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Îá'¹êòîì äîñëiäæåííÿ öi¹¨ ðîáîòè ¹ iíâàðiàíòè àáñòðàêòíèõ îïóêëîñòåé, çîêðåìà ÷èñëà
Helly, Radon, Carath�eodory òà Exchange. Öi iíâàðiàíòè õàðàêòåðèçóþòü âiäîêðåìëþâàíiñòü
òà ùiëüíiñòü îïóêëèõ ìíîæèí. Äåÿêi ç íèõ óæå äîñëiäæóâàëèñÿ äëÿ ∆-îïóêëîñòi â ðîáî-
òi [1]. Çîêðåìà, ó [1] çíàéäåíî òî÷íi çíà÷åííÿ ÷èñåë Helly òà Radon äëÿ õîðäàëüíèõ ãðàôiâ
i ãðàôiâ áëîêiâ.

Íåõàé X � ìíîæèíà, à C ⊆ 2X � ðîäèíà ¨¨ ïiäìíîæèí, ùî çàäîâîëüíÿ¹ òàêi àêñiî-
ìè: (1) ∅, X ∈ C; (2) C çàìêíåíà âiäíîñíî äîâiëüíèõ ïåðåòèíiâ; (3) C çàìêíåíà âiäíîñíî
îá'¹äíàíü âêëàäåíèõ ñèñòåì ìíîæèí. Òîäi ïàðà (X, C) íàçèâà¹òüñÿ îïóêëèì ïðîñòîðîì.

Íåõàé (X, C) � îïóêëèé ïðîñòið i S ⊆ X. Ìíîæèíà S ⊆ X íàçèâà¹òüñÿ C-çàëåæíîþ,
ÿêùî ⟨S⟩ ⊆

⋃
a∈S⟨S \ {a}⟩; H-çàëåæíîþ, ÿêùî

⋂
a∈S⟨S \ {a}⟩ ̸= ∅; R-çàëåæíîþ, ÿêùî

iñíó¹ ðîçáèòòÿ S = S1 ⊔ S2 òàêå, ùî ⟨S1⟩ ∩ ⟨S2⟩ ≠ ∅; E-çàëåæíîþ, ÿêùî äëÿ êîæíîãî b ∈ S
âèêîíó¹òüñÿ ⟨S\{b}⟩ ⊆

⋃
a∈S⟨S\{a}⟩. Â iíøîìó ðàçi S íàçèâà¹òüñÿ âiäïîâiäíî íåçàëåæíîþ.

×èñëà h(X), r(X), c(X), e(X) (÷èñëà Helly, Radon, Carath�eodory, Exchange) äëÿ îïó-
êëîãî ïðîñòîðó (X, C) äîðiâíþþòü n − 1, äå n ∈ N, à âñi ìíîæèíè S ⊆ X iç ïîòóæíiñòþ
|S| ≥ n ¹ âiäïîâiäíî çàëåæíèìè.

Ìè îõàðàêòåðèçóâàëè çàëåæíi ìíîæèíè òà îá÷èñëèëè çãàäàíi âèùå iíâàðiàíòè äëÿ all-
path îïóêëîñòi íà çâ'ÿçíèõ ãðàôàõ i ãiïåðãðàôàõ. Ìíîæèíà S ⊆ V (G) ó çâ'ÿçíîìó ãðàôi
G íàçèâà¹òüñÿ all-path îïóêëîþ, ÿêùî ðàçîì iç êîæíîþ ïàðîþ ñâî¨õ òî÷îê a, b ∈ S âîíà
ìiñòèòü i âñi ìíîæèíè âåðøèí ïðîñòèõ ëàíöþãiâ ìiæ a, b.

Òâåðäæåííÿ 1. Áóäü-ÿêà ìíîæèíà S ⊆ V (G) iç |S| = 3 ó çâ'ÿçíîìó ãðàôi G ¹ Hap-

çàëåæíîþ.

Íàñëiäîê 1. Ó çâ'ÿçíîìó ãðàôi G ÷èñëî Helly h(G) = 2 äëÿ all-path îïóêëîñòi.

Òâåðäæåííÿ 2. Ó çâ'ÿçíîìó ãðàôi G, áóäü-ÿêà ïiäìíîæèíà S ⊆ V (G) iç ïîòóæíi-

ñòþ |S| = 4 ¹ Rap-çàëåæíîþ.

Íàñëiäîê 2. Ó çâ'ÿçíîìó ãðàôi G ÷èñëî Radon r(G) ≤ 3 äëÿ all-path îïóêëîñòi.

Òâåðäæåííÿ 3. Ó çâ'ÿçíîìó ãðàôi G áóäü-ÿêà ïiäìíîæèíà S ⊆ V (G) iç ïîòóæíiñòþ

|S| ≥ 3 ¹ Cap-çàëåæíîþ.

Íàñëiäîê 3. Ó çâ'ÿçíîìó ãðàôi G ÷èñëî Carath�eodory c(G) = 2 äëÿ all-path îïóêëîñòi.

Îñêiëüêè äëÿ ìíîæèíè S ñïðàâåäëèâî âêëþ÷åííÿ ⟨S \ {b}⟩ ⊆ ⟨S⟩, à âñi äâî-åëåìåíòíi
ïiäìíîæèíè ¹ E-çàëåæíèìè, òî ìà¹ìî íàñòóïíèé ðåçóëüòàò.

Íàñëiäîê 4. Ó çâ'ÿçíîìó ãðàôi G ÷èñëî Exchange ¹ ðiâíèì ÷èñëó Carath�eodory äëÿ

all-path îïóêëîñòi.
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Ãiïåðãðàôîì H íàçèâà¹òüñÿ âïîðÿäêîâàíà ïàðà (V,E), äå V ¹ ìíîæèíîþ âåðøèí, à
ìíîæèíà ðåáåð E ¹ äåÿêîþ ñiì'¹þ ïiäíîæèí V . Ïîïåðåäíüî, äëÿ ãiïåðãðàôiâ iñíóâàëî
ïîíÿòòÿ áëîêó çàïðîïîíîâàíå â [4]. Òàì äëÿ ñêîðî÷åíîãî ãiïåðãðàôà H, îçíà÷èëè áëîê ÿê
ìàêñèìàëüíèé çà âêëþ÷åííÿì çâ'ÿçíèé ïîðîäæåíèé ïiäãiïåðãðàô H, ùî íå ìà¹ ìíîæèíè
ç'¹äíàííÿ. Àëå òàêå îçíà÷åííÿ ìà¹ íåäîëiê � âîíî äîçâîëÿ¹ öèêëàì ëåæàòè ó äåêiëüêîõ
áëîêàõ. Òîìó, ùîáè óçãîäèòè çàãàëüíi âëàñòèâîñòi áëîêiâ ó ãðàôàõ òà ãiïåðãðàôàõ, à òàêîæ
¨õ âëàñòèâîñòi ó êîíòåêñòi all-path îïóêëîñòi, ìè ââåëè íîâå ïîíÿòòÿ ñèëüíîãî áëîêó :

Îçíà÷åííÿ 1. Ó ïðîñòîìó ãiïåðãðàôiH ñèëüíèì áëîêîì íàçèâà¹òüñÿ éîãî ñêîðî÷åíèé
ìàêñèìàëüíèé (çà âêëþ÷åííÿì) ïiäãiïåðãðàô áåç ìîñòiâ ÷è òî÷îê ç'¹äíàííÿ.

Öå ïîíÿòòÿ äîçâîëÿ¹ îòðèìàòè õàðàêòåðèçàöiþ all-path îïóêëèõ ìíîæèí äëÿ ãiïåðãðà-
ôiâ, àíàëîãi÷íó äî âiäïîâiäíî¨ õàðàêòåðèçàöi¨ äëÿ ïðîñòèõ ãðàôiâ iç [3].

Òåîðåìà 1. Ó ïðîñòîìó ãiïåðãðàôi H iç ãðàôîì iíöèäåíòíîñòi G(H), ïiäìíîæèíà

B ⊆ V (H) ç ïîòóæíiñòþ |B| > 1 ¹ all-path îïóêëîþ òîäi é òiëüêè òîäi, êîëè ñêîðî÷åíèé

ïiäãiïåðãðàô B ¹ çâ'ÿçíèì îá'¹äíàííÿì ñèëüíèõ áëîêiâ.

Çàçâè÷àé ÷èñëà Helly òà Radon ó ãiïåðãðàôà H âiäðiçíÿþòüñÿ âiä âiäïîâiäíèõ iíâàði-
àíòiâ éîãî ãðàôà iíöèäåíòíîñòi G(H). Ïðîòå, âîíè çáiãàòèìóòüñÿ çà óìîâè, ùî H íå ìà¹
ìîñòiâ.

Òâåðäæåííÿ 4. Íåõàé H ¹ çâ'ÿçíèì ïðîñòèì ãiïåðãðàôîì áåç ìîñòiâ. Òîäi H ìà¹

÷èñëî Helly, ùî çáiãà¹òüñÿ iç ÷èñëîì Helly ãðàôà G(H).

Òâåðäæåííÿ 5. Äëÿ çâ'ÿçíîãî ïðîñòîãî ãiïåðãðàôà H áåç ìîñòiâ áóäü-ÿêà ïiäìíî-

æèíà S ⊆ V (H) iç ïîòóæíiñòþ |S| ≥ 4 ¹ R-çàëåæíîþ.

Íà âiäìiíó âiä ÷èñåë Helly òà Radon, ÷èñëà Carath�eodory òà Exchange îäíàêîâi äëÿ
ãiïåðãðàôà H òà éîãî ãðàôà iíöèäåíòíîñòi G(H).

Òâåðäæåííÿ 6. Äëÿ çâ'ÿçíîãî ïðîñòîãî ãiïåðãðàôà H áóäü-ÿêà ïiäìíîæèíà S ⊆
V (H) iç ïîòóæíiñòþ |S| ≥ 3 ¹ C-çàëåæíîþ.

Íàñëiäîê 5. Äëÿ çâ'ÿçíîãî ïðîñòîãî ãiïåðãðàôà H ìà¹ìî:

c(H) = e(H) = c(G(H)) = e(G(H)) = 2.

[1] Anand B. S., Chandran L. S., Murthy N. N., Parthasarathy G. J., Thomas S., Helly number,
Radon number and rank in ∆-convexity on graphs, Conference on Algorithms and Discrete Applied

Mathematics (2025), 292�306.

[2] Bahmanian M. A., Sajna M., Connection and separation in hypergraphs, Theory Appl. Graphs 2

(2015), no. 2, Article 5.

[3] Haponenko V., Kozerenko S., All-path convexity: two characterizations, general position number,
and one algorithm, Discrete Math. Lett. 13 (2024), 58�65.

[4] Shanavas A. V., Changat M., Stadler P. F., On the cut-vertex and the interval transit functions of
hypergraphs, Graphs Combin. 41 (2025), no. 1, Article 4.

http://www.imath.kiev.ua/~young/youngconf2026


