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1. B pa6oTe
11 1 

paccMoTpea B03MO>KHbtl! cneKTpOMeTp c nonepe'IHbtM MarHHTHbiM 

noneM, sapbnposaaHbiM BllOnb aanpasneaug ny'<Ka aaanaaapyeMbiX 'IBCTHU. TaKol! cneKTpo

MeTp c sapaauael! nong (Bn) npeacTaBnlleT co6oiD aanhael!wee paasHTHe cneKTpoMeTpa 

121 
C Bblp938MH B U01IIDCHbiX H8KOH9'IHHK8X M8rHHT8 H llB1I.IIeTC!l

0 
no cyweCTBy, MHOro-

CTyneH'J8TbiM CneKTpoweTpOM, OT1IH'J8IDWHMC!l OT H3BeCTHbiX OTCyTCTBHeM npOM9>KyTO'J

HbiX H306p8lK9HHli M9>Kily CTyneH!lii<Ho 

B pa6oTe 
1 
II llnll cneKTpoMeTpa c Bn 6blnu nonyqeabl s nepBOM npa6na>Keauu no Ma-

1IhiM napaMeTpaM YC1IOBH!l cj>OKYCHpOBKH ny'IK8 'J8CTHU, H8l!AeHbl Bblp8lK9HHSI .Il1Ill K09cj>cj>HUH9H

T 8 ysenaqeaag cneKTpoMeTpa B paAH81IbHOl! nnoCKOCTH H anll aucnepcuu, yKaaau MeTOil 

pac'leTa aKcuanbKOro llBII>KeHHst 'IBCTHU. B aacTostwel! pa60Te npOBOilHTCSI A81IbHel!wul! 

8H81IH3 OCHOBHbiX HOHHO-OnTH'JeCKHX X8p8KTepHCTHK CneKTpOMeTpa C Bn (AHCnepCHH H yr-

1IOBbiX a6epp8UHll BTOporo nOp!lllK8) B 38BHCHMOCTH OT xapaKTepa B8pHSUHH M8rHBTHOro 

nong H THna cneKTpoMeTpa. 

2. KaK nOK83llHO B pa6oTe
111

• B91IH'JHH8 llHCnepCHB cneKTpoweTpa can onpeAenlleT

C!l cnenyiDwel! cj>opMynol!: 

D ~ (-l )m.t e;• ... f~ cosi/J; .•• cosi/J; 
f'1 tgi/J; + ••• 

e; ... f~ cos.P;' ••. cosr/J~ 

+ (-tr-' e;' ... e; cos.P; ... cosl/1~ 
f, ... f, cos f/1, ... cos .p , 

I m I m 

< e' tg .p' - t" 
I 1.1 

rue r; - p8CCTOSIHHe OT BXOilHOI\ rpBHHUbl fiO 06'b9KT8 A1Ill 

tg "'" 1·1 

(1) 

) + -· + f" tgl/1" 
m 

-ro COCT8B1I!liDWero 

CUCKTpOMeTpa, f;'- paCCTOS!HHe OT BbiXOilHOl! rpaHHUbl .110 H306palKeHHS1
0 

I/J
1

' I 1/JI" -

a eKOTOpbte scriOMoraTe1IbHhte yrnht, onpeaen!liDWHe yron OTKnoueaast tf> ' ~ 1/J' +1/1" rnasuo-

ro nyqa, f ' I I 

i= 2 -;. m • 

e' f" 
I • I ' 1/1' 

I 
H "'" I cs·staaabl ycnosHeM yrnosol! cj>oKycaposKH, xo-

TOpoe B n e pBOM npH61IHJKeHHH CBOAHTCst K CneayiDWel! CBCTeMe ypaBH9HHl!: 
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tg "'' = tg (' + ~ 
I I f' 

I 

tg o/1" = tg ( "+ ~ 
I e " 

I 

(2) 

anSI i = 1 f'=-f" +d 
i i .. 1 I -1 1 I 

i = 2 m • m , npHti9M anSI 

3aecb R - pBJlHyC KpHBH3Hbl TpaeKTOpHti OCHOBHOrO nyqKa B none 3KBHBaneHTHb!X 

COCTBBnSIIDmHX CneKTpOMeTpOB, 

3TH X cneKTpOM9TpOB, d I. I ,i 

( 

I 
H - yrnhl HBKnOHB BXOJlHOll H ·BbiXOJlHOti rpaHHU 

- paccTOSIHHe ~o HanpaaneHHID rnaBHoro nyqa Me*AY rpa-

HHUBMH 3KBHBaneHTHb!X COCTBBnSIIDmBX cneKTpOMeTpOB. 

B HacToSimeli pa6oTe anSI ynpomeHHSI o6mero paccMoTpeHHSI Mhi orpaHnqnMCSI BbiS!Bne

HHeM 38KOHOMepHOCTeti noBeJleHHSI JlHCnepCHB nHmb AnSI onpeaeneHHb!X THnOB cneKTpOMeTpa 

c Bn. PaccMOTPHM TOnbKO cneKTpoMeTpbi, CHMMeTpnqHble OTHOCHTenbHO 6ncceKTpHCbi yrna 

nLdOpoTa paanyca aeKTopa rnaBHoro nyqa (B 3TOM cnyqae K03~~nuneHT yaennqeHHSI B pa-

JlHanbHOli nnocKOCTH G =-I ) H c d =0 anSI Bcex B03MO*Hb!X I • 0AHBKO H npH 
1 .. 1,1 

3THX orpaHnqeHHS!X Kpyr B03MO*HbiX BapnaHTOB cneKTpoMeTpa c Bn ocTaeTCSI aocTaToqHo 

mHpOKHM. 

3. OTaenheyiD cepHID cocTaBnSIIDT cneKTpoMeTpbi c Bn, y KOTOpb!X .P' =.P" =</l(i=l-7m). 
I I 

B 3TOM cnyqae ponb co6nparomux nHH3 BhmonHSieT nepBaSI nonoBHHa nepBoA H BTOpaSI 

nonOBHHB nocneaHeti CTyneHK CneKTpOMeTpa: OCTBnbHble CTyneHH cny*BT KBK npH3Mblo [lnSI 

CneKTpOMeTpOB 3TOti cepKH 

D = 2 m e tg "' = 2 m e tg 
<!> 

2"";", (3) 

m 

rae <l>=~ </>, HnK <l> I 
2m R 0 tg 2;-I= 1 

D = 

tg __!_ - tg ( 

(4) 

2m 

eCnH yqeCTb ycnOBHe ~OKYCHpOBKH nyqKa qaCTHU, KOTOpOe B 3TOM cnyqae nepeXOJlHT B 6o

nee npOCTyiD CHCTeMy ypaBHeHHll 

tg (~ + tg l:~l 

f' =f" 
1 

= 2 tg 
<I> 

2m 

R 

tg _!_ - tg ( 

2m 

4 

( i= 2 m ) 

(5) 



~ 
I 

rae ( = l = l'' 
1 

• B qacTHOM cnyqae ycnoaHe (5) MOJKeT OblTh caeaeHo K paaeHCTay 

r' =c" 
I 1·1 

=</! (i = 2.;m). 

llHcnepcH!I cneKTpoMeTpoa <~TOll cepHH npHaoaHTC!I na pHc, I. B npeacTaaneHHH D/m 

KaK <j>ynKUHR <ll/ m , Bbii5paHHOM a aaHHOM cnyqae, ace cneKTpoMeTpbi c Bn npH <j>HKCHpo-

BBHHOM 3H8'19HHH onHCbiBaiOTCSI oaHol\ KpHBOl!, 113 pHCYHKa BHaHo, 'ITO aaeaeHHe sa-

pHaURH non!! aaeT B03MOlKHOCTb yaenH'IHTb yron OTKnOHeHH!I nyqa B cneKTpOMeTpe H Ta

KHM Oopa30M nOBbiCHTb aHCnepCHIO cneKTpOMeTpa, 

CneayeT OTMeTHTh, 'ITO anSI ocywe cTaneHRR 15onhwHx 3Ha 'leHHil <ll/ m Tpel5yiOTCR a 

COOTBeTCTBHH C yCnOBHeM (5) H OOnhWHe yrnbl Ha KROHa rpaHHU OonacTel\ B a pH8UHH 0 KOTO

pb!e Ha npaKTHKe He BCeraa M Ory T Ob!Tb HCnORb30BaHbl H3 -3a 3<j><jJeKTa pacce!IHJf!l MarHHT

HOrO nonS! B oonaCTH rpa HHU, 113 OnbiTa C03aaHHSI cneKTpOMeTpOB C HaKnOHHbiMH rpaHHUa-

MH H3BeCTHO, 'ITO OCHOBHbie napaMeTpbl CneKTpOMeTpa C OaHOpOaHbiM noneM npaKTH'IeCKH 

He yxyawaiOTCR, ecnlf yrnb t HaKnOHa rpaHHU He npeBbtWaiOT 60°, no3TOMY MOlKHO C'IHTaTb, 

'ITO CneKTpOMeTpbt paCCMOTpeHHOll CepHH C yrnaMH OTKROHeHHSI annoTb ao 120~ m 

anonHe peanH3yeMbt. Cne KTpoMeTpbt c <!l > 120" , m KaK BapHaHTbl paCCMOTpeHHOJl CepHH 

aeocywecTBHMbt (aa pHc. I OHH npeacTaaneHht nyHKTHpHbtMH KpHBbtMH). OaHaKo 3TH 

cneKTpoMeTpbt MoryT 15btTh 3aMeHeHht 3 KBHBaneHTHbtMH no <ll , f H cneKTpOMeTpaMH, 

HO C HeCKORbKO 15onbWHM 'IHCROM CTyneHel\ H COOTBeTCTBeHHO HeCKOnhKO OOnhwel\ aHc-

nepcHeil. 3TO MOlKHO caenaTb, ecnH </J; H </J" OCT{lBHTb Oe3 H3MeHeHHJl, a BCe OCTanb-

Hbte </J; (! = 2 m) H </J;' (i=1 -7" m -1) yMeHbWHTb, yaenH'IHB npH 3TOM 'IHCnO 

CTyneHeH H C OXp8HHB H8H3 M 9HHbiM. 

4, 11HTepeCHO CpaBHHTb nO aHcnepCHOHHOl! CnOCOOHOCTH paCCMOTpeHHbte CneKTpOMeTpbt 

C Bn H c neKTpOMe Tpb t H8HOonee COBepweHHOrO THna C HeOilHOpOilHbiM aKCHanhH<>-CHMMe

T p H'iH biM noneM B = B (. . .&, )1), 
o R 

,rae 0< n< 1 • a B
0

- MarHHTHaR HHilYKUH!I aa' rnaa-

Hoi"! T paeKT OpH H R = R
0

• llHcnepcnR cneKTpoMeTpa c aKCHanbH<>-CHMMeTpH'IHbtM noneM B 

cny l.J:ae , Kor .ua f' = f"= f H l'=l"=t: , onpe.oensreTcst ¢opMynoA 

D 
2 R tg w<ll 

0 =r 
(U ( (U tg ~ - tg ( 

2 

(6) 

r·ae w=vl="n • 3 T a ¢opMyna cneay eT H3 . ol5wero BbtpalKeHHR anR aHcnepcHH cneKTpo-

MeTpa C 8 K CJI8nb H O-CHMM8TplttlHbiM noneM 

D = _!. (f" tg w </1 ' - Gf' tg w r/J') 
(U 

(7) 

rnc lfJ" - lfC KOTOpbte B CO OMOraTenbHbl € yrnbl t/J '+ t/J, = <f>, CBH38HHbi8 C OCTBJlbHbiMH 

fli lf!· '"0TpaM H c n e KTpOMeTp a y c nOBIISIMH <jJOKYCHpOBKH 
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tgw</J'=_L (tg<'+ ~ 
"' f' 

tgw</J"=_l_(tg<"+ ~o), 
(8) 

"' E" 

a K03<P<!mu>reHT pan>ranbHoro ysemt'leHHSI 

G=- f"cos w </1' 
(9) 

e' cos "' "' " 

,U>rcrrepCHSI CITeKTpOMeTpOB C aKCHaiTbHO- CHMMeTpH'lHb!M ITOITeM T aKlKe rrpeACTasneHa Ha 

pHC , J ABYMSI cepHSIMH KpHBb!X IJ.ITSI U! = __!._ ( n = Y, ) H U! =~ ( n = _]:_) , Yron OTKITQ-
~2 ~3 3 

HeHHSI nyqa $ IJ.ITSI CITeKTpOMeTpOB 3TO!"'O THITa OTITOlKeH 110 OCH a6CUHCC B eAHHHUaX 

w
2

¢ s rrpenrronolKeHHH , 'ITO "'~ _2._ , .UnSI < = 0° n>rcrrepcHSI cneKTpoMeTpos o15o>rx 

m 2R 
THITOB B HHTepsane 06JllHX Yl"'ITOB OTKITOHeHH,-. OIJ.HHaKOBa H pasHa 2 R

0
m HITH __ o_ , 

w 2 
.UnSI yrnos < > 0" n>rcrrepCHSI crreKTpoMeTpos c Bn 6onbrlle, 'leM crreKTPOMeTpos c aK-

cHanbH<rCHMMeTp~>PIHbiM noneM c TeM *e yrnoM OTKnoaeHH51 rnaaaoro nyqa ¢ H 6.J2 = ~ 
m 

Cne.a.yeT 38M9THTb, t.JTO COIIOCT8BJ15IeMbl€ 3.ll8Cb CII9KTpOM8Tpbi ABYX pa3HbiX THIIOB 

HM8lOT OJJ,HH8KOBbie R 
0 

¢ H f , KOTOpal! 60I1bWe f 1 HO OTJ1Hl.{8lOTCR BeJlH'-IHHOlO 

y cneKTpOMeTpos c Bn. no3ToMy IJ.ITl! 6onee o6beKTHBHoA oueHKH n>rcnepc>rOHHOH cnoco6-

HOCTH KalKIJ.Ol"'O crreKTpOMeTpa cnenyeT 11011b30BaTbCl! He TOI1bKO a6COI1IDTHOH BeiTH'lHHOH 

IJ.HCnepCHH, HO H BeiTH'lHHOH np>rseneHHOH IJ.HCnepCHB, onpenenl!eMOH KaK D , roe L -

paccTOHHHe OT o6oeKTa no H3o6pa*eHHR no aanpaeneHHlO rnasHoro nyqa • 
LIGI 

.Unl! cneKTpoMeTpa c Bn 

D 
m tg 

¢ 

(10) 

LIGI l+~(tg~- tg<) 
2 2m 

.ll1151 CIT8KTpOMeTpa C 8KCH811bHO-CHMM9TplP-IHblM IIOJleM 

D 

LIGI 

t w¢ 
g 2 ( 11) 

wfl+ .!_(wtg~ -tgc)]. 
2 2 

BenH'lHHa np>rseneHHOli n>rcnepcHH nn<~ cneKTpOMeTpa c Bn ( m ~ 2 ) " c~ ei< TfJ<>"' <>T pe 

C aKCHaiTbHO-CHMMeTpH'lHb!M ITOITeM (cu = _L ) naeTCS! Ha pH C, 2, fi :J p l!C) IU<il I II ·1110, 

~2 
l.{TO IIpH M811biX yrnax H8K110H8 BXOAHOti H BbiXO.llHOH rpaHHU 11Y'-IWH8 Il OK.:l 3.') T C.;lli H IC'lO'f" 

cneKTpoMeTpbr c aKCH811bHo-CHMMeTpH'-1HbiM noneM, npH 6onbWHX yrnax JI.1 I<J10 J-H l - c n cK-rpQ-

MeTpbr c Bn . 

W=_1_ m=4 

TaKoe lKe nonolKeH>re coxpaHl!eTCl! H IJ.ITS! npyr>rx nap cneKTpoMeTpos: m = 3 

~3 ) 
II U!= _!_ 

\ /4 

cny'laS!X 6onbme. 

H T.JJ. . , HO C TeM OTnHl.IHeM, qTQ npHBeJJ.eHHBR JJ.HCne p C II Sl B 3 T I I X 

6 
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5. llpyry10 BbineneHHY!O cepu10 cneKTpoMeTpos c Bn cocTaBIIl'!lOT cneKTpoMeTpbi, 

y KOTOpblX Ka)I{Ual'! CTyneHb oonanaeT OUHUM U TeM )l{e <j>OKycupy!OUlUM neilCTBUeM, 8 3TOM 

UIIl'! i = 1 m npu 3TOM p aBHOMepHO crryqae cf>i~cf> =: , a •;=.;'= < 

yMeHbWaeTCl'! OT nOIIO)I{HTeiibHOll BeiiB'IUHbl npu =1 UO paBHOil no aOCOII!OTHOll BeiiU'IUUe, 

HO oopaTHOil no 3HaKy BeiiU'IUHbl npu i = m , a 1/J '; - B oopaTUOM nopl'!UKe, 

Oomee Bbipa*eHue nrrl'! nucnepcuu (I ) a aToM cnyqae He nonycKaeT cymecTBeHHbiX 

ynponteHUil, U aHaiiH3 noseneHUl'! UUCnepCUB MO)I{eT OblTb nponerraH TOObKO Ha KOHKpeTHblX 

npuMepax, 

t.{TOQbl Cy3UTb Kpyr B03MO)I{HblX npuMepoB, orpaHU'IUMCl'! CIIeKTpOMeTpaMU 0 y KOTOpblX 

oo'beKT u u3ol5pa)l{euue pacnonaraiOTCl'! a Mar HuT HOM none ( f' = f "= 0 ) , llucrrepCUl'! 

CIIeKTpOMeTpOB 3TOrO TUIIa B 3aBUCUMOCTB OT 'IUCIIa cTyneHeil naeTcl'! Ha puc, 3 nrrl'! pa3-

IIU'IHblX yrrrOB OTKIIOHeHUl'! rrraBHOrO rryqa, 3Ha'leHUl'! , HeOOXOUHM51e UIIl'! ooecne'lelllil'! 

<j>oKycuposKR, rrpuseneHbi a Taorrxue Hapl'!ny CO 3Ha'leHUl'!MH cf> 

T a 0 II u u a 

m 2 3 4 5 6 7 8 9 10 

cf> 127,4° 
~rr./2 

84,9° 63,7° 52,9° 42,4° 36,4° 31,8° 28,3° 25,5° 

37,3 22,9° 16,2° 13,2° 11,0° 9,4° 8,5° 7,6° 6,8° 

cf> 120° 90° 72° 60° 51,4° 45° 40° 36° 
~rr'l/4 

49,1° 35,2° 27,9° 22,8° 19,3° 16,7° 15,2° 13,8° 

~~,Ys 
cf> 134,2° 100,6° 80,5° 67,1° 57,5° 50,3° 44,7° 40,2° 

58,6° 41,9° 33,2° 27,5° 23,2° 20,3° 18,2° 16,5° 

113 puc. 3 sunHo, 'ITO nucrrei?CUl'! crreKTpoMeTpos c Bn pacTeT rrpu yserrH'Ieuuu m , 

rrpuorrU)I{al'!Cb, KaK oyneT noKa3aHO HU)I{e, K npenenhHblM 3 Ha 'leHUl'!M 4R
0 

(nrrSI ~rr'l/2 ). 

) U 10 R (nrr" ~="v 5 ). 3aMeTuM, 'ITO nucnepcu" cneKTpoMeTpa 

C aKCUaiibHD-CUMMeTpU'IHblM norreM B Crryqae f'= f'~ U ~ ="y2 u "yS pa-

nuaH TaK)I{e pasHa 4R
0

, 8R
0 

U 10R
0 

(c:... <j>opMyrry (7)), 

6, TpeTblO cepu10 cneKTpoMeTpos c Bn ol5pa3yiOT cneKTpoMeTphi, y KOTOpbiX <j>oKycu

pyiOmee nel\cTBUe COCTaBIISI!OUlUX CneKTpOMeTpOB MOHOTOHHO B03paCTaeT OT Ha'lana K Cepe

UUHe H nanaeT OT CepeUHHbl K KOHUy, 8 Ka'l_eCTBe IlpUMepa CrieKTpOMeTpa 3 TOrO TUIIB MO)I{

HO npuBeCTU CIIeKTpOMeTp, UMe!OntUl! Crreny!OU!Ue IIapaMeTpbi: ~ = 360°, m =7; f'=£"=0 

cf> = cf> =134 4'? cf> = ¢=29,4°; ¢ = cf> =65,1°; cf> = 144,2°; •" =<'= ... =<' =55°, ll11cnepCHS1 
17 ° 0

26 35 • 12 7 
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cneKTpoMeTpa D =33 R
0 

H oHa 6onee '!eM B 'leTbipe paaa npeaocxonHT nncnepCHIO 

cneKTpoMeTpa c aKCI!BnhHO-CHMMeTpH'IHbiM noneM c TeM lKe yrnoM cf> • AHanoroM TaKoro 

cneKTpoMeTpa (TaK lKe KaK H cneKTpOMeTpoa c Bn nepaofi cepnn) 

MeTp C HSO.UHOpO.UHblM, HO y)Ke He 8KCH8JlbHO•CHMMeTpH'IHb1M noneM 

Ka3aTe nh cna.na non~ n H3MeHHeTCH B 38BHCHMOCTII OT 83HMyTa: 

MOlKeT CnylKHTb CI!eKTpo
R n 

B= B 0 ( __ 0_), rne no-
R 

n = n (0) • YpaaHe-

HHe .UBH>KSHHR 1.J.8CTHUbi B T8KOM none B nepBOM npH6nH:>KeHHH CBOUHTCSI K ypaBH8HHIO 

M aThe: 
2 

_i_{_ + [ 1 - n ( 0)] .; -8 = 0 , 
d 0 

(12) 

rne (= R- Ro • 
Ro 

<jlyHKUHHX II 

B=A(~)/.!!!....Y. , perneHHe KOToporo He BbipalKaeTCH a aneMeHTap-
e e 

HbiX noaToMy HenoCTynHo nnH HarnHnHoro paccMOTpeHHH. OnHaKo, KaK noKa3hi-

aaeT Ka'leCTBeHHbiH aiianii3 npn6niilKeHHoro perneHHH ypaaHeHIIH (12), nnH cny'laH, Hanpn-

Mep, Korna n = n + n cos 2y 1-n 0 , nncnepcHH cneKTpoMeTpa npn n > 0 nonlKHa 
0 1 0 1 

6 hiTb 6onbrue, a npii n 
1
< 0 Meiibiiie, '!eM nncnepcHR cneKTpoMeTpa c .noKa3aTeneM cnana 

nonSI n = n 
0 

3TO~ BbiBOll cornacyeTCR C pe3yllhTBT8MR, nOny'leHHbiMH nnR CneKTpOMeTpOB 

can. 
7. YKalKeM onHo o6mee npaanno onpeneneHHR nncnepcnn, KOTopoe MOlKeT 6biTb 

none3HO Kl!K nnR I!OHIIMBHIIR nony'leHHbiX Bbiiiie peaynbTBTOB, TBK H nnR KOHKpeTHbiX pac

'leTOB cneKTpOMeTpoa. 3To npaanno npHMeHHMO K cneKTpoMeTpaM c onHoponHhiM, aKcnanb-

HQ-CHMMeTpH'IHbiM H B8pbHpOB8HHbiM rroneM H COCTOHT B TOM, 'liTO 

cf> 
D = f ( R - R 

0
) d 0 

0 
a'=-G ' 

{13) 

rne R , - pannaru.HaR KoopnnHaTa ny'la, o6paayiOmero c rnaaHbiM ny'loM a TO'IKe 
a~G 

o6'beKTa yron a'=- G pannaH, T.e. nncnepCHR cneKTpOMeTpa c TO'IHOCTbiO no 'lneHOB 

nepaoro nopHUKa ManocTH paaaa ueneHHOH Ha R 0 nnowaun, orpaHH'IeHHOH axonHofi H Bbi-

xonHoll rpaHHUBMII MarHIITHoro nonR, rnaBHbiM ny'IOM (a'=O) II ny'IOM a' = - G panHaH. 

neHCTBIITenbHO, perneHHe ypaBHeHHR llBHlKeHHH '18CTHUbl 

( OllHOpOllHOMY noniO OTBe'laeT n = 0 ) 

(12) a cnyqa e n=con~ 

R-R (R-R)I cosOJO + a(R-R)I ...!..sinOJO 

t:~=a ao 0=0 OJ 
(14) 

rue 
a(R-R

0
)1 

ao 0=0 
( R - R ) I = a 'f' 

0 0=0 =a'R ( 1+ ~tg < ') 
o R 

0 

OTciOna 
cf> 

f ( R - R )dO =a' 
a~G o 

[~sin OJ cf> +__&.( 1 + 1:. tg <1( 1- cos OJ <I>)] 
.., OJ2 R 

0 

(15) 

8 

1 

f' 
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EcnH y'IeCTb , 'ITO napaMeTpbi 

BBH 'IB CTb (15) nepeXOIIHT B 

cneKTpOMBTpa CBH38Hbl 

a,£ ( tg "'t/1, +Sin "'.;.." , 

ycnOBHBM <jJOKyCHpOBKH ( 8) , TO npa-

KOTopaH npH a' =- G paBHfi9TCSI 

"' Sin «>t/1' 
~tg«>t/1"-G _l'tg«>t/1' = D • nerKO BHIIBTb 0 'ITO 3 TO npBBHJlO p acnpOCTpB HHBTCH H HB 

"' "' 
CnBKTpOMBTpb! C Bn. 

8 . DpHeeueHHoe BhiWe npaeHno (13) H paccMOTpeHHe xoua nyqel\ a p auHanbHOli 

nnocKOCTH cneKTpoMeTpa c Bn no3eonHJOT noHHTb 3aKOHOMepHOCTH HaMeHeHHH ero IIHC-

nepCHH. 

B cneKTpoMeTpax nepaofi cepHH ny'IOK nyqel\ no'ITH Ha see M npoTH~eHHH MarHHTHoro 

IIOllSI HllH CTpOrO napanne nea, HnH napanneneH B CpBllHBM. noaTOMy IIR01Il8.ll.h , OXB8TbiBae-

M8fl ny"'KOM , a , cnenoaaTenbHO, H nHcnepcHH nponopuHoHan&Ha yrny OTKnoHeHHH rnaaa oro 

B cneKTpoMeTpax BTopofi CepHH ny'IOK paCWHpHB TCH K CepBIIHHB cneKTpOMBTpa T BK, 

'ITO OXBBTb!BBBMBH HM nnOlllBllb H llHCnepCHSI OKB3b!BBJOTCSI npH6JlH3 1!TBJlbH O nponOpUI!OHBJlb-
2 

Hb!MH <ll • 3TO COOTHOW9HH9 Bb1II011H519TCSI TBM TO"'Hee , tteM 60nblll9 C T yneHeii H MeeT 

cneKTPOMeTp. B npeuenbHOM cnyqae ( m = ~) ¢ OKyCHpyJOwee uelicTaHe OT IIBnhHOii cTyne-

HH CneKTpOMBTpa C BD TO'IHO TBKOB ~e , KBK 

MarHHTHoro nonS! c TeM ~e yrnoM nonHoli <jJoKyCHpOBKH. T paeKTOpHH q aCTHU a c neKTpo-

MeTpe c Bn B a aKCHanbHo-CHMMeTpHl.J:HOM none npH aT oM, ecTecTaeaao, 

llHCnepCHH CnBKTpOMBTpOB OllHHBKOBbl H CTporo npOnOpUHOHBnhHbl <!> 
2 

, 

fi m I (<' +<") = <!> _ "
2 

1=1 I ; ~ 

Hll9HTH"'Hbi > 

a 

B cneKTpoMeT pax TpeTb eli cepHH pacwHpeHHe ny'IKa K cepellHHe cneKTPOMeTpa npoHc-

XOIIHT B 60nblliOH CTeneHH B CHny 6onee cna6oli <jJoKyCHpOBKH HB'IBJlbHbiMH CTyneHHMH no 

cpaaaeHHJO co cpe.O.HH MH. B aTOM cny'lae rrnoiUallh , 3BHHMaeMaSI nyqKoM, H nHcnepcHs:r 
2 

3BBHCHT OT yrna <jJOKyCHpOBKH 6onee CHJlbH00 'IBM <!> 

9. Llpy roli ea~Heliweii xapaKTepHCTHKOH , onpeueJISIJOllleli pa3 pewaJOlllYJO cnoco6HOCTb 

CneKTpOMeTpa , SIBJlSIBTCSI BBJlH'IHHa yrJIOBbiX a6eppaUHii . !lnH MarHHTHOrO CneKTpOMeTpa 

c Bn H npHMOJlHHeliHhiMH rpaHHUBMH onpeuenSIJOlllHMH 6yuyT yrnoabie a6eppaUIH! BToporo 

nopHUKa : l'!.z " =AI'!.a' 2 , rue A - K03<jJ<jJHUHeHT nponopUHOHBJlbHOCTH , ll.a' - nonoBHHa 

yrna HB'IBnhHOli paCXOIIHMOCTH ny'IKB 'IBCTHU. • B 0611lBM CJly'Iae 3 TH a6eppaUHH o6yCJlBBJlll 

BBIOTCH HBCOBBplliBHCTBOM <jJOKyC HpOBKH Ha BCBX yqa CT KBX aapbHpOBBHHOrO nOJlH CneKTpo-

MBTpa . B TOM cnyqae , Korua d = 0 HnH B = 0 ( T . e . R = ~ ) H npH 3 TOM ace ny'lll 
1 1 

npoxoaHT TOJlbKO qepea o6nacTb MarHHTHoro nonS! a
1 

( d> 0 ) , uononHHTBJlhHbie HCKa)!(e-

HHR He BHOCSITCSI 06118CTSIMH B8pH8UHH ll011Sl . 3TO CllBJlYB'"&' H3 TOrO , 'liTO B 3 THX Clly 't.J BSIX 

yron OTKJIOHBHHH nyqa fJ a o6n acTH aapHBUHH nonS!, HY~HhiA anH o6ecne'leHHH <jJoKy -

CHpOBKH C TO'lHOCTb JO 110 MBJlbiX BTOporo nOpSIIIKB, 

9 



{3 = 2.-rcsin 
a f" (tg<' +tg<")+d -a' d tgt' +0,5d a' 2 

1+1 I 1+1 I _I 1+1 1+1 I 1+1 1+1 I 1+1 1+1 

2(R -R) 
1,2 ° 

T O'IHO p a aeH y rny 2 arcsin a'l+l fj' (tg <'1+1 + tg <j' 

- 2(R1,2-R o) 

HB KOTOpbiil OTKflOHS!eTCSI 

'I B CTIIUB npu npOXO>K/leHIIII 'lepe3 o6naCTb B8p118UIIII nonR, e cn11 npS!MOfliiHellHble rpaHRUbl 

aToll o6n a CTH Bbi6paHbi a cooTaeTCTBIIH c ycnoBHRMH ( 1) 11 (2) pa60Tb/
1 1• • 

B 3TIIX c ny'lallx yrnoBbie a6eppau1111 aToporo nopRilKB llflS! cneKTpoMeTpa c Bn onpe-

lle flSIIOTCll Cfl e llYIOWIIM BblpB>KeHHeM: 

-2 
A = A G -· G + ... + A G 

I 1 

-2 2 
G G ·- G + ... A G' 

1-1 1+1 m m 1 
G'2 

m-1 

r.o.e i = 2-i- m -1, Ai - KOa<I><!JHulleHT1 onpellefll!IOWIIIl yrnoBbie a6eppau1111 

w ere c neKTpoMeTpa : 

(16) 

i -ro cocTaansuo-

A =G-
2

(R -1,5 f" tg l/1" )-G (R -1,5f' tgl/1'). (17) 
i I 0 I I I 0 I I 

10. nnSI n epaoll cepllll cne KTpoMeTpOB c Bn o6wee Bblpa>KeHIIe ( 16) cyweCTBeHHO 

ynpowaeTCSI A = 2 R - 3f tg __!__ , noCKOfihKY 1/J' = 1/J "= 1/J ( i= 1 __:___ m ) • B aToM cny'!ae yrno-
o 2m i i • 

Bble a6epp8UIIII BHOCliTCll TOnhKO nepaoll nonOBIIHOil nepaoro II BTOpoll nonOBIIHOil nocnell-

Hero COC T8Bn SUOWHX CneKTpOMeTpOa; BHyTpeHHHe CneKTpOMeTpbi HCKS)KeHRA He Bbi3biB8lOTe 

B cne KTpoMeTpa x c i i = t'; = 0° A = - R 
0 1 He38BHCHMO OT yrna OTKnOHeHHSI <!> 

nnll Cne KTpOMeTpOB 3TOil Cep1111 OTHOWeHIIe w - OllH8 113 Beflii'IIIH 0 onpe/leflS!IOWIIX 
D 

pa3pe weHH e CneKTpOMeTpa, 6biCTpO yMeHhW8eTCll C pOCTOM m 

11. Y r noabie a 6eppa u1111 cneKTpoMeTpoa c Bn BTopoA 11 TpeTheA cep11A pacc'IIITbiBaiOT

c SI He n\: . .:pellCTBeHHO no <jlopMyne (16). TaKIIe pacqeTbi 6b!nR npo/lenaHbl /lflll paCCMOTpeHHbiX 

Bbiwe aaplla HTOB, Pe3ynhTaTbi pac'!eTa llflll cneKTpoMeTpoe c Bn BTopoll cep1111 npllaeneHbi 

HB p11C, 4, 113 KOTOporo BllllHO, 'ITO K03<jl<jl11UIIeHT A He npeBbiWaeT no a6COfliOTHOll aen11-

'IIIHe 2R 
0 

4R
0 

II 5R 
0 

COOTBeTCTBeHHO llflH <fl , paaaoro m/2. m/4 II m/5 p8/lii8H, 

nnSI 3T Oil cepHH cne KTpOMeTpOB c Bn OTHOWe HIIe ~ p8BHlleTCll 0,3 -0,5, II npll )lOCTBTO'I-

110 6 o nhwOM m no aenH'II!He napaMeTpa I ~ 
D 

Kpyroaoll cne KTpoMeTp c OllHOPOilHbiM nn noneM, 

D 
3TII CneKTpOMeTpbl nOBTOpS!IOT nony

llflll KOToporo ~~ =0,5 ( A=-R , D=2R ). 
D o o 

12. CpaBHIIM yrnoahie a6eppau1111 cneKTpoMeTpoa c Bn H cneKTpoMeTpoe c aKCIIanbno

CIIMMeTpH'IHbiM noneM. AaanoroM paCCMOTpeHHbiX Bhiwe cneKTpoMeTpoe c Bn c npHMOnHHeA

HbiMH rpaHIIU8 MH l!BflliiOTCll CneKTpOMeTpbl C 8KCII8flbHQ-CIIMMeTpii'IHblM noneM ll=B 
0 
(1-n~\ 
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I 

KOTopoe npeacTasnSieT co601o mrHeiiHoe npHon HlKeHHe nonS! B= B (~)n .QnSI ynpomeHHSI 

<' = •"o= og . Cp8BHeHHH orpaHJPIHMCSI TOnhKO B8pH8HT8MH , llllfl KOTOpbiX , H, K8K ycn.:tBll ll-

sanHCb Bhtme , f ' = f"= P • B STOM cnyqae Kos<!><!>HuHeHT A , orrpenen.stJOmHH yrnoabte 

aoeppauHH sTop oro nopSiaKa cneKTpOMeTpa c noneM B = B
0
{1-n.;) , KBK MO>KHO noKa3aTb, 

paseH 

A ~ [ c__!_ - 1) c_i_ + 2 ctg2 "'~)- 1 ] 
w2 w2 3 2 

( 18) 

PeaynbT8Tbi CpBBHeHHSI Jl810TCSI H8 pHC, 5 , rae KpHBbie OTHOCSITCSI K CneKTpOMeTp8M 

c aKCHanbHO- CHMMeTpH'IHbiM noneM, npSIMBSI - K cneKTpoMeTpaM c Bfl nepsoli ceptm , TO'IKH 

- K cneKTPOMeTpaM c Bfl BTopol! cepHH . flocKonbKY B aayx nocneaHHX cny'IBSIX A< O TO 

anSI yaoocTaa cpaaHeHHSI anSI STHX cnyqaea aaeTCSI aoconJOTHaSI aenH'IHHa A • Ha pHCYHKB 

BHaHo, 'ITO yrnosbJe aoeppa uHH cneKTpoMeTpos c Bfl so scex cny'laSix , 3a HCKnJO'IeHn eM 

W=_J_ 
y2 oaHoro (w = _.! ) cymecTBeHHO MeHbllle . AoeppauHH cneKTpoMeTpa 

y2 ' 
MeHbllle a6eppau11il cneKTpoMeTpos c B fl TOnbKO np11 <ll > 203 °; OJlHa Ko nepsbte a6eppauHH 

p8CTYT H 38MeTHO npeBbiWBIOT BTOpbte , KOraa yron yMeHbWBeTCSI, 

Aoepp8UHH BTOpOrO 110pS!aKa MOlKHO HCKniO'!I!Tb nyTeM BBeJleHHSI KpyrOBbiX rpaHHU 

a cneKTpoMeTpax c Bfl 11 nyTeM JlOoasneHHSI K MarHHTHOMY non10 KOMnoHeHTbJ - .;
2 

O.nHaKo H nocne sToro npeHMyllleCTBO non.>KHO, no-aHJlHMOMy, ocTaThCH 38 cneKTPOMeTpaMH 

C Bn , rtOCKOllbKY KOMI18HCHpOB8Tb M81lbl8 OTK1IOH8HHH MO>KHO 5onee ITOllHO H H8ll8>KHO. 

13. B pa15oTe
1 11 

OTMe'!anocb, 'ITO HaHoonee npHeMneMbJMH an" npaKTH'!ecKoro H3-

roTosneHHSI SIBnSIJOTCSI c neKTpOMeTpbl c B fl, y KOTOpb!X TO'IK8 nepeCe'le HHSI rpaHI!U oona-

CTefi B8p118UIIII nelKI!T BHe ny'!K8 0 T . e , CfleKTpOMeTpbl C d f, () • fl03TOMy I!HTepeCHO 

3H8Tb 1 K i.l K M3M8HfiJOTCSI OCHOBHbl8 HOHH0-0ftTH't.J:8CKH8 X8p8KT8pHCTHKH Cft8KTpOM8 TpOB C BTI , 

HaiiUeHHhle B H8CTOS!llleH paoOTe 113 COOopalKeHHil ynpOllleHI!SI OOlllero paCCMOTpeHHSI H pac-

'4CTOB .llllfl d=r) np11 nepexoae K sapwaHTBM c 

B Ta6n11ue l! fl0K838HO, K8K M8HSHOTC51 D H A a 38BHCHMOCTH OT H3M e He-

HI!Sl B npaKTI.P-f8CKH HHTepeCHbiX CJIY1.f8fiX, KOr.a.a d > 0 • TipH Bbi'liHC118HHH A npeJl-

noJwranocb , 'ITO B = 0 , nosToMy <f>opMyna ( 16) JlnSI pac'leTOB npiiMeHI!Ma , xarSI d f, 0. 
1 

T aonHua n 

$ = 1rl/4, m "= 3 

0 0, 2 R 
0 

') 6,0 R 
0 

6 ,2 R 
0 

6 ,35 R 
0 

6 ,5 R 
0 

A -2 , 1 R o - 2 ,5 R0 - 2 ,95 R
0 
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!13 Ta6ni!Ubl BIIAHO, 'ITO BBeAeHHe d > 0 HeCKOnbKO yaenH'II!BaeT AHCnepCIIID II a6eppa-

UHH, CylUeCTBeHHO He H3MeHH51 senHqHHbl ~ 
D 

14. LlaHJKe HHe 'IBCTHU a aKCHanbHOM Hanpa aneHHB a cneKTpoMeTpe c Bn onpeaenHeTCH 

AeilCTBI!eM KpaeBblX nHH3, <jloKyCHble p aCCTO!IHII!I KOTOpb!X MOlKHO H8~TII no <jlopMynaM 

(14-16) pa6oTbiii/• 

L1n11 acex paccMOTpeHHbiX 3AeCb aapHaHTOB cneKTpoMeTpa c Bn :>Til nHH3bi co6Hpmo

mHe II o6ecne'II!B8IDT <jloKyCHpOBKY ny'IKa OTHOCI!TenbHO MeAHBHHOA nnOCKOCTIIo B Ka'leCTBe 

npHMepa <jloKycHpyromero aeAcTBH>I cneKTpoMeTpa c Bn ua p11c. 6 aaeTC>I xoa nyqeA a aK-

CHanbHOM HanpaaneHHB BAOnb rnaBHOI'O nyqa a'= 0 ( TOnCTble nil Hill!) • liH<jlpBMH 118 pHCyH-

Ke o6o3Ha'leHbi a nocneaoaaTenbHOM nopMKe npoMelK)'TO'IHbie H306palKeHHH. 

MolKHO noKa3aTb, 'ITO npH m aocTaTO'IHO 60nbmOM aeAcTaHe cneKTpoMeTpa c Bn 

B 8KCHBnbHOM HanpaaneHHH aHanOI'H'IHO AeilCTBHID CneKTpOMeTpa C BKCHBnbHQ-CHMMeTpH'I-

HblM noneM C COOTBeTCTBYIDU!HM 3Ha'leHHeM CU 

B 3aKnroqeHBe aaTop Bb!palKaeT 6naroaapHOCTb B.n. nepM>IKOBY 38 flOMOUlb B npoae-

AeHHH paC'IeTOBo 

n 11 T e p a T y p a 

1. H.l1. TapaHTHH. )I(T¢>, ~ 139, (1966). 

2. H.A.Enge. Nucl. Instr. Math., 28, 119 (1964). 

PyKonHCb nocTynHna a H3AaTenbCKHA oTaen 
11 <jleapan11 1966 r. 
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2 

o• zo· 40" 60' 80' {(;()' 120' !/{)' {(()' f(J()' 

Puc, I. 3aBHCHMOCTb JlHCnepCHH cneKTpOMeTpOB c an H c 8KCH8nbHQ-CHMMeTpH'I-

HbiM noneM (w =_!_, _l_ ) OT yrna OTKnoueHHSI rnaauoro nyqa, 

y2 y3 
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J) 

L/GI 

cp 

{5 

ip 

0,5 

E =45" 

\ 
\ 
\ 
\ 

\ 
\ 

~""' \. ............... " \. - '-........" '\. __ ................ ' 
---:::::::-.- .......... "' 

W=.L ~ 
V2 m cz 

o~~~~~~~~~~~~~~~~-4~--oo 40° 60° 12.0° f60° 200° 240° 28(/ 320° 360° 

Psc. 2. 3asHCHMOCTb napaMeTpa _o__ OT y rna OTKnoseHHH 
LIGI 

rnassoro nyqa JlnH cneKTpoMeTpa c Bn ( a • 2 ) 

H CfieKTpOMeTpa C BKCHBnbBo-CHMMeTpll'lHbiM noneM <U = .1._ • 
y2 
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PHc. 3. LlHcnepcHR cneKTpoMeTpoa c Bn B 38BHCHMOCTH OT '<HCna c Tyneaell. 

(~~~ I 2 .3 4 5 6 7 8 9 fO m 0 ~·---~-I 
I 

, I -

-2 

•3 

-4 
- 5 

• ¢·n '12 

¢·2n 
~-r, (5 

P nc . 4 . Yrnoa bie a 5eppa uuH BToporo nopimKa cneKTpoMeTpoa c Bn B a aBHCHMOCTH 
oT '!Hcna c Tyneaell. 
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Pac, 5, Cpaeaeaae yrnoe~x a6eppauaA BToporo nopSAxa cnexTpoMeTpoB 
c Bn H c axcaallbao-cHMMeTpH'IH~M noneM, 

16 

• 

~ · 2n m •S 

o· 72° 1~4° 1!.16° z&· .360. 

3 2 If 

Pac, 6, Xoll nyqelt e axcHanbHOM aanpaeneHBH BllOllb rnaeaoro nyqa a~ llnH 
cneKTpOMeTpa c Bn (<ll=21T • mmS • f'=f"=O, 8 Q 0, 

1 
82=280). 

!12 . w2¢ m, 
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