
ʄʦʜʝʣʴ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʢʦʥʪʫʨʘ ʦʜʥʦʡ 
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ʀʄ ʉʆ ʈɸʅ. 
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ʀʎʠɻ ʉʆ ʈɸʅ. 
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ɻʣʘʚʥʘʷ ʥʘʰʘ ʟʘʜʘʯʘ ï ʜʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʯʠʩʣʝʥʥʳʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ 

(ʙʠʦ)ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ,  

ʤʦʜʝʣʠʨʫʶʱʠʤʠ ʛʝʥʥʳʝ ʩʝʪʠ.  

 ɺ ʥʘʰʠʭ ʨʘʥʥʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʠʟʫʯʘʣʠʩʴ  

ʦʯʝʥʴ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ.  
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1. ʇʨʦʩʪʳʝ ʤʦʜʝʣʠ ʛʝʥʥʳʭ ʩʝʪʝʡ.  
 
ʅʝʯʝʪʥʦʤʝʨʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ          (2k+1)   

                                                       

...;)( 212
2 xxf
td

xd
-=;)( 1121

1 xxf
td

xd
k -= +

                                      ʛʣʘʜʢʠʝ, ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʶʱʠʝ.   
ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʙʨʘʪʥʳʤ 

ʩʚʷʟʷʤ  ʚ ʛʝʥʥʦʡ ʩʝʪʠ. 

.)( 12212
12

++
+ -= kkk

k xxf
td

xd

0)( ­uf iʌʫʥʢʮʠʠ 

ʂʘʞʜʘʷ ʩʠʩʪʝʤʘ ʚʠʜʘ  (2k+1) ʠʤʝʝʪ ʨʦʚʥʦ ʦʜʥʫ 
 
ʩʪʘʮʠʦʥʘʨʥʫʶ ʪʦʯʢʫ         ʚ           :  

0S

)]0(,0...[)]0(,0[)]0(,0[ 1221 +³³= kfffQ

 ï ʠʥʚʘʨʠʘʥʪʥʘʷ ʦʙʣʘʩʪʴ ʩʠʩʪʝʤʳ (2k+1). +(2k) 
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ʊʝʦʨʝʤʘ 1.  ɽʩʣʠ ʩʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ  

ʛʠʧʝʨʙʦʣʠʯʥʘ, ʪʦ ʩʠʩʪʝʤʘ (2k+1) ʠʤʝʝʪ ʧʦ  

ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ ʮʠʢʣ ʚ ʠʥʚʘʨʠʘʥʪʥʦʡ 

ʦʙʣʘʩʪʠ Q.  
ʉʣʝʜʫʶʱʘʷ ʜʠʘʛʨʘʤʤʘ ʧʦʢʘʟʳʚʘʝʪ ʜʠʩʢʨʝʪʥʫʶ ʩʭʝʤʫ  

ʥʝʢʦʪʦʨʳʭ ʪʨʘʝʢʪʦʨʠʡ ʩʠʩʪʝʤʳ (2k+1).  
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u1 u2, u3,( ) rp1 rp2, rp3,( ),

;
1

6
5

x
zdt

dx
-

+
= ;

1

3
7

y
xdt

dy
-

+
= ;7 5 ze

dt

dz y-= -

ʊʨʘʝʢʪʦʨʠʷ ʠ ʧʨʝʜʝʣʴʥʳʡ ʮʠʢʣ. 

5 
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.0ReRe 54 >= ll

ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʡ 5-D ʩʠʩʪʝʤʳ ʥʘ 
 2-D ʧʣʦʩʢʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ   



7 ʇʨʦʝʢʮʠʠ ʪʨʘʝʢʪʦʨʠʡ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ ʥʘ 3-D 
ʧʣʦʩʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙʩʪʚʝʥʥʳʤ  
ʯʠʩʣʘʤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʚʝʱʝʩʪʚʝʥʥʳʤʠ 
ʯʘʩʪʷʤʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ                   ʤʘʪʨʠʮʳ 
ʣʠʥʝʘʨʠʟʘʮʠʠ. 

01 <l

ɻʦʣʫʙʘʷ ʪʦʯʢʘ ʧʦʢʘʟʳʚʘʝʪ ʧʨʦʝʢʮʠʶ ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʠ.  



;)(XXA
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dX
Y+Ö=

;
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æ
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2

1

ö
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÷

õ

æ
æ
æ

ç

å

+Ö

+Ö

+Ö

=Y

yfy

xfx

zfz

X

h

h
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...)(Re;1)( 12,21 =--= + AA jjlhl

(VM)   
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ʉʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ A ʥʘʭʦʜʷʪʩʷ ʷʚʥʦ: 

ɖ >0. 

2. ɺʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ.   



ʊʝʦʨʝʤʘ 2. ɽʩʣʠ ʩʠʩʪʝʤʘ (2k+1) 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ ʪʝʦʨʝʤʳ 1, ʠ  
     

                                                                                                                                

 

ʧʨʠ ʥʝʢʦʪʦʨʦʤ  ɖ>0, ʪʦ ʚ ʠʥʚʘʨʠʘʥʪʥʦʡ 

ʦʙʣʘʩʪʠ  Qô  ʠʤʝʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʮʠʢʣ ʵʪʦʡ 

ʩʠʩʪʝʤʳ.    
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12
sin

12

2
sin|)(| 1

+
Ö

+
Ö<¡+ -

kk
xf ii

pp
hh

).sin2sin1()sin2sin1( jjhjjh Ö--<¡<Ö+- if



3. ʅʝʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʮʠʢʣʦʚ ʚ 
ʩʠʩʪʝʤʝ (2k+1).  

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɻʨʦʙʤʘʥʘ-ʍʘʨʪʤʘʥʘ, ʢʘʞʜʘʷ  

ʥʝʣʠʥʝʡʥʘʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ 
ʣʠʥʝʘʨʠʟʦʚʘʥʘ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ W  ʝ y
ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʦʩʦʙʦʡ ʪʦʯʢʠ.  

 

ʈʘʩʩʤʦʪʨʠʤ ʚ W  2-D ʧʣʦʩʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʧʘʨʘʤ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 
ʚʝʱʝʩʪʚʝʥʥʳʤʠ ʯʘʩʪʷʤʠ.  

   ʕʪʠ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʦʚʘʥʳ ʨʘʟʤʘʪʳʚʘʶʱʠʤʠʩʷ 
ʪʨʘʝʢʪʦʨʠʷʤʠ ʩʠʩʪʝʤʳ (2k+1). 

  

ɻʠʧʦʪʝʟʘ 1:  ɺʥʝ W ʨʘʟʥʳʝ  2-D ʧʣʦʩʢʦʩʪʠ  
           ʦʙʨʘʟʫʶʪ ʨʘʟʣʠʯʥʳʝ (??) ʮʠʢʣʳ.  
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ʇʨʦʝʢʮʠʠ ʜʚʫʭ ʮʠʢʣʦʚ 9-D ʩʠʤʤʝʪʨʠʯʥʦʡ 
ʩʠʩʪʝʤʳ ʥʘ 3-D ʧʣʦʩʢʦʩʪʠ 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʩʫʥʢʦʚ. 

11 
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ʇʨʦʝʢʮʠʠ ʜʚʫʭ ʨʘʟʥʳʭ ʮʠʢʣʦʚ 11-D 
ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʜʚʝ ʨʘʟʥʳʝ   
 3-D ʧʣʦʩʢʦʩʪʠ 

 

                  ʩʣʝʚʘ;                           ʩʧʨʘʚʘ.  981 ,, lll
11101 ,, lll
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131
1 )( xxf

dt

dx
-=

212
2 )( xxf

dt

dx
-=

323
3 )( xx

dt

dx
-L=;  ;  

,),0(),0[:)(),( 1231 ¤­¤xfxf ɻʣʘʜʢʠʝ, ʤʦʥʦʪʦʥʥʦ  

ʫʙʳʚʘʶʱʠʝ 0)( ­uf i

ʧʨʠ  .¤­u

4. ʄʦʜʝʣʴ 3-D ʛʝʥʥʦʡ ʩʝʪʠ, 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʧʨʦʩʪʦʡ ʢʦʤʙʠʥʘʮʠʝʡ   

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ.   
ʩʠʩʪʝʤʘ (ffȿ): 

13 

mx

ax
x

2

2
23

1
)(
+

=L ʠʣʠ ʙʦʣʝʝ ʦʙʱʠʝ ʫʥʠʤʦʜʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ.  



ʃʠʥʝʘʨʠʟʘʮʠʷ ʩʠʩʪʝʤʳ (ffȿ) ʚ ʪʦʯʢʝ   

                           ʦʧʠʩʳʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʩ  

ʦʜʥʠʤ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩʦʙʩʪʚʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ.  

ʆʩʪʘʣʴʥʳʝ -                 ʢʦʤʧʣʝʢʩʥʳ.          

                            ʇʫʩʪʴ  

 
.0ReRe 32 >= ll

32 ,ll

(+)  

ʊʝʦʨʝʤʘ ñ1ò.  ɽʩʣʠ ʫʩʣʦʚʠʝ (+) ʚʳʧʦʣʥʝʥʦ,  

ʪʦ ʩʠʩʪʝʤʘ (ffȿ)  ʠʤʝʝʪ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ   

ʦʜʠʥ ʮʠʢʣ.  

14 

),( 0,000 zyxS



ʊʨʘʝʢʪʦʨʠʠ ʩʠʩʪʝʤʳ (ffȿ)  
 
ʩʧʨʘʚʘ: 

 
ʩʣʝʚʘ: 

.
1

17
)(,10)(,

1

10
)(

33

135.0

231

2

y

y
yexf

z
zf x

+
=LÖ=

+
= -

.
1

17
)(,

1

10
)()(

33321
y
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wfwf

+
=L
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;)( 131
1 xxf

dt

dx
-= ;)( 212

2 xx
dt

dx
-L=

323
3 )( xx

dt

dx
-L=

;  

; 

,),0(),0[:)( 1 ¤­¤-ii xf 0)( ­uf i
for   .¤­u

5. ɹʦʣʝʝ ʩʣʦʞʥʳʝ ʛʝʥʥʳʝ ʩʝʪʠ 

ʨʝʛʫʣʠʨʫʶʪʩʷ ʢʦʤʙʠʥʘʮʠʷʤʠ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ. 
ʩʠʩʪʝʤʘ (fȿȿ): 
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jm

j

j
w

wa
w

+
=L

1
)( ʠʣʠ ʠʥʳʝ ʫʥʠʤʦʜʘʣʴʥʳʝ ʬʫʥʢʮʠʠ.  



ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ (fȿȿ). 

I  

II  

III  
IV  

V 
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ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ  I  ʠ II  ʩʠʩʪʝʤʳ (fȿȿ): 

I  

II  
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ɼʦʢʘʟʘʥʳ ʘʥʘʣʦʛʠ ʪʝʦʨʝʤ 1 ʠ 2   

   ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ (ʫʩʪʦʡʯʠʚʳʭ) 
ʮʠʢʣʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 
ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ  I  ʠ III .  

 

ʉʪʘʮʠʦʥʘʨʥʘʷ ʪʦʯʢʘ V  ʫʩʪʦʡʯʠʚʘ.  

ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ II ʠ IV  

  ʠʤʝʶʪ ʪʦʧʦʣʦʛʠʯʝʩʢʠʡ ʠʥʜʝʢʩ +1.  



 ʨʫʙʣʝʡ. ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʠ ʮʠʢʣʳ ʩʠʩʪʝʤʳ (fȿȿ): 
20 
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ʉʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʠ ʮʠʢʣʳ ʩʠʩʪʝʤʳ  
(fȿȿ)  (ʪʝ ʞʝ ʧʘʨʘʤʝʪʨʳ, ʠʥʳʝ ʪʨʘʝʪʦʨʠʠ). 
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APPENDIX:    D.P.Furman, T.A.Bukharina  
     The Gene Network Determining Development  
of  Drosophila Melanogaster Mechanoreceptors.  
Comp. Biol.Chemistry, 2009, v.33, pp. 231 ï 234. 

    ʉʭʝʤʘ 
ʥʝʣʠʥʝʡʥʦʡ 
ʩʠʩʪʝʤʳ  

    (DM),  

    ʩʤ. ʥʠʞʝ.  
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CHN=charlatan. 



ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ. 

x=[AS-C], 

y=[HAIRY],  

z=[SENS], 

u=[SCRT], 

w=[CHN]  

ʢʦʥʮʝʥʪʨʘʮʠʠ. 

D=[DA],  

G=[GRO],  

E=[EMC]  

ʧʘʨʘʤʝʪʨʳ. 

;
)1)(1(

)()()(
),,,( 531

1 x
xEyG

wzxD
xwzyxF

td

xd
-

Ö+Ö+

++Ö
=-=

sss

;
1

)( 2
2 y

u

C
yuF

td

yd
-

+
=-=

,)(3 zxDS
td

zd
-Ö=

,)(4 uxDS
td

ud
-Ö=

.)(5 wxDS
td

wd
-Ö=

;5,4,3),( =Ö ixDSi
5,3,1, =jjs

ʩʠʛʤʦʠʜʥʳʝ ʬʫʥʢʮʠʠ  

  ʦʧʠʩʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʙʨʘʪʥʳʝ ʩʚʷʟʠ.   

(DM) 
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ɻʨʘʬʠʢ 

ʠ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʩʠʩʪʝʤʳ (DM).   

ʊʦʯʢʠ ñIò ʠ ñIII ò ʫʩʪʦʡʯʠʚʳ,  

ʪʦʯʢʘ ñII ò ʥʝʫʩʪʦʡʯʠʚʘ.   ind(I )=ind(III )= ï 1;  ind(II ) = +1. 

))(),()),((,(:)( 53421 xDSxDSxDSFxFxRf ÖÖÖ==

I  

II  
III  

I  
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ʉʍɽʄɸ ʉʊʈʆɽʅʀʗ 
ʄɸʂʈʆʍɽʊʓ   

ʱ ï ʱʝʪʠʥʢʦʚʘʷ ʢʣʝʪʢʘ, ʛʥ ï ʛʥʝʟʜʦʚʘʷ ʢʣʝʪʢʘ (ʮʦʢʦʣʴ),  

ʦ ï ʢʣʝʪʢʘ ʦʙʦʣʦʯʢʠ ʥʝʨʚʘ, ʥ ï ʙʠʧʦʣʷʨʥʳʡ ʥʝʡʨʦʥ.  
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ʉʍɽʄɸ ʄʆʈʌʆɻɽʅɽɿɸ 
ʑɽʊʀʅʆʏʅʆɻʆ ʆʈɻɸʅɸ 

1 ï ʵʢʪʦʜʝʨʤʘʣʴʥʳʝ ʢʣʝʪʢʠ ʢʨʳʣʦʚʦʛʦ ʠʤʘʛʠʥʘʣʴʥʦʛʦ ʜʠʩʢʘ;  

2 ï ʧʨʦʥʝʡʨʘʣʴʥʳʡ ʢʣʘʩʪʝʨ (ʪʝʤʥʦ-ʩʝʨʳʝ); 3 ï ʧʨʦʥʝʡʨʘʣʴʥʳʡ 

ʢʣʘʩʪʝʨ; pIIa, pIIb, pIIIb ï ʜʦʯʝʨʥʠʝ ʢʣʝʪʢʠ, ʛ ïʢʣʝʪʢʘ ʛʣʠʠ, ʢʦʪʦʨʘʷ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʧʦʧʪʦʟʫ, ʥʝ ï ʥʝʡʨʦʥ, ʪʝ - ʪʝʢʦʛʝʥ, ʪʨ - 

ʪʨʠʭʦʛʝʥ, ʪʦ ï ʪʦʨʤʦʛʝʥ, ʈʂʉʆ ï ʨʦʜʠʪʝʣʴʩʢʘʷ ʢʣʝʪʢʘ ʩʝʥʩʦʨʥʦʛʦ 

ʦʨʛʘʥʘ 
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ʉʍɽʄɸ ʎʈʂ, ʂʆʅʊʈʆʃʀʈʋʖʑɽɻʆ 
ʕʂʉʇʈɽʉʉʀʀ ɻɽʅʆɺ ʂʆʄʇʃɽʂʉɸ 

achaete-scute 
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AS-C ï ʢʦʤʧʣʝʢʩ 
achaete-scute 
DA, da - daughterless  
EMC, emc ï 
extramacrochaete 
SENS, sens ï senseless 
CHN, chn ï charlatan 
GRO, gro ï groucho 
SCRT, scrt - scratch 
 


