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Ïîñòàíîâêà ïðîáëåìè. Ñó÷àñí³ êë³ìàòè÷í³
çì³íè òà íåçáàëàíñîâàíà ãîñïîäàðñüêà ä³ÿëüí³ñòü
ïðèçâîäÿòü äî àêòèâíîãî ðîçâèòêó åêçîãåííèõ
ãåîëîã³÷íèõ ïðîöåñ³â (ÅÃÏ), äî ÿêèõ â³äíîñÿòü
çñóâè, êàðñò, ï³äòîïëåííÿ, ñåë³. Êàòàñòðîô³÷í³
ïðîÿâè öèõ ïðîöåñ³â çóìîâëþþòü çíà÷íó íåáåç-
ïåêó äëÿ æèòòºä³ÿëüíîñò³ ëþäåé. Òîìó âàæëèâèì
çàâäàííÿì º ìîí³òîðèíã òà ïðîãíîçóâàííÿ ðîç-
âèòêó ÅÃÏ, ùî äàñòü çìîãó óõâàëþâàòè óï-
ðàâë³íñüê³ ð³øåííÿ äëÿ ì³í³ì³çàö³¿ íàñë³äê³â â³ä
ïðîÿâó öèõ ïðîöåñ³â.

Äëÿ ãåîäèíàì³÷íî íåáåçïå÷íèõ òåðèòîð³é, äî
ÿêèõ íàëåæèòü, çîêðåìà, ³ Çàêàðïàòñüêà îáë., äå
ìàéæå 40 % ð³÷êîâèõ áàñåéí³â õàðàêòåðèçóþòüñÿ
ðîçâèòêîì ñåëåâîãî ïðîöåñó, à éîãî àêòèâ³çàö³þ
çàô³êñîâàíî ó âåðõ³â’ÿõ 270 äð³áíèõ âîäîòîê³â íà
ïëîù³ 1803 êì2, îñîáëèâî âàæëèâèì º ïèòàííÿ
îö³íþâàííÿ ðèçèê³â â³ä ñåë³â (íàäàë³ – ñåëåâèõ
ðèçèê³â), ÿê åêîëîãî-ãåîëîã³÷íîãî â³äîáðàæåííÿ
ïðîãíîçíîãî ð³âíÿ ñåëåíåáåçïåêè.

Ì³í³ñòåðñòâî íàäçâè÷àéíèõ ñèòóàö³é Óêðà¿íè
ðîçðîáèëî Êîíöåïö³þ Çàãàëüíîäåðæàâíî¿ ö³ëüî-
âî¿ ñîö³àëüíî¿ ïðîãðàìè çàõèñòó íàñåëåííÿ ³ òåðè-
òîð³é â³ä íàäçâè÷àéíèõ ñèòóàö³é òåõíîãåííîãî òà
ïðèðîäíîãî õàðàêòåðó íà 2012–2016 ðð., ÿêà ñõâà-
ëåíà Êàá³íåòîì Ì³í³ñòð³â Óêðà¿íè ó 2011 ð. ³  ïå-
ðåäáà÷àº: ôîðìóâàííÿ ö³ë³ñíî¿ ñèñòåìè ³íæåíåð-
íîãî çàõèñòó òåðèòîð³é, íàñåëåíèõ ïóíêò³â ³
ñ³ëüñüêîãîñïîäàðñüêèõ óã³äü â³ä øê³äëèâî¿ ä³¿ âîä;
ðîçðîáëåííÿ ñõåì êîìïëåêñíîãî ïðîòèñåëåâîãî
çàõèñòó òåðèòîð³é, çîêðåìà â áàñåéíàõ Òèñè,
Äí³ñòðà, Ïðóòà ³ Ñ³ðåòó; ñòâîðåííÿ àâòîìàòèçîâà-
íèõ ³íôîðìàö³éíî-âèì³ðþâàëüíèõ ñèñòåì äëÿ
ïðîãíîçóâàííÿ é óïðàâë³ííÿ âîäíèì ñòîêîì; ñòâî-
ðåííÿ ñèñòåìè ìîí³òîðèíãó òà ïðîãíîçóâàííÿ íàä-
çâè÷àéíèõ ñèòóàö³é íà îñíîâ³ ïîñò³éíî ä³þ÷èõ
öåíòðàëüíèõ ³ ðåã³îíàëüíèõ êîîðäèíàö³éíèõ
îðãàí³â; ïðîâåäåííÿ ðåêîíñòðóêö³¿ ñèñòåì öåíòðà-
ë³çîâàíîãî îïîâ³ùåííÿ íàñåëåííÿ ïðî çàãðîçó àáî
âèíèêíåííÿ íàäçâè÷àéíî¿ ñèòóàö³¿. Çà óìîâ íå-

ïîâíîãî ô³íàíñóâàííÿ áàãàòî åòàï³â ðîáîòè áóëè
âèêîíàí³ ÷àñòêîâî, çîêðåìà, ùîäî ðîçðîáêè ïðî-
òèñåëåâèõ çàñîá³â çàõèñòó òåðèòîð³¿ òà ñó÷àñíèõ
ìåòîäèê îö³íêè ñåëåâèõ ðèçèê³â ÿê ê³íöåâîãî åòà-
ïó ïðîãíîçóâàííÿ. Òîìó öå ïèòàííÿ º â³äêðèòèì
³ àêòóàëüíèì.

Àíàë³ç îñòàíí³õ äîñë³äæåíü ³ ïóáë³êàö³é. Ïè-
òàííÿ îö³íêè òåõíîãåííèõ ³ åêîëîã³÷íèõ ðèçèê³â
øèðîêj â³äîáðàæåí³ ó ïóáë³êàö³ÿõ Ï.Ã. Áºëîâà,
Ã.M. Ãðåÿ, À.Á. Êà÷èíñüêîãî, À.Â. Êèñºëüîâà, Ä. Ìàê-
êåÿ, Ñ.Ì. Ìÿãêîâà, Ñ.Ì. Íîâ³êîâà, Ñ.Ç. Ïîë³ùó-
êà, Ì.Ô. Ðåéìåðñà, Æ.Ñ. Åâàíñà  òà ³í.

²ñíóº âåëèêà ê³ëüê³ñòü ìåòîäèê îö³íþâàííÿ
ðèçèê³â â³ä ïðîÿâó ÅÃÏ, êîæíà ç ÿêèõ âðàõîâóº
òðè ãîëîâí³ îñíîâí³ àñïåêòè: âèä ÅÃÏ, ìåòà îö³-
íþâàííÿ, ëîêàëüí³ îñîáëèâîñò³ ãåîãðàô³÷íîãî
ì³ñöåïîëîæåííÿ ïðîöåñó. Ñåðåä ìîíîãðàô³é ï³ä
àâòîðñòâîì â³ò÷èçíÿíèõ íàóêîâö³â, ÿê³ âñåá³÷íî
ðîçêðèâàþòü ïèòàííÿ îö³íþâàííÿ ðèçèê³â â³ä
ÅÃÏ, ïîòð³áíî â³äçíà÷èòè ðîáîòè Ì.Ì. Áè÷åíîêà,
Ñ.Ï. ²âàíþòè, Ã.Â. Ëèñè÷åíêà, ª.Î. ßêîâëºâà [1, 5].
Íàÿâí³ ó öèõ ðîáîòàõ ìåòîäè÷í³ ï³äõîäè öèõ äî-
ñë³äíèê³â ëÿãëè â îñíîâó ìåòîäèêè ðîçðàõóíêó ñå-
ëåâèõ ðèçèê³â, íàâåäåíî¿ ó ñòàòò³.

Ôóíäàìåíòàëüíî äîñë³äæóâàëè ñåë³ ÿê ô³çè÷í³
ÿâèùà òà âèîêðåìëþâàëè ãîëîâí³ íàóêîâ³ àñïåêòè
ðîçâèòêó òà âèçíà÷åííÿ ïîòåíö³éíî¿ ñåëåâî¿ íåáåç-
ïåêè Ì.Ì. Àéçåíáåðã, ².Â. Áîãîëþáîâà, Á.Ë. Âåëè÷-
êî, Á.Ô. Âèíîãðàäîâ, Â.Ô. Ïåðîâ, ².². Õåðõåóë³äçå,
Ñ.Ì. Ôëåéøìàí, À.². Øåêî, P. Conssot, T. Takahashi.
Íèí³ ñåëåâ³ ïðîöåñè äîñë³äæóþòü: Ì.Ì. Õàäæèºâ,
Í.Ì. Áåëàÿ, Ä.À. Ïàðàìîíîâ, Ñ.Ñ. ×åðíîìîðåö,
R.M. Iverson, E.J. Gabet, Daniele De Wrachien,
Martinez Cora, Zic Elvis, â Óêðà¿í³ – Î.Ì. Àäàìåí-
êî, Î.Ì. ²âàí³ê, Ä.Â. Êàñ³ÿí÷óê, ².Ï. Êîâàëü÷óê,
Å.Ä. Êóçüìåíêî, Î.². Ëóê’ÿíåöü, À.Ì. Îë³ôåðîâ,
Ã.². Ðóäüêî, Ì.Ì. Ñóñ³äêî, Ò.Á. ×åïóðíà, Â.Â. Øåâ-
÷óê, ª.Î. ßêîâëºâ òà ³í.

Ïèòàííÿ îö³íþâàííÿ ñåëåâîãî ðèçèêó ïîðó-
øóºòüñÿ ó ðîáîòàõ, ïðèñâÿ÷åíèõ êîìïëåêñí³é
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Ó ñòàòò³ çàïðîïîíîâàíî ìåòîäîëîã³þ ê³ëüê³ñíî¿ ïðîãíîçíî¿ îö³íêè ðèçèê³â â³ä åêçîãåííèõ ãåîëîã³÷íèõ ïðî-
öåñ³â, ÿêà ´ðóíòóºòüñÿ íà ðåçóëüòàòàõ äîñë³äæåíü ïðîñòîðîâî-÷àñîâîãî ïðîãíîçóâàííÿ ¿õ ðîçâèòêó, à òàêîæ
ìåòîäèêó âèçíà÷åííÿ ïðèâåäåíîãî êîëåêòèâíîãî ñåëåâîãî ðèçèêó. Íàâåäåíî àëãîðèòì, ÿêèé âêëþ÷àº îñíîâí³
åòàïè ðîçðàõóíê³â. Ïîáóäîâàíî êàðòîãðàìó îö³íîê ïðèâåäåíèõ ñåëåâèõ ðèçèê³â äëÿ àäì³í³ñòðàòèâíî-òåðèòîð³-
àëüíèõ îäèíèöü (ñåëèùíèõ ³ ì³ñüêèõ ðàä) íà ïðèêëàä³ òåðèòîð³¿ ñõ³äíî¿ ÷àñòèíè Çàêàðïàòñüêî¿ îáë.

Êëþ÷îâ³ ñëîâà: åêçîãåíí³ ãåîëîã³÷í³ ïðîöåñè, ñåëåâ³ ðèçèêè, ôàêòîð, îö³íêà, êàðòîãðàìà.
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îö³íö³ ðèçèêó â³ä ÅÃÏ, ³ çäåá³ëüøîãî çâîäèòüñÿ äî
ïåðåìíîæåííÿ éìîâ³ðíîñò³ ñåëåâî¿ íåáåçïåêè íà
ïåâí³ êîåô³ö³ºíòè, âèá³ð ÿêèõ çàëåæèòü â³ä ìåòè
îö³íþâàííÿ. Âëàñíå, ñåëåâó íåáåçïåêó ÷àñòî âè-
çíà÷àþòü çà ðîçðàõóíêîì óðàæåíîñò³ òåðèòîð³¿ ñå-
ëÿìè. Äëÿ òåðèòîð³¿ Êàðïàòñüêîãî ðåã³îíó íà îñ-
íîâ³ ïðîãíîñòè÷íèõ ãåî³íôîðìàö³éíèõ ìîäåëåé
ìåòîäîëîã³¿ îö³íþâàííÿ ñåëåâèõ ðèçèê³â íå ³ñíóº.
Ó ïðàö³ [3] íàâåäåíî ìåòîäîëîã³þ ðîçðàõóíêó éìî-
â³ðíîñò³ ñåëåâî¿ íåáåçïåêè äëÿ òåðèòîð³¿ Êàðïàò-
ñüêîãî ðåã³îíó, ÿêà ́ ðóíòóºòüñÿ íà âèçíà÷åíí³ êîì-
ïëåêñíèõ ïðîñòîðîâîãî òà ÷àñîâîãî ïîêàçíèê³â ÿê
ñêëàäîâèõ ïðîãíîñòè÷íî¿ ãåî³íôîðìàö³éíî¿ ìîäåë³.
Ëîã³÷íèì ïðîäîâæåííÿì òàêî¿ ìåòîäîëîã³¿ º åòàï
îö³íþâàííÿ ñåëåâèõ ðèçèê³â, ÿêèé îïèñàíî ó ïðî-
ïîíîâàí³é ñòàòò³. Öþ ìåòîäîëîã³þ àïðîáîâàíî äëÿ
òåðèòîð³¿ ñõ³äíî¿ ÷àñòèíè áàñåéíó âåðõíüî¿ Òèñè.

Ìåòà ³ çàäà÷³ äîñë³äæåííÿ. Îñíîâíîþ ìåòîþ
äîñë³äæåííÿ º ðîçðîáëåííÿ ìåòîäîëîã³¿ ê³ëüê³ñíî-
ãî ïðîãíîçíîãî îö³íþâàííÿ ðèçèê³â ÅÃÏ íà îñ-
íîâ³  ïðîãíîñòè÷íèõ ïðîñòîðîâî-÷àñîâèõ ìîäåëåé
ðîçâèòêó ¿õ îêðåìèõ âèä³â (ñåë³, êàðñò, çñóâè,
ï³äòîïëåííÿ), ÿê³ ïîáóäîâàí³ ç óðàõóâàííÿì êîì-
ïëåêñíîãî âïëèâó ³í³ö³þâàëüíèõ ôàêòîð³â. Àïðî-
áàö³ÿ çàïðîïîíîâàíî¿ ìåòîäîëîã³¿ ïîëÿãàëà ó ïî-
áóäîâ³ êàðòîãðàô³÷íî¿ ìîäåë³ îö³íþâàííÿ ñåëåâèõ
ðèçèê³â äëÿ òåðèòîð³¿ ñõ³äíî¿ ÷àñòèíè áàñåéíó
âåðõíüî¿ Òèñè.

Íèæ÷å íàâåäåíî ïèòàííÿ, ÿê³ ïîòð³áíî âèð³-
øèòè äëÿ äîñÿãíåííÿ ìåòè.
1. Ðîçðîáèòè àëãîðèòì ê³ëüê³ñíîãî ïðîãíîçíîãî

îö³íþâàííÿ ðèçèê³â ÅÃÏ ÿê ³ºðàðõ³÷íî ñòðóê-
òóðîâàíå â³äîáðàæåííÿ åòàï³â ìåòîäîëîã³¿
ê³ëüê³ñíîãî ïðîãíîçíîãî îö³íþâàííÿ ðèçèê³â.

2. Çàñòîñóâàòè ðîçðîáëåíèé àëãîðèòì äëÿ ïðî-
ãíîçóâàííÿ ñåëåâèõ ðèçèê³â.

3. Ñôîðìóëþâàòè ìàòåìàòè÷íèé âèðàç ðîçðàõóí-
êó ñåëåâèõ ðèçèê³â ç óðàõóâàííÿì ³ìîâ³ðíîñ-
òåé  ïðîñòîðîâîãî ðîçïîä³ëó ñåëåâèõ îñåðåäê³â
³ ÷àñîâî¿ äèíàì³êè ¿õ ïðîÿâó.

4. Âèêîíàòè àïðîáàö³þ çàïðîïîíîâàíî¿ ìåòîäî-
ëîã³¿, ïîáóäóâàòè êàðòîãðàô³÷íó ìîäåëü îö³-
íþâàííÿ ñåëåâèõ ðèçèê³â.
Âèêëàä îñíîâíîãî ìàòåð³àëó äîñë³äæåííÿ. Ï³ä

åêîëîãî-ãåîëîã³÷íèì ðèçèêîì ñë³ä ðîçóì³òè
ê³ëüê³ñíó ì³ðó íåáåçïåêè âèíèêíåííÿ íåãàòèâíèõ
çì³í ó ïðèðîäíîìó ñåðåäîâèù³ òà ïîã³ðøåííÿ çäî-
ðîâ’ÿ ëþäåé, à òî÷í³øå, éìîâ³ðí³ñòü äåãðàäàö³¿
íàâêîëèøíüîãî ñåðåäîâèùà àáî ïåðåõîäó éîãî â
íåñò³éêèé ñòàí óíàñë³äîê ïîòî÷íî¿ ³ ïëàíîâàíî¿
ãîñïîäàðñüêî¿ ä³ÿëüíîñò³; ìîæëèâ³ñòü âòðàòè êîí-
òðîëþ íàä åêîëîã³÷íèìè ïîä³ÿìè, ùî â³äáóâàþòü-
ñÿ. Âèì³ðþâàòè åêîëîãî-ãåîëîã³÷íèé ðèçèê ìîæ-
íà â ³ìîâ³ðí³ñíèõ âåëè÷èíàõ àáî ó âèãëÿä³
ìàòåìàòè÷íîãî î÷³êóâàííÿ çáèòêó. Ó çàãàëüíîìó
âèãëÿä³ åêîëîã³÷íèé ðèçèê R öå ñòàòèñòè÷íà îö³-
íþâàëüíà êàòåãîð³ÿ, ÿêà º âåêòîðíîþ áàãàòîêîì-
ïîíåíòíîþ âåëè÷èíîþ:

{ }, , R S P W= ,

äå S – îïèñ ñöåíàð³¿â ðèçèêó; P – ³ìîâ³ðí³ñòü
ðåàë³çàö³¿ ðèçèêó; W – çáèòêè (âòðàòè).

Íèæ÷å íàâåäåíî âàð³àö³éí³ ìåòîäèêè ðîçðà-
õóíêó åêîëîãî-ãåîëîã³÷íîãî ðèçèêó â³ä ÅÃÏ.

Ó ïðàöÿõ [1, 5] äëÿ îö³íêè ðèçèê³â ó ìåæàõ
íàñåëåíèõ ïóíêò³â çàïðîïîíîâàíî âðàõîâóâàòè
ïîøèðåí³ñòü ÅÃÏ ³ ê³ëüê³ñòü íàñåëåííÿ. Äëÿ
ñ³ëüñüêèõ íàñåëåíèõ ïóíêò³â, äå ðîçâèòîê ÅÃÏ
íàáëèæåíèé äî ïðèðîäíîãî ðåæèìó, çà óìîâ ïðàê-
òè÷íî â³äñóòí³õ ñèñòåì ³íæåíåðíîãî çàõèñòó ÷è
ïîïåðåäæåííÿ, çàãàëüíèé ðèçèê æèòòºä³ÿëüíîñò³
³ ãîñïîäàðþâàííÿ RÑÍÏ,çàã  ñë³ä âèçíà÷àòè, ÿê

СНП,заг СНП НЕГПR d K= ,               (1)

äå СНП СНП СНПd D f= ∑  – ãóñòîòà íàñåëåííÿ â
ñ³ëüñüêèõ íàñåëåíèõ ïóíêòàõ; DÑÍÏ – çàãàëüíà
ê³ëüê³ñòü ñ³ëüñüêîãî íàñåëåííÿ â ìåæàõ òåðèòîð³¿
îö³íþâàííÿ; СНПf∑  – ñóìàðíà ïëîùà ñ³ëüñüêèõ
íàñåëåíèõ ïóíêò³â.

²íäèâ³äóàëüíèé ðèçèê æèòòºä³ÿëüíîñò³ äîð³â-
íþº:

СНП, інд СНП НЕГП СНП СНП НЕГП( ) .R d K f D K≈ ≈∑
Ïðîñòîðîâî-÷àñîâó éìîâ³ðí³ñòü ïðîÿâó ïðè-

ðîäíî¿ ñêëàäîâî¿ íåáåçïå÷íîãî åêçîãåííîãî ãåî-
ëîã³÷íîãî ïðîöåñó (ÍÅÃÏ) KÍÅÃÏ çà ö³ºþ ìåòîäè-
êîþ ïðîïîíóºìî ðîçðàõîâóâàòè ÿê äîáóòîê
ïðîñòîðîâî¿ óðàæåíîñò³ òåðèòîð³¿ Kïð ³ ÷àñîâî¿ äè-
íàì³êè ðîçâèòêó K÷àñ. Ïðîñòîðîâà óðàæåí³ñòü òå-
ðèòîð³¿ Kïð îá’ºêòàìè ÍÅÃÏ º â³äñîòêîì ñóìàð-
íî¿ ïëîù³ fïð çñóâíèõ ä³ëÿíîê, êàðñòîâèõ ë³éîê,
çîí ï³äòîïëåííÿ òà ïðîñ³äàíü ó ìåæàõ ïëîù³ îö³-
íþâàííÿ S îáëàñò³, ðåã³îíó, ïðîìèñëîâîãî ìàé-
äàí÷èêà òà ³í.:

пр
пр

f
K

S
= .

×àñîâà äèíàì³êà ðîçâèòêó K÷àñ ÍÅÃÏ – öå ÷àñ-
òîòà àêòèâ³çàö³¿ öèõ ïðîöåñ³â çà ïåâíèé ïðîì³æîê
÷àñó Ò (ðîê³â).

Òåõíîãåííó ñêëàäîâó ïðîïîíóºìî âðàõîâóâà-
òè ÷åðåç âèêîðèñòàííÿ êîåô³ö³ºíòà Kç, ÿêèé â³äîá-
ðàæóº åôåêò ñòàá³ë³çàö³¿ â³ä íàÿâíîñò³ çàõèñíèõ
ñèñòåì ³ ñïîðóä.

Ôîðìóëà (1) º áàçîâîþ äëÿ îö³íþâàííÿ ðè-
çèê³â æèòòºä³ÿëüíîñò³ â³ä ÅÃÏ. Çàëåæíî â³ä ö³ëåé
îö³íþâàííÿ äî íàâåäåíèõ ïàðàìåòð³â ó ôîðìóëè
äîäàþòü â³äïîâ³äí³ êîåô³ö³ºíòè.

Àâòîðàìè ñòàòò³ ó ïîïåðåäí³õ äîñë³äæåííÿõ
ðîçðîáëåíî ìåòîäîëîã³þ ïðîñòîðîâî-÷àñîâîãî ïðî-
ãíîçóâàííÿ ðîçâèòêó îñíîâíèõ âèä³â ÅÃÏ (ñåë³,
êàðñò, çñóâè) [3, 4, 6, 7, 10, 11]. Ðåçóëüòàòàìè ¿¿
çàñòîñóâàííÿ º ãåî³íôîðìàö³éí³ ïðîãíîñòè÷í³ ìî-
äåë³ ðîçâèòêó ÅÃÏ, ÿê³ äàþòü çìîãó âèçíà÷èòè
éìîâ³ðí³ñòü ¿õ ïðîÿâó ó ïðîñòîð³ òà ÷àñ³. Ëîã³÷-
íèì âèäàºòüñÿ âèêîðèñòàòè îäåðæàí³ ïîêàçíèêè
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ïðîñòîðîâî¿ òà ÷àñîâî¿ éìîâ³ðíîñò³ ïðîÿâó ÅÃÏ
äëÿ îö³íþâàííÿ ðèçèê³â, ìîäèô³êóâàâøè íàâåäåí³
âèùå ìåòîäèêè.

Ïðîïîíîâàíèé àëãîðèòì åêîëîãî-ãåîëîã³÷íî-
ãî îö³íþâàííÿ ³íòåãðàëüíîãî ðèçèêó ïðåäñòàâëå-
íî íà ðèñ. 1. Ïðîàíàë³çóºìî åòàïè òàêîãî îö³íþ-
âàííÿ.

Íà ïåðøîìó åòàï³ âèçíà÷àºìî âèäè ÅÃÏ, äëÿ
ÿêèõ ñë³ä ðîçðàõóâàòè ðèçèêè.

Äðóãèé åòàï ïåðåäáà÷àº òàêå: ñòâîðåííÿ áàçè
äàíèõ ÅÃÏ, ùî âêëþ÷àº êîîðäèíàòè ì³ñöÿ  òà ÷àñ
ïðîÿâó, ïàðàìåòðè; âèá³ð òà îá´ðóíòóâàííÿ ïðî-
ñòîðîâèõ ³ ÷àñîâèõ ôàêòîð³â ïðîÿâó, ðîçðàõóíîê
ôàêòîðíèõ îçíàê ÿê ê³ëüê³ñíî¿ ì³ðè ¿õ âïëèâó;
âèçíà÷åííÿ çàêîí³â ðîçïîä³ëó, óí³ô³êàö³ÿ òà íîð-
ìàë³çàö³ÿ çì³ííèõ; êîðåëÿö³éíèé, êëàñòåðíèé,
ôàêòîðíèé àíàë³çè ïðîñòîðîâèõ ôàêòîðíèõ îçíàê
ç ìåòîþ âèÿâëåííÿ ñòîõàñòè÷íîãî çâ’ÿçêó, âèÿâ-
ëåííÿ äóáëþâàëüíèõ  îçíàê; àâòî- òà êðîñêîðåëÿ-
ö³éíèé àíàë³ç ÷àñîâèõ ôàêòîðíèõ îçíàê ç ìåòîþ
âèÿâëåííÿ ïåð³îäè÷íîñò³ òà ñèíôàçíîñò³ ó ¿õ ðÿ-
äàõ äèíàì³êè; îö³íþâàííÿ ³íôîðìàòèâíîñò³ ôàê-
òîð³â; ðîçðàõóíîê åòàëîííèõ êîìïëåêñíèõ ïðîñòî-
ðîâîãî (ÅÊÏ) òà ÷àñîâîãî ïîêàçíèê³â (Å×Ï).

Òðåò³é åòàï ïåðåäáà÷àº ìîäåëþâàííÿ ó ñåðåäî-
âèù³ Ã²Ñ ³ìîâ³ðíîñò³ ïðîñòîðîâîãî ðîçâèòêó ÅÃÏ
â³äíîñíî ÷àñîâî¿ àêòèâíîñò³ øëÿõîì ïîð³âíÿííÿ

ïðèðîäíèõ ³ òåõíîãåííèõ óìîâ òåðèòîð³¿ ó âèãëÿä³
ðîçðàõîâàíèõ êîìïëåêñíèõ ïîêàçíèê³â äëÿ òî÷îê
ñ³òêè â³äíîñíî ÅÊÏ. Ïðîãíîñòè÷íà ìîäåëü áà-
çóºòüñÿ íà åêñòðàïîëüîâàíèõ çíà÷åííÿõ  Å×Ï.

Íà ÷åòâåðòîìó åòàï³ âèçíà÷àºìî ï³äõ³ä äî ðîç-
ðàõóíêó îö³íêè ðèçèê³â. Íà ï³äñòàâ³ â³äîìîãî
ö³ëüîâîãî íàïðÿìó òà âèìîã äî ðåçóëüòàò³â ðîçðà-
õóíêó âèçíà÷àºìî êîåô³ö³ºíòè òà ïàðàìåòðè, ÿê³
ïîòð³áíî âðàõîâóâàòè.

Ï’ÿòèé åòàï ïåðåäáà÷àº ðîçðàõóíîê íà îñíîâ³
ïðîãíîñòè÷íî¿ ìîäåë³ îö³íîê ðèçèê³â ÅÃÏ. Âðà-
õîâóºìî ïàðàìåòðè ³ êîåô³ö³ºíòè, ÿê³ âèáðàíî íà
åòàï³ 4.

Øîñòèé åòàï ïåðåäáà÷àº òåìàòè÷íå êàðòîãðà-
ôóâàííÿ îö³íêè ðèçèê³â äëÿ ïåâíîãî âèäó ÅÃÏ  ç
àáî áåç óðàõóâàííÿ âïëèâó êîìïëåêñó çàõèñíèõ
ñïîðóä.

Ñüîìèé òà âîñüìèé åòàïè ïîëÿãàþòü â óçà-
ãàëüíåíí³ ðîçðàõîâàíèõ âèùå îö³íîê çà êîæíèì ç
âèä³â ÅÃÏ òà ïîáóäîâ³ ³íòåãðàëüíî¿ êàðòè ðèçèê³â
çà âñ³ìà âèäàìè ÅÃÏ.

Íàâåäåíó ìåòîäîëîã³þ (åòàïè 1–6) âèêîðèñ-
òàíî ï³ä ÷àñ îö³íþâàííÿ ñåëåâèõ ðèçèê³â äëÿ òå-
ðèòîð³¿ ñõ³äíî¿ ÷àñòèíè áàñåéíó âåðõíüî¿ Òèñè.

²ìîâ³ðí³ñòü ñåëåâîãî ðîçâèòêó íà ä³ëÿíö³ â j-é
òî÷ö³ íà ÷àñ t âèçíà÷àºìî çà ôîðìóëîþ [3]

, ( ) ( )j t j tP P Q P= ⋅ Ω ,                 (2)

äå P(Qj) – çíà÷åííÿ éìîâ³ðíîñò³ ñåëåïðîÿâó ó j-é
òî÷ö³; P(Ωt) – çíà÷åííÿ éìîâ³ðíîñò³ ñåëåâî¿ àêòè-
â³çàö³¿ íà ÷àñ t (ð³ê).

Ñåðåäíº çíà÷åííÿ ñåëåíåáåçïåêè ³-¿ ä³ëÿíêè
ðîçðàõîâàíî, ÿê

,

,
1 ,i t

m

j t
n

P
P

m
==

∑
                    (3)

äå ,
1

m

j t
n

P
=

∑  – ñóìàðíà éìîâ³ðí³ñòü ñåëåâîãî ðîçâèò-

êó íà ä³ëÿíö³; m – ê³ëüê³ñòü òî÷îê ñ³òêè, äëÿ ÿêèõ
ðîçðàõîâóºìî ïðîñòîðîâó éìîâ³ðí³ñòü ñåëåâîãî
ðîçâèòêó íà ÷àñ t ó ìåæàõ âèáðàíî¿ ä³ëÿíêè.

Ï³ä ïðèâåäåíèì êîëåêòèâíèì ñåëåâèì ðèçè-
êîì äëÿ ä³ëÿíêè (ðåã³îíó) Rpr ñë³ä ðîçóì³òè ðèçèê
ïðîÿâó ñåë³â, ùî âðàõîâóº ñåðåäíþ ïðîñòîðîâî-
÷àñîâó éìîâ³ðí³ñòü ðîçâèòêó ñåë³â, ÷àñòêó ñóìàð-
íî¿ ïëîù³ ñåëåâèõ êîíóñ³â âèíîñó çà äîñë³äæóâà-
íèé ïåð³îä ó ïëîù³ ðàéîíó (ðåã³îíó) ÿê ïîêàçíèêà
ìàêñèìàëüíîãî ïëîùèííîãî óðàæåííÿ, ãóñòîòó
íàñåëåííÿ, íàÿâí³ñòü çàõèñíèõ êîìïëåêñ³â íà òå-
ðèòîð³¿.

Òàêèì ÷èíîì, ôîðìóëà ïðèâåäåíîãî êîëåêòèâ-
íîãî ñåëåâîãî ðèçèêó Rpri,t (îñ³á/êì2 äëÿ i-¿ ä³ëÿí-
êè íà ÷àñ t) ìàòèìå âèãëÿä

1
, ,

k

n i
i t i t i

i i

s N
Rpr P Z

S S
==

∑
,                 (4)

Ðèñ. 1. Ñõåìà åêîëîãî-ãåîëîã³÷íîãî îö³íþâàííÿ ³íòåãðàëü-
íîãî ðèçèêó

Fig. 1. The scheme of ecological and geological assessment of
integral risk
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äå ,i tP  – ñåðåäíº çíà÷åííÿ ñåëåíåáåçïåêè äëÿ ³-¿

ä³ëÿíêè íà ÷àñ t, ÷àñòêà îäèíèö³; 
1

k

n
s

=
∑  – ñóìàðíà

ïëîùà êîíóñ³â âèíîñ³â íà ä³ëÿíö³ çà äîñë³äæóâà-
íèé ÷àñ, êì2; Si – ïëîùà ³-¿ ä³ëÿíêè, êì2; Ni –
ê³ëüê³ñòü íàñåëåííÿ â ³-é ä³ëÿíö³, îñ³á; Zi – êîå-
ô³ö³ºíò, ùî âðàõîâóº íàÿâí³ñòü ñåëåçàõèñíèõ ñïî-
ðóä, ÷àñòêà îäèíèö³.

Äëÿ àïðîáàö³¿ ìåòîäîëîã³¿ âèáðàíî ä³ëÿíêó,
ÿêà íàëåæèòü äî áàñåéíó âåðõíüî¿ Òèñè òà õàðàê-
òåðèçóºòüñÿ çíà÷íîþ ñåëåâîþ óðàæåí³ñòþ íà òå-
ðèòîð³¿ Óêðà¿íñüêèõ Êàðïàò ïëîùåþ 4179 êì2. Çà
ñõåìîþ ðàéîíóâàííÿ ñåëåíåáåçïå÷íèõ òåðèòîð³é,
òåðèòîð³ÿ ö³º¿ ä³ëÿíêè íàëåæèòü äî çîíè ïåðåâàæ-

íîãî ðîçâèòêó “òåïëèõ” âîäî- ³ ãðÿçåêàì’ÿíèõ
ñåë³â. Äëÿ ïðîâåäåííÿ àíàë³çó âèêîðèñòîâóâàëè
äàí³ êàäàñòðó-êàòàëîãó ñåë³â ÄÏ “Çàõ³äóêðãåîëî-
ã³ÿ” (ó ê³ëüêîñò³ 252 çà ïåð³îä 1998–2008 ðð.),
äàí³ ùîäî ãóñòîòè íàñåëåííÿ â ìåæàõ àäì³í³ñòðà-
òèâíî-òåðèòîð³àëüíèõ îäèíèöü (ñåëèùíèõ ³
ì³ñüêèõ ðàä). Íà ï³äñòàâ³ çàçíà÷åíèõ ìàòåð³àë³â òà
ó â³äïîâ³äíîñò³ äî ôîðìóëè (5) ðîçðàõîâàíî ³ ïî-
áóäîâàíî êàðòîãðàìó (ðèñ. 2).

Îö³íêè ïðèâåäåíèõ ñåëåâèõ ðèçèê³â ðîçðàõî-
âóâàëè íà îñíîâ³ ïðîãíîñòè÷íî¿ ãåî³íôîðìàö³éíî¿
ìîäåë³ ñåëåíåáåçïåêè [2, 3, 8, 9] çà ôîðìóëàìè
(2)–(5). Óðàõîâóþ÷è â³äñóòí³ñòü çàõèñíèõ êîìï-
ëåêñ³â, ÿê³ òîþ ÷è ³íøîþ ì³ðîþ ìîãëè áè ïîñëà-
áèòè íåãàòèâíèé âïëèâ ñåëåïðîÿâ³â íà áåçïåêó
æèòòºä³ÿëüíîñò³ ëþäèíè, êîåô³ö³ºíò Z ïðèð³âíþ-
âàëè äî îäèíèö³ (ðèñ. 3).

Ñåëåâ³ ðèçèêè ðîçðàõîâàíî íà ð³ê ìàêñèìàëü-
íî¿ ñåëåâî¿ àêòèâíîñò³.

Ðèñ. 2. Êàðòîãðàìà ãóñòîòè íàñåëåííÿ â ìåæàõ àäì³í³ñòðàòèâíî-òåðèòîð³àëüíèõ îäèíèöü (ñåëèùíèõ ³ ì³ñüêèõ ðàä)

Fig. 2. Cartogram of population density within the administrative-territorial units (town and city councils)
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Âèñíîâêè çà ðåçóëüòàòàìè äîñë³äæåííÿ ³ ïåðñ-
ïåêòèâè ïîäàëüøèõ äîñë³äæåíü.

Çã³äíî ç ðåçóëüòàòàìè äîñë³äæåíü, ïîòð³áíà
ðîçðîáêà íîâîãî ï³äõîäó äî åêîëîãî-ãåîëîã³÷íîãî
îö³íþâàííÿ ³íòåãðàëüíîãî ðèçèêó åêçîãåííèõ ãåî-
ëîã³÷íèõ ïðîöåñ³â, ÿêå á âðàõîâóâàëî êîìïëåêñ-
íèé âïëèâ ôàêòîð³â ¿õ ðîçâèòêó. Àâòîðàìè ñòàòò³
çàïðîïîíîâàíî ìåòîäîëîã³þ, ÿêà º ëîã³÷íèì ïðî-
äîâæåííÿì äîñë³äæåíü ïðîñòîðîâî-÷àñîâîãî ïðî-
ãíîçóâàííÿ ðîçâèòêó ÅÃÏ ³ ´ðóíòóºòüñÿ íà ðîçðà-
õóíêó ïðîñòîðîâèõ ³ ÷àñîâèõ êîìïëåêñíèõ
ïîêàçíèêàõ. Àëãîðèòì åêîëîãî-ãåîëîã³÷íî¿ îö³íêè
³íòåãðàëüíîãî ðèçèêó ÅÃÏ âêëþ÷àº ñ³ì îñíîâíèõ
åòàï³â: âèçíà÷åííÿ ÅÃÏ, äëÿ ÿêèõ ìàþòü áóòè
ðîçðàõîâàí³ ðèçèêè; àíàë³ç ïðîñòîðîâî-÷àñîâîãî
ðîçâèòêó ÅÃÏ ç óðàõóâàííÿì êîìïëåêñó ³í³ö³þ-

âàëüíèõ ôàêòîð³â; ñòâîðåííÿ ïðîãíîñòè÷íèõ ïðî-
ñòîðîâî-÷àñîâèõ ìîäåëåé ðîçâèòêó ÅÃÏ; âèá³ð
ïðîñòîðîâî¿ òà àíàë³òèêî-îïèñîâî¿ ñèñòåìè îö³-
íþâàííÿ ðèçèê³â ³ íåáåçïåê â³ä ¿õ ïðîÿâ³â; ïîáó-
äîâà ïðîãíîçíèõ êàðò îö³íîê ðèçèê³â çà âèäàìè
ÅÃÏ;  óçàãàëüíåííÿ  îö³íîê  ïðîñòîðîâîãî òà çà-
õèñíîãî êîìïëåêñ³â ³ ïîáóäîâà ³íòåãðàëüíî¿ êàðòè
ðèçèê³â çà âñ³ìà âèäàìè ÅÃÏ. Çàïðîïîíîâàíà ìå-
òîäèêà ðîçðàõóíêó ïðèâåäåíîãî êîëåêòèâíîãî ñå-
ëåâîãî ðèçèêó äëÿ ä³ëÿíêè (ðåã³îíó) âðàõîâóº ñå-
ðåäíþ ïðîñòîðîâî-÷àñîâó éìîâ³ðí³ñòü ðîçâèòêó
ñåë³â, ÷àñòêó ñóìàðíî¿ ïëîù³ ñåëåâèõ êîíóñ³â âè-
íîñó çà äîñë³äæóâàíèé ïåð³îä ó ïëîù³ ðàéîíó (ðå-
ã³îíó) ÿê ïîêàçíèêà ìàêñèìàëüíîãî ïëîùèííîãî
óðàæåííÿ, ãóñòîòó íàñåëåííÿ, íàÿâí³ñòü çàõèñíèõ
êîìïëåêñ³â íà òåðèòîð³¿. Íàâåäåí³ òåîðåòè÷í³ äî-

Ðèñ. 3. Êàðòîãðàìà îö³íêè ïðèâåäåíèõ ñåëåâèõ ðèçèê³â äëÿ àäì³í³ñòðàòèâíî-òåðèòîð³àëüíèõ îäèíèöü (ñåëèùíèõ ³ ì³ñüêèõ ðàä)

Fig. 3. Cartogram assessment resulted mudflow risks to administrative-territorial units (town and city councils)
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Â ñòàòüå ïðåäëîæåíà ìåòîäîëîãèÿ êîëè÷åñòâåííîé ïðîãíîçíîé îöåíêè ðèñêîâ îò ýêçîãåííûõ ãåîëîãè÷åñêèõ
ïðîöåññîâ, êîòîðàÿ áàçèðóåòñÿ íà ðåçóëüòàòàõ èññëåäîâàíèé ïðîñòðàíñòâåííî-âðåìåííîãî ïðîãíîçèðîâàíèÿ èõ
ðàçâèòèÿ, à òàêæå ìåòîäèêà îïðåäåëåíèÿ ïðèâåäåííîãî êîëëåêòèâíîãî ñåëåâîãî ðèñêà. Ïðèâåäåí àëãîðèòì,
êîòîðûé âêëþ÷àåò îñíîâíûå ýòàïû ðàñ÷åòîâ. Ïîñòðîåíà êàðòîãðàììà îöåíîê ïðèâåäåííûõ ñåëåâûõ ðèñêîâ äëÿ
àäìèíèñòðàòèâíî-òåððèòîðèàëüíûõ åäèíèö (ïîñåëêîâûõ è ãîðîäñêèõ ñîâåòîâ) íà ïðèìåðå òåððèòîðèè âîñòî÷-
íîé ÷àñòè Çàêàðïàòñêîé îáë.

Êëþ÷åâûå ñëîâà: ýêçîãåííûå ãåîëîãè÷åñêèå ïðîöåññû, ñåëåâûå ðèñêè, ôàêòîð, îöåíêà, êàðòîãðàììà.

METHODOLOGY OF QUANTITATIVE RISK ASSESSMENT DUE TO DEVELOPMENT OF
EXOGENOUS GEOLOGICAL PROCESSES: MUDFLOWS RISKS

T.B. Chepurna, D.V. Kasiyanchuk, E.D. Kuzmenko, I.V. Chepurnyj

Ivano-Frankivsk National Technical University of Oil and Gas, 15 Karpatska Str., Ivano-Frankivsk 76000, Ukraine,
e-mail: gbg@nung.edu.ua

The purpose of the study is to develop a quantitative methodology to predict risk of EGP based on prognostic spatial and
temporal patterns of their individual types (village, karst, landslides, flooding), which are built taking into account the



7ISSN 1684-2189    ÃÅÎ²ÍÔÎÐÌÀÒÈÊÀ, 2016, ¹ 2 (58)

© Ò.Á. ×åïóðíà, Ä.Â. Êàñ³ÿí÷óê, Å.Ä. Êóçüìåíêî, ².Â. ×åïóðíèé

combined effect of initiating factors. Testing the proposed methodology was implemented by constructing a cartographic
model for assessing risks to mud of the Eastern part of the Upper Tysa basin.
Design/methodology/approach. The experimental investigations were based on the development of an algorithm of
quantitative forecasting risk of EGP showing a hierarchically structured methodology stages of a quantitative predictive risk
assessment, on applying the algorithm to predict mud risks, on mathematically presenting mudflow risk considering the
probabilities of the spatial distribution of mud cells and temporal dynamics of their manifestation. The algorithm was
tested, by constructing a debris risk assessment model.
Findings. The results showed the need to develop a new approach to environmental and geological risk assessment of
integral exogenous processes, which would take into account complex factors influencing their development. The
methodology proposed by the authors is a logical extension of the research on space-time forecasting of EGP and is based
on calculating complex spatial and temporal indicators. The algorithm of the ecological and geological assessment of the
integrated EPG risk includes seven main stages: identification of EGP, for which risks are to be calculated; space-time
analysis of complex EGP considering initiating factors; creation of prediction models of space-time development of EGP;
selection of a spatial and analytical-descriptive system evaluate risks and dangers of their manifestations; construction of
prediction risk assessments maps by EPG type; generalization of assessments of space protection systems and construction
of integrated risk maps for all EGP types.
Practical value/implications. The method of calculating the collective risk for any area allows for high spatial and temporal
probability of mud flows, the share of the total area of mud alluvial fans over an analyzed period in an area (region) as a
measure of maximum planar destruction, population density, and availability of protective systems on site. The authors
have built a map of mudflow risks to be used by administrative-territorial units (town and city councils). The mudflow
risks are calculated for a  year of maximum mudflow activity.

Keywords: exogenous geological processes, mud risks, factor, assessment, cartogram.
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