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TapaHTHH H.H. P9 - 11809 
HoeaR <jlopMa Koa<jJ<jJHuHeHTOB nHHeltHoro npeo5paaoeaHIIR ny'!Ka 
38pRlKeHHbiX '18CTHU B MarHHTHOM KB81lpynonbHOM aneMeHTe, 
LfacTb li. PacceHBSIOIUaR nnocKOCTb 

B nHHeliHOM npH5mtlKeHHH paccMoTpeHo llBHlKeHue aapR>KeHHbiX '!aCTnu e no
'ne KeanpynonbHoro MarHHTa c HcnonbaoeaHHeM Hoeoro MeTona,aaKmo'!aJOmero
cg B COUpRJKeHIIII ilBYX 'ISCTHbiX peiUeHHii ypaBHeHHSI TpaeKTOpHH 'ISCTHllbl, onpe
lnengeMbiX COOTBeTCTBeHHO H8'18flbHbiMH H KOHe'lllblMH KOOpllHH8T8MH '18CTHUbi, 

1
H BBelleHHH HOBbiX napaMeTpOB, nony'leHa HOBBS!, 5onee UpOCTSR tjlopMa KOa¢
tPHUHeHTOB nHHeiiHoro npeo5pa30B8HHR UY'IK8 '18CTHU, 5onee yno5HblX llflR 
~~poeeneHHR pac'!eToe. HaiiaeHhi npueMhi rpa<jln'!eCKoro onpeneneHHH napaMeT
~oe MarHHTHoro KeanpynonbHOro aneMeHTa H Koa<jl<jlnuneHTOB nnHeiiHoro npe
o5paaoeaHHR, CyiUeCTBeHHO o5ner'I8101UHe UOHCK He05XOilHMbiX 3HS'IeHuii napa
MeTpOB, 3TH 3HS'IeHHR MOryT 5b1Tb HC110flb30B8HLI HenocpellCTBeHIIO ltnH KSK 
lxopornee npH5nHlKei!He nnR nanbHenrnero yTO'!HeHHR Ha 38,\\, B aToii '!aCTH 
pa5oTbi paccMOTpeHo npeo5paaoeaHHe B rnaeHoii pacceueaiOrneii nnoCKOCTH, 

Pa5oTa BbmonHeHa B Jia6opaTopHH MepHbiX peaKUHii Ol15H1, 

Coo6rueHHe 06benHHeHHoro HHCTHTyTa llnepHhiX HccnenoeaHHii. lly6Ha 1978 

Tarantin N.I. P9 - 11809 

New Form of Coefficients for Linear Transformation 
of the Charged Particle Beam in the Magnet Quadrupole 
Element. Part II. The Diverging Plane 

In linear approximation the motion of charged particles in 
a quadrupole magnet field is considered, A new method is used in 
which two particular solutions for the particle trajectory equation 
are joined, determined with initial and final particle coordinates, 
and new parameters are introduced. A new simpler form of the 
linear transformation coefficient has been obtained. Some methods of 
graphical determination of parameters of a magnetic quadrupole 
element and of linear transformation coefficients are found, These 
values could be used directly or as a good approximation for fur
ther calculations. This paper deals with the problem of transforma
tion in the principal diverging plane of the quadrupole magnet. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

© 1978 06'heP.HHeHHblit HHCTHTyT HP.epHbiX HCCneP.OBBHHit /1y6H8 

1. BBEI{EHHE 

B pa6oTe I 11 6biJIH rronyLfeHbi s Hosoil, 6onee rrpocToil 

4JopMe K034JliJHn;HeHThi JIHHeiiHoro rrpeo6pa3oBaHHH rry"!Ka 

3apH>KeHHbiX LfaCTHU, IIpOH3BO~HMOrO KBa~pyiiOJibHbiM Mar

HHTOM B C06HpaiOIIJ;eH IIJIOCKOCTH. TaM >Ke 6hiJI rrpe.IJ.JIO>KeH 

HOBbiH IIpHeM rpaliJHLfeCKOrO orrpe~eJieHHH rrapaMeTpOB H 

K034JliJHUHeHTOB JIHHeHHOrO rrpeo6pa30BaHHH,IIpOH3BO.IJ.HMOrO 

B C06HpaiOIIJ;eH IIJIOCKOCTH MarHHTHblM KBa.D.PYIIOJibHbiM 

3JieMeHTOM. 

B Ha<::TOHIIJ;eil pa6oTe Te >Ke sorrpochl paccMaTpHBaiOTCH 

.IJ.JIH pacceHBaiOIIJ;eH IIJIOCKOCTH MarHHTHOrO KBa~pyiiOJibHOrO 

3JieMeHTa. 

2. IIPEOEPA30BAHHE TPAEKTOPHH 3AP.JDKEHHOH 
"CJACTHI.fhl B PACCBHBAIOII!EH IIJIOCKOCTH 
MAFHHTHOTO KBAI{PYIIOJibHOFO 3JIBMEHTA 

TpaeKTOpHH Japx>KeHHOH LfaCTHUhl s pacceHBaiOIIJ;eil 

IIJIOCKOCTH MarHHTHOrO KBa.IJ.pyiiOJibHOrO 3JieMeHTa CXeMa

TH'IeCKH rrpe.IJ.CTaBJieHbl Ha pUC. 1, TaM >Ke .IJ.aHhl IIpHHHTble 

o6o3Ha'leHHH. AsH>KeHHe qacTHUhl s 3TOH rrnocKOCTH orrH

ChiBaeTcx ypasHeHHeM /46/ 111. 
llpHMeHHM paHee HCIIOJib30BasniHHCH rrpHeM I 11 .IJ.JIH pac

CMOTpeHHH ~BH>KeHHH B paCCeHBaiOI.l.\eH IIJIOCKOCTH KBa.IJ.py

IIOJibHOrO 3JieMeHTa. Tor.11.a 

{31 
z (x) = (z + {3 L ) ch kx + - shkx , 

1 1 1 1 k 

{32 
z (x) = (z - {3 L ) chk(L -x) - -shk(L -x) 

2 2 22 0 k 0. 
/1/ 
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x, ~a~ j x~~ I .r, Y2 ~ X( Xz : 
L, 

Lo 

Q 

Puc.l. TpaeKmopuu 3apJIJKeHHoii tJacmUtlbl e zAaeHoii 
pacceuea10U1eii nAocKocmu jy =0/ MaZHUmHozo KeaopynoAb
Hozo :JAeMeHma. mmpuxoeaJI KpUBQJI - mpaeKmopUJI, xapaK
mepU3Y10UIUJI npeo6pa3oeaHue nytJKa tJacmut~ muna "Kea3u
npoeKmop". 

r,D;e Z l H Z 2 - KOOp,D;UHaTbl, a (:3 1 U {-3 2 - npoeKD;HH Ha 
rJiaBHYIO pacceuBatoi:u;yiO nJIOCKOCTb XZ yrJIOB HaKJIOHa 
TpaeKTOpuu 'laCTUD;bl K OCU KBa,D;pynOJibHOrO MarHUTa COOT
BeTCTBeHHO npu BbiXO,D;e U3 UCTO'IHUKa U npu npHXO,D;e 
ua npueMHUK, 1/3 i I<< 1 . i - 1,2. 

Ilpe,D;cTaBuM z 1 u z 2 B e,D;uuu:u;ax L 0: ( i ~ z /L0,u no
JIO:>KUM ( i << 1, h 1,2. Tor,D;a oKaJbiBaeTcH BOJMO:>KHbiM nu
ue:Huoe npu6nu:>Keuue 

( 2 = Z ,, 1 + z {3{3 1 H {3 2 ~ 8( ( 1 + Bf3{3 1 · /2/ 

CoaMecTuB TpaeKTopuu z (x) u z (x) onucaHHblM Bbt-
we I 11 cnoco6oM u pewua bony'leHHbH~~ npu 3TOM cucTeMbi 
ypaBHeHUH, HaH,D;eM: 

z, =C/Ke 2s 2 + c 2) +KS
1
(f

2
c

2
+S/K) =C+Kf 

2
s 

B ;- = K ( s c + c s 2) = KS ' 
"' 1 2 1 

4 

Z {3 = (£ 1 C 1 + S / K )(K £ 2 S 2 + C 
2

) + (K £ 
1 
S 

1 
+ C 

1
) ( £ 

2 
C 

2 
+ S / K) = 

1 
+(£1+£ 2)c + <-+K£1£2)s 

K 

/3/ B {3 = (Ke c + c ) c + ce c + s I Kks = c + K f s' 
11 12 11 1 2 1 

r,11;e si=shkXi,ci=chkXi, i=1,2, X 1+X 2 ""'L 0 ,kL 0 =K, 
s = sh K , c = ch K • 

,lJ,eTepMHHaHT MaTpHD;bl npeo6pa30BaHHJI /2/ C :meMeH· 
TaMU, onpe,D;eJIJleMblMU <}lopMyJiaMU /3/, paBeH e,D;UHUD;e: 
Z ( B {3 - Z {3B ( = 1 . 

Ha:H,D;eHHbie K03<}l<}lu:u;ueHTbi npeo6pa30B,HUJI /3/ no <}lopMe 
Janucu u,D;eHTU'IHbi K03<ll<}lu:u;ueuTaM /12/ I 1 , uo cyiD;ecTBeu
HO OTJIU'IatoTCJI OT HUX TeM, 'ITO Bblpa:>KaiOTCJI 'lepe3 
runep60JIU'IeCKUe, a He KpyrOBble <}lyHKD;UU. Il03TOMY B03-
MO:>KHOCTU o6paiD;eHHJI B HYJib Ka:>K,D;OrO U3 K03<}l<}lu:u;HeHTOB 
/3/, ueo6xo,D;uMoro ,D;JIJI ocyiD;eCTBJieHHJI onpe,D;eneuuoro 
npeo6pa3oBaHuH, orpaHu'leHbl. B qacTHOCTu, npeo6pa3osa
Hue Tuna "TeJieCKOn" B006ID;e HeB03MO:>KHO, nOCKOJibKy 
c 

1
;i 0 u c 2;i 0 npu JIJ06blx JHa'leHuHx X 1 u X 2, a pa-

aeHCTBa SJ = S 
2 

,-, 0 03Ha'laiOT OTCYTCTBUe KBa,D;pynOJibHOrO 
MaruuTa fL 

0 
=0/. Ilpeo6pa3oBaHuJI, no,D;o6uble npeo6pa3o

sauuJIM Tuna "Ja:>Kura TeJibHoe cTeKno" /napannenbHbiH 
ny'IOK npeo6pa3yeTCJI B MHUMYIO TO'IKY I u "KOH,D;eucop" 
/ny'IOK, CXO,D;JIID;UHCJI B MHUMYIO TO'IKY, npeo6pa3yeTCJI 
B napannenbHbiH/ ocymecTBUMbl TOJibKO npu O,D;HOM cnoco6e 
npeo6pa30BaHUJI, npu KOTOpOM OCHOBHble TpaeKTOpUU napan
JieJibHbl ocu x B TO'IKe X= X 1 . B ma6Aut~e npe,D;cTaBneubl 
YCJIOBUJI, He06XO,D;HMble ,D;JIJI ocyi:u;eCTBJieHHJI TOrO UJIU UHOrO 
Tuna npeo6pa3osauuH ny'IKa JapH:>KeHHblX qacTu:u;, u Ko3<}1-
<}lu:u;ueHTbl nuue:Huoro npeo6pa3oBaHuJI. Ilpu npeo6pa3oaauuu 
Tuna "KBaJunpoeKTop" sepxuee ycnosue OTBe'laeT napan
nenbHOMY OCU X XOAY TpaeKTOpUH UJIU UX npO,D;OJI:>KeHUH 
B TO'IKe X= X 1 /KaK npe,D;CTaBJieHO Ha puc. Jj, HU:>KHee 
yCJIOBUe - nepece'leHHIO TpaeKTOpUH UJIU UX npO,D;OJI:>KeHUH 
C OCbiO X B TOR :>Ke TO'IKe. 3Ha'leHUJI napaMeTpOB, onpe-
,D;eJIJIIOID;UX YCJIOBUJI H K03<ll<}lu:u;ueHTbl npeo6pa30BaHUJI, 
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3aKJIIO'IeHhi B cne.D.YIOI.QHX rrpe)l,enax: -oo<£. < oo oo <kX. < 
. 1 ' 1 <"" ' 1 = 1,2. 

MaKcHMaJII.Hoe OTKJIOHeHHe TpaeKTopHii qacTHU s pac

CeHBaiOI.QeH IIJIOCKOCTH OT OCH X B rrpe)l,eJiaX KBa)l.pyiiOJih

HOrO 3JieMeHTa OIIpe)l,eJIHeTCH CJie)l.yiOI.QHM o6pa30M: IlpH 

Ilpeo6pa30BaHHH THIIa "KBa3H3a)I(HraTeJihHOe CTeKJIO" / = 
':om ax 

= c [( 1 \max • llpH rrpeo6pa3oBaHHH THIIa "KBa3HrrpoeKTop" 

(max= -e 1[/3 1\ max .D.JIH £ 1 < 0 H e 2>0 • ( max=-~2\ B {3\[{3 1f max 

)l.JIH e 1 <0 H £ ~0; B CJiyqae f l < 0 H ~ 2 < 0 (max OIIpe)l,eJIH

eTCH 60JihiUeH H3 CJie)l.yiOI.QHX .ll.BYX BeJIH'IHH, (max = 

=-(£1+£2 +l)ff3tlmax HJIH (max=-(£1+£2+1)[Bf31[{31[ max· 

llpH rrpeo6pa30BaHHH THIIa "KBa3HKOH)l,eHCOp" (max= 

=- £ 1!{3 1 I max • 

~JIH IIOHCKa IIapaMeTpOB MarHHTHOrO KBa)l.pyiiOJlhHOrO 

3JieMeHTa B pacceHBaiOI.QeH IIJIOCKOCTH, orrpe)l,eJIHeMhiX yc

JIOBHHMH, IIpe)l.CTaBJieHHhiMH B rrepBOM CTOJI6IJ,e ma6AUijbl, 

cJiy)l(aT rpa!llHKH puc. 2. Ha puc. 2 rrpHBe)l.eHhi 3Ha'leHHH 

K £ i B 3aBHCHMOCTH OT kX i, IIOCTpOeHHhle, HCXO)l.H H3 

COOTHOIUeHHH K fi = ±thkX i H K £ i = ±cthkXi ,i~1,2.MeTO)l. 
orrpe)l.eneHHH rrapaMeTpos MarHHTHoro KBa)l.pyrroJII.Horo 3Jie

MeHTa B pacceHBaiOI.QeH IIJIOCKOCTH IIOBTOpHeT aHaJIOrH'I

HhiH crroco6 .D.JIH co6Hparoi.Qeii rrnocKOCTH. HarrpHMep, .D.JIH 

OIIpe)l.eJieHHH BeJIH'IHHhl £ 2 IIO H3BeCTHhiM rrapaMeTpaM 

£ 1 H K IlpH IIpeo6pa30BaHHH THIIa "KBa3HIIpOeKTOp" He-

06XO)l.HMO K a6CIJ,HCCe a" TO'IKH a, Jie)l(ai.QeH Ha O)l.HOH 

H3 KpHBhiX K£ 1 H HMeiOI.QeH op)l.HHa TY K £ 1 , IlpH6aBHTh 

BeJIH'IHHY K. Haii)l.eHHoe 3Ha'leHHe b" HBJIHeTcH a6cuHc

coif TO'IKH b, Jie)l(ai.Qeii Ha KPHBOH Toro )l(e THrra, 'ITO H KpH

BaH )l.JIH TO'IKH a /THrra th HJIH THIIa cth /,op)l.HHa Ta KOTOpOH 

paBHa HCKOMOMY 3Ha'leHHIO K£ 2 • llpHBe)l.eHHOe Ha puc. 2 
IIOCTpOeHHe rrpe)l.CTaBJIHeT IIpeo6pa30BaHHe, )l.aHHOe Ha 

puc. 1. 
llpH IIpeo6pa30BaHHHX THIIa "KBa3H3a)I(HraTeJihHOe CTeK-

110" HJIH "KBa3HKOH)l,eHCOp" )l.JIH IIOHCKa IIapaMeTpOB 

MarHHTHOrO KBa)l.pyiiOJihHOrO 3JieMeHTa He06XO)l,HMO 6paTh 

Kf 1 = oo HJIH Kf 2 = oo • 

llpHeM rpa!llH'IecKoro orrpe.D.eJieHHH Herrocpe.D.CTBeHHO 

rrapaMeTpOB MarHHTHOrO KBa)l.pyiiOJihHOrO 3JieMeHTa £ 1 , £2 
H K .D.JIH 3a)l.aHHoro THrra rrpeo6pa3oBaHHH B pacceHBaJO~H 

IIJIOCKOCTH, aHaJIOrH'IHbiH rrpe)l.CTaBJICHHOMY Ha pUC. 3 1~ 
6onee CJIO)I(CH. 3TO CBH3aHO C TeM, 'ITO 06paTHhle rHrrep-
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celt. 

3 

2 

f£fz 

aeft ~aelz 

I 
Puc.2. Ilep6blii cnoco6 zpa~u~ecKozo onpeoeAeHUJi napaMem
po6 f 1, f 2 U K Ma2HU111H020 K6aOpynOAbH020 3AeMeH111a 6 
pacceu6a10111eii nAocKocmu. 

6oJIH'IeCKHe l}lyHKUHH :Are th H Are cth Bblpa:>KaiOTCH qe

pe 3 llJIO{Ua)J,b B OT JIH'IHe OT Arc tg H Arc ctg, KOTOpble 

Har JIH)J,HO Bblpa:>KaiOTCH qepe 3 )J.yry yr Jia COOTBeTCTBYIOIUHM 

o6pa3oM nocTpoeHHoro TpeyronbHHKa. O.u.HaKo, HeCMOTPH 

Ha 3TO, a ps.u.e cnyqaea ace :>Ke B03MO:>KeH rpai}JH'IeCKHB 

MeTO)J, ,IJ,JIH llpH6JIH:>KeHHOrO onpe,IJ,eJieHHH Henocpe)J.CTBeHHbiX 

napaMeTpOB MarHHTHOrO KBa,IJ,pynOJibHOrO 3JieMeHTa B pac

CeHBaiOIUeB llJIOCKOCTH. 3TO llOCTpOeHHe OCHOBbiBaeTCH Ha 

TOM, 'ITO, HanpHMep, a o6nacTHX 3Ha'leHHB K I£ i I ~2.5 H 

8 

l 
\ 

',I 

' 

_L 
~ 

x, t, x. 

" .3 2 { 0 1 2 3 I( 
Puc.3. Bmopoii cnoco6 zpa~u~ecKozo npu6AuJKeHHOZO onpe
oeAeHUJi napaMe111p06 f l' £ , K U K03~UijUeH11106 AUHeUH020 
npeo6pa3o6aHUJi ny~Ka · 3aJ;JixeHHbiX ~acmut~ 6 pacceu6aJO
Uieii nAOCKOCIIIU Ma2HU111H020 K6aOpynOAbH020 3AeMeHma. 

Z ( ==- e 
2
A! £ 

1
A, B ( == 1/AD, B {3 ==- £ 1 A/ £ 2 :A . 

K 1£ i I ::;. 0,4 rHnep6oJIH'IeCKHe ciJyHKUHH cthkX i H thkX i 
MO:>KHO annpOKCHMHpOBaTb C TO'IHOCTbiO He Xy:>Ke 10'1«> COOT

BeTCTBeHHO KpyrOBbiMH I}JyHKUHHMH ctgkX i H tgkX i 
C TeMH :>Ke 3Ha'leHHJIMH apryMeHTOB. ll03TOMY B TeX 

CJiy'laJIX, KOr,IJ,a HH ,ce
1

, HH K£ 
2 

He BbiXO,IJ,JIT 3a yKa3aH

Hbie npe.u.enbl, B03MO:>KeH aHaJIOrH'IHbiB npe,IJ,CTaBJieHHOMY 

Ha puc. 3 hi rpai}JH'IeCKHB MeTO.D. npH6JIH:>KeHHoro onpe.u.ene

HHJI Henocpe,IJ,CTBeHHbiX napaMeTpOB MarHHTHOrO KBa)J.py

llOJibHOrO 3JieMeHTa C TO'IHOCThiO, yKa3aHHOB BbiWe. 

KpoMe Toro, npH kiX i 12.1,5 l}lyHKUHB cthkX i B thkX i 

OTJIH'IaiOTCJI OT llpJIMOB,Onpe,IJ,eJIJleMOB ypaaHeHHeM Kl£ il = 1, 

TaK:>Ke He 6onee 'leM Ha 10%. 3TO o6CTOJITeJibCTBO MO:>KHO 

HCll0Jlb30BaTb npH npH6JIH:>KeHHOM onpe)J,eJieHHH napaMeTpOB 

MarHHTHoro Kaa.u.pynoJibHOro 3JieMeHTa a pacceHBaiOIUeB 

llJIOCKOCTH. 
MeTo.u. rpai}JH'IecKoro onpe.u.eneHHJI Henocpe.u.cTBeHHO 

napaMeTpoa MarHHTHoro Kaa.u.pynonb~oro 3JieMeHTa .D.JIJI 

cnyqaJI, Kor .u.a K I f i I ;:;. 2,5, i = 1,2. noKa3aH Ha puc. 3. 
3TOT MeTO,IJ, B OCHOBHOM llOBTOpJleT CllOC06 llOCTpOeHHJI 

,IJ,JIH C06HpaiO{UeB llJIOCKOCTH. 0TJIH'IHe COCTOHT B TOM, 'ITO 

npH nocTpoeHHH ,IJ,JIJI pacceHBaiDmeu nnocKOCTH a TO'IKe A 

OTKJia,IJ,biBaeTCJI YfOJl f 1~AB B HanpaaJieHHH npOTHB ,IJ,BH:>KeHHJI 

'laCOBOB CTpeJIKH. KaK MO:>KHO BH,IJ,eTb, B 3TOM CJiyqae 

ctgL!A£ 10 = -K P 
1 

= cth kX l"' ctgkX 1 , 

LA£
1
0== kX

1
, ctgLA£

2
0 =-K£

2
=cthkX

2
== ctgkX

2
, 

L A£20 == kX 2' L £1AB = K =L M 10 + Ll£20 == k(X 1+X2) 
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H, TaKHM 06pa30M, YCJIOBHe npeo6pa30BaHHH THna "KBa3H

npoeKTOp" ~JIH K 1£ i 1 > 1 npa6JIH3HTeJihHO BhiiiOJIHHeTcx. 

IlpH6JIH)I(eHHOe 3Ha'leHHe £2 , nOJiy'leHHOe rpa<lJH'IeCKHM 

MeTO~OM, Ha puc. 3 OTMe'leHO CHMBJIOM ""f2 , TOr~a KaK 

TO'IHOe 3Ha'leHHe, HaH~eHHOe MeTO~OM, npe~CTaBJieHHhiM 

Ha puc. 2, 0603Ha'leHO CHMBOJIOM £ • Pa3HHI.J,a 3THX 3Ha-

'leHHH "" 10o/o. 2 

IlpH6JIH)I(eHHOe 3Ha'leHHe K034J<lJHI.I,HeHTOB JIHHeHHOrO 

npeo6pa3oBaHHH ny'IKaqacTHI.J,,npoH3BO~HMoroKBa~pynonh
HhiM 3JieMeHTOM B pacceHBaiOII.J,eH nJIOCKOCTH, TaK)I(e onpe

~eJIHeTCH H3 3JieMeHTOB nOCTpOeHHH: 

Zt; =-s 1 /s 2 =- P2A/ f 1A, Bt; =KS= 1/AD, 

Bf3=-s/s =-fA/eA 2 1 1 2 . 

IlpH K, ~OCTaTO'IHO 60JihlllOM, BeJIH'IHHa Kf 
2 

MO)I(eT 

BbiHTH 3a npe~eJibl HHTepBaJia 3Ha'leHHH Kif 
2

1;;::2,5 H yKa-

3aHHOe rpa<lJuqecKoe nocTpoeHHe He 6y~eT ~aBaTh ~ocTaToq
Ho npH6JIH)I(eHHOro 3Ha'leHHH e2. O~HaKo B 3TOM cnyqae 

KaK OTMe'lanoch Bhillle, npe~eJILHoe 3Ha'leHHe KIP 
2

1 paBHo 

e~HHHI.J,e, 'ITO 3Ha'IHT , 'ITO oTpe3oK A£ 2 no Mepe pocTa 

K nepeMeii.J,aeTcH K noJIO)I(eHHIO AE, onpe~eJIHeMoMy yrnoM 

AEO, paBHhiM 45 °, 3To o6cTOHTeJihCTBO cyii.J,eCTBeHHO yMeHh

lllaeT HeOnpe~eJieHHOCTh npH npH6JIH)I(eHHOM nOHCKe f 
2 

. 

IlpH6JIH)I(eHHoe nocTpoeHHe B o6nacTH 3Ha'leHHH KIP i 1.:::;0,4 
npOH3BO~HTCH TaKHM )l(e o6pa30M, HO C TeM OTJIH'IHeM, 

'ITO yrOJI f tAB OTKJia~hiBaeTCH no HanpaBJieHHIO ~BH)I(eHHH 
'laCOBOH CTpeJIKH. 

3. OIIPE,4EJIEHHE IIAPAMETPOB CHCTEMhl 
MAFHHTHhlX KBA,4PYIIOJihHhiX 3JIEMEHTOB 

p aCCMOTpeHHble npHMepbl onpe~eJieHHH napaMeTpOB OT

~eJILHoro MarHHTHoro KBa~pynoJILHoro 3JieMeHTa B co6u

paiOII.J,eil H pacceaBaiOII.J,eH nnocKOCTHX y~o6Ho npHM;eHHTh 

H ~JI11 nOHCKa napaMeTpOB CHCTeM H3 KBa~pynOJihHhiX 3Jie

MeHTOB - ~y6JieTOB, TpHnJieTOB H T .~. CJiy'laHHbiH nOHCK 
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npH 3TOM OKa3biBaeTCH Tpy~OeMKHM, HeCMOTpH Ha ynpo

meHHhie <lJopMyJihi ~JIH pacqeToB H rpa<lJuqecKHe npHeMbl. 

3Ha'IHTeJihHOe y6blcTpeHHe onpe~eJieHHH napaMeTpoB cuc

TeMhi ~aeT npe~naraeMhiH HH)I(e npHeM HanpaBJieHHOro 

noHCKa. Cyii.J,HOCTh npHeMa npOHJIJIIOCTpHpyeM Ha npHMepe 

nOHCKa napaMeTpOB ~y6JieTa KBa~pynOJihHhiX MarHHTOB ~JI11 

npeo6pa30BaHHH THna "npoeKTOp" B o6eHX nJIOCKOCT11X. 

)J.onyCTHM, 'ITO HY)I(HO noJiy'IHTh f 11 =3, f 22 =5 npH 

D =1, r~e D - paccTOHHHe Me)l(~y BbiXO~Hoil rpaHHI.J,eil 

nepBoro H BXO~HOH rpaHHI.J,eH BTOporo KBa~pynOJihHOrO 

MarHHTa, a BTOpOH HH~eKC npH paHee BBe~eHHhiX CHMBOJiaX 

f i yKa3biBaeT HOMep KBa~pyiiOJihHOrO MarHHTa. IlyCTh 

TaK)I(e ~JI11 06II.J,HOCTH L 02 =2, r~e ~JIHHa BTOporo MarHHTa, 

TaK )l(e KaK H IIpHBe~eHHble Bblllle BeJIH'IHHbl, Bblpa)l(eHa 

B e~HHHUax ~JIHHhi nepBoro MarHHTa L 01 . Heo6xo~HMO 
HaRTH 3Ha'leHHH K l H K 2 • 

H3 paccMoTpeHHH ycnoBHH npeo6pa3oBaHH11 ny'IKa B 

cd nnocKoCTH ~y6neTa I cd 03HaqaeT, 'ITO nepBbiH KBa~

pynoJihHhiH MarHHT B 3TOH nJIOCKOCTH C06HpaiOII.J,HH, a BTO

poil - pacceHBaiOII.J,HH/ CJie~yeT, 'ITO nepBhiH KBa~pynOJih

HhiH MarHHT ~OJI)I(eH o6ecne'IHTh, no KpaiiHeH Mepe, £;
1 

= 
1 78, T .e. e f2 =0-;- -7. B 3TOM cnyqae npH K 2 = oo7 0 MO)I(eT 

6biTh noJiy'leHO 3Ha'leHHe f ~2 =5. 3Ha'leHH11 K 
1 , OTBe'laiO

II.J,He 3THM yCJIOBH11M, HaXO~HM, HanpHMep, MeTO~OM rpa

<lJaqecKOrO IIOCTpOeHH11: 0,65 ,:S K l ::; 1,0. IlpOCTbiM pac

'leTOM C nOMOII.I,blO rpa<lJHKOB puc. 2 onpe~eJI11eM, 'ITO ~JI11 

~Hana30Ha yKa3aHHbiX 3Ha'leHHH K l -1 ,8 ,:S £ ~ 'S_ -1,1 
H, CJie~OBaTeJihHO, 2,8 ~ f f2 ~ 2, l. 3Ha'ICHHJI K. 2, 
o6ecne'IHBaiOII.J,He f 2~ =5 npH Bhi~eJieHHOM HHTepBaJie 

3Ha'leHHH £ 1~ cHoBa Haxo~HM MeTo~oM rpa<lJaqecKoro noc

TpoeHH11: 0,50 ::;;: K 2 <(.. 0,54, r~e K 2 = k 2L02 . Caosa c 

IIOMOII.J,hlO puc. 2 HaXO~HM, 'ITO npH 3THX 3Ha'leHHJIX K 2 
He06XO~HMble ~JI11 o6ecne'leHH11 f ~2 d5 3Ha'teHHJI f 12 
~OJI)I(HLI JieJKa Tb B HHTepBaJie -2,24 <;_ £ 

21 
~ - 2,06. :;JTO 

3Ha'IBT, 'ITO 3,24 2 f 2~ 2: 3,06, B TOr~a ~JIJI K 1JlOJDI(JIO 

6b1Th 0,78 s; K 1 s; 0,79. TaKBM o6pa3oM, B pe3yJJLTaTe 

npoBe~eHB11 OJlHoro I.J,HKJia aanpasneaaoro noBCK& aeonpe

JleJieHHOCTh BeJIH'IHHbl K 1 yMeHhlllHJiaCh C 0,35 JlO 0,01. 
IlpOJlOJilKa.ll nOIICK Jl&Jiee , TeW JKe weTOJlOM H&XOAMW 

K 1 =0,784 HK2 =0,515. 
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Ananorn'IHhiM o6pa30M Be.D.eTcH noncK napaMeTpo:s 

TpnnneTa KBa)l.pyllOllbHbiX MarHHTOB, a HMCHHO, OH CBO)l,HT" 

ex K noncKy napaMeTpoa .D.y6neTa, o6paJyeMoro, narrpnMep, 

.D.BYMH llOCITC)l.HHMH KBa)l.pynOITbHbiMH MarHHTaMH npn KaKOM

nn6o 3Haqennn K .D.ITH nepaoro KDa)l.pynonLHoro MarnnTa, 

onpe.D.enHIOII.(eM nono>Kenne anpTyanLnoro ncTO'IHHKa B Ka>K· 

)l.OH H3 .D.BYX llllOCKOCTCH )l,y6neTa. 

4. 3AKJIJO{]EHHE 

PaccMoTpenHbie B pa6oTe I l/ H B nacTOJill\CH eTa The 

MCTO)l.hl rpa~H'ICCKOl'O onpe)l.CITCHHH napaMeTpOB H K03~
~HUHCIITOB MarHHTHhlX KBa)l.pynonhHbiX 3ITCMCHTOD COBMCCT" 

HO C ananorH'IHbiMH rpa<lJnqeCKHMH MCTO,D;aMH )l,ll.R MarHHT

HblX )l.HllOllbHblX 3ITCMCHTOD, II3ITO)KCHHbiMH B pa6oTaX /2< 
6binii npHMCHCHhl )l.ITH llOHCKa OllTHMallhHOI'O BapnanTa U 

pac•IeTa napaMeTpOD If K03$<l>HUHCHTOB )l,m'l ycTaHOBKH 

CHH:lKCHHJI, KOMMyTaUHH H MOHOXpOMa TH3ai.J;HH nyqKa ycKO

peHHh!X TJI)KCllbiX HOIIOB H30XpOHHOf'O UllKJlOTpOHa Y-400. 
B Ka'ICCTBC HllJIIOCTpaUHH HCllOllb30BaHHH 3THX MCTO)l.OB 

Ha puc. 4 llpHBC,D;CHbi COOTBCTCTBYIDIUHC rpa~H~ICCKHC llOC· 

TpOCHHH, OllpC)l.Cll.IIIOIUHC BCC HC06XO)l.HMbie napaMeTphl cnc

TCMhi CHH>KCHH.H )l.ITH O)l.HOrO H3 paCCMOTpCHHhiX BapnaHTOB 

TpaHCllOpTHpOBKH BblBC)l,CHllbiX H3 UHKilOTpOHa ycKopeHHhiX 

qacTHlt /3/. llapaMeTpbl MarHHTHbiX )l.HllOllbHhiX 3ITCMCHTOB, 

onpe)l.enHIOIUne yKa3aHnwe Bblllle npeo6pa3onannn, pasnw: 

B pa)l,nanhHOH llJIOCKOCTH !.lJ =90 °,af0, £=23,7°,1/Ju=I/Jlcf23,7°, 

I/1
21

=1/J 
12

=66,3 °, L
2
t L 1~ =0,54 R

0
,R 

0
=100 CM, B aKcnanhHOii 

nnocKocTn x
11

=x
22

=2, 8, x 
21 

=x 
12

=-0,71, L
21

= L 12 =0,54. 

B npe,D;cTaanennoM aapnanTe TpancnoprnpoBKH l.IacTHU 

napaMeTpbi MarHHTHhiX ,D;HllOJibllhiX 3ITCMCHTOB BhlfipaHhl, 

HCXO)l.H H3 YCITOBHH OCYIUCCTBITCHHH npeo6pa30BaHHH THlla 

"TeneCKOll" O)l,HOBpeMCHHO B pa)l.HallbHOH H aKcnanbHOH 

llllOCKOCTHX CO CTHrMaTH'ICCKOH nepeTH>KKOH nyqKa D npo

MC>KYTKC MC>K.D.Y MarHHTaMH. TaKOC npeo6pa30BaHHC ny'IKa 

'"laCTHU o6eCllC'IHBaeT npH6ITH3HTCllbHO O)l,HHaKOBbiC YCITODH:rl 

)l.ITE HX TpaHCllOpTHpOBKll '-Iepe 3 BTOpOH )l.HllOllbllblll MarHHT 

(D
2

) npn ITI060M ero llOBOpOTC BOKpyr BCPTHKallbHOH OCH 

BXO.I\fiiUero B nero nyqKa, neo6xo.D.HMOM .D.ITH KOMMyTaunn 

ny'IKa no ropH30HTanhHhiM KaHanaM. 

12 

I. 

I 

5 

N 

D, . /¢t, l. I I XlfR. j'\ ~~. ' 
t~· ·-·-x~_ 

Lz, D, Dz 
L,z 

Dz 

Q, Ql 

Puc.4. FparfJu<~ecKue nocmpoeHUJI OAJI onpeoeAeHUJI napaMem
poe M02HU111HbiX OUnO/IbHblX U Keac)pynO/IbHblX 3/leMeH11108 
CUC111eMbl CHUJKeHUJI, KOMMY11IOJIUU U MOHOXpOMQ111U3aijUU 
ny'IKa JIUKAompoHa Y-400 u Ko3fPr/JUJ~UeHmoe AUHeuHozo 
npeo6pa3oeaHUJI ny<~Ka 3ap.11xeHHbiX <~acmuij. 

IJapaMeTpbi CHCTeMLI MarHHTHbiX KBa)l.pynonLHLlX 3ITe· 

MCHTOB Q1 H Q 2 CITC.D.YIOIUHC: K 1 = 0,557, K 2 = 0,670, 

D=Lo = 300 MM, ~ 22 = 4, k 1X 11 = 0, k 1 X 21 = 0,56, 

k 2 X 12=0,32, k 2X22 =0,35BITITOCKOCTH de R k
1
X

11
=0, 

k 1X 21 = 0,56, k 2 X 12 = 1,07, k 2X 22 = -0,40 a nnoc

KOCTH Cd. 

IlocTpoeHHH .D.ITJI onpe.D.eneHHH napaMeTpoa KBa.D.pynom.

HLIX MarHHTOB npn npeo6pa30BaHHH llY'IKa 'laCTRU B aKCH" 

anbHOM CC'ICHHH llY'IKa ITO OTHOillCHHlO K )l.HllOITLHLlM MarHH· 

TaM .D.aHhl Ha.D. OChiO KBa.D.pynonhHLlX MarnHTOB. UocTpoeHIIJI, 

onpe)l.Cll.IIIOIUHC XO)l. TpaeKTOpHH B pa)l.HanLHOH llllOCkOCTH, 

llpHBC)l,eHbl ITO)]. OCblO KBa)l.pyllOllhHhiX MarHHTOB. B CBJI3H 

c 3THM uanpaaneHHJI oTc'leTa yrnoB ~ 1 AB B3JITW o6paTHWMH 

ITO OTHOWeHHlO K )'Ka3aHHhiM B TeKCTe. 

KaK npHMep npe)l.naraeMoi cllopMw awpalKeHHJI k03cii

~HUHCHTOB llHHCHHOf'O npeo6pa30BaHHH llY'Ika ~aCTHUHHlKe 
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ITpHBe,!I,eHhl pacqeThi ABYX K03<txi>HUHeHTOB, onpe,D;enKIOmHX 

pa3Mep H30fipa)l(eHH£ Ha BhiXO,IJ;e CHCTeMhi L\Tj 8 H fl.( 8 B 

3aBHCHMOCTH OT pa36poca HaqaJihHhiX yrnOB nyqKa qaCTHU 

L\a 1 H i\{3 1 : L\r; 8 = H a L\a 1 II A( 8 = Z f3f..{3 1 • 

H 
a 

H Z (-4'> \ H 
TJQ2 {3Q1 TJD2 

1 
aD1 

L costjf 
=(-

sin k 1 X 12 1 ___ - --- )(- ----) (--.:_-~ )( --
21--.!1) = 2,815' 

sin k 
2
x 

2 2 
K 

1 
sh K 1 L 12costjf 22 R c rostj; 21 

qT(~ OTBeqaeT, CCJIY. yqeCTh, qTO TJ 8 Bhlpa)l(eEO B e,IJ;HHHUBX 

Lc =300 MM, 0,845 MM/Mpao. 

z (-3 = (-Z (Q2 )(-H aQ l )(-B (D2 ) z {3D1 

shk 2X ~~ )(-
--~----

R 0 X12 . L2_!Xl_]:___)=l0,63, - ){- --) \- ------- -

sh k" X 22 
"" 

K 1 sinK 1 L 12x 22 R oX 21 

HJIH 3,190 MM/Mpao. 

KoMITaKTHOCTh H CHMMeTpHJi: 3aiTHCH Bhipa)l(eHHH ,IJ;JIJ!: 

K03$4JHUHCH1 OB H npOCTOTa HX pacqeTOB ITO cpaBHCHIUO 

C H3BeCTHhiMH MeTO,!I,aMH paC 1ieTa Ol.J:eBH,IJ;HhL 

H JaKnroqeHHe Bhlpa:>Karo 6naro,IJ;apHoCTI> aKa,IJ;eMHKY 

r .H .<PnepoBy 3a npe,!I,JIO)l(CHHe paCCMOTpeTL BOITpOChi KOM

MyTaUHE K MOHOXpOMaTH3BUHH rryqKa UHKJIOTpOHB Y-400, 
CTIIMynHpOB&BIIIHe BhliTOJIHeHHe H&CT011meii pa60Thl.. 
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