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Ââåäåíèå. Â ðàáîòå [4] áûëè ïðåäëîæåíû ñêîðîñòíûå ñóáãðàäèåíòíûå ìîäåëè (ÑÑÃÌ) ìíîãîêðèòåðèàëüíûõ íåïðåðûâíûõ ñòàòè÷åñêèõ çàäà÷ íåëèíåéíîãî ïðîãðàììèðî- âàíèÿ. Â íàñòîÿùåé ðàáîòå ïðåäëàãàåòñÿ íåïðåðûâíàÿ ÑÑÃÌ ìíîãîêðèòåðèàëüíûõ äèíàìè÷åñêèõ çàäà÷ íåëèíåéíîãî ïðîã- ðàììèðîâàíèÿ. 

Ìàòåìàòè÷åñêèé àïïàðàò. Èòàê, ðàññìîòðèì íàèáîëåå îáùóþ-áîëüöåâó ìíîãîêðèòåðèàëüíóþ ãëàäêóþ äèíàìè÷åñêóþ îïòèìèçàöèîííóþ çàäà÷ó êóí-òàêêåðîâñêîãî òèïà ñî ñâÿçàííûì ìíîæåñòâîì äîïóñòèìûõ óïðàâëåíèé (
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ïðè óñëîâèÿõ:
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Ñëåäóÿ [6], ìíîæåñòâî 
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èíûìè ñëîâàìè, ãëàäêóþ êóí-òàêêåðîâñêóþ çàäà÷ó (1)-(5) ñâåäåì ê íåãëàäêîé ëàãðàíæåâîé çàäà÷å (1), (2), (4)-(7).
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Ïðè ýòîì êàæäûé êîìáèíèðîâàííûé ôóíêöèîíàë 
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Ñëåäóÿ [5], äëÿ ðåøåíèÿ j-îé îäíîêðèòåðèàëüíîé ìàéåðîâñêîé çàäà÷è îïòèìèçàöèè (9), (2), (4)-(8) ìîæíî èñïîëüçîâàòü ñëåäóþùóþ íåïðåðûâíóþ ÑÑÃÌ (ñèñòåìó ñîîòíîøåíèé (10)-(13)):

    - ãàìèëüòîíèàí:
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   -  ñèñòåìà îñíîâíûõ ïåðåìåííûõ:
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- ñèñòåìà ñîïðÿæåííûõ ïåðåìåííûõ:
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ïðè óñëîâèÿõ (2), (4)-(8). Ðåøåíèå 
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Ïî àíàëîãèè ñ (4,5( ìîæíî ïðåäëîæèòü òàêæå êâàçèëèíåéíóþ, êîíå÷íî-ðàçíîñòíóþ, äèôôåðåíöèàëüíî-òåéëîðîâñêóþ, äèôôåðåíöèàëüíî-íåòåéëîðîâñêèå è äð. òèïîâ ÑÑÃÌ, à òàêæå ñòðóêòóðíûå ñõåìû âû÷èñëèòåëüíûõ ñåòåé ñîîòâåòñòâóþùèõ ýêñòðåìàëüíûõ ìîäåëåé.
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Çàäà÷à1 (çàäà÷à íà áûñòðîäåéñòâèå).  Èíòåãðàëüíûé êðèòåðèé êà÷åñòâà
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Ñëåäîâàòåëüíî, íåïðåðûâíàÿ ÑÑÃÌ âûãëÿäèò òàê:
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Ðåçóëüòàòû 10-è ýêñïåðèìåíòîâ ñ èñïîëüçîâàíèåì ýòîé ìîäåëè ïðåäñòàâëåíû â òàáë.1, ãäå h - øàã èíòåãðèðîâàíèÿ (çàìåòèì, ÷òî ðåøåíèå ñèñòåìû äèôôåðåíöèàëüíûõ óðàâíåíèé îñóùåñòâëåíî ìåòîäîì Ðóíãå-Êóòòà 4-îãî ïîðÿäêà (7(: òî÷íîñòü âû÷èñëåíèé - (=10—6 ).

Òàáëèöà 1

Ýêñï
u(0)
(1(0)
(2(0)
kU
k(
h
x*1(T)
x*2(T)(
(I2(u)
u*(T)
I*1(u)(
(T

1
-1
10
10
10-2
1
10-4
0.0001
-1.4347
-1.0041
1.3997

2

1
1
10-1
102

0.0003
-1.4062
-0.9964
1.4158

3



10-2

10-3

-1.4065

1.4160

4

5
5




-1.4188
-0.9819
1.4095

5

10
10
10-3
1

0.0005
-1.4159
-1.0002
1.4135

6

-1
-1
10-2
102

Ðàñõîäÿùèåñÿ âû÷èñëèòåëüíûå ïðîöåäóðû

7
1
1
1

1



8



10-1
102



9

5

10
10



10
-1
1
5
102
50
10-4


 
Ñðåäíèå çíà÷åíèÿ íåèçâåñòíûõ âåëè÷èí ïî èòîãàì 5-è ðåçóëüòàòèâíûõ ýêñïåðèìåíòîâ òàêîâû: 
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Äèíàìèêà 3-åãî ýêñïåðèìåíòà ïðåäñòàâëåíà â òàáë. 2. à âðåìåííûå õàðàêòåðèñòèêè – íà ðèñ.1.

Òàáëèöà 2

t
x1(t)
x2(t)
u(t)
t
x1(t)
x2(t)
u(t)

0
1
0
-1
1.0
0.5009
-1.0000
-0.9992

0.2
0.9807
-0.2002
-1
1.2
0.2801
-1.2007
-0.9981

0.4
0.9209
-0.4007
-1
1.35
0.0892
-1.3491
-0.9973

0.6
0.8209
-0.6001
-1
1.4
0.0205
-1.3991
-0.9971

0.8
0.6801
-0.8001
-1
1.45
-0.0511
-1.4490
-0.9964

Ðèñ. 1


Çàäà÷à 2 (çàäà÷à Ìàéåðà). Òåðìèíàëüíûé êðèòåðèé êà÷åñòâà
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Íåïðåðûâíàÿ ÑÑÃÌ èìååò âèä:
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Ðåçóëüòàòû 10-è ýêñïåðèìåíòîâ ïðè ýòîé ìîäåëè ïðåäñòàâëåíû â òàáë.3.

Òàáëèöà 3

Ýêñï.
u(0)
(1(0)
(2(0)
ku
k(
h

1
-1
1
1
10-3
4.5
10-4

2



10-4
50


3



10-3
4
10-3

4


10
10-4
50
10-4

5

10
1

40


6

5
5

50


7

102
102

42


8

-1
1

50


9

1
-1




10

5
1




Ïðîäîëæåíèå òàáëèöû 3

tïåð.
x*1(tïåð.)
x*2(tïåð.)
T
x*1(T)(
(I1(u)
x*2(T)(
(I*2(u)
u*(T)

2.0005
-1.0035
-1.9899
6.4500
0.0001
2.4503
1

1.9880
-1.0015
-1.9781
6.4520
0.0004
2.4302


1.9880
-1.0001
-2.0011
6.4480
0.0002
2.4512


2.0020
-1.0242
-2.0012
6.4502

2.4482


2.0020
-1.0002
-2.0024
6.4501

2.4502


1.9895
-1.0020
-1.9988
6.4400
0.0004
2.4520


2.0020
-1.0040
-2.0012
6.4520
0.0102
2.4422


Íå çàìå÷àåòñÿ ïåðåìåíà çíàêà u(t), (u(t)=-1, (t)




Ñðåäíèå çíà÷åíèÿ íåèçâåñòíûõ âåëè÷èí ïî ïðîâåäåííûì 7-è ðåçóëüòàòèâíûì ýêñïåðèìåíòàì òàêîâû: 
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Äèíàìèêà 3-åãî ýêñïåðèìåíòà ïðåäñòàâëåíà â òàáë. 4, à âðåìåííûå õàðàêòåðèñòèêè - íà ðèñ.2.

Òàáëèöà 4

t
x1(t)
x2(t)
u(t)
t
x1(t)
x2(t)
u(t)

0
1
0
-1
3.5
-2.8631
-0.4988
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0.5
0.8750
-0.4999
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4.0
-2.9875
0.0012
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1

Ðèñ. 2


Çàäà÷à 3 (àãðåãèðîâàííàÿ çàäà÷à). Ñ ó÷åòîì ïîëó÷åííûõ ïðè ðåøåíèè çàäà÷è 1 è çàäà÷è 2 ñðåäíèõ çíà÷åíèé êðèòåðèåâ êà÷åñòâà 
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Ïðåäñòàâëåíèå ïîñëåäíåãî â âèäå òåðìèíàëüíîãî êðèòåðèÿ
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çàäà÷ó Áîëüöà ñâîäèò ê çàäà÷å Ìàéåðà ñ ñîîòâåòñòâóþùèìè óñëîâèÿìè òðàíñâåðñàëüíîñòè, ïðè êîòîðîì ãàìèëüòîíèàí:
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Íåïðåðûâíàÿ ÑÑÃÌ âûãëÿäèò òàê:
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Ðåçóëüòàòû 10-è ýêñïåðèìåíòîâ ñ èñïîëüçîâàíèåì ýòîé ìîäåëè ïðåäñòàâëåíû â òàáë. 5.

Òàáëèöà 5

Ýêñï.
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Ïðîäîëæåíèå òàáëèöû 

tïåð.
x(1(tïåð.)
x*2(tïåð.)
T(
x(1(T)
x(2(T)
u*(T)
J((u)

1.0400
0.4614
-1.0366
2.6515
0.0002
0.5189
1
5.2528

1.0380
0.4814
-0.9833
2.6113
0.0021
0.5122

5.1811

1.0505
0.4594
-1.0347
2.6031
0.0031
0.5124

5.1612

Êðàåâûå óñëîâèÿ íèêàê íå óäîâëåòâîðÿþòñÿ

1.0650
0.4344
-1.0590
2.6790
-0.0008
0.5449
1
5.2235

Êðàåâûå óñëîâèÿ íèêàê íå óäîâëåòâîðÿþòñÿ

1.0405
0.4770
-1.0185
2.6272
0.0121
0.5491
1
5.0788

1.0570
0.4442
-1.0054
2.6100
0.0001
0.5392

5.0749

Âðåìÿ ïåðåõîäà áîëüøå âðåìåíè îïòèìàëüíîãî óïðàâëåíèÿ

 ( T>Topt )


Ñðåäíèå çíà÷åíèÿ íåèçâåñòíûõ âåëè÷èí ïî èòîãàì 6-è ðåçóëüòàòèâíûõ ýêñïåðèìåíòîâ òàêîâû: 
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Äèíàìèêà 5-îãî ýêñïåðèìåíòà ïðåäñòàâëåíà â òàáë.6, à âðåìåííûå õàðàêòåðèñòèêè – íà ðèñ.3.

Òàáëèöà 6

t
x1(t)
x2 (t)
u(t)
t
x1(t)
x2(t)
u(t)

0
1
0
-1
2.5
-0.0973
0.3477
1

0.5
0.8750
-0.4999
-0.9995
2.6
-0.0575
0.4477
1

1.0
0.5002
-0.9990
-0.9960
2.63
-0.0436
0.4777
1

1.1
0.3958
-1.0523
1
2.65
-0.0339
0.4977
1

1.5
0.0549
-0.6523
1
2.68
-0.0185
0.5277
1

2.0
-0.1462
-0.1523
1
2.70
-0.0077
0.5477
1

Ðèñ. 3


Çàêëþ÷åíèå. Ðåçóëüòàòû ðåøåíèÿ ðàññìîòðåííîé çàäà÷è îäíîçíà÷íî ïîäòâåðæäàþò âû÷èñëèòåëüíóþ ýôôåêòèâíîñòü ïðåäëîæåííîé ìîäåëè. Îäíàêî, íåîáõîäèìî îòìåòèòü ñëåäóþùåå: ðåàëèçàöèÿ ðàâåíñòâà (7) ïðè íåïðåðûâíîì àíàëîãå óñëîâèé ðåãóëÿðíîñòè ãàìèëüòîíèàíîâ îáû÷íî âûïîëíÿåòñÿ ïðèáëèæåííî. Èç-çà ýòîãî ñîïðÿæåííûå ïåðåìåííûå àôèííî èñêàæàþòñÿ. Ïîñëåäíåå îáñòîÿòåëüñòâî ïîðîæäàåò âû÷èñëèòåëüíûå òðóäíîñòè ðåøåíèÿ äâóõòî÷å÷íîé êðàåâîé çàäà÷è èç-çà íåâûïîëíåíèÿ óñëîâèé òðàíñâåðñàëüíîñòè ñ áîëüøîé òî÷íîñòüþ. Îäíàêî, ïðè îðãàíèçàöèè ìíîãîâàðèàíòíûõ âû÷èñëèòåëüíûõ ýêñïåðèìåíòîâ ïîÿâëÿåòñÿ äîñòàòî÷íàÿ èíôîðìàöèîííàÿ áàçà äëÿ òîãî, ÷òîáû ñ áîëüøîé óâåðåííîñòüþ êîíñòàòèðîâàòü îïòèìàëüíîñòü ïîëó÷àåìûõ ïðèáëèæåííûõ ðåøåíèé ñ ñîîòâåòñòâóþùåé òî÷íîñòüþ.
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