
 !"#$%&'" $%()*$' 
 

 

 !!"#-2011 329

+,-,./ 0/+1,234565 75-82/950,4/: -014,;9,02844<7 

-0/=84/87  1-50 ;5 041>9844/7 05-4<7 ;1>:7 0 ?2@+505A 

 1-5;95;1 B45A  / >878  

-. ,. C*D(%&, 5. @. 2E(%FG(*H  

 !"#$ %& '()*+,-. /0#1(+2 , #1(345% !,%6+"%7 ,#!"#8# 503"4/#053 7,(7+547 

#1+4/+*+"%+ 1+4/+0+1#$"#8# % 1+4'#"9(%'5"#8# !,:"3/03,(+""#8# /0#.#6!+"%7 

503"4/#05"-. 40+!45, (;<=) /# ,":50+""%2 ,#!"-2 /:572.  

>+&#/34"#45? 4:!#.#!45,3 , 4#,0+2+""-. :4(#,%7. ,# 2"#8#2 #/0+!+(7+547 "3-

(%*%+2 : 4:!#,#!%5+(+$ "3,%83@%#""#$ % !%4/+5*+04'#$ %"9#023@%% , 0+3(?"#2 234-

A531+ ,0+2+"%.  !"3'# 1#(?A#$ #1B+2 %"9#023@%%, /#45:/3)C+$ "3 !%4/+5*+04'%$ 

/:"'5, "+ /#&,#(7+5  /0#,+45% 3"3(%& % #1031#5': , 0+6%2+ 0+3(?"#8# ,0+2+"% 1+& 3,-

5#235%&%0#,3""#$ 4%45+2- [1]. D(7 '##0!%"3@%% /0#@+44#, /(3"%0#,3"%7 % 3"3(%&3 

!%4/+5*+04'#$ %"9#023@%% 1-(3 /0+!(#6+"3 , 031#5+ [2] 2#!+(? 4%45+2- /(3"%0#,3-

"%7 % 0+8:(%0#,3"%7 503"4/#05"#8# /0#@+443 (;E) "3 ,":50+""%. ,#!"-. /:57. 

(=E%<;FF/). F 4535?+ [3] /0+!453,(+"3 /0#803223, 0+3(%&#,3""37 , 40+!+ Delphi7, #4-

"#,"-+ 034*+5- , '#5#0#$ ,-/#("+"- , 4##5,+545,%% 4 2#!+(?"-2 #1+4/+*+"%+2 [2] "3 

/0%2+0+ /0#.#6!+"%7 4:!#, /# F#(8#-D#"4'#2: 4:!#.#!"#2: '3"3(:.  

F 032'3. 03&031#53""#$ /0#80322- #453(34? &3!3*3 ,%&:3(%&3@%% ;E /#40+!45-

,#2 4#&!3"%7 !%"32%*+4'#$ '305%"'% !,%6+"%7 4:!#, /# ,":50+""%2 ,#!"-2 /:572 4# 

A()&32%.  

 !IE(!EI* JI%KI*FF' &LME*)LM*NLL 

G3 0%4. 1 /0+!453,(+"3 450:'5:03 %2%53@%#""#$ /0#80322- ;E. 

D3""37 450:'5:03 4#45#%5 %& 4(+!:)C%. '#2/#"+"5#,: 

 !"#$%& #'$$%& – "31#0 !3""-., 4(:63C%. !(7 /#!8#5#,'% "3*3(?"#8# H53/3 

2#!+(%0#,3"%7 % ,%&:3(%&3@%%, #"% /0+!453,(7)5 4#1#$ "+*5# ,0#!+ «/0+!-45#0%%» 

4%45+2-, '#5#0:) /0+!45#%5 2#!+(%0#,35? % ,%&:3(%&%0#,35?; 

("#&)* – !3""-+, 4(:63C%+ !(7 034*+53 /#,+!+"%7 (0+3'@%%) 4%45+2- , /0#@+4-

4+ ++ :/03,(+"%7, % 4 :*+5#2 ,(%7"%7 ,"+A"%. ,#&!+$45,%$. I3' /03,%(#, 2#!+(? /0+!-

453,(7+5 4#1#$ "31#0 235+235%*+4'%. 9#02:( % (#8%*+4'%. 450:'5:0; 

 $&+$,& -".#&/01-,2 – !3""-+, 9#02%0:+2-+ :6+ ,# ,0+27 /0#@+443 2#!+(%0#-

,3"%7 % ,%&:3(%&3@%% % 4(:63C%+ !(7 %2%53@%% /#,+!+"%7 4%45+2- , 0+3(?"#$ 4%5:3-

@%%.  "% 2#8:5 &3!3,35?47 /#(?&#,35+(+2 %(% 6+ 9#02%0#,35?47 "3 #4"#,+ #/0+!+(+"-

"#8# &3'#"3 034/0+!+(+"%7 4(:*3$"-2 #103&#2; 
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3&+'1&)* – 4#145,+""# 3(8#0%52, '#5#0-$ "3 #4"#,+ /#(:*+""#$ %"9#023@%%: 

# ,.#!"-. !3""-. % ,"+A"%. ,#&!+$45,%7., %4/#(?&:7 2#!+(? 4%45+2-, 0344*%5-,3+5 

++ /#,+!+"%+ , 2#!+(%0:+2#2 ,0+2+""#2 /0#4503"45,+ (, #5!+(?"-. 4(:*37. 50+1:+5-

47, *5#1- 5+*+"%+ ,0+2+"% 4##5,+545,#,3(# 0+3(?"#2:). E#(:*+""-+ , /0#@+44+ 0+A+-

"%7 0+&:(?535-, #50363)C%+ /#,+!+"%+ 4%45+2- % ++ #5!+(?"-. H(+2+"5#, (, "3A+2 

4(:*3+ – 4:!#,), 53'%+ '3' '##0!%"35- % 4'#0#45%, 4(:635 #4"#,"#$ %"9#023@%+$ !(7 

,%&:3(%&3@%% /#,+!+"%7 4%45+2-;  

 ,.4'),.'1"5 – 3(8#0%52, '#5#0-$ "3 #4"#,+ /#(:*+""-. !3""-. #5 0+A35+(7 

9#02%0:+5 !3""-+ !(7 8039%*+4'#8# #5#1036+"%7 4%45+2-; 

6015"/01-" -%-"#' – 5+."%*+4'#+ :450#$45,# 8039%*+4'#8# #5#1036+"%7 !%"3-

2%'% 4%45+2- (2#"%5#0 '#2/?)5+03). 

+*$*OL LFL!*NL%##%K% F%$")LI%&*#LH 

 4"#,"-2% &3!3*32%, 45#7C%2% /+0+! 03&031#5*%'#2 4%45+2- 2#!+(%0#,3"%7 % 

,%&:3(%&3@%% /0#@+443 4:!#/0#/:4'3 , A()&#,-. 4%45+23., 7,(7)547 4(+!:)C%+: 

1) /0+#103&#,3"%+ "+/0+0-,"-. 2+50%*+4'%. .303'5+0%45%' 50344- , '#"+*"-+ 

*%4(+""-+ .303'5+0%45%'% 8039%*+4'%. #1B+'5#,; 

2) #1+4/+*+"%+ /+0+2+C+"%7 4:!#, /# H'03": 2#"%5#03 4 03&(%*"-2% 4'#0#457-

2%; 

3) 03&2+C+"%+ "3 H'03"+ 1#(?A#8# '#(%*+45,3 4:!#,; 

4) 4%".0#"%&3@%7 /+0+2+C+"%$; 

5) %"9#0235%,"#+ #5#1036+"%+ 503"4/#05"#8# /0#@+443 4 :*+5#2 5#8# 93'53, 

*5# 503443 4:!#/0#/:4'3 "+ 2#6+5 1-5? #5#1036+"3 /#("#45?) ,,%!: #803"%*+""#8# 

/0#4503"45,3 H'03"3. 

E0+!(383)547 4(+!:)C%+ /:5% 0+A+"%7 H5%. &3!3*. 

$%&%'% 1. ()*+,)%-+.%/0* /*1)*)2./23 4*5)0'*6703 3%)%75*)06507 5)%662 

. &067)*5/2*. E0+6!+ ,4+8#, "3 #4"#,+ 034*+53 "+#1.#!%2# #/0+!+(%5? !,+ ,36"-+ 

'#"453"5- 4%45+2- 2#!+(%0#,3"%7: 

TD – 2%"%23(?"-$ ',3"5 ,0+2+"%; 

LD – 2%"%23(?"-$ ',3"5 03445#7"%7. 

J%"%23(?"-$ ',3"5 ,0+2+"% – H5# /0#2+6:5#' ,0+2+"%, 2+6!: '#5#0-2 /0#-

%4.#!75 ,4+ /0#@+44- , 4%45+2+. G% #!%" &"3*%2-$ /0#@+44 , 4%45+2+ "+ 2#6+5 /0#%4-

.#!%5? &3 ,0+27 2+"?A++, *+2 H5#5 ',3"5, %"3*+ #" 453"#,%547 28"#,+""-2.  4"#,3"%-

+2 !(7 034*+53 53'#8# ',3"53 ,0+2+"% 7,(7)547: 4'#0#45% /+0+2+C+"%7 4:!#, % 4'#0#-

45% /0#@+44#, A()&#,3"%7 (, #5!+(?"-. 4(:*37., +4(% 2- .#5%2 /0+!453,%5? /0#@+44 

A()&#,3"%7 1#(++ !+53(%&#,3"#, 5# 4(+!:+5 03&1%5? +8# "3 #5!+(?"-+ H53/- % #/0+!+-

(%5? H53/, !(7C%$47 2+"?A+ ,4+8#). 

J%"%23(?"-$ ',3"5 03445#7"%7 – H5# !(%"3,  2+"++ '#5#0#$ "+ 2#6+5 1-5? 03&-

2+0 "% #!"#8# &"3*%2#8# #1B+'53 , 4%45+2+,  %"3*+ 53'#$ #1B+'5 453"+5 1+&03&2+0"-2 

(235+0%3(?"#$ 5#*'#$).  4"#,3"%+2 !(7 034*+53 53'#8# ',3"53 7,(7)547 2+50%*+4'%+ 

.303'5+0%45%'% 50344- 4:!#/0#/:4'3, 4:!#, % 5+."%*+4'%. 4##0:6+"%$ A()&3. 

G3 #4"#,3"%% H5%. !3""-. "+#1.#!%2# #/0+!+(%5? !,3 #4"#,"-. ',3"53. E0% 

H5#2 ',3"5 03445#7"%7 2- #5#6!+45,%2 4 #!"%2 /%'4+(+2 "3 H'03"+ 2#"%5#03, 3 ',3"5 

,0+2+"% – #!"#$ %5+03@%+$ @%'(%*+4'#8# /0#@+443 034*+53 '##0!%"35. 

E0%,+!+2 75,8&5 53'#8# 034*+53: 

E:45? 2%"%23(?"-$ 03&2+0 4:!"3, :*345,:)C+8# , /0#@+44+, – 10 2, 2%"%23(?-

"37 4'#0#45? !,%6+"%7 4:!"3 – 2 '2/*, 2%"%23(?"#+ ,0+27 A()&#,3"%7 (/0#@+44 A()-

&#,3"%7 2- 4*%53+2 "+!+(%2-2 "3 453!%%) – 30 2%", !(%"3 50344- 4:!#/0#/:4'3 – 15 

'2, 2%"%23(?"37 !(%"3 A()&3 #5 ,.#!"#8# !# ,-.#!"#8# 503'53 – 100 2, 0+3(?"#+ ,0+-
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27 %4/#("+"%7 ,-*%4(%5+(?"#$ 4%45+2#$ #!"#$ %5+03@%% @%'(%*+4'#8# /0#@+443 – 

0,03 4.  

G3 #4"#,3"%% H5%. !3""-. ,-1+0+2 TD = 1 4, LD = 1 2, 4(+!#,35+(?"#, 1:!+2 

%2+5? 4(+!:)C%+ /3032+50- #5#1036+"%7 !(7 4%45+2-: 

– #),$' 15'00% 4:!#/0#/:4'3 &3$2+5 – 15000 /%'4+(#, (/0% 03&0+A+"%% H'03"3 

1024x768 /%'4+(#, ,47 503443 &3$2+5 15 /#("-. H'03"#,); 

– 2%"%23(?"37 #),$' +)9.' – 100 /%'4+(#,; 

–2%"%23(?"37 #),$' 04#$' – 10 /%'4+(#,; 

K53', /+0+2+C+"%+ 4:!"3 4# 4'#0#45?) 2 '2/* "3 03445#7"%+ 100 2 &3$2+5 5,4 4.  

$%&%'% 2. (*)*4*8*/0* 69&+. 6 )%-:0'/240 67+)+65;40. <3&(%*%+ , 4'#0#45% 

4:!#, #1+4/+*%,3+547 4(+!:)C%2 #103&#2: 4:!"#, !,%6:C++47 4# 4'#0#45?) V /0#.#-

!%5 &3 TD  03445#7"%+ S=V TD, % +4(% ,-/#("7+547 :4(#,%+ S<LD, 5# 4:!"# /# #'#"*3"%% 

@%'(3 #453+547 "3 2+45+. E+0+2+C+"%+ 4:!"3 53'%2 #103&#2 1:!+5 /0#%4.#!%5? , 2#-

2+"5- ,0+2+"%: 

!LkV]n[T  ! , 

8!+ T[n] – #54*+5- ,0+2+"% 4%45+2-, ,# ,0+27 '#5#0#$ /0#%4.#!%5 /+0+2+C+"%+, k – 

'#(%*+45,# /0#$!+""-. /%'4+(+$. 

$%&%'% 3. <%-4*8*/0* /% =7)%/* ,+:>?+@+ 7+:0'*65.% 69&+.. F4+ 4:!3 , %"-

9#023@%#""#$ 2#!+(% 4%45+2- 2#!+(%0#,3"%7 /0+!453,(7)547 , ,%!+ 2344%,3 .303'-

5+0%45%' '36!#8# 4:!"3: 

;04#"-8$":&01-")}u,t,x(f{F i "!  

8!+ x – '##0!%"353 4:!"3, t – ,0+27 "3.#6!+"%7 4:!"3 , 4%45+2+, u – 4'#0#45? 4:!"3. 

J#!+(%0:)C37 /0#803223 1:!+5 #103135-,35? !3""-$ 2344%, % /#4(+!#,35+(?"# 03&-

2+C35? "3 H'03"+ %&#1036+"%7 ,4+. ,.#!7C%. , "+8# 4:!#,. 

$%&%'% 4. A0/3)+/0-%B0; 1*)*4*8*/0C. <3&2+C+"%+ 4:!#, "3 50344+, #/%43"-

"#+ , /0+!-!:C+2 /:"'5+ /0#%&,#!%547 &3 #!%" @%'( ,%&:3(%&3@%%. F 4(+!:)C+2 @%'-

(+ 4%45+2"#+ ,0+27 42+C3+547 "3 #!%" #54*+5 ,0+2+"% T[n]. ;3'%2 #103&#2, ,0+27, %4-

/#(?&:+2#+ !(7 034*+5#, '##0!%"35 % 4'#0#45+$ 4:!#,, 1:!+5 +!%"-2 !(7 ,4+8# 2344%,3 

4:!#,. 

$%&%'% 5.  /D+)4%50./+* +5+,)%E*/0* 5)%/61+)5/+@+ 1)+B*66%. <+A+"%+ 

!3""#$ &3!3*% ,#&(383+547 "3 /#(?&#,35+(?4'%$ %"5+09+$4. D(7 2#!+(%0:)C+$ /0#-

80322- 1-(% /0%"75- 4(+!:)C%+ 0+A+"%7: 

1. G3 H'03"+ /0+!453,(+"3 *345? 50344-, "3 '#5#0#$ :4(#,"# #1#&"3*+"- 4:!3, 

03&2+0 '#5#0-. !#4535#*"# :!#1+" !(7 ,#4/0%75%7. 

2. E#(?&#,35+(? 2#6+5 ,0:*":) 2+"75? :*345#' #5#10363+2#$ 50344- /:5+2 /+-

0+2+C+"%7 H(+2+"53 %"5+09+$43 – «/#(&:"'3». 

3. E#(?&#,35+(? 2#6+5 ,'()*%5? 0+6%2 "+/0+0-,"#8# 4(+6+"%7 &3 '#"'0+5"-2 

4:!"#2. 

;I%KI*FF* &LME*)LM*NLL !I*#GJ%I!#%K% JI%N"GG* 

E0#803223 4#&!3+547 % 9:"'@%#"%0:+5 ,":50% 2#!+(%0:)C+$ 40+!- 

(LabView7).  

L039%*+4'%$ %"5+09+$4 /0#80322- /0+!453,(+" "3 0%4. 2. 

 4"#,"#$ ,'(3!'#$ /0#80322- 7,(7+547 ,'(3!'3 «J#!+(%0#,3"%+», /0+!453,-

(+""37 "3 0%4. 2. G3 !3""#$ ,'(3!'+ /#(?&#,35+(? 2#6+5 ,%!+5? .#! 503"4/#05"#8# 

/0#@+443, /0%#453"3,(%,35? % &3,+0A35? +8#. 
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M#! 503"4/#05"#8# /0#@+443 #5#10363+547 , #'"+ 2#!+(%0#,3"%7 (1+(#8# @,+53), 

"3 '#5#0#2 4.+235%*+4'% /#'3&3"- 4:!3 % A()&-. F !3""#2 #'"+ /0+!453,(+"3 5#(?'# 

*345? 50344- 4:!#/0#/:4'3. N5#1- "31()!35? &3 ,4+$ 50344#$, /#(?&#,35+(? 2#6+5 

,#4/#(?&#,35?47 /#(&:"'#2 «E#(#6+"%+ "3 50344+». I0#2+ H5#8# %2++547 0+6%2 «=(+-

6+"%+», /0% '#5#0#2 4:!"# /#45#7""# #453+547 "3 H'03"+, 3 503443 /+0+2+C3+547. 

 1(345? 031#*+8# #'"3 4 "3&,3"%+2 «K"9#023@%7 # 4:!"+» /#&,#(7+5 ,-1035? 

5+':C++ 4:!"# % /#(:*%5? "+#1.#!%2:) %"9#023@%) # "+2. E0% ,'()*+""#2 0+6%2+ 

«=(+6+"%+» "3 H'03"+ 1:!+5 #5#103635?47 ,-103""#+ 4:!"#. 

 453(?"-+ ,'(3!'% "#475 %"9#0235%,"-$ .303'5+0 % 4#!+0635 4,+!+"%7 # 4:!3. 

% 503443., 034/%43"%+ !,%6+"%7 503"4/#05"-. 40+!45,. 

D#45#%"45,3 !3""#8# 2+5#!3 &3'()*3)547 , 5#2, *5# "+ 50+1:+547 4/+@%3(?"-. 

&"3"%$ !(7 4#&!3"%7 /#!#1"#$ /0#80322-; /0#@+44 4#&!3"%7, #5(3!'% % ,%&:3(%&3@%% 

1#(++ /0#45 % "38(7!+". 

 

9LG. 2  

 

G+!#4535'32% /#!#1"#8# 2+5#!3 2#6"# "3&,35? "%&'#+ 1-450#!+$45,%+ % "+#1-

.#!%2#45? /#45#7""#8# "3(%*%7 /0#80322"#$ 40+!- (LabView7). 

2L!"I*!EI*  

1.  C")'P 5. 0., B%(*"& 5. 6., ;%J%&  . ,. O0.%5+'5:03 % 2+5#!#(#8%7 503"4/#05"-. 

4%45+2. =E1.: P(2#0, 2002. 

2. 2E(%FG(*H 5. @. E(3"%0#,3"%+ #/+035%,"#8# :/03,(+"%7 503"4/#05"-2 /0#@+4-

4#2 "3 ,":50+""%. ,#!"-. /:57. // K&,. LP;Q. F-/. 1. O,5#235%&3@%7 % :/03,(+-

"%+. =E1., 2006. =. 28–33. 

3. 2E(%FG(*H 5. @. =%45+23 %"9#023@%#""#$ /#!!+06'% /(3"%0#,3"%7 % 0+8:(%-

0#,3"%7 503"4/#05"#8# /0#@+443 "3 ,":50+""%. ,#!"-. /:57. // K&,. LP;Q. F-/. 1. 

P(+'50#5+."%'3 % 3,5#235%'3. =E1.,2007.=. 16–20. 
 


