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Âñòóï. Ó ñòàòò³ ðîçãëÿíóòî ïèòàííÿ âèêîðèñ-
òàííÿ ìåòîä³â â³áðàö³éíîãî ä³àãíîñòóâàííÿ ³ îá-
ðîáëåííÿ åêñïåðèìåíòàëüíèõ äàíèõ âèì³ðþâàíü
íà óí³êàëüíèõ ³ â³äïîâ³äàëüíèõ îá’ºêòàõ áóä³â-
íèöòâà, äëÿ ÿêèõ º àêòóàëüíèì øâèäêå òà åôåê-
òèâíå îö³íþâàííÿ ïîòî÷íîãî òåõí³÷íîãî ñòàíó.

 Â ìåæàõ äîñë³äæåíü Âåëèêî¿ ëàâðñüêî¿
äçâ³íèö³ ïðîâåäåíî åêñïåðèìåíòàëüí³ ãåîô³çè÷í³
ðîáîòè ùîäî óòî÷íåííÿ òåîðåòè÷íî¿ ñïåêòðàëüíî¿
ìîäåë³ äçâ³íèö³ òà ðîçðîáëåííÿ ìåòîäè÷íî¿ áàçè
äëÿ ñòâîðåííÿ îïòèìàëüíîãî àëãîðèòìó ïåð³îäè÷-
íîãî êîíòðîëþ îá’ºêòà.

Ìåòà – äîñë³äæåííÿ ñåéñìîñò³éêîñò³ Âåëèêî¿
ëàâðñüêî¿ äçâ³íèö³ øëÿõîì åêñïåðèìåíòàëüíîãî
âèâ÷åííÿ ¿¿ ðåàêö³¿ íà âïëèâè ð³çíîãî òèïó ç âè-
êîðèñòàííÿì ñïåêòðàëüíîãî àíàë³çó çàïèñ³â ñåéñ-
ì³÷íèõ êîëèâàíü.

Çàâäàííÿ äîñë³äæåííÿ:
- ðîçðîáëåííÿ ìåòîäèêè âèêîíàííÿ ðîá³ò;
- åêñïåðèìåíòàëüíå âèçíà÷åííÿ âëàñíèõ ÷àñòîò

çà îñíîâíèìè ôîðìàìè êîëèâàíü;
- àíàë³ç åêñïåðèìåíòàëüíèõ äàíèõ ³ ç³ñòàâëåííÿ

ç òåîðåòè÷íîþ ìîäåëëþ;

- ñòâîðåííÿ àëãîðèòìó ñèñòåìíîãî êîíòðîëþ
äçâ³íèö³.
Ãåîëîã³ÿ. Ìîðôîëîã³÷íî äçâ³íèöÿ çíàõîäèòü-

ñÿ íà ïðàâîìó áåðåç³ ð. Äí³ïðî â ìåæàõ îñòàíöÿ
ð³÷êîâîãî ïëàòî, îáìåæåíîãî äîëèíàìè ð³÷îê
Äí³ïðî, Ëèá³äü ³ Õðåùàòèì ÿðîì. Âèñîòà ïëàòî
íà ð³âí³ äçâ³íèö³ – 190 ì íàä ð³âíåì ìîðÿ (í.ð.ì.)
Íà ñõ³ä â³ä äçâ³íèö³, â íàïðÿìêó äî ð. Äí³ïðî,
ïëàòî îáðèâàºòüñÿ ìàéæå ïðÿìîâèñíî.

Ãëèáèíà çàëÿãàííÿ êðèñòàë³÷íîãî ôóíäàìåí-
òó – 500 ì. Íàéäàâí³ø³ ïîðîäè ðîçð³çó îñàäîâîãî
÷îõëà ïðåäñòàâëåí³ ï³ùàíî-ãëèíèñòèìè â³äêëàäà-
ìè ïåðìñüêîãî é òð³àñîâîãî ïåð³îä³â, ÿê³ íåçã³äíî
ïåðåêðèâàþòü êðèñòàë³÷íèé ôóíäàìåíò. Âèùå çà-
ëÿãàþòü þðñüê³ òà êðåéäÿí³ â³äêëàäè, îñòàíí³ –
íà ãëèáèí³ 30–40 ì í.ð.ì. Ïàëåîãåíîâ³ â³äêëàäè
ïðåäñòàâëåí³ êàí³âñüêîþ òà áó÷àöüêîþ ñâ³òàìè ç
÷îðíèìè ãëèíàìè, ¿õ çì³íþþòü òåìíî-ñ³ð³ ï³ñêè
áó÷àöüêîãî ÿðóñó.

Âèùå çàëÿãàº êè¿âñüêà ñâ³òà, ïîòóæí³ñòþ äî
50 ì, – çåëåíóâàòî-ñ³ð³ êàðáîíàòí³ ï³ñêè òà áåç-
êàðáîíàòí³ ãëèíè, ïåðåêðèò³ ï³ñêàìè õàðê³âñüêî¿
ñâ³òè. Íà õàðê³âñüê³é ñâ³ò³ çàëÿãàº ïîëòàâñüêèé
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Ðîçãëÿíóòî äîñë³äí³ ðîáîòè ç âèâ÷åííÿ ñåéñìîñò³éêîñò³ Âåëèêî¿ ëàâðñüêî¿ äçâ³íèö³ Êèºâî-Ïå÷åðñüêîãî çàïîâ³äíèêà,
äîñë³äæåííÿ ¿¿ ðåàêö³¿ íà çîâí³øí³ ñåéñì³÷í³ âïëèâè ð³çíîãî ïîõîäæåííÿ. Íàâåäåíî ðåçóëüòàòè ñïåêòðàëüíîãî àíà-
ë³çó çàïèñ³â ñåéñì³÷íèõ êîëèâàíü. Âèçíà÷åíî âëàñí³ ÷àñòîòè êîëèâàíü äçâ³íèö³. Ïðîâåäåíî àíàë³ç åêñïåðèìåíòàëü-
íèõ äàíèõ ñåéñì³÷íèõ ñïîñòåðåæåíü ³ âèêîíàíî ïîð³âíÿííÿ ç òåîðåòè÷íîþ ìîäåëëþ êîëèâàíü äçâ³íèö³. Ñåéñì³÷í³
êîëèâàííÿ âèì³ðÿíî çà äîïîìîãîþ àêñåëåðîìåòðà ZET 048C ³ âåëîñèìåòðà GURALP CMG-40T íà ÷îòèðüîõ ð³âíÿõ
äçâ³íèö³ òà íà â³äñòàí³ 10 ì â³ä íå¿. Òî÷êè ñïîñòåðåæåíü ðîçòàøîâàíî ó ïðîð³çàõ çîâí³øí³õ íåñ³âíèõ ñò³í äëÿ
âèêëþ÷åííÿ ôîíîâèõ âïëèâ³â â³ä êîëèâàíü äðóãîðÿäíèõ åëåìåíò³â êîíñòðóêö³¿ äçâ³íèö³. Îòðèìàíî òðèêîìïî-
íåíòí³ çàïèñè ðåàêö³¿ äçâ³íèö³ íà çîâí³øí³é ì³êðîñåéñì³÷íèé øóì. Âèçíà÷åíî àìïë³òóäè ñïîñòåðåæåíèõ êîëè-
âàíü ³ ïðîâåäåíî ñïåêòðàëüíèé àíàë³ç øâèäêîñò³ òà ïðèñêîðåííÿ ¿õ ïîøèðåííÿ. Ðåçóëüòàòè íàòóðíèõ ñïîñòåðå-
æåíü çá³ãëèñÿ â ³íæåíåðíîìó ä³àïàçîí³ ÷àñòîò ³ç çíà÷åííÿìè ïàðàìåòð³â êîëèâàíü, ðîçðàõîâàíèõ äëÿ
ìàòåìàòè÷íî¿ ìîäåë³ äçâ³íèö³. Âñòàíîâëåíî, ùî çà çá³ëüøåííÿ âèñîòè âñòàíîâëåííÿ ïóíêò³â ñïîñòåðåæåíü íàä
çåìíîþ ïîâåðõíåþ çíà÷åííÿ óñåðåäíåíèõ àìïë³òóä ïðèñêîðåííÿ íå ï³äâèùóþòüñÿ, à óñåðåäíåíèõ àìïë³òóä
øâèäêîñò³ çðîñòàþòü çà åêñïîíåíö³éíèì çàêîíîì. Ðîçðîáëåíî ìåòîäèêó ïåð³îäè÷íîãî äîñë³äæåííÿ òåõí³÷íîãî
ñòàíó äçâ³íèö³ øëÿõîì ïåðåâ³ðêè ñòàá³ëüíîñò³ ÷àñòîòíîãî ñêëàäó ³ àìïë³òóä êîëèâàíü, çàðåºñòðîâàíèõ ó âèçíà-
÷åíèõ òî÷êàõ äçâ³íèö³. Ìåòîäèêà íå ïîòðåáóº ïðîâåäåííÿ äîâãîòðèâàëèõ òåõí³÷íèõ îáñòåæåíü ñïîðóäè.

Êëþ÷îâ³ ñëîâà: ñïåêòðàëüíèé àíàë³ç, ñïåêòðîãðàìè, â³áðàö³éíà ä³àãíîñòèêà, âëàñí³ êîëèâàííÿ, â³áðîïðèñêîðåí-
íÿ, â³áðîøâèäê³ñòü.
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ÿðóñ, ïðåäñòàâëåíèé ï³ñêàìè, ï³ñêîâèêàìè òà ãëè-
íàìè, çàãàëüíîþ ïîòóæí³ñòþ äî 20 ì (ðèñ. 1).

Âèùå çà ðîçð³çîì íà áóðèõ ³ ñòðîêàòèõ ãëèíàõ
ïîøèðåí³ â³äêëàäè ìîðåííîãî, ëüîäîâèêîâîãî,
ïð³ñíîâîäíîãî òà ôëþâ³îãëÿö³àëüíîãî ïîõîäæåí-
íÿ òà çàõîðîíåí³ ´ðóíòè – ñóãëèíêè ïð³ñíîâîäí³,
ñóãëèíêè òà ï³ñêè ìîðåíí³, ëåñîâ³ ñóãëèíêè òà ñó-
ï³ñêè. Çàãàëüíà ïîòóæí³ñòü ñÿãàº 20 ì (ðèñ. 1).

Ïîòóæí³ñòü íàñèïíèõ ´ðóíò³â ï³ä äçâ³íèöåþ
ñòàíîâèòü 3,5–4,5 ì. Ãåîëîã³÷íà áóäîâà íà ãëèáè-
íó äî 40 ì ñôîðìîâàíà êîìïëåêñîì åîëîâî-äåëþ-
â³àëüíèõ â³äêëàä³â òðåòüîãî ³ ÷åòâåðòîãî â³ää³ë³â
÷åòâåðòèííî¿ ñèñòåìè. Ã³äðîãåîëîã³÷í³ óìîâè
ä³ëÿíêè õàðàêòåðèçóþòüñÿ íàÿâí³ñòþ âîäîíîñíî-
ãî ãîðèçîíòó, ïðèóðî÷åíîãî äî ëåñîïîä³áíèõ ìî-
ðåííèõ ³ ïð³ñíîâîäíèõ â³äêëàä³â. Ñòàë³ ð³âí³
ï³äçåìíèõ âîä çàô³êñîâàíî íà ãëèáèíàõ 15,4–
15,6 ì. Âîäîíîñíèé ãîðèçîíò ïðîÿâëÿº íåçíà÷íèé
íàï³ð ó ìåæàõ 1 ì. Æèâëåííÿ âîäîíîñíîãî ãîðè-
çîíòó â³äáóâàºòüñÿ çà ðàõóíîê âòðàò âîäîíåñó÷èõ
ìåðåæ òà ³íô³ëüòðàö³¿ àòìîñôåðíèõ îïàä³â [6].

Ìåòîäè ä³àãíîñòèêè ñòàíó òà êîíñòðóêòèâíå
ð³øåííÿ äçâ³íèö³. Îáñòåæåííÿ áóä³âåëüíèõ îá’ºêò³â
øëÿõîì åêñïåðèìåíòàëüíîãî âèçíà÷åííÿ âëàñíèõ
ïàðàìåòð³â º åôåêòèâíèì ìåòîäîì äîñÿãíåííÿ áåç-
ïåêè ³ äîâãîâ³÷íîñò³ öèõ îá’ºêò³â, îñîáëèâî ñêëàä-
íèõ, êîëè ïîñòàº ïèòàííÿ áåçïåêè ³ íàä³éíîñò³
áóä³âåëüíèõ êîíñòðóêö³é. ßê ïðàâèëî, òàê³ áóä³âë³
é ñïîðóäè â³äçíà÷àþòüñÿ ð³çíîìàí³òí³ñòþ ôîðì ³
îá’ºì³â, âåëèêèìè ïðîëüîòàìè ³ âèñîòîþ, ñîö³àëü-
íèì ³ êóëüòóðíèì çíà÷åííÿì, ³ñòîðè÷íîþ
ö³íí³ñòþ òîùî. Îá’ºìí³ îá’ºêòè äîñòàòíüî ñêëàä-
íî êîíòðîëþâàòè ñòàíäàðòíèìè ñòàòè÷íèìè
³íñòðóìåíòàëüíèìè îáñòåæåííÿìè âíàñë³äîê ¿õ
çíà÷íî¿ òðóäîì³ñòêîñò³ é òðèâàëîñò³. Òîìó íà ñüî-
ãîäí³ àêòóàëüíèìè º òåõíîëîã³¿, çà ÿêèìè ìîæíà

îòðèìàòè ïîòð³áíó ³íôîðìàö³þ ç ì³í³ìàëüíèìè
÷àñîâèìè ³ òðóäîâèìè çàòðàòàìè. Îäíà ç òàêèõ
òåõíîëîã³é – â³áðàö³éíà ä³àãíîñòèêà áóä³âåëü ³
ñïîðóä ÿê åôåêòèâíèé ³íñòðóìåíò âèçíà÷åííÿ ¿õ
òåõí³÷íîãî ñòàíó øëÿõîì âèì³ðþâàíü ³ îö³íþâàí-
íÿ äèíàì³÷íèõ ïàðàìåòð³â ¿õ êîëèâàíü.

Êîæåí áóä³âåëüíèé îá’ºêò ìàº ³íäèâ³äóàëü-
íèé êîìïëåêñ âëàñíèõ äèíàì³÷íèõ õàðàêòåðèñòèê,
çì³íà ÿêèõ óíàñë³äîê çì³íè âëàñòèâîñòåé íàâêî-
ëèøíüîãî ñåðåäîâèùà ³ çîâí³øí³õ â³áðàö³éíèõ
âïëèâ³â (ì³êðîñåéñì³÷íèé ôîí) â³äïîâ³äíî â³äîá-
ðàæàºòüñÿ ó éîãî â³äãóêàõ ³ ðåàêö³ÿõ. Ìåòîäè÷í³
âèì³ðþâàííÿ ðåàêö³¿ Âåëèêî¿ ëàâðñüêî¿ äçâ³íèö³
íà âïëèâ ì³êðîñåéñì³÷íîãî ôîíó ïðîòÿãîì òðèâà-
ëîãî ÷àñó äàþòü çìîãó îòðèìàòè äåÿê³ ä³àãíîñòè÷í³
îçíàêè, à ñàìå: çì³íó âëàñíèõ ÷àñòîò ³ ôîðìè êî-
ëèâàíü îá’ºêòà, à òàêîæ ñïåêòðàëüíîãî ðîçïîä³ëó
âåëè÷èíè â³áðîïåðåì³ùåíü, â³áðîøâèäêîñòåé ³
â³áðîïðèñêîðåíü, çàðåºñòðîâàíèõ â îêðåìèõ òî÷-
êàõ îá’ºêòà, ëîãàðèôì³÷í³ äåêðåìåíòè çàòóõàííÿ
êîëèâàíü òîùî. Íà ï³äñòàâ³ àíàë³çó âèì³ðÿíèõ
ïàðàìåòð³â ñåéñì³÷íèõ êîëèâàíü ìîæëèâå åôåê-
òèâíå ³ äîñòàòíüî øâèäêå ä³àãíîñòóâàííÿ ãëîáàëü-
íîãî òåõí³÷íîãî ñòàíó îá’ºêòà òà îñíîâíèõ éîãî
åëåìåíò³â.

Ìåòîäèêó â³áðîä³àãíîñòèêè ôîðìóþòü ó òà-
êèé ñïîñ³á: ïðîâîäÿòü ïåðâèííå â³çóàëüíî-³íñòðó-
ìåíòàëüíå îáñòåæåííÿ îá’ºêòà ³ âèçíà÷àþòü
â³äïîâ³äí³ñòü ïðèéíÿòèõ êîíñòðóêòèâíèõ ð³øåíü
ïðîåêòíèì. Çà îòðèìàíèìè ðåçóëüòàòàìè áóäóþòü
ìàòåìàòè÷íó ìîäåëü î÷³êóâàíèõ êîëèâàíü ³ âè-
çíà÷àþòü ¿õ êîíòðîëüí³ ïàðàìåòðè, ÿê³ ó ïîäàëü-
øîìó ïåðåâ³ðÿþòü ³ óòî÷íþþòü â ïðîöåñ³ ïðîâå-
äåííÿ ä³àãíîñòè÷íèõ çàì³ð³â ì³êðîñåéñì³÷íèõ
â³áðàö³é â çàäàíèõ òî÷êàõ îá’ºêòà. Çà çàãàëüíî
ïðèéíÿòîþ ïðàêòèêîþ ïåðåâ³ðêó ïàðàìåòð³â

Ðèñ. 1. Ãåîëîã³÷íèé ðîçð³ç ñõèëó ð. Äí³ïðî ï³ä Íàö³îíàëüíèì Êèºâî-Ïå÷åðñüêèì ³ñòîðèêî-êóëüòóðíèì çàïîâ³äíèêîì [4]

Fig. 1. Geological section of the slope Dnieper river under the National Kyiv-Pechersk Historical and Cultural Reserve [4]
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çä³éñíþþòü ç ïåð³îäè÷í³ñòþ 2 ðîêè. Â ðàç³ â³äõè-
ëåííÿ ïàðàìåòð³â ïîòî÷íèõ âèì³ðþâàíü á³ëüø ÿê
íà 10 % îá’ºêò ï³äëÿãàº îáîâ’ÿçêîâîìó ³íñòðóìåí-
òàëüíîìó îáñòåæåííþ äëÿ âèçíà÷åííÿ ïðè÷èíè
çì³íåíü. ßêùî âëàñí³ äèíàì³÷í³ ïàðàìåòðè ñïî-
ñòåðåæåíèõ êîëèâàíü íå çì³íèëèñü – åêñïëóàòà-
ö³þ ïðîäîâæóþòü. Ðîçãëÿíóòà ìåòîäèêà º îñîá-
ëèâî àêòóàëüíîþ äëÿ âèñîòíèõ, âåëèêîïðîã³ííèõ
³ àðõ³òåêòóðíî ñêëàäíèõ ñïîðóä, â ÿêèõ óñêëàäíå-
íî äîñòóï äî îêðåìèõ âóçë³â ³ êîíñòðóêö³é.

Âåëèêà äçâ³íèöÿ Óñïåíñüêîãî ñîáîðó º ³ñòî-
ðè÷íèì ïàì’ÿòíèêîì àðõ³òåêòóðè, ïàì’ÿòêîþ íà-
ö³îíàëüíîãî çíà÷åííÿ ³  âèçíà÷íîþ ñïîðóäîþ
Êèºâî-Ïå÷åðñüêî¿ ëàâðè. Äçâ³íèöþ çáóäîâàíî â
1731–1744 ðð. çà ïðîåêòîì àðõ³òåêòîðà É.Ã. Øå-
äåëÿ. Öå öåãëÿíà âîñüìèãðàííà â ïëàí³, ÷îòèðè-
ÿðóñíà áàøòà çàââèøêè 96,87 ì, ÿêà çàâåðøóºòüñÿ
êóïîëîì ³ ìàê³âêîþ ç õðåñòîì. Êîæåí âèùèé ÿðóñ
ó ä³àìåòð³ âóæ÷èé çà ïîïåðåäí³é. Íà òðåòüîìó ³
÷åòâåðòîìó ÿðóñàõ óëàøòîâàíî ê³ëüöåâ³ îãëÿäîâ³
ìàéäàí÷èêè.

Ïðàâèëüíèé âîñüìèãðàííèê ñò³í ïåðøîãî
ÿðóñó óòâîðþº êîíñòðóêòèâíî æîðñòêó ïðîñòîðî-
âó ñèñòåìó. Éîãî ä³àìåòð â îñíîâ³ äçâ³íèö³ –
28,8 ì, òîâùèíà ñò³í – áëèçüêî 8 ì, îäíàê êîæíà
ãðàíü ïîëåãøåíà øåñòèêóòíèì íåâåëèêèì ïðè-
ì³ùåííÿì, ïåðåêðèòèì ç³ìêíåíèì ñêëåï³ííÿì.
Âèñîòà ïåðøîãî ÿðóñó – 12,4 ì.

Íà äðóãîìó ÿðóñ³ âñòàíîâëåíî 32 êîëîíè, ðîç-
òàøîâàí³ ãðóïàìè ì³æ âîñüìè â³êíàìè. Òîâùèíà
ñò³í ÿðóñó – 5,5 ì, âèñîòà – 16,15 ì. Ó öåíò-
ðàëüí³é éîãî ÷àñòèí³ º âåëèêà êðóãëà â ïëàí³ çàëà,
â³ä ÿêî¿ ðàä³àëüíî ðîçòàøîâàíî â³äêðèò³ ïðè-
ì³ùåííÿ ó âèãëÿä³ ãëèáîêèõ í³ø, îñâ³òëåíèõ çà
ðàõóíîê â³êîííèõ ïðîð³ç³â ó çîâí³øí³é ñò³í³.

Òîâùèíà ñò³í òðåòüîãî ÿðóñó – 3 ì, âèñîòà –
17,3 ì. Îñíîâè òðåòüîãî ³ ÷åòâåðòîãî ÿðóñ³â â³äïî-
â³äíî ìåíø³ çà îñíîâó êîæíîãî ïîïåðåäíüîãî. Íà
òðåòüîìó ³ ÷åòâåðòîìó ÿðóñàõ º êðóãë³ â ïëàí³ ïðè-
ì³ùåííÿ ç â³äêðèòèìè íàçîâí³ àðêîâèìè îòâîðà-
ìè. Â 1950-õ ðîêàõ íà öüîìó ð³âí³ áóëî âëàøòî-
âàíî íîâå ïåðåêðèòòÿ ó âèãëÿä³ çàë³çîáåòîííî¿
ïëèòè. Ï³ä ÷àñ ðåìîíòíèõ ðîá³ò ó 2005 ð. ïåðå-
êðèòòÿ íà ïîçíà÷ö³ 47,1 ì  áóëî çàì³íåíî íà çàë³-
çîáåòîííå ÷åðåç éîãî àâàð³éíèé ñòàí.

Ôóíäàìåíò äçâ³íèö³, âèêîíàíèé ç öåãëè òà
áóòó íà âàïíÿíîìó ðîç÷èí³, ìàº ê³ëüöåâó ôîðìó
³ç çîâí³øí³ì ä³àìåòðîì ïðèáëèçíî 30 ì, çàâøèð-
øêè 10 ì. Çàãëèáëåííÿ ôóíäàìåíòó íåð³âíîì³ð-
íå: 4,17–5,39 ì. Îñíîâîþ ñëóãóº óù³ëüíåíèé ëå-
ñîïîä³áíèé ñóï³ñîê. Çàñèïêó (ñóï³ñîê òåìíî-ñ³ðèé
ç êóñêàìè öåãëè) ³ç çîâí³øíüîãî áîêó çä³éñíåíî
íà ãëèáèíó 3,9 ì, à âñåðåäèí³ äçâ³íèö³ – íà ãëè-
áèíó 0,5 ì. Ñåéñì³÷í³ñòü ä³ëÿíêè – 5 áàë³â äëÿ
ïåð³îäó ïîâòîðþâàíîñò³ çåìëåòðóñ³â 500 ðîê³â,
´ðóíòè – 5-¿ êàòåãîð³¿ ñêëàäíîñò³ [5].

Ìåòîäèêà âèçíà÷åííÿ äèíàì³÷íèõ ïàðàìåòð³â.
Äèíàì³÷í³ ïàðàìåòðè äîñë³äæóâàíîãî îá’ºêòà âè-

çíà÷åíî íà ï³äñòàâ³ ìàòåìàòè÷íî¿ ðîçðàõóíêîâî¿
ìîäåë³, ïîáóäîâàíî¿ çà ðåçóëüòàòàìè ãåîìåòðè÷-
íèõ îáì³ð³â äçâ³íèö³, íàòóðíèõ îáñòåæåíü ³ ãåî-
ëîã³÷íèõ âèøóêóâàíü (ðèñ. 2).

Ó ðàìêàõ ïðîâåäåííÿ òåõí³÷íîãî îáñòåæåííÿ
âèêîíàíî ïðîñòîðîâèé ðîçðàõóíîê äîäàòêîâèõ
ñåéñì³÷íèõ íàâàíòàæåíü íà ñïîðóäó ìåòîäîì
ñê³í÷åííèõ åëåìåíò³â ç âèêîðèñòàííÿì ïðîãðàì-
íîãî êîìïëåêñó “Nastran”.

Ðîçðàõóíêîâîþ ñõåìîþ º ñê³í÷åííî-åëåìåíò-
íà ìîäåëü, ÿêó ñòâîðåíî çà äîïîìîãîþ ï³ðàì³äàëü-
íèõ ñê³í÷åííèõ åëåìåíò³â ³ç çàäàíèìè ô³çèêî-ìå-
õàí³÷íèìè õàðàêòåðèñòèêàìè, ùî â³äïîâ³äàþòü
õàðàêòåðèñòèêàì öåãëÿíî¿ êëàäêè äçâ³íèö³, îòðè-
ìàíèì çà ðåçóëüòàòàìè åêñïåðèìåíòàëüíèõ äîñë³-
äæåíü.

Âèêîíàíî ñòàòè÷í³ ðîçðàõóíêè äîäàòêîâèõ íà-
âàíòàæåíü äëÿ âñ³º¿ äçâ³íèö³ íà âïëèâ âëàñíî¿
âàãè ³ çîâí³øí³õ íàâàíòàæåíü. Âðàõîâàíî ïî÷àò-
êîâèé åêñöåíòðèñèòåò (0,6 ì) â³ä  íàõèëó ñïîðó-
äè. Îòðèìàíî ïàðàìåòðè íàïðóæåíî-äåôîðìîâà-
íîãî ñòàíó ìîäåë³ òà âåëè÷èíè ïåðåì³ùåíü.
Ðîçðàõîâàíî òàêîæ äèíàì³÷í³ äîäàòêîâ³ íàâàíòà-
æåííÿ ç âèçíà÷åííÿì ÷àñòîò òðüîõ ïåðøèõ ôîðì
êîëèâàíü (ðèñ. 3) [5].

Ìåòîäèêà âèì³ðþâàíü. Åêñïåðèìåíòàëüí³ äî-
ñë³äæåííÿ âèêîíóâàëè â óìîâàõ åêñïëóàòàö³¿ îá’ºêòà.
Ðåàëüí³ çíà÷åííÿ ñïîñòåðåæóâàíèõ êîëèâàíü
ð³çíèõ òî÷îê äçâ³íèö³ âèì³ðþâàëè çà äîïîìîãîþ
ñåéñìîìåòðè÷íèõ ïðèñòðî¿â: ðîñ³éñüêîãî ñåðòèô³-
êîâàíîãî àêñåëåðîìåòðà ZET 048C; àíãë³éñüêîãî
ñåðòèô³êîâàíîãî òðèêîìïîíåíòíîãî âèì³ðþâà÷à
øâèäêîñò³ êîëèâàíü GURALP CMG-40T [11];
îäíîêîìïîíåíòíîãî âåðòèêàëüíîãî ëàçåðíîãî

Ðèñ. 2. Ðîçðàõóíêîâà ìîäåëü

Fig. 2. The calculated model
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ñåéñìîìåòðà, ÿêèé âèïðîáóâàëè ó ïîëüîâèõ òåñ-
òîâèõ óìîâàõ ÿê ðîáî÷ó ëàáîðàòîðíó ìîäåëü (ðå-
çóëüòàòè âèì³ðþâàíü ëàçåðíèì ñåéñìîìåòðîì â
ñòàòò³ íå íàâåäåíî).

Çàâäÿêè âèêîðèñòàííþ äëÿ âèì³ðþâàííÿ ïà-
ðàìåòð³â â³áðàö³é êîìïëåêñó ñåéñìîìåòðè÷íèõ
ïðèëàä³â ð³çíîãî ïðèçíà÷åííÿ âäàëîñÿ îòðèìàòè
äîñòàòíüî âåëèêèé îáñÿã íîâî¿ âàæëèâî¿ ïåðâèí-
íî¿ ³íôîðìàö³¿ ïðî ð³âåíü àìïë³òóäè â³áðàö³é, ñïî-
ñòåðåæåíèõ íà ð³çíèõ ïîâåðõàõ äçâ³íèö³.

Ïåðåä ðåºñòðàö³ºþ äàíèõ îáèäâà ïðèëàäè ñèí-
õðîí³çóâàëè ó ÷àñ³ òà â ïðîñòîð³ ïî òðüîõ îñÿõ
âèì³ðþâàííÿ (X òà Y – ãîðèçîíòàëüí³, Z – âåðòè-
êàëüíà). Ãîðèçîíòàëüí³ îñ³ îð³ºíòîâàíî çà íàïðÿì-
êàìè ñòîð³í ñâ³òó.

Îäíî÷àñíà ðåºñòðàö³ÿ äèíàì³÷íèõ ïàðàìåòð³â
ð³çíèìè ïðèëàäàìè äàëà çìîãó ïåðåâ³ðèòè ÿê³ñòü
îòðèìàíèõ äàíèõ ³ ï³äâèùèòè ¿õ äîñòîâ³ðí³ñòü.

Äëÿ âèçíà÷åííÿ ì³êðîñåéñì³÷íîãî ôîíó äî-
âê³ëëÿ âèì³ðþâàííÿ âèêîíóâàëè íà ÷îòèðüîõ
ð³âíÿõ òà ïîáëèçó äçâ³íèö³, íà â³äñòàí³ 10 ì. Òî÷-
êè ñïîñòåðåæåíü áóëî ðîçòàøîâàíî ó ïðîð³çàõ
çîâí³øí³õ íåñ³âíèõ ñò³í (ðèñ. 4, 5) ç ìåòîþ âè-
êëþ÷åííÿ ôîíîâèõ âïëèâ³â â³ä äðóãîðÿäíèõ åëå-
ìåíò³â [1, 3].

Çâàæàþ÷è íà äåòàëüí³ñòü ðåçóëüòàò³â ðîçðà-
õóíê³â ³ çíà÷åííÿ òðüîõ ïåðøèõ ôîðì âëàñíèõ
êîëèâàíü ñïîðóäè, ÷àñòîòà äèñêðåòèçàö³¿ öèôðî-
âèõ çàïèñ³â ïðèëàä³â áóëà ïðèéíÿòà 100 Ãö.

Ïåðåä ïî÷àòêîì âèì³ðþâàíü âñ³ ïðèëàäè áóëè
òàðîâàí³ íà ëàáîðàòîðíîìó ñòåíä³ â ²íñòèòóò³ ãåî-

ô³çèêè ³ì. Ñ.². Ñóáîò³íà ÍÀÍ Óêðà¿íè. Â ö³é
ñòàòò³ ðîçãëÿíóòî ðåçóëüòàòè âèì³ðþâàíü íà 2 òè-
ïàõ ñåéñìîïðèéìà÷³â, ÿê³ âèì³ðþâàëè ïðèñêîðåí-
íÿ òà øâèäêîñò³ ïîøèðåííÿ êîëèâàíü [8, 9].

Àíàë³ç åêñïåðèìåíòàëüíèõ ðåçóëüòàò³â. Äëÿ
êîæíîãî ð³âíÿ (äèâ. ðèñ. 5) îòðèìàíî îñöèëîãðà-
ìè ì³êðîêîëèâàíü äçâ³íèö³. Íà ï³äñòàâ³ öèõ çà-
ïèñ³â âèçíà÷åíî àìïë³òóäè òà çíà÷åííÿ ÷àñòîò äëÿ
òðüîõ ïåðøèõ ôîðì âëàñíèõ  êîëèâàíü äçâ³íèö³.

Ì³êðîñåéñì³÷íèé ôîí, çàðåºñòðîâàíèé íà
´ðóíò³ á³ëÿ îá’ºêòà äîñë³äæåííÿ, ñâ³ä÷èòü ïðî íà-
ÿâí³ñòü çîâí³øí³õ âïëèâ³â ïðèðîäíîãî ³ òåõíîãåí-

Ðèñ. 3. Ïåðø³ òðè ôîðìè (à–â) âëàñíèõ êîëèâàíü äçâ³íèö³, ðîçðàõîâàí³ çà ìàòåìàòè÷íèì ìîäåëþâàííÿì. ×àñòîòà, Ãö:
à – 2,2342, á – 2,2366, â – 3,8958

Fig. 3. The first three forms (à–â) natural vibrations of the bell tower, calculated by mathematical modeling. Frequency, Hz: à –
2,2342, á – 2,2366, â – 3,8958

à

á â

Ðèñ. 4. Çîâí³øí³é âèãëÿä ñåéñìîïðèéìà÷³â äëÿ âèì³ðþ-
âàííÿ çì³ùåííÿ, øâèäêîñò³ òà ïðèñêîðåííÿ ïîøèðåííÿ
êîëèâàíü: A – àêñåëåðîìåòð; B – âåëîñèìåòð; C – ëàçåð-
íèé âèì³ðþâà÷ âåðòèêàëüíèõ çì³ùåíü

Fig. 4. Appearance seismometers to measure displacement,
velocity and acceleration of the propagation of oscillation: A –
accelerometer; B – velosymetr; C – laser measuring vertical
displacements
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íîãî ïîõîäæåííÿ, ùî ìàþòü  äîñòàòíüî ð³âíîì³ð-
íèé â ÷àñîâîìó ä³àïàçîí³ õàðàêòåð àìïë³òóä (äèâ.
ñïåêòðîãðàìó ïðèñêîðåííÿ íà ïîçíà÷ö³ –0,5 ì
(ðèñ. 5, òî÷êà êîíòðîëþ 6), õî÷à ³ íà í³é âæå ìîæ-
íà âèä³ëèòè âèðàæåíèé ï³ê, áëèçüêèé äî äðóãî¿
âëàñíî¿ ÷àñòîòè îá’ºêòà). Ç äðóãîãî ð³âíÿ (ïîçíà÷-
êà +11,5 ì) âñ³ ñïåêòðîãðàìè ìàþòü âèðàæåí³
ï³êè, ÿê³ â³äïîâ³äàþòü ïåðøèì òðüîì âëàñíèì ÷à-
ñòîòàì (ðèñ. 6, òàáë. 1).

Àíàë³çóþ÷è ãðàô³êè çàïèñ³â âèì³ðþâàíü,
ìîæíà âèä³ëèòè òðè îñíîâí³ ï³êè, ÿê³ çá³ãàþòüñÿ
³ç çíà÷åííÿìè âëàñíèõ ÷àñòîò ñïîðóäè ³ ìàþòü
ìàêñèìàëüí³ ð³âí³ ñèãíàë³â íà ð³çíèõ âèñîòàõ ñïî-
ðóäè (ðèñ. 6).

Ñë³ä â³äçíà÷èòè áëèçüê³ñòü åêñïåðèìåíòàëü-
íèõ ³ òåîðåòè÷íî ðîçðàõîâàíèõ âëàñíèõ ÷àñòîò êî-
ëèâàíü äçâ³íèö³ (òàáë. 1), ùî ñâ³ä÷èòü ïðî àäå-
êâàòí³ñòü ìàòåìàòè÷íî¿ ìîäåë³ òà çàäîâ³ëüíèé
òåõí³÷íèé ñòàí îá’ºêòà. Àìïë³òóäè êîëèâàíü ïî-
ñòóïîâî çðîñòàþòü çà âèñîòîþ äî ïîçíà÷êè
30,08 ì. Íà âèñîò³ 33,58 ì àìïë³òóäà êîëèâàíü
äåùî çìåíøóºòüñÿ, ùî º íàñë³äêîì çì³íè ïîïå-
ðå÷íèõ ðîçì³ð³â äçâ³íèö³ ³ â³äïîâ³äíî¿ çì³íè ðà-
ä³óñà ðîçòàøóâàííÿ òî÷êè âèì³ðþâàííÿ [2, 7].

Ïîð³âíÿëüíèé ñïåêòðàëüíèé àíàë³ç çàïèñ³â
øâèäêîñò³ òà ïðèñêîðåííÿ ïîøèðåííÿ êîëèâàíü, çà-
ðåºñòðîâàíèõ íà ð³çíèõ ïîâåðõàõ äçâ³íèö³. Ï³ä ÷àñ
àíàë³çó òðèêîìïîíåíòíèõ çàïèñ³â øâèäêîñò³ òà
ïðèñêîðåííÿ áóëî çíàéäåíî, ùî äåÿê³ ÷àñòèíè öèõ
çàïèñ³â ìàþòü çíà÷í³ çîâí³øí³ øóìîâ³ ñïîòâî-
ðåííÿ, ñïðè÷èíåí³ ðóõîì çîâí³øí³õ îá’ºêò³â ð³çíî¿
ïðèðîäè â³äíîñíî äçâ³íèö³. Äëÿ í³âåëþâàííÿ
âïëèâó öèõ çàâàä íà ðåçóëüòàòè àíàë³çó áóëî
â³ä³áðàíî ò³ëüêè ò³ ÷àñòèíè çàïèñ³â øâèäêîñò³ òà
ïðèñêîðåííÿ, ÿê³ ìàëè íàéìåíø ÿñêðàâî âèðàæåí³
çíà÷í³ â³äõèëåííÿ (ç ð³çíèìè çíàêàìè) â³ä ñåðåä-
íüîãî çíà÷åííÿ ¿õ àìïë³òóä. Âèêîðèñòàííÿ òàêèõ
“÷èñòèõ” ÷àñòèí çàïèñ³â øâèäêîñò³ òà ïðèñêîðåí-
íÿ êîëèâàíü äàëî çìîãó îòðèìàòè òî÷í³ø³ çíà÷åí-
íÿ àìïë³òóäíèõ ñïåêòð³â ³ ÷àñòîòíîãî ðîçïîä³ëó
êîëèâàíü çà ñïåêòðàëüíîãî àíàë³çó.

Íà ðèñ. 7 ïîêàçàíî çðàçîê òðèêîìïîíåíòíèõ
çàïèñ³â øâèäêîñò³ ³ ïðèñêîðåííÿ â òî÷ö³ 5 íà
÷åòâåðòîìó ïîâåðñ³ äçâ³íèö³, íà ÿêèõ íå áóëî
÷³òêî âèðàæåíèõ ïåðåøêîä â³ä òðàíñïîðòíîãî
øóìó òà ³íøèõ çîâí³øí³õ âïëèâ³â â³ä ðóõîìèõ
îá’ºêò³â.

Ïîð³âíÿëüíèé àíàë³ç áóëî âèêîíàíî äëÿ ñèí-
õðîííèõ çàïèñ³â øâèäêîñò³ òà ïðèñêîðåííÿ, çà-
ðåºñòðîâàíèõ ó òî÷ö³ 5 (òàáë. 2), ³ç çàïèñàìè â
ñàäó íà â³äñòàí³ 10 ì â³ä äçâ³íèö³ â òî÷ö³ 6
(òàáë. 2) (ðèñ. 8).

Ðèñ. 5. Ñõåìà ðîçì³ùåííÿ ñåéñìîïðèéìà÷³â çà âèñîòîþ
äçâ³íèö³

Fig. 5. Layout of seismometers height of the bell tower

Òàáëèöÿ 1. Ïîð³âíÿííÿ òåîðåòè÷íèõ òà åêñïåðèìåíòàëüíèõ (ïðèñêîðåííÿ) âëàñíèõ ÷àñòîò êîëèâàíü äçâ³íèö³

Table 1. Comparison of theoretical and experimental (acceleration) natural vibration frequencies of the bell tower

Òàáëèöÿ 2. Çíà÷åííÿ âèñîòè òî÷îê âèì³ðþâàííÿ òà ÷àñîâèé
³íòåðâàë ïðîâåäåííÿ ñïîñòåðåæåíü çà êè¿âñüêèì ÷àñîì

Table 2. The value of the height measurement points and the time
interval of observation Kyiv time

Власні коливання, 
теоретична частота, Гц 

Експериментальна частота, Гц 
Рівень вимірювання – позначка, м 

1 – 0,000 2 – 11,5 3 – 30,8 4 – 33,6 5 – 50,9 
Перша форма, 2,2342 2,1997 2,2432 2,2299 2,2086 2,229998 
Друга форма, 2,2366 2,5516 2,5864 2,569997 2,557 2,5675 
Третя форма, 3,8958 − 3,6236 3,659996 3,6791 3,6992 

 

 
№ 
п/п 

 

Точка 
вимірю-
вання 

 
Висота, 
м 

Період часу 
вимірювань 

(GMT+2) 

1 1-й поверх 0 10:59−11:14 

2 2-й поверх 12,68 12:03−12:28 

3 Балкон, 
3-й  поверх 29,20 13:07−13:26 

4 Дзвонарня, 
3-й поверх 32,66 13:40−14:03 

5 4-й поверх 51,96 14:25−14:46 

6 Cад, 10 м від 
дзвіниці 0 15:04−15:34 
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Ðèñ. 6. Ðîçïîä³ë ï³ê³â îñíîâíèõ ÷àñòîò çà ¿õ ìàêñèìàëüíèì çíà÷åííÿì äëÿ N-êîìïîíåíòè (ï³âí³÷–ï³âäåíü) ïðèñêîðåííÿ
ì³êðîñåéñì³÷íèõ êîëèâàíü çàëåæíî â³ä âèñîòè òî÷êè âèì³ðþâàííÿ (â³äïîâ³äíî äî ðèñ. 5, çâåðõó âíèç òî÷êè 5–6)

Fig. 6. The distribution of basic frequences pass their maximum value for the N-components (north–south) acceleration macroseismic
fluctuations depending on the height measurement points (according to Fig. 5 top down point 5–6)
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Ðèñ. 7. Ïîêîìïîíåíòí³ çàïèñè ïðèñêîðåííÿ (1–3) òà øâèäêîñò³ (4–6) íà ÷åòâåðòîìó ïîâåðñ³ äçâ³íèö³ (òî÷êà 5, òàáë. 2),
âèêîðèñòàí³ äëÿ ðîçðàõóíêó ñåðåäí³õ çíà÷åíü öèõ ïàðàìåòð³â

Fig. 7. Component-wise acceleration records (1–3) and speed (4–6) on the fourth floor of the bell tower (point 5, Tab. 2) used to
calculate the average values of these parameters

Ðèñ. 8. Ïîêîìïîíåíòí³ çàïèñè ïðèñêîðåííÿ (1–3) òà øâèäêîñò³ (4–6) â ñàäó, íà â³äñòàí³ 10 ì â³ä äçâ³íèö³ (òî÷êà 6,
òàáë. 2), âèêîðèñòàí³ äëÿ ðîçðàõóíêó ñåðåäí³õ çíà÷åíü öèõ ïàðàìåòð³â

Fig. 8. Component-wise records acceleration (1–3)  and speed  (4–6) in the garden, on distances 10 meters from the bell tower
(point 6, Tab. 2) used to calculate the average values of these parameters
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Àíàë³ç çàïèñ³â øâèäêîñò³ òà ïðèñêîðåííÿ íà
ìàêñèìàëüí³é âèñîò³ âèì³ðþâàíü (51,96 ì, 4-é
ïîâåðõ) ³ íà òåðèòîð³¿ ñàäó ïîáëèçó äçâ³íèö³ (ñàä,
0,0 ì) ïîêàçàâ, ùî çíà÷åííÿ àìïë³òóä ³ ÷àñòîòè
öèõ êîëèâàíü ñóòòºâî ð³çíÿòüñÿ. Äëÿ ïàðàìåòðè-
çàö³¿  â³äõèëåíü àìïë³òóä êîëèâàíü íà ð³çíèõ òî÷-
êàõ ñïîñòåðåæåíü ìîæíà âèêîðèñòàòè äâ³ îö³íêè:
à) ñåðåäíüîãî çíà÷åííÿ ïàðàìåòð³â çàðåºñòðîâà-
íèõ êîëèâàíü; á) ¿õ ñóìàðíî¿ ñïåêòðàëüíî¿ ãóñòè-
íè ó äåÿêîìó ä³àïàçîí³ ÷àñòîò. Òàê³ îö³íêè º îï-
òèìàëüíèìè çà ñâî¿ìè âëàñòèâîñòÿì äëÿ
âèì³ðþâàííÿ ÿê øâèäêîñò³, òàê ³ ïðèñêîðåííÿ.

Â òàáë. 3 íàâåäåíî ÷èñëîâ³ çíà÷åííÿ óñåðåäíå-
íèõ ïîêîìïîíåíòíèõ øâèäêîñòåé òà ïðèñêîðåííÿ
êîëèâàíü. Ñåðåäí³ çíà÷åííÿ ðåçóëüòàò³â âèì³ðþ-
âàíü øâèäêîñò³ òà ïðèñêîðåííÿ ðîçðàõîâàíî çà
äîïîìîãîþ ñïåö³àëüíîãî ïðîãðàìíîãî çàáåçïå÷åí-
íÿ, ðîçðîáëåíîãî â ²íñòèòóò³ ãåîô³çèêè
³ì. Ñ.². Ñóááîò³íà ÍÀÍ Óêðà¿íè íà ìîâ³ ïðîãðà-
ìóâàííÿ Ñ++. Îñíîâí³ ôóíêö³¿ àëãîðèòìó âçÿòî
ç ì³æíàðîäíî¿ ñèñòåìè ïðîãðàìíîãî çàáåçïå÷åííÿ
GNU GSL [10].

Ðåçóëüòàòè ðîçðàõóíêó óñåðåäíåíèõ ïîêîìïî-
íåíòíèõ çíà÷åíü øâèäêîñò³ òà ïðèñêîðåííÿ ïîêà-
çàíî íà ðèñ. 9. Çíà÷í³ òà íåñóòòºâ³ â³äõèëåííÿ
ðîçðàõîâàíèõ ñåðåäí³õ çíà÷åíü öèõ âåëè÷èí çó-

ìîâëåí³ áóä³âåëüíèìè âëàñòèâîñòÿìè êîíñòðóêö³¿
äçâ³íèö³. Óñåðåäíåí³ çíà÷åííÿ ïðèñêîðåíü ïðàê-
òè÷íî íå çðîñòàþòü çà âèñîòîþ äçâ³íèö³. Àìïë³-
òóäà øâèäêîñò³ êîëèâàíü äçâ³íèö³ ïîâ’ÿçàíà ç³
çíà÷åííÿìè âèñîòè ïóíêò³â âèì³ðþâàíü ïðàêòè÷-
íî çà åêñïîíåíö³éíèì çàêîíîì.

Äëÿ ³ëþñòðàö³¿ ðåçóëüòàò³â ñïåêòðàëüíîãî àíà-
ë³çó çàïèñ³â øâèäêîñò³ íà ð³çíèõ ïîâåðõàõ
äçâ³íèö³ âèêîðèñòàíî N-êîìïîíåíòè çàïèñ³â. Öå
çóìîâëåíî ìàêñèìàëüíèìè çíà÷åííÿìè ñåðåäíüî¿
àìïë³òóäè øâèäêîñò³ ïîøèðåííÿ êîëèâàíü íà ö³é
êîìïîíåíò³ ïîð³âíÿíî ç øâèäê³ñòþ êîëèâàíü íà
E- òà Z-êîìïîíåíòàõ.

Àíàë³ç ñïåêòð³â N-êîìïîíåíòè øâèäêîñò³ ïî-
øèðåííÿ êîëèâàíü (ðèñ. 10) ïîêàçàâ, ùî íà ð³çíèõ
ð³âíÿõ óñòàíîâêè ïóíêò³â ðåºñòðàö³¿ öèõ âèì³ðþ-
âàíü äîì³íóþòü êîëèâàííÿ ç ð³çíèìè çíà÷åííÿìè
÷àñòîò. Íàïðèêëàä, íà ïåðøîìó ïîâåðñ³ ïåðåâàæà-
þòü êîëèâàííÿ ç ÷àñòîòîþ 0,976 562 Ãö ³ ì³êðî-
ñåéñì³÷í³ øóìîâ³ êîëèâàííÿ ó äîñòàòíüî øèðîêî-
ìó ä³àïàçîí³ – â³ä 1,5 äî 2,7 Ãö. ²ç çá³ëüøåííÿì
âèñîòè âñòàíîâëåííÿ ïóíêò³â âèì³ðþâàíü â³ä ïåð-
øîãî ïîâåðõó äî ïåðøî¿ òî÷êè  íà òðåòüîìó ïî-
âåðñ³  çíà÷íî çìåíøèëàñÿ øèðèíà ä³àïàçîíó ÷àñ-
òîò ì³êðîñåéñì³÷íîãî øóìó, àëå çðîñëè ð³âí³
êîëèâàíü, ïîâ’ÿçàí³ ç àðõ³òåêòóðíîþ îñîáëèâ³ñòþ

Номер  точки 
та її висота, м Прискорення, м/c2 Швидкість, м/с 

 Канал Е Канал N Канал Z Канал Е Канал N Канал Z 
1 − 0 0,00023776 0,00024863 0,00029542 0,00267549 0,00365097 0,00267549 
2  −  12,68 0,00014717 0,00014057 0,00010250 0,00407567 0,00466204 0,00279637 
3  −  29,20 0,00016066 0,00021173 0,00025419 0,01175844 0,01487756 0,00388700 
4  −  32,66 0,00018572 0,00018915 0,00017535 0,01396989 0,01868102 0,00366322 
5  −  51,96 0,00022753 0,00020027 0,00020906 0,01283471 0,01771011 0,00328214 

6  −  0 0,00073436 0,00080098 0,00045920 0,01032887 0,00984910 0,00519490 
 

Òàáëèöÿ 3. Óñåðåäíåí³ çíà÷åííÿ  ïðèñêîðåííÿ òà øâèäêîñò³ ïîøèðåííÿ êîëèâàíü ó ð³çíèõ òî÷êàõ âèì³ðþâàííÿ

Table 3. The average value of acceleration and propagation velocity fluctuations at different measurement points

Ðèñ. 9. Çàëåæí³ñòü óñåðåäíåíèõ çíà÷åíü êîìïîíåíò E, N, Z âåêòîð³â ïðèñêîðåíü (à) òà øâèäêîñò³ ïîøèðåííÿ êîëèâàíü
(á) â³ä âèñîòè òî÷îê âèì³ðþâàííÿ öèõ ïàðàìåòð³â

Fig. 9. The dependence of the average values of component E, N, Z vector acceleration (à) and propagation velocity oscillations (á)
the height of these parameters measuring points

à á



76 ISSN 1684-2189    GEOINFORMATIKA, 2016, ¹ 2 (58)

© Î.Â. Êåíäçåðà, ².Ä. Áºëîâ, Ñ.Â. Ùåðá³íà, Þ.Â. Ë³ñîâèé, Â.À. ²ëüºíêî, Â.Â. Ãàéäàé÷óê, Î.Ï. Äºäîâ, ².À. ×åðåâêî

ñïîðóäè, ÿê³ â³äïîâ³äàþòü ÷àñòîòàì 2,209 47 ³
2,587 89 Ãö. Íàé÷³òê³øîþ º ÷àñòîòà âëàñíèõ êî-
ëèâàíü 2,239 99 Ãö íà ñïåêòð³ êîëèâàíü ó ïóíêò³
âèì³ðþâàíü íà 4-ìó ïîâåðñ³ äçâ³íèö³.

Âèñíîâêè.
1. Çà ðåçóëüòàòàìè íàòóðíèõ òåõí³÷íèõ îáñòå-

æåíü ç îáì³ðàìè ³ âèçíà÷åííÿìè õàðàêòåðèñ-
òèê ìàòåð³àë³â, âèêîðèñòàííÿì ìàòåð³àë³â
³íæåíåðíî-ãåîëîã³÷íèõ âèøóêóâàíü ïîáóäîâà-
íî òåîðåòè÷íó ìîäåëü äçâ³íèö³ Óñïåíñüêîãî
ñîáîðó Êèºâî-Ïå÷åðñüêî¿ ëàâðè. Àäåêâàòí³ñòü
ìîäåë³ îáñòåæóâàíîìó îá’ºêòó ï³äòâåðäæåíî
ðåçóëüòàòàìè ñåéñìîëîã³÷íèõ ñïîñòåðåæåíü çà
ì³êðîñåéñì³÷íèì øóìîì, ùî â³äêðèâàº ìîæ-
ëèâ³ñòü âèêîðèñòàííÿ ìîäåë³ äëÿ êîíòðîëþ
òåõí³÷íîãî ñòàíó ñïîðóäè.

2. Ïðîâåäåíî ðîáîòè ç âèì³ðþâàííÿ àìïë³òóä
øâèäêîñò³ òà ïðèñêîðåííÿ ïîøèðåííÿ êîëè-
âàíü, çàðåºñòðîâàíèõ íà ð³çíèõ ïîâåðõàõ
äçâ³íèö³. Îòðèìàíî òðèêîìïîíåíòí³ çàïèñè ðå-
àêö³¿ ñïîðóäè íà çîâí³øí³é ì³êðîñåéñì³÷íèé
øóì  òåõíîãåííîãî òà ïðèðîäíîãî ïîõîäæåííÿ.

3. Çà ðåçóëüòàòàìè ñïåêòðàëüíîãî àíàë³çó çàïèñ³â
êîëèâàíü íà ð³çíèõ ð³âíÿõ äîñë³äæóâàíîãî àð-
õ³òåêòóðíîãî îá’ºêòà ÷³òêî âèðàæåíî çá³ëüøåí-
íÿ àìïë³òóä íà ÷àñòîòàõ îñíîâíèõ ìîä âëàñ-
íèõ êîëèâàíü. Àìïë³òóäè êîëèâàíü çðîñòàþòü
³ç  çá³ëüøåííÿì âèñîòè ðîçòàøóâàííÿ ïóíêò³â
ñåéñì³÷íèõ ñïîñòåðåæåíü. Ðåçóëüòàòè ñïîñòå-
ðåæåíü çá³ãàþòüñÿ ç äàíèìè òåîðåòè÷íèõ ðîç-
ðàõóíê³â â ³íæåíåðíîìó ä³àïàçîí³ ÷àñòîò.

4. Àìïë³òóäè óñåðåäíåíèõ çíà÷åíü ïðèñêîðåííÿ
êîëèâàíü íå çá³ëüøóþòüñÿ ç âèñîòîþ âñòàíîâ-

ëåííÿ ïóíêò³â ñïîñòåðåæåííÿ (ðèñ. 9, à), ùî
ñâ³ä÷èòü ïðî ðàö³îíàëüí³ñòü ãåîìåòðè÷íî¿
ôîðìè äçâ³íèö³ ³ ¿¿ íåóðàçëèâ³ñòü äî çîâí³øí³õ
ñåéñì³÷íèõ âïëèâ³â òåõíîãåííîãî òà ïðèðîä-
íîãî ïîõîäæåííÿ.

5. Ð³ñò óñåðåäíåíèõ àìïë³òóä øâèäêîñò³ íà ð³çíèõ
êîìïîíåíòàõ êîëèâàíü (ðèñ. 9, á) ç âèñîòîþ
ðîçì³ùåííÿ òî÷îê âèì³ðþâàííÿ â³äáóâàºòüñÿ
çà åêñïîíåíö³éíèì çàêîíîì.

6. Ðîçðîáëåíî ìåòîäèêó ïåð³îäè÷íîãî êîíòðîëþ-
âàííÿ òåõí³÷íîãî ñòàíó äçâ³íèö³ ïåðåâ³ðêîþ
ñòàá³ëüíîñò³ âëàñíèõ ÷àñòîò ñïîðóäè ³ àìïë³-
òóäíèõ ñïåêòð³â êîëèâàíü, ñïîñòåðåæåíèõ ó ¿¿
âèçíà÷åíèõ ì³ñöÿõ. Ìåòîäèêà ñòâîðþº àëüòåð-
íàòèâó ïðîâåäåííþ òðèâàëèõ òåõí³÷íèõ îáñòå-
æåíü.

7. Íà ñüîãîäí³ â Óêðà¿í³ ïðàêòè÷íî â³äñóòí³
äîñâ³ä, à òàêîæ íîðìàòèâíà ³ ìåòîäè÷íà äîêó-
ìåíòàö³ÿ ùîäî âèêîðèñòàííÿ â³áðàö³éíî¿ ä³à-
ãíîñòèêè äëÿ îáñòåæåííÿ áóä³âåëüíèõ êîíñò-
ðóêö³é ³ ñïîðóä íà ïðåäìåò ¿õ óðàçëèâîñò³ äî
ñåéñì³÷íèõ âïëèâ³â. Ðîçðîáëåííÿ â³äïîâ³äíèõ
íîðìàòèâíèõ äîêóìåíò³â º íàãàëüíîþ ïîòðå-
áîþ ó çâ'ÿçêó ³ç çá³ëüøåííÿì ê³ëüêîñò³ óí³-
êàëüíèõ áóä³âåëü ³ ñïîðóä 4–5-¿ êàòåãîð³é
ñêëàäíîñò³ ç êëàñîì íàñë³äê³â ÑÑ-3.
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Ðàññìîòðåíû ðåçóëüòàòû èññëåäîâàòåëüñêèõ ðàáîò ïî èçó÷åíèþ ñåéñìîñòîéêîñòè Áîëüøîé ëàâðñêîé êîëîêîëü-
íè, èññëåäîâàíà åå ðåàêöèÿ íà âíåøíèå ñåéñìè÷åñêèå âîçäåéñòâèÿ ðàçíîãî ïðîèñõîæäåíèÿ. Ïðèâåäåíû ðå-
çóëüòàòû ñïåêòðàëüíîãî àíàëèçà íàáëþäåííûõ çàïèñåé ñåéñìè÷åñêèõ êîëåáàíèé. Îïðåäåëåíû ñîáñòâåííûå ÷àñ-
òîòû êîëåáàíèé êîëîêîëüíè. Ïðîâåäåí àíàëèç ýêñïåðèìåíòàëüíûõ äàííûõ ñåéñìè÷åñêèõ íàáëþäåíèé è
âûïîëíåíî ñðàâíåíèå ñ òåîðåòè÷åñêîé ìîäåëüþ êîëåáàíèé êîëîêîëüíè. Áîëüøàÿ ëàâðñêàÿ êîëîêîëüíÿ ÿâëÿåòñÿ
èñòîðè÷åñêèì ïàìÿòíèêîì àðõèòåêòóðû íàöèîíàëüíîãî çíà÷åíèÿ. Îíà ïîñòðîåíà â 1731–1744 ãã. è ïðåäñòàâëÿ-
åò ñîáîé êèðïè÷íóþ âîñüìèãðàííóþ â ïëàíå ÷åòûðåõúÿðóñíóþ áàøíþ âûñîòîé 96,87 ì, çàâåðøàþùóþñÿ áîëü-
øèì êóïîëîì è ìàëûì êóïîëîì ñ êðåñòîì. Èçìåðåíèå ñåéñìè÷åñêèõ êîëåáàíèé ïðîâîäèëîñü ñ ïîìîùüþ
àêñåëåðîìåòðà ZET 048C è âåëîñèìåòðà GURALP CMG-40T íà ÷åòûðåõ óðîâíÿõ êîëîêîëüíè è íà ðàññòîÿíèè
10 ì îò íåå. Òî÷êè íàáëþäåíèé ðàñïîëàãàëèñü â ïðîåìàõ íàðóæíûõ íåñóùèõ ñòåí äëÿ èñêëþ÷åíèÿ ôîíîâûõ
âîçäåéñòâèé îò êîëåáàíèé âòîðîñòåïåííûõ ýëåìåíòîâ êîíñòðóêöèè êîëîêîëüíè. Â ðåçóëüòàòå ïîëó÷åíû òðåõ-
êîìïîíåíòíûå çàïèñè ðåàêöèè êîëîêîëüíè íà âíåøíèé ìèêðîñåéñìè÷åñêèé øóì. Îïðåäåëåíû àìïëèòóäû
íàáëþäåííûõ êîëåáàíèé è âûïîëíåí ñïåêòðàëüíûé àíàëèç èõ ñêîðîñòè è óñêîðåíèÿ. Ðåçóëüòàòû íàòóðíûõ
íàáëþäåíèé ñîâïàëè â èíæåíåðíîì äèàïàçîíå ÷àñòîò ñî çíà÷åíèÿìè ïàðàìåòðîâ êîëåáàíèé, ðàññ÷èòàííûõ äëÿ
ìàòåìàòè÷åñêîé ìîäåëè êîëîêîëüíè. Óñòàíîâëåíî, ÷òî óñðåäíåííûå àìïëèòóäû óñêîðåíèÿ íå óâåëè÷èâàþòñÿ ñ
âûñîòîé òî÷åê íàáëþäåíèé íàä çåìíîé ïîâåðõíîñòüþ. Óñðåäíåííûå àìïëèòóäû ñêîðîñòè èçìåíÿþòñÿ ñ âûñî-
òîé óñòàíîâêè òî÷åê íàáëþäåíèÿ ïî ýêñïîíåíöèàëüíîìó çàêîíó. Ðàçðàáîòàíà ìåòîäèêà ïåðèîäè÷åñêîãî èññëå-
äîâàíèÿ òåõíè÷åñêîãî ñîñòîÿíèÿ êîëîêîëüíè ïóòåì ïðîâåðêè ñòàáèëüíîñòè ñîáñòâåííûõ åå ÷àñòîò è àìïëèòóä
çàðåãèñòðèðîâàííûõ êîëåáàíèé â îïðåäåëåííûõ òî÷êàõ êîëîêîëüíè. Ìåòîäèêà íå òðåáóåò ïðîâåäåíèÿ äëèòåëü-
íûõ òåõíè÷åñêèõ îáñëåäîâàíèé ñîîðóæåíèÿ.
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The purpose of the article is to investigate seismic resistance of the Great Lavra Bell Tower; to study its seismic response
to external influences of various origins; to present the results of the spectral analysis of seismic oscillations records;
determine to the bell towers own frequencies of vibrations; to analyse the experimental data obtained in the seismic
studies; and to compare the results with the theoretical model of vibrations of the bell tower. The Great Lavra Bell Tower
is a historic monument of national importance. Built in 1731–1744, it is a four-tower brick octagonal  of 96,87 m high
domed with a cross and crown.
Design/methodology/approach. Measurements of seismic waves were carried out using the accelerometer ZET 048C and
velosimeter GURALP CMG-40T on four levels of the bell tower and 10 meters from it. Observation points were located
outside the openings in the bearing walls to eliminate background effects from fluctuations of secondary structural elements
of the bell tower. Based on the results of calculations and the values of the first three forms of natural oscillations of the
facilities, the sample rate of the instrument digital recordings was taken as 100 Hz.
Findings. We have obtained three-component seismic recordings of the belfry’s response to the influence of microseismic
external noise. We have determined observable oscillation amplitudes and carried out a spectral analysis of speed and
acceleration. The results of the field observations agreed in the engineering frequency range of vibrations with the calculated
values of the parameters for the mathematical model of the bell tower. We have identified three main peaks that match the
value of the natural frequencies of the building and have maximum signal levels at different heights of the building. We
have found that the average values of acceleration amplitudes do not increase with increasing altitude of the observation
points above the earth’s surface.
Practical value/implications. The value of the average velocity amplitudes increases exponentially with increasing altitude
of the observation points. The observations agree with theoretical calculations in the engineering frequency range. We have
developed a method for periodic examination of the technical condition of the bell tower by checking the stability of the
frequency and amplitude of the oscillations registered in certain points of the bell tower. The method does not require
long-term technical inspections of the building. Currently Ukraine lacks experience, as well as regulatory and methodological
documentation on the use of vibration diagnostics to examine building structures and facilities for their vulnerability to
seismic effects. Working out of relevant regulations is urgently needed due to the increased number of unique building
structures of complexity category 4–5 with effectclass SS3.

Keywords: spectral analysis, spectrograms, vibration diagnostics, natural oscillations, acceleration, velocity.

References:
1. Byelov I.D., Haidaichuk V.V., Siedov O.P., Matiash N.S. Naukovo-tekhnichnyi monitorynh budivel i sporud. Nauka ta

budivnytstvo, 2015, no. 3, pp. 17-20 (in Ukrainian).
2. Bugaevskiy G.N., Bagmut A.V. Nastennye trekhkomponentnye seysmometricheskie kompleksy dlya dinamicheskoy

pasportizatsii zdaniy. Stroitel’stvo, materialovedenie, mashinostroenie: sbornik nauchnykh trudov. Dnepropetrovsk, 2012, no. 65,
pp. 98-103 (in Russian).

3. Vyznachennia klasu naslidkiv (vidpovidalnosti) ta katehorii skladnosti obiektiv budivnytstva: DSTU-N B V.1.2-16:2013
[Chynnyi z 2013-09-01]. Kyiv, Minrehion Ukrainy, 2013, 40 p. (Natsionalnyi standart Ukrainy) (in Ukrainian).

4. Demchyshyn M.H., Rybin V.F., Rudko H.I., Cherevko I.A. Heolohichne seredovyshche terytorii tsentralnoi istorychnoi
chastyny m. Kyieva (inzhenerno-heolohichni aspekty): Zvit pro naukovo-doslidnu robotu , 2006 (in Ukrainian).

5. Zvit pro obstezhennia tekhnichnoho stanu nesuchykh konstruktsii III yarusu pamiatky arkhitektury “Dzvinytsia Uspenskoho
Soboru”. Kyiv, Kyievo-Pecherskoi Lavr. VTsBK,  2011 (in Ukrainian).

6. Zvit pro inzhenerno-heolohichni vyshukuvannya DP “Instytut «Kyyivheo»”. Kyiv,VAT “Kyyivproekt”, 2010 (in Ukrainian).
7. Savin S.N., Demishin S.V., Sitnikov I.V. Monitoring of unique buildings with using of dynamic parameters according to

GOST R 53778-2010. Magazine of Civil Engineering, 2011, no. 7, pp. 33-39 (in Russian).
8. Systema zabezpechennia nadiinosti ta bezpeky budivelnykh obiektiv. Zahalni pryntsypy zabezpechennia nadiinosti ta

konstruktyvnoi bezpeky budivel, sporud, budivelnykh konstruktsii ta osnov: DBN V.1.2-14-2009 [Chynni vid 2009-12-01].
Kyiv, Minrehionbud Ukrainy, 2009, 43 p. (Budivelni normy Ukrainy)  (in Ukrainian).

9. Systema zabezpechennia nadiinosti ta bezpeky budivelnykh obiektiv. Naukovo-tekhnichnyi suprovid budivelnykh obiektiv:
DBN V.1.2-5:2007 [Chynni vid 2008-01-01]. Kyiv, Minrehionbud Ukrainy, 2007, 14 p. (Budivelni normy Ukrainy) (in
Ukrainian).

10. GNU Scientific Library. Available at: https://uk.wikipedia.org/wiki/GNU_Scientific_Library (Accessed 21 January 2016).
11. CMG-40T Triaxial Broadband Seismometer. Operator's guide. Available at: https://www.guralp.com/documents/MAN-040-

0001.pdf  (Accessed 21 January 2016).

Received 29/02/2016


