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1. BBEAEHHE 

YcnewH~H e~6op ocHOBH~x napaMeTpoe aHanHaaTopa Macc-cneKTpo
MeTpa, OnTHManbH~X AnR ero ocy~eCTBneHHR H nocneAY~~eH C HHM 
pa60T~, BO MHOrOM 3aBHCHT OT ~H3H4eCKOH 060CHOBaHHOCTH H T04HO
CTH, a TaKme OT HarnRAHOCTH npeACTaBneHHR ero HOHHo-onTH4eCKOrO 
AeHCTBHR. B pacnpocTpaHeHHOM MaTpH4HOM MeTOAe Ill KopnycKynRpHo
onTH4ecKoe AeHCTBHe MarHHTH~x H 3neKTpocTaTH4eCKHX 3neMeHTOB 
npeACTaeneHO KaK nocneAOBaTenbHOCTb npeo6pa3oBaHHH TpaeKTOPHH 
3apRmeHHOH 4aCTH~~. npOH3BOAHM~X OTAenbH~MH 4aCTRMH 3neMeHTa, 
6e3 KOMnaKTHOrO aHanHTH4eCKOrO B~pameHHR AeHCTBHR B ~enoM. 3TO 
3aTPYAHReT HCnonb30BaHHe MeTOAa AnR Bbl6opa OnTHManbHbiX BapHaH
TOB. 

HaeecTH~ MHoro4HcneHH~e non~TKH BblpaaHTb AeHcTBHe KopnycKy
nRpHo-onTH4ecKoro 3neMeHTa npocTbiM H HarnRAHbiM cnoco6oM. B 4acT
HOCTH, B OAHOH H3 nepBbiX pa6oT no KOpnycKynRpHOH OnTHKe 121 ~o
KYCHpy~ee AeHCTBHe AHnOnbHOrO MarHHTa C OAHOPOAH~M noneM B~pa
meHo no aHanorHH c AeHCTBHeM onTH4eCKOH nHH3bl Ha ny4oK ceeToBbiX 
ny4eH npOCTOH ~OpMynOH nHH3~. 
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HbiX Ha ynp~eHHe npeACTaBneHHR peaynbTaTOB AeHCTBHR pa3nH4HbiX 
KOpnycKynRpHo-onTH4eCKHX 3neMeHTOB npH COXpaHeHHH ~H3H4eCKOH 
o6ocHoeaHHOCTH H T04HOCTH paccMoTpeHHR. B 3TOH cepHH c noM~b~ 
HOB~X B KOpnycKynRpHOH onTHKe npHeMOB paCCMOTpeHbl B napaKCHanbHOM 
npH6nHmeHHH npeo6pa30BaHHR TpaeKTOpHH 3apR~eHHOH 4aCTH~bl, npOH3-
BOAHMble MarHHTHbiMH AHnOnbHbiMH, KBaApynonbHbiMH H CeKCTynonbHbiMH 
3neMeHTaMH. PaccMoTpeHHe npoeeAeHo c y4eTOM ManbiX eenH4HH ennoTb 
AO BTOporo nOPRAKa BKn~4HTenbHO /a B HeKOTOpbiX cny4aRX - ennOTb 
AO TpeTbero nOPRAKa/, AOCTaT04HbiM AnR WHPOKOro npaKTH4ecKoro 
npHMeHeHHR. nony4eHHble AnR MarHHTHbiX 3neMeHTOB peaynbTaTbl 4aCTH4-
HO pacnpOCTpaHeH~ Ha 3neKTPOCTaTH4eCKHe Ae~neKTOpbl, KBaApynonH 
H ceKcTynonH. 

B HaCTOR~eH CTaTbe H3nara~TCR OCHOBHble acneKTbl HOBOH KOpnycKy
nRpHo-onTH4eCKOH TeOpHH npHMeHHTenbHO K Macc-cneKTpOMeTpHH H npH
BOARTCR HeKOTOp~e HOB~e peaynbTaTbl, none3Hble AnR KOHCTPYHPOBaHHR 
H 3KcnnyaTa~HH Macc-cneKTpoMeTpoe. 

0AHHM H3 OCHOBHbiX BOnpOCOB KOHCTpyHpOBaHHR MarHHTHbiX H 3neKTpo
CTaTH4eCKHX aHanH3aTOpOB RBnReTCR Bonpoc 06 ocy~eCTBneHHH 
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Heo6xoA~MOH Tonorpa~~~ ~x noneH. 06~4HO 3aAa4a onpeAeneH~R npo
~~neH 3neMeHTOB, 3aAa~~x none, pewaeTcR Ha ocHoae ypaaHeH~R 
nannaca, c noMo~b~ KoToporo no 3aAaHHOMY npo~~n~ TaK~x 3neMeH
TOB ~~eTCR caMo none. TaKOH MeTOA peweH~R o4eHb TPYAOeMOK ~ He 
BCerAa np~BOA~T K OAH03Ha4HOMY pe3ynbTaTy. 

3aAa4a ynp~aeTCR np~ ee peweH~~ a o6paTHOM HanpaaneH~~ - oT 
nonR K noTeHu~any. AnR 3Toro Ha ocHoae A~~epeHu~anbH~x ypaa-
HeH~H MaKe senna divB = 0 ~ rot B = 0 ~n~ divE "'0 ~ rotE. 0 ~ 3aAaH-
Horo 6a3oaoro pacnpeAeneH~R nonR Ha B~AeneHHOH noaepxHOCT~ Ha
XOA~M KOMnOHeHT~ nonR B OfibeMe, ~ nyTeM ~X ~HTerp~pOBaH~R onpe
AenReM noTeHu~an none3aAa~~x 3neMeHTOB. B pe3ynbTaTe nony4aeM 
npOCTY~ CBR3b MemAY napaMeTpaM~ fia30BOrO nonR H 3THX 3neMeHTOB. 
HanpHMep, AnR ocecHMMeTpH4Horo AHnonbHoro MarHHTa, aKc~anbH~H 
pa3pe3 KOH40B non~coa KOToporo npeACTaaneH Ha pHc.1, np~ 6a3o
BOM pacnpeAeneHH~ nonR Ha MeA~aHHOH nnocKocT~ (z = 0) 

~MeeM B CTaT~4eCKOM npHfinHmeHI'!H 

2Uo 1 1 2 2 
8 0 =-[l--17(Y+K)+-y2 ], b 1 =-.2..+0(2), b

2
o:4(.L) -..!5.... /2/ 

h 12 3 17 17 17 

3Aecb b 1 H b2 - nocToRHH~e K03~~41-1eHT~ pa3nomeH~R nonR no p = 
= (r- R)/ R < 1 , rAe r - paAHanbHaR KOOPAHHaTa, a R- paAHYC Kp~

BH3H~ onT~4eCKOH oc~ A~nonbHoro MarHHTa aHanH3aTopa/p~c.2/; 17 = 
\...In .., , nIT"' L n _ ----··,..--·· ......... _ ........ , ... _,,.....,_ ...... __ ........ __ 
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AHnOnbHOro MarHHTa/p~c.1/.Pa3HOCTb CKanRpH~X MarHHTH~X noTeHuHa
noB 2U 0 = 1 '256. 1 o-6 IN, rAe I - TOK 4epe3 06MOTKH B036ymAeHHR' 
N - 4~CnO B~TKOB B OfiMOTKaX. C KanRpHbiH MarHHTHbiH noTeHu~an ~ TOK 
a~pameH~ a eA~H~uax CH, T.e. a Tn.M H A. 

AnR 3neKTpocTaT~4ecKoro Ae~neKTopa, I-1Cnonb3yeMoro a Macc
cneKTpoMeTpe C ~OKYCHpOBKOH ~OHOB no CKOpOCT~, npH pacnpeAene
H~~ 6a30BOrO nonR Ha MeA~aHHOH nnocKOCT~ (8 = 0) B TOPO~AanbHOH 
C~CTeMe KOOPAHHaT r, ¢, 8 

! f 2 )al], f 1 =-(l+a) + 0(2), 

' R r ~ R e - paA~YC~ KpHBH3Hbl 
COOTBeTCTBeHHO B paA~aJ1bHOM 

/3/ 

/4/ 

H aKC~anbHOM Ce4eHHRX, df - paCCTORHHe MemAY noeepXHOCTb~ Hy
neaoro noTeHuHana 1-1 3neKTPOAOM a MeA~aHHoi1 nnocKoCT~, de - pac
cToRHHe MemAY ueHTpaM~ KPHBH3Hbl noaepxHocTH Hyneaoro noTeHu~>~ana 
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PHc. I . AKcHaJibHbiH pa3pe3 non10coB 

,Il;HTIOJibHOrO MarHHTHOrO aHaJIH3aTO

pa C aKCHaJibHO-CHMMeTpH'!HbW no

JieM. 

Pac. 2. CxeMa acrroJib3yeMhiX ca

CTeM KOOp,IJ;HHaT H o603Ha'!eHHH 

B pa,IJ;HaJibHOM Ce'!eHHH ,IJ;HTIOJibHOrO 

MarHHTHoro aHaJIH3aTopa. 

H 3neKTPOAa B aKCHanbHOM Ce4eHI-11-1, a f = df /R r < 1 , a c = d c/R r < 1 . 
AnR u~nHHAPH4eCKOro Ae~neKTOpa 0 c"' a "'u, AnR c~ep~4eCKoro 
ac=O,a=l· 

AHanor~4H~e npOCT~e COOTHOWeH~R ~Me~T MeCTO AnR KBaApynonb
H~X, CeKCTynonbH~X ~ OKTynonbH~X 3neMeHTOB. 

3. 3~~EKTHBH~E IPAHHU~ nonR AHAnH3ATOPA 

AnR ynp~eH~R paccMoTpeH~R AeHCTB~R aHan~3aTopa peanbH~H 
npHfiop C npOTRmeHH~M~ KpaeB~MH cnaAaM~ nonR Ha BXOAHOH ~ B~

XOAHOH rpaH~uax 3aMeHR~T aHaJ1H3aTOpOM C HeB03My~eHH~M OCHOBHbiM 
noneM H c pe3KHM cnaAOM Ha HeKoTop~x ycnoaH~x rpaHHuax, Ha3~

aaeM~x 3~~eKT~BH~MH. Hx a~6~pa~T TaKHM o6pa3oM, 4T06bl Ha~6onee 
aAeKBaTHO B~pa3~Tb AeHCTBHe Ha 3apR~eHHY~ 4aCT~4Y peanbHOro 
nonR C npOTRmeHH~M KpaeB~M cnaAOM 4epe3 AeHCTB~e OCHOBHOrO nonR 
C pe~~~M CnaAOM Ha 3~~eKTHBHOH rpaH~Ue. 

B AaHo Hoaoe onpeAeneHHe 3~$eKT~BHOH rpaHHU~ Ha npHMepe 
AHnOnbHOro MarHHTa C HeOAHOPOAH~M noneM 

/51 

rAe ¢b(p)- ypaBHeHHe 3~~eKTHBHOH rpaHHU~ B 4HnHHAP~4eCKOH C~CTe
Me KOOPAHHaT, B Z (p, ¢, 0) - aKCHanbHbli1 KOMnOHeHT MarHHTHOrO nonR 
B OKpeCTHOCT~ rpaHHU~ non~ca, ¢ 1 (p) ~ ¢ II(p) - ypaBHeHI'!R rpaH~U 
Kpaeaoro nonR, onpeAenReM~e ycnoBHRMH B z (p, ¢ 1, 0) = 0, Bz (p, ¢ri ,0) '= 
= B 0 (1 + b1p), (aBz/a¢) (p, ¢ 1 ,o) = o, (asz~a¢)(p,¢r1,o)=O ~ T.A.OnpeAe
neHHe /5/ B np~MeHeH~~ K HeOAHOPOAHOMY non~ 6onee YA06HO AnR 
npaKT~4ecKoro ~cnonb3oBaH~R, 4eM, Hanpi'!Mep, onpeAeneHHe, npeAno
meHHoe a 141• B pe3ynbTaTe BBeAeH~R 3$~eKTHBH~x rpaH~U /5/ ace 
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TpaeKTOPHH 4aCTH~, nema~He B MeAHaHHO~ nnOCKOCTH AHnOnbHOrO Mar
HHTa, He npeTepnesa~T AOnonHHTenbHoro npenoMneHH~ (~p'~O) 11 cMe
~eHH~ (~p = 0) B npeAenax T04HOCTH AO ManbiX aenH4HH BO BTOPO~ 
cTeneHH. TpaeKTOPHH 4aCTH~, nema~He a aKcHanbHOM ce4eHHH AH
nonbHoro MarHHTa, npoxoA~~eM 4epea era onTH4eCKY~ ocb, HCnbiTbl
aa~T nHWb aKCHanbHoe npenoMneHHe 6.( ', rAe '= z/R, 6ea aKCHanb
Horo cMe~eHH~ (~ = 0) 

1 + sin2
£ 

~,, = - '0 tg£ + 2 
cos f 

'0 2 '0 u [ 0,20 - 0,49 (--) 
u COS£ 

'0 4 '0 6] - 0,32(--). - 0,28(-) ' 
u COSf u COS£ 

!6! 

rAe 'O - 3Ha4eHHe aKCHanbHO~ KOOPAHHaTbl 4aCTH~bl Ha. BXOAHO~ HnH 
BbiXOAHO~ 3~eKTHBHO~ rpaHH~e, U - npOT~~eHHOCTb peanbHOrO Kpae
aoro non~ no KOOPAHHaTe c/J a nHHe~Ho~ annpoKCHMa~HH. B /6/ 4ne
HOM _, 0tg£ npeAcTasneH 3<)><)>eKT aKcHanbHoro npenoMneHH~ TpaeKTo
PHH nepsoro nop~AKa, Ha3blaaeMbl~ 3<)><)>eKTOM KoTT3161 - XyprHHa 161. 
3TOT 3<)><1>eKT ~Bn~eTC~ peaynbTaTOM HHTerpHpOBaHH~ rpaAHeHTa Kpae
BOrO non~ no era npoT~meHHOCTH 11 BblpamaeTc~ 4epea paaHoCTb 3Ha-
4eHH~ HHAYK~HH Ha rpaHH~aX 3TOrO non~ He3aBHCHMO OT <)>OpMbl H npo
T~lKeHHOCTH cnaAa· 4HCnOBble K03~H~HeHTbl npH 4neHaX BTOporo no
P~AKa ManocTH /npH ' 0 u I oTpama~T peaynbTaT HHTerpHpoaaHH~ Kpae
aoro non~ npH AOCTaT04HO o6~e~ era annpoKCHMa~HH cTeneHHbiM no
nHHOMOM, xopowo onHCbiBa~HM peanbHbte pacnpeAeneHH~ cnaAa non~ 
n~&A .... ~niAUIAIA M!:llt .. Uo4TI-U. .. IV "'::IIJ':-'?.U0D ~~ :::'~~~~~ ~~~:""':'.:'.~~~~~:-:: ~~=:-~~:!-:-::. ~~-

MeTHM, 4TO An~ YAaneHHbiX OT MeAHaHHO~ nnOCKOCTH TpaeKTOpH~ 
(' 0 "" 0,6u cos£), a 3Ha4HTenbHO~ Mepe onpeAen~~Hx nonomeHHe aK
CHanbHoro <)>oKyca ny4Ka, cyMMa 4neHOB aToporo nop~AKa ManocTH 
o6pa~aeTC~ B Hynb H <)>OKYCHOe paCCTO~HHe BblpamaeTC~ TOnbKO nH
He~HbiM 4neHOM. 

Hosoe onpeAeneHHe 3<)><)>eKTHBHo~ rpaHH~bl /5/ 11 HeKoTopble HOBble 
npHeMbl npH paccMoTpeHHH Ae~cTBH~ Kpaeaoro non~ noaaonHnH Bbi~

BHTb aHanorH~ B Ae~CTBH~X KpaeBbiX none~ AHnOnbHOro MarHHTa 
11 3neKTpocTaTH4eCKoro Ae<)>neKTopa. B 4aCTHOCTH, noKa3aHo, 4TO 
3neKTpocTaTH4eCKH~ Ae<)>neKTOp c HaKnOHHbiM pacnono~eHHeM 3<)><)>eK
THBHbiX rpaHH~ non~ o6ecne4HBaeT aKcHanbHoe npenoMneHHe TpaeK
TOPH~ 4aCTH~ nepsoro nop~AKa ManOCTH ~,, = _, 0tg£. 3TOT 3<l><!>eKT 
MOmeT 6b1Tb HCnOnb30BaH An~ o6ecne4eHH~ ABO~HO~ npOCTpaHCTBeH
HOH <)>OKYCHPOBKH ny4Ka B ~HnHHAPH4eCKOM Ae<)>neKTOpe, OCHOBHOe 
none KOTOporo He o6naAaeT aKCHanbHO~ <)>OKYCHpOBKO~. 

4. nHHE~HAH onTHKA AHAnH3ATOPOB 

B /?/ nony4eHbl AOCTaT04HO npOCTble H KOMnaKTHble Bblpa)l(eHH~ 
ycnoaH~ npeo6paaosaHH~ ny4Ka aap~~eHHbiX 4aCTH~ nepaoro nop~AKa 
An~ AHnOnbHOro MarHHTa. npocTOTa H KOMnaKTHOCTb AOCTHrHyTbl 

B peaynbTaTe~eWeHH~ ypaaHeHH~ TpaeKTOPHH 3ap~meHHO~ 4aCTH~bl 

B none aHanH3aTopa MeTOAOM COnp~meHH~ Ha4anbHO~ H KOHe4HO~ 
4aCTe~ TpaeKTOpHH. npH 3TOM Ha4anbHa~ 4aCTb Bblpamanacb 4epe3 
HCXOAHble KOOPAHHaTbl 4aCTH~bl y 1 H a 1 /pHc.2/ H aHanorH4Hble 
HM aKCHanbHble KOOPAHHaTbl z 1 H ~ 1 , a TaKliCe Manble napaMeTpbl U 

H 8, rAe 8 - napaMeTp AHCnepCHOHHOCTH 4aCTH~bl, onpeAen~eMbl~ 
OTHOCHTenbHbiM pa3nH4HeM 3Ha4eHH~ MarHHTHO~ meCTKOCTH paccMaT-

m v m v 
pHaaeMOH 11 ocHOBHoi:i 4aCTH~ 8 = (~ _-.Q...2.)/(_JLQ_). KoHe4Ha~ 4aCTb 

q Qo qo 
TpaeKTOpHH Bblpamanacb 4epe3 HCKOMble KOHe4Hble KOOPAHHaT~ y2 ,a 2 
/pHc.2/,Z2 Hf32, npeACTaaneHHble B BHAe P~AOB paanomeHH~ Y2 = 
= YyY1 +Yaa 1 +:s8 + YYY y~ +Yya y1 a 1 + ••• 11 T.A· To4Ka conp~
)j(eHH~ TpaeKTOpHH cP = ct> 1 Bbi6Hpanacb cne~HanbHbiM o6pa30M, 4To6bl 
ynpocTHTb ablpameHH~ conp~raeMbiX 4aCTe~. Co4eTaHHe a 3TOM noA
XOAe peweHHH np~MO~ 3aAa4H fAn~ Ha4anbHO~ 4aCTH TpaeKTOpHH/ 
H o6paTHO~ fAn~ KOHe4HO~/ npHBOAHT K npOCTOMY cnoco6y onpeAe
neHH~ napaMeTpoa MarHHTHoro aHanH3aTopa, o6ecne4HBa~ero Heo6-
XOAHMoe npeo6paaosaHHe TpaeKTOpHi:i aap~meHHbiX 4aCTH~. YcnosH~ 

ocy~ecTsneHH~ 3aAaHHoro THna npeo6paaoaaHH~, HanpHMep, An~ 
paAHanbHOrO ABHmeHH~ B AHnOnbHOM MarHHTHOM aHanH3aTope, CBOA~T

C~ K BblnOnHeHH~ cneAY~~ero COOTHOWeHH~ 

ci> 1 + ct>2 = ci>' 171 

rAe ct>1 =cl>. =_!Arctg(_ltg£.) HnH ct>
1 

=cl>
1
h =_!Arctg[_l(tg£.+JL)], ta n n 1 n n 1 T 

~i 

p = v 1 + b1, i = 1,2. An~ 4eTblpex B03MOliCHbiX THnoa peryn~pHoro 
npeo6paaoaaHH~ ny4Ka 4aCTH~ HMeeM ct>1 = ct>1a, ci> 2= ct>2b npH npe-
o6paaoaaHHH no THny "napannenH a T04KY 11 HnH no np11H~11ny npeo6-
paaosaHH~ cseTOBbiX ny4ei:i aamHraTenbHbiM cTeKnoM (Yy = 0) ;ct> 1 = ct> 1b, 
ci> 2= ci> 2b npH npeo6paaoaaHHI1 no THny 11T04Ka a T04KY11 HnH <)>oTo-
annapaTa (Ya = O); ct> 1 = ct>1a, ct>2 = ct>2a npH npeo6paaosaHHH no THny 
"napannenb a napannenb 11 HnH TenecKona (Ay=O); ct>1 = ct>1b, ct>2 = ci> 2a 
npH npeo6paaoaaHHH no THny 11T04Ka a napannenH 11 HnH npomeKTopa 
(Aa= 0). npH 3aMeHe p Ha q = y- b1 H H3MeHeHHH 3HaKa nepeA f 

Ha o6paTHbl~ npHBeAeHHble ycnOBH~ onpeAen~~T npeo6pa30BaHH~ ny4Ka 
4aCTH~ B aKCHanbHOM Ce4eHHH AHnOnbHOro MarHHTHOrO aHanH3aTopa. 

OTHOCHTenbHa~ npocToTa /7/ 11 aHanorH4HbiX eMy ycnoBHH An~ 
aKCHanbHOrO npeo6pa30BaHH~ n03BOnHna npeACTaBHTb Ha PHC.3, Ha
npHMep, npaKTH4eCKH BCe B03MOmHble BapHaHTbl MarHHTHbiX aHanH3a
TOpOB C aKCHanbHO-CHMMeTpH4HbiM noneM, OpToroHanbHbiMH rpaHH~aMH 
(£ 1 = £2 = 0) H CHMMeTpH4HbiM pacnonomeHHeM HCT04HHKa H KOnneK
Topa (L 1 = L 2 = L) , o6ecne4HBa~He ABOHHY~ npocTpaHCTBeHHY~ <)>oKy
cHpoaKy ny4Ka. 3Ha4eHH~ yrna OTKnOHeHH~ onTH4eCKOH OCH c{> An~ 

3THX aHanH3aTOPOB AaHbl Ha pHc.4. npH c{> > 360° B Ka4eCTBe cpeA
HeH TpaeKTOPHH ny4Ka B aHanH3aTope Bbi6HpaeTC~ He3aMKHyTa~ op-
6HTa. PaCCTO~HH~ OT 3<)><)>eKTHBHbiX rpaHH~ MarHHTa AO HCT04HHKa 
H AO KonneKTOpa 3ap~meHHbiX 4aCTH~ onpeAen~eTCR npH 3TOH npOCTOH 
¢lopMynoi:i: L = ~ ctg~. 5 
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PHc. 3. BosMOJKHbie sHa'l:eHHH b
1 

H s.P
clleKTHBHoro yrna OTKnOHeHHH OITTH
'IeCKOH OCH p~ MarHHTHOro aHanH-
3aTopa c ABOHHOH npocTpaHCTBeHHOH 
cPOKYCHpOBKOH ny'IKa: pagHanbHOe 
npeo6pasoBaHHe - no THny .PoToanna
paTa Ya = 0, aKCHanbHOe - ITO THITY 
TenecKona Bz=O /KpHBbie 1,4,7/, 
saJKHraTenbHoro cTeKna Zz = 0 HnH 
npoJKeKTopa B~= 0 /KpHBbie 2 H 5/, 
clJoToannapaTa Z f3 = 0 /KpHBbie 3 H 6/. 

~ PHc.4. 3Ha'l:eHHH yrna OTKnOHeHHH 
~ OITTH'IeCKOll OCH MarHHTHblX aHanHsa

TOpOB, npegCTaBneHHbiX Ha pHC, 3, 

s 1BI nOA06Hoe paCCMOTpeH~e AaHO 
AnR A~nonbH~x MarH~TH~x aHan~3aTo
poe C OAHOPOAH~M noneM (p = l) ~ Ha
l<nnHHhiMIA r-n;:>HIAII;:IMIA ~~ 

1
1. n, =:.:: f 0). 

AHanor~4HaR ~opMa aan~c~ nony-
4eHa 171 ~ AnR K03~~~LI~eHTOB n~
HeHHOro npeo6paaoeaH~R TpaeKTop~~ 
aapRmeHHOH 4acT~LI~ A~nonbH~M Mar
H~TH~M aHan~aaTopoM. B 4aCTHOCT~, 
AnR MarH~TH~x aHa~~3aTopoe, npeA
cTaeneHH~x Ha p~c.3, Ko3~~~LI~eHT 

A~Cnepc~~. B~paJKeHH~H B eA~H~I..IaX 
R, ecTb YlJ = 2/p2. 3Ha4eH~R 3To
ro K03~~~~..~~eHTa AaH~ Ha p~c.S. 

PacTy~aR AO 6ecKoHe4HOCT~ A~cnep
c~R AnR eap~aHTOB 4-7 o6ycnoeneHa 
HeorpaH~4eHHO eoapacTa~~M np~ 

3TOM paCCTORH~eM OT B~XOAHOH rpa-
H~I..I~ MarH~Ta AO KonneKTope ~ He 

40° 80° 120° 160° p4> npeACTaBnReT npaKT~4eCKOro ~H-
Tepeca. Ha p~c.6 AaeTcR ABaJKA~ 
YAenbHaR A~cnepc~R /9,1°/,KoTopaR 

AnR paA~anbHoro npeo6paaoeaH~R no T~ny ~oToannapaTa onpeAen~eT
CR KaK y., /{Y f ', rAe f - An~Ha OnT~4eCKOH OC~ MarH~THOro aHa-u y scf sc 
n~3aTopa OT ~CT04H~Ka AO KOnneKTOpa, B~paJKeHHaR B eA~H~I..IaX R. 
3Ta xapaKTep~cT~Ka npeACTaBnReT A~cnepc~~ MarH~THoro aHan~aaTo-
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Ys 

15 

10 

5 

2 

o· t.o• so· 12o• 150"p4> 

HHTHbiX aHanH3aTOpOB, npegcTaB
JleHHbiX Ha pHC, 3. 

~~----------~ 
Vy lsc 

3,0 

2,0 

1,0 

0.0 
o· 1.0· ao· 120· 15o"p4> 

nuH A.tt\..:Ht::,lJ\..:.tl¥1 Md.l .ttl'lJ noJh ana

JIH3aTOpOB, npegCTaBneHHbiX 
Ha pHc.3. 

pa, OTHeCeHHY~ K ABYM OCHOBH~M YXYAWa~~M paapeweH~e aHan~3aTopa 
~aKTopaM - a6eppa1..1~0HHOMY K03~$~LI~eHTY nepeoro nopRAKa Yy 
~ An~He nponeTa 4acT~I..I~ f 8c, cnoco6cTey~eH yw~peH~~ $oKyca 
ny4Ka ~a-aa HeT04HOCTeH napaMeTpoe aHan~aaTopa, pacceRH~R Ha 
aToMax ocTaT04Horo raaa ~ APYr~x np~4~H. Ha~6onbwee 3Ha4eH~e 

ABaJKA~ YAenbHOH A~cnepc~~ onpeAenReT onT~ManbH~H eap~aHT MarHHT-
Horo aHanHaaTopa. 

YcnoeHR paA~anbHoro H aKcHanbHOro npeo6paaoeaHHH, a TaKJKe 
K03~~HLI~eHT~ npeo6paaoeaH~R nepeoro nOPRAKa ~Mei(JT Har nRAHbie 
reoMeTp~4eCK~e ~HTepnpeTa4~~ /7, 11 • 12~ RBnR~~~ecR AanbHeHW~M paa
B~T~eM ~aeecTH~x npae~n Eiep6epa/ KapTaHa ~ ,llJKaAAa AnR A~nonbH~Ix 
MarH~TH~x aHan~aaTopoe. B 113 •14 AaH KP~TepHH Ol..leHKH npeAenbHO~ 
paapewa~eH cnoco6HocT~ MarHHTHoro aHan~aaTopa npH aaAaHHOM 
3M~TTaHce ~CT04HHKa 3apRJKeHH~X 4aCTHI..I. 

AHanor~4H~e npocT~e ~ KOMnaKTH~e e~pa~eHHR nony4eH~ AnR yc
noe~H ~ K03~~~..~~eHTOB npeo6paaoeaHHR nepeoro nOPRAKa e KBaApy
nonbH~x MarH~TH~x 3neMeHTax1151, TOPOHAanbH~x ~ AHnonbH~x nnocKo
c~MMeTp~4H~X MarH~TH~X aHan~3aTopax116/. 
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5. K03~~HUHEHT~ nPE06PA30BAHH~ BTOPOrO nOP~AKA 

np~eM conp~meH~~ cy~ecTeeHHo ynp~aeT MaTeMaT~4ecK~e onepa
~~~ no onpeAeneH~~ K03~~~~~eHTOB npeo6pa3oeaHH~ BToporo nop~AKa 
TpaeKTOpHH 3ap~meHHOH 4aCTH~~ KOpnycKyn~pHo-onTH4eCKHMH 3neMeH
TaMH. npH ycnOBHH OCy~eCTBneHH~ OAHOrO H3 yKa3aHH~X B~We THnOB 
npeo6pa3oeaHHH nepeoro nop~AKa K03~~H~~eHT~ npeo6pa3oeaHH~ eTo
poro nop~AKa, HanpHMep, An~ TpaeKTOpH~ B paA~anbHO~ nnocKOCTH 
AHnonbHoro MarHHTHoro aHanH3aTopa, e~pama~Tc~ o6~e~ ~opMyno~/17/ 

1a 1y -OM 2 
YM. =YYTM-(<1>1)-Y T_,(<l> )-2 ITa(<l> )(M N +M N ). 

a~ 1 p.vP.V 1 KA AK 

piKA. (<1>1) Pu (<1>1 ) 

P;M. (<1>1) Pi: (<1>1) 

i l 

/8/ 

- 88eAeHH~~ HaMH onpeAenHTenb peweH~~ ypa8HeH~~ nep8oro ~ 8To
poro nop~AK08 TpaeKTOp~~ 3ap~meHHO~ 4aCT~~~ 8 MarH~THOM none 
aHan~3aTopa, aHanor~4H~~ ~38eCTHOMY onpeAen~Ten~ BpoHcKoro pe
weHH~ OA~OPOAHoro ypa8HeH~~i Y Y , Y a , M K , N>, , M A, NK- Hai1-
AeHH~e 8 7/ K03~~~~eHTbl npeo6pa3o8a: :HR nepeoro nop~AKa, 8 M. -
c~M8on KpoHeKepa. B KoHe4HOM ~Tore onpeAen~Tenb T 8blpamaeTcR 
4epe3 peweH~~ ypa8HeH~~ nep8oro nop~AKa ~ rpaH~4Hble 3Ha4eHH~ 

peweHH~ ypa8HeH~~ 8TOporo nopRAKa. KOHKpeTHO An~ OCH08HO~ K8aA
paT~4HOH a6eppa~~~ np~ npeo6pa3o8aH~~ no T~ny ~oToannapaTa 
(Ya = 0) ~3 /8/ ~MeeM 

y = y T la (<I> ) _ A2 T 2a (<I> ) = 
aa yaa 1 aaa 1 ----x 

R 3cos 2p<1>1 cosp<l>
2 

2 1 R x I 1-
2 

[ 
3 

- + p (2p + tg£
1 

tgp<l>
1

) tg£.] cos3p<l>
1 i = 1 R . cos E. I 

I I 

1-b 2 p . 2(1 - b ) 
- P (2 - --) sin p<l> . + - [ 5 - ---2

-] sin 3 """· + 
p2 I 6 p 2 YA"I 

R cos~~ 
L 1cos 2

£ 
1 

/9/ 

~opMyna /9/ BblpamaeT a6eppa~HOHHbl~ K03~~~~eHT A~nonbHoro Mar
H~THoro aHan~3aTopa c Ha~6onee o6~~M~ 8 paMKax Teop~~ eToporo 
nop~AKa napaMeTpaM~, a ~MeHHO - C aKC~anbHO-C~MMeTp~4HbiM HeOAHO
POAH~M noneM (b 1f 0, b 2 f 0), C ~CT04H~KOM ~ KOnneKTOpOM 8He 
MarH~THoro non~ (L 1 ~o. L 2 ~0), c HaKnOHHbiM~ (£1 fO, £2 ~0) 
~ KP~8on~Hei1HbiM~ 8 ~opMe oKpymHoc Te~ (R1 ~ oo, R 2 f oo) rpaH~~aM~. 
B He~ HarnRAHO 8blpameHa 3a8~C~MOCTb paccMaTp~eaeMo~ a6eppa~~~ 
OT napaMeTp08 aHan~3aTopa ~, 8 4aCTHOCTH, 8~AHa aAA~T~8HOCTb 

BKnaA08 OT 8XOAHbiX ~ 8biXOAHbiX 3neMeHT08. Ha p~c.7 AaHbl 3Ha4eH~~ 

8 

yd.d 

15 

10 

5 

0 

PHc.7. 3Ha~eHHH K03~H~eHTa oc
HOBHOH KB~paTH~HOH a6eppa~H 
MarHHTHb~ aHanH3aTopoB, npegcTaB
neHHb~ Ha pHC. 3, 

a6eppa~~OHHoro K03~~~~~eHTa Yaa 
An~ MarH~THbiX aHan~3aTopo8, np~-

8eAeHHbiX Ha p~c.3, npH OTCyTcT-
8H~ ceKcTynonbHoro KOMnoHeHTa 
non~ (b 2 = 0) H np~MOnHHe~HbiX 
rpaHH~ax MarHHTa (R 1 = R2 = oo). 
H3 pHc.S-7 cneAyeT, 4TO MarHHT
Hble aHanH3aTOpbl C OTHOC~TenbHO 
6onbWO~ AHCnepcHe~ H 60nbWOH 
ABamA~ YAenbHOH AHCnepcHe~ HMe~T 
OAH08peMeHHO H 6onbWOH K03~~
~HeHT rna8HOH K8aApaTH4HOi1 a6ep
pa~HH. A6eppa~HH MOmHo HCKn~4HTb 
nyTeM 8~6opa 3Ha4eHHH napaMeTp08 
b 2 , R 1 ~ R2 • 0AHaKo npH 803Mom
HOM OTKnOHeHHH 8bl6paHHbiX 3Ha4e
HH~ 3THX napaMeTpo8 a6eppa~HH 
CHOBa npO~Bnfi~TCfl, H TeM CHnbHee, 
4eM 8b1We HX HeKoppeKTHP08aHHble 
.... ,,_,, .... , ... _... ~- ..... - .................... ._. ........ _. - -·· 
_,, .... -,._ooro .. o• 'W' Oo,J ....... ._.f"'j.J'- t ........... I .... IJ WPI 

AY npH 8~6ope KOHKpeTHoro 8ap~aH
Ta MarH~THoro aHanH3aTopa Macc
cneKTpoMeTpa. 

Ho8biH npHeM onpeAeneHH~ Tonorpa~HH nonR aHanH3aTopa, RBn~~
~ei1c~ ero OCH080i1, H080e onpeAeneHHe 3~~eKTH8HOH rpaHH~~ ~ Bblpa
meH~e Aei1cTB~R Kpae8oro nonR, cocTaBnR~~e eamHbiH 3neMeHT on
T~K~ aHan~3aTopa, ~. HaKOHe~, HOBOe, HarnRAHOe ~ KOMnaKTHOe 
8blpameH~e pe3ynbTaToe KopnycKynRpHo-onT~4eCKoro npeo6pa3oeaH~~ 
nep8oro ~ eToporo nopRAKOB - ece 3TO, anpo6~poeaHHoe np~ c03Aa
H~H Macc-cenapaTopa 19/ ~ A~nonbHoro MarH~THoro Ae~neKTopa-aHa
n~3aTopa AnR KOMMyTa~~~ ~ aHan~3a YCKOpeHHbiX ~OHOB1111 , n03BOnfleT 
roeop~Tb o Hoeoi1 8epcH~ KopnycKyn~pHo-onT~4ecKoi1 Teop~~. YA06-
HOH AnR npaKT~4ecKoro np~MeHeH~R. 
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TEMATHqECKHE KATErOPHH llYBnHKAQKR 

OB~E~EHHOrO HHCTHTYTA ~EPHYX 

HCcnE~OBAHHR 

TeMaTHKa 

1. 3KcnepHMeHTanbHaR ~H3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ~H3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaR HeHTpOHHaR ~H3HKa 

4. TeopeTH4ecKaR ~H3HKa HH3KHX 3HeprHH 

5. HareMaTHKa 

6. RAepHaR cneKrpocKonHR H paAHOXHMHR 

7 .• H3HKa TR*enWX HOHOB 

8. KpHoreHHKa 

9. YcKOPHTenH 

10. ABTOMaTH3a~HR o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHwx 

11. Bw4HcnHTenbHaR MaTeMaTHKa H rexHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR raepAWX Ten H *HAKOCTeH 
RAePHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAepHwx peaK~HH 
npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3HKa 3a~HTW 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe pe3ynbTaTOB H MeTOAOB 
~YHAaMeHTanbHWX ~H3H4eCKHX HCcneAOBaHHH 
B CMe*HWX o6naCTRX HayKH H TeXHHKH 

TapaHTHH H.H. P9-83-784 
Hoe~H BapHaHT HOHHO-onTH4eCKOH TeOpHH Macc-cneKTpOMeTpOB 

H3nO*eH~ OCHOBH~e acneKT~ HOBOrO BapHaHTa KOpnycKynRpHo-onTH4eCKOH 
TeOpHH H npHBeAeH~ HeKOTOp~e pe3ynbTaT~ npHMeHHTenbHO K npo6neMaM MaCc
cneKTpOMeTpHH. 8 4aCTHOCTH, AaH~ npOCT~e H KOMnaKTH~e ~OpMyn~ AnR onpeAe
neHHR TOnorpa~HH nOnR, ~eKTHBH~X rpaHH~, peaynbTaTOB npeo6pa30BaHHR 
TpaeKTOPHH 3aPR*eHH~X 4aCTH~ B nepBOM H BTOPOM nopRAKaX AnR AHnonbHOrO 
MarHHTHoro aHanH3aTopa. HoeaR eepCHR HOHHo-onTH4eCKOH TeopHH Macc-cneKTpo
MeTpoe MO*eT 6~Tb none3HOH KaK paapa60T4HKaM Macc-cneKTpOMeTpOB, TaK H HX 
nonb30BaTenRM. 

Pa6oTa B~nonHeHa e fla6opaTopHH RAePH~x peaK~HH OH~H. 

Tarantin N.l. P9-83-784 
New Variant of the ion-Optical Theory for Mass Spectrometers 

The main aspects and some results on the new variant of the charge 
particle optical theory for the mass spectrometry are presented. In par
ticular, simple and compact formulas for the determination of the field 
topography, of the effective boundaries, of the result transformation 
charge particle trajectories the first and second order for the magnetic 
dipole analyzer are given. New version of the ion optical theory can be 
useful both for the specialists producing mass spectrometers and those 
using them. 

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