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§ 1. 

IlpocTeiiWHM M8I'HHTHblM cneKTpOMeTpOM 38p.HmeHHhiX '18CTHU .HBn.HeTC.H 

cneKTpoMeTp C nonyKpyi'OBOi!: tPDKYCHpOBKOii OJ:IHOpOJ:IHblM M8I'HHTHblM noneM 

(pHc. 1). 06paaen, HcnycKa!OWHii aap.HmeHHbie '18CTHUbi1 H ero Hao6pameHHe, 

a TaKme TpaeKTOpHH aap.HmeHHblX '18CTHU H8XO}:ISITC.H B OJ:IHOPOJ:IHOM MSI'HHTHOM 

none. ¢oKyCHpOBKY HCnbiTbiB810T TOnbKO Te '18CTHUbl1 KOTOpbie BXOJ:I.HT B H3-

MepHTenbHblit oTceK, pacnonomeHHbiit cnpasa, 'lepea oTBepcTHe orpaHH'IHBaJOmeit 

}:IHa«flpai'Mblo IlpH aneKTpH'IeCKOM MeTOJ:Ie perHCTpauHH HCnon&3yiOT OJ:IHHO'IHYIO 

BhlXOJ:IHYIO men&1 38 KOTOpoit pacnonaraeTC.H C'leT'IHK '18CTHU C. B STOM cny

'lae Mai'HHTHblii cneKTpoMeTp .HBnSieTC.H O}:IHOKaHan&HbiM npH6opoM. .nn.H H3Me

peHHSI cneKTpa '18CTIJU H3MeHSIIOT M8I'HHTHoe none, n1160 nepeMemaiOT llHa«flpar

My C BbiXOllHOii men&IO H C'leT'IHK. PaCCMOTpHM BapH8HT nepeMemeHH.H BblXOll

HOit llHa«fJpai'Mhl H C'leT'IHKa. 

llfHpHHa H306pameHH.H TO'Ie'IHOI'O o6paaua B TaKOM cneKTpoMeTpe paBHa 

(1) 

r)le R- paaHyc KpHBH3Hbi TpaeKTopHH 1 a an - yron c BepTHKan&aoA oc&JO, 
. ' . . \ 

KDTDpblit o6pa3y!OT KpaitHHe TpaeKTOpHH '18CTHU1 CB06DllHD npHXDllSimHe H3 «flop-

MHpyJOmero OTCeKa B H3MepHTen&Hblit DTCeK 'lepea DI'p8HH'IHBa10my10 }:IHa«flpar-

My. 

( 2) 

rae x 0 ,.. wHpHHa menH lll aaa o6paauoM 06 , a x m - wHpHHa menu aaa 

s 



00 c c 3 ON(i). 

Pnc. 1. CxeMaTH'leCKHll pa3pe3 Tpaununonnoro MarHHTHoro cneKTpoMeTpa 
C nonyKpyrOBOl! cjloKyCHpOBKOl! OllHOpOLlHbiM MarHHTHbiM noneM, 06 - o6pa3eU, 
W - BXOAHSll menb1 C - c'leT'IHK qacTnu. · · 

•'., 

4 

cqeT'lHKOM C. CneKTpoMeTpi 

I"OBOJ.i tPOKYCHpOBKOJ.i HMeiOT. 

H cseTocnny L ~ 
~ 

10 ·• nn 
0CHOBHOe Tpe6oBaHHe, l 

sapsnKeHHbie qacTH~bi, ncnyme 

TepsrnH 6bi. B HeM, nHIIIb l 

6osanne oqeHb TPYilHO Bbmon 

meHHbiX 'laCTHilo TaK, Hanpm 

H aTOMHb!M .BeCOM CBbillle 10 

'i_To6bi anepreTH'ieCKoe paspe1 

reTn'iecKoe pasp~llleHHe .cneK 

MeTpa (R) ll810T meCTKHe OI"I 

o6pasua: ero lllHpHHY (x
0 

), J 

H Ha o6'beM1 HS KOTOpOI"O Bbl 

o6pasuos co cna6oii napunan: 

38XB8THTb MaKCHManbHb 6on1 

fiOTOHeT B tPOHe 1 KOTOpbiJ.i CC 

HnH caMHM C'leT'iHKOM, 

3tfltfleKTbl lllYMOB TaKoJ.i l 

30B8Tb MynbTHnneKCHb!l! npH 

cxeMa cneKTpoMeTpa c · Myn: 

cneKTpoMeTp acp<jieKTHBHO OC. 

me Myni.TnnneKCHYIO tmatflpaJ 

TOI"Jla ocna6nsreTcsr tfloH cqe 

PaccMoTpHM npHHUHn p~ 

JlHa$parMa pacnonomeHa Hall 

Horo cneKTpoMeTpa c nonyK 

noneM COCTOHT. B cneJlyJOIUeM 

Bpamena B JlHa$parMy c lllHp 



·aero cneKTpoMeTpa 
1 noneM. 06 - o6paaeu, 

. j 

l 
j 

· .. \ 

• ! 

cqeTqHKOM C. CneKTpoMeTphi c OJlHOPOJlHhiM MarHHTHhiM noneM H nonYKPY-

n -- ~X 0 .. /0.:-3 l"'OBOH ljloKyCHpOBKOH HMeiDT aHepreTHqeCKOe paspellieHHe ., lR 
-4 

H cseTocHny L "' 10 • llnHHa meneli Bbi6HpaeTcSI paBHoli rr V R x 0 • 

0CHOBHOe Tpe6oBaHHe, npeJl'bSIBllSieMoe K o6pasuy, COCTOHT. B TOM, qTo6bi· 

aapmKeHHbie qacTH~hi, HcrrymeHHbie SIJ:tpaMH o6paaua Ha paannqHoli ero rny6nHe1 

TepSillH 6b! B HeM llHllib He60llblliYIO qacTb CBoeft aHeprHH. 8TO Tpe-

6oBaHHe oqeHb TpyJlHO Bb!ITOllHHTb IIpH HCClleJlOBaHHH CITeKTpOB TSI)KellbiX 38pSI

meHHhiX qacTHu·. TaK, HarrpHMep, HCToqH:nK anb!jla-qacTHU c aHepr:neft .. 5 Mas 

H aTOMHb!M BeCOM CBbillie 100 JlOll)KeH HMeTb Tl?lltUHHy He 6onee 10 MKI"'fCM2, 

qTo6bi aaepreTnqecKoe paapemeu:ne cocTaBnSino to-3. noaTOMy aaJ:taHHoe aHep

reTnqecKoe paap~meH:ne crreKTpoMeTpa(x 0 ) H ¢nKcHpoBaHHhlli pasMep crreKTpo

MeTpa (R) J:ta!OT mecTKHe orpaHnqeHHSI Ha a6coniOTHbie · pasMepbx :nsyqaeMoro' 

o6pasua: ero lliHPHHy (x0 ), JlllHH! (rr V Rx0 ) :n TonmnHy, a, cneJ:toBaTellbHO, 

H Ha 06'heM, H3 KOTOpOI"'O Bb!XOJlSIT qacTHUbi • Me)K)ly TeM, rrp:n nccneJ:toBaHHH 

o6p83UOB CO cna6ofi I18pUH8llbHOH 8KTHBHOCTbiO aKcrrepHMeHTaTopy menaTellbHO 

saxsaTHTb MaKCHManbHb 6onbmoli o6'heM o6pasua. B rrpoTHBHOM cnyqae a¢¢eKT 

I!OTOHeT B ljloHe, KOTOpbiH C03)laeTCSI OCTallbHbiMH aneMeHTaMH CI!eKTpOMeTpa 

HllH CaMHM cqeTqHKOMo 

§2. 

81jlljleKTb! lliYMOB TaKOH I!pHpOJlbi MO)KHO qacT:HqHo ocna6HTb, eCllH HCI!Ollh-

30BaTb MYllbTHnneKCHhlli rrpnHu:nn per:ncTpaUHH qacT:nu. Ha pHc. 2 npHBeJ:teHa 

cxeMa cneKTpOMeTpa C MYllhTHITlleKCHOil: Jl:HaljlparMOil: Hall o6pa3UOM.·TaKoA 

crreKTpoMeTp aqiqieKTHBHo ocna6nSieT ljlou oT nocTopouuero :nsnyqeHHH. Ecn:n 

me Mynl,T:nnneKCHYIO J:tna¢parMy pacnonomHTb nepeJ:t cqeTqHKOM qacT:nu, To 

TOI"'Jl8 OClla6nSieTCSI ljloH cqeTq:HKa qaCTHU. 

PaccMoTpHM npHHUHIT pa6oTbi crreKTpoMeTpa, B KoTopoM MY1IhTHnneKCHaSI 

)l:HaljlparMa pacnonomeHa H8Jl o6pa3UOMo 0TnHq:ne OT TpaJlHUHOHHOI"'O Mal"'HHT

HOI"'O CITeKTpOMeTpa C ITOllyKpyl"'OBOH ljJOKYCHpOBKOH OJlHOpOJlHbiM M8l"'HHTHhiM 

noneM cocToHT B cneJ:ty!OmeM. llHaljlparMa c ysKoil: menh!O Hall o6pasuoM npe

Bpameua B )lHa¢pal"'MY C lliHpOKHM OKHOM, qepe3 KOTOpoe rrporryCKaeTCSI H3lly-
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:'1011HO OT HOCKOIIbKHX aneMOHTOB p83peniCliHSI' cneKTp~MeTpa ~X ~ '_flyCTh . 

umpnaa oKHa pasaa M ·Ax ,. r11e.M- noKa3aTemb Myn&TnnneKcaocTn ·cncTeMbi.·· 

·.a ·pacc~oTpeHHO~ HH>Ke •wcTHOM cny'la~ M B3SITo ~aBHbi~1 7. ·Ho;:: Myn~Timrie.Kc-
.' .HoA AH~¢parMoit MIU pacnono>KeH. nottBH>KHOA nornomaromnit· aKpaa. ·CTpyK..:. 

· ·'Typa ero · npHBeJleHa ua puc. 3. B nornomaiOmeM · aKpaae c)lenaHbi JlBa psrJla 

·· ~bipeaoB~ floJIH8H IT~OTSI>KOHHOCTb y'laCTKa ·c. B~lp933MH B (2M- iJ pa~a 6on:bwe 

wHpHHbl OJlHOro ancMCHTa · pa3pcwenHH Ax. · KapTHHa Bhipe3oB B nepBOM ·. psrJly: 

)lonoliaHeT KapTHHY Bbtpeoos so. BTopoM, ITornomaromnit aKpaa c a:bipe3aMH 

· HM HMOeT JlBe -~TonoHH cno6~itbi. ·flpoJlOnbil6~ nepeMeuie.ime . BJlOIIb · ocn .1. . .. -. . ...... . . 

npoli:3BOJlSIT CK8'1K8MH · C ·W8I'OM1 paBHbiM· aneMOHTY paspeweHHSI fiX • flpH 

nonope.Ja~M_II~PeMel!le!_IHH noJl8H>KHoit ilna¢parMhi HM oaa nepexonHT na ~n
li:oro KpaliHOI'O ITOIIO>K9HHSI B. llPYI'OO T8K 1 'ITO. npH 3TOM K8pTHH8 Bblp930B · 

B nepOOM· pSIIlY CMOHSIOTCSI_ K8pTHHOii Bblp930B B llPYI'OM pSIJlY• 

CooTnorucHHe Me>KJly none3l!biMH H ¢oHOBbiMH co6htTHSIMlf npn HOMe-· 

pel!HH CII9KTpa B MyllbTlfiTIICKCHOM MUI'IIHTHOM CITOKTpOMOTpe ynaeTCSI yny'l- · 

•WHT:b -6narqnapn .To~y, 'ITO a#~KT !jlona, HO 38BHCSIUlOI'O OT IIOIIO_>KE!HUSI ·c~e·T~ 
'IHKa n aneprHH: nccnenyeMbiX qacTnu, P!l·c~penenneTcSI · onaospeMeuao. aa .He.- ·. 

cKonhKo a_TieMenTos pa3peweHHH~ B TpannunoaaoM .i<e.·cneKTpoMeTpe ¢o1I 'n~
.naJlaeT TOIIhKO .. B OllliH 9119M911T pa3p91U9HHSI. 0IUH6Ka H3M:Op9HHSI «lJoHa 

B MYIIbTHITIIOKCIIOM CITOKTpOMOTpe OK83biB8ElTCSI MCH&we; '10M B Tp81lHUHOHHOM 

. cneKTpoMeTpe. 

Bbip03bi B no.rtBH>KHoA nornomaromeii nua¢parMe pacnono>K~Hbi Hepaaao

Mepao. flornomaiOmHe H nponycKaiOmne aneMe.HThi 'lepeJlyiOTCSI · no onpenenel!":' 

.. ~~~~ 3a_K~HY• B nepno·M pHJlY KapTHH~ p~~-~ono>Kefm~ Bbipesoa onHCbiBaeTCSI 

!jlyHKUHOit · ·s+ (-;), a BO BTOpOM - !jlyHKUHeit s_(i), tiJyHKUHOit £r (i) npHHHM89T; 

ona'IOliH~ + 1 ( nponycKaromnA aneMeiiT ). H o·. ( nornomaromnA aneMeHT). tllyHK- , 

unSI s_ (I) ~pHliHMaeT sHa'letme -1 ( nponycKaiOm~A ane~eliT) H 0 ( nornomaro-

mHA aneMeHT). CyMMa aTHX $yaKunlt 

g' (I),.._ s + ( i) + s_ ( i) ( 3) 

Bbi6RpaeTcn H30Mop¢noil: cTpoKe yccqcnnoii Ma•rpHUhl AnaMapa c TpancopToro

Hall&llbiMH. UHKnH'IOCK.IiMH cnoiic·.raaMH. 3-rn ·puoiicTna DLipmKaiO·l'C>I · coo·;·nowe-

H!IeM 
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· .;.)ma 
·HM .·c::z= 
.. · 05 

Pnc. 2 •. GxeMaTn<iecKHA 
·_ . 06 -· o6paseu, MW - -~ 

DOJlBH>KHaSI · nornomaroma 
C , - ·c'leT'IHK. 



· ... 

~·.rrycT& _ 
·, 

Myn&THITI19KCHOCTH 'CHCTeMbl." 

pan~bi~I 7. ·Han Myn~T~nneKC-· 
rornomaiOIItHlt· aKpaa •. CTpyK..; 

. ' . . . . 
•M -oKpaae cnenaHhi naa psrna 

e3aMH a (2M~ iJ pa~a· 6onl.~e 
ruaa Bhipe3oB a nepBOM·_pHny: 

::>IIXSIOIItHlt aKpaH C Bbipe38MH 

· ncpeMeuieime . anon& · ocH ,I . 
ICHTY pa3p~weau~ tl x • rip H. ' 

·: '.. .'· . 
,t · HM · Oua nepexonH~ -H3 Oll-

npH aTOM i<apTHHa Bblp930B 

a ·-npyroM psrny. 

lblMH C06biTHStMU ITpH H3Me

~ITCKTpOMeTpe -ynae_Tcsr yny'l-:- · 
. ) 

~c~mero-oT:nono~eHDH C'JCT-,. .. . ' 

llHCTCSI. OllHOBpeMellHO aa ae.

)M )(e:·cm:iK:TpOMCTpe ~OH 'no-.. , .. . : ' ,. ·, . . 

r. Oum6Ka HsMepeHHSI 4loaa ··.. .., . . 
', ' 

MeH&me; 'ICM. B TpSllHUHOHHOM 

1arMe pacnono~~Hbi aepaaHo

hi 'qepenyiOTCH' no 'onpeneneH":' 

·~9HHSI . Bb!p930B OITHCb!BaeTCSI 

'). 4>yHKUHelt ~ (i) . npHHHMaeT: 

rnoinaiouiu'lt aneMeHT) •. 4>yHK~ , 

~a ~ite~eHT). H 0 (nornomaiO-

( 3) 

>UUhl AnaMapa. c TpmrcopToro

icTna BL!p~Dl<a!O'I'C~. COO'l'HOUle..; 

·, ~ 

I 

C -+(--_ ) ....... _ o N(i.). HM--
MUJ, 

... 
PHc. 2 •. ·cxeMaTH'JeCKHit pas pes Myn&TnnneKcaoro . M:arHHTHoro. cneKTpoMeTpa, 

. 06 - o6paseu, Mill - Myn&THnneKcaasr ~HacpparMa c mHpoKHM oKHoM, M~ - · 
· nonau~aasr · nornoma10masr -nliacpparMa c nayMsr- psrnaMH Bb!peaoa ( cl'vi'. pHc. 3-), 
C · - .C'J9T'JHK• 
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PHc. 3. BH.n pa3HeceHHhiX liD BbrcoTe no.nBHli<aoli nornomaromeli .nHa!jJparMbi 
11M c .nayMH pH.naMH Bhrpe3oB, MynbTHnnexcnoii .nHa!jlparMhi M Ill c wHpOKHM 
OKHOM H HCC.IIC.llYCMOro o6pa3U8 06. 

8 

g(l).* g(i+k)=(M+l 

r.ne M- nonnoe · 'IHcno 9neMCH 

~nexcHoli nHaljlparMbi Mlli; 1 

g (lh g (i+k) E!. gC 
1. 

BMecTo ·npHBht'Inoii Ka 

I( I), nonyqaeMoii. iienocpe.ncTI 

.,l. nneKCllOM CllCKTpOMCTpC Ha6. 
i 

t .. H1 ( i) =I( i) * s +. (;} + n 

-~ 

i· •, 

' ... 
I 
\. 
I 

.. 

I 

. j< 

'-' 

·, 

· . Kor.na na.n oKllOM pacn·onaraE 

H
2 

(i)=l(iJ* s~(i)+ ".; 
. . 

xor.na na.n oxnoM pacnonoli<i: 

!jJOHOBb!C OTC'ICTbl B K8li<.llOii 

Ope.nMeTOM na6iiiOi:teH 

6HnonSipH8H !jlyl!KUHH 

!lN(i) H'(i)-N 
J 

KOT0p8H JIOIIY'I8CTCH ·npH Bhl 

N2 (i). H3 pe3y~bTaTo~ H3~c 

li<CHHH. llO.llBifli<llOH . .llHa!jJparMl 

Oonyqeanyro !jJyHKUHID 

6oTKe nyTeM npose.ne~HH or 

g ( i }. OKoH'I~TenbHbtlt · peaynb~ 

f(i}= 
1 

[llH(i}* g(i)· 
M +I 



lrnomaromell: .QHa$parMbi 

1$parMbi M III · c mHpoKHM 

. ' '. 

g(l)* g(i+k}=(M-i-l)B(Id-1, (4) 

rile M- nonHoe qncno aneMeHTon, yMemaroW.HXCSI Hall wnpoKHM oKHOM M)'1lbTH

~neKcHofi J1HA$pai'Mbi MIIJ 0 a CHMDOJl . * 0603lllltJllCT oncpaUHIO KOppC.JISIUIIJI 

g(ih g(i+k) ='f g(i)g(i+k) (5) 

BMecTo npHBbi'IHOii KapTlUibi anepreTII"'CCKoro · pacnpe)lenemu1 ttaCTHU. · 

f( I) I nonyqaeMofi nenocpellCTBCHHO B Tp81ll:IUHOHHOM cneKTpOMCTpe, B MYJlbTH-

~ nneKCHOM cneKTpOMCTpC H86JIIOilllCTCSI ee l:IHTCI'p8J1bHhiH o6pa3 

H (i)=f(i)* s (i)+n (i), 
. I ~ I ( 6) 

. KOI'Il8 Hllll OKHOM p8Cll'OJ18I'8CTCSI nepBh!H pS!Il Bh!pC30B0 II 

H (i)=f(i)* s (i)+ n2 (i), 
2 -

KOI'.Q8 llall OKHOM paCllOJIO:lKCH BTOpOfi pS!Il Bh!pC30B, 31lCCb n I (i) II n 2 (i) 

$OHOBh!C OTCtJCThl B KB:lKilOH H3 9THX llBYX cepHfi II3Mepemri1, 

( 7) 

TipellMCTOM Ha6moi:teHJISI B MynhTHllneKCIIOM CllOKTpOMCTpe SIDJISICTCSI 

6HllOJIS!pHllSI «lJyHKUIISI 

Ml(;) H~(i) -H
2

(i), ( 8) 

KOTOp8SI nonytJaCTCSI llpH Bbl"'HTSHIIH. pe3yJ1hTllTOB II3MOpOHIIH BTOpOI'O Ollb!T8 

N
2 

(I) H3 pe3ynhTaTo~ JI3Mepemm nepnoro onbiTa H 1 (;) npH KS>KilOM nono

menHu llO.QBII:lKHOM llH8$pai'Mbi l1M, 381l8BaCMOH HllllCKCOM i, 

Tiony"'CHHYIO «lJyHKUHIO i'!.H(I) llO.QBepraiOT BOCCTllH8BJ1HB8IOUiefi o6pa-

6oTKe nyTeM npoBe)leHHSI onepaUiflf KOppenSIUiflf «lJyHKUIIU i'!.H( i) C «lJyHKUHefi 

g ( i), 0KOH"'8TCJlbHbiH- pe3yJibT8T OllbiTa llOJIY"'llCTCSI no CJlCilYIOIItCMY 8J1I'OpiiTMy:. 

f(i)= 1 [t'!.H(i) * g (i)+ 'k!!.H(i) * g (i)] +i'!.v(i). 
M +I I 

(9) 

9 



......... 
• "<-·· ... 

DpH aToM <jloHbBaH KoMnoHeHTa llv(i) ocna6nHeTcH B yM 'pas no cpaBHeHHro 

C TGM <jloHOM1 KOTOpbiii Ha6moJlaGTCH B TpaJllfUifOHHOM MarHHTHOM CfiGKTpOMGT-

pe B Tex ~e ycnoBHHX • 
. )· .. 

EcnH ay~Ho ocna6HTb myMbi C'lGT'lHKa,· To· MynbTHnneKcHyro l:tHa<jlparMy 

MIIJ .If noJlBH~Hyro JlHa<jlparMy l1M c MynbTHnneKCHbiMH BbipeaaMH pacnona

raroT Hail C'lGT'lHKOM, 

n H T e ,p a T y p 8 
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