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ʄʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ

Ƅ =

Ƅ =

ʉʨʘʚʥʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʬʦʨʤʝ:

Å ɺʳʜʝʣʠʪʴ ʩʚʷʟʥʳʝ ʦʙʣʘʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ f.

Å ɺʳʯʠʩʣʠʪʴ ʩʨʝʜʥʠʝ ʷʨʢʦʩʪʠgʧʦ ʦʙʣʘʩʪʷʤ f.

Å ɺʳʯʠʩʣʠʪʴ gF = ʦʙʣʘʩʪʠ f ʩ̫ ʨʢʦʩʪʷʤʠ ʦʪg.

Å ʆʮʝʥʢʘ ʩʭʦʜʩʪʚʘ:ʄʂʂ Km(g,F) = || gF || / || g ||

Å ɺʳʜʝʣʝʥʠʝ ʦʪʣʠʯʠʡ: Dm(g,F) = | gïgF |

f g

ggF

ɀɚɜɘɌ ɋɜɖɚɝɞɨ

ʧʨʦʝʢʮʠʷg
ʥʘ ʬʦʨʤʫ f

ʄʦʟʘʠʯʥʘʷ

ʬʦʨʤʘ F
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ʇʨʦʙʣʝʤʘ: ʠʟʦʙʨʘʞʝʥʠʷ ʦʜʥʦʡ ʩʮʝʥʳ ʤʦʛʫʪ 

ʠʤʝʪʴ ʨʘʟʥʫʶ ʤʦʟʘʠʯʥʫʶ ʬʦʨʤʫ

g

ʄʦʞʥʦ ʣʠ ʫʩʪʘʥʦʚʠʪʴ ʩʭʦʜʩʪʚʦ ʧʦ ʬʦʨʤʝ ʠʟʦʙʨʘʞʝʥʠʡ,

ʦʪʣʠʯʘʶʱʠʭʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʥʝ ʪʦʣʴʢʦ ʷʨʢʦʩʪʠ,

ʥʦ ʠ ʛʝʦʤʝʪʨʠʠ (ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʩʦʩʪʘʚʘ ʩʮʝʥʳ)?

ʇʦʧʳʪʘʝʤʩʷ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚ ʨʘʤʢʘʭ ʤʦʨʬʦʣʦʛʠʠ ʇʳʪʴʝʚʘ

ʇʳʪʴʝʚʖ.ʇ., ʏʫʣʠʯʢʦʚɸ.ʀ. ʄʝʪʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ // ʄ.: ʌʀɿʄɸʊʃʀʊ, 2010. 336ʩ.

f
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʦʨʤʳ

ʛʜʝ nïʯʠʩʣʦ ʦʙʣʘʩʪʝʡ ʨʘʟʙʠʝʥʠʷFʢʘʜʨʘ, 

F={F1,é,Fn}; f=(f1,é,fn) ïʚʝʢʪʦʨ ʟʥʘʯʝʥʠʡ 

ʷʨʢʦʩʪʠ ʦʙʣʘʩʪʝʡ ʨʘʟʙʠʝʥʠʷ; cFi(x,y)Í{0,1} ï

ʠʥʜʠʢʘʪʦʨʥʘʷ ʬʫʥʢʮʠʷ i-ʡ ʦʙʣʘʩʪʠ ʷʨʢʦʩʪʠ.

ʠʣʠ ʤʥʦʞʝʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤʠ

ʨʘʟʙʠʝʥʠʷʤʠ ʢʘʜʨʘ FïFÌL2(W):

ä=
=

n

i Fii yxfyxf
1

),,(),( c

F1

F2

F3

ʀʟʦʙʨʘʞʝʥʠʝf(x,y)

ʈʘʟʙʠʝʥʠʝF

F4

ʇʳʪʴʝʚʖ.ʇ., ʏʫʣʠʯʢʦʚɸ.ʀ. ʄʝʪʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ // ʄ.: ʌʀɿʄɸʊʃʀʊ, 2010. 336ʩ.

ʀʟʦʙʨʘʞʝʥʠʷ ïɻ ʣʝʤʝʥʪʳ ʣʠʥʝʡʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ:

ʌʦʨʤʳ ïʣʠʥʝʡʥʳʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ

} ),,(),({
1

nn

i Fii RyxfyxfF Í== ä=
fc

ʌʦʨʤʳ ʢʘʢ ʨʘʟʙʠʝʥʠʷ ʢʘʜʨʘ = çʤʦʟʘʠʯʥʳʝ ʬʦʨʤʳè
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ʇʨʦʝʢʮʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʬʦʨʤʫ ʜʨʫʛʦʛʦ 

ʠʟʦʙʨʘʞʝʥʠʷ

ʇʳʪʴʝʚʖ.ʇ., ʏʫʣʠʯʢʦʚɸ.ʀ. ʄʝʪʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ // ʄ.: ʌʀɿʄɸʊʃʀʊ, 2010. 336ʩ.

ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ

ʜʣʷ ʜʠʩʢʨʝʪʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ:

X ðʦʙʣʘʩʪʴ ʢʘʜʨʘ
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ʉʨʘʚʥʝʥʠʝ ʩ ʧʨʦʝʢʮʠʝʡ ʧʨʠ ʠʟʤʝʥʝʥʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʠʟʦʙʨʘʞʝʥʠʷ

ʇʳʪʴʝʚʖ.ʇ., ʏʫʣʠʯʢʦʚɸ.ʀ. ʄʝʪʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ // ʄ.: ʌʀɿʄɸʊʃʀʊ, 2010. 336ʩ.

gf

Pfg Pfg - g

6



( ) ( )
e

2
,,

exp),,,(
vuyx

vuyxhF

vv -
-=

( ) ( ) ( ) ,,,,,,,,, ää=
a b FFF bayxhvuyxhvuyxp

( ) ( )( )ää=
u v FF vufvuyxpyxfP , ,,,,

ʊʝʧʣʦʚʳʝ ʷʜʨʘ ʠʜʠʬʬʫʟʥʳʡ ʦʧʝʨʘʪʦʨ(ʦʧʨʝʜʝʣʝʥʠʷ)

(Lafon, 2004), (Coifman, Lafon, 2006), (Coifmanet al, 2007)

ʇʫʩʪʴʣʶʙʦʡʧʠʢʩʝʣʴʠʟʦʙʨʘʞʝʥʠʷfʤʦʞʝʪʙʳʪʦɹʧʠʩʘʥʥʝʢʦʪʦʨʳʤ

ʚʝʢʪʦʨʦʤv(x,y).ʊʦʛʜʘʜʣe̫>0:

-ʊʝʧʣʦʚʦʝʷʜʨʦ

-ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝʥʦʨʤʘʣʠʟʦʚʘʥʥʦʝʜʠʬʬʫʟʥʦʝʷʜʨʦ

-ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡʜʠʬʬʫʟʥʳʡʦʧʝʨʘʪʦʨ(ʜʠʬʬʫʟʥʳʡʬʠʣʴʪʨ)

ʇʨʝʜʣʦʞʝʥʥʦʝ ʨʘʥʝʝ ʦʙʦʙʱʝʥʠʝ:

ʦʪ ʤʦʟʘʠʯʥʳʭ ʧʨʦʝʢʪʦʨʦʚʢ ʜʠʬʬʫʟʥʳʤ ʦʧʝʨʘʪʦʨʘʤ

Coifman, R., Lafon, S., 2006. Diffusion maps, Appl. Comp. Harm. Anal.

Yu. V. Vizilter , V. S. Gorbatsevich, A. Yu. Rubis, and S. Yu. Zheltov . Shape-Based 
Image Matching Using Heat Kernels and Diffusion Maps. // Int. Arch. 
Photogramm. Remote Sens. Spatial Inf. Sci. ðVolume XL-3, 2014, pp. 357-364 7



ͻΕΣΕήΙΡΡΰΝ ΤΣΘΪΣΘ Ξ ΦΥΔΖΡΙΡΜγ ΤΣ ΩΣΥΠΙ

ʀʜʝʩ̫ʨʘʚʥʝʥʠʷʠʟʦʙʨʘʞʝʥʠʡʧʦʬʦʨʤʝ:

ʉʦʟʜʘʝʪʩʷʜʠʬʬʫʟʥʳʡʬʠʣʴʪʨ,ʢʦʪʦʨʳʡñʧʦʯʪʠʩʦʭʨʘʥʷʝʪòʠʟʦʙʨʘʞʝʥʠʝ

ʵʪʘʣʦʥʘfʠʟʘʪʝʤʧʨʠʤʝʥʷʝʪʩʷʜʣʪ̫ʝʩʪʦʚʦʛʦʠʟʦʙʨʘʞʝʥʠʷg.

ɽʩʣʠɻʥʝʨʛʠʷg ñʩʦʭʨʘʥʝʥʘʜʦʩʪʘʪʦʯʥʦò,ʪʦʛʜʘʵʪʦñʧʦʜʦʙʥʘʷʬʦʨʤʘfò,

ʠʥʘʯʝïʠʤʝʶʪʩʷʨʘʟʣʠʯʠʷʚʬʦʨʤʝ.

ʄʝʪʦʜʦʮʝʥʢʠʩʦʦʪʚʝʪʩʪʚʠʷʠʟʦʙʨʘʞʝʥʠʡʧʦʬʦʨʤʝ:

1.ɺʳʙʠʨʘʝʪʩʷʥʝʢʦʪʦʨʳʡʬʨʘʛʤʝʥʪʠʟʦʙʨʘʞʝʥʠʷfʢʘʢhʘʙʣʦʥ.

2.ɺʳʯʠʩʣʷʝʪʩʷʪʝʧʣʦʚʦʝʷʜʨʦhFʠʥʦʨʤʘʣʠʟʫʝʪʩʷʜʠʬʬʫʟʥʦʝʷʜʨʦpF.

3.ɺʳʯʠʩʣʷʶʪʩʷʬʠʣʴʪʨʦʚʘʥʥʳʝʠʟʦʙʨʘʞʝʥʠʷPFfʠPOf.

4. ɼʣ ʚ̫ʩʝʭʪʝʩʪʦʚʳʭʬʨʘʛʤʝʥʪʦʚg ʚʜʘʥʥʦʡʦʙʣʘʩʪʠʠʥʪʝʨʝʩʘ

(ʩʦʦʪʚʝʪʩʪʚʠʝʦʙʣʘʩʪʠ):

4.1.ɺʳʯʠʩʣʷʶʪʩʷʬʠʣʴʪʨʦʚʘʥʥʳʝʠʟʦʙʨʘʞʝʥʠʷPFgʠPOg.

4.2. ɺʳʯʠʩʣʷʝʪʩʷʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡʜʠʬʬʫʟʥʳʡʢʦʵʬʬʠʮʠʝʥʪ

ʢʦʨʨʝʣʷʮʠʠ(ʄɼʂʂ)

5. ɹʝʨʝʪʩʷʬʨʘʛʤʝʥʪg ʩʣʫʯʰʠʤʟʥʘʯʝʥʠʝʤʄɼʂʂʢʘʢʣʫʯʰʝʝ

ʩʦʦʪʚʝʪʩʪʚʠʝfʚʦʙʣʘʩʪʠʠʥʪʝʨʝʩʘ.

||||

||||

||||

||||
),(

gPg

fPf

fPfP

gPgP
FgK

O

O

OF

OF
MD

-
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=
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ʇʳʪʴʝʚʩʢʦʝʩʨʘʚʥʝʥʠʝ ʤʦʟʘʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ

ʢʘʢ ʚʟʘʠʤʥʘʷ ʬʠʣʴʪʨʘʮʠʷ

ɺʚʝʜʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

S ï ʧʣʦʱʘʜʴ ʢʘʜʨʘ W; 

( ) 2 || ,  ||i FiS x yc= ï ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʨʘʟʙʠʝʥʠʷ Fi; 

( ) 2 || ,  ||j GjS x yc= ï ʧʣʦʱʘʜʴ ʦʙʣʘʩʪʠ ʨʘʟʙʠʝʥʠʷ Gj; 

( ) ( ) ( , , , )ij Fi GjS x y x yc c= ï ʧʣʦʱʘʜʴ ʧʝʨʝʩʝʯʝʥʠʷ i jF GÆ . 

S1

S2

S3

S4

F

G

S1

S2

S11

S13

S21

S22 S42

S34

S12

S41

S31

F GØSi

Sj

Sij
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ʇʳʪʴʝʚʩʢʦʝʩʨʘʚʥʝʥʠʝ ʤʦʟʘʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ

ʢʘʢ ʚʟʘʠʤʥʘʷ ʬʠʣʴʪʨʘʮʠʷ
ʈʘʩʩʤʦʪʨʠʤ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʝ (ʤʦʟʘʠʯʥʦʝ) ʪʝʩʪʦʚʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʬʦʨʤʦʡ ʩʝʛʤʝʥʪʠʨʦʚʘʥʥʦʛʦ 

(ʤʦʟʘʠʯʥʦʛʦ) ʵʪʘʣʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

g(x,y) = äj=1,..,m gj cGj(x,y), 

f(x,y) = äi=1,..,n fi cFi(x,y). 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʇʳʪʴʝʚʩʢʘʷ ʧʨʦʝʢʮʠʷ ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

gFi = äj=1,..,m pij gj, pij = Sij / Si. 

 

ä
=

==
n

i

FiFiFF yxgyxgPyxg
1

),(),(),( c
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ʇʳʪʴʝʚʩʢʦʝʩʨʘʚʥʝʥʠʝ ʤʦʟʘʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ

ʢʘʢ ʚʟʘʠʤʥʘʷ ʬʠʣʴʪʨʘʮʠʷ

ʂʘʢ ʚʠʜʥʦ, ʚ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʝʢʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ 

g ʥʘ ʬʦʨʤʫ F ʚʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʧʣʦʱʘʜʠ ʦʙʣʘʩʪʝʡ {Si}, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʦʨʤʫ F, ʥʦ ʠ ʧʣʦʱʘʜʠ ʧʝʨʝʩʝʯʝʥʠʷ 

ʦʙʣʘʩʪʝʡ {Sij}, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʚʷʟʴ ʬʦʨʤʳ F ʩ ʬʦʨʤʦʡ G. 

ɿʘʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʦʙʨʘʪʥʘʷ ʧʨʦʝʢʮʠʷ f ʥʘ G ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʤʤʝʪʨʠʯʥʳʭ ʚʳʨʘʞʝʥʠʡ: 

, 

fGj = äi=1,..,n qji fi, qji = Sij / Sj. 

 

ä
=

==
m

j

GjGjGG yxfyxfPyxf
1

),(),(),( c

ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʦʙʦʙʱʝʥʠʷ.

ɺʟʘʠʤʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ

ʤʦʨʬʦʣʦʛʠʠ ʇʳʪʴʝʚʘʩʠʤʤʝʪʨʠʯʥʘ!
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ʆʙʦʙʱʝʥʠʝ: ʩʨʘʚʥʝʥʠʝ ʤʦʟʘʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ

ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʥʦʡ ʚʟʘʠʤʥʦʡ ʬʠʣʴʪʨʘʮʠʠ

ʄʘʪʨʠʮʝʡ ʚʟʘʠʤʥʦʛʦ ʩʭʦʜʩʪʚʘ ʧʘʨʳ ʤʦʟʘʠʯʥʳʭ 

ʠʟʦʙʨʘʞʝʥʠʡ f ʠ g ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʤʘʪʨʠʮʫ 

ʅ = [hij]n³m,  

ʪʘʢʫʶ ʯʪʦ 

hij ² 0, i= 1,..,n, j=1,..,m, 

äi=1,..,n  hij = hj, j=1,..,m, 

äj=1,..,m  hij = hi, i= 1,..,n, 

äi=1,..,n  äj=1,..,m  hij
2
 <¤. 

 

ʆʮʝʥʢʘʧʘʨʥʦʛʦ

ʩʭʦʜʩʪʚʘʚʩʝʭ 

ʦʙʣʘʩʪʝʡ ʠʟ 

ʨʘʟʙʠʝʥʠʷ ʢʘʜʨʘ F
ʩʦ ʚʩʝʤʠʦʙʣʘʩʪʷʤʠ 

ʠʟ ʨʘʟʙʠʝʥʠʷ G

12



ʆʧʝʨʘʮʠ ʁʚʟʘʠʤʥʦʡ ʜʠʬʬʫʟʥʦʡ ʤʦʟʘʠʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʡ 

f ʠ g ʧʦ ʤʘʪʨʠʮʝ ʩʭʦʜʩʪʚʘ ʦʙʣʘʩʪʝʡ ʅ = [hij]n³m ʦʧʨʝʜʝʣʠʤ ʢʘʢ

 

gFGi = äj=1,..,m pij gj, 

pij = hij / hi, 

hi = äl=1,..,m  hil. 

ä
=

==
n

i

FiFGiFGFG yxgyxgPyxg
1

),(),(),( cHʅ

ʆʙʦʙʱʝʥʠʝ: ʩʨʘʚʥʝʥʠʝ ʤʦʟʘʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ

ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʥʦʡ ʚʟʘʠʤʥʦʡ ʬʠʣʴʪʨʘʮʠʠ

ʗʨʢʦʩʪʴ ʦʙʣʘʩʪʠ Fi -
ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ 

ʷʨʢʦʩʪʝʡ gj cʚʝʩʘʤʠ, 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 

ʩʭʦʜʩʪʚʫʬʦʨʤʳ 

ʦʙʣʘʩʪʝʡFiʠGj

ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʷʜʨʦ ʧʘʨʥʦʛʦ 

ʩʭʦʜʩʪʚʘ ʦʙʣʘʩʪʝʡ ʠʟ 

ʨʘʟʙʠʝʥʠʷ ʢʘʜʨʘ F
ʩʦʙʣʘʩʪʷʤʠ ʠʟ ʨʘʟʙʠʝʥʠʷ G
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ʆʙʦʙʱʝʥʠʝ: ʩʨʘʚʥʝʥʠʝ ʤʦʟʘʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ

ʥʘ ʦʩʥʦʚʝ ʜʠʬʬʫʟʥʦʡ ʚʟʘʠʤʥʦʡ ʬʠʣʴʪʨʘʮʠʠ

ʗʨʢʦʩʪʴ ʦʙʣʘʩʪʠ Fi -
ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ 

ʷʨʢʦʩʪʝʡ gj cʚʝʩʘʤʠ, 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤʠ 

ʩʭʦʜʩʪʚʫʧʨʠʟʥʘʢʦʚ

ʬʦʨʤʳ FiʠGj

ʇʫʩʪʴ ʪʝʧʝʨʴ ʢʘʞʜʘʷ ʦʙʣʘʩʪʴ ʤʦʟʘʠʯʥʦʡ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʢʦʪʦʨʳʤ ʚʝʢʪʦʨʦʤ ʧʨʠʟʥʘʢʦʚ v ʠʟ ʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʠʟʥʘʢʦʚ V ʩ ʤʝʪʨʠʢʦʡ dV. ʊʦʛʜʘ ʦʧʨʝʜʝʣʠʤ ʪʝʧʣʦʚʫʶ ʤʘʪʨʠʮʫ 

ʩʭʦʜʩʪʚʘ ʬʦʨʤ ʥʘ ʙʘʟʝ ʧʨʠʟʥʘʢʦʚ v 

ʠ ʤʝʪʨʠʢʠ dV ʢʘʢ 

hij = exp(ïdV(v(Fi),v(Gj)) / e), 

ʛʜʝ e - ʦʧʨʝʜʝʣʷʝʪ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʠʣʴʪʨʘ 

ʢ ʨʘʟʣʠʯʠʷʤ ʦʙʣʘʩʪʝʡ. 

ɼʠʬʬʫʟʥʘʷ ʤʦʟʘʠʯʥʘʷ 

ʬʠʣʴʪʨʘʮʠʷ ʥʘ ʦʩʥʦʚʝ 

ʪʝʧʣʦʚʳʭ ʷʜʨʝʨʚʟʘʠʤʥʦʛʦ 

ʩʭʦʜʩʪʚʘ ʦʙʣʘʩʪʝʡ ʠʟ Fʠ G 14



ʉʚʦʡʩʪʚʘ ʜʠʬʬʫʟʥʳʭ ʤʦʟʘʠʯʥʳʭ ʬʠʣʴʪʨʦʚ

f g

gF

ɀɚɜɘɌ ɋɜɖɚɝɞɨ

ȼɑɓɟɗɨɞɌɞ
ɐɔɠɠɟɓəɚɕ
ɠɔɗɨɞɜɌɢɔɔ

Ȱɔɠɠɟɓəɧɑ ɘɚɓɌɔɣəɧɑ 
ɠɔɗɨɞɜɧ:
-ȹɑ ɟɎɑɗɔɣɔɎɌɪɞ ɩəɑɜɏɔɪ (əɚɜɘɟ) 
ɠɔɗɨɞɜɟɑɘɚɏɚ (ɞɑɝɞɚɎɚɏɚ) 
ɔɓɚɍɜɌɒɑəɔɫ;
-ȹɑ ɟɝɗɚɒəɫɪɞ ɠɚɜɘɟ ɩɞɌɗɚəəɚɏɚ 
ɘɚɓɌɔɣəɚɏɚ ɔɓɚɍɜɌɒɑəɔɫ;
-Ȯ ɚɍɥɑɘ ɝɗɟɣɌɑ əɑ ɫɎɗɫɪɞɝɫ 
ɛɜɚɑɖɞɚɜɌɘɔ. 15



ʕʢʩʧʝʨʠʤʝʥʪʳ: ʛʝʦʤʝʪʨʠʷ ʩʮʝʥʳ ʥʝʠʟʤʝʥʥʘ, 

ʜʦʙʘʚʣʝʥʳ ʦʙʲʝʢʪʳ

f

g

ɀɚɜɘɌ

ɋɜɖɚɝɞɨ

KMD(g,F)=0.9099

gF

ȻɜɚɑɢɔɜɚɎɌəɔɑ ɛɚ ȻɧɞɨɑɎɟ

ȰɔɠɠɟɓəɌɫ ɠɔɗɨɞɜɌɢɔɫ

gF

KMD(g,F)=0.9467
16



ʕʢʩʧʝʨʠʤʝʥʪʳ: ʤʘʣʳʡ ʩʜʚʠʛ ʦʙʲʝʢʪʦʚ ʩʮʝʥʳ, 

ʜʦʙʘʚʣʝʥʳ ʦʙʲʝʢʪʳ

f

g

ɀɚɜɘɌ

ɋɜɖɚɝɞɨ

KMD(g,F)=0.5817

gF

ȻɜɚɑɢɔɜɚɎɌəɔɑ ɛɚ ȻɧɞɨɑɎɟ

ȰɔɠɠɟɓəɌɫ ɠɔɗɨɞɜɌɢɔɫ

gF

KMD(g,F)=0.9468
17



ʕʢʩʧʝʨʠʤʝʥʪʳ: ʠʟʤʝʥʝʥʘ ʛʝʦʤʝʪʨʠʷ ʩʮʝʥʳ

ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʝ ʩʦʩʪʘʚʘ

f

g

ɀɚɜɘɌ

ɋɜɖɚɝɞɨ

KMD(g,F)=0.3870

gF

ȻɜɚɑɢɔɜɚɎɌəɔɑ ɛɚ ȻɧɞɨɑɎɟ

ȰɔɠɠɟɓəɌɫ ɠɔɗɨɞɜɌɢɔɫ

gF

KMD(g,F)=0.9996
18



ʕʢʩʧʝʨʠʤʝʥʪʳ: ʠʟʤʝʥʝʥʘ ʛʝʦʤʝʪʨʠʷ ʩʮʝʥʳ, 

ʜʦʙʘʚʣʝʥʳ ʥʦʚʳʝ ʦʙʲʝʢʪʳ

f

g

ɀɚɜɘɌ

ɋɜɖɚɝɞɨ

KMD(g,F)=0.3275

gF

ȻɜɚɑɢɔɜɚɎɌəɔɑ ɛɚ ȻɧɞɨɑɎɟ

ȰɔɠɠɟɓəɌɫ ɠɔɗɨɞɜɌɢɔɫ

gF

KMD(g,F)=0.9464
19



ʈʝʰʘʝʪ ʣʠ ʧʨʦʙʣʝʤʫ ʜʠʬʬʫʟʥʘʷ ʬʠʣʴʪʨʘʮʠʷ?

gf

Pfg Pfg - g

ȻɜɚɍɗɑɘɌ ɓɐɑɝɨ Ɏ ɞɚɘ, ɣɞɚ ɘɧ ɝɜɌɎəɔɎɌɑɘ əɑ ɝ ɞɚɕ ɠɚɜɘɚɕ!
ȹɌ ɠɚɜɘɑ F əɑɞ ɖɚəɟɝɌ, əɚ Ɏɝɑ ɚɍɦɑɖɞɧ ɝɘɑɥɑəɧ. 
ȼɑɤɑəɔɑ: əɟɒəɚ ɛɚɗɟɣɔɞɨ ɔɓɚɍɜɌɒɑəɔɑ, əɌ ɖɚɞɚɜɚɘ ɖɚəɟɝɌ əɑɞ, əɚ ɛɜɔ ɩɞɚɘ
Ɏɝɑ ɚɍɦɑɖɞɧ əɌ ɞɑɡ ɒɑ ɘɑɝɞɌɡ, ɣɞɚ ɔ Ɏ ɠɚɜɘɑ G. 

ȹȱȾ!

20



ʂʘʢ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ?

g

f PFg

ȼɑɤɑəɔɑ: əɟɒəɚ ɛɚɗɟɣɔɞɨ ɔɓɚɍɜɌɒɑəɔɑ, əɌ ɖɚɞɚɜɚɘ ɖɚəɟɝɌ əɑɞ, əɚ ɛɜɔ ɩɞɚɘ
Ɏɝɑ ɚɍɦɑɖɞɧ əɌ ɞɑɡ ɒɑ ɘɑɝɞɌɡ, ɣɞɚ ɔ Ɏ ɠɚɜɘɑ G. 

ȹɚ ɖɌɖ ɛɚɗɟɣɔɞɨ ɞɌɖɚɑ ɔɓɚɍɜɌɒɑəɔɑ?

? ? ?

21



ʂʘʢ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ? ɺ ʜʚʘ ʰʘʛʘ!

g

f gF

Ⱦɜɑɍɟɑɞɝɫ: ɛɚɗɟɣɔɞɨ ɔɓɚɍɜɌɒɑəɔɑ, əɌ ɖɚɞɚɜɚɘ ɖɚəɟɝɌ əɑɞ, əɚ ɛɜɔ 
ɩɞɚɘ Ɏɝɑ ɚɍɦɑɖɞɧ əɌ ɞɑɡ ɒɑ ɘɑɝɞɌɡ, ɣɞɚ ɔ Ɏ ɠɚɜɘɑ G. 

ɀɚɜɘɌ

ɋɜɖɚɝɞɨ

ɄɌɏ 1. ȼɑɓɟɗɨɞɌɞ
ɐɔɠɠɟɓəɚɕ
ɠɔɗɨɞɜɌɢɔɔ
ɔɓɚɍɜɌɒɑəɔɫ g
ɛɚ ɠɚɜɘɑ Ff

ɀɚɜɘɌ

22



ʂʘʢ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ? ɺ ʜʚʘ ʰʘʛʘ!

g

f gF

Ⱦɜɑɍɟɑɞɝɫ: ɛɚɗɟɣɔɞɨ ɔɓɚɍɜɌɒɑəɔɑ, əɌ ɖɚɞɚɜɚɘ ɖɚəɟɝɌ əɑɞ, əɚ ɛɜɔ 
ɩɞɚɘ Ɏɝɑ ɚɍɦɑɖɞɧ əɌ ɞɑɡ ɒɑ ɘɑɝɞɌɡ, ɣɞɚ ɔ Ɏ ɠɚɜɘɑ G. 

ɀɚɜɘɌ

ɋɜɖɚɝɞɨ

ɄɌɏ 1. ȼɑɓɟɗɨɞɌɞ
ɐɔɠɠɟɓəɚɕ
ɘɚɓɌɔɣəɚɕ 
ɠɔɗɨɞɜɌɢɔɔ
ɔɓɚɍɜɌɒɑəɔɫ g
ɛɚ ɠɚɜɘɑ F

gGF

ɄɌɏ 2. ȼɑɓɟɗɨɞɌɞ
ɐɔɠɠɟɓəɚɕ
ɘɚɓɌɔɣəɚɕ
ɠɔɗɨɞɜɌɢɔɔ
ɔɓɚɍɜɌɒɑəɔɫ gF

ɛɚ ɠɚɜɘɑ G
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ʈʝʬʝʨʝʥʪʥʘʷʤʦʟʘʠʯʥʘʷ ʜʠʬʬʫʟʥʘʷ ʬʠʣʴʪʨʘʮʠʷ

g

f gF

ʈʝʰʝʥʠʝ: ʨʝʬʝʨʝʥʪʥʳʡʜʠʬʬʫʟʥʳʡ ʬʠʣʴʪʨ ʥʘ ʦʩʥʦʚʝ 

ʩʫʧʝʨʧʦʟʠʮʠʠ ʤʦʟʘʠʯʥʳʭ ʜʠʬʬʫʟʥʳʭ ʬʠʣʴʪʨʦʚ PGF=PGPF.

gGF

ȸɚɜɠɚɗɚɏɔɫ:
çɞɟɐɌ ɔ ɚɍɜɌɞəɚè

24



ʈʝʬʝʨʝʥʪʥʘʷʤʦʟʘʠʯʥʘʷ ʜʠʬʬʫʟʥʘʷ ʬʠʣʴʪʨʘʮʠʷ

g

f gF

gGF

Ⱦɑɛɑɜɨ ɠɚɜɘɌ F 
əɔɖɌɖ əɑ Ɏɗɔɫɑɞ əɌ 
ɠɚɜɘɟ Ɏɧɡɚɐəɚɏɚ 
ɔɓɚɍɜɌɒɑəɔɫ, əɚ 
ɗɔɤɨ ɖɚɝɎɑəəɚ əɌ 
ɜɌɝɛɜɑɐɑɗɑəɔɑ 
ɫɜɖɚɝɞɑɕ

Ⱦɑɜɘɔə çɜɑɠɑɜɑəɞəɧɕè ɟɖɌɓɧɎɌɑɞ ɓɐɑɝɨ əɌ ɞɚ, ɣɞɚ Ɏɧɡɚɐəɚɑ 
ɔɓɚɍɜɌɒɑəɔɑ ɔɘɑɑɞ ɞɟ ɒɑ ɠɚɜɘɟG, ɣɞɚ ɔ Ɏɡɚɐəɚɑ, Ɍ ɜɑɠɑɜɑəɞəɌɫɠɚɜɘɌ 
F əɑɛɚɝɜɑɐɝɞɎɑəəɚ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɠɔɗɨɞɜɌɢɔɔ əɑ ɟɣɌɝɞɎɟɑɞ, ɫɎɗɫɫɝɨ 
ɗɔɤɨ Ɏəɟɞɜɑəəɔɘ (ɝɛɜɌɎɚɣəɧɘ) ɛɌɜɌɘɑɞɜɚɘ.25



ɸʣʛʦʨʠʪʤ ʧʦʠʩʢʘ ʦʪʣʠʯʠʡ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʬʝʨʝʥʪʥʳʭʜʠʬʬʫʟʥʳʭ ʬʠʣʴʪʨʦʚ

1)ʉʝʛʤʝʥʪʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ fʥʘ ʦʙʣʘʩʪʠ ʧʦʩʪʦʷʥʥʦʡ 

ʷʨʢʦʩʪʠ (ʪ.ʝ. ʦʧʠʩʘʪʴ ʝʛʦ ʤʦʟʘʠʯʥʫʶ ʬʦʨʤʫ F).

2)ʉʝʛʤʝʥʪʠʨʦʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʝ gʥʘ ʦʙʣʘʩʪʠ ʧʦʩʪʦʷʥʥʦʡ 

ʷʨʢʦʩʪʠ (ʪ.ʝ. ʦʧʠʩʘʪʴ ʝʛʦ ʤʦʟʘʠʯʥʫʶ ʬʦʨʤʫ G).

3)ɺʳʯʠʩʣʠʪʴ ʨʝʟʫʣʴʪʘʪ ʜʠʬʬʫʟʥʦʡ ʤʦʟʘʠʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ

gF = PF gʬʦʨʤʳ F.

4)ɺʳʯʠʩʣʠʪʴ ʨʝʟʫʣʴʪʘʪ ʜʠʬʬʫʟʥʦʡ ʤʦʟʘʠʯʥʦʡ ʬʠʣʴʪʨʘʮʠʠ

gGF = PGF g = PG gFʬʦʨʤʳ G.

5)ɺʳʯʠʩʣʠʪʴ ʤʦʜʫʣʴ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʨʘʟʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ

| PGF g ïg |.
26
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ʉ ʯʝʤ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ?ȸɚɜɠɚɗɚɏɔɫ
ȻɧɞɨɑɎɌ:
çɞɟɐɌ ɔ ɚɍɜɌɞəɚè.
Ƚɟɛɑɜɛɚɓɔɢɔɫ 
ɛɜɚɑɖɞɚɜɚɎ 
(ɘɚɓɌɔɣəɧɕ 
ɐɔɠɠɟɓəɧɕ ɠɔɗɨɞɜ!) 
Ɏɧɣɔɝɗɫɑɞɝɫ ɐɗɫ 
ɚɢɑəɖɔ ɜɌəɏɌ 
ɖɚɜɜɑɗɫɢɔɔ ɘɑɒɐɟ 
ɠɚɜɘɌɘɔ

ʇʳʪʴʝʚʖ.ʇ., ʏʫʣʠʯʢʦʚɸ.ʀ. ʄʝʪʦʜʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ // ʄ.: ʌʀɿʄɸʊʃʀʊ, 2010. 336ʩ.
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ʕʪʘʣʦʥ

ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ
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g

PGF g

PGF g - g

PGFGH g

PGFGH g - g

ʅʝʙʦʣʴʰʦʡ ʩʜʚʠʛ ʦʙʲʝʢʪʦʚ, ʜʦʙʘʚʣʝʥʳ ʥʦʚʳʝ ʦʙʲʝʢʪʳ

ʕʪʘʣʦʥ

ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ
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f

g

PGF g

PGF g - g

PGFGH g

PGFGH g - g

ʀʟʤʝʥʝʥʘ ʛʝʦʤʝʪʨʠʷ ʩʮʝʥʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʝʝ ʩʦʩʪʘʚʘ

ʕʪʘʣʦʥ

ʊʝʩʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ

ʉʫʧʝʨʧʦʟʠʮʠʷ ʧʨʦʝʢʪʦʨʦʚʈʝʬʝʨʝʥʪʥʳʡʄɼʌ
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