
175

ÓÄÊ 373.62.37.036.5

Çàãóòèí Ä.Ñ.

ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ 
ÎÏÈÑÀÍÈÅ ÌÎÄÅËÈ 
ÐÀÇÂÈÒÈß 
È ÈÇÌÅÐÅÍÈß ÊÓËÜÒÓÐÛ 
ÒÅÕÍÈ×ÅÑÊÎÃÎ 
ÒÂÎÐ×ÅÑÒÂÀ

 !"#$%&$ '!(%):  !"#$%, &#'()*#+,!# 
&-!.*#+&-!, ,/$%&/.0 1.!)2-!"+&-0, ,! -
1#&#(&(!+&%, !13& &-!.*#+,!4 "#5&#$%-
(!+&), $)*(!+&(!-!.)#(&).!-0((!# !6-
.02!-0()#.

7.#"+&0-$#((05 .0(##  !"#$% .02-

-)&)5 ,/$%&/.3 &#'()*#+,!8! &-!.*#-

+&-0 (92-#+&)5 :;(!8! <#"#.0$%(!8! 

/()-#.+)&#&0. 7#"08!8)*#+,)# (0/,). 

2009. = 1) 5-$5#&+5  (!8!<0,&!.-

(!4, 1.)*#  &!*(!+&% 1.!>#++0  !"#-

$).!-0()5 &#'()*#+,!8! &-!.*#+&-0 

!1.#"#$5#&+5 ,!$)*#+&-!  <0,&!.!-, 

-$)5?@)' (0 .02-)&)# &-!.*#+,)' +1!-

+!6(!+&#4, &.#. *#  6!$%A# <0,&!.!- 

/*)&3-0#&+5 - (0+&!5@#4  !"#$), &#  

&!*(## ,!(#*(34 .#2/$%&0&, 0 ) #((!, 

1.) #(55 $)*(!+&(34 1!"'!" - "0(-

(!4  !"#$),  !;(! +!2"0&% 1.!8.0  / 

!6/*#()5 "$5 ,0;"!8! )(")-)"/0$%(!, 

+!8$0+(! +1!+!6(!+&5  ) +,$!((!+&5  

/*0@)'+5. B0,)  !6.02! , ,0;"05 

$)*(!+&% ) ##& +-!4 -#,&!. .02-)&)5 

&#'()*#+,!8! &-!.*#+&-0, !&$)*(34 !& 

-+#' +-!#4 <!. !4 ) .0+1!$!;#()#  - 

1.!+&.0(+&-# 2(0()4, 0 +$#"!-0&#$%(!, 

) ##& +-!? <!. / 2(0()4 ) / #()4.

C!8)*#+,05 +/@(!+&%  !"#$) (# 1!-

2-!$5#& 1.!)2-#+&) ,!$)*#+&-#((34 ## 

0(0$)2. 7!D&! / (#!6'!") 0 ##  0&#-

 0&)*#+,05 )(&#.1.#&0>)5 ) .#A#()# 

- 60$$%(!4 +)+&# # !>#(,) /.!-(#4 ) 

(01.0-$#()4 .02-)&)5 ,/$%&/.3 &#'()-

*#+,!8! &-!.*#+&-0.

E0&# 0&)*#+,05 )(&#.1.#&0>)5 

 !"#$) (0 ) !+/@#+&-$#(0 - <!. # 

1!+&.!#()5 ## 8.0<!-.

9+'!"5 )2 1!(5&)4 8.0<!- [1; 2; 5] 

) $!8)*#+,!4  !"#$), 1.#"+&0-$5#&+5 

-!2 !;(!+&% .02.06!&0&%  !"#$% - 

8.0<!-!4 <!. # (.)+. 1), +!+&!5@/? )2 

+'# 3 /.!-(#4 .02-)&)5 ,/$%&/.3 &#'-

()*#+,!8! &-!.*#+&-0 $)*(!+&) ) !")(-

(0">0&) (01.0-$#()4 D&!8! .02-)&)5.

F.0< !.)#(&).!-0(, (01.0-$#(, 

20 ,(/&, + !6.0&(!4 +-52%?, >),$)*#(, 

1!$(!+&%? 20"0(, !6$0"0#& F0 )$%&!-

(!-3  >),$! , &.#. >),$!  "$5 1.!-

+&3' 8.0<!-.

G0 .)+. 2 1!,020( 8.0< +-#.'/ + 

(/ #.0>)#4 -+#' -#.A)( ) /,020()#  

(01.0-$#()4.©  !"#$%& '.(., 2009



176  .!. "#$%&'(

11

2

1

VII

g

f

e

d

c

b

a

 

I

II

III

IV

V

VI

!.".

!.".

O1

 !". 1. F.0<  !"#$) .02-)&)5 ,/$%&/.3 &#'()*#+,!8! &-!.*#+&-0 $)*(!+&)

11

71
61

51
41

31
21

12

72

62

52

42

32

22 13

73

63

53

43

33

23

14

74

64

54

44

34

24

15

75

65

55

45

35

25

79

19

29

39

49

59

69

710

110

210

310

410

510

610

711

111

211

311

411

511

611

16

76

66

56

46

36

26

17

77
67

57
47

37
27

78

18

28

38

48

58

68

 !"#!$%& '& 1

 !"#!$%& '& 11

 !"#!$%& '& 10
 !"#!$%& '& 9

 !"#!$%& '& 8

 !"#!$%& '& 7

 !"#!$%& '& 6

 !"#!$%& '& 5

 !"#!$%& '& 4

 !"#!$%& '& 3

 !"#!$%& '& 2

 !". 2. F.0< (-)" +-#.'/)



177)#&*+#&',*-./* /0'-#('* +/1*2' 3#45'&'6 ' '4+*3*('6 .%27&%38 &*9(',*-./$/ &5/3,*-&5#

7!,0;#  -#.&),0$%(/? 1.!#,>)? 

8.0<0 (+ . .)+. 1) ) "0")  #8! '0.0,-

&#.)+&),/ + &!*,) 2.#()5  0.A./&0 

1!-3A#()5 ,/$%&/.3 &#'()*#+,!8! 

&-!.*#+&-0 $)*(!+&) (.)+. 3).

11
1

VII
g

f

e

d

c

b

a

 

I

II

III

IV

V

VI

!.".

O1

X

Y

j

xi

#i

yi

x
1

x
0

x
2

h
k

 !". 3. 7.!#,>)5 8.0<0 (0 -#.&),0$%(/? 1$!+,!+&%

F.0< $)(#4(34, +)  #&.)*(34, 20 -

,(/&34, ) #?@)4 (0  0.A./&# !& 0 "! 

0
1
 – 79 -#.A)(, -,$?*05 -#.A)(3 0 ) 0

1
 

(<!. /$0 8.0<0 – m × n + 2 = 7 × 11 + 2 = 79, 

8"# m – ,!$)*#+&-! /.!-(#4 .02-)&)5; n – 

,!$)*#+&-! (01.0-$#()4 .02-)&)5).

9+'!"5 )2 $)(#4(!+&) 8.0<0, -3"#-

$)  (0 1.!)2-!$%(!  #8! (01.0-$#()) 

j D$# #(&3 1.).0@#()4 H 
i
 ) Hy

i
.

B!8"0 
 

! "
 

i

i

x
tg

y
 – &# 1 .02-)&)5 

&#'()*#+,!8! &-!.*#+&-0 $)*(!+&); 

H 
i
 – 1.).0@#()# i-8! /.!-(5 &#'()*#-

+,!8! &-!.*#+&-0 $)*(!+&); Hy
i
 – 1.)-

.0@#()# ,/$%&/.3 &#'()*#+,!8! &-!.-

*#+&-0 $)*(!+&) (0 i-  /.!-(# (1.).0-

@#()# 6023 2(0()4 (0 i-  /.!-(#).

H 
i
 – + ,0;"3  /.!-(#  .#A0# 3# 

20"0*) /+$!;(5?&+5; Hy
i
 – 1!-3A#()# 

&-!.*#+,!4 0,&)-(!+&) (1!-3A#()# 60-

23 2(0()4) - .#A#()) /+$!;(5?@)'+5 

20"0* (0 ,!(,.#&(!  /.!-(# 2(0()4.

 
 #

 
! ! " !

 0
lim

i

i

x
i

y dy
tg const

x dx

"$5 .#A0# !8! 8.0<0;

 

"

! "$ $
/

0 0

;
k kr r tg

dy tg dx

 

! "
"

.k

k

r
r tg

tg

7!+$#"(## -3.0;#()# /,023-0#& 

(0 &!, *&! 1!-3A#()# ,/$%&/.3 &#'()-

*#+,!8! &-!.*#+&-0 $)*(!+&) "!$;(! 

+!!&-#&+&-!-0&% (63&% 1.!1!.>)!(0$%-

(3 ) /.!-(? .#A0# 3' (/+$!;(#(-

(3') 20"0*. I #+&# + D&)  1$!@0"% 1!-

$5 &#'()*#+,!8! &-!.*#+&-0 $)*(!+&), 

.0-(05 ! % 2

. .!" # i
S r , &0,;# /-#$)*)-0#&-

+5 - ,-0".0&)*(!4 20-)+) !+&) !& )(-

&#$$#,&0 $)*(!+&), 1!$/*0# !8! D&!4 

$)*(!+&%? 1.) ## 1#.#'!"# !& !"(!8! 

/.!-(5 &#'()*#+,!8! &-!.*#+&-0 , "./-

8! / 1.) "-);#()) 1!2(0()5 !& 0 "! 

VII /.!-(5, -,$?*05 ) #8!.

J0$##, - &!*,# 0
1
, 5-$5?@#4+5 -#.-

A)(!4, !1.#"#$5?@#4 !6.0&(/? +-52% 

8.0<0, 1.!)+'!")& 20,.#1$#()# 2(0()5 

VII /.!-(5 ) 1!+$#"/?@## #8! !6!80-

@#()# (!-!4 1.0,&)*#+,!4 ) &#!.#&)-

*#+,!4 )(<!. 0>)#4.

VII /.!-#(% '0.0,&#.)2/#&+5 1$!@0-

"%? 1!$5, .0-(!4

 
! % 2

,
VII k

S r  8"# &
k i

r r .

92 1!+$#"(#8! +$#"/#&, *&! 1!+&/10-

&#$%(!# "-);#()# &#'()*#+,!8! &-!.-

*#+&-0 $)*(!+&) 6/"#& 1.!)+'!")&% 

&!$%,! - &!  +$/*0#, #+$):

 
&

k i
r r , " & 0,tg  0 ! !

"
k

k k

r
x h

tg
.

92 8.0<0 &0,;# +$#"/#&:

"$5 I /.!-(5 – H –  
0
 (H 

i
 – 1.).0@#()# 

/.!-(5);

"$5 II /.!-(5 – H –  
0
 + H 

1
;

…

"$5 VII /.!-(5 – H –  
0
 + H 

1 
+H 

2
 + H 

3
 + 

+ H 
4
 + H 

5
 + H 

6
;

"$5 I /.!-(5 –  – r
1
 = H 

0
KtgL;

"$5 II /.!-(5 –  – r
2
 = (H 

0
 + Hx

1
)KtgL;

…

"$5 VII /.!-(5 –  – r
2
 = (H 

0
 + H 

1 
+ H 

2
 + 

+ H 
3
 + H 

4
 + H 

5
 + H 

6
)KtgL.



178  .!. "#$%&'(

M02()>0  
i+1

 –  
i 
–  !" #$%&'($ )*+,- 

-#".&/)' '&!*00*1!$ 0'2&"3!*4. 5$%-

&'($ ( 
i+1

 –  
i
)tg6 –  !" #$%&'($ -#".&*4 

1-07!-#8 !*9&'2*31":" !."#2*3!.$ (#$%-

&'($ . %&$&'/9) 0'2&"3!*4.

;30' <"0"+'!7, 2!" !
"#$i

 – '&!*00*1! 

&$ -#".&*  
i
, $ !

"#$i – 1
 – '&!*00*1! &$ 

-#".&*  
i – 1

, !" 

 

 !
"

"
#

x  i i j

i

 i

"# "#

"#

"#

! !
%

!
 

–

"!&"3'!*07&84 1" =='('*&!, 9$#$1-

!*#'%->?'4 '&!*00*1! 0'2&"3!*4, 

&$9",/?'93/ &$ #$%&89 -#".&/9 #$%-

.'!'/ !."#2*31"4 ,*/!*07&"3!'. @,*37 

$ $1 0
i"#

% .

A&$0":'2&" "<#*,*0/*!3/ "!&"3'-

!*07&84 1" =='('*&!, 9$#$1!*#'%->-

?'4 B$%- %&$&'4 0'2&"3!*4, &$9",/-

?'93/ &$ #$%&89 -#".&/9 !."#2*31"4 

,*/!*07&"3!'.

 

 !
"

"
# $ $, 1 0.

x  i i j

i i

 i

& &

& &

&

! !
% %

!

C":,$ "!&"3'!*07&84 1" =='('*&!, 

9$#$1!*#'%->?'4 !."#2*31-> ,*/!*07-

&"3!7  !'9 0'2&"3!*4, "<#*,*0'!3/ '% 

.8#$+*&'/

 
# %

. .i i i'( ) "# &
% % %

C$1 1$1 
i"#

%  ' 
i&

% 3-?*3!.->! . ,'$-

<$%"&* "! 0 ," 1, !" $ $
. .

1 0
i'( )

% .

D#' "<#*,*0*&''  !'9 1" =='('-

*&!". ,0/ '&,'.',--)$ &*"B9",')" 

B#$!7 "!&"E*&'/ 
 i

"#
!  ' 

 i
&

! , 3""!.*!-

3!.*&&", 1 
hk

"#
! ' 1 

hk
&

! , !.*.

 

# #\ \
; .

  i i

"# &i i

  r r

"# &

"# &

! !
% %

! !

C":,$ !."#2*31$/ ,*/!*07&"3!7 '&-

,'.',--)$ (0'2&"3!') "<#*,*0'!3/ 

.8#$+*&'*)

 
# %\ \

. .
.

i "# &i i
'( )

% % %

F$<#')*#, ,0/ -#".&/ «4»: #
4

0,4
"#

 ,

$  #
4

0,4
&

 ,  <#'  tg6  =  1 (6  =  45°) . 

#
#

7
0,7

 r
"#

! .

G!3>,$, 

 

# # # #
4 4

\ \0,4 0,4
0,57; 0,57;

0,7 0,7"# &
% %

 
# % #

4. .
0,57 0,57 0,32.

'( )
%

F$<#$.0*&'* !."#2*31":" #$%.'!'/, 

#*B#" 1"!"#":" 1 .*#!'1$0' ')**! 

)*&7E'4 -:"0, /.0/*!3/ &$<#$.0*&-

&'*) <*#3<*1!'.&":" (&*"B9",')":") 

#$%.'!'/. H!" &$<#$.0*&'* .8B'#$*!3/ 

' <" 2'30*&&")- %&$2*&'> 
. .i'( )

% .

I0/ #$32*!". &*"B9",')" :#$= .8-

2*#2'.$!7 . ",&") )$3E!$B*, $ -#".-

&/) <#'3.$'.$!7 B$008 (. *,'&'($9, 

,"0/9 *,'&'( '0' . <#"(*&!$9).

D*#3<*1!'.&"* &$<#$.0*&'* '% &*-

31"071'9 &$<#$.0*&'4 )",*0' )"+&" 

"<#*,*0/!7 ' :#$='2*31'. D"1$+*)  !" 

&$ 4-) -#".&* #$%.'!'/ (#'3. 4).

41
d1

42 d2

43

d3

44

d4
45

d5

d9

49

d10

410

d11

411

46

d6

47
d7

d8

48

«1»
«2»

«3»

«4»

«5»

 !". 4. J $&$0'%- 4-:" -#".&/ #$%.'!'/ 

!*9&'2*31":" !."#2*3!.$ 0'2&"3!'

K*#E'&$  4 /.0/*!3/  &$2$07&"4 

.*#E'&"4 #*B#$, $ 1$+,$/ '% !"2*1 4i 

(I = 1, …, 11) B-,*! 1"&*2&"4 .*#E'&"4 

#*B#$. 5$33!"/&'* )*+,- .*#E'&$)' 

4 ' 4i B-,*! ,0'&"4 #*B#$ ' /.0/*!3/ 

3$)8) 1"#"!1') <-!*) )*+,-  !')' 



179 !"#$!"%&#'()# )*%'!+%# $),#-% .!/0%"%1 % %/$#.#+%1 (2-3"2.4 "#5+%&#'()6) "0).&#'"0!

.*#E'&$)'. I'$)*!# :#$=$ – 

&$'B"07E** #$33!"/&'*, &$<#'-

)*#, )*+,- .*#E'&$)' 4 ' 49. 

@$!*) 3!#"') *?* 4 "1#-+&"3!' 

3 3""!.*!3!.->?')' #$,'-3$)' 

r/5, 2r/5, 3r/5, 4r/5. J#-: 3 #$-

,'-3") r/5 3""!.*!3!.-*! «1», 

3""!.*!3!.*&&" 1#-: 3 #$,'-3") 

r 3""!.*!3!.-*! «5». K 1#-:* «1» 

&*! .*#E'& :#$=$, . 1"07(* 3 

#$,'-3") r/5 ' 2r/5 !"+* &*! 

.*#E'& :#$=$. K 1"07(* 3 #$-

,'-3") 2r/5 ' 3r/5 &$9",/!3/ 

3 .*#E'&8, . 1"07(* 3 #$,'--

3$)' 3r/5 ' 4r/5 – 5 .*#E'&, $ 

. 1"07(* 3 #$,'-3$)' 4r/5 ' r – 

3 .*#E'&8.

D"<$.E'* . 1"07($ .*#E'&8 

<"1$%8.$>! &*"B9",')"* &$-

<#$.0*&'* #$%.'!'/ 1-07!-#8 

!*9&'2*31":" !."#2*3!.$ 0'2&"3!' 

(#'3. 5).

I0/ 1")<7>!*#&":" )",*0'#".$-

&'/ )"+&" '3<"07%".$!7 3*!', !.*. )"-

,*07 )"+&" <#*,3!$.'!7 . )$!#'2&"4 

="#)* 3":0$3&" 2'30- ** -#".&*4 ' 

&$<#$.0*&'4. 

K ,$07&*4E*) <0$&'#-*!3/ "3-?*-

3!.'!7 <#".*#1-  ==*1!'.&"3!' )",*-

0' 3!$&".0*&'/ 1-07!-#8 !*9&'2*31":" 

!."#2*3!.$ 3!-,*&!". . <#"=*33'"-

&$07&") "B#$%".$&''.

 !"#$%"&$%

*+(,"#, -.-. 1. K83E$/ )$!*)$!'1$ / L.L. M$.#'&. 

N.: K83E$/ E1"0$, 2001.

*,.#/'01#, -.2. 2. O<#$."2&'1 <" )$!*)$!'1* / 

L.F. M#"&E!*4&, J.A. O*)*&,/*.. N.: F$-1$, 1964.

300,, 4.5. 3. N",*#&'%$('/ <#"=*33'"&$07&":" 

"B#$%".$&'/: 1")<*!*&!&"3!&84 <",9",: -2*B. 

<"3"B'* / H.P. @**#, A.N. D$.0".$, H.H. O8)$&>1. 

N.: NDOL, 2005. 

6.7.(, *.5. 4. K"<#"38 "B?*4, <*,$:":'2*31"4 ' 

'&+*&*#&"4 <3'9"0":'' / M.P. Q")".. N.: D*,$-

:":'1$, 1991.

689:;#.(, 2.<. 5. H0*)*&!8 !*"#'' :#$=". ' ** 

<#'0"+*&'/ / F.K. Q-17/&"., L.A. D*!-&'&$. 

J#$3&",$#: JRAS, 2003.

7()+&!+%# 0 8 7, 2009.

1

5

4

3

2

1

2

3

4

5

 !"#$%&#'

(%)$$#* 

+,-./,!#

0$1)!2#'

(%)$$#* 

+,-./,!#

345$%'

647+#* 

+,-./,!#

87/4/%'

647+#* 

+,-./,!#

8+)-)"%'

647+#* 

+,-./,!#

 !"#$%&#'

(%)$$#* 

+,-./,!#

9#:!);#* 

+,-./,!#

<!#;);#* 

+,-./,!#

9,-./,!# 

/!,:#

9,-./,!# 

,=!#;'

-4$%*

 !". 5. I'$:&"3!'1$ &$<#$.0*&'4 

!."#2*31":" #$%.'!'/


