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BCD =EALB98<@, H<7<L9:, H3AMAB?4O9: @ ?A7B<F 7<?3=>B9EA7?@A 7 H3AH<>4@4?A-

5IF9 7HAO9456BCD >97O9H59B. 

,H<75A>7?@99 H<5=EABBCA MB4B9I H< 7HAO9456BCF >97O9H59B4F H3AH<-

>4@4?A59 9B<7?34BB<;< IMC84 F<;=? 97H<56M<@4?6 9 >5I >3=;<: 34L<?C. '4H39-

FA3, @CH<5BAB9A ?ADB9EA789D HA3A@<><@ H< M484M4F H3<FCQ5ABBCD. G<JB< 

<7=RA7?@9?6 9D 9 7 H39@5AEAB9AF 7?=>AB?<@, E?<LC <B9 <7<MB459 @4JB<7?6 

9M=EAB9I 9B<7?34BB<;< IMC84 >5I L=>=RA: 34L<?C. 0, 8<BAEB< JA, @54>AB9A 

H3AH<>4@4?A5A: 9B<7?34BB<;< IMC84 ?ADB9EA789F9 MB4B9IF9 BAM4FAB9F< H39 

7<H3<@<J>AB99 9B<7?34BBCD >A5A;4O9: B4 H3<FCQ5ABBCA H3A>H39I?9I. 

'A7<FBABB<, 9B?A;34O9I 7HAO. >97O9H59B 9 9B<7?34BB<;< IMC84 H<5AMB4 

848 >5I 7?=>AB?<@, ?48 9 >5I H3AH<>4@4?A5A:. 

 !"!#$%&' (.)., *+,-.$%,/ 0.0., (!.1$%%,/  .2., (",34/ 5.6.,  !"!#$-

%&'  .(., 78,.",4'91,: 5.0. 

0+-(%&/(,$'0! +(,#!G!''ST U(G-&1*!#'ST -#()#$GG -#0 

-(")(*(,U! 0'V!'!#(, '$ U$ !"#! «W%!U*#(*!T'0U$ 0 W%!U-

*#(*!T'(%()0P!+U0! +0+*!GS» 2)*2-2-0, , 

sarapulovfn@yandex.ru 

 !" #$! " %"-"$& 

'. ()*+,-./01-' 

# 2+*+3, -*2245+-,/6 52/57/6, 8-5'-*44/6, 2-,92+7*, )5+5-6, .2-

85:3;1<+2= 9:= 859'5+57). 28,>.*:.2+57 /* )*?,9-,. @5;9*/ -=9 1A,0/5-

4,+59.A,2).B )548:,)257 85 459,:.-57*/.< . -*2A,+1 C:,)+-5+,B/5:5'.A,-

2).B 12+*/575), * +*) D, 41:3+.4,9.E/6B */.4*>.E 7 .B 252+*7,, 85;75:=<-

F.B /*':=9/5 85)*;*+3 12+-5E2+75 . 8-./>.8 9,E2+7.= C+.B G%". $-.759=+-

2= 58.2*/., 2 8*),+57, )5+5-6, .285:3;1<+2= 9:= -,H,/.= 85:,76B ;*9*A, * 

+*) D, -,;1:3+*+6 -,H,/.= 59/5E )5/)-,+/5E ;*9*A.. 

In the paper have been considered basic software, which is being used for 

training a technician on the department. It was constructed a number of the training-

methodical complex for simulation and calculation the electrotechnological units 

(ETU), and just as a number of multimedia applications, allowing obviously to show 

the structure and mode of functioning this ETU. It is equates the definition of two 

educational software, in which is being solved a finite element analysis problem, and 

just as is proposed the results of the solution the specific one. 

U4NA>34 X5A8?3<?ADB989 9 X5A8?3<?ADB<5<;9EA789D 797?AF 2)*2-2-0 @ 

?AEAB9A >59?A56B<;< @3AFAB9 7<M>4A? 9 97H<56M=A? 8<FH6K?A3BCA FA?<>9EA-

789A F4?A3945C H39 H3AH<>4@4B99 7HAO9456BCD >97O9H59B. W?< <LYI7BIA?7I 

@H<5BA H<BI?BCF9 H39E9B4F9 – @<MF<JB<7?6K B4;5I>B<;< H3A>7?4@5AB9I 

75<JBCD 8<B7?3=8O9: X5A8?3<?ADB<5<;9EA789D =7?4B<@<8 9 H3<97D<>IR9D @ 

B9D H3<OA77<@, 4 ?48JA BA<LD<>9F<7?6K M4FABC @ L<56Q9B7?@A 75=E4A@ ><3<-

;9D N9M9EA789D 54L<34?<3BCD H348?98=F<@ H3<7?CF9, ><7?=HBCF9 9 LAM<H47-

BCF9 @93?=456BCF9. + HA3AD<><F B4 H<>;<?<@8= L48454@3<@ X?<? @9> 9M=EAB9I 

X5A8?3<?ADB<5<;9EA78<;< <L<3=><@4B9I F<JA? <84M4?67I <7B<@BCF, H<78<568= 
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MB48<F7?@< 7 3A456BCF H3<9M@<>7?@<F 7@A>A?7I @ 8<BOA 8<BO<@ 8 XH9M<>9EA-

789F X878=379IF B4 H3<N956B<A H3A>H39I?9A [1]. 

, B47?<IRAA @3AFI H3AH<>4@4?A59 84NA>3C 34M34L<?459 =EALB<-

FA?<>9EA789A 8<FH5A87C (2GU) H< <7B<@BCF >97O9H59B4F 7HAO9456B<7?9 

140605 – W5A8?3<?ADB<5<;9EA789A =7?4B<@89 9 797?AFC: ?A<39I X5A8?3<F4;-

B9?B<;< H<5I (@ H395<JAB9ID), <7B<@C X5A8?3<B4;3A@4, X5A8?3<?ADB<5<;9EA-

789A =7?4B<@89 9 797?AFC, F<>A593<@4B9A X5A8?3<?ADB<5<;9EA789D =7?4B<@<8 

(W*2), 7HAO9456BCA W*2, FA?<>C 347EA?4 X5A8?3<F4;B9?BCD 9 ?AH5<@CD H<5A: 

[1]. 

.<56Q4I E47?6 347EA?BCD L5<8<@ 2GU <39AB?93<@4B4 B4 H48A? Mathcad-

2001. -3<;34FFBC: 8<FH5A87 @85KE4A? @ 7ALI <?34L<?4BBCA B4 H348?98A N<3-

F=5I3C >5I 347EA?4 @7AD 9M=E4AFCD B4 84NA>3A W*2 [2]. *48 JA 7<M>4B 3I> 

F=56?9FA>9:BCD 4B9F4O9:, >AF<B7?393=KR9D 34L<?= 8<B83A?BCD 7HAO9456-

BCD W*2. 

"5I 9775A><@4B9I X5A8?3<F4;B9?BCD 9 ?AH5<@CD H<5A: BA<LD<>9F< H39-

FABAB9A 7HAO9459M93<@4BBCD F4?AF4?9EA789D H48A?<@, <7B<@4BBCD B4 FA?<>A 

8<BAEBCD X5AFAB?<@. (EAB6 Q93<8< @ <L34M<@4?A56BCD OA5ID B4 84NA>3A 97-

H<56M=A?7I <?AEA7?@ABBC: 8<BAEB<X5AFAB?BC: H48A? Elcut, 34M34L<?4BBC: 

((( *(# (;. +4B8?--A?A3L=3;). 

Elcut H<M@<5IA? 3AQ4?6 75A>=KR9A ?9HC M4>4E (<H3A>A5I?6 75A>=KR9A 

?9HC H<5A:): 

1. G4;B9?<7?4?984 (@ X?<: M4>4EA 3477E9?C@4A?7I F4;B9?B<A H<5A H<7?<IB-

BCD F4;B9?<@, 4 ?48JA H3<@<>B98<@ 7 H<7?<IBBCF ?<8<F @ 73A>A 7 M4>4B-

BCF9 F4;B9?BCF9 7@<:7?@4F9); 

2. W5A8?3<7?4?984 (@ X?<: M4>4EA 3477E9?C@4A?7I X5A8?39EA78<A H<5A M43I-

><@, M4>4BBCD MB4EAB9: H<?ABO9454 @ 73A>A 7 M4>4BBCF9 X5A8?39EA789F9 

7@<:7?@4F9); 

3. #47?A84B9A ?<8<@ (@ X?<: M4>4EA 3477E9?C@4A?7I 347H3A>A5AB9A X5A8?39-

EA78<;< H<?ABO9454 9 ?<84 @ 797?AF4D H3<@<>B98<@); 

4. G4;B9?B<A H<5A HA3AFABBCD ?<8<@ (347EZ? X5A8?39EA78<;< 9 F4;B9?B<;< 

H<5I, @<ML=J>ZBB<;< H395<JABBCF9 HA3AFABBCF9 79B=7<9>456BCF9 ?<-

84F9 959 @BAQB9F F4;B9?BCF HA3AFABBCF H<5AF); 

5. *AFHA34?=3B<A H<5A (347EZ? ?AFHA34?=3B<;< H<5I @ 73A>A 7 M4>4BB<: ?AH-

5<H3<@<>B<7?6K 9 ;34B9EBCF9 =75<@9IF9 HA3@<;<-EA?@Z3?<;< 3<>4 @ 7?4-

?98A; 

6. 'A7?4O9<B43B4I ?AH5<HA3A>4E4 (347EZ? >9B4F989 ?AH5<@CD H3<OA77<@); 

7. /4>4E9 ?A<399 =H3=;<7?9. 

-3<;34FF4 Elcut H<M@<5IA? ?48JA H3<9M@<>9?6 7@IM4BBCA 347EZ?C, ?.A. 

@CE975ABBCA H434FA?3C @ <>B<: M4>4EA HA3A>4?6 @ >3=;=K M4>4E= @ 84EA7?@A 

97D<>BCD >4BBCD. 

#47EZ?C H3<9M@<>I?7I @ >@=FA3B<: H5<78<: 959 <7A79FFA?39EB<: H<7?4-

B<@8A M4>4E. , H5<78<: H<7?4B<@8A M4>4E9 ;A<FA?39EA784I F<>A56 H3A>7?4@5IA? 

7<L<: 7AEAB9A LA78<BAEB< H3<?IJZBB<: @ H5<78<7?6 EA3?AJ4 797?AFC, @ <7A-
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79FFA?39EB<: – H<5<@9B= <7A@<;< 7AEAB9I ?A54 @34RAB9I. -39 X?<F <76 79F-

FA?399 347H<54;4A?7I B4 59B99 7 8<<3>9B4?4F9 r = 0. 

-39 97H<56M<@4B99 Elcut H3<9M@<>9?7I 34L<?4 7 34MBCF9 ?9H4F9 ><8=-

FAB?<@: M4>4E9, ;A<FA?39EA789A F<>A59, L9L59<?A89 7@<:7?@ F4?A3945<@ 9 >3. 

U4J>C: ><8=FAB? <?83C@4A?7I @ 7@<AF <8BA @B=?39 ;54@B<;< <8B4 Elcut. 

(>B<@3AFABB< F<JB< <?83C?6 5KL<A 8<59EA7?@< 5KLCD <8<B. -A3AD<>I 

9M <8B4 @ <8B<, H3<9M@<>9F HA3A85KEAB9A 7 <>B<;< ><8=FAB?4 B4 >3=;<:. *<56-

8< <>B< <8B< @ 84J>C: F<FAB? @3AFAB9 I@5IA?7I 48?9@BCF. G<JB< 9MFABI?6 

7<>A3J4B9A 48?9@B<;< ><8=FAB?4, 97H<56M=I H<M9O99 FABK, 347H<5<JABB<;< @ 

FABK ;54@B<;< <8B4 Elcut. +<>A3J4B9A FABK 34M59EB< >5I ><8=FAB?<@ 34M59E-

BCD ?9H<@. 

-<75A><@4?A56B<7?6 @CH<5BAB9I 347EZ?<@ @ <LRAF @9>A @C;5I>9? 75A-

>=KR9F <L34M<F: 

1. 7<M>4B9A N4:5<@ M4>4E9, 7@<:7?@ 9 ;A<FA?399 7 H<F<R6K F47?A34; 

2. 7<M>4B9A F<>A59; 

3. 7<M>4B9A FA?<8 L5<8<@, 3ZLA3 9 @A3Q9B ;A<FA?39EA78<: F<>A59; 

4. H<7?3<AB9A 8<BAEB<-X5AFAB?B<: 7A?89; 

5. 3AQAB9A M4>4E9 9 4B459M 3AM=56?4?<@ 3AQAB9I. 

#AM=56?4?C 347EA?4 H3A>7?4@5IK?7I @ ><7?4?<EB< H<BI?B<: 9 H<5B<: 

N<3FA >5I <H3A>A5ABB<;< ?9H4 M4>4E. '4 397. 1 H3A>7?4@5AB 3AM=56?4? <>B<;< 

9M 347EA?4 X5A8?3<F4;B9?B<;< H<5I @ 9B>=8O9<BB<: ?9;A56B<: HAE9 7 H3<@<>I-

R9F ?9;5AF. 

 

I.2. 1. J*-+./* 85:= 7 8*),+, Elcut 

(EAB6 @4JB<: M4>4EA: B4 7A;<>BIQB9: >AB6 I@5IA?7I H3<L5AF4 347EA?4 

H<5I 78<3<7?A: @ 347H54@4D FA?4554 @ <L547?9 >A:7?@9I X5A8?3<F4;B9?BCD H<-

5A:. *489A 347EA?C H<M@<5IA? H3<@<>9?6 L<5AA 7<@A3QABBC: H48A? COMSOL 

Multiphysics Femlab. , B47?<IRAA @3AFI 7<?3=>B984F9 9 47H934B?4F9 84NA>3C 

@A>=?7I 34L<?C H< <7@<AB9K X?<;< H48A?4 7 OA56K A;< >456BA:QA;< @BA>3AB9I @ 
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H3<;34FF= <L=EAB9I. -3<;34FF4 COMSOL Multiphysics Femlab <7B<@4B4 B4 

797?AFA >9NNA3ABO9456BCD =34@BAB9: @ E47?BCD H3<9M@<>BCD. +=RA7?@=A? 

?39 F4?AF4?9EA789D 7H<7<L4 M4>4B9I ?489D 797?AF: 

  U<XNN9O9AB?B4I N<3F4, H3A>B4MB4EABB4I >5I 59BA:BCD 9 L59M89D 8 59-

BA:BCF F<>A5A:. 

  )ABA3456B4I N<3F4, >5I BA59BA:BCD F<>A5A:. 

  +54L4I N<3F4 (Weak form), >5I F<>A5A: 7 PDE (partial differential equation 

– >9NNA3ABO9456B<A =34@BAB9A @ E47?BCD H3<9M@<>BCD) B4 ;34B9O4D, 

3AL34D 959 >5I F<>A5A:, 97H<56M=KR9D =75<@9I 7< 7FAQ4BBCF9 9 H3<-

9M@<>BCF9 H< @3AFAB9. 

  07H<56M=I X?9 7H<7<LC, F<JB< 9MFABI?6 ?9HC 4B459M4, @85KE4I: 

  +?4O9<B43BC: 9 HA3AD<>BC: 4B459M. 

  %9BA:BC: 9 BA59BA:BC: 4B459M. 

  G<>456BC: 4B459M 9 4B459M 7<L7?@ABBCD E47?<?. 

"5I 3AQAB9I PDE, COMSOL Multiphysics 97H<56M=A? FA?<> 8<BAEBCD 

X5AFAB?<@ (FEM). -3<;34FFB<A <LA7HAEAB9A M4H=784A? 8<BAEB<X5AFAB?BC: 

4B459M @FA7?A 7 7A?8<:, =E9?C@4KRA: ;A<FA?39EA78=K 8<BN9;=34O9K ?A5, 9 

8<B?3<5AF <Q9L<8 7 97H<56M<@4B9AF 34MB<<L34MBCD E975ABBCD 3AQ4?A5A:. *48 

848 FB<;9A N9M9EA789A M48<BC @C34J4K?7I @ N<3FA PDE, 7?4B<@9?7I @<MF<J-

BCF F<>A593<@4?6 Q93<89: 7HA8?3 B4=EBCD 9 9BJABA3BCD I@5AB9: 9M FB<;9D 

<L547?A: N9M989, ?489D 848: 48=7?984, D9F9EA789A 3A48O99, >9NN=M9I, X5A8-

?3<F4;BA?9MF, ;9>3<>9B4F984, N956?3<@4B9A, ?AH5<F477<HA3AB<7, <H?984, 

8@4B?<@4I FAD4B984, H<5=H3<@<>B98<@CA =7?3<:7?@4, 7<H3<F4? 9 FB<;9D >3=-

;9D. 

U3<FA @CQA HA3AE975ABB<;< H3<;34FF4 H<M@<5IA? 7 H<F<R6K HA3AFAB-

BCD 7@IM9 7<A>9BI?6 F<>A59 @ 34MBCD ;A<FA?39ID 9 7@IMC@4?6 FAJ>= 7<L<: F<-

>A59 34MBCD 34MFA3B<7?A:. 

"5I 7<M>4B9I 9 347EA?4 M4>4E9 3A8<FAB>=A?7I 75A>=KR4I H<75A><@4?A56-

B<7?6 >A:7?@9:. 

1. ,CL934AF 34MFA3B<7?6 F<>A59, <H3A>A5IAF N9M9EA789: 34M>A5 @ '4@9;4-

?<3A F<>A5A: (84J><F= 34M>A5= 7<<?@A?7?@=A? <H3A>A5ABB<A >9NNA3AB-

O9456B<A =34@BAB9A) 9 <H3A>A5IAF 7?4O9<B43BC: 959 BA7?4O9<B43BC: 

4B459M ?AFHA34?=3B<;< H<5I. 

2. (H3A>A5IAF 34L<E=K <L547?6 9 M4>4AF ;A<FA?39K. 

3. /4>4ZF 97D<>BCA >4BBCA, M4@979F<7?9 HA3AFABBCD <? 8<<3>9B4? 9 @3A-

FAB9. 

4. 284MC@4AF ?AH5<N9M9EA789A 7@<:7?@4 9 B4E456BCA =75<@9I. 

5. 284MC@4AF ;34B9EBCA =75<@9I. 

6. /4>4ZF H434FA?3C 9 7?3<9F 7A?8=. 

7. (H3A>A5IAF H434FA?3C 3AQ4KRA;< =7?3<:7?@4 9 M4H=784AF 347EA?. 

8. '47?349@4AF 3AJ9F <?<L34JAB9I. 

9. -<5=E4AF 3AM=56?4?C. 
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'4 397. 2 H3A>7?4@5ABC 3AM=56?4?C 347EA?<@ @ H48A?A Femlab ?<: JA M4>4-

E9, 8<?<34I LC54 3AQAB4 @ H48A?A Elcut. U48 @9>B<, 3AM=56?4?C 347EA?4 F4;B9?-

B<;< H<5I H348?9EA789 7<@H4>4K?, B< H39 97H<56M<@4B99 @?<3<;< H48A?4 <?-

83C@4A?7I @<MF<JB<7?6 9775A><@4?6 9 34O9<B456B< N<3F93<@4?6 H<5A 78<3<-

7?A: @ M4;3=M8A H54@956B<: HAE9. +5A>=A? ?48JA <?FA?9?6 Q93<89A @<MF<JB<-

7?9 H48A?<@ H< @9M=459M4O99 3AM=56?4?<@ 9775A><@4B9I, E?< <L5A;E4A? H<B9F4-

B9A 7?=>AB?4F9 75<JBCD N9M9EA789D H3<OA77<@, H3<97D<>IR9D @ 7<@3AFABBCD 

X5A8?3<?ADB<5<;9EA789D =7?4B<@84D.  

 
4 

 
L 

I.2. 2. I,;1:3+*+6 -*2A,+* 7 8*),+, Femlab. * - C:,)+-54*'/.+/6E -*2A,+, 0 

- -*2A,+ 85:= 2)5-52+,E 

___________________________ 

1. +434H=5<@  .'., +434H=5<@ +. ., -A?3<@ 0.+., U43476 +., // -3<L5AFC 9 

><7?9JAB9I @ H3<FCQ5ABB<: XBA3;A?98A: +L. ><854><@ VII B. H348?. 

8<BN. @ 34F84D @C7?4@89 «WBA3;A?984 9 X5A8?3<?ADB984. +@A?<?ADB984» - 

!84?A39BL=3;: 23456789A @C7?4@89, 2007. 7, 154-157. 

2. W5A8?3<?ADB<5<;9EA784I @93?=456B4I 54L<34?<39I: 2EALB<A H<7<L9A / 

 .'. +434H=5<@, ".'. *<F4QA@789: 9 >3. !84?A39BL=3;: )(2 ,-( 2)-

*2-2-0, 2003. 2337. 


