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BeeoeHue 

)J;HCKpeTHa.H . norHKa clJyHKUHOHHpOBaHH.H UHclJPOBhiX Bhl· 
'IHCJIHTeJILHhiX. MaWHH, a .TaK)I(e WHpOKOe npOHHKHOBeHHe BO 
ace pa3AeJihl uayKH H TeXHHKH npeACTaBJieHHH 0 AHCKpeTHOH 

· cTpyKType uuclJopMa~HH, nocTynaro~eii ·a pyKH uccneAOBa
TeJI.H, npHBeJIH. K 6ypHOMY pa3BHTHIO TeopHH peweT'IaThiX 
clJyHK~HH, T.e •. clJyHK~HH, 3aAaHHhiX Ha AHCKpeTHOH paBHOMep-· 
uoii nocneAoBaTenLHOCTH TO'IeK. fllyHK~HH Yonwa, KoTopwe 
HCnOJIL3YIOTC.H B AaHHOH pa6oTe, .HBJI.HIOTC.H THnH'IHhiMH 
npeACTaBHTeJI.HMH · Knacca peWeT'IaThiX clJyHK~HH. fllyHK~HH 
Yonwa, npHHHMaiO~He TOJILKO ABa. 3Ha'leHH.H, +1 unu -1, 
o6pa3yiOT nOJIHYIO OpTOrOHaJILHYIO CHCTeMy. IlepeXOA K HO
BOMY npeAcTaaneliuro· c ucnonL3oaauueM· 6a3uca Yonwa 
CB.H3aH TOJILKO C onepa~H.HMH CJIO)I(eHH.H . H Bhi'IHTaHH.H, 

. npH'IeM caM npo~ecc npeo6pa3oBaHH.H Yonwa BeAeTc.H c no
MO~LIO. 6w'cTphiX anropHTMOB /1,9/, Bee 3TO npHAaeT clJyuK
~H.HM Yonwa cy~ecTBeHHwe npeHMy~ecT:Ba.nepeAAPYrHMH. 
OpToroHaJILHhiMH 6a3HCaMH •. IlpH nepeXOAe K CHCTeMe clJyHK· · 
~Hii. Yonwa nonyqaeTc.H awurpww 6naroAap.H coKpa~eHHIO 
BpeMeHH Ha o6pa60TKY AaHHLIX H ynpo~eHHIO o6opyAOBaHH.H. 

HHTepec K clJyHK~H.HM Yonwa uenpepwauopacTeT. B ne~ 
pHOA C 1968 no 1973r.r.;Ja py6e)I(OM COCTO.HJIOCL no Kpaii
Heii Mepe 8 CHMn03HYMOB no npHMeHeHHID clJyHK~Hii Yonwa 
B HayKe H. TeXHHK·e·. B HaCTO.H~ee BpeM.H 6<:)Jiee· 50 HCCJie
AOBaTeJILCKHX r,pynn BeAYT pa60Thl no HCnOJIL30BaHHIO 

· cilYHK~Hii Y onwa ;2/. 
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HHTepecuwe pe3ynLTaTLI nony<ieHLI npH nocTpoeHHH 
auanH3aTopoa H3o6pa)f(eH'ii 13/, a TaiOKe npH nepe~aqe H3o-
6pa)f(eHuii Ha paccTOJIHHJI 4•5/. B nocne~HeM cnyqae Hcxo~
uoe H3o6p~)f(eHHe npe~cTaBnJiroT ~BYXMepuoii pemeT'IaToii 
4!YHKD;Heii. 3aTeM npOH3BO~JIT KO~HpOBaHHe H306pa)f(eHHJI, 
no~aepraJI pemeT'IaTyro 41YHKUHID npeo6pa3oaaHHID Yonma, 
H nepe~aroT no KaHany CBJI3H TOnLKO Te KOMUOHeHTLI yonm
o6pa3a, 3Ha'leHHJI KOTopwx npeawmaroT 3a~aHHLiii nopor. 
IlpH onpe~eneHHLIX pa3Mepax q,parMeHTa il3o6pa)f(eHHJI, no~
aepraeMoro KO~HpOBaHHID, ~OCTHraeTCJI 3414leKTHBHOe C)f(a-
THe HH4!0pMa:u;HH /6/. 

1 

IIocxonLKY HHdJopMa:u;HJI, CHHMaeMaJI c· Tpexoawx xaMep, 
cy~eCTBeHHO 6e~Hee HHdJOpMaD;HH, CO~ep)f(a~eHCJI B nony
TOHOBLIX H306pa)f(eHHJIX, ecTeCTBeHHO O)f(H~aTL, 'ITO BLIHr
pLim OT HCUOHL30BaHHJI 41YHKD;HH Yonma Ha CTa~H C'IHTbi
BaHHJI.H · o6pa6oTKH HHdJopMa:o;HII. a Tpexoawx xaMepax MO)f(eT 
oxa3a:TLCJI cy~ecTaeuuo 6onee · BLICOKHM, 'leM B cnyqae · 
CHO)f(HLIX H306pa)f(t!HHH. ·. 

B ~auuoii pa6oTe ~au auanH3 B03MO)f(HOCTHHcnonL30Ba
HHJI dJyux:u;Hii Yonma MJI nocTpoeHHJI HHTerpanLHoro ann)
pHTMa cTa~HH C'IHTLIBaHHJI Tpe:Koaoii HHdJopMa:o;HH. B · xa
qecTBe "HCXO~Hoii Mo~enH • 6Lin B3JIT.· xnacc TOHKHX np.<~:Mo
nHHeiiHLIX. TpeKOB. I.J;enL TaKOrO anropHTMa. COCTOHT B :'OM, 
'IT06LI yMeHLmHTL 'KOHII'IeCTBO .. C'IHTLIBaeMOH :o;Hil)poBOH HH
dJopMaD;HH, He yxy~maJI npH 3TOM HCXO~HoronpOCTpaHCTBeH-· 
uoro pa3pemeHHJI H He TepJIJI none3Hoii HHdJopMa:o;HH. Pa3·
pa6oTaHHLiii B · ~aHHoii pa6oie anropHTM o6ecne'IHBaeT 
npe~enLHO 6LICTpLiii UOHCK HHBapHaHTHMX KOMUOHeHT y6nm
o6pa3a,. xoTopwe,-· xax noxa3auo,' iiecyT HC'Iepni.IBaro~yro 
HHdJOpMaD;HIO 0 · TOM,. "<iTO ~aHHLIH TpeK ·~eiiCTBHTenLHO JIB
nJieTCJI npJIMOHHHeHHLIM H Y3KHM, a BenH'IHHa yrna HaKnOHa 
onpe,nenJieTCJI C TO'IHOCTLIO ,D;O Heonpe,neneHHOCTH 0 !; 0 + 1T • 

.· J(ucKpemHbie ¢YHKriuu Yo.mua 
. . 

Ha paauoMepHoii · nocne~oaa-1-enLuocTll N To 'lex, :r~e N=lt, 
n - :u;enoe 'IHcno, MO)f(HO nocipoHi:b 'N ·~c:Kpei:HwX: dJyux:u;Hii 
Yonma /1;9/. Pacncino)f(e.HHLie O,D;Ha no,n ,npyroii; o:H:n::.o6pa3y;-. 
lOT MaTpH:u;y NxN. . 
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EcnH j. - HOMep CTpOKH, a i - HOMep CTOn6:u;a, H B 
~OH'IHOM npe~CTaBJieHHil 3TH HOMepa --3aiiHCaHLI B BH,ne 

n-:l k 
= :1: jic 2 

~ /1/ k=O 

n-1 k 
1 = :1: ik 2 

k=O 

TO nocne~OBaTeHLHOCTL ~CKpeTHLIX dJyHKD;HH .Yonma MO)f(HO 
3anHc•aTL B o6~eM BHJ:\e: 

·n-1 

h (' ') ~ j i a J,l = (-1) k=O .k k /1/ 

ecnu dJyHKD;HH. Yonma a,naMapoBCKH _ynopJI,IJ;O'IeHLI; . HnH B 
BH,D;e 

n-1 

h (' ') . kJb j i tfr ),1 = (-1)- · n-k-1 k /3/ 

ecnu_ 4lYHKUHH Yonma ~a~uo ynopJI~oqeuw, H, uaxoHe:u;, 
cexaeHTHBHo ynopJI~o:qeHuLie d!YHKUHH Yonma onpe,nenJiroTCJI 
cne,nyrolD;HM o6pa3oM: 

n-1 
~ q, (j)i 

h (j,.i)=(-l)k=O k . k. 
w. 

/4/ 

J~eCL g ( j ) - KO,D; rpeJI CeKBeHTLI j ~ KO~OpLIH B ~BOH'IHOM 
npe,ncTaBneHHH HMeeT BH,D; 

n-1 k 
g (j) = ~ gk (j ) 2 • 

k=O 
/5/ 

a q(j) =-= g (j) - 'IHcno, nonyqaro~eecJI npH .D;BOH'IHOii 
HHBepCHH KO,D;a rpeJI g. 

3Ha'leHHe CeKBeHTLI paBHO ·. 'IHCny H3MeHeHHH 3HaKa 
dJYHKUHH Yonma Ha nocne,noaaTenLHOCTH N TO'IeK. Ko~ 
rpeJI HH,D;eKCa j onpe,nenJieTCJI cne,nyiOID;HM peKyppeHTHLIM 

COOTHOWOHROM! . \ 
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· gk ( j) = j k + h-I /6/ 

TaKHM o6pa3oM, 

<Jo(j) = jn-I; qi(j)= j n-I+ jn;_2; 
/7/ 

·q (j)= j +i ; ... ; q (j)=j +i 
"'2 · n-2 n-3 n-1 I 0 

· Ha puc. 1 ripHBe,D;eHLI MaTpHui.I ,D;HCKpeTHLIX cilYHKUHii 
··Yonwa,D;nJI·N = 8 B.Tpex npe,D;CTaBneHHJIX: a/ a,D;aMapOBCKOMj 
6/ CeKBeHTHBHO·ynopJI,D;O'IeHHOM; B/ ,D;Ha,D;HO·ynopB,D;O'IeH· 
HOM. 

,lJ;HcKpeTHLie cilYHKUHH Yonwa HecKonLKHX nepeMeHHLIX 
onpe.D;enJIIOTCJI KaK npoH3Be.D;eHHJI O.D;HOMepHLIX cilYHKUH.ii Yon
rua. qHCHO COMHO>K11Teneii paBHO pa3MepHOCTH npOCTpaH·. 
CTBa/7/~ 

,aucKpe11moe npeo6~aoeaHue Yomaa 

IIycTL f(i)- npoH3BOnLHaJI pemeT'IaTaJI cilYHKUHJI, 3a.D;aH
HaJI· Ha nocne.D;oBaTenLHOCTH N TO'IeK. Yonw-:o6pa3oM F(j ) 

. cilYHKUHH f(i) Ha3LIBaiOT cilYHKUHIO 

N-I 

•ill 

I 'I 

I 

F (j) = i}O f(i) ht/1 (i,j), /8/ i• 

KOTopaJI nonyqaeTcJI B pe3ynLTaTe npJIMoro npeo6pa3oBaHHJI 
Yonwa. 06paTHOe npeo6pa3oBaHHe Yonwauo3upa~aeT Hac 
K HCXO,D;HOH cilYHKUHH 

N-1 
f(i) = 2-n l: h,,, (j,i) F(j). /9/ 

j=O 'I' 

O.D;HOMepHoe npeo6pa3ouaHHe Yomua MO>K11o 3anHcaTL 
B MaTpH'IHOM BH,D;e: 

,, } -+ -+ 
F="Hf . 

-+ -+ 
f =z-nf\p • 

/10/ 

6 

l 

I 

(' 
+ 

/ 

HA (8) = 

HwC8)= 
,. 

HIP (8)= 

Puc. ·1. Ma•pur~a ()ucKpemHt.IX tjyHKIIUii Yo11wa e •pex paa
AU'IHbiX npe()c•aeAeHUJIX: a/ ai)aMapoecKoM; • 6/ ceKeeH
IfUBHOM u e/ ()ua()HoM, (}JIJI N = 8. qepHt.ae noAJI o6oaHat~arom 
+1, 6eAt.ae- -1. · · 
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3~ecL 7 u F · sexTopw-cTon6~w. xoMnoueuTw KoTopwx 
~aBHW nocne~OBaTeBLHWM 3Ha'leHHJIM . 3THX cPYH~ii, a· 
~ . 
H- MaTpu~a Yomna. ,ll;ns ~BYXMepuoro npeo6pa3osauua 
MaTpH'IHa.Jl 3anHCL HMeeT BH~ 

.A 'A"" 
F=HfH. /11/ 

3~eCL 1 - MaTpH~a~ 3BeMeHTW KOTOp~ii paBHW 3Ha'leHH.JIM 
~BYXMepuoii peweT'IaToii cPYHK~H, a F - MaTpu~a-o6pa3, 
nonyqae:Maa B pe3ynLTaTe ~BYXMepuoro npeo6pa3oBaHH.Jl 
Yomna. · 

Ha puc. 2 npHBe~eua no-cne~oBaTenLHOCTL ~BYXMepHLIX 
cPYHK~Hii Yomna pa3M:epoM 4 x 4. · 

-l]·lr 
J 

·~··, 
I 
I. 

J 

·c·~·=--:·oo 
0 I . . • 2 l 

·1'~'~'~'..-. ~~.~.~ -. 

.. 

Puc. 2. Hoc/leOoeameAbHOCiflb 4 X 4 oeyxMepHbiX fPYHKfiUU 
Yomua (N =4). 
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Haeec•Hwe Me•oow ct~u•weaHUJI •peKoeoii UHfPOpMat~uu 

CYIQeCTB)'IOIIlHe MeTO~W o6pa60TKH TpeKOBOH HHcPOPM&
~ CBO~JITCJI K pa36HeHHIO TpeKa Ha 3Be!oleHTW H K nocne
JlYIOIQeMy H3MepeHHIO · KOOJ)~HaT BCeX .. 3Be!oleHTOB &BTOM&
·TH'IeCKHM cxauup)'I01Jl11M ycTpoiicTBOM /o/. Donyqeuuwe ~au
uwe 3aTeM BBO~JIT B 3B~, BOCCTaH&BnHBaiOT KapTHHY 
C06WTH.Jl u·uaxo~.JIT ero KBHeM&TH'IeCKHe xapaKTepHCTHKH. 
He~ocTaTKO:M 3Toro MeTo~a. asnaeTca. TO, 'ITO onepa~JI 
pa36HeHHJI TpeKa Ha COBOKYllHOCTL 3Be:MeHTOB H~eT :Me~
neuuo,a nony'laiO~aaca uu.PopMa~a no~s~praeTC.Jl cno>KHoii 
onepa~H OTcPHnLTpOBWBaHHJI ~aHHWX. 

Yxa3auuwe ·ue~ocTaTKH, ·no-:-BH~Mowy, MO>KHO ycTpa
HHTL;' ecnu nepBH'IH)'IO • o6pa60TKY ~aHHWX BeCTH, MHHY.Jl 
CTa~HIO. pa36HeHH.Jl lcapTHHW C06WTHJI Ha 3Be:MeHTW. 3TO 
MO>KHO c,qenaTL, HanpHMep, C llOMO~LIO ronorpacPH'IeCKOH 
CHCTe:Mw/10/, B KOTOpoii Ka~p C C06WTHeM o6pa6aTWBaeTC.Jl 
~enHKOM. · ,IJ;n.Jl 3TOrO KapTHHY C06WTHJI npeo6pa3)'10T B , 
npocTp&HCTBeHHO:.'IaCTOTHWii o6pa3 npH Iiol.foUiHny'IKa KO
repeHTHOro . CBeTa, H. allainl3 co6WTHH Be~yT :MaCCHBOM 
CornaCOBaH~WX cPHBLTpOB. . . . - . 

. B OCHOBe rno6anLHWX MeTO~OB. o6pa6oTKH TpeKOB neDT 
npe~ono)Keuue o TOM, 'ITO. B HOBOM npe~cTasneuuu uu.Pop
Malllla 0 C06LITHH co,AepXmTC.Jl B He60BLWOM" 'IHCne HHcPOp· 
Ma~ouuwx ·. npu3uaxoB. Bu~ · npeo6pa3osauua, xoTopoMy 
llOli;BepraiOTC.Jl HCXO~HLie ~aHHWe, MO)KeT 6LITL pa3nH'IHLIM~ 
3To npeo6pa3oBaHHJI 4»ypLe, Yomna-A~aMapa, Xaapa una 
Kapyueua-no3Be /4/. 

HcnonL30Bauue opTorouanLHLIX npeo6pa3oBauuii.no3Bo- · 
JIBeT BHeCTH H3MeHeHH.Jl B CTa~HIO C'IHTWBaHHJI HHcPOp!ola~H. 
~ ~auuoii pa6oTe BMecTo Y3Koro nyqa ucnonL.3YIOTC.Jl Macxu 
Yonwa, no3BOBJIIOUl11e uaxo~TL KOMnoueuTw ~BYXMepuoro 
yonw-o6pa3a ilenocpe~cTBeuuo B xo~e onepa~u C'IHTWBa
HHJI. BMeCTO KOOp~HaT 3Be:MeHTOB C06WTH.Jl H~YTC.Jl HHcPOp
Ma~HOHHLie npH3HaKH, KOTOp:We HeCyT BCIO · HHcPOp!ola~ 
o co6WTHH. ,qucno Taxux npH3HaKoB, nonyqaeMwx. c no
MO~LIO pa3pa6oTauuoro anropHTMa HHTerpanLuoro C'IHTw
BaHH.Jl, cYIQeCTBeuuo MeHLWe 'IRena 3neMeHTOB TP.eKa; Dpu 
3TOM 3~ecL ueT uu yxy~weuua npocTpaucTseuuoro pa3pe
weuua, HH llOTepH none3HOH HHcPOpMa~H. 
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Ct~uJibleaHue npu noMOUIU ..wacoK. Yomua 

B KaiieCTBe HCXO)UIOH MO,AenH .· C06hiTHH . 6l.um B3.11Thl 
qepHo:-6em.~e H3o6pa)KeHH.II, OTC'IeTHa.ll 41YHKIUI.II xoTopwx 
paBHa 1 HnH 0. JihiHH paCCMOTpeHhl TpeKH, O)UIOpO)Uihle DO 
UIHpHHe, npH'IeM UIHpHHa TpeKa paBHa . pa3Mepy 3HeMeHTa 
pa3pemeHHJI. pemeT'IaToro H3o6pa)KeHHJI. ·TaxaJI. MO,Aem. 
6nH3Ka K H306pa)KeHHJIM 'TpeKOB, o6pa3}'IOUVIXCJI·B HCKpOBLIX 
xaMepax c 3anonueHHeM HHepTHLIMH ra3aMH. 

Hcxo,AHaJI 4!oTorpa4!HJI Tpexa · HMena BH.A. KBa,ApaTHoii 
MaTpH~LI pa3MepoM N x N , r,Ae N = 2n , an - ~enoe. 'IHCno~ 
B 3Toii MaTpH~e MO)KHO npoBecTii 4N-4 pa3nH'IHhiX .IUICK
peTHLIX OpHeHTa~HH TpeKa. -3Ha'leHHJI 41YHK~HH f(i:, j ' ) B 
3neMeHTax MaTpH~LI paBHLI 1 HnH 0. Taxoe pemeT'IaToe 
H306pa)KeHHe 6wno DO,ABeprHyTO .ABYXMepHOMynpeo6pa30· 
BaHHIO Yonma. 3To ocy~eCTBnJieTcJI B xo~e caMoii cTa,AHH 

C'IHTLIBaHHJI npH noMOIIVI Macox Yonma pa3Mep~M NxN. 
«<»yHK~HJI nponycxaHHJI H k e (i ' j ) gqe ex Ma TPH~hl ( k' £) npH.;, 
HHMaeT 3Ha'leHHJI +1 Hn~ - L Ilonuoe 'IHcno Macox paBHO 
N2 .]iwnH HCDOHL30BaHLI ceKBeHTHBHO,;. ynopJiito'leHHLie MaCKH 
Yonma. Ilocne,AoBaTenLHaJI cMeHa CTPYKTYPLI Macox Yomiia 
D03BOHJieT HaHTH .3Ha'leHH.II , 3neMeHTOB HOBOH MaTpH~LI 
N x N, xoTopa.ll .IIBn.lleTc~ .ABYXMepHLIM yonm- o6pa3oM :Hcxo,A
uoro i.fabcHBa ,AaHHLIX. KoMnoHeHTLI yonm-o6pa3a F (k ,e) npH 
-~ ' . . - . 

3"J:OM paBHLI , 

N-1 N-1 
F (k, e) = I I Hk eO, j) f(i, j). /12/ 

. j= 0 i=O ' . . 

HH¢opMafiUOHHble npu3HaKu npJIMOAUHei1Hoz'o 111peKa 

B pe3yHLTaTe MO,AenHpOBaHH.II Ha 3BM CTa,AHH C'IHThiBa· 
· HH.II· ,AaHHLIX npH UOMOUVI MaC OK Yonma 6LinH Haii,AeHbx cne • 
.AYIOUVIe 3aKOHOMepHOCTH: 

1. /0-0/-xoMnoueHTa ·yonm-o6pa3a co,Aep)KHT llu4lop· 
Ma~HIO 0 UOnHOH HHTeHCHBHOCTH TpeKa. 

2. B · cHny uelm~apHaHTHbCTH yonm-o6pa3a nocne,AHH:ii 
H3MeH.IIeTC.II npH ~HKHH'IeCKOM C,ABHre Tpe:Ka. . 

3. Cy~eCTByeT KOMDOHeHTa yonm-o6pa3a, .nOJIO)KeHHe 
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KOTOpO:ii. H a6COniOTHOe. 3Ha'leHHe. HHBap:&aHTHhl DO (>THO· . 
WeHHIO K. IUIKnH'IeCKOMy C,ABHry. 3TaKOMDOHeHTaHaXO,AHTC.II 
B .1111eiixe MaTpH~w-o6pa3a · ua 'nocne,AHeii cTpoxe. /HnH 
cTon6~e/. Ha puc. 3 npHBe,AeHLI npJIMO.JiHHeiiuwe TpeKH 
C O,AHHM H TeM )Ke HaKJIOHOM, HO C,ABHHYTLie OTHOCHTenLHO 
Ka,Apa, a TaK)Ke yonm- o6pa3LI 3THX TpexoB. HHBapHaHTHwe 
KOMDOHeHTLI 06Be,AeHLI Kpy)KKOM. . . 

~OAw-OSPAJ 

TPEKU . TPEKA I 

L.__ 

If 

:~ 

....... - :IOAW-06PA3 
TPEKA 2 

Puc. 3. Ilpu..wep deyx npJJMOAUHei1HbiX •peKoe c OOHUM u 
JleM JICe YZAOM HQKAOHa, . K01110pble Cd8UHYJibl OJIHOCU1lte.llbHO 
opyz .· dpyza. CAeea - noAe c •peKaMU 1 u 2. Cnpaea -
yoAw- o6pa3 111peKa 1 · u yoAw- o6pa3 111peKa 2. · · 

·II 



4. Ilono>KeHHe HHBapHaHTHOH KOMllOHeHThl .. 3aBHCHT OT 

yrna uaxnoua Tpexa H ueqyBCTBHTenbHO x 3aMeue () ~e+ 17 

/puc. 4/. · · 

~OAW-05PA3bl 

-
J 

'--

Puc. 4. Yomu- o6pa3 oeyx np.RMOAUHeUHblX mpeKoe, YZAbl 
HQKAOHa ()l U () 2 KOI!IOpblX CB.R3aHbl CUMMempueu ompaxe
HU.R omHocume.llbHO ocu Ox. CAeea - noA.R c mpeKaMu. 
Cnpaea - ux yomu- o6pa3bl. Buoilo, 'ii!IO uHeapuaHmHa.R KOM
noHeHma ocmaemc.R Ha Mecme npu maKoii onepaquu ompa:J#Ce-
HU.R. 

12 

5. KpuTepueM npJIMonuueii:HocTH Tpexa JIBnJieTcJI a6co

nanu~e 3Ha'leHHe OTHOWeHHJI 'HHTeHCHBHOCTeH /0-0F·xoM

noueHTbl H HHBapHaHTHOH KOMllOHeHTbl, KOTOpoe paBHO 1, 
ecnH TpeK npJIMOnHH(!eH. ~eHCTBHTeDbHO, H3 puc •. 5 BH,I\HO, 

'ITO B cuny CTPYKTYPbl Macox Yonwa HHBapuaHTHblX xoM

noueuT a6comoTHOe 3Ha'leHHe HHTeHCHBHOCTH HHBapHaHT

HOH KOMllOHeHTbl paBHO HHTeHCHBHOCTH /0-0/-KOMllOHeHT:bl.· 

TPEKU 

'-

MACKU 
I-3AEMEHTA. 

Puc. 5. Cmpy/(mypa ·MacoK Yomua e .aAzopumMe noucKa 
UHeapuaHmHoii · Ko.MnoHeHIIfbl. CAeea - HaKAOHHbH? mpeKu, 
c;npaea - coomeemcllfBYIOJIIUe UM MaCKU YoAaua. . 
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B TOM H ,npyroM cnyqaJix MacKH nponycxaroT ace 3neMeHTLI 

Tpexa. 

HoAee CAOJICHt.re co6t.u11u.11 

PaccMoTpeuHro 6LinH no,naepruyTLI TaiOKe 6onee cno)K
HLie co6LITHJI: 1/ ,naa napannenLHLIX Tpexa; 2/ ,naa npJIMO
nHHeiHLIX Tpexa, nepecexaromaxcJI ua xparo· xa,npa; 3/ ue
nepecexaromaecJI uen_apannenLHLie npJIMOnHHeiuLie TpexH; 
4/ o,nHuoquLie npJIMOnHHeiHLie TpeKH npH lianH'IHH cnyqai-

uoro clloua. 
AuanH3 3THX co6LITHi no3BOnJieT c,nenaTL cne,nyro~e 

BLIBO,nLI: 
1. /0-0/-KoMnoue:HTa yomn-o6pa3a,nayxnapannenLHLIX 

Tpexoa HMeeT 3HaqeuHe 2 N BMecTo N ,nnJI o,nuoro npJIMo

nHHeiuoro. Tpexa. 
2. HHBapHaHTHaJI KOMUOHeHTa yomn-o6pa3a HMeeT 3Ha-

qeHHe, KOTOpOe MO)KeT MeHJITLCJI OT 2N ,no 0, B 3aBHCH
MOCTH OT qeTHOCTH-qHcna 3neMeHTOB peweTKH BUPOMe)KyT-

. . ' ~ 

Ke Me~y ,nByMJI TpeKaMH. 
3. 0-0-KOMUOHeHTa yomn-o6pa3a ,nByX npJIMOnHHei

HLIX nepeceKaiOmJ~XCJI TpeKOB HMeeT 3HaqeHHe 2N-k, r_ne 
k - qHcno 3neMeHTOB, o6mux ,nnJI ,nayx Tpexoa. 

4. Yomn-o6pa3 ,nayx npJIMonHueiHLIX nepecexaiOmuxcJI 
TpeKOB co_nep)KHT-,nBe HHBapHaHTHLie KOMUOHeHTW,Ka~aJI 
H3 KOTOpLIX HMeeT . 3HaqeHHe, 6nH3KOB K .N · 3TH KOMUO
ueHTLI, pacnono)KeHHLie ua nocne,nuei cTpoxe HnH ua nocne.n
HeM CTOn6~e MaTpH~LI-o6pa3a, BLI,neHJIIOTCJI no HHTeHCHB
HOCTH Ha clloHe OCTanLHLIX KOMUOHeHT nocne,nHero CTOn6~a 
HnH nocne,nuei cTpOKH. 

5. Yomn-o6pa3.·,nByx.npJIMOnHHeiHLIX uenepecexaiO~x
CJI H uenapannenLHLIX TpeKOB xapaKTepeH . cne,nyromuMH 

\ CBOBCTBaMH: /0_-0/-KOMUOHeHTa HMeeT 3HaqeHHe 2N ; 
,nnJI Ka~oro TpeKa HMeeTCJI CBOJI HHBapHaHTHaJI KOMUO
HeHTa, nono)KeHHe. xoTopoi onpe,nenJieTcJI yrnoM uaxnoua 
TpeKa C TO\{HOCTLIO _no ,nBY3HaqHOCTH lJ-+ lJ+ 1T • 

AuanH3 co6LITHi, co,nep)Ka~x o,nHuoquLii npJIMOnHHei
HLii Tpex npH uanHqHH cJiyqaiuoro 4loua, no3BonJieT c,nenaTL 

cne.nYIOmHe BLIBO,nLI: 
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1. llOJIBneHHe cnyqaiuoro 4loHa npHBO,nHT K TOMy, \{TO 
npaKTHqeCKH HH O,nHa H3 KOMUOHeHT MaTpH~LI-o6pa3a- He 
paBHa uynro. · . 

2. EcnH HHTeHCHBHOCTL ·cnyqaiuor:o 4loua He npe:BLIWaeT · 
30~ HHTeHCHBHOCTH caMoro Tpexa, T.o BBe,neuue nopora, 
paBHOro 0,7N, U03BOnJieT nonyqHTL KapTHHY, KOTOpa·JI COBna
,naeT c xapTHHoi yomn-o6pa3a o,nuuoquoro npJIMOnHHeiiuoro 
Tpexa. · 

3. · Ecnu HHTeHCHBHOCTL cnyqaiuoroclloua ,nocTuraeT 50~ 
HHTeHCHBHOCTH TpeKa, TO npOCTLIM anropHTMOM noporoBOH 
cllHnLTpa~HH BOCCTaHOBHTL KapTHHY C06LITHJI npaKTHqeCKH 
HeB03MO)KHO.- 3-necL Tpe6yiOTCJI cornacoBaHHLie unu a,nan
THimLie cllHnLTpLI. 

AAzopumM noucKa uHeapuaHmHbiX KoMnoHeHm · 

. IlpH nocTpoeHHH anropHTMa noucxa HHBapHaHTHLIX KOM
noueHT yonw- o6pa3a npJIMOnHHe:iuoro Tpexa· 6Lin .ucnonL-
30BaH TOT <liaKT, \{TO HHBapHaHTHLie KOMUOHeHTLI 3aUOHHJIIOT 
gqe:iKH MaTpH~LI~o6pa3a nocne,nue:i cTpOKH HnH nocne,nuero 
cTon6~a. OcuoBoii anropHTMa JIBJIJieTCJI HTepa~HOHHLI:i npo- · 
~ecc npo~e)KHBaHHJI xpaeBLIX gqeex MaTpH~LI- o6pa3a c pa3-
6ueuHeM ua ,nae qacTH Maccu:Ba KoMnoueHT yoruri-o6pa3a. 
3TOT MaCCHB JIBHJieTCJI ~H60 HCXO,nHLIM, nH60 nonyqaeTCJI 
nocne ·npe,nLIAYIIlero TaKTa npo~e)KHBaHHJI. 

Ilpo~ecc noHc:Ka BeAeTcJI cne,nyiOmJ~M .o6pa3oM. IlepBLI:i 
War: BLI\{HCnJieM CYMMY BCeX KOMUOHeHT nocne_nue:i CTpOKH 
H CYMMY; Bcex KOMnoueHT riocne,nuero cTon6~a · MaTpH~LI
o6pa3a. liepeM CTpoKy HHH CTon6e~ c HaH60nLWHM a6co·
HIOTHLIM 3HaqeuHeM cyMMLI. BTopo:i war: MaccHB KOMno
HeHT BLI6paHHOH CTPOKH pa36HBaeM Ha ,nBe qaCTH. Haxo,nHM 
~YMMLI KOMUOHeHT neBOH H npaBOH qacTH CTPOKH, COOTBeT
CTBeHHO. CpaBHHBaeM a6conroTHLie 3aaqeaHJI 3THx cyMM. 
BLI6HpaeM AHJI npo~e)KHBaHHJI qacn~ . MaCCHBa KOMUOHeHT 
CTpOKH C HaH60nLWHM a6conroTHLIM .· 3HaqeHH!'!M CYMMLI-. 
H , HaKOHe~, nocne,nHHH war, nepe,n KOTOPLIM OCTaeTCJI 
TOHLKO _nae KOMUOHeHTLI. KoMUOHeHTa, KOTOpaJI HMeeT 
aliu6oni.wee a6conroTHoe 3HaqeuHe, JIBmleTcJI HHBC:l,PHa:HTHo:i 
KOMUOHeHTOH. 

r' 
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.. 
EcJIH N "" 2 n, r.u;e n - nenoe qBcno, To Bcero Tpe6yeTcJI 

c.u;enaTI:. He 6onee (n + 1) maroB. EcJIH nocne nepBoro npone
XCHBaHB.JI HaB6on~:.mee a6comoTHoe 3Ha'leHBe B:t.t:eeT _cy:t.t::t.t:a 
3Ha'leHBi. Ko:t.t:no:HeHT no cTon6ny, To onepa:nBB nponeXCH- · 
BaHBJI nO,D;BepraiOT KOMnOHeHTI:.I nocJie,D;Hero CTOJI6:Q;a MaTpB· 
nw-o6pa3a. HaKoHen, . ecJIH npB nepBoM nponeXCHBaHBB · 
6y,D;eT 06Hap)')KeHO, 'ITO 3Ha'leHBJI o6eBX CYMM paBHI:.I, TO 
TpeK 6y.u;eT no naroHaJIH Ka.u;pa, c yrno:t.t: HaKJioHa 11/4 BJIB 
311 I 4. IlpB 3TOM, ecJIH Ko:t.t:noHeHTa BMeeT noJIOXCHTeJII:.Hoe 
3Ha'leHBe, yroJI HaKJIOHa paBeH311 /4,B 11/ft - eCJIBKOMno
HeHTa B:t.t:eeT oTpBnaTeJII:.Hoe 3Ha'leHBe. 

AJiropBTM nOBCKa · BHBapBaHTHOH KOMnOHeHTI:.I. C npo
:Q;e)IOIBaHBeM :t.t:aCCBBa KOMnOHeHT nOCJie,D;Hero CTOJI6:Q;a MaT· 
pBnw-o6pa3a npBBe.u;eH Ha puc. 6. 

HaKOHe:Q;, MOXCHO nOCTPOBTI:. MO,D;B~Bil:BPOBaHHWe MaCKB 
YoJIWa, KOTopwe Henocpe.u;cTBeHHO .u;aroT 3Ha'leHBJI cy:t.t:M; 
Tpe6ye:t.t:wx Ha pa3JIH'IHI:.IX 3Tanax nponeXCHBaliBJI. B 3TOM 

aJirOpBTMe C'IBTWBaHBe BCXO,D;HI:.IX ,D;aHHWX Be,D;eTCJIHenoc
pe,D;CTBeHHO - :t.t:o,D;B~Bil:BPOBaHHI:.IMB :t.t:acKa:t.t:B YoJIWa, MBHYJI 
Haxo:>K,IJ;eHBe Bcex Ko:t.t:noHeHT yoJIW·o6pa3a. Mo.u;BitlB:nBPO
BaHHI:.Ie MaCKB BMeiOT cne,D;yroi:Q;Be CBOHCTBa: 

[] : . ,. 

;_ - --
•. 

----y~~ { 
' 

. ' . l 1 

/ . ' . . 

l 

Puc. 6. ·AAzopumM noucKa UHeapuaHmHou· KOMnolieHIIfbiYOAw
o6pa3a nymeM npoflexueaHU.R Maccuea KOMnoHeHm nocAeo
Hezo C1/IOA6rja C pa36UeHUeM Ha oae tiQCJIU jcM. meKCII/. 
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1 ~ MonlilB:nBPOBaHHaJI :t.t:ac:Ka noBcKa BHBapilaHTHoi KOM~ 
noHeHTI:.I MaTpB:Q;W;.06pa3a .JIBJIJieTCJI TpaHCnOHBpOBaHHOi 
:t.t:aCKOH nOBCKa BHBapBaHTHOH KOMnOHeHTW no CTOJI6:Q;y;. 

2. IlponyCKMBe 3JieMeHTOB MO,II;B~Bil:BPOBa~HOi MaCKB 
YoJIWa nOBCKa BHBapBaHTHOH KOMnOHeHT:LI no CTOJI6:Q;y paBHO 

t(O,j)= (-l)j 

t (i, j·) = 0 , 

j;:o,l, ••• ,N..:.1 

i = 1 ~ 2, ~ .. ~ N-1 

j =0,1~ ... ,N-:l 

/13/ 

3. M<?.u;B~Bn:HpoBaHHaJI :t.t:acKa ,D;JIJI nocne)~YIOIItero mara 
nOBCKa CTPOBTCJI no MO,D;B~Bil:BPOBaHHOi MaCKe ,D;JIJI npe.u;w- . 
,D;YII.\ero 'war a noB~Ka • ny'ieM;'IeTHoro B He'leTimro oTpa>Ke- · 
HBJI npe.u;I:.i.u;yll.\ei :t.t:acKH. OTHOCBTe4~:.~o ocB, · KOTopa.s npo
xo.u;BT no, aepx:Hei · rpaHBne HyneB<?r6 non.11 Ha npe.u;w.u;YIIteM 
mare noBcKa. Ilocne 3Toro B03HBKaiOT .u;ae HOBI:.Ie aJII:.Tep
mtTBBHI:.Ie MO,D;B~B:Q;BpOBaHHI:.~e MaCKB. C BX nOMOIItbiO Haxo
,D;.HT 3Ha'leHB.H .u;ayx cyM:t.t:;· B' .u;anee. :H.u;yT no Toi BeTBB, ,D;JI.H 
KOTOpoi a6COmOTHOe 3Ha'leHBe. CYMMI:.I ,OKa3I:.IBaeTC.H HaB-
60JibWBM. 

,D;anee· ace n<>1JTOp.se1-c.s, noKa Ha nocne.u;HeM mare He 
HaXO,D;BTCJI BCKOMa.H BHBapBaHTHa.H KOMnOHeHTa MaTpB:Q;lal~ 

o6pa3a. . -; 

MO,D;B~B:Q;BpOBaHHI:.Ie .MaCKB .YoJIWa, BCnOJib3yeMI:.Ie B an
ropBTMe 6wcTporo noBci<:a HHaapBaHTHoi Ko:t.t:noHeHTw, Ko
Topa.Jl pacnono>KeHa a noqne.u;HeM cTon6ne Ma TpBnw- o6pa-
3a, npBBe,D;eHw Ha . puc. 7. 3neMeHTI:.I :t.t:acoK, nponycKaHBe 
KOTOpi:.IX paBHO .. +1, .3a'lepHeHI:.I •. 3JieMeHTI:.I, r,D;~ nponyCKa
HBe paBHO -1; OCTaBJieHI:.I 6eJII:.IMB. 06JiaCTI:. C HyJieBI:.IM 
nponyCKaHBeM 3amTpBXOBaHa·. IlOCJie,D;HBH p.II,D; MO,D;B~B:Q;BpO
aaHHI:.Ix :t.t:acoK Yonwa coana.u;aeT c .MacKaMH YoJIWa, KoTo
pwe COOTBeTCTBYIOT .ll'leiKaM nocJie,D;Hero CTOJI6:Q;~ MaTpH
:Q;I:.I·o6pa3a. 

Bae.u;eHHe noporoaoi ~HJibTpanHH npH nocTo.HHHOM nopore 
,D;JI.H rameHH.H cnyqaiiHoro llloHa He H3MeH.seT pa6oTI:.I yKa3aH
Horo anropHTMa. 

ECJIH B Ka,D;pe CO,D;epXCHTC.H ,D;Ba nepeceKaio~XC.H. HJIH 
HenepeceKaiOI:Q;BXC.H TpeKa, TO B aJirOpHTMe B03HHKaeT pa3· 

17 



I 

18 

-
, __ ,;; 

I :C Iii! I I 2 I 
·OOOC»O;:s'O· 
::u <DI::::t<» 
~O~:C::S~~ 
o~uuQ,9.u 
:c •::s::<»o ><<»o ::== 
~:O~::<»O<D .o:z:::s Q) 
:Z::z:~Oii!~.., 

.• 0 Iii! Iii! u ;....;;:; 
:z:Q)o:J":z::z:~ 
oo .. a::sQ, 
~Q.o~-~10 -.::s"C» 0 o::s- ..... u ... 
<D;:sli! ... OO~ 
§~ 5."' ~;a ~ ::so'O ~o o-gN ·~.?;.... :c ~uo""' 
u~o::S:z: Iii! ::s Q.-o :c :z: 
o.!(o ooe» l::.o!ll •)<U:z: • 
;ro~uoo~ 

~oli!~::s~==~ 
§~(I) Q) )<' ~~ 
'"'o-o -....,o::.o...,o.o:co 

li!"':z::Z: I llluo•:z::z:o:o a \o5.<»0<D::t 
o~o<DQ)::s::s 

•::s (I) Q, Ill Iii! ~ u. 9. 
-~ ~U:i'Uii! 
~ Q, 0 0 -o ::t o.o 
li!I():C <»::s~~ 
u 0 ~ 0 &~. <» 
-I !\) ::S ~ 
.o;a~<»g-o::s~ 
14~""'l;t<»o:z:~ 
~~·~:z:~~~ o- !ol 

;a.o~;:s"iU 

u§~~~;r~~ 
::s<».?Q.<»oo<» 
~:Z:I'"II::'O~:C:Z: 
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