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6RnKO A.A. 1-1 AP· Pl0-80·107 

CHcTeMa o6pa6oTKH cneKTPOB ~-y-coanaAeHI-1~ 
co c•arHeM AaHHWX 

On1-1caHa CI-1CTeMa o6pa6oTKI-1 cneKrpos raMMa-raMMa-cosna
AeHI-1~ c npeA&aplo1TenbH~ C*aTHeM AaHHwx. AnA c•ar1-1A A&y
MepHoro cneKrpa npeAnaraercA Hcnonb30&aTb pa3no*eHHe Mar
PHI.lbl - cneKTpa no CHHrynAPHbiM 3Ha4eHHRM I SVD- npeo6pa3o
saHHe/. 3TO n03BOni-1T 3KOHOMHTb o6~eM HCo6XOAHMbiX HOCHTene~ 
AaHHbiX H HCK004HT HCo6XOAHM0CTb COpTHpQBOK npH o6pa6oTKe 
cneKrpa. OnHcaHa 4HcneHHaA peanH3a4HR SVD - npeo.6pa3oeaHHR 
AnR HaKonneHHR co C*aTHCM ABYMCPHbiX AaHHbiX. noKa3aHO, 4TO 
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§1. BBE.llEHHE 

Hccn eAoBaHHe cneKTPOB raMMa-raMMa -coanaAeHH~ no3BOnAeT pe
waTb PAA 3aAa4, CBA3aHH~X C nocTpOeHHeM CXeM pacnaAa AAep , 
H3y4eHHeM BpeMeH *H3HH B036Y*AeHH~X COCTOAHHH H yrnoB~X KOppe
fiA4H~ H3ny4eHHA, conpoeo•Aa~ero AAePH~~ pacnaA. Cy~ecrayeT 
PAA MeTOAOB perHCTpa4HH cneKrpoe raMMa-raMMa-coanaAeHH~ 1 1-4 1 • 

HaH60nee YHHBepcanbH~M MeTOAOM, n03BOnH~~HM perHCTpHpOBaTb 
BC~ HH$QpMa4H~ BO BCeM AHana30He B03MO*H~X 3Ha4eHH~ napaMeT
pOB, ABnAeTCA MeTOA, npH KOTOPOM cneKTp COBnaAeHH~ nony4aeTCA 
B 3anHCH Ha AOnroapeMeHHbl~ HOCHTenb 6e3 npeABapHTefibHO~ COp
THPOBKH 1 4 1 . 

AnbrepHaTHBO~ MO*eT cny*HTb ronbKO 3anHCb no Mepe Ha6opa 
paCCOPTHPOBaHHOrO cneKTpa Ha BHeWHH~ HOCHTefib, OAHaKO B AaHHOM 
cny4ae 6~CTPOAe~CTBHe, a CfieAOBaTefibHO, H 3$¢eKTHBHOCTb pe
rHCTPa4HH HaMHOrO HH*e H3-3a He06XOAHMOCTH 4aCTOrO o6pa~eHHR 
K BHeWHHM yCTPO~CTBaM. 

B pe3ynbrare npHMeHeHHH MeTOAa HaKonneHHR ABYMepH~x cneKT
poe C npAMO~ 3anHCb~ KOAOB npo4eCC COPTHPOBKH AOfi*eH Bblnon
HRTbCH nporpaMMaMH 06pa60TKH HH$OpMa4HH. noHCHHM 3TO Ha npH
Mepe nporpaMMbl aBTOMaTH4eCKO~ o6pa60TKH CneKTPOB raMMa-raMMa
COBnaAeHH~ ' ~ ' .ABTOMaTH3aUHA o6pa60TKH Tpc6yeT AnA HOpMafibHO~ 
pa6or~o~ nporpaMMbl aHanH3a uenoro PHAa noeepxHOCTe~, ofinacTe~ 
H Ce4eHHH CneKTpa. B pa6ore 5 nOKa3aHO, 4T O, KaK MHHHMyM, He
OOXOAHMbl TpH nocneAOBaTenbHble COPTHPOBKH. 3TO OTHOCHTCR H K 
nporpaMMaM nonyaBTOMaTH4eCKO~ o6pa6orKH / -1,6 • XorH epeMA cop
THPOBKH MO*HO 3Ha4HTefibHO COKpaTHTb, HCnOnb3yA cne4HafibHbiC 
MeTOA~ 5,i , HO H B 3TOM Cny4ae OHa ABfiACTCH AfiHTefibHbiM np04eC
COM, OC06eHHO KOrAa AaHHble 06 3KCnepHMeHTe 3anHCaHbl Ha He
CKOfibKHX MarHHTHbiX neH12X. noTpe6HOCTb B 6onbWOM KOnH4eCTBe 
MarHHTHbiX fiCHT ycnO*HHCT H npOBCACHHe 3KCnepHMeHTa, H o6pa6or
Ky pe3ynbraToa. 

YcrpaHeHHe 3THX HeAOCTaTKOB B03MO*HO npH nepexoAe K c•aTH~ 
AaHHbiX H xpaHeHH~ HX B KOMnaKTHOM BHAe /BMeCTO 06b14HOrO cno
C06a xpaHeHHR/. WHpoKoe npHMeHeHHe TaKHx MeTOAOB ropM03Hnocb 
orcyrcraHeM YHHaepcanbHoro, 6~o~crporo, He rpe6y~~ero BMewarenb
cr aa 4enoeeKa anropHTMa, KOTop~o~~. KpOMe ecero npo4ero, He eHo
CHn 6bl Cy~eCTBeHHbiX HCKa*eHH~ B HCXOAHble AaHHble. 
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3THM ~eCTKHM rpe6oeaHHAM BO MHOrOM OTBe4aeT pa3110~eHHe no 
CI1H r ynAPHbiM 3Ha4eHI1AM - MeTOA SVD (Singular Value Decomposition) 8- IO 
Pean113a411A 3Toro MeTOAa c y4eTOM cne4H¢HKI1 H3MepeHI1H coenaAe
HI1H n03B011AeT nony4aTb AnA o6pa60TKI1 ¢parMeHTbl 11~6biX KOH¢11ry

pa411H, 1136aenAeT OT MHOrOKpaTHbiX COPTI1pOBOK, AaeT B03MO~HOCTb 
KOMnaKTHOro xpaHeHI1A CneKTpa /Tpe6yeMbiH 06DeM MarH11THOH lleHTbl 
COKpa~aeTCA B AeCATKH pa3/ . 

§2. 4 HCnEHHA~ PEAnH3AUH~ METOAA SVD 
An~ ABYMEPH~X H3MEPEHH~ 

CyTb MeTOAa SVD MO~Ho ceeCTI1 K cneAy~~eMy: n~6aR AeHCTBI1-
TenbHaA MaTP114a A npeACTaBI1Ma B BI1Ae ' 11 ! 

R 

A ij = k: 1 o k U ik V jk , /1/ 

rAe R - paHr MaTP114bl A , o k - ee CI1HrynApHble 3Ha4eHI1A, U 11 

V - MaTpl14bl, COCTaBileHHble 113 C06CTBeHHbiX OpTOHOpMI1POBaHHbiX 
eeKTopoe Marp114 AA T H AT A cooTeeTCTBeHHO. KaK B11AHO 113 I 1 I, 
ecn11 MR 3anOMI1HaHI1A neeoH 4acr11 ¢opMynbl I 1 I Heo6xOAHMO N v N 
A4eeK, ro AnA aanoMI1HaHI1A npaeoH - 2NR + R. To, 4TO onpeAenA~

~11M napaMeTpOM B03MO~HOCTI1 COKpa~eHHA naMATI1 AB11AeTCA paHr 
MaTpl14bl, 06DACHAeT CMbiCil nOA06HOro npeACTa e neHHA: H3 paCCMOT 

peHHA 11CK11~4al:lTCA llHHeHHble 3aBHC11MOCTH Me~AY CT01164aM11 1111H 

cTpoKaMH MaTPH4bl. TaK11e aaeHCHMOCTH e ABYMePH biX cneKTpax 

o6ycnoe neHbl no KPaHHeH Mepe KOHe4HbiM p as peweHI1eM npi1MeHAeMbiX 
nonyn poeoAHHKOBbiX AeTeKTopoe tnnA/. KonH4ecTeo 3aBI1CI1MbiX co

ceAHI1X CT POK cneKrpa TeM 6vnbwe , 4eM xy~e paapeweHI1e, no3TOMy 

cy~eCTBytOT xapaKTepHble A11 A KOH KpeTHbiX YC110BI1H 3 KCnepi1MeHTa 
B03MO~HOCTH C~aTI1A cneKTpa TaKI1M MeTOAOM. 

AnA peanbHoro cneKrpa 3TO 03Ha4a e T, 4TO e~ni1411Ha paHra ABnA

eTCA OCHOBHOH ero xapaKTepi1CTI1KOH. MI1 H11Ma11 bHaA Be11H411Ha paHra 

MO~eT 6b1Tb AOCTHrHyTa 1111Wb npH 6eCKOHe4HO 6011bWOH CTaTI1CT11Ke. 

CTaTHCTI14eCKI1H xapaKTep 11H¢opMa41111 BeAeT K yeenl14eHI1~ 3Ha4eH11A 
p a Hra , TO eCTb B03H11KHOBeHH~ AOnOilHHTell b HbiX CI1HrynApHbiX 3Ha4e

HHH. Hx eeni1411Ha oTpa~aer eenH4HHy 11CKa~eHHH cneKrpa no cpae

HeHI1~ C HAeallbHOH, TO eCTb He pa3MbiTOH CTaTI1CTH4eCK11MI1 HCKa 
~eHI1AMI1, ¢opMOH. 

3 aMeHa 3TI1X 3Ha4eHI1H Hy11AMI1 , TO eCTb BOCCTaHOBileHHe 11CTHH

HOrO paHra, He BeAeT K AOnOilHHTenbHbiM 11CKa~eHI1AM , HanpOTI1B, 
np1161111~aer cneKTP K HAeanbHOMy 18 1 . 

C T04KI1 speHI1A ni1HeHHOH anre6pbl aaAa4a Haxo~AeHHA napaMer-
poe SVD CBOAI1TCA K 3aAa4e Bbi4HC11eHI1 A COOCTBeHHbiX Be KTOPOB 
11 co6cre eHHbiX 3Ha4eHI1H MaTPI14 ATA H AAT_CI1HrynApHwe 3Ha4eHI1A 

• 
2 

AB11A~TCA KBaApaTHbiMI1 KOPHAMI1 C06CTBeHHbiX 3Ha4eHI1H MaTPI14 ATA 
11 AAT/OH11 coenaAa~r/ 1 11 1.8 nonHoM o6DeMe 3Ta 3aAa4a AOCTaT04HO 

cno~Ha, HO AnA HY~A HaKonneHI1A AaHHbiX B03MO~Ho nocrpoeHI1e yn

p~eHHoro a nrop 11rMa. Cne411¢11Ka HaKonneHHA AaHHbiX r a Koea, 4TO 
OCHOBHaA pa6ora CBOA11T CA K Bb1411C11eHI1~ HOBbiX AaHHbiX C y4eTOM 
y~e 11MeiOUI11XCA. 

PeweHI1e TaKo r o Tl1na MO~eT 6b1T b HaHAeHO Ha 6a3 e MeTOAa, KOTO

pbiH B TeOPI1H 11 HTe r pan b HbiX ypaeHeHI1 H HOCI1T 11MA Ke nnora 112<- 3 TO 
Me TOA Bb14 11 Cn eHI1A Hai160n bwero CI1HrynApHOrO 3Ha4 eHI1A 11 COOTBe T 

CTByiOUI11X Be KTOPOB U 11 V.nonO~I1M Be3Ae u
1 

>u
2 

> ... u R • 
nyCTb 

"Y 0 = Ax0 / IIAx0 11. 121 
~ r~ r ~ 
x o+1 = A yo / IIA Ynll' 13/ 

Y0 + 1 = Ax0 +1/11Aio+tl l. /4/ 

r Ae ; 0 - n p OI1 3 B011b HbiH e e Krop. TorAa cy~ecr e~r npeAe n w: 
~ ~ ~ ~ 

lim x 
0 

- V 1 , lim y 
0 

= U 1 , 
n-. oo O -tOe 

T ~ .. 
o 1 = lim II A Y II .. lim II Ax II , n o 

n~ oo n~oo 

e C1111 TOilbKO ; O He OPT O_fOHane_r V 1 /113110~eHI1e BeAe TCA c ornac 

HO / 8 / I. 3AeCb H Aanee u It H vlt 0 3Hal.laiOT It - wH CTOn6e4 COOTBeT 
CTBy~HX MaTpH4 U H V, n - 4H C110 HTepa411H, 0 3Ha4ai0Uiee 4 11C110 
YMHO*eHHH MaTPH4W Ha Be KTOp . 

Pa ccMOTP HM MeTOA , n03B011AIOUIHH HaXOAI1Tb 6 0 n bWHe CHHrynApHwe 
3Ha4eHH~ H COOT 8eTCT 8 yiOUIHe BeKTOpa. 

HaHAeM CHCTeMy Be KTOpOB , CXOAA~y~CA K 11CKOMbiM BeKTOpaM, 
KOTOpy~ MO*HO n o n y 4 HTb H3 n pOI13B0 11bHoH CI1CTeMbl . B 4aCTHOCTH, 

MA C*aTHA AaHHWX B np04ecce HaKOnlle HHA 3Ta 3 aAa4 a o6ner~o~aeTCA 

HCn011 b3~BaHHei4 y~e HaKon neHHOH HH¢QpMa411H /T. e. 11MeiOUI11XCA BeK
TOPOB U~r ... v 'r. 1: 

x~o+t)=(A +E)T y~n>, /5/ 

~(D) ; <o+l )=(A +E) x
11 

• 
It / 6/ 

i ~o> = v~k , 

;~o> = u k 
171 
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3AeCb BepXH~H ~HAeKC 03Ha4aeT HOMep HTepau~~. H~~H~H -
HOHep BeKTOpa, KaK H B ~pMyne 111 . HaTPH4a A - MaTp~ua y~e 
HaKOnneHHOH ~H~pHa4HH, BOCCTaHOBJleHHaR nocne c~aT~R . HaTpH
ua E - MaTp~ua nocTyn~Btuel1 ~H~pMa4~H, npH4eM :no MO~eT 6t.~Tb 
KaK OTAeJlbHOe C06biTHe, TaK ~ rpynna C06b1T~H. 0603Ha4~M U I< 

~V*MaTp~u~>~, nony4eHHble B pesynbTaTe nocTynneH~R 3TOH napT~H 
co6b1T~H ~ BCeH npeA~>~AY~eH ~H~OpMaU~~. a: - HOBble C~HrynRpHt.~e 
3Ha4eH~R . npeACTaBHM BeKTOP x(~) B B~Ae pasnolkeHHR no C~CTeMe 
HCKOMbiX BeKTOPOB v;. 3TO pasnolkeHHe' TaK KaK X (O)= v k 0 A11R 

k w k w 
BCeX OTpalt<aeT H3MeHeHHe HOBO~ CHCTeMbl OTHOC~TeJlbHO CTapOH! 

N 
X (0) = I a V * , 18/ 

k f = 1 t. k f .. 
rAe a f k- npoeKU~R CTaporo V Ha HOBOe Vy*. naAP06HO 3TH BOnpo
Cbl paccHaTp~BaoTcR B KHHre 1 l~~ B cny4ae Hanoro H3MeHeH~R MaT
PHua a CTpeM~TCR K eAHHH4HOH. ~3 CBOHCTBa OpTOHOPMHpOBaHHO
CTH U *, V * H ~PMY11~>~ I 1 I cneAyeT 4TO: 

T-+ ... 
(A+E) U~ =a :vk , 191 

(A + E)V * = a * U k k k • 1101 

~cnonb30BaH~e ~OpMyn 181, 191, 1101 AaeT 

R 1 ... 
;<n+ l) = ~ a (a*) n + V*' 

k e .. 1 fok e e 
... R 1 ..., 
y (n+ 1) = I a (o * )0 + U f 

k f. c l f,k f 

npoBeAeM Tenepb opToroHanH3a4H~ CHCTeMbl BeKTOpOB X 
Me rpaMMa-WMHATa: 

4>1 .. ;1 /ll ;t ll' 

¢2 =-; 2 -(; 2 ;1 ) ; 1 

;2 = ¢;111¢211 

1111 

1121 
... 

H y no cxe -

1131 

I3Be3A04KOH 0603Ha4eHbl OpTOrOHaJ1H3~pOBaHHble, HO He HOPMHPOBaH
HWe BeKTOpal. 

nonb3YRCb 1111, nony4HM 

_, R 
¢* = ~ 

2 f = I 
a n (CJ "' ) n+ 1 ... 

r o> D V ·• .~ ( f 

4 

R 
I a a (a •)2(n+ 1) 

f= l f,l fo2 f R 
R l 

f 
I a ~ (a~) 2( n +1) f = 1 
"' 1 r , 1 f 

a ( 0 ... yt+ 1 v• e. 1 e . 

Ecn~ Ro ~ >a ;> ... ,To 
I ( * ) 2(n+ 1) 

D = a f toe 2 On 
L 1 o o L 

T . e. 

R -
Ia2 (o*)2( n + l) 

f=l fol f 

a 1
0
2 

a 101 

... R n+l -+ 
4> ~ ... I a f 2 (a { ) V e* , 

f =2 ° 

np~ n ... oo, 

Y4HTbiBaR, 4TO B cyMHe np~ n ... ~ AOMHH~pyeT nepBbiH 411eH, ~HeeH 

... * ( * ) n+1 V ... * 
¢ 2 _, a2o2 °2 2' 

npaAOn~aR 3TH rpOM03AKHe, HO npOCTble no cy~eCTBY BbiKJlaAK~, no-
11Y4~M: 

... R n+1 ... 
o* k ... I aD (at) v t ' 

f = k l , k 
k "' 1 , ... oR. 

... ... 
4TO AaeT lim cf> k = V: · 3TO RBJ1ReTCR peWeH~eM nOcTaBneHHOH 3aAa4H -

n ... oo 

Bbl4~cneHHeM HOBoro SVD no y~e H3BeCTHOMy. AHanorH4HbiM RBnReT-
CR peweHHe AJ1R CHCTeMbl y, H3 KOTOpOH MOlkHO npH6J1H~eHH0 HaHT~ 
u~. Anrop~TM MOlkeT 6b1Tb HCnOJ1b30BaH ~ AJ1R nOJ1y4eHHR pa3J10lkeHHR 
npOH3BOJ1bHOH MaTPH4bl, HO B CJ1y4ae npHMeHeH~R era K ClkaT~O AaH 
HbiX y11y4waeTCR CXOA~MOCTb ~3-3a TOrO, 4TO no Mepe HaKOnneHHR 
AaHHbiX MaTpHUa a CTpeMHTCR K eAHHH4HOH. 

KaK noKasanH 4HCneHHble 3KcnepHMeHTbl, caMa CTPYKTypa peanb
HbiX cneKTPOB np~BOAHT K MOHOTOHHOMy H3MeHeH~~ CHHrynRpHbiX 3Ha -
4eH~H OT 60J1bWHX K MaJlbiM . 61>111~ npOAenaHbl 4~CJ1eHHble 3KCnepHMeH 
Tbl no onpeAeneH~o napaHeTpOB pa60Tbl anropHTMa. CpeAHeKBaApa
TH4HOe OTKJlOHeHHe HCXOAHOrO cneKTpa OT BOCCTaHOBJleHHOrO nOCJle 
ClkaTHR C HCnOJ1b30BaHHeM AaHHOrO anrOpHTMa npaKTH4eCKH He MeHR 
J10Cb A11R 4HCJ1a HTepaUHH n = 4 ~ n = 5. 3TO n03BOJ1HJ10 Bb16paTb 
4Hcno ~TepauHH paBHbiM 5. CoKpa~eHHe naMRT~ no AaHHOMy MeTOAY 
onpeAe11ReTCR OTHOWeH~eM N 

2 
lo6b14Hb1H BHAI K 2NR + R · ~3y4eHHe 

pa3J1H4HbiX y4aCTKOB cneKTpa nOKa3ano, 4TO OnT~MaJlbHOe C T04KH 
3PeH~R cpeAHeKBaApaTH4HOH OWH6KH NI 2R OTHOWeH~e COCTaBnR-
110 6-8. Becb npHBeAeHHbiH anrop~TM npeAHa3Ha4eH AJlR 11nepec4eTa11 

y~e HMe~erocR SVD c y4eTOM nocTynHBweH HH~pHaUHH. 3To Tpe-
6yeT 3aAaHHR CTapTOBOrO np~6J1HlkeHHR B Ha4ane 3KCnepHMeHTa. 
AHaJ1H3 pa311H4HbiX anropHTMOs nony4eHHR Ha4anbHWX 3Ha4eHHH BeK
TOpaB noKasan, 4TO sa•HeHwee ycnosHe HX ycnewHOH pa6oTt.~ - oT
cyTCTBHe y Ha4aJ1bHbiX BeKTOpaB HyneBWX KOMnOHeHT. 3TO o6ycnoe
neHO CTPYKTypaH OCHOBHOrO anrOpHTHa: Hyneewe KOHnOHeHTbl BeKTO
pa npH YMHOlkeHHH era Ha HaTpHUY HCKJ104aOT HH~pHaUHO 0 uenOH 
CTpaKe IH11H CTOn6uel HaTpHUW. 

5 



no3TOMy 6~n npeAfiO*eH cneAY~~HH eapHaHT anropHTMa Ha4anbH~x 
npH6nH*eHHH: HaKannHeaeTcR ManaR /-10 cny4aee/ rpynna co6t.~rHI1, 
nony4aeTcR ee SVD, Hyneet.~e KOMnoHeHTbl eeKTOpoe sanonHR~TCR 
eenH4HHaMH, BKnaA KOTOp~X B MaTpH~Y no $QpMyne /1/ 6yAeT 3Ha-
4HTenbHO MeHbWe eAHHH~bl. nocne OpTOHOPMHpQBaHHR 3TH 3Ha4eHHR 
npHHHMa~TCR Sa Ha4anbHble. 

llaHHaR cxeMa anropHTMa npHBOAHT K Heo6XOAHMOCTH n x R x N 2 

/0603Ha4eHHR, npHHRTble B~e/ onepa~HH YMHO*eHHR. 3Ta eenH4HHa 
npaKTH4eCKH He 3aBHCHT OT pa3Mepa napTHH npHWeAWHX HOBbiX C06~
THH / epeMR A06aeneHHR MaTpH~bl E npeHe6pe*HMO Mano no cpaeHeHH~ 
C BpeMeHeM OCTanbHbiX Bbi4HCneHHH/. CHnbHaR 3aBHCHMOCTb OT pas
Mepa MaTpH~~>~ E npHeena Hac K Heo6xOAHMOCTH ~parMeHTa~HH cneKT
pa. 

§3. CTPYKTYPA nPOrPAMM~ 

nporpaMMa COCTOHT H3 ABYX 4aCTel1: nOAnporpaMM C*aTHR AaHHbiX 
H o6pa60TKH cneKTpa C HCnOnb30BaHHeM C*aTbiX AaHH~X. 

HH*e OnHCbiBaeTCR 4aCTb nporpaMMbl, KOTOpaJ~ npoBOAHT C*aTHe 
AaHHbiX, 3anHCaHHbiX Ha MarHHTHY~ neHTY no C06b1THRM /6nOK- cXeMa 
noKasaHa Ha ~/. CHa4ana c HcnonbsoeaHHeM 6H6nHoTe4HOH 
nporpaMMbl npOBOAHTCR C4HT~BaHHe C MarHHTHOH neHTbl napTHH sanH
CaHHbiX C06b1THH. 3Ta HH~OpMa~HR MOrna 6t.~Tb nony4eHa C pa3nH4H~X 
38M, n03TOMy nporpaMMa npeAYCMaTpHeaeT nepeKOAHPOBKy, eCnH H3-
eecTeH THn sanHcH. 

Bee ABYMepHoe none cneKTpa pas6HeaeTcJ~ Ha KBaApaTH~>~e ~par
MeHT~, AnR Ka*AOrO H3 KOTOp~x BblnOnHReTCR nonHbiH ~HKn C*aTHR 
no onHcaHHOH e §2 MeTOAHKe. AnR 3Toro Ka*AOMy ~parMeHTY B~>~Ae
nReTcR ceoH 6y~ep AnR xpaHeHHR co6~THH. npH sanonHeHHH KaKoro
nH6o 6y~epa et.~s~eaeTcR nporpaMMa c*aTHR AaHHbiX. 0Ha npoeepReT, 
npOBOAHnacb nH paHbWe ~a6oTa C TaKHM ~parMeHTOM, H eCnH HeT, 
TO B~>~3~>~eaeT nporpaMMY ~a4anbHoro npH6nH*eHHR. EcnH c*aT~>~e AaH
Hble eCTb, no HHM ~parMeHT BOCCTaHaBnHeaeTCR B BHAe MaTpH~~, 
K HeMy A06aenR~TCR HOBble AaHHble H npoH3B0AHTCR C*aTHe no OnH
CaHHOH e~>~we MeTOAHKe. EcnH C4HT~>~BaHHe c Mn He saKOH4eHo, npo
HCXOAHT HOBOe C4HTbiBaHHe H COPTHPOBKa no ~parMeHTaM. 

EcnH Ha Mn KOH4Hnacb sanHcb - npoBOAHTCR C*aTHe ecex 6y
~epoe C C06b1THRMH, sanHCb Ha Mn cneKTpa B C*aTOM BHAe H 8~308 
nporpaMM~ o6pa6oTKH. 

no sanpocy nporpaMM~ o6pa60TKH eoccTaHaBnHeanTcR cneKTP~>~ 
COBnaAeHHH, OTBe4a~He OKHaM 5 1,CHa4ana no OAHOH OCH, 3aTeM 
no APYroH AnR ecero ABYMepHoro nonR coenaAeHHH. Aanee nporpaM
Ma Bb14HCnReT rpaHH~bl o6nacTel1 ABYMepHblx nHKOB. HaHAeHHble 
o6nacTH nHKOB annpOKCHMHPY~TcR AByMePHbiMH noeepxHOCTRMH npH 
nOMO~H KPHTepHR )( 2 . 
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5noK-cxeMa 4aCTH nporpaMMbl no c*aTH~ AaHHbiX. 

3KcnepHMeHTanbH~e 3Ha4eHHR x2 noKa3anH, 4TO, AeHCTBHTenbHO, 
HMeeT MeCTO 3~eKT ~HnbTpa~HH nOMeX AflR C*aT~X AaHHbiX. 

Becb KOMnneKc nporpaMM HanHcaH Ha ~OPTPAHe H peanHsoeaH Ha 
3BH EC-1040. npH cneAY~~Hx napaMeTpax pa6oT~: ~parMeHTbl -
64x64, paHr MaTpH~bl - 5, o6beM 6y~epa ~parMeHTa - 2000 co6bi
THI1 , nony4eHa CKOpOCTb C*aTHR 400 C06b1THH B CeKYHAY, COKpa
~eHHe o6beMa naMRTH e 6,4 pasa no cpaeHeHH~ c sanHCb~ e BHAe 
nonHOH ABYMepHOH MaTpH~bl. 

CHcTeMa onpo6oeanacb Ha o6pa60TKe co c*aTHeM cneKTpa coe
naAeHHH AfiR HH3K03HepreTH4eCKOH o6naCTH nepeXOAOB, 60nbWaR 
4aCTb H3 KOTOpbiX COOTBeTCTByeT pacnaAY 164 Lu, l64 Yb. 
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Ta6m11.~a 1 

E1 E2 ClKaT. 06b14H. 

124 124 49+8 54+12 
124 262 296+"16 314+"16 
260 124 433+"25 459+"25 
208 240 73+"9 64+9 
240 208 43~10 60+"10 

Ta6nHua 1 orpa>Kaer pesynbraTbl pa6orbl onHcaHHOH nporpaMMbl 
H nporpaMMbl o6pa6oTKH, HO 6es HcnonbsosaHHA c>KaTHA. B ra6n. 2 
npeAcrasneHbl AaHHble, AeMOHCTPHPY~He 3~eKT ycrpaHeHHA 4aCTH 
noMex. B HeH npHBeAeHbl 3KcnepHMeHranbHble 3Ha4eHHA x2 AnA OAHHX 
H TeX >Ke nHKOB, nony4eHHble CO ClKaTHeM H 6e3 C>KaTHA AaHHbiX. 3Ha-
4eHHA x2 /co c>KaTHeM/ OTHeceHbl K TOMy >Ke 4Hcny creneHe~ cso-
60Abl AnA HarnAAHOCTH. 

x 2/co c>KarHeM/ 

0,23 
0,25 
0,22 
0,11 
0' 15 

Ta6nHua 2 

x2 /6e3 ClKaTHA/ 

0,57 
0,57 
0,39 
0' 36 
0,47 

JHeprHA nHKOB COBnaAeHHA 
/K3B/ 

E 1 

124 
124 
206 
240 
262 

E2 

124 
261 
240 
206 
124 

Pesynbrarbl o6pa6orKH cneKrpos, nony4eHHble c HX c>Ka THeM,noKa
sanH, 4TO noAseprHyTble c>KaTH~ AaHHble 6onbwe orse4a~r reoperH-
4eCKHM npeAnOnO>KeHHAM 0 $QpMe nHHHH nnA H ABYMepHOH nHHHH B 
cneKrpe cosnaAeHH~. nonHaA o6pa6orKa cneKrpa 512x512 KaHanos, 
sanHcaHHoro Ha OAHOH Hn, norpe6osana 17 MHHYT npoueccopHoro 
speMeHH /C>KaTHe AaHHbiX- 12 MHHyT, 06pa60TKa- 5 MHHyT/. 0KOnO 
20 MHHYT nporpaMMa rpe6osana AnA o6pa~eHHR K Hn, ycrpoHcrsy 
ne4aTH H AnA BBOAa-sbiBOAa. TaKHM o6pa30M, speMA pa60Tbl nporpaM
Mbl onpa60TKH C 4aCOB AOBeAeHO AO -20 MHHYT, nDABHnHCb HOBble 
B03MO>KHOCTH npeAcraaneHHA AaHHbiX. 

nepeHeceHHe onepauHH c>KaTHA AaHHbiX Ha Manwe 3BH s npouecce 
Ha6opa HH¢opMaUHH OTKpwsaeT B03MOlKHOCTb ee 3KCnpeCCHOH o6pa-
6orKH B XOAe 3KCnepHMeHTa. 

• 

l 

§4. 3AKJ104EHHE 

npoBeAeHHble OUeHKH noKa3anH, 4TO YAanOCb nony4HTb Ha OCHOBe 
3~eKTHBHOrO MeTOAa ClKaTHA AaHHbiX /pasno>KeHHA no CHHrynApHbiM 
3Ha4eHHAM/ Bb14HCnHTenbHbiH anrOpHTM H nporpaMMHO peanH30BaTb 
ero AnA aHanH3a cneKrpos raMMa-raMMa-coanaAeHHH. KoMnaKTHOe 
xpaHeHHe HH~OpMaUHH, nOMHMO AasaeMbiX HM YA06crs H 3KOHOMHH Mn, 
n03BOnHnO OnTHMH3HPOBaTb nporpaMMy o6pa60TKH cneKTPOB C T04KH 
3peHHA He06XOAHMOrO MHOrOKpaTHOrO 06pa~eHHA K Mn npH HX COPTH
pOBKaX. 

nony4eHHble pe3ynbTaTbl nOATBep>KAa~T TeOpeTH4eCKHe BbiBOAbl 
o TOM, 4TO npHMeHeHHe SVD cnoco6Ho 11yny4WHTb11 AaHHwe sa 
C4eT ~HnbTpaUHH HCKa>KeHHH, BHOCHMbiX CTaTHCTH4eCKHMH OTKnOHe
HHAMH H cny4aHHbiMH nOMexaMH, He BHOCR npH 3TOM HOBbiX HCKa>Ke
HHH B HCXOAHY~ HH¢opMaUH~. 

XapaKrepHCTHKH pa6orbl nporpaMMbl noKasanH B03MO>KHOCTb /ra
KHe pa60Tbl BeAyTCR B HaCTOR~ee BpeMR/ nepeHeCeHHR ClKaTHR Ha 
Manble 3BH. B PRAe cny4aes npHMeHeHHe c>KaTHA s pe>KHMe oH-naHH 
MO>KeT OKa3aTbCR eAHHCTBeHHO B03M0lKHbiM MeTOAOM npoBeAeHHR 
3KcnepHMeHros c perHcrpauHeH ABYMepHbiX cosnaAeHHH. HanpHMep, 
TaKOMy cny4a~ OTBe4aer HCnOnbSOBaHHe PAAa ManbiX 3BH, He HMe~
~HX HaKOnHTeneH Ha MarHHTHbiX neHTaX, HO HMe~HX MHHH-AHCKH. 
3ro OTKPbiBaer BOSMOlKHOCTb 3KCnpeCCHOrO aHanHSa ABYMepHbiX cneKT
pOB cosnaAeHHH. CrpyKrypa xpaHHMoro s c>KaTOM BHAe cneKrpa ra 
Kosa, 4TO s n1o6o~ MOMeHT speMeHH ero MO>KHO nepecna'rb c pa6ora~
~eH OH-naHH 3BM Ha 6onbwy~ 38M H B Te4eHHe KOpOTKOrO BpeMeHH 
nony4HTb o6parHo pesynbrarbl o6pa6orKH no HacrOR~eH nporpaMMe. 
JTO n03BOnReT 06ecne4HTb 6biCTpy~ 06paTHy~ CBR3b B MHOrOMepHOM 
3KCnepHMeHTe, 4TO paHee 6blnO HeB03M0lKHO. noRBnReTCR B03M0lKHOCTb 
KOHTpOnHpOBaTb XOA MHOrOMepHOrO 3KCnepHMeHTa HenocpeACTBeHHO 
s npouecce ero nposeAeHHR no pesynbraraM nonHOH o6pa6orKH, Ha 
KOTOpy~ paHbWe TpaTHnHCb HeAenH H MeCRUbl pa60Tbl. 

B 3aKn~4eHHe asropbl Bblpa>Ka~T 6narOAapHOCTb COTPYAHHKaM 
H3MepHrenbHOro ueHrpa nafioparopHH RAePHbiX nponneM 0HRH sa co
AeHcrsHe B npoBeAeHHH HaCTOR~eH pa60Tbl. 
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