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1. BBE,[IEHHE 

~opManbHO aaAa4a aaKn~4aeTcR e cneAY~~eM. B peaynbTaTe npoee
AeHVIR ceaHca VI3MepeHVIR nony4aeTCR ABYMepHbl~ cneKTP ·s(t, a), rAe 
apryMeHT~ t - epeMR nponeTa, a - yron perVIcTpa~VIVI. 06oaHa4VIM 
3TVI apryMeHT~ KaK AVICKpeTH~e nepeMeHH~e i VI j. TorAa VIMeeM 

n 
·s (i, j) = I p (i,j,qk) + b (i,j) + e(i, j), 

k= 1 k 
/1.1/ 

rAe pk (i,j, q\1.) - ABYMepH~~ nVIK - noeepxHoCTb,_onpeAeneHHaR 
B nnOCKOCTVI (i, j) VI 3aBVICR~aR OT napaMeTpOB qk• b(i,j) - ABy
MepHbl~ ~oH, e (i, .i) - ABYMepHaR owVI6Ka VI3MepeHVIR. 

EcnVI npeACTaeneHVIe /1.1/ 3aAaHo, TOrAa aaAa4a aHanVIaa cneKT
pa ·s(i, j) cocTOVIT e onpeAeneHVIVI napaMeTpoe qk. EcnVI Vlcnonbay
eTcR napaMeTpVIaa~VIR, onV~caHHaR e pa6oTeiV, TOrAa 3TVI napaMeTp~ 
VIMe~T RCHbl~ ~VI3V14eCKVI~ CM~cn: 06DeM nVIKa, T,e. CYMMa BCeX oT
C4eTOB, OTHOCR~VIXCR K AaHHOMY nVIKYj nono*eHVIR VI nOllYWVIpVIHbl no 
i- VI j -KOOPAVIHaTaM. 3TVI napaMeTp~ MOryT 6~tb o~eHeH~ C nOMO~b~ 

- ~· -~- I "I 
MCIU/-Id MdvtMCMI>WVIJ\ 1\IOd/-IIJdiUto, MdiiiJVIMO:::IJ IIU IIIJUI IJdMMt:: lJUl"IU;:,' ". 

0AHaKO 6onbWO~ 06DeM cneKTPOMeTpV14eCKO~ VIH$OpMa~VIVI, nony4aeMO~ 

B AVI$paK~VIOHH~X 3KcnepVIMeHTaX, VI Cy~eCTBeHHO MeHbWaR HarllRAHOCTb, 
4eM B cny4ae OAHOMepH~X cneKTPOB, Tpe6y~T C03AaHVIR nOllHOCTb~ ae
TOMaTVI3VIPOBaHHO~ npo~eAYP~ aHanVI3a TaKVIX cneKTPOB VI, B 4aCTHo
CTVI, C03AaHVIR MeTOAOB nOVICKa ABYMepH~X nVIKOB VI nocTpOeHVIR VIHTep
BanoB AllR M.H.K.-aHanV~aa. 

2. cr~A~HBAHHE ,[IBYMEPHOrO CnEKTPA 

nepe~~ 3Tan noVIcKa - 3TO crna*VIBaHVIe ecero cneKTpa VlnVI BbiAe
JleHHO~ ero 4aCTVI. Crna*VIBaHVIe Heo6XOAVIMO AnR noAaBJleHVIR VICKa*a~

~ero BnVIRHVIR noMeXVI e (i, j). KaK VI e OAHOMepHoM cny4ae, He ro
ARTCR nVIHe~H~e $VInbTP~ C noCTORHH~MVI K03$$VI~VIeHTaMVI, nOCKOJlbKY 
OHVI nOAaBnR~T He TOnbKO noMexy, HO VI cna6~e nVIKVI. no3TOMY 6blll 
o6o6~eH Ha ABYMepHbl~ C11Y4a~ nOAXOA, onVICaHHbl~ B pa6oTe I 21, 

nycTb ·s (i, j) - VICXOAHbl~ cneKTP. TorAa crna*eHHbl~ cneKTP 
t (i, j) nony4aeTCR Vl3 ·s(i, j) MVIHVIMVI3a~VIee1 cneAYIO~ero BblpameHVIR: 

.I Wii l ~i t(i,j) !2 +I W ii l ~i t(i,j) I 2+ ~ ~. l t(i,j)- s(i,j) !2 . 
td t,J R t,J 

-- .!'-.:~~-;~. 
(',:·~·:"7-~· s-~ 

"\('I'· • ···,.:!t~(t;< -:~ 

t.._;-._c~v~l' ::M· .... __ ...._;_~~:\l:~_: 1 r , .• 
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3AeCb 

Wii = 1/(l+(s(i+1,i) -·s(i-1,j)) 2+(s(i,j+l)- s(i,J-1))2); 

l'.i t(i,j) = t(i+ 1,j) -2t(i,j) + t(i-1,j); l'.jt(i,j) = t(i,j+ 1)-2t(i,j)+t(i,j-1); 

A- MH0)!(11TeJlb JlarpaHma, R = 1/.~ wij• 
1,J 

CMbiCJl Bblpa)!(eHI1R /2. 1 I COCTOI1T B CJleAYIOil\eM. nepBble 2 4JleHa 
onpeJ:leJlRIOT Mepy OC411JlJlR411H A11CKpeTHOH ri1CTorpaMMbl t (i, j), 3Ta 
Mepa npRMO nponop4110HaJ1bHa 2-11 npOI13BOAHOH /pa3HOCTI1/ no KamAOH 
KOOPA11HaTe 11 o6paTHO nponOP4110HaJlbHa nJlOil\aA11 3JleMeHTapHOH no
eepXHOCTI1. 3-11 4JleH e /2.1/ o6ecne411eaeT 6Jli130CTb noJly4e~Horo 
BblpameHI1R t (i, j) K 11CXOAHOMY ·s (i, j ). MHOmi1TeJlb A peryJll1pyeT 
CTeneHb CrJlami1BaH11R 11 CTeneHb 6Jli130CTI1 K 11CXOJ:IHOMY BblpameHI110, 
Ka4eCTBeHHO MI1H11MI13a411R /2.1/ COOTBeTCTeyeT TaKOMy Tpe6oeaHI110: 
nocTpOI1Tb noeepXHOCTb t (i, j), KOTOpaR 6b1Jla 6bl 6Jli13Ka K rpy6oMy 
KOHTypy 1-!CXOAHOH noeepXHOCH1 ·s (i, j) 11 B TO me BpeMR 11MeJla 6bl 
MI-IHI-!MaJlbHYIO Mepy OC411JlJlR411H. ~YIJlbTp /2.1/ noAaBJlReT 04eHb 3~eK
TI1BHO noMexy e (i, j). np11 3TOM 6JlaroAaPR HOPMYIPOBKe A Ha rJlo-
6aJlbHbiH ~aKTOP R He npoi1CXOAYIT noAaBJleHYIR CJla6biX n11Koe • .QaJlee, 
6JlarOAaPR 3TOH me HOPMYIPOBKe 4JleH Wij R no4TI1 He 3aBYICYIT OT 
aMnJli1TYAbl cneKTpoe, 11 no3TOMY onTHMaJlbHoe 3Ha4eH~>~e ,\ AJlR crJlam~>~

eaHI1R MOmeT 6b1Tb HaHAeHo C noMOil\biO CJleAYIOUiero TeCTa: 3TO TO 3Ha-
4eHI1e, KoTopoe, o6ecne4HBaR xopowee Ka4ecTeo' crJlami1BaH~>~R, He 
iiVHOg,;tn~ I (..JiaCDJc / ni'HI\C UII~C.4t::Jit::MMUI u YJJUt:SH.A/ n~K"1. 

411CJleHHaR peaJll13a411R ~1-!JlbTpa /2.1/ MOmeT 6b1Tb OCYUieCTBJleHa 
C nOMOil\biO aJlrOpHTMa, OnYICaHHOrO a1V. 0Ha Tpe6yeT 60JlbWOH naMRTI1 
/B ~ByMepHOM CJly4ae/. no3TOMY 4eJlecoo6pa3Hee HCnOJlb30BaTb JlOKaJlb
HbiH ~11JlbTp. Era warM CJleAYIOil\He: 

1/ pacc411Tb1BaeTCR rJlo6aJlbHbiH ~aKTOP R; 
2/ npl-1 3aAaHHOM ,\ BblpameHMe /2.1/ COCTaBJlReTCR nOCJleAOBaTeJlb

HO AJlR KamAbiX 9 T04eK:{i=i 0 -1,i 0 , i 0 +1;j=J 0 -1,iQ,j 0 +1! 
11 HaXOAI1TCR crJlameHHOe 3Ha4eHMe BO BHyTpeHHeH T04Ke. 

3. H.QEHTH~HKAUHR BEPWHH 

• 06b14HO B Ka4eCTBe 11AeHTI-1~11KaTopoB eepWI1H np11 nOMCKe nHKOB 
6epyT JlM6o 2-10 npOM3BOAHYIO, Jli160 ~YHK41110 KOppeJlR4MI1 /3, 4/. 0AHa
KO 3~~eKTI1BHOCTb 3THX HAeHT11~MKaTOPOB HeBeJlMKa H3-3a Taro, 4TO 
60JlbWMe 3Ha4eHI1R, no KOTOpbiM MAeT on03HaBaHI1e eepWHH, OHI1 npi1-
H11MaiOT He TOJlbKO B CaMMX BepWMHaX, HO M B AOBOJlbHO 60JlbWO~ MX 
OKpecTHOCTI1, KpoMe TOro, OHM 3aBI1CRT OT aMnJli1TYAb1 nMKOB. 

no3TOMY B Ka4eCTBe MAeHTM~MKaTopa 4eJlecoo6pa3HO Bbl6paTb onM
caHHyiO B pa6oTe/5/ KBa3MKPI1BM3HY 

quac(i)=·s"(i)/ y1+'S'(i)2; I 3.1 I 
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3AeCb ·s( i) - cneKTP, ·s'( i) 11 ·s"(i) - ero 1-R 11 2-R pa3HOCTI1. KaK 
MAeHTM~HKaTOP eepwHH BblpameHHe /3.1/ 11MeeT CJleAYIOUII1e CBOHCTea: 

a/quac(i) npHHI1MaeT 60JlbWOe OTPH4aTeJlbHOe 3Ha4eH11e B eepWHHe 
nHKa M n04TH pasHa HYJliO yme Ha He60JlbWOM paCCTORHMM OT Hee; 

6/ quae (i) no4TH He 3aBHCI1T OT aMnJ111TYAbl ni1Ka 11 Jl11HeHHOH co
CTaBJlRIOil\eH ~OHaj no3TOMY CJla6ble nMKI-1 C ee nOMOil\biO MOmHO 11AeHTI1-
~I-14HPOBaTb TaK me yeepeHHO, KaK H CMJlbHble. 

Ha AByMepHbiH CJly4aH /3.1/ MOmeT 6b1Tb o6o6UieHo, Hanpi1Mep, TaK: 

quac(i,j) = (d~i + d~j)/(1+ ·s;2+ sj2), /3.2/ 

rAe dii = min(O, sjj) , d ii =min (0, ·sjj) , ·s;; , ·s'_jj - BTOPble pa3Ho
CTI1 no i 1-1 j , ~l , Si - nepBble pa3HOCTI1 no i 11 j COOTBeTCTBeHHO. 

Q6bi4HaR reoMeTpH4eCKaR KPHBM3Ha RBJlReTCR Cyll\eCTBeHHO MeHee 
ycTOH411BbiM ~>~AeHT~>~~~>~KaTopoM eepw11H 1-13-3a 3aBI1CHMOCTI1 oT aMnJli1TYAbl. 

HMeR TaKoA 3~~eKT11BHbiH ~>~AeHTH~11KaToP eepwi1H, KaK KBa311Kpi1-
BI13Ha /Hanpi1Mep, B ~opMe /3.2//, Mbl MomeM Ha4aTb npo6Hyl0 HAeHTI1-

~11Ka4HIO. 
.QJlR HAeHTI1~11Ka4MI1 n11Ka B BepWI1He {i,j! He06XOAI1MO BblnOJlHeHHe 

CJleAYIOil\HX yCJlOBHH: 
1/ quae (i, j) > oorrst, rAe oorrst onpeAeJleHa no TecTaM; 
2/ ·s(i,j) -b(i,j)>sensKaK e eepw11He n11Ka, TaK 11 e 6J111mai1wei1 

OKpeCTHOCTI1 eepW11Hblj 
3/ ·s(i, j) ~ s (i± 1, j ± 1), np11 3TOM paeeHcTeo AonycTI1MO Jl11Wb AJlR 

4acT~>~ apryMeHTOB I i ± 1, .i ± 1 I. 
~nt=ar .... RPnlAUIAJ..f!:li h (i i) - lhn1-1 R TnLIKP I L i I. onnenenReMhli1 Tr!K: 

b (i, j) = min l·s(i, .i)!, 
i,j~f' 

rAe f'- KOHTyp, OTCTORil\HH OT eepW11Hbl nMKa Ha paCCTORHI1e, paBHOe 

nOJlYW11PHHaM. 
BeJli1411Ha sens- 4YBCTBI1TeJlbHOCTb no11cKa; onpeAeJlReTCR TaK: 

sens .. k ,1 s(i, j) + b (i, j), 

rAe k- K03~1-14HeHT, paBHbiH 411CJlY cpeAHeKBaApaTI14eCKI1X OTKJlOHe
H11H /o6bi4HO k = 1,2 11Jll-1 3/ • 

.QaJlee npOI13BOAI1TCR CJl11RHHe CJ111WKOM 6Jli13KI1X BepWHH, a MMeHHO: 
eCJ111 {~ ,Pj !- noJlomeHI1e OAHOro n11Ka, a {Gi,Qjl - noJlomeHMe APY
roro n11Ka 11 paCCTORHHe MemAY HI1MI1 

-- 2 2 r(P,Q) .. {(P. -0.)/W.! +I(P. -Q.)/W.t 
1 1 1 J J J 

/rAe Wi 11 Wj - noJlyWI1pi1Hbl no i- 11 j -KOOPA11HaTaM/ 
a/ M11HI1MaJlbHO B Cni1CKe HaHAeHHbiX eepWI1H, 

/3.3/ 

6/ MeHbWe HeKOTOporo ypOBHR d, TO ni1KI1 P' 11 Q CJlMBaiOTCR 
e OAHH n~>~K T: 

3 



t i = r 1 pi + r 2Q i • 

t i ~ r 1 Pi + r 2Q i , 

r 1 .. a/(a 1 +a 2 ), 

r 2 ,. a_z'(a 1+a 2 ), 

/3.4/ 

a 1 , a 2 - 3Ha4eHI1R eneKTpa e T04Kax P · 11 Q eooTeeTCTBeHHO. CJJI1R
H11e no3BOJlfleT OTeeRTb JlOKaJlbH~e pe3KI1e 113J10M~ B6J111311 eepWI1H, 
OW11604HO 11AeHTI1~11~11POBaHH~e KaK ni1KI1. 

06a Ha3eaHH~e yenoBI1fl AJJR eJJ11RHI1R Heo6XOA11M~. Een11 orpaH11-
411TbeR epaeHeHI1eM /3.3/ e YPOBHeM d, TO np11 411CJ1e eJ111BaeM~X 
eepwi1H 6onbwe 3, pa36poc nonomeHI1fl oKOH4aTeJJbHO nony4eHHoro ni1-
Ka, B~411eJJReMoro no /3.4/, 6yAeT AOBOJlbHO 6onbW11M. MI1H11M113a~l1fl 
me, eOOTBeTeTBy~afl B AaHHOM eny4ae aJJrOPI1TMaM KJlaCTepHOrO aHa
J1113a/6~ rapaHT11pyeT ey~eeTeeHHO MeHbWI1~ pa36poe 3Toro nonome
HI1R. 

Ha 3TOM me ware MomeT 6btTb oey~eeTeneHo epaeHeHI1e Ha~AeHHbiX 
eepwi1H l~k I ni1KOB e eepw11HaM11 lijpl, B~411eneHH~MI1 3apaHee, Ha
npi1Mep no A11~paK~110HH~M ~opMynaM, a 11MeHHo: AJJR KamAoro n11Ka Pk 
11~eTeR 6n11ma~w11~ K HeMy /e eMbtene paeeToRHI1fl /3.3/ I n11K 113 
en11eKa I ijp I /nyeTb 3TO 6yAeT qm I, 11 een11 3TO paeeTORHI1e oT Pk 
AO qm MeHbWe 3aAaHHOrO YPOBHfl R, TO n11K OCTaBJlfleTeflj 11Ha4e 
OH YHI14TOmaeTefl /KaK OWI1604HO 11AeHTI1~11~11POBaHH~~/. 

4. ~OPMWPOBAHHE Y4ACTKOB 

"-- --- ------ -·····-----····- ---·····--- --····--··-·· 
VICI lltJVL\~.U...Yt-'0 ""..Y"'\~""·g~nnv V.IIVmrH,..v g HgJI"'I'-tJ''"''"' '"'""'J.,a'-, 

e OAHOMepHoM. OeHoBHoe Tpe6oeaHI1e, npeAbRBJJReMoe K 11HTepeany, 
eoeTOI1T B TOM, 4TO OH AOJJmeH eOAepmaTb B ~eHTpe 1130J111POBaHH~~ 

n11K 11J111 rpynny Hepa3peweHH~x ni1KOB 11 Ha KpaRx - ~oH. Ho 3Aecb 
B03HI1KaeT npo6neMa ynOPfiA04eHI1fl n11KOB B nnoeKOeTI1 11 OnTI1MaJJb
HOrO pa3611eHI1R 11x Ha Manbte rpynn~, npl14eM np11 ocy~eeTeneHI111 

3Toro Tpe6oeaHI1fl menaTeJJbHO 1136eraTb nonHoro nepe6opa eeex ea
pl1aHTOB 113-3a 6oJlbWOrO KOJ1114eeTBa onepa~11~, KOTOp~e np11 3TOM 
Tpe6yi0Tefl. 

B AaHHO~ pa6oTe 3Ta Tl1ni14Hafl 3aAa4a KnaeTep-aHaJ1113a pewaeTeR 
e 2 3Tana: 

1/ pa3611eHI1e see~ o6naeTI1 no KOOPA11HaTHOMY KPI1Tepl110j 
2/ AaJJbHe~wee pa3611eHI1e noAo6naeTe~ no KPI1Tepl110 MI1HI1MyMa 

paeeTOfiHI1fl. 
npi1H~I1n KJlaeTePI13a~l111 MHOmeeTBa HeKOTOP~X T04eK nnoeKoeTI1 

no Kpi1TePI110 paeeTOfiHI1fl Ka4eeTBeHHO ~OPMYJ111pyeTefl TaK: pa3611Tb 
T04KI1 Ha rpynnbl TaK, 4T06bl eyMMa eeex paeeTOfiHI1~ MemAY T04KaMI1 
BHYTPI1 KamAO~ rpynnbt 6btJJa MI1HI1MaJJbHO~ I MaKei1MaJJbHafl OAHOPOA
HOeTb BHYTPI1 KamAOro KJJaeea/, a eyMMa Beex paeeTOfiHI1~ MemAY rpyn
naMI1 6btJla MaKei1MaJlbHO~ /MaKe11MaJlbHafl pa3HOPOAHOeTb MemAY KJlae
eaMI1/. MaTeMaTI14eeKI1 3TOT np11H~11n ~OPMYJJI1pyeTe~ TaK: nyeTb AaH~ 
n To4eK e KOOPA11HaTaMI1 Pi 11 r (~i , Pj) - pa :cTORHI1e /HanoY!Mep, 

Tl1na /3.3/ I MemAY i -Toi1 11 j -To~ T04KaM:~; TOrAa onTV~MaJJbHb!t-1 
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B B~WeHa3BaHHOM eM~eJle pa3611eHI1eM AaHHOrO MHOmeeTBa T04eK Ha m 
rpynn (m<n)6yAeT TaKoe pa3611eHI1e, KOTopoe MI1HI1MI1311pyeT ~YHK~I110 

m - -
~ ~ r(p. ,p. ), 
k= li,jE-Ak 1 J 

/4.1/ 

rAe ~Ak- k -TaR rpynna, 11 OAHOBpeMeHHO MaKei1MI1311pyeT ~YHK~1110 

m-1 
~ r(!Ak.~A.), /4.2/ 

k,!',.,1 ' 

rAe paeeTORHI1e MemAY KJJaeeaMI1 MomeT 6btTb, Hanpi1Mep, onpeAeJJeHo 
KaK paeeTOfiHI1e MemAY ~eHTpaJlbH~MI1 T04KaM11 3TI1X rpynn 11J111 MemAY 
6n11mai1w11M11 T04KaM11 113 3TI1X rpynn. 

MomHo /onyeKafl AOKa3aTenbeTeo/ yKa3aTb eneAYIO~I1~ anrop11TM 
peweHI1fl 3aAa411 /4. 1 I, /4.2/: nyeTb X 1i , X 2i - KOOPAI1HaT~ /He 
06R3aTeJlbHO AeKapTOB~/ i -Toi1 T04KI1 Ha nnoeKOeTI1j TOrAa 11eKo
M~e m KJJaeTepoe MoryT 6~Tb Ha~AeH~ noeneAOBaTeJJbH~M pa3611eHI1eM 
OAHoro 113 paHee Ha~AeHH~x KnaeTepoe /nepeoHa4aJJbH~M KnaeTepoM 
enym11T eaMO 11eXOAHOe MHomeeTBO/ Ha ABa nOAKJJaeTepa no TaKOMY 
npaBI1JlY: ynopRA0411BaeM KOOPA11HaT~ X 1i 11 X 2i T04eK AaHHOro 
KnaeTepa; HaXOA11M m~ I x li- x til /11n11 ~~xI x2i- x2i l I 11 see T04KI1 

I,] 1,] 

e KOOPA11HaTaM11 x1k /11n11 x 2k I, MeHbWI1M11 4eM /paBHbiM11/ x lim ax 
/11J111 x 2imax/, OTHOCI1M K OAHOMY nOAKJJaeTepy, a C 6oJlbW11MI1- K APY
IOMy. iiiJU~UJIIKdt:M ~lUI IIJJU4C'-\...' 11ui'O rl~ f;".y"j.i.J'I liV~JjjV~;;;;,; 

noAKJJaeTepoe. 
Een11 I x1,x 21 yme ynOPRA04eHbt, To npo~eAypa pa6oTaeT o4eHb 

6bteTpO /npi16J111311TeJlbHO 2n waroe/ 11 He Tpe6yeT 60JlbWO~ AOnon-
H11TeJlbHO~ naMfiTI1. 

Een11 11enonb3YIOTeR AeKapToBbl KOOPA11HaT~, TO HeAoeTaToK TaKoro 
enoeo6a KJJaeTepl13a~l111 npi1MeHI1TeJlbHO K eneKTpaM eoeTOI1T B TOM, 
4TO max I xi - ~ t MomeT eTaTb eJJI1WKOM ManeHbKI1M /MeHbwe nonyw11p11H~ 
ni1Ka/ e~e A0 Toro, KaK AOeTI1rHYTO m; 11J111 np11 eeo60AHOM m KJJae
Tep~ MOrYT 6~Tb eJ111WKOM BeJ111KI1 AJlfl noeJJeAYIO~ero M.H.K.-aHaJ1113a. 

no~TOMY AaJlbHe~wee AP06JJeHI1e KJlaeTepoe npoi13BOA11Tefl yme no 
KPI1TePI110 M11HI1MYMa paeeTOfiHI1fl MemAY n11KaM11: n11KI1 e MI1HI1MaJlbH~MI1 

/np11 3TOM MeHbWI1M11, 4eM nOJJYW11PI1Ha/ B3ai1MH~M11 paeeTOfiHI1fiMI1 06be
A11Hfii0Tefl e OA11HaKOBbte noAKJJaeTep~; a e 6qnbW11MI1 - e pa3H~e. 

3Ta npo~eAypa KJJaeTepl13a~l111 Tpe6yeT yme 411ena onepa~11i1, npo
nop~I10HaJJbHoro n1 /np11 ni eopTI1pyeM~X T04KaX/, 11 eOOTBeTeTByiO
~e~ AOnOJ1HI1TeJlbHO~ naMfiTI1, HO 6naroAaPR npeABapi1TeJlbHO~ KJlaeTe
PI13a~l111 no on11caHHOMY Bbtwe anropi1TMY 411ena n i HeeeJJI1KI1. 

no 3aeepweHI111 ~opMI1poeaHI1fl noAKJJaeTepoe npo~eAypa pa3611eHI1fl 
eneKTpa Ha MaJleHbKI1e y4aeTKI1 ey~eeTBeHHO ynpo~aeTefl: Befl o6JJaeTb, 
nema~aR BHe nOAKJlaeTepoe, e411TaeTefl ~OHOBO~j AJlfl y4eTa ~OHOBOi1 
eoeTaBJ1fiiO~ei1 AOeTaT04HO HapaeTI1Tb rpaHI1~bl nOAKJJaeTepOB, 8~611-
paeM~e no MaKei1MyMaM 11 M11HI1MyMaM KOOPA11HaT T04eK 3TI1X nOAKJlaeTe-
poe, - 11 y4aeTK11 rOTOB~. 5 



0AHOBpeMe~HO C $OpM~pOBaH~eM y4aCTKOB $OPM~py~TC~ ~ Ha4anbH~e 
3Ha4eH~~ napaMeTpoe An~ aHan~3a c noMO~b~ MeToAa Ha~MeHbW~x KBaA
paToB ~ 3Ha4eH~~ TaK~x ynpaen~~~~x nepeMeHH~x An~ Hero, KaK een~-
4~Ha wara Ha ~Tepa~~~x ~ een~4~Ha AeMn$~PY~~ero $aKTopa. 

np~BeAeHHble rpa$~K~ ~nn~CTP~PY~T pa6oTy MeTOAa. AaHHbiH nOAXOA 
6~n pean~3oBaH Ha 3BM PDP-11/70 B nporpaMMe FIND2, Han~caHHOH 
Ha $OpTpaHe. 

Ta6mu~a I* 

0 1 1 2 0 0 2 0 1 J 1 4 2 1 0 1 1 4 1 4 1 2 4 1 
1 2 1 0 2 1 0 0 0 0 2 J 1 1 1 1 J 2 2 6 0 J 4 J 
0 1 1 1 1 1 1 0 0 0 0 1 6 1 5 1 1 5 4 4 2 2 6 2 
0 1 0 1 1 2 0 2 1 1 0 1 0 2 J 4 7 18 12 5 5 7 J J 
0 1 2 2 0 1 0 0 2 1 2 4 5 5 8 16 27 26 JJ 24 17 8 7 2 
J 0 1 1 1 2 2 1 2 2 1 7 J 11 19 19 4J 52 69 20 22 6 6 2 
1 J 1 1 1 J 1 4 2 5 J 10 lJ 18 26 J7 70 75 57 52 20 9 4 1 
1 2 0 1 1 1 J 2 5 9 8 14 1J J5 42 25 55 68 59 20 10 4 J 1 
1 2 2 2 2 1 2 2 6 2 6 8 20 26 J1 JO 26 J7 45 J7 19 5 5 4 
1 0 1 2 J 4 9 7 4 10 11 28 27 JO 41 29 JO J5 J5 19 5 2 2 2 
2 1 2 0 10 8 lJ 10 J 5 12 lJ 24 22 10 21 11 21 16 5 8 2 1 2 
0 4 6 7 7 12 15 12 7 9 4 14 lJ 14 12 lJ 8 16 18 5 2 4 1 4 
4 4 2 5 11 2J 28 15 12 7 4 6 11 10 17 6 11 8 6 5 1 2 J 2 
4 5 8 7 lJ 16 24 19 10 7 6 5 4 12 9 5 6 7 6 4 2 2 J 2 
5 4 J 10 12 14 19 16 10 5 6 6 9 8 7 J 12 7 5 5 2 2 1 2 
0 7 J 7 8 15 10 9 5 J 1 5 5 6 6 9 J 6 6 2 1 1 0 0 
J 5 4 7 4 8 11 5 1 2 5 0 5 4 J 4 0 4 4 7 1 0 2 J 
2 J 6 1 4 6 J 7 5 2 2 2 J 1 2 4 0 2 6 J 2 1 2 2 
J 1 J 6 5 5 4 J 4 2 0 2 4 2 J J J 2 0 2 0 2 J 1 
4 4 J 1 2 2 1 2 1 1 J 4 5 1 5 2 1 4 2 7 4 4 1 2 
1 0 J 2 1 4 2 5 1 1 0 4 4 1 J 2 5 7 10 9 5 4 0 2 
0 0 J 2 J J 1 1 4 J 1 2 1 2 4 9 12 9 18 18 lJ J 5 1 
2 J 0 4 2 1 2 0 2 2 J 4 9 8 15 lJ JO 66 40 J5 14 11 5 6 
1 1 1 1 1 5 4 1 2 2 1 J 15 12 27 28 51 88 90 56 17 14 5 2 
1 J 1 1 1 J 1 2 1 5 9 8 14 26 J5 52 97102116 69 )2 11 8 2 
2 2 2 0 J 2 4 J 4 8 12 18 12 )2 49 52 82107 79 50 J2 5 2 J 
2 J 2 J J 4 2 6 8 2 11 22 40 J9 48 51 65 84 64 J5 14 4 4 2 
2 1 1 2 J 1 10 4 8 14 26 45 46 47 5J 52 46 57 59 )4 10 6 2 2 
1 1 4 4 7 0 4 8 9 lJ 11 24 29 46 45 22 4J )4 2J 15 lJ J 4 J 
0 0 2 2 8 9 11 10 19 15 16 9 2J JJ Jl 28 25 28 27 9 6 4 4 1 
J 7 5 8 16 27 22 21 18 6 11 16 18 26 20 14 1J 19 19 15 5 2 J 1 
7 4 5 18 19 JJ 42 25 21 14 lJ ll lJ 20 10 lJ 11 21 16 7 8 2 1 J 
4 10 7 12 27 46 JJ 21 11 11 10 10 14 7 9 7 10 15 12 6 6 J J 0 
J 6 9 12 11 19 J6 22 12~12 6 10 4 12 10 8 9 8 6 6 8 1 2 1 
J 7 J 5 17 1) 20 15 8 5 1 8 5 6 8 6 2 6 J 2 6 2 J 2 
J 1 J 6 5 10 19 lJ 6 4 J 5 4 8 9 J 7 7 4 5 4 2 2 2 
1 4 2 4 7 20 10 10 4 5 6 0 2 J 2 1 5 5 7 2 4 1 4 0 
J 1 2 4 J ·5 J 7 4 6 J 2 J 2 6 2 1 1 2 4 4 4 J J 
0 1 5 J 4 6 6 4 0 2 2 6 6 2 4 0 8 7 1 1 1 5 1 0 

*HcXOAHbrn ABYMepHblli cneKTp. BH3yanbHO npocMaTpHBaiDTCH ABa He 
nonHOCTbiD pa3pemeHHhlX AY6neTa. 
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Ta6nm~a 2 * 

0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1 1 2 1 2 1 1 1 
0 0 0 0 0 0 0 0 0 0 1 1 1 0 1 1 1 2 J 2 1 2 J 2 1 
0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 2 5 5 J 2 J 2 2 1 
0 0 0 0 0 0 0 0 0 0 0 1 1 2 J 5 7 16 12 6 6 5 4 2 1 
0 0 0 0 0 0 0 0 0 0 0 2 J 5 8 15 26 26 J2 22 16 8 5 J 2 
0 0 0 0 0 1 0 1 1 2 2 5 5 11 18 20 42 52 66 21 19 8 5 2 1 
1 1 0 0 1 1 1 1 2 4 5 9 12 18 26 J6 68 71 58 49 20 9 4 1 1 
1 1 0 0 0 1 1 2 4 5 8 11)19 2J JJJ27 54 66 58 20 10 5 J 2 2 
1 1 1 1 1 2 J J 4 6 9 19 24 29 J1 29 J7 44 J7 19 6 4 J 2 2 
1 0 1 1 J 5 7 6 5 7 11 22 15 29 J6 28 29 J4 JJ 18 6 J 2 2 1 
0 1 2 2 6 8 10 8 5 7 9 14 21 20 12 19 1J 20 16 7 5 J 1 1 0 
1 J J 4 7 12 15 11 8 6 6 11 1) 1J 1J 12 12 15 14 5 J 2 2 1 1 
2 J 4 6 11 20 22 15 10 6 5 7 9 11 11 8 8 8 7 4 2 2 2 2 2 
J 4 4 7 12 16 19 16 10 6 5 5 7 9 8 6 8 7 5 4 2 2 1 2 1 
2 4 4 8 10 14 16 lJ 8 5 4 5 6 7 6 7 7 6 5 J 2 1 1 1 1 
2 J 4 6 8 11 11 8 ' J 4 J 5 5 5 5 4 5 4 J 1 0 0 1 1 
2 J 4 4 5 8 8 5 4 J 2 2 J J J J 2 J 4 J 1 0 1 1 0 
2 J 2 J 4 5 5 4 J 2 1 2 2 2 2 2 2 J 2 2 1 1 1 1 0 
1 2 J J J 4 4 4 J 2 1 2 2 2 2 2 2. 2 2 1 1 l 0 0 1 
2 1 1 1 1 1 1 2 1 1 1 2 2 2 2 1 2 J J 5 4 J 1 1 2 
o o 1 1 2 2 2 1 1 1 1 2 1 1 ·2 J 5 7 9 9 6 J 2 1 1 
0 1 1 2 2 1 1 1 1 1 1 2 J J 5 8 12 10 18 18 12 5 J 2 2 
1 0 1 1 1 2 1 1 1 1 1 J 8 8 14 14 JO 65 40 J4 14 10 5 J 2 
0 1 1 1 1 2 1 1 1 2 2 4 11 lJ 26 28 51 87 89 55 17 12 6 J 2 
1 1 1 0 1 1 1 1 2 5 7 9 14 25 J5 52 95101112 68 J2 11 6 J 2 
1 1 1 1 1 2 2 J 4 6 11 15 1J J1 47 52 81100 79 50 J1 6 4 2 2 
1 1 1 1 2 1 J 4 4 5 12 22 J9 J9 47 51 65 82 6) J5 14 6 J 2 1 
1 1 1 2 J J J ' 8 1J 24 JJ 42 46 48 50 47 64 56 JJ 11 5 J 2 1 
0 1 2 J 4 J 5 7 10 12 14 2J 29 4J 4J 26 40 J4 24 15 11 5 J 2 1 
0 1 2 4 8 9 11 11 15 12 12 1J 2J J2 JO 26 25 27 24 10 7 4 2 1 1 
J J 4 8 15 25 22 20 17 11 12 14 18 24 19 15 14 19 18 12 6 J 1 1 1 
J 4 6 14 19 JJ J5 24 19 lJ 11 11 14 17 12 11 12 16 14 9 6 J 2 1 1 
4 5 7 12 26 J9 )2 2l 1J 11 9 10 10 11 9 9 10 12 10 7 6 J 1 0 0 
.., , " "" ' 4 •,.., '"""' ""• ., ..,. ,.., , " " "' ""' ""' " ., ~ C: A .., ., , , 
J '-' I ~ .._... 6;;1 C.;;l ~.... ..t.C. ~ V I I J "" W I I v " "T - - - -

J J 4 6 1J 14 19 15 8 5 4 5 5 7 7 5 6 ' 4 4 J 2 1 1 1 
1 2 J 4 7 12 15 12 6 4 4 J 4 6 5 4 ' 4 4 J J 2 2 1 2 
2 1 2 4 7 11 9 8 5 5 J 2 2 J J J J J 2 J 2 2 1 2 1 
1 1 2 J 4 ' 6 5 4 J 2 J J J J 1 2 J 2 2 2 J 2 1 1 
1 1 2 J 4 5 5 4 2 1 2 J 2 2 2 2 4 2 1 1 2 1 1 1 1 

"',l:fByMepHbm cneKTp, crnaJKeHHbrn c noMOIJibiD liJHnbTpa crmail:HoBoro 
THna, C HCITOnb30BaHHeM anropHTMa, OITHCaHHOrO B pa60Te, 6biDO 
HaHAeHO 4 ITHKa. 

a/ 
Ta6nm~a 3 

0 0 0 0 0 0 0 1 2 4 5 b 5 4 2 1 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 2 4 8 12 15 16 15 12 R 4 2 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 I 4 9 17 26 33 36 33 26 17 9 4 1 0 0 0 0 0 0 0 0 
0 0 0 0 I 3 9 17 30 45 58 63 59 45 30 17 8 3 1 0 0 0 0 0 0 0 
0 0 0 0 1 4 11 21 42 6) 81 8~ 81 63 42 23 11 4 1 0 0 0 0 0 0 0 
0 0 0 0 1 5 12 26 47 71 91 99 91 71 47 26 12 5 1 0 0 0 0 0 0 0 
0 0 0 0 1 4 11 23 42 63 91 88 81 63 42 23 It 4 1 0 1 0 0 0 0 0 
0 0 0 0 I 3 8 17 30 45 58 61 58 45 JO 17 9 5 4 4 4 4 3 2 1 0 
0 1 I 1 0 1 4 9 17 26 33 36 33 26 17 II 8 8 11 14 15 14 11 1 4 2 
2 3 l 3 2 1 2 4 8 12 15 16 15 12 10 9 ll 20 30 38 42 39 30 20 11 5 
5 6 7 6 5 3 1 1 2 4 5 6 5 5 6 12 24 44 66 A4 91 84 66 44 24 11 
9 11 12 11 9 6 3 1 0 1 1 1 I J 8 20 43 76115147160147115 76 43 20 

12 16 17 16 12 R 4 2 0 0 0 0 1 4 11 29 60107161206221206161107 60 29 
14 18 20 18 14 9 5 2 l 0 0 0 1 4 13 32 67119180210250230180119 67 32 
12 16 17 16 12 8 4 2 0 0 0 0 1 4 11 29 60107161206223206161107 60 29 

9 11 12 11 9 6 3 1 0 0 0 0 0 2 A 20 43 76115147160147115 76 43 20 
5 6 7 6 5 3 1 0 0 0 0 0 0 l 4 11 24 44 66 84 91 84 66 44 24 11 
~ ) ) ) 2 1 0 0 0 0 0 0 0 0 2 5 11 20 30 38 42 18 30 20 11 5 
0 l 1 1 0 0 0 0 0 0 0 0 0 0 0 2 4 1 11 !4 15 14 11 7 4 2 
0 0 0 ·0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 l 4 4 4 3 2 t 0 
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'* 
6/ Ta6nH~a 3 /npoAo~eHHe/ 

o 0 0 o o 0 0 0 0 1 2 2 2 I 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 2 4 6 4 2 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 I I 1 2 I 2 8 10 8 2 1 2 1 1 I 0 0 0 0 0 0 0 
o o o o o o 2 l 1 to t7 19 11 to 7 1 2 o o o o o o o o o 
0 0 0 0 0 2 2 6 10 1~ 21 27 2) 16 10 6 2 2 0 0 0 0 0 0 0 0 
o o o o n o 2 3 1 to 17 19 17 10 7 3 t o o o 2 o o o o o 
0 0 0 0 1 1 l 2 I 2 K tO 8 2 1 0 0 0 0 0 0 I 0 0 0 0 
n I 0 I 0 0 0 0 0 2 4 6 4 2 0 0 0 0 0 2 2 2 1 0 0 0 
0 I o I 0 0 0 0 0 1 2 2 2 0 0 0 0 0 2 4 8 4 2 0 0 0 
1 0 2 o t 0 0 o o I o 2 0 o 0 0 0 0 4 11 14 11 • 0 0 o 
I I 2 1 I I 1 0 0 1 0 0 0 0 0 0 2 t 7 19 26 19 7 1 2 0 
1 4 '2 4 1 1 o 1 o o n o o 1 t 6 to 19 211 44 49 44 28 19 10 6 I 13noKasoa B. B. I 0-83-345 
4 4 7 4 4 2 2 0 2 0 0 0 0 0 • 6 14 24 )9 56 67 56 )9 24 14 6 
1 4 2 t 1 1 n 1 o o o o 1 2 1 6 10 19 28 44 49 44 28 19 to 6 MeTOA aaToMaTH'IecKoro noHcKa ABYMepHbiX nHKoa 
I 1 '2 1 I I 1 0 0 0 0 0 0 ~ I 0 2 1 7 19 26 19 7 I 2 o u 

I 11 2 0 I 0 0 0 0 0 0 0 0 0 0 0 o 0 4 It 14 11 4 0 0 0 B HeHTpOHHO-AHclJpaK~HOHHbiX cneKTpax 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 u o 2 4 A 4 2 0 0 0 
o 1 o 1 o o o o o 0 n o o 0 0 o u o 1 2 2 2 t 0 o 0 

/ 1 o o o o o o o o o o o 0 (I o o o o o o o 0 o o o o OilHcaH MeTOA noHcKa ABYMepHbJX nHKOB a Heil:TpoHHO-AHclJpaK-
g g g g g g g g g g g g g g g g g g g g g g & g g g ~OHHhlX cneKTpax. MeTOA BKJIIO'IaeT a ce6.H TaKHe marH: I I cma-
8 g g g g g 8 g g g ? 2l ~ g g g g g _..g g g g g g g g JKHBaHHe cneKTpa C llOMO~IO cPHnbTpOB cnnaHHOBOI'O THna; 2/ llOHCK 
8 g g g g g g g g g g A g g g g g g g g g g g g g g aepmHH nHKOB c noMO~biO cne~HcPH'IecKoro MAeHTHcPHKaTopa - KBasH-
g g g g g g g g g g g g g g g g g g g g g g g g g g KpHBH3HhJ; 3/ COpTHPOBKa HaHAeHHbiX BepmHH C llOMO~biO anropHTMOB 
g g g g g g g g g g g g g g g g g g g g g g g g g g KnacTep-aHanHsa. MeTOA peanHSOBaH B cPOpTpaHHOH nporpaMMe 
n o o o o o o o o o o o o o o o o o o o t o o o o o FIND2, opHeHTHpoaaHHOH Ha asaHMOAeHCTBHe c nporpaMMoH: DOMUS. o 1 1 t o o o o 1 o o o o n o n o o o t 67 1 o o o n 
o u o o o o o o o o o o o o o o n 0 0 0 t o o o 0 o 
0 (I 0 0 0 0 0 0 0 0 0 0 0 b 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0000000f)00000(100(l000000000 I I u 

0 0 0 0 0 0 n 0 0 0 0 0 0 (I " 0 " 0 0 0 0 0 0 0 0 0 Pa6oTa BblllOnHeHa B na6opaTopHH Bbi'IHCnHTMbHOH TeXHHKH 
~~---------~ H aBTOMaTHsa~HH ORHH. 
*llpHBeAeHbJ I caepxy BHHs/: a/ CMOAMHpoaaHHbJII yqacToK cneKTpa 

S (i, j) C TpeMH AByMepHblMH llHKaMH pa3HOH aMTinHTYAbl; 6/ COOTBeT-
CTBYIOmHH ABYMepHbiH MaCCHB BenH'IHH /BTOpbiX npOH3BOAHbJX/; 

d (' ')- I d"(' ') 2 d" (. ')2 1
• J - \' ;; 1•J + ;; 1• J • I I """'"""HT Ofh.en .. HeHHoro liiHCTliiTVTa RneDHbiX lllccnenoaaHHH, 1lv6Ha 1983 

a/ cooTBeTCTBYIOmHH ABYMepHbJH MaccHB aenH'IHH I KBa3HKpHBH3Hbi/: 

c(i, j) = , 1 ( d:: (i, j) 2+ d:' (i. j)),'( 1 + s: (i,j)2 + 8, (i,j) 2). Zlokazovf V. B. . . . 10-83-345 
11 JJ 1 J Method or an Automat1c Search of Two-D1mens1onal Peaks 

Hs rpaclJHKOB BHAHO, HacKonbKO KBasHKPHBHSHa HBn.HeTCH 6onee 3cPcPeK- in the Neutron-Diffraction Spectra 
THBHblM H nei'KHM AnH HCllOnb30BaHHH HAeHTHcPHl(aTOPOM llHKOB, 'leM 

npocTo BTopaH npOHSBOAHaH. 1 l A method for the search of two-dimensional peaks in the 

neutron-diffraction spectra is described. It involves such 
nHTEPATYPA steps as: I/ smoothing of the spectrum by filters of the 

1. 3noKa3oB B.6. OHHH, P10-12075, Ay6Ha, 1978; Comp.Phys.Comm., spline type; 2/ search of the peak tops by a specific identi-
1979, vol.18, p.281-286. fier- quasicurvature; 3/ sorting of the found peaks by algo-

2. 3noKa 308 B.6. OHHH, P10-80-510, Ay6Ha, 1980; Comp.Phys. rithms of the cluster analysis. The method is implemented 
Comm., 1981, vol.21, p.373-383. in a FORTRAN program, called FIND2, which is oriented to the 

3. Spencer S.A., Kossiakoff A.A. J.Appl.Cryst., 1980, 13, p.563. interaction with the program DOl-IDS. 
4. Sjol in L., Wlodawer A. Acta Cryst., 1981, A37, p.594-604. 
5. 3noKa3oB B.6. OHRH, P10-81-204, Ay6Ha, 1981; Nucl .lnstr. and I I The investigation has been performed at the Laboratory 

Meth., 1982, vol .199, p.509-519. of Computing Techniques and Automation, JINR. 
6. Ty AlK. ' r OHcanec p. npi1H1..1Hnbl pacn03HaBaHHH o6paaoe. I 

1MHp 1 
I' 

M., 1978. 
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