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CHCTeMa K03~¢HuHeHTOB nHHeHHoro rrpeo6pa3oBaHHH rryqKa 

38PH*eHHhlX qaCTHll B M8rHHTHOM .:.tHITOnbHOM 3lleMeHTe, 

YacTb II. P8Jl1181IbHoe asH•eaue. 

Ksa3uaxpoMareqecKHri cnoco6. 

flony~eH aa6op CHCTeM8TH3HpOB8HHbiX K03¢~HUHeHTOB ITHHeHHOro 

npeo6pa30B8HH5! rryqKa 38pH*eHHbiX qaCTHU .:.tl!H p8ilHa:IbHOro .:lBHlKeHH5! 

HX B KB83H8XpOM8THqeCKOM M8rHHTHOM llHITonbHOM 3l!eMeHTe, UaH 

cnoco6 rpa~eqecKoro onpeneneHHH no1IolKeHHH ucroqauKa, rrpHeMHHKa 

H OCHOBHblX K031j>¢>HUHeHTOB ITHHeHHOro rrpeo6p830B8HH H, flpuseaeHbl COOT

HOWeHHH, CB5!3biB810!UHe OCHOBHbie X8p8KTepHCTHKH MarHHTHOro CITeKTpo

MeTpa: pa3peW810illYIO CITOC06HOCTb, 8KCeiTT8HC H HeH30XpOHHOCTb -

c nnowaabJO paauanbHoro ce~eHHH rryqKa B MBI'HHTHOM none H paaHycoM 

KpHBH3HW rnasaoA rpaeKTOpHH. 

Pa6ora Bhmonaeaa B lla6oparopHH Haepahrx peaKuHI! OH.HH. 

llpeupnT 061.eUBenoro ncr•ryra uepawx •ccne.qoii&Bld . Jly6aa 1977 

Tarantin N,I, P9 - ll040 

Coefficient System for Linear Transformation of the 
Beam of Charged Particles by a Magnetic Dipole 
Element. 
Part II. Radial Motion. Quasiachromatic Method 

A set of systematized coefficients for linear transformation 
of the beam of charged particles for their radial motion in 
a quasiachromatic magnetic dipole element was obtained, A rule 
for graphical presentation of positions of a source, a collector 
and main coefficients of linear transformation is presented. The 
relations are ~iven which connect the main characteristics of 
a magnetic spectrometer: re~.olving power, acceptance and non
isochronism and the area of thA beam radial cross section 
in the magnetic field and the radius of the main trajectory. 

T'he investigation has been performed at the Laboratory 
of Nuclear Reactions, JINR. 

Preprint of t.be Joint Institute for Nuclear Research. DubDa 1977 
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BBEJ(EHHE 

8 CTaTbe l 6bin nony'leH Ha6op CHCTeMaTH3HpOBaHHbJX 
K03cjJclluuueuToo nuueiiuoro npeo6pa3ooauux ny'IKa 3aps:lKeu
HbiX 'laCTHU .IJ.JIJJ pa,AHaJibHOrO ,ABH:lKeHHJI HX B XpOMaTH'Iec
KOM MarHHTHOM .D;HllOllbHOM 3JieMeHTe. B uacToJJmeii pa6o
Te npooo.D.HTCJJ .u.an~ueiiwee paccMoTpeuue npo6neMbl npeo6-
pa3ooauuJJ ny'IKa H .D;aeTCJI ua6op Ko31{lctluuueuToB nuueiiuoro 
npeo6pa30BaHHJI llY'IKa qaCTHU All.H pa,QHallbHOrO ABH:lKeHHJI 
B KBa3HaXpOMaTH'ICCKOM MarHHTHOM .D,HllOJlbHOM 3lleMeHTe. 

1. K034KPHJ.tHEHThl JIHHEHHOrO 
llPEOEPA30BAHH..Jl llYlJ.KA lJ.ACTHl( 
B KBA3HAXPOMATHlJ.ECKOM MArHHTHOM 
J(HllOJibHOM 3JIEMEHTE 

KaK OTMe'lanocb B pa6oTe · uapx.u.y c xpoMaTH'Iec-
KHM B03MO:lKeH .u.pyroii cnoco6 3a.u.auuoro cllopMuposauuJJ 
Dy'IKa 3apJJ)I(eHHbiX 'JaCTHU MarHHTHbiM AHllOJlbHbiM 3Jie
MeHTOM. HanpuMep, npeo6pa3osauue ny'IKa Tuna "3a:lKura
TeJibHOe CTeKJIO", npH KOTOpOM :1
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YCllOBHe /2/ OTBeqaeT nepeceqeHHID OCHOBHhlX TpaeKTO
pHH qacTHU npH c/;=t/1 1 B O,IJ,HOH TOqKe (p1(if' 1 )=p2 (t,ir2 )~0l H 

O,IJ,HOBpeMeHHO HBllHeTCH BTOphlM onpe,IJ,elleHHeM yrna t/1 1 
a cne,IJ,oaaTenLHO, H yrna !(J2 ~<1>-:.,lr 1 3ToT cnoco6 llJopMu
poaaHHH nyqKa qacTHU .D.llH npeo6pa3oBaHHH THna "Ja)Kura
TellLHOe CTeKllO" npe,IJ,CTaBlleH B HH)I{HeH qaCTH puc. 1. 
B aepxHeil qacTH H3o6pa)l{eH .IJ.llH cpaaHeHHH paccMoT
peHHMH a pa6oTe: 1 ! xpoMa THqecKHH aapuaHT npeo6pa3o
BaHHH THna "3a)I{HraTellLHOe CTeKllO" ,IJ,llH MarHHTHOrO 
.D.HnonLHoro 3lleMeHTa c TeMH )l{e napaMeTpaMH L 1 , L 2 , 

t 1' (2 ' (d H R 0 

0Tnuque 3THX ,IJ,Byx cnoco6oa npeo6pa3oBaHHH cocTo
HT B TOM, qTo npeo6pa30BaHHH C nepeceqeHHeM TpaeKTO
pHH B o6naCTH MarHHTHOrO llOllH HMeiOT onpe,IJ,ellHIDI.l{YID 
.D.HcnepcHIO /nHHeHHYID H0 - ,IJ,llH Ja)I{HraTenLHoro cTeK
na H npoeKTopa H yrnoayro A0 - .IJ.llH TenecKona H KoH
.D.eHcopa/, cymecTBeHHO MeHLwyro, qeM a cnyqae xpoMa
THqecKoro cnoco6a. 

3TO HlllliDCTpHpyeTCH Ha pUC. J llOllO)I{eHHeM Ha npHeM
HHKaX TpaeKTOpHH qacTHIJ;hl C 0 1- 0, 0TCID,IJ,a Clle,IJ,yiDT 
HaJBaHHH: KBaJuaxpoMaTuqecKHH cnoco6 H KBaJuaxpoMa
THqecKHH MarHHTHhlH ,IJ,HllOllLHhlH 3lleMeHT. 

KoJ4KtluuueHThl nuHeiiHoro npeo6paJoaaHHH nyqKa Ja
PH)I{eHHhlX qaCTHU KBaJHaXpOMaTHqecKHM MarHHTHhlM ,IJ,H
llOllLHLIM 3lleMeHTOM ,IJ,aHhl B 111a611. 1. 3HaqeHHH HCllOllL
JyeMMX napaMeTpoB JaKlliOqeHM a cne,IJ,yromux npe,IJ,enax: 

0<£. <oo 
- 1 

1 1 - -rr< f. <- 7T • 
2 1 2 

O<t(Ji S,rr, ixl,2, O~w::;_1. 

Ko34KtlH:u;HeHTLI llHHeH:Horo npeo6paJoaaHHH nyqKa npu 
e i ~0, t/J i "'7T , i,..1., 2 , npuo6peTaiDI.l{He Heonpe,IJ,elleHH0-

0 1 1 
CTH THna -0 HllH O - O, pacKphlThl B ma611. 2. 

"'B HacToHmeH: pa6oTe ucnonLJYIDTCH Te )l{e o6oJHaqe
HHH, qTo H B CTaTLe I 1/ 
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Puc. 1. ,4ea cnoco6a npeo6pa3oeaHUJI ny'lKa 3ap.RJKeHHbiX 
'lacmut~ muna "3axuzamellt.Hoe cmeK/lo ". B eepxHeii 'lacmu 
pucyHKa npec)cmaeAeH xpoMai/IU'lecKuii cnoco6 npeo6pa3o
eaHu.R, e HUJKHeii - Kea3uaxpoMa11lu'lecKuii. IlapaMelllpw w , 
R o , L i , • i ( i """1 • 2) MaZHUIIIHbiX aunollt.Hl>IX :JileMeHIIloe 

Oc)Hu U llle JICe. 3HaKOM 0 OliMe'leHa OCH06HQJI lllpaeKIIIOpUJI 
'laCIIIUijbl (7ft~ 0, a 1 sO) c o~ 0 
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IlpH w = 0 /TaK Ha3LIBaeMoe , npH3MaTaqecKoe none/ 

1 t . HMeeM -:r- = - i , 1 , .. 1, 2 , B cnyqae napannenLHoro xo.na 
yl i 

nyqe:H qepe3 rpaHHUY /BMeCTO ycnOBHH 

1 1 

c· ~-/ H _!.._ 3--

s. w 
I 

-,-=-(t.t-) 
lflj I f j 

B cnyqae pacxo.nHmerocH ana cxo.nHIUerocH 

nyqKa /BMeCTO ycnOBHH ~ • _1._ (t. ~ t- )/. 
si w 1 i 

KaK MO)I(HO BH.D.eTb, .nanonLHLIH MarHHT c npH3MaTaqec
KHM noneM (uJ = 0) .ne:HcTByeT Ha pa.naanLHoe .D.JJH)I(eHHe qac
THUbl KaK TOHKaH nHH3a, pacnonO)I(eHHaH Ha 3~eKTHBHOH 
rpaHHUe, $oKycHoe paccTOHHHe KOTopo:H f = - R 0/ t i 

Heonpe.neneHHOCTH B Ko3$$HUHeHTax ma6A. 1 npa (,J= 0 pac-

KpWBaiDTCH nyTeM llO.D,CTaHOBOK 

e 1-e l& 2 - ,, 2 ___ _g__ X _g_ ~ 1 

(J) s •) 2 ,-;--
~ 2 

~- <ll 
(J) 

1-C 
' ---2-:111: 

(<) 

$2 

-2 

113 ma6A. 1 cne.nyeT, qTo K03~HUHeHTW, onpe.nenHIDIUHe 
npaKTHqecKyiD )J.HCnepCHID MarHHTHOrO .IJ.HllOnhHOrO 3neMeH
Ta, a HMeHHo: H 0 - npH npeo6pa3oBaHHHX THna "3a)I(H
raTenLHoe CTeKno" H "npoeKTop" H A0 - "TenecKon" H 
"KOH.D,eHCOp", 3aBHCHT OT pa3HOCTH .IJ.BYX npHMepHO paBHWX 
HnH paBHWX qneHOB C t H C 2 , KOTOpaH llpHBO.D.HT K ManoH 
HnH paBHOH HyniD BenaqHHe .IJ.HCnepCHH. 

Ko3~HUHeHThl naHeHHoro npeo6pa3oBaHHH, npe.ncTaB
neHHhle B ma6A. 1 H 2, .naiDT II 11 A11 - H

11 
A 11 •. 1 , H, TaKHM 

o6pa3oM, y.noBneTBOPHIDT npHHUHny coxpaHeHHH 3neMeHTa 
nnoma.na $a3oBo:H nnocKOCTH 11-a npH npeo6pa3oBaHHH Be
nHqHH Ti! , a 1 H 0 B BenHqHHhl TJ 2, u 2 H ,') 

<l>opMa ycnoBHH .nnH npeo6pa3oBaHHH Ja.naHHhlM o6pa30M 
nyqKa qacTHU H cTpyKTypa K03~HUHeHTOB npeo6pa3oBaHHH 
.nonycKaiDT H B cnyqae KBaJaaxpoMa THqecKoro cnoco6a npa
MeHeHHe rpa<iJHqeCKOrO npHeMa HX paCCMOTpeHHH. rpa<iJH
qeCKOe nocTpoeHHe .nnH KBa3HaxpoMaTaqecKoro npeo6pa-
30BaHHH THna "3a)I(HraTenLHoe cTeKno" .naHo Ha puc. 2. 
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Puc. 2. Cnoco6 zpatju'ieCKozo onpeOeAeHUJI noAoxeHui.i uc
llfO'iHUKa (L l ), npueMHUKa (L 2 ) U OCH06HblX K03tPfPU
ijUeH11106 AUHei.iHOZO npeo6pa306QHUJI ny'iKQ 'iQCIIfUij K6Q3U
axpOMQ11fU'ieCKUM MaZHUIIfHblM ounoAbHblM 3AeMeH11fOM. Kaao-

pamaMu omMe'ieHbr np.RMr.re yzAr.r. 

OC -OD r.u L2s 1 
H 0x---2 -. ------ BC. 

Row s 2 

A AE 
.,.,- OB 

• H .. _ OB a --
AE 

fipH llOCTpOeHHH ,IJ,OmKHbl 6biTL HCll0llL30BRHbl BellH'IHHbl 

wL 1 , wt/;i 
tgf i 

H arctg(---) BMeCTO BenH'IHH L i, t/J. H 
w l 

f i• i~l .2 · B 3TOM nocTpoeHHH paccTO.IIHHe .IJ.O HCTO'IHHKa 

L 2 onpe,IJ,en.BeTC.II H3 ycnoBH.II, 'ITO HopManL K 34xtleKTHBHOH 

rpaHHIJ;e B TO'IKe BbiXO,IJ,a rnaBHOH TpaeKTOpHH, HOpManL 

K rnaBHOH TpaeKTOpHH B MeCTe pacnono*eHH.II llpHeMHHKa 

H npo,IJ,oll*eHHe pa,IJ,ayca-aeKTopa r npa ¢ =t/J 1 3a Ha-
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'lano KOOp,!J,HHaT nepeceKalOTCJI B O,!J,HOH TO'IKe I3 · 3TO 
YTBep)I(,IJ,euue nerKo .IJ.OKaJaTL. )J,eiicTBHTenLHO, 

tg( 
DO~IuL2 tgarctg(--L) +R 0 H DO-wL ctg(11-wl/l ). 

(u 2 2 

0TCIO,IJ,a cne,IJ,yeT c2 

s 2 

1 ..!..(t2+~) 
w 2 

ycnOBHe ,IJ,nJI BWXO,!J,HWX napaMeTpOB ,!J,HDOnbHOrO MarHHTa 
npu npeo6paJoaauuu Tuna "Ja)l(HraTenLuoe cTeKno". 

)J,nJI napannenLuoro xo,IJ,a ny'leii npu axo,IJ,e B ,IJ,HnonL
HLiii MarHHT TO'IKa nepece'leHHJI HOpManH K BXO,!J,HOH rpa
HHIJ,e u npo,IJ,on)l(eHHJI Toro )l(e pa,D,uyca- aeKTopa r .IJ.On)I(Ha 
fiLITb OTHeCeHa B GeCKOHe'IHOCTb /3TH 0Tpe3KH napan-

nenLHLI/. B 3TOM cnyqae, KaK MO)I(HO BH,IJ,eTL, tg( 77-(u!/'
1 

)= 

q.:,( c1 t 1 
u ycnoaue ------- awnon-

s1 11> 

~ tg[ -!-11 -arctg( --1-) 1. 
2 It) 

AE HJieTCJI. JlerKo uaiiTH, 'ITO A ~ --
71 on 

" II 0 ~ ( OC- OD )/ R
0 

"' ~ 
s 1 
--~ 3C/BD. 
82 

II 
OB 

a AE 

Ko3qxpuu.ueuTw ueuJoxpouuocTH ,IJ,nJI KBaJuaxpoMaTu
'lecKoro MarHHTHoro ,IJ,HnonLuoro MaruuTa ,IJ,auw a 111a6/l. 3. 

Ilpu JHa'leHHJIX I' 1 ~ 0 u 1u lj1 ~ 11 . KOTopwe MoryT 
HMeTb MeCTO DpH npeo6pa30BaHHJIX THna "npoeKTOp" H 
"KOH,IJ,eHCOp", p&CKpWTHe Heonpe,IJ,eneHHOCTeH DpHBO,!J,HT K 

cne,IJ,ylOilJ,HM BWp&)l(eHHJIM: i\ ,._ 82 
71 --
' lu 

H i\a-" ~;-C?_ 
2 

w 
IlpH (u '"'0 He06XO,!J,HMO BOCDOnbJOB& TbCJI YK&3&HHWMH BWllle 

1>3 1 s 3&MeH&MH H nO,IJ,CT&HOBKOH -
2 

( <P - -- )- l) 
(J_) (c) 

HeuJoxpouuocTL, npaKTH'IeCKH npoBBnJIIOIIJ.&JICJI, onpe
,IJ,enBeTCJI no cl>opMyne 

c2 -c 1 
L'1 ,\ "' ------ L'1 7J 

w 81 1 /3/ 

10 

' 1 

\ 
\I 

Ta6/1Uf.la 3 

Ko3qxpuu.ueuTw ueuJoxpouuocTH TpaeKTopuii JapJI)I(euuwx 
'I&CTHIJ, B KB&3H&XpOM&TH'IeCKOM M&rHHTHOM ,IJ,HnOnbHOM 
3neMeHTe 

Tun rrpeo6pa3oBaHHH KoacjlqmuueHTbr 

AT/ A A a a 

3a:rKura reJTbHOe ~~ f 1 (C:? -c1 ) 1-c 1 s 
+-- if(<IJ- --) (us 1 (J) s 1 (()2 lu creKno u renecKorr 

DpoeKrop c2-c 1 1-c I' 1 (c 2 -c 1) 
1 s ----- ------ -,(<P- -) ll KOHJ:teHCOp (uS 1 <d21' 1 (J) s 1 (t) 2 (t) 

npH npeo6pa30B&HHJIX THna "3&)1(HraTenLHOe CTeKno" H 
"TenecKon" u 

f l(C2--Cl) 
i\ A ' ------------- -- '\Ill I 4/ 

<•> s1 

npu npeo6paJOB&HHJIX Tuna "npoeKTop" u "KoH,IJ,eucop". 
0611J,aJI cl>opMa COOTHOllleHHH /3/ H /4/ eCTb 

(J 

;\ 71 -'\ a -- _ 
1 1 R 

0 

\A , R 
max /5/ 

3aMeTHM, 'ITO nnollJ,a,IJ,L pa,D,uanLuoro ce'leHHJI ny'IKa 
B MarHHTHOM none, onpe,D,enHeMaJI HHTerpanLHWM awpa)l(e
HHeM /30/ pa60TW 1 . 6epeTCJI C y'leTOM 3HaKa KOOp,D,HH&T 
orpaHH'IHBalOilJ,HX TpaeKTOpHH {J 1 (<!.> ) H p 2 (rp) · Il03TOMY DpH 
KBaJuaxpoMaTH'IeCKOM cnoco6e npeo6paJoB&HHJI nnoma.D.L 
DY'IKa ,!J,O TO'IKH nepeCe'leHHJI 6epeTCJI CO 3H&KOM DniOC, 
TOr,IJ,a KaK nocne,IJ,yiOllJ,aJI 'I&CTL nnolll&.D.H - co JH&KOM 
Munyc. PeJynLTupyromee JHa'leuue a a 3TOM cny'lae 
MO)I(eT 6blTL Mano unu paauo uynro. Ha puc. 1 3TH 'I&CTH 
nnollJ,a,IJ,eii pa,IJ,uanLHoro ce'leHHJI ny'IKa J&lllTpuxoaaHbl nu
HHJIMH COOTBeTCTBeHHO p&3HWX H&Up&BneHHH. 

3aMeTHM T&K:>Ke, 'ITO nro6oii M&rHHTHblH ,!J,HDOnbHblH 
3neMeuT c KB&JuaxpoM&TH'IeCKHM cnoco6oM npeo6pa3oBa-
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HHJI ny'IKa MO)KHO paCCMaTpHBaTb KaK ,D;Ba llOCJie,D;OBaTeJib

HO ,D;eHCTBYIOII\HX ,D;HllOJibHbiX 3JieMeHTa C XpOMaTH'IeCKHM 

cnoco6oM npeo6paJoBaHHJI. TaKoe paccMoTpeHHe JIBJIJleTcJI 

,D;OllOJIHHTeJibHOH HJIJIIDCTpauHeB cnpaBe,D;JIHBOCTH BbiCKa3aH

HOrO B pa6oTe I 11 YTBep)K,D;eHHJI, 'ITO COOTHOWeHHe /5/ 
npHMeHHMO H ,D;JIJI MHOr03JieMeHTHbiX MarHHTHbiX CHCTeM, 

COCTOJIII\HX H3 HeCKOJibKHX ,D;HllOJibHbiX MarHHTOB H JIHH3. 

IlpH 3TOM llJIOII\a,D;b llY'IKa B Ka)K,D;OM 3JieMeHTe ,li;On)I{Ha 

BKniD'IaTbCJI CO 3HaKOM, onpe,D;eJIJJ:eMbiM 3HaKOM P (cp) -

KOOp,D;HHaTbl rpaHH'IHOB TpaeKTOpHH. IlJIOII\a.D;b ny'IKa B Mar

HHTHbiX MYJibTHITOJibHbiX JIHH3aX He BHOCHT BKJia,D;a B 

a 
Ro , nocKonbKY .D;JIJI MYJibTHnonbHbiX nHHJ R 0 ""OO. 

KoJI}MiJHUHeHTbl HeHJoxpoHHOCTH, npe.D;cTaaneHHble B 

ma6A.4 pa6oTbl/1/u B ma6A. 3 HacTOJII.Ue:H pa6oTbl, 6blJIH no

nyqeHbl B npe,D;ITOJIO)KeHHH HOpMaJibHOrO llOJIO)KeHHJI llJIOC

KOCTeB HCTO'IHHKa H npHeMHHKa ( y l "'y 
2 

= 0) ITO OTHOWeHHIO 

K rnaBHOH TpaeKTOpHH. ~JIJI HaKJIOHeHHbiX K rnaBHOH Tpa

eKTOPHH llJIOCKOCTeB HCTO'IHHKa H npHeMHHKa npH onpe,D;e

JieHHH HeH30XpOHHOCTH TpaeKTOpHB Heo6XO,D;HMO Y'IHTbiBaTb 

pa3HHUY B ,D;JIHHaX TpaeKTOpHB, o6yCJIOBJieHHYIO pa3JIH'IHeM. 

3Ha'leHHB KOOp,D;HHaTbl X TO'IeK BbiXO,D;a H npHXO,D;a 'laCTHU. 

JTO pa3JIH'IHe MO)KeT 6b1Tb HCITOJib30BaHO B HeKOTOpblX 

CJiy'laJIX ,D;JIJI 'laCTH'IHOrO yMeHbWeHHJI HeH30XpOHHOCTH. 

B qacTHOCTH, B npeo6pa3oBaHHJIX Tuna "3a)KHraTeJibHoe 

CTeKJIO" H "TeJieCKon" HeH30XpOHHOCTb, o6yCJIOBJieHHaJI 

!t.ry 1 , HCKniD'IaeTCJI, ecnu tgy1 ~A 1 . B "KOH.D;eHcope" 

HeHJOXPOHHOCTb, CBJI3aHHaJI c Aa 
1

, JIHKBH.D;HpyeTCJI nyTeM 

HaKJIOHa ITJIOCKOCTH npHeMHHKa, npH 3TOM tgy2 "'Aa/Ha · 
Ilpu tgy 2 "' A 1 !H 1 KoMneHcupyeTCJI AT/A T/ 1 B npeo6-

pa3oBaHHJIX Tuna "TenecKon". 

2. OliCY)l(,l!EHHE HEKOTOPMX PE3YJlhTATOB 

II 6 
/1/ u 

OJiy'leHHOe B pa OTe H B HaCTOJIJ.UeH CTaTbe COOT-

HOWeHHe /5/ Bblpa)KaeT 06ll\He 3aKOHOMepHOCTH, onpe,D;eJIJIID

IUHe OCHOBHble xapaKTepHCTHKH MarHHTHOrO ,D;HllOJibHOrO 

3JieMeHTa, He3aBHCHMO OT aapHaHTa npeo6pa30BaHHJI llY'IKa 

'laCTHU, OT KOHKpeTHbiX napaMeTpOB MarHHTHOrO ITOJIJI (w) 
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H CaMoro ,D;HllOJibHOrO 3JieMeHTa, OT HaJIH'IHJI ,D;OllOJIHHTeJib

HbiX JIHHJ .. B 'laCTHOCTH, 3TO COOTHOWeHHe llOKa3biBaeT, 

'ITO XOpOWaJI H30XpOHHOCTb HeCOBMeCTHMa C BbiCOKOB pa3-

pewaJOI.UeB CllOC06HOCTbiD H 60JibWHM aKCenTaHCOM MarHHT

HOrO .D;HnonbHoro 3JieMeHTa. qeM Bblwe paJpewaJOI.UaJI cno

C06HOCTb H 'leM 60JibWe HCllOJib3yeMbiB 3MHTTaHC HCTO'I

HHKa, TeM 60JibWe pa3JIH'IHe B ,D;JIHHaX TpaeKTOPHB 'laCTHU, 

npuxo,D;JII.UHX Ha npueMHHK MarHHTHoro cneKTpoMeTpa. Bnpo

'leM, 3TO llpOTHBOpe'IHe yMeHbWaeTCJI, eCJIH B MarHHTHOM 

cneKTpoMeTpe c KBaJHaxpoMaTH'IeCKHM cnoco6oM npeo6-

paJoBaHHJI nyqKa ycTaHOBHTb .D;Ha~parMy B nnocKOCTH ne

pe ce'leHHJI ocHOBHbiX TpaeKTopu:H qacTHU /npu ¢ .. t/J 1 I 
H TeM CaMbiM YJIY'IWHTb pa3peweHHe, He yxy,D;WaJI H30XpOH

HOCTH H He yMeHbWaJI aKcenTaHCa MarHHTHOrO ,D;HllOJibHOrO 

::meMeHTa. 

H3 COOTHOWeHHJI /5/ TaK)Ke CJie,D;yeT, 'ITO MaKCHMaJib

'HaJI palpewaiDII\aJI cnoco6HOCTb H aKcenTaHc nw6oro Mar

HHTHoro ,D;HllOJibHOrO 3JieMeHTa B KOHe'IHOM HTore onpe

,D;eJIJIIOTCJI llJIOIUa,D;biD ITOJIIOCOB MarHHTa H pa,D;HYCOM KpHBH3-

Hbl rnaBHOH TpaeKTOpHH. Il03TOMY He HMeiDT OCHOBaHHB 

HHOr,D;a BCTpe'laiOII\HeCJI YTBep)K,D;eHHJI 0 TOM, 'ITO TOT HJIH 

uuo:H MarHHTHbiH cneKTPOMeTp HMeeT cyll\eCTBeHHO 6onee 

BbiCOKyiO pa3peWaiDII\YID cnoco61lOCTb H CYII\eCTBeHHO 60Jib

WHB aKcenTaHc, o6ycnoaneHHble Bbl6opoM TOH HJIH HHo:H 

cxeMbl JIHHeB:Horo npeo6pa3oBaHHJI ny'IKa 'laCTHU, npu 

paBHbiX C .D;pyrHMH cneKTpOMeTpaMH pa3Mepax. 

CooTHOWeHHe /5/ noJBOJIJleT TaK)Ke o6o6IUHTb TeH,D;eH

UHH B MeTO,D;aX ynyqweHHJI xapaKTepHCTHK MarHHTHbiX ,D;H

llOJibHbiX ClleKTPOMeTpOB H yKa3aTb B03MO)KHble nyTH HX 

,D;aJibHeBwero COBepWeHCTBOBaHHJI. 

KaK MO)KHO BH,D;eTb, O,D;Ha H3 B03MO)KHOCTeB ynyqweHHJI 

MarHHTHOrO cneKTpOMeTpa - 3TO llO.D;06HOe yBeJIH'IeHHe 

ero pa3Mepoa. B 3TOM cnyqae nnoll\a.D;b pa,D;HaJibHoro ce

'leHHJI ny'IKa pacTeT KaK R5 if OTHoweHue a/R0 yae

JIH'IHBaeTcJI nponopuuoHaJibHO R 0 . TaKaJI B03MO)KHOCTb 

'laCTO HCllOJib30BaJiaCb H HCllOJib3yeTCJI ,D;JIJI llOBbiWeHHJI 

paJpewaJOI.Ue:H cnoco6HOCTH cneKTpoMeTpoa. 

YaenuqeHHe nnoll\a.D;H pa,D;HaJibHoro ce'leHHJI ny'IKa ,D;o

CTHraeTCJI TaK)Ke nyTeM npHMeHeHHJI, HanpHMep, ,D;e~OKy
CHPYIDII\eH B pa,D;HaJibHOB ITJIOCKOCTH MarHHTHOH KBa,D;pynOJib

HOB JIHH3bl, pacnonaraeMo:H nepe.D; .D;HnonbHblM MarHHTOM 
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C O,ZJ;HOpO,ZI;HbiM noneM. TaKaR KOM6HHaiJ;HR KBa,ZI;pynonLHOH 
nHH3bl C ,ZJ;HnOnLHbiM MarHHTOM nepBOHaqanLHO 6blna npe,ZJ;· 
nmtceua 121 c u;enLJO yBenuqeHHR Tenecuoro yrna cneKTpo
MeTpa nyTeM clJOKYCHpOBKH nHH30H nyqKa 'laCTHIJ; B Z -
uanpaBneHHH. Ha ,ZJ;pyroe uaJuaqeuue npuMeHeHHR KBa,ZJ;py
nonLHOH nHH3bl B KOM6HHaiJ;HH C ,ZJ;HllOnLHbiM MarHHTOM, 
nony'IHBWeii Ha3Bauue (Q-0)-cneKTPOMeTpa /cneKTporpa
clla/, 6blno yKa3aHo no3,ZJ;Hee 13

/. ,UeB:cTBHe ,ZJ;eclJoKycupyimu;eii 
nHH3bl Bbl3b1BaeT cymecTBeHHoe pacwupeuue pa,ZJ;uanLHoro 
Ce'leHHR IIY'IKa B ,ZJ;HIIOnLHOM MarHHTe H yBenH'IeHHe npeu
MyliJ;eCTBeHHO pa3pewawmeB: cnoco6uocTH (Q-D) -cneKTpo
MeTpa. 3TOT pe3ynLTaT nerKO llOHRTL, ecnH cpaBHHTL 
(Q-D)- cneKTpoMeTp H D- cneKTpoMeTp, HMewmue O,ZJ;HHaKo-
Bble 3Ha'leHHR napaMeTpoB R 0 , rr> , rp , r . H L . (i .. 1.2) 

! J 
MarHHTHbiX ,ZJ;HnonLHbiX 3neMeHTOB, npHHHMaR, 'ITO L 1 B 
(Q-0) - cneKTpOMeTpe onpe,ZJ;enReTCR nonO)KeHHeM MHHMO
ro H3o6pa)KeHHR peanLuoro HCTO'IHHKa, coJ,ZJ;aBaeMoro ,ZJ;e
clloKycupywmeB: nuuJoB:. JluueB:uaR ,ZJ;HcnepcuR II0 u nu
ueiiuoe yBenuqeuue I~ MarHHTHbiX ,ZJ;HnonLHblx 3neMeHTOB 
B 3TOM cnyqae 6y,ZJ;yT paBHbl. fipH paBHOH WHpHHe nomOCOB 
,ZJ;HnonLHLIX MarHHTOB yrnOBOH aKcenTaHC t\a 1 Bpa,ZJ;HanL· 
noB: nnocKocTH (Q -D) - cneKTpoMeTpa 6y,ZJ;eT MeHLwe, a 
,ZJ;OCTH)KHMaR pa3pewawmaR cnoco6uocTL R max npu paBHoii 
wupuue HCTO'IHHKOB 1111 1 6onLwe, 'I eM y D - cneKTpoMeT
pa, nOCKOnLKY ,ZJ;eclJoKyCHpyiDIIJ;aR nHH3a, o6pa3yR MHHMOe 
H3o6pa)KeHHe, yBenH'IHBaeT pacxo)K,ZI;euue nyqKa H, cornac
uo TeopeMe JluyBunnR, yMeHLwaeT wupuuy BHpTyanLuoro 
HCTO'IHHKa. 

Auanoruquoe paccMoTpeuue ,ZJ;nR cneKTpoMeTpa, npe,ZJ;
CTaBnRwmero KoM6uuau;uw clJoKycupywmeii nHH3LI u ,ZJ;HnonL
uoro MarHHTa, llOKa3b1BaeT, 'ITO npH paBHOH WHPHHe nonJO
COB ,ZJ;HnOnLHLIX MarHHTOB yrnOBOH aKcenTaHC /1a cnO)K· 

1 
uoro cneKTpoMeTpa 6onLwe, a ero ,ZJ;OCTH)KHMaR pa3pewaJO-
maR cnoco6HOCTL R max npH paBHOH WHpHHe HCTO'IHHKOB 
A71 1 MeHLwe, 'leM y D -cneKTpoMeTpa, nocKonLKY clloKycu
PYJOmaR nHH3a, yMeHLWaR yrnoByiD pacxo,ZJ;HMOCTL, yBenu
'IHBaeT WHpHHY BHpTyanLHOrO HCTO'IHHKa, OT KOTOpOH 3aBH· 
CHT R max . 3TO 3aKnJO'IeHHe OCTaeTCR cnpaBe,ZJ;nHBbiM H 
,ZJ;nR MarHHTHoro npH3Meuuoro cneKTPOMeTpa 141 .nocTpoeu
uoro no cxeMe clJoKycupyJOmaR nuu3a - ,ZJ;HnonLHLIH MarHHT -
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clJoKycupywmaR nHH3a, TaK KaK nuu3a /clloKycupywmaR unu 
,ZJ;eclJoKycupywmaR/, pacnono)KeuuaR 3a ,ZJ;HnonLHLIM Maruu
TOM, H3MeHReT B O,ZJ;HOH H TOR )Ke Mepe H BenH'IHHY ,ZJ;Hcnep
CHH H BenH'IHHY H306pa)KeHHR HCTO'IHHKa Ha npHeMHHKe, He 
H3MeHRR, TaKHM o6pa3oM, pa3pewa10meB: cnoco6uocTH 
cneKTpoMeTpa. 

,Upyroii B03MO)KHLIH nyTL yBenH'IeHHR pa,ZJ;HanLHOrO ce
'leHHJI nyqKa B MarHHTHOM none - 3TO yBenH'IeHHe yrna OT· 
KnOHeHHJI <fJ · ,UnR 3TOrO npHMeHJIIDT llOnR C K03«WJHI1,HeHTOM 
a 1 .- 0, npOH3BO,ZJ;RIIJ;He MeHee CHnLHYID, 'leM O,ZJ;HOpO,ZI;HOe 
none (a 1 ~0). pa,ZJ;uanLHYID clJoKycupoBKY nyqKa qacniu. Hanpu
Mep, B MarHHTHOM cneKTpoMeTpe, npe,ZJ;no)KeHHOM CsapT
xonLMOM H 3ur6auoM/ 5 ·. ucnonLJyeTCJI MarHHTHoe none c 
a 1 -.c -·0,5 . MaKCHManLHLIH yron OTKnoueHHJI nyqKa ,ZJ;O nepe-

Ce'leHHJI TpaeKTOpHH H WHpHHa ny'IKa B TaKOM none B ,·2 pa3 
6onLwe, 'leM B O,ZJ;Hopo,ZJ;HOM none, a pa,ZJ;HanLHoe ce'leHHe 
ny'IKa H ,ZJ;HcnepcHJI B ,ZJ;Ba pal a 6onLwe. 

,UanLHeHWee paJBHTHe MarHHTHLIX cneKTpOMeTpOB 3TOro 
THDa DpHBeno K npHMeHeHHID MarHHTHLIX noneH C K03«WJH
IJ,HeHTOM a 1 ~ -0,9 H ,ZJ;HDOnLHLIX MarHHTOB C yrnaMH OTKnO
ueuuH 6onee ;~rr (,ZJ;o rr\·IO) /eM., uanpuMep, ' 6 -

81 
/, 

,ZJ;HCDepCHJI KOTOpbiX B HeCKOnLKO pal npeBbiWaeT ,ZJ;HCDepCHJO 
cneKTpOMeTpOB C O,ZJ;HOpO,ZI;HbiM noneM. ,UononHHTenLHLJH 
BLJHrpbiW, ,ZJ;OCTHraeMLIH B MHOroo6opOTHLJX cneKTpOMeTpax, 
3aKniD'IaeTCJI B nOBTOpHOM HCnOnL30BaHHH HeKOTOpbiX yqaCT
KOB MarHHTHOrO nonJI npH ,ZJ;BH)KeHHH 'laCTHIJ; OT HCTO'lHHKa 
K npueMHHKY no MHoroo6opoTuoB: TpaeKTopHH. Hx cymecT
BeHHLIH He,ZJ;OCTaTOK - cnO)KHOCTL peanHJaiJ;HH C Heo6XO,ZJ;H
MOH TO'IHOCTLID CHnLHOCna,ZJ;aiDIIJ;ero no 3a,ZJ;aHHOMY 3aKOHy 
Maruuruoro nonJI. 

Auanoruquoe yBenuqeuue yrna OTKnoueHHJI <P H nnoma
,ZJ;H pa,ZJ;HanLHOrO Ce'leHHJI ny'lKa, HO B 6onee npOCTOM ,ZJ;nJI 
peanH3aiJ;HH O,ZJ;HOpO,ZI;HOM MarHHTHOM none MO)KeT 6LITL 
,ZJ;OCTHrHyTO nyTeM ocna6neHHJI pa,ZJ;HanLHOH clJoKyCHpOBKH C 
noMOIIJ;LID KnHHOBH,ZJ;HbiX Bblpe30B B noniOCHLIX HaKOHe'IHHKaX 
MarHHTa, CHH)KaJOIIJ;HX MarHHTHOe none B o6naCTH Bblpe3a. 
rpaHHII,bl KnHHOBH,ZJ;HOrO BLipe3a ,ZJ;eHCTBYIDT KaK HaKnoHeH
HLie no,ZJ; nonO)KHTenLHLIM yrnoM f BbiXO,ZJ;HaR H. BXO,ZJ;HaR 
rpaHHIJ;bl ,ZJ;HnonLuoro MarHHTa, ocna6nRIDIIJ;He pa,ZJ;HanLHYID 
H npoHJBO,ZJ;JIIIJ;He aKcuanLHYID clJoKycupoBKY qacTHu;. Pac-
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CMOTpeHHe ,neHCTBHJI Bblpe30B B nOJIIOCHbiX HaKOHe'IHHKaX 
AHnOnbHOrO MarHHTa C OAHOPOAHbiM noneM, npo,nenaHHoe 
B pa6oTaX 

19
-il ~· noKa3biBaeT, 'ITO yron OTKnOHeHHJI ny'IKa 

'laCTHU a MarHHTe c Bblpe 3aMH nonrocoa .no nepaoro nepece
'leHHJI TpaeKTOpHii MO>KeT 6b1Tb nJ06biM, a nJIOI.QaAb pa,nHaJib
HOrO Ce'leHHJI ny'IKa pacTeT B OAHOM H3 BapHaHTOB cneKTpo
MeTpa CHnLHee, 'leM <ll 2 /B aKCHanbHO- CHMMeTpH'IHOM He
o,nuopo,nuoM none 3Ta nnouta.nL -<I> 2 I. CooTBeTcTaeuuo, 
C yBenH'IeHHeM nnouta,nH paCTeT H .llHCnepCHJI cneKTpOMeTpa. 
YrnoBLie a6eppauuu BToporo nopB,nxa Taxoro cnexTpoMeT
pa CytQeCTBeHHO HH>Ke, 'leM a6eppaUHH 3KBHBaJieHTHOrO HO 
XapaKTepHCTHKaM cneKTpOMeTpa C aKCHanbHO- CHMMeTpHq
HbiM noneM. 

Haxoueu, yaenuqeuHe nnoma.nu pa,nuanLuoro ce'leHHJI 
ny'IKa B OAHOPOAHOM MarHHTHQM none MO>KeT 6b1Tb nony
'leHO TeM, 'ITO B MeCTe nepece'leHHJI TpaeKTOpHH 'laCTHU 
B KBa3HaxpoMaTH'IeCKOM AHllOJlbHOM 3neMeHTe ycTaHaBnH
BaeTCJI nHH3a /B cnyqae Macc-cneKTpOMeTpa 3TO MO>KeT 
6b1Tb KOMnaKTHaJI 3neKTpOCTaTH'IeCKaJI JIHH3a THna ,nua
<IJparMbl/, KOTOpaJI HnH ,ne<IJoKyCHpyeT ny'IOK 'laCTHil H TaKHM 
06pa30M HCKnJO'IaeT nepece'leHHJI TpaeKTOpHH, HnH ,no
nonHHTenbHO CHnLHO <IJoKyCH~yeT ny'IOK, o6pa3yJI BTOpoe 
6JIH3Kone>Kautee nepece'leHHe · 12 ' · B pe3yJILTaTe 3Toro nno
utaAL pa,nuaJILHoro ce'leHHB nyqxa, onpe,nenJiromaB .nocyu
>KHMYIO pa3pernaromyro cnoco6uocTL, yaeJIH'tHBaeTcJI B .naa 
pa3a. 3TOT npHeM MO>KHO nOBTOpHTb HeCKOJibKO pa3, eCJIH 
HCnOJib30BaTb .llBH>KeHHJI 'laCTHU no TpaeKTOpHJIM, no,no6HbiM 
YAJIHHeuuoii uuxnou,ne. 
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