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K:,D,;/,

/&.012 2,34.,% -56,781.&9% 584:3&'% ;7&<1.&1'% '4=&8>.4?4 64=40, :

,704'4=&8>.4@%34'54.4734@%3481:A%:0,=&8&2&6-BC1?4%1?4%;7&<1.&1%54%2,;,..4'-%5-0&A%

978910:9%0&5&D.4@%2,;,D1@ ;89%64=40401E.&D1:3&E%:&:01'%.,%3481:.4@%58,0F46'1A%0,3&E%

3,3% '4=&8>.G1% 64=40GA% :18>:34E429@:071..G1%',H&.GA% ?6-247G1% ,704'4=&8&A% 81?347G1%

,704'4=&8&%I:,'4-56,7891'G1%,704'4=&8&J.

K271:0.G% 6,28&D.G1% 54;E4;G% 3% 2,;,D1% :0,=&8&2,L&&% ;7&<1.&9% 7;48>% 2,;,..4@%

36&74@(%M;&.%&2%.&E%:4:04&0%7%5614=6,247,.&&%:&:01'G%N%54'4C>B%2,'1.G%3446;&.,0%&%

5614=6,247,.&9% 7GE4;47% 3% 0,3% .,2G7,1'4@% L15.4@% F46'1 [10, 11](% OC1% 4;&.% 54;E4;%

:4:04&0% 7% 5614=6,247,.&&% :&:01'G% 3% .46',8>.4@% F46'1% [7] &% 5161E4;1% 3%

;&FF161.L&647,.&B% 54% .474@% .12,7&:&'4@% 5161'1..4@% [1, 2](% P89% Q04?4% '4;18>%

2,5&:G7,B0% 7% .47GE% 5161'1..GEA% .,2G7,1'GE% 5-017G'&% 3446;&.,0,'&A% 34046G1%

.,569'-B%:792,.G%:%2,;,..4@%06,13046&1@%&%E464H4%F&3:&6-B0%742'4<.G1%40384.1.&9%

40%2,;,..4?4%5-0&%RS, 11].

P89%,FF&..GE%:&:01'%:%713046.G'%-56,781.&1'%&271:0.G%-:847&9%56&74;&'4:0&%3%

3,.4.&D1:34'-% [4] &8&% 37,2&3,.4.&D1:34'-% [8] 7&;,'A% :% &:548>247,.&1'% 34046GE%
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742'4<.4% 3,3% .,E4<;1.&1% 564?6,''.4?4% -56,781.&9A% 0,3% &% 54:0641.&1% .18&.1@.4@%

4=6,0.4@% :792&A% 4=1:51D&7,BC1@% :0,=&8&2,L&B%;7&<1.&9% 7;48>% 2,;,..4@%36&74@(%V% [6]

;89% '4=&8>.4?4% 64=40,% :% ,704'4=&8>.4@% 34'54.4734@% 3481:% =G84% 548-D1.4% 45&:,.&1%

F-.3L&@A%54%34046G'%'4;18>%5614=6,2-10:9% 3%37,2&3,.4.&D1:34'-% 7&;-(%V% [5] Q04%=G84%

:;18,.4%;89%;7-E3481:.4?4 64=40,%:%;&FF161.L&,8>.G'%56&74;4'(

W1,8&2,L&9% 7GH15161D&:81..G1% ,8?46&0'47 :0,=&8&2,L&& '4<10% =G0>%

564=81',0&D.4@% ;89% 01E.&D1:3&E% :&:01'A% 4=8,;,BC&E% :8,=4@% 7GD&:8&018>.4@

'4C.4:0>B &%',84@%5645-:3.4@%:54:4=.4:0>B%7E4;.4?4%&.F46',L&4..4?4%3,.,8,A%3,34@,

.,56&'16A 978910:9%'4=&8>.,9%58,0F46',%LEGO Mindstorms. /81;-9%[9] &:548>2-1'%XKP-

61?-89046, 3,3% .,&=4811% 564:041% -56,781.&1% 7% 61,8&2,L&&A ;89% -56,781.&9 '4=&8>.G'%

64=404' LEGO Mindstorms :% ,704'4=&8>.4@% 34'54.4734@% 3481: :% 54'4C>B% :&:01'G%

Simulink.

1. #/;,7-6/<,@?-2$74D,.F$74A/.F;434$54A46-$@$-:6474A/.F;4L$?4794;4:?4L$

?4.,@

W4=40% :4:04&0% &2% ,=:48B0.4% 0716;4@% 58,0F46'G% &% 3481:.4@% :&:01'G. X6&% Q04'%

2,;.&1% 3481:,% 64=40,% 9789B0:9% 71;-C&'&A% ,% 5161;.&1% 4=1:51D&7,B0% 5474640% 1?4%

58,0F46'G(%X61;548,?,10:9A%D04%3481:,%.,E4;90:9%7%04D1D.4'%34.0,301%:%54716E.4:0>B%&%

;7&<-0:9%=12%564:3,8>2G7,.&9(

W&:(%Y. Z481:.G@%64=40
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V'1:04% D10G61E3481:.4@% '4;18&% 64=40,% =-;1'% 6,::',06&7,0>% =4811% 564:0-B%

;7-E3481:.-B% 7184:&51;.-B '4;18>A% 2,'1.&7% ;7,% 5161;.&E% 3481:,% 4;.&'A%

6,:5484<1..G'%54:161;&.1%'1<;-%.&'&A%,.,84?&D.4%;89%2,;.&E%3481:(%$?48%5474640,%!
5161;.1?4%3481:,%061E3481:.4?4%64=40,%:440710:07-10%548-:-''1%-?847%!" &%!# 5474640,%
5161;.&E%3481:%D10G61E3481:.4?4%64=40,[

! =
!" + !#

2
.

V% 3,D1:071% 5161'1..GE% :4:049.&9% 3481:.4?4% 64=40,% 6,::'406&'% :81;-BC&1%

718&D&.G[

! $,% – 3446;&.,0G%=,2474@%04D3&%64=40,%I:161;&.,%2,;.1@%4:&J\

! ! – -?48%5474640,%5161;.1?4%3481:,\

! & – -?48% 5474640,% L1.06,8>.4@% 8&.&&% 58,0F46'G% IQ0,% 8&.&9% -3,2G7,10%

.,56,781.&1%713046,%:3464:0&%64=40,J\

! ' – '4;-8>%713046,%:3464:0&%64=40,(

Z&.1',0&D1:3,9%'4;18> ;7&<1.&9%64=40,%&'1B0%7&; [3]:

$( = ' cos & , 

%( = ' sin& , 

&( = ' tg !) ,

?;1% ) – 6,::049.&1% 40% =,2474@% 04D3&% ;4% 5161;.1?4% 3481:,(% X,6,'106G% ' &% !
6,::',06&7,B0:9%3,3%-56,781.&9(

M=42.,D&'%-?847-B :3464:0>%76,C1.&9%58,0F46'G%7436-?%7160&3,8>.4@%4:&%3,3

* =
' tg !) .

V%.47GE%4=42.,D1.&9E%'4;18>%2,5&H10:9%7%7&;1

$( = ' cos& , 

%( = ' sin& , 

&( = *.

(1)

V%;,8>.1@H1'%=-;1'%6,::',06&7,0>%2,;,D-%7G71;1.&9%64=40,%.,%2,;,..-B%36&7-B%

&%:0,=&8&2,L&B%;7&<1.&9%54%.1@(%V%Q04'%:8-D,1%:&:01',%(1J%&'110%;7,%-56,781.&9: ' &%*.

2. +-@M/5,;;=L$J/.F65$#-.7-;-

P89% :?8,<&7,.&9% H-'47A% 742.&3,BC&E% 56&% 4L1.31 5484<1.&9% 64=40, 7%

564:06,.:071 &% 7% :792&% :% .&234@% D,:0404@% 54:0-581.&9% &2'161.&@% :% 3,'16GA%
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L181:44=6,2.4% &:548>247,0>% F&8>06% Z,8',.,( P89% .,D,8,% 7G548.&'% ;&:3610&2,L&B%

'4;18&[

+, = -$,%,&,. = /(+,0",1,0") = -$,0" + 23 ',0" cos &,0"%,0" + 23 ',0" sin &,0"&,0" + 23 *,0" 

..
!4;18>% .18&.1@.,9A% 54Q04'-% 56&E4;&0:9% &:548>247,0>% 6,:H&61..G@% F&8>06%

Z,8',.,%IExtended Kalman FilterJA%34046G@%8&.1,6&2-10%:&:01'-%7%4361:0.4:0&%54:81;.1?4%

&2'161.&9(

V13046%&2'161.&@%7%.,H1'%:8-D,1%561;:0,78910%:4=4@%548.G@%713046%:4:049.&9[

%, = 4+, = 56+, = +,.

2.1. ),D,8>.G1%-:847&9[

V% 3,D1:071% +78|8 =161'% 516741% 56&H1;H11% &2'161.&1. V% 3,D1:071% 98|8 =161'%

347,6&,L&4..-B% ',06&L-% :8 H-'47% &2'161.&@A% 34046,9% 978910:9% ;&,?4.,8>.4@% I.,%

;&,?4.,8&%:0490%;&:516:&&%H-'47%&2'161.&@J[%+78|8 = 4%8,98|8 = :8
2.](%*3:06,5489L&9[

*3:06,5489L&9%61?-896.4%7G548.910:9A%7.1%2,7&:&'4:0&%40%.,8&D&9%&2'161.&@(

X61;:3,2,.&1%713046,%:4:049.&9[ +7,|,0" = /;+7,0"|,0",1,0"<.
X61;:3,2,.&1%347,6&,L&4..4@%',06&LG[ 9,|,0" = =,0"9,0"|,0"=,0"> + ?,0",

?;1% =,0" = @ABACDC7EFG|EFG,HEFG = I1 0 J23 ',0" sin&,0" 

0 1 23 ',0" cos&,0"
0 0 1

K – ',06&L,% ^34=&%

;&:3610.4@%:&:01'G(

2.3. Z46613L&9

Z46613L&9 7G548.910:9%56&%54:0-581.&&%;,..GE%:%3,'16G:

VGD&:891'%6,:E4<;1.&1%:%&2'161.&9'&[% 2%, = %, J 4+7,|,0".

VGD&:891'%',06&L-%-:&81.&9[% L, = 9,|,0"4,>;4,9,|,0"4,> + :,<0".

M=.47891'%713046%:4:049.&9[% +7,|, = +7,|,0" + L, 2%,.

M=.47891'%347,6&,L&4..-B%',06&L-[% 9,|, = (5 J L,4,)9,|,0".
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W&:(%]. /E1',%7184:&51;.4@%'4;18&%3481:.4?4%64=40,%7%Simulink

3. H.345/67$895-:.,;/2

_,'1.&'% &:E4;.-B% 2,;,D-% :81;47,.&9% 54% 2,;,..4@% 06,13046&&% 2,;,D1@

561:81;47,.&9 ;7&<-C1@:9%L18174@%04D3& :%3446;&.,0,'&%($M,%M).

M=42.,D&'% -?48% '1<;-% 7130464'% :% .,D,84'% 7% =,2474@% 04D31% 64=40,% &% 34.L4'% 7%

L18174@%04D31%&%4:>B%N$ 3,3
&M = atan

$ J $M% J %M.
#,3&'% 4=6,24', 2,;,D,% 561:81;47,.&9% L18174@% 04D3&% Q37&7,81.0.,% 2,;,D1%

4;.4761'1..4?4%-:061'81.&9%3%.-8B%4H&=43

OP = Q($ J $M)# + (% J %M)#,

OR = & S &M,
?;1% 4516,L&9% S 4561;18910:9 3,3% .,&'1.>H11% 6,::049.&1% '1<;-% ;7-'9% -?8,'&% .,%

436-<.4:0&(

VG=161'%-56,781.&1%:4?8,:.4 [9]:

'M = LTOP ,LT > 0,

*M = LUOR,LU > 0.

),%6&:-.31 3 543,2,.,%61,8&2,L&9%:&:01'G%7%7&;1%:E1'G Simulink:
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W&:(%S. W1,8&2,L&9%,8?46&0',%-56,781.&9%7%Simulink

4. +,08.F6-6=$N?@9,5/7,;64:

),% 6&:-.3,E% 4-5 817G@% 716E.&@% :&.&@% ?6,F&3% – :3464:0> ' 40% 761'1.&A% 817G@%
:61;.&@ 46,.<17G@%– -?48%5474640,%& 40%761'1.&, 817G@%.&<.&@%36,:.G@%– -56,781.&1%1
40%761'1.&A ?6,F&3%– L1817,9%06,13046&9A%56,7G@%46,.<17G@%– 61,8>.,9%06,13046&9(

W&:( 4. X167G@ 2,5-:3(%+12%F&8>06,L&&(%#6&%36-?,
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W&:(5. V0464@%2,5-:3(%/%F&8>064'%Z,8',.,(%X90>%36-?47

O-?.B<,;/,

),%61,8>.4'%64=401%LEGO Mindstorms 7%D10G61E3481:.4@%34'54.4731 ;89%61H1.&9%

2,;,D&% :81;47,.&9% 7;48>% 2,;,..4@% 06,13046&& =G8% 61,8&247,.% ,8?46&0'% -56,781.&9A%

4:.47,..G@%.,%XKP-34.06488161.

P89% F&8>06,L&&% 7E4;.GE% ;,..GE% I5484<1.&1% 64=40,% &% 1?4% 46&1.0,L&9J% =G8%

&:548>247,.%F&8>06 Z,8',.,.

V% 564L1::1% 564?6,''.4@% 61,8&2,L&&% ,8?46&0',% =G84% -:0,.4781.4A% D04% =843&%

Simulink ;89% 4=46-;47,.&9% LEGO Mindstorms 561;:0,789B0% :4=4@% 4D1.>% -;4=.G@%

&.:06-'1.0%;89%564?6,''&647,.&9%64=4047%&%'4;18&647,.&9%&E%;7&<1.&9(%

*3:516&'1.0%543,2,8A%D04%&:548>247,.&1%F&8>06,%Z,8',.,%;18,10%;7&<1.&1%64=40,%

=4811%58,7.G'(

P9/@4?$./6,5-685=

1. `.;6&,.47,%M("(%!4;18&647,.&1%;7&<1.&9%3481:.4?4%64=40,%54%2,;,..4'-%5-0&%aa

),-3,%&%4=6,247,.&1(%!"#$%&'(%)(*(%+,-',.,(%*813064.(%<-6.(%]bYY(%cYb(%W1<&'%

;4:0-5,[%deef[aaegNdhijkl(gmn(onamiNa]Spqrb(dejs%I;,0,%4=6,C1.&9[%]b(b](]bYSJ(

2. "&8&'>9.47%W(T(A%X1:01617%`(V(A%W,545460%t(+(%$56,781.&1%;7&<1.&1'%3481:.4?4%

64=40,%7%2,;,D1%:81;47,.&9%7;48>%36&748&.1@.4?4%5-0&%aa%K27(%W`)(%#146&9%&%

:&:01'G%-56,781.&9(%]bbq(%#(%rUA%c%u(%/(%Yvq–165.

3. Z,.,0.&347%`(%)(A%Z,:,03&.,%#(%/(%M:4=1..4:0&%5161E4;,%3%5-017G'%3446;&.,0,'%7%

2,;,D1%5-0174@%:0,=&8&2,L&&%aa%),-3,%&%4=6,247,.&1(%!"#$%&'(%)(*(%+,-',.,(
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*813064.(%<-6.(%]bY](%c%U(%W1<&'%;4:0-5,[%http://technomag.edu.ru/doc/445496.html 

I;,0,%4=6,C1.&9[%]b(b](]bYSJ(

4. Z6,:.4C1D1.34%V(%K(A%Z6&C1.34%`(%X(%)18&.1@.G1%:&:01'G[%?14'106&D1:3&1%

'104;G%,.,8&2,%&%:&.012,(%!(%K2;,018>:074%!"#$%&'(%)(*(%+,-',.,(%]bbv(%v]b%:(

5. )1F1;47%"(%`(%/0,=&8&2,L&9%;7&<1.&9%;7-E3481:.4?4%64=40,%:%;&FF161.L&,8>.G'%

56&74;4'%54%2,;,..4'-%5-0&%// ),-3,%&%4=6,247,.&1(%!"#$%&'(%)(*(%+,-',.,(

*813064.(%<-6.( ]bYS(%cbr%I7%51D,0&J.

6. #3,D17%/(%+(%W1,8&2,L&9%;7&<1.&9%3481:.4?4%64=40,%54%2,;,..4@%06,13046&&%aa%

V1:0.&3%!"#$%&'(%)(*(%+,-',.,(%O:01:071..G1%.,-3&(%]bbq(%c%](%:(%SS%– 55.

7. #3,D17%/(%+(%/0,=&8&2,L&9%.1'&.&',8>.4%F,247GE%,FF&..GE%:&:01'%:%713046.G'%

-56,781.&1'%aa ),-3,%&%4=6,247,.&1(%!"#$%&'(%)(*(%+,-',.,(%*813064.(%<-6.(%

]bY](%cbq(%W1<&'%;4:0-5,[%deef[aaegNdhijkl(gmn(onamiNarvbuYS(dejs%I;,0,%

4=6,C1.&9[%]b(b](]bYSJ(

8. #3,D17%/(%+(A%w1789347%`(%`(%X614=6,247,.&1%,FF&..GE%:&:01'%:4%:3,896.G'%

-56,781.&1'%3%37,2&3,.4.&D1:34'-%7&;-%aa V1:0.&3%!"#$%&'(%)(%*(%+,-',.,(%

O:01:071..G1%.,-3&(%]bYS(%cY%I7%51D,0&J.

9. Corke P. Robotics, Vision and Control. Fundamental Algorithms in MATLAB // 

Springer. 2011. Pp. 65 – 78.

10. Ed. J.-P. Laumond. Ser. Lectures Notes in Control and Information Sciences. Robot 

Motion Planning and Control // v. 229. Springer. 1998. 343 p.

11. Siciliano B., Khatib O. Handbook of Robotics // Springer. 2008. Pp. 799-825.


