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8KcnepHMeHTanbHO aa5moAaeMhie cneKTpanbHhie pacnpeAeneHHSI oTo5pa

lKaiOT HCTHHHhlfi ·cneKTp BCei'Aa B HeCKOnbKO IICKalKeHHOM BRAe. CneKTpanb

Hbie nRHHH pa3Mh!B8!0TCSI1 KOMITOHeHThl Ay5neTa CnHBa!OTCH, f1pll IICITOnb30Ba-. 

HIIH C'leT'IIIKa 'l8CTIIU 1 HanpRMep I'8MM8-KB8HTOB 1 B03HHK8!0T WYMbl H3-3a 

cTaTHCTH'leCKIIX ¢nroKTyaunfi. Bee aTo aacTaBnSieT aKcnepnMeHTaTopa o5pa~ , . . 
5aThiB8Tb IICXOAHhJe A8HHbie 1 C TeM 'IT05hi nony'IHTb OTHOCHTenbHO "IICTHH

HY!O~ IIH¢0pMaUH!Oo 

3AeCb ,Rcnonb3YIOTCSI paanR'IHhJe MeTOAhi, Ha cTaAHH nepBII'IHOfi o5pa-

5oTKII H3MepeHHhlfi ClleKTp B BHAe I'IICTOI'paMMhl ITOABepi'a!OT CI'na)KHB8Hill0 1 

·yAanSIIOT ¢oHOBhie co5hiTHSI, IToTOM npoBOASIT aaanR3 1 Rcnonb3YSI AnSI aToro 

onpeAeneHHyro anpRopHyro RH¢opMaunro. 8To Rnn npeAnono)KeHRe o 'IRCne 

nnanfi B MynbTHnneTe, Rnn AonyweHne o nnHefitiaTo.fi CTpyKType cneKTpa, nnn 

. )Ke llPYI'H9 I'HllOTe3h!, f1 Olli'OHKY BellyT C ITOMOII!b!O M9TOAa MaKCIIMyMa .npaB-

AOITOA05HSI, Bbi50p Han5o,nee BepOSITHOI'O BHAa Cll9KTpa npOH3BOilHTCSl .Ha OC-
. . 

HOB9 CTaTHCTH'leCKHX KpiiT9plleB COI'naCIISl, f10A05Hhl9 MeTOAhl xapaKTepf1-

3yiOTCSl TeM, 'ITO Ha CT8AIIII o6pa50TKII SlBHO Hnll KOCB9HHO HCITOnb3yeTCH 

aripnopHaSI RH¢opMaUHSI. KpoMe- aToro, BcerAa oKa3hiBaeTCSI HeKOHTponRpye

MhiM llpOH3BOn 1 CBSl38HHbifi C 'BblABH)KeHReM TeX Hnll IIHhiX anpiiOpHblX r:_HITO

Te3.o 

KpoMe ·Tainx npneMOB o5pa5oTKH cneKTpa, cywecTByeT MeToA aHanRaa 

"Cbipofi" cneKTpanbHOfi IIH¢0pMaUIIII 1 KOTOpblll ¢aKTII'l9CKII He Hy)KA89TCSl B 

npHBnetieHIIII KaKOfi-nR50 anpROpHOfi IIH¢0pMaUim, - 9T<;' TaK Ha3biB89Mblll. 

¢ypbe-ani'OpiiTM, C ei'O ITOMOWbiD ll8HHbie o5 IICTIIHHOM cneKTpe II3BneKa!OT

CSl H3 "CbipbiX" 9KCnepRMeHTanbHhiX AaHHhiX HaH5onee ecTeCTBeHHbiM nyTeM, 
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¢yp~e-a1II'Opll'rM CT811 llCII01Ih30BaTbCSI B CIIeKTpOCKOIIllll cpaBHllTe1IbHO HeJlaB-
•• ' w • • .[ 

HO, f1epe1IO~Hhlll ,MOMeHT H8CTyiill11 IIOC1Ie TOI'O, KaK B CllCTeMe MaTeMaTll

'leCKOI'O o5~CIIe'leHllSI 91IeKTpOHHO-Bbl'lllC1IllTe1IhHb!X M8IllllH 5bl11 paapa5oTaH 

~1IDOpllTM 5biCTpOI'O IIpeo5pa30B8Hll£! ¢yphe, II03BOrlSIIOII!llll Cyii!eCTBeHHO COK-
J • • . - • 

paTnTh Heo5xoanMoe MaiunHHoe BpeMSI. B Han5onee Tnrrn'lHhiX cny'laSix aocTn-. . 
I'aeTCSI Bbliii'pb!Ill B CTO paa, A1II'OpiiTM 5b!CTpOI'O C'leTa MO)I{HO BHe.UpiiTh 

5e3 KBKllX-1IU50 38Tpy.nHeHIIll Ha 1II050H,91IeKTpOHHO-Bbl'lllC1IllTenbHOfi M8IllllHe, 

Bcro.uy, r.ue rroaBonSieT· .nornKa sKcrrepiiMeHTa, uenecoo5paaHo_ BBe'cTn rrpe.u

BapiiTenhHYID o5pa5oTKy CIIeKTpa MeTO.UOM 81II'OpiiTMa cl>yphe II 1IIIIll~ IIOC1Ie \ 

9TOI'O rrepeXO.UllTh, eC1Ill IIOTpe5yeTCSI, K IIOJli'OHKe MeTOJlO~ MaKCllMyMa IIpaB- · 

Jl0IIO.U05USI, -~-, 

05naJlaSI O.UHOBpeMeHHO .UBYMSI BB)I{Hb!Mll .UOCTOllHCTBaMll - OTCyTCTBlleM 

:cy5'heKTllBHOI'O I1pOII3B01Ia ll !jlll3ll'leCIWH ~pOCTOTOii "":. 9TOT .a1II'OpiiTM o5pa-. 

5oTKII crreKTpa rrpno5peTaeT _Bee ·5onhwyiO' rionyiiSipHoCTh. Oc~5hiM BHHMaHneM . . ' 

9TOT 81II'OpHTM II01Ih3yeTCSI ?Pellii TeX IICC1Ie.UOBaTe1Ieii, KOTOpbie .HOBCeJlHeB-

HO CTa11KllB8lOTCSI B CBOell pa5oTe C He05XO.UIIMOCThlO 5biCTpOii II !jlii3ll'leCKH 

Hai'1ISI.llHOll pacrun!jlpOBKII CIIeKTpOB H1IH 8H81IOI'll'lHbiX CIIeKTp81IhHb!X COOTHOille-

·HUH, 

•t 

§2 

Harior\HiiiM, 'ITo rrpeo5paaoBaHneM ct>yphe HaahiBaeTcSI rrepexoa oT ucxoa;.. 
• ' • • ' I 

H.oii !jlyHKUHH' f (~) ~ e!3 ¢yphe-o5paay,. paBHOMy, rio orrpeaeneHniO, . ' 

F(w')= Jf(xfe-icux ~x. (2.1) 

05paTHOe IIpeo5pa30B~Hlle, IIpll KOTOpOM COBepmaeTCSI IIepeXOJl OT !jlypbe-o5-

paaa F(w) K rrpoo5paay, T,e, K HCXO.UHOH !jlyHKUllll f( x) , 38IIllCb!BaeT- · 

CSI B BH.Ue . : 
· 1 leu x . 

f( x) = -- f F ( w ) e : d ·w •. 
2rr · (2.2) 
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f1peo6paSOB8HHe ¢ypbe S!BllSieTySI ~HH~il:Ho,il: onepaUHe.il: OTHOCHT9llhHO HCXOll

liOH 4JyHKUHU H ?6lla)l89T· Cll9llYJOIUHMH ~BOfiCTB8MH,, 

EcnH 4JyHKUHJO_ . f( x) CllBHHYTh Ha BellH'IHHY 11 x , TO 4Jyphe-o6paa 

HOBOH ¢yHKUHli . f(x-flx). paBeH. 

~[f(x-flx)l=Jf(x-flx)e-lwxd~=e .:..;wflx ~[f(x)]. 
(:;1.3) . 

,, 
3aech onepaTop.Hbiil: cn:MBOn !f o6oaHa'laeT npeo6pa3oBaHn:e ¢yphe n:nn: 

4Jyphe-o6pa3, , T,e. npOllYKT 9TOil:. onepau'n:H. 

ITpH Ha6nroaeHnn cneKTpoB perucTpupyroTcSI Bceraa 'IHCTo neil:CTBHT~llh

Hbie BellH'IHHhi, IToaToMy oTpHUaTellhHhie 'laCTOThi w< o He HecyT HliKaKoii 

JlOnOllliHT9llhliOH HH¢0pM8UHU .H MoryT 6b!Th OT6porn.eHbi, l1 CXOgHyJO ¢YHKUHJO 

f(x ) MOlliliO XapaKT9pHSOB8 Th, ee MOM9HT8MU, f1 0 onpell9ll9ijHJ0 0 • D -hiM 

MOMeliTOM. m n 4JyHKUHH f(x') H83biBaeTCSI .B9llH'IHH8 

m =fx 0 .f (x)dx, n =0,1,2, ... 
n. 

paBeH CpeaHeMy 3H8'19HHJO 4JyHKUHH . f (x) 

npuHnMaeTCSI anech paBHbiM ennHHue, MoMeHT n~pBoro IIopSI.llKa 

m =Jx f(x)dx 
I 

.... 

(2.4)' 

, KOTopoe 

paBeH KOOpllHH8Te UdHTpa TSillieCTH CH~Halla f(x) 0 a MOM9HT 'BTOpOrO 

riopSia~a· onpenenSieT an:cnepcnro cnrHana n:nH cpenHeKBaapaTH'IHOe OTKllOHe-

HHe U , f1 0 ·onpe)lelleHHJO, . 

2 . 2 . 
C1. = f (x -x 0 ) • f ( x) dx , ·. 

= m -m 2 , 
2 

•. 

(2,6) 

(2.7) 
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Teop~Ma .MOMeHTOBI ·CBH3biBaiOIUaH 3Ha~eHHH ._npoH3BOAHbiX OT · 4Jyphe-o6pa.aa · 

F( w) no "qacToTe w npu Hyneaoil "<IacToTe w = 0' 1 • ~nacuT: 

(2,8) 
m 1 d °F(O) _ , 0 = 0, l, 2 ••• ,, , 

(-i) n- dw .n. n 

··, ." 

c!>ypbe-o6pa3 A9llCTBHTenbHOll_ tPYHKUHH f ( x) npeACTaBneHHblll B BH-
ge 

F { w ) = A ( w ) e j ¢ <w > 

(2.9) 

o6nagaeT cnegyiOI.UHMif CBOHCTB8MH 

.A(w )=A(-w ), 

¢ <~ >·-¢<-~> .. l . (2.10) 

Mogynb 4Jypbe- o6paaa geiJ:cTBHTenbHoil.4JyHKUHif HBnHeTCH ."<IeTHoil tPYHI{uueii. 

w 1 ·a 4Jaaa 4Jypbe-o6paaa ·.. ¢ (w) - He"<IeTHoil tPYHKUueiJ: w 
1 

TaK 'ITO 

BC9f'Aa 

•¢ (O) =0.: . 

(2.11) 

MoMeHTbi nepBbiX nopHAKOB qiyHKUHH f (x) CBH3aHbi co sHa'Ie)IueM 
. "' : I·, . . . 

. HaKnoHa',KpusoiJ: rp(w) u KPHBU3Hoil Kpuaoil A(w). 4Jypbe-o6pasa F(w ). 

A HMeHHo': 

x = - d¢ <o> • = rn ~ 
o dw (2.12) 

a 

J ll {oJ [J c/Jto)1 2 

Jw?. - O(i;;J . 
• (2.13) 

r¥Jz=- ii 
2
A(O_) , 

dw 2 j 

. 'Z ,_ 

() == ·rn'l..- rn, ::: 

B c~:~ny 'IeTHOCTif 4JyHKUHif A (w ) BCef'ga HMeeM 

dA(O) 
-"--'--- = 0. (2.14) 

dw 

6 



"· §3 

Ocaoaaoii: xapaKTepHCTHKoii: cneKTpa.ribaoro npH6opa smmieTc;~' KPH.BaSI 

paspemeHHSI, HnH liJyHKUHSI cneKTpanhitoro OKHa. CHrHan a liJopMe cneKTpanb- . 

HOI'O OKHa llOSIBnSieTCSI Ha Bh!XO.Oe Cll9KTpOMeTpa, ecnH .. Ha BXO.O llOCTynaeT 

o.oHHOtJHaSI 6ecKoHe'IHO ysKaSI n~HHSI. KpHBYIO cneKrpanhHoro oKRa o6oaHatJa

IOT qepes ~(x ) • q To6hi o6pa6oTaTb "Cbipoii"'. cneKTp, Tpe6yeTCSI B o6rueM 

cnyqae H3MepHTb KpHBY"lO paapemeHHSI g( x) HecKonhKO noame cTaHeT 

HCH0 1 'ITO napaMeTpb! HepacruenneHHOI'O .oy6neTa o<ieHb '!aCTO MOmHO ycTa- . 

HOBHTb H He 3HaH $yHK.UHIO ,g(x). 

EcnH Ha axo.o cneKTpOMeTpa .nona.oaeT ·H3ny'leHHe co cneKTpOM f 0 (x), 

TO Ha ei'O Bh!XO,Oe Ha6nro.oaeTCH CHI'Han 

~ =J.f 0(~) g(x-~ )d~ = f
0

(x) ® ·g(x). 
....__ ___ ____.. <3.1 > 

nro6oil: 6eCKOH9'IHO y3KHM yqaCTOK cneKTpa 'aoa6ym.oaeT Ha Bh!XO,Oe CHI'Han, 

COBlla,OaiOIIIHM C KpHBOii paspemeHHH g(x) CKna.ObiBaHCb C BeCaMH f lo;) 

H HCllb!Th!BaH COOTBeiTCTBYIOII!He C.OBHI'H no ~ 1 STH KOMllOHeHTbl B CYMMe 

o6pa3yiOT CHI'Han ·f(~) (3,1), 11HTerpanbHaSI onepaUHSI (3.1} ~a.o .OBYMSI 

qiyHKUHHMH f 
0 

t xJ H g t x) Ha3hiBaeTcn caepTKoii. HaH6onee Ba)I{Hoe caoii

CTBo· onepauHH · caepTKH BhipamaeTCH cnenyJQmeii TeopeMoii:. 

·T eo p t M a: 4Jypbe-o6paa F( w ) caepTKH f(x) · . nayx liJyHKUHii, f 0 ( x) 

H g(x) . , paae_a npoH3BeJleHHIO 4Jyp~e- o6paaoa F 
0 

(w) H G (w) HCXOJlHhiX 

liJYHKUHii.· 

Q 6 paTH a g . ,T e 0 p eM a:. llpOH3B9.09HHIO HCXO.OHhiX <iJy!-KUHH f O (x) 

H g(x) cooTBeTCTByeT onepaUHH caepTKH 4Jyphe-o6paaoa. F 
0 

(w) H G (w) STHX 

liJyHKUHii, 

·IlpHMep~ CaepTKa-.oayx <PYHKUHH raycca paaHa <PYHKUHH raycca 

· (3.Z) 

. C napaMeiTpOM 

(3.3} 
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CnehcTB.IreM TeopeMhi 'o caepTKe SianS!eTcSI ·cooTHOIIIeHne 

· -·lwx 

Jf)x)£
2 

(x)e . l ) dx=- f F (w- u) F (u d u. 
. . 2rr 1 2 (3.4) 

";( 

': 

§4 

fiepBb!H: IIIaf' B o6pa60TKe CJlO>KHOf'O CIIeKTP~. COCTOHT. B rrepeXO,[(e dT 

Ha6monaeMoro crreKTpa f ( E ) k ero ~ypbe-o6pasy 

F(w) =ff(E)e 
-!wE dE, ( 4.1) 

.rne E - sHeprj-s.J-~MM_?-KBaHxa, ~,. - "sHepreTHttecKaSI". ttacToTa._ PasMep

HOCTb ee paBH\[w )) = pai:maH/S~eprH~, B MH~f'OKaHaJibHOM . aHaJIH38 T()pe 

crreKTP, . f( E) SIBJI.SieTCSI. ~YHKuneH: ,HOMepa KaHana. Torna E HMeeT pas:-:. 

MepHOCTb [E) KaHarr, a~ pas~epH()CTh lw j = pa,nnaHIKailan. C rroMOIIIhlb 

~yp~e-anropHTMa peiiiaeTCSI sanatta HAeHTH~HKaUHH JlHHHil: CJIO>KHOf'O.f'aMMa~ 

CII~K Tp.a, .HX IIOJlO~eHHSI H HHTeHCUBHOCTH, . f1 OJIHb!H: · aHaJI~3· MHOf'OKaHaJlhHOf'O · 

C!IeKTpa · C 'iHCJIOM' KaHaJIOB N =;' 4096 H COTHSIMH . cneKTpaJihHb!X JlHHHil: Tpe-

6yeT -~cero OKOJIO 5 MHHYT MalllHHHOf'O apeMeHH Ha 3BM THIIli B3CM-:6 HJIH 

CDC-:-1604 :...A. 
06pa60TKa ,[(aHHbiX MHOf'OKaHaJibHOf'O cneKTpOMeTpa B~AeTCSI B CJienyro-

, ~ . . ' . ' ,' 

IIIeil: IIOCJ18UOBaTeJibHOCTH: 

v 1) cnna>KHBaHHe crreKTpa c uenbro ycTpaHeHHSI cny:qaH:HhiX ~nroKTyaunil:, 
.. ,_ ' . ' ' ' ' 

2) Bhl'iHTaHHe IIOCTOSIHHOf'O ~OHa, 

3) peannsaunSI caepxpaspellleHHSI a pasneneHnri' TeCHhiX ny6neToa, 

4) O!IpeneneHHe' IIOJ;tO>KeHHSI H HHTeH_CHBHOCTH CIIeKTpaJihHb!X JlHHHH, 

CrJia:>K.HBaHHe C!IeKTpa OCyiiieCTBJISieTCSI C IIOMOIIIblO MeTO,[(a, IIIHpOKO 
' . ' . ' . 

paCIIpOCTpaHeHHOf'O B TeOpHH CBSI3H ,[(JlSI•OT,[(eJieHHSI IIOJ183HOf'O CHf'HaJia OT 

IIIyMa, 3TOT MeTO,[( !IpHMeHHM TOJlbKO B TOM· CJiy'iae, eCJIH ~YM SIB.JISieTCSI 

annwrHBHhiM. CoaceM npyrnM KnaccoM myMoa SIBJISieTcSI, JiarrpnMep, MYJihTH

rrnnKaTHBHhiil: lllyM, Bhi3BaHHb!H: cnyqail:Hb!MH HeKOHTpOJIHpyeMb!MH BapHaUHSIMH • 

KuS~~HUHeHTOB yc~JieHHSI KaHaJIOB B MHOf'OKaHaJihHOM aHaJIH3aTOpe, 

8 
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npeACTaBHTb KaK cyMMY 

f(E) = s (E)+ n (E), (<1.2) 

rAe s (E) - HCTHHHaH c_neKTpanbHaH HHc!JopMaUHH1 · a n (E) - myM, B raMMa~ • 

cneKTpoMeTpe myM 'o6ycnosnen' s ocnosJtOM cnyqaii:JtbiMH c!JmoKTyaUHHMH ·q~c-
na OTC'I9TOB. B KaJtane 1 a TaK)I{9 lt9KOTOpbiM CpeAHHM ,yposHeM no·Mex,' cllypbe-

o6pa3 F (w) CHI" Han a f (E) MO)I{HO npeACTaBHTb B BHAe 

· -!WE . 
F(w)=ff(E)e dE:S(w) +N(w), (4.3) 

rAe S(c.J) 

B9HHO, 

H N(w) - c!Jypbe-o6pa3bi CHI"Hanos s(E) H 11(E) . , <?OOTBeTCT-

OnpeAenHI?IIlHM noKaaaTeneM ac!Jc!JeKTHBHOCTH AaHHoro MeToAa yqTpaHe-

HliH myMa ·n(E) ':gsnHeTCH paanH'IHe Me*AY .. c!JyHKUHHM~ S(w) u N(w). 

CHrnan ·H myM Aon*ltbi pacnonaraTbCH s paanH'IHbiX. 'lacTOTHbiX yqacTKax 

BAOnb .ocH w • B HAeanbHOM cnyqae cHr.Jtan-;s·(w ) . H myM N ( w') soo6..:. 
. . 

me Jte AOll)I{Hbl nepeKpbiBaTbCH B KOOpAHHaTaX W • 

B ·raM.Ma-cneKTpoMeTpe cymecT.syeT onpeAeneHHOe paanH<lHe Me*AY 

c!Jypbe-o6paaaMH cHrHanos S(w ) .H N (w) • · 3To paanH:He si.IasaHo TeM, 

'ITO Ka)I{AaH cneKTpallbHaH liHHHH 3anonHH9T 1 KaK npaBHl101 HeCKOllbKO Kalla

' noB aHan!iaaTopal B peaynbTaTe qero c!JyltKUHH S(w) cocpeAOTO'IeHa npeHMY-
\ 

mecTseHHO s o6nacTH ltH3KHX qacToT w • B npoTHsononO*HOCTb c!JYHKUHH 

S(w) 
1 

uiyM N(w) 1 Bbi~Baltilblii c!JnroKTyaUHHMH •mcna coc'IHTaHHbiX ~raM.
Ma.:;,KBaltTO:B; 'nonasmHx J3 OllHH ·Kanan, o6oramen BbiCOKHMH qacToTaMH w 

s 6onhme:ii cTene~H:;. 'I eM S ( w ) •. 

J1CXOAH H3 onpeAe.neHltbiX KpHTepaes ycTOii'IHBOCTH OTBeTa 1 MO)I{HO Bbi.6-

paTb TaKyiO '¢HllbTpyromyro ¢YHK~IHIO··~P(.w ) I KOTopaH ASCT crna:lKeHHbl:ii 

cneKTp
1

1 0'1HIIl9Hltblii: ,_B, onpe.neneHHOii CTeneHH OT c!JniOKTyHpyiollle~ KOMnOH9H

Tbl n (E) • B npeAene rionyqaeM · 

. . ICtJE 
s(E) .. LJF(w)P(w)e dw •. (4.4) 

' 277 . 
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KaK.npaBiino, !fmnhTp P (cq) ), ·, nponycKaeT Hli3KI{e;, saepreTH,'!eCKHe. 'laCTOTbi 

w 11 no'!TH nonaocTbJO "aapeaaeT" Bh!COKHe saepreTI{~ecKHe 'lac~OTbi, Ilpa:-

BHna Bht6opa onTHMa~Hofi 4JopMbi. crna}KHBaJOIIIero .4JHnbTpa P (w) eme. oKoH

'l,aTenbHo ae paapa6oTaHbi, 

Y cTpaHeHHe cpeaaero ypoBHSI 4Joaa B cnyqae Ha6nroaeHH sr nHHefiqa Toro 

cneKTpa ocyme~TBnsrroT, B mKane_,sH~pr;HH- E IWH HoMepa.· Ka.tiaria •. BepyT 

crna}KeHHblll cneKT~ H. npOBOL(SIT nnaBHYJO KpliByJO,. J1POXC?LtSIIUYJO 'Iepea CaMbie 

rny6oKHe li. tJeTKHe MHHHMY~hi CI'!Ja}KeHHoro cneKTpa, CymecTBYJOT HeKOTophie 

cpaBHHTellbHO npOCTbie. KpliT.eplili· llpOBeLteH!'ISI 9TOll, kpliBOll, 

§5 

I1Lteli o TaK·. Ha3biBaeMhiX CBepxpaapemaromHx cn:cT~Max Bceraa Bbi3biBa

nn: npn:nn:B OITTHM!i3Ma y K8}KL(QI'O 4Jn:an:Ka-9KCITepn:MeHTaTopa, 0LtHaKo· •O'leHb . 

'!acTo noao6Hbte· npeano}Kean:sr, 6yayqn: noaBepr'ayThi LteTanbHOMY aaa-~n:ay, 

oKa3hiBanHcb Mn:palliaMH nli6o Iia-aa omn:6o'IHOCTH caMofi. liLt en:', nn:6o .n:a-aa· 

HeBoaMO}KHQCTH ee peanH38Uiilio HeyLtliBHTenbH·o IT09TOMy, 'ITO 'IHTaTenb 6yLteT 

'• liCITb!TbiBaTh 'IYBCTBO pe'4JneKTOpHOll 6Ltn:TenhHOCTH, KOI'Lta Ha'!HeT 'IHT8Th 0 

CBepxpaaperl!~Hiili;', nonhiT~~MCSI LtOKa38Th,. 'ITO pe'!h. HL(eT 0 BITOnHe peanhHOM 

.: 

· LtOCTH}KeHHH noal:,mreHHofi paapemaromefi cnoco6HocTn: cneKTpoMeTpa npn: paa-. ··· .. ~ ~· . 
aeneHiili TeCHhiX KOMITOHeHT Lty6neTa. s;Bepxp~apemeHHe, 0 KOTOpOM 3LteCh 

nofiaeT pe'Ib', no cBoeii npn:poae aanoMHHaeT. cBep~paapemeHn:e, _·KoToporo 

LtOCTHI' .A. M·afiKenbcOH"B cBoeM. 3Be3LtHoM· HHTep4JepoMeTpe·, I1aiv1epsrsr pacn9-

no}KeHHe li KOHTpaCTbl HHTep4JepeHUHOHHhiX. nonoc, A. MafiKenhCOHY yaanoch 
. . . 

li3Mepn:.Th yrnoBhie paaMephi ·aBe3Lthi, : HecMoTpsr ila To, 'ITO Hli Toraa, Hli 

ceii<uic noKa 'IT? HHKOMY He yaanoch HenocpeLtCTBeHHO yBHLteTh nao6pa}KeHne 

K8KOH-Hn6ynh 3Be3L(bl B BHLte llliCKa, KaKliMli LtnSr HaC npeLtCTaJOT nnaHeThl 

COnHe'IHOll CliCTeMbl, Ha6nJOL(aeMble B He6onhiUOll TeneCKOIT, 

CTporo roBopsr, TepMnH "CBepxpaapeme'ime" oTnaaaeT Boo5me, ecnu 

c caMoro aaqa~a · no-n:HoMy cipopMynHpOBaTb 'aa)la.tiy o paapemeHnH cneKTpanh

HhiX KOMnoHeHT. KaK npaBHno, noll paapemaromefi · cnoco6HOCThJO noapaayMe

BaJOT oima napal'vieTp, xapaKTepnayromnii perncTpauHOHHyJO CHCTeMy, a nMeH-
' . . 

ao;' nonymHpnHy KpnBofi paapemeansr Ha nonyBhiCOTe, Ilpn STOM Mon'Iannao 

10. 
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npeJlnonaraiOT, ~To Kptmasr pa3peruean:sr npn:aa'Jlne2Kn:T' ~ OllHOMy,m!~nae onpe~ 
!. . . . . . . ' 

)leneaaoMy Knaccy tiJyHKun:fi, 'aanpn:Mep,· srBnsreTcsr raycco~ofi n:nn: nopeaueBofi, 
I. . . 

0JlH8KO. Ha npaKTHKe Kpn:BaSI paspellieHI:ISI peJlKO I:! MeeT TaKOe npOCTOe CTpoe-

' an:e, a no,~TciMy ee cneJlyeT xapaKTepn:soBaTh cymecTBeaao 6cinhlllHM qn:cnoM 

·. napaMeTpoB, qe~ o6bi'IHO nonaraiOT,· B ·. qacTHOCTH 1 Ba2KHOfi xapaKTepn:cTn:Kofi 
u • ' . ' • • • ~ • 

KpHBOH pasperueHI:ISI SIBliSieTC::SI CTeneHh' :aCI:IMMeTpH'IHOCTI:I,· 

noaTOMY B, CaMOM o6meM cnyqae Tpe6yeTCSI 3HaTh nOliHOCThlO BI:lll Kpl:l

BOH pasperuean:sr 1 ecnn: .XOTSIT npe.JlelihHO noriao o6pa6oTaTh ':'cbipbie" aKcne-:

pn:MeHTalihHhie )laHHhieo' Eonee TOI'0 1 KpHBYIO :pasperuean:sr B cny'!ae, ecnn: 

OHa I:ISMeHSieTCSI no cneKTpy 1 Ji8Jl0 I:ISMepSITh BO· BCeX ero yqacTKaX, l13Me

peHI:Ie I{'pn:aofi pasperuean:sr opraan:qecKn: BXOllHT B nonHyiO nporpaMMY SKene-. ' . ' ., ; . . 
pn:MeHTOB1 KOTOpasr Teneph Jl0~2KH8 COCTOSITh I:I3 llBYX HeSaBI:ICI:!MbiX '18CTefi: 

1 )~ n:sMepean:e _cneKTpa n: 2) n:sM'epean:e Kpn:Bofi pasperuean:sr. B pasnn:'IHhiX 

yqacTKax cneK~pa • 
\ ... 

· .. 
, ~K8:;}8HOI'I'f0-:-lflyphe-o6p~3 CBepTKI:l llBYX lflyH.KUI:Ifi paBeH 

'npon:sBeJleHn:IO lflyphe-:o6pasoB · n:cxoJlHhiX lflyHKUI:Ifi, Bpeo6pasoBaB Bhii)a.lKean:e 

(3.1 ) 
1 

cBsrShiBaiO'mee n:cTn:HHhifi .cneKTP f.. 0 (E) 1 Kpn:Byro cneKTpanhaoro 

pasperuean:sr g(E) H aa6niO)laeMhifi cn_eK'!'P f( E) · ·' nony'IliM 

. 'UC-J-~ 11t.1c 
F (w) = F (w ) • G (w ), · 

0 
(6.d' 

rlle · F (w) :lflyphe-o6pa_s n:sMepeaaoro cneKTpa, F (w) lflyphe~o6pa.3 o. 
n:cTn:HHoro cneKTpa·, a G (w >' · lflYJ:lhe-o6pas Kpn:Bofi pasperuean:sr 'cn~KTpoMeT-

pa. 

!1sMepn:B B 9Kcnepn:MeHTe lflyHKUHH F(w) n: G'(~) M02KHO aafiTn: 

. F,. 0 (~) • 3aJla'la CBOJln:Tcsr K nerKo BhJnonan:Mofi onepaun:n: )lenean:sr: 
~ . I ' 

· F(w) 
F (w.) = ----· 

0 G(w) · 
' , 

.··· (6.2) 

... 



.. 

. B o6meM. cny<Iae !f>yHKUHH F(w.) H G ( w) 'siBnSiioTCSI KOMrrneKCH03Ha'IHbiMH 
I 

tPYHK~HSIMH 9Hepi'eTH'leCKOii:. 'laCTOTbl · w ' . , !13 ( 6,2) BHJlH01 'ITO H3Bne'leHHe 

0 '1HCTOfi" HH!f>OpM8UHH 0 CIIeKTpe,C)lenaHO 6ea IIOMOIUH K8KOH-nH60 aiipHOpHOll 

HH!f>OpMaUHH H 6ea KaKHX.;.nH6o IIOJli'OHO'IHbiX orrepaUHH, Bonee TOI'O, B SIB

HOM. BH)le 3JleCb He IIOSIBH.nHCb TaK)Ke OI'paHH'ISHHSI Ha · paapewaroiUyiO CIIO

C06HOCTb CIIeKTpOMeTpa B pa3)leneHHH : .KOMIIOHeHT TeCHOI'O, )ly6neTa, 

cl>aKTH'leCKH H3MepeHHSI !f>yHKUHfi g( E) H f(E) corrpSI)KeHbiC IIOSIBne-

HHeM oum6oK H3MepeHHfi., 0HH-To H orrpeJlenSIIDT HCTHHHbifi rrpenen paapewaro:.. 

meil: crroco6HocTH. BHJlHO, 'ITO paapewaromaSI crroco6HoCTb Terrepb orrpeJle_; 

nSieTCSI He rronywHpHHOfi Kpm3ofi paapeweH.HSI g (E) , a rronHbiM MaCCHBOM . . . 
HHlf>opMaUlm 0 lf>yHKUHSIX · g(E) H f(E) , 'LJ:eM~JlOCTOBepHee 'OHH H3MepeHbl 1 

. . , I 

. TeM 6onee CnHBWHeCSI KO~IIOHeHTbl yJlaeTCSI o?ltapy)KHTb B CIIeKTpe. 

·Pe3IOMHpySI, MO)KHO CKa38Th 1 'ITO 3alla'la HaXO)K)leHHSI HCTHHHOI'O CII9KT-' . 
pa f (E) paapeWHMa rrocne BbiiiOnHeHHSI JlBYX He31;1BHCHMbiX 9KCIIepHMeH-o. . . . . . 
TOBo _1JepBblll 9KCIIepHMeHT 3aKniO'laeTOSI. B H3MepeHHH KpHBOll .. paapeweHHSI 

g( E), BTopofi aKcrrepHMeHT.- -~ uaMepe.HHH caMOI'O HccneJlyeMoi'o crreKTpa, 

Co~THoweHHe Me*JlY aaTpaTa~H BpeMeHH Ha 9TH JlBa aKcrrepHMeHTa Bbi6H

paeTCSI C IIOMO!UbiO H3BeCTHbiX MeTOJlOB rrnaHHpOB8HHSI 9KCIIepHMeHTa, .B cny-
1 ·. • . . . 

'lae, KOI'Jl8. KpHB8SI paapeWeHHSI HeCKOnhKO MeHSieTCSI rro' CIIeKTpy,. 38Tp8'1H-

BaeMble BpeMeH~ naMepeHHfi 5ynyT ~THoc~TbcSI rrpHMep~o KaK 1:1. 
, • I ~ 

B'oaHHKaeT ecTeCTBeHHhifi Borrpoc. o TOM, '!eM. *e B cyiUHOCTH orrpeJle-

1 nSieTCSI rrpeJlenbHaSI paapem.aroiUaSI crroco6HocTh, · rrposrBnSiromasrcg HaH6onee 

'l.eTKO IIpH HCIIOnb30BaHHH lf>ypbe-an!'OpHTMa, llnSI TOI'O 'IT06bJ HaRTH OTBeT, 

paa6epeM peanbHbifi rrpHMep. Ha pHc. 1. ·npeJlCTaBneHa T.HII.H'IHasr lf>yHKU.Hsr 
' ' , • • • y 

G(w) • T.e. lf>ypbe-06Ra3 KpHBOll paapeweHHSI g (E) • B o6naCTH HH3KH'x 

aHep!'eTH'leCKHX 'laCTOT w lf>yHKUHSI G (w) OTo6pa*aeTcSI JlOBOnbHO rrnaa

Hofi KpHBOH, 06bi'IHO. c yBenH'leHHeM .9Hepi'eTH'leC,KOH 'laCTOThl W .lf>yHK

·unSI G ( w ) yMeHbliiaeTcSI. TaKofi MoHoT~HHhifi crraJl rrpo)lon*a/Tc,s:r JlO Tex 
l . 

rrop, IIOKa He Ha'IHYT IIOSIBnS!TbCSI .liiYM.bi. 3TO IIpOSIBnSieTCSI. B cny~afiHbl~ Bbi6-

pocaX H Hepei'ynSipHOM BH)le KpHBOll, Opn eme. 6onee Bb!COK.HX 9Hepi'eTH'leC-
. . ' 

,KHX 'laCTOTax' aa6nro)laeTCSI MeJlne_HHbifi crraA. 3TOT yqacToK KpHBofi G ( w ) 
Ii:e coAeP*.HT HHKaK<;>fi rroneaaofi HH!f>opMaUH.H. · fpaHnua paaAena Me*JlY na

lf>opMaUHOHHofi o6nacTb~ 'Kp.HBofi G ( ~-) . n 6eabmlf>opMaunoHHofi o6nacTbiO 

"-, 
·\.,_ 
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' 
H8XOAiiTC51 I'Ae-TO B ii3llOMe ·KpiiBOll 1 KOI'Aa KpyToil: en art CMeHHeTCll Ha AOllliHy, 

3TOT l!3llOM paCIT0llQ)K9H · npH. HeKOTOpoil: 9HepreTn<ieCKOll '18CTOTe w max 

I1MeHH0
1 

9TO .3H8'1eHne 9H9pi'9Tli'I9CKOll '18CTOTbl 'onpe)lellHeT liCTFIHHy~. npe7 

nenb~Y~ paspeur'aromyro c~oc~6aocTb, 06bi'IHO ·~m ... ~ cymecTBeHHO npeBbiiUa

eT ;aa~elme aa~pr'eTn'lecKoil: qacTOTbi w
0

. , Koiopas:i onpe)lenHeTcSI s~qieK'-
THBHoil: nonynmpHHOil: l\ KpHao:il: · paap.eiiieHnSI g( E ) . Tipn ·aToM 

',' (6.3) 

0THOIIleHne 

' ~max 
.k=--

w (6A) 
0, 

MO)!(HO H83B8Tb K09cpcpiiUII9HTOM ITOBbllll9HliSI paspellleHIISI, llpHMSHSITb TepMIIH , • 

"cBepxpa~pellle~me" .. HeT a.irKa~oil: aeo6xollnMocTn, 

l1s CKaaaaaoi'o Bbu:lle cnenyeT, <iTo peanbHaH ·paapelllaiO·IIlaH cnoco6aocTb 

CITeKTpOMeTpa He 51Bll519TC51 K8KOll-TO ITOCTOllHHOll. Bellli'IHHOll, 0Ha cyllleCTBeH-· 

HbiM o6paaoM · aaBncqT · OT Mac:cnBa JlaHHbiX, OT ,; cTaTnCTHKH", HaKonneHHoil: 

B·xone li3Mepeanil: KPHBOll g(E) /nrili f(E) • no M~peHaKonne~nH 11 CT8TI!C;;, 

TliKii
11 

paspelll8l0IIl851 cnoco6HOCTb MO,HOTOHHO yny'llllaeT~~. TIIJii'IHH8 TaKoro 

pOCTa cp8KTii'I9CKOll pa3pelllSIOIUeil: CITOC06HOCTH. npH H9li3MeHHOll '<jJOpl\19 Kpli- , 

Boil: paapellle!insi g (E) o6ychoBneaa 1-eM, <iTo no M~pe yBenn'leHnSI Maccn:_ 
r , 

Ba' .naHHbiX ol-aocnTeni.Hbiii ypoBeHb illyMoB yMeHhlliaeTcSI, OllHOBpeMeaHo c 
' . ' 

9TIIM nponcxo.nnT yBelln'leHHe I'paHII'IHO~ sHepi'~Tn<iecK~ii 'laCTOThl u>max . ' . 

npn Hel!3M9HHOM 3H8'19HliH w· 
0 , T.e. nonyrunpnHhi KpnBoil: paaperueHnSI, 

/ • 3Ta 38KOHOM9pHOCTb. IT03BOll519T '19TKO H SICHO OX8p8KTepH30B8Tb B03MO)!(HOC

Tlli •38ll0)!(9HHble B. KO.Ej:KpeTHOM M8CCIIBe )laHHbiX1 KOTOpb!e 'nolly'llill . 9KCnepn-

M9HT8TOp, • 

Tio,no6Hbiil: 8H8llli~ ll0ll)!(9H CT8Tb HeOT'b9Mll9MOll CT8lllf9ll ITllaHHpOB8HliSI 

9KCnepnMeHT8, 3arta'la 38Klll0'189TC51 B TOM, 'IT06bi ycTaHOBHTb . peallbHOe' COOT-

II M8CC1iBOM ·SKCnepHM9HT8llbHbiX )l8HHb!X1 

. ' KOTOpb!e HCITOllh3YIOTC51 npH pacmenneHIIIi CllliB!UHXCll KOMITO~eHT ,nytmeTa, 'IT0-

6b! OCyiUeCTBliTb 'nnaHIIpOB8Hl!e 9KCnepHM9HTa, J1ei'KO BII)l9Tb 1 'ITO CHCT9M8 
I . . ·.· . 
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H3 cneKTpOMeTpa' H nony'I.JeaHOI"O Ha HeM MaCCHBa JlaHJihiX ilOC,THI"aeT CBOSI"O 

"no.TOIIKa" TOilhKO TOI"Jla; 'KOI"Jla, 3Ha'leJIHe w max 

CH .npH 'yliY'IllleHHH CTaTHCTHKH, • 

nepecTaeT yaenH'IHaaTh-

i 
0TMeTHM ·euie· OAHO HHTepecHoe o6cTOHTenhcTao, KaK npaaHno, tiJyliKUHH . 

G (w ) oKaahiBaeTcH cpa'aHHTenhHo ~naaHoii; 6ea oco6eaHocTeii~ A a To oana

'laeT, 'ITO onepaUHH JlelleHHli tiJyaKUHH. F(w) aa tPYHKUHIO G(w r . He' MO)KeT 

npHBeCTH K nOSIBileHHID JlOnOIIHHTe~bJihiX OC06eHHOCTeii .no cpaBlleH~IO C TeMH 0 

KOTOpble HMeJIHCb .B tPYHKUHHF(w) , I1MeHHO 9T~ CBOHCTBO ll03BOJ1HeT. YllOCTO

BepHTbCli B CyllleCTBOBaHHH llY61leTa H Jla)Ke ·HaUTH aaepreTH'IeCKOe pacruen

lletiHe, He SHaH AeTallbHOI"O 'noaeAeflHH tPYliKUHH G (w). 

OpoueAypa AeKOHBOIIIOUHH, T,e, paapellleHHe ypaBHeHHH THna caepTKH 

(3.1) c noMOIUbiO cooTHOllleHHH (6.2), H eCTb caM tiJyphe- anropHTM, BHAHO, 

'ITO I"Jl8BHhlM 3BeHOM BCeH 3aJla'IH CT8HOBHTCH. on~paUHH npeo6pa30B8HHH 

<Pypbe, 

Bee· CKa3aHHOe Bhlllle. - cpaBHHTellbHO H3BeCTHhie BeiUH, XOTH H pa36po

CaHbl a· pa3Hb!X HCTO'IHHKaX~ MeTOilbl pelllElHHli ypaBHeHI!:H. THna CBepTKH H 

Jlpyi"HX COOTHOllleHHH ycnelllHO npHMeHHIIHCb B. TeOpHH CBH3H H paAHOJIOKaUHH, 

PacnpOCTpaHeHHe 9TH X MeTOilOB. Ha. MepHyiO tPH3HKY CJlep)KHBallOCb Jlm{Tellb.:..,' 

HOe ·apeMH · no• 'IHCTO TeXHH'IeCKHM HpH'IHHaM, .lleno B TOM, '1;'1:0' onepaUHH Ha- , 

XO)I{JleHHH 4Jypbe-o6pa3a. cneKTpa, ~ KOI"Aa 'IHcno. KaHanoa AOCTHraeT 4096, aa

HHMaeT HeCKOilhKO 'laCOB MalllHHHOI"O BpeMeHH caMhiX 6hiCTpOJleHCTBYIOIUHX 

91leKTpOHHO-Bhi'IHCIIHTeJibHhiX MalllHH, OoaTOMy tPYPb·e-anropHTM 6b!Jl a6COIIIOT-. 

Ho HellOCTyneH · llllH PHilOBoro riccneAoBaTe~H. 

no5IaneHHe 6biCTporo anropHT":ia npeo6paaoaaHHH <Pyphe Ha· 3BM peaKo 

HSMeHHno CHTyaunro, H T~nepb HH'ITO ·He MelllaeT · 6hiCTpoMy pacnpocTpaHeHHIO 

U3JIO)KeJIHOI"O Bbillle tiJypbe~anropHTMa o6pa60TKH cneKTpallbHOH HHtiJOpMaUHH, 

§7 

. OepeiiAeM 'K 6onee noAp06HoMy paccMOTpeHHIO tiJypbe-anropHTMa, Paa-

6epeM HeKOTOpb!H HJleaJIH3HpOBaHHhiH npHMep, . B KOTOpOM, nOIIHOCTblO OTCYT"- . 

CTBYIOT tPIIIOKTyaUHH, a' pei"HCTpHpyeMhiH cneKTp HBIIHeTCli aenpepbl~~h!M, .Or-

paHH'IHMCH 8H8JIH30M HaH6onee npoCTOI"O CJiy'laH! KOI"Jla KpHBaH paapellleHHH 
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g..(E)HMeeT BHA 4JyHKUHH faycca, a ClleKTp COCTOHT H3 ABYX MOHOXpOMaTH

"'eCKHX nHHHfi OAHHaKOBbiX HHTeHCHBHocTefi, HanmK.eHHe ABYX 4JyHKUHfi Taycca. · 

. llpH pa3HbiX 3Ha"'_eHHSIX pacmenneHHSI Me~AY KOMllOHeHTaMR Jly6neTa RMeeT. 

BHA; llOKa3~HHbifi Ha. pRe, 2, EcnR pacCTOSIHHe .Me:lKAY ClleKTpanhHbiMR KOM-
. ' . . 
llOHeHT8MH MeHbllle llonylliHpRHbl KpHBOfi pa3pe!IIeHRSI1 TO Ha6moAaTenh YBRART 

· Ha ClleKTpe TOnhKO OAHOI'Op6yiO KpRByiO. 

ITycTh 3aAa"'a pa3pellleHRSI ~JlBYX KOMllOHeHT nonaocThiO pellleHa, R Mbi 

'HalllnR 4Jypbe-o6pa3 RCKOMOI'O ClleKTpa• 

(7 .1) 

a 3aTeM H caM miTHHHbifi cneKTp: 

. ··. · f . ililE 
f (E)=--· fF

0
(w)e dw. 

0 217 
(7,2) 

ITepBbifi lllar· 3aKniO"'aeTCSI. B -HaXOlKAeHRR F 0 (w) no R3MepeHHbiM 4JyHKURSIM 

l"(w) R G(w) • oTOT lllar B o6meM cny"'ae si8nSieTCSI Heo6xoAHMbiM. ITepe-

xoA · oT lliKanbr aaeprRH E K. lliKane aaepreTR"'eCKRX :.'IaCTOT. ·w . JlaeT 

cymecTBeHHbre npeHMymecTBa; Bo3HHKaeT aeo6hr"'afiHaSI ocTpoTa H. yJiHBHTenh'":' '' 

· H85I 4JH3H"'eCKaSI 'IeTKOCTh B paC!IIH4JpOBKe CnHBIIIRXCSI KOMllOHeHT Jly,6neTOB, 

LITo KacaeTcSI BToporo ·npeo6pa3oBaHRSI, ocymecTBnSIIOIUero :o6paTHbrfi nepe

XOA B !IIKany 3Hepi'llll C llOMO!llhlO (7 ,2), TO 3TO llpeo6pa30B8HHe, He SIBnSieT

. CSI HeOOXOAHMbiM, Ero. MOlKHO COBepiiiHT~ TOnbKO An.SI RnniOCTpaTHBHbiX uenefi, 

Hoao~ HHc}lopMaUHH. npn a.TOM ae B03HHKaeT.. ·--v 

Y6eAHMCSI B aTOM Ha npHMepe ABYX ·cneKTpanbHbiX KOMllOHeHT Jly6neTa 

pa3H9fi RHTeHCHBliOCTH, • cflyHKURSI f (E) RMeeT BRA (pRe. 3 }, , ·. . . . . .o 

f (E) =:A 8 (E-E +A 8 (E-E ), 
0 1 . 1 2 2. 

I'Ae A 
1 

'R A - · nHTeHCHBHOCTH KOMllOHeHT, a E 
~ ' . ~' 2 ' , • 1 

x:-nn raMMa-KBaHTOB. B KoopAnHaTaX ct>yphe nony"'aeM 

F(w) . · ·,. · -lwE · · · 
-. --. "' F ( w ) .,.., J e . f ( E) d E.= . 
. G(w )· . . o. ,• . , . o . ' 

=A e-lwE1-+Ae -iwE2 
1 2 
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(7 .3) 

n E 
2 

- 3Ha"!eHnSI aaep-

(7.4) 

( 



/ 

A5comoTHo~ aHaqeline cpyHKUHH F
0 

(w) 

(2n_:l) rr 
. (<) 

m·ln IE -E I 
1 . 2 

H MaKCHMYMbl IlpH 

2 OTT 

w =------, 
max IE ·-E.!· 

. l 2 

I".Qe n - uenoe 'IHCno, 

. . 
HMeeT MHHHMYMhl IIBH 

. ~ . (7 ,5) 
' 

·(7 .6) 

J1a (7 ,5) H (7 ,6) BH.QH0 1 'ITO paCCTOS!HHe Me)I{.Qy COCe.QHHMH MaKCHMyMa

MH' H MHHHMYM8MH onpe.QenSieTCSI BenH'IHHOH~pacmenneHHS! KOMIIOHeHT .Qy6ne-

Ta, E -E ·. 1 . 2 

PaCCMOTPHM eme O.QHy .xapaKTepHCTHKY KpHBOH 

KOHTpacT, KOTOpbiH B HallleM cnyqae (i~4-) paBeH 

A·2+AI 
npn A >A 

. l -:.• 2' 
y = 

A ·-A 
I 2 

F (w) 
0 

, a HMeHHo ee 

(7. 7)' 

TaKHM o6paaoM, Bee napaMeT.Pbi •.Qy6neTa, T,e, pacmenneHne no aHepi"HH H 

COOTHOIII9HHe HHTeHCll:BHOCTeH KOMIIOH9HT ri~nHOCTblO 3a.QaiOTCSI riOBe.QeHH9M 

a6comoTHOI"O 3Ha'l~HHSI•cpyHKUliH F (w). 
.. 0 ' 

f1opSI.QOK cne.QOBaHHS! cna60H H. CHltbHOH. KOMIIOHeHT OIIpe.QenSieTCSI cpaao-. ' ' ' ' ·, 

BOH qacThiO cpyHKUHH F0 ( w) • .UeliCTBHTenhH01 ecnn 

• icp (WJ 
F ( w ) = A

0 
( w ) e R. 

0. 

To B cnyqae .Qy6neTa (7,3) HMeeM 

I".Qe 

. '-iWEt' -IWE
2

· 
F (w )=A le +ae J, 

. 0 I 

a=~. 
-A 

i ~-.-~~·-·-·~- '· 

I. 
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(7 ,9) 

(7.10) 
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( 
npHHHMaSI ycnOBHO A I ;;, 1 ' . nony"'aeM 

(7.11) 

,~.. <" ) ( a- 1 w !l ) 'I' w =arctg -- tg-- -wE 
0 · a+ 1 . 2 · cp 

(7 .12) 

'll=E -E , 
1 2 

(7 .13) 

'(7.14) 

Oco6eaao HHTepecea cny"'aii, Korna a B9CbMa 6nH3KO !K 9llHHHU9.H nopst-

·noK cnenoBaHHSI KOMnOHeHT ycTaHOBHTb 0"19Hb TPYllHO, 3necb 

(7.15) 

· a-1 ~!l 
¢ (w;a"' 1) =--. tg---wE. · 

o . ' 2 2 . cp (7.16) 

t 

nponsBonaast'; oT tiJyHKUHH ¢
0 

(w.) · ~ · Hyne nacT cBeneanst o nonolKeHHH ueHTpa 

TSilK9CTH cneKTpanhHOI"O ny6neTa, B Hallie~ .cny'!Jae B COOTB9TCTBHH C (2,12) 

HM99M 

.. d¢0 (0;a."'l) -E · _a-1 !l 
- cp 4 (7.17) 

Eme 6o'n.'ee CHnhHYIO saBHCHMOCTb oT napaMeTpa 

naeT' B o6naCTH MHHHMYMOB tPYHKUHH 'F. 0 (w) , T.e. ·I"ne 

· \2n-lJrr 
n =1,2,3, ; .. (7 .18) 

min 

llocTaTO'IHO paCCMOTpeTb- n= 1 , T8K KaK BTOpoii MHHHMYM HHOI"ll8 

TOH9T B IIlyMaX, B6nH3H nepBOI"_O. MHHHMyMa . 
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,~ 

HI 

-~~.!!._ 
2 .. 2 

w/:1.' 
tg--~+ oo, 

2 -
17 

ciJ ~+-. 
--2. 

\ 

., 

(7.19) 

. ~ 

Ha pnc. 4, rrpnBe,~:~eaa aaBHCHMOCTb ljlyHKUllll cl>(w )~l..i.. (w) +W B. ] ·oT aaepre,-
. . . : . '~'o .cp 

Tnqec!{oii qacTol"bi w · ·: Bn,~:~ao, 'ITO aaaK Benn'IHHhi ( a-1) . Ka'leCTBeaao 
I ' · 

CK83bJBaeTCSI Ha IIOB9,1:19Hllll ljlyHKUHll ciJ ( W)' BOnH3H MHHnMyMa, Ha pnc. 4 

,l:laH cnyqaii. a> 1 , .3,~:~ecb ljlyHKUHSI" cf>(w) IIepe,l:l MHHHMYMOM IIOliOJKHTenb-. 

aa, a rrocne MHHnMyMa oTpnua TenbHa. 05paTHaSI rrocne,~:~oBaTenbHOCTb aa5mo

,~:~aeTCSI B cnyqae a< l. 

Ecnn A· ~A , TO ljlyHKUHSI cl>(w) 
1 . 2 

a Mo,~:~ynb 

F 0 ( w ) ~ A 0 ( w ) ~ I cos w 11_ I 
2- . 

TOlK,I:l9CTB9HHO OOpamaeTCSI B Hynb, 

I . 

(7.20) 

,~:~ocTnraeT B MHHHMyMe aaaqeltnSI, paBHoro aymo (pnc;· 5),. Peanb.Ho aa5mo

,~:~aeMaSI KpnBaSI F ( «> .) · nMeeT BH,I:l 

w2 E ,·2 

.4 
(7 ~21) 

,UeiiCTBHTenbH01 HCXO,I:IHbiH CII9KTp1 IIO IIpe,~:~rronOlK9Hlll0 1 pei'HCTpnpyeTCSI CIIeK

TpOMeTpOM1 KpllB8SI paaperueHHSI KOTOpOI'O paBHa 

E:2 

g (E)~e - ~ . (7,22) 

r,~:~e. ( - rrapaMeTp raycCOBOH KpllBOH, 4>yHKUHSI G ( w ) . T8KlK9 SIBnSieTCSI 

rayccoBoii 

W2(2 
-----

4 
G(w)~Ey'rr-e (7.23) 
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'· 
Y!s <7.21) BIUlHo, 'ITo nono~ean:e Mn:Hn:MyMoB <jlyaKun:H F 0 (w). (7.20) n: 

tj>yHKUlili 

F (w)=F (w )G (w) 
0 

; . 
II3. (7 ,21) COBII8Jl810T, 0TC10Jl8 cnegyeT B8)1{Hblll ,BhiBOJl! Kp!IB851 paspeiiieHliR 

cneKTpOMElTpa He Bnn:R~T Ha nonO)K8H!Ie ~UIHIIMyMa Kp!IBOH TcJw) 'IIIqTOI"O 

cneKTpa f( E) ; 3TOT BhiBOJl BepeJ! c ae6onhiiiliMli oroEiopKaMn: n: ll1IR o6-: 

mero cny'Ia51, Cn:nhHOe BnliRHlie .tj>yH~U~li lJ tw) CK83biBaeTC51 nn:mb. TOI"Jla, 
~ 'j *> >. ,. 

KOI"Jla napaMeTp cu 
' _ . - min 

1;3 peanhHOt1 9KCIIepn:MeHTe T8KOH cny'l:aii:, BCTpe'IaeTC51 peJlKO, ft.•, K~K IIp8Bli-

no, II8J?8MeTpbi, ny6neTa OIIpegenRIOTC,R. IIO IIOnO)K.eHli~ MliHliMyMa. KpliBOH 

~ 0 (w) n:nn: F(w). 

B cny'Iae, KOI"Jla A 
1 

=I A 2. , 3Ha'leHn:e tj>yHKUlili . A (w) . B Mn:Hn:MyMe 
• ; "'. . . 0 

,• OTnli'IHO OT Hyng, Be:.~ IIpOiiCXOJlliT IIO'ITli TaK )1{8~. K8K, B -~naCCli'Ie.CKO~ OII-

Tli'l9CKOH ,liHTeptj>epOMeTplili, PaccTORHlie .M8)K,(lY CII8KT,panbHbH~m· KOMII.OH9HT8MII 

gyt>neTa ~axogn:Tcg· no nono)KeHn:ro MliHliMYMOB Kpn:eon BHJlliMOCT!I n:HTep<!JepeH-. -· . . ~ ' . . . . ' . - . 
UliOHHbiX nonoc, a c;ooTHOIII8H!Ie M8)KJlY liHTeHCj!:BHOCTRMli OT,IlenbHhiX KOMIIO-

·aeHT onpegenReTCR Benn:'lliHOH KOHTpacTa, KaK li3B9CTH01 IIOJl06HyiO pacmn:tj>-

pOBKY HepaspemeHHhiX nHHn:ii: 'onTn:'l.ecKoro cneKTpa ~nep~hu3 'ocymecTimn B ·~ 
1910 r;· A. Maii:Kel!bcoa. CoBpeMeHHaR n:Htj>paKpacaasl: cneKo:....;·o~KormR I:P'ypbe, 

TaK )Ke, :KaK n: MeToll A.' Maii:Kenbcona, licnoi:ih~ye'T npeJl~Ta~neHu~- <Pypb~; 
CoBpeMeHHhie cn:cTeMhi xapaKTepn:syroTCR BeCbMa BhiCOKliM paspemean:eM n: 

OI'pOMHbiM K09!jJ!j>n:un:eHTOM !ICIJOnh30B8HII51 CB9TOBOI"O IIOTOKa, B HaCTORIUee ·. 

Bp8M51 CTp05ITC51 llH!j>pakpaCHbl8 CIIeKTpO~eTpJ;>I <l>ypbe C pa3M9p0M C06n:pa10- .' 

IU9I"O ·aepKana B 25 MeTpOB, 4n:cno nn:miii: OIITii'l8CKOI"O CII8KTpa,; KOTOpOe 

ynaeTCR ·paCl.I.Ilitj>pOBaTb C- IIOMOIUblO T8KliX CliCTeM, IIp8BbiCliT 250000,'. 

Ha pn:c~ 8 npn:BeneHhi Kpn:~~Ie· 
-lwE1 -lli.lE 2 A (w)=IA e +A e 

0 1 2 . (7 .24) 

.. 
. gng pasnn:'IHhiX pacmerinean:ii: 'gy6neTa n: C>THocn:Tenb:li;hiX n:HTeacn:aaocTeii: 
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l) . AE =-·:--4--l 
11,8 

2:. ) 

3) 

4 . 
~E=---E, 

ll,8 
-~ E =..;_6__ .. 

ll,8 l 

. a=p,5; 

a= 0,2; 

a=·0,3. 

TipoBeJleHHhie 9KCnepHM9HTbl C _paCWHcppOBKO:li I'aMMa-cneKTP5>B C nOMOlliblO 

cpypbe-ani'OpHTMa noKaSb,IBaiD·T, 'iTO acpcpe~THBHOe paspeweH~e nOBbiWaeTCSI 

npHMepHO B 20 pas, . 

TipHMep paCWHcppOBKH KOMnoHeHT Jly6neTa B I'aMMa-cneKTpe npH ~Hep
I'HH 724 H 750 K9B noKa~aH H~ pHC, 7, 8, 9, ·Pasperu~lOllUi~ 'cnoco6HOCTb 

, ., I , 

crieKTpOMeTpa COCTaBnSina ± 10 K~HanoB, in~ ± 34 KaB. Ha PHC. 7: npHB9JleH 

saperHcTpHpOBflHHhiii cneKTP f(N) • Ha pHc. 8 - KpHBaSI paspeweHHSI g(N ), 

HSMep~HHaSI aKcnepHMeaianbHO npn perHcTpaUHH OJlHHO'iHO:li raMMa-nHHHH~ 

Ha pHc. 9 .JlaHa KpHBaSI A (w) ~ HanH'iHe SipKo Bbipa:>KeHHOI'O OJ:lHllO'iHOI'O 
. . . . 0 ' ' ~ ( 

MHHHMyMa JlOKashmaeT cymecTsosaaHe • ny6neTa, PacmenneHHe ·· ./1 =(27 ,3± 

+ 2,0} K~B. To'iHO~Tb HSMepeHHSI a;oro pac~enneHHSI npHMepao B 20 pas -. ' ' : . . 

nyqwe i-no6anbaoii pa;pewaiDme:li cnoco6aocTH cneKTpoMeTpa. 

B saKniD'ieHHe asTop Bbipa:>KaeT npHSllaTenbHOCTb. A.A. T5UIKHHy· sa 

,noneSHbie BbiCKaSbiBaH~SI H B.M. ay60BHKy, npenno~HBllleMy o~pofso~aTb 
' ' . . . . ~ . . . . . ) ... 

cpypbe~anropHTM B sanaqax pacmenneHHSI cnHBlllHXCSI "pesoaaacos". 

flnTepa Typa · 

1. • T, Inouye, T. Harper and· N.C. Rasmussen. Application of 

Fourier transforms to the af:!alysis of .Spectral data, 

Nucl. Instr. ·and Meth., 67, 1.25-1.32 (1.969). 

2. T.Inouye. The S~per Resolution of Gamma-Ray Spectrum, 

Nucl. Instr. and Meth., !iQ,. 224-228 (1.964). 

3. T. Inouye, N.C. Rasmussen. A Computer Method. for. the 

Analysis of _Complex .Gamma-Ray.··Spectra, Trans AJYS, 

1.0. No 1., 38-39 (1.967}. 

4;. H.P. Yule. Data Convolution and Peak Location, Peak Area, 
and Peak Energy Measurements in Scintillation Spectrometry, 

Annalytical Chemistry, ~- No 1., 1.03-1.05 (H{66). 
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5. · A~ Sa.vitzky and M.J.E. Golay. Smoothing and Differentiation of 

Data by Simplified Least Squar:es Procedures, Analytical 
. ~. . 

. Chemistry, ~ .MoB, ~627-~ 639 (~ 964). ·· · · 

6. T.Inouye, T.HarpeJ:.', N.C. Rasmussen. The Application ·of Fourier 

Transforms to· the Analysis: of Spectra Data, Trans~ ANS, ]:;1; 

·.No~. 4~5 (~ 96B). 

7 • . J.W.Cooley ~nd J.W.Tukey. An Algorithm for. the·Machine 

Calculation of Complex Fourier Serias, Math. Comput., .· ~9, 

No 90, 297-_30~ (~965). · 

.B. F;;_s t Fourier Analysis. Scientific American, 2l5, No4, .46 (~966). 
9. · M.L. Forman. Fast Fourier-Transform Technique and itS Appllca

.tion to Fourier..:.Spectroscopy, J~O.S.A., !I§ No 71 97B-979 (1.966). 

1.0. W.M. GenUem.an and G~ Sande. Fast FourJ,er Transforms for 
,. r • • 

Fun and I?rofit, 1.966 Fall Joint Computer Conferer1s AFIPS 

Proc., ~·fl53-57B. (~966). 

1.1.. B. Gold and Ch.M. Rader.· Effects. of quantization noise. in 

Digital Filt'ers, ~966 Spring Joint· Computer Conferens AFIPS 

.Proc., 2B, 2~3-2~9 (~966). 
1.2. T.G. Stokham. High-Speed Convolution ·and Correlation, Spring 

.· · JOint Computer Conferenc~, .AFIPS Proc.; ?!!._, · 229-233 (1.966). · 

1.3. A. Zackor . .'·Application of the·. Cooley-Tukey Algorithm. to 

Fourier· Spectrometry, J.O.S.A., .!i.§j No ~0, U~ advert~ (1.966). 

1.4. G.D. Bergland af1d H. W. Hale. Digital Real-Time Spectral 

Analysis, IEEE· Trans, EC-~6, No 2, ~BO-~B5 (~967). 

~~. JI?.O. Brigham, R.E. Morrow. Fast Fo,urier Transform, IEEE 

Spectrum, •.i;, ;No ~2, "63;;...70 (~967). · 

1.6. J, Cof1nes, P. Cannes~ Methc;x:Js de Calcul Digital, J. P hys., . ?.§..., 

No 3;;.4, Suppl., 57 ( ~ 967). 

i7. J. W. Cooley, P.A. W. Lewis and P.D. Welch. Historical Notes · on the 

:Fast Fourier Transform.· IEEE AU-~5, No2, 76-79 (~967}. 
~B. G.· Dumermuth and H. FlUhler. Some MOdern Aspects in 

N~merical Spectrum A~al~·is of Multichannel Electroenceph~log
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28. More Merrily (small computer for. ·large fast Fourier analysis), 
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MupoBet:1eHue, Ni.>3, 1 i-18 (19~2). 

''t 
,t'~ 

,,·,·· 



32. 'A.A. 38.6eJIHH~ K BOIIpocy oo' o6meii Teo pHil HHTeprjJepoMe.TpbB, :· Tpy/lbi 

' rou HM. c.u.· BaBHJipBa, T. XXIV , N92f46, 3-12 ( 1956). 

33. P. Cannes.· Un Nouveau.Type de Spectrometre: l'interferometr~ 
a reseaux, Optica Acta, b No4, 1.36-'-1.44 (1.957). 

34. L. Mertz •. Correction of phase Errors in Interferograms, 
. , . . 

Appl. Opt.; £, No 1.2, 1.332 (1.963). 

35. JT.cp. I1apLIIHH. ArroJlH38UHR B rjJypbe-crreKTpocKoUHH. 0IITHKa H crreKTpo-

. ,CKOIIHR, XIII , N95; 740-745 ( 1962). 

36. WIIBeJIII. IJIIr/Jp.OB8Jl. M8LII1IH8 JlJIJI IIOJiy'leHIIJI CIIeKTp8 B peaJibHOM M8CWTa-

6e BpeMeHH. 3apyoe)f(H8R p8/lH09JieKTpOHHK81 N92, 46-57 ( 1969). 

37. XaaBHHJl. Bbi'lHCJIHTeJibHoe o6op:yaoBaHHe, BbiiiOJIHHIOmee npeo6pa3o

B8HHe. cJ>ypbe B. pea~nbHOM MaCmTa6e BpeMeHH. 3apy6eJKH8H ·p811H09neK-

Tp0HHK8 1 N921 58-61 ( 1969). ., 
38. J.E. Hoffman. Real-Time Fourier Spectroscopy, Apf?l• · Opt., .§ 

I· No2, 323-327 (1.969)~ 
I 
i 39. N.Jacobi. Resolution and Noise in Fourier Spectroscopy,. 

J.o.s~A., .§!) No4, 495-498 (1.968). 

40. J. Cannes .and P.Connes. Multiplex· Spectroscopy of Pianets, 

Scienc~ Journal, 2, No4, 61.-63 (1.967). 

41. R.F. Edgar, B. Lawrenson, J. Ring .An' Optical A;;alogue F'ourie_r 

Transform'er, J. Phys., ~ · f'lo3-4, 73-78 (1.967). 

42. J.L •. Flanagan. Spectrum Analysis in Speech Coding. 

IEEE AU-1.5, No2, 66-69 (1.967). 

43. A.A. Michelson. Fourier Transform Spectroscopy (from "Light..:.. 

waves and their· Uses", University of Chicago Press,. 1.902), . . . 
. Appl. Oi?t., §. No4,· 692.,..693 (1967). 

44. G~A. Vanasse, H. Sakai •. Fourier-Spectroscopy, Pf'ogr. in Optics, 

· · Ed. E. Wolf., , V1.; ,259-33 0 ( 1. ?6 7} • . 

45. ·A.A. MaiiKeJibCOH. 11ccneaoBaHHR no· onTHKe, 

rocHS/l8T M.-n., 1932~ 
< ' 

I: 46. L. Mertz. Transformations in Optics.· John Wiley, .:1965. 

47. A.. Papoulis. The Fourier Integral and its Applications, Me Graw, 

1962. 

23 



48 •.. w.i-I.·Steel. Interferometry, .. Camb. Press. ( 1.967). 
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G(w) 

0 ·Cuo• 

PyKonucb nocTynuna B u3naTenbcKnfi oTnen 

6 anpenH 1970 rona. 

. A 

G(W)= ~[ 'i>·(E)] 

. •. 

·:-···"GJmax ... 

/· 

CJ 

Pnc.I •. Tnnn'IHbiil ann !jJyHKUHH G(w) , !jlyphe~o6pa3 Kpnaoil paapeweHnSI 
g (E) • 3Ha'!eHne aHep!'eTn'leCKoil 'laCTOThi w paa6naaeT" 

Kpnayro' G ( w ) Ha nH!jJopMaunoHHYJO u 6e3biH!jJ';;~~aunoHHYJO o6nac-
Tn. Benn'lnHa <u xapaKTepnayeT !jJaKTn'!ecKoe paapeweHne cneK-
TpoMeTpa B ,38):18m'la~ pa3neneHHSI CnHBWHXCSI KOMnOHeHT AyoneTa, 

24 

.j 

l 
.. 1 
··'' 

I 



l 

f' 
.J .. 
l 

l 
[ 
I 

! 
I' 
I' 
I' 1: 
1: 

' ~: 

j\ /~ 
\ ' 
I' 
II 
II 

~: 
i 
•'· " It 
•I 
II 
II 
I: 
I I 

I ' 
I 

:\ r~ 
''' ''' : ~ : 

•I 

" lo 

! 
'I !I 
'I 
I I 
lt. 

I \ 

! ~ 
I I 
I 
I 

P11c,2, BIIJl C!IeKTpa, COCTOllUlel'O 113 JlBYX TeCHbiX MOHOXpOMBTII.'IeCKIIX !IIl
IIIIH, npll aaomoneHIIII c noMOlllbiO cneKTpoMeTpa, KpllBall paaperne

flllll KOTOpOI'O !!MeeT BI!Jl !jlyHKUII~ faycca, 

,I 

P1!c.3. napaMeTpbl cneKTf)anbHbiX KOM!IOHeHT nyoneTa pa3HOH>IIHTeHCHBHOCTii 
npn onpe:neneHHOM nopllJlKe cnenoBa!insl cnaooll ·linn CH!IbHoii · KOMno

HeHTbio 
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Pnc.4. DpnMepHaSI 38BllCHMOCTb <jla3h; <P (w) OT aHepr-eTH'leCKOii qacTOTbi 
w rrp11 orrpet:teneHHOM rropSIAKe cnet:toBaHllSI cHnbHOii n cna6oti KOM-

. IIOHeHT (a> l ) . 
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1-

0 :J[ 3-fj 

,, 

. Pnc.5, 3aBHCllMOCTb MOJlYliSI A 0(w) 
Bb!Mll llHT9HCllBHOCT51Mll, 

OT W JlliH KOMllOHeHT C 0JlllH8KO-. 

1,0 

A/W) 

' . ' ·, : 

L-, _____________ · ~---~' 
,0. . . w 

p'ac;6: floBeJleHH~' cjlyHKUllll· A (w) npn paann'IHhiX pacmenneHHSIX JlyoneTa 
. . 0 ' . . ' 

ll pa3HbiX OTHOCUTellbHbiX HHTeHCHBHOCTS!Xo flopS!JlOK Cli9Jl0B8HH51 cna-
OOll H CHllbHOll KOMITOHeHT Jly6neTa no 3TllM Jl8HHblM- onpeJl9liHTb 

.~enbaH' (eM •. puc, 4). 
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Pnc. 7~ npnMep pacwn!jlpoBKll 
• cnnawerocli ny6neTa B cneKTpe 

I'8MMa-KBaHTOB c_ llOMOWb!O 
!jlypbe~anropnTMa. Ha aToM pn
cyaKe npnaenea ann cneKTpa, 
aaperHCTpllpOB8HHOI'O MHOI'OKa
HanbHbiM aaannaaTopoM. 

Pnc. 8. Bnn Kpnaoli paapewe
Hllli Cll8KTpOM8Tpa, nonyqeHHOH 
npH Ha6niOll8HllH MOHOXpOMaTH
qecKOI'O nanyqeanl!,. 

Pnc. 9. Bnn Kpnaoli A 0( w) , Bbl.: 
qncneHHoli no naHHbiM f(N)Hg(N) 
c noMOWbiO !jlypbe-anropnTMa aa 
3BM. HpKo BbipalKSHHbilt onnaoq
Hb!l! MllHHMyM YK83biBaeT Ha ny6-
neTHYIO CTpyKTypy HanyqeHHli, 
3HeprHli pacmenneHHll onpeneng~ 
STCli nonOlK8HH8M MHHHMyMa; 


