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1. BBE,[!EHHE 

HacToJimaJI pa6oTa paccMaTpHaaeT npo6neMy 3Kcnpecc
o6pa6oTKH 3KCnepHMeHTanbHblX cneKTpOB. 

B HIDKeHJno:>KeHHOM no,IJ; cneKTPOM 6y,IJ;eM noHHMaTL Muo

:>KecTBO TO'IeK 

Y = l (i, Y. ), 
l 

i = 1 , ... , n; Y i ~ N I, 

KOTOpOe 06bl'IHO npe,D;CTaBnJieTCJI rpa~H'IeCKH TaK, KaK Ha 

puc. la. 
MaxcHMYMbl cnexTpa uaJblBaiOT nHKaMH, a yqacTKH aue 

fiHKOB - ~OHOM cneKTpa. 3TH CHrHanbl HaKna,IJ;blBaiOTCJI Ha 
cTaTHCTH'IeCKHe ~nyKTyaUHH myMa. TaKHM o6pa30M, cneKTp 

MO:>KHO npe,D;CTaBHTb B BH,IJ;e CYMMbl: 

Y. = p. +f . + z. , 
I l l l 

/1/ 

r,IJ;e Pi - axna,IJ; nHKa, f i - axna,IJ; ~oua, a z i - axna,IJ; 

myMa. 
LJ.enbiO HaCTOJIIUeB pa60Tbl JIBnJieTCJI H,IJ;eHTH~HKauHJI fiB· 

KOB H onpe,D;eneHHe HX xapaKTepHCTHK /60K0Bble rpaHHUbl, 
ueuTp TJI:>KeCTH, nnoma,IJ;L H nonuas WHPHHa ua nonyBblCOTe/ 
/6y,IJ;eM anocne,IJ;cTBHH uaJblBaTL 3TO auanHJOM cTpyKTYPLI 

cneKTpa/. 
HJ MHO:>KecTaa dymecTByiOIUHX MeTo,IJ;oB /l-

6
/ ,IJ;nJI 

o6pa60TKH B real time Ha,IJ;O Bbl6HpaTb Te, KOTOpble 
onpe,D;enswT cTpyKTYPY cneKTpa Ja MHHHMan~>uoe apeMs H 
He Tpe6yiOT 60nbWHX yqacTKOB naMSTH Bbl'IHCnHTenLHOB 

MaWHHbl. 
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HMeJI B BH.IJ.Y, 'ITO y. ,;;; N, paCCMOTpHM MeTO,IJ, o6-

6 ~ 1 
pa OTKH, KOTOpbiH HCllOJih3yeT TOJihKO onepaiJ;HH C u;eJihiMH 

l.fHCJiaMH, 1.fT06bl COKpaTHTh ,IJ,O MHHHMYMll BpeMJI Bhll.fHCJieHHJI 

Ha MaWHHe. llpH 3TOM llOllbiTaeMCJI llO,IJ,,IJ,ep)I{HBaTb llpHeMJie

MbiH ypoBeHb norpeWHOCTH, BO BCJIKOM CJiyqae HH)I{e ypOBHJI 

norpeWHOCTH BH3yaJibHhiX MeTO,IJ,OB. 

Pa3pa6oTaHHaJI nporpaMMa npe,IJ,Ha3Ha1.feHa ,IJ,JIJI Bhil.fHc

JIHTeJihHoii MaWHHbl HP- 2116B. 
Ou;eHKY norpewHOCTH MO)I{HO ocyiiJ;ecTBHTh 3aTeM B 

pe)I{HMe off-line • 

Pe3yJihTaThi HH)I{eonHcaHHoii nporpaMMbl MoryT 6hiTh 

HCllOJih30BaHbl KaK HCXO,IJ,Hble TO"'KH /nepBble llpHfiJIH)I(eHHJI/ 

,IJ,JIJI o6pa6oTKH off- line, 'ITO o6ecne1.fH.BaeT 6oJihWYIO Be

pOJITHOCTh CXO,IJ,HMOCTH HTepaTHBHhiX npou;eCCOB, COKpaiiJ;eHHe 

BpeMeHH Cl.feTa Bbll.fHCJIHTeJibHOH MaWHHhl H BhiCOKYIO 

TOl.fHOCTh Bhll.fHCJieHHH. 

llporpaMMa MO)I{eT yKa3aTh, npH He06XO,IJ,HMOCTH, Ha 

noJIBJieHHe ITHKOB c MYJihTHnJieTHoii cTpyxTypoii, He pa3,IJ,e

JIJIJI HX llpH 3TOM Ha KOMllOHeHThl. 3Ty HH!l~OpMaiJ;HIO MO)I{HO 

HCllOJih30BaTb llpH Bhll.fHCJieHHH B pe)I{HMe off-line. 

2. OIIHCAHHE AJIFOPHTMA OliPAliOTKH 

AHaJIH3 CTPYKTYPhi cneKTpa npoH3BO.IJ.HTCJI B cne,IJ,YJOIIJ;eii 

llOCJie,IJ,OBaTeJibHOCTH: 

- H,IJ,eHTH!liHKaiJ;HJI llHKOB; 

- Bhi,IJ,eJieHHe 06JiaCTH Ka)I{,IJ,OrO llHKa; 

- onpe,IJ,eJieHHe xapaKTepHCTHK llHKa: IJ;eHTp TJI)I{eCTH, 

llJIOIIJ;a,IJ,h, llOJIHaJI WHpHHa Ha llOJIYBbiCOTe; 

- BbiBO,IJ, pe3yJihTaTOB B nel.faTHOM BH,IJ,e. 

2.1. HoeHmu,Pwcaf.IUJI nuKoe 

H,IJ,eHTH!liHKau;HJI nHKOB npoH3BO.IJ.HTCJI npHMeHeHHeM x 

3KCnepHMeHTaJihHOMY cneKTpy Y JIOrHl.feCKOrO onepaTopa: 

~ 

0 (Y)= 0, /2/ 

r,IJ,e 0 /= 0 - B 30He llHKa, 0 = 0 - BHe 30Hbl llHKa. 
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... 

TaKOH BH,IJ, onepaTopa MO)I{HO llOJIY"'HTh CJie,IJ,yiOIIJ;HM o6-

pa30M. O(Y)= n =I 0 ,IJ,JIJI llOJIO)I{HTeJihHbiX BeJIHl.fHH liiYHK-

IJ;HH KOppeJIJIIJ;HH / 4 /: 

T 
C(r) = lim (2T)-l f p(t)y(t+r)dt, /3/ 

T-->oo ...;T 

r,IJ,e p (t) - liiYHKIJ;HJI, KOTOpaJI OllHCbiBaE;_T !llopMy llHKa, a 

y( t) - aHaJIH3HpyeMbiH cnexTp. HHal.fe, O(Y) = 0 = 0. 
$opMyJia /3/, ro,IJ,HaJI ,IJ,JIJI npocTpaHCTB HenpepbiBHbiX 

liiYHKUHH, B CJiyqae ,IJ,HCKpeTHbiX pacnpe,IJ,eJieHHH npHHHMaeT 

BH,IJ,: 

00 

C(rn) = I P · Yi+m · 
i=-oo 1 

/4/ 

Tax xax npaKTHl.fecxH p. fo 0 TOJihKO B orpaHHl.feHHOii 

o6JiaCTH [-k,k ], Bblpa)l{eH~e /4/ llpHMeT BH,IJ,: 

k 
C (rn) = I p. y . /5/ 

i=-k 1 I+m • 

TeopeTHl.feCKH p HMeeT BH.IJ. rayccoBoii xpHBoii: 

t2 
p(t) =a exp(- -0 ), 

KOTOPYIDMO)I{HOannpOKCHMHpOBaTh,IJ,JIJIBbll.fHCJieHHH/~ 
MeTpH"'HhiM npJIMOyrOJihHbiM pacnpe,IJ,eJieHHeM p ~ : 1 

P'.=P'. i ,;;; [ -k, k] , i ¢, I o I. 
1 -1 

B 3TOM cnyqae Bhipa)l{eHHe /5/ npHHHMaeT BH,IJ,: 

k 

C(rn) = I P: Y i+m 
i=-k 

/6/ 

CHM-

/7/ 

/5 '! 

llpeHe6peraJI ,IJ,JIJI Hal.faJia wyMaMH zi H Cl.fHTaJI !lloH 

neCTOJIHHbiM • 

f i = d /8/ 

nonyqaeM cne,IJ,yiOIIJ;ee Bhlpa)l{eHHe: 
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k 
C (m) = I P; P i+m 

i=-k 

k 
+dip'. 

i=-k 1 /9/ 

H3 Tp~6oaaHHH /2/, KoTopoMy ~o~eH y~oaneTBOPHTh 
onepaTop 0 , cne~yeT, qTo 

k 
I p ~ = 0. /10/ 

i=-k 1 

B ~aHHOM cnyqae oqeaH~Ho, qTo H ~ng nHHeHHoro <lJoHa, 
HJIH, B 06~eM, ~ng aHTHCHMMeTpHqHoro DO OTHOWeHHIO K 
ropH30HTanu <lJoHa, onepaTop 0 y~oaneTBOpHeT ycnoBHro 
/2/. 

qT06hl H36e:>KaTh YMHO:>KeHHH, KOTOphle pacxo~yiOT 3Ha
quTenhHOe BpeMB BhlqHCJIHTenbHOH MaWHHhl, Bhl6HparoTCB 
p l B BH~e HaHMeHhWHX uenbiX queen, y~oBneTBOpBIOIUHX 
o~HoapeMeHHO ycnoBHBM /7/ H /10/. HanpuMep, ~nB k=4 
MO:>KHO Bhl6paTh 

p~ =2 
1 

~nH i ~ [-1,1] 
/11/ 

p~ = -1 
1 

~Jljl 1 ~ [-4,-2] u [2,4]. 

YMHO:>KeHHe Ha ~Ba, KOTOpOe BCTpeqaeTCB B 3TOM cnyqae 
B Bhlpa:>KeHHH /5 'I, nepexo~HT B ~BOHHoe CYMMHpOBaHHe. 

B cnyqae yqeTa wyMOB, qTo6hl ue npHHHMaTL Ja DHKH 
nono:>KHTenLHLie 3HaqeHHB wyMa, ycTaHaanuaaeTcB nopor 
g , KOTOphlH paBeH HJIH 6onhWe MaKCHManhHOrO 3HaqeHHB 
wyMa. YqacTKH, r~e 

C(m) > g • /12/ 

COOTBeTCTBYffiT peanhHhlM llHKaM. 
Xopowue peJynLTaTLI nonyqaroTcB, ecnu k npu6nHJH

TenLHO paBHO WHpHHe llHKa. 
Cne~yeT no~qepKHYTh, qTo aenuquHLI C (m) He ua~o 

XpaHHTh B naMBTH BhlqHCnHTenhHOH MaWHHhl. IlepBaB Benu
quHa m, ~JIB KOTOpOH BhlllOJIHBeTCH ycnOBHe /12/, npe~
CTaBnHeT co6o8 neayro rpaHHUY. e ~ nuKa j , a nocne~
HHH BenHqHHa ffi H3 30Hhl llHKa J, KOTOpaB e~e BhlllOJIHBeT 
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-
.,. 

ycnOBHe ·/12/, npe~cTaBnHeT C060H npaByro rpaHHUY £j 
llHKa j. 

2.2. OnpeoeAeHue noAoJKeHUJI nuKa u ot~eHKa rjjoHa 

3oHa llHKa, onpe~eneHHaH B 2.1, MeHLWe CBOeH ~eHcT
BHTenhHOH wupHHhi. ,D;nH 6onee ToqHoro onpe~eneHHH rpaHHU 
llHKa, B cnyqae ManhlX CTaTB;CTHqeCKHX <lJnyKTyaUHH, HCDOnh
,3yeTCH cne~yro~HH DO~XO~ 16/. 0KOJIO e; onpe~enHeTCH 
MHHHManLHaH aenuquHa Yi . BenuquHa i , cooTBeTcT-
ayro~aH 3TO¥Y MHHHMYMY, npe~CTaBnHeT co6oH neayro fpa
HHUY nuKa L 1 s . AHanoruqHhlM o6pa3oM nonyqaeTcB L ~ -
npaaaH rpauuua nuKa. IlocKonLKY B o6~eM nuK pacnpe~enB
eTCB Ha ManoM qucne KaHanoB, <lJoH MO:>KHO annpOKCHMHpOBaTh 
npHMOH nHHHeH, KoTopaB coe~HHBeT ToqKH ( Li. , y(L i )) H . . s s 
( L Jd , y(Ll d )). IlapaMeTphi 3TOH npBMOH onpe~enBIOTCB c 

llOMOIUhiO MeTO~a HaHMeHhWHX KBa~paTOB. liepyTCB TOqKH 
C o6eHX CTOpOH rpaHHqHhlX ToqeK H onpe~enBeTCB JIHHHB, 
KoTopaH npoxo~HT qepe3 ~aHHLie 6 ToqeK: 17 I 

f = u 

u = 

v = 

+ v 

2 I" I" !. i I y i - 1 1 y_i_ 

H!.i 2 -(Ii)
2 

H!.iyi -Iiiyi 

6Ii ~(!.i) 2 

/13/ 

/14/ 

/15/ 

r~e cyMMHpoaauue npoHJBO~HTCB oT 1 ~o H , a H=6 . 
PeJynLTaTLI yMHO:>KeHHH H ~eneHHH annpoKCHMHPYffiTCB 

6nu:>KaHWHMH uenhlMH qucnaMu,KaK a 17 I 
TaKHM o6pa3oM, napaMeTphi nuuuu Bhlpa:>KaiOTCB TaK:>Ke 

uenLIMH qucnaMu. B"LiqHTauueM 

y; = y i - f(i) /16/ 

nonyqaeTCB cneKTP 6e3 <lJoua, KOTOphiH 6y~eT HCll01Ih30BaH 

HH:>Ke. 
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2.3. OnpeoeAeHue xapaKmepucmuK nuKa 

Bo H36e)l(aHHe nHwHe:H 3arpy3KH naMHTH Bbi'·IHCnHTenbHOii 
MaWHHbl aenH'IHHaMH yi' onpeAeneHHe nnoll.\aAH H u.eHTpo
HAa flHKa OCyll.\eCTBnJieTCH OAHOBpeMeHHO C DOMOll.\biO !llopMyn: 

Lj 
d 

A .= ! . r;. 
i=L1 

s 

Lid 
1 "C • , 

T =-- ~.ty .. 
j A.. J I 

J 1=L 8 

1171 

1181 

flonHaJI WHpHHa Ha nonyBbiCOTe ln.W.H.fl.B.I Bbl'IHCnHeTCH 
B COOTBeTCTBHH C onpeAe~eHHeM. C 3TOH I.J,enbiO nHWeM: 

y'(Ti)=y(Ti )-f(Ti) 1191 

H 6epeM 

M i = .L Y ' (T. ) . 
2 J 

1201 

Tioc~e 3Toro aHanH3HPYJOTCH TO'IKH neaee OT Ti loT 
T i K L ~ I H Bbi6HpaeTcx Ta TO'!Ka, AnH KOTopoii ablnonHx-

eTCH ycnoaHe: 

, < M i Y. -
J 

06o3HaqaeM: 

Fi 
I 

= 1, 

j . 1 F 
1 

= t+ , 

1211 

y .' = Mi 
I 

y~ < Mi 
I • 

1221 
ecnH 

ecnH 

j 

3aTeM aHanH3HpyroTcx TO'IKH cnpaaa oT T i loT T i K L d I 
H Bb16HpaeTCH Ta TO'!Ka, AnH KOTOpOH BbinOnHHeTCH ycnoBHe 

1211. 06o3Ha'laeM: 
j 

F 2= t. 1231 
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~ 

BenH'IHHa 

Fi=Fi-Fi 
2 I 

npeACTaBnHeT Co6oii HCKOMOe 3Ha'leHHe. 

1241 

TaKoe onpeAeneHHe n.w.H.n.a. cpaBHHaaeTcJI c npeAaa
PHTenbHOii ou.eHKoii F 0 , BHeceHHoii a BRAe Ha'!anbHbiX 
AaHHbiX a Bbi'IHCnHTenbHYIO MawHHy. EcnH 

j 
F ·> F0 , 1251 

TO DHK J cneAyeT C'IHTaTb MynbTHnneTOM H BbiBOAHTb 
COOTBeTCTBeHHO Ha ne'!aTaiOll.\eM YCTpOHCTBe. 

3. OIIHCAHHB IIPOFPAMMhl 

TiporpaMMa PRLSP, COCTaaneHHaH B COOTBeTCTBHH 
C BbiWeH3nO)I(eHHbiM, HaDHCaHa Ha aBTOKOAe Bbi'IHCnHTenbHOH 
MaWHHbl HP -2116B. 

0Ha COCTOHT H3 HeCKOnbKHX flOAnporpaMM. BXOAHaJI 
noAnporpaMMa IHTSP cHa6)1(aeT nporpaMMY nonHoii wH
PHHOii cneKTpa IHa3Ha'!aeT 6y4lep, B KOTOpOM HaXOAHTCH 
HccneAyeMbiii cneKTPI, yKa3biBaeTcx wHpHHa KoppemiTopa p' 
H MaKCHManbHOe 3Ha'!eHHe fl.W.H.fl.B. AnH CHHrneTOB. 

lloAnporpaMMa SEARC HAeHTH!liHU.Hpye T nHKH Ha ocHoae 
3Ha'!eHHH liiYHKI.J,HH KOppenHI.J,HH. <l>yHKI.I,HH KOppenHI.J,HHBbi'IHC· 
nxeTCH TOnbKO AnH TO'IeK 

m ~ [ k + 1, n- k] . 1261 

lloAnporpaMMa DELIM ycTaHaanHaaeT neayro H npaayro 
rpaHHI.I,bl flHKa. ' 

lloAnporpaMMa FOUHD onpeAenxeT napaMeTpbl npJIMoii 
nHHHH, OflHCbiBaiOll.\eH !lloH B 30He flHKa. 

lloAnporpaMMa AHALP onpeAenxeT nnoll.\aAb H u.eHT-
pOHA flHKa. 

lloAnporpaMMa FWHM onpeAenxeT n.w.H.n.a. 
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BLIXO.D.HaJI no.u.nporpaMMa neqaTaeT Ha IUI4JPoneqaTaJOI.QeM 
ycTpoiicTBe qHcno nHKOB, nono:>KeHHe Ka:>K.u.oro nHKa, nnoi.Qa.D.b 
~eHTpOH.D., n.w.H.n.B. H nHKH, KOTOpble MoryT npe.u.cTaBJIJITb 
co6oii MynLTHnneTLI. 

4. 3AKJIJOqEJIHE 

BLiweH3no:>KeHHaJI nporpaMMa npe.u.Ha3HaqeHa .D.JIJI aHanH-
3a cTpyKTYPbl cneKTpoa Ha BhlqHcnHTenbHLIX MaWHHax on-line, 
pa6oTaiOLQHX B real time. 0Ha 6hlna HcnonL30BaHa Ha 
HP - 2116B H 6e 3 6onbWHX H3MeHeHHH Mo:>KeT 6b1Tb npHMeHeHa 
Ha mo6oii BblqHCJIHTeJibHOH MaWHHe. 

IlporpaMMa 3a,D.yMaHa .D.JIJI pa6oTbl c ~enhiMH qHcnaMH, a 
MaTeMaTHqecKHH MeTO.D. 6LIJI Bb16paH TaKHM o6pa30M, qyo6bl 
HCnOJib30BaTb B OCHOBHOM JIHWb CJIO:>KeHHJI H BblqHTaHHJI . 
B cnyqae noJ~aneHHJI yMHO:>KeHHB H .u.eneHHH pe3ynLTaTbl 
3THX BblqHcneHHH 6biJIH annpOKCHMHpOBaHbl 6nH:>KaHWHMH 
~enhiMH qHcnaMH. TaKHM o6pa3oM, apeMJI BblqHcneHHJI 6blno 

CBe,D.eHO K MHHHMYMY. 
IlpH COCTaBneHHH nporpaMMbl Mbl CTpeMHJIHCb OCB06o

,D.HTb naMJITb OT JIHWHHX 3arpy30K, OpHeHTHPYJI anropHTM 
o6pa60TKH Ha HCnOJib30BaHHe npoMe:>KyToqHbiX pe3yJibTaTOB 
no Mepe Hx nonyqeHHH. 

06pa6oTKa B real time ae.u.eT K y.u.oaneTaopHTenLHoii 
TOqHOCTH B cnyqae xopoweii CTaTHCTHKH H .D.JIR cneKTpOB, 
CO.IJ;ep:>KaLQHX TOJibKO CHHrJieTLI. 

XoTR .u.aHHaR nporpaMMa ycTynaeT no ToqHOCTH /H3- 3a 
orpaHHqeHHH pa60TLI c ~enhiMH qHcnaMH/ .u.pyrHM, 6onee 
CJIO:>KHLIM, nporpaMMaM /2,3/ , ee rnaBHbiM npeHMYI.QeCTBOM 
RBnReTcR B03MO:>KHOCTb nonyqeHHR cTpyKTYPLI cneKTpa so 
BpeMR npoBe,D.eHHR 3KCnepHMeHTa HJIH B nepHO.D. KanH6pOBKH 
H HCnbiTaHHR annapaTypbl. 

IlonyqeHHble ,D.aHHble MOryT 6h1Tb npHHRTbl B KaqeCTBe 
HaqanbHLIX ,D.aHHbl~ ,D.JIR nocne,D.yiOLQHX HTepaTHBHLIX, 6onee 
TOqHbiX o6pa60TOK Ha MOLQHLIX BblqHCJIHTeJibHbiX MaWHHaX 

off-line. 
B 6nH:>KaiiweM 6y.u.yi.QeM npe.n;ycMaTpHaaeTCR cocTaaneHHe 

Ha OCHOBe 3TOH npoCTOH nporpaMMbl CHCTeMbl nporpaMM C 
.no6aaneHHeM pR.u.a no.u.nporpaMM c 4JHKCHpoaaHHoii 3anRToii, 
cnoco6Hoii o6pa6aTb1BaTb cneKTP c nyqweif ToqHoCTbiO H 6o-

12 

nee WHPOKO Ha TOH :>Ke CaMOH BblqHCJIHTeJibHOH MaWHHe. 
Aaiop xoTen 6hl Bblpa3HTb CBOIO rny6oKyiO 6naro.u.ap

HOCTb A.E.CeHHepy 3a noMOI.Qb a pa6oTe c HP - 2116B, 
H.BhlnKoay H H.M.HaaHqeHKO 3a HHTepec K pa6oTe Hnone3-
Hble o6cy:>K,IJ,eHHJI. 
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