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Âñòóï. Ó Çàêàðïàòñüêîìó ñåéñìîàêòèâíîìó ðå-
ã³îí³ ç ð³çíèõ òåõí³÷íèõ ïðè÷èí íå çàâæäè âäàºòü-
ñÿ çàô³êñóâàòè çåìëåòðóñ ÷îòèðìà òà á³ëüøîþ
ê³ëüê³ñòþ ñåéñì³÷íèõ ñòàíö³é ³, â³äïîâ³äíî, ðîçðà-
õóâàòè ãëèáèíó ðîçì³ùåííÿ äæåðåëà ñåéñì³÷íî¿
ïîä³¿. Ïðîáëåìàòè÷íèì º òàêîæ âèçíà÷åííÿ ÷àñ³â
âñòóïó ñåéñì³÷íî¿ õâèë³. Ðîçâ’ÿçàííÿ òàêèõ çàäà÷
ìîæëèâî ³ç çàñòîñóâàííÿì ³íøîãî ï³äõîäó, à ñàìå
âèêîðèñòàííÿì ñòàòèñòè÷íîãî àíàë³çó.

Îäíèì ç ³íñòðóìåíò³â ñòàòèñòè÷íîãî àíàë³çó º
ïðîãðàìè, ùî âèêîðèñòîâóþòü ìåðåæ³ øòó÷íèõ
íåéðîí³â [7–9]. Äëÿ òîãî ùîá îòðèìàòè ÿê³ñíèé
ðåçóëüòàò íåéðîííî-ìåðåæåâîãî ìîäåëþâàííÿ, íå-
îáõ³äíî ðîçãëÿíóòè äîñòàòíþ ê³ëüê³ñòü ïðèêëàä³â ³
â³äïîâ³äíèõ ¿ì ðîçâ’ÿçê³â äëÿ íàâ÷àííÿ íåéðîííî¿
ìåðåæ³, òîáòî âñòàíîâëåííÿ òà çàïàì’ÿòîâóâàííÿ
çàêîíîì³ðíîñòåé, ùî ïîâ’ÿçóþòü ¿õ ì³æ ñîáîþ. Òà-
êèìè ïðèêëàäàìè ñëóãóâàëè äàí³ çåìëåòðóñ³â, ùî
çàðåºñòðîâàí³ â ðàéîí³ Çàêàðïàòòÿ, ÿê³ îïèñàíî â
ñåéñìîëîã³÷íèõ áþëåòåíÿõ çà 2002–2012 ð. [5].

Ó ñòàòò³ íàâåäåíî ðåçóëüòàòè ðîçðàõóíê³â äëÿ
îäíî-, äâî- òà òðèøàðîâîãî ñåðåäîâèùà (ãëèáèíà
äî 8000–9000 ì), äëÿ ÿêèõ â³äîì³ ãëèáèíè çàëÿ-
ãàííÿ âîãíèù çåìëåòðóñ³â, ùî ïîâí³ñòþ îõîïëþ-
þòü ì³ñöåâ³ ñåéñì³÷í³ ïîä³¿ Êàðïàòñüêîãî ðåã³îíó.

Âèêëàäåííÿ îñíîâíîãî ìàòåð³àëó. Ìîäåëü ñåðå-
äîâèùà, ÿêó íàäàë³ âèêîðèñòàíî äëÿ ðîáîòè, ïî-
áóäîâàíî íà îñíîâ³ äàíèõ ñåéñìîãåîëîã³÷íîãî ðîç-
ð³çó çåìíî¿ êîðè âçäîâæ Çàêàðïàòñüêîãî ïðîãèíó
(ðèñ. 1) [4, 6].

Àíàë³ç ïîâåä³íêè ïîøèðåííÿ ñåéñì³÷íèõ
õâèëü ó ð³çíèõ íàïðÿìêàõ ðåàëüíîãî íåîäíîð³ä-

íîãî ñåðåäîâèùà Çàêàðïàòñüêîãî ñåéñìîàêòèâíîãî
ðåã³îíó äàâ çìîãó ä³éòè âèñíîâêó ùîäî íåîáõ³ä-
íîñò³ ââåäåííÿ äîäàòêîâîãî ïàðàìåòðà, ÿêèé áè
â³äïîâ³äàâ çà çì³íó øâèäêîñò³ ïîøèðåííÿ õâèë³ ç
ð³çíèõ íàïðÿìê³â (ð³çí³ ïàðè åï³öåíòð–ñåéñìî-
ñòàíö³ÿ (E–S)). Ó ïóáë³êàö³¿ [10] àìåðèêàíñüê³ íà-
óêîâö³ âèêîðèñòàëè ìîäåë³, â ÿêèõ øâèäêîñò³ ïî-
øèðåííÿ ñåéñì³÷íèõ õâèëü çàëåæàòü â³ä àçèìóòó,
à â ñòàòò³ [11] êàíàäñüê³ ñåéñìîëîãè îïèñàëè ìî-
äåë³ òèïó LITH5.0,  â ÿêèõ âèêîðèñòàíî çì³íó
øâèäêîñòåé é ³íøèõ ïàðàìåòð³â íà ñ³òö³ 5°×5° òà
âñåðåäèí³ êîæíî¿ òàêî¿ êë³òèíêè çàâäÿêè âåëèê³é
ê³ëüêîñò³ ñåéñì³÷íèõ ñòàíö³é òà çàðåºñòðîâàíèõ
íèìè ïîä³é. Ó çâ’ÿçêó ç îáìåæåíîþ ê³ëüê³ñòþ
ñåéñìîñòàíö³é, ùî õàðàêòåðíî äëÿ Çàêàðïàòòÿ,
ñë³ä øóêàòè ³íøèé ï³äõ³ä. Îñê³ëüêè øâèäêîñò³
ïîøèðåííÿ ñåéñì³÷íèõ õâèëü ó ð³çíèõ íàïðÿìêàõ
ñóòòºâî ðîçð³çíÿþòüñÿ ³ ìàòåìàòè÷íî ïðèâ’ÿçàòè
àçèìóò ÿê êîìïîíåíòó íàâ÷àëüíî¿ âèá³ðêè ïðè-
êëàä³â äëÿ ìåðåæ³ øòó÷íèõ íåéðîí³â íåìîæëèâî,
ïðîïîíóºìî ³íøèé ïàðàìåòð, ùî â³äïîâ³äàº çà
íàïðÿìîê ïîøèðåííÿ õâèë³ òà âèêîðèñòàíèé äëÿ
óòî÷íåííÿ øâèäê³ñíî¿ ìîäåë³ Çàêàðïàòòÿ, – àçè-
ìóòàëüíèé êîåô³ö³ºíò q³.

Ïåðåéäåìî äî âèçíà÷åííÿ ïàðàìåòðà q³ ³ç óðà-
õóâàííÿì ð³çíèõ ãëèáèí çàëÿãàííÿ âîãíèùà çåì-
ëåòðóñó, òîáòî ðîçì³ùåííÿ äæåðåëà â 1-ìó, 2-ìó
àáî 3-ìó øàð³. Íèæ÷å íàâåäåíî ðîçðàõóíêè äëÿ
ïðÿìî¿ Ð-õâèë³ (àíàëîã³÷í³ ðîçðàõóíêè ìîæíà âè-
êîíàòè ³ äëÿ S-õâèë³). Ïåðøî÷åðãîâèì çàâäàííÿì
º ðîçðàõóíîê øâèäêîñò³ ïîøèðåííÿ ñåéñì³÷íî¿
õâèë³ â³ä äæåðåëà äî ñåéñìîñòàíö³¿ íà îñíîâ³
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Ïîêàçàíî äîö³ëüí³ñòü âèêîðèñòàííÿ íåéðîííî-ìåðåæåâîãî ìîäåëþâàííÿ äëÿ ðîçâ’ÿçàííÿ çàäà÷³ ðîçðàõóíêó òà
óòî÷íåííÿ ãëèáèíè ðîçì³ùåííÿ äæåðåë ³ ÷àñ³â âñòóïó ïðÿìî¿ Ð-õâèë³ ì³ñöåâèõ çåìëåòðóñ³â Çàêàðïàòñüêîãî
ñåéñìîàêòèâíîãî ðåã³îíó. Îá´ðóíòîâàíî ââåäåííÿ àçèìóòàëüíîãî êîåô³ö³ºíòà q³ äëÿ óòî÷íåííÿ øâèäê³ñíî¿
ìîäåë³, ÿêà âèêîðèñòîâóºòüñÿ ó íàâ÷àëüí³é âèá³ðö³ íåéðîííî¿ ìåðåæ³. Îá÷èñëåíî ñåðåäí³ çíà÷åííÿ àçèìóòàëü-
íîãî êîåô³ö³ºíòà q³ äëÿ â³äïîâ³äíèõ ñåêòîð³â ³ç áëèçüêèìè çíà÷åííÿìè q³ äëÿ îäíî-, äâî- ³ òðèøàðóâàòîãî
ñåðåäîâèùà ó â³äïîâ³äíîñò³ äî ãëèáèíè çàëÿãàííÿ âîãíèùà çåìëåòðóñó â ïåðøîìó, äðóãîìó àáî òðåòüîìó øàð³.
Çà äîïîìîãîþ íåéðîííî-ìåðåæåâîãî ìîäåëþâàííÿ ðîçðàõîâàíî ãëèáèíè ðîçì³ùåííÿ âîãíèù çåìëåòðóñ³â é
÷àñ³â âñòóï³â Ð-õâèëü ³ óòî÷íåííÿ äàíèõ, ÿê³ âêàçàíî ó ñåéñìîëîã³÷íèõ áþëåòåíÿõ. Ïðîâåäåíî ³íòåðïðåòàö³þ
îòðèìàíèõ ðåçóëüòàò³â òà íàâåäåíî ïðèêëàäè ïîð³âíÿííÿ ãëèáèí ³ ÷àñ³â âñòóïó Ð-õâèë³ – ïðîãíîçîâàíèõ çà
äîïîìîãîþ íåéðîííî-ìåðåæåâîãî ìîäåëþâàííÿ ³ âêàçàíèõ ó ñåéñìîëîã³÷íèõ áþëåòåíÿõ.

Êëþ÷îâ³ ñëîâà: Çàêàðïàòñüêèé ñåéñìîàêòèâíèé ðåã³îí, àçèìóòàëüíèé êîåô³ö³ºíò q³, íàâ÷àëüíà âèá³ðêà íåéðîí-
íî¿ ìåðåæ³, ãëèáèíà ðîçì³ùåííÿ äæåðåëà çåìëåòðóñó, ïðÿì³ Ð- òà S-õâèë³, ïàðè E–S (åï³öåíòð–ñåéñìîñòàíö³ÿ),
ôóíêö³ÿ àêòèâàö³¿ âàã.
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øâèäêîñòåé, âêàçàíèõ íà ñåéñìîãåîëîã³÷íîìó
ðîçð³ç³ çåìíî¿ êîðè âçäîâæ Çàêàðïàòñüêîãî ïðî-
ãèíó (ðèñ. 1). Ââàæàºìî, ùî øëÿõè ïîøèðåííÿ
õâèë³ â ðåàëüíîìó òà çìîäåëüîâàíîìó íàìè ñåðå-
äîâèùàõ îäíàêîâ³.

Äëÿ äæåðåë ñåéñì³÷íèõ õâèëü, ùî çàëÿãàþòü
ó 1-ìó – 3-ìó øàðàõ, îòðèìóºìî òàê³ ð³âíÿííÿ
[1–3]:
äëÿ 1-ãî øàðó

1 1 1av v q= ,

äëÿ 2-ãî øàðó ³ç ð³âíÿííÿ

4 3 2 0Bx Cx Dx Ix E− + + + = ,

äå

2 2 2
1 2 ;A h h= ε + +

4 2 2 4
1 1 2 2

4 4
1 2

2
;

v v v vB
v v

− +
=  

2 2
1 2

2 2 2
2 1 2

4 ;v vC
v v v

 +ε
=  

 

2 2 2 2 2
22 1 2 1

4 2 2 2 2 4
2 1 2 1 2 1

6 2 22 2 ;
h v v hAD t

v v v v v v
ε + +

= − − +

2 3 2 2
2 1

2 4 2 2
2 2 1 2

4 4 4 4
;rt h hI

v v v v
ε ε + ε ε

= − +

( )2 2 2 2 22 2 2
2 1 1 12 42 1

2 2 2 2
2 1 1 2

2 ,r r

v h v hh hE t t
v v v v

+ ε + ε +
= − − + 

 

çíàõîäèìî

2 2 2av v q= .

Îá’ºäíàâøè 1-é òà 2-é øàðè â îäèí ³ç óìîâ-
íîþ øâèäê³ñòþ ïîøèðåííÿ õâèë³ *,aW  äëÿ 3-ãî
øàðó îòðèìóºìî [6]

3 3 3av v q= .

Òàêèì ÷èíîì, äëÿ ð³çíèõ ìîäåëåé ñåðåäîâèùà
çàëåæíî â³ä ãëèáèíè çàëÿãàííÿ âîãíèùà çåìëå-
òðóñó ïîáóäîâàíî ìåòîäèêó âèçíà÷åííÿ àçèìóòàëü-
íèõ êîåô³ö³ºíò³â q³, ÿêùî äæåðåëî çàëÿãàº ó 1-ìó,
2-ìó àáî 3-ìó øàðàõ, òà îòðèìàíî óòî÷íåí³ øâèä-
êîñò³, ç ÿêèìè õâèëÿ ïðîõîäèòü â³ä åï³öåíòðó äî
êîæíî¿ ñåéñìîñòàíö³¿, ùî çàðåºñòðóâàëà ñåéñì³÷-
íó ïîä³þ.

Ñë³ä çàçíà÷èòè, ùî ñåðåäí³ ïîòóæíîñò³ øàð³â
h1 òà h2, ñåðåäí³ øâèäêîñò³ ó øàðàõ v1, v2 òà v3

îá÷èñëåíî äëÿ êîæíî¿ ïàðè E–S çà çíà÷åííÿìè
ãëèáèí ³ øâèäêîñòåé ³ç ñåéñìîãåîëîã³÷íîãî ðîçð³-
çó (ðèñ. 1); åï³öåíòðàëüíó â³äñòàíü ε óòî÷íåíî çà
äîïîìîãîþ ïðîãðàìè deltacalc.

Îñê³ëüêè êîåô³ö³ºíòè q³ äîñòàòíüî áëèçüê³ ó
ïåâíèõ àçèìóòàëüíèõ ñåêòîðàõ, ðîçðàõîâàíî ñå-
ðåäíº çíà÷åííÿ q³ íà îñíîâ³ 4–26 ïîä³é äëÿ êîæ-
íîãî ñåêòîðà çàëåæíî â³ä íàÿâíî¿ ê³ëüêîñò³ äàíèõ
ùîäî ïîä³é, ÿê³ âèáðàíî ³ç ñåéñìîëîã³÷íèõ áþëå-
òåí³â. Äëÿ ïîäàëüøèõ äîñë³äæåíü ðîçãëÿíóòî âà-
ð³àíò, êîëè çà îñíîâó âçÿòî çîíè ñåéñì³÷íèõ
ïîä³é, ³ âèä³ëåíî ñåêòîðè äî ñåéñìîñòàíö³é
(ðèñ. 2). Íàïðèêëàä, âèä³ëÿºìî ñåêòîð, ùî îõîï-
ëþº çîíè ñåéñì³÷íèõ ïîä³é á³ëÿ Òåðåñâè, Òÿ÷åâà,

Ðèñ. 1. Ñåéñìîãåîëîã³÷íèé ðîçð³ç çåìíî¿ êîðè âçäîâæ Çàêàðïàòñüêîãî ïðîãèíó: 1 – çàëîìëþâàëüí³ ãîðèçîíòè ³ç çàçíà÷å-
íèìè ãðàíè÷íèìè øâèäêîñòÿìè (Vr); 2 – â³äáèâí³ ãîðèçîíòè (²–V²²); 3 – ïëàñòîâà øâèäê³ñòü, êì/ñ; 4 – íåîãåíîâà
ìîëàñà; 5 – âóëêàí³òè â îñàäîâîìó ÷îõë³; 6 – ìåçîçîéñüêî-ïàëåîãåíîâà ñêëàä÷àñòà îñíîâà ïðîãèíó; 7 – ïàëåîçîéñüêèé
(?) ìåòàìîðô³çîâàíèé ôóíäàìåíò; 8 – øàð ïîíèæåíî¿ øâèäêîñò³ âñåðåäèí³ “ãðàí³òíîãî” øàðó; 9 – äîêåìáð³éñüêèé (?)
êðèñòàë³÷íèé êîìïëåêñ; 10 – “áàçàëüòîâèé” øàð; 11 – øàð ïîíèæåíî¿ øâèäêîñò³ â îñíîâ³ çåìíî¿ êîðè; 12 – ïîä³ë
Ìîõîðîâè÷è÷à; 13 – ðîçëîìè; 14 – áóðîâà ñâåðäëîâèíà; 15 – êðèâà ∆g
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Òåðåáë³, Óãë³, Õóñòà, Ìóêà÷åâîãî òà â³äïîâ³äí³
ñòàíö³¿ ðåºñòðàö³¿: NSL, BRI, MUKU, UZH. Áëà-
êèòíèì êîëüîðîì ïîêàçàíî ñêóï÷åííÿ åï³öåíòð³â
ñåéñì³÷íèõ ïîä³é, ÷åðâîíèì – ðîçòàøóâàííÿ ñåéñ-
ì³÷íèõ ñòàíö³é. Ñòð³ëêà âêàçóº íà íàïðÿìîê E–S.
Ñåêòîðè ç áëèçüêèìè çíà÷åííÿìè q³ ïîçíà÷åíî îä-
íàêîâèì êîëüîðîì. Íàä ñòð³ëêîþ (÷îðíèì êîëüî-
ðîì) óêàçàíî ñåðåäíº çíà÷åííÿ àçèìóòàëüíîãî
êîåô³ö³ºíòà 1-ãî øàðó q1 äëÿ ïåâíîãî ñåêòîðà, ï³ä
ñòð³ëêîþ (ñèí³ì êîëüîðîì) – ñåðåäíº çíà÷åííÿ q2

äëÿ 2-ãî øàðó, ïîçàäó ñòð³ëêè (÷åðâîíèì êîëüî-
ðîì) – ñåðåäíº çíà÷åííÿ q3 äëÿ 3-ãî øàðó. Íà
ðèñ. 2 íàâåäåíî ëèøå ÷àñòèíó ñåêòîð³â äëÿ ìåí-
øî¿ çàâàíòàæåíîñò³ ðèñóíêà. Â³äíîñíà ïîõèáêà
ðîçðàõóíêó ñåðåäíüîãî çíà÷åííÿ àçèìóòàëüíîãî
êîåô³ö³ºíòà qi äëÿ îäíîãî ñåêòîðà ñòàíîâèòü â³ä
0,5 äî 6 %.

Îòæå, îòðèìàíî óòî÷íåíó øâèäê³ñíó ìîäåëü
Çàêàðïàòñüêîãî ñåéñìîàêòèâíîãî ðåã³îíó, ÿêó âè-
êîðèñòàíî äëÿ ïîäàëüøèõ ðîçðàõóíê³â.

Äëÿ çàäà÷ óòî÷íåííÿ ÷àñó âñòóïó õâèë³ ³ ðîç-
ðàõóíêó ãëèáèíè ðîçì³ùåííÿ äæåðåëà çåìëåòðóñó
çà äîïîìîãîþ íåéðîííî-ìåðåæåâîãî ìîäåëþâàí-
íÿ îïðàöüîâàíî 86 ñåéñì³÷íèõ ïîä³é çà ïåð³îä

2002–2012 ðð., ç ÿêèõ â³ä³áðàíî 370 ïðèêëàä³â äëÿ
íàâ÷àííÿ íåéðîííî¿ ìåðåæ³. Äëÿ ðîçðàõóíê³â çà-
ñòîñîâàíî ïðîãðàìó Statistica 7.

Âèêîðèñòàí³ çì³íí³:
- Ep – óòî÷íåíà åï³öåíòðàëüíà â³äñòàíü;
- H – â³äñòàíü â³ä âåðõíüî¿ ìåæ³ øàðó, â ÿêîìó

çíàõîäèòüñÿ âîãíèùå, äî äæåðåëà çåìëåòðóñó;
- h1, h2 – ïîòóæíîñò³ øàð³â, ÿê³ âèçíà÷åíî,

çã³äíî ç ðèñ. 1;
- v1, v2, v3 – óòî÷íåí³ øâèäêîñò³ ïîøèðåííÿ

Ð-õâèë³;
- T – ÷àñ âñòóïó Ð-õâèë³ (çã³äíî ç áþëåòå-

íåì) [5].
Îñê³ëüêè çåìëåòðóñ³â ç ãëèáèíîþ 1000 ì íà

Çàêàðïàòò³ íåìàº (ó áþëåòåíÿõ öÿ ãëèáèíà âêàçà-
íà ëèøå äëÿ îçíà÷åííÿ øàðó, â ÿêîìó çíàõîäèòü-
ñÿ äæåðåëî), çíà÷åííÿ ïàðàìåòð³â âèäàëåíî ³ç íà-
â÷àëüíî¿ âèá³ðêè äëÿ ï³çí³øîãî ïåðåðàõóíêó.
Íàâ÷àëüíó âèá³ðêó äëÿ íåéðîííî¿ ìåðåæ³ ïîáóäî-
âàíî çà ïðèíöèïîì ñåêòîð³â ç îäíàêîâèì ñåðåäí³ì
çíà÷åííÿì àçèìóòàëüíîãî êîåô³ö³ºíòà qi, â³äïîâ³ä-
íî äî ñåêòîð³â, ÿê³ ïîêàçàíî íà ðèñ. 2, äëÿ òîãî,
ùîá äàí³ äëÿ íîâèõ ðîçðàõóíê³â ðîçì³ùóâàòè ó
â³äïîâ³äíèõ ñåêòîðàõ.

Ðèñ. 2. Ïðèêëàä ñåêòîð³â ³ç áëèçüêèìè øâèäêîñòÿìè ïîøèðåííÿ Ð-õâèëü â³ä äæåðåëà äî ñåéñìîñòàíö³é äëÿ ïåðøîãî,
äðóãîãî ³ òðåòüîãî øàð³â
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Äëÿ ïðîãíîçóâàííÿ ãëèáèíè çàëÿãàííÿ äæå-
ðåëà çåìëåòðóñó âèêîðèñòàíî íåéðîííó ìåðåæó
MLP 5:5-6-1:1 (ç îäíèì ïðèõîâàíèì øàðîì). Ñå-
ðåäíÿ â³äíîñíà ïîõèáêà ïðè ïðîãíîçóâàíí³ ñòàíî-
âèòü ≈ 3,5 %. Çà äîïîìîãîþ íåéðîííèõ ìåðåæ ïå-
ðåðàõóíîê ãëèáèíè äæåðåë òèõ çåìëåòðóñ³â, ùî
âêàçàíî ó áþëåòåíÿõ, ÿê 1000 ì, äàâ ðåçóëüòàò
≈ 2000 ì (òàáë. 1, êîëîíêà 8, 9).

Ó òàáë. 1 íàâåäåíî ïðèêëàäè ïîä³é ç ¹ 1–8,
ùî â³äáóëèñÿ ó 1-ìó øàð³, ç ¹ 176–182 – ó 2-ìó
øàð³, ç ¹ 323–330 – ó 3-ìó øàð³, äå Hpr – ïðîã-
íîçîâàíà â³äñòàíü (ó øàð³, â ÿêîìó çíàõîäèòüñÿ
âîãíèùå) â³ä âåðõíüî¿ ìåæ³ øàðó äî äæåðåëà çåì-
ëåòðóñó.

Îñê³ëüêè äàí³ îäí³º¿ ñåéñì³÷íî¿ ïîä³¿ ðîçì³-
ùåíî ïî ð³çíèõ ñåêòîðàõ, äëÿ ïåðåâ³ðêè ðåçóëü-
òàò³â ïðîãíîçóâàííÿ ïîòð³áíî ðîçãëÿíóòè ðåçóëü-
òàòè äëÿ êîæíî¿ îêðåìî¿ ïîä³é. Íèæ÷å íàâåäåíî
ê³ëüêà ïðèêëàä³â âèçíà÷åííÿ ãëèáèíè âîãíèù
çåìëåòðóñ³â ç âèêîðèñòàííÿì äàíèõ íà ð³çíèõ
ñòàíö³ÿõ. Çîêðåìà, äëÿ ñåéñì³÷íèõ ïîä³é ó ðàéîí³
Ìóêà÷åâîãî ðîçðàõóíêè íàâåäåíî â òàáë. 2.

Çã³äíî ç äàíèìè òàáë. 2, ìàêñèìàëüíà ð³çíèöÿ
ì³æ ãëèáèíàìè  ïîä³¿ 22 ÷åðâíÿ  2005 ð. ñÿãàº
≈ 60 ì, ïîä³¿ 31 æîâòíÿ 2005 ð. ≈ 3 ì, ùî ñâ³ä÷èòü
ïðî äîñèòü òî÷íèé ðîçðàõóíîê ãëèáèí çàëÿãàííÿ
âîãíèù çåìëåòðóñ³â çà äîïîìîãîþ íåéðîííî-ìå-
ðåæåâîãî ìîäåëþâàííÿ.

Òàáëèöÿ 1. Ïðîãíîçîâàí³ çà äîïîìîãîþ íåéðîííî-ìåðåæåâîãî ìîäåëþâàííÿ ãëèáèíè çàëÿãàííÿ äæåðåë çåìëåòðóñó

№ Ep, м h1, м h2, м v1, м/с v2, м/с v3, м/с T, с H, м Hpr, м 
1 15850 0 0 5271,28 0 0 3 2100 2062,632 
2 6620 0 0 5271,28 0 0 1,2 1000 1931,015 
3 11950 0 0 5271,28 0 0 2,2 1000 2013,411 
4 11080 0 0 5271,28 0 0 2,2 2000 2024,591 
5 33760 0 0 5254,55 0 0 6,4 1000 2011,834 
6 28330 0 0 5254,55 0 0 5,4 1000 2066,917 
7 30740 0 0 5254,55 0 0 6 2000 2039,312 
8 40270 0 0 5254,55 0 0 7,7 2100 1974,682 

176 15250 2800 0 5271,28 6618,7 0 2,8 3200 3326,178 
177 21080 2600 0 5250 5208,17 0 4 3200 2800,552 
178 27410 2600 0 5250 5208,17 0 5,3 3200 1794,866 
179 15320 2600 0 5320,7 4919,82 0 3 3200 2716,647 
180 16940 2600 0 5320,7 4919,82 0 3,3 2400 2709,596 
181 15920 2600 0 5320,7 4919,82 0 3,1 2400 2714,147 
182 24410 2600 0 4821,1 5305,44 0 4,9 2400 2828,013 
323 40080 2000 3900 5227,36 6384,57 6360,88 7,5 900 919,947 
324 38780 2000 3900 5227,36 6384,57 6360,88 7,3 700 935,261 
325 38670 2000 3900 5227,36 6384,57 6360,88 7,3 800 935,999 
326 38830 2000 3900 5227,36 6384,57 6360,88 7,3 900 934,926 
327 39570 2000 3900 5227,36 6384,57 6360,88 7,4 900 926,391 
328 38050 2000 3900 5227,36 6384,57 6360,88 7,2 800 944,455 
329 42080 2000 3900 5227,36 6384,57 6360,88 7,8 800 901,494 
330 43740 2000 3900 5227,36 6384,57 6360,88 8 700 891,005 

 

Òàáëèöÿ 2. Ðåçóëüòàòè ïðîãíîçóâàííÿ ñåéñì³÷íèõ ïîä³é, Çàêàðïàòòÿ, ðàéîí Ìóêà÷åâîãî

Ïðèì³òêà: Ep – óòî÷íåíà åï³öåíòðàëüíà â³äñòàíü; V1 – óòî÷íåíà øâèäê³ñòü ïîøèðåííÿ Ð-õâèë³ â 1-ìó øàð³; Ò – ÷àñ
âñòóïó Ð-õâèë³ (âçÿòèé ³ç áþëåòåíÿ); H – ãëèáèíà ðîçì³ùåííÿ äæåðåëà çåìëåòðóñó; Hpr – ïðîãíîçîâàíà ãëèáèíà çàëÿãàí-
íÿ äæåðåëà çåìëåòðóñó; Ñò – ñåéñì³÷íà ñòàíö³ÿ.

Ep, м  V1, м/с T, с H, м Hpr, м Ст 
22 червня 2005 р. 

4200,00 6154,12 0,8 2000,00 2002,829 MUK 
30960,00 5173,91 5,9 2000,00 1981,002 BRI 
50580,00 5451,53 9,5 2000,00 2039,265 KOR 
48880,00 4723,78 10,3 2000,00 2005,861 TRS 

31 жовтня 2005 р. 
7180,00 6154,12 1,2 1300,00 2039,312 MUK 

21880,00 5173,91 4,2 1300,00 2039,604 BRI 
57790,00 5236,56 11,9 1300,00 2039,059 NSL 
58230,00 5034,54 11,5 1300,00 2042,818 MEZ 
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Íàñòóïíèì êðîêîì º óòî÷íåííÿ ÷àñó âñòóïó
Ð-õâèë³.

Äëÿ ïðîãíîçóâàííÿ ÷àñ³â âñòóïó Ð-õâèë³ âè-
êîðèñòàíî íåéðîííó ìåðåæó MLP 7:7-7-5-1:1 ç
äâîìà ïðèõîâàíèìè øàðàìè òà çì³øàíèì òèïîì
ôóíêö³¿ àêòèâàö³¿ äëÿ âàã (ï³ä³áðàíî îêðåìî äëÿ
êîæíîãî øàðó) (òàáë. 3).

Äëÿ âèêîðèñòàíî¿ íåéðîííî¿ ìåðåæ³ êîå-
ô³ö³ºíò êîðåëÿö³¿ T ³ Tpr ñòàíîâèâ ≈ 0,98, ñåðåäíÿ
ïîõèáêà ðîçðàõóíêó ≈2 %, ìàêñèìàëüíà ïîõèáêà
ðîçðàõóíêó îêðåìîãî ïðèêëàäó ≈11 %, ùî º äîâîë³
äîáðèì ðåçóëüòàòîì.

Íà ðèñ. 3 ïîêàçàíî ãðàô³ê ñï³ââ³äíîøåííÿ
÷àñ³â, ÿê³ âêàçàíî ó ñåéñìîëîã³÷íîìó áþëåòåí³, òà
÷àñ³â, ïðîãíîçîâàíèõ çà íåéðîííîþ ìåðåæåþ.
Çã³äíî ç ïîáóäîâàíèìè çàëåæíîñòÿìè, ñïîñòåð³ãà-
þòüñÿ ëèøå ïîîäèíîê³ â³äõèëåííÿ â³ä îñíîâíî¿
ë³í³¿, íà ÿêó ëÿãàþòü äàí³ ó áþëåòåí³ òà ïðîãíîçî-
âàí³.

Äëÿ ïîð³âíÿííÿ ÷àñ³â âñòóïó Ð-õâèë³, âçÿòèõ ³ç
ñåéñìîëîã³÷íîãî áþëåòåíÿ, ç ÷àñàìè âñòóïó Ð-õâèë³,
ðîçðàõîâàíèìè çà äîïîìîãîþ íåéðîííî-ìåðåæåâî-
ãî ìîäåëþâàííÿ, ïîêàçàíî äåê³ëüêà ïðèêëàä³â íà
ðåàëüíèõ ñåéñìîãðàìàõ. Íà ðèñ. 4, 5 ïåðøà âåðòè-
êàëüíà ë³í³ÿ ïîêàçóº ÷àñ âñòóïó, âçÿòèé ³ç áþëåòå-
íÿ, äðóãà – ÷àñ âñòóïó, ïðîãíîçîâàíèé íåéðîííîþ
ìåðåæåþ, ÿêèé º íàáàãàòî òî÷í³øèé.

Íà ðèñ. 5, à äëÿ äàíèõ, âçÿòèõ ³ç áþëåòåíÿ, äå
Ep = 6180 ì; H = 3100 ì; tÁ = 0,3 ñ, çà ã³ïîöåíò-
ðàëüíî¿ â³äñòàí³ hip = 6914 ì øâèäê³ñòü Ð-õâèë³

Òàáëèöÿ  3. ×àñè âñòóïó Ð-õâèëü, ðîçðàõîâàí³ çà äîïîìîãîþ íåéðîííî-ìåðåðåæåâîãî ìîäåëþâàííÿ äëÿ âîãíèù çåìëåòðóñ³â,
ðîçì³ùåíèõ ó ïåðøîìó (¹ 1–8), äðóãîìó (¹ 176–182) ³ òðåòüîìó øàðàõ (¹ 323–330)

№ Ep, м h1, м h2, м v1, м/с v2, м/с v3, м/с H, м T, с Тpr, с 
1 15850 0 0 5271,28 0 0 2062,632 3 3,06008 
2 6620 0 0 5271,28 0 0 1931,015 1,2 1,20309 
3 11950 0 0 5271,28 0 0 2013,411 2,2 2,29294 
4 11080 0 0 5271,28 0 0 2024,591 2,2 2,10929 
5 33760 0 0 5254,55 0 0 2011,834 6,4 6,51603 
6 28330 0 0 5254,55 0 0 2066,917 5,4 5,48962 
7 30740 0 0 5254,55 0 0 2039,312 6 5,94845 
8 40270 0 0 5254,55 0 0 1974,682 7,7 7,72303 

176 15250 2800 0 5271,28 6618,7 0 3326,178 2,8 2,80544 
177 21080 2600 0 5250 5208,17 0 2800,552 4 4,02278 
178 27410 2600 0 5250 5208,17 0 1794,866 5,3 5,33942 
179 15320 2600 0 5320,7 4919,82 0 2716,647 3 3,10471 
180 16940 2600 0 5320,7 4919,82 0 2709,596 3,3 3,37426 
181 15920 2600 0 5320,7 4919,82 0 2714,147 3,1 3,20420 
182 24410 2600 0 4821,1 5305,44 0 2828,013 4,9 4,74978 
323 40080 2000 3900 5227,36 6384,57 6360,88 919,947 7,5 7,40587 
324 38780 2000 3900 5227,36 6384,57 6360,88 935,261 7,3 7,17244 
325 38670 2000 3900 5227,36 6384,57 6360,88 935,999 7,3 7,15376 
326 38830 2000 3900 5227,36 6384,57 6360,88 934,926 7,3 7,18093 
327 39570 2000 3900 5227,36 6384,57 6360,88 926,391 7,4 7,31315 
328 38050 2000 3900 5227,36 6384,57 6360,88 944,455 7,2 7,04194 
329 42080 2000 3900 5227,36 6384,57 6360,88 901,494 7,8 7,76247 
330 43740 2000 3900 5227,36 6384,57 6360,88 891,005 8 7,05457 

 

ìàº áóòè vÁ ≈ 23 000 ì/ñ, ùî º íåðåàëüíèì. Äëÿ
÷àñó, ïðîãíîçîâàíîãî íåéðîííîþ ìåðåæåþ,
tÍÌ = 1,37 ñ, øâèäê³ñòü ñòàíîâèòü vpr ≈ 5800 ì/ñ.

Íà ðèñ. 5, á äëÿ äàíèõ, âçÿòèõ ³ç áþëåòåíÿ, äå
Ep = 6460 ì; H = 3000 ì; tÁ = 0,6 ñ, çà ã³ïîöåí-
òðàëüíî¿ â³äñòàí³ hip = 7123 ì øâèäê³ñòü Ð-õâèë³
ìàº áóòè vÁ ≈ 12 000 ì/ñ, äëÿ ÷àñó, ïðîãíîçîâàíîãî
íåéðîííîþ ìåðåæåþ, tÍÌ = 1,41 ñ, øâèäê³ñòü ñòà-
íîâèòü vpr ≈ 5800 ì/ñ.

Òàê³ âåëèê³ øâèäêîñò³ ìîæíà ïîÿñíèòè çáîºì
÷àñó ïðèâ’ÿçêè íà ñåéñìîñòàíö³¿.

Ðèñ. 3. Ñï³ââ³äíîøåííÿ ÷àñ³â, óêàçàíèõ ó ñåéñìîëîã³÷íîìó
áþëåòåí³, òà ÷àñ³â, ïðîãíîçîâàíèõ çà íåéðîííîþ ìåðåæåþ



82 ISSN 1684-2189    GEOINFORMATIKA, 2014, ¹ 3 (51)

© Å.Ì. Êîçëîâñüêèé, Ä.Â. Ìàëèöüêèé, À.Þ. Ïàâëîâà

Âèñíîâêè. Ââåäåííÿ ñåðåäíüîãî çíà÷åííÿ àçè-
ìóòàëüíîãî êîåô³ö³ºíòà qi äëÿ ñåêòîð³â äàëî ìîæ-
ëèâ³ñòü óòî÷íèòè øâèäê³ñíó ìîäåëü Çàêàðïàòòÿ òà
âèêîðèñòàòè ¿¿ äëÿ íàâ÷àëüíî¿ âèá³ðêè íåéðîííî¿
ìåðåæ³. Çà äîïîìîãîþ íåéðîííî-ìåðåæåâîãî ìî-
äåëþâàííÿ äëÿ Çàêàðïàòñüêîãî ñåéñìîàêòèâíîãî
ðåã³îíó ìîæëèâî ðîçðàõîâóâàòè ãëèáèíó çàëÿãàí-
íÿ âîãíèùà çåìëåòðóñó, ÷àñè âñòóïó P- ³ S-õâèëü
òà óòî÷íþâàòè ãëèáèíè çàëÿãàííÿ âîãíèùà çåì-
ëåòðóñó é ÷àñè âñòóïó P- ³ S-õâèëü, óêàçàí³ ó ñåéñ-
ìîëîã³÷íèõ áþëåòåíÿõ.

Ðèñ. 4. Ïîð³âíÿííÿ ÷àñó âñòóïó Ð-õâèë³ çåìëåòðóñó, ÿêèé â³äáóâñÿ 10.03.2004 ð., çàðåºñòðîâàíîãî ñåéñì³÷íîþ ñòàíö³ºþ
“Êîðîëåâå”, ³ç ÷àñîì âñòóïó, ïðîãíîçîâàíèì çà íåéðîííîþ ìåðåæåþ

Ðèñ. 5. Ïîð³âíÿííÿ ÷àñ³â âñòóïó Ð-õâèë³ çåìëåòðóñ³â, ÿê³ â³äáóëèñÿ 06.06.2005 ð. (à) òà 04.03.2006 ð. (á), çàðåºñòðîâàíèõ
ñåéñì³÷íîþ ñòàíö³ºþ “Ìóêà÷åâå”, ³ç ÷àñàìè âñòóïó, ïðîãíîçîâàíèìè çà íåéðîííîþ ìåðåæåþ
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ÍÅÉÐÎÍÍÎ-ÑÅÒÅÂÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ ÄËß ÇÀÄÀ× ÓÒÎ×ÍÅÍÈß ÂÐÅÌÅÍÈ
ÂÑÒÓÏËÅÍÈß ÏÐßÌÎÉ Ð-ÂÎËÍÛ È ÐÀÑ×ÅÒÀ ÃËÓÁÈÍÛ ÇÀËÅÃÀÍÈß
ÈÑÒÎ×ÍÈÊÀ ÇÅÌËÅÒÐßÑÅÍÈß

Ý.Ì. Êîçëîâñêèé, Ä.Â. Ìàëèöêèé, À.Þ. Ïàâëîâà

Êàðïàòñêîå îòäåëåíèå Èíñòèòóòà ãåîôèçèêè èì. Ñ.È. Ñóááîòèíà ÍÀÍ Óêðàèíû, óë. Íàó÷íàÿ, 3á,
Ëüâîâ 79060, Óêðàèíà, susyinet@gmail.com

Ïîêàçàíà öåëåñîîáðàçíîñòü èñïîëüçîâàíèÿ íåéðîííî-ñåòåâîãî ìîäåëèðîâàíèÿ äëÿ ðåøåíèÿ çàäà÷è ðàñ÷åòà è
óòî÷íåíèÿ ãëóáèíû çàëåãàíèÿ èñòî÷íèêîâ è âðåìåí âñòóïëåíèÿ ïðÿìîé Ð-âîëíû ìåñòíûõ çåìëåòðÿñåíèé Çà-
êàðïàòñêîãî ñåéñìîàêòèâíîãî ðåãèîíà. Îáîñíîâàíî ââåäåíèå àçèìóòàëüíîãî êîýôôèöèåíòà qi äëÿ óòî÷íåíèÿ
ñêîðîñòíîé ìîäåëè, èñïîëüçóåìîé â îáó÷àþùåé âûáîðêå íåéðîííîé ñåòè. Âû÷èñëåíû ñðåäíèå çíà÷åíèÿ àçè-
ìóòàëüíîãî êîýôôèöèåíòà qi äëÿ ñîîòâåòñòâóþùèõ ñåêòîðîâ ñ áëèçêèìè çíà÷åíèÿìè qi  äëÿ îäíî-, äâóõ- è
òðåõñëîèñòîé ñðåäû â ñîîòâåòñòâèè ñ ãëóáèíîé ðàñïîëîæåíèÿ î÷àãà çåìëåòðÿñåíèÿ â ïåðâîì, âòîðîì èëè òðå-
òüåì ñëîå. Ñ ïîìîùüþ íåéðîííî-ñåòåâîãî ìîäåëèðîâàíèÿ ðàññ÷èòàíû ãëóáèíû ðàñïîëîæåíèÿ î÷àãîâ çåìëåòðÿ-
ñåíèé è âðåìåí âñòóïëåíèé Ð-âîëí è óòî÷íåíû äàííûå, êîòîðûå óêàçàíû â ñåéñìîëîãè÷åñêèõ áþëëåòåíÿõ.
Ïðîâåäåíà èíòåðïðåòàöèÿ ïîëó÷åííûõ ðåçóëüòàòîâ è äàíû ïðèìåðû ñðàâíåíèÿ ãëóáèí è âðåìåí âñòóïëåíèÿ
Ð-âîëíû – ïðîãíîçèðóåìûõ ñ ïîìîùüþ íåéðîííî-ñåòåâîãî ìîäåëèðîâàíèÿ è óêàçàííûõ â ñåéñìîëîãè÷åñêèõ
áþëëåòåíÿõ.

Êëþ÷åâûå ñëîâà: Çàêàðïàòñêèé ñåéñìîàêòèâíûé ðåãèîí, àçèìóòàëüíûé êîýôôèöèåíò qi, îáó÷àþùàÿ âûáîðêà
íåéðîííîé ñåòè, ãëóáèíà çàëåãàíèÿ èñòî÷íèêà çåìëåòðÿñåíèÿ, ïðÿìûå Ð- è S-âîëíû, ïàðû E–S (ýïèöåíòð –
ñåéñìîñòàíöèÿ), ôóíêöèÿ àêòèâàöèè âåñîâ.

NEURAL-NETWORK MODELING FOR PROBLEMS OF REFINING THE ARRIVAL TIMES
OF THE FIRST P-WAVES AND CALCULATION THE DEPTH OF THE EARTHQUAKE SOURCE

E.M. Kozlovskyy, D.V. Malytskyy, A.Yu. Pavlova

Carpathian Branch of Subbotin Institute of Geophysics NAS of Ukraine, Naukova st. 3b, Lviv 79060, Ukraine,
susyinet@gmail.com

A neural network is a powerful data modeling tool that is able to capture and represent complex input/output relationships.
The motivation for the development of neural network technology stemmed from the desire to develop an artificial system
that could perform “intelligent” tasks. The purpose of this paper is to show the feasibility of using neural-network
modeling for calculating and refining the depth distribution of earthquake sources and arrival times of the first seismic
waves of local earthquakes in the Transcarpathians  seismic active region. In this paper, use was made of the most common
neural network model (the multilayer perceptron (MLP)). This type of neural network is known as a supervised network
because it requires a desired output in order to learn. The goal of this type of network is to create a model that correctly
maps the input to the output using historical data so that the model can then be used to produce the output when the
desired output is unknown. The authors have proved justified the introduction of azimuthal coefficient q³ to be used in a
teaching set for neural networks as a parameter responsible for the direction of the wave propagation in a real environment.
Average values of the azimuthal coefficient q³ for sectors with close values of q³ have been calculated for one-, two- and
three-layered medium, according to the depth distribution of the earthquake source in the corresponding layer. Neural-
network modeling was used to calculate the depth of the earthquake source and arrival times of P-waves, and to specify the
data from seismological bulletins. 370 examples for the period 2002–2012 to train the neural network were selected to
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refine the depth distribution of earthquake sources and arrival times of the first seismic waves. The interpretation of the
results was carried out. Comparison has been made between the depths and arrival times of the first P-waves projected
using neural-network modeling with the data from the seismological bulletins. The correlation coefficient between the
arrival times obtained using neural-network modeling Tpr and the data from the seismological bulletins T is equal 0.98.

Keywords: The Transcarpathian seismic region, the azimuthal coefficient q³, the training set for the neural network, average
velocity of wave propagation in a layer, depth of location of the earthquake source, direct P- and S- waves, a pair of
E–S (epicenter – seismic station), conventional velocity of wave propagation in combined layers.
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