
Universal Mechanism
www.umlab.ru um@umlab.ru

UM Loco

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʜʠʥʘʤʢʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ

ʋʥʠʚʝʨʩʘʣʴʥʳʡʄʝʭʘʥʠʟʤ

www.umlab.ru um@umlab.ru
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ʉʦʜʝʨʞʘʥʠʝ

Č ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

Č ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ

Č ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ

Č ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʥʦʩʘ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ 

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʝʟʜʦʚ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʙʘʣʣʘʩʪʘ

Č ʄʦʜʫʣʴ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ

Č ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ

Č ʄʘʥʯʝʩʪʝʨʩʢʠʝ ʪʝʩʪʳ

Č ʀʥʩʪʨʫʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʊʝʧʣʦʚʦʟʊʕʇ80 (ʤʦʜʝʣʴ UM 1993 ʛ.)

ɿʘʢʘʟʯʠʢïʂʦʣʦʤʝʥʩʢʠʡ ʪʝʧʣʦʚʦʟʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ

120-ʪʦʥʥʘʷ ʮʠʩʪʝʨʥʘ (ʤʦʜʝʣʴ UM 1993 ʛ.)
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ʊʝʧʣʦʚʦʟ ʊʕ116(ʤʦʜʝʣʴ UM 1995 ʛ.)

ʄʦʜʝʣʴ ʪʝʣʝʞʢʠ ʩ ʨʝʜʫʢʪʦʨʘʤʠ ʠ 

ʪʷʛʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ

ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʊʝʧʣʦʚʦʟ ʩ ʪʝʣʝʞʢʘʤʠ ʩ ʤʝʭʘʥʠʟʤʦʤ ʨʘʜʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʢʦʣʝʩʥʳʭ 

ʧʘʨ ʢʦʥʩʪʨʫʢʮʠʠ ʌɻʋʇ ɺʅʀʂʊʀ ʄʇʉ ʈʌ (ʤʦʜʝʣʴ UM 2000 ʛ.)
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʊʝʧʣʦʚʦʟ ʊɸ35 ʩ ʪʝʣʝʞʢʘʤʠ ɹʨʷʥʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ

(ʤʦʜʝʣʴ UM 2000 ʛ.)

http://www.umlab.ru/
mailto:um@umlab.ru


Universal Mechanism
www.umlab.ru um@umlab.ru

ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʕʣʝʢʪʨʦʚʦʟ ʕʇ10
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʊʝʧʣʦʚʦʟ ʊʕʄ21 (ʤʦʜʝʣʴ UM 2002 ʛ.)
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ɼʠʟʝʣʴ-ʧʦʝʟʜ ɼʈ1 (ʤʦʜʝʣʴ UM 2003 ʛ.)

ʄʦʜʝʣʴ ʚʘʛʦʥʘ ʩ ʦʜʥʦʦʩʥʳʤʠ ʪʝʣʝʞʢʘʤʠ

(ʤʦʜʝʣʴ UM 2003 ʛ.)

ʄʦʜʝʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʢʘʬʝʜʨʦʡ 

ñɺʘʛʦʥʳòɹɻʊʋ
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʄʦʜʝʣʴ ʪʨʘʤʚʘʷ71-608K (ʤʦʜʝʣʴ UM 2003 ʛ.)
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʕʣʝʢʪʨʦʚʦʟ ɺʃ80ʉ (ʤʦʜʝʣʴ UM 2003 ʛ.)
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʚʦʟʘ ɺʃ80 ʚ ʢʨʠʚʦʡ
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʄʦʜʝʣʴ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ 

ʤʦʜʝʣʠ 152Aʨʘʟʨʘʙʦʪʘʥʘ 

ʠʥʞʝʥʝʨʘʤʠ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʮʝʥʪʨʘ TRANSMEC ʧʨʠ 

ʫʯʘʩʪʠʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ɹɻʊʋ, 

2003 ʛ.

http://www.umlab.ru/
mailto:um@umlab.ru


Universal Mechanism
www.umlab.ru um@umlab.ru

ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʄʦʜʝʣʴ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ, 2005 ʛ.
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ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

ʄʦʜʝʣʴ ʚʘʛʦʥʘ ʤʝʪʨʦ(ʤʦʜʝʣʴ 2008ʛ.)
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ʄʦʜʝʣʴ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ

ʊʨʝʭʵʣʝʤʝʥʪʥʘʷ ʪʝʣʝʞʢʘ ʤʦʜʝʣʠ 18-100, 18-578

ʄʦʜʝʣʴ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ ʥʘ ʪʝʣʝʞʢʘʭ ʤʦʜʝʣʠ 18-100, 18-578
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ʉʠʩʪʝʤʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʛʘʰʝʥʠʷ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ

ʌʨʠʢʮʠʦʥʥʳʝ ʢʣʠʥʴʷ

ʂʦʥʪʘʢʪʥʳʝ ʪʦʯʢʠ ʥʘ ʢʣʠʥʝ
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ʉʠʩʪʝʤʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʛʘʰʝʥʠʷ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʩʠʩʪʝʤʳ ʩ ʢʣʠʥʦʚʳʤʠ ʛʘʩʠʪʝʣʷʤʠ
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ʉʠʩʪʝʤʘ ʬʨʠʢʮʠʦʥʥʦʛʦ ʛʘʰʝʥʠʷ ʛʨʫʟʦʚʦʛʦ ʚʘʛʦʥʘ

ʌʨʠʢʮʠʦʥʥʳʝ ʢʣʠʥʴʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ

ʇʘʚʣʶʢʦʚ ɸʣʝʢʩʘʥʜʨ 

ʕʜʫʘʨʜʦʚʠʯ, ʜ.ʪ.ʥ., 

ʋʨɻʋʇʉ, ɽʢʘʪʝʨʠʥʙʫʨʛ

ʅʘ ʙʘʟʝ ʌɻʋʇ çʇʆ 
ʋʨʘʣʚʘʛʦʥʟʘʚʦʜè ʧʦʜ 
ʨʫʢʦʚʦʜʩʪʚʦʤ  ɸ.ʕ.ʇʘʚʣʶʢʦʚʘ 
ʧʨʦʚʦʜʠʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 
ʛʨʫʟʦʚʦʡ ʪʝʣʝʞʢʦʡ ʪʠʧʘ 18-100. 
ɺ ʩʪʘʪʴʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʧʦ 
ʠʪʦʛʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 
ʦʪʤʝʯʘʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ 
ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠ-
ʤʝʥʪʦʚ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 12%.

http://www.umlab.ru/
mailto:um@umlab.ru


Universal Mechanism
www.umlab.ru um@umlab.ru

-8

-6

-4

-2

0

2

4

6

8

-40 -30 -20 -10 0 10 20 30 40

ʋʛʦʣ ʧʦʚʦʨʦʪʘ, ʨʘʜ 10
-3

ʄ
ʦ
ʤ
ʝ
ʥ
ʪ
 
ʩ
ʠ
ʣ
,
 
ʅ
ʤ
ʭ
1
0

4

-8

-6

-4

-2

0

2

4

6

8

-40 -30 -20 -10 0 10 20 30 40

ʋʛʦʣ ʧʦʚʦʨʦʪʘ, ʨʘʜ 10
-3

ʄ
ʦ
ʤ
ʝ
ʥ
ʪ
 
ʩ
ʠ
ʣ
,
 
ʅ
ʤ
 
ʭ
 
1
0

4
-8

-6

-4

-2

0

2

4

6

8

-40 -30 -20 -10 0 10 20 30 40

ʋʛʦʣ ʧʦʚʦʨʦʪʘ, ʨʘʜ 10
-3

ʄ
ʦ
ʤ
ʝ
ʥ
ʪ
 
ʩ
ʠ
ʣ
,
 
ʅ
ʤ
 
ʭ
 
1
0

4

-8

-6

-4

-2

0

2

4

6

8

-40 -30 -20 -10 0 10 20 30 40

ʋʛʦʣ ʧʦʚʦʨʦʪʘ, ʨʘʜ 10
-3

ʄ
ʦ
ʤ
ʝ
ʥ
ʪ
 
ʩ
ʠ
ʣ
,
 
ʅ
ʤ
 
ʭ
 
1
0

4

ʘ) ʈ = 45 ʢʅ ʙ) ʈ = 30 ʢʅ

ʚ) ʈ = 20 ʢʅ ʛ) ʈ = 10 ʢʅ

ɻʨʫʟʦʚʦʡ ʚʘʛʦʥ: ʩʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ

ʵʢʩʧʝʨʠʤʝʥʪ    ʤʦʜʝʣʠʨʦʚʘʥʠʝ
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ɻʨʫʟʦʚʘʷ ʪʨʝʭʵʣʝʤʝʥʪʥʘʷ ʪʝʣʝʞʢʘ AmstedRail

ɻʨʫʟʦʚʘʷ ʪʝʣʝʞʢʘ AmstedRail, ʤʦʜʝʣʴ 2008 ʛ.
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ɻʨʫʟʦʚʘʷ ʪʝʣʝʞʢʘ ʤʦʜʝʣʠ Y25

ɽʚʨʦʧʝʡʩʢʘʷ ʛʨʫʟʦʚʘʷ ʪʝʣʝʞʢʘ Y25
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ɹʘʟʘ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʈʦʩʩʠʠ

ɺ 2006ʛ. ʩʦʚʤʝʩʪʥʦ ʩ ɺʅʀʂʊʀ ʄʇʉ ʨʘʟʨʘʙʦʪʘʥʳ 17 ʤʦʜʝʣʝʡ ʣʦʢʦʤʦʪʠʚʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʘ ʙʘʟʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʥʝ ʠʤʝʶʱʘʷ ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʝ.
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ɹʘʟʘ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʈʦʩʩʠʠ

ɹʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ, ʨʝʘʣʠʟʦʚʘʥʥʳʤ ʚ UM40, ʙʘʟʘ 

ʤʦʜʝʣʝʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ ïʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʤʝʩʷʮʝʚ!

2ɺʃ85

ɺʃ10ʫ
ɺʃ15

ɺʃ65(ʕʇ1)

ʕʇ10

ɺʃ60

ɺʃ80ɺʃ80ʪ
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ɹʘʟʘ ʤʦʜʝʣʝʡ ʦʩʥʦʚʥʳʭ ʣʦʢʦʤʦʪʠʚʦʚ ʈʦʩʩʠʠ

ʊʕʇ70

2ʊʕ116

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʝʡ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʘ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʠʟ 

ʦʩʥʦʚʥʳʭ ʉɸʇʈ ʧʨʦʛʨʘʤʤ. ʉʨʘʚʥʠʪʝ ʤʦʜʝʣʠ ʊʕʇ70 

(ʢʫʟʦʚ ʠʤʧʦʨʪʠʨʦʚʘʥ ʠʟ SolidWorks) ʠ ʊʕ116 

(ʛʨʘʬʠʯʝʩʢʠʡ ʦʙʨʘʟ ʢʫʟʦʚʘ ʩʦʟʜʘʥ ʩʨʝʜʩʪʚʘʤʠ UM)
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ʉʦʜʝʨʞʘʥʠʝ

Č ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

Č ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ

Č ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ

Č ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʥʦʩʘ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ 

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʝʟʜʦʚ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʙʘʣʣʘʩʪʘ

Č ʄʦʜʫʣʴ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ

Č ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ

Č ʄʘʥʯʝʩʪʝʨʩʢʠʝ ʪʝʩʪʳ

Č ʀʥʩʪʨʫʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ
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ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ UM Loco ïʤʦʜʫʣʴ ʦʧʠʩʘʥʠʷ UM Input

ʆʙʱʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ ʦʧʠʩʘʥʠʷ ʤʦʜʝʣʠ UM Input
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ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ UM Loco ïʧʨʦʛʨʘʤʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ UM Simul

ʆʙʱʠʡ ʚʠʜ ʧʨʦʛʨʘʤʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʤʦʜʝʣʠ UM Simul
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Áʄʦʜʝʣʴ ʩ ʰʝʩʪʴʶʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ:

Å1 - ʩʜʚʠʛ ʚʜʦʣʴ ʦʩʠ ʍ

Å2 - ʩʜʚʠʛ ʚʜʦʣʴ ʦʩʠ Y

Å3 - ʩʜʚʠʛ ʚʜʦʣʴ ʦʩʠ Z

Å4 - ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ Z

Å5 - ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ X

Å6 - ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ Y

Áʄʦʜʝʣʴ ʩ ʩʝʤʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ:

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʪʝʧʝʥʴ ʩʚʦʙʦʜʳ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʧʨʫʛʦʤʫ ʩʢʨʫʯʠʚʘʥʠʶ 

ʦʩʠ

ʂʦʣʝʩʥʘʷ ʧʘʨʘ ʩ ʰʝʩʪʴʶ 

ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ

ʂʦʣʝʩʥʳʝ ʧʘʨʳ 

ʋʄ ʠʩʧʦʣʴʟʫʝʪ ʜʚʝ ʤʦʜʝʣʠ ʢʦʣʝʩʥʳʭ ʧʘʨ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ 

ʧʦ ʯʠʩʣʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ
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ʂʦʥʪʘʢʪ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ

ʂʦʥʪʘʢʪ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ ʚ UM Loco:

Åʈʘʟʣʠʯʥʳʝ ʪʝʦʨʠʠ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ

Åʇʨʦʠʟʚʦʣʴʥʳʝ ʧʨʦʬʠʣʠ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ

Åʆʜʥʦʪʦʯʝʯʥʳʡ ʠ ʜʚʫʭʪʦʯʝʯʥʳʡ ʢʦʥʪʘʢʪ

Åɸʥʠʤʘʮʠʷ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʠ ʚʟʘʠʤʥʦʛʦ 
ʧʦʣʦʞʝʥʠʷ ʧʨʦʬʠʣʝʡ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʦʚ

Åɺʠʟʫʘʣʠʟʘʮʠʷ ʩʠʣ ʢʨʠʧʘ, ʧʷʪʝʥ ʢʦʥʪʘʢʪʘ, 
ʟʦʥ ʩʢʦʣʴʞʝʥʠʷ ʠ ʩʮʝʧʣʝʥʠʷ

Åʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʢʘʢ ʬʫʥʢʮʠʷ 
ʢʦʦʨʜʠʥʘʪʳ ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ

Åʈʘʟʣʠʯʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʝʥʠʷ ʥʘ ʢʨʫʛʝ 
ʢʘʪʘʥʠʷ ʠ ʥʘ ʛʨʝʙʥʝ ʢʦʣʝʩʘ

ʆʢʥʦ ʠʥʩʧʝʢʪʦʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
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ʄʦʜʝʣʠ ʩʠʣ ʢʨʠʧʘ

ɺ UM Loco ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʜʝʣʠ ʩʠʣ ʢʨʠʧʘ:

Åʘʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʠʚʳʭ ʢʨʠʧʘ ʬʫʥʢʮʠʷʤʠ

Åʘʣʛʦʨʠʪʤ FASTSIM

Åʫʩʢʦʨʝʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʘ FASTSIM

Åʤʦʜʝʣʴ ʥʝʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʝʥʥʦʡ ʪʝʦʨʠʠ ʂʘʣʢʝʨʘ

ʆʢʥʦ ʠʥʩʧʝʢʪʦʨʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ
ʆʢʥʦ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʬʠʣʝʡ
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ɸʥʠʤʘʮʠʷ ʢʦʥʪʘʢʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ

ɼʣʠ̫ʩʩʣʝʜʦʚʘʥʠʡ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʥʦ ʘʥʠʤʘʮʠʠ

ʢʦʥʪʘʢʪʘ, ʧʦʟʚʦʣʷʶʱʝʝ:

Åʩʣʝʜʠʪʴ ʟʘ ʫʩʪʘʥʦʚʢʦʡ 

ʢʦʣʝʩʥʳʭ ʧʘʨ ʚ ʢʨʠʚʳʭ

Åʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʵʢʠʧʘʞʘ

Åʦʮʝʥʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʘʢʪʘ 

(ʦʜʥʦʪʦʯʝʯʥʳʡ, ʜʚʫʭʪʦʯʝʯʥʳʡ 

ʢʦʥʪʘʢʪ) ʠ ʟʥʘʯʝʥʠʷ 

ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ

Åʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʚʝʜʝʥʠʝ 

ʢʦʣʝʩʥʦʡ ʧʘʨʳ ʧʨʠ ʧʨʦʭʦʜʝ 

ʥʝʨʦʚʥʦʩʪʝʡ

ʆʢʥʦ ʘʥʠʤʘʮʠʠ ʢʦʥʪʘʢʪʘ
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ɸʥʠʤʘʮʠʷ ʢʦʥʪʘʢʪʘ

ɸʥʠʤʘʮʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʢʦʥʪʘʢʪʘ ʥʝʟʘʤʝʥʠʤʘ ʧʨʠ ʨʝʰʝʥʠʠ ʪʘʢʠʭ 

ʟʘʜʘʯ ʢʘʢ

Åʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʵʢʠʧʘʞʘ

ʇʨʦʭʦʞʜʝʥʠʝ ʵʢʠʧʘʞʝʤ ʝʜʠʥʠʯʥʦʡ ʥʝʨʦʚʥʦʩʪʠ
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ɸʥʠʤʘʮʠʷ ʢʦʥʪʘʢʪʘ

Åʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʪʘʢʪʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʠ 

ʨʝʣʴʩʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʫʪʠ 

ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ

ʇʨʦʭʦʞʜʝʥʠʝ ʵʢʠʧʘʞʝʤ ʥʝʨʦʚʥʦʡ ʢʨʠʚʦʡ
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ɸʥʠʤʘʮʠʷ ʢʦʥʪʘʢʪʘ

ʇʨʦʬʠʣʴ ʚ ʢʨʠʚʦʡ

ʇʨʦʬʠʣʴ ʚ ʧʨʷʤʦʤ ʫʯʘʩʪʢʝ ʧʫʪʠ

ʀʟʤʝʥʝʥʠʝ ʧʨʦʬʠʣʷ ʨʝʣʴʩʘ ʧʦ ʧʫʪʠ
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʭʦʜʘ

 
 

 

240 ʢʅ 190 ʢʅ 241 ʢʅ 231 ʢʅ 208 ʢʅ 232 ʢʅ 

ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ 

ʉʭʦʜ ʪʝʧʣʦʚʦʟʘ ʊʕʇ70-0293

ʅʘʛʨʫʟʢʘ ʧʦ ʦʩʷʤ

ʇʨʦʬʠʣʠ
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʭʦʜʘ

ʆʢʥʦ ʘʥʠʤʘʮʠʠ ʢʦʥʪʘʢʪʘ
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ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʷʪʝʥ ʢʦʥʪʘʢʪʘ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ

ʅʝʵʣʣʠʧʪʠʯʝʩʢʦʝ ʧʷʪʥʦ ʢʦʥʪʘʢʪʘʇʷʪʥʦ ʢʦʥʪʘʢʪʘ, ʟʦʥʳ ʩʢʦʣʴʞʝʥʠʷ ʠ 

ʩʮʝʧʣʝʥʠʷ, ʩʠʣʳ ʢʨʠʧʘ ʜʣʷ ʤʦʜʝʣʠ 

FASTSIM

ʉ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʪʘʢʪʥʳʭ ʩʠʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʩʪʨʫʤʝʥʪ, 

ʚʠʟʫʘʣʠʟʠʨʫʶʱʠʡ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ, ʩʠʣʳ ʢʨʠʧʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʧʘ, ʦʙʣʘʩʪʠ 

ʩʮʝʧʣʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠʵʢʠʧʘʞʘ
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ɸʥʠʤʘʮʠʷ ʧʷʪʥʘ ʢʦʥʪʘʢʪʘ: ʥʝʵʣʣʠʧʪʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ

ʇʨʦʭʦʞʜʝʥʠʝ ʨʦʚʥʦʡ ʢʨʠʚʦʡ ʘʚʪʦʤʦʪʨʠʩʦʡ ɸʉ4
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ʉʦʟʜʘʥʠʝ ʧʨʦʬʠʣʝʡ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʬʠʣʝʡ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ (ʥʦʚʳʭ ʠ ʠʟʥʦʰʝʥʥʳʭ) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʛʨʘʤʤʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʧʨʦʬʠʣʠ ʟʘʜʘʶʪʩʷ ʣʠʙʦ ʥʘʙʦʨʦʤ ʪʦʯʝʢ ʩ ʜʘʣʴʥʝʡʰʝʡ ʩʧʣʘʡʥʦʚʦʡ 

ʠʥʪʝʨʧʦʣʷʮʠʝʡ, ʣʠʙʦ ʥʘʙʦʨʦʤ ʦʪʨʝʟʢʦʚ ʠ ʦʢʨʫʞʥʦʩʪʝʡ.

ʇʨʦʬʠʣʴ ʢʦʣʝʩʘ ɼʄʝʪʀ, ʟʘʜʘʥʥʳʡ ʥʘʙʦʨʦʤ ʪʦʯʝʢ
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ʉʦʟʜʘʥʠʝ ʧʨʦʬʠʣʝʡ ʢʦʣʝʩʘ ʠ ʨʝʣʴʩʘ

ʇʨʦʬʠʣʴ ʨʝʣʴʩʘ ʈ65, ʟʘʜʘʥʥʳʡ ʥʘʙʦʨʦʤ 

ʦʪʨʝʟʢʦʚ ʠ ʦʢʨʫʞʥʦʩʪʝʡ

ʀʟʥʦʰʝʥʥʳʡ ʧʨʦʬʠʣʴ ʈ65
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ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʧʘʨ ʧʨʦʬʠʣʝʡ

ñɺʩʝ ʢʦʥʪʘʢʪʳò

ʈʘʟʥʦʩʪʴ ʨʘʜʠʫʩʦʚ ʧʨʠ ʧʦʧʝʨʝʯʥʦʤ 

ʩʤʝʱʝʥʠʠ (RRD)
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ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʘʥʘʣʠʟʘ ʧʘʨ ʧʨʦʬʠʣʝʡ

ɺʠʟʫʘʣʠʟʘʮʠʷ ʧʦʣʦʞʝʥʠʷ ʪʦʯʢʠ ʢʦʥʪʘʢʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʦʞʝʥʠʷʭ ʢʦʣʝʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʣʴʩʘ
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ʉʦʟʜʘʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ

ʉ ʧʦʤʦʱʴʶ UM ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʥʝʨʦʚʥʦʩʪʠ:

Åʚ ʚʠʜʝ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ

Åʧʦʪʦʯʝʯʥʦ

Åʚ ʚʠʜʝ ʨʝʘʣʠʟʘʮʠʡ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚʧʦ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ

Åʧʦ ʜʘʥʥʳʤ ʧʫʪʝʠʟʤʝʨʠʪʝʣʝʡ

ɿʘʜʘʥʠʝ ʥʝʨʦʚʥʦʩʪʠ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ
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ʉʦʟʜʘʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʤʦʞʥʦ ʩʢʣʘʜʳʚʘʪʴ ʥʝʨʦʚʥʦʩʪʠ

ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ,ʥʘʧʨʠʤʝʨ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʠ ʩʣʫʯʘʡʥʳʝ.

ʉʣʫʯʘʡʥʳʝ ʥʝʨʦʚʥʦʩʪʠ
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ʉʦʟʜʘʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʧʫʪʠ

ʉʦʟʜʘʥʠʝ ʨʝʘʣʠʟʘʮʠʠ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦ ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ
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ʃʠʥʝʡʥʳʡ ʘʥʘʣʠʟ

ɸʥʘʣʠʟ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʜʚʠʞʝʥʠʷ 
ʵʢʠʧʘʞʘʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ:

Åʨʘʩʯʝʪʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ 
ʯʘʩʪʦʪ ʠ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ (ʧʨʠ ʵʪʦʤ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʢʣʶʯʘʶʪʩʷ ʚʩʝ 
ʥʝʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʩʠʣʳ: ʢʨʠʧʘ, 
ʢʦʥʪʘʢʪʥʳʝ ʩʠʣʳ ʠ ʪ.ʜ.)

Åʨʘʩʯʝʪʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʦʨʥʝʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤ ʜʚʠʞʝʥʠʡ

Åʧʦʩʪʨʦʝʥʠʷ ʢʦʨʥʝʚʳʭ ʛʦʜʦʛʨʘʬʦʚ 
(ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʨʥʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 
ʫʨʘʚʥʝʥʠʡ ʦʪ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ 
ʩʢʦʨʦʩʪʠ)

Åʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ (ʚ ʪʦʤ 
ʯʠʩʣʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 
ʤʦʜʝʣʠ)

ʆʢʥʦ ʣʠʥʝʡʥʦʛʦ ʘʥʘʣʠʟʘ
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ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʚʦʟʘ ʕʇ10

ɸʥʠʤʘʮʠʠ ʧʝʨʚʳʭ ʯʝʪʳʨʝʭ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʦʚʦʟʘ 

ʕʇ10
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ʉʦʜʝʨʞʘʥʠʝ

Č ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

Č ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ

Č ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ

Č ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʥʦʩʘ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ 

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʝʟʜʦʚ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʙʘʣʣʘʩʪʘ

Č ʄʦʜʫʣʴ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ

Č ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ

Č ʄʘʥʯʝʩʪʝʨʩʢʠʝ ʪʝʩʪʳ

Č ʀʥʩʪʨʫʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ

http://www.umlab.ru/
mailto:um@umlab.ru


Universal Mechanism
www.umlab.ru um@umlab.ru

ʄʝʪʦʜ ʧʦʜʩʠʩʪʝʤ ïʚʢʣʶʯʝʥʥʳʝ ʧʦʜʩʠʩʪʝʤʳ

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʣʦʢʦʤʦʪʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ

2  + 2  + =

2  + + =

2  + + =
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ʄʝʪʦʜ ʧʦʜʩʠʩʪʝʤ ïʚʥʝʰʥʠʝ ʧʦʜʩʠʩʪʝʤʳ

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʦʝʟʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʥʝʰʥʠʭ ʧʦʜʩʠʩʪʝʤ
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʦʜʩʠʩʪʝʤ

ɺʳʪʘʣʢʠʚʘʥʠʝ ʧʦʨʦʞʥʝʛʦ ʚʘʛʦʥʘ ʚ ʩʦʩʪʘʚʝ
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ʉʦʜʝʨʞʘʥʠʝ

Č ʄʦʜʝʣʠ ʨʝʣʴʩʦʚʳʭ ʵʢʠʧʘʞʝʡ

Č ʆʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ

Č ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʦʜʩʠʩʪʝʤ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʰʠʥ

Č ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʟʥʦʩʘ ʢʦʣʝʩ ʠ ʨʝʣʴʩʦʚ 

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʴʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʝʟʜʦʚ

Č ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʙʘʣʣʘʩʪʘ

Č ʄʦʜʫʣʴ ʩʦʟʜʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʠʩʪʝʤ

Č ʄʦʜʫʣʴ ʘʥʘʣʠʟʘ ʫʩʪʘʣʦʩʪʥʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʠ

Č ʄʘʥʯʝʩʪʝʨʩʢʠʝ ʪʝʩʪʳ

Č ʀʥʩʪʨʫʤʝʥʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʝʡ
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ʇʨʠʤʝʨ 1. ɸʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʚʝʰʠʚʘʥʠʷ ʚʘʛʦʥʘ

 

 

ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ 

(ʋʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʭʘʥʠʟʤ) 

 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

(Matlab/Simulink) 

Vʢʫʟʦʚʘ 
ɸ
ʢ
ʪ
ʠ
ʚ
ʥ
ʘ
ʷ
 
ʩ
ʠ
ʣ
ʘ

 
Vʨʘʤʳ 

aʢʫʟʦʚʘ 

ɺ ʮʝʥʪʨʘʣʴʥʫʶ ʩʪʫʧʝʥʴ

ʧʦʜʚʝʩʢʠ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʚʘʛʦʥʘ ʜʦʙʘʚʣʝʥ 

ʫʧʨʘʚʣʷʝʤʳʡ ʩʠʣʦʚʦʡ 

ʵʣʝʤʝʥʪ. ʄʦʜʝʣʴ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ 

Matlab/Simulink.

ʄʦʜʝʣʴ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʚʘʛʦʥʘ

ʉʭʝʤʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ

ʈʘʟʨʘʙʦʪʘʣ ʢ.ʪ.ʥ. ɹʫʡʚʘʣ ɸ.ʂ.
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ʇʨʠʤʝʨ 1. ɸʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʚʝʰʠʚʘʥʠʷ ʚʘʛʦʥʘ

ʋʩʢʦʨʝʥʠʷ ʧʦʣʘ ʢʫʟʦʚʘ

ʅʝʫʧʨʘʚʣʷʝʤʘʷ ʩʠʩʪʝʤʘʋʧʨʘʚʣʷʝʤʘʷ ʩʠʩʪʝʤʘ
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ʕʣʝʢʪʨʦʚʦʟ ʕʇ200

ʇʦʣʥʘʷ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ

ʄʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ

146 ʜʠʬʬ. ʫʨʘʚʥʝʥʠʡ

24 ʫʨʘʚʥʝʥʠʷ ʩʚʷʟʝʡ

122 ʩʪʝʧʝʥʠ ʩʚʦʙʦʜʳ

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ

ʈʘʟʨʘʙʦʪʘʥʘ ʚ ʖʞʥʦ-

ʈʦʩʩʠʡʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʜ.ʪ.ʥ. 

ʇ.ɻ.ʂʦʣʧʘʭʯʴʷʥʘ
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ʕʣʝʢʪʨʦʚʦʟ ʕʇ200: ʤʝʭʘʥʠʯʝʩʢʘʷ ʯʘʩʪʴ

ʂʦʣʝʩʥʦ-ʤʦʪʦʨʥʳʡ ʙʣʦʢ

ʂʘʨʜʘʥʥʳʡ ʚʘʣ

ʄʫʬʪʘ

ʄʫʬʪʘ

ʗʢʦʨʴ

ʈʝʜʫʢʪʦʨ
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ʕʣʝʢʪʨʦʚʦʟ ʕʇ200: ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ

ʊ
ʨ
ʘ
ʥ
ʩ
ʬ
ʦ
ʨ
ʤ
ʘ
ʪ
ʦ
ʨ

ʀ
ʥ
ʚ
ʝ
ʨ
ʪ
ʝ
ʨ
ʥ
ʳ
ʡ
 

ʧ
ʨ
ʝ
ʦ
ʙ
ʨ
ʘ
ʟ
ʦ
ʚ
ʘ
ʪ
ʝ
ʣ
ʴ

ɺ
ʳ
ʧ
ʨ
ʷ

-

ʤ
ʠ
ʪ
ʝ
ʣ
ʴ

ɺ
ʳ
ʧ
ʨ
ʷ

-

ʤ
ʠ
ʪ
ʝ
ʣ
ʴ

ʀ
ʥ
ʚ
ʝ
ʨ
ʪ
ʝ
ʨ

ʀ
ʥ
ʚ
ʝ
ʨ
ʪ
ʝ
ʨ

~ 25 ʢɺ, 50ɻʮ M1

M2

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ
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ʉʚʷʟʳʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʝʡ

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʯʘʩʪʠ ʚ ʇʂ çʋʥʠʚʝʨʩʘʣʴʥʳʡ 

ʤʝʭʘʥʠʟʤè

ʐʘʛʠ i+1, ti+1= ti+hi+1     

ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʚ ʚʠʜʝ ʚʥʝʰʥʝʡ 

ʜʠʥʘʤʠʯʝʩʢʠ 

ʟʘʛʨʫʞʘʝʤʦʡ 

ʙʠʙʣʠʦʪʝʢʠ (DLL)

ʐʘʛʠj=1..Ni+1, 

ti+1,j= ti+j he

ei hh 1

ʊʷʛʦʚʳʝ ʤʦʤʝʥʪʳ ʧʨʠ t=ti+1

ʋʛʣʦʚʳʝ ʩʢʦʨʦʩʪʠ ʨʦʪʦʨʦʚ i+1, ti+1
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ʕʣʝʢʪʨʦʚʦʟ ʕʇ200. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʯʘʩʪʴ

1.00 1.02 1.04
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2500
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7500
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 ʄ1
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 UDC12

ʇʨʦʮʝʩʩʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠʇʨʦʮʝʩʩʳ ʚ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ
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