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Ìåòà ðîáîòè òà îñîáëèâîñòi UC- i ED-çàäà÷

Ñòâîðåííÿ ïðîãðàìíî¨ ñèñòåìè Maneuver-New äëÿ
ðîçâ'ÿçàííÿ îïòèìiçàöiéíèõ çàäà÷, çîêðåìà Unit
Commitment Problem (UC-çàäà÷) òà Economic Dispatch
Problem (ED-çàäà÷) äèñïåò÷åðñüêîãî êåðóâàííÿ
åëåêòðîåíåðãåòè÷íèìè ñèñòåìàìè, çäàòíî¨ îïåðàòèâíî
çíàõîäèòè îïòèìàëüíi ðîçâ'ÿçêè.
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Áëîê-ñõåìà ôóíêöiîíóâàííÿ ñèñòåìè Maneuver-New
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Ñåðâåð∗

Maneuver-New

Îïòèìiçàöiéíi çàäà÷i:
� ëiíiéíi (1, 2, 3,

4,..., 9)

� íåëiíiéíi (10, 11)

ÁÄ MySQL

Octave C++

Âõiäíi ôàéëè

AMPL-êîä

Ðîçâ'ÿçîê

Çâiò

NEOS-ñåðâåð

API

AMPL-êîä

Ðîçâ'ÿçîê

Ðîçâ'ÿçóâà÷i:
� CPLEX,
� FICO-Press,
� Ipopt,

� iíøi.

∗ Âèìîãè: Ubuntu 14.04, Apache, MySQL, PHP5, Octave 4.2.1.
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Ëiíiéíi îïòèìiçàöiéíi çàäà÷i �1, �2,...,�9

Ìiíiìiçóþòüñÿ:

âàðòiñòü âèðîáëåííÿ åëåêòðîåíåðãi¨;

çìiíè ïîòóæíîñòi åíåðãîáëîêiâ.

Âðàõîâóþòüñÿ:

ãðàíè÷íi ìåæi íàâàíòàæåííÿ åíåðãîáëîêó;

äîïóñòèìà çìiíà ïîòóæíîñòi åíåðãîáëîêó;

ìîæëèâiñòü âìèêàííÿ/âèìèêàííÿ åíåðãîáëîêó;

âèêîðèñòàííÿ åëåêòðîòåðìi÷íèõ ñïîæèâà÷iâ
ðåãóëÿòîðiâ;

åêîëîãi÷íi îáìåæåííÿ.



Âñòóï Ôóíêöi¨ ñèñòåìè Maneuver-New Ïðèêëàä ðîçâ'ÿçàííÿ ED-çàäà÷i Âèñíîâêè 6 / 19

Íåëiíiéíi îïòèìiçàöiéíi çàäà÷i �10, �11

Òî÷íiøå ìîäåëþþòü:

âèòðàòè íà âèðîáëåííÿ åëåêòðîåíåðãi¨.

Ìiíiìiçó¹òüñÿ:

âàðòiñòü âèðîáëåííÿ åëåêòðîåíåðãi¨.

Âðàõîâóþòüñÿ:

ãðàíè÷íi ìåæi íàâàíòàæåííÿ åíåðãîáëîêó;

äîïóñòèìà çìiíà ïîòóæíîñòi åíåðãîáëîêó.
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Îïòèìiçàöiéíà çàäà÷à �4

Öå çàäà÷à ç ïîäiëîì åíåðãîáëîêiâ ç ìíîæèíè N íà äâi
ïiäìíîæèíè N1 i N2 ç âèìêíåííÿì åíåðãîáëîêiâ òà áåç.

Ìàòåìàòè÷íà ìîäåëü. Çíàéòè:

fopt = min
∑
i∈N

∑
t∈T

cixi,t (1)

x � íåâiäîìå íàâàíòàæåííÿ åíåðãîáëîêó,

c � âèòðàòè óìîâíîãî ïàëèâà,

T � êiëüêiñòü ïåðiîäiâ â ïëàíîâîìó íàâàíòàæåííi,

ïðè îáìåæåííÿõ ∑
i∈N

xi,t = Et , t ∈ T , (2)

E � ïîòóæíiñòü ïëàíîâîãî íàâàíòàæåííÿ åíåðãîñèñòåìè,
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O low
i ≤

∑
t∈T

yi,t ≤ Oup
i , i ∈ N1, yi,t ∈ {0; 1}, (3)

y � áóëåâà çìiííà, 0 � åíåðãîáëîê âèìêíåíèé, 1 � óâiìêíåíèé,

îáìåæåííÿ (3) çàäà¹ ìiíiìàëüíó òà ìàêñèìàëüíó êiëüêiñòü
ïåðiîäiâ ðîáîòè åíåðãîáëîêó,

plow
i yi,t ≤ xi,t ≤ pup

i yi,t , i ∈ N1, t ∈ T , yi,t ∈ {0; 1}, (4)

plow
i ≤ xi,t ≤ pup

i , i ∈ N2, t ∈ T , (5)

îáìåæåííÿ (4) i (5) çàäàþòü äîïóñòèìi ìåæi ðîáîòè
åíåðãîáëîêiâ,∑

t∈T\max{T}

|xi,t+1 − xi,t | ≤ ∆i , i ∈ N2, (6)

îáìåæåííÿ íà ñóìàðíó äîïóñòèìó çìiíó ïîòóæíîñòi
åíåðãîáëîêó.
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Îïòèìiçàöiéíi çàäà÷i �10 i �11

�10. Îïóêëà ôóíêöiÿ âèòðàò �11. Íåîïóêëà ôóíêöiÿ

f 1(x) = min
∑
i∈N

∑
t∈T

(ai + bixi,t + cix2
i,t),

f 2(x) = f 1(x) + min
∑
i∈N

∑
t∈T

(

|ei × sin(hi × (pmin
i − xi,t))|),

îáìåæåííÿ êëàñè÷íi:∑
i∈N

xi,t = Et , t ∈ T ,

plow
i ≤ xi,t ≤ pup

i , i ∈ N, t ∈ T ,

îáìåæåííÿ íà ïåðåõîäè:

xi,t−xi,t−1 ≤ URi , i ∈ N, t ∈ T\min{T},

xi,t−1−xi,t ≤ DRi , i ∈ N, t ∈ T\min{T}.



Âñòóï Ôóíêöi¨ ñèñòåìè Maneuver-New Ïðèêëàä ðîçâ'ÿçàííÿ ED-çàäà÷i Âèñíîâêè 10 / 19

Çàãàëüíèé àëãîðèòì ðîáîòè ñèñòåìè (1/4)

Çäiéñíþ¹òüñÿ âèáið åíåðãîáëîêiâ∗

∗ Âõiäíi äàíi ìiñòÿòüñÿ â ÁÄ ñèñòåìè (ïëàíîâèé ãðàôiê

ñïîæèâàííÿ åëåêòðîåíåðãi¨, iíôîðìàöiÿ ïðî åíåðãîáëîêè, iíøå)
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Çàãàëüíèé àëãîðèòì ðîáîòè ñèñòåìè (2/4)

Âèáèðàþòüñÿ äèñêðåòèçàöiÿ ïëàíîâîãî äîáîâîãî
íàâàíòàæåííÿ, ìàòåìàòè÷íà ìîäåëü çàäà÷i,
ñïîñiá ðîçâ'ÿçàííÿ
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Çàãàëüíèé àëãîðèòì ðîáîòè ñèñòåìè (3/4)

Àâòîìàòè÷íî ôîðìó¹òüñÿ AMPL-êîä çàäà÷i
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Çàãàëüíèé àëãîðèòì ðîáîòè ñèñòåìè (4/4)

Ðîçâ'ÿçó¹òüñÿ çàäà÷à òà îòðèìó¹òüñÿ ¨¨ ðîçâ'ÿçîê
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Çàäà÷à �11, âõiäíà iíôîðìàöiÿ çà äàíèìè [4]

Pmax
i , Pmin

i , ai , bi , ci , ei , hi , URi , DRi ,units MW MW $/h $/MWh $/MW 2h $/h rad/MW MW MW
1 470 150 958.2 21.6 0.00043 450 0.041 80 80
2 460 135 1313.6 21.05 0.00063 600 0.036 80 80
3 340 73 604.97 20.81 0.00039 320 0.028 80 80
4 300 60 471.6 23.9 0.0007 260 0.052 50 50
5 243 73 480.29 21.62 0.00079 280 0.063 50 50
6 160 57 601.75 17.87 0.00056 310 0.048 50 50
7 130 20 502.7 16.51 0.00211 300 0.086 30 30
8 120 47 639.4 23.23 0.0048 340 0.082 30 30
9 80 20 455.6 19.58 0.10908 270 0.098 30 30
10 55 55 692.4 22.54 0.00951 380 0.094 30 30

4. Yuan X., Wang L., Zhang Y., Yuan Y. A hybrid di�erential
evolution method for dynamic economic dispatch with valve-point
e�ects // Expert Systems with Applications. � 2009. � Vol. 36. � pp
4042-4048.
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Ðîçâ'ÿçîê çàäà÷i �11, îòðèìàíèé Maneuver-New

Áëîê Áëîê Áëîê Áëîê Áëîê Áëîê Áëîê Áëîê Áëîê Áëîê Ïëàíîâå
Ãîäèíè

� 1 � 2 � 3 � 4 � 5 � 6 � 7 � 8 � 9 � 10 íàâàíòàæåííÿ
1 226.6 309.5 73.0 60.0 73.0 57.0 93.1 68.8 20.0 55.0 1036
2 303.2 309.5 76.4 60.0 73.0 72.6 93.1 47.0 20.2 55.0 1110
3 303.2 309.5 117.3 60.0 122.9 122.4 93.1 54.6 20.0 55.0 1036
4 303.2 309.5 185.2 110.0 122.9 122.4 93.1 84.6 20.1 55.0 1406
5 303.2 309.5 198.7 120.4 172.4 122.4 93.1 85.1 20.0 55.0 1480
6 303.2 309.5 278.6 170.4 122.9 160.0 93.1 85.3 50.0 55.0 1628
7 379.9 316.4 276.1 180.8 172.7 122.7 93.1 85.3 20.0 55.0 1702
8 456.5 396.4 196.1 178.5 172.7 122.4 93.1 85.3 20.0 55.0 1776
9 456.4 396.8 217.6 218.3 222.6 122.4 99.6 85.3 50.0 55.0 1924
10 456.4 396.8 297.4 248.5 222.6 128.3 129.6 85.3 52.1 55.0 2072
11 456.4 396.8 297.4 298.4 222.6 122.4 129.6 115.3 52.1 55.0 2146
12 459.0 396.8 339.9 299.3 243.0 160.0 129.6 85.3 52.1 55.0 2220
13 456.5 396.8 274.7 249.3 222.6 122.4 129.6 115.3 49.8 55.0 2072
14 456.5 396.8 265.2 200.4 222.6 122.5 99.6 85.4 20.0 55.0 1924
15 456.5 389.5 185.3 166.3 172.7 122.4 93.1 85.3 49.9 55.0 1776
16 379.9 309.5 165.7 120.4 172.7 122.4 123.0 85.3 20.1 55.0 1554
17 303.2 309.5 193.8 122.7 172.7 122.4 93.2 85.3 22.2 55.0 1480
18 379.9 309.7 185.3 172.6 172.7 122.4 93.1 85.3 52.0 55.0 1628
19 303.2 389.6 265.3 180.8 222.6 122.4 99.6 85.3 52.2 55.0 1776
20 379.9 459.8 297.4 230.7 222.6 159.6 129.6 85.3 52.1 55.0 2072
21 379.9 389.5 306.8 180.8 222.6 122.4 129.6 85.3 52.1 55.0 1924
22 303.2 309.5 247.2 180.8 172.7 122.4 99.6 85.3 52.3 55.0 1628
23 226.6 229.4 185.2 162.1 122.9 122.4 93.1 85.3 50.0 55.0 1332
24 226.6 222.3 195.7 120.4 73.2 122.4 63.1 85.3 20.0 55.0 1184
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Ïîðiâíÿííÿ ðîçâ'ÿçêó ç îäåðæàíèì â [4]

Áëîê Áëîê Áëîê Áëîê Áëîê Áëîê
Ãîäèíè

� 2 [4] � 2 � 4 [4] � 4 � 8 [4] � 8
1 222.3 309.5 60.0 60.0 47.0 68.8
2 222.3 309.5 95.5 60.0 47.0 47.0
3 222.3 309.5 145.4 60.0 55.3 54.6
4 222.3 309.5 146.7 110.0 85.3 84.6
5 222.3 309.5 180.8 120.4 85.3 85.1
6 302.2 309.5 180.8 170.4 85.3 85.3
7 309.5 316.4 180.8 180.8 85.3 85.3
8 309.6 396.4 197.2 178.5 85.3 85.3
9 389.5 396.8 236.8 218.3 85.3 85.3
10 396.8 396.8 241.3 248.5 85.3 85.3
11 459.9 396.8 250.0 298.4 85.4 115.3
12 460.0 396.8 300.0 299.3 115.3 85.3
13 396.8 396.8 284.3 249.3 85.3 115.3
14 393.8 396.8 241.2 200.4 85.3 85.4
15 313.8 389.5 231.6 166.3 85.3 85.3
16 309.5 309.5 181.6 120.4 85.3 85.3
17 309.5 309.5 180.8 122.7 85.3 85.3
18 316.1 309.7 182.4 172.6 85.3 85.3
19 396.1 389.6 232.4 180.8 85.3 85.3
20 460.1 459.8 241.1 230.7 85.3 85.3
21 391.8 389.5 191.3 180.8 85.3 85.3
22 311.8 309.5 170.4 180.8 85.3 85.3
23 203.8 229.4 120.4 162.1 85.3 85.3
24 223.4 222.3 120.4 120.4 85.3 85.3

Çíà÷åííÿ f2 = $1028676
¹ ìåíøèì íà $2041
(0.23%) çà çíà÷åííÿ â [4].

Áëîêè �2 i �4 ìàþòü
ìåíøå ñóòò¹âèõ çìií
ïîòóæíîñòi ïðîòÿãîì
ïëàíîâîãî ïåðiîäó.

Ïîòóæíiñòü áëîêó � 8
õàðàêòåðèçó¹òüñÿ
áiëüøèìè çìiíàìè ó
ïîðiâíÿííi ç iíøèìè
áëîêàìè.

Ðåøòà áëîêiâ ïðàöþþòü
çà ñõîæèì ïëàíîì.
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Çàòðàòè ñèñòåìè Maneuver-New

Ìåòîä ìóëüòèñòàðòó i r-àëãîðèòì Øîðà [6]
Êiëüêiñòü ×àñ ðîçâ'ÿçàííÿ îäíi¹¨ çàäà÷i∗, ñåêóíäè
çàïóñêiâ ìiíiìàëüíèé ñåðåäíié ìàêñèìàëüíèé

500 1.64 3.46 9.37

6. Shor N.Z. Minimization Methods for Non-Di�erentiable Functions.
� Berlin: Springer-Verlag, 1985. � 178 p.

∗ Ïàðàìåòðè ñåðâåðà:
Intel Xeon CPU E5-1607 4õ3.00GHz, Ubuntu 14.04, Octave 4.2.1.

Ðîçâ'ÿçóâà÷: Octave-ïðîãðàìà ralgb5 [7, c. 383-386].

7. Ñòåöþê Ï.È. Ìåòîäû ýëëèïñîèäîâ è r-àëãîðèòìû. � Êèøèíýó,
Ýâðèêà, 2014. � 488 ñ.
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Âèñíîâêè

Cèñòåìà Maneuver-New çàáåçïå÷ó¹ îïåðàòèâíå
ðîçâ'ÿçàííÿ UC- òà ED-çàäà÷ iç çíàõîäæåííÿì
ãëîáàëüíîãî îïòèìóìó.

Ðåçóëüòàòè âèêîíàíèõ äîñëiäæåíü, çîêðåìà i ç
âèêîðèñòàííÿì äàíèõ, îïóáëiêîâàíèõ â çàêîðäîííèõ
âèäàííÿõ, ñâiä÷àòü ïðî ïåðåâàãè âiò÷èçíÿíî¨
ðîçðîáêè ó ïîðiâíÿííi iç çàðóáiæíèìè àíàëîãàìè.
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Çàïèòàííÿ?

ÄßÊÓÞ ÇÀ ÓÂÀÃÓ!
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