
Çâàæåíî-ïðiîðèòåòíèé ðîçïîäië ïîòîêiâ

ïîòóæíîñòi â åíåðãîìåðåæi

Ïåòðî Ñòåöþê, Îëüãà Õîì'ÿê

Iíñòèòóò êiáåðíåòèêè iìåíi Â.Ì. Ãëóøêîâà ÍÀÍ Óêðà¨íè

Íàóêîâèé ñåìiíàð ¾Òåîðiÿ îïòèìàëüíèõ ðiøåíü¿

29 âåðåñíÿ 2026 ðîêó

1/32 Ïåòðî Ñòåöþê, Îëüãà Õîì'ÿê Çâàæåíî-ïðiîðèòåòíèé ðîçïîäië ïîòîêiâ ïîòóæíîñòi ...



Àíîòàöiÿ

Ïðåäñòàâèìî äâi îïòèìiçàöiéíi ìîäåëi äëÿ ðîçïîäiëó
ïîòîêiâ â åíåðãîìåðåæi çà óìîâ äåôiöèòó ïîòóæíîñòi.
Ïåðøà ìîäåëü � çàäà÷à ëiíiéíîãî ïðîãðàìóâàííÿ çà
êðèòåði¹ì ìiíiìàëüíîãî ìîìåíòó ïîòóæíîñòi. Äðóãà �
çàäà÷à êâàäðàòè÷íîãî öiëî÷èñëîâîãî ïðîãðàìóâàííÿ
çà êðèòåði¹ì ìiíiìàëüíîãî çâàæåíî-ïðiîðèòåòíîãî
íàâàíòàæåííÿ ñïîæèâà÷iâ. Áóäå íàâåäåíî ðåçóëüòàòè
ðîçðàõóíêiâ äëÿ ìîäåëüíîãî ïðèêëàäó åíåðãîìåðåæi
ç 5 âóçëàìè æèâëåííÿ òà 10 âóçëàìè íàâàíòàæåííÿ.
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Çâiäêè âèíèêëà çàäà÷à?

[1] ÊàïëóíÂ., ÃàéÎ., ÑòåöþêÏ., Iâëi÷åâÀ. Çàáåçïå÷åííÿ îïòèìàëüíèõ
ñöåíàði¨â äèñïåò÷åðèçàöi¨ ðåãiîíàëüíèõ åíåðãîñèñòåì â óìîâàõ íåêå-
ðîâàíîãî äåôiöèòó ïîòóæíîñòi. Machinery & Energetics. 2023. 14(2).
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Ìîäåëüíà çàäà÷à (ìåðåæà Net-5-10-30)

Òàáëèöÿ 1. Ïàðàìåòðè åëåêòðîåíåðãåòè÷íî¨ ñõåìè
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Òðè âàðiàíòè îïòèìiçàöiéíî¨ çàäà÷i (2023)

Ðîçðàõóíêè â [1] äîçâîëèëè îòðèìàòè îïòèìàëüíèé ðîçïîäië
ïîòîêiâ åíåðãi¨ òà çíà÷åííÿ åôåêòèâíîñòi öüîãî ðîçïîäiëó
(ìiíiìàëüíèé ìîìåíò ïîòóæíîñòi) çà óìîâè çàáåçïå÷åííÿ:
1) íîðìàëüíî¨ ðîáîòè ìîäåëüíî¨ åëåêòðîåíåðãåòè÷íî¨ ñèñòåìè;
2) çíåñòðóìëåííÿ âóçëà À1 çi çáåðåæåííÿì éîãî ïðàöåçäàòíîñòi;
3) ðiâíîìiðíîãî ðîçïîäiëó ïîòóæíîñòi À1 ìiæ âóçëàìè À2-A5.

[1] ÊàïëóíÂ., ÃàéÎ., ÑòåöþêÏ., Iâëi÷åâÀ. Çàáåçïå÷åííÿ îïòèìàëüíèõ
ñöåíàði¨â äèñïåò÷åðèçàöi¨ ðåãiîíàëüíèõ åíåðãîñèñòåì â óìîâàõ íåêå-
ðîâàíîãî äåôiöèòó ïîòóæíîñòi. Machinery & Energetics. 2023. 14(2).
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Ðîçøèðåííÿ îïòèìiçàöiéíî¨ çàäà÷i (2025)

Â ðîáîòàõ [2, 3] ìàòåìàòè÷íi ìîäåëi çàäà÷ îïòèìiçàöi¨
ðîçøèðåíi íà âèïàäîê îïòèìàëüíîãî ïåðåðîçïîäiëó ïîòóæíîñòi
âóçëà A1 (àáî áóäü-ÿêîãî iíøîãî) ìiæ iíøèìè âóçëàìè.

[2] Êàïëóí Â., Âîéòåíêî Â., Ñòåöþê Ï., Õîì'ÿê Î. Áàëàíñóâàííÿ
ìiêðîåíåðãîñèñòåì ç àäðåñíèì ïîòîêîðîçïîäiëîì ïîòóæíîñòi òà
ìiíiìiçàöi¹þ âòðàò åëåêòðîåíåðãi¨. Çáiðíèê òåç äîïîâiäåé çà ìàòå-
ðiàëàìè III ìiæíàðîäíî¨ íàóêîâî-ïðàêòè÷íî¨ êîíôåðåíöi¨ ¾Öèôðîâi
òåõíîëîãi¨ â åíåðãåòèöi i àâòîìàòèöi¿. Êè¨â, 6 ÷åðâíÿ 2025 ð. Ñ. 23-25.

[3] Ñòåöþê Ï.I., Õîì'ÿê Î.Ì. Îïòèìiçàöiéíi ìîäåëi áàëàíñóâàííÿ
ðåãiîíàëüíî¨ åíåðãîñèñòåìè çà óìîâ çíåñòðóìëåííÿ ìàãiñòðàëüíèõ
âóçëiâ. Äîïîâ. Íàö. àêàä. íàóê Óêð. 2025. No 6. Ñ. 35�45.
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Çàäà÷i ëiíiéíîãî ïðîãðàìóâàííÿ (2026)

Ìàòåìàòè÷íi ìîäåëi äëÿ ìiíiìiçàöi¨ ìîìåíòó ïîòóæíîñòi
åíåðãîñèñòåìè ç ðiçíîìàíiòíèìè âàðiàíòàìè ôóíêöiîíóâàííÿ
âóçëiâ æèâëåííÿ ïðåäñòàâëåíî ËÏ-çàäà÷àìè [4, 5, 6].

[4] Ñòåöþê Ï.I., Õîì'ÿê Î.Ì., Äàâèäîâ Î.Ñ. Ïðî ¹äèíiñòü ðîçâ'ÿçêó
ËÏ-çàäà÷i îïòèìàëüíîãî ðîçïîäiëó ïîòîêiâ â åëåêòðîìåðåæi.
Cybernetics and Computer Technologies. 2026. 2. Ñ. 26�34.

[5] Ñòåöþê Ï.I., Õîì'ÿê Î.Ì. Ëiíiéíà ìîäåëü ðîçïîäiëó ïîòîêiâ
ðåãiîíàëüíî¨ åíåðãîñèñòåìè çà óìîâ çíåñòðóìëåííÿ ìàãiñòðàëüíèõ
âóçëiâ. Äîïîâ. Íàö. àêàä. íàóê Óêðà¨íè. 2026. No 4. Ñ. 43�55.

[6] Ñòåöþê Ï.I., Õîì'ÿê Î.Ì. Çàäà÷à ëiíiéíîãî ïðîãðàìóâàííÿ äëÿ
îïòèìiçàöi¨ ðîçïîäiëó ïîòîêiâ ïîòóæíîñòi â ðåãiîíàëüíié åíåðãî-
ñèñòåìi. Êiáåðíåòèêà òà ñèñòåìíèé àíàëiç. 2026. � 5. Ñ. 63�79.
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Âóçëè Æèâëåííÿ òà Íàâàíòàæåííÿ

A � âóçëè æèâëåííÿ, B � âóçëè íàâàíòàæåííÿ,
nA � êiëüêiñòü âóçëiâ æèâëåííÿ,
nB � êiëüêiñòü âóçëiâ íàâàíòàæåííÿ.

ai � íàÿâíà ïîòóæíiñòü ó âóçëi æèâëåííÿ i ∈ A,
bj � íåîáõiäíà ïîòóæíiñòü äëÿ âóçëà íàâàíòàæåííÿ j ∈ B.

Ñïðàâåäëèâà óìîâà: ∑
i∈A

ai ≤
∑
j∈B

bj .
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Çâ'ÿçêè ìiæ Âóçëàìè A òà B

Íåõàé EAA ⊂ A×A � ìíîæèíà ðåáåð ìiæ âóçëàìè A,
à EAB ⊂ A×B � ìíîæèíà ðåáåð ìiæ âóçëàìè A òà B,
mAA � êiëüêiñòü ðåáåð EAA, mAB � êiëüêiñòü ðåáåð EAB.

Äëÿ êîæíîãî ðåáðà ij çàäàíi âàðòîñòi ïåðåñèëàííÿ îäèíèöi
ïîòîêó ïîòóæíîñòi (äîâæèíà ðåáðà) dAA

ij = dAA
ji , ij ∈ EAA

òà dAB
ij = dAB

ji , ij ∈ EAB i âåðõíi ìåæi xupij = xupji , ij ∈ EAA

òà yupij = yupji , ij ∈ EAB äëÿ ïîòîêiâ, ÿêi ìîæíà ïåðåñèëàòè
òiëüêè â îäíîìó íàïðÿìêó, òîáòî àáî äóãîþ ij àáî äóãîþ ji.
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Çìiñò îïòèìiçàöiéíî¨ çàäà÷i

Çàäà÷à ïîëÿãà¹ ó çíàõîäæåííi

ìiíiìàëüíî¨ ñóìàðíî¨ âàðòîñòi ïåðåñèëàííÿ ïîòîêiâ â
ìåðåæi (ìiíiìàëüíîãî ìîìåíòó ïîòóæíîñòi) çà óìîâ:
äîòðèìàííÿ âåðõíiõ ìåæ íà ïîòîêè ïî ðåáðàõ,
ïîâíîãî âèêîðèñòàííÿ ïîòóæíîñòi âóçëiâ æèâëåííÿ.

Âàðòiñòü ïåðåñèëàííÿ ïîòîêó ïîòóæíîñòi pij ïî ðåáðó ij
äîðiâíþ¹ dAA

ij pij äëÿ ij ∈ EAA òà dAB
ij pij äëÿ ij ∈ EAB.
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Ïîòîêîâi çìiííi: x+ij, x
−
ij òà y+ij , y

−
ij

x+
ij ≥ 0; x−ij ≥ 0, ij ∈ EAA � íåâiäîìi îáñÿãè ïîòîêiâ â

ìåðåæi �âóçëè æèâëåííÿ�âóçëè æèâëåííÿ�,

y+ij ≥ 0; y−ij ≥ 0, ij ∈ EAB � íåâiäîìi îáñÿãè ïîòîêiâ â
ìåðåæi �âóçëè æèâëåííÿ�âóçëè íàâàíòàæåííÿ�.

Çíàê �+� îçíà÷à¹ íàïðÿì ïîòîêó âiä âåðøèíè i äî âåðøèíè j,

à çíàê ��� îçíà÷à¹ íàïðÿì ïîòîêó âiä âåðøèíè j äî âåðøèíè i.

Âñüîãî çìiííèõ n = 2(mAA +mAB), ç íèõ:

2mAA äëÿ x = {x+
ij , x

−
ij}ij∈EAA

, 2mAB äëÿ y = {y+ij , y
−
ij}ij∈EAB

.
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Ôîðìóëþâàííÿ ËÏ-çàäà÷i

Ìiíiìiçóâàòè ìîìåíò ïîòóæíîñòi:

M∗ = min
x,y

M(x, y)=
∑

ij∈EAA

dAA
ij (x+

ij+x−ij) +
∑

ij∈EAB

dAB
ij (y+ij+y−ij)

 (1)

Áàëàíñ ó âóçëàõ æèâëåííÿ:∑
j:ij∈EAA

(
x+
ij−x

−
ij

)
−

∑
j:ji∈EAA

(
x+
ji−x

−
ji

)
+

∑
j:ij∈EAB

(
y+ij−y

−
ij

)
= ai, i∈A, (2)

Ïîòðåáè ó âóçëàõ íàâàíòàæåííÿ:∑
i: ij∈EAB

(
y+ij − y−ij

)
≤ bj , ∀j ∈ B, (3)

Âåðõíi òà íèæíi ìåæi íà ïîòîêè:

0 ≤ x+
ij ≤ xup

ij , 0 ≤ x−ij ≤ xup
ij , i, j ∈ A, ij ∈ EAA, (4)

0 ≤ y+ij ≤ yupij , 0 ≤ y−ij ≤ yupij , i ∈ A, j ∈ B, ij ∈ EAB . (5)
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Âëàñòèâiñòü ËÏ-çàäà÷i (1) � (5)

Òâåðäæåííÿ 1 [4].

ßêùî {(x+
ij)
∗, (x−ij)

∗}ij∈EAA
òà {(y+ij)∗, (y

−
ij)
∗}ij∈EAB

� êîìïîíåíòè
ðîçâ'ÿçêó çàäà÷i (1) � (5), òî äëÿ íèõ ñïðàâåäëèâà òàêà ðiâíiñòü:∑
ij∈EAA

dAA
ij min{(x+

ij)
∗, (x−ij)

∗}+
∑

ij∈EAB

dAB
ij min{(y+ij)

∗, (y−ij)
∗} = 0. (6)

Ðiâíiñòü (6) ãàðàíòó¹, ùî îïòèìàëüíi ïîòîêè â çàäà÷i (1) � (5)

ïåðåñèëàþòüñÿ ïî ðåáðàõ EAA òà EAB òiëüêè â îäíîìó íàïðÿìi.

[4] Ñòåöþê Ï.I., Õîì'ÿê Î.Ì., Äàâèäîâ Î.Ñ. Ïðî ¹äèíiñòü ðîçâ'ÿçêó
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Cybernetics and Computer Technologies. 2026. 2. Ñ. 26�34.
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Ïàðàìåòðè òà çìiííi äëÿ ÊÖÏ-çàäà÷i

Ïàðàìåòðè:

1. q ≥ 1 � ïàðàìåòð çáiëüøåííÿ M∗;

2. wj≥1 � âàãîâèé êîåôiöi¹íò ïðèîðiòåòíîñòi âóçëà j∈B;

3. {ai}i∈A, {bj}j∈B, {dAA
ij }ij∈EAA

, {dAB
ij }ij∈EAB

� öiëi.

Çìiííi:

1. x = {x+ij , x
−
ij}ij∈EAA

, y = {y+ij , y
−
ij}ij∈EAB

� öiëi;

2. X = {Xij}ij∈EAA
, Y = {Yij}ij∈EAB

� áóëåâi (1 � ij, 0 � ji)
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Êâàäðàòè÷íà Öiëî÷èñëîâà Çàäà÷à òà ¨¨ Âëàñòèâîñòi

Ôîðìóëþâàííÿ ÊÖÏ-çàäà÷i (x, y � öiëi)

Ìiíiìiçó¹ìî çâàæåíî-ïðiîðèòåòíå íàâàíòàæåííÿ ñïîæèâà÷iâ:

Q∗q = min
x,y,X,Y

Qq(x, y)=
∑
j∈B

wj

(
bj −

∑
i:ij∈EAB

(
y+ij − y−ij

)
bj

)2
 (7)

Çàâèùó¹ìî ìiíiìàëüíèé ìîìåíò ïîòóæíîñòi M∗ â q ≥ 1 ðàçiâ:∑
ij∈EAA

dAA
ij (x+

ij + x−ij) +
∑

ij∈EAB

dAB
ij (y+ij + y−ij) ≤ q ·M∗, (8)

Âðàõîâó¹ìî Áàëàíñ ó âóçëàõ æèâëåííÿ òà Ïîòðåáè âóçëiâ íàâàíòàæåííÿ:∑
j:ij∈EAA

(
x+
ij−x

−
ij

)
−

∑
j:ji∈EAA

(
x+
ji−x

−
ji

)
+

∑
j:ij∈EAB

(
y+ij−y

−
ij

)
= ai, i∈A, (9)

∑
i: ij∈EAB

(
y+ij − y−ij

)
≤ bj , ∀j ∈ B, (10)

Âðàõîâó¹ìî Âåðõíi òà Íèæíi Ìåæi íà ïîòîêè ïîòóæíîñòi:

0 ≤ x+
ij ≤ xup

ij ·Xij , 0 ≤ x−ij ≤ xup
ij ·(1−Xij), Xij = 0∨1, ij ∈ EAA, (11)

0 ≤ y+ij ≤ yupij ·Yij , 0 ≤ y−ij ≤ yupij ·(1− Yij), Yij = 0∨1, ij ∈ EAB . (12)
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Êâàäðàòè÷íà Öiëî÷èñëîâà Çàäà÷à òà ¨¨ Âëàñòèâîñòi

Âëàñòèâiñòü ÊÖÏ-çàäà÷i (7) � (12)

Òâåðäæåííÿ 2.

ßêùî q1 > q2 ≥ 1 òà
∑
i∈A

ai <
∑
j∈B

bj , òî ñïðàâåäëèâà íåðiâíiñòü:

Q∗q2 ≥ Q∗q1 > 0, (13)

äå Q∗q2 , Q
∗
q1 � îïòèìàëüíi çíà÷åííÿ öiëüîâî¨ ôóíêöi¨ (7) äëÿ

îäíèõ i òèõ æå wj ≥ 1 ∀j ∈ B ó ÊÖÏ-çàäà÷i (7)�(12).

Òóò

wj≥1 � âàãîâèé êîåôiöi¹íò ïðèîðiòåòíîñòi âóçëà íàâàíòàæåííÿ j∈B.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Çìiñò

1 Ïðî Çàäà÷ó ç Äåôiöèòîì Ïîòóæíîñòi

2 Çàäà÷à Ëiíiéíîãî Ïðîãðàìóâàííÿ òà ¨¨ Âëàñòèâîñòi

3 Êâàäðàòè÷íà Öiëî÷èñëîâà Çàäà÷à òà ¨¨ Âëàñòèâîñòi

4 Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Cîëâåð Gurobi, NEOS-ñåðâåð òà AMPL

Çàäà÷i (1)�(5) òà (7)�(12) ðîçâ'ÿçóâàëèñÿ

çà äîïîìîãîþ ñîëâåðà Gurobi [6] ç NEOS ñåðâåðà [7]
òà AMPL (A Mathematical Programming Language) [8].

[6] Gurobi Optimization, Inc., Gurobi Optimizer Reference Manual, 2014.
http://www.gurobi.com/ (Äàòà çâåðíåííÿ: 25.09.2026).

[7] NEOS Solver. https://neos-server.org/ (Äàòà çâåðíåííÿ: 25.09.2026)

[8] Fourer R., Gay D., Kernighan B. AMPL, A modeling language for
mathematical programming. 2003. Belmont: Duxburry Press. 526 p.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Ïàðàìåòðè ìîäåëüíî¨ ìåðåæi Net-5-10-30

Ìåðåæà âêëþ÷à¹ 5 âóçëiâ æèâëåííÿ, 10 âóçëiâ íàâàíòàæåííÿ,
30 (5 + 25) ðåáåð. Âåðõíi ìåæi íà ïîòîêè xup = 800, yup = 180.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Òåñòîâi ïðèêëàäè: Tåñò #1 òà Tåñò #2

Óìîâè äëÿ îáîõ òåñòiâ:

1. Çíåñòðóìëåííÿ âóçëà A1 òà çáåðåæåííÿ éîãî ïðàöåçäàòíîñòi
2. Ðîçãëÿäàþòüñÿ ï'ÿòü âàðiàíòiâ q (0%, 1%, 5%, 10%, 20%)

Tåñò #1:

wi ≡ 1 � îäèíàêîâi ïðiîðèòåòè âóçëiâ íàâàíòàæåííÿ

Tåñò #2:

w2 = w9 = 3; w3 = 2, iíøi, ÿê ó Òåñòi #1
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Tåñò #1: Ïîòðåáè òà íåäîñòà÷i ó âóçëàõ B

Âàðiàíòè: 1. q1 = 1.00, Q∗1 = 0.835699; 2. q2 = 1.01, Q∗2 = 0.728649;
3. q3 = 1.05, Q∗3 = 0.583934; 4. q4 = 1.10, Q∗4 = 0.546766;
5. q5 = 1.20, Q∗5 = 0.546766.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Tåñò #1: Íåäîñòà÷i ó âóçëàõ B (äiàãðàìà)

Âàðiàíòè: 1. q1 = 1.00, Q∗1 = 0.835699; 2. q2 = 1.01, Q∗2 = 0.728649;
3. q3 = 1.05, Q∗3 = 0.583934; 4. q4 = 1.10, Q∗4 = 0.546766.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Tåñò #1: Ðîçïîäië ïîòîêiâ ìiæ âóçëàìè A i B

Âàðiàíò 1:
q1 = 1.0;
Q∗1 = 0.835699,

Âàðiàíò 2:
q2 = 1.01;
Q∗2 = 0.728649,

Âàðiàíò 3:
q3 = 1.05;
Q∗3 = 0.583934,

Âàðiàíò 4:
q4 = 1.1;
Q∗4 = 0.546766,

Âàðiàíò 5:

q5 = 1.2;

Q∗5 = 0.546766.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Tåñò #2: Ïîòðåáè òà íåäîñòà÷i ó âóçëàõ B

Âàðiàíòè: 1. q1 = 1.00, Q∗1 = 1.654200; 2. q2 = 1.01, Q∗2 = 1.392300;
3. q3 = 1.05, Q∗3 = 1.071030; 4. q4 = 1.10, Q∗4 = 0.970718;
5. q5 = 1.20, Q∗5 = 0.970718.
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Ìîäåëüíi Ðîçðàõóíêè äëÿ Ìåðåæi Net-5-10-30

Tåñò #2: Ðîçïîäië ïîòîêiâ ìiæ âóçëàìè A i B

Âàðiàíò 1:
q1 = 1.0;
Q∗1 = 1.654200,

Âàðiàíò 2:
q2 = 1.01;
Q∗2 = 1.392300,

Âàðiàíò 3:
q3 = 1.05;
Q∗3 = 1.071030,

Âàðiàíò 4:
q4 = 1.1;
Q∗4 = 0.970718,

Âàðiàíò 5:

q5 = 1.2;

Q∗5 = 0.970718.
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Âèñíîâêè

Âèñíîâêè òà ïîäàëüøi ïëàíè

Ðîçðîáëåíi îïòèìiçàöiéíi ìîäåëi ìîæóòü áóòè âèêîðèñòàíi
äëÿ áàëàíñóâàííÿ ïîòóæíîñòåé â ñèñòåìàõ äèñïåò÷åðèçàöi¨
ðåãiîíàëüíèõ åíåðãîñèñòåì çà óìîâ íåïåðåäáà÷óâàíèõ
ïîøêîäæåíü åíåðãåòè÷íî¨ iíôðàñòðóêòóðè òà âèíèêíåííÿì
ïðè öüîìó íåêåðîâàíîãî äåôiöèòó ïîòóæíîñòi.

Ïîäàëüøi ïëàíè:

ñïiëüíî ç ÍÍI åíåðãåòèêè, àâòîìàòèêè òà åíåðãîçáåðåæåííÿ
(Íàöiîíàëüíèé óíiâåðñèòåò áiîðåñóðñiâ i ïðèðîäîêîðèñòóâàííÿ)
ìîäåðíiçóâàòèìîäåëi äëÿ âèðîáëåííÿ ñâî¹÷àñíèõ óïðàâëiíñüêèõ
ðiøåíü äëÿ çàáåçïå÷åííÿ æèâó÷îñòi ðåãiîíàëüíèõ åíåðãîñèñòåì.
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Âèñíîâêè

Ðîáîòà ïiäòðèìàíà

¾Ðîçðîáèòè ìàòåìàòè÷íi ìîäåëi, ìåòîäè
òà ïðîãðàìíi çàñîáè ìiíiìiçàöi¨ ðèçèêiâ
äëÿ îá'¹êòiâ êðèòè÷íî¨ iíôðàñòðóêòóðè¿

(òåìà �2.3/26-Ï/ÂÏ 130.1230)
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Âèñíîâêè

Çàïèòàííÿ?

ÄßÊÓ�ÌÎ ÇÀ ÓÂÀÃÓ!

e-mail: stetsyukp@gmail.com
e-mail: khomiak.olha@gmail.com
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