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×ÈÑÅËÜÍÈÉ ÌÅÒÎÄ ÂIÄØÓÊÀÍÍß ÅÊÑÒÐÅÌÓÌÓ
ÄÎÂIËÜÍÈÕ ÍÅÃËÀÄÊÈÕ ÂÃÍÓÒÈÕ ÔÓÍÊÖIÉ

Numerical method of finding the extremum of random nonsmooth concave functions with use new
approach of non-classical Newton majorants and diagrams of functions defined in tabular form is
considered.

Ïîáóäîâàíî ÷èñåëüíèé ìåòîä âiäøóêàííÿ åêñòðåìóìó äîâiëüíèõ íåãëàäêèõ âãíóòèõ ôóíêöié ç
âèêîðèñòàííÿì íîâîãî ïiäõîäó äî ïîáóäîâè àïàðàòó íåêëàñè÷íèõ ìàæîðàíò i äiàãðàì Íüþòîíà
ôóíêöié, çàäàíèõ òàáëè÷íî.

1. Âñòóï. Â [1�5] ïîáóäîâàíî àïàðàò íåêëàñè÷íèõ ìàæîðàíò i äiàãðàì Íüþ-
òîíà ôóíêöié îäíi¹¨ òà áàãàòüîõ äiéñíèõ çìiííèõ, çàäàíèõ òàáëè÷íî, ÿêèé âè-
êîðèñòàíî äëÿ àïðîêñèìàöi¨ ôóíêöié, ðîçðîáêè ÷èñåëüíèõ ìåòîäiâ îá÷èñëåííÿ
âèçíà÷åíèõ iíòåãðàëiâ, ðîçâ'ÿçóâàííÿ çàäà÷i Êîøi äëÿ äèôåðåíöiàëüíèõ ðiâ-
íÿíü ïåðøîãî ïîðÿäêó òà ¨õíiõ ñèñòåì. Îñêiëüêè äëÿ ïåâíîãî êëàñó ôóíêöié
íåêëàñè÷íà ìàæîðàíòà Íüþòîíà çáiãà¹òüñÿ çi ñàìîþ ôóíêöi¹þ, òî ïîáóäîâà-
íi ÷èñåëüíi ìåòîäè äëÿ öüîãî êëàñó ôóíêöié ¹ òî÷íèìè, ÿêùî íå âðàõîâóâàòè
îïåðàöié çàîêðóãëåííÿ.

Â [6�9] ðîçãëÿíóòî iíøèé ïiäõiä äî ïîáóäîâè àïàðàòó íåêëàñè÷íèõ ìàæîðàíò
i äiàãðàì Íüþòîíà ôóíêöié, çàäàíèõ òàáëè÷íî, ÿêèé âèêîðèñòàíî äëÿ ðîçðîáêè
÷èñåëüíèõ ìåòîäiâ ðîçâ'ÿçóâàííÿ çàäà÷i Êîøi äëÿ äèôåðåíöiàëüíèõ ðiâíÿíü òà
¨õíiõ ñèñòåì, ÿêi ¹ òî÷íèìè íà iíøîìó êëàñi ôóíêöié, ÿêùî íå âðàõîâóâàòè
îïåðàöié çàîêðóãëåííÿ.

Ó ñòàòòi ïîáóäó¹ìî ÷èñåëüíèé ìåòîä âiäøóêàííÿ ìàêñèìàëüíîãî çíà÷åííÿ
äîâiëüíî¨ íåãëàäêî¨ âãíóòî¨ ôóíêöi¨ îäíi¹¨ äiéñíî¨ çìiííî¨, âèêîðèñòîâóþ÷è âëà-
ñòèâîñòi íåêëàñè÷íèõ ìàæîðàíò i äiàãðàì Íüþòîíà ôóíêöié, çàäàíèõ òàáëè-
÷íî [8].

2. Îñíîâíèé ðåçóëüòàò. Íåõàé ôóíêöiÿ äiéñíî¨ çìiííî¨ y = f(x) çàäàíà
ñâî¨ìè çíà÷åííÿìè ó äåÿêèõ òî÷êàõ xi (i = 0, 1, ..., n): f (xi) = yi, i = 0, 1, ..., n,
äå yi ≤M , i = 0, 1, ..., n, à M � äåÿêà ñòàëà.

Ïðèïóñòèìî, ùî äëÿ f(x) ìè ïîáóäóâàëè íåêëàñè÷íi äiàãðàìó Íüþòîíà δ̃f
i ìàæîðàíòó Íüþòîíà M̃f (x) [8]. Íåõàé M̃f (xi) = Hi, i = 0, 1, . . . , n, I =
= {i1, i2, . . . , ik} � ìíîæèíà âåðøèííèõ iíäåêñiâ äiàãðàìè δ̃f . Ââåäåìî ÷èñëîâi
íàõèëè äiàãðàìè δ̃f çà ôîðìóëîþ

R̃i =
eHi+1

eHi
= eHi+1−Hi , i = 0, 1, . . . , n− 1, R̃n = 0.

Òîäi äëÿ ÷èñëîâèõ íàõèëiâ áóäóòü âèêîíóâàòèñü óìîâè:

R̃i1 > R̃i2 > . . . > R̃ik−1
> R̃ik = 0, R̃is = R̃is+1 = . . . = R̃is+1−1.

Ïðèïóñòèìî, ùî f(x) � äîâiëüíà íåãëàäêà âãíóòà ôóíêöiÿ íà ïðîìiæêó [a, b].
Âèáåðåìî íà [a, b] ñèñòåìó òî÷îê x0, x1, . . . , xn, äå xk = x0 + kh, k = 0, 1, . . . , n,
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x0 = a, h = b−a
n

i çíàéäåìî çíà÷åííÿ ôóíêöi¨ y = f(x) ó öèõ òî÷êàõ. f(xi) =
= ai, i = 0, 1, . . . , n. Îñêiëüêè f(x) � âãíóòà ôóíêöiÿ íà ïðîìiæêó [a, b], òî ÷è-
ñëîâi íàõèëè íåêëàñè÷íî¨ äiàãðàìè Íüþòîíà, ïîáóäîâàíî¨ çà çíà÷åííÿìè ôóí-
êöi¨ â òî÷êàõ x0, x1, . . . , xn âèçíà÷àòèìóòüñÿ çà ôîðìóëîþ R̃i = eai+1−ai , i =
= 0, 1, . . . , n− 1, R̃n = 0. Ó öüîìó âèïàäêó R̃0 > R̃1 > . . . > R̃n−1 > R̃n.

Àëãîðèòì âiäøóêàííÿ ìàêñèìàëüíîãî çíà÷åííÿ ôóíêöi¨ f(x) ¹ òàêèì. Ñïî-
÷àòêó âèçíà÷à¹ìî R̃0. ßêùî R̃0 ≤ 1, òî çà òî÷êó ìàêñèìóìó ôóíêöi¨ ïðèéìà¹ìî
òî÷êó x0. ßêùî R̃0 > 1, òî âèçíà÷à¹ìî R̃n−1. Ïðè R̃n−1 ≥ 1 çà òî÷êó ìàêñèìóìó
ôóíêöi¨ ïðèéìà¹ìî xn. Ïðèïóñòèìî, ùî R̃0 > 1 i R̃n−1 < 1. Òîäi øóêà¹ìî íàé-
ìåíøå çíà÷åííÿ ν (ν = 1, 2, . . .), äëÿ ÿêîãî âèêîíó¹òüñÿ óìîâà R̃ν ≥ 1, R̃ν+1 < 1
àáî R̃ν > 1, R̃ν+1 ≤ 1.
Òîäi â ïåðøîìó âèïàäêó çà òî÷êó ìàêñèìóìó ôóíêöi¨ f(x) ïðèéìà¹ìî xν , à â
äðóãîìó � xν+1. Î÷åâèäíî, ÿêùî x = α ∈ [a, b] ¹ òî÷êîþ ìàêñèìóìó ôóíêöi¨, à
x̄ � çíàéäåíà çãiäíî àëãîðèòìó òî÷êà ìàêñèìóìó, òî |x̄− α| < h.

Ïðèêëàä 1. Çíàéòè ìàêñèìóì ôóíêöi¨ y = 5xe−x+2 (ðèñ. 1) íà ïðîìiæêó
[0; 2] ç êðîêîì h = 0.1.

Ðèñ. 1. Ãðàôiê ôóíêöi¨ y = 5xe−x + 2.

Ó òàáë. 1 íàâåäåíî çíà÷åííÿ ÷èñëîâèõ íàõèëiâ R̃i, ÿêi íåîáõiäíî îá÷èñëèòè
äëÿ âiäøóêàííÿ ìàêñèìóìó. Øóêàíå çíà÷åííÿ x̄ = 0.9 ç òî÷íiñòþ O(h).

Òàáëèöÿ 1

i 0 1 2 3 4 5
R̃i 1.57211 1.44241 1.33977 1.25786 1.19206 1.13895
i 6 7 8 9 10
R̃i 1.09594 1.06106 1.03277 1.00988 0.99143

Ó òàáë. 2 íàâåäåíî çíà÷åííÿ ìàêñèìóìó x̄, îá÷èñëåíi ïðè ðiçíèõ h.
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Òàáëèöÿ 2

h x̄ � ìàêñèìóì
0.1 0.9
0.01 0.99
0.001 0.999
0.0001 0.9999

Ïðèêëàä 2. Ó òàáë. 3 íàâåäåíi çíà÷åííÿ ìàêñèìóìó ðiçíèõ âãíóòèõ ôóí-
êöié, îá÷èñëåíèõ ç êðîêîì h = 0.001.

Òàáëèöÿ 3

Ôóíêöiÿ ïðîìiæîê x̄ � ìàêñèìóì
y = x− ex + 2 [-1; 1] -0.001
y = 5x− x2 [2; 3] 2.499
y = 2 ln x− ex + 3 [0.2; 1] 0.852

Âèñíîâêè. Ðîçðîáëåíî ÷èñåëüíèé ìåòîä âiäøóêàííÿ åêñòðåìóìó äîâiëü-
íèõ íåãëàäêèõ âãíóòèõ ôóíêöié ç âèêîðèñòàííÿì íîâîãî ïiäõîäó äî ïîáóäîâè
àïàðàòó íåêëàñè÷íèõ ìàæîðàíò i äiàãðàì Íüþòîíà ôóíêöié, çàäàíèõ òàáëè÷íî.
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