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I. npH pa6oTe C MBrHHTHbiMH cneKTpOMeTpBMH CyLUeCTBeHHOe 3HB'IeHHe HMee T 

cpOKyCHpOBKB 38pSDK8HHbiX "18CTHU BO BTOpOM H81IpasneHHH, nepneH.OH:KynHpHOM~ 

K MeLlHBHHOI! nnoCKOCTH MBrHHTB. JlBOI!HBH cPOKyCHpOBKB B cneKTpOMeTpe BB>KHB H e 

TOnbKO .llnH yaenH1.J8HHSI yrn a 38XB8T8 8H8nH3HpyeMbiX 1.J8CTHU, a, Cnu.ao~8T8nbH~~ C08TO_:_ 

CHnbi npu6opa, HO H .nnR YM8HbW8HHSI p83M8pOB IIYtf.K8 H8 B biXOLJ,8 1 "'TO B8CbM8 CylU8CTB8HHO 

.anSI npHM8H8HHH .[l8T8KTOpOB 8H8nK3HpyeMblX l.f8CTHU, KM8JOutHX M8nbl8 p83M8pbl ( H a npuMep, 

nonynpOBOLlHHKOB biX C'leT'IHKOB). 

OLlHHM H3 cnoco6os nony'leHHH ct>oKycHpOBKH so BTOpoM HanpasneHHH HBnHeTcH M ' TOLl 

Kpaesol! ct>oKyC HpOBKH. B cneKTpoMeTpax c KpaeBoA cl:>oKycupoBKOI! ucnonb3yeTcH onH o p o nHo e 

MBrHHTHOe none. {¢oKyCHpOBK8 BO BTOpOM HBnpasneHHH, nepneHLlHKynHpHOM K MeLlH B HHOl\ 

llnOCKOCTH 1 - 6y.a e M C'liHT8Tb 3TO H81Ip8Bn8HH8 B8pTHK8nbHbiM - o6ycnoaneHB B38HMO.U8 ~CTBH-- -
8M 38pSDK8HHOH 48CTHUbl C rOpH30HT8nbHOA KOMIIOH8HTOA p8CC8SIHHOrO M8rHHTHOrO n o nst, K o r

LlB 'IBCTHUB nepeceKaeT rpBHHUY MBrHHTB nOLl KOCbiM yrnoM ). noaTOMy C TO'IKH 3peHHH 

1Ip8 KTH"'' 8CKOr~ HCIIOnb30B8HHH CII8KTpOM8Tpb1 3TOrO THII8 HM810T pHil npeHMylll8C TB ITO cpaa

HeHHIO C LlpyrHM B03MO>KHbiM BBpHBHTOM LlBOAHOI! cPOKYCHpOBKH - cneKTpOMeTpBMH C rpe nu

eHTHOA cPOKYCHpOBKOI!. 3TH npeHMyWeCTBB 3BKniO'IBIOTCH B npOCTOTe cPOpMHpOBBHHH H H3Me-

p8HHH O.ll.HOpO.ll.HOro M8rHHTHOrO nonH H, 'ITO 6onee CyUleCTBeHHO, B B03MO>KHOCTH 6onef! 

TO'IHOrO ytteTB BnHHHHH npOTH>KeHHOCTH p8CC9HHHOrO nonH. 

2. BnepBble Ha B03MO>KHOCTb Kpaesoll cl:>oKycHpOBKH yKa3an KoTTe/ I/. Bonee nonpof5 Ho 

y c nOBHH LlBOI!HOI! cPOKyCHpOBKH B CeKTOpHbiX MBrHHTBX C OLlHOpOLlHbiM noneM 6blnH paCCMO

TpeHbl s pa6oTax KaMaKa
121

, Kpocca
131 

H KBK 'IBCTHbiA cnyqal! s HeKOTOpb!X npyrux
14•''< 

OnHaKo so scex :3THX patioTax paccMoTpeHHe nposonunocb 6e3 y'leTa npoTH>KeHHOC TH pac-

C9HHHOrO nonH B o6naCTH BXODHOA H BhlXODHOA rpBHHU MBrHHTB, B nnH HneanH3HpOBBHHOro 

MBrHHTB C p e 3KHM Cfi8DOM nonH H8 rpBHHUBX. 

BepTHKBnbHOe neH>KeHH e 3 BpH>KeHHbiX qacTHU e none peanhHoro MBrHHTa c npo TH>KeH

H biM cnanoM nonH H a rpaHHu a x 6blno paccMOTpeHo n03LlHee Acj:laHBCbeBbiM H npyrHMH : B-S/ 

Pac cMoTpeHHe 6 bino c .aenaHo e npe.anono>KeHHH nHHeAHoro cnana nonH Ha rpaHHuax MarHHTa, 

'ITO LlOCTBTO'IH O XOpOWO OTBeqaeT peanbHOll KBpTHHe B TOM cnyqae, KOrLla y BXOLlHOl! H Bbi

XOLlHOI! rpaHHU MarHHTa pacnonara.cTCH MarHHTHble :3KpBHbl. B. pa6oTax/B-S/ 6blnH nony'leHbl 

ypasHeHHH LlBOI!HOI! cPOKYCHpOBKH C y'leTOM npOTH>KeHHOCTH nonell pacCeHHHH peanbHbiX Mar-

HHTOB. 

8 HBCTOHLU e A pa6oTe HBMH npOLlOn>KeHo paCCMOTpeHHe Kpaesoll cPOKYCHpOBKH 3 B pH>KeH-

H biX Y BCTHU B p e anbH biX MBrHHTBX H HBA.QeH bi 6onee npOC T bl9 C O OTH O W9HHH ll.nH onpe.ae-
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neHHH napaM e TpOB cneKTpOMeTpOB C ilBOl!HOil <jJOKyC H pOBKOl!, yno6H bl e n nH np8KTH4eC K OrO 

pac t.J eTa. 

3. CornacHo pa6 o T e
161 

H3M e HeHH e aepTHK 8 n b H O&l K OOp.D. HH 8 T bl l.J 8 CTHU bl (y
1

) " ee 

npOH3BOilHOH (...El.z._) 
dx 

npH npOXO>K.D.eHHH "l8CTHUbl 4epe3 rpaHH4HY~ o6nacTb pacceR HH o r o 

H OJ1H 1 H 8npnMe p, npH ne pece4.efUHi BXO.ll.HOA rpa HHU bl M8f'HHT 8 3811 H CbiB3eTCSJ B JlHH e l:iHOM 

npH6nH>KeHHH a au.o.e c n e.ayJoLUero npeo6paaoaaJUHI: 

.f~ l l liz-~~ .. 2c II 
(l) 

y 
R COS( cos ( I 

II ( J ) I I ... 

Pxi~ II ~I If: ( • ~ _!L!...!_ II 
d (I) 

- __ I_ +__£___ u ; i _!J 
R .'?' I .1?. CDS f I dx 

3nccb R -panHyc KPH BH3Hbl TpaeKTOpHH 4 8C THU hl Ha y48C TK e on HoponH o r o MBrHHTHoro 

;z o nR H
0 

(pH c . I); 2 c - npo TR>K e HHOCTb o6nacTH Kpae aoro en ana n onR ( c« R) ; 

c
1 

- yron Me>K.llY H8npaaneHH:;:tMH BXO.D.8 ll.f8CTHUbl H DHeWH e A HOpM8J1H K rpaHKUe M 8f'HHT8 , 

11p1P-t:eM t c
1 

ClfHTaeTCSI llOJ1 0>K HTeJ1bH biM 1 ecnH H OpM 8 Jlb H ueHTp KpHBH3Hbl 0 Tp89KTOpHH 

4.8C TH:U l>l ne m.aT no p 83H bl e CTOpOH bl OT Tp8eK T OpHH 1 H 0TpHU8 T e J1bHbiM - B n p OTHBH O M cny-

qae. 

15 
1+ sin 2

t 
; K OO p D.HH8T8 X OTC4HTbiB8e T C SI B.ll. OJlb npoeKUHH Tp8eK T O pKH l.f8CTHU bl 

3cos3 
t 

1 
H el M e lliHlHHYIO llflOCKOC T b 0 H811paan e HHH llBH >KeHHSi l..f8CTHUbJ; BepxHHMH HHlleKC8MH ( 1) H 

(2) OTM 94ellbl 3 H 8 4 9HIIH YI 

C TH p acce RHH OrO 11 0 1151. 

H ~ COOTBeTCTBeHHO npH BXO.lle H B biXOD.e '-18CTHU bl H3 o6na
dx 

npeo6 p 830B.O •!H e ( I ), K8K BCIIKOe COOTHOW911Ke nepaoro 110p1IilK8 ~J:J<ny yrnOM OT-

Q (2) J _f l) (2 ) r.r 
KnOHeHHII nyqa (nnR napB KCH B HbH blX nyqel! !XL - ~ ~ f3 - f3 . ) II .Q.I.KnOHeHHeM HJ48 

dx dx I I 

O T OCH ( y(I!) , M O>K H O npenc T 8BHTb B B Hile cpopMyn hl OllTK4eCKOl! HHH3bl • .[l eiiCTBHTenbHO , 
I 

11pHHiiM8Si BO B HHM 3 HH e , l..fTO p aCCTO RHH e OT TO'Ie l..fHOr o HCT0 4HHK8 , p 8C ilOJ10>K e HH Or O H ll OCH 
(I) 

X , .0.0 rp£lHHU bl M8rHHT8 f = ~ 1- _c_ , 8 
I df.1'l dx OOS < I 

p8CC T OR HH e OT 

wR =- Yt(
2
) + 

rpaHHUbl Mar H KTll ,[10 T 0'-1 -

KH n e pece q e HHR nyqeA C MellH U JHUH llJlOC KOCTb~ 
I dl''ldx 

c H, H CilOJlb3y R COOT-

H OWeHH e ( I ), 
I 

CDS f I 

n o nyl.f a eM Bblpa>KeHHe: 

(1- _::__~)(P I - _c __ J + ~ 
-{ w !? _ _ c_ ) = R cos < oos < 1 cos <, 

I cos• , -(tg· ~ -~o)(f __ c_ ) + 1-~.!L!_,__ 
R R r I oos < 

1 
·R oos <I 

K O TOpOe C llOMOWbiO H eC JlOa< H hiX npeo6p830B8HHA H C yqeTOM TOJlbKO ttlleHOB BllJlOTb .0.0 ~ 
R 

npHBOilHTCH K anny: 
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tg ( - c 8 
1 if 1 

1 + 

~ w R 
1 

(2a) 

n erKO BH.UeTb, liTO H .nnR BbiXO.nHOA rpBHHUbl M8rHHTHOI"O Clle KTpOM eTp8 HM ee T 

MeCTO BHBnOI"IP-IH Oe COO THOW e HHe: 

_1_ + 
(26) 

f n w 
tg ' 2 -...£_ 8 2 

R 2 
f'lle 

8 1 + sin 2 f 

2 .3 cos 3 
( 

2 

CneayeT RMeTb B BHlly, 'ITO aaecb H HH>Ke noll I"'pauuuell MBf'HHTa noapaayMeaaeTc!l ue 

_jlli'<IH'!eCKB!I I"'p8HHU8 nonJOCHblX H8KOHe'IHHKOB M8f'HHT8, 8 HeKOTOp8!! aci><PeKTHBH8!1 I"'p8HHU8, 

KoTopa!! an11 cny'la!l nuueliHOf'O cnaaa pacce!IHHOI"'O non11 coananaeT c nuuuell, f'lle none 

yM e HbWBeTC!I HanonOBHHy. nono>KeHHe acpcpeKTHBHOl! I"'pBHHUbl no OTHOWeHHIO K · cpH3H'IeCKOi! 

161 
rpaHKUe M8I"HHT8 onpell.enS1eTCSI H3 BenHttHHbi 3830p8 M8I"HHT8, TOnlURH bl M8I"HHTHbiX 

3Kp8HOB H HX pacnono>KeHH!I, 

(2) BHllHO (eM., uanpHMep/
91 

), 'ITO ael!cTaue pacce!IHHOI"'O nons peanb-

HOI"'O M8f'HHT8 H8 38p!!>KeHHYIO '18CTHUy B nnOCKOCTH, nepneHllHKyn!!pHOl! K MellH8HHOl!, 3KBH

saneHTHO llel!CTBHIO TOHKOll nHH3bl, pacnono>KeHHOl! H8 acP<PeKTHBHOil r'p8HHUe M8f'HHT8, cpo

KyCHOe paCCTO!IHHe KOTOpOl! 

[ = 
1,2 

R 
(3) 

H onpeaen!leTC!I KOHKpeT~blM 3H8'!eHHeM yf'na BXOllbl HnH BblXOll8 '18CTHUbl ( l 
1 

HnH l 
2 

) • 

TaKoe npeacTaaneuue aellcTBH!I Kpaeaof'o pacce !!HHOI"'O non11 aaeT npocToll MeTOll 

nOCTpOeHH!! Tp8eKTOpHl! '18CTHU B sepTHKBnbHOi! nnoCKOCTH C nOM O WbiO 38KOHOB f'eOMeTpH-

qecKOA OflTHKH H He TOnbKO .anR TO'letf.HOrO, HO H .n.ns:r UpOTSI>K9HHOI"O no sepTHK8nH HCTQq-

HHKB. 

4 • .[ln!l ll8nbHeilwef'O paCCMOTpeHH!I sepTHKBnbHOl! cpOKYCHpOBKH 38pSI>KeHHblX '18CTHU 

B CeKTOpHOM M8f'HHTe Yll06HO ael!CTBHe llBYX :roHKHX nHH3 0 pacnonO>KeHHblX Ha BXOllHOi! H 

B blXOllHOi! I"'p8HHU8X M8f'HHT8 0 38MeHHTb .nel!CTBHeM OllHOl! 3KBHB8neHTHOl! nHH3bl, <t>oKyC-

H Oe p acc TO!IHHe F 3KBHaaneHTHOll nHH3bt, cof'nacao
19

; an11 nyqel! a ~ 0 uaxOllHTC!I 
1 

H3 COOTHOW e HHSI 

...L 
F 

....L 
I 

1 

+ ...L 
I 

2 

lfl R 
_[_[_ 

1 2 

5 

(4) 



8 rnaBHbie nnOCKOCTH T8KOA nRH3bl OTCTOSIT OT acP<PeKTRBHbJX rp8HHU M8rHHT8 H8 eenHtJHHy 

<llR~ 
f+f-'!l.'? 

I 2 

CxeMa <j:>oKyci!pyJOLI.1ero .uel!cTBHH 3KBHBaneHTHol! nHH3bi .uaHa Ha pHC·. 2, r.ue 

(5) 

a D onpe.uenHeTcH no <j:>opMyne ni!H3bi KBK paccTOHHHe OT L 
I 

f + <llR 
I 

f+ f - <llR 
nHH3bi .a.o Hao6pa>K~HHSJ: D L 1 - F 

L F 
I 

PaaMep nyqKa no aepTHKBnil ( ~~ nocne npOXO:>K.0.9HIHI nHH3hl 38BHCHT OT BhiCOTbi 

HCTOqHifKB ( ~ y 1 , yrnoaol! pacxo.UHMOCTH nyqKa qacTHU ( ~ {3 ) " paccTOHHi!H OT nHH3bi ( L ) 
I I 2 

VIa paccMoTpe HHSI no.ao6HbiX TpeyronbHHKOB , cocTaaneHHbiX H3 nyttet%, npoxo.n.s:u.uHx 

qepe3 K8p.O.HH8nbH bie TOti KH, H KpaeBbiX nyqeA:, nonyqaeM .O.nH cnytt8H CHMM9TpHttHOJ% yrno-

BOll p8CXO.llHMOCTH nyqKa: 

r.ue V=1-~, 
. F 

a lY 

~y~V~y+W~{3 
2 I I (6) 

L(1 - ~) . 
1 D 

Ecn11 L
2 

= F TO V=O 11 B 3TOM cnyqae 11MeeT MeCTO nHHel!HBH <j:>oKyCHpOBKB 

nyqKa; ecnH L = D , TO lY = 0 
2 

H B 3TOM cnyqae OCyLI.1eCTBnHeTCH yrnOBBH <j:>OKYC11pOBK8. 

O.uHoBpeMeHHOe o6paLI.1eHHe B Hynh v " 1f HeB03MO>KHO. 

Bonpoc o uenecoo6paaHOCTH nHHel!Hol! HnH yrnoaol! <j:>oKyc11pOBKI1 .uon>KeH peLI.18TbC H c 

TOl.IKH 3peHHH TIOnyqeHHSI MHHHMBnbHOrO B9pTHK8nbHOrO p83Mepa TIJl{K8 .O.nH KOHKpeTHOrO 

HCTOqHHKa qacTHU 11 .uaHHoro cneKTpoMeTpa. CpaBHeHi!e nHHel!Hol! 11 yrnoBol! a6eppau11l! 

.UnH HCTOqHHKOB paanHqHOl! npOTH>KeHHOCTH H yrnOBOl! pBCXO.llHMOCTH nyqKa .uaeT npOCTOl! 

Kp11TepHl! .UnH npBBHnbHOrO Bbi60pa THUB <j:>oKyCHpOBKH . npH YJ = ~ {3, L,F < 1 MHHHMBnbH bie 

~Y I D 
p83Mepbl UHTHB no BepTHKBnH nonyqaJOTCH npH BbiUOnHeHHH ycnOBHH nHHel!HOl! <j:>OKyCI1pOBKH 

( V= 0) 

( 11'=0) 

ecnH >Ke YJ > 1 , TO MHHI1MBnbHbie p83M e pbl UHTHB ,llBeT yrnOBBH <j:>oKyCHpOBKB 

KaK npaaHno, .a.nst cneKTpoMeTpoe aapsnKeHHbix ttBCTHU, HM9JOll.lHX HCTOl.IHHKH cpaeaa-

TenbHO He6onbwl1x paaMepoa " c 6onhwol! yrnoBol! pacxo.UHMOCTbJO qacTHU, a T B K)Ke .unH 

MBcc-~neKTpOMeTpOB C KpyrnhiM BbiXO.O.HblM OTBepCTHeM B HOHHOM HCTQl.{HHKe HY>KH8 yrno-

B8SI ci:JOKJCHpOBK8 1 .O.nH M8cc- cneKTpOMeTpOB C BbiCOKOA menbiO B HOHHOM JiiCTQqHHKe H 

np8KTJil1.{eCKH napannenbHbiM 8 eepTHK8nbH OA nnOCKOCTH TIY1..J.KOM HOHOB He06XO.O.HM8 nHHeA

HBH <j:>OKyCHpOBKB. 

5. 8bipa>KeHHe {6) .unH BepTHKBnhHbiX a6eppauHl! y.uo6Ho Hcnonb30BBTb .unH npe.u

CTBBneHI1H ycnOB11il BepTHKBnbHOi! <j:>oKyCHpOBKH nyqKa qepe3 KOHKpeTHbie napaMeTpbl CUeKTpo-

MeTpa. PacnpocTpBHHM <j:>opMyny ( 6) " Ha TpaeKTOpHH 

6 

a .f 0 
1 

, Bblp83HB BXO.O.SILUH9 B · aee 



aenlfliiUibl q e pea n oKanbH bJe napaMeTp bi c n exTpoM e Tpa, O T ae qa JOLUHe yrnaM a;IO npK 

3TOM yqTeM, 'ITO napaMeTpbi cneKTpoMeTpa y>K e cssaaHbi ycnosu eM r o puaouTanbuoli cpoKy-

CHpOB KH. 

KaK noK aaauo B p a6oT ax Acj:lauacbeBa 11 llpyrHx
17

•
81

, yrJIOBbie a 6eppauuu lln>~ pallH-

anbH O/l cj:>OKYCHpOBKH' 38p SDK8HH bi X 1.f8C THU B MBrHiiTHOM none C npOTSI>K8HHbiM nHH8HHbiM 

cna.QOM H8 Kp8SIX H B H.QeanbHOM MarHHTHOM n o ne C p83KHM C 08.QOM H8 rpaHHUBX OTnH q a -

IOTCH TIHWb H8 MBTIYIO BeTIH'IHHY '!eTBe pTOrO 110pHllK8, ropH30HT8TibHb!e a6epp8UIIH nepso-

rO, BTO p o r o H Tp8Tb8r O nOpSI.O.KOB OCTBK>TCSI O.llHHBKOBbiMH B 060HX cnyqas:rx, 8 ycnOBJHI 

cpoKyCHpOBKH nepsoro, BTOpOrO II Tpe Tbe ro TIOpS!llKOB llTIH peanbHbiX M8rHHTOB COBTI 8J:l810T 

COO TBeTCTBeHH O c ycnOBHSIMH cpOKyCHpOBKH , nony '!eHHb!MH pauee repuoroM I 
101

• XuuTeu-

6eproM1 II / II JleMTIC I/ 
121 

llTISI H):l e anbHblX M8rHHTOB. no3 TOMY npH pacCMOTpeH HH peanb

HblX M8rHHTHblX CTie KTpOM e TpOB C llBOi!HOi! cpOKYCH p OBKOi! nepBOrO TIOpHJ:lKB llTIH o6ecneqe

HHH p 8ll118TibHOi! cpOKyCHpOBKH llOCTBTO'IH O B bJnOTIHeHHe ycnOBIIH r e puora/ IO/, KOTOpOe 

y llOOHO 3BTIHC8Tb B BIIJ:l9: 

rlle 

tg 'V = tg < + _!!__ 
r,1 1,1 f 

1,1 

ilnSJ nOKBnbHblX napaMeTpOB Cll8KTpOM8Tp8 f; 1 f~ t 
, 

't • • 1 

(7) 

¢' nonyqaeM H3 

reoMeTpH"'I8CI<OrO p8CCMOTp8HHSI C TOY:HOCTbK> .llO B8nH"'HH -a Cne.llylOLUH8 Bblp8}K8HHSI: 
1,1 

t' · =::t +a~~+ 1) 1 
1,2 1,2 1, p OOS€ 

1, 2 1. 2 

<Jl'=<ll+a +a (8) 
1 1 

rlle p
1

,
1

- p8lliiYCbl KpyrOBbiX rp8HHU CTI9KTpOM9Tp8, KOTOpbie npHMeHHIOTCSI llTIH HCKTIIO'IeHHH 

l'Op1130HT8TibHbiX a6eppauul! BTOpo!'o n o psllKB / 
111• 3J:leCb ,. 6epyTcst, KBK 11 B 

1 111
, co 

1,2 

3 H 8 K OM nniOC .anSI B biOyKnhiX rpaHHU H 3 H8KOM MHHYC - .llnSI BOrHyTbiX . 

np11 Bb!TIOnHeHIIII ycnoBHH l'Opii30H T 8 TibH Ol! cpOKyCIIpOBKII nepBOrO nopHllKB ( 7) I!MeeM: 

x) 

x) 
Mo>KH O noKB38Tb, "'TO 

cp11UIIeH T TII!Hel!H Or O ysenl!'!eHHH 

f 2 cos~ 1 
f cos 'JI 

I 

(9) 

cneJ:loBaTenbHo, ...!!L= C , l'lle G - K03cp

a1 
nnOC K OC TH. 0TM8THM T 8K>K8, "::TO BHBno-

rH"::HOe COOTHOW8HH~ n erKO nony"'HTb H .nnH a e pTHKBn bHOit nnOC K OC TH H3 paCCMOTpeHHSI Ll.BH

>KeHIISI '18CTIIUbi:-,!; = V , l' lle V - K03cpcp11UIIeHT TIHHeiiHOl'O ysenl!'leHIISI B Bepn!KBTibHOi! 

TITIOCKOC TII (eM, cpOpMyny (6)). 3 TII COO TH OWeHIIH B biTeKBIOT T BK>Ke 11 3 06WHX TeOpeM nlly

B IITITISI (J:lBII>KeHHe 38pSI>KeHHbiX 'IBCTIIU B 3 TieJ<TpH'IeCKOM II M8l'HHTHOM TI O~e) IITIH " n a!'p8H>K8 

- renbMrOTibU8 ( OTITHK8), 

npellCTasn e HH e K03cpcpHUII e HT8 G B cj:lo pM e G=- f1 cos 'I', • llBeT npOC TOl! c n oco6 

o npeJ:l e n eHHSI G , K aK OTHow e HHSI OTpeaK a A 0 K OTpea£?c~solji1pHc.l s) , 3ToT cnoco6 IIBns-
eTc st n orHt.IeCKI-IM npo.non.>K.eHHeM reoMeToH~er:Koro MeTana ~ axo>K,aeHHSI nono>KeHHSI H3o-

6pa>KeHHSI, npelln o>KeHHOI'O K a pTaHoM
1 131 • 
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noncTBBnllll B <tJopMyny (6) noKanbHbte napaMeTpbl ClleKTpOMeTpa ( 8) Ill 11CllOnb3y!l 

COOTHOW eHne (9), nonyqaeM C TO'IHOCTbiO no aenH'IHH, llpO!l0pUHOH8nbHb!X a 
1 

rne 

rne 

v = 
0 

v = v + c 
1i Vc + a I Va 

- <!> tg E + ...!..! ( <I> tg E tg E - tg E - tg E ) , 
1 R 1 2 1 2 

V = <I> {) + _!a_[ {) ( 1 - <I> tg f )+ {) ( 1 - <I> tg E ) j 1 
• 1 R 1 :t 2 1 

v 
a - 1-( 'lJ + ~(1 -<1> tg E j] (_f_f_+ 1) 

C<Js
2 < R 2 p C<Js < 

1 1 1 

e1 cos •v 2 • r 1- "'ta•,J ( __ e_2 
R C<Js

2 < cos 'I' p cos < 
2 1 2 2 

+ L + sin 2 < 

- tg E ( 1-~ tg E 
1 R 2 

+ 
f1cos'l'

2 

f 2 cos 'V 1 

IV= W + ~ W +a It 
o R • 1 a 1 

2 

lt = <I>I~+ f(1-<!>tg<)+f(1-<l> tg,< )+ 
0 I I 2 , 2 

+ ~ ( <I> tg f tg E - tg 
R I 2 

E -
t 

tg E 
2

) I 

) -

Jt ~ <!>({) f +l> f)+ _!!~_1({) (1-rf> tg E I+{) (1- <I> lg <
1
)) 1 

c l I 22 R I T 2 

w = _ _ e_, _ [ 1> + ~r 1- <1> tg, ; J (_e_,_ + 1 + 
a cos 2 < R 2 p cos < 

1 1 1 

sin 2 < ) -
1 

.... f 1 COS ljl 2 ( $ + ft ( 1 - <!> tg E ) j ( .......i.z_ + 1 + sin 2 E ) + 
cos 2 < cos q• T 1 p cos< 2 

2 I 2 2 

+R [1-l!._ 
R 

f t cos '1', f 
tg < + ( 1 - --1 tg E t ) ) · 

2 f 
2 

cos 'I' 1 R 

8 

c 
"-- = R 

( 10 ) 

(lOa) 

( 106) 

( !Oc) 

(!!) 

( lla) 

(116) 

(lie) 



a <J>opMyny (6) noKanbHbre napaMeTpbr cneKTpoMeTpa (8) u1 Kcnonb3yll 

nonyqaeM C TOt.{HQCTbiO .0. 0 BenHt.tHH, nponopUHOHBnbHbiX 

v = v + ~ v + a, va 
'R e 

f 
<!J til l + -· ( ~ Iii ( tg ( - til ( - Iii ( ) , 

t R t 2 t 2 

> +iL[5 (I-~ tii•J+5(1-~ til, J l, 
t R t 2 2 t 

1 
!OS

2 t 
1 

[ <I> + ~ ( 1 - ~ til ( ) l 
R • 

( _e_f_ + 1) -
p cos ( 

1 1 

cos 'P • ( 1- <I> t!Z<,J ( __ e_• 
s 2 ,

2
cosiJI

1 
p

2 
cos • 

2 

r 1- e. 
R 

t,g l2 + 
e,cos'l'

2 

r.cos •v, 

+ 1 + sin 2 < 

We W + ~ W +a It 
o R • 1 a1 

2 

lte<I>R+ e(1-<l>til<)+e(1-<l> lg< )+ 
I I 2 , ' 2 

+ ~ ( <I> til ( tg l - tg 
R I 2 

( -
I tg l ·' , 

a 

f +5 t I+ J.J!J[5 (1- ~ til,l+5 (1- <I> tg <I) I, 
I 22 R I 2' 2 

. _r_I _ r <~> + ~( 1 - <t> tg , J 1 ( _e_I _ + 1 + 
cos 2 < R 

2 

1 
P. <XIS ( 
I I 

sin 2 t 
I 

~ [ <I> + J.z... ( 1 - <I> til < ) ] ( ~ + 1 + sin 2 < ) + 
' l cos 'I' R I p <XIS ( 2 

2 I 2 2 

1 _ e. 
T 

f I COS lj!2 ( 
til l + ( 1 - __ I tg (I ) I . 

2 e
2

cos'l'
1 

,'(. 

8 

1 

c 
"-- : 

R 

( 10) 

(lOa) 

' ( 106) 

( IOc )) 

(II) 

( !I a) 

(116) 

( li e) 

,. 

• 

.. 

Bbrpa)l(eHKe nn11 Kos<!><l>nuneHTa W npKBOLlHTCll TaK)I(e B pa6oTe
181, OnHaKo B Ha- • 

weM cny qae 9TO Bbrpa)l(eHne HMeeT 6onee npoc Toll BHll , nocKonbKY npn paccMoTpeHHH Y'!Te

HO, 'ITO n a p aMeTpb! MarHHTa Bb16paHb! C yqeTOM y CUOBHSI o6ecneqeHHSI rOpH30HTaUbH OI! cPOKy

CHpOBKH nepsor o nopllnKa (8 ) . 

<P o pMynbr ( 10 ) H (II) npencTaBnliJOT Ha6op Bbrpa)l(eHnll nn11 nony'leHHH <J>oKycnpoBKH 

B llUOCKOCTH, nepneHLlHKynHpHOI! K MennaHHOI! llUOC KOC TH M arHHTa , npe V+ _£_ V = 0 
0 R e 

HflH W+~W=O 
o R • 

o6ecne 'IHBf.leTC51 sepTKKaUbHa H cPOKyCKpOBKa n e pso r o ll OpHllKa LlUH 

rnaBHb!X nyqel! (a
1

= 0 ) • JlnH nonyqeHKSI BepTHKaUbHOl! cPOKy CKpOB KK n e psoro ll Op HllKa BO 

BCeM LlHanaa o He yrna r o pH30HTaUbH Ol! paCXOLlHM OCTK !:. a
1 

H e06X O.D. HM 0 1 ttT06bi V e 0 
a Hn>r 

W e 0 , 3 TO M O)I(HO nony'IHTb COO TBeTCTBY IOWHM Bbi60p0M paaHyCOB KpyrOBb!X rpaHHU 
a 

M a rHHTa p H p , n e pe XOLl K KpyrOBb!M rpaHHUaM 06bi'IHO CBH3aH C HCKUIO'!e HHeM yrno-
t 

2 / 8 10/ 
Bb!X r o pH30HT8UbHb!X a6eppa uKl! BTOpo r o nopHa Ka • • n osTOMY Bb!6o p P, " p2 onpen e-

nsteTCH H3 ycn OBHR KCKUJO'IeHKH rOpK3 0 HTaU bHb!X a6eppauHl! BTOpOrO llOpHllKa H ynyq-

' WeHHR BepTI!KanbHOI! cPOKyCHpOBKH, 3TO MO)I(HQ c n enaTb, YLl OBne TBOpRH OLlHOBpeM e HHO ypas-

HeHHIO V = 0 ( HnH W = 0 ) H ycnoBHJO panKanbHOl! <J>oKyc npoBKK BTo po ro n opllllKa/ II 
1

, a a 

KOTOpoe yno6HO npe ncTaBHTb B BKLle: 

3 
( cosiJI, ) _1_ + ( cos q• 2 

R 3 ~ j_1_=.'1[ ros"1'1 (1'- + 3ti1 <1 ) + cos'l',(y--+3tgc) 

p f 2 f 2 
I . ( 12) 

cos (I P, cos (2 
2 1 2 

6. Bbrpa >KeHHll ( 10), ( II) yno6Ho Kcn onb3oBa Tb a n" o ue HKK s enK'IHH bl s e pTHKa nbHoro 

paaM b!THH ny'!Ka , o 6y c nosneHHOro , HanpHMep, Ha'!anbH Ol1 yrno s o ll pacx o nHM OCTbJO ny'!Ka 

B ClleKTpOMeTpe C llHHei!HOl! <J>OKyCHpOBKOil HllH llpOTH)I(eHHOCTbiO llCTO'IHHKa B Clle KTpOM e Tpe 

c yrnosoil <J>oKycKpOBKOil, Korna napaMeTpb! cneKTpoMeTp a y)l(e onpe aeneHb!. OnHaKo Llllll 

HBXO>KLleHHSI napaMeTpOB Clle KTpOMeTpB , o6ec n e '!HBa JO LUero LlBOI!HyJO cPOKYCHpOBKY 'IBCTKU , 

ll0!1e 3HO ycnOBHe s e pTHKallbHOl! cPOK yCHpOBKH Bb!p831fTb '!epe3 n a paMeTpb! 9 KBHBan eH TH Oil 

c xeM bi nsyx TOHKHX nHH3. Pac c MoTpeHHe x o .na nyqeA a c x e Me 3 KBHa a neHTH OH ToncTo ~ 

UHH3bl (pKC. 2) llOKB3b!BBeT, 'ITO ycn OBHe llKHei!HOl! cPOKyCHpOB K!f eCTb y c nOBHe CBelleHHH 

w!i po Ko r o n a pannenbHo r o n yqKa B OllHY TO'!Ky, a ycn osKe yrnoso A <J>oKy c wpoBK II - n on yqe 

HI! e "pea Ko r o · Hao6 pa>KeHH H HCTO'IHH Ka . T a Koe npen c Tasne HK e n aeT n poc Toe Bhrpa>KeHKe 

.OnH n o nytt e HHst ¢ o Ky C HpOBKH B a e pTKKBnbHOif nnOC K OC TH , ec nH B OCfl On b30B8TbCH B B e .O.eHH bi-

Mil paHee <J>oKyCHblMil pBCC TOS!HilS!MK KpaeBbiX 11KH3 ( <J>opMyna ( 3) ) , JlnH rllBBH b!X nyqe l! 

( a
1

= 0) ycnOBf!e BepTKKBUbHOI! cPOKYCilpOBKK nepBOrO llOpRDKa a alli!W OTCS! B BHlle: 

cu, ·+ Ct.J ,= <ll ' 

rne cornacHo <J>opMynaM (2) w = -;-;---=1--=--....,.,-
2 t{) ( - c 5 - .'? 

•""R""•T 
HOI! <J>oKycnpOBKH H w

1 

1 R - B cnfqae 
tg<-...£_ 5 -_ 

• a GJ' = - - 1 tg•,- £_ 5 
yrnosoll. R 1 

' R ' f CosMeCTHoe peweHne ypasHelli<il ( 7) d ( 13) nnR nony'!eHHll cneKTpoM e Tpa 

9 

( 13) 

B c nyqa e nHHel!-

C llBOI!HOI! cPOKy-



CKpOBKOII nepBOrO nop!l.llKtl yao6HO HCK8Tb, BBeaSI HOBbie napaMeTpbl ·~ • W - ljl K 
1 1 1 

e2- 'II~- w 2 . B 3TOM cnyqae mo6bie aBe nonoBKHbl ceKTOpHoro M8rHKT8 c yrnaMK pacTBopa 

'!1
1 

H '1'
2 

, anSI KOTOP,IX t 
1
• t 

2
, 6y ay'IH COCTBBneHbl BMeCTe, 06paay10T c neKTpOMeTp C 

asoi!HOII cPOKYCKpOBKOII. AeiiCTBHTenbHO, npK e,- ( 2 w ,+ w2- "'1 +'II, "• TBKKM o6p a30M, 

ycnOBHH aBOI!HOI! cPOKyCHpOBKK nepBOr O nopSiaKa (7) H ( 13) BbinOnHSIIOTCSI. 

Ha pee. 3 H 4 npeac TasneHbi KpHBbie ( 1 • KOHCT. H f. 2 =KoHCT. anSI peanbHoro Mar

HHTa C C •O,tOR,AHanorH'lHbie KpHBble MOryT 6b! Tb nocTpOeHbl anSI apyrHX 3HB'le HHII C 

Ha pHc. 3 aaiOTC SI peweHKSI anSI cneKTpoMeTpa c nHHeiiHoll <PoKyceposKoll, Ha pHc. 4 - c 

yrnOBOII, l1106hie ase TO'IKH COOTBeTCTBeHHO !1 3 BepxHel! H HH>K He l! nonynnOCKOCTH, ne>K BlUHe 

HB KpKBbiX C o aHHM H TeM >Ke 3HB'leHHeM ( z H ( 2, onpeaenSIIOT napaMeTpbl f 1 , f 2, < 1 H. 

( 2 p eanbHoro c neKTpoMeTpa c asoi!Holl <PoKyceposKoll. Yron <1> cneKTpOMeTpa HBXOaHT-

CSI no Bbi6p8HHbiM 3 H8 'leHHSIM f, , f 2 , < z H < 2 C nOMOlllbiO cPOpMyn hi (7) HnH ( 13). 

KpHBbiM e,- t2= .. OTBeqaeT cneKTp OMeTp C napannenbHblM B BepTHKBnbHOl! nnOCKOCTH 

xoa oM nyqel! BHYTPH MarHKTa . Xoa nyqel! B ocTanbHhiX c ny'laSix (/;
1
=(;/oo I n erKo npo

c neaHTb, ecnH BOCn Onb30B8TbCSI cPOpMynol! ( 3) H 38KOH8MH r eoMeTpH'leCKOII onTHKH, 

Ha pKc . 3 H 4 aaHbi TBK>K e aHa'leH HSI '111 H '112 , 'Heo6xoaHMbie anSI onpeaen eHHSI 

y rna <I> 

C neaye T HMeTb B seay, 'ITO He see npeacTasn eHHbie Ha pH c . 3 K 4 sapeaHTbi cneKTpO>"" 

MeTpa B03MO>KHbi, He peanHayiO TCSI , ecTeCTBeHHO, c neKTpoM e Tpbi, anSI KoTopbiX <I> Q'¥
1 

+ '11
2

-:_ 0
1 

npaKTH'leCKH TpyaHo ocymecTBHMbi H cneKTpoMeTpbi c 6on bWHMH yrnaMH HBKnoHa rpaHHU 

<I• 1>60">. 
'·' 

TaKKM o6paaoM, npeacTasn eHKe Kpaesoll <PoKycKpOBKK pe anbHhiX MarHHTOB B BKae 

ael!CTBHSI TOHKHX nHH3 (cpopMynhi (2)) CYlU9C TB9HHO ynporuaeT cnoco6 OTb1CK8HHSI peweHHJl 

ypaBHe HHII aBOI!HOl! cpOKYCHpOBKH H n03BOn SI9 T Cp8BHKTenbHO npOCTO HBXOaHTb cPH3H 'l9CKH9 

napaMeTpbl BC9X !J03M O>K HblX B8pH8HTOB Cn9KTpOMeTp8 C aBOI!HOl! cPOKyCHpOBKOl! ne pBOrO 

nopSiaKa. B bi 'lKCneHHe no K3 BeC THhiM ¢opMynaM aKcnepCHH npH6op a, K03cpcpKuKeHTa r opH-

30HTBnbHoro ysene'leHKSI, paapewa10ruel! cnoco6HoCTH H yrna aaxBaT a B sepTHKanbHOl! nno

CKOCTK aaeT B03MO>KHOCTb B.bi6p8 Tb cneKTpOMeTp, HBH6onee nonH O OTB9'18101UHII CB09MY 

H83HB'leHHIO. 8 bi6paHH bll! cneKTpOMeTp nepBOrO nopSiaKa C npSIM OnKHel!HbiMK rp8HIIU8MH 

MO>KeT 6b!Tb ynyqweH B Hanp asneH KK 06ecne 'leHKSI paaHBnbHOl! cpOKyCHpOBKH BTOpOrO no

pSiaKa H o6ecne'leHHSI sepTHKanbHOl! cpoKycHpOB KH n epsoro fldPSiaKa anSI scex Hanpasne

HHl! B aHBn830H9 ropH3 0 HT8nbHOrO yrna 38XB8T8 nyTeM BBeaeHHSI KpyroBbiX rpaHHU, paaHy-

Chi KOTOpblX onpeaenSIIOTCSI H3 ypaBHeHIISI ( 12) H ycnOBHSI V a ~ 0 (toe) HnHWa·O(llc). 

II H T e p a T y p a 

I. M.Cotte. Ann. Phys., 10, 333 (1938). 

2. M.Camac. · Rev. Sc. lnstr., 22, 197 (1951). , j 
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l OpSI.O.Kel y .0.06HO HCK8Tb1 BBe.QSI HOBbie napaMeTpbl ·~ • CU - 'f' H 
I I I 

IM cnyqae mo6bie .ase nonosHHbi ceKTOpHoro MarHHTS c yf'nSMH pacTsopa 

lp.!X e 
1
• ~ 

2
, 6y .llY'IH COCTSsneHbl SMeCTe, o6paayiOT cneKTpOMeTp C 

KOJI • .[l.eJICTSHTenbHO, npH ~~- ~ 2 ru
1
+ru

2
-'J1

1
+'JI

2 
H, T8KHM o6p830M, 

:>KyCHpOSKH nepsOrO nop!!.llK8 (7) H ( !3) SbiUOnH!IIOTC!I, 

I npe.acTasneHbi KpHsbie ~~ • KOHCT. H .; 2 =KoHCT, .an11 peanbHoro Mar

aanorH'IHbie KpHSbie MoryT 6biTb nocTpoeHbi .an11 .apyrux 3HS'IeHHl! c 

peweHH!I .an!! COeKTpOMeTpa C nHHeJIHOJI ¢oKycHpOSKOJI, H8 pHC. 4 - C 

e TO'IKH COOTSeTCTSeHHO H3 sepxHeJI H HH>KHeJI nonynnOCKOC TH, ne>KSlllHe 

I H TeM >Ke 3H8'1eHHeM ~I H ~ 2 , onpe.aen!IIOT napaMeTpbl f1 , f 2 , <I H. 

:TpoMeTpa c .asol!Hol! ¢oKycuposKol!. Yf'on <!J cneKTpOMeTpa H8XO.llHT-

HS'JeHH!IM f 1 , f 2 , < I H < 2 C nOMOlllbiO ¢opMynbl ( 7) HnH ( !3). 

OTSe'JSeT cneKTpOMeTp C napannenbHbiM S sepTHK80bHOJI nnOCKOCTH 

! MarHHTa, Xo.a nyqeJI s ocTanbHbiX cny'la!lx (f,
1
=f,

2
-/ ~ ) nerKo npo-

onb3osaTbC!I ¢opMynol! (3) H 38KOH8MH reoMeTpH'IeCKOJI onTHKH, 

~ .aaHbi TSK>Ke 3HS'IeHH!I ~ H '1'2 , 'Heo6xo.aHM bie .an11 onpe.aeneHH!! 

:1. s su.ay, 'ITO He s ee npe.ac TasneHHbie Ha puc. 3 H 4 eapuaHTbi cneKTpo.

He peanuayiOTC!I, ecTecTseHHO, cneKTpoM e Tpbi, .am1 KOTOpbiX <!J a '¥
1 

+ '1'
2

-:_ 0
1 

:> OCyllleCTSHMbl H cneKTpOMeTpbl C 600blllHMH yrnSMH H8KnOH8 I"'p8HHU 

M, npe.llCTSsneHHe Kpaesol! ¢oKyCHpOSKH peanbHbiX MBrHHTOB S SH.ll e 

HH3 (¢opMynbi (2)) cywecTeeHHO ynpowaeT cnoco6 OT>o•CKBHH!I peweHHl! 

¢oKyCHpOSKH H n03SOO!IeT CpBSHHTeObHO npOCTO HBXO.llHTb ¢H3H'IeC KH e 

13MO>KHbiX sapHBHTOS cneKTpOMeTpa C .llSOi!HOl! ¢oKyCHpOSKOl! n epsoro 

He no H3SeCTHbiM ¢ o pMynaM .llHCnepCHH npH6opa 1 K03#HUH eH TB r opu

eHH!I, paapewa10well cnoco6HOCTH H yrna aaxsaTa s sepTHKBnbHOl! nno

a<HOCTb B.bi6pBTb cneKTpOMeTp, HBH6onee nOOH O OTSe'IBIOlllHl! CSOeMy 

!liHHbill cneKTpOMeTp nepSOf'O nop!!.llKB C np!!MOOHHel!HbiMH rpaHHUBMH 

eH s Ha npasneHHH o6ecne qeHH!I pa.auanbHOl! ¢oKyc uposKH sTopor'o no

H!! sepTHKanbHOl! ¢oKycuposKH ne psoro ndP11.aKa .an!! scex Hanpasne-

>pH30HTBnbHoro yrna aaxsaTa nyTeM sse.aeHH!I Kpyr'OSbiX rpaHHU, p a.auy-

n!IIOTC!I H3 ypasHeHH!I ( !2) H ycnOSH!I V a ~0 

'·• 10, 333 (1938). 

lnstr., 22. 197 (1951). 

li H T e p a T y p a 

-J 

10 

( lOc) HUH Wa•O (!!c), 

3 . W.G.Cross. Rev. Sc. lnstr., 22, 717 (1951). 

4 . R.M.Sternh eimer. Rev. Sc. lnstr., 23, 629 (1952). 

5 , R.M.Sternheimer. Rev. Sc. lns tr., 24, 573 · (1953). 

6. H.r. A ¢aHacbes. Vias. A H CCCP, cep. ¢ua., 24, 11 57 ( 1960). 

7. H.r. A¢aH8Cbes, A .B.BbiCOUKB!l , B.A. r onb.llW Tel!H. nT3, 5 , 29 ( 1963) . 
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9. r. C .llaH.ac6epr'. OnntK8, M., rocTexua.aaT, 1957 ['. 

IO.R.Herzog. Zs. Phys., 89, 447 (1934). 
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PyKonucb nocTymrna s ua.aaTen bCKHl! oT.aen 
20 M8pTa !964 1"', 
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Puc, I. a) Pacnpe.aen eHue non11 s aaaope p eanbHOf'O ce KTOpH of'o MarHHTa 

C MBf'HHTHb!MH 3 Kp8H 8M H y SXO.llHOl! H SbiXO.llHOl! I"'pBHifU B.llOnb 
f'OBSHOl! Tp8eKTOpHH (a

1
= 0) 

6) TpaeKTOpHH .asn>KeHH!I 'IBCTHU e aaaope MarHuTa a sepTHKanbHol! 
nnocKOCTH .an11 f'naeHbiX n yqeil (a

1
= 0). 

e) TpaeKTOpHH .aen>KeHH!I 'ISCTHU a aaaope MSf'HHTa a r'Opu aoHTanbH Ol! 
nnOCKOC TH. 

II 
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Pore. 2. 3KOif Bail<?HTHall c xeMa cj:>oKyc~tpyoowero .aeilcTBHll ceKTOpHoro MarHifTa 

8 BepTHKBnbHOA nnoCKOCTH. 
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Puc , 4 , P eweHHll ypasHeHifl! .aaol!Ho l! cj:>oKycnpoBK if rrepaoro nopll.aKa .anll 

peanbHblX ceKTOpHblX MBrHifTOB c c = 0,1 oR_ CneKTpOMeTp c yrnoaol! 
cj:>OKYC itpOBKOI! B aepTifKBilbHOI! llllOCKOCTif, • 


