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Ïðî íàóêîâó øêîëó Í.Ç.Øîðà
Øîð Íàóì Çóñåëåâè÷ (1937�2006)

Çàñíîâíèê íàóêîâî¨ øêîëè
ìåòîäiâ íåãëàäêî¨ îïòèìiçàöi¨
Iíñòèòóòó êiáåðíåòèêèÍÀÍÓ.

Ó 1962 ðîöi Í.Ç.Øîð ðîçðîáèâ
ïåðøèé ñóáãðàäi¹íòíèé ìåòîä.

Ìåòîäè Í.Ç.Øîðà ìàþòü
âåëèêå òåîðåòè÷íå òà ïðèêëàäíå çíà÷åííÿ,
âèñîêî îöiíåíi ôàõiâöÿìè,
àêòèâíî âèêîðèñòîâóþòüñÿ i ðîçâèâàþòüñÿ.
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Ïðî íàóêîâó øêîëó Í.Ç.Øîðà
Íàéáiëüø âiäîìi ðåçóëüòàòè

a. r-Àëãîðèòìè � ñiìåéñòâî ìåòîäiâ
ñóáãðàäi¹íòíîãî òèïó ç ðîçòÿãîì ïðîñòîðó

b. Ìåòîä åëiïñî¨äiâ òà éîãî çàñòîñóâàííÿ â òåîði¨
ñêëàäíîñòi çàäà÷ ìàòåìàòè÷íîãî ïðîãðàìóâàííÿ

c. Äâî¨ñòi ëàíãðàíæåâi îöiíêè â êâàäðàòè÷íèõ
îïòèìiçàöiéíèõ çàäà÷àõ
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Ïðî íàóêîâó øêîëó Í.Ç.Øîðà
Îñíîâíi ìîíîãðàôi¨

1. ØîðÍ.Ç. Ìåòîäû ìèíèìèçàöèè íåäèôôåðåíöèðóåìûõ
ôóíêöèé è èõ ïðèëîæåíèÿ. � Êèåâ: Íàóêîâà äóìêà, 1979.
English translation: ShorN.Z. Minimization Methods for
Non-Di�erentiable Functions. � Berlin: Springer-Verlag, 1985.

2. ShorN.Z. Nondi�erentiable optimization and polynomial
problems. � Boston; Dordrecht; London: Kluwer Academic
Publishers, 1998.

3. ØîðÍ.Ç., ÑòåöåíêîÑ.È. Êâàäðàòè÷íûå
ýêñòðåìàëüíûå çàäà÷è è íåäèôôåðåíöèðóåìàÿ
îïòèìèçàöèÿ. � Êèåâ: Íàóêîâà äóìêà, 1989.
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Ïðî íàóêîâó øêîëó Í.Ç.Øîðà
Ëèñò ïðîô. C. Áîéäà stanford.edu/ boyd/

April 15, 2005
Dear Professor Shor,
We have never met, but your work has very much in�uenced me for
many years now. I started with your small 1985 Springer book on
subgradient methods, which I read as a PhD student. I recently
read your newer book on nondi�erentiable optimization (1998),
which I enjoyed very much.
I'm enclosing copies of the three books I've written. The �rst
concerns the design of linear controllers via convex optimization;
the second is on linear matrix inequalities; and the third one is a
basic textbook on convex optimization. [. . . ] I hope you can see
your strong in�uence in all of these books.
With the best regards,
Stephen P. Boyd
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Ïðî íàóêîâó øêîëó Í.Ç.Øîðà
Þâiëåéíà ñòàòòÿ (ñi÷åíü, 2012)

75-ði÷÷þ âiä äíÿ íàðîäæåííÿ Í.Ç.Øîðà ïðèñâÿ÷åíà ñòàòòÿ
ÑåðãèåíêîÈ.Â., ÑòåöþêÏ.È.

Î òðåõ íàó÷íûõ èäåÿõ Í.Ç.Øîðà // Êèáåðíåòèêà
è ñèñòåìíûé àíàëèç. � 2012, � 1. � Ñ. 4�22.

Ó ñòàòòi îïèñàíî òðè öåíòðàëüíi iäå¨ Í.Ç.Øîðà:
óçàãàëüíåíèé ãðàäi¹íòíèé ñïóñê (1962),
âèêîðèñòàííÿ ëiíiéíèõ íåîðòîãîíàëüíèõ ïåðåòâîðåíü ïðîñòîðó
äëÿ ïîëiïøåííÿ îáóìîâëåíîñòi ÿðóæíèõ ôóíêöié (1969),
äâî¨ñòèé ïiäõiä äî îòðèìàííÿ òà óòî÷íåííÿ îöiíîê öiëüîâî¨
ôóíêöi¨ â íåîïóêëèõ êâàäðàòè÷íèõ ìîäåëÿõ (1985).
Íàâåäåíî ìåòîäè òà àëãîðèòìè, ðîçðîáëåíi íà ¨õ îñíîâi â
Iíñòèòóòi êiáåðíåòèêè iì. Â.Ì. Ãëóøêîâà ÍÀÍ Óêðà¨íè.
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Ïðî íàóêîâó øêîëó Í.Ç.Øîðà
Ñåðiÿ êíèã ¾ÍÄÎ è åå ïðèëîæåíèÿ¿

1. Ñîëîìîí Ä.È. Äðîáíîå ïðîãðàììèðîâàíèå è
íåäèôôåðåíöèðóåìàÿ îïòèìèçàöèÿ. � Êèøèíýó, Ýâðèêà,
2010. � 556 ñ.

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

3. Êèñåëåâà Å.Ì., Êîðÿøêèíà Ë.Ñ. Íåïðåðûâíûå
çàäà÷è îïòèìàëüíîãî ðàçáèåíèÿ ìíîæåñòâ è r-àëãîðèòìû.
� Êèåâ, Íàóêîâà äóìêà, 2015. � 400 ñ.

4. Ñòåöþê Ï.È. Äâîéñòâåííûå îöåíêè â êâàäðàòè÷íûõ
ýêñòðåìàëüíûõ çàäà÷àõ. � Êèøèíýó, Ýâðèêà, 2018. � 504ñ.
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Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó
Ó âiääiëi 120 Iíñòèòóòó êiáåðíåòèêè

ðîçðîáëåíî
ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó,
ÿêi ìàþòü ïðèñêîðåíó çáiæíiñòü äëÿ ÿðóæíèõ
îïóêëèõ ôóíêöié.

ßêùî x0 � ñòàðòîâà òî÷êà, B0 � n×n-ìàòðèöÿ,
òî iòåðàöiÿ k=1, 2, . . . , ñóáãðàäi¹íòíîãî ìåòîäó
ç ïåðåòâîðåííÿì ïðîñòîðó çìiííèõ ìà¹ âèãëÿä:

xk+1 = xk − hkBk
BT

k gf (xk)
‖BT

k gf (xk)‖
, Bk+1 = BkTk, (Shor69)

äå hk � êðîê, gf (xk) � äîâiëüíèé ñóáãðàäi¹íò
ôóíêöi¨ f(x) â òî÷êi xk, Tk � n×n-ìàòðèöÿ.
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Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó
Äå ìîæíà çíàéòè ïðî öi ìåòîäè?
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2. ÑòåöþêÏ.È. Ìåòîäû ýëëèïñîèäîâ è r-àëãîðèòìû. �
Êèøèíýó, Ýâðèêà, 2014.
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Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó
Ïðèñêîðåíà çáiæíiñòü: êóñî÷íî ëiíiéíà ôóíêöiÿ
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2. ...ïðèñêîðåíîãîìåòîäóÏîëÿêà

äëÿ ÿðóæíî¨ ôóíêöi¨ f1(x1, x2) = |x1|+ 10|x2|, x0 = (1, 1).
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Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó
Ñóòò¹âî ÿðóæíà ôóíêöiÿ (êóñî÷íî êâàäðàòè÷íà)
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1. Òðà¹êòîðiÿ ìåòîäóÏîëÿêà
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2. ...ïðèñêîðåíîãîìåòîäóÏîëÿêà

f1(x1, x2)= max {x2
1+(2x2−2)2−3, x2

1+(x2+1)2}, x0=(1, 1).
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Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó
Íà îñíîâi ñóáãðàäi¹íòíèõ ìåòîäiâ

ñòâîðåíî àëãîðèòìè äëÿ òàêèõ êëàñiâ çàäà÷ îïòèìiçàöi¨:

� çàäà÷i îïóêëîãî ïðîãðàìóâàííÿ (âåëèêà ðîçìiðíiñòü),
� ðîçïîäiëü÷i i òðàíñïîðòíi çàäà÷i,
� áàãàòîåòàïíi ñòîõàñòè÷íi çàäà÷i,
� ìàòðè÷íi îïòèìiçàöiéíi çàäà÷i,
� íåîïóêëi êâàäðàòè÷íi çàäà÷i,
� áóëåâi òà ïîëiíîìiàëüíi çàäà÷i,
� îïòèìiçàöiéíi çàäà÷i íà ãðàôàõ òà ií.

Îáëàñòi çàñòîñóâàíü:

ëîãiñòèêà, åêîíîìiêà, åíåðãåòèêà,
òðàíñïîðòíi/êîìóíiêàöiéíi ìåðåæi
ÏÏÏ Ïëàíåð, Äèñíåë, Äèñïðî
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Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó
Çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ

Òåïëîâèõ ÅëåêòðîÑòàíöié (2007�2011)

5. ÑòåöþêÏ.I., ÆóðáåíêîÌ.Ã., ËèõîâèäÎ.Ï.
Ìàòåìàòè÷íi ìîäåëi òà ïðîãðàìíå çàáåçïå÷åííÿ â çàäà÷àõ
åíåðãåòèêè. � Ê.: ÏÏ Àòåëü¹ "Ïîëiãðàôi÷íèé êîìïëåêñ", 2012.
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ED- òà UC- çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ
½Îïòèìàëüíå“ çàâàíòàæåííÿ åíåðãîáëîêiâ

1. Economic Load Dispatch Problem (ED-çàäà÷à)

Çàäàíî íàáið åíåðãîáëîêiâ, ÿêi ïðàöþþòü áåç âiäêëþ÷åíü, òà ¨õ
õàðàêòåðèñòèêè. Ïîòðiáíî çíàéòè åëåêòðè÷íå íàâàíòàæåííÿ
êîæíîãî åíåðãîáëîêó (êiëüêiñòü åëåêòðîåíåðãi¨, ÿêó ãåíåðó¹
åíåðãîáëîê), ùîá çàäîâîëüíèòè ïîòðåáè ñïîæèâà÷iâ ïðè
ìiíiìàëüíèõ ñóìàðíèõ âèòðàòàõ íà ãåíåðàöiþ åëåêòðîåíåðãi¨.

2. Unit Commitment Problem (UC-çàäà÷à)

Çàäàíî íàáið åíåðãîáëîêiâ, ÿêi ìîæíà âêëþ÷èòè/âèêëþ÷èòè.
Ïîòðiáíî çíàéòè ìîìåíòè ÷àñó, êîëè êîæíèé åíåðãîáëîê
ïîòðiáíî âêëþ÷èòè/âèêëþ÷èòè, òà òàêå åëåêòðè÷íå
íàâàíòàæåííÿ êîæíîãî âêëþ÷åíîãî åíåðãîáëîêó, ùîá
çàäîâîëüíèòè ïîòðåáè ñïîæèâà÷iâ òà çàáåçïå÷èòè ìiíiìàëüíi
ñóìàðíi âèòðàòè íà ãåíåðàöiþ åëåêòðîåíåðãi¨.
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ED- òà UC- çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ
Îïóêëi ôóíêöi¨ âèòðàò óìîâíîãî ïàëèâà

ë i í i é í à
fi(xi,t) = bixi,t + ci

ê â à ä ð à ò è ÷ í à:
fi(xi,t) = aix

2
i,t + bixi,t + ci
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ED- òà UC- çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ
Íåîïóêëi ôóíêöi¨ âèòðàò óìîâíîãî ïàëèâà

êóái÷íà êóñî÷íî-óâiãíóòà

Êóñî÷íî-óâiãíóòà ôóíêöiÿ ç åôåêòîì ïóëüñàöi¨:

fi(xi,t) = aix
2
i,t + bixi,t + ci +

∣∣di × sin(ωi × (P low
i − xi,t)

∣∣
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ED- òà UC- çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ
Íàéïðîñòiøà ED-çàäà÷à (ìîäåëü A)

çíàéòè

min
T∑

t=1

N∑
i=1

fi(xi,t) (1A)

ïðè îáìåæåííÿõ

N∑
i=1

xi,t = Et, t = 1, . . . , T, (2A)

P low
i ≤ xi,t ≤ P up

i , i = 1, . . . , N, t = 1, . . . , T. (3A)

xi,t � íåâiäîìå íàâàíòàæåííÿ åíåðãîáëîêó i â iíòåðâàëi t.
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ED- òà UC- çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ
Íàéïðîñòiøà UC-çàäà÷à (ìîäåëü B)

çíàéòè

min
T∑

t=1

N∑
i=1

fi(xi,t, yi,t) (1B)

ïðè îáìåæåííÿõ

N∑
i=1

xi,t = Et, t = 1, . . . , T, (2B)

P low
i yi,t ≤ xi,t ≤ P up

i yi,t, i = 1, . . . , N, t = 1, . . . , T. (3B)
yi,t ∈ {0, 1}, i = 1, . . . , N, t = 1, . . . , T. (4B)

yi,t � âêëþ÷åíî/âèêëþ÷åíî (1/0) åíåðãîáëîê i â iíòåðâàëi t.
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Ïëàí ïðåçåíòàöi¨

1 Ïðî íàóêîâó øêîëó Í.Ç.Øîðà

2 Ñóáãðàäi¹íòíi ìåòîäè ç ïåðåòâîðåííÿì ïðîñòîðó

3 ED- òà UC- çàäà÷i çàâàíòàæåííÿ åíåðãîáëîêiâ

4 Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Äoáoâà ïîòðåáà â åëåêòðîåíåðãi¨ (T = 24)

Ïðèêëàä ãðàôiêa äoáoâoãî çàâàíòàæåííÿ åíåðãîñèñòåìè
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Íåëiíiéíà ED-çàäà÷à (T = 24)

çíàéòè

min
T∑

t=1

N∑
i=1

fi(xi,t) (1A)

ïðè îáìåæåííÿõ

N∑
i=1

xi,t = Et, t = 1, . . . , T, (2A)

P low
i ≤ xi,t ≤ P up

i , i = 1, . . . , N, t = 1, . . . , T. (3A)
xi,t − xi,t−1 ≤ Ui, t = 2, . . . , T, i = 1, . . . , N, (4A)

xi,t−1 − xi,t ≤ Di, t = 2, . . . , T, i = 1, . . . , N. (5A)
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Ïðîãðàìíå çàáåçïå÷åííÿ ED-çàäà÷ (T = 24)

1. ED-çàäà÷à (1A)�(5A) ç îïóêëîþ êâàäðàòè÷íîþ
ôóíêöi¹þ âèòðàò óìîâíîãî ïàëèâà:
r-àëãîðèòì òà ìåòîä íåãëàäêîãî øòðàôó.

ÑòåöþêÏ.I., ÔåñþêÎ.Â., Áóòêåâè÷Î.Ô. Îïóêëi
êâàäðàòè÷íi ED-çàäà÷i: âëàñòèâîñòi òà ñóáãðàäi¹íòíi àëãîðèòìè
ðîçâ'ÿçàííÿ //Êîìïüþòåðíàÿ ìàòåìàòèêà, 2018,� 1. Ñ. 133�141.
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Ïðîãðàìíå çàáåçïå÷åííÿ ED-çàäà÷ (T = 24)

2. ED-çàäà÷à (1A)�(5A) ç íåîïóêëîþ ôóíêöi¹þ âèòðàò
óìîâíîãî ïàëèâà (ç åôåêòîì ïóëüñàöi¨):
r-àëãîðèòì òà ìåòîä ìóëüòèñòàðòó.

ËèõîâèäÎ.Ï., ÑòåöþêÏ.I. Ïàðàëåëüíèé àëãîðèòì
ðîçâ'ÿçàííÿ áàãàòîåêñòðåìàëüíî¨ çàäà÷i îïòèìàëüíîãî
çàâàíòàæåííÿ åíåðãîñèñòåìè // V Ìiæíàðîäíà êîíôåðåíöiÿ
ç âèñîêîïðîäóêòèâíèõ îá÷èñëåíü (HPC-UA 2018), Êè¨â,
22�23 æîâòíÿ, 2018, (http://hpc-ua.org/hpc-ua-18/)

27/31 Ñòåöþê Ï.I. Ñóáãðàäi¹íòíi ìåòîäè Øîðà â çàäà÷àõ åíåðãåòèêè



Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Ïðîãðàìíå çàáåçïå÷åííÿ UC-çàäà÷ (T = 24)

3. UC-çàäà÷à òà ED-çàäà÷à ç öiëî÷èñëîâèìè xi,t òà
äîâiëüíîþ ôóíêöi¹þ âèòðàò óìîâíîãî ïàëèâà:
ìåòîä äèíàìi÷íîãî ïðîãðàìóâàííÿ [5, c.13�18].

5. ÑòåöþêÏ.I., ÆóðáåíêîÌ.Ã., ËèõîâèäÎ.Ï.
Ìàòåìàòè÷íi ìîäåëi òà ïðîãðàìíå çàáåçïå÷åííÿ â çàäà÷àõ
åíåðãåòèêè. � Ê.: ÏÏ Àòåëü¹ "Ïîëiãðàôi÷íèé êîìïëåêñ", 2012.
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Ëiíiéíà êîìáiíîâàíà ED- òà UC- çàäà÷à

min
T∑

t=1

∑
i∈N\NUC

(bixi,t + ai) +
T∑

t=1

∑
i∈NUC

(bixi,t + aiyi,t) (1C)

N∑
i=1

xi,t = Et, t = 1, . . . , T, (2C)

P low
i ≤ xi,t ≤ P up

i , i ∈ N\NUC , t = 1, . . . , T, (3C)
P low

i yi,t ≤ xi,t ≤ P up
i yi,t, i ∈ NUC , t = 1, . . . , T, (4C)

yi,t ∈ {0, 1}, i ∈ NUC , t = 1, . . . , T. (5C)
xi,t − xi,t−1 ≤ Ui, t = 2, . . . , T, i ∈ NR ∈ N\NUC , (6C)
xi,t−1 − xi,t ≤ Di, t = 2, . . . , T, i ∈ NR ∈ N\NUC . (7C)
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Àâòîðñüêå ñâiäîöòâî (2018)

ÑòåöþêÏ.I., ËèõîâèäÎ.Ï. Êîìï'þòåðíà ïðîãðàìà
¾AMPL-ïðîãðàìà Optloads: çíàõîäæåííÿ åêîíîìi÷íîãî
çàâàíòàæåííÿ åíåðãîáëîêiâ, êîëè îêðåìi åíåðãîáëîêè ìîæíà
âìèêàòè/âèìèêàòè¿. � Ñâiäîöòâî ïðî ðå¹ñòðàöiþ àâòîðñüêîãî
ïðàâà íà òâið � 82096. Óêðà¨íà. Ìiíiñòåðñòâî îñâiòè i íàóêè.
Äåðæàâíèé äåïàðòàìåíò iíòåëåêòóàëüíî¨ âëàñíîñòi. � Äàòà
ðå¹ñòðàöi¨ 10.10.2018.
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Ïðîãðàìíå çàáåçïå÷åííÿ äëÿ ED- òà UC-çàäà÷
Ïèòàííÿ?

ÄßÊÓÞ ÇÀ ÓÂÀÃÓ!

stetsyukp@gmail.com
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