p) -

ypasueuue 34MtleKTBBHOH rpaHHUhl, B z (p ,¢, 0) - aKguanh
HaJI COCTaBnJIIOII.{all MarHHTHOrO nonll B Me,ZJ.BaHHOH nnoc-
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KOCTH (z ~" 0) B OKpeCTHOCTH rpaHHI.(Ll ,!J.HnOnhHOrO Mar

HHTa, B z ( p) - aKCHanbHa.R COCTaBn.RIOll.{a.R B Me,!J.HaHHOH 

ITnOCKOCTH B,!J.anu OT rpaHHI.(Ll MarHHTa B ofinaCTH HeB03-

Myll.(eHHOrO MarHHTHOrO non.R, cp 0 H <:/> 1 - 3Ha'leHH.R a3H

MyTanbHOH KOOp,!J.HHaTLI, OTBe'laiOll.{He ycnOBH.RM 

Bz(p,¢ 0 , 0) =0 H Bz(p,¢ 1,0)/Bz(p) =1. 
AKCHanbHa.R COCTaBn.RIOll.{a.R HeB03Myll.{eHHOrO MarHHT

HOrO non.R B nnOCKOCTH Z = 0 C TO'IHOCTbiO ,!J.O nepaoro 

nop.R,!J.Ka Manoii: BenH'IHHLI p(!p 1«1) ,!J.aeTC.R B BH,!J.e B
2
(p,d>,O)= 

= B 0(1 + a 1 p), r.D.e -1 .:;_ a 1 s_ 0 oTaeqaeT He.D.eclloKycupyiO

meMy HH B aKCHanbHOM; HH B pa,!J.HanbHOM HanpaaneHH.RX 

MarHHTHOMy noniO. 113 ycnOBHH CHMMeTpHH TOnorpaciJHH 

MarHHTHOrO ITOn.R, a TaK:>Ke H3 ycnOBHH rotB=O H divB=O, 

OfiycnoaneHHLIX npeuefipe:>KHMO ManbiM 3Ha'leHHeM MarHHT

HOrO non.R, C03,!J.aBaeMOrO ,!J.BH:>KYD.\HMHC.R B 3a3ope Maruu

Ta 3ap.R:>KeHHblMH 'laCTHI.(aMH, no cpaBHeHHIO C noneM Mar

HHTa, nonyqaeM 

Bp(p,¢,z) = B
0
a 1(, B¢= 0 u 

B z (p, ¢, z) = B 
0
(1 + a 1p) = B z (p), 

r.D.e ( = z/R 0 . 

/2/ 

Ypaaueuue .D.n.R pa.IJ.uanbuoro .D.BH:>KeHHB 3ap.R:>Keuuoii: 

'laCTHI.(Ll B MarHHTHOM none B neBOBHHTOBOH I.(HnHH,!J.pH'IeC

KOH CHCTeMe KOOp,!J.HHaT, HMeJOmee Ofiii.(HH BH.D. 

•• • 2 e 
m(r - r¢ ) = -(v B-'-- vr~.B ) , 

· C Z<p 'f'Z 
131 

nocne nO,!J.CTaHOBKH BLipa:>KeHHH ,!J.JI.R COCTaBn.RIOll.{HX nOJI.R 

/21 H 3aMeHLI npOH3BO,!J.HLIX no BpeMeHH npOH3BO,!J.HLIMH 

no yrny ¢ 3anuweTc.R c TO'IHOCThJO .i:\o nepaoro nop.R.IJ.Ka 

Manoii: BenH'IHHLI p B BH,!J.e: 

mv eBo 
--(p"+p- 1) = --(1+a

1
p). 

R c 
0 

/4/ 

B ypaaueHHJIX /31 u /41 m - Macca, e - 3neKTpuqecKuii: 

3ap.R.IJ., V cp , V z H V - a3HMYTaJihHa.R, aKCHanbHaJI COCTaB

nBJOll.{He CKOpOCTH H nonHaJI CKOpOCTb 'laCTHIJ,Ll, C- CKO-

6 

pocTh caeTa; TO'IKa o3uaqaeT .D.Hc~lc~Jepeuuupoaauue no ape

Menu, WTpHX - .IJ.HcllciJepeHI.(HpOBaHHe no yrny cp. Jiy,!J.eM 

C'IHTaTb, 'ITO Macca m, CKOpOCTb V H 3ap.R.IJ. e paCCMaT

pHBaeMOH qaCTHI.(Ll HeMHOrO OTnH'IaJOTC.R OT COOTBeTCTByJO

li.(HX BenH'IHH ,!J.n.R rnaBHOH 'laCTHI.(Ll, MaCCa, CKOpOCTb 

H 3ap.R.IJ. KOTOpoii: paBHLI COOTBeTCTBeHHO m 0 , V 0 H e 0 , 

a pa.IJ.HYC KpHBH3HLI B MarHHTHOM none B 0 paaeu R 0 = 
~m 0v 0 c/B0 e 0 • Tor,!J.a mvc/eB

0 
7 'R 0 (1 + i'i), r,!J.e 

~ t\m i\v r\e (1"1 I I o = -- + --- - -- u <<1) H ypaaueuue 4 npuMeT cne-
ffio vo eo 

.IJ.YIOD.\HH BH,!J.: 

(J , + (t) 2 p - <'> ~ 0 • 151 

r.D.e <d ~ .J 1 1- a 1 • 

Ypaaueuue 151, cnpaae,!J.nuaoe TOnhKO .D.nB ueao3My

meuuoro non.R 121, MO:>KHO pacnpocTpaHHTh u ua o6nacTb 

Kpaeaoro MarHHTHOrO nOJI.R BBe,!J.eHHeM ,!J.OnOnHHTeJihHblX 

nonpaaoK K ycnoBHBM ua 3cllciJeKTHBHOii rpauuue, onpe.D.e

n.ReMhlM np.RMonuueiiHhiM .IJ.BH:>KeuueM qacTHUhi .IJ.O I .IJ.JI.R BXO.D.

uonl unu 3a I.D.n.R BhiXO.D.Hoii/ rpauuueu. KaK 6y.D.eT noKa3a

uo 003,!J.HCC, ,!J.JI.R 3cllciJeKTHBHhlX rpaHHU, BBe,!J.eHHhiX COOTHO

weuueM Ill, nonpaBKH .IJ.JI.R pa.D.HanhHoro .IJ.BH:>KeHHB, Bhipa

:>KaeMLie B BH,!J.C ,!J.ODOJIHHTCJihHOrO npenOMJieHH.R HJIH CMCII.(e

HH.R TpaeKTOpHH. qaCTHI..I,hl npH nepeCC'ICHHH 3cllciJeKTHBHOH rpa

HHI..I,hl, .RBn.RJOTC.R ManLIMH BCnH'IHHaMH fionee BhiCOKOrO no

p.R,!J.Ka, 'ICM nepBbiH. ll03TOMY rpaHH'IHhie YCJIOBH.R .Un.R pe

WCHH.R ypaBHeHH.R 151 B JIHHeHHOM npHfiJIH:>KeHHH MoryT fihiTb 

DOJiy'leHhl TOJihKO 83 paCCMOTpCHH.R np.RMOnHHeHHOH TpaeK

TOpHH 'laCTHIJ,hl OT HCTO'IHHKa ,!J.O BXO,!J.HOH 3cllciJeKTHBHOH rpa

HHI..I,hl MarHHTa. 3TH ycnoBH.R CYTh 

P
1
(¢"P )=TJ

1 
+a C

1
up'

1
l<P )=1J t +a (1+e t ). 161 

• 1 · rp 1 1 1 1 1 

r.D.e TJ
1

=y
1

/R
0

, £
1 
~L/R 0 , t 1 =tg( 1 , 

Y 1 - KOOp,!J.HHaTa TO'IKH BLIXO,!J.a 'laCTHI.(Ll H3 HCTO'IHHKa, 

a 
1 

- yron HaKnOHa TpaeKTOpHH 'laCTHI.(Ll K nnoCKOCTH 

xoz, \TJ 
1
\ « 1, \a 11 « 1. 
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3aMeT8M, 'ITO 3lfMPei<T8B8ble rpaH8Ubl MarH8TapaCCMaT

p8BaiOTCJI 3,Z:{eCL npJIMOll8HeHHbiM8, nOCI<OllLI<y I<p8B83Ha 

rpauuu ue npoJianJieTCJI a pe3ynLTaTax, nonyqaeMbiX a nu

ueiiHoM npu6nu)l(e8HH. qacTuoe peweuue ypaa8eH8JI 151 
c rpaH8'1HbiM8 ycnoBHJIM8 I 41 HMeeT B8,Z:{ 

0 p (d>) = (7] +a e - -2-) cosw¢ + 
1 . 1 1 1 w 

1 0 
+ - [7] t + a ( 1 + P t )] sin <u9 + -

w 1 1 1 1 1 (u 2 17/ 

HaD:,!:{ eM .L{pyroe 'lacTuoe peweu8e, ,Z:{aiOIUee TpaeKTOp8ro 

'laCT8Ubl, np8XO,Z:{JIIl.{eii: Ha npHeMH8I< B TO'II<y C I<OOp,Z:{8HaTOH 

Y 2 8 nO,!:{ yrnoM a 2 K llllOCI<OCT8 XOZ. rpaH8'1Hble yc

ll0B8JI Ha BbiXO,Z:{HOH rpaH8Ue B 3TOM cnyqae MOryT 6LITL 
3an8caubl TaK: 

p ( cp ) = 7J -a f 8 p ' ( tP ) = -TJ t + a ( 1 + f t ) , /8/ 
2 r·p 2 2 2 2 rp 2 2 2 2 2 

r,Z:{e 7J =Y /R . e = L /R . t = tgf 'irl I« 1 H Ia I« 1. 
2 2 0 2 2 0 2 '2 2 '2 

Peweu8e ypaaueHHJI /5/, OTBe'faroiUee ycnoB8JIM /8/, ecTL 

8 
p (¢) =(ry, -a f ---)cos,.,(<!> -d>) + 

2 2 2 2 (d 2 

1 . 0 
+ -[ry t -a (1 + e t )) smw(<l>-<i>) + --' 

w 2 2 2 2 2 · uJ2 /9/ 

r,Z:{e <I> - yron OTKllOHeH8JI B ,Z:{HnOllbHOM MarHHTe OCHOBHOH 

(8=0) 'laCT8Ubl, .L{BH)I(yll.{eiicJI no rnaauoii Tpaei<TOP88/ r
1 

= 0, 
1 a 1 = 0 /. 

)l,nJI TOrO 'IT06LI CBJI3aTL BLIXO,Z:{HLie KOOp,Z:{HHaTbl 'lac

THUbl 7] 2 8 a 2 C BXO,Z:{Hb1M8 TJ 1 , a 
1 

8 0, npO,Z:{Oll:>K8M 

TpaeKTOP810 'faCTHUbl /7 I, BLipa)l(eHuyro 'lepe 3 Ha'fanLHble 

KOOp,Z:{8HaTbl 161, TpaeKTOp8eH 191, Onpe.L{ellJleMOH KOHe'IHLI

MH KOOp,Z:{8HaTaMH 18/. H3 MeXaHHKH ,Z:{BH)I(eHHJI MaTepuanL

Horo Tena B none CHll H3BeCTHO, 'ITO Tpaei<TOp8Jl Tena 

O,Z:{H03Ha'IHO onpe~enJieTCJI ero CKOpOCTLIO B KaKOH-nH6o 

8 

~ 

~ 

TO'II<e. 1Io3TOMY, 'IT06bl npo,Z:{Oll)I(HTL Tpaei<TOp8ro p 
1 

( ¢) 
Tpaei<TOp8eH p 

2 
((/J), He06XO,Z:{HMO nOllO)I(HTL 

p (t/J ) = p (t/J ) H p, (t/J ) = p, (t/J ) ' 
1121 11 21 

1101 

r,Z:{e t/1 1 - npoH3BOnLuoe 38a'leuue yrna ¢ , a v '(,P) = 
= ,; (¢) R 

0 
/v ¢ . IIpe,Z:{cTaB8B r1 2 8 a 

2 
B B8,Z:{e 

7J 2 = H 7J +II a + Ro 8 , a = A 7J +A a + A"' o 
7J 1 a 1 u 2 7J 1 a 1 o 

8 np8paBHJIB I<03IfMPHUHe8Tbl np8 '7 1 , u 1 8 0 B neBOH 8 

npaBOH 'laCTJIX paaeHCTB /101, nonyqaeM Tp8 C8CTeMbl, 

I<a:>K,Z:{aJI 83 I<OTOpbiX COCT08T 83 .L{BYX ypaBHeH8H, onpe,Z:{e

llJIIOIU8X I<034>cPHUHeHTbl npeo6pa30BaH8JI I<OOp,Z:{8Ha T TpaeKTO

p88 'faCT8ULI. Hanp8Mep, ,Z:{llJI H 
11 

8 AT! HMeeM: 

t 2s 2 s 2 t 1 s 1 
(c 2 ~ --)H -[f 2 c 2 +(1+f

2
t

2
)--[A

7 
=c 1 ~ -- /1la/ 

(<) TJ {<) I (<) 

8 

c2 
(<oS -t C )H +[-u,f S +(1~ f t )-[A =-<rJS +t e . /116/ 

2 2 ~ ., 2 2 2 2 '" ., 1 1 1 

3.L{eCL si =sin<>>~& i, , c i ·c eoS(·JI/1 i, i c 1,2, ~, 2 -<1>--t/, 1 • 
PeweH8JI 3T8X C8CTeM ypaBHeH8H np8Be,Z:{eHbl H8:>Ke: 

t s 
I! = ( c 1 + _1_1 )[- ,,p ~ 2 + ( 1 + f2 t 2 )c 2 I + 

Tf (d 

s 2 . 
+(-u;s1 +tf1)[f 2c2 +(1 +f2t2)-w-l, 

t 2s 2 
A

77 
=(-ws 1 + t 1c 1){c 2 + -w--) + 

t 1 s 1 
+(C1+ -w-)(-ws2+ t2c2) • 

/12/ 

1131 
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H 
a 

s1 
[f 

1 
c

1
+(1 +f

1
t

1
)w-J[-wf2 s 2 +(1+f2 t 2)c 2 ] + 

s2 
+[-(uf 1s 1 +(1+ P1t 1)c 1 ][P 2c 2 +(1+P 2 t 2)-z-], 

t s 
A a = [ -w P 1 s 

1 
+ ( 1 + P 

1 
t 

1
)c 1] ( c 2 + 2w L) + 

s 1 
+ [f 1 c 1 +(1+ f 1t 1)w-](-ws 2 +t 2 c 2 ) 

1 
H0 = -(c 2 -c1 )]-u>f 2 s 2+ (1 + f 2 t 2)c 2 J + 

w2 

1 5 2 
+ -;::;-(s 1 +S 2)[f 2c 2 +(1 +f 2 t 2)--z;-J, 

1 t 2s 2 
Aa= -(s 1+so)(c2+ ---) + 

(1.) 10.- (l) 

1 
+ 2(c2-c1)(-v>S2+t2c2). 

(J) 

/14/ 

/15/ 

/16/ 

/17/ 

HcnonL30BaHHblii 3,1l.eCL npHeM peweHHR ypaaHeHHR 

,I].BH~eHHR 3apR~eHHOB 'laCTHUbl B MarHHTHOM none nyTeM 

npO,Il.On~eHHH O,I].HOrO 'laCTHOrO peweHHH ,ll.pyrHM n03BOnHn 

ynpoCTHTL npoue.D.YPY peweHHH. BMecTo o6bi'IHO npuMe

HHeMoii npOUe,ll.ypbi HaXO~,I].eHHH KOOP.D.HHaT TO'IKH nepece

'leHHH KpHBOnHHeBHOB B MarHHTHOM none TpaeKTOpHH 'laC-

THUbl C BbiXO,I].HOB rpaHHUeii MarHHTa B HaCTOH~eii pa6oTe 

HaXO,Il.HTCH KOOp,!].HHaTbl TO'IKH nepece'leHHR BbiXO,I].HOB rpa

HHUbl npHMOnHHeBHOB nocne npOXO~,Il.eHHR MarHHTHOrO nonH 

TpaeKTOpHeii 'laCTHUbl, aHanorH'IHO TOMY KaK 3TO ,l].enaeTCH 

,I].JlH BXO,I].HOB rpaHHUbl. 3TOT npueM no3BOnHn TaK~e Bbl

,l].enHTb KOOp,!].HHaTy cp = V 1 H, COOTBeTCTBeHHO, yron 

tf> 2 = ¢J -rjf 1• HBnHIO~HeCH, KaK 6y,l].eT noKa3aHO H~e, Y.D.06-

HbiMH napaMeTpaMH ,ll.nH OnHCaHHH ,l].eBCTBHH MarHHTHOrO 

.D.HnOnbHOrO 3neMeHTa. 

3aMeTHM, 'ITO 3TOT npHeM, HO B ,ll.pyrHX BapHaHTaX, 

ucnonL30BancH paHee B pa6oTax /2,3/. 

10 

•. 

r 

llpaKTHKa nOKa3LIBaeT, 'ITO MarHHTHbiB ,I].HnOnbHbiB :lne

MeHT B 3aBHCHMOCTH OT 3MHTTaHCa HCTO'IHHKa H Ha3Ha

'leHHR ,ll.HnOnbHOrO 3neMeHTa HCnOnb3yeTCR ,l].nR ocy~ecT

BneHHR O,I].HOrO H3 qeTblpeX npe,ll.CTaBneHHLIX B ,a6A. 1 

Ta6AU!4a 1 

KnaccucilHKaUHH THnoB npeo6pa3oBaHHii 

Tun npe- YcnoBHe Ha3uaqeuue 
o6pa30- npHMeHeHHH TipHMeHeHHH 
B8HHH 

YcnoBHe 
ocymecrnneHHH 

3atKHra
renhHoe 
creKno 

ir1 [ »PIa i 17] i <<PIa [ 
1 max 1 1' max ' 2 max 2 2 max 

TenecKon lr1 : >, P Ia : 
1'max 1 1max 

p 'a ! </. : 
2 1 2 ' max 1] 2'rnax 

n 1 ' ·.·I 1 lr1 I .<:p Ia [ npoeKTOpr 1:a 11max 7/1imax . 2•max 2' 2 max 

KouneH- f I I I ' f . I I I 
cop 1 a1 max 7i11max 2la2 max~< 1J2Imax 

H 0 
1J 

A 0 
lJ 

H o~ 0 
a 

A = 0 a 

npeo6pa3oBaHuii, Ha3BaHHbiX no auanoruu c .D.eiicTBHeM 

H3BeCTHbiX caeTOBbiX npu6opoB. B ,a6A. 1 l17 i I max - nau-

6onLwaR no a6conroTnoii BeJIH'IHHe KOOP.D.HHaTa, a Ia i I max -
HaH60JibWHH no a6COJIIDTHOH BeJIH'IHHe yron HaKnOHa Tpa

eKTOpHH 'laCTHULI npH BLIXO,Il.e 'laCTHUbl H3 HCTO'IHHKa (i = 1) 
HJIH npu npuxo.D.e ua npueMHHK (i = 2). llpeo6pa3oBanue Tuna 

"3a~uraTenLnoe cTeKno" TpanccllopMHpyeT napannenLHblii 

HnH npH6JIH3HTenbHO napaJIJieJibHbiH ny'IOK qaCTHU B CXO

,I].H~HHCR, THna "TenecKon" - napanneJILHhlii B napannenL

uwa. THna "npoeKTop" - paCXO,Il.H~HBCH B CXO,I].HJUHBCH H 

THna "KOH,I].eHcop" - paCXO.D.RJUHHCR B napaJIJieJibHbiB . 

Ka~.D.LIH H3 yKa3aHHbiX BhiWe TunoB npeo6pa3oBaHHH 

ny'IKa 'laCTHU MO~eT 6b1Tb ocy~eCTBneH MarHHTHbiM ,ll.H

noJibHLIM 3neMeHTOM .D.BYMH pa3JIH'IHLIMH cnoco6aMH, OT

JIH'IaiD~HMHCR O,ll.HH OT ,ll.pyroro pa3nH'IHLIM XO,I].OM Tpa-

11 



eKTOpHB 'laCTHIJ; B 3a3ope ,AHDOnLHOrO MarHHTa H pa3-

nH'IHLIMH xapaKTepHCTHKaMH ,AHCDepCHH H H30XpOHHOCTH 

,AHDOnLHOrO 3neMeHTa. 3TO ODpe.z:.enReTCR TeM, 'ITO Ka*

,ALIB H3 K034xi>Hu;HeHTOB I 12-17 I Mo*eT 6LITL o6paJ..QeH 

B HynL .ABYMR cnoco6aMH. HanpHMep, KaK nerKo BH,AeTL, 

H paBHReTCR Hynro DpH BLIDOnHeHHH O,AHOrO H3 cne.z:.yro-a u 

J..QHX ycnOBHH: 

-we s + (1 + e t )c = 0, -we s + (1 +P t )c = 0. 1181 
11 111 22 222 

1 
e1c1 +--;;;(1 + e1t1)s1 = 0, 1 

f 2 s 2 + w-(1+ P2 t
2
)s

2
=0. 1191 

llpH BLIDOnHeHHH ycnOBHB 1181 HMeeT MeCTO KBa3H

napannenLHLIB XO,A OCHOBHLIX TpaeKTOpHB npH cp = l;J 
1 

, T. e. 

P '1(r/.t 1) = P 2 (l/J 1) = 0, H 3THM BLI,AenRIOTCR 3Ha'leHHR yr

noB ~/; 1 H t/J 2 =ell -rp 1 ,KOTOpLie 6LinH DOKa He onpe.z:.eneHLI. 

llpH TaKOM cnoco6e ocyJ..QecTaneHHR npeo6pa3oBaHHR H npu 

3Ha'leHHRX !,& 1 H 0 2 , 3aKniO'IeHHLIX B ODpe.z:.eneHHLIX npe

.z:.enax, MarHHTHLIB ,AHDOnLHLIB 3neMeHT HMeeT He paBHyro 

Hynro onpe.z:.enRroiiJ;yro .z:.ucnepcuro I I-I 0 I 0 ~nR 3a*Hra

TenLHoro CTeKna H npoeKTopa H A 0 f 0 .r.nR TenecKona 

H KOH,AeHCOpal. il03TOMy MarHHTHLie ,AHDOnLHLie 3neMeH

TLI c 3THM cnoco6oM npeo6pa3oBaHHR ny'IKa qacTHIJ; H 

caM cnoco6 npeo6pa3oBaHHR norH'IHO HaJaaTL xpoMaTu
'leCKHMH. 

2. K03CZXPH~HEHThl JIHHEHHOFO 
IIPEOiiPA30BAHH.H IIYlJKA lJACTH~ 
B XPOMATHlJECKOM MAFHHTHOM 
,llHIIOJibHOM 3JIEMEHTE 

Ko34xi>Hu;HeHTLI .r.nR pa3nH'IHLIX THnoa nuHeiiHoro npe

o6pa3oBaHHR DY'IKa JaPR*eHHLIX qacTau; B xpoMaTH'IeCKOM 

.AHDOnLHOM 3neMeHTe .r.aHLI B ma6.11. 2. B Ta6nuu;e ucnonL-

30BaHLI .z:.ononHHTenLHLie o6o3Ha'leHHR: s == sinw¢ H 

C =COS w<lJ. 3Ha'leHHR napaMeTpOB, BXO,AJIIIJ;HX B BLipa*eHHR 
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~nH K03~HUHeHTOB npeo6pa30BaHHH, orpauuqeu~ cne~yro
UUIMH ycnOBHHMH: 

0 < f . < oo , - Vz TT < f . < Vzrr , 
- I - I 

-Vzrr<uJt/Ji S 1/:m, i== 1,2, t/1
1

+t/1
2

>0 

O~naKo naKnou rpauuu ~unonLuoro MaruuTa ( ua npaK
THKe ue 6epeTCJI 6onee 60 ° /no a6comoTuo:H aenuquue/, 
qTo6~ ue ycunuaaTL BnHHHHJI Kpaeaoro MarHHTHoro nonA, 
3~eKT KOTOpOrO He06XO~HMO yqHT~BaTb npH paCCMOTpe
HHH ~BH)I(eHHH qaCTHU~ BO BTOpOM H 6onee B~COKHX npu-
6nH)I(eHHJIX. 

IlpH 3HaqeHHHX f i == 0 H uJt/J i == 1~ TT, , i == 1,2, B B~pa-
)l(eHHHX ~nJI HeKOTOpMX K03~HUHeHTOB nOJIBnJIIDTCJI neon-

pe~eneHHOCTH THna JL 
0 

uno ..!. -.!. .PacKp~THe ueonpe~eneu-
0 0 

uocTeii. ~nJI 3THX cnyqaea ~auo a nra611. 3. 

Ilpu (1) == 0 (a 1=-1) cne~yeT 6paTL t. =0 (i= 1.2) B cny-
u I 

qae napannenLuoro xo~a TpaeKTopHH qacTHU nyqKa qepe3 

BXO~HYIO HnH B~XO~HYID rpaHHUY H 1 - -r- (i ~ 1,2) _ 
I 

t. 
I 

B cnyqae pacxo~HmerocJI uno cxo~RmerocJI nyqKa qacTHU. 
YrnM •,1 1 u •/' 2 npu 3TOM MoryT HMeTL n106~e 3uaqeHHJI. 
Ilpe~enLHLie B~pa)l(eHHH ~nJI K03~HUHeHTOB B 3TOM cnyqae 

nerKO HaHTH, HCnonL3YJI 3KBHBaneHTHYID 3aMeHy 
S· 

I ' --- :/.1 
(J) . i 

C.=1, ~==<I> 
I W 

1-c <1>
2 

H -- == - B <lJopMynax nra611. 2. 
w 2 2 

Ilonyqeuu~e K03~HUHeHT~ nuue:Huoro npeo6pa3oBaHHJI 
OTaeqaroT Tpe6oaauu10 coxpaueuHJI nnoma~H 3neMeHTa <lJa-
30Bo:H nnOCKOCTH ry-a, B~TeKaJOmeMy H3 o6me:H TeopeM~ 
JiuyaunnJI. Ilnoma~L 3neMeHTa <lJa30Bo:H nnocKocTH TJ 2- u 2 
ua:H~eM, paccMaTpuaaJI nnoma~L qeT~pexyronLHHKa ABCD 
nonyqeuuoro B pe3ynLTaTe npeo6pa3oBaHHJI npAMoyronLu~
ro 3neMeHTa /'.TJ 1 t\a 1 , KaK reoMeTpuqecKyro cyMMy nnoma-
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,l\ea TpeyronLHHKOB AOB, BOC, COD H DOA, r,l\e 0 - ua
'lano CHCTeMLI KOOP.l\HHaT 17 2 - a 2 • /Hanpaaneuae o6xo,l\a 
aepwau 'leTLipexyronLHHKa BLI6pauo B uanpaaneHHH xpaT
qauwero noaopoTa oca ry 2 K oca a 2 /. HanpaMep, nnoi.Qa,l\L 
TpeyronLHHKa AOB 

--+ 

SAos=lh[OBxOA] = 1h(HaAa-HaA 11 )t\ry 1 ·a 1 • 

Ilnoi.Qa.l\L )l(e 'leTLipexyronLHHKa paaua 

S ABCD = (H17A a- Ha!Ary)i\ry 1·t\a 1 · /20/ 

Ilocne DO,l\CTaHOBKH B /20/ K034l4JHUHeHTOB, onpe,l\e
n.ReMLJX I!JopMynaMH /12-17/ HnH npe,l\CTaBneHHLIX B111a611. 2 
H 3, nonyqaeM 

H 17Aa-HaAry =1, T.e. S ABCD =Aryt'l\a1 . 

3aMeTHM, 'ITO 1!
17 

A a- H a!A 
71 

ecTL B TO )l(e apeM.R 
,l\eTepMHHaHT MaTpHULI npeo6pa30BaHH.II BenH'IHH ry 1 ,u 1 H 
0 B BenH'IHHLI q

2
, a

2 
H n. 

<l>opMa ueo6xo,l\HMLix ycnoaail ,l\n.R npeo6paJoBaHH.R nyq
Ka 'laCTHU H CTpyKTypa nony'leHHLIX K03$4JHUHeHTOB npe
o6paJOBaHH.II DOJBOn.RIOT HCDOnLJOBaTL rpai!JH'IeCKHH npHeM 
,l\n.ll HaXO)I(,l\eHH.II MeCT nonO)I(eHH.II HCTO'IHHKa H npHeMHHKa, 
a TaK)I(e ,l\n.ll Onpe,l\eneHH.II JHa'leHHH HeKOTOpLIX K034l4JHUHeH
TOB. Ha puc. 2 npe,l\CTaaneuo TaKoe rpai!JaqecKoe nocTpoe
HHe ,l\n.R MarHHTHoro .1\HnonLHoro 3neMeHTa c npeo6paJoaa
HHeM THna "npoeKTop". B 3TOM nocTpoeHHH acnonLJYJOT-

C.ll COOTBeTCTBeHHO BenH'IHHLI wL i wt/1 i 
tgq ' 

H arctg(-- J 
(jj 

BMecTo L i, t/1 i a < i (i = 1,2). B cnyqae 0.1\HOPO.l\HOro 
non.11 (w= 1) nepBble coana,l\aiOT c nocne,l\HHMH. 

Ilono)l(eHHe HCTO'IHHKa ( L 1) H npHeMHHKa (L2) B Ja
BHCHMOCTH OT napaMeTpOB .1\HDOnLHOrO MarHHTa ~.0 , W , 

..:.....L._ _____ .!!_'t"._LJonpe,l\enJJ.eTCJI nocTpoeaaeM Tpex aopManeil, 
a HMeHHO: HOpManH K 34J4leKTHBHOB rpaHHI.(e B TO'IKe BXO,l\a 
/BLIXO,l\a/ rnaBHOii: TpaeKTOpHH, HOpManH K pa,l\Hycy- BeK
TOpy r npH cp = t/J l B Ha'lane KOOp,l\HHaT H HOpManH K 
rnaBHOB TpaeKTOpHH B MeCTe pacnonO)I(eHH.II HCTO'IHHKa 

16 

I 

/DpHeMHHKaj, H ycnOBHeM, 'ITO 3TH TpH HOpManH ,l\On)I(Hbl 
nepece'ILCJI B 0.1\Hoii: TO'IKe A(B). 

A, 

~~ 

~/ 
X 

0 
a:: 

~ 

D 

g.. 
<"' 

~ 

<t.~ 
' .. 

Puc. 2. Cnoco6 zpa¢u'lecKozo onpeOelleHUJI nolloJKeHuu 
UCIIIO'IHUKa (L 1 ) npUf!MHUKa (L,J) U OCH08HbiX K03¢¢Uf1Uf!H-
11108 IIUHf!UHOZO npeo6pa308QHUJI ny'IKQ 'IQCIIIUfl 8 Xpo
MQIIIU'If!CKOM MaZHUIIIHOM ounollbHOM 3/lf!MeHme. Keaopa-

A 
a 

OA 
- o8' 

BC=wL2c/c 2 

IIIQMU OIIIMf!'lf!Hbl npJIMblf! YZIIbl. H ~ _ OB 
17 o"A • 

H0 =(0C+OD)/R
0

w2 ,AE =wL
1
c

2
/c

1
, 

Ilpa napannenLHOM xo,l\e TpaeKTopaii: 'lepeJ rpaaauy, 
HMeJOI.QeM MecTo ,l\n.R npeo6pa3oaaaaii: THna "Ja)I(Hra TenL
Hoe CTeKno", "TenecKon" a "KOH,l\eacop", uopMana K 3I!J-
4JeKTHBHoii: rpaaaue H pa,l\uycy-aeKTopy r nepeceKaiOTC.R 
B 6eCKOHe'IHOCTH, T .e. OHH napannenLHbl. IJono)l(eHHe HC
TO'IHHJCa H DpHeMHHKa B 3TOM cnyqae MO)I(eT 6LJTL B n1060ii: 
TO'IKe rnaBHOii: TpaeKTOPHH. 

JlerKo y6e,l\HTLC.R, 'ITO H
71 

OB A OA 
a ----

OB ' OA 

17 



Il
0

=(0C+OD)/R
0

£JJ
2 , 3Ha'leHH.Il f 1c 2 /c 1 u P2 c 1/c 2 , sxo

~.ll~HX B BMpa~euue ~n.11 K03~uuueuTa A . onpe~en.HroTc.ll 1J 
OTpe 3KaMH AE H nc ' 

llpe~cTasneHHMH npueM rpa4lu'lecKoro onpe~eneuu.11 no

no~eHHH HCTO'IHHKa H npueMHHKa, a Ta~e OCHOBHMX xa

paKTepHCTHK MarHHTHOrO ~HnOllbHOrO 3lleMeHTa .IIBll.lleTC.Il 

~allbHeHWHM pa3BHTHeM H3BeCTHMX npaBHll 6ep6epa/ 
4

/ H 

KapTaHa/ 5/, BOllle~lliHX B pyKoBo~cTBO no MarHHTHOH on

THKe /eM., HanpHMep, /6/ j, a TaK~e MeHee H3BeCTHOrO 

npasuna )l.~a~~a /7 I . · 
E~e o~uoil xapaKTepHCTHKOH MarHHTHoro ~unonhuoro 

3lleMeHTa .IIBll.lleTC.Il pa3HOCTb ~llHH pa3llH'IHMX TpaeKTOpHH 

'laCTHUM OT HCTO'IHHKa ~0 npueMHHKa, 06M'IHO Ha3MBaeMa.ll 

HeH30XpOHHOCTbW MarHHTHOrO ~HnOllbHOrO 3lleMeHTa. 3ua

HHe 3TOH xapaKTepHCTHKH, onpe~ell.IIIO~eH Mepy HeO~HOBpe
MeHHOCTH npHXO~a 3ap.ll~eHHMX 'laCTHU Ha npueMHHK MarHHT

uoro ~unonbuoro 3neMeHTa, o'leHh cy~eCTBeHHO npu npo

Be~euuu H3Mepeuuil MeTo~oM speMeHH nponeTa, npu ocy

~ecTsneuuu pa3rpynnupoBKH crycTKOB qacTHU. 

)l.u~epeuuuanbHa.ll pa3HHUa Me~~Y 3neMeHTaMH ~nHHhi 

~nx 3a~aHHOH H rnaBHOH (r/ 1 =- u l = [) - 0) TpaeKTOpHH 'lac

TUUM B MarHHTHOM none C TO'IHOCTbiO ~0 BTOporo nopX~Ka 

MallMX BellH'IHH p H d cp onpe~enxeTCX BMpa~eHHeM 

df = R dA = (r- R )d-~ = R fJ(0)d6. 
0 () 'f' () 

/21/ 

llpH npXMOllHHeHHOM ~BH~eHHH 'laCTHUM Ha y'laCTKaX 6e3 

MarHHTHoro non.11 ~u414lepeuuuanbuax pa3Huua ~nuu ecTb 

Manax senH'IHHa TpeTbero nopx~Ka. llo3TOMY nonuax pa3-

HOCTb Me~~y ~llHHOH 3a~aHHOH H ~llHHOH rnaBHOH TpaeK

TOpHH 'laCTHUM ~llX yrnoB HaKllOHa HCTO'IHHKa H npueMHHKa 

~_.1 = y 
2 

= 0 M~~eT 6MTb ~ail~eHa nyTeM HHTerpupoBaHHX 

ell' OT BXO~HOH ~0 BMXO~HOH rpaHHU MarHHTa: 
ljJ 1 <\l 

A =c J p 
1 

(cp)d¢ -1 J p 2 (q,)dcp, /22/ 
0 1 

r~e p 
1 

(¢) H p
2

(¢) ~aiOTCX 4lopMynaMH /7/ u /9/. llocne 

no~cTaHOBKH u HHTerpuposaHH.Il /22/ nonyqaeM 

A = A TJ TJ 1 + A a a 1 + A0 8 , /23/ 

18 

r~e 

t1 (1-el) 
--=--..--'0- + ~Is 1 + (H TJ - A TJ E 2)s 2 + ATJ w 

1-e2 
+ [HTJ t 2 - ATJ ( 1 + P 2 t2)J ~- I , /24/ 

A 
a 

1 (,)IP 1s1 + (Ha -AaP2)s2 + t1 (1-c1)(1+ fttJ + 

1-c 2 + [H t - A ( 1 + P t )J -- l 
a 2 a 2 2 w ' 

/25/ 

_!_I-~!_ + (Ho- Ap;f 2 
w w2 

- 1 ) :2 8
2 + •\8 

[I-
T 1- e rh 

+ • 0 t 
2 

- A 0 ( 1 + p t )J __ 2_ + ~ 1 • 
2 2 (J) {JJ 

/26/ 

qaCTHMe BMpa~eHHX K03~HUHeHTOB HeH30XpOHHOCTH 

~.II pa3llH'IHMX THnOB npeo6pa30BaHHX ny'IKa npHBe~eHM 

B ma611. 4. 

Ta6Aut~a 4 

Ko3~uuueHTM ueu3oxpouHOCTH TpaeKTopuB. 3apx~eHHMX 
'laCTHU B XpOMaTH'IeCKOM MarHHTHOM ~HnOllbHOM 3lleMeHTe 

T11n npeo6pa- K os<iJ<PHUHeHTbi 
30B8H11.H 

ATJ A a Ao 

3a/KHI'aTenb-
s1 +S 2 r t < s 1 +s 2 ) 1 - e 1 s 

Hoe creKno ----+---- -(<1>- -) 
wet we 1 w2 w2 (J) 

H renecKon 

OpoeKrop S1+S2 1-c f 1(st +S2) ~<D- ~) ------ ----
H KOHneHCOp uJe 1 (J)

2r 1 wet w2 w 
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PacKphiTHe Heonpe,IJ,eneHHOCTeii npH 3Ha'ICHH.IIX r 1 = 0 H 

,,J!jJ 
1 

= \1217 ,IJ,nJI npeo6paJosauuii THna "npoeKTop" H "Kouneu-

cop" ,IJ,aeT 
c 

i\ = ~ 
Ti w 

H A a= !+s2_ 
(J) 2 

llpH <o ~ 0 Heonpe,IJ,eneHHOCTH B ma6A. 4 paCKphiBalOTCJI 

B peJynLTaTe llO,ll,CTaHOBOK 

1 - e IL I' ~ H ------ - 12 < 1 • 
') 

s. 
1 ' -·-=If'_, 

(JJ I 
c ~ 1 i =-= 1 2 ...§_ .. tp 2 

' ' (~ . 

(rJ .._. 

Ecnu y'leCTL ycnoBHJI npuMeHeHHJI npeo6pa3oBaHHJI To
ro HnH HHOrO THDa /CM. ma6A. Jj, TO ,IJ,nJI DY'IKa OCHOBHhiX 
'laCTHIJ; (/5 = 0) HCH30XpOHHOCTb MarHHTHOrO ,ll,HDOnLHOrO 3ne
MeHTa 6y,IJ,eT ODpe,IJ,enJITbCJI npeHMYIIJ;CCTBCHHO t\ 

7
} ,ll,nJI 

npeo6pa3ooauuii THna "3a~uraTenLnoe CTeKno" H "Tene
cKon" H .\a ,IJ,n.ll npeo6pa3ooauuii Tuna "npoeKTop" H "Kou
neucop". llpaKTH'ICCKH npOJIBnJIIOU\aJICJI HCH30XpOHHOCTb, 
o6ycnosneuua.11 MaKCHManLHhiM pa36pocoM nnuu TpaeKTo
puii, fiy,IJ,eT paoua 

(sl + s 2):\q 
AA"' /27/ 

CuC l 

s nepooM cnyqae H 

(s 1 + 82H 1 \a 1 
i\A ec -------

(lJC 1 
/28/ 

BO BTOPOM, r,IJ,e ~Til= 711 max- Ti 1 min a .\a 1 = al max- a 1 min 

JlerKo yfie,IJ,HTLCJI, 'ITo npaBaJI qacTL cooTuoweuuii /27 I 
H /28/ Mo~eT 6hiTL npe,II,cTaoneua s enuuoii ciJopMe, pauee 
nonyqeuuoii ,II,pyrHM cnocofioM s pa6oTe /8/. 

~A "' R max ~TJ 1 .~a 1 ' /29/ 

rne Rmax - MaKCHManLHa.H pa3pewaiOU\a.H cnocofiuocTL 
MaruaTuoro ,IJ,HnonLuoro JneMeHTa, pasna.H H 0 /H a ~a 

1 
M.H npeo6pa3osanu.11 Tuna "3a~uraTenLnoe cTeKno", 
A0 /Aa ~a 1 ,IJ,n.H "TenecKona", H0 /HTJ ~Ti 1 - ,IJ,n.H "npo-
eKTopa" H A0 I A 1J ~TJ 1 - ,IJ,n.H "Kouneucopa". Ilo,ll, MaKcu-

20 

ManLHOH pa3peWalOIIJ;CH CllOCOfiHOCTblO 3,ll,CCb llOHHMaeTC.II 
paJpewaiOU\a.H cnoco6uocTL, KOTopa.H MO~eT 6biTL ,IJ,OCTHruy
Ta, ecnH HCKniO'IHTb a6eppaiJ,HH BTOpOrO H 6onee BbiCOKHX 
DOp.H,IJ,KOB. 

C npyroii cToponhl, HHTerpanLuoe Bblpa~euue /22/, 
onpenenJIIOIIJ;ee A, ecTL Mepa nnoiiJ;a,IJ,H panuanLuoro ceqe
HH.II llY'IKa ~, orpaHH'ICHHOH TpaeKTOpH.IIMH p 

1
(</>) H p 

2 
(¢), 

rnaBHOH TpaeKTOpHeH, BXO,IJ,HOH H BhiXO,ll,HOH rpaHHIJ,aMH 
,ll,HllOnbHOrO MarHHTa, a HMCHHO: C TO'IHOCTblO ,ll,O nepsoro 
nopJI,IJ,Ka Manhlx senH'IHH 3Ta nnoiiJ;a,IJ,L paoua 

0 <fl . 1 

l = R 
2 

[ I p ( ¢) d¢ + I p ( ¢) d¢ ]. 
0 0 1 !/It 2 

/30/ 

Ha puc. 1 nnoiiJ;a,IJ,L, Bhlpa~aeMa.H ciJopMynoii /30/, JawTpu
xooaua. 

Il03TOMy 

a -cr 
.~A =· Rmax ATJ 1 /\a 1 

r,IJ,e "max(min) 
l 
_!~~(m~L 

R,, 

max m1n 

Ro 

a 

Ro 
/31/ 

- nnoiiJ;a,IJ,L panuanLuoro ceqe-

HHJI nylfKa /neneuna.H,KaK A H ql'uaR 
0
/, orpauuqeuua.H co

OTBeTCTBYIOU\eii KpaeBOH TpaeKTOpHeH Pmax(min) (¢) H 
rnaouoii TpaeKTopueii, a - nnoll\a,IJ,L, orpauuqeuuaJI ,IJ,BYM.H 
KpaeBhiMH TpaeKTOpHJIMH. 

Mo~HO DOKa3aTL, 'ITO COOTHOWCHHe /31/ cnpaBe,IJ,nHBO 
H ,ll,n.H MHOr03nCMCHTHhiX MarHHTHbiX CHCTCM, CO,II,ep~aiiJ;HX 
HCCKOnbKO ,ll,HllOnbHhiX MarHHTOB H nHH3 /CM., uanpu
Mep,/9.10/ /. 

BnepBhle HCKOTOphle aCOCKThl CBJI3H MC~,IJ,y pa,IJ,HanLHhiM 
CClJCHHeM DY'IKa H BenH'IHHaMH ,ll,HCllCpCHH H K03cllciJHU.HCHTa 
yoenuqeuuJI fihlnH paccMoTpenhl o pa6oTe Itt/. 
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